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Quick Reference Guide

Type Extension Driver

Type Number HD44100R HD66100F HD61100A HD61200

Power supply for 2.7 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5
internal circuits (V)

Power supply for 3 to 13 3 to 6 5.5 to 17 8 to 17
LCD driver circuits (V)

Power 5 5 5 5
dissipation (mW)

Operating –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75
temperature (°C)

Memory ROM (bit) — — — —

RAM (bit) — — — —

LCD driver Common 20 — — —

Column 40 (20) 80 80 80

Instruction set — — — —

Operation 0.4 1 2.5 2.5
frequency (MHz)

Recommend duty Static–1/53 Static–1/16 Static–1/128 1/32–1/128

Package FP-60A FP-100 FP-100 FP-100
Chip

Type Column Driver

Type Number HD66204 HD66214T HD66224T HD66107T HD66110ST HD66120T

Power supply for 2.7 to 5.5 2.7 to 5.5 2.5 to 5.5 4.5 to 5.5 2.7 to 5.5 2.7 to 5.5
internal circuits (V)

Power supply for 10 to 28 10 to 28 10 to 28 14 to 37 14 to 40 14 to 40
LCD driver circuits (V)

Power 15 15 15 25 40 50
dissipation (mW)

Operating –20 to +75*1 –20 to +75 –20 to +75 –20 to +75 –20 to +75 –20 to +75
temperature (°C)

Memory ROM (bit) — — — — — —

RAM (bit) — — — — — —

LCD driver Common — — — 160 — —

Column 80 80 80 160 160 240

Instruction set — — — — — —

Operation 8 MHz at 5 V 8 8 MHz at 5 V 8 20 MHz at 5 V 20 MHz at 5 V
frequency (MHz) 4 MHz at 4 V 6.5 MHz at 3 V 13 MHz at 3 V 10 MHz at 3 V

Recommend duty 1/64–1/240 1/64–1/240 1/64–1/240 1/100–1/480 1/100–1/480 1/100–1/480

Package FP-100 TCP SLIM-TCP TCP SLIM-TCP SLIM-TCP
TFP100
Chip

*1 –40 to +80°C (special request). Please contact Hitachi agents.
*2 Under development
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Quick Reference Guide

Type Column Drive (within RAM) TFT Column Driver

Type Number HD44102CH HD61102 HD61202 HD66108T HD66520T HD66300T HD66310T HD66330T

Power supply for 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 2.7 to 5.5 3.0 to 3.6 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5
internal circuits (V)

Power supply for 4.5 to 11 4.5 to 15.5 8 to 17 6 to 15 8 to 28 16 to 20 15 to 23 4.5 to 5.5
LCD driver circuits (V) 15 VPP

Power 5 5 5 5 1 160 100 100
dissipation (mW)

Operating –20 to +75*1 –20 to +75 –20 to +75*1 –20 to +75 –20 to +75 –20 to +75 –20 to +75*2 –20 to +75
temperature (°C) (–20 to +60)

Memory ROM (bit) — — — — — — — —

RAM (bit) 200 × 8 512 × 8 512 × 8 165 × 65 160 × 240 × 2 — — —

LCD driver Common — — — 0–65 — — — —

Column 50 64 64 100–165 160 120 160 192

Instruction set 6 7 7 7 — — — —

Operation 0.28 0.4 0.4 4 3.3 4.8 12/15 35
frequency (MHz)

Recommend duty Static–1/32 Static–1/64 1/32–1/128 1/32, 1/34, 1/64–1/240 — — —
1/36, 1/48,
1/50, 1/64,
1/66

Package FP-80 FP-100 FP-100 TCP TCP TCP TCP SLIM-TCP
Chip TFP-100

Chip

Type Segment Display

Type Number HD61602 HD61603 HD61604 HD61605

Power supply for 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5
internal circuits (V)

Power supply for 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5
LCD driver circuits (V)

Power 0.5 0.5 0.5 0.5
dissipation (mW)

Operating –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75*1

temperature (°C)

Memory ROM (bit) — — — —

RAM (bit) 204 64 204 64

LCD driver Common 4 1 4 1

Column 51 64 51 64

Instruction set 4 4 4 4

Operation 0.52 0.52 0.52 0.52
frequency (MHz)

Recommend duty Static, 1/2, 1/3, 1/4 Static Static, 1/2, 1/3, 1/4 Static

Package FP-80 FP-80 FP-80 FP-80
FP-80A

*1 –40 to +80°C (special request). Please contact Hitachi agents.
*2 –20 to +75°C in 12 MHz version, –20 to +65°C in 15 MHz version
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Quick Reference Guide

Type Common Driver

Type Number HD44103CH HD44105H HD61103A HD61203 HD66205 HD66215T HD66113T HD66115T

Power supply for 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 2.7 to 5.5 2.5 to 5.5 2.5 to 5.5 2.5 to 5.5
internal circuits (V)

Power supply for 4.5 to 11 4.5 to 11 4.5 to 17 8 to 17 10 to 28 10 to 28 14 to 40 14 to 40
LCD driver circuits (V)

Power 4.4 4.4 5 5 5 5 5 5
dissipation (mW)

Operating –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75 –20 to +75 –20 to +75
temperature (°C)

Memory ROM (bit) — — — — — — — —

RAM (bit) — — — — — — — —

LCD driver Common 20 32 64 64 80 100/101 120 (60 + 60) 160 (80 + 80)

Column — — — — — — — —

Instruction set — — — — — — — —

Operation 1 1 2.5 2.5 0.1 0.1 2.5 2.5
frequency (MHz)

Recommend duty 1/8, 1/12, 1/8, 1/12, 1/48, 1/64, 1/48, 1/64, 1/64–1/240 1/64–1/240 1/100–1/480 1/100–1/480
1/16, 1/24, 1/32, 1/48 1/96, 1/128 1/96, 1/128
1/32

Package FP-60 FP-60 FP-100 FP-100 FP-100 SLIM-TCP SLIM-TCP SLIM-TCP
Chip TFP-100 TFP-100

Chip Chip

Type Character Display Controller

HD44780U HD66702R HD66710 HD66712 HD66720 HD66730
Type Number (LCD-II) (LCD-II/E20) (LCD-II/F8) (LCD-II/F12) (LCD-II/K8) (LCD-II/J6)

Power supply for 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5
internal circuits (V)

Power supply for 3 to 11 3 to 8 3 to 13 3 to 13 3 to 11 3 to 13
LCD driver circuits (V)

Power 2 2 2 2 2 2
dissipation (mW)

Operating –20 to +75*1 –20 to +75*1 –20 to +75*1 –20 to +75 –20 to +75*1 –20 to +75*1

temperature (°C)

Memory ROM (bit) 9920 7200 9600 9600 9600 510 k

RAM (bit) 80 × 8, 64 × 8 80 × 8, 64 × 8 80 × 8, 64 × 8, 80 × 8, 64 × 8, 40 × 8, 64 × 8, 40 × 2 × 8,
8 × 8 16 × 8 16 × 8 8 × 26 × 8,

16 × 8

LCD driver Common 16 16 33 33 9 (16) 26

Column 40 100 40 60 50 (42) 71

Instruction set 11 11 11 11 11 13

Operation 0.25 0.25 0.25 0.25 0.1 to 0.4 0.08 to 0.7
frequency (MHz)

Recommend duty 1/8, 1/11, 1/16 1/8, 1/11, 1/16 1/17, 1/33 1/17, 1/33 1/9, 1/17 1/14, 1/27,
1/40, 1/53

Package FP-80B FP-144A FP-100A TCP FP-100A FP-128
TFP-80 Chip TFP-100 FP-128 TFP-100 Chip
Chip Chip Chip Chip

*1 –40 to +80°C (special request). Please contact Hitachi agents.
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Quick Reference Guide

Type Graphic Display Controller

HD63645F
HD64645F HD66840F

HD61830 HD61830B HD64646FS HD66841F HD66850
Type Number LCDC LCDC LCTC LVIC CLINE

Power supply for 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5
internal circuits (V)

Power supply for — — — — —
LCD driver circuits (V)

Power 30 50 50 250 500
dissipation (mW)

Operating –20 to +75 –20 to +75*1 –20 to +75 –20 to +75 –20 to +75
temperature (°C)

Memory ROM (bit) 7360 7360 — — —

RAM (bit) — — — — 9762

LCD driver Common — — — — —

Column — — — — —

Instruction set 12 12 15 16/24 63

Operation 1.1 2.4 10 25 MHz (840) 32
frequency (MHz) 30 MHz (841)

Recommend duty Static–1/128 Static–1/128 Static–1/512 Static–1/1024 Static–1/512

Package FP-60 FP-60 FP-80 FP-100A FP-136
FP-80B

*1 –40 to +80°C (special request). Please contact Hitachi agents.
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Type Number Order

Sorted by Type Name

Type Function Reference Page
HD44100RFS 40-channel LCD driver 151
HD44102CH 50-channel column driver within RAM 669
HD44103CH 20-channel common driver 694
HD44105H 32-channel common driver 704
HD44780UA00FS/00TF/01FS/ LCD controller/driver (8 × 2 character)
02FS/UB**FS/UB**TF LCD-II 206
HD61100A 80-channel column driver 179
HD61102RH 64-channel column driver within RAM 714
HD61103A 64-channel common driver 741
HD61200 80-channel column driver 192
HD61202/TFIA 64-channel column driver within RAM 766
HD61203/TFIA 64-channel common driver 796
HD61602R/RH Segment display type LCD driver 1172
HD61603R Segment display type LCD driver 1172
HD61604R Segment display type LCD driver 1205
HD61605R Segment display type LCD driver 1205
HD61830A00H LCDC LCD controller 1234
HD61830B00H LCDC LCD controller 1234
HD63645F LCTC LCD timing controller (68 family) 1271
HD64645F LCTC LCD timing controller (80 family) 1271
HD64646FS LCTC LCD timing controller (80 family) 1271
HD66100F/FH 80-channel LCD driver 164
HD66107T00/01/11/12/24/25 160-channel column/common driver 1084
HD66108T00 165-channel graphic LCD controller/driver 885
HD66110TB0/TB2 160-channel column driver 1105
HD66113TA0 120-channel common driver 1122
HD66115TA0/1 160-channel common driver 1139
HD66120T 240-channel segment driver 1156
HD66204F/FL/TF/TFL 80-channel column driver 983
HD66205F/FL/TF/TFL/TA1/TA2/ 80-channel common driver
TA3/TA6/TA7/TA9L 999
HD66214TA1/2/3/6/9L 80-channel column driver 1015
HD66215TA0/1/2 100-channel common driver 1046
HD66224TA1/TA2/TB0 80-channel column driver 1030
HD66300T00 120-channel TFT analog column driver 1448
HD66310T00/T0015 160-channel TFT digital column driver (8 gray scale) 1511
HD66330TA0 192-channel TFT digital column driver (64 gray scale) 1531
HD66410Txx RAM-provided 128-channel driver 823
HD66503 240-channel common driver 858
HD66520T 160-channel grayscale display column driver 942
HD66702RA00F/00FL/01F/02F/ LCD controller/driver (20 × 2 character)
RB**F/RB**FL LCD-II/E20 268
HD66710A00FS/00TF/01TF/02TF/ LCD controller/driver (8 × 4 character)
B**FS/B**TF LCD-II/F8 332
HD66712A00FS/00TA0/00TB0/02FS/ LCD controller/driver (12 × 4 character)
B**FS LCD-II/F12 416
HD66720A03FS/TF Panel controller/driver 502
HD66730A00FS LCD controller/driver 583
HD66840FS LVIC LCD video interface controller (8 gray scale control) 1318
HD66841FS LVIC-II LCD video interface controller (8 gray scale control) 1318
HD66850F CLINE Color LCD interface engine (16 gray scale control) 1379
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Selection Guide

Hitachi LCD Driver System

Type Reference Figure Screen Size (Max) Lineup Application

TFT (800 × 3) × 520 dots HD66310T (drain) Personal computer
full color HD66330T (drain) Terminal workstation
system HD66205 (gate) Navigation system

HD66215T (gate)

STN (720 × 3) × 480 dots HD66850F (controller) Personal computer
full color HD66107T (column, Terminal workstation
system common)

HD66110T (column)
HD66115T (common)
HD66120T (column)
HD66113T (common)

Color 720 × 480 dots HD66300T (drain) LCD-TV
LCD-TV HD66205 (gate) Portable video
system HD66215T (gate)

Video to 720 × 512 dots HD66840F, HD66841F Personal computer
LCD HD66106F (driver) Terminal 
converter HD66107T (driver) OHP

HD66204 (column)/
66205 (common)
HD66224T (column)/
HD66215T (common)

Display 640 × 400 dots HD63645/64645/ Personal computer
system 64646 (controller) Wordprocessor
for CRT HD66204 (column)/ Terminal
compatible 66205 (common)

HD66224T (column)/
HD66215T (common)

Graphic Character HD61100A (column) Laptop computer
display 80 × 16 HD61830B (controller) Facsimile
system Graphic HD61200 (column) Telex

480 × 128 dots HD61103A (common) Copy machine
HD61203 (common)

Graphic 480 × 128 dots HD44102 (column)/ Laptop computer
display 61102 (column) Handy wordprocessor
system HD44103 (common) Toy
(bitmap) HD61202 (column)

HD44105 (common)/
61103A (common)
HD61203 (common)
HD66108 (column/common)

Character 40 characters × HD44780U (LCD-II) Electrical typewriter,
display 2 columns (controller/driver) Multifunction 
system 80 characters × HD44100R (column) telephone,

1 column HD66100F (column) Handy terminal
HD66702 (LCD-II/E20) 
HD66710 (LCD-II/F8)
HD66712 (LCD-II/F12)

Segment 25 digits × 1 column HD61602 (controller/driver) ECR, Measurement
display HD61604 (controller/driver) system, 
system HD61603 (controller/driver) Telephone industrial

HD61605 (controller/driver) measurement system

CPU

HD66330T
(drain driver)

Controller
HD66205

(gate driver) Color TFT

Color
STN

HD66115T
(common

driver)

HD66850
(controller)

Color
paletteVGA

CPU
HD66110T

(column
driver)

Color
TFT

HD66300T
(drain driver)

HD66215T
(gate
driver)

ControllerTuner

CRT
display

LCD
module

HD66840
LVIC

CRTCCPU

LCD
(display
system)

HD66224T
(column driver)

HD66215T
(common driver)

CPU

ROM

HD63645F
(controller)

RAM

LOVE

HD61200
(column driver)

HD61203
(common

driver)

HD618308
(controller)

RAM

CPU

HD61203
(common driver)

CPU

HD61202
(column driver)

TOKYOHD44780U
(controller)CPU

HD66100F/
HD44100H

(column driver)

HD61602/HD61604
(controller/driver)CPU



Selection G
uide15

Column driver

Column driver

Controller/driver

Common driver

HD66108

HD61202

(Built in RAM)

Driver output

HD66702

HD66712

HD66710
HD66720
HD44780U

HD61604
HD61602

HD61603
HD61605

HD44103

HD44105

HD61103A

HD61102

HD44102

HD61203

HD66205/
HD66215T

HD66107T/HD66115T

HD44100R

HD61200
HD66100F

HD61100A

HD66204/HD66214T/HD66224T
HD66106F

HD66107T/HD66110ST

160

80

60

40

20

20

32

60

80

160

40

Static
1/480
Duty

1/200 1/128 1/64 1/32 1/16 1/8
1/240 1/100

1/8 1/16 1/32 1/64
1/100

1/128 1/200
Duty 1/240

1/480

HD66113T

240
Driver output

HD66520T

HD66120T

HD66503T
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Application

Character and Graphic Display

1 character = 7 × 8 dot (15 × 7 dot + cursor)

Graphic Display

Horizontal
Vertical

48 96 120 180 240 480 Over 640

16

32

48

64

128

400

Over 400

HD61202 (column) + HD61203 (common)

HD66204 (column) + HD66205 (common)
HD66214T/HD66224T (column) + HD66215T (common)
HD66107T
HD66110T (column) + HD66115T (common)
HD66120T (column) + HD66113T (common)

Note:  Applications on this page are only examples, and this combination of devices is not the best.

Character
Line

8 16 20 24 32 40 Over 80

1

2

3

4

6 to 8

12 to 15

16 to 25

26 to 50

HD66100F

HD44100R

HD61200 (column) + HD61203 (common)

HD66204 (column) + HD66205 (common)
HD66214T/HD66224T (column) + HD66215T (common)
HD66107T
HD66110T (column) + HD66115T (common)
HD66120T (column) + HD66113T (common)
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Differences Between Products

1.  HD66100F and HD44100R
HD66100F HD44100H

LCD driver circuits 80 20 × 2

Power supply for internal logic (V) 3 to 6 3 to 13

Display duty Static to 1/16 Static to 1/33

Package 100 pin plastic QFP 60 pin plastic QFP

2.  HD61100A and HD61200
HD61100A HD61200

LCD drive circuits Common — —

Column 80 80

Display duty Static to 1/128 1/32 to 1/128

Power supply for LCD drive circuits (V) 0 to 17 8 to 17

Power supply limits of LCD driver VCC to VEE Shown in figures below
circuit voltage (no limit)

Resistance between terminal Y and terminal V
(one of V1L, V1R, V2L, V2R, V3L, V3R, V4L,
and V4R) when load current flows through one of
the terminals Y1 to Y80 is specified under the

following conditions:
VCC – VEE = 17 V
V1L = V1R, V3L = V3R = VCC – 2/7 (VCC – VEE)
V2L = V2R, V4L = V4R = VEE + 2/7 (VCC – VEE)

Figure 1   Resistance between Y and V Terminals

Terminal Y
(Y1 to Y80)

V1L, V1R

V3L, V3R

V4L, V4R

V2L, V2R

RON

The following is a description of the range of
power supply voltage for liquid crystal display
drives. Apply positive voltage to V1L = V1R and
V3L = V3R and negative voltage to V2L = V2R

and V4L = V4R within the ∆V range. This range
allows stable impedance on driver output (RON).
Notice the ∆V depends on power supply voltage
VCC – VEE.

Figure 2   Power Supply Voltage Range

VCC
V1 (V1L = V1R)
V3 (V3L = V3R)

V4 (V4L = V4R)
V2 (V2L = V2R)
VEECorrelation between driver

output waveform and power
supply voltages for liquid
crystal display drive

V

V
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The range of power supply
voltage for liquid crystal
display drive

5.5

3

8 17
VCC – VEE (V)

Correlation between power
supply voltage VCC – VEE and     V


V
 (

V
)
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���������������
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3.  HD66100F and HD61100A
HD66100F HD61100A

LCD drive circuits Common — —

Column 80 80

Power supply for LCD drive circuits (V) 3 to 6 5.5 to 17.0

Display duty Static to 1/16 Static to 1/128

Operating frequency (MHz) 1.0 MHz (max) 2.5 MHz (max)

Data fetch method Shift Latch

Package 100 pin plastic QFP 100 pin plastic QFP
(FP-100) (FP-100)

4.  HD61830 and HD61830B
HD61830 HD61830B

Oscillator Internal External

Operating frequency (MHz) 1.1 MHz 2.4 MHz

Display duty Static to 1/128 Static to 1/128

Programmable screen size (max) 64 × 240 dots 128 × 480 dots
(1/64 duty) (1/64 duty)

Other Pin 6: C Pin 6: CE
Pin 7: R Pin 7: OE
Pin 9: CPO Pin 9: NC

Package marking
l

A
l

B

Figure 3   Package Marking

A

JAPAN

HD61830A00

3E1

Type No.

Lot No.

B

JAPAN

HD61830B00

3E1

Type No.

Lot No.
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5.  HD61102 and HD61202
HD61102 HD61202

Display duty Static to 1/64 1/32 to 1/64

Recommended voltage between 4.5 to 15.5 8 to 17
VCC and VEE (V)

Power supply limits of LCD driver VCC to VEE (no limit) Shown in following figures
circuits voltage

Pin 88 DY (output) NC (no connection)

Absolute maximum rating of VEE (V) VCC – 17.0 to VCC + 0.3 VCC – 19.0 to VCC + 0.3

Resistance between terminal Y and terminal V
(one of V1L, V1R, V2L, V2R, V3L, V3R, V4L
and V4R) when load current flows through one of
the terminals Y1 to Y64 is specified under the

following conditions:
VCC – VEE = 15 V
V1L = V1R, V3L = V3R = VCC – 2/7 (VCC – VEE)
V2L = V2R, V4L = V4R = VEE + 2/7 (VCC – VEE)

Figure 4   Resistance between Y and V Terminals

Terminal Y
(Y1 to Y64)

V1L, V1R

V3L, V3R

V4L, V4R

V2L, V2R

RON

The following is a description of the range of
power supply voltage for liquid crystal display
drives. Apply positive voltage to V1L = V1R and
V3L = V3R and negative voltage to V2L = V2R

and V4L = V4R within the ∆V range. This range
allows stable impedance on driver output (RON).
Notice that ∆V depends on power supply voltage
VCC – VEE.

Figure 5   Power Supply Voltage Range
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6.  HD61103A and HD61203
HD61103A HD61203

Recommended voltage between 4.5 to 17 8 to 17
VCC and VEE (V)

Power supply limits of LCD drive VCC to VEE (no limit) Shown in figures below
circuits voltage

Output terminal Shown in following figure 4 Shown in following figure 5

Resistance between terminal Y and terminal V
(one of V1L, V1R, V2L, V2R, V5L, V5R, V6L
and V6R) when load current flows through one of
the terminals X1 to X64. This value is specified

under the following conditions:
VCC – VEE = 17 V
V1L = V1R, V6L = V6R = VCC – 1/7 (VCC – VEE)
V2L = V2R, V5L = V5R = VEE + 1/7 (VCC – VEE)

Figure 6   Resistance between Y and V Terminals

Terminal Y
(Y1 to Y64)

V1L, V1R

V6L, V6R

V5L, V5R

V2L, V2R

RON

Here is a description of the range of power supply
voltage for liquid crystal display drive. Apply
positive voltage to V1L = V1R and V6L = V6R
and negative voltage to V2L = V2R and V5L =

V5R within the ∆V range. 
This range allows stable impedance on driver
output (RON). Notice that ∆V depends on power
supply voltage VCC – VEE.

Figure 7 Correlation between Driver Output
Waveform and Power Supply
Voltages for Liquid Crystal Display
Drive

Figure 8 Correlation between Power Supply
Voltage VCC – VEE and ∆V

������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������
������������������

The range of power supply
voltage for liquid crystal
display drive

3.5

2

8 17
VCC – VEE (V)

V
 (

V
)

VCC
V1 (V1L = V1R)
V6 (V6L = V6R)

V5 (V5L = V5R)
V2 (V2L = V2R)
VEE

V

V



Differences Between Products

21

Figure 9   HD61103A Output Terminal Figure 10   HD61203 Output Terminal

PMOS
VCC

PMOS
VCC

NMOS
VEE

NMOS
VEE

V1L, V1R

V6L, V6R

V5L, V5R

V2L, V2R

V1L
V1R

V2L
V2R

V5L
V5R

V6L
V6R

7.  HD61602, HD61603, HD61604, and HD61605
HD61602 HD61603 HD61604 HD61605

Power supply (VDD) 2.2 to 5.5 V 2.2 to 5.5 V 4.5 to 5.5 V 4.5 to 5.5 V

Instruction word 8 bits × 2 4 bits × 4 8 bits × 2 4 bits × 4

LCD power supply circuit Yes — — —

Segment terminals 51 64 51 64

Display size Static 6 digits + 3 marks 8 digits 6 digits + 3 marks 8 digits
frame frequency 33 Hz 33 Hz 98 Hz 98 Hz
(fOSC = 100 kHz) 1/2 duty 12 digits + 6 marks — 12 digits + 6 marks —

65 Hz 195 Hz

1/3 duty 17 digits — 17 digits —
208 Hz 521 Hz

1/4 duty 25 digits + 4 marks — 25 digits + 4 marks —
223 Hz 781 Hz
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8.  LCD-II Family (HD44780U, HD66702R and HD66710)

Item LCD-II (HD44780U) LCD-II/20 (HD66702) LCD-II/F8 (HD66710)

Power supply voltage 2.7 V to 5.5 V 5 V ± 10% (standard) 2.7 V to 5.5 V

2.7 V to 5.5 V (low voltage)

Liquid crystal drive 3.0 V to 11 V 3.0 V to 7.0 V 3.0 V to 13.0 V
voltage VLCD

Maximum display 8 characters × 2 lines 20 characters × 2 lines 16 characters × 2 lines/
digits per chip 8 characters × 4 lines

Segment display None None 40 segments

Display duty cycle 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16 1/17 and 1/33

CGROM 9,920 bits 7,200 bits 9,600 bits
(208: 5 × 8 dot characters (160: 5 × 7 dot characters (240: 5 × 8 dot characters)
and 32: 5 × 10 dot and 32: 5 × 10 dot
characters) characters)

CGRAM 64 bytes 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes 80 bytes

SEGRAM None None 8 bytes

Segment signals 40 100 40

Common signals 16 16 33

Liquid crystal drive A B B
waveform

Number of displayed 1 or 2 1 or 2 1, 2 or 4
lines

Low power mode None None Available

Horizontal scroll Character unit Character unit Dot unit

CPU bus timing 2 MHz (5-V operation) 1 MHz 2 MHz (5-V operation)
1 MHz (3-V operation) 1 MHz (3-V operation)

Package QFP1420-80 LQFP2020-144 QFP1420-100
80-pin bare chip 144-pin bare chip 100-pin bare chip

Figure 11   Waveform A (1/3 Duty, 1/3 Bias) Figure 12   Waveform B (1/3 Duty, 1/3 Bias)

Common

Segment

Common-
segment

1 frame 1 frame

Common

Segment

Common-
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1 frame
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9.   HD66204, HD66214T and HD66224T
HD66204 HD66214T HD66224T

Data input (bit) 4 4 4/8

Package 100-pin plastic QFP TCP TCP (8 mm)
FP-100, TFP-100
Die

10.  HD66205, HD66215T and HD66115T
HD666205 HD66215T HD66115T

LCD drive circuits 80 100/101 160

Power supply for LCD drive –10 to –28 –10 to –28 +14 to +40
circuits (V) (VCC–VEE) (VCC–VEE) (VLCD–GND)

11.  HD66107T and HD66110RT
HD66107T HD66110ST

LCD drive circuits 160 160

Data transfer 4/8-bits 4-bits/8-bits

Operating frequency (MHz) 8 20

Power supply for LCD drive circuits 14 to 37 14 to 40

Package TCP TCP (9 mm)

12.  HD63645, HD64645 and HD64646
HD63645F HD64645F HD64646FS

CPU interface 68 family 80 family 80 family

Package 80-pin plastic 80-pin plastic 80-pin plastic
QFP (FP-80) QFP (FP-80) QFP (FP-80A)

Other — — HD64646 has another LCD
drive interface in HD64645

13.  HD66840F and HD66841F
HD66840F HD66841F

Frame-based thinning control Each line Each dot and each line

Display mode 16 Signal screen Dual screen
Both sides X/Y driver One sides X/Y driver
Horizontal stripe Vertical stripe

Gray-scale palette No 8 registers
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The Hitachi LCD driver devices use plastic flat
packages to reduce the size of the equipment in
which they are incorporated and provide higher

density mounting by utilizing the features of thin
liquid crystal display elements.

Package Dimensions
Scale: 3/2

FP-60

Applicable LSI
HD44103, HD44105,
HD61830, HD61830B

Code FP-60

EIAJ —

JEDEC —
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FP-60A

Applicable LSI
HD44100R

Code FP-60A

EIAJ SC-582-F

JEDEC —

FP-80

Applicable LSI
HD61602, HD61603, HD61604, HD61605,
HD63645, HD64645, HD44102

Code FP-80

EIAJ —

JEDEC —



FP-80B

Applicable LSI
HD64646, HD44780U

Code FP-80B

EIAJ —

JEDEC —

Package Information

FP-80A

Applicable LSI
HD61602

Code FP-80A

EIAJ —

JEDEC —
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TFP-80

Applicable LSI
HD44780U

Code TFP-80

EIAJ —

JEDEC —

FP-100

Applicable LSI
HD61100A, HD61102, HD61103A, HD66204, HD66205,
HD61200, HD61202, HD61203, HD66100F

Code FP-100

EIAJ —

JEDEC —



FP-100B

Applicable LSI
HD66100F

Code FP-100B

EIAJ —

JEDEC —

Package Information

FP-100A

Applicable LSI
HD66840F, HD66841F, HD66710

Code FP-100A

EIAJ —

JEDEC —
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TFP-100

Applicable LSI
HD66204, HD66205, HD61202, HD61203

Code TFP-100

EIAJ —

JEDEC —

FP-136

Applicable LSI
HD66850F

Code FP-136

EIAJ —

JEDEC —



Package Information

FP-144A

Applicable LSI
HD66702

Code FP-144A

EIAJ SC-596-A

JEDEC —
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Notes on Mounting

1. Damage from Static Electricity

Semiconductor devices are easily damaged by
static discharges, so they should be handled and
mounted with the utmost care. Precautions are
discussed below.

1.1 Work Environment

Low relative humidity facilitates the accumulation
of static charge. Although surface mounting
package devices must be stored in a dry
atmosphere to prevent moisture absorption, they
should be handled and mounted in a work
environment with a relative humidity of 50% or
greater to prevent static buildup.

1.2 Preventing Static Buildup in Handling

1. Avoid the use of insulating materials that easily
accumulate a static charge in workplaces where
mounting operations are performed. In
particular, charged objects can induce charges in

semiconductors and finished PC boards even
without direct contact. Recommended measures
include the use of anti-static work garments,
conductive carrier boxes, and ionized air
blowers.

2. Ground all instruments, conveyors, work
benches, floor mats, tools, and soldering irons to
prevent the accumulation of static charges. Lay
conductive mats (with a resistance on the order
of 109 Ω to 1011 Ω) on workbenches and floors
and ground them. (See figure 1.)

3. Personnel should wear grounding bracelets on
their arms or legs. To prevent electric shocks,
insert a resistor of 1 MΩ or greater in series as
shown in figure 2.

4. If soldering irons are used, use low voltage 
(12 V to 24 V) soldering irons designed for use
with semiconductors. Ground soldering iron tips

Figure 1   Static Electricity Countermeasures for Semiconductor Handling

➀
➁

➂
➅

➄

➃

➀

➁

➂

➃

➄ 

➅

High resistance conductive mat (grounded)

Personal ground (bracelet)

High resistance conductive mat (grounded)

Humidifier

Anti-static work clothes

Anti-static shoes

Resistor
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as shown in figure 3.

1.3 Preventing Semiconductor Discharges

Semiconductors are not damaged by static charges
on the package or chip itself. However, damage
will occur if the lead frame contacts a metal object
and the charge dissipates. Grounding the metal
object does not help in this situation.

The following measures should be taken.

1. Avoid contact or friction between
semiconductors and easily  charged insulators.

2. Avoid handling or working with semiconductors
on metal surfaces. Semiconductors should be
handled on grounded high resistance mats.

3. If a semiconductor may be charged, do not
allow that device to contact any metal objects.

1.4 Precautions during Mounting

1. Grounded high resistance mats must be used
when mounting semiconductors on PC boards.
Ground mats before handling semiconductors.
Particular caution is required following
conductivity testing, since capacitors on the PC
board may retain a charge.

2. PC boards can also acquire a static charge by
contact, friction, or induction. Take precautions
to prevent discharge through contact with
transport boxes or other metal objects during
transportation. Such precautions include the use
of anti-static bags or other techniques for
isolating the PC boards.

32

Figure 2   Personal Ground

Figure 3   Soldering Iron Grounding Example

Metal or conductive material

Insulated wire

R = over 1 MΩ

100 V AC C 12 V to 24 V

1 MΩ

Soldering 
iron tip
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= D (t)
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Figure 4   Package Crack Generation Mechanism

Figure 5   Temperature Dependence of Resin Adhesive Strength, 
Mechanical Strength, and Generated Stress
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3. Recommended Soldering Conditions

Soldering temperature stipulations must be fol-
lowed and the moisture absorption states of plastic
packages must be carefully monitored to prevent
degradation of the reliability of surface mount
packages due to thermal shock. This section pre-

sents Hitachi’s recommended soldering conditions.

3.1 Recommended Soldering Temperatures

See table 1.
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Table 1   Recommended IC Soldering Temperatures

Method Recommended Conditions Notes

Vapor-phase reflow

Since TSOP, TQFP, and
packages whose body
thickness is less than 
1.5 mm are especially
vulnerable to thermal shock,
we recommend limiting the
soldering conditions to 
a maximum temperature of
230°C for a maximum time
of 10 seconds for these
packages.

140 to 160°C

215°C
30 s, 
maximum

P
ac

ka
ge

 s
ur

fa
ce


te

m
pe

ra
tu

re

About 60 s

1 to 5°C/s

Time

140 to 160°C

235°C,
maximum

P
ac

ka
ge

 s
ur

fa
ce


te

m
pe

ra
tu

re

10 s, 
maximum


About 60 s 1 to 4°C/s

1 to 5°C/s

Time

Infrared reflow
Hot-air reflow
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2. Precautions Prior to Reflow
Soldering

Surface mount packages that hold large chips are
weaker than insertion mount packages. Since the
whole package is heated during the reflow
operation, the characteristics described below
should be considered when determining the
handling used prior to reflow soldering and the
conditions used in the reflow operation.

2.1 Package Cracking Mechanism in Reflow
Soldering

Packages that have absorbed moisture are thought
to crack due to the mechanism shown in figure 4.
Moisture absorbed during storage diffuses through
the interior of the package. When a package in this
state is passed through the reflow furnace, that
moisture rediffuses. Some of it escapes along the
boundary between the resin and the frame. This
can lead to boundary separation. As the pressure in
this space increases the resin warps, finally
resulting in a crack.

The Fick diffusion model can be used to calculate
the diffusion of moisture in resin:

∂C (x, t) ∂2C (x, t)

∂t ∂2 x2

The volume of moisture absorbed by the package
can be expressed as follows:

Q (t) = ∫C (x, t) dx

The increase in internal pressure can be calculated
from the moisture diffusion during reflow heating
by using the C (x, t) function.

Figure 5 shows the relationships between the
maximum stresses when packages of various
moisture absorption states are heated, the adhesion
strength between the resin and frame at various
temperatures, and the strength of the resin itself.
While this model indicates that cracks will result in
this example when the moisture absorption ratio
exceeds 0.2 wt% in a VPS (vapor phase soldering
at 215°C) process, actual tests show that cracks
result in packages with a moisture absorption ratio
of 0.25 wt%. This indicates that the model is valid.

Therefore moisture management should focus on
the moisture content in the vicinity of the frame.
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Surface Mounting Package Handling
Precautions

1.  Package Temperature Distribution

The most common method used for mounting a
surface mounting device is infrared reflow. Since
the package is made of a black epoxy resin, the
portion of the package directly exposed to the
infrared heat source will absorb heat faster and
thus rise in temperature more quickly than other
parts of the package unless precautions are taken.
As shown in the example in figure 6, the surface
directly facing the infrared heat source is 20° to
30°C higher than the leads being soldered and
40°C to 50°C higher than the bottom of the
package. If soldering is performed under these
conditions, package cracks may occur.

To avoid this type of problem, it is recommended
that an aluminum infrared heat shield be placed
over the resin surface of the package. By using a
2-mm thick aluminum heat shield, the top and
bottom surfaces of the resin can be held to 175°C
when the peak temperature of the leads is 240°C.

Figure 6   Temperature Profile During Infrared
Heat Soldering (Example)

2.  Package Moisture Absorption

The epoxy resin used in plastic packages will
absorb moisture if stored in a high-humidity
environment. If this moisture absorption becomes

excessive, there will be sudden vaporization during
soldering, causing the interface of the resin and
lead frame to spread apart. In extreme cases,
package cracks will occur. Therefore, especially
for thin packages, it is important that moisture-
proof storage be used.

To remove any moisture absorbed during
transportation, storage, or handling, it is
recommended that the package be baked at 125°C
for 16 to 24 hours before soldering.

3.  Heating and Cooling

One method of soldering electrical parts is the
solder dip method, but compared to the reflow
method, the rate of heat transmission is an order of
magnitude higher. When this method is used with
plastic items, there is thermal shock resulting in
package cracks and a deterioration of moisture-
resistant characteristics. Thus, it is recommended
that the solder dip method not be used.

Even with the reflow method, an excessive rate of
heating or cooling is undesirable. A rate in
temperature change of less than 4°C/sec is
recommended.

4.  Package Contaminants

It is recommended that a resin-based flux be used
during soldering. Acid-based fluxes have a
tendency of leaving an acid residue which
adversely affects product reliability. Thus, acid-
based fluxes should not be used.

With resin-based fluxes as well, if a residue is left
behind, the leads and other package parts will
begin to corrode. Thus, the flux must be
thoroughly washed away. If cleansing solvents
used to wash away the flux are left on the package
for an extended period of time, package markings
may fade, so care must be taken.

The precautions mentioned above are general
points to be observed for reflow. However, specific
reflow conditions will depend on such factors as
the package shape, printed circuit board type,
reflow method, and device type.

For details on surface mounting small thin
packages, please consult the separate manual
available on mounting. If there are any additional
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(Surface)
(Resin)

T1T2T3
(Soler)

T1

T2

T3

60 sec

30 sec

300

250

200

150

100

T
em

pe
ra

tu
re

 (
°C

)

Time (sec)

37



38

Features of TCP (TAB Technology)

The structure and materials used by Tape Carrier
Package (TCP) give it the following features as
compared with conventional packages:

Thin, Lightweight, and Fine Pitch 

With thickness less than 1 mm and fine-pitch leads,
a reduced pad pitch on the device enables more
functionality in a package of equivalent size.
Specifically, these features enable:

• Thin and high definition LCM (Liquid Crystal
display Module)

• Lightweight and ultra-high pin count systems

Flexible Design

The following can be tailored to the design of the
system (e.g. mother board design):

• Pattern layout

• TCP design

TCP Applications

Thinness, ultra-high pin count, and fine pitch open
up new possibilities of TCP applications for
compact and highly functional systems. Figure 1
shows some applications of TCP-packaged chips.

Figure 1   Examples of TCP-Packaged Chip Applications
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Personal computers, 
word processors
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organizers
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Hitachi TCP Products

TCP for Hitachi LCD Driver

Hitachi offers tape-carrier-packaged LCD drivers
for LCD modules ranging from miniature to large
sizes. Table 1 shows some examples of standard
tape carrier packages for LCD drivers. Hitachi
LCD drivers combine a device that can withstand

high voltages and provide high definition with a
tape carrier package that promises excellent
reliability, making possible applications that would
not be feasible with a conventional QFP. For
material specifications of the products in table 1,
s e e
table 3.

Table 1  TCPs for Hitachi LCD Drivers

Function Appearance

Total Pin Outer 
Signal Product Count Lead

Application Drive Output Code (Output) Pitch Remarks

TFT*1 Column Analog
only

HD66330TA0 236 (192) 0.16 mm

Color Column Digital
STN*2 only
liquid
crystal

HD66110STB2 191 (160) 0.092 mm

Color Column Digital Outer lead pitch:
STN*2 only 0.074 mm
liquid products are also 
crystal available

HD66120TA0 269 (240) 0.07 mm

Color Common Digital Outer lead pitch:
STN*2 only 0.250 mm 
liquid products are also 
crystal available

HD66115TA0 181 (160) 0.18 mm

Small Column Digital Built-in controller 
liquid and (on-chip RAM)
crystal common

HD66108T00 208 (165) 0.4 mm

Notes: 1. TFT: Thin Film Transistor
2. STN: Super Twist Nematic
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Table 1  TCPs for Hitachi LCD Drivers (cont)

Function Appearance

Total Pin Outer 
Signal Product Count Lead

Application Drive Output Code (Output) Pitch Remarks

Small Column Digital
liquid and
crystal common

HD66712TA0 128 (94) 0.24 mm

Folding TCP

HD66712TB0 128 (94) 0.3 mm
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TCP External View and Cross-Sectional Structure
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Cross-Sectional Structure
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TCP Materials and Features

TCP Material Specifications: Table 2 lists
Hitachi TCP material specifications. Ask us if you
require other materials. In this case, use TCP

ordering manual [ADE-801-001 (O)].

Table 3 lists current material specifications for
various Hitachi products.

Table 2  Hitachi TCP Material Specifications

No. Item Specifications

1 Base film UPILEX® S-type: thickness 75 µm ±5 µm
KAPTON® V-type: thickness 125 or 75 µm ±5 µm

2 Adhesive Toray #5900

TOMOEGAWA E-type

3 Copper foil Rolled copper: thickness 35 or 25 µm ±5 µm

Electro-deposited copper: thickness 35 or 25 µm ±5 µm

4 Resin Epoxy resin

5 Outer lead plating Tin

6 Solder resist Epoxy solder resist

7 Solder resist on rear Polyimide solder resist
surface of folding TCP slit 

Cross-sectional view

Table 3   Material Specifications for Hitachi Products

Outer Lead 
Product Code Application Base Film Adhesive Copper Foil Plating

HD66330TA0 TFT UPILEX® S TOMOEGAWA Electro-deposited Tin
E-type copper

HD66110STB2 Color STN UPILEX® S TOMOEGAWA Electro-deposited Tin
E-type copper

HD66120TA0 Color STN UPILEX® S TOMOEGAWA Electro-deposited Tin
E-type copper

HD66115TA0 Color STN UPILEX® S TOMOEGAWA Electro-deposited Tin
E-type copper

HD66108T00 Small liquid KAPTON® V Toray #5900 Rolled copper Tin
crystal

HD66712TA0 Small liquid UPILEX® S TOMOEGAWA Electro-deposited Tin
crystal E-type copper

HD66712TB0 Small liquid UPILEX® S TOMOEGAWA Electro-deposited Tin
crystal E-type copper
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*1:  Folding TCP only

LSI chip

7*1 1
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Properties of Materials: Properties of Hitachi
TCP materials are as follows.

1. Base film

The properties of base film are shown in table 4.
Hitachi currently adopts UPILEX® S, which
exhibits high rigidity and super dimensional
stability with respect to temperature changes
compared with conventional KAPTON® V.

2. Copper foil (copper wiring)

The properties of rolled foil and electro-
deposited foil are shown in table 5. Hitachi
plans to adopt electro-deposited foil due to its
excellent elongation properties at room
temperature (RT) compared with conventional
rolled foil.

Table 4   Properties of Base Film (See references 1 and 2, page 28)

UPILEX® S KAPTON® V
Property (Ube Industries, Ltd.) (Du Pont-Toray Co., Ltd.)

To 100°C 0.8 —

To 200°C 1.0 2.6

Tensile modules (MPa) 8826.0 3481.4

Table 5   Properties of Copper Foil (See reference 3, page 28)

Rolled Foil Electro-Deposited Foil
Sampling (Hitachi Cable, Ltd.) (Mitsui Mining & Smelting Co., Ltd.)

Property Condition CF-W5-1S-LP 3EC-VLP

Tensile strength at RT Raw foil 421.7 538.4
(MPa)

Elongation at RT Raw foil 1.0 10.1
(%)

Tensile strength at 180°C Raw foil 229.5 249.1
(kgf/mm2)

Elongation at 180°C Raw foil 7.7 7.0
(%)

Note: Data from film suppliers.
Number of measured samples: 2 pieces each 
1 MPa = 1.01972 × 10–1 kgf/mm2

Coefficient of
linear expansion
× 10–5/°C
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3. Adhesive

The relationship between peeling strength
(adhesive/electro-deposited foil) and lead width
is shown in figure 2. Hitachi adopts the
following two combinations because of their

higher peeling strength.

— Adhesive TOMOEGAWA E-type/electro-
deposited foil

— Adhesive Toray #5900/rolled foil

Figure 2   Relationship between Peeling Strength and Lead Width
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Fine-Pitch Bump Formation

Bumps are essential in TCP products; they are the
foundation of TAB technology and have excellent
corrosion resistance in their structure. When the
current trend toward high-performance chips with
ultra-large pin-out began driving pad counts

upward (and reducing pad pitch), Hitachi was
quick to develop a volume production process for
forming fine-pitch bumps.

Figure 3 shows the Hitachi TCP bump structure.
Figure 4 shows a flowchart of the bump formation
process.

Figure 3   Hitachi TCP Bump Structure

Figure 4   Bump Formation Flowchart
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3.
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TCP Fabrication Flow

TCP Tape: TCP tapes are purchased from tape
manufacturers. In many cases, the quality of TCP
products depends critically on the quality of the
tape, so in addition to evaluating constituent
materials, Hitachi strictly controls the stability of
the tape fabrication process.  

TCP Fabrication Process: The TCP fabrication
process starts from wafers (or chips) with bumps,
and a patterned tape. After being bonded by a high-
precision inner lead bonder, the chips are sealed in
resin. Figure 5 shows the standard fabrication
process for TCPs used in Hitachi LCDs. 

Figure 5   Standard Fabrication Process for TCPs Used in Hitachi LCDs

TCP tape

This step bonds the bumps on the chips to the inner leads formed 
by patterning. Gang bonding has been adopted as a standard 
procedure at Hitachi.  

Chips are sealed in resin to ensure inner lead bonding strength.  
The standard bonding process employs a potting liquid resin which 
seals the chip.  
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Packing

Packing Format: TCP products are packed in
moisture-proof packages. A reel wound with TCP
tape is sealed in an opaque antistatic sheet with N2
to protect the product from mechanical shock and
then packed into a carton before delivery to ensure

the solderability of lead plating. 

Labels which indicate the product name, quantity,
and so on are placed on the reel, antistatic sheet,
and carton. Figure 6 shows the TCP packing
format. 

Figure 6   Packing Format
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Tape Specification:

Width of Tape

35 mm 70 mm

TCP tape 40 m 40 m

Lead tape 2 +1/–0.5 m 2 +1/–0.5 m
added to both added to both
ends of the TCP ends of the TCP

Conductive  — 40 m
tape

Separator — 40 m

Conductive 40 m —
separator

Note: The lengths of the TCP tape, conductive
tape, and separator may vary slightly
depending on the quantity of the product on
the tape. 

Reel Specification: Figure 7 shows reel
dimensions. 

For recycling purpose, we would appreciate it if
you return the reel and separator to us after use.  

Figure 7   Reel Dimensions
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Note:  *  For 70 mm width tape.
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TCP Winding Direction: Figure 8 shows one way
of winding TCPs. The combination of two product
directions when pulling it out from the reel and
placement of the patterned face on either the front
or back of the tape makes for four types of TCP
winding directions.

The winding direction is an essential specification
which affects the chip punching machine and
assembly equipment during the packaging process.
As the wind direction differs according to the
product, please check the delivery specification
before using TCP.  

Figure 8  Example of TCP Winding Direction

Product 
(TCP tape)

Reel

Magnification 
(example)

Product direction (two types)
                         
Patterned face on either front or 
back (two types)
                      ||
Four types of TCP winding direction

Note
 ×
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TCP Mounting Methods

TCP Mounting Structure

Typical example of an LCM structure using TCPs
is illustrated in figure 9.

Basic Mounting Process

See figure 10.

Figure 9   LCM Structure

Figure 10   TCP OLB (Outer Lead Bonding) Basic Flowchart
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Process Outline

An outline of LCM assembly process using TCPs
is given in figure 11.

Figure 11   Outline of LCM Assembly Process

Applies ACF on LCD glass panel 
by thermal pressing.

Aligns the LCD panel and TCP 
patterns and temporarily 
connects them by low 
temperature and low pressure.

Thermocompresses multiple 
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Joins output leads of TCPs and 
PCB patterns by soldering.

ACF

LCD panel

TCP

PCB

Soldering

Thermo-compression 
bonding

TCP prepress

ACF applied



TCP

52

TCP Mounting Conditions

Mounting TCPs on LCD Panels (See reference 4,
page 28): ACF is an adhesive film that can connect
electrodes on an LCD glass panel with output leads
of TCPs. There are two types of ACFs: 

• One whose thermosetting and thermoplastic
properties make handling easier (such as in
repair) and reduces the stresses caused by
temperature changes.

• One whose thermosetting properties provide

low connection resistance and high
thermostability. 

Please select ACF depending on the type of
application.

1. Selection of ACF thickness

An appropriate ACF thickness must be selected
depending on the height, line width and space
width of the circuit to be connected; a rough
calculation formula for obtaining a proper ACF
thickness is shown below.

t1

Glass substrate

Copper foil (circuit)T
S1

Adhesive

Electrode

Base film�������

P

S2

ACF thickness before connection t0 = × T + t1 + α

t1: ACF thickness after connection (2 µm)
T: Circuit height
P: Pitch
S1: Space width (top)
S2: Space width (bottom)
α: Correction value

AC-6073, AC-6103 — 0.15T
AC-7104, AC-7144 — 0.25T

Incomplete filling can occur in the space if ACF thickness is too thin, while if too thick, connection
reliability becomes poor since conductive particles are not flattened out. It is necessary to select an
appropriate ACF thickness. Some adjustment of ACF thickness can be controlled by bonding
conditions (especially pressure).

S1 + S2

2

P
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2. Laminating and bonding conditions

It is necessary to optimize bonding conditions
according to ACF, TCP and glass panel
specifications. The bonding conditions adopted

by ANISOLM® (Hitachi Chemical Co., Ltd.)
are shown in table 6 for reference. Please
determine your optimum bonding conditions
based on the following. 

Table 6   Bonding Conditions of ANISOLM®

Item Unit

Mixture of
Thermosetting and

Thermoplastic
Thermosetting Remarks

Temperature on
ANISOLM®

AC-7144

ResolutionMin. pitch

AC-7104AC-6103AC-6073

Standard
specifica-
tions

Line

Space

µm

µm

Line/
mm

70

70

7 50

50

10 50

50

10 35

35

14

µm

mm

m



mm

°C

22 22, 18 25 16

3, 2.5, 2

50

Transparent (gray)

18.5

80 to 100Laminating

Thickness

Width

Length

Color

Core diameter

Temperature



Bonding

Bonding
conditions

Pressure

Time

Temperature

Pressure

Time

MPa 

s

°C

MPa

s

1

5

170 to 190


2

20

Temperature on
ANISOLM®

3, 2.5, 2

50

Transparent (gray)

18.5

70 to 90

1

5

160 to 180


2 3

20

Note: * 1 MPa = 1.01972 × 10–1 kgf/mm2

*
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Measuring Method of ACF Temperature Profile (example)

Figure 12   Bonding Temperature Profile
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Soldering Conditions: Solder TCPs on the PCB
under the following conditions. If soldering
temperature is low, solder may not melt. However,
if soldering temperature is too high, solder may not
adequately spread over the leads owing to their
oxidized surfaces, and/or the leads plating may
become attached to the heating collet. In the latter

case, copper foil of leads may become exposed.
Please determine adequate soldering conditions for
mass production carefully.

• Soldering temperature (at solder joint): 230 to
260°C

• Soldering time: 10 seconds max.

T
em

pe
ra

tu
re

 a
t s

ol
de

r 
jo

in
t (

°C
)

Time (second)

10 seconds (max.)

230 to 260°C

PCB

Outer lead

Footprint
Solder joint

Base film

Heating collet

Note 1: Temperature at solder joint is normally 30 to 50°C lower than the heating collet
temperature. Soldering temperature has a great impact on the quality of the products.
Operating conditions should therefore be specified after examining the temperature
relationship between the tip of the heating collet and solder joint.
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Heating collet

LSI die

Base film

Footprint

Outer lead

Vacuum collet

Heating collet

PCB

Vacuum collet

Note 2: In case of soldering quad type TCPs, please fix the TCPs using vacuum collets or
equivalent to prevent base film warpage and circuit position misalignment.
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Storage Restrictions

1. Packed TCP products should be used within six
months.

2. TCP products removed from the antistatic sheet
should be stored in N2 having a dew point of
–30°C or lower. However, they should be used
as soon as possible after removal, because
solderability of leads plated with Sn or solder
decreases with time.

Handling Precautions

Electrical Handling

1. Anti-electrostatic discharge measures

TCP products require the following care beyond
what is required for non-TCP products.

• Give special attention to ion-blow and
grounding especially when removing TCP
products from the reel, since they easily
collect static electricity because of the base
film. If TCP products become charged,
discharge the electricity little by little using
the ion-blow; rapid discharge may damage
the devices.

• Handle the product so that static electricity is
not applied to outer leads. Depending on the
equipment used, this may require taking
proper anti-electrostatic discharge measures,
such as not allowing the tapeguide to contact
the outer leads.

2. Outer lead coating

Outer leads should be coated with resin or other

appropriate materials to prevent short-circuits
and disconnections due to corrosion. Conduc-
tive foreign particles can easily cause short-
circuits since lead spacing for TCP products is
much narrower than that for non-TCP products.
Disconnections from corrosion can also easily
occur due to solder flux or similar materials
adhering to leads while mounting the products
on a board. This is because TCP product leads
are formed by bonding very thin copper foil to
the base film in order to attain high-density
mounting. 

3. To prevent electric breakdown when mounting
TCP products on a board, do not allow any
electrical contact with the die’s bottom surface.
These types of failures easily occur since TCP
products have a bare Si monocrystal on the die’s
bottom surface in order to make the product as
thin as possible. 

To prevent degradation of electrical
characteristics, do not expose TCP products to
sunlight.

Mechanical Handling

1. To prevent die cracks when mounting TCP
products on a board, do not allow any physical
contact with the die’s bottom surface. These
types of failures easily occur since TCP
products have a bare Si monocrystal on the die’s
bottom surface in order to make the product as
thin as possible. 

2. Handle TCP products carefully to avoid bending
the leads from base film transformation.

3. Do not bend TCP products since this may cause
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cracks in the solder resist.

4. Punching

Punching the continuous base film to extract
single TCP products requires the following care.

• Align each product correctly according to
tape perforations (sprocket holes).

• Use a metal punching die with pressing
installation to prevent resin cracks and

reduce cutting stresses in the outer leads.
(Refer to figure 13.)

• Determine the punching position so that the
cutting edge does not touch the molding area
based on the relationship between maximum
molding area (specified in the design
drawing) and the punching die accuracy.  

Punch TCP products in the section where outer
leads are straight (not slanted) to prevent short-

circuits caused by conductive particles. (Refer to figure 14.)

Figure 13   Punching Die

Punching die with 
pressing installation

Stress

Cutting edge

TCP

Punching die without 
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Pressing 
installation

No punching area

Margin area

Punching area
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Figure 14   Punching Position

5. Mounting structure

Copper foil can easily break even from a small
physical stress because of its thinness needed to
accommodate fine patterns. Large stresses
should therefore not be applied to the copper
foil when mounting TCP products on a board. 

• Bending stresses

When the edges of a die and a PCB are
aligned, resin cracks may occur due to
bending stresses. To avoid this problem,
locate the board closer to the LCD panel so
that it can support the molded part of the

package. (Refer to figure 15)

• Thermal stresses

LCM consists of glass, TCPs and a glass-
epoxy substrate having their respective
coefficients of thermal expansion (CTE).
This difference in expansion effects may
cause “thermal stresses” that especially
concentrate in TCPs. The joining structure of
LCMs is roughly shown in figure 16. Before
beginning mass production, investigate and
determine a joining structure that reduces
thermal stresses so as to prevent contact and
other defects from occurring.

6. Do not stack more than ten cartons of products.

7. Do not subject cartons to high physical impact.

Figure 15   Positioning of Mounting TCPs on a PCB
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TCP
LCM is composed of 
various materials having 
their respective CTEs.



TCP

60

Figure 16   Joining Structure of LCM

Correction of ITO (Indium Tin Oxide) Electrode
Pitch: TCP products expand by absorbing
moisture or heat during storage and assembly.
Pitch correction for the ITO electrode should be
performed based on the TCP dimensions after it is
mounted on a conductive film. However, if ITO
pitch correction is performed based on TCP
dimensions before mounting, it must be based on
data measured after removing TCP products from
the package and storing at a temperature of 20 to
25°C and a humidity of 50 to 70% RH for 48
hours. 

Correct the ITO electrode pitch depending on the
bonding equipment and conditions used.

Miscellaneous

1. Do not heat the lead tape and separator; they
have poor heat-resistivity and will expand.

2. Do not subject TCPs to high temperature for a
long period of time while cleaning or other
operations; copper foil may peel off due to the
rapid deterioration of adhesion between the
copper foil and base film.

3. Carrier tapes have some waviness that may

cause problems in tape transport. Use a tapeguide or equivalent to secure the tape.

Figure 17   Dimensional Change of Output
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Figure 18   Example of Number of Times Folded vs Cumulative Defect Rate

4. The number of folding TCP bending operations
that can be performed before the lead breaks is
shown in figure 18. The greater the bending

angle, the sooner the lead will break. The TCP
should be mounted in such a way that the
bending angle of each slit does not exceed 90°.
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TCP Standardization 

At present, standardization of LCD drive TCPs is
difficult because of differences in mounting
methods and customer specifications. However,
standardization of TCPs (QTP and DTP) that
correspond in shape to TQFP and TSOP packages
has been discussed by the Tape Carrier Package
Working Group in the Semiconductor External
Standards Committee (EE-13) of the EIAJ
(Electronics Industries Association of Japan). This
working group, which is composed of various
semiconductor manufacturers including Hitachi,
tape manufacturers, and socket manufacturers, is
taking a comprehensive approach.

The EIAJ has adopted metric control standards
against JEDEC*’s inch control standards, and has
determined standards based on the following two
items:

• Fixed test pad layout, variable package size
• Fixed test pad layout, variable terminal pitch

Accordingly, users can share the socket by
deciding the width of tape and the test pad pitch.

As JEDEC has already agreed to the metric-control
TCP, Hitachi is now making efforts to produce
metric-control TCPs.

General rules covering TCP outlines that have
already been formulated and published by the
EE-13 committee are shown below.

EIAJ ED-7431 Quad Tape Carrier Package (QTP)

EIAJ ED-7432 Dual Tape Carrier Package 
(Type I) (DTP(I))

EIAJ ED-7433 Dual Tape Carrier Package 
(Type II) (DTP(II))

A summary of these general rules is given below.

Note that these standards do not necessarily apply
to LCD drive TCPS.

Note: * JEDEC:
Joint Electronic Device Engineering
Council.

Quad Tape Carrier Package (QTP) EIAJ ED-7431 

1. Tape width:  35, 48, 70 mm

2. Package size:  35 mm  14 × 14, 16 × 16, 18 × 18, 20 × 20
48 mm  16 × 16, 20 × 20, 24 × 24, 26 × 26, 28 × 28
70 mm  24 × 24, 28 × 28, 32 × 32, 36 × 36, 40 × 40

3. Test pad pitch:  0.5, 0.4, 0.3, 0.25 mm

4. Outer lead pitch:  0.5, 0.4, 0.3, 0.25, 0.2, 0.15 mm

5. Sprocket-hole type:  35 mm Super
48 mm  Wide, Super
70 mm  Wide, Super

6. Number of test pads:  Fixed maximum number of test pads, regardless of the outer lead 
count.
For 35-mm tape:  196 for 0.5 pitch; 244 for 0.4 pitch.  
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Dual Tape Carrier Package (Type I) (DTP(I)) EIAJ ED-7432 

1. Tape width:  35 mm

2. Package size: 6 × 14, 6 × 16, 6 × 18, 6 × 20
(E × (D + 1)) 8 × 14, 8 × 16, 8 × 18, 8 × 20

10 × 14, 10 × 16, 10 × 18, 10 × 20
12 × 14, 12 × 16, 12 × 18, 12 × 20

3. Test pad pitch:  0.5 mm

4. Outer lead pitch:  0.5, 0.4, 0.3 mm

5. Sprocket-hole type:  35 mm  Super

6. Number of test pads:  N = 50 (E = 6, 8, 10)
66 (E = 12)

Dual Tape Carrier Package (Type II) (DTP(II)) EIAJ ED-7433 

1. Tape width:  35 mm

2. Package size: 300 mil, 350 mil, 400 mil, 450 mil, 500 mil, 550 mil, 
(Enom) 600 mil

3. Test pad pitch:  1.27 mm (outer lead pitch: 1.27, 1.0)
0.8 mm (outer lead pitch: 0.8, 0.65)

4. Outer lead pitch:  1.27, 1.0, 0.8, 0.65 mm

5. Sprocket-hole type:  Super

6. Number of test pads:  N = 42 (test pad pitch: 1.27 mm)
70 (test pad pitch: 0.8 mm)
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Reference Materials

TCP Mounting Equipment Manufacturer

Manufacturer: Hitachi Chemical Co., Ltd. 

Area Address Tel No. Fax No.

USA Hitachi Chemical Co., America, Ltd. (914) 934-2424 (914) 934-8991
4 International Drive, Rye Brook,
NY 10573, U.S.A.

Europe Hitachi Chemical Europe Gm bH. (211) 35-0366 to 9 (211) 16-1634
Immermmstr. 43, D-4000
Düsseldorf 1, F. R. Germany 

S.E. Asia Hitachi Chemical Asia-Pacific Pte, Ltd. 337-2408 337-7132
51 Bras Basah Road, #08-04
Plaza By The Park, Singapore 0718

Taiwan Hitachi Chemical Taipei Office (2) 581-3632, (2) 521-7509
Room No. 1406, Chia Hsim Bldg., (2) 561-3810
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan  

Beijing Hitachi Chemical Beijing Office (1) 501-4331 to 2 (1) 501-4333
Room No. 1207, Beijing Fortune Building, 
5 Dong, San Huan Bei-Lu, Chao Yang
District, Beijing, China

Hong Kong Hitachi Chemical Co., (Hong Kong) Ltd. (3) 66-9304 to 7 (3) 723-3549
Room 912, Houston Centre, 63 Mady Road,
Tsimshatsui East, Kowloon, Hong Kong
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Manufacturer: Matsushita Electric Industrial Co., Ltd.

Area Address Tel No. Fax No.

USA Panasonic Factory Automation (708) 452-2500
(Illinois) Company

Deutschland Panasonic Factory Automation (040) 8549-2628
Deutchland 

Asia Matsushita (0552) 75-6222
(Japan) Manufacturing Equipment D.

Manufacturer:  Shinkawa Co., Ltd.

Area Address Tel No. Fax No.

U.S.A. MARUBENI INTERNATIONAL 408-727-8447 408-727-8370
ELECTRONICS CORP. U.S.A.
3285 Scott Blvd, Santa Clara,
CA. 95054

Singapore, MARUBENI INTERNATIONAL 741-2300 741-4870
Malaysia, ELECTRONICS CORP. SINGAPORE
Thailand 18 Tannery Lane #06-01/02,

Lian Teng Building, SGB 1334

Korea, MARUBENI HYTECH CORP. (03)-3817-4952 (03)-3817-4959
Hong Kong, Japan
China, 20-22, Koishikawa 4-chome, 
Taiwan, Bunkyo-ku, Tokyo 112, Japan
Philippine,
Brazil

Europe MARUBENI INTERNATIONAL 0211-4376-00 0211-4332-85
ELECTRONICS EUROPE GMBH
Niederrhein STR, 42 4000
Düsseldorf 30 Federal Republic of Germany 
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Manufacturer:  Kyushu Matsushita Electric Co., Ltd. 

Area Address Tel No. Fax No.

CHICAGO 1240 Landmeier Rd. (708) 822-7262 (708) 952-8079
Elk Grove Village, IL 60007

ATLANTA 1080 Holcomb Bridge Rd. (404) 906-1515 (404) 998-9830
Building 100, Suite 300
Roswell, Georgia 30076

SAN JOSE 177 Bovet Road, Suite 600 (415) 608-0317 (415) 341-1395
San Mateo, CA 99402

LONDON 238/246 King Street, London W6 ORF (081) 748-2447 (081) 846-9580
United Kingdom

SINGAPORE 1 Scotts Road, #21-10/13 Shaw Centre 7387681 7325238
Singapore 0922

SEOUL 2ND Floor, Donghwa Bldg. (02) 571-2911 (02) 571-2910
454-5, Dokok-1 Dong, Kangnam-Ku,
Seoul, Korea

TAIWAN 6TH, FL., 360, FU HSING 1ST ROAD, (03) 328-7070 (03) 328-7080
KWEISHAN, TAOYUAN HSIEN, (03) 328-7090
TAIWAN

MALAYSIA KUALALUMPUR BRANCH (03) 291-0066 (03) 291-8002
8TH FLOOR, WISMA LEE RUBBER,
JAPAN MELAKA, 50100
KUALALUMPUR

BANGKOK 20TH FL., Thaniya Plaza Bldg, 52 (02) 231-2345 (02) 231-2342
Silom Road, Bangrak, BANGKOK,
10500 THAILAND

Manufacturer:  Japan Abionis Co., Ltd.

Area Address Tel No. Fax No.

Worldwide Overseas Department 81-3-3501-7358 81-3-3504-2829
Contact: Mr. K. Asami, or Mr. K. Ito



TCP

67

TCP Tape Manufacturers

Manufacturer:  Hitachi Cable Ltd.

Area Address Tel No. Fax No.

U.S.A. HITACHI CABLE AMERICA INC. 1-914-993-0991 001-1-914-993-0997

Europe HITACHI CABLE 001-44-71-439-7223 001-44-71-494-1956
INTERNATIONAL, LTD. (LONDON)

Sigapore HITACHI CABLE 001-65-2681146 001-65-2680461
INTERNATIONAL, LTD (SINGAPORE)

Hong Kong HITACHI CABLE 001-852-721-2077 001-852-369-3472
INTERNATIONAL, LTD (HONG KONG)

Manufacturer: Mitsui Mining and Smelting Co., Ltd.

Area Address Tel No. Fax No.

U.S.A. MITSUI MINING AND 212-679-9300 to 2 212-679-9303
SMELTING CO., (USA) INC.

Europe MITSUI MINING AND 71-405-7717 to 8 71-405-0227
SMELTING CO., LTD.
London Office

Asia MITSUI MINING AND 03-3246-8079 03-3246-8063
SMELTING CO., LTD.
MICROCIRCUIT DIVISION

Manufacturer: Shindo Company Ltd.

Area Address Tel No. Fax No.

U.S.A. SHINDO COMPANY LTD., 408-435-0808 408-435-0809
U.S. BRANCH OFFICE
2635 NORTH FIRST ST., STE. 124
SAN JOSE, CA 95134 U.S.A.
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Aeolotropy Conductive Film Manufacturers

Manufacturer:  Hitachi Chemical Co., Ltd. 

Area Address Tel No. Fax No.

USA Hitachi Chemical Co., America, Ltd. (914) 934-2424 (914) 934-8991
4 International Drive, Rye Brook,
NY 10573, U.S.A.

Europe Hitachi Chemical Europe GmbH. (211) 35-0366 to 9 (211) 16-1634
Immermannstr. 43, D-4000
Düsseldorf 1, F. R. Germany 

S.E. Asia Hitachi Chemical Asia-Pacific Pte, Ltd. 337-2408 337-7132
51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 0718 

Taiwan Hitachi Chemical Taipei Office (2) 581-3632, (2) 521-7509
Room No. 1406, Chia Hsin Bldg., (2) 561-3810
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan  

Beijing Hitachi Chemical Beijing Office (1) 501-4331 to 2 (1) 501-4333
Room No. 1207, Beijing Fortune Building, 
5 Dong, San Huan Bei-Lu, Chao Yang
District, Beijing, China

Hong Kong Hitachi Chemical Co., (Hong Kong) Ltd. (3) 66-9304 to 7 (3) 723-3549
Room 912, Houston Centre, 63 Mady Road,
Tsimshatsui East, Kowloon, Hong Kong

Manufacturer:  Sony Chemicals

Area Address Tel No. Fax No.

U.S.A. SONY CHEMICALS 1-(708) 616-0070 1-(708) 616-0073
CORPORATION OF AMERICA

Europe SONY CHEMICALS 31-20-658-1850 31-20-659-8481
EUROPE B.V.

Southeast SONY CHEMICALS 65-382-1500 65-382-1750
Asia SINGAPORE PTE LTD.

References

1. KAPTON® V Catalog Du Pont-Toray Co., Ltd.

2. UPILEX® S Catalog Ube Industries, Ltd. 

3. Electro-deposited Foil Comparison List Mitsui Mining Smelting Co., Ltd.
Electronic Devices Group

4. Hitachi Anisotropic Discharge Film Hitachi Chemical Co., Ltd.

1992.7.21
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Hitach Standard TCP Product
Structure

Hitachi can provide the standard TCP products
listed in table 7 immediately. Figures 18 to 44

show the structure of each TCP product.

Ta
bl

e 
7 

  H
it

ac
hi

 S
ta

nd
ar

d 
T

C
P

 P
ro

du
ct

 S
pe

ci
fi

ca
ti

on
s

U
se

r 
P

at
te

rn

O
u

tp
u

t 
L

ea
d

O
u

tp
u

t 
L

ea
d

In
p

u
t 

L
ea

d
In

p
u

t 
L

ea
d

A
re

a 
W

id
th

S
o

ld
er

 
N

o
. o

f
P

it
ch

 
L

en
g

th
 

P
it

ch
 

L
en

g
th

 
In

p
u

t 
L

ea
d

X
Y

R
es

is
t 

W
id

th
 

P
ro

d
u

ct
Ta

p
e

N
o

.
P

ro
d

u
ct

F
u

n
ct

io
n

O
u

tp
u

ts
(µ

m
)

(m
m

)
(µ

m
)

(m
m

)
A

rr
an

g
e*

1
(m

m
)

(m
m

)
(m

m
)

L
en

g
th

*2
M

at
er

ia
l*

3
P

la
ti

n
g

1
H

D
66

10
7T

00
LC

D
 d

riv
er

16
0

28
0

2.
5

80
0

2.
0

A
50

.2
0

20
.2

5
46

.8
0

12
K

S
n

2
H

D
66

10
7T

01
LC

D
 d

riv
er

80
28

0
2.

5
80

0
2.

0
A

32
.0

0
20

.2
5

28
.0

0
12

K
S

n

3
H

D
66

10
7T

11
LC

D
 d

riv
er

16
0

18
0

3.
3

80
0

2.
5

A
32

.4
2

20
.0

0
31

.6
0

8
K

S
n

4
H

D
66

10
7T

12
LC

D
 d

riv
er

16
0

25
0

3.
3

80
0

2.
5

A
43

.5
0

20
.0

0
42

.4
0

10
K

S
n

5
H

D
66

10
7T

24
LC

D
 d

riv
er

16
0

18
0

3.
3

80
0

2.
5

A
32

.5
2

20
.0

0
31

.6
0

8
U

S
n

6
H

D
66

10
7T

25
LC

D
 d

riv
er

80
28

0
2.

5
80

0
2.

0
A

32
.0

0
20

.2
5

28
.0

0
8

K
S

n

7
H

D
66

10
8T

00
LC

D
 d

riv
er

16
5

40
0

2.
0

40
0

2.
0

B
—

—
—

8
K

S
n

8
H

D
66

10
8T

A
0

C
om

m
on

/c
ol

um
n

16
5

28
0

5.
34

80
0

2.
7

A
51

.0
23

.3
48

.3
4

12
U

S
n

9
H

D
66

10
8T

B
0

C
om

m
on

/c
ol

um
n

16
5

25
0

4.
5

65
0

2.
0

A
46

.0
23

.6
44

.0
11

U
S

n

10
H

D
66

11
0S

T
B

2
C

ol
um

n
16

0
92

2.
4

50
0

1.
2

A
15

.6
0

9.
00

15
.1

0
3

U
S

n

11
H

D
66

11
0S

T
B

3
C

ol
um

n
16

0
92

1.
95

50
0

1.
2

A
15

.8
1

11
.0

16
.3

8
4

U
S

n

12
H

D
66

11
0S

T
B

4
C

ol
um

n
16

0
80

2.
14

45
0

1.
0

A
16

.6
7.

3
15

.2
3

U
S

n

13
H

D
66

11
3T

A
0

C
om

m
on

12
0

19
0

3.
3

80
0

1.
5

A
24

.5
10

.5
23

.5
3

U
S

n

14
H

D
66

11
5T

A
0

C
om

m
on

 L
C

D
 d

riv
er

16
0

18
0

3.
0

80
0

2.
0

A
32

.4
0

11
.0

0
31

3
U

S
n

15
H

D
66

11
5T

A
3

C
om

m
on

16
0

25
0

2.
6

80
0

1.
5

A
44

.0
11

.6
42

.9
3

U
S

n

16
H

D
66

12
0T

A
0

C
ol

um
n

24
0

70
2.

54
50

0
1.

2
A

18
.6

8
9.

44
18

.6
8

4
U

S
n

17
H

D
66

12
0T

A
2

C
ol

um
n

24
0

74
3.

15
50

0
1.

2
A

18
.8

10
.5

18
.8

4
U

S
n

18
H

D
66

12
0T

A
3

C
ol

um
n

24
0

70
2.

1
60

0
1.

0
A

20
.0

8
7.

3
18

.9
4

U
S

n

19
H

D
66

30
0T

00
T

F
T

 a
na

lo
g 

dr
iv

er
12

0
30

0
2.

9
80

0
3.

0
A

46
.0

0
21

.5
0

46
.2

0
10

K
S

n

20
H

D
66

31
0T

00
T

F
T

 8
 le

ve
l g

ra
y 

sc
al

e
16

0
18

0
3.

0
65

0
2.

5
A

33
.4

0
21

.0
0

31
.9

5
8

K
S

n

21
H

D
66

33
0T

A
0

T
F

T
 6

4 
le

ve
l g

ra
y 

sc
al

e
19

2
16

0
3.

5
65

0
1.

5
A

35
.3

0
11

.7
0

33
.6

0
4

U
S

n

22
H

D
66

50
3T

A
0

C
om

m
on

24
0

20
0

3.
0

80
0

2.
5

A
52

.0
15

.4
49

.7
4

U
S

n

23
H

D
66

50
3T

B
0

C
om

m
on

24
0

20
0

3.
0

80
0

2.
5

A
56

.2
19

.5
5

54
.8

5
U

S
n

24
H

D
66

52
0T

A
0

C
ol

um
n

16
0

20
0

3.
0

70
0

2.
5

A
36

.0
17

.8
33

.7
5

U
S

n

25
H

D
66

52
0T

B
0

C
ol

um
n

16
0

20
0

3.
0

70
0

2.
5

A
38

.2
21

.3
36

.7
5

U
S

n

26
H

D
66

71
2T

A
0

C
om

m
on

/c
ol

um
n

94
30

0
3.

3
65

0
2.

5
A

24
.8

0
17

.4
0

23
.8

0
4

U
S

n

27
H

D
66

71
2T

B
0

C
om

m
on

/c
ol

um
n

94
30

0
4.

5
10

00
2.

5
A

46
.2

23
.6

5
43

.2
10

U
S

n

N
ot

es
:

1.
In

pu
t l

ea
d 

ar
ra

ng
e:

 A
 =

 S
tr

ai
gh

t, 
B

 =
  D

ire
ct

io
ns

2.
N

um
be

r 
of

 p
er

fo
ra

tio
ns

3.
Ta

pe
 m

at
er

ia
l: 

 K
 =

 K
ap

to
n,

 U
 =

 U
pi

le
x

“K
ap

to
n”

 is
 a

 tr
ad

em
ar

k 
of

 D
up

on
t, 

Lt
d.

“U
pi

le
x”

 is
 a

 tr
ad

em
ar

k 
of

 U
be

 In
du

st
rie

s,
 L

td
.



TCP

70

Figure 18   Hitachi Standard TCP 1 — HD66107T00 —
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Figure 19   Hitachi Standard TCP 2  — HD66107T01 —
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Figure 20   Hitachi Standard TCP 3  — HD66107T11 —
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Figure 21   Hitachi Standard TCP 4  — HD66107T12 —
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Figure 22   Hitachi Standard TCP 5  — HD66107T24 —
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Figure 23   Hitachi Standard TCP 6  — HD66107T25 —
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Figure 24  Hitachi Standard TCP 7  — HD66108T00 —
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Figure 25   Hitachi Standard TCP 8  — HD66108TA0 —
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Figure 26   Hitachi Standard TCP 9 — HD66108TB0 —
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Figure 27   Hitachi Standard TCP 10  — HD66110STB2 —
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Figure 28   Hitachi Standard TCP 11  — HD66110STB3 —
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Figure 29   Hitachi Standard TCP 12  — HD66110STB4 —
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Figure 30   Hitachi Standard TCP 13  — HD66113TA0 —
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Figure 31   Hitachi Standard TCP 14  — HD66115TA0 —
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Figure 32   Hitachi Standard TCP 15  — HD66115TA3 —
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Figure 33   Hitachi Standard TCP 16  — HD66120TA0 —
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Figure 34   Hitachi Standard TCP 17  — HD66120TA2 —
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Figure 35   Hitachi Standard TCP 18  — HD66120TA3 —
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Figure 36   Hitachi Standard TCP 19  — HD66300T00 —
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Figure 37   Hitachi Standard TCP 20  — HD66310T00 —
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Figure 38   Hitachi Standard TCP 21  — HD66330TA0 —
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Figure 39   Hitachi Standard TCP 22  — HD66503TA0 —
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Figure 40   Hitachi Standard TCP 23  — HD66503TB0 —
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Figure 41   Hitachi Standard TCP 24  — HD66520TA0 —
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Figure 42   Hitachi Standard TCP 25  — HD66520TB0 —
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Figure 43   Hitachi Standard TCP 26  — HD66712TA0 —
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Figure 44   Hitachi Standard TCP 27  — HD66712TB0 —
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Chip Shipment Products

COB (chip on board) and COG (chip on glass)
products form only a small percentage of the thin
form and miniature mounting products shipped.
However, these products, which are referred to
here as “chip shipment products”, involve shipping
unmounted chips from the factory.

Since chip shipment products are treated as semi-
finished products, there will be differences
between their quality guarantee ranges and
electrical characteristics items and those published
for the packaged (i.e., complete) products. The
differences in the quality guarantee ranges,
electrical characteristics items, and visual
inspection are described in the CAS (customer
approval specifications). Product functionality and
operation is completely identical to the complete
(packaged) product.

This section describes the standard shipment
specifications for chip shipment products. The
actual shipment stipulations will be those
mentioned or stipulated in the CAS for the
individual products.

1. Electrical Characteristics and
Quality Level

As mentioned above, the quality guarantee ranges
and electrical characteristics for chip shipment
products differ from those for standard products.
Refer to the CAS for the individual products for
specific details.

The basic differences are as follows.

1.1 Electrical Characteristics

The electrical characteristics for chip shipment
products are guaranteed at the single point 
Ta = 75°C.

1.2 Quality Level

Electrical characteristics: AQL 4.0%
Visual inspection: AQL 4.0%

(The specific details for visual inspection and other
items are contained in the CAS.)

2. Chip Packing Specifications

2.1 Delivery Units

Delivery unit counts (lot size) range from a
minimum of 100 units to 10,000 units.

2.2 Packing Specifications

Trays are vacuum packed and sealed with up to 24
trays in a single pack. All the chip products in a
given pack will be from the same production lot.
Figure 1 shows the chip shipment product packing.
Chip products are stored in the trays protected by a
sheet of protective paper.

2.3 Markings

The following items will be marked on each tray.

1. Product number
2. Lot number
3. Count
4. Inspection certification seal

The following items will be marked on each pack.

1. Product number
2. Disbursement lot number
3. Count
4. Inspection certification seal

The following items will be marked on the outer
packing.

1. Product number
2. Disbursement lot number
3. Count
4. Inspection certification seal

If possible, please return empty trays to your
Hitachi sales representative.

3. Storage Specifications

After delivery and after opening the transport
packaging, chip shipment products must be stored
in a manner that does not cause their electrical,
physical, or mechanical properties to degrade due
to humidity or reactive gas contamination.

We recommend the following storage conditions
for these products.
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3.1 When Stored in the Packed State

Storage conditions: In dry Nitrogen, at –30°C 
(30 degrees below zero,
Celsius)

Storage period: Six months

The date of the inspection certification seal shall be
used as the start of the storage period.

3.2 When Stored after Die Bonding or Wire
Bonding

Storage condition 1: Temperature: under 30°C,
Humidity: under 70%,
Airborne particles: less than
5000 per cubic foot

Storage period 1: Seven days
Storage conditions 2: In dry Nitrogen, at –30°C
Storage period 2: 20 days

Figure 1   Chip Packing

Product tag


Product tag


Vacuum pack

Cardboard box (cover)

Urethane foam

Product tag

Silica gel

Urethane foam

Cardboard box

Chip tray (Unit: mm)

51

4

36 pcs./
tray

49 pcs./
tray

64 pcs./
tray

HD44780SA00D, HCD66702,
HD44102D, HD44105D, 
HD61202D, HD61203D, 
HD61104AD, HD61105AD,
HD66106D

HD44100D, HD66100D,
HCD66204, HCD66205

51
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4. Chip Shape Specifications

See figure 2.

5. Products Available as Chip Shipment
Products

Hitachi, Ltd. currently provides the products listed
in table 1 as chip shipment products. Figures 3 to

19 show their respective chip sizes and bonding
pad layouts.

Table 1   Chip Shipment Product Table

Figure No. Product No. Base Product No. Page

3 HCD44100R HD44100RFS 101

4 HD44102D HD44102CH 102

5 HD44105D HD44105H 103

6 HCD44780U*** HD44780U***FS 104

7 HCD66702R*** HD66702R***F 105

7 HCD66702R***L HD66702R***FL 105

8 HCD66710*** HD66710***FS 107

9 HD61202D HD61202 108

10 HCD66712*** HD66712***FS 109

11 HCD66720*** HD66720***FS 111

12 HCD66730*** HD66730***FS 112

13 HD61203D HD61203 114

14 HD66100D HD66100F 115

15 HD66106D HD66106FS 116

16 HCD66204 HD66204F 117

17 HCD66205 HD66205F 118

18 HCD66204L HD66204FL 119

19 HCD66205L HD66205FL 120
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Figure 2   Chip Cross-Section

Surface shape maximum values X direction:   x + 250

Y direction:   y + 250

(  x and   y are the chip dimensions)



(unit: µm)

x,   y

Max. 150

Min. 220

400 ±30
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• HCD44100R

Figure 3   HCD44100R

25 34

5 561 60

55

35

6

24

Y

T
yp
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co

de

Chip size (X    Y):
Coordinate:
Origin:
Pad size (X    Y):

2.40 mm    3.94 mm
Pad center
Chip center
90 µm    90 µm (SiL)

× ×

× ×

X

Pad Coordinate

No. Pad Name X Y

1 Y30 –280 1815

2 Y31 –460 1815

3 Y32 –640 1815

4 Y33 –820 1815

5 Y34 –1000 1815

6 Y29 –1045 1600

7 Y28 –1045 1420

8 Y27 –1045 1240

9 Y26 –1045 1060

10 Y25 –1045 880

11 Y24 –1045 700

12 Y23 –1045 520

13 Y22 –1045 340

14 Y21 –1045 160

15 Y20 –1045 –20

16 Y19 –1045 –200

17 Y18 –1045 –380

18 Y17 –1045 –560

19 Y16 –1045 –740

20 Y15 –1045 –920

Pad Coordinate

No. Pad Name X Y

21 Y14 –1045 –1100

22 Y13 –1045 –1300

23 Y12 –1045 –1500

24 Y9 –1045 –1740

25 Y10 –850 –1815

26 Y11 –670 –1815

27 Y8 –490 –1815

28 Y7 –310 –1815

29 VCC –130 –1815

30 Y6 130 –1815

31 Y5 310 –1815

32 Y4 490 –1815

33 Y3 670 –1815

34 Y2 870 –1815

35 Y1 1030 –1780

36 VEE 1075 –1600

37 CL1 1075 –1410

38 CL2 1075 –1235

39 GND 1075 –990

40 DL1 1075 –810

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

41 DR1 1075 –630

42 DL2 1075 –450

43 DR2 1075 –270

44

45 M 1075 –90

46 SHL1 1075 90

47 SHL2 1075 270

48 FCS 1075 450

49 V1 1075 630

50 V2 1075 810

51 V3 1075 990

52 V4 1075 1170

53 V5 1075 1350

54 V6 1075 1550

55 Y40 1045 1800

56 Y39 850 1815

57 Y38 670 1815

58 Y37 490 1815

59 Y36 310 1815

60 Y35 130 1815
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• HD44102D

Figure 4   HD44102D

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

5.40 mm × 6.16 mm
Pad center
Chip center
120 µm × 120 µm

24 42

43

61

63

22

3

2 1 80 64

Type code

Y

X

Pad Coordinate

No. Pad Name X Y

1 Y39 –2130 2890

2 Y38 –2465 2890

3 Y37 –2515 2465

4 Y36 –2515 2215

5 Y35 –2515 1965

6 Y34 –2515 1715

7 Y33 –2515 1465

8 Y32 –2515 1215

9 Y31 –2515 965

10 Y30 –2515 715

11 Y29 –2515 465

12 Y28 –2515 215

13 Y27 –2515 –35

14 Y26 –2515 –285

15 Y25 –2515 –535

16 Y24 –2515 –785

17 Y23 –2515 –1035

18 Y22 –2515 –1285

19 Y21 –2515 –1535

20 Y20 –2515 –1785

21 Y19 –2515 –2035

22 Y18 –2515 –2285

23

24 Y17 –2155 –2890

25 Y16 –1865 –2890

26 Y15 –1635 –2890

27 Y14 –1405 –2890

Pad Coordinate

No. Pad Name X Y

28 Y13 –1175 –2890

29 Y12 –945 –2890

30 Y11 –715 –2890

31 Y10 –480 –2890

32 Y9 –255 –2890

33 Y8 –25 –2890

34 Y7 205 –2890

35 Y6 435 –2890

36 Y5 665 –2890

37 Y4 915 –2890

38 Y3 1160 –2890

39 Y2 1410 –2890

40 Y1 1640 –2890

41 VCC 1930 –2890

42 BS 2245 –2890

43 RST 2515 –2605

44 CS1 2515 –2365

45 CS2 2515 –2125

46 CS3 2515 –1885

47 E 2515 –1645

48 RW 2515 –1405

49 D1 2515 –1165

50 DB0 2515 –880

51 DB1 2515 –600

52 DB2 2515 –330

53 DB3 2515 –50

54 DB4 2515 220

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

55 DB5 2515 500

56 DB6 2515 770

57 DB7 2515 1050

58 FRM 2515 1320

59 CL 2515 1560

60 P1 (ø1) 2515 1800

61 P2 (ø2) 2515 2040

62

63 M 2515 2815

64 GND 2070 2890

65 VEE 1835 2890

66 V1 1600 2890

67 V2 1365 2890

68 V3 1135 2890

69 V4 890 2890

70 Y50 640 2890

71 Y49 410 2890

72 Y48 180 2890

73 Y47 –50 2890

74 Y46 –340 2890

75 Y45 –605 2890

76 Y44 –850 2890

77 Y43 –1100 2890

78 Y42 –1350 2890

79 Y41 –1600 2890

80 Y40 –1845 2890
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• HD44105D

Figure 5   HD44105D

24 34

5 551 60

54
6

Y

Type code
HD44105

Chip size (X    Y):
Coordinate:
Origin:
Pad size (X    Y):

4.56 mm    6.00 mm
Pad center
Chip center
120 µm    120 µm

× ×

× ×

36
23

29

VCC

3331

X

Pad Coordinate

No. Pad Name X Y

1 X12 –575 2822

2 X11 –875 2822

3 X10 –1175 2822

4 X9 –1475 2822

5 X8 –1775 2822

6 X7 –2105 2372

7 X6 –2105 2047

8 X5 –2105 1732

9 X4 –2105 1417

10 X3 –2105 1102

11 X2 –2105 787

12 X1 –2105 472

13 DL –2105 117

14 GND –2105 –208

15 FS1 –2105 –438

16 FS2 –2105 –668

17 DS1 –2105 –898

18 DS2 –2105 –1128

19 DS3 –2105 –1358

Pad Coordinate

No. Pad Name X Y

20 C –2105 –1628

21 R –2105 –2053

22 CR –2105 –2363

23 STB –2105 –2593

24 SHL –2005 –2822

25 M/S –1770 –2822

26 ø2 –1460 –2822

27 ø1 –1010 –2822

28 FRM –605 –2822

29 VCC –265 –2822

31 M 770 –2822

33 CL 1290 –2822

34 DR 1730 –2822

36 VEE 2105 –2308

37 V1 2105 –2078

38 V2 2105 –1848

39 V5 2105 –1610

40 V6 2105 –1388

41 X32 2105 –1138

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

42 X31 2105 –833

43 X30 2105 –528

44 X29 2105 –223

45 X28 2105 82

46 X27 2105 387

47 X26 2105 697

48 X25 2105 1002

49 X24 2105 1307

50 X23 2105 1587

51 X22 2105 1867

52 X21 2105 2147

53 X20 2105 2427

54 X19 2105 2707

55 X18 1855 2822

56 X17 1555 2822

57 X16 1255 2822

58 X15 955 2822

59 X14 655 2822

60 X13 355 2822
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• HCD44780U***

Figure 6   HCD44780U***

HD44780U

Type code

63

42

2

23

1 80

Y

Chip size (X    Y):
Coordinate:
Origin:
Pad size (X    Y):
The aperture area of a bonding pad

4.90 mm    4.90 mm
Pad center
Chip center
114 ± 10 µm    114 ± 10 µm

× ×

× ×

X

Pad Coordinate

No. Pad Name X Y

1 SEG22 –2100 2313

2 SEG21 –2280 2313

3 SEG20 –2313 2089

4 SEG19 –2313 1833

5 SEG18 –2313 1617

6 SEG17 –2313 1401

7 SEG16 –2313 1186

8 SEG15 –2313 970

9 SEG14 –2313 755

10 SEG13 –2313 539

11 SEG12 –2313 323

12 SEG11 –2313 108

13 SEG10 –2313 –108

14 SEG9 –2313 –323

15 SEG8 –2313 –539

16 SEG7 –2313 –755

17 SEG6 –2313 –970

18 SEG5 –2313 –1186

19 SEG4 –2313 –1401

20 SEG3 –2313 –1617

21 SEG2 –2313 –1833

22 SEG1 –2313 –2073

23 GND –2280 –2290

24 OSC1 –2080 –2290

25 OSC2 –1749 –2290

26 V1 –1550 –2290

27 V2 –1268 –2290

Pad Coordinate

No. Pad Name X Y

28 V3 –941 –2290

29 V4 –623 –2290

30 V5 –304 –2290

31 CL1 –48 –2290

32 CL2 142 –2290

33 VCC 309 –2290

34 M 475 –2290

35 D 665 –2290

36 RS 832 –2290

37 R/W 1022 –2290

38 E 1204 –2290

39 DB0 1454 –2290

40 DB1 1684 –2290

41 DB2 2070 –2290

42 DB3 2260 –2290

43 DB4 2290 –2099

44 DB5 2290 –1883

45 DB6 2290 –1667

46 DB7 2290 –1452

47 COM1 2313 –1186

48 COM2 2313 –970

49 COM3 2313 –755

50 COM4 2313 –539

51 COM5 2313 –323

52 COM6 2313 –108

53 COM7 2313 108

54 COM8 2313 323

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

55 COM9 2313 539

56 COM10 2313 755

57 COM11 2313 970

58 COM12 2313 1186

59 COM13 2313 1401

60 COM14 2313 1617

61 COM15 2313 1833

62 COM16 2313 2095

63 SEG40 2296 2313

64 SEG39 2100 2313

65 SEG38 1617 2313

66 SEG37 1401 2313

67 SEG36 1186 2313

68 SEG35 970 2313

69 SEG34 755 2313

70 SEG33 539 2313

71 SEG32 323 2313

72 SEG31 108 2313

73 SEG30 –108 2313

74 SEG29 –323 2313

75 SEG28 –539 2313

76 SEG27 –755 2313

77 SEG26 –970 2313

78 SEG25 –1186 2313

79 SEG24 –1401 2313

80 SEG23 –1617 2313
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• HCD66702R***, HCD66702R***L

Figure 7   HCD66702R***, HCD66702R***L (1)

HD66702

Type code

37 72
X

Y

36 73

1 108

109144

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

5.20 mm × 5.20 mm
Pad center
Chip center
90 µm × 90 µm

Pad Coordinate

No. Pad Name X Y

1 SEG34 –2475 2350

2 SEG33 –2475 2205

3 SEG32 –2475 2065

4 SEG31 –2475 1925

5 SEG30 –2475 1790

6 SEG29 –2475 1655

7 SEG28 –2475 1525

8 SEG27 –2475 1395

9 SEG26 –2475 1265

10 SEG25 –2475 1135

11 SEG24 –2475 1005

12 SEG23 –2475 875

13 SEG22 –2475 745

14 SEG21 –2475 615

15 SEG20 –2475 485

16 SEG19 –2475 355

17 SEG18 –2475 225

18 SEG17 –2475 95

19 SEG16 –2475 –35

20 SEG15 –2475 –165

21 SEG14 –2475 –295

22 SEG13 –2475 –425

23 SEG12 –2475 –555

24 SEG11 –2475 –685

25 SEG10 –2475 –815

26 SEG9 –2475 –945

27 SEG8 –2475 –1075

28 SEG7 –2475 –1205

Pad Coordinate

No. Pad Name X Y

29 SEG6 –2475 –1335

30 SEG5 –2475 –1465

31 SEG4 –2475 –1600

32 SEG3 –2475 –1735

33 SEG2 –2475 –1870

34 SEG1 –2475 –2010

35 GND –2475 –2180

36 OSC2 –2475 –2325

37 OSC1 –2445 –2475

38 VCC –2305 –2475

39 VCC –2165 –2475

40 V1 –2025 –2475

41 V2 –1875 –2475

42 V3 –1745 –2475

43 V4 –1595 –2475

44 V5 –1465 –2475

45 CL1 –1335 –2475

46 CL2 –1185 –2475

47 M –1055 –2475

48 D –905 –2475

49 EXT –775 –2475

50 TEST –625 –2475

51 GND –495 –2475

52 RS –345 –2475

53 R/W –195 –2475

54 E –45 –2475

55 DB0 85 –2475

56 DB1 235 –2475

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

57 DB2 365 –2475

58 DB3 515 –2475

59 DB4 645 –2475

60 DB5 795 –2475

61 DB6 925 –2475

62 DB7 1075 –2475

63 COM1 1205 –2475

64 COM2 1335 –2475

65 COM3 1465 –2475

66 COM4 1595 –2475

67 COM5 1725 –2475

68 COM6 1855 –2475

69 COM7 1990 –2475

70 COM8 2125 –2475

71 COM9 2265 –2475

72 COM10 2410 –2475

73 COM11 2475 –2290

74 COM12 2475 –2145

75 COM13 2475 –2005

76 COM14 2475 –1865

77 COM15 2475 –1730

78 COM16 2475 –1595

79 SEG100 2475 –1465

80 SEG99 2475 –1335

81 SEG98 2475 –1205

82 SEG97 2475 –1075

83 SEG96 2475 –945

84 SEG95 2475 –815
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• HCD66702R***, HCD66702R***L

Figure 7   HCD66702R***, HCD66702R***L (2)

Pad Coordinate

No. Pad Name X Y

85 SEG94 2475 –685

86 SEG93 2475 –555

87 SEG92 2475 –425

88 SEG91 2475 –295

89 SEG90 2475 –165

90 SEG89 2475 –35

91 SEG88 2475 95

92 SEG87 2475 225

93 SEG86 2475 355

94 SEG85 2475 485

95 SEG84 2475 615

96 SEG83 2475 745

97 SEG82 2475 875

98 SEG81 2475 1005

99 SEG80 2475 1135

100 SEG79 2475 1265

101 SEG78 2475 1395

102 SEG77 2475 1525

103 SEG76 2475 1655

104 SEG75 2475 1790

Pad Coordinate

No. Pad Name X Y

105 SEG74 2475 1925

106 SEG73 2475 2065

107 SEG72 2475 2205

108 SEG71 2475 2350

109 SEG70 2320 2475

110 SEG69 2175 2475

111 SEG68 2035 2475

112 SEG67 1895 2475

113 SEG66 1760 2475

114 SEG65 1625 2475

115 SEG64 1495 2475

116 SEG63 1365 2475

117 SEG62 1235 2475

118 SEG61 1105 2475

119 SEG60 975 2475

120 SEG59 845 2475

121 SEG58 715 2475

122 SEG57 585 2475

123 SEG56 455 2475

124 SEG55 325 2475

(Unit: µm)

Pad Coordinate

No. Pad Name X Y

125 SEG54 195 2475

126 SEG53 65 2475

127 SEG52 –65 2475

128 SEG51 –195 2475

129 SEG50 –325 2475

130 SEG49 –455 2475

131 SEG48 –585 2475

132 SEG47 –715 2475

133 SEG46 –845 2475

134 SEG45 –975 2475

135 SEG44 –1105 2475

136 SEG43 –1235 2475

137 SEG42 –1365 2475

138 SEG41 –1495 2475

139 SEG40 –1625 2475

140 SEG39 –1760 2475

141 SEG38 –1895 2475

142 SEG37 –2035 2475

143 SEG36 –2175 2475

144 SEG35 –2320 2475
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• HCD66710***

Figure 8   HCD66710***

80811001

Type code

79

52

51503130

2

29

X

Y

Chip size (X    Y):
Coordinate:
Origin:
Pad size (X    Y):

5.36 mm    6.06 mm
Pad center
Chip center
100 µm    100 µm

× ×

× ×

Pad Coordinate
No. Pad Name X Y
1 SEG27 –2495 2910
2 SEG28 –2695 2730
3 SEG29 –2695 2499
4 SEG30 –2695 2300
5 SEG31 –2695 2100
6 SEG32 –2695 1901
7 SEG33 –2695 1698
8 SEG34 –2695 1498
9 SEG35 –2695 1295
10 SEG36 –2695 1099
11 SEG37 –2695 900
12 SEG38 –2695 700
13 SEG39 –2695 501
14 SEG40 –2695 301
15 COM9 –2695 98
16 COM10 –2695 –113
17 COM11 –2695 –302
18 COM12 –2695 –501
19 COM13 –2695 –701
20 COM14 –2695 –900
21 COM15 –2695 –1100
22 COM16 –2695 –1303
23 COM25 –2695 –1502
24 COM26 –2695 –1702
25 COM27 –2695 –1901
26 COM28 –2695 –2101
27 COM29 –2695 –2300
28 COM30 –2695 –2500
29 COM31 –2695 –2731
30 COM32 –2495 –2910
31 COM24 –2051 –2910
32 COM23 –1701 –2910
33 COM22 –1498 –2910
34 COM21 –1302 –2910

Pad Coordinate
No. Pad Name X Y
35 COM20 –1102 –2910
36 COM19 –899 –2910
37 COM18 –700 –2910
38 COM17 –500 –2910
39 COM8 –301 –2910
40 COM7 –101 –2910
41 COM6 99 –2910
42 COM5 302 –2910
43 COM4 502 –2910
44 COM3 698 –2910
45 COM2 887 –2910
46 COM1 1077 –2910
47 COM33 1266 –2910
48 V1 1488 –2910
49 V2 1710 –2910
50 V3 2063 –2910
51 V4 2458 –2910
52 V5 2660 –2731
53 V5OUT3 2660 –2500
54 V5OUT2 2660 –2300
55 GND 2640 –2090
56 C1 2650 –1887
57 C2 2675 –1702
58 VCI 2675 –1502
59 OSC1 2675 –1303
60 OSC2 2675 –1103
61 RS 2675 –900
62 R/W 2675 –701
63 E 2675 –501
64 DB0 2675 –302
65 DB1 2675 –99
66 DB2 2675 98
67 DB3 2675 301

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
68 DB4 2675 501
69 DB5 2675 700
70 DB6 2675 900
71 DB7 2675 1099
72 EXT 2675 1299
73 TEST 2675 1502
74 VCC 2695 1698
75 SEG1 2695 1901
76 SEG2 2695 2104
77 SEG3 2695 2300
78 SEG4 2695 2503
79 SEG5 2695 2730
80 SEG6 2495 2910
81 SEG7 2049 2910
82 SEG8 1699 2910
83 SEG9 1499 2910
84 SEG10 1300 2910
85 SEG11 1100 2910
86 SEG12 901 2910
87 SEG13 701 2910
88 SEG14 502 2910
89 SEG15 299 2910
90 SEG16 99 2910
91 SEG17 –101 2910
92 SEG18 –301 2910
93 SEG19 –500 2910
94 SEG20 –700 2910
95 SEG21 –899 2910
96 SEG22 –1099 2910
97 SEG23 –1302 2910
98 SEG24 –1501 2910
99 SEG25 –1701 2910
100 SEG26 –2051 2910
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• HD61202D

Figure 9   HD61202D

1

5

Type code

Y

X

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

6.08 mm × 5.92 mm
Pad center
Chip center
100 µm × 100 µm

Pad Coordinate
No. Pad Name X Y
1 ADC –2674 2806
2 M –2882 2612
3 VCC –2882 2400
4 V4R –2882 2213
5 V3R –2882 2030
6 V2R –2882 1838
7 V1R –2882 1655
8 VEE2 –2882 1478
9 Y64 –2882 1258
10 Y63 –2882 1042
11 Y62 –2882 826
12 Y61 –2882 610
13 Y60 –2882 394
14 Y59 –2882 178
15 Y58 –2882 –38
16 Y57 –2882 –254
17 Y56 –2882 –470
18 Y55 –2882 –686
19 Y54 –2882 –902
20 Y53 –2882 –1118
21 Y52 –2882 –1334
22 Y51 –2882 –1550
23 Y50 –2882 –1766
24 Y49 –2882 –1982
25 Y48 –2882 –2198
26 Y47 –2882 –2414
27 Y46 –2882 –2630
28 Y45 –2802 –2806
29 Y44 –2586 –2806
30 Y43 –2370 –2806
31 Y42 –2034 –2806
32 Y41 –1818 –2806
33 Y40 –1602 –2806
34 Y39 –1386 –2806

Pad Coordinate
No. Pad Name X Y
35 Y38 –1174 –2806
36 Y37 –962 –2806
37 Y36 –750 –2806
38 Y35 –538 –2806
39 Y34 –326 –2806
40 Y33 –114 –2806
41 Y32 98 –2806
42 Y31 314 –2806
43 Y30 530 –2806
44 Y29 746 –2806
45 Y28 962 –2806
46 Y27 1178 –2806
47 Y26 1394 –2806
48 Y25 1610 –2806
49 Y24 1826 –2806
50 Y23 2042 –2806
51 Y22 2378 –2806
52 Y21 2590 –2806
53 Y20 2802 –2806
54 Y19 2882 –2630
55 Y18 2882 –2414
56 Y17 2882 –2198
57 Y16 2882 –1982
58 Y15 2882 –1766
59 Y14 2882 –1550
60 Y13 2882 –1334
61 Y12 2882 –1118
62 Y11 2882 –902
63 Y10 2882 –686
64 Y9 2882 –470
65 Y8 2882 –254
66 Y7 2882 –38
67 Y6 2882 178
68 Y5 2882 394

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 Y4 2882 610
70 Y3 2882 826
71 Y2 2882 1042
72 Y1 2882 1258
73 VEE1 2882 1490
74 V1L 2882 1670
75 V2L 2882 1847
76 V3L 2882 2030
77 V4L 2882 2213
78 GND 2882 2400
79 DB0 2882 2618
80 DB1 2514 2806
81 DB2 2262 2806
82 DB3 1922 2806
83 DB4 1670 2806
84 DB5 1330 2806
85 DB6 1078 2806
86 DB7 738 2806
87
88
89
90 CS3 426 2806
91 CS2 126 2806
92 CS1 –134 2806
93 RST –434 2806
94 RW –694 2806
95 DI –994 2806
96 CL –1254 2806
97 C2 –1554 2806
98 C1 –1814 2806
99 E –2114 2806
100 FRM –2374 2806
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• HCD66712***

Figure 10   HCD66712*** (1)

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

6.00 mm × 6.40 mm
Pad center
Chip center
100 µm × 100 µm

101 Dummy
100

Dummy

67

6637
Dummy

36

3

2 1 128
Dummy

X

Y

HD66712
Type code

Pad Coordinate
No. Pad Name X Y
1 SEG44 –2450 3046
2 SEG45 –2650 3046
3 SEG46 –2846 2866
4 SEG47 –2846 2886
5 SEG48 –2846 2340
6 SEG49 –2846 2160
7 SEG50 –2846 2000
8 SEG51 –2846 1840
9 SEG52 –2846 1680
10 SEG53 –2846 1520
11 SEG54 –2846 1360
12 SEG55 –2846 1200
13 SEG56 –2846 1040
14 SEG57 –2846 880
15 SEG58 –2846 720
16 SEG59 –2846 560
17 SEG60 –2846 400
18 COM9 –2846 240
19 COM10 –2846 80
20 COM11 –2846 –80
21 COM12 –2846 –240
22 COM13 –2846 –400
23 COM14 –2846 –560
24 COM15 –2846 –720
25 COM16 –2846 –880
26 COM25 –2846 –1040
27 COM26 –2846 –1200
28 COM27 –2846 –1360
29 COM28 –2846 –1520
30 COM29 –2846 –1680
31 COM30 –2846 –1840
32 COM31 –2846 –2000
33 COM32 –2846 –2160
34 COM33 –2846 –2320

Pad Coordinate
No. Pad Name X Y
35 VCC –2857 –2697
36 OSC2 –2857 –2877
37 OSC1 –2650 –3057
38 CL1 –2460 –3057
39 CL2 –2290 –3057
40 D –2130 –3057
41 M –1970 –3057
42 RESET –1810 –3057
43 IM –1650 –3057
44 EXT –1490 –3057
45 TEST –1330 –3057
46 GND –1170 –3057
47 RS/CS –990 –3057
48 RW/SiD –820 –3057
49 E/SCLK –650 –3057
50 DB0/SOD –480 –3057
51 DB1 –310 –3057
52 DB2 –140 –3057
53 DB3 30 –3057
54 DB4 200 –3057
55 DB5 370 –3057
56 DB6 540 –3057
57 DB7 710 –3057
58 Vci 880 –3057
59 C2 1063 –3057
60 C1 1251 –3035
61 GND 1426 –3002
62 V5OUT2 1720 –3057
63 V5OUT3 2050 –3057
64 V5 2250 –3057
65 V4 2450 –3057
66 V3 2650 –3057
67 V2 2877 –2880
68 V1 2877 –2703

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 COM24 2846 –2320
70 COM23 2846 –2160
71 COM22 2846 –2000
72 COM21 2846 –1840
73 COM20 2846 –1680
74 COM19 2846 –1520
75 COM18 2846 –1360
76 COM17 2846 –1200
77 COM8 2846 –1040
78 COM7 2846 –880
79 COM6 2846 –720
80 COM5 2846 –560
81 COM4 2846 –400
82 COM3 2846 –240
83 COM2 2846 –80
84 COM1 2846 80
85 COM0 2846 240
86 SEG1 2846 400
87 SEG2 2846 560
88 SEG3 2846 720
89 SEG4 2846 880
90 SEG5 2846 1040
91 SEG6 2846 1200
92 SEG7 2846 1360
93 SEG8 2846 1520
94 SEG9 2846 1680
95 SEG10 2846 1840
96 SEG11 2846 2000
97 SEG12 2846 2160
98 SEG13 2846 2340
99 SEG14 2846 2686
100 SEG15 2846 2866
101 SEG16 2650 3046
102 SEG17 2450 3046
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• HCD66712***

Figure 10   HCD66712*** (2)

Pad Coordinate
No. Pad Name X Y
103 SEG18 2250 3046
104 SEG19 2070 3046
105 SEG20 1890 3046
106 SEG21 1710 3046
107 SEG22 1530 3046
108 SEG23 1350 3046
109 SEG24 1170 3046
110 SEG25 990 3046
111 SEG26 810 3046
112 SEG27 630 3046

Pad Coordinate
No. Pad Name X Y
113 SEG28 450 3046
114 SEG29 270 3046
115 SEG30 90 3046
116 SEG31 –90 3046
117 SEG32 –270 3046
118 SEG33 –450 3046
119 SEG34 –630 3046
120 SEG35 –810 3046
121 SEG36 –990 3046
122 SEG37 –1170 3046

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
123 SEG38 –1350 3046
124 SEG39 –1530 3046
125 SEG40 –1710 3046
126 SEG41 –1890 3046
127 SEG42 –2070 3046
128 SEG43 –2250 3046
— Dummy –2846 3046
— Dummy –2857 –3057
— Dummy 2877 –3057
— Dummy 2846 3046
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• HCD66720***

Figure 11   HCD66720***

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

5.60 mm × 6.0 mm
Pad center
Chip center
100 µm × 100 µm

1 100 81 80

79

52

5130

29

2

Y

X

HD66720
Type code

Pad Coordinate
No. Pad Name X Y
1 SEG22 –2400 2877
2 SEG23 –2677 2700
3 SEG24 –2677 2500
4 SEG25 –2677 2300
5 SEG26 –2677 2100
6 SEG27 –2677 1900
7 SEG28 –2677 1700
8 SEG29 –2677 1500
9 SEG30 –2677 1300
10 SEG31 –2677 1100
11 SEG32 –2677 900
12 SEG33 –2677 700
13 SEG34 –2677 500
14 SEG35 –2677 300
15 SEG36 –2677 100
16 SEG37 –2677 –100
17 SEG38 –2677 –300
18 SEG39 –2677 –500
19 SEG40 –2677 –700
20 SEG41 –2677 –900
21 SEG42 –2677 –1100
22 SEG43/COM1 –2677 –1300
23 SEG44/COM2 –2677 –1500
24 SEG45/COM3 –2677 –1700
25 SEG46/COM4 –2677 –1900
26 SEG47/COM5 –2677 –2100
27 SEG48/COM6 –2677 –2300
28 SEG49/COM7 –2677 –2677
29 SEG50/COM8 –2677 –2877
30 COM1/COM9 –2400 –2877
31 COM2/COM10 –1900 –2877
32 COM3/COM11 –1700 –2877
33 COM4/COM12 –1500 –2877
34 COM5/COM13 –1300 –2877

Pad Coordinate
No. Pad Name X Y
35 COM6/COM14 –1100 –2877
36 COM7/COM15 –900 –2877
37 COM8/COM16 –700 –2877
38 COMS –500 –2877
39 V1 –150 –2853
40 V2 100 –2853
41 V3 300 –2853
42 V4 500 –2853
43 V5 800 –2853
44 V5OUT3 1020 –2809
45 V5OUT2 1200 –2809
46 GND 1400 –2790
47 C1 1600 –2853
48 C2 1800 –2809
49 Vci 2000 –2809
50 VCC 2200 –2853
51 OSC1 2400 –2853
52 OSC2 2653 –2700
53 CL1 2653 –2500
54 CL2 2653 –2300
55 D 2653 –2100
56 M 2653 –1900
57 CS* 2653 –1700
58 SCLK 2653 –1500
59 SiD 2653 –1300
60 SOD 2653 –1100
61 NL 2653 –900
62 RESET* 2653 –700
63 TEST2 2653 –500
64 TEST1 2653 –300
65 GND 2653 –30
66 LED0 2653 174
67 LED1 2653 350
68 iRQ* 2653 540

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 KST0 2653 730
70 KST1 2653 920
71 KST2 2653 1110
72 KST3 2653 1300
73 KST4 2653 1500
74 KST5 2653 1700
75 KiN0 2653 1900
76 KiN1 2653 2100
77 KiN2 2653 2300
78 KiN3 2653 2653
79 KiN4 2653 2853
80 SEG1 2400 2877
81 SEG2 1900 2877
82 SEG3 1700 2877
83 SEG4 1500 2877
84 SEG5 1300 2877
85 SEG6 1100 2877
86 SEG7 900 2877
87 SEG8 700 2877
88 SEG9 500 2877
89 SEG10 300 2877
90 SEG11 100 2877
91 SEG12 –100 2877
92 SEG13 –300 2877
93 SEG14 –500 2877
94 SEG15 –700 2877
95 SEG16 –900 2877
96 SEG17 –1100 2877
97 SEG18 –1300 2877
98 SEG19 –1500 2877
99 SEG20 –1700 2877
100 SEG21 –1900 2877
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Figure 12   HCD66730*** (1)

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

7.48 mm × 6.46 mm
Pad center
Chip center
100 µm × 100 µm

128 pin1 pin

4 pin

HD66730

Type code

99 pin

68 pin35 pin

X

Y

Pad Coordinate
No. Pad Name X Y
1 SEG34 –2602 3012
2 SEG35 –2984 3012
3 SEG36 –3263 3012
4 SEG37 –3522 3012
5 SEG38 –3522 2782
6 SEG39 –3522 2582
7 SEG40 –3522 2341
8 SEG41 –3522 2161
9 SEG42 –3522 1981
10 SEG43 –3522 1801
11 SEG44 –3522 1621
12 SEG45 –3522 1440
13 SEG46 –3522 1260
14 SEG47 –3522 1030
15 SEG48 –3522 800
16 SEG49 –3522 620
17 SEG50 –3522 439
18 SEG51 –3522 259
19 SEG52 –3522 79
20 SEG53 –3522 –101
21 SEG54 –3522 –281
22 SEG55 –3522 –462
23 SEG56 –3522 –642
24 SEG57 –3522 –822
25 SEG58 –3522 –1002
26 SEG59 –3522 –1182
27 SEG60 –3522 –1363
28 SEG61 –3522 –1543
29 SEG62 –3522 –1723
30 SEG63 –3522 –1939
31 SEG64 –3522 –2183
32 SEG65 –3522 –2364
33 SEG66 –3522 –2544
34 SEG67 –3522 –2774

Pad Coordinate
No. Pad Name X Y
35 SEG68 –3522 –2984
36 SEG69 –3160 –2984
37 SEG70 –2860 –2984
38 SEG71 –2660 –2984
39 VCC –2435 –2984
40 RESET* –2233 –2984
41 OSC2 –2063 –2984
42 OSC1 –1859 –2984
43 CL1 –1689 –2984
44 CL2 –1519 –2984
45 SEGD –1349 –2984
46 M –1179 –2984
47 RW/SID –975 –2984
48 RS/CS* –771 –2984
49 E/SCLK –567 –2984
50 IM –363 –2984
51 DB0/SOD –146 –2984
52 DB1 71 –2984
53 DB2 287 –2984
54 DB3 504 –2984
55 DB4 721 –2984
56 DB5 938 –2984
57 DB6 1154 –2984
58 DB7 1371 –2984
59 GND 1533 –2984
60 Vci 1730 –2959
61 C2 1896 –2959
62 C1 2057 –2959
63 V5OUT2 2219 –2959
64 V5OUT3 2478 –2959
65 V5 2782 –2984
66 V4 3016 –2984
67 V3 3253 –2984
68 V2 3522 –2984

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 V1 3522 –2806
70 COM25/D 3522 –2626
71 COM24 3522 –2445
72 COM23 3522 –2265
73 COM22 3522 –2085
74 COM21 3522 –1855
75 COM20 3522 –1625
76 COM19 3522 –1444
77 COM18 3522 –1264
78 COM17 3522 –1084
79 COM16 3522 –854
80 COM15 3522 –624
81 COM14 3522 –443
82 COM13 3522 –263
83 COM12 3522 –83
84 COM11 3522 97
85 COM10 3522 277
86 COM9 3522 458
87 COM8 3522 638
88 COM7 3522 818
89 COM6 3522 998
90 COM5 3522 1178
91 COM4 3522 1409
92 COM3 3522 1639
93 COM2 3522 1819
94 COM1 3522 1999
95 COMS 3522 2179
96 SEG1 3522 2410
97 SEG2 3522 2590
98 SEG3 3522 2819
99 SEG4 3522 3012
100 SEG5 3222 3012
101 SEG6 2942 3012
102 SEG7 2662 3012
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Figure 12   HCD66730*** (2)

Pad Coordinate
No. Pad Name X Y
103 SEG8 2332 3012
104 SEG9 2152 3012
105 SEG10 1972 3012
106 SEG11 1791 3012
107 SEG12 1611 3012
108 SEG13 1431 3012
109 SEG14 1251 3012
110 SEG15 1071 3012
111 SEG16 890 3012

Pad Coordinate
No. Pad Name X Y
112 SEG17 710 3012
113 SEG18 530 3012
114 SEG19 350 3012
115 SEG20 170 3012
116 SEG21 –11 3012
117 SEG22 –191 3012
118 SEG23 –371 3012
119 SEG24 –551 3012
120 SEG25 –731 3012

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
121 SEG26 –912 3012
122 SEG27 –1092 3012
123 SEG28 –1272 3012
124 SEG29 –1452 3012
125 SEG30 –1632 3012
126 SEG31 –1813 3012
127 SEG32 –1993 3012
128 SEG33 –2173 3012
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• HD61203D

Figure 13   HD61203D

1

5

Y

X

Type code

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

5.18 mm × 5.18 mm
Pad center
Chip center
100 µm × 100 µm

Pad Coordinate
No. Pad Name X Y
1 X22 –1928 2440
2 X21 –2103 2440
3 X20 –2278 2440
4 X19 –2440 2224
5 X18 –2440 2049
6 X17 –2440 1874
7 X16 –2440 1699
8 X15 –2440 1524
9 X14 –2440 1349
10 X13 –2440 1174
11 X12 –2440 999
12 X11 –2440 824
13 X10 –2440 649
14 X9 –2440 474
15 X8 –2440 299
16 X7 –2440 124
17 X6 –2440 –59
18 X5 –2440 –234
19 X4 –2440 –409
20 X3 –2440 –587
21 X2 –2440 –762
22 X1 –2440 –937
23 VEE1 –2440 –1112
24 V6L –2440 –1287
25 V5L –2440 –1462
26 V2L –2440 –1701
27 V1L –2440 –1876
28 VCC –2440 –2052
29 DL –2248 –2440
30 FS –1944 –2440
31 DS1 –1736 –2440
32 DS2 –1520 –2440
33 C –1192 –2440
34

Pad Coordinate
No. Pad Name X Y
35 R –904 –2440
36
37 CR –572 –2440
38
39 SHL –372 –2440
40 GND –172 –2440
41
42 MS 16 –2440
43 CK2 344 –2440
44 CK1 644 –2440
45
46 FRM 908 –2440
47 M 1232 –2440
48
49 FCS 1568 –2440
50 DR 1868 –2440
51
52 CL2 2268 –2440
53
54 V1R 2440 –1980
55 V2R 2440 –1804
56 V5R 2440 –1549
57 V6R 2440 –1374
58 VEE2 2440 –1199
59 X64 2440 –1024
60 X63 2440 –849
61 X62 2440 –674
62 X61 2440 –499
63 X60 2440 –324
64 X59 2440 –149
65 X58 2440 26
66 X57 2440 212
67 X56 2440 387
68 X55 2440 562

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 X54 2440 737
70 X53 2440 912
71 X52 2440 1087
72 X51 2440 1262
73 X50 2440 1437
74 X49 2440 1612
75 X48 2440 1787
76 X47 2440 1962
77 X46 2440 2137
78 X45 2440 2312
79 X44 2265 2440
80 X43 2090 2440
81 X42 1809 2440
82 X41 1634 2440
83 X40 1459 2440
84 X39 1284 2440
85 X38 1102 2440
86 X37 922 2440
87 X36 742 2440
88 X35 562 2440
89 X34 387 2440
90 X33 212 2440
91 X32 –55 2440
92 X31 –230 2440
93 X30 –405 2440
94 X29 –580 2440
95 X28 –767 2440
96 X27 –942 2440
97 X26 –1117 2440
98 X25 –1292 2440
99 X24 –1483 2440
100 X23 –1658 2440
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Figure 14   HD66100D

1 100

51464442393730

Type code

Y

X

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

4.50 mm × 4.50 mm
Pad center
Chip center
100 µm × 100 µm

Pad Coordinate
No. Pad Name X Y
1 Y30 –1725 2100
2 Y29 –1925 2100
3 Y28 –2100 2060
4 Y27 –2100 1865
5 Y26 –2100 1690
6 Y25 –2100 1520
7 Y24 –2100 1360
8 Y23 –2100 1200
9 Y22 –2100 1040
10 Y21 –2100 880
11 Y20 –2100 720
12 Y19 –2100 560
13 Y18 –2100 400
14 Y17 –2100 240
15 Y16 –2100 80
16 Y15 –2100 –80
17 Y14 –2100 –240
18 Y13 –2100 –400
19 Y12 –2100 –560
20 Y11 –2100 –720
21 Y10 –2100 –880
22 Y9 –2100 –1040
23 Y8 –2100 –1200
24 Y7 –2100 –1360
25 Y6 –2100 –1520
26 Y5 –2100 –1690
27 Y4 –2100 –1865
28 Y3 –2100 –2060
29 Y2 –1925 –2100
30 Y1 –1725 –2100
31 VEE –1520 –2100
32 V1 –1360 –2100
33 V2 –1200 –2100
34 V3 –1040 –2100

Pad Coordinate
No. Pad Name X Y
35 V4 –880 –2100
36 GND –720 –2100
37 CL1 –470 –2100
38
39 SHL –270 –2100
40 CL2 –70 –2100
41 DI 130 –2100
42 DO 350 –2100
43
44 M 620 –2100
45
46 VCC 980 –2100
47
48
49
50
51 Y80 1725 –2100
52 Y79 1925 –2100
53 Y78 2100 –2060
54 Y77 2100 –1865
55 Y76 2100 –1690
56 Y75 2100 –1520
57 Y74 2100 –1360
58 Y73 2100 –1200
59 Y72 2100 –1040
60 Y71 2100 –880
61 Y70 2100 –720
62 Y69 2100 –560
63 Y68 2100 –400
64 Y67 2100 –240
65 Y66 2100 –80
66 Y65 2100 80
67 Y64 2100 240
68 Y63 2100 400

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 Y62 2100 560
70 Y61 2100 720
71 Y60 2100 880
72 Y59 2100 1040
73 Y58 2100 1200
74 Y57 2100 1360
75 Y56 2100 1520
76 Y55 2100 1690
77 Y54 2100 1865
78 Y53 2100 2060
79 Y52 1925 2100
80 Y51 1725 2100
81 Y50 1520 2100
82 Y49 1360 2100
83 Y48 1200 2100
84 Y47 1040 2100
85 Y46 880 2100
86 Y45 720 2100
87 Y44 560 2100
88 Y43 400 2100
89 Y42 240 2100
90 Y41 80 2100
91 Y40 –80 2100
92 Y39 –240 2100
93 Y38 –400 2100
94 Y37 –560 2100
95 Y36 –720 2100
96 Y35 –880 2100
97 Y34 –1040 2100
98 Y33 –1200 2100
99 Y32 –1360 2100
100 Y31 –1520 2100
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Figure 15   HD66106D

78

79

66
65

53

5229

28

16

15

3

1 100

Type code

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

4.84 mm × 5.16 mm
Pad center
Chip center
100 µm × 100 µm

X

Y

Pad Coordinate
No. Pad Name X Y
1 Y30 –2025 2430
2 Y29 –2210 2430
3 Y28 –2270 2188
4 Y27 –2270 2013
5 Y26 –2270 1838
6 Y25 –2270 1663
7 Y24 –2270 1488
8 Y23 –2270 1313
9 Y22 –2270 1138
10 Y21 –2270 963
11 Y20 –2270 788
12 Y19 –2270 613
13 Y18 –2270 438
14 Y17 –2270 263
15 Y16 –2270 88
16 Y15 –2270 –88
17 Y14 –2270 –263
18 Y13 –2270 –438
19 Y12 –2270 –613
20 Y11 –2270 –788
21 Y10 –2270 –963
22 Y9 –2270 –1138
23 Y8 –2270 –1313
24 Y7 –2270 –1488
25 Y6 –2270 –1663
26 Y5 –2270 –1838
27 Y4 –2270 –2013
28 Y3 –2270 –2188
29 Y2 –2210 –2430
30 Y1 –2025 –2430
31 VLCD1 –1663 –2430
32 V1 –1488 –2430
33 V2 –1313 –2430
34 V3 –1138 –2430

Pad Coordinate
No. Pad Name X Y
35 V4 –963 –2430
36 VLCD2 –780 –2430
37 GND –604 –2430
38 CL1 –428 –2430
39 SHL –235 –2430
40 CL2 –44 –2430
41 CH1 148 –2430
42 M 341 –2430
43 D3 532 –2430
44 D2 725 –2430
45 D1 916 –2430
46 D0 1109 –2430
47 E 1300 –2430
48 CAR 1484 –2430
49 VCC 1668 –2430

51 Y80 2025 –2430
52 Y79 2210 –2430
53 Y78 2270 –2188
54 Y77 2270 –2013
55 Y76 2270 –1838
56 Y75 2270 –1663
57 Y74 2270 –1488
58 Y73 2270 –1313
59 Y72 2270 –1138
60 Y71 2270 –963
61 Y70 2270 –788
62 Y69 2270 –613
63 Y68 2270 –438
64 Y67 2270 –263
65 Y66 2270 –88
66 Y65 2270 88
67 Y64 2270 263
68 Y63 2270 438

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
69 Y62 2270 613
70 Y61 2270 788
71 Y60 2270 963
72 Y59 2270 1138
73 Y58 2270 1313
74 Y57 2270 1488
75 Y56 2270 1663
76 Y55 2270 1838
77 Y54 2270 2013
78 Y53 2270 2188
79 Y52 2210 2430
80 Y51 2025 2430
81 Y50 1663 2430
82 Y49 1488 2430
83 Y48 1313 2430
84 Y47 1138 2430
85 Y46 963 2430
86 Y45 788 2430
87 Y44 613 2430
88 Y43 438 2430
89 Y42 263 2430
90 Y41 88 2430
91 Y40 –88 2430
92 Y39 –263 2430
93 Y38 –438 2430
94 Y37 –613 2430
95 Y36 –788 2430
96 Y35 –963 2430
97 Y34 –1138 2430
98 Y33 –1313 2430
99 Y32 –1488 2430
100 Y31 –1663 2430
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Figure 16   HCD66204

76

29

1

47X

Y

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

3.80 mm × 4.60 mm
Pad center
Chip center
100 µm × 100 µm

Type code

Pad Coordinate
No. Pad Name X Y
1 Y51 –1748 2150
2 Y52 –1750 1940
3 Y53 –1750 1770
4 Y54 –1750 1615
5 Y55 –1750 1470
6 Y56 –1750 1325
7 Y57 –1750 1180
8 Y58 –1750 1035
9 Y59 –1750 890
10 Y60 –1750 745
11 Y61 –1750 600
12 Y62 –1750 455
13 Y63 –1750 310
14 Y64 –1750 165
15 Y65 –1750 20
16 Y66 –1750 –125
17 Y67 –1750 –270
18 Y68 –1750 –415
19 Y69 –1750 –560
20 Y70 –1750 –705
21 Y71 –1750 –850
22 Y72 –1750 –995
23 Y73 –1750 –1140
24 Y74 –1750 –1285
25 Y75 –1750 –1430
26 Y76 –1750 –1575
27 Y77 –1750 –1720
28 Y78 –1750 –1865
29 Y79 –1750 –2110
30 Y80 –1610 –2150
31 E –1434 –2150
32 V1 –1232 –2150
33 V3 –1092 –2150

Pad Coordinate
No. Pad Name X Y
34 V4 –952 –2150
35 VEE –812 –2150
36 M –652 –2150
37 CL1 –438 –2150
38 GND –250 –2150
39 DISPOFF –82 –2150
40 VCC 98 –2150
41 SHL 278 –2150
42 D3 426 –2150
43 D2 640 –2150
44 D1 788 –2150
45 D0 1002 –2150
46 CL2 1150 –2150
47 CAR 1458 –2150
48 Y1 1750 –2150
49 Y2 1750 –1930
50 Y3 1750 –1760
51 Y4 1750 –1605
52 Y5 1750 –1460
53 Y6 1750 –1315
54 Y7 1750 –1170
55 Y8 1750 –1025
56 Y9 1750 –860
57 Y10 1750 –715
58 Y11 1750 –570
59 Y12 1750 –425
60 Y13 1750 –280
61 Y14 1750 –135
62 Y15 1750 10
63 Y16 1750 155
64 Y17 1750 300
65 Y18 1750 445
66 Y19 1750 590

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
67 Y20 1750 735
68 Y21 1750 880
69 Y22 1750 1025
70 Y23 1750 1170
71 Y24 1750 1315
72 Y25 1750 1460
73 Y26 1750 1605
74 Y27 1750 1750
75 Y28 1750 1900
76 Y29 1750 2120
77 Y30 1610 2150
78 Y31 1432 2150
79 Y32 1273 2150
80 Y33 1114 2150
81 Y34 955 2150
82 Y35 796 2150
83 Y36 637 2150
84 Y37 478 2150
85 Y38 319 2150
86 Y39 160 2150
87 Y40 1 2150
88 Y41 –158 2150
89 Y42 –317 2150
90 Y43 –476 2150
91 Y44 –635 2150
92 Y45 –794 2150
93 Y46 –953 2150
94 Y47 –1112 2150
95 Y48 –1271 2150
96 Y49 –1430 2150
97 Y50 –1589 2150
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• HCD66205

Figure 17   HCD66205

71

42

29

1

X

Y

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

3.80 mm × 4.60 mm
Pad center
Chip center
100 µm × 100 µm

Type code

Pad Coordinate
No. Pad Name X Y
1 X51 –1748 2150
2 X52 –1750 1940
3 X53 –1750 1770
4 X54 –1750 1615
5 X55 –1750 1470
6 X56 –1750 1325
7 X57 –1750 1180
8 X58 –1750 1035
9 X59 –1750 890
10 X60 –1750 745
11 X61 –1750 600
12 X62 –1750 455
13 X63 –1750 310
14 X64 –1750 165
15 X65 –1750 20
16 X66 –1750 –125
17 X67 –1750 –270
18 X68 –1750 –415
19 X69 –1750 –560
20 X70 –1750 –705
21 X71 –1750 –850
22 X72 –1750 –995
23 X73 –1750 –1140
24 X74 –1750 –1285
25 X75 –1750 –1430
26 X76 –1750 –1575
27 X77 –1750 –1720
28 X78 –1750 –1865
29 X79 –1750 –2110
30 X80 –1610 –2150
31 D0 –1294 –2150

Pad Coordinate
No. Pad Name X Y
32 VEE –1042 –2150
33 V5 –842 –2150
34 V6 –644 –2150
35 V1 –444 –2150
36 DISPOFF –222 –2150
37 VCC –16 –2150
38 SHL 206 –2150
39 GND 474 –2150
40 M 746 –2150
41 CL 1010 –2150
42 D1 1274 –2150
43 X1 1750 –2150
44 X2 1750 –1930
45 X3 1750 –1760
46 X4 1750 –1605
47 X5 1750 –1460
48 X6 1750 –1315
49 X7 1750 –1170
50 X8 1750 –1025
51 X9 1750 –860
52 X10 1750 –715
53 X11 1750 –570
54 X12 1750 –425
55 X13 1750 –280
56 X14 1750 –135
57 X15 1750 10
58 X16 1750 155
59 X17 1750 300
60 X18 1750 445
61 X19 1750 590
62 X20 1750 735

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
63 X21 1750 880
64 X22 1750 1025
65 X23 1750 1170
66 X24 1750 1315
67 X25 1750 1460
68 X26 1750 1605
69 X27 1750 1750
70 X28 1750 1900
71 X29 1750 2120
72 X30 1610 2150
73 X31 1432 2150
74 X32 1273 2150
75 X33 1114 2150
76 X34 955 2150
77 X35 796 2150
78 X36 637 2150
79 X37 478 2150
80 X38 319 2150
81 X39 160 2150
82 X40 1 2150
83 X41 –158 2150
84 X42 –317 2150
85 X43 –476 2150
86 X44 –635 2150
87 X45 –794 2150
88 X46 –953 2150
89 X47 –1112 2150
90 X48 –1271 2150
91 X49 –1430 2150
92 X50 –1589 2150
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Figure 18   HCD66204L

76

29

1

47X

Y

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

3.80 mm × 4.60 mm
Pad center
Chip center
100 µm × 100 µm

Type code

Pad Coordinate
No. Pad Name X Y
1 Y51 –1748 2150
2 Y52 –1750 1940
3 Y53 –1750 1770
4 Y54 –1750 1615
5 Y55 –1750 1470
6 Y56 –1750 1325
7 Y57 –1750 1180
8 Y58 –1750 1035
9 Y59 –1750 890
10 Y60 –1750 745
11 Y61 –1750 600
12 Y62 –1750 455
13 Y63 –1750 310
14 Y64 –1750 165
15 Y65 –1750 20
16 Y66 –1750 –125
17 Y67 –1750 –270
18 Y68 –1750 –415
19 Y69 –1750 –560
20 Y70 –1750 –705
21 Y71 –1750 –850
22 Y72 –1750 –995
23 Y73 –1750 –1140
24 Y74 –1750 –1285
25 Y75 –1750 –1430
26 Y76 –1750 –1575
27 Y77 –1750 –1720
28 Y78 –1750 –1865
29 Y79 –1750 –2110
30 Y80 –1610 –2150
31 E –1434 –2150
32 V1 –1232 –2150
33 V3 –1092 –2150

Pad Coordinate
No. Pad Name X Y
34 V4 –952 –2150
35 VEE –812 –2150
36 M –652 –2150
37 CL1 –438 –2150
38 GND –250 –2150
39 DISPOFF –82 –2150
40 VCC 98 –2150
41 SHL 278 –2150
42 D3 426 –2150
43 D2 640 –2150
44 D1 788 –2150
45 D0 1002 –2150
46 CL2 1150 –2150
47 CAR 1458 –2150
48 Y1 1750 –2150
49 Y2 1750 –1930
50 Y3 1750 –1760
51 Y4 1750 –1605
52 Y5 1750 –1460
53 Y6 1750 –1315
54 Y7 1750 –1170
55 Y8 1750 –1025
56 Y9 1750 –860
57 Y10 1750 –715
58 Y11 1750 –570
59 Y12 1750 –425
60 Y13 1750 –280
61 Y14 1750 –135
62 Y15 1750 10
63 Y16 1750 155
64 Y17 1750 300
65 Y18 1750 445
66 Y19 1750 590

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
67 Y20 1750 735
68 Y21 1750 880
69 Y22 1750 1025
70 Y23 1750 1170
71 Y24 1750 1315
72 Y25 1750 1460
73 Y26 1750 1605
74 Y27 1750 1750
75 Y28 1750 1900
76 Y29 1750 2120
77 Y30 1610 2150
78 Y31 1432 2150
79 Y32 1273 2150
80 Y33 1114 2150
81 Y34 955 2150
82 Y35 796 2150
83 Y36 637 2150
84 Y37 478 2150
85 Y38 319 2150
86 Y39 160 2150
87 Y40 1 2150
88 Y41 –158 2150
89 Y42 –317 2150
90 Y43 –476 2150
91 Y44 –635 2150
92 Y45 –794 2150
93 Y46 –953 2150
94 Y47 –1112 2150
95 Y48 –1271 2150
96 Y49 –1430 2150
97 Y50 –1589 2150
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Figure 19   HCD66205L

71

42

29

1

X

Y

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

3.80 mm × 4.60 mm
Pad center
Chip center
100 µm × 100 µm

Type code

Pad Coordinate
No. Pad Name X Y
1 X51 –1748 2150
2 X52 –1750 1940
3 X53 –1750 1770
4 X54 –1750 1615
5 X55 –1750 1470
6 X56 –1750 1325
7 X57 –1750 1180
8 X58 –1750 1035
9 X59 –1750 890
10 X60 –1750 745
11 X61 –1750 600
12 X62 –1750 455
13 X63 –1750 310
14 X64 –1750 165
15 X65 –1750 20
16 X66 –1750 –125
17 X67 –1750 –270
18 X68 –1750 –415
19 X69 –1750 –560
20 X70 –1750 –705
21 X71 –1750 –850
22 X72 –1750 –995
23 X73 –1750 –1140
24 X74 –1750 –1285
25 X75 –1750 –1430
26 X76 –1750 –1575
27 X77 –1750 –1720
28 X78 –1750 –1865
29 X79 –1750 –2110
30 X80 –1610 –2150
31 D0 –1294 –2150

Pad Coordinate
No. Pad Name X Y
32 VEE –1042 –2150
33 V5 –842 –2150
34 V6 –644 –2150
35 V1 –444 –2150
36 DISPOFF –222 –2150
37 VCC –16 –2150
38 SHL 206 –2150
39 GND 474 –2150
40 M 746 –2150
41 CL 1010 –2150
42 D1 1274 –2150
43 X1 1750 –2150
44 X2 1750 –1930
45 X3 1750 –1760
46 X4 1750 –1605
47 X5 1750 –1460
48 X6 1750 –1315
49 X7 1750 –1170
50 X8 1750 –1025
51 X9 1750 –860
52 X10 1750 –715
53 X11 1750 –570
54 X12 1750 –425
55 X13 1750 –280
56 X14 1750 –135
57 X15 1750 10
58 X16 1750 155
59 X17 1750 300
60 X18 1750 445
61 X19 1750 590
62 X20 1750 735

(Unit: µm)

Pad Coordinate
No. Pad Name X Y
63 X21 1750 880
64 X22 1750 1025
65 X23 1750 1170
66 X24 1750 1315
67 X25 1750 1460
68 X26 1750 1605
69 X27 1750 1750
70 X28 1750 1900
71 X29 1750 2120
72 X30 1610 2150
73 X31 1432 2150
74 X32 1273 2150
75 X33 1114 2150
76 X34 955 2150
77 X35 796 2150
78 X36 637 2150
79 X37 478 2150
80 X38 319 2150
81 X39 160 2150
82 X40 1 2150
83 X41 –158 2150
84 X42 –317 2150
85 X43 –476 2150
86 X44 –635 2150
87 X45 –794 2150
88 X46 –953 2150
89 X47 –1112 2150
90 X48 –1271 2150
91 X49 –1430 2150
92 X50 –1589 2150
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Reliability and Quality Assurance

1.  Views on Quality and Reliability

Hitachi’s basic quality aims are to meet individual
user’s purchase purpose and quality required, and
to be at a satisfactory quality level considering
general marketability. Quality required by users is
specifically clear if the contract specification is
provided. If not, quality required is not always
definite. In both cases, Hitachi tries to assure
reliability so that semiconductor devices delivered
can perform their function in actual operating
circumstances. To realize this quality in the
manufacturing process, the key points should be to
establish a quality control system in the process
and to enhance the quality ethic.

In addition, quality required by users of
semiconductor devices is going toward higher
levels as performance of electronic system in the
market is increasing and expanding in size and
application fields. To cover the situation, Hitachi is
performing the following:

1. Building in reliability in design at the stage of
new product development.

2. Building in quality at the sources of the
manufacturing process.

3. Executing stricter inspection and reliability
confirmation of final products.

4. Making quality levels higher with field data
feedback.

5. Cooperating with research laboratories for higher
quality and reliability.

With the views and methods mentioned above,
utmost efforts are made to meet users’
requirements.

2.  Reliability Design of Semiconductor
Devices

2.1  Reliability Targets

The reliability target is the important factor in
manufacture and sales as well as performance and
price. It is not practical to rate reliability targets
with failure rates under certain common test
conditions. The reliability target is determined
corresponding to the character of equipment taking

design, manufacture, inner process quality control,
screening and test method, etc. into consideration,
and considering the operating circumstances of
equipment the semiconductor device is used in,
reliability target of the system, derating applied in
design, operating condition, maintenance, etc.

2.2  Reliability Design

To achieve the reliability required based on
reliability targets, timely study and execution of
design standardization, device design (including
process design, structure design), design review,
reliability test are essential.

2.2.1  Design Standardization

Establishment of design rules, and standardization
of parts, material and process are necessary. To
establish design rules, critical quality and
reliability items are always studied at circuit
design, device design, layout design, etc.
Therefore, as long as standardized process,
material, etc. are used, reliability risk is extremely
small even in newly developed devices, except in
cases where special functions are needed.

2.2.2  Device Design

It is important in device design to consider the total
balance of process design, structure design, circuit
and layout design. Especially when new processes
and new materials are employed, careful technical
study is executed prior to device development.

2.2.3  Reliability Evaluation by Test Site

Test site is sometimes called test pattern. It is a
useful method for design and process reliability
evaluation of ICs and LSIs which have
complicated functions.

Purposes of test site are:

• Marking fundamental failure mode clear
• Analysis of relation between failure mode and

manufacturing process condition
• Search for failure mechanism analysis
• Establishment of QC point in manufacturing
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Evaluation by test site is effective because:

• Common fundamental failure mode and failure
mechanism in devices can be evaluated.

• Factors dominating failure mode can be picked
up, and comparison can be made with processes
that have been experienced in field.

• Relation between failure causes and
manufacturing factors can be analyzed.

• Easy to run tests.
• Etc. 

2.3  Design Review

Design review is an organized method to confirm
that a design satisfies the required performance
(including users’) and that design work follows the
specified methods, and whether or not improved
technical items accumulated in test data of
individual major fields and field data are
effectively built in. In addition, from the standpoint
of enhancement of the competitive power of
products, the major purpose of the design review is
to ensure quality and reliability of the products. In
Hitachi, design reviews are preformed from the
planning stage for new products and even for
design changed products. Items discussed and
determined at design review are as follows:

1. Description of the products based on specified
design documents.

2. From the standpoint of the specialties of
individual participants, design documents are
studied, and if unclear matter is found,
calculation, experiments, investigation, etc. will
be carried out.

3. Determine contents of reliability and methods,
etc. based on design documents and drawings.

4. Check process ability of manufacturing line to
achieve design goal.

5. Discussion about preparation for production.
6. Planning and execution of subprograms for

design changes proposed by individual
specialists, and for tests, experiments and
calculation to confirm the design changes.

7. Reference of past failure experiences with
similar devices, confirmation of methods to
prevent them, and planning and execution of
test programs for confirmation of them. These
studies and decisions are made using check lists
made individually depending on the objects.

3.  Quality Assurance System of
Semiconductor Devices

3.1  Activity of Quality Assurance

General views of overall quality assurance in
Hitachi are:

1. Problems in an individual process should be
solved in the process. Therefore, at final product
stage, the potential failure factors have been
already removed.

2. Feedback of information should be used to
ensure satisfactory level of process capability.

3. To assure required reliability as a result of the
items mentioned above is the purpose of quality
assurance.

The following discusses device design, quality
approval at mass production, inner process quality
control, product inspection and reliability tests.

3.2  Quality Approval

To ensure required quality and reliability, quality
approval is carried out at the trial production stage
of device design and the mass production stage
based on reliability design as described in section
2.

Hitachi’s views on quality approval are:

1. A third party must perform approval objectively
from the standpoint of customers.

2. Fully consider past failure experiences and
information from the field.

3. Approval is needed for design change or work
change.

4. Intensive approval is executed on parts material
and process.

5. Study process capability and variation factor,
and set up control points at mass production
stage.

Considering the views mentioned above, figure 1
shows how quality approval is performed.

3.3  Quality and Reliability Control at Mass
Production

For quality assurance of products in mass pro-
duction, quality control execution is divided
organically by function between manufacturing
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department and quality assurance department, and
other related departments. The total function flow
is shown in figure 2. The main points are described
below.

3.3.1  Quality Control of Parts and Material

As the performance and the reliability of
semiconductor devices improve, the importance of
quality control of material and parts (crystal, lead
frame, fine wire for wire bonding, package) to
build products, and materials needed in
manufacturing process (mask pattern and
chemicals) increases. Besides quality approval on
parts and materials stated in section 3.2, the
incoming inspection is also key in quality control

of parts and materials. The incoming inspection is
performed based on an incoming inspection
specification, following purchase specification and
drawings, and sampling inspection is executed
based mainly on MIL-STD-105D.

The other activities of quality assurance are as
follows:

1. Outside vendor technical information meeting
2. Approval on outside vendors, and guidance of

outside vendors
3. Physical chemical analysis and test

The typical check points of parts and materials are
shown in table 1.

Figure 1   Quality Approval Flowchart
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3.3.2  Inner Process Quality Control

Inner process quality control performs a very
important function in quality assurance of a
semiconductor devices. The following is a
description of control of semifinal products, final
products, manufacturing facilities, measuring
equipments, circumstances and submaterials. The
quality control in the manufacturing process is
shown in figure 3 corresponding to the

manufacturing process.

1. Quality control of semifinal products and final
production products

Potential failure factors of semiconductor
devices should be removed in manufacturing
process. To achieve this, check points are setup
in each process, and products that have potential
failure factors are not transferred to the next

Figure 2   Flowchart of Quality Control in Manufacturing Process
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process. For high reliability semiconductor
devices, especially manufacturing line is
carefully selected, and the quality control in the
manufacturing process is tightly executed: Strict
check on each process and each lot, 100%
inspection to remove failure factor caused by
manufacturing variation, and necessary
screening, such as high temperature aging and
temperature cycling. Contents of inner process
quality control are:

• Condition control on individual equipment
and workers, and sampling check of
semifinal products

• Proposal and carrying-out of work
improvement

• Education of workers
• Maintenance and improvement of yield
• Detection of quality problems, and execution

of countermeasures
• Transmission of information about quality

2. Quality control of manufacturing facilities and
measuring equipment

Equipment for manufacturing semiconductor
devices have been developing extraordinarily,
with required high performance devices and
production improvements. They are important
factors to determine quality and reliability. In
Hitachi, automation of manufacturing
equipment is promoted to improve
manufacturing variation, and controls maintain
proper operation and function of high
performance equipment. Maintenance
inspection for quality control is performed daily
based on related specifications, and also
periodical inspections. At the inspection,
inspection points listed in the specification are
checked one by one to avoid any omissions.
During adjustment and maintenance of
measuring equipment, maintenance number and
specifications are checked one by one to
maintain and improve quality.
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Table 1   Quality Control Check Points of Material and Parts (Example)

Material, Parts Important Control Items Points to Check

Wafer Appearance Damage and contamination on surface
Dimension Flatness
Sheet resistance Resistance
Defect density Defect numbers
Crystal axis

Mask Appearance Defect numbers, scratch
Dimension Dimension level
Registration
Gradation Uniformity of gradation

Fine wire for wire Appearance Contamination, scratch, bend, twist
bonding Dimension

Purity Purity level
Elongation ratio Mechanical strength

Frame Appearance Contamination, scratch
Dimension Dimension level
Processing accuracy
Plating Bondability, solderability
Mounting characteristics Heat resistance

Ceramic package Appearance Contamination, scratch
Dimension Dimension level
Leak resistance Airtightness
Plating Bondability, solderability
Mounting characteristics Heat resistance
Electrical characteristics
Mechanical strength Mechanical strength

Plastic Composition Characteristics of plastic material
Electrical characteristics
Thermal characteristics
Molding performance Molding performance
Mounting characteristics Mounting characteristics
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Figure 3   Example of Inner Process Quality Control
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Figure 4   Process Flowchart of Field Failure
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Reliability Test Data of LCD Drivers 

1.  Introduction

The use of liquid crystal displays with micro-
computer application systems has been increasing,
because of their low power consumption, freedom
in display pattern design, and thin shape. Low
power consumption and high density packaging
have been achieved through the use of the CMOS
process and the flat plastic packages, respectively.

This chapter describes reliability and quality
assurance data for Hitachi LCD driver LSIs based
on test data and failure analysis results.

2.  Chip and Package Structure

The Hitachi LCD driver LSI family uses low
power CMOS technology and flat plastic package.
The Si-gate process is used for high reliability and
high density. Chip structure and basic circuit are
shown in figure 1, and package structure is shown
in figure 2.

Figure 1   Chip Structure and Basic Circuit

Figure 2   Package Structure
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3.  Reliability Test Results

The test results of LCD driver LSI family are
shown in tables 1, 2, and 3.

Table 1   Test Result 1, High Temperature Operation (Ta = 125°C, VCC = 5.5 V)

Device Sample Size Component Hour Failure

HD44100H 40 40,000 0

HD44102H 40 40,000 0

HD44103H 40 40,000 0

HD44780U 90 90,000 0

HD66100F 45 45,000 0

HD61100A 80 80,000 0

HD61102 50 50,000 0

HD61103A 50 50,000 0

HD61200 40 40,000 0

HD61202 50 50,000 0

HD61203 40 40,000 0

HD61830 40 40,000 0

HD61830B 40 40,000 0

HD63645 32 32,000 0

HD64645 32 32,000 0

HD61602 38 38,000 0

HD61603 32 32,000 0

HD61604 32 32,000 0

HD61605 32 32,000 0

HD66840 45 45,000 0

Table 2   Test Result 2

Sample Component
Test Item Test Condition Size Hour Failure

High temp, storage Ta = 150°C, 1000 h 180 180,000 0

Low temp, storage Ta = –55°C, 1000 h 140 140,000 0

Steady state humidity 65°C, 95% RH, 1000 h 860 860,000 1*

Steady state humidity, biased 85°C, 90% RH, 1000 h 165 170,000 2*

Pressure cooker 121°C, 2 atm. 100 h 200 20,000 0

Note: * Aluminum corrosion
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4.  Quality Data from Field Use

Field failure rate is estimated in advance through
production process evaluation and reliability tests.
Past field data on similar devices provides the basis
for this estimation. Quality information from the
users is indispensable to the improvement of
product quality. Therefore, field data on products
delivered to the users is followed up carefully. On

the basis of information furnished by the user,
failure analysis is conducted and the results are
quickly fed back to the design and production
divisions.

Failure analysis results on MOS LSIs returned to
Hitachi is shown in figure 3.

Table 3   Test Results 3

Test Items Test Condition Sample Size Failure

Thermal shock 0 to 100°C 108 0
10 cycles

Temperature cycling –55°C to 150°C 678 0
10 cycles

Soldering heat 260°C, 10 seconds 283 0

Resistance to VPS 215°C, 30 seconds 88 0

Solderability 230°C, 5 seconds 140 0

Figure 3   Failure Analysis Result
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5.  Precautions

5.1  Storage

It is preferable to store semiconductor devices in
the following ways to prevent deterioration in their
electrical characteristics, solderability, and
appearance, or breakage.

1. Store in an ambient temperature of 5 to 30°C,
and in a relative humidity of 40 to 60%.

2. Store in a clean air environment, free from dust
and reactive gas.

3. Store in a container that does not induce static
electricity.

4. Store without any physical load.

5. If semiconductor devices are stored for a long
time, store them in unfabricated form. If their
lead wires are formed beforehand, bent parts
may corrode during storage.

6. If the chips are unsealed, store them in a cool,
dry, dark, and dustless place. Assemble them
within 5 days after unpacking. Storage in
nitrogen gas is desirable. They can be stored for
20 days or less in dry nitrogen gas with a dew
point at –30°C or lower. Unpackaged devices
must not be stored for over 3 months.

7. Take care not to allow condensation during
storage due to rapid temperature changes.

5.2  Transportation

As with storage methods, general precautions for
other electronic component parts are applicable
to the transportation of semiconductors,
semiconductor-incorporating units and other
similar systems. In addition, the following
considerations must be taken, too:

1. Use containers or jugs which will not induce
static electricity as the result of vibration during
transportation. It is desirable to use an
electrically conductive container or aluminium
foil.

2. Prevent device breakage from clothes-induced
static electricity.

3. When transporting the printed circuit boards on
which semiconductor devices are mounted,
suitable preventive measures against static
electricity induction must be taken; for example,
voltage built-up is prevented by shorting
terminal circuit. When a conveyor belt is used,
prevent the conveyor belt from being
electrically charged by applying some surface
treatment.

4. When transporting semiconductor devices or
printed circuit boards, minimize mechanical
vibration and shock.

5.3  Handling for Measurement

Avoid static electricity, noise, and surge voltage
when measuring semiconductor devices are
measured. It is possible to prevent breakage by
shorting their terminal circuits to equalize electrical
potential during transportation. However, when the
devices are to be measured or mounted, their
terminals are left open providing the possibility
that they may be accidentally touched by a worker,
measuring instrument, work bench, soldering iron,
conveyor belt, etc. The device will fail if it touches
something that leaks current or has a static charge.
Take care not to allow curve tracers,
synchroscopes, pulse generators, D.C. stabilizing
power supply units, etc. to leak current through
their terminals or housings.

Especially, while testing the devices, take care not
to apply surge voltage from the tester, to attach a
clamping circuit to the tester, or not to apply any
abnormal voltage through a bad contact from a
current source. During measurement, avoid
miswiring and short-circuiting. When inspecting a
printed circuit board, make sure that there is no
soldering bridge or foreign matter before turning
on the power switch.

Since these precautions depend upon the types of
semiconductor devices, contact Hitachi for further
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Flat Plastic Package (QFP) Mounting Methods

Surface Mounting Package Handling
Precautions

1.  Package Temperature Distribution

The most common method used for mounting a
surface mounting device is infrared reflow. Since
the package is made of a black epoxy resin, the
portion of the package directly exposed to the
infrared heat source will absorb heat faster and thus
rise in temperature more quickly than other parts of
the package unless precautions are taken. As
shown in the example in figure 1, the surface
directly facing the infrared heat source is 20° to
30°C higher than the leads being soldered and 40°
to 50°C higher than the bottom of the package. If
soldering is performed under these conditions,
package cracks may occur.

To avoid this type of problem, it is recommended
that an aluminum infrared heat shield be placed
over the resin surface of the package. By using a
2-mm thick aluminum heat shield, the top and
bottom surfaces of the resin can be held to 175°C
when the peak temperature of the leads is 240°C.

2.  Package Moisture Absorption

The epoxy resin used in plastic packages will
absorb moisture if stored in a high-humidity
environment. If this moisture absorption becomes
excessive, there will be sudden vaporization during
soldering, causing the interface of the resin and
lead frame to spread apart. In extreme cases,
package cracks will occur. Therefore, especially for
thin packages, it is important that moisture-proof
storage be used.

To remove any moisture absorbed during
transportation, storage, or handling, it is
recommended that the package be baked at 125°C
for 16 to 24 hours before soldering.

3.  Heating and Cooling

One method of soldering electrical parts is the
solder dip method, but compared to the reflow
method, the rate of heat transmission is an order of
magnitude higher. When this method is used with

plastic items, there is thermal shock resulting in
package cracks and a deterioration of moisture-
resistant characteristics. Thus, it is recommended
that the solder dip method not be used.

Even with the reflow method, an excessive rate of
heating or cooling is undesirable. A rate in
temperature change of less than 4°C/sec is
recommended.

4.  Package Contaminants

It is recommended that a resin-based flux be used
during soldering. Acid-based fluxes have a
tendency of leaving an acid residue which
adversely affects product reliability. Thus, acid-
based fluxes should not be used.

With resin-based fluxes as well, if a residue is left
behind, the leads and other package parts will
begin to corrode. Thus, the flux must be thoroughly
washed away. If cleansing solvents used to wash
away the flux are left on the package for an
extended period of time, package markings may
fade, so care must be taken.

The precautions mentioned above are general
points to be observed for reflow. However, specific
reflow conditions will depend on such factors as
the package shape, printed circuit board type,
reflow method, and device type. For reference
purposes, an example of reflow conditions for a
QFP infrared reflow furnace is given in figure 2.
The values given in the figure refer to the
temperature of the package resin, but the leads
must also be limited to a maximum of 260°C for
10 seconds or less.

Of the reflow methods, infrared reflow is the most
common. In addition, there is also the paper phase
reflow method. The recommended conditions for a
paper phase reflow furnace are given in figure 3.

For details on surface mounting small thin
packages, please consult the separate manual
available on mounting. If there are any additional
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Figure 1   Temperature Profile During Infrared
Heat Soldering (Example)

Figure 2   Recommended Reflow 
Conditions for QFP

Figure 3   Example Vapor-Phase Reflow
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Figure 4   Recommended Paper Phase Reflow Conditions
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Liquid Crystal Driving Methods

Driving a liquid crystal at direct current triggers an
electrode reaction inside the liquid cell, degrading
display quality rapidly. The liquid crystal must be
driven by alternating current. The AC driving
method includes the static driving method and the
multiplex driving method, each of which has
features for different applications. Hitachi has
developed different LCD driver devices
corresponding to the static driving method and the
multiplex driving method. The following sections
describe the features of each driving method, the
driving waveforms, and how to apply bias.

1.  Static Driving Method

Figure 1 shows the driving waveforms of the static
driving method and an example in which “4” is
displayed by the segment method. The static
driving method is the most basic method by which
good display quality can be obtained. However, it
is not suitable for liquid displays with many
segments because one liquid crystal driver circuit
is required per segment.

The static driving method uses the frame frequency
(1/tf) of several tens to several hundreds Hz.

Figure 1   Example of Static Drive Waveforms (Example of HD61602/HD61603)
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2.  Multiplex Driving Method

The multiplex driving method is effective in
reducing the number of driver circuits, the number
of connections between the circuit and the display
cell, and the cost when driving many display
picture elements. Figure 2 shows a comparison of
the static drive with the multiplex drive (1/3 duty
cycle) in an 8-digit numeric display. The number of
liquid crystal driver circuits required is 65 for the
former and 27 for the latter. The multiplex drive
reduces the number of driver circuits. However,

greater multiplexing reduces the driving voltage
tolerance. Thus, there are limits to the extent of
multiplexing.

There are two types of multiplex drive waveforms:
A type and B type. A type, shown in figure 3, is
used for alternation in 1 frame. B type is used for
alternation in between 2 frames (figure 4). B type
has better display quality than A type in high
multiplex drive.

Figure 2   Example of Comparison of Static Drive with Multiples Drive
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2.1  1/2 Bias, 1/2 Duty Drive

In the 1/2 duty drive method, 1 driver circuit drives

2 segments. Figure 5 shows an example of the
connection to display ‘4’ on a liquid crystal display
of 7-segment type, and the output waveforms.

Figure 5   Example of Waveforms in 1/2 Duty Cycle Drive (B Type) 
(Example of HD61602)
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2.2  1/3 Bias, 1/3 Duty Cycle Drive

In the 1/3 duty cycle drive, 3 segments are driven
by 1 segment output driver. Figure 6 shows an

example of the connection to display ‘4’ on a
liquid crystal display of 7-segment type, and the
output waveforms.

Figure 6   Example of Waveforms in 1/3 Duty Cycle Drive (B Type) 
(Example of HD61602)

1 frame

VDD

V1

V2

V3

VDD

V1

V2

V3

VDD

V1

V2

V3

VDD

V1

V2

V3

VDD

V1

V2

V3

VDD

V1

V2

V3

V3

V2

V1

0 V

–V1

–V2

–V3

V1

0 V

–V1

COM0

COM1

SEGn

COM0–SEGn
(selected waveform)

COM0–SEGn+1
(non-selected waveform)

SEGn+1

COM2

SEGn+2

Liquid crystal display
and terminal connection

COM0

S
E

G
n

S
E

G
n+

1

S
E

G
n+

2

n = 0, 1, .........., 16

COM1

COM2



Liquid Crystal Driving Methods

140

2.3  1/3 Bias, 1/4 Duty Cycle Drive

In the 1/4 duty cycle drive, 4 segments are driven
by 1 segment output driver. Figure 7 shows an

example of the connection to display ‘4’ on a
liquid crystal display of 7-segment type, and the
output waveforms.

Figure 7   Example of Waveforms in 1/4 Duty Cycle Drive (B Type) 
(Example of HD61602)
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2.4  1/4 Bias, 1/8 Duty Cycle Drive

Figure 8   Example of Waveforms in 1/8 Duty Cycle Drive (A Type) 
(Example of LCD-II)
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2.5  1/5 Bias, 1/8 Duty Cycle Drive

Figure 9   Example of Waveforms in 1/8 Duty Cycle Drive (A Type) 
(Example of HD44100R)
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2.6  1/5 Bias, 1/16 Duty Cycle Drive

Figure 10   Example of Waveforms in 1/16 Duty Cycle Drive (A Type) 
(Example of LCD-II)

Liquid crystal display

COM1

COM2

COM3

COM4

COM5

COM6

COM7

COM8

S
E

G
1

S
E

G
2

S
E

G
3

S
E

G
4

S
E

G
5

COM9

COM10

COM11

COM12

COM13

COM14

COM15

COM16

COM1–SEG1
(selected waveform)

V1 = VCC – 1/5VLCD
V2 = VCC – 2/5VLCD
V3 = VCC – 3/5VLCD
V4 = VCC – 4/5VLCD
V5 = VCC – VLCD

VCC
V1
V2
V3
V4
V5



VCC
V1
V2
V3
V4
V5



VCC
V1
V2
V3
V4
V5



VCC
V1
V2
V3
V4
V5



VLCD




1/5VLCD


–1/5VLCD




–VLCD

VLCD


3/5VLCD


1/5VLCD


–1/5VLCD


–3/5VLCD


–VLCD

COM1–SEG1
(non-selected waveform)

COM1

COM2

SEG1

SEG2

1 2 3 4 16 1

1 frame



Liquid Crystal Driving Methods

144

2.7  1/5 Bias, 1/32 Duty Cycle Drive

Figure 11   Example of Waveforms in 1/32 Duty Cycle Drive 
(Example of HD44102CH, HD44103CH)

COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8
COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16
COM17
COM18
COM19
COM20
COM21
COM22
COM23
COM24
COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

C
O

M
1

C
O

M
2

C
O

M
3

C
O

M
4

C
O

M
5

C
O

M
6

C
O

M
7

C
O

M
8

C
O

M
9

C
O

M
10


C

O
M

11


C
O

M
12


C

O
M

13


C
O

M
14


C

O
M

15


C
O

M
16


C

O
M

17


C
O

M
18


C

O
M

19

32 1 2 3 32 1 2 3 32 1 2

V2
V5
V4
V3
V6
V1
V2
V5
V4
V3
V6
V1
V2
V5
V4
V3
V6
V1
V2
V5
V4
V3
V6
V1

VLCD


3/5VLCD


1/5VLCD


–1/5VLCD


–3/5VLCD


–VLCD
VLCD





1/5VLCD


–1/5VLCD




–VLCD

1 frame

COM1

COM2

SEG1

SEG2

COM1 to SEG1
(non-selected waveform)

COM1 to SEG8
(selected waveform)



Liquid Crystal Driving Methods

145

3.  Power Supply Circuit for Liquid
Crystal Drive

Table 1 shows the relationship between the number
of driving biases and display duty cycle ratios.

3.1  Resistive Dividing

Driving bias is generally generated by a resistive
divider (figure 12).

The resistance value settings are determined by

considering operating margin and power
consumption. Since the liquid crystal display load
is capacitive, the drive waveform itself is distorted
due to charge/discharge current when the liquid
crystal display drive waveform is applied. To
reduce distortion, the resistance value should be
decreased but this increases the power
consumption because of the increase of the current
through the dividing resistors. Since larger liquid
crystal display panels have larger capacitance, the
resistance value must be decreased proportionally.

Table 1   Relationship between the Number of Display Duty Cycle Ratio and 
the Number of Driving Biases

Display
Duty Ratio Static 1/2 1/3 1/4 1/7 1/8 1/11 1/12 1/14 1/16 1/24 1/32 1/64

Number of 2 3 4 4 5 5 5 5 6 6 6 6 6
driving biases (1/2 bias) (1/3 bias) (1/4 bias) (1/5 bias)

Figure 12   Example of Driving Voltage Supply
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It is efficient to connect a capacitor to the resistors
in parallel as shown in figure 13 in order to
improve charge/discharge distortion. However, the
effect is limited. Even if it is attempted to reduce
the power consumption with a large resistor and
improve waveform distortion with a large
capacitor, a level shift occurs and the operating
margin is not improved.

Since the liquid crystal display load is in a matrix
configuration, the path of the charge/discharge
current through the load is complicated. Moreover,

it varies depending on display condition. Thus, a
value of resistance cannot be simply determined
from the load capacitance of liquid crystal display.
It must be experimentally determined according to
the demand for the power consumption of the
equipment in which the liquid crystal display is
incorporated.

Generally, R is 1 kΩ to 10 kΩ, and VR is 5 kΩ to
50 kΩ. No capacitor is required. A capacitor of
0.1 µF is usually used if necessary.

Figure 13   Example of Capacitor Connection for Improvement of Liquid Crystal Display Drive
Waveform Distortion (1/5 Bias) (Example of LCD-II)

Common/segment selected high level
C
Common non-selected high level
C
Segment non-selected high level
C
Segment non-selected low level
C
Common non-selected low level
C
Common/segment selected low level


–5 V

VCC (+5 V)

VR

VCC

V1

V2

V3

V4

V5

For contrast adjustment

With C

Without C

Large C and R cause
a level shift.

R

R

R

R

R



Liquid Crystal Driving Methods

147

3.2  Drive by Operational Amplifier

In graphic displays, the size of the liquid crystal
becomes larger and the display duty ratio becomes
smaller, so the stability of liquid crystal drive level
is more important than in small display system.

Since the liquid crystal for graphic displays is large
and has many picture elements, the load
capacitance becomes large. The high impedance of
the power supply for liquid crystal drive produces
distortion in the drive waveforms, and degrades
display quality. For this reason, the liquid crystal
drive level impedance should be reduced with
operational amplifiers. Figure 14 shows an
example of an operational amplifier configuration.

No load current flows through the dividing
resistors because of the high input impedance of
the operational amplifiers. A high resistance of R =
10 kΩ and VR = 50 kΩ can be used.

3.3  Generation of Liquid Crystal Drive Levels
in LSI

The power supply circuit for liquid crystal drive

level may be incorporated in the LSI, such as one
for a portable calculator with liquid crystal display.

HD61602, HD61603 for small display systems has
a built-in power supply circuit for liquid crystal
drive levels.

3.4  Precaution on Power Supply Circuits

The LCD driver LSI has two types of power
supplies: the one for logical circuits and the other
for the liquid crystal display drive circuit. The
power supply system is complicated because of
several liquid crystal drive levels. For this reason,
in the power supply design, take care not to deviate
from the voltage range assured in the maximum
rating at the rise of power supply and from the
potential sequence of each power supply. If the
input terminal level is indefinite, through current
flows and the power consumption increases
because of the use of CMOS process in the LCD
driver.

Simultaneously, the potential sequence of each
power supply becomes wrong, which may cause
latch-up.

Figure 14   Drive by Operational Amplifier (1/5 Bias)
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Ordering Information

Type No. VCC (V) VCC – VEE (V) Package

HD44100RFS 2.7 to 5.5 3 to 13 60-pin plastic QFP (FP-60A)

HCD44100R 2.7 to 5.5 3 to 13 Chip

HD44100R
(LCD Driver with 40-Channel Outputs)

Description

The HD44100R has two sets of 20-bit bidirectional
shift registers, 20 data latch flipflops and 20 liquid
crystal display driver circuits. It receives serial
display data from a display control LSI, converts it
into parallel data and supplies liquid crystal display
waveforms to the liquid crystal.

The HD44100R is a highly general liquid crystal
display driver which can drive a static drive liquid
crystal and a dynamic drive liquid crystal, and can
be applied as a common driver or segment driver.

Features

• Liquid crystal display driver with serial/parallel
conversion function

• Serial transfer facilitates board design

• Capable of interfacing to liquid crystal display
controllers: HD43160AH, LCTC (HD61830/
61830B), LCD-II (HD44780S, HD44780U),
LCD-IIA (HD66780), LCD-II/E (HD66702),
LCD-III (HD44790), HD66710

• 40 internal liquid crystal display drivers
• Internal serial/parallel conversion circuits

— 20-bit shift register × 2

— 20-bit data latch × 2

• Display bias: Static to 1/5
• Power supply

— Internal logic: VCC = 2.7 to 5.5 V

— Liquid crystal display driver circuit:
VCC – VEE = 3 to 13 V

• Separation of internal logic from liquid crystal
display driver circuit increases applicable
controllers and liquid crystal types

• CMOS process
• 60 pin flat plastic package (FP-60A: short lead)
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Terminal Function

Table 1 Functional Description of Terminals

Signal Number Input/
Name of Lines Output Connected to Function

VCC 1 Power supply Power supply for logical circuit

GND 1 Power supply 0 V

VEE 1 Power supply Power supply for liquid crystal display drive

Y1 to Y20 20 Output Liquid crystal Liquid crystal drive output (channel 1)

Y21 to Y40 20 Output Liquid crystal Liquid crystal driver output (channel 2)

V1, V2 2 Input Power supply Power supply for liquid crystal display drive (select
level)

V3, V4 2 Input Power supply Power supply for liquid crystal display drive
(non-select level for channel 1)

V5, V6 2 Input Power supply Power supply for liquid crystal display drive
(non-select level for channel 2)

SHL1 1 Input VCC or GND Selection of the shift direction of channel 1 shift
register

SHL1 DL1 DR1

VCC Out In

GND In Out

SHL2 1 Input VCC or GND Selection of the shift direction of channel 2 shift
register

SHL2 DL2 DR2

VCC Out In

GND In Out

DL1, DR1 2 Input/ Controller Data input/output of channel 1 shift register
output or HD44100R

DL2, DR2 2 Input/ Controller Data input/output of channel 2 shift register
output or HD44100R

M 1 Input Controller Alternated signal for liquid crystal driver output

CL1 1 Input Controller Latch signal for channel 1 ( )*1

Used for channel 2 when FCS is GND

CL2 1 Input Controller Shift signal for channel 1 ( )*1

Used for channel 2 when FCS is GND
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Table 1 Functional Description of Terminals (cont)

Signal Number Input/
Name of Lines Output Connected to Function

FCS 1 Input VCC or GND Mode select signal of channel 2. FCS signal
exchanges the latch signal and the shift signal of
channel 2 and inverts M for channel 2. Thus, this
signal exchanges the function of channel 2.

Channel 2

FCS Latch Shift M 
Level Signal Signal Polarity Function

VCC CL2 CL1 M For common 
drive

GND CL1 CL2 M For segment 
drive

*1 *1 *2

NC 1 Don’t connect any wires to this terminal.

Notes: 1. and indicate the latches at rise and fall times, respectively.
2. The output level relationship between channel 1 and channel 2 based on the FCS signal level is

as follows:

Output Level

FCS Data M Channel 1 (Y1 to Y20) Channel 2 (Y21 to Y40)

VCC (1) 1 (select) 1 V1 V2

0 V2 V1

0 (non-select) 1 V3 V6

0 V4 V5

GND (0) 1 (select) 1 V1 V1

0 V2 V2

0 (non-select) 1 V3 V5

0 V4 V6

Note: 1 and 0 indicate high and low levels, respectively.

HD44100R
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Applications

Segment Driver

When the HD44100R is used as a segment driver,
FCS is set to GND to transfer display data with the
timing shown in figure 1. In this case, both channel

1 and channel 2 shift data at the fall of CL2 and
latch it at the fall of CL1. V3 and V5, V4 and V6 of
the liquid crystal display driver power supply are
short-circuited, respectively.
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Figure 1   Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle)
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Common Driver

In this case, channel 1 is used as a segment driver
and channel 2 as common driver.

When channel 2 of HD44100R is used as common

driver, FCS is set to VCC to transfer display data
with the timing shown in figure 2.

In this case, channel 2 shifts data at the rise of CL1
and latches it at the rise of CL2. Channel 1 shifts
and latches as shown in figure 1.

HD44100R
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Figure 2   Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty Cycle)
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Both Channel 1 and Channel 2 Used as
Common Drivers (FCS = GND)

When both of channel 1 and channel 2 of
HD44100R are used common drivers, FCS is set to
GND and the signals (CL1, CL2, FLM) from the
controller are connected as shown in figure 3.

In this case, connection of the liquid crystal display
driver power supply is different from that of
segment driver, so refer to figure 3.

• V1, V2: Select level of segment and common
• V3, V4: Non-select level of segment
• V5, V6: Non-select level of common

Static Drive

When the HD44100R is used in the static drive
method (figure 4), data is transferred at the fall of

CL2 and latched at the fall of CL1. The frequency
of CL1 becomes the frame frequency of the liquid
crystal display driver. The signal applied terminal
M must have twice the frequency of CL1 and be
synchronised at the fall of CL1. The power supply
for liquid crystal display driver is used by short-
circuiting V1, V4 and V6, and V2, V3, and V5
respectively.

One of the liquid crystal display driver output
terminals can be used for a common output. In this
case, FCS is set to GND and data is transferred so
that 0 can be always latched in the latch
corresponding to the liquid crystal display driver
output terminal used as the common output. If the
latch signal corresponding to the segment output is
1, the segments of LCD light. They also light for
common side = 1, and segment side 0.
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Figure 3   Connection When Both Channels Are Common Drivers
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Figure 4   Static Drive Connection
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Timing Chart of Input Waveforms
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3.

Input square waves of 50% duty cycle (about 30 to 500 Hz) to M. The frequency
depends on the specifications of LCD panels.
The drive waveforms corresponding to the new displayed data are output at the fall of
CL1. Therefore, when the alternating signal M and CL1 do not fall synchronously, DC
elements are produced on the LCD drive waveforms. These DC elements may shorten
the life span of the LCD, if the displayed data frequently changes (e.g. display of hours,
minutes, and seconds of a clock). To avoid this, have CL1 fall synchronously with the
one edge of M.
In this example, the CMOS inverter is used as a COM signal driver in consideration of
the large display area. (The load capacitance on COM is large because it is common to
all the displayed segments.)
Usually, one of the HD44100R outputs can be used as a COM signal. The displayed
data corresponding to the terminal should be 0 in that case.




Absolute Maximum Ratings

Item Symbol Value Unit

Supply voltage Logic VCC
*1 –0.3 to +7.0 V

LCD drivers VEE
*2 VCC – 15.0 to VCC + 0.3 V

Input voltage VT1
*1 –0.3 to VCC + 0.3 V

Input voltage VT2
*3 VCC + 0.3 to VEE – 0.3 V

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. All voltage values are referred to GND.
2. Connect a protection resistor of 220 Ω ± 5% to VEE power supply in series.
3. Applies to V1 to V6.

HD44100R
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Electrical Characteristics (VCC = 2.7 to 5.5 V, VCC – VEE = 3 to 13 V, GND = 0 V, 
Ta = –20 to +75°C)

Applicable 
Item Symbol Terminals Min Typ Max Unit Test Condition

Input voltage VIH 0.7 VCC — VCC V VCC = 4.5 to 5.5 V

0.8 VCC — VCC V VCC = 2.7 to 4.5 V

VIL 0 — 0.3 VCC V VCC = 4.5 to 5.5 V

0 — 0.2 VCC V VCC = 2.7 to 4.5 V

Output voltage VOH DL1, DL2, VCC – 0.4 — — V IOH = –0.4 mA

VOL
DR1, DR2 — — 0.4 V IOL = +0.4 mA

On resistance RON *1 — — 20 kΩ ±Id = 0.05 mA,
VCC – VEE = 4 V

Input leakage IIL CL1, CL2, –5.0 — 5.0 µA Vin = 0 to VCC
current DL1, DL2,

DR1, DR2, 
M, SHL1,
SHL2, FCS,
NC

Vi leakage IVL *2 –10.0 — 10.0 µA Vin = VCC to VEE
current

Power supply ICC *3 — — 1.0 mA fCL2 = 400 kHz
current IEE — — 10 µA fCL1 = 1 kHz

Notes: 1. Applies to the resistance between Vi and Yj when a current ±Id = 0.05 mA flows through all of
the Y pins.

2. Output Y1 to Y40 open.
3. Input/output current is excluded; when input is at the intermediate level with CMOS, excessive

current flows through the input circuit to the power supply. To avoid this, input level must be
fixed at high or low.
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CL1, CL2, 
DL1, DL2,
DR1, DR2, 
M, SHL1,
SHL2, FCS



Timing Characteristics (VCC = 2.7 to 5.5 V, VCC – VEE = 3 to 13 V, GND = 0 V,
Ta = –20 to +75°C)

Applicable 
Item Symbol Terminals Min Typ Max Unit Test Condition

Data shift fCL CL2 — — 400 kHz
frequency

Clock High level tCWH CL1, CL2 800 — — ns
width Low level tCWL CL2 800 — — ns

Data set-up time tSU DL1, DL2, 300 — — ns
DR1, DR2,
FLM

Clock set-up time tSL CL1, CL2 500 — — ns (CL2 → CL1)

Clock set-up time tLS CL1, CL2 500 — — ns (CL1 → CL2)

Data delay time tpd DL1, DL2, — — 500 ns CL = 15 pF
DR1, DR2

Clock rise/fall time tct CL1, CL2 — — 200 ns

Data hold time tDH DL1, DL2, 300 — — ns
DR1, DR2,
FLM

Figure 5   Timing Waveform
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HD66100F
(LCD Driver with 80-Channel Outputs)

Description

The HD66100F description segment driver with 80
LCD drive circuits is the improved version of the
no longer current HD44100H LCD driver with 40
circuits.

It is composed of a shift register, an 80-bit latch
circuit, and 80 LCD drive circuits. Its interface is
compatible with the HD44100H. It reduces the
number of LSI’s and lowers the cost of an LCD
module.

Features

• LCD driver with serial/parallel converting
function

• Interface compatible with the HD44100H;
connectable with HD43160AH, HD61830,
HD61830B, LCD-II (HD44780), LCD-III
(HD44790)

• Internal output circuits for LCD drive: 80
• Internal serial/parallel converting circuits

— 80-bit bidirectional shift register

— 80-bit latch circuit

• Power supply
— Internal logic circuit: +5 V ±10%

— LCD drive circuit: 3.0 V to 6.0 V

• CMOS process

Comparison with HD44100H

Table 1 shows the main differences between
HD66100F and HD44100H.

Table 1 Difference between Products
HD66100F and HD44100H

HD66100F HD44100H

LCD drive 80 × 1 channel 20 × 2  channels
outputs

Supply voltage 3 to 6 V 4.5 to 11 V
for LCD drive
circuits

Multiplexing Static to 1/16 Static to 1/32
duty ratio duty duty

Package 100-pin 60-pin
plastic QFP plastic QFP

Ordering Information

Type No. Package

HD66100F 100-pin plastic QFP (FP-100)

HD66100FH 100-pin plastic QFP (FP-100B)

HD66100D Chip
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Pin Arrangement
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HD66100F

Pin Description

VCC, GND, VEE: VCC supplies power to the
internal logic circuit. GND is the logic and drive
ground. VEE supplies power to the LCD drive
circuit.

V1, V2, V3, and V4: V1 to V4 supply power for
driving an LCD (figure 2).

CL1: HD66100F latches data at the negative edge
of CL1.

CL2: HD66100F receives shift data at the negative
edge of CL2.

M: Changes LCD drive outputs to AC.

DI: Inputs data to the shift register.

DO: Output data from the shift register.

SHL: Selects a shift direction of serial data. When
the serial data is input in order of D1, D2,..., D79,
D80, the relation between the data and the output Y
is shown in table 3.

Y1–Y80: Each Y outputs one of the four voltage
levels—V1, V2, V3, or V4—according to the
combination of M and display data (figure 2).

NC: Do not connect any wire to these terminals.

Table 2 Pin Function

Symbol Pin No. Pin Name I/O

VCC 46 VCC —

GND 36 Ground —

VEE 31 VEE —

V1 32 V1 —

V2 33 V2 —

V3 34 V3 —

V4 35 V4 —

CL1 37 Clock 1 I

CL2 40 Clock 2 I

M 44 M I

DI 41 Data in I

DO 42 Data out O

SHL 39 Shift left I

Y1–Y80 1–30, Y1–Y80 O
51–100

NC 38, 43, 45, No connection —
47–50

Table 3 Relation between SHL and Data
Output

SHL Y1 Y2 Y3....... Y79 Y80

High D1 D2 D3....... D79 D80

Low D80 D79 D78..... D2 D1
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Figure 1   Selection of LCD Drive Output

Figure 2   Power Supply for Driving an LCD

1 0

0101

M

D

Y output
level V1 V3 V2 V4

When used as a common driver

V1

V3

V4

V2
V1, V2: Selected level
V3, V4: Non-selected level
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HD66100F

Block Functions

LCD Drive Circuits

Select one of four levels of voltage V1, V2, V3, and
V4 for driving a LCD and transfer it to the output
terminals according to the combination of M and
the data in the latch circuit.

Latch Circuit

Latches the data input from the bidirectional shift
register at the fall of CL1 and transfer its outputs to
the LCD drive circuits.

Bidirectional Shift Register

Shifts the serial data at the fall of CL2 and
transfers the output of each bit of the register to the
latch circuit. When SHL = GND, the data input
from DI shifts from bit 1 to bit 80 in order of entry.
On the other hand, when SHL = VCC, the data
shifts from bit 80 to bit-1. In both cases, the data of
the last bit of the register is latched to be output
from DO at the rise of CL2.

Figure 3   Relation between SHL and the Shift Direction
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Figure 4   Block Diagram
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HD66100F

Primary Operations

Shifting Data

The input data DI shifts at the fall of CL2 and the
data delayed 80 bits by the shift register is output
from the DO terminal. The output of DO changes
synchronously with the rise of CL2. This operation
is completely unaffected by the latch clock CL1.

Latching Data

The data of the shift register is latched at the
negative edge of the latch clock CL1. Thus, the

outputs Y1–Y80 change synchronously with the fall
of CL1.

Switching Data Shift Direction

When the shift direction switching signal SHL is
connected with GND, the data D80, immediately
before the negative edge of CL1, is output from the
output terminal Y1. When SHL is connected with
VCC, it is output from Y80.

Figure 5   Timing of Receiving and Outputting Data

Figure 6   Timing of Latching Data
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Shift clock
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Figure 7   SHL and Waveforms of Data Shift
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Absolute Maximum Ratings

Item Symbol Ratings Unit Note

Supply voltage Logic circuits VCC –0.3 to +7.0 V 1

LCD drive circuits VCC–VEE –0.3 to +7.0 V

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 1

Input voltage (2) VT2 VCC + 0.3 to VEE – 0.3 V 2

Operation temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. A reference point is GND (= 0 V)
2. Applies to V1–V4.

Note: If used beyond the absolute maximum ratings, LSIs may be permanently destroyed. It is best to use
them at the electrical characteristics for normal operations. If they are not used at these conditions, it
may affect the reliability of the device.
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Electrical Characteristics

DC Characteristics (VCC = 5 V ± 10%, VCC – VEE = 3.0 to 6.0 V, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Terminals Min Typ Max Unit Test Condition Note

Input high VIH CL1, CL2, 0.8 × VCC — VCC V
voltage M, DI, SHL

Input low VIL 0 — 0.2 × VCC V
voltage

Output high VOH DO VCC – 0.4 — — V IOH = –0.4 mA
voltage

Output low VOL — — 0.4 V IOL = +0.4 mA
voltage

On resistance RON1 Y1–Y80 — — 11 kΩ ION = 0.1 mA to
Vi–Vj V1–V4 one Y terminal

RON2 — — 30 kΩ ION = 0.05 mA to
each Y terminal

Input leakage IIL CL1, CL2, –5.0 — 5.0 µA Vin = 0 V to VCC
current M, DI, SHL

Vi leakage IVL V1–V4 –5.0 — 5.0 µA Output Y1–Y80 open
current Vin = VCC to VEE

Current IGND — — 2.0 mA fCL2 = 1.0 MHz 1
dissipation IEE — — 0.1 mA fCL1 = 2.5 kHz

Note: 1. Input/output currents are excluded; when an input is at the intermediate level in CMOS,
excessive current flows from the power supply through the input circuit.
To avoid this, VIH and VIL must be fixed at VCC and GND level respectively.
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AC Characteristics (VCC = 5 V ± 10%, VCC – VEE = 3.0 to 6.0 V, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Terminals Min Typ Max Unit Note

Data shift frequency fCL CL2 — — 1 MHz

Clock high level width tCWH CL1, CL2 450 — — ns

Clock low level width tCWL CL2 450 — — ns

Data set-up time fSU DI 100 — — ns

Clock set-up time (1) tSL CL2 200 — — ns 1

Clock set-up time (2) tLS CL1 200 — — ns 2

Output delay time tpd DO — — 250 ns 3

Data hold time tDH DI 100 — — ns

Clock rise/fall time fCT CL1, CL2 — — 50 ns

Notes: 1. Set-up time from the fall of CL2 to that of CL1.
2. Set-up time from the fall CL1 to that of CL2.
3. Test terminal

Figure 8   Timing Chart of HD66100F
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Typical Applications

Connection with the LCD Controller HD44780

Figure 9   Example of Connection (1/16 Duty Cycle, 1/5 Bias)

Figure 10   Example of Connection (1/8 Duty Cycle, 1/4 Bias)
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Connection with LCD III (HD44790)

Figure 11   Example of Connection (1/3 Duty Cycle, 1/3 Bias)

Static Drive

Figure 12   Example of Connection (80-Segment Display)

R12
R11
R10

GND
V1
V2
V3

VCC

C
L1


C

L2


M


V
C

C


G
N

D


V
E

E


V
1

V
2

V
3

V
4

DI

SHL

Y1–Y80

HD66100F

DO

80

LCD
3

32

COM1–
COM3

SEG1–
SEG32

R13

HD44790 GND

VCC

R

R

R

–V

(Power supply
for LCD drive)

C
L1


C

L2


M


V
C

C


G
N

D


V
E

E


V
1

V
2

V
3

V
4

DI

SHL

Y1–Y80

HD66100F

DO

80

C
L1


C

L2


M


V
C

C


G
N

D


V
E

E


V
1

V
2

V
3

V
4

DI

SHL

Y1–Y80

HD66100F

DO

80

SEG1–SEG80

D

CL1

CL2

M

VCC

GND

CMOS
inverter

COM signal

First
figure

Second
figure

Tenth
figure



HD66100F

177

Timing Chart of Input Waveforms

Figure 13   Timing Chart of Input Waveforms
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Notes: 1. Input square waves of 50% duty cycle
(about 30–500 Hz) to M. The fre-
quency depends on the specifications
of LCD panels.

2. The drive waveforms corresponding to
the new displayed data are output at
the fall of CL1. Therefore, when the
alternating signal M and CL1 do not
fall synchronously, DC elements are
produced on the LCD drive wave-
forms. These DC elements may
shorten the life span of the LCD, if the
displayed data frequently changes (e.g.
display of hours, minutes, and seconds

of a clock). To avoid this, make CL1
fall synchronously with the one edge
of M.

3. In this example, the CMOS inverter is
used as a COM signal driver in con-
sideration of the large display area.
(The load capacitance on COM is large
because it is common to all the
displayed segments.)

Usually, one of the HD66100F outputs
can be used as a COM signal. The
displayed data corresponding to the
terminal should be 0 in that case.

Figure 14   Example of Connection
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Figure 15   Timing Chart (when Y1 is Used as a COM Signal)
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HD61100A
(LCD Driver with 80-Channel Outputs)

Description

The HD61100A is a driver LSI for liquid crystal
display systems. It receives serial display data from
a display control LSI, HD61830, etc., and gen-
erates liquid crystal driving signals.

It has liquid crystal driving outputs which cor-
respond to internal 80-bit flip/flops. Both static
drive and dynamic drive are possible according to
the combination of transfer clock frequency and
latch clock frequency.

Features

• Liquid crystal display driver with serial/parallel
conversion function

• Internal liquid crystal display driver: 80 drivers
• Display duty cycle

Any duty cycle is selectable according to com-
bination of transfer clock and latch clock

• Data transfer rate: 2.5 MHz max.
• Power supply

— VCC: +5.0 V ± 10% (internal logic)

— VCC–VEE: 5.5 to 17.0 V (liquid crystal
display driver circuit)

• Liquid crystal driving level: 17.0 V max.
• CMOS process

Ordering Information

Type No. Package

HD61100A 100-pin plastic QFP (FP-100)
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Block Function

Liquid Crystal Display Driver Circuit

The combination of the data from the latch circuit
2 and M signal causes one of the 4 liquid crystal
driver levels, V1, V2, V3 and V4 to be output.

80-Bit Latch Circuit 2

The data from latch circuit 1 is latched at the fall of
CL1 and output to liquid crystal display driver
circuit.

S/P

Serial/parallel conversion circuit which converts 1-
bit data into 4-bit data. When SHL is “L” level,
data from DL is converted into 4-bit data and
transferred to the latch circuit 1. In this case, don’t
connect any lines to terminal DR which is in the
output status.

When SHL is “H” level, input data from terminal
DR without connecting any lines to terminal DL.

80-Bit Latch Circuit 1

The 4-bit data is latched at ø1 to ø20 and output to
latch circuit 2. When SHL is “L” level, the data
from DL are latched one in order of 1 → 2 → 3 →
...  80 of each latch. When SHL is “H” level, they
are latched in a reverse order (80 → 79 → 78 → ...
1).

Selector

The selector decodes output signals from the
counter and generates latch clock ø1 to ø20. When
the LSI is not active, ø1 to ø20 are not generated,
so the data at latch circuit 1 is stored even if input
data (DL, DR) changes.

Control Circuit

Controls operation: When E—F/F (enable F/F)
indicates “1”, S/P conversion is started by
inputting “L” level to E. After 80-bit data has been
all converted, CAR output turns into “L” level and
E—F/F is reset to “0”, and consequently the
conversion stops. E—F/F is RS flip-flop circuit
which gives priority to SET over RESET and is set
at “H” level of CL1.

Counter consists of 7 bits, and the output signals of
upper 5 bits are transferred to the selector. CAR
signal turns into “H” level at the rise of CL1 and
the number of bit which can be S/P-converted
increases by connecting CAR terminal with E
terminal of the next HD61100A.
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Terminal Functions Description

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 1 Power VCC – GND: Power supply for internal logic 
GND 1 supply VCC – VEE: Power supply for LCD drive circuit
VEE 1

V1L–V4L 8 Power Power supply for liquid crystal drive.
V1R–V4R supply V1L (V1R), V2L (V2R): Selection level

V3L (V3R), V4L (V4R): Non-selection level

Power supplies connected with V1L and V1R (V2L & V2R,
V3L & V3R, V4L & V4R) should have the same voltages.

Y1–Y80 80 O LCD Liquid crystal driver outputs.

Selects one of the 4 levels, V1, V2, V3, and V4.

Relation among output level, M and display data (D) is as
follows:

M 1 I Controller Switch signal to convert liquid crystal drive waveform into
AC.

CL1 1 I Controller Latch clock of display data (fall edge trigger).

Liquid crystal driver signals corresponding to the display
data are output synchronized with the fall of CL1.

CL2 1 I Controller Shift clock of display data (D).

Falling edge trigger.

DL, DR 2 I/O Controller Input of serial display data (D).

Liquid Crystal Liquid Crystal
(D) Driver Output Display

1 (high) Selection level On

0 (low) Non-selection level Off

I/O status of DL and DR terminals depends on SHL input
level.

SHL DL DR

High O I

Low I O

HD61100A
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Terminal Number of Connected
Name Terminals I/O to Functions

SHL 1 I VCC or GND Selects a shift direction of serial data.

When the serial data (D) is input in order of D1 → ...
→ D80, the relations between the data (D) and output Y
are as follows.

SHL Y1 Y2 Y3 ... Y80

Low D1 D2 D3 ... D80

High D80 D79 D78 ... D1

When SHL is low, data is input from the terminal DL. No
lines should be connected to the terminal DR, as it is in
the output state.

When SHL is high, the relation between DL and DR
reverses.

E 1 I GND or the Controls the S/P conversion.
terminal The operation stops when E is high, and the S/P
CAR of the conversion starts when E is low.
HD61100A

CAR 1 O Input Used for cascade connection with the HD61100A to
terminal E increase the number of bits which can be S/P 
of the converted.
HD61100A

FCS 1 I GND Input terminal for test.

Connect to GND.
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Operation of the HD61100A

The following describes an LCD panel with 64 ×
240 dots on which characters are displayed with
1/64 duty cycle dynamic drive. Figure 1 is an

example of liquid crystal display and connection
to HD61100A’s. Figure 2 is a time chart of
HD61100A I/O signals.
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Figure 1   LCD Driver with 64 × 240 Dots
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Figure 2   HD61100A Timing Chart
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Application Examples

An Example of 128 × 240 Dot Liquid Crystal
Display (1/64 Duty Cycle)

The liquid crystal panel (figure 3) is divided into
upper and lower parts. These two parts are driven
separately. HD61100As No. 1 to No. 3 drive the
upper half. Serial data, which are input from the
DATA(1) terminal, appear at Y1 → Y2 → ... Y80
terminal of No. 1, then at Y1 → Y2 → ... Y80 of
No. 2 and then at Y1 → Y2 → ... Y80 of No. 3 in
the order in which they were input (in the case of

SHL = low). HD61100As No. 4 to No. 6 drive the
lower half. Serial data, which are input from the
DATA(2) terminal, appear at Y80 → Y79 → ... Y1
of No. 4, then at Y80 → Y79 → ... Y1 of No. 5 and
then Y80 → Y79 → ... Y1 of No. 6 in the order in
which they were input (in the case of SHL = high).
As shown in this example, PC board for display
divided into upper and lower half can be easily
designed by using SHL terminal effectively.
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Figure 3   128 × 240 Dot Liquid Crystal Display
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Example of 64 × 150 Dot Liquid Crystal Display
(1/64 Duty Cycle, SHL = Low)

4-bit parallel process is used in this LSI to lessen
the power dissipation.

Thus, the sum of the dots in horizontal direction
should be multiple of 4.

If not, as this example (figure 4), consideration is
needed for input signals (figure 5).

As the sum of dots in lateral direction is 150, 2
more dummy data bits are transferred (152 = 4 ×
38).

Dummy data, which is output from Y71 and Y72
of No. 2, can be either 0 or 1 because these
terminals do not connect with the liquid crystal
display panel.
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Figure 4   64 × 150 Dot Liquid Crystal Display

Figure 5   Input Dots, 150 Horizontal Dots
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Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage (1) VCC –0.3 to +7.0 V 2

Supply voltage (2) VEE VCC – 19.0 to VCC + 0.3 V

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In ordinary
operation, it is desirable to use them within the limits of electrical characteristics, because using
it beyond these conditions may cause malfunction and poor reliability.

2. All voltage values are referred to GND = 0 V.
3. Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E, and M.
4. Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R. Must maintain:

VCC ≥ V1L = V1R ≥ V3L = V3R ≥ V4L = V4R ≥ V2L = V2R ≥ VEE.
Connect a protection resistor of 15 Ω ± 10% to each terminals in series.

HD61100A
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Electrical Characteristics

DC Characteristics (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 5.5 to 17 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Test Condition Note

Input high voltage VIH 0.7 × VCC — VCC V 1

Input low voltage VIL 0 — 0.3 × VCC V 1

Output high voltage VOH VCC – 0.4 — — V IOH = –400 µA 2

Output low voltage VOL — — 0.4 V IOL = +400 µA 2

Driver resistance RON — — 7.5 kΩ VEE = –10 V, 3
load current =
100 µA

Input leakage current IIL1 –1 — +1 µA VIN = 0 to VCC 1

Input leakage current IIL2 –2 — +2 µA VIN = VEE to VCC 4

Dissipation current (1) IGND — — 1.0 mA 5

Dissipation current (2) IEE — — 0.1 mA 5

Notes: 1. Applies to CL1, CL2, FCS, SHL, E, M, DL, and DR.
2. Applies to DL, DR, and CAR.
3. Applies to Y1–Y80.
4. Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L, and V4R.
5. Specified when display data is transferred under following conditions:

CL2 frequency fCP2 = 2.5 MHz (data transfer rate)
CL1 frequency fCP1 = 4.48 kHz (data latch frequency)
M frequency fM = 35 Hz (frame frequency/2)

Specified when VIH = VCC, VIL = GND and no load on outputs.
IGND: currents between VCC and GND.
IEE: currents between VCC and VEE.
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AC Characteristics (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 5.5 to 17 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Test Condition Note

Clock cycle time tCYC 400 — — ns

Clock high level width tCWH 150 — — ns

Clock low level width tCWL 150 — — ns

Clock setup time tSCL 100 — — ns

Clock hold time tHCL 100 — — ns

Clock rise/fall time tCt — — 30 ns

Clock phase different time tCL 100 — — ns

Data setup time tDSU 80 — — ns

Data hold time tDH 100 — — ns

E setup time tESU 200 — — ns

Output delay time tDCAR — — 300 ns 1

M phase difference time tCM — — 300 ns

Note: 1.  The following load circuits are connected for specification:
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HD61200
(LCD Driver with 80-Channel Outputs)

Description

The HD61200 is a column driver LSI for a large-
area dot matrix LCD. It employs 1/32 or more duty
cycle multiplexing method. It receives serial
display data from a micro controller or a display
control LSI, HD61830, etc., and generates liquid
crystal driving signals.

Features

• Liquid crystal display driver with serial/parallel
conversion function

• Internal liquid crystal display driver: 80 drivers
• Drives liquid crystal panels with 1/32–1/128

duty cycle multiplexing
• Can interface to LCD controllers, HD61830 and

HD61830B
• Data transfer rate: 2.5 MHz max
• Power supply: VCC: 5 V ± 10% (internal logic)
• Power supply voltage for liquid crystal display

drive: 8 V to 17 V
• CMOS process

Ordering Information

Type No. Package

HD61200 100-pin plastic QFP (FP-100)



Pin Arrangement
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Block Diagram
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Block Function

Liquid Crystal Display Driver Circuit

The combination of the data from the latch circuit
2 and M signal causes one of the 4 liquid crystal
driver levels, V1, V2, V3, and V4 to be output.

80-Bit Latch Circuit 2

The data from latch circuit 1 is latched at the fall of
CL1 and output to liquid crystal display driver
circuit.

S/P

Serial/parallel conversion circuit which converts 1-
bit data into 4-bit data. When SHL is low level,
data from DL is converted into 4-bit data and
transferred to the latch circuit 1. In this case, don’t
connect any lines to terminal DR.

When SHL is high level, input data from terminal
DR without connecting any lines to terminal DL.

80-Bit Latch Circuit 1

The 4-bit data is latched at ø1 to ø20 and output to
latch circuit 2. When SHL is low level, the data
from DL are latched in order of 1 → 2 → 3 → ...
80 of each latch. When SHL is high level, they are
latched in a reverse order (80 → 79 → 78 → ... 1).

Selector

The selector decodes output signals from the
counter and generates latch clock ø1 to ø20. When
the LSI is not active, ø1 to ø20 are not generated,
so the data at latch circuit 1 is stored even if input
data (DL, DR) changes.

Control Circuit

Controls operation: When E–F/F (enable F/F)
indicates 1, S/P conversion is started by inputting
low level to E. After 80-bit data has been all
converted, CAR output turns into low level and
E–F/F is reset to 0, and consequently the
conversion stops. E–F/F is RS flip-flop circuit
which gives priority to SET over RESET and is set
at high level of CL1.

The counter consists of 7 bits, and the output
signals upper 5 bits are transferred to the selector.
CAR signal turns into high level at the rise of CL1.
The number of bits that can be S/P-converted can
be increased by connecting CAR terminal with E
terminal of the next HD61200.



Terminal Functions Description

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 1 Power VCC – GND: Power supply for internal logic 
GND 1 supply VCC – VEE: Power supply for LCD drive circuit
VEE 1

V1L–V4L 8 Power Power supply for liquid crystal drive.
V1R–V4R supply V1L (V1R), V2L (V2R): Selection level

V3L (V3R), V4L (V4R): Non-selection level

Power supplies connected with V1L and V1R (V2L & V2R,
V3L & V3R, V4L & V4R) should have the same voltages.

Y1–Y80 80 O LCD Liquid crystal driver outputs.

Selects one of the 4 levels, V1, V2, V3, and V4.

Relation among output level, M, and display data (D) is
as follows:

M 1 1 Controller Switch signal to convert liquid crystal drive waveform into
AC.

CL1 1 I Controller Synchronous signal (a counter is reset at high level).

Latch clock of display data (falling edge triggered).

Synchronized with the fall of CL1, liquid crystal driver
signals corresponding to the display data are output.

CL2 1 I Controller Shift clock of display data (D).

Falling edge triggered.

DL, DR 2 I Controller Input of serial display data (D).

Liquid Crystal Liquid Crystal
(D) Driver Output Display

1 (high level) Selection level On

0 (low level) Non-selection level Off
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Terminal Number of Connected
Name Terminals I/O to Functions

SHL 1 I VCC or GND Selects the shift direction of serial data.

When the serial data (D) is input in order of D1 → ...
→ D80, the relations between the data (D) and output Y
are as follows:

SHL Y1 Y2 Y3 ... Y80

Low D1 D2 D3 ... D80

High D80 D79 D78 ... D1

When SHL is low, data is input from the DL terminal. No
lines should be connected to the DR terminal.

When SHL is high, the relation between DL and DR
reverses.

E 1 I GND or the Controls the S/P conversion.
terminal The operation stops on high level, and the S/P 
CAR of the conversion starts on low level.
HD61200

CAR 1 O Input Used for cascade connection with the HD61200 to
terminal E increase the number of bits that can be S/P 
of the converted.
HD61200

FCS 1 I GND Input terminal for test.

Connect to GND.

HD61200
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Operation of the HD61200

The following describes an LCD panel with 64 ×
240 dots on which characters are displayed with
1/64 duty cycle dynamic drive. Figure 1 is an

example of liquid crystal display and connection to
HD61200s. Figure 2 is a time chart of HD61200
I/O signals.

Figure 1   LCD Driver with 64 × 240 Dots
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Cascade three HD61200s. Input data to the DL terminal of No. 1, No. 2, and No. 3. Connect E of No. 1 
to GND. Don’t connect any lines to CAR of No. 3. Connect common signal terminals (COM1–COM64) 
to X1–X64 of common driver HD61203. (m, n) of LCD panel is the address corresponding to each dot.
Timing chart for the example of connection, DL input (m, n) in this figure is the data that corresponds to 
each address (m, n) of LCD panel.



Figure 2   H61200 Timing Chart
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Application Example

The liquid crystal panel is divided into upper and
lower parts. These two parts are driven separately.
HD61200s No. 1 to No. 3 drive the upper half.
Serial data, which are input from the DATA(1)
terminal, appear at Y1 → Y2 → ... Y80 terminal of
No. 1, then at Y1 → Y2 → ... Y80 of No. 2 and
then at Y1 → Y2 → ... Y80 of No. 3 in the order in
which they were input (in the case of SHL = low).
HD61200s No. 4 to No. 6 drive the lower half.

Serial data, which are input from DATA(2)
terminal, appear at Y80 → Y79 → ... Y1 of No. 4,
then at Y80 → Y79 → ... Y1 of No. 5 and then Y80
→ Y79 → ... Y1 of No. 6 in the order in which they
were input (in the case of SHL = high). 

As shown in this example, a PC board for display
divided into upper and lower half can be easily
designed by using SHL terminal effectively.

Figure 3   Example of 128 × 240 Dot Liquid Crystal Display (1/64 Duty Cycle)
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Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage (1) VCC –0.3 to +7.0 V 2

Supply voltage (2) VEE VCC – 19.0 to VCC + 0.3 V

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. LSIs may be permanently destroyed if being used beyond the absolute maximum ratings.
In ordinary operation, it is desirable to use them within the limits of electrical characteristics,
because using them beyond these conditions may cause malfunction and poor reliability.

2. All voltage values are referenced to GND = 0 V.
3. Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E, and M.
4. Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L, and V4R. Must maintain

VCC ≥ V1L = V1R ≥ V3L = V3R ≥ V4L = V4R ≥ V2L = V2R ≥ VEE.
Connect a protection resistor of 15 Ω ± 10% to each terminal in series.

HD61200
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Electrical Characteristics

DC Characteristics (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 8 V to 17 V, Ta = –20 to 75°C)

Item Symbol Min Typ Max Unit Test Condition Note

Input high voltage VIH 0.7 × VCC — VCC V 1

Input low voltage VIL 0 — 0.3 × VCC V 1

Output high voltage VOH VCC – 0.4 — — V IOH = –400 µA 2

Output low voltage VOL — — 0.4 V IOL = 400 µA 2

Driver on resistance RON — — 7.5 kΩ Load current = 5
100 µA

Input leakage current IIL1 –1 — 1 µA VIN = 0 to VCC 1

Input leakage current IIL2 –2 — 2 µA VIN = VEE to VCC 3

Dissipation current (1) IGND — — 1.0 mA 4

Dissipation current (2) IEE — — 0.1 mA 4

Notes: 1. Applies to CL1, CL2, SHL, E, M, DL, and DR.
2. Applies to CAR.
3. Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L, and V4R.
4. Specified when display data is transferred under following conditions:

CL2 frequency fCP2 = 2.5 MHz (data transfer rate)
CL1 frequency fCP1 = 4.48 kHz (data latch frequency)
M frequency fM = 35 Hz (frame frequency/2)

Specified at VIH = VCC (V), VIL = 0 V and load on outputs.
IGND: currents between VCC and GND.
IEE: currents between VCC and VEE.

5. Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, and
V4R when load current flows through one of the terminals Y1 to Y80. This value is specified
under the following condition:
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Terminal Y
(Y1–Y80)

V1L, V1R

V3L, V3R

V4L, V4R

V2L, V2R

RON

VCC – VEE = 17 V
V1L = V1R, V3L = V3R = VCC – 2/7 (VCC – VEE)
V2L = V2R, V4L = V4R = VEE	 + 2/7 (VCC – VEE)
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The following here is a description of the range of
power supply voltage for liquid crystal display
drivers. Apply positive voltage to V1L = V1R and
V3L = V3R and negative voltage to V2L = V2R and

V4L = V4R within the ∆V range. This range allows
stable impedance on driver output (RON). Notice
the ∆V depends on power supply voltage
VCC – VEE.
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∆V

∆V

VCC
V1 (V1L = V1R)

V3 (V3L = V3R)

V4 (V4L = V4R)

V2 (V2L = V2R)
VEE

5.5

3

∆V
 (

V
)

8 17

VCC – VEE (V)

Range of power supply
voltage for liquid crystal
display drive

Correlation between driver output
waveform and power supply voltage
for liquid crystal display drive

Correlation between power supply
voltage VCC – VEE and ∆V



Terminal Configuration
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PMOS

VCC

NMOS

Applicable terminals:
     CL1, CL2, SHL, E, M

PMOS

VCC

NMOS

PMOS

VCC

Enable

Applicable terminals: DL, DR
Input Terminal (With Enable)

Input Terminal

Output Terminal

DL

DR

SHL

PMOS

NMOS

VCC

Applicable terminal: CAR

Output Terminal

VCC

PMOS
V1L, V1R

VCC

PMOS
V3L, V3R

VEE

NMOS
V4L, V4R

VEE

NMOS
V2L, V2R

Applicable terminals:
     Y1–Y80



AC Characteristics (VCC = 5 V ± 10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Test Condition Note

Clock cycle time tcyc 400 — — ns

Clock high level width tCWH 150 — — ns

Clock low level width tCWL 150 — — ns

Clock setup time tSCL 100 — — ns

Clock hold time tHCL 100 — — ns

Clock rise/fall time tct — — 30 ns

Clock phase different time tCL 100 — — ns

Data setup time tDSU 80 — — ns

Data hold time tDH 100 — — ns

E setup time tESU 200 — — ns

Output delay time tDCAR — — 300 ns 1

M phase difference time tCM — — 300 ns

Note: 1.  The following load circuit is connected for specification:

HD61200
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Test point

30 pF
tct tct

tCWH

VIH
VIL

tSCLtCL tHCL tcyc

VIH
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tcttct
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VIL
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VIH

VIH

tDCAR VOH
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VOL
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1 2 3 77 78 79 8076
VIL



HD44780U (LCD-II)
(Dot Matrix Liquid Crystal Display 

Controller/Driver)

Description

The HD44780U dot-matrix liquid crystal display
controller and driver LSI displays alphanumerics,
Japanese kana characters, and symbols. It can be
configured to drive a dot-matrix liquid crystal
display under the control of a 4- or 8-bit micro-
processor. Since all the functions such as display
RAM, character generator, and liquid crystal
driver, required for driving a dot-matrix liquid
crystal display are internally provided on one chip,
a minimal system can be interfaced with this
controller/driver.

A single HD44780U can display up to one
8-character line or two 8-character lines. 

The HD44780U has pin function compatibility
with the HD44780S which allows the user to easily
replace an LCD-II with an HD44780U. The
HD44780U character generator ROM is extended
to generate 208 5 × 8 dot character fonts and 32 
5 × 10 dot character fonts for a total of 240
different character fonts. 

The low power supply (2.7 V to 5.5 V) of the
HD44780U is suitable for any portable battery-
driven product requiring low power dissipation.

Features

• 5 × 8 and 5 × 10 dot matrix possible
• Low power operation support: 

— 2.7 to 5.5 V

• Wide range of liquid crystal display driver power
— 3.0 to 11 V

• Liquid crystal drive waveform
— A (One line frequency AC waveform)

• Correspond to high speed MPU bus interface
— 2 MHz (when VCC = 5 V)

• 4-bit or 8-bit MPU interface enabled
• 80 × 8-bit display RAM (80 characters max.)
• 9,920-bit character generator ROM for a total of

240 character fonts
— 208 character fonts (5 × 8 dot)

— 32 character fonts (5 × 10 dot)

• 64 × 8-bit character generator RAM
— 8 character fonts (5 × 8 dot)

— 4 character fonts (5 × 10 dot)

• 16-common × 40-segment liquid crystal display
driver

• Programmable duty cycles
— 1/8 for one line of 5 × 8 dots with cursor

— 1/11 for one line of 5 × 10 dots with cursor

— 1/16 for two lines of 5 × 8 dots with cursor

• Wide range of instruction functions:
— Display clear, cursor home, display on/off,

cursor on/off, display character blink, cursor
shift, display shift

• Pin function compatibility with HD44780S
• Automatic reset circuit that initializes the con-

troller/driver after power on
• Internal oscillator with external resistors
• Low power consumption



Ordering Information

Type No. Package CG ROM

HD44780UA00FS FP-80B Japanese standard font
HCD44780UA00 Chip
HD44780UA00TF TFP-80
HD44780UA01FS FP-80B Standard font for communication, 
HD44780UA02FS FP-80B European standard font

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip
HD44780UBxxTF TFP-80

Note: xx: ROM code No.

HD44780U
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HD44780U Block Diagram
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LCD-II Family Comparison

Item HD44780S HD44780U

Power supply voltage 5 V ±10% 2.7 to 5.5 V 

Liquid crystal drive 1/4 bias 3.0 to 11.0 V 3.0 to 11.0 V
voltage VLCD 1/5 bias 4.6 to 11.0 V 3.0 to 11.0 V

Maximum display 16 digits (8 digits × 2 lines) 16 digits (8 digits × 2 lines)
digits per chip

Display duty cycle 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16

CGROM 7,200 bits 9,920 bits
(160 character fonts (208 character fonts  
for 5 × 7 dot and for 5 × 8 dot and 
32 character fonts 32 character fonts  
for 5 × 10 dot) for 5 × 10 dot)

CGRAM 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes

Segment signals 40 40

Common signals 16 16

Liquid crystal drive waveform A A

Oscillator Clock source External resistor, external External resistor or external 
ceramic filter, or external clock
clock

Rf oscillation 270 kHz ±30% 270 kHz ±30%
frequency (frame (59 to 110 Hz for 1/8 and (59 to 110 Hz for 1/8 and 
frequency) 1/16 duty cycles; 1/16 duty cycles;

43 to 80 Hz for 1/11 duty 43 to 80 Hz for 1/11 duty 
cycle) cycle)

Rf resistance 91 kΩ ±2% 91 kΩ ±2% (when VCC = 5 V)
75 kΩ ±2% (when VCC = 3 V)

Instructions Fully compatible within the HD44780S

CPU bus timing 1 MHz 1 MHz (when VCC = 3 V)
2 MHz (when VCC = 5 V)

Package FP-80 FP-80B
FP-80A TFP-80

HD44780U
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HD44780U Pin Arrangement
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S
E
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S
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Type code

23

X

Y

42

2 1 80 63

Chip size:

Coordinate:

Origin:

Pad size:

4.90 × 4.90 mm2

Pad center (µm)

Chip center

114 × 114 µm2
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HCD44780U Pad Location Coordinates

Coordinate

Pad No. Function X (um) Y (um)

1 SEG22 –2100 2313

2 SEG21 –2280 2313

3 SEG20 –2313 2089

4 SEG19 –2313 1833

5 SEG18 –2313 1617

6 SEG17 –2313 1401

7 SEG16 –2313 1186

8 SEG15 –2313 970

9 SEG14 –2313 755

10 SEG13 –2313 539

11 SEG12 –2313 323

12 SEG11 –2313 108

13 SEG10 –2313 –108

14 SEG9 –2313 –323

15 SEG8 –2313 –539

16 SEG7 –2313 –755

17 SEG6 –2313 –970

18 SEG5 –2313 –1186

19 SEG4 –2313 –1401

20 SEG3 –2313 –1617

21 SEG2 –2313 –1833

22 SEG1 –2313 –2073

23 GND –2280 –2290

24 OSC1 –2080 –2290

25 OSC2 –1749 –2290

26 V1 –1550 –2290

27 V2 –1268 –2290

28 V3 –941 –2290

29 V4 –623 –2290

30 V5 –304 –2290

31 CL1 –48 –2290

32 CL2 142 –2290

33 VCC 309 –2290

34 M 475 –2290

35 D 665 –2290

36 RS 832 –2290

37 R/W 1022 –2290

38 E 1204 –2290

39 DB0 1454 –2290

40 DB1 1684 –2290

Coordinate

Pad No. Function X (um) Y (um)

41 DB2 2070 –2290

42 DB3 2260 –2290

43 DB4 2290 –2099

44 DB5 2290 –1883

45 DB6 2290 –1667

46 DB7 2290 –1452

47 COM1 2313 –1186

48 COM2 2313 –970

49 COM3 2313 –755

50 COM4 2313 –539

51 COM5 2313 –323

52 COM6 2313 –108

53 COM7 2313 108

54 COM8 2313 323

55 COM9 2313 539

56 COM10 2313 755

57 COM11 2313 970

58 COM12 2313 1186

59 COM13 2313 1401

60 COM14 2313 1617

61 COM15 2313 1833

62 COM16 2313 2095

63 SEG40 2296 2313

64 SEG39 2100 2313

65 SEG38 1617 2313

66 SEG37 1401 2313

67 SEG36 1186 2313

68 SEG35 970 2313

69 SEG34 755 2313

70 SEG33 539 2313

71 SEG32 323 2313

72 SEG31 108 2313

73 SEG30 –108 2313

74 SEG29 –323 2313

75 SEG28 –539 2313

76 SEG27 –755 2313

77 SEG26 –970 2313

78 SEG25 –1186 2313

79 SEG24 –1401 2313

80 SEG23 –1617 2313



Pin Functions

No. of Device
Signal Lines I/O Interfaced with Function

RS 1 I MPU Selects registers.
0: Instruction register (for write)

Busy flag: address counter (for read)
1: Data register (for write and read)

R/W 1 I MPU Selects read or write.
0: Write
1: Read

E 1 I MPU Starts data read/write

DB4 to DB7 4 I/O MPU Four high order bidirectional tristate data bus
pins. Used for data transfer and receive
between the MPU and the HD44780U. 
DB7 can be used as a busy flag.

DB0 to DB3 4 I/O MPU Four low order bidirectional tristate data bus
pins. Used for data transfer and receive
between the MPU and the HD44780U. These
pins are not used during 4-bit operation.

CL1 1 O HD44100 Clock to latch serial data D sent to the
HD44100 driver

CL2 1 O HD44100 Clock to shift serial data D

M 1 O HD44100 Switch signal for converting the liquid crystal
drive waveform to AC

D 1 O HD44100 Character pattern data corresponding to each
segment signal

COM1 to COM16 16 O LCD Common signals that are not used are changed
to non-selection waveforms. COM9 to COM16
are non-selection waveforms at 1/8 duty factor
and COM12 to COM16 are non-selection
waveforms at 1/11 duty factor.

SEG1 to SEG40 40 O LCD Segment signals

V1 to V5 5 — Power supply Power supply for LCD drive 
VCC –V5 = 11 V (max)

VCC, GND 2 — Power supply VCC: 2.7 V to 5.5 V, GND: 0 V

OSC1, OSC2 2 — Oscillation When crystal oscillation is performed, a 
resistor resistor must be connected externally. When 
clock the pin input is an external clock, it must be 

input to OSC1.

HD44780U
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Function Description

Registers

The HD44780U has two 8-bit registers, an instruc-
tion register (IR) and a data register (DR).

The IR stores instruction codes, such as display
clear and cursor shift, and address information for
display data RAM (DD RAM) and character
generator RAM (CG RAM). The IR can only be
written from the MPU.

The DR temporarily stores data to be written into
DD RAM or CG RAM and temporarily stores data
to be read from DD RAM or CG RAM. Data
written into the DR from the MPU is automatically
written into DD RAM or CG RAM by an internal
operation. The DR is also used for data storage
when reading data from DD RAM or CG RAM.
When address information is written into the IR,
data is read and then stored into the DR from DD
RAM or CG RAM by an internal operation. Data
transfer between the MPU is then completed when
the MPU reads the DR. After the read, data in DD
RAM or CG RAM at the next address is sent to the
DR for the next read from the MPU. By the
register selector (RS) signal, these two registers
can be selected (table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the
internal operation mode, and the next instruction
will not be accepted. When RS = 0 and R/W = 1
(table 1), the busy flag is output to DB7. The next
instruction must be written after ensuring that the
busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to
both DD RAM and CG RAM. When an address of
an instruction is written into the IR, the address
information is sent from the IR to the AC.
Selection of either DD RAM or CG RAM is also
determined concurrently by the instruction.

After writing into (reading from) DD RAM or CG
RAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then
output to DB0 to DB6 when RS = 0 and R/W = 1
(table 1).

Table 1 Register Selection

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DB0 to DB6)

1 0 DR write as an internal operation (DR to DD RAM or CG RAM)

1 1 DR read as an internal operation (DD RAM or CG RAM to DR)
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Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores display data
represented in 8-bit character codes. Its extended
capacity is 80 × 8 bits, or 80 characters. The area
in display data RAM (DD RAM) that is not used
for display can be used as general data RAM. See
figure 1 for the relationships between DD RAM
addresses and positions on the liquid crystal
display.

The DD RAM address (ADD) is set in the address
counter (AC) as hexadecimal.

• 1-line display (N = 0) (figure 2)

— Case 1: When there are fewer than 80
display characters, the display begins at the
head position. For example, if using only the
HD44780, 8 characters are displayed. See
figure 3.

When the display shift operation is per-
formed, the DD RAM address shifts. See
figure 3.

— Case 2: For a 16-character display, the
HD44780 can be extended using one
HD44100 and displayed. See figure 4.

When the display shift operation is per-
formed, the DD RAM address shifts. See
figure 4.

— Case 3: The relationship between the display
position and DD RAM address when the
number of display digits is increased
through the use of two or more HD44100s
can be considered as an extension of case
#2.

Since the increase can be eight digits per
additional HD44100, up to 80 digits can be
displayed by externally connecting nine
HD44100s. See figure 5.

Figure 1   DD RAM Address

Figure 2   1-Line Display

AC6 AC5 AC4 AC3 AC2 AC1 AC0 1 0 0 1 1 1 0
AC
(hexadecimal)

Example: DD RAM address 4E
High order

bits
Low order

bits

00 01 02 03 04 4E 4F
DD RAM
address
(hexadecimal)

Display position
(digit) 1 2 3 4 5 79 80

. . . . . . . . . . . . . . . . . .



Figure 3   1-Line by 8-Character Display Example

Figure 4   1-Line by 16-Character Display Example

Figure 5   1-Line by 80-Character Display Example
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DD RAM
address

Display
position 1 2 3 4 5 6 7 8

00 01 02 03 04 05 06 07

For
shift left

For
shift right 00 01 02 03 04 05 06

01 02 03 04 05 06 07 08

4F

DD RAM
address

Display
position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F

HD44780 display HD44100 display

01 02 03 04 05 06 07 08For
shift left

For
shift right

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E

09 0A 0B0C0D 0E 0F 10

4F

DD RAM
address

Display
position 1 742 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 73

00 4901 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 4A 4B


48

HD44780 display 1st HD44100
display

8077 78 79

4F4C4D 4E........

9th HD44100
display

7675

2nd to 8th HD44100
display
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• 2-line display (N = 1) (figure 6)

— Case 1: When the number of display char-
acters is less than 40 × 2 lines, the two lines
are displayed from the head. Note that the
first line end address and the second line
start address are not consecutive. For

example, when just the HD44780 is used,
8 characters × 2 lines are displayed. See
figure 7.

When display shift operation is performed,
the DD RAM address shifts. See figure 7.

Figure 6   2-Line Display

Figure 7   2-Line by 8-Character Display Example

00 01 02 03 04 26 27DD RAM
address
(hexadecimal)

Display
position 1 2 3 4 5 39 40

. . . . . . . . . . . . . . . . . .

40 41 42 43 44 66 67. . . . . . . . . . . . . . . . . .

DD RAM
address

Display
position 1 2 3 4 5 6 7 8

00 01 02 03 04 05 06 07

For
shift left

For
shift right

40 41 42 43 44 45 46 47

01 02 03 04 05 06 07 08

41 42 43 44 45 46 47 48

00 01 02 03 04 05 06

40 41 42 43 44 45 46

27

67
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— Case 2: For a 16-character × 2-line display,
the HD44780 can be extended using one
HD44100. See figure 8.

When display shift operation is performed,
the DD RAM address shifts. See figure 8.

— Case 3: The relationship between the display
position and DD RAM address when the
number of display digits is increased by

using one HD44780U and two or more
HD44100s, can be considered as an exten-
sion of case #2. See figure 9.

Since the increase can be 8 digits × 2 lines
for each additional HD44100, up to 40 digits
× 2 lines can be displayed by externally
connecting four HD44100s.

Figure 8   2-Line by 16-Character Display Example

Figure 9   2-Line by 40-Character Display Example

DD RAM
address

Display
position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F

For
shift left

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E27

40 41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F

HD44780U display HD44100 display

0201 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F10

For
shift right

41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50

40 41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E67

DD RAM
address

Display
position

40 6141 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50 51 52 53 60

HD44780U display 1st HD44100
display

6764 65 66........

4th HD44100
display

1 342 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 33 4037 38 39

........00 2101 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 20 2724 25 262322

6362


3635

2nd and 3rd HD44100
display
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Character Generator ROM (CG ROM)

The character generator ROM generates 5 × 8 dot
or 5 × 10 dot character patterns from 8-bit char-
acter codes (table 4). It can generate 208 5 × 8 dot
character patterns and 32 5 × 10 dot character
patterns. User-defined character patterns are also
available by mask-programmed ROM.

Character Generator RAM (CG RAM)

In the character generator RAM, the user can
rewrite character patterns by program. For 5 × 8
dots, eight character patterns can be written, and
for 5 × 10 dots, four character patterns can be
written.

Write into DD RAM the character codes at the
addresses shown as the left column of table 4 to
show the character patterns stored in CG RAM.

See table 5 for the relationship between CG RAM
addresses and data and display patterns.

Areas that are not used for display can be used as
general data RAM.

Modifying Character Patterns

• Character pattern development procedure

The following operations correspond to the num-
bers listed in figure 10:

1. Determine the correspondence between char-
acter codes and character patterns.

2. Create a listing indicating the correspondence
between EPROM addresses and data.

3. Program the character patterns into the
EPROM.

4. Send the EPROM to Hitachi.

5. Computer processing on the EPROM is
performed at Hitachi to create a character
pattern listing, which is sent to the user.

6. If there are no problems within the character
pattern listing, a trial LSI is created at Hitachi
and samples are sent to the user for evaluation.
When it is confirmed by the user that the
character patterns are correctly written, mass
production of the LSI proceeds at Hitachi.



Figure 10   Character Pattern Development Procedure
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HD44780U

Determine
character patterns

Create EPROM
address data listing

Write EPROM

EPROM → Hitachi

Computer
processing

Create character
pattern listing

Evaluate
character
patterns

OK?

Art work

Sample
evaluation

OK?

Masking

Trial

Sample

No

Yes

No

Yes

M/T

1

3

2

4

5

6

Note:  For a description of the numbers used in this figure, refer to the preceding page.

UserHitachi

Mass
production

Start
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• Programming character patterns

This section explains the correspondence be-
tween addresses and data used to program
character patterns in EPROM. The HD44780U
character generator ROM can generate 208 5 × 8
dot character patterns and 32 5 × 10 dot
character patterns for a total of 240 different
character patterns.

— Character patterns

EPROM address data and character pattern
data correspond with each other to form a 
5 × 8 or 5 × 10 dot character pattern (tables
2 and 3).

Table 2 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 × 8 Dots)

Notes: 1. EPROM addresses A11 to A3 correspond to a character code.
2. EPROM addresses A3 to A0 specify a line position of the character pattern.
3. EPROM data O4 to O0 correspond to character pattern data.
4. EPROM data O5 to O7 must be specified as 0. 
5. A lit display position (black) corresponds to a 1.
6. Line 9 and the following lines must be blanked with 0s for a 5 × 8 dot character fonts. 

A1 0 A 9 A 8 A 7 A 6 A 5 A 4 A 3 A 2 A 1 A 0

Data

O4 O 3 O 2 O 1 O 0

0  0  0  1

0  0  1  0

0  0  1  1

0  1  0  0

0  1  1  0  0  0  1  0  

EPROM Address

Character code Line
position

LSB

0  1  0  1

0  1  1  0

0  1  1  1

0  0  0  0

A1 1

1  0  0  1

1  0  1  0

1  0  1  1

1  1  0  0

1  1  0  1

1  1  1  0

1  1  1  1

1  0  0  0

1  1  0  0  1

1  0  0  0  1

1  0  0  0  1

1  0  0  0  0

1  0  0  0  0

1  0  1  1  0

Cursor position

1  1  1  1  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0
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— Handling unused character patterns

1. EPROM data outside the character pattern
area: Always input 0s.

2. EPROM data in CG RAM area: Always
input 0s. (Input 0s to EPROM addresses 00H
to FFH.)

3. EPROM data used when the user does not
use any HD44780U character pattern:
According to the user application, handled in
one of the two ways listed as follows.

a. When unused character patterns are
not programmed: If an unused character
code is written into DD RAM, all its dots
are lit. By not programing a character
pattern, all of its bits become lit. (This is
due to the EPROM being filled with 1s
after it is erased.)

b. When unused character patterns are
programmed as 0s: Nothing is displayed
even if unused character codes are written
into DD RAM. (This is equivalent to a
space.)

Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 × 10 Dots)

Notes: 1. EPROM addresses A11 to A3 correspond to a character code.
2. EPROM addresses A3 to A0 specify a line position of the character pattern.
3. EPROM data O4 to O0 correspond to character pattern data.
4. EPROM data O5 to O7 must be specified as 0. 
5. A lit display position (black) corresponds to a 1.
6. Line 11 and the following lines must be blanked with 0s for a 5 × 10 dot character fonts. 

A1 0 A 9 A 8 A 7 A 6 A 5 A 4 A 3 A 2 A 1 A 0

Data

O4 O 3 O 2 O 1 O 0

0  0  0  1

0  0  1  0

0  0  1  1

0  1  0  0

0  1  0  1  0  0  1  0  

EPROM Address

Character code Line
position

LSB

0  1  0  1

0  1  1  0

0  1  1  1

0  0  0  0  0

0  0  0  0  0

0  1  1  0  1

1  0  0  1  1

1  0  0  0  1

1  0  0  0  1

0  0  0  0

A1 1

1  0  0  1

1  0  1  0

1  0  1  1

1  1  0  0

1  1  0  1

1  1  1  0

1  1  1  1

1  0  0  0

Cursor position0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  0  0  0  1

0  0  0  0  1

0  0  0  0  1

0  1  1  1  1



Table 4 Correspondence between Character Codes and Character Patterns (ROM Code: A00)

Note: The user can specify any pattern for character-generator RAM.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001



Table 4 Correspondence between Character Codes and Character Patterns (ROM Code: A01) 
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001



Table 4 Correspondence between Character Codes and Character Patterns (ROM Code: A02) 
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001



Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM Data)

For 5 × 8 dot character patterns

Notes: 1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types).
2. CG RAM address bits 0 to 2 designate the character pattern line position. The 8th line is the

cursor position and its display is formed by a logical OR with the cursor.
Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor
display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence.

3. Character pattern row positions correspond to CG RAM data bits 0 to 4 (bit 4 being at the left). 
4. As shown table 5, CG RAM character patterns are selected when character code bits 4 to 7 are

all 0. However, since character code bit 3 has no effect, the R display example above can be
selected by either character code 00H or 08H.

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection.
* Indicates no effect.
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Character Codes
(DD RAM data) CG RAM Address

Character Patterns
(CG RAM data)

7 6 5 4 3 2 1 0

0 0 0 0 * 0 0 0

0 0 0 0 * 0 0 1

0 0 0 0 * 1 1 1

5 4 3 2 1 0

0 0 0

0 0 1

1 1 1

7 6 5 4 3 2 1 0

0

0

0

0

1

1

1

1

0

0

0

0

1

1

1

1

0

0





1

1

1

1

0

0

1

1

0

0

1

1

0

0

1

1

0

0

1

1

0

0





0

0

1

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1





0

1

0

1

*













*

*













*

*













*

*













*

*













*

*













*

*













*

*













*

*













*



High



Low



High



Low



High



Low

Character
pattern (1)

Cursor position

1

1

1

1

1

1

1

0

1

0

1

0

1

0

0

0

0

1

1

0

0

0

1

0

1

0

1

0

1

0

0

0

1

0

0

1

0

0

0

0

0

1

1

0

1

0

0

0

1

0

0

1

1

0

0

0

0

0

1

1

1

1

1

0

1

0

0

1

0

1

0

0

0

1

1

0

1

0

0

0



Character
pattern (2)

Cursor position



Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM Data) (cont)

For 5 × 10 dot character patterns

Notes: 1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types).
2. CG RAM address bits 0 to 3 designate the character pattern line position. The 11th line is the

cursor position and its display is formed by a logical OR with the cursor.
Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor
display.  
If the 11th line data is “1”, “1” bits will light up the 11th line regardless of the cursor presence.
Since lines 12 to 16 are not used for display, they can be used for general data RAM.

3. Character pattern row positions are the same as 5 × 8 dot character pattern positions.
4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0. 

However, since character code bits 0 and 3 have no effect, the P display example above can be
selected by character codes 00H, 01H, 08H, and 09H.

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection.
* Indicates no effect.
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Character Codes
(DD RAM data) CG RAM Address

Character Patterns
(CG RAM data)

7 6 5 4 3 2 1 0

0 0 0 0 * 0 0

0 0 0 0 1 1

5 4 3 2 1 0

0 0

1 1

7 6 5 4 3 2 1 0

*



















*

*
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Timing Generation Circuit

The timing generation circuit generates timing
signals for the operation of internal circuits such as
DD RAM, CG ROM and CG RAM. RAM read
timing for display and internal operation timing by
MPU access are generated separately to avoid
interfering with each other. Therefore, when
writing data to DD RAM, for example, there will
be no undesirable interferences, such as flickering,
in areas other than the display area. This circuit
also generates timing signals for the operation of
the externally connected HD44100 driver.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
16 common signal drivers and 40 segment signal
drivers. When the character font and number of
lines are selected by a program, the required
common signal drivers automatically output drive
waveforms, while the other common signal drivers
continue to output non-selection waveforms.

The segment signal driver has essentially the same
configuration as the HD44100 driver. Character
pattern data is sent serially through a 40-bit shift
register and latched when all needed data has 

arrived. The latched data then enables the driver to
generate drive waveform outputs. The serial data
can be sent to externally cascaded HD44100s used
for displaying extended digit numbers.

Sending serial data always starts at the display data
character pattern corresponding to the last address
of the display data RAM (DD RAM).

Since serial data is latched when the display data
character pattern corresponding to the starting
address enters the internal shift register, the
HD44780U drives from the head display. The rest
of the display, corresponding to latter addresses,
are added with each additional HD44100.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the
cursor or character blinking. The cursor or the
blinking will appear with the digit located at the
display data RAM (DD RAM) address set in the
address counter (AC).

For example (figure 11), when the address counter
is 08H, the cursor position is displayed at DD
RAM address 08H.

Figure 11   Cursor/Blink Display Example
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Interfacing to the MPU

The HD44780U can send data in either two 4-bit
operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs.

• For 4-bit interface data, only four bus lines (DB4
to DB7) are used for transfer. Bus lines DB0 to
DB3 are disabled. The data transfer between the
HD44780U and the MPU is completed after the
4-bit data has been transferred twice. As for the
order of data transfer, the four high order bits
(for 8-bit operation, DB4 to DB7) are transferred

before the four low order bits (for 8-bit opera-
tion, DB0 to DB3).

The busy flag must be checked (one instruction)
after the 4-bit data has been transferred twice.
Two more 4-bit operations then transfer the busy
flag and address counter data.

• For 8-bit interface data, all eight bus lines (DB0
to DB7) are used.

Figure 12   4-Bit Transfer Example
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes
the HD44780U when the power is turned on. The
following instructions are executed during the
initialization. The busy flag (BF) is kept in the
busy state until the initialization ends (BF = 1).
The busy state lasts for 10 ms after VCC rises to
4.5 V.

1. Display clear

2. Function set:

DL = 1; 8-bit interface data

N = 0; 1-line display

F = 0; 5 × 8 dot character font

3. Display on/off control:

D = 0; Display off

C = 0; Cursor off

B = 0; Blinking off

4. Entry mode set:

I/D = 1; Increment by 1

S = 0; No shift

Note: If the electrical characteristics conditions
listed under the table Power Supply
Conditions Using Internal Reset Circuit are
not met, the internal reset circuit will not
operate normally and will fail to initialize
the HD44780U. For such a case, initial-
ization must be performed by the MPU as
explained in the section, Initializing by
Instruction.

Instructions

Outline

Only the instruction register (IR) and the data
register (DR) of the HD44780U can be controlled
by the MPU. Before starting the internal operation
of the HD44780U, control information is temporar-
ily stored into these registers to allow interfacing
with various MPUs, which operate at different
speeds, or various peripheral control devices. The
internal operation of the HD44780U is determined
by signals sent from the MPU. These signals,
which include register selection signal (RS), read/
write signal (R/W), and the data bus (DB0 to DB7),
make up the HD44780U instructions (table 6).
There are four categories of instructions that:

• Designate HD44780U functions, such as display
format, data length, etc.

• Set internal RAM addresses
• Perform data transfer with internal RAM
• Perform miscellaneous functions

Normally, instructions that perform data transfer
with internal RAM are used the most. However, 
auto-incrementation by 1 (or auto-decrementation

by 1) of internal HD44780U RAM addresses after
each data write can lighten the program load of the
MPU. Since the display shift instruction (table 11)
can perform concurrently with display data write,
the user can minimize system development time
with maximum programming efficiency. 

When an instruction is being executed for internal
operation, no instruction other than the busy
flag/address read instruction can be executed.

Because the busy flag is set to 1 while an instruc-
tion is being executed, check it to make sure it is 0
before sending another instruction from the MPU.

Note: Be sure the HD44780U is not in the busy
state (BF = 0) before sending an instruction
from the MPU to the HD44780U. If an
instruction is sent without checking the
busy flag, the time between the first
instruction and next instruction will take
much longer than the instruction time itself.
Refer to table 6 for the list of each instruc-
tion execution time.



Table 6 Instructions

Execution Time 
Code (max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and 1.52 ms
display sets DD RAM address 0 in 

address counter.

Return 0 0 0 0 0 0 0 0 1 — Sets DD RAM address 0 in 1.52 ms
home address counter. Also 

returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged.

Entry 0 0 0 0 0 0 0 1 I/D S Sets cursor move direction 37 µs
mode set and specifies display shift. 

These operations are 
performed during data 
write and read.

Display 0 0 0 0 0 0 1 D C B Sets entire display (D) 37 µs
on/off on/off, cursor on/off (C), 
control and blinking of cursor 

position character (B).

Cursor or 0 0 0 0 0 1 S/C R/L — — Moves cursor and shifts 37 µs
display display without changing 
shift DD RAM contents.

Function 0 0 0 0 1 DL N F — — Sets interface data length 37 µs
set (DL), number of display 

lines (N), and character 
font (F).

Set CG 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CG RAM address. 37 µs
RAM CG RAM data is sent and 
address received after this setting.

Set DD 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DD RAM address. 37 µs
RAM DD RAM data is sent and 
address received after this setting.

Read busy 0 1 BF AC AC AC AC AC AC AC Reads busy flag (BF) 0 µs
flag & indicating internal operation 
address is being performed and 

reads address counter 
contents.

HD44780U
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Table 6 Instructions (cont)

Execution Time 
Code (max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Write data 1 0 Write data Writes data into DD RAM 37 µs
to CG or or CG RAM. tADD = 4 µs*
DD RAM

Read data 1 1 Read data Reads data from DD RAM 37 µs
from CG or or CG RAM. tADD = 4 µs*
DD RAM

I/D = 1: Increment DD RAM: Display data Execution time
I/D = 0: Decrement RAM changes when 
S = 1: Accompanies display shift CG RAM: Character frequency changes
S/C = 1: Display shift generator RAM Example:
S/C = 0: Cursor move ACG: CG RAM address When fcp or fOSC
R/L = 1: Shift to the right ADD: DD RAM address is 250 kHz, 
R/L = 0: Shift to the left (corresponds to 
DL = 1: 8 bits, DL = 0:  4 bits cursor address) 37 µs ×

270
= 40 µs

N = 1: 2 lines, N = 0:  1 line AC: Address counter 250

F = 1: 5 × 10 dots, F = 0:  5 × 8 dots used for both DD and 
BF = 1: Internally operating CG RAM addresses
BF = 0: Instructions acceptable

Note: —  indicates no effect.
* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter

is incremented or decremented by 1. The RAM address counter is updated after the busy flag
turns off. In figure 13, tADD is the time elapsed after the busy flag turns off until the address counter
is updated.

Figure 13   Address Counter Update

Busy stateBusy signal
(DB   pin)

Address counter
(DB   to DB   pins)
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0 6

t ADD

A A + 1

Note: t        depends on the operation frequency
t        = 1.5/(f    or f       ) seconds

ADD

ADD cp OSC
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Instruction Description

Clear Display

Clear display writes space code 20H (character
pattern for character code 20H must be a blank
pattern) into all DD RAM addresses. It then sets
DD RAM address 0 into the address counter, and
returns the display to its original status if it was
shifted. In other words, the display disappears and
the cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). It
also sets I/D to 1 (increment mode) in entry mode.
S of entry mode does not change.

Return Home

Return home sets DD RAM address 0 into the
address counter, and returns the display to its
original status if it was shifted. The DD RAM
contents do not change.

The cursor or blinking go to the left edge of the
display (in the first line if 2 lines are displayed).

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code
is written into or read from DD RAM.

The cursor or blinking moves to the right when
incremented by 1 and to the left when decremented
by 1. The same applies to writing and reading of
CG RAM.

S: Shifts the entire display either to the right (I/D =
0) or to the left (I/D = 1) when S is 1. The display
does not shift if S is 0.

If S is 1, it will seem as if the cursor does not move
but the display does. The display does not shift
when reading from DD RAM. Also, writing into or
reading out from CG RAM does not shift the
display.

Display On/Off Control

D: The display is on when D is 1 and off when D
is 0. When off, the display data remains in DD

RAM, but can be displayed instantly by setting D
to 1.

C: The cursor is displayed when C is 1 and not
displayed when C is 0. Even if the cursor dis-
appears, the function of I/D or other specifications
will not change during display data write. The
cursor is displayed using 5 dots in the 8th line for 5
× 8 dot character font selection and in the 11th line
for the 5 × 10 dot character font selection (figure
16).

B: The character indicated by the cursor blinks
when B is 1 (figure 16). The blinking is displayed
as switching between all blank dots and displayed
characters at a speed of 409.6-ms intervals when
fcp or fOSC is 250 kHz. The cursor and blinking
can be set to display simultaneously. (The blinking
frequency changes according to fOSC or the
reciprocal of fcp. For example, when fcp is 
270 kHz, 409.6 × 250/270 = 379.2 ms.)

Cursor or Display Shift

Cursor or display shift shifts the cursor position or
display to the right or left without writing or
reading display data (table 7). This function is used
to correct or search the display. In a 2-line display,
the cursor moves to the second line when it passes
the 40th digit of the first line. Note that the first
and second line displays will shift at the same time.

When the displayed data is shifted repeatedly each
line moves only horizontally. The second line
display does not shift into the first line position.

The address counter (AC) contents will not change
if the only action performed is a display shift.

Function Set

DL: Sets the interface data length. Data is sent or
received in 8-bit lengths (DB7 to DB0) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when
DL is 0.

When 4-bit length is selected, data must be sent or
received twice.
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N: Sets the number of display lines.

F: Sets the character font.

Note: Perform the function at the head of the
program before executing any instructions
(except for the read busy flag and address
instruction). From this point, the function
set instruction cannot be executed unless the
interface data length is changed.

Set CG RAM Address

Set CG RAM address sets the CG RAM address
binary AAAAAA into the address counter.

Data is then written to or read from the MPU for
CG RAM.

Figure 14

Figure 15
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Set DD RAM Address

Set DD RAM address sets the DD RAM address
binary AAAAAAA into the address counter.

Data is then written to or read from the MPU for
DD RAM.

However, when N is 0 (1-line display),
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H
for the first line, and 40H to 67H for the second
line.

Read Busy Flag and Address

Read busy flag and address reads the busy flag
(BF) indicating that the system is now internally
operating on a previously received instruction. If
BF is 1, the internal operation is in progress. The
next instruction will not be accepted until BF is
reset to 0. Check the BF status before the next
write operation. At the same time, the value of the
address counter in binary AAAAAAA is read out.
This address counter is used by both CG and DD
RAM addresses, and its value is determined by the
previous instruction. The address contents are the
same as for instructions set CG RAM address and
set DD RAM address.

Table 7 Shift Function

S/C R/L

0 0 Shifts the cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor position to the right. (AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.

Table 8 Function Set

No. of 
Display Character Duty 

N F Lines Font Factor Remarks

0 0 1 5 × 8 dots 1/8

0 1 1 5 × 10 dots 1/11

1 * 2 5 × 8 dots 1/16 Cannot display two lines for 5 × 10 dot character font

Note: * Indicates don’t care.



Figure 16   Cursor and Blinking

Figure 17

236

HD44780U

Cursor

5    8 dot
character font

5    10 dot
character font

× × Alternating display

Blink display exampleCursor display example

RS

0

R/W

0

DB  

1

DB  

A

DB  

A

DB  

A

DB  

ACode

DB  

A

DB  

A

DB  

A

7 0

Higher
order bit

Lower
order bit

RS

0

R/W

1

DB  

BF

DB  

A

DB  

A

DB  

A

DB  

ACode

DB  

A

DB  

A

DB  

A

7 0

Higher
order bit

Lower
order bit

6 5 4 3 2 1

6 5 4 3 2 1

Set DD
RAM address

Read busy flag
and address



HD44780U

237

Write Data to CG or DD RAM

Write data to CG or DD RAM writes 8-bit binary
data DDDDDDDD to CG or DD RAM.

To write into CG or DD RAM is determined by the
previous specification of the CG RAM or DD
RAM address setting. After a write, the address is
automatically incremented or decremented by 1
according to the entry mode. The entry mode also
determines the display shift.

Read Data from CG or DD RAM

Read data from CG or DD RAM reads 8-bit binary
data DDDDDDDD from CG or DD RAM.

The previous designation determines whether CG
or DD RAM is to be read. Before entering this read
instruction, either CG RAM or DD RAM address
set instruction must be executed. If not executed,
the first read data will be invalid. When serially
executing read instructions, the next address data is
normally read from the second read. The address

set instructions need not be executed just before
this read instruction when shifting the cursor by the
cursor shift instruction (when reading out DD
RAM). The operation of the cursor shift instruction
is the same as the set DD RAM address instruction.

After a read, the entry mode automatically increas-
es or decreases the address by 1. However, display
shift is not executed regardless of the entry mode.

Note: The address counter (AC) is automatically
incremented or decremented by 1 after the
write instructions to CG RAM or DD RAM
are executed. The RAM data selected by the
AC cannot be read out at this time even if
read instructions are executed. Therefore, to
correctly read data, execute either the ad-
dress set instruction or cursor shift instruc-
tion (only with DD RAM), then just before
reading the desired data, execute the read
instruction from the second time the read
instruction is sent.

Figure 18
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Interfacing the HD44780U

Interface to MPUs

• Interfacing to an 8-bit MPU through a PIA

See figure 20 for an example of using a PIA or
I/O port (for a single-chip microcomputer) as an
interface device. The input and output of the
device is TTL compatible.

In this example, PB0 to PB7 are connected to the
data bus DB0 to DB7, and PA0 to PA2 are
connected to E, R/W, and RS, respectively.

Pay careful attention to the timing relationship
between E and the other signals when reading or
writing data using a PIA for the interface.

Figure 19   Example of Busy Flag Check Timing Sequence

Figure 20   Example of Interface to HD68B00 Using PIA (HD68B21/HD63B21)
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Figure 21   8-Bit MPU Interface

Figure 22   H8/325 Interface (Single-Chip Mode)

Figure 23   HD6301 Interface
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• Interfacing to a 4-bit MPU

The HD44780U can be connected to the I/O port
of a 4-bit MPU. If the I/O port has enough bits,
8-bit data can be transferred. Otherwise, one
data transfer must be made in two operations for
4-bit data. In this case, the timing sequence
becomes somewhat complex. (See figure 24.)

See figure 25 for an interface example to the
HMCS4019R.

Note that two cycles are needed for the busy flag
check as well as for the data transfer. The 4-bit
operation is selected by the program.

Figure 24   Example of 4-Bit Data Transfer Timing Sequence

Figure 25   Example of Interface to HMCS4019R

����
���

RS

R/W

E

Internal
operation

DB 7 IR  IR  Busy AC  
Not

busy AC  D  D  

Instruction
write

Busy flag
check

Busy flag
check

Instruction
write

Note: IR  , IR   are the 7th and 3rd bits of the instruction.
AC   is the 3rd bit of the address counter.

Functioning

��
7 3 3 3 7 3

7 3

3

D   

D   

D   



R    to R   

15

14

13

1310

RS

R/W

E



DB  to DB4 7

COM   to
COM    

SEG   to
SEG     

4 40

16

LCD

HMCS4019R HD44780

1

16

1

40



HD44780U

241

Interface to Liquid Crystal Display

Character Font and Number of Lines: The
HD44780U can perform two types of displays, 5 ×
8 dot and 5 × 10 dot character fonts, each with a
cursor.

Up to two lines are displayed for 5 × 8 dots and
one line for 5 × 10 dots. Therefore, a total of three 

types of common signals are available (table 9).

The number of lines and font types can be selected
by the program. (See table 6, Instructions.)

Connection to HD44780 and Liquid Crystal
Display: See figure 26 for the connection
examples.

Table 9 Common Signals

Number of Lines Character Font Number of Common Signals Duty Factor

1 5 × 8 dots + cursor 8 1/8

1 5 × 10 dots + cursor 11 1/11

2 5 × 8 dots + cursor 16 1/16

Figure 26   Liquid Crystal Display and HD44780 Connections
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Since five segment signal lines can display one
digit, one HD44780U can display up to 8 digits for
a 1-line display and 16 digits for a 2-line display.

The examples in figure 26 have unused common
signal pins, which always output non-selection

waveforms. When the liquid crystal display panel
has unused extra scanning lines, connect the extra
scanning lines to these common signal pins to
avoid any undesirable effects due to crosstalk
during the floating state (figure 27).

Figure 26   Liquid Crystal Display and HD44780 Connections (cont)

Figure 27   Using COM9 to Avoid Crosstalk on Unneeded Scanning Line
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Connection of Changed Matrix Layout: In the
preceding examples, the number of lines cor-
respond to the scanning lines. However, the
following display examples (figure 28) are made
possible by altering the matrix layout of the liquid
crystal display panel. In either case, the only

change is the layout. The display characteristics
and the number of liquid crystal display characters
depend on the number of common signals or on
duty factor. Note that the display data RAM (DD
RAM) addresses for 4 characters × 2 lines and for
16 characters × 1 line are the same as in figure 26.

Figure 28   Changed Matrix Layout Displays
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Power Supply for Liquid Crystal
Display Drive

Various voltage levels must be applied to pins V1
to V5 of the HD44780U to obtain the liquid crystal
display drive waveforms. The voltages must be
changed according to the duty factor (table 10).

VLCD is the peak value for the liquid crystal
display drive waveforms, and resistance dividing
provides voltages V1 to V5 (figure 29).

Table 10 Duty Factor and Power Supply for Liquid Crystal Display Drive

Duty Factor

1/8, 1/11 1/16

Bias

Power Supply 1/4 1/5

V1 VCC–1/4 VLCD VCC–1/5 VLCD

V2 VCC–1/2 VLCD VCC–2/5 VLCD

V3 VCC–1/2 VLCD VCC–3/5 VLCD

V4 VCC–3/4 VLCD VCC–4/5 VLCD

V5 VCC–VLCD VCC–VLCD

Figure 29   Drive Voltage Supply Example
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Relationship between Oscillation
Frequency and Liquid Crystal Display
Frame Frequency

The liquid crystal display frame frequencies of
figure 30 apply only when the oscillation fre-

quency is 270 kHz (one clock pulse of 3.7 µs).

Figure 30   Frame Frequency
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Connection with HD44100 Driver

By externally connecting an HD44100 liquid
crystal display driver to the HD44780U, the
number of display digits can be increased. The
HD44100 is used as a segment signal driver when
connected to the HD44780U. The HD44100 can be
directly connected to the HD44780U since it
supplies CL1, CL2, M, and D signals and power for
the liquid crystal display drive (figure 31).

Caution:  The connection of voltage supply pins
V1 through V6 for the liquid crystal
display drive is somewhat complicated. 

Up to nine HD44100 units can be connected for a
1-line display (duty factor 1/8 or 1/11) and up to
four units for a 2-line display (duty factor 1/16).
The RAM size limits the HD44780U to a
maximum of 80 character display digits. The
connection method for both 1-line and 2-line
displays or for 5 × 8 and 5 × 10 dot character fonts
can remain the same (figure 26).

Figure 31   Example of Connecting HD44100s to HD44780
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Instruction and Display Correspondence

• 8-bit operation, 8-digit × 1-line display with
internal reset

Refer to table 11 for an example of an 8-digit
× 1-line display in 8-bit operation. The
HD44780U functions must be set by the
function set instruction prior to the display.
Since the display data RAM can store data for
80 characters, as explained before, the RAM can
be used for displays such as for advertising
when combined with the display shift operation.

Since the display shift operation changes only
the display position with DD RAM contents
unchanged, the first display data entered into
DD RAM can be output when the return home
operation is performed.

• 4-bit operation, 8-digit × 1-line display with
internal reset

The program must set all functions prior to the
4-bit operation (table 12). When the power is
turned on, 8-bit operation is automatically
selected and the first write is performed as an
8-bit operation. Since DB0 to DB3 are not con-
nected, a rewrite is then required. However,
since one operation is completed in two accesses
for 4-bit operation, a rewrite is needed to set the
functions (see table 12). Thus, DB4 to DB7 of
the function set instruction is written twice.

• 8-bit operation, 8-digit × 2-line display

For a 2-line display, the cursor automatically
moves from the first to the second line after the
40th digit of the first line has been written. Thus,
if there are only 8 characters in the first line, the
DD RAM address must be again set after the 8th
character is completed. (See table 13.) Note that
the display shift operation is performed for the
first and second lines. In the example of table
13, the display shift is performed when the
cursor is on the second line.  However, if the
shift operation is performed when the cursor is
on the first line, both the first and second lines
move together. If the shift is repeated, the
display of the second line will not move to the
first line. The same display will only shift within
its own line for the number of times the shift is
repeated.

Note: When using the internal reset, the electrical
characteristics in the Power Supply Condi-
tions Using Internal Reset Circuit table
must be satisfied. If not, the HD44780U
must be initialized by instructions.  See the
section, Initializing by Instruction.



Table 11 8-Bit Operation, 8-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

1 Power supply on (the HD44780U is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 0 0 * * selects 1-line display and 5 × 8

dot character font. (Number of 
display lines and character 
fonts cannot be changed after 
step #2.)

3 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. 
The cursor is incremented by 
one and shifted to the right.

6 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

7 · ·
· ·
· ·
· ·
· ·

8 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

9 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

10 Write data to CG RAM/DD RAM Writes a space.
1 0 0 0 1 0 0 0 0 0
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Table 11 8-Bit Operation, 8-Digit × 1-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

11 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

12 · ·
· ·
· ·
· ·
· ·

13 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

14 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

15 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

16 Write data to CG RAM/DD RAM Writes C over K.
1 0 0 1 0 0 0 0 1 1 The display moves to the left.

17 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 1 1 * * position to the right.

18 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 0 1 * * position to the right.

19 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

20 · ·
· ·
· ·
· ·
· ·

21 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 12 4-Bit Operation, 8-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 Display Operation

1 Power supply on (the HD44780U is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 4-bit operation.
0 0 0 0 1 0 In this case, operation is 

handled as 8 bits by initializa-
tion, and only this instruction 
completes with one write.

3 Function set Sets 4-bit operation and selects 
0 0 0 0 1 0 1-line display and 5 × 8 dot 
0 0 0 0 * * character font. 4-bit operation 

starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.)

4 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 Entire display is in space mode 
0 0 1 1 1 0 because of initialization.

5 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 address by one and to shift the 
0 0 0 1 1 0 cursor to the right at the time of 

write to the DD/CG RAM. 
Display is not shifted.

6 Write data to CG RAM/DD RAM Writes H.
1 0 0 1 0 0 The cursor is incremented by 
1 0 1 0 0 0 one and shifts to the right.

Note: The control is the same as for 8-bit operation beyond step #6.
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Table 13 8-Bit Operation, 8-Digit × 2-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

1 Power supply on (the HD44780U is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 1 0 * * selects 2-line display and 

5 × 8 dot character font.

3 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 1 1 1 0 All display is in space mode

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the

cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right.

6 · ·
· ·
· ·
· ·
· ·

7 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

8 Set DD RAM address Sets DD RAM address so that 
0 0 1 1 0 0 0 0 0 0 the cursor is positioned at the 

head of the second line.
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Table 13 8-Bit Operation, 8-Digit × 2-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

9 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

10 · ·
· ·
· ·
· ·
· ·

11 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

13 Write data to CG RAM/DD RAM Writes M. Display is shifted to
1 0 0 1 0 0 1 1 0 1 the left. The first and second 

lines both shift at the same time.

14 · ·
· ·
· ·
· ·
· ·

15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Initializing by Instruction

If the power supply conditions for correctly operat-
ing the internal reset circuit are not met, initializa-
tion by instructions becomes necessary. 

Refer to figures 32 and 33 for the procedures on
8-bit and 4-bit initializations, respectively.

Figure 32   8-Bit Interface
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Function set  (Interface is 8 bits long.)
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Function set  (Interface is 8 bits long.)

BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time.  (See table 6.)

Function set  (Interface is 8 bits long.  Specify the 
number of display lines and character font.)
The number of display lines and character font
cannot be changed after this point.

Display off

Display clear

Entry mode set

Wait for more than 40 ms
after V     rises to 2.7 VCCCC



Figure 33   4-Bit Interface
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BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time.  (See table 6.)

Function set  (Set interface to be 4 bits long.)
Interface is 8 bits in length.

Display off

Display clear

Entry mode set

Function set  (Interface is 4 bits long.  Specify the 
number of display lines and character font.)
The number of display lines and character font
cannot be changed after this point.

Power on



Absolute Maximum Ratings*

Item Symbol Value Unit Notes

Power supply voltage (1) VCC–GND –0.3 to +7.0 V 1

Power supply voltage (2) VCC–V5 –0.3 to +13.0 V 1, 2

Input voltage Vt –0.3 to VCC +0.3 V 1

Operating temperature Topr –20 to +75 °C 3

Storage temperature Tstg –55 to +125 °C 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability.
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DC Characteristics (VCC = 2.7 to 4.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 0.7VCC — VCC V 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.55 V 6
(except OSC1)

Input high voltage (2) VIH2 0.7VCC — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 15
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 7
(DB0–DB7)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 7
(DB0–DB7)

Output high voltage (2) VOH2 0.8VCC — — V –IOH = 0.04 mA 8
(except DB0–DB7)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.04 mA 8
(except DB0–DB7)

Driver on resistance RCOM — — 20 kΩ ±Id = 0.05 mA, 13
(COM) VLCD = 4 V

Driver on resistance RSEG — — 30 kΩ ±Id = 0.05 mA, 13
(SEG) VLCD = 4 V

Input leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 10 50 120 µA VCC = 3 V
(DB0–DB7, RS, R/W)

Power supply current ICC — 0.15 0.30 mA Rf oscillation, 10, 14
external clock
VCC = 3 V, 
fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 11.0 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 11.0 V VCC–V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (VCC = 2.7 to 4.5 V, Ta = –20 to +75°C*3)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Note*

External External clock frequency fcp 125 250 350 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time tfcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 190 270 350 kHz Rf = 75 kΩ, 12
oscillation VCC = 3 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 34

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 35

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data delay time tDDR — — 360

Data hold time tDHR 5 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 36

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 200

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 37

Power supply off time tOFF 1 — —
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DC Characteristics (VCC = 4.5 to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 2.2 — VCC V 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.6 V 6
(except OSC1)

Input high voltage (2) VIH2 VCC–1.0 — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 1.0 V 15
(OSC1)

Output high voltage (1) VOH1 2.4 — — V –IOH = 0.205 mA 7
(DB0–DB7)

Output low voltage (1) VOL1 — — 0.4 V IOL = 1.2 mA 7
(DB0–DB7)

Output high voltage (2) VOH2 0.9 VCC — — V –IOH = 0.04 mA 8
(except DB0–DB7)

Output low voltage (2) VOL2 — — 0.1 VCC V IOL = 0.04 mA 8
(except DB0–DB7)

Driver on resistance RCOM — — 20 kΩ ±Id = 0.05 mA, 13
(COM) VLCD = 4 V

Driver on resistance RSEG — — 30 kΩ ±Id = 0.05 mA, 13
(SEG) VLCD = 4 V

Input leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 50 125 250 µA VCC = 5 V
(DB0–DB7, RS, R/W)

Power supply current ICC — 0.35 0.60 mA Rf oscillation, 10, 14
external clock
VCC = 5 V, 
fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 11.0 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 11.0 V VCC–V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (VCC = 4.5 to 5.5 V, Ta = –20 to +75°C*3)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 125 250 350 kHz 11
clock External clock duty Duty 45 50 55 % 11
operation

External clock rise time trcp — — 0.2 µs 11

External clock fall time tfcp — — 0.2 µs 11

Rf Clock oscillation frequency fOSC 190 270 350 kHz Rf = 91 kΩ 12
oscillation VCC = 5.0 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 34

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data set-up time tDSW 80 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 35

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data delay time tDDR — — 160

Data hold time tDHR 5 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 36

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 100

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 37

Power supply off time tOFF 1 — —
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Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V.

2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained.
3. For die products, specified up to 75°C.
4. For die products, specified by the die shipment specification.
5. The following four circuits are I/O pin configurations except for liquid crystal display output.
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A    1.5 V
B    0.25    A

CC
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5

1

×



    ≥
    ≤

The conditions of V   and V   voltages are for proper
operation of the LSI and not for the LCD output level.
The LCD drive voltage condition for the LCD output
level is specified as LCD voltage V      . 

1 5

LCD

A =
B =

V    –V
V    –V  

V  

V  

VCC

PMOS

NMOS

VCC VCC

PMOS

NMOS

(pull up MOS)

PMOS

VCC

PMOS

NMOS

VCC

NMOS

NMOS

VCC

PMOS

NMOS

(output circuit)
(tristate)

Output enable 
Data 

(pull-up MOS)

I/O Pin
Pins:  DB  –DB
(MOS with pull-up)

0 7

Input pin
Pin:  E (MOS without pull-up)


Pins:  RS, R/W (MOS with pull-up)

Output pin
Pins:  CL  , CL  , M, D1 2

VCC

(input circuit)

PMOSPMOS

Input enable



6. Applies to input pins and I/O pins, excluding the OSC1 pin.
7. Applies to I/O pins.
8. Applies to output pins.
9. Current flowing through pull–up MOSs, excluding output drive MOSs.
10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.

11. Applies only to external clock operation.

12. Applies only to the internal oscillator operation using oscillation resistor Rf.
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OSC   pin capacitance, the wiring length to these pins should be minimized.
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13. RCOM is the resistance between the power supply pins (VCC, V1, V4, V5) and each common 
signal pin (COM1 to COM16).
RSEG is the resistance between the power supply pins (VCC, V2, V3, V5) and each segment signal pin
(SEG1 to SEG40).

14. The following graphs show the relationship between operation frequency and current consumption.

15. Applies to the OSC1 pin.
16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5) when

there is no load.
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Load Circuits

Data Bus DB0 to DB7

External Driver Control Signals: CL1, CL2, D, M
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For V     = 4.5 to 5.5 VCC

Test
point

90 pF 11 kΩ

V     = 5 VCC

3.9 kΩ

IS2074
diodes


H

For V     = 2.7 to 4.5 VCC
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50 pF
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point

30 pF



Timing Characteristics

Figure 34   Write Operation

Figure 35   Read Operation
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Note: * VOL1 is assumed to be 0.8 V at 2 MHz operation.  



Figure 36   Interface Timing with External Driver

Figure 37   Internal Power Supply Reset
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Notes: 1.

2.
3.

tOFF compensates for the power oscillation period caused by momentary power supply 
oscillations.
Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation.
For if 4.5 V is not reached during 5-V operation, the internal reset circuit will not operate 
normally. 
In this case, the LSI must be initialized by software.  (Refer to the Initializing by 
Instruction section.)




HD66702 (LCD-II/E20)
(Dot Matrix Liquid Crystal Display Controller/Driver)

Description

The HD66702 LCD-II/E20 dot-matrix liquid crystal
display controller and driver LSI displays alphanu-
merics, Japanese kana characters, and symbols. It
can be configured to drive a dot-matrix liquid
crystal display under the control of a 4- or 8-bit
microprocessor. Since all the functions required for
driving a dot-matrix liquid crystal display are
internally provided on one chip, a minimal system
can be interfaced with this controller/driver.

A single LCD-II/E20 can display up to two 20-
character lines. However, with the addition of
HD44100 drivers, a maximum of up to two 40-
character lines can be displayed.

The low 3-V power supply of the LCD-II/E20 under
development is suitable for any portable battery-
driven product requiring low power dissipation.

Features

• 5 × 7 and 5 × 10 dot matrix possible
• 80 × 8-bit display RAM (80 characters max.)
• 7,200-bit character generator ROM

— 160 character fonts (5 × 7 dot)

— 32 character fonts (5 × 10 dot)

• 64 × 8-bit character generator RAM
— 8 character fonts (5 × 7 dot)

— 4 character fonts (5 × 10 dot)

• 16-common × 100-segment liquid crystal display
driver

• Programmable duty cycles
— 1/8 for one line of 5 × 7 dots with cursor

— 1/11 for one line of 5 × 10 dots with cursor

— 1/16 for two lines of 5 × 7 dots with cursor

• Maximum display characters
— One line

1/8 duty cycle, 20-char. × 1-line (no exten-
sion), 28-char. × 1-line (extended with one
HD44100R), 80-char. × 1-line (max. exten-
sion with eight HD44100s). 1/11 duty cycle,
20-char. × 1-line (no extension), 28-char. ×
1-line (extended with one HD44100R), 80-
char. × 1-line (max. extension with eight
HD44100Rs)

— Two lines

1/16 duty cycle, 20-char. × 2-line (no exten-
sion), 28-char. × 2-line (extended with one
HD44100R), 40-char. × 2-line (max. exten-
sion with eight HD44100Rs)

• Wide range of instruction functions
— Display clear, cursor home, display on/off,

cursor on/off, display character blink, cursor
shift, display shift

• Choice of power supply (VCC): 4.5 to 5.5 V
(standard), 2.7 to 5.5 V (low voltage)

• Automatic reset circuit that initializes the
controller/driver after power on (standard ver-
sion only)

• Independent LCD drive voltage driven off of the
logic power supply (VCC): 3.0 to 8.3 V



Ordering Information

Type No. Package Operating Voltage ROM Font

HCD66702RA00L Chip 2.7 to 5.5 V Standard Japanese

HD66702RA00F 144-pin plastic QFP (FP-144A) 4.5 to 5.5 V font

HD66702RA00FL 144-pin plastic QFP (FP-144A) 2.7 to 5.5 V

HD66702RA01F 144-pin plastic QFP (FP-144A) 4.5 to 5.5 V Japanese font for
comunication system

HD66702RA02F 144-pin plastic QFP (FP-144A) 4.5 to 5.5 V European font

HCD66702RBxxL Chip 2.7 to 5.5 V Custom font

HD66702RBxxF 144-pin plastic QFP (FP-144A) 4.5 to 5.5 V

HD66702RBxxFL 144-pin plastic QFP (FP-144A) 2.7 to 5.5 V

Note: xx:  ROM code No.

HD66702
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LCD-II Family Comparison

Item LCD-II (HD44780U) LCD-II/E20 (HD66702)

Power supply voltage 2.7 to 5.5 V 5 V ±10% (standard)
2.7 to 5.5 V (low voltage)

Liquid crystal drive 1/4 bias 3.0 to 11 V 3.0 to 8.3 V
voltage VLCD 1/5 bias 3.0 to 11 V 3.0 to 8.3 V

Maximum display 16 digits 40 digits
digits per chip (8 digits × 2 lines) (20 digits × 2 lines)

Display duty cycle 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16

CGROM 9,600 bits 7,200 bits
(208 character fonts (160 character fonts for 
for 5 × 8 dot and 5 × 7 dot and 
32 character fonts 32 character fonts for 
for 5 × 10 dot) 5 × 10 dot)

CGRAM 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes

Segment signals 40 100

Common signals 16 16

Liquid crystal drive waveform A B

Ladder resistor for LCD External External
power supply

Clock source External resistor External resistor or external
or external clock clock

Rf oscillation frequency 270 kHz ±30% 320 kHz ±30%
(frame frequency) (59 to 110 Hz for 1/8 and (69 to 128 Hz for 1/8 and 

1/16 duty cycles; 43 to 80 Hz 1/16 duty cycles; 50 to 93 Hz 
for 1/11 duty cycle) for 1/11 duty cycle)

Rf resistance 91 kΩ ±2% (5 V) 68 kΩ ±2% (5 V)
75 kΩ ±2% (3 V) 56 kΩ ±2% (3 V)

Instructions Fully compatible within the LCD-II family

CPU bus timing 1 MHz 1 MHz

Package FP-80B, TFP-80, and 80-pin 144-pin bare chip (no package) 
bare chip (no package) and FP-144A
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LCD-II/E20 Block Diagram
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LCD-II/E20 Pad Arrangement
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HCD66702 Pad Location Coordinates

Pad Pad
No. Name X (µm) Y (µm)

1 SEG34 –2475 2350

2 SEG33 –2475 2205

3 SEG32 –2475 2065

4 SEG31 –2475 1925

5 SEG30 –2475 1790

6 SEG29 –2475 1655

7 SEG28 –2475 1525

8 SEG27 –2475 1395

9 SEG26 –2475 1265

10 SEG25 –2475 1135

11 SEG24 –2475 1005

12 SEG23 –2475 875

13 SEG22 –2475 745

14 SEG21 –2475 615

15 SEG20 –2475 485

16 SEG19 –2475 355

17 SEG18 –2475 225

18 SEG17 –2475 95

19 SEG16 –2475 –35

20 SEG15 –2475 –165

21 SEG14 –2475 –295

22 SEG13 –2475 –425

23 SEG12 –2475 –555

24 SEG11 –2475 –685

25 SEG10 –2475 –815

26 SEG9 –2475 –945

27 SEG8 –2475 –1075

28 SEG7 –2475 –1205

29 SEG6 –2475 –1335

30 SEG5 –2475 –1465

Pad Pad
No. Name X (µm) Y (µm)

31 SEG4 –2475 –1600

32 SEG3 –2475 –1735

33 SEG2 –2475 –1870

34 SEG1 –2475 –2010

35 GND –2475 –2180

36 OSC2 –2475 –2325

37 OSC1 –2445 –2475

38 VCC –2305 –2475

39 VCC –2165 –2475

40 V1 –2025 –2475

41 V2 –1875 –2475

42 V3 –1745 –2475

43 V4 –1595 –2475

44 V5 –1465 –2475

45 CL1 –1335 –2475

46 CL2 –1185 –2475

47 M –1055 –2475

48 D –905 –2475

49 EXT –775 –2475

50 TEST –625 –2475

51 GND –495 –2475

52 RS –345 –2475

53 R/W –195 –2475

54 E –45 –2475

55 DB0 85 –2475

56 DB1 235 –2475

57 DB2 365 –2475

58 DB3 515 –2475

59 DB4 645 –2475

60 DB5 795 –2475
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Pad Pad
No. Name X (µm) Y (µm)

61 DB6 925 –2475

62 DB7 1075 –2475

63 COM1 1205 –2475

64 COM2 1335 –2475

65 COM3 1465 –2475

66 COM4 1595 –2475

67 COM5 1725 –2475

68 COM6 1855 –2475

69 COM7 1990 –2475

70 COM8 2125 –2475

71 COM9 2265 –2475

72 COM10 2410 –2475

73 COM11 2475 –2290

74 COM12 2475 –2145

75 COM13 2475 –2005

76 COM14 2475 –1865

77 COM15 2475 –1730

78 COM16 2475 –1595

79 SEG100 2475 –1465

80 SEG99 2475 –1335

81 SEG98 2475 –1205

82 SEG97 2475 –1075

83 SEG96 2475 –945

84 SEG95 2475 –815

85 SEG94 2475 –685

86 SEG93 2475 –555

87 SEG92 2475 –425

88 SEG91 2475 –295

89 SEG90 2475 –165

90 SEG89 2475 –35

Pad Pad
No. Name X (µm) Y (µm)

91 SEG88 2475 95

92 SEG87 2475 225

93 SEG86 2475 355

94 SEG85 2475 485

95 SEG84 2475 615

96 SEG83 2475 745

97 SEG82 2475 875

98 SEG81 2475 1005

99 SEG80 2475 1135

100 SEG79 2475 1265

101 SEG78 2475 1395

102 SEG77 2475 1525

103 SEG76 2475 1655

104 SEG75 2475 1790

105 SEG74 2475 1925

106 SEG73 2475 2065

107 SEG72 2475 2205

108 SEG71 2475 2350

109 SEG70 2320 2475

110 SEG69 2175 2475

111 SEG68 2035 2475

112 SEG67 1895 2475

113 SEG66 1760 2475

114 SEG65 1625 2475

115 SEG64 1495 2475

116 SEG63 1365 2475

117 SEG62 1235 2475

118 SEG61 1105 2475

119 SEG60 975 2475

120 SEG59 845 2475
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Pad Pad
No. Name X (µm) Y (µm)

121 SEG58 715 2475

122 SEG57 585 2475

123 SEG56 455 2475

124 SEG55 325 2475

125 SEG54 195 2475

126 SEG53 65 2475

127 SEG52 –65 2475

128 SEG51 –195 2475

129 SEG50 –325 2475

130 SEG49 –455 2475

131 SEG48 –585 2475

132 SEG47 –715 2475

Pad Pad
No. Name X (µm) Y (µm)

133 SEG46 –845 2475

134 SEG45 –975 2475

135 SEG44 –1105 2475

136 SEG43 –1235 2475

137 SEG42 –1365 2475

138 SEG41 –1495 2475

139 SEG40 –1625 2475

140 SEG39 –1760 2475

141 SEG38 –1895 2475

142 SEG37 –2035 2475

143 SEG36 –2175 2475

144 SEG35 –2320 2475

Notes: 1. Coordinates originate from the chip center.
2. The above are preliminary specifications, and may be subject to change.



HD66702 Pin Arrangement

276

HD66702

�
�
�
�
���������
�
�
��
�

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

108
107
106
105
104
103
102
101
100

99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73

37


38


39


40


41


42


43


44


45


46


47


48


49


50


51


52


53


54


55


56


57


58


59


60


61


62


63


64


65


66


67


68


69


70


71


72

14
4

14
3

14
2

14
1

14
0

13
9

13
8

13
7

13
6

13
5

13
4

13
3

13
2

13
1

13
0

12
9

12
8

12
7

12
6

12
5

12
4

12
3

12
2

12
1

12
0

11
9

11
8

11
7

11
6

11
5

11
4

11
3

11
2

11
1

11
0

10
9

SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG 
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
SEG
COM  
COM  
COM  
COM  
COM
COM  

SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG   
SEG  
SEG  
SEG  
SEG  
SEG  
SEG  
SEG  
SEG  
SEG  
GND

OSC  

O
S

C
  

V
   

 
V

   
 

V
  

V
  

V
  

V
  

V
  

C
L 

 
C

L 
  M


D


E
X

T


T
E

S
T

  
G

N
D


R

S


R
/W


E


D

B
  

D
B

  
D

B
  

D
B

  
D

B
  

D
B

  
D

B
  

D
B

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

  
C

O
M

   

S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G
 

S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G


S
E

G

1

C
C



C
C

 1 2 3 4 5 1 2         0 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 10

             *

Note: * :  Test pins to be grounded
:  Power supply pins
:  Power supply pins (ground)
:  Input pins
:  Output pins
:  Input/Output pins

�
�
�
�

2




35


36


37


38


39


40


41


42


43


44


45


46


47


48


49


50


51


52


53


54


55


56


57


58


59


60


61


62


63


64


65


66


67


68


69


70

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

16

15

14

13

12

11

FP-144A
(Top view)



Pin Functions

Table 1 Pin Functional Description

Device
Signal I/O Interfaced with Function

RS I MPU Selects registers
0: Instruction register (for write)

Busy flag: address counter (for read)
1: Data register (for write and read)

R/W I MPU Selects read or write
0: Write
1: Read

E I MPU Starts data read/write

DB4 to DB7 I/O MPU Four high order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the LCD-II/E20. 
DB7 can be used as a busy flag.

DB0 to DB3 I/O MPU Four low order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the LCD-II/E20. 
These pins are not used during 4-bit operation.

CL1 O HD44100 Clock to latch serial data D sent to the HD44100H driver

CL2 O HD44100 Clock to shift serial data D

M O HD44100 Switch signal for converting the liquid crystal drive 
waveform to AC

D O HD44100 Character pattern data corresponding to each segment 
signal

COM1 to COM16 O LCD Common signals that are not used are changed to non-
selection waveforms. COM9 to COM16 are non-
selection waveforms at 1/8 duty factor and COM12 to 
COM16 are non-selection waveforms at 1/11 duty factor.

SEG1 to SEG100 O LCD Segment signals

V1 to V5 — Power supply Power supply for LCD drive

VCC, GND — Power supply VCC: +5 V or +3 V, GND: 0 V

TEST I — Test pin, which must be grounded

EXT I — 0: Enables extension driver control signals CL1, CL2, M, 
and D to be output from its corresponding pins.

1: Drives CL1, CL2, M, and D as tristate, lowering power 
dissipation.

OSC1, OSC2 — — Pins for connecting the registers of the internal clock
oscillation. When the pin input is an external clock, it
must be input to OSC1.
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Function Description

Registers

The HD66702 has two 8-bit registers, an instruc-
tion register (IR) and a data register (DR).

The IR stores instruction codes, such as display
clear and cursor shift, and address information for
display data RAM (DD RAM) and character
generator RAM (CG RAM). The IR can only be
written from the MPU.

The DR temporarily stores data to be written into
DD RAM or CG RAM. Data written into the DR
from the MPU is automatically written into DD
RAM or CG RAM by an internal operation. The
DR is also used for data storage when reading data
from DD RAM or CG RAM. When address
information is written into the IR, data is read and
then stored into the DR from DD RAM or CG
RAM by an internal operation. Data transfer
between the MPU is then completed when the
MPU reads the DR. After the read, data in DD
RAM or CG RAM at the next address is sent to the
DR for the next read from the MPU. By the
register selector (RS) signal, these two registers
can be selected (table 2).

Busy Flag (BF)

When the busy flag is 1, the HD66702 is in the
internal operation mode, and the next instruction
will not be accepted. When RS = 0 and R/W = 1
(table 2), the busy flag is output to DB7. The next
instruction must be written after ensuring that the
busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to
both DD RAM and CG RAM. When an address of
an instruction is written into the IR, the address
information is sent from the IR to the AC.
Selection of either DD RAM or CG RAM is also
determined concurrently by the instruction.

After writing into (reading from) DD RAM or CG
RAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then
output to DB0 to DB6 when RS = 0 and R/W = 1
(table 2).

Table 2 Register Selection

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DB0 to DB6)

1 0 DR write as an internal operation (DR to DD RAM or CG RAM)

1 1 DR read as an internal operation (DD RAM or CG RAM to DR)
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Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores display data
represented in 8-bit character codes. Its extended
capacity is 80 × 8 bits, or 80 characters. The area
in display data RAM (DD RAM) that is not used
for display can be used as general data RAM. See
figure 1 for the relationships between DD RAM
addresses and positions on the liquid crystal
display.

The DD RAM address (ADD) is set in the address
counter (AC) as hexadecimal.

• 1-line display (N = 0)  (figure 2)

— Case 1: When there are fewer than 80 dis-
play characters, the display begins at the
head position. For example, if using only the
HD66702, 20 characters are displayed. See
figure 3.

When the display shift operation is per-
formed, the DD RAM address shifts. See
figure 3.

— Case 2: For a 28-character display, the
HD66702 can be extended using one
HD44100 and displayed. See figure 4.

When the display shift operation is per-
formed, the DD RAM address shifts. See
figure 4.

— Case 3: The relationship between the display
position and DD RAM address when the
number of display digits is increased
through the use of two or more HD44100s
can be considered as an extension of case
#2.

Since the increase can be eight digits per
additional HD44100, up to 80 digits can be
displayed by externally connecting eight
HD44100s. See figure 5.

Figure 1   DD RAM Address

Figure 2   1-Line Display

AC6 AC5 AC4 AC3 AC2 AC1 AC0 1 0 0 1 1 1 0
AC
(hexadecimal)

Example: DD RAM address 4E
High order

bits
Low order

bits

00 01 02 03 04 4E 4F
DD RAM
address
(hexadecimal)

Display position
(digit) 1 2 3 4 5 79 80

. . . . . . . . . . . . . . . . . .



Figure 3   1-Line by 20-Character Display Example

Figure 4   1-Line by 28-Character Display Example

Figure 5   1-Line by 80-Character Display Example
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DD RAM
address

Display
position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13

For
shift left 10 11 12 13 14

For
shift right 00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12

01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F

4F

DD RAM
address

Display
position 1 282 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

00 1B01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A

LCD-II/E20 display HD44100 display

01 02 03 04 05 06 07 08For
shift left

For
shift right

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A

1B09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A

4F

1C

DD RAM
address

Display
position 1 282 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

00 1B01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A

LCD-II/E20 display 1st HD44100
display

8077 78 79

4F4C4D 4E........

8th HD44100
display
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• 2-line display (N = 1)  (figure 6)

— Case 1: When the number of display char-
acters is less than 40 × 2 lines, the two lines
are displayed from the head. Note that the
first line end address and the second line
start address are not consecutive. For

example, when just the HD66702 is used, 20
characters × 2 lines are displayed. See figure
7.

When display shift operation is performed,
the DD RAM address shifts. See figure 7.

Figure 6   2-Line Display

Figure 7   2-Line by 20-Character Display Example

00 01 02 03 04 26 27DD RAM
address
(hexadecimal)

Display
position 1 2 3 4 5 39 40

. . . . . . . . . . . . . . . . . .

40 41 42 43 44 66 67. . . . . . . . . . . . . . . . . .

DD RAM
address

Display
position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13

For
shift left

For
shift right

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53

01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13

41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53

00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52

14

54

27

67
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— Case 2: For a 28-character × 2-line display,
the HD66702 can be extended using one
HD44100. See figure 8.

When display shift operation is performed,
the DD RAM address shifts. See figure 8.

— Case 3: The relationship between the display
position and DD RAM address when the
number of display digits is increased by

using two or more HD44100s, can be con-
sidered as an extension of case #2. See
figure 9.

Since the increase can be 8 digits × 2 lines
for each additional HD44100, up to 40 digits
× 2 lines can be displayed by externally con-
necting three HD44100s.

Figure 8   2-Line by 28-Character Display Example

Figure 9   2-Line by 40-Character Display Example

DD RAM
address

Display
position 1 282 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

00 1B01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A

For
shift left

00 01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A27

40 5B41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A

LCD-II/E20 display HD44100 display

0201 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F10 11 12 13 14 15 16 17 18 19 1A

For
shift right

5B41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A

40 41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A67

1B 1C

5C

DD RAM
address

Display
position

40 5B41 42 43 44 45 46 47 48 49 4A 4B4C4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A

LCD-II/E20 display 1st HD44100
display

6764 65 66........

3rd HD44100
display

1 282 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 4037 38 39

........00 1B01 02 03 04 05 06 07 08 09 0A 0B0C0D 0E 0F 10 11 12 13 14 15 16 17 18 19 1A 2724 25 26
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Character Generator ROM (CG ROM)

The character generator ROM generates 5 × 7 dot
or 5 × 10 dot character patterns from 8-bit char-
acter codes (table 5). It can generate 160 5 × 7 dot
character patterns and 32 5 × 10 dot character
patterns. User-defined character patterns are also
available by mask-programmed ROM.

Character Generator RAM (CG RAM)

In the character generator RAM, the user can
rewrite character patterns by program. For 5 × 7
dots, eight character patterns can be written, and
for 5 × 10 dots, four character patterns can be
written.

Write the character codes at the addresses shown
as the left column of table 5 to show the character
patterns stored in CG RAM.

See table 6 for the relationship between CG RAM
addresses and data and display patterns.

Areas that are not used for display can be used as
general data RAM.

Modifying Character Patterns

• Character pattern development procedure

The following operations correspond to the
numbers listed in figure 10:

1. Determine the correspondence between char-
acter codes and character patterns.

2. Create a listing indicating the correspondence
between EPROM addresses and data.

3. Program the character patterns into the
EPROM.

4. Send the EPROM to Hitachi.

5. Computer processing on the EPROM is per-
formed at Hitachi to create a character pattern
listing, which is sent to the user.

6. If there are no problems within the character
pattern listing, a trial LSI is created at Hitachi
and samples are sent to the user for evaluation.
When it is confirmed by the user that the
character patterns are correctly written, mass
production of the LSI proceeds at Hitachi.



Figure 10   Character Pattern Development Procedure
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Determine
character patterns

Create EPROM
address data listing

Write EPROM

EPROM → Hitachi

Computer
processing

Create character
pattern listing

Evaluate
character
patterns

OK?

Art work

Sample
evaluation

OK?

Masking

Trial

Sample

No

Yes

No

Yes

M/T

1

3

2

4

5

6

Note:  For a description of the numbers used in this figure, refer to the preceding page.

UserHitachi

Mass
production

Start
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• Programming character patterns

This section explains the correspondence be-
tween addresses and data used to program
character patterns in EPROM. The LCD-II/E20
character generator ROM can generate 160 5 × 7
dot character patterns and 32 5 × 10 dot
character patterns for a total of 192 different
character patterns.

— 5 × 7 dot character pattern

EPROM address data and character pattern
data correspond with each other to form a 5
× 7 dot character pattern (table 3).

Table 3 Example of Correspondence between EPROM Address Data and Character Pattern  
(5 × 7 dots)

Notes: 1. EPROM addresses A10 to A3 correspond to a character code.
2. EPROM addresses A2 to A0 specify a line position of the character pattern.
3. EPROM data O4 to O0 correspond to character pattern data.
4. A lit display position (black) corresponds to a 1.
5. Line 8 (cursor position) of the character pattern must be blanked with 0s.
6. EPROM data O5 to O7 are not used.

A1 0  A 9 A 8 A 7 A 6 A 5 A 4 A 3 A 2 A 1 A 0

Data

O4 O 3 O 2 O 1 O 0

0  0  0

0  0  1

0  1  0

0  1  1

1  0  0

1  0  1

1  1  0

1  1  1

0  1  0  1  0  0  1  0

EPROM Address

Character code Line
position

Fill line 8 (cursor position) 
with 0s

0  0  0  0  0

1  1  1  1  0

1  0  0  0  1

1  0  0  0  1

1  1  1  1  0

1  0  1  0  0

1  0  0  1  0

1  0  0  0  1

LSB
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— 5 × 10 dot character pattern

EPROM address data and character pattern
data correspond with each other to form a 
5 × 10 dot character pattern (table 4).

— Handling unused character patterns

1. EPROM data outside the character pattern
area: Ignored by the character generator ROM
for display operation so 0 or 1 is arbitrary.

2. EPROM data in CG RAM area: Ignored by
the character generator ROM for display oper-
ation so 0 or 1 is arbitrary.

3. EPROM data used when the user does not
use any HD66702 character pattern:
According to the user application, handled in
one of the two ways listed as follows.

a. When unused character patterns are
not programmed: If an unused character
code is written into DD RAM, all its dots
are lit. By not programing a character
pattern, all of its bits become lit. (This is
due to the EPROM being filled with 1s
after it is erased.)

b. When unused character patterns are
programmed as 0s: Nothing is displayed
even if unused character codes are written
into DD RAM. (This is equivalent to a
space.)

Table 4 Example of Correspondence between EPROM Address Data and Character Pattern  
(5 × 10 dots)

Notes: 1. EPROM addresses A10 to A3 correspond to a character code. Set A8 and A9 of character
pattern lines 9, 10, and 11 to 0s.

2. EPROM addresses A2 to A0 specify a line position of the character pattern.
3. EPROM data O4 to O0 correspond to character pattern data.
4. A lit display position (black) corresponds to a 1.
5. Blank out line 11 (cursor position) of the character pattern with 0s.
6. EPROM data O5 to O7 are not used.

A1 0 A 9 A 8 A 7 A 6 A 5 A 4 A 3 A 2 A 1 A 0

Data

O4 O 3 O 2 O 1 O 0

0  0  0

0  0  1

0  1  0

0  1  1

1  0  0

0  0  0

0  0  1

0  1  0

1  1  1  1  0  0  0  1

EPROM Address

Character code Line
position

Fill line 11 (cursor position) 
with 0s

LSB

1  0  1

1  1  0

1  1  1

1  0  0  1  0  0  0  1

1  0  0  1  0  0  0  1

1  0  0  1  0  0  0  1 0  0  0  0  0

0  0  0  0  0

0  0  0  0  0

0  1  1  0  1

1  0  0  1  1

1  0  0  0  1

0  0  0  0  1

0  0  0  0  1

0  0  0  0  1

1  0  0  0  1

0  1  1  1  1



Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A00)

Note: The user can specify any pattern for character-generator RAM.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)



Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A01)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)



Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A02)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)



Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character
Patterns (CG RAM Data)

For 5 × 7 dot character patterns

Notes: 1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits:  8 types).
2. CG RAM address bits 0 to 2 designate the character pattern line position.  The 8th line is the

cursor position and its display is formed by a logical OR  with the cursor.  
Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor
display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence.

3. Character pattern row positions correspond to CG RAM data bits 0 to 4 (bit 4 being at the left ).
Since CG RAM data bits 5 to 7 are not used for display, they can be used for general data RAM.

4. As shown tables 5 and 6, CG RAM character patterns are selected when character code bits 4
to 7 are all 0.  However, since character code bit 3 has no effect, the R display example above
can be selected by either character code 00H or 08H.

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection.
* Indicates no effect.

290

HD66702

Character Codes
(DD RAM data) CG RAM Address

Character Patterns
(CG RAM data)
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Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character
Patterns (CG RAM Data) (cont)

For 5 × 10 dot character patterns

Notes: 1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits:  4 types).
2. CG RAM address bits 0 to 3 designate the character pattern line position.  The 11th line is the

cursor position and its display is formed by a logical OR with the cursor.
Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor
display.  
If the 11th line data is 1, 1 bits will light up the 11th line regardless of the cursor presence.
Since lines 12 to 16 are not used for display, they can be used for general data RAM.

3. Character pattern row positions are the same as 5 × 7 dot character pattern positions.
4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0.  

However, since character code bits 0 and 3 have no effect, the P display example above can be
selected by character codes 00H, 01H, 08H, and 09H.

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection.
* Indicates no effect.
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Character Codes
(DD RAM data) CG RAM Address

Character Patterns
(CG RAM data)

7 6 5 4 3 2 1 0

0 0 0 0 * 0 0

0 0 0 0 1 1

5 4 3 2 1 0
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Timing Generation Circuit

The timing generation circuit generates timing
signals for the operation of internal circuits such as
DD RAM, CG ROM and CG RAM. RAM read
timing for display and internal operation timing by
MPU access are generated separately to avoid
interfering with each other. Therefore, when
writing data to DD RAM, for example, there will
be no undesirable interferences, such as flickering,
in areas other than the display area. This circuit
also generates timing signals for the operation of
the externally connected HD44100 driver.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
16 common signal drivers and 100 segment signal
drivers. When the character font and number of
lines are selected by a program, the required
common signal drivers automatically output drive
waveforms, while the other common signal drivers
continue to output non-selection waveforms.

The segment signal driver has essentially the same
configuration as the HD44100 driver. Character
pattern data is sent serially through a 100-bit shift
register and latched when all needed data has

arrived. The latched data then enables the driver to
generate drive waveform outputs. The serial data
can be sent to externally cascaded HD44100s used
for displaying extended digit numbers.

Sending serial data always starts at the display data
character pattern corresponding to the last address
of the display data RAM (DD RAM).

Since serial data is latched when the display data
character pattern corresponding to the starting
address enters the internal shift register, the
HD66702 drives from the head display. The rest of
the display, corresponding to latter addresses, are
added with each additional HD44100.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the
cursor or character blinking. The cursor or the
blinking will appear with the digit located at the
display data RAM (DD RAM) address set in the
address counter (AC).

For example (figure 11), when the address counter
is 08H, the cursor position is displayed at DD
RAM address 08H.

Figure 11   Cursor/Blink Display Example
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Note: The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM).  However, the cursor and blinking become meaningless.


The cursor or blinking is displayed in the meaningless position when the AC is a CG RAM address.
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Interfacing to the MPU

The HD66702 can send data in either two 4-bit
operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs.

• For 4-bit interface data, only four bus lines (DB4
to DB7) are used for transfer. Bus lines DB0 to
DB3 are disabled. The data transfer between the
HD66702 and the MPU is completed after the 4-
bit data has been transferred twice. As for the
order of data transfer, the four high order bits
(for 8-bit operation, DB4 to DB7) are transferred

before the four low order bits (for 8-bit
operation, DB0 to DB3).

The busy flag must be checked (one instruction)
after the 4-bit data has been transferred twice.
Two more 4-bit operations then transfer the busy
flag and address counter data.

• For 8-bit interface data, all eight bus lines (DB0
to DB7) are used.

Figure 12   4-Bit Transfer Example
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes
the HD66702 when the power is turned on. The
following instructions are executed during the
initialization. The busy flag (BF) is kept in the
busy state until the initialization ends (BF = 1).
The busy state lasts for 10 ms after VCC rises to
4.5 V.

1. Display clear

2. Function set:
DL = 1; 8-bit interface data
N = 0; 1-line display
F = 0; 5 × 7 dot character font

3. Display on/off control:
D = 0; Display off
C = 0; Cursor off
B = 0; Blinking off

4. Entry mode set:
I/D = 1; Increment by 1
S = 0; No shift

Note: If the electrical characteristics conditions
listed under the table Power Supply
Conditions Using Internal Reset Circuit are
not met, the internal reset circuit will not
operate normally and will fail to initialize
the HD66702. For such a case, initial-
ization must be performed by the MPU as
explained in the section, Initializing by
Instruction.

Instructions

Outline

Only the instruction register (IR) and the data
register (DR) of the HD66702 can be controlled by
the MPU. Before starting the internal operation of
the HD66702, control information is temporarily
stored into these registers to allow interfacing with
various MPUs, which operate at different speeds,
or various peripheral control devices.  The internal
operation of the HD66702 is determined by signals
sent from the MPU. These signals, which include
register selection (RS), read/write (R/W), and the
data bus (DB0 to DB7), make up the HD66702
instructions (table 7). There are four categories of
instructions that:

• Designate HD66702 functions, such as display
format, data length, etc.

• Set internal RAM addresses
• Perform data transfer with internal RAM
• Perform miscellaneous functions

Normally, instructions that perform data transfer
with internal RAM are used the most. However, 
auto-incrementation by 1 (or auto-decrementation

by 1) of internal HD66702 RAM addresses after
each data write can lighten the program load of the
MPU. Since the display shift instruction (table 12)
can perform concurrently with display data write,
the user can minimize system development time
with maximum programming efficiency. 

When an instruction is being executed for internal
operation, no instruction other than the busy
flag/address read instruction can be executed.

Because the busy flag is set to 1 while an instruc-
tion is being executed, check it to make sure it is 0
before sending another instruction from the MPU.

Note: Be sure the HD66702 is not in the busy
state (BF = 0) before sending an instruction
from the MPU to the HD66702. If an
instruction is sent without checking the
busy flag, the time between the first instruc-
tion and next instruction will take much
longer than the instruction time itself. Refer
to table 7 for the list of each instruc-tion
execution time.



Table 7 Instructions

Code Execution Time 
(max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 320 kHz)

Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and 1.28 ms
display sets DD RAM address 0 in 

address counter.

Return 0 0 0 0 0 0 0 0 1 — Sets DD RAM address 0 in 1.28 ms
home address counter. Also 

returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged.

Entry 0 0 0 0 0 0 0 1 I/D S Sets cursor move direction 31 µs
mode set and specifies display shift. 

These operations are 
performed during data 
write and read.

Display 0 0 0 0 0 0 1 D C B Sets entire display (D) 31 µs
on/off on/off, cursor on/off (C), 
control and blinking of cursor 

position character (B).

Cursor or 0 0 0 0 0 1 S/C R/L — — Moves cursor and shifts 31 µs
display display without changing 
shift DD RAM contents.

Function 0 0 0 0 1 DL N F — — Sets interface data length 31 µs
set (DL), number of display 

lines (L), and character 
font (F).

Set CG 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CG RAM address. 31 µs
RAM CG RAM data is sent and 
address received after this setting.

Set DD 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DD RAM address. 31 µs
RAM DD RAM data is sent and 
address received after this setting.

Read busy 0 1 BF AC AC AC AC AC AC AC Reads busy flag (BF) 0 µs
flag & indicating internal operation 
address is being performed and 

reads address counter 
contents.
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Table 7 Instructions (cont)

Code Execution Time 
(max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 320 kHz)

Write data 1 0 Write data Writes data into DD RAM 31 µs
to CG or or CG RAM. tADD = 4.7 µs*
DD RAM

Read data 1 1 Read data Reads data from DD RAM 31 µs
from CG or or CG RAM. tADD = 4.7 µs*
DD RAM

I/D = 1: Increment DD RAM: Display data Execution time
I/D = 0: Decrement RAM changes when 
S = 1: Accompanies display shift CG RAM: Character frequency changes
S/C = 1: Display shift generator RAM Example:
S/C = 0: Cursor move ACG: CG RAM address When fcp or fOSC
R/L = 1: Shift to the right ADD: DD RAM address is 270 kHz, 
R/L = 0: Shift to the left (corresponds to 
DL = 1: 8 bits, DL = 0:  4 bits cursor address) 31 µs × 320

= 37 µs
N = 1: 2 lines, N = 0:  1 line AC: Address counter 270

F = 1: 5 × 10 dots, F = 0:  5 × 7 dots used for both DD and 
BF = 1: Internally operating CG RAM addresses
BF = 0: Instructions acceptable

Note: —  indicates no effect.
* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter

is incremented or decremented by 1. The RAM address counter is updated after the busy flag
turns off. In figure 13, tADD is the time elapsed after the busy flag turns off until the address counter
is updated.

Figure 13   Address Counter Update
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Instruction Description

Clear Display

Clear display writes space code 20H (character
pattern for character code 20H must be a blank
pattern) into all DD RAM addresses. It then sets
DD RAM address 0 into the address counter, and
returns the display to its original status if it was
shifted. In other words, the display disappears and
the cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). It
also sets I/D to 1 (increment mode) in entry mode.
S of entry mode does not change.

Return Home

Return home sets DD RAM address 0 into the
address counter, and returns the display to its
original status if it was shifted. The DD RAM
contents do not change.

The cursor or blinking go to the left edge of the
display (in the first line if 2 lines are displayed).

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code
is written into or read from DD RAM.

The cursor or blinking moves to the right when
incremented by 1 and to the left when decremented
by 1. The same applies to writing and reading of
CG RAM.

S: Shifts the entire display either to the right (I/D =
0) or to the left (I/D = 1) when S is 1. The display
does not shift if S is 0.

If S is 1, it will seem as if the cursor does not move
but the display does. The display does not shift
when reading from DD RAM. Also, writing into or
reading out from CG RAM does not shift the
display.

Display On/Off Control

D: The display is on when D is 1 and off when D
is 0. When off, the display data remains in DD

RAM, but can be displayed instantly by setting D
to 1.

C: The cursor is displayed when C is 1 and not
displayed when C is 0. Even if the cursor
disappears, the function of I/D or other
specifications will not change during display data
write. The cursor is displayed using 5 dots in the
8th line for 5 × 7 dot character font selection and in
the 11th line for the 5 × 10 dot character font
selection (figure 16).

B: The character indicated by the cursor blinks
when B is 1 (figure 16). The blinking is displayed
as switching between all blank dots and displayed
characters at a speed of 320-ms intervals when fcp
or fOSC is 320 kHz. The cursor and blinking can be
set to display simultaneously. (The blinking
frequency changes according to fOSC or the
reciprocal of fcp. For example, when fcp is 270
kHz, 320 × 320/270 = 379.2 ms.)

Cursor or Display Shift

Cursor or display shift shifts the cursor position or
display to the right or left without writing or
reading display data (table 8). This function is used
to correct or search the display. In a 2-line display,
the cursor moves to the second line when it passes
the 40th digit of the first line. Note that the first
and second line displays will shift at the same time.

When the displayed data is shifted repeatedly each
line moves only horizontally. The second line
display does not shift into the first line position.

The address counter (AC) contents will not change
if the only action performed is a display shift.

Function Set

DL: Sets the interface data length. Data is sent or
received in 8-bit lengths (DB7 to DB0) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when
DL is 0.

When 4-bit length is selected, data must be sent or
received twice.
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N: Sets the number of display lines.

F: Sets the character font.

Note: Perform the function at the head of the
program before executing any instructions
(except for the read busy flag and address
instruction). From this point, the function
set instruction cannot be executed unless the
interface data length is changed.

Set CG RAM Address

Set CG RAM address sets the CG RAM address
binary AAAAAA into the address counter.

Data is then written to or read from the MPU for
CG RAM.

Figure 14

Figure 15
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Set DD RAM Address

Set DD RAM address sets the DD RAM address
binary AAAAAAA into the address counter.

Data is then written to or read from the MPU for
DD RAM.

However, when N is 0 (1-line display),
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H
for the first line, and 40H to 67H for the second
line.

Read Busy Flag and Address

Read busy flag and address reads the busy flag
(BF) indicating that the system is now internally
operating on a previously received instruction. If
BF is 1, the internal operation is in progress. The
next instruction will not be accepted until BF is
reset to 0. Check the BF status before the next
write operation. At the same time, the value of the
address counter in binary AAAAAAA is read out.
This address counter is used by both CG and DD
RAM addresses, and its value is determined by the
previous instruction. The address contents are the
same as for instructions set CG RAM address and
set DD RAM address.

Table 8 Shift Function

S/C R/L

0 0 Shifts the cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor position to the right. (AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.

Table 9 Function Set

No. of 
Display Character Duty 

N F Lines Font Factor Remarks

0 0 1 5 × 7 dots 1/8

0 1 1 5 × 10 dots 1/11

1 * 2 5 × 7 dots 1/16 Cannot display two lines for 5 × 10 dot character font.

Note:  * Indicates don’t care.



Figure 16   Cursor and Blinking
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Write Data to CG or DD RAM

Write data to CG or DD RAM writes 8-bit binary
data DDDDDDDD to CG or DD RAM.

To write into CG or DD RAM is determined by the
previous specification of the CG RAM or DD
RAM address setting. After a write, the address is
automatically incremented or decremented by 1
according to the entry mode. The entry mode also
determines the display shift.

Read Data from CG or DD RAM

Read data from CG or DD RAM reads 8-bit binary
data DDDDDDDD from CG or DD RAM.

The previous designation determines whether CG
or DD RAM is to be read. Before entering this read
instruction, either CG RAM or DD RAM address
set instruction must be executed. If not executed,
the first read data will be invalid. When serially
executing read instructions, the next address data is
normally read from the second read. The address

set instructions need not be executed just before
this read instruction when shifting the cursor by the
cursor shift instruction (when reading out DD
RAM). The operation of the cursor shift instruction
is the same as the set DD RAM address instruction.

After a read, the entry mode automatically increas-
es or decreases the address by 1. However, display
shift is not executed regardless of the entry mode.

Note: The address counter (AC) is automatically
incremented or decremented by 1 after the
write instructions to CG RAM or DD RAM
are executed. The RAM data selected by the
AC cannot be read out at this time even if
read instructions are executed. Therefore, to
correctly read data, execute either the
address set instruction or cursor shift
instruction (only with DD RAM), then just
before reading the desired data, execute the
read instruction from the second time the
read instruction is sent.

Figure 18
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Figure 19   8-Bit MPU Interface

Figure 20   HD6805 Interface

Figure 21   HD6301 Interface
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Interfacing the HD66702

Interface to MPUs

• Interfacing to an 8-bit MPU through a PIA

See figure 23 for an example of using a PIA or
I/O port (for a single-chip microcomputer) as an
interface device. The input and output of the
device is TTL compatible.

In this example, PB0 to PB7 are connected to the
data bus DB0 to DB7, and PA0 to PA2 are
connected to E, R/W, and RS, respectively.

Pay careful attention to the timing relationship
between E and the other signals when reading or
writing data using a PIA for the interface.

Figure 22   Example of Busy Flag Check Timing Sequence

Figure 23   Example of Interface to HD68B00 Using PIA (HD68B21)
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• Interfacing to a 4-bit MPU

The HD66702 can be connected to the I/O port
of a 4-bit MPU. If the I/O port has enough bits,
8-bit data can be transferred. Otherwise, one
data transfer must be made in two operations for
4-bit data. In this case, the timing sequence
becomes somewhat complex. (See figure 24.)

See figure 25 for an interface example to the
HMCS43C.

Note that two cycles are needed for the busy flag
check as well as for the data transfer. The 4-bit
operation is selected by the program.

Figure 24   Example of 4-Bit Data Transfer Timing Sequence

Figure 25   Example of Interface to HMCS43C
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Interface to Liquid Crystal Display

Character Font and Number of Lines: The
HD66702 can perform two types of displays, 5 × 7
dot and 5 × 10 dot character fonts, each with a
cursor.

Up to two lines are displayed for 5 × 7 dots and
one line for 5 × 10 dots. Therefore, a total of three

types of common signals are available (table 10).

The number of lines and font types can be selected
by the program. (See  table 7, Instructions.)

Connection to HD66702 and Liquid Crystal
Display: See figure 26 for the connection
examples.

Table 10 Common Signals

Number of Lines Character Font Number of Common Signals Duty Factor

1 5 × 7 dots + cursor 8 1/8

1 5 × 10 dots + cursor 11 1/11

2 5 × 7 dots + cursor 16 1/16

Figure 26   Liquid Crystal Display and HD66702 Connections
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Since five segment signal lines can display one
digit, one HD66702 can display up to 20 digits for
a 1-line display and 40 digits for a 2-line display.

The examples in figure 26 have unused common
signal pins, which always output non-selection

waveforms. When the liquid crystal display panel
has unused extra scanning lines, connect the extra
scanning lines to these common signal pins to
avoid any undesirable effects due to crosstalk
during the floating state (figure 28).

Figure 27   Liquid Crystal Display and HD66702 Connections (cont)

Figure 28   Using COM9 to Avoid Crosstalk on Unneeded Scanning Line
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Connection of Changed Matrix Layout: In the
preceding examples, the number of lines cor-
respond to the scanning lines. However, the
following display examples (figure 29) are made
possible by altering the matrix layout of the liquid
crystal display panel. In either case, the only

change is the layout. The display characteristics
and the number of liquid crystal display characters
depend on the number of common signals or on
duty factor. Note that the display data RAM (DD
RAM) addresses for 10 characters × 2 lines and for
40 characters × 1 line are the same as in figure 27.

Figure 29   Changed Matrix Layout Displays
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Power Supply for Liquid Crystal
Display Drive

Various voltage levels must be applied to pins V1
to V5 of the HD66702 to obtain the liquid crystal
display drive waveforms. The voltages must be
changed according to the duty factor (table 11).

VLCD is the peak value for the liquid crystal
display drive waveforms, and resistance dividing
provides voltages V1 to V5 (figure 30).

Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive

Duty Factor

1/8, 1/11 1/16

Bias

Power Supply 1/4 1/5

V1 VCC–1/4 VLCD VCC–1/5 VLCD

V2 VCC–1/2 VLCD VCC–2/5 VLCD

V3 VCC–1/2 VLCD VCC–3/5 VLCD

V4 VCC–3/4 VLCD VCC–4/5 VLCD

V5 VCC–VLCD VCC–VLCD

Figure 30   Drive Voltage Supply Example
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Relationship between Oscillation
Frequency and Liquid Crystal Display
Frame Frequency

The liquid crystal display frame frequencies of
figure 31 apply only when the oscillation fre-

quency is 320 kHz (one clock pulse of 3.125 µs).

Figure 31   Frame Frequency
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Connection with HD44100 Driver

By externally connecting an HD44100 liquid
crystal display driver to the HD66702, the number
of display digits can be increased. The HD44100 is
used as a segment signal driver when connected to
the HD66702. The HD44100  can be directly
connected to the HD66702 since it supplies CL1,
CL2, M, and D signals and power for the liquid
crystal display drive (figure 32).

Caution:  The connection of voltage supply pins
V1 through V6 for the liquid crystal
display drive is somewhat complicated.
The EXT pin must be fixed low if the
HD44100 is to be connected to the
HD66702.

Up to eight HD44100 units can be connected for a
1-line display (duty factor 1/8 or 1/11) and up to
three units for a 2-line display (duty factor 1/16).
The RAM size limits the HD66702 to a maximum
of 80 character display digits. The connection
method for both 1-line and 2-line displays or for 5
× 7 and 5 × 10 dot character fonts can remain the
same (figure 32).

Figure 32   Example of Connecting HD44100Hs to HD66702
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Instruction and Display Correspondence

• 8-bit operation, 20-digit × 1-line display with
internal reset

Refer to table 12 for an example of an 8-bit × 1-
line display in 8-bit operation. The HD66702
functions must be set by the function set
instruction prior to the display. Since the display
data RAM can store data for 80 characters, as
explained before, the RAM can be used for
displays such as for advertising when combined
with the display shift operation.

Since the display shift operation changes only the
display position with DD RAM contents un-
changed, the first display data entered into DD
RAM can be output when the return home
operation is performed.

• 4-bit operation, 20-digit × 1-line display with
internal reset

The program must set all functions prior to the
4-bit operation (table 13). When the power is
turned on, 8-bit operation is automatically
selected and the first write is performed as an 8-
bit operation. Since DB0 to DB3 are not
connected, a rewrite is then required. However,
since one operation is completed in two accesses
for 4-bit operation, a rewrite is needed to set the
functions (see table 13). Thus, DB4 to DB7 of
the function set instruction is written twice.

• 8-bit operation, 20-digit × 2-line display

For a 2-line display, the cursor automatically
moves from the first to the second line after the
40th digit of the first line has been written. Thus,
if there are only 20 characters in the first line,
the DD RAM address must be again set after the
20th character is completed. (See table 14.)
Note that the display shift operation is per-
formed for the first and second lines.  In the
example of table 14, the display shift is per-
formed when the cursor is on the second line.
However, if the shift operation is performed
when the cursor is on the first line, both the first
and second lines move together. If the shift is
repeated, the display of the second line will not
move to the first line. The same display will
only shift within its own line for the number of
times the shift is repeated.

Note: When using the internal reset, the electrical
characteristics in the Power Supply Con-
ditions Using Internal Reset Circuit table
must be satisfied. If not, the LCD-II/E20
must be initialized by instructions. (Because
the internal reset does not function correctly
when VCC is 3 V, it must always be ini-
tialized by software.) See the section,
Initializing by Instruction.



Table 12 8-Bit Operation, 20-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

1 Power supply on (the HD66702 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 0 0 * * selects 1-line display and 

character font. (Number of 
display lines and character 
fonts cannot be changed after 
step #2.)

3 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. 
The cursor is incremented by 
one and shifted to the right.

6 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

7 · ·
· ·
· ·
· ·
· ·

8 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

9 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

10 Write data to CG RAM/DD RAM Writes a space.
1 0 0 0 1 0 0 0 0 0
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Table 12 8-Bit Operation, 20-Digit × 1-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

11 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

12 · ·
· ·
· ·
· ·
· ·

13 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

14 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

15 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

16 Write data to CG RAM/DD RAM Writes C over K.
1 0 0 1 0 0 0 0 1 1 The display moves to the left.

17 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 1 1 * * position to the right.

18 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 0 1 * * position to the right.

19 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

20 · ·
· ·
· ·
· ·
· ·

21 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 13 4-Bit Operation, 20-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 Display Operation

1 Power supply on (the HD66702 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 4-bit operation.
0 0 0 0 1 0 In this case, operation is 

handled as 8 bits by initializa-
tion, and only this instruction 
completes with one write.

3 Function set Sets 4-bit operation and selects 
0 0 0 0 1 0 1-line display and 5 × 7 dot 
0 0 0 0 * * character font. 4-bit operation 

starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.)

4 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 Entire display is in space mode 
0 0 1 1 1 0 because of initialization.

5 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 address by one and to shift the 
0 0 0 1 1 0 cursor to the right at the time of 

write to the DD/CG RAM. 
Display is not shifted.

6 Write data to CG RAM/DD RAM Writes H.
1 0 0 1 0 0 The cursor is incremented by 
1 0 1 0 0 0 one and shifts to the right.

Note:  The control is the same as for 8-bit operation beyond step #6.
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Table 14 8-Bit Operation, 20-Digit × 2-Line Display Example with Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

1 Power supply on (the HD66702 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 1 0 * * selects 2-line display and 

5 × 7 dot character font.

3 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 1 1 1 0 All display is in space mode

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the

cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right.

6 · ·
· ·
· ·
· ·
· ·

7 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

8 Set DD RAM address Sets RAM address so that the 
0 0 1 1 0 0 0 0 0 0 cursor is positioned at the head 

of the second line.
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Table 14 8-Bit Operation, 20-Digit × 2-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Display Operation

9 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

10 · ·
· ·
· ·
· ·
· ·

11 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

13 Write data  to CG RAM/DD RAM Writes M. Display is shifted to
1 0 0 1 0 0 1 1 0 1 the right. The first and second 

lines both shift at the same time.

14 · ·
· ·
· ·
· ·
· ·

15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Initializing by Instruction

If the power supply conditions for correctly oper-
ating the internal reset circuit are not met,
initialization by instructions becomes necessary. 

Refer to figures 33 and 34 for the procedures on 8-
bit and 4-bit initializations, respectively.

Figure 33   8-Bit Interface
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Figure 34   4-Bit Interface
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BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time.  (See table 7.)
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[Low voltage version]

Absolute Maximum Ratings*

Item Symbol Unit Value Notes

Power supply voltage (1) VCC V –0.3 to +7.0 1

Power supply voltage (2) VCC–V5 V –0.3 to +8.5 2

Input voltage Vt V –0.3 to VCC +0.3 1

Operating temperature Topr °C –20 to +75 3

Storage temperature Tstg °C –55 to +125 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability.
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DC Characteristics (VCC = 2.7 to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 0.7VCC — VCC V 6, 17
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.55 V 6, 17
(except OSC1)

Input high voltage (2) VIH2 0.7VCC — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 15
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 7
(D0–D7)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 7
(D0–D7)

Output high voltage (2) VOH2 0.8VCC — — V –IOH = 0.04 mA 8
(except D0–D7)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.04 mA 8
(except D0–D7)

Driver on resistance RCOM — — 20 kΩ ±Id = 0.05 mA (COM) 13
(COM)

Driver on resistance RSEG — — 30 kΩ ±Id = 0.05 mA (SEG) 13
(SEG)

Input leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 10 50 120 µA VCC = 3 V
(RS, R/W, D0–D7)

Power supply current ICC — 0.15 0.30 mA Rf oscillation, 10, 14
external clock
VCC = 3V, fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 8.3 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 8.3 V VCC–V5, 1/4 bias 16

Note:  * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (VCC = 2.7 to 5.5 V,  Ta = –20 to +75°C*3)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 125 270 410 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time tfcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 240 320 390 kHz Rf = 56 kΩ 12
oscillation VCC = 3 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 35

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 20 — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 36

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 20 — —

Data delay time tDDR — — 350

Data hold time tDHR 10 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 37

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 200

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 38

Power supply off time tOFF 1 — —

[Standard Voltage Version]

Absolute Maximum Ratings*

Item Symbol Unit Value Notes

Power supply voltage (1) VCC V –0.3 to +7.0 1

Power supply voltage (2) VCC–V5 V –0.3 to +8.5 2

Input voltage Vt V –0.3 to VCC +0.3 1

Operating temperature Topr °C –20 to +75 3

Storage temperature Tstg °C –55 to +125 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability. Refer to the Electrical Characteristics Notes section
following these tables.
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DC Characteristics (VCC = 5 V ±10%, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 2.2 — VCC V 6, 17
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.6 V 6, 17
(except OSC1)

Input high voltage (2) VIH2 VCC–1.0 — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 1.0 V 15
(OSC1)

Output high voltage (1) VOH1 2.4 — — V –IOH = 0.205 mA 7
(D0–D7)

Output low voltage (1) VOL1 — — 0.4 V IOL = 1.6 mA 7
(D0–D7)

Output high voltage (2) VOH2 0.9 VCC — — V –IOH = 0.04 mA 8
(except D0–D7)

Output low voltage (2) VOL2 — — 0.1 VCC V IOL = 0.04 mA 8
(except D0–D7)

Driver on resistance RCOM — — 20 kΩ ±Id = 0.05 mA (COM) 13
(COM)

Driver on resistance RSEG — — 30 kΩ ±Id = 0.05 mA (SEG) 13
(SEG)

Input leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 50 125 250 µA VCC = 5 V
(RS, R/W, D0–D7)

Power supply current ICC — 0.35 0.60 mA Rf oscillation, 10, 14
external clock
VCC = 5 V, fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 8.3 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 8.3 V VCC–V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (VCC = 5 V ±10%, Ta = –20 to +75°C*3)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 125 270 410 kHz 11
clock External clock duty Duty 45 50 55 % 11
operation

External clock rise time trcp — — 0.2 µs 11

External clock fall time tfcp — — 0.2 µs 11

Rf Clock oscillation frequency fOSC 220 320 420 kHz Rf = 68 kΩ 12
oscillation VCC = 5 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 35

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 36

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data delay time tDDR — — 320

Data hold time tDHR 20 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 37

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 100

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 38

Power supply off time tOFF 1 — —

HD66702
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Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V.
2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained.
3. For die products, specified up to 75°C.
4. For die products, specified by the die shipment specification.
5. The following four circuits are I/O pin configurations except for liquid crystal display output.
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(input circuit)
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6. Applies to input pins and I/O pins, excluding the OSC1 pin.
7. Applies to I/O pins.
8. Applies to output pins.
9. Current flowing through pull–up MOSs, excluding output drive MOSs.
10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.

11. Applies only to external clock operation.

12. Applies only to the internal oscillator operation using oscillation resistor Rf.
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13. RCOM is the resistance between the power supply pins (VCC, V1, V4, V5) and each common 
signal pin (COM1 to COM16).
RSEG is the resistance between the power supply pins (VCC, V2, V3, V5) and each segment signal pin
(SEG1 to SEG100).

14. The following graphs show the relationship between operation frequency and current consumption.

15. Applies to the OSC1 pin.
16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5) when

there is no load.
17. The TEST pin should be fixed to GND and the EXT pin should be fixed to VCC or GND.
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Load Circuits

Data Bus DB0 to DB7

External Driver Control Signal: CL1, CL2, D, M
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For V     = 5 VCC

Test
point

90 pF 11 kΩ

V     = 5 VCC

2.4 kΩ

1S2074
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Timing Characteristics

Figure 35   Write Operation

Figure 36   Read Operation
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Figure 37   Interface Timing with External Driver

Figure 38   Internal Power Supply Reset
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When the above condition cannot be satisfied, the internal reset circuit 
will not operate normally. 
In this case, the LSI must be initialized by software.  (Refer to the Initializing
by Instruction section.)

OFF



HD66710 (LCD-II/F8)
(Dot Matrix Liquid 

Crystal Display Controller/Driver)

Description

The LCD-II/F8 (HD66710) dot-matrix liquid crys-
tal display controller and driver LSI displays
alphanumerics, numbers, and symbols. It can be
configured to drive a dot-matrix liquid crystal
display under the control of a 4- or 8-bit micro-
processor. Since all the functions such as display
RAM, character generator, and liquid crystal
driver, required for driving a dot-matrix liquid
crystal display are internally provided on one chip,
a minimum system can be interfaced with this
controller/driver.

A single LCD-II/F8 is capable of displaying a
single16-character line, two 16-character lines, or
up to four 8-character lines.

The LCD-II/F8 software is upwardly compatible
with the LCDII (HD44780) which allows the user
to easily replace an LCD-II with an HD66710. In
addition, the HD66710 is equipped with functions
such as segment displays for icon marks, a 4-line
display mode, and a horizontal smooth scroll, and
thus supports various display forms. This achieves
various display forms. The HD66710 character
generator ROM is extended to generate 240 5 × 8
dot characters. 

The low voltage version (2.7 V) of the HD66710,
combined with a low power mode, is suitable for
any portable battery-driven product requiring low
power dissipation.

Features

• 5 × 8 dot matrix possible
• Low power operation support: 

— 2.7 V to 5.5 V (low voltage)
• Booster for liquid crystal voltage

— Two/three times (13 V max.)
• Wide range of liquid crystal display driver voltage

— 3.0 V to 13 V
• Extension driver interface
• High-speed MPU bus interface

(2 MHz at 5-V operation)
• 4-bit or 8-bit MPU interface capability
• 80 × 8-bit display RAM (80 characters max.)
• 9,600-bit character generator ROM

— 240 characters (5 × 8 dot)
• 64 × 8-bit character generator RAM

— 8 characters (5 × 8 dot)
• 8 × 8-bit segment RAM

— 40-segment icon mark
• 33-common × 40-segment liquid crystal display

driver
• Programmable duty cycle

(See list 1)
• Wide range of instruction functions:

— Functions compatible with LCD-II: Display
clear, cursor home, display on/off, cursor
on/off, display character blink, cursor shift,
display shift

— Additional functions: Icon mark control,
4-line display, horizontal smooth scroll,
6-dot character width control, white-black
inverting blinking cursor

• Software upwardly compatible with HD44780
• Automatic reset circuit that initializes the con-

troller/driver after power on
• Internal oscillator with an external resistor
• Low power consumption
• QFP1420-100 pin, TQFP1414-100 pin bare-chip



List 1   Programmable Duty Cycles

Number of Displayed Maximum Number of Displayed Characters

Lines Duty Ratio Character Single-chip Operation With Extention Driver

1 1/17 5 × 8-dot One 16-character One 50-character
line + 40 segments line + 40 segments

2 1/33 5 × 8-dot Two 16-character Two 30-character
lines + 40 segments lines + 40 segments

4 1/33 5 × 8-dot Four 8-character Four 20-character
lines + 40 segments lines + 40 segments

Ordering Information

Type No. Package CGROM

HD66710A00FS QFP1420-100 (FP-100A) Japanese standard

HD66710A00TF TQFP1414-100 (TFP-100B)

HCD66710A00 Chip

HD66710A01TF* TQFP1414-100 (TFP-100B) Communication

HD66710A02TF* TQFP1414-100 (TFP-100B) European font

HD66710BxxFS QFP1420-100 (FP-100A) Custom font

HD66710BxxTF TQFP1414-100 (TFP-100B)

HCD66710Bxx Chip

Note: * Under development
Bxx = ROM code No.

HD66710
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LCD-II Family Comparison

LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12
Item (HD44780U) (HD66702R) (HD66710) HD66712

Power supply voltage 2.7 V to 5.5 V 5 V ±10% 2.7 V to 5.5 V 2.7 V to 5.5 V
(standard)
2.7 V to 5.5 V
(low voltage)

Liquid crystal drive 3.0 V to 11 V 3.0 V to 8.3 V 3.0 V to 13.0 V 3.0 V to 13.0 V
voltage

Maximum display 8 characters 20 characters 16 characters × 24 characters ×
digits per chip × 2 lines × 2 lines 2 lines/ 2 lines/

8 characters × 12 characters ×
4 lines 4 lines

Segment display None None 40 segments 60 segments

Display duty cycle 1/8, 1/11, and 1/8, 1/11, and 1/17 and 1/33 1/17 and 1/33
1/16 1/16

CGROM 9,920 bits 7,200 bits 9,600 bits 9,600 bits
(208 5 × 8 dot (160 5 × 7 dot (240 5 × 8 dot (240 5 × 8 dot
characters and characters and characters) characters)
32 5 × 10 dot 32 5 × 10 dot
characters) characters)

CGRAM 64 bytes 64 bytes 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes 80 bytes 80 bytes

SEGRAM None None 8 bytes 16 bytes

Segment signals 40 100 40 60

Common signals 16 16 33 34

Liquid crystal drive A B B B
waveform

Bleeder resistor for LCD External External External External
power supply (adjustable) (adjustable) (adjustable) (adjustable)

Clock source Extenal resistor External resistor External resistor External resistor
or external clock or external clock or external clock or external clock

Rf oscillation frequency 270 kHz ±30% 320 kHz ±30% 270 kHz ±30% 270 kHz ±30%
(frame frequency) (59 to 110 Hz for (70 to 130 Hz for (56 to 103 Hz for (56 to 103 Hz for

1/8 and 1/16 duty 1/8 and 1/16 duty 1/17 duty cycle; 1/17 duty cycle;
cycle; 43 to cycle; 51 to 57 to 106 Hz for 57 to 106 Hz for
80 Hz for 1/11 95 Hz for 1/11 1/33 duty cycle) 1/33 duty cycle)
duty cycle) duty cycle)

Rf resistance 91 kΩ: 5-V 68 kΩ: 5-V 91 kΩ: 5-V 91 kΩ: 5-V
operation; operation; operation; operation;
75 kΩ: 3-V 56 kΩ: (3-V 75 kΩ: 3-V 75 kΩ: 3-V
operation operation) operation) operation

Liquid crystal voltage None None 2–3 times step- 2–3 times step-
booster circuit up circuit up circuit
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LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12
Item (HD44780U) (HD66702R) (HD66710) HD66712

Extension driver control Independent Independent Used in common Independent
signal control signal control signal with a driver control signal

output pin

Reset function Power on Power on Power on Power on
automatic automatic automatic automatic reset
reset reset reset or reset input

Instructions LCD-II Fully compatible Upper Upper compatible
(HD44780) with the LCD-II compatible with with the LCD-II

the LCD-II

Number of displayed 1 or 2 1 or 2 1, 2, or 4 1, 2, or 4
lines

Low power mode None None Available Available

Horizontal scroll Character unit Character unit Dot unit Dot unit

Bus interface 4 bits/8 bits 4 bits/8 bits 4 bits/8 bits Serial;
4 bits/8 bits

CPU bus timing 2 MHz: 5-V 1 MHz 2 MHz: 5-V 2 MHz: 5-V
operation; operation; operation;
1 MHz: 3-V 1 MHz: 3-V 1 MHz: 3-V
operation operation operation

Package QFP-1420-80 LQFP-2020-144 QFP-1420-100 QFP-1420-128
80-pin bare chip 144-pin bare chip 100-pin bare chip TCP-128

TQFP1414-100 128-pin bare chip

HD66710
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HD66710 Block Diagram
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HD66710 Pin Arrangement

HD66710

337

SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
VCC
TEST
EXT
DB7
DB6
DB5
DB4
DB3
DB2
DB1
DB0
E
R/W
RS
OSC2
OSC1
Vci
C2
C1
GND
V5OUT2
V5OUT3
V5
V4

S
E

G
26


S

E
G

25


S
E

G
24


S

E
G

23


S
E

G
22


S

E
G

21


S
E

G
20


S

E
G

19


S
E

G
18


S

E
G

17


S
E

G
16


S

E
G

15


S
E

G
14


S

E
G

13


S
E

G
12


S

E
G

11


S
E

G
10


S

E
G

9
S

E
G

8
S

E
G

7

C
O

M
24


C

O
M

23


C
O

M
22


C

O
M

21


C
O

M
20


C

O
M

19


C
O

M
18


C

O
M

17


C
O

M
8

C
O

M
7

C
O

M
6

C
O

M
5

C
O

M
4

C
O

M
3

C
O

M
2

C
O

M
1

C
O

M
33


V

1
V

2
V

3

SEG27
SEG28
SEG29
SEG30
SEG31
SEG32
SEG33
SEG34
SEG35
SEG36

SEG37/CL1
SEG38/CL2

SEG39/D
SEG40/M

COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16
COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

LCD-II/F8

(FP-100A)

(Top view)



HD66710 Pin Arrangement (TQFP1414-100 Pin)
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

LCD-II/F8

(TFP-100B)

(Top view)

80 79 78 77 76

3029282726
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79

81 801 100

2

Y

29

30 31 X
50 51

52

Type code

Chip size (X   Y)
Coordinate
Origin
Pad size (X   Y)

:
:
:
:

5.63 mm × 6.06 mm
Pad center
Chip center
100 µm × 100 µm

×

×

HD66710
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HD66710 Pad Location Coordinates

Pin No. Pad Name X Y
1 SEG27 –2495 2910
2 SEG28 –2695 2730
3 SEG29 –2695 2499
4 SEG30 –2695 2300
5 SEG31 –2695 2100
6 SEG32 –2695 1901
7 SEG33 –2695 1698
8 SEG34 –2695 1498
9 SEG35 –2695 1295
10 SEG36 –2695 1099
11 SEG37 –2695 900
12 SEG38 –2695 700
13 SEG39 –2695 501
14 SEG40 –2695 301
15 COM9 –2695 98
16 COM10 –2695 –113
17 COM11 –2695 –302
18 COM12 –2695 –501
19 COM13 –2695 –701
20 COM14 –2695 –900
21 COM15 –2695 –1100
22 COM16 –2695 –1303
23 COM25 –2695 –1502
24 COM26 –2695 –1702
25 COM27 –2695 –1901
26 COM28 –2695 –2101
27 COM29 –2695 –2300
28 COM30 –2695 –2500
29 COM31 –2695 –2731
30 COM32 –2495 –2910
31 COM24 –2051 –2910
32 COM23 –1701 –2910
33 COM22 –1498 –2910
34 COM21 –1302 –2910
35 COM20 –1102 –2910
36 COM19 –899 –2910
37 COM18 –700 –2910
38 COM17 –500 –2910
39 COM8 –301 –2910
40 COM7 –101 –2910
41 COM6 99 –2910
42 COM5 302 –2910
43 COM4 502 –2910
44 COM3 698 –2910
45 COM2 887 –2910
46 COM1 1077 –2910
47 COM33 1266 –2910
48 V1 1488 –2910
49 V2 1710 –2910
50 V3 2063 –2910

Pin No. Pad Name X Y
51 V4 2458 –2910
52 V5 2660 –2731
53 V5OUT3 2660 –2500
54 V5OUT2 2660 –2300
55 GND 2640 –2090
56 C1 2650 –1887
57 C2 2675 –1702
58 Vci 2675 –1502
59 OSC1 2675 –1303
60 OSC2 2675 –1103
61 RS 2675 –900
62 R/W 2675 –701
63 E 2675 –501
64 DB0 2675 –302
65 DB1 2675 –99
66 DB2 2675 98
67 DB3 2675 301
68 DB4 2675 501
69 DB5 2675 700
70 DB6 2675 900
71 DB7 2675 1099
72 EXT 2675 1299
73 TEST 2675 1502
74 VCC 2695 1698
75 SEG1 2695 1901
76 SEG2 2695 2104
77 SEG3 2695 2300
78 SEG4 2695 2503
79 SEG5 2695 2730
80 SEG6 2495 2910
81 SEG7 2049 2910
82 SEG8 1699 2910
83 SEG9 1499 2910
84 SEG10 1300 2910
85 SEG11 1100 2910
86 SEG12 901 2910
87 SEG13 701 2910
88 SEG14 502 2910
89 SEG15 299 2910
90 SEG16 99 2910
91 SEG17 –101 2910
92 SEG18 –301 2910
93 SEG19 –500 2910
94 SEG20 –700 2910
95 SEG21 –899 2910
96 SEG22 –1099 2910
97 SEG23 –1302 2910
98 SEG24 –1501 2910
99 SEG25 –1701 2910
100 SEG26 –2051 2910



Pin Functions

Table 1 Pin Functional Description

Device
Signal I/O Interfaced with Function

RS I MPU Selects registers
0: Instruction register (for write)

Busy flag: address counter (for read)
1: Data register (for write and read)

R/W I MPU Selects read or write
0: Write
1: Read

E I MPU Starts data read/write

DB4 to DB7 I/O MPU Four high order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66710. 
DB7 can be used as a busy flag.

DB0 to DB3 I/O MPU Four low order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66710. 
These pins are not used during 4-bit operation.

COM1 to COM33 O LCD Common signals; those are not used become non-
selected waveforms. At 1/17 duty rate, COM1 to COM16
are used for character display, COM17 for icon display,
and COM18 to COM33 become non-selected waveforms.
At 1/33 duty rate, COM1 to COM32 are used for
character display, and COM33 for icon display.

SEG1 to SEG35 O LCD Segment signals

SEG36 O LCD Segment signal. When EXT = high, the same data as 
that of the first dot of the extension driver is output.

SEG37/CL1 O LCD/ Segment signal when EXT = low. When EXT = high, 
Extension driver outputs the extension driver latch pulse.

SEG38/CL2 O LCD/ Segment signal when EXT = low. When EXT = high,
Extension driver outputs the extension driver shift clock.

SEG39/D O LCD/ Segment signal at EXT = low. At EXT = high, the
Extension driver extension driver data. Data on and after the 36th

dot is output.

SEG40/M O LCD/ Segment signal when EXT = low. When EXT = high,
Extension driver outputs the extension driver AC signal.

EXT I — Extension driver enable signal. When EXT = high, 
SEG37 to SEG40 become extension driver interface 
signals. At this time, make sure that V5 level is lower 
than GND level (0 V). V5 (low) ≤ GND (high).

V1 to V5 — Power supply Power supply for LCD drive 
VCC – V5 = 13 V (max)

HD66710
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Table 1 Pin Functional Description (cont)

Device
Signal I/O Interfaced with Function

VCC, GND — Power supply VCC: +2.7 V to 5.5 V, GND: 0 V

OSC1, OSC2 — Oscillation When CR oscillation is performed, a resistor must
resistor be connected externally. When the pin input is an 
clock external clock, it must be input to OSC1.

Vci I — Input voltage to the booster, from which the liquid crystal
display drive voltage is generated.
Vci is reference voltage and power supply for the booster.
Vci = 2.0 V to 5.0 V ≤ Vci

V5OUT2 O V5 pin/ Voltage input to the Vci pin is boosted twice and output 
Booster When the voltage is boosted three times, the same 
capacitance capacity as that of C1–C2 should be connected.

V5OUT3 O V5 pin Voltage input to the Vci pin is boosted three times and
output.

C1/C2 — Booster External capacitance should be connected when using
capacitance the booster.

TEST I — Test pin. Should be wired to ground.

342
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Function Description

Registers

The HD66710 has two 8-bit registers, an instruc-
tion register (IR) and a data register (DR).

The IR stores instruction codes, such as display
clear and cursor shift, and address information for
the display data RAM (DD RAM), the character
generator RAM (CG RAM), and the segment
RAM (SEG RAM). The MPU can only write to IR,
and cannot be read from.

The DR temporarily stores data to be written into
DD RAM, CG RAM, or SEG RAM. Data written
into the DR from the MPU is automatically written
into DD RAM, CG RAM, or SEG RAM by an
internal operation. The DR is also used for data
storage when reading data from DD RAM, 
CG RAM, or SEG RAM. When address infor-
mation is written into the IR, data is read and then
stored into the DR from DD RAM, CG RAM, or
SEG RAM by an internal operation. Data transfer
between the MPU is then completed when the
MPU reads the DR. After the read, data in DD
RAM, CG RAM, or SEGRAM at the next address
is sent to the DR for the next read from the MPU.

By the register selector (RS) signal, these two
registers can be selected (table 2).

Busy Flag (BF)

When the busy flag is 1, the HD66710 is in the
internal operation mode, and the next instruction
will not be accepted. When RS = 0 and R/W = 1
(table 2), the busy flag is output from DB7. The
next instruction must be written after ensuring that
the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to DD
RAM, CG RAM, or SEG RAM. When an address
of an instruction is written into the IR, the address
information is sent from the IR to the AC.
Selection of DD RAM, CG RAM, and SEG RAM
is also determined concurrently by the instruction.

After writing into (reading from) DD RAM, CG
RAM, or SEG RAM, the AC is automatically
incremented by 1 (decremented by 1). The AC
contents are then output to DB0 to DB6 when RS =
0 and R/W = 1 (table 2).

Table 2 Register Selection

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DB0 to DB6)

1 0 DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM)

1 1 DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR)
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Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores display data
represented in 8-bit character codes. Its capacity is
80 × 8 bits, or 80 characters. The area in display
data RAM (DD RAM) that is not used for display
can be used as general data RAM. See figure 1 for
the relationships between DD RAM addresses and
positions on the liquid crystal display.

The DD RAM address (ADD) is set in the address
counter (AC) as hexadecimal.

• 1-line display (N = 0) (figure 2)

— Case 1: When there are fewer than 80
display characters, the display begins at the
head position. For example, if using only the
HD66710, 16 characters are displayed. See
figure 3.

When the display shift operation is per-
formed, the DD RAM address shifts. See
figure 3.

— Case 2: Figure 4 shows the case where the
EXT pin is fixed high, and the HD66710
and the 40-output extension driver are used
to extend the number of display characters.
In this case, the start address from COM9 to
COM16 of the LCD-II/F8 is 0AH. To
display 24 characters, addresses starting at
SEG11 should be used.

When a display shift operation is performed,
the DD RAM address shifts. See figure 4.

Figure 1   DD RAM Address

Figure 2   1-Line Display

AC6 AC5 AC4 AC3 AC2 AC1 AC0 1 0 0 1 1 1 0
AC
(hexadecimal)

Example: DD RAM address 4E
High order

bits
Low order

bits

00 01 02 03 04 4E 4F
DD RAM
address
(hexadecimal)

Display position
(digit) 1 2 3 4 5 79 80

. . . . . . . . . . . . . . . . . .



Figure 3   1-line by 16-Character Display Example

Figure 4   1-line by 24-Character Display Example
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COM1 to 8 COM9 to 16

COM1 to 8 COM9 to 16 (Left shift display)

COM1 to 8 COM9 to 16 (Right shift display)

Display position

DRAM address

00 01 02 03 04 0605

1 2 3 4 5 6 7 8
07

COM1 to 8

08 09 0A 0B 0C 0E0D

9 101112131415 16
0F

01 02 03 04 05 0706

1 2 3 4 5 6 7 8
08 09 0A 0B 0C 0D 0F0E

9 101112131415 16
10

4F 00 01 02 03 0504 06 07 08 09 0A 0B 0D0C 0E

01 02 03 04 0605 07 08 09 0A 0B 0D 0E 0F 10 11 12 13COM1 to 8 COM9 to 16 (Left shift display)
1 2 3 4 5 6 7 8 9 101112 1314151617 18192021222324

0C

00 01 02 03 04 0605 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13 14 15 16COM1 to 8 COM9 to 16 (Right shift display)4F

14 15 16 17 18

00 01 02 03 04 0605 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13 14 15 16 17COM1 to 8 COM9 to 16
1 2 3 4 5 6 7 8 9 101112 1314151617 18192021222324

LCD-II/F8
SEG1 to 35

LCD-II/F8
SEG11 to 35
(SEG1 to 10: skip)

Extension 
driver (1)
Seg1 to 25

Extension 
driver (1)
Seg1 to 35

Display position 

DDRAM address



346

HD66710

• 2-line display (N = 1, and NW = 0)

— Case 1: The first line is displayed from
COM1 to COM16, and the second line is
displayed from COM17 to COM32. Care is
required because the end address of the first
line and the start address of the second line

are not consecutive. For example, the case is
shown in figure 6 where 16 × 2-line display
is performed using the HD66710. When a
display shift operation is performed, the DD
RAM address shifts. See figure 5.

Figure 5   2-line by 16-Character Display Example

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

Display position

DDRAM address

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

(Left shift display)

(Right shift display)

00 01 02 03 04 0605

1 2 3 4 5 6 7 8
07 08 09 0A 0B 0C 0E0D

9 101112131415 16
0F

40 41 42 43 44 4645 47 48 49 4A 4B 4C 4E4D 4F

01 02 03 04 05 0706 08 09 0A 0B 0C 0D 0F0E 10

41 42 43 44 45 4746 48 49 4A 4B 4C 4D 4F4E 50

27 00 01 02 03 0504 06 07 08 09 0A 0B 0D0C 0E

67 40 41 42 43 4544 46 47 48 49 4A 4B 4D4C 4E
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— Case 2: Figure 6 shows the case where the
EXT pin is fixed to high, the HD66710 and
the 40-output extension driver are used to
extend the number of display characters.

In this case, the start address from COM9 to
COM16 of the HD66710 is 0AH, and that

from COM25 to COM32 of the HD66710 is
4AH. To display 24 characters, the addresses
starting at SEG11 should be used.

When a display shift operation is performed,
the DD RAM address shifts. See figure 6.

Figure 6   2-Line by 24 Character Display Example

00 01 02 03 04 0605 07 08 09 0A 0B 0C 0D 0E 0F 10 11 12 13 14 15 16 17 COM9 to COM16
1 2 3 4 5 6 7 8 9 101112 1314151617 18192021222324

LCD-II/F8
SEG1 to SEG35

LCD-II/F8
SEG11 to SEG35
(SEG1 to SEG10: 
skip)

Extension 
driver (1) 
Seg1 to Seg25

Extension 
driver (1) 
Seg1 to Seg35

Display position

DDRAM address

(Left shift display)
01 02 03 04 0605 08 09

41 42 43 44 45 46

07

47 48 49

0A 0B

4A 4B

0C

4C

12 13

52 53

14 15 16

54 55 56

17

57

COM9 to 
COM16
COM25 to
COM32

00 01 02 03 04 0605 07 08 09

40 41 42 43 44 45 46 47 48 49

0A 0B

4A 4B

0C 0D 0E 0F 10

4C 4D 4E 4F 50

11 12 13

51 52 53

14 15 16

54 55 56

COM9 to
COM16
COM25 to
COM32

1 2 3 4 5 6 7 8 9 101112 131415 1617 18 1920212223 24

18

58

27

67

(Right shift display)

0D 0E 0F 10 11

4D 4E 4F 50 51

COM1 to 
COM8

COM1 to 
COM8
COM17 to 
COM24

COM1 to
COM8
COM17 to
COM24
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• 4-line display (NW = 1)

— Case 1: The first line is displayed from
COM1 to COM8, the second line is
displayed from COM9 to COM16, the third
line is displayed from COM17 to COM24,
and the fourth line is displayed from
COM25 to COM32. Care is required

because the DD RAM addresses of each line
are not consecutive. For example, the case is
shown in figure 7 where 8 × 4-line display is
performed using the HD66710.

When a display shift operation is performed,
the DD RAM address shifts. See figure 7.

Figure 7   4-Line Display

(Left shift display)

01 02 03 04 05 06

21 22 23 24 25 26

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

1 2 3 4 5 6 7

41 42 43 44 45 46

61 62 63 64 65 66

07

27

67

8

28

4847

08

68

(Right shift display)

1 2 3 4 5 6 7
13

33

53

00 01 02 03 04 05 06

20 21 22 23 24 25 26

40 41 42 43 44 45 46

60 61 62 63 64 65 6673

8

00 01 02 03 04 05 06

20 21 22 23 24 25 26

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

1 2 3 4 5 6 7

40 41 42 43 44 45 46

60 61 62 63 64 65 66

Display position

DDRAM address

07

27

8

47

67
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— Case 2: The case is shown in figure where
the EXT pin is fixed high, and the HD66710
and the 40-output extension driver are used
to extend the number of display characters.

When a display shift operation is performed,
the DD RAM address shifts. See figure 8.

Figure 8   4-Line by 20-Character Display Example

1 2 3 4 5 6 7 8 9 1011 1213 1415 161718 19 20

4E

1 2 3 4 5 6 7 8 9 10 11 1213 141516 17 1819 20

01 02 03 04 05 06 11 12 130A 0B 0C 0D 0E 0F 1007 08 09 00

21 22 23 24 25 26 31 32 332A 2B 2C 2D 2E 2F 3027 28 29 20

41 42 43 44 45 46 51 52 534A 4B 4C 4D 4F 5047 48 49 40

61 62 63 64 65 66 71 72 736A 6B 6C 6D 6E 6F 7067 68 69 60

00 01 02 03 04 05 06 11 120A 0B 0C 0D 0E 0F 1007 08 0913

20 21 22 23 24 25 26 31 322A 2B 2C 2D 2E 2F 3027 28 2933

40 41 42 43 44 45 46 51 524A 4B 4C 4D 4E 4F 5047 48 4953

60 61 62 63 64 65 66 71 726A 6B 6C 6D 6E 6F 7067 68 6973

(Display shift right)(Display shift left)

00 01 02 03 04 05 06

20 21 22 23 24 25 26

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

1 2 3 4 5 6 7 8 9 10 111213 14 1516 17 1819 20

40 41 42 43 44 45 46

60 61 62 63 64 65 66

11 12 130A 0B 0C 0D 0E 0F 1007 08 09

31 32 332A 2B 2C 2D 2E 2F 3027 28 29

51 52 534A 4B 4C 4D 4E 4F 5047 48 49

71 72 736A 6B 6C 6D 6E 6F 7067 68 69

LCD-II/F8 Extension driver (1) Extension driver (2)

Display position

DDRAM address
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Character Generator ROM (CG ROM)

The character generator ROM generates 5 × 8 dot
character patterns from 8-bit character codes 
(table 3). It can generate 240 5 × 8 dot character
patterns. User-defined character patterns are also
available using a mask-programmed ROM.

Character Generator RAM (CG RAM)

The character generator RAM allows the user to
redefine the character patterns. In the case of 5 × 8
characters, up to eight may be redefined.

Write the character codes at the addresses shown
as the left column of table 3 to show the character
patterns stored in CG RAM.

See table 5 for the relationship between CG RAM
addresses and data and display patterns.

Segment RAM (SEG RAM)

The segment RAM (SEG RAM) is used to enable
control of segments such as an icon and a mark by
the user program.

For a 1-line display, SEG RAM is read from the
COM17 output, and as for 2- or 4-line displays,
it is from the COM33 output, to performs
40-segment display.

As shown in table 6, bits in SEG RAM corre-
sponding to segments to be displayed are directly
set by the MPU, regardless of the contents of DD
RAM and CG RAM.

SEG RAM data is stored in eight bits. The lower
six bits control the display of each segment, and
the upper two bits control segment blinking.

Modifying Character Patterns

• Character pattern development procedure

The following operations correspond to the
numbers listed in figure 9:

1. Determine the correspondence between char-
acter codes and character patterns.

2. Create a listing indicating the correspondence
between EPROM addresses and data.

3. Program the character patterns into an
EPROM.

4. Send the EPROM to Hitachi.

5. Computer processing of the EPROM is per-
formed at Hitachi to create a character pattern
listing, which is sent to the user.

6. If there are no problems within the character
pattern listing, a trial LSI is created at Hitachi
and samples are sent to the user for evaluation.
When it is confirmed by the user that the
character patterns are correctly written, mass
production of the LSI will proceed at Hitachi.



Figure 9   Character Pattern Development Procedure
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Determine
character patterns

Create EPROM
address data listing

Write EPROM

EPROM → Hitachi

Computer
processing

Create character
pattern listing

Evaluate
character
patterns

OK?

Art work

Sample
evaluation

OK?

Masking

Trial

Sample

No

Yes

No

Yes

M/T

1

3

2

4

5

6

Note:  For a description of the numbers used in this figure, refer to the preceding page.

UserHitachi

Mass
production

Start



Table 3 Correspondence between Character Codes and Character Patterns (Hitachi Standard
HD66710)

Note: The user can specify any pattern in the character-generator RAM.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001



Table 4 Relationship between Character Codes and Character Pattern (ROM Code: A01)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001



Table 5 Relationship between Character Codes and Character Patterns (ROM Code: A02)

Note: The character codes of the characters enclosed in the bold frame are the same as those of the first
edition of the ISO8859 and the character code compatible.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper 4

BitsLower 
4 Bits

CG
RAM
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0001 1000 1001
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• Programming character patterns

This section explains the correspondence be-
tween addresses and data used to program
character patterns in EPROM. The HD66710
character generator ROM can generate 240 5 × 8
dot character patterns.

— Character patterns

EPROM address data and character pattern
data correspond with each other to form a 
5 × 8 dot character pattern (table 4).

Table 6 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 × 8 Dots)

Notes: 1. EPROM addresses A11 to A4 correspond to a character code.
2. EPROM addresses A2 to A0 specify a line position of the character pattern. EPROM address A3

should be set to 0.
3. EPROM data O4 to O0 correspond to character pattern data.
4. Area which are lit (indicated by shading) are stored as 1, and unlit are as 0.
5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line

is used for a cursor, this data should all be set to zero.
6. EPROM data bits O7 to O5 are invalid. 0 should be written in all bits.

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0
1 1 1

1 0 0 0 1

O4 O3 O2 O1 O0

1 0 0 0 1

1 0 0 0 1

0 1 0 1 0

0 0 1 0 0

0 0 1 0 0

0 0 1 0 0

0 0 0 0 0

Character code Line position

EPROM Address Data LSBMSB

0

0

0

0

0

0

0

0

“0”

A11

0 1 0 1 1 0 0 1
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— Handling unused character patterns

1. EPROM data outside the character pattern
area: This is ignored by the character gener-
ator ROM for display operation so any data is
acceptable.

2. EPROM data in CG RAM area: Always fill
with zeros. (EPROM addresses 00H to FFH.)

3. Treatment of unused user patterns in the
HD66710 EPROM: According to the user
application, these are handled in either of two
ways:

a. When unused character patterns are
not programmed: If an unused character
code is written into DD RAM, all its dots
are lit, because the EPROM is filled with
1s after it is erased.

b. When unused character patterns are
programmed as 0s: Nothing is displayed
even if unused character codes are written
into DD RAM. (This is equivalent to a
space.)

Table 7 Example of Correspondence between Character Code and Character Pattern 
(5 × 8 Dots) in CGRAM

a)  When Character Pattern in 5 × 8 Dots

D7 D6 D5 D4 D3 D2 D1 D0

Character code (DDRAM data) CGRAM data LSBMSB

A2 A1 A0A5 A4 A3

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * *

O4 O3 O2 O1 O0O5O6O7

CGRAM address

1 1 1 0 0 0 0 0

* *1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 *

Character 
pattern

(1)

Character 
pattern

(8)



Table 7 Example of Correspondence between Character Code and Character Pattern 
(5 × 8 Dots) in CGRAM (cont)

b)  When Character Pattern is 6 × 8 Dots

Notes: 1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).
2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the

cursor position and its display is formed by a logical OR with the cursor.
3. The character data is stored with the rightmost character element in bit 0, as shown in table 5.

Characters with 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters with 6 dots in
width (FW = 1) are stored in bits 0 to 5.

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected.
Bit 3 of the character code is invalid (*). Therefore, for example, the character codes 00
(hexadecimal) and 08 (hexadecimal) correspond to the same CGRAM address.

5. A set bit in the CGRAM data corresponds to display selection, and 0 to non-selection.
6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is

controlled using the upper two bits (bits 7 and 6) in CGRAM.
When bit 7 is 1, of the lower six bits, only those which are set are blinked on the display.
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern can
be blinked as for a 6-dot font width.

* Indicates no effect.
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D7 D6 D5 D4 D3 D2 D1 D0

LSBMSB

A2 A1 A0A5 A4 A3 O4 O3 O2 O1 O0O5O6O7

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * 0
0
0
0
0
0
0
0

01 1 1 0 0 0 0

1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 * 0
0
0
0
0
0
0
0

Character 
pattern

(1)

Character 
pattern

(8)

Character code (DDRAM data) CGRAM address CGRAM data

*



Table 8 Relationships between SEGRAM Addresses and Display Patterns

Notes: 1. Data set to SEGRAM is output when COM17 is selected, as for a 1-line display, and output
when COM33 is selected, as for a 2-line or a 4-line display.

2. S1 to S48 are pin numbers of the segment output driver.
S1 is positioned to the left of the monitor.
S37 to S48 are extension driver outputs for a 6-dot character width.

3. After S40 output at 5-dot font and S48 output at 6-dot font, S1 output is repeated again.
4. As for a 5-dot font width, lower five bits (D4 to D0) are display on.off information of each

segment. For a 6-dot character width, the lower six bits (D5 to D0) are the display information
for each segment.

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is
controlled using the upper two bits (bits 7 and 6) in SEGRAM.
When bit 7 is 1, only a bit set to “1” of the lower six bits is blinked on the display.
When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5
pattern can be blinked as for 6-dot font width.

6. Bit 5 (D5) is invalid for a 5-dot font width.
7. Set bits in the CGRAM data correspond to display selection, and zeros to non-selection.
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B1 B0 * S1 S2 S3 S4 S5 B1 B0 S1 S2 S3 S4 S5 S6

* S6 S7 S8 S9 S10B1 B0

* S11S12S13S14S15B1 B0

* S16S17S18S19S20B1 B0

* S21S22S23S24S25B1 B0

* S26S27S28S29S30B1 B0

* S31S32S33S34S35B1 B0

* S36S37S38S39S40B1 B0

Blinking control Pattern on/off

S7 S8 S9 S10S11S12B1 B0

S13S14S15S16S17S18B1 B0

S19S20S21S22S23S24B1 B0

S25S26S27S28S29S30B1 B0

S31S32S33S34S35S36B1 B0

S37S38S39S40S41S42B1 B0

S43S44S45S46S47S48B1 B0

000

100

010

110

001

101

011

111

A0A1A2 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

SEGRAM
address

SEGRAM data

Blinking control Pattern on/off

a)  5-dot font width b)  6-dot font width



Figure 10   Relationships between SEGRAM Data and Display
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Timing Generation Circuit

The timing generation circuit generates timing
signals for the operation of internal circuits such as
DD RAM, CG ROM, CG RAM, and SEGRAM.
RAM read timing for display and internal opera-
tion timing by MPU access are generated sepa-
rately to avoid interfering with each other.
Therefore, when writing data to DD RAM, for
example, there will be no undesirable inter-
ferences, such as flickering, in areas other than the
display area.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
33 common signal drivers and 40 segment signal
drivers. When the character font and number of
lines are selected by a program, the required
common signal drivers automatically output drive
waveforms, while the other common signal drivers
continue to output non-selection waveforms.

Character pattern data is sent serially through a
40-bit shift register and latched when all needed

data has arrived. The latched data then enables the
driver to generate drive waveform outputs.

Sending serial data always starts at the display data
character pattern corresponding to the last address
of the display data RAM (DD RAM).

Since serial data is latched when the display data
character pattern corresponding to the starting
address enters the internal shift register, the
HD66710 drives from the head display.

Cursor/Blink Control Circuit

The cursor/blink (or white-black inversion) control
is used to produce a cursor or a flashing area on the
display at a position corresponding to the location
in stored in the address counter (AC).

For example (figure 11), when the address counter
is 08H, a cursor is displayed at a position
corresponding to DDRAM address 08H.



Figure 11   Cursor/Blink Display Example
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Note: Even if the address counter (AC) points to an address in the character generator RAM (CGRAM) or 
segment RAM (SEGRAM), cursor/blink black-white inversion will still occur, although it will produce
meaningless results.



362

HD66710

Interfacing to the MPU

The HD66710 can send data in either two 4-bit
operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs.

• For 4-bit interface data, only four bus lines (DB4
to DB7) are used for transfer. Bus lines DB0 to
DB3 are disabled. The data transfer between the
HD66710 and the MPU is completed after the
4-bit data has been transferred twice. As for the
order of data transfer, the four high order bits
(for 8-bit operation, DB4 to DB7) are transfered

before the four low order bits (for 8-bit opera-
tion, DB0 to DB3).

The busy flag must be checked (one instruction)
after the 4-bit data has been transferred twice.
Two more 4-bit operations then transfer the busy
flag and address counter data.

• For 8-bit interface data, all eight bus lines (DB0
to DB7) are used.

Figure 12   4-Bit Transfer Example
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes
the HD66710 when the power is turned on. The
following instructions are executed during the
initialization. The busy flag (BF) is kept in the
busy state until the initialization ends (BF = 1).
The busy state lasts for 15 ms after VCC rises to
4.5 V or 40 ms after the VCC rises to 2.7 V. 

1. Display clear

2. Function set:

DL = 1; 8-bit interface data

N = 0; 1-line display

RE = 0; Extension register write disable

3. Display on/off control:

D = 0; Display off

C = 0; Cursor off

B = 0; Blinking off

BE = 0; CGRAM/SEGRAM blinking off

LP = 0; Not in low power mode

4. Entry mode set:

I/D = 1; Increment by 1

S = 0; No shift

5. Extension function set:

FW = 0; 5-dot character width

B/W = 0; Normal cursor (eighth line)

NW = 0; 1- or 2-line display (depending on N)

6. SEGRAM address set:

HDS = 000; No scroll

Note: If the electrical characteristics conditions
listed under the table Power Supply
Conditions Using Internal Reset Circuit are
not met, the internal reset circuit will not
operate normally and will fail to initialize
the HD66710. For such a case, initial-
ization must be performed by the MPU as
explained in the section, Initializing by
Instruction. 
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Instructions

Outline

Only the instruction register (IR) and the data
register (DR) of the HD66710 can be controlled by
the MPU. Before starting internal operation of the
HD66710, control information is temporarily
stored in these registers to allow interfacing with
various MPUs, which operate at different speeds,
or various peripheral control devices. The internal
operation of the HD66710 is determined by signals
sent from the MPU. These signals, which include
register selection (RS), read/write (R/W), and the
data bus (DB0 to DB7), make up the HD66710
instructions (table 7). There are four categories of
instructions that:

• Designate HD66710 functions, such as display
format, data length, etc.

• Set internal RAM addresses

• Perform data transfer with internal RAM

• Perform miscellaneous functions

Normally, instructions that perform data transfer
with internal RAM are used the most. However,

auto-incrementation by 1 (or auto-decrementation
by 1) of internal HD66710 RAM addresses after
each data write can lighten the program load of the
MPU. Since the display shift instruction (table 7)
can perform concurrently with display data write,
the user can minimize system development time
with maximum programming efficiency. 

When an instruction is being executed for internal
operation, no instruction other than the busy
flag/address read instruction can be executed.

Because the busy flag is set to 1 while an
instruction is being executed, check it to make sure
it is 0 before sending another instruction from the
MPU.

Note: Be sure the HD66710 is not in the busy
state (BF = 1) before sending an instruction
from the MPU to the HD66710. If an
instruction is sent without checking the
busy flag, the time between the first
instruction and next instruction will take
much longer than the instruction time itself.
Refer to table 7 for the list of each instruc-
tion execution time.



Table 9 Instructions

Code Execution Time
(Max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and 1.52 ms
display sets DD RAM address 0 

in address counter.

Return 0 0 0 0 0 0 0 0 1 — Sets DD RAM address 0 1.52 ms
home in address counter. Also 

returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged.

Entry 0 0 0 0 0 0 0 1 I/D S Sets cursor move direction 37 µs
mode set and specifies display shift. 

These operations are 
performed during data 
write and read.

Display 0 0 0 0 0 0 1 D C B Sets entire display (D) 37 µs
on/off on/off, cursor on/off (C), 
control and blinking of cursor 
(RE = 0) position character (B).

Extension 0 0 0 0 0 0 1 FW B/W NW Sets a font width, a black- 37 µs
function white inverting cursor (B/W),
set (RE = 1) a 6-dot font width (FW), and 

a 4-line display (NW).

Cursor or 0 0 0 0 0 1 S/C R/L — — Moves cursor and shifts 37 µs
display display without changing 
shift DD RAM contents.

Function 0 0 0 0 1 DL N RE — — Sets interface data length 37 µs
set (DL), number of display 
(RE = 0) lines (N), and extension

register write enable (RE).

(RE = 1) 0 0 0 0 1 DL N RE BE LP Sets CGRAM/SEGRAM 37 µs
blinking enable (BE), and
low power mode (LP).
LP is available when the
EXT pin is low.

Set 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CG RAM address. 37 µs
CGRAM CG RAM data is sent and 
address received after this setting.
(RE = 0)

Set DDRAM 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DD RAM address. 37 µs
address DD RAM data is sent and 
(RE = 0) received after this setting.

Set 0 0 1 HDS HDS HDS *— ASG ASG ASG Sets SEGRAM address. 37 µs
SEGRAM DDRAM data is sent and
address received after this setting.
(RE = 1) Also sets a horizontal dot

scroll quantity (HDS).
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Table 9 Instructions (cont)

Code Execution Time
(Max) (when fcp or 

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Read busy 0 1 BF AC AC AC AC AC AC AC Reads busy flag (BF) 0 µs
flag & indicating internal 
address operation is being 

performed and reads 
address counter contents.

Write data 1 0 Write data Writes data into DD RAM, 37 µs
to RAM CG RAM, or SEGRAM. tADD = 5.5 µs*
(RE = 0/1) To write data to DD RAM 

CG RAM, clear RE to 0; 
or to write data to SEG 
RAM, set RE to 1.

Read data 1 1 Read data Reads data from DD RAM, 37 µs
from RAM CG RAM, or SEGRAM. tADD = 5.5 µs*
(RE = 0/1) To read data from DD 

RAM or CG RAM, clear 
RE to 0; to read data from 
SEG RAM, set RE to 1.

I/D = 1: Increment DD RAM: Display data 
I/D = 0: Decrement RAM
S = 1: Accompanies display shift CG RAM: Character 
D = 1: Display on generator RAM
C = 1: Cursor on SEGRAM: Segment RAM
B = 1: Blink on
FW = 1: 6-dot font width
B/W = 1: Black-white inverting cursor on
NW = 1: Four lines
NW = 0: One or two lines
S/C = 1: Display shift ACG: CG RAM address
S/C = 0: Cursor move
R/L = 1: Shift to the right ADD: DD RAM address
R/L = 0: Shift to the left (corresponds to 
DL = 1: 8 bits, DL = 0:  4 bits cursor address)
N = 1: 2 lines, N = 0:  1 line ASEG: Segment RAM 
RE = 1: Extension register access enable address
BE = 1: CGRAM/SEGRAM blinking enable HDS: Horizontal dot scroll 
LP = 1: Low power mode quantity
BF = 1: Internally operating AC: Address counter
BF = 0: Instructions acceptable used for both DD, CG,

and SEG RAM 
addresses.

Notes: 1. —  indicates no effect.
* After execution of the CG RAM/DD RAM/SEGRAM data write or read instruction, the RAM

address counter is incremented or decremented by 1. The RAM address counter is updated
after the busy flag turns off. 
In figure 13, tADD is the time elapsed after the busy flag turns off until the address counter is
updated.

2. Extension time changes as frequency changes. For example, when f is 300 kHz, the execution
time is: 37 µs × 270/300 = 33 µs. 

3. Execution time in a low power mode (LP = 1 & EXT = low) becomes four times as long as for a
1-line mode, and twice as long as for a 2- or 4-line mode.
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Figure 13   Address Counter Update
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Instruction Description

Clear Display

Clear display writes space code (20)H (character
pattern for character code (20)H must be a blank
pattern) into all DD RAM addresses. It then sets
DD RAM address 0 into the address counter, and
returns the display to its original status if it was
shifted. In other words, the display disappears and
the cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). It
also sets I/D to 1 (increment mode) in entry mode.
S of entry mode does not change. It resets the ex-
tended register enable bit (RE) to 0 in function set.

Return Home

Return home sets DD RAM address 0 into the
address counter, and returns the display to its
original status if it was shifted. The DD RAM
contents do not change.

The cursor or blinking go to the left edge of the
display (in the first line if 2 lines are displayed). It
resets the extended register enable bit (RE) to 0 in
function set.

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code
is written into or read from DD RAM.

The cursor or blinking moves to the right when
incremented by 1 and to the left when decremented
by 1. The same applies to writing and reading of
CG RAM and SEG RAM. 

S: Shifts the entire display either to the right (I/D =
0) or to the left (I/D = 1) when S is 1 during DD
RAM write. The display does not shift if S is 0.

If S is 1, it will seem as if the cursor does not move
but the display does. The display does not shift
when reading from DD RAM. Also, writing into or
reading out from CG RAM and SEG RAM does
not shift the display. In a low power mode (LP =
1), do not set S = 1 because the whole display does
not normally shift.

Display On/Off Control

When extension register enable bit (RE) is 0, bits
D, C, and B are accessed.

D: The display is on when D is 1 and off when D
is 0. When off, the display data remains in 
DD RAM, but can be displayed instantly by setting
D to 1.

C: The cursor is displayed when C is 1 and not
displayed when C is 0. Even if the cursor dis-
appears, the function of I/D or other specifications
will not change during display data write. The
cursor is displayed using 5 dots in the 8th line for 5
× 8 dot character font. 

B: The character indicated by the cursor blinks
when B is 1 (figure 14). The blinking is displayed
as switching between all blank dots and displayed
characters at a speed of 370-ms intervals when fcp
or fOSC is 270 kHz. The cursor and blinking can be
set to display simultaneously. (The blinking fre-
quency changes according to fOSC or the reciprocal
of fcp. For example, when fcp is 300 kHz, 370 ×
270/300 = 333 ms.)

Extended Function Set

When the extended register enable bit (RE) is 1,
FW, B/W, and NW bit shown below are accessed.
Once these registers are accessed, the set values
are held even if the RE bit is set to zero.

FW: When FW is 1, each displayed character is
controlled with a 6-dot width. The user font in 
CG RAM is displayed with a 6-bit character width
from bits 5 to 0. As for fonts stored in CG ROM,
no display area is assigned to the leftmost bit, and
the font is displayed with a 5-bit character width. If
the FW bit is changed, data in DD RAM and CG
RAM SEG RAM is destroyed. Therefore, set FW
before data is written to RAM. When font width is
set to 6 dots, the frame frequency decreases to 5/6
compared to 5-dot time. See “Oscillator Circuit”
for details.
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B/W: When B/W is 1, the character at the cursor
position is cyclically displayed with black-white
invertion. At this time, bits C and B in display
on/off control register are “Don’t care”. When fCP

or fOSC is 270 kHz, display is changed by
switching every 370 ms.

NW: When NW is 1, 4-line display is performed.
At this time, bit N in the function set register is
“Don’t care”.

Note: After changing the N or NW or LP bit,
please issue the return home or clear display
instructions to cancel to shift display.

Figure 14   Cursor Blink Width Control

Figure 15   Character Width Control

i) Cursor display example ii) Blink display example

White-black inverting 
display example

iii)

Alternating
display

Alternating
display

i) 5-dot character width ii) 6-dot character width
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Cursor or Display Shift

Cursor or display shift shifts the cursor position or
display to the right or left without writing or
reading display data (table 8). This function is used
to correct or search the display. In a 2-line display,
the cursor moves to the second line when it passes
the 40th digit of the first line. In a 4-line display,
the cursor moves to the second line when it passes
the 20th character of the line. Note that, all line
displays will shift at the same time. When the
displayed data is shifted repeatedly each line
moves only horizontally. The second line display
does not shift into the first line position.

These instruction reset the extended register enable
bit (RE) to 0 in function set.

The address counter (AC) contents will not change
if the only action performed is a display shift.

In low power mode (LP = 1), whole-display shift
cannot be normally performed.

Function Set

Only when the extended register enable bit (RE) is
1, the BE bit shown below can be accessed. Bits
DL and N can be accessed regardless of RE.

DL: Sets the interface data length. Data is sent or
received in 8-bit lengths (DB7 to DB0) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when
DL is 0.

When 4-bit length is selected, data must be sent or
received twice.

Table 10 Shift Function

S/C R/L

0 0 Shifts the cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor position to the right. (AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.
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N: When bit NW in the extended function set is 0,
a 1- or a 2-line display is set. When N is 0, 1-line
display is selected; when N is 1, 2-line display is
selected. When NW is 1, a 4-line display is set. At
this time, N is “Don’t care”.

RE: When the RE bit is 1, bit BE and LP in the
extended function set registe, the SEGRAM
address set register, and the extended function set
register can be accessed. When bit RE is 0, the
registers described above cannot be accessed, and
the data in these registers is held.

To maintain compatibility with the HD44780, the
RE bit should be fixed to 0.

Clear display, return home and cursor or display
shift instruction a reset the RE bit to 0.

BE: When the RE bit is 1, this bit can be rewritten.
When this bit is 1, the user font in CGRAM and
the segment in SEGRAM can be blinked according
to the upper two bits of CGRAM and SEGRAM.

LP: When the RE bit is 1, this bit can be rewritten.
When LP is set to 1 and the EXT pin is low
(without an extended driver), the HD66710
operates in low power mode. In 1-line display
mode, the HD66710 operates on a 4-division

clock, and in a 2-line or a 4-line display mode, the
HD66710 operates on a 2-division clock. Accord-
ing to these operations, instruction execution takes
four times or twice as long. Notice that in a low
power mode, display shift cannot be performed.

Note: Perform the DL, N, NW, FW functions at
the head of the program before executing
any instructions (except for the read busy
flag and address instruction). From this
point, if bit N, NW, or FW is changed after
other instructions are executed, RAM con-
tents may be lost.

After changing the N or NW or LP bit,
please issue the return home or clear display
instruction cancel to shift display.

Set CG RAM Address

A CG RAM address can be set while the RE bit is
cleared to 0. Set CG RAM address sets the 
CG RAM address binary AAAAAA into the
address counter.

Data is then written to or read from the MPU for
CG RAM.

Table 11 Display Line Set

No. of 
Display Character Duty Maximum Number of Characters/

N NW Lines Font Factor 1 Line with Extended Drivers

0 0 1 5 × 8 dots 1/17 50 characters

1 0 2 5 × 8 dots 1/33 30 characters

* 1 4 5 × 8 dots 1/33 20 characters

Note: * Indicates don’t care.
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Set DD RAM Address

Set DD RAM address sets the DD RAM address
binary AAAAAAA into the address counter while
the RE bit is cleared to 0.

Data is then written to or read from the MPU for
DD RAM.

However, when N and NW is 0 (1-line display),
AAAAAAA can be 00H to 4FH. When N is 1 and
NW is 0 (2-line display), AAAAAAA is (00)H to
(27)H for the first line, and (40)H to (67)H for the
second line. When NW is 1 (4-line display),
AAAAAAA is (00)H to (13)H for the first line,
(20)H to (33)H for the second line, (40)H to (53)H
for the third line, and (60)H to (73)H for the fourth
line.

Set SEGRAM Address

Only when the extended register enable bit (RE) is
1, HS2 to HS0 and the SEGRAM address can be
set.

The SEGRAM address in the binary form AAA is
set to the address counter. SEGRAM can then be
written to or read from by the MPU.

Note: When performing a horizontal scroll is
described above by connecting an extended
driver, the maximum number of characters
per line decreases by one. In other words,
49 characters, 29 characters, and 19 char-
acters are displayed in 1-line, 2-line, and
4-line modes, respectively. Notice that in
low power mode (LP = 1), the display shift
and scroll cannot be performed.

Read Busy Flag and Address

Read busy flag and address reads the busy flag
(BF) indicating that the system is now internally
operating on a previously received instruction. If
BF is 1, the internal operation is in progress. The
next instruction will not be accepted until BF is
reset to 0. Check the BF status before the next
write operation. At the same time, the value of the
address counter in binary AAAAAAA is read out.
This address counter is used by all CG, DD, and
SEGRAM addresses, and its value is determined
by the previous instruction. The address contents
are the same as for CG RAM, DD RAM, and
SEGRAM address set instructions.

Table 12 HS2 to HS0 Settings

HS2 HS1 HS0 Description

0 0 0 No shift.

0 0 1 Shift the display position to the left by one dot.

0 1 0 Shift the display position to the left by two dots.

0 1 1 Shift the display position to the left by three dots.

1 0 0 Shift the display position to the left by four dots.

1 0 1 Shift the display position to the left by five dots.

1 1 0 or 1 No shift.



Figure 16   Character Width Control
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Write Data to CG, DD, or SEG RAM

This instruction writes 8-bit binary data
DDDDDDDD to CG, DD or SEGRAM. If the 
RE bit is cleared, CG or DD RAM is selected, as
determined by the previous specification of the
address set instruction; if the RE bit is set, SEG
RAM is selected. After a write, the address is
automatically incremented or decremented by 1
according to the entry mode. The entry mode also
determines the display shift direction.

Read Data from CG, DD, or SEG RAM

This instruction reads 8-bit binary data
DDDDDDDD from CG, DD, or SEG RAM. If the
RE bit is cleared, CG or DD RAM is selected, as
determined by the previous specification of the
address set instruction; if the RE bit is set, SEG
RAM is selected. If no address is specified, the
first data read will be invalid. When executing
serial read instructions, the next address is
normally read from the next address. An address

set instruction need not be executed just before this
read instruction when shifting the cursor by a
cursor shift instruction (when reading from DD
RAM). A cursor shift instruction is the same as a
set DD RAM address instruction.

After a read, the entry mode automatically in-
creases or decreases the address by 1. However, a
display shift is not executed regardless of the entry
mode.

Note: The address counter (AC) is automatically
incremented or decremented after write in-
structions to CG, DD or SEG RAM. The
RAM data selected by the AC cannot be
read out at this time even if read instruc-
tions are executed. Therefore, to read data
correctly, execute either an address set in-
struction or a cursor shift instruction (only
with DD RAM), or alternatively, execute a
preliminary read instruction to ensure the
address is correctly set up before accessing
the data.

Figure 16   Character Width Control (cont)
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Interfacing the HD66710

1) Interface to 8-Bit MPUs

HD66710 can interface to 8-bit MPU directly
with E clock, or to 8-bit MCU through I/O

port. When number of I/O port in MCU, or
interfacing bus width, 4-bit interface function
is useful.

Figure 17   Example of 8-Bit Data Transfer Timing Sequence�
�������
� �
�
�

R/W
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DB7
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Data Busy Busy
Not
Busy Data
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write

Busy flag check Busy flag check Busy flag check Instruction
write

RS



Figure 18   8-Bit MPU Interface
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H8/325 HD66710

HD6800 HD66710

HD6301 HD66710

i)  Connection to 8-bit MPU bus line

ii)  Connection to H8/325 with port (when single chip mode)

iii)  Connection to HD6301 with port
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2)  Interface to 4-Bit MPUs

HD66710 can interface to 4-bit MCU through
I/O port. 4-bit data for high and low order

must be transferred twice continuously. The
DL bit in function set selects the interface data
length.

Figure 19   Example of 4-Bit Data Transfer Timing Sequence

Figure 20   Interface to HMCS4019R
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Oscillator Circuit

• Relationship between Oscillation frequency and
Liquid Crystal Display Frame Frequency

The liquid crystal display frame frequencies of
figure 22 apply only when the oscillation
frequency is 270 kHz (one clock period: 3.7 µs). 

Figure 21   Oscillator Circuit

Figure 22   Frame Frequency

OSC1 OSC1

OSC2

Clock
Rf

The oscillator frequency can be
adjusted by oscillator resistance 
(Rf). If Rf is increased or power 
supply voltage is decreased, the 
oscillator frequency decreases.  
The recommended oscillator 
resistor is as follows.  

HD66710 HD66710 • Rf = 91 kΩ ± 2% (Vcc = 5 V)
• Rf = 75 kΩ ± 2% (Vcc = 3 V)

1)  When an external clock is used 2)  When an internal oscillator is used
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Power Supply for Liquid Crystal
Display Drive

1) When an external power supply is used

2) When an internal booster is used

Vcc

V1

V2

V3

V4

V5

Vcc
R

R

R0

R

R

VR

VEE

VCC

V1

V2

V3

V4

V5

VCC

C1
C2

Vci

GND

V5OUT2

R

R

R0

R

R

C1
C2

Vci

GND

V5OUT2

R

R

R0

R

R
V5OUT3 V5OUT3

µ1 F +

µ1 F +

µ1 F+
µ1 F+

µ1 F +

(Boosting twice) (Boosting three times)

VCC

V1

V2

V3

V4

V5

VCC

Notes: 1.


2.



3.

Boosting output voltage should not exceed the power supply voltage (2) (15 V max.) 
in the absolute maximum ratings. Especially, voltage of over 5 V should not be input
to the reference voltage (Vci) when boosting three times.
Vci input terminal is used for reference voltage and power supply for the internal booster.
Input current into the Vci pin needs three times or more of load current through the 
bleeder resistor for LCD. So, when it adjusts LCD driving voltage (Vlcd), input voltage
should be controlled with transistor to supply LCD load current.
Please notice connection (+/–) when it uses capacitors with poler.

NTC-type
thermistor

NTC-type
thermistor

GND

GND

GND

GND



Table 13 Duty Factor and Power Supply for Liquid Crystal Display Drive

Item Data

Number of Lines 1 2/4

Duty factor 1/17 1/33

Bias 1/5 1/6.7

Divided resistance R R R

R0 R 2.7R

Note: R changes depending on the size of liquid crystal penel. Normally, R must be 4.7 kΩ to 20 kΩ.

HD66710
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Extension Driver LSI Interface

By bringing the EXT pin high, segment driver pins
(SEG37 to SEG40) functions as the extended driver
interface outputs. From these pins, a latch pulse
(CL1), a shift clock (CL2), data (D), and an AC
signal (M) are output. The same data is output
from the SEG36 pin of the HD66710 and the start
segment pin (Seg1) of the extension driver. Due to

the character baundary, the Seg1 output is used for
the 5-dot font width. For the 6-dot font width, the
SEG36 output is used, and the Seg1 output of the
extension driver must not be used. When the
extension driver LSI interface is used, ground level
(GND) must be higher than the V5 level.

Table 14 Required Number of 40-Output Extension Driver

Controller HD66710* HD44780 HD66702

Display Line 5-Dot Width 6-Dot Width 5-Dot Width 5-Dot Width

16 × 2 lines Not required 1 1 Not required

20 × 2 lines 1 1 2 Not required

24 × 2 lines 1 2 2 1

40 × 2 lines Disabled Disabled 4 3

12 × 4 lines 1 1 Disabled Disabled

16 × 4 lines 2 2 Disabled Disabled

20 × 4 lines 2 3 Disabled Disabled

Note: * The number of display lines can be extended to 30 × 2 lines or 20 × 4 lines. 

Figure 23   HD66710 and the Extension Driver Connection
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1)  1-chip operation
     (EXT = Low, 5-dot font width)

2)  When using the extension driver
     (EXT = High, 5-dot font width)
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24 × 2-line display



HD66710

383

When using one HD66710, the start address of
COM9–COM16/COM25–COM33 is calculated by
adding 8 to the start address of COM9–COM16
COM25–COM32. When extending the address, the

start address is calculated by adding A(10) to
COM9–COM16/COM25 to COM32. The relation-
ship betweenmodes and display start addresses is
shown below.

Table 15 Display Start Address in Each Mode

Number of Lines

1-Line Mode 2-Line Mode 4-Line Mode

Output EXT Low EXT High EXT Low EXT High EXT Low/High

COM1–COM8 D00±1 D00±1 D00±1 D00±1 D00±1

COM9–COM16 D08±1 D0A±1 D08±1 D0A±1 D20±1

COM17–COM24 — — D40±1 D40±1 D40±1

COM25–COM32 — — D48±1 D4A±1 D60±1

COM17 S00 S00 — — —

COM33 — — S00 S00 S00

Notes: 1. When an EXT pin is low, the extension driver is not used; otherwise, the extension driver is
used. 

2. D— is the start address of display data RAM (DDRAM) for each display line.
3. S— is the start address of segment RAM (SEGRAM).
4. ±1 following D— indicates increment or decrement at display shift.



Figure 24   Correspondence between the Display Position at Extension Display and 
the DDRAM Address
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c)  5-dot font width: 24 × 2-line display

d)  6-dot font width: 24 × 2-line display



Figure 24   Correspondence between the Display Position at Extension Display and 
the DDRAM Address (cont)
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Interface to Liquid Crystal Display

Set the extended driver interface, the number of
display lines, and the font width with the EXT pin,
an extended register NW, and the FW bit,

respectively. The relationship between the EXT
pin, register set value, and the display lines are
given below.

Table 16 Relationship between EXT, Register Setting, and Display Lines

No. of No. of EXT Extended 5-Dot Font EXT Extended 6-Dot Font

Lines Charactrers Pin Driver N RE NW FW Pin Driver N RE NW FW Duty

1 16 L — 0 0 0 0 H 1 0 1 0 1 1/17

20 H 1 0 0 0 0 H 1 0 1 0 1 1/17

24 H 1 0 0 0 0 H 2 0 1 0 1 1/17

2 16 L — 1 0 0 0 H 1 1 1 0 1 1/33

20 H 1 1 0 0 0 H 1 1 1 0 1 1/33

24 H 1 1 0 0 0 H 2 1 1 0 1 1/33

4 16 H 1 * 1 1 0 H 1 * 1 1 1 1/33

20 H 2 * 1 1 0 H 2 * 1 1 1 1/33

24 H 2 * 1 1 0 H 3 * 1 1 1 1/33

Note: — means not required.



• Example of 5-dot font width connection

Figure 25   Liquid Crystal Display and HD66710 Connections (Single-Chip Operation)
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a)  16 × 1-line + 40-segment display (5-dot font, 1/17 duty)

b)  16 × 2-line + 40-segment display (5-dot font, 1/33 duty)
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Figure 26   Liquid Crystal Display and HD66710 Connections (with the Extended Driver)
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Figure 26   Liquid Crystal Display and HD66710 Connections (with the Extended Driver) (cont)
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EXT

Vcc

COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

COM17
COM18
COM19
COM20
COM21
COM22
COM23
COM24

SEG1
SEG2
SEG3
SEG4
SEG5

SEG21
SEG22
SEG23
SEG24
SEG25

Extension
driver 
(2)

c)  20 × 4-line + 40-segment display (5-dot font, 1/33 duty)

±   +   –  x  ÷   = ≠



• Example of 6-dot font width connection

Figure 27   Liquid Crystal Display and HD66710 Connections (6-Dot Font Width)
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COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8

COM17
COM18
COM19
COM20
COM21
COM22
COM23
COM24

COM9

COM11
COM12

COM14

SEG1
SEG2
SEG3
SEG4
SEG5

SEG7
SEG8
SEG9

COM33

1 6 7 12

SEG6

SEG36

2 8

SEG10

EXT

HD66710

COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8

COM17
COM18
COM19
COM20
COM21
COM22
COM23
COM24

COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16

COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

SEG1
SEG2
SEG3
SEG4
SEG5

SEG31
SEG32
SEG33
SEG34
SEG35

COM33

7 166 17

SEG2
SEG3
SEG4
SEG5

SEG21
SEG22
SEG23
SEG24
SEG25

Extension
driver

SEG6

SEG36

SEG6
SEG7

SEG20

EXT

Vcc

COM10

COM13

COM15
COM16
COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

1 10 11 20

b)  20 × 2-line + 36-segment display (6-dot font, 1/33 duty)

a)  12 × 2-line + 36-segment display (6-dot font, 1/33 duty)

±   +   –  x  ÷   = ≠

±   +   –  x  ÷   = ≠

Note: The DDRAM address between
6th and 7th digits is not contiguous.
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Instruction and Display Correspondence

• 8-bit operation, 16-digit × 1-line display with
internal reset

Refer to table 16 for an example of an 16-digit ×
1-line display in 8-bit operation. The HD66710
functions must be set by the function set
instruction prior to the display. Since the display
data RAM can store data for 80 characters, a
character unit scroll can be performed by a
display shift instruction. A dot unit smooth
scroll can also be performed by a horizontal
scroll instruction. Since data of display RAM
(DDRAM) is not changed by a display shift
instruction, the display can be returned to the
first set display when the return home operation
is performed. 

• 4-bit operation, 16-digit × 1-line display with
internal reset

The program must set all functions prior to the
4-bit operation (table 16). When the power is
turned on, 8-bit operation is automatically
selected and the first write is performed as an
8-bit operation. Since DB0 to DB3 are not con-
nected, a rewrite is then required. However,
since one operation is completed in two accesses
for 4-bit operation, a rewrite is needed to set the
functions (see table 16). Thus, DB4 to DB7 of
the function set instruction is written twice.

• 8-bit operation, 16-digit × 2-line display with
internal reset 

For a 2-line display, the cursor automatically
moves from the first to the second line after the

40th digit of the first line has been written. Thus,
if there are only 16 characters in the first line,
the DD RAM address must be again set after the
16th character is completed. (See table 17.) 

The display shift is performed for the first and
second lines. If the shift is repeated, the display
of the second line will not move to the first line.
The same display will only shift within its own
line for the number of times the shift is repeated.

• 8-bit operation, 8-digit × 4-line display with
internal reset

The RE bit must be set by the function set
instruction and then the NW bit must be set by
an extension function set instruction. In this
case, 4-line display is always performed regard-
less of the N bit setting (table 18).

In a 4-line display, the cursor automatically
moves from the first to the second line after the
20th digit of the first line has been written. Thus,
if there are only 8 characters in the first line, the
DD RAM address must be set again after the 8th
character is completed. Display shifts are per-
formed on all lines simultaneously. 

Note: When using the internal reset, the electrical
characteristics in the Power Supply Condi-
tions Using Internal Reset Circuit table
must be satisfied. If not, the HD66710 must
be initialized by instructions. See the sec-
tion, Initializing by Instruction. 



Table 17 8-Bit Operation, 16-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66710 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 0 0 * * selects 1-line display. 

Bit 2 must always be cleared.

3 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. 

6 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

7 · ·
· ·
· ·
· ·
· ·

8 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

9 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

10 Write data to CG RAM/DD RAM Writes a space.
1 0 0 0 1 0 0 0 0 0
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Table 17 8-Bit Operation, 16-Digit × 1-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

11 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

12 · ·
· ·
· ·
· ·
· ·

13 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

14 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

15 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

16 Write data to CG RAM/DD RAM Writes C over K.
1 0 0 1 0 0 0 0 1 1 The display moves to the left.

17 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 1 1 * * position to the right.

18 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 0 1 * * position to the right.

19 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

20 · ·
· ·
· ·
· ·
· ·

21 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 18 4-Bit Operation, 16-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66710 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 4-bit operation.
0 0 0 0 1 0 — — — — Clear bit 2. In this case, 
— — — — — — — — — — operation is handled as 8 bits

by initialization. *

3 Function set Sets 4-bit operation and selects 
0 0 0 0 1 0 — — — — 1-line display. Clear BE, LP bits. 
0 0 0 1 0 0 — — — — 4-bit operation starts from 

this step.

4 Function set Sets 4-bit operation and selects
0 0 0 0 1 0 — — — — 1-line display. Clear RE bit.
0 0 0 0 * * — — — —

5 Return home Returns both display and cursor
0 0 0 0 0 0 — — — — to the original position
0 0 0 0 1 0 — — — — (address 0).

6 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 — — — — Entire display is in space mode
0 0 1 1 1 0 — — — — because of initialization.

7 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 — — — — address by one and to shift the 
0 0 0 1 1 0 — — — — cursor to the right at the time of 

write to the DD/CG RAM. 
Display is not shifted.

8 Write data to CG RAM/DD RAM Writes H.
1 0 0 1 0 0 — — — — DDRAM has already been 
1 0 1 0 0 0 — — — — selected by initialization. 

Note: 1. The control is the same as for 8-bit operation beyond step #8.
2. When DB3 to DB0 pins are open in 4-bit mode, the RE, BE, LP bits are set to “1” at step #2. 

So, these bits are clear to “0” at step #3.
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Table 19 8-Bit Operation, 16-Digit × 2-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66710 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
0 0 0 0 1 1 1 0 * * selects 1-line display. 

Clear bit 2. 

3 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 1 1 1 0 All display is in space mode

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the

cursor to the right at the time of 
write to the RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. 

6 · ·
· ·
· ·
· ·
· ·

7 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

8 Set DD RAM address Sets RAM address so that the 
0 0 1 1 0 0 0 0 0 0 cursor is positioned at the head 

of the second line.
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Table 19 8-Bit Operation, 16-Digit × 2-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

9 Write data to CG RAM/DD RAM Writes a space. 
1 0 0 1 0 0 1 1 0 1

10 · ·
· ·
· ·
· ·
· ·

11 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

13 Write data to CG RAM/DD RAM Writes M. 
1 0 0 1 0 0 1 1 0 1

14 · ·
· ·
· ·
· ·
· ·

15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 20 8-Bit Operation, 8-Digit × 4-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66710 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8 bit operation and the 
0 0 0 0 1 1 0 1 * * extended register enable bit.

3 4-line mode set Sets 4-line display.
0 0 0 0 0 0 1 0 0 1

4 Function set Clears the extended register 
Clear extended register enable bit enable bit. Setting the N bit is 
0 0 0 0 1 1 0 0 * * “don’t care”.

5 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode

because of initialization.

6 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the RAM. Display is not 
shifted.

7 Write data to CGRAM/DDRAM Writes H. DDRAM has already
1 0 0 1 0 0 1 0 0 0 been selected by initialization 

when the power was turned on.

8 —
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Table 20 8-Bit Operation, 8-Digit × 4-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

9 Write data to CGRAM/DDRAM Writes I.
1 0 0 1 0 0 1 0 0 1

10 Set DDRAM address Sets RAM address so that the 
0 0 1 0 1 0 0 0 0 0 cursor is positioned at the head 

of the second line.

11 Write data to CGRAM/DDRAM Writes 0.
1 0 0 0 1 1 0 0 0 0
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Initializing by Instruction

If the power supply conditions for correctly operat-
ing the internal reset circuit are not met, initializa-

tion by instructions becomes necessary. 

Figure 28   8-Bit Interface

Power on

Wait for more than 4.1 ms
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S

Initialization ends

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time.  (See table 7.)

Function set

Display off

Display clear

Entry mode set

• Wait for more than 15 ms
   after VCC rises to 4.5 V 
   (VCC = 5 V)
• Wait for more than 40 ms
   after VCC rises to 2.7 V 
   (VCC = 3 V)





Figure 29   4-Bit Interface
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Initialization ends

• Wait for more than 15 ms
   after VCC rises to 4.5 V
   (VCC = 5 V)
• Wait for more than 40 ms
   after VCC rises to 2.7 V
   (VCC = 3 V)


BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)
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BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time.  (See table 7.)

Function set (4-bit mode).

Display off



Display clear



Entry mode set (I/D, S specification)

Function set (4-bit mode, N specification).
                      BE, LE are clear to “0”

Power on

Function set (4-bit mode, N specification).

*1

*1

*2

Important Notice
 When DB3 to DB0 pins are open in 4-bit mode, 

the N, RE, BE, LP bits are set to “1”. In this case, 
instruction time becomes four times in a low  
power mode (LP = “1”).
The low power mode is available in this step, so 
instruction time takes four times.

Notes:  1.




2.
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Horizontal Dot Scroll

Dot unit shifts are performed by setting the hori-
zontal dot scroll bit (HDS) when the extension
register is enabled (RE = 1). By combining this

with character unit display shift instructions,
smooth horizontal scrolling can be performed on a
6-dot font width display as shown below. 

Figure 30   Shift in 5- and 6-Dot Font Width

Figure 31   Smooth Scroll to the Left

No shift performed

Shift to the left by one dot

5-dot font width (FW = 0)

Shift to the left by two dots

Shift to the left by three dots

Shift to the left by four dots

6-dot font width (FW = 1)

No shift performed

Shift to the left by one dot

Shift to the left by two dots

Shift to the left by three dots

Shift to the left by four dots

Shift to the left by five dots

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 DL N 1 * * Enable the extension register 1

0 0 0 0 0 1 1 * * Shift the whole display to the left by one character

CPU  Wait

0 0 1 0 0 1 * * * * Shift the whole display to the left by one dot

0 0 1 0 1 0 * * * * Shift the whole display to the left by two dots

0 0 1 0 1 1 * * * * Shift the whole display to the left by three dots

0 0 1 1 0 * * * * Shift the whole display to the left by four dots

CPU  Wait

CPU  Wait

CPU  Wait

0 0 1 0 0 * * * * Perform no shift

CPU  Wait

8

2

3

4

5

7

(1)  Method of smooth scroll to the left 

0 0 1 1 0 1 * * * * Shift the whole display to the left by five dots

CPU  Wait

6

Notes:  1.
2.

*1

*2

0

0

When the font width is five (FW = 0), this step is skipped.
The extended register enable bit (RE) is cleared.  

0



Figure 31   Smooth Scroll to the Left (cont)
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DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 DL N 1 * * Enable the extension register

1 0 0 0 0 0 1 1 1 * *

CPU  Wait

0 0 1 1 0 0 * * * *

0 0 1 0 1 1 * * * *

0 0 1 0 1 0 * * * *

0 0 1 0 0 1 * * * *

CPU  Wait

CPU  Wait

CPU  Wait

0 0 1 0 0 0 * * * *

CPU  Wait

2

4

5

6

7

8

(2)  Method of smooth scroll to the right 

0 0 1 1 0 1 * * * *

CPU  Wait

3

Shift the whole display to the right by one 
character

Shift the whole display to the left by one dot

Shift the whole display to the left by two dots

Shift the whole display to the left by three dots

Shift the whole display to the left by four dots

*2

Shift the whole display to the left by five dots

Perform no shift

Notes:  1.
2.

*1

When the font width is five (FW = 0), this step is skipped.
The extended register enable bit (RE) is cleared.  
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Low Power Mode

When LP bit is 1 and the EXT pin is low (without
an extended driver), the HD66710 operates in low
power mode. In 1-line display mode, the HD66710
operates on a 4-division clock, and in 2-line or 4-line
display mode, it operates on 2-division clock. So,

instruction execution takes four times or twice as
long. Notice that in this mode, display shift and
scroll cannot be performed. Clear display shift with
the return home instruction, and the horizontal
scroll quantity.

Figure 32   Low Power Mode Operation

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 0 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 1 0 AS2 AS1 AS0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE

Note: In this operation, instruction execution time 
takes four times or twice as long.

Return home

Extended register enable

Clear horizontal scroll quantity
HDS = “000”

Set a low power mode

Reset a power mode

Low power operation

1

1

1

1

0 0 0

1

0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 0 0 0 0 0
Return home

1



Absolute Maximum Ratings

Item Symbol Value Unit Notes*

Power supply voltage (1) VCC –0.3 to +7.0 V 1

Power supply voltage (2) VCC–V5 –0.3 to +15.0 V 1, 2

Input voltage Vt –0.3 to VCC +0.3 V 1

Operating temperature Topr –20 to +75 °C 3

Storage temperature Tstg –55 to +125 °C 4

Notes: If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for normal
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction
and cause poor reliability.
* Refer to the Electrical Characteristics Notes section following these tables.
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DC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20°C to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 0.7VCC — VCC V 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.2VCC V 6
(except OSC1) –0.3 — 0.6

Input high voltage (2) VIH2 0.7VCC — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 15
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 7
(D0–D7)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 7
(D0–D7)

Output high voltage (2) VOH2 0.8VCC — — V –IOH = 0.04 mA 8
(except D0–D7)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.04 mA 8
(except D0–D7)

Driver on resistance RCOM — — 20 kΩ ±Id = 0.05 mA (COM) 13
(COM) VLCD = 4 V

Driver on resistance RSEG — — 30 kΩ ±Id = 0.05 mA (SEG) 13
(SEG) VLCD = 4 V

I/O leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 5 50 120 µA VCC = 3 V
(D0–D7, RS, R/W) VIN = 0 V

Power supply current ICC — 0.15 0.30 mA Rf oscillation, 10, 14
external clock
VCC = 3V, fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 13.0 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 13.0 V VCC–V5, 1/6.7 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

Output voltage VUP2 7.5 8.7 — V Vci = 4.5 V, I0 = 0.25 mA, 18, 19
(V5OUT2 pin) C = 1 µF, fOSC = 270 kHz,

Ta = 25°C

Output voltage VUP3 7.0 7.7 — V Vci = 2.7 V, I0 = 0.25 mA, 18, 19
(V5OUT3 pin) C = 1 µF, fOSC = 270 kHz,

Ta = 25°C

Input voltage VCi 2.0 — 5.0 V 18, 19,
20

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20°C to +75°C*3)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 125 270 350 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time tfcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 190 270 350 kHz Rf = 91 kΩ, 12
oscillation VCC = 5 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

Bus Timing Characteristics (1) (VCC = 2.7 V to 4.5 V, Ta = –20°C to +75°C*3)

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 33

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 34

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data delay time tDDR — — 360

Data hold time tDHR 5 — —
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Bus Timing Characteristics (2) (VCC = 4.5 V to 5.5 V, Ta = –20°C to +75°C*3)

Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 33

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data set-up time tDSW 80 — —

Data hold time tH 10 — —

Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 34

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data delay time tDDR — — 160

Data hold time tDHR 5 — —

Segment Extension Signal Timing (VCC = 2.7 V to 5.5 V, Ta = –20°C to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 500 — — ns Figure 35

Low level tCWL 500 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 600

HD66710
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Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 36

Power supply off time tOFF 1 — —

Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V. If the LSI is used above these absolute maximum ratings,
it may become permanently damaged. Using the LSI within the following electrical characteristic limits is
strongly recommended for normal operation. If these electrical characteristic conditions are also
exceeded, the LSI will malfunction and cause poor reliability.

2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained. In addition, if the SEG37/CL1, SEG38/CL2,
SEG39/D, and SEG40/M are used as extension driver interface signals (EXT = high), GND ≥ V5 must
be maintained. 

3. For die products, specified up to 75°C.

4. For die products, specified by the die shipment specification.

5. The following four circuits are I/O pin configurations except for liquid crystal display output.
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Output enable
data
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Pins:  DB  –DB
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0 7

Input pin
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Pins:  RS, R/W (MOS with pull-up)

VCC

(input circuit)

PMOSPMOS

Input enable



6. Applies to input pins and I/O pins, excluding the OSC1 pin.

7. Applies to I/O pins.

8. Applies to output pins.

9. Current flowing through pull-up MOSs, excluding output drive MOSs.

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive
current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.

11. Applies only to external clock operation.

12. Applies only to the internal oscillator operation using oscillation resistor Rf.

HD66710
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13. RCOM is the resistance between the power supply pins (VCC, V1, V4, V5) and each common 
signal pin (COM1 to COM33).

RSEG is the resistance between the power supply pins (VCC, V2, V3, V5) and each segment signal pin
(SEG1 to SEG40).

14. The following graphs show the relationship between operation frequency and current consumption.

15. Applies to the OSC1 pin.

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5)
when there is no load.

17. The TEST pin must be fixed to the ground, and the EXT or VCC pin must also be connected to the
ground. 

18. Booster characteristics test circuits are shown below. 
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19. Reference data

The following graphs show the liquid crystal voltage booster characteristics.

VUP2 = VCC–V5OUT2
VUP3 = VCC–V5OUT3
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20. Vci ≤ VCC must be maintained.
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Load Circuits

AC Characteristics Test Load Circuits
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Data bus:  DB0–DB7

Test
point

50 pF

Segment extension signals:  CL1, CL2, D, M

30 pF

Test
point



Timing Characteristics

Figure 33   Write Operation

Figure 34   Read Operation
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Figure 35   Interface Timing with External Driver

Figure 36  Power Supply Sequemce
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If the above electrical conditions are not satisfied,  the internal reset circuit will not
operate normally. In this case, the LSI must be initialized by software.  (Refer to the 
Initializing by Instruction section.)
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HD66712 (LCD-II/F12)
(Dot-Matrix Liquid Crystal Display Controller/Driver)

Description

The HD66712 dot-matrix liquid crystal display
controller and driver LSI displays alphanumerics,
numbers, and symbols. It can be configured to
drive a dot-matrix liquid crystal display under the
control of a serial or a 4- or 8-bit microprocessor.
Since all the functions such as display RAM,
character generator, and liquid crystal driver,
required for driving a dot-matrix liquid crystal
display are internally provided on one chip, a
minimum system can be interfaced with this con-
troller/driver.

A single HD66712 is capable of displaying a single
24-character line, two 24-character lines, or four
12-character lines.

The HD66712 software is upwardly compatible
with the LCDII (HD44780) which allows the user
to easily replace an LCD-II with an HD66712. In
addition, the HD66712 is equipped with functions
such as segment displays for icon marks, a 4-line
display mode, and a horizontal smooth scroll, and
thus supports various display forms. This achieves
various display forms. The HD66712 character
generator ROM is extended to generate 240 5 × 8
dot characters. 

The low-voltage operation (2.7 V) of the HD66712,
combined with a low-power mode, is suitable for
any portable battery-driven product requiring low
power consumption.

Features

• 5 × 8 dot matrix possible
• Clock-synchronized serial interface capability; can

interface with 4- or 8-bit MPU

• Low-power operation support: 
— 2.7 to 5.5 V (low voltage)

— Wide liquid-crystal voltage range: 3.0 to
13.0 V max.

• Booster for liquid crystal voltage
— Two/three times (13 V max.)

• High-speed MPU bus interface
(2MHz at 5-V operation)

• Extension driver interface
• Character display and independent 60-icon mark

display possible
• Horizontal smooth scroll by 6-dot font width

display possible
• 80 × 8-bit display RAM (80 characters max.)
• 9,600-bit character generator ROM

— 240 characters (5 × 8 dot)

• 64 × 8-bit character generator RAM
— 8 characters (5 × 8 dot)

• 16 × 8-bit segment icon mark
— 96-segment icon mark

• 34-common × 60-segment liquid crystal display
driver

• Programmable duty cycle
(See list 1)

• Software upwardly compatible with HD44780
• Wide range of instruction functions:

— Functions compatible with LCD-II: Display
clear, cursor home, display on/off, cursor
on/off, display character blink, cursor shift,
display shift

— Additional functions: Icon mark control, 4-
line display, horizontal smooth scroll, 6-dot
character width control, white-black invert-
ing blinking cursor

• Automatic reset circuit that initializes the con-
troller/driver after power on (standard version
only)



• Internal oscillator with an external resistor
• Low power consumption
• QFP 1420-128 pin, TCP-128 pin, bare-chip

List 1   Programmable Duty Cycles

5-Dot Font Width

Number Single-Chip Operation With Extension Driver

of Lines Duty Ratio Displayed Characters Icons Displayed Characters Icons

1 1/17 One 24-character 60 One 52-character 80
line line

2 1/33 Two 24-character 60 Two 32-character 80
lines lines

4 1/33 Four 24-character 60 Four 20-character 80
lines lines

6-Dot Font Width

Number Single-Chip Operation With Extension Driver

of Lines Duty Ratio Displayed Characters Icons Displayed Characters Icons

1 1/17 One 20-character 60 One 50-character 96
line line

2 1/33 Two 20-character 60 Two 30-character 96
lines lines

4 1/33 Four 10-character 60 Four 20-character 96
lines lines

Ordering Information

Type No. Package CGROM

HD66712A00FS QFP1420-128 (FP-128) Japanese standard

HD66712A00TA0 Standard TCP-128

HD66712A00TB0* Folding TCP-128

HCD66712A00 Chip

HCD66712A01 Chip Communication

HD66712A02FS QFP1420-128 (FP-128) European font

HCD66712A02 Chip

HCD66712A03 Chip Japanese + European font

HD66712BxxFS QFP1420-128 (FP-128) Custom font

HCD66712Bxx Chip

Note: Bxx = ROM code No.
* Under development

HD66712
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LCD-II Family Comparison

LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12
Item (HD44780U) (HD66702) (HD66710) HD66712

Power supply voltage 2.7 V to 5.5 V 5 V ±10 % 2.7 V to 5.5 V 2.7 V to 5.5 V
(standard)
2.7 V to 5.5 V 
(low voltage)

Liquid crystal drive 3.0 V to 11 V 3.0 V to 8.3 V 3.0 V to 13.0 V 3.0 V to 13.0 V
voltage

Maximum display 8 characters 20 characters 16 characters × 24 characters ×
digits per chip × 2 lines × 2 lines 2 lines/ 2 lines/

8 characters × 12 characters ×
4 lines 4 lines

Segment display None None 40 segments 60 segments

Display duty cycle 1/8, 1/11, and 1/8, 1/11, and 1/17 and 1/33 1/17 and 1/33
1/16 1/16

CGROM 9,920 bits 7,200 bits 9,600 bits 9,600 bits
(208 5 × 8 dot (160 5 × 7 dot (240 5 × 8 dot (240 5 × 8 dot
characters and characters and characters) characters)
32 5 × 10 dot 32 5 × 10 dot
characters) characters)

CGRAM 64 bytes 64 bytes 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes 80 bytes 80 bytes

SEGRAM None None 8 bytes 16 bytes

Segment signals 40 100 40 60

Common signals 16 16 33 34

Liquid crystal drive A B B B
waveform 

Bleeder resistor for  External External External External
LCD power supply (adjustable) (adjustable) (adjustable) (adjustable)

Clock source External resistor External resistor External resistor External resistor
or external clock or external clock or external clock or external clock

Rf oscillation frequency 270 kHz ±30% 320 kHz ±30% 270 kHz ±30% 270 kHz ±30%
(frame frequency) (59 to 110 Hz for (70 to 130 Hz for (56 to 103 Hz for (56 to 103 Hz for

1/8 and 1/16 duty 1/8 and 1/16 duty 1/17 duty cycle; 1/17 duty cycle;
cycle; 43 to 80 cycle; 51 to 95 57 to 106 Hz for 57 to 106 Hz for
Hz for 1/11 duty Hz for 1/11 duty 1/33 duty cycle) 1/33 duty cycle)
cycle) cycle)

Rf resistance 91 kΩ: 5-V 68 kΩ: 5-V 91 kΩ: 5-V 91 kΩ: 5-V
operation; operation; operation; operation;
75 kΩ: 3-V 56 kΩ: (3-V 75 kΩ: 3-V 75 kΩ: 3-V
operation operation) operation operation
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LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12
Item (HD44780U) (HD66702) (HD66710) HD66712

Liquid crystal voltage None None 2–3 times step- 2–3 times step-
booster circuit up circuit up circuit

Extension driver control Independent Independent Used in common Independent
signal control signal control signal with a driver control signal

output pin

Reset function Power on Power on Power on Power on
automatic automatic automatic automatic reset
reset reset reset or Reset input

Instructions LCD-II Fully compatible Upper Upper compatible
(HD44780) with the LCD-II compatible with with the LCD-II

the LCD-II

Number of displayed 1 or 2 1 or 2 1, 2, or 4 1, 2, or 4
lines

Low power mode None None Available Available

Horizontal scroll Character unit Character unit Dot unit Dot unit

Bus interface 4 bits/8 bits 4 bits/8 bits 4 bits/8 bits Serial;
4 bits/8 bits

CPU bus timing 2 MHz: 5-V 1 MHz 2 MHz: 5-V 2 MHz: 5-V
operation; operation; operation;
1 MHz: 3-V 1 MHz: 3-V 1 MHz: 3-V
operation operation operation

Package QFP-1420-80 LQFP-2020–144 QFP-1420-100 QFP-1420-128
80-pin bare chip 144-pin bare chip TQFP-1414-100 TCP-128

100-pin bare chip 128-pin bare chip

HD66712
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HD66712 Block Diagram
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HD66712 Pin Arrangement
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TCP Dimensions
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HD66712 Pad Arrangement
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Pin Functions

Table 1 Pin Functional Description

Number Device
Signal of Pins I/O Interfaced with Function

IM 1 I — Selects interface mode with the MPU;
Low: Serial mode
High: 4-bit/8-bit bus mode
(Bus width is specified by instruction.)

RS/CS* 1 I MPU Selects registers during bus mode:
Low: Instruction register (write);
Busy flag, address counter (read)
High: Data register (write/read)
Acts as chip-select during serial mode:
Low: Select (access enable)
High: Not selected (access disable)

RW/SID 1 I MPU Selects read/write during bus mode;
Low: Write
High: Read
Inputs serial data during serial mode.

E/SCLK 1 I MPU Starts data read/write during bus mode;
Inputs (Receives) serial clock during serial mode.

DB4 to 4 I/O MPU Four high-order bidirectional tristate data bus pins. Used 
DB7 for data transfer between the MPU and the HD66712. 

DB7 can be used as a busy flag. Open these pins during 
serial mode since these signals are not used.

DB1 to 3 I/O MPU Three low order bidirectional tristate data bus pins. 
DB3 Used for data transfer between the MPU and the 

HD66712. Open these pins during 4-bit operation or 
serial mode since they are not used.

DB0/ 1 I/O MPU The lowest bidirectional data bit (DB0) during 8-bit bus 
SOD /O mode. Open these pins during 4-bit mode since they are 

not used.
Outputs (transfers) serial data during serial mode. Open
this pin if reading (transfer) is not performed.

COM0 to 34 O LCD Common signals; those that are not used become non-
COM33 selected waveforms. At 1/17 duty rate, COM1 to COM16

are used for character display, COM0 and COM17 for icon
display, and COM18 to COM33 become non-selected
waveforms. At 1/33 duty rate, COM1 to COM32 are used
for character display, and COM0 and COM33 for icon
display. Because two COM signals output the same level
simultaneously, apply them according to the wiring
pattern of the display device.

SEG1 to 60 O LCD Segment output signals
SEG60
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Table 1 Pin Functional Description (cont)

Number Device
Signal of Pins I/O Interfaced with Function

CL1 1 O Extension driver When EXT = high, outputs the extension driver latch
pulse.

CL2 1 O Extension driver When EXT = high, outputs the extension driver shift
clock.

D 1 O Extension driver When EXT = high, outputs extension driver data; data
from the 61st dot on is output.

M 1 O Extension driver When EXT = high, outputs the extension driver AC signal.

EXT 1 I — When EXT = high, outputs the extension driver control
signal. When EXT = low, the signal becomes tristate 
and can suppress consumption current.

V1 to V5 5 — Power supply Power supply for LCD drive 
VCC –V5 = 13 V (max)

VCC/GND 2 — Power supply VCC: +2.7 V to +5.5 V, GND: 0 V

OSC1/OSC2 2 — Oscillation When crystal oscillation is performed, an external 
resistor resistor must be connected. When the pin input is an 
clock external clock, it must be input to OSC1.

Vci 1 I — Inputs voltage to the booster to generate the liquid crystal
display drive voltage.
Vci is reference voltage and power supply for the booster.
Vci = 2.0 V to 5.0 V ≤ Vci

V5OUT2 1 O V5 pin/ Voltage input to the Vci pin is boosted twice and output.
booster When the voltage is boosted three times, the same 
capacitance capacitance as that of C1–C2 should be connected here.

V5OUT3 1 O V5 pin Voltage input to the Vci pin is boosted three times and
output.

C1/C2 2 — Booster External capacitance should be connected here when 
capacitance using the booster.

RESET* 1 I — Reset pin. Initialized to “low.”

TEST 1 I — Test pin. Should be wired to ground.

HD66712
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Function Description

System Interface

The HD66712 has three types of system interfaces:
synchronized serial, 4-bit bus, and 8-bit bus. The
serial interface is selected by the IM-pin, and the
4/8-bit bus interface is selected by the DL bit in the
instruction register.

The HD66712 has two 8-bit registers: an instruc-
tion register (IR) and a data register (DR).

The IR stores instruction codes, such as display
clear and cursor shift, and address information for
the display data RAM (DD RAM), the character
generator RAM (CG RAM), and the segment
RAM (SEGRAM). The MPU can only write to IR,
and cannot be read from.

The DR temporarily stores data to be written into
DD RAM, CG RAM, or SEGRAM. Data written
into the DR from the MPU is automatically written
into DD RAM, CG RAM, or SEGRAM by an
internal operation. The DR is also used for data
storage when reading data from DD RAM, CG
RAM, or SEGRAM. When address information is
written into the IR, data is read and then stored into
the DR from DD RAM or CG RAM by an internal
operation. Data transfer between the MPU is then
completed when the MPU reads the DR. After the
read, data in DD RAM, CG RAM, or SEGRAM at

the next address is sent to the DR for the next read
from the MPU.

These two registers can be selected by the registor
selector (RS) signal in the 4/8 bit bus interface, and
by the RS bit in start byte data in synchronized
serial interface (table 2).

Busy Flag (BF)

When the busy flag is 1, the HD66712 is in the
internal operation mode, and the next instruction
will not be accepted. When RS = 0 and R/W = 1
(table 2), the busy flag is output from DB7. The
next instruction must be written after ensuring that
the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to DD
RAM, CG RAM, or SEGRAM. When an address
of an instruction is written into the IR, the address
information is sent from the IR to the AC. Selec-
tion of DD RAM, CG RAM, and SEGRAM is also
determined concurrently by the instruction.

After writing into (reading from) DD RAM, CG
RAM, or SEGRAM, the AC is automatically incre-
mented by 1 (decremented by 1). The AC contents
are then output to DB0 to DB6 when RS = 0 and
R/W = 1 (table 2).

Table 2 Resistor Selection

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DB0 to DB6)

1 0 DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM)

1 1 DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR)
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Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores display data
represented in 8-bit character codes. Its capacity is
80 × 8 bits, or 80 characters. The area in display
data RAM (DD RAM) that is not used for display
can be used as general data RAM.

The DD RAM address (ADD) is set in the address
counter (AC) as a hexadecimal number, as shown
in figure 1.

The relationship between DD RAM addresses and
positions on the liquid crystal display is described
and shown on the following pages for a variety of
cases.

Figure 1   DD RAM Address

AC6 AC5 AC4 AC3 AC2 AC1 AC0AC

MSB LSB

1 0 0 1 1 1 0

Example: DD RAM address 4E
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• 1-line display (N = 0, and NW = 0)

— Case 1: When there are fewer than 80 dis-
play characters, the display begins at the
beginning of DD RAM. For example, when
24 5-dot font-width characters are displayed
using one HD66712, the display is generated
as shown in figure 2.

When a display shift is performed, the DD
RAM addresses shift as well as shown in the
figure.

When 20 6-dot font-width characters are
displayed using one HD66712, the display is
generated as shown in figure 3. Note that
COM9 to COM16 begins at address (0A)H
in this case 20 characters are displayed.

When a display shift is performed, the DD
RAM addresses shift as well as shown in the
figure.

— Case 2: Figure 4 shows the case where the
EXT pin is fixed high and the HD66712 and
the 40-output extension driver are used to
display 24 6-dot font-width characters. In
this case, COM9 to COM16 begins at
(0A)H.

When a display shift is performed, the DD
RAM addresses shift as well as shown in the
figure.

Figure 2   1-Line by 24-Character Display (5-Dot Font Width)

Figure 3   1-Line by 20-Character Display (6-Dot Font Width)

COM1 to 8 COM9 to 16

COM1 to 8 COM9 to 16 
(Left shift display)
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(Right shift display)
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Figure 4   1-Line by 24-Character Display (6-Dot Font Width)
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01 02 03 04 0605 07 0B 0C 0D 0E 0F 15 16COM1 to 8
COM9 to 16 
(Left shift display)

1 2 3 4 5 6 7 1112 131415 21 2223
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• 2-line display (N = 1, and NW = 0)

— Case 1: The first line is displayed from
COM1 to COM16, and the second line is
displayed from COM17 to COM32. Note
that the last address of the first line and the
first address of the second line are not
consecutive. Figure 5 shows an example
where a 5-dot font-width 24 × 2-line display
is performed using one HD66712. Here,

COM9 to COM16 begins at (0C)H, and
COM25 to COM32 at (4C)H. When a
display shift is performed, the DD RAM
addresses shift as shown. Figure 6 shows
an example where a 6-dot font-width 20 ×
2-line display is performed using one
HD66712. COM9 to COM16 begins at
(0A)H, and COM25 to COM32 at (4A)H.

Figure 5   2-Line by 24-Character Display (5-Dot Font Width)

Figure 6   2-Line by 20-Character Display (6-Dot Font Width)

COM1 to
COM8

COM9 to COM16

Display position
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COM17 to
COM24

COM25 to COM32
DDRAM address

40 41 42 43 44 4645 47 4C 4D 4E 4F 50 5251 5348 49 4A 4B 54 55 56 57

COM17 to
COM24

COM25 to 
COM32

COM1 41 42 43 44 45 4746 48 4D 4E 4F 50 51 5352 5449 4A 4B 4C 55 56 57 58

COM17 to
COM24

COM25 to 
COM3267 40 41 42 43 4544 46 4B 4C 4D 4E 4F 5150 5247 48 49 4A 53 54 55 56

(Left shift 
display)

(Right shift 
display)

COM1 to
COM8

COM9 to COM16

Display position

00 01 02 03 04 0605

1 2 3 4 5 6 7 8

07 0A 0B 0C 0D 0E 1110

11 12 13 14 15 16 17 18
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10
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13
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COM17 to
COM24

COM25 to COM32
DDRAM address

40 41 42 43 44 4645 47 4A 4B 4C 4D 4E 504F 5148 49 52 53

0F



HD66712

431

— Case 2: Figure 7 shows the case where the
EXT pin is fixed high and the HD66712 and
the 40-output extension driver are used to
extend the number of display characters to
32 5-dot font-width characters.

In this case, COM9 to COM16 begins at
(0C)H, and COM25 to COM32 at (4C)H.

When a display shift is performed, the DD
RAM addresses shift as shown.

Figure 7   2-Line by 32 Character Display (5-Dot Font Width)
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COM17 to
COM24

40 41 42 43 44 4645 47 4C 4D 4E 4F 50 5251 5348 49 4A 4B 54 55 56 57

COM17 to
COM24
COM1 41 42 43 44 45 4746 48 4D 4E 4F 50 51 5352 5449 4A 4B 4C 55 56 57 58

COM17 to
COM24

67 40 41 42 43 4544 46 4B 4C 4D 4E 4F 5150 5247 48 49 4A 53 54 55 56

COM9 to COM16

Display position

18 19 1A 1B 1C 1E1D

25 26 27 28 29 30 31 32

1F

COM9 to COM16


COM9 to COM16

25 26 27 28 29 30 31 32

17 18 19 1A 1B 1D1C 1E

COM25 to COM32
DDRAM address

58 59 5A 5B 5C 5E5D 5F

COM25 to COM3259 5A 5B 5C 5D 5F5E 60

COM25 to COM3257 58 59 5A 5B 5D5C 5E

(Left shift display)

(Right shift display)

19 1A 1B 1C 1D 1F1E 20

LCD-II/F12
SEG1–SEG60

LCD-II/F12
SEG1–SEG60

Extension driver
Seg1–Seg40
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• 4-line display (NW = 1)

— Case 1: The first line is displayed from
COM1 to COM8, the second line is dis-
played from COM9 to COM16, the third
line is displayed from COM17 to COM24,
and the fourth line is displayed from
COM25 to COM32.

Note that the DD RAM addresses of each
line are not consecutive. Figure 8 shows an
example where a 12 × 4-line display is per-
formed using one HD66712.

When a display shift is performed, the DD
RAM addresses shift as shown.

Figure 8   4-Line Display
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— Case 2: Figure 9 shows the case where the
EXT pin is fixed high and the HD66712 and
the 40-output extension driver are used to
extend the number of display characters.

When a display shift is performed, the DD
RAM addresses shift as shown.

Figure 9   4-Line by 20-Character Display

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

4E

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

01 02 03 04 05 06 11 12 130A 0B 0C 0D 0E 0F 1007 08 09 00

21 22 23 24 25 26 31 32 332A 2B 2C 2D 2E 2F 3027 28 29 20

41 42 43 44 45 46 51 52 534A 4B 4C 4D 4F 5047 48 49 40

61 62 63 64 65 66 71 72 736A 6B 6C 6D 6E 6F 7067 68 69 60

00 01 02 03 04 05 06 11 120A 0B 0C 0D 0E 0F 1007 08 0913

20 21 22 23 24 25 26 31 322A 2B 2C 2D 2E 2F 3027 28 2933

40 41 42 43 44 45 46 51 524A 4B 4C 4D 4E 4F 5047 48 4953

60 61 62 63 64 65 66 71 726A 6B 6C 6D 6E 6F 7067 68 6973

(Right shift display)(Left shift display)

00 01 02 03 04 05 06

20 21 22 23 24 25 26

COM1 to 8

COM17 to 24

COM9 to 16

COM25 to 32

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

40 41 42 43 44 45 46

60 61 62 63 64 65 66

11 12 130A 0B 0C 0D 0E 0F 1007 08 09

31 32 332A 2B 2C 2D 2E 2F 3027 28 29

51 52 534A 4B 4C 4D 4E 4F 5047 48 49

71 72 736A 6B 6C 6D 6E 6F 7067 68 69

LCD-II/F12 Extension driver

Display position

DDRAM address
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Character Generator ROM (CG ROM)

The character generator ROM generates 5 × 8 dot
character patterns from 8-bit character codes 
(table 3 to 6). It can generate 240 5 × 8 dot
character patterns. User-defined character patterns
are also available using a mask-programmed ROM
(see “Modifying Character Patterns.”)

Character Generator RAM (CG RAM)

The character generator RAM allows the user to
redefine the character patterns. In the case of 5 × 8
characters, up to eight may be redefined.

Write the character codes at the addresses shown
as the left column of table 3 to 6 to show the
character patterns stored in CG RAM.

See table 7 for the relationship between CG RAM
addresses and data and display patterns.

Segment RAM (SEGRAM)

The segment RAM (SEGRAM) is used to enable
control of segments such as an icon and a mark by
the user program.

For a 1-line display, SEGRAM is read from the
COM0 and the COM17 output, and for 2- or 4-line
displays, it is read from the COM0 and the COM33
output, to perform 60-segment display (80-segment
display when using the extension driver).

As shown in table 8, bits in SEGRAM corre-
sponding to segments to be displayed are directly
set by the MPU, regardless of the contents of
DDRAM and CGRAM.

SEGRAM data is stored in eight bits. The lower
six bits control the display of each segment, and
the upper two bits control segment blinking.

Timing Generation Circuit

The timing generation circuit generates timing
signals for the operation of internal circuits such as
DDRAM, CGROM, CGRAM, and SEGRAM.
RAM read timing for display and internal opera-
tion timing by MPU access are generated sepa-

rately to avoid interfering with each other.
Therefore, when writing data to DD RAM, for
example, there will be no undesirable interfer-
ences, such as flickering, in areas other than the
display area.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
34 common signal drivers and 60 segment signal
drivers. When the character font and number of
lines are selected by a program, the required
common signal drivers automatically output drive
waveforms, while the other common signal drivers
continue to output non-selection waveforms.

Character pattern data is sent serially through a 60-
bit shift register and latched when all needed data
has arrived. The latched data then enables the
driver to generate drive waveform outputs.

Sending serial data always starts at the display data
character pattern corresponding to the last address
of the display data RAM (DD RAM).

Since serial data is latched when the display data
character pattern corresponding to the starting
address enters the internal shift register, the
HD66712 drives from the head display.

Cursor/Blink Control Circuit

The cursor/blink (or white-black inversion) control
is used to produce a cursor or a flashing area on the
display at a position corresponding to the location
in stored in the address counter (AC).

For example (figure 10), when the address counter
is (08)H, a cursor is displayed at a position corre-
sponding to DDRAM address (08)H.

Scroll Control Circuit

The scroll control circuit is used to perform a
smooth-scroll in the unit of dot. When the number
of characters to be displayed is greater than that
possible at one time on the liquid crystal module,
this horizontal smooth scroll can be used to display
all characters.



Figure 10   Cursor/Blink Display Example
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AC =  (08)16
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Table 3 Relationship between Character Codes and Character Patterns (ROM Code: A00)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 4 Relationship between Character Codes and Character Pattern (ROM Code: A01)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 5 Relationship between Character Codes and Character Patterns (ROM Code: A02)

Note: The character codes of the characters enclosed in the bold frame are the same as those of the first
edition of the ISO8859 and the character code compatible.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 6 Relationship between Character Codes and Character Pattern (ROM Code: A03)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 7 Example of Relationships between Character Code (DDRAM) and Character
Pattern(CGRAM Data)
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D7 D6 D5 D4 D3 D2 D1 D0

Character code (DDRAM data) CGRAM data LSBMSB

A2 A1 A0A5 A4 A3

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * *

O4 O3 O2 O1 O0O5O6O7

CGRAM address

1 1 1 0 0 0 0 0

* *1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 *

Character 
pattern
(1)

Character 
pattern
(8)

D7 D6 D5 D4 D3 D2 D1 D0

LSBMSB

A2 A1 A0A5 A4 A3 O4 O3 O2 O1 O0O5O6O7

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * 0
0
0
0
0
0
0
0

01 1 1 0 0 0 0

1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 * 0
0
0
0
0
0
0
0

Character 
pattern
(1)

Character 
pattern
(8)

Character code (DDRAM data) CGRAM address CGRAM data

*

a)  When character pattern is 5 × 8 dots

a)  When character pattern is 6 × 8 dots



Notes: 1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).
2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the

cursor position and its display is formed by a logical OR with the cursor.
3. The character data is stored with the rightmost character element in bit 0, as shown in the figure

above. Characters of 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters of 6 dots
in width (FW = 1) are stored in bits 0 to 5.

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected.
Bit 3 of the character code is invalid (*). Therefore, for example, the character codes (00)H and
(08)H correspond to the same CGRAM address.

5. A set bit in the CGRAM data corresponds to display selection, and 0 to non-selection.
6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is

controlled using the upper two bits (bits 7 and 6) in CGRAM.
When bit 7 is 1, of the lower six bits, only those which are set are blinked on the display.
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern 
can be blinked as for a 6-dot font width.

* Indicates no effect.

HD66712
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Table 8 Relationship between SEGRAM Addresses and Display Patterns

Notes: 1. Data set to SEGRAM is output when COM0 and COM17 are selected, as for a 1-line display,
and output when COM0 and COM33 are selected, as for a 2-line or a 4-line display.  COM0 and
COM17 for a 1-line display and COM0 and COM33 for a 2-line or a 4-line display are the same
signals.

2. S1 to S96 are pin numbers of the segment output driver. S1 is positioned to the left of the
display. When the LCD-II/F12 is used by one chip, segments from S1 to S60 are displayed. An
extension driver displays the segments after S61.

3. After S80 output at 5-dot font and S96 output at 6-dot font, S1 output is repeated again.
4. As for a 5-dot font width, lower five bits (D4 to D0) are display on.off information of each

segment. For a 6-dot character width, the lower six bits (D5 to D0) are the display information
for each segment.

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is
controlled using the upper two bits (bits 7 and 6) in SEGRAM.
When bit 7 is 1, only a bit set to “1” of the lower six bits is blinked on the display.
When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5
pattern can be blinked as for 6-dot font width.

6. Bit 5 (D5) is invalid for a 5-dot font width.
7. Set bits in the SEGRAM data correspond to display selection, and zeros to non-selection.
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B1 B0 * S1 S2 S3 S4 S5 B1 B0 S1 S2 S3 S4 S5 S6

* S6 S7 S8 S9 S10B1 B0

* S11 S12 S13 S14 S15B1 B0

* S16 S17 S18 S19 S20B1 B0

* S21 S22 S23 S24 S25B1 B0

* S26 S27 S28 S29 S30B1 B0

* S31 S32 S33 S34 S35B1 B0

*

*

*

*

*

*

*

*

*

S36

S41

S46

S51

S56

S61

S66

S71

S76

S37

S42

S47

S52

S7

S62

S67

S72

S77

S38

S43

S48

S53

S58

S63

S68

S73

S78

S39

S44

S49

S54

S59

S64

S69

S74

S79

S40

S45

S50

S55

S60

S65

S70

S75

S80

B1

B1

B1

B1

B1

B1

B1

B1

B1

B0

B0

B0

B0

B0

B0

B0

B0

B0

Blinking control Pattern on/off

S7 S8 S9 S10 S11 S12B1 B0

S13 S14 S15 S16 S17 S18B1 B0

S19 S20 S21 S22 S23 S24B1 B0

S25 S26 S27 S28 S29 S30B1 B0

S31 S32 S33 S34 S35 S36B1 B0

S37 S38 S39 S40 S41 S42B1 B0

S43

S49

S55

S61

S67

S73

S79

S85

S91

S44

S50

S56

S62

S68

S74

S80

S86

S92

S45

S51

S57

S63

S69

S75

S81

S87

S93

S46

S52

S58

S64

S70

S76

S82

S88

S94

S47

S53

S59

S65

S71

S77

S83

S89

S95

S48

S54

S60

S66

S72

S78

S84

S90

S96

B1

B1

B1

B1

B1

B1

B1

B1

B1

B0

B0

B0

B0

B0

B0

B0

B0
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0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1
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0
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1

1
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0

1

1

0

0

1

1
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0

1

1

A2

0

0

0

0

1

1

1

1

0

0

0
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1
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1
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SEGRAM
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Figure 11   Correspondence between SEGRAM and Segment Display
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Modifying Character Patterns

• Character pattern development procedure

The following operations correspond to the
numbers listed in figure 12:

1. Determine the correspondence between char-
acter codes and character patterns.

2. Create a listing indicating the correspondence
between EPROM addresses and data.

3. Program the character patterns into an
EPROM.

4. Send the EPROM to Hitachi.

5. Computer processing of the EPROM is per-
formed at Hitachi to create a character pattern
listing, which is sent to the user.

6. If there are no problems within the character
pattern listing, a trial LSI is created at Hitachi
and samples are sent to the user for evaluation.
When it is confirmed by the user that the
character patterns are correctly written, mass
production of the LSI will proceed at Hitachi.



Figure 12   Character Pattern Development Procedure
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Programming Character Patterns

This section explains the correspondence between
addresses and data used to program character
patterns in EPROM.

• Programming to EPROM

The HD66712 character generator ROM can
generate 240 5 × 8 dot character patterns. Table
9 shows correspondence between the EPROM
address data and the character pattern.

Handling Unused Character Patterns

1. EPROM data outside the character pattern
area: This is ignored by the character gener-
ator ROM for display operation so any data is
acceptable.

2. EPROM data in CG RAM area: Always fill
with zeros.

3. Treatment of unused user patterns in the
HD66712 EPROM: According to the user
application, these are handled in either of two
ways:

a When unused character patterns are not
programmed: If an unused character code
is written into DD RAM, all its dots are
lit, because the EPROM is filled with 1s
after it is erased.

b When unused character patterns are
programmed as 0s: Nothing is displayed
even if unused character codes are written
into DD RAM. (This is equivalent to a
space.)

Table 9 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 × 8 Dots)

Notes: 1. EPROM addresses A11 to A4 correspond to a character code.
2. EPROM addresses A2 to A0 specify the line position of the character pattern. EPROM address

A3 should be set to “0.”
3. EPROM data O4 to O0 correspond to character pattern data.
4. Areas which are lit (indicated by shading) are stored as “1,” and unlit areas as “0.”
5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line

is used for a cursor, this data should all be set to zero.
6. EPROM data bits 07 to 05 are invalid. 0 should be written in all bits.

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0
1 1 1

1 0 0 0 1

O4 O3 O2 O1 O0

1 0 0 0 1

1 0 0 0 1

0 1 0 1 0

0 0 1 0 0

0 0 1 0 0

0 0 1 0 0

0 0 0 0 0

Character code Line position

EPROM Address Data LSBMSB

0

0

0

0

0

0

0

0

“0”

A11

0 1 0 1 1 0 0 1
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes
the HD66712 when the power is turned on. The
following instructions are executed during the
initialization. The busy flag (BF) is kept in the
busy state until the initialization ends (BF = 1).
The busy state lasts for 15 ms after VCC rises to
4.5 V or 40 ms after the VCC rises to 2.7 V. 

1. Display clear:

(20)H to all DDRAM

2. Set functions:

DL = 1: 8-bit interface data

N = 1: 2-line display

RE = 0: Extension register write disable

BE = 0: CGRAM/SEGRAM blink off

LP = 0: Not in low power mode

3. Control display on/off:

D = 0: Display off

C = 0: Cursor off

B = 0: Blinking off

4. Set entry mode:

I/D = 1: Increment by 1

S = 0: No shift

5. Set extension function:

FW = 0: 5-dot character width

B/W = 0: Normal cursor (eighth line)

NW = 0: 1- or 2-line display (depending on N)

6. Enable scroll:

HSE = 0000: Scroll unable

7. Set scroll amount:

HDS = 000000: Not scroll

Note: If the electrical characteristics conditions
listed under the table Power Supply Condi-
tions Using Internal Reset Circuit are not
met, the internal reset circuit will not
operate normally and will fail to initialize
the HD66712.

Initializing by Hardware Reset Input

The LCD-II/F12 also has a reset input pin:
RESET*. If this pin is made low during operation,
an internal reset and initialization is performed.
This pin is ignored, however, during the internal
reset period at power-on.
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Interfacing to the MPU

The HD66712 can send data in either two 4-bit
operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs.

• For 4-bit interface data, only four bus lines (DB4
to DB7) are used for transfer. Bus lines DB0 to
DB3 are disabled. The data transfer between the
HD66712 and the MPU is completed after the 4-
bit data has been transferred twice. As for the
order of data transfer, the four high order bits
(for 8-bit operation, DB4 to DB7) are transferred
before the four low order bits (for 8-bit
operation, DB0 to DB3).

The busy flag must be checked (one instruction)
after the 4-bit data has been transferred twice.
Two more 4-bit operations then transfer the busy
flag and address counter data.

• For 8-bit interface data, all eight bus lines (DB0
to DB7) are used.

• When the IM pin is low, the HD66712 uses a
serial interface. See “Transferring Serial Data.”

Figure 13   4-Bit Transfer Example
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Transferring Serial Data

When the IM pin (interface mode) is low, the
HD66712 enters serial interface mode. A three-line
clock-synchronous transfer method is used. The
HD66712 receives serial input data (SID) and
transmits serial output data (SOD) by synchro-
nizing with a transfer clock (SCLK) sent from the
master side.

When the HD66712 interfaces with several chips,
chip select pin (CS*) must be used. The transfer
clock (SCLK) input is activated by making chip
select (CS*) low. In addition, the transfer counter
of the LCD-II/F12 can be reset and serial transfer
synchronized by making chip select (CS*) high.

Here, since the data which was being sent at reset
is cleared, restart the transfer from the first bit of
this data. In the case of a minimum 1 to 1 transfer
system with the LCD-II/F12 used as a receiver
only, an interface can be established by the transfer
clock (SCLK) and serial input data (SID). In this
case, chip select (CS*) should be fixed to low.

The transfer clock (SCLK) is independent from
operational clock (CLK) of the LCD-II/F12. How-
ever, when several instructions are continuously
transferred, the instruction execution time deter-
mined by the operational clock (CLK) (see con-
tinuous transfer) must be considered since the
LCD-II/F12 does not have an internal transmit/
receive buffer.

To begin with, transfer the start byte. By receiving
five consecutive bits (synchronizing bit string) at
the beginning of the start byte, the transfer counter
of the LCD-II/F12 is reset and serial transfer is
synchronized. The 2 bits following the synchro-
nizing bit string (5 bits) specify transfer direction
(R/W bit) and register select (RS bit). Be sure to
transfer 0 in the 8th bit.

After receiving the start byte, instructions are
received and the data/busy flag is transmitted.
When the transfer direction and register select
remain the same, data can be continuously trans-
mitted or received.

The transfer protocol is described in detail below.

• Receiving (write)

After receiving the start synchronization bits, the
R/W bit (= 0), and the RS bit with the start byte,
an 8-bit instruction is received in 2 bytes: the
lower 4 bits of the instruction are placed in the
LSB of the first byte, and the higher 4 bits of the
instruction are placed in the LSB of the second
byte. Be sure to transfer 0 in the following 4 bits
of each byte. When instructions are continuously
received with R/W bit and RS bit unchanged,
continuous transfer is possible (see “Continuous
Transfer” below).



Figure 14   Basic Procedure for Transferring Serial Data
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 1 1 1 1 R/W RS 0 D0 D1 D2 D3 0 0 0 0 D4 D5 D6 D7 0 0 0 0

Starting byte Instruction

a)  Basic transfer serial data input (receive)

CS* 
(input)

SCLK
(input)

SID
(input)

CS* 
(input)

SCLK
(input)

SID
(input)

SOD
(output)

Synchronizing
bit string

Lower
data

Upper
data

1st byte 2nd byte

b)  Basic transfer of serial data output (transmit)

Synchronizing
bit string

Lower
data

Upper
data

Starting byte Busy flag/data read

1 1 1 1 1 R/W RS 0 0 0 0 0 0 0 0 0

D0 D1 D2 D3 D4 D5 D6 D7
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• Transmitting (read)

After receiving the start synchronization bits, the
R/W bit (= 1), and the RS bit with the start byte,
8-bit read data is transmitted in the same way as
receiving. When read data is continuously trans-
mitted with R/W bit and RS bit unchanged, con-
tinuous transfer is possible (see “Continuous
Transfer” below).

Even at the time of the transmission (the data
output), since the HD66712 monitors the start
synchronization bit string (“11111”) by the SID
input, the HD66712 receives the R/W bit and RS
bit after detecting the start synchronization.
Therefore, in the case of a continuous transfer,
fix the SID input “0.”

• Continuous transfer

When instructions are continuously received
with the R/W bit and RS bit unchanged, con-
tinuous receive is possible without inserting a
start byte between instructions.

After receiving the last bit (the 8th bit in the 2nd
byte) of an instruction, the system begins to
execute it.

To execute the next instruction, the instruction
execution time of the LCD-II/F12 must be
considered. If the last bit (the 8th bit in the 2nd
byte) of the next instruction is received during
execution of the previous instruction, the
instruction will be ignored.

In addition, if the next unit of data is read before
read execution of previous data is completed for
busy flag/address counter/RAM data, normal
data is not sent. To transfer data normally, the
busy flag must be checked. However, it is
possible to transfer without reading the busy flag
if wiring for transmission (SOD pin) needs to be
reduced or if the burden of polling on the CPU
needs to be removed. In this case, insert a
transfer wait so that the current instruction first
completes execution during instruction transfer.



Figure 15   Procedure for Continuous Data Transfer
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Instructions

Outline

Only the instruction register (IR) and the data
register (DR) of the HD66712 can be controlled by
the MPU. Before starting internal operation of the
HD66712, control information is temporarily
stored in these registers to allow interfacing with
various MPUs, which operate at different speeds,
or various peripheral control devices. The internal
operation of the HD66712 is determined by signals
sent from the MPU. These signals, which include
register selection (RS), read/write (R/W), and the
data bus (DB0 to DB7), make up the HD66712
instructions (table 12). There are four categories of
instructions that:

• Designate HD66712 functions, such as display
format, data length, etc.

• Set internal RAM addresses

• Perform data transfer with internal RAM

• Perform miscellaneous functions

Normally, instructions that perform data transfer
with internal RAM are used the most. However,

auto-incrementation by 1 (or auto-decrementation
by 1) of internal HD66712 RAM addresses after
each data write can lighten the program load of the
MPU. Since the display shift instruction (table 10)
can perform concurrently with display data write,
the user can minimize system development time
with maximum programming efficiency. 

When an instruction is being executed for internal
operation, no instruction other than the busy flag/
address read instruction can be executed.

Because the busy flag is set to 1 while an instruc-
tion is being executed, check it to make sure it is 0
before sending another instruction from the MPU.

Note: Be sure the HD66712 is not in the busy
state (BF = 1) before sending an instruction
from the MPU to the HD66712. If an instru-
ction is sent without checking the busy flag,
the time between the first instruction and
next instruction will take much longer than
the instruction time itself. Refer to table 12
for the list of each instruction execution
time.
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Instruction Description

Clear Display

Clear display writes space code (20)H (character
pattern for character code (20)H must be a blank
pattern) into all DD RAM addresses. It then sets
DD RAM address 0 into the address counter, and
returns the display to its original status if it was
shifted. In other words, the display disappears and
the cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). It
also sets I/D to 1 (increment mode) in entry mode.
S of entry mode does not change.

Return Home

Return home sets DD RAM address 0 into the
address counter, and returns the display to its
original status if it was shifted. The DD RAM
contents do not change.

The cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). In
addition, flicker may occur in a moment at the time
of this instruction issue.

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code
is written into or read from DD RAM.

The cursor or blinking moves to the right when
incremented by 1 and to the left when decremented
by 1. The same applies to writing and reading of
CG RAM and SEG RAM. 

S: Shifts the entire display either to the right (I/D =
0) or to the left (I/D = 1) when S is 1 during DD
RAM write. The display does not shift if S is 0.

If S is 1, it will seem as if the cursor does not move
but the display does. The display does not shift
when reading from DD RAM. Also, writing into or
reading out from CG RAM and SEG RAM does
not shift the display. In a low power mode (LP =
1), do not set S = 1 because the whole display does
not normally shift.

Display On/Off Control

When extension register enable bit (RE) is 0, bits
D, C, and B are accessed.

D: The display is on when D is 1 and off when D
is 0. When off, the display data remains in DD
RAM, but can be displayed instantly by setting D
to 1.

C: The cursor is displayed when C is 1 and not
displayed when C is 0. Even if the cursor dis-
appears, the function of I/D or other specifications
will not change during display data write. The
cursor is displayed using 5 dots in the 8th line for 5
× 8 dot character font. 

B: The character indicated by the cursor blinks
when B is 1. The blinking is displayed as switch-
ing between all blank dots and displayed characters
at a speed of 370-ms intervals when fcp or fOSC is
270 kHz. The cursor and blinking can be set to
display simultaneously. (The blinking frequency
changes according to fOSC or the reciprocal of fcp.
For example, when fcp is 300 kHz, 370 × 270/300
= 333 ms.)

Extended Function Set

When the extended register enable bit (RE) is 1,
FW, B/W, and NW bit shown below are accessed.
Once these registers are accessed, the set values
are held even if the RE bit is set to zero.

FW: When FW is 1, each displayed character is
controlled with a 6-dot width. The user font in CG
RAM is displayed with a 6-bit character width
from bits 5 to 0. As for fonts stored in CG ROM,
no display area is assigned to the left most bit, and
the font is displayed with a 5-bit character width. If
the FW bit is changed, data in DD RAM and CG
RAM SEG RAM is destroyed. Therefore, set FW
before data is written to RAM. When font width is
set to 6 dots, the frame frequency decreases to 5/6
compared to 5-dot time. See “Oscillator Circuit”
for details.



HD66712

455

B/W: When B/W is 1, the character at the cursor
position is cyclically displayed with black-white
inversion. At this time, bits C and B in display
on/off control register are “Don’t care.” When fCP

or fOSC is 270 kHz, display is changed by
switching every 370 ms.

NW: When NW is 1, 4-line display is performed.
At this time, bit N in the function set register is
“Don’t care.”

Figure 16   Example of Display Control

i)  Cursor display example ii)  Blink display example

White-black inverting 
display example

iii)

Alternating
display

Alternating
display

i)  5-dot character width ii)  6-dot character width

a)  Cursor blink width control

b)  Font width control
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Cursor or Display Shift

Cursor or display shift shifts the cursor position or
display to the right or left without writing or
reading display data (table 10). This function is
used to correct or search the display. In a 2-line
display, the cursor moves to the second line when
it passes the 40th digit of the first line. In a 4-line
display, the cursor moves to the second line when
it passes the 20th character of the line. Note that,
all line displays will shift at the same time. When
the displayed data is shifted repeatedly each line
moves only horizontally. The second line display
does not shift into the first line position. When this
instruction is executed, extended register enable bit
(RE) is reset.

The address counter (AC) contents will not change
if the only action performed is a display shift. In
low power mode (LP = 1), whole-display shift
cannot be normally performed.

Scroll Enable

When extended register enable bit (RE) is 1, scroll
enable bits can be set. 

This HSE resister specifies scrolled line with the
scroll quantity register. This register consists of 4
bits for each display line, so a specified line can be
shifted by dot unit. When the bit 0 of HSE is 1 in
four line mode (NW = 1), the first line can be
shifted, and the bit 1 is specified to shift the second
line, the bit 2 is specified for the third line, and bit
3 is specified for the fourth line. When it shifts the
first line in two line mode (N = 1, NW = 0), both
the bit 0 and bit 1 should be set to 1. The bit 2 and

bit 3 is specified for the second line.

In 1 line mode (N = 0, NW = 0), the bit 0 and bit 1
should be specified.

Function Set

Only when the extended register enable bit (RE) is
1, the BE and the LP bits shown below can be
accessed. Bits DL and N can be accessed regard-
less of RE.

DL: Sets the interface data length. Data is sent or
received in 8-bit lengths (DB7 to DB0) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when
DL is 0. When 4-bit length is selected, data must
be sent or received twice.

N: When bit NW in the extended function set is 0,
a 1- or a 2-line display is set. When N is 0, 1-line
display is selected; when N is 1, 2-line display is
selected. When NW is 1, a 4-line display is set. At
this time, N is “Don’t care.”

Note: After changing the N or NW or LP bit,
please issue the Return Home or Clear
Display instruction to cancel to shift display.

RE: When bit RE is 1, bit BE in the extended
function set register, the SEGRAM address set
register, and the function set register can be
accessed. When bit RE is 0, the registers described
above cannot be accessed, and the data in these
registers is held.

To maintain compatibility with the HD44780, the
RE bit should be fixed to 0.

Table 10 Shift Function

S/C R/L

0 0 Shifts the cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor position to the right. (AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.
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BE: When the RE bit is 1, this bit can be rewritten.
When this bit is 1, the user font in CGRAM and
the segment in SEGRAM can be blinked according
to the upper two bits of CGRAM and SEGRAM.

LP: When bit RE is 1, this bit can be rewritten.
When LP is set to 1 and the EXT pin is low (with-
out an extended driver), the HD66712 operates in
low power mode. In 1-line display mode, the
HD66712 operates on a 4-division clock, and in a
2-line or a 4-line display mode, the HD66712
operates on a 2-division clock. According to these
operations, instruction execution takes four times
or twice as long. Note that in low power mode,
display shift cannot be performed. The frame
frequency is reduced to 5/6 that of normal opera-
tion. See “Oscillator Circuit” for details.

Note: Perform the DL, N, NW, and FW fucntions
at the head of the program before executing
any instructions (except for the read busy
flag and address instruction). From this
point, if bits N, NW, or FW are changed
after other instructions are executed, RAM
contents may be broken.

Set CG RAM Address

A CG RAM address can be set while the RE bit is
cleared to 0. 

Set CG RAM address into the address counter
displayed by binary AAAAAA. After this address
set, data is written to or read from the MPU for CG
RAM.

Set SEGRAM Address

Only when the extended register enable (RE) bit is
1, HS2 to HS0 and the SEGRAM address can be
set.

The SEGRAM address in the binary form AAAA
is set to the address counter. After this address set,
SEGRAM can be written to or read from by the
MPU.

Set DD RAM Address

A DD RAM address can be set while the RE bit is
cleared to 0. Set DD RAM address sets the DD
RAM address binary AAAAAAA into the address
counter.

After this address set, data is written to or read
from the MPU for DD RAM.

However, when N and NW is 0 (1-line display),
AAAAAAA can be (00)H to (4F)H. When N is 1
and NW is 0 (2-line display), AAAAAAA is (00)H
to (27)H for the first line, and (40)H to (67)H for
the second line. When NW is 1 (4-line display),
AAAAAAA is (00)H to (13)H for the first line,
(20)H to (33)H for the second line, (40)H to (53)H
for the third line, and (60)H to (73)H for the fourth
line.

Set Scroll Quantity

When extended registor enable bit (RE) is 1, HDS5
to HDS0 can be set.

HDS5 to HDS0 specifies horizontal scroll quantity
to the left of the display in dot units. The HD66712
uses the unused DDRAM area to execute a desired
horizontal smooth scroll from 1 to 48 dots.

Note: When performing a horizontal scroll as de-
scribed above by connecting an extended
driver, the maximum number of characters
per line decreases by the quantity set by the
above horizontal scroll. For example, when
the maximum 24-dot scroll quantity (4
characters) is used with 6-dot font width
and 4-line display, the maximum numbers
of characters is 20 – 4 = 16. Notice that in
low power mode (LP = 1), display shift and
scroll cannot be performed.
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Read Busy Flag and Address

Read busy flag and address reads the busy flag
(BF) indicating that the system is now internally
operating on a previously received instruction. If
BF is 1, the internal operation is in progress. The
next instruction will not be accepted until BF is
reset to 0. Check the BF status before the next
write operation. At the same time, the value of the
address counter in binary AAAAAAA is read out.
This address counter is used by both CG, DD, and
SEGRAM addresses, and its value is determined
by the previous instruction. The address contents
are the same as for CG RAM, DD RAM, and
SEGRAM address set instructions.

Write Data to CG, DD, or SEG RAM

This instruction writes 8-bit binary data
DDDDDDDD to CG, DD or SEGRAM. CG, DD
or SEGRAM is selected by the previous specifica-
tion of the address set instruction (CG RAM
address set / DD RAM address set / SEGRAM
address set). After a write, the address is automati-
cally incremented or decremented by 1 according
to the entry mode. The entry mode also determines
the display shift direction.

Read Data from CG, DD, or SEG RAM

This instruction reads 8-bit binary data
DDDDDDDD from CG, DD, or SEG RAM. CG,

DD or SEGRAM is selected by the previous
specification of the address set instruction. If no
address is specified, the first data read will be
invalid. When executing serial read instructions,
the next address is normally read from the next
address. An address set instruction need not be
executed just before this read instruction when
shifting the cursor by a cursor shift instruction
(when reading from DD RAM). A cursor shift
instruction is the same as a set DD RAM address
instruction.

After a read, the entry mode automatically in-
creases or decreases the address by 1. However, a
display shift is not executed regardless of the entry
mode.

Note: The address counter (AC) is automatically
incremented or decremented after write in-
structions to CG, DD or SEG RAM. The
RAM data selected by the AC cannot be
read out at this time even if read instruc-
tions are executed. Therefore, to read data
correctly, execute either an address set in-
struction or a cursor shift instruction (only
with DD RAM), or alternatively, execute a
preliminary read instruction to ensure the
address is correctly set up before accessing
the data.

Table 11 HS5 to HS0 Settings

HDS5 HDS4 HDS3 HDS2 HDS1 HDS0 Description

0 0 0 0 0 0 No shift

0 0 0 0 0 1 Shift the display position to the left by one dot.

0 0 0 0 1 0 Shift the display position to the left by two dots.

0 0 0 0 1 1 Shift the display position to the left by three dots.
.
.
.

1 0 1 1 1 1 Shift the display position to the left by forty-seven
dots.

1 1 * * * * Shift the display position to the left by forty-eight
dots.



Table 12 Instructions

Execution 

Code
Time (Max) 

RE (when fcp or 
Instruction Bit RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Clear 0/1 0 0 0 0 0 0 0 0 0 1 Clears entire display and 1.52 ms
display sets DD RAM address 0 

in address counter.

Return 0/1 0 0 0 0 0 0 0 0 1 — Sets DD RAM address 0 1.52 ms
home IN address counter. Also 

returns display from
being shifted to original
position. DDRAM con-
tents remain unchanged.

Entry 0/1 0 0 0 0 0 0 0 1 I/D S Sets cursor move 37 µs
mode set direction and specifies 

display shift. These 
operations are performed 
during data write and read.

Display 0 0 0 0 0 0 0 1 D C B Sets entire display (D) 37 µs
on/off on/off, cursor on/off (C), 
control and blinking of cursor 

position character (B).

Extension 1 0 0 0 0 0 0 1 FW B/W NW Sets a font width, a 37 µs
function black-white inverting 
set cursor (B/W), and a 

4-line display (NW).

Cursor or 0 0 0 0 0 0 1 S/C R/L — — Moves cursor and shifts 37 µs
display display without changing
shift DD RAM contents.

Scroll enable 1 0 0 0 0 0 1 HSE HSE HSE HSE Specifies which display 37 µs
lines to undergo 
horizontal smooth scroll.

Function 0 0 0 0 0 1 DL N RE — — Sets interface data length 37 µs
set (DL), number of display 

lines (L), and extension
register write enable (RE).

1 0 0 0 0 1 DL N RE BE LP Sets CGRAM/SEGRAM 37 µs
blinking enable (BE), and
power-down mode (LP).
LP is available when the
EXT pin is low.

Set 0 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CG RAM address. 37 µs
CGRAM CG RAM data is sent and 
address received after this setting.

Set 1 0 0 0 1 * * ASEG ASEGASEG ASEG Sets SEGRAM address. 37 µs
SEGRAM SEGRAM data is sent and
address set received after this setting. 

Set DDRAM 0 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DD RAM address. 37 µs
address DD RAM data is sent and

received after this setting.

Set scroll 1 0 0 1 * HDS HDSHDS HDS HDS HDS Sets horizontal dot scroll 37 µs
quantity quantity.

HD66712

459



Table 12 Instructions (cont)

Execution 

Code
Time (Max) 

RE (when fcp or 
Instruction Bit RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 270 kHz)

Read busy 0/1 0 1 BF AC AC AC AC AC AC AC Reads busy flag (BF) 0 µs
flag & indicating internal opera-
address tion is being performed 

and reads address
counter contents.

Write data 0/1 1 0 Write data Writes data into DD RAM, 7 µs
to RAM CG RAM, or SEGRAM. tADD = 5.5 µs*

Read data 0/1 1 1 Read data Reads data from DD RAM, 37 µs
from RAM CG RAM, or SEGRAM. tADD = 5.5 µs*

I/D = 1: Increment DD RAM: Display data RAM
I/D = 0: Decrement ADD: DD RAM address (corresponds  
S = 1: Accompanies display shift to cursor address)
D = 1: Display on CG RAM: Character generator RAM
C = 1: Cursor on ACG: CG RAM address
B = 1: Blink on SEGRAM: Segment RAM
FW = 1: 6-dot font width ASEG: Segment RAM address
B/W = 1: Black-white inverting cursor on HSE: Specifies horizontal scroll lines
NW = 1: Four lines HDS: Horizontal dot scroll quantity
NW = 0: One or two lines AC: Address counter used for both 
S/C = 1: Display shift DD, CG, and SEG RAM 
S/C = 0: Cursor move addresses.
R/L = 1: Shift to the right
R/L = 0: Shift to the left
DL = 1: 8 bits, DL = 0:  4 bits
N = 1: 2 lines, N = 0:  1 line
RE = 1: Extension register access enable
BE = 1: CGRAM/SEGRAM blinking enable
LP = 1: Low-power mode
BF = 1: Internally operating
BF = 0: Instructions acceptable

Note: 1. —  indicates no effect.
* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address

counter is incremented or decremented by 1. The RAM address counter is updated after the
busy flag turns off. In figure 17, tADD is the time elapsed after the busy flag turns off until the
address counter is updated.

2. Extension time changes as frequency changes. For example, when f is 300 kHz, the execution
time is: 37 µs × 270/300 = 33 µs. 

3. Execution time in a low-power mode (LP = 1 and EXT = low) becomes four times for a 1-line
mode, and twice for a 2- or 4-line mode.

460

HD66712



Figure 17   Address Counter Update
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Busy stateBusy state
(DB   pin)

Address counter
(DB   to DB   pins)

7

0 6

t ADD

A A + 1

t        depends on the operation frequency.
t        = 1.5/(f    or f       ) seconds

ADD

ADD cp OSC
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Interfacing the HD66712

Interface with 8-Bit MPUs: The HD66712 can
interface directly with an 8-bit MPU using the E
clock, or with an 8-bit MCU through an I/O port.

When the number of I/O ports in the MCU, or the
interfacing bus width, if limited, a 4-bit interface
function is used.

Figure 18   Example of 8-Bit Data Transfer Timing Sequence�
�������
� �
�
�

R/W

E

Internal
signal

DB7

Internal operation

Data Busy Busy
Not
Busy Data

Instruction
write

Busy flag check Busy flag check Busy flag check Instruction
write

RS



Figure 19   8-Bit MPU Interface
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C0
C1
 C2


A0–A7

E
RS
R/W

DB0–DB7

VMA
ø2

 A15

A0

R/W
D0–D7

E

RS
R/W
DB0–DB7

8

8

H8/325

HD6800 LCD-II/F12

i)  Bus line interface

ii)  I/O port interface

LCD-II/F12
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Interface with 4-Bit MPUs: The HD66712 can
interface with a 4-bit MCU through an I/O port. 4-
bit data representing high and low order bits must
be transferred sequentially.

The DL bit in function-set selects 4-bit or 8-bit
interface data length.

Figure 20   Example of 4-Bit Data Transfer Timing Sequence

Figure 21   4-bit MPU Interface
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E

Internal
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DB7
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Instruction
write

Busy flag check Busy flag check Instruction 
write
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IR7 Busy
Not
BusyIR3 AC3 AC3 D7 D3

R/W

 D15
 D14
D13


R10–R13

RS
R/W
E


DB4–DB7

HMCS4019R LCD-II/F12
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Oscillator Circuit

Figure 22   Oscillator Circuit

Figure 23   Frame Frequency
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OSC1 OSC1

OSC2

Clock
Rf

The oscillator frequency can be
adjusted by oscillator resistance 
(Rf). If Rf is increased or power 
supply voltage is decreased, the 
oscillator frequency decreases.  
The recommended oscillator 
resistor is as follows.  

LCD-II/F12 • Rf = 91 kΩ ± 2% (VCC = 5 V)
• Rf = 75 kΩ ± 2% (VCC = 3 V)

1)   When an external clock is used 2)   When an internal oscillator is used

LCD-II/F12

1 2 3 4 32 33 1 2 3 32 33

VCC

V1

V4
V5

COM1

1-line selection period

(2)  1 /33 duty cycle

1 frame 1 frame

1 2 3 4 16 17 1 2 3 16 17

1-line selection period

VCC

V1

V4
V5

COM1

1 frame 1 frame

(1)  1 /17 duty cycle

Item

Line selection period

Frame frequency

									Normal Display Mode  (LP = 0) 

5-Dot Font Width

									Low Power Mode  (LP = 1) 

5-Dot Font Width

200 clocks

79.4 Hz

240 clocks

66.2 Hz

60 clocks

66.2 Hz

72 clocks

55.1 Hz

Item

Line selection period

Frame frequency

									Normal Display Mode  (LP = 0)  									Low Power Mode  (LP = 1) 

100 clocks

81.8 Hz

120 clocks

68.2 Hz

60 clocks

68.2 Hz

72 clocks

56.8 Hz

6-Dot Font Width 6-Dot Font Width

5-Dot Font Width 5-Dot Font Width6-Dot Font Width 6-Dot Font Width

Note: At the calculation example above for displayed frame frequency, all oscillator frequencies are 
270 kHz (1 clock = 3.7 µs).

Note: At the calculation example above for displayed frame frequency, all oscillator frequencies are 
270 kHz (1 clock = 3.7 µs).
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Power Supply for Liquid Crystal
Display Drive

1) When an external power supply is used

2) When an internal booster is used

VCC

V1

V2

V3

V4

V5

VCC

R

R

R0

R

R

VR

VEE

VCC

V1

V2

V3

V4

V5

VCC

C1
C2

Vci

GND

V5OUT2

R

R

R0

R

R

C1
C2

Vci

GND

V5OUT2

R

R

R0

R

R
V5OUT3 V5OUT3

µ1 F +

µ1 F +

µ1 F+
µ1 F+

µ1 F +

(Boosting twice) (Boosting three times)

VCC

V1

V2

V3

V4

V5

VCC

Notes: 1.


2.




3.

Boosting output voltage should not exceed the power supply voltage (2) (15 V max.) 
in the absolute maximum ratings. Especially, voltage of over 5 V should not be input
to the reference voltage (Vci) when boosting three times.
Vci input terminal is used for reference voltage and power supply for the internal booster.
Input current into the Vci pin needs three times or more of load current through the 
bleeder resistor for LCD. So, when it adjusts LCD driving voltage (Vlcd), input voltage
should be controlled with transistor to supply LCD load current. Please notice 
connection (+/–) when it uses capacitors with poler.
The Vci must be set below the power supply (VCC).

NTC-type
thermistor

NTC-type
thermistor

GNDGND

GND GND



Table 13 Duty Factor and Power Supply for Liquid Crystal Display Drive

Item Data

Number of Lines 1 2/4

Duty factor 1/17 1/33

Bias 1/5 1/6.7

Divided resistance R R R

R0 R 2.7R

Note: R changes depending on the size of liquid crystal panel. Normally, R must be 4.7 kΩ to 20 kΩ.  
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Extension Driver LSI Interface

By bringing the EXT pin high, extended driver
interface signals (CL1, CL2, D, and M) are output. 

Table 14 Relationships between the Number of Display Lines and 40-Output Extension Driver

Controller

LCD-II/F12 LCD-II/F8 HD44780 HD66702

Display Lines 5-Dot Width 6-Dot Width 5-Dot Width 6-Dot Width 5-Dot Width 5-Dot Width

16 × 2 lines Not required Not required Not required 1 1 Not required

20 × 2 lines Not required Not required 1 1 2 Not required

24 × 2 lines Not required 1 1 2 2 1

40 × 2 lines Disabled Disabled Disabled Disabled 4 3

12 × 4 lines Not required 1 1 1 Disabled Disabled

16 × 4 lines 1 1 1 2 Disabled Disabled

20 × 4 lines 1 2 2 3 Disabled Disabled

Note: The number of display lines can be extended to 32 × 2 lines or 20 × 4 lines in the LCD-II/F12.
The number of display lines can be extended to 30 × 2 lines or 20 × 4 lines in the LCD-II/F8.

Figure 24   HD66712 and the Extension Driver Connection 

COM0–
COM33

SEG1–SEG60

EXT

SEG1–
SEG60

GND

LCD-II/F12

COM0–
COM33

EXT

C
L1

VCC

CL2

M
D

CL1

LCD-II/F12

SEG1–
SEG60

Extension driver

Seg1–
Seg40

C
L2

D M

a)  1-chip operation
     (EXT = Low, 5-dot font width)

b)  When using the extension driver
     (EXT = High, 5-dot font width)

24 × 2-line display

32 × 2-line display



Table 15 Display Start Address in Each Mode

Number of Lines

1-Line Mode 2-Line Mode 4-Line Mode

Output 5 Dot 6 Dot 5 Dot 6 Dot 5 Dot/6 Dot

COM1–COM8 D00±1 D00±1 D00±1 D00±1 D00±1

COM9–COM16 D0C±1 D0A±1 D0C±1 D0A±1 D20±1

COM17–COM24 — — D40±1 D40±1 D40±1

COM25–COM32 — — D4C±1 D4A±1 D60±1

COM0/COM17 S00 S00 — — —

COM0/COM33 — — S00 S00 S00

Notes: 1. The number of display lines is determined by setting the N/NW bit.  The font width is determined
by the FW bit.

2. D** is the start address of display data RAM (DDRAM). 
3. S** is the start address of segment RAM (SEGRAM). 
4. ±1 following D** indicates increment or decrement at display shift. 
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Figure 25   Correspondence between the Display Position at Extension Display and 
the DDRAM Address
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00 01 02 03 04 05 06 11 12 130A 0B 0C 0D 0E 0F 1007 08 09

40 41 42 43 44 45 46 51 52 534A 4B 4C 4D 4E 5047 48 49

COM1 to COM8

COM17 to COM24
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SEG1–SEG60

LCD-II/F12
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COM9 to COM16

COM25 to COM32
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b)  6-dot font width: 24 × 2-line display

a)  5-dot font width: 32 × 2-line display
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Interface to Liquid Crystal Display

Set the extended driver control signal output, the
number of display lines, and the font width with
the EXT pin, an extended register NW, and the

FW bit, respectively. The relationship between the
number of display lines, EXT pin, and register
value is given below. 

Table 16 Relationship between Display Lines, EXT Pin, and Register Setting

5 Dot Font 6 Dot Font

No. of No. of EXT Extended Registor Setting EXT Extended Registor Setting

Lines Character Pin Driver N RE NW FW Pin Driver N RE NW FW Duty

1 20 L — 0 0 0 0 L — 0 1 0 1 1/17

24 L — 0 0 0 0 H 1 0 1 0 1 1/17

40 H 2 0 0 0 0 H 3 0 1 0 1 1/17

2 20 L — 1 0 0 0 L — 1 1 0 1 1/33

24 L — 1 0 0 0 H 1 1 1 0 1 1/33

32 H 1 1 0 0 0 H 2 1 1 0 1 1/33

4 12 L — * 1 1 0 H 1 * 1 1 1 1/33

16 H 1 * 1 1 0 H 1 * 1 1 1 1/33

20 H 1 * 1 1 0 H 2 * 1 1 1 1/33

Note: — means not required. 



• Example of 5-dot font width connection

Figure 26   24 × 1-Line + 60-Segment Display (5-Dot Font, 1/17 Duty)

Figure 27   24 × 1-Line + 60-Segment Display (5-Dot Font, 1/33 Duty)
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COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8

COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16

SEG1
SEG2
SEG3
SEG4
SEG5

SEG60

COM17
(COM0)

LCD-II/F12
1 12 13 24

SEG6

EXT

±   +   –  x  ÷  = ≠

Note: COM0 and COM17 output the same signals. Apply them according to the wiring pattern.

LCD-II/F12

COM1
COM2
COM3
COM4
COM5
COM6
COM7
COM8

COM17
COM18
COM19
COM20
COM21
COM22
COM23
COM24

COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16

COM25
COM26
COM27
COM28
COM29
COM30
COM31
COM32

SEG1
SEG2
SEG3
SEG4
SEG5

SEG60

COM33
(COM0)

1 12 13 24

SEG6

EXT

±   +   –  x  ÷  = ≠

Note: COM0 and COM33 output the same signals. Apply them according to the wiring pattern.



Figure 28   12 × 4-Line + 60 Segment Display (5-Dot Font, 1/33 Duty)

Figure 29   20 × 4-Line + 80 Segment Display (5-Dot Font, 1/33 Duty)
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LCD-II/F12
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COM60

COM33
(COM0)

Note: COM0 and COM33 output
the same signals.
Apply them according to
the wiring pattern.
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±   +   –  x  ÷   =  ≠COM33
(COM0)

13

VCC

SEG1
SEG2
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SEG4
SEG5Extension

driver
Note: COM0 and COM33 output

the same signals.
Apply them according to
the wiring pattern.

SEG36
SEG37
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SEG39
SEG40



Figure 30   20 × 2-Line + 60 Segment Display (6-Dot Font, 1/33 Duty)
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LCD-II/F12
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Note:  COM0 and COM33 output the same signals. Apply them according to the wiring pattern.
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Instruction and Display Correspondence

• 8-bit operation, 24-digit × 1-line display with
internal reset

Refer to table 17 for an example of an 24-digit ×
1-line display in 8-bit operation. The LCD-
II/F12 functions must be set by the function set
instruction prior to the display. Since the display
data RAM can store data for 80 characters, a
character unit scroll can be performed by a
display shift instruction. A dot unit smooth
scroll can also be performed by a horizontal
scroll instruction. Since data of display RAM
(DDRAM) is not changed by a display shift
instruction, the display can be returned to the
first set display when the return home operation
is performed.

• 4-bit operation, 24-digit × 1-line display with
internal reset

The program must set all functions prior to the
4-bit operation (see table 18). When the power is
turned on, 8-bit operation is automatically
selected and the first write is performed as an 8-
bit operation. Since DB0 to DB3 are not con-
nected, a rewrite is then required. However,
since one operation is completed in two accesses
for 4-bit operation, a rewrite is needed to set the
functions. Thus, DB4 to DB7 of the function set
instruction is written twice.

• 8-bit operation, 24-digit × 2-line display with
internal reset 

For a 2-line display, the cursor automatically
moves from the first to the second line after the

40th digit of the first line has been written. Thus,
if there are only 16 characters in the first line,
the DD RAM address must be again set after the
16th character is completed. (See table 19.)  

The display shift is performed for the first and
second lines. If the shift is repeated, the display
of the second line will not move to the first line.
The same display will only shift within its own
line for the number of times the shift is repeated.

• 8-bit operation, 12-digit × 4-line display with
internal reset

The RE bit must be set by the function set
instruction and then the NW bit must be set by
an extension function set instruction. In this
case, 4-line display is always performed regard-
less of the N bit setting (see table 20). 

In a 4-line display, the cursor automatically
moves from the first to the second line after the
20th digit of the first line has been written. Thus,
if there are only 8 characters in the first line, the
DD RAM address must be set again after the 8th
character is completed. Display shifts are per-
formed on all lines simultaneously. 

Note: When using the internal reset, the electrical
characteristics in the Power Supply Condi-
tions Using Internal Reset Circuit table
must be satisfied. If not, the LCD-II/F12
must be initialized by instructions. See the
section, Initializing by Instruction. 



Table 17 8-Bit Operation, 24-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66712 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
RS R/W D7 D6 D5 D4 D3 D2 D1 D0 selects 1-line display. 
0 0 0 0 1 1 0 0 * * Bit 2 must always be cleared.

3 Return home Return both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).

4 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

5 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the RAM. 
Display is not shifted.

6 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization when the power 
was turned on. 

7 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

8 · ·
· ·
· ·
· ·
· ·

9 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

10 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

11 Write data to CG RAM/DD RAM Writes a space.
1 0 0 0 1 0 0 0 0 0
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Table 17 8-Bit Operation, 24-Digit × 1-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

12 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

13 · ·
· ·
· ·
· ·
· ·

14 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

15 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

16 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * * to the left.

17 Write data to CG RAM/DD RAM Writes C over K.
1 0 0 1 0 0 0 0 1 1 The display moves to the left.

18 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 1 1 * * position to the right.

19 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 0 1 * * position to the right.

20 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

21 · ·
· ·
· ·
· ·
· ·

22 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 18 4-Bit Operation, 24-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66712 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 4-bit operation.
RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Clear bit 2. In this case, 
0 0 0 0 1 0 — — — — operation is handled as 8 bits
— — — — — — — — — — by initialization. *1

3 Function set Sets 4-bit operation and selects 
0 0 0 0 1 0 — — — — 1-line display. Clear BE, LP bits. 
0 0 0 1 0 0 — — — — 4-bit operation starts from 

this step. 

4 Function set Sets 4-bit operation and selects
0 0 0 0 1 0 — — — — 1 line display. Clear bit 2 (RE).
0 0 0 0 * * — — — —

5 Return home Returns both display and cursor
0 0 0 0 0 0 — — — — to the original position
0 0 0 0 1 0 — — — — (address 0).

6 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 — — — — Entire display is in space mode 
0 0 1 1 1 0 — — — — because of initialization.

7 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 — — — — address by one and to shift the 
0 0 0 1 1 0 — — — — cursor to the right at the time of 

write to the DD/CG RAM. 
Display is not shifted.

8 Write data to CG RAM/DD RAM Writes H.
1 0 0 1 0 0 — — — — DDRAM has already been 
1 0 1 0 0 0 — — — — selected by initialization. 

. Based on 8-bit operation after

. this instruction.

.

Note: The control is the same as for 8-bit operation beyond step #8.
1.  When DB3 to DB0 pins are open in 4-bit mode, the RE, BE, LP bits are set to “1” at step #2. So,

these bits are clear to “0” at step #3.
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Table 19 8-Bit Operation, 24-Digit × 2-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66712 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets to 8-bit operation and 
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 selects 2-line display. 
0 0 0 0 1 1 1 0 * * Clear bit 2. 

3 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 1 1 1 0 All display is in space mode

because of initialization.

4 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the

cursor to the right at the time of 
write to the RAM. 
Display is not shifted.

5 Write data to CG RAM/DD RAM Writes “H.” DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization at power-on.

6 · ·
· ·
· ·
· ·
· ·

7 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

8 Set DD RAM address Sets DD RAM address so that 
0 0 1 1 0 0 0 0 0 0 the cursor is positioned at the 

head of the second line.
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Table 19 8-Bit Operation, 24-Digit × 2-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

9 Write data to CG RAM/DD RAM Writes a space. 
1 0 0 1 0 0 1 1 0 1

10 · ·
· ·
· ·
· ·
· ·

11 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

13 Write data to CG RAM/DD RAM Writes M. 
1 0 0 1 0 0 1 1 0 1

14 · ·
· ·
· ·
· ·
· ·

15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).
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Table 20 8-Bit Operation, 12-Digit × 4-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66712 is initialized by Initialized. No display.
the internal reset circuit)

2 Function set Sets 8-bit operation and
0 0 0 0 1 1 0 1 * * enables write to the extension

register.

3 4-line mode set Sets 4-line operation.
0 0 0 0 0 0 1 0 0 1

4 Return home Return both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position.

5 Function set Inhibits write to extension
Inhibit write to extension register register. Invalidates selection 
0 0 0 0 1 1 0 0 * * of 1-line/2-line by bit 3.

6 Display on/off control Turns on display and cursor.
0 0 0 0 0 0 1 1 1 0 Entire display is cleared

because of initialization.

7 Entry mode set Sets mode to increment the
0 0 0 0 0 0 0 1 1 0 address by one and to shift the

cursor to the right when writing
to RAM. Display is not shifted.

8 Write data to CG RAM/DD RAM Writes H. DDRAM has already
1 0 0 1 0 0 1 0 0 0 been selected by initialization.

9 · ·
· ·
· ·
· ·
· ·
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Table 20 8-Bit Operation, 12-Digit × 4-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

10 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

11 Set DD RAM address Sets DD RAM address to (20)H
0 0 1 0 1 0 0 0 0 0 so that the cursor is positioned

at the beginning of the second
line.

12 Write data to CG RAM Writes 0.
1 0 0 0 1 1 0 0 0 0
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Initializing by Instruction

If the power supply conditions for correctly operat-
ing the internal reset circuit are not met, initializa-
tion by instructions becomes necessary. 

• Initializing when a length of interface is 8-bit
system. (See figure 31.)

• Initializing when a length of interface is 4-bit
system. (See figure 32.) 

Figure 31   Initializing Flow of 8-Bit Interface
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Initialization ends

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long.)

BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time.  (See table 12.)

Function set

Display off

Display clear

Entry mode set

• Wait for more than 15 ms
   after Vcc rises to 4.5 V 
   (VCC = 5 V during operation)
• Wait for more than 40 ms
   after Vcc rises to 2.7 V 
   (VCC = 3 V during operation)





Figure 32   Initializing Flow of 4-Bit Interface
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Initialization ends

• Wait for more than 15 ms
   after Vcc rises to 4.5 V
   (VCC = 5 V during operation)
• Wait for more than 40 ms
   after Vcc rises to 2.7 V
   (VCC = 3 V during operation)


BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long)

BF cannot be checked before this instruction.

Function set  (Interface is 8 bits long)
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BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time.  (See table 12.)*1

Function set (4-bit mode)

Display off



Display clear



Entry mode set (I/D, S specification)

Function set (4-bit mode, N specification)
                      BE, LE are clear to 0

Power on

Function set (4-bit mode, N specification)

*1

*1

*2

Important Notice
 When DB3 to DB0 pins are open in 4-bit mode, 

the N, RE, BE, LP bits are set to “1.” In this case, 
instruction time becomes four times in a low  
power mode (LP = “1”).
The low power mode is available in this step, so 
instruction time takes four times.

Notes:  1.




2.
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Horizontal Dot Scroll

Dot unit scrolls are performed by setting the hori-
zontal dot scroll quantity resister (HDS) when the
extension register is enabled (RE = “1”). And the
shifted line can be selected with the scroll enable
register (HDE). So, it can control dot unit shifts by

each display line. 

To scroll smoothly, LCD-II/F12 supports 6 dots-
font width mode (FW = 1). The below figures are
examples of scroll display.

Figure 33   Example of Dot Scroll Display

No shift performed

One dot shift to the left

When 5-dots font width (FW = 0)

Two dots shift to the left

Three dots shift to the left

Four dots shift to the left

When 6-dots font width (FW = 1)

No shift performed

One dot shift to the left

Two dots shift to the left

Three dots shift to the left

Four dots shift to the left

Five dots shift to the left

ICON mark and 1st to 3rd line are fixed,
and only 4th line is sifted

       HDS = 1000
       (4th line scroll enable)

Example of 10 digits × 4 lines with 6-dots fonts width mode



Figure 34   Method of Smooth Scroll Display
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DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 DL N 1 BE LP Enable extension resistor.1

4th line scroll enable.

One dot shift in 4th line to the left.

Two dots shift in 4th line to the left.

Three dots shift in 4th line to the left.

CPU  Wait

CPU  Wait

CPU  Wait

Four dots shift in 4th line to the left.

CPU  Wait

0 0 1 0 0 0 0 0 0 13

0 0 0 0 0 1 1 0 0 02

0 0 1 0 0 0 0 0 1 04

0 0 1 0 0 0 0 0 1 15

0 0 1 0 0 0 0 1 0 06

47 dots shift in 4th line to the left.

CPU  Wait

48 dots shift in 4th line to the left.

0 0 1 1 1 0 1 1 1 149

0 0 1 0 1 1 0 0 0 050

Note: When perfoming a dot scroll with an extended driver, the maximum number or characters
per line decreases by quantity set by the dot scroll. For example, when the maximum
24-dot scroll quantity (4 characters) is used with 6-dot font width and 4-line display,
the maximum numbers of character is 20 – 4 = 16. Notice that in low power mode (LP = 1),
display shift and dot scroll cannot be performed.

6-dots font width mode (FW = 1)
4 line display mode (NW = 1)



HD66712

487

Low Power Mode

When the extension driver is not used (EXT =
Low) with extension register enabled (RE = 1), the
HD66712 enters low power mode by setting the
low-power mode bit (LP) to 1. During low-power
mode, as the internal operation clock is divided by
2 (2-line/4-line display mode) or by 4 (1-line
display mode), the execution time of each
instruction becomes two times or four times longer
than normal. In addition, as the frame frequency

decreases to 5/6, display quality might be affected.

In addition, since the display is not shifted in low
power mode, display shift must be cleared with the
return home instruction before setting low power
mode. The amount of horizontal scroll must also
be cleared (HDS = 000000). Moreover, because the
display enters a shift state after clearing low-power
mode, the home return instruction must be used to
clear display shift at that time.

Figure 35   Usage of Low Power Mode

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 0 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 1 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 DL N BE

Note: The execution time of an instruction in low-power
mode becomes two times or four times longer
then normal. The frame frequency also 
decreases by 5/6.

Return home

Extended register enable

Clear horizontal scroll quantity
HDS = 000000

Set a low power mode

Clear low power mode

Low power operation

1

1

1

1

0 0 0

1

0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 0 0 0 0 0
Return home

1

Note: Up until this instruction, execution time is two 
times or four times longer than normal.

Note: Because the display enters a shift state, be sure
to execute this instruction.



Absolute Maximum Ratings*

Item Symbol Unit Value Notes

Power supply voltage (1) VCC V –0.3 to +7.0 1

Power supply voltage (2) VCC–V5 V –0.3 to +15.0 1, 2

Input voltage Vt V –0.3 to VCC +0.3 1

Operating temperature Topr °C –20 to +75 3

Storage temperature Tstg °C –55 to +125 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability.
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DC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

Input high voltage (1) VIH1 0.7VCC — VCC V 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.2VCC V VCC = 2.7 to 3.0 V 6
(except OSC1) –0.3 — 0.6 V VCC = 3.0 to 4.5 V

Input high voltage (2) VIH2 0.7VCC — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 15
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 7
(D0–D7)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 7
(D0–D7)

Output high voltage (2) VOH2 0.8VCC — — V –IOH = 0.04 mA 8
(except D0–D7)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.04 mA 8
(except D0–D7)

Driver ON resistance RCOM — — 20 kΩ ±Id = 0.05 mA (COM) 13
(COM) VLCD = 4 V

Driver ON resistance RSEG — — 30 kΩ ±Id = 0.05 mA (SEG) 13
(SEG) VLCD = 4 V

I/O leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 10 50 120 µA VCC = 3 V
(D0–D7, RESET* pin) Vin = 0 V

Power supply current Icc — 0.15 0.30 mA Rf oscillation, 10, 14
external clock
VCC = 3V, fOSC = 270 kHz

LCD voltage VLCD1 3.0 — 13.0 V VCC–V5, 1/5 bias 16

VLCD2 3.0 — 13.0 V VCC–V5, 1/6.7 bias 16

Note: * Refer to Electrical Characteristics Notes following these tables.

Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

Output voltage VUP2 7.5 8.7 — V Vci = 4.5 V, I0 = 0.25 mA, 18, 19
(V5OUT2 pin) C = 1 µF, fOSC = 270 kHz

Ta = 25°C

Output voltage VUP3 7.0 7.7 — V Vci = 2.7 V, I0 = 0.25 mA, 18, 19
(V5OUT3 pin) C = 1 µF, fOSC = 270 kHz

Ta = 25°C

Input voltage VCi 2.0 — 5.0 V Vci ≤ VCC 18, 19
Ta = 25°C 20

Note: * Refer to Electrical Characteristics Notes following these tables.
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AC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Clock Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 125 270 410 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time trcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 190 270 350 kHz Rf = 91 kΩ, 12
oscillation VCC = 5 V

Note: * Refer to the Electrical Characteristics Notes section following these tables.

System Interface Timing Characteristics (1) (VCC = 2.7 V to 4.5 V, 
Ta = –20 to +75°C*3)

Bus Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 36

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 1000 — — ns Figure 37

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 60 — —

Address hold time tAH 20 — —

Data delay time tDDR — — 360

Data hold time tDHR 5 — —
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Serial Interface Operation

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 1 — 20 µs Figure 38

Serial clock (high level width) tSCH 400 — — ns

Serial clock (low level width) tSCL 400 — —

Serial clock rise/fall time tSCr, tSCf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 200 — —

Serial input data hold time tSIH 200 — —

Serial output data delay time tSOD — — 360

Serial output data hold time tSOH 0 — —

System Interface Timing Characteristics (2) (VCC = 4.5 V to 5.5 V, 
Ta = –20 to +75°C*3)

Bus Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 36

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data set-up time tDSW 80 — —

Data hold time tH 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tcycE 500 — — ns Figure 37

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data delay time tDDR — — 160

Data hold time tDHR 5 — —
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Serial Interface Sequence

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 0.5 — 20 µs Figure 38

Serial clock (high level width) tSCH 200 — — ns

Serial clock (low level width) tSCL 200 — —

Serial clock rise/fall time tSCr, tSCf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 100 — —

Serial input data hold time tSIH 100 — —

Serial output data delay time tSOD — — 160

Serial output data hold time tSOH 0 — —

Segment Extension Signal Timing (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 39

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 100

Reset Timing (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tRES 10 — — ms Figure 40

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 41

Power supply off time tOFF 1 — —
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Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V. If the LSI is used above the absolute maximum ratings, it
may become permanently damaged. Using the LSI within the following electrical characteristic is
strongly recommended to ensure normal operation. If these electrical characteristic are also exceeded,
the LSI may malfunction or exhibit poor reliability.

2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained.

3. For die products, specified up to 75°C.

4. For die products, specified by the die shipment specification.

5. The following four circuits are I/O pin configurations except for liquid crystal display output.

6. Applies to input pins and I/O pins, excluding the OSC1 pin.

7. Applies to I/O pins.

8. Applies to output pins.

9. Current flowing through pull-up MOSs, excluding output drive MOSs.

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive
current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.
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VCC

PMOS

NMOS

VCC VCC

PMOS

NMOS

(pull-up MOS)

PMOS

VCC

PMOS

NMOS

VCC

NMOS

NMOS

VCC

PMOS

NMOS

(output circuit)
(tristate)

Output enable  
Data

(pull-up MOS)

I/O Pin
Pins:  DB  /SOD–DB
(MOS with pull-up)

0 7

Input pin
Pin:  E/SCLK, RS/CS*, RW/SID, IM,
        EXT, TEST (MOS without pull-up)


Pins:  RESET* (MOS with pull-up)

Output pin
Pins:  CL  , CL  , M, D1 2

VCC

(input circuit)

PMOSPMOS

Input enable



11. Applies only to external clock operation.

12. Applies only to the internal oscillator operation using oscillation resistor Rf.

13. RCOM is the resistance between the power supply pins (VCC, V1, V4, V5) and each common 
signal pin (COM0 to COM33).

RSEG is the resistance between the power supply pins (VCC, V2, V3, V5) and each segment signal pin
(SEG1 to SEG60).
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Oscillator OSC1

OSC2

0.7 V
0.5 V
0.3 V

CC

CC

CC

Th Tl

t rcp tfcp

Duty =                     100%Th
Th + Tl

×

Open

OSC1

OSC2

Rf

R  :
R  :

f

f

75 k    ± 2%  (when V     = 3 V to 4 V)
91 k    ± 2%  (when V     = 4 V to 5 V)

Ω
Ω

Since the oscillation frequency varies depending on the OSC1 and 
OSC2 pin capacitance, the wiring length to these pins should be minimized.

CC

CC


VCC = 5 V
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400

300
270

200
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50 100 15091
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100
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min.
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14. The following graphs show the relationship between operation frequency and current consumption.

15. Applies to the OSC1 pin.

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5)
when there is no load.

17. The TEST pin must be fixed to ground, and the IM or EXT pin must also be connected to VCC or
ground. 

18. Booster characteristics test circuits are shown below. 
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19. Reference data

The following graphs show the liquid crystal voltage booster characteristics.

VUP2 = VCC–V5OUT2
VUP3 = VCC–V5OUT3
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20. Must maintain (“High”) VCC ≥ Vci (“Low”).
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(4)  VUP2, VUP3 vs capacitance
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Load Circuits

AC Characteristics Test Load Circuits
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Data bus:  DB0–DB7, SOD

Test
point

50 pF

Segment extension signals:  CL1, CL2, D, M

30 pF

Test
point



Timing Characteristics

Figure 36   Bus Write Operation

Figure 37   Bus Read Operation
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Figure 38   Serial Interface Timing

Figure 39   Interface Timing with Extension Driver
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Figure 40   Reset Timing

Figure 41   Power Supply Sequence
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tRES

VIL1 VIL1

RESET*

Note: When power is supplied, initializing by the internal reset circuit has priority. Accordingly,   
the above RESET* input is ignored during internal reset period.

VCC

0.2 V

2.7 V/4.5 V*2

0.2 V 0.2 V

t rcc tOFF*1

0.1 ms    t        10 ms≤        ≤rcc t          1 ms≥OFF

Notes: 1.

2.
3.

tOFF compensates for the power oscillation period caused by momentary power
supply oscillations.
Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation.
If the above electrical conditions are not satisfied,  the internal reset circuit will not
operate normally. In this case, initialized by instruction. (Refer to the Initializing by 
Instruction section.)









HD66720 (LCD-II/K8)
(Panel Controller/Driver for Dot-Matrix Liquid Crystal

Display with Key-Matrix)

Preliminary

Description

The HD66720 dot-matrix liquid crystal display
controller (LCD) and driver LSI incorporates a
key-scan function and an LED display function,
and displays alphanumeric character and symbols.
A single HD66720 is capable of displaying a single
10-character line or two 8-character lines. In addi-
tion, a single line of up to 40 characters can be
displayed with extension drivers.

Since the HD66720 incorporates a 5 × 6 matrix
key scan circuit and two LED drive circuits, it can
control front panels of telephone, car stereos, audio
equipment, printers, or facsimiles with a single
chip. A three-line clock synchronous serial transfer
method is adopted for interfacing with a micro-
computer, which greatly decreases the number of
interface signals and makes it easy to miniaturize
systems.

This LSI is especially suitable for panels which can
display five European languages (English, French,
German, Italian, and Spanish), as used in new
media products including car tuners for the radio
data system (RDS), mini disc players (MD), and
digital compact cassette players (DCC), personal
handly phone, cellular phone.

Features

• Control and drive of a dot matrix LCD with
built-in scanning

• Wide field-of-division display with low duty
cycle of 1/9 (1 line) and 1/17 (2 lines)

• 10-character single line (5 × 8-dot font) and
50-segment display with a single chip (two
8-character line display by setting a register)

• Maximum 40-character single line display with
extension drivers (see list 1)

• Built-in key scan matrix buffer circuit: 5 × 6 (30
keys) input (at strobe cycle: 5 ms to 40 ms, fosc
= 160 kHz)

• Wake-up function with IRQ signal after key
stroke

• Two general purpose output ports (for LED
displays, etc.)

• Serial bus interface: Three-line clock syn-
chronous serial transfer

• Booster for liquid crystal drive voltage: Two/
three times power supply

• Maximum 40-character display RAM
• Character generator ROM: 240 5 × 8-dot char-

acters
• Character generator RAM: 8 user characters
• 80-segment RAM
• Horizontal smooth scroll: Displayed line selec-

tion and displayed character selection scroll
possible

• Oscillator (external resistor needed) and power-
on reset circuit incorporated

• Wide range of operating power supply voltage:
2.7 to 5.5 V
Liquid crystal display voltage: 3.0 to 11.0 V

• QFP 1420-100 (0.65-mm pitch), TQFP 1414-
100 (0.5-mm pitch), bare-chip



List 1   Programmable Duty Cycles

5-Dot Font Width

Single-Chip With Single Maximum Display
Operation HD44100R Extension

Number of Duty Displayed Displayed Displayed
Lines Ratio Characters Segments Characters Segments Characters Segments

1 1/9 10 50 18 80 40 80

2 1/17 8 42 16 80 20 82

6-Dot Font Width

Single-Chip With Single Maximum Display
Operation HD44100R Extension

Number of Duty Displayed Displayed Displayed
Lines Ratio Characters Segments Characters Segments Characters Segments

1 1/9 8 50 15 90 40 96

2 1/17 7 42 13 82 20 96

List 2   Ordering Information

Type No. Package CGROM

HD66720A03FS FP-100A Japanese + European font

HD66720A03TF TFP-100B

HCD66720A03 Chip
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503



LCD-II Family Comparison

LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12 LCD-II/K8
Item HD44780U HD66702R HD66710 HD66712 HD66720

Power supply 2.7 V to 5.5 V 5 V ± 10% 2.7 V to 5.5 V 2.7 V to 5.5 V 2.7 V to 5.5 V
voltage (standard),

2.7 V to 5.5 V 
(low voltage)

Liquid crystal 3.0 V to 11.0 V 3.0 V to 8.3 V 3.0 V to 13.0 V 3.0 V to 13.0 V 3.0 V to 11.0 V
drive voltage

Maximum display 8 characters × 20 characters × 16 characters × 24 characters × 10 characters ×
characters per 2 lines 2 lines 2 lines/ 2 lines/ 1 line/
chip 8 characters × 12 characters × 8 characters ×

4 lines 4 lines 2 lines

Segment display None None 40 segments 60 segments 50 segments
(80 segments (80 segments
with extension) with extension)

Display duty
cycle 1/8, 1/11, 1/16 1/8, 1/11, 1/16 1/17, 1/33 1/17, 1/33 1/9, 1/17

Key scan circuit None None None None 5 × 6 (30 circuits)

LED display None None None None 2 circuits
circuit

CGROM 9,920 bits 7,200 bits 9,600 bits 9,600 bits 9,600 bits
(208 5 × 8-dot (160 5 × 7-dot (240 5 × 8-dot (240 5 × 8-dot (240 5 × 8-dot
characters and characters and characters) characters) characters)
32 5 × 10-dot 32 5 × 10-dot
characters) characters)

CGRAM 64 bytes 64 bytes 64 bytes 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes 80 bytes 80 bytes 40 bytes

SEGRAM None None 8 bytes 16 bytes 16 bytes

Segment signal 40 signals 100 signals 40 signals 60 signals 50 signals
(42 signals)

Common signal 16 signals 16 signals 33 signals 34 signals 9 signals
(17 signals)

Liquid crystal A B B B B
waveform
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LCD-II LCD-II/E20 LCD-II/F8 LCD-II/F12 LCD-II/K8
Item HD44780U HD66702R HD66710 HD66712 HD66720

Clock Clock External resistor External resistor External resistor External resistor External resistor
gene- source External clock External clock External clock External clock External clock
rator input input input input input

Rf 270 kHz ± 30% 320 kHz ± 30% 270 kHz ± 30% 270 kHz ± 30% 160 kHz ± 30%
oscillation 
frequency

Frame 59 to 110 Hz for 70 to 130 Hz for 56 to 103 Hz for 56 to 103 Hz for 58 to 108 Hz for
frequency 1/8 and 1/16 1/8 and 1/16 1/7 duty cycles; 1/7 duty cycles; 1/9 duty cycles;

duty cycles; duty cycles; 57 to 106 Hz for 57 to 106 Hz for 62 to 115 Hz for
43 to 80 Hz for 51 to 95 Hz for 1/33 duty cycle 1/33 duty cycle 1/17 duty cycle
1/11 duty cycle 1/11 duty cycle

Rf 91 kΩ for 5-V 68 kΩ for 91 kΩ for 5-V 91 kΩ for 5-V 200 kΩ for 5-V
resistance operation; standard operation; operation; operation; 

75 kΩ for 3-V version; 75 kΩ for 3-V 75 kΩ for 3-V 160 kΩ for 3-V
operation 56 kΩ for L operation operation operation

version

Liquid crystal None None 2–3 times 2–3 times 2–3 times 
display voltage step-up circuit step-up circuit step-up circuit
booster circuit

Extension driver Independent Independent Used in Independent Independent
control signal control signal control signal common with control signal control signal

a driver output 
pin

Reset function Internal reset Internal reset Internal reset Internal reset Internal reset
and input and input

Instructions LCD-II Fully Upwardly Upwardly Upwardly
(HD44780) compatible with compatible with compatible with compatible with

the LCD-II the LCD-II the LCD-II the LCD-II

Horizontal scroll Character unit Character unit Dot unit Dot unit and Dot unit and
line unit scroll line unit scroll

Number of 1 or 2 1 or 2 1, 2, or 4 1, 2, or 4 1 or 2
displayed lines

Low power None None Available Available Available
mode

Bus interface 4 bits/8 bits 4 bits/8 bits 4 bits/8 bits Serial/4 bits/ Serial
8 bits

CPU bus timing 2 MHz for 5-V 1 MHz 2 MHz for 5-V 2 MHz for 5-V 2 MHz for 5-V
operation; operation; operation; operation;
1 MHz for 3-V 1 MHz for 3-V 1 MHz for 3-V 1 MHz for 3-V
operation operation operation operation

Package QFP-1420-80 LQFP-2020-144 QFP-1420-100 QFP-1420-128 QFP-1420-100
TQFP-1414-80 144-pin bare TQFP-1414-100 TCP-128 TQFP-1414-100
80-pin bare chip 100-pin bare 128-pin bare 100-pin bare
chip chip chip chip
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Key Input Sampling and LED Display
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10 ms 

1.7 ms

KST0

KST1

KST2

KST3

KST4

KST5

Key matrix

Serial input/output
(three CLK lines)

LCD-II/K

KEYIN

Strobe
(KST0 to
KST5)

R = 600Ω

LED
display

Detail

VCC
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Disc title and 
music titles

Disc title and 
index

Name of 
broadcasting station 
and traffic information

3

Tuner

CD

MD/DCC

Micro-
computer

SCI

LCD panel

(Single 
10-character 
line)

Key matrix

Detach panel

LCD-II/K

VCCLED
<RDS support>
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Chip size (XxY):
Coordinate:
Origin:
Pad size (X x Y):

5.60 mm × 6.0 mm
Pad center
Chip center
100 µm × 100 µm

79

52

5130

29

2

1 100 81 80

Y

X

Type code
HD66720

HCD66720

Pad Coordinate

No. Function X Y

1 SEG22 –2400 2877

2 SEG23 –2677 2700

3 SEG24 –2677 2500

4 SEG25 –2677 2300

5 SEG26 –2677 2100

6 SEG27 –2677 1900

7 SEG28 –2677 1700

8 SEG29 –2677 1500

9 SEG30 –2677 1300

10 SEG31 –2677 1100

11 SEG32 –2677 900

12 SEG33 –2677 700

13 SEG34 –2677 500

14 SEG35 –2677 300

15 SEG36 –2677 100

16 SEG37 –2677 –100

17 SEG38 –2677 –300

18 SEG39 –2677 –500

19 SEG40 –2677 –700

20 SEG41 –2677 –900

21 SEG42 –2677 –1100

22 SEG43/COM1 –2677 –1300

23 SEG44/COM2 –2677 –1500

24 SEG45/COM3 –2677 –1700

25 SEG46/COM4 –2677 –1900

26 SEG47/COM5 –2677 –2100

27 SEG48/COM6 –2677 –2300

28 SEG49/COM7 –2677 –2677

29 SEG50/COM8 –2677 –2877

30 COM1/COM9 –2400 –2877

31 COM2/COM10 –1900 –2877

32 COM3/COM11 –1700 –2877

33 COM4/COM12 –1500 –2877

34 COM5/COM13 –1300 –2877

Pad Coordinate

No. Function X Y

35 COM6/COM14 –1100 –2877

36 COM7/COM15 –900 –2877

37 COM8/COM16 –700 –2877

38 COMS –500 –2877

39 V1 –150 –2853

40 V2 100 –2853

41 V3 300 –2853

42 V4 500 –2853

43 V5 800 –2853

44 V5OUT3 1020 –2809

45 V5OUT2 1200 –2809

46 GND 1400 –2790

47 C1 1600 –2853

48 C2 1800 –2809

49 VCI 2000 –2809

50 VCC 2200 –2853

51 OSC1 2400 –2853

52 OSC2 2653 –2700

53 CL1 2653 –2500

54 CL2 2653 –2300

55 D 2653 –2100

56 M 2653 –1900

57 CS* 2653 –1700

58 SCLK 2653 –1500

59 SID 2653 –1300

60 SOD 2653 –1100

61 NL 2653 –900

62 RESET* 2653 –700

63 TEST2 2653 –500

64 TEST1 2653 –300

65 GND 2653 –30

66 LED0 2653 174

67 LED1 2653 350

68 IRQ* 2653 540

Pad Coordinate

No. Function X Y

69 KST0 2653 730

70 KST1 2653 920

71 KST2 2653 1110

72 KST3 2653 1300

73 KST4 2653 1500

74 KST5 2653 1700

75 KIN0 2653 1900

76 KIN1 2653 2100

77 KIN2 2653 2300

78 KIN3 2653 2653

79 KIN4 2653 2853

80 SEG1 2400 2877

81 SEG2 1900 2877

82 SEG3 1700 2877

83 SEG4 1500 2877

84 SEG5 1300 2877

85 SEG6 1100 2877

86 SEG7 900 2877

87 SEG8 700 2877

88 SEG9 500 2877

89 SEG10 300 2877

90 SEG11 100 2877

91 SEG12 –100 2877

92 SEG13 –300 2877

93 SEG14 –500 2877

94 SEG15 –700 2877

95 SEG16 –900 2877

96 SEG17 –1100 2877

97 SEG18 –1300 2877

98 SEG19 –1500 2877

99 SEG20 –1700 2877

100 SEG21 –1900 2877

(Unit: µm)



Pin Functions

Table 1 Pin Functional Description

Number Device
Signal of Pins I/O Interfaced with Function

CS* 1 I MPU Acts as chip-select during serial mode:
Low: Select (access enable)
High: Not selected (access disable)

SCLK 1 I MPU Acts as a serial clock input (receive).

SID 1 I MPU Inputs serial data during serial mode.

IRQ* 1 O MPU Generates key scan interrupt signal.

SOD 1 O MPU Outputs (transmits) serial data during serial mode. Open
this pin if reading (transmission) is not performed.

SEG1 to 42 O LCD Acts as a segment output signal.
SEG42

SEG43/ 8 O LCD Acts as segment output during 1-line display mode.
COM1 to Acts as common output during 2-line display mode.
SEG50/
COM8

COM1/ 8 O LCD Acts as common output during 1-line display mode.
COM9 to Acts as common output during 2-line display mode.
COM8/
COM16

COMS 1 O LCD Common output signal for segment (icon).

CL1 1 O Extension driver Outputs the extension driver latch pulse.

CL2 1 O Extension driver Outputs the extension driver shift clock.

D 1 O Extension driver Outputs extension driver data; data from the 51st dot on
is output during single-line display, and data from the
43rd dot on is output during two-line display.

M 1 O Extension driver Outputs the extension driver AC signal.

KST0* to 6 O Key matrix Generates strobe signals for latching data from the key 
KST5* matrix at specific time intervals.

KIN0* to 5 I Key matrix Samples key state from key matrix synchronously with 
KIN4* strobe signals.

LED0* to 2 O LEDs LED display control signals; can also be used as a 
LED1* general output port.

V1 to V5 5 — Power supply Power supply for LCD drive 
VCC –V5 = 11 V (max)

VCC/GND 2 — Power supply VCC: +2.7 V to +5.5 V, GND: 0 V

OSC1/OSC2 2 — Oscillation When crystal oscillation is performed, an external 
resistor resistor must be connected. When the pin input is an 
clock external clock, it must be input to OSC1.
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Table 1 Pin Functional Description (cont)

Number Device
Signal of Pins I/O Interfaced with Function

Vci 1 I — Inputs voltage to the booster to generate the liquid
crystal display drive voltage.
Keep this voltage within the range: 2.0 V to 4.5 V without
exceeding VCC.

V5OUT2 1 O V5 pin/ Voltage input to the Vci pin is boosted twice and output.
Booster When the voltage is boosted three times, the same 
capacitor capacitance as that of C1–C2 should be connected

here.

V5OUT3 1 O V5 pin Voltage input to the Vci pin is boosted three times and
output. 

C1/C2 2 — Booster External capacitor should be connected here when 
capacitor using the booster.

RESET* 1 I — Reset pin. When active (low), this pin turns the display
off and initializes the registers.

NL 1 I — Number of display lines. One line is displayed when this
pin is low (1/9 duty), and two lines are displayed when
this pin is high (1/17 duty).

TEST 2 I — Test pin. Should be wired to ground.

HD66720
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Block Function

System Interface

The HD66720 interfaces with the system through a
three-line clock-synchronous serial method. This
greatly decreases the number of interface connec-
tions with the MPU because all data transmis-
sion/reception, such as setting registers, writing
data to RAM, and reading key-scan data can be
performed with three control signals.

The HD66720 has two 8-bit registers: an instruc-
tion register (IR) and a data register (DR).

The IR stores instruction codes, such as display
clear and cursor shift, and address information for
the display data RAM (DD RAM), the character
generator RAM (CG RAM), and the segment
RAM (SEG RAM). The IR can only be written to
by the MPU, and cannot be read from.

The DR temporarily stores data to be written into
DD RAM, CG RAM, or SEG RAM. Data written
into the DR from the MPU is automatically written
into DD RAM, CG RAM, or SEG RAM by an
internal operation. The DR is also used for data
storage when reading data from DD RAM, CG
RAM, or SEG RAM. When address information is
written into the IR, data is read and then stored into
the DR from DD RAM, CG RAM, or SEG RAM
by an internal operation. Data transfer between the
MPU is then completed when the MPU reads the
DR. After the read, data in DD RAM, CG RAM,

or SEG RAM at the next address is sent to the DR
for the next read from the MPU.

These two registers can be selected by the RS bit in
start byte data in synchronized serial interface
(table 2). For detail, refer to Transferring Serial
Data.

Busy Flag (BF)

When the busy flag is 1, the HD66720 is in the
internal operation mode, and the next instruction
will not be accepted. When RS = 0 and R/W = 1
(table 2), the busy flag is output from DB7. The
next instruction must be written after ensuring that
the busy flag is 0.

Key Scan Register (SCAN0 to SCAN5)

Scanning from the key matrix senses the key state
at the rising edge of key strobe signals (KST0 to
KST5) output from the HD66720. These strobe
signals sample 5 states: KIN0 to KIN4, enabling
key scan of 30 types.

Key states KIN0 to KIN4 sampled by key strobe
signal KST0 is latched to register SCAN0. In the
same way, data sampled with strobe signals KST1
to KST5 are latched to registers SCAN1 to
SCAN5, respectively. For details, refer to Key
Scan Control.

Table 2 Register Selection

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and key scan register (DB0 to DB4)

1 0 DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM)

1 1 DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR)
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Address Counter (AC)

The address counter (AC) assigns addresses to DD
RAM, CG RAM, or SEGRAM. When an address
of an instruction is written into the IR, the address
information is sent from the IR to the AC.
Selection of DD RAM, CG RAM, and SEG RAM
is also determined concurrently by the instruction.

After writing into (reading from) DD RAM, CG
RAM, or SEG RAM, the AC is automatically
incremented by 1 (decremented by 1).

Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores display data
represented in 8-bit character codes. Its capacity is
40 × 8 bits, or 40 characters. The area in display
data RAM (DD RAM) that is not used for display
can be used as buffer data RAM when scrolling.

The DD RAM address (ADD) is set in the address
counter (AC) as a hexadecimal number, as shown
in figure 1.

The relationship between DD RAM addresses and
positions on the liquid crystal display is described
and shown on the following pages for a variety of
cases.

• 1-line display (NL = low)

— Case 1: When there are fewer than 40
display characters, the display begins at the
beginning of DD RAM. For example, when
10 5-dot font-width characters are displayed
using one HD66720, the display is generated
as shown in figure 3.

When a display shift is performed, the DD
RAM addresses shift as shown.

When 8 6-dot font-width characters are
displayed using one HD66720, the display is
generated as shown in figure 3.

When a display shift is performed, the DD
RAM addresses shift as shown.

— Case 2: Figure 4 shows the case where the
HD66720 and the 40-output extension driver
are used to display 15 6-dot font-width
characters. 

When a display shift is performed, the DD
RAM addresses shift as shown in the figure.

Figure 1   DD RAM Address

Figure 2   1-Line Display

MSB

AC AC5

LSB Example: DD RAM address 0E

0 0 1 1 1 0AC4 AC3 AC2 AC1 AC0

00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6 7 8 9 10 11 12

0908

Display position

DDRAM address 
(hexadecimal)

25 26 27

38 39 40



Figure 3   1-Line Display Using One HD66720

Figure 4   1-Line by 15-Character Display (6-Dot Font) Using One HD66720 and 
One Extension Driver
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DDRAM address (hexadecimal)

(Left shift display)

(a)  5-dot font (10 characters)

(b)  6-dot font (8 characters)

00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8 9 10

0908

Display position

01 02 03 04 05 06 07 08

1 2 3 4 5 6 7 8 9 10

0A09

(Right shift display)

27 00 01 02 03 04 05 06

1 2 3 4 5 6 7 8 9 10

0807

DDRAM address (hexadecimal)

(Left shift display)

00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8 Display position

01 02 03 04 05 06 07 08

1 2 3 4 5 6 7 8

(Right shift display)

27 00 01 02 03 04 05 06

1 2 3 4 5 6 7 8

DDRAM address (hexadecimal)

(Left shift display)

00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8 9 10

0908

Display position

01 02 03 04 05 06 07 08

1 2 3 4 5 6 7 8 9 10

0A09

(Right shift display)

27 00 01 02 03 04 05 06

1 2 3 4 5 6 7 8 9 10

0807

11

0A

11

0B

11

09

12

0B

12

0C

12

0A

13

0C

13

0D

13

0B

14

0D

14

0E

14

0C

15

0E

15

0F

15

0D

LCD-II/K8
SEG1 to SEG50

Extension driver
Seg1 to Seg40
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• 2-line display (NL = 1)

— Case 1: The first line is displayed from
COM1 to COM8, and the second line is
displayed from COM9 to COM16. Note that
the last address of the first line and the first
address of the second line are not
consecutive. Figure 6 shows an example
where a 5-dot font-width 8 × 2-line display
is performed using one HD66720.

When a display shift is performed, the DD
RAM addresses shift as shown.

— Case 2: Figure 6 shows an example where a
5-dot font-width 16 × 2-line display is
performed using one HD66720 and one
extension driver.

When a display shift is performed, the
DDRAM addresses shift as shown.

Figure 5   2-Line Display

Figure 6   2-Line 8-Character Display (5-Dot Font) Using One HD66720

1-line display

2-line display

DDRAM address 
(hexadecimal)

00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8 9 10

0908

Display position11

0A

12

0B

13

0C

14

0D

15

0E

16

0F

17

10

18

11

19

12

20

13

20 21 22 23 24 25 26 27 2928 2A 2B 2C 2D 2E 2F 30 31 32 33

(Left shift display) (Right shift display)

DDRAM address (hexadecimal)
00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8 Display position

20 21 22 23 24 25 26 27

01 02 03 04 05 06 07 08

1 2 3 4 5 6 7 8

21 22 23 24 25 26 27 28

13 00 01 02 03 04 05 06

1 2 3 4 5 6 7 8

33 20 21 22 23 24 25 26



518

HD66720

Character Generator ROM (CG ROM)

The character generator ROM generates 5 × 8 dot
character patterns from 8-bit character codes (table
3 to 5). It can generate 240 5 × 8 dot character
patterns. User-defined character patterns are also
available using a mask-programmed ROM (see
Modifying Character Patterns).

Character Generator RAM (CG RAM)

The character generator RAM allows the user to
redefine the character patterns. In the case of 5 × 8
characters, up to eight may be redefined.

Write the character codes at the addresses shown
as the left column of table 6 to show the character
patterns stored in CG RAM.

See table 6 for the relationship between CG RAM
addresses and data and display patterns.

Segment RAM (SEG RAM)

The segment RAM (SEG RAM) is used to enable
control of segments such as an icon and a mark by
the user program. Data is read from SEG RAM and
is output via the COMS pin to perform segment
display. As shown in table 7, bits in SEG RAM
corresponding to segments to be displayed are
directly set by the MPU, regardless of the contents
of DD RAM and CG RAM. Scrolling or display
shifting will not be performed. 

SEG RAM data is stored in eight bits. The lower
six bits control the display of each segment, and
the upper two bits control segment blinking.

Figure 7   2-Line by 16-Character Display Using One HD66720 and One Extension Driver

LCD-II/K8
SEG1 to SEG42

Extension driver
Seg1 to Seg38

(Left shift display) (Right shift display)

00 01 02 03 04 05 06 07

1 2 3 4 5 6 7 8

20 21 22 23 24 25 26 27

01 02 03 04 05 06 07 08

1 2 3 4 5 6 7 8

21 22 23 24 25 26 27 28

13 00 01 02 03 04 05 06

1 2 3 4 5 6 7 8

33 20 21 22 23 24 25 26

DDRAM address
08 09 0A 0B 0C 0D 0E 0F

9 10 11 12 13 14 15 16 Display position

28 29 2A 2B 2C 2D 2E 2F

09 0A 0B 0C 0D 0E 0F 10

9 10 11 12 13 14 15 16

29 2A 2B 2C 2D 2E 2F 30

07 08 09 0A 0B 0C 0D 0E

9 10 11 12 13 14 15 16

27 28 29 2A 2B 2C 2D 2E
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Timing Generator

The timing generator generates timing signals for
the operation of internal circuits such as DD RAM,
CG ROM, CG RAM, and SEG RAM. RAM read
timing for display and internal operation timing by
MPU access are generated in a time sharing
method. Therefore, when writing data to DD
RAM, for example, there will be no undesirable
interferences, such as flickering, in areas other than
the display area.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
common signal drivers and segment signal drivers.
For a 1-line display, there will be 9 common
signals and 16 segment signals. For a 2-line dis-

play, there will be 17 common signals and 42
segment signals. If the NL pin is set, display lines
can be selected automatically. 

Character pattern data is sent serially through a 50-
bit (42-bit) shift register and latched when all
needed data has arrived. The latched data then
enables the LCD driver to generate drive wave-
form outputs.

Sending serial data always starts at the display data
character pattern corresponding to the last address
of the display data RAM (DD RAM). Since serial
data is latched when the display data character
pattern corresponding to the starting address enters
the internal shift register, the HD66720 drives from
the head display.



Table 3 Relationship between Character Codes and Character Patterns (ROM Code: A03)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 4 Relationship between Character Codes and Character Patterns (ROM Code: A01)
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 5 Relationship between Character Codes and Character Patterns (ROM Code: A02)

Note: The character codes of the characters enclosed in the bold frame are the same as those of the first
edition of the ISO8859 and the character code compatible.
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0000 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Upper

BitsLower 
Bits

CG
RAM
(1)

0001 1000 1001

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)

CG
RAM
(1)

CG
RAM
(2)

CG
RAM
(3)

CG
RAM
(4)

CG
RAM
(5)

CG
RAM
(6)

CG
RAM
(7)

CG
RAM
(8)



Table 6 Relationships between CG RAM Address, Character Codes (DD RAM) and Character
Patterns (CG RAM Data)
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D7 D6 D5 D4 D3 D2 D1 D0

Character code (DDRAM data) CGRAM data LSBMSB

A2 A1 A0A5 A4 A3

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * *

O4 O3 O2 O1 O0O5O6O7

CGRAM address

1 1 1 0 0 0 0 0

* *1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 *

Character 
pattern
(1)

Character 
pattern
(8)

D7 D6 D5 D4 D3 D2 D1 D0

LSBMSB

A2 A1 A0A5 A4 A3 O4 O3 O2 O1 O0O5O6O7

0 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

00*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
0 0 0 0 0

0 0 0 * * 0
0
0
0
0
0
0
0

01 1 1 0 0 0 0

1 0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0

11*0000 1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
0 1 0 1 0
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0

1 1 1 * 0
0
0
0
0
0
0
0

Character 
pattern
(1)

Character 
pattern
(8)

Character code (DDRAM data) CGRAM address CGRAM data

*

a)  When character pattern is 5 × 8 dots

a)  When character pattern is 6 × 8 dots



Notes: 1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types).
2. CG RAM address bits 0 to 2 designate the character pattern line position. The 8th line is the

cursor position and its display is formed by a logical OR with the cursor.
3. The character data is stored with the rightmost character element in bit 0, as shown in the figure

above. Characters of 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters of 6 dots
in width (FW = 1) are stored in bits 0 to 5.

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. Bit 3 of
the character code is invalid (*). Therefore, for example, the character codes (00)H and (08)H
correspond to the same CGRAM address.

5. A set bit in the CG RAM data corresponds to display selection, and 0 to non-selection.
6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is

controlled using the upper two bits (bits 7 and 6) in CG RAM. When bit 7 is 1, of the lower six
bits, only those which are set are blinked on the display. When bit 6 is 1, a bit 4 pattern can be
blinked as for a 5-dot font width, and a bit 5 pattern can be blinked as for a 6-dot font width.
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Table 7 Relationship between SEGRAM Addresses and Display Patterns

Notes: 1. Data set to SEG RAM is output when COMS is selected.
2. S1 to S96 are pin numbers of the segment output driver. S1 is positioned to the left of the

display. When the HD66720 is used by one chip, segments from S1 to S50 and S1 to S42 are
displayed for a 1-line display and a 2-line display, respectively. An extension driver displays the
segments after S50 and S42.

3. After S80 output at 5-dot font and S96 output at 6-dot font, S1 output is repeated again.
4. As for a 5-dot font width, lower five bits (D4 to D0) are display on/off information of each

segment. For a 6-dot character width, the lower six bits (D5 to D0) are the display information
for each segment.

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is
controlled using the upper two bits (bits 7 and 6) in SEG RAM. When bit 7 is 1, only a bit set to
1 of the lower six bits is blinked on the display. When bit 6 is 1, only a bit 4 pattern can be
blinked as for a 5-dot font width, and only a bit 5 pattern can be blinked as for 6-dot font width.

6. Bit 5 (D5) is invalid for a 5-dot font width.
7. Set bits in the SEG RAM data correspond to display selection, and zeros to non-selection.
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B1 B0 * S1 S2 S3 S4 S5 B1 B0 S1 S2 S3 S4 S5 S6

* S6 S7 S8 S9 S10B1 B0

* S11 S12 S13 S14 S15B1 B0

* S16 S17 S18 S19 S20B1 B0

* S21 S22 S23 S24 S25B1 B0

* S26 S27 S28 S29 S30B1 B0

* S31 S32 S33 S34 S35B1 B0

*

*

*

*

*

*

*

*

*

S36

S41

S46

S51

S56

S61

S66

S71

S76

S37

S42

S47

S52

S7

S62

S67

S72

S77

S38

S43

S48

S53

S58

S63

S68

S73

S78

S39

S44

S49

S54

S59

S64

S69

S74

S79

S40

S45

S50

S55

S60

S65

S70

S75

S80

B1

B1

B1

B1

B1

B1

B1

B1

B1

B0

B0

B0

B0

B0

B0

B0

B0

B0

Blinking control Pattern on/off

S7 S8 S9 S10 S11 S12B1 B0

S13 S14 S15 S16 S17 S18B1 B0

S19 S20 S21 S22 S23 S24B1 B0

S25 S26 S27 S28 S29 S30B1 B0

S31 S32 S33 S34 S35 S36B1 B0

S37 S38 S39 S40 S41 S42B1 B0

S43

S49

S55

S61

S67

S73

S79

S85

S91

S44

S50

S56

S62

S68

S74

S80

S86

S92

S45

S51

S57

S63

S69

S75

S81

S87

S93

S46

S52

S58

S64

S70

S76

S82

S88

S94

S47

S53

S59

S65

S71

S77

S83

S89

S95

S48

S54

S60

S66

S72

S78

S84

S90

S96

B1

B1

B1

B1

B1

B1

B1

B1

B1

B0

B0

B0

B0

B0

B0

B0

B0

B0

A0

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

A1

0

0

1

1

0

0

1

1

0

0

1

1

0

0

1

1

A2

0

0

0

0

1

1

1

1

0

0

0

0

1

1

1

1

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

SEGRAM
address

SEGRAM data

Blinking control Pattern on/off

a)  5-dot font width b)  6-dot font width

A3

0

0

0

0

0

0

0

0

1

1

1

1

1

1

1

1



Figure 8   Correspondence between SEG RAM and Segment Display
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• Cursor/Blink Control Circuit

The cursor/blink (or white-black inversion) con-
trol is used to produce a cursor or a flashing area
on the display at a position corresponding to the
location in stored in the address counter (AC).

For example (figure 9), when the address counter
is (08)H, a cursor is displayed at a position cor-
responding to DDRAM address (08)H.

Note: Cursor/blink/black and white inversion is
performed even when the address counter
(AC) is selecting CG RAM or SEG RAM.
However, in that case, cursor/blink/black
and white inversion does not have any
meaning.

• Scroll Control Circuit

The scroll control circuit is used to perform a
smooth-scroll in units of dots. When the number
of characters to be displayed is greater than that
possible at one time on the liquid crystal
module, this horizontal smooth scroll can be
used to display all characters. Since display lines
to scroll can be specified by the register func-
tion, random lines can only be scrolled in 2-line
mode. Refer to Horizontal Dot Scroll, for
details.

• LED Output Control

The HD66720 has two register-controlled
general-purpose output ports. Like other reg-
isters, these ports can be set by the MPU via a
serial interface to control LED illumination, so
there is no need for special control signals.

Oscillator

The HD66720 has a built-in R-C oscillator that can
be operated with the addition of a single external
resistor. Since this resistor is externally mounted, it
can be adjusted to produce the required frequency.
Note that changing the operating frequency will
effect the frame refresh frequency, the blink rates
of the cursors, segments and characters, and the
key scan frequency. 

The system can also be synchronized with other
equipment by inputting an external clock.

LCD Booster Circuit

The LCD booster circuit produces a drive voltage
for the LCD by boosting the standard supply
voltage by two or three times. All that is needed to
operate this circuit is either two or three (depend-
ing on the boost factor) external capacitors of
about 1 µF each. When driving a large LCD that
draws a high load current, there will be an
excessive voltage drop at the output of the
booster—if this occurs, please use an external LCD
power supply.

Figure 9   Cursor/Blink Display Example

AC =  (08)16

00

1

Cursor position

Display position

DDRAM address01

2

02

3

03

4

04

5

05

6

06

7

07

8

08

9

09

10

0A

11



528

HD66720

Modifying Character Patterns

Character Pattern Development Procedure

The following operations correspond to the num-
bers listed in figure 10:

1. Determine the correspondence between char-
acter codes and character patterns.

2. Create a listing indicating the correspondence
between EPROM addresses and data.

3. Program the character patterns into an EPROM.

4. Send the EPROM to Hitachi.

5. Computer processing of the EPROM is per-
formed at Hitachi to create a character pattern
listing, which is sent to the user.

6. If there are no problems within the character
pattern listing, a trial LSI is created at Hitachi
and samples are sent to the user for evaluation.
When it is confirmed by the user that the
character patterns are correctly written, mass
production of the LSI will proceed at Hitachi.



Figure 10   Character Pattern Development Procedure
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character patterns
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(4)
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character
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Programming Character Patterns

This section explains the correspondence between
addresses and data used to program character
patterns in EPROM.

• Programming to EPROM

The HD66720 character generator ROM can
generate 240 5 × 8 dot character patterns. Table
8 shows correspondence between the EPROM
address, data, and the character pattern.

• Handling unused character patterns

1. EPROM data outside the character pattern
area: This is ignored and so any data is
acceptable because it does not affect display
operation using the character generator ROM.

2. EPROM data in CG RAM area: Always fill
with zeros.

3. Treatment of unused user patterns in the
HD66720 EPROM: According to the user
application, these are handled in either of two
ways:

a. When unused character patterns are
not programmed: If an unused character
code is written into DD RAM, all its dots
are lit, because the EPROM is filled with
1s after it is erased.

b. When unused character patterns are
programmed as 0s: Nothing is displayed
even if unused character codes are written
into DD RAM. (This is equivalent to a
space.)

Table 8 Correspondence Example between EPROM Address

Notes: 1. EPROM addresses A11 to A4 correspond to a character code.
2. EPROM addresses A2 to A0 specify the line position of the character pattern. EPROM address

A3 should be set to 0.
3. EPROM data O4 to O0 correspond to character pattern data.
4. Areas which are lit (indicated by shading) are stored as 1, and unlit areas as 0.
5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line

is used for a cursor, this data should all be set to zero.
6. EPROM data bits O7 to O5 are invalid. 0 should be written in all bits.

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0
1 1 1

1 0 0 0 1

O4 O3 O2 O1 O0

1 0 0 0 1

1 0 0 0 1

0 1 0 1 0

0 0 1 0 0

0 0 1 0 0

0 0 1 0 0

0 0 0 0 0

Character code Line position

EPROM Address Data LSBMSB

0

0

0

0

0

0

0

0

0

A11

0 1 0 1 1 0 0 1
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Instructions

Outline

Only the instruction register (IR) and the data
register (DR) of the HD66720 can be controlled by
the MPU. Before starting internal operation of the
HD66720, control information is temporarily
stored in these registers to allow interfacing with
various MPUs, which operate at different speeds,
or various peripheral control devices. The internal
operation of the HD66720 is determined by signals
sent from the MPU. These signals, which include
register selection bit (RS), read/write bits (R/W),
and the data bus bits (DB0 to DB7), make up the
HD66720 instructions (table 13). There are four
categories of instructions that:

• Designate HD66720 functions, such as display
format, data length, etc.

• Set internal RAM addresses

• Perform data transfer with internal RAM

• Perform miscellaneous functions

Normally, instructions that perform data transfer
with internal RAM are used the most. However,
auto-incrementation by 1 (or auto-decrementation
by 1) of internal HD66720 RAM addresses after
each data write can lighten the program load of the
MPU. Since the display shift instruction can per-
form concurrently with display data write, the user
can minimize system efficiently. 

When an instruction is being executed for internal
operation (BF = 1), no instruction other than the
busy flag/scan data instruction can be executed.

Adjust the transmission rate so that the last bit of
the next instruction is transmitted after executing
the current instruction. Refer to table 13 Instruction
for instruction execution times. The execution
times depend on the operation frequency (oscilla-
tion frequency). When using the R-C oscillator, be
careful when determining the transmission rate,
because it will vary greatly by the power supply
voltage, operating temperature, and manufacturing
tolerances.
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Instruction Description

Clear Display

Clear display writes space code (20)H (character
pattern for character code (20)H must be a blank
pattern) into all DD RAM addresses. It then sets
DD RAM address 0 into the address counter, and
returns the display to its original status if it was
shifted. In other words, the display disappears and
the cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed). It
also sets I/D to 1 (increment mode) in entry mode.
S of entry mode does not change.

Return Home

Return home sets DD RAM address 0 into the
address counter, and returns the display to its
original status if it was shifted. The DD RAM
contents do not change.

The cursor or blinking goes to the left edge of the
display (in the first line if 2 lines are displayed).

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code
is written into or read from DD RAM.

The cursor or blinking moves to the right when
incremented by 1 and to the left when decremented
by 1. The same applies to writing and reading of
CG RAM and SEG RAM. 

S: Shifts the entire display either to the right (I/D =
0) or to the left (I/D = 1) when S is 1 during DD
RAM write. The display does not shift if S is 0.

If S is 1, it will seem as if the cursor does not move
but the display does. The display does not shift
when reading from DD RAM. Also, writing into or
reading out from CG RAM and SEG RAM does
not shift the display. If S is 0, the display does not
shift.

Figure 11   Clear Display Instruction

Figure 12   Return Home Instruction

Figure 13   Entry Mode Set Instruction
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0
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0

RS

0
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0

DB7
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DB0
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Display On/Off Control

When extension register enable bit (RE) is 0, bits
D, C, and B are accessed.

D: The display is on when D is 1 and off when D
is 0. When off, the display data remains in DD
RAM, and can be displayed instantly by setting D
to 1.

C: The cursor is displayed when C is 1 and not
displayed when C is 0. Even if the cursor dis-
appears, the function of I/D or other specifications
will not change during display data write. The
cursor is displayed using 5 dots in the 8th line for 5
× 8 dot character font. 

B: The character indicated by the cursor blinks
when B is 1. The blinking is displayed as switch-
ing between all blank dots and displayed characters
at a speed of 384-ms intervals when fOSC is 150
kHz with a 5 dot font width. The cursor and
blinking can be set to display simultaneously. (The
blinking frequency changes according to the recip-
rocal of either fcp or fOSC. For example, when fcp
is 180 kHz, 384 × 150/180 = 320 ms.)

Extension Function Set

When the extended register enable bit (RE) is 1,
FW, FR, and B/W bits shown are accessed. Once
these registers are accessed, the set values are held
even if the RE bit is set to zero.

FW: When FW is 1, each displayed character is
controlled with a 6-dot width. The user font in CG
RAM is displayed with a 6-bit character width
from bits 5 to 0. As for fonts stored in CG ROM,
no display area is assigned to the rightmost bit, and
the font is displayed with a 5-dot character width.
If the FW bit is changed, data in DD RAM and CG
RAM is destroyed. Therefore, set FW before data
is written to RAM. When font width is set to 6
dots, the frame frequency decreases to 5/6 com-
pared to 5-dot time. See Oscillator for details. FW
can only be set at the head of a program before any
other instructions (except for Read Busy Flag &
Scan Data). If the value of bit FW is modified after
executing other instruction, the data in RAM may
be damaged.

FR: When FR is 1, the display data stored in CG
ROM/CG RAM/SEG RAM is reflected hori-
zontally. Select FR according to how the LSI is
mounted. The display location of each character
does not change.

B/W: When B/W is 1, the character at the cursor
position is cyclically displayed with black-white
inversion. At this time, bits C and B in display
on/off control register are “Don’t care”. When fcp
or fosc is 150 kHz, display is changed by switching
every 384 ms.

Figure 14   Display On/Off Control Instruction

Figure 15   Extended Function Set Instruction
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Cursor or Display Shift

Only when the extended register bit (RE) is 0, the
S/C and R/L bits can be set.

S/C, R/L: Cursor or display shift shifts the cursor
position or display to the right or left without
writing or reading display data (table 9). This func-
tion is used to correct or search the display. In a
2-line display, the cursor moves to the second line
when it passes the 20th digit of the first line.

Note that, all line displays will shift at the same
time. When the displayed data is shifted repeatedly
each line moves only horizontally. The second line
display does not shift into the first line position.
When this instruction is executed, extended regis-
ter enable bit (RE) is reset. The address counter
(AC) contents will not change if only a display
shift is performed.

Figure 16   Example of Display Control

Alternating
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iii)  

i)  ii) 

b)  Font width control
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Scroll/LED Control

Only when the extended register bit (RE) is 1, the
LED and HSE bits can be set.

LED: This bit controls the LEDs. The data set in
bits LED0 and LED1 is reversed and output from
pins LED0 and LED1. In other words, if 1 is set in
bit LED0, a low level is output from pin LED0.
This register function can also be used as a general
output port instead of LED control. 

HSE: This bit specifies which display line or lines
are to be dot shifted by the amount indicated in the
set scroll quantity register. When HSE is 1 the first
line scrolls and when HSE2 is 1 the second line
scrolls.

Table 9 Cursor or Display Shift Function

S/C R/L Description

0 0 Shifts the cursor position to the left (AC is decremented by one)

0 1 Shifts the cursor position to the right (AC is incremented by one)

1 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.

Figure 17   Cursor of Display Shift Instruction

Figure 18   Scroll/LED Control Instruction
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Function Set

Only when the extended register enable bit (RE) is
0, the KF bit can be accessed, and only when 1, the
BE and the LP bits can be accessed. Bits IRE and
SLP can be accessed regardless of RE.

IRE: When bit IRE is 1, key scan interrupts are
generated. When a key is pressed, pin IRQ
becomes low level. 

SLP: When SLP is 1, the LSI enters sleep mode.
During sleep mode, the display is disabled because
the internal operation clock is divided by 16.
However, the key scan cycle is not affected. For
details, refer to Sleep Mode. In this mode, the
frame frequency is also divided by 16, and a
scanning line may appear. To avoid this, the LCD
driving voltage (VLCD) should be cut off.

RE: When bit RE is 1, extension function set
register, scroll/LED control register, set scroll
quantity register, the set SEG RAM address
register, and bit BE in the function set register, can
be accessed. When bit RE is 0, the registers
described above cannot be accessed, and the data
in these registers is held.

KF: When RE is 0, these bits specify the key scan
cycle. Set these bits according to the mechanical
characteristic of the keys. The key scan cycles
relies on the operation cycles(oscillation
frequency). Table 10 shows the key scan cycles for
the case when the operation frequency (oscillation
frequency) is 160 kHz.

BE: When bit RE is 1, this bit can be rewritten.
When this bit is 1, the user font in CG RAM and
the segment in SEG RAM can be blinked
according to the upper two bits of CG RAM and
SEG RAM.

LP: When bit RE is 1, this bit can be rewritten.
When LP is set to 1, the HD66720 operates in low
power mode. In 1-line display mode, the HD66720
operates by dividing the oscillation frequency by
four, and in a 2-line display mode, the HD66720
operates at the oscillation frequency divided by
two. Thus, 10 characters at the most are displayed
in one line. According to these operations,
instruction execution takes four times or twice as
long. When performing display shift and smooth
scroll during low power mode, the resulting
display will differ from the normal mode display
(refer to Low Power Mode for details). When this
LP bit is changed, data in RAMs may be broken,
so re-write data into RAMs.

Table 10 Key Scan Cycle

KF1 KF0 Key Scan Cycle

0 0 10 ms

0 1 5 ms

1 0 20 ms

1 1 40 ms

*:  For the case when fcp (fosc) is 160 kHz.

Figure 19   Function Set Instruction
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Set CGRAM Address

A CG RAM address can be set while the RE bit is
cleared to 0. 

Set CG RAM address sets the address indicated by
binary AAAAAA into the address counter. After
this address set, CG RAM can be written to or read
from by the MPU.

Set SEG RAM Address

Only when the extended register enable (RE) bit is
1, the SEG RAM address can be set.

The SEG RAM address in the binary form AAAA
is set to the address counter. After this address set,
SEG RAM can be written to or read from by the
MPU.

Set DD RAM Address

A DD RAM address can be set while the RE bit is
cleared to 0.

Set DD RAM address sets the DD RAM address
binary indicated by AAAAAAA into the address
counter. After this address set, DD RAM can be
written to or read from by the MPU.

When NL is low (1-line display), AAAAAA can
be H(00) to H(27). When NL is high (2-line dis-
play), AAAAAA can be H(00) to H(13) for the
first line, and H(20) toH(33) for the second line.

Figure 20   Set CGRAM Address Instruction

Figure 21   Set SEGRAM Address Instruction

Figure 22   Set DDRAM Address Instruction
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Set Scroll Quantity

When extended register enable bit (RE) is 1, PS
1/0 and HDS4 to HDS0 can be set.

PS: PS1 and PS0 specify the number of characters
at the left side of the display that are unaffected by
horizontal scrolls and are left intact while the rest
of the display is scrolled (table 11).

HDS: HDS4 to HDS0 specify horizontal scroll
quantity to the left of the display in dot units. The

HD66720 uses the unused DD RAM area to exe-
cute a desired horizontal smooth scroll from 1 to
24 dots (table 12).

Note: When performing a horizontal scroll as de-
scribed above by connecting an extension
driver, the maximum number of characters
per line decreases by the quantity corre-
sponding to the specified scroll distance.

Table 11 Partial Smooth Scroll

PS1 PS0 Description

0 0 FIxes all characters

0 1 Fixes leftmost character in smooth scroll

1 0 Fixes the two leftmost characters in smooth scroll

1 1 Fixes the three leftmost characters in smooth scroll

Table 12 Smooth Scroll Quantity

HDS4 HDS3 HDS2 HDS1 HDS0 Description

0 0 0 0 0 No shift

0 0 0 0 1 Shifts the display position to the left by one dot

0 0 0 0 0 Shifts the display position to the left by two dots

0 0 0 1 1 Shifts the display position to the left by three dots

•

•

1 0 1 1 1 Shifts the display position to the left by 23 dots

1 * * * * Shifts the display position to the left by 24 dots

Figure 23   Set Scroll Quantity Instruction
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Read Busy Flag & Scan Data

Scan data SD4 to SD0 latches into scan registers
SCAN0 to SCAN5 and scan cycle state SF1 and
SF0 is read sequentially. Refer to Key Scan Con-
trol for details. At the same time, busy flag (BF) is
read. When BF is 1, the HD66720 is still process-
ing an instruction already accepted, and does not
accept another instruction until BF becomes 0.
Adjust the transfer rate so that the HD66720
receives the last bit of the next instruction after BF
has become 0.

Write Data to CG RAM, DD RAM, or SEG
RAM

This instruction writes 8-bit binary data
DDDDDDDD to CG RAM, DD RAM or SEG
RAM. CG RAM, DD RAM or SEG RAM is
selected by the previous specification of the ad-
dress set instruction (set CG RAM address/set DD
RAM address/set SEG RAM address). After a
write, the address is automatically incremented or
decremented by 1 according to the entry mode.
The entry mode also determines the display shift
direction.

Figure 24   Read Busy Flag & Scan Data Instruction

Figure 25   Read Data from RAM Instruction
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Read Data from CG, DD, or SEG RAM

This instruction reads 8-bit binary data
DDDDDDDD from CG RAM, DD RAM, or SEG
RAM. CG RAM, DD RAM or SEG RAM is
selected by the previous specification of the ad-
dress set instruction. If no address is specified, the
first data read will be invalid. When executing
serial read instructions, data is normally read from
the next address. An address set instruction need
not be executed just before this read instruction
when shifting the cursor by a cursor shift instruc-
tion (when reading from DD RAM). A cursor shift
instruction is the same as a set DD RAM address
instruction.

After a read, the entry mode automatically in-
creases or decreases the address by 1. However, a
display shift is not executed regardless of the entry
mode.

Note: The address counter (AC) is automatically
incremented or decremented after write in-
structions to CG, DD or SEG RAM. The
RAM data selected by the AC cannot be
read out at this time even if read instruc-
tions are executed. Therefore, to read data
correctly, execute either an address set in-
struction or a cursor shift instruction (only
with DD RAM), or alternatively, execute a
preliminary read instruction to ensure the
address is correctly set up before accessing
the data.

Figure 26   Read Data from RAM Instruction
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Table 13 Instructions

Execution 
Time (max) 

RE Code (when fcp or
Instruction Bit RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 160 kHz)

Clear 0/1 0 0 0 0 0 0 0 0 0 1 Clears entire display and 2.67 ms
display sets DD RAM address 0

in address counter.

Return 0/1 0 0 0 0 0 0 0 0 1 0 Sets DD RAM address 0 2.67 ms
home in address counter. Also 

returns display from
being shifted to original
position. DDRAM contents 
remain unchanged.

Entry 0/1 0 0 0 0 0 0 0 1 I/D S Sets cursor move 63 µs
mode set direction and specifies 

display shift. These 
operations are performed 
during data write and read.

Display 0 0 0 0 0 0 0 1 D C B Sets entire display 63 µs
on/off on/off (D), cursor on/off  
control (C), and blinking of cursor 

position character (B).

Extension 1 0 0 0 0 0 0 1 FW FR B/W Sets a font width (FW), 63 µs
function font reverse (FR),
set and a black-white 

inverting cursor (B/W).

Cursor or 0 0 0 0 0 0 1 S/C R/L 0 0 Moves cursor and shifts 63 µs
display display without changing
shift DD RAM contents.

Scroll/LED 1 0 0 0 0 0 1 LED LED HSE HSE Specifies which display 63 µs
output lines to undergo horizontal 
control smooth scroll and controls

the output of LED.

Function 0 0 0 0 0 1 IRE SLP RE KF KF Set interrupt enable 63 µs
set (IRE) sleep mode (SLP), 

extension register write 
enable (RE).
Sets key scan cycle
(KF) and extension
register write enable.

1 0 0 0 0 1 IRE SLP RE BE LP Sets CG RAM/SEG RAM 63 µs 
blinking enable (BE), and 
low-power mode (LP).

Set 0 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CG RAM address. 63 µs
CGRAM CG RAM data is sent and
address received after this setting.

Set 1 0 0 0 1 0 0 ASEG ASEG ASEG ASEG Sets SEG RAM address. 63 µs
SEGRAM SEG RAM data is sent 
address and received after this 

setting.

HD66720

541



542

HD66720

Table 13 Instructions (cont)

Execution 
Time (max) 

RE Code (when fcp or
Instruction Bit RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description fOSC is 160 kHz)

Set DDRAM 0 0 0 1 0 ADD ADD ADD ADD ADD ADD Sets DD RAM address. 63 µs
address DD RAM data is sent and

received after this setting.

Set scroll 1 0 0 1 PS PS HDS HDS HDS HDS HDS Sets horizontal dot scroll 63 µs
quantity quantity (HDS) and partial 

scroll characters (PS).

Read busy 0/1 0 1 BF SF SF SD SD SD SD SD Reads busy flag (BF), 0 µs
flag & data in scan register
scan data (SD), and scan state (SF).

Write data 0/1 1 0 Write data Writes data into  63 µs
to RAM DD RAM, CG RAM, or tADD = 9.3 µs*

SEG RAM.

Read data 0/1 1 1 Read data Reads data from  63 µs
from RAM DD RAM, CG RAM, or tADD = 9.3 µs*

SEG RAM.

I/D = 1: Increment LP = 1: Low-power mode
I/D = 0: Decrement BF = 1: Internally operating
S = 1: Accompanies display shift BF = 0: Instructions acceptable
D = 1: Display on DD RAM : Display data RAM
C = 1: Cursor on ADD : DDRAM corresponding to cursor
B = 1: Blink on address
FW = 1: 6-dot font width CG RAM : Character generator RAM
FR = 1: Horizontal font reflection ACG : CG RAM address
B/W = 1: Black-white inverting cursor on SEGRAM: Segment RAM
S/C = 1: Display shift ASEG : Segment RAM address
S/C = 0: Cursor move HSE : Specifies horizontal scroll lines
R/L = 1: Shift to the right HDS : Horizontal dot scroll quantity
R/L = 0: Shift to the left PS : Specifies partial scroll quantity
IRQ = 1: Interrupt (IRQ) generation enable LED : LED control
SLP = 1: Sleep mode KF : Key scan cycle
RE = 1: Extension register write enable SD : Key scan data
BE = 1: CGRAM/SEGRAM blinking enable SF : Key scan state

Figure 27   tADD State

Busy state

tADD

A A + 1
Address
counter

tADD depends on the operation frequency
tADD = 1.5/fcp or fosc (sec)



Note: 1. *After execution of the CG RAM/DD RAM data write or read instruction, the RAM address
counter is incremented or decremented by 1. The RAM address counter is updated after the
busy flag is cleared. 
ItADD is the time elapsed after the busy flag turns off until the address counter is updated.

2. The execution time mentioned above are for the case of 5-dot font. With a 6-dot font, it will take
20% more to execute an instruction. The execution time will also change if the frequency
changes. For example, the execution time will be reduced to 80% when f is 200 kHz.
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes
the HD66720 when the power is turned on. The
following instructions are executed during the
initialization. The busy flag (BF) is kept in the
busy state until the initialization ends (BF = 1).
The busy state lasts for 15 ms after VCC rises to
4.5 V or 40 ms after the VCC rises to 2.7 V. 

1. Clear display

(20)H to all DDRAM

2. Function set 

IRE = 0: Interrupt (IRQ) generation disable

SLP = 0: Clear sleep mode

RE = 0: Extension register write disable

KF = 0: Key scan cycle 10 ms

BE = 0: CGRAM/SEGRAM blinking off

LP = 0: Not in low power mode

3. Display on/off control 

D = 0: Display off

C = 0: Cursor off

B = 0: Blinking off

4. Entry mode set 

I/D = 1: Increment by 1

S = 0: No shift

5. Extension function set

FR = 0: Without font reverse

B/W = 0: Normal cursor (8th line)

6. Scroll/LED control

HSE = 00: Scroll unable

LED = 00: LED output level = high

7. Set scroll quantity

HDS = 00000: Not scroll

Note: If the electrical characteristics conditions
listed under the table Power Supply Condi-
tions Using Internal Reset Circuit are not
met, the internal reset circuit will not
operate normally and will fail to initialize
the HD66720.

Initializing by Hardware Reset Input

The HD66720 also has a reset input pin (RESET*).
If this pin is made low during operation, an internal
reset and initialization is performed except for key
scan cycle setting bit (KF). A hardware reset can
turn off display when the HD66720 is switched off.
A reset input is ignored, however, during internal
reset after power-on. In other words, the internal
reset has priority. The level of the reset pin must
always be pulled up to VCC when the hardware
reset input is not used.
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Transferring Serial Data

A three-line clock-synchronous transfer method is
used. The HD66720 receives serial input data
(SID) and transmits serial output data (SOD) by
synchronizing with a transfer clock (SCLK) sent
from the master side.

When the HD66720 interfaces with several chips,
chip select pin (CS*) must be used. The transfer
clock (SCLK) input is activated by making chip
select (CS*) low. In addition, the transfer counter
of the HD66720 can be reset and serial transfer
synchronized by making chip select (CS*) high.
Here, since the data which was being sent at reset
is cleared, restart the transfer from the first bit of
this data. In a minimum system where a single
HD66720 interfaces to a single MPU, an interface
can be constructed from the transfer clock (SCLK)
and serial data lines (SID and SOD). In this case,
chip select (CS*) should be fixed to low.

The transfer clock (SCLK) is independent from
operational clock (CLK) of the HD66720. How-
ever, when several instructions are continuously

transferred, the instruction execution time deter-
mined by the operational clock (CLK) (see con-
tinuous transfer) must be considered since the
HD66720 does not have an internal transmit/
receive buffer.

To begin with, transfer the start byte. By receiving
five consecutive bits (synchronizing bit string) at
the beginning of the start byte, the transfer counter
of the LCD-II/K8 is reset and serial transfer is
synchronized. The 2 bits following the synchro-
nizing bit string (5 bits) specify transfer direction
(R/W bit) and register select (RS bit). Be sure to
transfer 0 in the 8th bit.

After receiving the start byte, instructions are
received and the data/busy flag is transmitted.
When the transfer direction and register select
remain the same, data can be continuously trans-
mitted or received.

The transfer protocol is described in detail in the
following.
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Figure 28   Basic Procedure for Transferring Serial Data
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• Receiving (write)

After receiving the start synchronizing bit string,
the R/W bit (= 0), and the RS bit in the start
byte, an 8-bit instruction is received in 2 bytes:
the lower 4 bits of the instruction are placed in
the LSB of the first byte, and the higher 4 bits of
the instruction are placed in the LSB of the
second byte. Be sure to transfer 0 in the follow-
ing 4 bits of each byte. When instructions are
continuously received with R/W bit and RS bit
unchanged, continuous transfer is possible (see
Continuous Transfer in the following).

• Transmitting (read)

After receiving the synchronizing bit string, the
R/W bit (= 0), and the RS bit with the start byte,
8-bit read data is transmitted from pin SOD in
the same way as receiving. When read data is
continuously transmitted with R/W bit and RS
bit unchanged, continuous transfer is possible
(see Continuous Transfer in the following).

If data is read when bit RS is set to 0, scan data
latched into SCAN0 to SCAN5 resisters is
transmitted as the lower 5-bit data. After receiv-
ing the start byte, transmission starts from data
in SCAN resister latched at KST0 strobe. After
transmitting data from the SCAN5 register,
SCAN0 data is retransmitted.

When reading RAM data with bit RS set to 1, it
is necessary to wait for at least the duration of a
RAM data read period.

During transmission (data output), the SID input
is continuously monitored for a start synchro-
nizing bit string (11111). Once this has been
detected, the R/W and RS bits are received.
Accordingly, 0 must always be input to SID
when transmitting data continuously.

• Continuous Transfer

When instructions are continuously received
with the R/W bit and RS bit unchanged,
continuous receive is possible without inserting
a start byte between instructions.

After receiving the last bit (the 8th bit in the 2nd
byte) of an instruction, the system begins to
execute it. To execute the next instruction, the
instruction execution time of theHD66720 must
be considered. If the last bit (the 8th bit in the
2nd byte) of the next instruction is received
during execution of the previous instruction, the
instruction will be ignored.

In addition, if the next unit of data is read before
read execution of previous data is completed for
busy flag/scan data`/RAM data, normal data is
not sent. To transfer data normally, the busy flag
must be checked. However, it is possible to
transfer without reading the busy flag if the
burden of polling on the CPU needs to be
removed. In this case, insert a transfer wait
between instructions so that the current
instruction first completes execution.



548

HD66720

Figure 29   Procedure for Continuous Data Transfer
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Key Scan Control

The key matrix scanner senses the key states at
each rising edge of the key strobe signals (KST)
that are output by the HD66720. The key strobe
signals are output as time-multiplexed signals from
KST0 to KST4. After passing through the key
matrix, these strobe signals are used to sample the
key status on five inputs KIN0 to KIN4, enabling
up to 30 keys to be scanned.

The states of inputs KIN0 to KIN4 are sampled by
key strobe signal KST0 and latched into register
SCAN0. Similarly, the data sampled by strobe
signals KST1 to KST5 is latched into registers

SCAN1 to SCAN5, respectively.

The generation cycle and pulse width of the key
strobe signals depends on the operating frequency
(oscillation frequency) of the HD66720 and the
key scan cycle determined by KF0 and KF1. For
example, when the operating frequency is 150 kHz
and KF0 and KF1 are both 0, the generation cycle
is 10 ms and the pulse width is 1.7 ms. When the
operating frequency (oscillation frequency) is
changed, the above generation cycle and the pulse
width are also changed in inverse proportion. 

Figure 30   Key Scan Register Configuration
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In order to compensate for the mechanical features
of the keys, such as chattering and noise and for
the key-strobe generation cycle and the pulse
width, software should be used to ensure that the
scanned data has been read two or three times in
succession before it is assumed to be valid.
Multiple keypress combinations should also be
processed in software. Note that any multiple key
combination is possible, however, if the key

combination creates a cross pattern the scanned
data will include unnecessary data. For example, if
keys D12, D11, and D22 are pressed simulta-
neously, key D21 will also be pressed. The input
pins KIN0 to KIN4 are pulled up to VCC by MOS
transistors (see Electrical Characteristics). External
resistors may also be required to pull up the
voltages further when the internal pull-ups are
insufficient due to noise margins or other reasons.

Figure 31   Key Strobe Output Timing (KF1/0 = 00, fcp/fosc = 160 kHz)

Figure 32   Key Scan Configuration
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The key-scanned data is read via a three-line clock
synchronous serial interface using the following
procedure. First of all, a start byte is transferred.
This must contain five bits of 1 (synchronous bit
string), a transfer direction bit (R/W) of 1, a reg-
ister select bit (RS) of 1, and one bit of 0 in that
order. The synchronizing bit string is used to reset
the transfer counter of the HD66720, thus
synchronizing the serial transfer.

After the HD66720 has received the above start
byte, it reads scan data SD0 to SD4 from the

SCAN0 register starting from the LSB. The
HD66720 reads data from SCAN1, SCAN2,
SCAN3, SCAN4, and SCAN5 in that order. After
reading SCAN5, the HD66720 starts at SCAN0
again.

The HD66720 transfer counter can also be reset to
synchronize serial transfer by driving the chip
select (CS*) high. In this case, the data currently
transferred is cleared; therefore, transfer the start
byte again to restart the transfer.

Figure 33   Scan Data Transfer
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Key Scan Interrupt (Wake-Up Function)

If the MPU has set the interrupt enable bit (IRE) to
1, the LCD sends an interrupt signal to the MPU
on detecting that a key has been pressed in the key
scan circuit by setting the IRQ* output pin to low
level. An interrupt signal can be generated by
pressing any key in a 30-key matrix. The interrupt
level continues to be output during the key-scan
cycle in which the key is being pushed.

Key scanning is performed and interrupts can
occur during LCD-II/K8 sleep mode (SLP = “1”).
The interrupt signal from LCD-II/K8 can trigger

the MPU even though the whole system is in a
sleep state (or standby state), thus, minimizing
power consumption.The LCD cannot be displayed
when the LCD-II/K8 is in sleep mode. Refer to
Sleep Mode for details. 

The output pin of IRQ* is pulled up to the VCC
with a MOS of 50 kΩ; however, pull up can be
made stronger by adding external resistors as
needed. Interrupts may occur if noise occurs in
KIN input during key scanning. Interrupts maybe
inhibited if not needed by setting the interrupt
enable bit (IRE) to 0.

Figure 34   Interrupt Generator

IRQ* Interrupt generated

LCD-II/K8

IRQ*

VCC

MPU
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Extension Driver LSI Interface

The number of displayed characters can be in-
creased by using an extension driver. For example,
by adding a single HD44100R extension driver
with 40 LCD driver output, a 2-line 16 character
display with a 5-dot font width can be achieved
Moreover, a maximum 2-line 20 character or
single-line 40 character display can be achieved by
increasing the number of extension drivers.

The extension driver can be interfaced with signals
CL1, CL2, D1 and M. The following figure shows
an example of LCD-II/K8 and an HD44100R. The
extension driver displays data from the 51st dot in
1-line display mode, and from the 43rd dot in 2-
line display mode. The extension driver can be
driven by the LCD-II/K8; however, the output
voltage drop of the booster circuit increases as the
load on the booster circuit increases.

Figure 35   HD66720 and the Extension Driver (HD44100R) Connection
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Interface to the Liquid Crystal Display

Set the number of display lines with the N bit and
the font width with the FW bit. The relationship

between the number of display lines and register
values is given below. 

Table 14 Relationship between Display Lines, EXT Pin, and Register Setting

5-Dot Font 6-Dot Font

Seg- Extension Register Setting Seg- Extension Register Setting Scroll Duty
Lines Char. ment Driver N RE FW ment Driver N RE FW Display Cycle

1 8 50 — 0 0 0 50 — 0 1 1 Enabled 1/9

10 50 — 0 0 0 90 1 0 1 1 Enabled 1/9

12 80 1 0 0 0 90 1 0 1 1 Enabled 1/9

16 80 1 0 0 0 96 2 0 1 1 Enabled 1/9

20 80 2 0 0 0 96 2 0 1 1 Enabled 1/9

40 80 4 0 0 0 96 5 0 1 1 Disabled 1/9

2 8 42 — 1 0 0 82 1 1 1 1 Enabled 1/17

12 80 1 1 0 0 82 1 1 1 1 Enabled 1/17

16 80 1 1 0 0 96 2 1 1 1 Enabled 1/17

20 80 2 1 0 0 96 2 1 1 1 Disabled 1/17

Note: — means not required. 



Example of 5-Dot Font Width Connection

Figure 36   10 × 1-Line + 50-Segment Display

Figure 37  8 × 2-Line + 40-Segment Display
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Figure 38   16 × 1-Line + 40-Segment Display (Using the 8 × 2-line Operation Mode)

Figure 39   16 × 2-Line + 80-Segment Display
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Figure 40   7 × 2-Line + 42-Segment Display
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• 6-dot font
• 1/17 duty cycle
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Table 15 Relationship between Oscillation Circuit and Liquid Crystal Display Frame Frequency

1-Line Display 2-Line Display

5-Dot Font 6-Dot Font 5-Dot Font 6-Dot Font
Width Width Width Width

1-Line Selection Normal mode 200 clock 240 clock 100 clock 120 clock 
period cycles cycles cycles cycles

LP mode 50 clock 60 clock 50 clock 60 clock 
cycles cycles cycles cycles

Frame frequency 88.9 Hz 74.1 Hz 94.1 Hz 78.4 Hz

Note: The above values are obtained when the oscillation frequency is 160 kHz (1 clock cycle is 6.25 µs).

Oscillator

Figure 41   Oscillator
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1)  When an external clock is used 2)  When an internal oscillator is used

OSC1 OSC1

OSC2

Clock
Rf

The oscillator frequency can be adjusted by an oscillator resistor (Rf). If Rf is increased or power 
supply voltage is decreased, the oscillator frequency decreases. The recommended oscillator 
resistance is as follows.

•  Rf = 200 kΩ ± 2% (VCC = 5 V) 
•  Rf = 160 kΩ ± 2% (VCC = 3 V)    

LCD-II/K8 LCD-II/K8



Figure 42   Frame Frequency
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Power Supply for Liquid Crystal
Display Drive

The LCD-II/K8 incorporates a booster for raising
the LCD voltage 2-3 times that of the reference
voltage input below VCC. A 2-3 times boosted
voltage can be obtained by externally attaching 2
or 3 capacitors.

If the LCD panel is large and needs a large amount
of drive current, the value of bleeder resistor that
generate the V1 to V5 potential are made smaller.
However, the load current in the booster and the
voltage drop increases in this case.

We recommend setting the resistance value of each
bleeder larger than 4.7 kΩ and to hold down the
DC load current to 0.4 mA if using a booster
circuit. An external power supply should supply
LCD voltage if the DC load current exceeds 0.7
mA. Refer to Electrical Characteristics showing
the relationship between the load current and
booster voltage output.

Figure 43   Example of Power Supply for Liquid Crystal Display Drive 
(with Internal Boost Circuit)
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3.


4.



5.


6.

The reference voltage input (Vci) must be set below the power supply	(VCC).
Current that flows into reference voltage input (Vci) is 2-3 times larger than the load current 
flowing through a bleeder resistor.  Note that a reference voltage drop occurs due to the 
current flowing into the Vci input when a reference voltage (Vci) is generated by resistor 
division.
The amount of output voltage (V5OUT2/V5OUT3) drop of a 	booster circuit also increases 
as the load current flowing through bleeder resistors increases.  Thus, set the	bleeder  
resistance as large as possible (4.7 kΩ or greater) without affecting display picture quality.
Adjust the reference voltage input (Vci) according to the fluctuation of  booster 
characteristics because the output voltage 		(V5OUT2/V5OUT3) drop depends on the 
load current, operation temperature, operation frequency, capacitance of external 
capacitors and manufacturing	tolerance. Refer to Electrical Characteristics for details.
Adjust the reference voltage input (Vci) so that the output voltage (V5OUT2/V5OUT3) after 
boosting will not exceed the absolute maximum rating of liquid crystal power 	supply 
voltage (13 V).
Make sure that you connect polarized	capacitors correctly.



Table 16 Duty Factor and Bleeder Resistor Value for Power Supply for Liquid Crystal Display
Drive

Item Data

Number of Lines 1 2

Duty factor 1/9 1/17

Bias 1/4 1/5

Bleeder resistance value R R R

R0 To be short-circuited R

Note: R changes depending on the size of a liquid crystal panel. Normally, R must be 5 kΩ to 10 kΩ. 

Figure 44   Example of Power Supply for Liquid Crystal Display Drive 
(with External Power Supply)
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Font Display Control

The font width can be specified as 5 dots or 6 dots
by setting the font width bit (FW) when the ex-
tension register is enabled (RE = 1). Although all
fonts stored in CGROM have a 5-dot width, a
smoother scroll can be displayed with a 6-dot wide
font. Display data stored in CGROM/CGRAM/

SEGRAM can be displayed as a mirror image
(reflection) in the horizontal direction by setting
the font reverse bit (FR). Select according to the
LSI mounting method. Set character codes in
DDRAM by software since the display read-order
of DDRAM does not change.

Horizontal Dot Scroll

Dot unit scrolls are performed by setting the
horizontal dot scroll bit (HDS) when the extension
register is enabled (RE = 1). By combining this
with scroll enable registers, smooth horizontal

scrolling in the unit of display line can be per-
formed. In this case, smoother scroll can be per-
formed for a 6-dot font-width display.

Figure 45   Example of Font Display Control

Figure 46   Example of Smooth Scroll Display

•  FW = 0
•  FR = 0

•  FW = 1
•  FR = 0

•  FW = 0
•  FR = 1

•  FW = 1
•  FR = 1

No shift performed

Shift to the left by one dot

Shift to the left by two dots

Shift to the left by three dots

Shift to the left by four dots

5-dot font width (FW = 0) 6-dot font width (FW = 1)

No shift performed

Shift to the left by one dot

Shift to the left by two dots

Shift to the left by three dots

Shift to the left by four dots
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Smooth Scroll to the Left

The following shows an example of smooth scroll
to the left for no font reflection (FR = 0) and a
6-dot font width (FW = 1). Because the maximum
setting for dot smooth scroll (HDS) is 24 dots,
scrolling for more than this number can be
achieved by shifting to the left by four characters

with a display shift instruction or by moving the
data in DD RAM by four characters, rewriting
them, and then scrolling again. When shifting the
display character position with a display shift
instruction, the 1st and 2nd line are shifted at the
same time and then displayed.

Figure 47   Method of Smooth Scroll to the Left

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 0 N 1 * *1

0 0 1 0 0 1 Shift the first line to the left by one dot

0 0 1 0 Shift the first line to the left by two dots

0 0 1 0 Shift the first line to the left by three dots

CPU  wait

CPU  wait

CPU  wait

3

4

5

0000

1 00000

1 10000

0 0 0 0 0 12 0 100

Enable the extension register

Enable scroll (scrolls only the first line)

0 0 1 0 0 1 Shift the first line to the left by 24 dots* 26 0 001

Note:  * The sum of the number of characters displayed on the liquid crystal panel and the number 
of scroll characters must be smaller than the maximum number of display digits.  
For example, when 16-digit, 2 lines are displayed with 6-dot font, the maximum number of 
display digits will be 20, and 4 characters maximum (24 dots) can be specified for scrolling.
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Smooth Scroll to the Right

The following shows an example of smooth scroll
to the right for no font reflection (FR = 0) and a
6-dot font width (FW = 1). Because the setting for
dot smooth scroll (HDS) specifies a scroll to the
left, scrolling to the right can be performed by first
shifting the display character position to the right
by four characters with a display shift instruction,

or by moving the data in DDRAM for only lines to
be scrolled by four characters, rewriting, and then
scrolling from the 24th dot. When shifting the
display character position with a display shift in-
struction, the 1st and 2nd line are shifted at the
same time and then displayed.

Figure 48   Method of Smooth Scroll to the Right

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 N 1 * * Enable the extension register1

0 0 1 0 0 0 Shift the first line to the left by 24 dots* 

0 0 1 0 Shift the first line to the left by 23 dots

CPU  wait

CPU  wait

3

4

0 0 1 1 0 Shift the first line to the left by one dot25

0110

1 11100

0 0 100

0 0 0 0 0 12 0 100 Enable scroll (scrolls only the first line)

0 0 1 0 0 0 Perform no shift

CPU  wait

26 0 000

0

Note:  * The sum of the number of characters displayed on the liquid crystal panel and the number 
of scroll characters must be smaller than the maximum number of display digits.  
For example, when 16-digit, 2 lines are displayed with 6-dot font, the maximum number of 
display digits will be 20, and 4 characters maximum (24 dots) can be specified for scrolling.  
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Partial Smooth Scroll (Limiting the Number of
Characters Scrolled)

Partial smooth scroll displays some characters as
fixed and the remaining ones in a horizontal
smooth scroll. Here, only the number of left-most
characters specified by the PS I/O bits can be

fixed. The following shows an example of a
smooth scroll performed in dot units from the
second character to the eighth character with the
PS1/O set to 01 so that the left-most character on
the display panel is fixed. For a 2-line display,
partial smooth scroll is performed for the display
line specified by the scroll enable bits (SE2/1).

Figure 49   Partial Smooth Scroll

Fixed display Smooth scroll display

Perform no scroll

Scrolls only 2nd to 8th 
characters to the left by 
one dot

Scrolls only 2nd to 8th 
characters to the left by two 
dots

Scrolls only 2nd to 8th 
characters to the left by 
three dots

Scrolls only 2nd to 8th 
characters to the left by four 
dots

Scrolls only 2nd to 8th 
characters to the left by five 
dots

Scrolls only 2nd to 8th 
characters to the left by six 
dots

Scrolls only 2nd to 8th 
characters to the left by 
seven dots
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Low Power Mode

The HD66720 enters low power mode by setting
the low-power mode bit (LP) to 1. During low-
power mode, as the internal operation frequency is
divided by 2 (1-line display mode) or by 4 (2-line
display mode), the execution time of each instruc-
tion becomes two times or four times longer than
normal. Be careful when writing instructions with-

out performing busy flag checking.

During low power mode, a maximum of 10 char-
acters are displayed per line. The DDRAM setting
value become invalid from the 11th character. Note
that the display differs from normal mode when
display shifts or horizontal smooth scrolls are per-
formed.

Figure 50   Usage of Low Power Mode

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 BE 0

Set a low power mode

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 1 0 0 0
Clear horizontal scroll quantity

HDS = 000000

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 DL N 1 BE 0

Return home
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 0 0 0 1 0

Enable extension register 1

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 BE1 1

Clear low power mode

Return home
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 0 0 0 1 0

0 0 0 0

0 0

0 0



Rewirte data into DDRAM

Note: The execution time of an instruction in low-power 
mode becomes two times or four times longer than 
normal. After changing the LP bit, Data in DDRAM 
may be broken.

Note: Up until this instruction, execution time is two times  
or four times longer than normal.

Note: To prevent the display from being shifted, be sure to 
execute this instruction. 

Low power operation

(Rewrite data into DDRAM)
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Sleep Mode

The HD66720 enters sleep mode by setting the
sleep mode bit (SLP) to 1. During sleep mode, the
display controller and LCD internal operation fre-
quency is divided by 16, significantly reducing
consumption current. However, the LCD will not
perform normally at this time because the LCD
frame frequency is also divided by 32, and the
display should be turned off (D = 0). In this case, a
scanning line may appear. To avoid this, the LCD
driving voltage (VLCD) should be cut off. The

VLCD can be decreased by controlling the voltage
of the Vci terminal flowing into the internal
booster. In addition, execution time of each in-
struction becomes 16 times longer, and caution is
needed when writing instructions without perform-
ing busy flag checking. The key scan circuit during
sleep mode operates at the usual operation fre-
quency. Key scan such as power-on keys can be
performed by suppressing consumption current
during system standby.

Figure 51   Usage of Sleep Mode

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 KF1 KF0

Set sleep mode
Enable interrupts (IRQ)

Disable extension register 1

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 KF11 KF0

Sleep mode operation

0

1 1

0

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 0Turn off display 0 0 1 0

Clear sleep mode
Inhibit interrupts (IRQ)

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 0 KF11 KF00 0

The LCD-II/K8 generates key scan interrupts.

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0RS R/W

0 0 0 0 1 BTurn on display 0 0 1 C

Generate interrupts
Handle interrupts

Note: The execution time of an instruction in low-power mode 
becomes 16 times longer than that of normal mode.  
The frame frequency also decreases by 1/16.

Note: Up to this instruction, execution time is 16 times longer 
 than normal.



Relationship between Instruction and Display

Table 17 10-Digit × 1-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66720 is initialized by Initialized. No display.
the internal reset circuit)

2 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

3 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right when writing 
to the RAM. 
Display is not shifted.

4 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization. 

5 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

· ·
· ·
· ·
· ·
· ·

6 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1

7 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

8 Write data to CG RAM/DD RAM Writes a space.
1 0 0 0 1 0 0 0 0 0
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Table 17 10-Digit × 1-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

9 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

· ·
· ·
· ·
· ·
· ·

10 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

11 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 0 0 to the left.

12 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 0 0 to the left.

13 Write data to CG RAM/DD RAM Writes C.
1 0 0 1 0 0 0 0 1 1 The display moves to the left.

14 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 1 1 0 0 position to the right.

15 Cursor or display shift Shifts the display and cursor
0 0 0 0 0 1 0 1 0 0 position to the right.

16 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

· ·
· ·
· ·
· ·
· ·

17 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position 

(address 0).

HD66720
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Table 18 8-Digit × 2-Line Display Example with Internal Reset

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

1 Power supply on (the HD66720 is initialized by Initialized. No display.
the internal reset circuit)

2 Display on/off control Turns on display and cursor. 
0 0 0 0 0 0 1 1 1 0 Entire display is in space mode 

because of initialization.

3 Entry mode set Sets mode to increment the 
0 0 0 0 0 0 0 1 1 0 address by one and to shift the 

cursor to the right at the time of 
write to the RAM. 
Display is not shifted.

4 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0 1 0 0 1 0 0 0 already been selected by 

initialization. 

· ·
· ·
· ·
· ·
· ·

5 Write data to CG RAM/DD RAM Writes I.
1 0 0 1 0 0 1 0 0 1
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Table 18 8-Digit × 2-Line Display Example with Internal Reset (cont)

Step Instruction

No. RS R/W D7 D6 D5 D4 D3 D2 D1 D0 Display Operation

6 Set DDRAM address Sets the DDRAM address so 
0 0 1 1 0 0 0 0 0 0 that the cursor positioned on

the head of the second line.

7 Write data to CG RAM/DD RAM Writes a space.
1 0 0 1 0 0 1 1 0 1

· ·
· ·
· ·
· ·
· ·

8 Write data to CG RAM/DD RAM Writes O.
1 0 0 1 0 0 1 1 1 1

9 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write.

10 Write data to CG RAM/DD RAM Writes M.
1 0 0 1 0 0 1 1 0 1

11 Return home Returns both display and cursor
0 0 0 0 0 0 0 0 1 0 to the original position (address 

0).

HD66720

571

H I T A C H I

H I T A C H I

M

M I C R O C O

H I T A C H I

M I C R O C O

H I T A C H I

I C R OC O

I T A C H I

M

I C R O C O

I T A C H I

MM

H



572

HD66720

Initializing by Instruction

If the power supply conditions for correctly operat-
ing the internal reset circuit are not met, initializa-
tion by instructions becomes necessary. Note that
instructions are not accepted for 80 ms in 3-V

operation or for 40 ms in 5-V operation after
power is on since the HD66720 is in an internal
reset state. Send an instruction after waiting for an
appropriate amount of time after power-on.

Figure 52   Initializing Flow

Wait for more than 4.1 ms

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 0 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 0 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 1 0 0 0 0 0

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 I/D S

BF cannot be checked before this instruction.

Function set

BF can be checked after the following instructions.  
When BF is not checked, the waiting time between 
instructions must be longer than the instruction 
execution time. 

Display off
Display clear
Entry mode set

Initialization ends

•  Wait for more than 80 ms after VCC 
   rises to 2.7 V
•  Wait for more than 40 ms after VCC 
   rises to 4.5 V

Wait for more than 100 µs

BF cannot be checked before this instruction.

Function set

BF cannot be checked before this instruction.

Function set

Power on



Absolute Maximum Ratings*

Item Symbol Value Unit Notes

Power supply voltage (1) VCC –0.3 to +7.0 V 1

Power supply voltage (2) VCC–V5 –0.3 to +13.0 V 1, 2

Input voltage Vt –0.3 to VCC +0.3 V 1

Operating temperature Topr –20 to +75 °C 3

Storage temperature Tstg –55 to +125 °C 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are exceeded, the LSI will malfunction
and cause poor reliability.
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DC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage (1) VIH1 0.7VCC — VCC V 5, 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.2VCC V VCC = 2.7 to 3.0 V 5, 6
(except OSC1) –0.3 — 0.6 V VCC = 3.0 to 4.5 V

Input high voltage (2) VIH2 0.7VCC — VCC V 7
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 7
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 5, 8
(except KST, IRQ*)

Output high voltage (2) VOH2 0.7VCC — — V –IOH = 1 µA 5, 10
(KST, IRQ*)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 5, 9
(except KST, LED, IRQ*)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.5 mA 5, 10
(KST, IRQ*)

Output low voltage (3) VOL3 — — 1.2 V IOL = 10 mA, VCC = 3 V 5, 11
(LED 0/1)

Driver ON resistance RCOM — — 20 kΩ ±Id = 0.05 mA (COM) 12
(COM)

Driver ON resistance RSEG — — 30 kΩ ±Id = 0.05 mA (SEG) 12
(SEG)

I/O leakage current ILI –1 — 1 µA VIN = 0 to VCC 13

Pull-up MOS current –Ip 1 10 40 µA VCC = 3 V, Vin = 0 V 5, 14
(KIN0-KIN4)

Current Normal ICC1 — 85 170 µA Rf oscillation, 15, 16
consumption display external clock

Sleep ICC2 — 40 100 µA VCC = 3V, fOSC = 160 kHz

mode

LCD voltage VLCD1 3.0 — 11.0 V VCC–V5, 1/5 bias 17

Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

Output voltage VUP2 7.5 8.7 — V Vci = 4.5 V, IO = 0.25 mA, 20
(V5OUT2 pin) Ta = 25°C

Output voltage VUP3 7.0 7.8 — V Vci = 3 V, IO = 0.25 mA, 20
(V5OUT3 pin) Ta = 25°C

Input voltage VCi 2.0 — 4.5 V 20
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AC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Clock Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 100 150 400 kHz 18
clock External clock duty cycle Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time trcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 120 160 210 kHz Rf = 160 kΩ, 19
oscillation VCC = 3 V

Serial Interface Timing (1) (VCC = 2.7 V to 4.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 1 — 20 µs Figure 53

Serial clock high level width tSCH 400 — — ns

Serial clock low level width tSCL 400 — —

Serial clock rise/fall time tSCr, tSCf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 200 — —

Serial input data hold time tSIH 200 — —

Serial output data delay time tSOD — — 360

Serial output data hold time tSOH 0 — —

Serial Interface Timing (2) (VCC = 4.5 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 0.5 — 20 µs Figure 53

Serial clock high level width tSCH 200 — — ns

Serial clock low level width tSCL 200 — —

Serial clock rise/fall time tSCr, tSCf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 100 — —

Serial input data hold time tSIH 100 — —

Serial output data delay time tSOD — — 160

Serial output data hold time tSOH 0 — —
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Segment Extension Signal Timing (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 54

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

Clock rise/fall time tct — — 100

Key Scan Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Key strobe low 5-dot font width tKLW — 200Tc — ms Figure 55
level width 6-dot font width tKLW — 240Tc —

Key strobe 5-dot font width tKC — 1200Tc —
frequency 6-dot font width tKC — 1440Tc —

Note: Tc = 1/fosc

Reset Timing (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tRES 10 — — ms Figure 56

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trCC 0.1 — 10 ms Figure 57

Power supply off time tOFF 1 — —
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Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V. If the LSI is used above the absolute maximum ratings, it
may become permanently damaged. Using the LSI within the electrical characteristic is strongly
recommended to ensure normal operation. If these electrical characteristic conditions are exceeded, the
LSI may malfunction or cause poor reliability.

2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained.

3. For die products, specified up to 75°C.

4. For die products, specified by the die shipment specification.

5. The following four circuits are I/O pin configurations except for liquid crystal display output.

6. Applies to input pins, excluding the OSC1 pin. However, the TEST1/2 pins must be grounded (GND).

7. Applies to the OSC1 pin.

8. Applies to output pins, excluding pins KST0 to KST5 and LCD output pins.

9. Applies to output pins, excluding pins KST0 to KST5, pins LED0/1, and LCD output pins.

10. Applies to pins KST0 to KST5.
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Output pin

(Three-state output circuit)

Applies to pins KIN0 to KIN4 and RESET*

Applies to pins CL1, CL2, M, D, KST0 
to KST5, IRQ*, and LED0/1

Input pin

Applies to pins SCLK, CS*, SID, and 
TEST1/2 

Applies to pin SOD

VCC

PMOS

NMOS

VCC VCC

PMOS

NMOS

(Pull-up MOS)

PMOS

VCC

PMOS

NMOS

Output enable

Data

VCC

PMOS

NMOS



11. Applies to LED0/1 output pins.

12. Applies to resistor values (RCOM) between power supply pins VCC, V1, V4, V5 and common signal pins
(COM1 to COM16 and COMS), and resistor values (RSEG) between power supply pins VCC, V2, V3,
V5, and segment signal pins (SEG1 to SEG42).

13. Current that flows through pull-up MOS and output drive MOS is excluded.

14. Applies to the pull-up MOS of pins KIN0 to KIN4. The following shows the relationship between the
power supply voltage (VCC) and pull-up MOS current (–Ip) (referential data).

15. This excludes the current flowing through the I/O section. The input level must always be at a specified
high or low level because through current increases if the CMOS input is left floating.

16. The following shows the relationship between the operation frequency (fOCS or fcp) and current
consumption (ICC).

578

HD66720

2.5

80

60

40

20

0.0

VCC (V)

typ.

3.0 3.5 4.0 4.5 5.0

–I
P
 (

µA
)

typ.

 0

0.8

0.6

0.4

0.2

0.0

I C
C

 (
m

A
)

fOSC or fcp (kHz)

VCC = 5V

typ.

0.8

0.6

0.4

0.2

0.0

I C
C

 (
m

A
)

fOSC or fcp (kHz)

VCC = 3V

100 200 300 400 500  0 100 200 300 400 500



17. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5)
when there is no load.

18. Applies to the external clock input.

19. Applies to internal oscillator operations when oscillator Rf is used.
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Oscillator OSC1

OSC2

0.7 V
0.5 V
0.3 V

CC

CC

CC

Th Tl

t rcp t fcp

Duty cycle =                     100%Th
Th + Tl

×

Open

OSC1

OSC2
Rf

Rf: 160 kΩ ± 2% (when VCC = 3 V to 4 V)
Rf: 200 kΩ ± 2% (when VCC = 4 V to 5 V)
Since the oscillation frequency varies depending on the OSC1 and OSC2  
pin capacitance, the wiring length to these pins should be minimized.  

12.5

10.0

7.5

5.0

2.5
150 200 250 150 200 250

1/
f O

S
C

 (
µS

)

VCC = 5 V VCC = 3 V

160

The following shows the relationship between the Rf oscillator resistor value and oscillator 
frequency (referential data).

Typ.

Typ.

6.25

12.5

10.0

7.5

5.0

2.5

1/
f O

S
C

 (
µS

)

Rf (kΩ) Rf (kΩ)

6.25



20. Booster characteristics test circuits are shown below.

Load Circuits

AC Characteristics Test Load Circuits
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GND

VCC

1 µF

0.47 µF

Vci

C1

C2

V5OUT2

V5OUT3

+

(Triple boosting)

+

0.47 µF+

GND

VCC

0.47 µF

Vci

C1

C2

V5OUT2

V5OUT3

(Double boosting)

+

20 kΩ

1 µF

+ 20 kΩ

30 pF

Test point



Timing Characteristics

Figure 53   Serial Interface Timing

Figure 54   Interface Timing with Extension Driver
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CS*

SCLK

SID

SOD

tSCYC

tCSU
tSCHtSCr

tSCf tCWL
tCH

tSIHtSISU

tSOHtSOD

VIL1 VIL1

VIH1VIL1VIL1

VIH1
VIL1VIL1

VIH1

VIH1
VIL1

VIH1
VIL1

VOH1
VOL1

VOH1
VOL1

VIH1

CL1

CL2

D

M

VOH2 VOH2 VOL2

tct

tCWH

tCWH

VOH2

tCSU tCWL

tct

tDH

tSU

VOL2

tDM

V
V

OH2
OL2

VOL2



Figure 55   Key Strobe Timing

Figure 56   Reset Timing

Figure 57   Power Supply Sequence
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KST1*

KST0*
VOL2 VOL2

tKLW

tKC

VOL2

RESET* VIL1 VIL1

tRES

Note: When power is supplied, initializing by the internal reset circuit has priority. Accordingly,  
the above RESET* input is ignored during internal reset period.

VCC

2.7 V/4.5 V*2

0.2 V

trcc

0.2 V 0.2 V

0.1 ms ≤ trcc ≤ 10 ms

tOFF
*1

tOFF ≥ 1 ms

Notes: 1.

2.
3.

tOFF compensates for the power oscillation period caused by momentary power supply 
oscillations.
Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation.
If the above electrical conditions are not satisfied, the internal reset circuit will not  
operate normally. In this case, initialize by instruction. (Refer to Initializing by Instruction.)



HD66730 (LCD-II/J6)
(Dot-Matrix Liquid Crystal Display Controller/Driver

Supporting Japanese Kanji Display)

Preliminary

Description

The HD66730 is a dot-matrix liquid crystal display
controller (LCD) and driver LSI that displays
Japanese characters consisting of kanji, hiragana
and katakana according to the Japanese Industrial
Standard (JIS) Level-1 Kanji Set. The HD66730
incorporates the following five functions on a
single chip: (1) display control function for the dot
matrix LCD, (2) a display RAM to store character
codes, (3) ROM fonts to support kanji, (4) liquid
crystal driver, and (5) a booster to drive the LCD.
A 2-line 6-character kanji display can easily be
achieved by receiving character codes (2 bytes/
character) from the MPU.

The font ROM includes 2,965 kanji from the JIS
Level-1 Kanji Set, 524 JIS non-kanji characters,
and 128 half-size alphanumeric characters and
symbols. Full-size fonts such as Japanese kanji and
half-size of fonts such as alphanumeric characters
can be displayed together.

In addition, display control equivalent to full bit
mapping can be performed through horizontal and
vertical dot-by-dot smooth scroll functions for each
display line. To help make systems more compact,
a three-line clock synchronous serial transfer
method is adopted in addition to an 8-bit bus for
interfacing with a microcomputer.

Features

• Dot-matrix liquid crystal display controller/
driver supporting the display of kanji according
to JIS Level-1 Kanji Set

• Large character generator ROM: 510 kbits 
— Kanji according to JIS Level-1 Kanji Set

(11 × 12 dots): 2,965-character font

— JIS non-kanji (11 × 12 dots): 524-character
font

— Half-size alphanumeric characters and sym-
bols (5 × 12 dots): 128-character font

• Display of 11 × 12 dots for full-size fonts
consisting of kanji and kana, 5 × 12 dots for
half-size fonts of alphanumeric characters and
symbols in the same display

• 2-line 6-character full-size font display with a
single chip (1/27 duty)

• Expansion driver interface: maximum 2-line 20-
character (or 4-line 10-character) display

• Dot matrix font and 71 marks and icons (96 at
extension)

• Various display control functions: horizontal
smooth scroll (in dot units), vertical smooth
scroll, white black inversion/blinking/white black
inversion blinking character display, cursor
display, display on/off

• Display data RAM: 40 × 2 bytes (stores codes to
support 40 characters in a full-size font)

• Character generator RAM: 8 × 26 bytes (dis-
plays 8 characters of a 12 × 13 dot user font)

• 16-byte 96-segment RAM
• Three-line clock synchronous serial bus, 8-bit

bus interface
• Built-in double/triple liquid-crystal voltage

booster circuit and built-in oscillator (operating
frequency can be adjusted through external
resistors)

• Operating power supply voltage: 2.7 V to 5.5 V;
liquid crystal display voltage: 3.0 V to 13.0 V

• QFP 1420-128 (0.5-mm pitch), bare-chip



List 1   Programmable Duty Cycles

Number of Display Characters in Full-Size Font

Duty Drive (Number of  Segments/Marks) Display Line
Setting 1-Chip Operation Extension Display Extension Drivers* Setting

1/14 1-line 6 characters (71) 1-line 40 characters (96) 10 drivers 1line, 2 lines

1/27 2-line 6 characters (71) 2-line 20 characters (96) 5 drivers 2 lines, 4 lines

1/40 — 3-line 10 characters (96) 3 drivers 4 lines

1/53 — 4-line 10 characters (96) 3 drivers 4 lines

Note: Number of extension driver with 40 outputs (HD44100R)

Ordering Information

Type No. Package CGROM

HD66730A00FS FP-128 Japanese Kanji standard

HCD66730A00 Chip

584

HD66730



Block Diagram
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System
interface
• Serial 
• 8 bit RAM 

data 
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(RDR: R9)
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flag (BF)

Index
register
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(RAR: R8)

Timing generator

Display data RAM 
(DDRAM)
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 (CGRAM)
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Character 
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ROM for 
full-size 
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LCD drive 
voltage 
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Pin Arrangement
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The Location of Bonding Pads
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1 pin 128 pin

Type code

HD66730

99 pin

35 pin 68 pin

Chip size (X × Y):
Coordinate:
Origin:
Pad size (X × Y):

7.48 × 6.46 mm2
Pad center
Chip center
100 × 100 µm2

4 pin

Y

X

HCD66730

Pin Coordinate

No. Function X Y

1 SEG34 –2602 3012

2 SEG35 –2984 3012

3 SEG36 –3263 3012

4 SEG37 –3522 3012

5 SEG38 –3522 2782

6 SEG39 –3522 2582

7 SEG40 –3522 2341

8 SEG41 –3522 2161

9 SEG42 –3522 1981

10 SEG43 –3522 1801

11 SEG44 –3522 1621

12 SEG45 –3522 1440

13 SEG46 –3522 1260

14 SEG47 –3522 1030

15 SEG48 –3522 800

16 SEG49 –3522 620

17 SEG50 –3522 439

18 SEG51 –3522 259

19 SEG52 –3522 79

20 SEG53 –3522 –101

21 SEG54 –3522 –281

22 SEG55 –3522 –462

23 SEG56 –3522 –642

24 SEG57 –3522 –822

25 SEG58 –3522 –1002

26 SEG59 –3522 –1182

27 SEG60 –3522 –1363

28 SEG61 –3522 –1543

29 SEG62 –3522 –1723

30 SEG63 –3522 –1939

Pin Coordinate

No. Function X Y

31 SEG64 –3522 –2183

32 SEG65 –3522 –2364

33 SEG66 –3522 –2544

34 SEG67 –3522 –2774

35 SEG68 –3522 –2984

36 SEG69 –3160 –2984

37 SEG70 –2860 –2984

38 SEG71 –2660 –2984

39 VCC –2435 –2984

40 RESET* –2233 –2984

41 OSC2 –2063 –2984

42 OSC1 –1859 –2984

43 CL1 –1689 –2984

44 CL2 –1519 –2984

45 SEGD –1349 –2984

46 M –1179 –2984

47 RW/SID –975 –2984

48 RS/CS* –771 –2984

49 E/SCLK –567 –2984

50 IM –363 –2984

51 DB0/SOD –146 –2984

52 DB1 71 –2984

53 DB2 287 –2984

54 DB3 504 –2984

55 DB4 721 –2984

56 DB5 938 –2984

57 DB6 1154 –2984

58 DB7 1371 –2984

59 GND 1533 –2984

60 Vci 1730 –2959

Pin Coordinate

No. Function X Y

61 C2 1896 –2959

62 C1 2057 –2959

63 V5OUT2 2219 –2959

64 V5OUT3 2478 –2959

65 V5 2782 –2984

66 V4 3016 –2984

67 V3 3253 –2984

68 V2 3522 –2984

69 V1 3522 –2806

70 COM25/D 3522 –2626

71 COM24 3522 –2445

72 COM23 3522 –2265

73 COM22 3522 –2085

74 COM21 3522 –1855

75 COM20 3522 –1625

76 COM19 3522 –1444

77 COM18 3522 –1264

78 COM17 3522 –1084

79 COM16 3522 –854

80 COM15 3522 –624

81 COM14 3522 –443

82 COM13 3522 –263

83 COM12 3522 –83

84 COM11 3522 97

85 COM10 3522 277

86 COM9 3522 458

87 COM8 3522 638

88 COM7 3522 818

89 COM6 3522 998

90 COM5 3522 1178

(unit: µm)
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Pin Coordinate

No. Function X Y

91 COM4 3522 1409

92 COM3 3522 1639

93 COM2 3522 1819

94 COM1 3522 1999

95 COMS 3522 2179

96 SEG1 3522 2410

97 SEG2 3522 2590

98 SEG3 3522 2819

99 SEG4 3522 3012

100 SEG5 3222 3012

101 SEG6 2942 3012

102 SEG7 2662 3012

103 SEG8 2332 3012

Pin Coordinate

No. Function X Y

104 SEG9 2152 3012

105 SEG10 1972 3012

106 SEG11 1791 3012

107 SEG12 1611 3012

108 SEG13 1431 3012

109 SEG14 1251 3012

110 SEG15 1071 3012

111 SEG16 890 3012

112 SEG17 710 3012

113 SEG18 530 3012

114 SEG19 350 3012

115 SEG20 170 3012

116 SEG21 –11 3012

Pin Coordinate

No. Function X Y

117 SEG22 –191 3012

118 SEG23 –371 3012

119 SEG24 –551 3012

120 SEG25 –731 3012

121 SEG26 –912 3012

122 SEG27 –1092 3012

123 SEG28 –1272 3012

124 SEG29 –1452 3012

125 SEG30 –1632 3012

126 SEG31 –1813 3012

127 SEG32 –1993 3012

128 SEG33 –2173 3012



Pin Function

Table 1 Pin Functional Description

Number Device
Signal of Pins I/O Interfaced with Function

RESET* 1 I — Acts as a reset input pin. The LSI is initialized during 
low level. Refer to Reset Function.

IM 1 I — Selects interface mode with the MPU;
Low: Serial mode
High: 8-bit bus mode

RS/CS* 1 I MPU Selects registers during bus mode:
Low: Index register (write);

Status register (read)
High: Control register (write);

RAM data (read/write)
Acts as chip-select during serial mode:
Low: Select (access enable)
High: Not selected (access disable)

RW/SID 1 I MPU Selects read/write during bus mode;
Low: Write
High: Read
Inputs serial data during serial mode.

E/SCLK 1 I MPU Starts data read/write during bus mode;
Inputs (Receives) serial clock during serial mode.

DB1 to 7 I/O MPU Seven high-order bidirectional tristate data bus pins. 
DB7 Used for data transfer between the MPU and the

HD66730. DB7 can be used as a busy flag. Open these
pins during serial mode since these signals are not used.

DB0/ 1 I/O MPU The lowest bidirectional data bit (DB0) during bus mode. 
SOD /O Outputs (transmits) serial data during serial mode. 

Open this pin if reading (transmission) is not performed.

SEG1 to 71 O LCD Display data output signals for the segment extension 
SEG71 driver.

COMS 1 O LCD Acts as a common output signal for segment display.
Used to display icon and marks beside the character
display.

COM1 to 24 O LCD Acts as common output signals for character display. 
COM24 COM15 toCOM24 become non-selective waveforms when

the duty ratio is 1/14.

COM25/ 1 O LCD/ Acts as common output signal (COM25) for character 
COMD extension driver display when EXT2 bit is 0. Acts as a common extension

pulse signal (COMD) when EXT2 bit is 1. 
The pin is grounded after RESET input is cleared.

HD66730
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Table 1 Pin Functional Description (cont)

Number Device
Signal of Pins I/O Interfaced with Function

CL1 1 O Extension driver Outputs the latch pulse of segment extension driver. 
Can also be used as a shift clock of common extension
driver. Enters tristate when both EXT1 and EXT2 are 0.

CL2 1 O Extension driver Outputs shift clock of segment extension driver. Can also
be used as a common extension driver latch clock.
Enters tristate when both EXT1 and EXT2 are 0.

SEGD 1 O Extension driver Outputs data of extension driver. Data after the 72nd dot
is output. Enters tristate when EXT1 bit is 0.

M 1 O Extension driver Acts as an alternating current signal of extension driver.
Enters tristate when both EXT1 and EXT2 bits are 0.

V1 to V5 5 — Power supply Power supply for LCD drive 
VCC – V5 = 15 V (max)

VCC/GND 2 — Power supply VCC: +2.7 V to +5.5 V, GND: 0 V

OSC1/ 2 — Oscillation When crystal oscillation is performed, an external 
OSC2 resistor/ resistor must be connected. When the pin input is an 

clock external clock, it must be input to OSC1.

Vci 1 I — Inputs voltage to the booster to generate the liquid
crystal display drive voltage.
Vci is reference voltage and power supply for the
booster.
Vci: 2.0 V to 5.0 V ≤ VCC.

V5OUT2 1 O V5 pin/ Voltage input to the Vci pin is boosted twice and output.
booster When the voltage is boosted three times, a capacitor
capacitor with the same capacitance as that of C1–C2 should be

connected here.

V5OUT3 1 O V5 pin Voltage input to the Vci pin is boosted three times and
output.

C1/C2 2 — Booster External capacitor should be connected here when 
capacitor using the booster.
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Function Description

System Interface

The HD66730 has two system interfaces: a syn-
chronized serial one and an 8-bit bus. Both are
selected by the IM pin.

The HD66730 has five types of 8-bit registers: an
index register (IDR), status register (STR), various
control registers, RAM address register (RAR),
and RAM data register (RDR).

The index register (IDR) selects control registers,
the RAM address register (RAR) or the RAM data
register (RDR) for performing data transfer. 

The status register (STR) indicates the internal
state of the system. Various control registers store
display control data here.

The RAM address register (RAR) stores the ad-
dress data of display data RAM (DD RAM), char-
acter generator RAM (CG RAM), and segment
RAM (SEG RAM).

The RAM data register (RDR) temporarily stores
data to be written into DD RAM, CG RAM, or
SEG RAM. Data written into the RDR from the
MPU is automatically written into DD RAM, CG
RAM, or SEG RAM by internal operations. The
RDR is also used for data storage when reading
data from DD RAM, CG RAM, or SEG RAM.
Here, when address information is written into the
RAR, data is read and then stored into the RDR
from DD RAM, CG RAM, or SEG RAM by
internal operations. 

Data transfer between the MPU is then completed
when the MPU reads the RDR. After this read,
data in DD RAM, CG RAM, or SEG RAM stored
at the next address is sent to the RDR at the next
data read from the MPU. 

These registers can be selected by the register
select signal (RS) and the read/write signal (R/W)
in the 8-bit bus interface, and by the RS bit and
R/W bit of start-byte data in the synchronized
serial interface.

Busy Flag

When the busy flag is 1, the HD66730 is in
internal operation mode, and only the status
register (STR) can be accessed. The busy flag (BF)
is output from bit 7 (DB7). Access of other regis-
ters can be performed only after confirming that
the busy flag is 0.

RAM Address Counter (RAR)

The RAM address counter (RAR) provides ad-
dresses for accessing DD RAM, CG RAM, or SEG
RAM. When an initial address value is written into
the RAM counter (RAR), the RAR is automatically
incremented or decremented by 1. Note that a
control register specifies which RAM (DD RAM,
CG RAM, SEG RAM) to select.

HD66730
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Table 2 Register Selection

RS R/W Operation

0 0 IDR write

0 1 STR read

1 0 Control register write, RAM address register (RAR) write, and RAM data register
(RDR) write

1 1 RAM data register (RDR) read



Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores character
codes and display attribute codes for displaying
data. 

A full-size font is displayed using two bytes, and a
half-size font is displayed using one byte. Since the
RAM capacity is 80 bytes, 40 full-size characters
or 80 half-size characters can be stored.

DD RAM displays only that data stored within the
range corresponding to the number of display
columns. Data stored outside the range is ignored.
Refer to Combined Display of Full-Size and Half-
Size characters for details on character codes
stored in DD RAM. The relationship between DD
RAM addresses and LCD display position depends
on the number of display lines (1 line/2 lines/4
lines).

Execution of the display-clear instruction writes
H'A0 corresponding to the half-size character for
“space” throughout DD RAM.

Note: The HD66730 performs display by reading
character codes from the DD RAM accord-
ing to the number of display columns set by
the control register. In particular, reading
from the DD RAM begins at the position
corresponding to the rightmost character as
set by the maximum number of display
columns. This means that one byte of a two-
byte full-size character code should not be
set in a position exceeding the maximum
number of display columns. For example,
do not write a full-size code (2 bytes) in the
12th and 13th byte when the display is set
for six characters.

• 1-line display (NL1/0 = 00)

80 bytes of consecutive addresses from H'00 to
H'4F are allocated for DD RAM addresses.
When there are fewer than 40 display characters
(at full size), only the number of display char-
acters specified by NC1/0 are displayed starting
from H'00 in the DD RAM. For example, 12
bytes of addresses from H'00 to H'0B are used
when a 6-character display (NC1/0 = 00) is
performed using one HD66730; addresses from
H'0C on are ignored. In this case, do not write a
full-size code into bytes H'0B and H'0C because
a half-size character may be displayed. See
figure 1 for a 1-line display.

• 2-line display (NL1/0 = 01)

The first line in the DD RAM address is dis-
played for the 40 bytes of addresses from H'00
to H'27, and the second line is displayed for the
40 bytes of addresses from H'40 to H'67. When
there are fewer than 20 display characters (at full
size), only the number of display characters
specified by NC1/0 will be displayed starting
from the leftmost address of the DD RAM. For
example, 24 bytes of addresses from H'00 to
H'0B and H'40 to H'4B are used when a 6-
character display (NC1/0 = 00) is performed
using one HD66730. Addresses from H'0C and
H'4C on are ignored. See figure 2 for a 2-line
display.

• 4-line display (NL1/0 = 11)

The first line in the DD RAM address is dis-
played from H'00 to H'13, the second line from
H'20 to H'33, the third line from H'40 to H'53,
and the fourth line from H'60 to H'73. For a
6-character display (NC1/0 = 00) (at full-size),
only 12 bytes from the leftmost address of DD
RAM are displayed. See figure 3 for a 4-line
display.
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Figure 1   1-Line Display (NL1/0 = 00)

Figure 2   2-Line Display (NL1/0 = 01)

Figure 3   4-Line Display (NL1/0 = 11)
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Display position

DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908

6-character  
display setting
(NC1/0 = 00)

Display position

DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908

20-character  
display setting
(NC1/0 = 01)

26 27

20

Display position

DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

09

40-character  
display setting
(NC1/0 = 10)

4E 4F

40

4C 4D

39

24 25

19

08

Display position

1st line DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908
6-character 
display setting
(NC1/0 = 00)

Display position

1st line DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908
10-character  
display setting
(NC1/0 = 01)

12 13

10

Display position

1st line DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

090820-character  
display setting
(NC1/0 = 10)

26 27

20

24 25

19

10 11

9

40 41 42 43 44 45 46 4A 4B47 4948

40 41 42 43 44 45 46 4A 4B47 4948 52 5350 51

40 41 42 43 44 45 46 4A 4B47 4948 66 6764 65

2nd line DD RAM address

2nd line DD RAM address

2nd line DD RAM address

Display position

1st line DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908

6-character  
display setting
(NC1/0 = 00)

Display position

1st line DD RAM address00 01 02 03 04 05 06 0A 0B07

1 2 3 4 5 6

0908

10-character  
display setting
(NC1/0 = 01)

12 13

10

10 11

9

20 21 22 23 24 25 26 2A 2B27 2928 32 3330 31

2nd line DD RAM address

2nd line DD RAM address

3rd line DD RAM address

4th line DD RAM address

40 41 42 43 44 45 46 4A 4B47 4948 52 5350 51 3rd line DD RAM address

60 61 62 63 64 65 66 6A 6B67 6968 72 7370 71 4th line DD RAM address

60 61 62 63 64 65 66 6A 6B67 6968

40 41 42 43 44 45 46 4A 4B47 4948

20 21 22 23 24 25 26 2A 2B27 2928

0C 0D

7

2C 2D

4C 4D

6C 6D

0E 0F

8

2E 2F

4E 4F

6E 6F



Character Generator ROM for a Full-Size Font
(FCG ROM)

The character generator ROM for a full-size font
(FCG ROM) generates 3,840 11 × 12 dot full-size
character patterns from a 12-bit character code.
This includes 2,965 kanji according to the JIS
Level-1 Kanji Set and 524 JIS non-kanji. Table 3
shows the relationship between character codes set
in DD RAM and full-size font patterns. Refer to
Combined Display of Full-Size and Half-Size
Characters for the relationship between JIS codes
and the character codes to be set in the DD RAM.

Character Generator ROM for a Half-Size Font
(HCG ROM)

The character generator ROM for a half-size font
(HCG ROM) generates 128 5 × 12 dot character
patterns from 7-bit character codes. A half-size
font (alphanumeric characters and symbols) can be
displayed together with a full-size font. Refer to
Combined Display of Full-Size and Half-Size
Characters for details. 

Character Generator RAM (CG RAM)

The character generator RAM (CG RAM) allows
the user to display arbitrary full-size font patterns.
It can display 8 12 × 13 dot fonts. 

This RAM can also display double-size characters
and figures by combining multiple CG RAM fonts.
Specify character codes from H'000 to H'007 in a
full size of character code when displaying font
patterns stored in the CG RAM.

Segment RAM (SEG RAM)

The segment RAM (SEG RAM) is used to control
icons and marks in segment units by the user pro-
gram. Bits in SEG RAM corresponding to seg-
ments to be displayed are directly set by the MPU,
regardless of the contents of DD RAM and CG
RAM. The SEG RAM is read and displayed when
the COMS output pin is selected. 

Up to 71 icons can be displayed using a single
HD66730. Up to 96 icons can be displayed by
expanding the drivers on the segment side. SEG
RAM data is stored in eight bits. The lower six bits
control the display of each segment, and the upper
two bits control segment blinking.

Timing Generator

The timing generator generates timing signals for
the operation of internal circuits such as DD RAM,
FCG ROM, HCG ROM, CG RAM, and SEG
RAM. RAM read timing for display and internal
operation timing for MPU access are generated
separately to avoid interference. This prevents un-
desirable interferences, such as flickering, in areas
other than the display area when writing data to
DD RAM, for example.

The timing generator generates interface control
signals CL1, CL2, M, and COMD-output of exten-
sion drivers for a extension configuration.

Display Attribute Controller 

The display attribute controller displays white/
black inverse, blinking, and white/black inverse
blinking for a full size font in FCG ROM accord-
ing to the attribute code set in the DD RAM. Refer
to Display Attribute Designation for details.

Fonts in CG RAM and bit patterns in SEG RAM
control display attributes using the upper two bits
(bits 7 and 6) in each display-pattern data.

Cursor Control Circuit

The cursor control circuit is used to produce a
cursor on a displayed character corresponding to
the DD RAM address set in the RAM address
counter (RAR). Cursors can be chosen from three
types: 12th raster-row cursor that is displayed only
on the 12th raster-row of each font; blink cursor
that periodically displays the whole font in black
and white and black inverted cursor that periodi-
cally displays the font in white and black (see
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figure 9). Note that when the RAM address counter
(RAR) is selecting CG RAM or SEG RAM, a
cursor would be generated at that address, how-
ever, it does not have any meaning.

Note: One display line consists of 13 raster-rows.

Smooth Scroll Control Circuit

The smooth scroll control circuit is used to perform
a smooth-scroll in units of dots. 

When the number of characters to be displayed is
greater than that possible at one time in the liquid
crystal module, this horizontal smooth scroll can
be used to display characters in an easy-to-read
manner for each line. Refer to Horizontal Smooth
Scroll for details for each line.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
26 common signal drivers and 71 segment signal
drivers. When the liquid crystal driver duty ratio is
set by a program, the necessary common signal
drivers output drive waveforms and the remaining
common drivers output non-selected waveforms.
In addition, drivers can be expanded on the
common and segment sides through register
settings. 

Display pattern data is sent serially through a 71-
bit shift register and latched when all needed data
has arrived. The latched data then enables the LCD
driver to generate drive waveform outputs. This
serial data is sent from the display pattern that
corresponds to the last address of the DD RAM
and is latched when the character pattern of the
display data corresponding to the first address
enters the internal shift register.

Booster

The booster outputs a voltage that is two or three
times higher than the reference voltage input from
pin Vci. Since the LCD voltage can be generated
from the LSI operation power supply, this circuit
can operate with a single power supply. Refer to
Power Supply for Liquid Crystal Display Drive for
details.

Oscillator

The HD66730 performs R-C oscillation by adding
a single external oscillation resistor. The oscillation
frequency corresponding to display size and frame
frequency can be adjusted by changing the oscilla-
tion resistor. Refer to Oscillator for details.
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Table 3 Relationship between Full-Size Character Code and Kanji
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Table 3 Relationship between Full-Size Character Code and Kanji (cont)
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Table 3 Relationship between Full-Size Character Code and Kanji (cont)

598

HD66730

Upper/Lower



Table 3 Relationship between Full-Size Character Code and Kanji (cont)
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Table 4 Relationship between Full-Size Character Code and Non-Kanji
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Table 5 Relationship between Half-Size Character Code and Character Pattern 
(ROM Code: A00)

HD66730
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(Space)xxxx 000

Lower
(3 bits)

Upper
(4 bits) 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

xxxx 001

xxxx 010

xxxx 011

xxxx 100

xxxx 101

xxxx 110

xxxx 111



Relationship between Character Codes
(DD RAM), CG RAM Addresses, and
Display Characters

Full size character codes H'000 to H'007 can be
used to access 8 character patterns in the CG
RAM. Since each character pattern can be
displayed up to 12 × 13 dots, CG RAM patterns
can be displayed immediately next to each other

(to the right, left, top, or bottom) without any
character spaces between them. Table 6 shows the
correspondence between CG RAM addresses and
full-size character codes for access of the CG
RAM by the MPU.
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Table 6 Relationship between Character Codes (DD RAM), CG RAM Addresses, 
and Display Characters

C11 C3 C2 C1 C0
0 0 0 0 0 0 0 0 0 0 0 0

A6 A5 A4
0 0 0

A3 A2 A1
0 0 0

A7
0

D7D6

A
D5

0
D4

0
D3

0
D2

0
D1

0
D0

0
D7

A
D6

A
D5

0
D4

0
D3

0
D2

0
D1

0
D0

0

A0 = 0 A0 = 1
CGRAM Data

A
A 0 1 1 1 1 A A 1 1 1 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 1 1 1 1 A A 1 1 1 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 0 0 0 0 A A 0 0 0 1 0 0A
A 0 1 1 1 1 1 A A 1 1 1 1 0 0A
A 0 0 0 0 0 0 A A 0 0 0 0 0 0A
A 0 0 0 0 0 1 A A 0 0 0 0 0 0A
A 0 0 0 0 0 0 A A 1 0 0 0 0 0A
A 0 1 1 1 1 1 A A 1 1 1 1 0 0A
A 0 0 0 0 0 0 A A 0 0 0 0 0 0A
A 0 0 1 0 0 0 A A 0 0 1 0 0 0A
A 0 0 1 0 0 0 A A 0 0 1 0 0 0A
A 0 0 1 0 0 0 A A 0 0 1 0 0 0A
A 0 0 0 1 0 0 A A 0 1 0 0 0 0A
A 0 0 0 1 0 0 A A 0 1 0 0 0 0A
A 0 0 0 1 0 0 A A 0 1 0 0 0 0A
A 0 0 0 0 0 0 A A 0 0 0 0 0 0A
A 1 1 1 1 1 1 A A 1 1 1 1 1 0A
A 0 0 0 0 0 0 A A 0 0 0 0 0 0A

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0

0 1 0 0 0 00
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0

0 0 0 0 0 0 0 0 0 0 0 1

A 0 0 1 0 0 A A 0 1 0 0 0A
A 0 1 0 0 0 1 A A 0 0 1 0 0A
A 0 1 0 0 1 1 A A 0 0 1 0 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 0 1 A A 0 0 0 1 0A
A 1 0 0 0 1 A A 0 0 1 0 0A
A 0 1 0 0 0 1 A A 0 0 1 0 0A
A 0 0 1 0 1 1 A A 0 0 0A
A 0 0 0 0 0 0 A A 0 0 0 0 0 0A

1 1 0 0 0 01
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0

0 0 0 0 0 0 0 0 0 1 1 1

CGRAM Address
Character Code

Character 
pattern
(1)

Character 
pattern
(2)

Character 
pattern
(8)

0

0

1

0
0
0
0
0
0
0
0
0
0
0
1 0

1



Notes: 1. CG RAM is selected when the upper 9 bits (C3 to C11) of the full size character codes are 0. In
this case, the lower 3 bits (C0 to C2) of the character code correspond to bits 5 to 7 (A5 to A7)
(3 bits: 8 types) in the CG RAM address.

2. CG RAM address bits 1 to 4 (A1 to A4) designate the character pattern line position. The 12th
line is the cursor position and its display is formed by a logical OR with the cursor.

3. CG RAM address 0 (A0) corresponds to the left-half and right-half of a full-size character
pattern.

4. The character data is stored with the rightmost character element in bit 0 (LSB), as shown in the
table above. Pattern produced by bits 0 to 5 is displayed and 13 raster-rows are displayed
together. Thus, an arbitrary character pattern consisting of 12 × 13 dots can be displayed.

5. A set bit in the CG RAM data corresponds to display selection, and 0 to non-selection.
6. The upper two bits (AA) of CG RAM data indicate the display attribute for the lower 6-bit

pattern. In this case, display attributes specified for the DD RAM during full-size character
display is disabled. When these upper two bits are 00, the CG RAM pattern is simply displayed
as set; when 01, the pattern reverses (black/white), when 10, the pattern blinks; and when 11,
the pattern reverses and blinks.
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Relationship between SEG RAM
Addresses and Display Patterns

SEG RAM data is displayed when the select level
of the COMS pin is output. Since SEG RAM data
does not depend on character code data in DD
RAM, and does not undergo horizontal smooth

scroll, it can be used to display icon and marks.
The following shows the relationship between SEG
RAM addresses and segment output pins.
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Table 7 Relationship between SEG RAM Addresses and Display Patterns

Notes: 1. SEG1 to SEG71 are pin numbers of the segment output driver of the HD66730. Pin SEG1 is
positioned on the left edge of the display. Segments from SEG72 on are displayed by extension
drivers. After SEG 96, display is performed from SEG1 again.

2. The lower six bits (D0 to D5) indicate display on/off for of each segment. A bit setting of 1
selects display while 0 selects no display.

3. Pattern blinking of the lower six bits is controlled by the upper two bits (D6 and D7) of SEG
RAM data. When the upper two bits (B0 and B1) are 10, segments whose corresponding bits in
the lower 6 bits are set to 1 will blink on the display. When the upper two bits (B0 and B1) are
01, only the bit-5 pattern can blink. Do not attempt to set the upper two bits (B0 and B1) to 11
(setting is prohibited).

B1 B0 SEG1

SEG7B1 B0

SEG13B1 B0

SEG19B1 B0

SEG25B1 B0

SEG31B1 B0

SEG37B1 B0

SEG43B1 B0

000

100

010

110

001

101

011

111

A0A1A2 D7 D6 D5

SEGRAM
Address SEGRAM Data

Blinking control Pattern on/off

0

0

0

0
0

0

0

0

A3

SEG61B1 B0

SEG67B1 B0

SEG73B1 B0

SEG79B1 B0

SEG85B1 B0

SEG91B1 B0

000

100

010

110

001

101

011

111

1

1

1

1
1

1

1

1

SEG49B1 B0

SEG55

SEG2

SEG8

SEG14

SEG20

SEG26

SEG32

SEG38

SEG44

D4

SEG62

SEG68

SEG74

SEG80

SEG86

SEG92

SEG50

SEG56

SEG3

SEG9

SEG15

SEG21

SEG27

SEG33

SEG39

SEG45

D3

SEG63

SEG69

SEG75

SEG81

SEG87

SEG93

SEG51

SEG57

SEG4

SEG10

SEG16

SEG22

SEG28

SEG34

SEG40

SEG46

D2

SEG64

SEG70

SEG76

SEG82

SEG88

SEG94

SEG52

SEG58

SEG5

SEG11

SEG17

SEG23

SEG29

SEG35

SEG41

SEG47

D1

SEG65

SEG71

SEG77

SEG83

SEG89

SEG95

SEG53

SEG59

SEG6

SEG12

SEG18

SEG24

SEG30

SEG36

SEG42

SEG48

D0

SEG66

SEG72

SEG78

SEG84

SEG90

SEG96

SEG54

SEG60B1 B0



Register Functions

Outline

Data can be written from the MPU to the internal
control registers and internal RAM of the
HD66730 via an 8-bit bus interface or a serial
interface. There are five types of internal control
registers, as follows (details are described later):

• Index register: Selects and designates which
control register the MPU is to access

• Status register: Indicates the internal state

• Control registers: Designates display control

• RAM address register: Sets an address for
accessing the various RAMs

• RAM data register: Receives and transmits data
to and from the various RAMs 

Table 17 shows the instruction list and the number
of execution cycles of each instruction after per-
forming register setting. Instructions that perform
data transfer with the RAM data register tend to be
used the most. However, auto-incrementation by 1

(or auto decrementation by 1) of internal HD66730
RAM addresses after each data write can lighten
the program load on the MPU. Note that when an
instruction is being executed (internal operations
are being performed), only the busy flag in the
status register can be read. 

Since the busy flag is 1 during execution, the MPU
should check this value before accessing a register.
When accessing a register without checking the
busy flag, an interval longer than the instruction
execution time is needed before the next access.
Refer to table 17 Instruction Registers, for instruc-
tion execution times.

When rewriting DD RAM, character display will
momentarily breakdown if the data (character
codes) that is being rewritten is also being read by
the system for display. For this reason, check the
display read line position (NF) and the display read
raster-row position (LF) in the status register (SR),
and rewrite a DD RAM line that is not being read
and displayed.
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Functional Description

Index Register (IR)

The index register (figure 4) designates control
registers (R0 to R7), RAM address register (RAR:
R8), and RAM data register (RDR: R9). The regi-

ster number must be set between addresses 0000 to
1001 in binary digits. Note that if address 1111 is
set, the test register will be selected. Addresses
1010 to 1110 are ignored.
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Figure 4   Index Register
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Status Register (ST)

The status register (figure 5) includes the busy flag
(BF), display line bits (NF1/0), and display raster-
row bits (LF0 to LF3). If BF is 1, an instruction is
being executed, and another instruction will not be
accepted during this time. Any attempt to write
data to a register at this time is ignored.

Rasters-rows are driven one at a time according to
specific timing to perform liquid crystal display.
Bits NF1 and NF0 indicate display lines, and bits
LF3 to LF0 indicate the raster-row in a line. If
character display degenerates when rewriting DD
RAM, rewrite only those display lines that are not
currently being read out by the system for display.
During segment display, the next state of the last
raster-row in the character display is read out.

HD66730

607

Table 8 Display State According to NF1 and NF0

NF1 NF0 Display State

00 0 Displaying the first line

0 1 Displaying the second line

1 0 Displaying the third line

1 1 Displaying the fourth line

Table 9 Display State According to LF3 to LF0

LF3 LF2 LF1 LF0 Display State

0 0 0 0 Displaying the first raster-row

0 0 0 1 Displaying the second raster-row

0 0 1 0 Displaying the third raster-row

0 0 1 1 Displaying the fourth raster-row

• •
• •
• •

1 1 0 0 Displaying the 13th raster-row

Figure 5   Status Register
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Entry Mode Register (R0)

The entry mode register (figure 6) includes bits
I/D, RM1, and RM0.

I/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code

is written into or read out from the DD RAM.
When the DD RAM address is incremented by 1,
the cursor or blinking will also shift to the right.
This applies to both CG RAM and SEG RAM.

RM1/0: Selects DD RAM, CG RAM, or SEG
RAM for access (table 10).
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Table 10 RAM Selection by RM1 and RM0

RM1 RM0 Selected RAM

0 0/1 Display data RAM (DD RAM)

1 0 Character generator RAM (CG RAM)

1 1 Segment RAM (SEG RAM)

Figure 6   Entry Mode Register
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Function Set Register (R1)

The function set register (figure 7) includes bits
BST, EXT2, EXT1, DT1, DT0, and DCL.

BST: When BST is 1, the booster starts to operate.
When the LCD voltage is external, set BST to 0 to
stop operation of the internal booster. In addition,
the consumption current can be suppressed by
stopping the booster when entering standby mode
without display.

EXT2/1: Extends the common driver and segment
driver. Set EXT2 to 1 to extend the driver to the
common side if the duty ratio is 1/40 or 1/53.
Extend the driver to the segment side by setting
EXT1 to 1 when displaying 7 or more digits (of
full size) in the horizontal direction. DD RAM
capacity is 80 bytes.

DT1/0: Selects the duty ratio of the LCD (table
11). Although this bit can be set separately from
the display line designation (NL1/0), the duty ratio
must be selected so that it will be smaller than the
number of display lines.

DCL: When DCL is 1, the display is cleared by
writing the code for half-size space (H'A0) into all
DD RAM addresses. Then H'00 is written into the
RAM address counter (RAR) and the DD RAM is

selected. The character code for character code
H'A0 must be a blank pattern when rewriting HCG
ROM used for half-size characters.

Cursor Control Register (R2)

The cursor control register includes bits CHM, C,
CM1, and CM0.

CHM: When CHM is set to 1, DD RAM is
selected, the RAM address counter (RAR) is set to
0, and the cursor home instruction is executed. The
contents of DD RAM do not change. The cursor or
blinking moves to the left edge of the display (the
left edge of the first line if two lines are displayed).

C: When C = 1, cursor display is turned on. The
cursor is displayed at the position corresponding to
the count value of the RAM address counter
(RAR). To set data in the RAR, set the index
register (IDR) to 1000 to select it, and modify the
data in the RAR. Note that the RAM address
counter (RAR) automatically increments (decre-
ments) when the RAM is accessed, and the cursor
will move accordingly.

CM1/0: Selects cursor display mode (table 12 and
figure 9). The blinking frequency (cycle) of the
blink cursor and the white/black inverted cursor
has 64 frames.
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Table 11 Duty Drive Ratio

DT1 DT0 Duty Drive Ratio

0 0 1/14 duty drive

0 1 1/27 duty drive

1 0 1/40 duty drive

1 1 1/53 duty drive

Table 12 Cursor Mode Selection

CM1 CM0 Selected Cursor Mode

0 0 12th raster-row cursor

0 1 Blink cursor

1 0/1 White/black inverted cursor



Figure 7   Function Set Register

Figure 8   Cursor Control Register

Figure 9   Cursor Display Examples
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Display Control Register 1 (R3)

The display control register 1 (figure 10) includes
bits ST, DC, and DS.

ST: When ST is 1, the display control register 1
enters the standby mode. The internal operation
clock is divided into 32. Data cannot be displayed
on the LCD panel, however, the consumption
current can be suppressed during the standby
mode. Note that the register setting value and the
data inside the RAM are maintained.

DC: When DC is 1, the character display is turned
on.

DS: When DS is 1, the segment display is turned
on. Bit DS can selectively display marks.

Display Control Register 2 (R4)

NC1/0: Selects the display character in the hori-
zontal direction. When performing a horizontal
smooth scroll, set the number of display characters
larger than the actual number of liquid crystal drive
characters. When the frame frequency (cycle) is
stable, the operation frequency is proportional to
the display characters. Operation frequency must
be suppressed by setting the number of display
character as small as possible because the con-
sumption current is proportional to the operation
frequency. Refer to Oscillator for details.

N/L1/0: Sets the number of display lines. Set the
number of display lines larger than the duty drive
ratio (DT1/0). Do not set 10 to these bits. Table 13
indicates the settings of the display lines.
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Table 13 Display Control Register 2 Setting

Display Lines Display Characters: NC1/0

NL1/0 00 01 10

00 1-line 6 characters 1-line 20 characters 1-line 40 characters

01 2-line 6 characters 2-line 10 characters 2-line 20 characters

10 Setting is inhibited.

11 4-line 6 characters 4-line 10 characters 4-line 10 characters

Figure 10   Display Control Register 1

Figure 11   Display Control Register 2
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Scroll Control Register 1 (R5)

The scroll control register 1 (figure 12) includes
bits SN1, SN0, SL3, SL2, SL1, and SL0.

SN1/0: Selects the starting line to be displayed.
When SN1/0 shows 00, display begins from the
first line. When SN1/0 shows 01, 10, 11, display
begins from the second, third, or fourth line,
respectively. Use these bits within the display line
setting (NL1/0). SN can be used to display a
smooth scroll and DD RAM memory bank
switching. 

SL0 to SL3: Selects the scroll starting raster-row
of the line set by the start display line (SL1/0).
When these bits show 0000, a display line starting
from the head raster-row (first raster-row) is
displayed and can be set to 1100 (13th raster-row)
showing the last raster-row. A vertical smooth
scroll can be performed by sequentially incre-
menting the first raster-row. Refer to Vertical
Smooth Scroll for details. Note that bits SL0 to
SL3 that are set to a value above 1100 will not
operate correctly.

Scroll Control Register 2 (R6)

The scroll control register 2 (figure 13) includes
bits PS1, PS0, SE4, SE3, SE2, and SE1.

PS1/0: Selects the partial smooth scroll mode.
When PS1/0 bits are 00, all characters scroll
horizontally across the display. When bits PS1/0
are 01, only the leftmost character is fixed and the
remaining characters perform horizontal smooth
scroll display. When bits PS1/0 are 10, the two
leftmost bits, and when 11, the three leftmost
characters are fixed and the remaining characters
perform horizontal smooth scroll Refer to Partial
Smooth Scroll for details.

SE1 to SE4: These bits enable a dot scroll in
display lines designated by scroll control register 3
(R7). When bit SE is 1, the first line is scrolled
according to scroll control register 3 (R7). When
SE2 is 1, the second line scrolls independently,
when SE3 is 1, the third line scrolls independently,
when SE4 is 1, the fourth line scrolls indepen-
dently. Scrolling multiple lines at the same time is
also possible.
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Figure 12   Scroll Control Register 1

Figure 13   Scroll Control Register 2
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Scroll Control Register 3 (R7)

The scroll control register 3 (figure 14) includes
bits SQ5, SQ4, SQ3, SQ2, SQ1, and SQ0.

SQ0 to SQ5: These bits designate the number of
dots to be horizontally scrolled to the left on the
panel. Horizontal smooth scroll can be performed
for any number of dots between 1 and 48 inclusive
by using the non-display DD RAM area. When
these bits are 000000, scrolling is not performed.
When these bits are 110000, 48 dots are scrolled to
the left. If these bits are set to a value above
110000, 48 dots are still scrolled. Refer to Hori-
zontal Smooth Scroll for details.

RAM Address Register (R8)

The RAM address register (figure15) initially
contains the RAM address at which incrementa-
tion (decrementation) starts. RAM selection bits
(RM1/0) in the entry mode register (R0) select
which RAM to access (DD RAM/CG RAM/SEG

RAM). When DD RAM (RM1/0 = 00) is selected,
address allocation differs according to the number
of display lines, but in all cases the most signifi-
cant bit (RA7) is ignored. During a 1-line display
(NL1/0 = 00), addresses H'00 to H'4F are allocated
to that line. During a 2-line display, addresses H'00
to H'27 are allocated to the first line, and addresses
H'40 to H'67 are allocated to the second line.
During a 4-line display, addresses H'00 to H'13 are
allocated to the first line, H'20 to H'33 to the
second , H'40 to H'53 to the third, and H'60 to H'73
to the fourth. See table 14.

When CG RAM (RM1/0 = 10) is selected, ad-
dresses H'00 to H'19 are allocated to the first
character and addresses H'20 to H'39 are allocated
to the second character, and so on (table 15). The
setting of addresses between characters (example:
H'1A to H'1F) is ignored here. When SEG RAM is
selected (RM1/0 = 11), addresses H'0 to H'F are
allocated to the RAM and the upper four bits (R4
to R7) are ignored (table 16).
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Figure 14   Scroll Control Register 3

Figure 15   RAM Address Register
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Table 14 DD RAM Address Allocation

1-Line Display 2-Line Display 4-Line Display
Displayed Lines (NL1/0 = 00) (NL1/0 = 01) (NL1/0 = 00)

First line H'00 to H'4F H'00 to H'27 H'00 to H'13

Second line — H'40 to H'67 H'20 to H'33

Third line — — H'40 to H'53

Fourth line — — H'60 to H'73
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Table 15 CG RAM Address Allocation

Displayed Character CG RAM Address 

First character H'00 to H'19

Second character H'20 to H'39

Third character H'40 to H'59

Fourth character H'60 to H'79

Fifth character H'80 to H'99

Sixth character H'A0 to H'B9

Seventh character H'C0 to H'D9

Eighth character H'E0 to H'F9

Table 16 SEG RAM Address Allocation

Displayed Segment SEG RAM Address

SEG1 to SEG6 H'0

SEG7 to SEG12 H'1

SEG13 to SEG18 H'2

SEG19 to SEG24 H'3

SEG25 to SEG30 H'4

SEG31 to SEG36 H'5

SEG37 to SEG42 H'6

SEG43 to SEG48 H'7

Displayed Segment SEG RAM Address

SEG49 to SEG54 H'8

SEG55 to SEG60 H'9

SEG61 to SEG66 H'A

SEG67 to SEG72 H'B

SEG73 to SEG78 H'C

SEG79 to SEG84 H'D

SEG85 to SEG90 H'E

SEG91 to SEG96 H'F

Note: SEG72 to SEG96 are driven by extension drivers.



RAM Data Register (R9)

This register (figure 16) stores 8-bit data that is
written to or read from the DD RAM, CG RAM, or
SEG RAM at the address indicated by the RAM
address counter (RAC). The RAM selection bit
(RM1/0) selects the RAM (DD RAM, CG RAM,
SEG RAM). After the said RAM is accessed,
RAM address is automatically incremented (decre-
mented) by 1 according to the I/D bit. 

Note that RAM selection bits (RM1/0) and RAM
address register (R8) must be set before reading. If

not, the first data read is invalid. If read instruc-
tions continue to be executed, however, data will
be read correctly from the second read.

Test Register (RF)

This is a test register (figure 17) and must be set to
H'00 at all times. This register is automatically
cleared (H'00) by reset input; however, it must be
cleared by software after power-on if the reset pin
is not used.
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Figure 16   RAM Data Register

Figure 17   Test Register
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Table 17 Instruction Registers

Execution
Reg. Index Code Clock
No. (Hex) Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description Cycle

IR — Index 0 0 — — — — ID3 ID2 ID1 ID0 Designates the register 12
(IDR) number of the instruction

register to access.
ID = 0000: R0 to 1001: R9

SR — Status 1 0 BF NF1 NF0 — LF3 LF2 LF1 LF0 Indicates the busy flag 0
(STR) (BF), display read line 

position (NF1/0), display
read raster-row position
(NL0 to NL3).

R0 0 Entry 0 1 0 0 0 0 0 I/D RM1 RM0 Designates RAM 12
mode address incrementation 
(EMR) or decrementation (I/D) 

and RAM selection 
(RM1/0).

R1 1 Function 0 1 0 BST EXT2 EXT1 DT1 DT0 0 DCL Clears display (DCL) DCL = 1:
set and initializes the 492
(FSR) DDRAM address. Other: 12

Selects duty drive ratio 
(DT1/0), enables extension
driver (EXT2/1) and sets 
the booster operation on.

R2 2 Cursor 0 1 0 0 0 0 CHM C CM1 CM0 Designates cursor-on (C) 12
control and cursor display mode
(CCR) (CM1/0). Executes

cursor home (CHM)
instruction.

R3 3 Display 0 1 0 0 0 0 0 ST DC DS Designates standby 12
control 1 mode (ST), character 
(DCR1) display on (DC), and 

segment display on (DS).

R4 4 Display 0 1 0 0 NC1 NC0 0 0 NL1 NL0 Sets the number of 12
control 2 display characters 
(DCR2) (NC1/0) and display lines 

(NL1/0).

R5 5 Scroll 0 1 0 SN1 SN0 0 SL3 SL2 SL1 SL0 Sets the display start 12
control 1 line (SN1/0) and start 
(SCR1) raster-row (ST0 to ST3).

R6 6 Scroll 0 1 0 0 PS1 PS0 SE4 SE3 SE2 SE1 Designates partial scroll 12
control 2 columns (PS1/0) and 
(SCR2) scroll display line enable 

(SE1 to SE4).

R7 7 Scroll 0 1 0 0 SQ5 SQ4 SQ3 SQ2 SQ1 SQ0 Sets the number of dots 12
control 3 to be scrolled (SQR0 to 
(SCR3) SQR5).
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Table 17 Instruction Registers (cont)

Execution
Reg. Index Code Clock
No. (Hex) Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Description Cycle

R8 8 RAM 0 1 RA7 RA6 RA5 RA4 RA3 RA2 RA1RA0 Resets the address 12
address counter for DD RAM/CG 
(RAR) RAM/SEG RAM. RAM is 

selected by RM1/0.

R9 9 RAM 0/1 1 RD7 RD6 RD5 RD4 RD3 RD2 RD1RD0 Writes or reads data to 12
data and  from DD RAM/CG 
(RDR) RAM/SEG RAM. RAM is 

selected by RM1/0.

RF F Test 0 1 0 0 0 0 0 0 0 0 This is a test register. 12
(TSR) Set 00 in this register.

Note: The execution time depends on the input or oscillation frequency.
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BF = 1: Internal processing being performed
NF1/0: Position of display read line
LF0 to LF3: Position of display read raster-row
ID = 1: Address increment

= 0: Address decrement
RM1/0: RAM selection (00/01: DD RAM. 

(10: GG RAM, 11: SEG RAM)
BST = 1: Booster on
EXT2 = 1: Common driver extension enable
EXT1 = 1: Segment driver extension enable
DT1/0: Duty ratio (00: 1/14, 01: 1/27, 

10: 1/40, 11: 1/53)
DCL = 1: Executes display-clear instruction
CHM = 1: Executes cursor-home instruction
C = 1: Cursor on
CM1/0: Designates cursor mode 

(00: 12th raster-row, 01: blinking, 
10: white/black inverse)

ST = 1: Standby mode
DC = 1: Character display on
DS = 1: Segment display on

NC1/0: Sets the number of display characters
(6 to 40 characters)

NL1/0: Sets the number of display lines 
(00: 1 line, 01: 2 lines, 11: 4 lines)

SN1/0: Designates the line to start displaying 
(00: first line, 01: second line, 
10: third line, 11: fourth line)

SL0 to SL3: Designates scroll starting raster-row
(0000: first raster-row, 1100: 13th
raster-row)

PS1/0: Designates partial scroll 
(00: all columns scroll. 
01: the leftmost column fixed, 
10: the two leftmost columns fixed,
11: the three leftmost columns fixed)

SE1 to SE4: Designates which line to scroll 
(SE = 1: enables the first line to be
scrolled, etc.)

SQ0 to SQ5: Number of dots to scroll 
(0 to 48 dots)

RA0 to RA7: RAM address
RD0 to RD7: RAM data



Reset Function

The HD66730 is reset by setting the RESET pin to
low level. During reset, the system performs next-
control-register setting and executes instructions.
The busy flag (BF) therefore indicates a busy state
(BF = 1) at this time, which means that only the
index register and status register can be accessed.

Display clear (DD RAM reset) is performed auto-
matically by reset input. Since more than 500
clocks of execution cycles are needed to initialize
the DD RAM, the reset period must be set to more
than this number. Note that if the reset input
conditions specified in Electrical Characteristics
are not satisfied, the HD66730 will not operate
correctly, and reset should be performed by
software.

Initialization of Instruction Register Function

1. Index Register: IR

The index register cannot be initialized by
reset. After reset release, the index register
must be set to access a control register.

2. Status register: SR

BF = 1: Busy state

3. Entry mode register: R0

I/D = 1: +1 (incrementation)

RM1/0 = 00: DD RAM selection

4. Function set register: R1

BST = 0: Booster off

EXT2/1 = 11: Driver extension enable

DT1/0 = 11: 1/53 duty drive

DCL = 1: Display-clear execution

Note: At least 500 clock cycles of execution time
is needed to clear the DD RAM.

5. Cursor control register: R2

CHM = 1: Cursor home execution

C = 0: Cursor display off

CM1/0 = 00:  12th raster-row cursor display
mode

6. Display control register 1: R3

ST = 0: Standby mode clear

DC = 0: Character display off

DS = 0: Segment display off

7. Display control register 2: R4

NC1/0 = 00: 6-column display mode

NL1/0 = 00: 1-line display mode

8. Scroll control register 1: R5

SN1/0 = 00:  Starts displaying from the first
line.

SL3 to SL0 = 0000:  Starts displaying from
the first raster-row.

9. Scroll control register 2: R6

PS1/0 = 00: Partial scroll release

SE4 to SE1 = 0000:  Disables dot scrolling for
all lines.

10. Scroll control register 3: R7

SQ5 to SQ0 = 000000:  Number of dots to be
scrolled = 0

11. RAM address register: R8

RAM address register is automatically incre-
mented during reset when display-clear is
executed. Note that after reset is released, this
register must be reset by software before
accessing RAM.
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Initial Setting of Pin Functions

1. Bus/serial interface

The input level of pin IM selects the 8-bit bus
or serial interface. For an 8-bit bus interface,
data is written into the index register or read
from the status register according to the level
of pin R/W. Note that pin RS must be held low
during this time. For serial interface, data is
written into the index register according to bit
R/W. Note that bit RS must be 0 during this
time. During reset, only the index register and
status register can be set and RAM cannot be
accessed.

2. LCD driver output

Since segment drivers (pins SEG1 to SEG71)
are in a display-off state during reset, they
output non-selective levels (V2/V3 level)
during reset. At this time, a 4-line 6-character
display alternates its current. Common drivers
(pins COM1 to COM24 and COMS) output
non-selective levels (V1/V4 level) during
reset, and alternate its current for a 4-line 6-
character display.

Note: Pins COM25/COMD are grounded (0V)
during reset. When pin COM25 is used
without expanding drivers to the common
side, display may be performed using the
liquid crystal drive voltage. In this case,
adjust the liquid crystal voltage during reset.

3. Extension driver interface output

Since bits EXT2/1 are 11 during reset, exten-
sion is performed to both segment side and
common side. Pin CL2 outputs the oscillation
(operation) frequency clock. Pins CL1 and M
output signals in a cycle corresponding to a
4-line 6-character display size. In addition,
pins SEGD and COM25/COMD output low
(ground level) since the display is turned off.

4. Booster output

The operation of the internal booster stops
because bit BST becomes 0 during reset.

Note: The potential of pins V5OUT2 and
V5OUT3 increases by about +0.7 V with
respect to GND level when the booster
stops. When using external polarized capac-
itors, make sure that no reverse bias occurs.
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Interfacing to the MPU

The HD66730 enters 8-bit bus interface mode
when the IM pin is set high. The HD66730 can
interface with the MPU via an I/O port. Use the
serial interface when there are restraints in the bus
wiring width. 

Instruction is executed when data is written into
the control register. In this case, only the status
register can be read (busy check, etc.). In this case,
check the busy flag when accessing (polling), or
insert an interval considering the execution time

and perform the next access when the internal
process has completely finished. The instruction
execution time depends on the HD66730 operation
frequency. When using the internal oscillation cir-
cuit of the HD66730, the instruction time will
change as the oscillation frequency does. Figure 18
shows an example of an 8-bit data transfer timing
sequence. Figure 19 shows an example of interface
between HD66730 and 8-bit microcomputers.
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Figure 18   Example of an 8-bit Data Transfer Timing Sequence�
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Figure 19   Example of Interfacing with 8-Bit Microcomputers
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Transferring Serial Data

The HD66730 enters serial interface mode when
the IM pin is set low. A three-line clock-syn-
chronous transfer method is used. The HD66730
receives serial input data (SID) and transmits serial
output data (SOD) by synchronizing with a transfer
clock (SCLK) sent from the master side.

When the HD66730 interfaces with several chips,
chip select pin (CS*) must be used. The transfer
clock (SCLK) input is activated by making chip
select (CS*) low. In addition, the transfer counter
of the HD66730 can be reset and serial transfer
synchronized by making chip select (CS*) high.
Here, since the data which was being sent at reset
is cleared, restart the transfer from the first bit of
this data. In a minimum system where a single
HD66730 interfaces to a single MPU, an interface
can be constructed from the transfer clock (SCLK)
and serial input data (SID). In this case, chip select
(CS*) should be fixed to low. 

The transfer clock (SCLK) is independent of oper-
ational clock (CLK) of the HD66730. However,
when several instructions are continuously trans-

ferred, the instruction execution time determined
by the operational clock (CLK) (see Continuous
Transfer) must be considered since the HD66730
does not have an internal transmit/receive buffer.

Figure 20 shows the basic procedure for trans-
ferring serial data. To begin with, transfer the start
byte. By receiving five consecutive bits of 1 (syn-
chronizing bit string) at the beginning of the start
byte, the transfer counter of the HD66730 is reset
and serial transfer is synchronized. The 2 bits
following the synchronizing bit string (5 bits)
specify transfer direction (R/W bit) and register
select (RS bit). Be sure to transfer 0 in the 8th bit.

After receiving the start byte, instructions are
received and the data/busy flag is transmitted.
When the transfer direction and register select
remain the same, data can be continuously trans-
mitted or received.

The transfer protocol is described in detail in the
following.

622

HD66730



Figure 20   Basic Procedure for Transferring Serial Data
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 1 1 1 1 R/W RS 0 D0 D1 D2 D3 0 0 0 0 D4 D5 D6 D7 0 0 0 0

Start byte Instruction

a)  Serial data input (receiving)

CS* 
(input)

SCLK
(input)

SID
(input)

CS* 
(input)

SCLK
(input)

SID
(input)

SOD
(output)

Synchronizing
bit string

Lower
data

Upper
data

1st byte 2nd byte

b)  Serial data output (transmitting)

Synchronizing
bit string

Lower
data

Upper
data

Start byte Status/data read

1 1 1 1 1 R/W RS 0 0 0 0 0 0 0 0 0

D0 D1 D2 D3 D4 D5 D6 D7



• Receiving (write)

After receiving the start synchronizing bit string,
the R/W bit (= 0), and the RS bit in the start
byte, an 8-bit instruction is received in 2 bytes:
the lower 4 bits of the instruction are placed in
the LSB of the first byte, and the higher 4 bits of
the instruction are placed in the LSB of the
second byte. Be sure to transfer 0 in the follow-
ing 4 bits of each byte. When instructions are
received with R/W bit and RS bit unchanged,
continuous transfer is possible (see Continuous
Transfer in the following).

• Transmitting (read)

After receiving the synchronizing bit string, the
R/W bit (= 0), and the RS bit in the start byte, 8-
bit read data is transmitted from pin SOD in the
same way as receiving. When read data is trans-
mitted with R/W bit and RS bit unchanged,
continuous transfer is possible (see Continuous
Transfer in the following). 

The status register (SR) is read when the RS bit
is 0. RAM data is read out when the RS bit is set
to 1 after designating RAM data register (R9)
with the index register (IR). Bits RM1/0 of entry
mode register (R0) select the RAM. When read-
ing RAM data, an interval longer than the RAM
reading time must be taken after the start byte
has been accepted and before the first data has
been read out. During transmission (data out-
put), the SID input is continuously monitored
for a start synchronizing bit string (11111). Once

this has been detected, the R/W and RS bits are
received. Accordingly, 0 must always be input to
SID when transmitting data continuously.

• Continuous Transfer

When instructions are received with the R/W bit
and RS bit unchanged, continuous receive is
possible without inserting a start byte between
instructions.

After receiving the last bit (the 8th bit in the 2nd
byte) of an instruction, the system begins to
execute it. To execute the next instruction, the
instruction execution time of the HD66730 must
be considered. If the last bit (the 8th bit in the
2nd byte) of the next instruction is received
during execution of the previous instruction, the
instruction will be ignored.

In addition, if the next unit of data is read before
read execution of previous data is completed for
RAM data, normal data is not sent. To transfer
data normally, the busy flag must be checked.
However, if the amount of wiring used for trans-
mission needs to be reduced, or if the burden of
polling on the CPU needs to be lightened,
transfer can be performed without reading the
busy flag. In this case, insert a transfer wait
between instructions so that the current instruc-
tion has time to complete execution. Figure
21 shows the procedure for continuous data
transfer.
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Figure 21   Procedure for Continuous Data Transfer
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Start
byte

Instruction (1)
1st byte 2nd byte

Instruction (2)
1st byte 2nd byte

Start
byte

Start
byte

Instruction (1)
1st byte 2nd byte

Instruction (3)
1st byte 2nd byte

Instruction (2)
1st byte 2nd byte

Start
byte

Busy
read

Instruction (1)
execution
time Instruction waiting time (not busy state)

Instruction (1)
execution time

Instruction (2)
execution time

Instruction (3)
execution time

Wait Wait

Wait Wait

Start
byte

Data
read (1)

Data
read (2)

RAM data
read time (1) 

RAM data
read time (2) 

SCLK
(input)
SID
(input)

SOD
(output)

SCLK
(input)
SID
(input)

SCLK
(input)
SID
(input)

SOD
(output)

i)  Continuous data write by polling processing

ii)  Continuous data write by CPU wait insert

iii)  Continuous data write by CPU wait insert

RAM data
read time (3) 

Wait



Combined Display of Full-Size and
Half-Size Characters

The HD66730 performs display from the left edge
of the display combining 12-dot full-size (character
size: 11 × 12 dots) and 6-dot half-size characters
(character size: 5 × 12 dots). There will be a one-
dot space between these fonts.

The most significant bit in the data (8 bits) in DD
RAM is allocated to the designation bit indicating
a full-size or half-size character. When this MSB is
0, the full-size character is selected, and when 1,
the half-size character is selected.

When the full-size character is selected, 2 bytes of
DD RAM are linked and used as a 16-bit code
(figure 22). In this case, the lower byte is written
into the smaller DD RAM address. 12 bits of this
16-bit code are used as character codes. Up to 4096
character codes can be specified. In addition, two
of the remaining four bits can be allocated to a
display-attribute code and can designate white/
black inverted display for individual characters

(refer to Display Attribute Designation). Table 18
shows the relationship between the 16-bit desig-
nated JIS code and the HD66730 12-bit character
code. 8-bit data designating half-size characters are
used as an 8-bit code (figure 23). Specifically, 7
bits of the 8-bit half-size characters become the
character codes, so that a total of 128 characters
can be displayed (alphanumeric characters and
symbols can be displayed as half-size characters).

User fonts can be displayed using the CG RAM.
Special symbols not included in the internal CG
ROM or the JIS Level-2 Kanji Set can be dis-
played as needed. Since the display font size of the
CG RAM is 12 × 13 dots, CG RAM fonts can be
displayed to the right, left, top or bottom, in order
to be used to display double-size characters or
graphics. Note that the display-attribute code
(A1/A0) designation that is to be written into the
DD RAM is ignored when the CG RAM is used. In
this case, bits 6 and 7 in the CG RAM are used for
display-attribute-code designation. Refer to CG
RAM for details.

626

HD66730

Table 18 Relationship between JIS Codes and HD66730 Character Codes

• JIS first byte code: b1 to b7 (7 bits)
• JIS second byte code: a1 to a7 (7 bits)
• CG RAM address for user fonts: u0 to u2 (3 bits)

Character Code Arrangement of HD66730

JIS b7 b6 b5 C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 C0

Non-kanji 0 1 0 a7 a6 b3 b2 b1 0 0 a5 a4 a3 a2 a1

Level 1 kanji 0 1 1 b7 b6 b3 b2 b1 a7 a6 a5 a4 a3 a2 a1

Level 1 kanji 1 0 0 b7 b6 b3 b2 b1 a7 a6 a5 a4 a3 a2 a1

User font — — — 0 0 0 0 0 0 0 0 0 u2 u1 u0

Upper byte Lower byte



Figure 22   Full-Size Character Codes

Figure 23   Half-Size Character Codes

HD66730
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Full-size character format

Lower character code

0

Upper character codeDisplay 
attribute 
code

Upper byte

Lower byte

Display attribute code: A1/A0 (2 bits)

Character code: C11 to C0 (12 bits)
MSB LSB

A1 A0 0 C11 C10 C9 C8

C7 C6 C5 C4 C3 C2 C1 C0

Half-size character format

Character code

Character code: C6 to C0 (7 bits)
MSB LSB

1 C6 C5 C4 C3 C2 C1 C0



An example of displaying full-size and half-size
characters together is described here.

Full-size character display conforms to JIS (16
bits). Perform code conversion (16 bits → 12 bits)
according to the relationship between the 16-bit
JIS code and the HD66730 12-bit character code
and write two-byte character data to the DD RAM
(write the lower byte to the smaller DD RAM

address). The example is shown in table 19. When
displaying a half-size character, refer to table 5 the
HD66730 Half-size Font List and write one-byte
character data into the DD RAM. The example is
shown in table 20.

Figure 24 shows how to set data to the DD RAM
when performing a 2-line display and figure 25
shows the resulting liquid crystal display.
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Table 19 Example of Full-Size Font Conversion

JIS Code Character Code
Displayed Character (First/Second Byte) (C11 to C0)

45/6C (Hex) AEC (Hex)

35/7E (Hex) 2FE (Hex)

45/54 (Hex) AD4 (Hex)

3E/2E (Hex) 72E (Hex)

4A/3F (Hex) D3F (Hex)

3B/54 (Hex) 5D4 (Hex)

4B/5C (Hex) DDC (Hex)

44/2E (Hex) A2C (Hex)

24/4E (Hex) A0E (Hex)

Table 20 Example of Half-Size Font Code

Display Character Character Code (C0 to C11)

1 31 (Hex)

2 32 (Hex)

0 30 (Hex)

, 2C (Hex)

M 4D (Hex)

C 43 (Hex)



Figure 24   Example of DD RAM Character Code (2-Line Display Mode)

Figure 25   Example of Liquid Crystal Display

HD66730
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0000
1010

1110
1100

0000
0010

1111
1110

0000
1010

1101
0100

0000
0111

0010
1110

0000
1101

0011
1111

0000
0101

1101
0100

0000
1101

1101
1100

0000
1010

0010
1110

1011
0001

0000
1010

0000
1110

1011
0010

1011
0000

1010
1100

1100
1101

1100
0011

 00 (Hex) 01 (Hex) 02 (Hex) 03 (Hex) 04 (Hex) 05 (Hex) 06 (Hex) 07 (Hex) 08 (Hex) 09 (Hex) 0A (Hex) 0B (Hex)

1st-line 
data

40 (Hex) 41 (Hex) 42 (Hex) 43 (Hex) 44 (Hex) 45 (Hex) 46 (Hex) 47 (Hex) 48 (Hex) 49 (Hex) 4A (Hex) 4B (Hex)

Address

Address

2nd-line 
data

0: Full-size designation
1: Half-size designation

,



Display Attribute Designation

The HD66730 allocates 12 bits of the full-size 16-
bit code character to an abbreviated character code
and 2 bits to a display-attribute code (figure 26).
White/black inverted display, blinking display, and
white/black inverted blinking display can be
designated for each full-size character (table 21).
Display attribute control is performed for a 12 × 13
dot matrix unit that includes a 11 × 12 dot full-size

character and a column of dots to the right and a
row of dots to the bottom (figure 27). The blinking
cycle for blinking display and white/black inverted
blinking display is 64 frames. Blinking display is
performed by changing the display pattern every
32 frames. Since the 8-bit code designated for half-
size characters cannot accommodate a display attri-
bute, they will always be displayed normally.
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Table 21 Display Attribute Designation

A1 A0 Display State

0 0 Normal display

0 1 White/black inverted display

1 0 Blinking display

1 1 White/black inverted blinking display

Figure 26   Full-Size Code Format

Upper character
code

0 A1 A0 0 C11 C10 C9 C8

Attribute 
code

Lower character code

C7 C6 C5 C4 C3 C2 C1 C0



Figure 27   Setting Codes in the DD RAM and Display Examples
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0000
1010

1110
1100

DD RAM 
code

Normal display

0010
1010

1110
1100

DD RAM 
code

White/black inverted display

0100
1010

1110
1100

DD RAM 
code

Blink display

0110
1010

1110
1100

DD RAM 
code

White/black inverted 
blinking display

a)  Example of normal display

b)  Example of white/black inverted display

c)  Example of blinking display

d)  Example of white/black inverted blinking display

Alternates display 
by  32 frames

Alternates display 
by  32 frames



Horizontal Smooth Scroll

Data shown on the display can be scrolled horizon-
tally to the left for a specified number of dots
(figure 28). The number of dots are set in scroll
control register 3 (SCR3: R7), and the display lines
to be scrolled are designated by the display line
enable bits (SE1/SE2/SE3/SE4) in scroll control
register 2 (SCR2: R6). Because the number of dots
that can be set for scrolling here is 48, scrolling for
more than this number can be achieved by shifting
to the left by four characters of character code data
in DD RAM for the scroll display line in question,
rewriting the characters, and then scrolling again.
When rewriting DD RAM while displaying char-
acters, however, character output will momentarily
breakdown, and the display may flicker. In this
case, first check which display lines are currently
being displayed by referring to NF1/0 (line 1 to the
line 4) and display raster-rows LF0 to LF3 (raster-
row 1 to raster-row 13) in the status register, and

then rewrite a DD RAM line that is not being
displayed. Keep in mind that scroll display line
enable bits (SE1 to SE4) can be used to designate
those display lines for which horizontal smooth
scroll is desired. 

In partial scroll, one to three leftmost characters on
the display as specified by the partial scroll bits
(PS1/0) of the scroll control register 2 (SCR: R6)
are fixed and the remaining characters undergo a
smooth scroll to perform partial smooth scroll.

When performing horizontal smooth scroll, the
number of characters to be displayed (NC1/0: R4)
must be at least 4 characters more than the number
of characters actually displayed on the liquid
crystal display. For example, set 10 or more
display characters (NC1/0) for a single-chip 6-
character display.
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Figure 28   Example of Horizontal Smooth Scroll Display
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Performs no shift
•  SCR3 = “00” (Hex)

Shifts to the left by  
one dot
•  SCR3 = “01” (Hex)

Shifts to the left by  
two dots
•  SCR3 = “02” (Hex)

Shifts to the left by  
ten dots
•  SCR3 = “0A” (Hex)

Shifts to the left by  
48 dots
•  SCR3 = “30” (Hex)



Examples of Register Setting

Figure 29   Example of Executing Smooth Scroll to the Left
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DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0R/W RS

0 0 0 0 0 0 11

0 1 0 0 0 1 Shifts the second line to the left by one dot

0 1 1 0 Shifts the second line to the left by two dots

0 1 1 0 Shifts the second line to the left by three dots

CPU  Wait

CPU  Wait

CPU  Wait

4

5

6

0000

1 00000

1 10000

0 1 0 0 0 12 1 000

Index register set (R6 designation)

Enables scroll (scrolls only the second line)

0 1 1 0 1 1 Shifts the second line to the left by 48 dots*51 0 000

1 0

0 0 0 0 0 0 0 13 Index register set (R7 designation)1 1

0



Note: The number of dots that can be specified for scrolling is 48. Scrolling for more than this
number can be achieved by rewriting DD RAM data and scrolling again from dot 0. 
Note that the number of characters shown on the LCD and the number of scroll characters
must be less than the number of maximum display characters (1-line display mode: 
40 characters, 2-line display mode: 20 characters, 4-line display mode: 10 characters).



Figure 30   Example of Executing Smooth Scroll to the Right
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0 1 1 0 0 0 Shifts the second line to the left by 48 dots*

0 1 1 0 Shifts the second line to the left by 47 dots

CPU  Wait

CPU  Wait

4

5

0 1 1 1 0 Shifts the second line to the left by one dot49

0011

1 11101

0 0 100

0 1 1 0 0 0 Perform no shift

CPU  Wait

51 0 000

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0R/W RS

0 0 0 0 0 0 0 11

0 1 0 0 0 12 1 000

Index register set (R6 designation)

Enables scroll (scrolls only the second line)

1 0

0 0 0 0 0 0 0 13 Index register set (R7 designation)1 1

Note: The number of dots that can be specified for scrolling is 48. Rewrite 48 dots (4 characters) 
of data inside the DD RAM and shift them to the right before scrolling. Scrolling for more 
than this number can be achieved by rewriting the data of DD RAM and begin scrolling 
from dot 48 again. Note that the number of characters shown on the LCD and the number 
of scroll characters must be less than the number of maximum display characters (1-line 
display mode: 40 characters, 2-line display mode: 20 characters, 4-line display mode: 
10 characters).




Partial Smooth Scroll

Partial smooth scroll displays one to three leftmost
characters as fixed while the remaining ones
undergo a horizontal smooth scroll in the left and
right direction. Specifically, the number of leftmost
characters to be fixed is specified by the partial
scroll bits (PS1/0) in the scroll control register 2
(SCR2: R6). For example, when bits PS1/0 are 10,
the two leftmost characters are fixed; when 11, the
three leftmost characters are fixed. 

Although half-size characters can be displayed in a
fixed display area, they must be displayed in even-
numbered groups of two, four or six characters.
Figure 31 shows an example of smooth scroll per-
formed in a display when bits PS1/0 are set to 10.
The two leftmost characters ( ) are displayed
as fixed, and the remaining four characters undergo
a smooth scroll.
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Figure 31   Example of Partial Smooth Scroll Display

Perform no shift
•  PS1/0 = “10”
•  SCR3 = “00” (Hex)

Shifts to the left by 
one dot
•  PS1/0 = “10”
•  SCR3 = “01” (Hex)

Shifts to the left by  
two dots
•  PS1/0 = “10”
•  SCR3 = “02” (Hex)

Shifts to the left by  
three dots
•  PS1/0 = “10”
•  SCR3 = “03” (Hex)

Shifts to the left by 
16 dots
•  PS1/0 = “10”
•  SCR3 = “0A” (Hex)

Shifts to the left by 
32 dots
•  PS1/0 = “10”
•  SCR3 = “20” (Hex)



Vertical Smooth Scroll

Vertical smooth scroll up and down can be per-
formed by setting the number of display lines
(NL1/0: R4) to a value greater than the actual
number of liquid crystal display lines, which can
be set by the duty drive ratio (DT1/0: R1) to 1/14
(1-line display), 1/27 (2-line display), 1/40 (3-line
display), or 1/53 (4-line display). The display line
setting (NL1/0: R4), which controls the display,
can select 1-line display mode, 2-line display
mode, or 4-line display mode.

For example, to perform normal vertical smooth
scroll for a 3-line liquid crystal display with a duty
ratio of 1/40, set the number of display lines
(NL1/0: R4) to 4 lines. Note that if vertical smooth
scroll is performed when the number of actual
liquid display lines is the same as the number of
set display lines, the display line that has scrolled

out of the display will appear again from the
bottom (or the top) (this function is called lap-
around). In a 4-line crystal liquid display, only the
lap-around function can be performed. Vertical
smooth scroll is controlled by incrementing or
decrementing the display line (SN1/0), which
indicates which line to start from, and the display
raster-row (SL0 to SL3). For example, when per-
forming smooth scroll up, the display raster-row
(SL0 to SL3) is incremented from 0000 to 1100 in
order to scroll 12 raster-rows. Moreover, by
incrementing the display line (SN1/0) and then
incrementing the display raster-row from 0000 to
1100 again, a total of 25 raster-rows can be
scrolled. Since the DD RAM is only 80 bytes, its
data must be rewritten when performing conti-
nuous scroll exceeding this capacity.

HD66730
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Figure 32   Example of Vertical Smooth Scroll Display
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Performs no scroll
•  SN1/0 = “00”
•  SL3 to 0 = “0000”

1-line scroll
•  SN1/0 = “00”
•  SL3 to 0 = “0001”

2-line scroll
•  SN1/0 = “00”
•  SL3 to 0 = “0010”

7-line scroll
•  SN1/0 = “00”
•  SL3 to 0 = “0111”

12-line scroll
•  SN1/0 = “00”
•  SL3 to 0 = “1100”



Examples of Register Setting (2-Line Liquid Crystal Drive: DT1/0 = 01, 
4-Line Display Mode: NL1/0 = 11)

Figure 33   Example of Performing Smooth Scroll Up
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DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0R/W RS

0 0 0 0 0 0 11 Index register set (R5 designation)0 10

0 1 0 0 0 1 Scrolls one raster-row up
(Begins display from the second raster-row of the first line)

2 0000

CPU  Wait

0 1 0 0 1 0
Scrolls two raster-rows up
(Begins display from the third raster-row of the first line)

3 0000

CPU  Wait

0 1 0 0 1 1
Scrolls three raster-rows up
(Begins display from the fourth raster-row of the first line)

4 0000

CPU  Wait

0 1 0 0 0 0 Scrolls 12 raster-rows up
(Begins display from the 13th raster-row of the first line)

13 1100

CPU  Wait

0 1 0 0 0 0 Scrolls 13 raster-rows up
(Begins display from the first raster-row of the second line  
and displays the second and third lines)

14 0001

CPU  Wait

0 1 0 0 0 0
Scrolls 25 raster-rows up
(Begins display from the 13th raster-row of the second line)

26 1101

CPU  Wait

0 1 0 1 0 0 Scrolls 26 raster-rows up
(Begins display from the first raster-row of the third line  
and displays the third and fourth lines)

27 0000

CPU  Wait

Note: The DD RAM has 80 bytes. For a 4-line display mode, a 4-line 10-character/line display can
therefore be performed. Although the line and raster-row for scrolling can be designated as desired,
the first raster-row of the first line will be displayed after displaying raster-row 13 of line 4.




Figure 34   Example of Performing Smooth Scroll Down
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DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0R/W RS

0 0 0 0 0 0 11 Index register set (R5 designation)0 10

0 1 0 1 0 0 Scrolls one raster-row down
(Begins display from the 13th raster-row of the fourth line)

2 1101

CPU  Wait

0 1 0 1 1 1 Scrolls two raster-rows down
(Begins display from the 12th raster-row of the fourth line)

3 0101

CPU  Wait

0 1 0 1 1 0 Scrolls three raster-rows down
(Begins display from the 11th raster-row of the fourth line)

4 0101

CPU  Wait

0 1 0 1 0 0 Scrolls 13 raster-rows down
(Begins display from the first raster-row of the fourth line)

14 0001

CPU  Wait

0 1 0 1 0 0 Scrolls 14 raster-rows down
(Begins display from the third raster-row of the 13th line)

15 1100

CPU  Wait

0 1 0 1 0 0 Scrolls 26 raster-rows down
(Begins display from the third raster-row of the first line)

27 0000

Note: The DD RAM has 80 bytes. For a 4-line display mode, a 4-line 10-character/line display can
therefore be performed. Although the line and raster-row for scrolling can be designated as
desired, the first raster-row of the first line will be displayed after displaying raster-row 13 of line 4.



Extension Driver LSI Interface

The HD66730 can interface with extension drivers
using extension driver interface signals CL1, CL2,
D, and M output from the HD66730, increasing the
number of display characters (figure 35). Although
the liquid crystal driver voltage that drives the

booster of the HD66730 can also be used as the
driver power supply of extension drivers, the
output voltage drop of the booster increases as the
load of the booster increases.

HD66730
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Figure 35   HD66730 and Extension Driver LSI Connection

COM1 to 
COM25

SEG1 to SEG72

SEG1 to SEG72

HD66730 2-line/6-character 
display

a) Single-chip operation

COM1 to 
COM25

C
L1

D

CL1
CL2

M

HD66730

SEG1 to 
SEG60

Extension driver

SEG1 
to 
SEG36

2-line/9-character display

b)  Using extension driver

C
L2

D M

HD44100R



Relationship between the Display
Position at Extension Display and the
Display Data RAM (DD RAM) Address

During 1-line display mode, up to 40 characters
can be displayed by using extension drivers. In this
case, DD RAM addresses H'00 to H'4F are
allocated to each display position. During 2-line

display, up to 20 characters can be displayed by
using extension drivers. DD RAM addresses H'00
to H'27 are allocated to the first line and H'40 to
H'67 to the second. See figure 36.
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Figure 36   Relationship between the Display Position at Extension Display and 
the Display Data RAM (DD RAM) Address
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01
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04
05
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08
09
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3F

40
41

42
43

44
45

46
47

48
49
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4C
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LCD-II/J6 HD44100R
No.1

HD44100R
No.2

HD44100R
No.3

HD44100R
No.4

HD44100R
No.5

HD44100R
No.6

HD44100R
No.7

HD44100R
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HD44100R
No.9

HD44100R
No.10

HD44100R
No.11

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

DD RAM
address

Display 
position

00
01

02
03

04
05

06
07

08
09
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0B

0C
0D
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10
11

12
13

14
15

16
17
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1D
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20
21
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23

24
25

26
27

LCD-II/J6 HD44100R
No.1

HD44100R
No.2

HD44100R
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HD44100R
No.4
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Interfacing with the Liquid Crystal
Panel

By connecting the HD66730 to extension drivers,
the display can be expanded up to a 1-line/40-char-
acter, 2-line/20-character, or a 4-line/10-character
display configuration. Bits DT1/0 set the duty
drive ratio and bits NC1/0 set the number of char-

acters per line. In addition, bits NL1/0 sets the
number of display lines during display read con-
trol. Table 22 shows the relationship between the
number of characters actually displayed on the
liquid crystal panel and the corresponding number
of extension drivers needed. 
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Table 22 Relationship between the Number of Liquid Crystal Display Characters and 
Extension Drivers

Number of Display Characters per Line

Display 6 10 12 16 20 40 Duty
Lines Characters Characters Characters Characters Characters Characters Drive

1 line (0/0) (2/0) (2/0) (3/0) (5/0) (11/0) 1/14

2 lines (0/0) (2/0) (2/0) (3/0) (5/0) Display 1/27
disabled

3 lines (0/1) (2/1) Display Display Display Display 1/40
disabled disabled disabled disabled

4 lines (0/1) (2/1) Display Display Display Display 1/53
disabled disabled disabled disabled

Notes: 1. Numbers in parentheses = (number of extension segment drivers/number of common drivers)
2. This is an example when using the HD44100R (40 output extension drivers), and when Nh

represents display characters and Nd extension driver outputs, the number of extension drivers
needed can generally be calculated as follows:
[Number of extension drivers] = (12 * Nh – 71 – 1)/Nd] ↑

3. The right-edge segment (space between characters) is not displayed in 6-character or
16-character display.

4. Horizontal smooth scroll cannot be performed during an 1-line/40-character, 2-line/20-character,
3-line/10-character, or 4-line/10-character display.



Example of Interfacing with a 1-Line Display Panel

Figure 37   Example of 1-Line/6-Character + 71-Segment Display (Using 1/14 Duty)

Figure 38   Example of 1-Line/12-Character + 71-Segment Display (Using 1/27 Duty)
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±  +  −  ×  :  =  ≠

COM1
COM2

SEG1
SEG2

SEG71

COMS

LCD-II/J6
1 6

COM12

SEG12

Note: The rightmost dot-column space of the 6th character cannot be displayed.

LCD-II/J6

± + − × : = ≠

COM1
COM2

COM12

COM14
COM15

COM25

SEG1
SEG2

SEG71

COMS

SEG12

1 6 7 12

Notes: 1.
2.

The rightmost dot-column space of the 6th character cannot be displayed.
The above figure shows how a liquid crystal panel can be arranged into a 1-line/
12-character display while operating the HD66730 in 2-line/6-character display mode.
Although the duty ratio becomes high, extension drivers will not be needed. COM13 for
spaces between display lines will not be needed.




Example of Interfacing with a 2-Line Display Panel

Figure 39   Example of 2-Line/6-Character + 71-Segment Display (Using 1/27 Duty)
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COM12
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Notes: 1.
2.

The rightmost dot-column space of the 6th character cannot be displayed.
When performing vertical smooth scroll, or displaying double-size characters or
graphic figures by the CG RAM, COM13 can be used for spaces between lines.
Display can be performed continuously vertically.




Figure 40   Example of 2-Line/12-Character + 96-Segment Display (Using 1/27 Duty)
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Note: COM13 is used for the space between the first line and the second line.



Figure 41   Example of 3-Line/6-Character + 71-Segment Display (Using 1/40 Duty)
(Example of 4-Line/6-Character + 71-Segment Display (Using 1/53 Duty))
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Y1
Y2

Y14

Y27

Y15

Common driver 
output for the 
display of the 
fourth line

Notes: 1.

2.


3.

The rightmost dot-column space of the 6th character cannot be displayed.

When performing vertical smooth scroll, or displaying double-size characters or graphic figures by the  
CG RAM, COM13 is used for spaces between lines. Display can be performed continuously vertically. 

HD44100 output usage: Y1 = 12th raster-row of the second line, Y2 = space between lines, Y3 to Y4 = 
third-line characters, Y15 = space between lines, Y16 to Y27 = fourth-line characters




Oscillator

Figure 42 shows the optimal value of the oscilla-
tion frequency or the external clock frequency
depends on the duty drive ratio setting (DT1/0),
number of display lines (NL1/0), and the number

of display characters (NC1/0) in the HD66730.
The oscillation frequency or the external clock
frequency must be adjusted according to the frame
frequency of the liquid crystal drive.
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Figure 42   Oscillator Connections

1)  When an external clock is used 2)  When an internal oscillator is used

OSC1 OSC1

OSC2

Clock
Rf

HD66730 HD66730

Note: The oscillator frequency can be adjusted by an oscillator resistor (Rf). Refer to Electrical
Characteristics for the relationship between the oscillator resistor (Rf) and the oscillator
frequency. If Rf is increased or power supply voltage is decreased, the oscillator frequency
decreases.



Relationship between the Oscillation Frequency
and the Liquid Crystal Display Frame
Frequency

Figures 43 to 46 and tables 23 to 26 show the
oscillation frequency and the external clock fre-
quency for various registor settings when the frame
frequency is 80 Hz.
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Figure 43   Frame Frequency (1/14 Duty Cycle)
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Table 23 1/14 Duty Drive

Number of Display Lines: 1-Line Display

(NL1/0 Set Value): (00)

Number of display characters 6 characters 20 characters 40 characters

(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 240 dots 480 dots

Number of dots per screen (kHz) 1008 dots 3360 dots 6720 dots

Oscillation frequency (kHz)* 80 270 540

Number of Display Lines: 2-line Display 

(NL1/0 Set Value): (01)

Number of display characters 6 characters 20 characters 40 characters

(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 120 dots 240 dots

Number of dots per screen (kHz) 1008 dots 1680 dots 3360 dots

Oscillation frequency (kHz)* 80 270 540

Number of Display Lines: 4-Line Display 

(NL1/0 Set Value): (11)

Number of display characters 6 characters 10 characters

(NC1/0 set value) (00) (01)

1-line selection period (dot) 72 dots 120 dots

Number of dots per screen (kHz) 1008 dots 1680 dots

Oscillation frequency (kHz)* 80 270

Note: * The frequencies in table 23 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that a optimum frame frequency can be obtained.
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1/27 Duty Cycle (DT1/0 = 01: 2-Line Drive)

Figure 44   Frame Frequency (1/27 Duty Cycle)

Table 24 1/27 Duty Drive

Number of Display Lines: 2-Line Display 

(NL1/0 Set Value): (01)

Number of display characters 6 characters 10 characters 20 characters

(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 120 dots 240 dots

Number of dots per screen (kHz) 1944 dots 3240 dots 6480 dots

Oscillation frequency (kHz)* 155 260 520

Number of Display Lines: 4-Line Display 

(NL1/0 Set Value): (11)

Number of display characters 6 characters 10 characters

(NC1/0 set value) (00) (01)

1-line selection period (dot) 72 dots 120 dots

Number of dots per screen (kHz) 1944 dots 3240 dots

Oscillation frequency (kHz)* 155 260

Note: * The frequencies in table 24 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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1/40 Duty Cycle (DT1/0 = 10: 3-Line Drive)

Figure 45   Frame Frequency (1/40 Duty Cycle)

Table 25 1/40 Duty Drive

Number of Display Lines: 4-Line Display 

(NL1/0 set value): (11)

Number of display characters 6 characters 10 characters

(NC1/0 set value) (00) (01)

1-line selection period (dot) 72 dots 120 dots

Number of dots per screen (kHz) 2880 dots 4800 dots

Oscillation frequency (kHz)* 230 385

Note: * The frequencies in table 25 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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1/53 Duty Cycle (DT1/0 = 11: 4-Line Drive)

Figure 46   Frame Frequency (1/53 Duty Cycle)

Table 26 1/53 Duty Drive

Number of Display Lines: 4-line Display (11)

(NL1/0 Setting Value): (00) (01)

Number of display characters 6 characters 10 characters

(NC1/0 setting value) (00) (01)

1-line selection period (dot) 72 dots 120 dots

Number of dots per screen (kHz) 3816 dots 6360 dots

Oscillation frequency (kHz)* 305 510

Note: * The frequencies in table 26 are examples when the frame frequency was is to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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Power Supply for Liquid Crystal
Display Drive

The HD66730 incorporates a booster for raising
the LCD voltage two or three times that of the
reference voltage input below VCC (figure 47).
A two or three times boosted voltage can be ob-
tained by externally attaching two or three 1-µF
capacitors.

If the LCD panel is large and needs a large amount
of drive current, the values of bleeder resistors that
generate the V1 to V5 potential are made smaller.
However, the load current in the booster and the
voltage drop increases in this case.

We recommend setting the resistance value of each
bleeder larger than 4.7 kW and to hold down the
DC load current to 0.4 mA if using a booster
circuit. An external power supply should supply
LCD voltage if the DC load current exceeds 0.7
mA (figure 48). Refer to Electrical Characteristics
showing the relationship between the load current
and booster voltage output. Table 27 shows the
duty factor and bleeder resistor value for power
supply for liquid crystal display drive.
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Table 27 Duty Factor and Bleeder Resistor Value for Power Supply for Liquid Crystal 
Display Drive

Item Data

Drive lines (DT1/0 setting value) 1 2 3 4

Duty factor 1/14 1/27 1/40 1/53

Bias 1/4.7 1/6.2 1/7.3 1/8.3

Bleeder resistance value R1 R R R R

R0 R*0.7 R*2.2 R*3.3 R*4.3

Note: * R changes depending on the size of a liquid crystal panel. Normally, R must be 5 kΩ to 10 kΩ.
Adjust R to the optimum value with the consumption current and display picture quality.

Figure 47   Example of Power Supply for Liquid Crystal Display Drive 
(with External Power Supply)
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Figure 48   Example of Power Supply for Liquid Crystal Display Drive (with Internal Booster)
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Notes: 1.
2.



3.


4.



5.


6.

The reference voltage input (Vci) must be set below the power supply	(VCC).
Current that flows into reference voltage input (Vci) is 2-3 times larger than the load current 
 flowing through bleeder resistors. Note that a reference voltage drop occurs due to the 
 current flowing into the Vci input when a reference voltage (Vci) is generated by resistor 
division.
The amount of output voltage (V5OUT2/V5OUT3) drop of a 	booster circuit also increases 
as the load current flowing through bleeder resistors increases. Thus, set the	bleeder 
resistance as large as possible (4.7 kW or greater) without affecting display picture quality.
Adjust the reference voltage input (Vci) according to the fluctuation of  booster 
characteristics because the output voltage	(V5OUT2/V5OUT3) drop depends on the load 
current, operation temperature, operation frequency, capacitance of external capacitors, 
and manufacturing	tolerance. Refer to Electrical Characteristics for details.
Adjust the reference voltage input (Vci) so that the output voltage (V5OUT2/V5OUT3) 
after boosting will not exceed the absolute maximum rating of liquid crystal power supply 
voltage (15 V).
Make sure that you connect polarized	capacitors correctly.



Absolute Maximum Ratings*

Item Symbol Value Unit Notes

Power supply voltage (1) VCC –0.3 to +7.0 V 1

Power supply voltage (2) VCC–V5 –0.3 to +17.0 V 1, 2

Input voltage Vt –0.3 to VCC + 0.3 V 1

Operating temperature Topr –20 to +75 °C 3

Storage temperature Tstg –55 to +125 °C 4

Note: * If the LSI is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability.
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DC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage (1) VIH1 0.7VCC — VCC V 5, 6
(except OSC1)

Input low voltage (1) VIL1 –0.3 — 0.2VCC V VCC = 2.7 to 3.0 V 5, 6
(except OSC1) –0.3 — 0.6 V VCC = 3.0 to 4.5 V

Input high voltage (2) VIH2 0.7VCC — VCC V 15
(OSC1)

Input low voltage (2) VIL2 — — 0.2VCC V 15
(OSC1)

Output high voltage (1) VOH1 0.75VCC — — V –IOH = 0.1 mA 7
(D0–D7)

Output low voltage (1) VOL1 — — 0.2VCC V IOL = 0.1 mA 7
(D0–D7)

Output high voltage (2) VOH2 0.8VCC — — V –IOH = 0.04 mA 8
(except D0–D7)

Output low voltage (2) VOL2 — — 0.2VCC V IOL = 0.04 mA 8
(except D0–D7)

Driver ON resistance RCOM — — 20 kΩ ±Id = 0.05 mA, 13
(COM) VLCD = 4 V

Driver ON resistance RSEG — — 30 kΩ ±Id = 0.05 mA, 13
(SEG) VLCD = 4 V

I/O leakage current ILI –1 — 1 µA VIN = 0 to VCC 9

Pull-up MOS current –Ip 5 50 120 µA VCC = 3 V
(RESET* pin) Vin = 0 V

Power supply current ICC — 0.15 0.30 mA Rf oscillation, 10, 14
external clock
VCC = 3 V, fOSC = 270 kHz

LCD voltage VLCD 3.0 — 15.0 V VCC–V5, 1/4.7 bias 16
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Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*

Output voltage VUP2 7.5 8.7 — V VCC = Vci = 4.5 V, 18
(V5OUT2 pin) Io = 0.25 mA,

C = 1 µF,
fOSC = 270 kHz,
Ta = 25°C

Output voltage VUP3 7.0 7.7 — V VCC = Vci = 2.7 V, 18
(V5OUT3 pin) Io = 0.25 mA,

C = 1 µF,
fOSC = 270 kHz,
Ta = 25°C

Input voltage VCi 2.0 — 5.0 V 18, 19

AC Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Clock Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition Notes*

External External clock frequency fcp 80 270 700 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time trcp — — 0.2 µs

External clock fall time trcp — — 0.2 µs

Rf Clock oscillation frequency fOSC 180 240 300 kHz Rf = 75 kΩ, 12
oscillation VCC = 3 V
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System Interface Timing Characteristics (1) (VCC = 2.7 V to 4.5 V, 
Ta = –20 to +75°C*3)

Bus Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tCYCE 1000 — — ns Figure 49

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 0 (T.B.D.) — —

Address hold time tAH 0 (T.B.D.) — —

Data set-up time tDSW 195 — —

Data hold time tH 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tCYCE 1000 — — ns Figure 50

Enable pulse width (high level) PWEH 450 — —

Enable rise/fall time tEr, tEf — — 25

Address set-up time (RS, R/W to E) tAS 0 (T.B.D.) — —

Address hold time tAH 0 (T.B.D.) — —

Data delay time tDDR — — 360

Data hold time tDHR 5 — —

Serial Interface Operation

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 1 — 20 µs Figure 51

Serial clock (high level width) tSCH 400 — — ns

Serial clock (low level width) tSCL 400 — —

Serial clock rise/fall time tscr, tscf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 200 — —

Serial input data hold time tSIH 200 — —

Serial output data delay time tSOD — — 360

Serial output data hold time tSOH 5 — —

HD66730

659



System Interface Timing Characteristics (2) (VCC = 4.5 V to 5.5 V, 
Ta = –20 to +75°C*3)

Bus Write Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tCYCE 500 — — ns Figure 49

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data set-up time tDSW 80 — —

Data hold time tH 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time tCYCE 500 — — ns Figure 50

Enable pulse width (high level) PWEH 230 — —

Enable rise/fall time tEr, tEf — — 20

Address set-up time (RS, R/W to E) tAS 40 — —

Address hold time tAH 10 — —

Data delay time tDDR — — 160

Data hold time tDHR 5 — —

Serial Interface Sequence

Item Symbol Min Typ Max Unit Test Condition

Serial clock cycle time tSCYC 0.5 — 20 µs Figure 51

Serial clock (high level width) tSCH 200 — — ns

Serial clock (low level width) tSCL 200 — —

Serial clock rise/fall time tscr, tscf — — 50

Chip select set-up time tCSU 60 — —

Chip select hold time tCH 20 — —

Serial input data set-up time tSISU 100 — —

Serial input data hold time tSIH 100 — —

Serial output data delay time tSOD — — 160

Serial output data hold time tSOH 5 — —
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Segment Extension Signal Timing Characteristics (VCC = 2.7 V to 5.5 V, 
Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Clock pulse width High level tCWH 800 — — ns Figure 52

Low level tCWL 800 — —

Clock set-up time tCSU 500 — —

Data set-up time tSU 300 — —

Data hold time tDH 300 — —

M delay time tDM –1000 — 1000

COMD set-up time tDSU 300

Clock rise/fall time COMD tct1 — — 700

Pins except tct2 — — 200
COMD

Reset Timing Characteristics (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tRES 10 — — ms Figure 53

Power Supply Conditions (VCC = 2.7 V to 5.5 V, Ta = –20 to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition

Power supply rise time trcc 0.1 — 10 ms Figure 54

Power supply off time tOFF 1 — —

HD66730
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Electrical Characteristics Notes

1. All voltage values are referred to GND = 0 V. If the LSI is used above the absolute maximum ratings, it
may become permanently damaged. Using the LSI within the electrical characteristic is strongly
recommended to ensure normal operation. If these electrical characteristic are exceeded, the LSI may
malfunction or exhibit poor reliability.

2. VCC ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 must be maintained.

3. For die products, specified up to 75°C.

4. For die products, specified by the die shipment specification.

5. The following four circuits are I/O pin configurations except for liquid crystal display output.

6. Applies to input pins and I/O pins, excluding the OSC1 pin.

7. Applies to I/O pins.

8. Applies to output pins.

9. Current flowing through pull-up MOSs, excluding output drive MOSs.
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10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive
current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.

11. Applies only to external clock operation.

12. Applies only to the internal oscillator operation using oscillation resistor Rf.
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13. RCOM is the resistance between the power supply pins (VCC, V1, V4, V5) and each common signal pin
(COM0 to COM25).

RSEG is the resistance between the power supply pins (VCC, V2, V3, V5) and each segment signal pin
(SEG1 to SEG71).

14. The following graphs show the relationship between operation frequency and current consumption
(referential data).

15. Applies to the OSC1 pin.

16. Each COM and SEG output voltage is within ±0.15 V of the LCD voltage (VCC, V1, V2, V3, V4, V5)
when there is no load.

17. The TEST pin must be fixed to ground, and the IM pin must also be connected to VCC or ground. 

18. Booster characteristics test circuits are shown below. 

19. Vci ≤ VCC must be maintained.

664

HD66730

typ.

0 

1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

I C
C

 (
m

A
)

fOSC or fcp (kHz)

VCC = 5 V

typ.
(Normal display
mode)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

VCC = 3 V

I C
C

 (
m

A
)

fOSC or fcp (kHz)

100 200 300 400 0 100 200 300 400500 500

GND

VCC

1 µF

1 µF

Vci

C1

C2

V5OUT2

V5OUT3

+

(Triple boosting)

+

1 µF+

GND

VCC

1 µF

Vci

C1

C2

V5OUT2

V5OUT3

(Double boosting)

+

1 µF+

Rload Rload

IOIO



Load Circuits

AC Characteristics Test Load Circuits
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Data bus:  DB0 to DB7, SOD

Test
point

50 pF

Segment extension signals:  

30 pF

Test
point

CL1, CL2, SEGD, 
M, COM



Timing Characteristics

Figure 49   Bus Write Operation

Figure 50   Bus Read Operation
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Figure 51   Serial Interface Timing

Figure 52   Interface Timing with Extension Driver
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Figure 53   Reset Timing

Figure 54   Power Supply Sequemce
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RESET* VIL1 VIL1

tRES

VCC

2.7 V/4.5 V*2

0.2 V

trcc

0.2 V 0.2 V

0.1 ms ≤ trcc ≤ 10 ms

tOFF
*1

tOFF ≥ 1 ms

Notes: 1.

2.

tOFF compensates for the power oscillation period caused by momentary power supply 
oscillations.
Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation.



HD44102
(Dot Matrix Liquid Crystal Graphic Display 

Column Driver)

Description

The HD44102 is a column (segment) driver for dot
matrix liquid crystal graphic display systems,
storing the display data transferred from a 4-bit or
8-bit microcomputer in the internal display RAM
and generating dot matrix liquid crystal driving
signals.

Each bit data of display RAM corresponds to
on/off state of each dot of a liquid crystal display
to provide more flexible than character display.

The HD44102 is produced by the CMOS process.
Therefore, the combination of HD44102 with a
CMOS microcontroller can complete portable
battery-driven unit utilizing the liquid crystal
display’s low power dissipation.

The combination of HD44102 with the row
(common) driver HD44103 facilitates dot matrix
liquid crystal graphic display system configuration.

Features

• Dot matrix liquid crystal graphic display column
driver incorporating display RAM

• Interfaces with 4-bit or 8-bit MPU
• RAM data directly displayed by internal display

RAM
— RAM bit data 1: On

— RAM bit data 0: Off

• Display RAM capacity: 50 × 8 × 4 (1600 bits)
• Internal liquid crystal display driver circuit

(segment output): 50 segment signal drivers 
• Duty factor (can be controlled by external input

waveform)
— Selectable duty factors: 1/8, 1/12, 1/16, 1/24,

1/32

• Wide range of instruction functions
— Display data read/write, display on/off, set

address, set display

— Start page, set up/down, read status

• Low power dissipation
• Power supplies:

— VCC = 5V ± 10%

— VEE = 0 to –5 V

• CMOS process

Ordering Information

Type No. Package

HD44102CH 80-pin plastic QFP (FP-80)

HD44102D Chip



Pin Arrangement
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Block Diagram
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Pin Description

Pin Pin 
Name Number I/O Function

Y1–Y50 50 O Liquid crystal display drive output.

Relationship among output level, M and display data (D):

CS1–CS3 3 I Chip select

CS1 CS2 CS3 State

L L L Non-selected

L L H Non-selected

L H L Non-selected

L H H Selected read/write enable

H L L Selected write enable only

H L H Selected write enable only

H H L Selected write enable only

H H H Selected read/write enable

E 1 I Enable

• At write (R/W = Low)
Data of DB0 to DB7 is latched at the fall of E.

• At read (R/W = High)
Data appears at DB0 to DB7 while E is at high level.

R/W 1 1 Read/write

• R/W = High
Data appears at DB0 to DB7 and can be read by the CPU when
E = high and CS2, CS3 = high.

• R/W = Low
DB0 to DB7 can accept input when CS2, CS3 = high or CS1 =
high.

D/I 1 I Data/instruction

• D/I = High
Indicates that the data of DB0 to DB7 is display data.

• D/I = Low
Indicates that the data of DB0 to DB7 is display control data.

M

D

Output
level

1 0

1 0 1 0

V1 V3 V2 V4
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Pin Pin 
Name Number I/O Function

DB0–DB7 8 I/O Data bus, three-state I/O common terminal

E R/W CS1 CS2 CS3 State of DB0 to DB7

H H * H H Output state

* L H * * Input state,

* L * H H high impedance

Others High impedance

M 1 I Signal to convert liquid crystal display drive output to AC.

CL 1 I Display synchronous signal

At the rise of CL signal, the liquid crystal display drive signal
corresponding to display data appears.

FRM 1 I Display synchronous signal (frame signal)

This signal presets the 5-bit display line counter and synchronizes a
common signal with the frame timing when the FRM signal
becomes high.

ø1, ø2 2 I 2-phase clock signal for internal operation

The ø1 and ø2 clocks are used to perform the operations
(input/output of display data and execution of instructions) other
than display.

RST 1 I Reset signal

The display disappears and Y address counter is set in the up
counter state by setting the RST signal to low level. After releasing
reset, the display off state and up mode is held until the state is
changed by the instruction.

BS 1 I Bus select signal

• BS = Low
DB0 to DB7 operate for 8-bit length.

• BS = High
DB4 to DB7 are valid for 4-bit length only.
8-bit data is accessed twice in the high and low order.

V1, V2, 4 Power supply for liquid crystal display drive
V3, V4 V1 and V2: Selected level

V3 and V4: Non-selected level

VCC 3 Power supply
GND VCC–GND: Power supply for internal logic
VEE VCC–VEE: Power supply for liquid crystal display drive circuit logic

HD44102
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Function of Each Block

Interface Logic

The HD44102 can use the data bus in 4-bit or 8-bit
word length to enable interface to a 4-bit or 8-bit
CPU.

1. 4 bit mode (BS = High)

8-bit data is transferred twice for every 4 bits
through the data bus when the BS signal is
high.

The data bus uses the high order 4 bits (DB4
to DB7). First, the high order 4 bits (DB4 to

DB7 in 8-bit data length) are transferred and
then the low order 4 bits (DB0 to DB3 in 8-bit
data length).

2. 8-bit mode (BS= Low)

If the BS signal is low, the 8 data bus lines
(DB0 to DB7) are used for data transfer.

DB7: MSB (most significant bit)

DB0: LSB (least significant bit)

For AC timing, refer to note 12 to note 15 of
“Electrical Characteristics.”
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Figure 1   4-Bit Mode Timing

BUSY X1 X3 BUSY D7 D3

U/D X0 X2 U/D D6 D2

OFF/ON Y5 Y1 OFF/ON D5 D1

RESET Y4 Y0 RESET D4 D0

Busy flag

D/I

R/W

E

DB7

DB6

DB5

DB4

Busy flag
check
(status 
read)

Address
high order
write

Address
low order
write

Busy flag
check
(status
read)

Data high
order write

Data low
order write

Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the fall 
of the second E signal. The status read is executed once. After the execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is checked 
after the transfer of the high order 4 bits, retransfer data from the higher order bits. No busy 
check is required in the transfer between the high and low order bits.



Input Register

8-bit data is written into this register by the CPU.
The instruction and display data are distinguished
by the 8-bit data and D/I signal and then a given
operation is performed. Data is received at the fall
of the E signal when the CS is in the select state
and R/W is in write state.

Output Register

The output register holds the data read from the
display data RAM. After display data is read, the
display data at the address now indicated is set in
this output register. After that, the address is
increased or decreased by 1. Therefore, when an
address is set, the correct data doesn’t appear at the
read of the first display data. The data at a
specified address appears at the second read of data
(figure 2).

X, Y Address Counter

The X, Y address counter holds an address for
reading/writing display data RAM. An address is
set in it by the instruction. The Y address register

is composed of a 50-bit up/down counter. The
address is increased or decreased by 1 by the
read/write operation of display data. The up/down
mode can be determined by the instruction or RST
signal. The Y address register counts by looping
the values of 0 to 49. The X address register has no
count function.

Display On/Off Flip/Flop

This flip/flop is set to on/off state by the instruc-
tion or RST signal. In the off state, the latch of
display data RAM output is held reset and the
display data output is set to 0. Therefore, display
disappears. In the on state, the display data appears
according to the data in the RAM and is displayed.
The display data in the RAM is independent of the
display on/off.

Up/Down Flip/Flop

This flip/flop determines the count mode of the Y
address counter. In the up mode, the Y address
register is increased by 1. 0 follows 49. In the
down mode, the register is decreased by 1. 0 is
followed by 49.

HD44102
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Figure 2   Data Output
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Display Page Register

The display page register holds the 2-bit data that
indicates a display start page. This value is preset
to the high order 2 bits of the Z address counter by
the FRM signal. This value indicates the value of
the display RAM page displayed at the top of the
screen.

Busy Flag

After an instruction other than status read is
accepted, the busy flag is set during its effective
period, and reset when the instruction is not
effective (figure 3). The value can be read out on
DB7 by the status read instruction.

The HD44102 cannot accept any other instructions
than the status read in the busy state. Make sure the
busy flag is reset before issuing an instruction.

Z Address Counter

The Z address counter is a 5-bit counter that counts
up at the fall of CL signal and generates an address
for outputting the display data synchronized with
the common signal. 0 is preset to the low order 3
bits and a display start page to the high order 2 bits
by the FRM signal.

Latch

The display data from the display data RAM is
latched at the rise of CL signal.

Liquid Crystal Driver Circuit

Each of 50 driver circuits is a multiplex circuit
composed of 4 CMOS switches. The combination
of display data from latches and the M signal
causes one of the 4 liquid crystal driver levels, V1,
V2, V3 and V4 to be output.
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Figure 3   Busy Flag
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Display RAM

Figure 4   Relationship between Data in RAM and Display (Display Start Page 0, 1/32 Duty)
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Display Control Instructions

Read/Write Display Data

Sends or receives data to or from the address of the
display RAM specified in advance. However, a
dummy read may be required for reading display
data. Refer to the description of the output register
in Function of Each Block.

Display On/Off

Set X/Y Address

Display Start Page

MSB DB LSB

R/W

0



0



0



0



D/I

0



0



0



0

7
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1
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1



1



1

2

1



1



1



1

1

1



1



1



1

0

0



0



0



0

...... Refer to figure 5 (a)

...... Refer to figure 5 (b)

...... Refer to figure 5 (c)

Display start page

...... Refer to figure 5 (d)
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Binary numbers of 0–49

X address
(page)

Y address
(address)

Y address



L
M
L
M
L
M
L
M

00

01

10

11

Page 0

Page 1

Page 2

Page 3

Display Data RAM

48  490  1 ....

MSB DB LSB

R/W

0

0

D/I

0

0

7

0

0

6

0

0

5

1

1

4

1

1

3

1

1

2

0

0

1

0

0

0

1

0

Display on

Display off

Turns the display on/off. RAM data is not affected.

MSB DB LSB

R/W

1



0

D/I

1



1

7 6 5 4 3 2 1 0

(Display data)

Read (CPU ← HD44102)

(Display data)

Write (CPU → HD44102)
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Specifies the RAM page displayed at the top of the
screen. Display is as shown in figure 4. When the
display duty factor is more than 1/32 (for example,

1/24, 1/16), display begins at a page specified by
the display start page only by the number of lines.

HD44102
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Figure 5   Display Start Page
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Up/Down Set

Status Read

MSB DB LSB

R/W

1

D/I

0

7 6 5 4 3 2 1 0

B
U
S
Y

U
P
 /
D
O
W
N

O
F
F
 /
O
N

R
E
B
E
T

0 0 0 0

Goes to 1 when RST is in the reset state
(busy also goes to 1).

Goes to 0 when RST is in the operating state.

Goes to 1 in the display off state.

Goes to 0 on the display on state.

Goes to 1 when address counter is in the up mode.

Goes to 0 when address counter is in the down
mode.

Goes to 1 while all other instructions are being
executed.

While 1, none of the other instructions are
accepted.
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Sets Y address register in the up/down counter 
mode.
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Connection between LCD Drivers (Example of 1/32 Duty Factor)

Figure 6   1/32 Duty Factor Connection Example

HD44102

681

CR R C

HD44103
(Master)

X1

X50
SHL
M/S
FS

DS1
DS2
DS3

FRM
M

CLDL DR ø1 ø2

Open

Open Open Open

To liquid
crystal display

VCC
GND

DL DR ø1

HD44103
(Slave)

FRM
M

CL
X1




X12
SHL
M/S
FS

DS1
DS2
DS3

CR R C

ø2

VCC

Open Open

To liquid
crystal display

VCC
GND

Y1 Y50

To liquid crystal display

HD44102
No. 1

FRM

M

CL

ø1
ø2

Y1 Y50

To liquid crystal display

HD44102
No. 2

FRM

M

CL

ø1

ø2

Open



Interface to MPU

1.  Example of Connection to HD6800

In the decoder given in this example, the addresses
of HD44102 in the address space of HD6800 are:

Read/write of display data: $'FFFF'
Write of display instruction: $'FFFE'
Read of status: $'FFFE'

Thus, the HD44102 can be controlled by reading/
writing data at these addresses.
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Figure 7   Example of Connection to HD6800 Series
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2.  Example of Connection to HD6801

• The HD6801 is set to mode 5. P10–P14 are used
as output ports, and P30–P37 are used as the
data bus.

• The 74LS154 is a 4-to-16 decoder that decodes
4 bits of P10–P13 to select the chips.

• Therefore, the HD44102 can be controlled by
selecting the chips through P10–P13 and speci-

fying the D/I signal through P14 in advance, and
later conducting memory read or write for
external memory space $0100 to $01FF of
HD6801. The IOS signal is output to SC1, and
the R/W signal is output to SC2.

• For further details on HD6800 and HD6801,
refer to their manuals.

HD44102
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Figure 8   Example of Connection to HD6801
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Connection to Liquid Crystal Display

Figure 9   Example of Connection to 1/32 Duty Factor, 1-Screen Display

Figure 10   Example of Connection to 1/16 Duty Factor, 1-Screen Display
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Figure 11  Example of Connection to 1/32 Duty Factor, 2-Screen Display
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Limitations on Using 4-Bit Interface Function

The HD44102 usually transfers display control
data and display data via 8-bit data bus. It also has
the 4-bit interface function in which the HD44102
transfers 8-bit data by dividing it into the high-
order 4 bits and the low-order 4-bits in order to
reduce the number of wires to be connected. You
should take an extra care in using the application
with the 4-bit interface function since it has the
following limitations.

Limitations

The HD44102 is designed to transfer the high-
order 4-bits and the low-order 4-bits of data in that
order after busy check. The LSI does not work
normally if the signals are in the following state for

the time period (indicated with (*) in figure 11)
from when the high-order 4 bits are written (or
read) to when the low-order 4 bits are written (or
read); R/W = high and D/I = low while the chip is
being selected (CS1 = high and CS2 = CS3 = don’t
care, or CS1 = low and CS2 = CS3 = high).

If the signals are in the limited state mentioned
before for the time period indicated with (*) the
LSI does not work normally. Please do not make
the signals indicated with dotted lines simulta-
neously. As far as the time period indicated with
(**), there is no problem.

The following explains how the malfunction is
caused and gives the measures in application.
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Cause

Busy check checks if the LSI is ready to accept the
next instruction or display data by reading the
status register to the HD44102. And at the same
time, it resets the internal counter counting the
order of high-order data and low-order data. This
function makes the LSI ready to accept only the
high-order data after busy check. Strictly speaking,
if R/W = high and D/I = low while the chip is
being selected, the internal counter is reset and the
LSI gets ready to accept high-order bits. Therefore,
the LSI takes low-order data for high-order data if
the state mentioned above exist in the interval
between transferring high-order data and trans-
ferring low-order data.

Measures in Application

1. HD44102 controlled via port

When you control the HD44102 with the port
of a single-chip microcomputer, you should
take care of the software and observe the
limitations strictly.

2. HD44102 controlled via bus

a. Malfunction caused by hazard

Hazard of input signals may also cause
the phenomenon mentioned before. The
phase shift at transition of the input
signals may cause the malfunction and so
the AC characteristics must be carefully
studied.
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Figure 13   Input Hazard
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b. Using 2-byte instruction

In an application with the HD6303, you
can prevent malfunction by using 2-byte
instructions such as STD and STX. This is
because the high-order and low-order data
are accessed in that order without a break
in the last machine cycle of the instruction
and R/W and D/I do not change in the
meantime. However, you cannot use the
least significant bit of the address signals
as the D/I signal since the address for the

second byte has an added 1. Design the
CS decoder so that the addresses for the
HD44102 should be 2N and 2N + 1, and
that those addresses should be accessed
when using 2-byte instructions. For
example, in figure 15 the address signal
A1 is used as D/I signal and A2–A15 are
used for the CS decoder. Addresses 4N
and 4N+1 are for instruction access and
addresses 4N + 2 and 4N + 3 are for
display data access.
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Figure 14   2-Byte Instruction

Figure 15   HD6303 Interface
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Absolute Maximum Ratings

Item Symbol Value Unit Notes

Supply voltage (1) VCC –0.3 to +7.0 V 1

Supply voltage (2) VEE VCC –13.5 to VCC + 0.3 V

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Referenced to GND = 0.
2. Applied to input terminals (except V1, V2, V3, and V4), and I/O common terminals.
3. Applied to terminals V1, V2, V3, and V4.
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Electrical Characteristics (VCC = +5 V ±10%, GND = 0 V, VEE = 0 to –6 V, 
Ta = –20 to 75°C)(Note 4)

Item Symbol Min Typ Max Unit Test Condition Note

Input high voltage (CMOS) VIHC 0.7 × VCC — VCC V 5

Input low voltage (CMOS) VILC 0 — 0.3 × VCC V 5

Input high voltage (TTL) VIHT +2.0 — VCC V 6

Input low voltage (TTL) VILT 0 — +0.8 V 6

Output high voltage VOH +3.5 — — V IOH = –250 µA 7

Output low voltage VOL — — +0.4 V IOL = +1.6 mA 7

Vi-Xj ON resistance RON — — 7.5 kΩ VEE = –5 V ± 10%,
load current 100 µA

Input leakage current (1) IIL1 –1 — +1 µA VIN = VCC to GND 8

Input leakage current (2) IIL2 –2 — +2 µA VIN = VCC to VEE 9

Operating frequency fCLK 25 — 350 kHz ø1, ø2 frequency 10

Dissipation current (1) ICC1 — — 100 µA fclk = 200 kHz frame = 11
65 Hz during display

Dissipation current (2) ICC2 — — 500 µA Access cycle 1 MHz 12
at access

Notes: 4. Specified within this range unless otherwise noted.
5. Applied to M, FRM, CL, BS, RST, ø1, ø2.
6. Applied to CS1 to CS3, E, D/I, R/W and DB0 to DB7.
7. Applied to DB0 to DB7.
8. Applied to input terminals, M, FRM, CL, BS, RST, ø1, ø2, CS1 to CS3, E, D/I and R/W, and I/O

common terminals DB0 to DB7 at high impedance.
9. Applied to V1, V2, V3, and V4.
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10. ø1 and ø2 AC characteristics.

Symbol Min Typ Max Unit

Duty factor Duty 20 25 30 %

Fall time tf — — 100 ns

Rise time tr — — 100 ns

Phase difference time tl2 0.8 — — µs

Phase difference time t21 0.8 — — µs

Tl + Th — — 40 µs

11. Measured by VCC terminal at no output load, at 1/32 duty factor, an frame frequency of 65 Hz, in
checker pattern display. Access from the CPU is stopped.

12. Measured by VCC terminal at no output load, 1/32 duty factor and frame frequency of 65 Hz.
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Interface AC Characteristics

Item Symbol Min Typ Max Unit Notes

C cycle time tCYC 1000 — — ns 13, 14

E high level width PWEH 450 — — ns 13, 14

E low level width PWEL 450 — — ns 13, 14

E rise time tr — — 25 ns 13, 14

E fall time tf — — 25 ns 13, 14

Address setup time tAS 140 — — ns 13, 14

Address hold time tAH 10 — — ns 13, 14

Data setup time tDSW 200 — — ns 13

Data delay time tDDR — — 320 ns 14, 15

Data hold time at write tDHW 10 — — ns 13

Data hold time at read tDHR 20 — — ns 14

Notes: 13. At CPU write

14. At CPU read

692

HD44102

2.0 V
0.8 V

2.0 V
0.8 V

2.0 V
0.8 V

tCYC

PWEL PWEH

tr
tAS

tAS tAH

tAH

tf

2.0 V
0.8 V

tDSW tDHW

E

R/W

CS1–CS3
D/I

DB0–DB7

tr

tCYC

PWEL PWEH

tAS

tAS

tf

tAH
tAH

2.0 V
0.8 V

2.0 V
0.8 V

2.0 V
0.8 V

tDDR

2.4 V
0.4 V

tDHR

E

R/W

CS1–CS3
D/I

DB0–DB7



15. DB0 to DB7 load circuits

16. Display off at initial power up.
The HD44102 can be placed in the display off state by setting terminal RST to low at initial
power up.
No instruction other than the read status can be accepted while the RST is at the low level.

Symbol Min Typ Max Unit

Reset time tRST 1.0 — — µs

Rise time tr — — 200 ns
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HD44103
(Dot Matrix Liquid Crystal Graphic Display 

20-Channel Common Driver)

Description

The HD44103 is a common signal driver for dot
matrix liquid crystal graphic display systems. It
generates the timing signals required for display
with its internal oscillator and supplies them to the
column driver (HD44102) to control display, also
automatically scanning the common signals of the
liquid crystal according to the display duty. It can
select 5 types of display duty ratio: 1/8, 1/12, 1/16,
1/24, and 1/32. 20 driver output lines are provided,
and the impedance is low (500 Ω max.) to enable a
large screen to be driven.

Features

• Dot matrix liquid crystal graphic display com-
mon driver incorporating the timing generation
circuit

• Internal oscillator (oscillation frequency can be
selected by attaching an oscillation resistor and
an oscillation capacity)

• Generates display timing signals
• 20-bit bidirectional shift register for generating

common signals
• 20 liquid crystal driver circuits with low output

impedance
• Selectable display duty ratio: 1/8, 1/12, 1/16,

1/24, 1/32
• Low power dissipation
• Power supplies

— VCC: 5 V ±10%

— VEE: 0 to –5.5 V

• CMOS process

Ordering Information

Type No. Package

HD44103CH 60-pin plastic QFP (FP-60)



Pin Arrangement
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Block Diagram
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Pin Description

Pin
Pin Name Number I/O Function

X1–X20 20 O Liquid crystal display driver output.
Relationship among output level, M, and data (D) in shift register:

CR, R, C 3 Oscillator

M 1 I/O Signal for converting liquid crystal display driver signal into AC.

Master: Output terminal
Slave: Input terminal

CL 1 I/O Shift register shift clock.

Master: Output terminal
Slave: Input terminal

FRM 1 O Frame signal, display synchronous signal.

DS1–DS3 3 I Display duty ratio select.

Display
Duty Ratio 1/24 1/12 X 1/32 1/16 1/8

DS1 L H L H L H L H

DS2 L L H H L L H H

DS3 L L L L H H H H

HD44103
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Pin
Pin Name Number I/O Function

FS 1 I Frequency select.

The relationship between the frame frequency fFRM and the oscillation
frequency fOSC is as follows:

FS = High: fOSC = 6144 × fFRM (1)
FS = Low: fOSC = 3072 × fFRM (2)

Example (1) When FS = high, adjust Rf and Cf so that the oscillation
frequency is approx. 430 kHz if the frame frequency is
70 Hz.

Example (2) When FS = low, adjust Rf and Cf so that the oscillation is
approx. 215 kHz, in order to obtain the same display
waveforms as example 1. When compared with example
1, the power dissipation is reduced because of operation
at lower frequency. However, the operating clocks ø1 and
ø2 supplied to the column driver have lower frequencies.
Therefore, the access time of the column driver HD44102
becomes longer.

DL, DR 2 I/O Data I/O terminals of bidirectional shift register.

SHL 1 I Shift direction select of bidirectional shift register.

SHL Shift Direction

H DL → DR

L DL ← DR

M/S 1 I Master/slave select.

• M/S = High: Master mode
The oscillator and timing generation circuit supply display timing
signals to the display system. Each of I/O common terminals, DL,
DR, M, and CL is placed in the output state.

• M/S = Low: Slave mode
The timing generation circuit stops operating. The oscillator is not
required. Connect terminal CR to VCC. 
Open terminals C and R. One (determined by SHL) of DL and DR,
and terminals M and CI are placed in the input state. Connect M, CL
and one of DL and DR of the master to the respective terminals.
Connect FS, DS1, DS2, and DS3 to VCC.

When display duty ratio is 1/8, 1/12, or 1/16, one HD44103 is required.
Use it in the master mode.

When display duty ratio is 1/24 or 1/32, two HD44103s are required.
Use the one in the master mode to drive common signals 1 to 20, and
the other in the slave mode to drive common signals 21 to 24 (32).
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Pin
Pin Name Number I/O Function

ø1, ø2 2 O Operating clock output terminals for HD44102.

The frequencies of ø1 and ø2 become half of oscillation frequency.

V1, V2, 4 Liquid crystal display driver level power supply.
V5, V6 V1 and V2: Selected level

V5 and V6: Non-selected level

VCC 3 Power supply.
GND VCC – GND: Power supply for internal logic
VEE VCC – VEE: Power supply for driver circuit logic

HD44103

699



700

HD44103

Block Functions

Oscillator

The oscillator is a CR oscillator attached to an
oscillation resistor Rf and oscillation capacity Cf.
The oscillation frequency varies with the values of
Rf and Cf and the mounting conditions. Refer to
Electrical Characteristics (note 11) to make proper
adjustment.

Timing Generation Circuit

This circuit divides the signals from the oscillator
and generates display timing signals (M, CL, and
FRM) and operating clock (ø1 and ø2) for
HD44102 according to the display duty ratio set by
DS1 to DS3. In the slave mode, this block stops
operating. It is meaningless to set FS, DS1 to DS3.
However, connect them to VCC to prevent floating
current.

Bidirectional Shift Register

20-bit bidirectional shift register. The shift
direction is determined by SHL. The data input
from DL or DR performs a shift operation at the
rise of shift clock CL.

Liquid Crystal Display Driver Circuit

Each of 20 driver circuits is a multiplex circuit
composed of 4 CMOS switches. The combination
of the data from the shift register with M signal
allows one of the four liquid crystal display driver
levels V1, V2, V5, and V6 to be transferred to the
output terminals.

Applications

Refer to the applications of the HD44102.



Absolute Maximum Ratings

Item Symbol Rated Value Unit Notes

Supply voltage (1) VCC –0.3 to +7.0 V 1

Supply voltage (2) VEE VCC – 13.5 to VCC + 0.3 V 4

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Referenced to GND = 0.
2. Applied to input terminals (except V1, V2, V5, and V6) and I/O common terminals.
3. Applied to terminals V1, V2, V5, and V6.
4. Connect a protection resistor of 220 Ω ± 5% to VEE power supply in series.
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Electrical Characteristics (VCC = +5 V ±10%, GND = 0 V, VEE = 0 to –5.5 V, 
Ta = –20 to +75°C)*5

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage VIH 0.7 × VCC — VCC V 2

Input low voltage VIL 0 — 0.3 × VCC V 2

Output high voltage VOH VCC – 0.4 — — V IOH = –400 µA 3

Output low voltage VOL — — 0.4 V IOL = +400 µA 3

Vi-Xj on resistance RON — — 500 Ω VEE = –5 ± 10%,
load current ±150 µA

Input leakage current (1) IIL1 –1 — 1 µA VIN = VCC to GND 4

Input leakage current (2) IIL2 –2 — 2 µA VIN = VCC to VEE 5

Shift frequency fSFT — — 50 kHz In slave mode 6

Oscillation frequency fOSC 350 430 480 kHz Rf = 68 kΩ ± 2% 7
Cf = 10 pF ± 5%

External clock operating fcp 50 — 500 kHz
frequency

External clock duty Duty 45 50 55 % 8

External clock rise time trcp — — 50 ns 8

External clock fall time tfcp — — 50 ns 8

Dissipation power (master) Pw1 — — 5.5 mW CR oscillation = 9
430 kHz

Dissipation power (slave) Pw2 — — 2.75 mW Frame frequency = 10
70 Hz

Notes: 1. Specified within this range unless otherwise noted.
2. Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR, and DL.
3. Applied to DL, DR, M, FRM, CL, ø1, and ø2.
4. Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/O common terminals DL,

DR, M, and CL at high impedance.
5. Applied to V1, V2, V5, and V6.
6. Shift operation timing
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7. Relationship between oscillation frequency and Rf/Cf

8.

9. Measured by VCC terminal at output non-load of Rf = 68 kΩ ± 2% and Cf = 10 pF ± 5%, 1/32
duty factor in the master mode. Input terminals must be fixed at VCC or GND while measuring.

10. Measured by VCC terminal at output non-load, 1/32 duty factor, frame frequency of 70 Hz in the
slave mode. Input terminals must be fixed at VCC or GND while measuring.
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HD44105
(Dot Matrix Liquid Crystal Graphic Display 

Common Driver)

Description

The HD44105 is a common signal driver for LCD
dot matrix graphic display systems. It generates the
timing signals required for display with its internal
oscillator and supplies them to the column driver
(HD44102) to control display, also automatically
scanning the common signals of the liquid crystal
according to the display duty cycle.

It can select 7 types of display duty cycle 1/8, 1/12,
1/16, 1/24, 1/32, 1/48, and 1/64. It provides 32
driver output lines and the impedance is low (1 kΩ
max) enough to drive a large screen.

Features

• Dot matrix graphic display common driver
including the timing generation circuit

• Internal oscillator (oscillation frequency is
selectable by attaching an oscillation resistor and
an oscillation capacitor)

• Generates display timing signals
• 32-bit bidirectional shift register for generating

common signals
• 32 liquid crystal driver circuits with low

impedance
• Selectable display duty ratio: 1/8, 1/12, 1/16,

1/24, 1/32, 1/48, 1/64
• Low power dissipation
• Power supplies:

— VCC = +5 V ±10%

— VEE = 0 to –5.5 V

• CMOS process

Ordering Information

Type No. Package

HD44105H 60-pin plastic QFP (FP-60)

HD44105D Chip



Pin Arrangement
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Block Diagram
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Pin Description

Pin Name Pin Number I/O Function

X1–X32 32 O Liquid crystal display driver output.
Relation among output level, M, and data (d) in shift register.

CR, R, C 3 Oscillator.

M 1 I/O Signal for converting liquid crystal display driver signal into AC.

Master: Output terminal
Slave: Input terminal

CL 1 I/O Shift register shift clock.

Master: Output terminal
Slave: Input terminal

FRM 1 O Frame signal, display synchronous signal.

DS1–DS3 3 I Display duty ratio select.

Display 
Duty Ratio 1/8 1/16 1/32 1/64 – 1/12 1/24 1/48

DS1 L L H H L L H H

DS2 L H L H L H L H

DS3 L L L L H H H H

FS1–FS2 2 1 Selects frequency.

The relation between the frame frequency fFRM and the oscillation
frequency fOSC is as follows:

FS1 FS2 fOSC (kHz) fFRM (Hz) fM (Hz) fCP (kHz)

L L 107.5 70 35 53.8

H L 107.5 70 35 53.8

L H 215.0 70 35 107.5

H H 430.0 70 35 215.0

fOSC: Oscillation frequency
fFRM: Frame frequency
fM: M signal frequency
fCP: Frequencies of ø1 and ø2
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Pin Name Pin Number I/O Function

STB 1 1 Input terminal for testing.

Connect this terminal to VCC.

DL, DR 2 I/O Data I/O terminals of bidirectional shift register.

SHL 1 I Selects shift direction of bidirectional shift register.

SHL Shift Direction

H DL → DR

L DL ← DR

M/S 1 I Selects Master/Slave.

• M/S = High: Master mode
The oscillator and timing generation circuit operate to supply
display timing signals to the display system. Each of I/O
common terminals, DL, DR, M, and CL is in the output state.

• M/S = Low: Slave mode
The timing generation circuit stop operating. The oscillator is
not required. Connect terminal CR to VCC. Open terminals C
and R. One (determined by SHL) of DL and DR, and terminals
M and CL are in the input state. Connect M, CL and one of DL
and DR of the master to the respective terminals. Connect
FS1, FS2, DS1, DS2, DS3, STB to VCC. When display duty
ratio is 1/8, 1/12, 1/16, 1/24, 1/32, one HD44105 is required.
Use it in the master mode. When display duty ratio is 1/48,
1/64, two HD44105s are required. Use one in the master mode
to drive common signals 1 to 32, and another in the slave
mode to drive common signals 33 to 48 (64).

ø1, ø2 2 O Operating clock output terminals for HD44102. The frequencies of
ø1 and ø2 are half of oscillation frequency.

V1, V2, 4 Liquid crystal display driver level power supply.
V5, V6 V1 and V2: Selected level

V5 and V6: Non-selected level

VCC, GND 3 Power supply.
VEE VCC – GND: Power supply for internal logic

VCC – VEE: Power supply for liquid crystal display drive circuit
logic
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Block Functions

Oscillator

The oscillator is a CR oscillator attached to an
oscillation resistor Rf and an oscillation capacity
Cf. The oscillation frequency varies with the
values of Rf and Cf and the mounting conditions.
Refer to electrical characteristics (note 10) to make
proper adjustment.

Timing Generation Circuit

This circuit divides the signals from the oscillator
and generates display timing signals (M, CL, and
FRM) and operating clock (ø1 and ø2) for
HD44102 according to the display duty ratio set by
DS1 to DS3. In the slave mode, this block stops
operating. It is meaningless to set FS1, FS2 and
DS1 to DS3. However, connect them to VCC to
prevent floating current.

Bidirectional Shift Register

A 32-bit bidirectional shift register. The shift
direction is determined by the SHL. The data input
from DL or DR performs a shift operation at the
rise of shift clock CL.

Liquid Crystal Display Driver Circuit

Each of 32 driver circuits is a multiplex circuit
composed of four CMOS switches. The combina-
tion of the data from the shift register with the M
signal allows one of the four liquid crystal display
driver levels V1, V2, V5, and V6 to be transferred
to the output terminals.
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Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Ratings Unit Notes

Supply voltage (1) VCC –0.3 to +7.0 V 1

Supply voltage (2) VEE VCC – 13.5 to VCC + 0.3 V

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Referred to GND = 0 V.
2. Applied to input terminals (except for V1, V2, V5, and V6) and I/O common terminals.
3. Applied to terminals V1, V2, V5, and V6. Connect a protection resistor of 47 Ω ± 10% to each

terminal in series.

HD44105
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Electrical Characteristics (VCC = +5 V ±10%, GND = 0 V, VEE = 0 to –5.5 V, 
Ta = –20 to +75°C)(Note 4)

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage VIH 0.7 × VCC — VCC V 5

Input low voltage VIL 0 — 0.3 × VCC V 5

Output high voltage VOH VCC – 0.4 — — V IOH = –400 µA 6

Output low voltage VOL — — 0.4 V IOL = 400 µA 6

Vi-Xj on resistance RON — — 1000 Ω VEE = –5 V ± 10%,
load current ±15 µA

Input leakage current (1) IIL1 –1 — 1 µA VIN = VCC to GND 7

Input leakage current (2) IIL2 –5 — 5 µA VIN = VCC to VEE 8

Shift frequency FSFT — — 50 kHz In slave mode 9

Oscillation frequency fOSC 300 430 560 kHz Rf = 68 kΩ ±2%, 10
Cf = 10 pF ± 5%

External clock fCP 50 — 560 kHz 11
operating frequency

External clock duty cycle Duty 45 50 55 % 11

External clock rise time trCP — — 50 ns 11

External clock fall time tfCP — — 50 ns 11

Dissipation power PW1 — — 4.4 mW CR oscillation, 12
(master) 430 kHz

Dissipation power PW2 — — 1.1 mW Frame 70 Hz 13
(slave)

Notes: 4. Specified within this range unless otherwise noted.
5. Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL, and STB.
6. Applied to DL, DR, M, FRM, CL, ø1, and ø2.
7. Applied to input terminals CR, FS1, FS2, DS1 to DS3, SHL, M/S, and STB and I/O common

terminals DL, DR, M, and CL at high impedance.
8. Applied to V1, V2, V5, and V6.
9. Shift operation timing.
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10. Relation between oscillation frequency and Rf, Cf.

11.

12. Measured by VCC terminal at output non-load of Rf = 68 kΩ ± 2% and Cf = 10 pF ± 5%, and
1/32 duty cycle in the master mode.
Input terminals are connected to VCC or GND.

13. Measured by VCC terminal at output non-load, 1/32 duty cycle, and frame frequency of 70 Hz in
the slave mode.
Input terminals are connected to VCC or GND.
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HD61102
(Dot Matrix Liquid Crystal Graphic

Display Column Driver)

Description

HD61102 is a column (segment) driver for dot
matrix liquid crystal graphic display systems. It
stores the display data transferred from a 8-bit
micro-controller in internal display RAM and
generates dot matrix liquid crystal driving signals.

Each bit data of display RAM corresponds to
on/off state of each dot of a liquid crystal display
to provide more flexible than character display.

As it is internally equipped with 64 output drivers
for display, it is available for liquid crystal graphic
displays with many dots.

The HD61102, which is produced by the CMOS
process, can complete a portable battery drive
equipment in combination with a CMOS micro-
controller, utilizing the liquid crystal display’s low
power dissipation.

Moreover it can facilitate dot matrix liquid crystal
graphic display system configuration in combina-
tion with the row (common) driver HD61103A.

Features

• Dot matrix liquid crystal graphic display column
driver incorporating display RAM

• RAM data direct display by internal display
RAM
— RAM bit data 1: On

— RAM bit data 0: Off

• Internal display RAM address counter: Preset,
increment

• Display RAM capacity: 512 bytes (4096 bits)
• 8-bit parallel interface
• Internal liquid crystal display driver circuit: 64
• Display duty:

— Combination of frame control signal and
data latch synchronization signal make it pos-
sible to select static or optional duty cycle

• Wide range of instruction function:
— Display data read/write, display on/off, set

address, set display start line, read status

• Lower power dissipation: during display 2 mW
max

• Power supply
— VCC: +5 V ± 10%

— VEE: 0 V to –10 V

• Liquid crystal display driving level: 15.5 V max
• CMOS process

Ordering Information

Type No. Package

HD61102RH 100-pin plastic QFP (FP-100)
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Terminal Functions

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 2 Power supply Power supply for internal logic.
GND Recommended voltage is:

GND = 0 V
VCC = +5 V ± 10%

VEE1 2 Power supply Power supply for liquid crystal display drive circuit.
VEE2 Recommended power supply voltage is VCC –15 to

GND. Connect the same power supply to VEE1 and
VEE2. 

VEE1 and VEE2 are not connected to each other in
the LSI.

V1L, V1R 8 Power supply Power supply for liquid crystal display drive.
V2L, V2R Apply the voltage specified for the liquid crystals 
V3L, V3R within the limit of VEE through VCC.
V4L, V4R

V1L (V1R), V2L (V2R): Selected level
V3L (V3R), V4L (V4R): Non-selected level

Power supplies connected with V1L and V1R (V2L &
V2R, V3L & V3R, V4L & V4R) should have the
same voltages.

CS1 3 I MPU Chip selection
CS2 Data can be input or output when the terminals are 
CS3 in the following conditions:

Terminal name CS1 CS2 CS3

Condition L L H

E 1 I MPU Enable

At write (R/W = low): Data of DB0 to DB7 is latched
at the fall of E.

At read (R/W = high): Data appears at DB0 to DB7
while E is high.

R/W 1 I MPU Read/write

R/W = High: Data appears at DB0 to DB7 and can
be read by the MPU when E = high,
CS1, CS2 = low and CS3 = high.

R/W = Low: DB0 to DB7 accepted at fall of E when
CS1, CS2 = low and CS3 = high.

D/I 1 I MPU Data/instruction

D/I = High: Indicates that the data of DB0 to DB7
is display data.

D/I = Low: Indicates that the data of DB0 to DB7
is display control data.

HD61102
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Terminal Number of Connected
Name Terminals I/O to Functions

ADC 1 I VCC/GND Address control signal determine the relation
between Y address of display RAM and terminals
from which the data is output.

ADC = High: Y1–$0, Y64–$63
ADC = Low: Y64–$0, Y1–$63

DB0–DB7 8 I/O MPU Data bus, three-state I/O common terminals.

M 1 I HD61103A Switch signal to convert liquid crystal drive
waveform into AC.

FRM 1 I HD61103A Display synchronous signal (frame signal). Presets
the 6-bit display line counter and synchronizes a
common signal with the frame timing when the FRM
signal becomes high.

CL 1 I HD61103A Synchronous signal to latch display data. The rising
edge of the CL signal increments the display output
address counter and latches the display data.

ø1, ø2 1 I HD61103A 2-phase clock signal for internal operation. The ø1
and ø2 clocks are used to perform operations (I/O of
display data and execution of instructions) other
than display.

Y1–Y64 64 O Liquid crystal Liquid crystal display column (segment) drive output.
display These pins output light on level when 1 is in the

display RAM, and light off level when 0 is in it.

Relation among output level, M, and display data (D)
is as follows:

RST 1 I MPU or The following registers can be initialized by setting 
external CR the RST signal to low level:

1. On/off register set to 0 (display off)
2. Display start line register set to line 0 (displays

from line 0)

After releasing reset, this condition can be changed
only by instruction.

DY 1 O Open Output terminal for test. Normally, don’t connect any
lines to this terminal.

NC 2 Open Unused terminals. Don’t connect any lines to these
terminals.

Note: 1 corresponds to high level in positive logic.
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Function of Each Block

Interface Control

I/O Buffer: Data is transferred through 8 data bus
lines (DB0–DB7).

DB7: MSB (most significant bit)
DB0: LSB (least significant bit)

Data can neither be input nor output unless CS1 to
CS3 are in the active mode. Therefore, when CS1
to CS3 are not in active mode it is useless to switch
the signals of input terminals except RST and
ADC, that is namely, the internal state is
maintained and no instruction executes. Besides,
pay attention to RST and ADC which operate
irrespectively by CS1 to CS3.

Register: Both input register and output register
are provided to interface to MPU whose the speed
is different from that of internal operation. The
selection of these registers depend on the combina-
tion of R/W and D/I signals (table 1).

1. Input Register

The input register is used to store data
temporarily before writing it into display data
RAM. The data from MPU is written into
input register, then into display data RAM

automatically by internal operation.

When CS1 to CS3 are in the active mode and
D/I and R/W select the input register as shown
in table 1, data is latched at the fall of E signal.

2. Output Register

The output register is used to store data
temporarily that is read from display data
RAM. To read out the data from the output
register, CS1 to CS3 should be in the active
mode and both D/I and R/W should be 1. The
read display data instruction outputs data
stored in the output register while E is high.
Then, at the fall of E, the display data at the
indicated address is latched into the output
register and the address is increased by 1. The
contents in the output register is rewritten with
READ instruction, while is held with address
set instruction, etc.

Therefore, the data of the specified address
cannot be output with the read display data
instruction right after the address is set, but
can be output at the second read of data. That
is to say, one dummy read is necessary. Figure
1 shows the MPU read timing.

Table 1 Register Selection

D/I R/W Operation

1 1 Reads data out of output register as internal operation (display data RAM →
output register).

1 0 Writes data into input register as internal operation (input register → display data
RAM).

0 1 Busy check. Read of status data.

0 0 Instruction.
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Busy Flag

Busy flag = 1 indicates that HD61102 is operating
and no instructions except status read can be
accepted (figure 2). The value of the busy flag is

read out on DB7 by the status read instruction.
Make sure that the busy flag is reset (0) before
issuing an instruction.

Figure 1   MPU Read Timing

Figure 2   Busy Flag
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Display On/Off Flip/Flop

The display on/off flip/flop selects one of two
states, on state and off state of segments Y1 to
Y64. In on state, the display data corresponding to
that in RAM is output to the segments. On the
other hand, the display data at all segments
disappear in off state independent of the data in
RAM. It is controlled by the display on/off
instruction. RST signal = 0 sets the segments in off
state. The status of the flip/flop is output to DB5
by the status read instruction. The display on/off
instruction does not influence data in RAM. To
control display data latch by this flip/flop, C1
signal (display synchronous signal) should be input
correctly.

Display Start Line Register

The register specifies a line in RAM that
corresponds to the top line of the LCD panel, when
displaying contents in display data RAM on the
LCD panel. It is used for scrolling the screen.

6-bit display start line information is written into
this register by the display start line set instruction,
with high level of FRM signal signalling the start
of the display, the information in this register is
transferred to the Z address counter, which controls
the display address, and the Z address counter is
preset.

X, Y Address Counter

A 9-bit counter that designates addresses of
internal display data RAM. X address counter

(upper 3 bits) and Y address counter (lower 6 bits)
should be set by the respective instructions.

1. X Address Counter

Ordinary register with no count functions. An
address is set by instruction.

2. Y Address Counter

An Address is set by instruction and it is
increased by 1 automatically by display data
R/W operations. The Y address counter loops
the values of 0 to 63 to count.

Display Data RAM

Dot data for display is stored in this RAM. 1-bit
data of this RAM corresponds to light on (data = 1)
and light off (data = 0) of 1 dot in the display
panel. The correspondence between Y addresses of
RAM and segment PINs can be reversed by ADC
signal.

As the ADC signal controls the Y address counter,
a reverse of the signal during the operation causes
malfunction and destruction of the contents of
register and data of RAM. Therefore, always
connect ADC pin to VCC or GND when using.

Figure 3 shows the relations between Y address of
RAM and segment pins in the cases of ADC = 1
and ADC = 0 (display start line = 0, 1/64 duty
cycle).



Figure 3   Relation between RAM Data and Display
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Figure 3   Relation between RAM Data and Display (cont)
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Z Address Counter

The Z address counter generates addresses for
outputting the display data synchronized with the
common signal. This counter consists of 6 bits and
counts up at the fall of the CL signal. At FRM
high, the contents of the display start line register
are preset in the Z counter.

Display Data Latch

The display data latch stores the display data
temporarily that is output from display data RAM
to the liquid crystal driving circuit. 

Data is latched at the rise of the CL signal. The
display on/off instruction controls the data in this
latch and does not influence data in display data
RAM.

Liquid Crystal Display Driver Circuit

The combination of latched display data and M
signal causes one of the 4 liquid crystal driver
levels, V1, V2, V3, and V4 to be output.

Reset

The system can be initialized by setting RST
terminal to low when turning power on.

1. Display off

2. Set display start line register line 0

While RST is low level, no instruction except
status read can be accepted. Therefore, carry out
other instructions after making sure that DB4 = 0
(clear RESET) and DB7 = 0 (ready) by status read
instruction. 

The conditions of the power supply at initial power
up are as in table 2.

Table 2 Power Supply Initial Conditions

Item Symbol Min Typ Max Unit

Reset time tRST 1.0 — — µs

Rise time tr — — 200 ns

Do not fail to set the system again because RESET during operation may destroy the data in all the
registers except on/off register and in RAM.

VCC

RST

tRST

tr

0.7 VCC

0.3 VCC

4.5 V
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Display Control Instructions

Outline

Table 3 shows the instructions. Read/write (R/W)
signal, data/instruction (D/I) signal and data bus
signals (DB0 to DB7) are also called instructions
because the internal operation depends on the
signals from MPU.

These explanations are detailed in the following
pages. Generally, there are the following three
kinds of instructions.

1. Instruction to set addresses in the internal
RAM

2. Instruction to transfer data from/to the internal
RAM

3. Other instructions

In general use, the second type of instruction are
used most frequently. Since Y address of the
internal RAM is increased by 1 automatically after
writing (reading) data, the program can be
shortened. During the execution of an instruction,
the system cannot accept instructions other than
the status read instruction. Send instructions from
MPU after making sure that the busy flag is 0,
which is the proof that an instruction is not being
executed.
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Table 3 Instructions

Code

Instructions R/W D/I DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Functions

Display on/off 0 0 0 0 1 1 1 1 1 1/0 Controls display on/off. RAM data and internal
status are not affected. 1: on, 0: off.

Display start line 0 0 1 1 Display start line (0–63) Specifies the RAM line displayed at the top of the
screen.

Set page (X address) 0 0 1 0 1 1 1 Page (0–7) Sets the page (X address) of RAM in the page
(X address) register.

Set Y address 0 0 0 1 Y address (0–63) Sets the Y address in the Y address counter.

Status read 1 0 Busy 0 ON/ RE- 0 0 0 0 Reads the status.
OFF SET RESET 1: Reset

0: Normal

ON/OFF 1: Display off
0: Display on

Busy 1: Executing internal operation
0: Ready

Write display data 0 1 Write data Writes data DB0 (LSB) Has access to the 
to DB7 (MSB) on the address of the display
data bus into display RAM specified in
RAM. advance. After the

Read display data 1 1 Read data Reads data DB0 (LSB) access, Y address is

to DB7 (MSB) from the increased by 1.

display RAM to the data
bus.

Note: 1.  Busy time varies with the frequency (fCLK) of ø1, and ø2.
(1/fCLK ≤ TBUSY ≤ 3/fCLK)
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Detailed Explanation

Display On/Off

The display data appears when D is 1 and
disappears when D is 0. Though the data is not on
the screen when D = 0, it remains in the display
data RAM. Therefore, you can make it appear by
changing D = 0 into D = 1.

Display Start Line

Z address AAAAAA (binary) of the display data
RAM is set in the display start line register and
displayed at the top of the screen. 

Figure 4 shows examples of display (1/64 duty
cycle) when the start line = 0–3. When the display
duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the
data of total line number of LCD screen, from the
line specified by display start line instruction, is
displayed.

Set Page (X Address)

X address AAA (binary) of the display data RAM
is set in the X address register. After that, writing
or reading to or from MPU is executed in this
specified page until the next page is set. See figure
5.

Set Y Address

Y address AAAAAA (binary) of the display data
RAM is set in the Y address counter. After that, Y
address counter is increased by 1 every time the
data is written or read to or from MPU.

Status Read

• Busy

When Busy is 1, the LSI is executing internal
operations. No instructions are accepted while
Busy is 1, so you should make sure that Busy is
0 before writing the next instruction.

• ON/OFF

Shows the liquid crystal display conditions: on
condition or off condition.

When ON/OFF is 1, the display is in off
condition.
When ON/OFF is 0, the display is in on
condition.

• RESET

RESET = 1 shows that the system is being
initialized. In this condition, no instructions
except status read can be accepted.

RESET = 0 shows that initializing has finished
and the system is in the usual operation
condition.

Code 0 0 0 0 1 1 1 1 1 D

R/W D/I DB7 DB0

MSB LSB

Code 0 0 1 1 A A A A A A

R/W D/I DB7 DB0

MSB LSB

Code 0 0 1 0 1 1 1 A A A

R/W D/I DB7 DB0

MSB LSB

Code 0 0 0 1 A A A A A A

R/W D/I DB7 DB0

MSB LSB

Code 1 0 Busy 0
ON/
OFF RESET 0 0 0 0

R/W D/I DB7 DB0

MSB LSB



Figure 4   Relation between Start Line and Display
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Write Display Data

Writes 8-bit data DDDDDDDD (binary) into the
display data RAM. Then Y address is increased by
1 automatically.

Read Display Data

Reads out 8-bit data DDDDDDDD (binary) from
the display data RAM. Then Y address is increased
by 1 automatically.

One dummy read is necessary right after the
address setting. For details, refer to the explanation
of output register in “Function of Each Block”.

Code 0 1 D D D D D D

R/W D/I DB7 DB0

MSB LSB

D D Code 1 1 D D D D D D

R/W D/I DB7 DB0

MSB LSB

D D

Figure 5  Address Configuration of Display Data RAM

X = 0

X = 1

DB0
to
DB7

DB0
to
DB7

Page 0

Page 1

0 1 2 61 62 63
Y address

X = 6

X = 7

DB0
to
DB7

DB0
to
DB7

Page 6

Page 7
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Use of HD61102

Interface with HD61103A (1/64 Duty Cycle)
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Figure 6   LCD Driver Timing Chart (1/64 Duty Cycle)
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Interface with CPU

Example of Connection with HD6800

In this decoder (figure 7), addresses of HD61102 in
the address area of HD6800 are:

Read/write of the display data $FFFF
Write of display instruction $FFFE
Read out of status $FFFE

Therefore, you can control HD61102 by reading/
writing the data at these addresses.

Figure 7   Example of Connection with HD6800 Series
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Example of Connection with HD6801

• Set HD6801 to mode 5. P10 to P14 are used as
the output port and P30 to P37 as the data bus
(figure 8).

• 74LS154 4-to-16 decoder generates chip select
signal to make specified HD61102 active after
decoding 4 bits of P10 to P13.

• Therefore, after enabling the operation by P10 to
P13 and specifying D/I signal by P14, read/write
from/to the external memory area ($0100 to
$01FE) to control HD61102. In this case, IOS
signal is output from SC1 and R/W signal from
SC2.

• For details of HD6800 and HD6801, refer to
their manuals.

Figure 8   Example of Connection with HD6801
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Example of Application

In this example (figure 9), two HD61103As output
the equivalent waveforms. So, stand-alone opera-
tion is possible. In this case, connect COM1 and
COM65 to X1, COM2 and COM66 to X2, ..., and

COM64 and COM128 to X64. However, for the
large screen display, it is better to drive in 2 rows
as in this example to guarantee the display quality.

Figure 9   Application Example
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Absolute Maximum Ratings

Item Symbol Value Unit Notes

supply voltage VCC –0.3 to +7.0 V 2

VEE1, VEE2 VCC – 16.5 to VCC + 0.3 V 3

Terminal voltage (1) VT1 VEE – 0.3 to VCC + 0.3 V 4

Terminal voltage (2) VT2 –0.3 to VCC + 0.3 V 2, 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. LSIs may be destroyed if they are used beyond the absolute maximum ratings.
In ordinary operation, it is desirable to use them within the recommended operating conditions.
Use beyond these conditions may cause malfunction and poor reliability.

2. All voltage values are referenced to GND = 0 V.
3. Apply the same supply voltage to VEE1 and VEE2.
4. Applies to V1L, V2L, V3L, V4L, V1R, V2R, V3R, and V4R.

Maintain
VCC ≥ V1L = V1R ≥ V3L = V3R ≥ V4L = V4R ≥ V2L = V2R ≥ VEE

5. Applies to M, FRM, CL, RST, ADC, ø1, ø2, CS1, CS2, CS3, E, R/W, D/I, ADC, and DB0–DB7.

HD61102
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Electrical Characteristics (GND = 0 V, VCC = 4.5 to 5.5 V, VEE = 0 to –10 V, 
Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage VIHC 0.7 × VCC — VCC V 1

VIHT 2.0 — VCC V 2

Input low voltage VILC 0 — 0.3 × VCC V 1

VILT 0 — 0.8 V 2

Output high voltage VOH 2.4 — — V IOH = –205 µA 3

Output low voltage VOL — — 0.4 V IOL = 1.6 mA 3

Input leakage current IIL –1.0 — +1.0 µA Vin = GND – VCC 4

High impedance off ITSL –5.0 — +5.0 µA Vin = GND – VCC 5
input current

Liquid crystal supply ILSL –2.0 — +2.0 µA Vin = VEE – VCC 6
leakage current

Driver on resistance RON — — 7.5 kΩ VCC – VEE = 15 V 7
±ILOAD = 0.1 mA

Dissipation current ICC(1) — — 100 µA During display 8

ICC(2) — — 500 µA During access 8
Access cycle = 1 MHz

Notes: 1. Applies to M, FRM, CL, RST, ø1, ADC, and ø2.
2. Applies to CS1, CS2, CS3, E, R/W, D/I, and DB0–DB7.
3. Applies to DB0–DB7.
4. Applies to input terminals except for DB0–DB7.
5. Applies to DB0–DB7 at high impedance.
6. Applies to V1L–V4L and V1R–V4R.
7. Applies to Y1–Y64.
7. Specified when liquid crystal display is in 1/64 duty.

Operation frequency: fCLK = 250  kHz (ø1 and ø2 frequency)
Frame frequency: fM = 70 Hz (FRM frequency)

Specified in the state of
Output terminal: Not loaded
Input level: VIH = VCC (V)

VIL = GND (V)
Measured at VCC terminal
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Interface AC Characteristics

MPU Interface (GND = 0 V, VCC = 4.5 to 5.5 V, VEE = 0 to –10 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Notes

E cycle time tCYC 1000 — — ns Fig. 10, Fig. 11

E high level width PWEH 450 — — ns

E low level width PWEL 450 — — ns

E rise time tr — — 25 ns

E fall time tf — — 25 ns

Address setup time tAS 140 — — ns

Address hold time tAH 10 — — ns

Data setup time tDSW 200 — — ns Fig. 10

Data delay time tDDR — — 320 ns Fig. 11, Fig. 12

Data hold time (write) tDHW 10 — — ns Fig. 10

Data hold time (read) tDHR 20 — — ns Fig. 11

Figure 10   CPU Write Timing
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Figure 11   CPU Read Timing

Figure 12   DB0–DB7: Load Circuit
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Clock Timing (GND = 0 V, VCC = 4.5 to 5.5 V, VEE = 0 to –10 V, Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition

ø1, ø2 cycle time tcyc 2.5 — 20 µs Fig. 13

ø1 low level width tWLø1 625 — — ns

ø2 low level width tWLø2 625 — — ns

ø1 high level width tWHø1 1875 — — ns

ø2 high level width tWHø2 1875 — — ns

ø1—ø2 phase difference tD12 625 — — ns

ø2—ø1 phase difference tD21 625 — — ns

ø1, ø2 rise time tr — — 150 ns

ø1, ø2 fall time tf — — 150 ns

Figure 13   External Clock Waveform
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Display Control Timing (GND = 0 V, VCC = 4.5 to 5.5 V, VEE = 0 to –10 V, Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition

FRM delay time tDFRM –2 — +2 µs Fig. 14

M delay time tDM –2 — +2 µs

CL low level width tWLCL 35 — — µs

CL high level width tWHCL 35 — — µs

Figure 14   Display Control Signal Waveform
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HD61103A
(Dot Matrix Liquid Crystal Graphic Display 

64-Channel Common Driver)

Description

The HD61103A is a common signal driver for dot
matrix liquid crystal graphic display systems. It
generates the timing signals (switch signal to
convert LCD waveform to AC, frame synchronous
signal) and supplies them to the column driver to
control display. It provides 64 driver output lines
and the impedance is low enough to drive a large
screen.

As the HD61103A is produced by a CMOS
process, it is fit for use in portable battery drive
equipments utilizing the liquid crystal display’s
low power consumption. The user can easily
construct a dot matrix liquid crystal graphic
display system by combining the HD61103A and
the column (segment) driver HD61102.

Features

• Dot matrix liquid crystal graphic display com-
mon driver with low impedance

• Low impedance: 1.5 kΩ max
• Internal liquid crystal display driver circuit: 64

circuits
• Internal dynamic display timing generator

circuit
• Selectable display duty ratio factor 1/48, 1/64,

1/96, 1/128
• Can be used as a column driver transferring data

serially
• Low power dissipation: During display: 5 mW
• Power supplies: 

— VCC: +5 V ± 10%

— VEE: 0 to –11.5 V

• LCD driver level: 17.0 V max
• CMOS process

Ordering Information

Type No. Package

HD61103A 100-pin plastic QFP (FP-100)
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Block Functions

Oscillator

The CR oscillator generates display timing signals
and operating clocks for the HD61202. It is
required when the HD61103A is used with the
HD61102. An oscillation resistor Rf and an
oscillation capacitor Cf are attached as shown in
figure 1 and terminal STB is connected to the high
level. When using an external clock, input the

clock into terminal CR and don’t connect any lines
to terminals R and C.

The oscillator is not required when the HD61103A
is used with the HD61830. Connect terminal CR to
the high level and don’t connect any lines to
terminals R and C (figure 2).

Figure 1   Oscillator Connection with HD61102

Figure 2   Oscillator Connection with HD61830

R CR C R CR C

Rf Cf
Open OpenExternal

clock

R CR C

Open OpenVCC
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Timing Generator Circuit

The timing generator circuit generates display
timing and operating clock for the HD61102. This
circuit is required when the HD61103A is used
with the HD61102. Connect terminal M/S to high
level (master mode). It is not necessary when the
display timing signal is supplied from other
circuits, for example, from HD61830. In this case
connect the terminals Fs, DS1, and DS2 to high
level and M/S to low level (slave mode).

Bidirectional Shift Register

A 64-bit bidirectional shift register. The data is
shifted from DL to DR when SHL is at high level
and from DR to DL when SHL is at low level. In
this case, CL2 is used as shift clock. The lowest
order bit of the bidirectional shift register, which is
on the DL side, corresponds to X1 and the highest
order bit on the DR side corresponds to X64.

Liquid Crystal Display Driver Circuit

The combination of the data from the shift register
with the M signal allows one of the four liquid
crystal display driver levels V1, V2, V5 and V6 to
be transferred to the output terminals (table 1).

Table 1 Output Levels

Data from the
Shift Register M Output Level

1 1 V2

0 1 V6

1 0 V1

0 0 V5



HD61103A Terminal Functions

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 1 Power supply VCC–GND: Power supply for internal logic.
GND 1 VCC–VEE: Power supply for driver circuit logic.
VEE 2

V1L, V2L 8 Power supply Liquid crystal display driver level power supply.
V5L, V6L V1L (V1R), V2L (V2R): Selected level
V1R, V2R V5L (V5R), V6L (V6R): Non-selected level
V5R, V6R

Voltages of the level power supplies connected to
V1L and V1R should be the same. 

(This applies to the combination of V2L & V2R, V5L
& V5R and V6L & V6R respectively)

M/S 1 I VCC or GND Selects master/slave.

• M/S = VCC: Master mode
When the HD61103A is used with the HD61202,
timing generation circuit operates to supply
display timing signals and operation clock to the
HD61102. Each of I/O common terminals DL, DR,
CL2, and M is in the output state.

• M/S = GND: Slave mode
The timing operation circuit stops operating. The
HD61103A is used in this mode when combined
with the HD61830. Even if combined with the
HD61102, this mode is used when display timing
signals (M, data, CL2, etc.) are supplied by
another HD61103A in the master mode.

Terminals M and CL2 are in the input state.

When SHL is VCC, DL is in the input state and DR is
in the output state. 

When SHL is GND, DL is in the output state and DR
is in the input state.

FCS 1 I VCC or GND Selects shift clock phase.

• FCS = VCC
Shift register operates at the rising edge of CL2.
Select this condition when HD61103A is used with
HD61102 or when MA of the HD61830 connects
to CL2 in combination with the HD61830.

• FCS = GND
Shift register operates at the fall of CL2. Select
this condition when CL1 of HD61830 connects to
CL2 in combination with the HD61830.
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Terminal Number of Connected
Name Terminals I/O to Functions

FS 1 I VCC or GND Selects frequency.

When the frame frequency is 70 Hz, the oscillation
frequency should be:

fOSC = 430 kHz at FCS = VCC
fOSC = 215 kHz at FCS = GND

This terminal is active only in the master mode.
Connect it to VCC in the slave mode.

DS1, DS2 2 I VCC or GND Selects display duty factor.

Display Duty Factor 1/48 1/64 1/96 1/128

DS1 GND GND VCC VCC

DS2 GND VCC GND VCC

These terminals are valid only in the master mode.
Connect them to VCC in the slave mode.

STB 1 I VCC or GND Input terminal for testing.
TH 1 Connect to STB VCC.
CL1 1 Connect TH and CL1 to GND.

CR, R, C 3 Oscillator.

In the master mode, use these terminals as shown
below.

Usage of these terminals in the master mode:

In the slave mode, stop the oscillator as shown
below:

ø1, ø2 2 O HD61102 Operating clock output terminals for the HD61102.

• Master mode
Connect these terminals to terminals ø1 and ø2 of
the HD61102 respectively.

• Slave mode
Don’t connect any lines to these terminals.

HD61103A
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Terminal Number of Connected
Name Terminals I/O to Functions

FRM 1 O HD61102 Frame signal

• Master mode
Connect this terminal to terminal FRM of the
HD61102.

• Slave mode
Don’t connect any lines to this terminal.

M 1 I/O MB of Signal to convert LCD driver signal into AC
HD61830 • Master mode: Output terminal
or M of Connect this terminal to terminal M of the
HD61102 HD61102.

• Slave mode: Input terminal
Connect this terminal to terminal MB of the
HD61830.

CL2 1 I/O CL1 or MA of Shift clock
HD61830 • Master mode: Output terminal
or CL of Connect this terminal to terminal CL of the 
HD61102 HD61102.

• Slave mode: Input terminal
Connect this terminal to terminal CL1 or MA
of the HD61830.

DL, DR 2 I/O Open or FLM Data I/O terminals of bidirectional shift register
of HD61830 DL corresponds to X1’s side and DR to X64’s side.

• Master mode
Output common scanning signal. Don’t connect
any lines to these terminals normally.

• Slave mode
Connect terminal FLM of the HD61830 to DL
(when SHL = VCC) or DR (when SHL = GND)

M/S VCC GND

SHL VCC GND VCC GND

DL Output Output Input Output

DR Output Output Output Input

NC 5 Open Not used.

Don’t connect any lines to this terminal.

SHL 1 I VCC or GND Selects shift direction of bidirectional shift register.

Common Scanning 
SHL Shift Direction Direction

VCC DL → DR X1 → X64

GND DL ← DR X1 ← X64
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Terminal Number of Connected
Name Terminals I/O to Functions

X1–X64 64 O Liquid Liquid crystal display driver output
crystal Output one of the four liquid crystal display driver 
display levels V1, V2, V5, and V6 with the combination of

the data from the shift register and M signal.

When SHL is VCC, X1 corresponds to COM1 and
X64 corresponds to COM64.

When SHL is GND, X64 corresponds to COM1 and
X1 corresponds to COM64.

HD61103A
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M

Data

Output
level

1 0

1 0 1 0

V2 V6 V1 V5

Data 


1:  Selected level
0:  Non-selected level
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H
D

61103A
Example of Application

HD61103A Connection List

M/S TH CL1 FCS FS DS1 DS2 STB CR R C ø1 ø2 FRM M CL2 SHL DL DR X1–X64

A L L L L H H H H H — — — — — From MB of From CL1 of H From FLM of — COM1–COM64
HD61830 HD61830 HD61830

L — From FLM of COM64–COM1
HD61830

B L L L H H H H H H — — — — — From MB of From MA of H From FLM of To DL/DR of COM1–COM64
HD61830 HD61830 HD61830 HD61103A

No. 2

L To DL/DR of From FLM of COM64–COM1
HD61103A HD61830
No. 2

C L L L H H H H H H — — — — — From MB of From MA of H From DL/DR — COM65–COM128
HD61830 HD61830 of HD61103A

No. 1

L — From DL/DR COM128–COM65
of HD61103A
No. 1

D H L L H H LL H Rf Rf Cf To ø1 of To ø2 of To FRM of To M of To CL of H — — COM1–COM64
or HD61102 HD61102 HD61102 HD61102 HD61102
LH Cf

L — — COM64–COM1

E H L L H H LL H Rf Rf Cf To ø1 of To ø2 of To FRM of To M of To CL of H — To DL/DR of COM1–COM64
or HD61102 HD61102 HD61102 HD61102 HD61102 HD61103A
LH Cf HD61103A To CL2 of No. 2

HD61103A L To DL/DR of — COM64–COM1
HD61103A
No. 2

F L L L H H H H H H — — — — — From M of From CL2 of H From DL/DR — COM1–COM64
HD61103A HD61103A of HD61103A
No. 1 No. 1 No. 1

L — From DL/DR COM64–COM1
of HD61103A
No. 1

Notes: H: VCC } FixedL: GND

“—” means “open”.

Rf: Oscillation resister
Cf: Oscillation capacitor



Outline of HD61103A System Configuration

Use with HD61830

1. When display duty ratio of LCD is more than 1/64

2. When display duty ratio of LCD is from 1/65 to 1/128

HD61103A
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No. 1
COM1
COM64

LCD

No. 1

HD61830

HD61830
LCD

No. 1

HD61830

No. 2

COM1
COM64

COM1
COM64

Upper

Lower

COM1
COM64

COM1
COM64

Lower

Upper

LCD

One HD61103A drives
common signals.

Refer to Connection 
List A.

One HD61103A drives 
common signals for 
upper and lower 
panels.

Refer to Connection 
List A.

Two HD61103As drive
upper and lower panels
separately to ensure 
the quality of display.
No. 1 and No. 2 operate
in parallel.

For both of No. 1 and
No. 2, refer to 
Connection List A.

No. 1
COM1
COM128

LCD

HD61830

No. 2

No. 1

HD61830

COM1
COM128

COM1
COM128

Upper

Lower

LCD

No. 2

COM1
COM128

COM1
COM128

Upper

Lower

LCD

No. 1

No. 2
No. 3

No. 4

HD61830

Two HD61103As 
connected serially drive
common signals.

Refer to Connection
List B for No. 1.
Refer to Connection 
List C for No. 2.

Two HD61103As
connected serially
drive upper and lower
panels in parallel.

Refer to Connection 
List B for No. 1.
Refer to Connection
List C for No. 2.

Two sets of HD61103As
connected serially 
drive upper and lower
panels in parallel to
ensure the quality of
display. 


Refer to Connection
List B for No. 1 and 3.
Refer to Connection
List C for No. 2 and 4.



Use with HD61102 (1/64 Duty Ratio)
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No. 1
COM1
COM64

LCD

HD61102

LCD

COM1
COM64

COM1
COM64

Upper

Lower

COM1
COM64

COM1
COM64

Lower

Upper

LCD

One HD61103A drives
common signals and
supplies timing signals
to the HD61102s.

Refer to Connection
List D.

One HD61103A drives 
upper and lower panels
and supplies timing
signals to the HD61102s.

Refer to Connection
List D.

Two HD61103As drive
upper and lower panels
in parallel to ensure
the quality of display.
No. 1 supplies timing
signals to No. 2 and 
the HD61102s.

Refer to Connection
List E for No. 1.
Refer to Connection
List F for No. 2.

No. 1

HD61102

HD61102

No. 1

HD61102

No. 2
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Connection Example 1

Use with HD61102 (RAM Type Segment Driver)

1. 1/64 duty ratio (see Connection List D)

Figure 3   Example 1
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Figure 4   Example 1 Waveform (RAM Type, 1/64 Duty Cycle)
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Connection Example 2

Use with HD61830 (Display Controller)

1. 1/64 duty ratio (see Connection List A)

Figure 5   Example 2 (1/64 Duty Ratio)
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Figure 6   Example 2 Waveform (1/64 Duty Ratio)
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2. 1/100 duty ratio (see Connection List B, C)

Figure 7   Example 2 (1/100 Duty Ratio)
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Figure 8   Example 2 (1/100 Duty Ratio)
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Absolute Maximum Ratings

Item Symbol Limit Unit Notes

Power supply voltage (1) VCC –0.3 to +7.0 V 2

Power supply voltage (2) VEE VCC – 19.0 to VCC + 0.3 V 5

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 4, 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We
strongly recommend you to use the LSI within electrical characteristic limits for normal
operation, because use beyond these conditions will cause malfunction and poor reliability.

2. Based on GND = 0 V.
3. Applies to input terminals (except V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O

common terminals at high impedance.
4. Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R.
5. Apply the same value of voltages to V1L and V1R, V2L and V2R, V5L and V5R, V6L and V6R,

VEE (23 pin) and VEE (58 pin) respectively.
Maintain VCC ≥ V1L = V1R ≥ V6L = V6R ≥ V5L = V5R ≥ V2L = V2R≥ VEE

HD61103A
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Electrical Characteristics

DC Characteristics (VCC = +5 V ± 10%, GND = 0 V, VEE = 0 to –11.5 V, Ta = –20 to +75°C)

Specifications

Test Item Symbol Min Typ Max Unit Test Conditions Notes

Input high voltage VIH 0.7 × VCC — VCC V 1

Input low voltage VIL GND — 0.3 × VCC V 1

Output high voltage VOH VCC – 0.4 — — V IOH = –0.4 mA 2

Output low voltage VOL — — +0.4 V IOL = +0.4 mA 2

Vi–Xj on resistance RON — — 1.5 kΩ VCC – VEE = 10 V 3
Load current 
±150 µA

Input leakage current IIL1 –1.0 — +1.0 µA Vin = 0 to VCC 4

Input leakage current IIL2 –2.0 — +2.0 µA Vin = VEE to VCC 5

Operating frequency fopr1 50 — 600 kHz In master mode 6
external clock 
operation

Operating frequency fopr2 50 — 1500 kHz In slave mode 7
shift register

Oscillation frequency fosc 315 450 585 kHz Cf = 20 pF ± 5% 8, 13
Rf = 47 kΩ ± 2%

Dissipation current (1) IGG1 — — 1.0 mA In master mode 9, 10
1/128 duty cycle
Cf = 20 pF
Rf = 47 kΩ

Dissipation current (2) IGG2 — — 200 µA In slave mode 9, 11
1/128 duty cycle

Dissipation current IEE — — 100 µA In master mode 9, 12
1/128 duty cycle

Notes: 1. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH and I/O
terminals DL, M, DR and CL2 in the input state.

2. Applies to output terminals, ø1, ø2, and FRM and I/O common terminals DL, M, DR, and CL2 in
the output status.

3. Resistance value between terminal X (one of X1 to X64) and terminal V (one of V1L, V1R, V2L,
V2R, V5L, V5R, V6L, and V6R) when load current is applied to each terminal X.
Equivalent circuit between terminal X and terminal V.
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V1L, V1R

V2L, V2R

V5L, V5R

V6L, V6R

RON

Connect one of the lines



4. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, I/O common
terminals DL, M, DR and CL2 in the input status and NC terminals.

5. Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R. Don’t connect any lines to X1 to X64.
6. External clock is as follows.

7. Applies to the shift register in the slave mode. For details, refer to AC characteristics.
8. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure.

Oscillation frequency (fOSC) is twice as much as the frequency (fø) at ø1 or ø2.

9. No lines are connected to output terminals and current flowing through the input circuit is
excluded. This value is specified at VIH = VCC and VIL = GND.

10. This value is specified for current flowing through GND in the following conditions: Internal
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is
connected to VCC and each of CL1 and TH to GND. Oscillator is set as described in note 8.

11. This value is specified for current flowing through GND under the following conditions: Each
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to VCC, CL1, TH, and M/S to
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL
of the HD61103A under the conditions described in note 10.

12. This value is specified for current flowing through VEE under the condition described in note 10.
Don’t connect any lines to terminal V.
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AC Characteristics (VCC = +5 V ± 10%, GND = 0 V, VEE = 0 to –11.5 V, Ta = –20 to +75°C)

Slave Mode (M/S = GND)

Item Symbol Min Typ Max Unit Note

CL2 low level width (FCS = GND) tWLCL2L 450 — — ns

CL2 high level width (FCS = GND) tWHCL2L 150 — — ns

CL2 low level width (FCS = VCC) tWLCL2H 150 — — ns

CL2 high level width (FCS = VCC) tWHCL2H 450 — — ns

Data setup time tDS 100 — — ns

Data hold time tDH 100 — — ns

Data delay time tDD — — 200 ns 1

Data hold time tDHW 10 — — ns

CL2 rise time tr — — 30 ns

CL2 fall time tf — — 30 ns

Note: 1.  The following load circuit is connected for specification.
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tDD
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(FCS = GND)
(Shift clock)

CL2
(FCS = VCC)
(Shift clock)

DL (SHL = VCC)
DR (SHL = GND)
Input data

DR (SHL = VCC)
DL (SHL = GND)
Output data

30 pF (includes jig capacitance)

Output terminal



Master Mode (M/S = VCC, FCS = VCC, Cf = 20 pF, Rf = 47 kΩ)
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Item Symbol Min Typ Max Unit

Data setup time tDS 20 — — µs

Data hold time tDH 40 — — µs

Data delay time tDD 5 — — µs

FRM delay time tDFRM –2 — +2 µs

M delay time tDM –2 — +2 µs

CL2 low level width tWLCL2 35 — — µs

CL2 high level width tWHCL2 35 — — µs

ø1 low level width tWLø1 700 — — ns

ø2 low level width tWLø2 700 — — ns

ø1 high level width tWHø1 2100 — — ns

ø2 high level width tWHø2 2100 — — ns

ø1–ø2 phase difference tD12 700 — — ns

ø2–ø1 phase difference tD21 700 — — ns

ø1, ø2 rise time tr — — 150 ns

ø1, ø2 fall time tf — — 150 ns

HD61103A
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HD61202
(Dot Matrix Liquid Crystal Graphic

Display Column Driver)

Description

HD61202 is a column (segment) driver for dot
matrix liquid crystal graphic display systems. It
stores the display data transferred from a 8-bit
micro controller in the internal display RAM and
generates dot matrix liquid crystal driving signals.

Each bit data of display RAM corresponds to
on/off state of a dot of a liquid crystal display to
provide more flexible than character display.

As it is internally equipped with 64 output drivers
for display, it is available for liquid crystal graphic
displays with many dots.

The HD61202, which is produced in the CMOS
process, can complete portable battery drive
equipment in combination with a CMOS micro-
controller, utilizing the liquid crystal display’s low
power dissipation.

Moreover it can facilitate dot matrix liquid crystal
graphic display system configuration in combina-
tion with the row (common) driver HD61203.

Features

• Dot matrix liquid crystal graphic display column
driver incorporating display RAM

• RAM data direct display by internal display
RAM
— RAM bit data 1: On

— RAM bit data 0: Off

• Internal display RAM address counter preset,
increment

• Display RAM capacity: 512 bytes (4096 bits)
• 8-bit parallel interface
• Internal liquid crystal display driver circuit: 64
• Display duty cycle

Drives liquid crystal panels with 1/32–1/64 duty
cycle multiplexing

• Wide range of instruction function
Display data read/write, display on/off, set
address, set display start line, read status

• Lower power dissipation: during display 2 mW
max

• Power supply: VCC: 5 V ± 10%
• Liquid crystal display driving voltage: 8 V to

17 V
• CMOS process

Ordering Information

Type No. Package

HD61202 100-pin plastic QFP (FP-100)

HD61202TFIA 100-pin thin plastic QFP 
(TFP-100B)

HD61202D Chip
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Terminal Functions

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 2 Power supply Power supply for internal logic.
GND Recommended voltage is:

GND = 0 V
VCC = 5 V ± 10%

VEE1 2 Power supply Power supply for liquid crystal display drive circuit.
VEE2 Recommended power supply voltage is VCC – VEE =

8 to 17 V. Connect the same power supply to VEE1
and VEE2. VEE1 and VEE2 are not connected each
other in the LSI.

V1L, V1R 8 Power supply Power supply for liquid crystal display drive.
V2L, V2R Apply the voltage specified depending on liquid 
V3L, V3R crystals within the limit of VEE through VCC.
V4L, V4R

V1L (V1R), V2L (V2R): Selection level
V3L (V3R), V4L (V4R): Non-selection level

Power supplies connected with V1L and V1R (V2L &
V2R, V3L & V3R, V4L & V4R) should have the
same voltages.

CS1 3 I MPU Chip selection.
CS2 Data can be input or output when the terminals are 
CS3 in the following conditions:

Terminal name CS1 CS2 CS3

Condition L L H

E 1 I MPU Enable.

At write (R/W = low): Data of DB0 to DB7 is latched
at the fall of E.

At read (R/W = high): Data appears at DB0 to DB7
while E is at high level.

R/W 1 I MPU Read/write.

R/W = High: Data appears at DB0 to DB7 and can
be read by the MPU. 
When E = high, CS1, CS2 = low and
CS3 = high.

R/W = Low: DB0 to DB7 can accept at fall of E
when CS1, CS2 = low and CS3 =
high.

D/I 1 I MPU Data/instruction.

D/I = High: Indicates that the data of DB0 to DB7
is display data.

D/I = Low: Indicates that the data of DB0 to DB7
is display control data.
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Terminal Number of Connected
Name Terminals I/O to Functions

ADC 1 I VCC/GND Address control signal to determine the relation
between Y address of display RAM and terminals
from which the data is output.

ADC = High: Y1: $0, Y64: $63
ACD = Low: Y64: $0, Y1: $63

DB1–DB7 8 I/O MPU Data bus, three-state I/O common terminal.

M 1 I HD61203 Switch signal to convert liquid crystal drive
waveform into AC.

FRM 1 I HD61203 Display synchronous signal (frame signal). 

Presets the 6-bit display line counter and
synchronizes the common signal with the frame
timing when the FRM signal becomes high.

CL 1 I HD61203 Synchronous signal to latch display data. The rising
CL signal increments the display output address
counter and latches the display data.

ø1, ø2 2 I HD61203 2-phase clock signal for internal operation. 

The ø1 and ø2 clocks are used to perform
operations (I/O of display data and execution of
instructions) other than display.

Y1–Y64 64 O Liquid crystal Liquid crystal display column (segment) drive output.
display The outputs at these pins are at the light-on level

when the display RAM data is 1, and at the light-off
level when the display RAM data is 0.

Relation among output level, M, and display data (D)
is as follows:

RST 1 I MPU or The following registers can be initialized by setting 
external CR the RST signal to low level.

1. On/off register 0 set (display off)
2. Display start line register line 0 set (displays from

line 0)

After releasing reset, this condition can be changed
only by instruction.

NC 3 Open Unused terminals. Don’t connect any lines to these
terminals.

Note: 1 corresponds to high level in positive logic.

HD61202
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Function of Each Block

Interface Control

I/O Buffer: Data is transferred through 8 data bus
lines (DB0–DB7).

DB7: MSB (most significant bit)
DB0: LSB (least significant bit)

Data can neither be input nor output unless CS1 to
CS3 are in the active mode. Therefore, when CS1
to CS3 are not in active mode it is useless to switch
the signals of input terminals except RST and
ADC; that is namely, the internal state is
maintained and no instruction excutes. Besides,
pay attention to RST and ADC which operate
irrespectively of CS1 to CS3.

Register: Both input register and output register
are provided to interface to an MPU whose speed
is different from that of internal operation. The
selection of these registers depend on the combina-
tion of R/W and D/I signals (table 1).

1. Input register

The input register is used to store data
temporarily before writing it into display data
RAM. 

The data from MPU is written into input

register, then into display data RAM auto-
matically by internal operation. When CS1 to
CS3 are in the active mode and D/I and R/W
select the input register as shown in table 1,
data is latched at the fall of the E signal.

2. Output register

The output register is used to store data
temporarily that is read from display data
RAM. To read out the data from the output
register, CS1 to CS3 should be in the active
mode and both D/I and R/W should be 1. With
the read display data instruction, data stored in
the output register is output while E is high
level. Then, at the fall of E, the display data at
the indicated address is latched into the output
register and the address is increased by 1. 

The contents in the output register are rewrit-
ten by the read display data instruction, but are
held by address set instruction, etc.

Therefore, the data of the specified address
cannot be output with the read display data
instruction right after the address is set, but
can be output at the second read of data. That
is to say, one dummy read is necessary. Figure
1 shows the MPU read timing.

Table 1 Register Selection

D/I R/W Operation

1 1 Reads data out of output register as internal operation (display data RAM →
output register)

1 0 Writes data into input register as internal operation (input register → display data
RAM)

0 1 Busy check. Read of status data.

0 0 Instruction
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Figure 1   MPU Read Timing

Figure 2   Busy Flag

Busy Flag

Busy flag = 1 indicates that HD61202 is operating
and no instructions except status read instruction
can be accepted. The value of the busy flag is read

out on DB7 by the status read instruction. Make
sure that the busy flag is reset (0) before issuing
instructions.

E

Busy
flag

T Busy 1/fCLK ≤ T    Busy ≤ 3/fCLK

fCLK is ø1, ø2 frequency

Busy
check

Write
address N

Busy
check

Read data
(dummy)

Busy
check

Read 
data at
address N

Busy
check

Data read
address
N + 1

N N + 1 N + 2

Data at address N Data at address N + 1

D/I


R/W


E


Address

Output
register


DB0–DB7
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Display On/Off Flip/Flop

The display on/off flip/flop selects one of two
states, on state and off state of segments Y1 to
Y64. In on state, the display data corresponding to
that in RAM is output to the segments. On the
other hand, the display data at all segments
disappear in off state independent of the data in
RAM. It is controlled by display on/off instruction.
RST signal = 0 sets the segments in off state. The
status of the flip/flop is output to DB5 by status
read instruction. Display on/off instruction does
not influence data in RAM. To control display data
latch by this flip/flop, CL signal (display syn-
chronous signal) should be input correctly.

Display Start Line Register

The display start line register specifies the line in
RAM which corresponds to the top line of LCD
panel, when displaying contents in display data
RAM on the LCD panel. It is used for scrolling of
the screen.

6-bit display start line information is written into
this register by the display start line set instruction.
When high level of the FRM signal starts the
display, the information in this register is
transferred to the Z address counter, which controls
the display address, presetting the Z address
counter.

X, Y Address Counter

A 9-bit counter which designates addresses of the
internal display data RAM. X address counter
(upper 3 bits) and Y address counter (lower 6 bits)
should be set to each address by the respective
instructions.

1. X address counter

Ordinary register with no count functions. An
address is set by instruction.

2. Y address counter

An Address is set by instruction and is
increased by 1 automatically by R/W opera-
tions of display data. The Y address counter
loops the values of 0 to 63 to count.

Display Data RAM

Stores dot data for display. 1-bit data of this RAM
corresponds to light on (data = 1) and light off
(data = 0) of 1 dot in the display panel. The
correspondence between Y addresses of RAM and
segment pins can be reversed by ADC signal.

As the ADC signal controls the Y address counter,
reversing of the signal during the operation causes
malfunction and destruction of the contents of
register and data of RAM. Therefore, never fail to
connect ADC pin to VCC or GND when using.

Figure 3 shows the relations between Y address of
RAM and segment pins in the cases of ADC = 1
and ADC = 0 (display start line = 0, 1/64 duty
cycle).
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Figure 3   Relation between RAM Data and Display
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Figure 3   Relation between RAM Data and Display (cont)
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Z Address Counter

The Z address counter generates addresses for
outputting the display data synchronized with the
common signal. This counter consists of 6 bits and
counts up at the fall of the CL signal. At the high
level of FRM, the contents of the display start line
register is present at the Z counter.

Display Data Latch

The display data latch stores the display data
temporarily that is output from display data RAM
to the liquid crystal driving circuit. Data is latched
at the rise of the CL signal. The display on/off
instruction controls the data in this latch and does
not influence data in display data RAM.

Liquid Crystal Display Driver Circuit

The combination of latched display data and M
signal causes one of the 4 liquid crystal driver
levels, V1, V2, V3, and V4 to be output.

Reset

The system can be initialized by setting RST
terminal at low level when turning power on.

1. Display off

2. Set display start line register line 0.

While RST is low level, no instruction except
status read can be accepted. Therefore, execute
other instructions after making sure that DB4 = 0
(clear RESET) and DB7 = 0 (ready) by status read
instruction. The conditions of power supply at
initial power up are shown in table 2.

Table 2 Power Supply Initial Conditions

Item Symbol Min Typ Max Unit

Reset time tRST 1.0 — — µs

Rise time tr — — 200 ns

Do not fail to set the system again because RESET during operation may destroy the data in all the
registers except on/off register and in RAM.

VCC

RST

tRST

tr

0.7 VCC

0.3 VCC

4.5 V
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Display Control Instructions

Outline

Table 3 shows the instructions. Read/write (R/W)
signal, data/instruction (D/I) signal, and data bus
signals (DB0 to DB7) are also called instructions
because the internal operation depends on the
signals from the MPU.

These explanations are detailed in the following
pages. Generally, there are following three kinds of
instructions:

1. Instruction to set addresses in the internal
RAM

2. Instruction to transfer data from/to the internal
RAM

3. Other instructions

In general use, the second type of instruction is
used most frequently. Since Y address of the
internal RAM is increased by 1 automatically after
writing (reading) data, the program can be
shortened. During the execution of an instruction,
the system cannot accept instructions other than
status read instruction. Send instructions from
MPU after making sure that the busy flag is 0,
which is proof that an instruction is not being
executed.
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Table 3 Instructions

Code

Instructions R/W D/I DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 Functions

Display on/off 0 0 0 0 1 1 1 1 1 1/0 Controls display on/off. RAM data and internal
status are not affected. 1: on, 0: off.

Display start line 0 0 1 1 Display start line (0–63) Specifies the RAM line displayed at the top of the
screen.

Set page (X address) 0 0 1 0 1 1 1 Page (0–7) Sets the page (X address) of RAM at the page
(X address) register.

Set Y address 0 0 0 1 Y address (0–63) Sets the Y address in the Y address counter.

Status read 1 0 Busy 0 ON/ Reset 0 0 0 0 Reads the status.
OFF RESET 1: Reset

0: Normal

ON/OFF 1: Display off
0: Display on

Busy 1: Internal operation
0: Ready

Write display data 0 1 Write data Writes data DB0 (LSB) Has access to the 
to DB7 (MSB) on the address of the display
data bus into display RAM specified in
RAM. advance. After the

Read display data 1 1 Read data Reads data DB0 (LSB) access, Y address is

to DB7 (MSB) from the increased by 1.

display RAM to the data
bus.

Note: Busy time varies with the frequency (fCLK) of ø1, and ø2.
(1/fCLK ≤ TBUSY ≤ 3/fCLK)
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Detailed Explanation

Display On/Off

The display data appears when D is 1 and
disappears when D is 0. Though the data is not on
the screen with D = 0, it remains in the display
data RAM. Therefore, you can make it appear by
changing D = 0 into D = 1.

Display Start Line

Z address AAAAAA (binary) of the display data
RAM is set in the display start line register and
displayed at the top of the screen. Figure 4 shows
examples of display (1/64 duty cycle) when the
start line = 0–3. When the display duty cycle is
1/64 or more (ex. 1/32, 1/24 etc.), the data of total
line number of LCD screen, from the line specified
by display start line instruction, is displayed.

Set Page (X Address)

X address AAA (binary) of the display data RAM
is set in the X address register. After that, writing
or reading to or from MPU is executed in this
specified page until the next page is set. See figure
5.

Set Y Address

Y address AAAAAA (binary) of the display data
RAM is set in the Y address counter. After that, Y
address counter is increased by 1 every time the
data is written or read to or from MPU.

Status Read

• Busy

When busy is 1, the LSI is executing internal
operations. No instructions are accepted while
busy is 1, so you should make sure that busy is 0
before writing the next instruction.

• ON/OFF

Shows the liquid crystal display conditions: on
condition or off condition.

When on/off is 1, the display is in off condition.
When on/off is 0, the display is in on condition.

• RESET

RESET = 1 shows that the system is being
initialized. In this condition, no instructions
except status read can be accepted.

RESET = 0 shows that initializing has finished
and the system is in the usual operation
condition.

Code 0 0 0 0 1 1 1 1 1 D

R/W D/I DB7 DB0

MSB LSB

Code 0 0 1 1 A A A A A A

R/W D/I DB7 DB0

MSB LSB

Code 0 0 1 0 1 1 1 A A A

R/W D/I DB7 DB0

MSB LSB

Code 0 0 0 1 A A A A A A

R/W D/I DB7 DB0

MSB LSB

Code 1 0 Busy 0
ON/
OFF RESET 0 0 0 0

R/W D/I DB7 DB0

MSB LSB



Figure 4   Relation between Start Line and Display
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Write Display Data

Writes 8-bit data DDDDDDDD (binary) into the
display data RAM. Then Y address is increased by
1 automatically.

Read Display Data

Reads out 8-bit data DDDDDDDD (binary) from
the display data RAM. Then Y address is increased
by 1 automatically.

One dummy read is necessary right after the
address setting. For details, refer to the explanation
of output register in “Function of Each Block”.

Code 0 1 D D D D D D

R/W D/I DB7 DB0

MSB LSB

D D Code 1 1 D D D D D D

R/W D/I DB7 DB0

MSB LSB

D D

Figure 5   Address Configuration of Display Data RAM
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DB0
to
DB7

DB0
to
DB7

Page 0

Page 1

0 1 2 61 62 63
Y address

X = 6

X = 7

DB0
to
DB7

DB0
to
DB7

Page 6

Page 7



Use of HD61202

Interface with HD61203 (1/64 Duty Cycle)
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Figure 6   LCD Driver Timing Chart (1/64 Duty Cycle)
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Interface with CPU

1.  Example of Connection with HD6800

In this decoder, addresses of HD61202 in the
address area of HD6800 are:

Read/write of the display data $FFFF
Write of display instruction $FFFE
Read out of status $FFFE

Therefore, you can control HD61202 by reading/
writing the data at these addresses.

Figure 7   Example of Connection with HD6800 Series
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to

A1
VMA
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VCC
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2.  Example of Connection with HD6801

• Set HD6801 to mode 5. P10 to P14 are used as
the output port and P30 to P37 as the data bus.

• 74LS154 4-to-16 decoder generates chip select
signal to make specified HD61202 active after
decoding 4 bits of P10 to P13.

• Therefore, after enabling the operation by P10 to

P13 and specifying D/I signal by P14, read/write
from/to the external memory area ($0100 to
$01FE) to control HD61202. In this case, IOS
signal is output from SC1 and R/W signal from
SC2.

• For details of HD6800 and HD6801, refer to
their manuals.

Figure 8   Examples of Connection with HD6801
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Example of Application

In this example, two HD61203s output the
equivalent waveforms. So, stand-alone operation is
possible. In this case, connect COM1 and COM65
to X1, COM2 and COM66 to X2, ..., and COM64

and COM128 to X64. However, for the large
screen display, it is better to drive in 2 rows as in
this example to guarantee the display quality.

Figure 9   Application Example
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Absolute Maximum Ratings

Item Symbol Value Unit Note

Supply voltage VCC –0.3 to +7.0 V 2

VEE1 VCC – 19.0 to VCC + 0.3 V 3
VEE2

Terminal voltage (1) VT1 VEE – 0.3 to VCC + 0.3 V 4

Terminal voltage (2) VT2 –0.3 to VCC + 0.3 V 2, 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. LSIs may be destroyed if they are used beyond the absolute maximum ratings.
In ordinary operation, it is desirable to use them within the recommended operation conditions.
Useing them beyond these conditions may cause malfunction and poor reliability.

2. All voltage values are referenced to GND = 0 V.
3. Apply the same supply voltage to VEE1 and VEE2.
4. Applies to V1L, V2L, V3L, V4L, V1R, V2R, V3R, and V4R.

Maintain
VCC ≥ V1L = V1R ≥ V3L = V3R ≥ V4L = V4R ≥ V2L = V2R ≥ VEE

5. Applies to M, FRM, CL, RST, ADC, ø1, ø2, CS1, CS2, CS3, E, R/W, D/I, and DB0–DB7.
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Electrical Characteristics (GND = 0 V, VCC = 4.5 to 5.5 V, VCC – VEE = 8 to 17.0 V,
Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage VIHC 0.7 × VCC — VCC V 1

VIHT 2.0 — VCC V 2

Input low voltage VILC 0 — 0.3 × VCC V 1

VILT 0 — 0.8 V 2

Output high voltage VOH 2.4 — — V IOH = –205 µA 3

Output low voltage VOL — — 0.4 V IOL = 1.6 mA 3

Input leakage current IIL –1.0 — +1.0 µA Vin = GND – VCC 4

Three-state (off) ITSL –5.0 — +5.0 µA Vin = GND – VCC 5
input current

Liquid crystal supply ILSL –2.0 — +2.0 µA Vin = VEE – VCC 6
leakage current

Driver on resistance RON — — 7.5 kΩ VCC – VEE = 15 V 8
±ILOAD = 0.1 mA

Dissipation current ICC(1) — — 100 µA During display 7

ICC(2) — — 500 µA During access 7
access cycle = 1 MHz

Notes: 1. Applies to M, FRM, CL, RST, ø1, and ø2.
2. Applies to CS1, CS2, CS3, E, R/W, D/I, and DB0–DB7.
3. Applies to DB0–DB7.
4. Applies to terminals except for DB0–DB7.
5. Applies to DB0–DB7 at high impedance.
6. Applies to V1L–V4L and V1R–V4R.
7. Specified when liquid crystal display is in 1/64 duty cycle mode.

Operation frequency: fCLK = 250  kHz (ø1 and ø2 frequency)
Frame frequency: fM = 70 Hz (FRM frequency)

Specified in the state of
Output terminal: Not loaded
Input level: VIH = VCC (V)

VIL = GND (V)
Measured at VCC terminal

HD61202
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8. Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L,
and V4R) when load current flows through one of the terminals Y1 to Y64. This value is
specified under the following condition:

The following is a description of the range of power supply voltage for liquid crystal display
drive. Apply positive voltage to V1L = V1R and V3L = V3R and negative voltage to V2L = V2R
and V4L = V4R within the ∆V range. This range allows stable impedance on driver output
(RON). Notice that ∆V depends on power supply voltage VCC – VEE.
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Terminal Y
(Y1–Y64)

V1L, V1R

V3L, V3R

V4L, V4R

V2L, V2R

RON

VCC – VEE = 15.0 V
V1L = V1R, V3L = V3R = VCC – 2/7 (VCC – VEE)
V2L = V2R, V4L = V4R = VCC	 + 2/7 (VCC – VEE)
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∆V

∆V

VCC
V1 (V1L = V1R)

V3 (V3L = V3R)

V4 (V4L = V4R)

V2 (V2L = V2R)
VEE

5.0

3

∆V
 (

V
)

8 17.0

VCC – VEE (V)

Range of power supply
voltage for liquid crystal
display drive

Correlation between driver output
waveform and power supply voltages
for liquid crystal display drive

Correlation between power supply
voltage VCC – VEE and ∆V



Terminal Configuration
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PMOS

VCC

NMOS

Applicable terminals:
     M, FRM, CL, RST, ø1, ø2, CS1, CS2, CS3,
     E, R/W, D/I, ADC

Applicable terminals: DB0–DB7

Input/Output Terminal

Input Terminal

PMOS

NMOS

VCC

Output Terminal

VCC

PMOS
V1L, V1R

VCC

PMOS
V3L, V3R

VEE
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V4L, V4R

VEE

NMOS
V2L, V2R

Applicable terminals:
     Y1–Y64

PMOS

VCC

NMOS

(Input circuit)

Enable

Data

(Output circuit)
[three state]



Interface AC Characteristics

MPU Interface (GND = 0 V, VCC = 4.5 to 5.5 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Note

E cycle time tCYC 1000 — — ns Fig. 10, Fig. 11

E high level width PWEH 450 — — ns

E low level width PWEL 450 — — ns

E rise time tr — — 25 ns

E fall time tf — — 25 ns

Address setup time tAS 140 — — ns

Address hold time tAH 10 — — ns

Data setup time tDSW 200 — — ns Fig. 10

Data delay time tDDR — — 320 ns Fig. 11, Fig. 12

Data hold time (write) tDHW 10 — — ns Fig. 10

Data hold time (read) tDHR 20 — — ns Fig. 11

Figure 10   MPU Write Timing
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Figure 11   MPU Read Timing

Figure 12   DB0–DB7: Load Circuit
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Clock Timing (GND = 0 V, VCC = 4.5 to 5.5 V, Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition

ø1, ø2 cycle time tcyc 2.5 — 20 µs Fig. 13

ø1 low level width tWLø1 625 — — ns

ø2 low level width tWLø2 625 — — ns

ø1 high level width tWHø1 1875 — — ns

ø2 high level width tWHø2 1875 — — ns

ø1—ø2 phase difference tD12 625 — — ns

ø2—ø1 phase difference tD21 625 — — ns

ø1, ø2 rise time tr — — 150 ns

ø1, ø2 fall time tf — — 150 ns

Figure 13   External Clock Waveform
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Display Control Timing (GND = 0 V, VCC = 4.5 to 5.5 V, Ta = –20 to +75°C)

Limit

Item Symbol Min Typ Max Unit Test Condition

FRM delay time tDFRM –2 — +2 µs Fig. 14

M delay time tDM –2 — +2 µs

CL low level width tWLCL 35 — — µs

CL high level width tWHCL 35 — — µs

Figure 14   Display Control Signal Waveform
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HD61203
(Dot Matrix Liquid Crystal Graphic Display 

64-Channel Common Driver)

Description

The HD61203 is a common signal driver for dot
matrix liquid crystal graphic display systems. It
generates the timing signals (switch signal to
convert LCD waveform to AC, frame synchronous
signal) and supplies them to the column driver to
control display. It provides 64 driver output lines
and the impedance is low enough to drive a large
screen.

As the HD61203 is produced by a CMOS process,
it is fit for use in portable battery-driven equipment
utilizing the liquid crystal display’s low power
consumption. The user can easily construct a dot
matrix liquid crystal graphic display system by
combining the HD61203 and the column (segment)
driver HD61202.

Features

• Dot matrix liquid crystal graphic display com-
mon driver with low impedance

• Low impedance: 1.5 kΩ max
• Internal liquid crystal display driver circuit: 64

circuits
• Internal dynamic display timing generator

circuit
• Display duty cycle

— When used with the column driver HD61202:
1/48, 1/64, 1/96, 1/128

— When used with the column driver HD61200:
Selectable out of 1/32 to 1/128

• Low power dissipation: During displays: 5 mW
• Power supplies: VCC: 5 V ± 10%
• Power supply voltage for liquid crystal display

drive: 8 V to 17 V
• CMOS process

Ordering Information

Type No. Package

HD61203 100-pin plastic QFP (FP-100)

HD61203TFIA 100-pin thin plastic QFP (TFP-100)

HD61203D Chip



Pin Arrangement
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Block Diagram
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Block Functions

Oscillator

The CR oscillator generates display timing signals
and operating clocks for the HD61202. It is
required when the HD61203 is used with the
HD61202. An oscillation resister Rf and an
oscillation capacitor Cf are attached as shown in
figure 1 and terminal STB is connected to the high
level. When using an external clock, input the

clock into terminal CR and don’t connect any lines
to terminals R and C.

The oscillator is not required when the HD61203 is
used with the HD61830. Then, connect terminal
CR to the high level and don’t connect any lines to
terminals R and C (figure 2).

Figure 1   Oscillator Connection with HD61202

Figure 2   Oscillator Connection with HD61830

R CR C R CR C

Rf Cf
Open OpenExternal

clock

R CR C

Open OpenVCC
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Timing Generator Circuit

The timing generator circuit generates display
timing and operating clock for the HD61202. This
circuit is required when the HD61203 is used with
the HD61202. Connect terminal M/S to high level
(master mode). It is not necessary when the display
timing signal is supplied from other circuits, for
example, from HD61830. In this case connect the
terminals Fs, DS1, and DS2 to high level and M/S
to low level (slave mode).

Bidirectional Shift Register

A 64-bit bidirectional shift register. The data is
shifted from DL to DR when SHL is at high level
and from DR to DL when SHL is at low level. In
this case, CL2 is used as shift clock. The lowest
order bit of the bidirectional shift register, which is
on the DL side, corresponds to X1 and the highest
order bit on the DR side corresponds to X64.

Liquid Crystal Display Driver Circuit

The combination of the data from the shift register
with the M signal allows one of the four liquid
crystal display driver levels V1, V2, V5 and V6 to
be transferred to the output terminals (table 1).

Table 1 Output Levels

Data from the
Shift Register M Output Level

1 1 V2

0 1 V6

1 0 V1

0 0 V5



HD61203 Terminal Functions

Terminal Number of Connected
Name Terminals I/O to Functions

VCC 1 Power supply VCC–GND: Power supply for internal logic.
GND 1 VCC–VEE: Power supply for driver circuit logic.
VEE 2

V1L, V2L 8 Power supply Liquid crystal display driver level power supply.
V5L, V6L V1L (V1R), V2L (V2R): Selected level
V1R, V2R V5L (V5R), V6L (V6R): Non-selected level
V5R, V6R

Voltages of the level power supplies connected to
V1L and V1R should be the same. (This applies to
the combination of V2L & V2R, V5L & V5R and V6L
& V6R respectively.)

M/S 1 I VCC or GND Selects master/slave.

• M/S = VCC: Master mode
When the HD61203 is used with the HD61202,
timing generation circuit operates to supply
display timing signals and operation clock to the
HD61202. Each of I/O common terminals DL, DR,
CL2, and M is in the output state.

• M/S = GND: Slave mode
The timing operation circuit stops operating. The
HD61203 is used in this mode when combined
with the HD61830. Even if combined with the
HD61202, this mode is used when display timing
signals (M, data, CL2, etc.) are supplied by
another HD61203 in the master mode.
Terminals M and CL2 are in the input state.

When SHL is VCC, DL is in the input state and DR is
in the output state. 

When SHL is GND, DL is in the output state and DR
is in the input state.

FCS 1 I VCC or GND Selects shift clock phase.

• FCS = VCC
Shift register operates at the rising edge of CL2.
Select this condition when HD61203 is used with
HD61202 or when MA of the HD61830 connects
to CL2 in combination with the HD61830.

• FCS = GND
Shift register operates at the fall of CL2. Select
this condition when CL1 of HD61830 connects to
CL2 in combination with the HD61830.

802

HD61203



Terminal Number of Connected
Name Terminals I/O to Functions

FS 1 I VCC or GND Selects frequency.

When the frame frequency is 70 Hz, the oscillation
frequency should be:

fOSC = 430 kHz at FCS = VCC
fOSC = 215 kHz at FCS = GND

This terminal is active only in the master mode.
Connect it to VCC in the slave mode.

DS1, DS2 2 I VCC or GND Selects display duty factor.

Display Duty Factor 1/48 1/64 1/96 1/128

DS1 GND GND VCC VCC

DS2 GND VCC GND VCC

These terminals are valid only in the master mode.
Connect them to VCC in the slave mode.

STB 1 I VCC or GND Input terminal for testing
TH 1 Connect to STB VCC.
CL1 1 Connect TH and CL1 to GND.

CR, R, C 3 Oscillator

In the master mode, use these terminals as shown
below:

In the slave mode, stop the oscillator as shown
below:

ø1, ø2 2 O HD61202 Operating clock output terminals for the HD61202

• Master mode
Connect these terminals to terminals ø1 and ø2 of
the HD61202 respectively.

• Slave mode
Don’t connect any lines to these terminals.

HD61203
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Terminal Number of Connected
Name Terminals I/O to Functions

FRM 1 O HD61202 Frame signal

• Master mode
Connect this terminal to terminal FRM of the
HD61202.

• Slave mode
Don’t connect any lines to this terminal.

M 1 I/O MB of Signal to convert LCD driver signal into AC
HD61830 • Master mode: Output terminal
or M of Connect this terminal to terminal M of the
HD61202 HD61202.

• Slave mode: Input terminal
Connect this terminal to terminal MB of the
HD61830.

CL2 1 I/O CL1 or MA of Shift clock
HD61830 • Master mode: Output terminal
or CL of Connect this terminal to terminal CL of the 
HD61202 HD61202.

• Slave mode: Input terminal
Connect this terminal to terminal CL1 or MA
of the HD61830.

DL, DR 2 I/O Open or FLM Data I/O terminals of bidirectional shift register
of HD61830 DL corresponds to X1’s side and DR to X64’s side.

• Master mode
Output common scanning signal. Don’t connect
any lines to these terminals normally.

• Slave mode
Connect terminal FLM of the HD61830 to DL
(when SHL = VCC) or DR (when SHL = GND)

M/S VCC GND

SHL VCC GND VCC GND

DL Output Output Input Output

DR Output Output Output Input

NC 5 Open Not used.

Don’t connect any lines to this terminal.

SHL 1 I VCC or GND Selects shift direction of bidirectional shift register.

Common Scanning 
SHL Shift Direction Direction

VCC DL → DR X1 → X64

GND DL ← DR X1 ← X64
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Terminal Number of Connected
Name Terminals I/O to Functions

X1–X64 64 O Liquid Liquid crystal display driver output
crystal Output one of the four liquid crystal display driver 
display levels V1, V2, V5, and V6 with the combination of

the data from the shift register and M signal.

When SHL is VCC, X1 corresponds to COM1 and
X64 corresponds to COM64.

When SHL is GND, X64 corresponds to COM1 and
X1 corresponds to COM64.

HD61203
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D

61203
Example of Application

HD61203 Connection List

M/S TH CL1 FCS FS DS1 DS2 STB CR R C ø1 ø2 FRM M CL2 SHL DL DR X1–X64

A L L L L H H H H H — — — — — From MB of From CL1 of H From FLM of — COM1–COM64
HD61830 HD61830 HD61830

L — From FLM of COM64–COM1
HD61830

B L L L H H H H H H — — — — — From MB of From MA of H From FLM of To DL/DR of COM1–COM64
HD61830 HD61830 HD61830 HD61203

No. 2

L To DL/DR From FLM of COM64–COM1
of HD61203 HD61830
No. 2

C L L L H H H H H H — — — — — From MB of From MA of H From DL/DR — COM65–COM128
HD61830 HD61830 of HD61203

No. 1

L — From DL/DR COM128–COM65
of HD61203
No. 1

D H L L H H L L H Rf Rf Cf To ø1 of To ø2 of To FRM of To M of To CL of H — — COM1–COM64
or HD61202 HD61202 HD61202 HD61202 HD61202

L H Cf L — — COM64–COM1

E H L L H H L L H Rf Rf Cf To ø1 of To ø2 of To FRM of To M of To CL of H — To DL/DR  COM1–COM64
or HD61202 HD61202 HD61202 HD61202 HD61202 of HD61203

L H Cf HD61203 To CL2 of No. 2
HD61203 L To DL/DR — COM64–COM1

of HD61203
No. 2

F L L L H H H H H H — — — — — From M of From CL2 of H From DL/DR — COM1–COM64
HD61203 HD61203 of HD61203
No. 1 No. 1 No. 1

L — From DL/DR COM64–COM1
of HD61203
No. 1

Notes: H: VCC } FixedL: GND

“—” means “open”.

Rf: Oscillation resister
Cf: Oscillation capacitor



Outline of HD61203 System Configuration

Use with HD61830

1. When display duty ratio of LCD is 1/64

2. When display duty ratio of LCD is from 1/65 to 1/128

HD61203
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No. 1
COM1
COM64

LCD

No. 1

HD61830

HD61830
LCD

No. 1

HD61830

No. 2

COM1
COM64

COM1
COM64

Upper

Lower

COM1
COM64

COM1
COM64

Lower

Upper

LCD

One HD61203 drives
common signals.

Refer to Connection 
List A.

One HD61203 drives 
common signals for 
upper and lower 
panels.

Refer to Connection 
List A.

Two HD61203s drive
upper and lower panels
separately to ensure 
the quality of display.
No. 1 and No. 2 operate
in parallel.

For both of No. 1 and
No. 2, refer to 
Connection List A.

No. 1
COM1
COM128

LCD

HD61830

No. 2

No. 1

HD61830

COM1
COM128

COM1
COM128

Upper

Lower

LCD

No. 2

COM1
COM128

COM1
COM128

Upper

Lower

LCD

No. 1

No. 2
No. 3

No. 4

HD61830

Two HD61203s 
connected serially drive
common signals.

Refer to Connection
List B for No. 1.
Refer to Connection 
List C for No. 2.

Two HD61203s
connected serially
drive upper and lower
panels in parallel.

Refer to Connection 
List B for No. 1.
Refer to Connection
List C for No. 2.

Two sets of HD61203s
connected serially 
drive upper and lower
panels in parallel to
ensure the quality of
display. 


Refer to Connection
List B for No. 1 and 3.
Refer to Connection
List C for No. 2 and 4.



Use with HD61202 (1/64 Duty Ratio)
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No. 1
COM1
COM64

LCD

HD61202

LCD

COM1
COM64

COM1
COM64

Upper

Lower

COM1
COM64

COM1
COM64

Lower

Upper

LCD

One HD61203 drives
common signals and
supplies timing signals
to the HD61202s.

Refer to Connection
List D.

One HD61203 drives 
upper and lower panels
and supplies timing
signals to the HD61202s.

Refer to Connection
List D.

Two HD61203s drive
upper and lower panels
in parallel to ensure
the quality of display.
No. 1 supplies timing
signals to No. 2 and 
the HD61202s.

Refer to Connection
List E for No. 1.
Refer to Connection
List F for No. 2.

No. 1

HD61202

HD61202

No. 1

HD61202

HD61202

No. 2



Connection Example 1

Use with HD61202 (RAM Type Segment Driver)

1. 1/64 duty ratio (see Connection List D)

Figure 3   Example 1
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Figure 4   Example 1 Waveform (RAM Type, 1/64 Duty Cycle)
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Connection Example 2

Use with HD61830 (Display Controller)

1. 1/64 duty ratio (see Connection List A)

Figure 5   Example 2 (1/64 Duty Ratio)
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Figure 6   Example 2 Waveform (1/64 Duty Ratio)
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2. 1/100 duty ratio (see Connection List B, C)

Figure 7   Example 2 (1/100 Duty Ratio)
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Figure 8   Example 2 Waveform (1/100 Duty Ratio)
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Absolute Maximum Ratings

Item Symbol Limit Unit Notes

Power supply voltage (1) VCC –0.3 to +7.0 V 2

Power supply voltage (2) VEE VCC – 19.0 to VCC + 0.3 V 5

Terminal voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Terminal voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 4, 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We
strongly recommend you to use the LSI within electrical characteristic limits for normal
operation, because use beyond these conditions will cause malfunction and poor reliability.

2. Based on GND = 0 V.
3. Applies to input terminals (except V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O

terminals at high impedance.
4. Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R.
5. Apply the same value of voltages to V1L and V1R, V2L and V2R, V5L and V5R, V6L and V6R,

VEE (23 pin) and VEE (58 pin) respectively.
Maintain VCC ≥ V1L = V1R ≥ V6L = V6R ≥ V5L = V5R ≥ V2L = V2R≥ VEE

HD61203
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Electrical Characteristics

DC Characteristics (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 8.0 to 17.0 V, Ta = –20 to +75°C)

Specifications

Test Item Symbol Min Typ Max Unit Test Conditions Notes

Input high voltage VIH 0.7 × VCC — VCC V 1

Input low voltage VIL GND — 0.3 × VCC V 1

Output high voltage VOH VCC – 0.4 — — V IOH = –0.4 mA 2

Output low voltage VOL — — 0.4 V IOL = 0.4 mA 2

Vi–Xj on resistance RON — — 1.5 kΩ VCC – VEE = 10 V 13
Load current 
±150 µA

Input leakage current IIL1 –1.0 — 1.0 µA Vin = 0 to VCC 3

Input leakage current IIL2 –2.0 — 2.0 µA Vin = VEE to VCC 4

Operating frequency fopr1 50 — 600 kHz In master mode 5
external clock 
operation

Operating frequency fopr2 0.5 — 1500 kHz In slave mode 6
shift register

Oscillation frequency fosc 315 450 585 kHz Cf = 20 pF ± 5% 7, 12
Rf = 47 kΩ ± 2%

Dissipation current (1) IGG1 — — 1.0 mA In master mode 8, 9
1/128 duty cycle
Cf = 20 pF
Rf = 47 kΩ

Dissipation current (2) IGG2 — — 200 µA In slave mode 8, 10
1/128 duty cycle

Dissipation current IEE — — 100 µA In master mode 8, 11
1/128 duty cycle

Notes: 1. Applies to input terminals FS, DS1, DS2, CR, SHL, M/S, and FCS and I/O terminals DL, M, DR
and CL2 in the input state.

2. Applies to output terminals, ø1, ø2, and FRM and I/O common terminals DL, M, DR, and CL2 in
the output status.

3. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, I/O terminals
DL, M, DR, and CL2 in the input state and NC terminals.

4. Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R. Don’t connect any lines to X1 to X64.
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5. External clock is as follows.

6. Applies to the shift register in the slave mode. For details, refer to AC characteristics.
7. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure.

Oscillation frequency (fOSC) is twice as much as the frequency (fø) at ø1 or ø2.

8. No lines are connected to output terminals and current flowing through the input circuit is
excluded. This value is specified at VIH = VCC and VIL = GND.

9. This value is specified for current flowing through GND in the following conditions: Internal
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is
connected to VCC and each of CL1 and TH to GND. Oscillator is set as described in note 7.

10. This value is specified for current flowing through GND under the following conditions: Each
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to VCC, CL1, TH, and M/S to
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL
of the HD61203 under the condition described in note 9.

11. This value is specified for current flowing through VEE under the condition described in note 9.
Don’t connect any lines to terminal V.

12. This figure shows a typical relation among oscillation frequency, Rf and Cf. Oscillation
frequency may vary with the mounting conditions.

HD61203
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13. Resistance between terminal X and terminal V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L,
and V6R) when load current flows through one of the terminals X1 to X64. This value is
specified under the following conditions:

The following is a description of the range of power supply voltage for liquid crystal display
drive. Apply positive voltage to V1L = V1R and V6L = V6R and negative voltage to V2L = V2R
and V5L = V5R within the ∆V range. This range allows stable impedance on driver output
(RON). Notice that ∆V depends on power supply voltage VCC – VEE.
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Terminal X
(X1 to X64)

V1L, V1R

V6L, V6R

V5L, V5R

V2L, V2R

RON

VCC – VEE = 17 V
V1L = V1R, V6L = V6R = VCC – 1/7 (VCC – VEE)
V2L = V2R, V5L = V5R = VEE	 + 1/7 (VCC – VEE)

Connect one of the lines
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V5 (V5L = V5R)

V2 (V2L = V2R)
VEE
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∆V
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VCC – VEE (V)

Range of power supply
voltage for liquid crystal
display drive

Correlation between driver output
waveform and power supply voltage
for liquid crystal display drive

Correlation between power supply
voltage VCC – VEE and ∆V



Terminal Configuration

HD61203
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AC Characteristics (VCC = +5 V ± 10%, GND = 0 V, Ta = –20 to +75°C)

In the Slave Mode (M/S = GND)

Item Symbol Min Typ Max Unit Note

CL2 low level width (FCS = GND) tWLCL2L 450 — — ns

CL2 high level width (FCS = GND) tWLCL2H 150 — — ns

CL2 low level width (FCS = VCC) tWHCL2L 150 — — ns

CL2 high level width (FCS = VCC) tWHCL2H 450 — — ns

Data setup time tDS 100 — — ns

Data hold time tDH 100 — — ns

Data delay time tDD — — 200 ns 1

Data hold time tDHW 10 — — ns

CL2 rise time tr — — 30 ns

CL2 fall time tf — — 30 ns

Notes: 1. The following load circuit is connected for specification.
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tWLCL2H

tWHCL2L
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0.3 VCC

0.7 VCC

0.3 VCC

tDD

tDHW

0.7 VCC

0.3 VCC

CL2
(FCS = GND)
(Shift clock)

CL2
(FCS = VCC)
(Shift clock)

DL (SHL = VCC)
DR (SHL = GND)
Input data

DR (SHL = VCC)
DL (SHL = GND)
Output data

30 pF (includes jig capacitance)

Output terminal



2. In the master mode (M/S = VCC, FCS = VCC, Cf = 20 pF, Rf = 47 kΩ)
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0.7 VCC

0.3 VCC

tWCL2L tWCL2H

tDH

tDS

tDH

tDD

tDS

0.7 VCC

0.3 VCC

tDD

0.7 VCC

0.3 VCC

0.3 VCC

0.7 VCC

tDFRMtDFRM

tDM

0.7 VCC

0.3 VCC

tWø1H
trtf

tWø2Ltf tr

tWø2H

tD21tD12tWø1L

    0.7 VCC
  0.5 VCC
0.3 VCC

    0.7 VCC
  0.5 VCC
0.3 VCC

CL2

DL (SHL = VCC)
DR (SHL = GND)

DR (SHL = VCC)
DL (SHL = GND)

FRM

M

ø1

ø2



Item Symbol Min Typ Max Unit

Data setup time tDS 20 — — µs

Data hold time tDH 40 — — µs

Data delay time tDD 5 — — µs

FRM delay time tDFRM –2 — +2 µs

M delay time tDM –2 — +2 µs

CL2 low level width tWCL2L 35 — — µs

CL2 high level width tWCL2H 35 — — µs

ø1 low level width tWø1L 700 — — ns

ø2 low level width tWø2L 700 — — ns

ø1 high level width tWø1H 2100 — — ns

ø2 high level width tWø2H 2100 — — ns

ø1–ø2 phase difference tD12 700 — — ns

ø2–ø1 phase difference tD21 700 — — ns

ø1, ø2 rise time tr — — 150 ns

ø1, ø2 fall time tf — — 150 ns
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Ordering Information

Type No. Package

HD66410Txx TCP

HD66410
(RAM-Provided 128-Channel Driver for Dot-Matrix 

Graphic LCD)

Preliminary

Description

The HD66410 drives and controls a dot-matrix
graphic LCD using a bit-mapped display method.
It provides a highly flexible display through its on-
chip display RAM, in which each bit of data can be
used to turn on or off one dot on the LCD panel. 

A single HD66410 can display a maximum of 128
× 33 dots using its powerful display control func-
tions. It features 24-channel annunciator output
operating with 1/3 duty cycle that is available even
during standby modes, which makes it suitable for
time and other mark indications. 

An MPU can access the HD66410 at any time
because the MPU operations are asynchronous
with the HD66410’s system clock and display
operations. 

Its low-voltage operation at 2.2 to 3.6 V and the
standby function provides low power-dissipation,
making the HD66410 suitable for small portable
device applications. 

Features

• 4.2-kbit (128 × 33-bit) bit-mapped display RAM
• 128 × 33dots displayed using a single HD66410

— 8 characters × 2 lines (16 × 16-dot character)

— 21 characters × 4 lines (6 × 8-dot character)

• Annunciator display using dedicated output
channels
— Maximum of 72 segments displayed with 1/3

duty cycle

— Available even during standby modes

• Flexible LCD driver configuration
— Row output from both sides of an LCD panel

— Row output from one side of an LCD panel

• Low power-dissipation suitable for long battery-
based operation
— Low-voltage operation: 2.2 to 3.6 V

— Two standby modes: modes with and without
annunciator display

• On-chip double to quadruple booster
• Versatile display control functions

— Display data read/write

— Display on/off

— Column address inversion according to
column driver layout

— Vertical display scroll

— Blink area select

— Read-modify-write

• 80-system CPU interface through 8-bit asyn-
chronous data bus

• On-chip oscillator combined with external
resistors and capacitors

• Tape carrier package (TCP)



Pin Arrangement
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Note:  This figure is not drawn to a scale.



Pin Description

Number 
Pin Name of Pins I/O Connected to Description

VCC, GND 5 — Power supply VCC: +2.2 to +3.6 V, GND: 0 V

Vci 1 — Power supply Inputs voltage to the booster to generate the base of
the LCD drive voltages (VEEC and VEEL); must be
below VCC. Vci: 0 to +3.6 V.

AV3 1 — Power supply Supplies power to the internal annunciator drivers to
generate the annunciator drive voltages using AV3
and VCC. VCC–AV3: 0 to 3.6 V; must be above GND.

VEE 1 I/O Booster Boosts and outputs the voltage input to the Vci pin; 
capacitors must be connected to the booster capacitors and 
and V5 V5 pin.

V1, V2, V3, 5 — Resistive divider Supplies several levels of power to the internal LCD 
V4, V5 drivers for dot-matrix display; must be applied with the

appropriate level of bias for the LCD panel used.

C1+ to C3+, 6 — Booster Must be connected to external capacitors according to 
C1– to C3– capacitor the boosting ratio.

VSHO, VSLO 2 O VSH, VSL, Output voltage to be supplied to the internal column 
VCSH, VCSL, drivers.
VSCH, VSCL

VCHO, VCLO 2 O VCH, VCL, Output voltage to be supplied to the internal row 
VCSH, VCSL, drivers.
VSCH, VSCL

VSH, VSL 2 I VSHO, VSLO Input voltage to be supplied to internal drivers X17 to
X128.

VCH, VCL 2 I VCHO, VCLO Input voltage to be supplied to internal drivers X145 to
X160.

VCSH, VCSL 2 I VCHO, VCLO, Input voltage to be supplied to internal drivers X1 to 
VSHO, VSLO X16.

VSCH, VSCL 2 I VCHO, VCLO, Input voltage to be supplied to internal drivers X129 to 
VSHO, VSLO X144.

C, R, CR 3 I, Oscillator Must be connected to external capacitors and 
I/O resistor and resistors when using R-C oscillation. When using an 

capacitor external clock, it must be input to the CR pin.

RES 1 I — Resets the LSI internally when driven low.

CS 1 I MPU Selects the LSI, specifically internal registers (index
and data registers) when driven low.

RS 1 I MPU Selects one of the internal registers; selects the index
register when driven low and data registers when
driven high.

WR 1 I MPU Inputs write strobe; allows a write access when driven
low.
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Number 
Pin Name of Pins I/O Connected to Description

RD 1 I MPU Inputs read strobe; allows a read access when driven
low.

DB7 to DB0 8 I/O MPU 8-bit three-state bidirectional data bus; transfers data
between the HD66410 and MPU through this bus.

X1 to X16, 32 O Liquid crystal Output column or row drive signals; either column or 
X129 to X144 display row can be selected by programming.

X17 to X128 112 O Liquid crystal Output column drive signals.
display

X145 to X161 17 O Liquid crystal Output row drive signals.
display

COM1 to 3 O Liquid crystal Output row drive signals for annunciator display; 
COM3 display available even during standby modes. Can operate 

statically or with 1/3 duty cycle.

SEG1 to 24 O Liquid crystal Output column drive signals for annunciator display; 
SEG24 display available even during standby modes.

TEST0 1 I GND Tests the LSI; must be grounded.

TEST1 1 O — Tests the LSI; must be left unconnected.
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Register List
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Index register

Control register 1

Control register 2

X address register

Y address register

Display memory access register

Display start raster register

Blink register 1

Blink register 2

Blink start raster register

Blink end raster register

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Annunciator display data register 1

Annunciator display data register 2

Annunciator display data register 3

Annunciator display data register 4

Annunciator display data register 5

Annunciator display data register 6

Annunciator display data register 7

Annunciator display data register 8

Annunciator display data register 9

Annunciator blink register 1

Annunciator blink register 2

Annunciator blink register 3

Reserved

Reserved

Reserved

Reserved

W

W

W

W

W

R/W

W

W

W

W

W
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Block Diagram
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Level shifter
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System Description 

The HD66410 comprises two kinds of independent
LCD drivers: one operating with 1/33 or 1/17
duty cycle for dot-matrix displays and the other
operating statically or with 1/3 duty cycle for
annunciator displays. These drivers can display a
maximum of 128 × 33 dots (eight 16 × 16-dot
characters × 2 lines) on an LCD panel together
with a 72-segment annunciator. Annunciator dis-
play is available even during standby modes, thus

enabling constant display such as for a time
function. The HD66410 can reduce power dis-
sipation without affecting display because data is
retained in the display RAM even during standby
modes. An LCD system can be configured simply
by attaching external capacitors and resistors
(figure 1) since the HD66410 incorporates booster
circuits. 
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Figure 1   System Block Diagram
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MPU Interface

The HD66410 can interface directly to an MPU
through an 8-bit data bus or through an I/O port
(figure 2). The MPU can access the HD66410
internal registers independent of internal clock
timing. 

The index register can be directly accessed but the

other registers (data registers) cannot. Before
accessing a data register, its register number must
be written to the index register. Once written, the
register number is held until it is rewritten,
enabling the same register to be consecutively
accessed without having to rewrite to the register
number for each access. An example of a register
access sequence is shown in figure 3.
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Figure 2   8-Bit MPU Interface Examples

Figure 3   8-Bit Data Transfer Sequence
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LCD Driver Configuration

Row/Column Output Assignment: The HD66410
can assign LCD driver output pins X1 to X16 and
X129 to X144 to either row or column output
depending on the CNF bit value in control register
1, while X17 to X128 and X145 to X161 are fixed
to column output and row output, respectively.
With this function, row output can be positioned on
either one side or two sides of an LCD panel.

Figure 4 shows an example where 33-channel row
output is positioned to the right of an LCD panel,
with X129 to X144 assigned to row output and X1
to X16 assigned to column output. Figure 5 shows
an example where 33-channel row output is
divided into two and positioned to the right and left
of the LCD panel, with X129 to X144 assigned to
column output and X1 to X16 assigned to row
output. 
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Figure 4   Row Output on Right Side

LCD
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X161X145X128 X129 X144X17X16X1

Column output
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a)  Column/row output assignment


128-channel column output

33-channel row output

b)  System configuration



Figure 5   Row Output on Right and Left Sides
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Column output Column output Row output


128-channel column
output 17-channel row output



b)  System configuration

a)  Column/row output assignment


16-channel row output




Column Address Inversion According to LCD
Driver Layout: The HD66410 can always display
data in address $0 on the top left of an LCD panel
regardless of where it is positioned with respect to
the panel. This is because the HD66410 can invert
the positional relationship between display RAM
addresses and LCD driver output pins by inverting
RAM addresses. Specifically, the HD66410 out-
puts data in address $0 from X1 (X17) when the
ADC bit in control register 1 is 0, and from X128

(X144) otherwise. Here, the scan direction of row
output is also inverted according to the situation, as
shown in figure 6. Note that addresses and scan
direction are inverted when data is written to the
display RAM, and thus changing the ADC bit after
data has been written has no effect. Therefore,
hardware control bits such as CNF and ADC must
be set immediately after reset is canceled, and must
not be set while data is being displayed. 
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Figure 6   LCD Driver Layout and RAM Addresses
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CNF = 0, ADC = 0
(row output on one side; $0 data from X1)


CNF = 1, ADC = 0
(row output on both sides; $0 data from X17)

CNF = 0, ADC = 1 
(row output on one side; $0 data from X128)


CNF = 1, ADC = 1
(row output on both sides; $0 data from X144)




Display RAM Configuration and Display

The HD66410 incorporates a bit-mapped display
RAM. It has 128 bits in the X direction and 33 bits
in the Y direction. The 128 bits are divided into
sixteen 8-bit groups. As shown in figure 7, data
written by the MPU is stored horizontally with the
MSB at the far left and the LSB at the far right. A
display data of 1 turns on (black) the corre-
sponding dot of an LCD panel and 0 turns it off
(transparent). 

The ADC bit of control register 1 can control the
positional relationship between X addresses of the
RAM and LCD driver output (figure 8). Specifi-
cally, the data in address $0 is output from X1
(X17) when the ADC bit in control register 1 is 0,
and from X128 (X144) otherwise. Here, data in
each 8-bit group is also inverted. Because of this
function, the data in X address $0 can be always
displayed on the top left of an LCD panel with the
MSB at the far left regardless of the LSI is
positioned with respect to the panel. 
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Figure 7   Display RAM Data and Display

Figure 8   Display RAM Configuration
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X addresses

(b)  ADC = 1

$F $E $0

MSB



Access to Internal Registers and Display RAM

Access to Internal Registers by the MPU: The
internal registers includes the index register and
data registers. The index register can be accessed
by driving both the CS and RS signals low. To
access a data register, first write its register number
to the index register with RS set to 0, and then
access the data register with RS set to 1. Once
written, the register number is held until it is
rewritten, enabling the same register to be con-
secutively accessed without having to rewrite to
the register number for each access. Some data
registers contain unused bits; they should be set to
0. Note that all data registers except the display
memory access register can only be written to. 

Access to Display RAM by the MPU: To access
the display RAM, first write the RAM address
desired to the X address register (R2) and the Y
address register (R3). Then read/write the display
memory access register (R4). Memory access by
the MPU is independent of memory read by the
HD66410 and is also asynchronous with the

system clock, thus enabling an interface inde-
pendent of HD66410’s internal operations.
However, when reading, data is temporarily
latched into a HD66410’s buffer and then output
next time a read is performed in a subsequent
cycle. This means that a dummy read is necessary
after setting X and Y addresses. The memory read
sequence is shown in figure 9. 

X and Y addresses are automatically incremented
after each memory access according to the INC bit
value in control register 2; therefore, it is not
necessary to update the addresses for each access.
Figure 10 shows two cases of incrementing display
RAM address. When the INC bit is 0, the Y
address will be incremented up to $3F with the X
address unchanged. However, actual memory is
valid only within $00 to $20; accessing an invalid
address is ignored. When the INC bit is 1, the X
address will be incremented up to $F with the Y
address unchanged. After address $F, the X address
will return to $0; if more than 16 bytes of data are
consecutively written, data will be overwritten at
the same address. 
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Figure 9   Display RAM Read Sequence
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Display RAM Reading by LCD Controller: Data
is read by the HD66410 to be displayed asyn-
chronously with accesses by the MPU. However,
because simultaneous access could damaging data
in the display RAM, the HD66410 internally
arbitrates access timing; access by the MPU

usually has priority and so access by the HD66410
is placed between accesses by the MPU. Accord-
ingly, an appropriate time must be secured (see the
given electrical characteristics between two ac-
cesses by the MPU). 
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Figure 10   Display RAM Address Increment
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Vertical Scroll Function

The HD66410 can vertically scroll a display by
varying the top raster to be displayed, which is
specified by the display start raster register. Figure
11 shows a vertical scroll example. As shown,

when the top raster to be displayed is set to 1, data
in Y address $00 is displayed on the 33rd raster. To
display another frame on the 33rd raster, therefore,
data in Y address $00 must be modified after
setting the top raster. 
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Figure 11   Vertical Scroll
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Blink Function

Blinking Dot-Matrix Display Area: The HD66410
can blink a specified area on the dot-matrix
display. Blinking is achieved by repeatedly turning
on and off the specified area at a frequency of one
sixty-fourth the frame frequency. For example,
when the frame frequency is 80 Hz, the area is
turned on and off every 0.8 seconds. 

The area to be blinked can be designated by
specifying vertical and horizontal positions of the
area. The vertical position, or the rasters to be
blinked, are specified by the blink start raster
register (R8) and blink end raster register (R9).

The horizontal position, or the dots to be blinked in
the specified rasters, are specified by the blink
registers (R6 and R7) in an 8-dot group; each data
bit in the blink registers controls its corresponding
8-dot group. The relationship between the registers
and blink area is shown in figure 12. Setting the
BLK bit to 1 in control register 2 after setting the
above registers starts blinking the designated area.
Note that since the area to be blinked is designated
absolutely with respect to the display RAM, it will
move along with a scrolling display (figure 13). 
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Figure 12   Blink Area Designation by Blink Control Registers
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Figure 13   Scrolling Blink Area
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Display start raster = 0
Blink start raster     = 0
Blink end raster      = H'F

Display start raster = H'5
Blink start raster     = H'5
Blink end raster      = H'F



Blinking Annunciator Display Area: The
HD66410 can blink up to 18 dots among a
maximum of 72 dots on the annunciator display.
This function is controlled by a blink controller
independent of that for the main dot-matrix display

part. The dots to be blinked can be designated by
annunciator blink registers 1, 2, and 3, each of
which contains two bits to specify a block and six
bits to specify dots to be blinked in the specified
block (figures 14 and 15). 
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Figure 14   Blink Area Designation by Annunciator Blink Control Registers
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Figure 15   Annunciator Blink Registers
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Power Down Modes

The HD66410 has a standby function providing
low power-dissipation, which is initiated by
internal register settings. There are two standby
modes: in one, all the HD66410 functions are
inactive, and in the other, only the annunciator
display function is active. In both modes, the
internal booster halts but data in the display RAM
and internal registers except the DISP bit is
retained. However, only control registers can be

accessed during standby modes. In the standby
mode with annunciator display, the oscillator does
not halt, thus dissipating more power than in the
other standby mode. Table 1 lists the LCD driver
output pin status during standby modes. Figure 16
shows the procedure for initiating and canceling a
standby mode. Note that the cancelation procedure
must be strictly followed to protect data in the
display RAM. 
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Table 1 Output Pin Status during Standby Modes

X1 to X161 Output VCC (display off)

COM1 to COM3 OSC = 0 Output VCC (display off)

OSC = 1 Output common signals (display on)

SEG1 to SEG24 OSC = 0 Output VCC (display off)

OSC = 1 Output segment signals (display on)

Figure 16   Procedure for Initiating and Canceling a Standby Mode

Clear STBY bit to 0 (control register 1)


Wait for power supply to stabilize


Set DISP bit to 1 (control register 1)


Display starts

Initiation

Cancelation

Set STBY bit to 1 (control register 1)

Clear OSC bit to 0 (control register 1)


Set OSC bit to 1 (control register 1)


Wait for oscillation to stabilize


Set OSC bit to 1 (control register 1)


Display annunciator?


Internal operation
and booster start


Oscillation
starts


Oscillation
halts


Internal operation
and booster halt

Standby mode
(with annunciator display)



Standby mode
(without annunciator display)



NOYES



Power On/Off Procedure

Figure 17 shows the procedure for turning the
power supply on and off. This procedure must be

strictly followed to prevent incorrect display
because the HD66410 incorporates all power
supply circuits . 
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Figure 17   Procedure for Turning Power Supply On/Off 

Boosting starts

Boosting halts

Power on

Power off

Clear DISP bit to 0 (control register 1)



Clear PWR bit to 0 (control register 1)



Turn off power



Set DISP bit to 1 (control register 1)



Write data to registers and RAM as required



Set IDTY, CNF, ADC, RMW, DDTY, INC bits according 
to the operating mode  (control registers 1 and 2)



Set PWR bit to 1 (control register 1)



Turn on power (power-on reset)





Annunciator Display Function

The HD66410 can display up to 72 dots of annun-
ciator using 24 segment (column) drivers (SEG1 to
SEG24) and three common (row) drivers (COM1
to COM3). These drivers, independent of the
display RAM, operate statically or with a 1/3 duty
cycle. They are available even during standby
modes, where dot-matrix display and the internal
booster is turned off, making them suitable for
time and other mark indications with reduced
power dissipation. 

The dots to be displayed are designated by annun-
ciator display data registers 1 to 9. For static drive,
only display data registers 1, 4, and 7 and row
driver COM1 are used. A maximum of 18 turned-
on dots can be blinked. For details on blinking, see
the Blink Function section. Figure 18 shows the
relationship between annunciator display data
register bits and display positions. In the figure,
alphanumerics in the ovals indicate the bit names
of annunciator display data registers. Data value 1
turns on the corresponding dot on the panel, and
data value 0 turns off the corresponding dot. Table
2 lists the annunciator display data registers. 
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Table 2 Annunciator Display Data Register Bits

Register DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Annunciator display data register 1 A0 IC1A IC1B IC1C IC1D IC1E IC1F IC1G IC1H

Annunciator display data register 2 A1 IC2A IC2B IC2C IC2D IC2E IC2F IC2G IC2H

Annunciator display data register 3 A2 IC3A IC3B IC3C IC3D IC3E IC3F IC3G IC3H

Annunciator display data register 4 A3 IC1I IC1J IC1K IC1L IC1M IC1N IC1O IC1P

Annunciator display data register 5 A4 IC2I IC2J IC2K IC2L IC2M IC2N IC2O IC2P

Annunciator display data register 6 A5 IC3I IC3J IC3K IC3L IC3M IC3N IC3O IC3P

Annunciator display data register 7 A6 IC1Q IC1R IC1S IC1T IC1U IC1V IC1W IC1X

Annunciator display data register 8 A7 IC2Q IC2R IC2S IC2T IC2U IC2V IC2W IC2X

Annunciator display data register 9 A8 IC3Q IC3R IC3S IC3T IC3U IC3V IC3W IC3X

Note: Only annunciator display data registers 1, 4, and 7 are used for static display. 

Figure 18   Annunciator Display Data and Display Positions

S
E

G
1

S
E

G
2

IC
3A

IC
2A

IC
1A

IC
3B

IC
2B

IC
1B

S
E

G
3

S
E

G
4

IC
3C

IC
2C

IC
1C

IC
3D

IC
2D

IC
1D

S
E

G
5

S
E

G
6

IC
3E

IC
2E

IC
1E

IC
3F

IC
2F

IC
1F

S
E

G
7

S
E

G
8

IC
3G

IC
2G

IC
1G

IC
3H

IC
2H

IC
1H

S
E

G
9

S
E

G
10

IC
3I

IC
2I

IC
1I

IC
3J

IC
2J

IC
1J

S
E

G
11

S
E

G
12

IC
3K

IC
2K

IC
1K

IC
3L

IC
2L

IC
1L

S
E

G
13

S
E

G
14

IC
3M

IC
2M

IC
1M

IC
3N

IC
2N

IC
1N

S
E

G
15

S
E

G
16

IC
3O

IC
2O

IC
1O

IC
3P

IC
2P

IC
1P

S
E

G
17

S
E

G
18

IC
3Q

IC
2Q

IC
1Q

IC
3R

IC
2R

IC
1R

S
E

G
19

S
E

G
20

IC
3S

IC
2S

IC
1S

IC
3T

IC
2T

IC
1T

S
E

G
21

S
E

G
22

IC
3U

IC
2U

IC
1U

IC
3V

IC
2V

IC
1V

S
E

G
23

S
E

G
24

IC
3W

IC
2W

IC
1W

IC
3X

IC
2X

IC
1XCOM1

COM2

COM3



Oscillator

The HD66410 incorporates an R-C oscillator with
low power-dissipation, in which the oscillation
frequency can be adjusted by appropriate selection
of oscillator resistor Rf and capacitor Cf. The
adjusted clock signal is used for system internal
circuits; thus, if this oscillator is not used, an
appropriate clock signal must be externally input
through the CR pin. In this case, the C and R pins
must be left unconnected. Figure 19 shows oscil-
lator connections. 

Clock and Frame Frequency

The HD66410 generates the frame frequency
(LCD drive frequency) by dividing the input clock
frequency by 132. The division ratio is the same
for all LCD duty cycles. 

The frame frequency is usually 70 to 90 Hz; when
the frame frequency is 80 Hz, for example, the
input clock frequency must be 10.56 kHz. 
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Figure 19   Oscillator Connections

CR

R

C
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HD66410 HD66410

2)  When an internal oscillator is used



1)  When an external clock is supplied



Clock

The oscillation frequency can be
adjusted by varying the oscillator
resistor (Rf)  and capacitor (Cf).
If the Rf or Cf value is increased,
or power supply voltage is decreased,
 the oscillationfrequency decreases.  
For the relationship between the Rf 
value, Cf value, and oscillationfre
quency, see the Electrical 
Characteristics  section. 

Rf

Cf



Power Supply Circuits

The HD66410 incorporates a double to quadruple
booster to supply power to LCD drivers. The
booster is automatically turned off during standby
mode, dissipating no power. If the current capacity
provided is insufficient for the user system,
external power supply circuits are necessary. In
this case, the internal power supply can be turned
off by register settings. Figure 20 shows examples
of power supply circuits for different boosting
ratios. 

Booster: The internal booster raises the input
voltage between VCC and GND two to four times
every raster by turning on the internal power
supply with capacitors attached between C1+ and
C1-, C2+ and C2-, C3+ and C3-, and to VEE. The
booster uses the system clock, and thus the internal
oscillator must be operating to activate the booster
(if the internal oscillator has been selected to
generate the system clock). 
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Figure 20   Power Supply Circuit Examples
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Adjust the power supply voltage and capacitance of external capacitors according to the 
characteristics of the LCD used because the output voltage (VEE) drop depends on the load current, 
operation temperature, operation frequency, capacitance of external capacitors, and manufacturing 
tolerance. Refer to the Electrical Characteristics section for details.  

Adjust the power supply voltage so that the output voltage (VEE) after boosting will not exceed the 
absolute maximum rating of the LCD power supply voltage (13 V).  

Vci is both a reference voltage and power supply for the booster; it needs to be supplied with at least 
three times the current consumed by the LCD drivers including the current flowing in the resistive 
divider. Make sure that Vci is below VCC.  

Be sure to connect polarized capacitors correctly.  



 Notes: 1.




2.


3.



4.



LCD Drive Voltage Power Supply Levels: To
drive the LCD, a 6-level power supply is
necessary. These levels can be usually generated
by dividing the VCC–V5 power supply using
resistive dividers. If the total resistance is small,
current consumption increases, and if the total
resistance is large, display quality degrades.
Appropriate resistance should be selected for the
user system. 

Brightness Adjust: The booster drives liquid
crystals with a voltage after raising the voltage
supplied to the Vci pin two to four times.
Accordingly, brightness can be adjusted by varying
the Vci level. Attaching a thermister is recom-
mended to vary the voltage according to the
thermal characteristics of liquid crystals. 

Row/Column Output Switchover: LCD column
drivers use VCC, V2, V3, and V5, while row
drivers use VCC, V1, V4, and V5. These voltage
levels are switched to AC and are output to an
LCD panel. Since the HD66410 can assign X1 to
X16 and X129 to X144 to either row or column
output, the power supply connection must be
externally changed according to the assignment,
which is determined by the CNF bit value in
control register 1. The select and deselect levels for
row output are temporarily output from the VCHO
and VCLO pins, and the two levels for column
output are output from the VSHO and VSLO pins;
these outputs must be connected according to row
and column output assignment as shown in figure
21. 
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Figure 21   Connection of LCD Drive Voltage Level Pins
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Reset 

The low RESET signal initializes the HD66410,
clearing all the bits in the internal registers. During
reset, the internal registers cannot be accessed. 

Note that if the reset conditions specified in the
Electric Characteristics section are not satisfied,
the HD66410 will not be correctly initialized. In
this case, the internal registers of the HD66410
must be initialized by software. 

Initial Setting of Internal Registers: All the
internal register bits are cleared to 0. Details are
listed below. 

• Data registers (DR: R0 to R9, A0 to A11)
— Normal operation

— Oscillator is active

— Display is off (including annunciator display)

— Booster is not used

— Y address of display RAM is incremented

— 1/33 duty cycle

— X and Y addresses are 0

— Data in address $0 is output from the X1 pin

— Blink function is inactive

Initial Setting of Pins:
• Bus interface pins

During reset, the bus interface pins do not accept
signals to access internal registers; data is
undefined when read. 

• LCD driver output pins
During reset, all the LCD driver output pins (X1
to X161, SEG1 to SEG33, COM1 to COM3)
output VCC-level voltage, regardless of data
value in the display RAM, turning off the LCD.
Here, the output voltage is not alternated. Note
that the same voltage (VCC) is applied to both
column and row output pins to prevent liquid
crystals from degrading. 

• Booster output pins
Since the PWR bit in control register 1 is 0
during reset, the booster halts. Accordingly, the
output state of the VEE pin depends on the value
of the booster’s external capacitor. 

848

HD66410



Internal Registers

The HD66410 has one index register and 22 data
registers, all of which can be accessed asyn-
chronously with the internal clock. All the registers
except the display memory access register are
write-only. Accessing unused bits or addresses
affects nothing; unused bits should be set to 0
when written to. 

Index Register (IR): The index register (figure
22) selects one of 22 data registers. The index
register itself is selected when both the CS and RS
signals are low. Data bits 7 to 5 are unused; they
should be set to 0 when written to. 

Control Register 1 (R0): Control register 1
(figure 23) controls general operations of the
HD66410. Each bit has its own function as
described below. Data bit 7 bit is unused; it should
be set to 0 when written to. 

• DSP bit
DSP = 1:  Display on
DSP = 0:  Display off (all LCD driver output

pins output VCC level)

• STBY bit
STBY = 1:  Internal operation and booster halt;

display off
STBY = 0:  Normal operation
The STBY bit does not affect the state of PWR
and DISP bit. 

• PWR bit
PWR = 1:  Booster active
PWR = 0:  Booster inactive

• OSC bit
OSC = 1:  Internal operation and booster halt;

oscillator does not halt to provide
annunciator display

OSC = 0:  Internal operation, booster, and oscil-
lator halt

The OSC bit is valid only when the STBY bit is 1. 

• IDTY bit
IDTY = 1:  Annunciator display signals are

operating statically
IDTY = 0:  Annunciator display signals are

operating with 1/3 duty cycle

• CNF bit
CNF = 1:  Row output on both sides of the LCD

panel
CNF = 0:  Row output on one side of the LCD

panel

• ADC bit
ADC = 1:  Data in X address $0 is output from

X128 or X144; row signals are
scanned from X129 to X161.

ADC = 0:  Data in X address $0 is output from
X1 or X17; row signals are scanned
from X161 to X129. 
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Figure 22   Index Register (IR)

Figure 23   Control Register 1 (R0)

Data bit
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Control Register 2 (R1): Control register 2
(figure 24) controls general operations of the
HD66410. Each bit has its own function as
described below. Data bits 7 to 4 are unused; they
should be set to 0 when written to. 

• RMW bit
RMW = 1: Read-modify-write mode

Address is incremented only after
write access

RMW = 0: Address is incremented after both
write and read accesses

• DDTY bit
DDTY = 1:  1/17 display duty cycle
DDTY = 0:  1/33 display duty cycle

• INC bit
INC = 1:  X address is incremented for each

access
INC = 0:  Y address is incremented for each

access

• BLK bit
BLK = 1:  Blink function is used
BLK = 0:  Blink function is not used

The blink counter is reset when the BLK bit is
set to 0. It starts counting and at the same time
initiates blinking when the BLK bit is set to 1. 

X Address Register (R2): The X address register
(figure 25) designates the X address of the display
RAM to be accessed by the MPU. The set value
must range from $0 to $F; setting a greater value is
ignored. The set address is automatically
incremented each time the display RAM is
accessed; it is not necessary to update the address
each time. Data bits 7 to 3 are unused; they should
be set to 0 when written to. 

Y Address Register (R3): The Y address register
(figure 26) designates the Y address of the display
RAM to be accessed by the MPU. The set value
must range from $00 to $20; setting a greater value
is ignored. The set address is automatically
incremented each time the display RAM is
accessed; it is not necessary to update the address
each time. Data bit 7 is unused; it should be set to
0 when written to. 
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Figure 24   Control Register 2 (R1)

Figure 25   X Address Register (R2)

Figure 26   Y Address Register (R3)
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Display Memory Access Register (R4): The
display memory access register (figure 27) is used
to access the display RAM. If this register is write-
accessed, data is directly written to the display
RAM. If this register is read-accessed, data is first
latched to this register from the display RAM and
sent out to the data bus on the next read; therefore,
a dummy read access is necessary after setting the
display RAM address. 

Display Start Raster Register (R5): The display
start raster register (figure 28) designates the raster
to be displayed at the top of the LCD panel.
Varying the set value scrolls the display vertically.

The set value must be one less than the actual top
raster and range from 0 to 32 for 1/33 duty cycle
and from 0 to 16 for 1/17 duty cycle. If the value is
set outside these ranges, data may not be displayed
correctly. Data bits 7 and 6 are unused; they should
be set to 0 when written to. 

Blink Registers (R6, R7): The blink bit registers
(figure 29) designate the 8-bit groups to be
blinked. Setting a bit to 1 blinks the corresponding
8-bit group. Any number of groups can be blinked;
setting all the bits to 1 will blink the entire LCD
panel. These bits are valid only when the BLK bit
of control register 2 is 1. 

HD66410
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Figure 27   Display Memory Access Register (R4)

Figure 28   Display Start Raster Register (R5)

Figure 29   Blink Registers (R6, R7)

Data bit

Set value

7 6 5 4 3 2 1 0

R4 D3 D2 D1 D0D4D5D6D7

Data bit

Set value

7 6 5 4 3 2 1 0

R5 ST3 ST2 ST1 ST0ST4ST5

Data bit

Set value

7 6 5 4 3 2 1 0

R6 BK4 BK5 BK6 BK7BK3BK2BK1BK0

Set valueR7 BK12 BK13 BK14 BK15BK11BK10BK9BK8



Blink Start Raster Register (R8): The blink start
raster register (figure 30) designates the top raster
in the area to be blinked. The set value must be one
less than the actual top raster and range from 0 to
32 for 1/33 duty cycle and from 0 to 16 for 1/17
duty cycle. If the value is set outside these ranges,
operations may not be correct. Data bits 7 and 6
are unused; they should be set to 0 when written to. 

Blink End Raster Register (R9): The blink end
raster register (figure 31) designates the bottom

raster in the area to be blinked. The area to be
blinked is designated by the blink registers, blink
start raster register, and blink end raster register.
The set value must be one less than the actual
bottom raster and range from 0 to 32 for 1/33 duty
cycle and from 0 to 16 for 1/17 duty cycle. It must
also be greater than the value set in the blink start
raster register. If an inappropriate value is set,
operations may not be correct. Data bits 7 and 6
are unused; they should be set to 0 when written to. 
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Figure 30   Blink Start Raster Register (R8)

Figure 31   Blink End Raster Register (R9)

Data bit

Set value

7 6 5 4 3 2 1 0

R8 BSL3 BSL2 BSL1 BSL0BSL4BSL5

Data bit

Set value

7 6 5 4 3 2 1 0

R9 BEL3 BEL2 BEL1 BEL0BEL4BEL5



Annunciator Display Data Registers (A0 to A8):
The annunciator display data registers (figure 32)
store data for annunciator (icon) display. Setting a
data bit to 1 turns on the corresponding dot on the
LCD panel. 

Annunciator Blink Registers (A9 to A11): The
annunciator blink registers (figure 33) designate
bits to be blinked on the annunciator display. For
details, see the Blink Function section. 

• IPn1, IPn0 bits (n = 1, 2, 3)
These bits select annunciator blocks to be
blinked. 

IPn1, IPn0 = 0, 0:  Block 0 is selected (SEG1 to
SEG6)

IPn1, IPn0 = 0, 1:  Block 1 is selected (SEG7 to
SEG12)

IPn1, IPn0 = 1, 0:  Block 2 is selected (SEG13
to SEG18)

IPn1, IPn0 = 1, 1:  Block 3 is selected (SEG19
to SEG24)

• IBn5, IBn0 bits (n = 1, 2, 3)
These bits select bits to be blinked in the
selected blocks.  

HD66410
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Figure 32   Annunciator Display Data Registers (A0 to A8)

Figure 33   Annunciator Blink Registers (A9 to A11)

Data bit

Set value

7 6 5 4 3 2 1 0

A0 IC1E IC1F IC1G IC1HIC1DIC1CIC1BIC1A

Set valueA1 IC2E IC2F IC2G IC2HIC2DIC2CIC2BIC2A

Set valueA2 IC3E IC3F IC3G IC3HIC3DIC3CIC3BIC3A

Set valueA3 IC1M IC1N IC1O IC1PIC1LIC1KIC1JIC1I

Set valueA4 IC2M C2N IC2O IC2PIC2LIC2KIC2JIC2I

Set valueA5 IC3M C3N IC3O IC3PIC3LIC3KIC3JIC3I

Set valueA6 IC1U IIC1V IIC1W IC1XIC1TIIC1SIC1RIC1Q

Set valueA7 IC2U IC2V IC2W IC2XIC2TIC2SIC2RIC2Q

Set valueA8 IC3U IC3V IC3W IC3XIC3TIC3SIC3RIC3Q

Data bit

Set value

7 6 5 4 3 2 1 0

A9 IB13 IB12 IB11 IB10IB14IB15IP10IP11

Set valueA10 IB23 IB22 IB21 IB20IB24IB25IP20IP21

Set valueA11 IB33 IB32 IB31 IB30IB34IB35IP30IP31



Absolute Maximum Ratings  

Item Symbol Ratings Unit Notes

Power supply Logic circuit VCC –0.3 to +7.0 V 1
voltage LCD drive circuits VEE VCC – 18.0 to VCC + 0.3 V

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. Measured relative to GND.
2. Applies to pins CR, DB7 to DB0, RD, WR, CS, RS, RES, TEST0, AV3.
3. Applies to pins V1, V2, V3, V4, V5, C1+, C1–, C2+, C2–, C3+, C3–, VSH, VSL, VCH, VCL, VSCH,

VSCL, VCSH, VCSL. 
4. If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It

should always be used within the limits of its electrical characteristics to prevent malfunction or
unreliability. 
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Electrical Characteristics 

Table 3 DC Characteristics (VCC = 2.2 to 3.6 V, GND = 0 V, VCC–V5 = 6 to 15 V, 
Ta = –20 to +75°C)

Applicable Measurement 
Item Symbol Pins Min Typ Max Unit Condition Notes

Input leakage IIL1 Except for –1.0 — 1.0 µA VIN = VCC to GND
current (1) DB0 to DB7

Input leakage IIL1 DB7 to DB0 –2.5 — 2.5 µA VIN = VCC to GND
current (2)

Driver “on” RCOM X1 to X16, — — 20 kΩ ION = 100 µA
resistance (1) X129 to X161 VCC – V5 = 8 V

Driver “on” RSEG X17 to X128 — — 30 kΩ ION = 100 µA
resistance (2) VCC – V5 = 8 V

Driver “on” RICON COM1 to COM3, — — 50 kΩ ION = 100 µA
resistance (3) SEG1 to SEG24

Input high VIH1 0.7 × VCC — VCC V
voltage

Input low VIL1 0 — 0.3 × VCC V
voltage

Output high VOH 0.8 × VCC — — V IOH = –50 µA
voltage

Output low VOL — — 0.2 × VCC V IOL = 50 µA
voltage

Current IDISP T.B.D. µA 1
consumption 
during display

Current ISTB1 T.B.D. µA Annunciator 2
consumption displayed
during 
standby (1)

Current ISTB2 T.B.D. µA Annunciator 3
consumption not displayed
during 
standby (2)

Current ICC T.B.D. µA
consumption 
during 
RAM access

Notes: 1. Input and output currents are excluded. When a CMOS input is floating, excess current flows
from the power supply to the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively. 

2. Measured when STBY bit = 1 and OSC (ICON) bit = 1
3. Measured when STBY bit = 1 and OSC (ICON) bit = 0

HD66410
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Table 4 Booster Characteristics 

Measurement
Item Symbol Min Typ Max Unit Conditions Notes

Output voltage VFF 10.0 11.0 — V 1

Input voltage Vci — — 3.6 V 2

Notes: 1. Measured when VCC = 3.0 V, Io (load current) = 0.25 mA, C = 1 µF, fOSC (oscillation 
frequency) = 10 kHz, and the input voltage is boosted four times. 

2. Input voltage must be below VCC. 

AC Characteristics 

Table 5 Clock Characteristics (VCC = 2.2 to 3.6 V, GND = 0 V, Ta = –20 to +75°C)

Measurement
Item Symbol Min Typ Max Unit Conditions Notes

Oscillation frequency fOSC 7 10 13 kHz C = 100 pF, R = 470 kΩ

External clock frequency fCP 5 10 20 kHz

External clock duty cycle Duty 45 50 55 %

External clock rise time tr — — 0.2 µS

External clock fall time tf — — 0.2 µS

Table 6 MPU Interface (VCC = 2.2 to 3.6 V, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Max Unit Notes

RD low-level width tWRDL 450 — ns

RD high-level width tWRDH 450 — ns

WR low-level width tWWRL 450 — ns

WR high-level width tWWRH 450 — ns

Address setup time tAS 0 — ns

Address hold time tAH 0 — ns

Data delay time tDDR — 300 ns

Data output hold time tDHR 10 — ns

Data setup time tDSW 100 — ns

Data hold time tDHW 0 — ns

Table 7 Reset Timing

Item Symbol Min Max Unit Notes

RES low-level width tRES 1 — ms
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Figure 34   MPU Interface
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tDHW

tWRDL

tAH

tDHRtDDR

RS, CS

DB7–DB0



HD66503
(240-Channel Common Driver with Internal LCD 

Timing Circuit)

Preliminary

Description

The HD66503 is a common driver for liquid crys-
tal dot-matrix graphic display systems. This device
incorporates a 240 liquid crystal driver and an
oscillator, and generates timing signals (alternating
signals and frame synchronizing signals) required
for the liquid crystal display. It also achieves low
current consumption of 100 µA through the CMOS
process. Combined with the HD66520, a 160-
channel column driver with an internal RAM, the
HD66503 is optimal for use in displays for
portable information tools.

Features

• LCD timing generator: 1/120, 1/240 duty cycle
internal generator

• Alternating signal waveform generator: Pin
programmable 2 to 63 line inversion

• Recommended display duty cycle: 1/120, 1/240
(master mode): 1/120 to 1/240 (slave mode)

• Number of LCD driver: 240
• Power supply voltage: 2.7 to 5.5 V
• High voltage: 8 to 28-V LCD drive voltage
• Low power consumption: 100 µA (during dis-

play)
• Internal display off function
• Oscillator circuit with standby function: 130

kHz (max)
• Display timing operation clock: 65 kHz (max)

(operating at 1/2 system clock)
• Package: 272-pin TCP
• CMOS process



Pin Arrangement
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272 V2R

271 V5R

270 V6R

269 V1R

268 VEER

267 VCC2

266 M/S

265 DOC

264 FLM

263 CL1

262 M

261 RESET

260 DISPOFF

259 DUTY

258 MEOR

257 MWS0

256 MWS1

255 MWS2

254 MWS3

253 MWS4

252 MWS5

251 SHL

250 GND

249 C

248 R

247 CR

246 VCC1

245 VEEL

244 V1L

243 V6L

242 V5L

241 V2L

X240 1

X239 2

X238 3

X237 4

X236 5

X235 6

X234 7

X233 8

X232 9

X231 10

X10 231

X9 232

X8 233

X7 234

X6 235

X5 236

X4 237

X3 238

X2 239

X1 240



Pin Description

Classi- Number
fication Symbol Pin No. Pin Name I/O of Pins Functions

Power VCC1, 246 VCC Power 2 VCC–GND: logic power supply
supply VCC2 267 supply

GND 250 GND Power 1
supply

VEEL, 245 VEE Power 2 VCC–VEE: LCD drive circuits power 
VEER 268 supply supply

V1L, R 244 V1 Input 2 LCD drive level power supply
269 See figure 1.

V2L, R 241 V2 Input 2
272

V5L, R 242 V5 Input 2
271

V6L, R 243 V6 Input 2
270

Control M/S 266 Master/slave Input 1 Controls the initiation and 
signals termination of the LCD timing

generator. In addition, the
input/output is determined of 4
signal pins: display data transfer
clock (CL1); first line marker (FLM);
alternating signal (M); and display off 
control (DOC). See table 1 for
details.

DUTY 259 Duty Input 1 Selects the display duty cycle.
Low level: 1/120 display duty ratio 
High level: 1/240 display duty ratio

MWS0 to 257 MWS0 Input 6 The number of line in the line 
MWS5 256 MWS1 alternating waveform is set during 

255 MWS2 master mode. 
254 MWS3 The number of lines can be set 
253 MWS4 between 10 and 63. 
252 MWS5 When using the external alternating

signal or during slave mode, set the
number of lines to 0. See table 2.

MEOR 258 M Exclusive- Input 1 During master mode, the signals
OR alternating waveform output from pin

M is selected. 
During low level, the line alternating
waveform is output from pin M.
During high level, pin M outputs an
EOR (exclusive OR) waveform
between a line alternating waveform
and frame alternating waveform.
Set the pin to low during slave
mode. See table 3.
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Classi- Number
fication Symbol Pin No. Pin Name I/O of Pins Functions

Control CR, R, C 247 CR 3 These pins are used as shown in 
signals 248 R figure 4 in master mode, and as 

249 C shown in figure 5 in slave mode.

RESET 261 Reset Input 1 The following initiation will be
proceeded by setting to initiation. 
1)  Stops the internal oscillator or the

external oscillator clock input.
2)  Initializes the counters of the

liquid crystal display timing
generator and alternating signal
(M) generator.

3)  Set display off control output
(DOC) to low and turns off
display.

After reset, display off control output
(DOC) will stay low for four more
frame cycles (four clocks of FLM
signals) to prevent error display at
initiation. The electrical charac-
teristics are shown in table 4. See
figure 2.
However, when reset is performed 
during operation, RAM data in the
HD66520 which is used together
with the HD66503 may be
destroyed. Therefore, write data to
the RAM again.

LCD CL1 263 Clock 1 I/O 1 The bidirectional shift register shifts 
timing data at the falling edge of CL1. 

During master mode, this pinoutputs
a data transfer clock with a two
times larger cycle than the internal
oscillator (or the cycle of the external
clock) with a duty of 50%.
During slave mode, this pin inputs
the external data transfer clock.

FLM 264 First line I/O 1 During master mode, pin FLM  
marker outputs the first line marker.

During slave mode, this pin inputs
the external data first line marker.
The shift direction of the first line
marker is determined by DUTY and
SHL signal as follows. Set signal
DUTY to high during slave mode. 
See table 5.

M 262 M I/O 1 Pin M inputs and outputs the
alternating signal of the LCD output.

HD66503
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Classi- Number
fication Symbol Pin No. Pin Name I/O of Pins Functions

LCD SHL 251 Shift left Input 1 Pin SHL switches the shift direction 
timing of the shift register.Refer to FLM for

details.

DISPOFF 260 Display off Input 1 Turns off the LCD.
During master mode, liquid crystal
drive output X1 to X240can be set to
level V1 by setting the pin to low. By
setting the HD66520 to level V1 in
the same way, the data on the
display can be erased. During slave
mode, set DISPOFF high.

DOC 265 Display off I/O 1 Controls the display-off function. 
control During master mode, pin DOC

becomes an output pin and controls
display off after reset and display off
according to signal DISPOFF. In this
case, connect this signal to the
HD66520’s pin DISPOFF. During
slave mode, pin DOC becomes an
input pin for display off control
signal. In this case, connect this
signal to the master HD66503’s pin
DOC.

LCD X1 to 240 X1 to Output 240 Selects one from among four levels 
drive X240 to 1 X240 (V1, V2, V5, and V6) depending on 
output the combination of M signal and

display data.
See figure 3.

Note: 30 input/outputs (excluding driver block)
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Figure 1   LCD Drive Levels

Figure 2   Reset Pin Operation

Figure 3   LCD Drive Output

HD66503
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V1

V6

V5

V2

2.7 V
VCC

RESET
0.8 VCC

0.2 VCC

treset tr

M signal

Display data

Output level

1 0

1 10 0

V2 V1V6 V5



Table 1 M/S Signal Status

M/S Mode LCD Timing Generator CL1, FLM, M, DOC Input/Output State

H Master 1/120 or 1/240 duty cycle control Output

L Slave Stop Input

Table 2 MSW0 to MSW5 Signals Status

Line 
Number Alternating 
of Lines MWS5 MWS4 MWS3 MWS2 MWS1 MWS0 Waveform Pin M State

0 0 0 0 0 0 0 — Input

1 0 0 0 0 0 1 Disable Output

2 0 0 0 0 1 0 2-line alternation

3 to 63 0 to 1 0 to 1 0 to 1 0 to 1 1 to 1 1 to 1 3-line alternation to
63-line alternation

Table 3 MEOR Signal Status

Mode MEOR Types of Alternating Waveforms Output by Pin M

Master H Line alternating waveform  + frame alternating waveform

L Line alternating waveform

Slave L —

Table 4 Power Supply Conditions

Item Symbol Min Typ Max Unit

Reset time treset 1.0 — — µs

Rise time tr — — 200 ns

Table 5 FLM Status Control

Mode DUTY SHL Shift Direction of First Line Marker

Master H H X240 → X1

L X1 → X240

L H X120 → X1, X240 → X121

L X1 → X120, X121 → X240

Slave H H X240 → X1

L X1 → X240
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Internal Block Diagram
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LCD driver

X1 to X240

V1L
V6L
V5L
V2L

Level shifter

Bidirectional shift register

D1 to D240

L1 to L240

VEEL

VCC1

VCC2

GND

V1R
V6R
V5R
V2R






VEER

SHL
DISPOFF

MEOR
MWS5

   to MWS0

DUTYM/SDOCMFLMCL1RCR C

M/S switcher

LCD timing
generator AC switching signal

generator
Display off
controller

DISPSMEORSMWS5S
to

MWS0S

MW0

DOCMCRP
MSS

CR oscillator

Level
shifter

RESET

DUTYS FLMPCL1P

SHLS

DOCPMP

FLMM

FLM1
CL1M

MM
FLMMCL1M

6
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1.  CR Oscillator: The CR oscillator generates the
HD66503 operation clock. During master mode,
since the operation clock is needed, connect
oscillation resistor Rf with oscillation capacitor Cf
as follows. When the external clock is used, input
external clock to pin CR and open pins C and R
(figure 4). 

When using the HD66503 during slave mode, the
operation clock will not be needed; therefore,
connect pin CR to VCC and open pins C and R
(figure 5). 

2.  Liquid Crystal Timing Generator: The liquid
crystal timing generator creates various signals for
the LCD. During master mode (M/S = VCC), the
generator operates the HD66503’s internal cir-
cuitry as a common internal driver using the
generated LCD signals. In addition, signals CL1,
M, and DOC created by this generator can
synchronously display data on a liquid crystal
display by inputting them into the RAM-provided

segment driver HD66520 used together with
HD66503. During slave mode (M/S = GND), this
generator stops; the slave HD66503 operates based
on signals CL1, M, DOC, and FLM generated by
the master HD66503.

3.  M/S Switcher: Controls the input and output of
LCD signals CL1, FLM, M, and DOC.

This circuit outputs data when M/S = VCC (master
mode) and inputs data when M/S = GND (slave
mode).

4.  Alternating Signal Generator: Generates the
alternating signal for the liquid crystal display.
Since the alternating signal decreases cross talk, it
can alternate among 2 to 63 lines. The number of
lines are specified with pins MWS0 to MWS5 is
set to either VCC or GND. 

Moreover, the alternating signal can be externally
input by grounding pins MWS0 to MWS5. In this
case, the alternating signal is input from pin M.

Figure 4   Oscillator Connection in Master Mode

Figure 5   Oscillator Connection in Slave Mode

CR
Rf

RCC

OPEN

R CR

External clockOPEN
Cf

CR

OPEN

RC

OPEN VCC
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5.  Display Off Control Circuit: Controls display-
off function by using external display off signal
DISPS and automatic display off signal FLMM
generated by the liquid crystal timing generator.
Automatic display off signal FLMM is an internal
signal that is used to turn off the display in four
frames after signal reset is released. As a result, it
is possible to turn off display using the display off
signal that is sent randomly from an external LSI
and automatically prevent incorrect display after
reset release.

6.  Bidirectional Shift Register: This is a 240-bit
bidirectional shift register. This register can change
the shift direction using signal SHL. During master

mode, the scan signal of the common driver can be
generated by sequentially shifting first line marker
signal FLM generated internally. During slave
mode, a scan signal is generated by sequentially
shifting first line marker signal FLM input from
pin FLM.

7.  Level Shifter: Boosts the logic signal to a high
voltage signal for the LCD.

8.  LCD Drive Circuit: One of the LCD levels
V1, V2, V5, and V6 are selected and output via pin
X according to the combination of the data in the
bidirectional shift register and signal M.

Table 6 Output Level of LCD Circuit

Data in the Shift Register M Output Level

1 1 V2

0 1 V6

1 0 V1

0 0 V5
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Internal Function Description

1.  Generation of Signals CL1 and FLM: Signal
CL1 shifts the scanning signal of the common
driver. It is a 50% duty-ratio clock that changes
level synchronously with the rising edge of
oscillator clock CR.

FLM is a clock signal that is output once every 240
CL1 clock cycles for a duty of 1/240 (DUTY =
VCC), and every 120 CL1 clock cycles for a duty
of 1/120 (DUTY = GND).

2.  Generation of Signal M: Signal M alternates
current in the LCD. It alternates the current to
decrease cross talk after a certain number of lines
ranging from 2 to 63 lines. The number of lines
can be specified with pins MWS0 to MWS5 by
setting each pin to either VCC or GND (H or L). In
addition, when pin MEOR is connected to GND,
signal M is a simple line alternating waveform, and
when pin MEOR is connected to VCC, signal M is
an EOR (exclusive OR) of line alternating wave-
form and frame alternating waveform.

Figure 6   Generation of Signals CL1 and FLM

Figure 7   Generation of Signal M 

1 2240
(120)

CR

CL1

FLM

(When MWS0 to MWS5 = 6)

M
(MEOR = GND)

M
(MEOR = VCC)

1 2 3 4 5 6 1 2

FLM
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3. Auto Display-Off Control: This functions
prevents incorrect display after reset release. The
display is turned off four frames following after

reset release. In addition, the display off control
signal shown in fig.8 is output by pin DOC. This
pin is connected to pin DISPOFF of the

HD66520.

1 2 3 4 5 6

RESET

FLM

DOC
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Figure 8   Automatic Display-Off Control
Function

Application Example
Outline of HD66503 System Configuration

The HD66503 system configuration is outlined in
figs. 9 and 10. Refer to the connection list (table 7)
for connection details.

• When a single HD66503 is used to configure a small display (figure 9)

• When two HD66503s are used to configure a large display (figure 10)

No. 1

LCD

COM1

to

COM240

HD66520

When using the internal oscillator Refer to
connection list A

When using an external clock Refer to
connection list D

No. 1

Note:  One HD66503 drives common signals and supplies timing signal to the HD66520.

No. 1

LCD

COM1

to

COM240

HD66520

No. 2

Upper
display

COM241

to

COM480

Lower
display

HD66520

When using the 
internal oscillator

Refer to
connection list B

When using an 
external clock

Refer to
connection list E

No. 1

Refer to
connection list C

Refer to
connection list C

No. 2

Note: Upper and lower displaya are driven by separate HD66503s to ensure display quality. No. 1 operates in master  
mode, and No. 2 operates in slave mode.
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Figure 9   When Using a Single HD66503
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Rf: Oscillation resistor
Cf: Oscillation capacitor

Example of System Configuration (1)
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Figure 11 shows a system configuration for a 240 ×
160-dot LCD panel using segment driver
HD66520 with internal bit-map RAM. All required
functions can be prepared for liquid crystal display

with just two chips except for liquid crystal display
power supply circuit functions. Refer to Timing

Chart (1) for details.

X1 to X240

SHL

DISPOFF
DUTY M/S

DOC

/
6
/
1
/
1

MWS0 to 5

MEOR

RESET

VCC
CR

V1, V2, V3, V4

R C

32
0

seg161
seg162

seg319
seg320

co
m

1
co

m
2

Line scan direction
co

m
23

9
co

m
24

0

DOC

FLM, CL1, M LCD driver

LCD display timing control circuit

HD66503

V1, V2, V5, V6

DISPOFF

Power supply circuit

A0 to A15

DB0 to DB7

CS, WE, OE

16
/

8
/

3
/

3
/

1
 /

H
D

66
52

0
(I

D
 N

o.
 2

) Y
161 to Y

320

LCD

240

seg1
seg2

seg159
seg160

H
D

66
52

0
(I

D
 N

o.
 0

)

LS
0

LS
1

S
H

L

Y
1 to Y

160

VCC

LS
0

LS
1

S
H

L

  1
 /



Figure 11   System Configuration (1)
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Example of System Configuration (2)

Figure 12 shows a system configuration for a 240
× 320-dot LCD panel using segment driver

HD66520 with internal bit-map RAM. Refer to
Timing Chart (1) for details.

Figure 12   System Configuration (2)
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Timing Chart (1)

Figure 13   Timing Chart (1)
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Example of System Configuration (3)

Figure 14 shows a system configuration for a 320 × 480-dot LCD panel using segment driver HD66520
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R1


4R1 + R2

1


15
=

If R1 = 3 kΩ, then R2 = 33 kΩ

The values of R1 and R2 vary with the LCD panel used. When the bias factor is 1/15,
for example, the values of R1 and R2 can be determined as follows:



with internal bit-map RAM. Refer to Timing Chart (2) for details.

Figure 14   System Configuration (3)

Timing Chart (2)

Figure 15   Timing Chart (2)

Power Supply Circuit

Figure 16   Power Supply Circuit

Absolute Maximum Ratings

Item Symbol Ratings Unit Notes

Power voltage Logic circuit VCC –0.3 to +7.0 V 2

LCD drive circuit VEE VCC – 30.0 to VCC + 0.3 V 5

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Input voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 4, 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It
should always be used within the limits of its electrical characteristics in order to prevent
malfunction or unreliability.

2. Measured relative to GND (0 V).
3. Applies to all input pins except for V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R, and to

input/output pins in high-impedance state.
4. Applies to pins V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R.
5. Apply the same voltage to pairs V1L and V1R, V2L and V2R, V5L and V5R, V6L and V6R, and VEEL

and VEER.
It is important to preserve the relationships VCC1 = VCC2≥ V1L = V1R ≥ V6L = V6R ≥ V5L = V5R ≥
V2L = V2R ≥ VEEL = VEER
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Electrical Characteristics

DC Characteristics (VCC = 2.7 to 5.5 V, VCC – VEE = 8 to 28 V, GND = 0 V, Ta = –20 to +75°C)

Measurement
Item Symbol Min Typ Max Unit Condition Notes

Input high level VIH 0.8 VCC — VCC V 1
voltage

Input low level VIL 0 — 0.2 VCC V 1
voltage

Output high VOH VCC – 0.4 — — V IOH = –0.4 mA 2
level voltage

Output low VOL — — 0.4 V IOL = +0.4 mA 2
level voltage

Driver “on” RON — — 2.0 kΩ VCC – VEE = 28 V, 13, 14
resistance load current: ±150 µA

Input leakage IIL1 –1.0 — 1.0 µA VIN = 0 to VCC 1
current (1)

Input leakage IIL2 –25 — 25 µA VIN = VEE to VCC 3
current (2)

Operating fopr1 10 — 200 kHz Master mode 4
frequency (1) (external clock 

operation)

Operating fopr2 5 — 500 kHz Slave mode 5
frequency (2)

Oscillation fOSC1 70 100 130 kHz Cf = 100 pF ±5%, 6, 12
frequency (1) Rf = 51 kΩ ±2%

Oscillation fOSC2 21 30 39 kHz Cf = 100 pF ±5%, 6, 12
frequency (2) Rf = 180 kΩ ±2%

Power IGND1 — — 80 µA Master mode 7, 8
consumption (1) 1/240 duty cycle,

Cf = 100 pF, 
Rf = 180 kΩ
VCC – GND = 3 V,
VCC – VEE = 28 V

Power IGND2 — — 20 µA Master mode 7, 9
consumption (2) 1/240 duty cycle

external clock
fopr1 = 30 kHz
VCC – GND = 3 V,
VCC – VEE = 28 V

Power IGND3 — — 10 µA Slave mode 7, 10
consumption (3) 1/240 duty cycle

during operation
fCL = 15 kHz
VCC – GND = 3 V,
VCC – VEE = 28 V

HD66503
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Measurement
Item Symbol Min Typ Max Unit Condition Notes

Power IEE — — 20 µA Master mode 7, 11
consumption 1/240 duty cycle,

Cf = 100 pF, 
Rf = 180 kΩ
VCC – GND = 3 V
VCC – VEE = 28 V,

Notes: 1. Applies to input pins MEOR, MWS0 to MWS5, DUTY, SHL, DISPOFF, M/S, RESET, and CR,
and when inputting to input/output pins CL1, FLM, DOC, and M.

2. Applies when outputting from input/output pins CL1, FLM, DOC, and M.
3. Applies to V1L/R, V2L/R, V5L/R, and V6L/R. X1 to X240 are open.
4. Figure 17 shows the external clock specifications:

Figure 17   External Clock

5. Regulates to operation frequency limits of the bidirectional shift register in the slavemode.
6. Connect resistance Rf and capacitance Cf as follows:

Figure 18   Timing Components

7. Input and output currents are excluded. When a CMOS input is floating, excess current flows
from the power supply through to the input circuit. To avoid this, VIH and VIL must be held to
VCC and GND levels, respectively.

8. This value is specified for the current flowing through GND under the following conditions:
Internal oscillation circuit is used. Each terminal of MEOR, MWS0 to MWS5, DUTY, SHL,
DISPOFF, M/S, and RESET is connected to VCC. Oscillator is set as described in note 6.

9. This value is specified for the current flowing through GND under the following conditions: Each
terminal of MEOR, MWS0 to MWS5, DUTY, SHL, DISPOFF, M/S, and RESET is connected to
VCC. Oscillator is set as described in note 4.
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10. This value is specified for the current flowing through GND under the following conditions: Each
terminal of MEOR, MWS0 to MWS5, DUTY, SHL, DOC, DISPOFF, RESET, and CR is
connected to VCC, M/S to GND, and frequency of CL1, FLM, M is respectively established as
follows. 

fCL1 = 15 kHz, fFLM = 62.5 Hz, fM = 120 Hz
11. This value is specified for the current flowing through VEE under the following condition

described in note 8. Do not connect any lines to pin X.
12. Figure 18 shows a typical relation among ocsillation frequency Rf and Cf. Oscillation frequency

may vary with mounting conditions.

Figure 19   Ocsillation Frequency Characteristics

13. Indicates the resistance between one pin from X1 to X240 and another pin from the V pins
V1L/R, V2L/R, V5L/R, and V6L/R, when a load current is applied to the X pin; defined under the
following conditions:

VCC – VEE = 28 (V)
V1L/R, V6L/R = VCC – 1/10 (VCC – VEE)
V5L/R, V2L/R = VEE + 1/10 (VCC – VEE)

Figure 20   On Resistance Conditions
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14. V1L/R and V6L/R should be near the VCC level, and V5L/R and V2L/R should be near the VEE
level. All these voltage pairs should be separated by less than ∆V, which is the range within
which RON, the LCD drive circuits’ output impedance is stable. Note that ∆V depend on power
supply voltages VCC – VEE. See figure 21.

Figure 21   Relationship between Driver Output Waveform
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AC Characteristics (VCC = 2.7 to 5.5 V, VCC – VEE = 8 to 28 V, GND = 0 V, Ta = –20 to +75°C)

Slave Mode (M/S = GND)

Item Symbol Min Typ Max Unit Notes

CL1 high-level width tCWH 500 — — ns 1

CL1 low-level width tCWL 500 — — ns 1

FLM setup time tFS 100 — — ns 1

FLM hold time tFH 100 — — ns 1

CL1 rise time tr — — 50 ns 1

CL1 fall time tf — — 50 ns 1

Note: 1.  Based on the load circuit shown in figure 22.

Figure 22   Load Circuit

Figure 23   Slave Mode Timing
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Master Mode (M/S = VCC)

Item Symbol Min Typ Max Unit Notes

CL1 delay time tDCL1 — — 1 µs

FLM delay time tDFLM — — 1 µs

M delay time tDM — — 500 ns

FLM setup time tFS tosc/ — — ns
2 – 500

Figure 24   Master Mode Timing

0.8 VCC

tDCL1

tFS

0.2 VCC

tDCL1

0.8 VCC
0.2 VCC

tDFLM

0.8 VCC
0.2 VCC

0.8 VCC

0.2 VCC

tDFLM

tOSC

CR

CL1

FLM

M

tDM



HD66108
(RAM-Provided 165-Channel LCD Driver for Liquid

Crystal Dot Matrix Graphics)

Description

The HD66108T under control of an 8-bit MPU can
drive a dot matrix graphic LCD (liquid-crystal
display) employing bit-mapped display with
support of an 8-bit MPU.

Use of the HD66108T enables a simple LCD
system to be configured with only a small number
of chips, since it has all the functions required for
driving the display.

The HD66108T also enables highly-flexible
display selection due to the bit-mapped method, in
which one bit of data in a display RAM turns one
dot of an LCD panel on or off. A single
HD66108T can display a maximum of 100 × 65
dots by using its on-chip 165 × 65-bit RAM. Also,
by using several HD66108T’s, a display can be
further expanded.

The HD66108T employs the CMOS process and
TCP package. Thus, if used together with an MPU,
it can provide the means for a battery-driven
pocket-size graphic display device utilizing the low
current consumption of LCDs.

Features

• Four types of LCD driving circuit configurations
can be selected:

No. of
Column No. of Row

Configuration Type Outputs Outputs

Column outputs only 165 0

Row outputs from the 100 65 (from left: 32,
left and right sides from right: 33)

Row outputs from the 100 65
right side 1

Row outputs from the 132 33
right side 2

• Seven types of multiplexing duty ratios can be
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66
Notes:  The maximum number of row outputs is

65.
• Built-in bit-mapped display RAM: 10 kbits (165

× 65 bits)
• The word length of display data can be selected

according to the character font: 8-bit or 6-bit
• A standby operation is available
• The display can be extended through a multi-

chip operation
• A built-in CR oscillator
• An 80-system CPU interface: ø = 4 MHz
• Power supply voltage for operation: 2.7 V to

6.0 V
• LCD driving voltage: 6.0 V to 15.0 V
• Low current consumption: 400 µA max (at fOSC

= 500 kHz, fOSC is external clock frequency)

Ordering Information

Type No. Package

HD66108T00 208 pin TCP

Note: The details of TCP pattern are shown in
“The Information of TCP.”
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Pin Description

No. No.
Classification of Pins Symbol I/O of Pins Function

Power 8, 9, 35, 36 VCC1–VCC4 — 4 Connect these pins to VCC.
supply 12 to 14 GND1–GND3 — 3 Ground these pins.

1, 43 VEE1, VEE2 — 2 These pins supply power to the LCD
driving circuits and should usually be set
to the V6 level.

2, 7 V6L, V1L, — 12 Apply an LCD driving voltage V1 to V6 to 
37, 42 V1R, V6R, these pins.
4, 5 V4,  V3,
6, 39, 38 VMH1–VMH3,
3, 40, 41 VML1–VML3

CPU 23 CS I 1 Input a chip select signal via this pin. 
interface A CPU can access the HD66108T’s

internal registers only while the CS signal
is low.

25 WR I 1 Input a write enable signal via this pin.

26 RD I 1 Input a read enable signal via this pin.

24 RS I 1 Input a register select signal via this pin.

27 to 34 DB7–DB0 I/O 8 Data is transferred between the
HD66108T and a CPU via these pins.

LCD driving 44 to 208 X164–X0 O 165 These pins output LCD driving signals.
output The X0–X31 and X100–X164 pins are

column/row common pins and output row
driving signals when so programmed.
X32–X99 pins are column pins.

LCD 21 FLM I/O 1 This pin outputs a first line marker when  
interface the HD66108T is a master chip and

inputs the signal when the chip is a slave
chip.

20 CL1 I/O 1 This pin outputs latch clock pulses of
display data when the chip is a master
chip and inputs clock CL1 pulses when
the chip is a slave chip.

22 M I/O 1 This pin outputs or inputs an M signal,
which converts LCD driving outputs to
AC; it outputs the signal when the
HD66108T is a master chip and inputs
the signal when the chip is a slave chip.
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No. No.
Classification of Pins Symbol I/O of Pins Function

Control 10 OSC1 I 1 Input system clock pulses via this pin.
signals 11 OSC2 O 1 This pin outputs clock pulses generated

by the internal CR oscillator.

19 CO O 1 This pin outputs the same clock pulses as
the system clock pulses, the OSC1 pin of
a slave chip.
Connect with the OSC1 pin of a slave
chip.

18 M/S I 1 This pin specifies master/slave. Set this
pin low when the HD66108T is a master
chip and set high when the chip is a slave
chip; must not be changed after power-
on.

17 RESET I 1 Input a reset signal via this pin. Setting
this pin low initializes the HD66108T.

15, 16 TEST1, I 2 These pins input a test signal and should
TEST2 usually be set low.
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Internal Block Diagram
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Register List

Reg. No. Reg. Register Read/ Data Bit Assignment

CS RS 2 1 0 Symbol Name Write 7 6 5 4 3 2 1 0 Busy Time Notes

1 — — — — — Invalid — — 1

0 0 — — — AR Address R Busy STBY DISP Register No. None

W

0 1 0 0 0 DRAM Display R D7 D6 D5 D4 D3 D2 D1 D0 8 clocks max 2
memory W 3

0 1 0 0 1 XAR X R XAD None
address W 1.5 clocks max

0 1 0 1 0 YAR Y R YAD None
address W 1.5 clocks max

0 1 0 1 1 FCR Control R INC WLS PON ROS DUTY None

W

0 1 1 0 0 MDR Mode R FFS DWS None

W

0 1 1 0 1 CSR C select R EOR CLN None

W

0 1 1 1 0 — Invalid — —

0 1 1 1 1 — Invalid — —

Notes: 1. Shaded bits are invalid. Writing 1 or 0 to invalid bits does not affect LSI operation. Reading
these bits returns 0.

2. DRAM is not actually a register but can be handled as one.
3. Setting the WLS bit of control register to 1 invalidates D7 and D6 bits of the display memory

register.
4. DRAM must not be written to or read from until a time period of tCL1 has elapsed rewriting the

DUTY bit of FCR or the FFS bit of MDR. tCL1 can be obtained from the following equation; in
general, a time period of 1 ms or greater is sufficient if the frame frequency is 60–90 Hz.

tCL1 =
D2

(ms) ................ Equation 1
Ni · fCLK (kHz)

D2 (duty correction value 2): 192 (duty = 1/32, 1/34, or 1/36)
128 (duty = 1/48 or 1/50)
96 (duty = 1/64 or 1/66)

Ni (frequency-division ratio specified by the mode register’s FFS bits): 
2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8
Refer to “6. Clock and Frame Frequency.”

fCLK:   Input clock frequency (kHz)
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System Description

The HD66108T can assign a maximum of 65 out
of 165 channels to row outputs for LCD driving. It
also incorporates a timing generator and display
memory, which are necessary to drive an LCD.

If connected to an MPU and supplied with LCD
driving voltage, one HD66108T chip can be used
to configure an LCD system with a 100 × 65 dot
panel (figure 1). In this case, clock pulses should
be supplied by the internal CR oscillator or the
MPU.

Using LCD expansion signals CL1, FLM and M
enables the display size to be expanded. In this
case, LCD expansion signal pins output corre-
sponding signals when pin M/S is set low for
master mode and conversely input corresponding
signals when pin M/S is set high for slave mode;
LCD expansion signal pins of both master chip and
slave chips must be mutually connected. Figure 2
shows a basic system configuration using two
HD66108T chips.
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Figure 1   Basic System Configuration (1)
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Figure 2   Basic System Configuration (2)
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Functional Description

1.  Display Size Programming

A variety of display sizes can be programmed by
changing the system configuration and internal
register settings.

(1)  System Configuration Using One HD66108T
Chip

When the 65-row-output mode is selected by
internal register settings, a maximum of 100 dots
in the X direction can be displayed (figure 3 (a)).
Display size in the Y direction can be selected
from 32, 34, 36, 48, 50, 64, and 65 dots according
to display duty setting. Note that Y direction
settings does not affect those in the X direction
(100 dots).

When the 33-row-output mode is selected by
internal register settings, a maximum of 132 dots
in the X direction can be displayed (figure 3 (b)).

Table 1 shows the relationship between display
sizes and the control register’s (FCR) ROS and
DUTY bits. ROS and DUTY bit settings determine
the function of X pins. For more details, refer to
“4.1 Row Output Pin Selection.”

(2) System Configuration Using One HD66108T
Chip and One HD61203 Chip as Row Driver

A maximum of 64 dots in the Y direction and 165
dots in the X direction can be displayed. 48 or 64
dots in the Y direction can be selected by
HD61203 pin settings (figure 3 (c)).

(3)  System Configuration Using Two or more
HD66108T Chips

X direction size can be expanded by 165 dots per
chip. Figure 3 (d) shows a 265 × 65-dot display. Y
direction size can be expanded up to 130 dots with
2 chips; a 100 × 130-dot display provided by 2
chips is shown in figure 3 (e).
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Table 1 Relationship between Display Size and Register Settings (No. of Dots)

ROS Bit Setting Duty Bit Setting (Multiplexing Duty Ratio)

(X0–X164 Pin Function) 1/32 1/34 1/36 1/48 1/50 1/64 1/66

165-column-output Specified by a row driver

65-row-output from the X: 100 X: 100 X:100 X: 100 X: 100 X: 100 X:100
right side Y: 32 Y: 34 Y: 36 Y: 48 Y: 50 Y: 64 Y: 65

65-row-output from the X: 100 X: 100 X:100 X: 100 X: 100 X: 100 X:100
left and right sides Y: 32 Y: 34 Y: 36 Y: 48 Y: 50 Y: 64 Y: 65

33-row-output from the X: 132 X: 132 X: 132 X: 132 X: 132 X: 132 X: 132
right side Y: 32 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33



Figure 3   Relationship between System Configurations and Display Sizes
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2.  Display Memory Construction and Word
Length Setting

The HD66108T has a bit-mapped display memory
of 165 × 65 bits. As shown in figure 4, data from
the MPU is stored in the display memory, with the
MSB (most significant bit) on the left and the LSB
(least significant bit) on the right.

The sections on the LCD panel corresponding to
the display memory bits in which 1’s are written
will be displayed as on (black).

Display area size of the internal RAM is
determined by control register (FCR) settings
(refer to table 1).

The start address in the Y direction for the display
area is always Y0, independent of the register
setting. In contrast, the start address in the X
direction is X0 in the modes for 165-column-
output, 65-row-output from the right side, and 33-

row-output from the right side, and is X32 in the
65-row-output mode from the left and right sides.

Each display area contains the number of dots
shown in table 1, beginning from each start
address.

For more detail, refer to “4.2 Row Output Data
Setting,” figures 15 to 19.

In the display memory, one X address is assigned
to each word of 8 or 6 bits long in X direction.
(Either 8 or 6 bits can be selected as word length of
display data.) Similarly, one Y address is assigned
to each row in Y direction.

Accordingly, X address 20 in the case of 8-bit
word and X address 27 in the case of 6-bit word
have 5 and 3 bits of display data, respectively.
Nevertheless, data is also stored here with the
MSB on the left (figure 5).
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Figure 4   Relationship between Memory Construction and Display
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Figure 5   Display Memory Addresses
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3.  Display Data Write

3.1  Display Memory and Data Register Accesses

(1) Access

Figure 6 shows the relationship between the
address register (AR) and internal registers
and display memory in the HD66108T.
Display memory shall be referred to as a data

register since it can be handled as other
registers.

To access a data register, the register address
assigned to the desired register must be written
into the address register’s Register No. bits.
The MPU will access only that register until
the register address is updated.
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Figure 6   Relationship between Address Register and Register No.
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(2) Busy Check

A busy time period appears after display
memory read/write or X or Y address register
write, since post-access processing is per-
formed synchronously with internal clock
pulses. Updating data in registers other than
the address register is disabled during this

time. Subsequent data must be input after
confirming ready mode by reading the address
register. The busy time period is a maximum
of 8 clock pulses after display memory read/
write and a maximum of 1.5 clock pulses after
X or Y address register write (figure 7).
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HD66108T

OSC

BUSY
FLAG

Internal
operation

WR

CPU

RD

RS

DB7

Ready Busy 8 clock pulses max

Operates internally

Ready



(3) Dummy Read

When reading out display data, the data which
is read out immediately after setting the X and
Y addresses is invalid. Valid data can be read

out after one dummy read, which is performed
after setting the X and Y addresses desired
(figure 8).
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Figure 8   Display Memory Reading
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(4) Limitations on Access

As shown in figure 9, the display memory
must not be rewritten until a time period of
tCL1 or longer has elapsed after rewriting the
control register’s DUTY bits or the mode
register’s FFS bits. However, display memory
and registers other than the control register
and mode register can be accessed even during
this time period. tCL1 can be obtained from the
following equation. If using an LSI with a
frame frequency of 60 Hz or greater, a time
period of 1 ms should be sufficient.

tCL1 =
D2

(ms) ...... Equation 1
Ni·fCLK (kHz)

D2 (duty correction value 2):
192 (duty = 1/32, 1/34, or 1/36)
128 (duty = 1/48 or 1/50)
96 (duty = 1/64 or 1/66)

Ni (frequency-division ratio specified by the
mode register’s FFS bits):

2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8
fCLK: Input clock frequency (kHz)

3.2  X and Y address Counter Auto-Increment-
ing Function

As described in “2. Display Memory Construction
and Word Length Setting,’’ the HD66108T display
memory has X and Y addresses. Internal X address
counter and Y address counter both employ an
auto-incrementing function. After display data is
read or written, the X or Y address is incremented
according to the address increment direction
selected by internal register.

Although X addresses up to 20 are valid when 8
bits make up one word (up to 27 when 6 bits make
up one word), the X address counter can count up
to 31 since it is a 5-bit free counter. Similarly,
although Y addresses up to 64 are valid, the Y
address counter can count up to 127. Consequently,
X or Y address must be reset at an appropriate
point as shown in figure 10.
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Figure 10   X/Y Address Counter Increment
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4.  Selection for LCD Driving Circuit
Configuration

4.1  Row Output Pin Selection
The HD66108T can assign a maximum of 65 pins
for row outputs among the 165 pins named
X0–X164. The X0–X164 pins can be classified
into four blocks labelled A, B, C, and D (figure
11 (a)). Blocks A, C, and D consist of row/column
common pins and block B consists of column pins
only. The output function of the LCD driving pins
and the combination of blocks can be selected by
internal registers.

Figure 11 shows an example of 165-column-output
mode. This configuration is useful when using
more than one HD66108T chip or using the
HD66108T as a slave chip of the HD61203.

Figure 12 shows an example of 65-row-output
mode from the right side. Blocks A and B are used
for column output and blocks C and D
(X100–X164 pins) for row output. This configura-
tion offers an easy way of connecting row output

lines in the case of using one or more HD66108T
chips.

Figure 13 shows an example of 65-row-output
mode from the left and right sides. 32 pins of
X0–X31 and 33 pins of X132-X164 are used for
row output here. This configuration offers an easy
way of connecting row output lines in the case of
using only one HD66108T chip.

Figure 14 shows an example of 33-row-output
mode from the right side. Block D, i.e.,
X132–X164 pins, is used for row outputs. This
configuration provides a means for assigning many
pins to column outputs when 1/32 or 1/34
multiplexing duty ratio is desired.

In all modes, it is row data and multiplexing duty
ratio that determine which pins are actually used
among the pins assigned to row output. Y values
shown in table 1 indicate the numbers of pins that
are actually used. Pins not used must be left
disconnected.
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Figure 11   165-Column-Output Mode
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Figure 12   65-Row-Output Mode from the Right Side
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Figure 13   65-Row-Output Mode from the Left and Right Sides
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Figure 14   33-Row-Output-Mode from the Right Side
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4.2  Row Output Data Setting
If certain LCD driving output pins are assigned to
row output, data must be written to display
memory for row output. The specific area to which
this data must be written depends on the row-
output mode and the procedure of writing row data
to the display memory (0 or 1 to which bits?)
depends on which X pin drives which line of the
LCD. Row data area is determined by the control
register’s (FCR) ROS and DUTY bits and is
identical to the protected area, which will be
described below. (165-column-output mode has no
protected area, thus requiring no row data to be
written (figure 15).)

Procedure of writing row data to the display
memory is as follows. First, 1 must be written to
the bit at the intersection between line Yj and line
(column) Xi (column). Line Yj is filled with data
to be displayed on the first line of the LCD and
line Xi is connected to pin Xn, which drives the
first line of the LCD. Following this, 0s must be
written to the remaining bits on line Yj in the row
data area. This rule applies to subsequent lines on
the LCD.

Table 2 shows the relationship between FCR
settings and protected areas.

Figure 16 shows the relationship between row data
and display. Here the mode is 65-row output from
the right side. Display data on Y0 is displayed on
the first line of the LCD and data on Y64 is
displayed on the 65th line of the LCD. If X164 is
connected to the first line of the LCD and X100 is
connected to the 65th line of the LCD, 1s must be
written to the bits on the diagonal line between
coordinates (X164, Y0) and (X100, Y64) and 0s to
the remaining bits. Row data protect function must
be turned off before writing row data and be turned
on after writing row data. Turning on the row data
protect function disables read/write of display
memory area corresponding to the row output pins,
i.e., prevents row data from being destroyed. In
figure 16, display memory area corresponding to
pins X100 to X164 is protected.

Figures 17 to 19 show examples of row data
settings. Some multiplexing duty ratios result in
invalid display areas. Although an invalid display
area can be read from or written to, it will not be
displayed.
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Table 2 Relationship between FCR Settings and Protected Areas

Control Register (FCR)

ROS LCD Driving Signal Output Pins Connected to

PON 4 3 Mode Protected Area of Display Memory Figures

1 0 0 165-column No area protected 15

1 0 1 65-row (R) X100–X164 16, 19

1 1 0 65-row (L/R) X0–X31 and X132–X164 17

1 1 1 33-row (R) X132–X164 18

65-row (R) : 65-row-output mode from the right side
65-row (L/R): 65-row-output mode from the left and right sides
33-row (R): 33-row-output mode from the right side



Figure 15   Relationship between Row Data and Display
(165-Column Output, 1/64 Multiplexing Duty Ratio)
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Figure 16   Relationship between Row Data and Display
(65-Row Output from the Right Side, 1/66 Multiplexing Duty Ratio)
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Figure 17   Relationship between Row Data and Display
(65-Row Output from the Left and Right Sides, 1/66 Multiplexing Duty Ratio)
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Figure 18   Relationship between Row Data and Display
(33-Row Output from the Right Side, 1/34 Multiplexing Duty Ratio)
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Figure 19   Relationship between Row Data and Display
(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio)
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4.3  LCD Driving Voltage Setting
There are 6 levels of LCD driving voltages ranging
from V1 to V6; V1 is the highest and V6 is the
lowest. As shown in figure 20, column output
waveform is made up of a combination of V1, V3,
V4, and V6 while row output waveform is made up
of V1, V2, V5, and V6. This means that V1 and
V6 are common to both waveforms while mid-
voltages are different.

To accommodate this situation, each block of the
HD66108T is provided with power supply pins for

mid-voltages as shown in figure 21. Each pair of
V1R and V1L and V6R and V6L are internally
connected and must be applied the same level of
voltage. Block B is fixed for column output and
must be applied V3 and V4 as mid-voltages. The
other blocks must be applied different levels of
voltages according to the function of their LCD
driving output pins; if the LCD driving output pins
are set for row output, VMHn and VMLn must be
applied V2 and V5, respectively, while they must
be applied V3 and V4, respectively, if the pins are
set for column output (n = 1 to 3).
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Table 3 Relationship between FCR Settings and LCD Driving Voltages

Control Register (FCR) LCD Driving Voltage Pins

ROS4 ROS3 Mode VIR/VIL V3 V4 VMH1 VML1 VMH2 VML2 VMH3 VML3 V6R/V6L

0 0 165-column V1 V3 V4 V3 V4 V3 V4 V3 V4 V6

0 1 65-row (R) V1 V3 V4 V3 V4 V2 V5 V2 V5 V6

1 0 65-row (L/R) V1 V3 V4 V2 V5 V3 V4 V2 V5 V6

1 1 33-row (R) V1 V3 V4 V3 V4 V3 V4 V2 V5 V6

65-row (R): 65-row-output mode from the right side
65-row (L/R): 65-row-output mode from the left and right sides
33-row (R): 33-row-output mode from the right side



Figure 20   LCD Driving Voltage Waveforms
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5.  Multiplexing Duty Ratio and LCD Driving
Waveform Settings

A multiplexing duty ratio and LCD driving
waveform can be selected via internal registers.

A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48,
1/50, 1/64, or 1/66 can be selected according to the
LCD panel used. However, since there are only 65
row-output pins, only 65 lines will be displayed
even if 1/66 multiplexing duty ratio is selected.

There are three types of LCD driving waveforms,
as shown in figure 22: A-type waveform, B-type
waveform, and C-type waveform.

The A-type waveform is called per-half-line inver-
sion. Here, the waveforms of M signal and CL1
signal are the same and alternate every LCD line.

The B-type waveform is called per-frame inver-
sion; in this case, the M signal inverts its polarity
every frame so as to alternate every two LCD

frames. This is the most common type.

The C-type waveform is called per-n-line inversion
and inverts its polarity every n lines (n can be set
as needed within 1 to 31 via the internal registers).
The C-type waveform combines the advantages of
the A-and B-types of waveforms. However, some
lines will not be alternated depending on the
multiplexing duty ratio and n. To avoid this,
another C-type waveform is available which is
generated from the EOR of the C-type waveform
M signal mentioned above and the B-type
waveform M signal. Since the relationship between
n and display quality usually depends on the LCD
panel, n must be determined by observing actual
display results.

The B-type waveform should be used if the LCD
panel specifies no particular type of waveform.
However, in some cases, the C-type waveform may
create a better display.

HD66108
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Figure 21   Relationship between Blocks and LCD Driving Voltages
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Figure 22   LCD Driving Waveforms (Row Output with a 1/32 Multiplexing Duty Ratio)
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6.  Clock and Frame Frequency

An input clock with a 200-kHz to 4-MH frequency
can be used for the HD66108T. Note that raising
clock frequency increases current consumption
although it reduces busy time and enables high-
speed operations. An optimum system clock
frequency should thus be selected within 200 kHz
to 4 MHz.

The clock frequency driving the LCD panel
(= frame frequency) is usually 70 Hz to 90 Hz.
Accordingly, the HD66108T is so designed that the
frequency-division ratio of the input clock can be
selected. The HD66108T generates around 80-Hz
LCD frame frequency if the frequency-division
ratio is 1. The frequency-division ratio can be
obtained from the following equation.

Ni =
fF ×

500
× D1

fCLK 80

Ni: Frequency-division ratio
fF: Frame frequency required for the LCD

panel (Hz)
fCLK: Input clock frequency (kHz)
D1: Duty correction value 1

D1 = 1 when multiplexing duty ratio is
1/32, 1/48 or 1/64
D1 = 32/34 when multiplexing duty
ratio is 1/34
D1 = 32/36 when multiplexing duty
ratio is 1/36
D1 = 48/50 when multiplexing duty
ratio is 1/50
D1 = 64/66 when multiplexing duty
ratio is 1/66

The frequency-division ratio nearest the value
obtained from the above equation must be selected;
selectable frequency-division ratios by internal
registers are 2, 1, 1/2, 1/3, 1/4, 1/6, and 1/8.

7.  Display Off Function

The HD66108T has a display off function which
turns off display by rewriting the contents of the
internal register. This prevents random display at
power-on until display memory is initialized.

8.  Standby Function

The HD66108T has a standby function providing
low-power dissipation. Writing a 1 to bit 6 of the
address register starts up the standby function.

The LCD driving voltages, ranking from V1 to V6,
must be set to VCC to prevent DC voltage from
being applied to an LCD panel during standby
state.

The HD66108T operates as follows in standby
mode.

(1) Stops oscillation and external clock input

(2) Resets all registers to 0’s except the STBY bit

Here, note that the display memory will not
preserve data if the standby function is turned on;
the display memory as well as registers must be set
again after the standby function is terminated.

Table 4 shows the standby status of pins and table
5 shows the status of registers after standby
function termination.

Writing a 0 to bit 6 of the address register termi-
nates the standby function. Writing values into the
DISP and Register No. bits at this time is ignored;
these bits need to be set after the standby function
has been completely terminated.

Figure 23 shows the flow for start-up and
termination of the standby function and related
operations.

HD66108
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Table 4 Standby Status of Pins

Pin Status

OSC2 High

CO Low

CL1 Low (master chip) or high-impedance (slave chip)

FLM Low (master chip) or high-impedance (slave chip)

M Low (master chip) or high-impedance (slave chip)

Xn V4 (column output pins)

Xn’ V5 (row output pins)

Table 5 Register Status after Standby Function Termination

Register Name Status after Standby Function Termination

Address register Reset to 0’s except for the STBY bit

X address register Reset to 0’s

Y address register Reset to 0’s

Control register Reset to 0’s

Mode register Reset to 0’s

C select register Reset to 0’s

Display memory Data not preserved
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Figure 23   Start-Up and Termination of Standby Function and Related Operations
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Set the LCD driving voltages to VCC level

Set the STBY bit to 1
(turn on the standby function)

Wait until external clock pulses stabilize

Set the STBY bit to 0
(turn off the standby function)

Supply the LCD driving voltages

Set registers again

Wait for a time period of tCL1 or longer

Set the display memory

Set the DISP bit to 1 (turn on LCD)

*1

*2

Start-up

Termination

Notes: 1.
2.

Not necessary in the case of using internal oscillation.
Refer to equation 1 (section 3.1).



9.  Multi-Chip Operation

Using multiple HD66108T chips (= multi-chip
operation) provides the means for extending the
number of display dots. Note the following items
when using the multi-chip operation.

(1) The master chip and the slave chips must be
determined; the M/S pin of the master chip
must be set low and the M/S pin of the slave
chips must be set high.

(2) All the HD66108T chips will be slave chips if
HD61203 or its equivalent is used as a row
driver.

(3) The master chip supplies the FLM, CL1, and
M signals to the slave chips via the corre-
sponding pins, which synchronizes the slave
chips with the master chip.

(4) Since a master chip outputs synchronization
signals, all data registers must be set.

(5) The following bits for slave chips must always
be set:

INC, WLS, PON, and ROS (control register)
FFS (mode register)

It is not necessary to set the control register’s
DUTY bits, the mode register’s DWS bits, or
the C select register. For other registers’
settings, refer to table 6.

(6) All chips must be set to LCD off in order to
turn off the display.

(7) The standby function of slave chips must be
started up first while that of the master chip
must be terminated first.

Figure 24 to 26 show the connections of the
synchronization signals for different system con-
figurations and table 6 lists the differences between
master mode and slave mode.
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Table 6 Comparison between Master and Slave Mode

Item Master Mode Slave Mode

Pin: M/S Must be set low Must be set high

OSC1, OSC2 Oscillation is possible Oscillation is possible

CO = OSC1 = OCS1

FLM, CL1, M Output signals Input signals

Register: AR Valid Valid

XAR Valid Valid

YAR Valid Valid

FCR Valid Valid except for the DUTY bits

MDR Valid Valid except for the DWS bits

CSR Valid (only if the DWS bits are Invalid
set for the C-type waveform)

Notes: Valid: Needs to be set
Invalid: Needs not be set



Figure 24   Configuration Using 2 HD66108T Chips (1)
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HD66108T
Slave mode

HD66108T
Master mode

OSC1 FLM CL1 OSC1 FLM CL1

M M

Clock

Column
output

Column
output

LCD

Row
output

Note:  Clock pulses for the slave chip can be supplied from the master chip CO pin.



Figure 25   Configuration Using 2 HD66108T Chips (2)
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Note:  Clock pulses for the slave chip can be supplied from the master chip CO pin.



Figure 26   Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203)
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HD61203
Row driver

HD66108T
Slave mode

CR FRM CL2 OSC1 FLM CL1

M M

Clock

Column output

Row output

Notes: 1.

2.

The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be
supplied to the HD61203 from the HD66108T’s CO pin.
The HD61203’s control pins must be set in accordance with the type of RAMs.

LCD



Internal Registers

All HD66108T’s registers can be read from and
written into. However, the BUSY FLAG and
invalid bits cannot be written to and reading
invalid bits or registers returns 0’s.

1.  Address Register (AR) (Accessed with RS = 0)

This register (figure 27) contains Register No. bits,
BUSY FLAG bit, STBY bit, and DISP bit.

Register No. bits select one of the data registers
according to the register number written. The
BUSY FLAG bit indicates the internal operation
state if read. The STBY bit activates the standby
function. The DISP bit turns the display on or off.
This register is selected when RS pin is 0.

Bits D4 and D3 are invalid.

924

HD66108

Figure 27   Address Register

D7 D6 D5 D4 D3 D2 D1 D0

Register No.—DISPSTBY
BUSY
FLAG

(1)





(2)



(3)

STBY
1:  Standby function on
0:  Normal (standby function off)

Note:  When standby function is on, all registers are reset to 0’s.

DISP
1:  LCD on
0:  LCD off

Register No.


Bit

No. Register2 1 0

0
1
2
3
4
5

Display memory
X address register
Y address register
Control register
Mode register
C select register

0
0
0
0
1
1

0
0
1
1
0
0

0
1
0
1
0
1

(4) BUSY FLAG (can be read only)
1:  Busy state
0:  Ready state



2.  Display Memory (DRAM) (Accessed with
RS = 1, Register Number = (000)2)

Although display memory (figure 28) is not a
register, it can be handled as one. 8- or 6-bit data
can be selected by the control register WLS bit
according to the character font in use. If 6-bit data
is selected, D7 and D6 bits are invalid.

3.  X Address Register (XAR) (Accessed with
RS = 1, Register Number = (001)2)

This register (figure 29) contains 3 invalid bits (D7

to D5) and 5 valid bits (D4 to D0). It sets X
addresses and confirms X addresses after writing
or reading to or from the display memory.

4.  Y Address Register (YAR) (Accessed with
RS = 1, Register Number = (010)2)

This register (figure 30) contains 1 invalid bit (D7)
and 7 valid bits (D6 to D0). It sets Y addresses and
confirms Y addresses after writing or reading to or
from the display memory.

HD66108

925

Figure 28   Display Memory

Figure 29   X Address Register

Figure 30   Y Address Register

D7 D6 D5 D4 D3 D2 D1 D0

8-bit data

6-bit data* *

Reading bits marked with * return 0s and writing them is invalid.

D7 D6 D5 D4 D3 D2 D1 D0

XAD—

XAD: 0 to 20 ($00 to $14) when display data is 8 bits long and 0 to 27 ($00 to $1B) when display 
data is 6 bits long. A maximum of $1F is programmable.

D7 D6 D5 D4 D3 D2 D1 D0

YAD—

YAD: 0 to 64 ($00 to $40)



5.  Control Register (FCR) (Accessed with RS =
1, Register Number = (011)2)

This register (figure 31), containing eight bits, has
a variety of functions such as specifying the
method for accessing RAM, determining RAM
valid area, and selecting the function of the LCD
driving signal output pins. It must be initialized as
soon as possible after power-on since it determines

the overall operation of the HD66108T. The PON
bit may have to be reset afterwards. If the DUTY
bits are rewritten after initialization at power-on (if
values other than the initial values are desired), the
display memory will not preserve data; the display
memory must be set again after a time period of
tCL1 or longer. For determining tCL1, refer to equa-
tion 1 (section 3.1).
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Figure 31   Control Register

D7 D6 D5 D4 D3 D2 D1 D0

(1)



(2)



(3)



(4)

INC (address increment direction select)
1:  X address is incremented
0:  Y address is incremented

WLS (word length (of display data) select)
1:  6-bit word
0:  8-bit word

PON (row data protect on)
1:  Protect function on
0:  Protect function off

ROS (row output (function of LCD driving output pins) select)

Bit

No. Contents4 3

0
1
2
3

165 column outputs
65 row outputs from the right side
65 row outputs from the left and right sides
33 row outputs from the right side

0
0
1
1

0
1
0
1

No. 2 1

0
1
2
3
4
5
6
7

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

Bit Multiplexing
Duty Ratio0

1/32
1/34
1/36
1/48
1/50
1/64
1/66
Testing mode

0
1
0
1
0
1
0
1

INC WLS PON ROS DUTY

(5) DUTY (multiplexing duty ratio)



6.  Mode Register (MDR) (Accessed with RS =
1, Register Number = (100)2)

This register (figure 32), containing 3 invalid bits
(D7 to D5) and 5 valid bits (D4 to D0), selects a
system clock and type of LCD driving waveform.
It must also be initialized after power-on since it
determines overall HD66108T operation like the

FCR register. If the FFS bits are rewritten after
initialization at power-on (if values other than the
initial values are desired), the display memory will
not preserve data; the display memory must be set
again after a time period of tCL1 or longer. For
determining tCL1, refer to equation 1 (section 3.1).
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Figure 32   Mode Register

D7 D6 D5 D4 D3 D2 D1 D0

(1) FFS (frame frequency select)

Bit

No. Driving Waveform1 0

0
1
2
3

A-type waveform
B-type waveform
C-type waveform
—


0
0
1
1

0
1
0
1

(2) DWS (LCD driving waveform select)

— FFS DWS

No. 4 3

0
1
2
3
4
5
6
7

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

Bit Frequency-
Division Ratio2

1
1/2
1/3
1/4
1/6
1/8
2
—

0
1
0
1
0
1
0
1



7.  C Select Register (CSR) (Accessed with RS =
1, Register Number = (101)2)

This register (figure 33) contains 2 invalid bits (D7

and D6) and 5 valid bits (D5 to D0). It controls C-
type waveforms and is activated only when MDR
register’s DWS bits are set for this type of
waveform.
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Figure 33   C Select Register

D7 D6 D5 D4 D3 D2 D1 D0

(1)



(2)

EOR (B-type waveform M signal  +  no. of counting lines on/off)
1:  EOR function on
0:  EOR function off

CLN (No. of counting lines in C-type waveform)
1 to 31 should be set in these bits; 0 must not be set.

— EOR CLN



Reset Function

The RESET pin starts the HD66108T after power-
on. A RESET signal must be input via this pin for
at least 20 µs to prevent system failure due to
excessive current created after power-on. Figure 34
shows the reset definition.

(1) Reset Status of Pins

Table 7 shows the reset status of output pins.
The pins return to normal operation after reset.

HD66108
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Table 7 Reset Status of Pins

Pin Status

OSC2 Outputs clock pulses or oscillates

CO Outputs clock pulses

CL1 Low (master chip) or high-impedance (slave chip)

FLM Low (master chip) or high-impedance (slave chip)

M Low (master chip) or high-impedance (slave chip)

Xn V4 (column output pins)

Xn’ V5 (row output pins)

Figure 34   Reset Definition

0.15 × VCC 0.15 × VCC

After resetAt reset During reset
(reset status)

RESET



(2) Reset Status of Registers

The RESET signal has no effect on registers
or register bits except for the address register’s
STBY bit and the X and Y address registers,
which are reset to 0’s by the signal. Table 8
shows the reset status of registers.

(3) Status after Reset

The display memory does not preserve data
which has been written to it before reset; it
must be set again after reset.

A RESET signal terminates the standby
mode.

Precautionary Notes When Using the
HD66108T

(1) Install a 0.1-µF bypass capacitor as close to

the LSI as possible to reduce power supply
impedance (VCC – GND and VCC – VEE).

(2) Do not leave input pins open since the
HD66108T is a CMOS LSI; refer to “Pin
Functions” on how to deal with each pin.

(3) When using the internal oscillation clock,
attach an oscillation resistor as close to the
LSI as possible to reduce coupling capaci-
tance.

(4) Make sure to input the reset signal at power-on
so that internal units operate as specified.

(5) Maintain the LCD driving power at VCC
during standby state so that DC is not applied
to an LCD, in which Xn pins are fixed at V4
or V5 level.

930

HD66108

Table 8   Reset Status of Registers

Register Status

Address register Pre-reset status with the STBY bit reset to 0

X address register Reset to 0’s

Y address register Reset to 0’s

Control register Pre-reset status

Mode register Pre-reset status

C select register Pre-reset status

Display memory Preserves no pre-reset data



Programming Restrictions

(1) After busy time is terminated, an X or Y
address is not incremented until 0.5-clock time
has passed. If an X or Y address is read during
this time period, non-updated data will be
read. (The addresses are incremented even in
this case.) In addition, the address increment
direction should not be changed during this
time since it will cause malfunctions.

(2) Although the maximum output rows is 33
when 33-row-output mode from the right side
is specified, any multiplexing duty ratio can be
specified. Therefore, row output data suffi-
cient to fill the specified duty must be input in
the Y direction. Figure 35 shows how to set
row data in the case of 1/34 multiplexing duty
ratio. In this case, 0s must be set in Y33 since
data for the 34th row (Y33) are not output.

(3) Do not set the C select register’s CLN bits to 0
for the M signal of C-type waveform.
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Figure 35   How to Set Row Data for 33-Row Output from the Right Side

X132
X133X131

X164
X163

All 0’s

Row data areaDisplay data area

Y0
Y1
Y2
Y3

Y30
Y31
Y32
Y33

0
0
0
0

0
0
0
0

0
0
1
0

0
1
0
0

0
1
0
0

1
0
0
0

0
0
0
0

0
0
0
0



Absolute Maximum Ratings

Item Symbol Ratings Unit

Power supply voltage (1) VCC1 to VCC3 –0.3 to +7.0 V

Power supply voltage (2) VCC – VEE –0.3 to +16.5 V

Input voltage Vin –0.3 to VCC + 0.3 V

Operating temperature Top –20 to +75 °C

Storage temperature Tstg –20 to +125 °C

Notes: 1. Permanent LSI damage may occur if the maximum ratings are exceeded.
Normal operation should be under recommended operating conditions (VCC = 2.7 to 6.0 V,
GND = 0 V, Ta = –20 to +75°C). If these conditions are exceeded, LSI malfunctions could occur.

2. Power supply voltages are referenced to GND = 0 V. Power supply voltage (2) indicates the
difference between VCC and VEE.
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Electrical Characteristics

DC Characteristics (1) (VCC = 5 V ±20%, GND = 0 V, VCC – VEE = 6.0 to 15 V, Ta = –20 to +75°C,
unless otherwise noted)

Item Symbol Min Typ Max Unit Test Conditions Notes

Input high OSC1 VIH1 0.8 × VCC — VCC + 0.3 V
voltage M/S, CL1, FLM, VIH2 0.7 × VCC — VCC + 0.3 V

M, TEST1,
TEST2

RESET VIH3 0.85 × VCC — VCC +0.3 V

The other inputs VIH4 2.0 — VCC + 0.3 V VCC = 5 V ±10% 5

Input low OSC1 VIL1 –0.3 — 0.2 × VCC V
voltage M/S, CL1, FLM, VIL2 –0.3 — 0.3 × VCC V

M, TEST1, 
TEST2

RESET VIL3 –0.3 — 0.15 × VCC V

The other inputs VIL4 –0.3 — 0.8 V VCC = 5 V ±10% 6

Output high CO, CL1, FLM, VOH1 0.9 × VCC — — V –IOH = 0.1 mA
voltage M

DB7–DB0 VOH2 2.4 — — V –IOH = 0.2 mA 7
VCC = 5 V ±10%

Output low CO, CL1, FLM, VOL1 — — 0.1 × VCC V IOL = 0.1 mA
voltage M

DB7–DB0 VOL2 — — 0.4 V IOL = 1.6 mA 8
VCC = 5 V ±10%

Input leakage All except IIIL –2.5 — 2.5 µA Vin = 0 to VCC
current DB7–DB0,

CL1, FLM, M

Tri-state DB7–DB0, CL1, ITSL –10 — 10 µA Vin = 0 to VCC
leakage FLM, M
current

V pins V1, V3, V4, V6, IVL –10 — 10 µA Vin = VEE to VCC
leakage VMHn, VMLn
current

Current During display ICC1 — — 400 µA External clock 1
consumption fOSC = 500 kHz

ICC2 — — 1.0 mA Internal oscillation 1
Rf = 91 kΩ

During standby ISB — — 10 µA 1, 2

HD66108
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Item Symbol Min Typ Max Unit Test Conditions Notes

ON resistance X0–X164 RON — — 10 kΩ ±ILD = 50 µA 3
between VCC – VEE = 10 V
Vi and Xj

V pins voltage range ∆V — — 35 % 4

Oscillating frequency fOSC 315 450 585 kHz Rf = 91 kΩ

Notes: 1. When voltage applied to input pins is fixed to VCC or to GND and output pins have no load
capacity.

2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external
clock pulses, input pins must be fixed high or low. Exposing the LSI to light increases current
consumption.

3. ILD indicates the current supplied to one measured pin.
4. ∆V = 0.35 × (VCC – VEE). For levels V1, V2, and V3, the voltage employed should fall between

the VCC and the ∆V and for levels V4, V5, and V6, the voltage employed should fall between the
VEE and the ∆V (figure 36).

5. VIH3 (min) = 0.7 × VCC when used under conditions other than VCC = 5 V ±10%.
6. VIL3 (max) = 0.15 × VCC when used under conditions other than VCC = 5 V ±10%.
7. VOH2 (min) = 0.9 × VCC (–IOH = 0.1 mA) when used under conditions other than VCC = 5 V

±10%.
8. VOL2 (max) = 0.1 × VCC (IOL = 0.1 mA) when used under conditions other than VCC = 5 V ±10%.
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DC Characteristics (2) (VCC = 2.7 to 4.0 V, GND = 0 V, VCC – VEE = 6.0 to 15 V, Ta = –20 to +75°C,
unless otherwise noted)

Item Symbol Min Typ Max Unit Test Conditions Notes

Input high RESET VIH1 0.85 × VCC — VCC + 0.3 V
voltage The other VIH2 0.7 × VCC — VCC + 0.3 V

inputs

Input low M/S, OSC1, VIL1 –0.3 — 0.3 × VCC V
voltage CL1, FLM, 

TEST1, 
TEST2, M

The other VIL2 –0.3 — 0.15 × VCC V
inputs

Output high VOL1 0.9 × VCC — — V –IOH = 50 µA
voltage

Output low VOL1 — — 0.1 × VCC V IOL = 50 µA
voltage

Input leakage All except IIIL –2.5 — 2.5 µA Vin = 0 to VCC
current DB7–DB0,

CL1, FLM, M

Tri-state DB7–DB0, ITSL –10 — 10 µA Vin = 0 to VCC
leakage CL1, FLM, M
current

V pins V1, V3, V4, IVL –10 — 10 µA Vin = VEE to VCC
leakage V6, VMHn,
current VMLn

Current During display ICC1 — — 260 µA External clock 1
consumption fOSC = 500 kHz

ICC2 — — 700 µA Internal oscillation 1
Rf = 75 kΩ

During ISB — — 10 µA 1, 2
standby state

ON resistance X0–X164 RON — — 10 kΩ ±ILD = 50 µA 3
between VCC – VEE = 10 V
Vi and Xj

V pins voltage range ∆V — — 35 % 4

Oscillating frequency fOSC 315 450 585 kHz Rf = 75 kΩ

Notes: 1. When voltage applied to input pins is fixed to VCC or to GND and output pins have no load
capacity. Exposing the LSI to light increases current consumption.

2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external
clock pulses, input pins must be fixed high or low.

3. ILD indicates the current supplied to one measured pin.
4. ∆V = 0.35 × (VCC – VEE). For levels V1, V2, and V3, the voltage employed should fall between

the VCC and the ∆V and for levels V4, V5, and V6, the voltage employed should fall between the
VEE and the ∆V (figure 36).
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Figure 36   Driver Output Waveform and Voltage Levels
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AC Characteristics (1) (VCC = 4.5 to 6.0 V, GND = 0 V, Ta = –20 to +75°C, unless otherwise noted)

1.  CPU Bus Timing (Figure 37)

Item Symbol Min Max Unit

RD high-level pulse width tWRH 190 — ns

RD low-level pulse width tWRL 190 — ns

WR high-level pulse width tWWH 190 — ns

WR low-level pulse width tWWL 190 — ns

WR–RD high-level pulse width tWWRH 190 — ns

CS, RS setup time tAS 0 — ns

CS, RS hold time tAH 0 — ns

Write data setup time tDSW 100 — ns

Write data hold time tDHW 0 — ns

Read data output delay time tDDR — 150 ns Note

Read data hold time tDHR 20 — ns Note

External clock cycle time tCYC 0.25 5.0 µs

External clock high-level pulse width tWCH 0.1 — µs

External clock low-level pulse width tWCL 0.1 — µs

External clock rise and fall time tr, tf — 20 ns

Note: Measured by test circuit 1 (figure 39).

2.  LCD Interface Timing (Figure 38)

Item Symbol Min Max Unit Notes

M/S = 0 CL1 High-level pulse width tWCH1 35 — µs 1, 4

CL1 Low-level pulse width tWCL1 35 — µs 1, 4

FLM Delay time tDFL1 –2.0 +2.0 µs 4

FLM Hold time tHFL1 –2.0 +2.0 µs 4

M output delay time tDMO1 –2.0 +2.0 µs 4

M/S = 1 CL1 High-level pulse width tWCH2 35 — µs 4

CL1 Low-level pulse width tWCL2 11 × tCYC — µs 2, 4

FLM Delay time tDFL2 –2.0 1.5 × tCYC µs 3, 4

FLM Hold time tHFL2 –2.0 +2.0 µs 4

M delay time tDMI –2.0 +2.0 µs 4

Notes: 1. When ROSC is 91 kΩ (VCC = 4.0 to 6 V) or 75 kΩ (VCC = 2.0 to 4.0 V) and bits FFS are set for 1.
2. When bits FFS are set for 1 or 2. The value is 19 × tCYC in other cases.
3. When bits FFS are set for 1 or 2. The value is 8.5 × tCYC in other cases.
4. Measured by test circuit 2 (figure 39).
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AC Characteristics (2) (VCC = 2.7 to 4.5 V, GND = 0 V, Ta = –20 to +75°C, unless otherwise noted)

1.  CPU Bus Timing (Figure 37)

Item Symbol Min Max Unit

RD high-level pulse width tWRH 1.0 — µs

RD low-level pulse width tWRL 1.0 — µs

WR high-level pulse width tWWH 1.0 — µs

WR low-level pulse width tWWL 1.0 — µs

WR–RD high-level pulse width tWWRH 1.0 — µs

CS, RS setup time tAS 0.5 — µs

CS, RS hold time tAH 0.1 — µs

Write data setup time tDSW 1.0 — µs

Write data hold time tDHW 0 — µs

Read data output delay time tDDR — 0.5 µs Note

Read data hold time tDHR 20 — ns Note

External clock cycle time tCYC 1.6 5.0 µs

External clock high-level pulse width tWCH 0.7 — µs

External clock low-level pulse width tWCL 0.7 — µs

External clock rise and fall time tr, tf — 0.1 µs

Note: Measured by test circuit 2 (figure 39).

2.  LCD Interface Timing (Figure 38)

Item Symbol Min Max Unit Notes

M/S = 0 CL1 High-level pulse width tWCH1 35 — µs 1, 4

CL1 Low-level pulse width tWCL1 35 — µs 1, 4

FLM Delay time tDFL1 –2.0 +2.0 µs 4

FLM Hold time tHFL1 –2.0 +2.0 µs 4

M output delay time tDMO1 –2.0 +2.0 µs 4

M/S = 1 CL1 High-level pulse width tWCH2 35 — µs 4

CL1 Low-level pulse width tWCL2 11 × tCYC — µs 2, 4

FLM Delay time tDFL2 –2.0 1.5 × tCYC µs 3, 4

FLM Hold time tHFL2 –2.0 +2.0 µs 4

M delay time tDMI –2.0 +2.0 µs 4

Notes: 1. When ROSC is 91 kΩ (VCC = 4.0 to 6 V) or 75 kΩ (VCC = 2.7 to 4.0 V) and bits FFS are set for 1.
2. When bits FFS are set for 1 or 2. The value is 19 × tCYC in other cases.
3. When bits FFS are set for 1 or 2. The value is 8.5 × tCYC in other cases.
4. Measured by test circuit 2 (figure 39).
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Figure 37   CPU Bus Timing

Figure 38   LCD Interface Timing
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Figure 39   Load Circuits
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TCP Sketches and Mounting

The following shows TCP sketches and TCP
mounting on a printed circuit board. These draw-
ings do not restrict TCP shape.
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TCP Rough Sketch

A-A' Cross-Sectional View

TCP Mounting on PC Board

Potting resin Solder resist

Pattern-formed
surface

A'

Tape base

A LSI

Pattern-formed surface

Tape base

Tape base

Potting resin

(Chip back-ground surface)

Wiring-pattern-plated
surface

LSI

LSI

Tape base

Pattern-formed surface

Tape base

Chip back-ground surface

Solder

PC board



HD66520T
(160-Channel 4-Level Grayscale Display Column 

Driver with Internal Bit-Map RAM)

Preliminary

Description

The HD66520 is a column driver for liquid crystal
dot-matrix graphic display systems. This LSI
incorporates 160 liquid crystal drive circuits and a
160 × 240 × 2-bit bit-map RAM, which is suitable
for LCDs in portable information devices. It also
includes a general-purpose SRAM interface so that
draw access can be easily implemented from a
general-purpose CPU. The HD66520 also has a
new arbitration method which prevents flicker
when the CPU performs draw access asyn-
chronously. The on-chip display RAM greatly
decreases power consumption compared to previ-
ous liquid crystal display systems because there is
no need for high-speed data transfer. The chip also
incorporates a four-level grayscale controller for
enhanced graphics capabilities, such as icons on a
screen.

Features

• Duty cycle: 1/64 to 1/240
• Liquid crystal drive circuits: 160
• Low-voltage logic circuit: 3.0 to 3.6-V operation

power supply voltage 

• High-voltage liquid crystal drive circuit: 8 to
28-V liquid crystal drive voltage

• Grayscale display: FRC four-level grayscale
display

• Grayscale memory management: Packed pixel
• Internal bit-map display RAM: 76800 bits (160

× 240 lines × two planes)
• CPU interface

— SRAM interface

— Address bus: 16 bits, data bus: 8 bits

• High-speed draw function: Supports burst trans-
fer mode

• Arbitration function: Implemented internally
(draw access has priority)

• Access time
— 180 ns (write access)

— 300 ns (read access)

• Low power consumption:
VCC = 3.3-V operation
— 270 µA during display (logic circuit, liquid

crystal drive circuit)

— 7 mA during RAM access (logic circuit)

• On-chip address management function
• Refresh unnecessary
• Internal display off function
• Package: 208-pin TCP



Pin Description

Classi- Number
fication Symbol Pin No. Pin Name I/O of Pins Function

Power VCC1 VCC — VCC–GND: logic power supply
supply VCC2 VCC —

GND1 GND —
GND2 GND —

VEE1 LCD drive — VCC–VEE: LCD drive circuit
VEE2 circuit power — power supply

supply

V1L, LCD select Input 2 LCD drive level power supplies
V1R high-level See figure 1.

voltage The user should apply the same 

V2L, LCD select Input 2 potential to the L and R side.

V2R low-level
voltage

V3L, LCD deselect Input 2
V3R high-level

voltage

V4L, LCD de- Input 2
V4R select low-

level voltage

Control LS0, LSI ID select Input 2 Pins for setting LSI ID no (refer to
signals LS1 switch pin Pin Functions for details).

0 and 1

SHL Shift direction Input 1 Reverses the relationship between 
control signal LCD drive output pins Y and

addresses.

FLM First line Input 1 First line select signal.
marker

CL1 Data transfer Input 1 Clock signal to transfer the line data to 
clock an LCD display driver block.

M AC switching Input 1 Switching signal to convert LCD
signal drive output to AC.

DISPOFF Display off Input 1 Control signal to fix LCD driver 
signal outputs to LCD select high level.

When low, LCD drive outputs Y1 to
Y160 are set to V1, or LCD select high
level. Display can be turned off by
setting a common driver to V1.
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Classi- Number
fication Symbol Pin No. Pin Name I/O of Pins Function

Bus A0 to Address Input 16 Upper 9 bits (A15–A7) are used for 
inter- A15 input the duty-directional addresses, and 
face lower 7 bits (A6–A0) for the output-pin 

directional addresses (refer to 
Pin Functions for details).

DB0 to Data input/ I/O 8 Packed-pixel 2-bit/pixel display
DB7 output data transfer (refer to Pin Functions

for details).

CS Chip select Input 1 LSI select signal during draw access 
signal (refer to Pin Functions for details).

WE Write signal Input 1 Write-enable signal during draw
access (refer to Pin Functions for
details).

OE Output Input 1 Output-enable signal during draw 
enable signal access (refer to Pin Functions for

details).

LCD Y1 to LCD drive Output 160 Each Y outputs one of the four voltage
drive Y160 output levels V1, V2, V3, or V4, depending 
output on the combination of the M signal

and data levels.

Note: The number of input outer leads: 48

Figure 1   LCD Drive Levels
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Pin Functions

Control Signals

LS0 and LS1 (Input): The LS pins can assign
four (0 to 3) ID numbers to four LSIs, thus making
it possible to connect a maximum of four
HD66520s sharing the same CS pin to the same
bus (figure 2.)

SHL (Input): This pin reverses the relationship
between LCD drive output pins Y1 to Y160 and
addresses. There is no need to change the address
assignment for the display regardless of whether
the HD66520 is mounted from the back or the
front of the LCD panel. Refer to Driver Layout and
Address Management for details.

FLM (Input): When the pin is high, it resets the
display line counter, returns the display line to the
start line, and synchronizes common signals with
frame timing.

CL1 (Input): At each falling edge of data-transfer
clock pulses input to this pin, the latch circuits

latch display data and output it to the liquid crystal
display driver section.

M (Input): AC voltage needs to be applied to
liquid crystals to prevent deterioration due to DC
voltage application. The M pin is a switch signal
for liquid crystal drive voltage and determines the
AC cycle.

DISPOFF (Input): A control signal to fix liquid
crystal driver output to liquid crystal select high
level. When this pin is low, liquid crystal drive
outputs Y1 to Y160 are set to liquid crystal select
high level V1. The display can be turned off by
setting the outputs of the common driver to level
V1. In this case, display RAM data will be
retained. Therefore, if signal DISPOFF returns to
high level, liquid crystal drive outputs will return
to normal display state. Draw access can be
executed when signal DISPOFF is either in high
or low state.

Figure 2   LS Pins and Address Assignment

HD66520 HD66520
ID = 0 ID = 2

HD66520 HD66520
ID = 1 ID = 3

H
D
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3
H

D
66
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L

L

H

H

L:  Low level
H:  High level

LS0

L

H

L

H

ID No.

0

1

2

3

RAM Address Arrangement

Upper-left of LCD panel

Lower-left of LCD panel

Upper-right of LCD panel

Lower-right of LCD panel

320
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Power Supply Pins

VCC1–2 and GND1–2: These pins supply power
to the logic circuit.

VCC1–2 and VEE1–2: These pins supply power to
the liquid crystal circuits.

V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R:
These pins are used to input the level power supply
to drive the liquid crystal.

Bus Interface

CS (Input): A basic signal of the RAM area.
When CS is low (active), the system can access
the on-chip RAM of the LSI whose address space,
set by LS0, LS1, and SHL pins, contains the input
address. When CS is high, the RAM is in standby. 

In addition, this signal is used for arbitration
control when draw access from the CPU competes
with display access that is used to transfer line data
to the liquid crystal panel. Note that there are
restraints for the pulse width, as shown in figure 3.
The example shown here is when VCC = 3 V for a
write operation.

A0 to A15 (Input): A bus to transfer addresses
during RAM access. Upper nine bits (A15 to A7)
are duty-direction addresses, and lower seven bits
(A6 to A0) are output pin-direction addresses.

WE (Input): Signal WE is in active state during
low level and standby state during high level and is
used to write display data to the RAM. Only the
LSI whose address space, set by pins LS0, LS1,
and SHL, contains the input address can be written
to when CS is low. 

OE (Input): Signal OE is in active state during
low level and standby state during high level and is
used to read display data from the RAM. Only the
LSI whose address space, set by pins LS0, LS1,
and SHL, contains the input address can be read
from when CS is low. 

DB0 to DB7 (Input/Output): The pins function as
data input/output pins. They can accommodate to a
data format with 2 bits/pixel, which implement
packed-pixel four-level grayscale display.

Figure 3   CS (Input)

tFS

tCLW tCHW

CS

FLM

CL1

Note:   Refer to restraints for details on pulse-width restraints.

180 ≤ tCHW (ns)
180 ≤ tCLW ≤ tFS – 1000 (ns)	

tCHW: CS high-level width
tCLW: CS low-level width



Block Diagram

Figure 4   Block Diagram
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Address Management Circuit: Converts the ad-
dresses input via A15–A0 from the system to the
addresses for a memory map of the on-chip RAM.
When several LSIs (HD66520s) are used, only the
LSI whose address space, set by pins LS0, LS1,
and SHL, contains the input address, accepts the
access from the system, and enables the inside. The
address management circuit enables configuration
of the LCD display system with memory addresses
not affected by the connection direction, and
reduces burdens of software and hardware in the
system. Refer to the How to Use the LS1 and LS0
Pins to set pins LS0, LS1, and SHL.

Timing Control Circuit: This circuit controls
arbitration between display access and draw
access. Specifically, it controls access timing while
receiving signals FLM, CL1, CS, WE, and OE as
input. FLM and CL1 are used to perform refresh
(display access), that is, to transfer line data to the
liquid crystal circuit. CS, WE, and OE are used
for the CPU to perform draw operation (draw
access), that is, to read and write display data from
and to the internal RAM. This circuit also
generates a timing signal for the FRC control
circuit to implement four-level grayscale display. 

Line Counter: Operates refresh functions. When
FLM is high, the counter clears the count value and
generates an address to select the first line in the
RAM section. The counter increments its value
whenever CL1 is valid and generates an address to
select subsequent lines in the RAM section.

Bidirectional Buffer: Controls the transfer direc-
tion of the display data according to signals from
pins WE and OE in draw operation from the
system.

Word Line Decoder: Decodes duty addresses
(A15 to A7) and selects one of 240 lines in the
display RAM section, and activates one-line
memory cells in the display RAM section.

Data Line Decoder: Decodes pin addresses (A6 to
A0) and selects a data line in the display RAM
section for the 7-bit memory cells in one-line
memory cells activated by the word line decoder.

I/O Selector: Reads and writes 8-bit display data
for the memory cells in the RAM section.

Display RAM: 160 × 240 × 2-bit memory cell
array. Since the memory is static, display data can
be held without refresh operation during power
supply.

FRC Circuit: Implements FRC (frame rate con-
trol) function for four-level grayscale display. For
details, refer to Half Tone Display.

Data Latch Circuit (1): Latches 160-pixel gray-
scale display data processed by the FRC control
circuit after being read from the display RAM
section by refresh operation. This circuit is needed
to arbitrate between display access for performing
liquid crystal display and draw access from the
CPU.

Data Latch Circuit (2): This circuit again outputs
the data in data latch circuit (1) synchronously with
signal CL1.

LCD Drive Circuit: Selects one of LCD select/
deselect power levels V4R to V1R and V4L to
V1L according to the grayscale display data, AC
signal M, and display-off signal DISPOFF. The
circuit is configured with 160 circuits each gener-
ating LCD voltage to turn on/off the display.
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Configuration of Display Data Bit

Packed Pixel Method

For grayscale display, multiple bits are needed for
one pixel. In the HD66520, two bits are assigned to
one pixel, enabling a four-level grayscale display.

One address (eight bits) specifies four pixels, and
pixel bits 0 and 1 are managed as consecutive bits.

When grayscale display data is manipulated in bit
units, one memory access is sufficient, which
enables smooth high-speed data rewriting.

The bit data to input to pin DB7, DB5, DB3, and
DB1 becomes MSB and the bit data to input via
pin DB6, DB4, DB2, and DB0 is LSB.

Figure 5   Packed Pixel System
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Half Tone Display (FRC: Frame Rate
Control Function)

The HD66520 incorporates an FRC function to
display four-level grayscale half tone.

The FRC function utilizes liquid crystal character-
istics whose brightness is changed by an effective
value of applied voltage. Different voltages are
applied to each frame and half brightness is
expressed in addition to display on/off.

Since the HD66520 has two-bit grayscale data per
one pixel, it can display four-level grayscale and
improve user interface (figure 6). Figure 7 shows
the relationships between voltage patterns applied
to each frame, the effective voltage value, and
brightness obtained.

Figure 6   Example of User Interface Improvement
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Figure 7   Effective Voltage Values vs. Brightness
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Address Management

The HD66520 has an address management func-
tion that corresponds to three display sizes all of
which are standard sizes for portable information
devices: a 160-dot-wide by 240-dot-long display
(small information devices); a 320-dot-wide by
240-dot-long display (quarter VGA size); and a
320-dot-wide by 480-dot-long display (half VGA
size). Up to four HD66520s can be connected to at
a time to configure easily liquid crystal displays
with the resolutions mentioned above.

Driver Layout and Address Management

The Y lines on a liquid crystal panel and memory
data in a driver are inverted horizontally depending
on the connection side of the liquid crystal panel

and the driver. When several drivers are connected,
address management is needed for each driver.
Although reinverted bit-map plotting or address
management by the CS pin in each driver are
possible by using special write addressing, the load
on the software is significantly increased. To avoid
this, the HD66520 provides memory addresses
independent of connection side, but responds to the
setting of pins LS0, LS1, and SHL. 

How to Use the LS1 and LS0 Pins

Pins LS1 and LS0 set the LSI position (up to four)
as shown in figure 8 by assigning ID numbers 0 to
3 to each HD66520. 

Figure 8   LS0 and LS1 Pin Setting and Internal Memory Map
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How to Use the SHL Pin

It is possible to invert the relationship between the
addresses and output pins Y1 to Y160 by setting
the SHL pin (figure 9). The upper left section on
the screen can be assigned to address H’0000
regardless of which side of the LCD panel the
HD66520 is connected to. 

The Relationship between the Data Bus and
Output Pins

The 8-bit data on the data bus has a 2-bit/pixel
configuration for a 4-level grayscale display. In
addition, the 8-bit data on the data bus has a
relationship as shown in table regardless of the
relationship between pins LS0, LS1, and SHL.

Table 1 Data Bus and Output Pins

Data Bus Output Pins

DB 0.1 Y1 Y5 · · · · · · · · · Y153 Y157

DB 2.3 Y2 Y6 · · · · · · · · · Y154 Y158

DB 4.5 Y3 Y7 · · · · · · · · · Y155 Y159

DB 6.7 Y4 Y8 · · · · · · · · · Y156 Y160

Figure 9   Address Assignment and SHL Pin Setting
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Since the relationship between data bus pins DB0
to DB7 and the output pins are fixed, connect the
data from the CPU to data bus pins DB0 to DB7

according to the driver arrangement on the panel as
shown in figure 10.

Figure 10   Relationship between Data Bus Pins DB0 to DB7 and Output Pins
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Application Example

The HD66520 is suitable for a 160-dot-wide by
240-dot-long display (small information devices);
a 320-dot-wide by 240-dot-long display (quarter

VGA size); and a 320-dot-wide by 480-dot-long
display (half VGA size). All of these are standard
sizes for portable information devices. The follow-
ing shows the system configuration.

Figure 11   Application Examples
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Small Information Device (SHL = Low)

Figure 12   Small Information Device (1)
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Small Information Device (SHL = High)

Figure 13   Small Information Device (2)
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Quarter VGA Size (SHL = Low)

Figure 14   Quarter VGA Size (1)
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Figure 15   Quarter VGA Size (2)
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Quarter VGA Size (SHL = High)

Figure 16   Quarter VGA Size (1)
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Figure 17   Quarter VGA Size (2)
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Half VGA Size (SHL = Low)

Figure 18   Half VGA Size (1)
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Figure 19   Half VGA Size (2)

HD66520T

963

D0 DB.0

CPU

D1 DB.1
D2 DB.2
D3 DB.3
D4 DB.4
D5 DB.5
D6 DB.6
D7 DB.7

Y1 Y2 Y3 Y4 Y157
Y158

Y159
Y160

0
0
0
0

1
1
1
1

1
0
0
1

0
1
1
0

1
0
0
1

0
1
1
0

1
1
1
1

0
0
0
0

Y157
Y158

Y159
Y160

Y1 Y2 Y3 Y4

0
0
0
0

1
1
1
1

0
0
0
1

1
1
1
0

1
1
1
0

0
0
0
1

1
1
1
1

0
0
0
0

HD66520HD66520

1
1
1
1

1
1
1
1

0
0
0
1

0
0
0
1

0
0
0
1

0
0
0
1

0
0
0
0

0
0
0
0

D6 DB.0

CPU

D7 DB.1
D4 DB.2
D5 DB.3
D2 DB.4
D3 DB.5
D0 DB.6
D1 DB.7

Y160
Y159

Y158
Y157

HD66520HD66520

1
1
1
1

0
0
0
0

1
0
0
1

0
1
1
0

0
1
1
0

1
0
0
1

0
0
0
0

1
1
1
1

Y4 Y3 Y2 Y1Y4 Y3 Y2 Y1
Y160

Y159
Y158

Y157

1
1
1
1

1
1
1
1

1
0
0
1

1
0
0
1

0
1
1
0

0
1
1
0

0
0
0
0

0
0
0
0

1
1
1
1

0
0
0
0

0
0
0
1

1
1
1
0

0
0
0
1

1
1
1
0

0
0
0
0

1
1
1
1

1
1
1
1

1
1
1
1

0
0
0
1

0
0
0
1

0
0
0
1

0
0
0
1

0
0
0
0

0
0
0
0

1
1
1
1

1
1
1
1

1
0
0
1

1
0
0
1

0
1
1
0

0
1
1
0

0
0
0
0

0
0
0
0

Liquid crystal
display image

D
ut

y 
di

re
ct

io
n

Display
memory

D
ut

y 
di

re
ct

io
n

Display
memory

Display
memory

Display
memory



Half VGA Size (SHL = High)

Figure 20   Half VGA Size (1)
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Figure 21   Half VGA Size (2)
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Display-Data Transfer

Display RAM data is transferred to 160-bit data
latch circuits 1 and 2 at each falling edge of the
CL1 clock pulse. Since display data transfer and
RAM access to draw data are completely syn-
chronous-separated in the LSI, there will be no
draw data loss or display flickering due to display
data transfer timing.

The first line data transfer involves the first line
marker (FLM), which initializes a line counter, and
transfers the first line data to data latch circuits 1
and 2. Subsequent line data transfers involve
transferring the second and the subsequent line
data to data latch circuits 1 and 2 while incre-
menting the line counter value.

First Line Data Transfer

The line counter is initialized synchronously with
an FLM signal. The first line is transferred to data
latch circuits 1 and 2 at the falling edge of the CL1
(figure 22).

Subsequent Line Data Transfer

The second and the subsequent line data are
transferred to data latch circuits 1 and 2 at the
falling edge of the CL1 to update the line counter
value (figure 23).

Figure 22   First Line Data Transfer

Figure 23   Subsequent Line Data Transfer
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Data latch circuit 1

Data latch circuit 2
(Y1 to Y160)

CL1

Line counter n + 1n
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Note:   Outputs Y1 to Y160 are converted into four levels before output according the liquid crystal altemating signal.
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Draw Access

Random Cycle

Random cycle sequence is the same as that for the
general-purpose SRAM interface (figures 24 and

25). It can easily be connected to a CPU address
bus and data bus.

Figure 24   Read Cycle

Figure 25   Write Cycle
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Burst Cycle

Continuous access (burst cycle) can be performed
by enabling addresses and OE or WE when CS is

low (figures 26 and 27). Refer to restraints for the
period of continuous transfer.

Figure 26   Burst Read Cycle

Figure 27   Burst Write Cycle
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Arbitration Control

The HD66520 controls the arbitration between
draw access and display access. The draw access
reads and writes display data of the display
memory incorporated in the HD66520. The display
access outputs display memory line data to the
liquid crystal panel. In this case, draw access is
performed before display access, so continuous
access is enabled without having the system to
wait. For arbitration control, draw access is
recognized as valid when signal CS is low.

The following describes the typical examples of
display memory access state during arbitration
control.

Sequence Line Data Transfer Display Access
Performed by Subsequent Line Data Transfer

If no draw access is attempted, normal display
access is performed when signal CL1 is low (figure
28).

Draw Access 1

If draw access is attempted when signal CL1 is
high, draw access is performed regardless of the
display access (figure 29).

Figure 28   Sequence Line Data Transfer

Figure 29   Draw Access (1)
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nth line data
display access

CL1

Display memory
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Draw access
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display access

Draw access
CS

CL1

Display memory
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Draw Access 2

If draw access is attempted when signal CL1 is
low, the display access is suspended to perform
draw access (figure 30). After the draw access, the
display access is performed again. As a result, even
if draw access is attempted asynchronously, at least
one of the display accesses will be performed.

Display Access by First Line Data Transfer

If no draw access is attempted, display access for
the first line is performed when signal FLM is high
and CL1 is low. The display access for the second
line is performed when signal CL1 is low (figure
31).

Figure 30   Draw Access (2)

Figure 31   First Line Data Transfer
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Display memory
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Draw Access 3

If draw access is attempted when signal FLM is
high, stop the display access is suspended to
perform the draw access (figure 32). After the
draw access, the display access is performed again.
As a result, even if draw access is attempted
asynchronously, at least one of the two display
accesses will be performed.

Note: In order to satisfy draw access 3 and
transfer the first line data, there are
restraints for the period when pins FLM and
CL1 are both high and for the low level
pulse width of pin CS. Refer to Restraints
for details on the restraints for the pulse
width.

Figure 32   Draw Access (3)
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Example of System Configuration

Figure 33 shows a system configuration for a 320-
dot-wide by 240-dot-long LCD panel using
HD66520s and common driver HD66503 with
internal liquid crystal display timing control cir-

cuits. All required functions can be prepared for
liquid crystal display with just three chips except
for liquid crystal display power supply circuit
functions.

Figure 33   System Configuration
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Restraints

The HD66520 can perform continuous draw access
(burst access) when signal CS is low. As a result,
display data can be rewritten at high speed.

However, since signal CS is necessary to perform
arbitration control between draw access and
display access to the display memory, the follow-
ing restraints exist for the pulse width of signal

CS.

• Read operation

Item Symbol Min Max Unit

Chip select high level width tCHR 180 — ns

Chip select low level width tCLR 300 tFS – 1000 ns

• Write operation

Item Symbol Min Max Unit

Chip select high level width tCHR 180 — ns
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minimum display access time is necessary for the
chip select high level width (figure 34).

Figure 34   Chip Select High Level Width

Chip Select Low Level Width

When continuous draw access (burst access) is
performed when signal CS is low, the maximum
display access time, that is, tFS-1000 (ns) is
necessary for the chip select low level width
(figure 35). This is needed to secure the display
access period for the first line.

When common driver HD66503 is used together
with the HD66520, tFS can be calculated with the
following formula.

fFS =
1

4 · nDUTY · fFLM

fFLM: frame frequency
nDUTY: duty

When write operation is performed with the burst
access having a frame frequency of 70 Hz and a
duty cycle of 1/240, display data of 77 bytes can be
consequtively written in one burst access (write
cycle is 180 ns).

Figure 35   Chip Select Low Level Width
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Absolute Maximum Ratings

Item Symbol Ratings Unit Notes

Power voltage Logic circuit VCC –0.3 to +7.0 V 1

LCD drive circuit VEE VCC – 30.0 to VCC + 0.3 V

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V).
2. Applies to pins LS0, LS1, SHL, FLM, CL1, M, A0 to A15, DB0 to DB7, DISPOFF, CS, WE, and

OE.
3. Applies to pins V1L, V1R, V2L. V2R, V3L, V3R, V4L, V4R.
4. If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It

should always be used within the limits of its electrical characteristics in order to prevent
malfunction or unreliability.
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Electrical Characteristics

DC Characteristics 1 (VCC = 3.0 to 3.6 V, GND = 0 V, VCC – VEE = 8 to 28 V, Ta = –20 to +75°C)

Applicable Measurement
Item Symbol Pins Min Typ Max Unit Condition Notes

Input leakage IIL1 Except for –2.5 — 2.5 µA VIN = VCC to GND
current (1) DB0 to DB7

Input leakage IIL2 V1L/R, V2L/R, –25 — 25 µA VIN = VCC to VEE
current (2) V3L/R, V4L/R

Tri-state IIST DB0 to DB7 –10 — 10 µA VIN = VCC to GND
leakage 
current

Vi-Yj on RON Y1 to Y160 — 1.0 2.0 kΩ ION = 100 µA 1
resistance

Note: 1. Indicates the resistance between one pin from Y1 to Y160 and another pin from V1L/V1R,
V2L/V2R, V3L/V3R, V4L/V4R when load current is applied to the Y pin; defined under the
following conditions:

VCC–VEE = 28 V
V1L/V1R, V3L/V3R = VCC – 2/10 (VCC–VEE)
V4L/V4R, V2L/V2R = VEE + 2/10 (VCC–VEE)

V1L/V1R and V3L/V3R should be near the VCC level, and V2L/V2R and V4L/V4R should be near
the VEE level. All voltage must be within ∆V. ∆V is the range within which RON, the LCD drive
circuits’ output impedance, is stable. Note that ∆V depends on power supply voltage VCC–VEE.
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DC Characteristics 2 (VCC = 3.0 to 3.6 V, GND = 0 V, VCC–VEE = 8 to 28 V, Ta = –20 to +75°C)

Applicable Measurement
Item Symbol Pins Min Typ Max Unit Condition Notes

Input high level VIH1 LS0–1, SHL, 0.8 × VCC — VCC V
voltage (1) FLM, CL1, M,

Input low level VIL1 DISPOFF 0 — 0.2 × VCC V
voltage (1)

Input high level VIH2 DB0 to DB7, 0.7 × VCC — VCC V
voltage (2) CS, A0 to A15,

Input low level VIL2 WE, OE 0 — 0.15 × VCC V
voltage (2)

Output high VOH DB0 to DB7 0.9 × VCC — — V IOH = –50 µA
level voltage

Output low VOL — — 0.1 × VCC V IOL = 50 µA
level voltage

Current ICC Measurement — — 18 mA Access time 2
consumption pin VCC 300 ns
during RAM VCC = 3.3 V
access

Current IEE Measurement — — 200 µA VCC–VEE = 28 V 2, 3
consumption pin VEE VCC = 3.3 V
in LCD drive tCYC = 59.5 µs
part No access

Current IDIS Measurement — — 120 µA
consumption pin GND
during display
operation

Notes: 1. Input and output currents are excluded. When a CMOS input is floating, excess current flows
from the power supply through to the input circuit. To avoid this, VIH and VIL must be held to
VCC and GND levels, respectively.

2. Indicates the current when the memory access is stopped and the still image of a zig-zag
pattern is displayed in its place.
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AC Characteristics 1 (VCC = 3.0 to 3.6 V, GND = 0 V, VCC–VEE = 8 to 28 V, Ta = –20 to +75°C)

• Display-Data Transfer Timing

No. Item Symbol Applicable Pins Min Max Unit Notes

1 Clock cycle time tCYC CL1 10 — µs 1

2 CL1 high-level width tCWH CL1 1.0 — µs

3 CL1 low-level width tCWL CL1 1.0 — µs

4 CL1 rise time tr CL1 — 50 ns

5 CL1 fall time tf CL1 — 50 ns

6 FLM setup time tFS FLM, CL1 2.0 — µs 2

7 FLM hold time tFH FLM, CL1 1.0 — µs

Notes: 1.

2. When executing draw access with burst transfer, the period described in the restrains must be
satisfied in the relationship with the arbitration control.
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AC Characteristics 2 (VCC = 3.0 to 3.6 V, GND = 0 V, VCC–VEE = 8 to 28 V, Ta = –20 to +75°C)

• Draw Access Timing

— Read Cycle

Measurement conditions:

Input level: VIH = 2.4 V, VIL = 0.8 V

Output level: VOH/VOL = 1.5 V

Output load: 1 TTL gate + 100 pF capacitor

No. Item Symbol Min Max Unit Note

8 Read cycle time tRC 300 — ns

9 Address access time tAA — 300 ns

10 Chip select access time tCA — 300 ns

11 CS high level width tCHR 180 — ns

12 CS low level width tCLR 300 tFS-1000 ns

13 OE delay time tOE — 150 ns

14 OE delay time (low impedance) tOLZ 5 — ns

15 Output-disable delay time tOHZ 0 30 ns

16 Output hold time tOH 5 — ns

27 Address/chip select setup time tSU 0 — ns 1

— Write Cycle

Measurement conditions:

Input level:  VIH = 2.4 V, VIL = 0.8 V

No. Item Symbol Min Max Unit Note

17 Write cycle time tWC 180 — ns

18 Address-to-WE setup time tASW 30 — ns

19 CS high level width tCHW 180 — ns

20 CS low level width tCLW 180 tFS-1000 ns

21 Address-to-WE hold time tAHW 0 — ns

22 CS-to-WE hold time tCH 0 — ns

23 WE low level width tWLW 100 — ns

24 WE high level width tWHW 30 — ns

25 Data-to-WE setup time tDS 80 — ns

26 Data-to-WE hold time tDH 30 — ns

Note: 1.  This is a setup time between OE and either address or CS, whichever enabled later.
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HD66204
(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs)

Description

The HD66204F/HD66204FL/HD66204TF/HD
66204TFL, the column driver for a large liquid
crystal graphic display, features as many as 80
LCD outputs powered by 80 internal LCD drive
circuits. This device latches 4-bit parallel data sent
from an LCD controller, and generates LCD drive
signals. In standby mode provided by its internal
standby function, only one drive circuit operates,
lowering power dissipation. The HD66204 has a
complete line-up: the HD66204F, a standard
device powered by 5 V ± 10%; the HD66204FL, a
2.7 to 5.5 V, low power dissipation device suitable
for battery-driven portable equipment such as
“notebook” personal computers and palm-top
personal computers; and the HD66204TF and
HD66204TFL, thin package devices powered by
5 V ± 10% and 2.7 to 5.5 V, respectively. 

Features

• Duty cycle: 1/64 to 1/240
• High voltage

— LCD drive: 10 to 28 V

• High clock speed
— 8 MHz max under 5-V operation 

(HD66204F/HD66204TF)

— 4 MHz max under 3-V operation 
(HD66204FL/HD66204TFL)

• Display off function
• Internal automatic chip enable signal generator
• Various LCD controller interfaces

— LCTC series: HD63645, HD64645, 
HD64646

— LVIC series: HD66840, HD66841

— CLINE: HD66850

Ordering Information

Type No. Voltage Range Package

HD66204F 5 V ± 10% 100-pin plastic QFP (FP-100)

HD66204TF 5 V ± 10% 100-pin thin plastic QFP (TFP-100)

HCD66204 5 V ± 10% Chip

HD66204FL 2.7 to 5.5 V 100-pin plastic QFP (FP-100)

HD66204TFL 2.7 to 5.5 V 100-pin thin plastic QFP (TFP-100)

HCD66204L 2.7 to 5.5 V Chip



Pin Arrangement
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Pin Description

Symbol Pin No. (FP-100/TFP-100) Pin Name Input/Output Classification

VCC 40/38 VCC — Power supply

GND 38/36 GND — Power supply

VEE 35/33 VEE — Power supply

V1 32/30 V1 Input Power supply

V3 33/31 V3 Input Power supply

V4 34/32 V4 Input Power supply

CL1 37/35 Clock 1 Input Control signal

CL2 49/44 Clock 2 Input Control signal

M 36/34 M Input Control signal

D0–D3 48–45/43–40 Data 0–data 3 Input Control signal

SHL 41/39 Shift left Input Control signal

E 31/29 Enable Input Control signal

CAR 50/48 Carry Output Control signal

DISPOFF 39/37 Display off Input Control signal

Y1–Y80 51–100, 1–30/49–100, 1–28 Y1–Y80 Output LCD drive output

NC 42, 43, 44/45, 46, 47 No connection — —
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Pin Functions

Power Supply

VCC, VEE, GND: VCC–GND supplies power to
the internal logic circuits. VCC–VEE supplies
power to the LCD drive circuits. 

V1, V3, V4: Supply different levels of power to
drive the LCD. V1 and VEE are selected levels,
and V3 and V4 are non-selected levels. See figure
1.

Control Signal

CL1: Inputs display data latch pulses for the line
data latch circuit. The line data latch circuit latches
display data input from the 4-bit latch circuit, and
outputs LCD drive signals corresponding to the
latched data, both at the falling edge of each CL1
pulse. 

CL2: Inputs display data latch pulses for the 4-bit
latch circuit. The 4-bit latch circuit latches display
data input via D0–D3 at the falling edge of each
CL2 pulse. 

M: Changes LCD drive outputs to AC.

D0–D3: Input display data. High-voltage level of
data corresponds to a selected level and turns an
LCD pixel on, and low-voltage level data cor-
responds to a non-selected level and turns an LCD
pixel off. 

SHL: Shifts the destinations of display data
output. See figure 2. 

E: A low E enables the chip, and a high E disables
the chip. 

CAR: Outputs the E signal to the next HD66204 if
HD66204s are connected in cascade. 

DISPOFF: A low DISPOFF sets LCD drive
outputs Y1–Y80 to V1 level. 

LCD Drive Output

Y1–Y80: Each Y outputs one of the four voltage
levels V1, V3, V4, or VEE, depending on a
combination of the M signal and display data
levels. See figure 3. 

NC: Must be open. 

HD66204
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Figure 1   Different Power Supply Voltage Levels for LCD Drive Circuits
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Figure 2   Selection of Destinations of Display Data Output

Figure 3   Selection of LCD Drive Output Level
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Block Functions

LCD Drive Circuit

Controller: The controller generates the latch
signal at the falling edge of each CL2 pulse for the
4-bit latch circuit. 

4-Bit Latch Circuit

The 4-bit latch circuit latches 4-bit parallel data
input via the D0 to D3 pins at the timing generated
by the control circuit. 

Line Data Latch Circuit

The 80-bit line data latch circuit latches data input
from the 4-bit latch circuit, and outputs the latched

data to the level shifter, both at the falling edge of
each clock 1 (CL1) pulse.

Level Shifter

The level shifter changes 5-V signals into high-
voltage signals for the LCD drive circuit.

LCD Drive Circuit

The 80-bit LCD drive circuit generates four volt-
age levels V1, V3, V4, and VEE, for driving an
LCD panel. One of the four levels is output to the
corresponding Y pin, depending on a combination
of the M signal and the data in the line data latch
circuit. 

HD66204
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Block Diagram
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Comparison of the HD66204 with the HD61104

Item HD66204 HD61104

Clock speed 8.0 MHz max. 3.5 MHz max.

Display off function Provided Not provided

LCD drive voltage range 10 to 28 V 10 to 26 V

Relation between SHL and See figure 4 See figure 4
LCD output destinations

Relation between LCD output See figure 5 See figure 5
levels, M, and data

LCD drive V pins V1, V3, V4 V1, V2, V3, V4
(V2 level is the same as VEE level)

Figure 4   Relation between SHL and LCD Output Destinations for the HD66204 and HD61104

Figure 5   Relation between LCD Output Levels, M, and Data for the HD66204 and HD61104
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Operation Timing
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Application Example
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1

Power supply voltage for LCD drive circuits VEE VCC – 30.0 to VCC + 0.3 V

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL1, CL2, M, SHL, E, D0–D3, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged.

It should always be used within its electrical characteristics in order to prevent malfunctioning
or degradation of reliability. 

Electrical Characteristics

DC Characteristics for the HD66204F/HD66204TF (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 
10 to 28 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Typ Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC — VCC V

Input low voltage VIL 1 0 — 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — — V IOH = –0.4 mA

Output low voltage VOL 2 — — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — — 4.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 — 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 — 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — — 3.0 mA fCL2 = 8.0 MHz 2
fCL1 = 20 kHz
VCC – VEE = 28 V

Current consumption 2 IEE — — 150 500 µA Same as above 2

Current consumption 3 IST — — — 200 µA Same as above 2, 3

Pins and notes on next page.

HD66204
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DC Characteristics for the HD66204FL/HD66204TFL (VCC = 2.7 to 5.5 V, GND = 0 V, VCC – VEE =
10 to 28 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC VCC V

Input low voltage VIL 1 0 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 4.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — 1.0 mA fCL2 = 4.0 MHz 2
fCL1 = 16.8 kHz
fM = 35 Hz
VCC = 3.0 V
VCC – VEE = 28 V
Checker-board
pattern

Current consumption 2 IEE — — 500 µA Same as above 2

Current consumption 3 IST — — 50 µA Same as above 2, 3

Pins: 1. CL1, CL2, M, SHL, E, D0–D3, DISPOFF 
2. CAR
3. Y1–Y80, V1, V3, V4
4. V1, V3, V4

Notes: 1. Indicates the resistance between one pin from Y1–Y80 and another pin from V1, V3, V4, and
VEE, when load current is applied to the Y pin; defined under the following conditions. 
VCC – GND = 28 V
V1, V3 = VCC – {2/10(VCC – VEE)}
V4 = VEE + {2/10(VCC – VEE)}
V1 and V3 should be near VCC level, and V4 should be near VEE level (figure 6). All voltage
must be within ∆V. ∆V is the range within which RON, the LCD drive circuits’ output impedance,
is stable. Note that ∆V depends on power supply voltage VCC–VEE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows from
the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively. 

3. Applies to standby mode. 
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Figure 6   Relation between Driver Output Waveform and Level Voltages

Figure 7   Relation between VCC – VEE and ∆V
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AC Characteristics for the HD66204F/HD66204TF (VCC = 5 V ± 10%, GND = 0 V, and 
Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL2 125 — ns

Clock high-level width tCWH CL1, CL2 45 — ns

Clock low-level width tCWL CL2 45 — ns

Clock setup time tSCL CL1, CL2 80 — ns

Clock hold time tHCL CL1, CL2 80 — ns

Clock rise time tr CL1, CL2 — *1 ns 1

Clock fall time tf CL1, CL2 — *1 ns 1

Data setup time tDS D0–D3, CL2 20 — ns

Data hold time tDH D0–D3, CL2 20 — ns

Enable (E) setup time tESU E, CL2 30 — ns

Carry (CAR) output delay time tCAR CAR, CL2 — 80 ns 2

M phase difference time tCM M, CL2 — 300 ns

CL1 cycle time tCL1 CL1 tCYC × 50 — ns

Disp off (DISPOFF) rise time tr2 DISPOFF — 200 ns

Disp off (DISPOFF) fall time tf2 DISPOFF — 200 ns
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AC Characteristics for the HD66204FL/HD66204TFL (VCC = 2.7 to 5.5V, GND = 0 V, and 
Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL2 250 — ns

Clock high-level width tCWH CL1, CL2 95 — ns

Clock low-level width tCWL CL2 95 — ns

Clock setup time tSCL CL1, CL2 80 — ns

Clock hold time tHCL CL1, CL2 80 — ns

Clock rise time tr CL1, CL2 — *1 ns 1

Clock fall time tf CL1, CL2 — *1 ns 1

Data setup time tDS D0–D3, CL2 50 — ns

Data hold time tDH D0–D3, CL2 50 — ns

Enable (E) setup time tESU E, CL2 65 — ns

Carry (CAR) output delay time tCAR CAR, CL2 — 155 ns 2

M phase difference time tCM M, CL2 — 300 ns

CL1 cycle time tCL1 CL1 tCYC × 50 — ns

Disp off (DISPOFF) rise time tr2 DISPOFF — 200 ns

Disp off (DISPOFF) fall time tf2 DISPOFF — 200 ns

Notes: 1. tr, tf < (tCYC – tCWH – tCWL)/2 and tr, tf ≤ 50 ns 
2. The load circuit shown in figure 8 is connected. 
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Figure 8   Load Circuit

Figure 9   LCD Controller Interface Timing
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HD66205
(Dot Matrix Liquid Crystal Graphic Display 
Common Driver with 80-Channel Outputs)

Description

The HD66205F/HD66205FL/HD66205TF/HD
66205TFL/HD66205T/HD66205TL, the row LCD
driver, features low output impedance and as many
as 80 LCD outputs powered by 80 internal LCD
drive circuits, and can drive a large liquid crystal
graphic display. Because this device is fabricated
by the CMOS process, it is suitable for battery-
driven portable equipment, which fully utilizes the
low power dissipation of liquid crystal elements.
The HD66205 has a complete line-up: the
HD66205F, a standard device powered by 5 V ±
10%; the HD66205FL, a 2.7 to 5.5 V, low power
dissipation device; the HD66205TF and
HD66205TFL, thin film package devices each
powered by 5 V ± 10% and 2.7 to 5.5 V; and the
HD66205T, tape carrier package (TCP) devices
powered by 2.7 to 5.5 V, respectively. 

Features

• Duty cycle: 1/64 to 1/240
• High voltage

— LCD drive: 10 to 28 V

• Display off function
• Internal 80-bit shift register
• Various LCD controller interfaces

— LCTC series: HD63645, HD64645,
HD64646

— LVIC series: HD66840, HD66841

— CLINE: HD66850



Ordering Information 1 (Flat Package and Die Shipment)

Type No. Voltage Range Package

HD66205F 5 V ± 10% 100-pin plastic QFP (FP-100)

HD66205FL 2.7 to 5.5 V 100-pin plastic QFP (FP-100)

HD66205TF 5 V ± 10% 100-pin thin plastic QFP (TFP-100)

HD66205TFL 2.7 to 5.5 V 100-pin thin plastic QFP (TFP-100)

HCD66205 5 V ± 10% Chip

HCD66205L 2.7 to 5.5 V Chip

Ordering Information 2 (Tape Carrier Package)

Type No. Voltage Range Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length

HD66205TA1 2.7 to 5.5V 0.15mm 0.80mm 4 sprocket holes

HD66205TA2 2.7 to 5.5V 0.18mm 0.80mm 4 sprocket holes

HD66205TA3 2.7 to 5.5V 0.20mm 0.80mm 4 sprocket holes

HD66205TA6 2.7 to 5.5V 0.22mm 0.70mm 4 sprocket holes

HD66205TA7 2.7 to 5.5V 0.25mm 0.70mm 4 sprocket holes

HD66205TA9L 2.7 to 5.5V 0.22mm 0.70mm 3 sprocket holes

Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead  pitch 2 for the other pins. 
2. Device length includes test pad areas. 
3. Spacing between two sprocket holes is 4.75mm. 
4. Tape film is Upirex (a trademark of Ube industries, Ltd.). 
5. 35-mm-wide tape is used. 
6. Leads are plated with Sn.
7. The details of TCP pattern are shown in “The Information of TCP.”
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Pin Arrangement
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Pin Description

Pin No.
Symbol (FP-100/TFP-100) Pin Name Input/Output Classification

VCC 40/38 VCC — Power supply

GND 42/40 GND — Power supply

VEE 34/32 VEE — Power supply

V1 37/35 V1 Input Power supply

V5 35/33 V5 Input Power supply

V6 36/34 V6 Input Power supply

CL 46/44 Clock Input Control signal

M 44/42 M Input Control signal

DI 48/46 Data in Input Control signal

DO 32/31 Data out Output Control signal

SHL 41/39 Shift left Input Control signal

DISPOFF 39/37 Display off Input Control signal

X1–X80 51–100, 1–30/ X1–X80 Output LCD drive output
1–28, 49–100

NC 31, 33, 38, 43, No connection — —
45, 47, 49, 50/
29, 30, 36, 41,
43, 45, 47, 48

HD66205

1003



Pin Functions

Power Supply

VCC, VEE, GND: VCC–GND supplies power to the
internal logic circuits. VCC–VEE supplies power to
the LCD drive circuits. 

V1, V5, V6: Supply different levels of power to
drive the LCD. V1 and VEE are selected levels, and
V5 and V6 are non-selected levels. See figure 1. 

Control Signal

CL: Inputs data shift clock pulses for the shift
register. At the falling edge of each CL pulse, the
shift register shifts display data input via the DI
pin. 

M: Changes LCD drive outputs to AC.

DI: Inputs display data. DI of the first HD66205
must be connected to an LCD controller, and those
of the other HD66205s must be connected to DI of
the previous HD66205. 

DO: Outputs display data. DO of the last
HD66205 must be open, and those of the other
HD66205s must be connected to DI of the next
HD66205. 

SHL: Selects the data shiftt direction for the shift
register. See figure 2. 

DISPOFF: A low DISPOFF sets LCD drive
outputs X1–X80 to V1 level. 

LCD Drive Output

X1–X80: Each X outputs one of the four voltage
levels V1, V5, V6, or VEE, depending on a
combination of the M signal and display data
levels. See figure 3. 

Other

NC: Must be open. 
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Figure 1   Different Power Supply Voltage Levels for LCD Drive Circuits
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Figure 2   Selection of Display Data Shift Direction

Figure 3   Selection of LCD Drive Output Level
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Block Functions

LCD Drive Circuit

The 80-bit LCD drive circuit generates four
voltage levels V1, V5, V6, and VEE, for driving an
LCD panel. One of the four levels is output to the
corresponding Y pin, depending on a combination
of the M signal and the data in the shift register.

Level Shifter

The level shifter changes 5-V signals into high-
voltage signals for the LCD drive circuit.

Shift Register

The 80-bit shift register shifts data input via the DI
pin by one bit, and the one bit of shifted-out data is
output from the DO pin. Both actions occur
simultaneously at the falling edge of each shift
clock (CL) pulse.
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Comparison of the HD66205 with the HD61105

Item HD66205 HD61105

Display off function Provided Not provided

LCD drive voltage range 10 to 28 V 10 to 26 V

Shift clock phase selection function Not provided Provided (FCS pin)

Relation between SHL and See figure 4 See figure 4
LCD output destinations

Relation between LCD output See figure 5 See figure 5
levels, M, and data

LCD drive V pins V1, V5, V6 V1, V2, V5, V6
(V2 level is the same as VEE level)

Figure 4   Relation between SHL and LCD Output Destinations for the HD66205 and HD61105

Figure 5   Relation between LCD Output Levels, M, and Data for the HD66205 and HD61105

HD66205
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Operation Timing

Figure 6 shows the operation timing for the Appli-
cation Example. 
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Figure 6   Relation between SHL and LCD Output Destinations 

1
2

24
0

3
1

2
80

3
1

2
24

0
3

1
2

80
3

1
2

16
0

3
1

2
24

0
3

1
2

16
0

3

V
1

V
6

V
5

V
2

V
6

V
1

V
5

V
1

V
6

V
5

V
5

V
6

V
5

V
6

V
5

V
6

V
5

V
6

V
5

V
6

V
5

V
6

V
5

V
1

V
5

V
2

V
1

V
5 V
1

V
5

V
1

V
5

V
1

V
5

V
6

V
5

V
2 V

6
V

6

V
5

V
1

V
6 V
6

V
6

V
6

V
6

V
6

V
6

V
1

V
2

V
6

V
5

V
2

V
6

V
2

V
6

V
2

V
6

V
2

V
6

V
2

V
6

V
1

V
5

V
5

V
5

V
5

V
5

V
5 V
5

V
2

1 
fr

am
e

1 
fr

am
e

M

D
L C
L

X
80

 (
C

O
M

1)

X
79

 (
C

O
M

2)

X
1 

(C
O

M
80

)

D
O

X
80

 (
C

O
M

81
)

X
79

 (
C

O
M

82
)

X
1 

(C
O

M
16

0) D
O

X
80

 (
C

O
M

16
1)

X
79

 (
C

O
M

16
2)

X
1 

(C
O

M
24

0)

F
ro

m
 

LC
D


co

nt
ro

lle
r

HD66205 (1) HD66205 (2) HD66205 (3)



Application Example
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1

Power supply voltage for LCD drive circuits VEE VCC – 30.0 to VCC + 0.3 V

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C 4

Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL, M, SHL, DI, DISPOFF. 
3. Applies to pins V1, V5, and V6. 
4. –40 to +125°C for TCP devices. 
5. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It

should always be used within its electrical characteristics in order to prevent malfunctioning or
degradation of reliability. 

Electrical Characteristics

DC Characteristics for the HD66205F/HD66205TF (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 
10 to 28 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Typ Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC — VCC V

Input low voltage VIL 1 0 — 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — — V IOH = –0.4 mA

Output low voltage VOL 2 — — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — — 2.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 — 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 — 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — — 100 µA fCL = 20 kHz 2
VCC – VEE = 28 V

Current consumption 2 IEE — — 150 500 µA Same as above 2

Pins and notes on next page.
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DC Characteristics for the HD66205FL/HD66205TFL/HD66205T (VCC = 2.7 to 5.5 V, GND = 0 V,
VCC – VEE = 10 to 28 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC VCC V

Input low voltage VIL 1 0 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 2.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — 100 µA fCL = 16.8 kHz 2
fM = 35 Hz
VCC = 3.0 V
VCC – VEE = 28 V

Current consumption 2 IEE — — 250 µA Same as above 2

Pins: 1. CL, M, SHL, DI, DISPOFF
2. DO
3. X1–X80, V1, V5, V6
4. V1, V5, V6

Notes: 1. Indicates the resistance between one pin from X1–X80 and another pin from V1, V5, V6, and
VEE, when load current is applied to the X pin; defined under the following conditions. 
VCC – VEE= 28 V
V1, V6 = VCC – {1/10(VCC – VEE)}
V5 = VEE + {1/10(VCC – VEE)}
V1 and V6 should be near VCC level, and V5 should be near VEE level (figure 7). All voltage
must be within ∆V. ∆V is the range within which RON, the LCD drive circuits’ output impedance,
is stable. Note that ∆V depends on power supply voltage VCC–VEE (figure 8). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows from
the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively. 

3. Applies to standby mode.

HD66205
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Figure 7   Relation between Driver Output Waveform and Level Voltages

Figure 8   Relation between VCC – VEE and ∆V
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AC Characteristics for the HD66205F/HD66205TF (VCC = 5 V ± 10%, GND = 0 V, and 
Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Note

Clock cycle time tCYC CL 10 — µs

Clock high-level width tCWH CL 50 — ns

Clock low-level width tCWL CL 1.0 — µs

Clock rise time tr CL — 30 ns

Clock fall time tf CL — 30 ns

Data setup time tDS DI, CL 100 — ns

Data hold time tDH DI, CL 100 — ns

Data output delay time tDD DO, CL — 3.0 µs 1

Data output hold time tDHW DO, CL 100 — ns

Disp off (DISPOFF) rise time tr2 DISPOFF — 200 ns

Disp off (DISPOFF) fall time tf2 DISPOFF — 200 ns

AC Characteristics for the HD66205FL/HD66205TFL/HD66205T (VCC = 2.7 to 5.5 V, GND = 0 V,
and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Note

Clock cycle time tCYC CL 10 — µs

Clock high-level width tCWH CL 80 — ns

Clock low-level width tCWL CL 1.0 — µs

Clock rise time tr CL — 30 ns

Clock fall time tf CL — 30 ns

Data setup time tDS DI, CL 100 — ns

Data hold time tDH DI, CL 100 — ns

Data output delay time tDD DO, CL — 7.0 µs 1

Data output hold time tDHW DO, CL 100 — ns

Disp off (DISPOFF) rise time tr2 DISPOFF — 200 ns

Disp off (DISPOFF) fall time tf2 DISPOFF — 200 ns

Note: 1.  The load circuit shown in figure 9 is connected. 

Figure 9   Load Circuit

HD66205
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Figure 10   LCD Controller Interface Timing
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HD66214T (Micro-TAB)
(80-Channel Column Driver in Micro-TCP)

Description

The HD66214T, the column driver for a large
liquid crystal graphic display, features as many as
80 LCD outputs powered by 80 internal LCD drive
circuits.  This device latches 4-bit parallel data sent
from an LCD controller, and generates LCD drive
signals. In standby mode provided by its internal
standby function, only one drive circuit operates,
lowering power dissipation. The HD66214,
packaged in an 8-mm-wide micro-tape carrier
package (micro-TCP), enables a compact LCD
system with a narrower frame (peripheral areas for
LCD drivers)—about half as large as that os an
existing system. The HD66214T is a low power
dissipation device powered by 2.7 to 5.5 V suitable
for battery-driven portable equipment such as
notebook personal computers and palm-top
personal computers. 

Features

• Duty cycle: 1/64 to 1/240
• High voltage

— LCD drive: 10 to 28 V

• High clock speed
— 8 MHz max under 5-V operation 

— 4 MHz max under 3-V operation 

• Display off function
• Internal automatic chip enable signal generator
• Various LCD controller interfaces

— LCTC series: HD63645, HD64645, 
HD64646

— LVIC series: HD66840, HD66841

— CLINE: HD66850

• 98–pin TCP

Ordering Information

Type No. Voltage Range Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length

HD66214TA1 2.7 to 5.5 V 0.15 mm 0.80 mm 3 sprocket holes

HD66214TA2 2.7 to 5.5 V 0.18 mm 0.80 mm 3 sprocket holes

HD66214TA3 2.7 to 5.5 V 0.20 mm 0.80 mm 3 sprocket holes

HD66214TA6 2.7 to 5.5 V 0.20 mm 0.45 mm 3 sprocket holes

HD66214TA9L 2.7 to 5.5 V 0.22 mm 0.45 mm 2 sprocket holes

Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 
2. Device length includes test pad areas. 
3. Spacing between two sprocket holes is 4.75 mm. 
4. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 
5. 35-mm-wide tape is used.
6. Leads are plated with Sn. 
7. The details of TCP pattern are shown in “The Information of TCP. ”



Pin Arrangement
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Pin Description

Symbol Pin No. Pin Name Input/Output Classification

VCC 1, 12 VCC — Power supply

GND 14 GND — Power supply

VEE 15 VEE — Power supply

V1 18 V1 Input Power supply

V3 17 V3 Input Power supply

V4 16 V4 Input Power supply

CL1 8 Clock 1 Input Control signal

CL2 7 Clock 2 Input Control signal

M 9 M Input Control signal

D0–D3 3 to 6 Data 0 to data 3 Input Control signal

SHL 13 Shift left Input Control signal

E 2 Enable Input Control signal

CAR 11 Carry Output Control signal

DISPOFF 10 Display off Input Control signal

Y1–Y80 19 to 98 Y1 to Y80 Output LCD drive output

HD66214T
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Pin Functions

Power Supply

VCC, VEE, GND: VCC–GND supplies power to the
internal logic circuits. VCC–VEE supplies power to
the LCD drive circuits. 

V1, V3, V4: Supply different levels of power to
drive the LCD. V1 and VEE are selected levels,
and V3 and V4 are non-selected levels. See figure
1. 

Control Signal

CL1: Inputs display data latch pulses for the line
data latch circuit. The line data latch circuit latches
display data input from the 4-bit latch circuit, and
outputs LCD drive signals corresponding to the
latched data, both at the falling edge of each CL1
pulse. 

CL2: Inputs display data latch pulses for the 4-bit
latch circuit. The 4-bit latch circuit latches display
data input via D0–D3 at the falling edge of each
CL2 pulse. 

M: Changes LCD drive outputs to AC.

D0–D3: Input display data. High-voltage level of
data corresponds to a selected level and turns an
LCD pixel on, and low-voltage level data
corresponds to a non-selected level and turns an
LCD pixel off. 

SHL: Shifts the destinations of display data
output. See figure 2. 

E: A low E enables the chip, and a high E disables
the chip. 

CAR: Outputs the E signal to the next HD66214 if
HD66214s are connected in cascade. 

DISPOFF: A low DISPOFF sets LCD drive
outputs Y1–Y80 to V1 level. 

LCD Drive Output

Y1–Y80: Each Y outputs one of the four voltage
levels V1, V3, V4, or VEE, depending on a
combination of the M signal and display data
levels. See figure 3. 
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Figure 1   Different Power Supply Voltage Levels for LCD Drive Circuits
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Figure 2   Selection of Destinations of Display Data Output

Figure 3   Selection of LCD Drive Output Level
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Block Functions

Controller: The controller generates the latch
signal at the falling edge of each CL2 pulse for the
4-bit latch circuit. 

4-Bit Latch Circuit

The 4-bit latch circuit latches 4-bit parallel data
input via the D0 to D3 pins at the timing generated
by the control circuit. 

Line Data Latch Circuit

The 80-bit line data latch circuit latches data input
from the 4-bit latch circuit, and outputs the latched
data to the level shifter, both at the falling edge of
each clock 1 (CL1) pulse.

Level Shifter

The level shifter changes 5-V signals into high-
voltage signals for the LCD drive circuit.

LCD Drive Circuit

The 80-bit LCD drive circuit generates four
voltage levels V1, V3, V4, and VEE, for driving an
LCD panel. One of the four levels is output to the
corresponding Y pin, depending on a combination
of the M signal and the data in the line data latch
circuit. 
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Comparison of the HD66214 with the HD61104

Item HD66214 HD61104

Clock speed 8.0 MHz max. 3.5 MHz max.

Display off function Provided Not provided

LCD drive voltage range 10 to 28 V 10 to 26 V

Relation between SHL and See figure 4 See figure 4
LCD output destinations

Relation between LCD output See figure 5 See figure 5
levels, M, and data

LCD drive V pins V1, V3, V4 V1, V2, V3, V4
(V2 level is the same as VEE level)

Storage temperature –40 to 125°C –55 to 125°C

Package TCP (tape carrier package) QFP (quad flat package)

Figure 4   Relation between SHL and LCD Output Destinations for the HD66214 and HD61104
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Figure 5   Relation between LCD Output Levels, M, and Data for the HD66214 and HD61104
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Operation Timing

HD66214T

1023

1 2 3 19 20 21

CL2

HD66214 No. 1 latches data

HD66214 No. 2 
latches data

HD66214 No. 3 
latches data

HD66214 No. n 
latches data

Data 0

Data 3

CL1

CAR
(No. 1)

CAR
(No. 2)

CAR
(No. 3)

CAR
(No. n) 

Line

Y1–Y80



Application Example
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1

Power supply voltage for LCD drive circuits VEE VCC – 30.0 to VCC + 0.3 V

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL1, CL2, M, SHL, E, D0–D3, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It

should always be used within its electrical characteristics in order to prevent malfunctioning or
degradation of reliability. 

Electrical Characteristics

DC Characteristics for the HD66214T (VCC = 5 V ± 10%, GND = 0 V, VCC – VEE = 10 to 28 V, and 
Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Typ Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC — VCC V

Input low voltage VIL 1 0 — 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — — V IOH = –0.4 mA

Output low voltage VOL 2 — — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — — 4.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 — 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 — 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — — 3.0 mA fCL2 = 8.0 MHz 2
fCL1 = 20 kHz
VCC – VEE = 28 V

Current consumption 2 IEE — — 150 500 µA Same as above 2

Current consumption 3 IST — — — 200 µA Same as above 2, 3

Pins and notes on next page.

HD66214T
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DC Characteristics for the HD66214T (VCC = 2.7 to 5.5 V, GND = 0 V, VCC – VEE = 10 to 28 V, and 
Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC VCC V

Input low voltage VIL 1 0 0.3 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 4.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 1 –1.0 1.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –25 25 µA VIN = VCC to VEE

Current consumption 1 IGND — — 1.0 mA fCL2 = 4.0 MHz 2
fCL1 = 16.8 kHz
fM = 35 Hz
VCC = 3.0 V
VCC – VEE = 28 V
Checker-board
pattern

Current consumption 2 IEE — — 500 µA Same as above 2

Current consumption 3 IST — — 50 µA Same as above 2, 3

Pins: 1. CL1, CL2, M, SHL, E, D0–D3, DISPOFF
2. CAR
3. Y1–Y80, V1, V3, V4
4. V1, V3, V4

Notes: 1. Indicates the resistance between one pin from Y1–Y80 and another pin from V1, V3, V4, and
VEE, when load current is applied to the Y pin; defined under the following conditions. 
VCC – GND = 28 V
V1, V3 = VCC – {2/10(VCC – VEE)}
V4 = VEE + {2/10(VCC – VEE)}
V1 and V3 should be near Vcc level, and V4 should be near VEE level (figure 6). All voltage
must be within ∆V. ∆V is the range within which RON, the LCD drive circuits’ output impedance,
is stable. Note that ∆V depends on power supply voltage VCC–VEE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows from
the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively. 

3. Applies to standby mode.
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Figure 6   Relation between Driver Output Waveform and Level Voltages

Figure 7   Relation between VCC – VEE and ∆V
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AC Characteristics for the HD66214T (VCC = 5 V ± 10%, GND = 0 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL2 125 — ns

Clock high-level width tCWH CL1, CL2 45 — ns

Clock low-level width tCWL CL2 45 — ns

Clock setup time tSCL CL1, CL2 80 — ns

Clock hold time tHCL CL1, CL2 80 — ns

Clock rise time tr CL1, CL2 — *1 ns 1

Clock fall time tf CL1, CL2 — *1 ns 1

Data setup time tDS D0–D3, CL2 20 — ns

Data hold time tDH D0–D3, CL2 20 — ns

Enable (E) setup time tESU E, CL2 30 — ns

Carry (CAR) output delay time tCAR CAR, CL2 — 80 ns 2

M phase difference time tCM M, CL2 — 300 ns

CL1 cycle time tCL1 CL1 tCYC × 50 — ns

AC Characteristics for the HD66214T (VCC = 2.7 to 5.5 V, GND = 0 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL2 250 — ns

Clock high-level width tCWH CL1, CL2 95 — ns

Clock low-level width tCWL CL2 95 — ns

Clock setup time tSCL CL1, CL2 80 — ns

Clock hold time tHCL CL1, CL2 120 — ns

Clock rise time tr CL1, CL2 — *1 ns 1

Clock fall time tf CL1, CL2 — *1 ns 1

Data setup time tDS D0–D3, CL2 50 — ns

Data hold time tDH D0–D3, CL2 50 — ns

Enable (E) setup time tESU E, CL2 65 — ns

Carry (CAR) output delay time tCAR CAR, CL2 — 155 ns 2

M phase difference time tCM M, CL2 — 300 ns

CL1 cycle time tCL1 CL1 tCYC × 50 — ns

Notes: 1. tr, tf < (tCYC – tCWH – tCWL)/2 and tr, tf ≤ 50 ns 
2. The load circuit shown in figure 8 is connected. 
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Figure 8   Load Circuit

Figure 9   LCD Controller Interface Timing
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HD66224T
(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs)

Description

The HD66224T is a column driver for dot matrix
liquid crystal graphic display system. It has 80
liquid crystal drive circuits and can drive large
LCDs. The column driver latches parallel data for
display (4/8 bit parallel) from the controller, then
generates a drive signal and selects the proper LCD
drive voltage. A built-in standby function that
allows all internal drivers except one to be placed
in standby mode (IST) lowers device power
consumption. The column driver package is a 7.5-
mm wide ultra-small tape carrier package (TCP),
allowing designs using half the frame area of
conventional displays.

The column driver can be used in a wide range of
battery-powered designs because its logic power
supply can operate with an input voltage ranging
from 2.5 to 5.5 V.

Features

• Display duty cycle: 1/64 to 1/240
• Number of liquid crystal drive circuits: 80
• Parallel data transfer: 4/8 bits
• High voltage: Drive voltage 10–28 V (absolute

maximum rating 30 V)
• High-speed operation: Maximum clock speed

8 MHz (for 5 V) or 6.5 MHz (for 2.5 V)
• Logic power supply voltage: 2.5–5.5 V
• Built-in display off function
• Built-in automatic generation function for chip-

enable signal
• Built-in standby function
• 107-pin 35 mm TCP

Ordering Information

Type No. Data Input Input Format Outer Lead Pitch (µm)

HD66224TA1 4-bit input Straight 210

HD66224TA2 4-bit input Straight 200

HD66224TB0 8-bit input Straight 200

Note: The details of TCP pattern are shown in “The Information of TCP.”
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Internal Block Diagram

Figure 1 is a block diagram of the HD66224T.

Liquid-Crystal Drive Circuit

The LCD drive circuit selects from four available
voltage levels (V1, V3, V4, and VEE) based on the
combination of the data of latch circuit 2 and input
to pin M. The circuit outputs the selected voltage
to the LCDs.

Level Shifter

The level shifter circuit raises the voltage of the
logic power-supply voltage to the level used for
driving the LCDs.

Latch Circuit 2

The 80-bit latch circuit 2 latches data from latch

circuit 1 on the falling edge of clock CL1 and
outputs the data to the level shifter circuit.

Latch Circuit 1

Latch circuit 1 consists of 4/8-bit parallel data
latches that store input data D0 to D7 when
signaled by the shift register.

Control Circuit

The control circuit generates signals that fetch the
data for input to latch circuit 1.

Data Rearrange Circuit

The data rearrange circuit performs left to right
(SHL) inversion on data D0 to D7.

Figure 1   Block Diagram
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Pin Arrangement
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Pin Description

Table 1 Pin Description

Pin 
Type Symbol Number Pin Name I/O Function

Power VCC1 89 VCC1 — VCC – GND: Connect to logic power supply.
supply VCC2 102 VCC2 VCC – VEE: Connect to power supply for liquid-crystal 

GND 86 GND drive circuit.

VEEL 107 VEEL

VEER 81 VEER

V1L 104 V1L I Liquid crystal drive level power supply

V1R 84 V1R

V3L 105 V3L

V3R 83 V3R

V4L 106 V4L V1, VEE: selected level

V4R 82 V4R V3, V4: nonselected level

The power supply should maintain the condition Vcc ≥
V1 > V3 > V4 > VEE. The L and R sides of V1,V3, and V4
are separated within the device, so the potentials
externally supplied to them must be identical.

Control CL1 92 Clock 1 I Synchronizes the drive signal that latches display data 
signal into latch circuit 2.

CL2 93 Clock 2 I Synchronizes the drive signal that latches display data
into latch circuit 1.

M 91 M I Converts the liquid crystal drive output to AC.

D0–D7 94 to 101 Data 0–7 I Display Data LCD Drive Output LCD

High Selected level On

Low Nonselected level Off

HD66224T
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Table 1 Pin Description (cont)

Pin 
Type Symbol Number Pin Name I/O Function

Control SHL 88 Shift left I Inverts the data output destination.
signal 
(cont)
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Table 1 Pin Description (cont)

Pin 
Type Symbol Number Pin Name I/O Function

Control DISPOFF 90 Display off I When the liquid crystal output nonselected level control 
signal input pin drives DISPOFF low, the liquid crystal drive 
(cont) output (Y1 to Y80) is set to the V1 level.

EIO1 103 Enable I/O I/O pins for chip selection. Input/output is controlled by 
I/O 1 SHL input.

EIO2 85 Enable
I/O 2 SHL Enable I/O 1 Enable I/O 2

0 Output Input

1 Input Output

When the enable input signal goes low, data fetch
begins. When all data has been fetched, the enable
output changes from high to low and the next stage IC
starts up.

BS 87 Bus select I Switches the number of input bits for the display data.
When high, places the device in 8-bit input mode; when
low, changes the device to the 4-bit input mode.

Liquid Y1 to Y80 1 to 80 Y1 to Y80 O Outputs one of the four voltage levels V1, V3, V4, or VEE,
crystal based on the combination of the M signal and the 
drive display data. 
output 

Note: 0 and low levels indicate ground level. 1 and high levels indicate VCC level.
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Sample Application

Figure 2 shows an example of an LCD panel
comprised of 640 × 200 dots, using the HD66224T.
The recommended common driver is HD66215.
For 640 × 400 dots, extend the configuration
shown to configure two screens.

R1 and R2 differ depending on the LCD panel
used. For a 1/15 bias, for example, R1 = 3 kΩ and
R2 = 33 kΩ are used so that R1 (4R1 + R2) = 1/15.

When designing a board locate bypass capacitors
as close to each device as possible, to stabilize the
power supply. We recommend that two capacitors
(of about 0.1 pF) be used with each HD66224T.
One capacitor should be connected between VCC
and GND, and one between VCC and VEE.



Figure 2   Application Example
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Absolute Maximum Ratings

Parameters Symbol Rating Unit Notes

Power supply voltage Logic circuit VCC –0.3 to +7.0 V 1

Liquid crystal drive circuit VEE VCC – 30.0 to VCC + 0.3

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V 1, 3

Operating temperature Topr –20 to + 75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. Indicates the potential from GND.
2. Applies to the CL1, CL2, M, SHL, EIO1, EIO2, D0 to D7, and DISPOFF pins.
3. Applies to the V1, V3, and V4 pins.
4. When a device is used outside of the absolute maximum ratings, it may suffer permanent

damage. Exceeding the limits may cause malfunctions and have negative effects on device
reliability. We recommend that device operating parameters be kept within these limits.
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Electrical Characteristics

Table 2 DC Characteristics (1) (VCC = 5 V ± l0%, GND = 0 V, VCC – VEE = 10 to 28 V, 
Ta = –20 to +75°C, unless otherwise specified)

Measurement 
Parameter Symbol Pin Min Typ Max Unit Conditions Notes

Input high VIH CL1, CL2, M, 0.8 × VCC — VCC V
level voltage SHL, D0 to D7

Input low VIL EIO1, EIO2, 0 — 0.2 × VCC V
level voltage DISPOFF, BS

Output high VOH EIO1, EIO2 VCC – 0.4 — — V IOH = –0.4 mA
level voltage

Output low VOL EIO1, EIO2 — — 0.4 V IOL = 0.4 mA
level voltage

Resistance RON Y1 to Y80, V1, — 0.6 1.5 kΩ ION = 100 µA 1, 2
between Vi V3, V4
and Yj

Input IIL1 CL1, CL2, M, –1.0 — 1.0 µA VIN = VCC to GND
leakage SHL, D0 to D7, 
current 1 EIO1, EIO2, 

DISPOFF, BS

Input IIL2 V1, V3, V4 –25 — 25 µA VIN = VCC to VEE
leakage
current 2

Current IGND — — — 3.0 mA fCL2 = 8.0 MHz 3
consumption 1 fCL1 = 20 kHz

Current IEE — — 150 500 µA VCC – VEE = 28 V

consumption 2

Current IST — — — 200 µA 3, 4
consumption 3

Notes: 1. This is the resistance value between the Y pin and V pin (V1, V3, V4, or VEE) when a load
current flows to one of the pins Y1 to Y80. Set with the following conditions:

VCC – VEE = 28 V
V1, V3 = VCC – 2/10(VCC – VEE)
V4 = VEE + 2/10(VCC – VEE)

2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near VCC is
supplied to V1 and V3. A voltage near VEE is supplied to V4. Use within the range of ∆V for
each. These ranges should be set so that the impedance ROM of the driver output obtained is
stable. Note also that ∆V depends on the power supply voltage (VCC – VEE). See figure 3.

3. Excluding the current flowing to the input area and output area. When the driver uses an
intermediate level for input, a through current flows to the input circuit and the power supply
current increases, so be sure that VIH = VCC and VIL = GND.

4. Current during standby.
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Figure 3   Relationship between Driver Output Waveform and Level Voltages
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Table 3 DC Characteristics (2) (VCC = 2.5 to 4.5 V, GND = 0 V, VCC–VEE = 10–28 V, 
Ta = –20 to +75°C, unless otherwise specified)

Measurement
Parameter Symbol Pin Min Typ Max Unit Conditions

Input high level VIH CL1, CL2, M, 0.8 × VCC — VCC V —
voltage SHL, D0 to D7

Input low level VIL EIO1, EIO2, 0 — 0.2 × VCC V —
voltage DISPOFF, BS

Output high level e VOH EIO1, EIO2 VCC – 0.4 — — V IOH = –0.4 mA
voltag

Output low level VOL EIO1, EIO2 — — 0.4 V IOL = 0.4 mA
voltage

Resistance between RON Y1 to Y80, — 0.6 1.5 kΩ ION = 100 µA
Vi and Yj

*1, *2 V1, V3, V4

Input leakage IIL1 CL1, CL2, M, –1.0 — 1.0 µA VIN = VCC to GND
current 1 SHL, D0 to D7, 

EIO1, EIO2, 
DISPOFF, BS

Input leakage IIL2 V1, V3, V4 –25 — 25 µA VIN = VCC to VEE
current 2

Current IGND — — — 1.5 mA fCL2 = 6.5 MHz
consumption 1*3 fCL1 = 16.8 kHz

Current IEE — — — 500 µA fM = 35 Hz

consumption 2*3 VCC = 3.0 V

Current IST — — — 50 µA
VCC – VEE = 28 V

consumption 3*3, *4

Notes: 1. This is the resistance value between the Y pin and V pin (V1, V3, V4, or VEE) when a load
current flows to one of the pins Y1 to Y80. Set with the following conditions:

VCC – VEE = 28 V
V1, V3 = VCC – 2/10(VCC – VEE)
V4 = VEE + 2/10(VCC – VEE)

2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near VCC is
supplied to V1 and V3. A voltage near VEE is supplied to V4. Use within the range of ∆V for
each. These ranges should be set so that the impedance ROM of the driver output obtained is
stable. Note also that ∆V depends on the power supply voltage (VCC – VEE). See figure 3.

3. Excluding the current flowing to the input area and output area. When the driver uses an
intermediate level for input, a through current flows to the input circuit and the power supply
current increases, so be sure that VIH = VCC and VIL = GND.

4. Current during standby.
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Table 4 AC Characteristics (1) (VCC = 5.0 V ±10%, GND = 0 V, Ta = –20 to +75°C, unless
otherwise specified)

Parameter Symbol Pin Min Max Unit

Clock cycle time tCYC CL2 125 — ns

Clock high level width 2 tCWH2 45

Clock low level width 2 tCWL2

Data setup time tDS D0 to D7, CL2 30

Data hold time tDH

Clock high level width 1 tCWH1 CL1 45

CL2 rise to CL1 rise tLD CL1, CL2 30

CL2 fall to CL1 fall tSCL 45

CL1 rise to CL2 rise tLS

CL1 fall to CL2 fall tHCL

Input signal rise time*1 tr — 50

Input signal fall time*1 tf

Table 5 AC Characteristics (2) (VCC = 2.5 V to 4.5 V, GND = 0 V, Ta = –20 to +75°C, unless
otherwise specified)

Parameter Symbol Pin Min Max Unit

Clock cycle time*2 tCYC CL2 152 — ns

Clock high level width 2 tCWH2 65

Clock low level width 2 tCWL2

Data setup time tDS D0 to D7, CL2 50

Data hold time tDH 40

Clock high level width 1 tCWH1 CL1 65

CL2 rise to CL1 rise tLD CL1, CL2 20

CL2 fall to CL1 fall tSCL 65

CL1 rise to CL2 rise tLS

CL1 fall to CL2 fall tHCL

Input signal rise time*1 tr — 50

Input signal fall time*1 tf — 50

Notes (tables 4 and 5):
1. This is the resistance value between the Y pin and V pin (V1, V3, V4, or VEE) when a load

current flows to one of the pins Y1 to Y80. Set with the following conditions:
VCC – VEE = 28 V
V1, V3 = VCC – 2/10(VCC – VEE)
V4 = VEE + 2/10(VCC – VEE)

2. tr, tf ≤ 11 ns
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AC Characteristic Test Waveforms

Figure 4 shows test point loading and test wave-
forms. Connect test points through a 15-pF capac-
itor to ground, as shown at the top of figure 4.

BS = GND (4-Bit Fetch Mode)

When the data fetch operation enable signal goes
low (with SHL = GND and EIO2 = GND), data
standby is cleared. On the next rising edge of clock
CL2, the standby is cleared. Figure 5 shows timing
for 4-bit fetch mode operation. When CL2 falls,
the first 4-bit data fetch is performed. The 4-bit
fetches continue on each subsequent falling edge
of CL2 until 76 bits have been fetched. The enable
signal (when SHL = GND, EIO1) then goes to

GND level. When 80 bits have been fetched, fetch
is automatically halted (standby). If the EIO1 pin
is connected to the EIO2 pin of the next stage, the
next device will begin 4-bit fetch operation.

The data output changes when CL1 falls. The
output destination for the fetched data when SHL =
GND is output pin Y80 for d1, and Y1 for d80.

When SHL = VCC, the destinations are reversed;
d80 is output to Y80 and d1 is output to Y1. The
output level (V1 through V4) is actually selected by
the combination of the display data and AC signal
M.

Figure 4   AC Characteristic Waveforms
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Figure 5   Operation Timing (4-Bit Fetch Mode)
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BS = VCC (8-Bit Fetch Mode)

The 8-bit data fetch basic functions are the same as
in the 4-bit fetch mode. Figure 6 shows timing for
8-bit fetch mode operation.

Figure 6   Operation Timing (8-Bit Fetch Mode)
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HD66215T
(Common Driver for a Dot Matrix Liquid 

Crystal Graphic Display 
with 100-Channel Outputs)

Description

The HD66215T is a common driver for a large dot
matrix liquid crystal graphic display (LCD). The
driver’s 100 channels can be divided into two
groups of 50 channels by selecting data input/
output pins. Outputs X1 to X10 and X91 to X100
can be disabled by mode selection. Unused output
pins can be equally distributed above and below
the pins used for the LCD panel so that the panel
can be neatly centered on the LCD board. A 101-
channel output mode can also be selected for an
application to various display panels. The driver is
powered by about 3V, making it suitable for
battery-driven portable equipment featuring the
low power dissipation of liquid crystal elements.

The HD66215T, packaged in a micro-tape carrier
package (micro-TCP), allows design of a compact
LCD system with a frame (an area peripheral to the
LCD panel) about half the width of conventional
systems.

Features

• Duty cycle: About 1/64 to 1/240
• 100 internal LCD drive circuits (101-channel

mode can be selected for a 101-output version)
• High output voltage for driving the LCD: 10 to

28 V
• Output division function (50 × 2-output)
• 10-output through modes
• 101-output mode
• Display off function
• Internal 100-bit shift register
• Various LCD controller interfaces

— LCTC series: HD63645, HD64645, HD64646

— LVIC series: HD66840, HD66841

— CLINE: HD66850

• Micro-TCP with 3-sprocket-hole width
• Operating voltage: 2.5 to 5.5 V

Ordering Information

Type No. Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length

HD66215TA0 0.23 mm 1.20 mm 3 sprocket holes

HD66215TA1 0.22 mm 1.00 mm 3 sprocket holes

HD66215TA2 0.18 mm 0.85 mm 3 sprocket holes

Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins.
2. Device length includes test pad areas.
3. Spacing between two sprocket holes is 4.75 mm.
4. Tape film is Upirex (a trademark of Ube Industries, Ltd.).
5. 35-mm-wide tape is used.
6. Leads are plated with Sn.
7. The details of TCP pattern are shown in “The Information of TCP.”



Tape Carrier Package

Pin Arrangement
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Pin Description

Symbol Pin No. Pin Name Input/Output Classification

VCC 8 VCC — Power supply

GND 12 GND

V1L, V1R 1, 20 V1L, V1R Input

V6L, V6R 2, 19 V6L, V6R

V5L, V5R 3, 18 V5L, V5R

VEEL, VEER 4, 17 VEEL, VEER

CL 14 Clock Control signal

M 13 M

SHL/R 9 Shift left/right

DIO1 15 Data Input/output

DIO2 11

DIO3 10

DIO4 6

DISPOFF 7 Display off Input

MODE1, MODE2 5, 16 Mode1, Mode2

X1–X100 21–120 X1–X100 Output LCD drive output
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Pin Functions

Power Supply

VCC, GND: Supply power to the internal logic
circuits.

V1L, V1R, V5L, V5R, V6L, V6R, VEEL, VEER:
Supply different levels of power to drive the LCD.
V1 and VEE are selected levels, and V5 and V6 are
non-selected levels. See figure 1.

Control Signals

CL: Inputs data shift clock pulses for the shift
register. At the falling edge of each CL pulse, the
shift register shifts data input via the DIO pins.

M: Changes LCD drive outputs to AC.

SHL/R: Selects the data shift direction for the shift
register and the common signal scan direction
(figure 2).

DIO1–DIO4: Input or output data. DIO1 and
DIO2 are data input/output pins for X1–X50, and

DIO3 and DIO4 are input/output pins for
X51–X100 (X101) in 50 × 2-output modes. In a 100-
output mode, DIO2 and DIO3 must be short-
circuited, and DIO1 and DIO4 are used as data
input/output pins.

DISPOFF: Controls LCD output level. A low
DISPOFF sets LCD drive outputs X1–X100 (X101)
to V1 level.

MODE1, MODE2: Select an LCD output mode
(table 1). In 10-output through modes, ten unused
output pins are made invalid. These ten pins must
be open in these modes since they output M
signals.

LCD Drive Outputs

X1–X100: Each X outputs one of the four voltage
levels, V1, V5, V6, or VEE, depending on a
combination of the M signal and data levels. See
figure 3.

Table 1 Selection of LCD Output

MODE1 MODE2 Selected Mode

0 0 Normal (100-output)

0 1 10-output through (X1–X10)

1 0 (X91–X100)

1 1 101-output

Figure 1   Different Power Supply Voltage Levels for LCD Drive Circuits
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Figure 2   Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in Normal Mode (100-Output Mode)

Figure 3   Selection of LCD Drive Output Level
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SHL/R DIO1 DIO2 DIO3 DIO4 Data shift direction and common
signal scan direction

Low
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In 100 × 1-output mode

In 50 × 2-output mode

In 100 × 1-output mode
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For 10-output through modes and 101-output mode, see Selection of Data Shift Direction 
and Common Signal Scan Direction by SHL/R and DIO Pins in Each Mode.
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Block Diagram
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Block Functions

LCD Drive Circuits

The 100-bit LCD drive circuits generate four
voltage levels, V1, V5, V6, and VEE, which drive
an LCD panel. One of the four levels is output to
the corresponding X pin, depending on a
combination of the M signal and the data in the
shift register.

Level Shifters

The level shifters change logic control signals (2.5
to 5.5 V) into high-voltage signals for the LCD
drive circuit.

Shift Registers

The 100-bit shift registers shift data input via the
DIO pin by one bit. The bit that is shifted out is
output from the DIO pin to the next driver IC. Both
shifting and output occur simultaneously at the
falling edge of each shift clock (CL) pulse. The
SHL/R pin selects the data shift direction.

Logic 3

Logic 3 selects which shift register operates depend-
ing on the settings of MODE1 and MODE2.
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Data Shift and Common Signal Scan
Direction

Figure 4–7 show the data shift direction and
common signal scan direction selected by SHL/R

and DIO pins in each mode.

Figure 4   Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in 100-Output Mode (MODE1 = 0 and MODE2 = 0)

SHL/R DIO1 DIO2 DIO3 DIO4 Data shift direction and common
signal scan direction

Low
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In 100 × 1-output mode

In 50 × 2-output mode
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Input Output
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Output Input

Input Output

X1 X100

X1 X50

X100 X1
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Figure 5   Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO pins in 10-Output (X1–X10) Through Mode 

(MODE1 = 0 and MODE 2 = 1)
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SHL/R DIO1 DIO2 DIO3 DIO4 Data shift direction and common
signal scan direction

Low

High

In 90-output mode

In 40- and 50-output mode

In 90-output mode

In 40- and 50-output mode
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Figure 6   Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 10-Output (X91–X100) Through Mode 

(MODE1 = 1 and MODE2 = 0)
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SHL/R DIO1 DIO2 DIO3 DIO4 Data shift direction and common
signal scan direction
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In 90-output mode

In 50- and 40-output mode
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Figure 7   Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 101-Output Mode (MODE1 = 1 and MODE2 = 1)
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SHL/R DIO1 DIO2 DIO3 DIO4 Data shift direction and common
signal scan direction

Low

High

In 101-output mode

In 50- and 51-output mode

In 101-output mode

In 50- and 51-output mode
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In 101-output mode, any 10-output through mode cannot be used.



Application Examples

Figure 8   LCD Panel of 640 × 400 Dots, 1/200 Duty Cycle
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The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, 
R1 and R2 must be 3 kΩ and 33 kΩ, respectively. That is, R1/(4·R1 + R2) should be 1/15.

To stabilize the power supply, place two 0.1-µF capacitors near each LCD driver: one between the VCC and GND pins, 
and the other between the VCC and VEE pins.

Notes:  1.


2.



Figure 9   LCD Panel of 640 × 480 Dots, 1/240 Duty Cycle
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The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, 
R1 and R2 must be 3 kΩ and 33 kΩ, respectively. That is, R1/(4·R1 + R2) should be 1/15.

To stabilize the power supply, place two 0.1-µF capacitors near each LCD driver: one between the VCC and GND pins, 
and the other between the VCC and VEE pins.

Notes:  1.


2.



Figure 10   Operational Timing in Normal Mode (100-Output Mode, 1/200 Duty Cycle)
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HD66215T Connection Examples

Figure 11 shows an example of an HD66215T
driving a 480-line LCD panel with a 1/240 to
1/250 duty cycle. Here, selecting MODE1 and
MODE2 disables outputs X1–X10 of driver IC1
and outputs X91–X100 of driver IC5. As a result,
unused driver output pins can be equally dis-
tributed above and below the pins used for the
LCD panel so that the panel can be neatly centered
on the LCD board. In addition, since the 100

channels of the driver can be divided into two
groups of 50 channels by selecting data input/
output pins, data input is divided at the center of
the panel (IC3). 

Figure 12 shows an example of an HD66215T
driving a 400-line LCD panel with a 1/200 to
1/210 duty cycle.



Figure 11   Connection Example for 480-Line LCD Panel with a 1/240–1/250 Duty Cycle
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Figure 12   Connection Example for 400-Line LCD Panel with a 1/200–1/210 Duty Cycle
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Absolute Maximum Ratings 

Item Symbol Rating Unit Notes

Power supply voltage VCC –0.3 to +7.0 V 2
for logic circuits

Power supply voltage VEE VCC – 30.0 to VCC + 0.3
for LCD drive circuits

Input voltage 1 VT1 –0.3 to VCC + 0.3 2, 3

2 VT2 VEE – 0.3 to VCC + 0.3 2, 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125

Notes: 1. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It
should always be used within its electrical characteristics in order to prevent malfunction or
unreliability.

2. The reference point is GND (0 V).
3. Applies to pins CL, M, SHL/R, DIO1–DIO4 (input), DISPOFF.
4. Applies to pins V1, V5, and V6.
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Electrical Characteristics

DC Characteristics (VCC = 2.5 to 5.5 V, GND = 0 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Typ Max Unit Condition Notes

Input high voltage VIH 1 0.7 × VCC — VCC V

Input low voltage VIL 1 0 — 0.3 × VCC

Output high voltage VOH 2 VCC – 0.4 — — IOH = –0.4 mA

Output low voltage VOL 2 — — 0.4 IOL = 0.4 mA

Vi–Xj on resistance RON 3 — 0.5 1.0 kΩ ION = 100 µA 1

Input leakage current 1 IIL1 4 –1.0 — 1.0 µA VIN = VCC to GND

2 IIL2 5 –25 — 25 VIN = VCC to VEE

3 IIL3 2 –5.0 — 5.0 VIN = VCC to GND

Current consumption (5 V) IGND — — — 100 fCL = 19.2 kHz 2

IEE — — — 250 VCC – VEE = 28 V

fFLM = 80 Hz

VCC – GND = 5 V

(3 V) IGND — — — 50 fCL = 19.2 kHz 2

IEE — — — 250 VCC – VEE = 28 V

fFLM = 80 Hz

VCC – GND = 3 V

Pins: 1. CL, M, SHL/R, DISPOFF, DIO1–DIO4 (input)
2. DIO1–DIO4 (input)
3. X1–X100, V1, V5, V6
4. CL, M, SHL/R, MODE1, MODE2, DISPOFF
5. V1, V5, V6

Notes: 1. Indicates the resistance between one pin from X1–X100 and another pin from V1, V5, V6, and
VEE, when load current is applied to the X pin. Defined under the following conditions:
VCC – VEE = 28 V
V1, V6 = VCC – {1/10 (VCC –VEE)}
V5 = VEE + {1/10 (VCC –VEE)}
V1 and V6 should be near VCC level, and V5 should be near VEE level (figure 4). All voltage
must be within ∆ V. ∆ V is the range within which RON, the LCD drive circuits’ output impedance,
is stable. Note that ∆ V depends on power supply voltages VCC – VEE (figure 5).

2. Excludes input and output current. When a CMOS input is floating, excess current flows from
the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively.
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Figure 13   Relation between Driver Output Waveform and Level Voltages

Figure 14   Relation between VCC – VEE and ∆ V
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AC Characteristics (VCC = 2.5 to 5.5 V, GND = 0 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit

Clock cycle time tCYC CL 10 — µs

Clock high-level width tCWH 65 — ns

Clock low-level width tCWL 1.0 — µs

Clock rise time tr — 50 ns

Clock fall time tf

Data setup time tDS DIO1–DIO4, CL 100 —

Data hold time tDH

Data output delay time* tDD — 7.0 µs

Data output hold time tDHW 100 — ns

Note: * The load circuit is shown in figure 15 is connected.

Figure 15   Load Circuit

Figure 16   LCD Controller Interface Timing
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HD66106F
(LCD Driver for High Voltage)

Description

The HD66106F LCD driver has a high duty ratio
and many outputs for driving a large capacity dot
matrix LCD panel.

It includes 80 LCD drive circuits and can drive at
up to 1/480 duty cycle. For example, only 14
drivers are enough to drive an LCD panel of 640 ×
480 dots. It also easily interfaces with various LCD
controllers because of its internal automatic chip
enable signal generator.

Using this LSI sharply lowers the cost of an LCD
system.

Features

• Column and row driver
• 80 LCD drive circuits
• Multiplexing duty ratios: 1/100 to 1/480
• 4-bit parallel data transfer
• Internal automatic chip enable signal generator
• Internal standby function
• Recommended LCD controller LSIs:

HD63645F and HD64645F (LCTC)
• Power supply: +5 V ± 10% for the internal

logic, and 14.0 V to 37.0 V for LCD drive
circuits

• Operation frequency: 6.0 MHz (max.)
• CMOS process

Ordering Information

Type No. Package

HD66106FS 100-pin plastic QFP 
(FP-100A)

HD66106D Chip



Pin Arrangement
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Pin Description

Power Supply

VCC, GND: VCC supplies power to the internal
logic circuit. GND is the logic and drive ground.

VLCD: VLCD supplies power to the LCD drive
circuit.

V1, V2, V3, and V4: V1–V4 supply power for
driving LCD (figure 1).

Control Signals

CL1: The LSI latches data at the negative edge of
CL1 when the LSI is used as a column driver. Fix
to GND when the LSI is used as a row driver.

CL2: The LSI latches display data at the negative
edge of CL2 when the LSI is used a s a column
driver, and shifts line select data at the negative
edge when it is used as a row driver.

HD66106F
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Table 1 Pin Function

Symbol Pin No. Pin Name I/O

VCC 49 VCC I

GND 37 Ground I

VLCD 31, 36 VLCD I

V1 32 LCD voltage 1 I

V2 33 V2 LCD voltage 2 I

V3 34 V3 LCD voltage 3 I

V4 35 V4 LCD voltage 4 I

CL1 38 Clock 1 I

CL2 40 Clock 2 I

M 42 M I

D0–D3 46–43 Data 0 to data 3 I

SHL 39 Shift left I

E 47 Enable I

CAR 48 Carry O

CH1 41 Channel 1 I

Y1–Y80 30–1, 100–51 Drive outputs 1–80 O

NC 50 No connection —

Figure 1   Power Supply for Driving LCD

V1

V3

V4

V2

V1, V2: Selected level
V3, V4: Nonselected level



M: M changes LCD drive outputs to AC.

D0–D3: D0–D3 input display data for the column
driver (table 2).

SHL: SHL controls the shift direction of display
data and line select data (figure 2, table 3).

E: E inputs the enable signal when the LSI is used
as a column driver (CH1 = VCC). The LSI is
disabled when E is high and enabled when low. E
inputs scan data when the LSI is used as a row

driver (CH1 = GND). When HD66106Fs are
connected in cascade, E connects with CAR of the
preceding LSI.

CAR: CAR outputs the enable signal when the
LSI is used as a column driver (CH1 = VCC). CAR
outputs scan data when the LSI is used as a row
driver (CH1 = GND). When HD66106Fs are
connected in cascade, CAR connects with E of the
next LSI.
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Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI Is Used as a
Row Driver)

SHL Shift Direction of Shift Register Scan Direction of Selected Line

VCC E → 1 → 2 → 3 -------------→ 80 Y1 → Y2 → Y3 ------------→ Y80

GND E → 80 → 79 → 78------------→ 1 Y80 → Y79 →Y78------------→ Y1

Figure 2   Relation between SHL and Data Output (When LSI Is Used as a Column Driver)
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Table 2 Relation between Display Data
and LCD State

Display Data LCD Outputs LCD

1 (= high level) Selected level On

0 (= low level) Nonselected level Off



CH1: CH1 selects the driver function. The chip
drives columns when CH1 = VCC, and rows when
CH1 = GND.

Y1–Y80: Each Y outputs one of the four voltage

levels—V1, V2, V3, or V4—according to the
combination of M and display data (figure 3).

NC: NC is not used. Do not connect any wire.

HD66106F
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Figure 3   Selection of LCD Drive Output Level
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Internal Block Diagram

LCD Drive Circuits

The HD66106F (figure 4) begins latching data
when E goes low, which enables the data latching
operation. It latches 4 bits of data simultaneously
at the fall of CL2 and stops automatically (= standby
state) when it has latched 80 bits.

Latch Circuit 2

When the LSI is used as a column driver, latch
circuit 2 functions as an 80-bit latch circuit. It
latches the data sent from latch circuit 1 at the fall
of CL1 and transfers its outputs to the LCD drive
circuits.

When the LSI is used as a row driver, this circuit
functions as an 80-bit bidirectional shift register.
The data sent from the E pin shifts at the fall of
CL2. When SHL = VCC, the data shifts from bit 1
to bit 80 in order of entry. When SHL = GND, the
data shifts from bit 80 to bit 1.

Latch Circuit 1

Latch circuit 1 is composed of twenty 4-bit parallel
data latches. It latches the display data D0–D3 at
the fall of CL2 when the LSI is used as a column
driver. The signals sent from the selector determine
which 4-bit latch should latch the data.

Selector

The selector is composed of a 5-bit up and down
counter and a decoder. When the LSI is used as a
column driver, it generates the latch signal to be
sent to latch circuit 1, incrementing the counter at
the negative edge of CL2.

Controller

The controller operates when the LSI is used as a
column driver. It stops data latching when twenty
pulses of CL2 have been input (= power-down
function) and automatically generates the chip
enable signal announcing the start of data latching
into the next LSI.
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Figure 4   Block Diagram
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Functional Description

When Used as a Column Driver

The HD66106F begins latching data when E goes
low, which enables the data latching operation. It
latches 4 bits of data simultaneously at the fall of
CL2 and stops automatically (= standby state)
when it has latched 80 bits.

Data outputs change at the fall of CL1. Latched
data d1 is transferred to the output pin Y1 and d80
to Y80 when SHL = GND. Conversely, d80 is
transferred to Y1 and d1 to Y80 when SHL = VCC.
The output level is selected out of V1–V4
according to the combination of display data and
the alternating signal M (figure 5).
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Figure 5   Column Driver Timing Chart
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When Used as a Row Driver

The HD66106F shifts the line scan data sent from
the pin E in order at the fall of CL2. When SHL =
VCC, data is shifted from Y1 to Y80 and Y80 to Y1
when SHL = GND.

In both cases, the data delayed for 80 bits by the
shift register is output from the CAR pin to
become the line scan data for the next LSI
(figure 6).
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Figure 6   Row Driver Timing Chart
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LCD Power Supply

This section explains the range of power supply
voltage for driving LCD. V1 and V3 voltages
should be near VLCD, and V2 and V4 should be

near GND (figure 7). Each voltage must be within
∆V. ∆V determines the range within which RON,
impedance of driver’s output, is stable. Note that
∆V depends on power supply voltage VLCD–GND
(figure 8).
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Figure 7   Driver’s Output Waveform and Each Level of Voltage

Figure 8   Power Supply Voltage VLCD–GND and ∆V
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Application Example

Application Diagram

Figure 9 shows an example of an LCD panel of

640 × 400 dots driven by HD66106Fs.
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Figure 9   Application Example
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2.

R1 and R2 depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R1/(4R1 + R2) should be 1/20. 
For example, R1 = 3 kΩ and R2 = 48 kΩ.

Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two capacitors with some 
0.1 µF per LSI, putting one between VLCD and GND, and the other between  VCC and GND.



Timing Waveform Example

Figure 10 and 11 show the timing waveforms of
the application example shown in figure 9.
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Figure 10   Timing Waveform for Column Drivers (LSI 6–LSI 13)
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Figure 11   Timing Waveform for Row Drivers (LSI 1–LSI 5)
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Supply Logic circuits VCC –0.3 to +7.0 V 1
voltage LCD drive circuits VLCD –0.3 to +38 V 1

Input voltage (logic) VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage (LCD drive) VT2 –0.3 to VLCD + 0.3 V 1, 3

Operation temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Reference point is GND (= 0 V).
2. Applies to the input pins for logic circuits.
3. Applies to the input pins for LCD drive circuits.
4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSIs should

usually be used under electrical characteristics for normal operations. Exceeding any of these
limits may adversely affect reliability.
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Electrical Characteristics

DC Characteristics (VCC = 5 V ± 10%, VLCD = 14 V to 37 V, Ta = –20°C to 75°C unless otherwise
noted)

Item Symbol Pin Min Typ Max Unit Test Condition Notes

Input high voltage VIH CL1, CL2, 0.8 × VCC — VCC V
M, SHL,

Input low voltage VIL
D0–D3, E, 0 — 0.2 × VCC V
CH1

Output high voltage VOH CAR VCC – 0.4 — — V IOH = –0.4 mA

Output low voltage VOL — — 0.4 V IOL = 0.4 mA

Vi-Yj on resistance RON Y1–Y80, — — 3.0 kΩ ION = 100 µA 4
V1–V4

Input leakage current (1) IIL1 CL1, CL2, –5.0 — 5.0 µA VIN = VCC to GND
M, SHL,
D0–D3, E,
CH1

Input leakage current (2) IIL2 V1–V4 –50.0 — 50.0 µA VIN = VLCD to GND

Current consumption (1) ICC1 — — 3.0 mA fCL2 = 6 MHz, 1

(2) ILCD1 — — 0.5 mA fCL1 = 28 kHz 2

(3) IST — — 0.2 mA At the standby state
fCL2 = 6 MHz,
fCL1 = 28 kHz

(4) ICC2 — — 0.2 mA fCL1 = 28 kHz, 1

(5) ILCD2 — — 0.1 mA fm = 35 Hz 3

Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive
current flows from the power supply through the input circuit. VIH and VIL must be fixed at VCC and GND
respectively to avoid it.

2. Applies when the LSI is used as a column driver.

3. Applies when the LSI is used as a row driver.

4. Indicates the resistance between Y pin and V pin (one of V1, V2, V3, and V4) when it supplies load current to
one of Y1–Y80 pins.

Conditions: VLCD – GND = 37 V

V1, V3 = VLCD – 2/20 (VLCD – GND)

V2, V4 = GND + 2/20 (VLCD – GND)
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AC Characteristics (VCC = 5 V ± 10%, VLCD = 14 V to 37 V, Ta = –20°C to +75°C unless otherwise
noted)

Column Driver

Item Symbol Pin Min Typ Max Unit Notes

Clock cycle time tcyc CL2 166 — — ns

Clock high level width tCWH CL2 50 — — ns

Clock low level width tCWL CL2 50 — — ns

Clock setup time tSCL CL2 200 — — ns

Clock hold time tHCL CL2 200 — — ns

Clock rise/fall time tct CL1, CL2 — — 30 ns

Data setup time tDSU D0–D3 30 — — ns

Data hold time tDH D0–D3 30 — — ns

E setup time tESU E 50 — — ns

Output delay time tDCAR CAR — — 80 ns 1

M phase difference tCM M, CL1 — — 300 ns

Row Driver

Item Symbol Pin Min Typ Max Unit Notes

Clock low level width tWL1 CL2 5 — — µs

Clock high level width tWH1 CL2 125 — — ns

Data setup time tDS E 100 — — ns

Data hold time tDH E 30 — — ns

Data output delay time tDD CAR — — 3 µs 1

Data output hold time tDHW CAR 30 — — ns 1

Clock rise/fall time tct CL2 — — 30 ns

Note: 1.  Values when the following load circuit is connected:

HD66106F
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Column Driver

Figure 12   Controller Interface of Column Driver
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Row Driver

Figure 13   Controller Interface of Row Driver
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HD66107T
(LCD Driver for High Voltage)

Description

The HD66107T is a multi-output, high duty ratio
LCD driver used for large capacity dot matrix LCD
panels. It consists of 160 LCD drive circuits with
a display duty ratio up to 1/480: the seven
HD66107Ts can drive a 640 × 480 dots LCD
panel. Moreover, the LCD driver enables interfaces
with various LCD controllers due to a built-in
automatic generator of chip enable signals. Use of
the HD66107T can help reduce the cost of an
LCD-panel configuration, since it reduces the
number of LCD drivers, compared with use of the
HD61104 and HD61105.

Features

• Column and row driver
• 160 or 80 LCD drive circuits
• Multiplexing duty ratios: 1/100 to 1/480
• 4-bit and 8-bit parallel data transfer
• Internal automatic chip enable signal generator
• Internal standby mode
• Recommended LCD controller LSIs:

HD63645F, HD64645F, and HD64646FS
(LCTC), HD66840/HD66841 (LVIC), HD66850
(CLINE)

• Power supply voltage
— Internal logic: +5 V ± 10%

— LCD drive circuit: 14.0 to 37.0 V

• Operation frequency: 8.0 MHz (max.)
• CMOS process
• 192-pin TCP

Ordering Information

Number of Outer Lead
Type No. Outputs Pitch (µm) Material of Tape*2 Note

HD66107T11 160 180 Kapton

HD66107T24 160 180 Upilex

HD66107T12 160 250 Kapton

HD66107T00 160 280 Kapton

HD66107T01 80 280 Kapton 12 perforated holes

HD66107T25 80 280 Kapton 8 perforated holes

Notes: 1. “Kapton” is a trademark of Dupont, Ltd.
“Upilex” is a trademark of Ube Industries, Ltd.

2. The details of TCP pattern are shown in “The Information of TCP.”
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Pin Description

Power Supply

VCC, GND: VCC supplies power to the internal
logic circuits. GND is the logic and drive ground.

VLCD: VLCD supplies power to the LCD drive
circuit.

V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R: V1 to
V4 supply power for driving an LCD (figure 1). 

Control Signal

CL1: The LSI latches data at the negative edge of
CL1 when the LSI is used as a column driver. Fix
to GND when the LSI is used as a row driver.

CL2: The LSI latches display data at the negative
edge of CL2 when the LSI is used as a column
driver, and shifts line select data at the negative
edge when it is used as a row driver.

Table 1 Pin Function

Symbol Pin No. Pin Name Input/Output

VCC 167 VCC

GND 161, 186, 187 Ground

VLCD 166, 192 VLCD

V1L, R 191, 165 V1L, V1R
V2L, R 188, 162 V2L, V2R
V3L, R 190, 164 V3L, V3R
V4L, R 189, 163 V4L, V4R

CL1 183 Clock 1 Input

CL2 184 Clock 2 Input

M 182 M Input

D0–D7 174–181 DATA0–DATA7 Input

SHL 172 Shift left Input

CH2 171 Channel 2 Input

BS 173 Bus select Input

TEST 185 TEST Input

Y1–Y160 1–160 Y1–Y160 Output

E 169 Enable Input

CAR 168 Carry Output

CH1 170 Channel Input

Figure 1   Power Supply for Driving an LCD

V1

V3

V4

V2

V1, V2: Selected level
V3, V4: Nonselected level
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M: M changes LCD drive outputs to AC.

D0–D7: D0–D7 input display data for the column
driver (table 2).

SHL: SHL controls the shift direction of display
data and line select data (figure 2, table 3).

E: E inputs the enable signal when the LSI is used
as a column driver (CH1 = VCC).

The LSI is disabled when E is high and enabled
when low. E inputs scan data when the LSI is used
as a row driver (CH1 = GND). When HD66107Ts
are connected in cascade, E connects with CAR of
the preceding LSI.

CAR: CAR outputs the enable signal when the
LSI is used as a column driver (CH1 = VCC).

CAR outputs scan data when the LSI is used as a
row driver (CH1 = GND). When HD66107Ts are
connected in cascade, CAR connects with E of the
next LSI.

CH1: CH1 selects the driver function. The chip
devices are columns when CH1 = VCC, and rows
when CH1 = GND.

CH2: CH2 selects the number of output data bits.
The number of output data bits is 160 when CH2 =
GND, and 80 when CH2 = VCC.

BS: BS selects the number of input data bits. When
BS = VCC, the chip latches 8-bits data. When BS =
GND, the chip latches 4-bits data via D0 to D3. Fix
D4 through D7 to GND.

TEST: Used for testing. Fixed to GND, otherwise.

Table 2 Relation between Display Data
and LCD State

Display Data LCD Output LCD

1 (= high level) V1L, R/V2L, R On

0 (= low level) Nonselected level Off

Table 3 Relation between SHL and Scan Direction of Selected Line 
(When LSI Is Used as Row Driver)

SHL Shift Direction of Shift Register Scan Direction of Selected Line

VCC E→ 1→ 2→ 3→ 4----------→160 Y1→ Y2→ Y3→ Y4 ---------→Y160

GND E→ 160→ 159→ 158→ 157----------→1 Y160→Y159→Y158→Y157 ---------→Y1

Figure 2   Relation between SHL and Data Output
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LCD Drive Interface

Y1–Y160: Each Y outputs one of the four voltage
levels—V1, V2, V3, V4—according to the combi-
nation of M and display data (figure 3).

Figure 3   Selection of LCD Driver Output Level
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Function

LCD Drive Circuits

The LCD drive circuits generate four levels of
voltages—V1, V2, V3, and V4—for driving an
LCD. They select and transfer one of the four
levels to the output circuit according to the com-
bination of M and the data in the latch circuit 2.

Latch Circuit 2

Latch circuit 2 is used as a 160-bit latch circuit
during column driving. Latch circuit 2 latches data
input from latch circuit 1 at the falling edge of CL1
and outputs latched data to the drive circuits.

In the case of row driving, latch circuit 2 is used as
a 160-bit bidirectional shift register. Data input
from E is shifted at the falling edge of CL2. When
SHL = VCC, data is shifted in input order from bit
1 to bit 160 of the shift register. When SHL =
GND, data is shifted from bit 160 to bit 1 of the
register. Moreover, this latch circuit can be used as
an 80-bit shift register. In this case, Y41 through
Y120 are enabled, while the other bits remain
unchanged.

Latch Circuit 1

Latch circuit 1 consists of twenty 8-bit parallel
data latch circuits. It latches data D0 through D7 at
the falling edge of CL2 during column driving.

The selector signals specify which 8-bit circuit
latches data. Moreover, this circuit can be used as
forty 4-bit parallel data latch circuits by switching
BS, in which case the circuit latches data D0
through D3. Moreover, this latch circuit can be
used as an 80-bit shift register. In this case Y41
through Y120 are enabled, while the other bits
remain unchanged.

Selector

The selector consists of a 6-bit up and down
counter and a decoder. During column driving it
generates a latch signal for latch circuit 1, incre-
menting the counter at the falling edge of CL2.

Controller

This controller is enabled during column driving. It
provides a power-down function which detects
completion of data latch and stops LSI operations.

Moreover, the controller automatically generates a
chip enable signal (CAR) which starts next-stage
data latching.

Test Circuit

The test circuit divides the external clock and
generates test signals.
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Fundamental Operations

Column Driving (1)

• CH2 = GND (160-bit data output mode)
• BS = VCC (8-bit data latch mode)

The HD66107T starts data latch when E is at low
level. In this case, 8-bit parallel data is latched at
the falling edge of CL2. When 160-bit data latch is
completed, the HD66107T automatically stops and
enters standby mode and CAR is goes to low level.
If CAR is connected with E of the next-stage LSI,

this next-stage LSI is activated when CAR of the
previous LSI goes low.

Data is output at the falling edge of CL1. When
SHL = GND, data d1 is output to pin Y1 and d160
to Y160. On the other hand, when SHL = VCC, data
d160 is output to pin Y1 and d1 to Y160. The output
level is selected from among V1–V4 according to
the combination of display data and alternating
signal M. See figure 4.

Figure 4   Column Driver Timing Chart (1)
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Column Driving (2)

• CH2 = GND (160-bit data output mode)
• BS = GND (4-bit data latch mode)

4-bit display data (D0–D3) is latched at the falling
edge of CL2. Other operations are performed in the
same way as described in “Column Driving (1)”.
See figure 5.

Figure 5   Column Driver Timing Chart (2)
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Column Driving (3)

• CH2 = VCC (80-bit data output mode)
• BS = VCC (8-bit data latch mode)

When CH2 is high (VCC), the HD66107T can be
used as an 80-bit column driver. In this case, Y41

through Y120 are enabled, the states of Y1 through
Y40 and Y121 through Y160 remain unchanged.

When SHL = GND, data d1 is output to pin Y41
and d80 is output to Y120. Conversely, when SHL =
VCC, data d80 is output to Y41 and d1 is output to
Y120. See figure 6.

Figure 6   Column Driver Timing Chart (3)
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Column Driving (4)

• CH2 = VCC (80-bit data output mode)
• BS = GND (4-bit data latch mode)

When CH2 = VCC and BS = GND, 4-bit parallel
data is latched, while 80-bit data is output. The
output of latched data is performed in described in
“Column Driving (3).” See figure 7.

Figure 7   Column Driver Timing Chart (4)
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Row Driving (1)

• CH2 = GND (160-bit data output mode)

The HD66107T shifts line scan data input through
E at the falling edge of CL2.

When SHL = VCC, 160-bit data is shifted from Y1
to Y160, whereas when SHL = GND, data is shifted
from Y160 to Y1. In both cases the HD66107T
outputs the data delayed for 160 bits by the shift
register through CAR, becoming line scan data for
the next IC driver. See figure 8.

Figure 8   Row Driver Timing Chart (1)
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Row Driving (2)

• CH2 = VCC (80-bit data output mode)

When CH2 is high, the HD66107T can be used as
an 80-bit row driver. In this case, Y41 to Y120 are
enabled, while the other bits remain unchanged.

Line scan data input through E is shifted at the
falling edge of CL2. When SHL = VCC, data is
shifted from Y41 to Y120. Conversely, when SHL =
GND, data is shifted from Y120 to Y41. In both
cases the HD66107T outputs the data delayed for
80 bits by the shift register through CAR,
becoming line scan data for the next LSI. See
figure 9.

Figure 9   Row Driver Timing Chart (2)
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Application

The following example shows a system configura-
tion for driving a 640 × 400-dot LCD panel using
the HD66107T.

Figure 10   Application Example
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Waveform Examples

Column Driving

Figure 11   Column Driver Timing Chart
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Row Driving

Figure 12   Row Driver Timing Chart
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage Logic circuit VCC –0.3 to +7.0 V 1

LCD drive circuit VLCD –0.3 to +38 V 1

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage (2) VT2 –0.3 to VLCD + 0.3 V 1, 3

Operation temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. Reference point is GND (= 0 V).
2. Applies to input pins for logic circuit.
3. Applies to input pins for LCD drive circuits.
4. If the LSI is used beyond absolute maximum ratings, it may be permanently damaged. It should

always be used within the above electrical characteristics to prevent malfunction or degradation
of the LSI’s reliability.

HD66107T
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Electrical Characteristics

DC Characteristics (VCC = 5 V ±10%, VLCD = 14 to 37 V, Ta = –20 to 75°C)

Item Symbol Pin Min Max Unit Condition Notes

Input high VIH CL1, CL2, M, 0.8 × VCC VCC V
voltage SHL, BS, CH2,

Input low VIL
TEST, D0–D7, 0 0.2 × VCC V

voltage E, CH1

Output high VOH CAR VCC – 0.4 — V IOH = –0.4 mA
voltage

Output low VOL — 0.4 V IOL = 0.4 mA
voltage

Vi–Vj on RON Y1–Y160, — 3.0 kΩ ION = 150 µA 4
resistance V1–V4

Input leak IIL1 CL1, CL2, M, –5.0 5.0 µA VIN = VCC – GND
current (1) SHL, BS, CH2,

TEST, D0–D7,
E, CH1

Input leak IIL2 V1–V4 –100 100 µA VIN = VLCD – GND
current (2)

Power ICC1 — 5.0 mA fCL2 = 8 MHz 1, 2
dissipation (1) fCL1 = 28 kHz

Power ILCD1 — 2.0 mA
dissipation (2)

Power IST — 0.5 mA In standby mode: 1, 2
dissipation (3) fCL2 = 8 MHz,

fCL1 = 28 kHz

Power ICC2 — 1.0 mA ffCL1 = 28 kHz 1, 3
dissipation (4) fm = 35 Hz

Power ILCD2 — 0.5 mA
dissipation (5)

Notes: 1. Input and output current is excluded. When an input is at the intermediate level is CMOS,
excessive current flows from the power supply though the input circuit. To avoid it, VIH and VIL
must be fixed to VCC and GND respectively.

2. Applies to column driving.
3. Applies to row driving.
4. Indicates the resistance between one pin from Y1–Y160 and another pin from V1–V4 when load

current is applied to the Y pin; defined under the following conditions.
VLCD–GND = 37 V
V1, V3 = VLCD – {2/20 (VLCD–GND)}
V2, V4 = VLCD + {2/20 (VLCD–GND)}

This section explains the range of power supply voltage for driving LCD. V1 and V3 voltage
should be near VLCD, and V2 and V4 should be near GND (figure 13).
Each voltage must be within ∆V. ∆V determines the range within which RON, impedance of
driver’s output, is stable. Note that ∆V depends on power supply voltage VLCD–GND (figure 14).
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Figure 13   Driver’s Output Waveform and Each Level of Voltage

Figure 14   Power Supply Voltage VLCD–GND and ∆V
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Figure 15   Test Circuit

AC Characteristics (VCC = 5 V ± 10%, VLCD = 14 to 37 V, Ta = –20 to 75°C) 

Column Driving

Item Symbol Pin Name Min Max Unit Note

Clock cycle time tcyc CL2 125 — ns

Clock high-level width (1) tCWH1 CL2 30 — ns

Clock high-level width (2) tCWH2 CL1 60 — ns

Clock low-level width tCWL CL2 30 — ns

Clock setup time tSCL CL2 200 — ns

Clock hold time tHCL CL2 200 — ns

Clock rising/falling time tCt CL1, CL2 — 30 ns

Data setup time tDSU D0–D7 30 — ns

Data hold time tDH D0–D7 30 — ns

E setup time tESU E 25 — ns

Output delay time (1) tDCAR1 CAR — 70 ns 1

Output delay time (2) tDCAR2 CAR — 200 ns 1

M phase difference tCM M, CL1 — 300 ns

Note: 1.  Specified when connecting the load circuit shown in figure 15.

Test point

30 pF



Figure 16   Controller Interface of Column Driver
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Row Driving

Item Symbol Pin Name Min Max Unit Note

Clock low-level width tWL1 CL2 5 — µs

Clock high-level width tWH1 CL2 60 — ns

Data setup time tDS2 E 100 — ns

Data hold time tDH2 E 30 — ns

Data output delay time tDD CAR — 3 µs 1

Data output hold time tDHW CAR 30 — ns 1

Clock rising/falling time tCt CL2 — 30 ns

Note: 1.  Specified when connecting the load circuit shown in figure 15.

Figure 17   Controller Interface of Row Driver
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HD66110ST
(Column Driver)

Description

The HD66110ST, the column driver for a large
liquid crystal display (LCD) panel, features as
many as 160 LCD outputs powered by 160 internal
LCD drive circuits, and a high duty cycle. This
device can interface to various LCD controllers by
using an internal automatic chip enable signal
generator. Its strip shape enables a slim tape carrier
package (TCP).

Features

• 191-pin TCP
• CMOS fabrication process
• High voltage

— LCD drive: 14 to 40 V

• High speed
— Maximum clock speed:

12 MHz (VCC = 4.5 to 5.5 V)

10 MHz (VCC = 2.7 to 5.5 V)

• 4- and 8-bit data bus interface
• Display off function
• Standby function
• Various LCD controller interfaces

— LCTC series: HD63645, HD64645,
HD64646

— LVIC series: HD66840, HD66841

— CLINE: HD66850

Ordering Information

Type No. Outer lead pitch (µm)

HD66110STB0 92

HD66110STB2 92

Note: The details of TCP pattern are shown in “The Information of TCP.”



Pin Arrangement
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Pin Description

Symbol Pin No. Pin Name Input/Output Classification

VCC 175 VCC — Power supply

GND 186 GND — Power supply

VLCD1 187 VLCD1 — Power supply

VLCD2 164 VLCD2 — Power supply

V1R 166 V1R Input Power supply

V2R 162 V2R Input Power supply

V3R 165 V3R Input Power supply

V4R 163 V4R Input Power supply

V1L 188 V1L Input Power supply

V2L 191 V2L Input Power supply

V3L 189 V3L Input Power supply

V4L 190 V4L Input Power supply

CL1 179 Clock 1 Input Control signal

CL2 178 Clock 2 Input Control signal

M 180 M Input Control signal

D0–D7 167–174 Data 0–data 7 Input Control signal

SHL 183 Shift left Input Control signal

EI/O1, EI/O2 177, 176 Enable IO1, enable IO2 Input/output Control signal

DISP 181 Display off Input Control signal

BS 184 Bus select Input Control signal

Y1–Y160 1–160 Y1–Y160 Output LCD drive output

HD66110ST
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Pin Functions

Power Supply

VCC, VLCD1, VLCD2, GND: VCC – GND supplies
power to the internal logic circuits. VLCD – GND
supplies power to the LCD drive circuits. See
figure 1.

V1R, V1L, V2R, V2L, V3R, V3L, V4R, V4L:
Supply different levels of power to drive the LCD.
V1 and V2 are selected levels, and V3 and V4 are
non-selected levels.

Control Signals

CL1: Inputs display data latch pulses for latch
circuit 2. Latch circuit 2 latches display data input
from latch circuit 1, and outputs LCD drive signals
corresponding to the latched data, both at the
falling edge of each CL1 pulse.

CL2: Inputs display data latch pulses for latch
circuit 1. Latch circuit 1 latches display data input
via D0–D7 at the falling edge of each CL2 pulse.

M: Changes LCD drive outputs to AC.

D0–D7: Input display data. High-voltage level
(VCC level) of data corresponds to a selected level
and turns an LCD pixel on, and low-voltage level
(GND level) data corresponds to a non-selected
level and turns an LCD pixel off.

SHL: Shifts the destinations of display data
output, and determines which chip enable pin
(EI/O1 or EI/O2) is an input and which is an
output. See figure 2.

EI/O1, EI/O2: If SHL is GND level, EI/O1 inputs
the chip enable signal, and EI/O2 outputs the
signal. If SHL is Vcc level, EI/O1 outputs the chip
enable signal, and EI/O2 inputs the signal. The
chip enable input pin of the first HD66110RT must
be grounded, and those of the other HD6611STs
must be connected to the chip enable output pin of
the previous HD66110RT. The chip enable output
pin of the last HD66110RT must be open.

DISP: A low DISP sets LCD drive outputs
Y1–Y160 to V2 level.

BS: Selects either the 4-bit or 8-bit display data
bus interface. If BS is VCC level, the 8-bit bus is
selected, and if BS is GND level, the 4-bit bus is
selected. In 4-bit bus mode, data is latched via
D0–D3; D4–D7 must be grounded.

LCD Drive Output

Y1–Y160: Each Y outputs one of the four voltage
levels V1, V2, V3, or V4, depending on a
combination of the M signal and display data
levels. See figure 3.

1108

HD66110ST

Figure 1   Power Supply for Logic and LCD Drive Circuits
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Figure 2   Selection of Destinations of Display Data Output

Figure 3   Selection of LCD Drive Output Level
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Block Functions

LCD Drive Circuit

The 160-bit LCD drive circuit generates four
voltage levels V1, V2, V3, and V4, for driving an
LCD panel. One of the four levels is output to the
corresponding Y pin, depending on a combination
of the M signal and the data in the latch circuit 2.

Level Shifter

The level shifter changes 5-V signals into high-
voltage signals for the LCD drive circuit.

Latch Circuit 2

160-bit latch circuit 2 latches data input from latch
circuit 1, and outputs the latched data to the level
shifter, both at the falling edge of each clock 1
(CL1) pulse.

Latch Circuit 1

160-bit latch circuit 1 latches 4-bit or 8-bit parallel
data input via the D0 to D7 pins at the timing
generated by the shift register.

Shift Register

The 40-bit shift register generates and outputs data
latch signals for latch circuit 1 at the falling edge
of each clock 2 (CL2) pulse.

Data Shifter

The data shifter shifts the destination of display
data output, when necessary.
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Block Diagram
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Comparison of HD66110RT with the HD66110ST

Item HD66110RT HD66110ST

LCD drive voltage range 28 to 40 V 14 to 40 V

Speed VCC = 4.5 to 5.5 V 12 MHz 12 MHz

VCC = 2.7 to 4.5 V — 10 MHz

Number of pins (power supply) 26 (7) 31 (12)

Voltage supply pin format Single side Dual side

Figure 4   tHCL Definitions of the HD66110RT and HD66110ST
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Operation Timing

4-Bit Bus Mode (BS = GND)

Figure 5 shows 4-bit data latch timing when SHL =
GND, that is, the EI/O1 pin is a chip enable input
and EI/O2 pin is a chip enable output. When SHL
= VCC, the EI/O1 pin is a chip enable output and
EI/O2 pin is a chip enable input.

When a low chip enable signal is input via the
EI/O1 pin, the HD66110RT is first released from
data standby state, and, at the falling edge of the
following CL2 pulse, it is released entirely from
standby state and starts latching data.

It simultaneously latches 4 bits of data at the
falling edge of each CL2 pulse. When it has
latched 156 bits of data, it sets the EI/O2 signal
low. When it has latched 160 bits of data, it
automatically stops and enters standby state,
initiating the next HD66110RT, as long as its
EI/O2 pin is connected to the EI/O1 pin of the
next HD66110RT.

The HD66110RTs output one line of data from the
Y1–Y160 pins at the falling edge of each CL1
pulse. Data d1 is output from Y1, and d160 from
Y160 when SHL = GND, and d1 is output from
Y160, and d160 from Y1 when SHL = VCC.

HD66110ST
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Figure 5   4-Bit Data Latch Timing (SHL=GND)
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8-Bit Bus Mode (BS = VCC)

Figure 6 shows 8-bit data latch timing when SHL =
GND, that is, the EI/O1 pin is a chip enable input
and EI/O2 pin is a chip enable output.

When SHL = VCC, the EI/O1 pin is a chip enable

output and EI/O2 pin is a chip enable input.

The operation is the same as that in 4-bit bus mode
except that 8 bits of data are latched simul-
taneously.
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Figure 6   8-Bit Data Latch Timing (SHL=GND)
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Application Example
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Notes:  1.


2.


3.

The resistances of R1 and R2 depend on the type of the LCD panel used. For example, for an LCD panel with a 1/20 
bias, R1 and R2 must be 3 kΩ and 48 kΩ, respectively. That is, R1/(4•R1+R2) should be 1/20.
To stabilize the power supply, place two 0.1-µF capacitors near each LCD driver:  one between the Vcc and GND pins, 
and the other between the VLCD and GND pins.
The load must be less than 30 pF between the EI/O2 and EI/O1 connections of HD66110STs.



Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1, 5

Power supply voltage for LCD drive circuits VLCD –0.3 to +42 V 1, 2, 5

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 3

Input voltage 2 VT2 –0.3 to VLCD + 0.3 V 1, 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V).
2. Indicates the voltage between GND and VLCD.
3. Applies to input pins for logic circuits, that is, control signal pins.
4. Applies to input pins for LCD drive level voltages, that is, V1–V4 pins.
5. Power should be applied to VCC-GND first, and then VLCD-GND. It should be disconnected in

the reverse order.
6. If the LSI is used beyond the absolute maximum ratings, it may be permanently damaged. It

should always be used within its electrical characteristics in order to prevent malfunctioning or
degradation of reliability.
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Electrical Characteristics

DC Characteristics 1 (VCC = 2.7 to 4.5 V, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Condition Notes

Input high voltage VIH 1 0.8 × VCC VCC V

Input low voltage VIL 1 0 0.2 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH=–0.4 mA

Output low voltage VOL 2 — 0.4 V IOL=0.4 mA

Vi–Yj on resistance RON 3 — 3.0 kΩ ION=150 µA 1

Input leakage current 1 IIL1 1 –5.0 5.0 µA VIN=VCC to GND

Input leakage current 2 IIL2 4 –100 100 µA VIN=VLCD to GND

Current consumption 1 ICC — — 2.2 mA fCL2 = 10 MHz 2
fCL1 = 28 kHz
VCC = 3.0 V

Current consumption 2 ILCD — — 3.0 mA Same as above 2

Current consumption 3 IST — — 0.3 mA Same as above 2, 3

Pins and notes on next page.
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DC Characteristics 2 (VCC = 5 V ± 10%, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Condition Notes

Input high voltage VIH 1 0.8 × VCC VCC V

Input low voltage VIL 1 0 0.2 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 3.0 kΩ ION = 150 µA 1

Input leakage current 1 IIL1 1 –5.0 5.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –100 100 µA VIN = VLCD to GND

Current consumption 1 ICC — — 5.0 mA fCL2 = 12 MHz 2
fCL1 = 28 kHz

Current consumption 2 ILCD — — 3.0 mA Same as above 2

Current consumption 3 IST — — 0.7 mA Same as above 2, 3

Pins: 1. CL1, CL2, M, SHL, BS, EI/O1, EI/O2, DISP, D0 – D7
2. EI/O1, EI/O2
3. Y1 – Y160, V1 –V4
4. V1 – V4

Notes: 1. Indicates the resistance between one pin from Y1 – Y160 and another pin from V1 – V4 when
load current is applied to the Y pin; defined under the following conditions.

VLCD – GND = 40 V
V1, V3 = VLCD – {1/20 (VLCD – GND)}
V2, V4 = VLCD + {1/20 (VLCD – GND)}

V1 and V3 should be near VLCD level, and V2 and V4 should be near GND level (figure 7). All
voltage must be within ∆V. ∆V is the range within which RON, the LCD drive circuits’ output
impedance, is stable. Note that ∆V depends on power supply voltage VLCD – GND (figure 8).

2. Input and output current is excluded. When a CMOS input is floating, excess current flows
from the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC
and GND levels, respectively.

3. Applies to standby mode.
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Figure 7   Relation between Driver Output Waveform and Level Voltages

Figure 8   Relation between VLCD – GND and ∆V
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AC Characteristics 1 (VCC = 2.7 to 4.5 V, VCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL2 100 — ns

Clock high-level width 1 tCWH2 CL2 37 — ns

Clock low-level width tCWL2 CL2 37 — ns

Clock high-level width 2 tCWH1 CL1 50 — ns

Clock setup time tSCL CL1, CL2 100 — ns

Clock hold time tHCL CL1, CL2 100 — ns

Clock rise time tr CL1, CL2 — 50 ns 2

Clock fall time tf CL1, CL2 — 50 ns 2

Data setup time tDS D0–D7, CL2 35 — ns

Data hold time tDH D0–D7, CL2 35 — ns

M phase difference time tCM M, CL1 — 300 ns

Notes: 1. The load must be less than 30 pF between EI/O2 and EI/O1 connections of HD66110STs.
2. tr, tf<(tcyc–tCWH2–tCWL2)/2 and tr, tf≤50 ns

AC Characteristics 2 (VCC = 5 ± 10%, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCVC CL2 83 — ns

Clock high-level width 1 tCWH2 CL2 20 — ns

Clock low-level width tCWL2 CL2 20 — ns

Clock high-level width 2 tCWH1 CL1 50 — ns

Clock setup time tSCL CL1, CL2 100 — ns

Clock hold time tHCL CL1, CL2 100 — ns

Clock rise time tr CL1, CL2 — 50 ns 2

Clock fall time tf CL1, CL2 — 50 ns 2

Data setup time tDS D0–D7, CL2 10 — ns

Data hold time tDH D0–D7, CL2 10 — ns

M phase difference time tCM M, CL1 — 300 ns

Notes: 1. The load must be less than 30 pF between EI/O2 and EI/O1 connections of HD66110STs.
2. tr, tf <(tcyc–tCWH2–tCWL2)/2 and tr, tf ≤ 50 ns
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Figure 9   LCD Controller Interface Timing
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HD66113T
(120-Channel Common Driver Packaged 

in a Slim Tape Carrier Package)

Description

The HD66113T is a common driver for large dot
matrix liquid crystal graphics displays. It features
120 channels which can be divided into two groups
of 60 channels by selecting data input/output pins.
The driver is powered by about 3 V, making it
suitable for the design of portable equipment
which fully utilizes the low power dissipation of
liquid crystal elements. The HD66113T, packaged
in a slim tape carrier package (slim-TCP), makes it
possible to reduce the size of the user area (wiring
area).

Features

• Duty cycle: About 1/100 to 1/480
• 120 LCD drive circuits
• High LCD driving voltage: 14 V to 40 V
• Output division function (2 × 60-channel outputs)
• Display off function
• Operating voltage: 2.5 V to 5.5 V
• Slim-TCP
• Low output impedance: 0.7 kΩ (typ)

Ordering Information

Type No. Outer Lead Pitch (µm)

HD66113TA0 190

Note: The details of TCP pattern are shown in “The Information of TCP.”



Pin Arrangement

Pin Assignments
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Pin Descriptions

Symbol Pin No. Pin Name Input/Output Classification

VLCD1, 2 140, 121 VLCD — Power supply

VCC 126 VCC — Power supply

GND 135 GND — Power supply

V1L, V1R 139, 122 V1L, V1R Input Power supply

V2L, V2R 136, 125 V2L, V2R Input Power supply

V5L, V5R 137, 124 V5L, V5R Input Power supply

V6L, V6R 138, 123 V6L, V6R Input Power supply

CL 128 Clock Input Control signal

M 133 M Input Control signal

CH 130 CH Input Control signal

SHL 131 Shift left Input Control signal

DIO1 134 Data Input/output Control signal

DIO2 127 Data Input/output Control signal

DI 129 Data Input Control signal

DISPOFF 132 Display off Input Control signal

X1–X120 1–120 X1–X120 Output LCD drive output
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Pin Functions

Power Supply

VCC, GND: Supply power to the internal logic
circuits.

VLCD, GND: Supply power to the LCD drive
circuits (figure 1).

V1L, V1R, V2L, V2R, V5L, V5R, V6L, V6R:
Supply different power levels to drive the LCD. V1
and V2 are selected levels, and V5 and V6 are non-
selected levels. 

Control Signals

CL: Inputs data shift clock pulses for the shift
register. At the falling edge of each CL pulse, the
shift register shifts data input via the DIO pins.

M: Changes the LCD drive outputs to AC.

CH: Selects the data shift mode. (CH = high: 2 ×
60-output mode, CH = low: 120-output mode)

SHL: Selects the data shift direction for the shift
register and the common signal scan direction
(figure 2).

DIO1, DIO2: Input or output data. DIO1 is input
and DIO2 is output when SHL is high. DIO1 is
output and DIO2 is input when SHL is low.

DI: Input data. DI is input to X61–X120 when CH
and SHL are high, and to X60–X1 when SHL is
low.

DISPOFF: Controls LCD output level. A low
DISPOFF sets the LCD drive outputs X1–X120 to
the V2 level. A high DISPOFF is normally used.

LCD Drive Outputs

X1–X120: Each X outputs one of four voltage
levels V1, V2, V5, or V6, depending on the
combination of the M signal and the data level
(figure 3). 



Figure 1   Power Supply for LCD Driver

Figure 2   Selection of Data Shift Direction and Common Signal Scan Direction by SHL

Figure 3   Selection of LCD Drive Output Level
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Block Diagram
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Block Functions

LCD Drive Circuit

The 120-bit LCD drive circuit generates four
voltage levels V1, V2, V5, and V6, which drive the
LCD panel. One of these four levels is output to
the corresponding X pin, depending on the
combination of the M signal and the data in the
shift register.

Level Shifter

The level shifter changes logic control signals (2.5
V–5.5 V) into high-voltage signals for the LCD
drive circuit.

Shift Register

The 120-bit shift register shifts the data input via
the DIO pin by one bit at a time. The one bit of
shifted-out data is output from the DIO pin to the
next driver IC. Both actions occur simultaneously
at the falling edge of each shift clock (CL) pulse.
The SHL pin selects the data shift direction.



Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1, 5

Power supply voltage for LCD drive circuits VLCD –0.3 to +42 V 1, 5

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 –0.3 to VLCD + 0.3 V 1, 3

Input voltage 3 VT3 –0.3 to +7.0 V 1, 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL, M, SHL, DI, DISPOFF, and CH. 
3. Applies to pins V1 and V6.
4. Applies to pins V2 and V5.
5. Power should be applied to VCC–GND first, and then VLCD–GND. It should be disconnected in

the reverse order.
6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. 

It should always be used within its specified operating range in order to prevent malfunctions or
loss of reliability. 

HD66113T
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Electrical Characteristics

DC Characteristics (VCC = 2.5 V  to 5.5 V, GND = 0 V, and Ta = –20°C to +75°C, unless otherwise
stated)

Item Symbol Pins Min Typ Max Unit Test Condition Notes

Input high VIH 1 0.8 × VCC — VCC V
voltage

Input low VIL 1 0 — 0.2 × VCC V
voltage

Output high VOH 2 VCC – 0.4 — — V IOH = –0.4 mA
voltage

Output low VOL 2 — — 0.4 V IOL = 0.4 mA
voltage

Vi–Xj on RON 3 — 0.7 1.0 kΩ ION = 150 µA 1
resistance

Input leakage IIL1 1 –5 — 5 µA VIN = VCC to GND
current 1

Input leakage IIL2 4 –25 — 25 µA VIN = VLCD to GND
current 2

Current IGND — — — 0.5 mA fCL = 36 kHz 2
consumption 1 fM = 75 kHz

Current ILCD — — — 1.0 mA
consumption 2

Note: Pins: 1. CL, M, SHL, CH, DI, DIO1, DIO2, DISPOFF
2. DIO1, DIO2
3. X1–X120, V
4. V1, V2, V5, V6
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Notes: 1. Indicates the resistance between one of the pins X1–X120 and one of the voltage supply pins
V1, V2, V5, or V6, when load current is applied to the X pin; defined under the following
conditions:

VLCD–GND = 40 V
V1, V6 = VCC – {1/20 (VLCD–GND)}
V5, V2 = GND + {1/20 (VLCD–GND)}

All voltages must be within ∆V, VLCD ≥ V1 ≥ V6 ≥ VLCD – 7.0 V, and 7.0 V ≥ V5 ≥ V2 ≥ GND. 
Note that ∆V depends on the power supply voltage VLCD–GND (figure 5). 

2. Input and output currents are excluded. When a CMOS input is left floating, excess current
flows from the power supply through the input circuit. To avoid this, VIH and VIL must be held at
VCC and GND, respectively. 

Figure 4   Relation between Driver Output Waveform and Voltage Levels

Figure 5   Relation between VLCD–GND and ∆V
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AC Characteristics (VCC = 2.5 V to 5.5 V, GND = 0 V, and Ta = –20°C to +75°C, unless otherwise
stated)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL 400 — ns

Clock high-level width tCWH CL 30 — ns

Clock low-level width tCWL CL 370 — ns

Clock rise time tr CL — 30 ns 1

Clock fall time tf CL — 30 ns 1

Data setup time tDS DI, DIO1, DIO2, CL 100 — ns

Data hold time tDH DI, DIO1, DIO2, CL 30 — ns

Data output delay time tDD DIO1, DIO2, CL — 350 ns 2

M phase difference tM M, CL –300 300 ns

Output delay time 1 tpd1 X (n), CL — 1.2 µs 3

Output delay time 2 tpd2 X (n), M — 1.2 µs 3

AC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, and Ta = –20°C to +75°C, unless otherwise stated)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL 400 — ns

Clock high-level width tCWH CL 30 — ns

Clock low-level width tCWL CL 370 — ns

Clock rise time tr CL — 30 ns 1

Clock fall time tf CL — 30 ns 1

Data setup time tDS DI, DIO1, DIO2, CL 100 — ns

Data hold time tDH DI, DIO1, DIO2, CL 30 — ns

Data output delay time tDD DIO1, DIO2, CL — 150 ns 2

M phase difference tM M, CL –300 300 ns

Output delay time 1 tpd1 X (n), CL — 0.7 µs 3

Output delay time 2 tpd2 X (n), M — 0.7 µs 3

Notes: 1. tr, tf < (tcyc = tCWH – tCWL)/2 and tr, tf ≤ 30 ns
2, 3   The load circuit shown in figure 6 is connected.
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Figure 6   Load Circuit

Figure 7   LCD Controller Interface Timing
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Operation Timing (1/480 Duty Cycle)
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Connection Examples

Figures 8 and 9 show examples of how HD66113Ts
can be configured to drive a 600-line LCD panel
with a 1/300 duty cycle. Figures 10 and 11 show
examples of how HD66113Ts can be configured to
drive a 240-line LCD panel with a 1/240 duty

cycle. The HD66113T’s 120 channels can be
divided into two groups of 60 channels, and its
data shift direction can be changed by selecting the
data output mode pin (CH) and data shift pin
(SHL), respectively.

Figure 8   Dual-Screen Configuration of a 600-Line LCD Panel with a 1/300 Duty Cycle (1)
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Figure 9   Dual-Screen Configuration of a 600-Line LCD Panel with a 1/300 Duty Cycle (2)
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Figure 10   Single-Screen Configuration of a 240-Line LCD Panel with a 1/240 Duty Cycle (1)
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Figure 11   Single-Screen Configuration of a 240-Line LCD Panel with a 1/240 Duty Cycle (2)

1138

HD66113T

→

→

X1

X120

DIO1

DIO2

IC1
(SHL = low, CH = low)

IC2
(SHL = low, CH = low)

LCD panel

Line 1

→

→

X1

X120

DIO1

DIO2

Line 120

Line 121

Line 240

→ →

Segment driver

DATA
(Data of lines
1 to 240)



HD66115T
160-Channel Common Driver Packaged 

in a Slim Tape Carrier Package

Description

The HD66115T is a common driver for large dot
matrix liquid crystal graphics displays. It features
160 channels which can be divided into two groups
of 80 channels by selecting data input/output pins.
The driver is powered by about 3 V, making it
suitable for the design of portable equipment
which fully utilizes the low power dissipation of
liquid crystal elements. The HD66115T, packaged
in a slim tape carrier package (slim-TCP), makes it
possible to reduce the size of the user area (wiring
area).

Features

• Duty cycle: About 1/100 to 1/480
• 160 LCD drive circuits
• High LCD driving voltage: 14 V to 40 V
• Output division function (2 × 80-channel outputs)
• Display off function
• Operating voltage: 2.5 V to 5.5 V
• Slim-TCP
• Low output impedance: 0.7 kΩ (typ)

Ordering Information

Type No. Outer Lead Pitch (µm)

HD66115TA0 180

HD66115TA1 250

Note: The details of TCP pattern are shown in “The Information of TCP.”



Pin Arrangement

Pin Assignments
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Pin Descriptions

Symbol Pin No. Pin Name Input/Output Classification

VLCD1, 2 177, 163 VLCD — Power supply

VCC 166 VCC — Power supply

GND1, 2 176, 170 GND — Power supply

V1L, V1R 165, 178 V1L, V1R Input Power supply

V2L, V2R 161, 181 V2L, V2R Input Power supply

V5L, V5R 162, 180 V5L, V5R Input Power supply

V6L, V6R 164, 179 V6L, V6R Input Power supply

CL 171 Clock Input Control signal

M 172 M Input Control signal

CH 175 CH Input Control signal

SHL 174 Shift left Input Control signal

DIO1 169 Data Input/output Control signal

DIO2 167 Data Input/output Control signal

DI 168 Data Input Control signal

DISPOFF 173 Display off Input Control signal

X1–X160 1–160 X1–X160 Output LCD drive output

HD66115T
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Pin Functions

Power Supply

VCC, GND: Supply power to the internal logic
circuits.

VLCD, GND: Supply power to the LCD drive
circuits (figure 1).

V1L, V1R, V2L, V2R, V5L, V5R, V6L, V6R:
Supply different power levels to drive the LCD. V1
and V2 are selected levels, and V5 and V6 are non-
selected levels. 

Control Signals

CL: Inputs data shift clock pulses for the shift
register. At the falling edge of each CL pulse, the
shift register shifts data input via the DIO pins.

M: Changes the LCD drive outputs to AC.

CH: Selects the data shift mode. (CH = high: 2 ×
80-output mode, CH = low: 160-output mode)

SHL: Selects the data shift direction for the shift
register and the common signal scan direction
(figure 2).

DIO1, DIO2: Input or output data. DIO1 is input
and DIO2 is output when SHL is high. DIO1 is
output and DIO2 is input when SHL is low.

DI: Input data. DI is input to X81–X160 when CH
and SHL are high, and to X81–X1 when SHL is
low.

DISPOFF: Controls LCD output level. A low
DISPOFF sets the LCD drive outputs X1–X160 to
the V2 level. A high DISPOFF is normally used.

LCD Drive Outputs

X1–X160: Each X outputs one of four voltage
levels V1, V2, V5, or V6, depending on the
combination of the M signal and the data level
(figure 3). 
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Figure 1   Power Supply for LCD Driver

Figure 2   Selection of Data Shift Direction and Common Signal Scan Direction by SHL

Figure 3   Selection of LCD Drive Output Level
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Block Diagram
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Block Functions

LCD Drive Circuit

The 160-bit LCD drive circuit generates four
voltage levels V1, V2, V5, and V6, which drive the
LCD panel. One of these four levels is output to
the corresponding X pin, depending on the
combination of the M signal and the data in the
shift register.

Level Shifter

The level shifter changes logic control signals
(2.5 V–5.5 V) into high-voltage signals for the
LCD drive circuit.

Shift Register

The 160-bit shift register shifts the data input via
the DIO pin by one bit at a time. The one bit of
shifted-out data is output from the DIO pin to the
next driver IC. Both actions occur simultaneously
at the falling edge of each shift clock (CL) pulse.
The SHL pin selects the data shift direction.

HD66115T
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1, 5

Power supply voltage for LCD drive circuits VLCD –0.3 to +42 V 1, 5

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 VLCD – 7.0 to VLCD + 0.3 V 1, 3

Input voltage 3 VT3 –0.3 to +7.0 V 1, 4

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL, M, SHL, DI, DISPOFF, and CH. 
3. Applies to pins V1 and V6.
4. Applies to pins V2 and V5.
5. Power should be applied to VCC–GND first, and then VLCD–GND. It should be disconnected in

the reverse order.
6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. 

It should always be used within its specified operating range in order to prevent malfunctions or
loss of reliability. 
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Electrical Characteristics

DC Characteristics (VCC = 2.5 to 5.5 V, GND = 0 V, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C,
unless otherwise noted)

Item Symbol Pins Min Typ Max Unit Test Condition Notes

Input high VIH 1 0.8 × VCC — VCC V
voltage

Input low VIL 1 0 — 0.2 × VCC V
voltage

Output high VOH 2 VCC – 0.4 — — V IOH = –0.4 mA
voltage

Output low VOL 2 — — 0.4 V IOL = 0.4 mA
voltage

Vi–Xj on RON 3 — 0.7 1.0 kΩ ION = 150 µA 1
resistance

Input leakage IIL1 1 –5 — 5 µA VIN = VCC to GND
current 1

Input leakage IIL2 4 –25 — 25 µA VIN = VLCD to GND
current 2

Current IGND — — — 0.5 µA fCL = 36 kHz 2
consumption 1 fM = 75 kHz

Current ILCD — — — 1.0 µA
consumption 2

Note: Pins: 1. CL, M, SHL, CH, DI, DIO1, DIO2, DISPOFF
2. DIO1, DIO2
3. X1–X160, V
4. V1, V2, V5, V6

Notes: 1. Indicates the resistance between one of the pins X1–X160 and one of the voltage supply pins
V1, V2, V5, or V6, when load current is applied to the X pin; defined under the following
conditions:

Ta = 25°C   Note that RON depends on Ta (°C) (figure 4).
VLCD–GND = 40 V
V1, V6 = VCC – {1/20 (VLCD–GND)}
V5, V2 = GND + {1/20 (VLCD–GND)}

All voltages must be within ∆V, VLCD ≥ V1 ≥ V6 ≥ VLCD – 7.0 V, and 7.0 V ≥ V5 ≥ V2 ≥ GND. 
Note that ∆V depends on the power supply voltage VLCD–GND (figure 6). 

2. Input and output currents are excluded. When a CMOS input is left floating, excess current
flows from the power supply through the input circuit. To avoid this, VIH and VIL must be held at
VCC and GND, respectively. 
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Figure 4   Relation between RON and Ta

Figure 5   Relation between Driver Output Waveform and Voltage Levels

Figure 6   Relation between VLCD–GND and ∆V
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AC Characteristics (VCC = 2.5 to 5.5 V, GND = 0 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL 400 — ns

Clock high-level width tCWH CL 30 — ns

Clock low-level width tCWL CL 370 — ns

Clock rise time tr CL — 30 ns

Clock fall time tf CL — 30 ns

Data setup time tDS DI, DIO1, DIO2, CL 100 — ns

Data hold time tDH DI, DIO1, DIO2, CL 30 — ns

Data output delay time tDD DIO1, DIO2, CL — 350 ns 1

M phase difference tM M, CL –300 300 ns

Output delay time 1 tpd1 X (n), CL — 1.2 µs 2

Output delay time 2 tpd2 X (n), M — 1.2 µs 2

AC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Pins Min Max Unit Notes

Clock cycle time tCYC CL 400 — ns

Clock high-level width tCWH CL 30 — ns

Clock low-level width tCWL CL 370 — ns

Clock rise time tr CL — 30 ns

Clock fall time tf CL — 30 ns

Data setup time tDS DI, DIO1, DIO2, CL 100 — ns

Data hold time tDH DI, DIO1, DIO2, CL 30 — ns

Data output delay time tDD DIO1, DIO2, CL — 150 ns 1

M phase difference tM M, CL –300 300 ns

Output delay time 1 tpd1 X (n), CL — 0.7 µs 2

Output delay time 2 tpd2 X (n), M — 0.7 µs 2

Note: 1, 2   The load circuit shown in figure 6 is connected.
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Figure 7   Load Circuit

Figure 8   LCD Controller Interface Timing
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Operation Timing (1/480 Duty Cycle)
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Connection Examples

Figures 8 and 9 show examples of how
HD66115Ts can be configured to drive a 480-line
LCD panel with a 1/240 duty cycle. Figures 10 and
11 show examples of how HD66115Ts can be
configured to drive a 480-line LCD panel with a

1/480 duty cycle. The HD66115T's 160 channels
can be divided into two groups of 80 channels, and
its data shift direction can be changed by selecting
the data output mode pin (CH) and data shift pin
(SHL), respectively.
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Figure 9   Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (1)
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Figure 10   Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (2)
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Figure 11   Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (1)
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Figure 12   Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (2)
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HD66120T 
(240-Channel Segment Driver for Dot-Matrix Graphic

Liquid Crystal Display)

Description

The HD66120T is a segment driver for dot-matrix
graphic liquid crystal display (LCD). It features a
maximum driving voltage of 40 V, enabling a high
duty cycle. This driver operates at about 3 V,
making it suitable for battery-driven applications
that make use of the low power dissipation of
liquid crystal elements. The HD66120T, packaged
in a fine-pitch slim tape carrier package (TCP),
helps to reduce the size of the frame around an
LCD panel. 

Features

• Duty cycle:  1/100 to 1/480
• High LCD driving voltage: 14 to 40 V
• 240 LCD drive circuits
• Low operating voltage: 2.7 to 5.5 V
• 4- and 8-bit data bus interface
• High-speed shift clocks

— 10 MHz (max) at 3-V operation

— 20 MHz (max) at 5-V operation

• Display off function
• Slim-TCP package
• Fine output lead pitch: 70 µm
• Compact user area: 9.44 mm (when output lead

pitch is 70 µm)
• Internal chip enable signal generator
• Standby function



Pin Arrangement
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Block Diagram
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Block Functions

LCD Drive Circuit

The 240-bit LCD drive circuit generates four
voltage levels V1, V2, V3, and V4, for driving an
LCD panel. One of the four levels is output to the
corresponding Y pin, depending on the com-
bination of the M signal and the data in latch
circuit 2. 

Level Shifter

The level shifter changes 5-V signals into high-
voltage signals for the LCD drive circuit.

Latch Circuit 2

240-bit latch circuit 2 latches data input from latch
circuit 1, and outputs the latched data to the level
shifter, both at the falling edge of each clock 1
(CL1) pulse.

Latch Circuit 1

240-bit latch circuit 1 latches 4-bit or 8-bit parallel
data input via the D0 to D7 pins at the timing
generated by the shift register. 

Shift Register

The 60-bit shift register generates and outputs data
latch signals for latch circuit 1 at the falling edge
of each clock 2 (CL2) pulse. 

Data Shifter

The data shifter shifts the destinations of display
data output, when necessary. 



Pin Description

Symbol Pin No. Pin Name Input/Output Classification

VCC 247 VCC — Power supply

GND1, GND2 246, 264 GND1, GND2 — Power supply

VLCD1, VLCD2 241, 269 VLCD1, VLCD2 — Power supply

V1L, V1R 242, 268 V1L, V1R Input Power supply

V2L, V2R 245, 265 V2L, V2R Input Power supply

V3L, V3R 243, 267 V3L, V3R Input Power supply

V4L, V4R 244, 266 V4L, V4R Input Power supply

CL1 260 Clock 1 Input Control signal

CL2 258 Clock 2 Input Control signal

M 262 M Input Control signal

D0–D7 250–257 Data 0–data 7 Input Control signal

SHL 263 Shift left Input Control signal

EIO1, EIO2 261, 249 Enable IO 1, Input/output Control signal
enable IO 2

DISP 259 Display off Input Control signal

BS 248 Bus select Input Control signal

Y1–Y240 1–240 Y1–Y240 Output LCD drive output
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Pin Functions

Power Supply

VCC, VLCD, GND: VCC–GND supplies power to
the internal logic circuits. VLCD–GND supplies
power to the LCD drive circuits. See figure 1. 

V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R:
Supply different levels of power to drive the LCD.
V1 and V2 are selected levels, and V3 and V4 are
non-selected levels. 

Control Signals

CL1: Inputs display data latch pulses for latch
circuit 2. Latch circuit 2 latches display data input
from latch circuit 1, and outputs LCD drive signals
corresponding to the latched data, both at the
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for latch
circuit 1. Latch circuit 1 latches display data input
via D0–D7 at the falling edge of each CL2 pulse. 

M: Changes LCD drive outputs to AC.

D0–D7: Input display data. High-voltage level
(VCC level) of data corresponds to a selected level
and turns an LCD pixel on, and low-voltage level
(GND level) data corresponds to a non-selected
level and turns an LCD pixel off. 

SHL: Shifts the destinations of display data
output, and determines which chip enable pin
(EIO1 or EIO2) is an input and which is an output.
See figure 2. 

EIO1, EIO2: If SHL is GND level, EIO1 inputs
the chip enable signal, and EIO2 outputs the
signal. If SHL is VCC level, EIO1 outputs the chip
enable signal, and EIO2 inputs the signal. The chip
enable input pin of the first HD66120T must be
grounded, and those of the other HD66120Ts must
be connected to the chip enable output pin of the
previous HD66120T. The chip enable output pin of
the last HD66120T must be open. 

DISP: A low DISP sets LCD drive outputs
Y1–Y240 to V2 level. 

BS: Selects either the 4-bit or 8-bit display data
bus interface. If BS is VCC level, the 8-bit bus is
selected, and if BS is GND level, the 4-bit bus is
selected. In 4-bit bus mode, data is latched via
D0–D3; D4–D7 must be grounded. 

LCD Drive Output

Y1–Y240: Each Y outputs one of the four voltage
levels V1, V2, V3, or V4, depending on the
combination of the M signal and display data
levels. See figure 3. 

Figure 1   Power Supply for Logic and LCD Drive Circuits

VLCD

GND

VCC



Figure 2   Selection of Destinations of Display Data Output

Figure 3   Selection of LCD Drive Output Level
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Operation Timing

4-Bit Bus Mode (BS = GND)

Figure 4 shows 4-bit data latch timing when SHL =
GND, that is, the EIO1 pin is a chip enable input
and EIO2 pin is a chip enable output. When SHL =
VCC, the EIO1 pin is a chip enable output and
EIO2 pin is a chip enable input. 

When a low chip enable signal is input via the
EIO1 pin, the HD66120T is first released from
data standby state, and, at the falling edge of the
following CL2 pulse, it is released entirely from
standby state and starts latching data. It
simultaneously latches 4 bits of data at the falling
edge of each CL2 pulse. When it has latched 236

bits of data, it sets the EIO2 signal low. When it
has latched 240 bits of data, it automatically stops
and enters standby state, initiating the next
HD66120T, as long as its EIO2 pin is connected to
the EIO1 pin of the next HD66120T. 

The HD66120Ts output one line of data from the
Y1–Y240 pins at the falling edge of each CL1
pulse. Data d1 is output from Y1, and d240 from
Y240 when SHL = GND, and d1 is output from
Y240, and d240 from Y1 when SHL = VCC. Data
output level is either VLCD, V2, V3, or V4
depending on the combination of the M signal and
the data level. 

Figure 4   4-Bit Data Latch Timing (BS = GND, 1 Line: 640-by-3 Dots)
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8-Bit Bus Mode (BS = VCC)

Figure 5 shows 8-bit data latch timing when SHL =
GND, that is, the EIO1 pin is a chip enable input
and EIO2 pin is a chip enable output. When SHL =
VCC, the EIO1 pin is a chip enable output and

EIO2 pin is a chip enable input. 

The operation is the same as that in 4-bit bus mode
except that 8 bits of data are latched simulta-
neously.

Figure 5   8-Bit Data Latch Timing (BS = VCC, 1 Line: 640-by-3 Dots)
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LCD controller

The resistances of R1 and R2 depend on the type of the LCD panel used. For example, for an LCD panel with a 1/20 
bias, R1 and R2 must be 3 kΩ and 48 kΩ, respectively. That is, R1/(4 • R1 + R2) should be 1/20. 
To stabilize the power supply, place two 0.1-µF capacitors near each HD66120T, one between the VCC and GND 
pins, and the other between the VLCD and GND pins. 
The load must be less than 30 pF between the EIO2 and EIO1 connections of  HD66120Ts. 


Notes:  1.


2.


3.

+– +– +–



Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage for logic circuits VCC –0.3 to +7.0 V 1, 4

Power supply voltage for LCD drive circuits VLCD –0.3 to +42 V 1, 4

Input voltage 1 VT1 –0.3 to VCC + 0.3 V 1, 2

Input voltage 2 VT2 –0.3 to VLCD + 0.3 V 1, 3

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

Notes: 1. The reference point is GND (0 V). 
2. Applies to input pins for logic circuits.
3. Applies to V1L, V1R, V2L, V2R, V3L, V3R, V4L, and V4R pins. 
4. Power should be applied to VCC–GND first, and then VLCD–GND. It should be disconnected in

the reverse way. 
5. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It

should always be used within its electrical characteristics in order to prevent malfunctioning or
degradation of reliability. 
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Electrical Characteristics

DC Characteristics 1 (VCC = 2.7 to 4.5 V, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Test Condition Notes

Input high voltage VIH 1 0.8 × VCC VCC V

Input low voltage VIL 1 0 0.2 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 3.0 kΩ ION = 150 µA 1

Input leakage current 1 IIL1 1 –5.0 5.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –100 100 µA VIN = VLCD to GND 2

Current consumption 1 ICC — — 3.3 mA VCC = 3.0 V 2
fCL2 = 10 MHz
fCL1= 36 kHz
fM = 75 Hz

Current consumption 2 ILCD — — 3.8 mA Same as above 2

Current consumption 3 IST — — 0.45 mA Same as above 2, 3

Pins and notes at the end of the DC characteristics 2 table.

HD66120T

1167



DC Characteristics 2 (VCC = 5 V ± 10%, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit Test Condition Notes

Input high voltage VIH 1 0.8 × VCC VCC V

Input low voltage VIL 1 0 0.2 × VCC V

Output high voltage VOH 2 VCC – 0.4 — V IOH = –0.4 mA

Output low voltage VOL 2 — 0.4 V IOL = 0.4 mA

Vi–Yj on resistance RON 3 — 3.0 kΩ ION = 150 µA 1

Input leakage current 1 IIL1 1 –5.0 5.0 µA VIN = VCC to GND

Input leakage current 2 IIL2 4 –100 100 µA VIN = VLCD to GND 2

Current consumption 1 ICC — — 10 mA fCL2 = 12 MHz 2
fCL1 = 36 kHz
fM = 75 Hz

Current consumption 2 ILCD — — 3.8 mA Same as above 2

Current consumption 3 IST — — 1.0 mA Same as above 2, 3

Pins: 1. CL1, CL2, M, SHL, BS, EIO1, EIO2, DISP, D0–D7

2. EIO1, EIO2
3. Y1–Y240, VLCD1, VLCD2, V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R
4. V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R

Notes: 1. Indicates the resistance between one pin from Y1–Y240 and another pin from V1–V4, when load
current is applied to the Y pin; defined under the following conditions. 

VLCD – GND = 40 V
V1, V3 = VLCD – {1/20(VLCD – GND)}
V2, V4 = GND + {1/20(VLCD – GND)}

V1 and V3 should be near VLCD level, and V2 and V4 should be near GND level (figure 6). All
voltage must be within ∆V. ∆V is the range within which RON, the LCD drive circuits’ output
impedance, is stable. Note that ∆V depends on power supply voltage VLCD–GND (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows from
the power supply through the input circuit. To avoid this, VIH and VIL must be held to VCC and
GND levels, respectively. 

3. Applies to standby mode.
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Figure 6   Relation between Driver Output Waveform and Level Voltages

Figure 7   Relation between VLCD – GND and ∆V
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AC Characteristics 1 (VCC = 2.7 to 4.5 V, VLCD – GND = 14 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit

Clock cycle time tCYC CL2 100 — ns

Clock high-level width 1 tCWH2 CL2 37 — ns

Clock low-level width 1 tCWL2 CL2 37 — ns

Clock high-level width 2 tCWH1 CL1 50 — ns

Clock setup time tSCL CL1, CL2 100 — ns

Clock hold time tHCL CL1, CL2 100 — ns

Clock rise time tr CL1, CL2 — 50*1 ns

Clock fall time tf CL1, CL2 — 50*1 ns

Data setup time tDS D0–D7, CL2 35 — ns

Data hold time tDH D0–D7, CL2 35 — ns

M phase difference time tCM M, CL1 — 300 ns

Output delay time 1 tpd1 CL1, Y1–Y240 — 1.2 µs

Output delay time 2 tpd2 M, Y1–Y240 — 1.2 µs

Notes at the end of the AC characteristics 2 table. 

AC Characteristics 2 (VCC = 5 V ± 10%, VLCD – GND = 28 to 40 V, and Ta = –20 to +75°C, unless
otherwise noted)

Item Symbol Pins Min Max Unit

Clock cycle time tCYC CL2 50 — ns

Clock high-level width 1 tCWH2 CL2 15 — ns

Clock low-level width 1 tCWL2 CL2 15 — ns

Clock high-level width 2 tCWH1 CL1 15 — ns

Clock setup time tSCL CL1, CL2 100 — ns

Clock hold time tHCL CL1, CL2 100 — ns

Clock rise time tr CL1, CL2 — 50*1 ns

Clock fall time tf CL1, CL2 — 50*1 ns

Data setup time tDS D0–D7, CL2 5 — ns

Data hold time tDH D0–D7, CL2 15 — ns

M phase difference time tCM M, CL1 — 300 ns

Output delay time 1 tpd1 CL1, Y1–Y240 — 0.7 µs

Output delay time 2 tpd2 M, Y1–Y240 — 0.7 µs

Notes: 1. The clock rise and fall times (tr, tf) must satisfy the following relationships:
tr, tf < (tCYC – tCWH2 – tCWL2)/2
tr, tf ≤ 50 ns

2. The load must be less than 30 pF between the EIO2 and EIO1 connections of HD66120Ts. 
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Figure 8  LCD Controller Interface Timing
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HD61602/HD61603
(Segment Type LCD Driver)

Description

The HD61602 and the HD61603 are liquid crystal
display driver LSIs with a TTL and CMOS
compatible interface. Each of the LSIs can be
connected to various microprocessors such as the
HMCS6800 series.

The HD61602 incorporates the power supply
circuit for the liquid crystal display driver. Using
the software-controlled liquid crystal driving
method, several types of liquid crystals can be
connected according to the applications.

The HD61603 is a liquid crystal display driver LSI
only for static drive and has 64 segment outputs
that can display 8 digits per chip.

Features

• Wide-range operating voltage
— Operates in a wide range of supply voltage:

2.2 V to 5.5 V

— Compatible with TTL interface at 4.5 V to
5.5 V

• Low current consumption
— Can run from a battery power supply (100

µA max. at 5 V)

— Standby input enables standby operation at
lower current consumption (5 µA max. on
5 V)

• Internal power supply circuit for liquid crystal
display driver (HD61602)
— Internal power supply circuit for liquid crys-

tal display driver facilitates the connection
to a microprocessor system

Ordering Information

Type No. Package

HD61602R 80-pin plastic QFP (FP-80)

HD61602RH 80-pin plastic QFP (FP-80A)

HD61603R 80-pin plastic QFP (FP-80)

Versatile Segment Driving Capacity

Display Frame Freq. (Hz)
Type No. Driving Method Segments Example of Use at fOSC = 100 kHz Package

HD61602 Static 51 8 segments × 6 digits + 3 marks 33 80-pin plastic

1/2 bias 1/2 duty 102 8 segments × 12 digits + 6 marks 65 QFP (FP-80,

1/3 bias 1/3 duty 153 9 segments × 17 digits 208
FP-80A, TFP-80)

1/4 duty 204 8 segments × 25 digits + 4 marks 223

HD61603 Static 64 8 segments × 8 digits 33 80-pin plastic
QFP (FP-80)
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Block Diagram
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Terminal Functions

HD61602 Terminal Functions

Terminal No. of Connected
Name Lines Input/Output to Function

VDD 1 Power supply Positive power supply.

READY 1 NMOS open MCU While data is being set in the display data RAM and 
drain output mode setting latch in the LSI after data transfer, low

is output from the READY terminal to inhibit the next
data input.
There are two modes: one in which low is output
only when both of CS and RE are low, and the other
in which low is output regardless of CS and RE.

CS 1 Input MCU Chip select input. Data can be written only when this
terminal is low.

WE 1 Input MCU Write enable input. Input data of D0 to D7 is latched
at the rising edge of WE.

RE 1 Input MCU Resets the input data byte counter. After both CS
and RE are low, the first data is recognized as the
1st byte data.

SB 1 Input MCU High level input stops LSI operations.
1. Stops oscillation and clock input.
2. Stops LCD driver.
3. Stops writing data into display RAM.

D0–D7 8 Input MCU Data input terminal for 8-bit × 2-byte data.

VSS 1 Power supply Negative power supply.

VREF1 1 Output External Reference voltage output. Generates LCD driving
R voltage.

VREF2 1 Input External Divides the reference voltage of VREF1 with external 
R R to determine LCD driving voltage. VREF2 ≈ V1.

VC1, VC2 2 Output External Connection terminals for boosting C of LCD driving
C voltage generator. An external C is connected

between VC1 and VC2.

V1, V2, V3 3 Output External LCD driving voltage outputs. An external C is 
(Input) C connected to each terminal.

COM0–COM3 4 Output LCD LCD common (backplate) driving output.

SEG0–SEG50 51 Output LCD LCD segment driving output.

SYNC 1 Input MCU Synchronous input for 2 or more chips applications.
LCD driver timing circuit is reset by high input. LCD
is off.

OSC1 2 Input External Attach external R to these terminals for oscillation.
OSC2 Output R An external clock (100 kHz) can be input to OSC1.

Note: Logic polarity is positive. 1 = high = active.

HD61602/HD61603
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HD61603 Terminal Functions

Terminal No. of Connected
Name Lines Input/Output to Function

VDD 1 Power supply Positive power supply.

READY 1 NMOS open MCU While data is being set in the display data RAM and 
drain output mode setting latch in the LSI after data transfer, low

is output from the READY terminal to inhibit the next
data input.
There are two modes: one in which low is output
only when both of CS and RE are low, and the other
in which low is output regardless of CS and RE.

CS 1 Input MCU Chip select input. Data can be written only when this
terminal is low.

WE 1 Input MCU Write enable input. Input data of D0 to D3 is latched
at the rising edge of WE.

RE 1 Input MCU Resets the input data byte counter. After both of CS
and RE are low, the first data is recognized as the
1st byte data.

SB 1 Input MCU High level input stops the LSI operations.
1. Stops oscillation and clock input.
2. Stops LCD driver.
3. Stops writing data into display RAM.

D0–D3 4 Input MCU Data input terminal from where 4-bit × 4 data are
input.

VSS 1 Power supply Negative power supply.

V3 1 Input Power Power supply input for LCD drive. Voltage between 
supply VDD and V3 is used as driving voltage.

COM0 1 Output LCD LCD common (backplate) driving output.

SEG0–SEG63 64 Output LCD LCD segment driving output.

SYNC 1 Input MCU Synchronous input for 2 or more chips applications.
LCD driver timing circuit is reset by high input. LCD
is off.

OSC1 2 Input External Attach external R to these terminals for oscillation.
OSC2 Output R An external clock (100 kHz) can be input to OSC1.

Note: Logic polarity is positive. 1 = high = active.
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HD61602/HD61603

1177

Display RAM

HD61602 Display RAM

The HD61602 has an internal display RAM shown
in figure 1. Display data is stored in the RAM, or is
read according to the LCD driving timing to

display on the LCD. One bit of the RAM
corresponds to 1 segment of the LCD. Note that
some bits of the RAM cannot be displayed
depending on LCD driving mode.

Figure 1   Display RAM

Display RAM

51 bits

Segment address (SEG0–SEG50)

Common address
(COM0–COM3)

4 
bi

ts
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Reading Data from Display RAM: A display
RAM segment address corresponds to a segment
output. The data at segment address SEGn is
output to segment output SEGn terminal.

A common address corresponds to the output
timing of a common output and a segment output.
The same common address data is simultaneously
read. The data of display RAM is reproduced on
the LCD panel. 

When a 7-segment type LCD driver is connected,
for example, the correspondence between the
display RAM and the display pattern in each mode
is as follows:

1. Static drive

In the static drive, only the column of COM0
of display RAM is output. COM1 to COM3
are not displayed (figure 2).

2. 1/2 duty cycle drive

In the 1/2 duty cycle drive, the columns of
COM0 and COM1 of display RAM are output
in time sharing. The columns of COM2 and
COM3 are not displayed (figure 3).

Figure 2   Example of Correspondence between LCD Connection and Display RAM 
(Static Drive, HD61602)

Figure 3   Example of Correspondence between LCD Connection and Display RAM
(1/2 Duty Cycle, HD61602)
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3. 1/3 duty cycle drive

In the 1/3 duty cycle drive, the columns of
COM0 to COM2 are output in time sharing.
No column of COM3 is displayed.

“Y” cannot be rewritten by display data (input
on an 8-segment basis). Please use bit

manipulation to turn on/off the display of “Y”
(figure 4).

4. 1/4 duty cycle drive

In the 1/4 duty cycle drive, all the columns of
COM0 to COM3 are displayed (figure 5).

Figure 4   Example of Correspondence between LCD Connection and Display RAM
(1/3 Duty Cycle, HD61602)

Figure 5   Example of Correspondence between LCD Connection and Display RAM
(1/4 Duty Cycle, HD61602)
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Writing Data into Display RAM: Data is written
into the display RAM in the following five
methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

3. 1/2 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/2 duty
cycle drive.

4. 1/3 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/3 duty
cycle drive.

5. 1/4 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/4 duty
cycle drive.

The RAM area and the allocation of the segment
data for 1-digit display depend on the driving
methods as described in “Reading Data from
Display RAM”.

8-bit data is written on a digit basis corresponding
to the above duty cycle driving methods. The digits
are allocated as shown figure 8 (allocation of
digits). As the data can be transferred on a digit
basis from a microprocessor, transfer efficiency is
improved by allocating the LCD pattern according
to the allocation of each bit data of the digit in the
data RAM.

Figure 6 shows the digit address (displayed as
Adn) to specify the store address of the transferred
8-bit data on a digit basis.

Figure 7 shows the correspondence between each
segment in an Adn and the 8-bit input data.

When data is transferred on a digit basis 8-bit
display data and digit address should be specified
as described above.

However, when the digit address is Ad6 for static,
Ad12 for 1/2 duty cycle, or Ad25 for 1/4 duty
cycle, display RAM does not have enough bits for
the data.

Thus the extra bits of the input 8-bit data are
ignored.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data, a segment address (6 bits)
and a common address (2 bits) should be specified.
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Figure 6  Allocation of Digit (HD61602)

Figure 7   Bit Assignment in an Adn (HD61602)
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HD61603 Display RAM

The HD61603 has an internal display RAM as
shown in figure 8. Display data is stored in the
RAM and output to the segment output terminal.

Reading Data from Display RAM: Each bit of
the display RAM corresponds to an LCD segment.
The data at segment address SEGn is output to
segment output SEGn terminal. Figure 9 shows an
example of the correspondence between the
display RAM bit and the display pattern when a 7-
segment type LCD is connected.

Writing Data into Display RAM: Data is written
into the display RAM in the following two
methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

Figure 8   Display RAM (HD61603)

Figure 9   Example of Correspondence between Display RAM Bit and Display Pattern 
(HD61603)
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The 8-bit data is written on a digit basis into the
digit address (displayed as Adn) shown in figure
10. When data is transferred from a micro-
processor, four 4-bit data are needed to specify the
digit address and an 8-bit display data. Figure 11
shows the correspondence between each segment

in an Adn and the transferred 8-bit data.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data and a segment address (6
bits) should be specified.

Figure 10   Allocation of Digits 
(HD61603)

Figure 11   Bit Assignment in an Adn
(HD61603)
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Operating Modes

HD61602 Operating Modes

The HD61602 has the following operating modes:

1. LCD drive mode

Determines the LCD driving method.

a. Static drive mode

LCD is driven statically.

b. 1/2 duty cycle drive mode

LCD is driven at 1/2 duty cycle and 1/2
bias.

c. 1/3 duty cycle drive mode

LCD is driven at 1/3 duty cycle and 1/3
bias.

d. 1/4 duty cycle drive mode

LCD is driven at 1/4 duty cycle and 1/3
bias.

2. Data display mode

Determines how to write display data into the
data RAM.

a. Static display mode

8-bit data is written into the display RAM
according to the digit in static drive.

b. 1/2 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/2 duty cycle
drive.

c. 1/3 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/3 duty cycle
drive.

d. 1/4 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/4 duty cycle
drive.

3. READY output mode

Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the
MPU. The timing when the READY is output
can be selected from the following two modes:

a. READY is mode always available (figure
12).

b. READY is mode available by CS and RE
(figure 13).

4. LCD OFF mode

In this mode, the HD61602 stops driving LCD
and turns it off.

5. External driving voltage mode

A mode for using external driving voltage (V1,
V2, and V3).

The above 5 modes are specified by mode setting
data. The modes are independent of each other and
can be used in any combination. Bit manipulation
is independent of data display mode and can be
used regardless of it.
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Figure 12   READY Output Timing (When It Is Always Available)

Figure 13   READY Output Timing (When It Is Made Available by CS and RE)
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HD61603 Operating Modes

The HD61603 has the following modes:

1. READY output mode

Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the

MPU. The timing when READY is output can
be selected from the following two modes:

a. READY is always available (figure 14).

b. READY is mode available by CS and RE
(figure 15).

2. LCD OFF mode

In this mode, the HD61603 stops driving the
LCD and turns it off.

Figure 14   READY Output Timing (When It Is Always Available)

Figure 15   READY Output Timing (When It Is Made Available by CS and RE)
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HD61602 Input Data Formats

Input data is composed of 8 bits × 2. Input them as
2-byte data after READY output changes from low
to high or low pulse is entered into RE terminal.

1. Display data (updates display on an 8-segment
basis)

a. Display address

Digit address Adn in accordance with
display mode

b. Display data

Pattern data that is written into the display
RAM according to display mode and the
address

2. Bit manipulation data (updates display on a
segment basis)

a. Display data

Data that is written into 1 bit of the
specified display RAM.

b. COM address

Common address of display RAM

c. SEG address

Segment address of display RAM

3. Mode setting data

a. Display mode bits

00: Static display mode

01: 1/2 duty cycle display mode

10: 1/3 duty cycle display mode

11: 1/4 duty cycle display mode

b. OFF/ON bit

1: LCD off (set to 1 when SYNC is
entered)

0: LCD on

c. Drive mode bits

00: Static drive

01: 1/2 duty cycle drive

10: 1/3 duty cycle drive

11: 1/4 duty cycle drive

d. READY bit

0: READY bus mode; READY outputs 0
only while CS and RE are 0. (reset to
0 when SYNC is entered)

1: READY port mode; READY outputs
0 regardless of CS and RE.

e. External power supply bit

0: Driving voltage is generated internally.

1: Driving voltage is supplied externally.
(Set to 1 when SYNC is entered.)

4. 1-byte instruction

The first data (first byte) is ignored when bit 6
and bit 7 in the byte are 1.

1 1 ✕

1st byte

7 6 5 4 3 2 1 0

✕ ✕ ✕ ✕ ✕

1 0 ✕ 0 READY
bit

Drive mode
bits

1st byte

7 6 5 4 3 2 1 0

✕ ✕ ✕ ✕ ✕ OFF/ON
bit

2nd byte

7 6 5 4 3 2 1 0

External power
supply

Display
mode bits

0 1 Display
data ✕ ✕ ✕

COM
address

1st byte

7 6 5 4 3 2 1 0

✕ ✕ SEG address

2nd byte

7 6 5 4 3 2 1 0

0 0 ✕
Display address

(digit address Adn)

1st byte

7 6 5 4 3 2 1 0

Display data

2nd byte

7 6 5 4 3 2 1 0

HD61602/HD61603
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HD61603 Input Data Formats

Input data is composed of 4 bits × 4. Input them as
four 4-bit data after READY output changes from
low to high or low pulse is entered into RE
terminal.

1. Display data (updates display on an 8-segment
basis)

a. Display address

Digit address Adn shown in figure 10.

b. Display data

Pattern data that is written into the display
RAM as shown in figure 11.

2. Bit manipulation data (updates display on a
segment basis)

a. Display data

Data that is written into 1 bit of the
specified display RAM.

b. SEG address

Segment address of display RAM (segment
output)

3. Mode setting data

a. OFF/ON bit

1: LCD off (set to 1 when SYNC is
entered.)

0: LCD on

b. READY bits

0: READY bus mode; READY outputs 0
only while CS and RE are 0. (reset to
0 when SYNC is entered.)

1: READY port mode; READY outputs
0 regardless of CS and RE.

4. 1-byte instruction

The first data (4 bits) is ignored when bit 3
and 2 in the data are 1.

1 1 ✕

1st byte

3 2 1 0

✕

1 0 0

1st byte

3 2 1 0

3rd byte

3 2 1 0

✕

2nd byte

3 2 1 0

4th byte

3 2 1 0

READY
bit ✕ ✕

✕ ✕

✕

✕ ✕ ✕ OFF/ON
bit 0 0

0 1 ✕

1st byte

3 2 1 0

Bit 5 4

3rd byte

3 2 1 0

✕

2nd byte

3 2 1 0

Bit 3 2 1 0

4th byte

3 2 1 0

SEG address SEG address

Display
data ✕ 0 0

✕ ✕

0 0 ✕ ✕

1st byte

3 2 1 0

Bit 7 6 5 4

3rd byte

3 2 1 0

✕
Display address

(digit address Adn)

2nd byte

3 2 1 0

Bit 3 2 1 0

4th byte

3 2 1 0

Display data Display data
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How to Input Data

How to Input HD61602 Data

Input data is composed of 8 bits × 2. Take care that
the data transfer is not interrupted, because the first
8-bit data is distinguished from the second one by
the sequence only.

If data transfer is interrupted, or at power on, the
following two methods can be used to reset the
count of the number of bytes (count of the first and
second bytes):

1. Set CS and RE inputs low (no display data
changes).

2. Input 2 or more “1-byte instruction” data in
which bit 7 and 6 are 1 (display data may
change).

The data input method via data input terminals
(CS, WE, D0 to D7) is similar to that of static
RAM such as HM6116. An access of the LSI can
be made through the same bus line as ROM and
RAM. When output ports of a microprocessor are
used for an access, refer to the timing specifi-
cations and figure 16.

Figure 16   Example of Data Transfer Sequence

CS

WE

RE

READY

SYNC

SB

D0–D7

Mode setting data Mode setting data Display data

*6

*6

*1

*4

*5
*3

*2

*5

*5

Power on

1st 2nd 1st 2nd 1st 2nd

Notes: 1.

2.

3.

4.
5.

6.
7.

READY output is indefinite during 12 clocks after the oscillation start at power on (clock:  
OSC2 clock).
High pulse should be applied to SYNC terminal when using two or more chips 
synchronously.
In the mode in which READY is always available, READY output is in definite while SYNC 
is high.
Reset the byte counter after power on.
READY output period is within 3.5 clocks in the mode setting operation and bit 
manipulation or within 10.5 clocks when the display data (8 bits) is updated.
Connect a pull-up resister if WE or RE may be floating.
It is not always necessary to follow this example.
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How to Input HD61603 Data

Input data is composed of 4 bits × 4. Take care that
data transfer is not interrupted, because the first 4-
bit data to the fourth 4-bit data are distinguished
from each other by the sequence only.

If data transfer is interrupted, or at power on, the
following two methods can be used to reset the
count of the number of data (count of the first 4-bit
data to the fourth 4-bit data):

1. Set CS and RE low.

2. Input 4 or more “1-byte instruction” data (4-
bit data) in which bit 3 and 2 are 1 (display
data may change).

The data input method via data input terminals
(CS, WE, D0 to D3) is similar to that of static
RAM such as HM6116. An access of the LSI can
be made through the same bus line as ROM and
RAM. When output ports of a microprocessor are
used for an access, refer to the timing specifi-
cations and figure 17.

Figure 17   Example of Data Transfer Sequence

Power on

CS

WE

RE

READY

SYNC

SB

D0–D3

*6

*6

*1

*4

*5 *3
*2

*5 *5

Mode setting data Mode setting data Display data

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Notes: 1.

2.

3.

4.
5.

6.
7.

READY output is indefinite during 12 clocks after the oscillation start at power on (clock: 
OSC2 clock).
High pulse should be applied to SYNC terminal when using two or more chips 
synchronously.
In the mode in which READY is always available, READY output is in definite while SYNC
is high.
Reset the 4-bit data counter after power on.
READY output period is within 3.5 clocks in the mode setting operation and bit
manipulation or within 10.5 clocks when the display data (8 bits) is updated.
Connect a pull-up resister if WE or RE may be floating.
It is not always necessary to follow this example.
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Notes on READY Output

Note that the READY output will be unsettled
during 1.5 clocks (max) after inputting the first 2-
byte data for setting the mode after turning the
power on. This is because the READY bit data of
mode setting latches and the mode of READY pin
(READY bus or port mode) are unsettled until the
completion of mode setting.

There are two kinds of the READY output
waveforms depending of the modes:

1. READY bus mode (READY bit = 0)

2. READY port mode (READY bit = 1)

However, if you input SYNC before mode setting,
waveform will be determined; when you choose
READY bus mode, (1) a in figure 18 will be
output, and when you choose READY port mode,
(2) a will be output. The figures can be applied
both to HD61602 and HD61603.

Figure 18   READY Output According to Modes
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Standby Operation

Standby operation with low power consumption
can be activated when pin SB is used. Normal
operation of the LSI is activated when pin SB is
low level, and the LSI goes into the standby state
when pin SB is high level. The standby state of the
LSI is as follows:

1. LCD driver is stopped (LCD is off).

2. Display data and operating mode are held.

3. The operation is suspended while display
changes (while READY is outputting low.) In
this case, READY outputs high within 10.5
clocks or 3.5 clocks after release from the
standby mode.

4. Oscillation is stopped.

When this mode is not used, connect pin SB to
VSS.

Multichip Operation

When an LCD is driven with two or more chips,
the driving timing of the LCD must be
synchronized. In this case, the chips are
synchronized with each other by using SYNC
input. If SYNC input is high, the LCD driver
timing circuit is reset. Apply high pulse to the
SYNC input after the operating mode is set.

A high pulse to the SYNC input changes the mode
setting data. (The OFF/ON bit is set and the
READY bit is reset. See 3. Mode Setting Data in
“Input Data Formats”.) Transfer the mode setting

data into the LSI after every SYNC operation.

If a power on reset signal is applied to the SYNC
pin, the LCD can be off-state when the power is
turned on.

When SYNC input is not used, connect pin SYNC
to VSS.

When SB input is used, after standby mode is
released, a high pulse must be applied to the SYNC
input, and mode setting data must be set again.

Restriction on Usage

Minimize the noise by inserting a noise by-pass
capacitor (≥ 1 µF) between VDD and VSS pins.
(Insert one as near chip as possible.)
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Liquid Crystal Display Drive Voltage
Circuit (HD61602)

What is LCD Voltage?

HD61602 drives liquid crystal display using four
levels of voltages (figure 19); VDD, V1, V2, and V3
(VDD is the highest and V3 is the lowest). The
voltage between VDD and V3 is called VLCD and it

is necessary to apply the appropriate VLCD accord-
ing to the liquid crystal display. V3 always needs to
be supplied regardless of the display duty ratio
since it supplies the voltage to the LCD drive
circuit of HD61602.

Figure 19   LCD Output Waveform and Output
Levels
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When Internal Drive Power Supply Is
Used

When the internal drive power supply is used,
attach C1–C4 for charge pump circuits and variable
resistance R1 for deciding display drive voltage to
HD61602 as shown in figure 20.

Internal voltage is available by setting external
voltage switching bits of mode setting data 0.

Figure 21 shows voltage characteristics between
VDD and VREF1. Voltage is divided at R1, and then
input into VREF2. Voltage between VDD and VREF2
is equivalent to ∆V in figure 21, and so VLCD can

be changed by regulating the voltage.

VREF2 is usually regulated by variable resistance,
but when replacing R1 with two nonvariable
resistances take VREF1 between max and min into
consideration as shown in figure 21.

Internal drive power supply is generated by using
capacitance, and so large current cannot flow.
When large liquid crystal display panel is used,
examine the external drive power supply.

Figure 20   Example
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When External Drive Power Supply Is
Used

An external power supply can be used by setting
external voltage switching bits of mode setting
data to 1. When a large liquid crystal display panel
is used, in multichip designs, which need accurate
liquid crystal drive voltage, use the external power
supply. See figure 22.

R2–R5 is connected in series between VDD and
VSS, and by these resistance ratio each voltage of
∆V and VLCD is generated and then supplied to V1,
V2, and V3. C2–C4 are smoothing capacitors.

When regulating brightness, change the resistance
value by setting R5 variable resistance.

Figure 21   Voltage Characteristics between
VDD and Vref1
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Figure 22   Example when External Drive Voltage Is Used
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C6 ≥ 1 µF

Notes: 1.
2.

When standby mode is used, a transistor is required.
R2–R5 should be some kΩ–some tens of kΩ, and C2–C4 should be 0.1 µF–0.3 µF.
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Figure 23   Example of Drive Voltage Generator

Figure 24   Example of Oscillation Circuit

Liquid Crystal Display Drive Voltage
(HD61603)

As shown in figure 23, apply LCD drive voltage
from the external power supply.

Oscillation Circuit

When Internal Oscillation Circuit Is Used

When the internal oscillation circuit is used, attach
an external resister ROSC as shown in figure 24.
(Insert ROSC as near chip as possible, and make the
OSC1 side shorter.)

When External Clock Is Used

When an external clock of 100 kHz with CMOS
level is provided, pin OSC1 can be used for the
input pin. In this case, open pin OSC2.
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Note: When standby mode is used, a transistor is required.
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Figure 25   Example (1)

Figure 26   Example (2)
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Absolute Maximum Ratings

Item Symbol Limit Unit

Power supply voltage* VDD, V1, V2, V3 –0.3 to +7.0 V

Terminal voltage* VT –0.3 to VDD +0.3 V

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

* Value referenced to VSS = 0 V.

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them
within electrical characteristics limits is strongly recommended for normal operation. Use beyond
these conditions will cause malfunction and poor reliability.

Recommended Operating Conditions

Limit

Item Symbol Min Typ Max Unit

Power supply voltage VDD 2.2 — 5.5 V

V1, V2, V3 0 — VDD V

Terminal voltage* VT 0 — VDD V

Operating temperature Topr –20 — 75 °C

* Value referenced to VSS = 0 V.
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Electrical Characteristics

DC Characteristics (1) (VSS = 0 V, VDD = 4.5 to 5.5 V, Ta = –20 to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Input high voltage OSC1 VIH1 0.8 VDD — VDD V

Others VIH2 2.0 — VDD V

Input low voltage OSC1 VIL1 0 — 0.2 VDD V

Others VIL2 0 — 0.8 V

Output leakage READY IOH — — 5 µA V0 = VDD
current

Output low READY VOL — — 0.4 V IOL = 0.4 mA
voltage

Input leakage Input IIL1 –1.0 — 1.0 µA VIN = 0–VDD
current*1 terminal

V1 IIL2 –20 — 20 µA VIN = VDD–V3

V2, V3 IIL3 –5.0 — 5.0 µA

LCD driver voltage COM0–COM3 Vd1 — — 0.3 V ±Id = 3 µA for each
drop COM, V3 = VDD–3 V

SEG0–SEG50 Vd2 — — 0.6 V ±Id = 3 µA for each
SEG, V3 = VDD–3 V

Power supply IDD — — 100 µA During display*2

current ROSC = 360 kΩ

IDD — — 5 µA At standby

Internal driving V1, V2, V3 VTR — — 0.4 V VREF2 = VDD–1 V,
voltage drop C1–C4 = 0.3 µF,

RL = 3 MΩ

Notes: 1. V1, V2: apply only to HD61602.
2. Except the transfer operation of display data and bit data.

HD61602/HD61603
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DC Characteristics (2) (VSS = 0 V, VDD = 2.2 to 3.8 V, Ta = –20 to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Input high voltage VIH 0.8 VDD — VDD V

Input low voltage VIL 0 — 0.1 VDD V

Output leakage READY IOH — — 5 µA VIN = VDD
current

Output low READY VOL — — 0.1 VDD V IOL = 0.04 mA
voltage

Input leakage Input IIL1 –1.0 0 1.0 µA VIN = 0–VDD
current*1 terminal

V1 IIL2 –20 — 20 µA VIN = VDD–V3

V2, V3 IIL3 –5.0 — 5.0 µA

LCD driver voltage COM0–COM3 Vd1 — — 0.3 V ±Id = 3 µA for each
drop COM, V3 = VDD–3 V

SEG0–SEG50 Vd2 — — 0.6 V ±Id = 3 µA for each
SEG, V3 = VDD–3 V

Power supply ISS — — 50 µA During display*2

current ROSC = 330 kΩ

ISS — — 5 µA At standby

Internal driving V1, V2, V3 VTR — — 0.4 V VREF2 = VDD–1 V,
voltage drop C1–C4 = 0.3 µF,

RL = 3 MΩ,
VDD = 3–3.8 V

Notes: 1. V1, V2: apply only to HD61602.
2. Except the transfer operation of display data and bit data.
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AC Characteristics (1) (VSS = 0 V, VDD = 4.5 to 5.5 V, Ta = –20 to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Oscillation frequency OSC2 fosc 70 100 130 kHz Rosc = 360 kΩ

External clock OSC1 fosc 70 100 130 kHz
frequency

External clock duty OSC1 Duty 40 50 60 %

I/O signal timing tS 400 — — ns

tH 10 — — ns

tWH 300 — — ns

tWL 400 — — ns

tWR 400 — — ns

tDL — — 1.0 µs Figure 31

tEN 400 — — ns

tOP1 9.5 — 10.5 Clock For display
data transfer

tOP2 2.5 — 3.5 Clock For bit and mode
data transfer

Input signal rise time and fall time tr, tf — — 25 ns

HD61602/HD61603
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AC Characteristics (2) (VSS = 0 V, VDD = 2.2 to 3.8 V, Ta = –20 to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Oscillation frequency OSC2 fosc 70 100 130 kHz Rosc = 330 kΩ

External clock OSC1 fosc 70 100 130 kHz
frequency

External clock duty OSC1 Duty 40 50 60 %

I/O signal timing tS 1.5 — — µs
(VDD = 3.0–3.8 V) tH 1.0 — — µs

tWH 1.5 — — µs

tWL 1.5 — — µs

tDL — — 2.0 µs Figure 32

tWR 1.5 — — µs

tEN 2.0 — — µs

tOP1 9.5 — 10.5 Clock For display
data transfer

tOP2 2.5 — 3.5 Clock For bit and mode
data transfer

Input signal rise time and fall time tr, tf — — 25 ns
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Figure 27   Write Timing (RE Is Fixed at High Level, and SYNC at Low Level)

Figure 28   Reset/Read Timing (CS and SYNC Are Fixed at Low Level)

Figure 29   READY Timing (When the READY Output Is Always Available)
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Figure 30   SYNC Timing

Figure 31   Bus Timing Load Circuit (LS-TTL Load)

Figure 32   Bus Timing Load Circuit (CMOS Load)
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HD61604/HD61605
(Segment Type LCD Driver)

Description

The HD61604 and the HD61605 are liquid crystal
display driver LSIs with TTL and CMOS
compatible interface. Each of the LSIs can be
connected to various microprocessors such as the
HMCS6800 series.

Several types of liquid crystal displays can be
connected to the HD61604 according to the
applications because of the software-controlled
liquid crystal display drive method.

The HD61605 is a liquid crystal display driver LSI
only for static drive and has 64 segment outputs
that can display 8 digits per chip.

Features

• Low current consumption
— Can drive from a battery power supply (100

µA max. on 5 V)

— Standby input enables standby operation at
lower current consumption (5 µA max. on
5 V)

Ordering Information

Type No. Package

HD61604R 80-pin plastic QFP (FP-80)

HD61605R

Versatile Segment Driving Capacity

Display Frame Freq (Hz)
Type No. Driving Method Segments Example of Use at fOSC = 100 kHz

HD61604R Static 51 8 segments × 6 digits + 3 marks 98

1/2 bias 1/2 duty cycle 102 8 segments × 12 digits + 6 marks 195

1/3 bias 1/3 duty cycle 153 9 segments × 17 digits 521

1/4 duty cycle 204 8 segments × 25 digits + 4 marks 781

HD61605R Static 64 8 segments × 8 digits 98



Pin Arrangement
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Block Diagram

Figure 1   HD61604 Block Diagram

Figure 2   HD61605 Block Diagram
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Pin Functions

Table 1 shows the HD61604 pin description. Table
2 shows the HD61605 pin description.

HD61604 Pin Function

READY (Ready): During data setting in the
display data RAM and mode setting latch in the
LSI after data transfer, low is output to the
READY pin to inhibit the next data input.

There are two modes: one in which low is output
only when both of CS and RE are low, and the
other in which low is output regardless of CS and
RE.

CS (Chip Select): Chip select input. Data can be
written only when this pin is low.

WE (Write Enable): Write enable input. Input
data of D0 to D7 is latched at the positive edge of
WE.

RE (Reset): Resets the input data byte counter.
After both of CS and RE are low, the first data is
recognized as the 1st byte data.

SB (Standby): High level input stops the LSI
operations.

1. Stops oscillation and clock input.

2. Stops LCD driver.

3. Stops writing data into display RAM.

D0–D7 (Data Bus): Data input pin from which
8-bit × 2-byte data is input.

SYNC (Synchronous): Synchronous input for 2 or
more chip applications. LCD drive timing gen-
erator is reset by high input. LCD is off.

COM0–COM3 (Common): LCD common (back-
plate) drive output.

SEG0–SEG50 (Segment): LCD segment drive
output.

V1, V2, V3 (LCD Voltage): Power supply for LCD
drive.

OSC1, OSC2 (Oscillator): Attach external R to
these pins for oscillation. An external clock (100
kHz) can be input from OSC1.

VC1, VC2: Do not connect any wire.

VREF1: Connect this pin to V1 pin.

VREF2: Hold at VDD level.

VDD: Positive power supply.

VSS: Negative power supply.

HD61605 Pin Function

READY (Ready): During data setting in the
display data RAM and mode setting latch in the
LSI after data transfer, low is output to the
READY pin to inhibit the next data input.

There are two modes: one in which low is output
only when both of CS and RE are low, and the
other in which low is output regardless of CS and
RE.

CS (Chip Select): Chip select input. Data can be
written only when this pin is low.

WE (Write Enable): Write enable input. Input
data of D0 to D3 is latched at the positive edge of
WE.

RE (Reset): Resets the input data byte counter.
After both of CS and RE are low, the first data is
recognized as the first byte data.

SB (Standby): High level input stops the LSI
operation.

1. Stops oscillation and clock input.

2. Stops LCD driver.

3. Stops writing data into display RAM.

D0–D3: Data input pin from which 4-bit × 4-byte
data is input.
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SYNC (Synchronous): Synchronous input for 2 or
more chips application. LCD drive timing gen-
erator is reset by high input. LCD is off.

COM0 (Common): LCD common (backplate)
drive output.

SEG0–SEG63 (Segment): LCD segment drive
output.

OSC1, OSC2 (Oscillator): Attach external R to
these pins for oscillation. An external clock (100

kHz) can be input from OSC1.

V3 (LCD Voltage): Power supply input for LCD
drive.

Voltage between VDD and V3 is used as drive
voltage.

VSS: Negative power supply.

VDD: Positive power supply. 

HD61604/HD61605
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Table 1 HD61604 Pin Description

Pin No. of Connected
Name Lines Input/Output to

READY 1 NMOS open MCU
drain output

CS 1 Input MCU

WE 1 Input MCU

RE 1 Input MCU

SB 1 Input MCU

D0–D7 8 Input MCU

SYNC 1 Input MCU

COM0– 4 Output LCD
COM3

SEG0– 51 Output LCD
SEG50

V1, V2, V3 3 Power supply External R

OSC1, 2 Input, output External R
OSC2

VC1, VC2 2 Output

VREF1 1 Input V1

VREF2 1 Input VDD

VDD 1 Power supply

VSS 1 Power supply

Note: Logic polarity is positive.
1 = high = active.

Table 2 HD61605 Pin Description

Pin No. of Connected
Name Lines Input/Output to

READY 1 NMOS open MCU
drain output

CS 1 Input MCU

WE 1 Input MCU

RE 1 Input MCU

SB 1 Input MCU

D0–D3 4 Input MCU

SYNC 1 Input MCU

COM0 1 Output LCD

SEG0–SEG63 64 Output LCD

OSC1, 2 Input, output External R
OSC2

V3 1 Input Power
supply

VSS 1 Power supply

VDD 1 Power supply

Note: Logic polarity is positive.
1 = high = active.



Display RAM

HD61604 Display RAM

The HD61604 has an internal display RAM shown
in figure 3. Display data is stored in the RAM, or is
read according to the LCD drive timing to display

on the LCD. One bit of the RAM corresponds to 1
segment of LCD. Note that some bits of the RAM
cannot be displayed depending on LCD drive
modes.
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Figure 3   Display RAM (HD61604)
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Reading Data from HD61604 Display RAM: A
display RAM segment address corresponds to a
segment output. The data at segment address SEGn
is output to segment output SEGn pin.

A common address corresponds to the output
timing of a common output and a segment output.
The same common address data is simultaneously
read. The data of display RAM is reproduced on
the LCD panel. 

The following shows the correspondence between
the 7-segment type LCD connection and the
display RAM in each mode.

1. Static drive

In the static drive, only the column of COM0
of display RAM is output. COM1 to COM3
are not displayed (figure 4).

2. 1/2 duty cycle drive

In the 1/2 duty cycle drive, the columns of
COM0 and COM1 of display RAM are output
in time sharing. The columns of COM2 and
COM3 are not displayed (figure 5).

HD61604/HD61605

1211

Figure 4   Example of Correspondence between LCD Connection and Display RAM 
(Static Drive, HD61604)

Figure 5   Example of Correspondence between LCD Connection and Display RAM
(1/2 Duty Cycle, HD61604)

COM3

COM2

COM1

COM0 f e d c DP g b a

Display RAM

SEG8 SEG9 SEG10 SEG11 SEG12 SEG13 SEG14 SEG15

LCD connection

a

b

c

d
DP

e

f

g

COM0

S
E

G
11

S
E

G
8

S
E

G
9

S
E

G
10

S
E

G
12

S
E

G
13

S
E

G
14

S
E

G
15

COM3

COM2

COM1

COM0 f e d DP

Display RAM

SEG4 SEG5 SEG6 SEG7

LCD connection

a

b

c

d
DP

e

f

g
COM1

S
E

G
6

S
E

G
4

S
E

G
5

S
E

G
7

COM0 a g c b



3. 1/3 duty cycle drive

In the 1/3 duty cycle drive, the columns of
COM0 to COM2 are output in time sharing.
No column of COM3 is displayed. “y” cannot
be rewritten by display data (input on an 8-
segment basis). Please use bit manipulation

in turning on/off the display of “y” cycle
(figure 6).

4. 1/4 duty cycle drive

In the 1/4 duty cycle drive, all the columns of
COM0 to COM3 are displayed (figure 7).
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Figure 6   Example of Correspondence between LCD Connection and Display RAM
(1/3 Duty Cycle, HD61604)

Figure 7   Example of Correspondence between LCD Connection and Display RAM
(1/4 Duty Cycle, HD61604)
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Writing Data into HD61604 Display RAM: Data
is written into the display RAM in the following
five methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

3. 1/2 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/2 duty
cycle drive.

4. 1/3 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/3 duty
cycle drive.

5. 1/4 duty cycle display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/4 duty
cycle drive.

The RAM area and the allocation of the segment
data for 1-digit display depend on the drive
methods as described in the section of “Reading
Data from Display RAM”.

8-bit data is written on a digit basis corresponding
to the above duty cycle driving methods. The digits
are allocated as shown in figure 8. As the data can
be transferred on a digit basis from a micro-
processor, transfer efficiency is improved by
allocating the LCD pattern according to the
allocation of each bit data of the digit in the data
RAM.

Figure 8 shows the digit address (displayed as
Adn) to specify the store address of the transferred
8-bit data on a digit basis.

Figure 9 shows the correspondence between each
segment in an Adn and the 8-bit input data.

When data is transferred on a digit basis 8-bit
display data and digit address should be specified
as described above.

However, when the digit address is Ad6 of static,
Ad12 of 1/2 duty cycle, or Ad25 for 1/4 duty cycle,
display RAM does not have enough bits for the
data. Thus the extra bits of the input 8-bit data are
ignored.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data, a segment address (6 bits)
and a common address (2 bits) should be specified.

HD61604/HD61605
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Figure 8   Allocation of Digits (HD61604)

Figure 9   Bit Assignment in an Adn (HD61604)
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HD61605 Display RAM

The HD61605 has an internal display RAM as
shown in figure 10. Display data is stored in the
RAM and output to the segment output pin.

Reading Data from HD61605 Display RAM:
Each bit of the display RAM corresponds to an
LCD segment. The data at segment address SEGn
is output to segment output SEGn pin. Figure 11
shows the correspondence between the 7-segment
type LCD connection and the display RAM.

Writing Data into HD61605 Display RAM: Data
is written into the display RAM in the following
two methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-bit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

HD61604/HD61605
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Figure 10   Display RAM (HD61605)

Figure 11   Example of Correspondence between LCD Connection and Display RAM 
(HD61605)
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The 8-bit data is written on a digit basis into the
digit address (displayed as Adn) shown in figure
12. When data is transferred from a micro-
processor, four 4-bit data are needed to specify the
digit address and an 8-bit display data. Figure 13
shows the correspondence between each segment

in an Adn and the transferred 8-bit data.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data and a segment address (6
bits) should be specified.
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Figure 12   Allocation of Digits 
(HD61605)

Figure 13   Bit Assignment in an Adn
(HD61605)
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Operating Modes

HD61604 Operating Modes

The HD61604 has the following operating modes:

1. LCD drive mode

Determines the LCD driving method.

a. Static drive mode

LCD is driven statically.

b. 1/2 duty cycle drive mode

LCD is driven with 1/2 duty cycle and 1/2
bias.

c. 1/3 duty cycle drive mode

LCD is driven with 1/3 duty cycle and 1/3
bias.

d. 1/4 duty cycle drive mode

LCD is driven at 1/4 duty cycle and 1/4
bias.

2. Data display mode

Determines how to write display data into the
data RAM.

a. Static display mode

8-bit data is written into the display RAM
according to the digit in static drive.

b. 1/2 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/2 duty cycle
drive.

c. 1/3 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/3 duty cycle
drive.

d. 1/4 duty cycle display mode

8-bit data is written into the display RAM
according to the digit in 1/4 duty cycle
drive.

3. READY output mode

Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the
MPU. The timing when READY is output can
be selected from the following two modes:

a. READY is always available (figure 14).

b. READY is made available by CS and RE
(figure 15).

4. LCD off mode

In this mode, the HD61604 stops driving the
LCD and turns it off.

The above 4 modes are specified by mode setting
data. The modes are independent of each other and
can be used in any combination. The bit manipula-
tion is independent of data display mode and can
be used regardless of it.

HD61604/HD61605

1217



Figure 14   READY Output Timing (When It Is Always Available)

Figure 15   READY Output Timing (When It Is Made Available by CS and RE)
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HD61605 Operating Modes

The HD61605 has the following operating modes:

1. READY output mode

Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the

MPU. The timing when READY is output can
be selected from the following two modes:

a. READY is always available (figure 16).

b. READY is mode available by CS and RE
(figure 17).

2. LCD off mode

In this mode, the HD61605 stops driving the
LCD and turns it off.

HD61604/HD61605
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Figure 16   READY Output Timing (When It Is Always Available)

Figure 17   READY Output Timing (When It Is Made Available by CS and RE)
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Input Data Formats

HD61604 Input Data Formats

Input data is composed of 8 bits × 2 bytes. Input
them as 2-byte data after READY output changes
from low to high or low pulse enters into RE pin.

1. Display data

Updates display on an 8-segment basis.

a. Display address

Digit address Adn in accordance with
display mode

b. Display data

Pattern data written into the display RAM
according to display mode and the address

2. Bit manipulation data

Updates display on a segment basis.

a. Display data

Data written into 1 bit of the specified
display RAM

b. COM address

Common address of display RAM

c. SEG address

Segment address of display RAM

3. Mode setting data

a. Display mode bits

00: Static display mode

01: 1/2 duty cycle display mode

10: 1/3 duty cycle display mode

11: 1/4 duty cycle display mode

b. OFF/ON bit

1: LCD off (set to 1 when SYNC is
entered)

0: LCD on

c. Drive mode bits

00: Static drive

01: 1/2 duty cycle drive

10: 1/3 duty cycle drive

11: 1/4 duty cycle drive

d. READY bit

0: READY bus mode: READY outputs 0
only while CS and RE are 0 (reset to
0 when SYNC is entered)

1: READY port mode: READY outputs
0 regardless of CS and RE

Note: Input the same data to display mode bits
and drive mode bits.

4. 1-byte instruction 

The first data (first byte) is ignored when the
bit 6 and bit 7 in the data are 1.

1 1 ✕

1st byte

7 6 5 4 3 2 1 0

✕ ✕ ✕ ✕ ✕

1 0 ✕ 0 READY
bit

Drive mode
bits

1st byte

7 6 5 4 3 2 1 0

✕ ✕ ✕ ✕ ✕ OFF/ON
bit

2nd byte

7 6 5 4 3 2 1 0

Display
mode bits

1

0 1 Display
data ✕ ✕ ✕

COM
address

1st byte

7 6 5 4 3 2 1 0

✕ ✕ SEG address

2nd byte

7 6 5 4 3 2 1 0

0 0 ✕
Display address

(digit address Adn)

1st byte

7 6 5 4 3 2 1 0

Display data

2nd byte

7 6 5 4 3 2 1 0
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HD61605 Input Data Formats

Input data is composed of 4 bits × 4 bytes. Input
them as four 4-bit data after READY output
changes from low to high or low pulse is enters
into RE pin.

1. Display data

Updates display on an 8-segment basis.

a. Display address

Digit address Adn shown in figure 12.

b. Display data

Pattern data written into the display RAM
as shown in figure 13.

2. Bit manipulation data

Updates display on a segment basis.

a. Display data

Data written into the 1 bit of the specified
display RAM.

b. SEG address

Segment address of display RAM (segment
output).

3. Mode setting data

a. OFF/ON bit

1: LCD off (set to 1 when SYNC is
entered)

0: LCD on

b. READY bit

0: READY bus mode: READY outputs 0
only while CS and RE are 0 (reset to
0 when SYNC is entered)

1: READY port mode: READY outputs
0 regardless of CS and RE

4. 1-byte instruction

The first data (4 bits) is ignored when the bit 3
and 2 in the data are 1.

1 1 ✕

1st byte

3 2 1 0

✕

1 0 0

1st byte

3 2 1 0

3rd byte

3 2 1 0

✕

2nd byte

3 2 1 0

4th byte

3 2 1 0

READY
bit ✕ ✕

✕ ✕

✕

✕ ✕ ✕ OFF/ON
bit 0 0

0 1 ✕

1st byte

3 2 1 0

Bit 5 4

3rd byte

3 2 1 0

✕

2nd byte

3 2 1 0

Bit 3 2 1 0

4th byte

3 2 1 0

SEG address SEG address

Display
data ✕ 0 0

✕ ✕

0 0 ✕ ✕

1st byte

3 2 1 0

Bit 7 6 5 4

3rd byte

3 2 1 0

✕
Display address

(digit address Adn)

2nd byte

3 2 1 0

Bit 3 2 1 0

4th byte

3 2 1 0

Display data Display data

HD61604/HD61605
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How to Input Data

How to Input Data into HD61604

Input data is composed of 8 bits × 2 bytes. Take
care that the data transfer is not interrupted,
because the first 8-bit data is distinguished from
the second one by the sequence only.

When data transfer is interrupted, or at power on,
the following two methods can be used to reset the
count of the number of bytes (count of the first and
second bytes):

1. Set CS and RE to low (no display data
changes).

2. Input 2 or more 1-byte instruction data whose
bit 7 and 6 are high (display data may change).

The data input method via data input pins (CS,
WE, D0 to D7) is similar to that of static RAM
such as HM6116. Access to the LSI can be made
through the same bus line as ROM and RAM.
When output ports of a microprocessor are used for
access, refer to the timing specifications and figure
18.
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Figure 18   Example of Data Transfer Sequence

CS

WE

RE

READY

SYNC

SB

D0–D7

Mode setting data Mode setting data Display data

*6

*6

*1

*4

*5
*3

*2

*5

*5

Power on

1st 2nd 1st 2nd 1st 2nd

Notes: 1.

2.
3.

4.
5.

6.
7.

READY output is indefinite during 12 clocks after the oscillation starts at power on (clock: 
OSC2 clock).
High pulse should be applied to SYNC pin when using two or more chips simultaneously.
In the mode in which READY is always available, READY output is indefinite while high is 
being applied to SYNC.
Reset the byte counter after power on.
READY output period is within 3.5 clocks in the mode setting operation and bit 
manipulation or within 10.5 clocks when the display data (8 bits) is updated.
Connect a pull-up resistor if WE or RE may be floating.
It is not always necessary to follow this example.




How to Input Data into HD61605

Input data is composed of 4 bits × 4 bytes. Take
care that the data transfer is not interrupted because
the first 4-bit data to the fourth 4-bit data are
distinguished from each other by the sequence
only.

When data transfer is interrupted, or at power on,
the following two methods can be used to reset the
count of the number of data (count of the first 4-bit
data to the fourth 4-bit data):

1. Set CS and RE to low (no display data
changes).

2. Input 4 or more 1-byte instruction data (4-bit
data) whose bit 3 and 2 are high (display data
may change).

The data input method via data input pins (CS,
WE, D0 to D3) is similar to that of static RAM
such as HM6116. Access to the LSI can be made
through the same bus line as ROM and RAM.
When output ports of a microprocessor are used for
access, refer to the timing specifications and figure
19.
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1223

Figure 19   Example of Data Transfer Sequence

Power on

CS

WE

RE

READY

SYNC

SB

D0–D3

*6

*6

*1

*4

*5 *3
*2

*5 *5

Mode setting data Mode setting data Display data

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Notes: 1.

2.
3.

4.
5.

6.
7.

READY output is indefinite during 12 clocks after the oscillation starts at power on (clock: 
OSC2 clock).
High pulse should be applied to SYNC pin when using two or more chips simultaneously.
In the mode in which READY is always available, READY output is indefinite while high is 
being applied to SYNC.
Reset the 4-bit data counter after power on.
READY output period is within 3.5 clocks in the mode setting operation and bit 
manipulation or within 10.5 clocks when the display data (8 bits) is updated.
Connect a pull-up resistor if WE or RE is floating.
It is not always necessary to follow this example.




Notes on READY Output

Note that the READY output will be unsettled
during 1.5 clocks (max) after inputting the first 2-
byte data for setting the mode after turning the
power on. This is because the READY bit data of
mode setting latches and the mode of READY pin
(READY bus or port mode) are unsettled until the
completion of mode setting.

There are two kinds of the READY output
waveforms depending of the modes.

1. READY bus mode (READY bit = 0)

2. READY port mode (READY bit = 1)

However, if you input SYNC before mode setting,
waveform will be determined; when you choose
READY bus mode, (1) a in figure 20 will be
output, and when you choose READY port mode,
(2) a will be output. The figures can be applied
both to HD61604 and HD61605.
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Figure 20   READY Output According to Modes

���
���
���
���
���
���
���
���1st 2nd

READY output is unsettled.

Mode setting data are
latched.

Mode setting data
(2-byte data)

Mode setting latch is unsettled.

a

b

1.5 clocks (max)

Note:  CS = low

(1)  READY Bus Mode

(2)  READY Port Mode

Note:  CS = low, RE = high

a

b

1.5 clocks (max)

3.5 clocks (max)

Power on

Power on

Power on

1.5 clocks (max)

CE

WE

D0–D7

WE

RE

READY

WE

READY



Standby Operation

Standby operation with low power consumption
can be activated when pin SB is used. Normal
operation of the LSI is activated when pin SB is
low level, and the LSI goes into the standby state
when pin SB is high level. The standby state of the
LSI is as follows:

1. LCD driver is stopped (LCD is off).

2. Display data and operating mode are held.

3. The operation is suspended while display
changes (while READY is outputting low). In
this case, READY outputs high within 10.5
clocks or 3.5 clocks after release from the
standby mode.

4. Oscillation is stopped.

When this mode is not used, connect pin SB to
VSS.

HD61604/HD61605
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Multichip Operation

When an LCD is driven with two or more chips,
the driving timing of the LCD must be
synchronized. In this case, the chips are
synchronized with each other by using SYNC
input. If SYNC input is high, the LCD driver
timing circuit is reset. Apply high pulse to the
SYNC input after the operating mode is set.

A high pulse to the SYNC input changes the mode
setting data. (The OFF/ON bit is set and the
READY bit is reset. See (3) Mode Setting Data in
“Input Data Formats.”) Transfer the mode setting

data into the LSI after every SYNC operation.

If a power on reset signal is applied to the SYNC
pin, the LCD can be off-state when the power is
turned on.

When SYNC input is not used, connect pin SYNC
to VSS.

When SB input is used, after standby mode is
released, high pulse must be applied to the SYNC
input, and mode setting data must be set again.

Restriction on Usage

Minimize the noise by inserting a noise bypass
capacitor (≥ 1 µF) between VDD and VSS pins.
(Insert one as near chip as possible.)



Liquid Crystal Display Drive Voltage
Circuit (HD61604)

What is LCD Voltage?

HD61604 drives liquid crystal display using four
levels of voltages (figure 21); VDD, V1, V2, and V3
(VDD is the highest and V3 is the lowest). The
voltage between VDD and V3 is called VLCD and it
is necessary to apply the appropriate VLCD
according to the liquid crystal display. V3 always
needs to be supplied regardless of the display duty

ratio since it supplies the voltage to the LCD drive
circuit of HD61604.

Connecting R2–R5 in series between VDD and VSS
(figure 22) generates ∆V or VLCD by using the
resistance ratio to supply these voltage to pins V1,
V2, V3, C2–C4 are the smoothing capacitors.
Connect a trimmer potentiometer for R5 and
change its resistance value to control the contrast.
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Figure 21   LCD Output Waveform and Output Levels (1/3 Duty Cycle, 1/3 Bias)

Figure 22   Example when External Drive Voltage Is Used

VDD

V1

V2

V3

VLCD∆V

∆V

∆V

NC
NC

VDD
VSS

VREF1
VREF2
VC1
VC2
V1

V2

V3

R2

R3

R4

R5

C2

C3

C4

TrSB

C6
Positive
power
supply

(3)  1/3 and 1/4 Duty Cycle Drive

NC
NC

VDD
VSS

VREF1
VREF2
VC1
VC2
V1

V2

V3

R2

R3

R5

C2

C3

TrSB

C6
Positive
power
supply

(2)  1/2 Duty Cycle Drive

NC
NC

VDD
VSS

VREF1
VREF2
VC1
VC2
V1

V2
V3

R2

C4

R5

TrSB

C6
Positive
power
supply

(1)  Static Drive

C6 ≥ 1 µF

Notes: 1.
2.

When standby mode is used, a transistor is required.
R2–R5 should be some kΩ–some tens of kΩ, and C2–C4 should be 0.1 µF–0.3 µF.




Figure 23   Example of Drive Voltage Generator

Figure 24   Example of Oscillation Circuit

Liquid Crystal Display Drive Voltage
(HD61605)

As shown in figure 23, apply LCD drive voltage
from the external power supply.

HD61604/HD61605
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Oscillation Circuit

When Internal Oscillation Circuit Is Used

When the internal oscillation circuit is used, attach
an external resistor ROSC as shown in figure 24.
(Insert ROSC as near chip as possible, and make the
OSC1 side shorter.)

When External Clock Is Used

When an external clock of 100 kHz with CMOS
level is provided, pin OSC1 can be used for the
input pin. In this case, open pin OSC2.

7980

ROSC

OSC2OSC1
7980

ROSC

OSC2OSC1
7980
OSC2OSC1

NC

etc.
HD14049UB

Multichip operation

VDD
VSS

V3

R2

TrSB

C6Positive power
supply

C6 ≥ 1 µF

R1

1
11

12

Note: When standby mode is used, a transistor is required.
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Applications

Figure 25   Example (1)

Figure 26   Example (2)
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Absolute Maximum Ratings

Item Symbol Limit Unit

Power supply voltage* VDD, V1, V2, V3 –0.3 to +7.0 V

Pin voltage* VT –0.3 to VDD + 0.3 V

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

* Value referenced to VSS = 0 V.

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them
within electrical characteristics limits is strongly recommended for normal operation. Use beyond
these conditions will cause malfunction and poor reliability.

Recommended Operating Conditions

Limit

Item Symbol Min Typ Max Unit

Power supply voltage* VDD 4.5 — 5.5 V

V1, V2, V3 0 — VDD V

Pin voltage* VT 0 — VDD V

Operating temperature Topr –20 — +75 °C

* Value referenced to VSS = 0 V.

HD61604/HD61605
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Electrical Characteristics

DC Characteristics (VSS = 0 V, VDD = 4.5 V to 5.5 V, Ta = –20°C to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Input high voltage OSC1 VIH1 0.8 VDD — VDD V

Others VIH2 2.0 — VDD V

Input low voltage OSC1 VIL1 0 — 0.2 VDD V

Others VIL2 0 — 0.8 V

Output leakage READY IOH — — 5 µA Pull up the pin to VDD
current

Output low READY VOL — — 0.4 V IOL = 0.4 mA
voltage

Input leakage Input pin IIL1 –1.0 — 1.0 µA VIN = 0 to VDD
current*1

V1 IIL2 –20 — 20 µA VIN = VDD to V3

V2, V3 IIL3 –5.0 — 5.0 µA

LCD driver voltage COM0–COM3 Vd1 — — 0.3 V ±Id = 3 µA for 
drop each COM, 

V3 = VDD – 3 V

SEG0–SEG50 Vd2 — — 0.6 V ±Id = 3 µA for 
each SEG, 
V3 = VDD – 3 V

Current  IDD — — 100 µA During display*
consumption*2 ROSC = 360 kΩ

IDD — — 5 µA At standby

* Except the transfer operation of display data and bit data.

Notes: 1. V1, V2: applied only to HD61604.
2. Do not connect any wire to the output pins and connect the input pins to VDD or VSS.
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AC Characteristics (VSS = 0 V, VDD = 4.5 V to 5.5 V, Ta = –20°C to +75°C, unless otherwise noted)

Limit

Item Symbol Min Typ Max Unit Test Condition

Oscillation frequency OSC2 fosc 70 100 130 kHz Rosc = 360 kΩ

External clock OSC1 fosc 70 100 130 kHz
frequency

External clock duty OSC1 Duty 40 50 60 %

I/O signal timing tS 400 — — ns

tH 10 — — ns

tWH 300 — — ns

tWL 400 — — ns

tWR 400 — — ns

tDL — — 1.0 µs Figure 31

tEN 400 — — ns

tOP1 9.5 — 10.5 Clock For display
data transfer

tOP2 2.5 — 3.5 Clock For bit and mode
data transfer

Input signal rise time and fall time tr, tf — — 25 ns

HD61604/HD61605
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Figure 27   Write Timing (RE Is Fixed High and SYNC Low)

Figure 28   Reset/Read Timing (CS and SYNC Are Fixed Low)

Figure 29   READY Timing (When the READY Output Is Always Available)
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Figure 30   SYNC Timing

Figure 31   Bus Timing Load Circuit (LS-TTL Load)
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HD61830/HD61830B LCDC
(LCD Timing Controller)

Description

The HD61830/HD61830B is a dot matrix liquid
crystal graphic display controller LSI that stores
the display data sent from an 8-bit microcontroller
in the external RAM to generate dot matrix liquid
crystal driving signals.

It has a graphic mode in which 1-bit data in the
external RAM corresponds to the on/off state of 1
dot on liquid crystal display and a character mode
in which characters are displayed by storing char-
acter codes in the external RAM and developing
them into the dot patterns with the internal
character generator ROM. Both modes can be
provided for various applications.

The HD61830/HD61830B is produced by the
CMOS process. Thus, combined with a CMOS
microcontroller it can complete a liquid crystal
display device with lower power dissipation.

Features

• Dot matrix liquid crystal graphic display con-
troller

• Display control capacity
— Graphic mode: 512k dots (216 bytes)

— Character mode: 4096 characters (212 char-
acters)

• Internal character generator ROM: 7360 bits
— 160 types of 5 × 7 dot characters

— 32 types of 5 × 11 dot characters

Total 192 characters

— Can be extended to 256 characters (4 kbytes
max.) with external ROM

• Interfaces to 8-bit MPU
• Display duty cycle (can be selected by a program)

Static to 1/128 duty cycle
• Various instruction functions

— Scroll, cursor on/off/blink, character blink,
bit manipulation

• Display method: Selectable A or B types
• Internal oscillator (with external resistor and

capacitor) HD61830
• Operating frequency

— 1.1 MHz HD61830

— 2.4 MHz HD61830B

• Low power dissipation
• Power supply: Single +5 V ±10%
• CMOS process
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Differences between Products
HD61830 and HD61830B

HD61830 HD61830B

Oscillator Internal or external External only

Operating frequency 1.1 MHz 2.4 MHz

Pin arrangement  Pin 6: C Pin 6: CE
and signal name Pin 7: R Pin 7: OE

Pin 9: CPO Pin 9: NC

Package marking A B
to see figure

A

3D13

HD61830A00

JAPAN

Lot No.

B

3D13

HD61830B00

JAPAN

Lot No.

Package Marking

Ordering Information

Type No. Package

HD61830A00H 60-pin plastic QFP (FP-60)

HD61830B00H
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FP-60
(Top view)
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Terminal Functions

Symbol Pin Number I/O Function

DB0–DB7 28–21 I/O Data bus: Three-state I/O common terminal
Data is transferred to MPU through DB0 to DB7.

CS 15 I Chip select: Selected state with CS = 0

R/W 17 I Read/Write: R/W = 1: MPU ← HD61830
R/W = 0: MPU → HD61830

RS 18 I Register select: RS = 1: Instruction register
RS = 0: Data register

E 16 I Enable: Data is written at the fall of E
Data can be read while E is 1

CR 8 I CR oscillator (HD61830), External clock input (HD61830B)

C 6 — CR oscillator to capacitor (HD61830 only)

R 7 — CR oscillator to resistor (HD61830 only)

CPO 9 O Clock signal for HD61830 in slave mode (HD61830 only)

CE 6 O Chip enable (HD61830B only)
CE = 0: Chip enables make external RAM in active

OE 7 O Output enable (HD61830B only)
OE = 1: Output enable informs external RAM that HD61830B 
requires data bus

NC 9 Open Unused terminal. Don’t connect any wires to this terminal 
(HD61830B only)

MA0–MA15 4–1, O External RAM address output
60–49 In character mode, the line code for external CG is output through

MA12 to MA15 (0: Character 1st line, F: Character 16th line)

MD0–MD7 37–30 I/O Display data bus: Three-state I/O common terminal

RD0–RD7 45–38 I ROM data input: Dot data from external character generator is 
input

WE 13 O Write enable: Write signal for external RAM

CL2 46 O Display data shift clock for LCD drivers

CL1 11 O Display data latch signal for LCD drivers

FLM 10 O Frame signal for display synchronization

MA 19 O Signal for converting liquid crystal driving signal into AC, A type

MB 5 O Signal for converting liquid crystal driving signal into AC, B type

D1 47 O Display data serial output

D2 48 D1: For upper half of screen
D2: For lower half of screen

SYNC 12 I/O Synchronous signal for parallel operation
Three-state I/O common terminal (with pull-up MOS)
Master: Synchronous signal is output
Slave: Synchronous signal is input

RES 14 I Reset: Reset = 0 results in display off, slave mode and Hp = 6

HD61830/HD61830B
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Block Diagram
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Block Functions

Registers

The HD61830/HD61830B has the five types of
registers: instruction register (IR), data input
register (DIR), data output register (DOR), dot
registers (DR), and mode control register (MCR).

The IR is a 4-bit register that stores the instruction
codes for specifying MCR, DR, a start address
register, a cursor address register, and so on. The
lower order 4 bits DB0 to DB3 of data buses are
written in it.

The DIR is an 8-bit register used to temporarily
store the data written into the external RAM, DR,
MCR, and so on.

The DOR is an 8-bit register used to temporarily
store the data read from the external RAM. Cursor
address information is written into the cursor
address counter (CAC) through the DIR. When the
memory read instruction is set in the IR (latched at
the falling edge of E signal), the data of external
RAM is read to DOR by an internal operation. The
data is transferred to the MPU by reading the DOR
with the next instruction (the contents of DOR are
output to the data bus when E is at the high level).

The DR are registers used to store dot information
such as character pitches and the number of
vertical dots, and so on. The information sent from
the MPU is written into the DR via the DIR.

The MCR is a 6-bit register used to store the data
which specifies states of display such as display
on/off and cursor on/off/blink. The information
sent from the MPU is written in it via the DIR.

Busy Flag (BF)

The busy flag = 1 indicates the HD61830 is per-
forming an internal operation. Instructions cannot
be accepted. As shown in Control Instruction, read
busy flag, the busy flag is output on DB7 under the
conditions of RS = 1, R/W = 1, and E = 1. Make
sure the busy flag is 0 before writing the next
instruction.

Dot Counters (DC)

The dot counters are counters that generate liquid
crystal display timing according to the contents of
DR.

Refresh Address Counters (RAC1/RAC2)

The refresh address counters, RAC1 and RAC2,
control the addresses of external RAM, character
generator ROM (CGROM), and extended external
ROM. The RAC1 is used for the upper half of the
screen and the RAC2 for the lower half. In the
graphic mode, 16-bit data is output and used as the
address signal of external RAM. In the character
mode, the high order 4 bits (MA12–MA15) are
ignored. The 4 bits of line address counter are
output instead and used as the address of extended
ROM.

Character Generator ROM

The character generator ROM has 7360 bits in total
and stores 192 types of character data. A character
code (8 bits) from the external RAM and a line
code (4 bits) from the line address counter are
applied to its address signals, and it outputs 5-bit
dot data.

The character font is 5 × 7 (160 characters) or 5 ×
11 (32 characters). The use of extended ROM
allows 8 × 16 (256 characters max.) to be used.

Cursor Address Counter

The cursor address counter is a 16-bit counter that
can be preset by instruction. It holds an address
when the data of external RAM is read or written
(when display dot data or a character code is read
or written). The value of the cursor address counter
is automatically increased by 1 after the display
data is read or written and after the set/clear bit
instruction is executed.
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Cursor Signal Generator

The cursor can be displayed by instruction in
character mode. The cursor is automatically
generated on the display specified by the cursor
address and cursor position.

Parallel/Serial Conversion

The parallel data sent from the external RAM,
character generator ROM, or extended ROM is
converted into serial data by two parallel/serial
conversion circuits and transferred to the liquid
crystal driver circuits for upper screen and lower
screen simultaneously.
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Display Control Instructions

Display is controlled by writing data into the
instruction register and 13 data registers. The RS
signal distinguishes the instruction register from
the data registers. 8-bit data is written into the
instruction register with RS = 1, and the data
register code is specified. After that, the 8-bit data
is written in the data register and the specified
instruction is executed with RS = 0.

During the execution of the instruction, no new
instruction can be accepted. Since the busy flag is
set during this, read the busy flag and make sure it
is 0 before writing the next instruction.

1.  Mode Control: Code $“00” (hexadecimal)
written into the instruction register specifies the
mode control register.
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2.  Set Character Pitch: Vp indicates the number
of vertical dots per character. The space between
the vertically-displayed characters is included in
the determination. This value is meaningful only
during character display (in the character mode)
and becomes invalid in the graphic mode.

Hp indicates the number of horizontal dots per
character in display, including the space between
horizontally-displayed characters. In the graphic
mode, the Hp indicates the number of bits of 
1-byte display data to be displayed.

There are three Hp values (table 1).

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 0 0 0 1

Character pitch reg. 0 0 (Vp – 1) binary 0 (Hp – 1) binary

Table 1 Hp Values

Hp DB2 DB1 DB0 Horizontal Character Pitch

6 1 0 1 6

7 1 1 0 7

8 1 1 1 8
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3. Set Number of Characters: HN indicates the
number of horizontal characters in the character
mode or the number of horizontal bytes in the
graphic mode. If the total sum of horizontal dots on
the screen is taken as n, 

n  = Hp × HN

HN can be set to an even number from 2 to 128
(decimal).

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 0 0 1 0

Number-of-characters reg. 0 0 0 (HN – 1) binary

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 0 0 1 1

Number-of-time-divisions 0 0 0 (NX – 1) binary
reg.

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 0 1 0 0

Cursor position reg. 0 0 0 0 0 0 (Cp – 1) binary

4. Set Number of Time Divisions (Inverse of
Display Duty Ratio): NX indicates the number of
time divisions in multiplex display.

1/NX is the display duty ratio.

A value of 1 to 128 (decimal) can be set to NX.

5. Set Cursor Position: Cp indicates the position
in a character where the cursor is displayed in the
character mode. For example, in 5 × 7 dot font, the
cursor is displayed under a character by specifying
Cp = 8 (decimal). The cursor horizontal length is
equal to the horizontal character pitch Hp. A value

of 1 to 16 (decimal) can be set to Cp. If a smaller
value than the vertical character pitch Vp is set (Cp
≤ Vp), and a character overlaps with the cursor, the
cursor has higher priority of display (at cursor dis-
play on). If Cp is greater than Vp, no cursor is dis-
played. The cursor horizontal length is equal to Hp.

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 0 0 0

Display start address reg. 0 0 (Start low order address) binary
(low order byte)

6. Set Display Start Low Order Address: Cause
display start addresses to be written in the display
start address registers. The display start address
indicates a RAM address at which the data dis-
played at the top left end on the screen is stored. In

the graphic mode, the start address is composed of
high/low order 16 bits. In the character display, it is
composed of the lower 4 bits of high order address
(DB3–DB0) and 8 bits of low order address. The
upper 4 bits of high order address are ignored.
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Set Display Start High Order Address

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 0 0 1

Display start address reg. 0 0 (Start high order address) binary
(high order byte)

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 0 1 0

Cursor address counter 0 0 (Cursor low order address) binary
(low order byte)

Set Cursor Address (High Order) (RAM Write High Order Address)

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 0 1 1

Cursor address counter 0 0 (Cursor high order address) binary
(high order byte)

Table 2 Cursor Address Setting

Condition Requirement

When you want to rewrite (set ) both the low order Set the low order address and then set the high
address and the high order address. order address.

When you want to rewrite only the low order Do not fail to set the high order address again after
address. setting the low order address.

When you want to rewrite only the high order Set the high order address. You do not have to set
address. the low order address again.

7. Set Cursor Address (Low Order) (RAM
Write Low Order Address): Cause cursor
addresses to be written in the cursor address
counters. The cursor address indicates an address
for sending or receiving display data and character
codes to or from the RAM.

That is, data at the address specified by the cursor
address are read/written. In the character mode, the
cursor is displayed at the character specified by the
cursor address.

A cursor address consists of the low-order address

(8 bits) and the high-order address (8 bits). Satisfy
the following requirements setting the cursor
address (table 2).

The cursor address counter is a 16-bit up-counter
with set and reset functions. When bit N changes
from 1 to 0, bit N + 1 is incremented by 1. When
setting the low order address, the LSB (bit 1) of the
high order address is incremented by 1 if the MSB
(bit 8) of the low order address changes from 1 to
0. Therefore, set both the low order address and the
high order address as shown in the table 2.
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8.  Write Display Data: After the code $“OC” is
written into the instruction register with RS = 1, 8-
bit data with RS = 0 should be written into the data
register. This data is transferred to the RAM

specified by the cursor address as display data or
character code. The cursor address is increased by
1 after this operation.

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 1 0 0

RAM 0 0 MSB (pattern data, character code) LSB

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 1 0 1

RAM 1 0 MSB (pattern data, character code) LSB

9. Read Display Data: Data can be read from the
RAM with RS = 0 after writing code $“OD” into
the instruction register. Figure 1 shows the read
procedure.

This instruction outputs the contents of data output
register on the data bus (DB0 to DB7) and then

transfers RAM data specified by the cursor address
to the data output register, also increasing the
cursor address by 1. After setting the cursor
address, correct data is not output at the first read
but at the second one. Thus, make one dummy read
when reading data after setting the cursor address.

Figure 1   Read Procedure

CS

E

R/W

RS

DB

Cursor
address

Data output
register

B 0A NL B OB NU B 0D * B (N) B (N+1)

NL N N + 1 N + 2 N + 3

N address data N + 1 address data N + 2 ...

Cursor
address
set
mode

Busy
check

Cursor
low
order
address
write

Busy
check

Cursor
address
set
mode

Cursor
high
order
address
write

Busy
check

Data
read
mode

Dummy
read

Busy
check

N
address
data
read

Busy
check

N + 1
address
data
read
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10. Clear Bit: The clear/set bit instruction sets 1
bit in a byte of display data RAM to 0 or 1, respec-
tively. The position of the bit in a byte is specified
by NB and RAM address is specified by cursor

address. After the execution of the instruction, the
cursor address is automatically increased by 1. NB
is a value from 1 to 8. NB = 1 and NB = 8 indicates
LSB and MSB, respectively.

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 1 1 0

Bit clear reg. 0 0 0 0 0 0 0 (NB – 1) binary

Set Bit

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Instruction reg. 0 1 0 0 0 0 1 1 1 1

Bit set reg. 0 0 0 0 0 0 0 (NB – 1) binary

11.  Read Busy Flag: When the read mode is set
with RS = 1, the busy flag is output to DB7. The
busy flag is set to 1 during the execution of any of
the other instructions. After the execution, it is set
to 0. The next instruction can be accepted. No
instruction can be accepted when busy flag = 1.
Before executing an instruction or writing data,
perform a busy flag check to make sure the busy

flag is 0. When data is written in the register (RS =
1), no busy flag changes. Thus, no busy flag check
is required just after the write operation into the
instruction register with RS = 1.

The busy flag can be read without specifying any
instruction register.

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Busy flag 1 1 1/0 *



Figure 2   Display Variables
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Note:

Hp

RD7RD0

CURA
STA

C
p

V
p

N
X

HN (digit)

Symbol

Hp

HN

Name

Horizontal character pitch

Number of horizontal
characters

Meaning

Horizontal character pitch

Number of horizontal characters per 
line (number of digits) in the character 
mode or number of bytes per line in 
the graphic mode 

Value

6 to 8 dots

2 to 128 digits
(an even number)

Vp Vertical character pitch Vertical character pitch 1 to 16 dots

Cp Cursor position Line number on which the cursor 
can be displayed

1 to 16 lines

NX Number of time divisions Inverse of display duty ratio 1 to 128 lines

If the number of vertical dots on the screen is m, and the number of horizontal dots is n,

1/m = 1/NX = display duty ratio
n = Hp × HN, 
m/Vp = Number of display lines
Cp ≤ Vp 
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Internal Character Generator Patterns and Character Codes
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xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001

xxxx1010

xxxx1011

xxxx1100

xxxx1101

xxxx1110

xxxx1111

0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111
Higher
4 bitsLower

4 bits



Example of Correspondence between External CG ROM Address Data and
Character Pattern 

8 × 8 Dot Font

8 × 16 Dot Font
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A10

A  9

A  8

A  7

0

0

0

0

0

0

0

1

0

0

1

0

1

1

1

1

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

0 1 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 0 0

1 0 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0

1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0

1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0

1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

0 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 0 0 1

0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0

1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0

1 0 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0 0

1 1 0 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0

1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0

0 0 0

0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 0 0 0 0

A2 A1 A0 00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07A6 A5 A4 A3

A7 00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07

0 0 0 0 0 0 0 0 0 0 0 0

A11

A10

A  9

A  8

0

0

0

0

0

0

0

1

0

0

1

0

0

A6 A5 A4 A3 A2 A1 A0

0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 1

0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 1 0
0 0 0 0 0 0 0 0 0 00 0 1 1

0 0 0 0 0 0 0 0 0 0 0 00 1 0 0

0 0 0 0 0 0 0 0 0 0 0 00 1 0 1

0 0 0 0 0 0 0 0 0 0 0 0 00 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 1 0 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0

0 0 0 0



Example of Configuration

Graphic Mode or Character Mode (1) (Internal Character Generator)

Character Mode (2) (External Character Generator)

Parallel Operation (HD61830)

Parallel Operation (HD61830B)
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HD61830
HD61830BMPU

Liquid crystal
display module

MA0–MA15 at graphic mode,
MA0–MA11 at character mode

MD0–MD7

RAM

HD61830
HD61830BMPU

Liquid crystal
display module

MA0–MA11RD0–RD7

ROM RAM

MA12–
MA15 

MD0
MD7

–

HD61830 (1)

(Master)

MPU

RAM

RAM

CS CPO SYNC

HD61830 (2)
CS (Slave)

Liquid crystal
display module (1)

Driving both of two
module by same
common signal

Liquid crystal
display module (2)

CR SYNC

MPU

(Master)

HD61830B (1)

CS SYNC

RAM

HD61830B (2)

(Slave)CS

RAM

Liquid crystal
display module (1)

Driving both of two
module by same
common signal

Liquid crystal
display module (2)

SYNC



HD61830 Application (Character Mode, External CG, Character Font 8 × 8)

HD61830 Application (Graphic Mode)
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RS

CS

DB0
to
DB7

WE

MA0
to  

MA10

MA11

MA12
  to
MA14
MA15

MD0
  to 
MD7

RD0
  to 
RD7

D1
FLM
MB
CL1
CL2
D2

MA Open

R C CR
C

R

E

R/W

SYNC
CPO
RES

Open

VCC

A0

A12A13
A14
A15

VMA
D0
to
D7

ø2

R/W

+5 V
GND
–5 V

HD61830

WE
A0
to  
A10

OE

CS

RAM (1)
HM6116
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D0
to  
D7

A3–A10

ROM
HN462716

OE
CE

CS

WE

A0
to  
A10

RAM (2)
HM6116

OE

D1
FLM
MB
CL1
CL2
D2
+5 V
GND
–5 V
V0

LCD module

HD6800

HD6800
MPU

DB0–DB7

CS E
RS R/W
RES

HD61830
controller

MA0–
MA15

WEMD0–MD7

RAM

16 kbits

CMOS

D1

D2

CL1, CL2

MB, FLM

HD44100H

LCD

H
D

44
10

0H

HD44100H

HD44100H HD44100H

V1–V6

Power supply for
liquid crystal
display drive

GND

VDD (5 V)

VEE (–5 V)



HD61830B Application (Character Mode, External CG, Character Font 8 × 8)

HD61830B Application (Graphic Mode)
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A0

Decoder

HD6303 HD61830B

D0
to
D7

E

R/W

A1
to

A15

RS

CS

DB0
to
DB7

E

R/W

SYNC

RES

CR

Open

VCC
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clock

Open
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GND
–5 V
V0
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GND
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HD61100A
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V1–V6
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Power supply for
liquid crystal
display drive

GND

VDD (5 V)
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HD61830 Absolute Maximum Ratings

Item Symbol Value Unit Notes

Supply voltage VCC –0.3 to +0.7 V 1, 2

Terminal voltage VT –0.3 to VCC +0.3 V 1, 2

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. All voltages are referenced to GND = 0 V.
2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. 

We strongly recommend that you use the LSIs within electrical characteristic limits for normal
operation, because use beyond these conditions will cause malfunction and poor reliability.
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HD61830 Electrical Characteristics  (VCC = 5 V ±10%, GND = 0 V, 
Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage (TTL) VIH 2.2 — VCC V 1

Input low voltage (TTL) VIL 0 — 0.8 V 2

Input high voltage VIHR 3.0 — VCC V 3

Input high voltage (CMOS) VIHC 0.7 VCC — VCC V 4

Input low voltage (CMOS) VILC 0 — 0.3 VCC V 4

Output high voltage (TTL) VOH 2.4 — VCC V –IOH = 0.6 mA 5

Output low voltage (TTL) VOL 0 — 0.4 V IOL = 1.6 mA 5

Output high voltage (CMOS) VOHC VCC – 0.4 — VCC V –IOH = 0.6 mA 6

Output low voltage (CMOS) VOLC 0 — 0.4 V IOL = 0.6 mA 6

Input leakage current IIN –5 — 5 µA VIN = 0 – VCC 7

Three-state leakage current ITSL –10 — 10 µA VOUT = 0 – VCC 8

Power dissipation (1) PW1 — 10 15 mW CR oscillation 9
fosc = 500 kHz

Power dissipation (2) PW2 — 20 30 mW External clock 9
fcp = 1 MHz

Internal clock operation fosc 400 500 600 kHz Cf = 15 pF ±5% 10
(Clock oscillation frequency) Rf = 39 kΩ ±2%

External clock operation fcp 100 500 1100 kHz 11
(External clock operating
frequency)

External clock duty Duty 47.5 50 52.5 % 11

External clock rise time trcp — — 0.05 µs 11

External clock fall time tfcp — — 0.05 µs 11

Pull-up current IPL 2 10 20 µA VIN = GND 12

Notes: The I/O terminals have the following configuration:
1. Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and RES.
2. Applied to input terminals and I/O common terminals, except terminals SYNC and CR.
3. Applied to terminal RES.
4. Applied to terminals SYNC and CR.
5. Applied to terminals DB0–DB7, WE, MA0–MA15, and MD0–MD7.
6. Applied to terminals SYNC, CP0, FLM, CL1, CL2, D1, D2, MA, and MB.
7. Applied to input terminals.
8. Applied to I/O common terminals. However, the current which flows into the output drive MOS is

excluded.

HD61830/HD61830B
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9. The current which flows into the input and output circuits is excluded. When the input of CMOS
is in the intermediate level, current flows through the input circuit, resulting in the increase of
power supply current. To avoid this, input must be fixed at high or low.
The relationship between the operating frequency and the power dissipation is given below.

10. Applied to the operation of the internal oscillator when oscillation resistor Rf and oscillation
capacity Cf are used.

The relationship among oscillation frequency, Rf and Cf is given below.
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11. Applied to external clock operation.

12. Applied to SYNC, DB0–DB7, and RD0–RD7.
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R

C

CR

Open

Open

Oscillator

Th TI

0.7 VCC
0.5 VCC
0.3 VCC

trcp tfcp

Duty cycle = × 100%
Th

Th + TI
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Input Terminal

Applicable terminal: CS, E, RS, R/W, RES, CR
(without pull-up MOS)

Applicable terminal: RD0–RD7 (with pull-up
MOS)

Output Terminal

Applicable terminal: CL1, CL2, MA, MB, FLM,
D1, D2, WE, CPO, MA0–MA15

I/O Common Terminal

Applicable terminal: DB0–DB7, SYNC, MD0–
MD7 (MD0–MD7 have no pull-up MOS)

VCC

PMOS

NMOS

VCC VCC

PMOS PMOS

(Pull-up MOS)
NMOS

VCC

PMOS

NMOS

VCC VCC

(Pull-up MOS)

PMOS PMOS

NMOS

Input circuit

PMOS

VCC

NMOS

Enable

Data

Output circuit
(Three state)



Timing Characteristics

HD61830 MPU Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit

Enable cycle time tCYC 1.0 — — µs

Enable pulse width High level tWEH 0.45 — — µs

Low level tWEL 0.45 — — µs

Enable rise time tEr — — 25 ns

Enable fall time tEf — — 25 ns

Setup time tAS 140 — — ns

Data setup time tDSW 225 — — ns

Data delay time tDDR — — 225 ns *

Data hold time tDHW 10 — — ns

Address hold time tAH 10 — — ns

Output data hold time tDH 20 — — ns

Note: * The following load circuit is connected for specification:

HD61830/HD61830B
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tCYC

tWEH tWEL

tEr tEf

2.2 V

0.8 V

tAS
tAH

2.2 V

0.8 V
tDSW tDHW

2.2 V
0.8 V

tDHtDDR

2.4 V
0.4 V

E

CS, R/W, RS

DB0–DB7
(MPU→HD61830)

DB0–DB7
(MPU←HD61830)

VCC

RL

D2

D3

D4

D1

CR

Test point
RL = 2.4 kΩ
R = 11 kΩ
C = 130 pF (C includes jig capacitance)
Diodes D1 to D4: 1S2074 H



HD61830 External RAM and ROM Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit

SYNC delay time tDSY — — 200 ns

SYNC pulse width Low level tWSY 900 — — ns

CPO cycle time tCCPO 900 — — ns

CPO pulse width High level tWCPOH 450 — — ns

Low level tWCPOL 450 — — ns

MA0 to MA15 refresh delay time tDMAR — — 200 ns

MA0 to MA15 write address delay time tDMAW — — 200 ns

MD0 to MD7 write data delay time tDMDW — — 200 ns

MD0 to MD7, RD0 to RD7 setup time tSMD 900 — — ns

Memory address setup time tSMAW 250 — — ns

Memory data setup time tSMDW 250 — — ns

WE delay time tDWE — — 200 ns

WE pulse width (low level) tWWE 450 — — ns
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SYNC

CPO

MA0–MA15

MD0–MD7

RD0–RD7

WE

VCC

tWSYtDSY tCCPO

1
2

1
2 VCC

tWCPOHtWCPOL

tDMAR
*

tDMAR
*

tDMAW tSMAW

tSMDWtDMDW
*

tSMD

tSMD

tWWE

tDWE

2.4 V
0.4 V

2.2 V
0.8 V

2.2 V
0.8 V

2.4 V
0.4 V

2.2 V
0.8 V

*

Notes: 1.
2.

No load is applied to all the output terminals.
“*” indicates the delay time of RAM and ROM.

2.4 V
0.4 V



HD61830 LCD Driver Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit

Clock pulse width (high level) tWCL1 450 — — ns

Clock delay time tDCL2 — — 200 ns

Clock cycle time tWCL2 900 — — ns

Clock pulse width High level tWCH 450 — — ns

Low level tWCL 450 — — ns

MA, MB delay time tDM — — 300 ns

FLM delay time tDF — — 300 ns

Data delay time tDD — — 200 ns

Data setup time tSD 250 — — ns

Note: No load is applied to all the output terminals (MA, MB, FLM, D1, and D2).
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tWCL1

1
2

VCC

1
2

VCC

1
2

1
2

VCC

1
2

VCC

VCC

tWCL2tDCL2

tWCH tWCL

tDM tDF

tSDtDD

CL1

CL2

MA, MB

FLM

D1

D2



HD61830B Absolute Maximum Ratings

Item Symbol Value Unit Notes

Supply voltage VCC –0.3 to +0.7 V 1, 2

Terminal voltage VT –0.3 to VCC +0.3 V 1, 2

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. All voltage is referred to GND = 0 V.
2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. 

We strongly recommend that you use the LSIs within electrical characteristic limits for normal
operation, because use beyond these conditions will cause malfunction and poor reliability.
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HD61830B Electrical Characteristics (VCC = 5V ±10%, GND = 0 V, 
Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage (TTL) VIH 2.2 — VCC V 1

Input low voltage (TTL) VIL 0 — 0.8 V 2

Input high voltage VIHR 3.0 — VCC V 3

Input high voltage (CMOS) VIHC 0.7 VCC — VCC V 4

Input low voltage (CMOS) VILC 0 — 0.3 VCC V 4

Output high voltage (TTL) VOH 2.4 — VCC V –IOH = 0.6 mA 5

Output low voltage (TTL) VOL 0 — 0.4 V IOL = 1.6 mA 5

Output high voltage (CMOS) VOHC VCC – 0.4 — VCC V –IOH = 0.6 mA 6

Output low voltage (CMOS) VOLC 0 — 0.4 V IOI = 0.6 mA 6

Input leakage current IIN –5 — 5 µA VIN = 0 – VCC 7

Three-state leakage current ITSL –10 — 10 µA VOUT = 0 – VCC 8

Pull-up current IPL 2 10 20 µA Vin = GND 9

Power dissipation PW — — 50 mW External clock 10
fcp = 2.4 MHz

Notes: 1. Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and RES.
2. Applied to input terminals and I/O common terminals, except terminals SYNC and CR.
3. Applied to terminal RES.
4. Applied to terminals SYNC and CR.
5. Applied to terminals DB0–DB7, WE, MA0–MA15, OE, CE, and MD0–MD7.
6. Applied to terminals SYNC, FLM, CL1, CL2, D1, D2, MA, and MB.
7. Applied to input terminals.
8. Applied to I/O common terminals. However, the current which flows into the output drive MOS is

excluded.
9. Applied to SYNC, DB0–DB7, and RD0–RD7.
10. The current which flows into the input and output circuits is excluded. When the input of CMOS

is in the intermediate level, current flows through the input circuit, resulting in the increase of
power supply current. To avoid this, input must be fixed at high or low.
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Input Terminal

Applicable terminal: CS, E, RS, R/W, RES, CR
(without pull-up MOS)

Applicable terminal: RD0–RD7 (with pull-up
MOS)

Output Terminal

Applicable terminal: CL1, CL2, MA, MB, FLM,
D1, D2, WE, OE, CE, MA0–MA15

I/O Common Terminal

Applicable terminal: DB0–DB7, SYNC, MD0–
MD7 (MD0–MD7 have no pull-up MOS)

VCC

PMOS

NMOS

PMOS

VCC

PMOS

NMOS
(Pull-up MOS)

VCC

VCC

NMOS

PMOS

VCC VCC

PMOS PMOS

(Pull-up MOS)

NMOS

Input circuit

VCC

PMOS
Enable

Data

Output circuit
(Three state)

NMOS



Timing Characteristics

HD61830B Clock Operation (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Notes

External clock operating fcp 100 — 2400 kHz 1
frequency

External clock duty Duty 47.5 50 52.5 % 1

External clock rise time trcp — — 25.0 ns 1

External clock fall time tfcp — — 25.0 ns 1

SYNC output hold time tHSYO 30 — — ns 2, 3

SYNC output delay time tDSY — — 210 ns 2, 3

SYNC input hold time tHSYI 10 — — ns 2

SYNC input set-up time tSSY — — 180 ns 2

Notes: 1. Applied to external clock input terminal.

2. Applied to SYNC terminal.

3. Testing load circuit.

HD61830/HD61830B
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CROscillator

0.7 VCC
0.5 VCC
0.3 VCC

Th Tl

trcp tfcp
Duty cycle =

Th

Th + Tl
× 100%

0.7 VCC

0.3 VCC

0.7 VCC

0.3 VCC

tDSY
tHSYO

tDSY
tHSYO

tHSYI tSSY tHSYI tSSY

0.7 VCC

0.3 VCC

CR

SYNC
(Output:
at master 
mode)

SYNC
(Input:
at slave
mode)

CL

Test point
CL = 30 pF
(CL includes jig capacitance)



HD61830B MPU Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit

Enable cycle time tCYC 1.0 — — µs

Enable pulse width High level tWEH 0.45 — — µs

Low level tWEL 0.45 — — µs

Enable rise time tEr — — 25 ns

Enable fall time tEf — — 25 ns

Setup time tAS 140 — — ns

Data setup time tDSW 225 — — ns

Data delay time tDDR — — 225 ns *

Data hold time tDHW 10 — — ns

Address hold time tAH 10 — — ns

Output data hold time tDH 20 — — ns

Note: * The following load circuit is connected for specification:
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tCYC

tWEH tWEL

tEr tEf

2.2 V

0.8 V

tAS
tAH

2.2 V

0.8 V
tDSW tDHW

2.2 V
0.8 V

tDHtDDR

2.4 V
0.4 V

E

CS, R/W, RS

DB0–DB7
(MPU→HD61830B)

DB0–DB7
(MPU←HD61830B)

VCC

RL

D2

D3

D4

D1

CR

Test point
RL = 2.4 kΩ
R = 11 kΩ
C = 130 pF (C includes jig capacitance)
Diodes D1 to D4: 1S2074 H



HD61830B External RAM and ROM Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Notes

MA0–MA15 delay time tDMA — — 300 ns 1, 2, 3

MA0–MA15 hold time tHMA 40 — — ns 1, 2, 3

CE delay time tDCE — — 300 ns 1, 2, 3

CE hold time tHCE 40 — — ns 1, 2, 3

OE delay time tDOE — — 300 ns 1, 3

OE hold time tHOE 40 — — ns 1, 3

MD output delay time tDMD — — 150 ns 1, 3

MD output hold time tHMDW 10 — — ns 1, 3

WE delay time tDWE — — 150 ns 1, 3

WE clock pulse width tWWE 150 — — ns 1, 3

MD output high impedance tZMDF 10 — — ns 1, 3
time (1)

MD output high impedance tZMDR 50 — — ns 1, 3
time (2)

RD data set-up time tSRD 50 — — ns 2

RD data hold time tHRD 40 — — ns 2

MD data set-up time tSMD 50 — — ns 2

MD data hold time tHMD 40 — — ns 2

Notes: 1. RAM write timing

HD61830/HD61830B
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T1 T2 T3 T1

tHCE

0.6 V
tDMA
tHMA

tDMA
tHMA

tDOE
tHOE

tDOE
tHOE

tDWEtDWE

2.4 V
0.6 V

tZMDF
tWWE

tZMDR

tDMD

2.4 V
0.6 V

2.4 V
0.6 V

tHMDW

Valid
data

0.7 VCC
0.3 VCC

(High impedance)

CR

CE

MA0–MA15

OE

MD0–MD7
(output)

WE

T1: Memory data refresh timing for upper screen
T2: Memory data refresh timing for lower screen
T3: Memory read/write timing

2.4 V
0.6 V

2.4 V
0.6 V



2. ROM/RAM read timing

*1 This figures shows the timing for Hp = 8.
For Hp = 7, time shown by “b” becomes zero. For Hp = 6, time shown by “a” and “b” become
zero.
Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of Hp = 8, 
Hp = 7, or Hp = 6 respectively.

*2 The waveform for instructions with memory read is shown with a dash line. In other cases,
the waveform shown with a solid line is generated.

*3 When an instruction with RAM read/write is executed, the value of cursor address is output.
In other cases, invalid data is output.

*4 When an instruction with RAM read is executed, HD61830B latches the data at this timing.
In other cases, this data is invalid.

3. Test load circuit
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T1 T2 T3 T1

(*1)

a
tDCE

tHCE

(*2)

tDCE
tHCE

tDCE
tHCE

ba
(*1)

(*2)

2.4 V

0.6 V

0.6 V
tDMA
tHMA

Address for upper screen
2.4 V

0.6 V
tSMD

tDMA
tHMA

tDMA
tHMA tHMA

(*3)

tHMD

tSMD
tHMD

tSMD
tHMD

2.2 V

0.8 V
Data for the upper screen (*4)

Address for
the lower screen

Data for 
the lower screen

tHRD

tSRD
tHRD

tSRD

2.2 V

0.8 V
Data for the upper screen Data for the

lower screen
Invalid data

CR

CE

OE

MA0–MA15

MD0–MD7
(input)

RD0–RD7

VCC

RL

D2

D3

D4

D1

CR

Test point
RL = 2.4 kΩ
R = 11 kΩ
C = 50 pF (C includes jig capacitance)
Diodes D1 to D4: 1S2074 H



HD61830B LCD Driver Interface (VCC = 5 V ±10%, GND = 0 V, Ta = –20 to +75°C)

Item Symbol Min Typ Max Unit Notes

Clock cycle time tWCL2 416 — — ns 1, 3

Clock pulse width tWCH 150 — — ns 1, 3
(high level)

Clock pulse width tWCL 150 — — ns 1, 3
(low level)

Data delay time tDD — — 50 ns 1, 3

Data hold time tDH 100 — — ns 1, 3

Clock phase difference (1) tCL1 100 — — ns 1, 3

Clock phase difference (2) tCL2 100 — — ns 1, 3

Clock phase difference (3) tCL3 100 — — ns 1, 3

MA, MB delay time tDM –200 — 200 ns 1, 3

FLM set-up time tSF 400 — — ns 2, 3

FLM hold time tHF 1000 — — ns 2, 3

MA set-up time tSMA 400 — — ns 2, 3

MA hold time tHMA 1000 — — ns 2, 3

HD61830/HD61830B
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Notes: 1.

2.

3. Test load circuit
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tWCL2

tWCLtWCH

tCL1 tCL2 tCL3

0.7 VCC
0.3 VCC

0.7 VCC
0.3 VCC tWCH

tDHtDD

tDM

0.7 VCC
0.3 VCC

0.7 VCC
0.3 VCC

CL2

CL1

D1, D2

MA, MB

0.7 VCC
0.3 VCC

0.7 VCC
0.3 VCC

0.7 VCC
0.3 VCC

tSF tHF

tHMAtSMA

CL1

FLM

MA

CL

Test point
CL = 100 pF
(CL includes jig capacitance)



HD63645/HD64645/HD64646
LCTC (LCD Timing Controller)

Description

The HD63645/HD64645/HD64646 LCTC is a
control LSI for large size dot matrix liquid crystal
displays. The LCTC is software compatible with
the HD6845 CRTC, since its programming method
of internal registers and memory addresses is based
on the CRTC. A display system can be easily
converted from a CRT to an LCD.

The HD64646 LCTC is a modified version of the
HD64645 LCTC with different LCD interface
timing.

The LCTC offers a variety of functions and per-
formance features such as vertical and horizontal
scrolling, and various types of character attribute
functions such as reverse video, blinking, non-
display (white or black), and an OR function for
simple superimposition of character and graphic
displays. The LCTC also provides DRAM refresh
address output.

A compact LCD system with a large screen can be
configured by connecting the LCTC with the
HD66204 (column driver) and the HD66205
(common driver) by utilizing 4-bit × 2 data
outputs. Power dissipation has been lowered by
adopting the CMOS process.

Features

• Software compatible with the HD6845 CRTC
• Programmable screen size

— Up to 1024 dots (height)

— Up to 4096 dots (width)

• High-speed data transfer
— Up to 20 Mbits/s in character mode

— Up to 40 Mbits/s in graphic mode

• Selectable single or dual screen configuration
• Programmable multiplexing duty ratio: static to

1/512 duty cycle
• Programmable character font

— 1-32 dots (height)

— 8 dots (width)

• Versatile character attributes: reverse video,
blinking, nondisplay (white), nondisplay (black)

• OR function: superimposing characters and
graphics display

• Cursor with programmable height, blink rate,
display position, and on/off switch

• Vertical Smooth Scrolling and horizontal
scrolling by the character

• Versatile display modes programmable by mode
register or external pins: display on/off, graphic
or character, normal or wide, attributes, and
blink enable

• Refresh address output for dynamic RAM
• 4- or 8-bit parallel data transfer between LCTC

and LCD driver
• Recommended LCD driver

— HD66204, HD66214T, HD66224T and
HD66110ST (column)

— HD66205 and HD66215T (common)

— HD66106F and HD66107T (column/common)

• CPU interface
— 68 family HD63645

— 80 family HD64645, HD64646

• CMOS process
• Single +5 V ±10%



Differences between Products
HD63645, HD64645 and HD64646

HD63645 HD64645 HD64646

CPU interface 68 family 80 family 80 family

Bus timing 2 MHz 4 MHz 4 MHz

Pin arrangement and Pin 41: R/W Pin 41: RD Pin 41: RD
signal name Pin 42: E Pin 42: WR Pin 42: WR

Other — — Modified LCD driver
interface timing

Ordering Information

Type No. CPU Interface Package

HD63645F 68 family 2 MHz bus 80-pin plastic QFP (FP-80)

HD64645F 80 family 4 MHz bus

HD64646FS 80 family 4 MHz bus 80-pin plastic QFP (FP-80B)
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Pin Arrangement
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RA0
RA1
RA2
RA3
RA4
GND1
G/C
AT
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D/S
WIDE
ON/OFF
MODE
BLE
DB7
DB6
DB5
DB4
DB3
DB2
DB1
DB0
R/W (RD)
E (WR)
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0
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A
1
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M

A
9

M
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A
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MD0
MD1
MD2
MD3
MD4
MD5
MD6
MD7
MD8
MD9

MD10
MD11
MD12
MD13
MD14
MD15
VCC1
LD3
LD2
LD1
LD0
LU3
LU2
LU1

LU
0 M


F
LM


C

L1


C
L2


S

K
0

S
K

1
V

C
C
2

D
C

LK


M
C

LK


D
IS

P
T

M
G


C

U
D

IS
P


G

N
D

2
R

E
S


C

S


R
S

(Top view)

Note:   (   ) is for HD64645 and HD64646



Pin Description

Symbol Pin Number I/O Name

VCC1, VCC2 17, 32 — VCC

GND1, GND2 37, 59 — Ground

LU0–LU3 22–25 O LCD up panel data 0–3

LD0–LD3 18–21 O LCD down panel data 0–3

CL1 28 O Clock one

CL2 29 O Clock two

FLM 27 O First line marker

M 26 O M

MA0–MA15 65–80 O Memory address 0–15

RA0–RA4 60–64 O Raster address 0–4

MD0–MD7 1–8 I Memory Data 0–7

MD8–MD15 9–16 I Memory Data 8–15

DB0–DB7 43–50 I/O Data bus 0–7

CS 39 I Chip select

E 41 I Enable (HD63645 only)

R/W 42 I Read/write (HD63645 only)

WR 41 I Write (HD64645 and HD64646)

RD 42 I Read (HD64645 and HD64646)

RS 40 I Register select

RES 38 I Reset

DCLK 33 I D clock

MCLK 34 O M clock

DISPTMG 35 O Display timing

CUDISP 36 O Cursor display

SK0 30 I Skew 0

SK1 31 I Skew 1

ON/OFF 53 I On/off

BLE 51 I Blink enable

AT 57 I Attribute

G/C 58 I Graphic/character

WIDE 54 I Wide

LS 56 I Large screen

D/S 55 I Dual/single

MODE 52 I Mode
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Pin Functions

Power Supply (VCC1, VCC2, GND)

Power Supply Pin (+5 V): Connect VCC1 and
VCC2 with +5 V power supply circuit.

Ground Pin (0 V): Connect GND1 and GND2
with 0 V.

LCD Interface

LCD Up Panel Data (LU0–LU3), LCD Down
Panel Data (LD0–LD3): LU0–LU3 and LD0–LD3
output LCD data as shown in table 1.

Clock One (CL1): CL1 supplies timing clocks for
display data latch.

Clock Two (CL2): CL2 supplies timing clock for
display data shift.

First Line Marker (FLM): FLM supplies first
line marker.

M (M): M converts liquid crystal drive output to
AC.

Memory Interface

Memory Address (MA0–MA15): MA0–MA15
supply the display memory address.

Raster Address (RA0–RA4): RA0–RA4 supply
the raster address.

Memory Data (MD0–MD7): MD0–MD7 receive
the character dot data or bit-mapped data.

Memory Data (MD8–MD15): MD8–MD15 receive
attribute code data or bit-mapped data.

MPU Interface

Data Bus (DB0–DB7): DB0–DB7 send/receive
data as a three-state I/O common bus.

Chip Select (CS): CS selects a chip. Low level
enables MPU read/write of the LCTC internal
registers.

Enable (E): E receives an enable clock (HD63645
only).

Read/Write (R/W): R/W enables MPU read of the
LCTC internal registers when R/W is high, and
MPU write when low (HD63645 only).

Write (WR): WR receives MPU write strobe
(HD64645 and HD64646).

Read (RD): RD receives MPU read strobe
(HD64645 and HD64646).

Register Select (RS): RS selects registers. (Refer
to table 4.)

Reset (RES): RES performs external reset of the
LCTC. Low level of RES stops and zero-clears the
LCTC internal counter. No register contents are
affected.

Timing Signal

D Clock (DCLK): DCLK inputs the system clock.

M Clock (MCLK): MCLK indicates memory
cycle; DCLK is divided by four.

Display Timing (DISPTMG): DISPTMG high
indicates that the LCTC is reading display data.

HD63645/HD64645/HD64646
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Table 1 LCD Up Panel Data and LCD Down Panel Data

Single Screen

Pin Name 4-Bit Data 8-Bit Data Dual Screen

LU0–LU3 Data output Data output Data output for upper screen

LD0–LD3 Disconnected Data output Data output for lower screen



Cursor Display (CUDISP): CUDISP supplies
cursor display timing; connect with MD12 in
character mode.

Skew 0 (SK0)/Skew 1 (SK1): SK0 and SK1
control skew timing. Refer to table 2.

Mode Select

The mode select pins ON/OFF, BLE, AT, G/C,
and WIDE are ORed with the mode register (R22)
to determine the mode.

On/Off (ON/OFF): ON/OFF switches display on
and off (high = display on).

Blink Enable (BLE): BLE high level enables
attribute code “blinking” (MD13) and provides
normal/blank blinking of specified characters for
32 frames each.

Attribute (AT): AT controls character attribute
functions.

Graphic/Character (G/C): G/C switches between
graphic and character display mode (graphic
display when high).

Wide (WIDE): WIDE switches between normal
and wide display mode (high = wide display, low =
normal display).

Large Screen (LS): LS controls a large screen. LS
high provides a data transfer rate of 40 Mbits/s for
a graphic display. Also used to specify 8-bit LCD
interface mode. For more details, refer to table 10.

Dual/Single (D/S): D/S switches between single
and dual screen display (dual screen display when
high).

Mode (MODE): MODE controls easy mode.
MODE high sets duty ratio, maximum number of
rasters, cursor start/end rasters, etc. (Refer to table
8.)
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Table 2 Skew Signals

SK0 SK1 Skew Function

0 0 No skew

1 0 1-character time skew

0 1 2-character time skew

1 1 Prohibited combination



Function Overview

LCD and CRT Display Systems

Figure 1 shows a system using both LCD and CRT
displays.

Main Features of HD63645/HD64645/HD64646

Main features of the LCTC are:

• High-resolution liquid crystal display screen
control (up to 720 × 512 dots)

• Software compatible with HD6845 (CRTC)

• Built-in character attribute control circuit

Table 3 shows how the LCTC can be used.

HD63645/HD64645/HD64646
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Table 3 Functions, Application, and Configuration

Classification Item Description

Functions Screen format • Programmable horizontal scanning cycle by the character
clock period

• Programmable multiplexing duty ratio from static up to
1/512

• Programmable number of vertical displayed characters
• Programmable number of rasters per character row

(number of vertical dots within a character row + space
between character rows)

Cursor control • Programmable cursor display position, corresponding to
RAM address

• Programmable cursor height by setting display start/end
rasters

• Programmable blink rate, 1/32 or 1/64 frame rate

Memory rewriting • Time for rewriting memory set either by specifying number
of horizontal total characters or by cycle steal utilizing
MCLK

Memory addressing • 16-bit memory address output, up to 64 kbytes × 2 memory
accessible

• DRAM refresh address output

Paging and scrolling • Paging by updating start address
• Horizontal scrolling by the character, by setting horizontal

virtual screen width
• Vertical smooth scrolling by updating display start raster

Character attributes • Reverse video, blinking, nondisplay (white or black), display
ON/OFF

Application CRTC compatible • Facilitates system replacement of CRT display with LCD

OR function • Enables superimposing display of character screen and
graphic screen

Configuration LCTC configuration • Single 5 V power supply
• I/O TTL compatible except RES, MODE, SK0, SK1
• Bus connectable with 6800 family (HD63645)
• Bus connectable with 80 family (HD64645 and HD64646)
• CMOS process
• Internal logic fully static
• 80-pin flat plastic package
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Liquid crystal
display

LCD display signals

LCTC
HD63645
HD64645
HD64646

Frame
buffer

RAM

Video signals

CRTC
HD6845

MPU
6301

CRT
(monochrome)



Figure 1   LCD and CRT Displays

Differences between HD64645 and
HD64646

Figure 2 and figure 3 show the relation between
display data transfer period, when display data
shift clock CL2 changes, and display data latch
clock CL1. Figure 2 shows the case without skew
function and figure 3 shows the case with skew
function.

In figure 2, high period between CL2 and CL1 of
HD64645 overlap. HD64646 has no overlap like
HD64645, and except for this overlap. HD64646 is
the same as HD64645 functionally.

Also for the skew function, phase relation between
CL1 and CL2 changes. As figure 3 shows, data
transfer period and CL1 high period of HD64646
never overlap with the skew function.
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MCLK

DISPTMG

CL1
(HD64645)

CL1
(HD64646)

CL2
(fCL2 = fMCLK)

CL2
(fCL2 = 2fMCLK)



1 2 3 4 5 15 16

MCLK × 16

MCLK × 11

Notes: fMCLK = Output frequency of MCLK
fCL2  = Output frequency of CL2



Figure 2   Differences between HD64645 and HD64646 (No Skew)
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MCLK

DISPTMG

CL1
(HD64645)

CL1
(HD64646)

CL2
(fCL2 = fMCLK)

CL2
(fCL2 = 2fMCLK)

MCLK

DISPTMG

CL1
(HD64645)

CL1
(HD64646)

CL2
(fCL2 = fMCLK)

CL2
(fCL2 = 2fMCLK)

1 2 3 4 5 15 16

MCLK × 16

MCLK × 11

1 Character Skew

4 5 15 16

MCLK × 16

2 Character Skew

1 2 3

MCLK × 11



Figure 3   Differences between HD64645 and
HD64646 (Skew)

Internal Block Diagram

Figure 4 is a block diagram of the LCTC.
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Dot counter

Q
R S

Q
R S

Q
R S

CLK Multiplexing duty
ratio counter (9 bits)

8-bit/4-bit counter

Input register

Data
conversion

control

CPMA MCLK
Skew
control

Skew
control

Skew
circuit

Counter
control

Counter
control

Attribute
control

CMP

CMP

CMP

CMP

CMP

CMP

Address register
&

R/W control

R22 Mode register (W)

Mode control
circuit

MPX

R11 Cursor end raster
register (W)

R10 Cursor start raster
register (W)

R14
R15

Cursor address
register (R/W)

R18
Horizontal virtual

screen width
register (R/W)

CLK Down panel address
counter (16 bits)

CLK Upper panel address
counter (16 bits)

R19
R20

Multiplexing duty
ratio register (W)

R9 Maximum raster
address register (W)

R21 Display start raster
register (W)

R0

R1 Horizontal displayed
register (W)

Horizontal total
register (W)CLK Character counter

(8 bits)

MPX

CLK Down panel raster
counter (5 bits)

CMPCLK Upper panel raster
counter (5 bits)

CLK Refresh address
counter (8 bits)

DB0–DB7RS CS

(WR)
E

(RD)
R/W

G/C
AT
LS
D/S
WIDE
ON/OFF
MODE
BLE

SK1SK0CUDISPMD0–MD15

CL2

CL1

FLM

Counter 1/2

M

MA0–MA15

RA0–RA4

LU0–LU3

LD0–LD3

Note:   (   ) is for HD64645 and HD64646 (80 types bus interface)

R12
R13

Start address
register (R/W)

16

MR

DCLK MCLK DISPTMG



Figure 4   LCTC Block Diagram

System Block Configuration Examples

Figure 5 is a block diagram of a character/graphic

display system. Figure 5 shows two examples
using LCD drivers.
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Figure 5   Character/Graphic Display System Example
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(WR) (RD)
E, R/W
DB0–DB7

CS, RS

MA0–MA15

MCLK
DISPTMG

CUDISP

MD8–MD15

MD0–
MD7

RA0–RA4

DCLK

G/C
AT
LS

D/S
WIDE

MODE
ON/OFF

BLE
SK0
SK1

VCC
GND

Reset

+5 V

Char./Graph.

CPG

Mode select

Display on/off
Blink enable

LCD
module

LU0–LU3
LD0–LD3

CL2
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M
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Note:   (  ) is for HD64645 and HD64646 (80 types bus interface)


Memory
control

RES



Interface to MPU
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Figure 6   Interface to MPU

Decoder

RS

CS

R/W

E

DB0–DB7

RES

P10–P17



SC2 (R/W)

E

P30–P37

RES

HD63645
LCTC

HD6301
MPU

RESET

Decoder

RS

CS

RD

WR

DB0–DB7

RES

A0–A15

IOE

RD

WR

D0–D7

RES

HD64645
HD64646

LCTC

HD64180
MPU

RESET

Interface between HD6301 and HD63645

Interface between  HD64180, HD64645 and HD64646

Note: HD6301 is set in mode 5. P10–P17 are used as output ports, and P30–P37 as data buses. 
SC2 outputs R/W here.

Note: In 80 family MPUs, I/O space is separate from memory space in software. Thus the LCTC, 
a part of I/O, needs the ORed signals of the interface signals and IOE. So IOE and RD, 
and IOE and WR should be ORed to satisfy tAS, the timing of CS, RD, and WR.




Figure 7   LCD Driver Examples
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Registers

Table 4 shows the register mapping. Table 5
describes their function. Table 6 shows the differ-

ences between CRTC and LCTC registers.
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Table 4 Registers Mapping

Address
Register Reg. Data Bit

CS RS 4 3 2 1 0 No. Register Name Program Unit Symbol R/W 7 6 5 4 3 2 1 0

1 — — — — — — Invalid — — —

0 0 — — — — — AR Address Register — — W

0 1 0 0 0 0 0 R0 Horizontal total characters Character*3 Nht W

0 1 0 0 0 0 1 R1 Horizontal displayed char.s Character Nhd W

0 1 0 1 0 0 1 R9 Maximum raster address Raster Nr W

0 1 0 1 0 1 0 R10 Cursor start raster Raster*4 Ncs W B P

0 1 0 1 0 1 1 R11 Cursor end raster Raster Nce W

0 1 0 1 1 0 0 R12 Start address (H) Memory address — R/W

0 1 0 1 1 0 1 R13 Start address (L) Memory address — R/W

0 1 0 1 1 1 0 R14 Cursor address (H) Memory address — R/W

0 1 0 1 1 1 1 R15 Cursor address (L) Memory address — R/W

0 1 1 0 0 1 0 R18 Horizontal virtual screen width Character Nir W

0 1 1 0 0 1 1 R19 Multiplexing duty ratio (H) Raster*3 Ndh W

0 1 1 0 1 0 0 R20 Multiplexing duty ratio (L) Raster*3 Ndl W

0 1 1 0 1 0 1 R21 Display start raster Raster Nsr W

0 1 1 0 1 1 0 R22 Mode register —*5 — W ON/ G/C WIDE BLE AT
OFF

Notes: 1. : Invalid data bits
2. R/W indicates whether write access or read access is enabled to/from each register.

W: Only write accessible
R/W:Both read and write accessible

3. The “value to be specified minus 1” should be programmed in these registers: R0, R1 and R20.
4. Data bits 5 and 6 of cursor start register control the cursor status as shown below (for more

details, refer to page 27).

B P Cursor Blink Mode

0 0 Cursor on; without blinking
0 1 Cursor off
1 0 Blinking once every 32 frames

1 1 Blinking once every 64 frames

5. The OR of mode pin status and mode register data determines the mode.
6. Registers R2–R8, R16, and R17 are not assigned for the LCTC. Programming to these

registers will be ignored.



Table 5 Internal Register Description

Reg. No. Register Name Size (Bits) Description

AR Address register 5 Specifies the internal control registers (R0,
R1, R9–R15, R18–R22) address to be
accessed

R0 Horizontal total characters 8 Specifies the horizontal scanning period

R1 Horizontal displayed characters 8 Specifies the number of displayed
characters per character row

R9 Maximum raster address 5 Specifies the number of rasters per
character row, including the space between
character rows

R10 Cursor start raster 5 + 2 Specifies the cursor start raster address and
its blink mode

R11 Cursor end raster 5 Specifies the cursor end raster address

R12 Start address (H) 16 Specify the display start address
R13 Start address (L)

R14 Cursor address (H) 16 Specify the cursor display address
R15 Cursor address (L)

R18 Horizontal virtual screen width 8 Specifies the length of one row in memory
space for horizontal scrolling

R19 Multiplexing duty ratio (H) 9 Specify the number of rasters for one screen
R20 Multiplexing duty ratio (L)

R21 Display start raster 5 Specifies the display start raster within a
character row for smooth scrolling

R22 Mode register 5 Controls the display mode

Note: For more details of registers, refer to “Internal Registers.”
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Table 6 Internal Register Comparison between LCTC and CRTC

Reg. No. LCTC HD63645/HD64645/HD64646 Comparison CRTC HD6845

AR Address register Equivalent to CRTC Address register

R0 Horizontal total characters Horizontal total characters

R1 Horizontal displayed characters Horizontal displayed
characters

R2 — Particular to CRTC; Horizontal sync position

R3 unnecessary for LCTC Sync width

R4 Vertical total characters

R5 Vertical total adjust

R6 Vertical displayed characters

R7 Vertical sync position

R8 Interface and skew

R9 Maximum raster address Equivalent to CRTC Maximum raster address

R10 Cursor start raster Cursor start raster

R11 Cursor end raster Cursor end raster

R12 Start address (H) Start address (H)

R13 Start address (L) Start address (L)

R14 Cursor address (H) Cursor (H)

R15 Cursor address (L) Cursor (L)

R16 Particular to CRTC; Light pen (H)

R17 unnecessary for LCTC Light pen (L)

R18 Horizontal virtual screen width Additional registers

R19 Multiplexing duty ratio (H) for LCTC

R20 Multiplexing duty ratio (L)

R21 Display start raster

R22 Mode register

HD63645/HD64645/HD64646

1287



Functional Description

Programmable Screen Format

Figure 8 illustrates the relation between LCD
display screen and registers. Figure 9 shows a

timing chart of signals output from the LCTC in
mode 5 as an example.
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Figure 8   Relation between Display Screen and Registers
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Figure 9   LCTC Timing Chart (In Mode 5: Single Screen, 4-Bit Transfer, 
Normal Character Display)
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Cursor Control

The following cursor functions (figure 10) can be
controlled by programming specific registers.

• Cursor display position

• Cursor height
• Cursor blink mode

A cursor can be displayed only in character mode.
Also, CUDISP pin must be connected to MD12 pin
to display a cursor.
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Figure 10   Cursor Display
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Character Mode and Graphic Mode

The LCTC supports two types of display modes;
character mode and graphic mode. Graphic mode 2
is provided to utilize software for a system using
the CRTC (HD6845).

The display mode is controlled by an OR between
the mode select pins (D/S, G/C, LS, WIDE, AT)
and mode register (R22).

Character Mode: character mode displays char-
acters by using CG-ROM. The display data
supplied from memory is accessed in 8-bit units. A
variety of character attribute functions are pro-
vided, such as reverse video, blinking, nondisplay
(white or black), by storing the attribute data in
attribute RAM (A-RAM).

Figure 11 illustrates the relation between character
display screen and memory contents.

Graphic Mode 1: Graphic mode 1 directly dis-
plays data stored in a graphic memory buffer. The
display data supplied from memory is accessed in
16-bit units. Character attribute functions or wide
mode are not provided. Figure 12 illustrates the
relation between graphic display screen and
memory contents.

Graphic Mode 2: Graphic mode 2 utilizes soft-
ware for a system using the CRTC (HD6845). The
display data supplied from memory is accessed in
16-bit units. Character attribute functions or wide
mode are not provided. The same memory
addresses are output repeatedly the number of
times specified by maximum raster register (R9).
The raster address is output in the same way as in
character mode.
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Figure 11   Relation between Character Screen and Memory Contents
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Horizontal Virtual Screen Width

Horizontal virtual screen width can be specified by
the character in addition to the number of hori-
zontal displayed characters (figure 13).

The display screen can be scrolled in any direction

by the character, by setting the horizontal virtual
screen width and updating the start address. This
function is enabled by programming the horizontal
virtual screen width register (R18).

Figure 14 shows an example.
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Figure 12   Relation between Graphic Screen and Memory Contents

Figure 13   Horizontal Virtual Screen Width
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Figure 14   Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width
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Smooth Scroll

Vertical smooth scrolling (figure 15) is performed
by updating the display start raster, as specified by
the start raster register (R21). This function is
offered only in character mode.

Wide Display

The character to be displayed can be doubled in
width, by supplying the same data twice (figure
16). This function is offered only in character
mode, and controlled either by bit 2 of the mode
register (R22) or by the WIDE pin.
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Figure 15   Example of Smooth Scroll by Setting Display Start Raster Address

Figure 16   Example of Wide Display
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Attribute Functions

A variety of character attribute functions such as
reverse video, blinking, nondisplay (white) or
nondisplay (black) can be implemented by storing
the attribute data in A-RAM (attribute RAM).
Figure 17 shows a display example using each
attribute function.

The attribute functions are offered only in char-
acter mode, and controlled either by bit 0 of the
mode register (R22) or the AT pin. As shown in
figure 18, a character attribute can be specified by
placing the character code on MD0–MD7, and the
attribute code on MD11–MD15. MD8–MD10 are
invalid.
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Figure 17   Display Example Using Attribute Functions

Figure 18   Attribute Code
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OR Function — Superimposing Characters and
Graphics

The OR function (figure 19) generates the OR of
the data entered into MD0–MD7 (e.g. character
data) and the data into MD8–MD15 (e.g. graphic

data) in the LCTC and transfers this data as 1 byte.

This function is offered only in character mode,
and controlled by bit 0 of the mode register (R22)
or by the AT pin. Any attribute functions are
disabled when using the OR function.
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Figure 19   OR Function
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DRAM Refresh Address Output Function

The LCTC outputs the address for DRAM refresh
while CL1 is high, as shown in figure 20. The 16
refresh addresses per scanned line are output 16
times, from $00–$FF.

Skew Function

The LCTC can specify the skew (delay) for
CUDISP, DISPTMG, CL2 outputs and MD inputs.

If buffer memory and character generator ROM
cannot be accessed within one horizontal character

display period, the access is retarded to the next
cycle by inserting a latch to memory address
output and buffer memory output. The skew
function retards the CUDISP, DISPTMG, CL2
outputs, and MD inputs in the LCTC to match
phase with the display data signal.

By utilizing this function, a low-speed memory can
be used as a buffer RAM or a character generator
ROM.

This function is controlled by pins SK0 and SK1 as
shown in table 7.
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Figure 20   DRAM Refresh Address Output
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Table 7 Skew Function

SK0 SK1 Skew Function

0 0 No skew

1 0 1 character time skew

0 1 2 character time skew

1 1 Inhibited combination



Easy Mode

This mode utilizes software for systems using the
CRTC (HD6845). By setting MODE pin to high,
the display mode and screen format are fixed as
shown in table 8. With this mode, software for a
CRT screen can be utilized in a system using the
LCTC, without changing the BIOS.

Automatic Correction of Down Panel Raster
Address

When the LCTC mode is set for character display
and dual screen, memory addresses (MA) and
raster addresses (RA) are output in such a way as
to keep continuity of a display spread over the two
panels. Therefore users can use the LCTC without
considering the multiplexing duty ratio (the
number of vertical dots of a screen) or the
character font. (See figure 21.)
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Table 8 Fixed Values in Easy Mode

Reg. No. Register Name Fixed Value (Decimal)

R9 Maximum raster address 7

R10 Cursor start raster 6

R11 Cursor end raster 7

R18 Horizontal virtual screen width Same value as (R1)

R19 Multiplexing duty ratio (H) 99 (in dual screen mode)

R20 Multiplexing duty ratio (L) 199 (in single screen mode)

R21 Display start raster 0

R22 Mode register 0

Figure 21   Example of the Display in the Character Mode

ABC

Up panel

Down panel

Characters are continuous in spite
of the break of a screen.



System configuration and Mode Setting

LCD System Configuration

The screen configuration, single or dual, must be
specified when using the LCD system (figure 22).

Using the single screen configuration, you can
construct an LCD system with lower cost than a
dual screen system, since the required number of
column drivers is smaller and the manufacturing
process for mounting them is simpler. However,
there are some limitations, such as duty ratio,
breakdown voltage of a driver, and display quality
of the liquid crystal, in single screen configuration.
Thus, a dual screen configuration may be more
suitable to an application.

The LCTC also offers an 8-bit LCD data transfer
function to support an LCD screen with a smaller
interval of signal input terminals. For a general
size LCD screen, such as 640 × 200 single, or 640
× 400 dual, the usual 4-bit LCD data transfer is
satisfactory.

Hardware Configuration and Mode Setting

The LCTC supports the following hardware
configurations:

• Single or dual screen configuration
• 4-or 8-bit LCD data transfer

and the following screen format:

• Character, graphic 1, or graphic 2 display
• Normal or wide display (only in character mode)
• OR or attribute display (only in character mode)

Also, the LCTC supports up to 40 Mbits/s of large
screen mode (mode 13) for large screen display.
This mode is provided only in graphic 1 mode.

Table 9 shows the mode selection method accord-
ing to hardware configuration and screen format.
Table 10 shows how they are specified.
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Figure 22   Hardware Configuration According to Screen Format
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Table 9 Mode Selection

Hardware Configuration Screen Format

Screen Maximum
LCD Data Configu- Screen Character/ Normal/ Attribute/ Data Transfer
Transfer ration Size Graphic Wide OR Speed (Mbps) Mode No.

4-bit Single Normal Character Normal AT 20 5
OR

Wide AT 10 6
OR

Graphic 1 20 7

Graphic 2 20 8

Dual Normal Character Normal AT 20 1
OR

Wide AT 10 2
OR

Graphic 1 20 3

Graphic 2 20 4

Large Graphic 1 40 13

8-bit Single Normal Character Normal AT 20 9
OR

Wide AT 10 10
OR

Graphic 1 20 11

Graphic 2 20 12

Note: Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the data
transfer speed sent to the LCD driver in wide function is 20 Mbps.
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Mode List

Table 10 Mode List

Pin Name Screen Graphic/ Data Wide
No. Mode Name D/S G/C LS WIDE AT Config. Character Transfer Display Attribute

1 Dual-screen character 1 0 0 0 0 Dual Character 4-bit Normal OR

1 0 0 0 1 screen × 2 AT

2 Dual-screen wide 1 0 0 1 0 Wide OR
character 1 0 0 1 1 AT

3 Dual-screen graphic 1 1 1 0 0 1 Graphic — —

4 Dual-screen graphic 2 1 1 0 0 0

5 Single-screen character 0 0 0 0 0 Single Character 4-bit Normal OR

0 0 0 0 1 screen AT

6 Single-screen wide 0 0 0 1 0 Wide OR
character 0 0 0 1 1 AT

7 Single-screen graphic 1 0 1 0 0 1 Graphic — —

8 Single-screen graphic 2 0 1 0 0 0

9 8-bit character 0 0 1 0 0 Single Character 8-bit Normal OR

0 0 1 0 1 screen AT

10 8-bit wide character 0 0 1 1 0 Wide OR

0 0 1 1 1 AT

11 8-bit graphic 1 0 1 1 0 1 Graphic — —

12 8-bit graphic 2 0 1 1 0 0

13 Large screen 1 1 1 0 1 Dual 4-bit
screen × 2

The LCTC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), and
AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between data bits 0, 2, and 3 of the mode register
(R22). The display mode can be controlled by either one of the external pins or the data bits of R22.

Note: The above 5 pins have 32 status combinations (high and low). Any combinations other than the
above are prohibited, because they may cause malfunctions. If you set an prohibited combination,
set the right combination again.
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Internal Registers

The HD63645/HD64645/HD64646 has one address
register and fourteen data registers. In order to
select one out of fourteen data registers, the
address of the data register to be selected must be
written into the address register. The MPU can
transfer data to/from the data register correspond-
ing to the written address.

To be software compatible with the CRTC
(HD6845), registers R2–R8, R16, and R17, which
are not necessary for an LCD are defined as invalid
for the LCTC.

Address Register (AR)

AR register (figure 23) specifies one out of 14 data
registers. Address data is written into the address
register when RS is low. If no register correspond-
ing to a specified address exists, the address data is
invalid.

Horizontal Total Characters Register (R0)

R0 register (figure 24) specifies a horizontal
scanning period. The total number of horizontal
characters less 1 must be programmed into this 8-
bit register in character units. Nht indicates the
horizontal scanning period including the period
when the CPU occupies memory (total number of
horizontal characters minus the number of
horizontal displayed characters). Its units are, then,
converted from time into the number of characters.

This value should be specified according to the
specification of the LCD system to be used.

Note the following restrictions

Nhd +  16 ≤ Nht + 1m

Mode No. m

5, 9 1

1, 6, 7, 8, 10, 11, 12, 13 2

2, 3, 4 4

Horizontal Displayed Characters Register (R1)

R1 register (figure 25) specifies the number of
characters displayed per row. The horizontal
character pitches are 8 bits for normal character
display and 16 dots for wide character display and
graphic display.

Nhd must be less than the total number of
horizontal characters.

Maximum Raster Address Register (R9)

R9 register (figure 26) specifies the number of
rasters per row in characters mode, consisting of 5
bits. The programmable range is 0 (1 raster/row) to
31 (32 rasters/row).
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Figure 23   Address Register

Figure 24   Horizontal Total Characters
Register

Figure 25   Horizontal Displayed Characters
Register

Figure 26   Maximum Raster Address Register
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Cursor Start Raster Register (R10)

R10 register (figure 27) specifies the cursor start
raster address and its blink mode. Refer to table 11.

Cursor End Raster Register (R11)

R11 register (figure 28) specifies the cursor end
raster address.

Start Address Register (H/L) (R12/R13)

R12/R13 register (figure 29) specifies a buffer
memory read start address. Updating this register
facilitates paging and scrolling. R14/R15 register
can be read and written to/from the MPU.

Cursor Address Register (H/L) (R14/R15)

R14/R15 register (figure 30) specifies a cursor
display address. Cursor display requires setting
R10 and R11, and CUDISP should be connected
with MD12 (in character mode). This register can
be read from and written to the MPU.

Horizontal Virtual Screen Width Register (R18)

R18 register (figure 31) specifies the memory
width to determine the start address of the next
row. By using this register, memory width can be
specified larger than the number of horizontal
displayed characters. Updating the display start
address facilitates scrolling in any direction within
a memory space.

The start address of the next row is that of the
previous row plus Nir. If a larger memory width
than display width is unnecessary, Nir should be
set equal to the number of horizontal displayed
characters.
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A A

32- or 64-frame

Table 11 Cursor Blink Mode

B P Cursor Blink Mode

0 0 Cursor on; without blinking
0 1 Cursor off
1 0 Blinking once every 32 frames
1 1 Blinking once every 64 frames

Figure 27   Cursor Start Raster Register

Figure 28   Cursor End Raster Register

Figure 29   Start Address Register

Figure 30   Cursor Address Register
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Multiplexing Duty Ratio Register (H/L)
(R19/R20)

R19/R20 register (figure 32) specifies the number
of vertical dots of the display screen. The pro-
grammed value differs according to the LCD
screen configuration.

In single screen configuration:

(Programmed value) = (Number of vertical
dots) – 1

In dual screen configuration:

(Programmed value) =
(Number of vertical dots)

2
– 1

Display Start Raster Register (R21)

R21 register (figure 33) specifies the start raster of
the character row displayed on the top of the
screen. The programmed value should be equal or
less than the maximum raster address. Updating
this register allows smooth scrolling in character
mode.

Mode Register (R22)

The Or of the data bits of R22 (figure 34) register
and the external terminals of the same name
determines a particular mode (figure 35).
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Figure 31   Horizontal Virtual Screen Width
Register

Figure 32   Multiplexing Duty Ratio Register

Figure 33   Display Start Raster Register

Figure 34   Mode Register
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Figure 35   Correspondence between Mode Register and External Pins

AT
(data bit 0)

BLE
(data bit 1)

WIDE
(data bit 2)

G/C
(data bit 3)

ON/OFF
(data bit 4)

Mode register
(R22)

ON/OFF
(pin 53)

G/C
(pin 58)

WIDE
(pin 54)

BLE
(pin 51)

AT
(pin 57)

Notes: 1.

2.

3.

4.

5.

AT (valid only when G/C is low (character mode))
AT = High: Attribute functions enabled, OR function disabled.
AT = Low: OR function enabled, attribute functions disabled.

BLE (valid only when G/C is low (character mode))
BLE = High: Blinking enable on the character specified by attribute RAM
BLE = Low: No blinking

WIDE (valid only when G/C is low (character mode))
WIDE = High: Wide display enabled
WIDE = Low: Normal display

G/C
G/C = High: Graphic 1 display (when AT = low) or graphic 2 display (when AT = high)
G/C = Low: Character display

ON/OFF
ON/OFF = High: Display on state
ON/OFF = Low: Display off state




Restrictions on Programming Internal Registers

Note when programming that the values you can
write into the internal registers are restricted as
shown in table 12.
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Table 12 Restrictions on Writing Values into the Internal Registers

Function Restrictions Register

Display format 1 < Nhd < Nht + 1 ≤ 256 R0, R1

Nhd + 16
m *1

≤ Nht + 1

(No. of vertical dots) × (No. of horizontal dots) × R1, R19, R20
(frame frequency; fFRM) ≤ (data transfer speed; V)

*2 × (Nd + 1) × Nhd × *3 fFRM ≤ V

Nhd ≤ Nir R1, R18

0 ≤ Nd ≤ 511 R19, R20

Cursor control 0 ≤ Ncs ≤ Nce R10, R11

Nce ≤ Nr R10, R9

Smooth scroll Nsr ≤ Nr R21, R9

Memory width set 0 ≤ Nir ≤ 255 R18

Notes: 1. m varies according to the modes. See the following table.

Mode No. m

5, 9 1

1, 6, 7, 8, 10, 11, 12, 13 2

2, 3, 4 4

2. Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as
shown in the following table.

Mode No. Value

5, 6, 7, 8, 9, 10, 11, 12 1

1, 2, 3, 4, 13 2

3. Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes are
classified as shown in the following table.

Mode No. Value

1, 5, 9 8

2, 3, 4, 6, 7, 8, 10, 11, 12, 13 16

1
2

8
16
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Reset

RES pin determines the internal state of LSI
counters and the like. This pin does not affect
register contents nor does it basically control
output terminals.

Reset is defined as follows (figure 36):

• At reset: the time when RES goes low

• During reset: the period while RES remains low

• After reset: the period on and after the RES
transition from low to high

• Make sure to hold the reset signal low for at
least 1 µs

RES pin should be pulled high by users during
operation.

Reset State of Pins

RES pin does not basically control output pins,
and operates regardless of other input pins.

1. Preserve states before reset

LU0–LU3, LD0–LD3, FLM, CL1, RA0–RA4

2. Fixed at high level

MLCK

3. Preserve states before reset or fixed at low
level according to the timing when the reset
signal is input

DISPTMG, CUDISP, MA0–MA15

4. Fixed at high or low according to mode

CL2

5. Unaffected

DB0–DB7

Reset State of Registers

RES pin does not affect register contents.
Therefore, registers can be read or written even
during a reset state; their contents will be preserved
regardless of reset until they are rewritten to.

Notes for HD63645/HD64645/HD64646

1. The HD63645/HD64645/HD64646 are CMOS
LSIs, and it should be noted that input pins
must not be left disconnected, etc.

2. At power-on, the state of internal registers
becomes undefined. The LSI operation is
undefined until all internal registers have been
programmed.

Figure 36   Reset Definition

After resetDuring reset

1 µs min

0.8 V

VCC – 0.5 V

At reset

RES



Absolute Maximum Ratings

Item Symbol Value Note

Supply voltage VCC –0.3 to +7.0 V 2

Terminal voltage Vin –0.3 to VCC + 0.3 V 2

Operating temperature Topr –20°C to +75°C

Storage temperature Tstg –55°C to +125°C

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should
be under recommended operating conditions (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to
+75°C). If these conditions are exceeded, it could affect reliability of LSI.

2. With respect to ground (GND = 0 V)
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Electrical Characteristics

DC Characteristics (VCC = 5.0 V ±10%, GND = 0 V, Ta = –20°C to +75°C, unless otherwise noted)

Test
Item Symbol Min Typ Max Unit Condition

Input high RES, MODE, VIH VCC – 0.5 VCC + 0.3 V
voltage SK0, SK1

DCLK, ON/OFF 2.2 VCC + 0.3 V

All others 2.0 VCC + 0.3 V

Input low All others VIL –0.3 0.8 V
voltage

Output high TTL interface*1 VOH 2.4 V IOH = –400 µA
voltage CMOS interface*1 VCC – 0.8 V IOH = –400 µA

Output low TTL interface VOL 0.4 V IOL = 1.6 mA
voltage CMOS interface 0.8 V IOL = 400 µA

Input leakage All inputs except IIL –2.5 +2.5 µA
current DB0–DB7

Three state DB0–DB7 ITSL –10 +10 µA
(off-state)
leakage 
current

Current ICC 10 mA
dissipation*2

Notes: 1. TTL Interface; MA0–MA15, RA0–RA4, DISPTMG, CUDISP, DB0–DB7, MCLK
C-MOS Interface; LU0–LU3, LD0–LD3, CL1, CL2, M, FLM

2. Input/output current is excluded. When input is at the intermediate level with CMOS, excessive
current flows through the input circuit to power supply. Input level must be fixed at high or low to
avoid this condition.

3. If the capacitive loads of LU0–LU3 and LD0–LD3 exceed the rating, noise over 0.8 V may be
produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LU0–LU3 and
LD0–LD3 are larger than the ratings, supply signals to the LCD module through buffers.
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AC Characteristics

CPU Interface (HD63645—68 Family) (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C, unless
otherwise noted)

Item Symbol Min Typ Max Unit Figure

Enable cycle time tCYCE 500 ns 37

Enable pulse width (high) PWEH 220 ns

Enable pulse width (low) PWEL 220 ns

Enable rise time tEr 25 ns

Enable fall time tEf 25 ns

CS, RS, R/W setup time tAS 70 ns

CS, RS, R/W hold time tAH 10 ns

DB0–DB7 setup time tDS 60 ns

DB0–DB7 hold time tDHW 10 ns

DB0–DB7 output delay time tDDR 150 ns

DB0–DB7 output hold time tDHR 20 ns

Figure 37   CPU Interface (HD63645)
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tCYCE

tEf tEr
PWEH

tAS tAH

2.0 V
0.8 V

2.0 V
0.8 V

Data 
valid

tDS tDHW

tDDR

Data valid
2.4 V

0.8 V

tDHR

E

CS
RS
R/W

DB0–DB7 (input)

DB0–DB7 (output)

2.0 V
 0.8 V

PWEL



CPU Interface (HD64645 and HD64646—80 Family) (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to
+75°C, unless otherwise noted)

Item Symbol Min Typ Max Unit Figure

RD high level width tWRDH 190 ns 38

RD low level width tWRDL 190 ns

WR high level width tWWRH 190 ns

WR low level width tWWRL 190 ns

CS, RS setup time tAS 0 ns

CS, RS hold time tAH 0 ns

DB0–DB7 setup time tDSW 100 ns

DB0–DB7 hold time tDHW 0 ns

DB0–DB7 output delay time tDDR 150 ns

DB0–DB7 output hold time tDHR 20 ns

Figure 38   CPU Interface (HD64645 and HD64646)

HD63645/HD64645/HD64646

1311

2.0 V
0.8 V

tAS tWRDL tAH tAS tAH
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tWWRH tWWRL
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tDDR tDHR tDSW tDHW
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0.8 V

2.4 V

0.4 V
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RD

WR
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Memory Interface (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C, unless otherwise noted)

Item Symbol Min Typ Max Unit Figure

DCLK cycle time tCYCD 100 — — ns 39

DCLK high level width tWDH 30 — — ns

DCLK low level width tWDL 30 — — ns

DCLK rise time tDr — — 20 ns

DCLK fall time tDf — — 20 ns

MCLK delay time tDMD — — 60 ns

MCLK rise time tMr — — 30 ns

MCLK fall time tMf — — 30 ns

MA0–MA15 delay time tMAD — — 150 ns

MA0–MA15 hold time tMAH 10 — — ns

RA0–RA4 delay time tRAD — — 150 ns

RA0–RA4 hold time tRAH 10 — — ns

DISPTMG delay time tDTD — — 150 ns

DISPTMG hold time tDTH 10 — — ns

CUDISP delay time tCDD — — 150 ns

CUDISP hold time tCDH 10 — — ns

CL1 delay time tCL1D — — 150 ns

CL1 hold time tCL1H 10 — — ns

CL1 rise time tCL1r — — 50 ns

CL1 fall time tCL1f — — 50 ns

MD0–MD15 setup time tMDS 30 — — ns

MD0–MD15 hold time tMDH 15 — — ns
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Figure 39   Memory Interface
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0.4 V

RA0–RA4

tDTD tDTH

2.4 V

0.4 V

DISPTMG

tCDD tCDH

VCC – 0.8 V

0.8 V

CUDISP

tCL1D tCL1H
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tDf

tWDL

tDMD

2.4 V

0.4 V
tMf

tMr

tDMD
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0.8 V
DCLK
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MD0–MD15
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tCL1r
tCL1f
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0.8 V
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LCD Interface 1 (HD63645 and HD64645) (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C)

Item Symbol Min Typ Max Unit Figure

Display data setup time tLDS 50 — — ns 40

Display data hold time tLDH 100 — — ns

CL2 high level width tWCL2H 100 — — ns

CL2 low level width tWCL2L 100 — — ns

FLM setup time tFS 500 — — ns

FLM hold time tFH 300 — — ns

CL1 rise time tCL1r — — 50 ns

CL1 fall time tCL1f — — 50 ns

CL2 rise time tCL2r — — 50 ns

CL2 fall time tCL2f — — 50 ns

Note: At fCL2 = 3 MHz

Figure 40   LCD Interface
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0.8 V

VCC – 0.8 V

0.8 V

tFH

tCLIf

tFS

tCLIr

VCC – 0.8 V

0.8 V

LU0–LU3
LD0–LD3

CL2

CL1

FLM



LCD Interface 2 (HD64646 at fCL2 = 3 MHz) (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C)

Item Symbol Min Typ Max Unit Figure

FLM setup time tFs 500 — — ns 41

FLM hold time tFH 300 — — ns

M delay time tDM — — 200 ns

CL1 high level width tCL1H 300 — — ns

Clock setup time tSCL 500 — — ns

Clock hold time tHCL 100 — — ns

Phase difference 1 tPD1 100 — — ns

Phase difference 2 tPD2 500 — — ns

CL2 high level width tCL2H 100 — — ns

CL2 low level width tCL2L 100 — — ns

CL2 rise time tCL2r — — 50 ns

CL2 fall time tCL2f — — 50 ns

Display data setup time tLDS 80 — — ns

Display data hold time tLDH 100 — — ns

Display data delay time tLDD — — 30 ns

LCD Interface 3 (HD64646 at fCL2 = 5 MHz) (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C)

Item Symbol Min Typ Max Unit Figure

FLM setup time tFs 500 — — ns 41

FLM hold time tFH 200 — — ns

M delay time tDM — — 200 ns

CL1 high level width tCL1H 300 — — ns

Clock setup time tSCL 500 — — ns

Clock hold time tHCL 100 — — ns

Phase difference 1 tPD1 70 — — ns

Phase difference 2 tPD2 500 — — ns

CL2 high level width tCL2H 50 — — ns

CL2 low level width tCL2L 50 — — ns

CL2 rise time tCL2r — — 50 ns

CL2 fall time tCL2f — — 50 ns

Display data setup time tLDS 30 — — ns

Display data hold time tLDH 30 — — ns

Display data delay time tLDD — — 30 ns
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Figure 41   LCD Interface
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Load Circuit

TTL Load

Terminal RL R C Remarks

DB0–DB7 2.4 kΩ 11 kΩ 130 pF tr, tf: Not specified

MA0–MA15, RA0–RA4, DISPTMG, CUDISP 2.4 kΩ 11 kΩ 40 pF

MCLK 2.4 kΩ 11 kΩ 30 pF tr, tf: Specified

Capacitive Load

Terminal C Remarks

CL2 150 pF tr, tf: Specified

CL1 200 pF

LU0–LU3, LD0–LD3, M 150 pF tr, tf: Not specified

FLM 50 pF

Refer to user’s manual (No. 68-1-160) and application note (No. ADE-502-003) for detail of this product.
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HD66840/HD66841
LVIC/LVIC-II

(LCD Video Interface Controller)

Description

The HD66840/HD66841 LCD video interface con-
troller (LVIC/LVIC-II) converts standard RGB
video signals for CRT display into LCD data. It
enable a CRT display system to be replaced by an
LCD system without any changes, and it also
enables software originally intended for CRT
display to control an LCD.

Since the LVIC/LVIC-II can control TFT-type
LCDs in addition to current TN-type or STN-type
LCDs, it can support 8-color display as well as
monochrome, 8-level gray-scale display. It can
program screen size and can control a large-panel
LCD of 720 × 512 dots.

The LVIC-II thanks to a gray-scale palette, any 8-
levels can be selected from 13 gray-scale levels,
depending on the LCD panel used.

Features

• Conversion of RGB video signals used for CRT
display into LCD data
— Monochrome display data

— 8-level gray-scale data

— 8-color display data

• Selectable LVIC/LVIC-II control method
— Pin programming method

— Internal register programming method (either
with MPU or ROM)

• Programmable screen size
— 640 or 720 dots (80 or 90 characters) wide

by 200, 350, 400, 480, 512, or 540 dots
(lines) high, using the pin programming
method

— 32 to 4048 dots (4 to 506 characters) wide
by 4 to 1024 dots (lines) high, using internal
register programming method

• Double-height display capability
• Generation of display timing signal (DISPTMG)

from horizontal synchronization (HSYNC) and
vertical synchronization (VSYNC) signals

• Control of TN-type, STN-type LCDs and TFT-
type LCDs

• Internal PLL circuit capable of generating a
CRT display dot clock (DOTCLK) (external
charge pump, low pass filter (LPF), and voltage
controlled oscillator (VCO) required)

• Gray-scale level selection from gray-scale
palette HD66841 (LVIC-II) only

• Maximum operating frequency (dot clock for
CRT display)
— HD66840 (LVIC) 25 MHz

— HD66841 (LVIC-II) 30 MHz

• LCD driver interface
— 4-, 8-, or 12-bit (4 bits each for R, G, and B)

parallel data transfer

• Recommended LCD drivers
— HD66204, HD66214T, HD66224T and

HD66110ST (column)

— HD66205, HD66205T, HD66215T and

HD66115T (common)

— HD66106 and HD66107T (column/common)

• 1.3 µm CMOS process
• Single power supply

— +5 V ±10%
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Differences between Products 
HD66840 and HD66841

HD66840 HD66841

Dot clock 25 MHz 30 MHz

Frame-based thinning control Each line Each dot and each line

Display mode 16 Single screen Dual screen
Both sides X/Y driver One sides X/Y driver
Horizontal stripe Vertical stripe

Gray-scale palette No 8 registers

Pin arrangement and signal name Pin 100: RS/ADJ Pin 100: RS/ADJ/A4

Ordering Information

Type No. Dot Clock Package

HD66840FS 25 MHz 100-pin plastic

HD66841FS 30 MHZ QFP (FP-100A)



Pin Arrangement
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Pin Description

The HD66840 and HD66841’s pins are listed in
table 1 and their functions are described below.

Table 1 Pin Description

Classification Symbol Pin Number I/O Pin Name Notes

Power supply VCC1–VCC3 96, 30, 76 — VCC1, VCC2, VCC3

GND1–GND6 88, 9, 23, — Ground 1 to ground 6
37, 50, 65

Video signal R, G, B 91, 92, 93 I Red, green, and blue serial data 1
interface HSYNC 89 I Horizontal synchronization

VSYNC 90 I Vertical synchronization

DISPTMG 95 I Display timing 2

DOTCLK 94 I Dot clock

LCD interface R0–R3 69–66 O LCD red data 0–3 3

LU0–LU3 69–66 O LCD upper panel data 0–3 4

G0–G3 64–61 O LCD green data 0–3 3, 5

LD0–LD3 64–61 O LCD lower panel data 0–3 4, 5

B0–B3 60–57 O LCD blue data 0–3 3, 6

CL1 72 O LCD data line select clock

CL2 73 O LCD data shift clock

CL3 74 O Y-driver shift clock 1 7

CL4 75 O Y-driver shift clock 2 7

FLM 71 O First line marker

M 70 O LCD driving signal alternation

LDOTCK 77 I LCD dot clock

Buffer memory MCS0, MCS1 27, 28 O Memory chip select 0, 1 8
interface MWE 29 O Memory write enable 8

MA0–MA15 10–22, 24–26 O Memory address 0–15 8

RD0–RD7 31–36, 38, 39 I/O Memory red data 0–7 8

GD0–GD7 40–47 I/O Memory green data 0–7 8, 9

BD0–BD7 48, 49, 51–56 I/O Memory blue data 0–7 8, 9
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Table 1 Pin Description (cont)

Classification Symbol Pin Number I/O Pin Name Notes

Mode setting PMOD0, PMOD1 78, 79 I Program mode 0, 1

DOTE 80 I Dot clock edge change

SPS 81 I Synchronization polarity select

DM0–DM3 82–85 I Display mode 0–3

MS0, MS1 98, 99 I Memory select 0, 1 10, 11

XDOT 1 I X-dot 10

YL0–YL2 2–4 I Y-line 0–2 10, 12

ADJ 100 I Adjust 10

F0–F3 5–8 I Fine adjust 0–3 10

MPU interface CS 98 I Chip select 10, 11

WR 99 I Write 10, 11, 13

RD 1 I Read 10, 13

RS 100 I Register select 10

D0–D3 5–8 I/O Data 0–3 10

RES 97 I Reset 14

ROM interface A0–A3, A4 1–4, 100 O Address 0–4 10, 15

D0–D3 5–8 I Data 0–3 10

PLL interface CD 86 O Charge down

CU 87 O Charge up

Notes: 1. Fix G and B pins low if CRT display data is monochrome.
2. Fix high or low if the display timing signal is generated internally.
3. For 8-color display modes.
4. For monochrome or 8-level gray-scale display modes.
5. Leave disconnected in 4-bit/single-screen data transfer modes.
6. Leave disconnected in monochrome or 8-level gray-scale display modes.
7. Leave disconnected in TN-type LCD modes.
8. Leave disconnected if no buffer memory is used.
9. Pull up with a resistor of about 20-kΩ in monochrome display modes.

The HD66840/HD66841 writes the OR of RGB signals into R-plane RAM, so no RAM is
required for the G and B planes in these modes. (If G- or B-plane RAM is connected in
monochrome display modes, the HD66840/HD66841 writes G or B signals into each RAM.
However, this does not affect the display or the contents of R-plane RAM.)

10. Multiplexed pins.
11. Fix high or low when using the ROM programming method.
12. Fix high or low when using the MPU programming method.
13. Do not set pins WR and RD low simultaneously.
14. A reset signal must be input after power-on.
15. HD66840 use address 0 to 3, HD66841 use address 0 to 4.



Pin Functions

Power Supply

VCC1–VCC3: Connect VCC1–VCC3 with +5 V.

GND1–GND6: Ground GND1–GND6.

CRT Display Interface

R, G, B: Input CRT display R, G, B signals on R,
G and B respectively.

HSYNC: Input the CRT horizontal synchroniza-
tion on HSYNC.

VSYNC: Input the CRT vertical synchronization
on VSYNC.

DISPTMG: Input the display timing signal, which
announces the horizontal or vertical display period,
on DISPTMG.

DOTCLK: Input the dot clock for CRT display on
DOTCLK.

LCD Interface

R0–R3: R0–R3 output R data for the LCD.

LU0–LU3: LU0–LU3 output LCD up panel data.

G0–G3: G0–G3 output G data for the LCD.

LD0–LD3: LD0–LD3 output LCD down panel
data.

B0–B3: B0–B3 output B data for the LCD.

CL1: CL1 outputs the line select clock for LCD
data.

CL2: CL2 outputs the shift clock for LCD data.

CL3: CL3 outputs the line select and shift clock
when a Y-driver is set on one side of an LCD
screen (see “LCD System Configuration”).

CL4: CL4 outputs the line select and shift clock
when Y-drivers are set on both sides of an LCD
screen (see “LCD System Configuration”).

FLM: FLM outputs the first line marker for a
Y-driver.

M: The M output signal converts the LCD drive
signal to AC.

LDOTCK: LDOTCK outputs the LCD dot clock.

Buffer Memory Interface

MCS0, MCS1: MCS0 and MCS1 output the
buffer memory chip select signal.

MWE: MWE outputs the write enable signal of
buffer memories.

MA0–MA15: MA0–MA15 output buffer memory
addresses.

RD0–RD7: RD0–RD7 transfer data between R
data buffer memory and the LVIC.

GD0–GD7: GD0–GD7 transfer data between G
data buffer memory and the LVIC.

BD0–BD7: BD0–BD7 transfer data between B
data buffer memory and the LVIC.

Mode Setting

PMOD0, PMOD1: The PMOD0–PMOD1 input
signals select a programming method (table 6).

DOTE: The DOTE input signal switches the
timing of the data latch. The LVIC latches R, G
and B signal at the falling edge of DOTCLK when
DOTE is high, and at the rising edge when low.

SPS: The SPS input signal selects the polarity of
VSYNC. (The polarity of HSYNC is fixed.)
VSYNC is high active when SPS is high, and low
active when low.

DM0–DM3: The DM0–DM3 input signals select a
display mode (table 8).

MS0–MS1: The MS0-MS1 input signals select the
kind of buffer memories (table 2).

HD66840/HD66841
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XDOT: The XDOT input signal specifies the
number of horizontal displayed characters. The
number is 90 when XDOT is high, and 80 when
low.

YL0–YL2: The YL0–YL2 input signals specify
the number of vertical displayed lines (table 3).

ADJ: The ADJ input signal determines whether
F0–F3 pins adjust the number of vertical displayed
lines or the display timing signal. F0–F3 pins
adjust the display timing signal when ADJ is high,
and adjust the number of vertical displayed lines
when low.

F0–F3: F0–F3 input data for adjusting the number
of vertical displayed lines (table 4), or the display
timing signal (see “Fine Adjustment of Display
Timing Signal”).

MPU Interface

CS: The MPU selects the LVIC when CS is low.

WR: The MPU inputs the WR write signal to write
data into internal registers of the LVIC. The MPU
can write data when WR is low and cannot write
data when high.

RD: The MPU inputs the RD read signal to read
data from internal registers of the LVIC. The MPU

can read data when RD is low and cannot read data
when high.

RS: The MPU inputs the RS signal together with
CS to select internal registers. The MPU selects
data registers (R0–R15) when RS is high and CS
is low, and selects the address register (AR) when
RS is low and CS is low.

D0–D3: D0–D3 transfer internal register data
between the MPU and LVIC.

RES: RES inputs the external reset signal.

ROM Interface

A0–A3: A0–A3 output address 0 to address 3 to an
external ROM. (HD66840)

A0–A4: A0–A4 output address 0 to address 4 to an
external ROM. (HD66841)

D0–D3: D0–D3 input data from an external ROM
to internal registers.

PLL Circuit Interface

CD: CD outputs the charge down signal to an
external charge pump.

CU: CU outputs the charge up signal to an
external charge pump.

Table 2 Programming Method Selection

PMOD PMOD
1 0 Programming Method

0 0 Pin programming

0 1 Internal register MPU

1 0 programming ROM

1 1 Inhibited*

Note: * This combination is for test mode: it
disables display.

Table 3 Memory Type Selection

MS1 MS0 Memory Type

0 0 No memory

0 1 8-kbytes memory

1 0 32-kbytes memory

1 1 64-kbytes memory



Table 4 Number of Vertical Displayed
Lines

Number of Vertical
YL2 YL1 YL0 Displayed Lines

0 0 0 200

0 0 1 350

0 1 0 400

0 1 1 480

1 0 0 512

1 0 1 540

1 1 0 Inhibited*

1 1 1

Note: * 480 lines are displayed, but they are
practically indistinguishable.

Table 5 Fine Adjustment of Vertical
Displayed Lines

Number of Adjusted
F3 F2 F1 F0 Lines

0 0 0 0 ±0

0 0 0 1 +1

0 0 1 0 +2. . . . .. . . . .. . . . .
1 1 1 0 +14

1 1 1 1 +15

HD66840/HD66841
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Block Diagram
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Registers

The HD66840 and HD66841’s registers are listed
in table 6 and the bit assignments within the

registers are shown in figure 1 for HD66840,
figure 2 for HD66841.

Table 6 Register List (HD66840 and HD66841)

Reg. Address Specified
Reg. Program Value Read/

CS RS PS*1 3 2 1 0 No. Register Name Unit Symbol Write*2 Notes

1 — — — — — — — — — —

0 0 — — — — AR Address register — — W 3

0 1 0 0 0 0 0 R0 Control register 1 — — R/W

0 1 0 0 0 0 1 R1 Control register 2 — — R/W

0 1 0 0 0 1 0 R2 Vertical displayed lines Line Nvd R/W 4
register (middle-order)

0 1 0 0 0 1 1 R3 Vertical displayed lines Line Nvd R/W 4
register (low-order)

0 1 0 0 1 0 0 R4 Vertical displayed lines Line/Chars. Nvd/Npc R/W 4, 5, 6
register (high-order)/
CL3 period register 
(high-order)

0 1 0 0 1 0 1 R5 CL3 period register Chars. Npc R/W 4, 5, 6
(low-order)

0 1 0 0 1 1 0 R6 Horizontal displayed Chars. Nhd R/W 6
characters register 
(high-order)

0 1 0 0 1 1 1 R7 Horizontal displayed Chars. Nhd R/W 6
characters register 
(low-order)

0 1 0 1 0 0 0 R8 CL3 pulse width register Chars. Npw R/W 6

0 1 0 1 0 0 1 R9 Fine adjust register Dots Nda R/W 7

0 1 0 1 0 1 0 R10 PLL frequency-division — NPLL R/W 8
ratio register (high-order)

0 1 0 1 0 1 1 R11 PLL frequency-dividing — NPLL R/W 8
ratio register (low-order)

0 1 0 1 1 0 0 R12 Vertical backporch Lines Ncvbp R/W 4, 9
register (high-order)

0 1 0 1 1 0 1 R13 Vertical backporch Lines Ncvbp R/W 4, 9
register (low-order)

0 1 0 1 1 1 0 R14 Horizontal backporch Dots Nchbp R/W 4, 9
register (high-order)

0 1 0 1 1 1 1 R15 Horizontal backporch Dots Nchbp R/W 4, 9
register (low-order)
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Table 6 Register List (HD66841 Only)

Reg. Address Specified
Reg. Program Value Read/

CS RS PS*1 3 2 1 0 No. Register Name Unit Symbol Write*2 Notes

0 1 1 0 0 0 1 P1 Black palette register — — R/W

0 1 1 0 0 1 0 P2 Blue palette register — — R/W

0 1 1 0 0 1 1 P3 Red palette register — — R/W

0 1 1 0 1 0 0 P4 Magenta palette register — — R/W

0 1 1 0 1 0 1 P5 Green palette register — — R/W

0 1 1 0 1 1 0 P6 Cyan palette register — — R/W

0 1 1 0 1 1 1 P7 Yellow palette register — — R/W

0 1 1 1 0 0 0 P8 White palette register — — R/W

0 1 1 1 0 0 1 Reserved
. . . . . . . .
. . . . . . . .
. . . . . . . .

0 1 1 1 1 1 1 Reserved

Notes: 1. Corresponds to bit 2 of control register 1 (R0) (HD66841 only)
2. W indicates that the register can only be written to; R/W indicates that the register can both be

read from and written to. (HD66841 only)
3. Attempting to read data from this register when RS = 0 drives the bus to high-impedance state;

output data becomes undefined.
4. Write (the specified value—1) into this register.
5. Valid only in 8-color display modes with horizontal stripes.
6. One character consists of eight horizontal dots.
7. Valid only if the display timing signal is supplied externally.
8. Valid only if the dot clock signal is generated internally.
9. Valid only if the display timing signal is generated internally.
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Figure 1   Register Bit Assignment of HD66840

Register No.
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←Control register 2
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Vertical displayed
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Note:          indicates invalid bits. Attempting to read data from these register bits returns indefinite 
output data.
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Figure 2   Register Bit Assignment of HD66841

Data BitReg. Address

3

—

—

0

0

0

0

0

0

0

0

1

1

1

1

1

1

1

1

0

0

0

0

0

0

0

1

1



1

CS

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



0

RS

—

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1



1



PS*1

—

—

—

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

1

1

1

1

1

1

1



1

2

—

—

0

0

0

0

1

1

1

1

0

0

0

0

1

1

1

1

0

0

0

1

1

1

1

0

0



1



1

—

—

0

0

1

1

0

0

1

1

0

0

1

1

0

0

1

1

0

1

1

0

0

1

1

0

0



1

0

—

—

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

1

0

1

0

1

0

1

0

1



1

Reg.
No.

—

AR

R0

R1

R2

R3

R4

R5

R6*3

R7

R8

R9

R10

R11

R12

R13

R14

R15

P1*4

P2*4

P3*4

P4*4

P5*4

P6*4

P7*4

P8*4

—



—



3





DIZ

MC





























0

0

0

0

0

1

1

1

2





PS

DON





























0

0

1

1

1

0

0

0

1

*2



DSP

MS1





























0

1

0

1

1

0

1

0

*5

0





DCK

MS0





























0

0

1

0

1

0

0

0

←
←
←
←


←
←

←
←
←

←

←

←
←
←
←
←
←
←
←
←

Address register
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CL3 period register

Horizontal displayed characters

register

CL3 pulse width register

Fine adjust register

PLL frequency-division ratio

register

Vertical backporch register



Horizontal backporch register



Black palette register

Blue palette register

Red palette register

Magenta palette register

Green palette register

Cyan palette register

Yellow palette register

White palette register

Reserved register

Notes: 1.
2.
3.
4.
5.

Corresponds to bit 2 of control register 1 (R0).
Invalid bits. Attempting to read data from these bits returns undefined data.
The most significant bit is invalid in dual-screen configuration modes.
Bit values shown are default values at reset.
Reserved bits. Any Uttempt to write data into the register is invalid, although it has no 
affect on LSI operations. Any attempt to read data from the register returns undefined 
data.
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System Configuration

Figure 3 is a block diagram of a system in which
the HD66840 and HD66841 is used outside a
personal computer.

The HD66840 and HD66841 converts the RGB
serial data sent from the personal computer into
parallel data and temporarily writes it to the buffer
memorie. It then reads out the data in order and
outputs it to LCD drivers to drive the LCD. In this
case, the CRT display dot clock (DOTCLK), which
is a latch clock for serial data, is generated by the

PLL circuit from the horizontal synchronization
signal (HSYNC). The DOTCLK signal frequency
is specified by the PLL frequency-division ratio
register (R10, R11).

The system can be configured without a VCO and
LPF if the DOTCLK signal is supplied externally,
and it can be configured without an MPU if the
LVIC-II is controlled by the pin programming
method.

Figure 3   System Block Diagram (with MPU Programming Method and 
DOTCLK Generated Internally)

HD66840
HD66841

VCO
LPF

MPU

CDCU

Dot clock

RGB serial data

HSYNC
VSYNC

Personal
computer

Buffer
memory

Simultaneous 
display possible

LCD

CRT

VCO:
LPF

Voltage-controlled oscillator
Low-pass filter
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Functional Description

Programming Method

The user may select one of two methods to control
the HD66840/HD66841 functions: by pin pro-
gramming method or by internal registers (internal
register programming method). The internal
register programming method can be divided into
the MPU programming method and the ROM
programming method. The MPU writes data into
internal registers in the MPU programming method
and ROM writes the data in the ROM pro-
gramming method. Table 7 lists the relation
between programming method and pins.

Pin Programming Method: HD66840/HD66841
mode setting pins control functions in the pin
programming method.

Internal Register Programming Method: In the
internal register programming method, an MPU or
ROM writes data into internal registers to control
functions. Figure 4 illustrates the connections of
MPU or ROM and the LVIC. Figure 3 (1) is an
example of using a 4-bit microprocessor, but since
the HD66840/HD66841 MPU bus is compatible
with the 4-MHz 80-family controller bus, it can
also be connected directly with the bus of host
MPU.

Table 7 Programming Method Selection

Pins

PMOD1 PMOD0 Programming Method

0 0 Pin programming

0 1 Internal register With MPU

1 0 programming With ROM

1 1 Prohibited*

Note: * This combination is for a test mode and disables display.

Figure 4   Connection of MPU or ROM and HD66840/HD66841

B0 B1 B2 B3 A0–A3

CS RS WR RD D0–D3

4-bit MPU

HD66840 [LVIC]
HD66841 [LVIC-II]

4

(1)  Connection of MPU and LVIC

D0–D3
(A0–A4)
A0–A3

D0–D3 A0–A3
(A0–A4)

ROM

HD66840 [LVIC]
HD66841 [LVIC-II]

(2)  Connection of ROM and LVIC

4 (5)4

Note:   (  ) is for HD66841
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Screen Size

Screen size can be programmed either by pins or
internal registers.

In the pin programming method, either 640 dots or
720 dots (80 characters or 90 characters) can be
selected with the XDOT pin as the number of
horizontal displayed characters, and either 200,
350, 400, 480, 512, or 540 lines can be selected
with the YL2–YL0 pins as the number of vertical
displayed lines. The number of vertical displayed
lines can be adjusted by from +0 to +15 lines with
the ADJ and F3–F0 pins.

In the internal register programming method, any
even number of characters from 4 to 506 (from 32
to 4048 dots) can be selected with the horizontal
displayed characters register (R6, R7), and any
even number of lines from 4 to 1028 can be
selected with the vertical displayed lines register
(R2, R3 and the high-order two bits of R4).
However, note that an odd number of lines can also
be selected if the screen configuration is single-
screen and Y-driver (scan drivers) are positioned
on one side of the LCD screen.

The relationship between the LCD screen and the
pins and internal registers controlling screen size is
shown in figure 5.

Figure 5   Relationship between LCD Screen and Pins and Internal Registers

LCD screen

Number of horizontal displayed characters

Pin:  XDOT
Register: Horizontal displayed characters

register (R6, R7)

Number of vertical displayed
lines
Pins  YL2–YL0, ADJ, F3–F0
Register: Vertical displayed

lines register
(R2, R3, high-order 
2 bits of R4)
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Memory Selection

8-, 32-, or 64-kbyte SRAMs can be selected as
buffer memory for the HD66840/HD66841. Since
the HD66840/HD66841 has a chip select circuit
for memory, no external decoder is required. The
memory type can be selected with the MS1 and
MS0 pins or the MS1 and MS0 bits of control
register 2 (R1). Memory types and corresponding
pin address assignments are listed in table 8.

The memory capacity required depends on screen
size and can be obtained from the following
expression:

Memory capacity (bytes) = Nhd × Nvd

Nhd: Number of horizontal displayed characters
(where one character consists of 8 horizon-
tal dots)

Nvd: Number of vertical displayed lines

For example, a screen of 640 × 200 dots requires
16-kbytes memory capacity since 80 characters ×
200 lines is 16 kbytes. Consequently, each plane
requires two HM6264s (8-kbytes memories) in 8-
level gray-scale display modes. The MCS0 pin
must be connected to the CS pin of one of the
memory chips in each plane, and the MCS1 pin
must be connected to the CS pin of the remaining
memory chip in each plane. (Figure 6 (a))

A screen of 640 × 400 dots requires a 32-kbytes
(256-kbit) memory capacity, so each plane requires
an HM62256, which is a 32-kbytes memory. In this
case, the MCS0 pin must be connected to the CS
pin of each memory chip. (Figure 6 (b))

Table 8 Memories and Pin Address Assignments

Pins or Bits

MS1 MS0 Memory Address Pins Chip Select Pins Address Assignment

0 0 No memory* — — —

0 1 8-kbyte MA0-MA12 MCS0 $0000–$1FFF
MCS1 $2000–$3FFF
MA13 $4000-$5FFF
MA14 $6000-$7FFF
MA15 $8000-$9FFF

1 0 32-kbyte MA0–MA14 MCS0 $00000–$07FFF
MCS1 $08000-$0FFFF
MA15 $10000–$17FFF

1 1 64-kbyte MA0–MA15 MCS0 $00000–$0FFFF
MCS1 $10000–$1FFFF

Note: * There are some limitations if no memory is used. Refer to the User Notes section for details.
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Figure 6   Screen Size and Memories Configuration

CS B

CS G

CS
HM6264

HM6264

CS R

640 × 200 dots

(a)  16-kbyte Memory Configuration

MCS0

MCS1

640 × 400 dots

MCS0

CS B

CS G

CS R

HM62256

(b)  32-kbyte Memory Configuration
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Display Modes

The HD66840/HD66841 supports 16 display
modes, depending on the state of the DM3–DM0
pins. The display mode consists of display color,

type of LCD data output, how to set LCD drivers
around an LCD screen, how to arrange color data
(= type of stripes), and how to output M signal (=
type of alternating signal). Table 9 lists display
modes.

Table 9   Modes List

LCD Data Output

Mode Pins Display Data Screen LCD Driver Setting

No. DM3 DM2 DM1 DM0 Color Transfer Config. X-Driver*2 Y-Driver*3 Stripe*4 Alternating

1 0 0 0 0 Monochrome 4-bits Dual One side One side — Every frame

2 0 0 0 1 Single

3*1 0 0 1 0 Both sides

4 0 0 1 1 8-bits One side

5*1 0 1 0 0 Both sides

6 0 1 0 1 8-level 4-bits Dual One side

7 0 1 1 0 gray scale Single

8 0 1 1 1 8-bits

9*1 1 0 0 0 8-color 12-bits Vertical Every line

10*1 1 0 0 1 (4 bits Both sides

11*1 1 0 1 0
for R,G,B

Both sides One side

12*1 1 0 1 1

each)

Both sides

13*1 1 1 0 0 One side One side Horizontal

14*1 1 1 0 1 Both sides

15*1 1 1 1 0 Both sides One side

16*1,5 1 1 1 1 Both sides

16*6 1 1 1 1 Dual One side One side Vertical Every frame

Notes: 1. For TFT-type LCD
2. Data output driver
3. Scan driver
4. Refer to “Display Color, 8-Color Display”
5. Declare to HD66840
6. Declare to HD66841
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Display Color

The HD66840/HD66841 converts the RGB color
data normally used for CRT display into mono-
chrome, 8-level gray scale, or 8-color display data.

Monochrome Display (Mode 1 to 5): The
HD66840/HD66841 displays two colors: black
(display on) and white (display off). As shown in
table 10, the CRT display RGB data is ORed to
determine display on/off.

8-Level Gray Scale Display (Mode 6 to 8): The
HD66840/HD66841 thins out data on certain lines
or dots to provide an 8-level gray-scale display
based on CRT display color (luminosity). The
relationship between CRT display color (luminosity)
and LCD gray scale (contrast) is shown in table 11.

This relationship corresponds to the default values
in palette registers; the correspondence between
color and gray scale can be changed by writing
data into palette registers.

Table 10 Monochrome Display

CRT Display Data LCD

R G B CRT Display Color On/Off Color

1 1 1 White On Black

1 1 0 Yellow On Black

0 1 1 Cyan On Black

0 1 0 Green On Black

1 0 1 Magenta On Black

1 0 0 Red On Black

0 0 1 Blue On Black

0 0 0 Black Off White

Table 11 8-Level Gray Scale Display

CRT Display Data CRT LCD

R G B Color Luminosity Color Contrast

1 1 1 White High Black Strong

1 1 0 Yellow

0 1 1 Cyan

0 1 0 Green

1 0 1 Magenta

1 0 0 Red

0 0 1 Blue

0 0 0 Black Low White Weak
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8-Color Display (Mode 9 to 16): The HD66840/
HD66841 displays 8 colors through red (R), green
(G), and blue (B) filters placed on liquid-crystal
cells. The eight colors are the same as those
provided by a CRT display. As shown in figure 7,
8-color display has two stripe modes: horizontal

stripe mode in which the HD66840/HD66841
arranges RGB data horizontally for horizontal
filters and vertical stripe mode in which it arranges
RGB data vertically for vertical filters. Three cells
express one dot in both modes.

Figure 7   Stripe Modes in 8-Color Display
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LCD System Configuration

The LVIC-II supports the following LCD system
configurations:

• Types of LCD data output

— Data transfer: 4-bit, 8-bit, or 12-bits (4 bits
each for R, G, and B)

— Screen configuration: Single or dual 

• LCD driver positions around LCD screen

— X-drivers: On one side or on both sides

— Y-drivers: On one side or on both sides

System configurations for different modes are
shown in figure 8, and configurations of X- and
Y-drivers positioned on both sides an LCD screen
are shown in figure 9.

Figure 8   System Configurations by Mode
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Figure 8   System Configurations by Mode (cont)

Figure 9   X- and Y-Drivers Set on Both Sides
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LDOTCK Frequency Calculation

The frequency fL of the LCD dot clock (LDOTCK)
can be obtained from the following equation:

fL = (Nhd + 6/m) × 8 × Nvd × fF

Nhd: Number of horizontal characters displayed
on LCD

Nvd: Number of vertical lines displayed on LCD
m: Parameter which decided by LCD mode

Screen Configuration Mode No. m

Dual 1, 6 2

Single Other modes 1

fF: FLM frequency

In this case, fL must satisfy the following relation,
where fD is the frequency of the dot clock for CRT
display (DOTCLK):

fL < fD × 15/16 or

fL = fD (The phase of LDOTCK must be
same to that of DOTCLK when
DOTE is high, the phase of
LDOTCK must be opposite to that
of DOTCLK when DOTE is low.
Condition of timing between
LDOTCK and DOTCLK must be
observed are shown in figure 10.)

Figure 10   Relationships between DOTE and LDOTCK, DOTCLK
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Display Timing Signal Generation

CRT display data is classified into display period
data and retrace period data. Only display period
data is necessary for LCD. Therefore, the
HD66840/HD66841 needs a signal announcing
whether the CRT display data transferred is for the
display period or not. This signal is the display
timing signal. 

The HD66840/HD66841 can generate the display
timing signal from HSYNC and V-SYNC. Figure
11 illustrates the relation between HSYNC,
VSYNC, the display timing signal (DISPTMG),
and display data. Y lines and X dots in the figure
are specified by the vertical backporch register
(R12, R13) and the horizontal back-porch register
(R14, R15) respectively.

Figure 11   Relation between HSYNC, VSYNC, DISPTMG, and Display Data
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Dot Clock Generation

The dot clock, which is a data latch clock, is not
a standard video signal, so it is not usually output
from the CRT display plug. Therefore, the
HD66840/HD66841 must generate it. The
HD66840/HD66841 has a programmable counter
and a phase comparator which are parts of a phase-
locked lopp (PLL) circuit, and it can generate the
dot clock from the H-SYNC signal if a charge
pump, a low-pass filter (LPF), and a voltage-
controlled oscillator (VCO) are externally
attached.

A block diagram of the PLL circuit is shown in
figure 12. A PLL circuit is a feedback controller
that generates a clock whose frequency and phase
are the same as those of a basic clock. The basic
clock is the HSYNC signal in this case.

At power-on, the VCO outputs to the pro-
grammable counter a signal whose frequency is
determined by the voltage at the time. The counter

divides the frequency of the signal according to the
value in the PLL frequency-dividing ratio register
(R10, R11) and outputs it to the phase comparator.
This is the frequency-divided clock.

The comparator compares the edges of the clock
pulses and the HSYNC signal pulses and output
the CU or CD signal to the charge pump and LPF
according to the result. The comparator outputs the
CU signal if the frequency of the clock is lower
than that of the HSYNC signal or if the phase of
the clock is behind that of the HSYNC, signal;
otherwise it outputs the CD signal. The charge
pump and LPF apply a voltage to the VCO
according to the CU or CD signal.

This operation is repeated until the phase and
frequency of the frequency-divided clock match
those of the HSYNC signal, making it a stable dot
clock.

HSYNC

Phase
comparator

Frequency-
divided clock

Programmable
counter

DOTCLK
Timing clock generator

Written value in PLL
frequency-dividing ratio
register (R10, R11)

Inside HD66840/HD66841 Charge pump
LPF

VCO

CU

CD
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Figure 12   PLL Circuit Block Diagram

Gray-Scale Palette (HD66841 Only)

The HD66841 thins out LCD data on certain dots
or lines of an LCD panel every frame, changing
integral voltages applied to liquid-crystal cells, to
generate intermediate levels of luminosities.
Consequently the difference in depth between
adjacent gray-scale shades may not be uniform in
some cases since voltage-transmittance charac-
teristics vary with different panels. To allow for
this, the HD66841 is designed to generate 13 gray-
scale levels and provide palette registers that

assign desired levels to certain of the eight CRT
display colors.

The relationships between gray scales and corre-
sponding effective applied voltages are shown in
figure 13 (a). Each gray scale is displayed accord-
ing to the characteristics of its effective applied
voltage and the optical transmittance of the panel
(figure 13 (b)). Using the palette registers to select
any 8 out of 13 levels of applied voltages enables
an optimal gray-scale display conforming to the
characteristics of the LCD panel. The palette
registers can also be used to provide 4-level
grayscale display and reverse display.

Table 12 Default Values of Palette Registers

CRT Display Data

Register No. R G B Register Name Default Value

P1 0 0 0 Black palette 0 0 0 0

P2 0 0 1 Blue palette 0 0 1 0

P3 1 0 0 Red palette 0 1 0 1

P4 1 0 1 Magenta palette 0 1 1 0

P5 0 1 0 Green palette 0 1 1 1

P6 0 1 1 Cyan palette 1 0 0 0

P7 1 1 0 Yellow palette 1 0 1 0

P8 1 1 1 White palette 1 1 0 0

Figure 13   Relationships between Gray Scale, Transmittance, and Effective Applied Voltage
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Pin Programming Method

The palette registers cannot be used in the pin
programming method.

MPU Programming Method

To change the contents of palette registers in the
MPU programming method, set bit 2 (the PS bit)
of control register 1 (R0), to 1. Since data registers
(M1–R15) cannot be accessed while this bit is 1,
set in to 0 before accessing the data registers again.
However, note that control register 1 (R0) can be
accessed regardless of the setting of the PS bit if $0
is set in the address register (AR).

ROM Programming Method

In the ROM programming method, the HD66841
accesses ROM sequentially from address $0000 to
$001F. In this case, write 0 to bit 2 of address
$0000 (PS bit) before writing data register values
to addresses $0001–$000F, and write 1 to bit 2 of
address $0010 (PS bit) before writing palette

register values to addresses $0011–$0018.

DIZ Function

The HD66841 thins out data on certain lines or
dots every frame to enable gray-scale display. If a
checker-board pattern consisting of alternately
arranged gray scales of different levels (figure 14)
is displayed by a simple dot-basis gray-scale
display control method. The display might
sometimes seem to “flow” horizontally, depending
on the gray-scale and LCD panel characteristics.

The HD66841 automatically checks for such a
checker-board section and changes the gray-scale
display control method of dot-based data thinning
to that of frame-based data thinning, to reduce
display flow. Setting bit 3 (DIZ) of control register
1 (R0) to 1 enables this function. In frame-based
data thinning, however, flickering might appear
with some LCD panels; in that case, select the
control method that generates the better display.

Figure 14   Checker-Board Display

Gray scale 2 (1 dot)Gray scale 1 (1 dot)
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Double-Height Display

The HD66840/HD66841 provides double-height
display which doubles the vertical size of charac-
ters and pictures (figure 15).

In the TN-type LCD modes (display modes 1, 2, 4,
and 6–8), the CL3 signal period is half as long as
the CL1 signal period, as shown in figure 16.
Consequently, using the CL3 signal instead of the
CL1 signal (figure 17) as a line shift clock enables
two lines to be selected while X-drivers (data
output drivers) are outputting identical data, thus
realizing double-height display. However, it should
be noted that this display requires the following
procedure since the HD66840/HD66841 displays

twice as many lines as specified by pins or internal
registers:

1. Have the LCD dot clock (LDOTCK) fre-
quency calculated from the number of vertical
displayed lines of the LCD panel.

2. Specify half the number of vertical displayed
lines of the LCD panel as the number of
vertical displayed lines. (For instance, if the
number of vertical displayed lines of the LCD
panel is 400, specify 200 with the YL2–YL0
pins or the vertical displayed lines register.)

This function is available only in the TN-type LCD
modes; it is disabled in the TFT-type LCD modes.

Figure 15   Doubled-Height Display Example
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Figure 16   Relationship between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8

Figure 17   Connection for Double-Height Display
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Display Timing Signal Fine Adjustment

If the display timing signal is supplied externally, a
phase shift between CRT data and the display
timing signal may appear. This is because each
signal has its own specific lag. The HD66840/
HD66841 can adjust the display timing signal
according to pins F0–F3 or the fine adjust register
(R9) to correct the phase shift.

The relationships between pins F3–F0, data bits 3
to 0 of the fine adjust register, and the resultant
fine adjustments are shown in table 13. The
polarity of the number of dots adjusted is given by
– (minus) indicates advancing the phase of the
display timing signal or + (plus) indicating delay-

ing it. Pin F3 or data bit 3 of R9 selects the
polarity. The adjustment reference point is the
display start position.

Examples of adjusting the display timing signal are
shown in figure 18. Since the signal is two dots
ahead of the display start position in case (1), F3,
F2, F1, and F0 or data bits 3, 2, 1, and 0 of R9
should be set to (1, 0, 1, 0) to delay the signal by
two dots. Conversely, since the signal is two dots
behind the display start position in case (2), they
should be set to (0, 0, 1, 0) to advance the signal by
two dots. If there is no need to adjust the signal, a
settings of either (0, 0, 0, 0) or (1, 0, 0, 0) will do.

Table 13 Pins, Data Bits of R9, and Fine
Adjustment

Pin: F3 F2 F1 F0 Number of Dots
R9 Bit: 3 2 1 0 Adjusted

0 0 0 0 0

0 0 1 –1. . . .. . . .. . . .

1 1 0 –6

1 1 1 –7

1 0 0 0 0

0 0 1 +1. . . .. . . .. . . .

1 1 0 +6

1 1 1 +7

Note: To use pins to adjust the display timing
signal, set the ADJ pin to 1.
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Figure 18   Adjustment of Display Timing Signal
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Internal Registers

The HD66840/HD66841 has an address register
(AR) and 16 data registers (R0–R15), HD66841
has 8 palette registers (P1–P8). Write the address
of a register to be used into the address register
(AR). (HD66841: but only after setting the PS bit
of control register 1 (R0) to 0 for a data register or
1 for a palette register.)

The MPU transfers data to the register correspond-
ing to the written address.

Registers are valid only in the internal register
programming method, they are invalid (don’t care)
in the pin programming method.

1.  Address Registers (AR)

The address register (figure 19) is used to select
one of the 16 data registers (or 8 palette registers:
HD66841). It can select any data register (or
palette register) according to the register address
written to it by the MPU. The address register
itself is selected if the RS signal is set low.

2.  Control Registers 1 (R0)

Control register (figure 20) is composed of 4 bits
whose functions are described below. HD66840
has two invalid bits. Reading from and writing into
invalid bits are possible. However, these operations
do not affect the LSI function.

• DCK bit

DCK = 1: The DOTCLK signal generated
internally.

DCK = 0: The DOTCLK signal is supplied
externally.

• DSP bit

DSP = 1: The DISPTMG signal is generated
internally.

DCK = 0: The DSPTMG signal is supplied
externally. (However, note that if
DCK is 1, the DISPTMG signal is
generated internally even if DSP is
0.)

Figure 19   Address Register

Figure 20   Control Register 1
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• PS bit (HD66841’s function)

Specifies access to data registers (R0–R15) or
palette registers (P1–P8).

— In MPU programming mode

PS = 0: Specifies access to data registers
(R0–R15)

PS = 1: Specifies access to palette registers
(P1–P8)

This register can be always accessed
regardless of the PS bit setting, but it cannot
be read after the PS bit is set to 1. Read it
when PS is 0.

— In ROM programming mode

Data for HD66841 internal data registers can
be written into $0001 to $000F when bit 2
(the PS bit) of $0000 is set to 0. Data be set
into pallete registers can be written into
$0011 to $0018 when the PS bit of $0010 is
set to 1 (figure 21).

• DIZ bit (HD66841’s function)

Changes the method used to control the gray-
scale display of a checker-board pattern.

DIZ = 0: Data thinned out on a dot basis every
frame

DIZ = 1: Data thinned out on a frame basis
every frame

Figure 21   PS Bit Functions in ROM Programming Method
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3.  Control Register 2 (R1)

Control register 2 (figure 22) is composed of four
bits whose functions are described below.

• MC bit

Specifies M signal alternation.

MC = 1: The M signal alternates every line.
MC = 0: The M signal alternates every frame.

• DON bit

Specifies whether the LCD is on or off.

DON = 1:  LCD on
DON = 0:  LCD off

• MS1, MS0 bits

Specify buffer memory type.

(MS1, MS0) = (0, 0):  No memory
(MS1, MS0) = (0, 1):  8-kbytes memory
(MS1, MS0) = (1, 0):  32-kbytes memory
(MS1, MS0) = (1, 1):  64-kbytes memory

Figure 22   Control Register 2
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4.  Vertical Displayed Lines Register (R2, R3,
High-Order 2 Bits of R4)

The vertical displayed lines register (figure 23) is
composed of ten bits (R2, R3, and the high-order
two bits of R4). It specifies the number of lines
displayed from top to bottom of the screen, called
the number of vertical displayed lines. This register
can specify both even and odd numbers in single
screen modes with Y-drivers positioned on one
side, i.e., in display modes 2, 4, and 7-9, but can
specify only even numbers in other modes. The
value to be written into this register is Nvd – 1,
where Nvd is the number of vertical displayed
lines.

5.  CL3 Period Register (Low-Order 2 Bits of
R4, R5)

The CL3 period register (figure 23), is composed
of six bits (R5 and the low-order two bits of R4). It
specifies the CL3 signal period in 8-collar display
modes with horizontal stripes (display modes
13–15), so it is invalid in other modes. CL3 is the
clock signal used by the HD66840/HD66841 to
output RGB data separately to LCD drivers. The
value to be written into this register is Npc – 1, i.e.,
(Nhd + 6) × 1/3 – 1, where Nhd is the number of
horizontal displayed dots × 1/8. If (Nhd + 6) is not
divisible by 3, rounded it off.

Figure 23   Vertical Displayed Lines Register and CL3 Period Register

3 2 3 2 1 0 3 2 1 0 1 0 3 2 1 0Data bit

Value

R5R4R3R2R4

Nvd – 1 (Unit: Lines) (Nhd + 6) × 1/3 – 1
(Unit: Characters)

Vertical displayed lines register CL3 period register

Nvd:
Npc:
Nhd:

Number of vertical displayed lines
CL3 period = (Nhd + 6) × 1/3
Number of horizontal displayed characters
(number of horizontal displayed dots × 1/8)
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6.  Horizontal Displayed Characters Register
(R6, R7)

The horizontal displayed characters register (figure
24) is composed of eight bits (R6, R7). It specifies
the number of characters displayed on one
horizontal line, called the number of horizontal
line, called the number of horizontal displayed
characters.

This register can specify even numbers only. In
dual-screen modes (display modes 1, 6, and 16),
the most significant bit of this register is invalid.
When writing into this register, shift (Nhd – 1) in

the low-order direction for one bit to cut off the
least significant bit. Figure 25 shows how to write
a value into the register when Nhd = 90.

7.  CL3 Pulse Width Register (R8)

The 4-bit CL3 pulse width register (figure 26)
specifies the high-level pulse width of the CL3
signal. In TFT-type LCD modes, a data hold time
is necessary and it is determined by the high-level
pulse width of the CL3 signal. The CL3 signal is
output with the high-level pulse width specified by
this register even when the HD66840/HD66841 is
not in a TFT-type LCD mode.

Figure 24   Horizontal Displayed Characters Register

Figure 25   How to Write the Number of Horizontal Displayed Characters

Figure 26   CL3 Pulse Width Register
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8.  Fine Adjust Register (R9)

The 4-bit fine adjust register (figure 27) adjusts the
externally supplied display timing signal
(DISPTMG) to synchronize its phase with that of
LCD data. The value to be written into this register
depends on the interval between the rising edge of
the DISPTMG signal and the display start position.
For more details, refer to the Display Timing
Signal Fine Adjustment section and table 13. This
register is invalid if the DISPTMG signal is
generated internally, that is, if either the DCK bit
or the DSP bit of control register 1 (R0) is 1.

9.   PLL Frequency-Division Ratio Register
(R10, R11)

The 8-bit PLL frequency-dividing ratio register
(figure 28) specifies the PLL frequency-division
ratio used for generating dot clock pulses by a PLL
circuit. The PLL frequency-division ratio is the
ratio of the DOTCLK signal’s frequency to the
horizontal synchronization signal’s (HSYNC)
frequency. The LVIC-II generates the DOTCLK

signal according to this ratio. This register is
invalid if the DOTCLK signal is supplied
externally, i.e., it is valid only in the internal
register programming method when the DCK bit of
control register 1 (R0) is 0.

The value to be written into this register is NPLL –
731, where NPLL is the PLL frequency-division
ratio which can be obtained from the following
expression:

NPLL – 731 = Ncht × n – 731

Ncht: Total number of horizontal characters on
CRT (total number of horizontal dots on
CRT × 1/n)

n: Horizontal character pitch (number of hori-
zontal dots making up a character)

Ncht can be also obtained from the CRT monitor
specifications as follows:

Ncht = 1/n × (DOTCLK frequency/
HSYNC frequency)

Figure 27   Fine Adjust Register

Figure 28   PLL Frequency-Division Ratio Register

Data bit

Function and value

3 2 1 0

R9

Absolute value of Nda (Unit: Dots)

Polarity selection

Nda: Number of dots adjusted

0:  – (advance the DISPTMG signal)
1:  + (delays the DISPTMG signal)

Data bit

Value

3 2 1 0 3 2 1 0

R10 R11

NPLL – 731

NPLL: PLL frequency-division ratio = DOTCLK frequency/HSYNC frequency
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10.  Vertical Backporch Register (R12, R13)

The 8-bit vertical backporch register (figure 29)
specifies the vertical backporch which is the
number of lines between the active edge of the
vertical synchronization signal (V-SYNC) and the
rising edge of the display timing signal (DISPTMG),
if the DISPTMG signal is generated internally. For
details on the vertical backporch, refer to the
Display Timing Signal Generation section and
figure 11.

This register is invalid if the DISPTMG signal is
supplied externally. It is valid only in the internal
register programming method when the DSP bit of
control register 1 (R0) is 1. However, note that if
the DCK bit of control register 1 (R0) is 1, the
DISPTMG signal will always be regenerated
internally so this register is enabled even if the
DSP bit of control register 1 (R0) is 0.

11.  Horizontal Backporch Register (R14, R15)

The 8-bit horizontal backporch register (figure 30)
specifies the horizontal backporch which is the
number of dots between the rising edge of the
HSYNC signal and that of the display timing
signal (DISPTMG), if the DISPTMG signal is
generated internally. For details on the horizontal
backporch, refer to Display Timing Signal Genera-
tions section and figure 11.

This register is invalid if the DISPTMG signal is
supplied externally. It is valid only in the internal
register programming method when the DSP bit of
control register 1 (R0) is 1. However, note that if
the DCK bit of control register 1 (R0) is 1, the
DISPTMG signal will always be generated
internally so this register is enabled even if the
DSP bit of control register 1 (R0) is 0.

Figure 29   Vertical Backporch Register

Figure 30   Horizontal Backporch Register

Data bit

Value

3 2 1 0 3 2 1 0

R12

(Unit: Lines)Ncvbp – 1

Ncvbp: Vertical backporch = number of lines between the active edge of the VSYNC signal and 
the rising edge of the DISPTMG signal (the SPS pin must be set high if the VSYNC signal 
is active-high or low if it is active-low)

R13

Data bit

Value

3 2 1 0 3 2 1 0

R14 R15

Nchbp – 1

Nchbp:	

(Unit: Dots)

Horizontal backportch = number of dots between the rising edge of the HSYNC signal 
(just before the rising edge of the DISPTMG signal) and the rising edge of the DISPTMG
signal
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12.  Palette Registers (P1–P8) (for HD66841)

The eight 4-bit palette registers (figure 31) each
specify one of 13 gray-scale levels for one of the

eight colors provided by RGB signals. Use these
registers to enable an 8-level gray-scale display
appropriate to the characteristics of the LCD panel.

Figure 31   Palette Registers
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Reset

The RES signal resets and starts the LVIC-II. The
reset signal must be held low for at least 1 µs after
power-on.

Reset is defined as shown in figure 32.

State of Pins after Reset

In principle, the RES signal does not control
output signals and it operates regardless of other
input signals. Output signals can be classified into
the following five groups, depending on their reset
states:

• Retains pre-reset state: CL2, A0–A4

• Driven to high-impedance state (or fixed low if
no memory is used): RD0–RD7, GD0–GD7,
BD0–BD7

• Fixed high: MWE, CL4, M, CU, CD, MCS1

• Fixed low: MA0–MA12, R0–R3, G0–G3,
B0–B3, CL3, FLM

• Fixed high or low, depending on the memory
used (table 14): MA13–MA15, MCS0

State of Registers after Reset

The RES signal does not affect data register
contents, so the MPU can both read from and write
to data registers, even after reset. Registers will
retain their pre-reset contents until they are
rewritten.

The HD66841’s palette registers, are usually set to
their default values by a reset. For the default
values, refer to the Gray-Scale Palette section and
table 12.

Memory Clear Function

After a reset, the HD66840/HD66841 writes 0s in
the memory area specified by pins or register bits
MS0 and MS1 (table 8).

Table 14 State of Pins after Reset and Memory Type

Memory Type MA13 MA14 MA15 MCS0

No memory Low Low High High

8-kbytes memory High High High Low

32-kbytes memory Low Low High Low

64-kbytes memory Low Low Low Low

Figure 32   Reset Definition

0.8 V

After resetDuring reset
(reset state)

1 µs min

0.8 V

At reset

RES



User Notes

1. The following limitations are imposed if no
memory is used (MS = 0, MS1 = 0).

a. Dual-screen display modes are disabled.

(HD66840: modes 1 and 6)

(HD66841: modes 1, 6 and 16)

b. LCD systems eith Y-drivers on both sides
are disabled, even if a mode for system
with Y-drivers on both sides is selected.

(HD66840: modes 3, 5, 10, 12, 14, or 16)

(HD66841: modes 3, 5, 10, 12, or 14)

The HD66840/HD66841 operates in exact-
ly the same way as in the corresponding
mode for a system with Y-drivers on one
side.

(HD66840: modes 2, 4, 9, 11, 13, or 15)

(HD66841: modes 2, 4, 9, 11, or 13)

The CL4 pin must be left disconnected in
this case.

2. With the internal register programming method,
the operation of the HD66840/HD66841 after
a reset cannot be guaranteed until its internal
registers have been written to.

3. The memory clear function might not work
normally at power-on or after a reset if the
MS0 and MS1 pins or bits are not set correctly
to the value corresponding to the type memory
being used.

4. Since the HD66840/HD66841 are a CMOS
LSI, input pins must not be left disconnected.
Refer to the Pin Description and table 1 for
details on pin handling.

HD66840/HD66841
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Programming

The values written in internal registers have the
limits listed in table 15. The symbols in the table

are defined as shown in table 16 and figure 33.

Table 15 Limits on Register Values

Item Limits Notes Applicable Registers

Screen 4 ≤ Nvd ≤ (Ncvbp + Ncvsp) – 1 ≤ 1024 R2, R3, R4, R6, R7
configuration 4 ≤ Nhd ≤ (Nchbp × 1/n + Nchsp) – 1 ≤ 506 1, 2

(Nhd + 6) × n × Nvd × fFLM ≤ fDOTCLK ≤ 1, 3 R2, R3, R4, R6, R7
25 MHz (30 MHz: HD66841)

CL3 signal 1 ≤ Npw ≤ (Nhd + 6)/2 – 1 4 R4, R5, R6, R7, R8
control 1 ≤ Npw ≤ Nhd 5

1 ≤ Npw ≤ Npc – 1 6
Npc ≤ (Nhd + 6)/2 – 1

DISPTMG signal 1 ≤ Nchbp ≤ 256 7 R12, R13
generation 1 ≤ Ncvbp ≤ 256 7 R13, R15

No memory 4 ≤ Nhd ≤ Nchsp – 4 8 R2, R3, R4

4 ≤ Nvd ≤ Ncvsp – 1 8 R6, R7

Notes: 1. Lowercase n indicates the horizontal character pitch which is the number of horizontal dots
composing a character.

2. Nhd ≤ 250 in the dual screen modes (display modes 1, 6, and 16).
3. fFLM is the FLM signal frequency and fDOTCLK is the CRT display dot clock (DOTCLK)

frequency.
fLDOTCK < fDOTCLK × 15/16 or fLDOTCK = fDOTCLK

(fLDOTCK is the LCD dot clock (LDOTCK) frequency)
4. In display modes 1, 2, 4, and 6–8
5. In display modes 3, 5, and 9–12 when Npw = (value in R8) + 5
6. In display modes 13–15 when Npw = (value in R8) + 5
7. (Value in R14 and R15) ≤ (Nchsp × n + Nchbp) – Nhd × n – 2

(n = horizontal character pitch)
(Value in R12 and R13) ≤ (Ncvsp + Ncvbp) – Nvd – 2

8. Nht = Nchsp + (Nchbp × 1/n), Nvd < Ncvbp + Ncvsp
(Nht = (Nhd + 6) if buffer memory is used)
(n = horizontal character pitch)



Table 16 Symbol Definitions

Symbol Definition

Nchd Number of horizontal displayed characters on the CRT display (number of horizontal
displayed dots on the CRT display × 1/8)

Nchsp Number of characters between the rising edge of the DISPTMG signal and that of the
HSYNC signal (number of dots between the rising edge of the DISPTMG signal and that of
the HSYNC signal × 1/8) (= horizontal synchronization position)

Nchbp Number of dots between the rising edge of the HSYNC signal and that of the DISPTMG
signal (just after the rising edge of the HSYNC signal) (= horizontal backporch)

Ncvbp Number of lines between the active edge of the VSYNC signal and the rising edge of the
DISPTMG signal (just after the active edge of the VSYNC signal) (= vertical backporch)

Ncvsp Number of lines between the rising edge of the DISPTMG signal and the active edge of the
VSYNC signal (= vertical synch position)

Ncvd Number of vertical displayed lines on the CRT display

Nhd Number of horizontal displayed characters on the LCD (number of horizontal displayed dots
on the LCD × 1/8)

Npc Number of characters during one CL3 signal period (number of dots during one CL3 signal
period × 1/8)

Npw Number of characters while the CL3 signal is high (number of dots while the CL3 signal is
high × 1/8)

Nht Number of characters during a CN1 signal period (number of dots during a CL1 signal period
× 1/8)

Nvd Number of vertical displayed lines on the LCD

HD66840/HD66841
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Figure 33   Symbol Definitions
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Nchd

Nchsp Nchbp

Ncvbp Ncvsp

Ncvd

Nhd

Npw

Npc

Nht

Nvd*

DOTCLK

DISPTMG

HSYNC

VSYNC

DISPTMG

CL2

CL1

CL1

CL3

FLM

CL1

Note:   For a dual screen, the Nvd period is doubled. 
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Comparisons with HD66840 and
HD66841

Gray-Scale Generation Method

The HD66840 shifts display data so that data on
different lines will be thinned out in different
frames, but the HD66841 shifts display data
further so that data on different dots will be
thinned out in different frames. This reduces
deterioration of display contrast.

Display Mode

Mode 16 of the HD66840 (for 8-color display with
horizontal stripes and X- and Y-drivers positioned
on both sides of the LCD) has been modified into
the following new mode in the HD66841:

• Mode number:  16

• Pin setting:  (DM3, DM2, DM1, DM0) = (1, 1,
1, 1)

• Display colors:  8 colors

• LCD data output
— 12-bit-based data transfer

— Dual screen configuration

• LCD driver settings:  X-drivers and Y-drivers set
on one side

• Stripes:  Vertical

• Alternation mode:  Every frame

In this mode, the HD66841 outputs upper screen
data and lower screen data alternately, as shown in
figure 34. In this case, the CL2 frequency is one
quarter of the LDOTCK frequency.

Table 17 Gray-Scale Palette

HD66840 HD66841

Numbers of registers 16 24
(palette registers have been added to the HD66840’s
registers)

Selection of correspondence Impossible Possible
between CRT display colors (any of 13 levels assignable to each of 8 colors)
and gray-scale levels

Figure 34   Operation in New HD66841 Mode 16

U L U L U L

CL2

R3–R0

U L U L U LG3–G0

U L U L U LB3–B0

U:
L:

Upper screen data
Lower screen data



Absolute Maximum Ratings

Item Symbol Ratings Unit

Power supply voltage VCC –0.3 to +7.0 V

Input voltage Vin –0.3 to VCC + 0.3 V

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should
be under recommended operating conditions (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to
+75°C). If these conditions are exceeded, it could affect reliability of the LSI.

2. All voltages are referenced to GND = 0 V.
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Electrical Characteristics

DC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C, unless otherwise noted)

Item Symbol Min Max Unit Test Condition

Input high RES VIH VCC – 0.5 VCC + 0.3 V
voltage TTL interface*1 2.0 VCC + 0.3

TTL interface*4 2.2 VCC + 0.3
CMOS interface*1 0.7 VCC VCC + 0.3

Input low TTL interface*1, RES VIL –0.3 0.8 V
voltage TTL interface*5 –0.3 0.6

CMOS interface*1 –0.3 0.3 VCC

Output high TTL interface*2 VOH 2.4 — V IOH = –200 µA
voltage CMOS interface*2 VCC – 0.8 — IOH = –200 µA

Output low TTL interface*2 VOL — 0.4 V IOL = 1.6 mA
voltage CMOS interface*2 — 0.8 IOL = 200 µA

Input leakage All inputs except IIL –2.5 2.5 µA
current I/O common pins*3

Three state I/O common pins*3 ITSL –10.0 10.0 µA
(off-state) 
leakage current

Current — ICC — 250 mW fDOTCLK = 25, 30 MHz*6

consumption Output pins left 
disconnected

Notes: 1. TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, RD0–RD7, GD0–GD7, BD0–BD7,
D0–D3, A0/RD/XDOT, RS/ADJ/A4, CS/MS0
CMOS interface inputs: DM0–DM3, DOTE, PMOD0, PMD1, A1/YL0–A2/YL2

2. TTL interface outputs: A0/RD/XDOT, A1/YL0–A3/YL2, D0–D3, RD0–RD7, GD0–GD7,
BD0–BD7, MA0–MA15, MCS0, MCS1, MWE, RS/ADJ/A4
CMOS interface outputs: CU, CD, R0/LU0–R3/LU3, G0/LD0–G3/LD3, B0–B3, M, FLM, CL1,
CL2, CL3, CL4

3. I/O common pins: A0/RD/XDOT, A1/YL0–A3/YL2, D0–D3, RD0–RD7, GD0–GD7, BD0–BD7
Inputs except I/O common pins: HSYNC, VSYNC, PMOD0, PMOD1, RS/ADJ, CS/MS0,
WR/MS1, RES, DOTE, DM0–DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG

4. TTL interface: WR/MS1, LDOTCK, DOTCLK
5. TTL interface: WR/MS1
6. HD66840: 25 MHz, HD66841: 30 MHz

HD66840/HD66841
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AC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20°C to +75°C)

Video Signal Interface

Item Symbol Min Max Unit Remark

DOTCLK cycle time TCYCD 40 1000 ns HD66840

DOTCLK high-level pulse width tWDH 20 — ns

DOTCLK low-level pulse width tWDL 20 — ns

DOTCLK cycle time tCYCD 33 1000 ns HD66841

DOTCLK high-level pulse width tWDH 16.5 — ns

DOTCLK low-level pulse width tWDL 16.5 — ns

DOTCLK rise time tDr1 — 5 ns HD66840/HD66841

DOTCLK fall time tDf1 — 5 ns

RGB setup time tVDS 10 — ns

RGB hold time tVDH 10 — ns

DISPTMG setup time tDTS 10 — ns

DISPTMG hold time tDTH 10 — ns

HSYNC setup time tHSS 10 — ns

HSYNC hold time tHSH 10 — ns

Phase shift setup time tPDS 2 tCYCD — ns

Phase shift hold time tPDH 2 tCYCD — ns

Input signal rise time tDr2 — 10 ns Figure 35

Input signal fall time tDf2 — 10 ns except for DOTCLK
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Figure 35   Video Signal Interface
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tCYCD

tWDL tWDH

1.5 V

tHSStHSH

2.0 V
0.8 V

tHSStHSH

2.0 V
0.8 V

tVDS tVDH

tDr1tDf1

2.0 V
0.8 VDOTCLK

R, G, B

HSYNC

DOTCLK

DISPTMG

HSYNC

VSYNC

0.8 V

tDTStDTH

tDf2

2.0 V
0.8 V

tDf2
tDTStDTH

0.8 V

tPDH tPDS

2.0 V
0.8 V



Buffer Memory Interface

Item Symbol Min Max Unit

Read cycle time tRC 5 tCYCD – 50 — ns

RD0–RD7, GD0–GD7, BD0–BD7 tSMD 25 — ns
data setup time

RD0–RD7, GD0–GD7, BD0–BD7 tHMD 0 — ns
data hold time

Write cycle time tWC 6 tCYCD – 50 — ns

Address setup time tAS tCYCD – 30 — ns

Address hold time tWR tCYCD – 30 — ns

Chip select time tCW 4 tCYCD – 40 — ns

Write pulse width tWP 4 tCYCD – 40 — ns

RD0–RD7, GD0–GD7, BD0–BD7 TSMDW 2 tCYCD – 25 — ns
output setup time

RD0–RD7, GD0–GD7, BD0–BD7 tHMDW 0 — ns
output hold time

Note: tCYCD indicates DOTCLK cycle time (min 40 ns, max 1000 ns) for HD66840.
tCYCD indicates DOTCLK cycle time (min 33 ns, max 1000 ns) for HD66841.
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Figure 36   Buffer Memory Interface (RAM Read Timing)

Figure 37   Buffer Memory Interface (RAM Write Timing)
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T1 (= 5 tCYCD) T2 (= 5 tCYCD) T3 (= 6 tCYCD) T1

Read 1 Read 2 Write Read 1

tRC tRC

2.4 V
0.8 V

2.4 V
 0.8 V

tSMD tHMD tSMD tHMD

2.0 V
0.8 V

Valid data Valid data

tSMD

MA0–MA15

MCS0, 
MCS1

RD0–RD7,
GD0–GD7
BD0–BD7
(memory × LVIC)

T2 (= 5 tCYCD) T3 (= 6 tCYCD) T1 (= 5 tCYCD)

tWC

2.4 V
0.8 V

2.4 V
0.8 V  

tMAS

tMAS

2.4 V
 0.8 V

2.4 V
 0.8 V

tCW

tWP

tSMDW
tHMDW

2.4 V
0.8 V

DOTCLK

MA0–MA15

MCS0, MCS1 
(read)

MCS0, MCS1
(write)

MWE

RD0–RD7, GD0–GD7
BD0–BD7
(LVIC → memory)

tWR

tWR



LCD Driver Interface (TN-Type LCD Driver)

Item Symbol Min Max Unit

CL2 cycle time tWCL2 166 — ns

CL2 high-level pulse width tWCL2H 50 — ns

CL2 low-level pulse width tWCL2L 50 — ns

CL2 rise time tCL2r — 30 ns

CL2 fall time tCL2f — 30 ns

CL1 high-level pulse width tWCL1H 200 — ns

CL1 rise time tCL1r — 30 ns

CL1 fall time tCL1f — 30 ns

CL1 setup time tSCL1 500 — ns

CL1 hold time tHCL1 200 — ns

FLM hold time tHF 200 — ns

M output delay time tDM — 300 ns

Data delay time tDD –20 20 ns

LDOTCK cycle time tWLDOT 41 — ns

Note: All the values are measured at fCL2 = 6 MHz.
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Figure 38   TN-Type LCD Driver Interface

Figure 39   CL1, FLM, and M (Expanded Detail of Figure 36)

HD66840/HD66841

1371

0.7 VCC

0.3 VCC

CL2

tWCL2H tWCL2L

tCL2ftCL2r

tDD1
0.7 VCC
0.3 VCC

tWCL1H

0.7 VCC
0.3 VCC

tHCL1

tSCL1

tCLIr tCLIf

tHF

0.7 VCC

0.7 VCC
0.3 VCC

tDM

R0–R3,
G0–G3,
B0–B3

CL1

FLM

M

CL1

FLM

M (MC bit = 0)

M (MC bit = 1)



LCD Driver Interface (TFT-Type LCD Driver 1) for HD66840

Item Symbol Min Max Unit Remark

CL2 cycle time tTCL2S 160 — ns Figure 40, 41
(X drivers on one side)

CL2 high-level width tTCL2HS 30 — ns
(X drivers on one side)

CL2 low-level width tTCL2LS 30 — ns
(X drivers on one side)

CL2 cycle time tTCL2D 320 — ns
(X drivers on both side)

CL2 high-level width tTCL2HD 80 — ns
(X drivers on both side)

CL2 low-level width tTCL2LD 80 — ns
(X drivers on both side)

CL2 rise time tCL2r — 30 ns

CL2 fall time tCL2f — 30 ns

CL1 high-level width tTCL1H 200 — ns

CL1 rise time tCL1r — 30 ns

CL1 fall time tCL1f — 30 ns

Data delay time tDD1 –20 20 ns

Data setup time tLDS 15 — ns

Data hold time tLDH 15 — ns

CL1 setup time tTSCL1 500 — ns

CL1 hold time tTHCL1 200 — ns

CL3 delay time tDCL3 50 — ns

M delay time tDM — 300 ns

FLM hold time tTFH 200 — ns

LDOTCK cycle time tWLDOT 40 — ns
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LCD Driver Interface (TFT-Type LCD Driver 2) for HD66841

Item Symbol Min Max Unit Remark

CL2 cycle time tTCL2S 133 — ns Figure 40, 41
(X-drivers on one side)

CL2 high-level pulse width   tTCL2HS 30 — ns
(X-drivers on one side)

CL2 low-level pulse width  tTCL2LS 30 — ns
(X-drivers on one side)

CL2 cycle time tTCL2D 266 — ns
(X-drivers on both sides)

CL2 high-level pulse width tTCL2HD 80 — ns
(X-drivers on both sides)

CL2 low-level pulse width tTCL2LD 80 — ns
(X-drivers on both sides)

CL2 rise time tCL2r — 30 ns

CL2 fall time tCL2f — 30 ns

CL1 high-level pulse width tTCL1H 200 — ns

CL1 rise time tCL1r — 30 ns

CL1 fall time tCL1f — 30 ns

Data delay time tDD1 –20 20 ns

Data setup time tLDS 15 — ns

Data hold time tLDH 15 — ns

CL1 setup time tTSCL1 500 — ns

CL1 hold time tTHCL1 200 — ns

CL3 delay time tDCL3 50 — ns

M delay time tDM — 300 ns

FLM hold time tTFH 200 — ns

LDOTCK cycle time tWLDOT 33 — ns
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Figure 40   TFT-Type LCD Driver Interface

Figure 41   CL1, CL3, CL4, FLM, and M in Horizontal Stripe Modes (Expanded Detail of Figure 40) 
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tDM
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Register Programming

MPU Interface

Item Symbol Min Max Unit Remark

RD high-level pulse width tWRDH 190 — ns Figure 42

RD low-level pulse width tWRDL 190 — ns

WR high-level pulse width tWWRH 190 — ns

WR low-level pulse width tWWRL 190 — ns

CS, RS setup time tAS 0 — ns

CS, RS hold time tAH 0 — ns

D0–D3 setup time tDSW 100 — ns

D0–D3 hold time tDHW 0 — ns

D0–D3 output delay time tDDR — 150 ns

D0–D3 output hold time tDHR 10 — ns

Figure 42   MPU Interface
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tAS tWRDL tAH tAS tAH

tWRDH

tWWELtWWEH

2.0 V
  0.8 V

tDDR
tDHR

2.0 V
  0.8 V

tDSW

tDHW
2.0 V
0.8 V

Input
2.4 V
0.8 V

Output

CS
RS

RD

WR

D0–D3

2.0 V
0.8 V



ROM Interface

Item Symbol Min Max Unit Remark

A signal cycle time tCYCA 528 — ns Figure 43

A signal rise time tAr — 100 ns

A signal fall time tAf — 100 ns

D signal ROM data setup time tDSWD 120 — ns

D signal ROM data hold time tDHWD 0 — ns

Note: tCYCA = 16 tCYCD (tCYCD: DOTCLK cycle time)

Figure 43   ROM Interface
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tDHWDtDSWD
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0.8 V ValidInvalidValid
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PLL Interface

Item Symbol Min Max Unit Remark

CU fall delay time tUf — 80 ns Figure 44

CU rise delay time tUr — 80 ns

CD fall delay time tDf — 80 ns

CD rise delay time tDr — 80 ns

Reset Input

Item Symbol Min Max Unit Remark

RES input pulse width tRES 1 — µs Figure 45

Figure 44   PLL Interface

Figure 45   Reset Input
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2.0 V

tDrtDf

0.7 VCC
0.3 VCC

DOTCLK

HSYNC

CU
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tUr

tUf
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Load Circuits

TTL Load

Pin RL R CL Remarks

MA0–MA15, MWE, MCS0, MCS1, 2.4 kΩ 11 kΩ 40 pF tr, tf: Not specified
RD0–RD7, GD0–GD7, BD0–BD7

A0/RD/XDOT, A1/YL0–A3/YL2, 2.4 kΩ 11 kΩ 40 pF tr, tf: Specified
A4/RS/ADJ

Capacitive Load

Pin C Remarks

CL1, CL2 40 pF tr, tf: Specified

R0–R3, G0–G3, B0–B3 40 pF tr, tf: Not specified
FLM CU, CD, M, CL3, CL4

Figure 46   TTL Load Circuit

Figure 47   Capacitive Load Circuit

Refer to application note (No. ADE-502-011) for detail of HD66840 LVIC.
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HD66850F
Color LCD Interface Engine (CLINE)

Description

The HD66850F CLINE interface controller con-
verts multi-color video signals for CRT display
into color or monochrome LCD data.

This device enables an LCD system to replace a
CRT display system without any changes to the
original display system. It automatically adapts to
display modes of the IBM-VGA (Video Graphics
Array™) system, facilitating the configuration of
an LCD system.

The CLINE can control TN-type (Twisted Nematic)
color and monochrome LCDs and can display a
maximum of 4096 color levels or 16 gray levels.

Note: Video Graphics Array is a trademark of
International Business Machines Corpor-
ation, U.S.A.

Features

• Various LCD panel sizes supported
— 640 or 720 dots wide

— 32 to 512 lines high

• Programmable display size
— 32 to 720 dots wide

— 32 to 512 lines high

• Easy-to-see display
— Centering

— Stretching (display stretched to fill out the
panel)

• Improved gradation display quality using the
pulse width modulation method

• Desired gradation levels assignable to each
display color through the use of internal grada-
tion level palettes

• Changeable LCD frame frequency
— Through the use of a multi-port RAM frame

buffer

— Within the range of 1/2 to 2 times of CRT
display dot clock frequency

• High-speed operating frequency: 32 MHz (CRT
display dot clock)

• Recommended LCD drivers: HD66110ST
(column) and HD66115T (common)

• Single power supply: +5 V

Ordering Information

Type No. Package

HD66850F 136-pin plastic QFP (FP-136)



Pin Arrangement
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Pin Description

Type Symbol Pin No. Pin Name I/O Function

Power  VCC1 –   14, 34, 53, 76, VCC1 – VCC7 — All of these pins must beAll
supply VCC7 88, 115, 124 connected to a +5V supply

GND1 – 16, 46, 70, 82, GND1 – GND7  — All of these pins must be grounded.
GND8 97, 102, 131, 136

MPU/ROM D0 – D7*1 (M) 116 – 123 Data 0 – 7  I/O Transfer data between internal 
or program registers and MPU
interface D0 – D7*1 (R) 116 – 123 Data 0 – 7 I Input data to internal registers from

external ROM

DOTE (P) 130 Dot clock edge I Switches RGB data latch timing
change High: Data latched at the rising

edge of DOTCLK pulses
Low: Data latched at the falling

edge of DOTCLK pulses

RD (M) 130 Read I Inputs a read signal for reading 
data from internal registers

A5 (R) 130 Address 5 O Outputs external ROM address 5

SP (P) 129 Spread display I Selects either of the following 
select I display size modes

High: Double – width display
Low: Normal display

WR (M) 129 Write I Inputs a write signal for writing
data to internal registers

A4 (R) 129 Address 4 O Outputs external ROM address 4

AJ3 (P) 128 Adjust 3 I Adjusts the display timing signal 
(table 1)

CS (M) 128 Chip select I Inputs a chip select signal to select 
the CLINE
High: The CLINE not selected
Low: The CLINE selected

A3 (R) 128 Address 3 O Outputs external ROM address 3

AJ2 (P) 127 Adjust 2 I Adjusts the display timing signal
(table 1)

RS (M) 127 Register select I Inputs a register select signal to
select either CLINE data registers 
or index register
High: Data registers
Low: The index register

A2 (R) 127 Address 2 O Outputs external ROM address 2

AJ0, AJ1*2 (P) 125, 126 Adjust 0, 1 I Adjust the display timing signal
(table 1)

A0, A1*2 (R) 125, 126 Address 0, 1 O Output external ROM addresses 0
and 1, respectively

(M): For MPU programming method   (R): For ROM programming method   (P): For pin programming method
I/O: Input/Output
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Type Symbol Pin No. Pin Name I/O Function

CRT R0 – R3*3 1 – 4 Red serial data 0 – 3 I Input CRT display R data
interface G0 – G3*3 5 – 8 Green serial data 0 – 3 I Input CRT display G data or 

monochrome data

B0 – B3*3 10 – 13 Blue serial data 0 – 3 I Input CRT display B data:  For
monochrome display, B1 selects 16-
gray-scale display and B0 indicates
the type of CRT display data input.
B1 = high: Prohibited
B1 = low: 16-level gray scale

display
B0 = high: 64-color data input
B0 = low: 16-level gray scale

data input

DOTCLK 15 Dot clock I Inputs the dot clock pulses for CRT 
display

HSYNC 134 Horizontal I Inputs the CRT horizontal synchro-
synchronization nization signal

VSYNC 133 Vertical I Inputs the CRT vertical synchroniza-
synchronization tion signal

BLANK 135 Blanking I Inputs a display timing siganl
indicating horizontal or vertical
display period, or a blank signal
indicating the display period with
border area period

LCD UD4 – 111 – 114 LCD upper panel data O Output LCD upper panel data or 
interface UD7*4 4 – 7 R data

UD0 – 107 – 110 LCD upper panel data O Output LCD upper panel data or 
UD3*4 0 – 3 G data

LD4 – 103 – 106 LCD lower panel data O Output LCD lower panel data or 
LD7*4 4 – 7 B data

LD0 – 98 – 101 LCD lower panel data O Output LCD lower panel data or 
LD3*4 0 – 3 I data

XCL1*4 96 X-driver latch clock O Outputs the LCD data latch clock 
pulses for X-drivers

YCL1 95 Y-driver shift clock O Outputs the LCD data line shift 
clock pulses for Y-drivers

CL2 94 X-driver shift clock O Outputs the LCD data line shift 
clock pulses for X-drivers

FLM 93 First line maker O Outputs the first line maker for
Y-drivers

I/O:  Input/Output
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Type Symbol Pin No. Pin Name I/O Function

LCD M 92 M O Outputs a signal for converting LCD
interface drive signals to AC

SCLK 91 Shift clock O Outputs clock pulse with a 
frequency identical to CL2 but  
without a retrace period

DATAE*4 90 Data enable O Indicates LCD data display period

DISPON*4 89 Display on O Controls LCD on/off

LDOTCK 17 LCD dot clock I Inputs LCD dot clock pulses

Buffer MD0 – 54 – 69 Memory data 0 – 15 O Output data to be written to buffer
memory MD15*5 memory
interface MS0 – 18 – 33 Memory serial data I Input data read from buffer memory

MS15*6 0 – 15

MA0 – 38 – 45 Memory address O Output buffer memory addresses
MA7*5 0 – 7 0 – 7

MA8/ 37 Memory address 8/ O Outputs buffer memory address 8
SOE1*5 serial output enable 1 when 1-Mbit RAMs are used or

outputs a serial data output enable
signal when 256-kbit RAMs are used

SOE0*5 36 Serial output enable 0 O Output a serial data output enable 
signal for buffer memory

WE*5 48 Write enable O Outputs a write enable signal for 
buffer memory

DT/OE*5 47 Data transfer/output O Outputs a data transfer signal or
enable an output enable signal for buffer

memory

RAS0, 51, 52 Row address strobe 0, O Outputs a row address strobe signal
RAS1*5 row address strobe 1 for buffer memory

CAS, 49, 50 Column address O Outputs a column address strobe 
CASL*5 strobe signal for buffer memory

SC*5 35 Serial clock O Outputs serial read clock pulses for
buffer memory

Mode PMODE0, 74, 75 Program mode 0, I Select a CLINE programming 
control PMODE1 Program mode 1 method (table 2)

LMODE0 – 83 – 87 LCD mode 0 – 4 I Select a display mode (table 9)
LMODE4

MMODE0, 77, 78 Memory mode 0, 1 I Select a memory configuration
MMODE1 (table 3)

SYNC 73 Synchronization I Select a basic clock for LCD
High: DOTCLK
Low: LDOTCK

I/O:  Input/Output
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Type Symbol Pin No. Pin Name I/O Function

Mode VMODE 79 VGA mode I Specifies a CRT display system
control High: Non-VGA system
(cont) Low: VGA system

VSIZE 80 LCD vertical size I Specifies the vertical size of the
LCD panel
High: 480 lines
Low: 400 lines

HSIZE 81 LCD horizontal size I Specifies the horizontal size of the
LCD panel
High: 720 dots
Low: 640 dots

RES 132 Reset I Inputs an external reset signal

TEST0, 71, 72 Test 0, 1 I Used for tests;  Must be grounded
TEST1

I/O:  Input/Output

Notes: 1. Must be fixed low for pin programming method.
2. Must be fixed low for MPU programming method.
3. Must be fixed low when not used.
4. Must be left disconnected when not used.
5. Must be left disconnected when buffer memory is not used.
6. Must be fixed low when buffer memory is not used.

Table 1 Display Timing Signal Fine Adjustment

Pin Number of Dots
AJ3 AJ2 AJ1 AJ0 Adjusted

0 0 0 0 0

0 0 0 1 –1

0 0 1 0 –2

1 0 0 0 0

1 0 0 1 +1

1 0 1 0 +2

1 0 1 1 +3

1 1 0 0 +4

1 1 0 1 +5

1 1 1 0 +6

Note: – (minus) indicates advancing the phase of the display timing signal, 
+ (plus) indicates delaying the phase of the display timing signal.
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Table 2 Programming Method Selection

Pin

PMODE1 PMODE0 Programming Method

0 0 Pin

0 1 Internal registers (MPU)

1 0 Internal registers (ROM)

1 1 Prohibited

Table 3 Memory Configuration Selection

Pin

MMODE1 MMODE0 Memory Configuration

0 0 1-Mbit RAM

0 1 256-kbit RAM

1 0 No memory

1 1 No memory (when the CRT controller
supports dual screen display)
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Block Diagram

1386

HD66850F

MS0–MS15

MD0–MD15

MA0–MA7

MA8/SOE1

SOE0

DT/OE

WE

SC

RAS0/RAS1

CAS/CASL

MMODE 1/0

U
D

7–
U

D
0

LD
7–

LD
0

C
L2

X
C

L1

Y
C

L1

F
LM

M S
C

LK

D
A

T
A

E

D
IS

P
O

N

RES

LDOTCK

DOTCLK

SYNC

B
LA

N
K

H
S

Y
N

C

V
S

Y
N

C

D
O

T
E

/R
D

/A
5

S
P

/W
R

/A
4

A
J3

/C
S

/A
3

A
J2

/R
S

/A
2

A
J1

/A
1

A
J0

/A
0

R
3–

R
0

G
3–

G
0

B
3–

B
0

PMODE 1/0

D7–D0

MPU/ROM
interface

Internal 

register

Gradation level

reducing circuit

Serial to 

parallel

converter

Double–width 

display control

Gradation 

Palette

(R, G, B)

Gradation 

control
Bus

control

Frame

buffer

memory

control

Stretch/

centering

control

M
em

or
y 

in
te

rf
ac

e

Line buffer memory

(R, G, B)

LCD interface

Timing 

control

VMODE

VSIZE

HSIZE

LMODE4–

LMODE0



Register List

CLINE registers are summarized in table 4.
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System Description

Figure 1 shows an example of a VGA-compatible
display system implemented with the CLINE. In
this system, a color palette HD153119 (Hitachi),
which is capable of digital output, is used with a
VGA-compatible CRT controller. The CLINE
receives digital color data and display sychro-
nization signals from the color pallette and the
CRT controller, respectively, and displays 4096-
color images on a color LCD, or 16-level grayscale
images on a monochrome LCD. With minor
modification of the existing CRT display system,
simultaneous LCD and CRT display is possible.

Addition of an external frame buffer memory
(dual-port RAM) allows the LCD frame frequency
to be increased above that of a CRT. This enables
easy-to-see gradation display and the control of
LCDs having a dual screen configuration.

CLINE operation may be controlled by internal
registers through the 80-family MPU bus or an
external ROM (as shown in the figure), or simply
by pins.
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Figure 1   System Block Diagram
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Functional Description

Programming Methods

To control CLINE functions, set the appropriate
pins and/or internal registers according to the
functions used. Controlling methods include pin
and internal register programming methods.
Internal register programming includes the MPU
and ROM programming methods. Any of the three
methods can be selected by the combined setting
of pins PMODE0 and PMODE1 (table 2).

The pin programming method uses pins to control
CLINE functions, and the internal register
programming method uses data written to the
internal registers to control the functions.

Figure 2 (a) shows a connection example of the
CLINE and MPU buses for the MPU program-
ming method. The CLINE bus, which is com-
patible with the 80-family microprocessor bus, can
be directly connected to the host MPU bus.

Figure 2 (b) shows a connection example of the
CLINE and ROM for the ROM programming
method. In this case, data is automatically loaded
into internal registers from the external ROM
attached for this purpose. Note that with the ROM
programming method, the reset signal must be
applied before rewriting the internal registers or
gradation level palettes.
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Figure 2   Connection of MPU Bus or ROM with CLINE
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Automatic Adaptation to VGA Display Modes

VGA CRT display system display size varies
depending on the display mode. (VGA display
sizes are: 320, 360, 640, or 720 dots wide and 350,
400, or 480 lines high.) The CLINE identifies the
current display mode from VSYNC and HSYNC
signal polarities and the display period length, and
changes the display size automatically (tables 5
and 6). This function is enabled by setting the
VMODE pin low. The CLINE, based on this
function, automatically sets the necessary registers
(R0, R2, R3, R4, R5, R6, R8, R9, and/or R10)
corresponding to the parameters of the display size,
double-width display, gradation display clock, and
stretching/centering display functions. (In MPU or
ROM programming method, selection of vertical
centering (bit 3 of R0) or stretching (bit 4 of R0) is

not automatic.) Consequently, in VGA display
modes, rewriting these registers is disabled.

Note that display stretching and centering are
unavailable when buffer memory is not used in the
system, even in VGA display modes. In these
cases, a display of different vertical size would be
placed in the upper section of the LCD panel,
resulting in a blank area in the lower section.
Centering the display in a system without memory
requires external circuits or BIOS tuning.

When displaying an image 720 dots wide (9 dots ×
80 characters) on an LCD panel 640 dots wide, the
CLINE removes the ninth horizontal dot of each
character to prevent losing the far-right portion of
the image.
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Table 5 Automatic Vertical Display Size Settings for VGA Display Modes

VSYNC HSYNC Display Size Border Rasters Displayed Rasters

Negative Positive 350 lines 1-6 7-356

Positive Negative 400 lines 1-7 8-407

Negative Negative 480 lines 1-8 9-488

Table 6 Automatic Horizontal Display Size Settings for VGA Display Modes

BLANK Signal High Level

Pulse Width Display Size Border Dots Displayed Dots

256-335 dots 320 dots (256-color) 1-5 6-325

336-359 dots 320 dots (16-color) 1-8 9-328

360-511 dots 360 dots 1-9 10-369

640-703 dots 640 dots 1-8 9-648

704-767 dots 720 dots 1-9 10-729



LCD Panel Size

LCD panel size is specified by either pins or
internal registers.

For VGA modes, vertical panel size of 400 or 480
lines can be selected by the VSIZE pin and
horizontal panel size of 640 or 720 lines by the
HSIZE pin.

For non-VGA modes, the panel size is also
specified by the VSIZE and HSIZE pins in pin
programming method. In internal register
programming method, vertical display size is
specified by the vertical display size register (R3
and R4), within the range of 2 to 512 lines. Here,
note that the vertical display size specified by R3
and R4 is the CRT display vertical size. When this
size differs from the LCD panel vertical size,
centering or stretching function must be used.
Refer to the following equations for calculating the
number of centering rasters and the stretching
ratio. For the definition of the centering rasters, see
figure 23, Centering Rasters,

• For centering

LCD panel vertical size (line) =
CRT display vertical size (line) + centering
rasters (lines) × 2

• For stretching

LCD panel vertical size (line) =
CRT display vertical size (line) × stretching ratio

Since LCD panel horizontal size is limited to 640
or 720 dots even in internal register programming
method, centering function must be used as well so
that the total number of horizontal dots including
the CRT display area and border areas become 640
or 720. Refer to the following equation to calculate
the number of centering characters. For the
definition of the border areas and centering
characters, see figure 25, Centering Characters.

LCD panel horizontal size (dot) =
{number of horizontal display characters + 
(number of centering characters × 2)} × 8

Double-Width Display

Some CRT display systems have a low-resolution
display mode of 320 horizontal dots in addition to
a high-resolution display mode of 640 horizontal
dots. In this case, the CRT display system lowers
the dot clock frequency to reduce one line of data
to 320 dots. If such data is supplied to the LCD
system of 640 horizontal dots as-is, the entire
display will be placed on the left section of the
panel with the right half blank. To accommodate
this situation, the CLINE doubles the width of the
low-resolution display. This function is enabled by
the SP/WR/A4 pin in pin programming method or
the SP bit (bit 1) of the control register (R0) in
internal register programming method (table 7). In
either method, for VGA display systems, the
CLINE detects low-resolution display mode and
automatically enables double-width display.
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Table 7 Double-Width Display Usage

Programming Method CRT System Mode Setting

Pin:  SP VGA Automatic

Non-VGA 0: Normal display

1: Double-width display

Internal register: VGA Automatic
Control register bit 1 Non-VGA 0: Normal display
(SP bit)

1: Double-width display



Stretching and Centering Display

When the display size differs from the LCD panel
size, data will be displayed on the upper-left
section of the LCD panel with blank space to the
right and/or below if no countermeasures are taken.
To provide a user-friendly display, the CLINE can
stretch a display to fill out the panel or center a
display. Both stretching and centering functions are
enabled by control register (R0) bits 2, 3, and 4.

Note that stretching and centering functions are
available only in a system where buffer memory is
used. This is because these functions are realized
through adjustment of memory access. Similarly,
stretching and centering functions are unavailable
in non-VGA modes when the CLINE is controlled
by the pin programming method. Simultaneous use
of the vertical centering and stretching functions is
also impossible.

In the internal register programming method, hori-
zontal centering function is controlled by the centering
character register (R6) within the range of 1 to 32
characters (8 to 256 dots), while vertical centering
function is controlled by the centering raster register
(R5) within the range of 1 to 256 lines.

Stretching function is controlled by the stretching
control register (R8) and the stretching index
register (R9 and R10) so as to double the vertical
display size at most.

Figure 3 shows display examples using stretching/
centering functions. In these examples, a display of
640 dots × 350 lines is displayed on an LCD panel
of 720 dots × 400 lines, using stretching/centering
functions.

For VGA modes, in both internal register program-
ming and pin programming methods, necessary
parameters are automatically calculated from the
relationship between display size and the LCD
panel size and set in the appropriate registers.
Consequently, there is no need to account for
display size.

However, the vertical centering or stretching
function can be selected in the internal register
programming method. (In pin programming
method, the stretching function is automatically
selected.) Table 8 describes the use of the
stretching and centering function.
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Figure 3   Display Examples Using Stretching/Centering Functions
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Table 8 Stretching and Centering Function Usage

Programming CRT System 
Direction Method Mode Display Arranging Function Setting

Vertical Pin VGA Stretching Automatic

Non-VGA None — *1

Internal register VGA Stretching or centering Automatic *2

Non-VGA Stretching or centering Necessary

Horizontal Pin VGA Centering Automatic

Non-VGA None — *1

Internal register VGA Centering Automatic

Non-VGA Centering Necessary

Notes: 1. Display size must be LCD panel size.
2. Either stretching or centering function must be selected by the internal register.
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Display Modes

Display Mode Settings and LCD Module
Configurations: The CLINE supports 20 display
modes, depending on the settings of the LMODE4
to LMODE0 pins. The display mode includes
display color mode (color or monochrome), screen

configuration (single or dual), gradation display
method, and width of data transfer to LCD drivers.
Table 9 lists the display modes and figures 4 (a) to
4 (g) show the corresponding LCD module
configurations.
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Table 9 Display Modes and LCD Module Configurations

Mode Pin: LMODE Display Color Mode Screen Data LCD Module
No. 4 3 2 1 0 (Gradation Display Method) Config. Width Config.

1 0 0 0 0 0 Monochrome: black and white Single 4 Fig. 4 (a)

2 0 0 0 0 1 Dual 4 Fig. 4 (b)

3 0 0 0 1 0 Single 8 Fig. 4 (c)

4 0 0 0 1 1 Dual 8 Fig. 4 (d)

5 0 0 1 0 0 Monochrome: 16 gray levels Single 4 Fig. 4 (a)

6 0 0 1 0 1 (Frame-based data thinning) Dual 4 Fig. 4 (b)

7 0 0 1 1 0 Single 8 Fig. 4 (c)

8 0 0 1 1 1 Dual 8 Fig. 4 (d)

9 0 1 0 0 0 Monochrome: 16 gray levels Single 4 Fig. 4 (a)

10 0 1 0 0 1 (1/2 pulse width modulation) Dual 4 Fig. 4 (b)

11 0 1 0 1 0 Single 8 Fig. 4 (c)

12 0 1 0 1 1 Dual 8 Fig. 4 (d)

13 1 0 0 0 0 16 colors Single 2 Fig. 4 (e)

14 1 0 0 1 0 Single 4 Fig. 4 (f)

15 1 0 0 1 1 8 colors Single 8 Fig. 4 (g)

16 1 0 1 0 0 4096 color Single 2 Fig. 4 (e)

17 1 0 1 1 0 (Frame-based data thinning) Single 4 Fig. 4 (f)

18 1 0 1 1 1 Single 8 Fig. 4 (g)

19 1 1 0 1 0 4096 color Single 4 Fig. 4 (f)

20 1 1 0 1 1 (1/2 pulse width modulation) Single 8 Fig. 4 (g)

Note: Modes 15, 18, and 20 are interleaving structure modes.



Figure 4   LCD Module Configurations by Display Modes
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Gradation Level Reduction:  Although a CRT
display system can represent information for over
100,000 color levels, an LCD cannot handle so
much information.

Consequently, CRT color or gradation level
information must be reduced in order for the
CLINE to display it. Reduction methods vary
depending on the input color or gradation level
information, the LCD panel (color or mono-
chrome), and other factors. Table 10 lists gradation
level reduction for CLINE modes, where “Input
Bits” indicates CRT display color data and
“Reduced Data” indicates input to the gradation
level palettes.

Input Display Data Connection:  Input display
data connection and pin settings depend on the
CRT input mode (color or gradation level
information) and the LCD panel used.

• When monochrome LCD panel is used
(LMODE4 = 0)

— 64-color input and 16-level grayscale output
(modes 5-12)

The B0 pin must be set to 1, and the B1 pin to 0.
Unused display data input pins must be fixed to
0. See figure 5 (a).

— 16-level grayscale input and 16-level gray-
scale output (modes 5-12)

Both B0 and B1 pins must be set to 0. Unused
display data input pins must be fixed to 0. See
figure 5 (b).

• When color LCD panel is used (LMODE4 = 1)

— 64-color input and 16- or 8-color output
(modes13-15)

Two-bit R, G, and B data must be input to the
R2-R3, G2-G3, and B2-B3 pins, respectively.
Unused display data input pins must be fixed to
0). See figure 6 (a).

— 4096-color input and 4096-color output
(modes 16-20)

Four-bit R, G, and B data must be input to the
R0-R3, G0-G3, and B0-B3 pins, respectively. If
the input has more than 4096 colors, use the
high-order four bits of each color. See figure 6
(b).
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Table 10 Gradation Level Reduction for CLINE Display Modes

Input Input Bits CLINE Display Reduced Data LCD Gradation Level
Mode R G B Mode 3 2 1 0 Panel Reduction (Bits)

4096 4 4 4 4096 color D3 D2 D1 D0 Color 12 → 12
colors levels

64 2 2 2 16 colors R G B I Color 6 → 4
colors

64 2 2 2 16 gray levels D3 D2 D1 D0 Monochrome 6 → 4
colors

16 gray — 4 — 16 gray levels D3 D2 D1 D0 Monochrome 4 → 4
levels

16 gray — 4 — Monochrome All 0s or all 1s Monochrome 4 → 1
levels (black & white)



Figure 5   Input Display Data Connection and Pin Settings when a Monochrome LCD Panel is Used
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Figure 6   Input Display Data Connection and Pin Settings when a Color LCD Panel is Used
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LCD Data Output: The CLINE uses pins
UD7–UD0 and LD7–LD0 for display data output.
Output data from these pins depend on the display
mode, as shown in table 11. However, data output
timings are basically the same in all display modes.
Display data output timing for modes 15 and 18 (8-
bit color data transfer, bidirectional connection,
without pulse width modulation) is shown in figure
7. Display data output timing for the LCD display

modes with pulse width modulation is slightly
different. This type of example is shown in figure
8. Figure 8 shows the display data output timing in
mode 10 (1/2 pulse width modulation, 4-bit
monochrome data transfer, and dual screen
configuration).

However, LCD lower panel data LD3–LD0 are not
shown in the figure.
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Table 11 LCD Data Output Pins and Display Data by Display Modes

Monochrome Modes

4-Bit/ 4-Bit/ 8-Bit/ 8-Bit/
Single Dual Single Dual Color Modes

Pin Screen Screen Screen Screen 2-Bit 4-Bit 8-Bit

UD7 — — D7 UD7 — R3 R15 G10 B5

UD6 — — D6 UD6 — R2 B15 R9 G4

UD5 — — D5 UD5 R1 R1 G14 B9 R3

UD4 — — D4 UD4 R0 R0 R13 G8 B3

UD3 D3 UD3 D3 UD3 — G3 B13 R7 G2

UD2 D2 UD2 D2 UD2 — G2 G12 B7 R1

UD1 D1 UD1 D1 UD1 G1 G1 R11 G6 B1

UD0 D0 UD0 D0 UD0 G0 G0 B11 R5 G0

LD7 — — — LD7 — B3 G15 B10 R4

LD6 — — — LD6 — B2 R14 G9 B4

LD5 — — — LD5 B1 B1 B14 R8 G3

LD4 — — — LD4 B0 B0 G13 B8 R2

LD3 — LD3 — LD3 — (I3) R12 G7 B2

LD2 — LD2 — LD2 — (I2) B12 R6 G1

LD1 — LD1 — LD1 (I1) (I1) G11 B6 R0

LD0 — LD0 — LD0 (I0) (I0) R10 G5 B0

Notes: 1. The left bit corresponds to MSB.
2. U and L indicate upper panel and lower panel data, respectively.
3. Data in parentheses are for 16-color display.
4. — indicates that the corresponding pins are not used; must be left disconnected.



Figure 7   Display Data Output Timing in Display Modes without Pulse Width Modulation 
(Modes 15 and 18)
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In figure 8, data P0–0, P4–0, ... P636–0 make up
the first set of data for one line to be output to LCD
drivers via pin UD3. Likewise, data P0–1, P4–1, ...
P636–1 make up the second set of data. The
combination of the first and second sets of data

determines the display status as follows: (first data,
second data) = (0, 0): display off; (1, 0): 1/2 pulse
width modulation; and (1, 1): display on. For more
details, refer to the Gradation Display Methods
section.
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Figure 8   Display Data Output Timing in Display Modes with Pulse Width Modulation 
(Mode 10)
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Gradation Display Methods

The CLINE supports the frame-based data thinning
method and pulse width modulation method for
gradation display.

Frame-Based Data Thinning Method: In the
frame-based data thinning method, the CLINE
thins out the display data in line or dot units in the
specified frames.

Pulse Width Modulation Method: In the pulse
width modulation method, the CLINE combines
1/2 pulse width modulation and frame-based data
thinning. In this case, data is output from X-drivers
twice in one line-selection period (figure 9).

Consequently, the X-driver latch clock must be
different from the Y-driver shift clock, and a
conventional LCD module configuration cannot be
used. Therefore, clock XCL1 must be supplied to
X-drivers and clock YCL1 to Y-drivers (figure 10).

The XCL1 period is specified by the gradation
display clock period register (R13 and R14) when
no buffer memory is used in non-VGA modes and
in the internal register programming method.
(Pulse width modulation is unavailable when
buffer memory is not used in non-VGA modes, pin
programming method.) In the other cases, the
register is automatically set, since the YCL1 period
is fixed (table 12).
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Figure 9   Driver Clock and Display Data Timing for Gradation Display 
with 1/2 Pulse Width Modulation
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Table 12 XCL1 Period Setting

Memory Mode XCL1 Period Setting

With-memory Half of YCL1 period for 1/2 pulse with Automatic
modulation method

Without-memory VGA Half of YCL1 period for 1/2 pulse width Automatic 
modulation method (See note below)

Non-VGA
Internal register Conforms to gradation display clock Required (R13, R14)
programming register (R13, R14) settings

Pin programming —

Note: Total number of horizontal dots must be 400, 450, 800, or 900 for displaying 320, 360, 640, or 720
dots, respectively.

Figure 10   X- and Y-Driver Clock Connection for Pulse Width Modulation Method
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Gradation Level Palettes

Gradation display quality depends greatly on LCD
panel characteristics.

Consequently, uniform gradation display may be
impossible for some panels. To accommodate this
situation, the CLINE incorporates a set of grada-
tion level palettes that can assign any gradation
level to any CRT display color as desired.

16 levels are available for gradation display using
the frame-based data thinning method and 31
levels using 1/2 pulse width modulation method.
Appropriate levels can be selected for the LCD
panel used.

The R-, G-, and B-palettes are used for color level
display modes, while only the R-palette is used for
16-level grayscale display modes.

In pin programming and MPU programming
methods, these palettes are automatically loaded
after reset with appropriate data for frame-based
data thinning modes and 1/2 pulse width
modulation modes. The automatically set data
cannot be rewritten in the pin programming
method, but can be rewritten, any time after 100 µs
have elapsed after reset, in MPU programming
method.

By contrast, in the ROM programming method,
these palettes are not automatically set. Thus
writing the necessary data to the palettes is always
required.

Table 13 shows the relationship between the values
set in the palettes (through R12) and gradation
levels. Values other than those shown here disable
correct display.
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Table 13 Relationship between Gradation Levels and Palette (R12) Values
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(a)  Frame-based data thinning modes

Grada-
tion Grada-
Level Palette Data (R12 Data Bits) tion
No. 5 4 3 2 1 0 Level 

0 1 0 0 0 0 0 0.00

1 1 0 0 0 0 1 0.14

2 1 0 0 0 1 0 0.20

3 1 0 0 0 1 1 0.29

4 1 0 0 1 0 0 0.33

5 1 0 0 1 0 1 0.40

6 1 0 0 1 1 0 0.43

7 1 0 0 1 1 1 0.50

8 1 0 1 0 0 0 0.57

9 1 0 1 0 0 1 0.60

10 1 0 1 0 1 0 0.66

11 1 0 1 0 1 1 0.71

12 1 0 1 1 0 0 0.75

13 1 0 1 1 0 1 0.80

14 1 0 1 1 1 0 0.86

15 1 0 1 1 1 1 1.00

(b)  1/2 pulse width modulation modes

Grada-
tion Grada-
Level Palette Data (R12 Data Bits) tion
No. 5 4 3 2 1 0 Level 

0 0 1 0 0 0 0 0.00

1 0 1 0 0 0 1 0.07

2 0 1 0 0 1 0 0.10

3 0 1 0 0 1 1 0.14

4 0 1 0 1 0 0 0.17

5 0 1 0 1 0 1 0.20

6 0 1 0 1 1 0 0.21

7 0 1 0 1 1 1 0.25

8 0 1 1 0 0 0 0.29

9 0 1 1 0 0 1 0.30

10 0 1 1 0 1 0 0.33

11 0 1 1 0 1 1 0.36

12 0 1 1 1 0 0 0.38

13 0 1 1 1 0 1 0.40

14 0 1 1 1 1 0 0.43

15 0 1 1 1 1 1 0.50

16 1 1 0 0 0 0 0.50

17 1 1 0 0 0 1 0.57

18 1 1 0 0 1 0 0.60

19 1 1 0 0 1 1 0.64

20 1 1 0 1 0 0 0.67

21 1 1 0 1 0 1 0.70

22 1 1 0 1 1 0 0.71

23 1 1 0 1 1 1 0.75

24 1 1 1 0 0 0 0.79

25 1 1 1 0 0 1 0.80

26 1 1 1 0 1 0 0.83

27 1 1 1 0 1 1 0.86

28 1 1 1 1 0 0 0.88

29 1 1 1 1 0 1 0.90

30 1 1 1 1 1 0 0.93

31 1 1 1 1 1 1 1.00



Display On/Off Control

When the LCD drivers used have an LCD on/off
control pin, display can be controlled with the
CLINE DISPON signal. When the LCD drivers
used do not have an LCD on/off control pin, the
CLINE can turn off display by transferring all-0
display data to the drivers.

Display will be turned on with the DISPON pin =
1, turns the display off while DISPON = 0. The
DISPON pin is equivalent to the DISPON bit (bit
0) of the control register.

In the pin programming method, display is on
except for four frames after reset. The four frame
display-off time period prevents random display at
power-on. In the MPU programming method,
display is turned off at reset, but can be freely
turned on or off after four frames after reset by
rewriting the corresponding register bit. In the
ROM programming method, a 1 must be written to
the DISPON bit to turn on display. Like in other
programming methods, display is off for four
frames after reset.

LDOTCK Frequency and Data Transfer Rate

The LDOTCK frequency (fLDOTCK) for asynchro-
nous mode is calculated from the following
equation:

fLDOTCK = (Nhd + 48) × Nvd × fF

Nhd: Number of dots contained in one
horizontal line of the LCD panel

Nvd: Number of horizontal lines from the
LCD panel top to bottom

fF: Frame frequency

In this case, the following relationship must hold
true:

1/2 × fDOTCLK < fLDOTCK < 2 × fDOTCLK

fDOTCLK:  Dot clock frequency

The data transfer rate to LCD drivers depends on
the mode in which the CLINE is used. Specifically,
the rate depends on screen configura-tion (single or
dual), data transfer width (bit count), and gradation
display methods. For example, the data transfer
rate will be doubled for 1/2 pulse width gradation
display. This is because data must be transferred
two times during one line-selection period. The
data transfer rate (fCL2: CL2 frequency) is calcu-
lated from the following equation (fLDOTCK =
fDOTCLK for synchronous mode):

fCL2 =
fLDOTCK × l

n × m

n:  Number of panels composing one screen
— 1 for modes 1, 3, 5, 7, 9, 11, 13-20

— 2 for modes 2, 4, 6, 8, 10, 12

m:  Number of bits transferred at one time
— 2 for modes 13, 16
— 4 for modes 1, 2, 5, 6, 9, 10, 14, 15, 17-20
— 8 for modes 3, 4, 7, 8, 11, 12

l: Constant for each gradation display
— 1 for modes 1-8, 13-18
— 2 for modes 9-12, 19, 20
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Synchronous/Asynchronous Modes and
Memory

The CLINE has two timing modes: asynchronous
and synchronous.

In asynchronous mode, dot clock pulses for the
CRT system (DOTCLK) are different from those
for the LCD system (LDOTCK) in frequency to
accommodate frame frequency conversion. This
requires buffer memory as shown in figure 11 (a).
In this mode, dual screen LCD panels can be used.

In synchronous mode, dot clock pulses for the CRT
system are identical to those for the LCD system,
thus requiring no buffer memory in principle
(synchronous without-memory mode (figure 11
(b)). However, synchronous without-memory
mode cannot support dual screen LCD panels.

The CLINE has another mode in which dual screen
LCD panels can be used and fewer memory
devices are required. This is called “synchronous
with-memory mode” (figure 11 (c)). In this mode,
the number of memory devices can be reduced to a
half or a third that of asynchronous mode. This is
because RGB data sent from the CRT system is
processed for gradation display before being
written into buffer memory. (In asynchronous
mode, on the other hand, R, G, and B data sent
from the CRT system is separately written into the
R-plane, G-plane, and B-plane memories,
respectively.)

Table 14 summarizes these modes.
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Figure 11   Signal Flow for Synchronous/Asynchronous With-/Without-Memory Modes
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The CLINE uses dual port RAMs for buffer
memory, enabling high-speed display and inde-
pendent use of an LCD dot clock and a CRT dot
clock.

The CLINE supports three types of memory
configurations: 64 k × 4 bits (256 k), 256 k × 4 bits
(1 M), and 128 k × 8 bits (1 M), any of which can
be selected with the MMODE0 and MMODE1
pins (table 3).

The number of memory devices required depends
on the LCD panel size and the display mode.
However, it depends only on LCD panel vertical
size and not on horizontal size since the CLINE
uses memory as shown in figure 12. For example,
one 256-kbit memory device is required for the
panel having 256 or less lines and two for that
having 257 to 512 lines. Table 15 lists the number
of memory devices required for each mode.

1408

HD66850F

Table 14 Memory Mode Summary

Asynchronous With- Synchronous With- Synchronous Without
Memory Mode Memory Mode Memory Mode

Centering/stretching Possible Possible Impossible

Max number of gray levels 16 16 16

Max number of color levels 16 4096 (frame-based 4096 (pulse width 
data thinning) modulation)

Dual screen Possible Possible Impossible

Max number of 512 512 1024
display lines

Frame frequency Possible Impossible Impossible
conversion

Figure 12   Display Sizes and Memory Area Used
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Table 15 Number of Memory Devices for Different Display modes

Number of Memory Devices Required

Asynchronous Synchronous

Display Mode 64 k × 4 256 k × 4 128 k × 8 64 k × 4 256 k × 4 128 k × 8

Monochrome 2 1 1 2 1 1
Modes 1–4

16-level grayscale 8 4 2 2 1 1
(frame-based)
Modes 5–8

16-level grayscale 8 4 2 4 2 1
(1/2 pulse width)
Modes 9–12

8-color Mode 15 6 3 2 6 3 2

16-color Modes 13, 14 8 4 2 8 4 2

4096-color-scale — — — 6 3 2
(frame-based)
Modes 16–18

Frame-based: Frame-based data thinning method
1/2 pulse width: 1/2 pulse width modulation method

Note: With-memory mode does not support color level display using the pulse width modulation method.
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Display Timing Signal Fine Adjustment

When the display timing signal is supplied
externally, a phase shift may appear between CRT
data and the display timing signal, since each
signal has its own peculiar lag. The CLINE can
adjust the display timing signal with pins AJ3–AJ0
(in pin programming method) or with the input
timing control register (R1) (in internal register
programming method) to compensate the phase
shift (table 1).

Figure 13 (a) shows an example of adjusting a
display timing signal that is two dots ahead of the
display start position. In this case, pins (AJ3, AJ2,
AJ1, AJ0) or data bits (3, 2, 1, 0) of R1 must be set

to (1, 0, 1, 0) to delay the signal for two dots.
Conversely, they must be set to (0, 0, 1, 0) to
advance the signal for two dots for the case of
figure 13 (b), where the display timing signal is
two dots behind.

When there is no need to adjust the signal, a setting
of either (0, 0, 0, 0) or (1, 0, 0, 0) will work.

It should be noted that the VGA CRT system
applies the BLANK signal, which includes the
border area period, as the display timing signal,
and that the CLINE removes the border area
period. Consequently, the border area period must
be considered for adjusting the display timing
signal.
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Figure 13   Display Timing Signal Fine Adjustment
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Border Color Control

In the internal register programming method, the
CLINE can specify the color of a blank area that is
left on a centered display (figure 14). Any of 16
colors or the color of the dot immediately before
the valid display data can be specified by the

border color control register (R7). However, the
desired color can be specified only in asyn-
chronous mode.

In the pin programming method, the specified
color is always the same color as the dot imme-
diately before the valid display data.
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Figure 14   Border Area and an LCD Panel
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Internal Registers

The CLINE has one index register (IR) and 15 data
registers (R0–R14). In the MPU programming
method, the desired register address must be
written in one cycle into the index register before
writing or reading data to/from the register in the
following cycle. By contrast, in the ROM pro-
gramming method, the index register is not used;
the CLINE automatically reads data from the
ROM, in which data has been written to the ROM
addresses corresponding to the desired data
registers, and writes it to the data register.

Registers are valid only for the internal register
programming method and are invalid (don’t care)
for the pin programming method. Since all data
registers are reset to 0s, they must be rewritten
after reset.

Register Access for MPU Programming Method

First write the desired data register address into the
index register with CS = 0, RS = 0, and WR = 0,
then write/read data to/from the register with CS =
0, RS = 1, and WR = 0 or RD = 0. Figure 15
shows the timing for writing data into an internal
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register.

Figure 15   Internal Register Write by MPU
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ROM Data Setting for ROM Programming
Method

The desired data must have been previously
written to the ROM addresses corresponding to the
data register addresses; that is, to ROM addresses
$0000–$000F. Data for the gradation level palettes

must have been written to ROM addresses
$0010–$003F. Consequently, data written for
internal registers R11 and R12 are invalid. Figure
16 shows the ROM address map.
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Figure 16   ROM Address Map
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Register Function

Index Register (IR): The index register (figure 17),
composed of four valid bits, selects one of the 15
data registers. The index register itself is selected
by the MPU while the RS signal is low and selects
a data register with the register address written.

Control Register (R0): The control register (figure
18) is composed of five valid bits, each with a
particular function.

• STE bit
— STE = 1: Stretching function enabled

— STE = 0: Stretching function disabled

• CRE bit
— CRE = 1: Vertical centering function enabled

— CRE = 0: Vertical centering function disabled

Simultaneous use of stretching and vertical center-
ing functions is impossible; if both the CRE and

STE bits are set to 1 at the same time, correct
display will be disabled.

• CCE bit
— CCE = 1: Horizontal centering function

enabled

— CCE = 0: Horizontal entering function
disabled

• SP bit
— SP = 1: Double-width display

— SP = 0: Normal display

• DISPON bit
— DISPON = 1: Display on

— DISPON = 0: Display off

DISPON is always cleared at reset. In the MPU
programming method, rewriting this bit can always
be rewritten. However, display will be off for four
frames after reset, regardless of the status of this
bit.
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Figure 17   Index Register

Figure 18   Control Register
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Input Timing Control Register: The input timing
control register (figure 19) has five valid bits,
having two different functions.

• DOTE bit : Switches RGB data latch timing.
— DOTE = 1: Latches data at the rising edge of

the dot clock pulses

— DOTE = 0: Latches data at the falling edge
of the dot clock pulses

• AJ3-AJ0 bits: Adjust the externally supplied
display timing signal to synchronize its phase
with that of LCD data. Write the shift, repre-
sented in dots, between the display timing signal
and the display start position to these bits. The
absolute value of the number of dots to be
shifted must be written to the AJ2-AJ0 bits and
shift polarity to the AJ3 bit. If there is no need to
adjust the display timing signal, these bits may
be set to either (1, 0, 0, 0) or (0, 0, 0, 0).
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Figure 19   Input Timing Control Register
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Horizontal Display Size Register: The horizontal
display size register (figure 20), composed of
seven valid bits, specifies the horizontal display
size in units of characters (eight dots). The value to
write to this register is “number of characters
displayed on one horizontal line – 1.” A maximum
of 90 characters (720 dots) can be specified. 

This register is set automatically in VGA mode.

Vertical Display Size Register: The vertical dis-
play size register (figure 21), composed of nine
valid bits, specifies the vertical display size in units
of lines. The value to write to this register is
“number of lines displayed from display screen top
to bottom – 1.” A maximum of 512 lines can be
specified.

This register is set automatically in VGA mode.
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Figure 20   Horizontal Display Size Register

Figure 21   Vertical Display Size Register
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Centering Raster Register: The centering raster
register (figure 22), composed of eight bits,
specifies the number of rasters for vertically
centering the display within the range of 1 to 256.
The value to write to this register is “number of
rasters for centering – 1.” As shown in figure 23,
the number here indicates the number of rasters in
either the upper border area or lower border area, not 

the total number. Since the LCD panel size is
determined by this number and the display size, the
number of rasters must be correctly written if the
display size differs from the LCD panel size.
Incorrect setting disables correct display. This
register is enabled the control register’s CRE bit is
1. This register is set automatically in VGA mode.
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Figure 22   Centering Raster Register

Figure 23   Centering Rasters 
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Centering Character Register: The centering
character register (figure 24), composed of five
valid bits, specifies the number of characters for
horizontally centering the display within the range
of 1 to 32. The value to write to this register is
“number of characters for centering – 1.” As
shown in figure 25, the number here indicates the
number of characters in either the left border area
or right border area, not the total number. Since the

LCD panel size is determined by this number and
the display size, the number of characters must be
correctly written when the display size differs from
the LCD panel size. Incorrect setting disables
correct display. This register is enabled when the
control register’s CCE bit is 1.

This register is set automatically in VGA mode.
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Figure 24   Centering Character Register

Figure 25   Centering Characters
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Border Color Control Register: The border color
control register (figure 26), has five valid bite
having two different functions. These functions are
available only in with-memory mode. 

• BM bit: Specifies border control mode; reset to
0. This bit must be 1 in asynchronous mode.

— BM = 1: Displays the color specified by the
BCI, BCR, BCG, and BCB bits in the border
area (disabled in synchronous mode)

— BM = 0: Displays the color of the dot
immediately before the display period on the
border area

• BCI, BCR, BCG, and BCB bits: Specify the
color to be displayed on the border area. These
bits are enabled when the BM bit is 1; reset to
0s.

Stretching Control Register: The stretching con-
trol register (figure 27), composed of four valid
bits, is used in combination with the stretching
index register (R9 and R10). It specifies the period
for stretching in units of lines. The value to write
to this register is “number of lines –1.” This
register is enabled when the control register’s STE
bit is 1.

This register is set automatically in VGA mode.
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Figure 26   Border Color Control Register

Figure 27   Stretching Control Register
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Stretching Index Register: The stretching index
register (figure 28), composed of 16 valid bits, is
used in combination with the stretching control
register (R8). It specifies the lines to be displayed
twice among those specified by R8. The lines
represented by the SI bits which are set to 1s will
be displayed twice. Although this register has 16

bits, only the bits within the period specified by R8
are enabled. For example, when R8 is set to four,
only five bits of SI0 to SI4 of this register are
enabled (figure 29).

This register is set automatically in VGA mode.
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Figure 28   Stretching Index Register

Figure 29   Stretching Display
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Gradation Level Palette Address Register: The
gradation level palette address register (figure 30)
is composed of six valid bits with two different
functions.

• PS1 and FS0 bits: Specify a method of selecting
the plane of the gradation level palettes (R, G, or
B).

— (PS1, PS0) = (0, 0): Every time the
gradation level palette data register (R12) is
read from or written to, either R-, G-, or B-
palette is automatically selected, in that
order

— (PS1, PS0) = (0, 1): R-palette is selected

— (PS1, PS0) = (1, 0): G-palette is selected

— (PS1, PS0) = (1, 1): B-palette is selected

• PA3–PA0 bits: Specify the desired gradation
level palette using the address written to these
bits. After palette address specification, data is
read from or written to the specified palette and
the address is automatically incremented by 1.
The address increment manner depends on PS1
and PS0 settings.

— (PS1, PS0) = (0, 0): Gradation level palette
address is automatically incremented by 1
after reading/writing data from/to R, G, and
B gradation level palettes in that order,
through the gradation level palette data
register

— Other settings: Gradation level palette
address is automatically incremented by 1
after reading/writing data from/to any one
gradation level palette, through the gradation
level palette data register
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Figure 30   Gradation Level Palette Address Register
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Gradation Level Palette Data Register: The
gradation level palette data register (figure 31),
composed of six valid bits, contains data which is
read from or written to the gradation level palette
specified with the gradation level palette address
register (R11).

Gradation level palettes must be set according to
the display mode used (16-level grayscale display
or 4096-color-scale display); the R-palette must be
used for 16-level grayscale display, and R-, G-, and
B-palettes for 4096-color-scale display. PD5 bit
must be 1 and PD4 bit must be 0 in frame-based
data thinning mode. PD4 bit must be 1 in 1/2 pulse
width modulation mode. Show table 13.

In the MPU programming method, the gradation
level palettes must be read/written after 100 ms 

have elapsed after reset. Note that display is
scattered during palette read/write.

In the MPU programming method, gradation level
palettes are not directly read from, but are read
from via this register. Consequently, any data that
happens to be in this register at that time is read
out in the first read cycle, and then data
corresponding to the specified address is
transferred to this register and read from this
register in the following read cycle. The address is
incremented (or R-, G-, and B-palettes are
switched) at the same time. In other words, after
address setting, the first data read is incorrect, and
the second data read is correct. Consequently, one
dummy read is required after setting a gradation
level palette address. Figure 32 shows the timing
for reading a gradation level palette.
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Figure 31   Gradation Level Palette Data Register

Figure 32   Gradation Level Palette Data Read
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Gradation Display Clock Period Register: The
gradation display clock period register (figure 33),
composed of nine valid bits, specifies the period of
XCL1, the LCD data latch clock, when pulse width
modulation method is used for gradation display.
The value to write to this register is “specified
number – 1,” in units of dots. Eight through 512
dots can be specified. Note that this register is
invalid in with-memory mode.

This register is set automatically in VGA mode.

• GC8–GC0 bits: Specify the number of dots for
T1; T1 is the period of XCL1 for 1/2 pulse width
gradation display. When the total number of dots
for one period of the YCL1 clock pulse cannot
be divided by two for 1/2 pulse width gradation
display, the remainder is added to T1 as T1’,
where T1’ = TL – T1 (figure 34).
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Figure 33   Gradation Display Clock Period Register

Figure 34   TL, T1, and T’ 
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Reset Description

The RES signal resets and starts the CLINE. The
RES signal must be supplied at each power-on.
Reset is defined as shown in figure 35. 

Pin: In principle, the RES signal does not control
output signals and it operates regardless of other
input signals. The reset states of input/output pins
are described below.

• D0–D7: Not affected by reset. These pins output
data even during the reset state when RD = 0,
CS = 0, RS = 1, and WR = 1, in the MPU
programming method.

• A0–A5: Always output 0s during the reset state
in the ROM programming method. Otherwise,
these pins serve as input pins.

Registers: The contents of all internal registers are
lost and cleared; the desired data must be rewritten
after reset.

Palettes: Palettes are automatically loaded after
reset with the appropriate data according to the
display mode. When data different from the
automatically set data is needed, the data must be
overwritten 100 µs or more after reset. (100 µs is
required for automatic data setting.)
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Figure 35   Reset Definition
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There are some restrictions and notices in the
HD66850F. Please check the following content,
and use it.

Input Signal Timing

HSYNC, VSYNC Asserted Width: The HSYNC
and VSYNC input signals have the minimum

asserted width to operate correctly, please keep the
asserted width with the below value or more.

HSYNC to VSYNC, HSYNC to BLANK Phase
Shift: There are some restrictions between
HSYNC and VSYNC, and HSYNC and BLANK.
Don’t input them within the restricted phase shift.
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Table 16 HSYNC, VSYNC Asserted Width

Condition Item Symbol Minimum Dots

All mode Asserted HSYNC a 12 dots or more

Asserted VSYNC b 2 rasters or more

Table 17 VSYNC, BLANK Phase Shift

Condition Item Symbol Available Dots

All mode VSYNC c 3 dots or less, 16 dots or more

BLANK d 1 dot or more

Note: In VGA mode, the polarities of HSYNC and VSYNC depend on the display resolution on CRT, but we
will explain them as the active-high input in this document.

Figure 36   HSYNC, VSYNC Asserted Width

Figure 37   VSYNC, BLANK Phase Shift
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Total Horizontal Dots: HD66850F needs 48 dots
for the horizontal retrace period, and the HSYNC
period must be 688 dots or more when 640 dots
display, 768 dots or more when 720 dots display.

Horizontal Front Porch: There is a restriction
about the horizontal front porch (from negated
BLANK to asserted HSYNC) as the below in VGA
mode. Please input them with the minimum value
or more. Especially in 320 or 360 dots wide, period
of the front porch is usually just 3 or 4 dots. Please
delay HSYNC asserted timing, and hold the
minimum value. Otherwise the first line on a panel
will be incorrect.
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Table 18 Total Horizontal Dots

Condition Symbol Minimum Dots

All mode e 688 dots (when 640 dots display)

768 dots (when 720 dots display)

Table 19 Horizontal Front Porch

Dot Adjust

Condition Symbol Item –2 –1 ±0 +1 +2 +3 +4 +5 +6

VGA mode f Horizontal 320 or 1 dot or more 3 dots or more 7 dots
640 dots display or 

more

Horizontal 360 or 1 dot or more 5 dots or more
720 dots display

Note: The BLANK ‘High’ width (g) must be 328 or 336 dots in 320 dots display, 376 dots in 360 dots
display, 656 dots in 640 dots display, and 738 dots display in 720 dots display.

Figure 38   Total Horizontal Dots

Figure 39   Horizontal Front Porch
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When it displays 720 dots wide (text mode) on 640
dots panel in VGA mode, HD66850F removes 1
dot from each 9 dots. It may not display correctly
according to the combination of the dot ajust and
the period from negated BLANK to asserted
HSYNC (h in figure 4). In this case, please change
the dot adjust, or delay asserted timing of HSYNC.

This restriction causes trouble when the below
equation is satisfied. When the total horizontal dot

is 900 dots wide, and the period between negated
BLANK to asserted HSYNC is ‘h’ dots,

4 × [(h - 2)/4 ↑ ] = 9 × M + A 

(↑ :  revaluation, M and A:  integer)

The ‘A’ which causes trouble depends on the dot
ajust as below.
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Table 20 Display Period + Horizontal Front Porch

Dot Adjust

Condition Symbol Item –2 –1 ±0 +1 +2 +3 +4 +5 +6

h Monochrome 743 to 746 dots NG ok ok ok ok NG ok ok ok
or 8/16 colors 747 to 750 dots NG ok ok ok NG ok ok ok ok
mode

751 to 754 dots ok ok ok ok NG ok ok ok NG

755 to 758 dots ok ok ok NG ok ok ok ok NG

759 to 762 dots ok ok ok NG ok ok ok NG ok

763 to 766 dots ok ok NG ok ok ok ok NG ok

64/512/4096 743 to 764 dots ok NG ok ok ok ok NG ok ok
colors mode 747 to 750 dots ok NG ok ok ok NG ok ok ok

751 to 754 dots NG ok ok ok ok NG ok ok ok

755 to 758 dots NG ok ok ok NG ok ok ok ok

759 to 762 dots ok ok ok ok NG ok ok ok NG

763 to 766 dots ok ok ok NG ok ok ok ok NG

Note: The total horizontal dot must be 900 dots wide.

Dot Adjust

Parameter Item –2 –1 ±0 +1 +2 +3 +4 +5 +6

A Monochrome or 8/16 1 2 3 4 5 6 7 8 0
colors mode 6 7 8 0 1 2 3 4 5

64/512/4096 colors 0 1 2 3 4 5 6 7 8
mode 5 6 7 8 0 1 2 3 4

VGA mode
& with
buffer
memory
mode, 720
dots
display on
640 dots
panel 



Automatic Judgement of VGA Display Resolu-
tion: In VGA mode, HD66850 judges the current
display resolution from the polarities of VSYNC,

and HSYNC, and the width of BLANK ‘H’
automatically. Please input these signals as below
to judge the correct resolution.
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Table 21 BLANK ‘High’ Level Width

Condition Symbol VGA Mode No. Horizontal Resolution BLANK H Width

VGA mode j 0/1 360 wide 378 dots

2/3, 7 720 wide 738 dots

4/5 320 wide 336 dots

6, F, 10, 11, 12 640 wide 656 dots

13 (256 col) 320 wide 328 dots

Table 22 Polarities of HSYNC and VSYNC

Condition VGA Mode No. Vertical Resolution HSYNC VSYNC

VGA mode F, 10 350 raster high Positive Negative

0/1, 2/3, 4/5, 6, 7, 13 400 raster high Negative Positive

11, 12 480 raster high Negative Negative

Figure 40   BLANK High Level Width
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Border Area: In VGA mode, there is border area
around display area. When the border and display
area is scanned, BLANK is ‘high’ level. HD66850
internally generates the display timing which

indicates just the display area from BLANK input.
So, please input the BLANK with the horizontal
border dot wide and vertical border high raster as
below.
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Table 23 Number of Horizontal Border Dot

Condition Symbol VGA Mode No. Resolution Border

VGA mode k 0/1 360 9 dots

2/3, 7 720 9 dots

4/5 320 8 dots

6, F, 10, 11, 12 640 8 dots

13 (256 col) 320 4 dots

Table 24 Number of Vertical Border Raster

Condition Symbol VGA Mode No. Resolution Border

VGA mode m F, 10 350 6 rasters

0/1, 2/3, 4/5, 6, 7, 13 400 7 rasters

11, 12 480 8 rasters

Figure 41   Number of Horizontal Border Dot

Figure 42   Number of Vertical Border Raster
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When 64 k × 4 bit (256 k) or 128 k × 8 (1M) bit
memory is attached for buffer memory, please
satisfy the below relationship about vertical display
and border raster.

Usually, the vertical 480 rasters mode (VGA mode
11, 12) has 6 or 7 border rasters, so this limitation
will be no problem.

Vertical 
display raster

+
Vertical border 
raster after display

512 
raster[ ] ][ ≤

HD66850F
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Table 25 Vertical Display Raster + Vertical Border Raster After Display

Vertical Display Raster + 
Condition Symbol Vertical Border Raster after Display

VGA and with memory mode n 512 rasters or less

Figure 43   Vertical Display Raster
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Asynchronous Mode

In asynchronous mode, the set data in the gradation
palette is broken owing to the dot adjust during
display. To avoid this problem, in MPU and ROM
programming method, please write ‘1’ to bit 4
(BM mode) of the border control register (R7), and
all ‘0’ to bit 3-0 (border color) of R7. The register
R7 must be ‘10H’. In pin programming method,
please adjust display timing with AJ3-AJ0 pins,

and start to display just from left edge on an LCD
panel without border dot, rise the BLANK input at
same DOTCLK edge as change of the video data
(R/G/B).

In 8/16 colors mode, this restriction is no problem
in any mode because HD66850F does not access
the gradation palette. In 64 / 512 / 4096 colors
mode, it does not support asynchronous mode.
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Figure 44   Countermeasure in the Pin Programming Method
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Frame Period

In synchronous with-memory mode, DOTCLK and
frame period for CRT are same as one for LCD.
When it displays on a full screen with stretching or
centering function, HD66850F needs to extend the
frame period for displaying on LCD. If this frame
period for LCD were longer than one for CRT,
HD66850F can not work correctly.

HD66850F needs 48 dots period for the horizontal
retrace, and number of the total horizontal dot for
LCD is number of the horizontal display dot + 48
dots. This minimum frame period which is
necessary to display on LCD is shown as below.

The frame period for CRT must be longer than the
above minimum one for LCD.

For example, when HD66850F stretchs CRT
resolution with 640 × 350 dots to the LCD panel
with 640 × 480 dots, the minimum frame period
for LCD is (640 + 48) × 480 = 330, 240 dots.

On the other hand, when number of the total
horizontal dot for CRT is 800 dots wide, 330,
240/800 = 412.8 rasters, so HD66850F needs 413
or more rasters high as the total vertical raster for
CRT.

In asynchronous mode, HD66850F separates LCD
clock (LDOTCK) from CRT clock (DOTCK), and
the both frame period are different. So, this
limitation is no problem.

LCD Alternating Signal M

When LCD alternating signal M is changed at
same line in each frame, brightness of the line
differs from one of another line. To avoid this
problem, the signal M is ususally controlled to

change at different line in each frame. But period
of the signal M may synchronize with the frame
period according to the total vertical raster. In this
case, adjust period of the M, and don’t synchronize
them. 

Especially, it is easy to synchronize them in VGA
720 × 400 dots mode. For example, when it
displays 720 × 400 dots in synchronous with-
memory mode, usaually number of the total
horizontal dot for CRT is 900 dots wide, and
number of the total vertical raster is 448 rasters
high, so the frame period for CRT is 900 × 448 =
403,200 [dots]. On the other hand, number of the
total horizontal dot for LCD is 720 + 48 = 768 dots
wide, and the frame period (403,200 dots) divided
by a total horizontal dot for LCD (768 dots) is 512
which is interger. So, when line number of period
of the M equals to the following divisor of 512:

[1, 3, 5, 7, 15, 21, 25, 35, 75, 105, 175] (lines),

period of the M synchronizes with the frame
period, and a horizontal bright line is appeared
when the M is changed.

Vertical Centering

Number of vertical centering line depends on ‘the
value in register (R5) + 1’ in non-VGA mode, or
on the VSIZE pin and display resolution in VGA
mode. But when ‘0’ is written in the register (R5)
and the vertical centering is enabled, HD66850F
can not works correctly. Don’t set ‘0’ in the
register (R5). And when number of vertical display
raster is same as the vertical panel size (VSIZE),
the vertical centering enable bit (bit 3 in R0) must
be cleared. Especially in VGA mode, please update
the enable bit according to selected VGA display
mode.

When stretching function is selected, there is no
restriction about setting ‘0’ in the stretching
registers (R8, R9, R10).

Number of horizontal
display dot

Minimum frame
period for LCD

= + 48

× Vertical panel size [dots]

( )
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Table 26 Notes on VGA Mode Usage by LCD Panel Size

Horizontal Vertical
Size (dots) Size (lines) Notes

640 — • In VGA text modes (0/1, 2/3, 7), there is no space between characters.

720 — • In VGA graphic modes (4/5, 6, F, 10, 11, 12, 13), horizontal centering is
necessary. (Display is automatically centered horizontally in with-
memory mode. See note below.)

— 400 • Data on line 401 through line 480 in VGA 640-by-480 graphic modes 
(11, 12) are not displayed.

• Vertical centering or stretching is necessary for VGA 640-by-350 graphic
modes (F, 10). (Display is automatically stretched in with-memory mode.
See note below.)

— 480 • Vertical centering or stretching is necessary for VGA text modes 
(0/1, 2/3, 7). (Display is automatically stretched in with-memory mode.
See note below.)

• Vertical centering or stretching is necessary for VGA 640-by-200 or 
320-by-200 graphic modes (4/5, 6, 13). (Display is automatically
stretched in with-memory mode. See note below.)

• Vertical centering or stretching is necessary for VGA 640-by-350 graphic
modes (F, 10). (Display is automatically stretched in with-memory mode.
See note below.)

Note: For without-memory mode, external circuits or BIOS tuning are required.
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Table 27 Notes on Internal Register Settings

Register Notes

No. Bits Register or Bit Function VGA Non-VGA

R0 STE Stretching enable 1 1

R0 CRE Vertical centering enable 2 2

R0 CCE Horizontal centering enable 3 4

R0 SP Double-width display set 5 4

R0 DISPON Display on 6 6

R1 DOTE Dot clock phase select 4 4

R1 AJ3–AJ0 Display timing adjust 4 4

R2 DH6–DH0 Display horizontal size set 7 4

R3–R4 DV8–DV0 Display vertical size set 8 4

R5 CR7–CR0 Centering raster set 8 4

R6 CC4–CC0 Centering character set 3 4

R7 BM Border control mode select 9 9

R7 BCI, BCR, BCG, BCB Border color select 10 10

R8 SF3–SF0 Stretching period 8 4

R9–R10 SI15–SI0 Stretching index set — —

R11 PS1–PS0 Gradation display palette select 11 11

R11 PA3–PA0 Gradation display palette address set

R12 PD5–PD0 Gradation level palette data set

R13–R14 GC8–GC0 Gradation display clock period set 7 12

Notes: 1. Simultaneous use with vertical centering function is impossible.
2. Simultaneous use with stretching function is impossible.
3. Automatically set for a 640- or 320-dot-wide display on a 720-dot-wide LCD panel; cannot be

rewritten.
4. Must be set after reset.
5. Automatically set for a middle-resolution display; cannot be rewritten.
6. Display will turn on four frames after reset. Display will not turn on during four frames after

reset.
7. Automatically set according to the horizontal panel size and number of displayed horizontal

dots; cannot be rewritten.
8. Automatically set according to the vertical panel size and polarity of HSYNC and VSYNC

signals; cannot be rewritten.
9. Available only in with-memory mode.
10. Available only in asynchronous with-memory mode.
11. In the MPU programming method, automatically set for 16-level display after reset; can be

rewritten 100 µs after reset. In ROM programming method, appropriate data must be written.
12. In with-memory mode, automatically set according to the horizontal panel size and number

ofdisplayed horizontal dots; cannot be rewritten. For without-memory mode, appropriate data
must be written after reset.

HD66850F
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Table 28 Limits on Register Values

Register Function Applied to Limits

Horizontal display R2 4 ≤ Nchd ≤ (R2 + 1) ≤ 90 (HSIZE = 1)
size control 4≤ Nchd ≤ (R2 + 1) ≤ 80 (HSIZE = 0)

Vertical display R3, R4 4 ≤ Ncvd ≤ (R3, R4 + 1) ≤ 512
size control

Vertical centering R3, R4, R5 2 ≤ (R5 + 1) ≤ 256
(R5 + 1) × 2 + Ncvd = (R3, R4 + 1)

Horizontal centering R2, R6 2 ≤ (R6 + 1) ≤ 32
(R6 + 1) × 2 + Nchd = (R2 +1)

Gradation display R13, R14 (R13, R14 + 1) = (Ncht × 8)/n (MMODE1 = 1)
clock period control n: 2 for 1/2 pulse width gradation display

(R2 + 1) + 8 ≤ Ncht (NMODE1 = 0)

Miscellaneous R2, R3, R4 1/2fDOTCLK ≤ {(R + 1) + 6} × 8 ×
(R3, R4 + 1) × fFLM ≤ 2fDOTCLK
(SYNC = 0)

Ncht: Total number of characters on a CRT horizontal line
(total number of dots on a CRT horizontal line × 1/8)

Nchd: Number of characters displayed on a CRT horizontal line
(number of dots displayed on a CRT horizontal line × 1/8)

Ncvd: Number of lines displayed from screen top to bottom on the CRT display
f LDOTCK: LCD dot clock frequency
fDOTCLK: CRT dot clock frequency
fFLM: Frame frequency
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Absolute Maximum Ratings

Item Symbol Ratings Unit

Power supply voltage VCC –0.3 to 7.0 V

Input voltage Vin –0.3 to VCC + 0.3 V

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –55 to +125 °C

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded.
Normal operation should be under recommended operating conditions (VCC = 5.0 ± 10%, GND
= 0V, Ta = –20°C to +75°C. (If these conditions are exceeded, LSI reliability may be affected.

2. All voltages are referenced to GND = 0 V.

Electrical Characteristics

DC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20 to +75°C, unless otherwise specified)

Item Symbol Min Max Unit Test Condition

Input high- RES pin VIH VCC – 0.5 — V
level DOTE/RD/A5, SP/WR/A4 2.2 — V
voltage

Other input pins*1 2.0 — V

Input low-level VIL — 0.8 V
voltage

Output high- TL interface pins*2 VOH 2.4 — V IOH = –200 µA
level voltage CMOS interface pins*3 VCC –0.8 — V IOH = –200 µA

Output low- TTL interface pins*2 VOL — 0.4 V IOL = 1.6 mA
level voltage CMOS interface pins*3 — 0.8 V IOL = 200 µA

Input leakage current ITL –2.5 +2.5 µA

Three-state leakage current ITSL –10.0 10.0 µA

Current consumption ICC — 100 mA Output pins open

Notes: 1. Other input pins:  DOTCLK, HSYNC, VSYNC, BLANK, MS0–MS15, LDOTCK, D0–D7,
AJ3/CS/A3, AJ2/RS/A2, AJ1/A1, AJ0/A0, R0–R3, G0–G3, B0–B3, PMODE1, PMODE0,
LMODE0–LMODE4, MMODE1, MMODE0, SYNC, VMODE, VSIZE, HSIZE, TEST1, TEST0

2. TTL interface output pins: D0–D7, DOTE/RD/A5, SP/WR/A4, AJ3/CS/A3, AJ2/RS/A2, AJ1/A1,
AJ0/A0, MD0–MD15, MA0–MA7, MA8/SOE1, SOE0, WE, DT/OE, RAS1, RAS0, CAS, CASL,
SC

3. CMOS interface output pins: UD0–UD7, LD0–LD7, XCL1, YCL1, CL2, FLM, M, SCLK,
DISPON, DATAE

HD66850F
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AC Characteristics (VCC = 5.0 V ± 10%, GND = 0 V, Ta = –20 to +75°C, unless otherwise specified)

Video interface

No. Item Symbol Min Max Unit Reference

1 DOTCLK cycle time TCYCD 31.2 62.5 ns Figure 45

2 DOTCLK low-level pulse width tWDL 15 — ns

3 DOTCLK high-level pulse width tWDH 15 — ns

4 DOTCLK rise time tDr — 5 ns

5 DOTCLK fall time tDf — 5 ns

6 Video data setup time tVDS 10 — ns

7 Video data hold time tVDH 10 — ns

8 BLANK setup time tBLS 10 — ns

9 BLANK hold time tBLH 10 — ns

10 BLANK low-level pulse width tBLW — 12 µs

11 BLANK phase shift tBLPD 2Tc — ns

12 Phase shift setup time tPDS 2Tc — ns

13 Phase shift hold time tPDH 2Tc — ns

Tc:  DOTCLK cycle time
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Figure 45   Video Interface
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Memory Interface

No. Item Symbol Min Max Unit Reference

14 RAS cycle time tRC 12Tc – 10 — ns Figure 46

15 RAS low-level pulse width tRAS 5Tc 128Tc – 20 ns

16 RAS high-level pulse width tRP 4Tc – 40 — ns

17 CAS hold time tCSH 6Tc – 50 — ns

18 RAS, CAS delay time tRCD 3Tc – 40 — ns

19 CAS low-level pulse width tCAS1 3Tc – 35 — ns

20 CASL low-level pulse width tCAS2 2Tc – 30 — ns

21 CAS high-level pulse width tCP1 1Tc – 20 — ns

22 CASL high-level pulse width tCP2 2Tc – 20 — ns

23 CAS cycle time tPC 4Tc – 20 — ns

24 RAS hold time tRSH 4Tc – 40 — ns

25 Row address setup time tASR 2Tc – 50 — ns

26 Row address hold time tRAH 2Tc – 30 — ns

27 Column address setup time tASC 1Tc – 30 — ns

28 Column address hold time tCAH 2Tc – 40 — ns

29 WE setup time tWS 2Tc – 50 — ns

30 WE hold time tWH 2Tc – 40 — ns

31 Memory data setup time tMDS 1Tc – 30 — ns

32 Memory data hold time tMDH 2Tc – 35 — ns

33 Data transfer DT/OE setup time tDTS 2Tc – 50 — ns Figure 47

34 Data transfer DT/OE hold time tDTH 6Tc – 50 — ns

35 Phase shift between CAS and tCDH 2Tc – 40 — ns
DT/OE

36 Phase shift between CAS and tDTR 2Tc – 50 — ns
DT/OE

37 CAS setup time tCSR 2Tc – 50 — ns Figure 48

38 CAS hold time tCHR 6Tc – 50 — ns

39 Phase shift between RAS and CAS tRPC 2Tc – 50 — ns

40 SC cycle time tSCC 4TL – 10 — ns Figure 49

41 SC high-level pulse width tSC 2TL – 50 — ns

42 SC low-level pulse width tSCP 2TL – 50 — ns

43 Memory data read setup time tRDS 40 — ns

44 Memory data read hold time tRDH 5 — ns

45 Phase shift between SOE and SC tDSE 20 — ns

TC: DOTCLK cycle time
TL: LDOTCK cycle time (= TC for synchronous mode)
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Figure 46   Memory Interface (Write)

Figure 47   Memory Interface (Data Transfer)
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Figure 48   Memory Interface (Refresh)

Figure 49   Memory Interface (Serial Read) 
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LCD Driver Interface

No. Item Symbol Min Max Unit Reference

46 CL2 cycle time tWCL2 2TL – 10*1 — ns Figure 50

4TL – 10*2

8TL – 10*3

16TL – 10*4

47 CL2 high-level pulse width tWCL2H 1TL – 40*1 — ns

2TL – 40*2

4TL – 40*3

8TL – 40*4

48 CL2 low-level pulse width tWCL2L 1TL – 40*1 — ns

2TL – 40*1

4TL – 40*2

8TL – 40*4

49 CL1 high-level pulse width tWCL1h 150 — ns

50 LCD data delay time tDD — 30 ns

51 CL1 setup time tSCL1 200 — ns

52 CL1 hold time tHCL1 200 — ns

53 M output delay time tDM — 100 ns

54 FLM setup time tHF 100 — ns

55 LDOTCK cycle time tCYCL 31.2 100 ns

56 LDOTCK high-level pulse width tWLH 15 — ns

57 LDOTCK low-level pulse width tWLL 15 — ns

58 LDOTCK rise time tLr — 5 ns

59 LDOTCK fall time tLf — 5 ns

TL:  LDOTCK cycle time (= TC for synchronous mode)

Notes: 1. For display modes 9, 13, 16, 19, and 20
2. For display modes 1, 5, 10, 11, 14, 15, 17, and 18
3. For display modes 2, 3, 6, 7, and 12
4. For display modes 4 and 8
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Figure 50   LCD Driver Interface
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MPU Interface

No. Item Symbol Min Max Unit Reference

60 RD low-level pulse width tWRDL 4TC + 10 — ns Figure 51

61 RD high-level pulse width tWRDH 4TC + 10 — ns

62 WR low-level pulse width tWWRL 4TC + 10 — ns

63 WR high-level pulse width tWWRH 4TC + 10 — ns

64 RD input inhibited time tRIH 4TC + 10 — ns

65 WR input inhibited time tWIH 4TC + 10 — ns

66 Address setup time tAS 0 — ns

67 Address hold time tAH 0 — ns

68 Data delay time tDDR — 100 ns

69 Data output hold time tDHR 10 — ns

70 Data setup time tDSW 0 — ns

71 Data hold time tDHW 0 — ns

TC:  DOTCLK cycle time

Figure 51   MPU Interface
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ROM Interface

No. Item Symbol Min Max Unit Reference

72 ROM address cycle time tCYCA 16TC – 20 — ns Figure 52

73 ROM data setup time tDSWD 150 — ns

74 ROM data hold time tDHWD 10 — ns

TC:  DOTCLK cycle time

RES Timing

No. Item Symbol Min Max Unit Reference

75 RES low-level pulse width tRES 1 — µs Figure 53

Figure 52   ROM Interface

Figure 53   Reset Timing
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Load Circuit

Pins RL R C Reference

MA0 – MA7, MA8/SOE1, DT/OE, WE, CAS, CASL, 2.4 kΩ 11 kΩ 40 pF Figure 54
RAS0, RAS1, SOE0, MD0 – MD15, D0 – D7, A0/AJ0,
A1/AJ1, A2/RS/AJ2, A3/CS/AJ3, A4/WR/SP, A5/RD/DOTE

DISPON, DATAE, SCLK, M, FLM, CL2, YCL1, XCL1, — — 40 pF Figure 55
LD0 – LD7, UD0 – UD7

Figure 54   TTL Load Circuit

Figure 55   Capacitive Load Circuit
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HD66300T
(Horizontal Driver for TFT-Type LCD Color TV)

Description

The HD66300T is a horizontal driver used for
TFT-type (Thin Film Transistor) LCD color TVs.
Specifically, it drives the drain bus signals of a
TFT-type LCD panel.

The HD66300T receives as input three video
signals R, G, B, and their inverted signals R, G and
B. Internal sample and hold circuitry then samples
and holds these signals before outputting them via
voltage followers to drive an TFT-type LCD panel.

The HD66300T can drive LCD panels from 480 ×
240 pixels middle-resolution up to 720 × 480
pixels high-resolution. It has 120 LCD drive
outputs and enables design of a compact LCD
TV due to TCP (Tape Carrier Package) technology.

Features

• LCD drive outputs: 120
• Internal sample and hold circuits: 480 (4 circuits

per output)
• Support of single-rate sequential drive mode and

double-rate sequential drive mode
• Support of various types of color filter arrange-

ments through an internal color sequence
controller

• Vertical pixels: 240 (middle-resolution) or 480
(high-resolution)

• Horizontal pixels: 480 to 720
• Support of monodirectional connection mode

and interleaved connection mode through a bi-
directional shift register

• Dynamic range: 15 VPP
• Power supply: +5 V and –15 V
• CMOS process

Ordering Information

Type No. Package

HD66300T00 156-pin TCP

Note: The details of TCP pattern are shown in
“The Information of TCP.”



Pin Arrangement
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Pin Description

Pin List

Pin Name Number of Pins Input/Output Connected to Functions (Refer to)

D1 to D120 120 O LCD panel 1

HCK1, HCK2, 3 I Controller 2
HCK3

DL, DR 2 I/O Controller or 3
next HD66300T

FD 1 I Controller 4

RS 1 I GND 5

OE 1 I Controller 6

SHL 1 I VCC or GND 7

D/S 1 I VCC or GND 8

L/F 1 I VCC or GND 9

MSF1, MSF2 2 I VCC or GND 10

TEST1, TEST2 2 I GND 11

Vx1, Vx2, Vx3, 6 I Inverter 12
Vy1, Vy2, Vy3

Vbo 1 I Power source 13

VbsB, VbsH 2 I Power source 14

VLC1, VLC2, 4 — Power source 15
VLC3, VLC4

VCC1, VCC2, 3 — Power source 16
VCC3

GND 1 — Power source 17

VBB1, VBB2, 4 — Power source 18
VBB3, VBB4
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Pin Functions

1.  D1 to D120: These pins output LCD drive
signals.

2.  HCK1, HCK2, HCK3: These pins input three-
phase clock pulses, which determine the signal
sampling timing for sample and hold circuits.

3.  DL, DR: These pins input or output data into or
from the internal bidirectional shift register. The
state of pin SHL determines whether these pins
input or output data.

SHL DL DR

VCC Output Input

GND Input Output

4.  FD: This pin inputs the field determination
signal, which allows the sample and hold circuitry
and the shift matrix circuit to operate syn-
chronously with TV signals, at its rising and falling
edge.

FD = high: First field
FD = low: Second field

When a non-interlace signal is applied, it must be
inverted every field.

When an interlace signal is applied in double-rate
sequential drive mode with per-line inversion
(mode 1, 2, 3), the signal must be set high in both
fields. The signal must be set low, however, in
each field’s horizontal retrace period.

5.  RS: This pin inputs a test signal and should be
connected to pin GND.

6.  OE: This pin inputs the signal which controls
the controller of the shift matrix circuit; it changes
the selection of a sample and hold circuit and the
shift matrix (combination of color data), at its
rising edge. It also switches the bias current of the
output buffer, as shown in the following table.

OE Bias Current of Output Buffer

High Large current (determined by VbsB)

Low Small current (determined by VbsH)

7.  SHL: This pin selects the shift direction of the
shift register.

SHL Shift Direction

High DL ← DR

Low DL → DR

8.  D/S: This pin selects the LCD drive mode.

D/S Mode

High Double-rate sequential drive mode

Low Single-rate sequential drive mode

9.  L/F: This pin selects the inversion mode of
LCD drive signals.

L/F Mode

High Per-line inversion mode

Low Per-field inversion mode



1452

HD66300T

10.  MSF1, MSF2: These pins select the function
of the shift matrix circuit; they should be set
according to both the type of color filter arrange-

ment on a TFT-type LCD panel and the drive
mode.

Filter Arrangement Drive Mode MSF1 MSF2

Diagonal mosaic Single-rate GND VCC/GND*
pattern Double-rate GND VCC/GND*

Vertical stripe Single-rate VCC VCC
pattern Double-rate VCC VCC

Unicolor triangular Single-rate VCC VCC
pattern Double-rate VCC GND

Bicolor triangular Single-rate VCC GND
pattern Double-rate VCC GND

Single-rate: Single-rate sequential drive mode
Double-rate: Double-rate sequential drive mode

Note: * Refer to table 2 and timing charts of each mode.

11.  TEST1, TEST2: These pins input test signals
and should be connected to pin GND.

12.  Vx1, Vx2, Vx3, Vy1, Vy2, Vy3: Video signals
are applied to these pins; positive video signals are
connected to pins Vxi and negative video signals to
pins Vyi.

13.  Vbo: Bias voltage is applied to this pin for the
differential amplifier in the sample and hold
circuitry.

14.  VbsB, VbsH: Bias voltage is applied to this pin
for the two power sources of the output buffer.

VbsB: The voltage for driving a capacitive load
VbsH: The voltage for holding the output voltage

15.  VLC1, VLC2, VLC3, VLC4: +5 V LCD drive
voltage is applied to these pins.

16.  VCC1, VCC2, VCC3: +5 V is applied to these
pins for the logic and the analog units.

17.  GND: 0 V is applied to this pin for the logic
unit.

18.  VBB1, VBB2, VBB3, VBB4: –15 V is applied to
these pins for the LCD drive unit.
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Block Functions

Shift Register: The shift register generates the
sampling timing for video signals. It is driven by
three-phase clocks HCK1, HCK2, and HCK3,
whose phases are different from each other by
120°; each clock determines the sampling timing
for one color signal so that three clocks support the
three color signals R, G, and B. The shift direction
of this register can be changed.

Level Shifter: The level shifter changes 5-V
signals into 20-V signals.

Sample and Hold Circuitry: In double-rate
sequential drive mode, two sample and hold
circuits are selected to sample video signals during
one horizontal scanning period out of the four
circuits attached to one LCD drive signal. One of
the two selected circuits is read out in the first half
of the following horizontal scanning period, and
the other selected circuit is read out in the second
half. While the two circuits are being read out, the

other two circuits sample signals and are alter-
nately read out in the same procedure mentioned
above.

In single-rate sequential drive mode, one sample
and hold circuit samples a signal during one
horizontal scanning period, and is read out in the
following horizontal scanning period. While it is
being read out, one circuit out of the other three
samples a signal.

Shift Matrix Circuit: The shift matrix circuit, a
color sequence controller, changes over the
sampled video signal every horizontal scanning
period.

Output Buffer: The output buffer consists of a
source follower circuit and can change the
through-rate of an output signal by changing the
external bias voltage.
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Example of HD66300T Connection to LCD Panel

Figure 1   Example of HD66300T Connection to LCD Panel
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Figure 2   Timing Chart
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Functional Description

Screen Size

Number of horizontal pixels:

• 120, 240, 360, 600, and 720 in monodirectional
connection mode

• 240, 480, and 720 in bidirectional connection
mode

Number of vertical pixels:

• 240 in single-rate sequential drive mode
• 480 in double-rate sequential drive mode

Single-Rate Sequential Drive Mode and Double-
Rate Sequential Drive Mode

Single-Rate Sequential Drive Mode: A typical
TV signal* has 525 scanning lines, 480 of which
are part of the valid display period. In interlace
scanning mode, 480 scanning lines are equally
divided into a first field and a second field.

In single-rate sequential drive mode, a 240-pixel-
high LCD panel is used. 240 scanning lines of the
first and second fields of the TV signal are
respectively assigned to the 240 lines of the LCD
panel.

One line of an LCD panel is driven every hori-
zontal scanning period in this mode.

Double-Rate Sequential Drive Mode: To obtain a
high-resolution display, a 480-pixel-high LCD
panel is used. If 480 scanning lines are respectively
assigned to the 480 lines of the LCD panel, the
LCD alternating frequency becomes 15 Hz, which
causes flickering and degrades display quality. To
avoid this problem, the following method is
employed. In the first field, the first scanning line
is assigned to the first and second lines of the LCD
panel, the second scanning line is assigned to the
third and fourth lines, and so on. In the second
field, the first scanning line is assigned to the
second and third lines, the second scanning line is
assigned to the fourth and fifth lines, and so on.

Two lines of an LCD panel are driven every
horizontal scanning period in this mode.

Note: * Refer to the index for the further informa-
tion of NTSC TV system signals and
LCD.
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Supportable Types of Color Filter
Arrangements

The order and timing for the HD66300T to output
color signals depend on the color filter arrange-
ment on a TFT-type LCD panel. The HD66300T

can support TFT-type LCD panels having the
following color filter arrangements by specifying
the operation of the internal color sequence
controller and by changing the external signals to
be supplied.

Figure 3   Supportable Types of Color Filter Arrangements
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(a)  Diagonal from top-left to bottom-right mosaic
      pattern

(d)  Unicolor triangular pattern

(b)  Diagonal from top-left to bottom-left mosaic
      pattern

(e)  Bicolor triangular pattern

(c)  Vertical stripe pattern
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Mode Setting Pins

Mode setting pins MSF1, MSF2, and D/S must be
set according to both the type of color filter
arrangement on the TFT-type LCD panel and the
drive mode (single-rate sequential drive mode or
double-rate sequential drive mode). These pins
activate the internal color sequence controller,
which changes the sequence of color video signals
corresponding to each sample and hold circuit and
allows the LSI to output color data in the right
order for the LCD panel being used.

Per-Field Inversion and Per-Line Inversion

The inversion mode of LCD drive signals can be
selected by pin L/F.

Per-Field Inversion (Available with L/F = Low)

In a certain field, all LCD drive signals have one
polarity and in the following field, they all have the
inverted polarity.

Per-Line Inversion (Available with L/F = High)

In a certain field, all LCD drive signals have
positive polarity in odd number lines and negative
polarity in even number lines, while in the
following field, the situation is reversed, that is,
negative polarity in odd number lines and positive
polarity in even number lines.

Table 1 Mode Setting Pins

Filter Arrangement Drive Mode D/S MSF1 MSF2 Referential Timing Charts

Diagonal mosaic Single-rate GND GND VCC, GND MODES 15, 16, 18, and 19
pattern Double-rate VCC GND VCC, GND MODES 1, 2, 5, 6, 8, 9, 12,

and 13

Vertical stripe Single-rate GND VCC VCC MODES 17 and 20
pattern Double-rate VCC VCC VCC MODES 3, 7, 10, and 14

Unicolor triangular Single-rate GND VCC VCC MODES 17 and 20
pattern Double-rate VCC VCC GND MODES 4 and 11

Bicolor triangular Single-rate GND VCC GND MODE 17
pattern Double-rate VCC VCC GND MODES 4 and 11

Single-rate: Single-rate sequential drive mode
Double-rate: Double-rate sequential drive mode
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Interface

Video Signals Connection

Video signals must be connected to pins Vx1, Vx2,
Vx3, Vy1, Vy2, and Vy3; in principle, positive
video signals R, G, and B signals must be input to
pins Vx1, Vx2, and Vx3, and negative video
signals R, G, and B to pins Vy1, Vy2, and Vy3. For
actual connection between an LCD panel and the
LCD drive signal output pins, refer to the follow-
ing example.

In the Case of Diagonal from Top-Left to
Bottom-Right Mosaic Pattern 

This example describes the case in which an LCD
panel having a diagonal from top-left to bottom-
right mosaic pattern is driven in double-rate
sequential drive mode and monodirectional con-
nection mode.

R
B
G
R

G
R
B
G

B
G
R
B

R
B
G
R

G
R
B
G

B
G
R
B

1st line
2nd line
3rd line
4th line

D1 D2 D3 D3k+1 D3k+2 D3k+3

HD66300T

(k = 0 to 39)

The Color Sequence for Each Output Pin

Output Pin Color Sequence

D1 (= D3k + 1) R → B → G → R →

D2 (= D3k + 2) G → R → B → G →

D3 (= D3k + 3) B → G → R → B →

The Signal Sequence for Each Output Pin

Output Pin Color Sequence

D1 (= D3k + 1) Vx1 → Vx3 → Vx2 → Vx1 →

D2 (= D3k + 2) Vx2 → Vx1 → Vx3 → Vx2 →

D3 (= D3k + 3) Vx3 → Vx2 → Vx1 → Vx3 →

(Refer to MODE 5)

The Connection of Signals

Signal Color

Vx1 R

Vx2 G

Vx3 B

Vy1 R

Vy2 G

Vy3 B
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In the Case of Diagonal from Top-Right to
Bottom-Left Mosaic Pattern, Vertical Stripe
Pattern

The same procedure for video signal connection
applies to the case in which a TFT-type LCD panel
having a diagonal from top-right to bottom-left
mosaic pattern or a vertical stripe pattern is used,
as well as to the cases where a panel of any pattern
is used through the bidirectional connection mode.

Triangular Pattern, Single-Rate Sequential
Drive Mode

The following procedures are required when a
panel of unicolor or bicolor triangular pattern is
used:

1. Unicolor Triangular Pattern, Single-Rate Se-
quential Drive Mode
The clock phase must be changed every line
because of the 1.5-pixel phase shift between
even number lines and odd number lines.
(Refer to the explanation of sampling clocks.)

The connection of signals here is the same as
that described above.

2. Bicolor Triangular Pattern, Single-Rate Se-
quential Drive Mode

The clock phase must be changed every line
because of the 0.5-pixel phase shift between
even number lines and odd number lines.
(Refer to the explanation of sampling clocks.)

The connection of video signals in the second
field must be changed from that in the first
field. See the following tables.

D
1

HD66300T

R G B R G

B R G

R G B R G

B R G

B R

B R

D
2

D
3

D
4

D
5

The Color Sequence for Each Output Pin

Output Pin Color Sequence

D1 (= D3k + 1) R → B → R → B →
D2 (= D3k + 2) G → R → G → R →
D3 (= D3k + 3) B → G → B → G →

The Signal Sequence for Each Output Pin

Output Pin Signal Sequence

1st field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →
D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →
D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

2nd field D1 (= D3k + 1) Vy1 → Vx1 → Vy1 → Vx1 →
D2 (= D3k + 2) Vy2 → Vx2 → Vy2 → Vx2 →
D3 (= D3k + 3) Vy3 → Vx3 → Vy3 → Vx3 →

(Refer to Mode 17)

The Connection of Signal in Each Field

Per-Field Inversion Per-Line Inversion
Mode (L/F = Low) Mode (L/F = High)

1st Field 2nd Field 1st Field 2nd Field

Vx1 R B R B
Vx2 G R G R
Vx3 B G B G
Vy1 B R B R
Vy2 R G R G
Vy3 G B G B
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Triangular Pattern, Double-Rate Sequential
Drive Mode

Changing the phase of the sampling clocks is
sufficient when the panel is driven in single-rate
sequential drive mode. However, when the panel is
driven in double-rate sequential drive mode, the

above countermeasure does not work, since the
display data for two lines is sampled at one time
here. Consequently, delaying the input video signal
for a time period corresponding to the shift be-
tween pixels is required.

Figure 4   Pixel Position Shift (Triangular Pattern, Double-Rate Sequential Drive Mode)

Figure 5   Sampling Clock Phase Delay
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode

D
1

HD66300T

R G B R G

D
2

D
3

D
4

D
5

R G B R G

R G B R G

R G B R G

The Color Sequence for Each Output Pin

Output Pin Color Sequence

D1 (= D3k + 1) R → R → R → R →

D2 (= D3k + 2) G → G → G → G →

D3 (= D3k + 3) B → B → B → B →

The Signal Sequence for Each Output Pin (In Interlace Mode)

Output Pin Signal Sequence

1st field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

2nd field D1 (= D3k + 1) Vy1 → Vx1 → Vy1 → Vx1 →

D2 (= D3k + 2) Vy2 → Vx2 → Vy2 → Vx2 →

D3 (= D3k + 3) Vy3 → Vx3 → Vy3 → Vx3 →

(Refer to MODE 4)

The Signal Sequence for Each Output Pin (In Non-Interlace Mode)

Output Pin Signal Sequence

1st field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

2nd field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

(Refer to MODE 11)
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The Connection of Signals in Each Field (In Interlace Mode)

Per-Field Inversion Per-Line Inversion
Mode (L/F = Low) Mode (L/F = High)

1st Field 2nd Field 1st Field 2nd Field

Vx1 Delayed R R Delayed R R

Vx2 Delayed G G Delayed G G

Vx3 Delayed B B Delayed B B

Vy1 R Delayed R R Delayed R

Vy2 G Delayed G G Delayed G

Vy3 B Delayed B B Delayed B

The Connection of Signals in Each Field (In Non-Interlace Mode)

Per-Field Inversion Per-Line Inversion
Mode (L/F = Low) Mode (L/F = High)

1st Field 2nd Field 1st Field 2nd Field

Vx1 Delayed R Delayed R Delayed R Delayed R

Vx2 Delayed G Delayed G Delayed G Delayed G

Vx3 Delayed B Delayed B Delayed B Delayed B

Vy1 R R R R

Vy2 G G G G

Vy3 B B B B
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode
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HD66300T

R G B R G1st line

2nd line

3rd line

4th line

D
2

D
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4

D
5

B R G

R G B R G

B R G

B R

B R

The Color Sequence for Each Output Pin

Output Pin Color Sequence

D1 (= D3k + 1) R →R →R →R →

D2 (= D3k + 2) G→R →G →R →

D3 (= D3k + 3) B →G →B →G →

The Signal Sequence for Each Output Pin (In Interlace Mode)

Output Pin Signal Sequence

1st field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

2nd field D1 (= D3k + 1) Vy1 → Vx1 → Vy1 → Vx1 →

D2 (= D3k + 2) Vy2 → Vx2 → Vy2 → Vx2 →

D3 (= D3k + 3) Vy3 → Vx3 → Vy3 → Vx3 →

(Refer to MODE 4)

The Signal Sequence for Each Output Pin (In Non-Interlace Mode)

Output Pin Signal Sequence

1st field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

2nd field D1 (= D3k + 1) Vx1 → Vy1 → Vx1 → Vy1 →

D2 (= D3k + 2) Vx2 → Vy2 → Vx2 → Vy2 →

D3 (= D3k + 3) Vx3 → Vy3 → Vx3 → Vy3 →

(Refer to MODE 11)
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The Connection of Signals in Each Field (in Interlace Mode)

Per-Field Inversion Per-Line Inversion
Mode (L/F = Low) Mode (L/F = High)

1st Field 2nd Field 1st Field 2nd Field

Vx1 Delayed R B Delayed R B

Vx2 Delayed G R Delayed G R

Vx3 Delayed B G Delayed B G

Vy1 B Delayed R B Delayed R

Vy2 R Delayed G R Delayed G

Vy3 G Delayed B G Delayed B

The Connection of Signals in Each Field (in Non-Interlace Mode)

Per-Field Inversion Per-Line Inversion
Mode (L/F = Low) Mode (L/F = High)

1st Field 2nd Field 1st Field 2nd Field

Vx1 Delayed R Delayed R Delayed R Delayed R

Vx2 Delayed G Delayed G Delayed G Delayed G

Vx3 Delayed B Delayed B Delayed B Delayed B

Vy1 B B B B

Vy2 R R R R

Vy3 G G G G
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Connection to LCD Panels

There are two modes of connecting HD66300T
chips to an LCD panel:

1) monodirectional connection mode

2) bidirectional connection mode

In the former mode, the HD66300Ts are set on
either the upper side or lower side of the panel,
while in the latter mode, the HD66300Ts are set on
both sides and the upper drivers and the lower
drivers are alternately connected to each pixel-
column.

Figure 6   Monodirectional Connection Mode

Figure 7   Interleaved Connection Mode
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Internal Operation

The HD66300T has four sample and hold circuits
for each outputs as shown in the block diagram,
and its internal bidirectional shift register controls
which circuits to sample data.

It has three-phase shift clocks with mutual phase
difference of 120° to drive the shift register, which
enables driving an LCD panel with mosaic pattern
and triangular pattern.

The operation of sample and hold circuits and
sampling operation are described below followed
by the description of the relationship between
three-phase shift clock phases and frequencies.

After the above description, determination of bias
voltage is described; bias voltage controls driving
characteristics of a differential amplifier and output
buffer of the sample and hold circuits.

Finally, the OE and FD signals are described; they
determine the operation of the sample and hold
shift matrix circuit. Timing charts for each mode
follow the description.

Sample and Hold Circuitry

Operation of Sample and Hold Circuitry

The HD66300T has four sample and hold circuits
A, B, C, and D per LCD drive signal output.
Sample and hold circuit pair A and B is supplied
with the same sampling clock pulses as circuit pair
C and D. One of the signals output by these
circuits is connected to an output driver.

These sample and hold circuits repeat sampling
and outputting of signals alternately to drive an
TFT-type LCD panel.

Figure 8   Sample and Hold Circuitry
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In single-rate sequential drive mode, sample and
hold circuits A and D are alternately used; circuits
B and C perform sampling operation, but are not
used since they are not connected to the output
driver.

In single-rate sequential drive mode, one sample
and hold circuit samples the signal during one
horizontal scanning period, and outputs it as an
LCD drive signal in the following horizontal
scanning period.

In double-rate sequential drive mode, all sample

and hold circuits A, B, C, and D are alternately
used.

In double-rate sequential drive mode, two sample
and hold circuits sample two signals during one
horizontal scanning period, and output one of them
as an LCD drive signal in the first half of the
following horizontal scanning period, and output
the other signal in the second half.

The following shows the timing charts of sampling
and outputting operation.

Figure 9   Sampling Timing Charts of Single-Rate Sequential Drive Mode

Figure 10   Sampling Timing Charts of Double-Rate Sequential Drive Mode

�
��� �
�
��
�
�
�
�1H

Not used

Not used

D A DOUTPUT

A

B

C

D

OE

Sample
and
hold
circuits

OUTPUT SAMPLING

OUTPUT SAMPLING OUTPUT

SAMPLING

�� �
�
�SAMPLING OUTPUT SAMPLING OUTPUT�
�
� ���

SAMPLING OUTPUT SAMPLING

�
�
��

OUTPUT SAMPLING OUTPUT

��
�� ��OUTPUTSAMPLINGOUTPUT

C D A B C DOUTPUT

A

B

C

D

Sample
and
hold
circuits

OE

1H



HD66300T

1471

Sampling Operation

The HD66300T has a bidirectional shift register
composed of 120 bits and each bit of the shift
register generates the sampling pulses to control
the sampling operation of the four sample and hold
circuits connected to each LCD drive signal output
pin. When a bit of the shift register is 1, the
corresponding sample and hold circuits are in the
sampling state; when it is 0, the corresponding
sample and hold circuits are in the hold state.
Consequently, shifting a 1 into the shift register

activates in turn the sample and hold circuits
corresponding to each LCD drive signal output pin.

Figure 11 is a shift register sketch illustrating the
relationship between the shift register and the shift
clocks HCK1, HCK2, and HCK3. Note that the
order of sampling pulse generation depends on the
state of pin SHL. D1 corresponds to DL and D120
to DR.

Figure 12 is a timing chart of sampling pulses
generated by the shift register.

Figure 11   Shift Register Sketch
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Figure 12   Sampling Pulse Timing Chart
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Three-Phase Shift Clocks

Three-Phase Shift Clocks and Sample Start
Signal: Shift clocks HCK1, HCK2, and HCK3,
which are operation clocks for the shift register,
must be three-phase clocks with 50-percent duty.
The HCK2 clock must be generated 120° after the
HCK1 clock, and the HCK3 clock 240° after the
HCK1 clock. Sampling operation starts when 1 is
input from pin DL or DR at a rising edge of the

HCK1 clock pulse.

In monodirectional connection mode, all the
HD66300T chips must be supplied with the same
three-phase shift clock pulses. In interleaved con-
nection mode, the frequency of the three-phase
shift clocks must be half of that in monodirectional
connection mode, and the phase shift between the
upper drivers clocks and the lower drivers clocks
must be one pixel.

Figure 13   Three-Phase Shift Clocks and Sample Start Signal
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Some position shift exists between the pixels of
even number lines and those of odd number lines
for LCD panels having triangular patterns. This
requires generating a phase shift between the three-
phase clocks for even number lines and those for

odd number lines. The required phase shift is 1.5
pixels for LCD panels having a unicolor triangular
pattern, while it is 0.5 pixels for those having a
bicolor triangular pattern.

Figure 14   3-Phase Shift Clock Shift with Triangular Pattern
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How to Generate Three-Phase Shift Clocks:
Three-phase shift clocks can be generated by
dividing the base clock, which is generated from a
horizontal synchronizing clock, through the use of
a frequency multiplier such as a PLL circuit.

The number of horizontal pixels of the LCD panel
and the valid display ratio determines the base
clock frequency f.

If the number of horizontal pixels is 480 and the
valid display ratio is 95% in the NTSC system, the

base clock frequency f is about 9.59 MHz accord-
ing to the following equation.

f = (1/valid display period) × (no. of horizontal 
pixels/valid display ratio)

= 480/(52.7 µsec × 0.95)
= 9.59 (MHz)

The three-phase clocks can be generated by divid-
ing f by 3 (in the monodirectional connection
mode) or 6 (in the bidirectional connection mode).

Figure 15   Base Clock
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Figure 16   Three-Phase Shift Clocks
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Bias Voltage

Voltages VbsB , VbsH, and Vbo control the drive
capability of the output buffer and differential
amplifier. Here the LSI must be used in the range
of 

VCC – 4.0 V ≤ VbsB , VbsH , Vbo ≤ VCC – 2.0 V

VbsB controls the drive current capability of the
output buffer when OE is high (IVsB) and VbsH
controls the leakage correction current of when OE
is low (IVsH). Figure 17 and figure 18 show the
relationship between IVsB and VbsB and the
relationship between IVsH and VbsH, respectively.

VbsB and VbsH should be to an appropriate level
for the electrical characteristics of the LCD panel
used.

The rise time (tDDR) and the fall time (tDDF) of the
output buffer depend on the input level of VbsB.

Figure 19 shows the relationship between tDDR,
tDDF and VbsB.

Vbo controls the bias current of the differential
amplifier (IVbo).

Figure 20 shows the relationship between the rise
and fall times (tDDR, tDDF) of the output buffer and
Vbo.

Vbo should be adjusted to an appropriate level for
the electrical characteristics of the LCD panel
used.

The increase of total current consumption is 120
times larger than that of IVbsB, IVbsH and IVbo,
because figure 17, 18 and 21 each shows the case
of one output and HD66300T has 120 outputs.

Figure 17, 18, 19, 20 and 21 are just for reference
and do not guarantee the characteristics.

Figure 17   IVbsB vs VCC–VbsB Figure 18   IVbsH vs VCC–VbsH
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Figure 19   tDDR, tDDF vs VbsB

Figure 20   tDDR, tDDF vs Vbo
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Figure 21   IVbo vs VCC–Vbo

Figure 22   Definition of tDDR and tDDF
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OE Signal

The OE signal has the following functions:

Clock for Internal Circuits: Controls the sample
and hold circuitry and the controller of the shift
matrix circuit, and switches the output signal at the
OE signal rising edge.

Switching of Drive Capability of the Output
Buffer: Determines the current drive capability of
the output buffer;

OE = high: Drives with large current (300 µA, typ)
OE = low: Drives with small current (20 µA, typ)

This function allows the output buffer to operate
with large current during the transition of an output
signal, thus shortening its falling time. At the same
time it allows the output buffer to operate with
small current while an output signal is stable,
lowering current consumption.

The drive current is controlled by bias voltages
VbsB (large current) and VbsH (small current).

Figure 23   Switching of Drive Capability of the Output Buffer
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FD Signal

The FD signal is the field determination signal; a
field is determined by the state of this signal at the
rising edge of the OE signal. This signal syn-
chronizes the internal controllers with TV signals.

The order of outputting signals is determined at the
fourth rising edge of the OE signal after the rising
or falling edge of the FD signal in double-rate
sequential drive mode, while it is determined at the
third rising edge in single-rate sequential drive
mode; herein after, as long as the FD signal is not
changed, signals will be output in the determined
order at most every 12 pulses of the OE signal in

double-rate sequential drive mode, while at most
every 6 pulses in single-rate sequential drive mode.

The FD signal should usually be high in the first
field and low in the second field. In some modes,
however, it should be high in both fields, but low
for at least one-pulse time period of the OE signal
during the horizontal scanning period.

The order of outputting signals and the timing of
inputting the FD signal vary depending on the
mode. For more details, refer to the appropriate
timing charts.

Timing Charts for Each Mode

Table 2 Reference Timing Charts for Each Mode

Single (D/S = Low) Double (D/S = High)

Interlace Non-Interlace

Filter Arrangement Per-Line Per-Field Per-Line Per-Field Per-Line Per-Field

Mosaic Top- Inter- MODE 15 MODE 18 MODE 2 MODE 6 MODE 9 MODE 13
left to leaved
bottom- Mono- MODE 16 MODE 19 MODE 1 MODE 5 MODE 8 MODE 12
right directional

Top- Inter- MODE 16 MODE 19 MODE 1 MODE 5 MODE 8 MODE 12
right to leaved
bottom- Mono- MODE 15 MODE 18 MODE 2 MODE 6 MODE 9 MODE 13
left directional

Vertical stripe MODE 17 MODE 20 MODE 3 MODE 7 MODE 10 MODE 14

Unicolor triangular MODE 17 MODE 20 MODE 4 MODE 4 MODE 11 MODE 11

Bicolor triangular MODE 17 MODE 17 MODE 4 MODE 4 MODE 11 MODE 11

Single: Single-rate sequential drive mode
Double: Double-rate sequential drive mode
Per-Line: Per-line inversion mode
Per-Field: Per-field inversion mode
Interleaved: Interleaved connection mode
Monodirectional: Monodirectional connection mode
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MODE 2

D/S
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MODE 3
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Vy2Vx2Vy2Vx2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2
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MODE 4

D/S
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MODE 5

D/S

L/F

MSF1

MSF2

VCC

GND

GND

VCC
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SAMPLE OUTA
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Vx2
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SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx3Vx1Vx2Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1

Vx3Vx1Vx2Vx3Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2

Vx1Vx2Vx3Vx1Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3
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MODE 6

D/S
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GND
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SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx2Vx1Vx3Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1

Vx1Vx3Vx2Vx1Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2

Vx2Vx1Vx3Vx2Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

284 285 286 287 288 289 290 291 525 1283 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy2Vy1Vy3Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vv2Vy1Vy3Vy2Vy1

Vy3Vy2Vy1Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2

Vy1Vy3Vy2Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

282



1488

HD66300T

MODE 7

D/S

L/F

MSF1

MSF2

VCC

GND

VCC

VCC

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vx1

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1

Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2

Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

284 285 286 287 288 289 290 291 525 1283 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vv1Vy1Vy1Vy1Vy1

Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2

Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

282



HD66300T

1489

MODE 8

D/S

L/F

MSF1

MSF2

VCC

VCC

GND

VCC

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vy2

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx3Vy1Vx2Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1

Vy3Vx1Vy2Vx3Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2

Vy1Vx2Vy3Vx1Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy3Vx1Vy2Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1

Vy1Vx2Vy3Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2

Vy2Vx3Vy1Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy2Vx3Vy1

Vy3Vx1Vy2

Vy1Vx2Vy3

Vx2

Vx3

Vx1

OUT



1490

HD66300T

MODE 9

D/S

L/F

MSF1

MSF2

VCC

VCC

GND

GND

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vy3

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx2Vy1Vx3Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1

Vy1Vx3Vy2Vx1Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2

Vy2Vx1Vy3Vx2Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy2Vx1Vy3Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1

Vy3Vx2Vy1Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2

Vy1Vx3Vy2Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy3Vx2Vy1

Vy1Vx3Vy2

Vy2Vx1Vy3

Vx3

Vx1

Vx2

OUT



HD66300T

1491

MODE 10

D/S

L/F

MSF1

MSF2

VCC

VCC

VCC

VCC

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vy1

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx1Vy1Vx1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1

Vy2Vx2Vy2Vx2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2

Vy3Vx3Vy3Vx3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy1Vx1Vy1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1

Vy2Vx2Vy2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2

Vy3Vx3Vy3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy1Vx1Vy1

Vy2Vx2Vy2

Vy3Vx3Vy3

Vx1

Vx2

Vx3

OUT



1492

HD66300T

MODE 11

D/S

L/F

MSF1

MSF2

VCC

VCC/GND

VCC

GND

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vy1

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx1Vy1Vx1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1

Vy2Vx2Vy2Vx2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2

Vy3Vx3Vy3Vx2Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1

Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2

Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy1Vx1

Vy2Vx2

Vy3Vx3

Vx1

Vx2

Vx3

OUT

Vx1

Vx2

Vx3

Vy1

Vy2

Vy3



HD66300T

1493

MODE 12

D/S

L/F

MSF1

MSF2

VCC

GND

GND

VCC

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vx2

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx3Vx1Vx2Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1

Vx3Vx1Vx2Vx3Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2

Vx1Vx2Vx3Vx1Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy3Vy1Vy2Vy2Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1

Vy1Vy2Vy3Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2

Vy2Vy3Vy1Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy2Vy3Vy1

Vy3Vy1Vy2

Vy1Vy2Vy3

Vy2

Vy3

Vy1

OUT



1494

HD66300T

MODE 13

D/S

L/F

MSF1

MSF2

VCC

GND

GND

GND

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vx3

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx2Vx1Vx3Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1

Vx1Vx3Vx2Vx1Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2

Vx2Vx1Vx3Vx2Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy2Vy1Vy3Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1

Vy3Vy2Vy1Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2

Vy1Vy3Vy2Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy3Vy2Vy1

Vy1Vy3Vy2

Vy2Vy1Vy3

Vy3

Vy1

Vy2

OUT



HD66300T

1495

MODE 14

D/S

L/F

MSF1

MSF2

VCC

GND

VCC

VCC

23 24 25 26 27 28 29 30 262 2632221 264

SAMPLE OUTA
B
C
D

Vx1

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE OUT

Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1

Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2

Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

F
irs

t f
ie

ld

285 286 287 288 289 290 291 292 524 1284 2

A
B
C
D

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE SAMPLE

Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1

Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2

Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-480

S
ec

on
d 

fie
ld

283

SAMPLE OUT

SAMPLE OUT

SAMPLE OUT

SAMPLE

Vy1Vy1Vy1

Vy2Vy2Vy2

Vy3Vy3Vy3

Vy1

Vy2

Vy3

OUT



1496

HD66300T

MODE 15

D/S

L/F

MSF1

MSF2

GND

VCC

GND

VCC

232120

SAMPLE OUTA
B
C
D

Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1

Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2

Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3

A
B
C
D

Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vx2Vy1Vx3Vy2Vx1Vy3Vx2Vy1

Vy1Vx3Vy2Vx1Vy3Vx2Vy1Vx3Vy2

Vy2Vx1Vy3Vx2Vy1Vx3Vy2Vx1Vy3

293292291290289288287286285284283282281280

SAMPLE OUT



HD66300T

1497

MODE 16

D/S

L/F

MSF1

MSF2

GND

VCC

GND

GND

232120

SAMPLE OUTA
B
C
D

Vy2

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1

Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2

Vy1Vx2Vy3Vx1Vy2Vx3Vy1Vx2Vy3Vx1Vy2Vx3

A
B
C
D

Vx2

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vy3Vy1Vx2Vy3Vx1Vy2Vx3Vy1

Vx3Vy1Vy2Vx3Vy1Vx2Vy3Vx1Vy2

Vx1Vy2Vy3Vx1Vy2Vx3Vy1Vx2Vy3

293292291290289288287286285284283282281280

SAMPLE OUT



1498

HD66300T

MODE 17

D/S

L/F

MSF1

MSF2

GND

VCC

VCC

VCC

232120

SAMPLE OUTA
B
C
D

Vy1

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1Vy1Vx1

Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2Vy2Vx2

Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3Vy3Vx3

A
B
C
D

Vx1

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vy1Vy1Vx1Vy1Vx1Vy1Vx1Vy1

Vx2Vy2Vy2Vx2Vy2Vx2Vy2Vx2Vy2

Vx3Vy3Vy3Vx3Vy3Vx3Vy3Vx3Vy3

293292291290289288287286285284283282281280

SAMPLE OUT
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MODE 18

D/S

L/F

MSF1

MSF2

GND

GND

GND

VCC

232120

SAMPLE OUTA
B
C
D

Vx3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1

Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2

Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3Vx2Vx1Vx3

A
B
C
D

Vy3

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vy2Vy1Vy3Vy2Vy1Vy3Vy2Vy1

Vy1Vy3Vy2Vy1Vy3Vy2Vy1Vy3Vy2

Vy2Vy1Vy3Vx2Vy1Vy3Vy2Vy1Vy3

293292291290289288287286285284283282281280

SAMPLE OUT
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MODE 19

D/S

L/F

MSF1

MSF2

GND

GND

GND

GND

232120

SAMPLE OUTA
B
C
D

Vx2

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx1

Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx2

Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx2Vx3Vx1Vx3

A
B
C
D

Vy2

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1

Vy3Vy1Vy2Vy3Vy1Vy2Vy3Vy1Vy2

Vy1Vy2Vy3Vx1Vy2Vy3Vy1Vy2Vy3

293292291290289288287286285284283282281280

SAMPLE OUT

Vx3

Vx1

Vx2
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MODE 20

D/S

L/F

MSF1

MSF2

GND

GND

VCC

VCC

232120

SAMPLE OUTA
B
C
D

Vx1

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

F
irs

t f
ie

ld
S

ec
on

d 
fie

ld

22 24 25 26 27 28 29 30 31 32 33 263 264262

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT

Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1Vx1

Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2Vx2

Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3Vx3

A
B
C
D

Vy1

Video

DL/DR

OE

FD

Sample and
hold circuits

D3k+1

D3k+2

D3k+3

Ga-1

Ga-2

Ga-240

1 2525

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE

Not used
Not used

SAMPLE OUT SAMPLE OUT SAMPLE OUT SAMPLE OUT OUT

Vy1Vy1Vy1Vy1Vy1Vy1Vy1Vy1

Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2Vy2

Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3Vy3

293292291290289288287286285284283282281280

SAMPLE OUT



1502

HD66300T

NTSC System TV Signals and LCD

A TV screen display, which is updated 30 times
per second, is called a “frame” and is composed of
525 scanning lines. One frame contains two fields;
scanning lines 1 to 262.5 scan the display in the
first field, and scanning lines 262.5 to 525 scan the
display in the second field to fill the gaps which
are left unscanned in the first field. This scanning
mode is called an “interlace scan.”

The time period in which one scanning line scans
the display is called a “horizontal scanning period”
and is about 63.5 µs. Within the horizontal
scanning period, the time period that display
operation is actually performed is called the “valid
display period.” The other period is called the
“horizontal retrace period.”

There are two modes for displaying a TV screen
image on an LCD panel. In the first mode, each
scanning line in the two fields is assigned to one
line of the LCD panel; thus, each of the 240 lines
of the panel are driven by the positive signal in the
first field and by the negative signal in the second
field. Here, 30-Hz alternating frequency is
available, but the number of vertical pixels is
limited to 240. 

(Single-rate sequential drive mode)

In the second mode, every other line of the LCD
panel can be driven by the first field and the

remaining lines can be driven likewise by the
second field. In this case, if one pixel of the LCD
panel is considered, it is recognized that the pixel
is driven by signals with opposite polarity every
frame. This lowers the alternating frequency to 15
MHz, which is only half of the frame frequency.
Driving LCD elements with signals of such low
alternating frequency causes flickering and de-
grades display quality. To raise the alternating
frequency to 30 MHz, a method can be employed
in which LCD elements are driven once every field
instead of once every frame.

Specifically, in the first field, the first and second
lines of the LCD panel are driven respectively
during the first half and second half of the
complete horizontal scanning period. The same
rule is repeated for the following lines. In the
second field, on the other hand, the combination of
two lines is different. The first line is driven during
the second half of the horizontal scanning period,
and then the second and third lines are driven
respectively during the first and second half of the
following horizontal scanning period. The same
rule is repeated for the following lines.

Employing this method enables the implementa-
tion of 480 vertical pixels.

(Double-rate sequential drive mode)



Figure 24   Example of NTSC System TV Signals Scanning

Figure 25   Middle-Resolution Display by Single-Rate Sequential Drive Mode
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Figure 26   High-Resolution Display by Double-Rate Sequential Drive Mode
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Absolute Maximum Ratings

Item Symbol Ratings Unit Remarks Notes

Power supply for logic unit VCC –0.3 to +7.0 V

Power supply for analog unit VBB VCC– 23 to VCC + 0.3 V

Input voltage for logic unit VTC –0.3 to VCC + 0.3 V 3

Input voltage for analog unit VTB VBB– 0.3 to VCC + 0.3 V 4

Operating temperature Topr –20 to +75 °C Applies to logic 
circuit

–10 to +60 °C Applies to analog 
circuit 

Storage temperature Tstg –40 to +125 °C

LCD level voltage VLCD VBB to VCC + 0.3 V

Notes: 1. Value referred to GND = 0 V.
2. If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using

them within electrical characteristics limits is strongly recommended for normal operation. Use
beyond these conditions will cause malfunction and poor reliability.

3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2,
TEST1, TEST2, Vbo, VbsH, and VbsB.

4. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3.

HD66300T
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Electrical Characteristics

DC Characteristics (VLCD = VCC = 5 V ±10%, GND = 0 V, VCC – VBB = 16 to 20 V, Ta = –20 to +75 ˚C) 

Item Symbol Min Typ Max Unit Test Conditions Notes

Input high-level voltage VIH 0.7 VCC — VCC V 3

Input low-level voltage VIL GND — 0.3VCC V

Output high-level voltage VOH VCC – 0.4 — — V –IOH = 0.3 mA 4

Output low-level voltage VOL — — 0.4 V IOL = 0.3 mA

Input leakage current (1) ILI1 –10 — +10 µA VI = 0 V, VCC 1

Input leakage current (2) ILI2 –10 — +10 µA VI = VBB, VCC 2

Output current (1) IOUT — — –150 µA VCC – VBB = 20 V Dk = Vin – 0.5 V OE = VCC 5

— — –10 µA
Apply Vin to Vx and Vy. 

OE = GNDVin = (VCC – VBB)/2 

Output current (2) IIN +150 — — µA Vbo = VCC – 3 V DK = Vin + 0.5 V OE = VCC

+10 — — µA
VbsH = VCC – 3 V 

OE = GNDVbsB = VCC – 3 V

Current consumption IGND — — 3.0 mA fck = 2.5 MHz, Vbo = VCC – 3 V 6
VbsH = VCC – 3 V, VbsB = VCC – 3 V

IBB — 15 30 mA
OE = 33 kHz, 
FD = 30 Hz
OE duty = 7/32

Bias voltage Vb VCC – 4.0 VCC – 3.0 — V Vbo = VbsH = VbsB, 
CL = 100 pF, tDDR < 6.3 µs

Dynamic range VDY VBB + 1.5 — VCC – 3.5 V VCC – VBB = 20 V, 
Ta = –10 to +60°C 5, 7, 9
–0.5 V < Voff < +0.5 V
Vbo = VbsH = VbsB = VCC – 3 V



H
D

66300T

1507

Item Symbol Min Typ Max Unit Test Conditions Notes

Offset voltage Voff (L) –5 – 180 — –5 + 180 mV VCC – VBB = 20 V Vin = –11 V 5, 8, 9
Ta = –10 to + 60°C

Voff (H) +55 – 180 — +55 + 180 mV
fck = 2.5 MHz

Vin = –1 VVbo = VbsH = VbsB
= VCC – 3 V

Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, TEST2, Vbo, VbsH, and VbsB.
2. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3.
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, and TEST2.
4. Applies to pins DL and DR.
5. Applies to pins D1 to D120.
6. The shift register is constantly shifting one 1.

Mode setting: L/F = VCC, D/S = VCC, MSF1 = GND, MSF2 = VCC

(The other input pins must be VCC or GND level.)
7. The operations are the same as those when offset voltage is measured.
8. Definition of “offset voltage” is shown figure 27.
9. These characteristics are defined within the temperature which is shown in the test condition.



AC Characteristics (VLCD = VCC = 5 V ± 10%, GND = 0 V, VCC – VBB = 16 to 20 V, 
Ta = –20 to +75°C)

Item Symbol Min Max Unit Test Condition Notes

Three-phase clock period tCKCK 210 1000 ns

Three-phase clock tCWH 100 — ns
pulse width tCWL

Interval between three-phase tfr1 30 — ns 1
clock falling edge and rising tfr2edge

tfr3

Interval between three-phase trf 20 — ns 2
clock rising edge and falling
edge

Clock rise and fall times tct — 30 ns

DL, DR input setup time tsu 50 — ns

DL, DR input hold time tHLI 20 — ns

DL, DR output delay time tpd — 90 ns CL = 15 pF

DL, DR output hold time tHLO 5 — ns

OE input period tCYCO 30 80 µs

OE input high-level pulse tOWH 3 15 µs
width

OE rise and fall times tor — 30 ns

tof

FD input setup time tFS 100 — ns

FD input hold time tFH 100 — ns

Notes: 1. Necessary for preventing the three-phase shift register from racing.
2. trf must satisfy the DR and DL input hold time (tHLI) of the next horizontal driver. 

(trf + tHLO > tHLI)
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Figure 27   Offset Voltage

Figure 28   Three-Phase Clock Timing
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OE
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10 µs

Voff (H)
Voff (L)

tCKCK

tCT tCWH tCT
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tCT tCTtCWH
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0.7 VCC
0.3 VCC

tCWL
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tCT tCTtCWH
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tfr3HCK2

HCK3



Figure 29  Input and Output Timing

Figure 30   OE, FD Input Timing, Driver Output Timing
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HD66310T
TFT-Type LCD Driver for VDT

Description

The HD66310T is a drain bus driver for TFT-type
(thin film transistor) LCDs. It receives 3-bit digital
data for one dot, selects a level from eight voltage
levels, and outputs the level to an LCD.

The HD66310T can drive an LCD panel with an
RGBW filter to display a maximum of 4096 
colors.

Features

• Full color display: a maximum of 4096 colors
RGB color filter: 512 colors, 8 gray scales
RGBW color filter: 4096 colors, 8 gray scales

• High-speed operation
Number of input data bits: 3 bits × 4
Maximum operation clock frequency:
— 12 MHz (HD66310T00)

— 15 MHz (HD66310T0015)

Maximum pixels: 480 × 640 dots
• 160 internal driver circuits
• Bidirectional shift
• Internal chip enable signal generator
• Stand-by function
• LCD driving voltage: 15 V to 23 V
• CMOS process

Ordering Information

Max. Operating Power Supply Operating
Type No. Clock Frequency for Logic Unit Temperature Package

HD66310T00 12 MHz 5 V ± 10% –20 to +75°C 203-pin TCP

HD66310T0015 15 MHz 5 V ± 5% –20 to +65°C

Note: The details of TCP pattern are shown in “The Information of TCP.”



Pin Arrangement

Pin Description

Pin List

Pin Name Number of Pins Input/Output Functions (Refer to)

VCC1, VCC2 2 Power supply 1.

GND 1 Power supply

VEE 1 Power supply

V0L–V7L, 16 Power supply 2.
V0R–V7R

CL1 1 Input 3.

CL2 1 Input 4.

D00, D10, D20, 12 Input 5.
to
D03, D13, D23

RVS 1 Input 6.

SHL 1 Input 7.

EIO1, EIO2 2 Input/output 8.

TEST, BS 2 Input 9.

Y1–Y160 160 Output 10.

DMY0–DMY2 3 — 11.

1512
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Y153 Y155 Y157 Y159
Y154 Y156 Y158 Y160

Y1 Y3 Y5 Y7
Y2 Y4 Y6 Y8

1 2 3 4 5 6 7 8 9 39 40414243

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

V0L
V1L
V2L
V3L
V4L
V5L
V6L
V7L
VCC1
VCC2
EIO1
RVS
D00
D01
D02
D03
DMY0
D10
D11
D12
D13


22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

DMY1
D20
D21
D22
D23
DMY2
CL1
CL2
BS
SHL
EIO2
TEST
GND
VEE
V7R
V6R
V5R
V4R
V3R
V2R
V1R
V0R

(Top view)

Note:   This does not apply to TCP dimensions.



Pin Functions

1. VCC1, VCC2, GND, VEE: These pins are used
for the power supply.

VCC–GND: Power supply of low voltage
VCC–VEE: Power supply of high voltage

2. V0L–V7L, V0R–V7R: 8-level LCD driving
voltage is applied to these pins. One of the eight
levels is selected according to the value of the 3-bit
input display data. The L and R pins of the same

voltage level are connected in the driver.

3. CL1: Inputs clock pulses, which determine the
output timing of the LCD driving voltage. The
output changes at the CL1 rising edge.

4. CL2: Inputs clock pulses, which determine the
input timing of display data. The driver samples
data at the CL2 falling edge.

HD66310T

1513

Table 1 Voltage Level Selection According to Display Data Value

Display Data Voltage Level

D2j D1j D0j RVS = 1 RVS = 0

0 0 0 V0 V7

0 0 1 V1 V6

0 1 0 V2 V5

0 1 1 V3 V4

1 0 0 V4 V3

1 0 1 V5 V2

1 1 0 V6 V1

1 1 1 V7 V0

Figure 1   Power Supply for the Device

+

–

VCC

GND

VEE

+

–



5. D00–D03, D10–D13, D20–D23: Input display
data. See table 1 for the voltage level selection by
the display data.

6. RVS: Determines if logical I/O display data is
reversed. Display data is reversed when RVS is
low.

7. SHL: Selects the shift direction of display data.

8. EIO1, EIO2: Inputs/outputs chip enable signals.
The SHL signal selects which pin is for input or

output. When the chip enable input signal is low,
data input starts. When display data corresponding
to 160 outputs are input, the chip enable output
signal changes from high to low.

9. TEST, BS: Used for test purposes only.
Connect to a low level for normal operation.

10. Y1–Y160: Output LCD driving signals.

11. DMY0–DMY2: Reserved pins that should be
left open.
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Table 2 Input/Output Selection for EIO1
and EIO2

SHL EIO1 EIO2

GND Input Output

VCC Output Input

Figure 2   Display Data and Output Direction

d03, d13, d23
d02, d12, d22
d01, d11, d21
d00, d10, d20

d03, d13, d23
d02, d12, d22
d01, d11, d21
d00, d10, d20

Y1
Y2
Y3
Y4


Y157
Y158
Y159
Y160

1st

Last

i = 0–2

(12 bits)

Di0
Di1
Di2
Di3

d00, d10, d20
d01, d11, d21
d02, d12, d22
d03, d13, d23

Y1
Y2
Y3
Y4


Y157
Y158
Y159
Y160

1st

Last
i = 0–2

(12 bits)

Di0
Di1
Di2
Di3 d00, d10, d20

d01, d11, d21
d02, d12, d22
d03, d13, d23

	GND

	VCC

SHL Output Direction



Internal Block Diagram
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Y1 Y2Y3Y4 Y5
Y156

Y157
Y158

Y159
Y160

LCD driving circuit

Latch circuit (2)

Level shifter

Latch circuit (1)

Latch address selector

V0R, V1R
V2R, V3R
V4R, V5R
V6R, V7R

Test circuit

12 bit

V0L, V1L
V2L, V3L
V4L, V5L
V6L, V7L

VCC1, VCC 
GND
VEE

TEST

RVS

CL1

BS

Data reverse 
circuit

D00, D10, D20
D01, D11, D21
D02, D12, D22
D03, D13, D23

SHL
CL2

EIO1
EIO2

I/O control

2



Block Functions

Latch Address Selector: Contains a 6-bit up/
down counter and a decoder, and sends the latch
signals to latch circuit (1) at the CL2 falling edge.

Data Reverse Circuit: Reverses the input display
data when RVS = 0, and does not reverse data
when RVS = 1.

Latch Circuit (1): Consists of three planes of 160-
bit latch circuit. Each bit of 3-bit data is separately
latched in its corresponding plane depending on its
significance. Each plane is divided into forty 4-bit
blocks, and all four bits are latched into the block
at once, as specified by the latch signal from the
address selector. In total, the 3-plane circuit latches
12 bits of data at one time.

Latch Circuit (2): Consists of three planes of 160-
bit latch circuit, which latches the data from latch
circuit (1) at the timing determined by CL1, and
holds the data for one line scanning period.

Level Shifter: Raises the driving voltage of 5 V to
the appropriate LCD driving voltage.

LCD Driving Circuit: Outputs an 8-level LCD
driving voltage. This circuit receives 3-bit data for
one dot from latch circuit (2) and selects one level
from eight voltage levels.

Test Circuit: Generates test signals.
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System Configuration

A block configuration of the TFT-type color
display system using the HD66310T is shown in
figure 3.

The HD66310T receives 3-bit data for one pixel
and selects one of the eight LCD driving voltage
levels to send to the LCD. The LCD driving output

circuit, which is produced by the CMOS structure, 
can use any LCD driving voltage level from VCC
to VEE. When the LCD panel uses an RGB color
filter (the Triad arrangement), 512 (83) colors can
be displayed. When using an RGBW color filter
(the Quad arrangement), 4096 (84) colors can be
displayed.

HD66310T
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Figure 3   TFT-Type Multiple Color Display System
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Internal Operation

8-Level Output

The HD66310 internal circuit unit for one data
output is shown in figure 4. The circuit receives 3-
bit data (D0j, D1j, D2j) and selects one of eight
voltage levels (V0–V7) to output to the LCD.

The transfer gates of the output circuit are
produced by the CMOS structure. Therefore, any
voltage level between VCC to VEE can be applied
to lines V0 to V7.

The HD66310 has 160 of the above circuits.

Operation Timing

The HD66310 operation timing is shown in figure
5.

When the SHL signal is at the GND level, data
input is started by a low EIO1 (data input enable) 

signal. At the CL2 falling edge, 12 bits of data,
which are for four outputs (3 bits for gray scales ×
4 outputs), are input together. When the data input
corresponding to 160 outputs are completed, the
HD66310 automatically enters the stand-by mode,
and the EIO2 signal changes to low.

The LCD driving output changes at the CL1 rising
edge. The voltage level selected by data d1 is
output from pin Y1, and the level selected by d160
is output from Y160. See table 1 for the voltage
level selection by the input data.

When the SHL signal is at the VCC level, data
input is started by a low EIO2 signal. When the
data input for 160 outputs are completed, the EIO1
signal changes to low. The voltage level selected
by data d1 is output from pin Y160, and the level
selected by d160 is output from Y1.

1518

HD66310T

Figure 4   LCD Driving Circuit
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Figure 5   Basic Operation Timing Chart
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Cascade Connection

When the SHL signal is at the GND level, the
HD66310 begins to input data when the EIO1
signal goes low. When the data input is completed,
the EIO2 signal changes to low. By connecting the
EIO2 pin of the first HD66310 to the EIO1 pin of
the next HD66310, the low EIO2 signal activates

the next HD66310. Figure 6 shows a connection
example.

When the SHL signal is at the VCC level, the
EIO2 pin of the first HD66310 is connected to
GND, and the EIO1 pin is connected to the next
HD66310 EIO2 pin.
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Figure 6   Chip Enable Operation (SHL = GND)
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LCD Driving Power Supply Circuitry

Multiple-Level Driving Voltage Method

AC voltage must be applied to the LCD, since DC
voltage deteriorates the LCD. To display eight gray
scales, 16 voltage levels, shown in figure 7, must
be applied.

Although the HD66310 has eight LCD driving
voltage input levels, it can output 16 driving
voltage levels using the level selector shown in
figure 8, since the transfer gates of the output
circuit are produced by the CMOS structure.

External Power Supply Circuitry

Figures 8 and 9 show the external power supply
circuit when displaying 512 colors in the Triad 

arrangement, and figure 10 shows the circuit for
displaying 64 colors in the Triad arrangement.
Table 3 shows the specifications of the LCD panel
and the HD66310 pins for each power supply
circuit.

The circuit shown in figure 8 is the basic one used
when displaying 512 colors in the Triad arrange-
ment. However, the HD66310 can dispense with
the level selector, as shown in figure 9, using the
internal RVS (output reverse) pin. See table 1 for
detailed RVS functions.

When displaying 64 colors in the Triad arrange-
ment, the RVS pin functions as the alternating
signal input pin, as shown in figure 10.

HD66310T

1521

Figure 7   HD66310 Output Waveform
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Table 3 Color Display and Pin Specifications

Output Display Data Power Supply
Level Panel Spec. Di2 Di1 Di0 RVS pin (Refer to)

8 × 2 Quad:  4096 colors 1/0 1/0 1/0 1 Fig. 8
(AC) Triad:  512 colors (upper bit) (lower bit)

8 × 2 Quad:  4096 colors 1/0 1/0 1/0 Alternating Fig. 9
(AC) Triad:  512 colors (upper bit) (lower bit) signal

4 × 2 Quad:  256 colors 1 1/0 1/0 Alternating Fig. 10
(AC) Triad:  64 colors (upper bit) (lower bit) signal

1:  VCC level voltage
0:  GND level voltage

Figure 8   External Power Supply Example 1
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Figure 9   External Power Supply Example 2

Figure 10   External Power Supply Example 3
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Design for Timing

When using the RVS pins to simplify the power
source, as shown in figures 9 and 10, it is
recommended to add a vertical retrace period, (a
scanning period in which no scan electrode is
selected) at the end of a frame scanning period, as
shown in figure 12, for the following two reasons.

• As shown in figure 4, the data reverse circuit is
before the latch circuit (1). The LCD driving
output is reversed one CL1 period after a
transition of the RVS signal, as shown in figure

11. However, the power supply lines imme-
diately reverses polarity after a transition of the
RVS signal, as shown in figures 9 and 10.
Therefore, the HD66310 outputs invalid data
during the last CL1 of a frame period.

• In the power supply circuits shown in figures 9
and 10, voltage temporarily becomes unstable
just after the RVS transition, causing the LCD
display to become jumbled.
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Figure 11   RVS and LCD Driving Signals Timing

Figure 12   Vertical Retrace Period
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Application

Figure 13 shows an HD66310T application for a
480 × 640-dot, 512-color LCD panel. Figure 14

shows the operation timing chart for the system.
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Figure 13   Application System Connection Example
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Figure 14   Timing Chart
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Absolute Maximum Ratings

Item Symbol Ratings Unit Notes

Power supply for VCC –0.3 to +7.0 V 2
logic unit

Power supply for VEE VCC – 25 to VCC + 0.3 V
LCD driving unit

Input voltage (1) VT1 –0.3 to VCC + 0.3 V 2, 3

Input voltage (2) VT2 VEE – 0.3 to VCC + 0.3 V

Operating temperature Topr –20 to +75 (HD66310T00) °C
–20 to +65 (HD66310T0015)

Storage temperature Tstg –40 to +125 °C

Notes: 1. Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability.

2. Values are in reference to GND = 0 V.
3. Applies to input pins SHL, CL1, CL2, BS, RVS, TEST, and D00–D23. Also applies to input/

output pins EIO1 and EIO2 when these pins function as input pins.

HD66310T
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Electrical Characteristics

DC Characteristics 
(VCC = +5 V ±10%, GND = 0 V, VCC – VEE = 15 to 23 V, Ta = –20 to +75°C in 12 MHz version)
(VCC = +5 V ±5%, GND = 0 V, VCC – VEE = 15 to 23 V, Ta = –20 to +65°C in 15 MHz version)

Item Symbol Min Typ Max Unit Test Conditions Notes

LCD driving power VCC – VEE 15 23 V 1
supply voltage

Input high-level VIH1 0.8 × VCC VCC V 2
voltage (1)

Input low-level VIL1 0 0.2 × VCC V 2
voltage (1)

Input high-level VIH2 0.75 × VCC VCC V 3
voltage (2)

Input low-level VIL2 0 0.25 × VCC V 3
voltage (2)

Output high-level VOH VCC – 0.4 V IOH = –0.4 mA 4
voltage

Output low-level VOL 0.4 V IOL = 0.4 mA 4
voltage

Input leakage IL1 –5.0 +5.0 µA VIN = VCC to GND 5
current (1)

Input leakage IL2 –10 +10 µA VIN = VCC to GND 6
current (2)

Input leakage IL3 –100 +100 µA VIN = VCC to VEE 7
current (3)

LCD driver on RON 2.5 kΩ VCC – VEE = 20 V 8
resistance

Current –IP1 25 mA Data fetch 12 MHz 9, 11, 12
consumption (1) 30 mA Data fetch 15 MHz

Current –IP2 2 mA Stand-by 12 MHz 9, 11, 12
consumption (2) 2.5 mA Stand-by 15 MHz

Current –IP3 3 mA 12 MHz 10, 11, 12
consumption (3) 3.7 mA 15 MHz

Notes: 1. Voltage between VCC and VEE.
2. Applies to CL1, CL2, SHL, Dij, RVS, TEST, and BS.
3. Applies to EIO1 (input) and EIO2 (input).
4. Applies to EIO1 (output) and EIO2 (output).
5. Applies to CL1, CL2, SHL, RVS, Dij, TEST, and BS.
6. Applies to EIO1 (input) and EIO2 (input).
7. Applies to V0L to V7L and V0R to V7R.
8. Applies to Y1 to Y160.
9. Current between VCC and GND under the conditions of VIH = VCC, VIL = 0 V, and no load on the

output pins.
10. Current between VCC and VEE under the conditions of VIH = VCC, VIL = 0 V, and no load on the

output pins.
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11. fCL2 and fCL1 are 15 MHz, 37.5 kHz respectively in 15 MHz version.
12. fCL2 and fCL1 are 12 MHz, 30 kHz respectively in 12 MHz version.

AC Characteristics
(VCC = +5 V ±10%, GND = 0 V, Ta = –20 to +75°C in 12 MHz version)
(VCC = +5 V ±5%, GND = 0 V, Ta = –20 to +65°C in 15 MHz version)

Item Symbol Min Typ Max Unit Test Conditions Notes

Clock period tCYC 83 (66) ns 1

Clock high-level tCWH 30 (23) ns 1
pulse width

Clock low-level tCWL 30 (23) ns 1
pulse width

Clock rise time tR 10 (10) ns 2

Clock fall time tF 10 (10) ns 2

Clock setup time tSU 100 (100) ns 2

Clock hold time tH 100 (100) ns 2

Data setup time tDSU 20 (10) ns 3

Data hold time tDH 30 (25) ns 3

Enable input tESU 20 (10) ns 4
setup time

Enable output tED 53 (46) ns See figure 16 4
delay time for test load

CL1 high-level tWH 100 (100) ns 5
pulse width

RVS setup time tRSU 50 (50) ns 6

RVS hold time tRH 50 (50) ns 6

Data in (  ) is the characteristics in 15 MHz version.

Notes: 1. Applies to CL2.
2. Applies to CL1 and CL2.
3. Applies to Dij and CL2.
4. Applies to EIO1, EIO2, and CL2.
5. Applies to CL1.
6. Applies to RVS and CL2.

HD66310T
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Figure 15   Timing Chart

Figure 16   Test Load
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HD66330T (TFT Driver)
64-Level Gray Scale Driver

for TFT Liquid Crystal Display

Description

The HD66330T, a signal driver LSI, drives an
active matrix LCD panel having TFTs (thin film
transistor) in the picture element (pixel) area. The
LSI receives 6-bit digital display data per dot and
outputs corresponding gray scale voltage. This LSI
easily achieves multicoloring of a VGA-sized color
TFT LCD and is suitable for applications such as
multimedia.

Features

• Multicolor display
The HD66330T receives 6-bit digital display
data per dot, and selects and outputs an LCD
drive voltage among 64-level gray scale volt-
ages. When R, G, and B color filters are added
to the LCD panel, a maximum of 260,000 colors
can be displayed.

• High-speed operation
Operating clock: 35 MHz maximum
Amount of input data: 3 dots × 6 bits (gray scale
data)

• Applicable systems
PC (640 × 480/400 dots) systems

• Internal 192-bit drive function
• Internal standby function
• Internal chip-enable signal generation circuit
• Supply voltage: 4.5 V to 5.5 V
• Bidirectional shift

Ordering Information 

Type No. Outer Lead Pitch (µm) Package

HD66330TA0 160 236-pin TCP

Note: The details of TCP pattern are shown in “The Information of TCP.”



Pin Arrangement
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Internal Block Diagram
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Block Functions

Clock Controller: Generates chip enable signals
(EIO2 and EIO1) and controls the internal timing
signals.

Latch Address Selector: Generates latch signals,
which sequentially trigger latch operation of input
display data.

Latch Circuit 1: Latches 3-pixel × 6-bit sequen-
tially input display data; composed of 192 × 6 bits.

Latch Circuit 2: Latches 192 × 6-bit data latched
in latch circuit 1 synchronously with the CL1
signal.

Decoder: Generates a decode signal per pixel for
the LCD drive voltage generation circuit using an
upper 3-bit decoder and a lower 3-bit decoder.

LCD Drive Voltage Generation Circuit: Generates
LCD drive voltages from LCD drive power supply
voltages according to the decode signals generated
by the decoder.
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Pin Functions

Signal Name Numbers I/O Functions

VCC 1 Power 
supply

GND 1 Power 
supply

V8L–V0L, 18 Power Supplies power to the LCD drive voltage generation circuit. 
V8R–V0R supply The same voltage must be applied to corresponding L- and 

R-power pins within a range of VCC to GND.

CL1 1 Input Inputs display data latch pulses for latch circuit 2. At the
rising edge of each CL1 pulse, latch circuit 2 latches display
data input from latch circuit 1 and outputs LCD drive
voltages corresponding to the latched data.

CL2 1 Input Inputs display data latch pulses for latch circuit 1. At the
falling edge of each CL2 pulse, latch circuit 1 latches display
data input via D25–D00 and outputs the latched data to
latch circuit 2.

D25–D20, 18 Input Inputs 6-bit (gray scale data) × 3-pixel display data.
D15–D10,
D05–D00

SHL 1 Input Selects the shift direction of the display data.

CL4 1 Input Controls the 2-phase function. A high level period of this
signal specifies the first phase period that performs high
output current operation, and a low level specifies the
second phase period that outputs the voltage corresponding
to the display data.

HD66330T
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Signal Name Numbers I/O Functions

EIO1, EIO2 2 Input/output Provides chip-enable signals. Input or output depends on
the SHL signal, as shown below. At any one time, the signal
being used for input must go low to enable the LSI to latch
display data, and the signal being used for output will be
driven low after 192 pixels of display data have been read.

SHL Level EIO1 EIO2

GND Input Output

VCC Output Input

Y1–Y192 192 Output Outputs LCD drive voltages.
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System Overview

The following shows a block diagram of a TFT
color LCD system configured with multiple
HD66330Ts. The HD66330Ts latch 6-bit data per
dot, and selects and outputs one level among 64

internally generated LCD drive voltage levels.
When the pixels are structured using R, G, and B
color filters, a maximum of 260,000 colors can be
displayed.

HD66330T
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System block diagram
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260,000 colors, 640             × 480 dots
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No. 5
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No. 10
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No. 7
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No. 6

9 (V8–V0)

2 (VGATE, GND)

Control signals 3 (CL1, CL2, and CL4)
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Timing Chart for Display Data

The following figures show the display data timing
and hardware configuration for the TFT color LCD
system configured with HD66330Ts. Since color
panels usually have a narrow connection pitch with
driver LSIs, the HD66330Ts should be located
above (upper drivers) and below (lower drivers)

the panel and alternately connected to the panel
pins. In such a configuration, the RGB data and the
system dot clock (DCLK) should be divided
between the upper and lower drivers. Here, DCLK
should be divided into two by the controller.
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Upper driver display data 18 (6 bits × 3 pixels)
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R5–R0,
G5–G0,
B5–B0

DCLK

VSYNC

HSYNC

DTMG

Timing chart
Valid display period

87654321

7, 85, 63, 41, 2

7, 85, 63, 41, 2

DTMG

DCLK

R5–R0
G5–G0
B5–B0

CL2U

D25–D20
D15–D10
D05–D00

CL2L

D25–D20
D15–D10
D05–D00

R5–R0 (odd pixel)
B5–G0 (odd pixel)
G5–B0 (even pixel)

Y191

Upper driver display data

Lower driver display data

G5–G0 (odd pixel)
R5–R0 (even pixel)
B5–B0 (even pixel)

Numbers in the figure indicate
pixels.



Power Supply Circuit Example

The figures below show an example of a circuit
used to generate LCD drive power supply voltages
V0 to V8. In this example, 18 levels of voltage are
generated by divided resistance to alternate the
current for the LCD panel, and either positive or

negative voltages are selected and supplied to the
HD66330T. To stabilize voltage, an operational
amplifier should be connected to each selector
output.

HD66330T
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V8

V7

V0

V8+/V8–
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V0+
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V0–
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+5 V

+Vs

0 to ±100 mA
+
–

–Vs

HD66330T
Vn Vn Vn Vn

HD66330T
Vn Vn Vn Vn Vn

LCD drive power supply circuit example
(per one voltage level)

Vn

•••••••

+5 V

Maximum ±10 mA direct current 
(maximum ±5 mA for each of the L- and 
R-pins) flows in the LCD drive power 
supply voltage pins V0 to V8 of one 
HD66330T. When 10 ICs are used, the 
current amounts to ±100 mA maximum. 
The direct current changes within 0 to 
±100 mA depending on the display data.

The LCD drive power supply circuit must 
be able to provide stable voltage despite 
the change in the current input to the IC. 
The following shows a circuit example:



Power Supply Voltage Examples

Voltage levels to be input to LCD drive power
supply pins V0 to V8 should be determined
according to panel specifications such as voltage

intensity characteristics. The table below lists
voltage level examples for reference:
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V0 V1 V2 V3 V4 V5 V6 V7 V8 Counter Electrode

Voltage (V) 0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 0

5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0 5.0



Relationship between Display Data and Output Voltage

HD66330T
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The HD66330T outputs 64-level gray scale voltage
generated by 9 levels of LCD drive power supply
voltage and 6-bit digital data. The figure below

shows the relationship among the input voltages
from the LCD drive power supply circuit, digital
codes, and output voltages.

Display Data Output Voltage
Di5 Di4 Di3 Di2 Di1 Di0 1st Phase 2nd Phase
0 0 0 0 0 0 V1 V0 + 1/8 × (V1–V0)
0 0 0 0 0 1 V1 V0 + 2/8 × (V1–V0)
0 0 0 0 1 0 V1 V0 + 3/8 × (V1–V0)
0 0 0 0 1 1 V1 V0 + 4/8 × (V1–V0)
0 0 0 1 0 0 V1 V0 + 5/8 × (V1–V0)
0 0 0 1 0 1 V1 V0 + 6/8 × (V1–V0)
0 0 0 1 1 0 V1 V0 + 7/8 × (V1–V0)
0 0 0 1 1 1 V1 V1
0 0 1 0 0 0 V2 V1 + 1/8 × (V2–V1)
0 0 1 0 0 1 V2 V1 + 2/8 × (V2–V1)
0 0 1 0 1 0 V2 V1 + 3/8 × (V2–V1)
0 0 1 0 1 1 V2 V1 + 4/8 × (V2–V1)
0 0 1 1 0 0 V2 V1 + 5/8 × (V2–V1)
0 0 1 1 0 1 V2 V1 + 6/8 × (V2–V1)
0 0 1 1 1 0 V2 V1 + 7/8 × (V2–V1)
0 0 1 1 1 1 V2 V2
0 1 0 0 0 0 V3 V2 + 1/8 × (V3–V2)
0 1 0 0 0 1 V3 V2 + 2/8 × (V3–V2)
0 1 0 0 1 0 V3 V2 + 3/8 × (V3–V2)
0 1 0 0 1 1 V3 V2 + 4/8 × (V3–V2)
0 1 0 1 0 0 V3 V2 + 5/8 × (V3–V2)
0 1 0 1 0 1 V3 V2 + 6/8 × (V3–V2)
0 1 0 1 1 0 V3 V2 + 7/8 × (V3–V2)
0 1 0 1 1 1 V3 V3
0 1 1 0 0 0 V4 V3 + 1/8 × (V4–V3)
0 1 1 0 0 1 V4 V3 + 2/8 × (V4–V3)
0 1 1 0 1 0 V4 V3 + 3/8 × (V4–V3)
0 1 1 0 1 1 V4 V3 + 4/8 × (V4–V3)
0 1 1 1 0 0 V4 V3 + 5/8 × (V4–V3)
0 1 1 1 0 1 V4 V3 + 6/8 × (V4–V3)
0 1 1 1 1 0 V4 V3 + 7/8 × (V4–V3)
0 1 1 1 1 1 V4 V4

Display Data Output Voltage
Di5 Di4 Di3 Di2 Di1 Di0 1st Phase 2nd Phase
1 0 0 0 0 0 V5 V4 + 1/8 × (V5–V4)
1 0 0 0 0 1 V5 V4 + 2/8 × (V5–V4)
1 0 0 0 1 0 V5 V4 + 3/8 × (V5–V4)
1 0 0 0 1 1 V5 V4 + 4/8 × (V5–V4)
1 0 0 1 0 0 V5 V4 + 5/8 × (V5–V4)
1 0 0 1 0 1 V5 V4 + 6/8 × (V5–V4)
1 0 0 1 1 0 V5 V4 + 7/8 × (V5–V4)
1 0 0 1 1 1 V5 V5
1 0 1 0 0 0 V6 V5 + 1/8 × (V6–V5)
1 0 1 0 0 1 V6 V5 + 2/8 × (V6–V5)
1 0 1 0 1 0 V6 V5 + 3/8 × (V6–V5)
1 0 1 0 1 1 V6 V5 + 4/8 × (V6–V5)
1 0 1 1 0 0 V6 V5 + 5/8 × (V6–V5)
1 0 1 1 0 1 V6 V5 + 6/8 × (V6–V5)
1 0 1 1 1 0 V6 V5 + 7/8 × (V6–V5)
1 0 1 1 1 1 V6 V6
1 1 0 0 0 0 V7 V6 + 1/8 × (V7–V6)
1 1 0 0 0 1 V7 V6 + 2/8 × (V7–V6)
1 1 0 0 1 0 V7 V6 + 3/8 × (V7–V6)
1 1 0 0 1 1 V7 V6 + 4/8 × (V7–V6)
1 1 0 1 0 0 V7 V6 + 5/8 × (V7–V6)
1 1 0 1 0 1 V7 V6 + 6/8 × (V7–V6)
1 1 0 1 1 0 V7 V6 + 7/8 × (V7–V6)
1 1 0 1 1 1 V7 V7
1 1 1 0 0 0 V8 V7 + 1/8 × (V8–V7)
1 1 1 0 0 1 V8 V7 + 2/8 × (V8–V7)
1 1 1 0 1 0 V8 V7 + 3/8 × (V8–V7)
1 1 1 0 1 1 V8 V7 + 4/8 × (V8–V7)
1 1 1 1 0 0 V8 V7 + 5/8 × (V8–V7)
1 1 1 1 0 1 V8 V7 + 6/8 × (V8–V7)
1 1 1 1 1 0 V8 V7 + 7/8 × (V8–V7)
1 1 1 1 1 1 V8 V8

Note: 1st phase: The period in which 2-phase control signal CL4 is high and high output current operation is performed.
2nd phase: The period in which 2-phase control signal CL4 is low and low output current operation is performed.

V8

V0

Y1

Y192

HD66330T
Power
supply
circuit

Display data
(6-bit digital data)

64 levels



Output Offset Voltage

The HD66330T has an internal DA converter per
output. The upper three bits of 6-bit display data
select and apply the LCD drive power supply
voltage level to the DA converter, and the lower
three bits select and output one analog voltage
level.

Output offset voltage Voff is defined as the
difference between the actual output voltage and
the ideal output voltage expected from the LCD
drive power supply voltage and digital display
data. The Voff can be considered as the total output
voltage differences including the differences

between LSIs, between different output pins of the
same LSI, and that caused by concentrated current
in a LSI due to a particular display pattern.

The figure below shows the characteristics of
output voltage with respect to LCD drive power
supply voltages. Since output offset voltage Voff
depends on the difference between adjoining LCD
drive power supply voltages |Vn – Vn + 1| (n = 0
to 7) output offset voltage will also decrease when
the power supply voltage difference |Vn – Vn + 1|
is decreased.
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LCD Drive Power Supply Voltage Examples

V0 V1 V2 V3 V4 V5 V6 V7 V8

Voltage (V) 0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0

0.5 1.0

|Vn – Vn + 1|

(V)

(mV)

60

30

0O
ut

pu
t o

ffs
et

 v
ol

ta
ge

 V
of

f

Ideal output voltage

Voff = 60 mV

Output voltage dispersion range

Voff = 60 mV

Voff = 30 mV

Voff = 60 mV

00
00

00


00
00

01


00
00

10

00
01

11

00
11

11

01
01

11

01
11

11

10
01

11

10
11

11

11
01

11

11
11

11

V8

V7

V6

V5

V4

V3

V2

V1

V0

LSB

MSB

LCD drive power supply voltage

O
ut

pu
t v

ol
ta

ge

(V0 < V1 < ... < V8)

V8–V7 = 1 V

Voff = 30 mV

V5 – V4 = 0.5 V

Voff = 60 mV

V8V7V6V5V4V3V2V1



LCD Drive Power Supply Voltage Examples

V8 V7 V6 V5 V4 V3 V2 V1 V0

Voltage (V) 0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0
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2-Phase Operation

A high-speed low-power output switching function
is provided by dividing the horizontal period into
1st-and 2nd-phase periods, where high output
current operation and low output current operation
are alternately performed.

During the 1st-phase period, the specified voltage
is applied to the LCD panel quickly with a low
output impedance of about 2.5 kΩ (high output
current operation). Here, the applied voltage is
selected by the upper three bits of display data.

During the 2nd-phase period, a voltage is applied
corresponding to the display data with an output

impedance of about 15 kΩ (low output current
operation).

In general, since it is not required to secure the 1st
phase in a 640 × 480-dot color panel (see the figure
below for assumed load condition), CL4 can be
fixed low.

This function is effective when the panel load is
large or when a horizontal period is short and gray
scale voltage must be applied quickly. For settings
in the 1st-phase period, see note 4 in Electrical
Characteristics.
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Absolute Maximum Ratings

Item Symbol Rating Unit Notes

Power supply voltage VCC –0.3 to +7.0 V 1

Input voltage (1) Vt1 –0.3 to +VCC + 0.3 V 1, 2

Input voltage (2) Vt2 –0.3 to +VCC + 0.3 V 1, 3, 4

LCD power supply input current It ±20 mA 5

Operating temperature Topr –20 to +75 °C

Storage temperature Tstg –40 to +125 °C

If the LSI is used beyond the above maximum ratings, it may be permanently damaged. It should always be
used within its specified operating range for normal operation to prevent malfunction or degraded reliability.

Notes: 1. Assuming GND = 0 V.
2. Applies to input pins CL1, CL2, CL4, SHL, and Dij, and I/O pins EIO1 and EIO2 when used as

input.
3. Specifies voltage to be input to the LCD drive power supply pins.

Either of the following relationships must hold:
VCC ≥ V8 ≥ V7 ≥ V6 ≥ V5 ≥ V4 ≥ V3 ≥ V2 ≥ V1 ≥ V0 ≥ GND or
VCC ≥ V0 ≥ V1 ≥ V2 ≥ V3 ≥ V4 ≥ V5 ≥ V6 ≥ V7 ≥ V8 ≥ GND

4. The following relationship must hold for V0 to V8 potentials:
|Vn – Vn + 1| ≤ 2 V (n = 0 to 7)

5. Specifies the maximum ratings for current in the LCD drive power supply input pins V0 to V8
(total current for both L and R pins).

HD66330T
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Electrical Characteristics

DC Characteristics (VCC – GND = 4.5 to 5.5 V, and Ta = –20 to +75°C, unless otherwise noted)

Applicable 
Item Symbol Pins Min Typ Max Unit Test Conditions Notes

Input high-level VIH CL1, Cl2, 2.2 VCC V
voltage SHL,Dij, CL4,

Input low-level VIL
EIO1(I), 0 0.8 V

voltage EIO2(I)

Output high-level VOH EIO1(O), VCC – 0.4 V IOH = –0.4 mA
voltage EIO2(O)

Output low-level VOL 0.4 V IOL = 0.4 mA
voltage

Input leakage IL1 CL1, Cl2, –5 +5 µA
current (1) SHL, Dij, CL4

Input leakage IL2 EIO1(I), –10 +10 µA
current (2) EIO2(I)

LCD drive power It V0L–V8L, –10 +10 mA Total of L and 
supply input V0R–V8R R pins
current |Vn – Vn + 1| = 1 V

(n = 0 to 7)

Output offset Voff Y1–Y192 — 60 mV VCC – GND = 5 V 1
voltage |Vn – Vn + 1| = 1 V

(n = 0 to 7)

— 30 mV VCC – GND = 5 V
|Vn – Vn + 1| = 0.5 V
(n = 0 to 7)

Difference  Vref Y1–Y192 — ±30 mV VCC – GND = 5 V 2
between |Vn – Vn + 1| = 1 V
output pins (n = 0 to 7)

— ±15 mV VCC – GND = 5 V
|Vn – Vn + 1| = 0.5 V
(n = 0 to 7)

Driver output Ron1 Y1–Y192 — 2.5 kΩ 1st phase
ON resistance VCC – GND = 5 V

Ron2 Y1–Y192 — 15 kΩ 2nd phase
VCC – GND = 5 V

Current Ip1 Between — 20 mA Data latch 3
consumption (1) VCC and fCL2 = 15 MHz,

GND fCL1 = 33 kHz

Current Ip2 Between — 1.5 mA Standby
consumption (2) VCC and fCL2 = 15 MHz,

GND fCL1 = 33 kHz
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Notes: 1. Output offset voltage Voff is defined as difference between the actual output voltage and output
voltage expected from the LCD drive power supply voltage and digital display data.
Voff shows the following characteristics with respect to voltage difference between adjoining
LCD drive power supply pins |Vn – Vn + 1|.

2. Vref can be considered as the maximum total output voltage differences including the
differences between LSIs, between output pins of the same LSI, and that caused by
concentrated current in an LSI due to a particular display pattern.

3. Except for the current flowing in V0 to V8; outputs are unloaded.
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AC Characteristics (VCC – GND = 4.5 to 5.5 V, and Ta = –20 to +75°C, unless otherwise noted)

Item Symbol Applicable Pin Min Typ Max Unit Test Condition Notes

Operating fmax CL2 35 MHz
frequency

Clock high-level Tcwh CL2 9 ns
width

Clock low-level Tcwl CL2 9 ns
width

Clock rise time Tr CL1, CL2 5 ns

Clock fall time Tf CL1, CL2 5 ns

Clock setup time Tsu CL1, CL2 50 ns

Clock hold time Th CL1, CL2 70 ns

Data setup time Tdsu Dij, CL2 6 ns

Data hold time Tdh Dij, CL2 6 ns

Enable setup time Tesu EIO1, EIO2, CL2 4 ns

Enable output Ted EIO1, EIO2, CL2 18 ns 1
delay time

CL1 high-level Tcl1wh CL1 56 ns
width

Driver output Tdd CL1, Y1–Y192 20 µs 2, 3, 4
delay time
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Notes: 1. The figure below shows the load condition for the enable output pins.

2. Specified by the following load condition and timing.

3. Driver output delay time Tdd has the following characteristics with respect to the load condition.
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150 pF

Load resistance

Load capacitance

CL4
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2 to 3 µs

Load resistance 10 kΩ

(CL4 high level width; 2 to 3 µs)
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4. Driver output delay time Tdd has the following characteristics with respect to the CL4 high-level
width.
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