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When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without
notice.

2. Allrights are reserved: No one is permitted to reproduce or duplicate, in
any form, the whole or part of this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may
result from accidents or any other reasons during operation of the user’s
unit according to this document.

4. Circuitry and other examples described herein are meant merely to indi-
cate the characteristics and performance of Hitachi’s semiconductor prod-
ucts. Hitachi assumes no responsibility for any intellectual property claims
or other problems that may result from applications based on the examples
described herein.

5. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for
use in MEDICAL APPLICATIONS without the written consent of the
appropriate officer of Hitachi’s sales company. Such use includes, but is
not limited to, use in life support systems. Buyers of Hitachi’s products are
requested to notify the relevant Hitachi sales offices when planning to use
the products in MEDICAL APPLICATIONS.
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Quick Reference Guide

Type Column Driver
Type Number HD44100H HD66100 HD61100A HD61200 HD61104 HD61104A HD66106 HD66107T
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for 1 6 17 17 26 28 37 37
LCD Drive Circuit (V)
Power 5 5 5 5 5 5 5 5
Dissipation (mW)
Operating ~20to +75*! -20to +75*! =20 t0 +75*! —20to +75 -20to +75 —20to +75-20t0 +75 -20to +75
Temperature ( °C)
Memory ROM (bit) - = - - - - - -

RAM (bit) ~ - - - - - - -
LCD Driver Common 20 - - - - - 80 160

Column 40 (20) 80 80 80 80 80 80 160
Instraction Set - - - - - - - -
Operation 0.4 1 2.5 2.5 3.5 3.5 6 8
Frequency (MHz)
Duty Static-1/32 Static-1/16 Static-1/100 1/32-1/128 1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480
Package FP-60 FP-100 FP-100 FP-100 FP-100 FP-100 FP-100 192pin TAB
Type Column Driver (RAM) Segment Display
Type Number HD44102CH HD61102 HD61202 - HD61602 HD61603 HD61604 HD61605
Power supply for 5 5 5 3t05 3t 5 3tob 3t05
internal circuits (V)
Power supply for 1 15.5 17 5 5 5 5
LCD Drive Circuit (V)
Power 5 5 5 0.5 0.5 0.5 0.5
Dissipation (mW)
Operating -20to +75 -20to +756 -20to +75 -20to +75*! ~201t0 +75*! -20t0 +75*! ~20 to +75*!
Temperature ( °C)
Memory ROM (bit) — - - - - = -

RAM (bit) 200x8 512x8 512x8 204 64 204 64
LCD Driver  Common - - - 4 1 4 1

Column 50 64 64 51 64 51 64
Instraction Set 6 7 7 4 4 4 4
Operation 0.28 0.4 0.4 0.52 0.52 0.52 0.52
Frequency (MHz)
Duty 1/8,1/12, Static-1/64 1/48,1/64, Static,1/2, Static Static,1/2, Static

1/16,1/24, 1/96,1/128 1/3,1/4 1/3,1/4
1/32
Package FP-80 FP-100 FP-100 FP-80, FP-80 FP-80 FP-80
FP-80A

*1 -40 to +85°C (Special request). Please contact Hitachi agents.
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Quick Reference Guide

Type Common Driver
Type Number HD44103CH HD44105H HD61103A HD61203 HD61105
Power supply for 5 5 5 5 5
internal circuits (V)
Power supply for 1 11 17 17 26
LCD Drive Circuit (V)
Power 4.4 4.4 5 5 5
Dissipation (mW)
Operating ~20to +75 -20to +75 -20to +75 -20t0 +75 ~20to +75
Temperature ( °C)
Memory ROM (bit) - - - - -
RAM (bit) -~ - - - _
LCD Driver Common 20 32 64 64 80
Column - - - - -
Instraction Set - - - - -
Operation 1 1 2.5 2.5 0.1
Frequency (MHz)
Duty 1/8,1/12, 1/8,1/12, Static-1/10, 1/32-1/128 1/64-1/200
1/16,1/24,1/32,1/48 1/64
1/32
Package FP-60 FP-60 FP-100 FP-100 FP-100
Type Character Display Graphic Display
HD63645
HD64645
HD44780 HD66780 HD64646 HD66840
Type Number HD61105A HD43160AH (LCD-i1) (LCD-11A) HD61830 HD61830B LCTC LvIC
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for 28 - 11 5 - - - -
LCD Drive Circuit (V)
Power 5 10 2 2 30 50 50 250
Dissipation (mW) )
Operating -20to +75 -20to +75 -20to +76*1 -20t0 +75 -20t0 +75 -20to +75*' —20t0 +75 -20to +75
Temperature { °C)
Memory ROM (bit) - 6420 7200 12000 7360 7360 = -
RAM (bit) - 80x8 80x8, 16 - - - -
64x8
LCD Driver Common 80 - 16 16 - - - -
Column - - 40 40 . - = =
Instraction Set - 6 1" 1 12 12 - -
Operation 0.1 0.25/0.375 0.25 0.25 1.1 2.4 10 25(30)
Frequency (MHz)
Duty 1/64-1/240 1/8,1/12, 1/8,1/11, 1/8,1/11, Static Static Static 4-1/1024
1/16 1/16 1/16 -1/128 -1/128 -1/512
Package FP-100 FP-54 FP-80, FP-80A FP-60 FP-60 FP-80, FP-100A
FP-80A FP-80B FP-808

*1 -40 to +85°C (Special request). Please contact Hitachi agents.
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Type Number Order

Type Function Reference Page
HD43160AH LCD Controller 83
HD44100H LCD Driver with 40 Channel Output 61
HD44102CH LCD Column Driver with 50 Channel Output 205
HD44103CH LCD Common Driver with 20 Channel Output 230
HD44105H LCD Common Driver with 32 Channel Output 239
HD44780 LCD-Il LCD Controller/Driver 98
HD61100A LCD Column Driver with 80 Channel Output 248
HD61102 LCD Column Driver with 64 Channel Output 261
HD61103A LCD Common Driver with 64 Channel Output 291
HD61104 LCD Column Driver with 80 Channel Output 388
HD61104A LCD Column Driver with 80 Channel Output 388
HD61105 LCD Common Driver with 80 Channel Output 433
HD61105A LCD Common Driver with 80 Channel Output 433
HD61200 LCD Column Driver with 80 Channel Output 316
HD61202 LCD Column Driver with 64 Channel Output 330
HD61203 LCD Common Driver with 64 Channel Output 361
HD61602 Segment Display Type LCD Driver 601
HD61603 Segment Display Type LCD Driver 601
HD61604 Segment Display Type LCD Driver 632
HD61605 Segment Display Type LCD Driver 632
HD61830 LCTC LCD Timing Controller 450
HD61830B LCTC LCD Timing Controller 477
HD63645 LCTC LCD Timing Controller 503
HD64645 LCTC LCD Timing Controller 503
HD64646 LCTC LCD Timing Controller 542
HD66100 LCD Driver with 80 Channel Output 71
HD66106F LCD Column/Common Driver with 80 Channel Output 398
HD66107T LCD Column/Common Driver with 160 Channel Output 413
HD66780 LCD-IIA LCD Controller/Driver 156
HD66840F LVIC LCD Video Interface Controller 552
Driver Output
Selection Guide Hpe1603 HD61202
HD61102
HD61602 HD44102H (Built in RAM)
HD44780 P
(LCD-1T):
4 a0
HD66780
(LCD-11 A)
4 20
A—t——t +—+—+ 4 + + Stati t -+ —+ —t+—t +—t—v
1/480  1/200 1/128 1/64  1/32  1/16  1/8 1/8 116 1/32  1/64  1/128  1/200  1/480
Duty 1/240 1/100 1/100 Duty 1/240
HD44103CH | T 20
j—HD34105CH T 32
4 papHD44100H
| HDE1103A , 4 60
HD61203 HD61200
——
HDE11054 F— oo 198 i 1HDG1100A ,
P —— T & HD61104 |
HD66106 HD61104A i
HD66106F
HoestorT | 1 o [ cotumn river | | HossTOTT |
Driver Output
@ HITACHI

Hitachi America Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 ¢ (415) 589-8300

SECTION

|




Selection Guide

Hitachi LCD Driver System

Reference Screen
Type Figure Size (max) Lineup Application
Video to 720x512 dots HD66840, Personal Com-
LCD = ] HD66106(Driver) puter, Terminal,
converter Dteploy HD66107(Driver), OHP
HD61104(Column)
HD61105(Common)
Display — 640x400 dots HD63645/64645/ Personal Com-
System 2l 2 wost10s | | (S0 64646(Controller) puter, Word-
for CRT o] g5 []|icommenoriven "] system HD61104(Column)/  processor, Ter-
Compatible = 61105(Common) minal
E AD61104 HD66106(Driver)
(Column driver)
Graphic Character HD61100A(Column), Laptop Computer,
Display 3 051203 80x16 HD61830B(Controller) Facsimile, Telex,
System & :*Jf,i:?,ﬁz? {Cornman ¥ ove Graphic HD61200(Column) Copy machine
480%x128 dots  HD61103A(Common),
HD61203(Common)
(Column arve)
Graphic 480x128 dots  HD44102CH(Column)/  Laptop Computer,
Display = 61102(Column) Handy Word-
System HD61203 (Common Driver) 3 HD44103CH(Common) processor, Toy
(Bitmap) ~ HD61202(Column)
— HD44105H(Common)/
(Coturmn Diver 61103A(Common)
HD61203(Common)
Character 40 Charac- HD44780(LCD-1) Electrical Type-
Display 1044780 (Controllen TOKYO ters (Controller/Driver) writer, Multifunc-
System x 2 Columns HD66780(LCD- Il A) tion Telephone,
80 Charac- (Controller/Driver) Handy Terminal
oo/ | ters HD44100H(Column)
(Columm Driver) | X 1 Column HD66100F(Column)
Segment 25 Digits HD61602 ECR, Measure-
Display HDB1602/HD61604 x1 Column (Controller/Driver) ment System,
Sys(em (Controller/Driver) E 5 U HD61604 Telephone
T (Controller/Driver)
Static 64 Segments HD61603 Industrial Mea-
Display = (Controller/Driver) surement System
System 5 HDB1605 HDB1603 §é:’ HDG61605
(Controller/Driver) | (Controller/Driver)
Cll-li-ANGE
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Selection Guide

Application }
Character and Graphic Display

1 character=7 X 8dot (156X 7 dot +cursor)

NCharacter| g 16 20 24 32 a0 Over 80
Line
1
HD66100
2
3
HD44100H
4
6to8
12to 15 HD61200 (Column) + HD61203 (Common)
16 to 25 HD61104 (Column) + HD61105 (Common)
26 to 50 HD6610€, HD66107

Graphic Display

Horizontal) g 96 120 180 240 480 Over 640
Vertical
16
32 HD61202 (Column) + HD61203 (Common)
48
64
128
HD61104 (Column) + HD61105 (Common)
400
HD66106, HD66107
Over 400

Note: Applications in this page are mere example, and this combination of devices is not the best.
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Differences Between Products

1. HD66100F and HD44100H

HD66100F HD44100H
LCD drive circuits 80 20x2
Power supply for internal logic (V) 3to6 4.5 to 11

Display duty

Static to 1/16

Static to 1/32

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 1/32to 1/128
Power supply for LCD drive circuits (V) Oto 17 8to 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, VIR, V2L, V2R, V3L, V3R, V4L,
and V4R) when load current flows through
one of the terminals Y1 to Ygo. This value is

specified under the following condition.
Vec—Vee=17V

V1L=VI1R, V3L=V3R=Vcc—2/7 (Vcc—VEE)
V2L=V2R, V4L=V4R=Vge+2/7 (Vcc—VEE)

Ron

VILVIR ﬁf)\c
V3L,V3R o o

VAL, V4R _ 0 So

Terminal Y
OV, to Yeol

V2L,V2R —0—0—

Here is a description of the range of power
supply voltage for linquid crystal display
drive. Apply positive voltage to VIL=V1R and
V3L=V3R and negative voltage to V2L=V2R

ssss

and V4L=V4R within the AV range. This
range allows stable impedance on driver
output (Ron). Notice the AV depends on
power supply voltage Vcc— VEgE.

V
- Vgc(\” L=V1R) The Range of Power Supply
AV ——- V3(V3L=V3R) Vpltage for Liquid Crystal
Display Drive
55— ———— - —————
)
3 3
——————— V4 (VAL=V4R) T
AV I I
\\52 (V2L=V2R)
EE
Correlation between Driver
Output Waveform and Power
supply Voltages for Liquid 8
Crystal Display Drive Vee—Vee (V)
Correlation between Power
Supply Voltage Vo —Vege and AV
@ HITACHI
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Differences Between Products

3. HD66100F and HD61100A i

HD66100F HD61100A
LCD driver circuits common - - SECTION
column 80 80
Power supply for LCD drive circuits (V) 3to6 551t017.0 1
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 100 pin plastic QFP
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 X240 dots 128x480 dots
(1/64 duty) (1/64 duty)
Other pin 6:C pin 6:CE
pin 7:R pin 7:0E
pin 9:CPO pin 9:NC
Package Marking @
Lot No. Lot No.

@ 36 @ 3e

HD61830A00 HD61830B00
m J:M
® I Type No. N_Type No.
\ \
5. HD61102 and HD61202
HD61102 HD61202
Display duty static to 1/64 1/32 to 1/64
Recommended voltage between 4.5t 15.5 8to 17
Vee and Ve (V)
Power supply limits of LCD driver Vce to Vee (no limit) shown following figure
circuits voltage
Pin 88 DY (output) NC (non connection)
Absolute maximum rating of Vge (V) Vec—=17.0 to . Vecc—19.0 to
Vcc+0.3 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 Ysa. This value is specified under the
following condition.

@ HITACHI
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Differences Between Products

Vec—Vee=16.5V
VIL=VIR, V3L=V3R=Vcc—2/7 (Vcc—VEE)
V2L=V2R, VAL=V4R=Vge+2/7 (Vcc— VeE)

VILVIR ————————Q 0
V3LV3R ———————0Q O

) Terminal Y
0 v, to Yea)

VALVAR — 0 0O
V2LVIR ——— OO

3380

Here is a description of the range of power
supply voltage for liquid crystal display drive.
Apply positive voltage to VIL=V1R and V3L
=V3R and negative voltage to V2L=V2R and

V4L =V4R within the AV range.

This range allows stable impedance on driver
output (Ron). Notice that AV depends on

power supply voltage Vcc— VEs.

The Range of Power Supply
Voltage for Liquid Crystal
Display Drive
Ve . be—
~ V1(ViL=V1R) 5.0
av ——- V3 (V3L=V3R) _
2
> e
4 3
av | — ——-———— V4 (VAL=V4R)
l l —_— V2 (V2L=V2R) /
] . Vee i
Correlation between Driver 8 17.0
Output Waveform and Power Vee—Vee (V) ’
supply Vqltages f?r Liquid Correlation between Power
Crystal Display Drive Supply Volitage Vec—Vee and AV
6. HD61103A and HD61203
. HD61103A HD61203
Recommended voltage between 451017 8t 17
Vee and Vee (V)
Power supply limits of LCD drive Vec 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 Vee—Vee=17V

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:

V1L=V1R, V6L=V6R=Vcc—1/7 (Vcc —VeE)
V2L=V2R, V5L=V5R=Vge+1/7 (Vcc—VEE)

Ron
VILVIR o “So- AN
VoL veR O\C '\/\/\' } O Terminal Y
V5L, V5R 0 o~ AN (Y1 10 Yeq)
V2L, V2R o—oO AN
Figure 1.
8 @ HITACHI

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



Differences Between Products

Here is a description of the range of power V5L=V5R within the AV range.
supply voltage for liquid crystal display drive. This range allows stable impedance on driver
Apply postive voltage to VIL=V1R and V6L= output (Ron). Notice that AV depends on
V6R and negative voltage to V2L=V2R and power supply voltage Vcc— V. SECTION
The Range of Power Supply
Voltage for Liquid Crystal
Display Drive
_____ xﬁc(vu =V1R)
av —L———- V6 (V6L=V6R)
=
>
<
AV ]—— —————— V5 (VBL=V5R)
_]~ V2 (V2L=V2R)
Correlation between Driver Vee
Output Waveform and Power 8 17
Supply Voltages for Liquid A Vee—Vee (V)
Crystal Display Drive Correlation between Power
Supply Voltage Vee—Vee and AV
Figure 2. Figure 3.
N
V1L
V1R —
— I ; I PMOS
Vee —O VILVIR
V6L ; l PMOS
I—:“ I ::] O Ver Vee —O V6L,V6R
== o— S
o 0 _— [T |n~mos
Vee O V5L,V5R
»:D:LI_—_J—«: Ver ==
V5R [T 1nmos
s Vie O V2L,V2R
. — Figure 5.
V2L
V2R
Figure 4.
7. HDG66106F and HD61104
HD66106F HD61104
LCD drive circuits voltage +14 to +35 (Vi cp-GND) -10 to -26 (Vcc-Vee)
Display Duty 1/100 to 1/400 1/64 to 1/200
Operating frequency (MHz) 6.0 MHz 3.5 MHz
Function column and common driver column driver
@ HITACHI 9
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Differences Between Products

8. HD44780 LCD-II and HD66780 LCD-II A

Item

LCD-ii (HD44780)

LCD- 11 A (HD66780) Note

Display RAM
(Maximum number of
display characters)

80 bytes (80 characters)

Same as LCD- I

* Character generator ROM
(kinds of characters)

7200 bits

192 characters
5x7;160 characters
5X10;32 characters

12000 bits
240 characters
5x 10,240 Characters

Character generator RAM 64 bytes (8 characters) Same as LCD- 1l
(Number of characters)
LCD driving terminals 16 COMs Same as LCD- Il
(Maximum number of 40 SEGs
display characters/ (16 characters)
unit)
Character font 5x8 dots Same as LCD- I
(with a cursor) 5x 11 dots
Multiplexing duty ratio 1/8, 1/11, 1/16 Same as LCD- 1l
* LCD driving voltage 1/4 bias 3.0to 11 (V) 3.0 to Ve (V) Vce to Vs
1/5 bias 4.6 t0 11 (V) 3.0 to Ve (V)
* LCD driving waveform waveform A waveform B Shown follow-
ing figures
* Bus timing 1, 1.6MHz 2MHz
Instruction codes 11 instructions Same as LCD- Il
Power-on reset circuit Yes Same as LCD-1I
Oscillator Ceramic filter, Rf, Same as LCD- 1l
(Frequency) external clock
(250 kHz)
Interface HD44100H HD44100H or HD66100F
Package FP-80, FP-80A Same as LCD- Il

Note: *Indicates the modified items in LCD- Il A.

Common r J_,—,_HF L'_,—L,—F'
111 T

Common-segment nul—lL

'II'II_
|mEN

Waveform A (1/3 Duty, 1/3 Bias)

10
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Differences Between Products

9. HD61104 and HD61104A

HD61104 HD61104A
LCD Drive Circuits 80 80
Data Transfer Rate (MHz) 3.5 3.5 _
Power Supply for LCD drive circuits (V) 10 to 26 10 to 28
10. HD61105 and HD61105A
HD61105 HD61105A
LCD Drive Circuits 80 80
Power Supply for LCD drive circuits (V) 10 to 26 10 to 28
11. HD66106F and HD66107T
HD66106F HD66107T
LCD drive circuits 80 160
Data transfer 4-bits 4-bits/8-bits
Operating frequency (MHz) 6 8
Power supply for LCD drive circuits 14 to 37 14 to 37
Packge 100-Pin plastic 192-pin TAB
QFP (FP-100A)
12. HD63645, HD64645 and HD64646
HD63645 HD64645 HD64646
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
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Package Information

Package Information

The Hitachi LCD driver devices use plastic
flat packages to make compact equipment in

Package Dimension

which they are incorporated and provide
higher dencity mounting by utilizing the fea-
tures of thin liquid crystal display elements.
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(000620002
= 0'~15’
na.,tgmﬂ 0°~5
imor A Y
Code FP-80 Code FP-80A
EIAJ —_— EIAJ —
JEDEC —_ JEDEC i
HD61602, HD61603, HD61604, HD66780
. le LSI HD61605, HD44780, HD66780, Aoplicabl ’
Applicable HD63645, HD64645, HD64646, pplicable LSI :nggg’
HD644102CH
FP-54 256%04 FP-60 « égssfuobﬂls)
_— (1.008+0.016) ) 29max 0 aman)
2 max.
© © :u) - ﬁ’ S
55 b=
50 32 =
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-0(0. 0.35:0.1 = ST oot
© 0:143;:;1014) I L vy 0014£000n) T BLOECXEE \:M"X—“m
(0.006 0.002)
(0.0674£0.012) (03;1:;“0%‘2‘ Y
Code FP-54 Code FP-60
EIAJ e EIAJ —_
JEDEC —_— JEDEC —
) . HD44100H, HD44103CH,
Applicable LSI HD43160AH Applicable LSI HD44105H, HD61830,
HD61830B
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Package Information

FP-80B
| 24.810.4(0.976 +0.016) 2.9max
(0.114max.)
SECTION

: 1
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Reliability and Quality Assurance

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality in Hitachi are to meet individual user's purchase
purpose and quality required, and to be at the satisfied quality level con-
sidering 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, efforts are made to assure the reliabi-
lity so that semiconductor devices delivered can perform their ability in
actual operating circumstances. To realize such quality in manufacturing
process, the key points should be to establish quality control system in the

process and to enhance moral for quality.

In addition, quality required by users on semiconductor devices is going
toward higher level as performance of electronic system in the market is
going toward higher one and is expanding size and application fields. To

cover the situation, actual bases Hitachi is performing is as follows;
(1) Build the reliability in design at the stage of new product development.
(2) Build the quality at the sources of manufacturing process.

(3) Execute the harder inspection and reliability confirmation of final

products.
(4) Make quality level higher with field data feed back.
(5) Cooperate with research laboratories for higher quality and reliability.

With the views and methods mentioned above, utmost efforts are made for users'

requirements.

2. RELIABILITY DESIGN OF SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manufacture and sales as well
as performance and price. It is not practical to rate reliability target
with failure rate at the certain common test condition. Tﬁe reliability
target is determined corresponding to character of equipments taking design,
manufacture, inner process quality control, screening and test method, etc.

into consideration, and considering operating circumstances of equipments the
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semiconductor device used in, reliability target of system, derating applied

in design, operating condition, maintenance, etc.

SECTION

2.2 Reliability Design

To achieve the reliability required based on reliability targets, timely study 1

and execution of design standardization, device design (including process

design, structure design), design review, reliability test are essential.

(1) Design Standardization

Establishment of design rule, and standardization of parts, material and
process are necessary. As for design rule, critical items on quality
and reliability are always studied at circuit design, device design,
layout design, etc. Therefore, as long as standardized process, mate-
rial, etc. are used, reliability risk is extremely small even in new
development devices, only except for in the case special requirements

in function needed.

(2) Device Design

It is important for device design to consider total balance of process
design, structure design, circuit and layout design. Especially in the
case new process and new material are employed, technical study is deeply
executed prior to device development.

(3) Reliability Evaluation by Test Site
Test site is sometimes called Test Pattern. It is useful method for
design and process reliability evaluation of IC and LSI which have com-
plicated functions.

1. Purposes of Test Site are as follows;
* Making clear about fundamental failure mode

* Analysis of relation between failure mode and manufacturing process

condition
e Search for failure mechanism analysis

¢ Establishment of QC point in manufacturing

2. Effectiveness of evaluation by Test Site are as follows;

e Common fundamental failure mode and failure mechanism in devices can

be evaluated.
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* Factors dominating failure mode can be picked up, and comparison can be

made with process having been experienced in field.

* Able to analyze relation between failure causes and manufacturing

factors.
* Easy to run tests.

etc.

2.3 Design Review

Design review is organized method to confirm that design satisfies the per-
formance required including users' and design work follows the specified ways,
and whether or not technical improved items accumulated in test data of in-
dividual major fields and field data are effectively built in. In addition,
from the standpoint of enhancement of competitive power of products, the
major purpose of design review is to ensure quality and reliability of the
products. In Hitachi, design review is performed from the planning stage for
new products and even for design changed products. Items discussed and de-

termined at design review are as follows;
(1) Description of the products based on specified design documents.

(2) From the standpoint of specialty of individual participants, design
documents are studied, and if unclear matter is found, sub-program of

calculation, experiments, investigation, etc. will be carried out.

(3) Determine contents of reliability and methods, etc. based on design

document and drawing.
(4) Check process ability of manufacturing line to achieve design goal.
(5) Discussion about preparation for production.

(6) Planning and execution of sub-programs for design change proposed by
individual specialist, and for tests, experiments and calculation to

confirm the design change.

(7) Reference of past failure experiences with similar devices, confirmation
of method to prevent them, and planning and execution of test program
for confirmation of them. These studies and decisions are made using

check lists made individually depending on the objects.
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3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance SECTION
General views of overall quality assurance in Hitachi are as follows;

(1) Problems in individual process should be solved in the process. There- 1

fore, at final product stage, the potential failure factors have been

already removed.

(2) Feedback of information should be made to ensure satisfied level of

process ability.

(3) To assure reliability required as an result of the things mentioned

above is the purpose of quality assurance.

The followings are regarding device design, quality approval at mass produc-

tion, inner process quality control, product inspection and reliability tests.

3.2 Quality Approval

To ensure quality and reliability required, quality approval is carried out
at trial production stage of device design and mass production stage based on

reliability design described at section 2.
The views on quality approval are as follows;

(1) The third party performs approval objectively from the standpoint of

customers.
(2) Fully consider past failure experiences and information from field.
(3) Approval is needed for design change and work change.
(4) Intensive approval is executed on parts material and process.

(5) Study process ability and fluctuation factor, and set up control points

at mass production stage.

Considering the views mentioned above, quality approval shown in Fig. 1 is

performed.

3.3 Quality and Reliability Control at Mass Production

For quality assurance of products in mass production, quality control is
executed with organic division of functions in manufacturing department,
quality assurance department, which are major, and other departments related.
The total function flow is shown in Fig. 2. The main points are described

below.
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3.3.1 Quality Control of Parts and Material

As the performance and the reliability of semiconductor devices are getting
higher, importance is increasing in quality control of material and parts,

which are crystal, lead frame, fine wire for wire bonding, package, to build
products, and materials needed in manufacturing process, which are mask pat-
tern and chemicals. 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 incoming
inspection specification following purchase specification and drawing, and

sampling inspection is executed based on MIL-STD-105D mainly.

The other activities of quality assurance are as follows:

Step

Target

Specification

Contents

{VDesign Review

Purpose

Design Characteristics of Materialle— Confirmation of
Tria% Materiais, Partst | and Parts Characteristics and
Production Approva Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

rCharacteristics Approvg————

[ quality

Approval (1)

Il Qualicy

Approval (2)

l Mass Production l

18

Fig. 1

Electrical Characteristics
Function
Voltage
Current
Temperature
Others
Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical Characteristics

I,_.—_

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

I_—

Reliability Test
Process Check same as

Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production
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(1) Outside Vendor Technical Information Meeting

(2) Approval on outside vendors, and guidance of outside vendors

SECTION

(3) Physical chemical analysis and test

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

3.3.2 Inner Process Quality Control

Inner process quality control is performing very important function in quality
assurance of semiconductor devices. The following is description about con-
trol of semi-final products, final products, manufacturing facilities, measur-
ing equipments, circumstances and sub-materials. The quality control in the
manufacturing process is shown in Fig. 3 corresponding to the manufacturing

process.

(1) Quality Control of Semi-final Products and Final Products

Potential failure factors of semiconductor devices should be removed
preventively in manufacturing process. To achieve it, check points are
set-up in each process, and products which have potential failure factor
are not transfer to the next process. Especially, for high reliability
semiconductor devices, manufacturing line is rigidly selected, and the
quality control in the manufacturing process is tightly executed -
rigid check in each process and each lot, 100% inspection in appropriate
ways to remove failure factor caused by manufacturing fluctuation, and
execution of screening needed, such as high temperature aging and tem-
perature cycling. Contents of inner process quality control are as

follows;

* Condition control on individual equipments and workers, and sampling

check of semifinal products.
¢ Proposal and carrying-out improvement of work
* Education of workers
* Maintenance and improvement of yield
¢ Picking-up of quality problems, and execution of counter-measures

* Transmission of information about quality

(2) Quality Control of Manufacturing Facilities and Measuring Equipment

Equipments for manufacturing semiconductor devices have been developing

extraordinarily with necessary high performance devices and improvement
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of production, and are important factors to determine quality and re-
liability.

promoted to improve manufacturing fluctuation, and controls are made to

In Hitachi, automatization of manufacturing equipments are

maintain proper operation of high performance equipments and perform the
proper function. As for maintenance inspection for quality control,
there are daily inspection which is performed daily based on specifica-

tion related, and periodical inspection which is performed periodically.

At the inspection, inspection points listed in the specification are

checked one by one not to make any omission.

As for adjustment and

Process Quality Control Method
———-I Material, Parts
Material,
Parts > :
nspectidn. Inspection on Material and f----4 Lot Sampling,
of Material —-—-{ Parts for Semiconductor Confirmation of
and Parts Devices ] Quality Level
1 : Manufacturing Equipmenl':, ==~ -1 Confirmation of
| I Environment, Sub-material, ality Level
1 | Worker Control - Qu y
! |
i |
1 | . -4--4 Lot Sampling,
1‘ Screening I F--- é““ii irOcess Quality Confirmation of
| ! ontro e d Quality Level
1 |
I |
1 |
| ] 100% Inspection on F-4--1 Testi
k-~ Appearance and Electrical Tnse :E;.on
,I Characteristics P
Products Products Sampling Inspeciton on = =~--1
I . Appearance and Electrical Lot Sampling
nspection Characteristics le—
F—==—-1 Confirmation of
__________ Reliability Test L—< Quality Level,
Lot Sampling
Feedback of
Cquality informacion ) | mMformation
Claim :
Field Experience i
General Qualiity ’I
! Information 1
o e —

Fig. 2 Flow Chart of Quality Control in Manufacturing Process
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maintenance of measuring equipments, maintenance number, specification

are checked one by one to maintain and improve quality.

SECTION

(3) Quality Control of Manufacturing Circumstances and Submaterials

Quality and reliability of semiconductor device is highly affected by

|

manufacturing process. Therefore, the controls of manufacturing circum-

stances - temperature, humidity, dust - and the control of submaterials
- gas, pure water - used in manufacturing process are intensively

executed. Dust control is described in more detail below.

Dust control is essential to realize higher integration and higher re-
liability of devices. 1In Hitachi, maintenance and improvement of clean-
ness in manufacturing site are executed with paying intensive attention
on buildings, facilities, airconditioning systems, materials delivered-
in, clothes, work, etc., and periodical inspection on floating dust in

room, falling dusts and dirtiness of floor.

3.3.3 Final Product Inspection and Reliability Assurance
(1) Final Product Inspection

Lot inspection is done by quality assurance department for products which
were judged as good products in 1007 test, which is final process in
manufacturing department. Though 100% of good products is expected,
sampling inspection is executed to prevent mixture of failed products by
mistake of work, etc. The inspection is executed not only to confirm
that the products meet users' requirement, but to consider potential

factors. Lot inspection is executed based on MIL-STD-105D.

(2) Reliability Assurance Tests

To assure reliability of semiconductor devices, periodical reliability
tests and reliability tests on individual manufacturing lot required by

user are performed.
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Table 1 Quality Control Check Points of Material and Parts

(Example)
Material, Important .
parts control items Point for check
Appearance Damage and contamination
on surface
Dimension Flatness
Wafer Sheet resistance Resistance
Defect density Defect numbers
Crystal axis
Appearance Defect numbers, scratch
Mask Dimension Dimension level
Resistoration
Gradation Uniformity of gradation
. Appearance Contamination, scratch,
Fine i
wire for . . bend, twist
wire D1m?n51on
bonding Purity Purity level
Elongation ratio Mechanical strength
Appearance Contamination, scratch
Dimension Dimension level
Processing
Frame accuracy
Plating Bondability, solderability
Mounting Heat resistance
characteristics
Appearance Contamination, scratch
Dimension Dimension level
Leak resistance Airtightness
Plating Bondability, solderability
Ceramic Mounting Heat resistance
package characteristics
Electrical
characteristics
Mechanical Mechanical strength
strength
Composition Characteristics of
plastic material
Electrical
characteristics
Thermal
. characteristics
Plastic "Molding Molding performance
performance
Mounting Mounting characteristics
characteristics
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L

Water

| Frame ——wi

L_Package

Q

Process

Purchase of material

Surface oxidation

Inspection on suriace
oxidation

Photo resist

Ingpection on photo resist
?2QC level check

Diffusion

Inspeccion on diffusion
PQC level check

Evaporation

Inspection on evaporation
PQC ievel check
Wafer inspection

Inspection on chip
electrical characteristics

Chip Scribe

Inspection on chip
appearance

PQC lot judgement

Assembling

PQC level check

Inspection after assembling

PQC lot judgement

Sealing

PQC level check
Final electrical inspection

Failure analysis

Appearance inspection

Sampling inspection on
products

Receiving
Shipment

Fig.

Wafer

Oxidation

Photo
resist

Diffusion

Evapora-
tion

Wafer

Chip

Assembling

Sealing

Marking

Control point

Characteristics, Appearance

Appearance, Thickness of
oxide film

Dimension, Appearance

Diffusion depth, Sheet
resistance

Gate width
Characteristics of oxide
film, Breakdown voltage

Thickness of vapor film,
Scratch, Contamination

Thickness, Vry characteris-
tics

Electrical characteristics

Appearance of chip

Appearance after chip
bonding

Appearance after wire
bonding

Pull scrength, Compression
width, Shear strength

Appearance after assembling

Appearance after sealing
Outline, Dimension

Marking strength

Analysis of failures, Failure
mode, Mechanism
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Purpose of contrel

Scratch, removal of crvstal
defect water

Assurance of resistance
Pinhole, Scratch

Dimension level
Check of photo resist

Diffusion status

Control of basic parameters
(VTH, etc.) cleanness of surface
Prior check of VTH

Breakdown voltage check

Assurance of standard
cthickness

Prevention of crack,
Quality assurance of scribe

Qualicy check of chip
Bonding

Quality check of wire
Bonding

Prevention of open and
short

Guarantee of Appearance
and Dimension

Feedback of analysis infor-
mation

3 Example of Inner Process Quality Control
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

Quality Assurance Dept.

1

Manufacturing Dept.

Report

1

Design Dept.

Quality Assurance Dept.

Sales Engineering Dept.

Reply

Customer

Countermeasure
Execution of
Countermeasure

Follow-up and Confirm-
ation of Countermeasure
Execution

Fig. 4 Process Flow Chart of Field Failure
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RELIABILITY TEST DATA OF LCD DRIVERS

SECTION

1. INTRODUCTION

The use of liquid crystal displays with microcomputer application systems has 1

been increasing, because of their merits such as 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

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

structure is shown in Fig. 2.

Fse Al Gate
5 AV N\
1

Bonding wire Plastic

P-Wel
1 A\
\

T 7
S0z  Source brain

FET2

Erannel - Fig. 2 Package Structure

N-channel
EMOS

Fig. 1 Chip Structure and Basic Circuit
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3.

RELIABILITY TEST RESULTS

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

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

Device Sample size Component hour Failure
HD44100H 40 40,000 0
HD44102CH 40 40,000 0
HD44103CH 40 40,000 0
HD44780 90 90,000 0
HD66 100F 45 45,000 0
HD61100A 80 80,000 0
HD61102 50 50,000 0
HD61103A 50 50,000 0
HD6 1200 40 40,000 0
HD61202 50 50,000 0
HD61203 40 40,000 0
HD61104 45 45,000 0
HD61105 45 45,000 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

Table 2 Test Result (2)
Test item Test condition :ijzle sgl‘zgonent Failure
High temp, storage Ta=150°C, 1000 hrs. 180 1,800,000 0
Low temp, storage Ta=-55°C, 1000 hrs. 140 [1,400,000 0
Steady state humidity| 65°C, 95%Z RH, 1000 hrs.| 860 860,000 1*1
Sizzgz state humidity | gsoc 9oy RH, 1000 hrs.| 165 | 170,000 2*2
Pressure cooker 121°C, 2 atm.100 hrs. 200 20,000 0

*1, *2:

26

Aluminum corrosion
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Table 3 Test Results (3)

Test items Test condition Sample size Failure SECTION
Thermal shock 0 to 100°C 108 0
10 cycles 1
Temperature cycling 135:§CEZSlSO°C 678 0
Soldering heat 260°C 10 sec. 283 0
Solderability 230°C 5 sec. 140 0

4. QUALITY DATA FROM FIELD USE

Field failure rate is estimated in advance through production process evalu-
ation and reliability tests. Past field data on similar devices provides the
basis for this estimation. Quality information from the users are indispens-
able to the improvement of products quality. Therefore, field data on products
delivered to the users are 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 result on MOS LSI returned to Hitachi is shown in Fig. 3.

Damaged by
excessive
voltage
and/or

current
(26.7%)

Good
devices

(38.8%)

Assembly
(3.17%)

Poor functional

test pattern
(3.17%)

Fig. 3 Failure Analysis Result
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5.

5.1

PRECAUTION

Storage

It is preferable to store semiconductor devices in the following ways to

prevent detrioration in their electrical characteristics, solderability, and

appearance, or breakage.

(¢H)

(2)

(3
(4)
(€))

(6)

)]

5.2

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

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

Store in a container which does not induce static electricity.

Store without any physical load.

If semiconductor devices are stored for a long time, store them in the
unfabricated form. If their lead wires are formed beforehand, bent parts

may corrode during storage.

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. Unpacked devices must not be

stored for over 3 months.

Take care not to allow condensation during storage due to rapid tempera-

ture changes.

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 given, too:

(¢ D)

(2)

3

Use containers or jigs 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.

In order to prevent device breakage from clothes-induced static electri-
city, workers should be properly grounded with a resistor while handling
devices. The resistor of about 1 M ohm must be provided near the worker

to protect from electric shock.

When transporting the printed circuit boards on which semiconductor
devices are mounted, suitable preventive measures against static elec-

tricity induction must be taken; for example, voltage built-up is
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prevented by shorting terminal circuit. When a belt conveyor is used,

prevent the conveyor belt from being electrically charged by applying
some surface treatment. SECTION

(4) When transporting semiconductor devices or printed circuit boards, 1

minimize mechanical vibration and shock.

5.3 Handling for Measurement

Avoid static electricity, noise and surge-voltage when 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
to provide the possibility that they may be accidentally touched by a worker,
measuring instrument, work bench, soldering iron, belt conveyor, etc. The
device will fail if it touches something which leaks current or has a static
charge. Take care not to allow curve tracers, synchroscopes, pulse genera-
tors, D.C. stabilizing power supply units etc. to leak current through their

terminals or housings.

Especially, while the devices are being tested, 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 no soldering bridge of foreign matter

exists before turning on the power switch.

Since these precautions depend upon the types of semiconductor devices,

contact Hitachi for further details.
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METHODS AND STANDARD CONDITIONS FOR SOLDERING

Table 6-1 lists the major methods for soldering surface mount
packages. The methods can be grouped into two broad categories: partial
heat application methods whereby only the outer leads are heated, and
overall heat application methods by which the PCB assembly including

the packages, are heated.

6.1 and 6.2.

disadvantages.

The standard conditions with brief descriptions of each method are given

package type.

Table 6-1 Methods for Soldering Surface Mount Packages

When selecting the best method, consider all advantages and

Refer to the recommended method in 7.0 for each particular

Method Name Setup g%%%z—
Partial
Heat Soldering iron
Appli- . 6.1
cation Manual soldering (
Methods =
Pulse heater ITTIT"’ " Pulse current
soldering +— Heater
I
Hot air blower
Hot air soldering Q B"/
Laser soldering §/Laser beam
=
Overall
zea;i Infrared reflow ooo-—Infrared ray heater 6.2
pPpLli- . .
cation soldering = —
Methods -
~f}—Cooling coil
Vapor phase A Saturated vapor
reflow soldering Inert fluid
——Heater
iﬁii@,ctvf;\\
LR ey \
Dip soldering = N Wave solder
(solder vessel for surface wmounting)
F lderi T
urnace soldering Heater
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6.1 Partial Heat Application Methods

Manual Soldering: A package is fixed to the predetermined position
with flux or adhesive. With the package held in place, the leads are SECTION
soldered. A pointed tip iron at 350°C is used with solder in narrow
wire form typically 0.5 mm or less in diameter. Soldering time should

be three seconds or less per pin. Table 6-2 shows typical processes

for soidering an QFP.

Table 6-2 Typical Processes for QFP Soldering

Process Procedure
Presoldering 1. Solder-dip the footprint on the board.
2. Remove all bridges developed in
Solder
Board
Positioning and temporary fixing 1. Align the index markings.
2. Place a package on the footprint.
Board 3. Check that the leads on four sides have
" been placed accurately on the footprint.
LSI 55, 4. Fix four corners of the package by
/// soldering. Any bridges between leads
Index
Fix by soldering. may be left as they are.
Flux application 1. Using a brush, apply flux (rosin-based) to
the leads and pattern.
2. Put a small quantity of flux into a
container for use in each short session
L of flux application (approx. 4 hours).
SI 5
3. At the end of each applying session,
discard all the flux left in the con-
Brush tainer. Do not mix residual with
replenished flux.
Soldering 1. Move the soldering iron across leads
while melting the solder.
LSI & Solder - j
— —
) LSI \ Soldering LSI —
_ﬂ iron =
Iron ti Board
Solder ro P
Move soldering iron this way.
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Pulse Heater Soldering: (source: Textbook for Internepcon JAPAN
Seminar No. 10, Jan. 26, 1985). A pulse current is allowed to flow in
a heater chip (collet). As Joule heat develops and flows in the chip,
a prepared solder piece is melted instantaneously and pressed onto the
required position by the chip. This method is noted for a minimum rise
in the temperature of the entire package, but may not be suitable for
mass production. It is suited for packages with their leads extending
outward (gull;wing type), but not for those with leads bent inward
(J-bend leads). Figure 6-1 shows typical structures of heater chips, and

Table 6-3 lists representative conditions for pulse heater soldering.

A TC: thermocouple
TC
rc TC [z§] ( Eg;]

TC

Figure 6-1 Typical Heater Chip Structures

Table 6-3 Typical Conditions for Pulse Heater Soldering

Item Condition
Heating temperature 100 - 260°C
Heating time 5 - 10 sec.
Cooling time 5 - 10 sec.
Soldering pressure 8 - 28 kg*
Stroke 50 mm

*: From a compressed-air source of 4 kg/cm?
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Hot Air Soldering: Air or nitrogen gas is heated, and hot blasts
are applied through a nozzle to melt-solder devices in place. This
method requires gas at high flow rates because gas as a heat medium
has low thermal conductivity and heat capacity. It is difficult to SECTION
apply hot air under stabilized conditions. Figure 6-2 sketches a hot
air soldering setup, and table 6-4 lists typical conditions for hot 1

air soldering.

Air or nitrogen gas Heater
1 Quartz glass
LsI Hot air
v

Solder paste
/ [

Footprint

Figure 6-2 Setup for Hot Air Soldering

Table 6-4 Typical Conditions for Hot Air Soldering

Item Condition
Hot air temperature 230 - 260°C
Air flow rate 25 -~ 30 &/min
Soldering time* 3-10 s
Cooling time 5-10 s

*: Duration of hot air application
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Laser Soldering: (source: Textbook for Internepcon JAPAN
Seminar No. 10, Jan. 26, 1985) A laser beam is applied to the target
position to melt solder. Laser sources include a ruby type, YAG
(yttrium aluminum garnet) type, glass-fixed laser, and CO2 (carbon
Currently, CO2 and YAG lasers are used. Table

The YAG

dioxide gas) laser.
6-5

laser may be more suitable than the COy type since it provides higher

compares the characteristics of the two laser types.

heat exchange effectiveness over the metal surface to be soldered and

a lower absorption factor for the board than the CO) laser.

Table 6-5 Comparing the CO) Laser and YAG Laser Characteristics
Polyimide substrate Tin-lead solder | Initial investment |Laser efficiency
€O, laser 2% in reflection 74% in reflection
(1(2) 6 m) factor (987 in factor (26% in 10 - 15 %
: absorption factor) absorption factor)
YAG laser 27% in reflection 217 in reflection
factor (73% in factor (79% in 17
(1.06 um)

absorption factor)

absorption factor)

figure 6-3 illustrates a typical YAG laser soldering arrangement.

The YAG

laser output in continuous oscillation is from 50 W to 600 W depending on

the lamp capacity and the volume of YAG crystal.’

Camera
AV AN )}
A | 7 —

! Cross hairs

== Relay lens

@—O—;\ Dichroic mirror

Light source

I A w—1

\

Beam expander

Condenser lens

‘Target material

beam

Reflecting mirror
for adjusting
optical axis

Figure 6-3 Typical YAG Laser Soldering Arrangement

@ HITACHI

Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



Reliability and Quality Assurance

6.2 Overall Heat Application Methods

Infrared Reflow Soldering: The infrared ray from a halogen lamp
is condensed by a reflecting mirror into a hot beam for soldering. SECTION
Because both point and line ray sources can be used, this method
allows a large number of packages to be soldered at the same time. 1

It is therefore suitable for mass production.

Infrared rays are divided into three groups: far infrared radiation
(A = 5.6-1000 um), intermediate infrared radiation (A = 1.5-5.6 um) and
near infrared radiation (A = 0.7-1.5 um). In many infrared ray reflow
soldering setups, the preliminary heater emits far infrared (or
intermediate) rays infrared and the main heater releases near infrared

(or intermediate) rays.

Reflow conditions vary with the package shape, board configuration
and soldering equipment. Figure 6-4 shows an example of infrared ray
reflow soldering conditions for IC/LSI packages. The temperature measure-
ment point in infrared reflow soldering varies depending on the package
type and applicable chip. At Hitachi, the criteria for determining the

position are set forth as follows:

o For temperature measurement on the package surface, the measuring

position is a MOS package that incorporates a relatively large chip.

o For measurement on the board or lead surfaces, the measuring position

is a bipolar package that incorporates a relatively small chip.

0  Where MOS and bipolar packages coexist, the temperature is to be

measured on MOS package surfaces.

Since plastic molded surface mount packages are black, the portion
exposed to infrared rays readily absorbs heat, boosting the temperature
of that portion higher than that of the leads. This problem is bypassed
by two measures: cooling the package during reflowing, or placing a
white metal reflector on the surface of the package to subdue the
energy absorption and create a lower temperature inside the package.
Figure 6-5 illustrates a typical temperature profile when a reflector

is used.
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Infrared
rays Reflector
_/ (2 mm
800 thick)
[ U|IT 4|\ ]
5 m:_ Ts. T T
o [ Without
| reflector NS
———10 s max. ] L T NS
) 285G R
200 |~
o 140~160C 5 r -
3 = L
o &
b 1-4°C/s E sl
g 1-5°C/s N ‘With
9 ; r reflector
3l Time F
s r Ty
100
L Ta
-
F Ts
. 50 - 60
Figure 6-4 Typical Conditions for X E 30 .

Infrared Reflow Soldering i )
ime (s

Figure 6-5 Typical Temperature Profile
with Reflector Used

Figure 6-6 and table 6-6 depict typical reflow conditions for

transistor packages.

300 v
* 960 Soldering
. 250 Air
© cooling|
2_ 200
S 150
]
4
« 100
-
a
50
5
oy
b g p—eb-152
(min.) 5). :
Time'

Figure 6-6 Example of Temperature Profile
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Table 6-6 Typical Reflow Conditions

Item CMPAK, MPAK, MPAK-4 DPAK
fRAR, DR SECTION
Soldering 230 - 260°C
temperature (reference solder 220°C max.
(board temperature) melting point + 50°C) 1
Soldering time 15 - 20 sec. 40 s. max
Preheating 100 - 150°C 160°C
temperature
Preheating time 2 = 5 min. 5 min.

Vapor Phase Reflow Soldering: A special high boiling point solvent
(for example fluorocarbon type) is heated to generate a vapor layer.
As the entire board is passed through the layer, the latent heat of
vaporation causes the solder to reflow. This method offers the follow-

ing advantages:

o The temperature can be kept constant. Since the solvent vapor
is used, the reflow temperature is determined by the boiling

point of the solvent to eliminate the likelihood of overheating.

o Damage to components and boards can be avoided due to
virtually uniform thermal conduction regardless of the configura-

tion of the solderable assemblies.

0  Numerous components of different shapes can be subjected to simul-
taneous reflow soldering. The use of solvent vapor permits reflow
soldering at multiple positions simultaneously that eliminate most
constraints from different component shapes. This feature applies
particularly to J-bend type devices whose leads are partially

located under the package.

o The inert reflow atmosphere prevents solder oxidation or flux baking.

Any residual flux can be readily removed by conventional techniques.

Figure 6-7 shows typical conditions for vapor phase reflow

soldering.
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Temperature (°C)

150~190°C

215 C

30 s. max.

~

1v5°C/s.

Time (s)

Figure 6-7

Table 6-7

Soldering (source:

Properties of Solvents for Vapor Phase Reflow
manufacturers catalogs)

Typical Conditions for Vapor Phase Reflow Soldering

Product name FC-70 FC 5311 GALDEN LS230 GALDEN HS260
ISC chemical |Montefluos S.P.A.
Manufacturer 3M (U.S.A.) (UK) S.P.a. (Italy) Montefluos (1taly)
Distributor Sumitomo 3M | Sumitomo 3M §2g§§dison Montedison Japan
CF3
Molecular (C5F11)3N CF3—(0-CF—CF2)n—(O—CFz)m-OCF3
formula tributylamine Perfloralkyl-polyether
Molecular
weight 820 624 800 900
Boiling o) 215 215 220 - 235 250 - 265
Specific gravity 1.94 2.03 1.824 1.840
(g/m4)
Vapor pressure -3 -4
(mHg) <0.1 <0.1 5 x 10 5 x 10
Specific heat 0.2 0.24
(cal/°C.g) 0.25 0.25 .24 .
Thermal
conductivity 1.6 x 1074 1.26 x 1074 | 1.67 x 1074 1.67 x 1074
(cal/g.°C.s)
Surface tension
(dyne/cm) 18 19 18 18
Less than 5 ppm
PFIB in solvent, less
generation than 0.03 ppm at <1 ppb <0.5 ppb <0.5 ppb
opening
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Figure 6-8 sketches two types of vapor phase reflow soldering equip-
ment (in-line and batch type), and table 6-7 lists the properties
of solvents available for vapor phase reflow soldering. The in-line type
is suited for mass production, and the batch type for low or medium
production as well as for research and development purposes. Both types
need adequate ventilation during operation. Consult the equipment
manufacturer, material vendor and appropriate occupational operating

standards for ventilation requirements.

Elevator

Housing

Ventilation _—Access port

Secondary
cooling coil !
Primary B 3
i 3 P.Secondary
Filter B & Cooling water

Heat exchanger )
& Cooling water

Dryer

Heater
Inert fluid

Structure of Batch Type Equipment

Chiller
Exhaust unit
system
Cooli
Preheating Reflow cpling

In-line System Filtering

Configuration (source: Catalog of Hitachi Technoengineering, Ltd.)

Figure 6-8 Vapor Phase Reflow System

Dip Soldering: A package is fixed temporarily on the board by
adhesive. With the component side facing downward, the package is
passed through molten solder. Figure 6-9 depicts the process flow
for dip-soldering 18- and 28-pin MSPs. Compared with reflow methods,
this method exerts extremely high thermal stress on semiconductor chips.
Adverse effects from the stress should be avoided by providing a
preheating zone to soften thermal shock and minimizing the soldering

time. Figure 6-10 shows a typical temperature profile for dip solder-

ing.
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Adhesive agent
PCB

Adhesive /
agent applied )—uuuu-(cucTJ
G Electrode

MSP inserted

MSP
Adhesive
agent cured
RN L ‘\\\
Solder dipping /7 -\
s N ( W“

Direction

Residual of movement Wave solder
flux removed (solder vessel for
surface mounting)

Assembly | o Finished product

completed @

Figure 6-9 Flow of Processes for Solder-Dipping 18- and 28-Pin MSPs

Dipping
Preheating——= l=———— Cooling
(for 1-3 min. )y, (0T 224 sec.)

(max.=5

PCB surface
temperature

(80-150°C)

-— Melting point of solder

Natural or
forced air cooling

Temperature

Time —

Figure 6-10 Temperature Profile of Solder-Dipped Soldering
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Furnace Soldering: (source: technical information from Senju
Metal Co.) The PCB is placed on a thin heat-resistant belt. As the
PCB advances, the belt is heated from below by hot plates to reflow
the solder. This method provides high processing capacity, and the SECTION
equipment required is relatively inexpensive. This method, however,
is not suitable for boards with low resistance to heat, poor thermal 1

conductivity or complicated shapes. Figure 6-11 outlines a typical

furnace soldering setup, and figure 6-12 depicts a typical temperature

profile of this method.

Cooling fan
Heat-resistant /

belt Mpirection
\ of movement [LLLL
@ [ — 1()

EE——

Main heater
Preheater

Figure 6-11 Furnace Soldering Setup

815~235C
200 .\
150 / / \\
100 /
50

0 1 L L I
80 80 90 120

Time (s)

Temperature (°C)

Figure 6-12 Typical Temperature Profile of Furnace Soldering
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7.0- RECOMMENDED MOUNTING METHODS FOﬁ EACH PACKAGE TYPE

Table 7-1 1lists the recommended mounting methods for each of the

package types now on the market.

Table 7-1 Recommended Mounting Methods for Each Package

IC/LSI packages Discrete packages

Mounting methods 33 PLCC
(plastic) SOP | MSP /503 (g::mk) LCC | MPAK | UPAK |FPAK ] DPAK | LLD SRP
0
9 Manual soldering O (@) O O X @) (@) O | O Ne) o)
42
2 & | Pulse heater
- ulse heate
- g soldering o o x x o x o O O O ®) O
88
oW
H
:“2.§ ot air soldering @) @) @) e} O o) o) 'e) O o) o) e}
-
B
& | Laser soldering O (@) (@) O O X O @) O @) @) o)
» | Infrared reflow Y,
g edeig | O |0 OO0 JO]o]OojojOo]O]0O 0O
m
8 % | Vapor phase
< d reflow soldering | O ©) ©) O O @] (O] O O O O @)
38
% % | Dip-solderi
[T p-soldering X Note 1 |N 2 X X X
sﬁ ote ote (@] O (@] )Noté 3 O O
&
& | Furnace soldering | O @] @] @] O O O O O @] O @)

Notes 1. Recommended for SOPs with 20 pins or less, but unsuitable for
SOPs with 24 or 28 pins.
2. Recommended, or possible for MSPs with 44 or more pins.
3. Methods indicated as unsuitable may apply depending on the
specific product. For more information, consult your Hitachi
representative.

4. (Q: Suitable; X : unsuitable)

When determining conditions for the mounting method selected, refer to
the temperature profile examples in 6.0. The symbols used in the table have

the following meanings:

QO (suitable): Use this method by considering the temperature
profile inside the package, temperature rise gradient, change
in soldering conditions, and solderability.

X (unsuitable): Do not use this method.
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The soldering methods are divided into the three groups above with
emphasis placed on thermal stress on components and solderability.

Productivity and the costs also be analyzed.

SECTION

Notice that methods are recommended for each package type. Where
different package types coexist, select the soldering method suitable 1

for the package type most vulnerable to thermal stress.

Flowcharts of Mounting Methods

Soldering iron method Reflow method Reflow method
(Spare solder) (Solder paste)
Board Board Board

Solder Solder paste

Solder Printing

Tacking Fluxl Spare solder l Spare
solder

parts
Soldering
~ 260°C " X
(10 sec.) Flux applying Tacking
Tacking Preheating
Washing I 100 ~150°C
(20 sec.)
Preheating
(Resin coating) 100 ~150°C
(20 sec.)
Reflow
235°C
(10 sec.)
Reflow
235°C
(10 sec.)
Washing (Resin coating)

(Resin coating)
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Liquid Crystal Driving Methods

Driving a liquid crystal at direct current triggers electrode reaction inside
the liquid cell, deteriorating display quality rapidly. The liquid crystal
must be driven at alternating current. The AC driving method includes the
static driving method and the multiplex driving method, each of which has

the features and can be used for applications. Hitachi has been developping
the 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.

R STATIC DRIVING METHOD

Liquid Crystal Display
and Terminal Connection ' '

ninEuEulE Voo
COMo—- — — — L Vs
COM,
SEG,,~— r— — ﬂ ’T _— Voo
.—— SEGn+s — M PP MEE Voo
’ r SEGq 41— - — — — — V3

COMo—SEGn41 ov
Selected waveform

-_ e 4 J L d —V;
—
1 frame
1
COMo—SEGp4+1 ov

Non-selected waveform

Fig. 1 Example of Static Drive Waveforms
(Example of HD61602/HD61603)
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Fig. 1 shows the driving waveforms of the static driving method and an example
in which "4" is displayed in the segment method. The static driving method

is the most basic method in which good display quality can be obtained. How- SECTION
ever, it is not suitable for the display of the liquid crystal with many
segments because one liquid crystal driver circuit is required per segment. 1
The static driving method is used at the frame frequency (1/tg) of several

tens to several hundreds Hz.

M 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. Fig. 2 shows the
comparision of the static drive with the multiplex drive (1/3 duty) in
8-digit numeric display. The number of liquid crystal driver circuits re-
quired is 65 for the former and 27 for the latter. The multiplex drive

reduces the number of driver circuits. However, the more multiplexed, the

1f 1a 1b1g2f2a 2b2g

N '
Static driving 5 !
method Common—-—«: ) |
; U
2e T
1e 1d 1c 1D.P 2d 2c 2D.P 8e 8d 8c 8D.P
Multiplex driving Com1l----------~ . P N -
method Com2 ------- -' ! o -
(1/3 duty) M aje Nk AP (L
Com3-------- bk ¢ h [ )
S1 S2 S3S4Ss Se S22 S23 Sae
Fig. 2 Example of Comparision of Static Drive
with Multiplex Drive
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46

smaller the driving voltage tolerance. Thus, there are limits to extent of

multiplexing.

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

type in high multiplex drive.

Common ‘LJ'U‘LJU"'I_ Common '—I_LJ'_"—L_LJ
Segment“”l””””” Segment

M 1 |
Common-segment l ‘

Common-segment

'
i
'
v
i
i
'

R e—
e — 1 frame!
1 frame:
Fig. 3 A Type Waveforms Fig. 4 B Type Waveforms
(1/3 duty, 1/3 bias) (1/3 duty, 1/3 bias)
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SEG,

®1/2 Bias, 1/2 Duty Drive

In the 1/2 duty drive, 1 driver circuit drives 2 segments. Fig. 5 shows

SECTION

an example of the connection in displaying '4' on the liquid crystal
display of 7-segment type, and the output waveforms. 1

Liquid Crystal Display

and Terminal Connection Voo
coMo_I—l_LJ_‘—L'lJ_.r—I_U_ v,
V2

Com, v
DD
1 V1
COM;, \2
COMy

L Voo
\%3

SEG,

SEGn.+1

'- Voo
V2

n:o, 1' ......... , 11 '-—J Vz
COMo—SEG, l [ I [ | ov

(Selected waveform) LI__, I—L_| -V

-V,

Vi
COMo—SEGp 41 ! Vi

(Non-selected waveform) ! :

P g

=<

Fig. 5 Example of Waveforms in 1/2 Duty Drive (B type)
(Example of HD61602)
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®1/3 Bias, 1/3 Duty Drive

In the 1/3 duty drive, 3 segments are driven by 1 segment output driver.
Fig. 6 shows an example of the connection in displaying '4' on the liquid

crystal display of 7-segment type, and the output waveforms.

Liquid Crystal Display
and Terminal Connection

|
1
i | '
. \ :
COM; COMI Vz
E : | Vs
! ' !
com, ; ; ://W
T L
1

COM,
COM,
Voo
Vi

SEG,
V2
Vs

sEGni—!

SEGn.2

Voo
Vi
Va
Vs

SEG,

1

:|

1]

1]

'

H

‘: Voo

\

1 ] Vz
U

1

1

n=0, 1, e .16 Vs
L [L:
Vi
ov
COM,—SEG,.,

—V'l

(Selected waveform) ! I E -V,
|

' =V

Vi
ov
COM,—SEG, -V,
(Non-selected waveform) i i
1 frame

Fig. 6 Example of Waveforms in 1/3 Duty Drive (B type)
(Example of HD61602)
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®1/3 Bias, 1/4 Duty Drive |

In the 1/4 duty drive, 4 segments are driven by 1 segment -output driver.
Fig. 7 shows an example of the comnection in displaying '4' on the liquid
crystal of 7-segment type, and the output waveforms.

COM,. Vy
Va

Vi

Liquid Crystal Display
and Terminal Connection

Voo

L_-_j

COM;

COM‘-—1-

V2
Vs
Voo

1
I
i
I
I

COoMm,

@—COM,

SEG, SEGn+1

COM3—SEG,
(Selected waveform)

COMo—SEG, _]
(Non-selected waveform) — l_a

COM;

SEG,

Vi
\Z]

L

Vi

[

i

1

i

'

'

)

'

'

'

i

i
___'Ll

il

]

'

[}

]

[l

]

I

1}
ﬁ—

I

|

i

]

1

|

I

Va
Voo
Vi

SEGn-H r

\
Vs

Voo
Vi
Va
Vs

\5
\
Vi

ov

-V
_V3

-V,

'

f 1 frame !
e

ov

-V

Fig. 7 Example of Waveforms in 1/4 Duty Drive (B type)
(Example of HD61602)
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Liquid Crystal Driving Method

® 1/4 Bias, 1/8 Duty Drive

~
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N
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1
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Vi — I
COM, V,(V,) —t
1
Liquid Crystal Display “;0 ToT
s 1
il |
1
cou I} v |
1
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OM. CcoM, V,(Vs)
con, — HBC I 1
Ve ——-
com. —_HEHEM{ - Vs 1
cow, — ML | 1 | !
cons — I
COM-, vy
Vs) ————
CoN, SEG, V,(Vs ‘
Ve T
Vs —
- N n e w® ! |
CO OO0 . i !
AR A@A Vee
v o » v un
Vi
SEG, V,(Vy)
Ve
Vs
v, ! !
L
V, =Vee “YUVien e I: ]'
Vi (V) =Vee =%V, ﬁ: :
T
Vi =Vee ~% Vieo YViep — :
Vs =Vee ~Vieo : -
%V -
COM, — SEG,
(Selected waveform)
~Viep \
i
* Example of LCD II. ! !
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voltage as Vj. % Viep — |
i 1
¥Viep —! -
T H
COM; — SEG, T '
(Non-selected waveform) ~% Vicp —=-d X
~%Viep —T T
= -
PR — N

1 frame

Fig. 8 Example of Waveforms in 1/8 Duty Drive (A type)
(Example of LCD-II)
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Liquid Crystal Driving Method

® 1/5 Bias, 1/8 Duty Drive

Common 1/8 duty,

1/5 bias

Segment

1

-~
Common 1

Common 2

Data

Segment 1

L Segment 2

]
Vs

1 1
1

1
v

r Common 1

V;
Vs ?
Ve

Common 2

Va V2

Segment 1 Va |y,

Between segment 1
and common 1
(Display OFF) I

1 frame

Liquid crystal display waveforms

Between segment 1

and common 2
(Display ON)

~

Fig. 9 Example of Waveforms in 1/8 Duty Drive (A type)
(Example of HD44100H)
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Liquid Crystal Driving Method

@ 1/5 Bias, 1/16 Duty Drive

| 1 ’ 2 I 3 | " | ------- I 18 I 1 |
. vcc T ' 1
Liquid Crystal Displa v, —1 T
q y play v | T
COM, v: i T
1
Ve j
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COM, Vs ﬁ L ;
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¢ VCC ;

Vi
coM, SEG, 2 I R i
comy — IR ICH IR ve -
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com, — I HIBCH ; !
coms — I HIICH Vee '
com. —JMOCICH v
v
COMy SEG, ’
3
Ve : +
S ) ]
COMy Vs — T
j !
1 1
SSngE e — :
25 IS I 25 B 25 B 1
nw N v ®n ! 'L
| :
5 Vuep ‘: i
COM,— SEG, l I I l I _ I TT1"
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Vy=Vee =% Vieo
Vs=Vee =% Vico

Vi=Vee =% Vieo —Viep
Vs=Vec = Vieo

)

! 1

! 1

Vico H |

T

1 |

%Vieo  —| i

% Viep ! :r

COM; —SEG, ) I 111 |
(Non-selected waveform)—! Vicp :—’ 171 11 : |

T T

—3%Viep ; !

)

o= y

—Vieo 7T 1 frame T

Fig. 10 Example of Waveforms in 1/16 Duty Drive (A type)
(Example of LCD-II)
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Liquid Crystal Driving Method

® 1/5 Bias, 1/32 Duty Drive
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Fig. 11 Example of Waveforms in 1/32 Duty Drive
(Example of HD44102CH, HD44103CH)
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Liquid Crystal Driving Method

B POWER SUPPLY CIRCUIT FOR LIQUID CRYSTAL DRIVE

Table 1 shows the relationship between the number of driving biases and

display duty ratios.

Table 1 Relationship between the Number of Dispaly Duties Ratio
and the Number of Driving Biases
Display
duty 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
ratio
Number of
driving 2 3 4 5 6
biases (1/2 (1/3 bias) (1/4 bias) (1/5 bias)
bias

®Drive in Resistance Dividing

A driving bias is generally generated in resistance dividing.

(a)

Vee(+5V)

VWM ——
o

o

AN AA ] AAA A

Vico

1/4 Bias (1/8, 1/11 duty)

(b)

Vee(+5V)
Vee
SR
Vi f R
V.
z 2R Vieo
V3
3R
Va 4
¢R
Vs
VR
-5V

Fig. 12 Example of Driving Voltage Supply

1/5 Bias (1/16 duty)

The setting of resistance value is determined by considering of operation

margine and power consumption.

Since the liquid crystal display load is

capacitive, the drive waveform itself is distorted due to charge/dis-

charge current when the liquid crystal display drive waveform is applied.

To reduce distortion, the resistance value should be decreased but the

power consumption increases because of the increase of the current through

the dividing resistors.

larger capacitance, the resistance value must be decreased.

54
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Liquid Crystal Driving Method

Vee(+5V) :
Vee J_Common/segment selected high level
o
RE TC SECTION
Vi J-Common non-selected high level
RS C
Va2 }:Segment non-selected high level 1
R3 C
Va -[Segment non-selected low level
RS =c
>
Va {{Common non-selected low level
R3 c
Vs :TCommon/segment selected low level
vRE

For contrast adjustment

Large C and R cause
a level shift.

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

It is efficient to connect a capacitor to the resistors in parallel as
shown in Fig. 13 in order to improve charge/discharge distortion. However,
the effect is limited. Even if it is attempted to reduce the power con-
sumption with a large resistor and improve waveform distortion with a
large capacitor, a level shift occurs and the operating margine is not

improved.

Since the liquid crystal display load is of 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.
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Liquid Crystal Driving Method

56

Generally, R is 1kQ to 10kQ, and VR is 5kQ to 50kQ. No capacitor is used.
A capacitor of 0.1uF is usualfy used if necessary.

® Drive by Operational Amplifier

In graphic display, the size of liquid crystal becomes larger and the
display duty ratio becomes smaller, then the stability of liquid crystal

drive level is more important than small display system.

Since the liquid crystal for graphic display is large and has many picture
elements, the load capacity becomes large. The high impedance of the
power supply for liquid crystal drive produces distortion in the drive
waveforms, and deteriorates display quality. For this reason, the liquid
crystal drive level should be low impedance with operational amplifiers.

Fig. 14 shows an example of operational amplifier configuration.

(+5V) Vee Common /segment selected high level
+——>—1 Common non-selected high level
——>—1 Segment non-selected high level
1L————{>——£Segment non-selected low level

$——{>—+Common selected low level
Common/segment selected low level

éWWWWW

/?Concras:
adjustment]

For liquid crystal drive logic circuits

(-5V) Vg

—{>—— Voltage follower by operational amplifier
Fig. 14 Drive by Operational Amplifier (1/5 bias)
No load current flows through the dividing resistors because of the high

input impedance of operational amplifier. A high resistance of R =10kQ
and VR =50k can be used.

® Generation of Liquid Crystal Drive Level in LSI

The power supply circuit for liquid crystal drive level may be incorporated

in the LSI such as for portable calculator with liquid crystal display.

HD61602, HD61603 for small display system has built-in power supply circuit
for liquid crystal drive level.
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Liquid Crystal Drivina Method

® Precaution on Power Supply Circuit |

The LCD driver LSI has two types of power supplies: the one for logical
circuits and the other for 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 consump-
tion increases because of the use of CMOS process in the LCD driver.
Simultaneously, the po;ential sequence of each power supply becomes wrong,

and a latch-up phenomenon may be caused.
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HD44100H
(LCD Driver with 40-Channel Outputs)

DESCRIPTION

The HD44100H has two sets of 20-bit bidirec- SECTION
tional shift registers, 20 data latch flip

flops and 20 liquid crystal display driver 1

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 HD44100H is a liquid crystal display
driver with high generalizability, which (FP—60)

can drive a static drive liquid crystal and BPIN ARRANGEMENT
a dynamic drive liquid crystal, and can be
applied to a common driver or segment

driver.

M 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), LCD T (HD44780),
LCDID (HD44790).

® Internal liquid crystal display driver

... 40 drivers

® Internal serial/parallel conversion
circuits
20-bit shift register X 2
20-bit data latch x 2

® Display bias: Static v 1/5
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HD44100H

® Power supply

Internal logic: +5V

Liquid crystal display driver circuit: -5V

® The separation of internal logic from liquid crystal display driver
circuit allows applicable controllers and liquid crystal types to

increase.
® CMOS process

® 60-pin flat plastic package

MBLOCK DIAGRAM

Y1 Y20
b
Vi vi 1 LCD Drivers _]
Latch signal r {}
oL { 20-bit latch |snie
Data Dazzon — SHLI
DL - 4 -1 rectiona
cL2 Shift signa shift register —= DRI
Switching circuit

Data
20-h1it bidirectional
DOL2 - { shift register ]‘————% DR2

FCs Data {} L SHL2

) Shift
| 20-bit latch direction

M Ij Switching circuit {L
Vi, V2 LCD Drivers I

VS5, V6

L .........__.{

Y1 Y40
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HD44100H

B ABSOLUTE MAXIMUM RATINGS |

Item Symbol Value Unit
Supply Logic Vee *11-0.3 to +7.0 \
voltage | 1cp drivers | Vgg *2 | Voo - 13.5 to Vg +0.3 | V
Input voltage Vrp *1|-0.3 to Vgc+0.3 v
Input voltage Vpy *3 | Vgo*0.3 to Vp,—0.3 '
Operating temperature | Topr -20 to +75 °C
Storage temperature Tstg -55 to +125 °c

*1 All voltage values are referred to GND.

*2 Connect a protection resistor of 220Q *5% to Vg
power supply in series.

*3 Applies to V; to Vg

M ELECTRICAL CHARACTERISTICS
(Vec =5V £10%, VEg =-5V+10%, GND=0V, Ta=-20 to + 75°C)

Item Symbol Applicable terminal Test condition min typ max Unit
Vin | €1.1,C12,DL1,bL2,DR1, DR2, 0.7 Vg - Vee v
Input voltage
VIL M, SHL1,SHL2,FCS 0 - 10.3Vec] V
Vi Ion = =0.4mA Vee - 0.4 - - v
Output voltage b0 | pL1,Di.2,DRL,DR2 on o
VoL IoL = +0.4mA - - 0.4 v
Vi-Yj voltage Vpi " IoN =0.lmA for one of Yj - - 1.1 v
descending Vp2 IoN =0.05mA for each Yj - - 1.5 v
Tuput leakage c.1,CcL2,DL1,DL2,DR1,DR2,
current TIL | M, sHLl, SHL2, s, NG Vin =0 to Ve -5.0 5.0 uA
Vi leakage
current Tvi. | %3 Vin = Voo t0 Vpp -10.0 - 10.0 A
Power supply Icc N fcL2 = 400kHz - - 1.0 mA
current 2 n
IEE fcLl = 1kHz - - 10 HA

*1 vi-yj (Vi=1 to 6, j=1 to 40) equivalent circuit

Vi
R R2 Yj
J Ri= 1kQ max.
Power  Data R2=10kf max.

switch switch

*2  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.

*3 Qutput Y! to Y40 open.
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HD44100H

B TIMING CHARACTERISTICS
(Vcc =5V +10%, VEg=-5+10%, GND =0V, Ta=-20 to + 75°C)

Item Symbol|Applicable terminal :zfxfm ion min | typ | max | Unit
Data shift frequency| fgr |CL2 - - | 400 | kHz
Clock | High level tewn [CL1,CL2 800 - - ns
width |7 v level towL |CL2 800 | - | - | ns
Data set-up time tsy |DpL1,DL2,DR1,DR2,FLM 300 | - - ns
Clock set-up time tsy |cL1,cL2 (CL2»CL1)|500 | - - ns
Clock set-up time tis |CL1,CL2 (CL1»CL2){ 500 - - ns
Data delay time tpd |DL1,DL2,DR1,DR2 CL =15 pF| - - | 500 ns
Clock rise/fall time| tct |CL1,CL2 - - |1 200]| ns
Data Hold time tpn |DL1,DL2,DR1,DR2,FLM 300 | - - ns

ViL \ /

tet tcwn l—tct

tou |
ViH
Data in Vi t sU tsL
(DL1, DL2, DR1, DR2) 1 /

-— Dd
Von
Data out VoL tis
(DL1, DL2, DR1, DR2)

( \ ViH
Vi
CL2 " X tcw \

[ tis—
cLi ViH \
ViL
tet f——————t CWH—————— tee
ViH
FLM t su*
vViL

Fig. 1 Timing Waveform
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B TERMINAL FUNCTION |

Table 1 Fucntional Description of Terminals SECTION
z:::‘l ;E::r ::5::{ Connected to Function
Vee 1 Power supply Power supply for logical circuit
GND 1 Power supply ov
VEE 1 Power supply Power supply for liquid crystal display drive

Y1 ~Yae 20 Output | Liquid crystal | Liquid crystal driver output (Channel 1)

Y21 ~Yeo 20 Output | Liquid crystal | Liquid crystal driver output (Channel 2)

Vi V2 2 ' | Input | Power supply Power supply for liquid crystal display drive (Select level)
Vi, Vo 2 Input Power supply Power supply for liquid crystal dispaly drive

(Non-select*level for channel 1)
Vs, Ve 2 Input | Power supply Power supply for liquid crystal display drive

(Non-select level for channel 2)

SHL1 1 Input | Ve or GND Selection of the shift direction of channel 1 shift register
SHL1 | DL1 | DR1
vee | out | IN
GND IN ouT
SHL2 1 Input | Vgc or GND ‘Selection of the shift direction of channel 2 shift register
SHL2 | DL2 | DR2
Vee | OUT | IN
GND IN out

DLl, DRY 2 Input/ | Controller Data input/output of channel 1 shift register
output | or HD44100H
DL2, DR 2 Input/ | Controller Data input/output of channel 2 shift register
output | or HD44100H
M 1 Input | Controller Alternated signal for liquid crystal driver output
CL1 1 Input Controller Latch signal for channel 1 (Tv.) *1
This is used for channel 2 when FCS is GND.
CL2 1 Input | Controller Shift signal for channel 1 (TL) *1

This is used for channel 2 when FCS is GND..

ECS 1 Input | Vgc 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 purpose of
channel 2.

Channel 2

FCS level M polarity] Purpose
Latch signal | Shift signal
Vee cL2 cLy M For common drive
GND CcLl & CL2 T« M For segment drive
*1 *1 *2
NC 1 Don't connect any wires to this terminal.

%1 _f and i 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 Channel 2
(Y1 ™ Yao) (Y21 ™ Yyo)
v o v, Vi
Vee (Select) o v v:
™" Tl W v, Ve
(Non-select) | O™ Vo Vs
W Wy v, v,
GND (Select) 0" Vo V2
) o v v, A
(Non-select) o v, Ve

"1" and "O" indicate a high and low levels, respectively.
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HD44100H

M APPLICATIONS

e Segment Driver

When the HD44100H is used as a segment driver, the FCS is set to GND to
transfer display data in the timing shown in Fig. 2. 1In this case, both
of channel 1 and channel 2 shift data at the fall of CL2 and latch it
at the fall of CLl. V3 and Vs, Vy and Ve of power supply for liquid

crystal display driver are short-circuited respectively.

(FLM) L [ ]

M Uyyuuuyurururuuror
oLt | N T A N N B
Output of !

ltch D D G G S S S G G G

cLi Latch r"l
Shift e
YL G S S G R SN G N G

Fig. 2 Segment Data Waveforms (A type waveforms 1/8 duty)
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HD44100H

o Common Driver

When channel 1 is used as a segment driver and chamnel 2 as a common SECTION
driver.
When channel 2 of HD44100H is used as a common driver, the FCS is set to 1

Vcc level to transfer display data in the timing shown in Fig. 3.
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 Fig. 2.

81 12 3 4 5 (] 7 8 1 2

DL2 / DR2 (FLM) :] |: 1
iShiftn
oL | i_l I A T W N I B
ya T Non-select
(Y40) [ J ]
yu / Select Non-select Select
(Y39) H [ __I__ ke
! Select Non—seleéct ——————— elec
Y28 | Non-select
(Y33) H | | |
! Select Select
Enlarged'\‘
\
oL I TSR (FLmy [ |
M R —

?ift

cL1 o [ml

atch

cL2 ‘\W““W

Y21 -
(van) A - X

Fig. 3 Common Data Waveforms (A type waveforms of channel 2, 1/8 duty)
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HD44100H

o When both Channel 1 and Channel 2 used as Common Drivers (FCS = GND)

When both of channel 1 and channel 2 of HD44100H are used a common driver,
the FCS is set to GND and the signals (CL1l, CL2, FLM) from the controller

are comnected as shown in following figure.

In this case, connection of power supply for liquid crystal display driver

is different from that of segment driver, so refer to following figure.

Vi, V2 ..... Select level of segment and common

Vi, V, ..... Non-select level of segment

Vs, Vg «.... Non-select level of common

Lt w0 -~

¢ cL28 24

CL? oLy B Yi~

FLM

Controller DL1 Common LCD
[:DR‘ driver
(HD43160AH) DL2
DRZ 335553
Y1~ Yi~40
HD44100H HD44100H
Y Segment Segment
) ? Va driver driver
80 Vs A e e
g9 >> > >35S >>S>3S
— H Vi
o v Vs 1 .L I I J. I
ok | 3 e
oA Ve
>3 oay
o U“ [()] 1
oo
A-T %)
e Static Drive

When the HD44100H is used in the static drive, data is transferred at the
fall of CL2 and latched at the fall of CL1. The frequency of CL1 becomes

the frame frequency of liquid crystal display driver.

into terminal M must be one that has the frequency twice that of CL1l and

The signal applied

is synchronized at the fall of CL1l. The power supply for liquid crystal

display driver is used by short-circuiting three of V;, V4 and Vg, and

three of V., V3 and Vs respectively.

One of liquid crystal display driver output terminals can be used for a

common output. In this case, the 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 with common side = "1", and segment side "0".
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Static Drive

First  Second Tenth
figure figUre — = —— = e e e m figure
— N/
COM signal .4 . . ‘
LS LS 4
CcMOS 1/
inverter /ﬂfhsm_ao 4o\rsse41_so
[— DLy Y1—Yao DRy :l DL, Y1—Ya0 DR, :I
D — FCS DL, —1rcs DL,
p— SHL4 HD44100H DR 1 SHL, HD44100H DR,
—| SHL, Vee L— - SHLZ VEE |
. o
5 0s>s>35555% gossSSFey
CL,4 [ ]
CLy
M
Vee
GND

Timing Chart of Input Waveforms

D )(sxzesc)(sze@(sizms ......

CL4

(Display Data)
-+ SEG3 @@ 1:on O: off

78 79 80

| 1 I 1 l 1 (Shift Clock)

J_—L_ (Latch Clock)

Notes:

1. Input square waves of 50% duty (about 30-
500 Hz) to M. The frequency depends on the
specifications of LCD panels.

2. The drive waveforms corresponding to the
new displayed data output at the fall of CL1.
Therefore, when the alternating signal M and
CL1 donot 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 it, set

falling synchronously with the one edge of
M

3. In this example, the CMOS inverter is used as

a COM signal driver in consideration of a
large display area. (The load capacitance on
COM is large because it is common to all the
displayed segments.)
Usually, one of the HD44100H outputs can
be used as a COM signal. The displayed data
corresponding to the terminal should be O in
that case.

L1
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HD44100H

coM ) 39 40

c., | | 1t | ) e
LCD 2_| l- _|
Y2-Yao D X —_———— Y3 X Y2 ‘>\ 0
Y : i / <
SHLy 5 - - J
_jy- Data transformed Data O corresponding to
HD44100H to Yz to Yao Y, (COM signal)
CLy
G HITACHI
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HD66100——
(LCD Driver with 80-Channel Outputs)

Description SECTION
The HD66100 is a segment driver with 80 LCD
drive circuits and is the improved version of

the current LCD driver HD44100H with 40 1
circuits.

It is composed of a shift register, a 80-bit latch
circuit, and 80 LCD drive circuits. Its interface
is compatible with the HD44100H.

It enables lessening the number of LSI's and
lowering cost of a LCD module.

Features

® LCD driver with serial/parallel converting
function
® Interface compatible with the HD44100H;
connectable with HD43160AH, HD61830,
HD61830B, LCD-ll (HD44780), LCD-ll
(HD44790)
® Internal output circuits for LCD drive-80
® Internal serial/parallel converting cir-
cuits;
80-bit bidirectional shift register
80-bit latch circuit
® Power supply
Internal logic circuit; +5 V +10%
LCD drive circuit; 3.0 Vto 6.0 V
® CMOS process
® 100-pin plastic QFP (FP-100)

Comparison with HD44100H

(Top View)

Table 1 shows the main differences between
HD66100 and HD44100H.

Table 1. Comparison of HD66100 and
HD44100H

HD66100 HD44100H
LCD Drive Outputs 80x 1 Channel 20X 2 channels

Supply Voltage 3to 6V 4.5t 11V
for LCD Drive

Circuits

Multiplexing Static to 1/16 static to 1/32
Duty Ratio duty duty

Package 100-pin flat 60-pin flat

Plastic package plastic package

@ HITACHI
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HD66100

Pin Description

Vece, GND, Veg: Vcc supplies power to the
internal logic circuit. GND is the logic and
drive ground. Vg supplies power to the LCD
drive circuit.

Vi, Vo, V3, and Vi: V; to V; supply power for
driving an LCD (figure 2).

* CL1: Latches data at the negative adge of
CL1.

CL2: Receives shift data at the negative edge
of CL2.

M: Changes LCD drive outputs to AC.

DI: Receives data of the shift register.
DO: Output data of the shift register.

SHL: Selects a shift direction of serial data.
When the serial data is input in order of Dy, D,
...... Dqg, Dgo, the relation between the data and
the output Y is as table 3.

Y1-Ygo: Each Y outputs one of the four voltage
levels-Vy, V2, V3, or Vs-according to the com-
bination of M and display data (figure 2).

NC: Do not connect any wire with these
terminals.

Table 2. Pin Function

Table 3. Relation Between SHL and
Data Output

Symbol Pin No. Pin Name 1/0
Vee 46 Vee _ SHL Y1 Y2 Y3....Y79 Yso
GND 36 Ground - High D1 D2 D3.... D79 D8O
Ve 31 Vee -
Vi 32 \ — Low D80 D79 D78..... D2 D1
V2 33 Vo -
V3 34 Vs -
Va 35 Va -
cL1 37 Clock 1 |
CcL2 40 Clock 2 [ _J'_T—l—___r_
M 44 M [ M 0
[o]] 41 Date In |
DO 42 Dat t 1 1

ate Ou o 5 __I I o J | o [
SHL 39 Shift Left I
Y1-Ygo 1-30,51-100 Y1-Ygo 0 Y output [ | I | |

level 2 V3 V, Va

NC 38,43,45,47-50 Non Connection —

When used as a common driver

Figure 1. Selection of LCD Drive Output

Vi

Vs

V1,V3: selected level
V3,V4: non-selected level

A\

V2

Figure 2. Power Supply for Driving an LCD
@ HITACHI
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HD66100

Block Functions
LCD Drive Circuits

These circuits select one of four levels of
voltage Vi, V2, V3, and Vj 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

This 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 Reigster

This register shifts the serial data at the fall of
CL2 and transfer the output of each bit of the
register to the latch circuit. When SHL=GND,
the data input from DI shifts from the bit 1 to
the bit 80 in order of entry. On the contrary,
when SHL=Vcc, the data shifts from the bit
80 to the 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.

Yiyz

SHL=GND LCD drive outputs
Y1Y2 Y79 Y80
® & & o & 0 0 0 0 0 s 0 0 00
CL1 ll 2[ Latch circuit l’-‘ “TI
® & & & &6 0 & o 0 0 0 0 0 0 0 0
CL2 —‘I 1 l 2 l—-———-— Shift register —{7& m},
ot —
DO
SHL-V“ LCD drive outputs

® e 0600 0 00 00 000 00

Y79 Y80

[T

Latch circuit lmlnyl

® 0o 00 00 0000 00 000

CL2 —_’____:{l IZ L_ Shift register 'Nlm -
1 J

DI

DO e—

Figure 3. Relation between SHL and the Shift Direction

GO HITACHI
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HD66100

Y1Y2 LCD drive outputs Y79 Y80

00 00 o000 00000 o0

-—-[l [zl LCD drive circuit ]79 LY — V1,V2, V3, V4 \
(power supply for

L A I I T S S Y LCD drive circuit)

(alternating signal)

[l ZJ Level shifter ™ so]

e e e e s s 00000000 00
——’——Vcc

CLI——-I i I2 I Latch circuit i —++— GND

(latch clock)
P A I I I B S B 1 Ve

1 lzl Bidirectional shift register lw
CL2

(shift clock) (selects
a shift direction)

p————= DO

DI
(output data)

(input data)

Logic circuit

Logic circuit

SHL

Figure 4. Block Diagram
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HD66100

Primary Operations
Shifting Data

The input data DI shifts at the fall of CL2 and
the data delayed 80 bits by the shift register
outputs 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 Y;-Ygo 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,
outputs from the output terminal Y; and
when SHL is connected with Vcc, it outputs
from Yso.

Input data DI

Shift clock CL2 ML[—L_

Figure 5. Timing of Receiving and Outputting Data

Latch clock CLI I l\

Shift clock CL2 I | I | I I

Outputs Y1 - Y80 X

Figure 6. Timing of Latching Data

@ HITACHI
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HD66100

SHL=GND
Shift clock CL2

Latch clock  CL1

Y1
Outputs §
Y80
SHL=V,,
i X D1
Outputs

§
Y80

Figure 7. SHL and Waveforms of Data Shift
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HD66100

Absolute Maximum Ratings

Item Symbol Ratings Unit Note

) SECTION
Supply Logic Circuits Vee -0.3t0 +7.0 \Y *1
Voltage LCD Drive Circuits Vcc-Vee -0.3t0 +7.0 \ 1
Input Voltage (1) V11 -0.3 to Vcc+0.3 \ *1 ‘
Input Voltage (2) Vr2 Vec+0.3 to Vge—0.3 \% *2
Operation Temperature Topr +20to +75 °C
Storage Temperature Tstg —-55t0 +125 °C

*1 A reference point is GND (=0V.)

*2 Applies to Vi —Va.

Note) If used beyond the absolute maximum ratings, LS|’s may be permanently destroyed. It is desired
to use ones on the electrical characteristics for normal operations, and if not used on these
conditions, it may affect the reliability of the device.
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HD66100

Electrical Characteristics

1. DC Characteristics
(Vec=5V*10%, Vcc-Vee=3.0 to 6.0V, GND=0V, T.=—20 to +75°C)

Item Symbol Terminals Min. Typ. Max. Unit Test condition Note
Input High Voltage Vin CL1,CL2 0.8%xVcc — Vce \%
Input Low Voltage ViL M,DI,SHL O - 0.2%xVce V
Output High Voltage  Vou DO Vce-0.4 — - \Y lon=-0.4mA
Output Low Voltage Vo - - 0.4 \% lo=+0.4mA
ON Resistance Ron1 - - 11 kQ lon=0.1mA to
Vi-Vj Y1-Ygo one of Y terminals
Ron2 V1-Va - - 30 kQ lon=0.05mA to
each Y terminal
Input Leakage Current |, CL1, CL2, -5.0 - 5.0 uA Vin=0V to Vcc
M, Di, SHL
Vi Leakage Current L V1-Va -5.0 - 5.0 uA Output Y1-Ygo open
Vin=Vcc to Vee
Current Dissipation IGND - - 2.0 mA fcro=1.0MHz *1
lee - - 0.1 mA  fcuy=2.5kHz

*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, the
excessive current flows from the power supply through the input circuit.
To avoid it, Vi and ViL must be fixed at Vcc and GND level respectively.

2. AC Characteristics
(Vee=5V *+10%, Vcc-Vee=3.0 to 6.0V, GND=0V, T.=—20 to +75°C)

Item Symbol Terminals Min. Typ. Max. Unit Note
Data Shift Frequency foL CL2 - - 1 MHz

Clock High level Width  towH CL1,CL2 450 - - ns

Clock Low level Width  tow, CL2 450 - - ns

Data Set-up Time fsu o]} 100 - - ns

Clock Set-up Time (1) tg CL2 200 - - ns *1
Clock Set-up Time (2) cu1 200 - - ns *2
Output Delay Time tod DO - - 250 ns *3
Data Hold Time toH DI 100 - - ns

Clock Rise/Fall Time for CL1,CL2 - - 50 ns

*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

78

S Cyz, (Load capacitance on outputs) =30pF
— (Including jig capacitance)
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HD66100

CcL2 " x tewe | Vin \- SECTION

tewh

|

ton

|
DI Vi tsy tst
Viu
tpd
Do Vou
Vor
Vin \ tLs
cL1 v N
:

tewH

Figure 8. Timing Chart of HD66100F
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HD66100

Typical Applications

1. Connection with the LCD Controller

HD44780
COM1
16
—COoM16 LCD
SEG1
—SEG40 40 80 80
D DI Yi~Yso DO DI Yi—Ye DOt ===
r-.( 1= Yao Ve
— SHL HD66100F SHL  HD66100F <
I £
et B el N $R
OOESSCEFE>S COERCESSST 3
R
CL1 - S
Lz : 3R
M -]
v
b '
HDM7BO v Contrast
ong aND -v
g [Fowur lun‘rl{
or LCD drive)

Figure 9. Example of Connection (1/16 duty, 1/6bias)

COM1 5
=COMS | LCD
SEGI
—SEG40 40 80 80
D Dl Yi=Yno DO et DI Yi—Yao DO et o= om o=
r SHL  HD66100F ~ SHL  HD66100F Vee
- - $
3328885555 | [382888s 50 .
CLI r o R
cLz :
3R
Vi y
: g Contrast
HDMTBO ¥ | e
oM oD 07V
(power_supply
?:r LCD drive)

Figure 10. Example of Connection (1/8 duty, 1/4bias)
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HD66100

2. Connection with LCD 111 (HD44790)

SECTION

COM1

3 ){ |
—com3 LcD
SEGI
—SEG32 32 80 80

Ris DI Yi—Yso DO p=e DI Yi—Yeo DO ===
— SHL  HD66100F 1 SHL  HD66100F
- “ 0D
oo=S3E soos| | [33=28S s Vee
4
3
SR
Ri b
R p
s
v
v -V
HD44790 Vee +—o GND
» (power supply
for LCD drive)

Figure 11. Example of Connection (1/3 duty, 1/3bias)

3. Static Drive

first Second Tenth

figure figure e & o 00 figure
N, N
COM signal
- Lt
AR A A
CMOS SEG1~- SEG80
inverter
80
D DI Y1 - Yso D0 p——ms
SHL HD66100F
MTNE LA W~ e,
da- &z dFsss
CL1
CL2
M
Vee
GND

Fi e 12. Example of Connection (80-segment displa
gur P @HITACH'( g play)
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HD66100

o Timing Chart of Input Waveforms

1

Latch clock CL1

2

Input data DI @@ SEGT8 vovnvnes SEG3 @@

3 78 9 80

Figure 13. Timing Chart of Input Waveforms

Notes

(a) Input square waves of 50% duty (about 30-
500Hz) to M. The frequency depends on the
specifications of LCD panels.

(b) The drive waveforms corresponding to the
new displayed data 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

COM

LCD

" Yi—Yeo

SHL —;

HD66100F

Figure 14. Example of Connection

seconds of a clock). To avoid it, set CL1
falling synchronously with the one edge of M.

(C)In this example, the CMOS inverter is used as

a COM signal driver in consideration of a large
display area. (The load capacitance on COMis
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 O in
that case.

.

_/

CL1

Y
Data transferred to Yo—Yso

data 0 corresponding to
Y: (COM signal)

'L

Figure 15. Timing Chart (When Y, is used as a COM signal)
HITACHI
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HD43160AH-

(Controller with Built-in Character
Generator) SECTION

DISPLAY CONTROLLER AND CHARACTER GENERATOR

FOR DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM
DESCRIPTION
The HD43160AH receives character data written

in the ASCII code or JIS code from micro-

|

computer and stores them in its RAM which has

80 words capacity.

The HD43160AH converts these data into serial

character pattern, then transfers them to

LCD drivers.

It also generates other control signals for

(FP-54)

LCD. Available LCD driver for combination
with this is HD44100H.
I SORTS OF DISPLAY CHARACTERS

® Alphanumeric character; A ~ 2, a ~ z, @, #, %, &, etc.
® Japanese Character (katakana)
® 160 characters by internal character generator (ROM).

(Max 256 characters by external ROM)

B NUMBER OF CHARACTERS

® 4, 8, 16, 24, 32, 40, 64 or 80 characters in 1 or 2 lines

B FONT

®5 X 7 4+ Cursor or 5 X 11 + Cursor

M OTHER FUNCTION CONTROLLED BY MICROCOMPUTER

® Display clear
® Cursor ON/OFF
® Cursor position preset (Character position)

® Cursor return

G HITACHI
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HD43160AH

B BLOCK DIAGRAM

CS 0 —~= " CNO DLN  FNTS CURS ROMS
CS1 —uf g CN1
CS 2 —od g4 ON2 1 l
CS 3 ey "g ™
RS 0 —e r.. 2 & Line counter
0 Cursor counter =M
iine a3 ghargcter number FLM
E - o ounter oLt
-4 .
Q
- RAM ROM
pBo 5'& 8 bit Character 5e§ tggn- D
! o 80 words generator L
DB6 —ad g l(%gg char- Internal
DB Y efd} oscillation
é S ' circuit
X0~X7 -
Voo e Yo-~Y3 {External | ] oP6 [—= cL2
GND w—em '—1 Busy u--_._...g (maR01256 i. )
RST === BusyFla ] X o=
TEST-= y¥lag Lg‘e‘_ggji ) 6A  osci W oscs
I ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply voltage Vee -0.3 to +7.0 v
Input voltage Vo -0.3 to Vgg +0.3 v
Operating temperature Topr -20 to +75 °c
Storage temperature Tstg =55 to +125 °C
G HITACHI
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HD43160AH

‘M ELECTRICAL CHARACTERISTICS (V(c=5V+5%, GND=0V, Ta=-20 to +75°C)

SECTION

Item Symbol Terminal No. Teat condition min typ max Unit
Input voltage Viy CcS0 ~ CS3, E, R/W, . 2.0 - Vee v
(TTL compatible) ViL DBO ~DB7, RSO 0 - 0.8 v
Vi 0SCl,TEST,RST,FNTS, 0.7 Vge - Vee v
Input voltage CURS,DLN, ROMS,
VILC | CNO ~CN2, 0, ~0s 0 - lo.3veel| v
\ =-0.205 2.4 - - v
Output voltage ol DB7 Ton A
(TTL compatible) VoL IoL=1.6mA - - 0.4 v
v FILM,M,D,CL1,CL2 vce-1.0 - - v
Output voltage ouc v ' ’ I10ad=0.4mA ce
VoLc | X0 ~X7, YO ~Y3 - - 1.0 )
Input leak current Iin All inputs -5 - 5 NA
Output leak current I0 DB7 -10 - 10 UA
Oscillation fcpl Rg=200kQ#2%, 5x7+Cursor 130 192 250 kiz
frequency fcp2 Rg=130kQ+2%, 5x11+Cursor 200 288 375 kHz
€S0 ~Cs3, RSO0, R/W
1 tf 1 ' ’ ’ =
Input pull up curren PL DEO ~ DB7 Vin=0V 2 10 20 1A
Ta=25c, fcp=400kilz
P dissipati P * e - - 10 W
over dissipation T (external clock) "

* TInput/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, but CSO ~CS3, RSO, R/W, DBO ~DB7 are excluded.

B PIN ARRANGEMENT

:i" Powz;c?up. lonput Output :in Powz;ce‘!up ) Input Output zin Powggcs;llp. Input Output

1 GND (-) 19 D 37 DB3

2 X4 20 FIM 38 DB4

3 X3 21 ¢A 39 DB5

4 X2 22 0sCl1 40 DB6

5 X1 23 0sc2 41 DB7 DB7

6 X0 24 RST 42 ROMS

7 N.C. 25 TEST 43 05

8 N.C. 26 E 44 04

9 N.C. 27 Vee(#) 45 03
10 CURS 28 R/W 46 02
11 FNTS 29 RSO 47 0l
12 DLN 30 cso 48 Y3
13 CNO 31 csl 49 Y2
14 CN1 32 CcS2 50 Y1
15 CN2 33 Cs3 51 YO
16 CL2 34 DBO 52 X7
17 CL1 35 DB1 53 X6
18 M 36 DB2 54 X5
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HD43160AH

B PIN FUNCTION

Pin |Number
of Connected to | I/0 Function
Name | terpinals
\/ +5V + 107 Power supply
Ggg 2 Power supply ov
CNO 3 GND or V¢c I |Total displayed character number select.
o No.] & | 816 |24 |32 |40 |64 | 80
CNO|GND| Ve |GND| Ve | GNDf Ve | GNDl vee
CN1|GND|GND{Vcc|VCC|{GND|{GND|Vce|Vee
CN2| GND{GND|GND|GND|Vcc|Vee|Vec|Vee
CURS 1 GND or Vg I |Cursor select
Vce: 5 dots. eeeee
GND: 1 dot. Y
DLN 1 GND or V¢g I |Display line number select.
vVce: 2 lines.
GND: 1 line.
FNTS 1 GND or Ve I |Font select.
vee: 5 x11 +Cursor.
GND: 5 X7 +Cursor.
RST Vee I |Only for test. Normally Vg
TEST GND I |Only for test. - Normally GND
E MPU I |Strobe signal.
Write mode: The HD43160AH latches the data on
DBO ~DB7 at the falling edge of
this signal.
Read mode: Busy/Ready signal is active on DB7
while this signal is 'H'.
| (L:Ready, H:Busy)
R/W 1 MPU I |Read/Write signal
L: HD43160AH gets the data from MPU.
H: MPU gets the Busy/Ready signal from
HD43160AH.
cso 4 MPU I |[Chip select
cs1 When all of CSO ~CS3 are 'H', HD43160AH is
CcSs2 selected.
Cs3
RSO 1 MPU I |[Register select.
HD43160AH has 2 registers. One is for
Character code and another is for instruction
code. Each register latches the data on
DBO ~DB7 at the falling edge of 'E', when
CSO ~CS3 are 'H' and R/W is 'L’'.
H; Character code register is selected.
L; Instruction code register is selected.
DBO 8 MPU I |Data bus.
) I/0 |Inputs for Character code and Instruction
(DB7) | code from MPU.
DB7 Output for Busy/Ready flag (DB7).
D 1 HD44100H Serial dot data of characters for LCD drivers
cL2 HD44100H Dot data shift signal for LCD drivers.
CL1 HD44100H Dot data latch signal for LCD drivers.
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HD43160AH

M 1 HD44100H 0 |[Alternate signal for LCD drivers.
FLM 1 HD44100H 0 |[Signal for common plates scanning.
g P 8 SECTION
X0 8 ROM 0 |Character code outputs for External character
. generator. (for Ext ROM)
X7 iéf g:g ex: character 'A'
MSB LSB '1'="y’
0 |1]oJoJofoJo] 1 '0'="L"
YO 4 ROM 0 |[Character row code for External character
Y1 generator.
Y2 5 X7 +Cursor 5 x11 + Cursor
Y3 Y3 Y2 Yi Yo
0 0 0 O
0 0 0 1
—0 0 1 0
A" 00 11 “jn
010
0 1 01
0 1 1 0—
0 1 11
1000
Oufhd 18T
1011
¢A 1 ROM 0 |Clock signal for External character generator
(dynamic ROM etc.) if necessary.
01 5 ROM I |Dot data inputs from External character
. generator.
1(H): ON
05 0(L): OFF
ROMS 1 GND or Vgc| I |Select Internal or External ROM.
H: External ROM
L: Internal ROM
0sCl 2 (I) |oscillator. 5 x7 +Cursor : Rg=200kQ (typ)
0sC2 (0) 5 xX11 +Cursor: Rg=130kQ (typ)
NC 3 Don't connect any wire to these terminals.
G HITACHI
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HD43160AH

B CHARACTER DOT PATTERNS

®5 x7

The bottom lines of the English small characters "g, i, p, q, y," are

on the cursor line.

T e [ s
1254507 298 5 5 =7
CaHBCDEFGHIJELMHD
CPEES TV SY S0 ]
- tabcdefaki] ik limno
o A A L T A R
ol lm | Flal = PP o e
=PI A NFE TR
SHFUT R ZREE s R
ARG =) e S e L e

®5 x1]

Only English small character "g, j, p, 4, y," are displayed as below,

others are in the same way as that of 5 X 7.

9.JP9d

® Cursor 5 dots: eeeee
1 dot : e

The cursor is displayed on the 8th or 12th line.
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HD43160AH

B APPLICATION
® Setting Up SECTION
a) Total character number ..... (CNO ~ CN2) 1
b) Cursor pattern ............. (CURS)
c) Display line number ....... . (DLN)
d) Font ..eeeeeeenn veeseseesess (FNTS)

These terminals should be connected to Vge or GND according to the LCD
display system. RST and TEST should be connected to Vegc and GND

respectively.

® Interface to the Controller

a) Example 1 Interface to HD6800

ABIS Ccs3
ABI4 cs2
ABI3 cs1
VMA Ccso0
ABI12 RS0
R/W R/W
HD 6800 (MPU) 42 E HD 43160 AH
DBO DBO
PB1 DB1
DB2 DB2
DB3 DB3
DB4 DB4
DB5 DBS
DB6 DB6
DB7 DB7

In this example, the addresses of HD43160AH in the address area of the

HD6800 microcomputer are

Instruction code register  #'Ex%' (R/W=0)
Character code register # P! (R/W=0)
Busy flag #'E***" or #'Fhix' (R/w=1).

%: don't care
#'': hexadecimal
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HD43160AH

b) Example of display program

Yo

Read Busy flag
from # "E¥%x'

or # "Fkkk!'

Check Busy or Ready

Y: Busy

Instruction Character

RSO ="'L' RSO ="H'
Write Inst. code Write charact. code
to # "E¥kk!' to # 'Frxk!

|

V

c) Time length of Busy

write Inst. or Charact. code

N

Busy Tousy l

(Internal) (

peration start operation end
T busy
MIN MAX Unit
0
Display clear 400 410 sec
fep fcp
Other function 10 20 sec
fcp fcp

HD43160AH begins the operation from the rising edge of 'E'.

Instruction code register and Character code register latch the data
on DBO ~DB7 at the falling edge of 'E'.
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Hitachi America Ltd. » Hitachi Plaza « 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 » (415) 589-8300



HD43160AH

d) Timing chart

SECTION
Write sequence Read sequence
(MPU—~HD43160AH ) (MPU~HD43160AH)
! teve |
[ AL __,: — teve -
| f
: Pwew ' Pwin — jaPwer 1, Puew |
| | | | I
i m ’ m
I
|- 1 | | I |
tas toow th tas tooR ’___tu
' M et
cso + cso i
§ |
cs3 : L cs3 |
RS0 : RSO t
| | : | |
I | — | J —
’ | Re
R/W —\ Write | , R/W ’ ad ; ﬁ
| I |
| | |
DBO Inst.
, ggﬁrac . DB7 Busy
DB7 \Code read

e) Timing characteristics

Symbol min typ | max | Unit

Cycle time of 'E' teye 1.0 - - us
Pulse width of 'g'| B 1evel | Pwem | 0.45 | - 25 | s
L level PwEL 0.45 -~ - us
Set up time of CS Write tAS 140 - - ns
Deta delay time Write tpow - - 225 ns
Read tDDR - - 300 ns
Hold time ty 10 - - ns
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HD43160AH

92

£)

Example 2 1Interface to 8085A (Intel)

s1 R/W
10/M cs3
o E

WR

Al5 cs2
Al4 cs1
Al3 Ccso
A12 RSO

?1?118’31)\ E b Q b Q HD43160AH

ALE —-[>O——CL§LR Q CLK
CLK —-DO———————]_

of
L

READY
ADO DBO
§ §
AD7 DB7

g)

Timing chart

« LIV A L

10/M, S1

Al2 AlS

e . \ | |
S T

READY j ]
L:\

T1 T2 Twarr T4

Pulse widths of RD and WR signals of the 8085A are 400ns MIN, while
the pulse width of E signal of the HD43160AH is 450 ns min.
Therefore, in this example, RD and WR signal pulse widths are
widened by using TyayT cycle.

@ HITACHI
Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brishane, CA 94005-1819 e (415) 589-8300



HD43160AH

M DISPLAY COMMANDS

e Display Controll Instructions SECTION

These instructions should be written into the instruction register of
HD43160AH by the microcomputer. (RSO='L', R/W='L") 1

a) Display clear
MSB LSB
Code: [0]0f0JofoJofo[1]
Operation: The screen is cleared and the cursor returns to the

1st digit.

b) Cursor return
MSB LSB
Code: [0]oJoJoJoJoJ1]o]

Operation: The cursor returns to the 1lst digit and the characters

being displayed do not change.

c) Cursor ON/OFF
MSB LSB

Code: 0j{0jo0jofoj1fojo0 (ON)
0{0j0j0f0j1j0]1 (OFF)

Operation: The cursor appears (ON) or disappears (OFF).

d) Set cursor position

MSB LSB
Code: 1 line 1 (N-1) binary
upper | 1 | O] (n-1) binary
2 lines lower | 1 1| (m-1) binary

N,n,m: digit number
Operation: The cursor moves to the Nth (nth, mth) digit.
N £ the total character number;
n,m £ 1/2 total character number.
ex 1 *1 line*
Set the cursor at 55 digit. The code is '10110110°'.
ex 2 *2 lines*
Set the cursor at 35 digit of upper or lower line.
The code is '10100010' (upper).
'11100010' (lower),
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HD43160AH

® Display Character Command

When the character code is written into the character register of
HD43160AH, the character of this code appears where the cursor was dis-
played and the cursor moves to the next digit. (RSO='H', R/W='L")
MSB LSB
code: | (CHARACTER CODE) ]

ex. 1

before [ ABCD_ |
after [ ABCDE_ |

® Read Busy Flag

When CSO ~CS3='H', R/W="H' and E="H' (RSO='don't care'), the Busy/Ready
signal appears on DB7.
DB7 'H': BUSY
'L': READY
Time Length of Busy (oscillation frequency=200kHz)

MIN MAX
Display clear 2.0 2.05 ms
Other operations 50 100 us

(depends on the operating frequency)

® Interface to External ROM

a) Example

LSB X0 N
X1
Character Xz
kode X3 Address
X4
X5
HD43160AH X6 External ROMS
MSB X7
LSB Y0 ROM 1: Ext.
Row Y1 0: Int.
code Y2
MSB I: ______ __' » *pA is used as the
o1 precharge signal for

g: Data Dynamic ROM if nec-
ot essary.
05
ROMS -

Interface to Extermal ROM
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HD43160AH

b) Row code

Row code SECTION
01 02 03 04 05 Y3 Y2 YI Y0
00 0 0
Row code 1
00 0 1
Y
01 02 03 04 05 3 Y2 Y1 Yo o 0 1 o
00 1 1
00 0 0 01 0 0
00 0 1 01 0 1
00 1 0 011 0
00 1 1 001 1 1
01 0 0 1 00 0
01 0 1 10 0 1
01 1 0 1 01 0
01 1 1 1 0 1 1
(Cursor)
5 X 7 + Cursor 5 x 11 + Cursor
c) Timing chart
cL2 I I I | l | | I | l | l l I l
'———"
(I
| fcp
X0~XT
Yo~v3
#A 2
fcp
|
|
01~05 1
| Effective data
ROMS .
[ ——|
| 3 |
] MAX 7;; |
| |
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HD43160AH

® Interface to LCD Drivers

a) Example

Common
signals | Liquid crystal display

I Segment signalsl

Y21~-Y40 Y1~-Y20 Y1~Y40
V1~Vé —i V1~V6

|

<
()
a

FCS FCS
SHL1
wwe HD44100H 3{ S HD44100H

—iel
}t SHL2
DL1 DR1 DL1
[ —=] bL2 DR1
DR2 CL1 CLZ2 M [: DL2 CL1 CL2 M DRZ} -
FLM
D
HD43160AH ct! e - -
cL2 ——-
M ———
Interface to HD44100H

b) Wave forms (5 X7 +Cursor 1 line)

FLM I-_l I—I
|

cL1 l

Enlarged

FLM | I_
n
_

CL1

D 15 112131415 1 lskals 1I2J

One row of a character

|
é

One row of 80 characters (400 dots)

@ HITACHI

96 Hitachi America Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HD43160AH

B DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM

Typical Application SECTION

5 X7 +Cursor
2 Lines 40 Characters 1

GND OV .

Vee 5VO-r;

-
1)

SEREE BesEs Yy
wi

>>>>>>

FEEREEFFEF

G HITACHI
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HDA44780
(LCD-1I)

780,HD44780A

(Dot Matrix Liquid Crystal Display

Controller & Driver)

DESCRIPTION

The LCD-II (HD44780, HD44780A) is a dot
matrix liquid crystal display controller &
driver LSI that displays alphanumerics,
kana characters and symbols. It drives dot
matrix liquid crystal display under 4-bit
or 8-bit microcomputer or microprocessor
control. All the functions required for dot
matrix liquid crystal display drive are
internally provided on one chip. The user
can complete dot matrix liquid crystal
display systems with less number of chips
by using the LCD-II (HD44780, HD44780A).
If a driver LSI HD44100H is externally
connected to the HD44780, up to 80

characters can be displayed.

The LCD-II is produced in the CMOS process.
Therefore, the combination of the LCD-II
with a CMOS microcomputer or microprocessor
can accomplish a portable battery-drive

device with lower power dissipation.

B FEATURES

* 5%7 and 5 X10 dot matrix liquid crystal

display controller driver

* Capable of interfaéing to 4-bit or
8-bit MPU.

« Display data RAM ... 80 x8 bits

(80 characters, max.)

* Character generator ROM ...
Character font 5 X7 dots: 160 characters

Character font 5 x10 dots: 32 characters

B PIN ARRANGEMENT

(FP-80)
(Top View)
CNNteeR®eocNNYTLenE o
giesEass885803085855
NDDDDNNDDDNDDNDDNDDNDNDNDNGN
ARAENEEREREN NN ENENNE
8RBRRRIPRNIREBGB8EE80 5
SEGzo[ [ JCOMis
SEGwg[_J2 sof JCOM15
SEGis[_]3 s8] _]COM14
SEG17 [+ s7_]COM:3
SEGs[_]s se[_]COM12
SEGis[_Js ss|_JCOM11
SEG1a[C]7 s4[_JCOM10
SEG13[Je s3["JCOMg
SEGi2[Je s2f _JCOMs
SEG11[Jro s1[_JCOM;
SEGio[ ] so[_]COMs
SEGe [_]2 COMs
SEGs[ ]2 COM4
SEG7[_]1e COM3
SEGe[_]'s COM;
SEGs[_Je COM -
SEGa[]v7 DB7
SEG3[_J's DB
SEG2[_]1e DBs
SEGy [ J20 Sloe,

s MR EERERELEREEILE.E X

ININEANEEEEERRARAN

N N D S=saowv W o ~ oo
ggg= 55533 8= ez gadg
(FP-80A)
(Top View)
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HD44780, HD44780A (LCD-II)

* Both display data and character generator RAMs can be read from the MPU.

* Internal liquid crystal display driver .....

SECTION

40 segment signal drivers (Can be externally extended to 360 segments
by 1liquid crystal display driver HD44100H)

16 common signal drivers

* Duty factor selection (selected by program)

1/8 duty: 1 line of 5 X 7 dots + cursor
1/11 duty: 1 line of 5 x 10 dots + cursor
1/16 duty: 2 lines of 5 x 7 dots + cursor

Maximum number of display characters

Ne. fif Duty Extension| LCD-II HD44100H Sﬁérzztgizplay
1}§gsay factory
Not
i 1/8 1 pe. - 8 characters X1 line
1-1i :
dis ;: 1/11 provided
piay duty 9 pcs.

provided 1 pc. 80 characters X1 line

(8 characters/pc.)

Not
2-line 1/16 provided
display | duty

1 pc. — 8 characters X2 lines

4 pes.(8 characters

ided 1 .
provide pc X2 lines/pc)

40 characters X2 lines

* Wide range of instruction functions
Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF,
Display character blink, Cursor shift, Display shift

* Internal automatic reset circuit at power ON. (Internal reset circuit)

* Internal oscillation circuit (with external resistor or ceramic filter)

(External clock operation possible)

*« CMOS process

* Logic power supply: A single + 5V (excluding power for liquid crystal
display drive)

» Operation temperature range: =20 ~ +75°C

(Device for -40 ~ +85°C available upon request)
. 80-pin plastic QFP (FP-80, FP-80A)

B ORDERING INFORMATION

Type No. Operation Frequency Package

HD44780SA**H 1.0 MHz 80-Pin plastic QFP (FP-80)
HD44780SA**FH 80-Pin plastic QFP (FP-80A)
HD44780SA**FA 1.5 MHz 80-Pin plastic QFP (FP-80)

Note: ** = ROM Code No.
G HITACHI
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Vee ————e
GND Address Timing Generation 8 g%i
Counter (AC) Circuit Mo
0S¢, 7
0SC, — = !
RN g & § 7
o~ Y 7
o g+ Q
el
24 i . Display Data o =)
RS —— 35l |29 Al Sul, |5
g2 - (DD RAM) S8l |=u] 16
R/W “ 80x8 bits o8 a2 COM, ~COM,;,
E QU - -~ 00 [l
& ~ 3T & g°
. 3 g o] o o
m ~ o M ~ O
DB,~DB; ——= = 8} pa
o a 8 MmO
= = P
4
DB ~DBj —r—! § 8L L 8t §§ "
(]
- Character Character 3 § '§ 't:\:i
7} b Generator H °0
o Cenerator '
ROM ROM b il § “ SEG, ~SEG
(CG RAM) (CG RAM) 9; S g _ ! o
512 bits 7200 bits o gAa
Power Supply v | 5 5 2
for Liquid 2
Crystal Vs I l
Display Drive|V.— arallel/Serial Data
Vs onversion Circuit 40-bit Shift Register|———=1D

(Parallel Data Seriil

Data)
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HD44780, HD44780A (LCD-II)

@ ELECTRICAL CHARACTERISTICS

@ Absolute Maximum Ratings SECTlON{
Item Symbol Limit Unit | Note
Power Supply Voltage (1) | V¢c -0.3 to +7.0 \
Power Supply Voltage (2) | V1 to V5| Vge-13.5 to Vgct0.3 v 3
Input Voltage Vr -0.3 to Vgct+0.3 \
Operating Temperature Topr -20 to +75 °C
Storage Temperature Tstg -55 to +125 °C

Note 1: 1If LSI's are used above absolute maximum ratings, they may
be permanently destroyed. Using them within electrical
characteristic limits is strongly recommended for normal
operation. Use beyond these conditions will cause mal-
function and poor reliability.

Note 2: All voltage values are referenced to GND=0V.
Note 3: Applies to V1 to V5. Must maintain Vgg2V12V22V32V42V5
(high < + low)
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HD44780, HD44780A (LCD-II)

®Electrical Characteristics (Vg =5V10%, Ta =-20 to +75°C)

Vee — @ = V¢c-Vs The conditions of Vi, Vs voltages are. |
v, — ® = vee-v1 for proper operation of the LSI and not
jb ®@z2 1.5V for the LCD output level. The LCD
Vs ® < 0.25 xA - drive voltage condition for the LCD
output level is specified in "LCD
' | voltage Vicp'".

HD44780
Test Limit
Item Symbol condition =in typ oax Unit | Note
Input "High" Voltage (1) Vinl 2.2 | - Vee v (2)
Input "Low" Voltage (1) VLl -0.3 | - 0.6 v (2)
Output "High" Voltage (1)(TTL) | Vou1 | -Iog=0.205mA 2.6 | - - v 3)
Output '"Low" Voltage (1) (TTL) VoLl IoL=1.2mA - - 0.4 Vv 3)
Output "High'" Voltage (2)(CMOS) Vou2 -IOH=0.01mA 0.9Vee| - - v (4)
Output "Low" Voltage (2) (CMOS) | Vgr2 Lop=0.04mA - - 0.1Vee V (%)
Driver Voltage Descending (COM) | VcoMm 1d=0.05mA - - 2.9 v (10).
Driver Voltage Descending (SEG) | VsgG 1d=0.05mA - - 3.8 | v | (10)
Input Leakage Current ITL Vin=0 to V¢c -1 - 1 HA (5)
Pull up MOS Current -Ip Vee=5V 50 125 250 | uA
Power Supply Current (1) Ceramic filter ;
Iccl . | oscillation - ]0.55 0.8 | ma (6)
Vee=5Y, fosc=
250kHz
Power Supply Current (2) b Rf oscillation
Iccy | External clock - |0.35 0.6 | mA (6)
operation
Vcc=5v, fosc’ (11)
fcp=270kHz
External Clock Operation
External Clock Frequency B fep 7] 125 [270 350 | kHz r N
External Clock Duty Duty 45 50 55 b4 N
External Clock Rise Time trep - - 0.2 | us (¢))]
External Clock Fall Time tfcp - - 0.2 | us (¢))]
Input "High" Voltage (2) Vin2 Vee-1.0f - - v | Q12)
Input "Low" Voltage (2) ViL2 - - 1.0 v (12)
Internal Clock Operation (Rf oscillationm)
_________________ e e e e mp — o ]
Clock Oscillation Frequency fose | RETOLKOEIT T 190 J270 ] 350 Juwz | ®
LIncernal Clock Operation (Ceramic filter oscillation)
o o e s e e — e P ot ——— e ey — — e — ]
Clock Oscillation Frequency fosc | Ceramic filter 245 250 255 | kHz | (9)
LCD Voltage. Vicenl Vee-vs 1/5 bias 4.6 - 11 v (13)
VicDp2 1/% bias 3.0 - 1| v | a3
@ HITACHI
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HD44780, HD44780A (LCD-II) :

HD44780A
Item Symbol T eton _— Li;ip‘ —unic | Note
Input "High" Voltage (1) VInl 2.2 | = Vee v 2)
Input "Low" Voltage (1) ViLl -0.3 | - 0.6 v (2)
Output "High" Voltage (1)(TTL) VoHl | -Igy=0.205mA 2.4 | - - v (3)
Output "Low'" Voltage (1) (TTL) VoLl IoL=1.2mA - - 0.4 | V )
Output "High" Voltage (2)(CMOS) Vou2 -IOH=0.04mA 0.9vee| - - v %)
Output "Low" Voltage (2) (CMOS) VoL2 LoL=0.04mA - - 0.1Vec V %)
Driver Voltage Descending (COM) Vcom 1d=0.05mA - - 2.9 v (10)
Driver Voltage Descending (SEG) | Vsgg 1d=0.05mA - - 3.8 | v | (10)
Input Leakage Current I1L Vin=0 to V¢ -1 - 1 HA (5)
Pull up MOS Current -Ip Vee=5V 50 125 250 | uA
Power Supply Current (1) Ceramic filter
Iccl | oscillation - ]0.55 0.8 | ma (6)
Vee=5Y, fosc=
250kHz
Power Supply Current (2) Rf oscillation
Iccy | Extermal clock - 10.35 0.6 | mA (6)
operation
Voe=5Y, foge= (11)
fcp=270kHz
External Clock Operation
| External Clock Frequemcy Tew T 7777 [ 125 "[2707) 350 Jwmz [ ()
External Clock Duty Duty 45 50 55 b4 (7
External Clock Rise Time trep - - 0.2 | us (@)
External Clock Fall Time tecp - - 0.2 | us 7
Input "High" Voltage (2) Vg2 Vee-1.0 - - v (12)
Input "Low" Voltage (2) VL2 - - 1.0 v | (12)
Internal Clock Operation (Rf oscillationm)
Clock Oscillarion Frequaney | fage |tz T "] w0 (20 |7 30 Jume | @]
Internal Clock Operation (Ceramic filter oscillation)
Clock Oscillation Frequency | fosc | Ceramic filter | 245 250 | 255 |kHz | (9)
LCD Voltage. Viepl Vee-v5 1/5 bias 4.6 - 11 v | (13)
VLCcD2 1/1: bias 3.0 - 11 v | (13)
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HD44780, HD44780A (LCD-II)

104

Note 1: The following are I/0O terminal configurations except for

liquid crystal display output.

* Input Terminal
Applicable Terminals: E Applicable Terminals: RS, R/W

(No pull up MOS) (With pull up MOS)

VCC

Vee Vee
’—| EF PMOS ' pmos ’—-lE;] PMOS
o— o

LI%] NMOS Pull Up MOS L'%]

* Output Terminal

NMOS

Applicable Terminals: CLj, CLy, M, D

Vee
PMOS
NMOS
¢« I/0 Terminal
Applicable Terminals: DBy to DBy
Pull Up
V,
CC( MOS ) Vcc
3._| Etlpms PMOS
Vee Enable

o— 4

NMO'S }—J—G_:Da‘a

(Output Circuit)
(Tristate)

Note 2: Input terminals and I/0 terminals. Excludes 0SCy terminals.

Note 3: 1I/0 terminals.
Note 4: Output terminals.
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HD44780, HD44780A (LCD-II)

Note 5: Current flowing through pull-up MOS's and output drive MOS's is

excluded.

SECTION

Note 6: Input/Output current is excluded. When input is at the inter-
mediate level with CMOS, excessive current flows through the 1
input circuit to the power supply. To avoid this, input level
must be fixed at high or low.

Note 7: External clock operation.

Open 08C:
Th T1 .
0.7Vee D _ Th X 1009
05V uty S T 00%
08Vee —H
— .
trep teep

Note 8: Internal oscillator operation using oscillation resistor Rf.

08¢,
Rf% Rf 1 01kQt 2 %
0SC

Since oscillation frequency varies depending on 0SC; and 0SC)

terminal capacity, wiring length for these terminals should be

minimized.

Note 9: Internal oscillator operation using a ceramic filter.is used.

C — Ceramic filter: CSB250A (Murata)
08Cy RE: 1IMQ  +10%
R Cy: 680pF10%
| 0SC, Cp: 680pF+10%
C Rd

Rd: 3.3kQt5%
Ceramic filter
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HD44780, HD44780A (LCD-II)

Note 10: Applies to both VgoM and Vggg voltage drops.
Veom: From poer supply terminal Vge, Vi, V4, V5 to each
common signal terminal (COM; to COMjg)
VsgG: From power supply terminal Vgg, V2, V3, V5 to each
segment signal terminal (SEG; to SEG4q)

Note 11: Relation between operation frequency and current consumption

is shown in this diagram. (Vgg = 5V)

18

16

1.4
Icoz

(mA)

12

1.0 //;7'
1
e

max

0.8 ’//’/,,/’
ty
0.6 P °
0.4 // /
02 ]
1
0
100 200 300 400 500

fosc or fcp (kHz)

- Note 12: Applied to 0SCj] terminal.

Note 13: The condition for COM pin voltage drop (Vggm) and SEG pin
voltage drop (VSEG)'
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HD44780, HD44780A (LCD-II)

® Timing Characteristics

Write Operation SECTION

1

Vi

Lan

%/u:

PWen tan
——t
: 7|ven N /

- 7 Viut
ter tosw

P LA I tn
DBo~DB, Vin\ vaild Data [ V™
Vivy Vit

1

ey

Fig. 1 Bus Write Operation Sequence
(Writing data from MPU to LCD-I )

Read Operation
RS '{Vuu Vi N
Vit VoA
tas tan
W A Vim KVim
PWen | [ tan
B 7' Vim * Vim /
Vi £ Vi Rt v

+ Vi
tsr—] [~ toos [
Vo, \f" X/ Vo
Valid D
DBo~DB1 Vouy ata Vou
Leren

Fig. 2 Bus Read Operation Sequence
(Reading out data from LCD-II to MPU)
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HD44780, HD44780A (LCD-II)

Interface Signal with Driver LSI HD44100H
0.9Vee
CLy /
CL2
0.1V

! X0.9Vee

__1 tow

Fig. 3 Sending Data to Driver LSI HD44100H
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HD44780, HD44780A (LCD-II) ‘

® Bus Timing Characteristics (V¢cc =5.0V +10%, GND =0V, Ta =-20 to +75°C)
o HD44780

Write Operation (Writing data from MPU to LCD-II)

Item Symbol Test condition m::mi;ax Unit
Enable Cycle Time teycE Fig. 1 1000 | - ns
Enable Pulse Width Iziggu PWpy Fig. 1 450 | - ns
Enable Rise/Fall Time tEr, tEf Fig. 1 - 25| ns
Address Set-up Time EEE R/W tas Fig. 1 140 | - ns
Address Hold Time tAg Fig. 1 10( - ns
Data Set-up Time tpsw Fig. 1 195 | - ns
Data Hold Time ty Fig. 1 10| - ns
Read Operation (Reading data from LCD-II to MPU)

Item Symbol Test condition mgfmi;ax Unit
Enable Cycle Time teycE Fig. 2 1000 | - ns
Enable Pulse Width Ig‘ifl’" Pl Fig. 2 450 | - | ns
Enable Rise/Fall Time tgrs TEf Fig. 2 - 25| ns
Address Set-up Time Efé R/W taAS Fig. 2 140 | - ns
Address Hold Time tAH Fig. 2 10| - ns
Data Delay Time tDDR Fig. 2 - 1320 | ns
Data Hold Time tDHR Fig. é 20 - ns
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o HD44780A

Write Operation (Writing data

from MPU to LCD-II)

Item Symbol Test condition Limit Unit
min | max
Enable Cycle Time teycE Fig. 1 666 | - ns
| "High" ]
Enable Pulse Width level PWgy Fig. 1 300 - ns
Enable Rise/Fall Time tEr, tEf Fig. 1 - 25| ns
- i RS, R/W . 60%1 - ns
Address Set-up Time = tas Fig. 1 100%2 = s
Address Hold Time taAn Fig. 1 10| - ns
Data Set-up Time tDSW Fig. 1 100 | - ns
Data Hold Time ty Fig. 1 10| - ns
Read Operation (Reading data from LCD-II to MPU)
Limit '
Item Symbol Test condition - Unit
min | max
Enable Cycle Time teycE Fig. 2 666 | - ns
"Hi hl'
Enable Pulse Width 1ev§l PWpy Fig. 2 300 - ns
Enable Rise/Fall Time tgr> TEf Fig. 2 - 25| ns
_ . RS, R/W 60%1
Address Set-up Time — & tAS Fig. 2 100%2 ns
Address Hold Time tAH Fig. 2 10 - ns
Data Delay Time tDDR Fig. 2 - |190| ms
Data Hold Time £DHR Fig. 2 20| - ns
Notes: *1, *1, is 8-bit interface mode
*2, *2, is 4-bit interface mode
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® Interface Signal with HD44100H Timing Characteristics
(Vcc =5.0vV £10%, GND =0V, Ta =-20 to +75°C)

o HD44780
Item Symbol Test condition Limit Unit
min | max
. "High"
Clock Pulse Width ig. -
ulse Wi level tCWH Fig. 3 800 ns
"LOW"
Clock Pulse Width level tCWL Fig. 3 800 | - ns
Clock Set-up Time tcsu Fig. 3 500 { - ns
Data Set-up Time tsu Fig. 3 300 - ns
Data Hold Time tpH Fig. 3 300 | - ns
M Delay Time tpM Fig. 3 -1000 {1000| =ns
HD44780A
Item Symbol Test condition Limit Unit
min | max
"High"
Clock P idt ig. -
ock Pulse Width level tCWH Fig. 3 800 ns
Clock Pulse Width | Lo Fig. 3 800
ocl ulse level teowL g. ns
Clock Set-up Time tcsu Fig. 3 500 | - ns
Data Set-up Time tsy Fig. 3 300 | - ns
Data Hold Time tpH Fig. 3 300 | - ns
M Delay Time tpM Fig. 3 -1000 {1000| ns
Loading Circuit (TTL Load); DBy to DBy
HD44780 5.0V HD44780A 5.0v
Rp=2.4kQ Rp,=10k
Test Point Test Point
C R C R
C=130pF 1 C=50pF +
R=11kQ R=20k{

All Diodes: 152074®

All Diodes: 182074@®

Loading Circuit (CMOS Load); CLj, CL2, D, M

Test Point

30pF

i—
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® Power Supply Conditions Using Internal Reset Circuit

LCD-II
., Limit .
Item Symbol Test condition Unit
min | max
Power Supply Rise Time trce - 0.1 10| ms
Power Supply OFF Time toFF - 1 - ms

Since the internal reset circuit will not operate normally unless the
preceding conditions are met, initialize by instruction.

(Refer to "Initializing by Instruction")

Vce

O.ImsztrCLzloms toppzlms

(Note) topp stipulates the time of power OFF for power supply
instantaneous dip or when power supply repeats ON and OFF.

@ HITACHI

12 Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



HD44780, HD44780A (LCD-II)

B Terminal Function

Table 1 Functional Description of Terminals SECTION
Signal | No. of | Input/ | Connected .
name lines Output | to Function
RS 1 Input MPU Signal to select registers
"0": Instruction register
(for write)
Busy flag; address counter
(for read)
"1": Data register (for read and
write)

R/W 1 Input MPU Signal to select read (R) and write (W)

"0": Write
"1": Read

E 1 Input MPU Operation start signal for data read/
write

DB4 ~ 4 Input/ MPU Higher order 4 lines data bus with

DB Output bidirectional three-state. Used for

7 data transfer between the MPU and
the LCD-II. DBy can be used as a
BUSY flag.

DBg ~ 4 Input/ MPU Lower order 4 lines data bus with

DB3 Output bidirectional three-state. Used for
data transfer between the MPU and the
LCD-II. These four are not used
during 4-bit operation.

CLy 1 Output | HD44100H | Clock to latch serial data D sent to
the driver LSI HD44100H.

CLp 1 Qutput HD44100H Clock to shift serial data D.

M 1 Output | HD44100H | Switch signal to convert liquid crys-
tal drive waveform to AC.

D 1 Output | HD44100H | Character pattern data corresponding
to each common signal is serially
sent.,

"0": Non selection
"1": Selection
coMy ~ 16 Qutput Liquid Common signals that are not used are
COM; ¢ crystal charged to non-selection waveforms.

1 display That is, COMg ~COMjg are in non-
selection waveform at 1/8 duty factor,
and COMjp ~COM;g are in non-selection
waveform at 1/11 duty factor.

SEG] ~ 40 Output | Liquid Segment signal

crystal
SEG40 display

Vi ~Vs5 5 Power Power supply for liquid crystal

supply display drive

Vces GND 2 Power Vees +5V, GND; OV

supply
0sCy, 2 Terminals connected to resister or
0sCy ceramic filter for internal clock
osillation.
For external clock operation, the
clock is input to 0SCy.
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B FUNCTION OF EACH BLOCK

114

(1) Register

(2)

3

The HD44780 has two 8-bit registers, an instruction 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 be written from the MPU but not read
by the MPU.

The DR temporarily stores data to be written into the DD RAM or the CG
RAM and data to be read out from DD RAM or CG RAM. Data written into
the DR from the MPU is automatically written into the DD RAM or the CG
RAM by internal operation. The DR is also used for data storage when
reading data from the DD RAM or the CG RAM. When address information
is written into the IR, data is read into the DR from the DD RAM or
the CG RAM by internal operation. Data transfer to the MPU is then
completed by the MPU reading DR. After the MPU reads the DR, data

in the DD RAM or CG RAM at the next address is sent to the DR for the
next read from the MPU. Register selector (RS) signals make their

selection from these two registers.

Table 2 Register Selection

RS | R/W Operation

0 IR write as internal operation (Display clear, etc.)

1 | Read busy flag (DB7) and address counter (DBg ~DBg)

DR write as internal operation (DR to DD or CG RAM)
DR read as internal operation (DD or CG RAM to DR)

Busy flag (BF)

When the busy flag is '"1", the HD44780 is in the internal operation mode,
and the next instruction will not be accepted. As Table 2 shows, the
busy flag is output to DBy when RS=0 and R/W=1. 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 and CG RAMs. When an
instruction for address is written in IR, the address information is
sent from IR to AC. Selection of either DD or CG RAM is also determined

concurrently by the instruction.
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After writing into (or reading from) DD or CG RAM display data, AC is
automatically incremented by +1 (or decremented by -1). AC contents
are output to DBgy ~DBg when RS=0 and R/W=1, as shown in Table 2. SECTION

(4) Display data RAM (DD RAM) 1

The display data RAM (DD RAM) stores display data represented in 8-bit

character codes. 1Its capacity is 80x8 bits, or 80 characters. The
display data RAM (DD RAM) that is not used for display can be used as
a general data RAM. Relations between DD RAM addresses and positions

on the liquid crystal display are shown below.

The DD RAM address (App) is set in the Address Counter (AC) and is re-

presented in hexadecimal.

Upper Order Lower Order+
Bits Bits

AC |AC6[AC5|AC4|AC3|AC2|AC1|ACO

— I&lgﬁ%—nal — — Hexadecimal —

(Example) DD RAM address "4E"

1-line Display (N=0)

L Display
(digit) 1 2 3 4 5 v 8 o« Position
1-line 00 01| 02| 03] 04 ettt et 4E | 4F | « DD RAM

Address

(a) When the display characters are less than 80, the display begins
at the head position. For example, 8 characters using 1 HD44780

are displayed as:

. Display

i 2 4 7
(digit) 1 3 5 6 8 Position

1-line 00|01]02|03{04] 05| 06|07]| <« DD RAM
Address

When the display shift operation is performed, the DD RAM address

moves as:
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(Left
Shift 01)02({03]04/|05]|06 |07 |08
Display)
(Right
Shift 4F 100 |1 01)02|03]04|05]06
Display)
(b) 1l6-character display using an HD44780 and an HD44100H is as shown
) below:
(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 « Display
Position
1-line 00{01{02|03|{04|05(06 |07 {08 |09 [OA|OB |OC |OD |OE|OF| < DD RAM
Address
\—— HD44780 Display——\“— HD44100H Display —/
When the display shift operation is performed, the DD RAM address
moves as:
(Left
Shift 01(02]|03|04]05|06]07 |08]09 |0A|OB|OC |OD |OE |OF |10
Display
(Right
Shift 4F|00{01({02{03|04|05|06]07(08({09|0A (0B |OC|OD|OE
Display)
(c) The relation between display position and DD RAM address when the
number of display digits is increased through the use of one
HD44780 and two or more HD44100H's can be considered an extension
of (b). .
Since the increase can be 8 digits for each additional HD44100H,
up to 80 digits can be displayed by externally connecting 9
HD44100H's.
(digit)! 2 8 45 67 8 9 10111213 141516 17 18 19 20 73 74 75 76 77 78 79 80 . Display
. Position
1-1line [00/01/02(03[04)05/06|07|08|09|QA|0B|0C|0D|OE(OF(10(11(12[18| ——~— |48|49 4A[4B|4C |4D|4E(4F| * DD RAM
Address

L mpssz80 _ J\ mpasioomcr)_J\ HP*41008 - p pnsistoom(9) _J

(2)(8)

Diaplay Display Display Display

2-1line Display (N=1)

Display
. 2 4 -

(digle) ' > 4 > ¥ 0 Position

1-line 00{01]02|031|04 ceeeenanens cesesessseas | 26| 27 < DD RAM
Address

2-1line 40 | 41 | 42 | 43 | 44 e eecscesasescescssacnne 66 | 67
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(a) When the number of display characters is less than 40 X 2 lines,

the 2 lines from the head are displayed. Note that the first line

end address and the second line start address are not consecutive. SECTION
For example, when an HD44780 is used, 8 characters X 2 lines are
displayed as: 1
(digit) 1 2 3 4 5 6 7 g < Display
Position
1-line 00| 01]|02}]03|04|05|06]| 07| « DD RAM
Address

2-line 40 | 41 | 42 | 43| 44 | 45| 46 | 47

When display shift is performed, the DD RAM address moves as:

(Left 01| 02]03|04|05]|06] 07|08
Shift
Display) 41|42 |43]| 44| 45| 46| 47| 48

(Right 27100)01(02|03|04]|05]06
Shift
Display) |67 | 40 | 41| 42 | 43| 44 | 45 | 46

(b) 16 characters x 2 lines are displayed when an HD44780 and an
HD44100H are used.

(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 « Display

Position
1-line 00/01{02({03|04[05|06|07{08{09(0A|0OB|0OC|{OD|OE[{OF| <« DD RAM

Address
2-line 40141142 (43|44145|46|47|48|49|4A | 4B|4C{4D|AE|4F

\—— HD44780 Display —\— HD44100H Display —/

When display shift is performed, the DD RAM address moves as

follows:

(Left 01/02|03|04/05|06|07|08{09|0A|0B|0C|OD|OE|OF|10
Shift
Display) |41|42|43|44|45|46|47|48|49|4A|4B|4C|4D|4E|4F| 50

(Right 27(00{01|02|03(04/05|06({07{08{09|0A|0B|0C|OD|OE
shift
Display) |67|40(41|42|43|44|45]46|47{48|49|4A4B|4C|4D|4E
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(c) The relation between display position and DD RAM address when the
number of display digits is increased by using one HD44780 and two

or more HD44100H's, éan be considered an extension of (b).

Since the increase can be 8 digits x 2 lines for each additional
HD44100H, up to 40 digits 2 lines can be displayed by connecting
4 HD44780's externally.

(digit)! 2 8 45 678 91011121814151617 1819 20 33 34 35 36 37 38 39 W«Display
position

1-1ine |00[01]02|03|04|05/06 07 08|09 0A|0B|0C|0D|OE|OF|10]11|12(18]~~~~~ 20| 21|22/ 28| 24| 25 26| 27}+DD RAM
address

2-1ine [40]41]42|43|44|45|46|47]|48]49|4A|4B|4C|4D|4E[4F|50|51 |52 (58|~ — -~ — 60| 61|62 oslu 65 oolev égggisle-

(€]

(6)

118

| HD44780 |_HD44100H(1) || HD44100H || HD44100H(4) _|
Display Display )3 Display
Display

Character Generator ROM (CG ROM)

The character generator ROM generates 5 X 7 dot or 5 X 10 dot character
patterns from 8-bit character codes. It can generate 160 types of 5 X
7 dot character patterns and 32 types of 5 X 10 dot character patterns.
Table 3 and 4 show the relation between character codes and character
patterns in the Hitachi standard HD44780A00. User defined character

patterns are also available by mask-programming ROM.

Character Generator RAM (CG RAM)

Thé character generator RAM is the RAM with which the user can rewrite
character patterns by program. With 5 x 7 dots, 8 byptes of character
patterns can be written and with 5 x 10 dots 4 types can be written.
Write the character codes in the left columns of Tables 3 and 4 to dis-

play character patterns stored in CG RAM.

Table 5 shows the relation between CG RAM addresses and data and display

patterns.

As Table 5 shows, an area that is not used for display can be used as a

general data RAM.
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Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

Higher
Lower~4bit| 00000010 )0011{0100(0101{0110{0111]1010}1011 1100/1101{2110(1111
it
L Ty
g..(A)M l.-'l .- ’ Ill’ " F:l ssema -.::I :: |'n ..l
xxxx0000 | “(j) . I.L o e R
ol L} L) -'1 L] - LI |
xxxx0001 2 ' I“‘l ' '-l ':" .::l' I. l l:"l -x .:'4
[ N [ ] [ 1 i a a2
B = T S ST : -
(3) - jene -r jn L ] i L) ml
Xxxx0010 alaes | §oned " _”’ l '1 o | o l::- l::‘
T T — I" T
agnge a ame aas L - L]
s TR E - A I D A R e S A
6) .: :. .. -I b v -- 1- o L -.. -aee
Xxxx0100 ¢ e . i oe® 1" |a ° . I-o'l !I l:
u W | §EEE I LI
xxxx0101 | 8 "-' ‘::l - l i !:' ! ! " .:: [ —l l.':- l
b u -“ 19988 (L[] L {11 II. . l- an I-' L)
LLJ L) Ll L)
I -l L) ] L] L n L] P 'a
xxxx0110 o '::': tl » l.- .I- '.-.' .:E.:I A _a | sesss .3 ¥ l '::In

q .'q -" L anges ”-.l .::: -
NN ENEIMEE ISR n [

.. LLL) I ' Ben LLL L]
wooaionn | 0| 5 [t L [y L [0 o | e
o | @ | PALL T 11 ISlral TLA L

R | P P Y s -
BEIE SR I R R 1E
xoxionn | @ “I" :': -::: oy ':: -:: ::1' .!:'- l::: D = :Fi
XXXx1100 @ :l -::: — E!FE 'l':l EE-' -::' r::i l:l:' Fq
S I e 1 [ AT RGN e R I
wooaa110 | @ " -::- s, " % I--l ..E'. Ea 'I:: ;--; e l-"l
oo | @ [ 1A o[ M iy

* The user can specify any pattern for character-generator ROM.
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Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM)
and Character Patterns (CG RAM Data)

(a) For 5 x7 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
765 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 1 0
Higher Lo:lrer Hi I;A§r Iéag:: Hi lelir ‘I).ozer
- Rrder Brger— _L:s Bics. it Bics” ]
i T i
:o 00 Xk Xk Xk
o 01
1010 Character
1o 11 Pattern
000 0 %0 00 o 0o ol
jr 00 Example (1)
1101
:1 10 Cur§o§
111 1 * %k *,o + Position
1
[
10 0 0 % kX
:0 01
:o 10 Character
10 11 Pattern
0000 %001 00 1:1 00 e . Example (2)
{1 01 0 )
11 0 oflio o
1
1111 * % k{0 00 0 0
T T
10 0 0 * X X
I |
e — |
1
00 0 0111 11 :1 o o : o effect
' o | o effec
110 |
111 X Xk *:

(Note) 1: Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5
(3 bits: 8 types).

2: CG RAM address bits 0 ~ 2 designate character pattern line posi-
tion. The 8th line is the cursor position and display is performed
in logical OR by the cursor.

Maintain the 8th line data, corresponding to the cursor display
position, in the "0" state for cursor display. When the 8th line
data is "1", bit 1 lights up regardless of cursor existence.

3: Character pattern row positions correspond to CG RAM data bits
0 ~ 4, as shown in the figure (bit 4 being at the left end). |
Since CG RAM data bits 5 ~ 7 are not used for display, they can
be used for the general data RAM.

4: As shown in Table 3 and 4, CG RAM character patterns are selected
when character code bits 4 ~ 7 are all "0". However, since char-
acter code bit 3 is a ineffective bit,the "R" display in the
character pattern example, is selected by character code "00"
(hexadecimal) or "08" (hexadecimal).

5: "1" for CG RAM data corresponds to selection for display and "O"
for non-selection.
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(b) For 5 x10 dot character patterns

Character Codes CG RAM Character Patterns
(DD_RAM Data) Address (CG RAM Data)
76 5 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 10 SECTION
gi her Lmd;er gi her Io.evarer gi her Lowert
o gider fréer  pRrsT  griero g grder

kX *:o 000 O

1

000 0

00 01

001 0

00 1 1 Character

010 0 Pattern
00 0 0 0 0 X% 01 0 1 Example

011 0

011 1

1 000

1 0 01 Cursor

1010 « Position
______________ :1 011 :

11100 |

110 :

1110 :

1111 * ok KDk Ok K K

io 0 0 0 * >k *i

L_ 100 0 1 |
L

0000 %1 1% ~:§:T;\;\F“T“ﬁ’”*“\—r”r~__'/~///‘

:1 01 0 X ok Xk ]
______________ "“_":T_o_f'x""”*“*’1:‘*’13? * ok

111 0 0 |

1101 ]

1110 : *No Effect

1101 1 * k kik ok kK Xk kK

(Note) 1: Character code bits 1, 2 correspond to CG RAM address bits 4, 5
(2 bits: 4 types).

2: CG RAM address bits 0 ~ 3 designate character pattern line posi-
tion. The 11th line is the cursor position and display is per-
formed in logical OR with cursor.

Maintain the 11th line data corresponding to the cursor display
position in the "0" state for cursor display. When the 1lth
line data is "1", bit 1 lights up regardless of cursor existence.
Since the 12th ~ 16th lines are not used for display, they can
be used for the general data RAM.

3: Character pattern row positions are the same as 5 X 7 dot character
pattern positiomns.

4: CG RAM character patterns are selected when character code bits

4 7 are all "0". However, since character code bit 0 and 3 are
ineffective bits, "P" display in the character pattern example

is selected by character code "00", "01", "08" and "09" (hexa-
decimal).

5: "1" for CG RAM data corresponds to selection for display and "0"
for non-selection.
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(7N

(8)

(9)

122

/

Timing Generation Circuit

The timing generation circuit generates timing signals to operate internal
circuits such as DD RAM, CG ROM and CG RAM. RAM read timing needed for
display and internal operation timing by MPU access are separately gen-
éiated so they do not interfere with each other. Therefore, when writing
data to the DD RAM, for example, there will be no undersirable influence,
“such as flickering, in areas other than the display area. This circuit
also generates timing signals to operate the externally connected driver

LSI HD44100H.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 16 common signal
drivers and 40 segment signal drivers. When character font and number
of lines are selected by a program, the required common signal drivers
automatically output drive waveforms, the other common signal drivers

continue to output non-selection waveforms.

The segment signal driver has essentially the same configuration as the
driver LSI HD44100H. Character pattern data is sent serially through a
40-bit shift register and latched when all needed data has arrived. The

latched data controls the driver for generating drive waveform outputs.

The serial data is sent to the HD44100H, externally connected in cascade,

used for display digit number extension.

Send of 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 HD44780 drives the head display. The rest displays, corresponding to
latter addresses, are added with each additional HD44100H.

Cursor/Blink Control Circuit

This is the circuit that generates the cursor or blink. The cursor or
the blink appear in the digit residing at the display data RAM (DD RAM)

address set in the address counter (AC).

When the address counter is (08)1¢, a cursor position is:
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AC6 AC5 AC4 AC3 AC2 ACl ACO

AC 0Ojo0|J0Oj1}{0]|0]|O

In a 1-line display
Display
(digit) 1 2 3 4 5 6 7 8 9 10 11 < Position

{ 00 |01 |02 |03]|04|05]|06|07]|08]|09]|0a 8 « DD RAM

1 Address
(Hexadecimal)
the cursor position
In a 2-line display
Display
(digit) 1 2 3 4 5 6 7 8 9 10 11 < Position
1st lint |00 |01 |02 |03 |04 |05 |06 |07 |08 |09 |o0a ) « DD RAM
F o Address
2nd line (40 |41 |42 |43 |44 |45 46|47 |Jus |49 | 4a \ (Hexadecimal)

the cursor position

(Note) The cursor or blink appears when the address counter (AC)
selects the character generator RAM (CG RAM). But the cursor
and blink are meaningless.

The cursor or blink is displayed in the meaningless position
when AC is the CG RAM address.

B INTERFACING TO MPU

In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit l-opera-

tion so it can interace to both 4 and 8 bit MPU's.

(1) When interface data is 4-bits long, data is transferred using only 4
buses: DB, ~DB;. DBg ~DB3 are not used. Data transfer between the
HD44780 and the MPU completes when 4-bit data is transferred twice.
Data of the higher order 4 bits (contents of DB4 ~DB7 when interface
data is 8 bits long) is transferred first, then the lower order 4 bits

(content of DBy ~DB3 when interface data is 8 bits long) is transferred.

Check the busy flag after 4-bit data has been transferred twice (one
instruction). A 4-bit 2-operation will then transfer the busy flag and

address counter data.
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1

RS

—

E

%

DB, (_IR7_X _IRs ) (BF) CAcs)

I |

Instruction (IR) Busy Falg (BF) and Data Register (DR)
Write Address Counter (AC) Read
Read

8
H

B

Fig. 4 4-bit Data Transfer Example

(2) When interface data is 8 bits long, data is transferred using the 8 data
buses of DBy ~DB7y.

B RESET FUNCTION

® Initializing by Internal Reset Circuit

The HD44780 automatically initializes (resets) when power is turned on
using the internal reset circuit. The following instructions are executed
in initialization. The busy flag (BF) is kept in busy state until initi-
alization ends. (BF=1) The busy state is 10 ms after Vcc rises to 4.5V.

(1) Display clear

(2) Function Sse€r .....eeeeeeesss. DL=1 : 8 bit long 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 : Blink OFF

(4) Entry mode Set .v..eeeeeessee I/D=1: +1 (increment)
S =0 : No shift

(Note) When conditions in "Power Supply Conditions Using Internal Reset
Circuit" are not met, the internal reset circuit with not operate
normally and initialization will not be performed. In this case

initialize by MPU according to "Initializing by Instruction'.
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® Initializing by Instruction

If the power supply conditions for correctly operating the internal reset

circuit are not met, initialization by instruction is required.
Use the following procedure for initialization.

(1) When interface is 8 bits long;

( Power ON )

Wait more than 15 ms
after Vgc rises to 4.5V.

|

nstnhu&n&nknhnhn&uh IBF cannot be checked before this instruction.]
00 0 0 1 1 % % % %

Function set (Interface is 8 bits long.)

Wait more than 4.1 ms.

RS B 8 DBo DBs IB, IBs IB: IB: [Bo IBF cannot be checked before this instruction.j
00 0 0 1 1 % * % %

Function set (Interface is 8 bits long.)

Wait for more than 100us.

RS B¢,DB, IBy IB; DB, DB, DB, DB, Diy [BF cannot be checked before this instruction.J
0 0 0 0 1 1 * *x * X%

Function set (Interface is 8 bits long.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the
execution instruction time. (See Table 4-1)

Function Set (Interface is 8 bits long.
RS By [Br DEy DBs DBy DBs DEs DE: DB Specifiy the number of display lines and
0 0 001 1 NF * x character font.)
00 00 001000 The number of display lines and character font
0 00 00000 0 1 cannot be changed afterwards.
I
000 0 olo o 11ps Display OFF

Display ON

Initialization ends.
nhaties nas Entry Mode Set
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(2) When interface is 4 bits long;

{ Power ON )

after Vgc ris

Wait more than 15 ms

es to 4.5V.

0 0 O

RS B¢ 18, 1B, 1B, IB,

0 1 1

l

Wait more than 4.1 ms.

RS Bg 18,
0 0 o

DB, DBs DB,
0 1 1

Wait for more

than 100us.

RS Bg 0B,
0 0 0

DBy DB; DB,
0 1 1

RS BwDB'lmomlmc

0 1

© ol Ol o|e oo
© o|e Ol ol oo
o ol o|l= o|2 o|o

1
*
0
[
0
0
0

- o|lo oo o|™ o
» o|= o|lo o|*% oo

-

4}

Initialization ends.

|
|

|

IBF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

[BF cannot be checked before this instruction. 41

Function set (Interface is 8 bits long.)

IBF cannot be checked before this instruction.

Function set (Interface is 8 bits length.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the
execution instruction time. (See Table 4-1)

Function Set (Set interface to be 4 bits long.)
Interface is 8 bits length.

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 afterwards.

Display OFF

Display ON

Entry Mode Set
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B INSTRUCTION i

® Qutline SECTION
Only two HD44780 registers, the Instruction Register (IR) and the Data
Register (DR) can be directly controlled by the MPU. Prior to internal

operation start, control information is temporarily stored in these reg-

isters, to allow interface from HD44780 internal operation to various types
of MPUs which operate in different speeds or to allow interface to peri-
pheral control ICs. HD44780 internal operation is determined by signals
sent from the MPU. These signals include register selection signals (RS),
read/write signals (R/W) and data bus signals (DBy ~DBy), and are called
instructions, here. Table 5 shows the instructions and their execution

time. Details are explained in subsequent sections.

Instructions are of 4 types, those that,

(1) Designate HD44780 functions such as display format, data length, etc.
(2) Give internal RAM addresses.

(3) Perform data transfer with internal RAM

(4) Others

In normal use, category (3) instructions are used most frequently. However,
automatic incrementing by +1 (or decrementing by -1) of HD44780 internal
RAM addresses after each data write lessens the MPU program load. The dis-
play shift is especially able to perform concurrently with display data
write, enabling the user to develop systems in minimum time with maximum
programing efficiency. For an explanation of the shift function in its

relation to display, see Table 7.

When an instruction is executing during internal operation, no instruction
other than the busy flag/address read instruction will be executed.
Because the busy flag is set to "1" while an instruction is being executed,

check to make sure it is on "1" before sending an instruction from the MPU.
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(Note) 1. Make sure the HD44780 is not in the busy state (BF=0) before send-
ing the instruction from the MPU to the HD44780. 1If the instruc-
tion is sent without checking the busy flag, the time between
first and next instructions is much longer than the instruction

time. See Table 5 for a list of each instruction execution time.

2. After execution of a CG RAM/DD RAM data write or read instruction, the
RAM address counter is increased or decreased by 1. The RAM address
counter is updated after the busy flag turns off. Suppose that the

time elapses after the busy flag turns off until the address counter is

updated is taApD.

Busy signal Busy state—f
(DB7 pin)

Address counter
(DBQ to DBg pins) A

tapp depends on the operation frequency.

tADD

tapp(sec) = 1.5/fcp or fosc

G HITACHI
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Table 5 Instructions

SECTION

Execution time

. Code P (max)
Instruction goTo 7o, [DBg [DBs |DB, |DB5] DB, [DB; DBy Description (vhen fcp or
fosc is 250kHz)
Clear Clears entire display and sets
Désplay 0/]0 0|0 |00 0|0 |0 |1l |DDRAM address O in address 1.64ms
counter.
Sets DD RAM address 0 in adress
Ret: counter. Also returns display
l-lom:m 000 {00 {0 |0f0]|1]|* | being shifted to original 1.64ms
position. DD RAM contents
remain unchanged.
Sets cursor move direction and
Entry ol o olo olo 0 1 nl s specifies shift of display. 40
Mode Set u These operations are performed ms
during data write and read.
Display Sets ON/OFF of entire display
ON/OFF ojlo|oflofo|ol1|p|c|s]|®, cursor ONJOFF (C), and 40ys
Control blink of cursor position
character (B).
Cursor or Moves cursor and shifts display
Display 0/0 0|0 |0 |1 s/CIR/L| * | * [without changing DD RAM 40ys
Shift contents.
Sets interface data length (DL)
ti g ’
funceion 1o)o fo |0 |1 |oL|N |F |* |# faumber of display lines (L) 40us
and character font (F).
Sets CG RAM address. CG RAM
izctlr(e::sm ofojfo0 |1 . ACG data is sent and received 40us
after this setting.
Sets DD RAM address. DD RAM
D RAM
izsrenss ojo |1 ADD data is sent and received after 40us
this setting.
Read Reads Busy flag (BF) indicating
Busy Flag ol 1 |B8F AC internal operation is being Oys
& Address performed and reads address

counter contents.

Write Data

to CG or 1j0 Write Data Writes data into DD RAM or 40us
DD RAM CG RAM. tapp=6ns (Note 2)
Read Data
from CGor |1 | O Read Data ﬁzagzxdata from DD RAM or 40us
DD RAM : tADD=6ng (Note 2)
I/D=1 : Increment DD RAM : Display data RAM Execution time
I/P=0 : Decrement CG RAM : Character generator RAM|changes when
S =1 : Accompanies display shift. Acc : CG RAM address frequency changes.
S/C=1 : Display shift App : DD RAM address.
S/C=0 : Cursor move Corresponds to cursor ‘(’hExamzle)o fos
R/L=1 : Shift to the right. address. i er2170;:z'r osc
R/L=0 : Shifts to the left. AC : Address counter used s )
DL =1 : 8 bits, DL=0 : 4 bits. for both DD and CG RAM 250 K
. 40Us X=S==37us
N =1 : 2 lines, N=0 :1 line address. 270
F =1 : 5x10 dots, F=0 :5x7 dots
BF =1 : Internally operating
BF =0 : Can accept instruction
* No Effect
G HITACHI

Hitachi America Ltd.  Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 129



HD44780, HD44780A (LCD-II)

130

Description of Details

®

(2)

(3)

Clear Display

RS R/WDBJ—— DBy

Code olojojfojojo|j0O0]J0O0]oO]1

Writes space code "20" (hexadecimal) (character pattern for character
code "20" must be blank pattern) into all DD RAM addresses. Sets DD
RAM address 0 in address counter. Returns display to its original
status if it was shifted. In other words, the display disappears and
the cursor or blink go to the left edge of the dispaly (the first
line if 2 lines are displayed). Set I/D=1 (Increment Mode) of Entry
Mode. S of Entry Mode doesn't change.

Return Home

RS R/WDBj ———————— DB

Code oj0jO0lO0OlOfO0OfO] O] Of *

* Don't care

Sets the DD RAM address 0 in address counter. Returns display to its
original status if it was shifted. DD RAM contents do not change.
The cursor or blink go to the left edge of the display (the first
line if 2 lines are displayed).

Entry Mode Set

RS R/WDBy— ———————DBg

Code ofo0ojo0|j0|O0O}JO]OfO|I/D S

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 the DD RAM.
The cursor or blink 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 or to the left
when S is 1; to the left when I/D=1 and to the right when I/D=0.

Thus it looks as if the cursor stands still and the display moves.

The display does not shift when reading from the DD RAM when
writing into or reading out from the CG RAM does it shift when
s=0.
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(4) Display ON/OFF Control

RS RAWDBy———— DB
7 i SECTION
Code 0jofo}|jO0|O0O|O0O]1 |D]|C]|B
D : The display is ON when D=1 and OFF when D=0. When off due to 1

D=0, display data remains in the DD RAM. It can be displayed
immediately by setting D=1.

C : The cursor displays when C=1 and does not display when C=0.
Even if the cursor disappears, the function of I/D, etc. does
not change during display data write. The cursor is displayed
using 5 dots in the 8th line when the 5 X 7 dot character font
is selected and 5 dots in the llth line when the 5 x 10 dot

character font is selected.

B : The character indicated by the cursor blinks when B=1l. The
blink is displayed by switching between all blank dots and
display characters at 409.6ms interval when fcp or fosc=250kHz.
The cursor and the blink can be set to display simultaneously.
(The blink frequeggg changes according to the reciprocal of fcp

or fosc. 409.6 X 270 = 379.2ms when fcp=270kHz.)

g HE

Cursor.
5x7 dot character 5%10 dot character Alternating display
font font

(a) Cursor Display Example (b) Blink Display Example

(5) Cursor or Display Shift

RS R/W DByj— ———————— DB

o

Code 0 0}]0 |0 |1 [S/CIR/L| * | *

* Don't care

Shifts cursor position or display to the right or left without writing
or reading display data. This function is used to correct or search
for the display. 1In a 2-line display, the cursor moves to the 2nd
line when it passes the 40th digit of the lst line. Notice that the
1st and 2nd line displays will shift at the same time. When the dis-
played data is shifted repeatedly each line only moves horizontally.
The 2nd line displav does not shift into the 1lst line postion.
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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. )

Address counter (AC) contents do not change if the only action per-

formed is shift display.

(6) Function Set i

RS R/WDBj——— DBy

x| %
Code | 0 l 0 I 0 I 0 , L l DLIN|F * (Don't care)

DL : Sets interface data length. Data is sent or received in 8 bit
lengths (DB7 ~DBg) when DL=1 and in 4 bit lengths (DB7 ~DB4)
when DL=0. .
When the 4 bit length is selected, data must be sent or received

twice.
N : Sets number of display lines.

F : Sets character font.

(Note) Perform the function at the head of the program before
executing all instructions (except "Busy flag/address
read"). From this point, the function set instruction
cannot be executed unless the interface data length is

changed.
NF gz;pizy lines g:izaCter ?:zZor Remarks
00 1 5 x7 dots 1/8
01 1 5 x10 dots | 1/11
1 * 2 5 x7 dots 1/16 | Cannot display 2 lines with
5 x10 dot character font.

* (Don'"t care)

GO HITACHI
132 Hitachi America Ltd. e Hitachi Plaza * 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HD44780, HD44780A (LCD-II)

(7) Set CG RAM Address

RS R/W DBy DB SECTION
cote [0]o o1 alalalalala]
Higher Lower N 1
Order Bits  Order Bits

Sets the CG RAM address into the address counter in binary AAAAAA.
Data is then written or read from the MPU for the CG RAM.

(8) Set DD RAM Address

RSR/WDBj———— DBy

Code 0 0 1 A|A|A|A|A|A]|A
Higher Lower N
Order Bits Order Bits

Sets the DD RAM address into the address counter in binary AAAAAAA.

Data is then written or read from the MPU for the DD RAM.

However, when N=0 (1-line display), AAAAAAA is "00" ~"4F" (hexadecimal).
when N=1 (2-line display), AAAAAAA is "00" ~"27" (hexadecimal)
for the first line, and "40" ~"67" (hexadecimal) for the

second line.

(9) Read Busy Flag and Address

RSR/WDBy ——~~~_—DBp

Code 0 1 |BF | A A A A A A A
Higher Lower
Order Bits Order Bits

Reads the busy flag (BF) that indicates the system is now internally
operating by a previously received instruction. BF=1 indicates that
internal operation is in progress. The next instruction will not be
accepted until BF is set to "0". Check the BF status before the

next wire operation.

At the same time, the value of the address counter expressed in binary
AAAAAAA is read out. The address counter is used by both CG and DD
RAM addresses, and its value is determined by the previous instruction.

Address contents are the same as in Items (7) and (8).
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(10)

11)

134

Write Data to CG or DD RAM

RS R/W DHy DBg

Code 1 O|D|D|D|D|D|D|D|D
Higher Lower

Order Bits Order Bits

Writes binary 8 bit data DDDDDDDD to the CG or the DD RAM.

Whether the CG or DD RAM is to be written into is determined by the
previous specification of CG RAM or DD RAM address setting. After
write, the address is automatically incremented or decremented by 1
according to entry mode. The entry mode also determines display
shift.

Read Data from CG or DD RAM

RS R/W DBy DBg

Code 1|1(D{D|D|(D|D|D|D|{D
Higher Lower N

Order Bits Order Bits

Reads binary 8 bit data DDDDDDDD from the CG or DD RAM.

The previous designation determines whether the CG or DD RAM is to be

read. Before entering the read instruction, you must execute either

the CG RAM or DD RAM address set instruction. If you don't, the

first read data will be invalidated. When serially executing the

"read" instruction, the next address data is normally read from the

second read. The "address set" instruction need not be executed just
before the '"read" instruction when shifting the cursor by cursor
shift instruction (when reading out DD RAM). The cursor shift in
struction operation is the same as that of the DD RAM's address set

instruction.

After a read, the entry mode automatically increases or decreases the
address by 1. However, display shift is not executed no matter what

the entry mode is.

(Note) The address counter (AC) is automatically incremented or
decremented by 1 after "write" instructions to either CG RAM
or DD RAM. RAM data selected by the AC cannot then be read
out even if '"read" instructions are executed. The conditions

for correct data read out are: execute either the address set
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instruction or cursor shift instruction (only with DD RAM),
just before reading out execute the '"read" instruction from

the second time the '"read" instruction is serial. SECTION

B HOW TO USE THE HD44780 1

® Interface to MPU

(1) Interface to 8-bit MPU
RS

W/ N

S o W N A N/ NN
Internal |  Internal Operation  |_ }_—

S 1 XYY 7/, N1 1 O, R Y

Instruction
Write

Busy Flag
Check

Busy Flag
Check

Instruction
Write

Busy Flag
Check

Fig. 5 Example of Busy Flag Check Timing Sequence

C) When connecting to 8-bit MPU through PIA

Fig. 6-2 is an example of using a PIA or I/0 port (for single chip
microcomputer) as an interface device. Input and output of the

device is TTL compatible.

In the example, PBy to PB7 are connected to the data buses DBy to
DB7 and PAQ to PA2 are connected to E, R/W and RS respectively.

Pay attention to the timing relation between E and other signals

when reading or writing data and using PIA as an interface.

Ars @, 18

Ay Cs, PA: RS COM, ~ |+

A CS8o PA, W COM, , Conn?cted

A,y RS, to Liquid
HD68B00 Ao RS, PAo g HD44780 Crystal

RW RW SEG,~ 40 Display

vy_: :D__q E HD68B21 . SEC,, ""

PBo~PB1 » DBo~DB1
DBo~DBs |=—% Do~D~

HD68B00: 8 bit CPU

Fig. 6 Example of Interface to HD68B00 Using PIA (HD68B21)
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@ Connecting directly to the 8-bit MPU bus line

A
%

HD68 00

@ Example of interfacing to the HD6805

Ag~Aq

HDB805 Co

8
Z.

Cy

COM, 16
E ~COMy o —F~—>
HD44T80 Connected
ns to LCD.
R
W SEG, 49
~SEG,,
DBo~DBq
coM 16
DBo~DB, N‘CO]IM“ fot
HD44780 Connected
E to LCD.
4
RS SEG ._.ﬁE -
~SEuo
Rw

@ Example of interfacing to the HD6301

HD8301 P,

~Piq

RS 16

COM,
RAW ~COMys [
E Connected

HD4 4780
D to LCD.

DBo~DB~ 40

SEG, |—~—»

~SEGyo

\
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(2) 1Interface to 4-bit MPU

The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU I/O
port. If the I/O port has enough bits, data can be transferred in

8-bit lengths, but if the bits are insufficient, the transfer is made 1

SECTION |

in two operations of 4 bits each (with designation of interface data

length for 4 bits). In the latter case, the timing sequence becomes

somewhat complex. (See Fig. 7)
Fig. 8 shows an example of interface to the HMCS43C.

Note that 2 cycles are needed for the busy flag check as well as the

data transfer. 4-bit operation is selected by program.

RS
rw — / ‘\
EM/U\/\/\W—}
Internal _____ [Internal b [ —

Operation

o8 TN TN e NN A bess [FNA TN ENT,

Instruction | Busy Flag } Busy Flag |Instruction

Write Check Check Write

(Note) 1IR7, IR3: Instruction 7th bit, 3rd bit
AC3 : Address Counter 3rd bit

Fig. 7 An Example of 4-bit Data Transfer Timing Sequence

Dis RS 16
Du RW cgglw,[~ Connected
16 . .
HMCS E HD44780 to Liquid
43C 18 Crystal
40 Display
. SEG,~ [
Rio~Ris + DB.~DBs; SEG,,

HMCS43C: Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C
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Interface to Liquid Crystal Display

(1) Character Font and Number of Lines
The HD44780 can perform 2 types of display, 5 x7 dots and 5 Xx10 dots
as character font, with a cursor on each.
Up to 2 lines are displayed with 5 X7 dots and 1 line with 5 x10 dots.
Therefore, three types of common signals are available:
| Number of Number of Duty
Lines Character Font Common Signals | Factor
1 5 %7 dots + Cursor 8 1/8
1 5 x10 dots + Cursor 11 1/11
2 5 x7 dots + Cursor 16 1/16
Number of lines and font types can be selected by program.
(See to Table 5 Instruction)
(2) Connection to HD44780 and Liquid Crystal Display
Fig. 9 (1) and (2) show connection examples.
COM;
CO:Mg
HD44780
S§G. _______________________ Liquid Crystal
: Display Panel
H (8 characters
SEGs x 1 lines)

(a) Example of a 5 x7 dot, 8 character X 1 line Display

(1/4 Bias, 1/8 Duty)
com, i
SEG,
SE:G-,,

138

Liquid Crystal

Display Panel
(8 characters
X 1 line)

(b) Example of a 5 x10 dot, 8 character X 1 line Display
(1/4 Bias, 1/8 Duty)

Fig. 9 (1) Liquid Crystal Display and Connections to HD44780
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COM,

H SECTION
COMs
COM, 1
COM ;6

HD44780

SEG [ Liquid Crystal

H ——— 1 L 1 Display Panel

(8 characters

: X 2 lines)

SEGew

(c) Example of 5 X7 dot, 8 character X 2 lines Display
(1/5 Bias, 1/16 Duty)

Fig. 9 (2) Liquid Crystal Display and Connection to HD44780

Since 5 signal lines at the SEG can display one digit, one HD44780 can
display up to 8 digits for l-line display and 16 digits for 2-line
display.

In Fig. 9 examples (a) and (b), there are unused common signal termi-
nals, non-selection waveforms which always output. When the liquid
crystal display panel has unused extra scanning lines, avoid unde-
sirable influences due to cross-talk in the floating state by con-

necting the extra scanning lines to these common signal terminals.

COM;

COM; |—7

comy |-
HD44780

SEG,

SEG4o

5 X7 dot, 8 character X 1 line Display (1/4 Bias, 1/8 Duty)

Fig. 10 Using COMg to Avoid Cross-talk on Unneeded Scanning Line
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3

In the preceding examples, the number of lines was matched to the
number of scanning lines.

by changing the matrix layout in the liquid crystal display panel.

Connection of Changed Matrix Layout

The following display types are possible

COM,

COM,

S[‘;Gl

HD#44780 :

SEGq

coM,

COM, ,

SEG,
SEGao
CoM,

COMs

HD44780

SEG2

SEGq4o

5 x7 dot, 16 character X 1 line Display
(1/5 Bias, 1/16 Duty)

In either case, the only change is the layout.
stics and the number of liquid crystal display characters are depend-
Note that the

5 x7 dot, 4 character X 2 line Display
(1/4 Bias, 1/8 Duty)

Changed Matrix Layout Displays

ent on the number of common signals (or duty factor).

display data RAM (DD RAM) addresses for 8 characters X 2 lines and

16 characters x 1 line are the same as shown in Fig. 9.
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® Power Supply for Liquid Crystal Display Drive

Various voltage levels must be applied to HD44780 terminals Vi to V5 to
¢ SECTION
obtain liquid crystal display drive waveforms. The voltages must be

changed according to duty factor. Table 6 shows the relation. 1

Table 6 Duty Factor and Power Supply for Liquid Crystal Display Drive

ty&ggg[ % % %
i L T ;
Vi Vee = Y Vien Vee = % Vien
\£] Vee = % Vieo Vee — % Vien
\E Vee = % Vieo Vee = %Vien
\A Vee = % Viep Vee = %Vien
Vs Vee = Vien Vee = Vien

Vicp gives the peak values for liquid crystal display drive waveforms.

Resistance dividing provides each voltage as shown in Fig. 13.

Vee (+5V) Vee (+5V)
Vee - Vece 'R
<>R <
Vi 3 Vi 3
2R 3R
V2 3 Vo
Vs | VLep Vs E VLep
Vy Vy ]
2R 3R
Vs Vs
27 VR AW
s
=5V -5V
(a) 1/4 Bias (b) 1/5 Bias
(1/8, 1/11 Duty) (1/16 Duty)

Fig. 13 Drive Voltage Supply Example
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® Relation between Oscillation Frequency and Liquid Crystal Display Frame
Frequency

The following examples of liquid crystal display frame frequency apply
only when oscillation frequency is 250kHz. (1 clock = 4us)

f (1) 1/8 Duty

400 clock
|1:‘z|s|4| ...... [ ]1]>

Vee

COM; Vi
V2 (Vs)

Ve

Vs

|-—————1 frame — 4

1 frame = 4 (us) % 400 x 8 = 12800 (us) = 12.8 (ms)

= 78.1 (Hz)

1
Frame frequency = m

(2) 1/11 Duty

Vee
CcaM, Vi
Va(Vs)
Ve

Vs [
1 frame *——-I
1 frame = 4 (us) X 400 x 11 = 17600 (us) = 17.6 (ms)

Frame frequency = mlm = 56.8 (Hz)

(3) 1/16 Duty

S 200 clock

"_1°z|s|4| ------ | 18] 1 2

Vee
\f
oo, V,
Vs
\3
Vs

o ]

1 frame = 4 (us) x 200 x 16 = 12800 (us) = 12.8 (ms)

1
Frame frequency = 12.8 ms) 78.1 (Hz)
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@ Connection with Driver LSI HD44100H

You can increase the number of display digits by externally connecting a

liquid crystal display driver LSI HD44100H to the HD44780.

SECTION

When connected to the HD44780, the HD44100H is used as segment signal 1
driver. The HD44100H can be connected to the HD44780 directly since it
supplies CLj, CL2, M and D signals and power for liquid crystal display

drive. Fig. 14 shows a connection example.

Caution: Connection of voltage supply terminals V; through Vg for liquid

crystal display drive is complicated.

Up to 9 units of the HD44100H can be connected for 1-line display (duty
factor 1/8 or 1/11) and up to 4 units for the 2-line display (duty factor
1/16). RAM size limits the HD44780 to a maximum of 80 character display
digits. The connection method in Fig. 14 remains unchanged for both

1-line and 2-line display or both 5 X7 and 5 X10 dot character fonts.

G HITACHI
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IHOVLIH ®

COM,~COM, ,
( COM; ~COMs)

SEG, ~SEG,,

16 (8) X

Dot Matrix Liquid Crystal Display Panel

40
? r To
. Y, ~
DL,

HD44100H HD 44100 H HD44100H
Y"’DR»; OpRy L —_ —Jdp, Y1 ™~ Y.DR,
— FCS — FCS __lFcs
] SHL, DL. ] ] sHL DL, ] ] SHL, DL, ]
— SHL, DR, —1S DR, +— SHL, DR,
52 Fdsnee i = asne

CL,

CL2

Vee
GN!

\8

Vs

Vs

HD44780

Fig. 14 Example of Connecting HD44100H to HD44780
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® Instruction and Display Correspondence

(1) .8-bit operation, 8-digit X 1-line display (using internal reset)

SECTION

Table 7 shows an example of 8-bit X 1-line display in 8-bit operation.

The HD44780 functions must be set by Function Set prior to display. 1

Since the display data RAM can store data for 80 characters, as ex-

plained before, the RAM can be used for displays like the lightening

board when combined with display shift operation.

Since the display shift operation changes display position only and
DD RAM contents remain unchanged, display data entered first can be

output when the return home operation is performed.

(2) 4-bit operation, 8-digit X 1-line display (using internal reset)

The program must set functions prior to 4-bit operation. Table 8
shows an example. When power is turned on, 8-bit operation is auto-
matically selected and the first write is performed as an 8-bit
operation. Since nothing is connected to DBg ~DB3, a rewrite is then
required. However, since one operation is completed in two accesses

of 4-bit operation, a rewrite is needed as a function (see Table 8).

Thus, DB, ~DB7 of the function set is written twice.

(3) 8-bit operation, 8-digit X 2-line display

For 2-line display, the cursor automatically moves from the first to
the second line after the 40th digit of the lst line has been written.
Thus, if there are only 8 characters in the first line, the DD RAM
address must again be set after the 8th character is completed.

(See Table 9) Note that the first and second lines of the display
shift are performed. In the example, the display shift is performed
when the cursor is on the second line. However, if shift operation
is performed when the cursor is on the first line, both the first and
second lines move together. When you repeat the shift, the display
of the second line will not move to the first line, the same display

will only move within each line many times.

(Note) When using the internal reset, the conditions in "Power
Supply Condition Using Internal Reset Circuit" must be
satisfied. If not, the HD44780 must be initialized by

instruction. (See "Initializing by Instruction")
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Table 7 8-bit Operation, 8-digit 1-Tine Display Example(Using Internal Reset)

No. Instruction Display Operation
Power supply ON (HD44780 .
1] is initizgiZed by the :: Initialized. No display
internal reset circuit) appears.
Sets to 8-bit operation
Function Set and selects 1l-line display
2 |RSR/WDB; ———___DBg [:::::::::::] lines and character font.
000 00 110 0 % * (Number of display lines
and character fonts cannot
be changed hereafter.)
Turns on display and cur-
3 Display ON/OFF Control [:::::::::::] sor. Entire display is
00 000 01110 in space mode because of
initialization.
Sets mode to increment the
address by one and to
4 Entry Mode Set [:::::::::::] shift the cursor to the
0 00 0 0O OOT1T10 right at the time of write
to the DD/CG RAM.
Display is not shifted.
Write "H". The DD RAM has
already been selected by
Write Data to CG RAM/DD RAM initialization when the
5 10010071000 E:poweristurnedon.
The cursor is incremented
by one and shifted to the
right,
Write Data to CG RAM/DD RAM
6 nyn
100100100 1 HI Writes "I".
7 . .
Write Data to CG RAM/DD RAM -
811001001 00 1 |LALTACHL ] Writes "I".
9 Entry Mode Set Sets mode for display
000000 GO0 T1 1 1 |[AiTAcat_||Shift at the time of
write.
Write Data to CG RAM/DD
10 1~r Oe Oa g ; g 0 /g gAMO ITACHI Writes "Space".
Write Data to CG RAM/DD RAM . .
11 1001001101 TACHI M _ Writes "™M".
12 : :
@ HITACHI
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Write Data to CG RAM/DD RAM

e~ MM
1001001111 Writes "0".

MICROKO

SECTION

Cursor or Display Shift

Shifts only the
0 0 0001 0 0 * =

position to the

cursor

MICROKO
= left.

|

Cursor or Display Shift
0 0 0001 0 0 *x =

Shifts only the
position to the

cursor

MICROKO left.

Writes "C" (correction).
Write Data to CG RAM/DD RAM
16
1 0010000 1 1 ICROCO The display moves to the
left.
. . Shifts the display and
Cursor or Display Shift D
719 0000 1 1 1 % * MICROCO cursor position to the
right.
Cursor or Display Shift Shifts display and cursor
MI
810000010 1 %x % CROCO_] | osition to the right.
Write Data to CG RAM/DD RAM
19 tces .
100100110 1 ICROCOM_ Writes "M
20 : .
Returns both display and
Ret H
21 eturn Home HITACHI cursor to the original

0 0 000 0 0O O 1O

position (Address 0).

G HITACHI
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Table 8 4-bit Operation, 8-digit 1-1ine Display Example
(Using Internal Reset)

No. Instruction Display Operation

Power supply ON (HD44780

1| is initigiized by the [:::::::::::] Initialized. No display
internal reset circuit) appears.
Sets to 4-bit operation.

Function Set In this case, operation is
handled as 8 bits by ini-

2 [RS R/W DB7 — DB —

0 g 0 75"I 04 tialization, and only this
instruction completes with
one write.

Sets 4-bit operation and
selects 1l-line display and
5x7 dot character font.

Function Set 4-bit operation starts

3{o0 00010 [ 1 | from this point on and

0 0 0 0 * * resetting is needed.
(Number of display lines
and character fonts cannot
be changed hereafter.)

Display ON/OFF Control Turns on display and cur-

, | Septay ON/OFE Contro [C] |sor. Batire display is in

001110 space mode because of ini-
tialization.

Sets mode to increment the
address by one and to

Entry Mode Set shift the cursor to the

5/0 0 0 000 [:::::::::::] right, at the time of

00 0 110 write, to the DD/CG RAM.
Display is not shifted.

Write Data to CG RAM/DD RAM Writes "H".

6/1 0 0 1 0 O [:;:::::::::] The cursor is incremented

101000 by one and shifts to the
right.

Hereafter, control is the same as 8-bit operation.
GO HITACHI
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Table 9 8 bit Operation, 8-digit x 2 1ine Display Example
(Using Internal Reset)

No. Instruction Display Operation
Power supply ON (HD44780 X .
1 | is intialized by the Initialized. No display
internal reset circuit) appears.
Function Set Sets to 8-bit operation
2 [RS R/W DBy DBg and selects 2-line display
0 0 0 01 1 1 0 * % and 5%X7 dot character font.
Turns on display and cur-
3 Display ON/OFF Control = sor. All display is in
0 0 000 01110 space mode because of
initialization.
Sets mode to increment the
address by one and to
4 Entry Mode Set = shift the cursor to the
0 0000 O0O0T1T10 right, at the time of
write, to the DD/CG RAM.
Display is not shifted.
Writes "H". The DD RAM has|
has already been selected
Write Data to CG RAM/DD RAM H by initialization when
5 the power is turned on.
10 01 0 01 0 0O o s
The cursor is incremented
by one and shifted to the
right.
6 . .
Write Data to CG RAM/DD RAM npn
7 1001001001 HITACHI Writes "I".
Sets RAM address so that
8 Set DD RAM Address HITACHI the cursor is positioned
0 0 11 0 0 0 O0 OO at the head of the 2nd
line.
Write Data co CG RAM/DD RAM HITACHI e
100100110 1]|[™ Writes M.
10 : .
Write Data to CG RAM/DD RAM HITACHI . R
M1170 0100111 1|[Microco ||Mrites "0"
1
12 | Entry Mode Set AITACHT Sﬁ;;’tm°_:et}fl°rtgizpo?y
0 00 00O0O0OT1T1 1| [MICROCO shitt at the tim
write.
@ HITACHI
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Writes "M". Display is
13 | Write Data to CG RAM/DD RAM | [TTACHT shifted to the right.

( 1 00 100 110 1| TCROoCOoN The first and second
lines' shift are operated
at the same time.

14 : :
15 "Return Home AITACHT Returns both display and
0 00 00 O0OTU O 10| MICROCOM cursor to the original
position (Address 0).

150

@ HITACHI

Hitachi America Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300




HD44780, HD44780A (LCD-II)

MODIFYING CHARACTER PATTERNS

(1) Character Pattern Development Procedure

SECTION
Hitachi User 1
‘ Start ’
Computer
processing Determine ®'
character patterns

I

Create character ®

pattern listing
Create EPROM @
address data listing

]

Evaluate character

patterns
Write EPROM ®
Back to EPROM—
start Hitachi @®
Art work
Masking
Trial
Sample

Sample
evaluation

NO

Mass production

Fig. 15 Character Pattern Development Procedure
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The numbers in the above figure correspond to the following operations:

D)

(2)

(3

(4)

(€))

(6)

Determine the correspondence between character codes and character

patterns.

Create a listing indicating the correspondence between EPROM addresses

and data.
Program character patterns in the EPROM.
Send the EPROM to Hitachi.

Hitachi performs computer processing with the EPROM to create a

character pattern listing and sends it to the user.

If there is no problem in the character pattern listing, Hitachi
creates LSI for trial and sends samples to the user. The user
evaluates the samples. When it is confirmed that character patterns

are correctly written, mass production of LSI is started.

Programming Character Patterns

This section explains the correspondence between addresses and data
used to program character patterns in EPROM. The LCD-II character
generator ROM can generate 160 5 X 7-dot character patterns and 32
5% 10-dot character patterns in total of 192 different character

patterns.

G HITACH!
Hitachi America Ltd. # Hitachi Plaza e 2000 Sierra Point Pkwy. e Brishane, CA 94005-1819 e (415) 589-8300



HD44780, HD44780A (LCD-II) ;

2,1 5 x7-dot Character Pattern j

For a 5% 7-dot character pattern, EPROM address data and character

SECTION

pattern correspond with each other as shown below. Table 10 Example
of correspondence between EPROM address data and character pattern
(5% 7 dots).

Table 10 Example of Correspondence between EPROM Address Data and
Character Pattern (5x7 dots)

EPROM address Data
. {LSB!}
< <€ < @ £ £ £ £ £ € <SS S S S S

Fill line 8 (cursor position)
with O.

v

Character code Line position

(1) EPROM addresses Ajp to A3 correspond to a character code.

(2) EPROM addresses Ap to Ag specify a line position of character pattern.
(3) EPROM data 04 to O correspond to character pattern data.

(4) A 1lit display position (black) corresponds to "1".

(5) Fill line 8 (cursor position) of character pattern with 0.
(6) EPROM data Os to 07 are not used.
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2.2 5x%10-dot Character Pattern

For a 5 x10-dot character pattern, EPROM address data and character

pattern correspond with each other as shown below.

Table 11

Example of Correspondence between EPROM Address Data
and Character Pattern (5x10 dots)

EPROM address Data

£
<

- -
< <

< < £ < <

Fill line 11 (cursor position)
with O.

2.3

Character code

(1)

(2)

3)
4)
5)
(6)

Line position

EPROM addresses Ajgp to A3 correspond to a character code. Set Ag

and Ag of character pattern line 9 and later lines to O.

EPROM addresses A2 to Ag specify a line position of character

pattern.

EPROM data O4 to Og correspond to character pattern data.
A 1lit display position (black) corresponds to "1".

Fill line 11 (cursor position) of character pattern with O.

EPROM data 05 to 07 are not used.

Handling Unused Character Patterns

@

(2)

EPROM data outside the character pattern area
It is ignored by the character generator ROM for display operation
so that it can be 0 or 1.

EPROM data in CG RAM area
It is ignored by the character generator ROM for display operation

so that it can be 0 or 1.
@HITACHI
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(3) EPROM data used when the user does not use any LCD-II character |

pattern

It is handled in one of the two ways explained below. SECTION
Select one of the two ways according to the user application. l

1) When unused character patterns are not programed 1

If an unused character code is written in the LCD-II DD RAM,

all dots are lit. No programming for a character pattern is
equivalent to all bits lit. (This is because EPROM is filled
with 1 when the EPROM is erased.) }

2) Program O for unused character patterns
Nothing is displayed even if unused character codes are written

in LCD-II DD RAM. (It is equivalent to space.)

@ HITACHI
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HD66780 (LCD-1IA)

(Dot Matrix Liquid Crystal Display
Controller and Driver)

Description

The LCD-IIA (HD66780)is a dot matrix liquid
crystal display controller and driver LSI that
displays alphanumerics, kana characters, and
symbols. It drives a dot matrix liquid crystal
display under 4-bit or 8-bit microcontroller or
microprocessor control. All the functions
required for driving a dot matrix liquid crystal
display are internally provided on one chip.

Designers can complete dot matrix liquid
crystal display systems with fewer chips by
using the LCD-IIA (HD66780). If a driver LSI
(HD44100H or HD66100F) is connected to the
HD66780, up to 80 characters can be dis-
played.

The LCD-IIA is produced by the CMOS proc-
ess. Therefore, the combination of the LCD-
IIA with a CMOS microcontroller or micro-
processor can complete a portable battery-
driven device with low power dissipation.

Features

5 X 7and 5 X 10 dot matrix liquid crystal
display controller driver

Can interface to 4-bit or 8-bit MPU
Display data RAM : 80 X 8 bits (80 char-
acters, max)

Character generator ROM : 12000 bits ;
Character font 5 X10 dots : 240 characters
Character generator RAM : 64 X 8 bits ;
Character font 5x8 dots : 8 characters or
character font 5 X 11 dots : 4 characters
Both display data and character genera-
tor RAMs can be read from the MPU.
Internal liquid crystal display driver

—16 common signal drivers

—40 segment signal drivers (Can be
externally extended to 360 segments by
liquid crystal display driver HD44100H or
HDG66100F)

Duty factor selection (selectable by pro-
gram).

—1/8 duty: 1 line of 5 X 7 dots + cursor
—1/11 duty: 1 line of 5 X 10 dots + cursor
—1/16 duty: 2 lines of 5 X 7 dots + cursor
Maximum number of display characters
as shown in table 1

Wide range of instruction functions : Dis-
play clear, cursor home, display on/off,
cursor on/off, display character blink,
cursor shift, display shift

Internal automatic reset circuit at power
on (internal reset circuit)

Internal oscillation circuit

—External resistor or ceramic filter
—External clock operation possible
CMOS process

Single +5V logic power supply (exclud-
ing power for liquid crystal display drive)
Operation temperature range : -20°C to +
75°C (-40°C to +85°C device available
upon request)

80-pin plastic flat package (FP-80, FP-
80A)

Low power consumption

Ordering Information

Type No. Package
HD66780FS 80-pin plastic QFP (FP-80B)
HD66780FH 80-pin plastic QFP (FP-80A)
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Pin Arrangement

CimansasssBsS8s S SECTION
[CRCEGNURCRURURCHURURC AL RLRU AL
HBDHB DSBS D DG DG B G
SEGz ! SEGas SN M T ON 00O - NMYTWON® OO
SEGx ]2 SEGaso EE R R R R R
SEG0[ 3 COM;¢ 055t Bt B Db nndD DN
SEGi[]4 COM,s OONOONOONOOO0O0CCI00
SEGis [ 15 COM, 3RErERTIRNARIELEE3E%:
SEGy;[]6 COM3 SEG20 [ ]comie
SEG:e[_]7 COM,, SEGis[_|2 COM115
SEGs[_ |8 [Jcom,, SEG1s[_J3 COM14
SEGs[|9 [ ]COM,p SEG17 ]+ COM 13
SEGs[]10 55[-]COMs SEGre[ s COM12
SEGr. []11 547 COM, SEGis[Jo CoMn
SEG, [ 12 53[Jcom, SeGi [l L cono
SEGi0[]13 s2[Jcom Gl e Licoms
g SEGi2[_Jo [ ]coms
SEGs []14 s1]com;, SEG [0 com;
SEGs [_]15 50[C]COM, SEG10[]n COMe
SEG; |16 49[]COM; SEGe []12 COMs
SEGg 17 48] COM, SEGs[ |12 COM4
SEGs []18 47[Jcom, SEGy [+ COM3
SEG, (|19 46[_]1DB; SEGs |15 []comz
SEG; []20 45(_]DBs SEGs[_]te COM;
SEG; [ |2 44[_]DBs SEGa[]17 DBy
SEG: [[]22 43oB, SEG[ ] []08s
GND 23 42[]DB; SEG2 []'e [ ]0Bs
0SC; []24 a[JoB SEGy [0 (1084
VORNDVIPO-NMITNON O O 2 a8 - Ao YNNIV enR
AR EEEENEEEEEE
O O BRI P I PSS OSDRSE R IR T
5 2G09sSIILI982°R23 Y Sang
- LR -+
35595 ¥5g>5acxccdwaa oo
(FP-808) (FP-80A)
(Top-View)
Pin Description
No. of
Signal Lines 1/0 Connected to Function
RS 1 Input MPU Selects register
R/W 1 Input MPU Selects read or write
E 1 Input MPU Starts data read or write
DB7-DBo 8 1/0 MPU Bidirectional data bus
CL4 1 Output Driver LSI Serial data latch clock
CL2 1 Output Driver LSI Serial data shift clock
M 1 Output Driver LSI LCD waveform AC switch signal
D 1 Output Driver LSI Character pattern data
COM1-COM1g 16 Output LCD Common signals
SEG1-SEG40 40 Output LCD Segment signals
V1-Vs 5 Power supply LCD drive voltages
Vce,GND 2 Power supply +5V and ground
0SC1-0SC2 2 System clock
@ HITACHI
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Pin Function
RS (Register Select)

RS selects the register that the MPU is acces-
sing. RS=0 selects the instruction register for
MPU writes, and the busy flag and address
counter for reads. RS=1 selects the data reg-
ister for MPU reads and writes.

R/W (Read/Write)

R/W selects whether the MPU will read from
(R/W=1) or write to (R/W=0) the LCD-IIA.

E (Enable)

The MPU sets the E input high to signal the
start of the read/write operation.

DB;-DB, (Data Bus)

The bidirectional, three-state data bus, DBo-
DBy, transfers data between the MPU and the
LCD-IIA. DB can be used as the busy flag.
The lower-order four lines, DBo-DB4, are not
used in four-bit interface operation.

CL,, CL2 (Clock 1, Clock 2)

The CL; output signals the HD44100H or HD
66100F driver LSI to latch the serial data sent
on line D. The CL; output signals it to shift the
data.

M (Master AC Signal)
The HD44100H or HD66100F driver LSIs use

the M output to convert the LCD drive
waveform to AC.

D (Serial Data)

The LCD-IIA outputs serial character pattern
data corresponding to the common signals to
the HD44100H or HD66100F driver LSIs on D.

COM;-COM;¢ (Common)

COM;-COMj¢ are the LCD common lines.
Common signals that are not used are de-
selected. At 1/8 duty factor COMy-COM36 are
not used, so they output non-selected
waveforms. At 1/11 duty factor COM;2-COM;e
are not used, so they output non-selected
waveforms.

SEG:1-SEG40 (Segment)
SEG1-SEG4o are the LCD segment lines.
V1-Vs (LCD Voltages)

The LCD-IIA requires the V;-Vs voltages to
output LCD-driving waveforms.

Vece, GND (Power Supply, Ground)

Vecc is the LCD-IIA's logic power supply. GND
is the power supply ground.

OSC;, OSC: (Oscillator 1, Oscillator 2)

OSC; and OSC; are the connections for the
LCD-IIA system clock. The LCD-IIA can use
its internal oscillator if OSC; and OSC; are
connected to a resistor or ceramic filter. An
external clock can be input to OSC;.

Table 1. Number of Display Characters

No. of
Display Duty No. of Display
Lines factor Extension HD44100H HD66100F Characters
1-line 1/8, Not - - 8 charactersx 1 line
display é /11 provided
uty Proveded 9 pcs. 5 pcs. 80 characters X 1 line
(8 characters/pc.) (16 characters/pc.)
2-line 1/16 Not - - 8 characters X 2 lines
display  duty provided
Provided 4 pcs. (8 characters 2 pcs.(16 charac- 40 characters X 2 lines
x 2 lines/pc.) ters X 2 lines/pc.)
G HITACHI
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HD66780 Block Diagram

z s SECTION
3 o 5 L g
- 8 3
g g 2 a | | 5 S O o
3 =2 5 N Zz 3
o l0D 8 ﬂQJ w o 2 8 8 Q >Q
A
J l ' 1/0 Buffer
N Y
,—T Y 0 4~ T
Busy Data Instruction
Flag Register (DR) Register (IR)
‘|'~ ©
= Instruction
- \\ w
8 Character Decoder
© Generator
s © ~
g8 RAM N ‘
Qo
= 5 L (CG RAM) .
T &l Yt 512 bits y
358 = @)
R E Nl P
S 2¢ 2 3
s O § o E
a0 33
Character . N €0
o G Display Data
b enerator
© LY RAM |
ROM N (DD RAM
(CG ROM) 808 bi ) ~
12000 bits its S
c
! S
S
o
o [
< L Cursor Blink 8
5 Control Circuit (g, o
@2 £5
? Eg
o 40-bit 16-bit Shift = O
% Latch Circuit Register
77}
»
-9 \~$ \~(‘2
o
< - -
Segment Signal Common Signal A Y
Driver Driver
] 4 ©
o | g [ T .9
s8 s2 oos
ho 8o
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Block Function
Registers

The HD66780 has two 8-bit registers, an
instruction register (IR) and a data register
(DR).

The IR stores instruction codes such as dis-
play clear and cursor shift, and address
information for display data RAM (DD RAM)
and character generator RAM (CG RAM). The
IR can be written from the MPU but not read
by the MPU.

The DR temporarily stores data to be written
into the DD RAM or the CG RAM and data to
be read out from DD RAM or CG RAM. Data
written into the DR from the MPU is auto-
matically written into the DD RAM or the CG
RAM internally. The MPU also uses the DR for
data storage when reading data from the DD
RAM or the CG RAM. When the MPU writes
address information into the IR, the LCD-IIA
sends data to the DR from the DD RAM or the
CG RAM by internal operation. Data transfer
to the MPU is then completed by the MPU
reading DR. After the MPU reads the DR, the
LCD-IIA sends data in the DD RAM or CG
RAM at the next address to the DR for the
next read from the MPU. Register selector
(RS) signals select these two registers (table
2).

Busy Flag (BF)

When the busy flag is 1, the HD66780 is in the
internal operation mode, and instructions will
not be accepted. As table 2 shows, the busy
flag is output to DB; when RS=0 and R/W=1.
The next instruction must be written after
confirming that the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses

to DD and CG RAM. When an instruction for
address is written in IR, the address informa-
tion is sent from IR to AC. Selection of either
DD or CG RAM is also determined concur-
rently by the instruction.

After writing into (or reading from) DD or CG
RAM display data, AC is automatically in-
cremented by 1

(or decremented by 1). AC contents are out-
put to DBo-DBs when RS=0 and R/W=1, as
shown in table 2.

Display Data RAM (DD RAM)

The display data RAM (DD RAM) stores dis-
play data represented in 8-bit character
codes. Its capacity is 80 X 8 bits, or 80 char-
acters. The display data RAM (DD RAM) that
is not used for display can be used as general
data RAM. Relations between DD RAM ad-
dresses and positions on the liquid crystal
display are shown in figure 1.

The DD RAM adress (App) is set in the address
counter (AC) and is represented in hex-
adecimal.

When there are fewer then 80 display char-
acters, the display begins at the head positon.
For example, 8 characters using an HD66780
are displayed as shown in figure 2.

When the display shift operation is perfor-
med, the DD RAM address moves as shown in
figure 3.

A 16-character display using an HD66780 and
an HD44100H is shown in figure 4.

The relation between display position and DD
RAM address when the number of display
digits is increased through the use of one
HD66780 and two or more HD44100Hs can be
considered an extension of figure 4.

Since the increase can be 8 digits for each
additional HD44100H, up to 80 digits can be

Table 2. Register Selection

RS R/W Operation

0 0 IR write as internal operation (Display clear, etc)

0 1 Read busy flag (DB7) and address counter (DBo-DBsg)
1 0 DR write as internal operation (DR to DD or CG RAM)

DR read as internal operation (DD or CG RAM to DR)
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‘_Higher Order Lower Order__
Bits Bits
AC AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO
Hexa-
d:t):(imal ——/\— Hexadecimal———/
Example : DD RAM address 4E
1 0 0 1 1 1 0
4 F
1-line Display (N=0)
(Digit) 1 2 3 4 5 79 80 _ Display
Position
1-line 00 | 01 | 02 | 03 | 04 |  -oeeeevvvrmmmmmeremmemnannrnniiiiianns 4E | 4F {<~DD RAM
Address
(Hexadecimal)
Figure 1. DD RAM Address
(Digit) 1 2 3 4 5 6 7 8 ‘_Display
Position
1-line 00 | 01]|02/03|04]|05|06| 07 |<DDRAM
Address
(Hexadecimal)
Figure 2. Eight-Character Display Example
(Left
Shift 0102|0304 |05|06 |07 )08
Display)
(Right
Shift 4F | 00 |01 |02 {03 |04 |05 |06
Display)
Figure 3. Display shift
(Digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (_Display
: Position
1-line 00[01]02[03|04/05|06|07|08|09|0A|0B|0OC|OD|OE|OF|<DDRAM
Address
N\ 1HD66780 Display —— N HD44100H Display ——  (Hexadecimal)
(Left
Shift \ﬂ 02|03|04|05|06|07|08|09|0A|OB OC|OD|OE|OF]|10
Display) -
(Right
Shift 4F |00 |{01]02|03|04|05|06|07|08|09|0A|0B|OC|OD|OE
Display)

Figure 4. Sixteen-Character Display Example
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displayed by externally connecting 9
HD44100Hs.

The same holds when HD66100Fs are used as
display drivers. Consisting of 80 outputs, one
HD66100F can display 16 digits (figure 5).

When the number of display characters is
fewer than 40X 2 lines, the 2 lines from the

head are displayed. Note that the first line
end address and the second line start address
are not consecutive. For example, when an
HD66780 is used, 8 characters X 2 lines are
displayed as shown in figure 6.

When display shift is performed, the DD RAM
address moves as shown in figure 7.

(Digit)

1-line FO[N 02 03\04\05[06{0;';8‘09

1.2 3 45 6 7 8 9 1011121314151617 18 19 20 21 22 23 24 73 74 75 76 77 78 79 80

........................ Jesfssfenlee

\—— HD66780 ——\—— HD44100H ——/\— HD44100H(2) —\ HD44100H3~ 8 — \—— HD44100H®E) —/

Diaplay

Position
cfso]se]a] - D ram

OA OE|OF 13(14

[o]:] '0(:{00

10|11l|2

15\16‘17!

(Hexadecimal)
Displ: D‘TI D'TI D'L Displ:
ispla: ispla isplay ispla: isplay
Y \ Y A " A /
HD66100F( 1) HD66100F(2)—(4) HD66100F(5)
Display Display Display
The last 40 outputs of the HD66100F(5)
are not used.
2-line Display (N=1)
(Digit) 1 2 3 4 5 39 40 (_Display
Position
1-line 00| 01102 | 03| 04| @ corvereomemeeremminennnennens 26 | 27 |<DD RAM
Address
2-line 40 [ 41 [ 42 | 43 [ 44 | e 66 | 67 | (Hexadecimal)
Figure 5. Extended Display
(Digit) 1 2 3 4 5 6 7 8 (_Display
Position
1-line 00|01 {02|03|04|05|06 |07 |[~DDRAM
Address

2-line 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 (Hexadecimal)

Figure 6. Two-Line by Eight-Chasrcter Display Example

(Left 0102|0304 05|06 |07 |08
Shift
Display) | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48

(Right 27 |00 |01 |{02|03 |04 |05 06
Shift
Display) 67 |40 | 41 | 42 | 43 | 44 | 45 | 46

Figure 7. Two-Line Display Shift
@ HITACHI
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16 characters X 2 lines are displayed as in
figure 8 when an HD66780 and an HD44100H
are used.

The relation between diaplay position and
DD RAM address when the number of display
digits is increased by using one HD66780 and
two or more HD44100Hs, can be considered
an extension of figure 9.

Since the increase can be 8 digits X 2 lines for
each additional HD44100H, up to 40 digits X
2 lines can be displayed by connecting 4
HD66780s (or 2 HD66100Fs) externally.

Character Generator ROM (CG ROM)

The character generator ROM generates 5 X
7 dot or 5 X 10 dot character patterns from 8
-bit character codes. A CG ROM has 240
types of 5 X 10 dot character patterns built-

in. (Note; In a 5 X 7 dot + cursor display, only
the upper part, that is, 5 X 7 dots of 5 X 10
dots, is displayed.)

Table 3 shows the relation between charac-
ter codes and character patterns in the Hita-
chi standard HD66780A00. User-defined
character patterns are also available by mask
-programming ROM.

Character Generator RAM (CG RAM)

With the character generator RAM, the user
can rewrite character patterns by program.
With 5 X 7 dots, 8 character patterns can be
written and with 5 X 10 dots 4 patterns can
be written.

Write the character codes in the left columns
of table 3 to display character patterns stored
in CG RAM.

(Digit) 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 _ Display
Position
1-line 00|01 [{02|03|04|05|06 |07 08|09 |0A|0B|OC|OD|OE|OF|<DDRAM
Address
2-line 40 | 41 |42 |43 |44 |45 |46 |47 | 48 |49 | 4A | 4B | 4C | 4D | 4E | 4F | (Hexadecimal)
N\ HD66780 Display HD44100H Display ———/
(Left 01]02|03|04|05|06|07|08|09|0A|0B|OC|OD]|OE]|OF]|10
Shift
Display) | 41 |42 |43 |44 |45 |46 |47 |48 | 49 |4A | 4B | 4C | 4D | 4E | 4F | 50
(Right T27 00| 01/02|03/04|05|06|07|08|09|0A|O0B|OC|OD|OE
Shift
Display) | 67 | 40 | 41 |42 | 43 |44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E
Figure 8. Two-Line by Sixteen-Charater Display Example
(Digit) 1 2 3 4 5 6 7 8 9 10111213141516 1718 19 20 33 34 35 36 37 38 39 40 ._Display
Position
1-line [00{01|02{03{04({05|06{07|08|09|0A|0B|OC|OD|OE[OF|10[11[12{13| --reoeerveeees 20|21|22|23(24{25|26|27| DD RAM
address
2-line {40|41(|42|43|44|45(46|47|48|49|4A|4B|4C|4D|4E|4F|50|51{52|53| ---veeervee 60|61|62|63|64(65|66|67 (Hexadecimal)

Display Display

Display

\ HD667780 M HD44100H(1) H HD44100H(2)3) M HD44100H(4) /
\ HD66100F(1) \ HD66100F(2) /

Display Display

Display

Figure 9. Two-Ling Extended Display Example
HITACHI
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Table 3. Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD66780A00)

Higher
Lower its| 0000|0001 0010 0110({0111|1000{1001|{1010{1011|{1100({1101{1110{1111
4Bits
“|CG* '-- anan gees | e 2 u|®wan
) [ITTTIRE) '] HA LI
X X X X0000 R(‘}?A E... .:g. :". =II=I Elll=
§
(2) ; .§ o=, | u""ad ..;:E ::E:- -'- :.:- a""al
X % X x0001 . | o o B ]S el |
:
E E . an E“ ... = = = = e .--u
xxxxooto| @ i R B
:
e l.=.l .. sssas *
xxxxoont| @ | B A E T e
asues L] -
] [T 1]} - - . - ass
x xxx0100| ! : " H R b L hs
- L] LLLLL) - L E
= = IIIEI -.E.. I‘= sann .. ..
xxxx0101| (© HHEEIHE IS R RN
A K
xxxxot1o| 7 :, .E H i § :
b snlne
xxxxo111| @ A | e
. ]
xxxx1000| LS - o
®s =..-= .i. E E l: . - . l=.=. E -t - H s
xxxx1001| @ A I I S B R LW e R R H
- - .=. .--.= . asese - - ': --.-.
xxxx1010| R B i N e GRS
- ansan an mRass LLCT T amans - - an ...E .
- - I. =.. = .. I=I=I = asass ..Q
XXX X1011 (4) .-g.. := ) " E-n E.:- -=| ::=§‘ E-= E::-- ;nn-: i
.. "I l- -= : .. assas
oooarool | 1R ] G L
essss .I.E ..= .= -.-.= ..l e il L]
XX XX1101 (6) R T . E § =' "s .-: '= -= :gl [1111]
- . - anans L) ane sess L]
-l l'l . L aee
L) - L] a se - ssss Ll . as
xxxx1110| 7 e | o F i e | o
.| ™" e e o omems | 5°% | o |H8S52
xxxx1111| © - - 5" H 'E:" LI .E o' 5. s ggi ;
- asass LIy an an - ol H
.

Note: * The user can specify any pattern for character-generator ROM.
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Table 4 shows the relation between CG RAM As table 4 shows, an area that is not used for
addresses and data and display patterns. display can be used as general data RAM.
SECTION
Table 4. Relation between CG RAM Address and Character Codes (DD RAM) and 1
Character Patterns (CG RAM Data) (Cont)
For 5 x 7-dot character patterns
Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 54 3 2 10 543210 7 6 543210
Higher Lower Higher  Lower Higher Lower
«Order Order — —Order Order — <—Order Order —
Bits Bits Bits Bits Bits
0O 00O * 00O 00O0O0O0OO * ok
0 0 1
010 Character
o1 1 Pattern
100 Example (1)
1.0 1
110 1 Cursor
11 1 * % «—Position
0O 000 x 0 0 1 001000 * %
00 1 )
o1 0 Character
o1 0 Pattern
100 Example (2)
1 0 1
110 v
T 11 * %
0000 *x 1 11 111000 * k%
0 0 1 1
D e S
_—
100
10 1 * No effect
110 ¥ (Don’t Care)
T 1 1 * ok ok

Notes: 1. Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types).

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor
position and display is performed by logical OR with the cursor.

Maintain the 8th line data, corresponding to the cursor display position, in the O state for
cursor display. When the 8th line data is 1, bit 1 lights up regardless of cursor existence.

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure
(bit 4 being at the left end).

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data
RAM.

4. Asshown in table 3 and 4, CG RAM character patterns are selected when character code bits
4-7 are all 0. However, since character code bit 3 is ineffective, the R display in the character
pattern example, is selected by character code 00 (hexadecimal) or 08 (hexadecimal).

5. 1 for CG RAM data corresponds to selection for display and O for non-selection.
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For 5 x 10 -dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
\ 7 6 543 2 10 543210 7 6 543210
1 Higher Lower Higher  Lower Higher Lower
«~Order Order — -Order Order — r—Order Order —
J Bits Bits Bits Bits
‘ 0000 * 00 =* 00000 O
\ 0001
! 0010
00 11
0100
0110
0110
o1 11
1000
1.0 0 1
1010
1011
1100
11 01
1110
L O |
0000 *x 1 1 % 110000
00 01
10 0 1
1010
1011
1100
11 01
1110
11 11

Notes: 1.
2.
3.
4.
5

A

166

Character
Pattern
Example

Cursor
«~Position

* No effect
(Don’t care)

Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2'bits: 4 patterns).

CG RAM address bits 0-3 designate character pattern line position. The 11th line is the
cursor position and display is performed by logical OR with cursor.
Maintain the 11th line data corresponding to the cursor display position in the O state for
cursor display. When the 11th line data is 1, bit 1 lights up regardless of cursor existence.
Since the 12nd-16th lines are not used for display, they can be used for the general data

RAM.

Character pattern row positions are the same as 5 X 7 dot character pattern positions.

CG RAM character patterns are selected when character code bits 4-7 are all 0. However,
since character code bit O and 3 are ineffective, P display in the character pattern example
is selected by character code 00, 01, 08 and 09 (hexadecimal).
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Timing generation Circuit

The timing generation circuit generates tim-
ing signals to operate internal circuits such as
DD RAM, CG ROM and CG RAM. RAM read
timing needed for display and internal oper-
ation timing by MPU access are separately
generated so that they may not interfere
with each other. Therefore, when writing
data to the DD RAM for example, there will
be no undesirable influence, such as flicker-
ing, in areas other than the display area. This
circuit also generates timing signals to oper-
ate the externally connected drivers
(HD44100H or HD66100F).

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit con-
sists 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. The
other common signal drivers continue to
output non-selection waveforms.

The segment signal driver has essentially the
same configuration as the driver LSI
HD44100H. Character pattern data is sent
serially through a 40-bit shift register and
latched when all needed data has arrived.

G HITACHI
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The latched data controls the driver for
generating drive waveform outputs.

The serial data can be sent to HD44100H or
HD66100Fs, externally connected in cascade,
to diaplay an extended number of charac-
ters.

The LCD-IIA always starts sending serial
data at the display data character pattern
corresponding to the last address of the dis-
play 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 HD66780 drives the head of the
display. The rest of the display, corresponding
to later addresses, are added with each addi-
tional HD44100H or HD66100F.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the
cursor or blinking. The cursor or blinking
appear in the digit residing at the display
data RAM (DD RAM) address set in the
address counter (AC).

When the address counter is (08)1s, a cursor
position is as shown in figure 10.
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AC6 AC5 AC4

AC3 AC2 AC1 ACO

AC 0 0 0

1 0 0 0o

In a 1-line display

(Digit) 1 2 3 4 5 6 7 8 9 10 11

00|01|02|03|04|05|06|07|08]|09]0A

-
Cursor Position

In a 2-line display
(Digit) 1 2 3 4 5 6 7 8 9 10 11
1stline | 00|01|02|03|04|05]|06|07 gg 09 | 0A
2ndline |40 |41 (42|43 |44 |45 |46 |47 /48|49 |4A

/
Cursor Position

&Display

Position
DD RAM

“ Address

(Hexadecimal)

- Display

Position

..DD RAM

Address
(Hexadecimal)

(Note) The cursor or blink appears when the address counter (AC) selects the character generator RAM
(CG RAM). But the cursor and blink are meaningless.
The cursor or blink is displayed in the meaningless position when AC is the CG RAM address.

Figure 10. Cursor or Blink
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MPU Interface

The HD66780 can send data in either 2 4-bit
operations or 1 8-bit operation so it can inter-
face to both 4-and 8-bit MPU'’s.

When interface data is 4 bits long, data is
transferred using only 4 bus lines: DB4—DBs.
DBo— DB; are not used. Data transfer between
the HD66780 and the MPU completes when 4
-bit data is transferred twice.

Data of the higher order 4 bits (contents of DBy
—DB; when interface data is 8 bits long) is

transfer-red first, then the lower order 4 bits
(contents of DBy—DB3; when interface data is
8 bits long) is transferred.

Check the busy flag after 4-bits data has
been transferred twice (one instruction). Two
4-bit operations will then transfer the busy
flag and address counter data (figure 11).

When interface is 8 bits long, data is trans-
ferred using the 8 data bus lines DBo—DBj7.

Reset Function
Initializing by Internal Reset Circuit

The HD66780 automatically initializes (re-
sets) when power is turned on using the
internal reset circuit. The following instruc-
tions are executed at initialization. The busy
flag (BF) is kept in busy state until initializa-
tion ends (BF =1). The busy state lasts 10 ms
after Vcc rises to 4.5 V.
1. Display clear
2. Function set

a. DL = 1: 8-bit long interface data

b. N = 0: 1-line display

c. F = 0: 5X7-dot character font

3. Display on/off control
a. D = 0O: Display off
b. C 0: Cursor off
c. B = 0O: Blink off
4. Entry mode set
a. I/D = 1. 4+ 1(increment)
b. S = 0: No shift

I

Note: When conditions in power supply con-
ditions using internal reset circuit in the
electircal characteristics are not met, the
internal reset circuit will not operate nor-
mally and initialization will not be performed.
In this case initialize by MPU according to
initializing by instruction.

RS

R/W /
e/ \/ \ /\

VAR VAR N

SECTION

1

DB, 7 X _1R3 ) (&E) =), ),
DBs (Cre_ X 1Rz ) ace) (AC2) CID,
DBs (CRs X R D 5, CAct) (RS
DB, (__Rs_X__1Ro_) D (AC0) (R4

SRENCRE

Busy Flag (BF) and Data Register (DR)
Address Counter (AC) Read
Read

Instruction (IR}
Write

Figure 11. 4-Bits Data Transfer Example
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Instructions

Only two HD66780 registers, the instruction
register (IR) and the data register (DR) can be
directly controlled by the MPU. Prior to
internal operation start, control information is
temporarily stored in these registers, to allow
interface from HD66780 internal operation to
various types of MPU’s which operate at
different speeds or to allow interface to
peripheral control IC's. HD66780 internal
operation is determined by signals sent from
the MPU. These signals include register
selection signals (RS), read/write signals (R/
W), and data bus signals (DBo—DBy7), and are
here called instructions. Table 5 shows the
instructions and their execution time. Details
are explained in subsequent sections.

Instructions are of 4 types, those that:

1. Designate HD66780 functions such as
display format, data length, etc

2. Give internal RAM addresses

3. Perform data transfer with internal RAM

4. Others

In normal use, category 3 instructions are
used most frequently. However, automatic

170

incrementing by 1 (or decrementing by 1) of
HD66780 internal RAM addresses after each
data write lessens the MPU program load.
The display shift especially can be performed
concurrently with display data write, ena-
bling the disigner to develop systems in
minimum time with maximum programing
efficiency. For an explanation of the shift
function in its relation to display, see table 7.

During internal operation, no instruction
other than the busy flag/address read
instruction will be executed. Because the
busy flag is set to 1 while an instruction is
being executed, check to make sure it is on 0
before sending an instruction from the MPU.

Note: Make sure the HD66780 is not in the
busy state (BF = 0) before sending the
instruction from the MPU to the HD66780. If
the instruction is sent without checking the
busy flag, the time between first and next
instructions is much longer than the instruc-
tion execution time. See table 5 for a list of
each instruction's execution time.
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Table 5. Instructions

Execution Time

Code (fep dMax) o0 SECTION
Instruction RS R/WDB7; DBg DBs DB4 DB3 DB2 DB DBg Description kHz)
Clear O 0 O O O O O O O 1 Clearsentire display and sets DD 1.64 ms 1
Display RAM address O in address
counter
Return O 0O 0O 0O O O O o0 1 * Sets DD RAM address O in 1.64 ms
Home address counter. Also returns
display being shifted to original
position. DD RAM contents
remain unchanged
Entry O 0 O 0O O O O 1 |I/DS Setscursor move direction and 40 us
Mode Set specifies shift of display.
These operations are performed
during data write and read
Display 0O 0O 0O O O O 1 D C B Sets entire display on/off (D), 40 us
ON/OFF cursor on/off (C), and blink of
Control cursor position character (B)
Cursor or O O O O O 1 S/CR/L % % Moves cursor and shifts diaplay 40 us
Display without changing DD RAM
Shift contents
Function O O O O 1 DL N F % % Setsinterface data length (DL), 40 us
Set number of display lines (L) and
character font (F)
SetCGRAM O O O 1 ACG Sets CG RAM address. CG RAM 40 us
Address data is sent and received after
‘ this setting.
Set DDRAM O O 1 ADD Set DD RAM address. DD RAM 40 us
Address data is sent and received after
this setting.
Read 0O 1 BF AC Reads Busy flag (BF) indicating O us
Busy Flag internal operation is being per-
& Address formed and reads address
counter contents
Write Data 1 0 Write Data Writes data into DD RAM or CG 46 us
to CG or RAM
DD RAM
Read Data 1 0 Read Data Reads data from DD RAM or CG 46 us
from CG or RAM
DD RAM
Notes: 1 I/D = 1: Increment BF = 1: Internally operating
I/D = 0: Decrement BF = 0: Can accept instruction
S = 1: Accompanies display shift DD RAM: Display data RAMA
S = 1: Display shift CG RAM: Character generator RAM
S/C = 0: Cursor move
Acg: CG RAM address
R/L = 1: Shift to the right App :DD RAM address
R/L = O: Shifts to the left Corresponds to cursor
DL = 1: 8 bits, DL = O: 4 bits address
N = 1:2lines, N = 0: 1 line AC : Address counter used
F = 1:5x10dots, F = 0: 5x7 dots for both DD and CG RAM

2. * No effect (Don’t care)
3. Execution time changes when freguency changes.
Example: When fcp or fosc is 270 kHz:
250 _
Mﬂsx’m = 37 us
@ HITACHI -
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Clear Display

Clear display (figure 12) writes space code 20
(hexadecimal)(character pattern for charac-
ter code 20 must be blank pattern) into all DD
RAM addresses. Sets DD RAM address 0 in
address counter. Returns display to its origi-
nal status if it is shifted. In other words, the
display disappears and the cursor or blink
goes to the left edge of the display (the first
line if 2 lines are displayed). Sets I/D = 1
(increment mode) of entry mode. S of entry
mode does not change.

Return Home

Return home (figure 13) sets the DD RAM
address 0 in address counter. Returns display
to its original status if it was shifted. DD RAM
contents do not change. The cursor or blink
go to the left of the display (the first line if 2
lines are displayed).

Entry Mode Set

I/D: 1/D (figure 14) 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 the DD RAM. The cursor or blink
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
or to the left when S is 1; to the left when I/D
= 1 and to the right when I/D = 0. Thus it
looks as if the cursor stands still and the
display moves. The display does not shift
when reading from the DD RAM. When writ-
ing into or reading out of the CG RAM does
not shift. When S = 0, the display does not
shift.

Display On/Off Control

D: The display is on when D = 1 and off when
D = 0 (figure 15). When off due to D = 0,
display data remains in the DD RAM. It can be
displayed immediately by setting D = 1.

C: The cursor is displayed when C = 1 and is
not displayed when C = 0. Even if the cursor
disappears, the function of I/D, etc does not

RS RW DBy

DBo

Code | O | O | O] O

0

Figure 12. Clear Display Instruction

RS RW DBy

DBo

Code | O | O | O | O

0

(0] (o] (o] 1 *

* Don’t care

Figure 13. Return Home‘ Instruction

RS R/W DBy

DBo

Code | O (o] o] (]

0

0|0 1 {I/D| S

Figure 14. Entry Mode Set Instruction

RS R/W DBy

DBo

Code | 0| O | O | O

0

0 1 DjC | B

Figure 15. Display On/Off Control Instruction
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change during display data write. The cursor
is displayed using 5 dots in the 8th line when
the 5 X 7-dot is selected and 5 dots in the
11th line when the 5 X 10-dot character font is
selected (figure 16).

B: The character indicated by the cursor
blinks when B = 1. The blink is displayed by
switching between all blank dots and display
characters at 409.6 ms intervals when fcp or
fosc = 250 kHz (figure 15). The cursor and the
blink can be set to display simultaneously.
(The blink time changes according to the
reciprocal of fcp or fosc. For example, 409.6 X
250

270 = 379.2 ms when fcp = 270 kHz.)

Cursor or Display Shift

Cursor or display shift (figure 17) shifts cursor
position or display to the right or left without

writing or reading display data. This function
is used to correct or search the display. In a 2
-line display, the cursor moves to the 2nd line
when it passes the 40th digit of the 1st line.
Notice that the 1st and 2nd line displays will
shift at the same time. When the displayed
data is shifted repeatedly each line only
moves horizontally. The 2nd line display does
not shift into the 1st line postion.

Table 6 shows how S/C and R/L control
shifting.

Address counter (AC) contents do not change
if the only action performed is shift display.

Function Set

DL: DL (figure 18) sets interface data length.
Data is sent or received in 8-bit length (DB7-
DBo) when DL = 1 and in 4-bit lengths (DB7-
DB4) when DL = 0.

Table 6. Cursor or Display Shift Control

S/C R/L Function

(0] (o] 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

| E o1 I
-~
Cursor
-

5 X 7-dot character

Cursor Display Example

5 X 10-dot character
font font

Alternating display

Blink Display Example

Figure 16. Cursor and Blink Display

RS RW DBy

DBo

Code | O [¢] (o] (o] 0]

S/C|R/L| * | *

* Don’t care

Figure 17. Corsor or Display Shift Instruction
@ HITACHI
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When the 4-bit length is selected, data must
be sent or received twice.

N: N sets number of display lines.
F: F sets character font. See table 7.

Note: Perform the function set at the head of
the program before executing all instructions
(except “Busy flag/address read”). 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 (figure 19) sets the CG
RAM address into the address counter in
binary AAAAAA. Data is then written or read
from the MPU for the CG RAM.

Set DD RAM Address

Set DD RAM address (figure 20) sets the DD
RAM address into the address counter in
binary (AAAAAAA). Data is then written or
read from the MPU for the DD RAM.

However, when N = O (1-line display),
AAAAAAA is 00-4F (hexadecimal), when N
= 1 (2-line display), AAAAAAA is 00-27
(hexadecimal) for the first line, and 40-67
(hexadecimal) for the second line.

Read Busy Flag and Address

Read busy flag and address (figure 21) reads
the busy flag (BF) that indicates the system is
now internally operating on a previously
received instruction. BF = 1 indicates that
internal operation is in progress. The next

Table 7. Function Set N and F

No. of Duty
NF Display Lines Character Font Factor Remarks
00 1 5x 7 dots 1/8
01 1 5x 10 dots 1/11 / -
1 % 2 5x7 dots 1/16 Cannot display 2 lines with 5X 10-dot charac-

ter font.

Note: * Don’t care

RS RW DB,

DB,

Code | O | O] O | O 1 |DL| N F | * *

* (Don’t care)

Figure 18. Function Set Instruction

RS RMW DBy

DBo

Code | O 0] (o] 1 A

AlAalAalAlA

<_Higher

Order Bits Order Bits -

Lower

Figure 19. Set CG RAM Address Instruction

RS RW DBy

DBo

Code | O | O] 1]A]|A

f

AlA|A|A]A

‘_Higher
Order Bits

Lower N
Order Bits

174

Figure 20. Set DD RAM Address Instruction
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instruction will not be accepted until BF is set
to 0. Check the BF status before the next
write operation (figure 22).

At the same time, the value of the address
counter expressed in binary (AAAAAAA) is
read out. The address counter is used by both
CG and DD RAM addresses, and its value is
determined by the previous instruction.
Address contents are the same as in set CG
RAM address and set DD RAM address.

Write Data to CG or DD RAM

Write data to CG or DD RAM (figure 23)
writes binary 8-bit data DDDDDDDD to the
CG or the DD RAM.

Whether the CG or DD RAM is to be written
into is determined by the previous specifica-
tion of CG RAM or DD RAM address setting.
After writing the LCD-IIA automatically

increments or decrements the address by 1,
according to entry mode.

Read Data from CG or DD RAM

Read data from CG or DD RAM (figure 24)
reads binary 8-bit data DDDDDDDD from the
CG or DD RAM.

The previous designation determines
whether the CG or DD RAM is to be read.
Before entering the read instruction, you
must execute either the CG RAM or DD RAM
address set instruction. If you do not the first
read data will be invalidated. When serially
executing read instructions, the next address
data is normally read from the second read.

The address set instruction need not be
executed just before the read instruction
when shifting the cursor by cursor shift
instruction (when reading out of DD RAM).
The cursor shift instruction operation is the

RS R/W DBy

DBo

Code | O 1 BF | A A

A|lA|A|A|A

<_Higher
Order Bits

Lower
Order Bits

Figure 21. Read Busy Flag and Address Instruction

RS

R/W /

|
/\

E_ﬂ/\/_L/_\

Internal Operation |

No
D8, 77K 02ta X sy U o CLLLLN - Y2 552 X712

Internal |
Instruction Busy Flag
Write Check

1.___

Instruction
Write

Busy Flag
Check

Busy Flag
Check

Figure 22. Example of Busy Flag Check Timing Sequence

RS RMW DBy

DBo

Code | 1 0 D D D

DD |D|D}|D

4_Higher
Order Bits

Lower

Order Bits -

Figure 23. Write Data to CG or DD RAM Instruction
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same as that of the DD RAM's address set
instruction.

After a read, the entry mode automatically
increases or decreases the address by 1.
However, display is not shifted no matter
what the entry mode is.

Note: The address counter (AC) is automati-
cally incremented or decremented by 1 after

write instructions to either CG RAM or DD
RAM. RAM data selected by the AC cannot
then be read out even if read instructions are
executed. The conditions for correct data
read out are: execute either the address set
instruction or cursor shift instruction (only
with DD RAM), then just before reading out,
execute the read instruction from the second
time the read instruction is serial.

How to Use the HD66780
Interface to 8-Bit MPU

When Connecting to 8-Bit MPU Through
PIA: Figure 25 is an example of using a PIA or
1/0 port (for a microcontroller) as an interface
device. Input and output of the device is TTL
compatible.

In the example, PBy to PBy are connected to
the data buses DBy to DB; and PAj to PA; are
connected to E, R/W and RS respectively.

Pay attention to the timing relation between
E and other signals when reading or writing

data and using PIA as an interface.

Connecting Directly to the 8-Bit MPU Bus:
Figure 26 shows the LCD-IIA connected
directly to an HD6800.

Example of Interfacing to the HD6805: Fig-
ure 27 shows the LCD-IIA connected directly
to an HD6805.

Example of Interfacing to the HD6301: Fig-
ure 28 shows the LCD-IIA connected directly
to an HD6301.

RS R/MW DBy

DBo

Code 1 1 D D D

D D|D|D D

4_Higher Lower
Order Bits Order Bits
Figure 24. Read Data from CG or DD RAM Instruction
215 C_zz com, | 16
A:: _ 381 PA; RS —COMys Connected
. A, ol RS, PA, W 066780 to Liquid
Ao »1RSo PAo 40 Crystal
HD68BO0 R/W o R/W SEG:—]| A Display
VM;: —D—+{e HD68B21 8 SEGao
8 PBo—PB- + DBo,—DB;
Do—D, + Do—D>

HD68BO0O0: 8-bit CPU

Figure 25. Example of Interfgg. ::o HDGISBOO using PIA (HD68B21)
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Interface to 4-Bit MPU

The HD66780 can be connected to a 4-bit
MPU through the 4-bit MPU I/O port. If the I/
O port has enough bits, data can be transfer-
red in 8-bit length, but if the bits are insuffi-
cient, the transfer is made in two operations
of 4 bits each (designating the interface data
length as 4 bits). In the latter case, the timing

sequence becomes somewhat complex. (see

figure 29)

Note that 2 cycles are needed for the busy
flag check as well as the data transfer. 4-bit
operation is selected by program.

Figure 30 shows an example of an interface

to the 400 series.

VMA COM;, 16
A¢z E ~COMs[— 7
15
HD66780 Connected
HD68BOO A, RS o [t
R/W R/W SEG,
8 -SEGwo| 7
DO_D7 - 7~ > DBo”‘DB7
Figure 26. Direct Connection to HD68B00
8 coMm 16
Ao—A, DBo=DB; _com, [
HD6805 HD66780 Connected
Co E SEG, 40 [toLcD
G N
C. R/W
Figure 27. Direct Connection to HD6805
Pas RS coMm, 6
Pas R/W —C0M15
P3s
HD66780 Connected
roose! P P DBy—DB to LCD
10— P17 7 0~ PB7 ggg, 40
'SEG@

SECTION

|

Figure 28. Direct Connection to HD6301
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Interface to Liquid Crystal Display Therefore, three types of common signals are
available (table 8).
Character Font and Number of Lines: The
HD66780 can perform 2 types of display, Number of lines and font types can be
using 5 X 7 dots or 5 X 10 dots for the char- selected by program (see table 5).
acter font, with a cursor on each.
Connection to HD66780 and Liquid Crystal
Up to 2 lines can be displayed with 5 X 7 dots Display: Figure 31 shows connection exam-
and 1 line with 5 X 10 dots. ples. Since 5 SEG signal lines can display one
digit, one HD66780 can display up to 8 digits

Table 8. Common Signals

Number of Lines Character Font Number of Common Signals Duty Factor
1 5 x 7 dots + Cursor 8 1/8
1 5 x10 dots + Cursor 11 1/11
2 5 x 7 dots + Cursor 16 1/16
RS _

W/ \
e\ TV VTV ____

Internal ____J Internal Operation L : I
No
08, ZZZZKRTX RN s,y NACNXLIINE > R 3NK DT X O
Instruction | Busy Flag ‘ Busy Flag I Instruction
Write Check Check Write

Note: IR7, IR3: Instruction 7th bit, 3rd bit

AC3: Address Counter 3rd bit

Figure 29. An Example of 4-Bit Data Transfer Timing Sequence

D RS
b com, | 16
D1a R/W —COMs6 Connected
D3 g HD66780 to Liquid
Crystal
HMCS 400 series SEG; 40 Display
4 - —r—
Rio—Ru3 + DB,—DB; SEGso

HMCS 400 series: Hitachi 4-bit microcontroller

Figure 30. Example of Interface to the 400 Series
G HITACHI
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for a 1-line display and 16 digits for a 2-line
display.
In figure 31 examples (a) and (b), there are

unused extra scanning lines, avoid undesir-
able influences due to cross-talk in the float-
ing state by connecting the extra scanning

unused common signal terminals, which lines to these common signal terminals (fig- SECTION
always output non-selection waveforms. ure 32).
When the liquid crystal display panel has 1
com, 1
: |
COM,
HD66780
SEG) f—— ||| _ _ _ o _____ Liquid Crystal
: Display Panel
(8 characters
SEG4o X 1 line)
(a) Example of a 5 X 7-dot, 8-character X 1-line Display
(1/4 Bias, 1/8 Duty)
com, 4%
. i$
COM,,
HD66780
SEG,
""""""""""" Liquid Crystal
Display Panel
(8 characters
SEGao X1 line)
(b) Example of a 5 X 10-dot, 8-character X 1-line Display
(1/4 Bias, 1/11 Duty)
com,
COMs
COM,
COM¢
HD66780
SEG,
________________ Liquid Crystal
Display Panel
(8 characters
SEG4o X 2 lines)
(c) Example of a 5 X 7-dot, 8-character X 2-line Display
(1/5 Bias, 1/16 Duty)

Figure 31. Liquid Crystal Display and Connections to HD66780
HITACHI
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Connection for Changed Matrix Layout: In
the preceding examples, the number of lines
was matched to the number of scanning
lines. The display types in figure 33 are pos-
sible by changing the matrix layout in the
liquid crystal display panel.

In either case, the only change is the layout.
Display characteristics and the number of
liquid crystal display characters depend on
the number of common signals (or duty fac-
tor). Note that the display data RAM (DD
RAM) address for 8 characters X 2 lines and
16 characters X 1 line are the same as shown
in figure 31.

Power Supply for Liquid Crystal Display
Drive

Various voltage levels must be applied to
HD66780 terminals Vi to Vs to obtain liquid
crystal display drive waveforms. The voltages
must be changed according to duty factors.
Table 9 shows the relation.

Vicp gives the peak values for lipuid crystal
display drive waveforms. Resistance dividing
provides each voltage as shown in figure 34.

Relation between Oscillation Frequency
and Liquid Crystal Display Frame Fre-
quency

Figure 35 shows examples of liquid crystal
display frame frequency when the oscillation
frequency is 250 kHz. (1 clock = 4 ys)

Connection with Driver LSI HD44100H or
HD66100F

You can increase the number of display
characters by externally connecting liquid
crystal display driver LSI's HD44100H or
HD66100F to the HD66780.

When connected to the HD66780, the
HD44100H or HD66100F is used as a segment
signal driver. The HD44100H and the
HDG66100F can be connected to the HD66780
directly since they supply CL4, CL2, M, and D
signals and power for liquid crystal display
drive. Figures 36 and 37 show connection
examples.

Note: Connection of voltage supply terminals
V; through Vs for the liquid crystal display
drive is complicated.

Table 9. Duty Factor and Power Supply for Liquid Crystal Display Drive

Power Supply

D
F::tyor Bias Vi Va2 V3 Vs Vs
1/8,1/11 1/4 Vce - (1/4WVieo Vee - (1/2Vieo Vec - (1/2Viep - Ve - (3/4Vico Vece - Vieo
1/16 1/5 Vee - (1/5)Vieo Vee - (2/5)Vico Vee - (3/5)Vieo Ve - (4/6)Vico Vee - Vieo
com,
CdMs !
COMg —J
HD66780
SEG,
SEG4o
5 X7 dot, 8 character X 1 line Display (1/4 Bias, 1/8 Duty)

Figure 32. Using COMs to Avoid Cross-Talk on Unneeded Scanning Line
HITACHI
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-

M

com,

e

e

COM,

SEG,
HD66780
SEGuo
CcoM,

COM 6

(a) 5%7 dot, 16 character X 1 line Display
(1/5 Bias, 1/16 Duty)

SEG,

SEGao

coM,

COMs
HD66780

SEGa:

SEGao

(b) 5x7 dot, 4 character X2 line Display
(1/4 Bias, 1/8 Dury)

Figure 33. Changed Matrix Layout Displays

Vec (+5V) Vee (+5V)

Vee Vee
R

AAA.
wy
o)

Vi

3

<

<
Vz < V2
Vs ] Vico

p-

<

Yy \AAJ
o]

AAA

wy

Vico

Yy

T oo

V3
Vy

yVv—e
o)
ARAAAAA
w

Al
o
AAA.
vy

Vs Vs

24

T
ND

S
<
s

AW
Y
<
s

(7]

(a) 1/4 Bias GND (b) 1/5 Bias
(1/8, 1/11 Duty) (1/16 Duty)

Figure 34. Drive Voltage Supply Example
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Up to 9 HD44100Hs can be connected for a 1
-line display (duty factor 1/8 or 1/11) and up to
4 for a 2-line display (duty factor 1/16). (For
the HD66100F, 5 and 2 units respectively.)
RAM size limits the HD66780 to a maximum

of 80 character diaplay digits. The connection
method in figures 36 and 37 remains un-
changed for both 1-line and 2-line display
and both 5 X 7-and 5 X 10-dot character
fonts.

(1) 1/8 Duty
400 clocks
v |‘1{’|—2|3]4| ------- |s]|1]2]3]4] |[8]1]2]3]
com;
V3 (Va)
Vs
Vs_L 1
L 1 frame | 1 frame |
1 frame=4 (us) X400%x8=12800 (xs) =12.8 (ms)
Frame frequency= 1_2-81(765 =78.1 ( Hz)
(2) 1/11 Duty
400 clocks 4
v |'1:i2|3|4| ------- |11 2]a]a] [11]1]2]3]
cc
COM;, Vi
V2 (V3)
Va4
V5—I 1
L 1 frame l 1 frame
) >t >
1 frame=4 (us) Xx400X%11=17600 (¢s) =17.6 (ms)
Frame frequency= T;(Tn? =56.8 (Hz)
(3) 1/16 Duty
200 clocks
v l1;i2|3I4| ------ l16|1]2]3]4]--Jre]1]2]3]
cc
COM, V,
V3
Vs
://“"1 1
: L 1 frame | 1 frame
1 > A |
1 frame=4 (¢s) x200% 16 =12800 (¢s) =12.8 (ms)
Frame frequency = 12—81011? =78.1 (Hz)
Figure 35. Liquid Crystal Display Waveforms (at fosc = 250kHz)
G HITACHI
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COM;—COMs| 16(8) Dot Matrix Liquid Crystal Display Panel
(COM;—COMg) %4 )
SEG—SEG40| 40 I ﬁ 40 40
Yy — Yao Yi — VYao Yi — Yao
D DL, DR, DL DR, t—----- —41DL, DR,
HD44100H HD44100H HD44100H
—FCS DL. —4FCS DL. —{FCS DL
b sHL, ] $]sHL ‘[ p—sHL, 1]
*— DR, — DR, —} DR,
SHL, SHL, SHL.
PPe f2Fssssss PPz §Ef<sssss PPz fEFssssss
cLp——f—a e
CL, -
[V} N I G 0 i 5 T 5 I O A S G U I 2 N 6 6 I
Ve 17—t Tt 1 1T """
GND S
vl L et e
T R S S S T S S
V5 """
HD66780

€81

Figure 36. Example of Connecting HD44100H to HD66780
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Instruction and Display Correspondence
8-bit Operation, 8-digit X 1-line Display
(Using Internal Reset): Table 10 shows an
example of an 8-bit X 1-line display in 8-bit
operation. The HD66780 functions must be
set by the function set instruction prior to
display. Since the display data RAM can store
data for 80 characters, as explained before,
the RAM can be used for advertising displays
when combined with display shift operation.
Since the display shift operation changes
display position only and DD RAM contents
remain unchanged, display data entered first
can be output when the return home opera-
tion is performed.

4-bit Operation, 8-digit X 1-line Display
(Using Internal Reset): The program must set
functions prior to 4-bit operation. Table 11
shows an example. When power is turned on,
8-bit operation is automatically selected and
the LCD-IIA attempts to perform the first
write as an 8-bit operation. Since nothing is
connected to DBo-DBj3, a rewrite is then
required. However, since one operation is
completed in two accesses of 4-bit operation,
a rewrite is needed to set the functions (see
table 11 step 3).

Thus, DBs-DB; of the function set is written
twice.

8-bit Operation, 8-digit X 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 writ-
ten. Thus, if there are only 8 characters in the
first line, the DD RAM address must be set
after the eighth character is completed (see
table 12). Note that the first and second lines
of the display are shifted.

In the example, the display is shifted 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. When you repeat
the shift, the display of the second line will
not move to the first line, the same display
will only move within each line many times.

Note: When using the internal reset, the
conditions in “Power Supply Condition Using
Internal Reset Circuit” must be satisfied. If
not, the HD66780 must be initialized by
instruction. (See “Initializing by Instruction”)

Initializing by Instruction

If the power supply conditions for correctly
operating the internal reset circuit are not
met, the LCD-IIA must be initialized by
instruction.

When interface is 8 bits long, use the initial-
ization procedure in figure 38.

When interface is 4 bits long, use the initial-
ization proceduer in figure 39.

G HITACHI
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Table 10. 8-bit Operation, 8-character X 1-line Display Example (Using Internal

Reset)
Step
No. Instruction Display Operation
1 Power Supply On (HD66780 is Initialized. No display appears.
initialized by the internal reset circuit)
2 Function Set Sets to 8-bits operation and selects 1-
RS R/WDB 7 * DBo line display and one of the three char-

0O 000 1T 1 0 O0 % = acter fonts. (Number of display lines
and character font cannot be changed

hereafter.)

Turns on display and cursor. Entire
display is on space mode because of
initialization.

Sets mode to increment the 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.

Writes “H”. The DD RAM has already
been selected by initialization when the
power is turned on.

The cursor is incremented by one and
shifted to the right.

3 Display On/Off Control
00 0O0OOOTTTI1T 1T O

4 Entry Mode Set
0O 00O0OOOOT11TTI1TO0

5 Write Data to CG RAM/DD RAM
t 001 001 O OO0

6 Write Data to CG RAM/DD RAM H Writes “1”.
10 01 0 01 0 0 1

7 H

8 Write Data to CG RAM/DD RAM Writes “1”.

10010010 0 1 HITACH!_

9 Entry Mode Set

0O 0 00O OOOTI1T 11
10 Write Data to CG RAM/DD RAM

1 000 1t OO0 O0OTPO

Sets mode for display shift at the time
of write.

Writes space.

HITACHI _

ITACHI

11 Write Data to CG RAM/DD RAM Writes “M”.
100100110 1 TACHI M_

12 :

13 Write Data to CG RAM/DD RAM Writes “0”.

1001001 1 1 1 MICROKO_

14 Cursor or Display Shift

MICROKO Shifts only the cursor position to the

0O 0 OO0 O 1 OO0 * = left.
15 Cursor or Display Shift Shifts only the cursor position to the
0000OT1O00 * x MICROKO left.

16 Write Data to CG RAM/DD RAM
10 01 00 OO0 1 1

17 Cursor or Display Shift

Writes “C” (correction).
The display moves to the left.

Shifts the display and cursor position to

ICROCO

MICROCO

0O 00O O0O0 1T 1 1 % = the right.

18 Cursor or Display Shift Shifts only the cursor position to the
0000O0T1 0 1 % * MICROCO_ |  |ight.

19 Write Data to CG RAM/DD RAM Writes “M”.
100100110 1 ICROCOM_

20 :

21 Return Home Returns both display and cursor to the

e NN

HITACH I

O 0O 00O OO0 O 1 O original position (address 0).
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186 Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HD66780 (LCD-IIA)

Table 11. 4-bit Operation, 8-character X 1-line Display Example (Using Internal

Reset)
Step
No. Instruction Display Operation
1 Power Supply On (HD66780 is [:: Initialized. No display appears.
initialized by the internal reset circuit)
2 Function Set Sets to 4-bit operation.
RS R/W DBy - + DBy (:] In this case, operation is handled as 8
0 0 0 0 1 0 bits by initialization, and only this
instruction completes with one write.
3 Function Set Sets to 4-bit operation and selects 1-
0 (0] (] 0 1 0 line display and one of the three char-
0 0 0 0 * * I:\ acter fonts. 4-bit operation starts from
this point on and resetting is needed.
(Number of display lines and character
font cannot be changed hereafter.)
4 Display On/Off Control Turns on display and cursor. Entire
o] (o] (o] 0 0 0 :] display is in space mode because of
0 0 1 1 1 0 initialization.
5 Entry Mode Set Sets mode to increment the address by
] [¢] 0 0 [¢] (o] [::] one and to shift the cursor to the right,
0 0 0 1 1 0] at the time of write, to the DD/CG
RAM. Display is not shifted.
6 Write Data to CG RAM/DD RAM Writes “H”. The DD RAM has already

1 (o] 0 1 0 (0]
1 0 1 0 0 0

]

been selected by initialization when the
power is turned on. The cursor is in-
cremented by one and shifted to the
right.

Hereafter, control is the same as 8-bit operation.

Hitachi America Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy.  Brishane, CA 94005-1819 e (415) 589-8300
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Table 12. 8-bit Operation, 8-character X 2-line

Display Example (Using Internal

Reset)

Step

No. Instruction Display Operation

1 Power Supply On (HD66780 is Initialized. No display appears.

intialized by the internal reset circuit)

2 Function Set Sets to 8-bit operation and selects 2-
RS RWDB 7+ . . DBg line display and one of the three char-
0000 1T 1T 1 0 % = acter fonts.

3 Display On/Off Control Turns on display and cursor. All display

O 0 00 OO0 T"1T 1T 1O = is in space mode because of initializa-
tion.

4 Entry Mode Set Sets mode to increment the address by

0O 0 00 0O OO 1T 1T O . 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”. The DD RAM has already

1001 001 0 O0O H been selected by initialization when the
= power is turned on.

The cursor is incremented by one and
shifted to the right.

6 :

7 Write Data to CG RAM/DD RAM Writes “1”.
1001001001 [HITACHI

8 Set DD RAM Address HITACHI Sets RAM address so that the cursor

O o011 00 O O O0ODO0 may be positioned at the head of the
= 2nd line.

9 Write Data to CG RAM/DD RAM Writes “M”.

1001000110 1 [HITACHI
M_
10 :
11 \1Nr|t(e) D%ta t1o Cg Ré\M/1DD1RAI1VI : RITACHI Writes “O”.
MICROCO
12 Entry Mode Set HITACHI Sets mode for display shift at the time
0O 0 00O O0OOOTI1T 1 1 MICROCO _ of write.

13 Write Data to CG RAM/DD RAM Writes “M”. Display is shifted to the
10 01 0O 1 1 01 ITACHI left.

ICROCOM _ The first and second lines’ shift is
operated at the same time.

14

15 Return Home HITACHI Returns both display and cursor to the

0O 0O 00O OO O O T1T O K/I CROCOM original position (address 0).
G HITACHI
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( Power on )

SECTION

Wait more than 15 ms
after V¢ rises to 4.5 V

RSR/W DB, DBg DB5 DB, DB3 DB, DB, DBg BF cannot be checked before this instruction
0O 0 O o 1 1 * % * *

Function set (Interface is 8 bits long)

[Wait more than 4.1 ms |

RSR/W DB, DBg DBg DB, DB3 DB, DB, DBy |73F cannot be checked before this instruction
0O 0O O o 1 1 * * * *

Function set (Interface is 8 bits long)

Wait more than 100 us 1

RSR/W DB, DBg DBy DB4 DB3 DB, DB, DB I73F cannot be checked before this instruction ]
0O 0 0 o 1 1 * % * ok

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 5)

RS R/WDB;DBDBgDB4DB3DB, DB DBo|  Fynction set (Interface is 8 bits long.
0O 0 0 O 1 1 N F % =* Specifiy the number of display lines and character font.)

0O 0 0 0 0 0 1 o o0 o The number of display lines and character font cannot
o 0 0 0 0 0 0 o o 1 be changed afterwards.
0O 0 0 o o O O 1 D S Display off

Display Clear

Initialization ends Entry Mode Set

Figure 38. Initialization by Instruction, Eight-Bit Interface

@ HITACHI

189
Hitachi America Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300



HD66780 (LCD-IIA)

( Power on )

Wait more than 15 ms
after V¢ rises to 4.5 V

RS R/W DB; DBg DBy DB, BF cannot be checked before this instruction j
0 0 0 0 1 1

Function set (Interface is 8 bits long)

Wait more than 4.1 ms ]

RS R/W DB; DBg DBy DB, l BF .cannot be checked before this instruction
0 0 0 0 1 1

Function set (Interface is 8 bits long)

Wait more than 100 us |

RS R/W DB; DBg DBs DBy ] BF cannot be checked before this instruction

o 0 o 0 ! ! Function set (Interface is 8 bits length)

RS R/W DB, DBg DBg DB, BF can be checked after the following instructions.
o O o0 0 1 0 When BF is not checked, the waiting time between
0 o o o o o instructions is longer than the execution instruction
0 0 N F * * time. (See table 5)

(0] [0] [0} 0] (o] 0

o o0 1 o o0 o Function set (Sgt interface to be 4 bits long.)

0 o0 o0 o o o Interface is 8 bits long.

0] (o] (o] (o] . . . .

o 1 Function set (Interface is 4 bits long. Specify the num-

Y o 0 o o o ber of display lines and character font.)

0 o o 1 D S The number of display lines and character font cannot

be changed afterwards.
Initialization ends Display off
Display Clear

Entry Mode Set

Figure 39. Initialization by Instruction, Four-Bit Interface
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LCD-II and LCD-IIA

Table 13 shows the differences between the
LCD-II and LCA-IIA.

figure 40, is used for alternation in 1 frame,
and B type, shown in figure 41, for alternation

in 2 frames. B type has better display quality

There are two types of multiplex waveforms
for LCD driving; A and B. A type, shown in

in high multiplex drive.

Table 13. Functions Comparison between LCD-II and LCD-1IA

Item LCD-1I (HD44780) LCD-11A (HD66780) Note
Display RAM 80 bytes (80 characters) Same as LCD-II
(Maximum number of
display characters)
* Character generator ROM 7200 bits 12000 bits
(Kinds of characters) 192 characters 240 characters
5x7 ;160 characters 5x 10,240 characters
5x10; 32 characters
Character generator RAM 64 bytes Same as LCD-II
(Number of characters) (8 characters)
LCD driving terminals 16 COM’'s Same as LCD-II
(Maximum number of 40 SEG's
display characters/ (16 characters)
unit)
Character font 5x 8 dots Same as LCD-II
(with a cursor) 5x 11 dots
Multiplexing duty ratio 1/8, 1/11, 1/16
* LCD driving voltage 1/4 bias 3.0to 11 (v) 3.0 to Vce (V) Vce to Vs (V)
1/5 bias 4.6 to 11 {v) 3.0 to Vee (V)
*LCD driving waveform A waveform B waveform See figures 40,41
* Bus timing 1, 1.6 MHz 2 MHz
Instruction codes 11 instructions Same as LCD-I
Power-on reset circuit Yes Same as LCD-II
Oscillator Ceramic filter, Rf, Same as LCD-II
(Frequency) external clock
(250 kHz)
Interface HD44100H HD44100H or HD66100F
Package FP-80, FP-80A Same as LCD-Il
Pin arrangement Refer to p.1 Same as LCD-II

Note: * indicates the modified items on LCD-IIA.

G HITACHI
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Common

5

Segment

Tl
[

Common-segment

U

1
1 frame | 1 frame I'

-~p---
1

Figure 40. A-Type Waveforms (1/3 Duty, 1/3 Bias)

Common

L&

ol
UL

M
UL
Segment
Tnal
Common-segment:I nunu _lunLl
T
t 1 frame

Figure 41. B-Type Waveforms (1/3 Duty, 1/3 Bias)
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1. Character Pattern Development
Procedure

Hitachi

[

Computer
processing

I

Create character ®
pattern listing

Evaluate character
patterns

Back to
start

Art work

Masking

Sample

Sample
evaluation

NO

L

Determine ®
character patterns
Create EPROM @
address data listing

1

Write EPROM [©)
EPROM—
Hitachi @

Mass production

Figure 42. Character pattern development procedure

The numbers in the above figure correspond

to the following operations:

(1) Determine the correspondence between
character codes and character patterns.

(2) Create a listing indicating the correspon-
dence between EPROM addresses and
data.

(3) Program character patterns in the
EPROM.

(4) Send the EPROM to Hitachi.

(5) Hitachi performs computer processing
with the EPROM to create a character
pattern listing and sends it to the user.

(6) If there is no problem in the character
pattern listing, Hitachi creates LSI for trial
and sends samples to the user.The user
evaluates the samples. When it is con-
firmed that character patterns are cor-
rectly written, mass production of LSI is
started.

G HITACHI
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® Character pattern program method

The relationship between the EPROM In order to evaluate ROM patterns, we rec-
address and character pattern is as fol- ommend to use our LCD controller HD61830.
lows. We also supply LCD control board (CB1026R).
EPROM ADDRESS DATA
(LSB)

A3
Az
O3
04
Os
Os
07

o
< 2 L 2 2 £ 2

Aqq

Character code Line code

. EPROM DATA 05-07 are invalid

. DATA “0" must be programed at 11 th line (cursor position).

. DATA at 12-16 th line are invalid

. DATA at Og locate at the left side of screen. (The relation between the bit No, and position
is reversed, comparing with HD44780).

Note:

HBWN-=

G HITACHI
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e Handling unused character patterns

(1) EPROM data outside the character pat-
tern area
It is ignored by the character generator
ROM for display operation so that it can be
Oorl.

(2) EPROM data in CG RAM area
It is ignored by the character generator
ROM for display operation so that it can be
Oor1.

(3) EPROM data used when the user does not
use any LCD-II character pattern
It is handled in one of the two ways ex-
plained below. Select one of two ways

according to the user application.

1)

2)

@ HITACHI
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When unused character patterns are
not programed

If an unused character code is written
in the LCD-II DD RAM, all dots are lit.
No programming for a character pat-
tern is equivalent to all bits lit. (This is
because EPROM is filled with 1 when
the EPROM is erased.)

Program O for unused character pat-
terns

Nothing is displayed even if unused .

character codes are written in LCD-II
DD RAM. (It is equivalent to space.)

SECTION
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Absolute Maximum Ratings

Item Pating Reting Unit
Power Supply Voltage Vce -0.3to +7.0 \"
Input Voltage Vr -0.3to Vgc + 0.3 \"
Operating Temperature Topr -20to +75 °C
Storage Temperature Tstg -65to +125 °C

Notes: 1.If LSI’s are used above the absolute maximum ratings, they may be permanently destroyed.
Using them within electrical characteristic limits is strongly recommended for normal opera-
tion. Use beyond these conditions will cause malfunction and poor reliability.

2. All voltage values are referred to GND = O V.
3.Applies to V1 to V5. The relation: Vcc=2V12V3=V4=V52GND must be maintained.
(high to low)
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Electrical Characteristics
DC Electrical Characteristics (Vcc = 5V+10% Ta = -20 to +75 °C)

SECTION .

Item Symbol Min Typ Max Unit Test Condition Note
Input High Voltage (1) ViH1 2.0 - Vee V (2)
Input Low Voltage (1) Vi - - 0.8 \) (2)
Input High Voltage (2) Vin2 Vee-1.0 — Vce Vv (12)
Input Low Voltage (2) ViL2 - - 1.0 Vv (12)
Output High Voltage (1)(TTL) VoH1 2.4 - - \% -lon = 0.205 mA (3)
Output Low Voltage (1)(TTL) VoLt - - 0.4 \% loo = 1.6 mA (3)
Output High Voltage (2)(CMOS) Vou2 0.9Vee — - \% -lon = 0.04 mA (4)
Output Low Voltage (2)(CMOS) Vg2 - - 0.1Vee V lo. = 0.04 mA (4)
Driver On Resistance (COM) Rcom - - 20 kQ *Id = 0.05 mA (10)
to each COM Pin
Driver On Resistance (SEG) Rsec - - 30 kQ +Iid = 0.05 mA (10)
to each SEG Pin
Input Leakage Current i -1 - 1 uA Vin = 0 to Vcc (5)
Pull up MOS Current -lp 50 125 250 LA Vec =5V
Power Supply Current (1) lect - 0.55 0.8 mA Ceramic filter oscillation  (6)
Vee =5V,
fosc = 250 kHz
Power Supply Current (2) lcc2 - 0.35 0.6 mA Rf oscillation, (6)
External clock operation (11)
Vee =5V,
fosc = fcp = 270 kHz
External Clock Operation
External Clock Frequency - fp 1256 250 350 kHz T "
External Clock Duty Duty 45 50 55 % (7)
External Clock Rise Time trep - - 0.2 s (7)
External Clock Fall Time ticp - - 0.2 us (7)
Internal Clock Operation (Rf Oscillation)
Clock Oscillation Frequency fosc 190 270 350 kHz Rf = 82ka*2% | @
Internal Clock Operation (Ceramic Filter Oscillation)
Clock Oscillation Frequency - fosc 245 250 255 kHz Ceramic filter | @
LCD Voltage Vico1 3.0 = Vce \" Vce - Vs 1/5 bias (13)
Vicp2 3.0 - Vee V 1/4 bias (13)

Notes: 1.Figure 42 shows the I/O pin configurations except for liquid crystal display output.
2.Input pins and 1/0 pins. Excludes OSC1 pin.
3.1/0 pins.
4 .QOutput pins.
5.Current flowing through pull-up MOS'’s and output drive MOS's is excluded.
6.Input/output current is excluded. When input is at an 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.
7 .External clock operation as shown in figure43. ]
8.Internal oscillator operation using oscillation resistor Rf (figure 44).
9.Internal oscillator operation using a ceramic filter (figure 45)
10.Rcom applies to the resistance between power supply pin (Vcc, Vi1, Vs, Vs) and each common
signal pin (COM; to COMjs).
Rsec applies to the resistance between power supply pin (Vcec, V2, V3, Vs) and each segment
signal pin (SEG1 to SEGao).
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11.Relation between operation frequency and current consumption is shown in figure 46.
(Vec = 6V)

12.Applied to OSC1 pin.

13.When each COM and SEG output voltage is within £0.15 V of LCD voltage (Vcc, Vi, Va2,
V3, Va, Vs) when there is no load.

® Input Pin Pins: RS, R/W
(With pull-up MOS)
Pins: E
(No pull-up MOS) Vee

) |—| PMOS SES %I PMOS [-| EEPMOS
r

Pull-up MOS
NMOS NMOS

©® QOutput Pin

Pins: CL;, CLz, M, D

PMOS

NMOS

®1/0 Pin
Pins: DBy to DB v
(Pull-up MOS) cc Vee
=P P
r
o

Vee
P ,%l__rG: — Enable
St Lo

(Output Circuit)
(Three-state)

Figure 43. Pin Configuration
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0S¢ SECTION |
Open 0SC, 1
Th . Ti L

0.7 Vee
0.5V, D —_Th 0,

. cc uty = Th + TI X 100%
0.3 Ve —4

—] e
trcp tfcp

Figure 44. External Clock

0SCy

Rf S Rf: 82kQ + 2%
0SC;

Since oscillation frequency varies depending on OSC1 and OSC> terminal capacity, wiring
length to these pin should be minimized.

Figure 45. Internal Oscillator, Resistor

Cy
0SsC, Ceramic filter: CSB250A (Murata)
Rf: 1MQ £10%
[=] Rf C,:680pF £10%
o C,:680pF £10%
SCZ . +59,
C Rd Rd: 3.3kQ 5%

Ceramic filter

Note: This circuit is a standard one and we do not insure the oscillation frequency character-
istics. Study the actual circuit ratings in using this circuit.

Figure 46. Internal Oscillator, Ceramic Filter
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— ® = V¢c- Vs
] § ® = Vec- Vs
®=z1.5V

®=0256x@®

The conditions of V;, V5 voltages
are for proper operation of the LSI
and not for the LCD output level
(figure 47). The LCD drive voltage
condition for the LCD output level is
specified in “LCD voltage V cp”.

1.8 Vee

1.6 v,

1.4 v
%‘ 1.2 max 5
= 1.0 ] Note:

8 P

= 0.8 /

0.6 ] Atyp

0.4 =

0.2 o

0 100 200 300 400 500
fosc or fcp (kHz)
Figure 47. Frequency vs Current
@ HITACHI

200

Figure 48. V3, V5 Voltages
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Bus Timing Characteristics (Vcc = 5.0 VX10%, GND = 0 V, Ta = —20 to +75 °C)

Write Operation (Writing Data from MPU to HD66780)

SECTION

Item Symbol Min Max Unit Test Condition

Enable Cycle Time tcyce 500 - ns Fig. 51 1
Enable Pulse Width  (High level) PWEeH 220 - ns Fig. 51

Enable Rise/Fall Time ter, tef - 20 ns Fig. 51

Address Set-up Time (RS, RW—-E) tag 50 - ns Fig. 51

Address Hold Time taH 10 - ns Fig. 51

Data Set-up Time tosw 60 - ns Fig. 51

Data Hold Time tH 10 - ns Fig. 51

Read Operation (Reading Data from HD66780 to MPU)

Item Symbol Min Max Unit Test Condition
Enable Cycle Time tcyce 500 - ns Fig. 52
Enable Pulse Width  (High level) PWEH 220 - ns Fig. 52
Enable Rise/Fall Time ter, tes - 20 ns Fig. 52
Address Set-up Time (RS, RW —E) tag 50 - ns Fig. 52
Address Hold Time taH 10 - ns Fig. 52
Data Delay Time tobR - 150 ns Fig. 52
Data Hold Time tDHR 20 100 ns Fig. 52
5.0V
RL.=2.4kQ
Test Point
Diod
90pF 10ka 1'52374@)

Figure 49. Load Circuit (DBy—DB7)
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Interface Signal with HD44100H or HD66100F Timing Characteristics
(Vee = 5.0 VX10%, GND = 0 V, Ta = —20 to +75 °C)

Item Symbol Min Max Unit Test Condition
Clock Pulse Width  (High level) towH 800 - ns Fig. 53
Clock Pulse Width  (Low level) towl 800 - ns Fig. 53
Clock Set-up Time tcsu 500 - ns Fig. 63
Data Set-up Time tsu 300 - ns Fig. 53
Data Hold Time toH 300 - ns Fig. 53
M Delay Time tom -1000 1000 ns Fig. 53
Clock Rise/Fall Time tet - 100 ns Fig. 563

Power Supply Conditions Using Internal Reset Circuit

Item Symbol Min Max Unit Test Condition
Power Supply Rise Time trce 0.1 10 ms -
Power Supply Off Time torF 1 - ms -

Note: The internal reset circuit will not operate normally unless the preceding conditions are met. In

that case, initialize by instruction. (Refer to Initializing by Instruction)

Test Point O—l
60 pF l

Figure 50. Interface Signal Load Circuit

0.2V
Vee

0.1ms = tcc = 10ms torr 2 1ms

*torr stipulates the power off time for a power supply
instantaneous dip or when power supply is cycled off then on.

Figure 51. Power Supply Timing
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Timing Characteristics

Write Operation

SECTION
RS X Viu Vi
AV Vin
tAS tAH
R N
w R Viu j/ Vi
PWEH tAH
.
2 Vi Vi Y x /
E y, Vi Viu| ¥k A Vi
e ) e

DBo—DB;

Figure 52. Bus Write Operation Sequence (Writing Data from MPU to HD66780)

Read Operation

RS yl Vi Vini
XV Vi
tAS tAH
R/W 7{V|H1 VIH1
PWEH I tan
am Vi
et /
E Vi [ Vi o A Vin
‘ ter o | toor tour
Vout \# X /Vom
—DB
D8o—DB, Vom( 4\ Vou1
tevce N

Figure 53. Bus Read Operation Sequence (Reading Data from HD66780 to MPU)
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Interface signal with driver LSI HD44100H or HD66100F

0.9 Vcc/

CL4

CL;

Figure 54. Sending Data to Driver LSI HD44100H or HD66100F
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HD44102CH
(Dot Matrix Liquid Crystal Graphic

Display Column Driver) SECTION

DESCRIPTION
The HD44102CH 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 micro-

computer in the internal display RAM and

generating dot matrix liquid crystal driv-

ing signals.

Each bit data of display RAM corresponds

I (FP-80)
to ON/OFF of each dot of liquid crystal
display to provide more flexible display
The HD44102CH is produced in the CMOS BPIN ARRANGEMENT

process. Therefore, the combination with
a CMOS microcomputer can accomplish a
portable battery drive equipment utilizing
the liquid crystal display's lower power

dissipation.

The combination of HD44102CH with the row
(common) driver HD44103CH facilitates dot
matrix liquid crystal graphic display

system configuration.

(TOP VIEW)
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HD44102CH

A FEATURES

. Dot matrix liquid crystal graphic display column driver incorporating
display RAM.

+ Interfaceable to 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 x8 x4 (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 ..... Vgg 5V£10%, VEg O0v-5V
- CMOS process

. 80-pin flat plastic package
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BTABLE OF PIN ASSIGNMENT

M |ply clock| InPut- | Output M |piy clock| Input | Output

1 Y39 41 Vec

2 Y38 42 BS

3 Y37 43 RST

4 Y 36 44 CS1

5 Y35 45 CS2

6 Y34 46 CS3

7 Y33 47 E

8 Y32 48 R/W

9 Y31 49 D/1
10 Y30 50 DBo DB,y
11 Y29 51 DB, DB,
12 Y28 52 DB, DB,
13 Y27 53 DBy DB
14 Y26 54 DB, DB,
15 Y25 55 DBs DBs
16 Y24 56 DBsg DBs
17 Y23 57 DBy DB,
18 Y22 58 FRM
19 Y21 59 CL
20 Y20 60 [
21 Y19 61 [2)
22 Y18 62 N. C.
23 N. C 63 M
24 Y17 64 GND -
25 Y16 65 VEE
26 Y15 66 V,
27 Y14 67 Vo
28 Y13 68 Vs
29 Y12 69 \A
30 Y1l 70 Y50
31 Y10 71 Y49
32 Y9 72 Y48
33 Y8 73 Y47
34 Y7 74 Y46
35 Y6 75- Y45
36 Y5 76 Y44
37 Y4 77 Y43
38 Y3 78 Y42
39 Y2 79 Y41
40 Y1 80 Y40

(Note) N.C.: Nonconnection pin
@ HITACHI
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W ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note SECTION
Supply voltage (1) Vee -0.3 "~ +7.0 v 1 1
Supply voltage (2) VEE Vee-13.5 v Vgcet0.3 \'
Input voltage (1) V1 -0.3 "~ Vgct0.3 \ 1, 2
Input voltage (2) Vr2 Vgg-0.3 "~ Vgct0.3 v 3
Operating temperature Topr =20 "~ +75 °C
Storage temperature Tstg -55 N +125 °C

Note 1l: Referred to GND=0.

Note 2: Applied to input terminals (except V1, V2, V3 and V4), and I/0
common terminals.

Note 3: Applied to terminals V1, V2, V3 and V4.

M ELECTRICAL CHARACTERISTICS

(Voo=+5V+10%Z, GND=0V, Vgg=0v-5.5V, Ta=-20+75°C) (Note 4)

Item Symbol Test condition Min. |[Typ| Max. [Unit[Note
Input "High" voltage(CMOS) | VIHC 0.7xVce| - Vee v 5
Input "Low" voltage (CMOS) | Vi 0 - 10.3xVec| V 5
Input "High" voltage (TTL) | Vygr 2.0 - Vee Y 6
Input "Low" voltage (TTL) | VILT 0 - +0.8 | V 6
Output "High" voltage Vou |ZIog=-250uA +3.5 - - v 7
Output "Low" voltage VoL |Igp=+1.6mA - - +0.4 | V 7
Vi-Xj ON resistance RoN ZEE:;iZtigvéﬁ ALoad - - 7.5 | kQ
Input leakage current (1) I111 | VIN=VcQVGND -1 - 1 wal 8
Input leakage current (2) | Irr2 |VIN=VCCVWEE -2 - 2 HA| 9
Operating frequency fcik | 91,92 frequency 25 - 280 |kHz | 10

fc1k=200kHz frame=

65Hz during display " B 100 HA |11

Dissipation current (1) Iccl

Dissipation current ) Icc2 g‘écziie:zde 1MHz - - 500 pA | 12
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Note 4: Specified within this range unless otherwise noted.
Note 5: Applied to M, FRM, CL, BS, RST, ¢1, ¢2.

Note 6: Applied to CS1 to CS3, E, D/I, R/W and DBO to DB7.
Note 7: Applied to DBO to DB7.

Note 8: Applied to input terminals, M, FRM, CL, BS, RST, ¢1, ¢2, CS1 to CS3,
E, D/I and R/W, and 1I/0 common terminals DBO to DB7 at high impedance.

Note 9: Applied to V1, V2, V3 and V4.
Note 10: ¢1 and ¢2 AC characteristics.

Symbol | Min. [ Typ | Max.| Unit
Duty Duty 20 25 | 30 %
Fall time tf - - 100 ns
Rise time ty - - | 100 ns
Phase difference time ti2 0.8 - - us
Phase difference time ta1 0.8 - - us
T3 + Th - - 40 us

Note 11: Measured by Vgc terminal at no output load, at 1/32 duty, and frame
frequency of 65Hz, in checker pattern display. Access from the CPU
is stopping.

Note 12: Measured by Vgc terminal at no output load, 1/32 duty and frame
frequency of 65Hz.
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@INTERFACE AC CHARACTERISTICS

Item Symbol | Min. Typ Max. Unit Note SECTION
E cycle time tcyc | 1000 - - ns |13, 14 1
E high level width PWEH 450 - - ns 13, 14
E low level width PWEL 450 - - ns 13, 14
E rise time ty - - 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 tpsw 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
Note 13: At CPU write Note 14: At CPU read
oo tore l teve
E 20(;\(/ PweL Pwen E &Pwm, Pwex
tr ﬁ_‘-b—' e -t
20V, 2.0V
R 0svy f— RW o.av} tas tan—f\
tAS— tan tAS tAH
CS1~a 20V CSiws 20V
b/ 0.8V D/l 08V
| ;—tnsw toHw »—tDDR —]
2.0V ) 24V, tom
DB, —— : ~ _—d
o 08V P_ DBo~s 0avy —
Note 15: DBO to DB7 load circuits
Ry, = 2.4kQ
) D: IR R = 11kQ
Test point
D. C = 130pF (including jig capacity)

9

CJ;R 2

Diodes D1 to D4 are all 182074 (@)
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Note 16: Display OFF at initial power up.

The HD44102CH 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 cannot be accepted while
the RST is in the "Low" level.

Symbol|{ Min. | Typ | Max. | Unit

Reset time| tgrgr | 1.0 - - us

Rise time ty - - 200 ns

W TERMINAL FUNCTIONS DESCRIPTION

Signal |Number of

name terminals t/o Function
YIvY50 50 0 | Liquid crystal display drive output.
Relationship among output level, M and display data
(D) :
M l 1 | 0 |
D 1 0 1 0
v V. V. V,
Output level l ! } S F z F,‘ }
CS1nCS3 3 I | Chip select
CS1 | Cs2 [ CS3 State

Non-selected
Non-selected
Non-selected
Selected read/write enable
Selected write enable only
Selected write enable only
Selected write enable only
Selected read/write enable

fe={R==1==1 =11l [} ol [ ol
fa=1R==]lunl Foud R==d =] Honld ol
ja=iload fi=~] Faul F==] Il f= -1l

E 1 I | Enable

At write (R/W=L): Data of DBO to DB7 is latched
at the fall of E.

At read (R/W=H): Data appears at DBO to DB7
while E is in "High" level.
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Signal |Number of

name terminals /o Function
R/W 1 I | Read/Write SECTION
R/W=H: Data appears at DBO to DB7 and can be read
by the CPU when E=H and CS2, CS3="H".
R/W=L: DBO to DB7 can accept input when CS2,CS3=H
or CS1=H.
D/1 1 I | Data/Instruction

D/I=H: Indicates that the data of DBO to DB7 is
display data.

D/I=L: Indicates that the data of DBO to DB7 is
display control data.

DBOADB7 8 I/0 | Data bus, Three-state I/0 common terminal
E | R/W|CS1 |CS2 |CS3 | State of DBO 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 dis-
play 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.

¢1, ¢2 2 I | 2-phase clock signal for internal operation

The ¢1 and ¢2 clocks are used to perform the
operations (input/output of display data and exe-
cution 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 dis-
play OFF state and up mode is held until the state
is changed by the instruction.

BS 1 I | Bus select signal

BS=L: DBO to DB7 operate in 8-bit length.

BS=H: DB4 to DB7 are valid in 4-bit length only.
8-bit data is accessed twice in the high
and low order.
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Signal| Number of 1/0 Function
name terminals
vi,v2, 4 Power supply for liquid crystal display drive.
v3,v4 V1l and V2: Selection voltage
V3 and V4: Non-selection voltage
Vee 3 Power supply.
SND Vcc-GND: Power supply for internal logic
EE Vec-Vgg: Power supply for liquid crystal display
drive circuit logic

MFUNCTION OF EACH BLOCK

®Inter

face Logic

The HD44102CH can use the data bus in 4-bit or 8-bit word length to enable
the interface to a 4-bit or 8-bit CPU.

(1) 4-bit mode (BS=H)

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) is transferred and then the low order 4 bits (DBO to DB3 in 8-
bit data length).

Busy Flag h r-( ﬁ
D/1 [
RW L [ L

e [ L Lt LI LJ t
DBS Yo XS XK o YOZU_°- ¥
) 11 ) ) G 1) e ), S
o84 7RI Y- YOO Yo YOO Rese YOO O YOO ©. VY.

Busy flag Address Address usy flag| Data

214

Data low
check high order|low order| heck high order write
(Status write write (Status order

read) read) write
@ HITACHI
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(Note) Execute the 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 SECTION
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.

(2) 8-bit mode (BS=L)

If the BS signal is low, the 8 data buses (DBO to DB7) are used for data

transfer.

DB7 ... MSB (Most significant bit)
DBO ... LSB (Least significant bit)

For AC timing, refer to (Note 12) to (Note 15) of "ELECTRICAL CHARACTER-
ISTICS".

®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
glven operation is performed. Data is received at the fall of E signal when
the CS is in the select state and R/W is 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.

o/ ] | I I l
RW l l
E [ S [ S N I R N D Y S
Address | N 1 N+ 1 T N2
Output J Data at address N [Data at address Nil
register B - Read 3 4
usy |Write Busy | Read Busy a usy |Data rea
DB~ | check |address| check | data | check |data at| check |address
N (dummy) address N+1
N
GO HITACHI
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® X,Y Address Counter

The XY 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 com-
posed 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 loops
the values of 0 to 49 to count. The X address register has no count func-

tion.

®Display ON/OFF Flip Flop

This flip flop is set to ON/OFF state by the instruction 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 dis-
played. 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.

® 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 the instruction other than Status Read is accepted, the busy flag is
set during its effective period, and reset when the instruction is not effec-

tive. The value can be read out on DB7 by the Status Read (instruction.

The HD44102CH cannot accept any other instructions than the Status Read in
the busy state. Make sure the busy flag is reset before the issue of in-

struction.

G HITACHI
216 Hitachi America Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 » (415) 589-8300



HD44102CH

E | i
Busy

L £_3
Fo - IBUSY ¥ go

Fé is ®1, ¢2 frequency (half of HD44103CH 1 ,
oscillation frequency)

b——T sy —— SECTION

® 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 outputing the display data synchronized
with the common signal. O 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 latchs and M signal causes one of
the 4 liquid crystal driver levels, V1, V2, V3 and V4 to be output.
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®Display RAM

Relationship between Data in RAM and Display
(Display start page 0, 1/32 duty)

comt | VK, ) - - - -
com? 7, .
com3 7 7/
coms A, \
COMS Z//%% _
CoM6 /
//A Display pattern
COoMT A
coms ——
com9 —
H V - .
COM30' ——{ ]
com3t Y,
com2— | | [T .~
1]2]a4]s 484950 Df{ivﬁrY‘;‘o‘tp“t
D, LSE 0 I I A I 1 KT
D, tjolofofd| 0ol
D, 1jojojojt| 0j0f1
Ds 1jojojoj1y 1101 > X=0
D. e of1]1
Ds 1ofo]o] 0jo]1
Y 10 0 R K gi;a in display
D, ojojofojof 0jofo
MSB
I 0] ofoJol\
R X=2
i oo — x|
oftTofofof - ofoJoj U _
T Telele] (X7
ojofofojo] T 0fofo
Yo Yll Yz Ys Y Y1 Yag Yoo
44 address)
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WMDISPLAY CONTROL INSTRUCTIONS

(1) Read/Write Display Data

SECTION
MSB DB LSB
R/W D/1 7 6 5 4 3 2 10 1
1 1 (Display data) Read (CPU + HD44102CH)
0 1 (Display data) Write (CPU - HD44102CH)

Sends or receives data to or from the address of the display RAM specified in
advance. However, the dummy read may be required for reading display data.

Refer to the description of the output register in the FUNCTION OF EACH BLOCK.

(2) Display ON/OFF

MSB DB LSB
R/W D/I 7 6 5 4 3 2 1 0
0 0 0011100 1 Display ON
0 0 00111000 Display OFF

Controls the ON/OFF of display. RAM data is not affected.

(3) Set X/Y Address

MSB DB LSB Y address
R/W D/T 7 6 5 4 3 2 1 0 = 48 49
0 0 0 0 00 |y Page O
0 0 0 1 Binary numbers 01 ; Page 1
of 0149
L
0 0 1o 10 M Page 2
0 0 11 T
—_— —-— 11 " Page 3
X address Y address
(page) (address) Display Data RAM
(4) Display Start Page
MSB DB LSB
R/W D/I 7 6 5 4 3 2 1 0
0 0 0 0111110 ..... Refer to Fig. A
0 0 0 1 111110 ..... Refer to Fig. B.
0 0 1 01 11110 ..... Refer to Fig. C.
0 0 11111110 ..... Refer to Fig. D.
H'__J
Display
start page
@ HITACHI
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Specifies a RAM page displayed at the top of the screen. Display is as shown
in Figs. A, B, C and D respectively. When the display duty 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.

Start page = page 0

“'A Page 0 A
Fig. A N N
B Page 1 B
[o] Page 2 C Displayed up to
here when display
D Page 3 D duty is 1/N.
(N=8, 12, 16, 24,
Display Data RAM Liquid Crystal Screen 32)
Start page = page 1
A Page 0 B
Fig. B N N
B Page 1 C
(o} Page 2 D
D Page 3 A
Display Data RAM Liquid Crystal Screen
Start page = page 2
A 0 c
Fig. C Page Q N
B Page 1 D
(o] * Page 2 A
D Page 3 B
Display Data RAM Liquid Crystal Screen
Start page = page 3
P
Fig. D A age 0 D N
B Page 1 A
(o] Page 2 B
D Page 3 C
Display Data RAM Liquid Crystal Screen
220 G HITACHI

Hitachi America Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 » (415) 589-8300



HD44102CH

(5) UP/DOWN Set

MSB DB LSB
R/W D/T 7 6 5 4 3 2 1 0 SECTION
0 0 00111011 UP mode

0 0 00111010

DOWN mode 1

Sets Y address register in the UP/DOWN counter mode.

(6) Status Read

MSB DB LSB
R/W D/I 7 6 5 4 3 2 1 0
1 0 B U OR OO OO
U P F E
s / F S
Y D / E
0O 0 T
g N
L———-—d- 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.

e » 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 instructions (1) Vv (5) are
being executed.

During "1", none of instructions (1) v(5)
are accepted.
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MCONNECTION BETWEEN LCD DRIVERS (EXAMPLE OF 1/32 DUTY)

CRR C
xl"—,—b
t
{ To liquid crystal
| display
Xaof——> To liquid crystal display
SHL Vce
HD44103CH  M/S GND T _________
t FS
(Master) e Y v
DS,
DS, FRM
FRM}- [ M
M HD 44102CH
DL DR ¢2 ¢1 ©t cL o
open I #
Oplen opt;.n open #.
1
DL DR ¢ ¢ FRM}—-open
M
cL To liquid crystal display
Xifb—» T __________ T
E'lfo liquid crystal
:display Y, Yso
HD44103CH X f——
(slave) SHL Vee FRM
M/S GND
FS M
DS, HD 44102CH
DSzﬂ CL
DS, ) No 2
1
CR R C
1 g B2
open open
Vce
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BINTERFACE TO CPU

(1) Example of connection to HD6800 SECTION
Decoder 1

Aist— cs
( i S 1“=
A b CS,

VAl Voc—(CS,
Ao »D/1

R/W R/W

HD 6800 HD 44102CH
¢2 »E
Do DB,
D DB,
gﬁVbc

ES RST

Example of Connection to HD6800 Series

In the decoder given in this example, the addresses of HD44102CH in the
address space of HD6800 are:

Read/write of display data : §$'FFFF'
Write of display instruction: §$'FFFE'
Read of status : S$'FFFE'

Thus, the HD44102CH can be controlled by reading/writing data at these

addresses.
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(2) Example of connection to HD6801

T4LS 154
P A Yo-———l_bo_’”‘r— cs,
Py——B T'Tﬂ CS:
Pr2 C ] i Vec—{CS;
Pis S
G, G;
(10S)scC1 ——————————} 7
(R/W)SC2 RW
P D/
HD 6801 * 1 HpatozcH
E E No 1
P, DB,
fhl : Dql
(Data bus) ! | '
' i !
Ps7 ! DB,

+ The HD6801 is set to mode 5. P10 VP14 are used as output ports, and

P30 VP37 are used as data buses.

+ The 74LS154 is a 4-to-16 decoder that decodes 4 bits of P10 VP13 to
select the chips.

+ Therefore, the HD44102CH can be controlled by selecting the chips
through P10 VP13 and specifying 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 each manual.
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BMCONNECTION TO LIQUID CRYSTAL DISPLAY

1
X
3% x}—2
® :
33 ;
S
I . s
T Xaf—; % Liquid crystal display panel
' 2 32 x150 dots
X
22

HD44103CH
(Slave)

Y ~— Y5 Y, ~— Y50 Yy ~—Yso

HD 44102CH HD 44102CH HD 44102CH
No 1 No 2 No 3

(a) Example of connection of 1/32 duty, l-screen display

x

S
- N

Liquid crystal display panel
16 X100 dots

~"\ X
.

(Master)
x
&

"™
HD44103CH

x
o
>

(b) Example of connection of 1/16 duty, l-screen display

Yi ~——~ Y
HD 44102CH
Na 1
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226

HD 44102CH HD 44102CH HD 44102CH
Y I A I Yo 10
Yy ~—~ Yx Y~~~ Y5 Y ~—Yqo

i =

R L B

M1

¥~ xxx

HD 44103CH
(Master)

‘l ; Liquid crystal display panel
64 x240 dots

¥ ~ xx

HD 44103CH
(Slave)

YT Y5 Y Yx Y —Ye
HD 44102CH HD44102CH | -- -~~~ ~~==~~ HD44102CH
No 1 No 2 No §

(c) Example of connection of 1/32 duty, 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 limitationms.
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 the figure) 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 (CSl=high and CS2=CS3 =don't care, or

CS1 =1low and CS2=CS3 =high).

EXAMPLE OF WRITING DISPLAY CONTROL INSTRUCTIONS

] M
e [T\ T

|
i |
o/ i\ [\l
| High order "Low order
DBo_y —HEUSH——i Y2 C:)l‘s
—

k% ] * |
- p-— ]
BUSY  writes high- Writes low-
CHECK order bits order bits

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 simultaneously. 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 of 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 transferring low-order data.

MEASURES IN APPLICATION

1) When HD44102 Controlled Via Port
When you control the HD44102 with the port of a single-chip micrecomputer,

you should take care of the software and observe the limitations strictly.

2) When HD44102 Controlled Via Bus
a) Malfunction Caused by Hazard

[\ _[
cs __/

—\

Example
Writing High-Order Data

e __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 fully studied.

b) Using 2-Byte Instruction

cs ’ \
Address I :: I 2N+1

(D/1)

DBo~7 High-Order Low-Order
Data Data

Last 2 Machine Cycles of
2-Byte Instruction

G HITACHI
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HD44102CH

In the 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 SECTION
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 signifi- 1

cant bit of the address signals as the D/I signal since the address for

the second byte is added 1. And 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. Fox example, in the
figure shown following figure the address signal Aj is used as D/I

signal and A2 - Aj5 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.

Az-15 cs
Ay ecoder o/l
R/W| R/W
E E
@ HITACHI
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HD44103CH

(Dot Matrix Liquid Crystal Graphic
Display Common Driver)

230

DESCRIPTION
The HD44103CH 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 (HD44102CH) 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 duties ratio: 1/8, 1/12, 1/16,
1/24 and 1/32. 20 driver output lines are
provided, and the impedance is low (5009

max.) to enable a large screen to be driven.

B FEATURES

. Dot matrix liquid crystal graphic display
common driver incorporating the timing

generation circuit in it.

« Internal oscillator (Oscillation frequ-
ency 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: Vg ...5V:10%Z,
VEE ... 0 to -5.5V

* CMOS process
« 60-pin plastic flat package

G HITACHI
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HD44103CH

O TERMINAL ARRANGEMENT LIST

No. §i¥frcigzk Input Output No. zg;frcizzk Input Output
1 X 14 31 CR

2 X 13 32 [

3 X 12 33 i)

4 X11 34 GND

5 X 10 35 FS

6 X9 36 DS1

7 N. C. 37 N. C.

8 X8 38 N. C.

9 X7 39 N. C.

10 X6 40 DS2

11 X5 41 DS3

12 N. C 42 M M
13 N.C 43 FRM
14 N.C 44 SHL

15 N.C 45 Vee '

16 X4 46 N. C.

17 X3 47 N. C.

18 X2 48 N. C.

19 X1 49 M/S

20 Vi 50 CL CL
21 N.C. 51 N. C.

22 N. C. 52 N. C.

23 V2 53 N.C.

24 Vs 54 DR DR
25 Ve 55 X 20
26 VEE 56 X 19
27 DL DL 57 X 18
28 C 58 X 17
29 VsuB Connect to Vgc. 59 X 16
30 R | 60 X 15

(Note) N.C.: Unused terminal. Don't connect any wire to these terminals.
Connect Vgyg to Vgc.
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HD44103CH

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rated value Unit Note SECTION
Supply voltage (1) Vee -0.3 +7.0 v 1 1
Supply voltage (2) VEE Vee-13.5 v Vget+0.3 \Y 14
Terminal voltage (1) Vr1 -0.3 ~ Vect+0.3 \Y 1, 2
Terminal voltage (2) V2 Vgg-0.3 " Vgc+0.3 \Y 3
Operating temperature Topr =20 +75 °C
Storage temperature Tstg =55 +125 °C
Note 1: Referred to GND=O0.
Note 2: Applied to input terminals (except V1, V2, V5 and V6) and I/0 common
terminals.
Note 3: Applied to terminals V1, V2, V5 and V6.
Note 14: Connect a protection resistor of 2200+57 to VEE power

supply in series.
@ ELECTRICAL CHARACTERISTICS

(Vce=+5v+10%, GND=0V, VEg=0 to -5.5V, Ta=-20 to +75°C) (Note 4)

Item Symbol| Test condition Min. |[Typ| Max. [Unit|Note
Input "high" voltage VIﬁ 0.7xVcc | - Vee \ 5
Input "low'" voltage VL 0 - 0.3%xVee| V 5
Output "high" voltage Vou |Iog=-400pA Vee-0.4) - - v 6
Output "low" voltage VoL |Iop=+400uA - - 0.4 v 6
Vi-Xj ON resistance RoN ZEE:;iZi;gg‘;ﬁZad - - 500 Q
Input leakage current (1)| Iyy] | ViN=VcdVGND -1 - 1 HA 7
Input leakage current (2)| Iyy2 | VIN=VcCVVEE -2 - 2 HA 8
Shift frequency fsFT | In slave mode - - 50 kHz 9
Oscillation frequency fosc gf:fg:gigz 300 |430| 560 | kHz| 10
}é.xternal clock operating fep 50 _ 560 KHz
requency
External clock duty Duty 45 50 55 % 11
External clock rise time | tyep - - 50 ns 11
External clock fall time tfep - - 50 ns 11

@ HITACHI
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HD44103CH

Item Symbol| Test condition Min.| Typ | Max. | Unit|Note
Dissipation power CR oscillation= _ _
(master) Pl |430kHz b.4 my | 12
Dissipation power Frame frequency _ _
(slave) Pu2 =70Hz 1.1 i 13
Note 4: Specified within this range unless otherwise noted.
Note 5: Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR and DL.
Note 6: Applied to DL, DR, M, FRM, CL, ¢1 and ¢2.
Note 7: Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/0
common terminals DL, DR, M and CL at high impedance.
Note 8: Applied to V1, V2, V5 and V6.
Note 9: Shift operation timing
0.7vee \f )
DL/DR 0.3 Vee /% 7 min.| typ | max.|unit
™ - tsu 5 - - LS
U rig__ = —
0.7Vee tH 5 “s
CL tr - - 100 | ns
0.3Vce tf - = 100 | ns

Note 10:

tr tf

Relationship between oscillation frequency and Rf/Cg

CR oscillator

CR
\ Vcec =5V
\ Ta =+25C
500
400 NN
fosc 300 Cf=6pF
&Hz) 200 Cf = 10pF
100
50 100 150 (kQ)
G HITACHI
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The values of Rf and Cf are typical values.
The oscillation frequency varies with the

ReS Ci[ | mounting condition.
frequency to a required value.




HD44103CH

Note 11:

SECTION
Th TI ‘
0.7Vcc jl.
0.5Vcec
Th
0.3Vce Duty = 5577
1 I
trep tfcp
—
open——{C
open—— R

External clock -ﬁ CR

Note 12: Measured by Vgc terminal at output non-load of Rg=68kN+27 and
C¢=10pF+5%, 1/32 duty in the master mode. Input terminals
must be fixed at Vge or GND while measuring.

Note 13:

Measured by Vgg terminal at output non-load, 1/32 duty, frame
frequency of 70Hz in the slave mode. Input terminals must be
fixed at Vgc or GND while measuring.

® TERMINAL FUNCTIONS

Terminal|Number of 1/0 Function
name terminals

X1nX20 20 (o]

Liquid crystal display driver output.

Relationship among output level, M and data (D) in
shift register.

Output | Ve | Ve | Vi | V5

level T | T I
CR, R, 3 Oscillator Rf Cf
C
R CR C CR oscillator
M 1 I/0| Signal for converting liquid crystal display driver

signal into AC

Master: Output terminal
Slave : Input terminal
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Terminal|Number of
name terminals t/o Function
CL 1 1/0 | Shift register shift clock.
Master: Output terminal
Slave : Input terminal
FRM 1 0 | Frame signal, Display synchronous signal
DS1ADS3 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
FS 1 I | Frequency select.
The relationship between the frame frequency fpgpym
and the oscillation frequency foSC is as follows:
FS="H": fOSC = 6144 x fFPM ..o (D
FS="L": fogc = 3072 x fgpy ... (2)

Example 1) When FS="H", adjust Rf and Cf so that
the oscillation frequency is approx.
430kHz if the frame frequency is 70Hz.

Example 2) When FS="L", adjust Rf and Cf so that
the oscillation is approx. 215kHz, in
order to obtain the same display wave-
forms as Example 1. When compared with
Example 1, the power dissipation is
reduced because of the operation at
lower frequency. However, the operating
clocks ¢1 and ¢2 supplied to the column
driver have lower frequencies. There-
fore, the access time of the column
driver HD44102CH becomes longer.

DL, DR 2 I/0 | Data I/0 terminals of bidirectional shift register.
SHL 1 I | Shift direction select of bidirectional shift
register.
SHL Shift direction
H DL -+ DR
L DL « DR

236

G HITACHI

Hitachi America Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300




HD44103CH

Terminal |Number of

I
name terminals /0 Function

M/S 1 I | Master/slave select. SECTION

M/S="H": Master mode
The oscillator and timing generation circuit 1
operate to supply display timing signals to
the display system. Each of I/0 common ter-
minals, DL, DR, M and CL is placed in the
output state.

M/S="L": Slave mode
The timing generation circuit stops operating.
The oscillator is not required. Connect ter-
minal CR to Vgg. Open terminals C and R.
One (determined by SHL) of DL and DR, and
terminals M and CL are placed in the input
state. Connect M, CL and one of DL and DR of
the master to the respective terminals.
Connect FD, DS1, DS2 and DS3 to Vcc.

When display duty ratio is 1/8, 1/12 or 1/16, one
HD44103CH is required. Use it in the master mode.

When display duty ratio is 1/24 or 1/32, two
HD44103CHs 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).

o1, ¢2 2 0 | Operating clock output terminals for HD44102CH.

The frequencies of ¢l and ¢$2 become half of
oscillation frequency.

Vi, V2, 4 Liquid crystal display driver level power supply

V5, V6 V1l and V2: Selected level
V5 and V6: Non-selected level

Vee 3 Power supply.
GND

VEE Vce—-GND:  Power supply for internal logic

Vec-Vgg: Power supply for driver circuit logic

GO HITACHI
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®BLOCK FUNCTIONS

Oscillator

The oscillator is a CR oscillator that attaches 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 10) to make proper adjustment.

Timing Generation Circuit

The timing generation circuit divides the signals from the oscillator and
generates display timing signals (M, CL and FRM) and operating clock (¢l and
¢$2) for HD44102CH 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 Vgc to prevent floating current.

Bidirectional Shift Register

This is a 20-bit bidirectional shift register. The shift direction is
determined by the SHL. The data input from DL or DR performs a shift opera-
tion at the rise of shift clock CL.

Liquid Crystal Display Driver Circuit

Each of 20 driver circuits is a multiplex circuit composed of four 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 HD44102CH.

G HITACHI
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HD44105H
(Dot Matrix Liquid Crystal Graphic
Display Common Driver) SECTION

DESCRIPTION
The HD44105H is a common signal driver 1

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

(HD44102H) to control display, also
automatically scanning the common signals
of the liquid crystal according to the
display duty. (FP—605
It can select 7 types of display duty 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 (1kQ max) enough to make
. B Pin Arrangement
a large screen driven.

W FEATURES wcal=d 2IT28n2
. . . . XXX X X XXXX X
®* Dot matrix graphic display common driver FFRRE_BERERE
including the timing generation circuit. X7 { 5‘;(:"
&
. L X6 & 50X 21
®* Internal oscillator (Oscillation fre- X5 [ B0X 22
X4 & mX%
. . & BIX 2
quency is selectable by attaching an )’8 o X 25
oscillation resistor and an oscilla- )é}_ g ))89
. - 45
tion capacity.) gg? g((gg
FS20z (431 X 30
® Generates display timing signals. Bg,“, g((g;
DS3E ¥§
* 32-bit bidirectional shift register g o Ve
. i X 1
for generating common signals. N ,cs—;% \\//“
® 32 liquid crystal driver circuits with f‘f 58 o oo
~—
low impedance. BSsSu> 22200
. 3 1 .
Selectable display duty ratio : 1/8, (Top View)

1/12, 1/16, 1/24, 1/32, 1/48, 1/64.

Low power dissipation

* Power supplies : Vcc = +5V + 10% Note) NCs show unused terminals.

VEE = 0 ~ =5.5V Don't connect any lines to

them in using this LSI.

CMOS process
® 60-pin flat plastic package
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HD44105H

M ABSOLUTE MAXIMUM RATING (Ta = 25°C)

Item Symbol Ratings Unit Note SECTION
Supply voltage (1) Vee -0.3 ~ +7.0 v 1
Supply voltage (2) VEE Vee-13.5 v Vee+0.3 \ 1
Terminal voltage (1) VT1 -0.3 Vv Vee+0.3 v 1, 2
Terminal voltage (2) VT2 VEE-0.3 ~ Vcc+0.3 \ 3 ‘
Operating temperature | Topr =20 N +75 °C
Storage temperature Tstg -55 ~ +125 °C

(Note 1) Referred to GND = OV.

(Note 2) Applied to input terminals (except for V1, V2, V5 and V6) and I/0

common terminals.

(Note 3) Applied to terminals V1, V2, V5 and V6. Connect a protection
resistor of 479 * 10% to each terminal in series.
M ELECTRICAL CHARACTERISTICS (Vcc=+5V+10%, GND=0V, VEE= 0 ~ -5.5V,
Ta= -20 ~ +75°C) (Note 5)

Item Symbol|Test Condition | min |typ| max Unit [Note
Input "High" Voltage | VIH 0.7xVecc| - | Vee v 6
Input "Low" Voltage ViL 0 - [0.3xVee| V 6
Output "High" Voltagel VOH |Iog=-400uA Vce-0.4| - - v 7
Output "Low' Voltage | VoL |Ion=400uA - - 0.4 v 7
Vi-Xj ON Resistance | Rgy |VEg=—5Vtl0Z%, - - | 1000 Q

Load Current
+ 150uA

Input Leakage IILl ViN=Vcc ~ GND -1 - 1 HA 8
Current (1)
Input Leakage IILZ ViN=Vcc v VEE -5 - 5 uA 9
Current (2)
Shift Frequency FSET in slave mode - - 50 kHz 10
Oscillation fOSC Rf=68kQ+27, 300 430| 560 kHz 11
Frequency Cf£=10pF+5%
External Clock fCP 50 - | 560 kHz 12
Operating Frequency
External Clock Duty | Duty 45 50 55 A 12
External Clock Rise trCP - - 50 ns 12
Time |
External Clock Fall thP - - 50 ns 12
Time
Dissipation Power P CR Oscillation, - - 4.4 mW 13
(master) 430kHz
Dissipation Power sz Frame 70Hz - - 1.1 mW 14
(Slave)
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HD44105H

(Note 5) Specified within this range unless otherwise noted.

(Note 6) Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL and
STB.

(Note 7) Applied to DL, DR, M, FRM, CL, ¢1 and ¢2.

(Note 8) Applied to input terminals CR, FS1, FS2, DS1 to DS3, SHL, M/S
and STB and I/0 common terminals DL, DR, M and CL at high

impedance.
(Note 9) Applied to V1, V2, V5 and V6.

(Note 10) Shift operation timing.

DL DR 0.7Vee min |typ | max | Unit
0.3Vce tsu| 5 - - us
t- - -
0.7Vee H ki
CL 0.3Vee tr - - 100 | ns
tf - - 100 | ns

tr tf

(Note 11) Relation between oscillation frequency and RF, Cf.

The values of Rf and Cf are typical

values. The oscillation frequency

Connection R
varies with the mounting condition.
Cll C . . .
Ry Adjust oscillation frequency to a
CR required value.
(kHz)
500
400
fosc 300 Cf£=6pF
200 C£=10pF
100
0 1 i 1
0 50 100 150 (k@)
Rf
G HITACHI
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HD44105H

(Note 12)

SECTION

Tb
Duty=,[,h_Tl 1

open—C
open——R
External clock —CR

(Note 13) Measured by Vcc terminal at output non-load of Rf=68kQ+2% and
C£f=10pF+5%, and 1/32 duty in the master mode.

Input terminals are connected to Vcc or GND.

(Note 14) Measured by Vcc terminal at output non-load, 1/32 duty and frame
frequency of 70Hz in the slave mode.

Input terminals are connected to Vcc or GND.
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HD44105H

B TERMINAL FUNCTION

Eermlnal Number of 1/0 Function
ame terminals
X1 ~ X32 32 0 | Liquid crystal display driver output.
Relation among output level, M and data(D) in
shift register.
M | 1 | 0 |
D 1 0 1 0
Output level ] V2 | V6 | V1 | V5 |
I l I l
CR,R,C 3 Oscillator. )
Rf Cf
CR Oscillator
R CR C
M 1 1/0| Signal for converting liquid crystal display
driver signal into AC.
Master: Output terminal
Slave : Input términal
CL 1 I/0| Shift register shift clock.
Master: Output terminal
Slave : Input terminal
FRM 1 0 | Frame signal, Display synchronous signal
DS1vDS3 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
FS1VFS2 2 I | Selects frequency.
The relation between the frame frequency £
. . . FRM
and the oscillation frequency foSC is as
follows.
Fs1|Fs2|fosc(kHz) | fprM(Hz) |fM(Hz) | fcp (iHz)
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
frrM: Frame frequency
fM : M signal frequency
fcp ¢ Frequencies of ¢1 and ¢2
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HD44105H

Terminal Number of

Name terminals /0 Function

SECTION

STB 1 I | Input terminal for testing.
Connect this terminal to Vecc.

DL, DR 2 I/0 | Data I/0 terminals of bidirectional shift 1
register.

SHL 1 I | Selects shift direction of bidirectional shift
register.

DL -+~ DR
DL « DR

SHL Shift direction
H
L

M/S 1 I Selects Master/Slave.
M/S='H': Master mode
The oscillator and timing generation circuit
operate to supply display timing signals to
the display system. Each of I/0 common
terminals, DL, DR, M and CL is in the output
state.
M/S="L': Slave mode
The timing generation circuit stops operating.
The oscillator is not required. Connect ter-
minal CR to Vcc. Open terminals C and R. One
(determined by SHL) of DL and DR, and ter-
minals 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 HD44105H is required. Use
it in the master mode.
When display duty ratio is 1/48, 1/64, two
HD44105Hs 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).

$1, ¢2 2 0 |Operating clock output terminals for
HD44102CH. The frequencies of ¢1 and ¢2 are
half of oscillation frequency.

Vi, Vv2, 4 Liquid crystal display driver level power
V5, V6 supply

V1l and V2 : Selected level

V5 and V6 : Non-selected level

Vec > GND 3 Power supply
Veg Vgc - GND
Vee ~ Ve

Power supply for internal logic.
Power supply for driver circuit
logic.
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HD44105H

246

M BLOCK FUNCTIONS

e Oscillator

A CR oscillator that attaches 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 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 (¢1 and ¢2)
for HD44102CH 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 deter-—
mined 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 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.
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HD61100A

(LCD Driver with 80-Channel Output)

248

DESCRIPTION
The HD61100A is a driver LSI for liquid

crystal display systems. It receives

serial display data from a micro

computer or a display control LSI,
HD61830, etc., and generates liquid

crystal driving signals.

It has liquid crystal driving outputs
which corresponds 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.

M FEATURES

® TLiquid crystal display driver with
serial/parallel conversion function.

Internal liquid crystal display driver

vee... 80 drivers
Display duty

Any duty is selectable according to
combination of transfer clock and latch

clock.
Data transfer rate .... 2.5 MHz max

Power supply
Vce - +5V+10% (Internal logic)
VEE - 0 v -11.5V (Liquid crystal

display driver circuit)

CMOS process

* 100-pin flat plastic package (FP-100)

@ HITACHI

Liquid crystal driving level....17.0V max.
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HD61100A

I ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note SECTION
Supply voltage (1) Vee -0.3 to +7.0 v 2
Supply voltage (2) VEE Vcc-19.0.to Vece+0.3 v 1
Terminal voltage (1) Vi -0.3 to Vec +0.3 \Y 2,3
Terminal voltage (2) Vo VEE-0.3 to Vcc+0.3 \Y 4
Operating temperature | Topr | -20 to +75 °C
Storage temperature Tstg | =55 to +125 °C

(Note 1) LSI's may be permanently destoryed 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 beyond these conditions may cause

malfunction and poor reliability.
(Note 2) All voltage values are referred to GND=0V.

(Note 3) Applies to input terminals, FCS, SHL, CL1l, CL2, DL, DR, E and
M.

(Note 4) Applies to VﬂIJ ViR V2L, V2R, V3Ls V3R, V4L and V4R Must
maintain
Vce2V1L=V1R2V3L=V3R2V4L=V4R2V2L=V2R 2 VEE.
Connect a protection resistor of 15Q%107 to each terminals in

series.
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HD61100A

B ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS
(Vce=5V+10%, GND=0V, VEE=0m-11.5V, Ta=-20+75°C)

Item Symbol | Test Condition | Min Typ | Max Unit|Note
Input "High'" voltage VIH 0.7xvec | - | Vee v !
’ . 3% \ 1
Input "Low" voltage VIL - - |0-3Vce
Output "High" voltage | VOH | Ioyx=—400uA vee-0.4 | - - v 2
Output "Low'" voltage VoL Io1,=+4000A - - | 0.4 \ 2
VEE=-10V,
Driver ON Resistance Ron Load current= - - | 7.5 kQ 3
100uA
Input Leakage Current |ITr] VIN=0 to V¢c -1 - +1 pA 1
Input Leakage Current |If12 VIN=VEE to VcC -2 - +2 uA 4
Dissipation Current (1) IGND - - | 1.0 mA 5
Dissipation Current(2) IEE - - | 0.1 mA 5

(Note 1) Applies to CL1, CL2, FCS, SHL, E, M, DL and DR.
(Note 2) Applies to DL, DR and CAR.
(Note 3) Applies to Y1 ~ Y80.
(Note 4) Applies to Vip, ViR, VoL» V2R, V3L» V3R, V4L and V4R.
(Note 5) Specified when display data is transfered under following
conditions.
CL2 frequency fepy = 2.5MHz (data transfer rate)
CL1 frequency fgpy = 4.48kHz (data latch frequency)
M frequency fM = 30Hz (frame frequency/2)
Specified when VIH=VCC’ V1, =GND and no load on outputs.
Ignp ¢ currents between Vgc and GND.
Igg : currents between VCC and VEE.
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HD61100A

® AC CHARACTERISTICS
(Vce=5V+10%, GND=0V, VEE=0VN-11.5V, Ta=-20+75°C)

SECTION
Item Symbol | Test Condition |Min|Typ|Max |Unit|Note

Clock cycle time teye 400 - | - | ns 1
Clock high level width tCWH 150 - | - | mns

Clock low level width tCcwL 150 - | - | ns

Clock setup time tscL 100 - | - | ns

Clock hold time tHCL 100| - | - | ns

Clock rise/fall time tee - | -130 | ns

Clock phase different time teL 100 - | - ns

Data setup time tpsu 80 - | - | ns

Data hold time tDH 100 - | - | ms

E setup time tESu 200f - | - | ns

Output delay time tDCAR - | - {300 ns 1

M phase difference time teM - | - |300] ns

(Note 1) The following load circuits are connected for specification:

test point *———————]
;;;30pF

CL1

e tcyc —]

V]-ilg/__!\—
tpH —’I
DL (DR) X ><‘ Vin J}(

CL2

VIL
cri VIH VIL
VIH
cL2 '1\ /2‘/3\ _/7_6\ 77 78\ [79\ /80
a-ane VIL

|
==  tocar#Von -~ -——i
CAR j tDCAR VOL
—-— e mas t
E VIn \ E5U
N VIL

tESU
M X VIH

VIL
— [+ tcM
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HD61100A

M BLOCK FUNCTION

® Liquid Crystal Display Driver Circuit SECTION

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. jl.

® 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. 1In 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.
e 80-bit Latch Circuit 1

The 4-bit data is latched at ¢1 ~ ¢$20 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).

e Selector

The selector decodes output signals from the counter and generates latch clock
$1 to ¢$20. When the LSI is not active, ¢1 Vv ¢20 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 CLIl.

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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HD61100A

B TERMINAL FUNCTIONS DESCRIPTION

i Terminal|Number of Connected .
i . 1/0 Functions
i name |terminals to
Vee 1 Power VCc-GND : Power supply for internal logic
3ND } supply Vo~ Vgg @ Power supply for LCD drive
EE circuit
ViivVa, 8 Power Power supply for liquid crystal drive
V1RVV4R supply Vi (ViR), Vor, (V2R)...selection level
V31, (V3R), V41 (V4R)...non-selection level
Power supplies connected with Vjp, and
Vir (VZL & Vop, V31, & V3R, V4L & VAR)
should have the same voltages.
Y1vY80 80 0 | 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 I 1 l 0 |
D 1]0]1]0
Output .
level |v1|v3|v2|v4|
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).
Synchronizing 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)
Fall edge trigger

G HITACHI
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HD61100A

Terminal | Number of 1/0 Connected Functions

name |terminals to

DL, DR 2 I1/0 | Controller Input of serial display data (D) SECTION

Liquid crystal|Liquid crystal
) : :
driver output |display

1 (H level) |selection ON
level

0 (L level)|non-selection OFF
level

I/0 status of DL and DR terminals depends

on SHL input level.

SHL DL DR
H level (o] I
L level I 0

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 ceee Y80

A D1 D2 D3 cese D80

"H" D80 D79 D78 oo D1

When SHL is "L", data is input from the
terminal DL. Any lines should not be
connected to the terminal DL, as it is
in the state of output.

When SHL is "H", the relation between

DL and DR reverses.

E 1 I | GND or the | Controls the S/P conversion.
terminal

CAR of the
HD61100A the S/P conversion starts with "L" level.

The operation stops with "H" level, and
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HD61100A

Terminal |[Number of 1/0 Connected F .

name |terminals to unctions

TAR 1 0 the input Used for cascade connection with the
terminal E .
of the HD61100A to increase the number of
HD61100A bit which can be S/P converted.

FCS 1 1 GND Input terminal for test.

Connect to GND.

M THE OPERATION OF THE HD61100A

The following is the LCD panel with 64 x 240 dots on which characters are
displayed with 1/64 duty dynamic drive. Fig. 1 is an example of liquid
crystal display and connection to HD61100A's. Fig. 2 shows a time chart of

1/0 signals of HD61100A.

@HrrAcn-u
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HD61100A

1, | 1, 1, |1, | 1, 1, {1 1
CML—=1"| 2| |8 |8l |8 |  |160]161 240
2, | 2, 2, [2, ]2, 2, |2, | 2
coMz —=1 1" | » ___|so |81 s | 160 | 161 240
3, | 3 3 T T
coM3 —» >0 | 3 , 3
12 | 80 240
| | I ! | ' ! I
I I | ! I ! ! : | !
I
LCD-PANEL (64 x 240 Dots)
| | I | | | 1 | | 1
| | ! | | | | | | [
come3 —| 635 | 63, e, | | [ [ | 63,
1 |2 K 240
CoM64 — o] 64, | 64, 64, | 64, | 64, 64, | | 64,
1 |2 80 |81 |82 160 240
Y J
Yl Y2 v8o] [y1 y2 Y80] [Y1 Y80
HD61100A (NO.1) HD61100A (NO.2) HD61100A (NO.3)
— =] ~— [7] - N
mz@égglg ] mhzos'&]g% .mmmzéééélg
Z ] Z =&
& & B A
MO ° o (SN
CL1 O
CL2 O
DATA ©

Cascade three HD61100As. Input data to the terminal DL of NO.1l, NO.2 and

NO.3. Connect E of NO.1 to GND.
Connect common signal terminals (COML ~ COM64) to X1 ~ X64 of common driver

(m,n) of LCD panel is the address corresponding to each dot.

Don't connect any lines to CAR of NO.3.

HD61103A.

Fig. 1 LCD driver with 64 x 240 dots
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CAR(N02) [ E (N03) ! 1 1 J":—
CAR(N03) [} | ! L
|
|

|
Y180 Y
I

i
. 1
cu1 Jl ! n —- n__ n n_

}
cL2 UL ------- nnnhnn ------- o ---- yuuvuvuui ---- Juyuuu - ---- 'UULI'L"L
S 50 S 0 GRS 0 20100 GRS C 266600 I £0.3 5.0 GISEE'5 .92 8

4 K ' .
| | |

Y10Y80 :),( X X -——- X X ) G

| |
: ——
L 1 FRAME -l e T T
| e
| |
L | B —
CLlJ'IIIll T T Y B N B A

Y80 (NQl)
4

Y80(NO3)

Timing chart in the example of connection of Fig.l.
address (m,n) of LCD panel.

Fig. 2 HD61100A Timing Chart

Timing
chart

of
horizontal
direction

Timing
chart

of
vertical
direction

Timing
chart
of
liquid
crystal
display
driver
output

DL input (m,n) is the data which corresponds to each
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HD61100A

W EXAMPLE OF APPLICATION

e An example of 128 x 240 dot liquid crystal display (1/64 duty)

240 dots

YT ——— v80] (Y1 — — Y80 ——_ 80| || .S
HD61100A NO.1 HD61100A NO.2 HD61100A NO.3 gE
(=7
— %7 — - — o~ o ©
wB8-38an B8, 55 |LEE.05a00 |23
b L) L 4L =
DATA(1)o
Mo
CLlo
CL2
DATA(2)o o) T ]
=2 = =2,
INAETE T L AEE S S Yk X
I [7) Ll = - 1 -1 wm — N — =
HREREE: I REFREEEE: N F FaEEEL"

Liquid crystal panel is divided into upper and lower parts.

HD61100A NO. 4
Y80 /™ Y1

HD61100A NO.5

Y80 — Y1

HD61100A NO.6
Y80 —— Y1

(s3op ¥9)
19ued iamo

parts are driven separately.

Serial data, which are input from DATA(1) terminal,

These two

HD61100As of No.l ~ No.3 drive upper half.

appear at Y;

> Y, > ——

Ygo terminal of No.l, then at Y; - Y2 »—- Ygo of No.2 and then at Y1 +

Y, > == Ygy of No.3 in order where they were input. (in the case of
SHL=L). HD61100As of No.4 ~ No.6 drive lower half. Serial data, which
are input from DATA(2) terminal, appear at Ygo *> Ty9 > —-= Y; of No.4,
then at Yso = Y79 > == Y; of No.5 and then Yggq * Y79 * == Y; of No.6 in
order where they were input (in the case of SHL=H).

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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HD61100A

o Example of 64 x 150 dot liquid crystal display (1/64 duty, SHL=L)

150 dots —

Liquid crystal display panel 64 dots

Y1 — ~—— Y80 YL — —— Y70
HD61100A No.l HD61100A No.2

4-bit parallel process is used in this LSI to lessen the power dissipation.
Thus, the sum of the dots in lateral direction has to be multiple of 4.

If not, as this example, consideration is needed to input signals.

w [l n
wr XXOE OOBOE
r—“*——-———"“——— Effective data 'ingfy r

As the sum of dots in lateral direction is 150, 2 more dummy data bits

are transferred. (152=4 x 38).
Dummy data, which is output from Y71 and Y72 of NO.2, cad be either "0"

or "1" because these terminals do not connect with the liquid crystal

display panel.

@ HITACHI
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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-computer
in the internal display RAM and generates

dot matrix liquid crystal driving

signals.

Each bit data of display RAM corres- (FP-100)
ponds to ON/OFF of each dot of liquid

crystal display to provide more
flexible display.

MW PIN ARRANGEMENT
As it is internally equipped with 64
output drivers for display, it is "65‘%'5&'33353
88 888338/83

(e]DB7
(53] DBE
] 085
(33 084
[s2 DB3
[&) o82

available for liquid crystal graphic

ASC [:1)
display with many dots. vee peed
4R
VIR oy
V2R (¢} {slvat
. . . V'R v|L
The HD61102, which is produced in the veeLd (2] veet
Yord) Y2
CMOS process, can accomplish a portable E:f oM
m| [E@]Ys
battery drive equipment by combining Eﬁ: By
57[1s} (B]Y,y
a CMOS micro-computer, utilizing the 3;; M3
415 {5} Yiu
liquid crystal display's lower power g“} vz
. . St 19 Yie
dissipation. vy v
Yan(E] B
Ya[z] Y
YeZ] [50Ye
. eqs . Yasa] 51 V20
Moreover it can facilitate dot matrix vuE Ep
e {31 Y22
liquid crystal graphic display system g:z::;
2T T 3 S N R T ST e e o e o
configuration by combining the row
(common) driver HD61103A. (Top view)
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HD61102

M FEATURES

e Dot matrix liquid crystal graphic display column driver incorporating
display RAM.

o RAM data direct display by internal display RAM
RAM bit data "1" .......... ON
RAM bit data "0" .......... OFF

e Internal display RAM address counter

preset, increment
e Display RAM capacity .......... 512 bytes (4096 bits)
e 8-bit parallel interface
e Internal liquid crystal display driver circuit .......... 64

e Display duty
Combination of frame control signal and data latch synchronization
signal make it possible to select out of static through an optional

duty.

e Wide range of instruction function
Display Data Read/Write, Display ON/OFF,
Set address, Set Display Start line,
Read Status

e Lower power dissipation during display 2mW max
e Power supply Vee +5V + 107
VEE oV ~ =10V

e Liquid crystal display driving level—15.5V max
e CMOS process

e 100 - pin flat plastic package (FP-100)

GO HITACHI
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HD61102

I ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Vee -0.3 v +7.0 \ 2
Supply voltage VEE Voe -16.5 % Vgg +0.3 | v 3
Terminal voltage (1) A% VEg -0.3 v Vge +0.3 v 4
Terminal voltage (2) Vo -0.3 v vgg +0.3 \Y 2,5
Operating temperature | Topr =20 v +75 °C
Storage temperature Tstg =55 v +125 °C

(Note 1) 1SI's may be destroyed for ever, if being used beyond the absolute
maximum ratings.
In ordinary operation, it is desirable to use them observing the
recommended operation conditions.
Using beyond these conditions may cause malfunction and poor

reliability.
(Note 2) All voltage values are referred to GND=OV.
(Note 3) Apply the same supply voltage to Vgg 1 and VEE2.

(Note 4) Applies to V1L, V2L, V3L, V4L, VIR, V2R, V3R and V4R.
Maintain
VeezV1L=V1R2V3L=V3R2V4L=V4R2V2L=V2R2VEE

(Note 5) Applies to M, FRM, CL, RST, ADC, ¢1, ¢2, CSI, CS2, CS3, E, R/W,
D/I, ADC and DBOVT.
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HD61102

B ELECTRICAL CHARACTERISTICS
(GND=0V, VCC=4.5 ~ 5.5V, VEE=0n-10V, Ta=-20v+75°C)

264

Item Symbol | Test condition _timit Unit | Note
min typ | max
vV -
Input "High" voltage HC P.7xVee Vee v L
VIHT 2.0 - | Vee v 2
Input "Low'" voltage VIiLc 0 - 10.3xVee| V 1
ViLT 0 - |o.8 v 2
Output "High" voltage | Vom I0H=-205pA 2.4 - - v 3
Output "Low" voltage VoL I0L=1.6mA - -] 0.4 v 3
Input leakage current IIL Vin=GNDnVcce -1.0 - |+1.0 HA 4
Three state (OFF) .
. I -5. - .
input current TSL Vin=GNDVVcc 5.0 +5.0 uA 5
Liquid crystal supply I o _ _
leakage current 1SL Vin=VEEVVcc 2.0 +2.0 uA 6
: . R Vce-VEE=15V _ _
Driver ON resistance ON iILOAD=O'1mA 7.5 KQ 7
Icc(1l) | During display - - | 100 HA 8
Durin, acces
Dissipation current Tee(2) & cycles - - | 500 HA 8
access
1MHz
(Note 1) Applies to M, FRM, CL, RST, ADC, ADC, ¢1 and ¢2.
(Note 2) Applies to CSI, CS2, CS3, E, R/W, D/I and DBO ~ 7.
(Note 3) Applies to DBO ™ 7.
(Note 4) Applies to terminals except for DBO Vv 7.
(Note 5) Applies to DBO ~ 7 at high impedance.
(Note 6) Applies to VIL ~ V4L and VIR v V4R.
(Note 7) Applies to Y1 ~ Y64.
(Note 8) Specified when liquid crystal display is in 1/64 duty.

Operation frequency fn;y=250 kHz (¢1 and ¢2 frequency)
Frame frequency fy =70 Hz (FRM frequency)

Specified in the state of

Output terminal ----- not loaded
Input level ——-—=-=-— Vig=Vee (V)
ViL=GND (V)

Measured at Vcc terminal
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@ INTERFACE AC CHARACTERISTICS [

(1) MPU Interface SECTION
(GND=0V, Vce=4.5 v 5.5V, Vpp=0 ~ -10V, Ta=-20 v +75°C)

|

Item Symbol min typ max Unit Note
E cycle time tCYC 1000 - - ns 1, 2
E high level width PWEH 450 - - ns 1, 2
E low level width PuEL 450 - - ns 1, 2
E rise time tr - - 25 ns 1, 2
E fall time tf - - 25 ns 1, 2
Address setup time trs 140 - - ns 1, 2
Address hold time Cam 10 - - ns 1, 2
Data setup time osw 200 - - ns 1
Data delay time tDDR - - 320 ns 2, 3
Data hold time (Write) e 10 - - ns 1
Data hold time (Read) R 20 - - ns 2
(Note 1) (Note 2)
- ove | teve -
2.0V P p S—} — P — f—P
£ 0.8V WEL WEHE +St-.~__ E WEL WEH
t t <—tr te lles
5 T AH i
2.0V, tag.,l W
R/W 0.8‘,1* AS 7 R/ L A
o CAS ] £AH Can
cs1n 3 2.0V csiv 3 x
D/I 0.8V/x D/1 .
] tpsw ] tpuw l—tDDR oy
DEO~ 7 2.0V b_ DEO~ 7 2.4v< tDHR ?“
0.8V 0.4v%____ 4
Fig. 1 CPU Write Timing Fig. 2 CPU Read Timing
(Note 3) DBO ~ 7 : load circuit
RL=2. 4K
RL
Test D1 R =11KQ
point c R D2 C =130pF (including jig capacity)
D3
}l D4 Diodes D1 to D4 are all 152074@ .
@ HITACHI
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HD61102

(2) Clock Timing

(GND=0V, Vcc=4.5 v 5.5V,

VEg=0 v =10V, Ta=20 v +75°C)

Test Limit

Item Symbol condition min typ max Unit
¢1, ¢2 cycle time teye Fig. 3 2.5 - 20 Hs
¢1 "Low" level width twnél Fig. 3 625 - - ns
$2 "Low" level width tWL2 Fig. 3 625 - - ns
¢l "High" level width tWH$1 Fig. 3 1875 - - ns
¢2 "High" level width tWH¢ 2 Fig. 3 1875 - - ns
¢1-$2 phase difference tp12 Fig. 3 625 - - ns
$2-¢1 phase difference tp21 Fig. 3 625 - - ns
1, 92 rise time tr Fig. 3 - - 150 ns
¢1, ¢2 fall time tf Fig. 3 - - 150 ns

teye
t
ol I WHo1
1 0.7Vce [ \
0.3Vee
tWLo1
tp12 tp21
0.7Vcc} !
62 t
0.3VccS WH$2 |
tf_, TWL$2 tr
teye

Fig. 3 External Clock Waveform
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(3) Display Control Timing
(GND=0V, Vgc=4.5 v 5.5V, Vgg=0 ~ -10V, Ta=-20 ~ +75°C)

SECTION
Test Limit .
oo 3 Unit
Ttem Symbol condition min typ max nL 1
FRM delay time tOFRM Fig. 4 -2 - +2 us
M delay time tDM Fig. 4 -2 - +2 us
CL "Low" level width L Fig. 4 35 - - us
CL "High" level width | Yygcr Fig. 4 35 - - us

“WHCL

t:DFRM

t:DM

0.7Vece
0.3Vece

Fig. 4 Display Control Signal Waveform
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W BLOCK DIAGRAM

268
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B TERMINAL FUNCTIONS |

Terminal Numb?r of 1/0 Connected Functions
name terminals to
VCC 2 Power Power supply for internal logic.
CND supply Recommended voltage is
GND = 0OV
Vee = +5V + 107
Vgg 1 2 Power Power supply for liquid crystal display
VEE 2 supply drive circuit.
Recommended power supply voltage is
Vecec - 15 to GND. Connect the same power
supply to Vgp; and VEEZ‘
VEg] and Vggy are not connected each other
in the LSI.
V1L, VIR 8 Power Power supply for liquid crystal display
VaL, VR Y| arive.
V4L, V4R Apply the voltage specified depending on
liquid crystals within the limit of
Vgg through Vce.
V1L(V1R), V2L(V2R)---Selection level
V3L(V3R),V4L (V4R)-——-Non-selection level
Power supplies connected with V1L and VIR
(V2L & V2R, V3L & V3R, V4L & V4R) should
have the same voltages.
CsT 3 I |MPU Chip selection.
gzg Data can be input or output when the
terminals are in the next conditions.
Terminal name | CS1 | CS2 | CS3
Condition L' L' 'H'
E 1 I |MPU Enable
At write(R/W=L) : Data of DBO to DB7 is
latched at the fall of E.
At read(R/W=H) : Data appears at DBO to
DB7 while E is in "High"
level.
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Terminal
name

Number of
terminals

1/0

Connecte:
to

Functions

R/W

1

MPU

Read /Write
R/W=H : Data appears at DBO to DB7 and
can be read by the CPU
. When E=H, CSI, CS2=L and CS3=H.
R/W=L : DBO to DB7 can accept at fall of
E when CSI, CS2=L and CS3=H.

D/I

MPU

. Data/Instruction

D/I=H : Indicates that the data of DBO
to DB7 is display data.

D/I=L : Indicates that the data of DBO
to DB7 is display control data.

Vcg /GND

Adress control signal determine the relation
between Y address of display RAM and
terminals from which the data is output.
ADC=H : Y1-$0, Y64-$63
ADC=L : Y64-$0, Y1-$63

DBOVDB7

I/0

MPU

Data bus, three-state I/0 common terminal

M

HD61103A

Switch signal to convert liquid crystal

drive waveform into AC.

FRM

HD61103A

Display synchronous signal (frame signal)
This signal presets the 6-bit display line
counter and synchronizes a common signal
with the frame timing when the FRM signal

becomes high.

CL

HD61103A

Syncronous signal to latch display data.
The CL signal indicates to count up the
display output adress counter and latch the
display data at rising.

21,02

HD61103A

2-phase clock signal for internal operation.
The ®1 and 92 clocks are used to perform the
operations (I/0 of display data and
execution of instructions) other than

display. )
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HD61102 i

Terminal | Number of 1/0 Connected F .
name |terminals to unctions
Y1VY64 64 0 (Liquid Liquid crystal display column (segment)
criptal dari tout
display ve output.
These pins outputs light ON level when "1"
is in the display RAM, and light OFF level
with "0" in it.
Relation among output level, M and display
data (D) is as follows.
I 1 | 0 |
D 1]of1Lo
Output |V1|V3|V2Ly4|
level | I I D |
RST 1 I |{CPU or The following registers can be initialized
external . SEE e . "
by setting the RST signal to '"Low" level.
CR (1) ON/OFF register 0 set (display OFF)
(2) Display start line register 0 line
set (displays from 0 line)
After releasing reset, this condition can
be changed only by the instruction.
DY 1 O | Open Output terminal for test. Usually, 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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272

M FUNCTION OF EACH BLOCK

® Interface Control

(1) 1/0 buffer
Data is transferred through 8 data buses (DBO ~ DB7).
DB7 .... MSB (Most Significant Bit)
DBO .... LSB (Least Significant Bit)
Data can neither be input nor output unless CSI to CS3 are in the
active mode. Therefore, when CSI to CS3 are not in active mode it is
useless to switch the signals of input terminals except RST and ADC,
namely, the internal state is maintained and no instruction excute.
Besides, pay attention to RST and ADC which operate irrespectively by
€SI to €S3.
(2) Register
Both input register and output register are provided to interface to
MPU of which the speed is different from that of internal operation.
The selection of these registers depend on the combination of R/W and
D/I signals.
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

@ 1Input register

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.

@ HITACHI
Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



HD61102

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.

Output register

Output register is used to store data temporarily which is read from
display data RAM. To read out the data from output register, CSI to CS3
should be in the active mode and both D/I and R/W should be 1. With READ
instruction, data stored in the output register is output while E is "H"
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 is rewritten with READ instruction,

while is held with address set instruction, etc.

Therefore, the data of the specified address can not be output with READ
instruction soon after the address is set, but can be output at the second
read of data. That is to say, one dummy read is necessary. Fig. 5 shows

the CPU read timing.

/1 | L J 1 |
R/ L1
E_ ML rr e ririro
Address | N I N+1 I N+2
t;
S:g?.::er |Data at address N|Data at address N+l
7 | Busy |Write Busy Read Busy Read Busy Data read
DBO™ | check | address| check data check |data at| check |[address
N (dummy) address N+1
N

Fig. 5 CPU Read Timing
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o Busy Flag

"1" of busy flag indicates that HD61102 is on the move and any instructions
except Status Read instruction can not 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 the issue of instruction.

S

Busy I 4]
flag l<— T Busy ~>l

1/£cLKST Busys3/fcorg

fCLK is ¢1, ¢2 frequency

e Display ON/OFF Flip Flop

274

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. 'O' of RST signal 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

synchronous signal) should be input correctly.

Display Start Line Register

The register specifies a 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 display
start line set instruction, with 'H' level of FRM signal instructing to start
the display, the information in this register is transferred to Z address
counter which controls the display address, and the Z address counter is

preset.
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