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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 11 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*1 -20to +15•1 -20to +15•1 -20to +75 -20to+75 -20to +75-20to +75 -20to +75 
Temperature ( 'Cl 

Memory ROM (bit) 

RAM (bit) 

LCD Driver Common 20 80 160 

Column 40 (20) 80 80 80 80 80 80 160 

lnstraction Set 

Operation 0.4 2.5 2.5 3.5 3.5 6 8 
Frequency (MHz) 

Duty Static-1 /32 Static-1 /16 Static- 1 I 1 00 1/32-1/128 1/64-1/200 1/64-1/2401/100-1/4801/100-1/480 

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 3 to 5 3 to 5 3 to 5 3 to 5 
internal circuits (VI 

Power supply for 11 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+75 -20to+75 -20to +75*1 -20to +15•1 -20to +15•1 -20to +15•1 
Temperature ( 'C) 

Memory ROM (bit) 

RAM (bit) 200x8 512X8 512X8 204 64 204 64 

LCD Driver Common 4 4 

Column 50 64 64 51 64 51 64 

lnstraction 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, 1/1281/3,1/4 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 HD81103A HD61203 HD61105 

Power supply for 5 5 5 5 5 
internal circuits (V) 

Power supply for 11 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 -20to +75 -20to +75 
Temperature ( 'C) 

Memory ROM (bit) 

RAM (bit) 

LCD Driver Common 20 32 64 64 80 

Column 

lnstraction Set 

Operation 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 Cl-.ctar Display Graphic Display 

HD63645 
HD64645 

HD44780 HD66780 HD64646 HD66840 
Type Number HD61105A HD43160AH (LCD-II) ILCD-llA) 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 -20 to +75 -20to +75 -20to +75*1 -20to +75 -20 to +75 -20to +75*' -20to +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 

lnstraction Set 6 11 11 12 12 
Operation 0.1 0.25/0.375 0.25 0.25 1.1 2.4 10 25(30) 
Frequency (MHz) 

Duty 1/64-1/2401/8,1/12, 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-808 FP-808 

* 1 -40 to +85°C (Special request). Please contact Hitachi agents. 
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Type 
HD43160AH 

HD44100H 

HD44102CH 

HD44103CH 

HD44105H 

HD44780 LCD-II 

HD61100A 

HD61102 

HD61103A 

HD61104 

HD61104A 

HD61105 

HD61105A 

HD61200 

HD61202 

HD61203 

HD61602 

HD61603 

HD61604 

HD61605 

H D61 830 LCTC 

HD61830B LCTC 

HD63645 LCTC 

HD64645 LCTC 

HD64646 LCTC 

HD66100 

HD66106F 

HD66107T 

HD66780 LCD-llA 

HD66840F LVIC 

Selection Guide 
I Controller/Driver I 

Type Number Order 
Function Reference Page 
LCD Controller 83 

LCD Driver with 40 Channel Output 61 

LCD Column Driver with 50 Channel Output 205 

LCD Common Driver with 20 Channel Output 230 

LCD Common Driver with 32 Channel Output 239 

LCD Controller/Driver 98 

LCD Column Driver with 80 Channel Output 248 

LCD Column Driver with 64 Channel Output 261 

LCD Common Driver with 64 Channel Output 291 

LCD Column Driver with 80 Channel Output 388 

LCD Column Driver with 80 Channel Output 388 

LCD Common Driver with 80 Channel Output 433 

LCD Common Driver with 80 Channel Output 433 

LCD Column Driver with 80 Channel Output 316 

LCD Column Driver with 64 Channel Output 330 

LCD Common Driver with 64 Channel Output 361 

Segment Display Type LCD Driver 601 

Segment Display Type LCD Driver 601 

Segment Display Type LCD Driver 632 

Segment Display Type LCD Driver 632 

LCD Timing Controller 450 

LCD Timing Controller 477 
LCD Timing Controller 503 

LCD Timing Controller 503 

LCD Timing Controller 542 

LCD Driver with 80 Channel Output 71 

LCD Column/Common Driver with 80 Channel Output 398 

LCD Column/Common Driver with 160 Channel Output 413 

LCD Controller/Driver 

LCD Video Interface Controller 

Driver Output 
80 

HD61603 
HD61605 

HD61604 60 
HD61602 

HD44780 H 
ILCD-ll)· 
~ 40 
HD66780 
ILCD-llA) 

20 

HD61202 
HD61102 '==1 
HD44102H 

156 

552 

I Column Driver J 

(Built in RAM) 

1/480 1/200 1/128 1/64 1/32 1/16 1/8 1/6 1/16 1/32 1/64 1/128 1/200 1/480 
Duty 1/240 1/100 

HD61103A 

I HD61203 I 

HD61105A I HD61105 I 
I I HD66106 I 

HD66107T 

I HD44103CH 

HD44105CH 

Common Driver 

1/100 Duty 1/240 
20 

32 

~40 HD44100H 

60 

I l-HD.._6.._61.._00~--fHDSl 1cx1_ 
HD61200 

80 

160 

Driver Output 

@HITACHI 
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HD61104AI------~ 

HD66106F 
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Selection Guide 

Hitachi LCD Driver System 

Type 

Video to 
LCD 
converter 

Display 
System 
for CRT 
Compatible 

Graphic 
Display 
System 

Graphic 
Display 
System 
(Bitmap) 

Character 
Display 
System 

Segment 
Display 
System 

Static 
Display 
System 

4 

Reference 
Figure 

H061203 (Common Driver) 

HD61602/HD61604 
(Controller /Driver) 

H061605 HD61603 
(Controller/Driver) 

H066100F/ 
H044100H 
\Columm Driver) 

CHECK 
OIL 
CHANGE 

Screen 
Size (max) 

640 x 400 dots 

Character 
80x 16 
Graphic 
480 x 128 dots 

480x 128 dots 

40 Charac
ters 
x2 Columns 
80 Charac
ters 
x 1 Column 

25 Digits 
x 1 Column 

64 Segments 

~HITACHI 

Lineup 

HD66840, 
HD66106(Driver) 
HD66107(Driver), 
HD61104(Column) 
HD61105(Common) 

HD63645/64645/ 
64646(Controller) 
HD61104(Column)/ 
61105(Common) 
HD66106(Driver) 

HD611 OOA(Column), 
HD61830B(Controller) 
HD61200(Column) 
HD61103A(Common), 
HD61203(Common) 

HD44102CH(Column)/ 
61102(Column) 
HD44103CH(Common) 
HD61202(Column) 
HD44105H(Common)/ 
61103A(Common) 
HD61203(Common) 

HD44780(LCD- II) 
(Controller /Driver) 
HD66780(LCD- II A) 
(Controller /Driver) 
HD441 OOH(Column) 
HD661 OOF(Column) 

HD61602 
(Controller/Driver) 
HD61604 
(Controller/Driver) 

HD61603 
(Controller /Driver) 
HD61605 
(Controller /Driver) 

Application 

Personal Com
puter, Terminal, 
OHP 

Personal Com
puter, Word
processor, Ter
minal 

Laptop Computer, 
Facsimile, Telex, 
Copy machine 

Laptop Computer, 
Handy Word
processor, Toy 

Electrical Type
writer, Multifunc
tion Telephone, 
Handy Terminal 

ECR, Measure
ment System, 
Telephone 

Industrial Mea
surement System 

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



Selection Guide 

Application 

Character and Graphic Display 

1 character=? x Sdot (15X 7 dot +cursor) 

~ 8 16 l 20 24 l 32 l 40 J Over 80 e 

1 
HD66100 

2 

3 
HD44100H 

4 

6 to 8 J 
12 to 1 5 HD61200 (Column)+ HD61203 (Common) 

16 to 25 HD61104 (Column) + HD61105 (Common) 

26 to 50 HD66106, HD66107 

Graphic Display 

~I I 
48 l 96 l 120 l 180 l 240 l 480 Over 640 

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 . 

• HITACHI 
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Differences Between Products 

1. HD66100F and HD44100H 

HD66100F HD44100H 

LCD drive circuits 80 2ox2 

Power supply for internal logic (V) 3 to 6 4.5to11 

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 /32 to 1 I 1 28 

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

Power supply limits of LCD driver 
circuit voltage 

Vee to Vee 
(no limit) 

Resistance between terminal Y and terminal 
V (one of VlL, VlR, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Y1 to Yao. This value is 

V1L,V1R-----0 

V3L,V3R-----0 

V4L,V4R-----Q 

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

Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 

Vee 
V1 (V1 L=V1 R) 
V3 (V3L=V3R) 

V4 (V4L=V4R) 
V2 (V2L=V2R) 
Vee 

8 to 17 
shown in figures below 

specified under the following condition. 
Vcc-VEE=17V 
V1L=V1R, V3L=V3R=Vcc-2/7 (Vee-VEE) 
V2L=V2R, V4L=V4R=VEE+2/7 (Vee-VEE) 

----< 1 Terminal Y 
(Y1 to Yao) 

and V4L=V4R within the t:.V range. This 
range allows stable impedance on driver 
output (RoN). Notice the t:.V depends on 
power supply voltage Vee-VEE· 

5.5 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

3 -----

Correlation between Power 
Supply Voltage Vee-Vee and 6V 

17 
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Differences Between Products 

3. HD66100F and HD61100A 

HD66100F HD61100A 

LCD driver circuits common 
~~~~~~~~~~~ 

column 

Power supply for LCD drive circuits (V) 

Display duty 

Operating frequency (MHz) 

Data fetch method 

Package 

4. HD61830 and HD61830B 

Oscillator 

Operating frequency (MHz) 

Display duty 

Programmable screen size (Max) 

Other 

Package Marking 

Lot No. 

@3E1 

HD61830AOO 

JAPAN 

80 

3 to 6 

static to 1 /16 

1 .0 MHz (max) 

Shift 

1 00 pin Plastic 
QFP (FP-1 00) 

HD61830 
Internal 

1.1 MHz 

static to 1 /128 

64x240 dots 
(1 /64 duty) 

pin 6:C 
pin 7:R 
pin 9:CPO 

@ 

80 

5.5 to 17.0 

static to 1 /1 28 

2.5 MHz (max) 

Latch 

100 pin plastic QFP 
(FP-100) 

HD61830B 
External 

2.4 MHz 

static to 1 /128 

1 28 x 480 dots 
(1/64 duty) 

pin 6:CE 
pin 7:0E 
pin 9:NC 

® 

Lot No. 

HD61830BOO 

JAPAN 

® Type No. ® Type No. 

5. HD61102 and HD61202 

Display duty 

Recommended voltage between 
Vee and VEE (V) 

Power supply limits of LCD driver 
circuits voltage 

Pin 88 

Absolute maximum rating of VEE (V) 

HD61102 

static to 1 /64 

4.5 to 15.5 

Vee to VEE (no limit) 

DY (output) 

Vee-17.0 to 
Vee+0.3 

HD61202 
1/32 to 1/64 

8 to 17 

shown following figure 

NC (non connection) 

Vee-19.0to 
Vee+0.3 

Resistance between terminal Y and terminal V (one of V1 L, V1 R, V2L, V2R, V3L, V3R, V4L and V4R) 
when load current flows through one of the terminals Y1 to V54. This value is specified under the 
following condition. 

@HITACHI 
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Differences Between Products 

Vcc-VEE=15.5V 
V1L=V1R, V3L=V3R=Vcc-2/7 (Vee-VEE) 
V2L=V2R, V4L=V4R=VEE+2/7 (Vee-VEE) 

V1L,V1R -----

V3L,V3R -----0 

V4L,V4R -----

Terminal Y 
(Y1 to Ye4) 

V2L,V2R ------L>--< 1-----"1 

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

t:N 

Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 

Vee 
V1 (V1 L=V1 R) 
V3 (V3L=V3R) 

V4 (V4L=V4R) 
V2 (V2L=V2R) 
Vee 

6. HD61103A and HD61203 

Recommended voltage between 
Vee and VEE (V) 

HD61103A 
4.5 to 17 

~ 
> 
<l 

V4L=V4R within the t:..V range. 
This range allows stable impedance on driver 
output (RoN). Notice that t:.. V depends on 
power supply voltage Vee-VEE· 

5.0 

3 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

8 17.0 
Vee-Vee (V) 

Correlation between Power 
Supply Voltage Vee-Vee and 6.V 

HD61203 
8 to 17 

Power supply limits of LCD drive 
circuits voltage 

Vee to VEE (no limit) shown in figures below 

Output terminal shown in following figure 4 shown in following figure 5 

Vcc-VEE=17V Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals X1 to X64. This value is 
specified under the following conditions: 

V1L=V1R, V6L=V6R=Vcc-1/7 (Vee-VEE) 
V2L=V2R, V5L=V5R=VEE+1/7 (Vee-VEE) 

8 

V1L,V1R-----

V6L,V6R -----

V5L,V5R -----

Figure 1 . 

• HITACHI 

Terminal Y 
(Y1 to Y64) 
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Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to V1L = V1R and V6L = 
V6R and negative voltage to V2L = V2R and 

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

Figure 2. 

Figure 4. 

Vee 
V1 (V1L,=V1R) 

V6 (V6L=V6R) 

V5 (V5L=V5R) 

V2 (V2L=V2R) 
VEE 

7. HD66106F and HD61104 

HD66106F 

Differences Between Products 

V5L=V5R within the t:..V range. 
This range allows stable impedance on driver 
output (RoN). Notice that t:. V depends on 
power supply voltage Vee-VEE· 

~ 
> 
<I 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

3.5----------------

2------

8 17 
Vee-VEE(V) 

Correlation between Power 
Supply Voltage Vee-VEE and 6V 

Figure 3. 

__c::--
PMOS 

V1L,V1R Vee 
__c::--

PMOS 
Vee V6L,V6R 

__c::--
NMOS 

VEE 
V5L,V5R 

____c:-
NMOS 

VEE 
V2L,V2R 

Figure 5. 

HD61104 
LCD drive circuits voltage + 14 to + 35 (VLCD-GND) -1 0 to -26 (Vee-VEE) 

Display Duty 1 I 1 oo to 1 I 400 1 /64 to 1 /200 

Operating frequency (MHz) 6.0 MHz 3.5 MHz 

Function column and common driver column driver 
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Differences Between Products 

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

Item LCD- II (HD44780) LCD- llA (HD66780) 
Display RAM 
(Maximum number of 
display characters) 

80 bytes (80 characters) Same as LCD- 11 

*Character generator ROM 
(kinds of characters) 

Character generator RAM 
(Number of characters) 

LCD driving terminals 
(Maximum number of 
display characters/ 
unit) 

Character font 
(with a cursor) 

Multiplexing duty ratio 

7200 bits 
1 92 characters 
5 x 7; 160 characters 
5 x 10;32 characters 

64 bytes (8 characters) 

16 COMs 
40 SEGs 
( 16 characters) 

5x8 dots 
5x11 dots 

1/8, 1/11, 1/16 

*LCD driving voltage 1 /4 bias 3.0 to 11 (V) 

1/5 bias 4.6 to 11 (V) 

*LCD driving waveform 

*Bus timing 

Instruction codes 

Power-on reset circuit 

Oscillator 
(Frequency) 

Interface 

Package 

waveform A 

1, 1.5MHz 

11 instructions 

Yes 

Ceramic filter, Rf, 
external dock 
(250 kHz) 

HD44100H 

FP-80, FP-80A 

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

Common~ 
I I 
I l · 
I I 
I I 
I I 

Segment lIUUlf1JlJlJl 
I I 
I I 

12000 bits 
240 characters 
5 x 10;240 Characters 

Same as LCD- 11 

Same as LCD- II 

Same as LCD- II 

Same as LCD- 11 

3.0 to Vee (V) 

3.0 to Vee (V) 

waveform B 

2MHz 

Same as LCD- 11 

Same as LCD- II 

Same as LCD- II 

HD44100H or HD66100F 

Same as LCD- 11 

Common 1 
I 
I 
I 
I 
I 

Segment I 
.. ,----! 

Onnnnnn 
Common-segment l Li LI ~ Li LI LI L Common-segment 

I I 
I I 
I I 
1-. •I 
1 1 frame 1 

I 
I 
I 

'• .:. ..: 
1 frame 1 1 frame 1 

I I 

Note 

Vee to Vs 

Shown follow
ing figures 

Waveform A (1/3 Duty, 1/3 Bias) Waveform B (1/3 Duty, 1/3 Bias) 
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Differences Between Products 

9. HD61104 and HD61104A 

LCD Drive Circuits 

Data Transfer Rate (MHz) 

Power Supply for LCD drive circuits (V) 

10. HD61105 and HD61105A 

LCD Drive Circuits 

Power Supply for LCD drive circuits (V) 

11. HD66106F and HD66107T 

LCD drive circuits 

Data transfer 

Operating frequency (MHz) 

Power supply for LCD drive circuits 

Packge 

HD61104 

80 

3.5 

10 to 26 

HD61105 

80 

10 to 26 

HD66106F 
80 

4-bits 

6 
14 to 37 

1 00-Pin plastic 
QFP (FP-100A) 

12. HD63645, HD64645 and HD64646 

CPU interface 

Package 

Other 

HD63645 

68 family 

80-pin plastic 
QFP (FP-80) 

HD64645 

80 family 

80-pin Plastic 
QFP (FP-80) 

@HITACHI 

HD61104A 

80 

3.5 

10 to 28 

HD61105A 

80 

10 to 28 

HD66107T 
160 

4-bits/8-bits 

8 
14 to 37 

192-pin TAB 

HD64646 

80 family 

80-pin plastic 
QFP (FP-80A) 

HD64646 has another LCD 
drive interface in HD64645 

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

Package Information 

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

Package Dimension 

80 
24 

25 

2.9ma.x 
(0!14max) 

~ 01s±tl~_L 
0.8(0.031} (0014±0004) 0.15±005 

lO ooe.:to oozl 

o·-1s· 
\~0.012) 

Applicable LSI 

FP-54 

Code FP-80 
EIAJ 

JED EC 

HD61602, HD61603, HD61604, 
HD61605, HD44780, HD66780, 
HD63645, HD64645, HD64646, 
HD644102CH 

25.6±0.4 
(1.008±0.016) 

2.9max 
(0.l 14max.) 

JL_ 
o.1s±o.os 

(Q.006±0 002) 

• EIAJ 

Code FP-54 

JED EC 

Applicable LSI HD43160AH 

which they are incorporated and provide 
higher dencity mounting by utilizing the fea
tures of thin liquid crystal display elements. 

FP-BOA 
17.2 ± 0.3(0.677 ±0.0 12) 

I ~ 

14 0(0 551) I 
~ 0 060 41 ~ 

0 

0 

0 ~ ~ 11 
tD.ll5 11 ~c2° 

(o~!fl±~~ 
1.60 0.063) 

I 2.90(0. I 14)ma! 

0.1 (0.004) 
(STAND OFF) 

II 0.15±0.05 

(0.006 ± 0.002) 

FP-BOA 

Applicable LSI 
HD66780, 
HD44780, 
HD61602 

25.6±0.4 
FP-60 ,_ ___ 11_00_•±_0_0_,._1 __ _ 

2.9max. 
(O.J 14max.) 20.0 

Applicable LSI 

Code FP-60 

EIAJ 

JED EC 

HD44100H, HD44103CH, 
HD44105H, HD61830, 
HD61830B 

12 
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FP-808 

Applicable LSI 

FP-100 

Applicable LSI 

FP-100A 

Applicable LSI 

Package Information 

24.8 ± 0.4(0.976±0.016) 

20 

" 
(0 787) 

l9mcu 
(O.l 14max.) 

_JL 035±~~ .L-
0.8(0.031) (0014±0004) O.IS0.006 o~s±O.OS 

(o.oo& t o.ooz) 

~L o·-"· 
{oJJ41 ±o.oos)ol o.1s(o.006J I 

HD64646, HD66780 

25.6 + 0 4 
(I 008 +Q 016) 

~(0787) 51 

., lllllllll[l:'=J~:0:T 

2.9max 
(O 114max.) 

10-0 31 

30 -------' 

0.65(0.026) 
1 II (0.02°~ o~s 
~ (0006±0.00Zl 

____o,.,- --,o·-15· 

\ 1-1; 0 3 

Code 

EIAJ 

JEDEC 

Code 

EIAJ 

JED EC \ 0 _061 t o.ll1i 1 

HD61100A, HD61102, HD61103A, HD61104 
HD61105, HD61200, HD61202, HD61203 
HD66100 

50 

lQ__ 

2.9max. 
(O. I 14max.) 

0.65(0.02~) II (DOI~ ~I 
<?~iimWjiiimmimiiiiiDDiiiil"= o.ooi;±o.ooz 

Ft _j_o·.....,10· 
!2'±02 I 

(o.o41 ±o.oosl Cl 0.15(0.006) 

HD66106, HD66840 
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Code 

EIAJ 

JED EC 

FP-808 

FP -100 

FP-100A 
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Reliability and Quality Assurance 

l. 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. The 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. 

2.2 Reliability Design 

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

and execution of design standardization, device design (including process 

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

(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 

• Search for failure mechanism analysis 

• Establishment of QC point in manufacturing 

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

• 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. 

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



Reliability and Quality Assurance 

3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi are as follows; 

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

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 Contents Purpose 

r Target l 
SpecificationJ 

{ Design Review 

.I 
[Design Materials, Part}-

Characteristics of Material i--- Confirmation of 
Trial and Parts Characteristics and 
Production Approval Appearance Reliability of Materials 

Dimension and Parts 
Heat Resistance 
Mechanical 
Electrical 
Others 

[ Characteristics Approval Electrical Characteristics 
Function Spec. Mainly about 
Voltage 

r1 Confirmation of Target 

Electrical Characteristics 
Current 
Temperature 
Others 

Appearance, Dimension 

[Quality Approval (1) Reliability Test 11 Confirmation of Quality 
Life Test and Reliability in Design 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 

~ 
[Quality Approval (2) J Reliability Test Confirmation of Quality 

J Process Check same as and Reliability in Mass 
Quality Approval (1) Production 

[Mass Production J 

Fig. l Flow Chart of Quality Approval 
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(1) Outside Vendor Technical Information Meeting 

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

(3) Physical chemical analysis and test 

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

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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I 
I 
I 
I 
I 

of production, and are important factors to determine quality and re

liability. In Hitachi, automatization of manufacturing equipments are 

promoted to improve manufacturing fluctuation, and controls are made to 

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 

Material, 
Parts 

Products 

Process 

Material, Parts 

r----- ----- ... 
I 

r--
1 
I 
I 
I 
I- -- -
I 
I 
I 
I 
I 
1---
1 _____ J 

Quality Control 

Inspection on Material and 
Parts for Semiconductor 
Devices 

Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 

Inner Process Quality 
Control 

100% Inspection on 
Appearance and Electrical 
Characteristics 

Sampling Inspeciton on 
Appearance and Electrical 
Characteristics 

Method 

Lot Sampling, 
Confirmation of 
Quality Level 

Confirmation of 
Quality Level 

Lot Sampling, 
Confirmation of 
Quality Leve 1 

Testing, 
Insepction 

Lot Sampling 

L------ Reliability Test 
Confirmation of 
Quality Level, 
Lot Sampling 

Shipment 

Customer 

rou-alit;,-fufo~~ti~;----1 

: Claim : 
1 Field Experience 1 

General Quality 1 
Information 1 

L----------------~ 

Feedback of 
Information 

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. 

(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. In 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 100% 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 l Quality Control Check Points of Material and Parts 
(Example) 

Material, Important 
Point for check parts control items 

Appearance Damage and contamination 
on surf ace 

Wafer 
Dimension Flatness 
Sheet resistance Resistance 
Defect density Defect numbers 
Crystal axis 

Appearance Defect numbers, scratch 

Mask Dimension Dimension level 
Resistoration 
Gradation Uniformity of gradation 

Fine Appearance Contamination, scratch, 

wire for bend, twist 

wire Dimension 

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, solderabili ty 

Ceramic Mounting Heat resistance 
package characteristics 

Electrical 
characteristics 

Mechanical Mechanical strength 
strength 

Composition Characteristics of 
plastic material 

Electrical 
characteristics 

Thermal 

Plastic 
characteristics 

·Molding Molding performance 
performance 

Mounting Mounting characteristics 
characteristics 
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Process 

~----'Y Purchaae of ma.cerial 

L~acer l Surface oxidacioa 

Package 

9 Inspection on sur:ace 
oxidation 

!lhoto resist 

Inspection on photo resist 

PQC level check 

Diffusion 

Inspection on diffusion 

PQC leW:l check. 

Evaporation 

Inspection on evaporation 

PQC level ch.eek 

Wafer inspection 

Inspection on chip 
electrical characteristics 

Chip Scribe 

Inspection on chip 
appearance 

PQC lot judgement 

AHeabliog 

PQC level check 

Inspection. after assembling 

PQC lot judgement 

Sealing 

PQC level cl)eck 

Final electrical ine:pectioo 

Failure analysis 

Appearance inspect.ion 

Sampling inspection oa. 
product.a 

Receivin1 

Shi,-nt. 

Wafer 

Oxidation 

Photo 
resist. 

DiffWlion 

Evapora
tion 

Wafer 

Chip 

Control point Purpose of control 

Characcerisclcs. Appearance Scratch. removal of crystal 
de feet ~acer 

.Assurance of resistance 

Appearance, thickness of Pinhole, Scratch 
oxide film. 

Di•ns ion. Appearance 

Diffusion depth, Sheet 
resistance: 

Gate width 

C!ta:racteriscics of oxide 
film, Break.down volta.ge 

Thickness of vapor film., 
Scratch, Contamination 

Thickness, VTH characteris
tics 

Electrical characteriscics 

Appearance of chip 

Dim.ens ion level 

Check of phoco resist 

Diffusion statua 

Concrol of basic paramecers 
(Vnh ecc.) cleanness of surface 
Prior check. of VTH 
Breakdown voltage check 

Assurance of scandard 
chickness 

Prevention of crack, 
Quality assurance of scribe 

Asaembling Appearance after chip 
bonding 

Quality check of chip 
Boo.cling 

Sealing 

~rk.ing 

Appearance aft.er wire 
boading 
Pull scrength, Compressioa. 
width, Shear strengt.h 

Appearance afcer assembling 

Appearance ..afcer sealing 
Outline, Dimension. 

Marking strength 

Quality check of vire 
Boadiag 
Prevention of open and 
sh.ore 

Guarantee of Appearance 
and Dimension 

Analysis of failures, Failure Feedback of analysis infor-
mode, Keehan.ism macion 

Fig. 3 Example of Inner Process Quality Control 
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Customer 

Claim 
(Failures, Information) 

Sales Dept. 
Sales Engineering Dept. 

r------------------- - -------- -- - --- -----------, 

Quality Assurance Dept. 

Manufacturing Dept. Design Dept. 

Report 

Quality Assurance Dept. 

Failure Analysis 

Countermeasure 
Execution of 
Countermeasure 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Follow-up and Confirm- l 
ation of Countermeasure 1 
Execution I 

Report I 

L-------------------- ----------------------------J 
Sales Engineering Dept. 

Reply 

Customer 

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

I . INTRODUCTION 

The use of liquid crystal displays with microcomputer application systems has 

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. 

PSG Gate. 

Source Un:t tn 

FET2 

I:'-channel 
EMOS 

N-channcl 
EMOS 

Fig. 1 Chip Struc~ure and Basic Circuit 

Fig. 2 Package Structure 
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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=l25°C, Vcc=5.5V} 

Device Sample size Component hour Failure 

HD44100H 40 40,000 0 

HD.44102CH 40 40,000 0 

HD44103CH 40 40,000 0 

HD44780 90 90,000 0 

HD66100F 45 45,000 0 

HD61100A 80 80,000 0 

HD61102 50 50,000 0 

HD61103A 50 50,000 0 

HD61200 40 40,000 0 

HDlt1202 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 
Sample Component Failure 
size hour 

High temp, storage Ta=150°c, 1000 hrs. 180 ~.800,000 0 

Low temp, storage Ta=-55°c, 1000 hrs. 140 1,400,000 0 

Steady state humidity 6s 0 c, 95% RH, 1000 hrs. 860 860,000 l*l 

Steady state humidity 8S 0 c, 90% RH, 
biased 

1000 hrs. 165 170,000 2*2 

Pressure cooker 121°c, 2 atm.100 hrs. 200 20,000 0 

*l, *2: Aluminum corrosion 

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



Reliability and Quality Assurance 

Table 3 Test Results (3) 

Test items Test condition Sample size Failure 

Thermal shock 0 to 100°c 
10 cycles 

108 0 

Temperature cycling -ss 0 c to 1S0°c 678 0 
10 cycles 

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. 

Good 
devices 
(38.8%) 

Damaged by 
excessive 
voltage 
and/or 
current 

(26.7%) 

test pattern 
(3.1%) 

Fig. 3 Failure Analysis Result 
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5. PRECAUTION 

5.1 Storage 

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

prevent detrioration in their electrical characteristics, solderability, and 

appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 30°C, and in a relative humidity 

of 40 to 60%. 

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

(3) Store in a container which does not induce static electricity. 

(4) Store without any physical load. 

(5) 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. 

(6) If the chips are unsealed, store them in a cool, dry, dark, and dustless 

place. Assemble them within 5 days after unpacking. Storage in nitrogen 

gas is desirable. They can be stored for 20 days or less in dry nitrogen 

gas with a dew point at -30°C or lower. Unpacked devices must not be 

stored for over 3 months. 

(7) Take care not to allow condensation during storage due to rapid tempera

ture changes. 

5.2 Transportation 

As with storage methods, general precautions for other electronic component 

parts are applicable to the transportation of semiconductors, semiconductor

incorporating units and other similar systems. In addition, the following 

considerations must be given, too: 

(1) 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. 

(2) 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. 

(3) 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. 

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

minimize mechanical vibration and shock. 

5.3 Handling for Measurement 

Avoid static electricity, noise and surge-voltage when 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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6.0 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. 

The standard conditions with brief descriptions of each method are given 

6.1 and 6.2. When selecting the best method, consider all advantages and 

disadvantages. Refer to the recommended method in 7.0 for each particular 

package type. 

Table 6-1 Methods for Soldering Surface Mount Packages 

Method Name Setup Refe-
rence 

Partial 
Heat ~ldering iron 
Appli- Manual soldering 6.1 
cation 
Methods 

Pulse heater JJF· . '"'" current 

soldering -- Heater 

u-Hot air blower 
Hot air soldering 

---

Laser soldering ~Laser beam 
~ 

Overall 
Heat Infrared ref low ~Infrared ray heater 6.2 Appli-

soldering '''" 
cation ~-
Methods 

Vapor phase ~oling coil 
aturated vapor 

re flow soldering Inert fluid 
Heater 

Dip soldering 
\@§/~~" 

c:::::> 1Jt Wave solder 
(solder vessel for surf ace ;noun ting) 

J L 
_,.c:::i.,_-

Furnace soldering 1f5fS---,.=-H~ater 
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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 

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 soldering an QFP. 

Table 6-2 Typical Processes for QFP Soldering 

Process 

Pre soldering 

Solder 

Board 

Positioning and temporary fixing 

Fix by soldering. 

Flux application 

Brush 

Pr:ocedure 

1. Solder-dip the footprint on the board. 

2. Remove all bridges developed in 

dipping. 

1. Align the index markings. 

2. Place a package on the footprint. 

3. Check that the leads on four sides have 

been placed accurately on the footprint. 

4. Fix four corners of the package by 

soldering. Any bridges between leads 

may be left as they are. 

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 

of flux application (approx. 4 hours). 

3. At the end of each applying session, 

discard all the flux left in the con-

tainer. Do not mix residual with 

replenished flux. 

1. Move the soldering iron across leads 

while melting the solder. 

Solder 01 
~so.ldering LSI • 

-~---~~- iron 
Board 

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. 

I TC: thermocouple 

\JJ'°TC ~ 

TC ~-~ ~ 
·~ ©; '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 so mm 

*: From a compressed-air source of 4 kg/cm2 
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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 

apply hot air under stabilized conditions. Figure 6-2 sketches a hot 

air soldering setup, and table 6-4 lists typical conditions for hot 

air soldering. 

Air or nitrogen 

LSI 

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 Q,/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 C02 (carbon 

dioxide gas) laser. Currently, C02 and YAG lasers are used. Table 

6-5 compares the characteristics of the two laser types. The YAG 

laser may be more suitable than the co2 type since it provides higher 

heat exchange effectiveness over the metal surface to be soldered and 

a lower absorption factor for the board than the co2 laser. 

Table 6-5 Comparing the co2 Laser and YAG Laser Characteristics 

C02 laser 
(10.6 µm) 

YAG laser 
(l.06 µm) 

34 

Polyimide substrate Tin-lead solder Initial investment Laser efficiency 

2% in reflection 74% in reflect ion 
factor (98% in factor (26% in 1 10 - 15 % 
absorption factor) absorption factor) 

27% in reflection 21% in reflection 
factor (73% in factor (79% in 2 l % 
absorption factor) absorption factor) 

iigure 6-J illustrates a typical YAG laser soldering arrangement. The YAG 

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

the lamp capacity and the volume of YAG crystal.· 

Light 

Camera 

-f--1t-0 ( ) 
'I Cross hairs 

6 Relay lens 

~Dichroic mirror 

Beam expander 

Condenser lens 

~~~~~-T~ar1get material 

Reflecting mirror II for adjusting 

11 
optical axis 

Laser beam 

Figure 6-J Typical YAG Laser Soldering Arrangement 
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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. 

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. 

It is therefore suitable for mass production. 

Infrared rays are divided into three groups: far infrared radiation 

(A= 5.6-1000 µm), intermediate infrared radiation (A= 1.5-5.6 µm) and 

near infrared radiation (A= 0.7-1.5 µm). 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. 

o 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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<!) 

~ 
140-160'C 

235'C 
max. 

e l"'60s 

~ 1-S"C/s 
~ '----~~~~~~~~~~~~~~~ 
~ Time --

(s) 

Figure 6-4 Typical Conditions for 

Infrared Reflow Soldering 

<!) 
H 

300 

B 200 

"' H 
<!) 

~ ,... mo 
E-< 

100 

50 

Ts 

Ts 

Time (s) 

Figure 6-5 Typical Temperature Profile 
with Reflector Used 
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Figure 6-6 and table 6-6 depict typical reflow conditions for 

transistor packages •. 

<!) 
H 
::l ...., 

150 

"' 100 H 
<!) 

~ 50 
E-< 

o~~~--~~---~~~ 
l-2-5--l-15~ 

(min.) 2U(s)_ 
Time 

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

Item 
CMPAK, MPAK, MPAK-4 DPAK 

FPAK, UPAK 

Soldering 230 - 260°C 
temperature (reference solder 220°C max. 
(board temperature) melting point + 50°C) 

Soldering time 15 - 20 sec. 40 s. max 

Preheating 
temperature 100 - 150°C 160°C 

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 conf igura

tion of the solderable assemblies. 

o 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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'""' u 
0 

30 s. max. 
215 'C'--.,.i---J 

Time (s) 

Figure 6-7 Typical Conditions for Vapor Phase Reflow Soldering 

Table 6-7 Properties of Solvents for Vapor Phase Reflow 
Soldering (source: manufacturers catalogs) 

Product name FC-70 FC 5311 GALDEN LS230 GALDEN HS260 

Manufacturer 3M (U.S.A.) ISC chemical Montefluos Montef luos S.P.A. 
(UK) S.P.A.(Italy) (Italy) 

Distributor Sumitomo 3M Sumitomo 3M Montedison Montedison Japan Japan 

CF3 
Molecular (C5Fn) 3N CF3-(0-CF-CF2)n-(O-CF2)m-OCF3 
formula tributylamine Perfloralkyl-polyether 

Molecular 
820 624 800 900 weight 

Boiling point 215 215 220 - 235 250 - 265 (oC) 

Specific gravity 
1.94 2.03 1.824 1.840 (g/m9-) 

Vapor pressure <0.1 <0.1 5 x lo-3 5 x 10-4 
(romHg) 

Specific heat 0.25 0.25 0.24 0.24 
(cal/°C. g) 

Thermal 
conductivity 1.6 x lo-4 1.26 x lo-4 1.67 x lo-4 1.67 x lo-4 

(cal/g.°C.s) 

Surface tens ion 
18 (dyne/cm) 19 18 18 

Less than 5 ppm 
PFIB in solvent, less <0.5 ppb generation than 0.03 ppm at <l 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. 

In-line System 

Elevator Housing 

Ventilation{!] A t .--- ccess por 

Secondary 
cooling coil 
Primary 
cooling coil 

Filter Cooling water 

Heat exchanger 

Structure of Batch Type Equipment 

Chiller 

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 applied 

MSP inserted 

Adhesive 
agent cured 

~.....,==..,,.,="',,-c:n::rc::=-r;~--'\-;::--,,, 
Solder dipping1----- ___ __,I I ,\ ~>;';:)-, (rF(( \?'~" 

Residual 
flux removed 

Assembly 
completed 

r=> I }) 

. . ' Direction 
of movement Wave solder 

Finished product 

(solder vessel for 
surface mounting) 

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

Dipping 
Preheating----,-...j 

(for 1-3 min ) (for • T max.-2 
)Cooling 

sec. 

--Melting point of solder 

or 
air cooling 

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 

equipment required is relatively inexpensive. This method, however, 

is not suitable for boards with low resistance to heat, poor thermal 

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. 

,..., 
C.) 
0 

Cooling fan 

Preheater 
Main heater 

Figure 6-11 Furnace Soldering Setup 

80 60 00 120 
Time (s) 

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

Tab le 7-1 lists 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 QFP SOP MSP PLCC QFP LCC MPAK UPAK FPAK DPAK LLD 

"' "" 0 ..,,,, 
"' ... ~ ~ ..:: a 
.... " 
"' 0 .,.. ·.< ...... 
... " "'" 0.. ·.< .... 

p. 

it 

"' "" 0 ..,,,, 
"' ... 
~ ~ 
.... " .... 0 
OI •.< ...... 
~ "' 
6~ .... 

p. 

it 
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(plastic) /SOJ (ceramic) 

Manual soldering 0 0 0 0 0 x 0 0 0 0 

Pulse heater 0 0 x x 0 0 0 0 0 soldering x 

Hot air soldering 0 0 0 0 0 0 0 0 0 0 

Laser soldering 0 0 0 0 0 x 0 0 0 0 

Inf rared ref low 0 0 0 0 0 0 0 0 0 0 soldering 

Vapor phase 
ref low soldering 0 0 0 0 0 0 0 0 0 0 

Dip-soldering x Note 1 Note 2 x x x 0 0 0 ~oCe 3 

Furnace soldering 0 0 0 0 0 0 0 0 0 0 

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. ( 0 : 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: 

() (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. 

Notice that methods are recommended for each package type. Where 

different package types coexist, select the soldering method suitable 

for the package type most vulnerable to thermal stress. 

Flowcharts of Mounting Methods 

Soldering iron method 

Board 

Soldering 
- 260°c 

(10 sec.) 

Reflow method 
(Spare solder) 

Board 

Solder 

Flux applying 

Preheating 
lOO - 1so 0 c 
(20 sec.) 

Re flow 
23s•c 

(10 sec.) 

(Resin coating) 

~ 
~HITACHI 

Reflow method 
(Solder paste) 

Board 

Solder paste 

Spare Printing 
solder~~~-r-~~ 

parts 

Tacking 

Preheating 
lOO -1so 0 c 
(20 sec.) 

Re flow 
23s•c 

(10 sec.) 

(Reoin ~ing) 
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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. 

I STATIC DRIVING METHOD 

Liquid Crystal Display 
and Terminal Connection 

CO Mo 

... .. 
+ + 

ffi ffi 
(/) (/) 

Voo 

CO Mo 

Voo 

SEGn+1 V3 

V3 

n=O, 1, ........ ., 5 
COMo-SEGn+1 -+--t--+---+--+-+--t--t~t-+--t--+---- OV 

Selected waveform 
(n=O, 1, ·········, 7) 

..--
' ' 1 frame 

t1 

COMo-SEGn+1~~~~~~~~~~~~~~-
Non-selected waveform 

Fig. 1 Example of Static Drive Waveforms 
(Example of H061602/HD61603) 
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Liquid Crystal Driving Method 

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

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. 

The static driving method is used at the frame frequency (l/tf) of several 

tens to several hundreds Hz. 

I 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 

Static driving 
method 

Multiplex driving 
method 
(1/3 duty) 

Comm~ •.•• ;··~~f-..... ~0 1 
l .. ~~·1~-1··--···-·-rrl [··' 

le 1dlc1D.P2d2c20.P Be 8d8c8D.P 

Fig. 2 Example of Comparision of Static Drive 
with Multiplex Drive 
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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~' : . ' 
' ' ' ' ' ' ' ' 

Segment lJ1JlJ1J1JlJlJl 
Common~ 

' 

Onnhnnn 
Common-segment iLJ U ~ LJ U u L Common-segment 

. ' 
' ' ' ' 

Fig. 3 A Type Waveforms 
( l / 3 duty, 1/3 bi as) 

Fig. 4 B Type Waveforms 
(1/3 duty, 113 bias) 
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•1/2 Bias, 1/2 Duty Drive 

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

+ 
d 
w 
!/) 

N 

+ 
d 
w 
!/) 

M 
+ 

d 
w 
!/) 

CO Mo 

COM 1 

COM1 

CO Mo 

SEGn 

n=O, 1, ........ ., 11 

COM0-SEG.~~~~-+--i~t---1--~--'---l-~~f-

(Selected waveform) 

COMo-SEGn+1 
(Non-selected waveform) 

i I ._____. 
l' fra~e 

Fig. 5 Example of Waveforms in 1/2 Duty Drive (B type) 
{Example of HD61602) 
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• l/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. 

d 
w 
C/l 

Liquid Crystal Display 
and Terminal Connection 

+ 
d 
w 
C/l 

N 

+ 
d 
w 
C/l 

SEGn 

I 
I I 

SEGn+14hlflru: ! : Voo 
' I ' v, 
' V2 
I I I 

: r : V3 
SEGn+2 

I I I 

n=O. 1 ........... 16 V3 

V2 

v, 
----+-----;----+--- ov 

COMo-SEGn+2 

(Selected waveform) : 

' I 

-v, 
-V2 

-V3 

COMo-SEGn --J 
(Non-selected waveform)~'.~-....-., 

1 frame 

F v, 

1-----1 ~~, 

Fig. 6 Example of Waveforms in 1/3 Duty Drive (B type) 
(Example of HD61602) 
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Liquid Crystal Driving Method 

• 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 connection in displaying '4' on the liquid 

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

Liquid Crystal Display 
and Terminal Connection 

fi 
COM3 

COM2 

~><' COM, 

• CO Mo 

SEGn 

n-o. 1, .......... 24 V3 
V2 
v, 

CQM3-SEGn~~+-~-+-~__J_~--1~~i---OV 

(Selected waveform) -V1 

' I 
' I 
' 

COMo-SEGn b ri n r- ~~ 
(Non-selected waveform) _J LJl...J~ -V1 

' ' ' 
I ' 

1 frame I ' 

Fig. 7 Example of Waveforms in 1/4 Duty Drive {B type) 
(Example of HD61602) 
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•1/4 Bias, 1/8 Duty Drive 

I i I 2 I s I • ~-·············! s I i I 2 v •• ~-.--.---------'--~~;__-

COM, v I(~:, -+-+-:,· I ---+-I' I 1--+-+-I I -1--I -4--1 +-->--+I i: I---+-' 
Liquid Crystal Display v. j _ 

v, 

COM1 ••••o
COM1 --DllDDll-
COM, --DllDOll
COM. -{J11911Q
COM, --DllDDll
COM1 --DllDDll-

:: ;;;;t= 

VJ =Vee -J-.CVLCD 

v1 < v, J =v •• -12v ••• 

I I 

Vee I I 

cOM, v,c~~ __ j 1 .._.__I _I I I _II ! tJ 
I I 

.... ··f =! 1=, =-=-~1.--1--.1 ~-, 
I I 

v •• -.j.'--.-~...-,......,.-.---.---~--.-4·~~~ 

.... ··'k--1--+--+-1--1111 ~1111--J-...l. _____ I I-+-1---+-+-ffiI 
I 

VI.CD --l-: _________ . 

V 4 = V00 -% V••• Y.Vi.ro --'---+-~...-,......,.-.-....----.---.-..L-+-JL.....r-
v. =Vee -VLc:n 

COM1-SEG1 (Selected waveform) 
* Example of LCD II. 

-Y.VLCD 

V2 is applied to same __._ __ 
voltage as V3. liVi.co _...'--~~------..... '-

(Non-selectedc~:;:f:::,•_:::: ii 111 I EL..! I I ! i[f 
-}iVLCD I I 

__,. ___ l 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 

• l/5 Bias, 1/8 Duty Drive 

cu ..., 
~ 

e 
0 .... 
~ 
~ 
~ 

,...; 
~ 
rn ..... 

't:l 
,...; 
cu ..., 
rn 
>-. 
I-< 
r.J 

't:l ..... 
::s 
t:7' ..... 

...:i 

Co11D11on 1 

Common 2 

Segment 1 

Segment 2 

COIIDllOn 1 

Common 2 

Segment 1 

Between segment 
and common 1 
(Display OFF) 

Between segment 
and common 2 
(Display ON) 

Common 

Segment 

1/8 duty, 
1/5 bias 

____f!..._~~~~~~rl~~ 

_ __.n IL_ 

1 frame 

Fig. 9 Example of Waveforms in 1/8 Duty Drive {A type) 
(Example of HD44100H) 
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• 1/5 Bias, 1/16 Duty Drive 

11 I 8 I 8 I • 1-------1 18 I 
Liquid Crystal Display ·-~ 

COM, ~;-+ I I I I I I I I 
COM1 •••• [}

COM,---Dll009-
COM1-{]ll(]Oll-
COM,~ 
COM1--0ll009--

~~::m-{]ll(]Oll-
COMa 

COM,, 

COM., -ll0009-
COMu -{]Q0(]8-
COM12 --DOOllD
COMu -{)09[]0-

~:: =mw= 
COM•~ 

COM1-SEG1 

v, ' 
I 

' ' Yee I 

v, 

i I COM, V, v. 
v, 
v, 

I 
I 
I 

•Vee I 

v, 

! I SEU. v, 
v. 
v. 
v, 

I 

Vee ' 
v, 

I I 
v 

SEG1 v: 
v. 
v, 

Vi.co I 

I 

I 

Y 1 = Yee - lo!; YL<D (Selected wa.veform)_~ Vi.co I 

y I = Yee - % y L<D 

Vs= Vee -% VLcn 

Y,= Yee -~YLCD 

v,= Vee -VLCD 

-VLCo ' 

' I 
I 
I 
I 

I I I I I I I 
I 

: 
' I 

I I 
I 
I 
I 

I I I I I I ! 
----· I 

I 

I 

' 
I 

I I I I I ,. r-. I -t:Jt:Jt "11T 

I 

I 

I I 

I I 

I I I 

Vi.co --+------------<i----

COM1 -SEG1 

(Non-sele.cted wavefc;>rm)-~Vi.co 

-hVr.co 

-Vi.co 

-'----------~---' 

I I I I -

1 frame 

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 

COM1 =~~~~~~~~~~~~~~ 
J32J 1l2J31---132J 1 l2 J31---J:i2J 1 J2 I 

COM2 
CO Ma 

V2 
Vs 

I l ' ··-
COM•--w"-"-"-J1-r'-"-~..._,...,1c..n...n....1·'-"-"-"-'1....n.~' 
COMs -OfDi0CJ9{]{JCfDiOCJ9-D<:JCHJ-O[JO~ 
CO Mo 
COM1-(JQ-0..-0IQ{:;x.;JQ-OC;H:;:~::J-c:JOQ<; 
CO Ms 

v. 
COM1 

Va 
v. 
V1 

' ' ' 
' : 
' 

' ' ·-=rj t-L : 

COM._ ·~g~;~~~~~~~8;~g~~~~;~~~~R~Q==F COM10 
COMu ....,,.._.,.,., ... ,....,..., • .,...._,....,,..,....,,...,...,,..,._,...,...,..,_,..., 
COM12 ~·~·~~~~·~·~~·~~·~~·~·~~·~~·~~· 
COM!3-C•CH::JOO{X}Q0C)C!Qj::JillOOCXl-
COMu ~·~·~~~~~·~~·~~·~~·~·~~·~~·~~· 
COM1s '-"--'~_,.__,...,....11-n...r1....n...n...."-"-"-.n...J""-""~.-

V2 
Vs 

COM2 v. 
Va 
v. 
V1 

j [H :u ; t__g 
COM10-llfCHCH'.IDO{JC}QQ[JCfCH:XJaQ(X:f-
COM 11 '-"--''"""-.n...J'-"..11-n...rl-ll.-"-""-"-"-.n...J""-""~.-

COM 18 ClfCHXJQOCJOCXIDrnJOfO{JlilQ:J= C0Ml9"'.., COM20 ,..,,...,,,..,,.,,....,,...,,.., ,..,,....,,...,,..,,..,,,...,,...,,.,,....,,....,,..,,.., 

COM21 '-"--'c..n..""-''-"-"-1'-J"-"--"-"n...ll-"-~'-""...n...• 
COM22~~~~~~~~~t?Q~~t'1~ 
COMu-...,,~.,,._,....,,~.,...,.._...,_,...,,..._., ....... ,..._....,, ....... ,..., 
CO Mu 
COMH~~~~~¢:f::i{'~~~:i:{):z~;z;'1:~[ 
COM11 _}:z:[]:{J:Z:~c{::C: ;:c:~:i:; ::z:: ::C:::C: ~G ;:z:;: ::z:: :~ ::z~ :=:::z:: ~i::: ::z:: 

SEG1 

COM21_;:r::}c{;z:i[Xl:z:'J:l~)z:[}:Q::.J:z:U~;):{.?:{)Q:X:=t_ 
COMae, SEG• 
COMae ;:c:::c:::z::::ic:::c:::c::~;:c:;:c:,;:c:;=c:;:c::::c:::t:::i:~::C:::C:~Z::::C: 
COM10 -...1-f\..n..11o,.1·r.,..n,,.n.,.Jn.,..n.,.,.,..n,..1i.,..n.,.n..n.,.ri""""..n...r· 

COMn ;:z=rl:cf:;:c():if,:z:(}t(';lf;:l:r,:i:::1~~~:r;):z~~i:f,:ci 
COMai ...,....,...,.n..n.,rr.,..n,,.n.,.Jn.,.n.,..n.,.n,..1..,.,.n..n.,.i1•,.n.,..n.,.r 

V2 

) COM1 -SEG1 -YsVLCI 
(Non-selected waveform) 

-%VLCU 

' ' I 1 

___ ::c:: 

' [ 
' I r ··-: I 

' 
' ' 

I I ·-::r t-I 

l ' 1 ' 

-VLcu--i----+-----
V1.cu---t----,_,,-------

COM1 - SEGs Y.5V1.cu--'-1 
-

(Selected waveform) 
- J.iiVLCU·-r--+---+---···--r--1---

-VLCU•--1-.---~----'-"'--

1 frame 

Fig. 11 Example of Waveforms in 1/32 Duty Drive 
(Example of HD44102CH, HD44103CH) 
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I POWER SUPPLY CIRCUIT FOR LIQUID CRYSTAL DRIVE 

Table 1 shi;iws the relationship between the number of driving biases and 

display duty ratios. 

Table l 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 
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. 

Vee(+5V) 

-5V 

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

Vee(+ 5V) 

Vee ~------. 
:;;R 

V1 
~R 

V2 
~R 

V3 
R 

v. 
R 

Vs 

~R /i 
-5V 

(b) 1/5 Bias (1/16 duty) 

VLeo 

Fig. 12 Example of Driving Voltage Supply 

1/64 

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. Since larger li.quid crystal display panels have 

larger capacitance, the resistance value must be decreased. 
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Vcc(+5V) 

Liquid Crystal Driving Method 

Common/segment selected high level 
c 

V11--~~-....~-. Common non-selected high level 
c 

v21--~~--+~_. Segment non-selected high level 
c 

v31--~~-...~__,. Segment non-selected low level 

c 
v41--~~-+~-.Common non-selected low level 

c 
v51--~~-...~~ Common/segment selected low level 

VR 

-5V 
For contrast adjustment 

Without C 

Large C and R cause 
a level shift. 

Fig. 13 Example of Capacitor Connection for Improvement of 
Liquid Crystal Display Drive Waveform Distortion 
(l/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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Generally, R is lkn to lOkn, and VR is Skn to 50kn. No capacitor is used. 
I 

A capacitor of O.lµF is usually 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. 

(+SV)Vcc 

(-SV)VEE 

~~---~~~-+-Common/segment selected high level 

..._~-1'>--+Common non-selected high level 
R 

R 

R 

R 

R 

VR 

Segment non-selected high level 

~~~~~Segment non-selected low level 

Common selected low level 

Common/segment selected low level 

~~..,__a_d_J_us_t_m_e_n~For liquid crystal drive logic circuits 

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 = lOkn 

and VR = 50kn 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 potential 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-

tional shift registers, 20 data latch flip 

flops and 20 liquid crystal display driver 

circuits. It receives serial display data 

from a display control LSI, converts it into 

parallel data and supplies liquid crystal 

display waveforms to the liquid crystal. 

The HD44100H is a liquid crystal display 

driver with high generalizability, which 

can drive a static drive liquid crystal and 

a dynamic drive liquid crystal, and can be 

applied to a common driver or segment 

driver. 

•FEATURES 

• Liquid crystal display driver with serial/ 

parallel conversion function 

• Serial transfer facilitates board design 

• Capable of interfacing to liquid crystal 

display controllers: HD43160AH, LCTC 

(HD61830), LCD lI(HD44780), 

LCDill (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 ~ 1/5 

@HITACHI 

(FP-60) 

•PIN ARRANGEMENT 

(Top View) 
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v, 
v, 
v. 
FCS 
SHL2 
SHL• 
M 
NC 
DR2 
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HD44100H 

• Power supply 

Internal logic: +SV 

Liquid crystal display driver circuit: -SV 

• 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 

•BLOCK DIAGRAM 

YI 

Latch signal 
CLI 

Y21 

20-bit latch 

@HITACHI 

Y20 

Y40 

Shift 
direction 
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llABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply l Logic Vee *l - 0.3 to + 7 .O v 

voltage l LCD drivers VEE *2 Vee -13.5 to Vee +0.3 v 

Input voltage VTI *l - 0.3 to Vee+ 0.3 v 
Input voltage Vr2 *3 vcc+0.3 to vEE-0.3 v 

Operating temperature To pr - 20 to +75 oc 

Storage temperature Tstg -55 to +125 oc 

*l All voltage values are referred to GND. 

*2 Connect a protection resistor of 220S1 ± 5% to VEE 
power supply in series. 

*3 Applies to V1 to VG 

llELECTRICAL CHARACTERISTICS 
(Vee= sv ± 10%, VEE= -SV ± 10%, GND = ov' Ta= -20 to + 75°C) 

Item Symbol Applicable terminal Test condition min 
·-·--

Input voltage 
V111 cr.1 1 c1.2, m.1, m.2. DRt, DR2, o. 1 vec 

~ M, sm.l,SHL2' FCS 0 

Output voltnge 
Von 

Dl.l,Dl.2, DRl, DR2 
1011 • -o .4mA Vee - o.4 

f--
VoL IoL •+0.4mA -

Vi-Y j voltage Vo1 loN • O. lmA fo[ one of Yj -
descending t----- •J 

loN = 0. 05mA for each Yj Vo2 -
Input leakage 

Iu. 
Cl.! ,eL2, DI.! ,DL2 ,DRl ,DR2, 

Vi.n =O to Vee -5.0 current M, SHLl ,sm.2, res ,Ne 
t::-:-:-- . 

Vi leakage 
Iv1. *3 current V1n. Vee to VEE -10.0 

r---
Power supp 1.y ice 

•2 
feL2 • 400kllz -

current f--rEE fcLi • lkffz -
•l Vi -Yj (Vi•1 to 6, j•I to 40) equivalent circuit 

Vi~ R1 
'-v-' ~ Yj RI• lkll max. 
Power Data R2•101d2 inax. 
switch AWitch 

*2 Input/output current 111 excluded; wliEm Jnput is at the intermediate lP.vel 
with CHOS, excessive current f1owe through the Jnput circuit to the power 
supply. To avoid tht.s, input level must he fixed at h:lgh or low. 

*3 Output Y1 to Y40 open. 
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HD44100H 

typ max Unit 

- Vee v 

- o.J Vee v 

- - v 

- 0.4 v 
- 1.1 v 

- 1.5 v 

- 5.0 µA 

- 10.0 µA 

- 1.0 mA 

- 10 µA 
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HD44100H 

•TIMING CHARACTERISTICS 
(Vee= 5V ± 10%, VEE= -5±10%, GND = ov. Ta= -20 to + 75°C) 

Item Symbol Applicable terminal Test min typ Unit max 
condition 

Data shift frequency fcL CL2 - - 400 kHz 

Clock l High level tCWH CL1,CL2 800 - - ns 
width J tCWL CL2 800 Low level - - ns 

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

Clock set-up time tsL CL1,CL2 (CL2+CL1) 500 - - ns 

Clock set-up time tLS CL1,CL2 (CL1+c:L2) 500 - - ns 

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

Clock rise/fall time tct CL1,CL2 - - 200 ns 
Data Hold time tDH DL1,DL2,DR1,DR2 ,FLM 300 - - ns 

CL2 

Data in 
COL I, DL2, ORI, DR2) 

Data out 
COLI, DL2, ORI, DR2) -----

CLI 

FLM 

Fig. 1 Timing Waveform 
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HD44100H 

•TERMINAL FUNCTION 

Table l Fucntional Description of Terminals 

Signal ....... Input/ 
o! Connected to Function 

name UnH Output 

•·cc l Power supply Power supply for logical circuit 

f(;),1) l Power supply ov 

\"[[ l Power supply Power supply for liquid crystal display drive 

1:1 -Yu 20 Output Liquid crystal Liquid crystal driver output (Channel 1) 

Y21 -Y•o 20 Output Liquid crystal Liquid crystal driver output (Channel 2) , . .., ;·, 2 Input Power supply Power supply for liquid crystal display drive (Select level) 

\":s, v. 2 Input Power supply Power supply for liquid crystal dispaly drive 
(Non-select~ level for channel 1) 

v,, v, 2 Input Power supply Power supply for liquid crystal display drive 
(Non-select 111vel for channel 2) 

SHLl l Input Vee or GND Selection of the shift direction of channel 1 shift register 

SHLl DLl DRl 

vec OUT IN 

GND IN OUT 

SBL2 l Input Vee or GND ·Selection of the shift direction of channel 2 shift register 

SHL2 DL2 DR2 

Vee OUT IN 

GND IN OUT 

DLl, nR!j 2 lnput/ 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 

l! l I Input I Controller Alternated signal for liquid crystal driver output 

CLl 1 Input Controller Latch signal for channel 1 C"Ll •1 
This is used for channel 2 when FCS is GND. 

CL2 l Input Controller Shift signal for channel 1 C"Ll *l 
This is used for channel 2 when FCS is GND •. 

FCS 1 Input Vee 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. 

I FCS level 
Channel 2 M polarity Purpose 

I Latch signal Shift signal 

Vee CL2 .... CLl s M For CODDOil drive 

GND CLl -... CL2 ~ M For segment drive 

*l *l *2 

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

•1 J and -L indicate the latches at rise and fall times respectively. 

*2 The output level relationship becween channel 1 and channel 2 based 
on the FCS signal level is as follows: 

Output level 
FeS Data M Channel 1 Channel 2 

(Y1 "'Y20) (Y21 "' Y.,J 
"l" "l" ~ V2 

Vee (Select) 'O, V2 V: 

("l") "0" 'l" v, v, 
(Non-se lee t) '0" v. v. 

"I" "l" ~ v 
Gl.-0 (Select) '0' v, v, 

("O") •()" "1" v v 
(Non-se lee t) "0 v. v, 

"l" and 110 11 indicate a high and low levels, respectively. 
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•APPLICATIONS 

• Segment Ori ver 

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. In this case, both 

of channel 1 and channel 2 shift data at the fall of CL2 and latch it 

at the fall of CLl. Vs and Vs, V~ and V& of power supply for liquid 

crystal display driver are short-circuited respectively. 

(FLMl 

M 

CLI 
Output of 
latch 
(YI -Y40) 

M 

CLI 

CL2 

7 8 1 2 3 4 5 8 7 8 1 2 

~~~r-1-~~~~~~~~~~__.r--1 ___ ~ 

-------------------Enlarged view ------------...----
Latch ~--------~rl~~--

S h if t 
~-----~ 

DLI /ORI ----y--y--y--y------~ 
DL2/DR2~-----~ 

Fig. 2 Segment Data Waveforms (A type waveforms 1/8 duty) 
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• Corrmon Ori ver 

When channel 1 is used as a segment driver and channel 2 as a common 

driver. 

When channel 2 of HD44100H is used as a conman driver, the FeS is set to 

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

In this case, channel 2 shifts data at the rise of CLl and latches it at 

the rise of eL2. Channel 1 shifts and latches as shown in Fig. 2. 

8 1-1-12 1 
OL2 / OR2 (FLM) : nLj: ___________ _.n.._ __ _ 

I Shift• 
CL 1 

Y21 
(Y40) 

Y22 
( Y39) 

Y128 
( Y33) 

c __ j I I I I 
/ fl Non-select rL_ 

' Selec""t-----------....,Select I o __ Non-select n 
:,' n Select Non:selecl:-------n Select 

--+, --'selec't Select 
I 

Enlarged\ 
view \._ 

OL2 / OR2 !FLM) ____ __, 

M 

CL1 ~-- n.____ 

~;===~ 
CL2 

Y21 
( Y41) 

Fig. 3 Conunon Data Waveforms (A type waveforms of channel 2, 1/8 duty) 
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•When both Channel 1 and Channel 2 used as Common Drivers lFCS = 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 (CLl, CL2, FLM) from the controller 

are connected 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. 

-CL1 

CL2 

Con tr oller 
FLM 

(HD431 60AH) 

-
v, 
v, 
v. 

~ 
v, 
v, r-i 

::I p.. v, 

•Static Drive 

Select level of segment and common 

Non-select level of segment 

Non-select level of common 

~ Cl)_,.. 
CL2 ~ ;f :E 
CL1 "'"' Y1-,o 

DL1 Common 

q DR1 driver 
LCD 

DL2 
DR2 >>>>>> 

Iv,-., 
HD44100H 

Segment 

111 
driver 

>>>>>> 
It -ft t 

I I 

Iv,-., 
HD44100H 

Segment 
driver 

>> > >>> 
I±±±i 

T J: 

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

the frame frequency of liquid crystal display driver. The signal applied 

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

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

display driver is used by short-circuiting three of V1, V~ and Vs, and 

three of VL, 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 "O" 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 "l", the segments of 

LCD light. They also light with common side= "l", and segment side "O". 
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Static Drive 

First Second Tenth 
figure figure - - - - - - - - - - - - - - - - - - - - - - - - - - - - - figure 

COM signal B c n 
'~ c 0 

CMOS -=:r:: 40 :----c:_sEG1-4o _L 40 :::r:_sEG41-so rl. inverter 

D 

M 

Vee 
GND 

D 
H 
t--

DL1 Y1-Y40 

FCS 
SHL1 HD44100H 
SHL2 

_:; d~ ..- N ('!') .:t 
u > > > > 

l t 

DR1 

PJd 
DL1 Y1-Y40 

DL2 FCS 
DR2 SHL1 HD44100H 

VEE t--i H SHL2 

"' <D dd~ >> "' <t "' > > > > > 

J J 

Timing Chart of Input Waveforms 

2 3 78 79 80 

CL2___fUUL· · · · · · nJLn_ (Shift Clock) 

D X>EG8#EG7~SEG78 ....•... ~ (Display Data) 
~1:on0:off 

CL1 ____________________ _.n_ (Latch Clock) 

Notes: 

DR1 D DL2 

DR2 

VEE 1-i 

> 

1 . Input square waves of 50% duty (about 30- falling synchronously with the one edge of 
500 Hz) to M. The frequency depends on the M. 
specifications of LCD panels. 3. In this example, the CMOS inverter is used as 

2. The drive waveforms corresponding to the a COM signal driver in consideration of a 
new displayed data output at the fall of CL 1 . large display area. (The load capacitance on 
Therefore, when the alternating signal M and COM is large because it is common to all the 
CL 1 donot fall synchronously, DC elements displayed segments.) 
are produced on the LCD drive waveforms. Usually, one of the HD441 OOH outputs can 
These DC elements may shorten the life span be used as a COM signal. The displayed data 
of the LCD, if the displayed data frequently corresponding to the terminal should be 0 in 
changes (e.g.display of hours, minutes, and that case. 
seconds of a clock). To avoid it, set ..{;;.L 1 
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COM 

LCD 

v, 

HD44100H 

DJC)C-----~ 
~ 

Data transformed Data 0 corresponding to 
to Y2 to Y40 Y1 (COM signal) 

CL1 IL 
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HD66100~~~~~~-

(LCD Driver with SO-Channel Outputs) 
Description 
The HD66100 is a segment driver with 80 LCD 
drive circuits and is the improved version of 
the current LCD driver HD44100H with 40 
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-11 (HD44780), LCD-lll 
(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 V to 6.0 V 

• CMOS process 
• 100-pin plastic QFP (FP-100) 

Comparison with HD44100H 

Table 1 shows the main differences between 
HD66100 and HD44100H. 

Table 1. Comparison of HD66100 and 
HD44100H 

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

Supply Voltage 3 to 6V 4. 5 to 11 V 
for LCD Drive 
Circuits 
Multiplexing 
Duty Ratio 

Package 

Static to 1 /16 static to 1 /32 
duty duty 
1 00-pin flat 60-pin flat 
Plastic package plastic package 
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HD66100 

Pin Description 

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

V1, V2, Va, and V4: V1 to V4 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. 

Table 2. Pin Function 

Symbol Pin No. Pin Name 1/0 

Vee 46 Vee 

GND 36 Ground 

Vi 32 Vi 

33 

34 

35 

CL1 37 Clock 1 
CL2 40 Clock 2 
M 44 M 
DI 41 Date In 
DO 42 Date Out 0 
SHL 39 Shift Left 

Yi-Yao 1-30,51-100 Yi-Yao 0 

NC 38,43,45,47-50 Non Connection 

Vi , V 2 : selected level 
V3 ,V4 : non-selected level 

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 Dt, D2 
...... D19, Dao, the relation between the data and 
the output Y is as table 3. 

Y1-Yao: Each Y outputs one of the four voltage 
levels-V1, V2, V3, or V4-according to the com
bination of M and display data (figure 2). 

NC: Do not connect any wire with these 
terminals. 

Table 3. Relation Between SHL and 
Data Output 

SHL v, Y2 Y3 .••• V79 Yao 

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

Low D80 D79 D78 ..... D2 D1 

M 
0 

D 0 

Y output I• •I-.. .,I,. • 1-.. .. I 
level V; V3 V2 V4 

When used as a common driver 

Figure 1. Selection of LCD Drive Output 

-----Va 

72 

Figure 2. Power Supply for Driving an LCD 
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Block Functions 

LCD Drive Circuits 

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

Latch Circuit 

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. 

SHL•GND LCD 

Yl Y2 

. . . . . 
CL! ----i 

DI 

HD66100 

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. 

drive outputs 

Y79 YBO . . . . . . 
Latch circuit 

. . . . . . 
Shift register 

Do~---------------------~ 

SHL•Vcc LCD drive outputs 

YI Y2 Y79 YBO 

. . . . . . . . . . . 
Latch circuit 

. . . . . . . . . . . 
Shift register 

DI---t----------------------' 

DO 

Figure 3. Relation between SHL and the Shift Direction 
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YI Y2 LCD drive outputs Y79 Y•O 

M-----+----11J21 LCD drive circuit J11soi----+-- V1,V2 ,V3 ,V4 

(alternating signal) (power supply for 
LCD drive circuit) 

-+-Vee 

-+-GND 

-t--- VEE 

CLl----l-----l 1l2J Latch circuit 1118o] 
(latch clock) 

.--

{~~p-ut-da_t_a) _ __. ... ·~ t::r'Jzl Bidirectional •hilt cogi•ter }1~ ! 1--'--(.-u-tp~u-t d~~) 
CL2 ---+-~-~_L:~~~~~~~~~~~~~--:~~~~~~~~~~~~~:I_.5._.+---- SHL 

(shift clock) (selects 

a shift direction) 

Figure 4. Block Diagram 
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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 CLl. 

Latching Data 

The data of the shift register is latched at the 

Shift clock CL2 

Input data DI 

Output data DO 

HD66100 

negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yao 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 Y1 and 
when SHL is connected with Vee, it outputs 
from Yao. 

Figure 5. Timing of Receiving and Outputting Data 

Shift clock CL2 SLflSL ............ _rui__ru-

Latch clock CLl --···········____n__ 

Outputs Yl · YSO __ '[_ 

Figure 6. Timing of Latching Data 
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SHL=GND 
Shift clock 

Latch clock 

Outputs 

SHL•Vcc 

Outputs 

CL2 __f1_fl.f1_ ......................... _fl_f1_fl_ 

CL! 
---·························_____fl__ 

Yi 
_______ .................................................. ~ 

I 
Y80 _____ :::::::::::::::::::::::::~ 

YI ____ ·::::::::::.·:: ....................... ~ 
I 

Y80 _______ :::::::::::::::::::::::::====>e:: 

Figure 7. SHL and Waveforms of Data Shift 
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Absolute Maximum Ratings 

Item Symbol 

Supply Logic Circuits Vee 

Voltage LCD Drive Circuits Vee-VEE 

Input Voltage ( 1 ) Vr1 

Input Voltage (2) VT2 

Operation Temperature Tapr 

Storage Temperature Tstg 

*1 A reference point is GND (=OV.) 
*2 Applies to V1 -V4. 

HD66100 

Ratings Unit Note 

-0.3 to +7.0 v *1 

-0.3 to +7.0 v 

-0.3 to Vee+0.3 v *1 

Vcc+0.3 to VEE-0.3 v *2 

+20to+75 ·c 

-55 to + 125 ·c 

Note) If used beyond the absolute maximum ratings, LSl'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 
{Vcc=5V±10%, Vcc·Vn=3.0 to 6.0V, GND=OV, Ta= -20 to +75"C) 

Item Symbol Terminals Min. Typ. Max. Unit Test condition 
Input High Voltage V1H CL1 ,CL2 O.SxVee - Vee v 
Input Low Voltage V1L M,Dl,SHL 0 0.2xVee V 

Output High Voltage VoH DO Vee-0.4 - v loH=-0.4mA 

Output Low Voltage VoL 0.4 v loL= +0.4mA 

ON Resistance RoN1 11 kO loN=0.1 mA to 
Vi-Vj Y1-Yso one of Y terminals 

RoN2 V1-V4 30 kO loN=0.05mA to 
each Y terminal 

Input Leakage Current hL CL1, CL2, -5.0 5.0 µA \l;n = OV to Vee 
M, DI, SHL 

Vi Leakage Current l\/L V1-V4 -5.0 5.0 µA Output Y1-Yso open 
V;n =Vee to Vee 

Current Dissipation IGND 2.0 mA feL2=1.0MHz 

lee 0.1 mA feu =2.5kHz 

•1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, 
excessive current flows from the power supply through the input circuit. 
To avoid it, V1H and V1L must be fixed at Vee and GND level respectively. 

2. AC Characteristics 
{Vcc=5V±10%, Vcc·Vn=3.0 to 6.0V, GND=OV, Ta= -20 to +75'C) 

Item Symbol Terminals Min. Typ. Max. Unit Note 
Data Shift Frequency fcL CL2 MHz 

Clock High level Width tcwH CL1,CL2 450 ns 

Clock Low level Width tcwL CL2 450 ns 

Data Set-up Time fsu DI 100 ns 

Clock Set-up Time (1) tsL CL2 200 ns * 1 
Clock Set-up Time (2) tLs CL1 200 ns *2 
Output Delay Time tpd DO 250 ns •3 
Data Hold Time toH DI 100 ns 

Clock Rise/Fall Time fer CL1 ,CL2 50 ns 

* 1 Set-up time from the fall of CL2 to that of CL 1. 
* 2 Set-up time from the fall CL 1 to that of CL2. 
*3 Test terminal 

78 

CL (Load capacitance on outputs)•30pF 
(Including jig capacitance) 
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tCWL 

CL2 

'" IDH 

DI 

DO 

CL! 

tcwH 

Figure 8. Timing Chart of HD66100F 
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Typical Applications 

1. Connection with the LCD Controller 
HD44780 

COMI p¢{ 16 
-COM16 

SE:~EG40 40 iJ I 
LCD 

D DI Yi -Yao ool--
SHL HD66100F 

dO:a~~~:>~>> 

CLI ITII 1 
CL2 

M 
v" y, 
v. 

HD447W 
v. 
v. v. 

CND 

·············· 

Iw 
.............. 

DI Y1-Y10 ool----· 
SHL HD66100F 

R 

aa2~~J1>~::::> ~ R 

1TIT T l R 

-·- R ---

lri ·-- R 

Ilic ontrut 

~ 
OND I-.., -v 

[r:,wrdl'pl~r •• i 

Figure 9. Example of Connection (1/18 duty, 1/Sbiaa) 

CDMI 

-cOMi 

SEC!• 

-SEG40 

SHL HD66100F 

DO 

SHL HD66100F ~----.-Vee 

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

2. Connection with LCD Ill (HD44790) 

COM!~ ········· .... 

-COM3 3 LCD 

SEGI j f~l f ~ 
............... 

-SEG32 32 

R,, 01 Yi-Yao DO r- DI Yi-Yu Dot-----

r SHL HD66100F SHL HD66100F 

-N 0"' 

dd~~~~ >>>> aa~~~~>>>> 

III Hl R 

Ru Jr 
R 

"" "" GND R 
Vo v, 
v, 

HD44790 Vee rGND (power s upply 
for LCD drive] 

3. Static Drive 

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

D 

CL! 

CL2 

M 

Vee 

GND 

COM signal 

I.~ ~~e~~er 

first 
fil{Ure 

n 
0 

.---I 

Second 
figure 

n 
0 

••••• Tenth 
figure 

n ,.., 
_LJ SEG!-SEG80 

DI Y1 - Yso DO 

SHL HD66!00F 

aa:E~~~~>>> 

1 

Figure 12. Example o~onnection (SO-segment display) 
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• Timing Chart of Input Waveforms 

78 79 80 

Shift clock CL2 
___Il_fl_JL ...... n._n_n_ 

Input data DI ~ •••••••• ~ 

Latch clock CL! ______ n_ 

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 CL 1 . 
Therefore, when the alternating signal M and 
CL 1 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 

Figure 14. Example of Connection 

seconds of a clock). To avoid it, set CL 1 
falling synchronously with the one edge of M. 

(C)ln 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 H D661 OOF outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be 0 in 
that case. 

79 &l 

CL2 _n_ru ....... JLil_ 

=>C=x=·····~ 
. ' 

DI 

data 0 corresponding to 
Yi (COM signal) 

Data transferred to Y2-Yu 

CL! _______ n_ 

Figure 15. Timing Cha~(When Y1 is used as a COM signal) 
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HD43160AH------
(Controller with Built-in Character 
Generator) 

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 

LCD. Availaole LCD driver for combination 

with this is HD44100H. 

II SORTS OF DISPLAY CHARACTERS 

•Alphanumeric character; A - Z, a - z, @, #, %, &, etc. 

• Japanese Character (katakana) 

• 160 characters by internal character generator (ROM). 

(Max 256 characters by external ROM) 

II NUMBER OF CHARACTERS 

(FP-541 

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

II FONT 

• 5 x 7 + Cursor or 5 x 11 + Cursor 

II OTHER FUNCTION CONTROLLED BY MICROCOMPUTER 

• Display clear 

e Cursor ON/OFF 

• Cursor position preset (Character position) 

• Cursor return 
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• BLOCK DIAGRAM 

cso 
CSl 
CS2 
CS3 

RSO 

R/W 

E 

DBO 
I 

DB6 
DB, 

CNO DLN FNTS CURS ROMS 
CNl 
CN2 

Line counter 
Cursor counter 
Character number Counter 

M 
t-~~-+~~~~~ ..... -.FLM 

RAM 

8 bit 

80 words 

ROM 

Character 
generator 
<a~2e~Q1r 

P/S con
verter 

CL I 

D 

Internal 
oscillation 

Ver. -
GND-

XO-X7 
YO-Y3 ..... ~w 13r. "' 

RST
TES-r-

Busy Flag 

•ABSOLUTE MAXIMUM RATINGS 

Item 

Supply voltage 

Input voltage 

Operating temperature 

Storage temperature 

---""l1 ROM I 1 

1(max,256 !---- - -J 
I thar,c-, 'A OSCl OSC2 
i.._e.!!._.J Rf 

Symbol Value Unit 

Vee -0.3 to +7 .O v 
VT -0 •. 3 to Vee +o.3 v 
Topr -20 to +75 •c 
Ts t:.a_ -ss to +125 •c 
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HD43160AH 

II ELECTRICAL CHARACTERISTICS (Vcc=5V±5%, GND=OV, Ta=-20 to +75°C) 

Item Symbol Terminal No. TeRt cond1ti.on min typ mox 

Input voltage 
~ 

CSO •· CSJ, r., R/W, 2 .o - Vee 

(TTL compatible) VIL DBO - 087, RSO 0 - 0.8 

vrnc OS Cl, TF.ST, RST, FNTS, o. 7 Vee - Vee 
Input voltage I--- CURS, OLN, ROMS, 

VrLC CNO - CN2, 01 -Os 0 - o. 3 Vee 

Output voltage ~ IoH•-0. 205mA 2 .4 -
DB7 

(TTL compatible) VoL IoL•l.6mA - -
Vonc FLM,H ,D, CLl ,CL2, vcc-i.o -

Output voltage t--- I load'"'±O. 4mA 
VoLC XO -X7, YO - YJ - -

Input leak current Iin All inputs -5 -
Output leak current ILO 087 -10 -
Oscillation fcp1 Rr=200k0±2%, 5 x7+Cursor 130 192 

frequency ~ Rf•l30kn±2%, 5 xU +Cunrnr 200 288 

Input pull up current IPL 
CSO - CS3, 
DBO - DB) 

RSO, R/W, 
V1 n•OV 2 10 

Power dissipation Pr . Ta=25c, fcr·400kllz - -
(external clock) 

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, but CSO -CS3, RSO, R/W, 080 -087 are excluded. 

llPIN ARRANGEMENT 

-
0 .4 

-
1.0 

5 

lO 

250 

375-~ 

20 

10 

Pln Power sup. input Output Pin Power sup. Pin Power su11. Input 
Nu. osc. No. osc. 

Input Output 
Nu. osc. 

1 GND (-) 19 D 37 OBJ 
r-----t--t-· 

2 X4 20 FIM 38 084 

3 X3 21 ~A 39 DBS 

4 X2 22 OS Cl 40 D86 

s Xl 23 OSC2 41 DB7 

6 XO 24 KS'i' 42 ROMS 

7 N.C. 25 TEST 43 05 

8 N.C. 26 E 44 04 

9 N.C. 27 Vee<+> 4S 03 

IO CUI<S 28 R/W 46 02 

ll !'N'J'S 29 RSO 47 01 
-

12 DLN 30 cso 48 

13 CNO 31 CSl 49 

14 CNl 32 es2 so 
lS CN2 33 CS3 51 

16 CI.2 34 OBO 52 

17 CL! 3S DBl 53 

18 M 36 DB2 54 
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Unit 

v 
v 
v 

v 
v 
v 
v 

v 
11A 

UA 

kHz --
kllz 

JJA 

mW 

Output 

D87 

Y3 

Y2 

YI 

YO 

X7 

X6 

XS 
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HD43160AH 

•PIN FUNCTION 

Pin Number 
of Connected to I/O Function name terminals 

Vee 2 Power supply 
+SV ± 10% Power supply 

GND ov 
CNO 3 GND or Vee I Total displayed character number select. 
CNl No, 4 8 16 24 32 40 64 80 CN2 

CNO GND Vee GND Vee GND Vee GND vcc 
CNl GND GND vcc vcc GND GND Vee vcc 
CN2 GND GND GND GND Vee Vee Vee Vee 

CURS 1 GND or Vee I Cursor select 
Vee: s dots • ••••• GND: 1 dot, • 

DLN 1 GND or Vee I Display line number select. 
vcc: 2 lines. 
GND: 1 line. 

FNTS 1 GND or Vee I Font select. 
Vee: 5 xll +Cursor. 
GND: 5 x7 +Cursor. 

RST 1 Vee I Only for test. Normally Vee 
TEST 1 GND I Only for test. ·Normally GND 

E 1 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 
CSl When all of CSO - CS3 are 'H', HD43160AH is 
CS2 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. 

r--
8 DBO MPU I Data bus. 

I I/O Inputs for Character code and Instruction 
(DB7) code from MPU. 

DB7 Output for Busy/Ready flag (DB7). 

D 1 HD44100H 0 Serial dot data of characters for LCD drivers 

CL2 1 HD44100H 0 Dot data shift signal for LCD drivers. 

CLl 1 HD44100H 0 Dot data latch signal for LCD drivers. 

86 
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HD43160AH 

M 1 HD44100H 0 Alternate signal for LCD drivers. 

FLM 1 HD44100H 0 Signal for common plates scanning. 

XO 8 ROM 0 Character code outputs for External character 
I generator. (for Ext ROM) 

X7: MSB character 'A' X7 XO: LSB 
ex: 

~ lillJ 'l'='H' 
l o j1[0{01cffo o lj 'O'='L' 

YO 4 ROM 0 Character row code for External charact~r 
Yl generator. 
Y2 5 x 7 +Cursor 5 x 11 +Cursor Y3 YJ.Y~Y1Yo •••• O 0 I 

0 I 0 
"A" 0 I I "j" 

I 0 
I 0 I 
I I 
I I I 
0 0 0 

ob?~4os l g ~ ),_ 
I 0 I I 

</>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 

I 
generator. 
l(H): ON 

05 O(L): OFF 

ROMS 1 GND or Vee I Select Internal or External ROM. 
H: External ROM 
L: Internal ROM 

OS Cl 2 (I) Oscillator. 5 x 7 +Cursor : Rf=200kfl (typ) 
OSC2 (0) 5 Xll +Cursor: Rf=l30kfl (typ) 

NC 3 Don't connect any wire to these terminals. 

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

87 



HD43160AH 

88 

• CHARACTER DOT PATTERNS 

• 5 x 7 

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

on the cursor line. 

Cllaracter code lower 4 bits (hexadecimal) 
0 1 2 3 4 5 6 7 8 9 A B c D E 

I II # $ ••• 1':• !' •• •• :t: + 2 • •••• '· .• ' -••• .... • • • • 
;:::;- 3 ~ 1 ·-::. ..... 4 ~ ... ..., .-. •=;t • • •• - •• . .) ·-· f.:1 •• .-. •• •• 
m L • ' ••• - •• - - ... • •.I 
C) 

;ii t=:I e: ,-. [:1 E F 13 H I .J ~··· L t·1 t·~ Ill 
"g 4 -· ••• .: 
Ill 

..0 

F' 1::1 F:: .-T l_I I.) l.1.I '·' '· .• ..., [ ¥ J ••••• '-"' 
5 -. • •• Cl) , ..• I ~ ... - ..... 

-n • ,.c ... 
1::1 .-~ f• ~-. 

• 1 -:t 6 .:. - a=-· •:::t l . .1 ~·· r··1 t•1 ,... ·-· - - •• 
Ill 

1----i 1----i p. t. •• I •• p. 

t:• •::I r·· .- ... ~ 1 •• 1 1 ••• 1 ••••• IJ z ..;.. ;:I 7 =· •• •• •• •• • 
~- • • • 
0 r :;a r---
C) rs ·1· .-::. ::t t:' 3 "' A a J ••• • ::c .1 Ill • • 
~ 
C) r ·1·· "':I :::t n =t= ·j tt : I ~ "' I . ., :J .., 
"' B -6 • ... • •• -· •••• 

~ - ~- + ; .I t ;t; ·~ Ill T - ya , ·., ..., ••• c •• .. • •• • - J'. • .. - •• ••• t f' .l 3 - I I IL• L.·· D 'J .. .... 
D - Lt •••• 

.., .• -. • •• -
• 5 x 11 

F 

·" • • 

·~ • • • 

I) 

-1-1 -
+. • 

111 .. 
•• J .. 
7.' • 
a 

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

others are in the same way as that of 5 x 7 • 

• 13 .J F• '=1 
• Cursor 5 dots: •• ••• 

1 dot : • 

!:I 

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

•APPLICATION 

• Setting Up 

a) Total character number ..... (CNO - CN2) 

b) Cursor pattern ............. (CURS) 

c) Display line number .••..•.. (DLN) 

d) Font ..•.........•.......... (FNTS) 

These terminals should be connected to Vee or GND according to the LCD 

display system. RST and TEST should be connected to Vee and GND 

respectively. 

•Interface to the Controller 

a) Example 1 Interface to HD6800 

AB!S cs 3 

AB14 cs 2 

AB13 cs 1 

VMA cs 0 

AHl2 RS 0 

R/W R/W 

HD 6800 (MPU) 
~2 E HD43160AH 

DBO DBO 

!HJ l DB! 

DB2 DB2 

DB3 DB3 

DB4 DB4 

DAS DBS 

DB6 DB6 

DB7 DB7 

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

HD6800 microcomputer are 

Instruction code register 

Character code register 

Busy flag 

#'E***' (R/W=O) 

#'F***' (R/W=O) 

#'E***' or #'F***' (R/W=l). 

*: don't care 
#'' : hexadecimal 

~HITACHI 
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b) Example of display program 

Read Busy flag 
from # 'E***' 

or # 'F***' 
Check Busy or Ready 

Instruction 

Write Inst, 
to # 'E***' 

c) Time length of Busy 

Y: Busy 

RSO = 'H' 

Write charact. code 
to # 'F***' 

write Inst. or Charact. code 

E ____.<:ri....___ __ _ 
Busy 

(Internal) 

Display clear 

Other function 

J=Tbusy 

~peration start 

T busy 

MIN MAX 

400 410 -- --
fcp fcp 
10 20 -- --
fcp fcp 

Unit 

sec 

sec 

end 

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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HD43160AH 

d) Timing chart 

Write sequence Read sequence 
IMPU-H043160AH I IMPU-H043160AHI 

tcvc 
1 .. tcvc •I I PWE.L .,. PwEH Pwri. • I • PWEH .. 1 , .. --1 I• 

1 L l 
I I 

E l E 
J l I 

I .. lAs ltoowl I I IH I I 
iAS • l.i"0 "•1 -1 f--!" I 1··1 11 1· 

cso J : [ cso 

J : [ ! I 
CS3 CS3 
RSO RSO 

I I 

I I 

R/W l Write I R/W _J Read t I 

lli!Et 080 

~ I 087 
087 d 

e) Timing characteristics 

Symbol min typ max Unit 

Cycle time of 'E' tcyc 1.0 - - µs 

'E' H level PwEH 0.45 - 25 µs 
Pulse width of 

L level PWEL 0.45 - - µs 

Set up time of cs Write tAs 140 - - ns 

Deta delay time Write toow - - 225 ns 

Read tooR - - 300 ns 

Hold time tH 10 - - ns 
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f) Example 2 Interface to 8085A (Intel) 

Sl 
IO/f;l 

iUJ r..,..,. WR 
AIS 

AU 
A13 
A12 

R/W 
CS3 

E 

CS2 
CSl 
cso 
RSO 

8085A 
(MPU) ~ D :Q1 l_f DCLK Q 

HD43160AH 

ALE ~ CLK w r Q~ - CLR 

CLK r--t>~ •.:x::.~O-------' 
READY t----------------' 

ADO !----------------~ DBO 
l l 

AD7 t------------------i DB7 

g) Timing chart 

., 

J 1 1 j 

r--
CLK 

IO/M, SI 

A12 AJS 

r-

\ ~ 

ALE 

J 
\ 

' ~ - u ~ 

~ 

READY 

Tl T2 TWAIT 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 TWAIT cycle. 
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HD43160AH 

•DISPLAY COMMANDS 

•Display Controll Instructions 

These instructions should be written into the instruction register of 

HD43160AH by the microcomputer. (RSO='L', R/W='L') 

a) Display clear 

MSB LSB 

Code: I 0 I 0 I 0 I 0 I 0 I 0 I 0 j 1 I 
Operation: The screen is cleared and the cursor returns to the 

1st digit. 

b) Cursor return 

MSB LSB 

Code: I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 
Operation: The cursor returns to the 1st digit and the characters 

being displayed do not change. 

c) Cursor ON/OFF 

MSB LSB 

Code: I ~ I ~ I ~ I ~ I ~ I ~I ~ I ~ I (ON) 
(OFF) 

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

d) Set cursor position 

MSB LSB 

Code: 1 line 1 (N-1) binary 

2 lines [ upper 1 <J] (n-1) binary 
j lower 1 1 J (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), 

.HITACHI 
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• 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 

• Read Busy Flag 

before I ABCD 
::=========::: 

after!~ _AB_C_D_E~-~---~ 

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 

f 
Display clear 2.0 2.05 ms J 
Other operations 50 100 µs J 

(depends on the operating frequency) 

• Interface to External ROM 

a) Example 

(LSB XO 

~haracter 
XI 
xz 

t:ode X3 Address 
X4 
XS 

ID43160AH X6 External 
MSB X7 

r~SB YO 
ROM 

Row YI 
code yz 

'\MSB Y3 
1-------1 * ~A 

01 l Da<a 

oz 
03 
04 
05 

ROMS 

Interface to Exteraal ROM 

~HITACHI 

ROMS 
1: Ext. 
0: Int. 

*~A is used as the 
precharge signal for 
Dynamic ROM if nec
essary. 
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b) Row code 

01 02 03 04 05 

(Cursor) 

5 x 7 + Cursor 

c) Timing chart 

CL2 

XO-XT 

YO-Y3 

f!JA 

01-05 

ROMS 

Row code 

Y3 Y2 Yi YO 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 I 

0 I 

I 0 

I 0 

I I 

I I 

t---1 
I _L I 
I tcp 

l 
I 

0 

I 

0 

I 

0 

I 

0 

I 

I• .. I 

~ , 

MAX _L 
fcp 

@HITACHI 

01 02 03 04 05 

HD43160AH 

Row code 

Y3 ¥2 YI YO 

0 0 0 0 

0 0 0 I 

0 0 I 0 

0 0 I I 

0 I 0 0 

0 I 0 I 

0 I I 0 

0 1 I I 

1 0 0 0 

I 0 0 1 

1 0 I 0 

1 0 I I 

5 x 11 + Cursor 

I 

1 Effective data 
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• Interface to LCD Ori vers 

a) Example 

Common 
signals 

Y21-Y40 

Vl-V6 
FCS 

Liquid crystal display 

Yl-Y40 

Vl-V6 
FCS 

SHLI 
HD44100H SHLI HD44100H SHL2 SHL2 

DLI DR! DLI 
DL2 DR! 
DR2 CL! CL2 M DL2 CL! CL2 M 

FLM 
D 

HD43160AHCLJl--~~~~------t~-t-~~~~~--___,~-+---

Interface to HD44100H 

b) Wave forms (5 x 7 +Cursor 1 line) 

8 4 8 

FLM 

CLl I I I I I I I I I I I 
M 

FLM 

DR2 

L 
_ ___.n.___ _ 

M _J 
CL2 

D 

One row of a character 

One row of 80 characters (400 dots) 
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• DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM 

Typical Application 

5 x 7 +Cursor 

2 Lines 40 Characters 

GND OV 
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HD'i4780,HD44780A----
(LCD-II) 
(Dot Matrix Liquid Crystal Display 
Controller & Driver) 
DESCRIPTION 
The LCD-II (IID44780, IID44780A) 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 (IID44780, IID44780A). 

If a driver LSI IID44100H is externally 

connected to the IID44780, 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. 

I FEATURES 

• 5 x 7 and 5 x 10 dot matrix liquid crystal 

display controller driver 

• Capable of interfacing to 4-bit or 

8-bit MPU. 

• Display data RAM •.• 80 x 8 bits 

(80 characters, max.) 

•Character generator ROM •.• 

Character font 5 x7 dots: 160 characters 

Character font 5 xlO dots: 32 characters 

SEG20 
SEG1s 
$EG1a 3 

SEG17 
SEG1a 
SEG1s s 
SEG14 
SEG13 e 
SEG12 
SEG11 
SEG10 
SEGg 
SE Ga 
SEG7 
SE Ga 
SE Gs 
SEG4 
SE Ga 
SEG2 
SEG1 

98 ~HITACHI 

I PIN ARRANGEMENT 

(FP-80) 
(Top View) 

(FP-80A) 

(Top View) 
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HD44780, HD44780A (LCD-II) 

No. 

• Both display data and character generator 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) 

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 

of Duty Extension LCD-II HD44100H No. of display 
display factory characters 
lines 

1/8 Not 1 8 characters x 1 line 1-line pc. -
1/11 provided 

display duty 9 pcs. 
provided 1 pc. 

(8 characters/pc.) 
80 characters x 1 line 

Not 1 2-line 1/16 provided 
pc. - 8 characters x 2 lines 

display duty 4 pcs.(8 characters provided 1 pc. 
x 2 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 

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

I ORDERING INFORMATION 

Type No. 

HD44780SA**H 

HD44780SA**FH 

HD44780SA**FA 

Operation Frequency 

1.0 MHz 

1.5 MHz 

Note: ** = ROM Code No • 
• HITACHI 

available upon request) 

Package 

80-Pin. plastic QFP (FP-80) 

80-Pin plastic QFP (FP-80A) 

80-Pin plastic QFP (FP-80) 
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8 ::r: 
0 
ii::. 
ii::. 

I 
~-

• -...J 
co (X) 
.- 9 0 n 

:!: 
> 
3 
CD 

~- Vee 
"' r-

GND 11 . osc, 
I s: osc. 
n 
:!: 
"U 
;;;;-
N 

"' . 
"° 0 RS 0 
0 

~@ R/W 
;;; :I E 
"l1 -a; 4 

~ () DB,-DB1 

':< :I 
4. . -CXJ DB0 -DBs :::>. 

en 
CT 

"' ::0 
50 
(") 

> 
'.f 
0 

~ 
~ 

r 
c.o 
• Power Supply V 
~ 
EJ 

for Liquid 2 

"' Crystal v, 
00 

:t: Display Drive V • 
w v. 0 
0 

1--~-- SEG1 -SEG,0 

Address I I Timing Generation ' 8 

Counter(AC) Circuit 
'I 

r-. 
~ i::: 

i::l H 0 
0...., .,.; I-< 
.-! 8 .., Q) 
.., I-< tJ 't:I 
tJ Q) ·e 8 Display Data ;::l.., 

I~" H~ 
8 I 1--1 oo .., Q) .., .,.; Cll 0 RAM ..... i::: 

Cll bO i::: 
(DD RAM) •r-1 """ 00 

,!:l ~ H ..c:: a1 16 .-1 1--1 I 16 
80x8 bits 004-J OOQ) 

Cll > I-< .., .,.; i::: .-! 
Q) .., .-! bO 0 I-< ..... 

~-; f ~ ~o ..... 
;::l i:::u -&> o 
~ 

8 .-! I-< r-1 u 
r-1 .-! 

0 8 ~u ....... 
H I-< r-1 

I-< 8 7 B 0 0 
Q) 

~~ " 

.., 
Cll ;::l i::: .-! r-1 

"' .-! haracter Character u 0 ;::l "' .., Oil 

~~H,;" I "' Q) enerator Generator 
0 i:.: 40 

ROM ROM ,oU OOQ) 

(CG RAM) (CG RAM) l ..c:: .., ~ 
0 tJ i::: I-< 

512 bits 7200 bits -<r._, alO 

40 j 5b 
Q) 

00 

I 140-bit Shift Register D 

("") 

::r: 7' 

t::l 0 ); ii::. 
"' CL, ::c ii::. 

C L2 )> -...J 3: 
M (X) 

;::: 0 
("") > t::l 
I -tot 

...... 0 :z 
-l 0 fT1 
::c I ...... ....... 

COM1 -COM10 
0 ....... 
::c -



HD44 780, HD44 780A (LCD-II) 

I ELECTRICAL CHARACTERISTICS 

•Absolute Maximum Ratings 

Item Symbol Limit Unit Note 

Power Supply Voltage (1) Vee -0.3 to +7 .O v 

Power Supply Voltage (2) Vl to vs Vee-13.s to vee+o.3 v 3 

Input Voltage VT -0.3 to Vee+o.3 v 

Operating Temperature Topr -20 to +7S •e 

Storage Temperature Tstg -ss to +12S •e 

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

Note 2: All voltage values are referenced to GND=OV. 

Note 3: Applies to Vl to VS. Must maintain Vee~ Vl ~ V2 ~ V3 ~ V4 ~VS 

(high + + low) 
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•Electrical Characteristics (Vee =5V±l0%, Ta =-20 to +75°C) 

Vee r @= Vee-vs 

V1 
@= Vcc-v1 

@ ~ l.5V 
V5 @ ~ 0.25 XA 

lID44780 

Item Symbol 

Input "High" Voltage (1) V!Hl 
Input ''Low" Voltage (1) vILl 
Output ''High" Voltage (1) (TTL) V(,)Hl 

Output ''Low" Voltage (1) (TTL) Vou 
Output ''High" Voltage (2)(CMOS) VoH2 
Output "Low" Voltage (2) (CMOS) VoL2 
Driver Voltage Descending (COM) vcoM 

Driver Voltage Descending (SEG) VsEG 
Input Leakage Current IIL 
Pull up MOS Current -Ip 

Power Supply Current (1) 
Icc1 

Power Supply Current (2) 
Icc2 

External Clock Operation 

The conditions of V1, V5 voltages are 

for proper operation of the LSI and not 

for the LCD output level, The LCD 

drive voltage condition for the LCD 

output level is specified in "LCD 

voltage VLcD"· 

Test Limit 
condition min 

Unit Note 
typ max 

2.2 - Vee v (2) 

-0.3 - 0.6 v (2) 

-I08=0. 20Sl!IA 2.4 - - v (:i) 

IoL=l.21!1A - - 0.4 v (3) 

-I08=0.041!1A o.9Vcc - - v (4) 

LoL=0.041!1A - - o.1vcc v (4) 

Id=O. OSl!IA - - 2.9 v (10). 

Id=O.OSl!IA - - 3.8 v (10) 

Vin=O to Vee -1 - 1 µA (S) 

Vcc=SV so 125 2SO µA 

Ceramic filter 
oscillation - 0.55 0.8 1!IA (6) 
Vcc=SV, fosc= 
2SOkHz 

Rf oscillation 
External clock - 0.35 0.6 1!IA (6) 
operation 
Vcc=5V, fosc= (11) 
fcp=270kHz 

------------ --------- ----,------------ ---- -- ---- --- ---
125 270 3SO (7) External Clock Frequency fcp kHz 

External Clock Duty Duty 45 so SS % (7) 

External Clock Rise Time trcp - - 0.2 µs (7) 

External Clock Fall Time tfc;p_ - - 0.2 µs (7) 

Input "High" Voltage (2) Vrn2 Vcc-i.o - - v (12) 

Input "Low" Voltage (2) VIL2 - - 1.0 v (12) 

Internal Clock Operation (Rf oscillation) 

t-c-1;;-ck' os~ii!a;i;;-n "F;e;;n~; -__J-£0~; l u:-9iidi±2%- - - _J -190-_J 2io 1- J5ol kii;T-<Bl-
Internal Clock Operation (Ceramic filter oscillation) 

1------ ----------------- --- ------ ---- -- -- - --- ------
Clock Oscillation Frequency fosc Ceramic filter 245 250 255 kHz (9) 

LCD Voltage. VLcDl Vcc-v~l/5 bias 4.6 - 11 v (13) 

VLCD2 f 1/4 bias 3.0 - 11 v (13) 
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HD44780A 

Item Symbol 
Test Limit Unit Note condition min typ max 

Input "High" Voltage (1) VIHl 2.2 - Vee v (2) 

Input "Low" Voltage (1) VILl -0.3 - 0.6 v (2) 

Output ''High 11 Voltage (1) (TTL) VoHl -IoH•0.20SmA 2.4 - - v (3) 

Output "Low" Voltage (1) (TTL) Vou IoL•l. 2mA - - 0.4 v (3) 

Output ''High" Voltage (2)(CMOS) VoH2 -I0H=0.04mA o.9Vcc - - v (4) 

Output "Low" Voltage (2) (CMOS) VoL2 !.oL =0.04mA - - o.1vcc v (4) 

Driver Voltage Descending (COM) VcOM Id•O .OSmA - - 2.9 v (10) 

Driver Voltage Descending (SEG) VsEG Id•O .OSmA - - 3.8 v (10) 

Input Leakage Current IIL Vin•O to Vee -1 - 1 µA (S) 

Pull up MOS Current -Ip Vcc=SV so 12S 2SO µA 

Power Supply Current (1) Ceramic filter 
Icc1 oscillation - 0.5S 0.8 mA (6) 

vccsv, fosc= 
2SOkHz 

Power Supply Current (2) Rf oscillation 
Iccz External clock - 0.3S 0.6 mA (6) 

operation 
Vcc=SV, fosc::: (11) 
fcp=270kHz 

External Clock Operation 
---------- - - --------- ----------------- ---- 2-70'--3so --- ---
External Clock Frequency fcp 12S kHz (7) 

External Clock Duty Duty 45 so SS % (7) 

External Clock Rise Time trcp - - 0.2 lJS (7) 

External Clock Fall Time tfS!_ - - 0.2 lJS (7) 

Input "High" Voltage (2) VIH2 Vee-LO - - v (12) 

Input "Low" Voltage (2) VIL2 - - 1.0 v (12) 

Internal Clock Operation (Rf oscillation) 

f-Cl;;ckOs~Ula-;i;;-n F~~;;-n~y- -_]-f"0~; l if~ik"u±2%-- -_l-19o-J210 J-3so_l kli;l-<Sl-1 
Internal Clock Operation (Ceramic filter oscillation) 

!------ ------- ------,---- --- ------ --- - --,-- - ----,------
Clock Oscillation Frequency fosc Ceramic filter 245 2SO 2S5 kHz (9) 

LCD Voltage. VLCDl Vcc-vsll/S bias 4.6 - 11 v (13) 

VLCD2 jl/4 bias 3.0 - 11 v (13) 
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Note 1: The following are I/O terminal configurations except for 

liquid crystal display output. 

• Input Terminal 

Applicable Terminals: E 

(No pull up MOS) 

Applicable Terminals: RS, R/W 

(With pull up MOS) 

PMOS 

NMOS 

• Output Terminal 

Applicable Terminals: CL1, CLz, M, D 

• I/O Terminal 

Applicable Terminals: DBo to DB7 

V (Pull Up) Yee 
cc MOS 

H PMOS PMOS 

NMOS PMOS 

NMOS 

PMOS PMOS 

Pull Up MOS 
NMOS 

PMOS 

NMOS 

Enab I e 

'----J------ Data 

(Output Circuit) 
(Tristate) 

Note 2: Input terminals and I/O terminals. Excludes OSC1 terminals. 

Note 3: I/O terminals. 

Note 4: Output terminals. 
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Note 5: Current flowing through pull-up MOS's and output drive MOS's is 

excluded. 

Note 6: Input/Output current is excluded. When input is at the inter

mediate 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. 

Note 7: External clock operation. 

0.7 v cc 

0.5V cc 

o.sv cc 

t rep 

Open OSC1 

Th Ti 

t fop 

Th 
Duty= Th+ Tl x 100% 

Note 8: Internal oscillator operation using oscillation resistor Rf. 

Rf : 9lk0± z % 

Since oscillation frequency varies depending on OSC1 and OSCz 

terminal capacity, wiring length for these terminals should be 

minimized. 

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

01 Ceramic filter: CSB250A (Murata) 
osc, 

Rf: 1Mfl ±10% 
Rf C1: 680pF±10% 

C2: 680pF±10% 

Rd: 3.3kn±5% 
Ceramic filter 
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l06 

Note 10: Applies to both VcoM and VsEG voltage drops. 

VcoM: From poer supply terminal Vee, V1, V4, Vs to each 

common signal terminal (COM1 to COM16) 

VsEG: From power supply terminal Vee, V2, V3, Vs to each 

segment signal terminal (SEG1 to SEG40) 

Note 11: Relation between operation frequency and current consumption 

is shown in this diagram. (Vee = SV) 

1.8 

1.6 

looz 
u 

(mA) 
l.Z 

max 

1.0 

0.8 

0.6 
typ 

O.• 

0.2 

100 z 00 300 s 00 

Cose or fcp (kHz) 

Note 12: Applied to OSC1 terminal. 

Note 13: The condition for COM pin voltage drop (VcoM) and SEG pin 

voltage drop (VSEG). 
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•Timing Characteristics 

Write Operation 

RS 

E 

DBo-DB, 

Read Operation 

I! 

PW•• 

VrLI 
tDIW' 

Vaild 

l ., •• 

Vnn 

VILI 

Fig. l Bus Write Operation Sequence 
(Writing data from MPU to LCD-Il ) 

V1111 

_!'W•a 

Vn1 

Vo111 

no.-ne, ______ -4 ___ ...:Y.::••":J• 
Valid Data 

Vom 

Yos.1 

1., •• 

Fig. 2 Bus Read Operation Sequence 
(Reading out data from LCD-Il to MPU) 
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Interface Signal with Driver LSI HD44100H 

----------_,;.JI- 0.1 Vee 

Fig. 3 Sending Data to Driver LSI HD44100H 

108 
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•Bus Timing Characteristics (Vee =5.0V ± 10%, GND =OV, Ta= -20 to +75°C) 

o IID44 780 

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

Item Symbol condition 
Limit Unit Test 

min max 

Enable Cycle Time tcycE Fig. 1 1000 - ns 

Enabie Pulse Width I "High" PWEH Fig. 1 450 - ns level 

Enable Rise/Fall Time tEr, tEf Fig. 1 - 25 ns 

Address Set-up Time J RS, R/W 
tAs Fig. 1 140 - ns -E 

Address Hold Time tAH Fig. 1 10 - ns 

Data Set-up Time tDsw Fig. 1 195 - ns 

Data Hold Time tH Fig. 1 10 - ns 

Read Operation (Reading data from LCD-II to MPU) 

Symbol Test condition 
Limit 

Unit Item 
min max 

Enable Cycle Time tcycE Fig. 2 1000 - ns 

Enable Pulse Width l "High" 
level PWEH Fig. 2 450 - ns 

Enable Rise/Fall Time tEr• TEf Fig. 2 - 25 ns 

Address Set-up Time l RS, 
-E 

R/W 
tAS Fig. 2 140 - ns 

Address Hold Time tAH Fig. 2 10 - ns 

Data Delay Time tDDR Fig. 2 - 320 ns 

Data Hold Time tDHR Fig. 2 20 - ns 
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o HD44780A 

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

Item Symbol Test condition 

Enable Cycle Time tcycE Fig. 1 

Enable Pulse Width I "High" 
level PWEH Fig. 1 

Enable Rise/Fall Time tEr, tEf Fig. 1 

Address Set-up Time l RS, R/W Fig. 1 
-E tAs 

Address Hold Time tAH Fig. 1 

Data Set-up Time tDsw Fig. 1 

Data Hold Time tH Fig. 1 

Read Operation (Reading data from LCD-II to MPU) 

Item Symbol 

Enable Cycle Time tcycE 

Enable Pulse Width 1 "High" 
level PWEH 

Enable Rise/Fall Time tEr• TEf 

Address Set-up Time I RS, R/W 
-E tAS 

Address Hold Time tAH 

Data Delay Time tDDR 

Data Hold Time tDHR 

Notes: *l. *l, is 8-bit interface mode 
*2. *2, is 4-bit interface mode 

Test condition 

Fig. 2 

Fig. 2 

Fig. 2 

Fig. 2 

Fig. 2 

Fig. 2 

Fig. 2 

~HITACHI 

Limit Unit 
min max 

666 - ns 

300 - ns 

- 25 ns 

60*1 - ns 
106*2 - ns 

10 - ns 

100 - ns 

10 - ns 

Limit 
Unit 

min max 

666 - ns 

300 - ns 

- 25 ns 

6o*l ns 
100*2 

10 - ns 

- 190 ns 

20 - ns 
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•Interface Signal with HD44100H Timing Characteristics 
{Vcc=5.0V±l0%, GND=OV, Ta=-20 to +75°C) 

o HD44780 

Item Symbol 

Clock Pulse Width "High" 
tcWH level 

Clock Pulse Width "Low" 
tcWL level 

Clock Set-up Time tcsu 

Data Set-up Time tsu 

Data Hold Time tDH 

M Delay Time tDM 

HD44780A 

Item Symbol 

Clock Pulse Width ''High" 
tcWH level 

Clock Pulse Width "Low" 
tcWL level 

Clock Set-up Time tcsu 

Data Set-up Time tsu 

Data Hold Time tDH 

M Delay Time tDM 

Loading Circuit (TTL Load); DBo to DB7 

HD44 780 5. OV 

C=130pF 
R=lllill 

Test condition 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

Test condition 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

Fig. 3 

HD44780A 

C=SOpF 
R=20Jill 

Limit 
min max 

800 -

800 -

500 -

300 -
300 -

-1000 1000 

Limit 
min max 

800 -

800 -

500 -

300 -

300 -

-1000 1000 

All Diodes: 1S2074(ID All Diodes: 1S2074(ID 

Loading Circuit (CMOS Load); CL1, CL2, D, M 

Test PointO>------±J~F 

@HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

s.ov 
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•Power Supply Conditions Using Internal Reset Circuit 

LCD-IT 

Limit 
Unit Item Symbol Test condition 

min max 

Power Supply Rise Time tree - 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") 

0.2 
Vee 

0. lms:C trcc;; lOms tree 

(Note) toFF stipulates the time of power OFF for power supply 
instantaneous dip or when power supply repeats ON and OFF. 
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I Terminal Function 

Table Functional Description of Terminals 

Signal 
name 

RS 

R/W 

E 

DB4 -

DB7 

DBo -

DB3 

CLz 

M 

D 

No. of Input/ 
lines Output 

1 Input 

4 

4 

1 

1 

16 

40 

2 

Input 

Input 

Input/ 
Output 

Input/ 
Output 

Output 

Output 

Output 

Output 

Output 

Output 

Connected 
to 

MPU 

MPU 

MPU 

MPU 

MPU 

HD44100H 

HD44100H 

Function 

Signal to select r·egisters 
"O": Instruction register 

(for write) 
Busy flag; address counter 
(for read) 

0 1": Data register (for read and 
write) 

I Signal to select read (R) and write (W) 
"0 11 : Write 

I 0 1 11 : Read 

I Operation start signal for data read/ 
write 

Higher order 4 lines data bus with 
bidirectional three-state. Used for 
data transfer between the MPU and 
the LCD-II. DB7 can be used as a 
BUSY flag. 

Lower order 4 lines data bus with 
I bidirectional three-state. Used for 

I 
data transfer between the MPU and the 
LCD-II. These four are not used 

I during 4-bit operation. 

! Clock to latch serial data D sent to 
! the driver LSI HD44100H. 

Clock to shift serial data D. 

HD44100H I Switch signal to convert liquid crys
tal drive waveform to AC. 

HD44100H 

Liquid 
crystal 
display 

Liquid 
crystal 
display 

Power 
supply 

Power 
supply 

Character pattern data corresponding 
to each common signal is serially 
sent. 

"O": Non selection 
11 111 : Selection 

Common signals that are not used are 
charged to non-selection waveforms. 
That is, COM9 - COM16 are in non-
se lec tion waveform at 1/8 duty factor, 
and COM1z ... COM16 are in non-selection 
waveform at 1/11 duty factor. 

I Segment signal 

1 Power supply for liquid crystal 
display drive 

Vee; +sv, GND; ov 

Terminals connected to resister or 
ceramic filter. for internal clock 
osillation. 
For external clock operation, the 
clock is input to OS~. 
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I FUNCTION OF EACH BLOCK 

(1) Register 

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 RAf.1. 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 0 IR write as internal operation (Display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DBQ -DB6) 

1 0 DR write as internal operation (DR to DD or CG RAM) 

1 1 DR read as internal operation (DD or CG RAM to DR) 

(2) Busy flag (BF) 

When the busy flag is "l", 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 DB7 when RS=O and R/W=l. The next instruction 

must be written after ensuring that the busy flag is "O". 

(3) 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. 
@HITACHI 
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After writing into (or reading from) DD or CG RAM display data, AC is 

automatically incremented by +l (or decremented by -1). AC contents 

are output to DBo - DBG when RS=O and R/W=l, as shown in Table 2. 

(4) Display data RAM (DD RAM) 

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

character codes. Its 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 (Ann) is set in the Address Counter (AC) and is re

presented in hexadecimal. 

+Upper Order 
Bits 

Lower Order 
-+ 

Bits 

'- Hex{!.- ..J L- Hexadecimal ..J decimal 

(Example) DD RAM address "4E" 

~4 __J L-- E ---1 

I-line Display (N=O) 

(digit) 1 2 3 4 5 

1-line I 00 I 01 I oz I 031 041 

79 80 + Display 
Position 

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: 

(digit) 

1-line 

1 2 3 4 5 6 7 8 + Display 
Position 

I oo I 01 I oz I 03 I 04 I os I 06 I 01 + DD RAM 
Address 

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

moves as: 
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~~;: I 01 I 02 I 031 041 05 I 06 I 07 I 081 
Display) 

~!~;~t l 4F I oo I 01 I 02 I 03 I 04 I 05 I 06 I 
Display) 

(b) 16-character display using an HD44780 and an HD44100H is as shown 

below: 

(digit) 

1-line 

(Left 
Shift 
Display 

(Right 
Shift 
Display) 

(c) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

loolo1lo2lo3lo4lo5lo6lo1lo8lo9loAl0BlocloDl0EloFI 

L- HD44 780 Display____;'---- HD44100H Display ___J 

+ Display 
Position 

+DD RM 
Address 

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

moves as: 

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) 1 2 3 + 5 6 7 8 9 10 11 12 18 l+ 15 16 17 18 19 20 73 7+ 75 76 77 78 79 80 .. Display 
Position 

1-line 

LHJ?44780 _J L HD4~100H(l)_J~4~~~~~8) _.1\.._HD4~100H(9)_j 
Diaplay Display D' l Display isp ay 

<-DD RAM 
Address 

2-line Display (N=l) 

(digit) 1 2 3 4 

1-line 00 01 02 03 

2-line 40 41 42 43 

5 

04 ....................... 
44 ....................... 

• HITACHI 

39 40 

26 27 

66 67 

+ Display 
Position 

+DD RAM 
Address 
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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. 

For example, when an HD44780 is used, 8 characters x 2 lines are 

displayed as: 

(digit) 

!-line 

2-line 

(Left 
Shift 
Display) 

(Right 
Shift 
Display) 

1 2 3 4 

00 01 02 03 

40 41 42 43 

5 6 7 

04 05 06 

44 45 46 

8 

07 

47 

+- Display 
Position 

+- DD RAM 
Address 

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

01 02 03 04 05 06 07 08 

41 42 43 44 45 46 47 48 

27 00 01 02 03 04 05 06 

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) 

!-line 

2-line 

(Left 
Shift 
Display) 

(Right 
Shift 
Display) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

00 01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 

40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 

'----- HD44 780 Display ~ L- HD44100H Display --1 

+- Display 
Position 

+- DD RAM 
Address 

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

follows: 

01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 10 

41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 

27 00 01 02 03 04 05 06 07 08 09 OA OB oc OD OE 

67 40 41 42 43 44 45 46 47 48 49 4A 4B 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, ~an 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)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20· 38 114. 35 au 37 38 39 40 .. Display 
position 
DD RAM 
address 

1-line 00 01 02 03 04 05 06 07 08 09 QA 00 OC OD OE OF 10 II 12 13 ----- 20 21 22 23 24 25 26 271<-

2-line 40 41 42 43 44 45 46 47 48 49 4oA 4B 4C 41) 4E 4F 50 51 SI 53 ----- 60 61 62 6S M 65 66 67 ag1~e-

(5) 

L HD44780 __JL HD44100H(l) _JLHD44100H _jl HD44100H{4) _J 
Display Display (2) (3) Display 

Character Generator ROM (CG ROM) 
Display 

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-prograDU11ing ROM. 

(6) Character Generator RAM (CG RAM) 

The 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 HD44780AOO) 

0111 1010 1011 1100 1101 

xxxxoooo 

xxxxOOOl 

xxxxOOIO 

xxxxOOll 

xxxxo100 

XXXXOIOI 

XXXX0110 

xxxxo111 

XXXX1000 

xxxx1001 

xxxx1010 

xxxxlOll 

xxxx1100 

xxxx1101 

xxxx1110 

XXXXl.lll 

* The user can specify any pattern for character-generator ROM. 
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{a) 

Table 4 Relation between CG RAM Addresses and Character Codes {DD RAM) 
and Character Patterns {CG RAM Data) 

For 5 x 7 dot character patterns 
Character Codes CG RAM Character Patterns 

(DD RAM Data) Address (CG RAM Data) 
7 6 5 4o 8 2 1 0 5 ' 8 2 1 0 t 8 

M~~~~r Lower .... M~~~~r Lower 
Order Order 

BLt Bits Bi.ts Bi.ts 

I O 
I 
10 0 l 

:o 1 0 Character 
lo 1 1 Pattern 

0 0 0 0 * 0 0 0 0 0 OI 
I l 0 0 Example (1) I 
I 1 0 1 

I l 1 0 Cursor 
I .... Position I 1 1 l 

I 
I 0 0 0 

: 0 0 1 

I o 1 0 Character 
I 

Pattern 10 1 l 
0 0 0 0 * 0 0 1 0 0 11 Example (2) I 1 0 0 

I 1 0 1 
I 
I l 1 0 
I 
I l 1 1 * * 0 0 0 0 

10 0 0 * * *I 

:o 0 1 
I 
I 
I 

0 0 0 0 * 1 1 1 1 1 l I 
I 1 0 0 
I *No effect 

1 0 1 I 

l 1 0 I 
I 

1 1 1 * * *I 

(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 "O" state for cursor display. When the 8th line 
data is "l", 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 bi ts 4 - 7 are all "O". However, since char
acter code bit 3 is a ineffective bit, the "R" display in the 
character pattern example, is selected by character code "OO" 
(hexadecimal) or "08" (hexadecimal) . 

5: "l" 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 
(DD RAM Data) 
8548210 

Lower 
O:rder 
Bits 

0000*00* 

CG RAM 
Address 

10 0 0 0 
I 
10 0 0 l 
I 
I 0 l 0 
I 
I 0 l l 

:o l 0 0 

0 0 ! 0 l 
I 
10 l l 0 

: Q 1 1 

I l 0 0 

: 1 
I 1 0 l 0 

---1-------
1 1 0 l 1 
I 
I 1 1 0 0 

I 1 1 0 1 
I 
I 1 1 0 
I 
I 1 

l I l 

Character Patterns 
(CG RAM Data) 

78548210 

* * 

0 

0 0 0 0 

- - _ _'¥:_'±' _ °!'J.. ~..!'- ~-1!.-~-

* j T *I** 
I 

***I***** 

- ---~~--~_o ___ _ 
I 1 o 1 l 
I 
I l 1 0 0 

: 1 l 0 l 

I l 1 

: l l l 

Character 
Pattern 
Example 

Cursor 
+ Position 

*No Effect 

(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 "O" state for cursor display. When the 11th 
line data is "l", 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 positions. 

4: 

5: 

CG RAM character patterns are selected when character code bits 
4 7 are all "O". However, since character code bit 0 and 3 are 
ineffective bits, "P" display in the character pattern example 
is selected by character code "OO", "01", "08" and "09" (hexa
decimal). 

"l" for CG RAM data corresponds to selection for display and "O" 
for non-selection. 
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(7) 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-

erated 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. 

(8) 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. 

(9) 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)16• a cursor position is: 
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AC6 AC5 AC4 AC3 AC2 ACl ACO 

AC 0 0 0 1 o o 1 o I 

In a 1-line display 

(digit) 1 2 3 4 5 6 7 8 9 10 11 

{ I oo I 01 I 02 I 03 I 04 I 05 I 06 I 01 I 08 I 09 I OA I ( y 
In a 2-line display 

(digit) 

1st linb 

l 
2nd line 

l 

1 

00 

40 

2 3 

01 02 

41 42 

4 5 

03 04 

43 44 

the cursor position 

6 7 8 9 10 11 

05 06 07 ~ 09 OA 1 45 46 47 1)48 49 4A 

the 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. 

I INTERFACING TO MPU 

In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit 1-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: DB4 - DB7 • DBO - DB3 are not used. Data trans fer be tween 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 DBo - 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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RS ~--------------------------------------------' 

E 

Instruction (IR) Busy Falg (BF) and 
Write Address Counter (AC) 

Read 

Data Register (DR) 
Read 

Fig. 4 4-bit Data Transfer Example 

(2) When interface data is 8 bits long, data is transferred using the 8 data 

buses of DBo - DB7. 

I 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=l) The busy state is 10 ms after Vee rises to 4.5V. 

(1) Display clear 

(2) Function ser ................ DL=l 8 bit long interface data 

N =O 1-line display 

F =O 5 x 7 dot character 

(3) Display ON/OFF control ...... D =O Display OFF 

c =0 Cursor OFF 

B =0 Blink OFF 

(4) Entry mode set .••.••..•••.•• I/D=l: +l (increment) 

S =0 : No shift 

font 

(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 Vee rises to 4.SV. 

RS %rIBi I8o Ills Illo Ills IBt lllt IBo 

000011**** 

Wait more than 4.1 ms. 

RS IJW-m, mm m. IBs m. m. IBo 

0 0 0 0 1 1 * * * * 

Wait for more than lOOµs. 

RS %-lllr 11\i lBs IBs IBs 00. 00. III> 
0 0 0 0 1 1 * * * * 

RS l}wm, lilt Ills 00.llls Ills 1Ei lllo 

o o o o 1 1 N F * * 
00000.01000 

0000000001 

00000001~8 

Initialization ends. 

[
IBF cannot be checked before this instruction. 

Function set (Interface is 8 bits long.) 

[
IBF cannot be checked before this instruction. 

Function set (Interface is 8 bits long.) 

[ 
BF cannot be checked before this instruction. 

Function set (Interface is 8 bits long.) 

BF can be checked after the following 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. 
Specifiy the number of display lines and 
character font.) 
The number of display lines and character font 
cannot be changed afterwards. 

Display OFF 

Displ_ay ON 

Entry Mode Set 
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(2) When interface is 4 bits long; 

Power ON 

Wait more than 15 ms 
after Vee rises to 4.SV. 

Wait more than 4.1 ms. 

Wait for more than lOOµs. 

RS ~ 00, Illa I1l, 00. 
000011 

RS ~DBdlleI1lsDB• 

000010 

000010 

OONF** 

000000 

001000 

0 0 0 0 0 0 

000001 

000000 

0001!1>s 

Initialization ends. 

[ 
BF cannot be checked before this instruction. 

Function set (Interface is 8 bits long.) 

[ 
BF cannot be checked before this instruction. 

Function set (Interface is 8 bits long.) 

[ 
BF cannot be checked before this instruction. 

Function set (Interface is 8 bits 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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I INSTRUCT ION 

•Outline 

Only two HD447~0 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 (DBo - DB7), 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 +l (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 "l" while an ins true tion is being executed, 

check to make sure it is on 11111 before sending an instruction from the MPU. 
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(Note) 1. Make sure the HD44780 is not in the busy state (BF=O) before send

ing the instruction from the MPU to the HD44780. If 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 tADD• 

Busy signal Busy 
(DB7 pin) 

Address counter 
(DBO to DB6 pins) 

""'"4 ~!~~~~~~~~~~~~~~~ 
A l :><:~-------A_+_l~~----

1 • •I 
tADD 

tADD depends on the operation frequency. 

tADD(sec) = 1.5/fcp or fosc 
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Table 5 Instructions 

Execution time 

Instruction 
Code 

Description (max) 
RS R/W DB7 DB6 DB5 DB4 DB3 DBz DB1 DBo (when fcp or 

fosc is 250kHz) 

Clear Clears entire display and sets 
0 0 0 0 0 0 0 0 0 l DD RAM address 0 in address l.64ms D:f>splay 

counter. 

Sets DD RAM address 0 in adress 

Return counter. Also returns display 
0 0 0 0 0 0 0 0 l * being shifted to original l.64ms 

Home 
position. DD RAM contents 
remain unchanged. 

Sets cursor move direction and 
Entry 0 0 0 0 0 0 0 l I/D s specifies shift of display. 40µs 
Mode Set These operations are performed 

during data write and read. 

-Display Sets ON/OFF of entire display 

ON/OFF 0 0 0 0 0 0 l D c B (D)' cursor ON/OFF (C), and 40µs 
Control blink of cursor position 

character (B). 

Cursor or Moves cursor and shifts display 
Display 0 0 0 0 0 l S/C R/L * * without changing DD RAM 40µs 
Shift contents. i 

Function Sets interface data length (DL),, 
0 0 0 0 l DL N F * * number of display lines (L) I 4~s Set 

and character font (F). 

Set CG RAM Sets CG RAM address. CG RAM 
0 0 0 l ACG data is sent and received 40µs Address 

after this setting. 

Set DD RAM Sets DD RAM address. DD RAM 

Address 0 0 l ADD data is sent and received after 40µs 
this setting. 

Read Reads Busy flag (BF) indicating 

Busy Flag 0 l BF AC internal operation is being Oµs 
& Address performed and reads address 

counter contents. 

Write Data 
Writes data into DD RAM or to CG or l 0 Write Data 40Us 

DD RAM CG RAM. 
tADo•6ns (Note 2) 

Read Data Reads data from DD RAM or from CG or l 0 Read Data 40us 
DD RAM CG RAM. tADo"6n8 (Note 2) 

I/D=l : Increment DD RAM : Display data RAM Execution time 
I/D=O : Decrement CG RAM : Character generator RAM changes when 
s =l : Accompanies display shift. Ace : CG RAM address frequency changes. 
S/C=l : Display shift Aon : DD RAM address. (Example) 
S/C=O : Cursor move Corresponds to cursor When fcp or fosc R/L=l : Shift to the right. address. is 270kHz: R/L=O : Shifts to the left. AC : Address counter used 
DL =l : 8 bits, DL•O : 4 bits. for both DD and CG RAM 401Js x 250 = 3 7us 
N =l : 2 lines, N•O : l line address. 270 
F =l : 5><10 dots, F=O : 5 x7 dots 
BF =l : Internally operating 
BF =0 : Can acc~t instruction 

* No Effect 
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Description of Details 

(1) Clear Display 

RS R/W DB7 DBO 

Code 

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. 

(2) Return Home 

RS R/W DB7 ----------DBO 

Code 0 0 0 0 * Don't care 

Sets the DD RAM address 0 in address counter. Returns display to its 

original status if it was shifted. DD RAM con~ents do not change. 

The cursor or blink go to the left edge of the display (the first 

line if 2 lines are displayed). 

(3) Entry Mode Set 

RS R/W DB7 ---------- DBO 

Code I 0 I 0 I 0 I 0 0 0 0 0 I I/DI S I 
I/D: Increments (I/D=l) or decrements (I/D=O) 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 l; to the left when I/D=l and to the right when I/D=O. 

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=O. 
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(4) Display ON/OFF Control 

RS R/W DB7 DB6 

Code 0 I 0 I 0 I 0 I 0 I 0 I 1 I D I C I B I 

D The display is ON when D:l and OFF when D:O. When off due to 

D:O, display data remains in the DD RAM. It can be displayed 

immediately by setting D:l. 

C The cursor displays when C:l and does not display when C:O. 

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 11th line when the 5 x 10 dot 

character font is selected. 

B The character indicated by the cursor blinks when B:l. 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 frequency changes according to the reciprocal of fcp 
250 

or fosc. 409.6 x 270 : 379.2ms when fcp:270kHz.) 

I I 
Cursor.._ 

5 x 7 dot character 5 x 10 
font 

dot character 
font 

(a) Cursor Display Example 

(5) Cursor or Display Shift 

1~1 
= -

Alternating display 

(b) Blink Display Example 

RS R/W DB7 ----------DBo 

Code o Io Io Io o 1 ls1clR/LI * I* * 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. 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 dis

played data is shifted repeatedly each line only moves horizontally. 

The 2nd line disolav does not shift into the 1st line postion. 
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(6) 

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. 

Function Set 

RS R/W DB7 DBQ 

Code I 0 I ol a I 0 I 1 I DL I N F * I * I * (Don't care) 

DL Sets interface data length. Data is sent or received in 8 bit 

lengths (DB7 - DBQ) when DL=l and in 4 bit lengths (DB7 - DB4) 

when DL=O. 

When the 4 bit length is selected, data must be sent or received 

twice. 

N Sets number of display lines. 

F Sets character font. 

NF 

0 0 

0 1 

1 * 

(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. 

No. of Character Duty Remarks 
display lines font factor 

1 5 x7 dots 1/8 

1 5 x10 dots 1/11 

2 5 x7 dots 1/16 Cannot display 2 lines with 
5 x 10 dot character font. 

* (Don ''t care) 

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



HD44780, HD44780A (LCD-II) 

(7) Set CG RAM Address 

RS R/W DB7 DBo 

Code 0 0 0 1 A A A A A I A I 
.... Higher Lower -+ 

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 

RS R/W DB7 DBo 

Code 0 0 1 A A A A A A I A I 
.... Higher Lower 

-+ 
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=O (1-line display), AAAAAAA is "OO" - "4F" (hexadec:l.mal). 

when N=l (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 

RS R/W DB7 ----------

Code 0 1 I BF I A A A A 

.... Higher 
Order Bits 

A A 

Lower 
Order 

DBQ 

I A I 
-+ 

Bits 

Reads the busy flag (BF) that indicates the system is now internally 

operating by a previously received instruction. BF=l indicates that 

internal operation is in progress. The next instruction will not be 

accepted until BF is set to "O". 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) Write Data to CG or DD RAM 

Code 

RS R/W DH7 

1 D 

+Higher 
Order Bits 

D 

DBo 

D D D In I 
Lower _,. 
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. 

(11) Read Data from CG or DD RAM 

RS R/W DB7 DBo 

Code 1 1 
I D I 

D 
I 

D 
I 

D D 
I 

D 
I 

D 
ID I 

+Higher Lower _,. 
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. 

I HOW TO USE THE HD44780 

• Interface to MPU 

(1) Interface to 8-bit MPU 
RS 

E 

DB, 

Instruction I 
Write 

Busy'"'~""'2.!::.::.:.t£'.-':.<...t..(/\..~~J'C..t.£..~"-' 

Busy Flag I Busy Flag I Busy Flag ., Instruction 
Check Check Check Write 

Fig. 5 Example of Busy Flag Check Timing Sequence 

Q) When connecting to 8-bit MPU through PIA 

lID68BOO 

Fig. 6-2 is an example of using a PIA or I/O port (for single chip 

microcomputer) as an interface device. Input and output of the 

device is TTL compatible. 

In the example, PBo to PB7 are connected to the data buses DBo to 

DB7 and PAO 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. 

A11 os. 
A,. cs, PA1 

A11 cs. 
PA1 A, RS, 

Ao RSo PAo 
RAV 

t==D-
l\IW 

VMA E 
lID68B21 

¢, 
PBo-PB, 

RS COM1 -

RAV 
COM11 

E lID44780 

SEG 1 -

SEG'° 
8 

DBo-DB, 

~ 

¢!--

}
Connected 
to Liquid 
Crystal 
Display 

DBo-DB, 8 
Do-D• 

HD68BOO: 8 bit CPU 

Fig. 6 Example of Interface to HD68BOO Using PIA {HD68B21) 
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@ Connecting directly to the 8-bit MPU bus line 

VMA j COM, 
¢, E -COM,, 

Au HD+ +?8 o 

llD6800 Ao ns 
R/W R/W 

SEO, 

O,,--..D, 
8 

l>Bo-DB, 
-sEo.0 

(fl Example of interfacing to the HD6805 

.8,__ COM, 
Ao-A, , DBo-DB, -COM,. 

llD++?BO 
HD680S c. E 

c, ns SEG1 
-SEO•o c, R/W 

@ Example of interfacing to the HD6301 

r,. RS COM, 
P., R/W -COM,. 

P,. E 
IID++?BO 

HD6301 r,. .L. DBo-DB, -P11 8 
SEO, 
-sEo •• 

@HITACHI 

16 

+9 

16 

+9 , 

16 

+o 

Connected 
to LCD. 

Connected 
to LCD. 

Connected 
to LCD. 
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(2) Interface 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 

in two operati-0ns 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 

DB, 

Instruction I 
Write 

(Note) IR7, IR3: 
AC3 

'

Instruction 
Write 

Instruction 7th bit, 3rd bit 
Address Counter 3rd bit 

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

D11 RS 

o,. R./W COM1 - ~ 
HMOS 

COM11 

HDU780 1 
Connected 
to Liquid 
Crystal 
Display 

t80 Du E 

4 SEG 1 - ~ 
R10-R11 DB.-DB, SEG, 0 

HMCS43C: Hita~hi 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 HD44 780 can perform 2 types of display, 5 x 7 dots and 5 x 10 dots 

as character font, with a cursor on each. 

Up to 2 lines are displayed with 5 x 7 dots and 1 line with 5 x 10 dots. 

Therefore, three types of common signals are available: 

Number of Number of Duty 
Lines Character Font Common Signals Factor 

1 5 x 7 dots + Cursor 8 1/8 
1 5 x10 dots + Cursor 11 1/11 
2 5 X] 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. 

SEG.~-----~~-------~~~~---~ 

Liquid Crystal 
Display Panel 
(8 characters 
x 1 lines) 

(a) Example of a 5 x7 dot, 8 character x 1 line Display 
(1/4 Bias, 1/8 Duty) 

SEG
1 ~ ----------------------

SE0G•ol----------------------' 

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 

COM, ~~~-ll-++f-+.j1-+f++l--~~~~~~~~~~~~--t~ 

COM,~~~~~~~~~~~~~~~~~~~~~~ 
OOM,.l--~~.Jl--1-+++~~+-~~~~~~~~~~~~--j~ 

HDH780 

SEO, 1111---------------------- Liquid Crystal 
Display Panel 
(8 characters 

x 2 lines) 

(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 1-line display and 16 digits for ?.-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. 

COM1 ___ _ 

COM, 

CCWI, 1-1 
HDH780 

SE01lillu 

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) Connection of Changed Matrix Layout 

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

number of scanning lines. The following display types are possible 

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

COM1 

COMa 

SEG1 

HD44?80 1 

sEo .. 1-------------+----------~ 
C~M, 

(a) 5 x 7 dot, 16 character x 1 line Display 
(1/5 Bias, 1/16 Duty) 

COMa t--++t++t+-.--+--+++++------~ 

HD44?80 

SEG.ot----------------' 

(b) 5 x 7 dot, 4 character x 2 line Display 
(1/4 Bias, 1/8 Duty) 

Fig. 11 Changed Matrix Layout Displays 

In either case, the only change is the layout. Display characteri

stics and the number of liquid crystal display characters are depend

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

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 V1 to VS to 

obtain liquid crystal display drive waveforms. The voltages must be 

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

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

~ Facto~ Ya. X1 ;>; 
Power~as ,. y, s UJ.Jil_ Ji 7• 

Y, v CC - xv LCD Yee - XVLCD 

Y, Vee - Y2'VLco Yee - %YLeo 

Y3 Yee - XVLco Yee - 7;VLCD 

Y, v cc - ~ VLCD Yee - UV LCD 

Ys Yee - VLCO Yee - V LCD 

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

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

Vcc(+SV) Vcc(+SV) 

Vee Vee 

V1 
R 

V1 

V2 R 
V2 

R 

V3 VLCD V3 
R VLCD 

R R 
V4 V4 

R R 
Vs Vs 

VR 

-sv - v 

(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 = 4µs) 

(1) 1/8 Duty 

~400 clock 
z I s I 4o 1------1 8 I l z 

Yee 

I 
I 

~. V1 [] I I I ] I Vt (Va) 

v. 
v, 

1 frame 

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

1 
Frame frequency = 12 •8 (ms) = 78.1 (Hz) 

I 

(2) 1/11 Duty 

(3) 

r:- 400 clock 

CCM, Vt(~:) --t--11-+-I +-+I 1-+-I t--1 -+-+-) 1--+--I -+---

~: I _ I 

Ji1 2 I 8 I ' 1------1 u 1 I 2 I 

1 frame ----oi·I 
1 frame= 4 (µs) x 400 x 11 = 17600 (µs) = 17.6 (ms) 

1 
Frame frequency= 17 •6 (ms) = 56.8 (Hz) 

1/16 Duty 

,c-- 200 clock 

Yee 
111 2 I a I 4o 1------1 io I l I s I 

v, 

11 
11 11 I 11 

I 
CCN, v. 

v. 
v. 
v, 

i----- 1 frame 

1 frame = 4 (µs) x 200 x 16 = 12800 (µs) = 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. 

When connected to the HD44780, the HD44100H is used as segment signal 

driver. The HD44100H can be connected to the HD44780 directly since it 

supplies CL1, CL2, M and D signals and power for liquid crystal display 

drive. Fig. 14 shows a connection example. 

Caution: Connection of voltage supply terminals Vi through V6 for liquid 

crystal display drive is complicated. 

Up to 9 units of the HD44100H can be connected for !-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 XlO dot character fonts. 
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( COM, -COMo) -v 

~ 
SEG1 -SEG• 0 •0 

D 

~ 
t-

CL1 

CL2 

M 

v •• 
GND 

v, 
v. 
v. 

Fig. 
HD+4.780 

Dot Matrix Liquid Crystal Display Panel 

4'0 4'0 

HD+OOOH HD44100 H 

DL, Y, --....... Y .. DR, DL1y 1 
............, 

Y•o DRa 1---------

FCS DL2 bE FCS DL2 b i:= SHL, SHL, 
SHL2 DR, SHL2 DR1 I--

rJc32 ~~».>>· 
Q 

£2 Ji 1§~;."',;."!;.";;.",::' 

1 1 ----
--

----
---
--

---

14 Example of Connecting HD44100H to HD44780 

tO 

HD4 

DL1 Y, 
............, 

y .. DR, 

FCS DL2 SHL1 
SHL, DR1 

-s:e Q 
c1j ~ ~ »>>>> 

J 

OOH 

::r: 
tJ 
~ 
~ 
-...J 
00 
~o 

::r: 
tJ 
~ 
~ 
-...J 
00 
0 
!l> -t-t 
() 
tJ 

I 
1-1 
1-1 -
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• Instruction and Display Correspondence 

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

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. 

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 DBo -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, DB4 - 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 1st 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-line Display Example(Using Internal Reset) 

No. Instruction Display Operation 

Power supply ON (HD44780 Initialized. No display 1 is initialized by the I I 
internal reset circuit) appears. 

Sets to 8-bit operation 

Function Set and selects 1-line display 

2 RS R/W DB7 -DBQ I I lines and character font. 

0 0 0 0 1 1 0 0 * * 
(Number of display lines 
and character fonts cannot 
be changed hereafter.) 

' Turns on display and cur-

3 
Display ON/OFF Control 

I- I sor. Entire display is 
0 0 0 0 0 0 1 1 1 0 in space mode because of 

initialization. 

Sets mode to increment the 
address by one and to 

4 
Entry Mode Set 

I- I shift the cursor to the 
0 0 0 0 0 0 0 1 1 0 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 

1 0 0 1 0 0 1 0 0 0 IH I power is turned on. 
The cursor is incremented 
by one and shifted to the 
right. 

Write Data to CG RAM/DD RAM 6 IHI I Writes "I". 
1 0 0 1 0 0 1 0 0 1 

7 . 
Write Data to CG RAM/DD RAM 8 !HITACHI I Writes "I". 
1 0 0 1 0 0 1 0 0 1 

9 
Entry Mode Set Sets mode for display 

shift at the time of 
0 0 0 0 0 0 0 1 1 1 !HITACHI I write. 

Write Data to CG RAM/DD RAM 10 IITACHI I Writes "Space". 
l 0 0 0 1 0 0 0 0 0 

Write Data to CG RAM/DD RAM 
11 1 0 0 1 0 0 1 1 0 1 ITACHI M I Writes "M". 

12 
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Write Data to CG RAM/DD RAM 13 IMICROKO I Writes "O". 1 0 0 1 0 0 1 1 1 1 

Cursor or Display Shift Shifts only the 14 IMICROKO I 
cursor 

0 0 0 0 0 1 0 0 * * position to the left. 

Cursor or Display Shift Shifts only the 15 IMICROKO I 
cursor 

0 0 0 0 0 1 0 0 * * position to the left. 

Write Data to CG RAM/DD RAM Writes "C" (correction). 
16 IICROCO I The display moves to the 1 0 0 1 0 0 0 0 1 1 

left. 

Cursor or Display Shift Shifts the display and 
17 0 0 0 0 0 1 1 1 * * 

IMICROCO I cursor position to the 
right. 

Cursor or Display Shift Shifts display and cursor 18 IMICROCO I 0 0 0 0 0 1 0 1 * * position to the right. 

Write Data to CG RAM/DD RAM 19 IICROCOM I Writes ''M". 1 0 0 1 0 0 1 1 0 1 

. 
20 . . . 

Return Home Returns both display and 
21 0 0 0 0 0 0 0 0 1 0 

I HITACHI I cursor to the original 
position (Address 0) • 

• HITACHI 
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No. 

1 

2 

3 

4 

5 

6 

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

Instruction Display Operation 

Power supply ON (HD44780 
Initialized. No display is initialized by the I I 

internal reset circuit) appears. 

Sets to 4-bit operation. 
Function Set In this case, operation is 

RS R/W DB7 ...--... DB4 [ J handled as 8 bits by ini-

0 0 0 0 1 0 tialization, and only this 
instruction completes with 
one write. 

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

Function Set 4-bit operation starts 
0 0 0 0 1 0 [ J 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-

0 0 0 0 0 0 1- I sor. Entire display is in 

0 0 1 1 1 0 space mode because of ini-
tialization. 

Sets mode to increment the 
address by one and to 

Entry Mode Set shift the cursor to the 
0 0 0 0 0 0 I- I right, at the time of 
0 0 0 1 1 0 write, to the DD/CG RAM. 

Display is not shifted. 

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

1 0 0 1 0 0 IH I The cursor is incremented 

1 0 1 0 0 0 by one and shifts to the 
right. 

Hereafter, control is the same as 8-bit operation. 
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4 
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7 

8 

9 

10 

11 

12 

HD44780, HD44780A (LCD-II) 

Table 9 8 bit Operation, 8-digit x 2 line Display Example 
(Using Internal Reset) 

Instruction Display Operation 

Power supply ON (HD44780 

I I Initialized. No display is intialized by the 
internal reset circuit) appears. 

Function Set Sets to 8-bit operation 

I I RS R/W DB7 DBo and selects 2-line display 
0 0 0 0 1 1 1 0 * * and 5x7 dot character font. 

1- I 
Turns on display and cur-

Display ON/OFF Control sor. All display is in 
0 0 0 0 0 0 1 1 1 0 space mode because of 

initialization. 

Sets mode to increment the 

I 
address by one and to 

Entry Mode Set 1- shift the cursor to the 
0 0 0 0 0 0 0 1 1 0 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 IH I by initialization when 
the power is turned on. 1 0 0 1 0 0 1 0 0 0 
The cursor is incremented 
by one and shifted to the 
right. 

Write Data to CG RAM/DD RAM 

I 
Writes "I". 

1 0 0 1 0 0 1 0 0 1 !HITACHI 

Sets RAM address so that 
Set DD RAM Address !HITACHI I 

the cursor is positioned 
0 0 1 1 0 0 0 0 0 0 at the head of the 2nd 

line. 

I 
Write Data co CG RAM/DD RAM l~ITACHI Writes ''M". 1 0 0 1 0 0 1 1 0 1 

Write Data to CG RAM/DD RAM LHITACHI j Writes "o". 1 0 0 1 0 0 1 1 1 1 LMICROCO 

Sets mode for display Entry Mode Set LHITACHI j shift at the time of 0 0 0 0 0 0 0 1 1 1 lMICROCO write. 
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Writes "M". Display is 

13 Write Data to CG RAM/DD RAM IITi'U'.!III I 
shifted to the right. 

1 0 0 1 0 0 1 1 0 1 ICROCOM The first and second 
lines' shift are operated 
at the same time. 

14 

Return Home Returns both display and 
15 [HITACHI J 

0 0 0 0 0 0 0 0 1 0 [MICROCOMl cursor to the original 
position (Address O). 
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MODIFYING CHARACTER PATTERNS 

(1) Character Pattern Development Procedure 

Hitachi 

Computer 
processing 

Create character @ 
pattern listing 

"::>--'N.:;O::.._• Back to 
start 

@ 

NO 

Mass production 

User 

Start 

Determine 
character patterns 

Create EPROM 
address data listing 

Write EPROM 

EPROM~ 
Hitachi 

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

(1) Determine the correspondence between character codes and character 

patterns. 

(2) Create ~ listing indicating the correspondence 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 confirmed that character patterns 

are correctly written, mass production of LSI is started. 

2. 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 

sx 10-dot character patterns in total of 192 different character 

patterns. 
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2.1 5 x 7-dot Character Pattern 

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

pattern correspond with each other as shown below. Table 10 Example 

of correspondence between EPROM address data and character pattern 

(5 x 7 dots). 

Table 10 Example of Correspondence between EPROM Address Data and 
Character Pattern (5 x 7 dots) 

EPROM address Data 

:LSB> 

< ~ < < < < < < ~ < < 0 0 0 0 0 

Fill line 8 (cursor position) _J with 0. 

'-----y---' 

Character code Line position 

(1) EPROM addresses A10 to A) correspond to a character code. 

(2) EPROM addresses A2 to Ao specify a line position of character 

(3) EPROM data 04 to Oo correspond to character pattern data. 

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

(5) Fill line 8 (cursor position) of character pattern with O. 

(6) EPROM data 05 to 07 are not used. 

@HITACHI 
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2.2 5 x 10-dot Character Pattern 

For a 5x10-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 (5 x 10 dots) 

EPROM address Data 
IL.SB) 

~ < < < < < < < < < < 0 c 0 0 c 
0 0 

------Character code Line position 

Fill line 11 (cursor position) 
with 0. 

(1) EPROM addresses A10 to A3 correspond to a character code. Set As 

and A9 of character pattern line 9 and later lines to O. 

(2) EPROM addresses A2 to Ao specify a line position of character 

pattern. 

(3) EPROM data 04 to Oo correspond to character pattern data. 

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

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

(6) EPROM data 05 to 07 are not used. 

2.3 Handling Unused Character Patterns 

(1) 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. 

(2) 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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HD44 780, HD44 780A (LCD-II) 

(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. 

Select one of the two ways according to the user application. 

1) When unused character patterns are not programed 

If an unused character code is written in the LCD-IT 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 0 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- IIA)---
(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-HA (HD66780). If a driver LSI 
(HD44100H or HD66100F) is connected to the 
HD66780, up to 80 characters can be dis
played. 

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

Features 

5 x 7 and 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 5x10 dots : 240 characters 
Character generator RAM : 64 x 8 bits ; 
Character font 5 x 8 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 
HD66100F) 
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 
Wi.de 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-808) 

HD66780FH 80-pin plastic QFP (FP-80A) 
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Pin Arrangement 

SEG22 
SEG21 
SEG20 
SEG1s 
SEG,8 

SEG 17 

SEG1s 
SEG1 5 

SEG 14 

SEG13 
SEG 12 

SEG 11 

SEG10 
SEG9 

SE Ga 
SEG 7 

SEG8 

SEG, 
SEG, 
SEG3 

SEG2 

SEG, 
GND 
osc, 

(FP-808) 

Pin Description 
No. of 

Signal Lines 

RS 

R;W 

E 1 

DBrDBo 8 

CL1 

CL2 

M 

D 1 

COM1-COM15 16 

SEG1-SEG40 40 

V1-Vs 5 

Vcc,GND 2 

OSC1-0SC2 2 

1/0 
Input 

Input 

Input 

1/0 

Output 

Output 

Output 

Output 

Output 

Output 

SEG39 
SEG40 

COM1a 
COM1s 
COM14 
COM13 
COM12 
COM, 1 

COM1p 
COM 9 

COM 8 

COM 7 

COM 6 

COM, 
COM 4 

COM 3 

COM 2 

COM, 
OB 7 

DB 6 

DB, 
DB, 
OB3 

DB2 

SEG20 

SEG1s 
SEG1a 
SEG11 
SEGrn 
SEG15 
SEG14 
SEG13 
SEG12 
SEG11 

SEG10 
SEGs 
SEGa 
SEG1 
SEG6 
SEG5 
SEG4 
SEG3 
SEG2 
SEG1 

(Top-View) 

Connected to 
MPU 

MPU 

MPU 

MPU 

Driver LSI 

Driver LSI 

Driver LSI 

Driver LSI 

LCD 

LCD 

Power supply 

Power supply 

@HITACHI 
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(FP-BOA) 

Function 
Selects register 

Selects read or write 

Starts data read or write 

Bidirectional data bus 

Serial data latch clock 

Serial data shift clock 

LCD waveform AC switch signal 

Character pattern data 

Common signals 

Segment signals 

LCD drive voltages 

+ 5V and ground 

System clock 
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HD66780 (LCD-IIA) 

Pin Function 

RS (Register Select) 

RS selects the register that the MPU is acces
sing. RS=O 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=l) or write to (R/W=O) the LCD-HA 

E (Enable) 

The MPU sets the E input high to signal the 
start of the read/write operation. 

DB7-DB0 (Data Bus) 

The bidirectional, three-state data bus, DB0-
DB7, transfers data between the MPU and the 
LCD-IIA. DB7 can be used as the busy flag. 
The lower-order four lines, DBo-DB4, are not 
used in four-bit interface operation. 

CL1, CL2 (Clock 1, Clock 2) 

The CL1 output signals the HD44100H or HD 
66100F driver LSI to latch the serial data sent 
on line D. The CL2 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. 

Table 1. Number of Display Characters 

No. of 
Display Duty 
Lines factor Extension HD44100H 

1-line 1/8, Not 
display 1/11 provided 

duty 
Proveded 9 pcs. 

(8 characters/pc.) 
2-line 1/16 Not 
display duty provided 

Provided 4 pcs. (8 characters 
x 2 lines/pc.) 

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. 

COM1-COM1s (Common) 

COM1-COM16 are the LCD common lines. 
Common signals that are not used are de
selected. At 1/8 duty factor COM9-COM16 are 
not used, so they output non-selected 
waveforms. At 1/11 duty factor COM12-COM16 
are not used, so they output non-selected 
waveforms. 

SEG1-SEG40 (Segment) 

SEG1-SEG40 are the LCD segment lines. 

Vi-Vs (LCD Voltages) 

The LCD-IIA requires the V1-V5 voltages to 
output LCD-driving waveforms. 

Vee, GND (Power Supply, Ground) 

Vee is the LCD-IIA's logic power supply. GND 
is the power supply ground. 

OSC1, OSC2 (Oscillator 1, Oscillator 2) 

OSC1 and OSC2 are the connections for the 
LCD-IIA system clock. The LCD-IIA can use 
its internal oscillator if OSC1 and OSC2 are 
connected to a resistor or ceramic filter. An 
external clock can be input to OSC1. 

No. of Display 
HD66100F Characters 

8 characters x 1 line 

5 pcs. 80 characters x 1 line 
( 1 6 characters/ pc.) 

8 characters x 2 lines 

2 pcs.(16 charac- 40 characters x 2 lines 
ters x 2 lines/ pc.) 
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HD66780 (LCD-HA) 

HD66780 Block Diagram 

"' Ill 
c 
I 
0 

Ill 
c 

.q-

J J l l l 
>>>>> 

al 
c 
I .. 

Ill 
c w 

.q-

1/0 Buffer 

00 " 

~ en 
a: a: 

00 

Instruction 

u u c 
cncnz>8 0 0 (.!) 

l l l l 
Data 
Register (DR) Register (IR) 

c 

Character 
Generator 

RAM 
(CG RAM) 
512 bits 

Character 
Generator 

ROM 
(CG ROM) 
12000 bits 

40-bit 
Latch Circuit 

Segment Signal 

Driver 

00 

00 

" 

CIO CIO 

Cursor Blink 
Control Circuit 

00 

Instruction 
Decoder 

Display Data 
RAM 

(DD RAM) 
aoxa bits 

16-bit Shift 
Register 

Common Signal 
Driver 
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HD66780 (LCD-IIA) 

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 MBU 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 DB1 when RS=O and R/W=l. 
The next instruction must be written after 
confirming that the busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses 

Table 2. Register Selection 

RS R/W 

0 0 

0 

0 

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=O and R/W=l, 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 actress (Aoo) 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 HDG6780 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 

Operation 

IR write as internal operation (Display clear, etc) 

Read busy flag (DB1) and address counter (DBo-DBa) 

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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HD66780 (LCD-IIA) 

Higher Order Lower Order~ 
-B~ B~ 

AC IAc61AcslAc41Ac31Ac2IAc1 IAcol 

\___ Hexa- __/\____ . __) 
decimal Hexadecimal 

Example : DD RAM address 4E 

\__ 4 __/ ~--- F ---~ 

1-line Display ( N = 0) 
(Digit) 1 2 3 4 5 79 80 Display 

1-line I 00 I 01 I 02 I 03 I 04 I I
-Position 

I 4E I 4F -DD RAM 
· · Address 

(Digit) 

1-line 

(Left 
Shift 
Display) 

(Right 
Shift 
Display) 

(Hexadecimal) 

Figure 1. DD RAM Address 

6 7 8 

1-line 

Display 

l~o_o~l_o_1~l_o_2~1 _o_3~1 _o_4_1~o-s~l_o_6~1_0_1~I =~~~~~ 
2 3 (Digit) 4 5 

(Hexadecimal) 

Figure 2. Eight-Character Display Example 

~L~~~ I 01 I 02 I 03 I 04 I 05 1 06 1 07 I 08 I 
Display) 

Figure 3. Display shift 

2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 1 4 1 5 1 6 _Display 

I oo I 01 I 02 I 031 041 051 061 071 os I 091 OA I OB I oc I OD I OE I OF 1-~~~e~~ 
\___ HD66780 Display___/\___ HD441 OOH Display_____/ (Hexadecimal) 

I 01 I 02 I 03 I 04 I 05 I 06 I Q7 I os I 09 I OA I OB I oc I OD I OE I OF I 1 o I 

I 4F I oo I 01 I 02 I 03 I 041 05 I 06 I 01 I os I 09 I oA I OB I oc I OD I OE I 

Figure 4. Sixteen-Character Display Example 
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HD66780 (LCD-IIA) 

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). 

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 the number of display characters is 
fewer than 40 x 2 lines, the 2 lines from the 

When display shift is performed, the DD RAM 
address moves as shown in figure 7. 

(Digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 73 74 75 76 77 78 79 so -E--- Diaplay 

1-line 

\__ HD66780 ____/\___ HD441 OOH____/\__ HD441 OOHl21 __/\_ HD44100H131-i81___}\__HD44100Hl91 __/ 

j j j j j 
Display Display Display Display Display 

HD66100Fill 

Display 
HD66100Fl21-141 HD66100Fl51 

Display Display 
The last 40 outputs of the HD661 OOF(S) 

are not used. 

2-line Display (N = 1) 

(Digit) 2 3 4 5 39 40 Display 

Position 

Address 

(Hexadecimal) 

1-line 

I::=:=:: =:=:=i::=:==• =:=:=,::=:==, =====::=::=::=:::=::=::.=·::=::=:::=::=::=:::=::=====:::=:==' =:=::I =~f ;,:,m .. , 2-line 

162 

(Digit) 

1-line 00 

2-line 40 

Figure 5. Extended Display 

2 3 4 5 

01 02 03 04 

41 42 43 44 

6 7 

05 06 

45 46 

8 Display 
._Position 

07 

47 

+-DD RAM 
Address 
(Hexadecimal) 

Figure 6. Two-Line by Eight-Chasrcter Display Example 

(Left 
Shift 
Display) 

(Right 
Shift 
Display) 

01 

41 

27 

67 

02 03 

42 43 

00 01 

40 41 

04 05 06 07 

44 45 46 47 

02 03 04 05 

42 43 44 45 

Figure 7. Two-Line Display Shift 
~HITACHI 

08 

48 

06 

46 
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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 pos1t1on 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-

(Digit) 2 3 4 5 6 7 8 

1-line 00 01 02 03 04 05 06 07 

2-line 40 41 42 43 44 45 46 47 

HD66780 (LCD-IIA) 

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 HD66780AOO. 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. 

9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 Display 
~Position 
~DD RAM 

Address 
(Hexadecimal) 

08 09 OA OB oc OD OE OF 
----

48 49 4A 4B 4C 4D 4E 4F 

\ HD66780 Dis la p y A H D441 OOH Dis la p y 
] 

(left 
Shift 
Display) 

(Right 
Shift 
Display) 

01 

41 

27 

67 

02 

42 

00 

40 

03 
·---

43 

01 

41 

04 05 06 07 08 

44 45 46 47 48 

02 03 04 05 06 

42 43 44 45 46 

09 OA OB oc OD OE OF 10 

49 4A 4B 4C 4D 4E 4F 50 

07 08 09 OA OB oc OD OE 

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 10 11 12 13 14 1 5 16 1 7 18 19 20 

1-line 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 

33 34 35 36 37 38 39 40 Display 

20 21 22 23 24 25 26 27 
Position 

~DD RAM 

address 
2-line 40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 53 60 61 62 63 64 65 66 67 I Hexadecimal) 

\__ HD667780 ___A___ HD441OOHI11 __A_ HD441 OOHl21131 ___A_ HD441 OOHl41 __J 
Display Display Display Display 

~--- HD66100Flll __A_ HD66100Fl21 
Display Display ---~ 

Figure 9. Two-Lin~Extended Display Example 
~HITACHI 
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HD66780 (LCD-IIA) 

Table 3. Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD66780AOO) 

0010·0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

CG* 
RAM 

xxxxoooo (1) 
1--'--'-l 

xx x xooo1 (2 ) 
r--------1 

xx x xoo10 !3l 
r--------1 

xx x xoo11 !4 l 
1----1 

xx x xo100 l 5l 
1----1 

xx x xo101 !5l 
1----1 

xx x xo110 !7l 
1----1 

xx x xo111 (8) 
1----1 

xxxx1000 (1) 
r--------1 

xx x x1001 (2) 
1----1 

xxxx1010 !3l 
1----1 

xx xx 1011 !4 l 
1----1 

xx xx 1100 !5l 
1----1 

xx xx 1101 !5l 
r--------1 

xx x x 1110 (7) 
r--------1 

x x x x 1111 (8) 
1----1 

. . .. . . 

. . . . ..... . . ..... . . . . . .... .. 
.:5:• 
.. .. . . . . ... .. 
.. . . .. . ... . . ... 
.. . . 
. . . . . . 
. . . . . 
. . . . ... ... . 
. . ..... 
: 

.. . . 

:: 

. . . . . 

... . . ... . . . .. . . . ... 
. .. . . . . ... 
... . . . . . . ..... ..... . . . . . ... 
. .. . . . . ..... . . 

..... . .... . . . . ... .. . . .... . . . . ... 

..... . . . . . . 
... . . . . ... . . . . ... 
... . . . . .... . . .. 
.. .. .. .. 
.. .. .. . . 
. . 

·= .. 

. . . . . . . 

... . . . . . 

. .. . . . .. . :.:.: 

... . . . . . . ..... . . . . 
.... 
!:::~ 
... . . . . . . ... 
... . . . . . . . . . . ... 
..... . . .... . . ..... 
..... . . .... . . . 
.. . . . . . .. . 

= ... : . . . . . .... 
5 i 
... . . . . . ... 
... . . . . . . .. . . . . .. .. . . . . . . . . . . . . ..... 

. . .. . . .. . .. 
: : 
... 
! ! . . · ... · 

.... . . . . .... . . . 
... . . . . . . ... . . .. . 
.... . . . . .... . . . . . . 
.... . . ... . . .... 
..... . . . . . . . . . . . . . ... . . . . . . .. . 

. . . . . . . .. . . . . 

. . . . . . . . . . . 

..... . . . . • 
... . . . . . . .. . . .. ..... . ..... . . 
... . . 
. J . .. . . 

. . . 

... . . ... . . . ... . . . .. ... . . 
: ... · 
. .. . . . . ... . . .. . . .. . . . . .... 
... . . ..... . ... 
.. . . . ... . . . 
. ... . . . . .... 
. . 
. . .. 

. .. ... . . . . . 
.. . . . ... 
.. . . . . 
. . . . . . .. . . . . 

... ... . . . 
: : 

... . . . . . . 

.... . . . ... . . 
.. . . .. .... . . 
. .. .. . . . . 
... . . .. . . ... . . ... . . . . .. 
. . . . .. .. . 
. . . . .. . 

. . . . 
:.:.: 

. . . . . . . . . 

. . . . . ... . .. . 

. .... . . . ..... . . . . . . . 

. . . . . . . 
. 

··:I· 
. . ·:: .. 

Note: * The user can specify any pattern for character-generator ROM. 
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... . . . .. 
... . . . 
. . . . .. 
. . . 
.. .. 
. .... . . .... . . . 
. .... . .. . . 
. . .. . . . 
. :·::: 
. .... . . ..... 
. . .... .. .. . . 
. ..... . . .. . 
... 

. .. ! . 

.... . .... . .... 

. .. . .. . 

..... . .. .. . . . . . . .. . . . . . . .... . . . . . . . 

:r . . .... . .. 
. · i 
. . .... 
JJ 

.... . . . . . . .. . .... . . . . . . 
..... . . . . . .... .. ..... . . 
:.= 

.. . . . . . 

. . .... . . . . . . . .. 
. . ·. : .. ·· 

.... . . . .. ..:· 
. ... . . .... . . . 

. . . . . . . . . . . . 
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Table 4 shows the relation between CG RAM 
addresses and data and display patterns. 

As table 4 shows, an area that is not used for 
display can be used as general data RAM. 

Table 4. Relation between CG RAM Address and Character Codes (DD RAM) and 
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 5 4 3 2 0 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
Higher Lower Higher Lower Higher Lower 

<-Order Order -+ Order Order _, •-Order Order _, 
Bits Bits Bits 

0 0 0 0 * 0 0 0 0 0 0 

0 0 0 0 * 0 0 1 0 0 1 

0 0 0 0 * 

Bits 
0 
0 
0 
0 

1 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

0 0 
0 1 

0 
1 0 
0 0 
0 1 

0 
1 1 

0 0 
0 

0 0 
0 1 

0 

Bits 

* * * 

* * * 0 

* * * 

I 
* * * 

* * * 

Bits 

0 

0 

Character 
Pattern 
Example (I) 

Cursor 
<-Position 

Character 
Pattern 
Example (2) 

*No effect 
(Don"t Care) 

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 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 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 0 for non-selection. 

@HITACHI 
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For 5 x 1 0 -dot character patterns 
Character Codes 
(DD RAM Data) 

7 6 5 4 3 2 0 
Higher Lower 

CG RAM 
Address 

5 4 3 2 1 0 
Higher Lower 

Character Patterns 
(CG RAM Data) 

76543210 

~Order Order~ Order Order 
Higher 
Order 
Bits 

Lower 
Order~ 

Bits Bits Bits Bits Bits 
0 0 0 0 * 0 0 * 0 0 0 0 0 

0 0 0 
0 0 
0 0 1 
0 1 0 
0 1 1 
0 1 1 
0 1 1 
1 0 0 

0 0 
0 1 

-------------------------- ---------- ------ -----------------
0 1 
1 0 
1 0 
1 1 

1 1 1 

0 0 0 0 * * 0 0 0 
0 0 0 

0 0 
0 1 

----- ---------- ------ ----------------

0 1 
1 0 
1 0 
1 1 

1 

0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

0 
1 

1 
0 

1 
0 
1 
0 

* * * 0 
0 

* * * 0 

* * * * 

! 
* * * * 

1 
* * * * * * * * 
* * * 

* * * 

* * * * * * * * 

l 1 
* * * * * * * * 

Character 
Pattern 
Example 

Cursor 
~Position 

*No effect 
(Don't care) 

Notes: 1. Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2"bits: 4 patterns). 
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2. 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 0 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. 

3. Character pattern row positions are the same as 5 x 7 dot .character pattern positions. 
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, P display in the character pattern example 
is selected by character code 00, 01 , 08 and 09 (hexadecimal). 

5. 1 for CG RAM data corresponds to selection for display and 0 for non-selection. 

~HITACHI 
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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. 

HD66780 (LCD-IIA) 

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)16, a cursor 
position is as shown in figure 10. 

@HITACHI 
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AC6 AC5 AC4 AC3 AC2 AC1 ACO 

AC I 0 I 0 I 0 

In a 1-line display 

(Digit) 2 3 4 5 6 7 8 9 10 11 

I 00 I 01 I 02 i 031041 051061071 TI og I OA I 
Cursor Position 

In a 2-line display 

(Digit) 2 3 4 5 6 7 8 9 10 11 

1st line 00 01 02 03 04 05 06 07 ~ 09 OA 

40 41 42 43 44 45 46 47 ll:ia 49 4A 2nd line 

I .. 
Cursor Pos1t1on 

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 

@HITACHI 
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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 - DB7. 
DBo-- DB3 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 DB4 
- DB7 when interface data is 8 bits long) is 

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 Vee 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: 5 x 7-dot character font 

HD66780 (LCD-IIA) 

transfer-red first, then the lower order 4 bits 
(contents of DB0-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 DB0-DB7. 

3. Display on/off control 
a. D = 0: Display off 
b. C = 0: Cursor off 
c. B = 0: Blink off 

4. Entry mode set 
a. I/D = 1: + 1(increment) 
b. S = 0: No shift 

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. 

Instruction (IR) 

Write 

Busy Flag (BF) and 
Address Counter (AC) 

Read 

Data Register (DR) 

Read 

Figure 11. 4-Bits Data Transfer Example 
~HITACHI 
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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 (DB0-DB1), 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 

( 

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 

Code 
Execution Time 

(Max) 
(fcp or fosc 250 

Instruction RS R/WDB1 DBs DBs DB4 DB3 DB2 DB1 DBo Description kHz) 

Clear 
Display 

Return 
Home 

Entry 
Mode Set 

Display 
ON/OFF 
Control 

Cursor or 
Display 
Shift 

Function 
Set 

0 0 0 0 0 0 0 0 0 1 Clears entire display and sets DD 
RAM address 0 in address 
counter 

0 0 0 0 0 0 0 0 * Sets DD RAM address 0 in 
address counter. Also returns 
display being shifted to original 
position. DD RAM contents 
remain unchanged 

0 0 0 0 0 0 0 l/D S Sets cursor move direction and 
specifies shift of display. 
These operations are performed 
during data write and read 

0 0 0 0 0 0 D C B Sets entire display on/off (D), 
cursor on/off (C), and blink of 
cursor position character (B) 

0 0 0 0 0 

0 0 0 0 

S/C R/L * 

DL N F * 

* Moves cursor and shifts diaplay 
without changing DD RAM 
contents 

* Sets interface data length (DL), 
number of display lines (L) and 
character font (F) 

Set CG RAM 0 0 0 ACG Sets CG RAM address. CG RAM 
data is sent and received after 
this setting'. 

Address 

Set DD RAM 0 0 ADD 
Address 

Read 
Busy Flag 
& Address 

Write Data 
to CG or 
DD RAM 

Read Data 
from CG or 
DD RAM 

0 BF AC 

0 Write Data 

0 Read Data 

Notes: 1 l/D = 1 : Increment 
l/D = 0: Decrement 
S = 1 : Accompanies display shift 
S = 1 : Display shift 
SIC = 0: Cursor move 

ACG: CG RAM address 
R/L = 1 : Shift to the right 
R/L = O: Shifts to the left 
DL 1: 8 bits, DL = 0: 4 bits 
N = 1: 2 lines, N = 0: 1 line 
F =1:5x10dots,F=0:5x7dots 

2. * No effect (Don't care) 

Set DD RAM address. DD RAM 
data is sent and received after 
this setting. 

Reads Busy flag (BF) indicating 
internal operation is being per
formed and reads address 
counter contents 

Writes data into DD RAM or CG 
RAM 

Reads data from DD RAM or CG 
RAM 

BF = 1 : Internally operating 
BF = 0: Can accept instruction 
DD RAM: Display data RAMA 
CG RAM: Character generator RAM 

Aoo :DD RAM address 
Corresponds to cursor 
address 

AC : Address counter used 
for both DD and CG RAM 

3. Execution time changes when freguency changes. 
Example: When fcp or fosc is 270 kHz: 

250 
40 µSX 270 = 37 µS 

@HITACHI 
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1.64 ms 

40 µS 

40 µs 

40 µS 

40 µS 

40 µs 

40 µS 

0 µS 
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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 

l/D: I/D (figure 14) increments (I/D = 1) or 
decrements (I/D = 0) the DD RAM address by 

RS R/W DB1 

Code I 0 I 0 I 0 I 0 0 

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 = O (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 

DBo 

0 0 0 0 I 1 I 
Figure 12. Clear Display Instruction 
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RS R/W DB1 DBo 

Code I 0 I 0 I 0 I 0 0 0 0 0 * I 
Figure 13. Return Home Instruction 

RS R/W DB1 DBo 

Code I 0 I 0 I 0 I 0 0 0 0 i 110 I s I 
Figure 14. Entry Mode Set Instruction 

RS R/W DB1 DBo 

Code I 0 I 0 I 0 I 0 0 0 D c I B I 
Figure 15. Display On/Off Control Instruction 

.HITACHI 

* Don't care 

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



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 

~~g = 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 

Table 6. Cursor or Display Shift Control 

S/C R/L Function 

HD66780 (LCD-IIA) 

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 (DBT 
DBo) when DL = 1 and in 4-bit lengths (DB7-
DB4) when DL = 0. 

0 0 Shifts the cursor position to the left 
(AC is decremented by one) 

0 

0 

Shifts the cursor position to the right 
(AC is incremented by one) 

Shifts the entire display to the left. The cursor follows the display shift 

Shifts the entire display to the right. The cursor follows the display shift 

I I - CTIIlJ -,_Cursor ...... _ 
5 x 7-dot character 5 x 10-dot character Alternating display 

font font 

Cursor Display Example Blink Display Example 

Figure 16. Cursor and Blink Display 

RS R/W DB1 DBo 

Code I 0 I 0 I 0 I 0 I 0 I 1 I S/C I R/L I * I * I * 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. 

Table 7. Function Set N and F 
No. of 

NF Display Lines Character Font 
00 1 5x 7 dots 

0 1 1 5x 10 dots 1 * 2 5x 7 dots 

Note: * Don't care 

RS R/W DB 7 

Code I 0 I 0 I 0 I 0 I 

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 = 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. 

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 
inter.nal operation is in progress. The next 

Duty 
Factor Remarks 

1/8 1 /11 
1 /16 Cannot display 2 lines with 5 x 10-dot charac

ter font. 

DB a 

* (Don't care) 

Figure 18. Function Set Instruction 

RS R/W DB1 DBo 

Code I 0 I 0 0 AIAIA A AIAI 
Higher 

<-Order Bits 
Lower 
Order Bits 

Figure 19. Set CG RAM Address Instruction 

RS R/W DB1 DBo 

Code ~I o~o_i~1_l~A_l~A_l~A~A~A~A~l_A~I 
Higher 

<-Order Bits 
Lower 
Order Bits 

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-HA automatically 

HD66780 (LCD-IIA) 

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 

DBo 

Code I 0 I 1 I BF I A I A I A I A I A 

Higher 
+-Order Bits 

Lower 
Order Bits 

Figure 21. Read Busy Flag and Address Instruction 

RS 

R/W 

E 

Internal 

Instruction 
Write 

Busy Flag 
Check 

Busy Flag 
Check 

Instruction 
Write 

Figure 22. Example of Busy Flag Check Timing Sequence 

RS R/W DB1 DBo 

Code ~j ~j _o ~j o~j _o ~o~j _o ~j o~j _o ~j o~j ~o j 
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 

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 
I/0 port (for a microcontroller) as an interface 
device. Input and output of the device is TTL 
compatible. 
In the example, PBo to PB1 are connected to 
the data buses DBo to DB1 and PAo 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 

RS R/l/V DB1 

Code I 1 I D I D D 

,_Higher 
Order Bits 

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. 

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. 

DBo 

D D D D I D I 
Lower 
Order Bits 

Figure 24. Read Data from CG or DD RAM Instruction 

A,s CS2 

A,4 cs, PA2 
A,3 CSo 

PA1 ' A, RS1 
Ao RSo PAo 

HD68BOO R/Vi7 R/W 
VMA ~ E HD68B21 

¢2 
8 PB0-PB1 

Do-D1 Do-D1 

HD68BOO: 8-bit CPU 

COM 1 
RS -COM1a 

R/W 

E 
HD66780 

SEG,-

8 
SEG40 

..... DB0-DB1 

~ 

~ 
} 

Connected 
to Liquid 
Crystal 
Display 

Figure 25. Example of Interf..1..ce to HD68BOO using PIA (HD68B21) 
~HITACHI 
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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/ 
0 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 

VMA 

j r/>2 
Ais v 

HD68800 Ao 

R/W 
8 

Do-D1 -r-

.... 

~ 

HD66780 (LCD-HA) 

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. 

COM, 16 
E -COM1s + 

HD66780 
RS 

R/W SEG1 40 
+~ -SEG40 

DB0-DB1 

} 
Connected 
to LCD 

Figure 26. Direct Connection to HD68BOO 

8 COM, 
Ao-A1 .L ...... DB0-DB1 -COM 16 

HD6805 HD66780 
Co ~ E 

SEG1 c, RS 
C2 -- R/W 

-SEG40 

Figure 27. Direct Connection to HD6805 

P34 ..... RS COM, 
P3s R/W -COM'" 
P3s E 

HD6301 HD66780 

P10-P11 + ~ DB0-DB1 
SEG1 
-SEG40 

Figure 28. Direct Connection to HD6301 

~HITACHI 

16 
+ 

40 
.L 

16 
-, ~ 

40 
+ 

} 
Connected 
to LCD 

Connected 
to LCD 
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Interface to Liquid Crystal Display 

Character Font and Number of Lines: The 
HD66780 can perform 2 types of display, 
using 5 x 7 dots or 5 x 10 dots for the char
acter font, with a cursor on each. 

Up to 2 lines can be displayed with 5 x 7 dots 
and 1 line with 5 x 10 dots. 

Table 8. Common Signals 

Number of Lines Character Font 
5 x 7 dots + Cursor 
5 x 1 0 dots + Cursor 

2 5 x 7 dots + Cursor 

Therefore, three types of common signals are 
available (table 8). 

Number of lines and font types can be 
selected by program (see table 5). 

Connection to HD66780 and Liquid Crystal 
Display: Figure 31. shows connection exam
ples. Since 5 SEG signal lines can display one 
digit, one HD66780 can display up to 8 digits 

Number of Common Signals Duty Factor 
8 1/8 
11 1/11 
16 1/16 

RS --------------------------------------------------------~ 

E 

Internal 

DB 7 

Instruction 
Write 

Busy Flag 
Check 

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

Busy Flag 
Check 

Instruction 
Write 

Figure 29. An Example of 4-Bit Data Transfer Timing Sequence 

D,s 

D,4 

D,3 

HM CS 400 series 

R10-R13 
4 

7 

HMCS 400 series: Hitachi 4-bit microcontroller 

RS 
COM 1 

R/W -COM1s 

E HD66780 

SEG1 

DB4-DB1 -SEG40 

16 
f-+-

40 
!-+--

} 

Connected 
to Liquid 
Crystal 
Display 

Figure 30. Example of Interface to the 400 Series 
$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 common signal terminals, which 
always output non-selection waveforms. 
When the liquid crystal display panel has 

COM 1 

COM 8 

HD66780 
SEG, 

HD66780 (LCD-IIA) 

unused extra scanning lines, avoid undesir
able influences due to cross-talk in the float
ing state by connecting the extra scanning 
lines to these common signal terminals (fig
ure 32). 

Liquid --------------------- Crystal 
y Panel 
racters 

ne) 

: Displa 

SEG40 
(8 cha 
x 1 Ii 

(a) Example of a 5 x 7-dot, 8-character x 1-line Display 

(1/4 Bias, 1/8 Duty) 

COM 1 

HD66780 

SEG, ~~~~~ill 
Liquid Crystal 
Display Panel 
(8 characters 

cqM, 

Co"Ma 

COMo 

COM16 

HD66780 

SEG 1 

SEG,o 

x 1 line) 

(b) Example of a 5 x 10-dot, 8-character x 1-line Display 
(1/4 Bias, 1/11 Duty) 

----------------

(c) Example of a 5 x 7-dot, 8-character x 2-line Display 
(1/5 Bias, 1/16 Duty) 

Liquid 
Display 

Crystal 
Panel 

acters 
es) 

(8 char 
x2 lin 

Figure 31. Liquid Crystal,Pisplay 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 V1 to V5 to obtain liquid 
crystal display drive waveforms. The voltages 
must be changed according to duty factors. 
Table 9 shows the relation. 

VLCo 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 µs) 

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 
HD66100F can be connected to the HD66780 
directly since they supply CL1, 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 
V1 through Vs for the liquid crystal display 
drive is complicated. 

Table 9. Duty Factor and Power Supply for Liquid Crystal Display Drive 

Power Supply 
Duty 
Factor Bias v, V2 V3 V4 

1/8,1/11 1/4 Vee - (1 /4)VLeo Vee - (1 /2)VLeo Vee - (1 /2)VLeD Vee - (3/4)VLeo 

1/16 1/5 Vee - (1 /5lVLco Vee - (2/5)VLeo Vee - (3/5)VLeo Vee - (4/5)VLeo 

co.M,11 __ _ 
COM a 

COM 9 W 
HD66780 

S~G, 

5 x 7 dot, 8 character x 1 line Display ( 1 /4 Bias, 1 /8 Duty) 

Vs 
Vee - VLeD 

Vee - VLeD 

Figure 32. Using COMs to Av_a.id Cross-Talk on Unneeded Scanning Line 
~HITACHI 
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COMa 1------1+---H-t+t------+---

SEG.oi-------------<o--------------' 

(a) 5 x 7 dot, 16 character x 1 line Display 
( 1 /5 Bias, 1 /16 Duty) 

SEG20 t-------++++t-_-_-_-_-_-_-_-_-_--._ 

COMa1-<>++++++..-----1+-+++-1+-------+

HD66780 

SEG21 ~~~~r-:--~--~-:=:= __ :=:=_ r 
SEG401---------------~ 

(b) 5 x 7 dot, 4 character x 2 hne Display 
(1/4 Bias, 1/8 Oury) 

Figure 33- Changed Matrix Layout Displays 

Vee (+5 V) 

Vee 

v, 
V2 

V3 

V4 

V5 

(a) 1/4 Bias GND 
(1/8, 1/11 Duty) 

Vee 

v, 

V2 

V3 

V4 

V5 

(b) 1/5 Bias 
(1/16 Duty) 

Vee (+5 V) 

GND 

Figure 34. Drive Voltage Supply Example 
@HITACHI 
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HD66780 (LCD-HA) 

Up to 9 HD44100Hs can be connected for a 1 
-line display (duty factor 1/8or1/11) 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 

~400clocks 

COM, v,~jf I 3 I 4 lm----1 ' 

I. 1 frame .I. 
1 frame=4 (µs) X400x8=12800 (µs) = 12.8 (ms) 

1 
Frame frequency= 12 _8 (ms) =78.1 ( Hz) 

2 3 4 3 

1 frame .1 

(2) 1 /11 Duty 

l1'l' I 2 3 

·' 
1 

Frame frequency= 17 _6 (ms) =56.8 (Hz) 

(3) 1 /16 Duty 

182 

COM, 

200 clocks 

3 4 - - - - - - 16 2 3 4 - --- 16 2 3 
Vcc~~~~~~.._~~~~~~ .......... t--~~~~~~~~~~~_._~.._ 

V1~~-.--------------------,._~t-~~~~~~~~~--,--------
V2~~-1-~~~~~~~~~~~--'1--~~~~~~~~~--~~~~ 

V3~~--1-~~~~~~~~~~~--1t--~~~~~~~~~--~~~~ 

V4-.~-.-~~~~~~~~~~~~._ ............................ ....,r--ir--~~~ 
Vs_.----~~~~~~~~~~~~~~~~~~~~---'..__.~~~~ 

1.. 1 frame .1. 1 frame .. 1 
1 fre1me=4 (µs) x2oox 16= 12800(µs)=12.8 (ms) 

1 
Frame frequency= 12 _8 (ms) =78.1 (Hz) 

Figure 35. Liquid Crystal Display Waveforms (at fosc = 250kHz) 
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v 

~~ 
40 40 40 

v, - Y40 Y1 - Y40 
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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-DBa. 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, DB4-DB1 of the function set is written 
twice. 

8-bit Operation, 8-digit x 2-line Display: 
For a 2-line display, the cursor automatically 

HD66780 (LCD-IIA) 

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-!IA 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. 

@HITACHI 
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Table 10. 8-bit Operation, 8-character X 1-line Display Example (Using Internal 
Reset) 

Step 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Instruction 
Power Supply On (HD66780 is 
initialized by the internal reset circuit) 

Function Set 
RS R;WDB 7 • DBo 
0 0 0 0 0 0 * * 

Display On/Off Control 
0 0 0 0 0 0 1 

Entry Mode Set 
0 0 0 0 0 0 0 0 1 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 0 0 

Entry Mode Set 
0 0 0 0 0 0 0 

0 

0 

0 

Write Data to CG RAM/DD RAM 
1000100000 

Write Data to CG RAM/DD RAM 
100100110 

Write Data to CG RAM/DD RAM 
100100111 

Cursor or Display Shift 
00000100** 

Cursor or Display Shift 
00000100** 
Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 0 0 1 

Cursor or Display Shift 
0 0 0 0 0 1 1 

Cursor or Display Shift 
* * 

0000010 ** 
Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 1 0 

Return Home 
0 0 0 0 0 0 0 0 0 

Display 

IH 

I HI_ 

HITACHI 

I 1TACHI _I 

@:CHI M_I 

IMICRORSCJ 

IMICROKQ 

IMICROK<CJ 

[ffROCQ 

IMICROCQ 

IMICROCO 

L:CtEocoM_I 

[EJ)ACH I 

@HITACHI 

Operation 
Initialized. No display appears. 

Sets to 8-bits operation and selects 1 -
line display and one of the three char
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. 

Writes 'T'. 

Writes 'T'. 

Sets mode for display shift at the time 
of write. 

Writes space. 

Writes "M". 

Writes "O". 

Shifts only the cursor position to the 
left. 

Shifts only the cursor position to the 
left. 

Writes "C" (correction). 
The display moves to the left. 

Shifts the display and cursor position to 
the right. 

Shifts only the cursor position to the 
right. 

Writes "M". 

Returns both display and cursor to the 
original position (address 0). 
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Table 11. 4-bit Operation, 8-character X 1-line Display Example (Using Internal 
Reset) 

Step 
No. Instruction Display 

1 Power Supply On (HD66780 is 
initialized by the internal reset circuit) 

2 Function Set 
RS R;W DB1 • DB4 
0 0 0 0 0 

3 Function Set 
0 0 0 0 0 
0 0 0 0 * * 

4 Display On/Off Control 
0 0 0 0 0 0 
0 0 0 

5 Entry Mode Set 
0 0 0 0 0 0 
0 0 0 1 0 

6 Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 
1 0 1 0 0 0 

Hereafter, control is the same as 8-bit operation. 

~HITACHI 

Operation 

Initialized. No display appears. 

Sets to 4-bit operation. 
In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 

Sets to 4-bit operation and selects 1 -
line display and one of the three char
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.) 

Turns on display and cursor. Entire 
display is in 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 in
cremented by one and shifted to the 
right. 
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Table 12. 8-bit Operation, 8-character X 2-line Display Example (Using Internal 
Reset) 

Step 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

188 

Instruction 

Power Supply On (HD66780 is 
intialized by the internal reset circuit) 

Function Set 
RS R,WDB 1 • DBo 
0 0 0 0 0 * * 

Display On/Off Control 
0 0 0 0 0 0 1 0 

Entry Mode Set 
0 0 0 0 0 0 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 0 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 0 0 

Set DD RAM Address 
0 0 1 1 0 0 0 0 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 1 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 1 1 

Entry Mode Set 
0 0 0 0 0 0 0 

Write Data to CG RAM/DD RAM 
1 0 0 1 0 0 1 1 0 

Return Home 
0 0 0 0 0 0 0 0 0 

Display 

1-
F 
I H_ 

!HITACHI_[ 

!HITACHI 

I ~~TA c HI 

HITACHI 
MICROCO 

HITACHI 
MICROCO 

:ICROCOM_: 
11 TA c HI I 

!::! IT AC HI 
MICROCOM 
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Operation 

Initialized. No display appears. 

Sets to 8-bit operation and selects 2-
line display and one of the three char
acter fonts. 

Turns on display and cursor. All display 
is in space mode because of initializa
tion. 

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. 

Writes "I". 

Sets RAM address so that the cursor 
may be positioned at the head of the 
2nd line. 

Writes "M". 

Writes "O". 

Sets mode for display shift at the time 
of write. 

Writes "M". Display is shifted to the 
left. 
The first and second lines' shift is 
operated at the same time. 

Returns both display and cursor to the 
original position (address 0). 
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Power on 

Wait more than 15 ms 
after V cc rises to 4. 5 V 

RS R/W DB7 DBs DB5 DB4 DB3 DB2 DB, DBo 

0000 **** 

Wait more than 4.1 ms 

RS R/W DB7 DB5 DB5 DB4 DB3 DB2 DB 1 DBo 

000011**** 

Wait more than 100 µS 

RS R/W DB7 DBs DB5 DB4 DB3 DB2 DB, DBo 

00001 **** 

RS R/W DB 7 DB s DB 5 DB 4 DB 3 DB 2 DB 1 DB o 

0 0 0 0 1 N F * * 
0 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 l/D s 

Initialization ends 

I BF cannot be checked before this instruction 

Function set (Interface is 8 bits long) 

I BF cannot be checked before this instruction 

Function set (Interface is 8 bits long) 

I BF cannot be checked before this instruction 

Function set (Interface is 8 bits long) 

BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time. (see table 5) 

Function set (Interface is 8 bits long. 
Specifiy the number of display lines and character font.) 
The number of display lines and character font cannot 
be changed afterwards. 

Display off 

Display Clear 

Entry Mode Set 

Figure 38. Initialization by Instruction, Eight-Bit Interface 
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Power on 

Wait more than 15 ms 
after V cc rises to 4. 5 V 

RS R/W DB7 DBs DB5 DB4 

0 0 0 0 1 1 

Wait more than 4.1 ms 

RS R/W DB7 DBs DB5 DB4 

0 0 0 0 1 1 

Wait more than 100 µs 

RS R/W DB7 DBs DB5 DB4 

0 0 0 0 1 1 

RS R/W DB7 DB6 DB5 DB4 

0 0 0 0 1 0 

0 0 0 0 0 0 
0 0 N F * * 
0 0 0 0 0 0 
0 0 1 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 l/D s 

Initialization ends 

I BF cannot be checked before this instruction 

Function set (Interface is B bits long) 

I BF .cannot be checked before this instruction 

Function set (Interface is 8 bits long) 

I BF cannot be checked before this instruction 

Function set (Interface is 8 bits length) 

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) 

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

Function set (Interface is 4 bits long. Specify the num
ber of display lines and character font.) 
The number of display lines and character font cannot 
be changed afterwards. 

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. 

There are two types of multiplex waveforms 
for LCD driving; A and B. A type, shown in 

HD66780 (LCD-HA) 

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 
in high multiplex drive. 

Table 13. Functions Comparison between LCD-II and LCD-llA 

Item LCD-II (HD44780) LCD-llA (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) 1 92 characters 240 characters 

5 x 7 ; 160 characters 5 x 10;240 characters 
5 x 1 O; 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/ ( 1 6 characters) 
unit) 

Character font 5x8 dots Same as LCD-II 
(with a cursor) 5 x 11 dots 

Multiplexing duty ratio 1/8, 1/11, 1/16 

*LCD driving voltage 1/4 bias 3.0 to 11 (v) 3.0 to Vee (V) Vee to V5 (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 1,1.5MHz 2 MHz 

Instruction codes 11 instructions Same as LCD-II 

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~8o, FP-80A Same as LCD-II 

Pin arrangement Refer to p.1 Same as LCD-II 

Note: * indicates the modified items on LCD-llA . 

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

191 



HD66780 (LCD-IIA) 

I 

Segment 1-'----1 
Common-segment 

1 1 frame 1 1 frame 

Figure 40. A-Type Waveforms (1/3 Duty, 1/3 Bias) 

Common~• 
I I 
I I 
I 
I 
I I 

Segment lfUlfLfLf1IlJl 
I I 

Common-segment n n n n n n n 
'Uu~Lfuul 

' 1 frame 1 

Figure 41. B-Type Waveforms (1/3 Duty, 1/3 Bias) 
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1. Character Pattern Development 
Procedure 

Hitachi 

@ 

NO 
Back to 
start 

@ 

NO 

Mass production 

HD66780 (LCD-HA) 

User 

Start 

Determine CD character patterns 

@ 

Write EPROM ® 

@ 

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. 

(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 

(4) Send the EPROM to Hitachi. A started. 
'e'HITACHI 
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Note: 

194 

Character code Line code 

1. EPROM DATA Q5-01 are invalid 
2. DATA "O" must be programed at 11 th line (cursor position). 
3. DATA at 12-16 th line are invalid 
4. DATA at Oo locate at the left side of screen. (The relation between the bit No, and position 

is reversed, comparing with HD44780). 

@HITACHI 
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• Handling unused character patterns 

(1) EPROM data outside the character pat
tern area 
It is ignored by the character gener2.tor 
ROM for display operation so that it can be 
0 or 1. 

(2) 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. 

(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 

HD66780 (LCD-IIA) 

according to the user application. 
1) 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.) 

2) Program 0 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.) 
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Absolute Maximum Ratings 

Item Pating Reting Unit 

Power Supply Voltage Vee -0.3 to +7.0 v 

Input Voltage -0.3 to Vee + 0.3 v 

Operating Temperature Topr -20 to +75 ·c 

Storage Temperature Tstg -55 to + 125 ·c 

Notes: 1. If LSl'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 = 0 V. 
3.Applies to V1 to V5. The relation: Vcc~V1 ~V3~V4~V5~GND must be maintained. 

(high to low) 

.HITACHI 
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Electrical Characteristics 

DC Electrical Characteristics (Vee = 5V±10% Ta = -20 to +75 °C) 

Item Symbol Min Typ Max Unit Test Condition Note 

Input High Voltage (1) V1H1 2.0 Vee v (2) 

Input Low Voltage ( 1) V1u 0.8 v (2) 

Input High Voltage (2) V1H2 Vcc-1.0 - Vee v (12) 

Input Low Voltage (2) V1L2 1.0 v (12) 

Output High Voltage ( 1 )(TTL) VoH1 2.4 v -loH = 0.205 mA (3) 

Output Low Voltage (1 )(TTL) Vou 0.4 v loL = 1.6 mA (3) 

Output High Voltage (2)(CMOS) VoH2 0.9Vcc - v -loH = 0.04 mA (4) 

Output Low Voltage (2)(CMOS) VoL2 0.1Vcc v loL = 0.04 mA (4) 

Driver On Resistance (COM) RcoM 20 kO ±Id = 0.05 mA (10) 
to each COM Pin 

Driver On Resistance (SEG) RseG 30 kO ±Id= 0.05 mA (10) 
to each SEG Pin 

Input Leakage Current l1L -1 µA V;n = 0 to Vee (5) 

Pull up MOS Current -Ip 50 125 250 µA Vee= 5 V 

Power Supply Current ( 1 ) lcc1 0.55 0.8 mA Ceramic filter oscillation (6) 
Vee= 5 V, 
fosc = 250 kHz 

Power Supply Current (2) lcc2 0.35 0.6 mA Rf oscillation, (6) 
External clock operation (11) 
Vee= 5 V, 
fosc = fcp = 270 kHz 

External Clock Operation -------------------------------------------- --------------------- --------------------------------------- -------------· 
External Clock Frequency fcp 125 250 350 kHz (7) 

External Clock Duty Duty 45 50 55 % (7) 

.External Clock Rise Time trcp 0.2 µS (7) 

External Clock Fall Time t1cp 0.2 µS (7) 

!~~~!-~~_l __ C::l?c~-~l'.e!~~i_o~_!!'lf_<?_~?ill_~~i?_n) ________________________________________________________________________________ ----------------· 
Clock Oscillation Frequency fosc 190 270 350 kHz Rf= 82 k0±2% (8) 

l~~~!-~~-1- ~l?C~ _ ~p_~r~~i_o~ _ !~e_ra~i_<: _ ~i_l~E'.~. ~~-<:!ll~ti_o~) ________________________________________________________ . _. __ . _____ . _____________ 
Clock Oscillation Frequency fosc 245 250 255 kHz Ceramic filter 

LCD Voltage VLCDl 3.0 Vee v Vee - Vs 1 /5 bias 

VLCD2 3.0 Vee v 1 /4 bias 

Notes: 1 .Figure 42 shows the 1/0 pin configurations except for liquid crystal display output. 
2.lnput pins and 1/0 pins. Excludes OSC1 pin. 
3.1/0 pins. 
4.0utput pins. 

(9) 

(13) 

(13) 

5.Current flowing through pull-up MOS's and output drive MOS's is excluded. 
6.lnput/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.lnternal oscillator operation using oscillation resistor Rf (figure 44). 
9.lnternal oscillator operation using a ceramic filter (figure 45) 

10.RcoM applies to the resistance between power supply pin (Vee, V1, V4, Vs) and each common 
signal pin (COM, to COM1a). 
RseG applies to the resistance between power supply pin (Vee, V2, V3, Vs) and each segment 
signal pin (SEG1 to SEG40). 
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11. Relation between operation frequency and current consumption is shown in figure 46. 
(Vee = 5 V) 

12.Applied to OSC1 pin. 
13.When each COM and SEG output voltage is within ±0.15 V of LCD voltage (Vee, V1, V2, 

V3, V4, Vs) when there is no load. 

•Input Pin 

Pins: E 
(No pull-up MOS) 

•Output Pin 

Pins: CL,, CL2. M, D 

•110 Pin 

Pins: DBo to DB1 
(Pull-up MOS) 

Vee 

PMOS 

NMOS 

Vee 

Vee 

p 

Pins: RS. R/W 

PMOS 

NMOS 

(With pull-up MOS) 

Vee 

PMOS 

Pull-up MOS 

(Output Circuit) 
(Three-state) 

Data 

Figure 43. Pin Configuration 
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0.7 Vee 

0.5 Vee 

0.3 Vee 

Open OSC2 

Th Tl 

Duty= ThT~ Tl x 100% 

Figure 44. External Clock 

Rf: 82kQ ±2% 

Since oscillation frequency varies depending on OSC1 and OSC2 terminal capacity, wiring 
length to these pin should be minimized. 

Figure 45. Internal Oscillator, Resistor 

c, 
osc, 

Rf 

t--OJV"""'--1 OSC2 
C2 Rd 

Ceramic filter 

Ceramic filter: CSB250A (Murata) 
Rf: 1 MQ ±10% 
C1 : 680pF ±10% 
C2 : 680 pF ± 10% 
Rd: 3.3 kQ ±5% 

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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1 . 8 r----r-----r--...-----.----. 
1. 61----+----+--+---+----I 

1 .41----+---+---+---+---l 

< 1 .21----+----+--+---+----I 
_s L max 
rl 1.0 v 

.2 0.81----+----+----1-..,,,,,e....-1:+----I 

o.6 ~--1----1V----::A-V_--1--+.--:::::>"""..:::itvP 
0.4 ~--l-/--::"""~::...__-::::o1--=---1-----1 
0.2 f--~~ ........ ~.....:::i--t--+----1 

o,__-,-o~o--2~0~0--3-0-0--4~00-~500 

fosc or fcp (kHz) 

Figure 4 7. Frequency vs Current 

Vee 

v, 
Vs 

Note: 

@=Vee - Vs 
®=Vee - v, 
@~1.5V 
(6);:>0.25 x @ 

The conditions of V 1 , Vs 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 VLeo". 

Figure 48. V1, Vs Voltages 
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Bus Timing Characteristics (Vee = 5.0 V±10%, GND = 0 V, Ta = -20 to +75 °C) 

Write Operation (Writing Data from MPU to HD66780) 

Item Symbol Min Max 
Enable Cycle Time tcvce 500 

Enable Pulse Width !High level) PWEH 220 

Enable Rise/Fall Time tEr, tEt 20 

Address Set-up Time IRS, R/W- E) tAs 50 

Address Hold Time tAH 10 

Data Set-up Time tosw 60 

Data Hold Time tH 10 

Read Operation (Reading Data from HD66780 to MPU) 

Item 
Enable Cycle Time 

Enable Pulse Width !High level) 

Enable Rise/Fall Time 

Address Set-up Time IRS, R/W - E) 

Address Hold Time 

Data Delay Time 

Data Hold Time 

Symbol 

tcvce 

PWeH 

te,, te1 

tAs 

tAH 

tooA 

to HA 

5.0V 

RL = 2.4kQ 

Diode 
1S2074® 

Figure 49. Load Circuit (DBo-DB7) 

Min Max 
500 

220 

20 

50 

10 

150 

20 100 

@HITACHI 

Unit Test Condition 
ns Fig. 51 

ns Fig. 51 

ns Fig. 51 

ns Fig. 51 

ns Fig. 51 

ns Fig. 51 

ns Fig. 51 

Unit Test Condition 
ns Fig. 52 

ns Fig. 52 

ns Fig. 52 

ns Fig. 52 

ns Fig. 52 

ns Fig. 52 

ns Fig. 52 
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Interface Signal with HD44100H or HD66100F Timing Characteristics 
(Vee = 5.0 V±10%, GND = 0 V, Ta = -20 to +75 'C) 

Item Symbol Min Max Unit Teat Condition 
Clock Pulse Width (High level) tcwH 800 ns Fig. 53 

Clock Pulse Width (Low level) tcwL 800 ns Fig. 53 

Clock Set-up Time tcsu 500 ns Fig. 53 

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 tc1 100 ns Fig. 53 

Power Supply Conditions Using Internal Reset Circuit 

Item Symbol Min Max Unit Teat Condition 
Power Supply Rise Time 0.1 10 ms 

Power Supply Off Time toFF 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 :J 
60pFr 

Figure 50. Interface Signal Load Circuit 

202 

0.2V 
Vee-----" 

0.1ms;;;; tree:;; 10ms 
tree toFF0 

toFF Oi:: 1 ms~----

*toFF 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 

RS ) V1H1 V1H1~ ( f~,Y1u V1L!JI 
tAs tAH 

14-1 

R/W \ 
!~,Yiu /v,u 

PWEH ~ -l!V1H1 V1H1 
Jt V1u V1L1 It. V1u E 

~ I-
tosw tH 

t+-+I 

I V1H). 
V1u It_ 

Vaild Data (V1H1 
JI V1u 

tcvcE 
I 

Figure 52. Bus Write Operation Sequence (Writing Data from MPU to HD66780) 

Read Operation 

RS ) V1H1 V1Hi K k.Ytu V1u_JI 
tAs ~ 

R/W 
rvlH1 1\IH1 

PWEH ~ 

V1u I/ 
V1H1 Vu~ j4-tE01 I 

V1u V1u E 

tE,+ I+ tooR ~ 
VoH'.) 
Vou ~ 

KVDH1 
VoL1 

tcvce 

Figure 53. Bus Read Operation Sequence (Reading Data from HD66780 to MPU) 
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Interface signal with driver LSI HD44100H or HD66100F 

0.9Vee 

CL1 ---------' 

D 

M 

0.9 Vee 

0.1 Vee 

Figure 64. Sending Data to Driver LSI HD44100H or HD66100F 
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HD44102CH~~~~~-
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 

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 

to ON/OFF of each dot of liquid crystal 

display to provide more flexible display 

The HD44102CH is produced in the CMOS 

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 

(connnon) driver HD44103CH facilitates dot 

matrix liquid crystal graphic display 

system configuration. 

(FP-80) 

•PIN ARRANGEMENT 

(TOP VIEW) 
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I 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 "l" ON 

RAM bit data "O" OFF 

Display RAM capacity •.•.. 50 x 8 x 4 (1600 bits) 

Internal liquid crystal display driver circuit (segment output) ••••• 

50 segment signal drivers 

Duty factor (can be controlled by external input waveform) 

Selectable duty factors .•••• 1/8, 1/12, 1/16, 1/24, 1/32 

Wide range of instruction functions 

Display Data Read/Write, Display ON/OFF, Set Address, Set Display 

Start Page, Set UP/DOWN, Read Status 

Low power dissipation 

Power supplies ••••. Vee 5V±l0%, VEE O'V-5V 

CMOS process 

80-pin flat plastic package 
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HD44102CH 

•TABLE OF PIN ASSIGNMENT 

No. 
Power sup- Input· Output No. 

Power sup-· Input Output ply, Clock ply Clock 

1 Y39 41 Vee 
2 Y38 42 BS 
3 Y37 43 RST 
4 Y36 44 CSl 
5 Y35 45 CS2 
6 Y34 46 CS3 
7 Y33 47 E 
8 Y32 48 R/W 
9 Y31 49 D/I 

10 Y30 50 DBo DBo 
11 Y29 51 DB, DB, 

12 Y28 52 DB2 DB2 
13 Y27 53 DBs DBs 
14 Y26 54 D~ D~ 

15 Y25 55 DBs DBs 
16 Y24 56 DBo DBo 
17 Y23 57 DB, DB1 
18 Y22 58 FRM 
19 Y21 59 CL 
20 Y20 60 91, 

21 Y19 61 912 
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 v. 
28 Y13 68 Va 
29 Y12 69 v. 
30 Yll 70 Y50 
31 YlO 71 Y49 
32 Y9 72 Y48 
33 YB 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 Yl 80 Y40 

(Note) N.C.: Nonconnection pin 
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IABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage (1) Vee -0.3 '\, +7 .0 v 1 

Supply voltage (2) VEE Vcc-13.S "' Vcc+0.3 v 

Input voltage (1) Vn -0.3 '\, Vcc+0.3 v 1, 2 

Input voltage (2) VT2 VEE-0.3 '\, Vcc+0.3 v 3 

Operating temperature Topr -20 '\, +7S oc 

Storage temperature Tstg -SS '\, +12S oc 

Note 1: Referred to GND=O. 

Note 2: Applied to input terminals (except Vl, V2, V3 and V4), and 1/0 
common terminals. 

Note 3: Applied to terminals Vl, V2, V3 and V4 . 

• ELECTRICAL CHARACTERISTICS 

(Vcc=+SV±l0%, GND=OV, VEE=O'V-S.SV, Ta=-20'V+7S°C) (Note 4) 

Item Symbol Test condition Min. Typ Max. 

Input "High" voltage(CMOS) vrnc 0.7xVcc - Vee 

Input "Low" voltage (CMOS) VILC 0 - 0.3xVcc 

Input "High" voltage (TTL) VIHT 2.0 - Vee 

Input "Low" voltage (TTL) VILT 0 - +0.8 

Output "High" voltage VoH IoH=-2SOµA +3.S - -

Output "Low" voltage VoL IoL=+l.6mA - - +0.4 

Vi-Xj ON resistance RoN 
VEE=-SV±l0%, Load - - 7.5 current lOOµA 

Input leakage current (1) rru Vrn=Vcc"'GND -1 - 1 

Input leakage current (2) In2 Vrn=VcC"'VEE -2 - 2 

Operating frequency fcLK cj>l,¢2 frequency 2S - 280 

Dissipation current (1) reel 
fc1k=200kHz frame= - - 100 
6 SHz duril!B_ dis.p_ll!Y] 

Dissipation current (2) rcc2 
Access cycle lMHz - - soo at access 
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v s 

v s 
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Note 4: 

Note 5: 

Note 6: 

Note 7: 

Note 8: 

Note 9: 

Specified within this range unless otherwise noted. 

Applied to M, FRM, CL, BS, RST, ¢1, ¢2. 

Applied to CSl to CS3, E, D/I, R/W and DBO to DB7. 

Applied to DBO to DB7. 

Applied to input terminals, M, FRM, CL, BS, RST, ¢1, ¢2, CSl to CS3, 
E, D/I and R/W, and I/O common terminals DBO to DB7 at high impedance. 

Applied to Vl, V2, V3 and V4. 

Note 10: ¢1 and ¢2 AC characteristics. 

Symbol Min. 

Duty Duty 20 

Fall time tf -
Rise time tr -
Phase difference time t12 0.8 

Phase difference time tz1 0.8 

T1 +Th -

tr tf 

Typ 

25 

-
-
-
-
-

Max. Unit 

30 % 

100 ns 

100 ns 

- µs 

- µs 

40 µs 

1 
fcuc = T1 +Th 

11 
Duty=Tt +Th x100 (%) 

Note 11: Measured by Vee 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 Vee 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 

E cycle time tCYC 1000 - - ns 13, 14 

E high level width PWEH 450 - - ns 13, 14 

E low level width PWEL 450 - - ns 13, 14 

E rise time tr - - 25 ns 13, 14 

E fall time tf - - 25 ns 13, 14 

Address setup time tAS 140 - - ns 13, 14 

Address hold time tAH 10 - - ns 13, 14 

Data setup time tDsw 200 - - ns 13 

Data delay time tDDR - - 320 ns 14, 15 

Data hold time at write tDHW 10 - - ns 13 

Data hold time at read tDHR 20 - - ns 14 

Note 13: At CPU write Note 14: At CPU read 

E 

Note 15: DBO to DB7 load circuits 

RL 2.4kQ 

R llkQ 

C 130pF (including jig capacity) 

Diodes Dl to D4 are all 1S2074QD 
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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 whi.le 
the RST is in the "Low" level. 

Symbol Min. Typ Max. Unit 

Reset time tRST 1.0 - - µs 

Rise time tr - - 200 ns 

llTERMINAL FUNCTIONS DESCRIPTION 

Signal Number of I/O Function name terminals 

Yl'vY50 50 0 Liquid crystal display drive output. 
Relationship among output level, M and display data 
(D): 

M J 1 I 0 r 
D ~ 

Output level I· v, + v. + v. + v. ·I 

CS1'uCS3 3 I Chip select 

CSl CS2 CS3 State 

L L L Non-selected 
L L H Non-selected 
L H L Non-selected 
L H H Selected read/write enable 
H L L Selected write enable only_ 
H L H Selected write enable only 
H H L Selected write enable only_ 
H H H Selected read/write enable 

E 1 I Enable 

At write (R/W=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 "H~h" level. 

@HITACHI 
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Signal Number of 
I/O Function name terminals 

R/W 1 I Read/Write 

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 CSl=H. 

D/I 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. 

DBO'\JJB7 8 I/O Data bus, Three-state I/O common terminal 

E R/W CSl CS2 CS3 State of DBO to DB7 

H H * H H Output state 

* L H * * Input state, 

* L * H H H:!:_g_h ill!l?_edance 
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. 

~HITACHI 
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Signal Number of I/O Function name terminals 

Vl,V2, 4 Power supply for liquid crystal display drive. 
V3,V4 Vl and V2: Selection voltage 

V3 and V4: Non-selection voltage 

Vee 3 Power supply. 
GND 

Vee-GND: Power supply for internal logic 
VEE Vee-VEE: Power supply for liquid crystal display 

drive circuit logic 

IFUNCTION OF EACH BLOCK 

•Interface 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). 

0/1 

E 

087 

086 

___ r+i ___ ___.r~ 

Busy flag Address Address f<usy flag 
check high order low order heck 
(Status write write (Status 
read) read) 

@HITACHI 

Data 
high 
order 
write 

Data low 
order write 
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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 
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 

given 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. 

R/W 

E 

Address ~~~~~~~~-'-~~~....;..N;._~~~-'-~~....;..N~±~1'--~~....__~--'N-±_2~~~ 
Output I Data at address N I Data at address N±l 
register·~~~~~~~~~~~~~~~~'--~~~~~~--'"--~~~~~~~ 

Busy I Write I Busy I Read I Busy !Read I Busy I Data read 
oe,,_, check aNddress check data check data at check address 

(dummy) address N±l 
N 
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• X,Y Address Counter 

TheX,Y address counter holds an address for reading/writing display data RAM. 

An address is set in it by the instruction. The Y address register is 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. 

eDisplay 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. 
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E 

8uSY ----4~Temv=r-
1 < < 3 F°;p = TBUSY = F;p 
F~ is ~1, ~2 frequency (half of HD44103CH 
oscillation frequency) 

ez 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. 0 is preset to the low order 3 bits and a display 

start page to the high order 2 bits by the FRM signal. 

• Latch 

The display data from the display data RAM is latched at the rise of CL 

signal. 

•Liquid Crystal Driver Circuit 

Each of 50 driver circuits is a multiplex circuit composed of 4 CMOS switches. 

The combination of display data from latchs and M signal causes one of 

the 4 liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 
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•Display RAM 

Relationship between Data in RAM and Display 
(Display start page O, 1/32 duty) 

COP,11 
COM2 

COM3 --~"TT COM4 
COM& 
COMB 
COM7 

COMB 
COM9 

............. 

E::1=fR __ ~~-~----~ .... _-..~ _-.......... --1 

1 2 a 4 s 48 49 50 

Do LSB ....... o_._1_._1 ......... 1-'-o-----· ____ .....,....0....._..0 ......... 1-

D,-----H 1 0 0 0 1 ---------Dz 1 0 0 0 1 
Da 1 0 0 0 1 
D. 1 1 1 1 1 
D. 10001 ---------De 10001 

~ ... 1f>++++++-H o o o o o 

·1 ~ 
--------

0 0 0 
'----o o o o 

1 1 1 -----+-----------'------10 0 0 0 0 

o Y1 Y2 Ya Y. 

(Y address) 

0 0 1 
0 0 1 
1 0 1 
0 1 1 

0 0 1 
0 0 1 

0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

v •• v..,,1v .. 

.HITACHI 

X=O 

X=I 

X=2 

X=3 

Display pattern 

Driver output 
Y1 "' Yso 

Data in display 
RAM 
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.DISPLAY CONTROL INSTRUCTIONS 

(1) Read/Write Display Data 

MSB DB 

R/W D/I 7 6 5 4 3 2 

1 1 (Display data) 

0 1 (Display data) 

LSB 

1 0 

Read (CPU + HD44102CH) 

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 0 0 1 1 1 0 0 1 Display ON 

0 0 0 0 1 1 1 0 0 0 Display OFF 

Controls the ON/OFF of display. RAM data is not affected. 

(3) Set X/Y Address 

MSB DB LSB 

R/W D/I 7 6 5 4 3 2 1 0 

0 0 0 0 

0 0 0 1 Binary numbers 

0 0 1 0 
of Ol\A9 

0 0 1 1 ..........,_._, 
X address Y address 

00 

0 1 

10 

11 

0 I ...... 

L 

M 
L 

M 
L 
M 
L 

M 

Y address 

Page 0 

Page 1 

Page 2 

Page 3 

j8_jdl 

(page) (address) Display Data RAM 

(4) Display Start Page 

MSB 

R/W D/I 7 6 5 

0 0 0 0 1 

0 0 0 1 1 

0 0 1 0 1 

0 0 1 1 1 
'--y--J 

Display 
start page 

DB 

4 3 2 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

LSB 

1 0 

1 0 

1 0 

1 0 

1 0 

@HITACHI 

Refer to Fig. A. 

Refer to Fig. B. 

Refer to Fig. C. 

Refer to Fig. D. 
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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 
N Fig. A N 

Fig. B 

Fig. C 

Fig. D 

220 

B Page 1 

c Page 2 

D Page 3 

Display Data RAM 

Start page = page 

A Page 0 

B Page 1 

c Page 2 

D Page 3 

Display Data RAM 

Start page = page 

A Page 0 

B Page 1 

c Page 2 

D Page 3 

Display Data RAM 

Start page = page 

A Page 0 

B Page 1 

c Page 2 

D Page 3 

Display Data RAM 

B 

c 

D 

Liquid Crystal Screen 

1 

B 

c 

D 

A 

Liquid Crystal Screen 

2 

c 

D 

A 

B 

Liquid Crystal Screen 

3 

D 

A 

B 

c 

Liquid Crystal Screen 

~HITACHI 

N 

N 

Displayed up to 
here when display 
duty is l/N. 
(N=8, 12, 16, 24, 
32) 

N 

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



HD44102CH 

(5) UP /DOWN Set 
MSB DB LSB 

R/W D/I 7 6 5 4 3 2 1 0 

0 0 0 0 1 1 1 0 1 1 UP mode 

0 0 0 0 1 1 1 0 1 0 DOWN mode 

Sets Y address register in the UP/DOWN counter mode. 

(6) Status Read 
MSB 

R/W D/I 7 

1 0 B 
u 
s 
y 

6 

u 
p 
I 
D 
0 
w 
N 

DB 
5 4 3 2 

0 R 0 0 
F E 
F s 
I E 
0 T 

t 

LSB 
1 0 

0 0 

Goes to "l" when RST is in the reset state 
(Busy also goes to "l"). 
Goes to "O" when RST is in the operating 
state. 

Goes to "l" in the display OFF state. 
Goes to "O" on the display ON state. 

'------- Goes to "l" when address counter is in the 
UP mode. 
Goes to "O" when address counter is in the 
DOWN mode. 

Goes to "l" while instructions (1) 'V (5) are 
being executed. 
During "l", none of instructions (1) 'V (5) 
are accepted. 
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ICONNECTION BETWEEN LCD DRIVERS (EXAMPLE OF 1/32 DUTY) 

x, 
To liquid crystal 
display 

X20 

SHL 
To liquid crystal display 

HD44103CH 
(Master) 

Vex 
GND 

..----...-+----+1M FRMr-----~ 

Mr--+------' 

DL DR ~2 ~l CL1---~..---------.~~1---..icL 

~----+--+---------1--1--4----.!rp, 

~------t--t----.--1--1--t--+-~;. 

HD44102CH 

Nn I 

To liquid crystal display 

CR R C 

open open 

Vee 

FRM 

'----M 

'-----CL 

'-------;, 

'-------..i rfa2 

@HITACHI 
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IINTERFACE TO CPU 

(1) Example of connection to HD6800 

Decoder 

A'" cs, 
\ cs. 

A, 
Vo;; cs, 

VMA 

A,, 0/1 

R/W R/W 
HD6800 HD44102CH 

"'2 E 

Do DBo 

I > 
D1 087 

RES 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_ d!splay data $' FFFF' 

Write of display instruction: $'FFFE' 

Read of status $'FFFE' 

Thus, the HD44102CH can be controlled by reading/writing data at these 

addresses. 
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(2) Example of connection to HD6801 

74LS 154 

Pio Yo ,F C51 A 1 Pu 8 
Y1 ~ cs. ' ' v 

P12 c : ' Vcc------i CSs ' 
P13 D 

y't• f--'..-
G1 G, 

( IOS)SC1 :r* 
(R/\V)SC2 RAV 

HD6801 
PK 0/1 

HD44102CH 

E E No. 1 

p,., DBo 

:Psi!""'"" o~. i 
(Data bus) I ' ' I ' ' : ' 

P31 DB1 

The HD6801 is set to mode 5. Pl0~Pl4 are used as output ports, and 

P30 ~P37 are used as data buses. 

The 74LS154 is a 4-to-16 decoder that decodes 4 bits of Pl0~Pl3 to 

select the chips. 

Therefore, the HD44102CH can be controlled by selecting the chips 

through PIO ~Pl3 and specifying the D/I signal through Pl4 in advance, 

and later conducting memory Read or Write for external memory space 

($0100 to $01FF) of HD6801. 

R/W signal is output to SC2. 

The IOS signal is output to SC1, and the 

For further details on HD6800 and HD6801, refer to each manual • 
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ICONNECTION TO LIQUID CRYSTAL DISPLAY 

1 :r x, 
f~ x, 

2 

~3 ) 
: - ., ' 

:~ : 
0...., ' 

:r x,.~ Liquid crystal display panel 
j_ : 20 

32 x 150 dots 
:r x, 21 
U'"' x. 22 
~~ ' - ., I ' ' :~ X12 lk O'-' 
:r 

1--------1 1--------1 l--------1 
Y, -------- y 00 Y 1 -------- Yoo y I ------------ Yso 

HD44102CH HD44102CH HD44102CH 
No. 1 No. 2 No. 3 

(a) Example of connection of 1/32 duty, 1-screen display 

x, 
x. 

~ 
XIS 
x,. 

Liquid crystal display panel 

16x100 dots 

Y, ~Ysi 

HD44102CH 

No. 1 

Y, ---...__,..-...Yoo 

HD44102CH 

No. 2 

(b) Example of connection of 1/16 duty, 1-screen display 
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Liquid crystal display panel 

64 x240 dots 

H044102CH 
No 1 

H044102CH 
No 2 

H0441112CH 
No 10 

(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 limitations. 

LIMITATIONS 

The HD44102 is designed to transfer the high-order 4-bits and the low-order 

4-bits of data in that order after busy check. The LSI does not work normally 

if the signals are in the following state for the time period (indicated with 

(*) in 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 

CSl = low and CS2 = CS3 =high). 

EXAMPLE OF WRITING DISPLAY CONTROL INSTRUCTIONS 

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 wh.ile 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 microcomputer, 

you should take care of the software and observe the limitations strictly. 

2) When HD44102 Controlled Via Bus 

a) Malfunction Caused by Hazard 

E____r--\____f 

cs~ __} jl\_ 

R/W~ 
--"\ !!,--

~..._Hazard 
Example 11 

Writing High-Order Data 

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 

{D/I) 
DBo-1 --0--0-

High-Order Low-Order 
Data Data 

Last 2 Machine Cycles of 
2-Byta Instruction 
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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 

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

cant bit of the address signals as the D/I signal since the address for 

the second byte is added l, And design the CS decoder so that the 

addresses for the HD44102 should be 2N and 2N+l, and that those addresses 

should be accessed when using 2-byte instructions, Fox example, in the 

figure shown following figure the address signal A1 is used as D/I 

signal and A2 - A15 are used for the C~ decoder. Addresses 4N and 

4N+l are for instruction access and addresses 4N+2 and 4N+3 are for 

display data access. 

Er-------iE 
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HD44103CH~--~~~
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 

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 (soon 
max.) to enable a large screen to be driven. 

I 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: Vee .•. 5V±l0%, 

VEE ••• 0 to -5.SV 

CMOS process 

60-pin plastic flat package 

230 .HITACHI 
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• PIN ARRANGEMENT 

(TOP VIEW) 
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HD44103CH 

•TERMINAL ARRANGEMENT LIST 

No. 
Power sup-

Input Output Power sup- Input Output ply, Clock Nn ply, Clock 
1 x 14 31 CR 
2 x 13 32 </>, 
3 x 12 33 </>2 
4 x 11 34 GND 
5 x 10 35 FS 
6 X9 36 DSl 
7 N. C. 37 N. C. 

8 X8 38 N. C. 
9 X7 39 N. C. 

10 X6 40 DS2 
11 XS 41 DS3 
12 N. c. 42 M M 
13 N. c. 43 FRM 
14 N . c. 44 SHL 

15 N. C. 45 Vee 
I--·· 

16 X4 46 N. C. 
17 X3 47 N. C. 

18 X2 48 N. C. 
19 x 1 49 M/S 
20 v, 50 CL CL 

21 N. C. 51 N. C. 

22 N. C. 52 N. C. 
23 V2 53 N.C. 

24 v. 54 DR DR 

25 v. 55 x 20 

26 VEE 56 x 19 

27 DL DL 57 x 18 

28 c 58 x 17 

29 Vs us Connect to Vee· 59 x 16 

30 R 60 x 15 

(Note) N.C.: Unused terminal. Don't connect any wire to these terminals. 
Connect VsUB to Vee· 
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HD44103CH 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rated value Unit Note 

Supply voltage (1) Vee -0.3 "' +7 .o v 1 

Supply voltage (2) VEE Vcc-13.5"' Vcc+0.3 v 14 

Terminal voltage (1) VTl -0.3 "' Vcc+0.3 v 1, 2 

Terminal voltage (2) VT2 VEE-0.3 "' vcc+0.3 v 3 

Operating temperature Topr -20 "' +75 oc 

Storage temperature Tstg -55 "' +125 oc 

Note 1: Referred to GND=O. 

Note 2: Applied to input terminals (except Vl, V2, V5 and V6) and I/O common 
terminals. 

Note 3: Applied to terminals Vl, V2, V5 and V6. 
Note 14: Connect a protection resistor of 220!1±5% to VEE power 

supply in series. 

e ELECTRICAL CHARACTERISTICS 

(Vcc=+5V±l0%, GND=OV, VEE=O to -5.5V, Ta=-20 to +75°C) (Note 4) 

Item Symbol Test condition Min. Typ Max. 

Input "high" voltage Vrn o.1xvcc - Vee 

Input "low" voltage VIL 0 - o.3xvcc 

Output "high" voltage VoH IoH=-400µA Vcc-0.4 - -
Output "low" voltage VoL IoL=+400µA - - 0.4 

Vi-Xj ON resistance RoN 
VEE=-5V±10%,Load - - 500 current ± 150µA 

Input leakage current (1) IILl Vrn=VccvGND -1 - 1 

Input leakage current (2) IIL2 Vrn=VccvVEE -2 - 2 

Shift frequency fSFT In slave mode - - 50 

Oscillation frequency fosc 
Rf=6Bkn2% 

300 430 560 Cf=10pF±5% 
External clock operating 

fcp 50 - 560 
frequency 

External clock duty Duty 45 50 55 

External clock rise time trcp - - 50 

External clock fall time tfcp - - 50 

@HITACHI 

Unit Note 

v 5 

v 5 

v 6 

v 6 

n 

µA 7 

µA 8 

kHz 9 

kHz 10 

kHz 

% 11 

ns 11 

ns 11 
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HD44103CH 

Item Symbol Test condition Min. Typ Max. Unit Note 

Dissipation power 
Pwl 

CR oscillation= 4.4 mW 12 J_mastetl_ 430kHz - -
Dissipation power Frame frequency 

1.1 (slave) Pw2 =70Hz - - mW 13 

Note 4: Specified within this range unless otherwis.e noted. 

Note 5: Applied to CR, FS, DSl to DS3, M, SHL, M/S, CL, DR and DL. 

Note 6: Applied to DL, DR, M, FRM, CL, <P 1 and $2. 

Note 7: Applied to input terminals CR, FS, DSl to DS3, SHL and M/S, and I/O 
common terminals DL, DR, M and CL at high impedance. 

Note 8: Applied to Vl, V2, VS and V6. 

Note 9: Shift operation timing 

0.7Voc 
DL/DR 

0.3Vcc min. typ max. unit 
tsu 5 - - µs 

tsu H 

0.7Vcc 
CL 

tH 5 - - µs 
tr - - 100 ns 

0.3Vcc tf - - 100 ns 

tr tf 

Note 10: Relationship between oscillation frequency and Rf/Cf 

CR oscillator 

~fi( 
The values of Rf and Cf are typical values. 
The oscillation frequency varies with the 
mounting condition. Adjust oscillation 
frequency to a required value. 

500 
400 

fosc 300 Cf=6pF 
(kHz) 200 Cf= lOpF 

100 

50 100 150 (kn) 
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HD44103CH 

Note 11: 

0.1\lcc 
0.5Vcc 

t rep 

open R 

lfcp 

External 

opent= 
clock- CR 

TI 

Th 
Duty= Th +TI 

Note 12: Measured by Vee terminal at output non-load of Rf=68kQ±2% and 
Cf=10pF±5%, 1/32 duty in the master mode. Input terminals 
must be fixed at Vee or GND while measuring. 

Note 13: Measured by Vee terminal at output non-load, 1/32 duty, frame 
frequency of 70Hz in the slave mode. Input terminals must be 
fixed at Vee or. GND while measuring. 

e TERMINAL FUNCTIONS 

Terminal Number of I/O Function name terminals 

XhX20 20 0 Liquid crystal display driver output. 
Relationship among output level, M and data (D) 
shift register. 

M J 1 I 0 I 
D ~ 

Output 
level I· V2 ·I v. + v, ·I· v, ·I 

CR, R, 3 Oscillator Rf Ct 
c M CR oscillator 

in 

M 1 I/O Signal for converting liquid crystal display driver 
signal into AC 

Master: Output terminal 
Slave : Input terminal 
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HD44103CH 

Terminal Number of 1/0 Function name terminals 

CL 1 1/0 Shift register shift clock. 

Master: Output terminal 
Slave : Input terminal 

FRM 1 0 Frame signal, Display synchronous signal 

DShDS3 3 I Display duty ratio select. 

Display 1/24 1/12 x 1/32 1/16 1/8 duty ratio 

DSl L H L H L H L H 
I 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 fFRM 
and the oscillation frequency fosc is as follows: 

FS="H": fosc = 6144 x fFPM ... (1) 

FS="L": fosc = 3072 x fFRM ... (2) 

Example 1) When FS="H", adjust Rf and Cf so that 
the o.scillation 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 ~l 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 1/0 Data 1/0 terminals' of bidirectional shift register. 

SHL 1 I Shift direction select of bidirectional shift 
register. 

SHL Shift direction 

H DL +DR 
L DL +DR 

@HITACHI 
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Terminal Number of 
name terminals 

M/S 

.p1, .pz 

Vl, V2, 
V5, V6 

Vee 
GND 
VEE 

1 

2 

4 

3 

I/O 

I 

0 

HD44103CH 

Function 

Master/slave select. 

M/S="H": Master mode 
The oscillator and timing generation circuit 
operate to supply display timing signals to 
the display system. Each of I/O common ter
minals, DL, DR, Mand 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 Vee· 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 Vee· 

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). 

Operating clock output terminals for HD44102CH . 

The frequencies of <Pl and <P2 become half of 
oscillation frequency. 

Liquid crystal display driver level power supply 

Vl and V2: Selected level 
V5 and V6: Non-selected level 

Power supply. 

Vcc-GND: Power supply for internal logic 
Vee-VEE: Power supply for driver circuit logic 

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

237 



HD44103CH 
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e BLOCK FUNCTIONS 

Osei 11 a tor 

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 (¢1 and 

¢2) for HD44102CH according to the display duty ratio set by DSl to DS3. 

In the slave mode, this block stops operating. It is meaningless to set FS, 

DSl to DS3. However, connect them to Vee 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 Vl, V2, V5 and 

V6 to be transferred to the output terminals. 

e APPLICATIONS 

Refer to the applications of the HD44102CH. 
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HD44105H~~~~~~ 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 

DESCRIPTION 

The HD44105H is a connnon signal driver 

for LCD dot matrix graphic display systems. 

It generates the timing signals required 

for display with its internal oscillator 

and supplies them to the column driver 

(HD44102H) to control display, also 

automatically scanning the common signals 

of the liquid crystal according to the 

display duty. 

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 (lk~ max) enough to make 

a large screen driven. 

• FEATURES 

Dot matrix graphic display connnon driver 

including the timing generation circuit. 

Internal oscillator (Oscillation fre

quency is selectable by attaching an 

oscillation resistor and an oscilla

tion capacity.) 

Generates display timing signals. 

32-bit bidirectional shift register 

for generating connnon signals. 

32 liquid crystal driver circuits with 

low impedance. 

Selectable display duty ratio : 1/8, 

1/12, 1/16, 1/24, 1/32, 1/48, 1/64. 

Low power dissipation 

Power supplies : Vee 

VEE 

• CMOS process 

+5V !. 10% 

0 "'-5.5V 

• 60-pin flat plastic package 

~HITACHI 

(FP-60) 

• Pin Arrangement 

(Top View) 

Note) NCs show unused terminals. 

Don't connect any lines to 

them in using this LSI. 

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

239 



~ 

:c 
~ 
2: 

~ 
:::!. 

2 
ti 
• :c 
~ 
2: 
-c 

~ 
• 
~ 
~@ 
iil :I 
-c -52. ~ a )i 
-c () 

I :I 
• 
"' :::!. 
en 
C" 

"' :::s 

-'" 
§; 

~ 
!:'-1 
<O 

• 
~ 
$ 

I 

Vee 
GND 
VEE 

DL • .,I I 

VlV2V5V6 

SHL---1--~~~~~~~~ 

32 output ter~~1:':~~--X30 X31 -X32 X2---- - - - --- -- --

Liquid crystal display 
driver circuits 

Bidirectional shift 
register 

I I I• •DR 

I I 1 1 ~ 1: :~ >II •I Timing generation circuit 

STB M/S 
DS 2 

FSl FS2 DS1 DS3 4>14>2 

~ 
0 
~ 
~ 
~ 

0 

• I ff! 
CCI 
r-
0 
n 
~ 

c ..... 
a; 
~ 
3: 



HD44105H 

• ABSOLUTE MAXIMUM RATING (Ta 25°C) 

Item Symbol Ratings Unit Note 

Supply voltage (1) Vee -0.3 'V +7.0 v 1 

Supply voltage (2) VEE Vcc-13.5 '"Vcc+0.3 v 

Terminal voltage (1) VTl -0.3 '"Vcc+0.3 v 1, 2 

Terminal voltage (2) VT2 VEE-0.3 'V Vcc+0.3 v 3 

Operating temperature To pr -20 'V +75 oc 

Storage temperature Tstg -55 'V +125 oc 

(Note 1) Referred to GND = OV. 

(Note 2) Applied to input terminals (except for Vl, V2, V5 and V6) and I/O 

common terminals. 

(Note 3) Applied to terminals Vl, V2, V5 and V6. Connect a protection 

resistor of 470 ± 10% to each terminal in series. 

•ELECTRICAL CHARACTERISTICS (Vcc=+5V±l0%, GND=OV, VEE= 0'" -5.5V, 
Ta= -20 '" +75°C) (Note 5) 

Item ~ymbol Test Condition min typ max Unit 

Input "High" Voltage Vrn b. 7xVcc - Vee v 

Input "Low" Voltage VIL 0 - 0.3xVcc v 

Output "High" Voltage VoH IoH=-400µA lvcc-0.4 - - v 

Output "Low" Vo 1 tage VOL IoL=400µA - - 0.4 v 

Vi-Xj ON Resistance lloN VEE=-5V±l0%, 
Load Current 

- - 1000 n 

± 150µA 

Input Leakage 1IL1 VIN=Vcc '" GND -1 - 1 µA 

Current (1) 

Input Leakage IIL2 VrN=Vcc 'V VEE -5 - 5 µA 

Current (2) 

Shift Frequency FSET in slave mode - - 50 kHz 

Oscillation fosc Rf=68k0±2%, 300 430 560 kHz 
Frequency Cf =10pF±5% 

External Clock fCP 50 - 560 kHz 
Operating Frequency 

External Clock Duty Duty 45 50 55 % 

External Clock Rise trCP - - 50 ns 

Time 

External Clock Fall tfCP - - 50 ns 
Time 

Dissipation Power PWl CR Oscillation1 - - 4.4 mW 
(master) 430kHz 

Dissipation Power PW2 Frame 70Hz - - 1.1 mW 
(Slave) 

Note 

6 

6 

7 

7 

8 

9 

10 

11 

12 

12 

12 

12 

13 

14 
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(Note 5) Specified within this range unless otherwise noted. 

(Note 6) Applied to CR, FSl, FS2, DSl to DS3, M, SHI., M/S, CL, DR, DL and 

STB. 

(Note 7) Applied to DL, DR, M, FRM, CL, <j>l and <j>2. 

(Note 8) Applied to input terminals CR, FSl, FS2, DSl to DS3, SHL, M/S 

and STB and I/O connnon terminals DL, DR, M and CL at high 

impedance. 

(Note 9) Applied to Vl, V2, VS and V6. 

(Note 10) Shift operation timing. 

DL DR min typ max Unit 

CL 
0.7Vcc 
0.3Vcc 

tr tf 

tsu 

tH 

tr 

tf 

5 

5 

-

-

- - µs 

- - µs 

- 100 ns 

- 100 ns 

(Note 11) Relation between osclllation frequency and RF, Cf. 

Connection 

(kHz) 

500 
400 

fosc 300 
200 
100 

00 50 100 
Rf 

The values of Rf and Cf are typical 

values. The oscillation frequency 

varies with the mounting condition. 

Adjust oscillation frequency to a 

required value. 

Cf=6pF 
Cf =lOpF 

150 (l<ll) 
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HD44105H 

(Note 12) 

0.7Vcc 
O.SVcc 

0.3Vcc 

tcrp 

Th Tl 

tfcp 

open R ope~n 
External clock CR 

Duty=__'!L 
Th-Tl 

(Note 13) Measured by Vee terminal at output non-load of Rf=68ldl±2% and 

Cf=l0pF±S%, and 1/32 duty in the master mode. 

Input terminals are connected to Vee or GND. 

(Note 14) Measured by Vee terminal at output non-load, 1/32 duty and frame 

frequency of 70Hz in the slave mode. 

Input terminals are connected to Vee or GND. 
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• TERMINAL FUNCTION 

Terminal Number of I/O Function 
Name terminals 

Xl "' X32 32 0 Liquid crystal display driver output. 
Relation among output level, Mand data(D) in 
shift register. 

M J 1 I 0 r 
D J 1 I 0 I 1 I 0 r 

Output level I· V2 + V6 + Vl + V5 ·I 
CR,R,C 3 Oscillator. 

Rf Cf 

A CR Oscillator 

M 1 I/O Signal for converting liquid crystal display 
driver signal into AC. 

Master: Output terminal 
Slave : Input terminal 

CL 1 I/O Shift register shift clock. 
Master: Output terminal 
Slave : Input terminal 

FRM 1 0 Frame signal, Display synchronous signal 

DSl"-DS3 3 I Display duty ratio select. 

Display 1/8 1/16 1/32 1/64 - 1/12 1/24 1/48 
du1=r_ ratio 

DSl L L. H H L L _!!_ "H' 
DS2 L H L H L H L H 
DS3 L L L L H J;l H H 

FSl-vFS2 2 I Selects frequency. 
The relation between the frame frequency fFRM 
and the oscillation frequency fOSC is as 
follows. 

FSl FS2 fosc(kHz) fFRM(Hz) fM(Hz) fcp(kHz) 
L L 107.5 70 35 53.8 
H L 107.5 70 35 53.8 
L H 215.0 70 35 T0/3 
H H 430.0 70 35 215.0 

fosc: Oscillation frequency 
fFRM: Frame frequency 
fM : M signal frequency 
fcp : Frequencies of ~l and ~2 
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Terminal 
Name 

DL, DR 

SHL 

M/S 

q,1, q,2 

Vl, V2, 
VS, V6 

Vee. GND 
VEE 

Number of 
terminals 

1 

2 

1 

1 

2 

4 

3 

1/0 

I 

1/0 

I 

I 

0 

Function 

Input terminal for testing. 
Connect this terminal to Vee. 

HD44105H 

Data 1/0 terminals of bidirectional shift 
register. 

Selects shift direction of bidirectional shift 
register. 

SHL Shift direction 
H DL + DR 
L DL + DR 

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 1/0 common 
terminals, DL, DR, Mand 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 Vee. 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 
FSl, FS2, DSl, DS2, DS3, STB to Vee. 
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). 

Operating clock output terminals for 
HD44102CH. The frequencies of q,1 and q,2 are 
half of oscillation frequency. 

Liquid crystal display driver level power 
supply 

Vl and V2 : Selected level 
VS and V6 : Non-selected level 

Power supply 
Vee - GND : 
Vee - VEE : 

Power supply for internal logic. 
Power supply for driver circuit 
logic. 
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HD44105H 

•BLOCK FUNCTIONS 

• 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 (~l and ~2) 

for HD44102CH according to the display duty ratio set by DSl to DS3. 

In the slave mode, this block stops operating. It is meaningless to 

set FSl, FS2 and DSl to DS3. However, connect them to Vee 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 Vl, 

V2, VS and V6 to be transferred to the output terminals. 
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HD61100A------
(LCD Driver with SO-Channel Output) 

DESCRIPTION 
The IID61100A 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. 

•FEATURES 

Liquid crystal display driver with 

serial/parallel conversion function. 

Internal liquid crystal display driver 

••.... 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 

Vee - +SV±l0% (Internal logic) 

VEE - 0 ~ -11.SV (Liquid crystal 

display driver circuit) 

Liquid crystal driving level ••.• 17.0V max. 

CMOS process 

100-pin flat plastic package (FP-100) 

248 .HITACHI 
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• PIN ARRANGEMENT 
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HD61100A 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage (1) Vee -0.3 to +7 .0 v 2 

Supply voltage (2) VEE Vcc-19.0 to Vcc+0.3 v 
Terminal voltage (1) VTl -0.3 to Vee +0.:3 v 2, 3 

Terminal voltage (2) VT2 VEE-0.3 to Vcc+0.3 v 4 

Operating temperature To pr -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=OV. 

(Note 3) Applies to input terminals, FCS, SHL, CLl, CL2, DL, DR, E and 

M. 

(Note 4) Applies to V11L VlR· V2L, V.2R. V3L• V3R, V4L and V4R Must 

maintain 

Vcc<:V1L=V1R<:V3L=V3R<:V 4L=V4R <:V2L=\i2R<: VEE· 

Connect a protection resistor of 15Q±10% to each terminals in 

series. 

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

249 



HD61100A 
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• ELECTRICAL CHARACTERISTICS 

•DC CHARACTERISTICS 
(Vcc=5V±l0%, GND=OV, VEE=0~-11.sv, Ta=-20~+75°C) 

Item Symbol Test Condition Min Typ Max Unit 

II!E_Ut "Hi_g_h" volt11ge Vrn o. 7xVcc - Vee v 

Input "Low" voltage VIL - - o.3xvcc v 

Output "High II VO 1 tage VoH Iow-400µA vcc-0.4 - - v 

Output "Low" vo 1 tage VOL IoL=+400µA - - 0.4 v 

VEE=-lOV, 
Driver ON Resistance RoN Load current= - - 7.5 kn 

lOOµA 

Input Leakage Current IILl VIN=O to Vee -1 - +l µA 

Input Leakage Current IIL2 Vrn=VEE to Vee -2 - +2 µA 

Dissipation Current(l) IGND - - 1.0 mA 

Dissipation Current(2) IEE - - 0.1 mA 

(Note 1) Applies to CLl, CL2, FCS, SHL, E, M, DL and DR. 

(Note 2) Applies to DL, DR and CAR. 

(Note 3) Applies to Yl ~ Y80. 

(Note 4) Applies to vlL• VlR• V2L• V2R• v3L• v3R• V4L and V4R· 

(Note 5) Specified when display data is transfered under following 
conditions. 

CL2 frequency f cp2 = 

CLl frequency f cPl = 

M frequency fM = 

2.5MHz (data transfer rate) 

4.48kHz (data latch frequency) 

30Hz (frame frequency/2) 

Specified when VIH=Vcc• VIL=GND and no load on outputs. 

IGND currents between Vee and GND. 

IEE currents between Vee and VEE· 
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HD61100A 

• AC CHARACTERISTICS 
(Vcc=5V±l0%, GND=OV, VEE=ov~-11.sv, Ta=-20~+75°C) 

Item Symbol Test Condition Min Typ Max Unit Note 

Clock cycle time tcyc 400 - - ns 

Clock high level width tCWH 150 - - ns 

Clock low level width tcWL 150 - - ns 

Clock setup time tscL 100 - - ns 

Clock hold time tHCL 100 - - ns 

Clock rise/fall time tct - - 30 ns 

Clock phase different time tcL 100 - - ns 

Data setup time tDsu 80 - - ns 

Data hold time tDH 100 - - ns 

E setup time tEsu 200 - - ns 

Output delay time tDcAR - - 300 ns 1 

M phase difference time tcM - - 300 ns 

(Note 1) The following load circuits are connected for specification: 

tct tct test point .... ---J7-.130pF 

CLl~~~~-t-CL~~~ :~~-~-HC-L~~~~~~~~~~-
CL2 

tct 

DL(DR) 
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HD61100A 

• BLOCK FUNCTION 

•Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 and M signal causes 

one of the 4 liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 

• 80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of CLl and output to 

liquid crystal display driver circuit. 

• S/P 

Serial/Parallel conversion circuit which converts 1-bit data into 4-bit 

data. When SHL is "L" level, data from DL is converted into 4-bit data 

and transferred to the latch circuit 1. In this case, don't connect any 

lines to terminal DR which is in the output status. 

When SHL is "H" level, input data from terminal DR without connecting 

any lines to terminal DL. 

• 80-bit Latch Circuit 1 

The 4-bit data is latched at ~l ~ ~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 ... -+l). 

•Selector 

The selector decodes output signals from the counter and generates latch clock 

~l to ~20. When the LSI is not active, ~l ~ ~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 "l", 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 "O", 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 CLl. 

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 CLl 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 

• TERMINAL FUNCTIONS DESCRIPTION 

Yl<vY80 

M 

CLl 

CL2 

1 
1 
1 

8 

80 

1 

1 

1 

Connected 
to 

Power 
supply 

Power 
supply 

Functions 

: Power supply for internal logic 

: Power supply for LCD drive 
circuit 

Power supply for liquid crystal drive 

V1L (V1R), V2L (VzR) ... selection level 

V3L (V3R), V4L (V4R) ... non-selection level 

Power supplies connected with VIL and 

V1R (VzL & VzR, V3L & V3R, V4L & V4R) 

should have the same voltages. 

0 LCD Liquid crystal driver outputs 

I 

I 

I 

Controller 

Selects one of the 4 levels, Vl, V2, V3 

and V4. 

Relation among output level, Mand display 

data (D) is as follows. 

Switch signal to convert liquid crystal 

drive waveform into AC. 

Controller Latch clock of display data (fall edge 

trigger). 

Synchronizing with the fall of CLl, 

liquid crystal driver signals 

corresponding to the display data are 

output. 

Controller Shift clock of display data (D) 

Fall edge trigger 

~HITACHI 
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HD61100A 

Terminal Number of I/O Connected Functions 
name terminals to 

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

(D) Liquid crystal Liquid crystal 
driver output display 

1 (H level) selection ON 
level 

0 (L level) non-selection OFF 
level 

I/O status of DL and DR terminals depends 

on SHL input level. 

SHL DL DR 

H level 0 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 Dl+· · ·-+D80, the relations 

between the data (D) and output Y are as 

follows. 

SHL Y1 Y2 Y3 .... Y80 

"L" Dl DZ D3 .... D80 

"H" D80 D79 D78 .... Dl 

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 The operation stops with "H" level, and 
CAR of the 
HD61100A the S/P conversion starts with "L" level. 
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HD61100A 

256 

Terminal Number of I/O 
Connected Functions 

name terminals to 

CAR 1 0 the input Used for cascade connection with the 
terminal E IID61100A to increase of the 

the number of 

IID61100A bit which can be S/P converted. 

FCS 1 I GND Input terminal for test. 

Connect to GND. 

BTHE OPERATION OF THE HD61lOOA 

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 IID61100A's. Fig. 2 shows a time chart of 

I/O signals of IID61100A. 
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HD61100A 

COMl - 1, 1, 1, 1, 1, 1, 1, 1, 
f.-1-f.-2~>--- - - --+--8_0-+-_8_1-+-_8_2-+- - -- ____ _,_1_6_0_,_1_6_1-+-- - - - - - - - 2 40 

COM2 - 21 ' 22 , 2 , 2 , 2 , 2 , 2 , 2 ' 
80 81 82 160 161 240 

-- --+--+---1----'- -- - ---+---+---"'- - - - - ----+---1 

COM3 - 3 • 3 • 3, 3, 

f.----+---l-- - - - -+---+---!----+- ·- - - - ----l---+----'-· - - - -- - --+--24_0_, 
1 2 80 

LCD-PANEL (64 x 240 Dots) 

f.--+---+-- - - --+---4--'-----'- --- - - ---+---+---+-- -- - -- - -+---I 
COM63--! 63, 63, 63, 63 

1 2 80 • 
>---+---__,__ - ---+---1--j__ _ _J_ _ - - - ----+--!---+---· - - - - - 240 

COM64- 64, 64, 64, 64, 64, 64, 64, 
1 2 80 81 82 160 240 

Y1 Y2 Y80 Y1 Y2 Y80 Y1 Y80 

HD61100A (NO.l) HD61100A (N0.2) HD61100A (NO. 3) 

Ea 13 ;j ~ H IZ I~ Ea 13 ;j ~ H i>::lei\ lµqcniz..::E:uuoo ~ lµq U>J>.<::E:uuoou 
s:l13 ;j~,.:i~leil 

1µq en iz.. ;:;:: u u o o u m 1 rr~ l 
µq µq 

TI TI 
MOo-----..--i--+--t--~-------_._+--+-+-~=-----__j 

CLl00-----_..>-+--+----------4-+-+-------_J 
CL20o-------4--t------------*-+----------' 

DATAO-o--------+------------4-----------' 

µq µq 
p., p., 
00 

Cascade three HD61100As. Input data to the terminal DL of NO.l, N0.2 and 

N0.3. Connect E of NO.l to GND. Don't connect any lines to CAR of N0.3. 

Connect common signal terminals (COMl ~ COM64) to Xl ~ X64 of common driver 

HD61103A. (m,n) of LCD panel is the address corresponding to each dot. 

Fig. 1 LCD driver with 64 x 240 dots 
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__,- I 

11-- ~ n__ 
Jmn_ ---- --- .flJlJlflMJl -------.flJlMMJUl 

b!n------- I -------~ ----
Jc i< x::=:: ----

I I 

-------------------~ 

1----
__fl____JL__ rL 

1JU1JUlMfUl ---- ILIUUlJl.M - -- - - 1flILiltL 
·~~~~~~~~~ -~~~~~~ ~ 

- - - -- (~i;x~x:i. 

--~r------~r------~X:: 
I 

__________ _J 

!FRAME r--- r-

: I I I I I I I M I I I I I j I I I I ! I I I l I CLl 

Y l(NO.l) ~r;:;"'r.:;"'17,7'\r;:;- - - - - - - - - - - - - - - :x::x:mr-v-v---~~A~'.A.. ';.'A.-::.A': . .' .. A...":.:.. ~ 

Y2 (NO.l) ~. - - - - - - - - - - - - - :::X:::::X::X::X::X::X::X: 
<' I 

Y80~NQ1) ~ --- -- - - _ ------::x:x::x:::x:x::x::x= 
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Timing 
chart 
of 
horizontal 
direction 

Timing 
chart 
of 
vertical 
direction 

Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 

Timing chart in the example of connection of Fig.l. DL input (m,n) is the data which corresponds to each 
address (m,n) of LCD panel. 

Fig. 2 HD61100A Timing Chart 
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HD61100A 

•EXAMPLE OF APPLICATION 

• An example of 128 x 240 dot liquid crystal display (1/64 duty) 

DATA(l) 
M 

CLl 
CL2 

DATA(2) 

0-

v-

~ 

~ 

/. 
240 dots 

Yl - YBO /YI --Y8Ci / ---- Y80 
HD61100A NO. 1 HD61100A N0.2 HD61100A N0.3 

srn :::l~o-ll>'i~ 
11>'1 <ll I« )IE: c.J c.J A A 

srn ;j ~Hi>::~~ 
11>'1 tll I« )IE: c.J c.J A AU 

:<: c.J o-l o-l o-l i>:i ..,:ltll MN a 
ll>'l<lll«::E: c.Jc.JAA 

JJJ 1 L_jJJ t 1 JJ~ ~1 

~ 

1~ 1----lft l ill ' ' 1 
11>'1 $ <ll ::E: .--< N o-l i>:i~ 

c.J o-l o-l A A 
"'I« c.J c.J 

:t:c.J o-l.-lAA 
il>'lo-ltll)E:.--<No-l~ 

en~ uu u 
fll>:I $ tll~ ,.... N o-l i>::li>:i 

c.J o-l o-l A A< 
CJ]~ u u u 

HD61100A N0.4 HD61100A NO. 5 HD61100A N0.6 

Yao- Yl/ YBO-Yl~ yao- YI/ 

' 

'"" °' "" p. 
0 
r1' 

"' .._, 

~ 
'"" °' "" p. 
0 
r1' 

"' .._, 

Liquid crystal panel is divided into upper and lower parts. These two 

parts are driven separately. HD61100As of No.l ~ No.3 drive upper half. 

Serial data, which are input from DATA(l) terminal, appear at Yi + Y2 + -

Yeo terminal of No.l, then at Yi+ Y2 +--Yeo of No.2 and then at Yi+ 

Y2 + -- Yeo 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 Yeo + T79 + -- Yi of No.4, 

then at Yoo + Y19 + -- Yi of No.5 and then Yeo + Y79 + -- Yi 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 

• Example of 64 x 150 dot liquid crystal display (l/64 duty, SHL=L) 

150 dots 
,.... 

Liquid crystal display panel 6 4 dots 

J 
l 
Yl ----------- 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. 

DATA 

Effective data 
1~=1 

As the sum of dots in lateral direction is 150, 2 more dunnny data bits 

are transferred. (152=4 x 38). 

Dunnny data, which is output from Y71 and Y72 of N0.2, cari be either "O" 

or "l" because these terminals do not connect with the liquid. crystal 

display panel. 
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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

ponds to ON/OFF of each dot of liquid 

crystal display to provide more 

flexible display. 

As it is internally equipped with 64 

output drivers for display, it is 

available for liquid crystal graphic 

display with many dots. 

The HD61102, which is produced in the 

CMOS process, can accomplish a portable 

battery drive equipment by combining 

a CMOS micro-computer, utilizing the 

liquid crystal display's lower power 

dissipation. 

Moreover it can facilitate dot matrix 

liquid crystal graphic display system 

configuration by combining the row 

(common) driver HD61103A. 

~HITACHI 
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11 PIN ARRANGEMENT 

(Top view) 
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HD61102 

262 

•FEATURES 

• Dot matrix liquid crystal graphic display column driver incorporating 

display RAM. 

• RAM data direct display by internal display RAM 

RAM bit data "l" •...•••••• ON 

RAM bit data "O" OFF 

• Internal display RAM address counter 

preset, increment 

• Display RAM capacity 512 bytes (4096 bits) 

• 8-bit parallel interface 

• Internal liquid crystal display driver circuit ........•. 64 

• Display duty 

Combination of frame control signal and data latch synchronization 

signal make it possible to select out of static through an optional 

duty. 

• Wide range of instruction function 

Display Data Read/Write, Display ON/OFF, 

Set address, Set Display Start line, 

Read Status 

• Lower power dissipation ---during display 2mW max 

• Power supply Vee ---+5V ± 10% 

VEE --- OV '\, - lOV 

• Liquid crystal display driving level-15.5V max 

• CMOS process 

• 100 - pin flat plastic package (FP-100) 
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HD61102 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

~ -0.3"' +7.0 v 2 
Supply voltage 

VEE Vee -16.5 "' Vee +0.3 v 3 

Terminal voltage (1) Vn VEE -0.3"' Vee +0.3 v 4 

Terminal voltage (2) VT2 -0.3 "' Vee +0.3 v 2, 5 

Operating temperature Topr -20 "' +75 •c 
Storage temperature Tstg -55 "' +125 •c 

(Note 1) LSI'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 

recotm11ended 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 VEE 1 and VEE2. 

(Note 4) Applies to VlL, V2L, V3L, V4L, VlR, V2R, V3R and V4R. 

Maintain 

Vcc~VlL=VlR~V3L=V3R~V4L=V4R~V2L=V2R~VEE 

(Note 5) Applies to M, FRM, CL, RST, ADC, ~l, ~2, CSl, CS2, CS3, E, R/W, 

D/I, ADC and DBO'V7. 
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• ELECTRICAL CHARACTERISTICS 
(GND=OV, VCC=4.5 ~ 5.5V, VEE=0~-1ov, Ta=-20~~1s 0 c) 

Item Symbol Test condition Limit Unit min typ max 

Input "High" voltage 
VIHC p.7xvcc - Vee v 

VIHT 2.0 - Vee v 

Input "Low" voltage vuc 0 - 0.3xVcc v 

VILT 0 - 0.8 v 

Output ''High" voltage VOH IOH=-205µA 2.4 - - v 

Output "Low" voltage VOL IOL=l.6mA - - 0.4 v 

Input leakage current IIL Vin=GNll'VVcc -1.0 - +1.0 µA 

Three state (OFF) 
ITSL Vin=GND'VVcc -5.0 - +5;o µA 

input current 

Liquid crystal supply 
ILSL Vin=VEE~Vcc 

leakage current 
-2.0 - +2.0 µA 

Driver ON resistance RON 
Vcc-VEE=l5V 
±ILOAD=O. lmA 

- - 7.5 KQ 

Icc(l) During display - - 100 JU\ 

During access 
Dissipation current Icc(2) cycle= - - 500 µA 

access lMHz 

(Note 1) Applies to M, FRM, CL, RST, ADC, ADC, cf>l and cf>2. 

(Note 2) Applies to CSI, CS2, CS 3, E, R/W, D /I and DBO ~ 7. 

(Note 3) Applies to DBO ~ 7. 

(Note 4) Applies to terminals except for DBO ~ 7. 

(Note 5) Applies to DBO ~ 7 at high impedance. 

(Note 6) Applies to VlL ~ V4L and VlR ~ V4R. 

(Note 7) Applies to Y1 ~ Y64. 

(Note 8) Specified when liquid crystal display is in 1/64 duty. 

Operation frequency fcLK=250 kHz (cf>l and cf>2 frequency) 

264 

Frame frequency fM =70 Hz (FRM frequency) 

Specified in the state of 

Output terminal ----- not loaded 

Input level --------- VIH=Vcc(V) 

Vu=GND (V) 

Measured at Vee terminal 
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e INTERFACE AC CHARACTERISTICS 

(1) MPU Interface 

(GND=OV, Vcc=4.5"' 5.5V, VEE=O"' -lOV, Ta=-20"' +75°C) 

Item 

E cycle time 

E high level width 

E low level width 

E rise time 

E fall time 

Address setup time 

Address hold time 

Data setup time 

Data delay time 

Data hold time (Write) 

Data hold time (Read) 

(Note 1) 

E 

R/W 

CSl<v 3 
D/I 

DBO<v 7 

Symbol 

tCYC 

PWEH 

PWEL 

tr 

tf 

tAS 

tAH 

tDSW 

tDDR 

tDHW 

tDHR 

min typ 

1000 -
450 -
450 -
- -
- -

140 -
10 -

200 -
- -
10 -
20 -

(Note 2) 

E 

R/W 

CSl<v 3 
D/l 

DBO-u 7 

max Unit 

- ns 

- ns 

- ns 

25 ns 

25 ns 

- ns 

- ns 

- ns 

320 ns 

- ns 

- ns 

Note 

1, 2 

1, 2 

1, 2 

1, 2 

1, 2 

1, 2 

1, 2 

1 

2, 3 

1 

2 

Fig. l CPU Write Timing Fig. 2 CPU Read Timing 

(Note 3) DBO "' 7 load circuit 

RL=2. 4IW 

Test 
RL 

R =llKS"l ... 
point D2 C =130pF (including jig capacity) cJ R D3 

1S2074@. D4 Diodes Dl to D4 are all 
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(2) Clock Timing 

(GND=OV, Vcc=4.5 ~ 5.5V, VEE=O ~ -lOV, Ta=20 ~ +75°C) 

Item 

<H, cj>2 cycle time 

cj>l ''Low'' level width 

cj>2 "Low" level width 

cj>l "High" level width 

cj>2 "High" level width 

cj>l-cj>2 phase difference 

cj>2-cj>l phase difference 

cj>l, cj>2 rise time 

cj>l, cj>2 fall time 

cj>l 

cj>2 

Test Symbol condition 

tcyc Fig. 3 

tWLcj>l Fig. 3 

twu2 Fig. 3 

tWHcj>l Fig. 3 

tWHcj>2 Fig. 3 

tn12 Fig. 3 

tD21 Fig. 3 

tr Fig. 3 

tf Fig. 3 

tcyc 
tWHcj>l 

0. 7Vcc 
0.3Vcc 

tf 

Limit 

min typ 

2.5 -

625 -

625 -

1875 -

1875 -

625 -

625 -

- -

- -

tcyc 

Fig. 3 External Clock Waveform 

~HITACHI 

Unit 
max 

20 µs 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

150 ns 

150 ns 
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(3) Display Control Timing 

(GND=OV, Vcc=4.5 ~ 5.5V, VEE=O ~ -lOV, Ta=-20 ~ +75°C) 

Item Symbol 

FBM delay time tDFRM 

M delay time tDM 

CL "Low" level width tWLCL 

CL "High" level width tWHCL 

CL 

FRM 

M 

Test 
condition 

Fig. 

Fig. 

Fig. 

Fig. 

4 

4 

4 

4 

0. 7Vcc 
0.3Vcc 

Limit 
min typ 

-2 -

-2 -

35 -

35 -

Fig. 4 Display Control Signal Waveform 
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Unit 
max 

+2 µs 

+2 µs 

- µs 

- µs 
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• TERMINAL FUNCTIONS 

Terminal Number of I/O Connected 
name teJ::'lllinals to 

VlL, VlR 
V2L, V2R 
V3L, V3R 
V4L, V4R 

CST 
CS2 
CS3 

E 

2 

2 

8 

3 

1 

Power 
supply 

Power 
supply 

Power 
supply 

I MPU 

I MPU 

Functions 

Power supply for internal logic. 

Recommended voltage is 

GND = OV 

Vee = +SV ± 10% 

HD61102 

Power supply for liquid crystal display 

drive circuit. 

Recommended power supply voltage is 

Vee - 15 to GND. Connect the same power 

supply to VEEl and VEEz· 

VEEl and VEE2 are not connected each other 

in the LSI. 

Power supply for liquid crystal display 

drive. 

Apply the voltage specified depending on 

liquid crystals within the limit of 

VEE through Vee· 

VlL(VlR), V2L(V2R)---Selection level 

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

Power supplies connected with VlL and VlR 

(V2L & V2R, V3L & V3R, V4L & V4R) should 

have the same voltages. 

Chip selection. 

Data can be input or output when the 

terminals are in the next conditions. 

Terminal name CSl CS2 CS3 

Condition 'L' 'L' 'H' 

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 Number of I/O Connected Functions name terminals to 

R/W 1 I MPV Read/Write 

R/W=H : Data appears at DBO to DB7 and 

can be read by the CPU 

When E=H, CSl, CS2=L and CS3=H. 

R/W=L : DBO to DB7 can accept at fall of 

E when CSl, CS2=L and CS3=H. 

D/I 1 I MPV 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. 

ADC 1 I Vcc/GND Adress control signal determine the relation 

between Y address of display RAM and 

terminals from which the data is output. 

ADC=H : Yl-$0, Y64-$63 

ADC=L : Y64-$0, Yl-$63 

DB0'\,DB7 8 I/O MPV Data bus, three-state I/O common terminal 

M 1 I HD61103A Switch signal to convert liquid crystal 

drive waveform into AC. 

FRM 1 I 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 1 I 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. 

H,4>2 1 I HD61103A 2-phase clock signal for internal operation. 

The 4>1 and 4>2 clocks are used to perform the 

operations (I/O of display data and 

execution of instructions) other than 

display. 

270 
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HD61102 

Terminal Number of 
I/O 

Connected Functions 
name terminals to 

Yl'VY64 64 0 Liquid Liquid crystal display column (segment) 
criptal drive output. 
display 

These pins outputs light ON level when "l" 

is in the display RAM, and light OFF level 

with "O" in it. 

Relation among output level, Mand display 

data (D) is as follows. 

M __r1l___.2__J 
D ___.ITl_QJl1_Q_ 

Output P'~ pl3 .. 1..v2.1 Y4., 
level 

RST 1 I CPU or The following registers can be initialized 
external 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 0 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) "l" corresponds to "High level" in positive logic . 
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•FUNCTION OF EACH BLOCK 

•Interface Control 

(1) I /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 CSl to CS3 are in the 

active mode. Therefore, when CST 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 

CSl to CS3. 

(2) Register 

D/I 

1 

1 

0 

0 

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 

R/W Operation 

1 Reads data out of output register as internal operation 

(display data RAM + output register) 

0 Writes data into input register as internal operation 

(input register + display data RAM) 

1 Busy check. Read of status data. 

0 Instruction 

Q) Input 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 
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When CSl 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, CSl 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 durmny read is necessary. Fig. 5 shows 

the CPU read timing. 

R/W 

E 

Address N+l N+2 
Output :=::::::::::::::::::::::::::::!:::::::::::::::::::::::::~:::::::::::::::::::::::::::::::;::;::::::::::::::::::=;:;::::== 
register [Data at address N [Data at address N+l 

DBO"- 7 Busy I Write I Busy 
check address check 

N 

I Read I Busy I Read I Busy I Data read 
data check data at check address 

(dunnny) address N+l 
N 

Fig. 5 CPU Read Timing 
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• Busy Flag 

"l" 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 ("O") before the issue of instruction. 

E __ ___, 

Busy ______ _. 
flag I I 

I--- T Busy --I 

fCLK is ~l, ~2 frequency 

t Display ON/OFF Flip Flop 

l/fcLK~T Busy~3/fCLK 

Display ON/OFF flip flop selects one of two states, ON state and OFF state 

of segments Yl 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 DBS 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. 

t 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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• X, Y Address Counter 

This is a 9-bit counter which designates addresses of internal display data 

RAM. X address counter of upper 3 bits and Y address counter of lower 6 bits 

should be set each address by respective instruction. 

(1) X address counter 

Ordinary register with no count functions. An address is set in by 

instructions. 

(2) Y address counter 

An address is set in by instruction and it is increased by 1 automatically 

by R/W operations of display data. The Y address counter loops the 

values of 0 to 63 to count. 

• Display Data RAM 

Dot data for display is stored in this RAM. 1-bit data of this RAM 

corresponds to light ON (data=l) and light OFF (data=O) of 1 dot in the 

display panel. The correspondence between Y addresses of RAM and segment 

PINs can be reversed by ADC signal. 

As ADC signal controls Y address counter, a reverse of the signal during 

the operation causes malfunction and destruction of the contents of register 

and data of RAM. Therefore, never fail to connect ADC pin to Vee or GND 

when using. 

Fig. 6 shows the relations between Y address of RAM and segment pins in the 

cases of ADC=l and ADC=O. (display start line=O, 1/64 duty). 
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LCD 

display pattern 

Line o--
Line i --
Line 2---

X=O 

Display 
RAM data 

CO Ml (HD61103A Xl) 

COM2 (HD61103A X2) 

COM3 (HD61103A X3) 

COM4 (HD61103A X4) 

COM5 (HD61103A XS) 

COM6 (HD61103A X6) 

COM7 (HD61103A X7) 

COM8 (HD61103A X8) 

COM9 (HD61103A X9) 

---l--1....::::::i~ ----~ 1-- COM62 (HD61103A X62) 

(HD61103A X63) 

(HD61103A X64) 

-100010 
1 0 0 0 1 0 
100010 

1 1 1 1 1 0 
100010 
1 0 0 0 1 0 

I-- COM63 
- -- -1---1---+--I 

I-- COM64 
--....L.,--'--,---'-,,.-J 

Y62 Y63 Y64 ----1 I:ID61102 PIN NAME 
0 0 0 1 DBO (LSB) 
0 0 0 11--~----~ DBl 

1 0 0 1 DB2 

0 1 0 1 DB3 

0 0 1 1 DB4 
0 0 0 1 DBS 

0 0 0 1 DB6 

X=l I 
000000 

000000 

---

0 0 0 0 1 DB7 (MSB) 
0 0 0 0 

.~ 

0 0 0 !------~ 

0 0 0 !--------' 
0 0 0 !-------

0 1 2 3 4 s 6162 63 ...--1 RAM Y Address 

(a) ADC="l "· (Connected to Vee) 

Fig. 6 Relation between RAM Data and Display 
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LCD 

display pattern 

y y y y y 

64636261 S9 
Line 0--- - 0 1 1 1 0 0 

Line 1- - - 1 O 0 O 1 O 

Line 2---- 1 0 0 0 1 0 

X=O 

Display 
RAM data 

Line 

Line 

1 0 0 0 1 0 
111110 

100010 

1 0 0 0 1 0 
0 0 0 0 0 0 

000000 

01234S 

COMl (HD61103A Xl) 

COM2 (HD61103A X2) 
COM3 (HD61103A X3) 
COM4 (HD61103A X4) 

COMS (HD61103A XS) 
COM6 (HD61103A X6) 
COM7 (HD61103A X7) 

COMB (HD61103A X8) 

COM9 (HD61103A X9) 

-~f----COM62 (HD61103A X62) 
C----COM63 (HD61103A X63) 

-+--+--+--jf----COM64 (HD61103A X64) 

Y3Y2Yl -1 HD61102 PIN NAME I 
0 0 0 1 r---<o-------DBO (LSB) 

0 0 0 1 DBl 
1 0 0 l DB2 

0 1 0 1 DB3 
0 0 1 1 DB4 
0 0 0 1 DBS 

0 0 0 1 DB6 

0 0 0 0 I DB7 (MSB) 
0 0 0 0 

v 
__,__j...---' I I I I 

0 
0 0 0 >------~ 
0 0 0 r------~ 

616263 ~ RAM Y Address 

(b) ADC="O" (Connected to GND) 

Fig. 6 Relation Between RAM Data and Display 
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• Z Address Counter 

The Z address .counter generates addresses for outputting the display data 

synchronized with the conmon signal. This counter consists of 6-bit and 

counts up at the fall of CL signal. With "H" level of FRM, the contents of 

the display start line register is preset at the Z counter. 

• Display data Latch 

The display data latch stores the display data temporarily which is output 

from display data RAM to liquid crystal driving circuit. 

278 

Data is latched .at the rise of CL signal. Display ON/OFF instruction 

controls the data in this latch and does not influence data in display data 

RAM. 

• Liquid Crystal Display Driver Circuit 

The combination of latched display data and M signal causes one of the 4 

liquid crystal driver levels, Vl 1 V2, V3 and V4 to be output. 

• Reset 

The system can be initialized by setting RST terminal at "Low" level when 

turning power ON. 

1) Display-OFF 

2) Set display start line register 0 line. 

While. RST is in Low level, any instruction except Status Read cannot be 

accepted. Therefore, Carry out other instructions after making sure that 

DB4=0 (clear RESET) and DB7=0 (Ready) by Status Read instruction. 

The conditions of Power Supply at initial power up are as follows. 

Item Symbol Min. Typ 

Reset time tRST 1.0 -
Rise time tr - -

Do not fail to set the system again because 

RESET during operation may destroy the data 

in all the register except ON/OFF register 

and in RAM. 

$HITACHI 
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• DISPLAY CONTROL INSTRUCTIONS 

•Outline 

Table 2 shows the instructions. Read/Write (R/W) signal, Data/Instruction 

(D/I) signal and Data bus signal (DBO to DB7) are also called instructions 

because the internal operation depends on the signals from MPU. 

These explanations are detailed from the following page. Generally, there 

are following three kinds of instructions. 

(1) Instruction to give addresses in the internal RAM 

(2) Instruction to transfer data from/to the internal RAM 

(3) Other instructions 

In general use, the instruction (2) are used most frequently. But, since Y 

address of the internal RAM is increased by 1 automatically after writing 

(reading) data, the program can be lessened. During the execution of an 

instruction,. the system cannot accept other instructions than Status Read 

instruction. Send instructions from MPU after making sure if the busy 

flag is "O", which is the proof an instruction is not being excuted. 
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Table 2. Instructions 

Instructions 
Code Functions 

R/W D/I DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Display ON/OFF 0 0 0 0 1 1 1 1 1 1/0 Controls the ON/OFF of display. RAM data and internal 

status are not affected. l:ON, O:OFF. 

Display start 0 0 1 1 display start line (O'V63) Specifies a RAM line displayed at the top of the 
line screen. 

Set page (X 0 0 1 0 1 1 1 Page (O'V 7) Sets the page (X address) of RAM at the page (X address) 
address) register • 

Set Y address 0 0 0 1 Y address (O'V63) Sets the Y address at the Y address counter 

Status Read 1 0 B 0 ON R 0 0 0 0 Reads the status. RESET 1: reset O:normal 
u I E ON/OFF 1: display OFF O:display ON 
s OFF s 
y E Busy 1: on the internal operation 

T 0: Ready 

Write display 0 1 Write Data Writes data DBO (LSB) to DB7 (MSB) Has access to the 

data on the data bus into display RAM. address of the display 

Read display 1 1 Read Data Reads data DBO (LSB) to DB7 (MSB) RAM specified in 

data from the display RAM to the 
advance. After the 

data bus. 
access, Y address is 

increased by 1. 

Note 1) Busy time varies with the frequency (fcLK) of ~l, and ~2. 

(l/fCLK :;; TBUSY :;; 3/fCLK) 

s 
O') 
...... ...... 
0 
N 



HD61102 

• Detailed Explanation 

(1) Display ON/OFF 

R/W 

Code 0 

D/I DB7 

0 0 0 

-- high-order-bit 

1 1 1 1 1 

low-order-bit -

The display data appears when D is 1 and disappears when D is 0. 

Though the data is not on the screen with D;Q, it remains in the 

display data RAM. Therefore, you can make it appear by changing 

D;Q into D;l. 

(2) Display start line 

DBO 

D 

R/W D/I DB7 DBO 

Code 0 0 I 1 I 1 I A I A I A I A I A I A 

.__high-order-bit low-order-bit -

Z address AAAAAA (binary) of the display data RAM is set at the display 

start line register and displayed at the top of the screen. 

Fig. 7 are the examples of display (1/64 duty) when the start line;Q ~ 3. 

When the display duty is 1/64 or more (ex. 1/32, 1/24 etc.), the data 

of total line number of LCD screen, from the line specified by display 

start line instruction, is displayed. 
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CO Ml 
COM2 

COM3 
COM4 
COMS 
COM6 
COM7 
COMB 
COM9 

I 
I 
I 
I 
I 

COM60 
COM61 
COM62 
COM63 
COM64 

CO Ml 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMB 
COM9 

COM60 
COM61 
COM62 
COM63 
COM64 

COMl 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMB 
COM9 

---
---

COM60 
COM61 
COM62 
COM63 
COM64 

Start line=O Start line=l 

CO Ml 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMB 
COM9 

I -- -I 
I 
I 
I ---

COM60 
COM61 
COM62 
COM63 
COM64 

Start line=2 Start line=3 

Fig. 7 Relation Between Start Line and Display 
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HD61102 

(3) Set page (X address) 

(4) 

- high-order-bit low-order-bit _____.. 

X address AAA (binary) of the display data RAM is set at the X address 

register. After that, writing or reading to or from MPU is executed in 

this specified page until the next page is set. 

Set Y address 

R/W D/I DB7 DBO 

'°'"I 
0 0 0 1 A A A 

.- high-order-bit low-order-bit _____.. 

Y address AAAAAA (binary) of the display data RAM is set at the Y 

address counter. After that, Y address counter is increased by l 

every time the data is written or read to or from MPU. 

Y address 
0 1 2 -------------------------61 62 63 

DBO 
2 

DB7 
Page 0 

Fig. 8 Address Configuration of Display Data RAM 
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(5) Status Read 

R/W D/I DB7 DBO 

Cod• I 1 I 0 IBUSY I 0 ION/ 
OFF IRESET[ 0 I 0 I 0 I 0 

- high-order-bit low-order-bit _.,.. 

BUSY: When BUSY is 1, the LSI is in internal operation. No instructions 

are accepted while BUSY is 1, so you should make sure that BUSY 

is 0 before writing the next instruction. 

ON/OFF: This bit shows the liquid crystal display conditions - ON 

condition or OFF condition. 

When ON/OFF is 1, the display is in OFF condition. 

When ON/OFF is 0, the display is in ON condition. 

RESET: RESET=l shows that the system is being initialized. In this 

condition, any instructions except Status Read instruction cannot 

be accepted. 

RESET=O shows that initializing has finished and the system is in 

the usual operation. 

(6) Write Display Data 

R/W D/I DB7 DBO 

Cod• 0 I 1 I 0 I D I D I D I 0 I D I D I D 

~ high-order-bit low-order-bit __.,.. 

Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then 

Y address is increased by 1 automatically. 

(7) Read Display Data 

R/W D/I DB7 DBO 

Code I 1 I 1 I D I D I D I D I D I D I D I D 

~high-order-bit low-order-bit __.,.. 

.HITACHI 
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Read out 8-bit data DDDDDDDD (binary) from the display data RAM. Then 

Y address is increased by 1 automatically. 

One dununy read is necessary soon after the address setting. For details, 

refer to the explanation of output register in "FUNCTION OF EACH BLOCK". 
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•THE USAGE OF HD61102 

• Interface with HD61103A (1/64 duty) 

Rf Cf 

R CR C 

Vee Vee Xl 
Vl VlL,VlR 
V6 V6L,V6R 
vs V5L,V5R 
V2 V2L,V2R 

) 
VEE VEE X64 

GND 

Vee HD61103A 

SHL DL Open 
DSl DR Open 

DS2 
TH 
CLl M M 
FS CL2 CL 
M/S FRM FRM 
FCS 4>1 4>1 
STB 4>2 4>2 

Power supply circuit 
-+sv<vcc)- - - ---1 Vee ADC 

RST 
R3 Vl I 

I 
Rl I 

I 
I 

V3 I 
I 

Rl 

I 
V4 I R2 

I External CR 
I 
I 

Rl 

I 
Rl I 

I 
I 

VEE I 
IR3=15rl 
I 

-lOV I 

CO Ml 

C0M64 

.HITACHI 

LCD Panel 

64 x 64 dots 

""" ..... "' c.!l c.!l 
r:r:i r:r:i 
en en 

Yl ~Y64 

Vee 
HD61102 VlL,VlR 

V2L,V2R 
V3L,V3R 
V4L,V4R 
VEE1,VEE2 

GND 

D 
CPU 
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Vl 
V2 
V3 
V4 
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cpl ----------u---
cp2 1 2 -----~ 

-------
Input 

CL 

FRM 

M 

Xl 

COM X2 

X64 

Y1 

SEG ) 

Y64 

The wave forms of Yl to Y64 outputs vary with the display data. In this 

example, the top line of the panel lights up and other dots do not. 

Fig. 9 LCD Driver Timing Chart (l/64 duty) 
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• Interface with CPU 

a) Example of connection with HD6800 

Decoder 

CSI 
e 

~ 

Vee CS3 

AO D/1 

R/W R/W 

HD6800 HD61102 
<!>2 E 

DO DBO 
e e 

D7 DB7 
Vee 

RES RST 

The example of connection with HD6800 series 

In this decoder, addresses of HD61102 in the address area of HD6800 are: 

Read/Write of the display data 

Write of display instruction 

Read out of status 

$FFFF 

$FFFE 

$FFFE 

Therefore, you can control HD61102 by reading/writing the data at these 

addresses. 
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b) Example of connection with HD680,l 

7418154 

PlO ~A YO 

P11 B Yl 
I 
I 
I P12 c 

Yl5 P13 D 
Gl G2 

(IOS)SCl J "l" 
(R/W)SC2 

Pl4 
HD6801 

E 

P30 
f 31 
I 

(Data bus) : 
P37 

Set HD6801 in Mode 5. 

PlO to Pl4 are used as the 

output port and P30 to P37 

as the 4ata bus. 

7418154 is 4 to 16 decoder and 

genelate chip select signal to 

make specified HD61102 active 

after decoding 4 bits of PlO 

to Pl3. 

Therefore, after making the 

operation possible by PlO to 

Pl3 and specifying D/I signal 

by P14, read/write from/to 

1-r 
I 
I 

i-1-

I 
I 
I 
I 
I 

HD61102 

,ff CSl 
1 -t><> - CS2 

Vee- CS3 

R/W 

D/I 
HD61102 

E No.1 

DBO 

DBl 
I 
I 
I 
I 

DB7 

the external memory area ($0100 to 

$01FE) to control HD61102. 

In this case, IOS signal is output 

from SCl and R/W signal from SC2. 

For details of HD6800 and HD6801, 

refer to the each manual. 
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• Example of Application 

CO Ml 
COM2 
COJ!IT 

I 
I 

...:..-.. Xll--' I 
r- <""l i... X2 I-- I 
~ S 2l x31-- I !-- ,..... ., , I 
~ '° ~ ~ 
L §3 '--'X6.lqol----"'C=QM=6'-'4.!I 

l 
Xl 1----...,.cc.<-o'""Mr.65 ..... , 

~ ,....,. X2 ];ITCOM~7~"' S ~ x31-----="""'.~12,,_,_,J. 
,..... ~ 2 I 
'°"' I § '-'X641-- I 

I 
I 
I 
I 
I 
I 
I 

COM128 

HD61102 
No.9 

Yl--...... Y64 

I-----I 

T-----1 
Yl .-..._ Y64 

HD61102 
No.l 

HD61102 
No.10 -------

Yl --...... Y64 

I-----~ 

LCD Panel 

128 x 480 dots 

1-----I 
Yl ..--...._ Y64 

HD61102 
No.2 

HD61102 
No.16 

Yl-..._ Y32 

r-----1 

I-----1 
y 1 -------.._ y 32 

HD61102 
No.8 

Note) In this example, two HD61103A 1 s output the equivalent waveforms. 

290 

So, stand-alone operation is possible. In this case, connect COMl and 

COM65 to Xl, COM2 and COM66 to X2, ... , and COM64 and COM128 to X64. 

However, for the large screen display, you had better drive in 2 rows 

as this example to guarantee the display quality. 
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HD61103A~~~~~~ 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 

DESCRIPTION 
The HD61103A is a comnon signal driver for 

dot matrix liquid crystal graphic display 

systems. It generates the timing signals 

(switch signal to convert LCD waveform to 

AC, frame synchronous signal) and supplies 

them to the column driver to control 

display. It provides 64 driver output 

lines and the impedance is low enough to 

drive a large screen. 

As the HD61103A is produced in a CMOS 

process, it is fit for use in portable 

battery drive equipments utilizing the 

liquid crystal display's low power consumption. 

The user can easily construct a dot matrix liquid crystal graphic display 

system by combining the HD61103A and the column (segment) driver HD61102. 

•FEATURES 

Dot matrix liquid crystal graphic 

display common driver with low 

impedance. 

Low impedance -1. Skn max. 

Internal liquid crystal display 

driver circuit - 64 circuits 

Internal dynamic display timing 

generator circuit 

Selectable display duty ratio 

factor 1/48, 1/64, 1/96, 1/128. 

Can be used as a column driver 

transferring data serially. 

Low power dissipation 

-- during display SmW 

$HITACHI 

• PIN ARRANGEMENT 

xn 
xn 
x• ' x• .. 
Xl1 . 
XM 
XII 
XII 
xn • 
XII 1 
XII " .. 
XI " XI .. 
xr 
XI 
XI . .. 
XI 
XI 
XI ... 
VIL N 
VIL 
VfL 
VIL 

"" D<. ,. . 

(Top View) 

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

• xa 
X44 .. 

"x• 
"X4f , ... 
• x• 
"x• 

XOI 
•x• 

XU 
XII .. .. 

MXlf 
x• .. .... 
XII 

~ ,. 
x• 
XII ... 
VIR ... 

A VIII 
VIR 
TH 
cu 

• CLI 
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Power supplies Vee - +5V ± 10% 

VEE -0"' -ll.5V 

LCD drive level - 17 .OV max 

CMOS process 

100-pin flat plastic package (FP-100) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Limit 

Power Supply Voltage (1) Vee -0.3"' +7 .o 

Power Supply Voltage (2) VEE VC;c-19.0"' Vee +0.3 

Terminal Voltage (1) VTl -o.3"' Vee +0.3 

Terminal Voltage (2) VT2 VEr0.3"' Vee +0.3 

Operating Temperature Topr -20"' +75 

Storage Temperature Tstg -55 "' +125 

Unit Note 

v 2 

v 5 

v 2, 3 

v 4, 5 

•c 

•c 

Note 1) If LSI's are used beyond absolute maximum ratings, they may be 

permanently destroyed. We strongly reconBI1end you to use the LSI 

within electrical characteristic limits for normal operation, 

because use beyond these conditions will cause malfunction and poor 

re liability. 

Note 2) Based on GND=OV 

Note 3) Applies to input terminals (except VlL, VlR, V2L, V2R, V5L, V5R, 

V6L and V6R) and I/O connnon terminals at high impedance. 

Note 4) Applies to VlL, VlR, V2L, V2R, V5L, V5R, V6L and V6R. 

Note 5) Apply the same value of voltages to VlL and VlR, V2L and V2R, V5L 

and v5R, V6L and V6R, VEE(23 pin) and VEE(58 pin) respectively. 

Maintain Vcc~VlL=VlR~V6L=V6~V5L=V5R 

~V2L=V2R~VEE 
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HD61103A 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (Vcc=+5V ± 10%, GND=OV, VEE=O ~ -ll.5V 

Ta= -20 ~ +75°C) 

Specifications 
Test Item Symbol Test conditions Min Typ Max 

Input "High" voltage VIH 0. 7xVcc - Vee 

Input "Low" vo 1 tage VIL GND - 0.3xVcc 

Output "High" voltage VoH IoH=-0.4mA Vcc-0.4 - -

Output "Low" voltage VoL IoL=+0.4mA - - +0.4 

RON 
Vcc-VEE=lOV 

Vi-Xj ON resistance Load current - - 1.5 
±150µA 

Input Leakage Current IILl Vin=~Vcc -1.0 - +1.0 

Input Leakage Current IIL2 Vin=VEE~Vcc -2.0 - +2.0 

In master mode 
Operating Frequency foprl External clock 50 - 600 

operation 

Operating Frequency fopr2 In slave mode 50 - 1500 Shift register 

Oscillation Frequency fosc Cf=20pF±5% 315 450 585 Rf=47Im±2% 

In master mode 
Dissipation Current IGGl 1/128 duty - - 1.0 (1) Cf =20pF 

Rf=47kl'l 

Dissipation Current 
IGG2 

In slave mode - - 200 (2) 1/128 duty 

Dissipation Current IEE 
In master mode - - 100 1/128 duty 

Unit Note 

v 1 

v 1 

v 2 

v 2 

Kn 3 

µA 4 

µA 5 

kHz 6 

kHz 7 

kHz 8,13 

mA 9,10 

µA 9,11 

µA 9,12 

Note 1) Applies t.o input terminals FS, DSl, DS2, CR, STB, SHL, M/S, FCS, CLl 

and TH and I/O common terminals DL, M, DR and CL2 in the input status. 

Note 2) Applies to output terminals, ~l, ~2 and FRM and I/O common terminals 

DL, M, DR and CL2 in the output status. 

Note 3) Resistance value between terminal X (one of Xl to X64) and terminal 

V (one of VIL, VlR, V2L, V2R, V5L, V5R, V6L and V6R) when load 

cur.rent is applied to each terminal X. 
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HD61103A 

Equivalent circuit between terminal X and terminal V. 

VlL, VlR 
V2L, V2R 
V5L, V5R 
V6L, V6R 

RoN § Temnat x (Xl' X64) 

t 
Connect one of the lines. 

Note 4) Applies to input terminals FS, DSl, DS2, CR, STB, SHL, M/S, FCS, CLl 

and TH, I/O conmon terminals DL, M, DR and CL2 in the input status 

and NC terminals. 

Note 5) Applies to VlL, VlR, V2L, V2R, V5L, V5R, V6L and V6R. 

Don 1 t connect any lines to Xl to X6.4 •. 

Note 6) External clock is as follows. 

External clock 0.7Vcc 
waveform 0.5Vcc 

10.3Vcc 

trcp 

TH TL 

tfcp 

External 
clock J OpenOpen 

I I 

TH 
Duty = Tii+TL x 100% 

Min Typ Max 
Duty 45 50 55 

trcp - - 50 

tfcp - - 50 

Unit 

% 

ns 

ns 

Note 7) Applies to the shift register in the slave m:>de. For details, 

refer to AC Characteristics. 

Note 8) Connect oscillation resistor (Rf) and oscillation capacitance (Cf) 

as shown in this figure. Oscillation frequency (fosc> is twice as 

much as the frequency (f~) at ~l or ~2. 

CR R C 

Cf =20pF 
Rf=47kfl 

~1. ~2 

fosc=2 x f~ 
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HD61103A 

Note 9) No lines are connected to output terminals and current flowing 

through the input circuit is excluded. This value is specified at 

VrH=Vcc and VrL=GND. 

Note 10) This value is specified about current flowing through GND in the 

following conditions: Internal oscillation circuit is used. 

Each terminal of DSl, DS2, FS, SHL, M/S, STB and FCS is connected 

to Vee and each of CLl and TH to GND. Oscillator is set as 

described in Note 8. 

Note 11) This value is specified about current flowing through GND under the 

following conditions: Each terminals of DSl, DS2, FS, SHL, STB, FCS 

and CR is connected to Vee• CLl, TH and M/S to GND and the terminals 

CL2, M and DL are respectively connected to terminals CL2, Mand DL 

of the HD61103A under the condition described in Note 10. 

Note 12) This value is specified about current flowing through VEE under the 

condition described in Note 10). Don't connect any lines to terminal 

v. 

Note 13) This figure shows a typical relation among oscillation frequency, Rf 

and Cf. Oscillation frequency may vary with the 100unting condition. 

'"' 600 N 

E 
t.J 

"' 0 

400 

.... 200 

0 

I 
I I 

--j------T---

: Cf=20pF 

I 
I ., 

---- -1------r---
1 I 

50 100 

Rf (l<ll) 
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• AC Characteristics (Vcc=+5V±l0% GND=OV, VEE• 0 ~ -ll.5V Ta•-20 ~ +75°C) 

(1) In the slave mode (M/S=GND) 

CL2 
(FCS=GND) 
(Shift clock) 

CL2 
(FCS•Vcc) 
(Shift clock) 

DL (SHL=Vcc) 
DR(SHL .. GND) 
Input data 

DR(SHL=Vcc) 
DL(SHL•GND) 
Output data 

Item 

CL2 "Low" level width (FCS=GND) 

CL2 "High" level width (FCS=GND) 

CL2 "Low" level width (FCS=Vcc> 

CL2 ''High" level width (FCS=Vcc> 

Data setup time 

Data hold time 

Data delay time 

Data hold time 

CL2 rise time 

CL2 fall time 

Symbol 

tWLCL2L 

tWHCL2L 

~CL2H 

tWHCL2H 

tDs 

tDH 

tDD 

tDHW 

tr 

tf 

min. typ. max. Unit 

450 - - ns 

150 - - ns 

150 - - ns 

450 - - ns 

100 - - ns 

100 - - ns 

- - 200 ns 

10 - - ns 

- - 30 ns 

- - 30 ns 

Note 1) The following load circuit is connected for specification. 

Output o~------~ 
Terminal l .J; 30pF (Includes jig capacitance) 

$HITACHI 

Note 

1 
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(2) In the master mode 

(M/S=Vcc· FCS=Vcc• Cf=20pF, Rf=47Kl1) 

CL2 

DL(SHL=Vcc) 
DR(SHL-GND) 

tnn tnn 

DR(SHL=Vcc) 0.7Vcc 
DL(SHL=GND) 

FRM 

M 

tf 

.Pl 

tWLcpl 

cj>2 

tr 

tn12 

tWHcpl 

tf tWI.. cj>2 tr 

0. 7Vcc 

0.3Vcc 

tn21 
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Item Symbol min typ max Unit Note 

Data setup time tDs 20 - - µs 

Data hold time tDH 40 - - µs 

Data delay time tDD 5 - - µs 

FRM delay time tDFRM -2 - +2 µs 

M delay time tDM -2 - +2 µs 

CL2 "Low" level width twtc12 35 - - µs 

CL2 "High" level width tWHCL2 35 - - µs 

F "Low" level width tWLH 700 - - ns 

$2 "Low" level width tWL$2 700 - - ns 

$1 "High" level width tWH$1 2100 - - ns 

$2 "High" level width tWH$2 2100 - - ns 

$1-$2 phase difference tD12 700 - - ns 

$2-$1 phase difference tD21 700 - - ns 

H, $2 rise time tr - - 150 ns 

H, $2 fall time tf - - 150 ns 

298 
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HD61103A 

Block Functions 

• Oscillator 

The oscillator is a CR oscillator that generates display timing signals and 

operating clocks for the HD61102. It is required when the HD61103A is used 

with the HP61102. It attaches an oscillation resistor Rf and an oscillation 

capacity Cf as shown in the following figure and terminal §TB is connected 

to "high" level. When using an external cl<>¢k, input the clock into terminal 

CR and don't connect any lines to terminal' 1.l'ari:c:I. c . 
.... -.. 

R CR c 
1 ····.R 

CR c I 
I f I 

Open External Open 

Rf Cf clock 

Oscillator is not required when the HD61103A is used with the HD61830. 

Then, connect terminal CR to ''high" level and don't connect any lines to 

terminals R and C. 

CR 

I + I 
Open Vee Open 

• Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock for 

the HD61102. This circuit is required when th'e HD61103A is used with the 

HD61102. Then connect terminal M/S to ''high" level. (master mode). 

It is not necessary when display timing signal is supplied from other circuits, 

for example, from HD61830. In this case connect the terminals FS, DSl and DS2 

to "high" level and M/S to "low" level. (Slave mode) 

• Bidirectional Shift Register 

300 

This is a 64-bit bidirectional shift register. The data is shifted from DL 

to DR when SHL is at high level and from DR to DL when SHL is at low level. 

In this case, CL2 is used as shift clock. The lowest order bit of the 

bidirectional shift register, which is on the side of DL, corresponds to Xl 

and the highest order bit on the side of DR corresponds to X64. 

$HITACHI 
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HD61103A 

• Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with M signal allows one 

of the four liquid crystal display driver levels Vl, V2, VS and V6 to be 

transferred to the output terminals. 

Data from the 
M Output level shift register 

1 1 V2 

0 1 V6 

1 0 Vl 

0 0 vs 

@HITACHI 
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II HD61103A TERMINAL FUNCTIONS 

Terminal Number of I/O Connected 
name terminalR to 

vec 
GND 
VEE 

VlL,V2L, 
V5L,V6L, 
VlR,V2R, 
V5R,V6R 

M/S 

1 
1 
2. 

i 

8 

1 

Power 
supply 

Power 
supply 

I Vee or 
GND 

Function 

Vcc-GND: Power supply for internal logic. 

Vee-VEE: Power supply for driver circuit 

logic. 

Liquid crystal display driver level power 

supply. 

VlL(VlR), V2L(V2R): Selected level 

VSL(VSR), V6L(V6R): Non-selected level 

voltages of the level power supplies 

connected to VlL and VlR should be the same. 

(This applies to the combination of V2L & 

V2R, VSL & VSR and V6L & V6R respectively) 

Selects Master/Slave 

M/S=Vce: In master mode 

When the HD61103A is used with the HD61102, 

timing generation circuit operates to supply 

display timing signals and operation clock 

to the HD61102. Each of I/O common terminals 

DL, DR, CL2 and M is in ·the output state. 

M/S=GND: In slave mode 

The timing operation circuit stops operating. 

The HD61103A is used in this mode when 

combined with the HD61830. Even if combined 

with the HD61102, this mode is used when 

display timing signals (M, data, CL2 etc.) 

are supplied by another HD61103A in the 

master mode. 

Terminals M and CL2 are in the input state. 

When SHL is Vee, DL is in the input state 

and DR is in the output state. 

When SHL is GND, DL is in the output state 

and DR is in the input state. 

- to be continued 
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HD61103A 

Terminal Number of I/O Connected 
Function name terminals to 

FCS 1 I Vee or Selects shift clock phase 
GND 

FCS=Vcc Shift register operates at the 

rising edge of CL2. Select this 

condition when HD61103A is used with 

HD61102 or when MA of the HD61830 

connects to CL2 in the combination 

with the lID61830. 

FCS=GND Shift register operates at the fall 

of CL2. Select this condition 

when CLl of lID61830 connects to CL2 

in the combination with the 

HD61830. 

FS 1 I Vee or Selects frequency 
GND 

When the frame frequency is 70Hz, the 

oscillation frequency should be: 

fosc=430kHz at FCS=Vcc 

fosc=215kHz at FCS=GND 

This terminal is active only in the master 

mode. Connect it to Vee in the slave mode. 

DS1,DS2 2 I Vee or Selects display duty factor 

GND Display Duty 1/48 1/64 1/96 1/128 

DSl GND GND Vee Vee 
DS2 GND Vee GND Vee 

This terminals are valid only in the master 

mode. Connect them to Vee in the slave 

mode. 

ST;B 1 I Vee or Input terminal for testing 
TH 1 GND 
CLl 1 Connect STB to Vee· 

Connect TH and CLl to GND. 

CR,R,C 3 Oscillator. 

In the master mode, use these terminals as 

shown below. 

- to be continued 
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Terminal Number of Connected 
name terminals I/O to 

CR,R,C 3 

cj>l, 4>2 2 

FRM 1 

M 1 

0 HD61102 

0 HD61102 

I/O MB of 
HD61830 

or 
M of 
HD61102 

Function 

Usage of these terminal in the master mode 
Internal oscillation External clock 

Rf Cf Open 
I c-i:t=J 

I R I R CR c ! 

External 
clock Open 

I I 
CR 

In the slave mode, stop the oscillator as 

shown below. 

Open Vee Open 

I 
I I I 

I R CR c 

Operating clock output terminals for the 

HD61102. 

Master mode: Connect these terminals to 

terminals cj>l and cj>2 of the 

HD61102 respectively. 

Slave mode : Don't connect any lines to 

these terminals. 

Frame signal 

Master mode: Connect this terminal to 

terminals FRM of the HD61102. 

Slave mode : Don't connect any lines to 

this terminal. 

Signal to convert LCD driver signal into AC. 

Master mode: Output terminal. 

Connect this terminal to 

terminal M of the HD61102. 

Slave mode : Input terminal. 

Connect this terminal to 

terminal MB of the HD61830: 

CL2 1 I/O CLl or MA Shift clock 
of HD61830 

or 
CL of 
HD61102 

Master mode: Output terminal 

Connect this terminal to 

terminal CL of the HD61102. 

$HITACHI - to be continued 
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Terminal Number of I/O Connected Function name terminals to 

CL2 1 I/O CLl or MA Slave mode : Input' terminal 
of IID61830 Connect this terminal to or 
CL of terminal CLl or MA of the 
HD61102 

IID61830. 

DL, DR 2 I/O Open or Data I/O terminals of bidirectional shift 
FLM of register. IID61830 

DL corresponds to Xl's side and DR to X64's 

side. 

Master mode : Output collllllOn scanning 

signal. 

Don't connect any lines to 

these terminals normally. 

Slave mode : Connect terminal FLM of the 

HD61830 to DL (when SHL=Vcc> 

or DR (when SHL=GND) 

M/S Vee GND 

SHL Vee GND Vee GND 

DL Output Output Input Outp.ut 

DR Output Output Output Input 

NC 5 Open Not used. 

Don't connect any lines to this terminal. 

SHL 1 I Vee or Selects shift direction of bidirectional 
GND shift register. 

SHL Shift direction Common scanning direction 

Vee DL - DR Xl - X64 
GND DL - DR Xl - X64 

Xl"-X64 64 0 Liquid Liquid crystal display driver output. 
crystal 
display Output one of the four liquid crystal display 

driver levels Vl, V2, VS and V6 with the 

combination of the data from the shift 

register and M signal. 

- to be continued 
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Terminal Number of 1/0 Connected Functions name terminals to 

Xl'VX64 64 0 Liquid 
crystal M _J 1 I 0 r 
display 

Data ~ 
Output I· V2 ·I· V6 .1. Vl .1. V5 .. 1 level 

Data "1" - Selected level 

"O" - Non-selected level 

When SHL is Vee, Xl corresponds to COMl and 

X64 corresponds to COM64. 

When SHL is GND, X64 corresponds to COMl and 

Xl corresponds to COM64. 

~HITACHI 
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HD61103A Connection List 

"' ..... "' ..... 
' = ...:i '-' "' "' :s E-< '-' "" "" "" 

A L L L L H H 

B L L L H H H 

c L L L H H H 

L 
D H L L H H or 

L 

L 
E H L L H H or 

L 

F L L L H H H 

N 

I~ "' ~ ~ 

"" '-' 

H H H -

H H H -

H H H -

L Rf Rf 
H 

H Cf 

L Rf Rf 
H 

H Cf 

H H H -

H ... Vee} Fixed 
L ••• GND 

'-' 
<j>l 4>2 

- - -

- - -

- - -

to <j>l to 4>2 
of of 

Cf HD61102 HD61102 

to <j>l to <j>2 
of of 

Cf HD61102 HD61102 

- - -

"-" means,e "open". 

FRM M CL2 ...:i = "' 

from MB from CLl H 

- of of 
HD61830 HD61830 

L 

from MJ1 from MA 
H 

- of of 
HD61830 HD61830 

L 

from MB from MA 
H 

- of of 
HD61830 HD61830 

L 

to FRM to M I to CL H 
of of of 

~HD61102 HD61102 HD61102 L 

to M to CL of H to FRM 
of 

of HD61102 

HD61102 
HD61102 to CL2 of 

HD61103AJ HD61103A 
L 

from M from CL2 H 
of of -

jHD61103AJ HD61103A 
No.l No.l 

L 

Rf ••• Oscillation resistor 
ef ... Oscillation capacity 

DL 

from FLM 
of 

HD61830 

-

from FLM 
of 

HD61830 

to DL/DR 
of 

HD61103A 
No.2 

from DL/DR 
of 

HD61103A 
No.l 

-

-

-

-

to DL/DR 
of 

HD61103A 
No.2 
from DL/DR 

of 
HD61103A 
No.l 

-

DR 

-

from FLM 
of 

HD61830 

to DL/DR 
of 

HD61103A 
No.2 

from FLM 
of 

HD61830 

-

from DL/DR 
of 

HD61103A 
No.l 

-
-

to D~/DR 
of 

HD61103A 
No.2 

-

-

from DL7DR 
of 

HD61103A 
No.l 

Xl "' X64 

CO Ml 'VCOM64 

COM64 'VCOMl 

CO Ml 'VCQM64 

COM64 "'COMl 

COM65 "'C0Ml28 

COM128'VCOM65 

CO Ml "'COM64 

COM64 "-lCOMl 

CO Ml "'C0M64 

COM64 'VCOMl 

CO Ml "'C0M64 

COM64 "-COMl 

CJ) 
m 

~ ~ 
0 
z 
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t1 
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~ 
~ 
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HD61103A 

Outline of HD61103A System Configuration 

1) Use with HD61830 

a) When display duty ratio of LCD is more than 1/64 

HD61830 

HD61830 

HD61830 
----.-~ 

CO Ml 
COM64 

LCD 

LCD 
CO Ml 
COM64 
CO Ml 

COM64 

CO Ml 

COM64 
CO Ml 
COM64 

Upper 

Lower 

LCD 

Upper, 

Lower 

One HD61103A drives 
collD!lon signals. 

One HD61103A drives 
common signals for 
upper and lower 
panels. 

Two HD61103A's drive 
upper and lower 
panel separately 
to ensure the 
quality of display. 
No.land No.2 
operate in parallel. 

b) When display duty ratio,1of LCD is from 1/65 to 1/128 

LCD 

LCD 
COMl 

COM128 
~-----<~COMl 

COM128 

LCD 

Upper 

Lower 

Upper 

Lower 

Two HD61103A's 
connected serially 
drive collD!lOn signals. 

Two HD61103A' s 
connected serially 
drive upper and 
lower panels in 
parallel. 

Two sets of 
HD61103A's connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of display. 

@HITACHI 

Refer to 
Connection list 'A' 

Refer to 
Connection list 'A' 

For both of No. l 
and No.2, refer to 
Connection list 'A' 

Refer to 
Connection list 'B' 
for No.1. 
Refer to Connection 
list 'C' for No.2. 

Ref er to 
Connection list 'B' 
for No.1. 
Refer to Connection 
list 'C' for No.2. 

Refer to 
Connection list 'B' 
for No.l and 3. 
Refer to 
Connection list 'C' 
for No.2 and 4. 
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2) Use with HD61102 (1/64 duty) 

LCD 

HD61102 LCD 

Upper 

Lower 

LCD 

Upper 

Lower 

One HD61103A drives 
common signals and 
supplies timing 
signals to the 
HD61102' s. 

One HD61103A drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61102's. 

Two HD61103A's drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No.l supplies 
timing signals to 
No.2 and the 
HD61102' s • 

• HITACHI 

HD61103A 

Refer to 
Connection list 'Du 

Ref er to 
Connection list 'D' 

Ref er to 
Connection list 'E' 
for No. l 

Refer to 
Connection list 'F' 
for No.2 
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• Example of Connection 1) 

0 Use with HD61102 (RAM type segment driver) 

a) 1/64 duty ratio (See Connection List "D") 

c Xl 
Cf (X64) CO Ml 

CR } ) Rf ...:i 

+SV(Vcc) R II LCD panel 

Vee Iii X64 COM64 en (Xl) R3Vl VlL,VlR ..... 
co 

Rl R3V6 
V6L,V6R 

., 
•.-l 

Rl 
V3 ;:!j 

M M 

R2 0 CL2 CL HD61102 
...... V4 ...... FRM FRM 
>D 

Rl R3vs fil <j>l <j>l 
VSL,VSR <1>2 <1>2 

Rl R3V2 Vee 
V2L,V2R V1V3V4V28@ffi 

VEE 
SHL >c:!>> 

VEE DSl 

Contrast DS2 
-lOV TH 

ov GND CLl 
FS 

Open DL M/S 
Open DR FCS 

STii 
R3=15n 

Note 1) The values of Rl and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of Rl and R2 should satisfy 

Rl 1 
4Rl + R2 = 9 

For example, 

Rl=31d'l, R2=151d'l 

310 
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Example of Waveform (RAM type, 1/64 duty) 

c ruuuumru JU1MJUl 
H Ulru---lJlflf 
,, TIT:::iHJT 

', ---

Note) Phase difference between DL(DR) and CL2 

~2~ 
CL2 

DL : L 
(DR)_s-

1IlflJ 
:L 

l__ 
' ---

CL2 IlflM~~-----~~~==-1UU1fl1L~~~~~=====~ruw 
H::: n"' Hi: 

FRM ~ ~--------- i i i ----------~ ill 
I I I 1 I I I I I 

DL I I I I I I I I I I I I I I 

(DR)JfUJ_fr· ~.. I ----------- m~" : ----------- rr· I'." 
(~~) --------- : i l -------- - '11 : --1 I I i ! ! --------- Ll M " I I ., " l ~ I 

: [ __ l_~~~-- I I 1 frame I 

I I I I -f1 Xl Vl I I 1 I -------- Vl 
(X64) V6 I I I V6 I I 

1 lvs ________ GJ I 1 

: I I I I I -WI I 

cxX::3)~6 vi ---MJ66 v6 ----------
~ ~ ~ ---------- ~ 

( ) ••• at SHL='L' 

::r: 
t:J 
0) 
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........ 
0 
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HD61103A 

Example of Connection 2) 

• Use with 1ID61830 (Display controller) 

a) 1/64 duty ratio (See Connection List "A") 

Open c Xl CO Ml 
Vee CR (X64) 

) Open R ~ LCD panel 

Vee Vee X64 COM64 ,...... (Xl) ...... Vl ~ .._, VlL,VlR 
~ 

II 

0 V6 V6L,V6R s:J ..... Cl) ., 
cJ ., 
Qj <II 
§ 

"' 
M MB 

0 ..... CL2 CLl CJ vs V5L,V5R 1ID61830 
""" DL(DR) FLM 0 

Qj V2 V2L,V2R < (Display Controller) ...... "" DR(DL) Open 
~ 

0 ...... 
...... 

M "" "" §3 Vee 
Qj 

VEE VEE SHL Qj 
Cl) 

DSl 
GND GND DS2 

TH 

CLl 
FS 

Open FRM M/S 
Open cjil FCS 
Open cji2 STB 
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Example of Waveform a) 1/64 duty ratio 
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""' a:> 
...... 

'° @ 
s 
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---- ----------

MB I" 1 frame •I" 1 frame ·L 
FLM n __J L____ ______ _ ~n ---------~ 

1 2 3 4 64 1 2 3 64 1 

CLl ~~~ ~~~~~JJU__L_-_-_----~--~~~-JLJL 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 

Xl ~Vl : : I I ----------~ 
V6 I V6 

(X64) I I ivs ------- I : i 
I 1 I I 
I I I 
I I : I I I 

Vl j I I I I 

vs --------~-------- i 
I I I I 
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HD61103A 

b) 1/100 duty ratio (See Connection List 'B' 'C') 

~ 
0 

·.-< 

'"' () 
Q) 

§ 
0 

(.) 

..... 
0 

Q) 
.-< 
p. 

~ 
)<: 
~ 

Vl 

V6 

vs 

V2 

---~r-------.--!4VlL,VlR 

r----....+-HV6L,V6R 
----~ ~----+-+-+-+-tVSL,VSR 

...----.H--+-+-14 V2L, V2R ):; 

.----+-+-+-+-+-<VEE ~ 
en 

GND 3 

~ VEE-------. 
cn "- GND-------!-.1 

Vee 
It' 

S HLI-----+--< 

DSll-----+--< 
D S 21--+---< 

TH I--< 

,..:i CLll--< 

II FS 1-----t-1 

~ M/SI-

~COMl 

) ) 
~----COM64 

FLMl-
MA t---' 

MB t--

Xl l-J 
(X64) ) 1M65 

Vee 
) ,1---r COMlOO 

X36 
'--I VlL, VlR :.. (X2 g ~ 

'---1 V6L, V6R ~ 11 

'-----1 VSL, VSR ~ p3 SHLt----
cn cn 

~V2L,V2R......, .., DSlt---4 

'-+-----1VEE ;;!l "' DS21---4 
o en .___ __ , GND .-< N ·.-< 

Open---1 C 

Vee ------1 CR 
Open---1 R 

.HITACHI 

TH h 
CLlH 
FS 1---t--' 

M/SH 
FCS 1---t-< 

STBt-+-+ 

m 
Vee 

LCD 
Panel 
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Example of Waveform b) l /l 00 duty 

I ~ 1 frame _j,. --- ---===:i 
,..... ------- _ ----i 1 frame~ 
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HD61200------
(LCD Driver with SO-Channel Output) 

316 

DESCRIPTION 
The HD61200 is a colume driver LSI for 

a large-area dot matrix LCD. This 

employs 1/32 or more duty multiplexing 

method. It receives serial display 

data from a microcomputer or a display 

control LSI, HD61830, etc., and 

generates liquid crystal driving 

signals. 

• FEATURES 

• Liquid crystal display driver with 

serial/parallel conversion 

function. 

e Internal liquid crystal display 

driver ...•... 80 drivers 

• Drives liquid crystal panels with 

1/32 - 1/128 duty multiplexing. 

• Capable of interfacing to LCD 

controllers, HD61830 and HD61830B. 

• Data transfer rate .... 2.5 MHz max 

e Power supply 

Vee - SV±l0% (Internal logic) 

• Power supply voltage for liquid 

crystal display drive ... 8V ~ 17V 

• CMOS process 

• 100-pin flat plastic package (FP-lOb) 

(FP-100) 

• PIN ARRANGEMENT 

o:;R::l;t;st~::; !l!ll:S:.~!;:;~; ~ ;;~ 
>>>>>>>>>>>>>>>>>>>> 

JIDDJ $l"ll~ll~Jil~ll.!Jlm 

& & 
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~:t+ ~:: 
h h 
h ~ y,, Ysa 
Y22 Ys1 
h ~ 
Y211 Y61 
YI~ YM 
Yu YH 
Yu Y" 
h h 
Y1s YM 
h ~ 
h & 
h & 
h h 
Y10 Yn 
~ h 
~ h 
~ h 
~ h 
~ h 
~ h 
~ h 
~ h 
Y1 30 I Y111 

"Gliillm!!JIBl~u·l!!Qlll!lm•~·~'!m~~~·~~o·~~~ 
~~~~~~d~ffid6~~~~~~~~$ 

(Top View) 
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HD61200 

Ill ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage (1) vee -0.3 to +7.0 v 2 

Supply voltage (2) VEE Vcc-19.0 to Vcc+0.3 v 

Terminal voltage (1) VTl -0.3 to Vee +0.3 v 2, 

Terminal voltage (2) VT2 VEE-0.3 to Vcc+0.3 v 4 

Operating temperature Topr -20 to +75 •e 

Storage temperature Tstg -55 to +125 •e 

(Note 1) LSl's may be permanently destroyed if being used beyond the 

absolute maximum ratings. In ordinary operation, it is 

desirable to use them within the limits of electrical 

characteristics, because using beyond these conditions may 

cause malfunction and poor reliability. 

(Note 2) All voltage values are referred to GND=OV. 

3 

(Note 3) Applies to input terminals, FCS, SHI., CLl, CL2, DL, DR, E and 

M. 

(Note 4) Applies to VlL, VlR v21, V2R, v31 , v3R, v41 and v4R. Must 

maintain 

Connect a protection resistor of 47n±10% to each terminals in 

series. 
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318 

II ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS 
(Vcc=5V±l0%, GND=OV, Vcc-VEE=8V~l7V Ta=-2~75°C) 

Item Symbol Test Condition Min 

Input "High'1 voltage VrH o. 7xVcc 

Input "Low" voltage VIL 0 

Output "High" voltage VoH IoH=-400µA vcc-o.4 

Output "Low" voltage VOL IOL=400µA -

Driver ON Resistance RoN 
Load current= -lOOµA 

Input Leakage Current IILl Vrn=O to Vee -1 

Input Leakage Current IIL2 Vrn=VEE to vcc -2 

Dissipation Current(!) IGND -
Dissipation Current(2) IEE -

Typ. 

-
-
-
-

-

-
-
-
-

(Note 1) Applies to CLl, CL2, SHL, E, M, DL and DR. 

(Note 2) Applies to CAR. 

Max 

Vee 

0.3xVcc 

-
0.4 

7.5 

1 

2 

1.0 

0.1 

(Note 3) Applies to VIL• vlR• V2L• V2R• V3L• V3R• V4L and V4R· 

Unit 

v 

v 

v 

v 

kQ 

µA 

µA 

mA 

mA 

(Note 4) Specified when display data is transfered under following 

conditions. 

CL2 frequency fcP2 = 2.5MHz (data transfer rate) 

CLl frequency fcp1 = 4.48kHz(data latch frequency) 

M frequency fM = 35Hz (frame frequency/2) 

Specified at VIH=Vcc (V), VIL=OV and no load on outputs. 

IGND currents between Vee and GND. 

IEE currents between Vee and VEE· 

Note 

1 

1 

2 

2 

5 

1 

3 

4 

4 

(Note 5) Resistance between terminal Y and terminal V (one of VIL, VlR, 

V2L, V2R, V3L, V3R, V4L and V4R) when load current flows through 

one of the terminals Yl to Y80. This value is specified under 

the following condition. 

VCC - VEE = 17 V 

VlL=VlR, V3L=V3R VCC-2/7(VCC-VEE) 

V2L=V2R, V4L=V4R VEE+2/7(VCC-VEE) 
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VlL, VlR -----o 
V3L, V3R-----o 

V4L, V4R-----o 
Terminal Y 
(Yl "-' Y80) 

HD61200 

V2L, V2R------o---<>--"'I\/\~--' 

Here is a description of the range of power supply voltage for liquid 

crystal display drive. Apply positive voltage to VlL=VlR and V3L=V3R 

and negative voltage to V2L=V2R and V4L=V4R within the 6V range. This 

range allows stable impedance on driver output (RON). Notice the 6V 

depends on power supply voltage VCC-VEE. 

-..---------~vcc 
Vl (VlL=VlR) 

6V 
----·V3 (V3L=V3R) 

- ---------·V4 (V4L=V4R) 

---------------V2(V2L=V2R) 
VEE 

Correlation between Driver Output 

Waveform and Power Supply Voltages 

for Liquid Crystal Display Drive 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

3 ------------

8 17 
VCC - VEE (V) 

Correlation between Power 

Supply Voltage VCC-VEE and 6V 
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II TERMINAL CONFIGURATION 

• Input Terminal 

Vee 

PMOS 

NMOS 

e Input Terminal (with Enable) 

Vee Vee 

rl PMOS PMOS 

NMOS 

Enable -------1 

• Output Terminal 

Vee 

PMOS 

NMOS 

• Output Terminal 

PMOS 

Vee 
..i=-

PMOS 

NMOS 

NMOS 

Applicable terminals 
CLl, CL2, SHL, E, M 

Applicable terminal: DL DR 

Applicable terminal CAR 

Applicable terminals: 
Yl "'Y80 

Vu, V11 

Vu, Vu 

Vu, V41 

Vu, V21 

VE£ ~HITACHI 
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HD61200 

e AC CHARACTERISTICS 

(Vcc=5V±l0%, GND=OV, Ta=-21>v +75°C) 

Item Symbol Test Condition Min. Typ. Max. Unit Note 

Clock cycle time tCYC 400 - - ns 

Clock high level width tcWH 150 - - ns 

Clock low level width tcwr. 150 - - ns 

Clock setup time tscL 100 - - ns 

Clock hold time tHCL 100 - - ns 

Clock rise/fall time tct - - 30 ns 

Clock phase different time tCL 100 - - ns 

Data setup time tDsu 80 - - ns 

Data hold time tDH 100 - - ns 

E setup time tESU 200 - - ns 

Output delay time tDcAR - - 300 ns 1 

M phase difference time tcM - - 300 ns 

(Note 1) The following load circuits are connected for specification: 

test point o-o ---~ 

· 1l tcwn "' *'°•' 
CLl -----t-cL-J-"~ tscL }@-~-H-CL _____ t_c_y_c ____ _ 

CL2 

tCWH 
___ t....;c"'t tct 

DL(DR) 

CLl Vrn 

CL2 

M 
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HD61200 

~ BLOCK FUNCTION 

• Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 and M signal causes 

one of the 4 liquid crystal driver levels, Vl, V2, VJ and V4 to be output. 

• 80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of CLl and output to 

liquid crystal display driver circuit. 

e S/P 

Serial/Parallel conversion circuit which converts 1-bit data into 4-bit 

data. When SHL is "L" level, data from DL is converted into 4-bit data 

and transferred to the latch circuit 1. In this case, don't connect any 

lines to terminal DR. 

When SHL is "H" level, input data from terminal DR without connecting any 

lines to terminal DL. 

• 80-bit Latch Circuit 1 

The 4-bit data is latched at ~l ~ ~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 ... +l). 

• Selector 

The selector decodes output signals from the counter and generates latch 

clock ~l to ~20. When the LSI is not active, ~l ~ ~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 "l", 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 "O", 

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 CLl. 

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 CLl and the number of bit which can be S/P-converted increases 

by connecting CAR terminal with E terminal of the next HD61200. 

@HITACHI 323 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD61200 

II TERMINAL FUNCTIONS DESCRIPTION 

Terminal Number of 
1/0 

Connected Functions 
name terminals to 

Vee 1 Power Vcc-GND : Power supply for internal logic 
GND 1 supply 

Vee-VEE Power supply for LCD drive 
VEE 1 

: 

circuit 

VlL"'V4L 8 Power Power supply for liquid crystal drive 

Vrn-vV4R 
supply 

VlL (Vrn)' V2L (VzR) ••• selection level 

V3L (V3R), V4L Cv4R) ..• non-selection level 

Power supplies connected with v1L and 

V1RCV2L & VzR• V3L & v3R• V4L & V4R) 

should have the same voltages. 

Yl"'Y80 80 0 LCD Liquid crystal driver outputs 

Selects one of the 4 levels, Vl, V2, 

V3 and V4. 

Relation among output level, M and 

display data (D) is as follows. 

M ~ 
D ~ 

Output 
1~;1y~1J~1y~1 level 

M 1 I Controller Switch signal to convert liquid crystal 

drive waveform into AC. 

Synchronous Signal (a counter is 

reset at "High" level) 

CLl 1 I Controller Latch clock of display data (fall edge 

trigger). 

Synchronizing with the fall of CLl, 

liquid crystal driver signals corres-

ponding to the display data are output. 

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

Fall edge trigger 
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Terminal Number of I/O Connected 
Functions name terminals to 

DL, DR 2 I Controller 1Input of serial display data (D) 

(D) Liquid crystal Liquid crystal 
driver output display 

1 (H level) selection ON 
level 

0 (L level) non-selection OFF 
level 

SHL 1 I Vee or GND Selects a shift direction of serial 

data. 

When the serial data (D) is input in 

order of Dl-+- ••• -+1>80, the relations 

between the data (D) and output Y are 

as follows. 

SHL Y1 Y2 Y3 .... Y80 

"L" Dl D2 D3 .... D80 

"H" D80 D79 D78 .... Dl 

When SHL is "L", data is input from 

the terminal DL. Any lines should not 

be connected to the terminal DR. 

When SHL is "H", the relation between 

DL and DR reverses. 

y 1 I GND or the Controls the S/P conversion. 
terminal The operation stops with "H" level, CAR. of the 
HD61200 and the S/P conversion starts with 

"L" level. 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 325 



HD61200 

Terminal Number of I/O Connected Functions 
name terminals to 

CAR 1 0 the input Used for cascade connection with the 
terminal E HD61200 to increase the number of bit of the 
HD61200 which can be S/P converted. 

FCS 1 I GND Input terminal for test. 

Connect to GND. 

II THE OPERATION OF THE HD61200 

326 

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 

crysta1 display and connection to HD61200 's. Fig. 2 shows a time chart 

of I/O signals of HD61200 
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HD61200 

COMl --- 1, 1, 1, 1, 1 , 1, 1, 1, 
1 2 80 81 82 160 161 240 

I---+---+- - - --!---+---+---!-- - - - ----i------t---ff- - - - - - --+--
-

2, 2, 2, 2, 2, 2, 2, 2, 
COM2 1 2 80 81 82 160 161 240 

I----+---+-- -- - --r---r-----t----t- - - - - --+---+---+- - - - - - --+--
COM3 --- 31, 3, 3, 3, 

2 80 240 
I---+---+-· - - - -+---t---f--1- - - - - ----+---+---+-- - - -- - -+--

LCD-PANEL (64 x 240 Dots) 

I---+---+-- - - -+---t--1---+- - - - - ---r----t---+- -- - -- - --+---1 

COM63 --- ~3 • ~ 3 • ~5' 
- - -+----+----!--+-- - - - - - --r---r---t- - - - - -

COM64- 64, 64, 64, 64, 64, 
1 2 80 81 82 

Yl Y2 Y80 Y1 Y2 

64, 
160 

Y80 Y1 

63, 
240 
64, 
240 

Y80 

HD61200 (NO. l) HD61200 (NO. 2) HD61200 (NO. 3) 

!i3 ~ ;j :::J ...:I p:l 
ll>lu:if%<)E:UU~~ I~ lr.i 

!i3 ~ ;j :::J ...:I p:l,~ 
u:ir..;:E:uu~~u 

53~ ~:::J ...:I p:ll~ 
Ir.I Ul r.. ;:E: U U ~ ~ U 

1II l ll l ll 
l>l l>l 
p., p., 
0 0 

MO
CLl 00--------<~-1------------->-+-t-------~ 
cL20-o------_.-1--------------+--------~ 

DATA On-------_. __________ _. _________ ~ 

Fig. l LCD driver with 64 x 240 dots 

11 
r.l l>l 
p., p., 
oo 

Cascade three HD61200 s. Input data to the terminal DL of NO.I, N0.2 and 

N0.3. Connect E of NO.l to GND. Don't connect any lines to CAR of N0.3. 

Connect common signal terminals (COMl ~ COM64) to Xl ~ X64 of common 

driver HD61203. (m,n) of LCD panel is the address corresponding to each 

dot. 
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M I I I 
CLl I I 

CL2 i..p_.ru-ut---J1.IU1.IU1..h.n--- .f1..fl..fl.Il.---JlJlIUlJ1.fL 
DL ~---~---~---~ 

mcN0.1.).J I E'CNo.2) L.I ------11----------·--+-----------' 
- I I I ...J...-CAR(NQ2).J I E(NQ3) I I I I j 
CAR(N03) I 1 I 

I I I I 
I 

Yl~YSO~"'I'----------------------------...... --------------"'~ 

M 

CLl 

CL2 

DL 

Yl~Y80 

M 

CLl 

I r----------------------------------------~ 
I 

4- ~ n__ ---- -1L n rL 
Juul. ------- .nnnnnnn -------MMIU1M -- - - 1J1J1IWUUUL -- -- JUUUUUUl - -- - - 1IllU$. ·-------~ -------~ ----
' I 

~----~ -----~ 
~~ ~ 

~-----__,x X:: 
I ~ * c=----

1 

1 FRAME ------------------~ 
i----
1 

! I I I I I I I I I I L I I I I I I J l I I I 

Yl(NQl) ------- -------:xx:x:x::x::x:: 
Y2~Ql) --- -- -- ------ :x:x:x:x:x::x:: 
YSO~NQl) ------- -------::x::xm:x:x:: 
Y80(N0.3) -- - -- - - -----. -:xx:x:x::x::x:: 

I 
I 

Timing 
chart 
of 
horizontal 
direction 

Timing 
chart 
of 
vertical 
direction 

Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 

Timing chart in the example of connection of Fig.l. DL input (m,n) is the data which corresponds to each 
address (m,n) of LCD panel. 

Fig. 2 HD61200 Timing Chart 
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en ..... 
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HD61200 

•EXAMPLE OF APPLICATION 

• An example of 12a x 240 dot liquid crystal display (1/64 duty) 

/ 240 dots 

~ 

/n - Y80 /n -Yao /n --- YaO ...... 
HD61200 (NO. l) HD61200 (N0.2) HD61200 (NO. 3) °' ~ 

p. 

!il~ ~~~~ ~"' ..... "' ~ !il~ j~~~~ 0 
::i:: t.> ~~ ~~ rt 

1"'1 <ll ""x t.> t.> i:::i !"'1 <ll"" :I:: t.> t.> i:::i i:::i 1"'1 <ll"" :I:: t.> t.> i:::i i:::i "' JJ,.J, L_JJ,.J, L_j,.J,,.J, '-' 

~ ., 

DATA(l) 
M 

CLl 
CL2 

DATA(2) .~ .., 
H 

ill 

l 
x 

c-=tfr 

l l 

~ J C..l 

l ~ ...... 
1"'1 i;j<ll:l::,....N~~e li>ls<llE:,....N~~ (ll>li;j~ ..... "'~~~ °' "'~ noi=ii:::i 

t.> ~ ~i:::ii:::i noi=ii=i< ~ 

"'"" t.> t.> "'"" p. 

HD61200 ·(NO. 4) HD61200 (N0.6) 
0 

HD61200 (N0.5) rt 

"' yao- YI/ YaO -Yl,/ Yao- Yl/ 
'-' 

Liquid crystal panel is divided into upper and lower parts. These two 

parts are driven separately. HD61200s of No.1 ~ No.3 drive upper half. 

Serial data, which are input from DATA (1) terminal, appear at Y1 + Y2 + 

-- Yao terminal of No.I, then at Y1 + Y2+-- Yao of No.2 and then at 

Y1 + Y2 + -- Yao of No.3 in order where they were input. (in the case 

of SHL=L). HD61200s of No.4 ~ No.6 drive lower half. Serial data, which 

are input from DATA (2) terminal, appear at Yao + T19 + -- Y1 of No.4, 

then at Yao + Y79 + -- Y1 of No.5 and then Yao + Y79 + -- Y1 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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HD61202~~~~~~-
< Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 

DESCRIPTION 

HD61202 is a column (segment) driver 

for dot matrix liquid crystal graphic 

display systems. It stores the display 

data transferred from a 8-bit micro

computer in the internal display RAM 

and generates dot matrix liquid crystal 

driving signals. 

Each bit data of display RAM corres

ponds to ON/OFF of each dot of liquid 

crystal display to provide more 

flexible display. 

As it is internally equipped with 64 

output drivers for display, it is 

available for liquid crystal graphic 

display with many dots. 

The HD61202 which is produced in the 

CMOS process, can accomplish a 

portable battery drive equipment by 

combining a CMOS micro-computer, 

utilizing the liquid crystal display's 

lower power dissipation. 

Moreover it can facilitate dot matrix 

liquid crystal graphic display system 

configuration by combining the row 

(common) driver HD61203. 

• FEATURES 

(FP-100) 

• PIN ARRANGEMENT 

ADC 
M 

Vee 
v •• 
v .. 

~::H-
V£E2 
y .. 
Y .. 
y., 
YO> 
y., 
y,, 

"' y., 
y,. 
y,. 
y,. 
Yu 
y., 
y,. 
y., 
v .. 
Yu ,., 
v .. 
y., 
y .. 
Yo 

~ -N.J"~l!nju;jrHOOuuucEcOQSOOi:Oiil 
~~~~uo~=~uuzzzocoaoc . . ~ 

;;: l;j ............. Ill 

(Top View) 

DB• 
DBo 
GND 
Vu 
v,, 

7 Vu. 
v., 
VEEI 
y, 
y, 
y, 
y, 
y, 
Yo 
y, 
Yo 
y, 
y., 
Yu 
Yn 
Yu 
Yu 
Yn 
y,. 
y., 
v .. 
y., 
y., 
y,. 
Yu 

e Dot matrix liquid crystal graphic display column driver incorporating 

display RAM. 

• RAM data direct display by internal display RAM 

RAM bit data "l" ••••.•••••. ON 

RAM bit data "O" OFF 

e Internal display RAM address counter preset, increment 

e Display RAM capacity ••..••• il!i.. 512 bytes (4096 bits) 
'$'HITACHI 
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HD61202 

e 8-bit parallel interface 

e Internal liquid crystal display driver circuit .......... 64 

e Display duty 

Drives liquid crystal panels with 1/32 ~ 1/64 duty multiplexing. 

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 ± 10% 

e Liquid crystal display driving voltage ___ 8V ~ 17.0V 

e CMOS process 

e 100 - pin flat plastic package (FP-100) 

II ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Vee -0.3 ~ +7 .o v 2 
Supply voltage 

VEEl 
VEE2 Vee -19.0 ~ Vee +0.3 v 3 

Terminal voltage (1) VTI VEE -0.3 ~ Vee +0.3 v 4 

Terminal voltage (2) VT2 -0.3 ~ Vee +0.3 v 2' 

Operating temperature To pr -20 ~ +75 oc 
Storage temperature Tstg -55 ~ +125 oc 

(Note 1) LSI's may be destroyed for ever, if being used beyond the 

absolute maximum ratings. 

5 

In ordinary operation, it is desirable to use them observing 

the reconunended 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 VEE 1 and VEE2· 

(Note 4) Applies to VlL, V2L, V3L, V4L, VlR, V2R, V3R and V4R. 

Maintain 

Vcc?;VlL=VlR?;V3L=V3R?;V4L=V4R?;V2L=V2R?;VEE 

(Note 5) Applies to M, FRM, CL, RST, ADC, ~l, ~2, CSl, CS2, CS3, E, R/W, 

D/I, and DB~7. 
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332 

Ill ELECTRICAL CHARACTERISTICS 
(GND=OV, VCC=4.5 ~ 5.5V, Vcc-VEE=8~17.0V, Ta=-20~+75°C) 

Item Symbol Test condition 
Limit junit 

Min. Typ. Max. 

"High" voltage Vrnc O. 7xVcc - Vee v 
Input 

VIHT 2.0 - Vee v 

VILC 0 - O. 3xVcq v 
Input "Low" voltage 

VILT 0 - 0.8 v 
Output "High" voltage VoH IOH=-205µA 2.4 - - v 
Output "Low" voltage VOL IOL=l. 6mA - - 0.4 v 
Input leakage current Iu Vin=GNJY\,Vcc -1.0 - +1.0 µA 

Three state (OFF) 
1TSL Vin=GND~Vcc -5.0 - +5.0 µA 

input current 

Liquid crystal supply 
hSL Vin=VEE~Vcc -2.0 - +2.0 µA 

leakage current 

Driver ON resistance RoN 
Vcc-VEE=l5V - - 7.5 k>l 
±IwAD=O. lmA 

Icc(l) During display - - 100 µA 

Dissipation current During access 
Icc(2) cycle= - - 500 µA 

access lMHz 

(Note 1) Applies to M, FRM, CL, RST, $1 and qi2. 

(Note 2) Applies to CSl, CS2, CS3, E, R/W, D/I and DBO ~ 7. 

(Note 3) Applies to DBO ~ 7. 

(Note 4) Applies to terminals except for DBO ~ 7. 

(Note 5) Applies to DBO ~ 7 at high impedance. 

(Note 6) Applies to VlL ~ V4L and VlR ~ V4R. 

(Note 7) Specified when liquid crystal display is in 1/64 duty. 

Operation frequency fCLK=250 kHz (4>1 and 4>2 frequency) 

Frame frequency fM = 70 Hz (FRM frequency) 

Specified in the state of 

Output terminal ----- not loaded 

Input level --------- VIH=Vcc(V) 

VIL=GND (V) 

Measured at Vee terminal 
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(Note 8) Resistance between terminal Y and terminal V (one of VlL, VlR, 

V2L, V2R, V3L, V3R, V4L and V4R) when load current flows through 

one of the terminals Yl to Y64. This value is specified under 

the following condition. 

VlL, 

V3L, 

V4L, 

V2L, 

VCC - VEE 15.5V 

VlL=VlR, V3L=V3R VCC-2/7 (VCC-VEE) 

V2L=V2R, V4L=V4R VEE+2/7 (VCC-VEE) 

VlR 

V3R 

V4R 

V2R 

Terminal Y 
(Yl "' Y64) 

Here is a description of the range of power supply voltage for liquid 

crystal display drive. Apply positive voltage to VlL=VlR and V3L=V3R 

and negative voltage to V2L=V2R and V4L=V4R within the ~V range. 

This range allows stable impedance on driver output (RON). Notice that 

~V depends on power supply voltage VCC-VEE. 

~r-~~~~~~~~~VCC 
--------v1 (VlL=VlR) 

~v 
-- ---V3 (V3L=V3R) 

-- ----------v4 (V4L=V4) 

---------------V2 (V2L=V2R) 
VEE 

Correlation between Driver 

Output Waveform and Power 

Supply Voltages for Liquid 

Crystal Display Drive 

:> 
<J 

5.0 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

3 ------- -----

8 17.0 
VCC - VEE (V) 

Correlation between Power 

Supply Voltage VCC-VEE and ~V 
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II Terminal Configuration 

e Input Terminal 

Vee 

PMJS 

NMJS 

e Input/Output Terminal 

Applicable terminals : 
M, FRM, CL, RST, ~l, ~2, CS!, ~. CS3, 
E, R/W, D/I, ADC 

Applicable terminals DB0"-DB7 
circuit) 

1 Data 
I I 

~~~~~~~~~iNMOS i 
I I 
I I 
L_ ________ J(Output circuit 

(three state)) 

• Output Terminal 

Applicable terminals: 

..c Y1 "'Y64 
PMOS 

VlL,VlR 
Vee 
~ PMOS 

V3L,V3R 
Vee 
..i=- NMJS 

VEE 
V4L,V4R 

...c:- NMJS 
V2L,V2R 

VEE 

334 
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e INTERFACE AC CHARACTERISTICS 

(1) MPU Interface 

(GND=OV, Vcc=4.5 ~ 5.5V, Ta=-2~+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 PwEL 450 - - ns 1, 2 

E rise time tr - - 25 ns 1, 2 

E fall time tf - - 25 ns 1, 2 

Address setup time tAs 140 - - ns 1, 2 

Address hold time tAH 10 - - ns 1, 2 

Data setup time tDsw 200 - - ns 1 

Data delay time tDDR - - 320 ns 2, 3 

Data hold time (Write) tDHW 10 - - ns 1 

Data hold t;ime (Read) tDHR 20 - - ns 2 

(Note l) (Note 2) 

E E 

R/W R/W 

CSl<v 3 
D/I 

CSl<v 3 
D/I 

Fig. 1 CPU Write Timing Fig. 2 CPU Read Timing 

(Note 3) DBO ~ 7 load circuit 

Test 
point 

R 

Dl RL 

D2 
D3 
D4 

RL=2.4KQ 

R =lllm 

C =130pF (including jig capacity) 

Diodes Dl to D4 are all 182074@. 
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(2) Clock Timing 

(GND=OV, Vcc=4.5 ~ 5.5V, Ta=-2~+75°C) 

Item Symbol Test Limit Unit 
condition Min. Typ. Max. 

H, <1>2 cycle time tcyc Fig. 3 2.5 - 20 )JS 

cl>l "Low" level width ~cl>l Fig. 3 625 - - ns 

<1>2 "Low" level width tWLcj>2 Fig. 3 625 - - ns 

cj>l "High" level width tWHcj>l Fig. 3 1875 - - ns 

<1>2 "High" level width tWHcj>2 Fig. 3 1875 - - ns 

cj>l-cj>2 phase difference tn12 Fig. 3 625 - - ns 

<1>2-cj>l phase difference tn21 Fig. 3 625 - - ns 

cj>l, <!>2 rise time tr Fig. 3 - - 150 ns 

cl>l, cj>2 fall time tf Fig. 3 - - 150 ns 

tcyc 
tf tr twc1>1 

cl>l 
0.7Vcc 

tWLcj>l 
tn12 

cj>2 0.7Vcc 
tWHcj>2 

tcyc 

Fig. 3 External Clock Waveform 
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(3) Display Control Timing 

(GND=OV, Vcc=4.5 ~ 5.5V, Ta=-2~+75°C) 

Item Symbol 

FRM delay time tDFRM 

M delay time tnM 

CL "Low" level width twr.cL 

CL "High" level width tWHCL 

0.7Vcc 
tWLCL 

CL 
0.3Vcc 

tDFRM 

0.7Vcc 
FRM 0.3Vcc 

M 

Test 
condition 

Fig. 4 

Fig. 4 

Fig. 4 

Fig. 4 

O. 7Vcc 
0.3Vcc 

Limit 
Min. Typ. 

-2 -
-2 -

35 -
35 -

Fig. 4 Display Control Signal Waveform 

.HITACHI 
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Max. 
Unit 

+2 µs 

+2 µs 

- µs 

- µs 
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• BLOCK DIAGRAM 

'-----I,..., N "'Liquid crystal dis- N "' ~ 1-----' 

M-}-_1::::=:=::=::=::~l:_J.:.[_jp~la~y~d!rii~v~err~c~i~·r~c~u~i~t~'°:l'°:i'°~'::-=-=-=-=-=-=-=-=_J 

,...., N "' Display data latch ~ ~ ~ 

"" Q) 

"" .... Q) .... 
ADC-1-----<1~ § ~ 

i::: 

i-.----+---+----4--CL 
1-+-----t-----t--FRM 

Vee 
GND 

VEEl 
VEE2 

0 <11 
() .... 

"' 
<11 ., 
"" ., 

Q) >. 
"" <11 

"" ...... 

"' p. 
<11 ., 
~ 

..... 
i::l 

"' 
r---
1 Instruction 

register 

Input 

.... . .... 
.0 

'° "' 0 
~ 

00 00 

::s 
0 

'° 
() 

., .... "" ., 
"" 

Q) 
QJ <11 .... 
"" .... ., 
"" ., ..... 
"" oc 

<11 >. QJ 

N <11 "" ...... 
p. Q) ., i::: ..... ..... 
i::l ...... 

---------, 
I 
I 
I 
I 
I 

...... 1 

~I 
~I 
81 
QJ I 
o I register 

Output 
register 

I 
I 
I 
I ~I 

~I 
~I 
HI 

00 

l _______ _ 

00 

I/O buffer 

I 
_ ________ _J 

00 

"' .... Cl) ix:i u i::l 

Ii<~ ~ 2 
u ~ i::l 0 

I§ ix:i 
i::l 
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• TERMINAL FUNCTIONS 

Terminal 
name 

Vee 
GND 

VEE 1 
VEE 2 

VIL, VlR 
V2L, V2R 
V3L, V3R 
V4L, V4R 

CSl 
CS2 
CS3 

E 

Number of 
terminals 

2 

2 

8 

3 

1 

I/O 
Connected 

to 

Power 
supply 

Power 
supply 

Power 
supply 

I MPU 

I MPU 

HD61202 

Functions 

Power supply for internal logic. 

Recommended voltage is 

GND = OV 

vcc = sv ± 10% 

Power supply for liquid crystal 

display drive circuit. 

Recommended power supply voltage is 

Vcc-VEE=8 ~ 15.SV. Connect the same 

power supply to VEEl and VEE2. 

VEEl and VEE2 are not connected each 

other in the LSI. 

Power supply for liquid crystal 

display drive. 

Apply the voltage specified depending 

on liquid crystals within the limit 

of VEE through Vee· 
VlL(VlR), V2L(V2R)---Selection level 

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

level 

Power supplies connected with VIL and 

VlR (V2L & V2R, V3L & V3R, V4L & V4R) 

should have the same voltages. 

Chip selection. 

Data can be input or output when the 

terminals are in the next conditions. 

Terminal name CSl CS2 ffi 

Condition 'L' 'L' 'H' 

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 

R/W 

D/I 

ADC 

DBD'VDB7 

M 

FRM 

CL 

Number of 
terminals 

1 

1 

1 

8 

1 

1 

1 

I/O Connected 
to 

I MPU 

I MPU 

I Vcc/GND 

I/O MPU 

I HD61203 

I HD61203 

I HD61203 

..... 

Functions 

Read/Write 

R/W=H : Data appears at DBO to DB7 

and can be read by the CPU 

When E=H, CSl, CS2=L and 

CS3=H. 

R/W=L : DBO to DB7 can accept at 

fall of E when~. CS2=L 

and CS3=H. 

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. 

Address control signal determine the 

relation between Y address of display 

RAM and terminals from which the data 

is output. 

ADC=H : Yl-$0, Y64-$63 

ADC=L : Y64-$0, Yl-$63 

Data bus, three-state I/O common 

terminal 

Switch signal to convert liquid crystal 

drive waveform into AC. 

Display synchronous signal (frame 

signal). 

This signal pres~ts the 6-bit display 

line counter and synchronizes a common 

signal with the frame timing when the 

FRM signal becomes high. 

Synchronous signal to latch display 

data. The CL signal indicates to 

count up the display output adress 

counter and latch the display data at 

rising • 

...... IAILirfT 
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Terminal 
name 

cf>l,cf>2 

Yl"-Y64 

NC 

Number of 
terminals 

2 

64 

1 

3 

I/O 

I 

Connected 
to 

HD61203 

0 Liquid 

I 

crystal 
display 

CPU or 
external 
CR 

Open 

HD61202 

Functions 

2-phase clock signal for internal 

operation. 

The cf>l and cf>2 clocks are used to 

perform the operations (I/O of display 

data and execution of instructions) 

other than display. 

Liquid crystal display column (segment) 

drive output. 

These pins outputs light ON level when 

"l" is in the display RAM, and light 

OFF level with "O" in it. 

Relation among output level, Mand 

display data (D) is as follows. 

M~ 

D~ 

~~~:~t 1~~1r~1~~1~~1 
The following registers can be 

initialized by setting the RST signal 

to "Low" level. 

(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. 

Unused terminals. Don't connect any 

lines to these terminals. 

(Note) "l" corresponds to "High level" in positive logic. 
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Ill FUNCTION OF EACH BLOCK 

• Interface Control 

(1) I/O 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 CSl to CS3 are in the 

active mode. Therefore, when CSl 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 CSl to CS3. 

(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 

Q) Input 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. 

When.CS! 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. 

.HITACHI 
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@ 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, 

CSl 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 in

struction, 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 dunnny 

read is necessary. Fig. 5 shows the CPU read timing. 

E 

Address N N+ 1 N+2 
~~~~~~er:=:=:=:=:=:=:=::::=:=:::::=:=:::;:Jo=a~t=a:=a=t=.a=dd=r=e=s=s=N~J=o=a=ta==a=t=a=d=d=r=es=s==N+l 

DBO"' 7 

•Busy Flag 

Busy I Write 1 Busy I Read I Busy I Read I 
check address check data check data at 

N (dummy) address 
N 

Fig. 5 CPU Read Timing 

Busy !Data read 
check address 

N+l 

"l" of busy flag indicates that HD61202 is on the move and any instruc

tions 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 ("O") before the issue of instruction. 

E __ ........ 

Busy~-----~ 
flag I I 

~ T Busy --.j 

fcLK is ~l, ~2 frequency 
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e Display ON/OFF Flip Flop 

Display ON/OFF flip flop selects one of two states, ON state and OFF state 

of segments Yl 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 

DBS 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 Regi"ster 

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 instruc

ting 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. 

• X, Y Address Counter 

This is a 9-bit counter which designates addresses of internal display 

data RAM. X address counter of upper 3 bits and Y address counter of 

lower 6 bits should be set each address by respective instruction. 

(1) X address counter 

Ordinary register with no count functions. An address is set in by 

ins true tions. 

(2) Y address counter 

An address is set in by instruction and it is increased by 1 auto

matically by R/W operations of display data. The Y address counter 

loops the values of 0 to 63 to count. 

e Display Data RAM 

Dot data for display is stored in this RAM. 1-bit data of this RAM 

corresponds to light ON (data=l) and light OFF (data=O) of 1 dot in the 

display panel. The correspondence between Y addresses of RAM and segment 

PINs can be reversed by ADC sige\=.iTACHI 
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As ADC signal controls Y address counter, a reverse of the signal during 

the operation causes malfunction and destruction of the contents of 

register and data of RAM. Therefore, never fail to connect ADC pin to 

Vee or GND when using. 

Fig. 6 shows the relations between Y address of RAM and segment pins in 

the cases of ADC=l and ADC=O. (display start line=O, 1/64 duty). 
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CO Ml (HD61203 Xl) 

COM2 (HD61203 X2) 

COM3 (HD61203 X3) 

COM4 (HD61203 X4) 

LCD COMS (HD61203 XS) 

display pattern COM6 (HD61203 X6) 
(HD61203 X7) 

346 

COM7 
COMB 
COM9 

'""'1--+-+-T- --- -~i-- COM62 

t--- COM63 
-t--t--t---1!--- COM64 

(HD61203 XS) 

(HD61203 X9) 

(HD61203 X62) 

(HD61203 X63) 
(HD61203 X64) 

Y Y2Y3Y4YSY6 
y y 
62 63 Y64 .-j HD61202 PIN NAME 

Line O -- - - 0 1 1 1 0 0 0 0 0 1 f-------- DBO (LSB) 

Line 1. - - - - 1 0 0 0 1 0 
Line 2--- 1 0 0 0 1 0 

X=O 

Display 
RAM data 

X=l 

100010 
1 1 1 1 1 0 
100010 
1 0 0 0 1 0 
000000 

J oooooo 

01234S 

---

0 0 0 1 DBl 
1 0 0 1 DB2 
0 1 0 1 DB3 
0 0 1 1 DB4 
0 0 0 1 DBS 
0 0 0 1 DB6 
0 0 0 0 DB7 (MSB) 

0 0 0 0 l 
~I I 

6162 63 +1 RAM Y Address 

(a) ADC="l" (Connected to Vee) 

Fig. 6 Relation between RAM Data and Display 
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LCD 
display pattern 

Line 0---

Line 1---

Line 2----

X=O 

Display 
RAM data 

Line 

Line 

X=lJ 

X=1 62---

63-- -

y y y y y 

64 63 62 61 S9 
0 1 1 1 0 0 

1 0 0 0 1 0 
1 0 0 0 1 0 

1 0 0 0 1 0 
1 1 1 1 1 0 
1 0 0 0 1 0 
1 0 0 0 1 0 
0 0 0 0 0 0 

0 0 0 0 0 0 

---
~ 1 r-
0 1 0 0 0 0 
1 1 1 1 1 0 
0 0 0 0 0 0 

111111 
01234S 

CO Ml (IID61203 Xl) 

COM2 (HD61203 X2) 
COM3 (HD61203 X3) 

COM4 (HD61203 X4) 

COMS (HD61203 XS) 
COM6 (HD61203 X6) 
COM7 (HD61203 xn 
COMB (HD61203 X8) 

COM9 (HD61203 X9) 

~ -r l----COM62 (HD61 203 X62) 
203 X63) 
203 X64) 

0 

0 -
1 

0 
-

0 

l--COM63 (IID61 
l----COM64 (HD61 

Y3 Y2 Yl -1 HD61202 
0 0 1 

0 0 1 

0 0 1 

1 0 1 
0 1 1 

PIN NAME I 
DBO (LSB) 
DBl 
DB2 
DB3 

DB4 

0 0 0 1 DBS 

0 0 0 1 DB6 

0 0 0 0 

I 0 0 0 0 

v 
- I I I 

DB7 (MSB) 

0 
0 0 0 I-------' 

616263 .--1 RAMY Address 

(b) ADC="O" (Connected to GND) 

Fig. 6 Relation Between RAM Data and Display 
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348 

• Z Address Counter 

The Z address counter generates addresses for outputting the display data 

synchronized with the co11DDOn signal. This counter consists of 6-bit and 

counts up at the fall of CL signal. With "H" level of FRM, the contents 

of the display start line register is preset at the Z counter. 

• Display data Latch 

The display data latch stores the display data temporarily which is 

output from display data RAM to liquid crystal driving circuit. 

Data is latched at the rise of CL signal. Display ON/OFF instruction 

controls the data in this latch and does not influence data in display 

data RAM. 

• Liquid Crystal Display Driver Circuit 

The combination of latched display data and M signal causes one of the 4 

liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 

• Reset 

The system can be initialized by setting RST terminal at "Low" level 

when turning .power ON. 

1) Display-OFF 

2) Set display start line register 0 line. 

While RST is in Low level, any instruction except Status Read cannot be 

accepted. Therefore, Carry out other instructions after making sure 

that DB4=0 (clear RESET) and DB7=0 (Ready) by Status Read instruction. 

The conditions of Power Supply at initial power up are as follows. 

Item Symbol Min. Typ. 

Reset time tRST 1.0 -
Rise time tr - -

Do not fail to set the system again because 

RESET during operation may destroy the data 

in all the register except.ON/OFF register 

and in RAM. 

@HITACHI 

Max. Unit 

µs -
200 ns 

Vee 
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•Display Control Instructions 

• Outline 

Table 2 shows the instructions. Read/Write (R/W) signal, Data/Instruction 

(D/I) signal and Data bus signal (DBO to DB7) are also called instructions 

because the internal operation depends on the signals from MPU. 

These explanations are detailed from the following page. Generally, 

there are following three kinds of instructions. 

(1) Instruction to give addresses in the internal RAM 

(2) Instruction to transfer data from/to the internal RAM 

(3) Other instructions 

In general use, the instruction (2) are used most frequently. But, since 

Y address of the internal RAM is increased by 1 automatically after 

writing (reading) data, the program can be lessened. During the 

execution of an instruction, the system cannot accept other instructions 

than Status Read instruction. Send instructions from MPU after making 

sure if the busy flag is "O", which is the proof an instruction is not 

being excuted. 
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Table 2. Instructions 

Instructions Code Functions R/W D/I DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO 

Display ON/OFF 0 0 0 0 1 1 1 1 1 1/0 Controls the ON/OFF of display. RAM data and internal 

status are not affected. l:ON, O:OFF • 

Display start 0 0 1 1 display start line Specifies a RAM line displayed at the top of the screen. 
line ((}\.63) 

Set page (X 0 0 1 0 1 1 1 Page ((}\.7) Sets the page (X address) of RAM at the page (X address) 
address) register • 

Set Address 0 0 0 1 Y address ((}\.63) Sets the Y address at the Y address counter 

Status Read 1 0 B 0 ON R 0 0 0 0 Reads the status. RESET 1: reset O:normal 
u I E ON/OFF 1: display OFF O:display ON s OFF s 
y E Busy 1: on the internal operation 

T 0: Ready 

Write deisplay 0 1 Write Data Writes data DBO (LSB) to DB7 (MSB) Has access to the 
data on the data bus into display RAM. address of the display 

Read display 1 1 Read Data Reads data DBO (LSB) to DB7 (MSB) RAM specified in 

data from the display RAM to the advance. After the 

data bus. access, Y address is 

increased by 1. 

Note 1) Busy time varies with the frequency (fcLK) of ~l, and ~2. 

(l/fcLK ~ TBUSy ~ 3/fcLK) 

8 
en ...... 
N 
0 
N 
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• Detailed Explanation 

(1) Display ON/OFF 

Code 

R/W D/I DB7 DBO 

0 0 0 0 1 1 1 1 D 

...... high-order-bit low-order-bit -

The display data appears when D is 1 and disappears when D is 0. 

Though the data is not on the screen width D=O, it remains in the 

display data RAM. Therefore, you can make it appear by changing 

D=O into D=l. 

(2) Display start line 

R/W D/I DB7 DBO 

Code 0 0 

,.__ high-order-bit low-order-bit -

Z address AAAAAA (binary) of the display data RAM is set at the 

display start line register and displayed at the top of the screen. 

Fig. 7 are the examples of display (1/64 duty) when the start 

line=O ~ 3. When the display duty is 1/64 or more (ex. 1/32, 1/24 

etc.), the data of total line number of LCD screen, from the line 

specified by display start line instruction, is displayed. 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 351 



HD61202 

CO Ml 
COM2 

COM3 
COM4 
COM5 
COM6 
COM7 
COMB 
COM9 

I 
I 
I 
I 
I 

COM60 
COM61 
COM62 
COM63 
COM64 

COMl 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COMB 
COM9 

COM60 
COM61 
COM62 
COM63 
COM64 

Start line=O 

Start line=2 

CO Ml 
COM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COMB 
COM9 

I 
I 
I 
I 
I 

COM60 
COM61 
COM62 
COM63 
COM64 

CO Ml 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COMB 
COM9 

COM60 
COM61 
COM62 
COM63 
COM64 

Fig. 7 Relation Between Start Line and Display 

@HITACHI 

Start line=l 

---

Start line=3 
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(3) Set page (X address) 

R/W D/I DB7 

Cod• I 0 0 1 0 

- high-order-bit low-order-bit __.. 

X address AAA (binary) of the <lisplay data RAM is set at the X 

address register. After that, writing or reading to or from MPU is 

executed in this specified page until the next page is set. 

(4) Set Y address 

R/W D/I DB7 DBO 

Code'-~o~---~o~.._-0~...._~l~.._-A~......_~A~"'--A~ ........ ~A~·'~A~~'~-A---' 
-- high-order-bit low-order-bit ___. 

Y address AAAAAA (binary) of the display data RAM is set at the Y 

address counter. After that, Y address counter is increased by 1 

every time the data is written or read to or from MPU. 

Y address 
0 1 2 -------------------------61 62 63 

DBO 

) 2 Page 0 x 0 
DB7 

DBO 

) x 2 Page 1 1 
DB7 

i..---

,...-- ____, 
DBO 

J 
2 Page 6 x = 6 

DB7 

DBO 

) x = 2 Page 7 7 
DB7 

Fig. 8 Address Configuration of Display Data RAM 
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(5) Status Read 

R/W D/I DB7 DBO 

0 ION/ 
OFF IRESETI 0 I 0 I 0 I 0 

- high-order-bit low-order-bit ____. 

BUSY: When BUSY is 1, the LSI is in internal operation. No 

instructions are accepted while BUSY is 1, so you should 

make sure that BUSY is 0 before writing the next instruc

tion. 

ON/OFF: This bit shows the liquid crystal display conditions - ON 

condition or OFF condition. 

When ON/OFF is 1, the display is in OFF condition. 

When ON/OFF is 0, the display is in ON condition. 

RESET: RESET=l shows that the system is being initialized. In 

this condition, any instructions except Status Read 

instruction cannot be accepted. 

RESET=O shows that initializing has finished and the system 

is in the usual operation. 

(6) Write Display Data 

R/W D/I DB7 DBO 

.-- high-order-bit low-order-bit _... 

Writes 8-bit data DDDDDDDD (binary) into the display data RAM. 

Then Y address is increased by 1 automatically. 

(7) Read Display Data 

R/W D /I DB7 DBO 

Code I 1 I 1 I D I D I D I D I D I D I D I D 

.-- high-order-bit low-order-bit _... 
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Read out 8-bit data DDDDDDDD (binary) from the display data RAM. Then 

Y address is increased by 1 automatically. 

One dullllllY read is necessary soon after the address setting. For details, 

refer to the explanation of output register in "FUNCTION OF EACH BLOCK". 
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Ill The Usage of HD61202 

• Inter-face with HD61203 (1/64 duty) 

Rf Cf 

R CR C 

Vee Vee 
Vl VlL,VlR 
V6 V6L,V6R 
vs VSL,VSR 
V2 V2L,V2R 

VEE VEE 

GND 

Vee HD61203 

SHL 
DSl 
DS2 
TH 
CLl 
FS 
M/S 
FCS 
STB 

Power supply circuit 
-+sv<vcc)-'- - - ---j 

R3 Vl I 
I 
I 
I 
I 
I 
I 
I 
l 

Xl 

) 
X64 

DL 
DR 

M 
CL2 
FRM 
<j>l 
<j>2 

Vee 

Open 
Open 

M 
CL 
FRM 
<j>l 
<j>2 

ADC 
RST 

I External CR 

-lOV 

I 
I 
I 
I 
I 
I 
I 
I R3=15S1 
I 
I 

CO Ml 

COM64 

~HITACHI 

LCD Panel 

64 x 64 dots 

"'" ..... '° {.!) C!l 
I>'! I>'! 
en en 

Yl ~Y64 

Vee 
HD61202 VlL,VlR 

V2L,V2R 
V3L,V3R 
V4L,V4R 
VEE1,VEE2 

GND 

D 
CPU 
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~l 

Input 

CL 

FRM 

M 

Xl 

COM X2 

X64 

Yl 

SEG ) 

Y64 

-----~ 

-----~ 

--2 1 

\ 
\ -- ---

\ -
~-----~-~---~ 

~ H I I ------~-----JJ-L --t1 I-+-+-- I I I 1-+-__ g_} I : ------~. : 1 frame ~ 1 
1 frame : ----- I 

I I 1 : : : I I I I I I I 
111 I I 1ln I 111 

I I V6 - - - - - I I 1 I I I 
I I I VS i!iru 
I I I I t - - - - - I I V2 

11 ~Ill Vl 11 
I I I V6 I 1v6 I I I I I I V6 

Js ! n r------- I I VS VS -----~ i!li µLJ 111 I I Iii 
I 1 I I I I I I I 

1v111 I I 111 I I ~1 J1 
I v6 I I I I I I I v6 

I ----- I I I I ~ --j i ! ! vs ! ----- I I 
11111 ~11, 
I I I I I I I I I I I I I 
I : I I I I I I I I I I I 
I 1 I I I I I I I I I I I 
I 1 I I 1 I I I I I 1 I I 
l11v1I I Ill I I unll Vl 

I I I I I I I -----lTW-+-1 I I v I I _vf!_ - --
1 I I I V2 I I I 

I I I I I I I I I I I 
I 1 I Vl I I I I I I I illll I I Vl 

I I I I I I I ------ntJ-+-1 I I v I I YL __ 
I I I I I I I V2 I I I 1 

Selected Non-selected I 
1411 •111111 • 

The wave forms of Yl to Y64 outputs vary with the display data. In this 

example, the top line of the panel lights up and other dots do not. 

Fig. 9 LCD Driver Timing Chart (1/64 duty} 
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II Interface with CPU 

a) Example of connection with HD6800 

Decoder 

CS1 
CS2 

Vee CS3 

AO D/I 

R/W R/W 

HD6800 HD61202 
<1>2 E 

DO DBO 
C' C' 

D7 DB7 
Vee 

RES RST 

The example of connection with HD6800 series 

In this decoder, addresses of HD61202 in the address area of HD6800 are: 

Read/Write of the display data $FFFF 

Write of display instruction $FFFE 

Read out of status $FFFE 

Therefore, you can control HD61202 by reading/writing the data at these 

addresses. 
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b) Example of connection with HD6801 

74LS154 

PIO A YO 

Pll ~B 
Yl 

I 
I 

P12 c I 

' 
P13 ~n 

YlS 

Gl G2 

(IOS)SCl J ,.), 
(R/W)SC2 

P14 
HD6801 

E 

P30 
:pl 
I 

(Data bus) I 

' 
P37 

• Set HD6801 in Mode 5. 

PIO to P14 are used as the 

output port and P30 to P37 

as the data bus. 

1-j-
I 
I 

~ 

I 
I 
I 
I 

e 74LS154 is 4 to 16 decoder and 

HD61202 

~ 
CSl 

1 ~ CS2 ...... 
Vcc----1 CS3 

R/W 

D/I 
HD61202 

E No.1 

DBO 

DBl 
I 
I 
I 
I 

DB7 

the external memory area ($0100 

to $01FE) to control HD61202. 

In this case, IOS signal is 

output from SCI and R/W signal 

from SC2. 

generate chip select signal to • For details of HD6800 and HD6801, 

make specified HD61202 active refer to the each manual. 

after decoding 4 bits of PIO 

to P13. 

e Therefore, after making the 

operation possible by PIO to 

P13 and specifying D/I signal 

by P14, read/write from/to. 
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~ Example of Application 

CO Ml 
COM2 
COM:f"' 

I 
I 

Xll- I 
..-8'j:;' X21-- I * N 2l X3 1--- I 
b:C: :! 2 I 
~ !i3 cx6 .. 1i1----"'co"-'Mc:::6c:o:4.i 

l Xl COM65 
C"'),..... x2 1----¥o~Mh1A1~' "'1 
~ ~ X3 1----"'c,,CMu16~1:7~ 1 
,.... "' I '° ..... 2 
!i3ex64f-- i 

I 
I 
I 
I 
I 
I 
I 

COM128 

HD61202 
No.9 

Yl--...... Y64 

I------

1------T 
Yl--.....Y64 

HD61202 
No.l 

HD61202 HD61202 
No.10 ------- No.16 

Yl--...... Y64 

J----i 

LCD Panel 

128 x 480 dots 

T-----I 

Yl ~ Y32 

l----1 

T------T 
Yl ....--... Y64 Y1 --.._ Y32 

HD61202 -------- HD61202 
No.2 No.8 

Note) In this example, two HD61203 's output the equivalent waveforms. 

So, stand-alone operation is possible. In this case, connect COMl 

and COM65 to Xl, COM2 and COM66 to X2, ••• , and COM64 and COM128 

to X64. However, for the large screen display, you had better 

drive in 2 rows as this example to guarantee the display quality. 
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HD61203-------
< Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 

DESCRIPTION 
The HD61203 is a common signal driver 

for dot matrix liquid crystal graphic 

display systems. It generates the 

timing signals (switch signal to 

convert LCD waveform to AC, frame 

synchronous signal) and supplies them 

to the column driver to control 

display. It provides 64 driver output 

lines and the impedance is low enough 

to drive a large screen. 

(FP-100) As the HD61203 is produced in a CMOS 

process, it is fit for use in portable 

battery drive equipments utilizing the 

liquid crystal display's low power 

consumption. The user can easily 

construct a dot matrix liquid crystal 

graphic display system by combining 

the HD61203 and the column (segment) 

driver -HD61202 • 

• PIN ARRANGEMENT 

• FEATURES 

e Dot matrix liquid crystal graphic 

display common driver with low 

impedance. 

e Low impedance -- l.Skn max. 

• Internal liquid crystal display 

driver circuit -- 64 circuits 

• Internal dynamic display timing 

generator circuit 

e Di-splay duty 

When used with the column driver HD61202 

1/48, 1/64, 1/96, 1/128 

When used with the column driver HD61200 

Selectable out of 1/32 to 1/128 

(Top View) 
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e Low power dissipation 

- during display 5mW 

• Power supplies : Vee 5V ± 10% 

• Power supply voltage for liquid crystal display drive ••••••••. 8V ~ 17V 

e CMOS process 

• 100-pin flat plastic package (FP-100) 

II Absolute Maximum Ratings 

Item Symbol Limit Unit Note 

Power Supply Voltage (1) Vee -0.3~+7.0 v 2 

Power Supply Voltage (2) VEE vcc-19.0 ~_Vee +0.3 v 5 

Terminal Voltage (1) VTl -o.3 ~ Vee +o.3 v 2, 3 

Terminal Voltage (2) VT2 VEE-0 . 3 ~ Vee +0.3 v 4, 5 

Operating Temperature To pr -20 ~ +75 oc 

Storage Temperature Tstg -55 ~ +125 oc 

Note 1) If LSI's are used beyond absolute maximum ratings, they may be 

permanently destroyed. We strongly recommend you to use the 

LSI within electrical characteristic limits for normal opera

tion, because use beyond these conditions will cause malfunc

tion and poor reliability. 

Note 2) Based on GND=OV 

Note 3) Applies to input terminals (except VlL, VlR, V2L, V2R, V5L, V5R, 

V6L and V6R) and I/O terminals at high impedance. 

Note 4) Applies to VlL, VlR, V2L, V2R, V5L, V5R, V6L and V6R. 

Note 5) Apply the same value of voltages to VlL and VlR, V2L and V2R, 

V5L and V5R, V6L and V6R, VEE (23 pin) and VEE (58 pin) 

respectively. 

Maintain Vcc~VlL=VlR~V6L=V6R~V5L=V5R~V2L=V2R<:VEE 
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II ELECTRICAL CHARACTERISTICS 

• DC Characteristics (Vcc=5V ± 10%, GND=OV, VCC-VEE=8.0~17.0V 

Ta= -20 ~ +75°C) 

Test Item Symbol Test conditions ~ecifications 
Min Typ. Max 

Input "High" voltage VIH 0.7xVcc - Vee 
Input "Low" vo 1 tage VIL GND - 0.3XVcc 

Output "High" voltage VoH IQH=-0.4mA vcc-o. 4 - -
Output "Low" voltage VOL IoL= 0. 4mA - - 0.4 

Vcc-VEE=l 7V 
Vi-Xj ON resistance RoN Load current - - 1.5 

±150µA 

Input Leakage Current IILl Vin=o~vcc -1.0 - 1.0 

Input Leakage Current IIL2 Vin=VEE~Vcc -2.0 - 2.0 

In master mode 
Operating Frequency foprl External clock 50 - 600 

operation 

Operating Frequency fopr2 
In slave mode 0.5 - 1500 Shift register 

Oscillation Frequency fosc Cf =20pF±5% 315 450 585 Rf=47KD±2% 

In master mode 
Dissipation Current 

IGGl 
1/128 duty - - 1.0 (1) Cf=20pF 
Rf=47kD 

Dissipation Current 
Icc2 

In slave mode - - 200 
(2) 1/128 duty 

Dissipation Current I 
In master mode - - 100 

EE 1 /128 duty 

Unit Note 

v 1 

v 1 

v 2 

v 2 

kD 13 

µA 3 

µA 4 

kHz 5 

kHz 6 

kHz 7,12 

mA 8,9 

µA 8, 10 

µA 8,11 

Note 1) Applies to input terminals FS, DSl, DS2, CR, SHL, M/S and FCS and 

I/O terminals DL, M, DR and CL2 in the input status. 

Note 2) Applies to output terminals, $1, $2 and FRM and I/O common 

terminals DL, M, DR and CL2 in the output status. 

Note 3) Applies to input terminals FS, DSl, DS2, CR, 'S'J'B, SHL, M/S, FCS, 

CLl and TH, I/O terminals DL, M, DR and CL2 in the input status 

and NC terminals. 

Note 4) Applies to VlL, VlR, V2L, V2R, V5L, V5R, V6L and V6R. 

Don't connect any lines to Xl to X64. 
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Note S) External clock is as follows. 

External clock 0.7Vcc 
waveform O.SVcc 

10.3Vcc 

trcp 

TH TL 

tf cp 

External 
clock J OpenOpen 

I I 

TH 
Duty = TH+TL x 100% 

Min Typ Max Unit 
Duty 4S so SS % 
trcp - - so ns 

tfcp - - so ns 

Note 6) Applies to the shift register in the slave mode. For details, 

refer to AC Characteristics. 

Note 7) Connect oscillation resistor (Rf) and oscillation capacitance 

(Cf) as shown in this figure. Oscillation frequency (fosc) is 

twice as much as the frequency (fcj>) at cj>l or cj>2. 

Cf =20pF 
Rf=47kn 

R c 

cj>l' cj>2 

fosc=2 x fcj> 

Note 8) No lines are connected to output terminals and current flowing 

through the input circuit is excluded. This value is specified 

at VrH=Vcc and VrL=GND. 

Note 9) This value is specified about current flowing through GND in 

the following conditions: Internal oscillation circuit is used. 

Each terminal of DSl, DS2, FS, SHL, M/S, STB and FCS is 

connected to Vee and each of CLl and TH to GND. Oscillator is 

set as described in Note 7. 

Note 10) This value is specified about current flowing through GND under 

the following conditions: Each terminals of DSl, DS2, FS, SHL, 

STB, FCS and CR is connected to Vee• CLl, TH and M/S to GND and 

the terminals CL2, M and DL are respectively connected to 

terminals CL2, Mand DL of the HD61203 under the condition 

described in Note 9. 
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Note 11) This value is specified about current flowing through VEE under 

the condition described in Note 9. Don't connect any lines to 

terminal V. 

Note 12) This figure shows a typical relation among oscillation frequency, 

Rf and Cf. Oscillation frequency may vary with the mounting 

condition. 

~ 600 

2 
CJ 

"' 0 

400 

"" 200 

I 
I I - -1- -- ___ T __ _ 

: Cf=20pF 
------ ------1----

1 
I ., 

---- -1------r---
1 I 
I I 

o'-------'-'----'----so 100 

Rf (krl) 

Note 13) Resistance between terminal X and terminal V (one of VlL, VlR, 

V2L, V2R, V5L, V5R, V6L and V6R) when load current flows through 

one of the terminals Xl to X64. This value is specified under 

the following condition. 

VCC - VEE = 17V 

VlL=VlR, V6L=V6R VCC-l/7(VCC-VEE) 

V2L=V2R, V5L=V5R VEE+l/7(VCC-VEE) 

VlL, VlR ------o 

V6L, V6R ------<i 
V5L, V5R ------<> 
V2L,V2R------0-~o--V\.tv---

Terminal X 
(Xl to X64) 

Here is a description of the range of power supply voltage for liquid 

crystal display drive. Apply positive voltage to VlL=VlR and V6L=V6R 

and negative voltage to V2L=V2R and V5L=V5R within the bV range. 

This range allows stable impedance on driver output (RON). Notice that 

bV depends on power supply voltage VCC-VEE. 
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--,....-~~~~~~~~Vee 

/J.V 
----- --Vl (VlL=VlR) 

----V6 (V6L=V6R) 

/J.V - - - - - - -- VS (VSL=VSR) 

---- -------- V2 (V2L=V2R) 
VEE 

Correlation between Driver 

Output Waveform and Power 

Supply Voltages for Liquid 

Crystal Display Drive 

The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 

2 --------

8 17 
VCC - VEE (V) 

Correlation between Power 

Supply Voltage VCC-VEE and /J.V 
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II Terminal Configuration 

e Input Terminal 
Applicable terminals : 

CR, M/S, SHL, FCS, DSl, DS2, FS 

PMOS 

NMOS 

e I/O Terminal Applicable terminal DL, DR, CL2, M 

Vee 
(Input Circuit) 

PMOS 

e Output Terminal 

Applicable terminal ~l, ~2, FRM 

PMOS 

NMOS 

e Output Terminal 

Applicable terminals: 
PMOS VlL,VlR Xl to X64 

Vee 
...r::- PMOS V6L,V6R 

NMOS 
V5L,V5R 

VEE 
NMOS V2L,V2R 

VEE 
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•AC Characteristics (Vcc=5V±l0% GND=OV, Ta=-2Qtv+75°C) 

(1) In the slave 100de (M/S=GND) 

CL2 
(FCS=GND) . 
(Shift clock) 

CL2 
(FCS•Vcc) 
(Shift clock) 

DL(SHL=Vcc) 
DR(SHL=GND) 
Input data 

DR(SHL•Vcc) 
DL(SHL=GND) 
Output data 

Item 
CL2 "Low" level width (FCS=GND) 

CL2 "High" level width (FCS=GND) 

CL2 "Low" level width (FCS=Vcc) 

CL2 "High" level width (FCS=Vcc) 

Data setup time 

Data hold time 

Data delay time 

Output data hold time 

CL2 rise time 

CL2 fall time 

Symbol 

tWLCL2L 

twr.CL2H 

twcLaL 

tWHCL2H 

tDs 

tDH 

tDD 

tmiw 
tr 

tf 

Min. Typ. 

450 -
150 -
150 -
450 -
100 -
100 -
- -
10 -
- -
- -

Max Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

200 ns 

- ns 

30 ns 

30 ns 

Note 1) The following load circuit is connected for specification. 

Output o...._ ______ __, 

Note 

1 

Terminal OJ... 
~ 30pF (Includes jig capacitance) 
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CZ) In the master mode 

(M/S=Vcc• FCS=Vcc· Cf=20pF, Rf=47Kn) 

CL2 

DL(SHL=Vcc) 
DR(SHL=GND) 

tDD tDD 

DR(SHL=Vcc) 0.7Vcc 
DL(SHL=GND) 

FRM 

M 

~1 

~2 

tf tr 

0.7Vcc 

0.3Vcc 

@HITACHI 
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Item Symbol Min. Typ. Max. Unit 

Data setup time ~s 20 - - µs 

Data hold time tDH 40 - - µs 

Data delay time tDD 5 - - µs 

FRM delay time tDFRM -2 - 2 µs 

M delay time tnM -2 - 2 µs 

CL2 ''Low" level width tWCL2L 35 - - µs 

CL2 "High" level width twcL2H 35 - - µs 

H "Low" level width tWcj>lL 700 - - ns 

4>2 "Low" level width tW!f>2L 700 - - ns 

!f>l "High" level width tWcj>lH 2100 - - ns 

4>2 "High" level width tWcj>2H 2100 - - ns 

4>1-4>2 phase difference tD12 700 - - ns 

4>2-!f>l phase difference tD21 700 - - ns 

!f>l, ,412 rise time tr - - 150 ns 

!f>l, 4>2 fall time tf - - 150 ns 
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HD61203 

II Block Functions 

• Oscillator 

The oscillator is a CR oscillator that generates display timing signals 

and operating clocks for the HD61202. It is required when the HD61203 is 

used with the HD61202. It attaches an oscillation resistor Rf and an 

oscillation capacity Cf as shown in the following figure and terminal SIB 

is connected to "high" level. When using an external clock, input the 

clock into terminal CR and don't connect any lines to terminal R and C. 

R CR I R CR c I 
I t I 

Open External Open 

Rf Cf clock 

Oscillator is not required when the HD61203 is used with the HD61830. 

Then, connect terminal CR to "high" level and don't connect any lines to 

terminals R and C. 

CR 

I + I 
Open Vee Open 

e Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock 

for the HD61202. This circuit is required when the HD61203 is used with 

the HD61202. Then connect terminal M/S to "high" level. (master mode). 

It is not necessary when display timing signal is supplied from other 

circuits, for example, from HD61830. In this case connect the terminals 

FS, DSl and DS2 to "high" level and M/S to "low" level. (Slave mode) 

• Bidirectional Shift Register 

This is a 64-bit bidirectional shift register. The data is shifted from 

DL to DR when SHI.. is at high level and from DR to DL when SHI.. is at low 

level. In this case, CL2 is used as shift clock. The lowest order bit 

of the bidirectional shift register, which is on the side of DL, cor

responds to Xl and the highest order bit on the side of DR corresponds 

to X64. 
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HD61203 

e Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with M signal allows 

one of the four liquid crystal display driver levels Vl, V2, VS and V6 to 

be transferred to the output terminals. 

Data from the 
M Output level shift register 

1 1 V2 

0 1 V6 

1 0 Vl 

0 0 vs 

$HITACHI 
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• HD61203 

Terminal 
name 

vcc 
GND 
VEE 

VlL,V2L, 
V5L,V6L 
VlR,V2R 
V5R,V6R 

M/S 

Terminal Functions 

Number of 
terminals 

1 
1 
2 

8 

1 

I/O 
Connected 

to 

Power 
supply 

Power 
supply 

I Vee or 
GND 

Function 

Vcc-GND: Power supply for internal 

logic. 

Vee-VEE= Power supply for driver 

circuit logic. 

Liquid crystal display driver level 

power supply. 

VlL(VlR), V2L(V2R): Selected level 

V5L(V5R), V6L(V6R): Non-selected 

level 

voltages of the level power supplies 

connected to VlL and VlR should be the 

same. 

(This applies to the combination of 

V2L & V2R, VSL & VSR and V6L & V6R 

respectively) 

Selects Master/Slave 

M/S=Vcc= In master mode 

When the HD61203 is used with the 

HD61202, timing generation circuit 

operates to supply display timing 

signals and operation .clock to the 

HD61202. Each of I/O common terminals 

DL, DR, CL2 and M is in the output 

state. 

M/S=GND: In slave mode 

The timing operation circuit stops 

operating. The Hn61203 is used in 

this mode when combined with the 

HD61830. Even if combined with the 

HD61202, this mode is used when 

display timing signals (M, data, CL2 

etc.) are supplied by another HD61203 

in the master mode. 

Terminals M and CL2 are in the input 

state. 

.HITACHI 
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Terminal 
name 

M/S 

FCS 

FS 

DSl ,DS2 

Number of 
terminals 

1 

1 

1 

2 

I/O 

I 

Connected 
to 

Vee or 
GND 

I Vee or 
GND 

I Vee or 
GND 

I Vee or 
GND 

HD61203 

Function 

When SHL is Vee• DL is in the input 

state and DR is in the output state. 

When SHL is GND, DL is in the output 

state and DR is in the input state. 

Selects shift clock phase 

FCS=Vcc Shift register operates at 

the rising edge of CL2, 

Select this condition when 

HD61203 is used with HD61202 

or when MA of the lID61830 

connects to CL2 in the com

bination with the lID61830. 

FCS=GND Shift register operates at 

the fall of CL2. Select this 

condition when CLl of lID61830 

connects to CL2 in the com

bination with the lID61830. 

Selects frequency 

When the frame frequency is 70Hz, the 

oscillation frequency should be: 

fosc=430kHz at FCS=Vcc 

fosc=215kHz at FCS=GND 

This terminal is active only in the 

master DDde. Connect it to Vee in 

the slave DDde. 

Selects display duty factor 

Display Duty 1/48 1/64 1/96 1/128 

DSl GND GND Vee Vee 

DS2 GND Vee GND Vee 

This terminals are valid only in the 

master DDde. Connect them to Vee in 

the slave DDde. 

.HITACHI 
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Terminal Number of I/O 
name terminals 

"STB 1 I 
TH 1 
eLl 1 

CR,R,C 3 

<j>l, 4>2 2 0 

FRM 1 0 

Connected 
to 

Vee or 
GND 

HD61202 

HD61202 

Function 

Input terminal for testing 

Connect STB to Vee· 

Connect TH and CLl to GND. 

Osei llator. 

In the master mode, use these terminals 

as shown below. 

Usage of these terminal in the master 

mode 

Internal oscillation External clock 

I 

External 
Rf Cf Open clock Open 
II~ I I I 
R CR c 

11 
R CR c I 

In the slave mode, stop the oscillator 

as shown below. 

Open Vee Open 

I I I 
c I I R CR 

Operating clock output terminals for 

the HD61202. 

Master mode: Connect these termi

nals to terminals <j>l 

and <j>2 of the HD61202 

respectively. 

Slave mode : Don't connect any 

l;ines to these 

terminals. 

Frame signal 

Master mode: Connect this terminal 

to terminals FRM of 

the HD61202. 

Slave mode : Don't connect any 

lines to this 

terminal. 

(to be continued) 
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Terminal 
name 

M 

CL2 

DL, DR 

Number of 
terminals 

1 

1 

2 

I/O 

I/O 

Connected 
to 

MB of 
HD61830 
or 
M of 
HD61202 

HD61203 

Function 

Signal to convert LCD driver signal 

into AC. 

Master mode: Output terminal. 

Connect this terminal 

to terminal M of the 

HD61202. 

Slave mode : Input terminal. 

Connect this terminal 

to terminal MB of the 

HD61830. 

I/O CLl or MA Shift clock 
of HD61830 
or CL of 
HD61202 

I/O Open or 
FLM of 
HD61830 

Master mode: Output terminal 

Connect this terminal 

to terminal CL of 

the HD61202. 

Slave mode : Input terminal 

Connect this terminal 

to terminal CLl or MA 

of the HD61830. 

Data I/O terminals of bidirectional 

shift register. 

DL corresponds to Xl's side and DR to 

X64's side. 
Master mode: Output common scann-

ing signal. 

Don't connect any 

lines to these 

terminals normally. 

Slave mode : Connect terminal FLM 

M/S Vee 

SHL Vee GND 

of the HD61830 to DL 

(when SHL=Vcc> or DR 

(when SHL=GND) 

GND 

Vee GND 

DL Output Output Input Output 

DR Output Output Output Input 

(to be continued) 
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Terminal Number of 
name terminals 

NC 5 

sm.. 1 

Xl<VX64 64 

I/O 

I 

Connected 
to 

Open 

Vee or 
GND 

0 Liquid 
crystal 
display 

Function 

Not used. 

Don't connect any lines to this 

terminal. 

Selects shift direction of bidirec-

tional shift register. 

SHL Shift direction 
Comm:m scann-
ing direction 

Vee DL-DR Xl -X64 

GND DL-DR Xl -X64 

Liquid crystal display driver output. 

Output one of the four liquid crystal 

display driver levels Vl, V2, VS and 

V6 with the combination of the data 

from the shift register and M signal. 

M 

Data 

Output 
level 

Data 

When SHL 

CO Ml and 

When SHL 

CO Ml and 

_J 1 ,_I _o.;.__,! 

"l" - Selected level 

"O" - Nc:l-selected level 

is Vee• Xl corresponds to 

X64 corresponds to COM64. 

is GND, X64 corresponds to 

Xl corresponds to COM64. 

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



:::c 
~-
:!: 
)> 

3 
"' ::>. 
<> 

"' 
~ 
:::c 
~-
:!: 

" ~ . 
"" 0 
0 
0 

lf-@ 
~ :I 
§l· ;:t 
- l> 
~C') 
"" :I • 
CD 
~-
0-

"' "' 50 

§; 
CD 

~ 
~ 
o5 
<O 

~ 
.£! 

~ 
00 w 
0 
0 

~ 

IID61203 Connection List 

M/S TI! CL! FCS FS DS! DS2 STB CR R c 

A L L L L H H H H H - -

B L L L H H H H H H - -I 

c L L L H H H H H H - -

L L Rf Rf 
D H L L H H or H 

L H Cf Cf 

L L Rf Rf 
E H L L H H or H 

L H Cf Cf 

F L L L H H H H H H - -

H ... Vee} Fixed 
L ••• GND 

<f>l <f>2 FRM 

- - -

- - -

- - -

to <f>l to <1>2 to FRM 
of of of 

HD61202 HD61202 HD61202 

to <f>l to <f>2 to FRM 
of of of 

HD61202 HD61202 HD61202 

- - -

"-" means "open". 

M CL2 Sill. 

from MB from CLl 
H 

of of 
HD61830 HD61830 

L 

from MB from MA 
H 

of of 
HD61830 HD61830 

L 

H 
from MB from MA 

of of 
HD61830 HD61830 

L 

to M to CL 
H 

of of 
HD61202 HD61202 L 

to M to CL of 
H 

of HD61202 
HD61202 to CL2 of 
HD61203 HD61203 

L 

from M from CL2 
H 

of of 
HD61203 HD61203 
No.l No.1 L 

Rf ••• Oscillation resistor 
Cf ... Oscillation capacity 

DL 

from FLM 
of 

HD61830 

-

from FLM 
of 

HD61830 

to DL/DR 
of 

HD61203 
No.2 
from DL(DR 

of 
HD61203 
No.1 

-

-
-

-

to DL/DR 
of 

HD61203 
No.2 
from DL/DR 

of 
HD61203 
No.1 

-

DR 

-
from FLM 

of 
HD61830 
to DL(DR 

of 
HD61203 
No.2 

from FLM 
of 

HD61830 

-

from DL(DR 
of 

HD61203 
No.1 

-
-

to DL/DR 
of 

HD61203 
No.2 

-

-

from DL(DR 
of 

HD61203 
No.1 

"' Xl "' X64 

CO Ml "'COM64 

COM64 "'COMl 

CO Ml "'COM64 

COM64 "'COMl 

COM65 "'COM12 8 

COM12 8"'COM65 

CO Ml "'COM64 

COM64 "'COMl 

CO Ml "'C0M64 

COM64 "'C0Ml 

CO Ml "'C0M64 

COM64 ~OMl 

CJ) 
m 

~~ 
0 
z 
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~ 
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HD61203 

II Outline of HD61203 System Configuration 

1) Use with HD61830 

a) When display duty ratio of LCD is 1/64 

HD61830 

HD61830 

HD61830 ----

CO Ml 
COM64 LCD 

LCD 
CO Ml 
COM64 
CO Ml 

COM64 

Upper 

Lower 

LCD 
CO Ml 

COM64 
CO Ml 
COM64 

Upper. 

Lower 

One HD61203 drives 
common signals. 

One HD61203 drives 
connnon signals for 
upper and lower 
panels. 

Two HD61203's drive 
upper and lower 
panel separately 
to ensure the 
quality of display. 
No.land No.2 
operate in parallel. 

b) When display duty ratio of LCD is from 1/65 to 1/128 

CO Ml Two HD61203's 
LCD connected serially 

COM128 drive connnon signals. 

LCD 
Two HD61203 IS 

COM128 
Upper connected serially 

CO Ml drive upper and 
Lower lower pane ls in 

COM128 parallel. 

LCD Two sets of 
HD61203 's connected 

Upper serially drive upper 
COM128 and lower panels in 
COMl 

Lower parallel to ensure 
COM128 the quality of 

display. 

@HITACHI 

Refer to 
Connection list 'A' 

Ref er to 
Connection list 'A' 

For both of No.l 
and No.2, refer to 
Connection list 'A' 

Refer to Connection 
list 'B' for No .1. 
Refer to Connection 
list 'C' for No.2. 

Refer to Connection 
list 'B' for No.1. 
Refer to ConnectioI\ 
list 'C' for No.2. 

Refer to Connection 
list 'B' for No.l 
and 3. 
Refer to Connection 
list 'C' for No.2 
and 4. 
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2) Use with HD61202 (1/64 duty) 

LCD 

HD61202 
LCD 

Upper 

Lower 

LCD 

Upper 

Lower 

One HD61203 drives 
connnon signals and 
supplies timing 
signals to the 
HD61202's. 

One HD61203 drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61202's. 

Refer to 
Connection list 'D' 

Refer to 
Connection list 'D' 

Two HD61203 's drive Refer to 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. l supplies 
timing signals to 
No.2 and the 
HD61202's. 

@HITACHI 

Connection list 'E' 
for No.l 

Refer to 
Connection list 'F' 
for No.2 
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•Example of Connection 1) 

(1) Use with HD61202 (RAM type segment driver) 

a) 

+SV(Vcc) 

Rl 

Rl 

R2 

Rl 

Rl 

-lOV 
ov 

1/64 duty ratio (See Connection List "D") 

c 
Cf 

CR 
Rf ,...:i 

R II 

Vee lil 
R3Vl 

en 

VlL,VlR .µ 
<II 

R3V6 
V6L,V6R "' ..... 

V3 
C"l 
0 

V4 N ..... 
'° 

R3vs fil 
VSL,VSR 

R3V2 
V2L,V2R 

VEE 

GND 

Open DL 
Open DR 

R3=15&1 

Xl 
(X64) 

} 
X64 

(Xl) 

M 
CL2 
FRM 
<j>l 
<j>2 

SHL 
DSl 
DS2 
TH 
CLl 

FS 
M/S 
FCS 
STB 

CO Ml 

) 
1---------i COM64 

i---------_,M 
1-----------'CL 
1----------'FRM 
t---------.!<j>l 
t---------.i<1>2 

Vee 

LCD panel 

HD61202 
i>:: i>:: i>:: i>:: 
..-< C"l-<t N 
>. >.>. >. 

Vl V:3V4V21j@ ~ 
:>C!>> 

Note 1) The values of Rl and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of Rl and R2 should 

satisfy 

Rl 1 
4Rl + R2 9 

For example, 

Rl=3k&1, R2=15k>G 

382 
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Example of Waveform (RAM type, 1/64 duty) 

c rU1JUUlf1JlJ I1JU1J1J1Jl 
H Ulilf---lilflJ 

"1Jl[11:::trirT 
' --' -' ---

4i2lflf1J 
CL2 j~ 
DL i---

(DR)__j 

1JlJlJ 
iL 

[___ 

CL2 MM~~-:-~=~==-JlfLf1Jl_fl~~~~~~====~flllflI 
H:: : n I I I H:: 

FRM ~ ~--------- i i i ----------~ ill 
I I I I I I I I I 

DL I I I I I I I I I I I I I I 

(DR)JTU_j_fo~o "io<o I m----m- H;;" : -------m- IOi" I'." 
DR I : I I : I I 

(DL) --------- I : I ----- - - : I 

I I I I 'I I :I --------- LJ_I 
M. I : • • l . • : : 1 __ l_~!:_m_=___ I I 1 frame· 

(X~~) V6 1 i VS GJ! [ V6 ! ------------tni 
I 1----1~--------- V2 I : ~ 
:11 111 -w:I 

(x~23)~6 Vl ___rv6 V6 -----------

~ ~ ~ ---------- ~ 

( ) .•• at SHL='L' 
Note) Phase difference between DL(DR) and CL2 

CJ) 
-m 

~ ~ 
0 z 
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HD61203 

Example of Connection 2) 

(2) Use with lID61830 (Display controller) 

a) 1/64 duty ratio (See Connection List "A") 

Open c Xl COMl 
Vee CR (X64) 

) Open R ~ LCD panel 

Vee Vee X64 COM64 ,... ..:l (Xl) ..... Vl VlL,VlR ........ II 

R s 
0 V6 V6L,V6R 00 ..... 
~ ~ 
cJ <11 
GI a "' M MB ..... 
0 CL2 CLl u lID61830 V5 V5L,V5R DL(DR) ..... FLM 
0 

GI V2 V2L,V2R ..., (Display Controller) ..... 0 DR(DL) Open 

f N ..... 
"' 

l>:I ~ Vee 
GI VEE VEE sm. GI 

00 DSl 
GND GND DS2 

TH 
I CLl 

FS 
Open FRM M/S 
Open .Pl FCS 
Open 4>2 STB 

384 
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Example of Waveform a) 1/64 duty ratio 

g 
co ..... 
'° ~ 
a 
0 

'"' ..... 

MB I• 1 frame + -:~r~:e____ ·L 
FLM _IL__________ n~ ------~-_IL 

64 1 
l , , • _________ ·n n n n -----~~~~~~-J_J_ !JLllJL __Jµµµ~--- I I CLl ------- I I I I I 

: 1 I I I I I I I I I I I I I i-v,--
1 I I I I I -- ----~ Vl I I I I I I - - I I 

Xl 
(X64) 

I I I I V6 I I I 
I I I I I I V6 ! I 'vs ------ V2 I I 1, 
I -- I I I 

I I I I I I I 
I I I I I _ -----t---j 
I ~l I V6 I V6 ------- l Lil_ 

I I 
V2 I ,vs -------- I I I 

I I I 

Vl 
X2 I V6 

(X63) I 
I 
I I 

I I I 
I I I 
I I I ~ --1 ~ ·- ---~----- ~ 

------

: I J 

X64~vl 
(Xl) I V5 

V2 

() .•• at SHL='L' 
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HD61203 

b). 1/100 duty ratio (See Connection List 'B' 'C') 

i::: 
0 

•.-4 ..... 
u 
QI a 
8 
..... 
0 

QI 
...... 

! 
rz1 

QI 
QI 

Cll 

r" Vcc-------------ivcc 

Vl ___ __,_J~----,_._,VlL, VlR 
~--->+-<,....V6L, V6R 

V6 ____ _J V5L,V5R 

Vee 

SHL!---+-1 

DSlt--+-1 
DS2t-+---< 

TH I---' 
~--<>-+-<~....., V2L, V2R 'j:; ..::i CLlt---< 

r---+-l-+-lf-+-1 VEE 21 u FS I--+

~ M/St--vs----- .--l-+-IH-H GND 

V2 
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HD61104,HD61104A---
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 

DESCRIPTION 

HD61104, HD61104A is a column (segment) 

driver for large-area dot matrix liquid 

crystal graphic display systems. 

• FEATURES 

• Display duty 1/64 "' 1/200 

e Internal liquid crystal 
display driver 80 drivers 

• 4-bit bus, bi-directional shift 
data transfer 

e Cascade connection with enable format 

e Data transfer rate 3.5 MHz 

e Power supply for logic circuit SV ± 10% 

e Power supply for LCD drive circuits: 

10 to 26V (HD61104) 

10 to 28V (HD61104A) 

e Stand-by function 

e CMOS process 

e 100-pin flat plastic package 

• ORDERING INFORMATION 

Type No, 
LCD driving 
Level (V) Package 

HD61104 +10 to +26 100 pin plastic 
QFP (FP-100) 

HD61104A +10 to +28 V 
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HD61104, HD61104A 

• BLOCK DIAGRAM 

Do 
D1 
D2-l--+-.j 

Yao 

Ds l.::::::::..'.:;:Jl'"--"-,d;l--i;;:;;-------------' 
SHL-1---1---...... --1--.....,--..i.;...r--------r--......_, 
CL2---<l---I-__ , Selector 

Control circuit 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value 

Supply voltage (1) vee -0.3 to +7.0 

Supply voltage .LHD61104 VEE vee - 28.0 to vee + 0.3 
(2) lHD61104A 'VEE Vee - 28.5 to Vee + o.3 

Terminal voltage (1) VT! -0.3 to Vee + 0.3 

Terminal voltage (2) VTZ VEE - 0.3 to Vee + 0.3 

Operating temperature Topr -20 to +75 

Storage temperature Tstg -55 to +125 

Unit Note 

v 2 

v 

v 2, 

v 4 

oe 

oe 

(Note 1) LSI's may be permanently destroyed if being used beyond the 

absolute maximum ratings. In ordinary operation, it is 

desirable to use them within the limits of electrical charac

teristics, because using beyond these conditions may cause 

malfunction and poor reliability. 

(Note 2) All voltage values are referred to GND • OV. 

(Note 3) Applies to input terminals, SHL, eLl, CL2, DO - D3, E and M. 

(Note 4) Applies to Vl, V2, V3 and V4. Must maintain 

Vee ~ Vl ~ V3 ~ V4 ~ V2 ~ VEE 

Connect a protection resistor of 150 ~ 10% to each terminals 

in series. 
$HITACHI 
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HD61104, HD61104A 

II ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS 

CVcc - sv ± 10%, GND .. ov' Vee -VEE"' 10 to 26V (HD61104)' Vee -VEE"" 10 to 

28 (HD61104A), Ta• -20 to +75°C) 

Item Symbol Test Condition Min. Typ. Max. Unit 

Input "High" voltage Vrn o.7xvcc Vee v 

Input "Low" voltage VIL 0 o. 3xvcc v 

Output "High" Voltage VOH IoH=-400µA Vcc-0.4 v 

Output "Low" voltage VoL IoL=400µA 0.4 v 

VEE=-lOV, 
Driver ON Resistance RoN Load current= 7.5 kn 

lOOµA 

Input Leakage Current IIu VIN=O to Vee -1 1 µA 

Input Leakage Current IIL2 Vrn=VEE to Vee -25 25 .µA 

Dissipation Current (1) IGND 2.0 mA 

Dissipation Current (2) IEE 
HD61104 0.2 mA HD61104A 0.4 

Dissipation Current (3) IsT 100 µA 

(Note 1) Applies to CLl, CL2, SHL, E, M, and DO - D3. 

(Note 2) Applies to CAR. 

(Note 3) Applies to Vl, V2, V3 and V4. 

Note 

! 1 

1 

2 

2 

5 

1 

3 

4 

4 

4 
5 

(Note 4) Specified when display data is transferred under following conditions. 

CL2 frequency fcp2 2.5 MHz (data transfer rate) 

CLl frequency fcpl = 14.0 kHz (data latch frequency) 

M frequency fM = 35 Hz (frame frequency I 2) 

Display duty ratio 1/200 

Specified when VIH = Vee. VIL = GND and no load on outputs. 

IGND: currents between Vee and GND 

IEE : currents between Vee and VEE 

(Note 5) Currents between VCC and GND at stand-by (if input = "H") / 

(Note 6) Resistance between terminal Y (on~ of Yl to Y80) and terminal V 

(one of Vl, V2, V3, and V4) when load current flows through one of 

the terminals Yl to YSO. This value is specified under the follow

ing condition. 

.HITACHI 
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HD61104, HD61104A 

Vee - VEE = 26V 

Vl, V3 = Vee - 2/10 (Vee - VEE) 

V2, V4 = VEE + 2/10 (Vee - VEE) 

Terminal Y 
(Yl -vYSO) 

Here is a description of the range of power supply voltage for liquid crystal 

display drive. Apply positive voltage to Vl, and V3, and negative voltage 

to V2 and V4, within the fiV range respectively. This range allows stable 

impedance on driver output (RoN>· Notice that fiV depends on power supply 

voltage Vee - VEE· 

-r---------- Vee 
--- ---- Vl 

fiV 
---- V3 

fiV ------------ V4 

-------------- V2 
VEE 

Correlation between Driver 

Output Waveform and Power 

Supply Voltages for Liquid 

Crystal Display Drive 

3 ----------

10 26 
VCC - VEE (V) 

Correlation between Power 

Supply Voltage Vee-VEE and fiV 

.HITACHI 
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HD61104, HD61104A 

II Terminal Configuration 

e Input Terminal 

Applicable Terminals: CLl, SHL, E, M 
Vee 

PMOS 

NMOS 

• Input Terminal (controlled by Enable signal) 

Applicable Terminals: CL2, DO"' D3 
Vee Vee 

PMOS PMOS 

CL2 

NMOS ··:·: Enable 

• Output Terminal 

Applicable Terminal: C7iR 

Vee 

PMOS 

t--NMOS 

• Output Terminal 

Applicable Terminals: Yl "' Y80 

PMOS v. 
Vee 

....c-
PMOS v. 

Vee 

...s::::-
NMOS v. 

v .. 
...c-

NMOS v. 
VEE 

~HITACHI 
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HD61104, HD61104A 

e AC CHARACTERISTICS 
(Vee = 5V ± 10%, GND OV, Ta -20 to +75°C) 

Item Symbol Test Min. Typ. Max. Unit 
Condition 

Clock cycle time tCYC 285 ns 

Clock high level width tCWH 110 ns 

Clock low level width tCWL 110 ns 

Clock setup time tSCL 80 ns 

Clock hold time tHCL 80 ns 

Clock rise/fall time tCT 30 ns 

Data setup time tDSU 80 ns 

Data hold time tDH 80 ns 

E setup time tESU 75 ns 

Output delay time tDCAR 180 ns 

M phase difference time tCM 300 ns 

CLl cycle time tCLl tCYC x 10 ns 

Note 1) The following load circuits are connected for specification: 

CL2 

D()'\.03 

CL2 

M 

Vrn 
VIL 

test point o-o---*~ JOpF 

.HITACHI 
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HD61104, HD61104A 

Terminal Number of 
I/O 

Connected Functions name Terminals to 

Vee 1 Power Vee - GND: Power supply for internal 
GND 1 supply logic· 
VEE 1 

Vee - VEE: Power supply for LCD drive 

circuit 

Vl 4 Power Power supply for liquid crystal drive 
V2 supply Vl, V2 --- selection level V3 
V4 V3, V4 --- non-selection level 

Yl<vY80 80 0 LCD Liquid crystal driver outputs 

Selects one of the 4 levels, Vl, V2, V3, 

and V4. Relation among output level, M, 

and display data (D) is as follows. 

M ~ 
D ~ 

Output 

1~~1y~1y~1¥~1 level 

M 1 I Controller Switch signal to convert liquid crystal 

drive waveform into AC. 

CLl 1 I Controller Latch clock of display data (fall edge 

trigger) 

Synchronizing with the fall of CLl, 

liquid crystal driver signals 

corresponding to the display data are 

output. 

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

Fall edge trigger 

-to be continued 
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HD61104, HD61104A 

Terminal Number of I/O Connected Functions 
name Terminals to 

DO'vD3 4 I Controller Input of 4-bit display data (D) 

(D) 
Liquid Crystal Liquid crysta 
driver output display 

1 Selection ON 
("H" level) level 

0 Non-selection OFF ("L" level) level 

Truth table Positive logic 

SHL Input data and latch circuit 1 

D3-l-5 -9 --- ---.73 -77 

0 
D2-+-2-+-6-10--- --74-78 

Dl- 3-7 --.11 --- -75-79 

no-4 -8 -12 --- -76-80 

D 3 - 80 - 7 6 - 7 2 - - - -8 -4 

1 
D2-79 -75 -71--- -7 -3 

Dl -78 -74 -70 - -- -6 -2 

D0-77-73-69--- -5 -1 

ex.) When SHL="O", the data which is 

input to D3 is latched to each 

bit of the latch circuit 1 in 

order of 1-5 -9----77. 

SHL 1 I Vee or GND Selects a shift direction of display 

data. 

E 1 I GND or the Enable input 
terminal The operation stops with "H" level, 
CAR of the 
HD61104 and enables at "L" level. 

CAR 1 0 the input Enable output 
terminal E Used for cascade connection. 
of the 
HD61104 

NC 3 Unused. No wire is to be connected. 
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Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 395 



HD61104, HD61104A 

llTYPICAL APPLICATION 

The following is the LCD panel with 200 x 640 dots on which characters are 

displayed with 1/200 duty dynamic drive. 

COMl --1 1, 1, 1, 1, 1, 1, 
1 2 80 81 82 160 

l, 
640 

t---+---+-· - -· --+---t---t---+---- ---t---1 1---+---· - - - -·-+---t 
_..J 2, 2, 2, 2, 2, 2, 

COM2 ·~ 1 2 80 81 82 160 
2, 
640 

+---+-- - - - - - --+---+ t---+---+--- -----~ 

COM3 - 3 • 3 • 3 , 
1 2 80 

3, 
640 

t---+----1--· - - - -+----1--t---+- - - - - -t------1 

LCD-PANEL (200 x 640 Dots) 

1----t--- - - -- - -+---1 

I 
I 

t---+--4-· - - - -+---+--~-.+-- - - - - ---+------< 
COM199~ 199, 199, 199, 

' - 1 2 80 

t---+- -- - -- - -+---+ 
!'"'-/ 199, 

640 
+---+---- - - --t---+----1-- - -- -+----1----+----+--- - - - --+--

COM200 - 200, 200, 200, 200, 200, 200, 200, 
640 1 2 80 81 82 160 

Yl Y2 Y80 Yl Y2 Y80 Yl Y80 

HD61104 (No .1) HD61104(No.2) HD61104 (No. 8) 

ll>l ffi ~ ~ ~ 68 I~ 
li>l"' :=;:u u I"! ~ 

TJ I [ _____ J l 
M Ou-----..-i-+-+----------<1-+-+-+--- - - - -· -- ------' 

CLl O-o-----~>-+-+-----------+-+--- - - - -
CL? OcJ---------+------------+--- - - - - -------~ 

DATA 0-0-----------------------------------' 

396 

Cascade eight HD61104's. Input data to the terminal DO'VD3 of No.l~No.8. 

Connect E of No.l to GND. No lines to be connected to C7iil of No.8 Connect 

collD!lOn signal terminals (C0Ml~COM200) to the collD!lOn driver HD61105. (m,n) 

of LCD panel is the address corresponding to each dot. 
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M 

:I: CLl 
s: 
<> CL2 =-
l> 
3 Do"-3 
"' :::!. 

CAR(No. l) <> 
"' r- CAR(No.2) 
!"' CAR(No.3) . 

CAR(No.4) :I: 
;:;: CAR(No.5) 
"' <> CAR(No.6) =-
31 CAR(No. 7) 
~ CAR(No. 8) 
"' • g Y1"'8 
0 0 

ff J$. M 
~~ 
d' :!: CLl 

~ i! CL2 

J (') D0"-3 

. :c . -
"' ~-

Y{"8o 

§' 

Example of Waveform 
I I I I I I I I r 
I I I f I I I I I 
I I I I 1 I I I I 

' t I ' I I I ! , -- --:--- T 1 : ! -1 , 
I : l : : i I : 

I I I I I 1 

I I I I I I I I : 

..hn ..n..nn.hn. ~ ..n..nn.hn. ..n..n.nh.n. n..n..rt.fu,_ JUU1..hn S1.SU1hn_ ...flil..fl.h.n 
I I I I I I I I I 

±x:: :x:x::d:x:: .xx:x±x:: :x::x:x±x:: :x:xx±x:: :x::::x:x±x:: :x::x:x±x:: :x::x:x±x:: xxx±x: 
1,1"'4 1,76';'80 1,157"-,160 1,237"-~40 1,317"'120 1,397~400 1,477"'4

0
80 1,557"'~60 1,637"'~40 

,E(No.2) 
E(No.3) , , 

E(No.4) ' 1 

>--------------------~E-(~N-o-.-5~)--~ , 

E(No.6) : , 
E(No.7) ' 

E(No.8) 

' ' ' ' ' ' 
' ' 
I ~--------------------------------------------------------------------------------------1 

' ' ' ' ----------
.hnn. ~ 11Ililnhnn ruin.nAAn. -------- -- .IU1JlJtiuui. .IUU1n.hnn. 1UUUl)1. 
±m: rrn±rr: rrn±rr: :m:rlrr: ---------- D • ~ ~ 
!i~ ~ 63~~!~~ 63j~Ji~ 637"- i"' 63)[.1{~0 63?~! 

4 640 4 640 4 640 4 640 4 640 4 640 
::JI " x x.=::::: --------------"--------"-------..;--

' ' J ! _ I - -----------

OD 

~ 
'.f 

M j 1------------------
CLl ' ~i~~~~~~~~~~~~~~~~~~~~~~....J 

~ 
co 
;;:; 

~ 
.£) 

! 
8 

~ 

' 

' 
Y1"'4(No.l) ~ i 

-:r,-~----1"- l"' 200,! ::x:::x::::x::: 
4 4 1"' 

Y5"'6(No,l) ~ 4 
! s.t tt =:x:::::::::ic:::::::x::)c::>2~0~0:zi1=,x::::::cx::::::c:::x:: 

8 8 5"' '1 

Y77"'8o(No.l)~ 8 }7"'~7"' =:x:::::::::ic:::::::x::)C::>~20~.t::X:::JCX:::JC:::X:: 
. 80 80 77"' 

Y77.,,9o(No.4) ~. 80 
-i~ z,- - - --:- -

317"-317"- 200 
320 320 317"-

Y77"'80(No.8)~ 320 

617"'6~7"' o. 
640 640 637"-640 

::x:::x::::x::: 

:::x:::x:::x::x 

~ 

::x:::x::::x::: 
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time chart 
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time chart 

Liquid crystal 
drive output 
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HD66106F-----
(LCD Driver for High Voltage) 
Description 

The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 
It includes 80 LCD drive circuits and can drive up to 
1/480 duty. For example, only 14 drivers are enough 
to drive an LCD panel of 640 x 480 dots. It also 
easily interfaces with various LCD controllers 
because of its internal automatic chip enable signal 
generator. 
Using this LSI sharply lowers the cost of an LCD 
system. 

Features 

• Column and row driver 
80 LCD drive circuits 
Multiplexing duty ratio: 1/100 to 1/480 
4-bit parallel data transfer 
Internal automatic chip enable signal generator 
Internal standby function 
Recommended LCD controller I.Si's: 
HD6364S and HD6464S {LCTC) 
Power supply: +S V ± 10% for the internal logic, 
and 14.0 V to 37.0 V for LCD drive circuits 
Operation frequency: 6.0 MHz (max.) 
CMOS process 
100-pin flat plastic package (FP-100) 

Pin Arrangement 
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Pin Description 

Power supply 

V cc, GND: V cc supplies power to the internal 
logic circuit. GND is the logic and drive ground. 

VLcn: YLco supplies power to the LCD drive cir
cuit. 

Vi, V2, Va, and V,: V1-V4 supply power for driving 
LCD (figure 1). 

Table 1. Pin Function 

Symbol Pin No. 

Vee 49 

GND 37 

VLCo 31, 36 

v, 32 

v, 33 

v, 34 

v. 35 

CL1 38 

CL2 40 

M 42 

D.-D, 46-43 

SHL 39 

E 47 

CAR 48 

CH1 41 

Y1 -Y80 30-1, 100-51 

NC 50 

-~--~~:: 
---~v, 

----vi 

V 1 , V 2 : Selected level 
V •, V 4 : Nonselected level 

HD66106F 

Control signals 

CLI: The LSI latches data at the negative edge of 
CLl when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 

CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 
edge when it is used as a row driver. 

M: M changes LCD drive outputs to AC. 

D0 -D3 : D0 -D3 input display data for the column 
driver (table 2). 

Pin Name 1/0 

Vee 

Ground 

VLCo 

LCD voltage 1 

V 2 LCD voltage 2 

V 3 LCD voltage 3 

V 4 LCD voltage 4 

Clock 1 

Clock 2 

M 

Data 0 to data 3 

Shift left 

Enable 

Carry 0 

Channel 1 

Drive outputs 1-80 0 

No connection 

Table 2. Relation between Display Data and 
LCD State 

Displ•Y D•u LCD Outputs 

1 ( = high level) Selected level 

0 (= low level) Nonselected level 

LCD 

On 

Off 

• Figure 1. Power Supply for Driving LCD 
.HITACHI 
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HD66106F 

SHL: SHL controls the shift direction of display 
data and line select data (figure 2, table 3). 

I: E inputs the enable signal when the LSI is used 
as a column driver (CHl = V cd· The LSI is dis
abled when Eis high and enabled when low. E in
puts scan data when the LSI is used as a row driver 
(CHl = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 

CAR: CAR outputs the enable signal when the 

LSI is used as a column driver (CHl = V cd· CAR 
outputs scan data when the LSI is used as a row 
driver (CHl = GND). When HD66106Fs are con
nected in cascade, CAR connects with E of the next 
LSI. 

CHI : CHI selects the driver function. The chip 
drives columns when CHl = V cc, and rows when 
CHI =GND. 

Y 1 -Y 8 0 : Each Y outputs one of the four voltage 
levels-V 1 , V 2 , V 3 , or V 4 -according to the com
bination of M and display data (figure 3). 

NC: NC is not used. Do not connect any wire. 

Table 3. Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a.Row Driver) 

SHL 

Vee 

GND 

Shift Direction of Shift Register 

e -+ 1 -+2 .... 3 ----------------+ 80 

e -+Bo -+79 .... 78---------------+ 1 

2 
3 

>>->->»>> m~~m 
-~~.P~~e 

bl ... 2n11-.. ........ 

-----M ---

When SHL = GND 

Scan Direction of Selected Line 

y l .... y. .... y. ------------------··-+ y •.• 

Y80 -+ Y,, -+ Y,. -·-·················-+ Y, 

When SHL =Vee 

Figure 2. Relation between SHL and Data Output (When LSI is Used as a Column Driver) 

.___ _ ____.! .___ _ ____.! 

Y output level I v, I v, I v, I v, I Y output level I· v, I v, I v, I v, I 

When Used as a Column Driver When Used as a Row Driver 

Figure 3. Selection of LCD Drive Output Level 
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Internal Block Diagram 

LCD Drive Circuits 

The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically ( = standby state) 
when it has latched 80 bits. 

Latch Circuit 2 

When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit l at the 
fall of CLl and transfers its outputs to the LCD 
drive circuits. 
When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = V cc, the data shifts from bit l 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit 1. 

HD66106F 

Latch Circuit 1 

Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data D0 -D3 at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter
mine which 4-bit latch should latch the data. 

Selector 

The selector is composed of a 5-bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1, incrementing the counter at 
the negative edge of CL2. 

Controller 

The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. 

LCD drive circuits 

VLcD 

Vee 
GND M 

Latch circuit 1 (4-bit x 20) 

Selector 

Controller 

@HITACHI 
401 

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



HD66106F 

Functional Description 

When Used as a Column Driver 

The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically ( = standby state) 
when it has latched 80 bits. 

Data outputs change at the fall of CLl. Latched 
data d1 is transferred to the output pin Y 1 and 
d30 to Y 80 when SHL = GND. Conversely, d10 is 
transferred to Y 1 and d 1 to Y 80 when SHL = V cc. 
The output level is selected out of V 1 -V 4 accord
ing to the combination of display data and the 
alternating signal M (figure 4 ). 

CL2 _Il___JLJL_ ______ 

402 

Do ~ d, 

o, ~ d, 

o, ~ d, 

o, ~ d, 

E I 
CLl 

When SHL = GND 

y., 

When SHL = V cc 

Yeo 

2 3 19 20 

x d, x ----'] d,. x dso x 
x d, x --==:A d,. x d,, x 
x d, x ---=:A d,. x d,. x 
x ds x ----~ d,. x d,, x 

_ ___.n~-

Figure 4. Cqlgqln Driver Timing Chart 
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When Used as a Row Driver 

The HD66106F shifts the line scan data sent from 
the pin E in order at the fall of CL2. When SHL = 
Vee, data is shifted from Y1 to Yao and Yao to Y1 

HD66106F 

when SHL = GND. 
In both cases, the data delayed for 80 bits by the 
shift register is output from the CAR pin to be
come the line scan data for the next LSI. 
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HD66106F 

LCD Power Supply 

This section explains the range of power supply 
voltage for driving LCD. V1 and V3 voltages 
should be near V LCD, and V 2 and V 4 should be 

near GND (figure 6). Each voltage must be within 
A. V. A. V determines the range within which RoN, 
impedance of driver's output, is stable. Note' that 
A.V depends on power supply voltage VLco-GND 
(figure 7). 

------------V, 

--------------- V1 
~~~~~~~~~~GND 

Figure 6. Driver's Output Waveform and Each Level of Voltage 

E 
> 
<l 

Range of power supply voltage 

6.2 

2.3 -----------

14 

Vu,n-GND (V) 

37, 

Figure 7. Power Supply Voltage VLCo-GND and A. V 
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HD66106F 

Application Example 
Application Diagram 

Figure 8 shows an example of an LCD panel 
of 640 x 400 dots driven by HD66106Fs. 

LCD panel 
640 x 400 dots 
1/400 duty ratio 

15 o.-~31----~ 
se-640 I ;t._J • CL~ I---~ 
seg639 Mv I>; Hll66106F (13) CL! I---

~ V,f---
V,1---

:2£C ~~~V1J-
VJU ltl.l>>~V,J-

lI 11 i;J ~ 
> I ~+t_.____........._......._....._....__ 

I 

i 

'-+--+--1---------4~ 

'--t------+Ll--,-1--1--+f-f1----+,1 '---

f 
::;: Q 

I 
Q 

Controller 

>37V +5V 

Notes: 1. R, and R2 depend on the LCD panel in use. When using an LCD panel with 1/20bias, R1 /(4R1 + 
R2 ) should be 1/20. For example, R, -3 kfland R -48 kn. 

2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 
capacitors with some 0.1 µF per LSI, putting one between VLeo and GND, and the other be
tween Vee and GND. 

Figure ~Application Example 
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HD66106F 

r 
> > > > 

>> >> 
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'----v-----1 ~ I~ <ll ,.J lw ;>: ..,: ... u ~ 

> > 
M > > .... 
~ ;>: 

Figure 10. Timing WaVeform for Row Drivers (LSI 1-LSI 5) 
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HD66106F 

Absolute Maximum Ratings 

Supply 
Voltage 

Item 

Logic circuits 

LCD drive circuits 

Input voltage (Logic) 

Input voltage (LCD drive) 

Operation temperature 

Storage temperature 

Notes: 1. Reference point is GND (: 0 V). 

Symbol 

Topr 

T stg 

2. Applies to the input pins for logic circuits. 
3. Applies to the ihput pins for LCD drive circuits. 

Rating Unit Notes 

-0.3 to +7.0 v 
-0.3to +38 v 
-0.3 to V cc+ 0.3 v 1, 2 

-0.3 to VLCO + 0.3 v 1, 3 

-20 to +75 oc 
-55 to +125 oc 

4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSls should usually be used 
under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli
ability. 

408 
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HD66106F 

Electrical Characteristics 

DC Characteristics (Vee= 5 V ± 10 %, VLeD = 14 V to 37 V, Ta= -20°C to 75°C unless otherwise noted) 

Item Symbol Pin Min Typ Max Unit Test Condition Notes 

Input high voltage VIH CL1, CL2, M, SHL, 0.8xVcc Vee v 
Input low voltage v, Do-D3, E, CH1 0 0.2xVcc V 

Output high voltage VoH CAR Vcc-0.4- v loH=-0.4 mA 

Output low voltage VoL 0.4 v loL=0.4mA 

Vi-Yj on resistance RoN Y1-Yao. V1-V4 3.0 kn loN=100µA 4 

Input leakage current(1) I 1L 1 CL1,CL2,M,SHL, -5.0 5.0 µA V1N=Vcc to GND 

Do-03, E, CH1 

Input leakage current(2) l1l.2 V1-V4 -50.0 50.0 µA V1N=VLco to GND 

Current consumption(1) lcc1 3.0 mA fcL2=6 MHz, 

(2) ILCD1 0.5 mA fcu=28 kHz 

(3) lsT 0.2 mA At the standby state 2 
fcL2=6 MHz, 
fcL1=28 kHz 

(4) lcc2 0.2 mA fcL 1=28 kHz, 

(5) ILCD2 0.1 mA fm=35 Hz 3 

Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 
flows from the power supply through the input circuit. VI H and VIL must be fixed at V cc and GND respectively 
to avoid it. 

2. Applies when the LSI is used as a column driver. 
3. Applies when the LSI is used as a row driver. 
4. Indicates the resistance between Y pin and V pin (one of V 1. V2. v3, and V 4) when it supplies load current to 

one of Y1-Yao pins. 
Conditions: VLco-GND=37 V 

v,, V3=VLco-2/20 (VLco-GND) 

V2. V4=GND+2/20 (VLco-GND) 

~HITACHI 
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HD66106F 

AC Characteristics {Vee = S V ± 10 %, YLm = 14 V to 37 V, Ta= -20°C to +75°C unless otherwise noted) 

Column Driver 

Item Symbol Pin Min Typ Max Unit Notes 

Clock cycle time tcyc CL2 166 ns 

Clock high level width tcwH CL2 50 ns 

Clock low level width tcwL CL2 50 ns 

Clock setup time tscL CL2 200 ns 

Clock hold time tHCL CL2 200 ns 

Clock rise/fall time tct CL1,CL2 30 ns 

Data setup time tosu Do-D3 30 ns 

Data hold time toH Do-D3 30 ns 

E setup time tESU E 50 ns 

Output delay time toCAR CAR 80 ns 

M phase difference tcM M,CL1 300 ns 

Row Driver 

Item Symbol Pin Min Typ Max Unit Notes 

Clock low level width twL 1 CL2 5 µ.s 

Clock high level width twH1 CL2 125 ns 

Data setup time tos E 100 ns 

Data hold time toH E 30 ns 

Data output delay time too CAR 3 µ.s 

Data output hold time toHW CAR 30 ns 

Clock rise/fall time tct CL2 30 ns 

Note: 1. Values when the following load circuit is connected: 

Test point O>-----i--. 

I'°'' 

410 
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HD66106F 

Column Driver 

CLl _J lcwu \i.,, 
Vm 

V1L -------

CL2 

tcwH tcwL 
tosu 

t., tou 

D,-D, 

CLl 

CL2 

CAR 

..,..__ tESU 

E 
V1L '-------

M 

Figure 11. Controller Interface of Column Driver 
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HD66106F 

Row Driver 

CL2 
twu 

iWHI 

t" t" 

tes leH 

E v,. 
V1L 

tee 

CAR Vrn 

V1L 

haw 

Figure 12. Controller Interface of Row Driver 
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HD66107T~~~~~~ 

(LCD Driver for High Voltage) 
Description 

The HD66107T is a multi-output, high duty 
ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Ts can drive a 640 x 
480 dots LCD panel. Moreover, the LCD driver 
enables interfaces with various LCD control
lers due to a built-in automatic generator of 
chip enable signals. Use of the HD66107T can 
help reduce the cost of an LCD-panel config
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 

Features 

• Column and row driver 
• 160 LCD drive circuits 
• Multiplexing duty ratio :1/100 to 1/480 
' 4-bit and 8-bit parallel data transfer 
~ Internal automatic chip enable signal 

generatator 

Table 1. Pin Function 

Symbol Pin No. 

Vee 167 

GND 161, 186, 187 

VLco 166, 192 

V1L, R 191, 165 
V2L, R 188, 162 
V3L, R 190, 164 
V4L, R 189, 163 

CL1 183 

CL2 184 

M 182 

Do-D1 174-181 

SHL 172 

CH2 171 

BS 173 

TEST 185 

Y1-Y160 1-160 

SHL 172 

E 169 

CAR 168 

CH1 170 

• Internal standby mode 
• Recommended LCD controller LSis: 

HD63645, HD64645, and HD64646 
(LCTC), HD66840 (L VIC) 

• Power supply voltage 
internal logic: +5 V ± 10% 
LCD drive circuit: 14.0 to 37.0 V 

• Operation frequency: 8.0 MHz (max.) 
• CMOS Process 
• 192-pin TAB (Tape Automated Bonding) 

package 

Pin Description 

Power Supply 

Vee. GND: Vee supplies power to the internal 
logic circuits. GND is the logic and drive 
ground. 

VLco,: Vtcn supplies power to the LCD drive 
circuit. 

Pin name Input/ output 

Vee 

Ground 

VLco 

V1L, R 
V2L, R 
V3L, R 
V4L, R 

Clock 1 Input 

Clock 2 Input 

M Input 

DATAO-DATA7 Input 

Shift left Input 

Channel 2 Input 

Bus Select Input 

TEST Input 

Y1-Y160 Output 

Shift left Input 

Enable Input 

Carry On put 

Channel 1 Input 
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HD66107T 

V1L1 VtR, V2L1 V2R, V3L1 V3a, V4L, V4R: V1 to V4 
supply power for driving an LCD (figure 1). 

Control Signal 

CL1: The LSI latches data at the negative 
edge of CL1 when the LSI is used as a column 
driver. Fj.x to GND when the LSI is used ~s a 
row driVeJ:. 

CL2: The LSI latches display data at the 
negative ectge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a row 
driver. 

M: M changes LCD drive outputs to AC. 

Table 2. Relation between DispJay data 
and LCD state 

Display D11ta 
1 {=high level) 

0 {=low level) 

LC[) Output LCD 
V1 L, R/V2L, R On 
Nonselected level Off 

V1 ,V2: selected level 
V3,V4: nonselected level 

Do-D1: Do-D1 input display data for the col
umn driver (table 2). 

SHL: SHL controls the shift direction of dis
play data and line select data (figure 2, table 
3). 

E: E inputs the enable signal when the LSI is 
used as a column driver (CH1=Vcc). 
The LSI is disabied w)len Eis high and ena
bled when low. E inputs scan data when the . 
LSI is used as a row driver (CH1=GND). When 
HD.66107Ts are connected in cascade, E con
nects with CAR of the preceding LSI. 

.CAR: outputs the enable signal when the LSI 
is used as a column driver (CH1=Vcc). 

----V3 

Figure 1. Power Supply for D:rivipg !ln LCD 
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DO~---~ rntO 01 . 01 

02 02 
03 03 

When SHL=GND 

"""' a> m o LO U'> LO CO 

;: ;: ;:: ;: 
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2nd data 1 st data 

{[_ ___ ~ 

When SHL=Vcc 

Figure 2. Relation between SHL and Data Output 
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CAR outputs acan data when the LSI is used 
as a row driver (CH1=GND). When 
HD66107Ts. are connected in cascade, CAR 
connects with E of the next LSI. 

CHl: CHl selects the driver function. The chip 
devices are columns when CHl=Vcc, and 
commons when CHl=GND. 

CH2: CH2 selects the number of output data 
bits. 

HD66107T 

BS: BS selects the number of input data bits. 
When BS=Vcc, the chip latches 8-bits data. 
When BS=GND, the chip latches 4-bits data 
via Do to 03. Fix 04 through D1 to GND. 

TEST: Used for testing; fixed to GND, ·Other 
wise. 

LCD drive interface 

Y1-Y160: Each Y outputs one of the four volt
age levels-Vl, V2, V3, V4-according to the 
combination of M and display data (figure 3). 

Table 3. Relation between SHL and Scan Direction of Selected Line (When LSI is 
Used as Common Driver) 

SHL Shift Direction of Shift Register Scan Direction of Selected Line 

Vee E-+ 1-+ 2-+ 3-+ 4--------+160 Y1-+ Y2-+ Y3-+ Y4- - - - - - - -+Y160 

GND E-+ 160-+ 79-+ 78-+ 77--------+1 Y160-+ Y79-+ Y77-+ Y76- - - - - - - --+ 160 

M 
0 

M 
0 

D D~~ 
v output 1eve1 I .. v1 ... l •v3 •I •v2 • I •v4 •I Youtputl I I I I 

level• V2 •• V3 • • v1·•• V4 • 

When used as a column driver When used as a common driver 

Figure 3. Selection of LCD Driver Output Level 
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Function 

LCD drive circuits 

The LCD drive circuits generate four levels of 
voltages-V1, V2, VJ, and V4-for driving an LCD. 
They select and transfer one of the four levels 
to the output circuit according to the combi
nation of M and the data in the latch circuit 2. 

Latch circuit 2 

This circuit is used as a 160-bit latch circuit 
during column driving. Latch circuit 2 latches 
data input from latch circuit 1 at the falling 
edge of CL1 and outputs latched data to the 
drive circuits. 

In the case of row driving latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2. When SHL'=Vcc, data is shifted 
in input order from bit 1 to bit 160 of the shift 
register. When SHL=GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Y41 through Y120 are 
enabled, while the other bits remain un
changed. 

Latch circuit 1 

This circuit consists of twenty 8-bit parallel 
data latch circuits. It latches data Do through 
D1 at the falling edge of CL2 during column 

HD66107T 

driving. The selector signals specify which 8-
bit circuit latches data. Moreover, this circuit 
can be used as forty 4-bit parallel data latch 
circuits by switching BS, in which case the 
circuit latches data Do through DJ. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case Y41 through Y120 are 
enabled, while the other bits remain un
changed. 

Selector 

The selector consists of a 6-bit up and down 
counter and a decoder. During column driv
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. 

Controller 

This controller is enabled during column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSI operations. 
Moreover, the controller automatically gen
erates a chip enable signal (CAR) which star
ts next-stage data latching. 

Test circuit 

This circuit divides the external clock and 
generates test signals. 

$HITACHI 
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HD66107T 

Fundamental Operations 

Column driving (1) 

CH2 = GND (160-bit data output mode) 
BS = Vee (8-bit data latch mode) 

The HD66107T starts data latch when E is at 
low level. In this case 8-bit parallel data is 
latched at the falling edge of CL2. When 160-
bit data latch is completed, the HD66107T 
automatically stops and enters standby mode 
and CAR is goes to low level. If CAR is con-

nected with E of the next-stage LSI, this next
stage LSI is activated when CAR of the pre
vious LSI goes low. 

Data is output at the falling edge of CLl. 
When SHL = GND, data dl is output to pin Yl 
and dl60 to Y160. On the other hand, when 
SHL = Vee, data d160 is output to pin Yl and 
dl to Y160. The output level is selected from 
among Vl- V4 according to the combination 
of display data and alternating signal M. 

CL2 __fl__fl_fl_ _________ --1LJLJI_ ____ _ 
1 2 3 e\ .... ____ _ 19 20 21 Do=---------=------\ --------- ---- ~ 

07~=========~===------
CL1 --------~--------------....,------r--\ ___ _ CAR'--------- , ___ ,-

SHL=GND 

v,~-------------------------~~ 
v,1-------------------------~ 

SHL=Vcc 

Figure 4. Column Driver Timing Chart (1) 
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Column driving (2) 

CH2 = GND (160-bit data output mode) 
BS = GND (4-bit data latch mode) 

HD66107T 

4-bit display data (Do-DJ) is latched at the 
falling edge of CL2. Other operations are 
performed in the same way as described in 
"Column driving (1)". 

CL2 _fUl___IL _________ _fUUl_ ______ _ 
e ~~-1 _____ 2 ______ 3 __ _ 

39 40 41 

Do~---------~------

\ ~~~~~~~~~--~~~~----
03 ~---------~------------

Cll --------------------------____________________ n .... ____ _ 
CAR ------------------ \,___ __ __.r-

SHL=GND 

v,--------------------------------------------------------~ 
J-----------------~ 

SHL=Vcc 

Y1 ~ \-----
Y1eo ~ 

Figure 5. Column Driver Timing Chart (2) 
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HD66107T 

Column driving (3) 

CH2 =Vee (80-bit data output mode) 
BS = Vee (8-bit data latch mode) 

When CH2 is high (Vee). the HD66107T can be 
used as an 80-bit column driver. In this case, 
Y41 through Y120 are enabled, the states of 

1 2 3 
E \.._ ___________ _ 

Y1 through Y40 and Y121 through Y160 
remain unchanged. 

When SHL = GND, data d1 is output to pin 
Y41 and d80 is output to Y120. 
Conversely, when SHL = Vee, data d80 is 
output to Y41 and d1 is output to Y120. 

9 10 11 

Do~---------=12 d~ ------

~ ~~~~~~~~--- ~~~----
07 ~---------~-----

CL1 ---~~~~~~--~-~~ 
CAii --------- -----------, ____ ,--

SHL=GND 

' 
SHL=Vcc 

Figure 6. Column Driver Timing Chart (3) 
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HD66107T 

Column driving (4) 

CH2 = Vee (80-bit data output mode) 
BS = GND (4-bit data latch mode) 

When CH2=Vcc and BS=GND, 4-bit parallel 
data is latched, while 80-bit data is output. 
The output of latched data is performed in 
described at "Column driving (3)". 

CL2 

___r-t__fl___Jl---------~------~ 
E ~~-1~~-2~~~3~-

19 20 21 

1·~~~~~~~~~~~~~~===-
03~---------~------~~~ 

Cll ~~~~~~~__,r-\.__~-
CAR ~~~~~~~~~~ 

'~-----r-
SHL=GND 

SHL=Vcc 

\" ________ ____.E_ 

Y120~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~ 

figµre 7. Cob.inm Drlv.-r Timing Ch.art (4) 
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HD66107T 

Common driving (1) 

CH2 = GND (160-bit data output mode) 

The HD66107T shifts line scan data input 
through E at the falling edge of CL2. 

SHL=Vcc 
2 3 4 

CL2 

E 

v, n 
Y2 n 
) 

Y1ao 

CAR 

SHL=GND 

2 3 4 

CL2 

E 

Y1eo n 
Y1ss n 
. v, 

CAR 

When SHL=Vcc, 160-bit data is shifted from 
Y1 to Y160, whereas when SHL=GND, data is 
shifted from Y160 to Y1. In both cases the 
HD66107T outputs the data delayed for 160 
bits by the shift register throughCAR, 
becoming line scan data for the next IC 
driver. 

(next stage) 

158 159 160 1 

------

(next stage) 

158 159 160 1 

------

------

Figure 8. Common Driver Timing Chart (1) 
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Common driving (2) 

CH2 = Vee (80-bit data output mode) 

When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Y41 to 
Y120 are enabled, while the other bits remain 
unchanged. 

SHL=Vcc 
2 3 4 

CL2 

E 

Y41 n 
Y42 n 
) 

Y120 

CAR 

SHL=GND 

2 3 4 

CL2 

e 

Y120 n 
Y11s n 

Y41 

CAR 

HD66107T 

Line scan data input through E is shifted at 
the falling edge of CL2. When SHL=Vcc, data 
is shifted from Y41 to Y120. Conversely, when 
SHL=GND, data is shifted from Y120 to Y41. 
In both cases the HD66107T outputs the data 
delayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. 

(next stage) 

78 79 80 1 

------

(next stage) 

78 79 80 1 

------

------

L 

Figure 9. Common Driver Timing Chart (2) 
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HD66107T 

LCD Power Supply should be near GND (figure 10). Each voltage 
must be within t:. v. t:. v determines the range 
within which RoN, impedance of driver's 
output, is stable. Note that t:. V depends on 
power supply voltage VLco-GND (figure 11). 

This section explains the range of power 
supply voltage for driving LCD. V1 and Va 
voltages should be near VLDc, and V2 and V4 

424 

~~~~~~~~~~Yr.co 
-------- V1 

t;.V 
-----Va 

------------v, 

---------------Vi 
--'~~~~~~~~~GND 

Figure 10. Driver's Output Waveform and Each Level of Voltage 

E 
> .. 

Range of power supply voltage 

6.2 

2.3 -----------

14 37. 

Figure 11. Power Supply Voltage VLCD·GND and t:..V 
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Note 1: Al and R2 are specified depending on the type of LCD panel. When using an LCD panel with 1/20 bias, R1/(4Rl +R2) 
must be 1/20, i•e .. R1 =3 kO and R2=48 kO. 

Note 2: When designihg a board, place capacitors ctose to each LSI in order to stabilize power supply. It is recommended to use 
two 0.1.uF capacitors per LSI; one is connected between Vee and GND, and the other between VLCo and GND. 

Figure 12. Application Example 

aa~J 

'ti:;:!!~ 

~~CD 
,_. Pl .... 

6l g. !?: s· ::s o 
CQ .... ~
:;. g CQ 

CD CD 

:i:§:~ gg.s 
Ol •r. 'ti b-. a> 
-..:i Pl I'll 

~ Ol tr 
~o 
o~ 
x 
~Pl 
01'11 

?~ 
llo .... 

~s 
t"' Cl og 
ti' 

CJ) 
m 

~~ 
0 
z 

i 
i 

s 
a> 
a> 
~ 

0 
-...J ., 



HD66107T 

E:xample of Waveform 

In column driving 
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Figure 13. Co.lumn Drlv.er Timing Chart (1) 
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In common driving 

M 
T 

Q) 

E 
~ 
u. 

"' 

0 

~ 

m 
~ 

00 

~ 

I I 
I I 
I I 
I I I I 

lw ~ >>>>>>>> 

Figure 14. Common Driver Timing Chart 
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HD66107T 

Absolute Maximum Rating 

Item Symbol Rating Unit Note 

Power supply voltage Logic circuit Vee -0.3-+7.0 v 1 

LCD drive circuit VLeD -0.5-+38 v 1 

Input voltage ( 1 ) Vn -0.3-Vee+0.3 v 1, 2 

Input voltage (2) VT2 -0.3-VLeo+0.3 v 1, 3 

Operation temperature T opr -20-+75 "C 

Storage temperature Tstg -55-+ 125 "C 

Note 1. Reference point is GND (= OV.) 
2. Applies to input pins for logic circuit. 
3. Applies to input pins for LCD drive circuits. 
4. if the LSI is used beyond absolute maximum ratings, it may be permanently damaged. It 

should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LS l's reliability. 
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HD66107T 

Electrical Characteristics 

DC Characteristics (Vcc=5V±10%, VLco=14 to 37V, Ta= -20 to 75"C) 

Item Symbol Pins Min. Max. Unit Condition No1B 
Input high voltage V1H CL1, CL2, M 0.8xVcc Vee v 

SHL, BS, CH2, 

Input low voltage V1L TEST, Oo-01, 0 0.2xVcc v 
E, CH1 

Output high voltage VoH CAR Vcc-0.4 v loH= -0.4mA 

Output low voltage Vol 0.4 v IOL=0.4mA 

Vi- Yj ON resistance RoN Y1-Y160, 3.0 kn ioN=150µA 
V1-V4 

Input leak current ( 1 ) l1u CL1, CL2, M -5.0 5.0 µA V1N=Vcc-GNO 
SHL, BS, CH2, 
TEST, Oo-01, 
E, CH1 

Input leak current (2) i1L2 V1 -V4 -100 100 µA V1N=VLco-GNO 

Power dissipation ( 1 ) lcc1 5.0 mA fcL2=8MHz 1 

Power dissipation (2) ILCD1 2.0 mA fcu =28kHz 2 

Power dissipation (3) lsT 0.5 mA In standy 
mode: 
fcL2=8MHz, 1 
fcu =28kHz 2 

Power dissipation (4) lcc2 1 .0 mA ftcu = 28kHz 1 

Power dissipation (5) iLCD2 0.5 mA fm=35Hz 3 

Note 1 . Input and output current is excluded. when an input is at the intermediate level is CMOS, the 
excessive current flows from the power supply though the input circuit. To avoid it, V1H and 
V1L must be fixed to Vee and GND respectively. 

2. Applies to column driving. 
3. Applies to row driving. 
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HD66107T 

AC Characteristics (Vcc=5V±10%, VLco=14 to 37V, Ta= -20 to 75°C) 

In column driving 

Item Symbol Pin name Min. Max. Unit Note 
Clock cycle time tcyc CL2 125 ns 

Clock high-level width tcwH CL2 30 ns 

Clock low-level width tcwL CL2 30 ns 

Clock setup time tscL CL2 200 ns 

Clock hold time tHCL CL2 200 ns 

Clock rising/falling time tct CL1, CL2 30 ns 

Data setup time tosu Do-D1 30 ns 

Data hoid time toH Do-D1 30 ns 

E setup time tesu E 25 ns 

Output delay time tocAR CAR 70 ns 

M phase difference tcM M,CL1 300 ns 

Note 1. Specified when connecting the load circuit shown to the right. 

Test point Qr-----I..,l 30pF 

Figure 15. Test Circuit 

430 
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HD66107T 

tct tct 

cu ___ ___,y~"'zt __ _ 
CL2 

Do-1 

CL1 

CL2 

M 

tcwH 

tct tct 

Horizontal 
retrace period 

V1H 
V1L 

___ ..,. ----·tcyc----

VoL,_. ___ _ 

tesu 

V1L "-----

Figure 16. Controller Interface of column Driver 
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HD66107T 

In common driving 

Item Symbol Pin name Min. Max. Unit Note 
Clock low-level width twu CL2 5 µs 

Clock high-level width twH1 CL2 60 ns 

Data setup time tos E 100 ns 

Data hold time toH E 30 ns 

Data output delay time too CAR 3 µS 

Data output hold time toHW CAR 30 ns 

Clock rising/falling time tc1 CL2 30 ns 

CL2 

twHt 

tos 

Input data 

CAR 

Output data 

Figure 17. Controller Interface of common Driver 

432 
@HITACHI 

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



HD61105,HD61105A---
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 
DESCRIPTION 

The IID61105, IID61105A is a common signal 

driver for dot matrix liquid crystal graphic 

display systems. It provides 80 driver 

output lines and the impedance is low enough 

to drive a large screen. 

As the IID61105, IID61105A is produced in a 

CMOS process, it fits for use in portable 

battery drive equipments utilizing the 

liquid crystal display's low power consumption. FP-100 

• FEATURES • PIN ARRANGEMENT 

• Dot matrix liquid crystal graphic 

display common driver with low 

impedance. 

• Internal liquid crystal display 

driver circuit 80 circuits 

• Display duty ratio factor 1/64 ~ 

1/200 

• Internal 80-bit shift register 

• Power supply for logic circuit 5 ± 10% x. 

• Power supply for LCD drive circuits; 

10 to 26V (IID61105) 

10 to 28V (IID61105A) 

• CMOS process 

• 100-pin plastic QFP (FP-100) 

• ORDERING INFORMATION 

LCD driving 
Type No. Level (V) Package 

IID61105 10 to 26 100 pin 
plastic 

IID61105A 10 to 28 QFP (FP-100) 

x. 
x, 

(Top View) 
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HD61105, HD61105A 

Vee 
GND 
VEE 

DI 

II BLOCK DIAGRAM 

Bidirectional 
shift register 78 79 80 

CL ---,......; 
Fcs------1 

434 

II ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage (1) Vee -0.3 to +7 .0 v 2 

jIID6110S 
VEE 

Vee - 28.o to Vee + 0.3 v s Supply voltage(2j_lIDGllOSA Vee - 28.S to Vee + 0.3 

Terminal voltage (1) Vn -0.3 to Vee + o.3 v 2, 3 

Terminal voltage (2) VT2 VEE - 0.3 to Vee + 0.3 v 4, s 

Operating temperature Topr -20 to +7S oc 

Storage temperature Tstg -SS to +12S oe 

(Note 1) LSI's may be permanently destroyed if being used beyond the 

absolute maximum ratings. In ordinary operation, it is desirable 

to use them within the limits of electrical characteristics, 

because using beyond these conditions may cause malfunction and 

poor reliability. 

(Note 2) All voltage values are referred to GND = OV. 

(Note 3) Applies to input terminals except Vl, V2, VS and V6. 

(Note 4) Applies to Vl, V2, VS and V6. 

(Note S) Vee_~ Vl ~ V6 ~VS ~ V2 ~VEE must be maintained • 
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HD61105, HD61105A 

II ELECTRICAL CHARACTERISTICS 

e DC CHARACTERISTICS 

(Vee= 5V ± 10%, GND = ov. Vee - VEE= 10 to 26V (HD61105). Vee - VEE= 10 to 

28V (HD61105A), Ta= -20 to +75 °C) 

Test Item Symbol Test Condition Specifications Unit 
Min. Typ. Max. 

Input "High" voltage Vrn o. Jxvcc - Vee v 

Input "Low" voltage VIL GND O.Jxvcc v 

Output "High" voltage VoH IoH=-0.4mA Vcc-o.4 - - v 

Output "Low" voltage VQL IoL=0.4mA - - 0.4 v 

Vi-Xj ON Resistance RoN 
Vcc-VEE=lOV 
Load current - - 2.0 kR 

± 150µA 

Input Leakage Current IIu Vrn=O to vcc -1.0 1.0 µA 

Input Leakage Current IIL2 Vrn=VEE to Vee -25 25 µA 

Clock Frequency fCL Transfer clock - 100 kHz -CL 

Dissipation Current (1 IGGl 
at 1/200 duty - - 200 µA 

operation 

Dissipation Current (2 IEE 
at 1/200 duty 100 µA operation - -

{Note 1) Applies to input terminals FCS, SHL, DI, M, and CL. 

(Note 2) Applies to output terminal of DO. 

Note 

1 

1 

2 

2 

5 

3 

4 

6 

7 

(Note 3) Applies to the terminals NC, and the input terminals FCS, SHL, DI, 

M, and CL. 

(Note 4) Applies to Vl, V2, V5, and V6. No wire is to be connected to Xl"-X80. 

(Note 5) Resistance value between terminal X (one of Xl to X80) and terminal 

V (one of Vl, V2, V5, and V6) when load current is applied to one of 

terminals Xl to X80. This value is specified under the following 

condition. 
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HD61105, HD61105A 

Vee - VEE = 26V 

Vl, V6 = Vee - 1/10 (Vee - VEE) 

V2, vs = VEE + 1/10 (Vee - VEE) 

Vl-----o 

V6-----o 

VS-----o 
Terminal X 
(Xl "' X80) 

Here is a description of the range of power suppiy voltage for liquid crystal 

display drive. Apply positive voltage to Vl, and V6, and negative voltage 

to V2 and VS, within the 6V range respectively. This range allows stable 

impedance on driver output (l\)N). Notice that 6V depends on power supply 

voltage Vee - VEE· 

-...---------~ Vee 
6Vl n-------- Vl 

- I ~---- V6 

4.5 -------------------------- ---

I~ .J __________ vs 
AV: LL ____________ V2 

~ 2 ------------

VEE 

Correlation between Driver 

Output Waveform and Power 

Supply Voltages for Liquid 

Crystal Display Drive 

10 26 
VCC - VEE (V) 

Correlation between Power 

Supply Voltage Vee-VEE and 6V 

(Note 6) The currents flowing through the GND terminal. 

Specified when display data is transferred under following 

conditions. 

CL frequency fcL 

~ frequency fM 

Display duty ratio 

VrH = Vee• VrL = GND 

No load on outputs 

14 kHz (data transfer rate) 

3S Hz (frame frequency I 2) 

1/200 

(Note 7) The currents flowing through the VEE terminal in the conditions 

of (Note 6) • No line is to be connected to the V termina 1. 
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HD61105, HD61105A 

e AC CHARACTERISTICS 

(Vee = 5V ± 10%, GND ov, Ta -20 to +75°C) 

CL 
(FCS=GND) 
(shift clock) 

CL 
(FCS=Vcc) 
(shift clock) 

DI 
input data 

DO 
output data 

Item 

Clock low level width 

Clock high level width 

Clock low level width 

Clock high level width 

Data setup time 

Data hold time 

Output delay time 

Output hold time 

Clock rise time 

Clock fall time 

(FCS 

(FCS 

(FCS 

(FCS 

0.7Vcc 

0.3Vcc 

0.7 Vee 

0.3 Vee 

Symbol Min. 

= GND) tWLl 5.0 

= GND) tWHl 125 

= Vee) tWL2 125 

= Vee) tWH2 5.0 

tDS 100 

tDH 100 

tDD 

tDHW 100 

tr 

tf 

Typ. Max. Unit 

µs 

ns 

ns 

µs 

ns 

ns 

3.0 µs 

ns 

30 ns 

30 ns 

Note 1) The following load circuits are connected for specification: 

Output terminal ~o~~~ * 30pF (including jig capacity) 

@HITACHI 
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HD61105, HD61105A 

II TERMINAL CONFIGURATION 

• Input Terminal 

Applicable Terminals: DI, CL, SHI., FCS, M 

e Output Terminal 

Applicable Terminal: DO 

Vee 

PMOS 

NMOS 

• Output Terminal 

Vee 

PMOS 

NMOS 

Applicable Terminals: Xl -v X80 

...c 
PMOS 

Vee 
....c-

PMOS 

Vee 

....c-
NMOS 

v •• 
..c-

NMOS 

VEE 

@HITACHI 
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V6 

vs 

V2 
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HD61105, HD61105A 

II BLOCK DIAGRAM 
x1 x2 x3 X78 X79 X8o 

Vcc---
GND,_,,.._ __ 

VEE-1----

CL--------

1 2 3 

80 output terminals 

Liquid crystal 
display driver 

circuit 

Level shifter 

Bidirectional 
shift register 

SR 

Logic1-----+--.___. __________ _..__.___, 
FCS-1.._ ___ 

• BLOCK FUNCTIONS 

e Bidirectional Shift Register 

This is a 80-bit bidirectional register. The data from the DI terminal 

is shifted by the shift clock CL. The output terminal DO outputs the 

last shifted data. In case of serial cascade connection, the terminal 

DO functions as the data input to the next LSI. The terminal SHL selects 

the data shift direction, and the terminal FCS selects the shift clock 

phase. 

Truth Table 

(Positive Logic) 
SHL Data Shift Direction 

1 DI-.SR1-+-SR2-SR3 ------- SR79 .. SR80 .. no 

0 DI .. SR80-..SR79 •SR78 -------- SR2-SR1 .... DO 
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HD61105, HD61105A 

FCS Shift Clock Phase 

0 Shifted at the falling edge of CL. 

1 Shifted at the rising edged of CL. 

e Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with M signal allows 

one of the four liquid crystal display driver levels Vl, V2, VS, and V6 

to be transferred to the output terminals. 

Truth Table 

(Positive Logic) 

Data from the M Output level 
shift register 

0 0 vs 
1 0 Vl 

0 1 V6 

1 1 V2 

e IID6110S TERMINAL FUNCTIONS 

Terminal Number of I/O Connected Functions 
name Terminals to 

vcc 1 Power Vee - GND: Power supply for internal 
GND 1 supply logic 
VEE 1 

Vee - VEE= Power supply for LCD driv~ 

circuit 

Vl 4 Liquid Power supply for liquid crystal drive 
V2 crystal Vl, V2 --- selection level vs drive 
V6 level power VS, V6 --- non-selection level 

supply 

FCS 1 I Vee or GND Selects shift clock phase. 

FCS = Vee Shift register operates at 

the rising edge of CL. 

FCS = GND Shift register operates at 

the fall of CL. 

M 1 I Controller Signal to convert LCD driver signal 

into AC. 

- to be continued 
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HD61105, HD61105A 

Terminal Number of I/O Connected Functions 
name Terminals to 

CL 1 I Controller Shift clock 

FCS = Vee Shift register operates at 

the rise of CL. 

FCS = GND Shift register operates at 

the fall of CL. 

DI 1 I Controller Shift register data input 
or the In case of cascade connection, the 
terminal DO 
of HD6ll05 terminal DI is connected to the 

terminal DO of the preceding LSI. 

DO 1 0 Open or the Shift register data output 
terminal DI In case of cascade connection, the 
of HD6ll05 

terminal DO is connected to the 

terminal DI of the next LSI. 

SHL 1 I Vee or GND Selects shift direction of bidirec-

tional shift register. 

SHL Shift direction Common scann-
ing direction 

vcc DI -SRI --sR2 -sR80 x1-xso 
GND DI -+SR80 --sR7 9 -sR1 xso-x1 

Xl "' X80 80 0 Liquid Liquid crystal di~play driver output 
crystal Outputs one of the four liquid crystal 
display 

display driver levels Vl, V2, VS and 

V6 with the combination of the data 

from the shift register and M signal. 

M ~ 
Data ~ 

Output 

l!2-IY~lnl~il level 

Data "1" --- Selection level 

"O" --- Non-selection level 

When SHL is VCC, Xl corresponds to 

CO Ml and X80 corresponds to COMBO. 

When SHL is GND, X80 corresponds to 

CO Ml and Xl corresponds to COMBO. 

NC 7 Open Unused. 

No line is to be connected. 
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HD61105, HD61105A 

e OUTLINE OF HD61105 SYSTEM CONFIGURATION 

1) When display duty ratio of LCD is l/BO 

controu"'V ~0 11 
LCDI 

,__HD~6-1_1o_s__.1----<1..--~•~:~~~B~o.._~~~~--' 
Controller 

LCD 
BO CO Ml 

Upper 
COMBO 

HD6ll05 BO 

coM:1. _______________ 

Lower 
(2) COMBO 

2) When display duty ratio of LCD is 1/100 

Controller 
LCD 

BO CO Ml 

20 

COMlOO 

Controller 
LCD 

BO CO Ml 

20 
Upper 

COMlOO 
60 

COMl" _____________ 

Lower 
HD6ll05 40 

(3) COMlOO 

3) When display duty ratio of LCD is 1/160 

Controller 
LCD 

BO CO Ml 

BO 

COM160 
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HD61105, HD61105A 

4) When display duty ratio of LCD is 1/160 

Controller--~ 
LCD 

l----'80...._--.I COMl 

80 
Upper 

COM160 -----------------

HD61105 
(4) 

.HITACHI 

80 CO Ml 

Lower 

80 

COM160 
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HD61105, HD61105A 

e EXAMPLE OF CONNECTION 

1) 1/200 duty ratio 

a) Example of connection (SHL Vee• FCS GND) 

,. vcc vcc - Xl +SV 

vu 
Vl ....... I 

R3 V6 ...... I 

v.:/v- 0 
I 

Rl S. vs I 

tl R3 3 I 
V6 V2 I + .,,JVv VEE 

I 
Lf) I 

Rl? GND 0 I LCD 
R3 ...... XSO - '1V' V3 r-i M 

...... 

"' WC 
L-. COMl 

R2 r- CL fil I 

_,__H V4 rl DI SHL I 
I 

Rl ~ 
+ vv r-i DO FCS'1 I 

I 
R3 vs I 

+rAv 
I 
I 

> I 

Rl$ RJ_ COMBO 
V2 vcc Xl vv COM81 

Vl I I 

VEE ....... I I 
V6 N I I 

ov 

vs 0 I I 
I I 

V2 3 I I 
I 

VEE ! I (Jcnn«a" Lf) I 
t- t-1 GND 0 xso COM160 

0- ...... 
t-IM ...... 

Ge "' COM161 1-i CL ~ :r: I 

GND L-1 DI SHL I 
I 

0- r-i DO FCSll ,-- COM200 

-20V 

vcc Xl 
Vl I 

I 
V6 ....... I 

"' X40 vs R3=1S>l 0 V2 3 X41 
I 

H t-1 VEE I 
....., t-1 GND 

Lf) I 
0 xso 

1-i M ...... 
...... vcc 

t-1 CL "' w ~ 

L-1 DI :r: SHL 
Open DO FCS il 
M(-------' 

Controller CL 
DI 

Note 1) The values of Rl and R2 vary with the LCD panel used. 

When bias factor is l/lS, the values of Rl and R2 should satisfy 

Rl 1 
4Rl + R2 =ls 

For example, Rl = 3k, R2 = 33k>l 
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b) Example of Waveform 

~[ M 

---, i:::::::::------ ------ ---:::=::i 
~----- 1 f_!3!!1!:._ ---~ 1 frame ~ i DI _j"1_______ ----- ___ _Jl_______ ----- ____ _.fL 

200 1 2 3 80 8182 83 160 161162163 200 1 2 3 80 8182 83 160161162163 200 1 2 
u CL JUl.JUl----- n n n n ______ JlIU1Jl ____ JlIU1Jl ______ JlIU1Jl ______ JlIU1Jl ____ n n n r 

----- J LI LI LIL------ ---- ------ ------ ____ J LI LIU 

Xl~ 

(COMl) V6 ~ ----- ----
'""'' ...... 

IV6-----
---~. 

----~ 

--------iJVl X2 -----:-= _ IVII 
~ (COM2) V6~ IYL ________ _ 
~ I 

IV6l IV6 ____ _ 
_ ______ _____. IYgj 

I 
V\ I 
0 I 

,..... X80 -w:I.'" IVi1 iw;---------, ~------i (COMBO) V61YL._ ______ _J ~------ ______ J"6 IY3!V6 
----~ 

DO __________ _fl_ __________ _ _ _______ _fl_ ______ --

Xl V6 V5 lvi]V5 ~---------, IV6------
'""' (COM81~-----__J IY2._______ _ __ ___.J" v IYgj 

----IYL_ 

~ (C~~B~-----__fihL___ ---~---------,V2fV6 ____ _ 
~ I ~-

----IYL_ 
I 

V\ I 
0 I 

::::: xao --vz!vs 
~ (COM160) ·~------

_____ ]Ib__ --~------

DO ----- _____ SL_ ______ _ 
Xl ~ .. 0 IVil rw;-------

~ (COM16l)V6~----- -----~ l.YL. ___ __JV6 

~ X2 !Vil -----
~ (COM162f61vs ----- ____ __J ~5---~ 
V\ I 
0 I 
...-< I 
...-< I 

'° I SJ X40 %1 ___ V 5 
(COM200~---------

_Fv6------
---

------yr-----IYL_ 

_ _______ SL_ _____ _ 
_____ IJ% ___ 1YL_ 

-----~6---IYL_ 

---
~ 

CJ) 
m 

~ ~ 
0 
z 

::r: 
ti 
0) 

'""" '""" 0 
01 

::r: 
ti 
0) 

'""" '""" 0 
01 
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HD61105, HD61105A 

2) 1/100 duty ratio 

a) Example of connection 1 (SHL Vee, FCS GND) 

+SV vcc vcc Xl 
Vl I 

I 

A.~3 Vl V6 ,...... I 
I 

'V" """' I 

RJ.~ t:J-A R1 V6 
vs ci I 
V2 3 I 

I LCD vv VEE I 

Rl~ GND Lt) I 
CO Ml 

_,._}~ 0 I ..._ 
V3 .-IM """' I I vv """' X80 I 

R2~ r-1 CL '° I VCC I 
§ I R3 V4 rl DI 1-J I 

Y\/'. ...-1 SHL I 
DO I 

Rl$ FCS !Jr I Upper R3 VS I 
-'VV'v I 

<("' I Rls I 

R3 COM80 
.A V2 vcc Xl COM81 

I I 

Vl I I 

VEE V6 X20 COMlOO 

ov 

a Con<m< 

vs 
,...... ---------------
N X21 CO Ml 
ci V2 I I 

t-- t- VEE z I I 
'-' I I 

~ t- GND I I 
Lt) I I 

t- M 0 I I 

"""' X80 COM60 t- CL """' 
CJc 

Lower 
'° L. DI § COM61 

SHL I .--- DO I 

GND FCS 11 I 
I 
I 
I 

-12V 

I 
I 

r- COMlOO 
vcc Xl I--
Vl I 

I 

V6 
I 

,...... I 
I vs <'l X40 

V2 ci X41 R3=1Sll 3 t-- t- VEE I 

'- +- GND I 
Lt) I 

+- M 0 I 
"""' X80 

+- CL """' vcc '° ~ DI A w ::i:: SHL Open DO 
FCSIJ. 

Ml------' 
Controller CL 1-------' 

DI 

Note 1) The values of Rl and R2 vary with the LCD panel used. 

When bias factor is 1/11, the values of Rl and R2 should satisfy 

Rl 1 
4Rl + R2 =u 

For example, Rl = 3kll, R2 = 2lkll 
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b) Example of Waveform 

'"' Q) ,.., ,.., 
0 

M 
---, . ~------------ --- ---::::;:i 

~-----------1 frame ___ ---~ 1 frameL--

DI _n_ ____________ --- , ______ __fl_ ______________ _ , _____ _IL 
'"' .., 
~ 
0 
u 

1001 2 3 60616263 80818283 1001 2 3 606162 63 80 81828310012 c1 JUlJlJl------------, n n n ___ t.nrul ___ lflJlfl _____________ lflJlfl ___ lflJlfl ___ , nn r 
------------ LI U LI L--- --- ------------- --- --- LI U LI 

----rvil __ 
-~ 

Xl ~ V6 ------------
-;:::; (COMl) V6 VS ------------ --- ---~ 
~ (C~~)~~----------- --- ---~6------------ ---1Y11 
S ~80 V6 s ?b__ ~ -------------~ (COMBO~------------ --- ---
!il 

I DO 
\ 

------------ ___ fl_ ---~---~ 
~ ------------- ___ n_ -----

----w---~ 

---~6--~ 

IV(;""------------
-------.Y2.I" -

(C~~~O~------------fib____ _ __ ___pr-------------~---

---kµ_ 
---~ 

---~ 

DO ________________ n_ ___ --- ---------------n_ _____ _ 
,..... Xl ----u<J___ IVII iw:------------- ----, IV6---
~ (COM61) V61Yi__ ____________ _J IYL___ _ __ ___JV6 IW 6 

:: (C~~62~------------__fi~-- ___ ___pr--------------~g--
~ J40 %1 -vs ~--------------
!il (COMlOO)~------------- --- ___ J VO 

---~ 

---~ 

---
~ 

en 
m 

~ ~ 
0 
z 

::r: 
0 
CJ) 
~ 
~ 

0 
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::r: 
0 
CJ) 
~ 
~ 
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HD61105, HD61105A 

c) Example of connection 2 (SHL = GND, FCS = Vee) 

+SV .... vcc vcc X80 
Vl I 

~ I 11 Vl V6 
....... I ,...., 

I vv - vs 0 I 

Rl~ tl-"~JA V6 
z I 

V2 ....... I 
~ vv VEE I LCD 

Rd 
Lt'\ I 

GND 0 I 
~ COMl R3 V3 ,...., I .'I ~-"Mr r- M ,...., 

I I 
\C Xl I vcc I 

I 

R2; 
,....- CL §l I 

R3 V4 I ... DI SHLB! I 
Wv--

...--' DO 
i 

;. FCS I 

Rl~ I Upper - R3 VS I 
~ J\,V" I 

I 
Rl';> I 

? -" R~ V2 
COMBO 

'VV vcc X80 COM81 
Vl 

I I 
I I 

ov 

VEE V6 ....... X61 COMlOO 

_ Q con""' 

vs N --------------
0 X60 CO Ml 

V2 z I I 

VEE ....... I I 
I I 

GN'D Lt'\ I I 
Lower 1-1 

0 I I 
M ,...., 

Xl I ,...., COM60 t--1 CL \C 

~ L-1 DI §l COM61 
SHL I 

r-1 DO I 

"' 
GND FCS I 

I 
Tl7 I 

I 

-12V 

I 
I 

X80 r- COMlOO 
vcc I--

Vl 
I 

~ I 

V6 ....... I 
I vs M I 

V2 0 X41 
z X40 Rs=lS!l t- t--1 VEE ....... 

I .__ t--1 GND Lt'\ I 
0 I 

t--1 M ,...., I ,...., 

:~~c ~ CL \C 

L-1 DI §l 
Open DO FCS 

M~ 

Controller CL t----' 
DI 

Note 1) The values of Rl and R2 vary with the LCD panel used. 

When bias factor is 1/11, the values of Rl and R2 should satisfy 

Rl 1 
4Rl + R2 =IT 

For example, Rl = 3k!l, R2 = 21k!l 
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d) Example of Waveform 

M ~----------- 1 frame 
---~-------------1 frame --- ---=:::{_ 

DI ___j""l__ ____________ ---· ______ __n_ _________________ . _____ _n__ 
k 
<U 

...... 

...... 
0 
k .... 
c:: 
0 
u 

100 1 2 3 60 61 62 63 80 818283 100 1 2 3 60 61 62 63 80 81 82 83 100 1 2 
CL , n n n r------------- n n n r--- n n n r--- n n n r-------------- n n n r---JUlflf---Il.flfl 

U U U LJ --------------.1 U U U ___ JU Lf U ___ .JU LIU-------------.! U U U --- ---

-----------
XSO V61ViJvs ------------ -----

- (COMl) ------
,...., 9~1 • x7 V6 V5 VJ __________ _ ~ (COM2) 

'-" I ---~ 41 ~-----------::::: (COMBO) ~ 

SJ 

---~ 

---IJVI 
___ --J6 ___________ _ 

DO 
------------ __ IL____ ---~--IYL 

------------- ___ JL_ 
---~---1.YL 

----~w;--~ 

---~ 

---~ 
~ 

X80 ---;-;-a .. , IVll ~-------------
(COM81) V"IYL_____________ _ __ __J ~---_JV6 

X79 7fill .. , JVil rm;--------------
.-. (C~M82) V61Y2._____________ _ __ __J ~~--_JV6 
""! : V6 
o X6lii61 . VS JVil!.!!---------------
3 ccoM1ogJ~------------ --- ___ J 
~ X60-='VI1 _IV6-------------
;:: (C~Ml) V6 I.:£2._____________ --- ---~ V6 

~ : ---wlm rvn iw:---------------1 ~---
(C~~60) V6~------------_J ~--- ___ _JV6 ~V6 ---~ 

DO ____________ _fl_ _____ _ ________________ IL_ _____ _ 

.-.. xao 1i61vs IVilvs ~---------------, IV6---
c; (COM61) •v~------------__J IY,L___ _ __ _J·- ~ 

3 (C~~i2~ _____________ ___fh_?__ _ __ y------------------iJ6--
""' : 
0 I ~-------------~ X41 Y-------------- --- --- V6 
~ (COMlOOJ 

---~ 

---~ 

---
~ 

:I: 
tj 
m 
....... 
....... 
0 
01 
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HD61830~~~~~~-

(Dot Matrix Liquid Crystal Graphic 
Display Controller) 
DESCRIPTION 

The lID61830 is a dot matrix liquid crystal 

graphic display controller LSI that stores 

the display data sent from an 8-bit micro

computer in the external RAM to generate 

dot matrix liquid crystal driving signals. 

<FP-60) 

It is possible to select the graphic mode 

in which the 1-bit data of the external 

RAM corresponds to the ON/OFF state of 1 

dot on liquid crystal display and the 

character mode in which characters are 

displayed by storing character codes in 

the external RAM and developing them into 

the dot patterns with the internal 

character generator ROM. Both modes can 

be provided for various applications. 

I PIN ARRANGEMENT 

The lID61830 is produced in the CMOS 

process. Thus, the combination with a 

CMOS microcomputer can accomplish a 

liquid crystal display device with lower 

power dissipation. 

c 
R 

CR 
CPO 

RES 
cs 
E 

R/W 

087 
086 

.HITACHI 

... .., co ..... ., a. 

UH~ HHH 

I 

... C'lle.t- Cl<.> 
mmmmmu !fH!f~!f QOOOO> 

(Top View) 

MA11 
MA12 
MA13 
MA14 

4 MA15 
02 
D 1 
CL 2 
ROD 
RD 1 
RD 2 

RD6 
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HD61830 

I FEATURES 

Dot matrix liquid crystal graphic display controller 

Display control capacity 

Graphic mode 512K dots (2 16 bytes) 

Character mode .•••• 4096 characters (2 12 characters) 

Internal character generator ROM .•.•. 7360 bits 

160 types of 5x7 dot character fonts 
Total 192 types 

32 types of Sxll dot character fonts 

(Can be extended to 256 types (4K bytes max.) by external ROM) 

Interfaceable to 8-bit MPU 

Display duty (Can be selected by a program) 

Static to 1/128 duty selectable 

Various instruction functions 

Scroll, Cursor ON/OFF.'blink, Character blink, Bit manipulation 

Display method ..•.. Selectable A or B types 

Internal oscillator (with external resistor and capacitor) 

Low power dissipation 

Power supply: Single +SV 

CMOS process 

60-pin flat plastic package 
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HD61830 

IBLOCK FUNCTIONS 

•Registers 

The HD61830 has the five types of registers: instruction register (IR), data 

input register (DIR), data output register (DOR), dot registers (DR) and mode 

control register (MGR). 

The IR is a 4-bit register which stores the instruction codes for specifying 

MGR, DR, a start address register, a cursor address register and so on. The 

lower order 4 bits DBO to DB3 of data buses are written in it. 

The DIR is an 8-bit register used to temporarily store the data written into 

the external RAM, DR, MGR and so on. 

The DOR is an 8-bit register used to temporarily store the data read from the 

external RAM. Cursor address information is written into the cursor address 

counter (CAC) through the DIR. When the memory read instruction is set in the 

IR (latched at the falling edge of E signal), the data of external RAM is read 

to DOR by an internal operation. The data is transferred to the MPU by read

ing the DOR with the next instruction (the contents of DOR are output to the 

data bus when Eis at "High" level). 

The DR are registers used to store the dot informations such as character 

pitches and the number of vertical dots and so on. The information sent from 

the MPU is written into the DR via the DIR. 

The MGR is a 6-bit register used to store the data which specifies states of 

display such as display ON/OFF and cursor ON/OFF/blink. The information sent 

from the MPU is written in it via the DIR. 

e Busy Flag (BF) 

With "l", the busy flag indicates the HD61830 is performing an internal 

operation. The next instruction cannot be accepted. As shown in Control 

Instruction(14),the busy flag is output on DB7 under the conditions of RS=l, 

R/W=l and E=l. Make sure the busy flag is "O" before writing the next in

struction. 

•Dot Counters (DC) 

The dot counters are counters that generate liquid crystal display timing 

according to the contents of DR. 
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HD61830 

•Refresh Address Counters (RAC1/RAC2) 

The refresh address counters are counters used to control the addresses of 

external RAM, character generator ROM (CGROM) and extened external ROM 

having the two types: RACl and RACZ. The RACl is used for upper half of 

screen and the RACZ for lower half. In the graphic mode, 16-bit data is 

output and used as the address signal of external RAM. In the character 

mode, the high order 4 bits (MA1Z~MA15) are ignored. The 4 bits of line 

address counter are output instead of it and used as the address of 

extended ROM. 

•Character Generator ROM 

The character generator ROM has 7360 bits in total and stores 19Z types of 

character data. A character code (8 bits) from the external RAM and a line 

code (4 bits) from the line address count.er are applied to its address sig

nals, and it outputs 5-bit dot data. 

The character font is 5x7 (160 types) or 5xll (3Z types). The use of ex

tended ROM allows 8xl6 (Z56 types max.) to be used. 

454 

•Cursor Address Counter 

The cursor address counter is a 16-bit counter that can be preset by the 

instruction. It is used to hold an address when the data of external RAM is 

read or written (when display dot data or a character code is read or written). 

The value of cursor address counter is automatically increased by 1 after the 

display data is read or written and after the Set/Clear Bit instruction is 

executed. 

•Cursor Signal Generator 

The cursor can be displayed by the instruction in the character mode. The 

cursor is automatically generated on the display specified by the cursor 

address and cursor position. 

•Parallel/Serial Conversion 

The parallel data sent from the external RAM, character generator ROM or 

extended ROM is converted into serial data by two parallel/serial conversion 

circuits and transferred to the liquid crystal driver circuits for upper 

screen and lower screen simultaneously. 
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HD61830 

•TERMINAL FUNCTIONS 

Name Function 

DBO.U7 Data bus ... Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB7. 

cs Chip select •.. Selected state with CS=O. 

R/W Read/Write ••• R/W=l ... MPU -+- HD61830 
R/W=O ... MPU ->- HD61830 

RS Register select ... RS=l . .. Instruction register 
RS=O ... Data register 

E Enable ••• Data is written at the fall of E. 
Data can be read while E is 1. 

CR, R, C CR oscillator 

RES Reset ••• Reset=O results in display OFF, slave mode and Hp=6. 

MA0"'15 External RAM address output 

In character mode, the line code for external CG is output 
through MA12 to MA15 ("O": Character 1st line, 

"F": Character 16th line). 

MDO.U7 Display data bus ••• Three-state I/O common terminal. 

RD0"-7 ROM data input ••• Dot data from external character generator 
is input. 

WE Write enable ... Write signal for external RAM • 

CL2 Display data shift clock for LCD drivers. 

CLl Display data latch signal for LCD drivers. 

FLM Frame signal for display synchronization. 

MA Signal for converting liquid crystal driving signal into AC, 
A type 

MB Signal for converting liquid crystal driving signal into AC, 
B type 

Dl, D2 Display data serial output 

Dl ... For upper half of screen 
D2 ••• For lower half of screen 

CPO Clock signal for HD61830 in slave mode. 

SYNC Synchronous signal for parallel operation. 
Three-state I/O common terminal (with pull-up MOS). 

Master ... Synchronous signal is output. 
Slave ••• Synchronous signal is input. 
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HD61830 

IABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage Vee -0.3 '\, +7.0 v 1, 2 

Terminal voltage VT -0.3 -v Vcc+0.3 v 1, 2 

Operating temperature Topr -20 '\, +75 oc 

Storage temperature Tstg -55 '\, +125 oc 

Note 1: All voltage is referred to GND=OV. 

Note 2: If LSI's are used beyond absolute maximum ratings, they may 
be permanently destroyed. We strongly recommend you to use 
the LSI's within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause 
malfunction and poor reliability. 

IELECTRICAL CHARACTERISTICS 

(Vcc=5V±5%, GND=OV, Ta=-20'\rf-75°C) 

Item Symbol Test condition Min. Typ Max. 

Input "High" voltage (TTL) Vrn 2.2 - vcc 

Input "Low" voltage (TTL) VIL 0 - 0.8 

Input "High" voltage VrnR 3.0 - Vee 

Input "High" voltage (CMOS) vrnc o.7vcc - Vee 

Input "Low" voltage (CMOS) VILC 0 - o.3vcc 

Output "High" voltage (TTL) VoH -IoH=0.6mA 2.4 - Vee 

Output "Low" voltage (TTL) VoL IoL=l.6mA 0 - 0.4 

Output "High" voltage(CMOS) VoHC -IoH=0.6mA Vcc-0.4 - Vee 

Output "Low" voltage (CMOS) VoLC IoL=0.6mA 0 - 0.4 

Input leakage current Im Vrn=O'VVcc -5 - 5 

Three-state leakage current ITsL Vour=Owcc -10 - 10 

Power dissipation (1) Pwl 
CR oscillation 10 15 fosc=500kHz -

Power dissipation (2) Pw2 
External clock 20 30 fcp=lMHz -

Unit 

v 

v 

v 

v 

v 

v 

v 

v 

v 

µA 

µA 

mW 

mW 

Note 

1 

2 

3 

4 

4 

5 

5 

6 

6 

7 

8 

9 

9 

,!.no~'C'!'c-"-'~""-~~E~~~ __ :l ___ ] __ -------J--_ T _T ___ I_T __ 
Cf=l5pF±5% 

Clock oscillation frequency fosc Rf= 39klli2% 400 500 600 kHz 10 

456 
.HITACHI 

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



HD61830 

Item Symbol Test condition Min. Typ Max. Unit Note 

External clock operation 
1-- ----------------r- --- --------- --- r-- r-- - -- -r---1 

External clock operating 
fcp 100 500 1100 kHz 

fr~uenc.:.y_ 

External clock duty Duty 47.5 50 52.5 % 

External clock rise time trcp - - 0.05 µs 

External clock fall time tfcp - - 0.05 µs 

Pull-up current lpL VIN=GND 2 10 20 µA 

Note: The 1/0 terminals are of the following configuration: 

• Shape of Input Terminal 

Applicable terminal: CS, E, RS, 

R/W, RES, CR (Without pull-up MOS) 

\'cc 

• Shape of Output Terminal 

Applicable terminal: RDO'URD7 

(With pull-up MOS) 

Vee Vee 

H PMOS 

(Pull-up MOS) 

11 

11 

11 

11 

12 

Applicable terminal: CLl, CL2, MA, MB, FLM, CPO, Dl, D2, WE, OE, CE, MAQ'\.MA15 

Vee 

~e_:: 
~~~ 
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• Shape of 1/0 Conmen Terminal 

Applicable terminal: DBO~DB7, SYNC, MDO~MD7 

Vee Vee 

H PMOS PMOS 

(Pull-up MOS)..._ ___ Vee r----- ---, 

! '"00 J ! ::· 

Note 1: 

Note 2: 

Note 3: 

Note 4: 

Note 5: 

Note 6: 

Note 7: 

Note 8: 

Note 9: 

NMOS 

(Input circuit) : i 
~~~~~~....,....~~~! NMOS I 

Applied to input terminals 
SYNC, CR and RES. 

Applied to input terminals 
SYNC and CR. 

Applied to terminal RES. 

Applied to terminals SYNC 

I I 
I I 
L ________ J 

(Output circuit) 
(Three state) 

and I/O common 

and I/O common 

and CR. 

terminals, except 

terminals, except 

Applied to terminals DBO'VDB7, WE, MAO'VMAlS,and MDO'VMD7. 

terminals 

terminals 

Applied to terminals SYNC, CPO, FLM, CLl, CL2, Dl, D2, MA and MB. 

Applied to input terminals. 

Applied to I/O common terminals. However, the current which flows 
into the output drive MOS is excluded. 

The current which flows into the input and output circuits is ex
cluded. When the input of CMOS is in the intermediate level, current 
flows through the input circuit, resulting in the increase of power 
supply current. To avoid this, input must be fixed at high or low • 
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The relationship between the operating frequency and the power dissipation 

is given below. 

• a. 
r-~~+-~~-+-~~-t-~~+-~~r-~~-::-t max 

4or-~~+-~~-+-~~-t-~~+-~~-1-7~---1 z 
ao1----+-----+----;-z-,,of"-V_--i-~---:;-; typ 

201----t----1C--7.L_~.)./-~~,,.,,.-=----+---l 
k::::: ~ 
z~ 101---.L'l--1vf-7'::,..........-~...t-"':::__-+---1--+---i 

~ 
o'--=--~'--~~L-~--'~~----'-~~_._~---' 

250 500 750 1000 1250 1500 
fosc(kHz) 

Note 10: Applied to the operation of internal oscillator when oscillation 
resistor Rf and oscillation capacity Cf are used. 

R 
Cf= 15pF ± 5% 
Rf= 391& ± 2% 

Rt c (when fosc = 
Cf 500kHz typ) 

CR 

The relationship among oscillation frequency, Rf and Cf is given below. 

~HITACHI 
Hitachi America ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 

459 



HD61830 

460 

fosc (kHz) Ta= 25"C Vee= 5V 

8oor--1~+---+--+---+--+---+--+-----1 

600 ~-j.._...ls:_,,_.:s:---+--+---+---f---+--+------4 
Js::'L 400 r---+--""""',.-+-h"""~.,.---+---+---+---+-·--+----1 

---+-- !--t--
2oot--t---i----r--==-i-""""=t=='.::~=:t:=:~cf=10 p F 

1----+----+--+---+---+-~t---+--~Cf=15pF 

0 ~-~40--6~0--8~0-~10~0--1~20--1-4~0--1~60 _ __.1so 

Rf (kO) 

Note 11: Applied to external clock operation. 

Open R 

Open c 

Oscillator CR 

0. 7Vcc 
0. 5Vcc 
0. 3Vcc 

tfcp 

Th 
Duty= x 100 % 

Th+Ti trcp 

Note 12: Applied to SYNC, DBO'VDB7, and RDD'VRD7. 

ITIMING CHARACTERISTICS 

eBus Read/Write Operation (Interface to MPU) 

E 

CS, R/W, RS 

oe • ...,, 
(MPU-+HO 61830) 

DBo-1 
(MPU-HD61830) 

------tcvc~----., 

tosw 

2.2V 
0.8V 

~HITACHI 
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Item Symbol Min. Typ Max. 

Enable cycle time tCYC 1.0 - -
1 "High" level tWEH 0.45 - -

Enable pulse width J" " 0.45 Low level twEL - -
Enable rise time tEr - - 25 
Enable fall time tEf - - 25 

Setup time tAS 140 - -

Data setup time tDsw 225 - -
Data delay time tDDR - - 225 

Data hold time tH 10 - -

Address hold time tAH 10 - -
Data hold time tDH 20 - -

Note: The following load circuit is connected for specification: 

Test 
point 

R 

Vee 

RL=2.4k!I. 

R=11k!I. 
C = 130 pF 

Diodes Dl to D4: 1S2074@ 

@HITACHI 
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Unit 

µs 

µs 

µs 

ns 

ns 

ns 

ns 

ns Note J 
ns 

ns 

ns 
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•Interface to External RAM and ROM 

Item Symbol Min. 

SYNC delay time tnsY -

SY'Nc: pulse width l"High" level twsY 900 

CPO cycle time tccPo 900 

1"High" level tWCPOH 450 
CPO pulse width j "Low" level 450 tWCPOL 
MAO to MA15 refresh delay time tnMAR -
MAO to MA15 write address delay time tDMAW -
MDO to MD7 write data delay time tnMDW -
MDO to MD7, RDO to RD7 setup time ts MD 900 

Memory address setup time tSMAW 250 

Memory data setup time tsMDw 250 

WE delay time tnWE -
WE pulse width ("Low" level) twwE 450 

Note 1: No load is applied to all the output terminals. 

Note 2: "*" indicates the delay time of RAM and ROM • 

• HITACHI 

Typ Max. Unit 

- 200 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 200 ns 

- 200 ns 

- 200 ns 

- - ns 

- - ns 

- - ns 

- 200 ns 

- - ns 
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•Data Transfer to Driver LSI 

CL1 

CL2 

MA. MB 

FLM 

01 

02 

Clock 

Clock 

Clock 

Clock 

t\\CL1 

tDM 

tDD 

Item 

pulse width ("High" 

delay time 

cycle time 

width 

1 

1 
-Vee 
2 

-Vee 
2 

tSD 

1 
-Vee 
2 

level) 

level 
pulse 1"High" 

J "Low" level 

MA, MB delay time 

FLM delay time 

Data delay time 

Data setup time 

HD61830 

tDF_,__ __ _ 

Symbol Min. Typ Max. Unit 

twc11 450 - - ns 

tDc12 - - 200 ns 

twc12 900 - - ns 

twcH 450 - - ns 

twc1 450 - - ns 

tDM - - 300 ns 

tDF - - 300 ns 

tDD - - 200 ns 

tsD 250 - - ns 

Note: No load is applied to all the output terminals (MA, MB, FLM, Dl and 
D2). 
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•Display Control Instructions 

Display is controlled by writing data into the instruction register and 13 

data registers. The RS signal distinguishes the instruction register from 

the data registers. 8-bit data is written into the instruction register 

with RS=l, and the code of data register is specified. After that, the 

8-bit data is written in the data register and the specified instruction 

is executed with RS=O. 

During the execution of the instruction, no new instruction can be 

accepted. Since the busy flag is set during this, read the busy flag and 

make sure it is 0 before writing the next instruction. 

(1) Mode control 

Code $"00" (hexadecimal) written into the instruction register specifies 

the mode control register. 

Re_g_ister R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 0 0 

Mode control reg. 0 0 0 0 Mode data 

~~ 
DBS DB4 DB3 DB2 DBl DBO Cursor/blink CG Graphic/character 

di~~ 
0 0 Cursor OFF 

.-I Chara.cter display 
0 1 Cursor ON 

., 
0 ~ (Character mode) k 

1 0 Cursor OFF, character blink 
Qj ..., 
~c..? 

1 1 Cursor blink 
HU 

1/0 1/0 0 0 
0 

Cursor OFF 
.-I ., 

0 1 1 Cursor ON s 
Qj 

1 0 Cursor OFF, character blink ..., 
Mc..? 

1 1 Cursor blink 
f>,lU 

0 0 1 0 ::::::::::::::: [?<J Graphic mode 

~~ 
.._ k 

-.....QJ 
k k <J.i.J c..? 

.-I ~ Qj Qj ..-: 0 .,., tJ -.....u 
P.0 ... :> ~ Ul fillQ) Ul ....... Ul ., .,., k ..., ..., 
.,., z ., .-I .-I ::l ., "'] M ~ 
00 x Ul ~ u ~a f>.l H 

L-1: Master mode 
0: Slave mode 

1: Displa y ON 
0: Display OFF 
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(2) Set character pitch 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 0 1 

Character pitch 
0 0 (Vp - 1) binary 0 (Hp - 1) binary reg. 

Vp indicates the number o.f vertical dots per character. The space be

tween the vertically-displayed characters is considered for determina

tion. This value is meaningful only during character display (in the 

character mode) and becomes invalid in the graphic mode. 

The Hp indicates the number of horizontal dots per character in display, 

including the space between horizontally-displayed characters. In the 

graphic mode, the Hp indicates the number of bits of 1-byte display data 

to be displayed. 

There are three Hp values. 

Hp DB2 DBl DBO 

6 1 0 1 Horizontal character pitch 6 

7 1 1 0 II 7 

8 1 1 1 II 8 

(3) Set number of characters 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 1 0 

Number-of-characters 
0 0 0 (RN - 1) binary 

reg. 

RN indicates the number of horizontal characters in the character mode 

or the number of horizontal bytes in the graphic mode. If the total sum 

of horizontal dots on the screen is taken as n, 

n = Hp x HN 

HN can be set with an even number of 2 to 128 (decimal). 
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(4) Set number of time division (inverse of display duty ratio) 

Register R/W RS DB7 DB6 l DBS l DB4 l DB3 l DB2 j DBl l DBO 

Instruction reg. 0 1 0 0 Jojoj0Joj1J1 
Number-of-time shares 0 0 0 (Nx - 1) binary 
reg. 

Nx indicates the number of time division in multiplex display. 

l/Nx is a display duty ratio. 

A value of 1 to 128 (decimal) can be set to Nx. 

(S) Set cursor position 

(6) 

(7) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 1 0 0 

Cursor position 0 0 0 0 0 0 (Cp - 1) binary 
reg. 

Cp indicates the position in a character where the cursor is displayed 

in the character mode. For example, in Sx7 dot font, the cursor is 

displayed under a character by specifying Cp=S (decimal). The cursor 

horizontal length is equal to the horizontal character pitch Hp. A 

value of 1 to 16 (decimal) can be set to Cp. If a smaller value than 

the number of vertical character pitches Vp is set (Cp~Vp), and a 

character is overlapped with the cursor, the cursor has higher priority 

of display (at cursor display ON). If Cp is greater than Vp, no cursor 

is displayed. The cursor horizontal length is equal to Hp. 

Set display start low order address 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 0 0 

Display start address 0 0 (Start low order address) binary 
reg. (low order byte) 

Set display start high order address 

Register R/W RS DB7J DB6 I DBSI DB4J DB3J DB2J DBlj DBO 

Instruction reg. 0 1 oioJoioJ 1I0Jol1 
Display start address 0 0 (Start high order address) binary reg. (high order byte) 
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These instructions cause display start addresses to be written in the 

display start address registers. The display start address indicates a 

RAM address at which the data displayed at the top left end on the screen 

is stored. In the graphic mode, the start address is composed of high/ 

low order 16 bits. In the character display, it is composed of the lower 

4 bits of high order address (DB3 ~ DBo) and 8 bits of low order address. 

The upper 4 bits of high order address are ignored. 

(8) Set cursor address (low order) (RAM write low order address) 

(9) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 1 0 

Cursor address counter 
0 0 (Cursor low order address) binary (low order byte) 

Set cursor address (high order) (RAM write high order address) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 1 1 

Cursor address counter 
0 0 (Cursor high order address) binary (high order byte) 

These instructions cause cursor addresses to be written in the cursor 

address counters. The cursor address indicates an address for sending 

or receiving display data and character codes to or from the RAM. 

Namely, data at address specified by the cursor address are read/written. 

In the character mode, the cursor is displayed at the digit specified 

by the cursor address. 

A cursor address consists of the low-order address (8 bits) and the 

high-order address (8 bits). Satisfy the following requirements. 

When setting the cursor address. 

1. When you want to rewrite (set) Set the low order address and 

both the low order address and then set the high order 

the high order address. address. 

2. When you want to rewrite only Don't fail to set the high 

the low order address. order address again after 

setting the low order address. 
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3. When you want to rewrite only Set the high order address. 

the high order address. You don' t have to .set the low 

order address again. 

The cursor address counter is a 16 bit up-counter with SET and RESET 

functions. When the bit N changes from 1 to O, the bit N+l is added 

by 1. When setting the low order address, the LSB (bit 1) of the 

high order address is added by i if the MSB (bit 8) of the low order 

address changes from 1 to 0. Therefore, set both the low order 

address and the high order address as shown in above table. 

(10) Write display data 

RegiSter R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBI DBO 

Instruction reg. 0 1 0 0 0 0 1 1 0 0 

RAM 0 0 MSB (pattern data, character code) LSB 

After the code $'0C' is written into the instruction register with RS=l, 

8 bit data with RS=O should be written into the data register. This 

data is transferred to the RAM specified by the cursor address as display 

data or character code. The cursor address is increased by 1 after this 

operation. 

(11) Read display data 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBI DBO 

Instruction reg. 0 1 0 0 0 0 1 1 0 1 

RAM 1 0 MSB (pattern data, character code) LSB 

Data can be read from the RAM with RS=O after writing code $'OD' into the 

instruction register. The read procedure is as follows: 
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cs 

E 

RS 

DB 

Oaca 
aucpuc 
r•tiiscer 

3utiy 
check 

Cunor c .. n:sor llus!' 
.acidres• llW ch•cit 
see order 
!llOd• ,,d.dres• 

writ.• 

Cursor Cursor .... \l•C.a 
address b.igb. ch.•ck ,. .. 
sec ord•'!' ..... 
mode .tdr•~• 

vrtca 

•NL N 

°"""" ... , ' Buay !f+l 

:-ead chec:lr. .ic!.d't'&SS check .addrHs 
d&ca data 
<ead read 

N+I N+2 IN+3 

l!f add-reu data I :c+l address IN+ 2· d&ca 

This instruction outputs the contents of data output register on Data 

Bus (DBO to DB7) and then transfers RAM data specified by a cursor 

address to the data output register, also increasing the cursor address 

by 1. After setting the cursor address, correct data is not output at 

the first read but at the second time. Thus, make one dummy read when 

reading data after setting the cursor address. 

(12) Clear bit 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 1 0 

Bit clear reg. 0 0 0 0 0 0 0 (NB - 1) binary 

(13) Set bit 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 1 1 

Bit set reg. 0 0 0 0 0 0 0 (NB - 1) binary 

The Clear/Set Bit instruction sets 1 bit in a byte of display data RAM 

to 0 or 1, respectively. The position of the bit in a byte is specified 

by NB and RAM address is specified by cursor address. After the 

execution of the instruction, the cursor address is automatically 

increased by 1. NB is a value of 1 to 8. NB=l and NB=8 indicates LSB 

and MSB, respectively. 
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(14) Read busy flag 

470 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Busy flag 1 1 1/0 

When the read mode is set with RS=1, the busy flag is output to DB7. 

The busy flag is set to 1 during the execution of any of instructions 

(1) to (13). After the execution, it is set to O. The next instruction 

can be accepted. No instruction can be accepted when busy flag=l. 

Before executing an instruction or writing d~ta, perform a busy flag 

check to make sure the busy flag is 0. When data is written in the 

register (RS=l), no busy flag changes. Thus, no busy flag check is 

required just after the write operation into the instruction register 

with RS=l. 

The busy flag can be read without specifying any instruction register • 
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Symbol 

Hp 

HN 

Vp 

Cp 

Nx 

)( 
z 

[JO[J[]fJIHllJ 

:•••••rn 111 :ooou•r][]CJ 
:ooo•ciurnJ 
;oo•rnJcJrJu 

rJ••-imunrr----- - -- --- ------- --- -
•ornJ•rn1u 
•rJCJD•OCJ[J; 
•CJ[JCJ•CJCJ[J: 
•oori•cJcJD 
•DDD•LJO[J 
n•••DDOD 
t'JOfJDOOIJ[J: 
- []IJr-r[J[J[J 

i.-~~~~~~~~HN~~~~~~~--i 

(digit) 

Name Meaning 

Horizontal character Lateral character pitch 
pitch 

Number of horizontal Number of lateral characters per 
characters line (number of digits) in the 

character mode or number of bytes 
per line in the graphic mode. 

Vertical character Longitudinal charact.er pitch 
pitch 

Cursor position Line number on which the cursor 
can be displayed 

Number of time Inverse of display duty ratio 
division 

Value 

6 to 8 dots 

2 to 128 
digits 
(an even 
number) 

1 to 16 
dots 

1 to 16 
lines 

1 to 128 
lines 

Note: If the number of vertical dots on screen is taken as m, and the 
number of horizontal dots as n, 

l/m = l/Nx = display duty ratio 
n = Hp x HN, m/Vp = Number of display lines 
Cp ; Vp 
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s: 
<> 
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§' 
"' ::::!. 
<> 

"' 
~ 
• ::c 
"" 1ll 
='-
" ~ . 
~ g 

~ 
"" 

~· p;; :c 
~
~~ 
~(') 

':< :c . -
"' ra· 
c::r 

"' ::; 
~ 

~ 

~ 
o:> 

'° 
~ 
.£! 
gi 
'f' 

~ 
0 

Display mode 

Character 
dispaly 

Graphic I 

Display data 
from MPU 

Character code 
(8 bits) 

Display pattern 
(8 bits) I 

Start 
address 

Start 
address 

RAM 

b7 b6 ,b5 b4 b3 b2 b1 b0 

I I I I I I I 
I I I I I I I 

: : : : : : : 
I ~ I : I : : 
I I I I I 1 I 

I · : I ~ : : 

b7 b6 b5 b4 b3 b2 b1 b0 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

I I I I I I I 

I I I I I I I I 
I I I I I I I 

I I I I I 
I I 

I I : I I I I I 

_..-o 1 0 1 0 1 0 1 

1 1 1 1 1 1 1 1 
I I I I I I I 

I I I I I I I 
I I I I I I I 

I I I 
I I I I I 

I I 
I I I I I 

I I 
I I I ! I ' ' 

I I 

::r: 
t:I 

• (J) 

Liquid crystal S! 
~ 
(X) 

display panel V> w 
~ 0 
"' 

-..! I• Hp 
'< 

~ 
I 0.. 

A B C (1) 

Hp: 6, 7 or 8 dots 

~~o b1t Hp 

I I ••• 
I I I I 8 dots I 8 dots 

I I Hp: 8 dots 
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•Internal Character Generator Patterns and Character Codes 

.~igher 
1,ove ·bit 0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111 

4bi t 

xxxxoooo 

XXXX0001 

xxxxOOlO 

xxxxOOll 

xxxxo100 

xxxxo101 

xxxxo110 

xxxxOlll 

xxxx1000 

xxxx1001 

xxxx1010 

xxxxlOll 

xxxx1100 

xxxx1101 

XXXX1110 

xxxx1111 

... :: .... : : : ··. ..... .... . .. I.•:....... . ..... •.: ... 1·.·.1•. 
f--~~~·~·~=J·=··~=~=~~~-~=~·-··~~-~-~~·=··-·~-·-··J.'-1 

: 
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__._ 

TI 

.... ~ 
I : =.:·: 
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_i_ _LI 
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J. 
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••• 

: 
.J : I .. ; 

I i.1 
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•:• 1•. .• ••::•• •••• ::I II I 
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IEXAMPLE OF CONFIGURATION 

•Graphic Mode 

MPU 

MDo-1 

H061830 

RAM 

Liquid crystal 
display module 

•Character Mode ( l) (Internal Character Generator) 

MPU HD61830 

MO,_, MAo ..... u 

RAM 

Liquid crystal 
display module 

•Character Mode (2) (External Character Generator) 

MPU 

•Para 11 el Opera ti on 

MPU 

Liquid crystal 
display module 

1----- Liquid crystal 
display module 

(1) 

Liquid crystal 
display module 

2 

@HITACHI 

Driving both of two 
module by same 
coJilllon signal 
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Comparison Chart 
The Difference Between HD61830 and HD61830B 
The following is the difference between HD61830 and HD61830B 

No. 
1 

2 

3 

4 

Difference 
Display capacity 
@a chip 

Oscillator 

Signal 

Memory data setup 
timing 

5 Timing of SYNC 

HD61830 
64 x 480 dot max. at one chip 
fcp 1.1 MHz max. 

Internal clock or external clock 

HD61830 
Display RAM 

Pin No. Signal 

6 c 
7 R 

8 CPO 

MAO-~ 

MDo-7 -p--
WE ~ 

6 Reset (RES) function Up on reset (RES is Low) 
1. Display OFF mode 

2. HP-6 (Horizontal character pich6) 

3. Internal Busy Flag is reset 

4. Slavemode 

@HITACHI 

HD61830 

HD61830B 
200 x 320 dot max. at one chip 
fcp 2.4 MHz max. 

External clock only 

Pin No. Signal 

6 CE 

7 OE 

8 NC 

HD61830B 
Display RAM 

Adreu 

Data 

We 

CE' CE 

OE 

MAO-~ 

M~7 --p
WE ----:h-r 

Up on reset (RES is Low) 
1. Display OFF mode 

2. HP-6 (Horizontal character pich6) 

3. Internal Busy Flag is reset 

4. Slavemode 

5. Timing clock for internal CGROM is 
inhibited while RES is low. 
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HD61830B~~~~~~ 
(Dot Matrix Liquid Crystal Graphic 
Display Controller) 
Description 
The HD61830B is a dot matrix liquid crystal graphic 
display controller LSI that stores the display data sent 
from an 8-bit microcomputer in the external RAM to 
generate dot matrix liquid crystal driving signals. 

It is possible to select the graphic mode in which the 
1-bit data of the external RAM corresponds to the ON/ 
OFF state of 1 dot on liquid crystal display and the 
character mode in which characters are displayed by 
storing character cods in the external RAM and devel
oping them into the dot patterns with the internal 
character generator ROM. Both modes can be pro
vided for various applications. 

The HD61830B is produced in the CMOS process. 
Thus, the combination with a CMOS microcomputer 
can accomplish a liquid crystal display device with 
lower power dissipation. 

Features 
• Dot matrix liquid crystal graphic display controller 

• Display control capacity 
-Graphic mode. 
-Character mode . 

.... 512K dots (216 bytes) 
. . .4096 characters 

(212 characters) 

• Internal character generator ROM ...... 7360 bits 
-160 types of 5 x 7 dot character fonts 
-32 types of 5 x 11 dot character fonts 
-Total 192 types 

(Can be extended to 256 types (4K bytes max.) by 
external ROM) 

• Interfaceable to 8-bit MPU 

• Display duty (Can be selected by a program) 
-Static to 1/128 duty selectable 

• Various instruction functions 
-Scroll, Cursor ON/OFF/blink, Character blink, Bit 

manipulation 

• Display method .. 

• Operating frequency . 

.Selectable A or B types 

..... 2.4MHz 

• Power supply Single + 5V 

• CMOS process 

• 60-pin flat plastic package 

• 
(FP-60) 

• PIN ARRANGEMENT 

(Top View) 

478 @HITACHI 

D1 
Cu 

4 RDo 
• RD1 

RO. 
RD, 
RD, 
RDs 
RDo 
RD1 

37 MDo 
MD1 
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• BLOCK DIAGRAM 

DB0-DB1 

cs l E 
RS 

R/W 
RES 

... .... 
" u .... .... 
u 

" ~ .... ... 
" ... 
" .... 

.g 
H 

HD61830B 

SYNC CL, MA MB FLM 

RAM 

I*'--~--~ 
I 

~-+--1--+--l-;-:---~ MD0-MD1 

Data 

I 
l r-E:te:ded-1 
L~ external I 

output Character L ROM I 

--r----' 
I 

regis-i-------+-----,1-+----+-------+I 
ter 
(DOR) 

Mode 
control 
regis
ter 

(MCR) 

Oscillator 
circuit 

CL2 CR 

generator 

I 
I ______ _J 

RD0-RD1 

1-----1----- o, 

1--_,f------ 02 

* When extended external ROM is used MAO ~ MAll are 

applied to RAM, MA12 ~ MA15 are applied to extended 

external ROM. 
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HD61830B 

480 

II BLOCK FUNCTIONS 

•Registers 

The HD61830B has the five types of registers: instruction register (IR), 

data input register (DIR), data output register (DOR), dot registers (DR) 

and mode control register (MCR). 

The IR is a 4-bit register which stores the instruction codes for specify

ing MCR, DR, a start address register, a cursor address register and so 

on. The lower order 4 bits DBO to DB3 of data buses are written in it. 

The DIR is an 8-bit register used to temporarily store the data written 

into the external RAM, DR, MCR and so on. 

The DOR is an 8-bit register used to temporarily store the data read from 

the external RAM. Cursor address information is written into the cursor 

address counter (CAC) through the DIR. When the memory read instruction 

is set in the IR (latched at the falling edge of E signal), the data of 

external RAM is read to DOR by an internal operation. The data is 

transferred to the MPU by reading the DOR with the next instruction (the 

contents of DOR are output to the data bus when E is at "High" level). 

The DR are registers used to store the dot informations such as character 

pitches and the number of vertical dots and so on. The information sent 

from the MPU is written into the DR via the DIR. 

The MCR is a 6-bit register used to store the data which specifies states 

of display such as display ON/OFF and cursor ON/OFF/blink etc. The 

information sent from the MPU is written in it via the DIR. 

• Busy Flag (BF) 

With "l", the busy flag indicates the HD61830B is performing an internal 

operation. The next instruction cannot be accepted. As shown in Control 

Instruction (14), the busy flag is output on DB7 under the conditions of 

RS=l, R/W=l and E=l. Make sure the busy flag is "O" before writing the 

next instruction. 

•Dot Counters (DC) 

The dot counters are counters that generate liquid crystal display timing 

according to the contents of DR. 

@HITACHI 
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HD61830B 

• Refresh Address Counters (RAC1/RAC2) 

The refresh address counters are counters used to control the addresses 

of external RAM, character generator ROM (CGROM) and extened external ROM 

having the two types: RAC! and RAC2. The RAC! is used for upper half of 

screen and the RAC2 for lower half. In the graphic mode, 16-bi t data is 

output and used as the address signal of external RAM. In the character 

mode, the high order 4 bits (MA12 ~ MAlS) are ignored. The 4 bits of line 

address counter are output instead of it and used as the address of 

extended ROM. 

• Character Generator ROM 

The character generator ROM has 7360 bits in total and stores 192 types 

of character data. A character code (8 bits) from the external RAM and a 

line code (4 bits) from the line address counter are applied to its 

address signals, and it outputs 5-bit dot data. 

The character font is 5x7 (160 types) or 5xll (32 types). The use of ex

tended ROM allows 8xl6 (256 types max.) to be used. 

• Cursor Address Counter 

The cursor address counter is a 16-bit counter that can be preset by the 

instruction. It is used to hold an address when the data of external RAM 

is read or written (when display dot data or a character code is read or 

written). The value of cursor address counter is automatically increased 

by 1 after the display data is read or written and after the Set/Clear 

Bit instruction is executed. 

• Cursor Signal Generator 

The cursor can be displayed by the instruction in the character mode. 

The cursor is automatically generated on the display specified by the 

cursor address and cursor position. 

•Parallel/Serial Conversion 

The parallel data sent from the external RAM, character generator ROM or 

extended ROM is converted into serial data by two parallel/serial con

version circuits and transferred to the liquid crystal driver circuits 

for upper screen and lower screen simultaneously. 

@HITACHI 
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HD61830B 

II TERMINAL FUNCTIONS 

Name Function 

DBO-V7 Data bus ... Three-state I/O comroon terminal 
Data is transferred to MPU through DBO to DB7. 

cs Chip select ... Selected state with ~=O. 

R/W Read/Write ... R/W=l ... MPU + HD61830B 
R/W=O ... MPU -+ HD61830B 

RS Register select ... RS=l . .. Instruction register 
RS=O ... Data register 

E Enable .. . Data is written at the fall of E • 
Data can be read while E is 1. 

CR External clock input. 

RES Reset ... RES=O results in display OFF, slave mode· and Hp=6. 

MACJ'l,15 External RAM address output 

In character mode, the line code for external CG is outpu:t 
through MA12 to MA15 ("O": Character 1st. line, I 

"F": Character 16th line). 

MDCJ'l,7 Display data bus ... Three-state I/O comroon terminal. 

RDO-V7 ROM data input ... Dot data from external character generator 
is input. 

WE Write enable ... Write signal for external RAM • 

CL2 Display data shift clock for LCD drivers. 

CLl Display data latch signal for LCD drivers. 

FLM Frame signal for display synchronization. 

MA Signal for converting liquid crystal driving signal into AC, A 
type. 

MB Signal for converting liquid crystal driving signal into AC, B 
type. 

Dl, D2 Display data serial output 

Dl ... For upper half of screen 
D2 ... For lower half of screen 

SYNC Synchronous signal) for parallel operation. 

Three-state I/O collUIJ)n terminal (with pull-up MOS). 

Master • . • ·synchronous signal is output. 
Slave .... Synchronous signal is input. 

-to be continued 
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HD61830B 

Name Function 

CE Chip enable 

CE=O ... Chip enable make external RAM in active. 

OE Output enable 

OE=l ... Output enable informs external RAM that HD61830B 
requires data bus. 

NC Unused terminal. Don't connect any wires to this terminal. 

II ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply voltage vcc -0.3 "' +7.0 v 1,2 

Terminal voltage VT -0.3 "' vcc+o.3 v 1,2 

Operating temperature To pr -20 "' +75 oc 

Storage temperature Tstg -55 "' +125 oc 

Note 1: All voltage is referred to GND=OV. 

Note 2: If LSI's are used beyond absolute maximum ratings, they may be 

permanently destroyed. We strongly reconnnend you to use the 

LSI's within electrical characteristic limits for normal 

operation, because use beyond these conditions will cause 

malfunction and poor reliability. 
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II ELECTRICAL CHARACTERISTICS 
(Vcc=5V=l0%, GND=OV, Ta=-2Cl'V+75°C) 

ltem Symbol Test condition 

Input "High" voltage (TTL) Vrn 

Input "Low" vo 1 tage (TTL) VIL 

Input "High" voltage VIIIR 

Input "High" voltage (CMOS) Vrnc 

Input "Low" voltage (CMOS) Vnc 

Output "High" voltage (TTL) VOH -IoH=0.6mA 

Output "Low" voltage (TTL) VoL IoL=l.6mA 

Output "High" voltage(CMOS) VoHc -IoH=0.6mA 

Output "Low" voltage (CMOS) VoLc IoL =0. 6mA 

Input leakage current Im vrn=O<vVcc 

Three-state leakage current ITSL VouT=O<vVcc 

Pull-up current IPL Vin=GND 

Power dissipation Pw 
External clock 
fcp=2.4MHz 

Min. ~YP· 

2.2 -
0 -

3.0 -

o. 7Vcc -

0 -

2.4 -

0 -

Vcc-o·~ -
0 -

-5 -

-10 -

2 10 

- -

Note 1: Applied to input terminals and I/O common terminals, 

terminals SYNC, CR and RES. 

Max. Unit 

Vee v 

0.8 v 

Vee v 

Vee v 

o.Jvcc v 

Vee v 

0.4 v 

Vee v 

0.4 v 

5 µA 

10 µA 

20 µA 

50 mW 

except 

Note 2: Applied to input terminals and I/O common terminals, except 

terminals SYNC and CR. 

Note 3: Applied to terminal RES. 

Note 4: Applied to terminals SYNC and CR. 

Note 

1 

2 

3 

4 

4 

5 

5 

6 

6 

7 

8 

9 

10 

Note 5: Applied to terminals DBO'VDB7, WE, MAO'VMA15, OE, CE, and MDO"-MD7. 

484 

Note 6: Applied to terminals SYNC, FLM, CLl, CL2, Dl, D2, MA and MB. 

Note 7: Applied to input terminals. 

Note 8: Applied to I/O common terminals. However, the current which flows 

into the output drive MOS is excluded. 

Note 9: Applied to SYNC, DBO'VDB7, and RDO'VRD7. 

Note 10: The current which flows into the input and output circuits is ex

cluded. When the input of CMOS is in the intermediate level, 

current flows through the input circuit, resulting in the increase 

of power supply current. To avoid this, input must be fixed at 

high or low. @HITACHI 
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HD61830B 

• Shape of Input Terminal 

Applicable terminal: CS, E, RS, 

R/W, RES, CR (Without pull-up MOS) 

Vee 

~ rt:_ 
~ ~~'"ffi 

• Shape of Output Terminal 

Applicable terminal: 

(With pull-up MOS) 

PMOS 

(Pull-up MOS) 

RDO<vRD7 

Vee 

Applicable terminal: CLl, CL2, MA, MB, FLM, Dl, D2, WE, OE, CE, MAQn,MA15 

Vee 

r-iC 
~~ "'~ 

• Shape of I/0 Conman Terminal 

Applicable terminal: DBO<vDB7, SYNC, MDO<vMD7 (MDO<vMD7 have no pull-up MOS) 

Vee Vee 

H PMOS PMOS 

(Pull-up MOS) ~------. 

.HITACHI 
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HD61830B 

• Clock Operation 

Item Symbol Test condition Min. 

External clock operating 
fcp 100 

frequency 

External clock duty Duty 47.5 

External clock rise time trcp -
External clock fall time tfcp -
SYNC output hold time tHSYO 30 

SYNC output delay time tnsY -
SYNC input hold time tHSYI 10 

~ input set-up time tssY -

Note 1: Applied to external clock input terminal. 

Oscillator CR 

0.7Vee 
0.5 Vee 
0.3Vee 

Note 2: Applied to SYNC terminal. 

CR 

SYNC 
(Output: 

0.3Vec at master D¥>de) 
tHSYI tssr lHSYI 

0.7Vcc 

SYNC 
(Input:at slave D¥>de) 0.3Vcc 

Note 3: Testing load circuit. 

Test .,0..__ __ _ 

point lCL CL=30pF 

r, 

trcp 

tssr 

Typ. Max. 

- 2400 

50 52.5 

- 25.0 

- 25.0 

- -
- 210 

- -
- 180 

Tt 

t/cp 

l (CL includes jig capacitance) 

@HITACHI 

Unit Note 

kHz 1 

% 1 

ns 1 

ns 1 

ns 2, 3 

ns 2, 3 

ns 2 

ns 2 

r, 
Duty= r.+ii x 100% 
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HD61830B 

• Bus Read/Write Operation (Interface to MPU) 

E 

CS, R/W, RS 

DBo-1 

(MPU~HD618308) 

DBo-1 

(MPU~HD618308) 

Enable cycle 

Item 

time 

,J iWEH 

O.BV 

'" '" 
2.2V 

0.BV 

level 
Enable pulse . l"High" width 

, f "Low" level 

Enable rise time 

Enable fall time 

Setup time 

Data setup time 

Data delay time 

Data hold time 

Address hold time 

Data hold time 

tcrc 

l 
lWEL 

IEJ 
IAH 

Symbol Min. 

tcYc LO 

twEH 0.45 

tWEL 0.45 

tEr -
tEf -
tAS 140 

tDsw 225 

tDDR -
tDHW 10 

tAH 10 

tDH 20 

1 

Typ. Max. Unit 

- - µs 

- - µs 

- - µs 

- 25 ns 

- 25 ns 

- - ns 

- - ns 

- 225 ns(Note) 

- - ns 

- - ns 

- - ns 

Note: The following load circuit is connected for specification: 

Vee 

RL 
Test 
point RL 2.4klt 

D2 
R llkQ 

Ds 
c 130 pF (C includes jig 

D4 
1S2074 ® Diodes Dl to D4: 

capacitance) 

@HITACHI 
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HD61830B 

• Interface to External RAM and ROM 

Symbol Test Min. ·Item condition Typ. Max. unit Note 

MAO-vMAlS delay time tnMA - - 300 ns 1, 2' 3 

MAO-vMAlS hold time tHMA 40 - - ns 1' 2, 3 

CE delay time tncE - - 300 ns 1, 2' 3 

CE hold time tHCE 40 - - ns 1' 2, 3 

OE delay time tnoE - - 300 ns 1, 3 

OE hold time tHOE 40 - - ns 1, 3 

MD output delay time tnMD - - lSO ns 1, 3 

MD output hold time tHMDW 10 - - ns 1, 3 

WE delay time tnWE - - lSO ns 1, 3 

WE clock pules width tWWE lSO - - ns 1, 3 

MD output high impedance 
tZMDF 10 - - ns 1, 3 

time (1) 

MD output high impedance 
tzMDR so - - 1, 3 

time (2) 
ns 

RD data set-up time ts RD so - - ns 2 

RD data hold time tHRD 40 - - ns 2 

MD data set-up time tSMD so - - ns 2 

MD data hold time tHMD 40 - - ns 2 

Note 1: RAM write timing 
T1 T, T, T1 

CR 

CE 

MA0-MA1s 

OE 

WE 

MD.-MD2 (High impedance) 
(Output) 

IHMDll' 

Tl: Memory data ref re sh timing for upper screen 

T2: Memory data refresh timing for lower screen 

T3: Memory read/write timing 

488 
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HD61830B 

Note 2: ROM/RAM read timing 

CR 

CE 

OE 

MA()'cMA15 

MIJ()'\,MIJ7 
(Input) 

RD()'cRD7 

I 
(*2) I 

Tl T2 T3 Tl 

{\_ 
a (*l) b 

2.4V 

l'-"0 . .;..6V'-----i-!-------1.111---- ____ _ 

IDMA 

IHMA 

Address for upper screen 

lsMD 

2.2V 
Data for the upper 

0.8V 

tSRD 

2.2V 
Data for the upper 

0.8V 

fDMA 

lHRD fHRD 

Data screen for the 
Invalid data lower screen 

(*l) This figure shows the timing in the case of Hp=S. 

In the case of Hp=7, time shown by "b" becomes zero. , and 

in the case of Hp=6, time shown by "a" and "b" becomes zero. 

Therefore, the number of clock pulse during Tl become 4, 3 or 2 

in the case of Hp=8, Hp=7 or Hp=6 respectively. 

(*2) The waveform in the case of instruction with memory read is shown 

with a dash line. In other case, the waveform shown with a solid 

line is generated. 

(*3) When the instruction with RAM read/write is excuted, the value of 

cursor address is output. In other case, invalid data is output. 

(*4) When the instruction with RAM read is excuted, IID61830B latch the 

data at this timing. In other case, this data is invalid. 
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490 

Note 3: Test load circuit 

Test 
point 

R 

Vee 

• Data Transfer to Driver LSI 

Items Symbol 

Clock cycle time twcL2 

Clock pulse width 
(High level) twcH 

Clock pulse width 
twcL (Low level) 

Data delay time tDD 

Data hold time tDH 

Clock phase difference (1) tcLl 

Clock phase difference (2) tcL2 

Clock phase difference (3) tcL3 

MA, MB delay time tDM 

FLM set-up time tsF 

FLM hold time tHF 

MA set-up time tsMA 

MA hold time tHMA 

Test 

RL=2.4krl 

R =llkrl 

C =50 pF (C includes jig capacitance) 

Diodes Dl to D4: 1S2074@ 

condition 
Min. Typ. Max Unit Note 

416 - - ns 1, 3 

150 - - ns 1, 3 

150 - - ns 1, 3 

- - so ns 1, 3 

100 - - ns 1, 3 

100 - - ns 1, 3 

100 - - ns 1, 3 

100 - - ns 1, 3 

-200 - 200 ns 1, 3 

400 - - ns 2, 3 

1000 - - ns 2, 3 

400 - - ns 2, 3 

1000 - - ns 2, 3 
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Note 1: 
lll'CL2 

fl\' CH twn 

{ _} 0. 7Vcc 
,_ 

~~ 0.3Vcc IL -) 
ICLI ICL2 ICL3 

~0.7Vcc ') 

.., 0.3Vcc \. IWCH 

IDD IDH 

) It 0. 7Vcc ( tr 0.3Vcc 

IDM 

MA,MB ) 'f' o. 7Vcc 
0.3Vcc 

Note 2: 

CL1 
~ O. 7Vcc 

l\o.3Vcc 

ISF r lHF 
r 

) 0. 7Vcc ~~ 
k_0.3Vcc 

FLM 

lSMA L IHMA 

r 
"{" 0. 7Vcc 

'1 0.3Vcc MA 

Note 3: Test load circuit 

Test o~~~~--. 

point :L CL 

* 

~HITACHI 

I 

CL=lOOpF (c1 inc~udes jig) 
\ capac1 tance 
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•Display Control Instructions 

Display is controlled by writing data into the instruction register and 

13 data registers. The RS signal distinguishes the instruction register 

from the data registers. 8-bit data is written into the instruction 

register with RS=l, and the code of data register is specified. After 

that, the 8-bit data is written in the data register and the specified 

instruction is executed with RS=O. 

During the execution of the instruction, no new instruction can be 

accepted. Since the busy flag is set during this, read the busy flag and 

make sure it is 0 befo~e writing the next instruction. 

(1) Mode control 

Code $"00" (hexadecimal) written into the instruction register 

specifies the mode control register. 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 0 0 

Mode control reg. 0 0 0 0 Mode data 

DBS DB4 DB3 DB2 DBl jDBO Cursor/blink CG Graphic/character 
display 

0 0 Cursor OFF ...... 
<II 

0 1 Cursor ON e 0 Q) 

1 0 Cursor OFF, character blink ~ 
l'lt!l 

blink 
HU 

1 1 Cursor Character display 
0 (Character mode) 0 0 Cursor OFF 

1/0 1/0 ...... 
0 1 Cursor ON <II 

1 e 
1 0 Cursor OFF, character blink Q) 

~ 

blink 
i<C!l 

1 1 Cursor i>:IU 

0 0 1 0 --------- ~ Graphic mode 

'"' -....ai 

~ 
....... u~ 

'"' '"' 
..... u 

t;~ ...... ~ Q) Q) ~ 0 .c: <II 
P.O ~ > "' ~,1 ., ....... "'<II ..... 

'"' 
~~ ..... z ~~ ...... ;:I 1-1.C: :< = AO IX1 u C!l u i>:IH 

r=-1: Master mode 
0: Slave mode 

- 1: Dis la p y ON 
0: Display OFF 
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(2) Set character pitch 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 0 1 

Character pitch reg. 0 0 (Vp-1) binary 0 (Hp-1) binary 

Vp indicates the number of vertical dots per character. The space between 

the vertically-displayed characters is considered for determination. 

This value is meaningful only during character display (in the character 

mode) and becomes invalid in the graphic mode. 

The Hp indicates the number of horizontal dots per character in display, 

including the space between horizontally-displayed characters. In the 

graphic mode, the Hp indicates the number of bits of 1-byte display data 

to be displayed. 

There are three Hp values. 

Hp DB2 DBl DBO 

6 1 0 1 Horizontal character pitch 6 

7 1 1 0 Horizontal character pitch 7 

8 1 1 1 Horizontal character pitch 8 

(3) Set number of characters 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 0 0 1 0 

Number-of-characters 0 0 
reg. 

0 (HN - 1) binary 

HN indicates the number of horizontal characters in the character mode 

or the number of horizontal bytes in the graphic mode. If the total sum 

of horizontal dots on the screen is taken as n, 

n = Hp x HN 

HN can be set with an even number of 2 to 128 (decimal). 

@HITACHI 
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(4) Set number of time division (inverse of display duty ratio) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 

Instruction reg. 0 1 0 0 0 0 0 0 

Number-of-time shares 0 0 0 (Nx - 1) binary 
reg. 

Nx indicates the number of time division in multiplex display. 

l/Nx is a display duty ratio. 

A value of 1 to 128 (decimal) can be set to Nx. 

(S) Set cursor position 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 

Instruction reg. 0 1 0 0 0 0 0 1 

Cursor position reg. 0 0 0 0 0 0 (Cp - 1) 

DBl DBO 

1 1 

DBl DBO 

0 0 

binary 

Cp indicates the position in a character where the cursor is displayed in 

the character mode. For example, in Sx7 dot font, the cursor is displayed 

under a character by specifying Cp=B (decimal). The cursor horizontal 

length is equal to the horizontal character pitch Hp. A value of 1 to 16 

(decimal) can be set to Cp. If a smaller value than the number of 

vertical character pitches Vp is set (Cp~Vp), and a character is over

lapped with the cursor, the cursor has higher priority of display (at 

cursor display ON). If Cp is greater than Vp, no cursor is displayed. 

The cursor horizontal length is equal to Hp. 

(6) Set display start low order address 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 0 0 

Display start address 0 0 (Start low order address) binary 
reg. (low order byte) 

(7) Set display start high order address 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 0 1 

Display start address 0 0 (Start high order address) binary \ 
reg. (high order byte) 

~HITACHI 
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These instructions cause display start addresses to be written in the 

display start address registers. The display start address indicates a 

RAM address at which the data displayed at the top left end on the screen 

is stored. In the graphic mode, the start address is composed of high/ 

low order 16 bits. In the character display, it is composed of the lower 

4 bits of high order address (DB3 ~ DBo) and 8 bits of low order address. 

The upper 4 bits of high order address are ignored. 

(8) Set cursor address (low order) (RAM write low order address) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 1 0 

Cursor address counter 0 0 (Cursor low order address) binary 
(low order byte) 

(9) Set cursor address (high order) (RAM write high order address) 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 0 1 1 

Cursor address counter 0 0 (Cursor high order address) binary 
(high order byte) 

These instructions cause cursor addresses to be written in the cursor 

address counters. The cursor address indicates an address for sending 

or receiving display data and character codes to or from the RAM. 

Namely, data at address specified by the cursor address are read/written. 

In the character mode, the cursor is displayed at the digit specified by 

the cursor address. 

A cursor address consists of the low-order address (8 bits) and the 

high-order address (8 bits). Satisfy the following requirements. 

When setting the cursor address. 

1. When you want to rewrite (set) Set the low order address and 

both the low order address and then set the high order address. 

the high order address. 

2. When you want to rewrite only Don't fail to set the high 

the low order address. order address again after 

setting the low order address. 

3. When you want to rewrite only Set the high order address. 

the high order address. You don't have to set the low 

order address again. 
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The cursor address counter is a 16 bit up-counter with SET and RESET 

functions. When the bit N changes from 1 to O, the bit N+l is added by 

1. When setting the low order address, the LSB (bit 1) of the high order 

address is added by 1 if the MSB (bit 8) of the low order address changes 

from 1 to 0. Therefore, set both the low order address and the high 

order address as shown in above table. 

(10) Write display data 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 0 0 

RAM 0 0 MSB (pattern data, character code) LSB 

After the code $'0C' is written into the instruction register with RS=l, 

8 bit data with RS=O should be written into the data register. This 

data is transferred to the RAM specified by the cursor address as display 

data or character code. The cursor address is increased by 1 after this 

operation. 

(11) Read display data 

Register R/W RS DB7 DB6 DBS DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 0 1 

RAM 1 0 MSB (pattern data, character code) LSB 

Data can be read from the RAM with RS=O after writing code $'OD" into the 

instruction register. The read procedure is as follows: 

E 

DB 

Busy Cursor Cursor Busy Cursor Cursor Busy Data Dummy Busy N Busy N+l 

check address low check address high check read read check address check address .. , order set order ""de data data .., .. address .., .. address read read 
write write 

Cursor 
•NL N N+1 N+2 IN+3 address 

Data 
IN address datal N+l address I N+2 •.. output 

data register 
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This instruction outputs the contents of data output register on Data 

Bus (DBO to DB7) and then transfers RAM data specified by a cursor 

address to the data output register, also increasing the cursor address 

by 1. After setting the cursor address, correct data is not output at 

the first read but at the second time. Thus, make one dunnny read when 

reading data after setting the cursor address. 

(12) Clear bit 

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 1 0 

Bit clear reg. 0 0 0 0 0 0 0 (NB-l)binary 

(13) Set bit 

Register R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO 

Instruction reg. 0 1 0 0 0 0 1 1 1 1 

Bit set reg. 0 0 0 0 0 0 0 (NB-1) binary 

The Clear/Set Bit instruction sets 1 bit in a byte of display data RAM 

to 0 or 1, respectively. The position of the bit in a byte is specified 

by NB and RAM address is specified by cursor address. After the execution 

of the instruction, the cursor address is automatically increased by 1. 

NB is a value of 1 to 8. NB=l and NB=8 indicates LSB and MSB, respec

tively. 

(14) Read busy flag 

Register R/W RS DB7 DB6] DB5 j DB4 j DB3 j DB2 j DBl l DBO 

Busy flag 1 1 1/0 * 
When the read rrode is set with RS=l, the busy flag is output to DB7. 

The busy flag is set to 1 during the execution of any of instructions 

(1) to (13). After the execution, it is set to O. The next instruction 

can be accepted. No instruction can be accepted when busy flag=l. 

Before executing an instruction or writing data, perform a busy flag 

check to make sure the busy flag is 0. When data is written in the 

register (RS=l), busy flag doesn't change. Thus, no busy flag check is 

required just after the write operation into the instruction register 

with RS=l. 

The busy flag can be read without specifying any instruction register. 
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Symhol 

Hp 

RN 

Vp 

Cp 

Nx 

:•••••ooo :oooo•ooo :ooo•oooo 
:00•00000 
:0•000000 
:•0000000 
:•••••ooo 
:00000000 

rB888888 

.--~~~~~~~HN~~~~~~~-----t 

(digi t) 

Name Meaning 

Horizontal character Lateral character pitch 

Pitch 

Number of horizontal Number of lateral characters per 

characters line (number of digits) in the 

character mode or number of bytes 

per line in the graphic mode. 

Vertical character Longitudinal character pitch 

pitch 

Cursor position Line number on which the cursor 

can be displayed 

Number of time Inverse of display duty ratio 

division 

Value 

6 to 8 dots 

2 to 128 

digits 

(an even 

number) 

1 to 16 

dots 

1 to 16 

lines 

1 to 128 

lines 

Note: if the number of vertical dots on screen is taken as m, and the 

number of horizontal dots as n, 

l/m = l/Nx = display duty ratio 

n = Hp x RN, m/Vp = Number of display lines 
Cp :> Vp 
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Display mode Display data 
from MPU 

Character Character code 
display (8 bits) 

Graphic Display pattern 
(8 bits) 

RAM 

b1 h6 bs b4 b3 b2 bt ho 

1 : I I I I I 

I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

/ o]iJOJolo]o_loj1 
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address 1 1 1 1 1 1 1 
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b1 b& bs h• b3 b2 b1 bo 
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I 
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I I I I I I I 
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address i] i] i] i] i] iJ 1] i 

1 I I I I I I 
I I : I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

Liquid crystal 
display panel 

] Hp 

A B c 

J 

Hp: 6, 7 or 8 dots 

bo b7[ Hp 

:::r ..... 
8 dots 8 dots 

Hp: 8 dots 

en 
m 

~ ~ 
0 z 

• c 

"' ~ 
~ 
"§ 
c. 
ID 

s 
a> 
~ 

00 w 
0 
t:d 
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• Internal Character Generator Patterns and Character Codes 

~t rt ~0010 0011 0100 0101 0110 0111 1010 1011 1100 1101 1110 1111 

xxxxoooo 

xxxxooot 

XXXXOO!O 

XXXXOOJ l 

XXXXOJOO 

XXXXO!Ol 

XXXXOl l 0 

XXXXOJll 

XXXXlOOO 

XXXXJOOI 

XXXX I 0 I 0 

XXXXIOl I 

XXXXJ 100 

XXXXI 101 
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II APPLICATION (CHARACTER MODE, EXTERNAL CG, CHARACTER FONT 8X8) 

HD6303 HD61830B 

Ao RS WE 
MAo 

I 
A, MA10 
I Cs 

OE 
de corder 

CE 
Do DBo MA11 
I I MAu 

"' ""' I 
MA1~ 

MDo 

R/W R/W 
I 

MD• 

RUo 
I 

RO• 

"' FLM 

Open SYNC 
MB 
CL1 

RES 
CL, 

v" o, 
MA 

external CR 
clock 

+SY 
GNO 
-sv 

.APPLICATION (GRAPHIC MODE) 

DBM o. 
HD6JOJ HD61830B "' MPU cs E Controller 

RS R/W Cl.1,CL: 
RES 

MB.FLM 

MAt-LS 

MDo-1 
WE 

RAM 

CT 
16K biu 

CMOS 

IEXAMPLE OF CONFIGURATION 

•Graphic Mode 

MPU HD61830B 1----+1 
Liquid crystal 
displa module 

WE OE Of' 
Ao Ao RAM(2) 0. 
I I HM6116 I 

A,. A .. "' Cs 

0. OE I ROH o. HN482732A CE 

"' FLM 
MB 
CL, 

CL1 
LCD Module 

"' LM-200 
Open +SY 

GNO 

-sv 
Vo 

•Character Mode (1) (Internal 

MPU 

Character Generator) 

HD61830B t-----t 
Liquid crystal 
display module 
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•Character Mode (2) (External Character Generator) 

MPU 
Liquid crystal 
display module 

•Parallel Operation 

MPU 

Comparison Chart 
The Difference Between HD61830 and HD61830B 
The following is the difference between HD61830 and HD61830B 

No. 

2 

3 

4 

Difference 
Display capacity 
@a chip 

Oscillator 

Signal 

Memory data setup 
timing 

5 Timing of SYNC 

HD81830 
64 x 480 dot max. at one chip 
fcp 1.1 MHz max. 

Internal clock or external clock 

Pin No. Signal 

6 c 
7 R 

8 CPO 

HD61830 
Display RAM 

Adr ... 

Data 

We 
CE 
OE 

CR~ 

MA0.1~ 

6 Reset (RES) function Up on reset (RES is Low) 
1. Display OFF mode 
2. HP-6 (Horizontal character pich6) 
3. Internal Busy Flag is reset 
4. Slavemode 

• HITACHI 

HD81830B 

Liquid crystal 

Driving both of two 
module by same 
coomon s ignal 

200 x 320 dot max. at one chip 
fcp 2.4 MHz max. 

External clock only 

Pin No. Signal 

6 CE 

7 OE 

8 NC 

HD61830B 
Display RAM 

Ad .... 

MDC>-7 °""' 
We We 
CE CE 

OE 

CR~ 

MAO.~ 

MOCH~ 

We-k-
CRULJ[__f 

Up on reset (RES is Low) 
1. Display OFF mode 
2. HP-6 (Horizontal character pich6) 
3. Internal Busy Flag is reset 
4. Slavemode 
5. Timing clock for internal CGROM is 

inhibited while RES is low . 
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HD63645/HD64645 
LCD Timing Controller (LCTC) 

Description 

The HD63645/HD64645 LCTC is a control LSI 
for large size dot matrix liquid crystal dis
plays. The LCTC is software compatible with 
the HD6845 CRTC, since its programming 
method of internal registers and memory 
addresses is based on the CRTC. A display 
system can be easily converted from a CRT to 
an LCD. 

The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 

A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 

Features 

• Software compatible with the HD6845 
CRTC 

• Programmable screen size : 
-Up to 1024 dots (height) 
-Up to 4096 dots (width) 

• High-speed data transfer : 
-Up to 20 Mbits/sec in character mode 
-Up to 40 Mbits/sec in graphic mode 

• Selectable single or dual screen configu
ration 

• Programmable multiplexing duty ratio : 
static to 1/512 duty cycle 

• -Programmable character font : 
-1-32 dots (height) 
-8 dots (width) 

• Versatile character attributes: reverse 
video, blinking, nondisplay (white) , 
nondisplay (black) 

• OR function : superimposing characters 
and graphics display 

• Cursor with programmable height, blink 
rate, display position, and on/off switch 

• Vertical smooth scrolling and horizontal 
scrolling by the character 

Pin Arrangement 

MOO • 
MD1 ' 
MD2 ' 
MD3 • 
MD4 ' 
MD5 • 
MD6 • 
MD7 ' 
MOS 9 

MD9 10 

) is for HD64645 

0. 

!G"' 001"' :>Zw[<JJ<JJ 
U<.:J a: ua:: 

•J DBo 
"R/W(RD) 
"E(WR) 

• Versatile display modes programmable 
by mode register or external pins : dis
play on/off, graphic or character, normal 
or wide, attributes, and blink enable 

• Refresh address output for dynamic RAM 
• 4- or 8-bit parallel data transfer between 

LCTC and LCD driver 
• Recommended LCD driver: HD61104 

(column) and HD61105 (common) , 
HD66106 

• CPU interface : 68 family (HD63645), 
80 family (HD64645) 

• CMOS process 
• Single +5 V ±10% 
e 80-pin plastic OFP (FP-80) 
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Ordering Information 

Type No. Bus Timing Bus Interface Package 

HD63645 2 MHz 68 System 80-pin Plastic QFP (FP-80) 

HD64645 4MHz 80System 80-pin Plastic QFP (FP-80) 

HD64646 4MHz 80 System 80-pin Plastic QFP (FP-80A) 

Note: See HD64646 data sheet is this data book. 

Pin Description 

Symbol Pin Number Name 1/0 

Vccl, Vcc2 17, 32 Vee 

GND1, GND2 37, 59 Ground 

LUO-LU3 22-25 LCD Up Panel Data 0-3 0 

LDO-LD3 18-21 LCD Down Panel Data 0-3 0 

CL 1 28 Clock One 0 

CL2 29 Clock Two 0 

FLM 27 First Line Marker 0 

M 26 M 0 

MAO-MA15 65-80 Memory Address 0-15 0 

RAO-RA4 60-64 Raster Address 0-4 0 
MDO-MD7 1-8 Memory Data 0-7 

MD8-MD15 9-16 Memory Data 8-15 

DBo-DB1 43-50 Data Bus 0-7 1/0 

cs 39 Chip Select 

E 41 Enable (HD63645 Only) 

R;W 42 Read/Write (HD63645 Only) 

WR 41 Write (HD64645 Only) 

RD 42 Read (HD64645 Only) 

RS 40 Register Select 

RES 38 Reset 

DCLK 33 D Clock 

MCLK 34 M Clock 0 

DISPTMG 35 Display Timing 0 

CUD ISP 36 Cursor Display 0 

SKO 30 SkewO 

SK1 31 Skew 1 

ON/OFF 53 On/Off 

BLE 51 Blink Enable 

AT 57 Attribute 

G/C 58 Graphic/Character 

WIDE 54 Wide 

LS 56 Large Screen 

D/S 55 Dual/Single 

MODE 52 Mode 
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Pin Functions 

Power Supply (Vccl, 2, GND) 

Power Supply Pin ( +5 V): Connect Vcc1 
and Vcc2 with + 5 V power supply circuit. 

Ground Ph-i (0 V): Connect Gl'JD1 and 
GND2 with 0 V. 

LCD Interface 

LCD Up Panel Data (LUO-LU3), LCD 
Down Panel Data (LDO-LD3): LUO-LU3 
and LDO-LD3 output LCD data as shown in 
table 1. 

Clock One (CLl): CL1 supplies timing clocks 
for display data latch. 

Clock Two (CL2): CL2 supplies timing clock 
for display data shift. 

First Line Marker (FLM): FLM supplies 
first line marker. 

M (M): M converts liquid crystal drive output 
to AC. 

Memory Interface 

Memory Address (MAO-MA15): MAO
MA15 supply the display memory address. 

Raster Address (RAO-RA4): RAO-RA4 
supply the raster address. 

Memory Data (MD0-MD7): MDO-MD7 
receive the character dot data and bit
mapped data. 

Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 

MPU Interface 

Data Bus (DBO-DB7): DBO-DB7 send/ 
receive data as a three-state I/O common 
bus. 

HD63645 /HD64645 

Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 

Enable (E): E receives an enable clock. 
(HD63645F only). 

Read/Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low. (HD63634F 
only). 

Write (WR): WR receives MPU write signal. 
(HD64645F Only) 

Read (RD): RD receives MPU read signal. 
(HD64645F Only) 

Register Select (RS): RS selects registers. 
(Refer to table 5.) 

Reset (RES): RES performs external reset of 
the LCTC. Low level of RES stops and zero
clears the LCTC internal counter. No register 
contents are affected. 

Timing Signal 

D Clock (DCLK): DCLK inputs the system 
clock. 

M Clock (MCLK): MCLK indicates memory 
cycle ; DCLK is divided by four. 

Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis
play data. 

Cursor Display (CUDISP): CUDISP sup
plies cursor display timing ; connect with 
MD12 in character mode. 

Skew 0 (SKO)/Skew 1 (SKl): SKO and SK1 
control skew timing. Refer to table 2. 

Mode Select 

The mode select pins ON/OFF, BLE, AT, G/C, 

Table 1. LCD Up Panel Data and LCD Down Panel Data 

Single Screen 

Pin name 

LUO-LU3 
LDO-LD3 

4-Bit Data 8-Bit Data 

Data output 
Disconnected 

Data output 
Data output 

@HITACHI 

Data output for upper screen 
Data output for lower screen 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 

On/Off (ON/OFF): ON/OFF switches dis
play on and off. (High = display on). 

Blink Enable (BLE): BLE high level enables 
attribute code "blinking" (MD13) and pro
vides normal/blank blinking of specified 
characters for 32 frames each. 

Attribute (AT): AT controls character 
attribute functions. 

Graphic/Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high). 

Wide (WIDE): WIDE switches between 

Table 2. Skew Signals 

SKO 

0 
1 
0 

SK1 

0 
0 

Skew Function 

No skew 
1 -character time skew 
2-character time skew 
Inhibited combination 

normal and wide display mode (high = wide 
display, low= normal display). 

Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to page 26. 

Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high). 

Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num
ber of rasters, cursor start/ end rasters, etc. 
(Refer to table 9.) 
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Function Overview 

LCD and CRT Display Systems Main Features of HD63645F /HD64645F 

Figure 1 shows a system using both LCD and 
CRT displays. 

Main features of the LCTC are : 
High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 
Soft'\"'lare compatible with HD6845 
(CRTC) 
Built-in character attribute control circuit 

Table 3 shows how the LCTC can be used. 

Table 3. Functions, Application, and Configuration 

Classification Item 

Functions Screen Format 

Cursor Control 

Description 

Programmable horizontal scanning cycle by the character clock 
period 
Programmable multiplexing duty ratio from static up to 1 /51 2 
Programmable number of displayed characters per character row 
Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 
rows) 

Programmable cursor display position, corresponding to RAM 
address 
Programmable cursor height by setting display start/end rasters 
Programmable blink rate, 1 /32 or 1 /64 frame rate 

. ----------- ------------------ -----------------

Application 

Configuration 

Memory 
Rewriting 

Memory 
Addressing 

Paging and 
Scrolling 

Character Attributes 

CRTC Compatible 

OR Function 

LCTC 
Configuration 

Time for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 

16-bit memory address output, up to 64 kbytes x 2 memory acces
sible 
DRAM refresh address output 

Paging by updating start address 
Horizontal scrolling by the character, by setting horizontal virtual 
screen width 
Vertical smooth scrolling by updating display start raster 

Reverse video, blinking, nondisplay (white or black) character 
attributes 

Facilitates system replacement of CRT display with LCD. 

Enables superimposing display of character screen and graphic 
screen 

Single 5 V power supply 
1/0 TTL compatible except RES, MODE, SKO, SK 1 
Bus connectable with HMCS 6800 family (HD63645) 
Bus connectable with 80 family (HD64645) 
CMOS process 
Internal logic fully static 
80-pin flat plastic package 
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Liquid crystal 
display 

LCD display signals 
Frame 
buffer 

RAM 

CRT 
(monochrome) 

Video signals 

CRTC 
H06845 

Figure 1. LCD and CRT Displays 
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Internal Block Diagram 

Figure 2 is a block diagram of the LCTC. 

CL2 

M 

LU0-LU2c±======:r-~~~~--i 

LD0-LD2¢±======L..::.:...:=._~~_J 

_I_ 

CU DI SP SKO SK 1 

) is for H 064645 (80 types bus interface) 

Figure 2. LCTC Block Diagram 
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System Block Configuration 
Examples 

Figure 3 is a block diagram of a character/ 
graphic display system. Figure 5 shows two 
examples using LCD drivers. 

MPU Bus 

"' :i 
..0 

iii 
"' c: 

Cl :i 
"iii ..0 

"' g ~ 
c: -c 
0 -c 

"' u <{ ::i 
..0 

s 
"' 0 

A-RAM V-RAM 

2 
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DCLK CPG 
(WR)(RD) 
E,R/W 

DBO-DB7 

CS,RS 

I"""""" 
MAO-MA15 

Display On/off 
MCLK Blink enable DISPTMG 

Reset 

MD8-MD15 

MDO- LU0-3 
MD7 LDO-LD3 

CL2t----'\I 
CL11----.t1 
M 

LCD 
Module 

'-----~---iRAO-MD4 FLM 

Char./Graph. 

Figure 3. Character/Graphic Display System Example 
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Interface to MPU 

P10-P17 x RS 

[ Decoder }------0 cs 

SC2 (R/W) R/W 
HD6301 

MPU 

E E 

P30-P31 ...... 
DB0-DB1 ,... 

RES"'- JI RES 

RESET 

Note: HD6301 is set in mode 5. P10-P17 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 

(1) Interface between HD6301 and HD63645 

Ao-A15 

li 
~ RS 

IOE r-- [ Decoder ~ cs 

RD ~~ RD 

HD64180 

MPU 

WR ~ WR 

Do-D1 
A.. 

DB0-DB1 

RES n._ ~RES 

RESET 

Note: Concerning 80 family MPU's, 1/0 space is separate from memory 
space in software. Thus the LCTC, a part of 1/0, needs the AN Ded 
signals of the interface signals and iOE. So IOE and RD, and iOE 
and WR should be ORed to satisfy tAs• the timing of CS, RD, 
and WR. 

(2) Interface between HD64180 and HD64645 

Figure 4. Interface to MPU 
@HITACHI 
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512 

l Dual screen I 

LUO-
LU3 

FLM 

CL1 
CL2 

M 

LCTC 

LOO-· 
LD3 

l Single screen I 

LUO
LU3 

4 

FLMt----t 

CL1t-----' 
CL2 M---- LCD panel 200 x 640 dots 

LCTC 
1 /200 duty ratio 

Figure 6. LCD Driver Examples 
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Registers 

Table 5 shows the register mapping. Table 5 
describes the in function. Table 6 shows the 

differences between CRTC and LCTC regis
ters. 

Table 4. Registers Mapping 

Address 
Register Rag. Data Bit 

CS RS 43210 No. Register Name Program Unit SymbolR/W 7 6 5 4 3 2 
Invalid 

0 0 AR Address Register w 
0 0 0 0 0 0 RO Horizontal Total Characters Character3 Nht w 
0 00001 Rl Horizontal Displayed CharactersCharacter Nhd w 
0 01001 RS Maximum Raster Address Raster Nr w 
0 0101 0 R 10 Cursor Start Raster Raster4 Ncs w 
0 01011 R 11 Cursor End Raster Raster Nee w 
0 011 00 Rl 2 Start Address (H) Memory Address - R/W 
0 01101 Rl 3 Start Address (L) Memory Address - R/W 
0 0111 0 Rl 4 Cursor Address (H) Memory Address - R/W 
0 01111 R 15 Cursor Address (L) Memory Address - R/W 
0 1001 0 R 18 Horizontal Virtual Screen Width Character Nir w 
0 10011 R 19 Multiplexing Duty Ratio (H) Raster3 Ndh w 
0 10100 R20 Multiplexing Duty Ratio (L) Raster3 Nd! w 
0 10101 R21 Display Start Raster Raster Nsr w 
0 1011 0 R22 Mode Register -Notes w ON/ G/C WIDE BLE 

OFF 

111111111: Invalid data bits Notes: 1. 
2. R/W indicates whether write access or read access is enabled to/from each register. 

W : Only write accessible 
R/W : Both read and write accessible 

0 

AT 

3. The "value to be specified less 1" should be programmed in these registers (RO, R1) and 
R20). 

4. Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27). 

B P Cursor Blink Mode 
0 0 Cursor on ; without blinking 
0 1 Cursor off 
1 0 Blinking once every 32 frames 
1 1 Blinking once every 64 frames 

5. The OR of mode pin status and mode register data determines the mode. 
6. Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 

registers, will be ignored. 
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Table 5. Internal Register Description 

Reg. 
No. Register Name Size(Bits) Description 

AR Address Register 5 '·Specifies the internal control registers (RO, R1, 
R9-R 15, R 18-R22) address to be accessed 

RO Horizontal Total Characters 8 Specifies the horizontal scanning period 
R1 Horizontal Displayed Characters 8 Specifies the number of displayed characters per 

character row 
R9 Maximum Raster Address 5 Specifies the number of rasters per character row, 

including the space between character rows 
R10 Cursor Start Raster 5+2 Specifies the cursor start raster address and its 

blink mode 
R11 Cursor End Raster 5 Specifies the cursor end raster address 
R12 Start Address (H) 16 Specify the display start address 
R13 Start Address (L) 
R14 Cursor Address (H) 16 Specify the cursor display address 
R15 Cursor Address (L) 
R18 Horizontal Virtual Screen Width 8 Specifies the length of one row in memory space 

for horizontal scrolling 
R19 Multiplexing Duty Ratio (H) 9 Specify the number of rasters for one screen 
R20 Multiplexing Duty Ratio (L) 
R21 Display Start Raster 5 Specifies the display start raster within a character 

row for smooth scrolling 
R22 Mode Register 5 Controls the display mode 

*For more details of registers, refer to "Internal Registers". 
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Table 6. Internal Register Comparison between LCTC and CRTC 

Reg. 
No. LCTC HD63645/HD64645 Comparison CRTC HD6845 

AR Address Register Equivalent to CRTC Address Register 

RO Horizontal Total Characters Horizontal Total Characters 

R1 Horizontal Displayed Characters Horizontal Displayed Characters 

R2 Particular to CRTC ; Horizontal Sync Position 

R3 unnecessary for LCTC Sync Width 

R4 Vertical Total Characters 
---
R5 Vertical Total Adjust 

R6 Vertical Displayed Characters 

R7 Vertical Sync Position 

RB Interlace and Skew 

R9 Maximum Raster Address Equivalent to CRTC Maximum Raster Address 

R10 Cursor Start Raster Cursor Start Raster 

R11 Cursor End Raster Cursor End Raster 

R12 Start Address (H) Start Address (H) 

R13 Start Address ( L) Start Address ( L) 

R14 Cursor Address (H) Cursor (H) 

R15 Cursor Address (L) Cursor (L) 

R16 Particular to CRTC ; Light Pen (H) 

R17 unnecessary for LCTC Light Pen (L) 

R18 Horizontal Virtual Screen Width Additional registers for LCTC 

R19 Multiplexing Duty Ratio (H) 

R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 

R22 Mode Register 
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Functional Description 

Programmable Screen Format 

Figure 6 illustrates the relation between LCD 

display screen and registers. Figure 7 shows a 
timing chart of signals output from the LCTC 
in mode 5 as an example. 

..-.-----------Horizontal Total Characters (RO)--------------

(R21) 
Start 
Raster 

Horizontal Displayed Chars. (R1)------., 

Start Address (R12) 

Display Period 

Horizontal 
Char 

---'---'--J""O Display 

( 1 Character) 

Start 
Raster 
Address 
(R21) 

CPU 
Memory Write Time 

Figure 6. Relation between Display Screen and Registers 
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MCLK lJlJU1JUUl _____ JUlIU1MM __ jlJlJ1Jl__JU1JlJ1fUU 
DISPTMG 

CUDISP Jl ,..--,L_ 

(ff~~g) -1JIUUU1Il 
MAO-MA15 ~~~}2Ef2/2!2!2Ef2f12fJ2I1J2/2f2JJJJ_ 
RAO-RA4 

FLM 

M 

CL1 
MCLKX16 

CL2 \__lllUlOODUlfUL ____ JU1JlJlJUUl.___ ___ ____.rtf 

LUO 
~----~Nhd-1 VV 
~----~"-o _______________ A.J, 

LU1 ~~~~~JJtt/Jj.~1 _____ '{J 

LU2 ~~~~~rn=---2 ____ 'fJ 
LU3 ~~~~~~3 'IJ 
LDO -=----rn 'IJ 
LD1 -=----JJJJ1'JJ. 'IJ 
LD2 -=----rn 'IJ 
LD3 -=----JJJJ1'JJ. 'IJ 

Figure 7. LCTC Timing Chart (In Mode 5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 

The following clirsor functions (figure 8) can 
be controlled by programming specific regis
ters. 

Cursor display position 

Cursor 
Height 

Cursor height 
Cursor blink mode 

A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 

Cursor 
Start Rastet 

Cursor 
End Raster 

Figure 8. Cursor Display 
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Character Mode and Graphic Mode 

The LCTC supports two types of display 
modes ; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft
ware for system using the CRTC (HD6845). 

The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 

Character Mode : Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8-
bit units. A variety of character attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black), etc., by 
storing the attribute data in attribute RAM 
(A-RAM). 

Figure 9 illustrates the relation between 
character display screen and memory con-

1st 
Row 

2nd 
Row 

Reverse 
Video 

+ 
Blinking 

+ 

HD63645/HD64645 

tents. 

Graphic Mode 1 : Graphic Mode 1 directly 
displays data stored in a graphic memory 
buffer. The display data supplied from mem
ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 10 illustrates the relation 
between graphic display screen and memory 
contents. 

Graphic Mode 2 : Graphic mode 2 utilizes 
software for the system using the CRTC 
(HD6845). The display data supplied from 
memory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly a number of times speci
fied by maximum raster register (R9). The 
raster address is output in the same way as 
character mode. 

Start 
address_.., 7 

1st 
Row 

2nd 
Row 

\ 
I 

\ 

VRAM 
(Char. 
code) 

i...-_B-bit 

41 

42 

43 
I 
I 

I 
I 

44 

45 

46 

I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

ARAM 
(Attr. 
code) 
B-bit_,,,, 

08 Reverse Video 

20 Blinking 
00 

00 

00 

00 

Figure 9. Relation between Character Screen and Memory Contents 
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Horizon~ Virtual Screen Width 

Horizontal virtual screen width can be speci
fied by the character in addition to the num
ber,Qfhorizontal displayed characters (figure 
11). 

The display screen can be scrolled in any 

M MM M 
D VRAM DD ARAM 

1st Line 
7 0 15 

2nd Line I I I I 

I 
I I I 

I I I I I 

I I I I I I I I 

I I I I I I I I I I I I I I' 
I I I I I I I I I I I I 

I I I I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

Display Screen 

I 
I I 

I I 
I I 
I I 

I 
I 
I 
I 
I 

direction by the character, by setting the 
horizontal virtual screen width and updating 
the start address .. This function is enabled by 
programming the horizontal virtual screen 
width register (R18). 

Figure 12 shows an example. 

I 
I 
I 

I 

( 
1st 
Line 

VRAM 

~8-bit 

FF 
33 

I 
I 
I 
I 
I 
I 

ARAM 

8-dit= 

55 

I 
I 

I 
I 
I ,., \ 

( 00 AA 

2nd 
Line 

\ 

cc 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 

I 

I 
I 
I 

Figure 10. Relation between Graphic Scr.een and Memory Contents 
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Display 
Screen 

Horizontal 
displayed 

I<- characters(R1) ->I 
!<---Horizontal virtual screen width (R 18) ~ 

Figure 11. Horizontal Virtual Screen Width 
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R18 

R1 

Start Address 

~ 

u 
0 2 3 

10 11 12 13 

N e w 

L c T 

5 6 7 8 

Performing horizontal 
scroll by updating 
the start address· 
"'O"' to •4"' 

9 

9 
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Example: 
R 18 (Horizontal Virtual Soreen Width)= 10 
R 1 (Horizontal Displayed Characters)= 5 

Displayed Area 

Figure 12. Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll 

Vertical smooth scrolling (figure 13) is per
formed by updating the display start raster, 
as specified by the start raster register (R21). 
This function is offered only in character 
mode. 

Raster Oi---.-----1 
Address 1 ~-im----1 2 _____ ---1 

3_. ____ --1 

4_. ____ --1 

5t---•---1 
6~-------1 7t-__ _ 

Wide Display 

The character to be displayed can be doubled 
in width, by supplying the same data twice 
(figure 14). This function is offered only in 
character mode, and controlled either by bit 2 
of the mode register (R22) or by the WIDE 
pin. 

Display start raster address 

522 

(R21l=O (R21)=1 (R21)=2 

Figure 13. Example of Smooth Scroll by Setting Display Start Raster Address 

12345678 

WIDE=Low 

122334455667788 

WIDE=High 

Figure 14. Example of Wide Display 
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Attribute Functions 

A variety of character attribute functions 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im
plemented by storing the attribute data in A
RAM (attribute RAM). Figure 15 shows a 
display example using each attribute func
tion. 

1. Black 

3. Blinking 

4. Cursor 

5. Reverse Video 

m 
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The attribute functions are offered only in 
character mode, and controlled either by bit 0 
of the mode register (R22) or the AT pin. As 
shown in figure 15, a character attribute can 
be specified by placing the character code on 
MDO-MD7, and the attribute code on MD11-
MD15. MD8-MD10 are invalid. 

2. White 

D 

Figure 15. Display Example Using Attribute Functions 

MD Input 15 

Non-
Function display 

(black) 

14 13 12 11 

Non-
Reverse 

display Blinking Cursor 
(white) 

video 

Figure 16. Attribute Code 
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OR Function -Superimposing Charac
ters and Graphics 

The OR function (figure 17) generates the OR 
of the data entered into MDO-MD7 (e.g. 
character data) and the data into MD8-MD15 
(e.g. graphic data) in the LCTC and transfers 

Graphic data 
(Character data) 

MD15 Mo14----

r---
1 

MD9 MOB IMD7 

this data as 1 byte. 

This function is offered only in character 
mode, and controlled by bit 0 of the mode 
register (R22) or by the AT pin. Any attribute 
functions are disabled when using the OR 
function. 

Character data 
(Graphic data). 

MD6 - - - - MD1 MDO I 

6 

7 

8-bit 
data 

- - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - _, 

Figure 17. OR Function 
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DRAM Refresh Address Output Function 

The LCTC outputs the address for DRAM 
refresh while CL1 is high, as shown in figure 
18. The 16 refresh addresses per scanned line 
are output 16 times, from $00~$FF. 

Skew Function 

The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 
inputs. 

If buffer memory and character generator 
ROM cannot be accessed within one hori-

Table 7. Skew Function 

SKO SK1 Skew Function 

0 0 No skew 
1 0 1 character time skew 
0 2 character time skew 

Inhibited combination 

DISPTMG 

Cll 

MCLK 

MA0-7 

HD63645 /HD64645 

zontal character display period, the access is 
retarded to the next cycle by inserting a latch 
to memory address output and buffer mem
ory output. The skew function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. 

By utilizing this function, a low-speed mem
ory can be used as a buffer RAM or a charac
ter generator ROM. 

This function is controlled by pins SKO and 
SK1 as shown in table 7. 

L 

Display 
Memory 
Address 

I DRAM Refresh I Display 
"' '" "''" Memory Address Address 

Figure 18. DRAM Refresh Address Output 
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Easy Mode 

This mode utilizes software for systems using 
the CRTC (HD6845). By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized in a 
system using the LCTC, without changing 
the BIOS. 

Table 8. Fixed Values in Easy Mode 

Reg. No. Register Name 

R9 Maximum raster address 
R10 Cursor start raster 
R11 Cursor end raster 
R18 Horizontal virtual screen width 
R19 Multiplexing duty ratio (H) 
R20 Multiplexing duty ratio (L) 

R21 Display start raster 
R22 Mode register 

Up panel 

r----AB8------
Down panel 

Automatic Correction of Down Panel 
Paster Address 

When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of display 
spreading over the two panels. Therefore 
users can use the LCTC without considering 
the multiplexing duty ratio (the number of 
vertical dots of a screen) or the character font. 
(See figure 19.) 

Fixed Value (decimal) 

7 
6 
7 
Same value as (R1) 
99 (in dual screen mode) 
199 (in single screen mode) 
0 
0 

Characters keep continuity in spite of 
the break of a screen. 

Figure 19. Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 

LCD System Configuration 

The screen configuration, single or dual, must 
be specified when using the LCD system 

(figure 20) . 

Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column driversis smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit
able to an application. 

The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi
nals. For a general size LCD screen, such as 
640 x 200 single, or 640 x 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 

Column Driver 

(a) Single screen 

HD63645 /HD64645 

Hardware Configuration and Mode Set
ting 

The LCTC supports the following hardware 
configurations : 

Single or dual screen configuration 
4-or 8-bit LCD data transfer 

and the following screen format : 

Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 
OR or attribute display (only in character 
mode) 

Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (mode 13) for large 
screen display. This mode is provided only in 
graphic 1 mode. 

Table 9 shows the mode selection method 
according to hardware configuration and 
screen format. Table 10 shows how they are 
specified. 

LCD Upper Panel 

LCD Lower Panel 

(b) Dual screen 

Figure 20. Hardware Configuration According to Screen Format 
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Table 9. Mode Selection 

Hardware Configuration Screen Format 

Screen Maximum 
LCD Data Configu- Screen Character/ Normal/ Attribute/ data transfer 
Transfer ration Size Graphic Wide OR speed(MBPS) Mode No. 
4-bit Single Normal Character Normal AT 20 5 

OR 
Wide AT 10 6 

OR 
Graphic 1 20 7 

Graphic 2 20 8 

Dual Normal Character Normal AT 20 
OR 

Wide AT 10 2 
OR 

Graphic 1 20 3 

Graphic 2 20 4 

Large Graphic 1 40 13 

8-bit Single Normal Character Normal AT 20 9 
OR 

Wide AT 10 10 
OR 

Graphic 1 20 11 

Graphic 2 20 12 

Note : Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the data 
transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 

Table 10. Mode List 

Pin Name ~ Graphic/ Data Wide 

No. Mode Name D/S G/C LS WIDE AT Confg. Character Transfer Display Attribute 

Dual-screen 0 0 0 0 Dual Character 4-bit Normal OR 
charactP.r 0 0 0 screen x 2 AT 

2 Dual-screen 0 0 0 Wide OR 
wide character 0 0 1 AT 

3 Dual-screen graphic 0 0 Graphic 
1 

4 Dual-screen graphic 0 0 0 
2 

5 Single-screen 0 0 0 0 0 Single Character 4-bit Normal OR 
character 0 0 0 0 1 screen AT 

6 Single-screen 0 0 0 0 Wide OR 
wide character 0 0 0 1 AT 

7 Single-screen 0 0 0 Graphic 
graphic 1 

8 Single-screen 0 0 0 0 
graphic 2 

9 8-bit character 0 0 0 0 Character 8-bit Normal OR 
0 0 0 1 AT 

10 8-bit wide 0 0 0 Wide OR 
character 0 0 1 AT 

11 8-bit graphic 1 0 0 1 Graphic 

12 8-bit graphic 2 0 0 0 

13 Large screen 0 Dual 4-bit 
screen X2 

The LCTC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), 
and AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between data bits 0, 2, and 3 of the mode 
register (R22). The display mode can be controlled by either one of the external pins or the data bits of 
R22. 

Note: The above 5 pins have 32 status combinations (high and low). Any combinations other than the 
above are inhibited, because they may cause malfunctions. If you set an inhibited combination, 
set the right combination again. 
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Internal Registers 

The HD63645/HD64645 has one address reg
ister and fourteen data registers. In order to 
select one out of fourteen data registers, the 
address of the data register to be selected 
must be written into the address register. The 
MPU can transfer data to/from the data reg
ister corresponding to the written address. 

To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
define9, as invalid for the LCTC. 

Address Register (AR) 
AR register (figure 21) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 

Horizontal Total Characters Register 
(RO) 
RO register (figure 22) specifies a horizontal 
scanning period. The total number of hori
zontal characters iess 1 must be programmed 
into this 8-bit register in character units. The 
"Nht". indicates the horizontal scanning 
period including the period when the CPU 
occupies memory (total number of horizontal 
characters minus the number of horizontal 
displayed characters) . Its unit is, then, 
converted from time into the number of 
characters. This value is to be specified 
according to the specification of the LCD 
system to be used. 

Data Bit Program Unit R/W 

7 6 5 4 3 2 0 

Register address W 

Horizontal Displayed Characters ·Regis
ter (Rl) 
Rt register (figure 23) specifies the number of 
characters displayed per rol(IT. The horizontal 
character pitches are 8 bits for normal char
acter display and 16 dots for wide character 
display and graphic display. · 

The "Nhd" must be less than the total number 
of horizontal characters. 

Maximum Raster Address Register (R9) 
R9 register (figure 24) specifies the number 
of rasters per row in characters mode, consis
ting of 5 bits. The programmable range is 0 (1 
raster/row) to 31 (32 rasters/row). 

Cursor Start Raster Register (RlO) 
R10 register (figure 25) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 

<-----> 

32- or 64-frame 

Cursor End Raster Register (R11) 
R11 register (figure 26) specifies the cursor 
end raster address. 

Start Address Register (H/L) (R12/R13) 
R12/R13 register (figure 27) specifies a buffer 
memory read start address. Updating tl:lis 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 

Data Bit Program Unit R/W 

1JsI5I4I3I2I1Io 
Nhd (Displayed characters) Character w 

Figure 21. Address Register Figure 23. Horizontal Displayed 
Characters Register 

Data Bit Program Unit R/W Data Bit Program Unit R/W 

1JsI5I4I3J2I1Io 7 6 5 4 3 2 0 

Nht (Total characters - 1) Character w Nr Raster w 

Figure 22. Horizontal Total Figure 24. Maximum Raster Address 
Characters Register A Register 
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the MPU. 

Cursor Address Register (H/L) (R14/R15) 
R14/R15 register (figure 28) specifies a cursor 
display address. Cusor display requires set
ting R10 and RU, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 

Horizontal Virtual Screen Width Regis
ter (R18) 
R18 register (figure 29) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num
ber of horizontal displayed characters. Up
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 

The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori
zontal displayed characters. 

Multiplexing Duty Ratio Register (H/L) 
(R19/R20) 
R19/R20 register (figure 30) specifies the 
number of vertical dots of the display screen. 

Table 11 Cursor Blink Mode 
B P Cursor blink mode 

0 0 Cursor on ; without blinking 
0 1 Cursor off 

0 Blinking once every 32 frames 
Blinking once every 64 frames 

Data Bit Program Unit R/W 

765432 0 

B P Ncs (Raster address) Raster w 

Figure 25. Cursor Start Raster Register 

Data Bit Program Unit R/W 

7 6 5 4 3 2 0 

Nee (Raster address) Raster w 

HD63645/HD64645 

The programmed value differs according to 
the LCD screen configuration. 

In single screen configuration : 
(Programmed value)= (Number of vertical 

dots)- 1. 

In dual screen configuration : 
(Programmed value) = 

(Number of vertical dots) 
2 

-1. 

Display Start Raster Register (R21) 
R21 register (figure 31) specifies the start 
raster of the character row displayed on the 
top of the screen. The programmed value 
should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 

Mode register (R22) 
The OR of the data bits of R22 (figure 32) 
register and the external terminals of the 
same name determines a particular mode. 
(figure 33) 

Data Bit Program Unit R/W 

11615T4T3T2T1To 

Memory address (H) (Al 2) Memory R/W 

Memory address (L) (R13) address 

Figure 27. Start Address Register 

Data Bit Program Unit R/W 

1T6T5T4T3T2I1Jo 

Memory address (H) (R14) Memory R/W 

Memory address (L) (Rl 5) address 

Figure 28. Cursor Address Register 

Figure 26. Cursor End Raster Regil!!.er 
~HITACHI 
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Data Bit Program Unit R;W Data Bit Program Unit R;W 

1Js}5j4}3}2J1Jo 7 6 5 4 3 2 0 

Nir (No, of chars. of virtual width) Character w Raster address Raster w 

Figure 29. Horizontal Virtual Screen 
Width Register 

Figure 31. Display Start Raster Regis
ter 

Data Bit Program Unit R;W 
Data Bit Program Unit R;W 

7 6 5 4 3 2 
7 6 5 

Raster W 

Ndl (Number of rasters - 1) (R20) 

* : Number of rasters 
Figure 32. Mode Register 

Figure 30. Multiplexing Duty Ratio 
Register 

AT 
(data bit O) 

BLE 
(data bit 1) 

WIDE 
(data bit 2) 

G/C 
(data bit 3) 

ON/OFF 
1 (data bit 4) 

Mode Register 

(R22) 

I ) w 

-
ON/O'FF G/C 
(Pin 53) (Pin 58) 

6 

WIDE 
(Pin 54) 

Notes: L AT (valid only when G/C is low (character mode)) 
AT= High: Attribute functions enabled, OR function disabled. 
AT= Low: OR function enabled, attribute functions disabled. 

2. BLE (valid only when G/C is low (character mode)) 

) 

BLE 
(Pin 51) 

BLE = High: Blinking enable on the character specified by attribute RAM 
BLE = Low: No blinking 

3. WIDE (valid only when G/C is low (character mode)) 
WIDE = High: Wide display enabled 
WI DE = Low: Normal display 

4. G/C 

~ 

AT 
(Pin 57) 

G/C =High: Graphic 1 display (when AT= Low) or Graphic 2 display (when AT= High) 
G/C = Low: Character display 

5. ON/OFF 
ON/OFF= High: Display on state 
ON/OFF = Low: Display off state 

Figure 33. Correspondence be~een Mode Register and External Pins 
~HITACHI 
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Restrictions on Programming Internal 
Registers 

Note when programming that the values you 
can write into the internal registers is 
restricted as shown in Table 12. 

Table 12. Restrictions on Writing Values into the Internal Registers 

Function 

Display Format 

Cursor Control 

Restrictions 

1 < Nhd < Nht + 1 :;;;; 256 

16 
Nhd + m * 1 :;;;; Nht + 1 

(No. of vertical dots) x (no. of horizontal dots) x 
(frame frequency;frnM) :;;;; (data transfer speed; V) 

{ ~ } * 2 x (Nd + 1) x Nhd x { 186 } * 3 frnM ;> V 

Nhd :;;;; Nir 

0 :;;;; Nd :;;;; 511 

0:;;;; Ncs:;;;; Nee 

Nee:;;;; Nr 

Smooth Scroll Nsr :;;;; Nr 

Memory Width Set 0 :;;;; Nir ;>255 

* 1 m varies according to the modes. See the following table. 

Mode No. 

5,S 
1,6,7,8, 10, 11, 12, 13 
2,3.4 

m 

1 
2 
4 

Register 

RO, R1 

R1,R1S,R20 

R1, R18 

R1S, R20 

R10, R11 

R10, RS 

R21, RS 

R18 

* 2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as shown 
in the following table. 

Mode No. 

5,6,7,8,S, 10, 11, 12 
1,2,3.4, 13 

Value 

1 
2 

* 3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes are 
classified as shown in the following table. 

Mode No. 

1,5,S 
2,3.4,6.7,8,10, 11, 12, 13 

Value 

8 
16 
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Reset 

RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. 

"Reset" is defined as follows (Figure 34) : 
o At reset: the time when RES goes low 
o During reset: the period while RES 

remains low 
o After reset: the period on and after the 

RES transition from low to high 

RES pin should be Pl,llled high by users dur
ing operation. 

Reset State of Pins 

RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 

(1) Preserves states before reset: 
LUO-LU3, LDO-LD3, FLM, CL1, RAO-RA4 

(2) Fixed at high level: 
MLCK 

(3) Preserves states before reset or fixed at 
low level according to the timing when 
the reset signal is input : 
DISPTMG, CUDISP, MAO-MA15 

(4) Fixed at high or low according to mode: 
CL2 

(5) Unaffected: 
DBo-DB1 

Reset State of Registers 

RES pin does not affect register contents. 
Therefore, registers can be read or written 
even during a reset state ; their contents will 
be preserved regardless of reset until they 
are rewritten to. 

Notes for HD63645/HD64645 

(1) The HD63645/HD64645 are CMOS LSis, 
and it should be noted that input pins 
must not be left disconnected, etc. 

(2) At power-on, the state of internal regis
ters becomes undefined. The LSI opera
tion is undefined until all internal regis
ters have been programmed. 

Vcc-0.5V 

During reset After reset 

At reset 

Figure 34. Reset Definition 
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Absolute Maximum Ratings 

Item Symbol Value Note 

Supply voltage Vee -0.3 to +7.0V 2 

Terminal voltage V;n -0.3 to Vee +0.3 V 2 

Operating temperature Topr -2o·c to +75"C 

Storage temperature Tstg -55"C to +125"C 

Notes : 1 . Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vee= 5.0V±10%, GND = 0 V, Ta 
= -2o·c to + 75°C). If these conditions are exceeded, it could affect reliability of LSI. 

2. Width respect to GROUND (GND = 0 V) 

Electrical Characteristics 

DC characteristics (Vee= 5.0V ±10%, GND = OV, Ta= -2o·c to +75"C, unless 
otherwise noted.) 

Test 
Item Symbol Min Typ Max Unit Condition 

Input high voltage RES, MODE, SKO, V1H Vcc-0.5 Vcc+0.3 v 
SK1 

DCLK, ON/OFF 2.2 Vcc+0.3 v 
All others 2.0 Vcc+0.3 v 

Input low voltage All others V1L -0.3 0.8 v 
Output high voltage TTL Interface 1 VoH 2.4 v loH= -400µA 

CMOS Interface 1 Vcc-0.8 v loH= -400µA 

Output low voltage TTL Interface VoL 0.4 v loL=1.6mA 

CMOS Interface 0.8 v loL=400µA 

Input leakage current All inputs except l1L -2.5 +2.5 µA 
D80-D81 

Three state (off-state) D80-D81 irSL -10 +10 µA 
leakage current 

Current dissipation2 Ice 10 mA 

Notes: 1. TTL Interface; MAO-MA 15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 
C-MOS Interface; LUO-LU3, LDO-LD3, CL 1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be 
produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers . 
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AC Characteristics 

CPU Interface (HD63645 - 68 family) 

Item Symbol Min Typ 

Enable cycle time tcvcE 500 

Enable pulse width (high) PwEH 220 

Enable pulse width (low) PwEL 220 

Enable rise time tEr 

Enable fall time tEt 

CS, RS, R/W setup time tAs 70 

CS, RS, R/W hold time tAH 10 

DB0-DB1 setup time tos 60 

DB0-DB1 hold time toHW 10 

DB0-DB1 output delay time tooR 

DB0-DB1 output hold time to HR 20 

.--------tcvce ------9of 

536 

E 

cs 
RS 

R/W 

DB0-DB1 
(input) 

DB0-DB1 
(output) 

tE1 ter 14---PweH 

2 .0v-r; .. ---PweL----.-

0.BV 

Figure 35. CPU Interface (HD63645) 
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ns 

ns 

25 ns 

25 ns 

ns 

ns 

ns 

ns 

150 ns 

ns 
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CPU Interface (HD64645 ~ 80 family) 

Item Symbol Min Typ Max Unit Figure 

RD high level width twRDH 190 ns 36 

RD low level width twRDL 190 ns 

WR high ievel width twwRH 190 ns 

WR low level width twwRL 190 ns 

CS, RS setup time tAS 0 ns 

CS, RS hold time tAH 0 ns 

DB0-DB1 setup time tosw 100 ns 

DB0-DB1 hold time tDHW 0 ns 

DB0-DB1 output delay time to DR 150 ns 

DB0-DB1 output hold time to HR 20 ns 

cs 
2.0V 

RS o.av 

tAs !AH tAS 

twRDL 
tAH 

2.0V 
RD twRDH 

o.av 

twwAH twwAL 

WR 
2.0V 

o.av 

too A tOHA tosw 
toHW 

2.4V 
DB0-DB1 output input 

0.4V 

Figure 36. CPU Interface (HD64645) 
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AC Characteristics (Cont) 

"' Memory Interface 

Item Symbol Min Typ Max Uri it Figure 

DCLK cycle time tcvco 100 ns 37 

DCLK high level width twoH 30 ns 

DCLK low level width twoL 30 ns 

DCLK rise time tor 20 ns 

DCLK fall time tot 20 ns 

MCLK delay time to MO 70 ns 

MCLK rise time tMr 30 ns 

MCLK fall time tMf 30 ns 

MAO-MA 1 5 delay time tMAO 150 ns 

MAO-MA 15 hold time tMAH 10 ns 

RAO-RA4 delay time tRAO 150 ns 

RAO-RA4 hold time tRAH 10 ns 

DISPTMG delay time to TO 160 ns 

DISPTMG hold time to TH 10 ns 

CUDISP delay time tcoo 150 ns 

CUDISP hold time tcoH 10 ns 

CL 1 delay time tcL10 150 ns 

CL 1 hold time tcL1H 10 ns 

CL 1 rise time tcL1r 50 ns 

CL1 fall time tcL1t 50 ns 

MDO-MD15 setup time tMOS 30 ns 

MDO-MD15 hold time tMOH 15 ns 
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tcvco 

DCLK 

toMD 

MCLK 

MAO-MA15 

RAO-RA4 

DISPTMG 

tcoH 

CUDISP 

tCL1H 

CL1 

tMDS tMOH 

MDO-MD15 2.0V 
~nput) o.sv 

Figure 37. Memory Interface 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 539 



HD63645 /HD64645 

AC Characteristics (Cont) 

LCD Interface 

Item Symbol 

Display data setup time 

Display data hold time 

CL2 high level width 

CL2 low level width 

FLM setup time 

FLM hold time 

CL 1 rise time 

CL 1 fall time 

CL2 rise time 

CL2 fall time 

Note: At fCL2 = 3 MHz 

LUO-LU3 
LDO-LD3 

CL2 

CL1 

FLM 

tLOs 

tLOH 

twCL2H 

twCL2L 

tFS 

tFH 

tcur 

tcu1 

tcL2r 

tcL2f 

Vcc-0.BV 

o.av 

twCL2L twcl2H 

tcl2f tcl2r 

tFS 

tcur 

Vcc-0.BV 

o.av 

Min Typ 

50 

100 

100 

100 

500 

300 

tLOH 

Figure 38. LCD Interface 
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Max Unit 

ns 

ns 

ns 

ns 

ns 

ns 

50 ns 

50 ns 

50 ns 

50 ns 

Vcc-0.BV 

o.av 

tFH 
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HD63645/HD64645 

AC Characteristics 

TTL Load 

Terminal RL R c Remarks 

2.4k0 11 kO 130 pF tr, tf : Not specified 

iv1AO-iv1A15, RAO-RA4, DiSPTMG, CUDISP 2.4kn 11 kn 40pF 

MCLK 2.4k0 11 kO 30pF tr, tf : Specified 

T 
All diodes; 1 S2074® 

Capacity Load 

Terminal C Remarks 

CL2 150 pF tr, tf: Specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

CL 1 200 pF 

LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

FL M 50 pF 
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HD64646-------
LCD Timing Controller (LCTC) 

Description 

The HD64646 LCTC is a modified version of 
the HD64645 LCTC with differente LCD 
interface timing. 
The HD64646 is a control LSI for large size dot 
matrix liquid crystal displays. The LCTC is 
software compatible with the HD6845 CRTC, 
since its programming method of internal 
registers and memory addresses is based on 
the CRTC. A display system can be easily 
converted from a CRT to an LCD. 

The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 

A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 

Features 

• Software compatible with the HD6845 
CRTC 

• Programmable screen size : 
-Up to 1024 dots (height) 
-Up to 4096 dots (width) 

• High-speed data transfer : 
-Up to 20 Mbits/sec in character mode 
-Up to 40 Mbits/sec in graphic mode 

• Selectable single or dual screen configu
ration 

• Programmable multiplexing duty ratio : 
static to 1/512 duty cycle 

• Programmable character font : 
-1-32 dots (height) 
-8 dots (width) 

• Versatile character attributes: reverse 
video, blinking, nondisplay (white), 
nondisplay (black) 

• OR function : superimposing characters 
and graphics display 

• Cursor with programmable height, blink 
rate, display position, and on/off switch 

• Vertical smooth scrolling and horizontal 

Pin Arrangement 

scrolling by the character 
• Versatile display modes programmable 

by mode register or external pins : dis
play on/off, graphic or character, normal 
or wide, attributes, and blink enable 

• Refresh address output for dynamic RAM 
• 4- or 8-bit parallel data transfer between 

LCTC and LCD driver 
• Recommended LCD driver: HD61104 

(column) and HD61105 (common), 
HD66106 (column/common) 

• CPU interface : 
80 family 

• CMOS process 
• Single +5 V ±10% 
e 80-pin plastic QFP (FP-80A) 

Ordering Information 

Type No. Bus Timing Bus Interface Package 

HD63645 2 MHz 68 System FP-80 

HD64645 4 MHz 80System FP-80 

HD64646 4 MHz SO System FP-808 
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Differences Between HD64645 and 
HD64646 
Fig.1 and Fig.2 show the relation between 
display data transfer period, when display 
data shift clock CL2 changes, and display 
data latch clock CL1. Fig.1 shows the case 
without skew function and fig.2 shows the 
case with skew function. 
In Fig.1 "High" period between CL2 and CL1 
of HD64645 overlap. 
HD64646 has no overlap like HD64645, and 
except for overlap parts HD64646 is the same 

MCLK 

HD64646 

as HD64645 functionally. 
Besides, in case of skew function, phase rela
tion between CL1 and CL2 changes. As Fig.2 
shows, data transfer period and CL1 "High" 
period of HD64646 never overlap in case of 
skew function. 

DISPTMG --i~~~~~~~~~~~~~~~~---'r-
CL1 
(HD64645) _J MCLK x 16 

CL1 
(HD64646) _____________ _.r MCLK x 11 

Notes fMcLK=Output frequency of MCLK 
fcu =Output frequency of CL2 

Figure 1. Differences between HD64645 and HD64646 (no skew) 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 543 



HD64646 

MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

544 

_J MCLK x 16 

________ ....... rs MCLK x 11 

(a) 1 character skew 

_J MCLK x 16 

_________ rs MCLK x 11 

(b) 2 character skew 

Figure 2. Differences between HD64645 and HD64646 (skew) 
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HD64646 

Absolute Maximum Ratings 

Item Symbol Value Note 

Supply voltage Vee -0.3 to +7.0V 2 

Terminal voltage Vin -0.3 to Vee +0.3 V 2 

Operating temperature Topr -2o·c to +75"C 

Storage temperature Tstg - 55"C to + 125"C 

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vee= 5.0V±10%, GND = 0 V, Ta 
= -2o·c to + 75"C). If these conditions are exceeded, it could affect reliability of LSI. 

2. With respect to GROUND (GND = OV) 

Electrical Characteristics 

DC characteristics (Vee= 5.0V ±10%, GND = OV, Ta= -2o·c to +75"C, unless other-
wise noted.) 

Test 
Item Symbol Min Typ Max Unit Condition 

Input high voltage RES, MODE, SKO, V1H Vcc-0.5 Vcc+0.3 v 
SK1 

DCLK, ON/OFF 2.2 Vcc+0.3 v 
All others 2.0 Vcc+0.3 v 

Input low voltage All others V1L -0.3 0.8 v 
Output high voltage TIL lnterface1 VoH 2.4 v loH= -400µA 

CMOS lnterface1 Vcc-0.8 v loH= -400µA 

Output low voltage TIL Interface VoL 0.4 v loL=1.6mA 

CMOS Interface 0.8 v loL=400µA 

Input leakage current All inputs except l1L -2.5 +2.5 µA 
DB0-DB1 

Three state (off-state) DB0-DB1 ITSL -10 +10 µA 
leakage current 

Current dissipation2 Ice 10 mA 

Notes: 1. TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DB0-087, MCLK 
C-MOS Interface; LUO-LU3, LDO-LD3, CL 1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be 
produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
L.D0'-LD3 are larger than the ratings, supply signals to.the LCD module through buffers. 
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HD64646 

AC Characteristics 

CPU Interface 

Item Symbol Min Typ Max Unit Figure 

RD high level width twRDH 190 ns 3 

RD low level width twRDL 190 ns 

WR high level width twwRH 190 ns 

WR low level width twwRL 190 ns 

CS, RS setup time tAs 0 ns 

CS, RS hold time tAH 0 ns 

DB0-DB1 setup time tosw 100 ns 

DB0-DB1 hold time toHw 0 ns 

DB0-DB1 output delay time tooR 150 ns 

DB0-DB1 output hold time to HR 20 ns 

cs 
2.0V 

RS 0.8V> 

tAS tAH tAs 

twRDL 
tAH 

2.0V 
RD twROH 

o.av 

twwRH twwRL 

2.0V 
WR o.av 

tooR toHR tosw 
tOHW 

2.4V 
DB0-DB1 output input 

0.4V 

Figure 3. CPU Interface 
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HD64646 

AC Characteristics (Cont) 

Memory Interface 

Item Symbol Min Typ Max Unit Figure 

DCLK cycle time tcvco 100 ns 4 

DCLK high level width twoH 30 ns 

DCLK low level width twoL 30 ns 

DCLK rise time tor 20 ns 

DCLK fall time tot 20 ns 

MCLK delay time toMO 60 ns 

MCLK rise time tMr 30 ns 

MCLK fall time tMf 30 ns 

MAO-MA 15 delay time tMAO 150 ns 

MAO-MA 15 hold time tMAH 10 ns 

RAO-RA4 delay time tRAO 150 ns 

RAO-RA4 hold time tRAH 10 ns 

DISPTMG delay time toro 15.0 ns 

DISPTMG hold time torH 10 ns 

CUDISP delay time tcoo 150 ns 

CUDIS.P hold time tcoH 10 ns 

CL 1 delay time tcl10 150 ns 

CL 1 hold time tcl1H 10 ns 

CL 1 rise time tcl1r 50 ns 

CL1 fall time tcLlf 50 ns 

MDO-MD15 setup time tMOS 30 ns 

MDO-MD15 hold time tMOH 15 ns 
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HD64646 

DCLK 

MCLK 

CL1 

MDO-MD15 
(input) 

tcvco 

1CL10 

Vcc-0.BV 

o.av 

tcL1r 

tcut 

Figure 4. Memory Interface 
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tMDS 

2.0V 
o.av 

tcL1H 

tMDH 
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HD64646 

AC Characteristics (Cont) 

LCD Interface 1 (at fcL2=3MHz) 

Item Symbol Min Typ Max Unit Figure 

FLM stetup time tFs 500 ns 5 

FLM hold time tFH 300 ns 

M delay time toM 200 ns 

CL 1 high level width tcuH 300 ns 

Clock setup time tscL 500 ns 

Clock hold time tHCL 100 ns 

Phase difference 1 tpo1 100 ns 

Phase difference 2 tpo2 500 ns 

CL2 high level width tcL2H 100 ns 

CL2 low level width tcL2L 100 ns 

CL2 rise time tcL2r 50 ns 

CL2 fall time tcL2f 50 ns 

Display data setup time !LOS 80 ns 

Display data hold time !LOH 100 ns 

Display data delay time tLOo 30 ns 

LCD Interface 2 (at fcL2=5MHz) 

Item Symbol Min Typ Max Unit Figure 

FLM setup time tFs 500 ns 5 

FLM hold time tFH 200 ns 

M delay time toM 200 ns 

CL 1 high level width tcuH 300 ns 

Clock setup time tscL 500 ns 

Clock hold time tHCL 100 ns 

Phase difference 1 tpo1 70 ns 

Phase difference 2 tpo2 500 ns 

CL2 high level width tcL2H 50 ns 

CL2 low level width tcL2L 50 ns 

CL2 rise time tcL2r 50 ns 

CL2 fall time tcL2f 50 ns 

Display data setup time !LOS 30 ns 

Display data hold time !LOH 30 ns 

Display data delay time tLOo 30 ns 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 549 



HD64646 

FLM 

CL1 _,--.II Vcc-0.SV 

o.sv 

Vcc-0.SV 
M 

toM)( 
-------------------------------~- -~o-.s~v ________________ _ 

CL1 

CL2 

LD0-4 -----' 

tcL1H ----'~ 

1-.1-----tscL----t~ -----tpo2----...i 

Vcc-P.SV 
O.SV 

Figure 5. LCD Interface 
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HD64646 

AC Characteristics 

TTL Load 

Terminal 

MAO-MA i 5, RAO-RA4, DiSPTMG, CUDiSP 

MCLK 

RL R 

2.4k0 11 kO 

2.4 kO 11 kO 

2.4k0 11 kO 

c Remarks 

130 pF tr, tf: Not specified 

40pF 

30pF tr, tf : Specified 

R All diodes; 1 S2074® 

Capacity Load 

Terminal C Remarks 

CL2 150 pF tr, tf : Specified 
~~~~~~~--~~~~~~~~~~~~~~~~~~~~ 

CL1 200pF 

LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

FLM 50 pF 
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HD66840~~~~~~-

LCD Video Interface Controller (LVIC) 
Description 

The HD66840 LVIC interface controller con
verts the standard video signals R, G, B for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD 
system without any changes. It also enables 
the software originally intended for CRT dis
play to control the LCD. 

Since the LVIC can control TFT-type LCDs in 
addition to the current TN-type LCD, it can 
support color display as well as monochrome 
display. It can program screen size and can 
control a large-panel LCD of 720 dots x 512 
dots (max). 

Features 

• Converts video R, G, B signals for CRT 
display into LCD data: 
-Monochrome display data 
-8-level gray scale display data 
-8-color display data 

• Can select LVIC control method: 
-Pin programming method 
-Internal register programming method 

(either with MPU or ROM) 
• Can program screen size: 

-200, 350, 400, 480, 512, or 540 dots 
(lines) in height and 640, or 720 dots (80, 
or 90 characters) in width by pin pro
gramming method 

--4-1024 dots (lines) in height and 32-
4048 dots (4-506 characters) in width by 
internal register programming method 

• Can regenerate the display timing signal 
from HSYNC and VSYNC 

• Internal PLL circuit can generate the dot 
clock (external charge pump, low pass 
filter (LPF), and voltage-controlled oscil
lator (VCO) required) 

• Can control both TN-type LCD and TFT
type LCD 

• Maximum operating frequency: 25, 30 
MHz (dot clock for CRT display) 

• LCD driver interface: 4-, 8-, or 12-bit (4 bits 
each for R, G, B) parallel data transfer 

• Recommended LCD drivers: HD61104, 
HD61105, and HD66106 

• CMOS 1.3 µm process 
• Single power supply: + 5 V ± 10 % 
• 100-pin plastic QFP (FP-lOOA) 

Pin Arrangement 

Vcc2 

o-NM•~~~~O-NM~~~~o-~ 
00000000000000000000 
~~~~~~z~~~~~~~~~~mmz 

" " 

eo DOTE 
79 PM001 
111 PMODO 
11 LDOTCK 
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HD66840 

Pin Description 

Table 1 describes the pins. 

Table 1. Pin Description 

Symbol Pin Number Pin Name 1/0 

Vce1-Vcc3 96, 30, 76 Vce1, Vee 2, Vee 3 
GND1-GND6 88, 9, 23, Ground 1-6 

37, 50, 65 

R, G, 8 1 91, 92, 93 Red, green, blue serial data 

HSYNC 89 Horizontal synchronization 
VSYNC 90 Vertical synchronization 

DISPTMG2 95 Display timing 

DOTCLK 94 Dot clock I 

RO-R33 69-66 LCD red data 0-3 0 
LUO-LU34 5g_55 LCD up panel data 0-3 0 

GO-G33 , 5 64-61 LCD green data 0-3 0 
LDO-LD34 , 5 64-61 LCD down panel data 0-3 0 

80-833 , 6 60-57 LCD blue data 0-3 0 

CL1 72 LCD data line clock 0 
CL2 73 LCD data shift clock 0 
CL37 74 Y-driver shift clock 1 0 

CL47 75 Y-driver shift clock 2 0 

FLM 71 First line marker 0 
M 70 LCD driving signal alternation 0 
LDOTCK 77 LCD dot clock I 

MCSO, MCS1s 27, 28 Memory chip select 0, 1 0 

MWE9 29 Memory write enable 0 

MAO-MA159 10-22, Memory address 0-1 5 0 
24-26 

RDO-RD79 31-36, Memory red data 0-7 1/0 
38-39 

GDO-GD79, 10 40-47 Memory green data 0-7 1/0 

BDO-BD79, 10 48, 49 Memory blue data 0-7 1/0 
51-56 

Ordering Information 

Type Ne. Dot clock {MHz) Package 

HD66840F25 25MHz 100-pin 

HD66840F30 30MHz Plastic QFP (FP-100A) 
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HD66840 

Table 1. Pin Description (cont) 

Symbol Pin Number Pin Name 

PMODO, PMOD1 78, 79 Program mode 0, 1 

DOTE 80 Dot clock edge change 

SPS 81 Synchronization polarity select 

DMO-DM3 82-85 Display mode 0-3 

CS (MPU programming)11 98 Chip select 
MSO (pin programming) 11 98 Memory select 0 

WR (MPU programming)11, 12 99 Write 
MS 1 (pin programming) 11 99 Memory select 1 

RD (MPU programming)12 Read 
AO (ROM programming) Address 0 
XDOT (pin programming) 1 X-dot 

RS (MPU programming)11 100 Register select 
ADJ (pin programming) 11 100 Adjust 

DO-D3 (MPU programming) 5-8 Data 0-3 
DO-D3 (ROM programming) 5-8 Data 0-3 
FO-F3 (pin programming) 5-8 Fine adjust 0-3 

A1-A3 (ROM programming)13 2-4 Address 1-3 
YLO-YL2 (pin programming) 13 2-4 Y-line 0-2 

RES14 97 Reset 

CD 86 Charge down 

cu 87 Charge up 

Notes: 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

When CRT display data is monochrome, G and B pins should be fixed low. 
Fix high or low when regenerating the display timing signal internally. 
For 8-color display modes. 
For monochrome and 8-level gray scale display modes. 
Leave disconnected in 4-bit/single screen data transfer modes. 
Leave disconnected in monochrome and 8-level gray scale display modes. 
Leave disconnected when controlling TN-type LCD. 
Leave disconnected when using no buffer memories. 
Leave disconnected when using no buffer memories. 

1/0 

I 

I 
0 
I 

I 
I 

1/0 
I 
I 
0 
I 

I 

0 
0 

10. In monochrome display modes, the LVIC writes the OR of R, G, B signals into R-plane 
RAMs. Thus, no RAMs are required for G and B planes in these modes. 

554 

11 . 
12. 
13. 
14. 

Pull up these pins 20-kO resistance. If G and B plane RAMs are connected in monochrome 
display modes, the LVIC writes G and B signals into each RAM. However, it does not affect 
the display or the contents of R-plane RAM whether G- and B-plane RAMs are connected 
or not. 
Fix high or low when controlling the LVIC by ROM programming method. 
WR and RD must not be low at the same time. 
Fix high or low when controlling the LVIC by MPU programming method. 
Make sure to input RES signal after power-on. 
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Power Supply 

Vcc1-Vcc3: Connect Vcc1-Vcc3 with +5 V. 

GND1-GND6: Ground GND1-GND6. 

CRT Display Interface 

R, G, B: Input CRT display R. G, B signals on 
R, G and B respectively. 

HSYNC: Input the CRT horizontal synchro
nization on HSYNC. 

VSYNC: Input the CRT vertical synchroni
zation on VSYNC. 

DISPTMG: Input the display timing signal, 
which announces the horizontal or vertical 
display period, on DISPTMG. 

DOTCLK: Input the dot clock for CRT display 
on DOTCLK. 

LCD Interface 

RO-R3: RO-R3 output R data for the LCD. 

LUO-LU3: LUO-LU3 output LCD up panel 
data. 

GO-G3: GO-G3 output G data for LCD. 

LDO-LD3: LDO-LD3 output LCD down panel 
data. 

BO-B3: BO-B3 output B data for LCD. 

CL1: CL1 outputs the line select clock for LCD 
data. 

CL2: CL2 outputs the shift clock for LCD 
data. 

CL3: CL3 outputs the line select and shift 
clock when a Y-driver is set on one side of an 
LCD screen (see "LCD System Configura
tion"). 

CL4: CL4 outputs the line select and shift 
clock when Y-drivers are set on both sides of 
an LCD screen (see "LCD System Configura
tion"). 

FLM: FLM outputs the first line marker for a 
Y-driver. 

M: The M output signal converts the LCD 
drive signal to AC. 

LDOTCK: LDOTCK outputs the LCD dot 
clock. 

HD66840 

Buffer Memory Interface 

MCSO, MCS1: MCSO and MCS1 output the 
buffer memory chip select signal. 

MWE: MWE outputs the write enable signal 
of buffer memories. 

MAO-MA15: MAO-MA15 output buffer 
memory addresses. 

RDO-RD7: RDO-RD7 transfer data between R 
data buffer memory and the LVIC. 

GDO-GD7: GDO-GD7 transfer data between 
G data buffer memory and the L VIC. 

BDO-BD7: BDO-BD7 transfer data between B 
data buffer memory and the L VIC. 

Mode Setting 

PMODO, PMOD1: The PMODO-PMOD1 input 
signals select a programming method (table 
6). 

DOTE: The DOTE input signal switches the 
timing of the data latch. The LVIC latches R, 
G, B signal at the falling edge of DOTCLK 
when DOTE is high, and at the rising edge 
when low. 

SPS: The SPS input signal selects the polarity 
of VSYNC. (The polarity of HSYNC is fixed.) 
VSYNC is high active when SPS is high, and 
low active when low. 

DMO-DM3: The DMO-DM3 input signals 
select a display mode (table 8). 

MSO-MS1: The MSO-MS1 input signals select 
the kind of buffer memories (table 2). 

XDOT: The XDOT input signal specifies the 
number of horizontal displayed characters. 
The number is 90 when XDOT is high, and 80 
when low. 

YLO-YL2: The YLO-YL2 input signals specify 
the number of vertical displayed lines (table 
3). 

ADJ: The ADJ input signal determines 
whether FO-F3 pins adjust the number of 
vertical displayed lines or the display timing 
signal. FO-F3 pins adjust the display timing 
signal when ADJ is high, and adjust the 
number of vertical displayed lines when low. 

FO-F3: FO-F3 input data for adjusting the 
number of vertical displayed lines (table 4), or 
the display timing signal (see "Fine 
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HD66840 

Adjustment of Display Timing Signal"). 

MPU Interface 

CS: The MPU selects the LVIC when CS is 
low. 

WR: The MPU inputs the WR write signal to 
write data into internal registers of the L VIC. 
The MPU can write data when WR is low and 
cannot write data when high. 

RD: The MPU inputs the RD read signal to 
read data from internal registers of the LVIC. 
The MPU can read data when RD is low and 
cannot read data when high. 

RS: The MPU inputs the RS signal together 
with CS to select internal registers. The MPU 
selects data registers (RO-R15) when RS is 
high and CS is low, and selects the address 
register (AR) when RS is low and CS is low. 

Table 2. Memory Type and MS1, MSO 
Pins 

MS1 MSO Memory Type 

0 0 No memory 

0 1 8-kbyte memory 
0 32-kbyte memory 

64-kbyte memory 

Table 3. Number of Vertical Displayed 
Lines and YLO-YL2 Pins 

Number of Vertical Dis-
YL2 YL1 YLO played Lines 

0 0 0 200 
0 0 1 350 
0 1 0 400 
0 1 1 480 

0 0 512 
0 1 540 

0 
Prohibited 

DO-D3: DO-D3 transfer internal register data 
between the MPU and L VIC. 

RES: RES inputs the external reset signal. 

ROM Interface 

AO-A3: AO-A3 output address 0 to address 3 
to an external ROM. 

DO-D3: DO-D3 input data from an external 
ROM to internal registers. 

PLL Circuit Interface 

CD: CD outputs the charge down signal to an 
external charge pump. 

CU: CU outputs the charge up signal to an 
external charge pump. 

Table 4. Fine Adjustment of Vertical 
Displayed Lines 

Number of Lines 
F3 F2 F1 FO Adjusted 

0 0 0 0 ±0 

0 0 0 + 1 
0 0 0 + 2 

0 + 14 
+ 15 
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Registers 

Table 5 lists the internal registers and figure 1 
illustrates the bit assignment to the registers. 

Table 5. 

cs RS 

0 0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Notes: 1 . 

2. 
3. 
4. 
5. 
6. 
7. 
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Register List 

Address Register Reg. Program Read/ 

3 

0 
0 
0 

0 

0 

0 

0 

0 

2 1 0 No. Register Name Unit Write 

Invalid 

AR Address register 1 W 

0 0 0 RO Control register 1 R/W 

0 0 1 R1 Control register 2 R/W 

0 1 0 R2 Vertical displayed lines register (middle-order)2 Line R/W 

0 1 R3 Vertical displayed lines register (low-order)2 Line R/W 

0 0 R4 Vertical displayed lines register (high-order)2 Line R/W 

CL3 period register (high-order)3 Char R/W 

0 1 R5 CL3 period register (low-order)3 Char R/W 

0 R6 Horizontal displayed characters register (high- Char R/W 

order) 4 

R7 Horizontal displayed characters register (low-or- Char R/W 

der) 

0 0 0 R8 CL3 pulse width register Char R/W 

0 0 1 R9 Fine adjust register5 Dot R/W 

0 0 R10 PLL frequency-dividing ratio register (high-order) 6 R/W 

0 1 R11 PLL frequency-dividing ratio register (low-order)6 R/W 

0 0 R12 Vertical backporch register (high-order)2, 7 Line R/W 

0 1 R13 Vertical backporch register (low-order)2, 7 Line R/W 

0 R14 Horizontal backporch register (high-order)2/ Dot R/W 

R15 Horizontal backporch register (low-order)2, 7 Dot R/W 

If you attempt to read data from the register with RS = 0, the bus is driven to high
impedance state and the output data is indefinite. 
(The specified value - 1) should be written into these registers. 
Valid only in 8-color display modes with horizontal stripes. 
The most significant bit is invalid in dual screen configuration modes. 
Valid only when the display timing signal is supplied externally. 
Valid only when generating the dot clock. 
Valid only when generating the display timing signal internallv 
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Register No. 

AR 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

RS 

R10 

R11 

R12 

R13 

R14 

R15 

Data Bit 

3 2 1 0 

~ ~ ~ ~ 
Address register 

~ ~ DSP DCK I<-

MC DON MS1 MSO I<-

Vertical displayed 

Ii nes register 

CL3 period register 

Horizontal displayed 

characters register 

CL3 pulse width register 

Fine adjust register 

PLL frequency-

dividing ratio register 

Vertical Backporch 

register 

Horizontal Backporch 

register 

Control register 1 

Control register 2 

Note: ~ indicates invalid bits. Attempting to read data from these register bits 
returns indefinite output data. 

Figure 1. Register Bit Assignment 
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System Configuration 

Figure 2 is the block diagram of a system in 
which the L VIC is used outside of a personal 
computer. 

The LVIC converts the R, G, B serial data sent 
from the personal computer into parallel data 
and writes them into the buffer memories 
once. It reads out the data in turn and out
puts them to LCD drivers to drive an LCD. 
Here the latch clock of the serial data, namely 
the dot clock (DOTCLK) is generated by a PLL 

Personal 
computer 

DOTCLK 

R, G, B serial data 

HSY NC 

VSYNC 

VCO = Voltage-controlled oscillator 
LPF = Low pass filter 

circuit, using HSYNC as a basic clock. The 
frequency of the dot clock is specified by the 
PLL frequency-dividing ratio register (R10, 
R11). 

The user may also configure a system without 
VCO and LPF if supplying the dot clock 
externally and may configure a system with
out the MPU if the LVIC is controlled by the 
pin programming method. 

LVIC 

Buffer 
memory 

MPU 

i-----v .__/ ___,Lc_o _] 

I 
Simultaneous .LCD and CRT display 
is possible 

I 
CRT display 

Figure 2. System Block Diagram (MPU Programming Method, Regenerates DOTCLK) 
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Functional Description 

Programming Method 

The user may select one of two methods to 
control the LVIC functions: by pin program
ming method or by internal registers (internal 
register programming method). The internal 
register programming method can be divided 
into the MPU programming method and the 
ROM programming method. The MPU writes 
data into internal registers in the MPU pro
gramming method and ROM writes the data 
in the ROM programming method. Table 6 
lists the relation between programming 
method and pins. 

Table 6. Programming Method Selec
tion 

Pins 

PMOD1 PMODO Programming Method 

0 0 Pin programming 

0 Internal register With MPU 

0 Programming With ROM 

Prohibited (Note)" 

Note: This combination is for a test mode and 
disables display. 

4-bit MPU 

BO B1 B2 B3 AO-A3 

I' 
V4 )1 

t . ~ 
cs RS· WR RD 00-03 

LVIC 

(1) Connection of MPU and LVIC 

HD66840 

Pin Programming Method: LVIC mode 
setting pins control functions in the pin pro
gramming method. 

Internal Register Programming Method: 
In the internal register programming method, 
an MPU or ROM writes data into internal 
registers to control functions. Figure 3 illus
trates the connections of MPU or ROM and 
the LVIC. Figure 3 (1) is an example of using 
a 4-bit microprocessor, but since the LVIC's 
MPU bus is compatible with the 4-MHz 80-
family controller bus, it can also be connected 
directly with the bus of host MPU. 

ROM 

00-03 AO-A3 

• i" 

-1 
v4 v 4 ,,, 

~ ~ 

00-03 AO-A3 

LVIC 

(2) Connection of ROM and LVIC 

Figure 3. Connection of MPU or ROM and LVIC 
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Screen Size 

Screen size can be programmed either by 
pins or internal registers. 

In the pin programming method, the user 
may select either 640 dots or 720 dots (80 
characters or 90 characters) as the number of 
horizontal displayed characters with the 
XDOT pin, and 200, 350, 400, 480, 512, or 540 
lines as the number of vertical displayed lines 
with YL2-YLO pins. The number of vertical 
displayed lines can be adjusted with ADJ and 
F3-FO pins within +Oto +15 lines. 

In the internal register programming method, 

Number of horizontal displayed characters 

Pin: XDOT 
Register: Horizontal displayed characters 

register (R6, R7) 

LCD screen 

the user may select any even number from 32 
dots to 4048 dots ( = 4 characters up to 506 
characters) with the horizontal displayed 
characters register (R6, R7), and any even 
number from 4 lines up to 1028 lines with the 
vertical displayed lines register (R2, R3 and 
the high-order two bits of R4). However, odd 
number of lines can also be selected when 
screen configuration is single and a Y-driver 
(scan driver) is set on one side of an LCD 
screen. 

Figure 4 illustrates the relation between an 
LCD screen and pins and internal registers 
controlling screen size. 

T 
Number of vertical displayed lines 
Pin: YL2-YLO, ADJ. F3-FO 
Register: Vertical displayd lines 

.__~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1 register (R2, R3, high
order 2 bits of R4) 

Figure 4. Relation between LCD Screen and Pins and Internal Registers 
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Memory Selection 

The user may select 8-, 32-, or 64-kbyte 
SRAMs as buffer memory for the LVIC. Since 
the LVIC has a chip selector for these mem
ories, no external decoder is required. The 
user selects the memory with pins MS1 and 
MSO or with data bits MS1 and MSO of the 
control register 2 (R1}. Table 7 lists the kinds 
of memories and pin address assignments. 

Memory capacity required depends on screen 
size and can be obtained with the following 
expression: 

Memory capacity (bytes) = Nhd x Nvd 
Nhd: number of horizontal displayed char

acters 

HD66840 

Nvd: number of vertical displayed lines 

For example, the screen of 640 x 200 dots 
requires 16-kbyte memory capacity since 80 
characters x 200 lines is 16 kbytes. (8 dots 
compose a character.) 
Therefore, each plane needs two HM6264s, 
which has 8-kbyte memory capacity, in 8-
level gray scale display modes. Conncet 
MCSO with one of the memories of each plane 
and MCS1 with the other (figure 5 (a)). 

When the screen size is 640 x 400 dots, 32-
kbyte memory capacity is required (figure 5 
(b)). 
Therefore, each plane needs a HM62256, 
which has 32-kbyte memory capacity. 
Connect MCSO with CS of the memories here. 

Table 7. Memories and Pin Address Assignment 

Pins or Bits 

MS1 MSO Memory Address Output Pins Chip Select Pins Address Assignment 

0 0 No memory1 

0 8-kbyte MAO-MA12 MCSO $0000-$1 FFF 

MCS1 $2000-$3FFF 

MA13 $4000-$5FFF 

MA14 $6000-$7FFF 

MA15 $8000-$9FFF 

0 32-kbyte MAO-MA14 MCSO $00000-$07FFF 

MCS1 $08000-$0FFFF 

MA15 $10000-$17FFF 

64-kbyte MAO-MA15 MCSO $00000-$0FFFF 

MCS1 $10000-$1 FFFF 

Note: 1 . There are some limitations when the user uses no memory. Refer to "User Precautions." 
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EX. 640X200dot EX. 640X400dot 

-----tMCS HM6264 B 

-----1 ... cs HM6264 G 

R 

HM6264 

HM6264 

(a) 16-kbyte Memory system (b) 32-kbyte Memory system 

Figure 5. Relation between Display Screen Memories 
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Display Modes 

The LVIC supports 16 display modes, depen
ding on the state of the DM3-DMO pins. The 
display mode consists of display color, type of 

Table 8. Modes List 

LCD Data Output 

HD66840 

LCD data output, how to set LCD drivers 
around an LCD screen, how to arrange color 
data ( = type of stripes), and how to output M 
signal ( = type of alternating signal). Table 8 
lists display modes. 

Mode Pins Display Data Screen LCD Driver Setting 
No. DM3 DM2 DM1 DMO Color Transfer Config. X-Driver2 Y-Driver3 Stripe4 Alternating 
1 0 0 0 0 Monochrome 4-bit Dual One side One side Per frame 
2 0 0 0 1 Single 
31 0 0 0 Both sides 

4 0 0 1 1 8-bit One side 
51 0 0 0 Both sides 

6 0 0 1 8-level 4-bit Dual One side 
7 0 1 0 gray scale Single 
8 0 1 1 1 8-bit 
91 0 0 0 8-clolor 12-bit Vertical Per line 

101 0 0 1 (4 bits Both sides 

11 1 0 0 for R,G,B Both sides One side 

121 0 1 1 each) Both sides 
131 0 0 One side One side Horizontal 

141 0 1 Both sides 
151 0 Both sides One side 

161 Both sides 

Notes: 1. For TFT-type LCD. 
2. Data output driver 
3. Scan driver 
4. Refer to "Display Color, 8-Color Display.· 
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Display Color 

The LVIC converts R, G, B, the color data for 
CRT display, into the monochrome, 8-level 
gray scale, or 8-color display data. 

Monochrome Display (Mode 1 to Mode 6): 
In monochrome modes 1-5, the LVIC displays 
two colors, namely black ( = display on) and 
white ( = display off). As shown in table 9, the 
OR of CRT display R, G, B data determines the 
display color. 

8-Level Gray Scale Display (Mode 6 to 
Mode 8): In 8-level gray scale modes 6-8, the 
L VIC thins out data on certain lines to display 
an 8-level gray scale according to CRT display 

Table 9. Monochrome Display 

CRT Display Data 
R G B CRT Display Color 

r 1 White 
1 0 Yellow 
o· 1 Cyan 
0 1 0 Green 

0 1 Magenta 
1 0 0 Red 
0 0 1 Blue 
0 0 0 Black 

Table 10. 8-Level Gray Scale Display 

CRT Display Data CRT 
R G B Color 

White 
1 0 Yellow 
0 1 Cyan 
0 1 0 Green 

0 1 Magenta 
1 0 0 Red 
0 0 Blue 
0 0 0 Black 

color (luminosity). Table 10 shows the relation 
between CRT display color (luminosity) and 
LCD color (contrast). 

8-Color Display (Mode 9 to Mode 16): In 8-
color modes 9-16, the LVIC displays 8 colors 
with red (R), green (G), and blue (B) filters on 
liquid crystal cells. The eight colors are the 
same as those provided by CRT display. As 
illustrated in figure 5, 8-color display has of 
two stripe modes: horizontal stripe mode and 
vertical stripe mode. In the former mode, the 
LVIC arranges R, G, B data horizontally, with 
horizontal filters. In the latter mode, the L VIC 
arranges R, G, B data vertically, with v~rtical 
filters. Three cells express a dot in both 
modes. 

LCD 
On/Off Color 
On Black 
On Black 
On Black 
On Black 
On Black 
On Black 
On Black 
Off White 

LCD 
Luminosity Color Contrast 
High Black Strong 

I l l 
Low White Weak 

566 
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R 
G 
B 

X-driver 

R filter 

G filter 

B filter 

R 

G 

B 

Horizontal Stripe 

R G B 

I I LB filter 
~Gfilter 

R filter 

Vertical Stripe 

Figure 6. Stripe Modes in 8-Color Display 
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LCD System Configuration • How to set LCD drivers around LCD 
screen: 

The LVIC supports the following system con
figurations for LCD: 

-X-driver: On one side or on both sides 
-Y-driver: On one side or on both sides 

• Types of LCD data output: Figure 7 illustrates these system configura
tions by mode. 

568 

-Data transfer: 4-bit, 8-bit, or 12-bits (4 
bits for R, G, B each) 

-Screen configuration: Single or dual 

4-bit 
Data Up panel X-driver 

Data ---+---.. Down panel X-driver 
4-bit 

System Configuration for Mode 1 and Mode 6 (4-
Bit Data Transfer, Dual Screen, X-Driver and Y
Driver on One Side Each) (Note) 

4 8 12 bit - - -

4 8 12 bit - - -
Data 

_r X-driver 

.....-

-~ LCD screen -f. ,, 
I I I I 

> 

i- i- -r ......... 

System Configuration for Modes 2, 4, 7, 8, 9, and 
13 (4-, 8-, or 12-Bit Data Transfer, Single Screen, 
X-Driver and Y-Driver on One Side Each) 

12-bit 
Data Data r 

T ,_ Up X-driver --[ X-driver 
I 

........., ,........, ........., 

L.. 

-~ ,, LCD screen 
I 

> 

~ ~ 
·c ·c ,, LCD screen 

,, 
I I 

> > 

~ .J: 
Cl 
a: 

L...-.1 I t""' 
~ 

L...-.1 I L-.J 

Data r Down X-driver ,_ 
12-bit 

System Configuration for Modes 3, 5, 10, and 14 
(4-, 8-, or 12-Bit Data Transfer,SingleScreen, X
Driver on One Side and Y-Driver on Both Sides) 

System Configuration for Mode 11 and Mode 15 
(12-Bit Data Transfer, Single Screen, X-Driveron 
Both Sides and Y-Driver on One Side) 

Note: Although there are two X-drivers, the X-driver is considered to be set on one 
side, not on both sides, because the LCD up panel and down panel are each 
regarded as one screen. 

Figure 7. System Configurations by Mode 
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Calculation of LDOTCK 

LDOTCK frequency fL is calculated from the 
following expression: 

fL = (Nhd + 6) X 8 X Nvd X fF 
Nhd number of horizontal characters dis

played on LCD 
Nvd number of virtical displayed lines on 

LCD 
fF FLM frequency 

12 bit -

Data -l 
,.........., 

a; --> 
~ 

I 
>-
.t: 
Q) 

_J 

L....-

Data _L J 
12 bit -

HD66840 

Here fL must hold the following relation, 
where fo is frequency of dot clock for CRT 
display ( = DOTCLK). 

fL < fo x 15/16 or 
fL = fo (The LDOTCK phase must be inverse 

of the DOTCLK phase in this case) 

Up X-driver 

j_ j_ ~ 
,........, 

a; 

~CD scr~en 
> 

I-~ :.§ 
I 

>-
~ ..... .s:; 
Ol a: 

L--

~ 

Down X-driver 

System Configuration for Mode 12 and Mode 16 
(12-Bit Data Transfer, Single Screen, X-Driver 
and Y-Driver on Both Sides Each) 

Notes: 1 . X-drivers on both sides: Data output wires run from up and down X-drivers 
alternately, which widens the interval between wires to twice that in case of ao X
driver an one side (figure 8). 

Data 

2. Y-drivers on both sides: Line select signal output wires run from right and left Y
drivers alternately, which widens the interval between wires to twice that in case of 
Y-driver on one side (figure 9). 

Figure 7. System Configurations by Mode (cont) 

1----- Data output 

wires 

.CD®®®® 

Down X-driver 

2nd line 

3rd line 

4th line 

5th line 

Signal output wires 

Figure 8. X-Drivers on Both Sides Figure 9. Y-Drivers on Both Sides 
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Display Timing Signal Generation 

CRT display data is classified into display 
period data and retrace period data. Only 
display period data is necessary for LCD. 
Therefore, the LVIC needs a signal announc
ing whether the CRT display data transferred 
is for the display period or not. This signal is 
the display timing signal. 

VSYNC 

1--1 
Y lines ( = Vertical backporch) 

The L VIC can generate the display timing 
signal from HSYNC and VSYNC. Figure 10 
illustrates the relation between HSYNC, V
SYNC, the display timing signal (DISPTMG), 
and display data. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal back
porch register (R14, R15) respectively. 

HSYNC_Jl n n 
14'---.1~~~~~~~~~ ~~~~~~~~~~--' ~~~~~~~~~ 

DISPTMG 

X dots ( = Horizontal backporch) 

Display period 
( = No. of horizontal 
displayed characters) 

Retrace period 

Valid Invalid Valid Invalid Valid 

Figure 10. Relation between HSYNC, VSYNC, DISPTMG, and Display Data 
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Dot Clock Generation 

The dot clock, which is a data latch clock, is 
not a standard video signal and does not 
appear from the CRT display plug. Thus it is 
necessary to generate the dot clock. The 
LVIC has a programmable counter and a 
phase comparator which are oarts of a PLL - -
circuit, and can generate the dot clock from 
HSYNC if a charge pump, a low pass filter 
(LPF), and a voltage-controlled oscillator 
(VCO) are externally attached. 

Figure 11 is a block diagram of a PLL circuit. A 
PLL (phase-locked loop) circuit is a feedback 
controller regenerating a clock whose fre
quency and phase are the same as those of a 
basic clock. The basic clock is HSYNC here. 

At power-on,VCO outputs to the program
mable counter a signal whose frequency 
depends on the voltage at the time. The 

! HSYNC 

Phase 

HD66840 

counter divides the frequency of the signal 
according to the value in the PLL frequency
dividing ratio register (R10, R11) and outputs 
it to the phase comparator. This is the 
frequency-divided clock. 

The comparator compares the edges of the 
clock and HSYNC and outputs CU or CD 
signal to the charge pump and LPF according 
to the result. The comparator outputs CU 
when the frequency of the clock is lower than 
that of HSYNC or when the phase of the clock 
is behind that of HSYNC, while it outputs CD 
in the contrary case. The charge pump and 
LPF apply voltage to the VCO according to 
CU or CD signal. 

This operation is repeated until the phase 
and the frequency of the frequency-divided 
clock coincide with those of HSYNC, making 
it a stable dot clock. 

cu 
~ 

Charge pump 
Inside LVIC ~ comparator co LPF 

Frequency-
divided clock 

Written value in ~ 
PLL frequency-dividing ratio Programmable vco 
register (RlO, R11) counter 

Timing clock generator 

DOTCLK 

Figure 11. PLL Circuit Block Diagram 
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Doubled-in-Height Display 

Doubled-in-height display doubles characters 
and pictures in height as illustrated in figure 
12. 

In TN-type LCD modes ( = modes 1, 2, 4, 6, 7, 
and 8), CL3 frequency is twice as high as CLl 
frequency (figure 13). As a result, using CL3 
instead of CLl as a shift clock (figure 14) 
enables two lines to be selected while an X
driver (data output driver) is outputting the 
same data, realizing doubled-in height dis-

f 
I 
I 
I ,-1,•• 

:•J • • • • • •••••• • • : : 
Normal display 

play. However, the following procedures are 
necessary in this display since multiplexing 
duty ratio becomes twice as great as the 
value specified as the number of vertical 
displayed lines. 

1. Halve the frequency of the LCD dot 
clock ( = LDOTCK) 

2. Halve the number of vertical displayed 
lines 

This function is provided only for TN-type 
LCD. 

•• ,- ,•• I.I • 
:.i • 

.~ . 
• • • • • • •••••• • ••••• • • • • • • • • • • • • Doubled-in-height display 

Figure 12. Doubled-in-Height Display Example 
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Cll 

CL3 

X-driver 
output 

Y-driver 

_n 
I\ 

_n 

)! 

_n J 

n n J j 

j_ 
I ) )( 

JJ 
\ 

Figure 13. Relation between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8 

4-8 bit 
LUO-LU3,LDO-LD3 ~~~~-r-~~~--.ir-~~~~~~~~~~~~~--, 

CL1 ~~~~~~~~-
CL2 ~~~~~~~~_.1 X-driver (data output driver) 

M ~~~~~~~~_.,1-.~...-~~~~~~~~~--.~--' 

CL3 
FLM 

M 

LCD screen 

Figure 14. Connection for Doubled-in-Height Display 
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Display Timing Signal Fine Adjusment 

When the display timing signal is supplied 
externally, a phase shift might appear 
between CRT data and the display timing 
signal. This is because each signal has its own 
peculiar lag. The LVIC can adjust the display 
timing signal with the FO-F3 pins or the fine 
adjust register (R9) to correct this phase shift. 

Table 11 shows the relation between F3-FO 
pins, data bit 3 to data bit 0 of the fine adjust 
register, and fine adjustment. Concerning the 
polarity of the number of dots adjusted, -
indicates advancing the phase of the display 
timing signal and + indicates delaying it. F3 

Table 11. Pins, Data Bits of R9, and Fine 
Adjustment 

Pin: F3 F2 F1 FO Number of Dots 
R9 Bit: 3 2 1 0 Adjusted 

0 0 0 0 0 
0 0 - 1 

0 - 6 

1 1 1 - 7 

0 0 0 0 
0 0 + 1 

0 +6 
+ 7 

Note: When adjusting the display timing signal 
with pins, set ADJ pin to 1 . 

pin or data bit 3 of R9 selects the polarity. The 
adjustment reference point is the display 
start position. 

Figure 15 shows examples of adjusting the 
display timing signal. Since the signal is two 
dots ahead of the display start position in 
case (1), (F3, F2, F1, FO) or {data bits 3, 2, 1, 0 of 
R9) should be set to (1, 0, 1, 0) to delay the 
signal for two dots. Since the signal is two 
dots behind the display start position in case 
(2), they should be set to (0, 0, 1, 0) to advance 
the signal for two dots. When there is no need 
to adjust the signal, settings of either (0, 0, 0, 
0) or (1, 0, 0, 0) will do. 
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CRT data 

I+-- Display start position 
I 
I 

two dots advanced I 
I 
I 

DISPTMG 1 

Display Timing Adjust : 
(F3, F2,F1, FO,I/ I 
~ata bits 3, 2, 1, 0 of R9) I 
-(1,0, 1,0) I 

before adjustment 'I 

r------------------~1 
DISPTMG 
after adjustment 

CRT data 

DISPTMG 
before adjustment 

DISPTMG 

( 1) Delaying DISPTMG 

'4- Display start position 

I 

two dots delaied 

'/ I Display Timing Adjust 
I (F3, F2, F1, FO)/ 
I (Data bits 3, 2, 1, 0 of R9) 
I = (0,0, 1,0) 
I 

after adjustm--en_t ______________ _ 

(2) Advancing DISPTMG 

Figure 15. Adjustment of Display Timing Signal 
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Internal Registers 

The LVIC has an address register (AR) and 
sixteen data registers (RO-R15). In order to 
specify one of the sixteen data registers, 
write its register address into the address 
register. The MPU transfers data to the data 
register corresponding to the written 
address. 

All the registers are valid only when the LVIC 
is controlled by the internal register pro
gramming method and are invalid (don't 
care) when by the pin programming method. 

Address Register (AR) 

The address register (figure 16) is composed 
of four bits and specifies one data register out 
of sixteen. This register is selected by the 
MPU when RS pin is low and specifies any 
data register with the register address writ
ten by the MPU. 

f 
t 

Data Bit 

Value I 
3 

Control Register 1 (RO) 

Control register 1 (figure 17) is composed of 
four bits, including two invalid bits. Each of 
two valid bits has its own function. Reading 
from and writing into invalid bits are passible. 
However, these operation does not affect the 
LSI function. 

• DSP Bit 
-DSP = 1: LVIC generates the display 

timing signal 
-DSP = 0: LVIC does not generate the 

display timing signal 
(If DCK = 1, the display timing signal is 
generated in spite that DSP = 0) 

• DCK Bit 
-DCK = 1: L VIC generates the dot clock 
-DCK = 0: L VIC does not generate the 

dot clock 

AR 

I 2 I I 0 1 
Register address J 

Figure 16. Address Register 

RO 

Data Bit 

Function 

Figure 17. Control Register 1 
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Control Register 2 (RO) 

Control register 2 (figure 18) is composed of 
four bits and has three functions. 

• MC Bit 
-MC = 1: M signal alternates per line 
-J...,1C == 0: ~"1: signal alternates per frame 

e DON Bit 
-DON = 1: Display on 
-DON = 0: Display off 

e MS1 and MSO Bits 
-Select the memory type (table 12) 

Vertical Displayed Lines Register (R2, 
R3, High-Order 2 Bits of R4), CL3 Period 
Register (Low-order 2 Bits of R4, R5) 

The vertical displayed lines register (figure 
19) is composed of ten bits (R2 + R3 + high-

Table 12. Memory Type and MS1, MSO 

MS1 MSO Memory Type 

0 0 No memory 

0 1 8-kbyte 

0 32-kbyte 

64-kbyte 

Data Bit 3 
Function MC 

HD66840 

order two bits of R4) and specifies the num
ber of vertical displayed lines. This register 
can specify both even and odd numbers in 
modes for a Y-driver on one side and single 
screen configuration, but even numbers only 
in the other modes. The value to be written 
into this register is (Nvd - 1), where Nvd 
number of vertical displayed lines. 

The CL3 period register is composed of six 
bits (low-order two bits of R4 + R5) and 
specifies the period of CL3 in 8-color display 
modes with horizontal stripes. Thus this reg
ister is invalid in the other modes. CL3 is a 
clock for the LVIC to output R, G, B data 
separately to LCD drivers. The value to be 
written into this register is {Nhd + 6) x 1/3 -
1, where Nhd = number of horizontal dis
played characters. When {Nhd + 6) is not 
divisible by 3, the quotient should be rounded 
up or rounded down. 

R1 

2 0 

DON MS1 MSO 

Figure 18. Control Register 2 

R4 R2 R3 

Data Bit 3 2 0 3 2 
Value Nvd - 1 (Unit: Lines) 

Vertical Displayed Lines Register 

0 

R4 R5 

3 2 
(Nhd + 6) x 1 /3 -1 

(Unit: Characters) 

CL3 Period Register 

Figure 19. Vertical Displayed Lines Register and CL3 Period Register 
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Horizontal Displayed Characters Regis
ter (R6, R7) 

The horizontal displayed characters register 
(figure 20) is composed of eight bits (R6 + R7) 
and specifies the number of horizontal dis
played characters. This register can specify 
even numbers only. The most significant bit 
of R6 is invalid in the modes for dual screen 
configuration. When writing into this regis
ter, shift (Nhd - 1) in the low-order direction 
for one bit to cut off the least significant bit. 
Figure 20 shows how to write a value into the 
register when Nhd = 90. 

R6 

CL3 Pulse Width Register (RS) 

The CL3 period register (figure 22) is com
posed of four bits and specifies the high-level 
pulse width of CL3. When controlling TFT
type LCDs, each gate of the LCD has to hold 
data from the time a Y -driver outputs the line 
select and shift signal to the time an X-driver 
the outputs next display data. Data must be 
held while CL3 is high. However, even when 
the LVIC is not controlling TFT-type LCDs, 
CL3 appears with the high-level pulse width 
specified by this register. 

R7 

\/ \ 
I oT3 I 2 I 1 oJ Data Bit 

Value 

1 without its least significant bit (Unit: Characters) 

Figure 20. Horizontal Displayed Characters Register 

R6 R7 

Data Bit 3 2 
Value 0 0 • 

Cut off 

90 - 1 = 89 ---- 0 0 0 

Figure 21. How to Write The Number of Horizontal Displayed Characters 

RS 

Data Bit 

Value l J 
1-- TN-type LCD modes: Npw 
'---- TFT-type LCD modes: Npw - 5 (Unit: Characters) 

Npw = number of horizontal characters while CL3 i~ high 

Figure 22. CL3 Pulse Width Register 
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Fine Adjust Register (R9) 

The fine adjust register (figure 23) is com
posed of four bits and adjusts the externally 
supplied display timing signal to synchronize 
its phase with that of LCD data. The value to 
be written into this register is determined by 
the interval between the positive edge of the 
display timing signal and the display start 
position. For more details, refer to "Display 
Timing Signal Fine Adjustment." This register 
is invalid when the display timing signal is 
generated internally. 

PLL Frequency-Dividing Ratio Register 
(R10, R11) 

The PLL frequency-dividing ratio register 
(figure 24) is composed of eight bits (RlO + 

R9 

Data Bit 0 
Value 

HD66840 

Rll) and specifies the PLL frequency-dividing 
ratio for generating a dot clock by a PLL 
circuit. The value to be written into this reg
ister is determined by the ratio of the fre
quency of HSYNC to that of the dot clock 
which the user wants. This register is invalid 
when the dot clock is supplied externally and 
is valid only when the L VIC is controlled by 
the internal register programming method 
and the DCK bit of control register 1 (RO) is 1. 
The written value in this register (NPLL) is 
obtained with the following expression: 

NPLL = Ncht x 8 - 731 
Ncht: total number of characters for CRT 
Ncht can be obtained as follows from the 
specifications of a CRT monitor: 
Ncht 1/8 x (DOTCLK frequency)/ 
(HSYNC frequency) 

Absolute value of Nda (Unit: Dots) 

[ 
l 

Data Bit 

Value 

S . { 0: + (Advance the display timing signal) 
elects polarity 

1 : - (Delay the display timing signal) 

Nda = number of dots adjusted 

Figure 23. Fine Adjust Register 

R10 R11 

I ~ 
I o4 3I2I1IoI3I2I 1 

1 
\ 

Frequency-Dividing Ratio 
3 2 1 0 3 2 1 0 HSYNC : Dot Clock 

0 0 0 0 0 0 0 0 1 : 731 
0 0 0 0 0 0 0 1 1 : 732 
0 0 0 0 0 0 1 0 1 : 733 
: : : : 

1 1 1 1 1 1 0 1 1 : 984 
1 1 1 1 1 1 1 0 1 : 985 
1 1 1 1 1 1 1 1 1 : 986 

Figure 24. PLL Frequency-Dividing Ratio Register 
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Vertical Backporch Register (R12, R13) 

The vertical backporch register (figure 25) is 
composed of eight bits (R12 + R13) and spec
ifies the vertical backporch. The vertical 
backporch is the number of lines between the 
positive edge of VSYNC and that of the dis
play timing signal (DISPTMG). For more 
details, refer to "Display Timing Signal Gen
eration." This register is invalid when the 
display. timing signal is supplied externally 
and is valid only is a system which controls 
the LVIC by the internal register program
ming method and where the DSP bit of con
trol register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be regenerated and the register is 
enabled even when DSP = 0.) 

R12 

Data Bit 3 2 0 3 
Value 

2 

Horizontal Backporch Register (R14, R15) 

The horizontal backporch register (figure 26) 
is composed of eight bits (R14 + R15) and 
specifies the horizontal backporch. The hori
zontal backporch is the number of characters 
between the posive edge of HSYNC and that . 
of the display timing signal (DISPTMG). For 
more details, refer to "Display Timing Signal 
Generation''. This register is invalid when the 
display timing signal is supplied externally 
and is valid only in a system which controls 
the LVIC by the internal register program
ming method and where the DSP bit of con
trol register 1 (RO) is .1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be generated and this register is 
enabled even when DSP = 0.) 

R13 

0 

Ncvbp - 1 (Unit: Lines) 

Data Bit 

Value 

Ncvbp = number of lines between the positive edge of VSYNC and 
that of DISPTMG 

Figure 25. Vertical Backporch Register 

3 

R14 R15 

2 0 3 2 0 

Nchbp x 8 - 1 (Unit: Dots) 
Nchbp = number of characters between the positive edge of HSYNC and 
that of DISPTMG 

Figure 26. Horizontal Backporch Register 
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Reset 

RES pin resets and starts the LVIC. Make sure 
to hold the reset signal low for at least 1 µs 
after power-on. 

Reset is defined as shown in figure 27. 

State of Pins During Reset 

RES basically does not control output pins 
and operates regardless of the other input 
pins. Output pins can be classified into the 
following five groups depending on their re
set state. 

1. Keeps state before reset: CL2 
2. Driven to high-impedance state (fixed 

low when using no memory): RDO-RD7, 
GDO-GD7, BDO-BD7 

3. Fixed high: MWE, CL4, M, CD, MCS1 

HD66840 

4. Fixed low: MAO-MA12, RO-R3, GO-G3, BO
B3, CS, CL1, CL3, FLM, AO-A3, CU 

5. Fixed high or low depending on the 
memory in use (table 13): MA13-MA15, 
MCSO 

State of Registers During Reset 

RES pin does not affect register contents. 
Therefore, registers can be both read and 
written by the MPU even during reset. Reg
isters keep the contents they had before reset 
until they are rewritten. 

Memory Clear Function 

After reset, the LVIC writes 0 in the memory 
area specified by MSELO and MSEL1 (table 7) 
regardless of R, G, B data. 

Table 13. Memory Type and State of Pins During Reset 

Kind of Memories 

No memory 
8-kbyte memory 
32-kbyte memory 
64-kbyte memory 

MA13 

Low 
High 

Low 
Low 

At reset 

MA14 

Low 
High 

Low 
Low 

During reset 
(Reset state) 

· Figure 27. Reset Definition 
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MA15 MCSO 

High High 

High Low 
High Low 
Low Low 

After reset 
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User Precautions 

1. There are following limitations when the 
user uses no memory. (MSELO = 0, MSEL1 
= 1) 

• The display modes for dual screen 
configuration ( = mode 1 and mode 6) 
are disabled. 

• The LVIC cannot support the LCD 
systems with Y-drivers on both sides. 
Even if the user selects the mode for 
the system with Y -drivers on both 
sides ( = mode 3, 5, 10, 12, 14, or 16), 
the operation of the LVIC is exactly 
the same as that in the mode for the 
system with Y-driver on one side (= 
mode 2, 4, 9, 11, 13, or 15). 
And leave CL4 terminal disconnected 
in this usage. 

Programming 

The values written in internal registers have 
the limit listed in table 14. The symbols in the 

2. The LVIC might operate irregularly until 
the internal registers have been written 
after reset in the system which controls 
the LVIC by internal register program
ming method. 

3. Memory clear function might not work 
normally at power-on or after reset if 
MSELO and MSEL1 are not properly set to 
the value corresponding to the memories 
in use. 

4. Since the LVIC is a CMOS LSI, input pins 
must not. be left disconnected. Refer to 
table 1 concerning how to deal with each 
pin. 

table are difined as shown in table 15 and 
figure 27. 

Table 14. Limit on Values Written in Registers 

Function Limit Notes Applicable Registers 

Screen 4 ;:ii Nvd ;:ii (Ncvbp + Ncvsp) - 1 ;:ii 1024 1,8 R2, R3, R4, R6, R7 
Configuration 4 ;:ii Nhd ;:ii (Nchbpx 1/n + Nchsp) - 1 ;:ii 506 

(Nhd + 6) X n X Nvd XfF ;:ii fD ;:ii 30 MHz 2,8 R2, R3, R4, R6, R7 

CL3 Control 1 ;:ii Npw ;:ii (Nhd + 6) x 1 /2 -1 3 R4, R5, R6, R7, R8 
1 ;:ii Npw ;:ii Nhd 4 
1 ;:ii Npw ;:ii Npc -1 5 

DISPTMG ;:ii Nchbp ;:ii256 6 R12, R13, R14, R15 
Regeneration ;:ii Ncvbp ;:ii 256 6 

Without 4 ;:ii Nhd ;:ii Nchsp - 4 7 R2, R3, R4, R6, R7 
Buffer Memory 4 ;:ii Nvd ;:ii Ncvsp - 4 7 

Notes: 1. Nhd ;> 256 in dual screen configuration ( = mode 1 and mode 6). 

582 

2. fF: FLM frequency, fo: frequency of CRT dot clock, fL: frequency of LCD dot clock for LCD 
fL < fD x 15/16, or fL = fo 

3. In modes 1, 2, 4, 6, 7, and S 
4. In modes 3, 5, 9, 10, 11, and 12 (Npw = (value in RS) + 5) 
5. In modes 13, 14, 15, and 16 (Npw = (value in RS) + 5) 
6. Value in R14, R15;:;; (Nchsp x n + Nchbp) - Nhd x n - 2 

Value in R12, R13 ;> (Ncvsp + Ncvbp) - Nvd - 2 
7. Nht = Nchsp + Nchbp x 1 /n, Nd = Ncvbp + Ncvsp 

(Nht = Nhd + 6, Nd = Nvd when using buffer memory) 
S. n: Horizontal character pitch (the number of horizontal dots in one character). 
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Table 15. Symbol Definition 

Symbol 

Nchd 

Nchsp 

Nchbp 

Ncvbp 

Ncvsp 

Ncvd 

Nhd 

Npc 

Npw 

Nht 

Nvd 

Definition 

Number of horizontal displayed characters on CRT display 

Nu1nber of characters between the positive edge of DISPTMG and that of HSYNC (= Horizon
tal sync position) 

Number of dots between the positive edge of HSYNC and that of DISPTMG ( = horizontal 
back porch) 

Number of lines between the negative edge (positive edge when VSYNC is high in active state) 
of VSYNC and the first positive edge of DISPTMG ( = vertical backporch) 

Number of lines between the first positive edge of DISPTMG and the next negative edge of 
VSYNC ( = vertical sync position) 

Number of vertical displayed lines on CRT display 

Number of horizontal displayed characters (on LCD) 

Number of characters during CL3 period ( = CL3 pulse cycle) 

Number of characters while CL3 is high ( = CL3 pulse width) 

Total number of horizontal characters 

Number of vertical displayed lines (on LCD) 
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I 
I 

DOTCLK L.Jl_Jl_Jl ______ nn ___ Jl_ _______ IUl._ 
I 

DISPTMG 

------Nchd-----

HSYNG 

,__-------NchSP'-------.... 1----Nchbp---

VSYNC 

DISPTMG 

---Ncvbp----------Ncvsp-----+-----

-------Ncvd-----~ 

CL2 [L__f1_Il_ ___ - -
CL1 

-----Nhd-----

CL1 

CL3 --, 
~, -----------------! 

FLM 

CL1 

I I 
I.--Npw---J 
I I 

------N~-------<~ 

14------------~Nhl------------.,: 

-, _________________________________ ~r-1 ___ __ 

~-------- ------
'~ i----------N~---------~ 

Figure 28. Symbol Deflnltlon 
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Absolute Maximum Ratings 

Item Symbol Ratings Unit 

Power supply voltage Vee - 0.3 to + 7.0 v 

Input voltage Vin - 0.3 to Vee + 0.3 v 

Operating temperature T ••. - 20 to + 75 ·c • vµr 

Storage temperature Tstg - 55 to + 125 ·c 

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vee =5.0 V ± 10 %, GND = 0 V, Ta 
= - 2o·c to + 75"C). If these conditions are exceeded, it could affect reliability of the LSI. 

2. All voltages are referenced to GND = 0 V. 

Electrical Characteristics 

DC Characteristics 1 (Vee = 5.0 V ± 10 %, GND = O V, Ta = - 2o·c to + 75"C, unless otherwise 
noted) 

Item Symbol Min Max Unit Test Conditions 

Input high voltage RES V1H Vee - 0.5 Vee+ 0.3 v 
TTL interface 1 2.0 Vee+ 0.3 
TTL interfaee4 2.2 Vee + 0.3 
CMOS interface 1 0.7 Vee Vee+ 0.3 

Input low voltage TTL interface 1 V1L -0.3 0.8 v 
TTL interface5 -0.3 0.6 
CMOS interface 1 -0.3 0.3 Vee 

Output high voltage TTL interface2 VoH 2.4 v loH = -200 µA 
CMOS interface2 Vee - 0.8 loH = -200 µA 

Output low voltage TTL interface2 VoL 0.4 v loL = 1.6 mA 
CMOS interface2 0.8 loL = 200 µA 

Input leakage current All inputs except l1L -2.5 2.5 µA 
1/0 common pins3 

Three state (off-state) 1/0 common pins3 ITSL -10.0 10.0 µA 
leakage current 

Current consumption Ice 250 mA fooTCLK = 30 MHz 
Output pins left 
disconnected 

Notes: 1. TTL interface inputs: R, G, 8, HSYNC, VSYNC, DISPTMG, RDO-RD7, GDO-GD7, 8D0-
8D7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO 
CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 

2. TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 
800-807, MAO-MA 15, MCSO, MCS1, MWE 
CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, B0-83, M, FLM, 
CL1, CL2, CL3, CL4 

3. 1/0 common pins: AO/RD/XDOT, A 1 /YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 8D0-
8D7 
Inputs except 1/0 common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, 8, DISPTMG 

4. TTL interface: WR/MS1, LDOTCK, DOTCLK 
5. TTL interface: .WR/MS1 
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DC Characteristics 2 (Vee = 5.0 V ± 5 %, GND = 0 V, Ta = - 2o·c to + 75°C, unless otherwise 
noted) 

Item Symbol Min Max Unit Test Conditions 

Input high voltage RES Vitt Vee - 0.5 Vee+ 0.3 v 
TTL interface 1 2.0 Vee+ 0.3 
CMOS interface 1 0.7 Vee Vee+ 0.3 

Input low voltage TTL interface 1 V1L -0.3 0.8 v 
CMOS interface1 -0.3 0.3 Vee 

Output high voltage TTL interface2 Vott 2.4 v Iott = -200 µA 
CMOS interface2 Vee - 0.8 Iott= -200 µA 

Output low voltage TTL interface2 Vol 0.4 v loL = 1 .6 mA 
CMOS interface2 0.8 loL = 200 µA 

Input leakage current All inputs except l1L -2.5 2.5 µA 
1/0 common pins3 

Three state (off-state) 1/0 common pins3 lrSL -10.0 10.0 µA 
leakage current 

Current consumption Ice 250 mA fooTCLK = 30 MHz 
Output pins left 
disconnected 

Notes: 1. TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, DOTCLK, LDOTCK, RDO-RD7, 
GDO-GD7, BDO-BD7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO, WR/MS1 

586-

CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 
2. TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 

BD0-8D7, MAO-MA 15, MCSO, MCS1, MWE 
CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, 80-83, M, FLM, 
CL1, CL2, CL3, CL4 

3. 1/0 common pins: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 8D0-
8D7 
!!!.e!Jts exce.e:!JLO common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, 8, DISPTMG 
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AC Characteristics (Vee= 5.0 V ±10 %, GND = 0 V, Ta= -20 ·c to + 75 ·c, unless otherwise 
noted) 

Video Signal Interface (1) (HD66840F30: 30 MHz) (Vee = 5.0 V ± 5 %) 

Item Symbol Min Max Unit Remark 

DOTCLK cycle time tcvca 33 1000 ns 

DOTCLK high-level pulse width twDH 16.5 ns 

DOTCLK low-level pulse width twOL 16.5 ns 

DOrCLK rise time tar1 5 ns 

DOTCLK fall time tat1 5 ns 

R, G, B, setup time tvas 10 ns 

R, G, B, hold time tvDH 10 ns 

DISPTMG setup time tars 10 ns 

DISPTMG hold time torH 10 ns 

HSYNC setup time tHSS 10 ns 

HSYNC hold time tHSH 10 ns 

Phase shift setup time tpas 2 tcvco ns 

Phase shift hold time tPDH 2 tcvco ns 

Input signal rise time tar2 10 ns Except DOTCLK 

Input signal fall time tat2 10 ns Except DOTCLK 
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Video Signal Interface (2) (HD66840F25 : 25MHz) 

Item Symbol Min Max Unit Remark 

DOTCLK cycle time tcvco 40 1000 ns 

DOTCLK high-level pulse width twoH 20 ns 

DOTCLK low-level pulse width twoL 20 ns 

DOTCLK rise time tor1 5 ns 

DOTCLK fall time to11 5 ns 

R, G, B, setup time tvos 10 ns 

R, G, B, hold time tvoH 10 ns 

DISPTMG setup time toTS 10 ns 

DISPTMG hold time torn 10 ns 

HSYNC setup time tHss 10 ns 

HSYNC hold time tHSH 10 ns 

Phase shift setup time tpos 2 tcvco ns 

Phase shift hold time tpoH 2 tcvco ns 

Input signal rise time tor2 10 ns Except DOTCLK 

Input signal fall time to12 10 ns Except DOTCLK 
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DOTCLK 

A, G, B 

HSYNC 

DOTCLK 

DISPTMG 

2.0V 
o.sv 

tHSH 

tod 

tvos 

tHss 

0.SV 

ta12 
to TH 

2.0V 
o.sv 

tvoH 

toTS 

tcycO 

twoL twoH 

1.5V 

tHSH tHSS 

2.0V 

tor2 

torH 

Figure 29. Video Signal Interface 
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Buffer Memory Interface 

Item Symbol Min Max Unit 

Read cycle time tRc 5 tcvco - 50 ns 

ROO-R07, GOO-G07, 800-807 tsMD 25 ns 
data setup time 

ROO-R07, GOO-G07, 800-807 tHMD 0 ns 
data hold time 

Write cycle time twc 6 tcvco - 50 ns 

Address setup time tAs tcvco - 30 ns 

Address hold time 1WR tcvco - 30 ns 

Chip select time tcw 4 tcvco - 40 ns 

Write pulse width twp 4 tcvco - 40 ns 

ROO-RD7, GOO-G07, 800-807 TsMow 2 tcvco - 25 ns 
output setup time 

ROO-RD7, GOO-G07, 800-807 tHMDW 0 ns 
output hold time 

Note: tcvco indicates DOTCLK cycle time (min 33 ns, max 1000 ns). 
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HD66840 

LCD Driver Interface (TN-Type LCD Driver) 

Item Symbol Min Max Unit 

CL2 cycle time twcL2 166 ns 

CL2 high-level pulse width twcL2H 50 ns 

CL2 low-level pulse width twc1_21_ 50 ns 

CL2 rise time tcL2r 30 ns 

CL2 fall time !CL2f 30 ns 

CL 1 high-level pulse width twcL1 H 200 ns 

CL 1 rise time tcur 30 ns 

CL 1 fall time tcut 30 ns 

CL 1 setup time tscu 500 ns 

CL 1 hold time !HCL1 200 ns 

FLM hold time !HF 200 ns 

M output delay time toM 300 ns 

Data delay time too - 20 20 ns 

LDOTCK cycle time twLOOT 41 ns 

Note: All the values are measureed at fcL2 = 6 MHz. 
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HD66840 

LCD Driver Interface (TFT-Type LCD Driver) 

Item Symbol Min Max Unit Remark 

CL2 cycle time (X drivers on one side) trcl2s 133 ns Figure 34,35 

CL2 high-level width (X drivers trcl2HS 30 ns 
on one side) 

CL2 low-level width (X drivers trcL2LS 30 ns 
on one side) 

CL2 cycle time (X drivers on both side) trcl2o 266 ns 

CL2 high-level width (X drivers trcl2HD 80 ns 
on both side) 

CL2 low-level width (X drivers trcl2LD 80 ns 
on both side) 

CL2 rise time tcl2r 30 ns 

CL2 fall time tcl2f 30 ns 

.CL 1 high-level width trCL1H 200 ns 

CL1 rise time tcur 30 ns 

CL1 fall time tcu1 30 ns 

Data delay time too1 -20 20 ns 

Data set up time tLDS 15 ns 

Data hold time tLDH 15 ns 

CL 1 setup time trscu 500 ns 

CL1 hold time trHCL1 200 ns 

CL3 delay time tocL3 50 ns 

M delay time toM 300 ns 

FLM hold time tr~H 200 ns 

LDOTCK cycle time twLDOT 33 ns 

594 
.HITACHI 

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



::c 

~ 
> 
3 
"' £· 
~ 
• ::c 

:::I' 

~ 
~ 
• 
§ 

twcl.2L 

CL2 ·~ 

=~==~· GO-G3 )to.7Vcc X X I =x=L X_ )<==:)C 

twcL1H tHCL1 

tsCLl 

CL1 

FLM 

--..! t+-'cut '"' d "'" ''r o~ 

~· 

~ ::c l~~~~~~~~~~~~~~~;;;;;;;~~~~~~~~~~~~~~~ 
"<Y -:;· ~ 

:;; ~ 
.f ::c 

~ ;_;;_;===========~;;;,~ M 

• 
CD 

f 
!" 

Figure 32. LCD Driver Interface (TN-Type LCD Driver Interface) 

I I I I I I I I i~I I I I I I I I I -I I I I I I I I I I 111 I n __ " > 
I CL1 c:o .... 

0 
0 
'fl 
00 I FLM 
<O 
• 
~ 
$ I M (MC bit=O) 

"' 00 

~ 
M (MC bit=1) (.> I 0 

0 

~ 
°' 

. n i1 . 

_Jl i, ~ 
___fU1_fUU4rfl---f1-Jl_f1_ 

Figure 33. CLl, FLM and M (Reduced View of Figure 32) 

CJ) 
m 

~ ~ 
0 z 

8 
a> 
a> 
00 
ii:=. 
0 



HD66840 

CL2 

RO-R3 
GO-G3 
80-83 

X drivers on 
both sides 

CL2 

RO-R3 
GO-G3 
80-83 

CL1 

CL3 

FLM 

M 

trcl2o 

trcuH trscu ,__ ___ _, 

tcL1r 

tcL1f 

tTFH 

loM 

Figure 34. LCD Driver Interface (TFT-type LCD Driver Interface) 

Cll ~----'ll~--------------------~11~-----
CL3 

J Ldivided 
I . of from CL3 
i--- tTFH 

CL41 
~--------' 

r---------------, 
FLM 

M 

Figure 35. CL1, CL3, CL4, FLM, M (Reduced view of figure 34 at the horizontal stripe 
mode) 
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HD66840 

Register Progrmming, MPU Write 

Item Symbol Min Max Unit 

RD high-level pulse width twRDH 190 ns 

RD low-level pulse width twRDL 190 ns 

WE high-level pulse width twweH 190 ns 

WE low-level pulse width twwEL 190 ns 

CS, RS setup time tAs 0 ns 

CS, RS hold time tAH 0 ns 

DO-D3 setup time tosw 100 ns 

DO-D3 hold time toHW 0 ns 

DO-D3 output delay time tooR 150 ns 

DO-D3 output hold time toHR 10 ns 

RS 
2.0V ~ o.av ~ -g: 

tAS J tWRot tAH tAS tAH 

J 
2.0~~ ~ twRDH ~ o.av "'-

twweH twwEL 

_:lf 
toDR toHR 

2.0V ~ 
o.av ""- y 

I-
tosw 

I""'" toHW 

2.4V 2.0V 

o.av ..,_Output-"'4 o.av ~Input 
00-03 

Figure 36. MPU Write Timing 
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HD66840 

Register Prograniming, ROM Write 

Item 

A cycle time 

A rise time 

A fall time 

D ROM data setup time 

D ROM data hold time 

Note: tcvcA = 16 tcvco 

AO-A3 
(LVIC-->ROM) 

00-03 
(ROM-->LVIC) 

2.4V~ 

Valid 

Symbol 

tcvcA 

tAr 

tAf 

toswo 

toHWD 

Valid 

Min 

528 

120 

0 

tcvcA 

toswo 

_) 2.0V Valid o.av 

Figure 37. ROM Write Timing 

@HITACHI 

Max Unit 

ns 

100 ns 

100 ns 

ns 

ns 

!Ar• tAf 

p(" 
toHWD 

K 
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HD66840 

PLL Interface 

Item Symbol Min Max Unit 

CU fall delay time tu1 80 ns 

CU rise delay time tu, 80 ns 

CD fall delay time to1 80 ns 

CD rise delay time tor 80 ns 

Reset Input 

Item Symbol Min Max Unit 

RES input pulse width tRES µS 

DOTCLK 

HSYNC 

tu, 
tu1_-t-t_ ... 

0.7Vcc 
tof-._--H,....., ... tor 

0.7Vcc 

Figure 38. PLL Interface 

Figure 39. Reset Input 
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HD66840 

Load Circuits 

TTL Load 

Pin 

MAO-MA15, MWE, MCSO,MCS1, 
RDO-RD7, GDO-GD7, 800-807 

AO/RD/XDOT, A 1 /YLO-A3/YL2 

Capacitive Load 

Pin 

CL1, CL2, CL3, CL4 

RO-R3, GO-G3, 80-83, 
FLM CU, CD 

R 

2.4 kn 11 kn 40 pF 

2.4 kn 11 kn 40.pF 

c Remarks 

40 pF tr, tf: Specified 

40 pF tr, tf: Not specified 

5.0V 

R 

All diodes= 152074<8) 

Figure 40. TTL Load Circuit 

Figure 41. Capacitive Load Circuit 

.HITACHI 

Remarks 

tr, tf: Not specified 

tr, tf: Specified 
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HD61602/HD61603---
(Segment Type LCD Driver) 

DESCRIPTION 

The HD61602 and the HD61603 are liquid crystal display driver LSis with TTL and 

CMOS compatible interface. Each of the LSis can be connected to various micro

computers such as the HMCS6800 series. 

The HD61602 incorporates the power supply 

circuit for liquid crystal display driver. 

By the software-controlled liquid crystal 

driving method, several types of liquid 

crystals can be connected according to 

the applications. 

The HD61603 is a liquid crystal display 

driver LSI only for static drive and has 

64 segment outputs that can display 8 

digits per chip. 

• FEATURES 

• Wide-range operating voltage 

(FP-801 

(FP-80A) 

Operates in a wide range of supply voltage 2.2V to 5.SV. 

Compatible with TTL interface at 4.SV to 5.SV. 

• Low current consumption 

Can drive from a battery power supply (lOOµA max. on SV). 

Standby input enables a standby operation at lower current consumption 

(SµA max. on SV). 

• Internal power supply circuit for liquid crystal display driver (HD61602). 

Internal power supply circuit for liquid crystal display driver facili

tates the connection to a microcomputer system. 

• Versatile segment driving capacity 

Type No. Driving method Display Example of use Frame freq. (Hz) Package 
segments at fosc•lOOkHz 

Static 51 8 segments x 6 digits +3 marks 33 8()-pin 

'• 1/2 bias 1/2 duty 102 8 segments x 12 digits +6 marks 65 Plastic 

HD61602 QFP 
1/3 duty 153 9 segments x 17 digits 208 (:P-80 ) 1/3 bias 
1/4 duty 

P-80A 
204 8 segments x 25 digits +4 marks 223 

HD61603 Static 64 8 segments x 8 digits 33 80-pin 
Plaetic QFP 
(FP-80) 
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HD61602/HD61603 

II ORDERING INFORMATION 

Type No. Package 

lID61602R 80-pin plastic 

lID61602RH 80-pin plastic 

lID61603R 80-pin plastic 

• PIN ARRANGEMENT (TOP VIEW) 
m>61602 

(FP-80) 

cs 
\iiiE 
RE 
SB 
D1 
Do 
Do 
D4 
Vss 
D, 
Dz 
D, 
Do 
VREF1 

VAEF2 

VC2 

VCL 
V1 
V2 
v, 

QFP 

QFP 

QFP 

(FP-80) 

(FP-80A) 

(FP-80) 

lID61602 

(FP-80A) 
(Top View) 

$HITACHI 

lID61603 

N .-1 o :J1 GO r- <O .II JI en N '"' o"' 00 l'o 
11'111'1 .II .:ti"' 4' .:ti .:ti,.. .:r,.."' .:r ...... .,, uuuuuuuuuuuuuuuu 
~wwww~~~wwwwww~~ 
000000~000000000000000000000000 

(FP-80) 

SEG15 
SEG1e 
SEG11 
SEG1a 
SEG11 
SEG20 
SEG21 
SEG22 
SEG23 
SEG24 
SEG211 
SEG29 
SEG21 
SEG2a 
SEG29 
SEG30 
SEG31 
SEG32 
SEG33 
SEG34 
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• BLOCK DIAGRAM 

HD61602 

SYNC 

e HD61603 

LCD driving 
timing 
generator 

RAM write 
timing 
generator 

Parallel/serial 
converter 

Address 
decoder 

Driving 
voltage 
selection 

LCD driving 
timing 
generator 

RAM write 
timing 
generator 

Parallel/serial 
converter 

Address 
decoder 
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HD61602/HD61603 

Cotr1110n output 
(4 lines) 

Segment output 
(51 lines) 

Conmon 
output 

Segment 
output 
(64 lines) 
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HD61602/HD61603 

604 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Limit Unit 

Power supply voltage* VDD• Vl, V2, V3 0.3 'V +7 .o v 
Terminal voltage* VT o.3"' Voo-0.3 v 
Operating temperature Topr -20 'V +7S oc 
Storage temperature Tstg -SS "' +12S oc 

* Value referred to Vss=OV. 

Note: If LSis are used above absolute maximum ratings, they may be permanently 

destroyed. Using them within electrical characteristics limits is 
strongly reconmended for normal operation. Use beyond these conditions 

will cause malfunction and poor reliability. 

• RECOMMENDED OPERATING CONDITIONS 

Item Symbol Limit Unit Min. Typ Max. 

Voo 2.2 - s.s v 
Power supply voltage 

Vl, V2, V3 0.3 - -v00 +0.3 v 
Terminal voltage* VT 0 - -Voo v 

Operating temperature To pr -20 - 7S oc 

* Value referred to Vss=OV. 
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HD61602/HD61603 

• ELECTRICAL CHARACTERISTICS 

•DC Characteristics (1) 

(Vss=OV, Vnn=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 

Item Symbol Test condition Limit 
Min. Typ 

Input 11High 11 OSCl Vrn1 0.8V!ll)_ -
voltage Others Vrn2 2.0 -
Input "Low" OS Cl Vru 0 -
voltage Others VIL2 0 -
Output leakage READY IoH vo.voo - -current 
Output "Low" 

READY VoL IoL•0.4mA - -voltage 

Input leakage Input Iru VIN•Cl',,VDD -1.0 -current terminal 
*l Vl lIL2 - 20 -

Vrn•Cl'W3 
V2,V3 lIL3 -5.0 -
C0M()\.COM3 Vdl ±Id•3µA for each COM - -LCD driver V3=Voa-3V 

vo 1 tage drop 
vd2 SEG()\.SEG50 ±Id=3µA for each SEG - -

V3=Voo-3V 

1DD During display* - -Power supply current Rosc•360kll 

Ioo At standby - -
Internal 

Vl,V2,V3 VTR VREF2=vDD-l V, 
Driving C1"'C4=0. 3µF RL=3M!l - -
voltage drop 

* Except the transfer operation of display data and bit data. 
*l Vl, V2 : applied only to HD61602. 

• DC Characteristics (2) 

Max. 
Unit 

VDD v 

\IJJD v 

o. 2Voo v 

0.8 v 

5 µA 

0.4 v 

1.0 µA 

20 µA 

5.0 µA 

0.3 v 

0.6 v 

100 µA 

5 µA 

0.4 v 

(Vss=OV, v00=2.2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted) 

Item Symbol Test condition 
Min. 

Input "High" Vrn o.sv00 voltage 

Input "Low" VrL 0 voltage 

Output leakage 
READY IoH vIN.vDD -current 

Output "Low" 
READY VOL 10L•0.04mA -voltage 

Input leakage Input IlLl v IN-()\. Von -1.0 
current terminal 
*l Vl 1u2 v!n-()\.V3 - 20 

V2,V3 lIL3 -5.0 

LCD driver COMO"'COM3 Vdl ±Id•3µA for each COM 
V3•Voo-3V -

voltage drop 

SEG()\.SEG50 vd2 ±Id•3µA for each SEG -V3•Vno-3V 

Power supply Iss During display* -
current Rosc•330kf2 

rss At standby -
Internal VREF2=VoD-lV, 
Driving· Vl, V2, V3 VTR Cl"'C4•0. 3µF -
vo 1 tage drop RL•3M!l, VDD•3"'3.8V 

* Except the transfer operation of display data and bit data. 
*l Vl, V2 : applied only to HD61602 • 

Limit Unit Typ Max. 

- VDD v 

- o.1von v 

- 5 µA 

- o.1v0n v 

0 1.0 µA 

- 20· µA 

- 5.0 µA 

- 0.3 v 

- 0.6 v 

- 50 µA 

- 5 µA 

- 0.4 v 
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HD61602/HD61603 

• AC Characteristics (1) 

(Vss=OV, VDD=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 

Item Symbol Test condition 
Limit 

Unit Min. Typ Max. 

Oscillation frequency OSC2 fosc Rosc=360kf! 70 100 130 kHz 

External clock frequency OSCl fosc 70 100 130 kHz 

External clock duty OSCl Duty 40 50 60 % 

ts 400 - - ns 

tH 10 - - ns 

tWH 300 - - ns 

tWL 400 - - ns 
I/O signal timing tWR 400 - - ns 

toL Fig. 5 - - 1.0 µs 

tEN 400 - - ns 

toPl 
For display 9.5 - 10.5 Clock data transfer 

toP2 For bit and mode 2.5 - 3.5 Clock data transfer 
Input signal rise time tr,tf - - 25 ns and fall time 

• AC Characteristics (2) 

(Vss=OV, VDD=2.2 to 3.SV, Ta~20 to +75°C, unless otherwise noted) 

Item Symbol Test condition 
Limit Unit Min. Typ Max. 

Oscillation fr~quency OSC2 fosc Rasc=330kf! 70 100 130 kHz 

External clock frequency OSCl fosc 70 100 130 kHz 

External clock duty OSCl Duty 40 50 60 % 

ts 1.5 - - µs 

tH 1.0 - - µs 

tWH 1.5 - - µs 

tWL 1.5 - - µs 

I/O signal timing tDL· Fig. 6 - - 2.0 µs 

(VDD=3.CJ'U3. BV) twR 1.5 - - µs 

tEN 2.0 - - µs 

toP1 
For display data 9.5 - 10.5 Clock transfer 

toP2 
For bit and mode 2.5 - 3.5 Clock data transfer 

Input signal rise time and tr, tf - - 25 
fall time 

ns 

@HITACHI 
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HD61602/HD61603 

Fig. 1 Write Timing 
(RE is fixed on "High" level, and SYNC on "Low" level) 

VIL 

tEN ____. 

Vrn VIH 
_v_r_L ___ .,,, V11 

<n~~V-OH _____ _ 

~·----

READY 

Fig. 2 Reset/Read Timing 
(CS and SYNC are fixed on "Low" level) 

Vrn 

READY 

--------toP1, topz-------

Fig. 3 READY Timing 
(When the READY output is always available) 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 607 



HD61602/HD61603 

608 

READY ~---------- fivoH 

___, LtEN-.i].f.-~ twi:----.~~ ~i!~!~k-:J 
SYNC IH lH 

---------J V11 '----------------------

Fig. 4 SYNC Timing 

Measurement 
terminal 
(READY) 

~ 

30pF 

Vnn 

47k!l lOkQ 

I& 

~120kQ 1520 

Fig. 5 Bus Timing Load Circuit 
(LS-TTL Load) 

Measurement 
terminal 

74H <READY) 

Vss 

Vnn 

470kQ 

rOpF 

vss 

Fig. 6 Bus Timing Load Circuit 
(CMOS Load) 
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HD61602/HD61603 

• TERMINAL FUNCTIONS 
• HD61602 Terminal Functions 

Terminal No. of Input/output Connected Function 
name lines to 

vDD 1 Power supply 8) -side power supply 

READY 1 NMOS open MCU During setting data in the display 
drain output data RAM and mode setting latch in 

the LSI after data transfer, "Low" 
is output to the READY terminal to 
inhibit the next data input. There 
are two types of modes: one in 
which "Low" is output only when both 
of CS and RE are "Low", and the 
other in which "Low" is output 
regardless of CS" and RE. 

cs 1 Input MCU Chip select input. Data can be 
written only when this terminal is 
''Low''. 

WE 1 Input MCU Write enable input. Input data of 
DO to D7 is latched at the rising 
edge of WE. 

lIB 1 Input MCU Resets the input data byte counter. 
After both of CS and RE are "Low", 
the first data is recognized as the 
1st byte data. 

SB 1 Input MCU "High" level input stops the LSI 
operations. 

(i) Stops oscillation and clock 
input. 

(ii) Stops LCD driver. 
(iii) Stops writing data into 

display RAM. 

DQ<\,D7 8 Input MCU Data input terminal from where 
8-bit x 2-byte data are input. 

Vss 1 Power supply e -side power supply 

VREFl 1 Output External Reference voltage output. LCD 
R driving voltage is generated by 

this voltage. 

VREF2 1 Input External Divides the reference voltage of 
R VREFl with external R to determine 

LCD ariving voltage. VREF2=Vl 

Vc1, VC2 2 Output External Connection terminals for boosting 
c C of LCD driving voltage generator. 

An external C is connected between 
vc 1 and Vc2 : 
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HD61602/HD61603 

Terminal No. of Input/output Connected Function 
name lines to 

Vl, V2, 3 Output External LCD driving voltages are output. 
V3 (Input) c An external C is connected to each 

terminal. 

COIDVCOM3 4 Output LCD LCD common (backplate) driving 
output. 

SEGO'VSEG50 51 Output LCD LCD segment driving output. 

SYNC 1 Input MCU Synchronous input for 2 or more 
chips application. LCD driver 
timing circuit is reset by "High" 
input. LCD is off. 

OS Cl 2 Input External Attaches external R to these termi-
OSC2 Output R nals for oscillation. An external 

clock (lOOkHz) can be input from 
OSCl. 

Note: Logic polarity is positive. "l"=''H"=active. 

o HD61603 Terminal Functions 

Terminal No. of Input/output Connected Function 
name lines to 

VDD 1 Power supply @ -side power supply 

READY 1 NMOS open MCU During setting data in the display 
drain oU:tput data RAM and mode setting latch in 

the LSI after data transfer, "Low" 
is output to the READY terminal to 
inhibit the next data input. 
There are two types of modes: ()0.lle 

in which "Low" is output only when 
both of CS and RE are "Low", and 
the other in which "Low" is 
output regardless of CS and RE. 

cs 1 Input MCU Chip select input. Data can be 
written only when this terminal is 
''Low''. 

WE 1 Input MCU Write enable input. Input data of 
DO to D3 is latched at the rising 
edge of WE. 

RE 1 Input MCU Reset the input data byte counter. 
After both of CS and RE are "Low", 
the first data is recognized as 
the 1st byte data. 
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HD61602/HD61603 

Terminal No. of Input/output Connected Function 
name lines to 

SB 1 Input MCU "High" level input stops the LSI 
operations. 

(i) Stops oscillation and clock 
input. 

(ii) Stops LCD driver. 
(iii) Stops writing data into 

display RAM. 

DCJ'\,D3 4 Input MCU Data input terminal from where 
4-bit X4 data are input. 

Vss 1 Power supply e -side power supply 

V3 1 Input Power Power supply input for LCD drive. 
supply Voltage between VDD and V3 is used 

as driving voltage. 

COMO 1 Output LCD LCD connnon (backplate) driving 
output. 

SECO'VSEG63 64 Output LCD LCD segment driving output. 

SYNC 1 Input MCU Synchronous input for 2 or more 
chips application. LCD driver 
timing circuit is reset by "High" 
input. LCD is off. 

OS Cl 2 Input External Attaches external R to these 
OSC2 Output R terminals for oscillation. An 

external clock (lOOkHz) can be 
input from OSCl. 

Note: Logic polarity is positive. "l"="H"=active. 
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HD61602/HD61603 

•DISPLAY RAM 

< HD61602 Display RAM > 

The HD61602 has an internal display RAM shown in Fig. 7. Display data is 

stored in the RAM, or is read according to the LCD driving timing to display 

on the LCD. One bit of the RAM corresponds to the 1 segment of LCD. Note 

that some bits of the RAM cannot be displayed depending on LCD driving mode. 

Common address 
( COM(}vCOM3) 

Display RAM 

51 bits 
Segment address (SEGo~SEGso) 

Fig. 7 Display RAM 

• Reading Data from Display RAM 

A display RAM segment address corresponds to a segment output. The data at 

segment address SEGn is output to segment output SEGn terminal. 

A common address corresponds to the output timings of a common output and a 

segment output. The same common address data is simultaneously read. The 

data of display RAM is reproduced on the LCD panel. 

When a 7-segment type LCD driver is connected, for example, the correspondence 

between the display RAM and the display pattern in each mode is as follows: 

(1) Static drive 

In the static drive, only the column of COMO of display RAM is output. 

COMl to COM3 are not displayed. 
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LCD connection 

~ COM a (A '. 

I 
. 

COM2 r14.p;rr, COM1 

CO Mo f e d c DP g b a 

(2) 1/2 duty drive 

LCD connection 
Display RAM 

COMs 

COM2 

COM1 a g c b 

CO Mo f e d DP 

SEG4 SEGs SEGs SEG1 SEGe SEGg 

In the 1/2 duty drive, the colUJlUls of COMO and COMl of display RAM are 

output in time sharing. The columns of COM2 and COM3 are not displayed. 

(3) 1/3 duty drive 

LCD connection Display RAM 

COMs 

COM2 y a b 

COM1 f g c 

CO Mo e d DP 

SEGa SEG4 SEGs SEGs 
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In the 1/3 duty drive, the columns of COMO to COM2 are output in time 

sharing. No column of COM3 is displayed. 

"Y" cannot be rewritten by display data (input on an 8-segment basis). 

Please use bit manipulation in turning on/off the display of "Y". 

(4) 1/4 duty drive 

LCD connection Display RAM 

COMs f a 

COM2 g b 

COM1 e c 

CO Mo d DP 

SEG2 SEG~ SEG~ 

In the 1/4 duty drive, all the columns of COMO to COM3 are displayed. 

• Writing Data into Display RAM 

Data is written into the display RAM in the following five methods: 

(1) Bit manipulation 

Data is written into any bit of RAM on a bit basis. 

(2) Static display mode 

8-bit data is written on a digit basis according to the 7-segment type 

LCD pattern of static drive. 

(3) 1/2 duty display mode 

8-bit data is written on a digit basis according to the 7-segment type 

LCD pattern of 1/2 duty drive. 

(4) 1/3 duty display mode 

8-bit data is written on a digit basis according to the 7-segment type 

LCD pattern of 1/3 duty drive. 

(5) 1/4 duty display mode 

8-bit data is written on a digit basis according to the 7-segment type 

LCD pattern of 1/4 duty drive. 

The RAM area and the allocation of the segment data for 1-digit display 

depend on the driving methods as described in the selection of "Reading Data 

from Display RAM". 
$HITACHI 
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8-bit data is written on a digit basis corresponding to the above duty 

driving methods. The digits are allocated as shown Fig. 8 (allocation of 

digit). As the data can be transferred on a digit basis from a microcomputer. 

transfer efficiency is improv,ed by allocating the LCD pattern according to 

the allocation of each bit data of the digit in the data RAM. 

Fig. 8 shows the digit address (displayed as Adn) to specify the store 

address of the transferred 8-bit data on a digit basis. 

Fig. 9 shows the correspondence between each segment in an Adn and the 8-bit 

input data. 

When data is transferred ·on a digit basis. 8-bit display data and digit 

address should be specified as described above. 

However, when the digit address is Ad6 of static, Adl2 of 1/2 duty, or 

Ad25 of 1/4 duty, display RAM does not have enough bits for the data. 

Thus the extra bits of the input 8-bit data are ignored. 

(1) Static (2) 1/2 duty 
display 

(3) 1/3 duty (4) 1/4 DUTY 
display display 

COMo COM1 COM2. COM0COM1COM2 COM0COM1COM2COM3 COMoCOM1COM2COMa 
SEGo SEGo SEGo SEGo 

AdO 
SEG1 
SEG2 

SEGs 
SEG1t 

SEGs 
SEGs 

SEG7 

SEGe 
SEG9 
SEG1 

SEG1s 
SEG11t 

SEG1s 
SEG1s 

SEG't' 
SEGu~ 

SEGs o '. 6 

SEG1 SEG1 
SEG2 SEG, 
SEG3 SEGs 

SEG" SEG,. 
SEGs SEGs 
SEGti SEGs 

SEG7 SEG7 

SEGe SEGe 
SEG9 SEG9 

SEG10 SEG10 
SEG11 
SEG1 
SEG1 
SEG1" 
SEG1 

SEG1s SEG1b 
SEG1"1 SEG1 

Ad4 
SEGi SEGu~ 

SEGso ~12 SEGso 

AdO 

Adl 

Ad2 

Ad3 

Ad4 

Ad5 

Ad6 
s 

Adl6 

0 

l 

SEG1 
SEG2 

SEG3 
SEG,. 

SEGs 

SEG5 

SEG7 
SEGe 
SEG9 

SEG1 
SEG1 

SEG1 
SEG1 
SEG1 

2 

SEG1 
SEG1 

SEG1 
SEG1 

3 

.. 
5 

6 

~ 

~ 

Adl 

Ad2 

Ad3 

Ad4 

Ad5 

Ad6 

Ad7 

AdB 

I 
Ad24 

J ~25 I J SEG s OL---'-----' 

Fig. 8 Allocation of Digit (HD61602) 
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(1) Static display 

COMo 
SEGe Bit 

7 
SEGen+i 6 

SEGen+2 5 

SEGen+3 4 

SEGen+., 3 

SEGen+s 2 

SEGen+& 

SEGen+7 Bit 
0 

(2) 1/2 duty display (3) 1/3 duty display 

SEGr;n 

SEG.,n+i 

COMoCOMi 
Bit 6 7 SEGsn 

5 4 SEGan+i 

3 2 SEGsn+2 

1 Bit 
0 

(4) 1,/4 duty display 

COMoCOM1COM2COM3 
Bit 6 5 4 7 

3 2 1 Bit 
0 SEG2n+i 

.COMoCOMiCOM2 
Bit 6 ~ 7 

5 4 3 

2 1 Bit 
0 

Fig. 9 Bit Assignment in an Adn (HD61602) 

ln the bit manipulation, any one bit of display RAM can be written. When 

data is transferred on a bit basis, 1-bit display data, a segment address 

(6 bits) and a co11D110n address (2 bits) should be specified. 

< HD61603 Display RAM > 

The HD6l603 has an internal display RAM as shown in Fig. 10. Display data 

is stored in the RAM and output to the segment output terminal. 

1 bit 
(COMO){~l===============D=i=sp=l~ay:::::RAM:::================== 

64 bits 

Segment address 

Fig. 10 Display RAM (HD61603) 

• Reading Data from Display RAM 

Each bit of the display RAM corresponds to each LCD segment. The data at 

segment address SEGn is output to segment output SEGn terminal. Fig. 11 

shows an example of the correspondence between the display RAM bit and the 

display pattern when a 7-segment type LCD is connected. 
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LCD connection 

Fig. 11 Example of Correspondence between Display RAM Bit 
and Display Pattern (HD61603) 

• Writing Data into Display RAM 

Data is written into the display RAM in the following two methods: 

fl) Bit manipulation 

Data is written into any bit of RAM on a bit basis. 

(2) Static display mode 

8-bit data is written on a digit basis according to the 7-segment type 

LCD pattern of static drive. 

The 8-bit data is written on a digit basis into the digit address (displayed 

as Adn) shown in Fig. 12. When data is transferred from a microcomputer, 

four 4 bit data are needed to specify the digit address and an 8-bit display 

data. Fig. 13 shows the correspondence between each segment in an Adn and 

the transferred 8-bit data. 
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COMo 

SEGo 

SEG1 
COMo 

SEG2 

SEGs AdO SEGan Bit 
7 

SEG4 

SEGs SEG45 SEGan+1 6 
SEG& SEG4, 

SEG, SEG47 SEGan+2 s 
SE Ga SEG49 

SEG9 SEGog SEGan+s 4 

SEG10 SEGso 

SEGu Adl SEGs1 Ad6 SEGen+4 3 

SEG12 SEG52 

SEGu SEGss 
SEGan+s 2 

SEG14 SEGs4 
SEGis SEGss 

SEGan+& 

SEGu SEGS& SEGan+7 
Bit 
0 

SEG17 SEG57 

SEGu SEGsa 

SEGu Ad2 SEG59 Ad7 
SEG20 SEG&o 

SEG21 SEGu 

SEG22 SEGu 

Fig. 13 Bit Assirnment in an Adn 
(HD61603 

SEGu SEG&s 

SEG24 

Fig. 12 Allocation of Digit 
(HD61603) 

In the bit manipulation, any one bit of display RAM can be written. When 

data is transferred on a bit basis, 1-bit display data and a segment address 

(6 bits) should be specified. 

Operating Modes 

< HD61602 Operating Modes > 

The HD61602 has the following operating modes: 

(1) LCD drive mode 

Determines the LCD driving method. 

(a) Static drive mode 

LCD is driven statically • 

618 
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(b) 1/2 duty drive mode 

LCD is driven at 1/2 duty and 1/2 bias. 

(c) 1/3 duty drive mode 

LCD is driven at 1/3 duty and 1/3 bias. 

(d) 1/4 duty drive mode 

LCD is driven at 1/4 duty and 1/3 bias. 

(2) Data display mode 

Determines how to write display data into the data RAM. 

(a) Static display mode 

8-bit data is written into the display RAM according to the digit 

in the static drive. 

(b) 1/2 duty display mode 

8-bit data is written into the display RAM according to the digit 

in the 1/2 duty drive. 

(c) 1/3 duty display mode 

8-bit data is written into the display RAM according to the digit 

in the 1/3 duty drive. 

(d) 1/4 duty display mode 

8-bit data is written into the display RAM according to the digit 

in the 1/4 duty display drive. 

(3) READY output mode 

Determines the READY output timing. 

After data set is transferred, the data is processed internally. The 

next data cannot be acknowledged during the processing period. The 

READY output reports the period to the MPU. The timing when the READY 

is output can be selected from the following two modes: 

(a) READY is always available. 

cs ________ _, 

WE 

READY 

Data transfer~~~--..-~~~~-Input inhibit~~~~~~ 
period period 
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(b) READY is available by CS and RE. 

I 
I 
I _;( 
I I 

~~~~~-+-~~~~----~ I/ 
READY ~ 

Data transfer~~-i---~~~~-Input inhibit~~~~~--+t 
period period 

(4) LCD OFF mode 

I 
14-Next data 

transfer 

In this mode, the HD61602 stops driving LCD and turns it off. 

(5) External driving voltage mode 

A mode for using external driving voltage (Vl, V2 and V3). 

The above 5 modes are specified by mode setting data. The modes are in

dependent of each other and can be used in any combination. The bit manipu

lation is independent of data display mode and can be used regardless of it. 

< HD61603 Operating Modes > 

The HD61603 has the following modes: 

(1) READY output mode 

Determines READY output timing. 

After data set is transferred, the data is processed internally. 

The next data cannot be acknowledged during the processing period. 

The READY output reports the period to the MPU. The timing when READY 

is output can be selected from the following two modes: 

(a) READY is always available. 

Data transfer~~-+1+-~~~~~-Input inhibit~~~~--;~ 
period period 
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(b) READY is available by CS and RE. 

cs~-------' 

WE 

(2) LCD OFF mode 

\ / r'----'· 
I 

I 
I 
1--Next data 

transfer 

In this mode, the HD61603 stops driving LCD and turns it off. 

INPUT DATA FORMATS 

HD61602 Input Data Formats 

Input data is composed of 8 bits x 2. Input them as 2-byte data after READY 

output is changed from "Low" to "High" or "Low" pulse is entered into RE 

terminal. 

(1) Display data (Updates display on an 8-segment basis.) 

1st byte 2nd byte 

'-=I o_._l ....,..o _._I x~ ........ >~'~:~:.._:'..::__.:::i'_Ad"'_..___il I : D<spl~y d~ta : 
7 6 5 4 3 2 107654 32 1 0 

(i) Display address: Digit address Adn in accordance with each display 

mode. 

(ii) Display data Pattern data that is written into the display RAM 

according to each display mode and the address. 

(2) Bit manipulation data (Updates display on a segment basis.) 

1st byte 2nd byte 

... I _o_.l_1_...~:_::_'"_.'l......,.x_..._x_._x_...l~_~_~_..7_e_s....1sl I x I x I SEG address 
76543210 7654321 0 

(i) Display data Data that is written into 1 bit of the specified 

display RAM. 

(ii) COM address Connnon address of display RAM. 
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(iii) SEG address Segment address of display RAM 

(3) Mode setting data 

External 
power 
supply 1st byte 2nd byte 

I 1 I 0 l x 0 J f READY I n;ive ~•• I I x I x I x I x I x 
joFF /ONI Di•pla~ 

b1t bits bit mode b1 ts 

7 6 5 4 3 2 1 

(i) Display mode bits : 

(ii) OFF/ON bit 

0 7 6 5 4 3 2 1 ' 0 

00; Static display mode 

01; 1/2 duty display mode 

10; 1/3 duty display 11Pde 

11; 1/4 duty display mode 

l; LCD OFF (It is set to "l" when SYNC is entered.) 

O; LCD ON 

(iii) Drive mode bits 00; Static drive 

(iv) READY bit 

(v) External power 
supply bit 

(4) 1-byte instruction 

1st byte 

7 6 5 4 3 2 

01; 

10; 

11; 

1/2 

1/3 

1/4 

duty drive 

duty drive 

duty drive 

0 

0; READY outputs "O" only while CS and RE 

is "O". (It is reset to "O" when SYNC is 

entered.) •••••••••••• READY bus mode 
l; READY outputs "O" regardless of CS and RE . 

•••••••••••• READY port mode 

O; Driving voltage is generated internally. 

l; Driving voltage is supplied from external. 

(It is set to "l" when SYNC is entered.) 

The first data (first byte) is ignored when the bit 6 and bit 7 in the 

byte are "l". 

< HD61603 Input Data Formats > 

622 

Input data is composed of 4 bits x 4. Input them as four 4 bit data after 

READY output is changed from "Low" to "High" or "Low" pulse is entered into 

RE terminal. 
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(1) Display data (Updates display on an 8-segment basis.) 

(2) 

1st byte 2nd byte 3rd byte 4th byte 

x x x Display address ~it 7: '6'"'.' ~" : I bit 3: ';"'~' ~'" : (Digit address Ada) 4 0 
1 0 3 2 1 0 3 2 1 0 3 2 1 0 3 2 

(i) Display address: Digit address Adn shown in Fig. 12. 

(ii) Display data Pattern data that is written into the display 

RAM as shown in Fig. 13. 

Bit manipulation data (Updates display on a segment basis.) 

1st byte 2nd byte 3rd byte 4th byte 

I o : 1 ~::~i.,I x 

3 2 1 0 

(i) Display data 

(ii) SEG address 

0 I I x : x lbi~i"4' I bit3: 2G ·'."i" : 0 
0 3210 3210 

Data that is written into the 1 bit of the 

specified display RAM. 

Segment address of display RAM (segment output). 

(3) Mode setting data 

1st byte 2nd type 3rd byte 

l<ojx 0 llxl~'lx 
.__3_,__2_.._1__._o__, 3 2 1 x 11 < < x 

0 3 2 1 

4th byte 

x I I x l~r:'··I a 
0 3 2 1 

0 

0 

(i) OFF/ON bit 1; LCD OFF (It is set to "l" when SYNC is entered.) 

O; LCD ON 

(ii) READY bit 

(4) 1-byte instruction 

1st byte 

I< 1 Ix x I 
3 2 1 0 

O; READY outputs "O" only while CS and RE are 

"O". (It is reset to "O" when SYNC is entered). 

• • • • • • • • • . • • READY bus mode 

1; READY outputs "O" regardless of CS and RE • 
••.••••••••• READY port mode 

The first data (4 bits) is ignored when the bit 3 and 2 in the data 

are "1". 
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• HOW TO INPUT DATA 
< How to Input HD61602 Data > 

Input data is composed of 8 bits x 2. Take care that the data transfer is 

not interrupted. Because the first 8-bit data is distinguished from the 

second one depending on the sequence only. 

If data transfer is interrupted or at the power ON the following two methods 

can be used to reset the count of the number of bytes (count of the first 

and second bytes): 

(1) Set CS and RE inputs in "Low" (no display data changes). 

(2) Input 2 or more "1-byte instruction data" which bit 7 and 6 are "l" 

(display data may change). 

The data input method via data input terminals (CS, WE, DO to D7) is similar 

to that of static RAM such as HM6116. An access of the LSI can be made 

through same bus line as ROM and RAM. When output ports of a microcomputer 

are used for an access, refer to the timing specifications and Fig. 14. 

Power ON 

+ cs-----~ 

WE *6 

RE~ *4 
r----,------i~ ,.........---~ r-----\.*5 READY .. ___ _,*l '----/ ·'--J*3 '----' '--

*5 *5 
SYNC~-----;1---------' 

*2 

Do'VD7~r---(lstl2ndl Jtst12ndl Xtst12ndl 
Mode setting data Mode setting data Display data 

*l: READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: OSC2 clock). 

*2: "High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 

*3: In the mode in which READY is always available, READY output is in
definite while "High" is being applied to SYNC. 

*4: Reset the byte counter after power ON. 

*5: READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

*6: Connect a proper pull-up resistor if WE or RE may be floating. 

*7: It is not always necessary to follow this example. 

Fig. 14 Example of Data Transfer Sequence 
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< How to Input HD61603 Data > 

Input data is composed of 4 bits x 4. Take care that data transfer is not 

interrupted. Because the first 4-bit data to the fourth 4-bit data are 

distinguished from each other depending on the sequence only. 

If data transfer is interrupted or at the Power ON, the following two methods 

can be used to reset the count of the number of data (count of the first 4 

bit data to the fourth 4-bit data): 

(1) Set CS and RE in "Low". 

(2) Input 4 or more "1-byte instruction" dat~ (4-bit data) which bit 3 and 2 

are "l" (display data may change). 

The data input method via data input terminals (CS, WE, DO to D3) is similar 

to that of static RAM such as HM6116. An access of the LSI can be made 

through the same bus line as ROM and RAM. When output ports of a micro

computer are used for an access, refer to the timing specifications and 

Fig. 15. 

Power ON 

csl/~~~~~1'"""'-~~~~J'r~~~--.,-~~~J'r~~----,-~~~~r--
WE /*6 

RE~*4 

READY L~::::r--+-----"\.__J'\-::_:-
*l *5 *3 *5 *5 

SYNC ~*~2=--~~~~~~~~~~~-

*l: READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: osc2 clock). 

*2: "High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 

*3: In the mode in which READY is always available, READY output is in
definite while ''High" is being applied to SYNC. 

*4: Reset the 4-bit data counter after power ON. 

*5: READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

*6: Connect a proper pull-up resistor if WE or RE may be floating. 

*7: It is not always necessary to follow this example. 

Fig. 15 Example.a.f Data Transfer Sequence 
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Notes on READY Output 

Note that the READY output will be unset
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple
tion of mode setting. 

There are two kinds of the READY output 
waveforms depending of the modes. 

Power on 

t 

1st 

(1)READY bus mode (READY bit = 0) 

(2)READY port mode (READY bit = 1) 

However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose REDAY bus mode, (1) a will be 
output, and when you choose READY port 
mode, (2) a will be output. The figures can be 
applied both to HD61602 and HD61603. 

2nd 
~. READY output is unsettled. 

Mode setting data V /A 
(2-byte data) ~ 1.5 .clocks (max) 

Mode setting latch is unsettled. 

Power on 

t 

Power on 

~ 

READY 

Mode setting data are 
latched. 

\ b / ._. _______ .,, 
Note; CS = low 

( 1) READY Bus Mode 1 · 5 clocks (max) 

l 
a 

\ ------, 
\ b \ 

~-----~ 

Note; CS = low, RE= high 
1 . 5 clocks (max) 

(2) READY Port Mode 
3. 5 clocks (max) 

Figure 16. READY Output According to Modes 
.HITACHI 
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Standby Operation 

Standby operation with low power con
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol
lows. 

(a) LCD driver is stopped (LCD is off) 
(b) Display data and operating mode are 

Multi-Chip Operation 

When an LCD is driven with two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input causes the 
change of the mode setting data (The OFF I 
ON bit is set and the READY bit is reset. See 
(3) Mode Setting Data in "Input Data For
mats".) Transfer the mode setting data into 

Restriction on Usage 

Minimize the noise by inserting a noise by
pass capacitor (;;;:; 1 µF) between Voo and 
Vss pins. (Insert one as near chip as possible.) 

Liquid Crystal Display Drive Volt
age Circuit (HD61602) 

What is LCD Voltage? 

HD61602 drives liquid crystal display using 
four levels of voltages; Voo. V1, V2 and V3 (Voo is 
the highest and VJ is the lowest). The voltage 
between Von and V3 is called VLCo and it is 
necessary to apply the appropriate VLCo 
according to liquid crystal displays. V3 always 
needs to be supplied power regardless of the 
display duty ratio since it supplies the voltage 
to the LCD drive circuit of HD61602. 

HD61602/HD61603 

held. 
(c) The operation is suspended while chang

ing display ( = while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

(d) Oscillation is stopped. 

When this mode is not used, connect pin SB to 
Vss. 

the LSI after every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 

When SYNC input is not used. connect pin 
SYNC to Vss. 

In the case SB input is used, after standby 
mode is released, high pulse must be applied 
to the SYNC input, and mode setting data 
must be set again. 

Voo 

AV v, 

AV 

AV 
-----~3 __ 

Figure 17. LCD Output Waveform and 
Output Levels 
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When internal drive power supply 
is used. 

When the internal drive power supply is 
used, attach Ct·C4 for charge pump circuits 
and variable resistance Rt for deciding dis
play drive voltage to HD61602 as shown ~in 
figure 18. 
Internal voltage is available by setting 
external voltage switching bits of mode set
ting data "O". 

Figure 19 shows voltage characteristics 
between Voo and VREFl· 
Voltage is divided at Rt, and then into VREF2· 
Voltage between Voo and VREF2 is equivalent 
to l!..V in figure 19, and so VLCo can be change 

Power 

by regulating the voltage. 

VREF2 is usually regurlated by variable reis
tance, but in case of replacing Rt with two 
invariable resistance take VREFt between max 
and min into consideration as shown in figure 
19. 

Internal drive power supply is genarated by 
using capacity, and so much current cannot 
be streamed. When large liquid crystal dis
play panel is used, examine the external drive 
power supply. 

- I regulator ------,._ _____ __, 

628 

LCD 

Voltage follower 

~-1~s .... vc2 
C2 20 v, 
C3 21 V2 

C4 22 V3 

23-26 COM 

t+-----7-7-tSEGo 

i+-----7-6 .... SEG, 

1+-----7-5-<SEG2 

R1 =1 M Q Variable 
C1=0.3µF 
C2-C4 =0.3µF 
C5=0.1 to 0.3µF 
C6~1µF 

2x(V1-Vool 

3X(V1-Voo) 

HD61602 

Figure 18. Example 
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When external drive power supply 
is used. 

External power supply can be used by setting 
external voltage switching bits of mode set
ting data "1". When large liquid crystal dis
play panel is used, in case of multi chip, on in 
need Of accnrot-o Hq11 in ,..ryC!tal drlue uolt-;::::ano. 
used the ex;~;~~i~;;e; s~pply.... • ·"-.,,-· 

R2-Rs is connected in series between Voo and 

>1.6 
-::1.7 
::! 1 .8 
I 1.9 
g2.o 

> 2.1 
2.2 
2.3 

Figure 19. 

Voo-Vss (V) 

2 3 4 5 6 
I 
I 
I 

• I 
-----~ .. -+ .. -min 

\__ ! 
- -- - "' i - Typ 

'\ ! 
\ I 

------!:=~~----max 

Voltage characteristics 
between Voo and Vren 

Positive-------< Positive--------' 
power c, power 

supply 

SB 

t---..+--~VREF2 

Ve1 
Ve2 

v, 
c. v, 

l-+.._--+--1 v 3 

( 1) Static Drive 

supply 

SB 

(2) 1 /2 Duty Drive 

HD61602/HD61603 

Vss, and by these resistance ratio each volt
age of AV and VLcD is generated and then 
supplied to V1, V2 and V3. C2-C4 are capacities 
for smoothing. 

When regulating shining degree, change the 
resistance value by setting Rs variable resis
tance. 

Positive·-----~--! Vee 
power Vss 
supply 

VREF1 

-------....+---< VREF2 

Ve1 

Ve2 
t--H-+4---'-l V, 

(3) 1/3 and 1/4 Duty Drive 

Note: 1. When standby mode is used, a transistor is required. 
2. R2 -Rs should be some kQ -some tens of kQ, and C2 -C4 should be 0.1 µF-0.3 µF. 

Figure 20. Example wJ;len External Drive Voltage is Used 
~HITACHI 
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HD61602/HD61603 

Liquid Crystal Display Drive Volt
age (HD61603) 

As shown in figure 21 apply LCD drive volt
age fro;m the external power supply. 

Oscillation Circuit 

When Internal Oscillation Circuit is Used When External Clock is Used 

When the internal oscillation cirucit is used, 
attach an external resistor Rose as shown in 
figure 22. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 

When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 

630 

Cs 1 
Positive power---~..---1 V 

11 DD 
supply Vss 

SB 
Cs~ 1 µF 

Note: When standby mode is used, a transistor is required. 

Figure 21. Example of Drive Voltage Generator 

Rose 

80 79 80 80 79 

OSC1 OSC2 OSC1 OSC1 OSC2 

Multi-chip operation 

Figure 22. Example of Oscillation Circuit 
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Applications 

HD74LS138 
+5 v -rn .---. 
A,, _l_il I:; 
::: ~ l:: 

Address bus 
G y 

o,-
Data bus Do 

Do J 
BA 

~ RiW 

Vccl-- +5V 

v,. j,Jr 

HD6809 ,,_5V--'\l\·~.,.__. ___ r. __ J_l--H-l-+-_-__ -__ -_-__ -t----+H-~ 

CPU ~ -------- J 

Liquid crystal 

Figure 23. Example (1) 

+5V 

HD61603 

HD6809 SEGo------ SEG03 

CPUI +5V-"'111A.--+-----l--H-li.+---i.+----4----' 

[ 

HD61602/HD61603 

J 
J 

HD61602 v,~-+--tll

sEG, --------- - SEGi;o ~:,..,._,__...,___,:~ 

) 

HD61603 v, 

SEGo-- ---- - SEG93 

L---------"~~----1---' 

Liquidcrys181 

Figure 24. Example (2) 
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HD61604/HD61605---
(Segment Type LCD Driver) 
Description 

The HD61604 and the HD61605 are liquid 
crystal display driver LSis with TTL and 
CMOS compatible interface. Each of the LSis 
can be connected to various microcomputers 
such as the HMCS6800 series. 

Several types of liquid crystal displays can be 
connected to the HD61604 according to the 
applications because of the software
controlled liquid crystal dispay drive method. 

The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 

Type No. Drive Method 
HD61604 Static 

1 /2 bias 1 /2 duty 

1 /3 bias .1 /3 duty 

1 /4 duty 

HD61605 Static 

Pin Arrangement 

HD61604 

Voo 
READY -es 

WE 
RE 
SB 
o, 
o. 
Ds 
o. 

Vss 
o, 
o, 
o, 
Do 

VREF1 

VREF2 

VC2 
VC1 

Display 
Segments 
51 
102 
153 
204 
64 

SEG,, 
SEG,. 
SEG,. 
SEG10 
SEG,, 
SEG,. 
SEG,. 
SEG20 
SEG21 
SEG22 
SEG,, 
SEG2• 
SEG2s 
SEG20 
SEG21 
SEG2a 
SEG20 
SEG,o 
SEG,, 
SEG,, 
SEG,, 
SEG,. 
SEG,s 
SEG,a 

Features 

• Low current consumption 
-Can drive from a battery power supply 

(100 µA max on 5 V). 
-Standby input enables a standby oper

ation at lower current consumption (5 
µA max on 5 V). 

• Versatile segment drive capacity 

Example of Use 
8 segments x 6 digits+ 3 marks 

8 segments x 12 digits + 6 marks 

9 segments x 17 digits 

8 segments x 25 digits + 4 marks 

8 segments x 8 digits 

HD61605 

Frame Freq (Hz) 
at fosc= 100 kHz 

98 
195 
521 
781 
98 

SEG,, 
SEG,. 
SEG1s 
SEG1s 
SEG,, 
SEG,8 

SEG,. 
SEG20 
SEG21 
SEG22 
SEG,, 
SEG2• 
SEG2s 
SEG2a 
SEG21 
SEG2a 
SEG20 
SEG,o 
SEG,, 
SEG,, 
SEG,, 
SEG,. 
SEG,, 
SEG,6 

(Top View) 
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Block Diagram 

HD61604 

READY --o-----, 

i--,r"'-~-_;-__,._____--1 

HD61605 

.cs.. 
Jri:E 

Do-Da 

SB 

LCD drive 
voltage 

Figure 1. 

LCD drive 
timing 
generator 

RAM write 
timing generator 

Parallel/serial 
converter 

Address 
decoder 

Drive 
voltage 
selection 

HD61604 Block Diagram 

LCD drive 
timing 
generator 

RAM write 
timing generator 

Parallel/serial 
converter 

Address 
decoder 

Figure 2. HD61605 Block Diagram 
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HD61604/HD61605 

Common 
driver 

Common output 
(4 lines) · 

Segment output 
(51 lines) 

Common 
output 

Segment 
output 
(64 lines) 
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HD61604/HD61605 

Pin Functions 

Table 1 shows the HD61604 pin description. 
Table 2 shows the HD61605 pin description. 

HD61604 Pin Function 

READY (Ready): During setting data in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two types of modes: one in which 
low is output only when both of CS and RE 
are low, and the other in which low is output 
regardless of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input data of Do to D, is latched at the positive 
edge of WE. 

RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the 1st byte data. 

SB (Standby): High level input stops the LSI 
operations. 

{ i ) Stops oscillation and clock input. 
{ii ) Stops LCD driver. 
{iii) Stops writing data into display RAM. 

Do-D1 (Data Bus): Data input pin from 
which 8-bit x 2-byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COM0-COM3(Common): LCD common 
{backplate) drive output. 

SEGo-SEGso (Segment): LCD segment 
drive output. 

Vi. V21 V3 (LCD Voltage): Power supply for 
LCD drive. 

OSC1, OSC2 (Oscillator): Attaches external 
R to these pins for oscillation. An external 
clock (100 kHz) can be input from OSCl. 

Vc1, Vc2: Do not connect any wire. 

VREF1: Connect this pin to Vl pin. 

Von: Positive power supply. 

Vss: Negative power supply. 

HD61605 Pin Function 

READY (Ready): During setting data in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two types of modes: one in which 
low is output only when both of CS and RE 
are low, and the other in which low is output 
regardless of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input data of Do to DJ is latched at the posi
tive edge of WE. 

RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 

SB (Standby): High level input stops the LSI 
operations. 

{ i ) Stops oscillation and clock input. 
{ii) Stops LCD driver. 
{iii) Stops writing data into display RAM. 

Do-D3: Data input pin from which 4-bit x 4 
-byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COMo (Common): LCD common {backplate) 
drive output. 

SEGo -SEGs3 (Segment): LCD segment 
drive output. 

OSC1, OSC2 (Oscillator): Attaches external 
R to these pins for oscillation. An external 
clock (100 kHz) can be input from OSCl. 

V3 (LCD Voltage): Power supply input for 
LCD drive. 

Voltage between Von and VJ is used as drive 
voltage. 

VREF2: Hold Von level. Vss: Negative power supply. 
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HD61604/HD61605 

Voo: Positive power supply. 

Table 1. HD61604 Pin Description Table 2. HD61605 Pin Description 
Pin No.of Connected Pin No.of Connected 
Name Lines Input/Output to Name Lines Input/Output to 

READY NMOS open MCU READY NMOS open MCU 
drain output drain output 

cs Input MCU cs Input MCU 

WE Input MCU WE Input MCU 

RE lriput MCU RE Input MCU 

SB 1 Input MCU SB Input MCU 

Do-DJ 8 Input MCU Do-D:i 4 Input MCU 

SYNC Input MCU SYNC 1 Input MCU 

CO Mo- 4 Output LCD COMo1 Output LCD 
COM3 SEGo- 64 Output LCD 
SEGo- 51 Output LCD SEGs3 
SEGso OSC1. 2 Input, output External R 

V1. V2. V3 3 Power supply External R OSC2 
V3 Input Power 

OSC1, 2 Input. output External R 
OSC2 

supply 

Vc1. Vc2 2 Output Vss Power supply 

VREF1 Input v, Voo Power supply 

VREF2 Input Voo 

Voo Power supply Note: Logic polarity is positive. 

Vss Power supply 
1 =high=active. 

Note: Logic polarity is positive. 
1 =high =active. 
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HD61604/HD61605 

Display RAM 

HD61604 Display RAM 

The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to the 1 segment of 
LCD. Note that some bits of the RAM cannot 
be displayed depending on LCD drive modes. 

Reading Data from HD61604 Display 
RAM 

A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 

A common address corresponds to the output 

Common address 
(COM0-COM3) 

timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCD panel. 

The following shows the correspondence 
between the 7-segment type LCD connec
tion and the display RAM in each mode. 

(1) Static Drive: In the static drive, only the 
column of COMo of display RAM is output. 
COM1 to COM3 are not displayed (figure 
4). 

(2) 1/2 Duty Drive: In the 1/2 duty drive, 
the columns of COMo and COM1 of display 
RAM are output in time sharing. The 
columns of COM2 and COM3 are not dis
played (figure 5). 

1 ~.c£1{1. __ _____.l " - Display RAM -

51 bits 

Segment address (SEGo-SEGso) 

Figure 3. Display RAM (HD61604) 

LCD connection 

Display RAM 

COM3 

COM2 

COM1 

CO Mo f e d c DP g b a 

Figure 4. Example of Correspondence between LCD Connection and Display RAM 
(Static Drive, HD61604) 
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(3) 1/3 Duty Drive: In the 1/3 duty drive, 
the columns of COMo to COM2 are output 
in time sharing. No column of COM3 is 
displayed. "y" cannot be rewritten by 
display data {input on an 8-segment 
basis). Please use bit manipulation in 

t5 c5 w w 
(/) (/) 

LCD connection 
a 

c5 
w 
(/) 

t5 
w 
(/) 

HD61604/HD61605 

turning on/off the display of "y"{figure 6). 

(4) 1/4 Duty Drive: In the 1/4 duty drive, all 
the columns of COMo to COM3 are dis
played {figure 7). 

Display RAM 

COM 1 a g c b 

COM0 e d DP 

Figure 5. Example of Correspondence between LCD Connection and Display RAM 
(1/2 Duty, HD61604) 

c3 
w 
(/) 

LCD connection 

.. 
(!) 
w 
(/) 

"' (!) 
w 
(/) 

Display RAM 

COM 1 f g c 

--COMo COM0 e d DP 

Figure 6. Example of Correspondence between LCD Connection and Display RAM 
(1/3 Duty, HD61604) 

Figure 7. 

LCD connection 

Display RAM 

COM3 f a 

COM2 g b 

COM 1 e c 

CO Mo d DP 

N M 
(!) (!) 
w w 
(/) (/) 

Example of Correspondence between LCD Connection and Display RAM 
(1/4 Duty, HD61604) 
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HD61604/HD61605 

Writing Data into HD61604 Display RAM 

Data is written into the display RAM in the 
following five methods: 

(1) Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 

(2) Static Display Mode: 8-bit data is writ
ten on a digit basis according to the 7-
segment type LCD pattern of static drive. 

(3) 1/2 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/2 duty 
drive. 

( 1) Static (2) 1 /2 Duty 
Display 

(4) 1/3 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/3 duty 
drive. 

(5) 1/4 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/4 duty 
drive. 

The RAM area and the allocation of the seg
ment data for 1-digit display depend on the 
drive methods as described in the section of 
"Reading Data from Display RAM". 

8-bit data is written on a digit basis corre
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 

(3) 1/3 Duty 
Display 

(4) 1/4 Duty 
Display 

COM0COM1COM2 COM0COM 1COM2 COMoCOM 1COM2COM3 COM0COM1COM2COM3 
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SE Go SE Go SE Go SE Go 

SEG1 

SEG2 

SEG3 

SEG4 

SE Gs 

SE Gs 

SEG1 

SE Ga 

SE Ga 

SEG10 

SEG11 

SEG12 

SEG13 

SEG14 

SEG1s 

SEG10 

SEG11 

SEG1a 

srn, 
SEG2 

SEG3 

SEG4 

SE Gs 

SE Ga 

SEG7 

SEGa 

SE Ga 

SEG10 

SEG11 

SEG12 

SEG11 

SEG1 

SEG2 

SEG3 

SEG4 

SE Gs 

SE Ga 

SEG7 

SE Ga 

SEGa 

SEG10 

SEG11 

SEG12 

SEG13 

SEG14 

SEG15 

SEG10 

SEG11 

SEG1a 

~~~, 

---v 

SEG1 

SEG2 

SEG3 

SEG4 

SE Gs 

SE Ga 

SEG7 

SEGa 

SE Ga 

SEG10 

SEG 11 

AdO 

----1/ 
Ad1 

--t--t---t 

Ad2 

1---+-~-.f' 

Ad3 

t--+--+-1/ 
SEG12 

SEG13 

SEG14 

SEG 15 

SEG1a 

SEG11 

SEG1a 

Ad4 

--t--t---t 

Ad5 

1---+--t---t 

Ad6 

SEGso Ad16 SEGso 

Figure 8. Allocation of Digit (HD61604) 
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I- Ad1 

Ad2 

Ad3 

Ad4 

Ad5 

Ad6 

Ad7 

Ad8 

E.. 
Ad24 

Ad25 

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

* 



As the data can be transferred on a digit basis 
from a microcomputer, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 

Figure 8 shows the digit address (displayed 
as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 

Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8-
bit display data and digit address should be 
specified as described above. 

HD61604/HD61605 

However, when the digit address is Ad6 of 
static, Ad12 of 1/2 duty, or Ad25 of 1/4 duty, 
display RAM does not have enough bits for 
the data. Thus the extra bits of the input 8-bit 
data are ignored. 

In the bit manipulation, any one bit of display 
RAM CQll be written. When data is transfer
red on a bit basis, 1-bit dispiay data, a seg
ment address (6 bits) and a common address 
(2 bits) should be specified. 

HD61605 Display RAM 

The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. 

( 1 ) Static Display (2) 1 /2 Duty Display (3) 1/3 Duty Display 

SE Ga 

SEGan+1 

SEGan+2 

COM0 

Bit 
7 

6 

5 

SEGan+J 4 

SEGan+4 3 

SEGan+5 2 

SEGan+e 

Bit 
SEGan+1 o 

COM 0 COM1 

Bit 6 7 

SEG4n+1 5 4 SEGJn+1 

SEG4n+2 3 2 SEGJn+2 

SEG4n+3 1 Bit 
0 

(4) 1 /4 Duty Display 

Bit 6 5 4 7 

3 2 1 Bit 
0 SEG2n+1 

Figure 9. Bit Assignment in an Adn (HD61604) 

Bit 6 7 

5 4 3 

2 1 Bit 
0 

1 b't 
(C~Mo){IL-~~~~~~~~~~-D-is~p_la~y_R_A_M~~~~~~~~~~~~---'! 

64 bits 

Segment address (SEG0-SEGs3) 

Figure 10. Display RAM (HD61605) 
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HD61604/HD61605 

Reading Data from HD61605 Display 
RAM 

Each bit of the display RAM corresponds to 
each LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon
dence between the 7-segment type LCD 
connection and the display RAM . 

Writing Data into HD61605 Display RAM 

Data is written into the display RAM in the 
following two methods: 

(1) Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 

LCD connection 

(2) Static Display Mode: 8-bit data is writ
ten on a digit basis according to the 7-
segment type LCD pattern of static drive. 

The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microcomputer, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 

In the bit manipulation, any one bit of display 
RAM can be written. When data is transfer
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 

Display RAM 

ICOMol f I e I d I c I DP I g b a I 
SEGa. SEGgjSEG 101SEG11,SEG 12SEG 13 SEG 14SEG 1 s 

Figure 11. Example of Correspondence between LCD Connection and Display RAM 
(HD61605) 
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CO Mo 

SEG0 

SEG, 

SEG2 

SEG3 AdO 

SEG4 

SE Gs SEG4s 

SEG6 SEG4s 

SEG7 SEG41 

SEG8 SEG4a 

SEGg SEG49 

SEG10 SEGso 

SEG11 Adl SEGs1 Ad6 

SEG12 SEGs2 

SEG13 SEG53 

SEG14 SEGs4 

SEG1s SEGss 

SEG16 SEGss 

SEG11 SEGs1 

SEG19 SEGsa 

SEG19 Ad2 SEG59 Ad7 

SEG20 SEGso 

SEG21 SEGs1 

SEG22 SEGs2 

SEG23 SEGs3 
SEG24 

Figure 12. Allocation of Digit 
(HD61605) 

HD61604/HD61605 

COM 0 

Bit 
SE Gan 7 

SEGan+1 6 

SEGan+2 5 

SEGan+3 4 

SEGan+4 3 

SEGan+s 2 

SEGan+s 

SEGan+1 
Bit 
0 

Figure 13. Bit Assignment in an Adn 
(HD 61605) 
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HD61604/HD61605 

Operating Modes 

HD61604 Operating Modes 

The HD61604 has the following operating 
modes: 

(1) LCD Drive Mode: Determines the LCD 
drive method. 

· Static drive mode: LCD is driven 
statically. 

· 1/2 duty drive mode: LCD is driven with 
1/2 duty and 1/2 bias. 

· 1/3 duty drive mode: LCD is driven with 
1/3 duty and 1/3 bias. 

· 1/4 duty drive mode: LCD is driven with 
1/4 duty and 1/3 bias. 

(2) Data Display Mode: Determines how to 
write display data into the data RAM. 

·Static display mode: 8-bit data is written 
into the display RAM according to the 
digit in the static drive. 

READY 

· 1/2 duty display mode: 8-bit data is 
written into the display RAM according 
to the digit in the 1/2 duty drive. 

· 1/3 duty display mode: 8-bit data is 
written into the display RAM according 
to the digit in the 1/3 duty drive. 

· 1/4 duty display mode: 8-bit data is 
written into the display RAM according 
to the digit in the 1/4 duty display 
drive. 

(3) READY Output Mode: Determines the 
READY output timing. 

After data set is transferred, the data is 
processed internally. The next data can
not be acknowledged during the proces
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

· READY is always available (figure 14). 

· READY is available by CS and RE (figure 
15). 

I 
I 
I 

Data transfer 
period 

-------1---------lnput inhibit ______ __, 1-- Next data 
1 transfer 

642 

period 

Figure 14. READY Output Timing (When It is Always Available) 

\. / 
I 
I 

'---.11 
I 

Data transfer -------------Input inhibit---------.+---- Next data 
period period transfer 

Figure 15. READY Output Timing (When It is Available by CS and RE) 
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(4) LCD Off Mode: In this mode, the 
HD61604 stops driving LCD and turns it 
off. 

The above 4 modes are specified by mode 
setting data. The modes are independent of 
each other and can be used in any combina
tion. The bit manipulation is independent of 
data display mode and can be used regard
less of it. 

HD61605 Operating Modes 

HD61604/HD61605 

After data set is transferred, the data is 
processed internally. The next data can
not be acknowledged during the proces
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

· READY is always available (figure 16). 

· READY is available by CS and RE (figure 
17). 

The HD61605 has the following operating 
modes: 

(2) LCD Off Mode: In this mode, the 
HD61605 stops driving LCD and turns it 
off. 

(1) READY Output Mode: Determines the 
READY output timing. 

WE 

READY 

Data transfer-----<--i----------lnput inhibit--------<~ 
period period 

I 
I 
I 
!--Next data 

transfer 

Figure 16. READY Output Timing (When It is Always Available) 

). / 
I 
I 

~ 
I 

Data transfer ----~1--------- Input inhibit---------i 
period period 

I 
I 

1--Next data 
transfer 

Figure 17. READY Output Timing (When It is Available by CS and RE.) 
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HD61604/HD61605 

Input Data Formats 

HD61604 Input Data Formats 

Input data is composed of 8 bits x 2 bytes. 
Input them as 2-byte data after READY out
put changes from low to high or low pulse 
enters into RE pin. 

(1) Display Data: Updates display on an 8-
segment basis. 

1st byte 

0 0 

7 6 

2nd byte 

I : 
7 6 

x 

5 

5 

Display address 
(Digit address Adn) 

4 3 2 1 0 

4 3 2 0 

· Display address: Digit address Adn in 
accordance with each display mode 

· Display data: Pattern data written into 
the display. RAM according to each 
display mode and the address 

(2) Bit Manipulation Data: Updates display 
on a segment basis. 

1st byte 

I 0 I 1~!~layl x I x x I ad~ress co;M 
7 6 5 4 3 2 1 0 

2nd byte 

I x I x I S~G ad~ress : 

7 6 5 4 3 2 0 

· Display data: Data written into 1 bit of 
the specified display RAM 

· COM address: Common address of dis
play RAM 

· SEG address: Segment address of dis
play RAM 

(3) Mode Setting Data: 

1st byte 

0 I x 0 l=;~ov~~e :model 

7 6 5 4 3 2 1 0 

2nd byte 

x I x I x x I x IOFF/oi Disp;ay. I 
btt mode bits 

7 6 5 4 3 

· Display mode bits: 
00: Static display mode 
01: 1/2 duty display mode 
10: 1/3 duty display mode 
11: 1/4 duty display mode 

·OFF/ON bit: 

2 1 0 

1: LCD off (It is set to 1 when SYNC is 
entered.) 

0: LCD on 
· Drive mode bits: 

00: Static drive 
01: 1/2 duty drive 
10: 1/3 duty drive 
11: 1/4 duty drive 

·READY bit: 
0: READY outputs 0 only while CS and 

RE are 0. (It is reset to 0 when SYNC 
is entered.) ···READY bus mode 

1: READY outputs 0 regardless of CS 
and RE. · · ·READY port mode 

Note: Input the same data to display mode bits 
and drive mode bits. 

(4) 1-Byte Instruction: The first data (first 
byte) is ignored when the bit 6 and bit 7 
in the data are 1. 

1st byte 

7 6 5 4 3 2 0 
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HD61605 Input Data Formats 

Input data is composed of 4 bits x 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 

(1) Display Data: Updates display on an 8-
segment basis. 

(2) 

1st byte 2nd byte 

I 0 : 0 x x x Display address 
(Digit address Adn) 

3 2 0 3 2 0 

3rd byte 4th byte 

Display data Display data 
Bitl7 6 5 4 Bit3 2 1 0 

3 2 0 3 2 0 

· Display address: Digit address Adn 
shown in figure 12. 

· Display data: Pattern data written into 
the display RAM as shown in figure 13. 

Bit Manipulation Data: Updates display 
on a segment basis. 

1st byte 2nd byte 

0 1~!~'•vl x 
11 x : x I 0 0 

3 2 0 3 2 0 

3rd byte 4th byte 

I x : 
x 1s:i~~dr;~ SEG address 

BitB 2 1 0 

3 2 0 3 2 0 

·Display data: Data written into the 1 bit 
of the specified display RAM. 

· SEG address: Segment address of dis
play RAM (segment output). 

(3) 

HD61604/HD61605 

Mode Setting Data: 

1st byte 2nd byte 

I : 0 I x 0 
11 

x 1~i~Aovl 
3 2 0 3 2 

· OFF /ON bit: 

x : x 

0 

0 

0 

1: LCD off (It is set to 1 when SYNC is 
entered.) 

0: LCD on 
·READY bit: 

0: READY outputs 0 only while CS and 
RE are 0. (It is reset to 0 when SYNC 
is entered). ···READY bus mode 

1: READY outputs 0 regardless of CS 
and RE. · · ·READY port mode 

(4) 1-Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 

1st byte 

3 2 0 
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HD61604/HD61605 

How to Input Data 

How to Input Data into HD61604 

Input data is composed of 8 bits x 2 bytes. 
Take care that the data transfer is not inter
rupted because the first 8-bit data is distin
guished from the second one depending on 
the sequence orily. 

When data transfer is interrupted, or at the 
power on, the following two methods can be 
used to reset the count of the number of 
bytes (count of the first and second bytes): 

Power on 

~ 
cs '"' I 

WE I •6 

RE I •6 ~.4 

READY C::::::::J * 1 

SYNC 

SB 

(1) Set CS and RE to low (no display data 
changes). 

(2) Input 2 or more 1-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 

The data input method via data input pins 
(CS, WE, Do to D1) is similar to that of static 
RAM such as HM6116. An access of the LSI 
can be made through the same bus line as 
ROM and RAM. When output ports of a 
microcomputer are used for an access, refer 
to the timing specifications and figure 18. 

' I ' ,-

,-----"""*5 

1st 2nd 1st 2nd 1st 2nd 
Do-D1 --------<:::>--i-----<~_ax __ x.._ ____ __.x..__...x_~x.._ ___ ~x .......... x.._~X..._~ 

Mode setting data Mode setting data Display data 

* 1 : READY output is indefinite during 12 clocks after the oscillation starts when power on 
(clock: OSC2 clock). 

* 2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
•3: In the mode in which READY is always available, READY output is indefinite while high 

is being appliad to SYNC. 
•4: Reset the byte counter after power on. 
* 5: READY output period is within 3.5 clocks in the mode setting operation and bit manipu

lation or within 10.5 clocks when the display data (8 bits) is updated. 
•6: Connect a proper pull-up resistor if WE or RE is floating. * 7: It is not always necessary to follow this example. 

Figure 18. Example of Data Transfer Sequence 

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



HD61604/HD61605 

How to Input Data into HD61605 (1) Set CS and RE to low (no display data 
changes.) 

Input data is composed of 4 bits x 4 bytes. 
Take care that the data transfer is not inter
rupted because the first 4-bit data to the 
fourth 4-bit data are distinguished from each 
other depending on the sequence only. 

(2) Input 4 or more 1-byte instruction data (4 
-bit data) whose bit 3 and 2 are high 
(display data may change). 

When data transfer is interrupted, or at the 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4-bit data to the fourth 4-
bit data): 

The data input method via data input pins 
(CS, WE Do to 03) is similar to that of static 
RAM such as HM6116. An access of the LSI 
can be made through the same bus line as 
ROM and RAM. When output ports of a 
microcomputer are used for an access, refer 
to the timing specifications and figure 19. 

SB 

Power on 

~r~~~--\l~-~~~~~'~~~~~\-~~~-'r~~~~\-~~~-r-

L 
*5 

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 
00-03 --O-St--< __ x~x_x_x ___ _....._x .......... x.-....x ......... x ........ x ____ ..... x .......... x .......... x ..... x .......... x.__ 

Mode setting data Mode setting data Display data 

* 1 : READY output is indefinite during 12 clocks after the oscillation starts when power on 
(clock: OSC2 clock). 

* 2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
* 3: In the mode in which READY is always available, READY output is indefinite while high 

is being applied to SYNC. 
* 4: Reset the 4-bit data counter after power on. 
* 5: READY output period is within 3. 5 clocks in the mode setting operation and bit manipu

lation or within 10.5 clocks when the display data (8 bits) is updated. 
*6: Connect a proper pull-up resistor if WE or RE is floating. 
* 7: It is not always necessary to follow this example. 

Figure 19. Example of Data Transfer Sequence 
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HD61604/HD61605 

Notes on READY Output 

Note that the READY output will be unset
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple
tion of mode setting. 

There are two kinds of the READY output 
waveforms depending on the modes. 

Power on 

' 
1st 

(1) READY bus mode (READY bit = 0) 

(2) READY port mode (READY bit= 1) 

However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a will be 
output, and when you choose READY port 
mode, (2) a will be output. The figures can be 
applied both to HD61604 and HD61605. 

2nd 
WA- READY output is unsettled. 

Mode setting data V /j), 
(2-byte data) ~ 1.5 .clocks (max) 

Mode setting latch is unsettled. 

Power on 

+ 

Power on 

~ 

READY 

Note; CS= low 

Mode setting data 
are latched. 

\ ____ ~ ___ ./ 

(1) REA Y 1 . 5 clocks (max) 
D Bus Mode 

I 
a ----""' \ b \ 

\ \ .. ______ ] 

Note; CS = low, RE = high "1 

1 . 5 clocks (max) 

(2) READY Port Mode 
3.5clocks (max) 

Figure 20. READY Output According to Modes 
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Standby Operation 

Standby operation with low power con
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol
lows: 

(a) LCD driver is stopped (LCD is off). 
(b) Display data and operating mode are 

Multi-Chip Operation 

When an LCD is driven with two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input causes the 
change of the mode setting data (The OFF I 
ON bit is set and the READY bit is reset. See 
(3) Mode Setting Data in "Input Data For
mats".) Transfer the mode setting data into 

Restriction on Usage 

Minimize the noise by inserting a noise by
pass capacitor (~ 1 µF) between Voo and 
Vss pins. (Insert one as near chip as possible.) 

Liquid Crystal DisJ>lay Drive Volt
age Circuit (HD61604) 

What is LCD Voltage? 

HD61604 drives liquid crystal display using 
four levels of voltages; Voo, V1, V2, and VJ (Voo 
is the highest and VJ is the lowest). The voltage 
between Voo and VJ is called VLCo and it is 
necessary to apply the appropriate VLcD ac
cording to liquid crystal displays. VJ always 
needs to be supplied power regardless of the 

HD61604/HD61605 

held. 
(c) The operation is suspended while chang

ing display ( = while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

(d) Oscillation is stopped. 

When this mode is not used, connect pin SB to 
Vss. 

the LSI after every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 

When SYNC input is not used, connect pin 
SYNC to Vss. 

In the case SB input is used, after standby 
mode is released, high pulse must be applied 
to the SYNC input, and mode setting data 
must be set again. 

display duty ratio since it supplies the voltage 
to the LCD drive circuit of HD61604. 

Connecting R2-R5 in series between Voo 
and Vss generates t::.. V or VLcD by using this 
resistance ratio to supply these voltage to pins 
V1, V2, V3. C2-C4 are the capacitors for 
smoothing. Connect a trimmer potentiometer 
for R5 and change its resistance value to 
control the contrast. 

@HITACHI 
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HD61604/HD61605 

t:N 

t:N 

ll.V 
-----~3 __ 

Figure 21. LCD Output Waveform and 
Output Levels (1/3 Duty, 1/3 
Bias) 

Positive Positive c. power power 
supply supply 

SB 

(1) Static Drive (2) 1 /2 Duty Drive 

I 

Vee Positive 

Vss power 
supply 

SB 

(3) 

Note: 1 When standby mode is used, a transistor is required. 

Vee 
Vss 

Ve1 
VC2 
v, 

V3 Ca;;;:; 1 µF 

1/3 and 1/4 Duty Drive 

2 R2-R5 should be some kn-some tens of kn, and C2-C4 should be 0.1 µF-0.3 µF. 

Figure 22. Example when External Drive Voltage Is Used 
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HD61604/HD61605 

Liquid Crystal Display Drive Volt
age (HD61605) 

As shown in figure 23, apply LCD drive volt
age from the external power supply. 

Oscillation Circuit 

When Internal Oscillation Circuit is 
Used 

When External Clock is Used 

When the internal oscillation circuit is used, 
attach an external resistor Rose as shown in 
figure 24. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 

When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 

Cs 
Positive power---~r-----1 

supply 

SB 
Cs~ 1 µF 

Note: When standby mode is used, a transistor is required. 

Figure 23. Example of Drive Voltage Generator 

Rose 

80 79 80 80 79 
OSC1 OSC2 OSC1 OSC1 OSC2 

Multi-chip operation 

Figure 24. Example of Oscillation Circuit 
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HD61604/HD61605 

Applications 

Address bus 
.lL...l:: 

o,-
Data bus Q9 ~ Do I 

J 

BA +5V I l l l Jl:J r:l/l~I~ l!'.l 
u Do-07 (j OSC2 z 

R/W 
> ~ VREf1 

Voo "' VReF2 

T READY 

fSB HD61604 

HD14049UB+ 5 ) / I~ I~ l!'.J ~ Do 

r--i 1 Voo ~ I ..-----! READY 

~ l ~~~ 

D,osc~::::cR--

HD61604 v,W Vcc f--+sv l v,, v, 
v,, j.lr CO Mo V2 

Vc1 I 
V3 

V c2 COM3 SE Go --- - SEGso 
~ -<Ve. 

+5V Vc2 SEG1---------- SEG50 V 3 

v,..., 
';:s v 

HD6809 +5V c= --------
CPU 

-------- J 
\,. ) [ 

Li uid crystal 

Figure 25. Example (1) 

+5V 

D,-H-~~~~~~~~~+-~~--4f-l~~~~~~~~~~~~~~~-+--+-~~~~~~~--. 

Data bus 
Do1+~~~~~---.'--~~+-~~--4f..-l-f'"--+-~~~~~~~~~~~~-+--+--1"~+-~~~~-... 

HD61605 V, 

HD6809 SEGo------- SEGe3 

CPU +5V ... l'\l't-~..._~--;=:=::::r111t1i--~~t-~~-;=:=:::::~~~~~-l-J..-l-J...j_~~--J~__J 

Liquid crystal 

Figure 26. Example (2) 
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HD61604/HD61605 

Absolute Maximum Ratings 

Item Symbol Limit Unit 

Power supply voltage_!_ Voo. V1. V2. V3 -0.3 to+ 7.0 v 

Pin voltage _!_ VT -0.3 to Voo + 0.3 v 

Operating temperature Topr -20 to +75 oc 

Storage temperature Tstg -55 to +125 oc 

*Value referred to Vss=O V. 
Note: If LSls are used above absolute maximum ratings, they may be permanently destroyed. Using 

them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 

Recommended Operating Conditions 

Limit 

Item Symbol Min Typ Max Unit 

Power supply voltage_!_ Voo 4.5 5.5 v 

V1. V2, V3 0.3 Voo v 

Pin voltage_!_ VT 0 Voo v 
---~----

Operating temperature Topr -20 +75 oc 

*Value referred to Vss = 0 V. 
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HD61604/HD61605 

Electrical Characteristics 

DC Characteristics 

(Vss = O V, Voo = 4.5 V to 5.5 V, Ta= -20 ·c to +75 ·c, unless otherwise noted) 

Limit 

Item Symbol Min Typ 

Input high voltage OSC1 V1H1 0.8Voo -
Others V1H2 2.0 

Input low voltage OSC1 V1L1 0 

Others V1L2 0 

Output leakage READY loH 
current 

Output low READY VoL 
voltage 

Input leakage Input l1u -1.0 
current pin 
* 1 v, ltL2 -20 

V2, V3 ltL3 -5.0 

LCD driver voltage COM0-COM3 Vd1 
drop 

SEGo-SEGso Vd2 

Current consumption _!1_ loo 

loo 

* Except the transfer operation of display data and bit data. 
* 1 V1, V2: applied only to HD61604. 

Max Unit Test Condition 

Voo v 
Voo v 
0.2Voo v 
0.8 v 
5 µA Pull up the pin to Voo 

0.4 v loL=0.4 mA 

1.0 µA V1N=O to Voo 

20 µA V1N=Voo to V3 

5.0 µA 

0.3 v ±ld=3 µA for each 
COM, V3=Voo to 3 V 

0.6 v ±ld=3 µA for each 
SEG, V3=Voo to 3 V 

100 µA During display* 
Rosc=360 kO-

5 µA At standby 

* 2 Do not connect any wire to the output pins and connect the input pins to Voo or Vss. 
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HD61604/HD61605 

AC Characteristics 

(Vss = 0 V, Voo = 4.5 V to 5.5 V, Ta = -20 °C to +75 °C, unless otherwise noted) 

Item Symbol 

Oscillation frequency OSC2 fosc 
---------------- - ----------------·-· 
External clock OSC1 fosc 
frequency 

External clock duty OSC1 Duty 

1/0 signal timing ts 

tH 

twH 

twL 

twR 

toL 

tEN 

top1 

top2 

Input signal rise time and fall time t,, t1 

cs 

WE 

Do-D1 

Limit 

Min Typ Max Unit 

70 100 130 kHz 
··- ---·---------·---~-- ·-----
70 100 130 kHz 

40 50 60 % 

400 ns 

10 ns 

300 ns 

400 ns 

400 ns 

1.0 µS 

400 ns 

9.5 10.5 Clock 

2.5 3.5 Clock 

25 ns 

twH 

V1H 
VIL 

twL 

V1H 

V1L 

ts 

Test Condition 

Rose= 360 kn 

Figure 31 

For display 
data transfer 

For bit and mode 
data transfer 

Figure 27. Write Timing (RE is fixed high and SYNC low) 
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HD61604/HD61605 

tEN----

READY 

Figure 28. Reset/Read Timing (CS and SYNC are fixed low) 

i-----------top1, top2-----------1...i 

Figure 29. READY Timing (When the READY Output is Always Available) 

Figure 30. SYNC Timing 
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Measurement 
pin 
(READY) 

30 pF 

HD61604/HD61605 

Voo 

~!OkQ 
1S2074H 

~---<>-----0----Vss 

Figure 31. Bus Timing Load Circuit (LS-TTL Load) 
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Section 1\vo 

HD66300T 
Horizontal Driver 

for TFT-Type 
LCD Color TV 





Section Two 

HD66300T 
Horizontal Driver 

for TFT-Type 
LCD Color TV 

For additional information reference: 

Section 1. LCD Controller/Driver LSI Data Book 

Section 3. HD66840 Video Interface Controller (LVIC) Application Note 

Section 4. HD63645F/HD64645F LCD Timing Controller (LCTC) Application Note 

Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User's Manual 

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



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



HD66300T 
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HD66300T-------
Horizontal Driver for TFT ·Type 
LCD Color TV 
Description 
The HD66300T is a horizontal driver used for TFT
type (J'hin Film Transistor) LCD color TVs. Specifi
cally, it drives the drain bus signals of a TFT-type LCD 
panel. 

The HD66300T receives as input tl!rc~ vid~ignals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol
l~wers to drive an TFT-type LCD panel. 

The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high
resolution. It has 120 LCD drive outputs and enables 
design of a compact LCD TV due to TAB (Tape Auto
mated Bonding) technology. 

PRELIMINARY 

Features 

• LCD drive outputs: 120 
• Internal sample and hold circuits: 480 (4 circuits 

per output) 
• Support of single-rate sequential drive mode and 

double-rate sequential drive mode 
• Support of various types of color filter arrange

ments through an internal color sequence control
ler 

• Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 

• Horizontal pixels: 480 to 720 
• Support of monodirectional connection mode and 

bidirectional connection mode through a bidirec
tional shift register 

• Dynamic range: 15 VPP 

• Package: 156-pin TAB 
• Power supply.: +5 V and-15 V 
• CMOS process 
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HD66300T 

Pin Arrangement 

D120 
D119 
D118 

VLcl 121 D117 
V,c2 122 D116 
v •• J 123 D115 
v .. 2 124 D114 
v •• 1 125 D113 
Vbse 126 D112 

Vbstt 127 Dill 

v •• 128 
Vxl 129 
Vx2 130 
Vx3 131 
Vyl 132 
Vy2 133 
Vy3 134 

TESTl 135 
TEST2 136 
MSFl 137 
MSF2 138 

D/S 139 
L/F 140 
SHL 141 
GND 142 

DR 143 
DL 144 

HCKl 145 
HCK2 146 
HCKJ 147 

FD 148 
RS 149 
OE 150 10 DlO 

Vccl 151 9 D9 
Vcc2 152 8 D8 
Vaa4 153 7 D7 
V,c3 154 6 D6 
V,c4 155 5 D5 
Vcc3 156 4 D4 

3 DJ 
2 D2 

Dl 

(Top View) 

HD66300T Pin Arrangement 

.HITACHI 
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Pin Description 

Pin List 

Pin Name No. of lnpuU Connected Functions 

Pins Output to (Refer to) 

D1-D120 120 0 LCD panel 1. 

HCK1, HCK2, 3 Controller 2. 

HCK3 

DL, DR 2 1/0 Controller or 3. 

next HD66300T 

FD Controller 4. 

RS GND 5. 

OE Controller 6. 

SHL VeeorGND 7. 

DIS Vee orGND 8. 

UF Veeor GND 9. 

MSF1, MSF2 2 Vee or GND 10. 

TEST1, TEST2 2 GND 11. 

Vx1, Vx2, Vx3, 6 Inverter 12. 

Vy1, Vy2, Vy3 

vbo Power source 13. 

VbsB' VbsH 2 Power source 14. 

VLe1, VLe2• 4 Power source 15. 

VLe3• VLe4 

vee1· vee2· 3 Power source 16. 

vee3 

GND Power source 17. 

VBB1' VBB2, 4 Power source 18. 

VBB3, VBB4 

@HITACHI 
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Pin Functions 

1. Dl - D120: These pins output LCD drive signals. 

2. HCKl, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 

3. DL, DR: These pins input or output data into or 
from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. 

SHL DL 

Output 

Input 

DR 

Input 

Output 

4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously with TV 
signals, at its rising and falling edge. 

FD = high: First field 

FD = low: Second field 

When a non-interlace signal is applied, it must be 
inverted every field. 

When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 
1, 2, 3), the signal must be set high in both fields. The 
signal must be set low, however, in each field's hori
zontal retrace period. 

5. RS: This pin inputs a test signal and should be 
connected to pin GND. 

6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
It also switches the bias current of the output buffer, as 
shown in the following table. 

OE 

High 

Low 

Bias Current of Output Buffer 

Large current (determined by VbsB) 

Small current (determined by VbsH) 

7. SHL: This pin selects the shift direction of the shift 

register. 

SHL Shift Direction 

High 

Low 

DL t- DR 

DL ~DR 

8. D/S: This pin selects the LCD drive mode. 

D/S 

High 

Low 

Mode 

Double-rate sequential drive mode 

Single-rate sequential drive mode 

9. L/F: This pin selects the inversion mode of LCD 

drive signals. 

UF Mode 

High Per-line inversion mode 

Low Per-field inversion mode 

@HITACHI 
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HD66300T 

10. MSFI, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFf-type LCD panel and the drive mode. 

Filter Arrangement Drive Mode 

Diagonal mosaic Single-rate 

pattern Double-rate 

Vertical stripe Single-rate 

pattern Double-rate 

Unicolor triangular Single-rate 

pattern Double-rate 

Bicolor triangular Single-rate 

pattern Double-rate 

Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 

11. TESTl, TEST2: These pins input test signals and 
should be connected to pin GND. 

12. Vxl, Vx2, Vx3, Vyl, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig
nals are connected to pins Vxi and negative video 
signals to pins Vyi. 

13. Vb0 : Bias voltage is applied to this pin for the 
differential am plifierin the sample and hold circuitry. 

14. V bsB' V bsH: Bias voltage is applied to this pin for 
the two power sources of the output buffer. 

MSF1 MSF2 

GND VedGND 

GND vee/GND 

Vee Vee 

Vee Vee 

Vee Vee 

Vee GND 

Vee GND 

Vee GND 

VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 

15. V Lel, V Lc2' V Lc3' V LC4: +5 V LCD drive voltage 
is applied to these pins. 

16. V eel, V ec2' V ec3' V ee4: +5 V is applied to these 
pins for the logic and the analog units. 

17. GND: 0 Vis applied to this pin for the logic unit. 

18. v BBl, v BB2, v BB3, v BB4: -15 vis applied to these 
pins for the analog unit. 
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Block Functions 

Shift Register: The shift register generates the sam
pling timing for video signals. It is driven by three
phase clocks HCKI, HCK2, and HCK3, whose phases 
are different from each other by 120°; each clock 
determines the sampling timing for one color signal so 
that three clocks support the three color signals R, G, 
and B. Theshiftdirectionofthisregistercan be changed. 

Level Shifter: The level shifter changes 5-V signals 
into 20-V signals. 

Sample and Hold Circuitry: In double-rate sequen
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 

HD66300T 

scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 

In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 

Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal scanning period. 

Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate of an 
output signal by changing the external bias voltage. 

~HITACHI 
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HD66300T 
System Block Configuration Example 

Antenna 

Tuner IF 

Video 
input ~ o,--------~ 

Synchronizing,__..,.. __ .... 
isolator 

Controller 

HD61105 
(1) 

Chroma 
R, G, B 

Inverter 

Sound 
output 

TET-type color LCD panel 

HD61105 
(6) 

720 x 480pixels 

· HITACHI 

Speaker 

R, G, B 

R,G,B 
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Example of HD66300T Connection to LCD Panel 

,-FD 
.--- OE 
r-- HCKJ 
..- HCK2 
,-- HCKl 

..,.......__...... ..... __. Vy3 
IW-1+1-H-+H--l Vy2 
11 .. +l-H-+H--i Vyl 

l*lH+-ttt--t Vx3 
IM--++-H+-t Vx2 

,,,._..._...,.___. Vxl 

~ 1-- FD 
1-- OE 
+-- HCKJ 
1-- HCK2 .__ 

HCKl 
Vy3 
Vy2 
Vyl 
Vx3 
Vx2 
Vxl 

Sound 

IF 

:r 
Tuner 

~ 01201--
01191-- I-- 02 -' c 

1---01 

I-
8~ 

ra~ 
c~ 

:I: 

021--
..J 01~ 1-- 0119 
c 1-- 0120 "' c 

"' 0120 ~en c 
0119 ~~ 

w 

l--01 -' c 
I-- 02 

I-
<( 

I- "' Cl 
0 I- u o~ 

M"! "- _J 

"'0 

H~f-
..,z 
c~ 

:I: 

02 

-' DI 
c 

I-
0 
o~ 

M-

"'" <DZ 
c~ 

:I: 

0119 
0120 

"' 

~ 
0 - N 
~ 

N N 

w W•••UJ w z z z z 
::; ::; ::; ::; 

c 

~ ·········~ 
§ 3 ·········~ .. ~n .:. ·········.:. 

"' "' 
><·········~ ><·········~ )(·········~ 

HD61105 HD61105 HD61105 
(No.1) (No2) (No.3) 

r-o 8f-o g~o g 

= 

l 
Video 
input 

Synchronizing 
isolator J [ Chroma 

r corrector 

l 1 

HD66300T 

mt--
OEI--

HCKJ ~ HCK2 
HCKl 

Vy3 
Vy2 
Vyl 
Vx3 
Vx2 
Vxl 

FD 
OE t< 

HCKJ 
HCK2 
HCKl 

Vy3 
Vy2 
Vyl 
Vx3 
Vx2 
Vxl 

Figure 1 Example of HD6ti300T Connection to LCD Panel 
~HITACHI 
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Functional Description 

Screen Size 

Number of horizontal pixels: 
- 120, 240, 360, 600, and 720 in monodirectional con

nection mode 
- 240, 480, and 720 in bidirectional connection mode 

Number of vertical pixels: 
- 240 in single-rate sequential drive mode 
- 480 in double-rate sequential drive mode 

Single-Rate SequenJial Drive Mode and Double
Rate Sequential Drive Mode 

Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which arc 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines arc equally divided into a 
first field and a second field. 

In single-rate sequential drive mode, a 240-pixcl-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal arc respectively as
signed to the 240 lines of the LCD panel. 

HD66300T 

One line of an LCD panel is driven every horizontal 
scanning period in this mode. 

Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixcl-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD panel, the second scanning 
line is assigned to the third and fourth lines, and so on. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 

Two lines of an LCD panelarcdriveneveryhorizontal 
scanning period in this mode. 

Refer to the index for the further information of NTSC 
TV system signals and LCD. 
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HD66300T 
Supportable Types of Color Filter Arrangements 

The order and timing for the HD66300T to output 
color signals depend on the color filter arrangement 
on a TFT-type LCD panel. The HD66300T can support 

(a) Diagonal from top-left to bottom-right mosaic 
pattern 

(b) Diagonal from top-right to bottom-left mosaic 
pattern 

(c) Vertical stripe pattern 

TFT-type LCD panels having the following color filter 
arrangements by specifying the operation of the inter
nal color sequence controller and by changing the 
external signals to be supplied. 

(d) Unicolor triangular pattern 

(e) Bicolor triangular pattern 

Figure 3 Supportable Types of Color Filter Arrangements 
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Mode Setting Pins 

Mode setting pins MSF1, MSF2, and D/S must be set 
according to both the type of color filter arrangement 
on theTFf-type LCD panel and the drive mode (single
rate sequential drive mode or double-rate sequential 

Table 1. Mode Setting Pins 

Filter Arrangement Drive Mode D/S 

Diagonal mosaic Single-rate GND 

pattern Double-rate Vee 

Vertical stripe Single-rate GND 

pattern Double-rate Vee 

Unicolor triangular Single-rate GND 

pattern Double-rate Vee 

Bicolor triangular Single-rate GND 

pattern Double-rate Vee 

Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 

HD66300T 

drive mode). These pins activate the internal color 
sequence controller, which changes the sequence of 
color video signals corresponding to each sample and 
hold circuit and allows the LSI to output color data in 
the right order for the LCD panel being used. 

MSF1 MSF2 Referential Timing 

Charts 

GND Vee• GND MODES 15, 16, 18, and 19 

GND Vee· GND MODES 1, 2, 5, 6, 8, 9, 

12, and 13 

Vee Vee MODES 17 and 20 

Vee Vee MODES 3, 7, 10, and 14 

Vee Vee MODES 17 and 20 

Vee GND MODES 4 and 11 

Vee GND MODE17 

Vee GND MODES 4 and 11 
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HD66300T 

Per-Field Inversion and Per-Line Inversion 

The inversion mo~e of LCD drive signals can be 
selected by pin L/F. 

Per-field Inversion (available with UF =low) 

In a certain field, all LCD drive signals have one 
polarity and in the following field, they all have the 
inverted polarity. 

Per-Line Inversion (available with UF =high) 

In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 

@HITACHI 
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Interface 

Video Signals Connection 

Video signals must be connected to pins Vx1, Vx2, 
Vx3, Vy1, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vxl, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vy1, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 

The Color Sequence for Each Output Pin 

Output Pin 

01(=D3k+1) 

02 (=D3k + 2) 

03 (=D3k + 3) 

Color Sequence 

R-tB-tG-tR 

G-tR-tB-tG 

B-tG-tR-tB 

The Signal Sequence for Each Output Pin 

Output Pin Color Sequence 

HD66300T 

output pins, refer to the following example. 

In the case of Diagonal from top-left lo bottom-right 
mosaic pattern. 

This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 

lst line 

2nd line 

3rd line 

4th line 

lDl DZ DJ 

III 
R G B 

B R G 

G B R 

R G B 

HD66300T 

D3k+1 D3k+2 D3k+3 

JU (k=O ~39) 

R G B 

B R G 

G B R 

R G B 

01(=D3k+1) 

02 (=D3k + 2) 

03 (=D3k + 3) 

Vx1 __, Vx3 __, Vx2 __, Vx1 __, 

Vx2 __, Vx1 __, Vx3 __, Vx2 __, 

Vx3 __, Vx2 __, Vx1 __, Vx3 __, 

(Refer to MODE 5) 

The Connection of Signals 

Signal Color 

Vx1 R 

Vx2 G 

Vy3 B 

Vy1 R 

Vy2 G 

Vy3 B 
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In the case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 

The same procedure for video signalconnection applies 
to the case in which a TFf-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 

Triangular Pattern, Single-Rate Sequential Drive 
Mode 

The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 

1. UnicolorTriangular Pattern, Single-Rate Sequential 
Drive Mode 

The clock phase must be changed every line because 
of the 1.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 
The connection of signals here is the same as that 
described above. 

2. Bicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 

The clock phase must be changed every line because 
of the 0.5-pixcl phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 
The connection of video signals in the second field 
must be changed from that in the first field. Sec the 
following tables. 

The Color Sequence for each Output Pin 

Output Pin 

01 (=D3k + 1) 
02 (=D3k + 2) 
03 (=D3k + 3) 

Color Sequence 
R~ B ~ R-) B-) 
G~R~G4R~ 

B4G484G4 

The Signal Sequence for each Output Pin 

Output Pin 
1st D1(=D3k+1) 

field 02 (=D3k + 2) 
03 (=D3k + 3) 

2nd 01 (=D3k + 1) 

field 02 (=D3k + 2) 

03 (=D3k + 3) 

(Refer to MODE 17) 

Signal Sequence 
Vx1 4 Vy1 -) Vx1 -) Vy1 -) 

Vx2 4 Vy2 4 Vx2 ~ Vy2 ~ 
Vx3 ~ Vy3 ~ Vx3 4 Vy3 4 

Vy1 4 Vx1 4 Vy1 4 Vx1 4 

Vy2 4 Vx2 4 Vy2 ~ Vx2 ~ 

Vy3 4 Vx3 4 Vy3 4 Vx3 ~ 

The Connection of Signal In Each Field 

Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 

Per-Field Inversion 
Mode (L/F = low) 
1st Field 2nd Field 
R B 
G R 
B G 
B R 
R G 
G ·a 

Per-Field Inversion 
Mode (L/F =high) 
1st Fi old 2nd Field 
R B 
G R 
B 
B 
R 
G 

G 
R 
G 
a 

• HITACHI 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 

Changing the phase of the sampling clocks is suffi
cient when the panel is driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, the above counter-

HD663001 

0 0 ~ ., 
0 0 

on 
0 

1st line 

2nd !ine 

3rd line 

4th line 

HD66300T 

measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, de
laying the input video signal for a time period corre
sponding to the shift between pixels is required. 

A shift in pixel position 
exists between the lines. 

Figure 4 

Video 
signal 

Delayed video 
signal 

Sampling 
clocks 

i 
! Delay 
' ' -----: 

Figure 5 
~HITACHI 

For the 2nd line 

For the 1st line 

Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 17 



HD66300T 

1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 

ll0663DDT 

The Color Sequence for Each Output Pin 

Output Pin Color Sequence 

01 (=03k + 1) R --> R --> R --> R --> 

02 (=D3k + 2) G --> G --> G --> G --> 

03 (=D3k + 3) 8 --> 8 --> 8 --> 8 --> 

The Signal Sequence for each Output Pin (In Interlace mode) 

Output Pin 

1st 

field 

2nd 

field 

01 (=03k + 1) 

02 (=03k+ 2) 

03 (=03k + 3) 

01 (=03k + 1) 

02 (=03k + 2) 

03 (=03k + 3) 

(Refer to MODE 4) 

In non-Interlace mode: 

Signal Sequence 

Vx1 --> Vy1 --> Vx1 --> Vy1 --> 

Vx2 --> Vy2 --> Vx2 ~ Vy2 --> 

Vx3 --> Vy3 --> Vx3 --> Vy3 ~ 

Vy1 --> Vx1 --> Vy1 --> Vx1 --> 

Vy2 --> Vx2 --> Vy2 --> Vx2 --> 

Vy3 ~ Vx3 --> Vy3 --> Vx3 --> 

The Signal Sequence for each Output Pin (In non-interlace mode) 

Output Pin 

1st 

field 

2nd 

field 

01 (=03k + 1) 

02 (=03k+ 2) 

03 (=03k + 3) 

01(=D3k+1) 

02 (=D3k+ 2) 

03 (=D3k + 3) 

(Refer to MODE 11) 

Signal Sequence 

Vx1 --> Vy1 --> Vx1 --> Vy1 --> 

Vx2 --> Vy2 --> Vx2 --> Vy2 --> 

Vx3 --> Vy3 --> Vx3 --> Vy3 --> 

Vx1 --> Vy1 --> Vx1 --> Vy1 --> 

Vx2 --> Vy2 --> Vx2 --> Vy2 --> 

Vx3 --> Vy3 --> Vx3 --> Vy3 --> 

• HITACHI 
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HD66300T 

1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 

The Connection of Signals in each Field In Interlace Mode 

Per-Field Inversion Per-Line Inversion 

Mode (UF = low) Mode (UF =high) 

1st Field 2nd Field 1st Field 2nd Field 

Vx1 Delayed R R Delayed R R 

Vx2 Delayed G G Delayed G G 

Vx3 Delayed B B Delayed B B 

Vy1 R Delayed R R Delayed R 

Vy2 G Delayed G G Delayed G 

Vy3 B DelayedB B Delayed B 

The Connection of Signals in each Field In Non-interlace Mode 

Per-Field Inversion Per-Line Inversion 

Mode (UF = low) Mode (UF =high) 

1st Field 2nd Field 1st Field 2nd Field 

Vx1 Delayed R Delayed A Delayed R Delayed R 

Vx2 Delayed G Delayed G Delayed G Delayed G 

Vx3 Delayed B DelayedB Delayed B Delayed B 

Vy1 R R R R 

Vy2 G G G G 

Vy3 B B B B 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 

The Color Sequence for each Output Pin 

Output Pin Color Sequence 

D1(=03k+1) R-~B-)R-)B-) 

02 (=D3k + 2) G -) R -) G -) R -) 

03 (=03k + 3) B -) G -) B -) G -) 

The Signal Sequence for each Output Pin (In interlace mode) 

Output Pin 

1st 01(=03k+1) 

field 02 (=D3k + 2) 

03 (=D3k + 3) 

2nd 01 (=03k + 1) 

field 02 (=D3k + 2) 

03 (=03k + 3) 

(Refer to MODE 4) 

Signal Sequence 

Vx1 -) Vy1 -) Vx1 -) Vy1 -) 

Vx2 -) Vy2 -) Vx2 -) Vy2 -) 

Vx3 4 Vy3 -) Vx3 4 Vy3 4 

Vy1 -) Vx1 4 Vy1 4 Vx1 -) 

Vy2 -) Vx2 -) Vy2 -) Vx2 -) 

Vy3 -) Vx3 4 Vy3 -) Vx3 4 

The Signal Sequence for each Output Pin (In non-interlace mode) 

Output Pin 

1st 01 (=03k + 1) 

field 02 (=03k + 2) 

03 (=03k + 3) 

2nd 01 (=03k + 1) 

field 02 (=D3k + 2) 

03 (=03k + 3) 

(Refer to MODE 11) 

Signal Sequence 

Vx1 -) Vy1 4 Vx1 4 Vy1 4 

Vx2 4 Vy2 4 Vx2 4 Vy2 -~ 

Vx3 -) Vy3 -) Vx3 -) Vy3 -) 

Vx1 4 Vy1 4 Vx1 -) Vy1 4 

Vx2 -) Vy2 4 Vx2 -) Vy2 -) 

Vx3 4 Vy3 4 Vx3 4 Vy3 4 
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HD66300T 

2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 

The Connection of Signals In each Field In Interlace Mode 

Per-Field Inversion Per-Line Inversion 

Mode (UF = low) Mode (UF =high) 

1st Field 2nd Field 1st Field 2nd Field 

Vx1 Delayed R B Delayed R B 

Vx2 Delayed G R Delayed G R 

Vx3 Delayed B G Delayed B G 

Vy1 B Delayed R B Delayed R 

Vy2 R Delayed G R Delayed G 

Vy3 G Delayed B G Delayed B 

The Connection of Signals In each Field In Non-Interlace Mode 

Per-Field Inversion Per-Line Inversion 

Mode (UF = low) Mode (UF =high) 

1st Field 2nd Field 1st Field 2nd Field 

Vx1 Delayed R Delayed R Delayed R Delayed J:{ 

Vx2 Delayed G Delayed G Delayed G Delayed G 

Vx3 Delayed B Delayed B Delayed B Delayed B 

Vy1 B B 8 B 

Vy2 R R R R 

Vy3 G G G G 
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HD66300T 

Connection to LCD Panels In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 
latter mode, the HD66300Ts are set on both sides and 
the upper drivers and the lower drivers are alternately 
connected to each pixel-column. 

There are two modes of connecting HD66300T chips 
to an LCD panel: 

1) monodirectional connection mode 
2) bidirectional connection mode 

SHL 
OL OR t-------1 OL 

fl066300T 

SHL 
OR 

HD66300T 

DI • • • • • • • • • • • • Dl20 DI • • • • • • • • • • • • Dl20 

Figure 6 Monodirectional Connection Mode 

SHL 
DL DR 1------ DL DR 

HD66300T HD66300T 

DI 

D120 DI 19 • • • • • 

llD66300T flD66300T 

Dll Dl t-------1 DR DL 
Sf IL SllL 

Figure 7 Bidirectional Connection Mode 
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Internal Operation 

The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 

It has three-phase shift clocks with mutual phase 
difference of 120° to drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. 

The operation of sample and hold circuits and sam-

HD66300T 

piing operation arc described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 

After the above description, determination of bias 
voltage is describc'C!; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 

Finally, the OE and FD signals arc described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 

@HITACHI 
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HD66300T 
Sample and Hold Circuitry 

Operation of Sample and Hold Circuitry 

The HD66300T has four sample and hold circuits A, B, 

, ,_ ___ _, Sample and hold 
circuit (A) 

Video 
signals 
input 

Sampling 
clock 1 

Sampling u---~ 
clock 2 

C, and D per LCD drive signal output. Sample and 
hold circuit pair A and B is supplied with the same 
sampling clock pulses as circuit pair C and D. One of 
the signals output by these circuits is connected to an 
output driver. 

Output driver Output 

Figure 8 Sample and Hold Circuitry 
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These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 

In single-rate sequential drive mode, sample and hold 
circuits A and Dare alternately used; circuits Band C 
perform sampling operation, but are not used since 
they arc not connected to the output driver. 

In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it as an LCD drive signal 
in the following horizontal scanning period. 

HD66300T 
In double-rate sequential drive mode, all sample and 
hold circuits A, B, C, and Dare alternately used. 

In double-rate sequen6al driverriode, two sample and 
hold circuits sample two signals during one horizon
tal scanning period, and output one of them as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 
second half. 

The following shows the timing charts of sampling 
and outputting operation. 
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lH ·I 
OE 

SAMPLING SAMPLING 

Not used 

Not used 

SAMPLING 

OUTPUT 0 A 0 

Figure 9 Sampling Timing charts of Single-Rate Sequential Drive Mode 

Sample 
and 
hold 
circuits 

OE 

A 

B 

c 

0 

OUTPUT 

SAMPLING 

SAMPLING 

~§Yfi~~ 

~~~tr{;Ja 

c 0 

SAMPLING 

SAMPLING 

SAMPLING ~f5!(11fJJ 

SAMPLING wwm 
A B c 0 

Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 

The HD66300T has a bidirectional shift register com
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation of the four sample and hold circuits con
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding sample and hold circuits are in 
the hold state. Consequently, shifting a 1 into the shift 

HD66300T 
register activates in turn the sample and hold circuits 
corresponding to each LCD drive signal output pin. 

Figure 11 is a shift register sketch illustrating the 
relationship between the shift register and the shift 
clocks HCK1, HCK2, and HCK3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. Dl corresponds to DL and D120 to DR. 

Figure 12 is a timing chart of sampling pulses gener
ated by the shift register. 

01 02 03 04 0117 0118 0119 0120 Output pins 

Sample and hold circuitry 

O DR shift register 

HCKl 0----<a.--+--+-t--~ 

HCK2 0-----+---' 

HCK3 <>------~ 

Figure 11 Shift Register Sketch 
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HD66300T 

HCKl ~n_n_r 
HCK2 ____fLJLj" ILf1_j 

HCKJ fl_jl__Jl_ l__f1_fL 

DL ----))_jr---.L__ 
(OUTPUT) 

SRI --))_JL_ 
SR2 --))__J1__ 
SR3 --)')Jl__ 
SR118 __Il_))----
SR119 ___fl_)),----
SR120 __r--L_))-----

(IN~~T) _fl ))-----
(a) SHL=Low 

HCKl 

HCK2 

HCKJ 

_fl ~)-
_JL_))-

SR2 ___fl_))----

DL 
(INPUT) 

SRI 

SRJ __J[_))---
SR118 -------'S)Jl__ 
SR119 --S)__J1__ 
SR120 ------))_Jl__ 
DR __ ((_r-t__ 

(OUTPUT) ')) 

(b) SHL=High 

Figure 12 Sampling Pulse Timing Chart 
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Three-Phase Shift Clocks 

Three-Phase Shift Clocks and Sample Start Signal 

Shift clocks HCKI, HCK2, and HCK3, which arc 
operation clocks for the shift register, must be thrce
phase clocks with SO-percent duty. The HCK2 clock 
must be generated 120° afterthe HCKI clock, and the 
HCK3 clock 240° after the HCKI clock. Sampling 
operation starts when 1 is input from pin DL or DR at 
a rising edge of the HCKI clock pulse. 

HCKl 1 HCK2 
' I 

HCK3 -n 
I 

i 
DL/DR 

HD66300T 
In monodirnctionalconncction mode, all theHD66300T 
chips must be supplied with the same three-phase 
shift clock pulses. In bidirectional connection mode, 
the frequency of the three-phase shift clock pulses. In 
bidirectional connection mode, the frequency of the 
three-phase shift clocks must be half of that in mono
directional connection mode, and the phase shift be
tween the upper drivers clocks and the lower drivers 
clocks must be one pixel. 

(a) In Monodirectional Connection Mode 

For upper 
drivers 

For lower 
drivers 

HCKl 

HCK2 

HCK3 

DL/DR 

l~#i~ 

!---1 
I 

HCKl 

HCK2 

HCK3 

DL/DR 

The lower driver clock pulses follow the upper driver clock pulses by one pixel. 

(b) In Bidircctiunul Connection Mode 

Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
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HD66300T 
Some position shift exists between the pixels of even 
number lines and those of odd number lines for LCD 
panels having triangular patterns. This requires gen
erating a phase shift between the three-phase clocks 

for even number lines an.d those for odd number lines. 
The required phase shift is 1.5 pixels for LCD panels 
having a unicolor triangular pattern, while it is 0.5 
pixels for those having a bicolor triangular pattern. 

1st line 

2nd line R 

3rd line 

4th line R 

1st line 

2nd line 

3rd line 

4th line 

( HCK1 . l .0 
E HCK2 ::J 
c: 
:g 
0 en HCK3 
L Q) 

&~ 
I DL/DR I 

: 1 . 5-pixel delay 

1------------i 

~ 
HCK1 

.0 
E 
::J HCK2 c: 
c: 

_________ll__["~ Q) 
> HCK3 Q) <J) 

L Q) 
0 c: u..:.:: 

DL/DR 

(a) Unicolor Triangular Patterr 

HCK1 
~ 
.0 
E 
::J HCK2 
c: 

"O 
"O 

HCK3 0 en 
L Q) 
0 c: u. :.:: 

DL/DR 

0. 5-pixel delay 
---'--'--

' 
HCK1 

en 
Q) 
c: 

HCK2 c:.:: 
Q) L 

> Q) 
Q) .0 
L E llCK3 0 ::J 

u.. c: 

DL/DR 

(b) Bjcolor Triangular Pattern 

Figure 14 
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HD66300T 
How to Generate Three-Phase Shift Clocks multiplier such as a PLL circuit. 

Three-phase shift clocks can be generated by dividing 
the base clock, which is generated from a horizontal 
synchronizing clock, through the use of a frequency 

The number of horizontal pixels of the LCD panel and 
the valid display ratio determines the base clock 
frequency f. 

Video 
signals 

. 
: 
! Horizontal 
•retrace period 

480 pixels (95%) 

Valid display period 

Figure 15 Base Clock 

If the number of horizontal pixels is 480 and the valid display ratio is 95% in the NTSC system, the base clock 
frequency f is about 9.59 MHz according to the following equation. 

I= (1/valid display period) x (no. of horizontal pixels/valid display ratio) 
= 480/(52.7 µsec x 0.95) 

= 9.59 (MHz) 

In general, this clock frequency is again doubled to generate a base clock of 2f in order to achieve a clock duty 
of50%. 

Upper [ :: ___ __, 

HCK3 L_ __ _J 

<•l In Monodirectional Connection. 

Lo•er [ :=------;_ __ __,------;_ __ __J 

Figure 16 Three-Phase Shift Clocks 
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HD66300T 
Bias Voltage 

The drive capability of the output buffer and differen

tial amplifier is controlled by voltages V bsl3 V bsH' and 

V bo' Usually, the same level of voltage should be 
applied to these pins. 

The LSI must be used in the range of 

As voltages V bsB, V bsl 1, and V bo are brought nearer to 

the V cc level, the current consumption is reduced but 
rising and falling times increase. On the other hand, as 
they arc brought nearer to the GND level, rising and 
falling times are reduced but current consumption 
increases. 

OE Signal 

The OE signal has the following functions: 

OE 
signal 

Output 
signal 

Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signal at the OE signal 
rising edge. 

Switching of drive capability of the output buffer: 
Determines the current drive capability of the output 
buffer; 

OE= high: Drives with large current (300 µA, typ) 
OE = low: Drives with small current (20 µA, typ) 

This function allows the out put buffer to operate with 
large current <luring the transition of an output signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current 
consumption. 

The drive current is controlled by bias voltages V bsll 

(large current) and V bsl 1 (small current). 

Large Small 

,___c_u_rre_n_t_+ ______ c_ur_re_1'.~-----~ 

Figure 17 Switching of Drive Capability of the Output Buffer 
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FD Signal 

The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 

The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edgein single-rate sequential drive mode; hereinafter, 
as Jong as the FD signal is not changed, signals will be 
output in the determined order at most every 12 

Timing Charts for Each Mode 

HD66300T 
pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 

The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one
pulse time period of the OE signal during the horizon
tal scanning period. 

The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing charts. 

Table 2. Reference timing charts for each mode 

Single (D/S = Low) Double (D/S = High) 

Interlace Non-Interlace 

Filter Arrangement Per-Line Per-Fie Id Per-Line Per-Field Per-Line Per-Field 

Mosaic Top- Bidirec- MODE1S MODE1S MODE2 MODE6 MODE9 MODE13 

left to tional 

bottom- Monodi- MODE16 MODE 19 MODE1 MODES MODES MODE12 

right rectional 

Top- Bidirec- MODE16 MODE19 MODE1 MODES MODES MODE12 

right to tional 

bottom- Monodi- MODE1S MODE 1S MODE2 MODE6 MODE9 MODE13 

left rectional 

Vertical stripe MODE17 MODE 20 MODE3 MODE? MODE10 MODE14 

Unicolor triangular MODE17 MODE 20 MODE4 MODE4 MODE 11 MODE 11 

Bicolor triangular MODE17 MODE17 MODE4 MODE4 MODE 11 MODE 11 

Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Linc: Per-line inversion mode 
Per-Field: !'er-field inversion mode 
Bidirectional: Bidirectional connection mode 
Monodirectional: Monodirectional connection mode 
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(video 

I DL/DR 

OE 

FD 

I Sample andr: 
hold ciruits C 

D 

MODE I 

~fJ~~-

I S•MPLE jouq I SAMPtE jour/ I SAMPLC lour! I SAMPLE jourj t=rS\,_~lo~u~r~I -~-~ 
CTSAf0i>LE I jou1L2fi.tLE I jou!I SAM~~rl SAMPLE I jourj I)) I /our! 

c=! I SAMf'LC[iITITr=Js,,MPLE jouil I SAMPLE jou1j SAMPLEjourj ~\I SAMPLE I~ 
<----~~!~.SAMPLE r==rourt SAMP1 EL!ouil SAMPLE I jou1 I SAMPLTI=r)\ I S•\MPLE I /ouq 

Ga-1 -----

Ga-2 

(video 

I DL/DR 

OE 

FD 

cr __ IJ=12Mf'l E rouu-=nrwr>ITFDJ--[SAMl'LE I OUl I I 5~ jour 

Sample and [: 

] hold ci<"'ls ~ 

~ 

1-~--1 I SAMPLE I I oUTQ?iiiPLfT_-~-~~"~JT~S_M __ ,r_1=E~~=ou~r~~,_,U.~t~o~u~T!--~ 
I I SAMPLE lour! I SAMfil]OUr SAMPLE our ) I SAMIH lour! 

c:::::=-~~CS~s_ilM_r_·L_E~l--~lo~u~r_.l~s_M_Af_'L=EJl __ Jl=ou~1Jl~s~A~M~PL~EJl __ Jl=o=ucrl"~SA_M~PUJ==rS=LE~ __ ,,_,),_~l_s_AM_P_L_E~l--~~ 

~ 
V1 D3k+ l 

D3k+2 

Ga-1 ~------------~F--------
Ga ·2 _________ _fl___ ___________ . ---'-,',--------

Ga 480 ------ __________ __.--~~ 
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Video ~-ffi1J~J-~-1J 26=iJ:l~PDJKUJllil--u-M_ 
DL/DR __ _____J__ I I ___L I ~µ _____ _ 
OE lSUUULfUlJUULfLIUlJl.JLJLJUlJU1J)VUl-fULJL_[L 
FD 

c=I"S"AMPt:EJiiUTL-[SAMj'iT[DiifCISMw1~f]OiT!J--~iou1 I I srnmrc=r-=-i 
CTSMi1u I jouq SAMPLE I fO\JiTSAMf'lfT--1ou1 i 51,MPLE I jouq r:.5) I jouq Sample and [: 

31 
hold ciruits ~ 

~ 

c==J_ I SAMl'u.JTITilT"=r~louq I SAi.HU !'i]ITC I SAMPLI:JQlITij\ I SAMPLE jo111'=1 
r--=r=lJIAMl'lt I =r-~'LE I jou1i SAMl'I( I iuurj SAMl'l[c=r::Sm~1~ 

~ 

u: D3k+1 -~t'~ 

D3k+2=r~~ 
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Video ~~~~) 2BDJ zea :U 2a9 LP~J z9q_,d~u---2-
DL/lJR 

OE 

FD 

______ _L_ L_J___i _ __J __ ~~-~_,,r-~-----

LfLfLJULJUl_Jl_JUUuULfULfLfLfULfLI)\_JLfLfLfUUL 
~----------------- ----)-------i_ 
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hold ciruits 
Sample and [: 

" c • 
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c 
0 

" .Jl 
oJk-1-1 =x=x:=Jc1cx:::x:::::x::::x~.2€~N~~~~ 
D3k+2 =_,~,::::-y...::x:::x_-x:-~~0\vry~~~x::x= 

D3k·1·3 _x::x::Jcr_x::_'LX'__)([~~!!X'.:7>~~~)-_~~= 
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G -2 -------------- ____ r--1-,-,-_-_ -------------·---------<.,<,.---·--------

,G 480 
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MODE 3 

D/S Vee 

L/f Vee 

MSFJ Vee 

MSFl Vee 

Video 

DL/DR 

OE 

FD 

[' Sample and B 

"" 
hold ciruits ~ 

"ii 

"' i> 

CJ:}@j''iE lou1 I I SAMPLE louq I SAMPLE louij I SMAPLE loulj LJ:S~ lour! 

I I SAMPLE I louq SAMPt EI loi[i] SAMPLE I lour! SAMPLE I lour I I )\ I Jou1 I 
C I I SAMPLE 1ouq l}AM!illouq ·I SAMPLE 101111 s·AMP~\ I SAMPI E I ouq 

r-==1 SAMPLE I 1ou1f}AMPLE I Jou11 SAMPLE I lour! sAMPLE 1=-r)rnAMPLE I -=rQQD 
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D3k+1 

D3k+2 

D3k+3 
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Ga-2 
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_Ga-480 
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FD 
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c=~l-~--~.1 1 s•MP•E@Jl 1s•M"''12!l!L~~WAM•'LE 1our1_:J 
c==r i_s•Ml'LE 1 ":JOUif"SAMf11T:TOUiJs@tifL:Jili!..rJ s•M•u I =rS~ctr=i=i .., 

§1 
~ D3k+1 

D3k+3 

Ga-1 _____ rL------------·--·-----~1 

G -2 ___ J---:1-.. -... -----------',~---------
·.G -480 -----~-------· ·_· ·_· .. ~-· _·_·. --~~~..:...~:.....:..:..:__ __ _ 
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"O 
o:; 

"' "O 
c 

~ 
U) 

HD66300T 

MODE 6 

D/S Vc.c 

L/r GND 

MSFl GND 

MSF2 GND 

Video 

DL/DR 

OE 

---~.~ ~------
LflJUU1_fLfULfULJULfUULfU1_f1_Jl_Jl_J) WU1SLIULJL 

FD ~--------------------------'\-----·--------

Sample and [: 
hold ciru1ts C 

D 

SAMPL£!our I SAMPLE fourj IE@i[@Qi] I SAMPI £ jouq LIS\ fou1 I I 
~'LE I 1our1 sAMPLE:c=r@I SAMPLE I Jou1I SAMP1E I lourl -ntcJ·-o-u1~1----~ 

~----~--~sA~M~P~L~E~IQQ'iJ=:JsAMf>LE jourf I SAMPtE jourj SAMRIJOiJTlj\ I s,\MPtE I~ 
SAMPLE I jou1 I SAMPLE I jourf SAMPLE I jo1JT I SAMPLE I =r:S\ I SAM<~ 

Ga-I 

Ga-2 

Ga-480 ·~ 

Video zillJ=~~ 
DL/DR -),\---L--------

OE UlJUUUUULfLfLJ1Jl.~\_fl_fLJLJl_f1Jl 

FD 

IA 
I I 

Sample and B c:=r: 
hold ciruits r= 

l~ 

~~----~~~--~IY~s_Ar_'"~L~E_,I!fuiL f SAMPLE TffiiTI~MPLE jourf I =r:SDDDT-=r===1 
I SAM»tE I I ou 1f SAMPLE I I oQII SAMPLE I jou1 LI)\J=l<l<!.!r==:::l 

~----~~~----~~--~l~s~A_M~PLE Jou1 I I SAMf'1FJ'2Qll SAMPLE !our! ~~.fJ!&iJ=J 
I SAMPLE I four fSAMt'LE I lour! SAMPLE I jourl SAMPLE I I )~EI I 

D3k+ I ,,,,.,,,,.,,, 

D3k-t-2 ~~ 
D3k+3 

Ga-I ~---------------\~---

G -2 --',', 

G -480 
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HD66300T 

" o; 

"' E 
u: 

" ~ 
" c 
0 

ll 
(/) 

MODE 7 

D/S Vee 

L/F GND 

MSFI Vee 

MSF2 Vee 

Video 

DL/DR 

OE 

FD 

[' 
Sample and B 
hold ClfWIS ~ 

I SAMPLE !nurc=TsAMPLF: luurl I SAMPU lou1 I I SAMPLE jourc==r==rS\ lour! 

D3k+1 

D3k+2 

D3k+3 

Ga-1 

Ga--2 

Ga-480 

Video 282 283 284 
-~ 

DL/DR 

OE 

FD 

'"""" '"' [: LJ 
hold ci1u1ts LJ 

c 
D 

--~-LJ~L}AMPIY]ou1I I SAMPLE lour! r=rS~ jou1 ::J 
~-'-----'---'---'!.~ lour! SAMPtE I lrnnl SAMIU I lou1I I')) I lou1' 

~-~~-=i==LL~lourl I SAMPLE lour! I SAMPLE loull) I SAMP1E lou11 

~--~_,[SAMPLE[ @!JSAMIUL=i:ourl SAMPLE I lou1i SAMPLE I 1)) I SAMPtEI 

D3k+ I 

D3k+2 

D3k+3 

Ga-1 

G 2 

G -480 

L-~~--~~~~~~~~~~~s----~~~~~

~~--~~~~~~~-- ~ 

---------------------------~~..:Jl__ 
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MODE 8 

D/S Vee 

L/F Vee 

MSFl GND 

MSF2 Vee 

Video ~~--U::lC:l,Di U zqµqJ_iqpb,~~-
DL/DR 

OE LJ1J1JLJl_JLfUl_f1_Jl_JU1-fULfUU1JlSLfLJ~ULfLrLJLfLJl__ 
FD ___] ~----- --

hold ClfUltS C 

~·~~~SAMPD:Jouq I s,:,11'tE !01Jrl CI)t:@i!.iL I I 
c~ I /our I SiMi'l [I loln~cL lctJl I S>\MIU ! loor I I Ste~ 
L_ I I sAMFtcloLiT[ ~~"''lour! I sw·~ I SAMPLE loJDJ)ITsAMPLE lour/ I 

Sample and r~ 
" D c::== 1 1 SAMf'l, c i·)lJ[ 1 ';,u.11·1}]_1".'!.1-~=1.S@I SAMPLE 1 ::=arnAMPLE CTOiTiJ 
o; 

" 

--\\--l;,:-: 
Ga-480 

Video ~~~~~-_l-u_L_ 
DL/DR __L_ -Y\---'-------
OE LfUl_Jl_JlJULfUUlSLI1_f LJl_Jl_Jl.JULJUU))SUlJLflJLiL 
FD .__ __________________________ _,<,.._ 

Sample and B [=1}AMt't E l___J_Qt;_1_ I s.1"0TI=ioci1IsM.i'1f C:JwiTsM.11•1£ I I otiiT-T)\:r.l01Tc=l 
liold cuuits c t SAMPI.£ lcHJT I I SJ\Ml't f]DUTCT~>···~Pt.t.l~.~~-~-':.£: .. ]QQ:IQL@MPITT~l[_=:J r

A CJ1N.HiIJQu1I I SAM»1rTu.QiL __ J.'0.~I l~_:I==rj~-:r=_--=i 

¥ D ~~::c:::J~il]~1Mt'l i'J:::::_IQ_i: l I- S\'.!fl E _LIQi!il S,Mll'tF:LI)tl~::::JDiiTI 
~ ' 
-0 
c 

] D3k+I :=rJCX=x_,~:~<S-2~"..'A.~i>\t~~':.0C:JC 
DJk-f-2~~~~~~)~ 

D3k+3 _X_2C:X __ X:::>G:"~~~xJ':<i~\~ 

c;a-1 ~ 

Ga ______ ___J- '------- -------------- -11---

c;j 480 
-----·---------------- ---------------------~> 
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HD66300T 

] 
E 
i.L 

" o; 
-= 
" c 
8 
" "' 

MOOE 9 

Video 

DL/DR 

OE 

FD 

[ Sample and B 

hold ciruits ~ 

I SAMPLE Jour I I SAMPLE Jou1 I I SAMPLE Jouq I SAMPLE lour I I =r\t-\ "lo"'u.,.,rTl-r----. 

jSAMPLEf JourjsAMf>LEI JourjSAMPLEI JourjSAMPLEI Jourl 1\\1 Jour( 

I SAMPLE lour( I SAMPLE JourJ I SAMPLE JourJ I SAMPLE JourJ )\"I}Af.ieLE Jouq 

I SAMPLE I lour! SAMPLE I lour! SAMPLE I Jourl SAMPLE I I~~ I SAMPLE I Jour( 

03k+1 

D3k+2 
~J-~~- --

03k+3 

Ga-1 

Ga-2 

G a-480 

Video 

DL/DR 

OE 

FD ~-----------------------~1>---------

~m•••t hold ciruits 
c 
D 

1 SAMPLE JourJ I SAMPLE lour I I SAMPLE Jou1 I I SAMPLE IQQ!L:ITI\L~IL~HJ~r~I-~-~ 
!SAMPLE I Jourj SAMPLE I Jourj SAMPLE I Jouq SAMPLE I jourJ I\\ i lour( 

I I SAMPLE JouTj I SAMPLE joulj I SAMPLE JouTj I SAMPLE JouTj \\ I SAMPLE JourJ 

~-~~_,l~s'-'AM""'''""''L"'E--'1- @:Jll SAMPLE I Jou1 I SAMPLE I lour! SAMPLE c=r\) I SAMPLE I lour! 

D3k+1 

D3k-H 

--.~-o--.,,--~-._,-,r~,-~r---,.~,~~'--~r-~'~r-~r-=--=-c~r~.r-c~r-:-.! 

~~~~~~~~,~~~,~~·~·~-~,~~~-~~;~~~,~~·~-~~· 

D3k+3 

Ga-1 '------------------\~·-------

G -2 

G -480 
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HD66300T 

MODEIO 

D/S Voe 

L/F Voe 

MSFI Voe 

MSF2 Voo 

Video 

DL/DR 

OE 

FD 

""'""'""" [ hold ClrUllS c 

" D • "' 

LI S"•PLf louTj I SAMPLE lour I I SAMPLE lourj I SAMPt E jour I I )) jou1 I I :==J 
I I SAMl'LE I JouTj SAMPLE I jouq SAMPLf I jour I SAMPLE I lour I IS\ i lour I 
L I SAMPLE lour! I SAMPLE lour I I SAMPtE lour! I SAMPLE jouq )\I SAMPLE jourj 
I I S'MPLE !uurl SAMPLE I !otn! SAMPLE I !our! SAMPLE I !3~Ll£Qil 

;; 
u: D3k+1 

D3k+2 -1.>.---'-"--'-'--'-"-J'--'."-'-"'-""'''-'"'''--'~'-'·'--'~'--''--'~'-J'.~'~''·~~J'--' 

D3k+3 

Ga-1 

Ga-2 

Ga-480 

Video 

DL/DR )--'-------

OE LJLJULILfLflJLJU1SLfUUU1JLfUU1.J1_J)VlJl_Jl_Jl___JL 

FD 

[' 
~\MPLE 

Sample and B r=1SA'.H·'L£ 

" 
hold ciru;ts ~ I 

• [ "' -g 

lo11q I SAMPcE [out! ! c,AMPlf !ourj YAMrLE !oUT I ! ll~lo~u_r~! -~-~ 
jour! SAW'LE I !ouq SAMPtE I lout! SAMPLE I !our! I\\ I !our! 

I SAMPLE tour! I SAMPLE lou1 I I SAMPLE ]ou1j I SAMPLE lou1I )\ I SAMPLE lour! 
I SAMPLE !our! SAMPLE I !oui! SAMPLE I lour! SAMPLE I IS\ I SAMPLE I jouq 

8 
.Jl D3k+ 1 '--' ~~ ·'--; ~~ '~J '--J -~ '--J -~ 

D3kl-2 

ll3k+3 

Ga _____ _JI_ ____ ---------------\\--------

-----------------~\--------

G -480 -----------------------------4>-----r-l___ 

@HITACHI 
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HD66300T 

" " .; 

E 
u: 

MODEi! 

0/$ Vee 

L/F Vcc/GND 

MSf I Vee 

MSFZ GND 

video llv--?LJ~u=~=u::::Icu:=:R:=u::::n1J=~r~)~~ 
DL/DR 

FD 

C:::I SAMPLE Jnuq I SAMPLE iuu1 I I SAMPLE Jou!f I SAMPLE Jouq I St10111J l 
Sample and B [ I I SAMPLE I Jouq ~:Ji!..l!JlsAMPt.E I Jmi"ffW.iPLELfiliii!_D\ I Jou!f 
hold druilS ~ I SAMP!E JourJ I SAMPLE Jouq j SAMPLE Jouq J SAMrCE]i"iU"i]j~~rn=J 

I SAMPLE lou1 I SAMPLE I lmilf SAMl'LE I loul]~-----r'i\ I SAMPLE I I@ 

D3k+1 

03k+2 

D3k+3 

Ga-1 

Ga-2 

Ga-480 

Video 

DL/DR 

OE 

FD 

~J'~~-·~. 

~, ~~~·~--~J~J'~~--~·~-· 

~, ~~ ·~ ~, ~~ ·~ ~, -~ ~J '~ ~J •-J ~- ·~· ' 

~~~~~--~~~~~~---~ 

·-~=-- ---------~>-·---·----

---~--~--~---~-~-_J_ ~ 

L_fUUUUUUULflIUU1_fLfUUUULfU)VUUlSLfLIL 

---i_______·~~~~~~~- ·-----~L-----------
CTI'A"M"'P~L-=-E ""'l""o"'u~r1---1·e'"':•""M"'PL'"'E,..,.,.lo"'u~1 rl -rl s'"'A,,-M'°"P'°L£7 _.@!l.,..,o""u'"'1,.._-_-i,..,,,s•'"'M""P""1.'-"""·: ],.Qic"'H"'ifL,,---,L-=r-,jtiou1 I I ==:J 

S ampla and [~ 
] hold cirnils ~ 

I I SAMPLE L lour! SAMPLE I Jn111J SAMPLE "C@UT[SAMl'iTT- Jourj DI I Jourl===:J 

c=: J J SAMhl:]jurJ I 5,,Mffil@:!j.:-JSAMJITJOITTJ ~.J2ffit~™=:J 
c:::=r:::=r SAMPLE I l<'iiiiJ}AM8II:=I@sAMPLE I liliiiL~ITs•MPLE I @!Tl 

" c 
8 
J; D3k+1 

~J-~~---·· 

03k+2 ~~ 

Ga-1 _ __fl_·--------------------1\-----------

Ga-2 

Ga-480 

• HITACHI 
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.., 
o; 
-= 
t> 
u: 

.., 
$ .., 
c 

~ 
U) 

Video 

DL/DR 

OE 

FD 

[ Sample and B 
hold ciwils ~ 

D3k+ 1 

D3k+2 

D3k+3 

Ga-1 

Ga-2 

Ga-480 

Video 

HD66300T 

MODEl2 

D/S Vee 

L/F GND 

MSFI GND 

MSF2 Vee 

I SAMPLE join I I s,1MrtE jourj I SAMl'IE jouq I SAMPI E jourj I )tli@J=:J==-:J 
I SAMPLE I jou1 I SAMPLE I lour! SAMPLE I lou1 I SAMPLE I lour I TIL@@==:i 

I I SAMPlE I 01n I I SAMf'LE jouq I SAMPLE jou rj I SAMl't E juu r I S\ I SAMPLE jour I I 

I I SAMPLE J iou1 I SAMPLE I iou1i seMPtE I Jou1 I sA1.1r1ECD~I SAMPLE J jourj 

DL/DR --~-~-~-~-~--~-~~'-~-11~--,---

OE )\_flSLfLfLJUL 
FD 

··~··t 
[ SAMPLE 

I SAMPLE 
hold ciruits 

c 
D 

lourj I SAMPLE lourJ I CAMl'LE jourj I SAMPLE l(,,i1i=-::r=:JjL@i21J I 
jourj SAMPLE J j11u1 I SAMPLE I jourj SAMPLE J jouIL::r:51 J Jouij I 

I SAMPLE jou1j I SAM1H joulj I SAMPLE jourj I SAMPLE jo1J1j \ITsAMPlE jouq =i 
I SAMPLE I Jouij SAMf'LE J Jou1 I SAMPLE I jouil SAMPtE I I)\ I sAMf'LE I jou!J 

D3k+ 1 

D3k+2 

D3k-t-3 

Ga-1 ____ ____r-1_____________ 1\--------

Ga-2 _____ ____jl___ _____________________ jl----------

Ga-480 --- --\~-==_:_:___J[___ 

• HITACHI 
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HD66300T 

Video 

DL/DR 

OE 

FD 

MODEIJ 

D/S Voe 

L/F GND 

MSFI GND 

MSF2 GND 

~~-'--~-'-~'-----'-~_,__,___i_ _ _J__l-\.>-1~----

LJUUlJUUl_jl___JUUUUUUU1JUUS VULrLJlSLIL 
___i-

,.A L:Jj@f'tE jou!J I SAWU lour! I SAMPLE lnul/ I SAMf'LC jouij D\ lour! I I 
Sample and lB 

" hold ciwlls ~ 

~ 

I SAMPLE I lour I SAMPLE LJouT:L:i@!'.lE I iou1 I SAMPLE I lour I I )~r==J 
I SAMPLE !ouTj I SAMPLE!75iJTD S"lf'LE jouq I SAMPLE lour!-)\_! SAMPLE jouq I 
I SAMPLE I lour I S•'M'LE L Jourl '"'·'PLE I iuur[ SAMPLE I I ~tJ sAMPLE I lour! 

46 

D3k+I 

D3k+2 =xx 

!Video 

DLIDR 

OE 

FD 

~-~--~~-~~~-~--~,1---~---~--

~~-,-----~~~~--~~~~~-~~~~~ 

~~~~~--~~~~~~--~~~~----\--~~-

~~~~~--~~~~~~~~~-~-~-------

Sample and B LJsAMPLE !ourj SAMiIT:[_---=p.iDT[ SAMPlE I !ouq SAMPLE I i~=rJtc=TI1urJ l/ A CisAMl'LE !ourJ I sAMPiTfOiDCISiiMP(I}iurl I S•\MPLE @rLJ-=-rJ\ lour! :J 

holdcrruits c I I ISAMl'tEl0tnl lsAMPL£jour! lsAMPLE!ouTj ~:.!<-MPt.Elot1tl,~lsAMl'Ltlou1l 

o [ I I SAMPLE I !our! SAMPLE j lour! SAMPIE I iouil SAMPLE I I)\ I SAMPLE I lour! 

D3k+ I 

D3k+2 X X X 

D3kl3 -x=z=-

Ga-1 ____ __J--] -~\---------

GJ-2 _________ JL 

@HITACHI 
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" 

------------=HD66300T 

(video 

DL/DR 

OE 

---~-~--~--'----'---~--_L__-J_ _ _j__-\~_l _____ _ 

FD 

hold cirulls C 

UUlSLJlJLILJU)UUUUUUL 
--------\) 

Cl SAMPt E @in I I sAMPI E Jourj I SAMPt E Jouq I SAMPLE fi5UTC--=r=JjIT~_i==_J 

I jsAMPtEI JouTjOAMPLEI l~~'=IJIT-_nu~ 
J sAMPLE Jou1r=-n:wru1ourl I s1Mr1E J~JJ§dif]!Qi[JITT•·'"'i~ 

S•mplo and r: 
o; D '----'--"-I =SAMPLE L JouT I S.<MPLE I I OUl I SAMf'l E I Jou r I SAMl'I .t:r=J::SrnAMl'l E I i@l E , 
u:: 

D3k+ l 

I 03k + 2 

! D3k+3 =~,v_,JJ '---"--'~ __ ,, __ J,_ 

I :1 : .. ======~-_JL_----~~~~~~~~~~~~~~~~~---~-.-:~-\:\)_-___ -__ -_-__ -_-__ ==--fl_==-=-~---
Vtdeo ~JT!Q_p]:[{~JJEQ_~p~--1-
DL/DR L~)--L 

OE l___fUl_JlSUl__ILfUl_Jl_fLfLfUUUl_fLfLJ1__f'lJ)U1-flJl_Jl__fl_fl_ 

FD ~-------~-----------~~-------

[

A c:I_SAMrtE JourL:Jj_~~I®iJ:~1TJou1j I "'·'~'l.J9_!'_fl=ciJL@ic=L ___ l 
Samµlo and B I I SAMPl £ J J OUT I SAM Pl E I 10UlJ :;AMPI E I @mJs:\Ml'~~~i==@Uil--==1 
hold ciruit::. c ~AiJi>[["@u([==rSA!;"WIT]Q@T=1 s..i.MPt f lnur'I I sA~tJ-~i£IIJ~tL.~o=J 

o r==T-:::::J2W>ITJ==rt""f'S'"p' £D0ITTJ "SAMP1TCJ<mn•·,1m-nt~wiTr=iIQil 

03k+' ==--~~~~-Bb2L= 
D3f.t2 ~~~Z!NifliiiXii!.."}y~~ 

03k+3 =-~1~~~~~)~iLr 

GJ-l [__ ___________ _ -----1)-----
Gd-2 ______ __Jl___ ___ _ 

-11 
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HD66300T 

Video 

DL/DR 

OE 

FD 

r 
:~;pie B 

hold C 

~ 
ciruits D 

"' 
~ D3k+1 u: 

D3k+2 

D3k+3 

Ga-1 

Ga:2 

Ga-240 

Video 

DL/DR 

OE 

FD 

..... Ii and 
hold C 

¥ ciruils 

"' '9 
i? 
~ D3k+ 1 (J) 

D3k+2 

I ioo;;;t~~ I --·---~-----· . -··- --- - --- -
MSFI GNU 

__ M~:~- ___ \lcc __ J 

jSAMPLEI our jsAMf'LE I our ls.Mrt.Ej 01Jr lsAMrul our lsAMPLEI our ISAMPLEI )~JYUT"r==J 

ISAMPLEj our I 5"1PLEj our lsAMPLEj our {SAMPLE! ou1 lsAMPLEj our I )US§'l:iJJ5UTJ 

v,1 

Vy2 Vx3 Vy I V12 

~------------------~---1,r---------
L_ ________________ __.,~-------

~~~~~~~~~~--~~~---~-~· 

-----------~--~-~-~-~-~-~-~~~;-~------

l__fl_____fLil_-\ ~ 
'------------------------~-11--------

ofl~Jll 

;fhl!lll 

x x 
---x= x 

r ISAMl'lEI OUT jSAMPLEJ OUT ISA~!Pl.Ej O!Jr jsMWLIC]~ 

I s.:.if'LE I our Ji•MPLf)Jij[f]yi.i0LE I our l '-A>ll'Ll I our l=J)::I OUT I 

--1.,'; 

~----------',s----------
~~~~~~~~-~~~~~~----_-_-_-_-- ---<.--~--i_____ 
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~ 
"' E 
u: 

Video 

DL/DR 

OE 

FD 

••m•t and B 
hold C 
curnts 

D 

D3k+ 1 

D3k-t-2 

D3k+3 

Ga-1 l Ga-2 
Ga-240 

Video 

DL/DR 

OE 
FD 

(A 

and 
hold C 
Sa- m-plo ~B 

u ClrlHIS D 
;;; 

"' 

Ga-I 

Ga-2 

Ga ·240 

HD66300T 

-~~~-'-~-'--~.L--"-~--'-~-'----'~-'-~-'-~'---'--~l~\~'-----

_fLJLILfl_fLJl_Jl__J~~ll_fLJL_f1 

~---------------------------\\,-------

c=fSAMi>tE! OllT b•Ml'LE I Olli ll•l.ll'LE I ()UJ 11"\l'l" OUT I SAMPLE! our ls•MPLq s~ I OUJ J 
;;.,i,111 

Ol-ftill 

[SAMPLE! ·1u1 I SAMPLE! ou1 [s•MPLIT:QQ~I our l}AMPiICODTJ=l\ I SAMPLE! ou1 I 

-------------------------------------------·-_-_-_·-_-_·_--_·_· ___ ~~ 

_r--L --)1-------
_ _r----i _________ y, 

___________________ .. _--_-··w:_:.:__r-L __ 
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HD66300T 

:!I 
~ 
~ 
u: 

:!I 
~ 

"' " c 
8 
" "' 

50 

Video 

DL/DR 

OE 

FD 

~ ;~;pie B 

hold C 
ciru11s 0 

D3k+1 

D3k+2 

D3k+3 

Ga-I 

Ga~2 

Ga-240 

Video 

DL/DR 

OE 

FD 

~[ and B 
hold C 
ciruils 

D 

D3k+1 

D3k+2 

l""'' Ga-1 

Ga-2 

Ga:240 

MODE17 !····-------·------· 

~l-E~~ 

lsAMPtEI our ISA•PLE I OUT ls••r1.£1 OUT ISA•rLE[:::Qur jSAMPl.Ej our js.•PiIC""j~ I our I 

r·--.,--r.,57.AMmp1.r.£Ti<o'-u~T;jr.57.AM~Plr.Erj<o~U~r<j~SA~MPrulE~lr-;;-OUml>"-r.ls~AMwPl.~E~j~O~U~T'l'-s~AM~PL7£rl~O"°U~l-.---"~rlr.S~AM~PL~Erj~O"'U~l~I 

Vxl Vyl 

VxZ Vyl. 

jSAMPL£! OUT jSAMPLEj OUT l><MP•.£1 OUT ISAMPt.£1 \\JSAfiifffJWiJ 
,~fflH 

*'fflll 

I I ~-~---'--~I ===m; _ _,_"'sA"'Ml"''tE"". l'-"-m"-11'-'-'I s"''""'r~t E"'l-'o"'u'-'-r-'l"'s'"'"'"'r1."-E ,_I -~o-'-IJ'-T ..L---'--"-o~u~r LJ) I our I 

Vyl VA1 Vyl Vd ,~'~'y_l~'--'~ 

=x=x x x 
x x x x 
~~~~~~~~~~-~---i-~-.,.---~-~----

__ll 
~\----

~~--------

-----------------------_--_--.-------~~_ll__ 
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NTSC System TV Signals and LCD 

A TV screen display, which is updated 30 times per 
second, is called a "frame" and is composed of 525 
scanning lines. One frame contains two fields; scan
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
#interlace scan." 

The time period in which one scanning line scans the 
display is called a "horizontal scanning period" and is 
about 63.5 µs. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the "valid display". The other 
period is called the "horizontal retrace period". 

There are two modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning lint! 
in the two fields is assigned to one line of the LCD 
pand; thus, each of the 240 lines of the panel are driven 
by the positive signal in the first field and by the 
negative signal in the second field. Here, 30-Hz alter
nating frequency is available, but the number of ver
tical pixels is limited to 240. 

(Single-rate sequential drive mode) 

In the second mode, every other line of the LCD panel 

can be driven by the first field and the remaining lines 
can be driven likewise by the St.'COnd field. In this case, 
if one pixel of the LCD panel is considered, it is 
recognized that the pixel is driven by signals with 
opposite polarity every frame. This lowers the alter
nating frequency to 15 MHz, which is only half of the 
frame frequency. Driving LCD elements with signals 
of such low alternating frequency causes flickering 
and degrades display quality. To raise the alternating 
frequency to 30 ~..1~!z, a method can be employed in 
which LCD elements are driven once every field in
stead of once every frame. 

Specifically, in the first field, the first and second lines 
of the LCD panel arc driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
arc driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 

Employing this method enables the implementation 
of 480 vertical pixels. 

(Double-rate sequential drive mode) 
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HD66300T 
Absolute Maximum Ratings 

Item Symbol Ratings Unit Remarks Note 

Power supply for -0.3 to +7.0 v 
logic unit 

Power supply for V BB V cc- 23 to V cc+ 0.3 v 
analog unit 

Input voltage for VTC -0.3 to V cc+ 0.3 v 3 

logic unit 

Input voltage for VTB VBB-0.3 to Vee+ 0.3 v 4 

analog unit 

Operating -20 to +75 oc Assures logic 

temperature unit operation. 

-10to+60 oc Assures analog 

unit operation. 

Storage -20 to +85 oc 

temperature 

LCD level voltage V LCD VBBto Vee+ 0.3 v 

Notes: 1. Value referred lo V ss = 0 V. 
2. If LSls are used above absolute maximum ratings, they may be permanently destroyed. Using them 

within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCKl, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSFl, MSF2, TESfl, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 
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lll I ::r:: co Electrical Characteristics 0 
O'\ 

:c DC Characteristics (VLCO =Vee= 5 V ±10%, GND = 0 V, V cc - VBB = 16 to 20 V, Ta= -20 to +75 °C) O'\ 
"" VJ 
"' <> 0 =r -· Item Symbol Min Typ Max Unit Test Conditions )> Notes 0 
3 

~ "' Input high-level voltage VIH o.7 Vee Vee v 3 ::!. 
<> 

"' fi Input low-level voltage VIL GND 0.3Vcc v 

• Output high-level voltage VOH Vee- 0.4 v -10H = 0.3 mA 4 
:c 
Sf Output low-level voltage VOL 0.4 v i0H = 0.3 mA <> 
:!: 

Input leakage current (1) lu, ""C -10 +10 µA VJ= 0 V, Vee 1 
;;;-
N 

Input leakage current (2) 1u2 -10 +10 µA VI= VBB' Vee "' 2 . 
N Output current ( 1) 1our -150 µA V cc - V BB = 20 V Dk = Vin - 0.5 V OE = V cc 5 0 
0 
0 

if@ -10 µA Apply Vin to Vx and Vy. Vin = (V cc = V 88)/2 OE = 

iil :c Output current (2) !IN +150 µA GND V 00 = V cc - 3 V DK = Vin + 0.5 V OE = V cc 
"JI -
~~ +10 µA V bsH = V CC - 3 V V bsB = V CC · 3 V 
~() DK = V. + 0.5 V OE = GND 
~ :c in . - Current consumption 1GNO 3.0 mA tc• = 2.5 MHz, vbc = vcc-3 v 6 
CD 
~- 1ss 15 30 mA VbsH = VCC-3 V, VbsB =Vee -:01 V <:T 

"' :::> OE = 33 kHz. FD = 30 Hz 5" 
C") 
)> OE duty= 7/32 
"' ... 
0 Bias vo~age vb Vee -4.0 vcc-3.0 v Vbo = VbsH = VbsB, CL= 100 pF, TOOR< 6.3 µs 0 
'f' 
oO Dynamic range VDY V88 + 1.5 Vee -3.5 v V cc - VBB = 20 V. \ = -10 to +60°c 5, 7 

'° • -0.5 v < voff < +0.5 v 
~ 
.£! V bo = V bsH = V bsB = V CC - 3 V 
c.n 
00 Offset voltage voff (l) -5-180 -5 + 180 mV VCC-VB8 =20VV;n=-11 V 5,8 
~ w Ta= -10 to+ 60°C 0 
0 

Voff (H) +55-180 +55 + 180 mV !ck= 2.5 MHz Vin = -1 V 

Vbo = VbsH = VbsB 

=Vcc-3V 



HD66300T 
Notes: 1. Applies to pins HCKI, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSFI, MSF2, TESTl, 

TEST2, V ho' V bsH' and V bsB" 

2. Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 
3. Applies to pins HCKl, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSFl, MSF2, TESTl, 

and TEST2. 
4. Applies to pins DL and DR. 
5. Applies to pins DI - 0120. 
6. The shift register is constantly shifting one 1. 

Mode setting: L/F = V cc' D/S= V cc MSFI = GND, MSF2 = V cc 

(fhe other input pins must be V cc or GND level.) 
7. The operations are the same as those when offset voltage is measured. 
8. Definition of "offset voltage" is shown figure 21. 
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HD66300T 

AC Characteristics <VLco= Vcc=S V± 10%,GND = o V, Vcc-VuB = 16 to 20 V, Ta =-20 to +75°C) 

Ratings 

Item Symbol Min Max Unit Test Condition Notes 

Three-phase clock period tCKCK 210 1000 ns 

Three-phase clock tCWH 100 ns 

pulse width tCWL 

Interval between three-phase tfr1 30 ns 

clock falling edge and rising tfr2 

edge tfr3 

Interval between three-phase 1,, 20 ns 2 

clock rising edge and falling 

edge 

Clock rise and fall times tCT 30 ns 

DL, DR input setup time tsu 50 ns 

DL, DR input hold time tHLI 20 ns 

DL, DR output delay time !pd 90 ns CL= 15 pF 

DL, DR output hold time tHLO 5 ns 

OE input period 1cvco 30 80 µs 

OE input high-level pulse tOWH 3 15 µs 

width 

OE rise and fall times I or 30 ns 

1of 

FD input setup time 1Fs 100 ns 

FD input hold time tFH 100 ns 

Note: I. Necessary for preventing the three-phase shift register from racing. 

2. t,f must satisfy the DR and DL input hold time (t111 ) of the next horizontal driver. 

(trf + ti !LO> till} 
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Package Dimensions 

ZJ.O SR ZJ.O SR 

45.18±0.1 
O.JPX65 19.5 J.09 3.09 0.3PX65 19.5 

15.0 15.0 

0 0 

0 0 D 
(0.8PX38) 30.4±0.I 

l~·~ __ ::_:·~~----'~~~~"'="·'~~~-
(4.75PX10=:4H) 

~HITACHI 

HD66300T 

Unit: mm (inch) 

0.16ma• 
1.0max 
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PC-9801 is a trademark of NEC Corporation, Japan. IBM-PC, Color Graphics Adapter, 

Enhanced Graphics Adapter, and Video Graphics Adapter are trademarks of IBM 

America, Ltd. 

For additional information reference: 

Section 1. LCD Controller/Driver LSI Data Book 

Section 2. HD66300T Horizontal Driver for TFT-Type LCD Color TV 

Section 4. HD63645F/HD64645F LCD Timing Controller (LCTC) Application Note 

Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User's Manual 
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Preliminary HD66840 

Section 1 LVIC Overview 

1.1 Description 

The HD66840 L VIC (LCD Video Interface Controller) converts the standard ROB video 

signals for CRT display into LCD data. It enables a CRT display system to be replaced by an 

LCD system without any changes. It also enables software that was originally intended for 

CRT display to control an LCD. 

The L VIC features a high operating frequency of 30 MHz, corresponding to the CRT display 

dot clock (DOTCLK). It enables screen size programming and control of a large-panel LCD of 

up to 720 x 512 dots. 

Since the LVIC can control TFI'-type LCDs in addition to the current TN-type LCDs, it can 

support monochrome, 8-level gray scale, and 8-color displays. 

1.2 Features 

• Conversion of ROB video signals for CRT display into LCD data: 

- Monochrome display data 

- 8-level gray scale data 

- 8-color display data 

• Selectable L VIC control method: 

- Pin programming method 

- Internal register programming method (using either an MPU or ROM) 

• Programmable screen size: 

- 640 or 720 dots (80 or 90 characters) in width and 200, 350, 400, 480, 512, or 540 dots 

(lines) in height, using the pin programming method 

- 32 to 4048 dots (4 to 506 characters) in width and 4 to 1024 dots (lines), using the internal 

register programming method 

• Double-height display capability 

• Generation of a display timing signal (DISPTMG) from the horizontal synchronization 

(HSYNC) and the vertical synchronization (VSYNC) signals 

• Internal PLL circuit capable of generating the CRT display dot clock (DOTCLK) (external 

charge pump, low-pass filter (LPF), and voltage-controlled oscillator (VCO) required) 

• Both TN-type LCDs and TFI'-type LCDs controllable 
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• Maximum operating frequency: 30 MHz (DOTCLK) 

• LCD driver interface: 4-, 8-, or 12-bit (4 bits for each of R, G, and B) parallel data transfer 

• Recommended LCD drivers: HD61104, HD61105, HD66106, and HD66107T 

• Direct interface with buffer memory (no external decoder required) 

• CMOS 1.3 µm process 

• Single power supply: +5 V ±5% 

• 100-pin quad flat package (FP-lOOA) 

1.3 System Configuration 

Figure 1-1 shows a basic system configuration using the LVIC. 

The L VIC converts RGB serial data sent from a personal computer into parallel data and 

temporarily writes it to the buffer memory. It reads out the data in sequence and outputs it to 

LCD drivers to drive an LCD. In this case, a CRT display dot clock (DOTCLK), which is the 

latch clock for serial data, is generated by a PLL circuit from the horizontal synchronization 

signal (HSYNC). The DOTCLK signal frequency is specified by PLL frequency-division 

register (RIO and Rl l). A display timing signal (DISPTMG) is generated internally from the 

HSYNC and VSYNC (vertical synchronization) signals. The information required for generat

ing the DISPTMG signal is given by horizontal back porch register (R14 and Rl5) and vertical 

back porch register (R12 and Rl3). The MPU is used for writing this data into the LVIC's 

internal registers. 

A system may be configured without a VCO and an LPF if the DOTCLK signal is supplied 

externally, and a system may be configured without an MPU if the L VIC is controlled by the 

pin programming method. 
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Figure 1-1 Basic System Configuration (Using MPU Programming Method 
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@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

3 



4 

HD66840 Preliminary 

1.4 LVIC Configuration 

Figure 1-2 is the internal block diagram of the LVIC. The functions of each block are de

scribed below. 

1.4.1 Dot Clock Generator (Programmable Counter and Phase Comparator) 

The dot clock generator generates a CRT display dot clock (DOTCLK) in conjunction with an 

external charge pump, a low-pass filter (LPF), and a voltage-controlled oscillator (VCO) when 

the DOTCLK signal is not supplied externally. 

1.4.2 Display Timing Signal Generator 

The display timing signal generator generates a display timing signal (DISPTMG). The 

DISPTMG signal indicates which RGB data is valid of all the video data sent from a video 

controller. This generator adjusts the phase shift between the DISPTMG signal and the valid 

RGB data when the DISPTMG signal is not supplied externally. 

1.4.3 CRT Display (Video Signal) and Buffer Memory Interface Unit 

This unit converts serial RGB data into parallel data and writes it to buffer memory. 

1.4.4 Timing Clock Generator 

The timing clock generator generates various clock signals which control the LVIC's internal 

operations. 

1.4.5 Write Address Counter 

The write address counter generates memory addresses which enable the L VIC to write data 

sent from a video controller to buffer memory. 

1.4.6 Read Address Counter 

The read address counter generates memory addresses which enable the L VIC to read data to 

be sent to LCD drivers from buffer memory. 
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1.4.7 Address Multiplexer 

The address multiplexer controls the output of the read address counter and the write address 

counter. The multiplexer allows the read address counter to output an address in a read cycle, 

and the write address counter to output an address in a write cycle. 

1.4.8 MCS and MWE Signal Generator 

The MCS and MWE signal generator generates a buffer memory chip select signal (MCS) and 

a buffer memory write enable signal (MWE). 

1.4.9 Synchronizer (Data Latch Circuit) 

The CRT display (video signal) interface unit of the LVIC writes data to or reads data from 

buffer memory synchronized by the CRT display dot clock (DOTCLK), while the LCD inter

face unit (refer to section 1.4.11) operates synchronized by the LCD dot clock (LDOTCK). 

Since these two clocks operate asynchronously, the synchronizer synchronizes the data transfer 

timing of the two interface units. 

1.4.10 Gray Scale Display Data Generator 

The gray scale display data generator converts RGB signals into 8-level gray scale display 

data. 

1.4.11 LCD Interface Unit 

The LCD interface unit transfers LCD data to LCD drivers in parallel in 4-, 8-, or 12-bit units, 

depending on the display mode. 

1.4.12 LCD Timing Signal Generator 

The LCD timing signal generator generates LCD control timing clocks CLl, CL2, CL3, CL4, 

FLM,andM. 
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1.4.13 MPU/ROM Interface Unit and Display Mode Decoder 

MPU Interface Unit: Receives control signals from an MPU, and transfers internal register 

data to and from the MPU. 

ROM Interface Unit: Outputs addresses to ROM and receives data to be written into internal 

registers from the ROM. 

Display Mode Decoder: Selects one out of 16 display modes, depending on the input through 

the DM3-DMO pins. 
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1.5 Pin Description 

The LVIC pins are divided into power supply pins, video signal interface pins, LCD interface 

pins, buffer memory interface pins, mode setting pins, MPU interface pins, ROM interface 

pins, and PLL interface pins. 

Figure 1-3 shows the L VIC pin arrangement and table 1-1 provides a complete listing of the 

pins. 

ffi)/AO/XDOT 
A1/YLO 
A2/YL1 
A3/YL2 
DO/FO 
D1/F1 
D2/F2 
03/FJ 
GND2 

MAO 
MA1 
MA2 
MAJ 
MA4 
MA5 
MA6 
MA7 
MAS 

Vcc2 

O-NM"l'J'LO~C0{'-0-NM"'tt"lOCO,....O-LC> 
aoooaooaaooaaoaooooo ococococococzococoooooooommz 

0 0 

Figure 1-3 Pin Arrangement 

@HITACHI 

DOTE 
PMODl 
PM ODO 
LDOTCK 
Vcc3 
CL4 
CL3 
CL2 
Cll 
FLM 
M 
RO/LUO 
R1/LU1 
R2/LU2 
AJ/LUJ 
GND6 
GO/LOO 
G1/L01 
G2/L02 
G3/L03 
BO 
Bl 
B2 
B3 
B07 
B06 
BOS 
B04 
BOJ 
BD2 
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Table 1-1 Pins 

Classification Symbol Pin Number Pin Name 1/0 

Power Supply Vccl, Vcc2, Vcc3 96, 30, 76 Vccl, Vcc2, Vcc3 

Groundl, ground2, ground3, 

ground4, ground5, ground6 

Video Signal 

GNDl, GND2, GND3, 88, 9, 23, 

GND4, GND5, GND6 37, 50, 65 

R,G,B 91,92,93 Red, green, blue serial data 

Interface HSYNC 89 Horizontal synchronization I 

VSYNC 90 Vertical synchronization 

DISPTMG 95 Display timing 

DOTCLK 94 Dot clock I 

LCD Interface RO-R3 69-66 LCD red data 0-3 0 
-----------------------------------------------------------------
LUO-LU3 69-66 LCD upper panel data 0-3 0 

_q~~~- ----------- -_?~~-1- -------~~~~~~~~ ?~!~ 9~?- -- ------- -~- -
LDO-LD3 64-61 LCD lower panel data 0-3 0 

BO-B3 60-57 LCD blue data 0-3 0 

CLl 72 LCD data latch clock 0 

CL2 73 LCD data shift clock 0 

CL3 74 Y -driver shift clock 1 0 

CL4 75 Y -driver shift clock 2 0 

FLM 71 First line marker 0 

M 70 LCD driving signal alternation 0 

LDOTCK 77 LCD dot clock 0 

Buffer Memory MCSO, MCS 1 27, 28 Memory chip select 0, 1 0 
~~--'--~~~~~~~~~~~~~~~~~~~~~~~~ 

Interface MWE 29 Memory write enable 0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

MAO-MA15 10-22, 24-26 Memory address 0-15 0 

RDO-RD7 31-36, 38, 39 Memory red data 0-7 1/0 

GDO-GD7 40-47 Memory green data 0-7 J/0 

BDO-BD7 48, 49, 51-56 Memory blue data 0-7 1/0 

Mode Setting PMODO, PMODl 78, 79 Program mode 0, 1 I 

DOTE 80 Dot clock edge change I 

SPS 81 Synchronization polarity select 

DMO-DM3 82-85 Display mode 0-3 

MSO,MSl 98, 99 (Note) Memory select 0, 1 

XDOT 1 (Note) X-dot 

YLO-YL2 2-4(No<o) Y-line 0-2 I 

ADJ 1Q0(No<e) Adjust I 

FO-F3 5-8 (Nole) Fine adjust 0-3 I 

@HITACHI g 
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Table 1-1 Pins (cont.) 

Classification Symbol Pin Number Pin Name 1/0 
MPU Interface cs 98 (Note) ChiE select I 

WR 99 (Note) Write I 

RD 1 (Note) Read I 

RS JQO(Note) Register select I 

DO-D3 5-8(Note) Data 0-3 1/0 

RES 97 Reset I 

ROM Interface AO-A3 J-4CNote) Address 0-3 0 

DO-D3 5-8 (Note) Data 0-3 I 

PLL Interface CD 86 Charge down 0 

cu 87 Charge up 0 

Note: Common pins shared by more than one signal (refer to table 1-2). 

Table 1-2 Common Pins and Signal Names 

Signal Name by Classification 

Pin No. MPU Interface ROM Interface Mode Setting Handling When not in Use 

1 RD AO XDOT 

2-4 Not used Al-A3 YLO-YL2 Fix high or low 

5-8 DO-D3 DO-D3 FO-F3 

98 cs Not used MSO Fix high or low 

99 WR Not used MSl Fix high or low 

100 RS Not used ADJ Fix high or low 

1.5.1 Power Supply Pins 

Vccl-Vcc3 (Pins 96, 30, and 76): These pins are power supply pins and must all be con

nected to +5 V. When attaching an external PLL circuit, connect a thick cable to the Vcc3 pin 

and isolate it from Vccl and Vcc2. 

GND1-GND6 (Pins 88, 9, 23, 37, 50, and 65): These pins are ground pins and must all be 

grounded. When attaching an external PLL circuit, connect a thick cable to the GND6 pin and 

isolate it from GND1-GND5. 

@HITACHI 
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1.5.2 Video Signal Interface Pins 

R, G, B (Input, Pins 91, 92, and 93): Input RGB CRT display signals. When CRT display 

data is monochrome, input the data to the R pin and fix the G and B pins low. 

HSYNC (Input, Pin 89): Inputs the CRT horizontal synchronization signal. 

VSYNC (Input, Pin 90): Inputs the CRT vertical synchronization signal. 

DISPTMG (Input, Pin 95): Inputs the display timing signal which indicates horizontal or 

vertical display period. When the display timing signal is internally generated, fix this pin 

either high or low. 

DOTCLK (Input, Pin 94): Inputs the CRT display dot clock. 

1.5.3 LCD Interface Pins 

RO--R3/LUO--LU3 (Output, Pins 69-66), GO--G3/LDO--LD3 (Output, Pins 64-61), BO--B3 

(Output, Pins 60--57): These pins all output LCD data. Connect them to the display data 

input pins of X-drivers (column drivers). The specific type of data output by these pins de

pends on the display color, screen configuration, and size of data transfer (table 1-3). 

Table 1-3 LCD Data Output 

Monochrome or 8-Level Gray Scale Display 

Single Screen Dual Screen 

Pins 4-Bit Transfer 8-Bit Transfer 4-Bit Transfer 

LUO-LU3/ Data output Data output Upper panel 

RO-R3 data output 

LDO-LD3/ Open Data output Lower panel 

GO-G3 data output 

BO-B3 Open Open Open 

8-Color Display 

Single Screen 

12-Bit Transfer 

R data output 

G data output 

B data output 
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CLl (Output, Pin 72): Outputs the CLl signal which acts as a clock for X- and Y-drivers. 

The LVIC sends display data for one line within one CLl signal period. The functions of the 

CLl signal in different display modes are as follows: 

• In display modes 1, 2, 4, and 6-8 with normal display (TN-type LCD), the CLl signal 

provides X-drivers with the timing to latch and output display data. Connect this pin to the 

data latch clock input pins of the X-drivers. 

It also provides Y-drivers with the timing to shift the line scan signal. Connect it to the line 

shift clock input pins of the Y-drivers. 

• In display modes 1, 2, 4, and 6-8 with double-height display (TN-type LCD), the CLl signal 

provides X-drivers with the timing to latch and output display data. Connect this pin to the 

data latch clock input pins of the X-drivers. 

• In display modes 3, 5, and 9-16 (TFf-type LCD), the CLl signal provides the X-drivers 

with the timing to latch and output display data. Connect this pin to the data latch clock 

input pins of the X-drivers. 

CL2 (Output, Pin 73): Outputs the CL2 signal which is a clock for the X-drivers. The L VIC 

sends display data in synchronism with the CL2 signal. Connect this pin to the data shift clock 

input pins of the X-drivers. 

CL3 (Output, Pin 74): Outputs the CL3 signal which is a clock for the X- and Y-drivers. The 

functions of the CL3 signal in different display modes are as follows: 

• In display modes 1, 2, 4, and 6-8 with double-height display (TN-type LCD), and in display 

modes 9 and 11 (TFf-type LCD with vertical stripes, Y-drivers on one side), the CL3 signal 

provides the Y-drivers with the timing to shift the line scan signal. Connect this pin to the 

line shift clock input pins of the Y-drivers. 

• In display modes 13 and 15 (TFf-type LCD with horizontal stripes, Y-drivers on one side), 

the CL3 signal provides the X-drivers with the timing to select and output RGB data in 

sequence. Connect this pin to the color data select clock input pins of the X-drivers. 

12 

This pin also provides the Y-drivers with the timing to shift the line scan signal. Connect it 

to the line shift clock input pins of the Y-drivers. 
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• In display modes 14 and 16 (TFf-type LCD with horizontal stripes, Y-drivers on both 

sides), the CL3 signal provides the X-drivers with the timing to select and output ROB data 

in sequence. Connect this pin to the color data select clock input pins of the X-drivers. 

Leave the CL3 pin open in all other display modes. 

CL4 (Output, Pin 75): Outputs the CL4 signal which is a clock providing the Y-drivers with 

the timing to shift the line scan signal. Connect this pin to the line shift clock input pins of the 

Y-drivers; leave it open in display modes I, 2, 4, 6-9, 11 13, and 15, that is, in the display 

modes that are not for a TFf-type LCD with Y-drivers on both sides. 

FLM (Output, Pin 71): Outputs the FLM signal which is a clock indicating the start of a 

frame. Connect this pin to the line scan data input pins of the Y-drivers. 

M (Output, Pin 70): Outputs the M signal which converts LCD driving signals to AC. LCD 

driving signals must be converted to AC since the liquid-crystal molecular configuration 

quickly degrades if DC is applied. Connect this pin to the X- and Y-driver alternating signal 

input pins for LCD driving. 

LDOTCK (Input, Pin 77): Inputs the LCD dot clock. The LCD interface unit of the LVIC 

operates in synchronism with the LCD dot clock. 

1.5.4 Buffer memory Interface Pins 

MCSO and MCSl (Output, Pins 27 and 28): Output the buffer memory chip select signal. 
-- --

The L VIC writes data to or reads data from buffer memory when the MCSO or MCS 1 signal is 

low. Leave these pins open if the chip select signal is not necessary. 

MWE (Output, Pin 19): Outputs the buffer memory write enable signal. The LVIC writes 

data to buffer memory when the MWE signal is low. Leave this pin open when buffer memory 

is not being used, that is, in through mode. 

MAO-MAlS (Output, Pins 10-22 and 24-26): Output buffer memory addresses. Up to 

64 kwords (0-65535) of addresses can be specified with these signals. Leave these pins open 

when buffer memory is not being used, that is," in through mode. 
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The MAI3-MAIS pins output buffer memory chip select signals according to the type of 

memory used (table I-4). Leave them open if chip select signals are not necessary. 

Table 1-4 Memory Type and Buffer Memory Chip Select Signal Output Pins 

Memory Type Chip Select Signal Output Pins 

No Memory (Through Mode) 

8-kbyte MCSO, MCSI, MAIS, MAI4, MA13 

32-kbyte MCSO, MCSI, MAIS 

64-kbyte MCSO,MCSl 

RDO-RD7 (Input/Output, Pins 31-36, 38, and 39), GDO-GD7 (Input/Output, Pins 40-47), 

BDO-BD7 (Input/Output, Pins 48, 49, and 51-56): Transfer data between the LVIC and R-, 

G-, and B-plane memories in the 8-level gray scale display modes and the 8-color display 

modes. Leave these pins open when buffer memory is not being used, that is, in through mode. 

The LVIC writes an OR of the RGB signals into R-plane memory in monochrome display 

modes. Therefore, it is not necessary to provide memories for the G- and B- planes; pull up the 

GDO-GD7 and BD~BD7 pins with about 20kQ resistors. If memories are connected to the 

G- and B-planes in monochrome display modes, the L VIC will write G and B signals to those 

memories. However, this has no effect on the R-plane memory contents or display. 

1.5.5 Mode Setting Pins 

PMODO, PMODl (Input, Pins 78 and 79): Signals input through these pins select the LVIC 

control method (programming method) (table I-S). 

Table 1-5 Programming Method Selection 

PMODl PMODO Programming Method 

0 0 Pin programming 

0 I Internal register WithMPU 

I 0 programming With ROM 

1 1 Inhibited (Note) 

Note: This combinaLion is for Lest mode only: iL disables display. 
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DOTE (Input, Pin 80): Inputs a signal that selects at which edge of the DOTCLK signal the 

LVIC latches the RGB signals. The L VIC latches the RGB signals at the falling edge of the 

display timing signal (DOTCLK) when this pin is high, or at the rising edge when it is low. 

SPS (Input, Pin 81): Inputs a signal that selects the polarity of the CRT vertical synchroniza

tion signal (VSYNC). Set this pin high when the VSYNC signal is active-high, or low when 

the signal is active-low. 

DMO-DM3 (Input, Pins 82-85): Input signals that select the display mode. These signals 

determine display color, LCD screen configuration, data transfer size, and LCD driver configu

ration. For more details of display modes, refer to section 6, Display Mode Settings and 

Contents. 

MSO and MSl (Input, Pins 98 and 99): Input signals that select the type of memory used 

(table 1-6). 

The MSO and MSl pins are also used by the CS and WR signals, respectively. Both the CS 

and WR signals are MPU interface signals. Fix them either high or low when controlling the 

L VIC by the ROM programming method. 

Table 1-6 Buffer Memory Selection 

MSl MSO Memory Type 

0 0 No memory (through mode) 

0 1 8-kbyte 

1 0 32-kbyte 

1 1 64-kbyte 

XDOT (Input, Pin 1): Inputs a signal that specifies the number of horizontal displayed 

characters. Set this pin high when the number of characters is 90 (720 dots), or low when it is 

80 (640 dots). 

This pin is shared with the RD and AO signals. The RD signal is an MPU interface signal and 

the AO signal is a ROM interface signal. 

YLO-YL2 (Input, Pins 2-4): Input signals that specify the number of vertical displayed lines 

(that is, the number of lines counted in the vertical direction) (table 1-7). 
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The YLO-YL2 pins are shared with the Al-A3 signals, respectively. 

Table 1-7 Setting of Number of Vertical Displayed Lines 

YL2 

0 

0 

0 

0 

1 

YLl 

0 

0 

1 

1 

0 

0 

1 

.1 

YLO Number of Vertical Displayed Lines 

0 200 

1 350 

0 400 

480 

0 512 

1 540 

0 Inhibited (Nole) 

1 Inhibited (Nole) 

Note: 1024 lines are displayed, but they are practically invisible. 

ADJ (Input, Pin 100): Inputs a signal that determines whether the FO-F3 signals adjust the 

number of vertical displayed lines or whether the display timing signal (DISPTMG) which is 

supplied externally. The FO-F3 signals adjust the DISPTMG signal when the ADJ pin is high, 

or adjust the number of vertical displayed lines when it is low. 

The ADJ pin is also used by the RS signal (MPU interface signal). Fix this pin either high or 

low when controlling the L VIC by the ROM programming method. 

FO-F3 (Input, Pins 5-8): Input signals that adjust the display timing signal (DISPTMG) 

which is supplied externally when the ADJ signal is high, or the number of vertical displayed 

lines when it is low. 

For details of the adjustment of the DISPTMG signal, refer to section 3.4, Display Timing 

Signal Fine Adjustment. 

·When the FO-F3 signals adjust the number of vertical displayed lines, they add up to 15 lines 

to the number of vertical displayed lines specified by the YL2-YLO signals, as shown in table 

1-8. For example, a setting of ADJ= 0 and F3, F2, Fl, FO = I, 0, I, 0 adds IO lines to the 

number of vertical displayed lines originally specified by the YL2-YLO pins. 

The FO-F3 pins are also used by the DO-:--D3 signals (MPU and ROM interface signals), respec

tively. 
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Table 1-8 Fine Adjustment of Number of Vertical Displayed Lines 

F3 

0 

0 

0 

F2 

0 

0 

0 

Fl 

0 

0 

0 

1.5.6 MPU Interface Pins 

FO 

0 

1 

0 

1 

0 

Number of Lines Adjusted 

±0 

+l 

+2 

+13 

+14 

+15 

CS (Input, Pin 98): Inputs a chip select signal from the MPU. The MPU selects the L VIC 

and can read data from and write data to the L VI C's internal registers when the CS signal is 

low. 

The CS pin is also used by the MSO signal (mode setting signal). Fix this pin either high or 

low when controlling the L VIC by the ROM programming method. 

WR (Input, Pin 99): Inputs a write signal from the MPU. The MPU can write data into the 

LVIC's internal registers when the WR signal is low. The WR signal and the RD signal must 

not be set low at the same time. 

The WR pin is also used by the MS 1 signal (mode setting signal). Fix this pin either high or 

low when controlling the L VIC by the ROM programming method. 

RD (Input, Pin 1): Inputs a read signal from the MPU. The MPU can read data from the 

LVIC internal registers when the RD signal is low. The RD signal and the WR signal must not 

be set low at the same time. 

The RD pin is also used by the AO signal (ROM interface signal) and the XDOT signal (mode 

setting signal). 

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

17 



HD66840 Preliminary 

RS (Input, Pin 100): Inputs a register select signal from the MPU. The MPU selects the 

LVIC's data registers (RO--R15) when the RS signal is high, or selects the LVIC's address 

register (AR) when it is low. 

The RS pin is also used by the ADJ signal (mode setting signal). Fix this pin either high or low 

when controlling the L VIC by the ROM programming method. 

DO-D3 (Input/Output, Pins 5-8): Transfer internal register data between the L VIC and the 

MPU. 

The DO-D3 pins are also used by the DO-D3 signals (ROM interface signals) and the FO-F3 

signals (mode setting signals). 

RES (Input, Pin 97): Inputs a signal that resets the L VIC externally. For more details of 

L VIC reset state, refer to appendix B. 

Note that a reset signal must be input after power-on. 

1.5.7 ROM Interface Pins 

AO-A3 (Output, Pins 1-4): Output external ROM addresses. 

The AO pin is also used by the RD signal (MPU interface signal) and the XDOT signal (mode 

setting signal). The Al-A3 pins are also used by the YLO-YL2 signals. Fix the Al-A3 pins 

either high or low when controlling the L VIC by the MPU programming method. 

DO-D3 (Input, Pins 5-8): Input L VIC internal register data from an external ROM chip. 

The DO--D3 pins are also used by the DO--D3 signals (MPU interface signals) and the FO-F3 

signals (mode setting signals). 

1.5.8 PLL Interface Pins 

CD and CU (Output, Pins 86 and 87): The CD pin outputs a charge-down signal to an external 

charge pump and the CU pin outputs a charge-up signal when the CRT dot clock (DOTCLK) is 

generated by a PLL circuit. Leave these pins open when the DOTCLK signal is supplied 

externally. 
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1.6 Internal Registers 

1.6.1 Registers 

The L VIC has one address register and 16 data registers. Table 1-9 lists the LVIC's internal 

registers and figure 1-4 shows the bit assignment for each of these registers. 

Table 1-9 Registers 

Reg. Address Reg. Program Specified Read/ 
cs RS 3 2 1 0 No. Register Name Unit Value Symbol Write' 

Invalid 

0 0 AR Address register 2 w 
0 0 0 0 0 RO Control register I R/W 

0 0 0 0 RI Control register 2 R/W 

0 0 0 0 R2 Vertical displayed lines register Lines Nvd R/W 

(middle-order)3 

0 0 0 R3 Vertical displayed lines register Lines Nvd R/W 

(low-order)3 

0 0 0 0 R4 Vertical displayed lines register Lines/ Nvd/ R/W 

(high-order)3/ Chars.4 Npc 

CL3 period register 

(high-order)3 

0 0 0 RS CL3 period register Chars.4 Npc R/W 

(low-order)3 

0 0 0 R6 Horizontal displayed Chars.4 Nhd R/W 

characters register (high-order) 

0 0 R7 Horizontal displayed Chars.4 Nhd R/W 

characters register 

(low-order) 

0 0 0 0 RS CL3 pulse width register Chars.4 Npw R/W 

0 0 0 R9 Fine adjust register Dots Nda R/W 

0 0 0 RIO PLL frequency-division NPLL R/W 

register (high-order) 

0 0 Rll PLL frequency-division NPLL R/W 

register (low-order) 
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Table 1-9 Registers (cont.) 

Reg. Address 
CSRS3210 

0 0 0 

0 0 

0 0 

0 

Notes: 

Reg. 
No. Register Name 

Rl2 Vertical back porch register 

(high-order)3 

Rl3 Vertical back porch register 

(low-order)3 

Rl4 Horizontal back porch register 

(high-order)3 

RIS Horizontal back porch register 

(low-order)3 

Program 
Unit 

Lines 

Lines 

Dots 

Dots 

Specified 
Value Symbol 

Ncvbp 

Ncvbp 

Nchbp 

Nchbp 

Read/ 
Write 1 

R/W 

R/W 

R/W 

R/W 

1. W indicates the register can only be written to, and R/W indicates the register can both be written to and read. 

2. If an attempt is made to read data from this register with RS = 0, the bus is driven to high-impedance state and 

the output data is undefined. 

3. Write (specified value -1) into these registers. 

4. A character is considered to be composed of eight horizontal dots. 

20 

R~Address Reg. 
cs RS 3 2 1 0 No. 

1 - - - -
0 0 - - - - AR 
0 1 0 0 0 1 RO 
0 1 0 0 0 O R1 
0 1 0 0 1 1 R2 
0 1 0 0 1 O R3 
0 1 0 1 0 1 R4 
0 1 0 1 0 0 RS 
0 1 0 1 1 1 RS 
0 1 0 1 1 0 R7 
0 1 1 0 0 1 RB 
0 1 1 0 0 O R9 
0 1 1 0 1 1 R10 
0 1 1 0 1 0 R11 
0 1 1 1 0 1 R12 
0 1 1 1 0 0 R13 
0 1 1 1 1 1 R14 
0 1 1 1 1 0 R15 

Notes: 

Data Bit 

3 2 1 0 
~ ~ ~ 

0 0 DSP DCK 
MC DON MS1 MSO 

Address re!iJister 
Control register 1 
Control register 2 
Vertical displayed lines register 

CL3 period register 
Horizontal displayed characters 
register 
CL3 pulse width register 
Fine adjust register 
PLL frequency-division 
Register 
Vertical back porch register 

Horizontal back porch register 

1. ~ indicates invalid bits. Any attempt to read data from these register bits will return undefined data. 

2. Data bits 3 and 2 of control register 1 are reserved bits. Write Oto them. 

Figure 1-4 Register Bit Assignment 
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1.6.2 Validation and Invalidation of Internal Registers 

The internal registers are all invalid when the L VIC is controlled by the pin programming 

method. They are valid only when the LVIC is controlled by the internal register programming 

method. However, some registers or bits are invalid even when the LVIC is controlled by the 

internal register programming method, as described below. Any value can be set in invalid 

registers (bits). 

DSP Bit of Control Register 1 (RO): Invalid when the DCK bit of that register is 1. In this 

case the L VIC generates the display timing signal (DISPTMG) even when the DSP bit is 0. 

CL3 Period Register (RS and Low-Order 2 Bits of R4): Invalid in the monochrome display 

modes, 8-level gray scale display modes, and 8-color display modes with vertical stripes. 

Valid only in the 8-color display modes with horizontal stripes, that is, only in display modes 

13-16. 

MSB of Horizontal Displayed Characters Register (R6): Invalid in the dual screen modes, 

that is, in display modes 1 and 6. 

Fine Adjust Register (R9): Invalid when the display timing signal {DISPTMG) is generated 

internally, that is, when either the DCK bit or the DSP bit of control register 1 (RO) is 1. 

PLL Frequency-Division Register (RIO and Rll): Invalid when the CRT display dot clock 

(DOTCLK) is supplied externally, that is, when the DCK bit of control register 1 (RO) is 0. 

Vertical and Horizontal Back Porch Registers (Rl2-R15): Invalid when the display timing 

signal (DISPTMG) is supplied externally, that is, when both the DCK and the DSP bits are 0. 

Set any value less than the CL3 signal period in the CL3 pulse width register (R8) since that 

register is not invalid in the TN-type LCD modes. 

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

21 



HD66840 Preliminary 

1.6.3 Register Functions 

Address Register (AR): Used to select one of the 16 data registers, as shown in figure 1-5. 

The address register itself is selected when the RS signal is low. In order to select a certain 

data register, that register address must be written into the address register using the MPU. 

AR 

Data Bit 3 2 0 

Value 

Register address 

Figure 1-5 Address Register 

Control Register 1 (RO): Specifies whether the display timing signal (DISPTMG) and the 

CRT display dot clock (DOTCLK) are supplied externally or generated internally (figure 1-6). 

Data bits 3 and 2 are reserved bits: write 0 to them. 

• DSP bit: 

- DSP = 1: The DISPTMG signal is generated internally. 

- DSP = 0: The DISPTMG signal is supplied externally. (However, if DCK = 1, the 

DISPTMG signal is generated internally, regardless of the value in the DSP bit.) 

• DCK bit: 

- DCK = 1: The DOTCLK signal is generated internally. 

- DCK = 0: The DOTCLK signal is supplied externally. 

RO 

I \ 
Data Bit 3 2 1 0 

Function 
0 0 DSP DCK 

(Reserved) 

Figure 1-6 Control Register 1 
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Control Register 2 (Rl): Specifies M signal output, which determines LCD driving signal 

alternation type, as well as LCD on/off and buffer memory type (figure 1-7). 

• MC bit: Specifies M signal output. 

- MC = 1: The M signal alternates every line. 

- MC = 0: The M signal alternates every frame. 

For details, refer to section 3.5, LCD Driving Signal Alternation. 

• DON bit: Specifies whether the LCD is on or off. 

- DON= 1: LCD on. 

- DON= 1: LCD off. 

For details, refer to section 3.7, Display On/Off Control. 

• MS 1, MSO bits: Specify buffer memory type. 

- MSl, MSO = 0, 0: No memory (through mode) 

- MS 1, MSO = 0, 1: 8-kbyte memory 

- MSl, MSO = 1, 0: 32-kbyte memory 

- MS 1, MSO = 1, 1: 64-kbyte memory 

For details, refer to section 3.6, Buffer Memory Selection. 

R1 

I 
Data Bit 3 2 1 

Function MC DON MS1 

0 

MSO 

Figure 1-7 Control Register 2 
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Vertical Displayed Lines Register (R2, R3, and High-Order 2 Bits of R4): Specifies the 

number of lines displayed from screen top to bottom (figure 1-8). Note that this register does 

not specify a multiplexing duty ratio. This means that the specified value does not depend on 

screen configuration. This register can contain either an odd or an even number in the single 

screen modes with Y-drivers on one side, that is, in display modes 2, 4, 7-9, but can contain 

only an even number in other modes. For details, refer to section 3.1, Screen Size Setting. 

R4 A2 R3 

Data Bit 3 2 3 2 0 3 2 0 

Value Nvd-1 (Unit: Lines) 

Nvd: Number of vertical displayed lines 

Figure 1-8 Vertical Displayed Lines Register 

CL3 Period Register (RS and Low-Order 2 Bits of R4): Specifies the CL3 signal period in 

the 8-color display modes with horizontal stripes (display modes 13-16) (figure 1-9). There

fore, this register is invalid in other modes (its parameters are igriored). 

Specifying the CL3 signal period automatically specifies the CL4 signal period. The CL4 

signal period is always twice that of CL3 signal since the CL4 signal changes at the rising edge 

of the CL3 signal. For details, refer to section 7 .2, CL3 and CL4 Signal Output and Register 

Setting. 

24 

R4 AS 

Data Bit 0 3 2 0 

Value Npc-1 

Npc: CL3 signal period; (Nhd + 6) x 1/3 

Nhd: Number of horizontal displayed characters 

(number of horizontal displayed dots x 1 /8) 

(Unit: Characters) 

Note: When (Nhd + 6) is not divisible by 3, the quotient is rounded off. 

Figure 1-9 CL3 Period Register 

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



Preliminary HD66840 

Horizontal Displayed Characters Register (R6 and R7): Specifies the number of characters 

displayed on one line (figure 1-10). This register can contain an even number only. In the dual 

screen modes (display modes 1 and 6), the most significant bit of this register is invalid and set 

parameters are ignored. For details, refer to section 3.1, Screen Size Setting. 

R6 

Data Bit 3 2 0 3 

Value Nhdx1/2-1 

Nhd: Number of horizontal displayed characters 

(number of horizontal displayed dots x 1/8) 

R7 

2 0 

(Unit: Characters) 

Figure 1-10 Horizontal Displayed Characters Register 

CL3 Pulse Width Register (R8): Specifies the high-level pulse width of the CL3 signal 

(figure 1-11). To control a TFT-type LCD, a data hold time is necessary and it is controlled by 

the high-level pulse width of the CL3 signal. For details of data hold time, refer to section 

7 .1.2, High-Level Pulse Width of CL3 Signal. 

The CL3 signal is output with the high-level pulse width specified by this register even when it 

is not controlling a TFT-type LCD. 

For details of determining the high-level pulse width of the CL3 signal, refer to section 7 .2.2, 

Parameter Setting in Internal Register Programming Method. 

R8 

Data Bit 3 2 0 

Value (Unit: Characters) 

In the TN-type LCD modes: Npw 

In the TFT-type LCD modes: Npw -5 

Npw: High-level pulse width of the CL3 signal 

(number of dots while the CL3 signal is high x 1/8) 

Figure 1-11 CL3 Pulse Width Register 
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Fine Adjust Register (R9): Adjusts the externally supplied display timing signal (DISPTMG) 

to synchronize its phase with that of LCD data (figure 1-12). The value to be written into this 

register depends on the interval between the rising edge of the DISPTMG signal and the dis

play start position. For details of DISPTMG signal fine adjustment, refer to section 3.4, Dis

play Timing Signal Fine Adjustment. 

This register is invalid when the DISPTMG signal is generated internally, that is, when either 

the DCK bit or the DSP bit of control register 1 (RO) is 1. 

Data Bit 

Function and Value 

R9 

3 2 0 

Absolute value of Nda (Unit: Dots) 

Polarity selection 0: -(advances the DISPTMG signal) 
1: +(delays the DISPTMG signal) 

Nda: Number of adjustment dots 

Figure 1-12 Fine Adjust Register 

PLL Frequency-Division Register (RIO and Rll): Specifies the PLL frequency-division 

ratio for generating the CRT display dot clock (DOTCLK) by a PLL circuit (figure 1-13). The 

PLL frequency-division ratio is the ratio of the DOTCLK signal frequency to the horizontal 

synchronization signal (HSYNC) frequency. The LVIC generates the DOTCLK signal accord

ing to this ratio. The PLL frequency-division register can contain a ratio from 731 to 986. For 

details of DOTCLK signal generation, refer to section 3.3, Dot Clock Generation. 

This register is invalid when the DOTCLK signal is supplied externally, that is, when the DCK 

bit of control register 1 (RO) is 0. 
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R10 R11 

Data Bit 3 2 0 3 2 0 

Value NPLL - 731 

NPLL : PLL frequency-division ratio 

= DOTCLK frequency/HSYNC frequency 

Figure 1-13 PLL Frequency-Division Register 

Vertical Back Porch Register (Rl2 and Rl3): Specifies the vertical back porch which is the 

number of lines between the active edge of the vertical synchronization signal (VSYNC) and 

the rising edge of the display timing signal (DISPTMG) when the DISPTMG signal is gener

ated internally (figure 1-14 ). For details of vertical back porch, refer to section 3.2.2, Display 

Timing Signal Generation and Register Setting. 

This register is invalid when the DISPTMG signal is supplied externally, that is, when both the 

DCK bit and the DSP bit of control register 1 (RO) are 0. 

R12 R13 

Data Bit 3 2 0 3 2 0 

Value Ncvbp-1 (Unit: Lines) 

Ncvbp: Vertical back porch = number of lines between the active edge of the VSYNC signal 

and the rising edge of the DISPTMG signal. (The SPS pin must be set high when the 

VSYNC signal is active-high or low when it is active-low.) 

Figure 1-14 Vertical Back Porch Register 

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

27 



HD66840 Preliminary 

Horizontal Back Porch Register (Rl4 and RlS): Specifies the horizontal back porch which 

is the number of dots between the rising edge of the horizontal synchronization signal 

(HSYNC) just before the rising edge of the display timing signal (DISPTMG) and the rising 

edge of the DISPTMG signal, when the DISPTMG signal is generated internally (figure 1-15). 

For details of horizontal back porch, refer to section 3.2.2, Display Timing Signal Generation 

and Register Setting. 

This register is invalid when the DISPTMG signal is supplied externally, that is, when both the 

DCK bit and the DSP bit of control register 1 (RO) are 0. 

28 

R14 R15 

Data Bit 3 2 0 3 2 0 

Value Nchbp-1 (Unit: Dots} 

Nchbp: Horizontal back porch = number of dots between the rising edge of the HSYNC signal 

Oust before the rising edge of the DISPTMG signal) and the rising edge of the DISPTMG 

signal) 

Figure 1-15 Horizontal Back Porch Register 
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1.6.4 Register Programming Limits 

The values written into the LVIC's internal registers have the limits listed in table 1-10. The 

symbols in table 1-10 are defined as shown in table 1-11 and figure 1-16. 

Table 1-10 Limits of Values Written into Registers 

Item 

Screen 

Configuration 

CL3 Signal 

Control 

DISPTMG Signal 

Generation 

No Memory 

(Through Mode) 

Notes: 

Limits 

4 ~ Nvd ~ (Ncvbp + Ncvsp) -1 ~ 1024 

4 ~ Nhd ~ (Nchbp x 1/n + Nchsp) - 1 ~ 506 

(Nhd + 6) x n x Nvd x fFLM ~ fooTCLK 

~30MHz 

1 ~ Npw ~ (Nhd + 6)/2 - 1 

1 ~ Npw ~ Npc - 1 

1 ~ Nchbp ~ 256 

1 ~ Ncvbp ~ 256 

4 ~Nhd ~ Nchsp-4 

4 ~ Nvd ~ Ncvsp - 1 

Notes 

1, 2 

1, 3 

4 

5 

6 

7 

7 

8 

8 

Applicable 

Registers 

R2, R3, R4, 

R6,R7 

R4, RS, R6, 

R7, R8 

R12, R13 

R14, R15 

R2, R3, R4, 

R6,R7 

1. n indicates the horizontal character pitch which is the number of horizontal dots making up one character. 

2. Nhd ~250 in dual screen modes (display modes 1and6). 

3. fFLM is the FLM signal frequency and foorcLK is the CRT display dot clock (DOTCLK) frequency. 

f!DOTCK < foOTCLK x 15/16 or fLDOTCK = fooTCLK 

(fLDOTCK is the LCD dot clock (LDOTCK) frequency) 

4. In display modes 1, 2, 4, and 6-8 

5. In display modes 3, 5, and 9-12 where Npw =(value in R8) + 5 

6. In display modes 13-16 where Npw =(value in R8) + 5 

7. (Value in Rl4 and Rl5} ~ (Nchsp x n + Nchbp} - Nhd x n - 2 

(n = horizontal character pitch) 

(Value in Rl2 and Rl3) ~ (Ncvsp x n + Ncvbp}-Nvd-2 

8. Nht = Nchsp + (Nchbp x l/n), Nvd < Ncvbp + Ncvsp 

(Nht = (Nhd + 6) when buffer memory is used) 

(n =horizontal character pitch) 
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Table 1-11 Symbol Definitions 

Symbol 

Nchd 

Nchsp 

Nchbp 

Ncvbp 

Ncvsp 

Ncvd 

Nhd 

Npc 

Npw 

Nht 

Nvd 

30 

Definition 

Number of horizontal displayed characters on the CRT display ((number of 

horizontal displayed dots on the CRT display) x 1/8) 

Number of characters between the rising edge of the DISPTMG signal and that 

of the HSYNC signal ((number of dots between the rising edge of the 

DISPTMG signal and that of the HSYNC signal) x 1/8) (=horizontal synchro

nized position) 

Number of dots between the rising edge of the HSYNC signal and that of the 

DISPTMG signal Gust after the rising edge of the HSYNC signal) (=horizontal 

back porch) 

Number of lines between the active edge of the VSYNC signal and the rising 

edge of the DISPTMG signal Gust after the active edge of the VSYNC signal) 

( = vertical back porch) 

Number of dots between the rising edge of the DISPTMG signal and the active 

edge of the VSYNC signal(= vertical syncronized position) 

Number of vertical displayed lines on the CRT display 

Number of horizontal displayed characters on the LCD ((number of horizontal 

displayed dots) x 1/8) 

Number of characters during a CL3 signal period ((number of dots during a CL3 

signal period) x 1/8) 

Number of characters while the CL3 signal is high ((number of dots while the 

CL3 signal is high) x 1/8) 

Number of characters during a CLl signal period ((number of dots during a CLl 

signal period) x 1/8) 

Number of vertical displayed lines on the LCD 
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DOTCLK 

DISPTMG 

HSYNC 

VSYNC 
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I 

~------nn ___ n _________ _n_n_ 

Nchd -------;~ 

:,~------ Nchsp 
I 

---f'Active edge 

f- I 

I 

Nchbp~: 

DISPTMG __i_____nnnn_ _____ -~ 
I I I I 
~ Ncvbp ~ Ncvsp ------r------;;o.i 
I I I I 
1 Ncvd 1 
I I 

CL2 ILf1_f1 _____ _ 

CL1 

CL1 

CL3 

FLM 

CL1 

i..e----- Nhd ----;;. 

I !,_ _____ _ 

~ Npw->: 

~----- Npc -----' 

~------------Nht----------~ 

-i_Jl_fl ____________________ ~ 
Nvd (Note) t 

I I 

Note: When the screen is dual, the Nvd period is doubled. 

Figure 1-16 Symbol Definitions 
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Section 2 Interface 

2.1 Video Signal Interface 

The LVIC converts the standard video signals for CRT display into LCD data through the use 

of a sevenpin video signal interface. 

Figure 2-1 shows an example of connecting video signals to the L VIC. Since the dot clock 

(DOTCLK) and the display timing signal (DISPTMG) are not usually output as standard video 

signals, these signals must be generated. For the generation of these signals, refer to section 

2.5, PLL Interface, and section 3.2, Display Timing Signal Generation. The case in which all 

the video signals are supplied to the LVIC is described below. 

The DOTCLK signal, which acts as a latch clock for serial ROB data, is the basic clock of the 

L VIC. The L VIC latches the serial data at the DOTCLK signal and converts it into 8-bit paral

lel data for output to buffer memory. 

The horizontal and vertical synchronization signals (HSYNC and VSYNC) are necessary to 

synchronize the LVIC with the CRT display system. They act as basic clocks when the 

DISPTMG signal and the DOTCLK are generated internally. 

The DISPTMG signal marks the display start position with its rising edge. It does not matter 

whether the high-level pulse width of the signal is larger than the number of horizontal dis

played characters. However, the number of horizontal displayed characters must be smaller 

than the total number of horizontal characters of the CRT display. 

32 

Display timing signal 
Video signal (red ) 

Video signal (green) 
Video signal (blue) 

Dot clock 
Horizontal synchronization 

Vertical synchronization 

DISPTMG 
R 
G 
B 
DOTCLK 
HSYNC 
VSYNC 

Figure 2-1 Video Signal Interface 
~HITACHI 

LVIC 

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



Preliminary HD66840 

Figure 2-2 is the timing charts for the video interface signals. Set the DOTE pin high when the 

L VIC latches the RGB data at the falling edge of the DOTCLK signal, and set it low at the 

rising edge. If the display start position shifts, adjust the DISPTMG signal. (Refer to section 

3.4, Display Timing Signal Fine Adjustment, for details.) 

DOTCLK 

R,G, B 

HSYNC 

DOTCLK 

DISPTMG 

HSY NC 

VSYNC 

Note: See the data book for detailed timing specifications 

Figure 2-2 Timing of Video Interface Signals 
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2.2 LCD Interface 

2.2.1 LDOTCK Signal Frequency Calculation 

The frequencies of the CRT display dot clock (DOTCLK) and the LCD dot clock (LDOTCK) 

of the LVIC can be set independently. However, the range of the LDOTCK signal frequency is 

limited since data read and write operations between the L VIC and buffer memory are all 

based on the DOTCLK signal. 

The LDOTCK signal serves as the basic clock for LCD signals. The LDOTCK signal fre

quency (fI..ooTCK) is determined by LCD screen size and the FLM signal frequency (fFI..M), and 

is obtained by the following equation: 

fLDOTCK = (Nhd + 6) x n x Nvd/m x fFLM ..................................................... (2-1) 

Nhd: Number of horizontal displayed characters 

(number of horizontal displayed dots x 1/8) 

Nvd: Number of vertical displayed lines 

n: Horizontal character pitch (number of horizontal dots for one character) 

m: 1 ... Single screen 

2. .. Dual screens 

Set the FLM signal frequency according to the specification of the LCD module being used. 

About 70 Hz is usually suitable. If the frequency is too low, the display may be uneven or it 

may flicker, while if the frequency is too high, the LDOTCK signal frequency becomes higher 

than the DOTCLK signal frequency, preventing normal display. One of the following relation

ships must hold between the LDOTCK signal frequency (fLDOTCK) and the DOTCLK signal 

frequency (fooTCLK): 

fLDOTCK < fooTCLK X 15/16 ............................................................................ (2-2) 

or 

fLDOTCK = fDOTCLK ......................................................................................... (2-3) 

(In this case, the phases of the LDOTCK signal and the DOTCLK 

signal must be opposite.) 

Table 2-1 lists the optimum LDOTCK frequencies for different CRT display systems. 
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Table 2-1 LDOTCK Signal Frequencies for Different CRT Display systems 

CRT Display CRT Display LCD Screen Dot Clock LCD Dot Clock FLM Signal 
System Screen Size (Dots) Size (Dots) Frequency (MHz) Frequency (MHz) Frequency (Hz) 

CGA 640x200 

EGA 640x 350 

PC-9801™ 640x400 

VGA 640x480 

720x480 

CGA: Color Graphics Adapter™ 

EGA: Enhanced Graphics Adapter™ 

VGA: Video Graphics Adapter™ 

2.2.2 TN-Type LCD Interface 

640x200 

640 x 350 

640x400 

640 x480 

720x480 

14.318 9.632 70 

16.257 

21.053 

25.175 

28.321 

16.257 

19.264 

23.117 

25.805 

67.5 

70 

70 

70 

The LVIC uses the FLM, M, CLl, and CL2 signals as TN-type LCD interface signals, and it 

uses the LUO-LU3 and LDO-LD3 pins for outputting display data. 

Figure 2-3 shows an example of connecting a TN-type LCD to the L VIC. In this figure, the 

HD61104s are used as X-drivers (column drivers) and the HD61105s are used as Y-drivers 

(row drivers). This circuit supports display mode 2 (monochrome display, 4-bit data transfer, 

single screen). 

The L VIC outputs four bits of display data via the LUO-LU3 pins at the rising edge of the CL2 

signal, and the X-drivers latch the data at its falling edge. 
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Figure 2-3 TN-Type LCD Interface 
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Figure 2-4 is a timing chart for LCD interface signals and figure 2-5 is an expanded view of the 

same timing. 

The L VIC outputs a number of CL2 signal pulses equal to a quarter of the horizontal displayed 

dots during one line display period. However, the L VIC has a retrace period of six characters 

(48 dots) long, and does not output CL2 signal pulses during this period. Accordingly, the CLI 

signal pulses do not overlap with the CL2 signal pulses. The retrace period is fixed and cannot 

be changed. 

The CL2 signal period depends on the display mode; the CL2 signal period in the 4-bit data 

transfer and single screen modes is half that in the 4-bit data transfer and dual screen modes 

and the 8-bit data transfer and single screen modes. Therefore, the amount of data transferred 

to the LCD drivers per unit time is the same in all display modes. 

The CL2 signal frequency (fcLZ) is expressed as follows: 

fcL2= fLDOTCK x 1/4 (in display modes 2, 3, 7, 9, 10, 13, and 14) ................. (2-4) 

fcLZ = fLDOTCK x 1/8 (in display modes 1, 4, 5, 6, 8, 11, 12, 15, and 16) ...... (2-5) 

fLDOTCK: LCD dot clock (LDOTCK) frequency 
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2.2.3 TFT-Type LCD Interface 

The LVIC uses the CL3 and CL4 signals as TFf-type LCD interface signals in addition to the 

TN-type LCD interface signals, and it uses the RO-R3, GO-G3, and BO-B3 pins for outputting 

display data in the 8-color display modes. (In the monochrome display modes, the L VIC uses 

the LUO-LU3 and LDO-LD3 pins in the same way as in the TN-type LCD modes.) Both the 

CL3 and CL4 signals are line shift clocks for Y-drivers (row drivers). 

Figure 2-6 shows an example of connecting a TFf-type LCD to the L VIC. In this figure, the 

HD61104s are used as X-drivers (column drivers) and the HD61105s are used as Y-drivers 

(row drivers). This circuit supports display mode 9 (8-color display, X-, Y-drivers on one side, 

vertical stripes). In this case, the X-drivers are divided into R data output drivers, G data 

output drivers, and B data output drivers. The L VIC sends RGB data to the corresponding 

drivers. The Y-drivers drive the gate electrodes of the TFf-type LCD panel, and the CL3 

signal acts as a line shift clock for the Y-drivers. For details of the CL3 and CL4 signals, refer 

to section 7.1, CL3 and CL4 Signal Functions. 

In this case, the output timing of the TFf-Type LCD interface signals is basically the same as 

that of the TN-type LCD interface signals. In particular, the output timings of the CL3 signal 

and the CLl signal are almost the same. Their periods and falling edges are identical, but their 

rising edges are not always identical (refer to figures 2-4 and 2-5). 
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2.3 Buffer Memory Interface 

2.3.l Memory Type and Memory Capacity Calculations 

Memory Type: The type of memory which can be employed as buffer memory is limited by 

the CRT display dot clock frequency (fDOTcLl{). Specifically, the memory must satisfy the 

conditions given in equations 2-6 and 2-7 below, where tcYco is the dot clock cycle time 

(l/fDOTCLK). 

Memory access time ~ L VIC read cycle time-L VIC read data setup time 

~ 5 ·tcYco -50- 25 (ns) 

~ 5. tCYCD- 75 (ns) ............................................ (2-6) 

Memory write (input) data setup time~ LVIC write (output) data setup time 

~ 2. tCYCD - 25 (ns) ......................... (2-7) 

For example, the following calculations show that a memory whose access time is less than or 

equal to 274 ns and whose write data setup time is less than or equal to 115 ns can be used for 

the LVIC used with a CGA board (fooTCLK =14.318 MHz): 

Memory access time ~ (5/14.318 x 106)/(1 x 10-9) - 75 (ns) 

~ 274 (ns) 

Memory write data setup time ~ (2/14.318 x 106)/(1 x 10-9)- 25 (ns) 

~ 115 (ns) 

Memory Capacity Calculation: The memory capacity required per plane is determined by 

the display screen size and can be obtained from the following equation: 

Memory capacity (bits) = Nhd x Nvd x 8 .................................................... (2-8) 

Nhd: Number of horizontal displayed characters 

(number of horizontal displayed dots x 1/8) 

Nvd: Number of vertical displayed lines 

For instance, a display screen of 640 x 200 dots requires 128 kbits in the monochrome display 

modes and 3 x 128 kbits in the 8-level gray scale display modes and 8-color display modes . 
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Table 2-2 lists the optimum memory devices and their quantities for different CRT display 

systems. 

Memory capacity is selected with the MSO and MS 1 pins or with the MSO and MS 1 bits of 

control register 2 (Rl). For details, refer to section 3.6, Buffer Memory Selection. 

Table 2-2 Optimum Memory Devices and Quantities for Different CRT Display Systems 

CRT Display Display Screen fooTCLK Optimum 

System Size (Dots/Bits) (MHz) Memory Device 

CGA 640 x 200/125k 14.318 HM6264P-15 

EGA 640 x 350/218.75k 16.257 HM62256P-15 

PC-9801 640 x 400/250k 21.053 HM62256P-15 

VGA 640 x 480/299.8k 25.175 HM62256P-12 

640 x 520/325k 28.321 HM62256P-10 

foarcu<: CRT display dot clock (OOTCLK) frequency 

HM6264P-15: 64-kbit memory with access time of 150 ns 

HM62256P-15: 256-kbit memory with access time of 150 ns 

HM62256P-12: 256-kbit memory with access time of 120 ns 

HM62256P-10: 256-kbit memory with access time of 100 ns 
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2.3.2 Buffer Memory Interface 

The LVIC uses memory address lines (MAO-MA15), memory chip select signals (MCSO, 

MCS 1), and a memory write enable signal (MWE) as buffer memory interface signals, and it 

uses the RDO-RD7, GDO-GD7, and BDO-BD7 pins for outputting display data. 

Figure 2-7 shows an example of connecting HM62256s (32-kbyte memories) to the L VIC. 

Since the MA13-MA15 pins are also used by the memory addresses and the memory chip 

select signals, the connection of these pins to memory devices depends on the type of memory 

being used. For details, refer to section 3.6, Buffer Memory Selection. 

Figures 2-8 and 2-9 are timing charts of the buffer memory interface timing signals. 

MCS1 

OE 
WE 
cs 

HM62256 

DBO 

) 
A14 

DB7 

MCSO 

OE AO 
WE 
cs 

HM62256 

DBO 

) 
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Figure 2-7 Buffer Memory Interface 

@HITACHI 

MAO 

) 
LVIC 

MA14 
ADO 

s 
RD7 

MCSO 
MCS'f 
MWE 

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



Preliminary HD66840 

T• (5tcvco) T• (5 tcvco) Ta (6 tcvco) 

RO R2 w 
... . .. -~ ..... "\ !" ~ .. t \ : 

\,,." • '··' .. 1.7 

• ·t , .. 

,· ' : ~ . 
·"' ·.: • . .' 

.. 
' ~ , 1 • .' ·. DOTCLK .' • . ." 

MAO-MA15 

MCSO-MCS1 ~l'-------1---------'I 

RDO-RD7 
GDO-GD7 

Valid data Valid dala 

BDO·BD7 (Memory to LVIC) 
tcvco :Dot clock cycle time 

R1, R2: Read cycle 1, 2 

W: Write cycle 

Note: See the data book for detailed liming specifications. 
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The L VIC writes data corresponding to half a CRT display screen into buffer memories for 

each frame, which means it takes two frames for the L VIC to write data corresponding to one 

CRT display screen. 

In single screen modes, the L VIC writes data to the buffer memories as shown in figure 2-1 O in 

a specific order. In the first frame, the L VIC writes data l, 3, 5, ... , with the AO signal fixed 

low. In the second frame, the L VIC writes data 2, 4, 6, ... , with the AO signal fixed high. 

In dual screen modes, on the other hand, the L VIC writes data to the buffer memories as shown 

in figure 2-11. In the first frame, the L VIC writes data 1, 3, 5, ... corresponding to the top half 

of the screen with both the AO and Al signals fixed low. The LVIC then writes data A, C, E, 

... corresponding to the bottom half of the screen with the AO signal fixed high and the A 1 

signal low. Similarly, in the second frame, the L VIC writes data 2, 4, 6, ... for the top half of 

the screen with the AO signal fixed low and the Al signal high, then it writes data B, D, F, ... 

for the bottom half of the screen with both the AO and A 1 signals fixed high. 

When reading from the buffer memories, the L VIC simply reads out the data from low-order 

addresses to high-order addresses in order. 

1 bit CRT display screen Buffer memory 
J_ 

1 2 3 4 5 6 7 8 9 

T 1 2 3 4 5 6 7 8 9 

A B C D E F G H I A B C D E F G H I 

~ ~ a bits 

Figure 2-10 Data Arrangement in Buffer Memory in Single Screen Modes 
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1 bit CRT display screen Buffer memory 
j_ 

T 1 2 3 4 5 6 7 8 9 1 A 2 B 3 c 4 D 5 

L) 
E 6 F 7 G 8 H 9 

ABCDEFG H I 

~ ~ 
8 bits 

Figure 2-11 Data Arrangement in Buffer Memory in Dual Screen Modes 

2.3.3 Through Mode 

The L VIC can also convert CRT display data into LCD data without using buffer memory by a 

process called through mode. Through mode is enabled by selecting the no-memory mode 

with the MSO and MS 1 pins or with the MSO and MS 1 bits of control register 2 (Rl ). 

In through mode, all L VIC operations are synchronized with the CRT display horizontal 

synchronization signal (HSYNC) and the vertical synchronization signal (VSYNC). Therefore, 

in this case it is impossible to control the LCD frame frequency (the FLM signal frequency) 

independently. 

Figure 2-12 is the timing chart of the LCD control signals in through mode. As shown in the 

figure, the CLl signal period is identical to the HSYNC signal period, and the LCD frame 

frequency is identical to the CRT display frame frequency (the VSYNC signal frequency). 

Accordingly, the CRT display frame frequency must be set to 70 Hz in order to obtain a 70 Hz 

LCD frame frequency, which requires rewriting the value set in the CRT controller. 

The following limitations are due to the fact that it is impossible to control the LCD frame 

frequency and the CRT display frame frequency independently in this mode: 

• Double-height displays and LCDs with Y-drivers on both sides are disabled since the LVIC 

cannot control the phase relation between the CL3 signal and the CLl signal. 
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• The falling edge of the HSYNC signal must be synchronized with the rising edge of the 

VSYNC signal since the input timings of the HSYNC and the VSYNC signals are limited. 

• The CLl signal pulses for more than the number of specified displayed lines. (Refer to 

figure 2-12.) 

• The pins for transferring data between the L VIC and buffer memory must be left open since 

these pins are all driven into output state. 

(.) 
z 
>en :c 

, , , 

_ _l_ 
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~ 

.. 

::; 
(.) 

___ __! __ _ 

Figure 2-12 Timing of LCD Control Signal!i in Through Mode 
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In addition to the limitations, note that dual screen LCDs are disabled in through mode. Setting 

the DM3-DMO pins for dual screen modes prevents normal display since the L VIC transfers 

the high-order four bits of display data to the upper screen and the low-order four bits to the 

lower screen (figure 2-13). 

CRT display screen LCD screen 

12345678 2 3 4 

High-order 4 bits TI"4bil' 
High-order 4 bits 

I 
~~~::> r5~6-7~8~~~~~---i 
~ 

Low-order 4 bits 

Figure 2-13 Dual Screen Mode Display in Through Mode 
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2.4 MPU/ROM Interface (For Programming Internal Registers) 

There are two methods of controlling the LVIC: a pin programming method and an internal 

register programming method. The latter method is divided into an MPU programming 

method and a ROM programming method. The interfacing of the LVIC with an MPU or ROM 

for programming internai registers is described beiow. 

2.4.1 MPU Interface 

Figure 2-14 shows examples of connecting an HD64180 and an HD6301 (8-bit MPUs) to the 

LVIC. When an HD64180 is connected to the LVIC, input an ORed signal of the RD and IOE 

signals of the MPU through the LVIC's RD pin, and an ORed signal of the WR and IOE 

signals of the MPU through the LVIC's WR pin. The reason for this is that the MPU considers 

the LVIC to be an 1/0 device. When an HD6301 is connected to the LVIC, generate the 

LVIC's RD and WR signals from the HD6301 's R/W and E signals, as shown in the figure. 
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Figure 2-14 MPU Interface 
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Figure 2-15 is the timing chart of the MPU interface signals. 

When writing data into an internal register, first set the RS signal low to select the address 

register (AR), then write the address of the desired register into the address register. Finally, 

set the RS signal high and write the data. 

The procedure for reading data from a register is exactly the same as that for writing data. 

Since all the internal registers consist of four bits, the high-order four bits from the MPU are 

not used. In addition, data write/read operations are all performed while the CS signal is low. 
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WR 
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Figure 2-15 Timing of MPU Interface Signals 
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2.4.2 ROM Interface 

Figure 2-16 shows an example of connecting an HN27C64 (ROM) to the L VIC. The RS, CS, 

and WR pins must be fixed either high or low in this case. If the ROM programming method is 

specified, the L VIC outputs addresses $0 to $F in sequence through the AO-A3 pins. The 

DO-D3 pins are always in input state. Connecting the AO-A3 signals to the low-order four bits 

of the ROM address lines enables the L VIC to read data from the ROM and write it into the 

internal registers. Figure 2-17 shows the timing for this process. 

00-03 

HN27C64 

AO-A3 <..------~ AO-A3 

A4-A12 

CE 

OE 

00-03 

Figure 2-16 ROM Interface 

Figure 2-17 Timing of ROM Interface Signals 
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2.5 PLL Interface 

The dot clock (DOTCLK), which is the latch clock for serial ROB da~a, is not a standard video 

signal and is not output from the CRT plug. Consequently, the DOTCLK signal must be gen

erated outside the system. The LVIC has a programmable counter and a phase comparator. 

Therefore, a PLL circuit can be configured to generate the DOTCLK signal if a charge pump, a 

low-pass filter (LPF), and a voltage-controlled oscillator (VCO) are connected to the program

mable counter and the phase comparator. Figure 2-18 is a PLL circuit diagram. 

A PLL circuit is a feedback controller whose internal programmable counter generates a clock 

of a frequency and phase identical to those of the base clock. 

In the PLL circuit, the VCO oscillates with a frequency determined by the voltage at power-on 

and outputs a clock to the programmable counter. The programmable counter divides the 

frequency of the clock according to the value specified in the PLL frequency-division register 

(RIO and Rl 1) and outputs the frequency-divided clock to the phase comparator. 

The phase comparator compares the edges of the frequency-divided clock and the base clock, 

where the base clock is the horizontal synchronization signal (HSYNC). The phase comparator 

outputs the CD signal to the charge pump and the LPF when the frequency of the frequency

divided clock is higher than that of the HSYNC signal, or when the phase of the frequency

divided clock is ahead of that of the HSYNC signal. Otherwise, the phase comparator outputs 

the CU signal. Figure 2-19 shows the timing for the phase comparator outputs. 

The charge pump and the LPF apply a voltage to the VCO according to the CD or the CU 

signal. 

'The PLL circuit repeats this operation until the phase and frequency of the frequency-divided 

clock coincide with those of the HSYNC signal. The PLL circuit subsequently supplies a 

stable DOTCLK signal. 

Since the LVIC outputs the CD and CU signals at CMOS levels, both CMOS-level and TTL

level elements can be used for the charge pump. 
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Figure 2-18 Phase Comprator Output Timing 
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Figure 2-19 PLL Circuit Block Diagram 
@HITACHI 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 
55 



56 

HD66840 Preliminary 

Section 3 LVIC Functions and Register 
and Pin Settings 

Either of two methods may be selected to control L VIC functions: an internal register 

programming method or a pin programming method. The former method controls L VIC 

functions by setting parameters in the intemai registers, and the iatter mt:thod controls them by 

setting mode setting pins high or low. The internal register programming method can be 

subdivided into an MPU programming method and a ROM programming method, as described 

in section 2. 

When using the L VIC, first select a programming method with the PM ODO and PMOD 1 pins. 

For details of programming method selection, see table 1-5 in section 1.5.5, Mode Setting Pins. 

The internal register programming method must be selected, by setting (PMODO, PMODI) = 
(0, 1) or (1, 0), in the following cases: 

• When programming a screen size which the pin programming method cannot support. 

• When generating the display timing signal (DISPTMG) internally. 

• When generating the dot clock (DOTCLK) with the PLL circuit. 

• When alternating the M signal every line in a monochrome or 8-level gray scale display 

mode. 

• When controlling LCD on/off. 

Select either the pin programming method or the internal register programming method in all 

other cases. 

Table 3-1 shows what is actually used to control the various LVIC functions after a program

ming method is selected with the PMODO and PMODI pins. 

This section explains the L VIC functions and how to control them by the internal registers or 

pins. 
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Table 3-1 L VIC Functions and Control Methods 

Function Controlled by: Note Reference Section 

Display Mode Setting 

Screen Size Setting 

Display Timing Signal 

Generation 

(Horizontal and Vertical 

Back Porch Specification) 

Dot Clock Generation 

(PLL Frequency-Division 

Ratio Specification) 

Display Timing Signal 

Fine Adjustment 

LCD Driving Signal 

Alternation Selection 

Buffer Memory Selection 

Display On/Off Control 

RGB Signal Latch 

Timing Selection 

VSYNC Signal Polarity 

Selection 

Notes: 

Pins 

Pins or internal registers 2 

Internal registers 

Internal registers 

Pins or internal registers 

Internal registers 3 

Pins or internal registers 

Internal registers 4 

Pins 

Pins 

6 Display Mode Settings and 

Contents 

3.1 Screen Size Setting 

3.2 Display Timing Signal 

Generation 

3.3 Dot Clock Generation 

3.4 Display Timing Signal 

Fine Adjustment 

3.5 LCD Driving Signal 

Alternation 

3.6 Buffer Memory Selection 

3.7 Display On/Off Control 

3.8 Video Signal Latch 

Timing Selection 

3.9 Vertical Synchronization 

Polarity Selection 

1. Only pins can control this function, even if the internal register programming method is selected with the 

PMODO and PMODl pins. 

2. The pin programming method cannot support all sizes. 

3. The pin programming method fixes LCD driving signals to alternate every frame in display modes 1-8 and 

every line in display modes 9-16. 

4. The pin programming method fixes the LCD to be always on. 

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

57 



HD66840 Preliminary 

3.1 Screen Size Setting 

3.1.1 Screen Size Control 

Either the internal registers or the pins can be used to control screen size. 

In the internal register programming method, any even number from 4 to 506 (32 to 4048 dots) 

can be selected as the number of horizontal displayed characters), using the horizontal dis

played characters register (R6 and R7). Similarly, any even number from 4 to 1028 can be 

selected as the number of vertical displayed lines with the vertical displayed lines register (R2, 

R3, and the high-order two bits of R4). However, an odd number of lines can also be selected 

in the single screen modes with Y-drivers on one side, that is, in display modes 2, 4, 7-9, 11, 

13, and 15. Note that it is not the multiplexing duty ratio but the number of displayed lines that 

is specified. This means that the specified value does not depend on screen configuration. 

In the pin programming method, 80 or 90 characters (640 or 720 dots) can be selected as the 

number of horizontal displayed characters with the XDOT pin, and 200, 350, 400, 480, 512, or 

540 lines can be selected as the number of vertical displayed lines with the YL-YLO pins 

(table 1-7). Up to 15 lines can be added with the ADJ and F3-FO pins to the number of vertical 

displayed lines specified with the YL2-YLO pins. (Refer to section 1.5.5, Mode Setting Pins.) 

Figure 3-1 shows the relationship between an LCD screen and the pins and internal registers 

controlling screen size. 
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Number of horizontal displayed 
characters 

~Pin: XDOT 
Register: Horizontal displayed 

characters register (R6 and R7) 

LCD screen 

Number of vertical displayed 
lines 

Pins: YL2-YLO, ADJ, F3-FO 
Register: Vertical displayed lines register 

(R2, R3, and high-order 2 bits 
of R4) 

Figure 3-1 Relationship between LCD Screen and Pins/Internal Registers 
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3.1.2 Setting Examples 

Figures 3-2 to 3-5 show screen size examples. Tables 3-2 and 3-3 show the setting of registers 

and pins corresponding to each of the screen sizes. 

400 dots 

i 
LCD screen 200 dots 

._______ _ _____. l 
400 x 200 dots 
(50 characters x 200 lines) 
Single screen, normal display 

Figure 3-2 LCD Screen Example 1 

640 dots 

T 
LCD screen 200 dots 

._______ _ _____.l 

640 x 200 dots 
(80 characters x 200 lines) 
Single screen, normal display 

Figure 3-3 LCD Screen Example 2 

640 dots 

T 
LCD upper screen 180 dots 1-----------1+ 
LCD lower screen 180 dots 

L--~~~~~~~~J_ 

640 x 360 dots 
(80 characters x 360 lines) 
Dual screens, normal display 

Figure 3-4 LCD Screen Example 3 
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720 dots ..... 
T 

LCD upper screen 200 dots 720 x 400 dots 

t (90 characters x 400 lines) 
Dual screens, 

LCD lower screen 200 dots double-height display 

Figure 3-5 LCD Screen Example 4 

Table 3-2 Internal Register Settings for Different LCD Screen Sizes 

Values to be Written 
Horizontal Displayed Vertical Displayed 

Reference Figure 
3-2 

3-3 

3-4 

3-5 

Characters Register Lines Register 
24 (00011000) 199 (0011000111) 

39 (00100111) 199 (0011000111) 

39 (00100111) 

44 (00101100) 

359 (0101100111) 

199 (0011000111) 

Table 3-3 Pin Settings for Different LCD Screen Sizes 

Reference Figure XDOT YL2 YLl YLO ADJ F3 F2 Fl 

3-2 

3-3 0 0 0 0 

3-4 0 0 0 1 0 1 0 1 

3-5 1 0 0 0 

Notes: 

1. Cannot be programmed with pins. 

FO 

0 

2. The ADJ and F3-FO pin settings depend on whether the display timing signal (DISPTMG) is adjusted. 

Note 

1 

2 

3 

2 

3. Ten lines are added IO the number of vertical displayed lines originally specified by the vertical displayed lines 

register. 
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3.2 Display Timing Signal Generation 

The display timing signal (DISPTMG) function and the register setting for generating the 

signal are described below. 

3.2.1 Display Timing Signal Function 

CRT display data is divided into display period data and retrace period data, but only display 

period data is necessary for an LCD. Therefore, the L VIC requires the display timing signal 

(DISPTMG) which indicates whether the data transferred is display period data or retrace 

period data. The L VIC writes to buffer memory as valid data only the data transferred during 

the display period. 

Figure 3-6 is a conceptual diagram illustrating the relationship between the CRT display 

period, retrace period, and an LCD screen. Figure 3-7 is the corresponding timing chart. 

CRT display 

Display period 
(display screen) 

LCD 

Display screen 

Figure 3-6 CRT Display Period, Retrace Period, and LCD Screen 

CRT display period I 
CRT retrace period 

l 
DISPTMG J l -. . . . . ' . ' ' 

' 

RGB~ Valid ~,~;aiid~ Valid )WLZ 

Figure 3-7 Display Timing Signal (DISPTMG) and RGB Signal 
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3.2.2 Display Timing Signal Generation and Register Setting 

The L VIC can generate the display timing signal (DISPTMG) from the vertical synchroniza

tion (VSYNC) and horizontal synchronization (HSYNC) signals. 

Figure 3-8 shows the relationships between the timings of the HSYNC, VSYNC, and 

DISPTMG signals. In this figure, the rising edge of the HSYNC signal appears at the same 

time or a little after the falling edge of the VSYNC signal. Similarly, the rising edge of the 

DISPTMG signal (display start position) appears at the same time or a little after the rising 

edge of the HSYNC signal. The phase shift between the rising edge of the VSYNC signal and 

that of the DISPTMG signal is called the vertical back porch and the phase shift between the 

rising edge of the HSYNC signal (the rising edge just before the rising edge of the DISPTMG 

signal) and that of the DISPTMG signal is called the horizontal back porch. 
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VSYNC. 1, +~--1-fr-am_e _ __,!I,_ --~·1 
(Act1ve-h1gh) : Active edge 

HSYNC 
(Active-high) 

DISPTMG 
(Active-high) 

1 line 

Active edge; 

~ 

, ~ Horizontal back porch (X dots) 

~ Vertical back porch (Y lines) 

Note: The VSYNC and HSYNC signals can be active-low. 

Figure 3-8 Vertical and Horizontal Back Porches 
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The vertical and horizontal back porches must be specified with the internal registers to gener

ate the DISPTMG signal. The vertical back porch is expressed by a number of lines Y, and the 

horizontal back porch by a number of dots X. 

First set l in the DSP bit or the DCK bit of control register I (RO) to specify the vertical back 

porch register (Rl2: high-order, Rl3: low-order) and the horizontal back porch register (Rl4: 

high-order, Rl5: low-order). Then write the appropriate values into the registers. The values 

to be written into the registers can be obtained from the following equations: 

Value in Rl2 and Rl3 =vertical back porch time x fHsYNC - I .............................. (3-1) 

Value in Rl4 and Rl5 =horizontal back porch time x fooTCLK -1 ......................... (3-2) 

fusYNc: HSYNC signal frequency 

fooTCLK: CRT display dot clock (DOTCLK) frequency 

The back porch times must be actually measured, since they depend on the CRT display sys

tem. When measuring the back porch times, note that the back porch time definitions of the 

L VIC differ from those of a CRT display and that the back porch times in equations 3-1 and 

3-2 follow the LVIC definitions (table 3-4, figure 3-9). 

Table 3-4 Comparison of Back Porch Time Definitions 

Term 

Vertical 

Back Porch 

Time 

Horizontal 

Back Porch 

Time 

CRTorLVIC 

CRT 

LVIC 

CRT 

LVIC 

Definition 

Interval between active edges of the VSYNC signal and 

the DISPTMG signal 

Same as above 

Interval between the active edge of the HSYNC 

signal (just before the rising edge of the DISPTMG 

signal) and the rising edge of the DISPTMG signal 

Interval between the rising edge of the HSYNC 

signal (just before the rising edge of the DISPTMG 

signal) and the rising edge of the DISPTMG signal 

Note: The SPS pin must be high when the VSYNC signal is active-high, or low otherwise. 
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/Active edge 

~-------------------

VSYNC 
(Active-low) 

HSY NC 
(Active-low) 

DISPTMG 
(Active-high) 

/ Aciive edge 

/Active edge 

~ 
, : \-Horizontal back porch (LVIC) 
~ 

,..;<;-----· _ _,>--... : Horizontal back porch (CRT display) 

~Vertical back porch (common to CRT display and LVIC) 

Figure 3-9 Comparison of Back Porch Time Definitions 

Table 3-5 shows the settings for R12-Rl5 when the LVIC is used with an IBM-PC/AT CGA 

board. 

Table 3-5 Back Porch Register Settings for the IBM-PC/AT CGA Board 

Data Bits 

Register 3 2 1 0 Contents 

R12 0 0 1 0 Vertical back porch: 37 lines 

Rl3 0 1 0 0 

R14 1 0 1 1 Horizontal back porch: 177 dots 

R15 0 0 0 0 

Notes: 

1. The above back porches were actually measured. 

2. The SPS pin is high. 
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3.3 Dot Clock Generation 

The LVIC can generate a dot clock (DOTCLK), which acts as a latch clock for CRT display 

data, from the horizontal synchronization signal (HSYNC). The parameter setting for 

DOTCLK signal generation by a PLL circuit and how to design the PLL circuit are described 

below. Refer to section 2.5, PLL Interface, for information on how the PLL circuit generates 

the DOTCLK signal. 

3.3.1 Parameter Setting for Dot Clock Generation 

To generate the dot clock (DOTCLK), first set 1 in the DCK bit of control register 1 (RO) to 

specify the PLL frequency-division register (R 10: high-order, R 11: low-order). Then set the 

parameter into the register. The PLL circuit generates the DOTCLK signal according to the 

frequency-division ratio specified by this register. 

The value to be written into the frequency-division register is (frequency-division ratio (NPLL)) 

- 731. NPLL can be obtained from one of the following equations: 

NPLL = fDOTCLK/fHSYNC .................................................................................. (3-3) 

fooTCLK: DOTCLK signal frequency 

fHsYNc: HSYNC signal frequency 

or 

NPLL = (total number of horizontal characters on the CRT display) x 

(horizontal character pitch) ............................................................. (3-4) 

Horizontal character pitch: Number of horizontal dots for one character 
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Table 3-6 lists the PLL frequency-division ratios for major personal computers. 

Table 3-6 PLL Frequency-Division Ratios for Major Personal Computers 

Personal Screen fDOTCLK fusYNC PLL Frequency-
Computer Size (Dots) (MHz) (kHz) Division Ratio Value in RIO and RU 

PC-8801 640x200 14.318 15.98 896 $A5 = 10100101 (binary) 

PC-9801 640x400 21.0526 24.83 848 $75 = Olll0101 (binary) 

FM-11 640x400 21.0526 24.366 864 $85 = 10000101 (binary) 

FM-16B 640x400 21.0526 24.366 864 $85 = 10000101 (binary) 

Bl6/SX 640x400 21.0526 24.83 848 $75 = 01110101 (binary) 

Bl6/MX 640x 400 23.9616 29.36 816 $55 = 01010101 (binary) 

IBM-PC™/AT CGA 640x 200 14.318 15.75 912 $B5 = 10110101 (binary) 

EGA 640x 350 16.257 21.85 744 $OD= 00001101 (binary) 

VGA 640x480 28.321 31.5 899 $A8 = 10101000 (binary) 

720x 350 25.175 31.5 796 $41=01000001 (binary) 

3.3.2 PLL Circuit Design 

This section explains how to design a PLL circuit to suit a CGA or EGA board. 

VCO Design: An LPF must be designed to determine the response characteristics of the entire 

PLL circuit. However, before the LPF is designed, Kv (Mrad/sN), which is the control sensi

tivity factor of a VCO, must be determined. 

In this case, a Clapp oscillator circuit is used as a high-frequency oscillator, as shown in figure 

3-10. The oscillation frequency (f) of this circuit can be obtained from the following 

equations: 

f = l/27t-YLC. ................................................................................................. (3-5) 

C =Co+ Cr+ { l/(l/C11 + l/C12 + l/Cn)} =Co+ Cr+ C1 ...................... (3-6) 

Check whether the circuit is oscillating after setting L and C to obtain the desired frequency f 

or not. Increase the value of Co with Cu = C12 = Cn = 100 pF. Use a 100-pF capacitor as Cr 

and fix the Cr value to half the value of its maximum capacitance, that is, to about 50 pF, to 

stop the oscillation at a certain point. The resulting value of Co is called Comax. 
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Construct Co with varicaps and capacitors as shown in figure 3-11. The capacitance of the 

varicaps depends on Vref, the reverse voltage. In this case, the value of Co is expressed as fol

lows: 

Co= 1/(2/Co + 1/C10) .................................................................................. (3-7) 

Co: Varicap capacitance 

Set C10 to a value such that Co is about 0.8Comax. The varicaps used here are ISV149s which 

have a maximum capacitance of 300 pF when the LPF outputs a voltage from 2 V to 8 V. 

Therefore the correct value of C10 is around 330 pF. 

Next, determine the value of L that makes the VCO oscillate at the same frequency as that of 

the PLL circuit. In the circuit shown here, f is 18 MHz, Co is 25 pF, and Cr is 15 pF when Vref 

is 8 V. The value ofL is expressed as follows: 

L = l/(2nf)2c = 1.29 (µH) ............................................................................. (3-8) 

When Vref is 2 V, f is 11.2 MHz. 

If the upper and lower limits of the control voltage are expressed as VrefH and VrefL, respec

tively, and the oscillation frequency at each voltage is expressed as fH (18 MHz) and fL (11.2 

MHz), respectively, Kv, the control sensitivity factor of the VCO, is expressed as follows: 

KV= { (fH - fL)/(VrefH - VrefL)} X 2n ........................................................... (3-9) 

:. Kv = 7.1 (Mrad/s/V) 

However, the value of Kv in equations below is assumed to be 8.0, since this is the actually 

measured value. 

Bias the circuit according to the transistors' values; any lag in the oscillation frequency can be 

adjusted with Cr. 
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Figure 3-lO Clapp Oscillator Circuit 

Co C10 

Vref ~ l<l----l 

Co L 

C11=C12=C1a=100 pF 

C10=330pF 

Co; ISV149@ 

Cr 

Figure 3-11 Co Structure 
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LPF Design: An active filter is used as the LPF in figure 3-12. In this case, the entire PLL 

circuit is considered to be a secondary feedback control system. Therefore, first calculate the 

damping factor ~ and the natural frequency con, which determine the control system character

istics, then determine the values of C and R. 

• Damping Factor ~: According to figure 3-13, when frequency overshoot does not exceed 

25%, ~is 0.6. 

• Natural Frequency con: From the frequency step response shown in figure 3-13, when the 

frequency difference does not exceed 5%, ron · t is 4.5. tis the pull-in time, and if t = 10 

(ms), con· t is expressed as follows: 

con· t = 4.5/t = 450 (rad/s) 

C2 

·-~ r--. 
I I 
I 
I 

: R2 C1 
I 

Figure 3-12 Active Filter 
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Figure 3-13 Second-Order Step Response 

The values of C and R of the active filter can be obtained from the following equations: 

~=(T2/2).../Kc·Kp·Kv/N·T1 .................................................................... (3-10) 

ron=VKc·Kp·Kv/N·T1 ........................................................................... (3-11) 

Where Tl = C1 ·Rt, T2 = C1 · R2, Kc =:LO (from actual measurements), and N is the frequency

division ratio (986). KP is the gain constant of the phase comparator (charge pump) and is 

expressed as follows: 

KP= (VOH- VOL)/47t (V/rad) ..............•.......•.....................•....•................. (3-12) 

The charge pump's output is at TTL level in this case, so, if VoH = 2.3 and VoL = 0.9, KP = 

0.111 V /rad. Ct in equations 3-10 and 3-11 remains unknown. However, the values of Rt and 

R2 can be determined as follows, assuming that Ct = 0.22 µF: 

70 

Rt= Kc· KP· Kv/ron2 • N · C1 = 20.2 ... 22 (kQ) 

R2= 21;/ron · C1=12.1 ... 12 (kQ) 
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Since a high-frequency element appears in the LPF's output because of the LPF's own fre

quency characteristics, connect a capacitor C2 of a capacitance about 1/10 that of C1 in parallel 

with R2 to reduce spike noise. 

Operational Amplifier Standard Voltage: In figure 3-14, the three-state buffer applies 2.3 V 

when the CD signal is low, and 0.9 V when the CU signal is low. The operational amplifier 

charges C1 when the buffer outputs 2.3 V, and discharges it when the buffer outputs 0.9 V. 

Therefore, the value of Vin for the operational amplifier should be set to a value midway 

between VoH and VoL. Since the output voltage from the operational amplifier is the inverse 

of the input voltage, it may be a negative voltage. To cope with this, a clamp diode is con

nected to the operational amplifier's output in this case. Diode D2 corrects phase shift. 

5V 

CD----~ 

Clamp diode 

Rs 

Figure 3-14 Charge Pump and LPF 

This completes the design of the PLL circuit. For a complete circuit diagram, see figure 8-4. 

Tr2 in the figure is an emitter follower which supplies clock pulses to external circuits . 
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Figures 3-15 and 3-16 show two more examples of PLL circuits. The circuit shown in figure 

3-15 can generate both 21-MHz and 14-MHz DOTCLK signals. The circuit shown in figure 

3-16 has less jitter than the circuit of figure 3-15 and generates a 30-MHz DOTCLK signal. 

Note the following suggestions for designing PLL circuits: 

• Isolate Vee and GND of analog units from those of digital units. 

• Shorten the wires used for analog units to reduce noise. 
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C4 

15112 RS 

IC180 ~ 12k 
+ SV L5125 3 ~~K +10V Cl 

~--"\/\,,,__-, I~µ 

DI ['.v'.l ~~2µ L 
CD -----~ R2 8 k 

>-6---\2M2~K~ ....._:_____ t·------- v,.1 

CU -----.C~IBO 
L5125 

+5V R3 
22K -10V 

~: i·~~u16V 
Op amp 

IC7LF356 

+12V R7 

~ 

02 
155112 

r Rl4 
Rl1 471< 

22 F C12 
LI Rl2 Cl~ IOpF 

'zt: 0.6µH CT1 33k C33pF R13 

! 30pF I 1k 

Figure 3-16 PLL Circuit Example 2 

(Low-Jitter Type, Oscillation Frequency: 30 MHz) 
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3.4 Display Timing Signal Fine Adjustment 

When the display timing signal (DISPTMG) is supplied externally, a phase shift may appear 

between the CRT display data and the DISPTMG signal. This is because each signal has its 

own specific lag characteristics. The DISPTMG signal can be adjusted with the F3-FO pins of 

the L VIC or with its fine adjust register (R9) to correct the phase shift. 

Table 3-7 shows the relationship between the F3-FO pins, the fine adjust register, and the fine 

adjustment. In the table,-indicates advancing the DISPTMG signal phase, and +indicates 

delaying it. The F3 pin or data bit 3 of the fine adjust register selects the polarity. The adjust-

ment reference point is the display start position. 

Table 3-7 Fine Adjustment with F3-FO Pins or R9 

Pin: F3 F2 Fl FO 

R9 Bit: 3 2 1 0 Number of Adjustment Dots 

0 0 0 0 0 

0 0 -1 

1 0 -6 

1 1 -7 

1 0 0 0 0 

0 0 1 + 1 

1 0 +6 

1 +7 
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Figure 3-17 shows examples of adjusting the DISPTMG signal. In example (1 ), since the 

signal is two dots ahead of the display start position, either (F3, F2, F\ FO) or (R9 bits 3, 2, 1, 

0) should be set to (1, 0, 1, 0) to delay the signal two dots. In example (2), since the signal is 

two dots behind the display start position, the pins or bits should be set to (0, 0, 1, 0) to ad

vance the signal two dots. If there is no need to adjust the signal, a setting of either (0, 0, 0, 0) 

or (1, 0, 1, 0) will do. 

CRT display data 

DISPTMG before 
adjustment 

DISPTMG after 
adjustment 

CRT display data 

DISPTMG before 
adjustment 

DISPTMG after 
adjustment . 

Invalid data 

I 

:...- Display start position 
I 
I 

I 
I 

(F3,F2,F1,FO)or ~ 1 
(data bits 3, 2, 1, o of : 
• (1, 0, 1, 0) I 

!--~~~~~~~~~~~~~~ 

Invalid data 

(1) Delaying the DISPTMG Signal 

I 

1-+- Display start position 

(2) Advancing the DISPTMG Signal 

(F3, F2, F1, FO) or 
(data bits 3, 2, 1, O of R9) 
.. (1, 0, 1, 0) 

Figure 3-17 DISPTMG Signal Adjustment 
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3.5 LCD Driving Signal Alternation 

Since the application of a DC voltage degrades liquid-crystal molecules, the LCD driving 

signals must be converted into AC voltages. The L VIC outputs the M signal which converts 

the LCD driving signals into AC voltages. There are two types of M signal alternation: frame 

alternation and line alternation. The alternation of LCD driving signals depends on that of the 

M signal. 

3.5.1 Frame Alternation and Line Alternation 

Figure 3-18 shows M signal timing. The M signal changes polarity (high or low) every frame 

in frame alternation and every line in line alternation. In line alternation, however, looking 

along a certain line shows that the M signal changes polarity every frame as well. That is, if 

the M signal is high in the first line of the first frame, it is low in the first line of the second 

frame. 

1st frame 2nd frame 

CL 1 or CL3 

FLM 
(first line 
marker) 

M~ 

CL1 or CL3 

FLM 
(first line 
marker) 

M 

(1) Frame Alternation 

1st frame 

1st line 2nd line 

M =high 
(2) Line Alternation 

Figure 3-18 M Signal Timing 
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3.5.2 Alternation Type Selection 

The alternation type of the M signal is fixed when the L VIC is controlled by the pin program

ming method. The M signal alternates every frame in display modes 1-8, and every line in 

display modes 9-16. 

You can select the alternation type with the MC bit of control register 2 (Rl) when the LVIC is 

controlled by the internal register programming method. Set 0 into the MC bit for frame 

alternation and set 1 for line alternation. 

3.6 Buffer Memory Selection 

An 8-, 32-, or 64-kbyte SRAM may be selected as buffer memory for the LVIC. The SRAM 

type is selected by the MSl and MSO pins or the MS 1 and MSO bits of control register 2 (Rl). 

Table 3-8 shows memory selection settings and pin address assignments. 

Refer to section 2.3.1, Memory Type and Memory Capacity Calculations, for details of how to 

calculate memory capacity. 

Table 3-8 Memory Selection and Address Pins Assignment 

Pins or Bits Address 

MSl MSO Memory Address Pins Chip Select Pins Assignment 

0 0 No memory 

(Through mode) 

0 1 8-kbyte MAO-MA12 MCSO $0000-$1FFF 

MSCl $2000-$3FFF 

MA13 $4000-$5FFF 

MA14 $6000-$7FFF 

MA15 $8000-$9FFF 

0 32-kbyte MAO-MA14 MCSO $00000-$07FFF 

MCSl $08000-$0FFFF 

MA15 $10000-$17FFF 

1 64-kbyte MAO-MA15 MCSO $00000-$0FFFF 

MCSl $10000-$ lFFFF 
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3. 7 Display On/Off Control 

Display on means that the L VIC is outputting LCD data and display off means that the L VIC is 

not outputting LCD data. When the L VIC is controlled by the pin programming method, the 

turning on and off of an LCD cannot be controlled, and display is always fixed to on. This 

control can be provided by the DON bit of control register 2 (Rl) when the LVIC is controlled 

by the internal register programming method. Display is on when DON = 1 and off when 

DON=O. 

3.8 Video Signal Latch Timing Selection 

The latch timing of ROB signals is selected with the DOTE pin. Setting the pin low enables 

the L VIC to latch data at the rising edge of the dot clock (DOTCLK), while setting the pin high 

enables the L VIC to latch data at the falling edge of the DOTCLK signal. 

Figure 3-19 shows the timing for latching video signals. 

DOTCLK 

R 

G 

B 

R 

G 

B 

(1) DOTE = low 

(2) DOTE = high 

Figure 3-19 Data Latch Timing 
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3.9 Vertical Synchronization Polarity Selection 

The vertical synchronization signal (VSYNC) may be either active-high or active-low; the 

L VIC supports both cases. Set the SPS pin high when the VSYNC signal is active-high, and 

set the SPS pin low when it is active-low. 
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Section 4 Double-Height Display 

The L VIC provides double-height display which doubles the height of characters and pictures. 

This section explains the double-height display processing and how to use it. 

4.1 Double-Height Display Process 

Jn the TN-type LCD modes (display modes 1, 2, 4, and 6-8), the CL3 signal period is half that 

of the CL 1 signal, as shown in figure 4-1. Consequently, if the CL3 signal is used instead of 

the CU signal as a line shift clock for the Y-drivers (scan drivers), two lines can be selected 

while the X-drivers (data output drivers) are outputting the same data, enabling the double

height display shown in figure 4-2. This double-height display function enables software 

intended for a CRT display of 640 x 200 dots to be displayed on an LCD of 640 x 400 dots. 

CL1 

Cl.3 

X·driver ----. .1-+-----+----. i--t------1,-------.. r------
output 

Y-driver 
output 
(line scan 
signals) 

Figure 4-1 Relationship between CLI and CL3 Signals 

in TN-Type LCD Modes 
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Double-height display 

Figure 4-2 Double-Height Display Example 

4.2 How To Use Double-Height Display 

The double-height display function is available only in the TN-type LCD modes (display 

modes 1, 2, 4, and 6-8); it is not available in the TFf-type LCD modes (display modes 3, 5, 

and 9-16). 

As shown in figure 4-3, connecting the CL3 signal instead of the CLl signal as a line shift 

clock to the Y-drivers (scan drivers) enables double-height display. Note that this display 

requires the following procedure since the L VIC displays twice as many lines as the number of 

lines specified by the pins or the internal registers: 

1. Halve the LCD dot clock (LDOTCK) frequency calculated from the number of vertical 

displayed lines of the LCD panel. 

2. Specify half number of vertical displayed lines of the LCD panel as the number of vertical 

displayed lines. (For instance, if the number of vertical displayed lines of the LCD panel is 

400, specify 200 by the YL2-YLO pins or the vertical displayed lines register.) 
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The relation between the LDOTCK frequency and the CRT display dot clock (DOTCLK) 

frequency in double-height display is the same as that in normal display. That is, fL.DOTCK', 

which is the frequency of the LDOTCK signal obtained by step 1, should satisfy the condition 

expressed by equation 4-1, not that of equation 4-2. 

fLDOTCK1 < fDOTCLK X 15/16 .......................................................... (4-1) (right) 

fLDOTCK1 < fDOTCLK x 1/2 x 15/16 ................................................. (4-2) (wrong) 

fooTcLK = DOTCLK signal frequency 

} 
Display data 

CLI 4~8~ ~~~ 
CLM2 ~~~~---.,__~~~~~~ .... -.-~-'---'-"~"--'"-'---....._~-.--' data out ut drivers 

LCD panel 

Figure 4-3 Connections for Double-Height Display 
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Section 5 Buffer Memory Clear Function 

After it is reset, the L VIC writes Os into all the addresses of buffer memory specified by the 

MSl and MSO pins or the MSl and MSO bits of control register 2 (Rl) (table 5-1), regardless 

of what ROB data is transferred. The LCD data output pins are set to low level at this time. 

When this process is compieted, the LViC restarts writing CRT display data into buffer 

memory. This function is effective when the display timing signal (DISPTMG) is supplied 

externally and the CRT display screen size differs from the LCD screen size. 

When the CRT display screen size is 640 x 350 dots and the LCD screen size is 640 x 400 

dots, as shown in figure 5-1, the bottom 50 lines of data are usually undefined since SRAMs 

are used as buffer memory. However, the LVIC does not display undefined data since the 

bottom 50 lines of data are always 0 because of the action of the buffer memory clear function. 

This function is enabled by inputting the reset signal (RES) when the display screen size is 

changed. 

Table 5-1 MSl and MSO and Addresses after Memory Clear 

MSl 

0 

0 
1 

1 

84 

MSO 

0 

1 

0 

1 

Addresses 

$0000-$9FFF 

$0000-$17FFF 

$0000-$1FFFF 

CRT display screen LCD screen 

HD66840 

LVIC 

640 x 350 dots 

Set to 640 x 400 dots 

Buffer 
memory 

HD66840 

LVIC 
- - - - - - - - - - - - - - - - - - - - ) 50 lines 

640 x 400 dots 

Figure 5-1 Buffec.,Memorx Clear Function 
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Section 6 Display Mode Settings and Contents 

The L VIC supports the 16 display modes listed in table 6-1. They are selectable by the 

DM3-DMO pins. (Display mode can only be selected with these pins; internal registers cannot 

be used.) 

Display modes are characterized by display color, type of data transfer, screen configuration, 

the configuration of LCD drivers about the LCD screen, type of stripes (color data arrange

ment) in the 8-color display modes, and LCD driving signal alternation. Note that either type 

of LCD driving signal alternation can be selected when the L VIC is controlled by the internal 

register programming method, while the type is fixed as shown in table 6-1 in the pin program

ming method. (Refer to section 3.5, LCD Driving Signal Alternation, for details.) 

This section describes the display mode contents. 

Table 6-1 Display Modes 

Mode Pins Display Data Transfer Screen LCD Driver Positions 
No. DM3 DM2 DMl DMO Color Type Conng. X-Drlvers Y-Drlvers Stripes Alternation 

0 0 0 0 Monochrome 4 bits Dual One side One side Frame 

2 0 0 0 Single 

3 0 0 0 Both sides 

4 0 0 8 bits One side 

5 0 0 0 Both sides 

6 0 0 8-level 4 bits Dual One side 

7 0 0 gray scale Single 

8 0 8 bits 

9 0 0 0 8-color 12 bits Vertical Line 

10 0 0 (4 bits each Both sides 

11 0 0 for R, G, and B) Both sides One side 

12 0 Both sides 

13 0 0 One side One side Horizontal 

14 0 Both sides 

15 0 Both sides One side 

16 Both sides 

Note: Display modes 3, 5, and 9-16 are for TFT type LCDs. 
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6-1 Display Colors 
There are three display color types: monochrome, 8-level gray scale, and 8-color. 

6.1.1 Monochrome Display (Display Modes 1 to 5) 

In the monochrome display mode, the LVIC displays two "colors", black (display on) and 

white (display oft). As shown in figure 6-1, the L VIC writes an OR of the CRT RGB display 

data into the R-plane buffer memory, which means that G- and B-plane memories are not 

required in these modes. 

If memory is connected to the G- or B-plane, the LVIC writes G or B data to that memory. 

However, the connection of memory to the G- or B-plane does not affect the R-plane memory 

contents or display. 

Table 6-2 shows the correspondence between CRT display colors and LCD display. 

R 

G RDO-RD7 

B 

Figure 6-1 Monochrome Display Mechanism 

Table 6-2 CRT and LCD Display Colors 

CRT Display Data LCD Display 

R G B CRT Display Color On/Off 

I I I White On (Black) 

I I 0 Yellow On (Black) 

0 I Cyan On (Black) 

0 I 0 Green On (Black) 

I 0 I Magenta On (Black) 

I 0 0 Red On (Black) 

0 0 I Blue On (Black) 

0 0 0 Black Off (White) 
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6.1.2 8-Level Gray Scale Display (Display Modes 6 to 8) 

In the 8-level gray scale display modes, the LVIC thins out LCD data in frame units according 

to the CRT display color. For instance, if the CRT display color is green, data for a certain 

pixel (cell) of the LCD will appear in only two frames (display on) out of one frame (display 

off in the third frame). In this manner, the L VIC changes the voltage ratio applied to a pixel 

according to the CRT display color to realize an 8-level gray scale display. Table 6-3 shows 

the correspondence between the CRT display color, the effective voltage ratio, and the result

ing LCD gray scale. 

Table 6-3 Correspondence between CRT Display Color, Effective Voltage Ratio, 

and LCD Gray Scale 

CRT Display Color Effective Voltage Ratio 

White Vs 

Yellow 7/8 Vs+ 1/8 Vns 

Cyan 4/5 Vs+ 1/5 Vns 

Green 2/3 Vs+ 1/3 Vns 

Magenta 1/2 Vs+ 1/2 Vns 

Red 1/3 Vs+ 2/3 Vns 

Blue 1/5 Vs+ 4/5 Vris 

Black Vns 

Vs: Display-on level (selected level) 

Vns: Display-off level (non-selected level) 

LCD Gray Scale 

In the 8-level gray scale display modes, the LVIC shifts the phase of display data so that the 

lines in which data is being thinned out is constantly changing frame-by-frame. This is to 

reduce flickering of the screen in these modes. For instance, if the LVIC is to display cyan on 

the whole screen, data will not appear on every (5n)th line from the top of the LCD panel (n = 

0, 1, 2, ... )in the frame just after reset and in the following frame. In the next frame, data will 

not appear on every (5n + 2)th line (n = 0, 1, 2, ... ). See figure 6-2 for the LVIC operations in 

the subsequent frames. In this case, the L VIC thins out data every five lines in each frame. 

For a certain line, data will not appear in one frame of five frames (the area marked by dotted 

lines in figure 6-2). 

The other CRT display colors are handled in a similar way . 
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Figure 6-2 Phase Shift of Display Data (When the CRT Display Color is Cyan) 
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6.1.3 8-Color Display (Display Modes 9 to 16) 

In the 8-color display modes, the L VIC displays eight colors using red (R), green (G), and blue 

(B) filters placed on liquid-crystal cells. The eight colors are the same as those provided by the 

CRT display. For example, yellow and blue on the CRT display screen are also displayed as 

yellow and blue on the LCD screen. As shown in figure 6-3, the 8-color display has two stripe 

modes; a horizontal stripe mode and a vertical stripe mode. The L VIC arranges RGB data 

horizontally with horizontal filters in the former mode, and vertically with vertical filters in the 

latter mode. Three cells represent one dot in both modes. 

X-drivers X-drivers 

1 dot A 
G ................ . ................. 
B 

A filter } Gfilter 
B filter 
A 
G 
B 

3 cell lines represent One cell line represents 
one dot line one dot line 

(1) Horizontal Stripes (2) Vertical Stripes 

Figure 6-3 Stripes in 8-Color Display Modes 
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6.2 LCD System Configuration 

When an LCD system is configured, a screen configuration and a configuration of LCD drivers 

around the LCD screen must be selected. 

6.2.1 Screen Configuration 

There are two types of screen configuration: single screen and dual screen. A single screen is 

composed of one panel and a dual screen is composed of an upper panel and a lower panel. 

A cheaper, more compact LCD system is configured with a single screen than with a dual 

screen. On the other hand, a dual screen exhibits a better display quality and can use lower 

voltage drive type LCD drivers than a single screen. 

6.2.2 LCD Driver Positioning 

LCD drivers can be classified into column drivers, which output display data, and row drivers, 

which scan lines of an LCD panel. Column drivers are set horizontally with respect to the 

LCD panel, while row drivers are set vertically with respect to the LCD panel. Since column 

drivers and row drivers are set parallel to the X-axis and Y-axis, respectively, they are called 

X-drivers and Y-drivers (figure 6-4). 

The LVIC's operations depend on whether each group of X- and Y-drivers is set on one side of 

the LCD panel or on both sides. 

X-drivers 

Output display data 

!!! <J) 
Q) 

Q) :E > LCD panel ·c: c: v <ll 
>- 0 

C/) 

90 

Figure 6-4 X~'t!t,Vld~ Y-Drivers 

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



Preliminary HD66840 

X-Driver Positioning: Figure 6-5 shows the difference between configurations with X-drivers 

on one side and X-drivers on both sides. In the display modes for X-drivers on one side, the 

X-drivers output display data corresponding to a line from one direction, while in the display 

modes for X-drivers on both sides, the upper X-drivers and the lower X-drivers alternate in 

outputting display data. Consequently, the spacing between the LCD data output wires in these 

modes is wider than that in the display modes for X-drivers on one side. 

CL2 
display 
data 

LVIC 
©®®©®®CD ... 

LCD panel 

X-Drivers on One Side 
(Display Modes 1-10, 13, and 14) 

Note : ©. ® ,@ , ... each indicate a cell. 

CL2 
display 
data 

LVIC 

Upper 
X-drivers 

©®®©®®CD ... 

Lower 
X-drivers 

X-Drivers on Both Sides 
(Display Modes 11, 12, 15, and 16) 

Figure 6-5 X-Drivers on One Side and on Both Sides 
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Figure 6-6 shows the phase relationship between the CL2 signal and display data. In the 

display modes for X-drivers on one side, the X-drivers latch the data sent from the LVIC at the 

falling edge of the CL2 signal. In the display modes for X-drivers on both sides, the upper X

drivers latch the upper data sent from the L VIC at the rising edge of the CL2 signal, and lower 

X-drivers latch the lower data sentfrom the L VIC at the falling edge of CL2 signal. 

CL2 

Display data 
(output by LVIC) 

CL2 

Display data 
(output by LVIC) 

4, 8, or 12 bits 

X-Drivers on One Side (Display Modes 1-10, 13, and 14) 

t,/ " 
~ Upper X-drivers latch data 
~--··-,. Lower X-drivers latch data 

X-Drivers on Both Sides (Display Modes 11, 12, 15, and 16) 

Figure 6-6 Data Latch Timing of X-Drivers 
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Y-Driver Positioning: Figure 6-7 shows the difference between configurations with Y-drivers 

on one side and Y-drivers on both sides. In the display modes for Y-drivers on one side, the 

Y-drivers output line scan signals from one direction, while in the display modes for Y-drivers 

on both sides, the left Y-drivers and the right Y-drivers alternate in outputting line scan signals. 

Consequently, the spacing between the line scan signal output wires in these modes is wider 

than that in the display modes for Y-drivers on one side . 

.---,~ 1st line 
~ 2nd line 

~ 3rd line 
LVIC Y4_,. 4th line 

~ 
vs_.. 5th line 

Q) i--X2- 6th line > 
~ µz_ 7th line 
>- ~ 8th line 

CL1} 
or i--

CL3 
FLM ~,__ LCD panel 

Y-Drivers on One Side (Display Modes 1, 2, 4, 6, 7-9, 11, 13, and 15) 

LVIC 

1st line 
2nd line ~ 

~f-~~~~~~3~rn~l~in~e"-~~~~~-1-

wQ)~ y5_f-~~~~~~4~th~l~in~e'--~~~~~-1l-Ey4 I ~ 
-- 5th line -

·E: 6th line ~ ~ 
u I Y7. - ' >- ~ 7th line >-
a; 8th line ~ -£i 
~ ~ 

CL4 ~ 

.___F_L_M_.rr L-
LCD panel 

Y-Drivers on Both Sides (Display Modes 3, 5, 10, 12, 14, and 16) 

Note: Each line indicates a cell line, not a dot line. 

Figure 6-7 Y-Drivers on One Side and on Both Sides 
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Figure 6-8 shows the phase relationships between the CLl or CL3 signal, the FLM signal, line 

scan signals, and display data in the display modes for Y-drivers on one side. In the TN-type 

LCD modes (normal display), the Y-drivers shift line scan signals at the falling edge of the 

CLl signal, while in the TFT-type LCD modes, the Y-drivers shift line scan signals at the 

rising edge of the CL3 signal. 

94 

CL1 

FLM 

Display data 
(output by LVIC) 

Line scan signals Y1 
(output by Y-drivers) ---------1 

I 
I 

Display data 
(output by X-drivers) 

1st-line data 2nd~ine data 3rd-Hne data C 

CL3 

FLM 

Display data 
(output by LVIC) 

TN-Type LCD Modes (Display Modes 1, 2, 4, and 6-8) 

Line scan signals Y1 -----~ 
(output by Y-drivers) 

Display data 
(output by X-drivers) ________ X 1st-line data X 2nd-line data X 3rd-line data X: 

TFT-Type LCD Modes (Display Modes9, 11, 13, and 15) 

Figure 6-8 Timing of Line Scan Signal Shift in Display Modes 

for Y-Drivers on One Side 

(Display Modes 1, 2, 4, 6-8, 9, ll, 13, and 15) 
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Figure 6-9 shows the phase relationships between the CL4 signal, the FLM signal, line scan 

signals, and display data in the display modes for Y-drivers on both sides. The left Y-drivers 

shift line scan signals at the falling edge of the CL4 signal, and the right Y-drivers shift them at 

its rising edge. Each line scan signal must output a high-level pulse for a two-line period. 

For the relationships between the CL!, CL3, and CL4 signals, refer to figures 7-3 to 7-5 in 

section 7.2.1, CL3 and CL4 Signal Output in Pin Programming Method. 

CL4 

FLM 

Display data 
(output by LVIC) 

Line scan signals Y1 
(output by Y- drivers) 

v2 ______ ..... --....... .._. 

--......... 

Display data 
(output by X- drivers) 

-------~X1 st-line data )@nd-line data X 3rd-line data X4th-line data 

Figure 6-9 Timing of Line Scan Signal Shift in Display Modes 

for Y-Drivers on Both Sides 

(Display Modes 3, 5, 10, 12, 14, and 16) 
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6.3 LCD Data Output and Display Screen 

The LCD data output type depends on the type of data transfer, screen configuration, and 

X-driver positioning. It also depends on the stripe mode in the 8-color display modes. The 

L VIC supports the following LCD data output types: 

• 4-bit transfer, dual screen, X-drivers on one side 

• 4-bit transfer, single screen, X-drivers on one side 

• 8-bit transfer, single screen, X-drivers on one side or on both sides 

• 4-bit transfer for each of R, G, and B, single screen, vertical stripes, X-drivers on one side 

• 4-bit transfer for each of R, G, and B, single screen, vertical stripes, X-drivers on both sides 

• 4-bit transfer for each of R, G, and B, single screen, horizontal stripes, X-drivers on one side 

• 4-bit transfer for each of R, G, and B, single screen, horizontal stripes, X-drivers on both 

sides 

LCD data output type does not depend on Y-driver positioning. 

The relationships between LCD data output types 1 to 7 and the corresponding display screens 

are desc,Tibed below. 

Table 6-4 lists several Hitachi LCD modules (LCM) and the corresponding display modes. 

Table 6-4 Hitachi LCMs and Display Modes 

Screen Size Data Transfer Type/ Display Reference Figures 
LCM (Dots) Screen Configuration Mode Nos. System Display 

LM225S 640x 200 4-bit/single 2,3, 7 6-12 6-13 

LM250X 

LM236SB 640x 200 4-bit/dual 1, 6 6-10 6-11 

LM585S 

LM252X 640x400 4-bit/dual 1, 6 6-10 6-11 
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6.3.1 4-Bit Transfer, Dual Screen, X-Drivers on One Side (Display Modes 1 and 6) 

Figure 6-10 shows the display system configuration for display modes 1 and 6. In these 
modes, the LCD panel is divided into upper and lower panels which are driven by upper panel 
X-drivers and lower panel X-drivers. Accordingly, the LVIC outputs upper panel data in 4-bit 
units to the upper panel X-drivers through the LUO-LU3 pins, and outputs lower panel data in 
4-bit units to the lower panel X-drivers through the LDO-LD3 pins. 

Figure 6-11 shows the relationship between the display data output by the L VIC and the dis
play screen in display modes 1 and 6. The upper and lower panel X-drivers both latch display 
data at the falling edge of the CL2 signal. Having latched data for one line, the upper and 
lower X-drivers output it all at once to the LCD's upper and lower panels at the falling edge of 

the CLl signal. 

LU3 

LU2 

LU1 

LUO 

LD3 

LD2 

LD1 

LOO 

CL2 

4 bits 
LU3-LUoi--~~~--,....__~~~ Upper panel X- drivers 

LD3-LDO 

LCD upper panel 
LVIC 

LCD lower panel 

4bits 

Figure 6-10 Display System Configuration for Display Modes 1 and 6 

::===~LU3-1 LU2-1 LU1-1 LU0-1 LU3-2 LU2-2 LU1-2 LU0-2 LU3-3 · 

I '---
1st do! 2nd do! · · · 

LCD screen (upper screen) 

LD3-1 LD2-1 LOH LD0-1 LD3-2 LD2-2 LD1-2 LD0-2 L03-3 
2 3 I '--

1st dot 2nd do! · · · · · · 

LCD screen (lower screen) 

Figure 6-11 Data Output and Display Screen in Display Modes 1and6 

(4-Bit Transfer, Dual Screen, X-Drivers on One Side) 
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6.3.2 4-Bit Transfer, Single Screen, X-Drivers on One Side (Display Modes 2, 3, and 7) 

Figure 6-12 shows the display system configuration for display modes 2, 3, and 7. Although 

the Y-drivers are set on one side of the LCD panel in display modes 2 and 7, but on both sides 

in display mode 3, the LVIC outputs display data to the X-drivers in the same way in all these 

modes. The LV!C outputs display data in 4-bit units to the X-drivers through the LUO-LU3 

pins. 

Figure 6-13 shows the relationship between the display data output by the LVIC and the dis

play screen in display modes 2, 3, and 7. The display screen does not depend on how the 

Y-drivers are positioned. The X-drivers latch display data at the falling edge of the CL2 signal. 

Having latched the data for one line, the X-drivers output it all at once to the LCD panel at the 

falling edge of the CLl signal. 

LU3 - LUO f====;z'.:::===;:>t_.,---~~~--._j 
LD3-LDO 

Note: Y- drivers are positioned on one side in display modes 2 and 7 and on both 
sides in display mode 3. 

Figure 6-12 Display System Configuration for Display Modes 2, 3, and 7 

LU3 2 LU3-1 LU2-1 LU1-1 LU0-1 LU3-2 LU2-2 LU1-2 

' 1st dot 2nd dot · .. ·· 
-o---o---o-

LU2 2 

LU1 2 

LUO 2 

LCD screen 
CL2 

Figure 6-13 Data Output and Display Screen in Display Modes 2, 3, and 7 

(4-Bit Transfer, Single Screen, X-Drivers on One Side) 
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6.3.3 8-Bit Transfer, Single Screen, X-Drivers on One Side (Display Modes 4, 5, and 8) 

Figure 6-14 shows the display system configuration for display modes 4, 5, and 8. Although 

the Y-drivers are set on one side of the LCD panel in display modes 4 and 8, but on both sides 

in display mode 5, the L VIC outputs display data to the X-drivers in the same way in all these 

modes. The L VIC outputs display data in 8-bit units to X-drivers through the LUO-LU3 and 

LDO-LD3 pins. 

A display system can also be configured for these modes by setting the X-drivers of a 4-bit 

data interface instead of an 8-bit data interface on both sides of the LCD panel. In this configu

ration, the LVIC outputs display data in 4-bit units to the upper X-drivers through the LU3, 

LUI, LD3, LDl pins, and to the lower X-drivers through the LU2, LUO, LD2, LDO pins. In 

this case, the upper X-drivers are connected to odd-numbered dot cells of the LCD panel and 

the lower X-drivers are connected to even-numbered dot cells (figure 6-15). 

Figure 6-16 shows the relationship between the display data output by the LVIC and the dis

play screen in display modes 4, 5, and 8. The display screen does not depend on how the 

X- and Y-drivers are positioned. The X-drivers latch display data at the falling edge of the 

CL2 signal. Having latched the data for one line, the X-drivers output it all at once to the LCD 

panel at the falling edge of the CLl signal. 

LU3- LUO>----~~-~ X- drivers 

LD3- LOO 

LVIC 

LCD panel 

Note: Y- drivers are positioned on one side in display modes 4 and 8 and on both 
sides in display mode 5. 

Figure 6-14 Display System Configuration 1 for Display Modes 4, 5 and 8 

(X-Drivers on One Side) 
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100 

4bits 
LU3,LU1 Upper X- drivers 
LD3, LD1 ,......---...._ 

LU2,LUO 
LD2,LDO 

~ ~ 
Q) 

Q) ·f: .f: 
"Q LCD panel "C 

LJ >-

'------' 
Lower X- drivers 

4bits 

Note: 1. The upper X-drivers output odd-numbered dot data and the lower X-drivers 
output even-numbered dot ¢1ata. 

2. Y- drivers are set on one side in display modes 4 and 8 and on both sides 
in display mode 5. 

Figure 6-15 Display System Configuration 2 for Display Modes 4, 5, and 8 

(X-Drivers on Both Sides) 

LU3 l>llh'!l'll'/J1Jli7"77!"1 ::===:::>ILU3.·.1. LU2·1 LUH LU0·1 LD3·1 LD2·1 LD1-1 LD0-1 L(J~;·:i ..... . 
LU2 

LU1 

LUO 

LD3 

LD2 

I 
1 sl dot 2nd dot 3rd dot ...... 

LD1 1J.lll'lI'TljVTJ7!:!"7J1h. LCD screen 

LOO 

CL2 

Note : The upper X-drivers output the data in the shaded area when X-drivers 

are set on both sides. 

Figure 6-16 Data Output and Display Screen in Display Modes 4, 5, and 8 

(8-Bit Transfer, Single Screen, X-Drivers on One Side 

or Both Sides) 
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6.3.4 4-Bit Transfer for Each of R, G, and B, Single Screen, Vertical Stripes, 

X-Drivers on One Side (Display Modes 9 and 10) 

Figure 6-17 shows the display system configuration for display modes 9 and 10. Although 

Y-drivers are set on one side of the LCD panel in display mode 9, but on both sides in display 

mode 10, the LVIC outputs display data to the X-drivers in the same way in both of these 

modes. The X-drivers are divided into three output groups in these modes: R data only, G data 

only, and B data only. The LVIC outputs R data, G data, and B data in 4-bit units to the 

corresponding X-drivers through the R3-RO, 03-GO, and B3-BO pins. 

Figure 6-18 shows the relationship between the display data output by the L VIC and the dis

play screen in display modes 9 and 10. The display screen does not depend on how the 

Y-drivers are positioned. The L VIC reads data from buffer memory in the order shown in the 

figure, and outputs it to the X-drivers. The X-drivers latch display data at the falling edge of 

the CL2 signal. Having latched the data for one line, the X-drivers output it all at once to the 

LCD panel at the falling edge of the CLl signal. 
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Figure 6-17 Display System Configuration for Display Modes 9 and 10 
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Figure 6-18 Data Output and Display Screen in Display Modes 9 and 10 

(4-Bit Transfer for Each of R, G, and B, Single Screen, 

Vertical Stripes, X-Drivers on One Side) 
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6.3.5 4-Bit Transfer for Each ofR, G, and B, Single Screen, Vertical Stripes, 

X-Drivers on Both Sides (Display Modes 11 and 12) 

Figure 6-19 shows the display system configuration for display modes 11 and 12. Although 

Y-drivers are set on one side of the LCD panel in display mode 11, but on both sides in dis

play mode 12, the LVIC outputs display data to the X-drivers in the same way in both of these 

modes. The upper and lower X-drivers are divided into three output groups in these modes: R 

data only, G data only, and B data only. The L VIC outputs R data, G data, and B data in 4-bit 

units to the corresponding X-drivers through the R3-RO, 03-GO, and B3-BO pins. In this 

case, the upper X-drivers for outputting R data only and B data only and the lower X-drivers 

for outputting G data only are connected to odd-numbered dot cells of the LCD panel, while 

the lower X-drivers for outputting R data only and B data only and the upper X-drivers for 

outputting G data only are connected to even-numbered dot cells. 

Figure 6-20 shows the relationship between the display data output by the LVIC and the dis

play screen in display modes 11 and 12. The display screen does not depend on how the 

Y-drivers are positioned. The LVIC reads data from buffer memory in the order shown in the 

figure, and outputs it to the upper and lower X-drivers. The upper X-drivers latch display data 

at the rising edge of the CL2 signal, and the lower X-drivers latch it at its falling edge. Having 

latched the data for one line, the upper and lower X-drivers output it all at once to the LCD 

panel at the falling edge of the CLl signal. 
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Note: Y-drivers are positioned on one side in display mode 11 and on both sides in 
display mode 12. 

Figure 6-19 Display System Configuration for Display Modes 11and12 

__.....---. Upper X-drivers latch data 

~---~ Lower X-drivers latch data 

Figure 6-20 Data Output and Display Screen in Display Modes 11 and 12 

(4-Bit Transfer for Each of R, G, and B, Single Screen, 

Vertical Stripes, X-Drivers on Both Sides) 
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6.3.6 4-Bit Transfer for Each of R, G, and B, Single Screen, Horizontal Stripes, 

X-Drivers on One Side (Display Modes 13 and 14) 

Figure 6-21 shows the display system configuration for display modes 13 and 14. Although 

Y-drivers are set on one side of the LCD panel in display mode 13, but on both sides in display 

mode 14, the LVIC outputs display data to the X-drivers in the same way in both of these 

modes. The L VIC outputs the ROB data in 4-bit units to the X-drivers through the RO-R3, 

00-03, and BO-B3 pins. 

Figure 6-22 shows the relationship between the display data output by the L VIC and the dis

play screen in display modes 13 and 14. The display screen does not depend on how the 

Y-drivers are positioned. The L VIC reads data from buffer memory in the order shown in the 

figure, and outputs it to the X-drivers. The X-drivers latch display data at the falling edge of 

the CL2 signal. Having latched the data for one dot line, the X-drivers output the R data, G 

data, and B data in that order to the LCD panel at each falling edge of the CL3 signal. 
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Figure 6-21 Display System Configuration for Display Modes 13 and 14 
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Figure 6-22 Data Output and Display Screen in Display Modes 13 and 14 

(4-Bit Transfer for Each of R, G, and B, Single Screen, 

Horizontal Stripes, X-Drivers on One side) 
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6.3.7 4-Bit Transfer for Each of R, G, and B, Single Screen, Horizontal Stripes, 

X-Drivers on Both Sides (Display Modes 15 and 16) 

Figure 6-23 shows the display system configuration for display modes 15 and 16. Although 

Y-drivers are set on one side of the LCD panel in display mode 15, but on both sides in display 

mode 16, the LVIC outputs display data to the X-drivers in the same way in both of these 

modes. The LVIC outputs R, G, and B data in 4-bit units to the upper and lower X-drivers 

through the R3-RO, 03-GO, and B3-BO pins. In this case, the upper X-drivers are connected 

to the odd-numbered dot cells of the LCD panel, and the lower X-drivers are connected to the 

even-numbered dot cells. 

Figure 6-24 shows the relationship between the display data output by the LVIC and the dis

play screen in display modes 15 and 16. The display screen does not depend on how the 

. Y-drivers are positioned. The L VIC reads data from buffer memory in the order shown in the 

figure, and outputs it to the upper and lower X-drivers. The upper X-drivers latch display data 

at the rising edge of the CL2 signal, and the lower X-drivers latch it at its falling edge. Having 

latched the data for one dot line, the upper and lower X-drivers output the R data, G data, and 

B data in that order to the LCD panel at each falling edge of the CL3 signal. 
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Figure 6-23 Display System Configuration for Display Modes 15 and 16 
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Figure 6-24 Data Output and Display Screen in Display Modes 15 and 16 

(4-Bit Transfer for Each of R, G, and B, Single Screen, 

Horizontal Stripes, X-Drivers on Both Sides) 
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Section 7 TFT-Type LCD Control 

The L VIC can control TFf (thin-film transistor)-type LCDs in addition to the current TN 

(twisted nematic)-type LCDs. Each pixel (cell) of a TFf-type LCD employs a transistor, 

which enables highly-improved contrast and high-quality display. Using a TFf-type LCD 

enables color display. 

The LVIC has ten display modes for TFf-type LCDs: display modes 3, 5, and 9 to 16. 

Display modes 3 and 5 are monochrome display modes; the others are 8-color display modes. 

The 8-color display modes are either vertical stripe modes (display modes 9 to 12) or horizon

tal stripe modes (display modes 13 to 16). For details of stripe modes, refer to section 6.1.3, 

8-Color Display. 

The control of TFf-type LCDs requires the CL3 and CL4 signals in addition to the signals 

necessary for controlling TN-type LCDs, as shown in table 7-1. The CL3 and CL4 signals 

and the setting of the internal registers to control TFf-type LCDs are described below. 

Table 7-1 LCD Control Signal Comparison 

TN-Type LCD Control Signals 

CLl, CL2, FLM, M 

TFT-Type LCD Control Signals 

CLl, CL2, CL3, CL4, 

FLM,M 

Nole: Double-height display requires the CL3 signal, even in the TN-type LCD modes. 

7.1 CL3 and CL4 Signal Functions 

In the TFf-type LCD modes, the CL3 signal functions as a line shift clock or a color data 

select clock, while the CL4 signal acts as a line shift clock. The high-level pulse width of the 

CL3 signal controls the data hold ti~e of the LCD cells. Section 7 .1.1 describes the use of the 

CL3 and CL4 signals as a line shift"Clock and a color data select clock, and section 7 .1.2 

describes the function of the high-level pulse width of the CL3 signal. 

7.1.1 CL3 and CL4 Signals as Line Shift Clock and Color Data Select Clock 

The CL3 and CL4 signals' functions depend on the display mode. Table 7-2 lists the clock 

functions by display mode (including the CLl and CL2 signals). 
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Table 7-2 Clock Functions by Display Mode 

Function Reference 

Display Mode CLl CL2 CL3 CL4 Figure 

1,2,4,6-8 Data latch Data shift 7-3 

(TN-Type LCD, Normal Line shift 

Display) 

1,2,4,6-8 Data latch Data shift Line shift 

(TN-Type LCD, Double-

Height Display1) 

9, 11 Data latch Data shift Line shift 7-4 

(TFf-Type LCD, Vertical 

Stripes, Y-Drivers on One 

Side) 

3, 5, 10, 122 Data latch Data shift Line shift 

(TFf-Type LCD, Vertical 

Stripes, Y-Drivers on Both 

Sides) 

13, 15 Data latch Data shift Color data 7-5 

(TFf-Type LCD, Horizontal selection 

Stripes, Y-Drivers on One Line Shift 

Side) 

14, 16 Data latch Data shift Color data Line shift 

(TFf-Type LCD, Horizontal selection 

Stripes, Y-Drivers on Both 

Sides) 

Notes: 

1. For details, refer to section 4, Double-Height Display. 

2. Although display modes 3 and 5 are monochrome display modes, they are classified as vertical stripe modes. 

The X- and Y-drivers operate in the TFf-type LCD modes as follows: 

In Display Modes 9and11 (Vertical Stripes, Y-Drivers on One Side): The X-drivers latch 

the data for one line, and output it to the LCD panel at the falling edge of the CLI signal. The 

Y-drivers scan a line of the LCD panel while the X-drivers are outputting data. The Y-drivers 

shift the line scan signal at the rising edge of the CL3 signal. 
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In Display Modes 3, S, 10, and 12 (Vertical Stripes, Y-Drivers on Both Sides): The 

X-drivers latch the data for one line, and output it to the LCD panel at the falling edge of the 

CLI signal. The right and left Y-drivers alternate in scanning a line of the LCD panel while 

the X-drivers are outputting data. The left Y-drivers shift the line scan signal at the rising 

edge of the CL4 signal, and the right Y-drivers shift it at the falling edge. 

In Display Modes 13 and 15 (Horizontal Stripes, Y-Drivers on One Side): The X-drivers 

latch the data for one dot line (three cell lines) at the falling edge of the CLI signal, and output 

the R data, G data, and B data in that order to the LCD panel at each falling edge of the CL3 

signal. The Y-drivers scan a line (cell line) of the LCD panel while the X-drivers are output

ting data. The Y-drivers shift the line (cell line) scan signal at the rising edge of the CL3 

signal. (See figures 6-3 and 7-5 for the relationships between dot lines and cell lines.) 

In Display Modes 14 and 16 (Horizontal Stripes, Y-Drivers on Both Sides): The X-drivers 

latch the data for one dot line (three cell lines) at the falling edge of the CLI signal, and output 

the R data, G data, and B data in that order to the LCD panel at each falling edge of the CL3 

signal. The right and left Y-drivers alternate in scanning a line (cell line) of the LCD panel 

while the X-drivers are outputting data. The left Y-drivers shift the line (cell line) scan signal 

at the rising edge of the CL4 signal and the right Y-drivers shift it at the falling edge. (See 

figures 6-3 and 7-5 for the relationships between dot lines and cell lines.) 

Table 7-3 lists the connection of the CLI, CL2, CL3, and CL4 signals to the X- and Y-drivers 

in each mode. 

Table 7-3 Clock and LCD Driver Connections by Display Mode 

Display Mode 

1, 2, 4, 6-8 

(TN-Type LCD, Normal 

Display) 

l, 2, 4, 6-8 

(TN-Type LCD, Double

Height Display1) 

9, 11 

(TFf-Type LCD, Vertical 

Stripes, Y-Drivers on One 

Side) 

CLl CL2 CL3 

Connected to: 

X- and Y-drivers X-drivers Open 

X-drivers X-drivers Y-drivers 

X-drivers X-drivers Y-drivers 

CL4 

Open 

Open 

Open 
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Table 7-3 Clock and LCD Driver Connections by Display Mode (cont.) 

Display Mode 

3, 5, 10, 122 

(TFf-Type LCD, Vertical 

Stripes, Y-Drivers on Both 

Sides) 

CLl 

X-drivers 

CL2 CL3 

Connected to: 

X-drivers Open 

CL4 

Y-drivers 

13, 15 X-drivers X-drivers X- and Y-drivers Open 

(TFI'-Type LCD, Horizontal 

Stripes, Y-Drivers on One 

Side) 

14, 16 

(TFT-Type LCD, Horizontal 

Stripes, Y-Drivers on Both 

Sides) 

Notes: 

X-drivers 

I. For details, refer to section 4, Double-Height Display. 

X-drivers X-drivers Y-drivers 

2. Although display modes 3 and 5 are monochrome display modes, they arc classified as vertical stripe modes. 

7.1.2 High-Level Pulse Width of CL3 Signal 

Figure 7-1 shows the structure of a TFI'-type LCD. Since the panel has a large number of 

elements attached to each liquid-crystal cell, the load capacity of the gate and drain electrodes 

is large. This delays the rising and falling times of the drain voltage waveform. The drain 

voltage applied to the liquid-crystal cells must not change until the gates of lines that are not 

selected have been completely shut. The rising edge of the CL3 signal provides the Y-drivers 

with the timing necessary for shutting the gates. 

If the high-level pulse width of the CL3 signal is too short, liquid-crystal cells may latch the 

data for the next line (the shaded parts of figure 7-2). To solve this problem, the high-level 

pulse width of the CL3 signal must be increased to generate a data hold time. However, if 

the high-level pulse width of the CL3 signal is too big, the data write time is insufficient. 

Therefore, the high-level pulse width of the CL3 signal must be determined in consideration 

of both the data hold time and the data write time of the TFI'-type LCD panel. 
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Figure 7-1 TFT-Type LCD Structure 
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Figure 7-2 CL3 Signal High-Level Pulse Width 

7.2 CL3 and CL4 Signal Output and Register Setting 

Both the pin and the internal register programming methods can be used to control TFf-type 

LCDs. There is no need to do anything particular with the pin programming method, since the 

display mode automatically determines the CL3 and CL4 signal output (period and high-level 

pulse width). However, parameters must be set in the CL3 pulse width register (R8) when 

the internal register programming method is used. Section 7 .2.1 describes the CL3 and CL4 

signal outputs for different display modes for the pin programming method, and section 7.2.2 

describes the parameter setting in registers for the internal register programming method. 
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7.2.1 CL3 and CL4 Signal Output in Pin Programming Method 

Table 7-4 lists the CL3 signal outputs for different display modes with the pin programming 

method. As shown in the table, there are three classifications of CL3 signal period: the CL3 

signal period is 1/2, 1/3, or the same as the CLI signal period. Each case is described below in 

turn. Since the CIA signal changes at the rising edge of the CL3 signal, its period is always 

twice that of the CL3 signal. 

Table 7-4 CL3 Signal Output for Different Display Modes with Pin Programming 

Method 

CL3Signal CLl Signal 

High-Level Reference 

Display Modes Period A1•2 Pulse Width1•2 Period 8 1•2 A/B Figure 

1, 2, 4, 6- 8 43 9 86 1/2 7-3 

(TN-Type LCD) 48 11 96 

3,5,9-12 86 14 86 1 7-4 

(TFr-Type LCD, 96 16 96 

Vertical Stripes) 

13-16 27 14 86 ~ 1/3 7-5 

(TFr-Type LCD, 31 16 96 

Horizontal Stripes) 

Noles: 

1. The unit is one character (where one characler consists of eight dots). 

2. The numbers on the upper row correspond to the configuration in which the number of horizontal characters is 

80 (640 dots), and the numbers on the lower row to that in which it is 90 (720 dots). 
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CL3 and CL4 Signal Output in TN-Type LCD Modes (Display Modes 1, 2, 4, and 6-8): 

Figure 7-3 shows the CL3 and CIA signal output timing in the TN-type LCD modes. The CL3 

signal period is half the CLI signal period in these modes. Normal display does not require the 

CL3 or CIA signal. However, double-height display is enabled when the CL3 signal is con

nected to the Y-drivers and is used as a line shift clock instead of the CLI signal. For details 

of double-height display, refer to section 4, Double-Height Dispaly. 

1 line 

CL1 

I I 

L _____ J---t ____ s---L ______ r--1 CL3 I ----.J 
I I 
I I 

I i--- ------, .---~ 

L---------J l---------J ~-
CL4 I __ ..... 

I 
I 

--1-~r----------+-,~---:---,.,-:-::--:--:---~· 

Display data ---l---''l'---__;,;x"'"th'--l-in'""e-'d'-"-a""'ta"---+-""•'----'-(x_+_1,_)th_-_lin_e_d_a_t_a __ _...1, 
(X-drivers to LCD) 

Line scan {Yx 
signals Yx+1--------------~ 
(Y-drivers : 
to LCD) . 

Note : See table 7-4 for the specifications of the CL3 signal period and high
level pulse width. 

Figure 7-3 Timing of CL3 and CL4 Signal Output in TN-Type LCD Modes 

(Display Modes 1, 2, 4, and 6-8) 
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CL3 and CL4 Signal Output in TFT-Type LCD Modes with Vertical Stripes (Display 

Modes 3, 5, and 9-12): Figure 7-4 shows the CL3 and CL4 signal output timing in the TFr

type LCD modes with vertical stripes. The CL3 signal period is the same as the CLl signal 

period in these modes. 

In the modes for Y-drivers on one side, the CLl signal is a data latch clock for the X-drivers 

and the CL3 signal is a line shift clock for the Y-drivers. The CL3 signal also controls the data 

hold time. The CL4 signal is not necessary. (Refer to tables 7-2 and 7-3.) 

In the modes for Y-drivers on both sides, the CLl signal is a data latch clock for the X-drivers 

and the CL4 signal is a line shift clock for the Y-drivers. The high-level pulse width of the 

CL3 signal controls the data hold time, but it is not necessary to connect the CL3 signal to the 

drivers since the CL4 signal includes information for controlling the data hold time. (Refer to 

table 7-2 and 7-3.) 
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Figure 7-4 Timing of CL3 and CL4 Signal Output in TFT-Type LCD Modes 

with Vertical Stripes (Display Modes 3, 5, and 9-12) 
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CL3 and CL4 Signal Output in TFT-Type LCD Modes with Horizontal Stripes (Display 

Modes 13-16): Figure 7-5 shows the CL3 and C1A signal output timing in the TFI'-type LCD 

modes with horizontal stripes. The CL3 signal period is a third of the CLl signal period in 

these modes. 

In the horizontal stripe modes, R, G, and B data is each arranged horizontally on the LCD 

panel and three cell lines represent one dot line. (For details of cell lines and dot lines, refer to 

section 6.1.3, 8-Color Display. Therefore, X-drivers output R, G, and B data in that order 

during one dot-line period. 

In the modes for Y-drivers on one side, the CLl signal is a data latch clock for the X-drivers 

and the CL3 signal is both a color data select clock for the X-drivers and a cell line shift 

clock for the Y-drivers. The CL3 signal also controls data hold time. The CL4 signal is not 

necessary. (Refer to tables 7-2 and 7-3.) 

In the modes for Y-drivers on both sides, the CLl signal is a data latch clock for the X-drivers 

and the CL3 signal is a color data select clock for the X-drivers; the CL3 signal also controls 

data hold time. The CL4 signal is a cell line shift clock for the Y-drivers. (Refer to tables 7-2 

and 7-3.) 
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Figure 7-5 Timing of CL3 and CL4 Signal Output in TFT-Type LCD Modes 

with Horizontal Stripes (Display Modes 13-16) 
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7.2.2 Parameter Setting in Internal Register Programming Method 

The CL3 signal period must be specified in such a way that it maintains the correct relationship 

with the CLl signal in TFf-type LCD modes. The CL3 signal high-level p~lse width must 

also be specified since different TFf-type LCD panels have different appropriate data hold 

times. This is because the load capacity of gate electrodes depends on panel size. 

Specify CL3 signal period with the CL3 period register (RS) and the CL3 signal high-level 

pulse width with the CL3 pulse width register (R8). 

As shown in table 7-5, the number of horizontal displayed characters (Nhd) automatically 

determines the CL3 signal period so the CL3 period register is invalid in display modes other 

than those for TFT-type LCDs with horizontal stripes, i.e., display modes 1 to 12. Therefore, 

there is no need to set a parameter in the CL3 period register in these modes. However, a 

parameter must be set in the CL3 pulse register in each mode. 

Table 7-5 CL3 Signal Output for Different Display Modes with Internal Register 

Programming Method 

CL3 Signal 

Display Mode Period High-Level Pulse Width 

1, 6 Fixed to (Nhd + 6) Specified by CL3 pulse 

(TN-Type LCD, Dual Screen) width register 
-'---~--'-"~~~~~~~~~~~~~~~~~~~~~ 

2,4, 7,8 Fixed to 1/2 (Nhd + 6) 

(TN-Type LCD, Single Screen) 

3, 5, 9-12 Fixed to (Nhd + 6) 

(TFT-TypeLCD, Vertical Stripes) 

13-16 Specified by CL3 period 

(TFT-Type LCD, Horizontal Stripes) register 

Nhd: Number of horizonial displayed characters (number of horizonlal displayed dots x 1/8) 
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CL3 Signal Period Setting: The CL3 signal period must be one third of the CLl signal period 

in the display modes for TFf-type LCDs with horizontal stripes (display modes 13-16). 

Therefore, the value. to be written into the CL3 period register (R5) is (Nhd + 6) x 1/3 - 1, 

where Nhd is the i:iumber of horizontal displayed characters (number of horizontal displayed 

dots x 1/8). 

Table 7-6 shows the correspondences between the num\JP,r of horizontal displayed characters, 

the CL3 signal period, and the value to be written into the CL3 period register (R5). 

Table 7-6 Number of Horizontal Displayed Characters and Value in CL3 Period Register 

No. of Horizontal 

Displayed Characters 

90 (720 dots) 

80 (640 dots) 

60 (480 dots) 

50 (400 dots) 

CL3 Signal Period 

(Character) 

32 

28 or 29 

22 

18 or 19 

Value in CL3 Period Register (RS) 

31 --? (11111) 

27--? (11011)or28 ~(11100) 

21 --? (10101) 

17 --? (10001) or 18 ~(10010) 

CL3 Signal High-Level Pulse Width Setting: The optimum value of the CL3 signal high

level pulse width, namely Npw (number of dots during the CL3 signal high-level pulse width 

x 1/8), is determined by the gate voltage waveform delay time as described in section 7 .1.2, 

High-Level Pulse Width of CL3 Signal. The gate voltage waveform delay time depends on the 

LCD panel specifications. 

First find Npw from the specifications for the LCD panel, then set that parameter in the CL3 

pulse width register (RS). Write (Npw - 5) for the TFf-type LCD modes (display modes 3, 5, 

and 9-16), or Npw for the TN-type LCD modes (display modes 1, 2, 4, and 6-8). However, 

since the CL3 signal high-level pulse width is meaningless in the TN-type LCD modes, any 

value less than the CL3 signal period can be written. (Writing a value other than (Npw - 5) 

does not affect the LVIC's operations as long as it is less than the CL3 signal period.) Refer to 

table 7-5 for the CL3 signal period used in the internal register programming method. 

When using the internal register programming method, always set a parameter in the CL3 pulse 

width register even if the display mode does not require the CL3 or CL4 signal. 
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Section 8 Application Circuits 

8.1 L VIC Installed in Personal Computer 

There are two configurations for installing an LVIC in a personal computer: 

• LVJC installed on the CRT display board. 

• LVIC installed independently on a extension board for LCD display. 

The installation of an LVIC on an extension board is described below. Table 8-1 lists the 

circuit specifications and figure 8-1 is a circuit diagram. 

8.1.1 Circuit Specifications 

Table 8-1 Circuit Specifications 1 

Item 

Display Format 

Display Screen Size 

Clock Frequency 

Buffer Memory 

Address Assignment 

LCD Interface 

LCD Specifications 

Bus Interface 

CRT Display Interface 

Specification 

Single screen, 8-level gray scale display (display mode 7) 

640 x 200 dots 

fDOTCLK = 14.31818 MHz (system clock) 

fLDOTCK = 9.632 MHz 

32-kbyte memory x 3 (SRAM HM62256 x 3) 

L VIC address register: $3ED 

L VIC data register: $3EE 

4 bits parallel x 1 

LCD module LM250X (multiplexing duty ratio: 1/200) 

IBM-PC internal slot 

8086 (8088) bus interface 

RGB video signals: TTL level, positive logic 

HSYNC signal: TTL level, positive logic 

VSYNC signal: TTL level, positive logic 

fuoTCLK: CRT display dot clock (DOTCLK) frequency 

fwomc LCD dot clock (LDOTCK) frequency 
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8.1.2 Circuit Diagram 
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10 4 
11 5 
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13 7 
14 

Figure 8-1 Circuit Example of L VIC Mounted on Extension-Slot Board 

(Suitable for CGA Board) 
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8.1.3 Circuit Description 

The circuit described here receives video signals (R, G, and B data), and HSYNC and VSYNC 

signals through the output connector of the CGA board, and generates LCD signals. Since the 

display timing signal (DISPTMG) is not supplied, this circuit generates the signal internally 

from the para..rneters set in the LVIC internal registers by the MPU. The 1/0 decoder shown in 

the diagram generates the CS and RS signals. The LVIC address register is assigned to I/0 

port $3ED and the data register is assigned to $3EE. The L VIC internal registers can be read 

from and written to directly through the 1/0 port. 

Figure 8-2 shows a program for initializing this circuit. Saving the auto-exec batch file shown 

in figure 8-3 in the same directory as the system program enables automatic LVIC initialization 

after power-on. Note, however, that the display on the screen will be random for several 

seconds after power-on since the data in the internal registers is undefined for a short period. 

In addition, this board cannot be used at the same time as another extension board or software 

which addresses 1/0 port $3ED or $3EE. In such a case, the 1/0 addresses must be changed. 

If a ROM is used instead of an MPU to set parameters in the internal registers, set the parame

ters shown in table 8-4 into the ROM. This enables the circuit to be initialized immediately 

after power-on, avoiding the problem of display flickering. It also enables control of the board 

independently of the system software and hardware. 
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CODE_SET 

INIT: 

CODE_SET 
STACK_SET 

STACK_SET 

Notes: 

SEGMENT 
ASSUME CS:CODE_SET,DS:CODE_SET,SS:STACK_SET 
ORG 0100H 

mov dx,3edh 
mov ax,0200h 
out dx,ax 
mov ax,0601h 
out dx,ax 
mov ax,Oc02h 
out dx,ax 
mov ax,0703h 
out dx,ax 
mov ax,0104h 
out dx,ax 
mov ax,Ob05h 
out dx,ax 
mov ax,0206h 
out dx,ax 
mov ax,0707h 
out dx,ax 
mov ax,0408h 
out dx,ax 
mov ax,0009h 
out dx,ax 
mov ax,ObOah 
out dx,ax 
mov ax,050bh 
out dx,ax 
mov ax,020ch 
out dx,ax 
mov ax,040dh 
out dx,ax 
mov ax,ObOeh 
out dx,ax 
mov ax,OOOfh 
out dx,ax 
mov ah,4ch 
int 21 h 
ENDS 
SEGMENT 
DB? 
ENDS 
END INIT 

;Generate DISPTMG signal and supply DOTCLK 
signal supplied 

;Set display on, use 32-kbyte memories 

;Number of vertical displayed lines = 200 

;CL3 signal period= 27 characters1 

;Number of horizontal displayed characters = 80 

;CL3 signal high-level pulse width = 4 characters2 

;Invalid 

;PLL frequency-division ratio= 9121 

;Vertical back porch = 37 lines 

;Horizontal back porch = 177 dots 

1. This circuit example ignores these values. Any value can be set. 
2. Although this circuit example does not use the function controlled by this register, it does not ignore the value 

set in ~.so this value is necessary. 

Figure 8-2 Initiali7..ation Program 
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ECHO OFF 

INIT 

ECHO ON 

DATE 

TIME 

Figure 8-3 Auto-Exec Batch File 
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8.2 L VIC Installed Outside Personal Computer (Dot Clock Generated) 

This section describes a circuit in which the L VIC is installed outside a personal computer and 

the LVIC generates its dot clock (DOTCLK) internally. This circuit is suitable for use with 

the IBM-PC EGA board. Table 8-2 lists the circuit specifications and figure 8-4 is a circuit 

diagram. 

8.2.1 Circuit Specifications 

Table 8-2 Circuit Specifications 2 

Item 

Display Format 

Display Screen Size 

Clock Frequency 

Buffer Memory 

LCD Interface 

LCD Specifications 

PLL Circuit Specifications 

CRT Display Interface 

Specification 

Dual screen, monochrome or 8-level gray scale display 

640 x 400 dots 

fooTCLK = 16.257 MHz (generated by PLL circuit) 

fLDOTCK = 16.257 MHz (identical to DOTCLK) 

32-kbyte memory x 3 (SRAM HM62256 x 3) 

4 bits parallel x 2 (drives dual screen) 

LCD module LM252X (multiplexing duty ratio: 1/200) 

Oscillation frequency range: 11 MHz to 17 MHz 

Pull-in time: less than or equal to 10 ms 

Dot clock jitter quantity: less than or equal to 1/4 clock 

RGB video signals: TTL level, positive logic 

HSYNC signal: TTL level, positive logic 

VSYNC signal: TTL level, negative logic 

fDOTCLK: CRT display dot clock (DOTCLK} frequency 

fWOTCK: LCD dot clock (LDOTCK) frequency 
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8.2.2 Circuit Diagram 

130 

sv 

HN27C64 

SV 

SW1 

+10V~ 
+SV 

+ + 

GND 0 I+ I 
l l 

-10V 0"-+--

11 
Do 12 
1 13 

~ 15 

0.22µ 

10k 47k ISV149 330P· 100p 10p 

ISS112 ISV ~ 
~1-.+-,K 149 I .,.1 ! !' 13~~ i Tnrn ~k 1.,. 0.1µ 

T0.1µ + . . . ~ JJ .. . 
rir L1 100p 

IOV 220 10µ 

10k 

sv~ 

4.7µ r1r SV -

Op amp : LF356 

Figure 8-4 CRT Plug-Compatible Circuit Example 1 
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8.2.3 Circuit Description 

Figure 8-5 is the block diagram of this circuit. The circuit is composed of the L VIC, a buffer 

memory, a PLL circuit, an output buffer, and a ROM. The ROM is used for setting parameters 

in the LVIC's internal registers. The parameters to be set in the ROM when an EGA-compat

ible board (EGA master) is used are listed in table 8-5. Since the vertical and horizontal back 

porches may differ in various compatible boards, these values should be measured. Specify 

400 lines as the number of vertical displayed lines, even if the CRT' s display screen size is 

640 x 350 dots. This is because the screen is displayed on an LCD panel of 640 x 400 dots. In 

this case, the frame frequency (FLM signal frequency) is 59 Hz. 

The dot clock (DOTCLK) is not included among the standard video interface signals, and the 

EGA board does not supply the DOTCLK signal either. Therefore, the analog PLL circuit in 

this circuit, which is composed of the L VIC internal programmable counter, the phase com

parator, and other external circuits, generates the DOTCLK signal. Since instability of the 

oscillation frequency or the phase of the PLL circuit could cause LCD screen distortion, take 

extra care to reduce noise in the PLL circuit and its power-supplying wires when designing the 

circuit. (For more details, refer to section 3.3.2, PLL Circuit Design.) 

Since the EGA board supports the same screen size as a CGA board (640 x 200 dots), the 

L VIC pins or registers must be reset when software for controlling a screen size of 640 x 200 

dots is used. Switching SWl to change the ROM addresses enables CGA support. In this case, 

change the LCD dot clock (LDOTCK) frequency. When displaying a screen of 640 x 200 dots 

on an LCD panel of 640 x 400 dots, use the double-height display. Use the CL3 signal instead 

of the CLl signal as a shift clock for the LCD module's Y-drivers. (Refer to section 4, 

Double-Height Display, for details.) 
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Figure 8-5 CRT Plug-Compatible Board Block Diagram 

(Suitable for EGA Board) 
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8.3 LVIC Installed Outside Personal Computer (Dot Clock Supplied) 

This section describes a circuit in which the LVIC is installed outside a personal computer, 

with the dot clock (DOTCLK) supplied externally. In the specific example given below, the 

PC-9801 supplies the DOTCLK signal as one of the CRT display interface signals. Table 8-3 

lists the circuit specifications and figure 8-6 is a circuit diagram. 
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8.3.1 Circuit Specifications 

Table 8-3 Circuit Specifications 3 

Item 
Display Format 

Display Screen Size 

Clock Frequency 

Buffer Memory 

LCD Interface 

LCD Specifications 

CRT Display Interface 

Specification 

Dual screen, monochrome or 8-level gray scale display 

640 x 400 dots 

fDOTCLK = 21.0526 MHz (system clock) 

fLOOTCK = 19.264 MHz 

32-kbyte memory x 3 (SRAM HM62256 x 3) 

4 bits parallel x 2 (drives dual screen) 

LCD module LM252X (multiplexing duty ratio: 1/200) 

RGB video signals: TTL level, positive logic 

HSYNC signal: TTL level, negative logic 

VSYNC signal: TTL level, negative logic 

Dot clock: TTL level 

fooTCLK: CRT display dot clock (OOTCLK) frequency 

fwoTcK: LCD dot clock (LOOTCK) frequency 
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8.3.2 Circuit Diagram 
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8.3.3 Circuit Description 

The circuit given here is almost the same as the circuit for the EGA board shown in figure 8-4, 

except for the following two points: this circuit receives the dot clock (DOTCLK) from the 

system whereas that for the EGA board generates it internally, and the LCD dot clock 

(LDOTCK) differs from the DOTCLK signal in this circuit. However, the vertical and the 

horizontal back porches are different. Refer to table 8-6 in section 8.4, Values in Internal 

Registers for Different CRT Display Systems, for details. 

8.4 Values in Internal Registers for Different CRT Display Systems 

When the L VIC is controlled by the internal register programming method, parameters are set 

in the internal registers. Parameters must always be set in control registers 1 and 2, the hori

zontal displayed characters register, and the vertical displayed lines register. The setting of 

parameters in the other registers depends on which CRT display system is used. (Refer to 

section 1.6.2, Validation and Invalidation of Internal Registers, for details of when registers 

are valid or invalid.) 

Tables 8-4 to s~s list the values to be set in the internal registers for major CRT display 

systems. 

Table 8-4 Values in Internal Registers for CGA (640 x 200 Dots) 

Reg. No. 

RO 
Rl 

R2 

R3 

R4 

R5 

R6 

R7 

RS 

R9 
RlO 

Rll 

138 

Value 

I I 1 O 
0 1 1 0 

1 1 0 0 

0 1 1 1 

0 0 0 1 

1 0 1 1 

0 0 1 0 

0 1 1 1 

0 1 0 0 

* * * * 
* * * * 
* * * * 

Contents 

DISPTMG signal generated 

Display on, 32-kbyte memories used 

Number of vertical displayed lines: 200 

CL3 signal period: 27 characters 

Number of horizontal displayed characters: 80 

CL3 signal high-level pulse width: 4 characters 

Don't care 

Don't care 
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Table 8-4 Values in Internal Registers for CGA (640 x 200 Dots) (cont.) 

Reg. No. Value Contents 

R12 0 0 1 0 Vertical back porch: 37 lines<No1eJ 

R13 0 1 0 0 

R14 1 0 1 1 Horizontal back porch: 177 dots 

R15 0 0 0 0 

Note: SPS = high 

Table 8-5 Values in Internal Registers for EGA (640 x 350 Dots, EGA Master) 

Reg. No. Value Contents 

RO I I 1 1 DISPTMG and DOTCLK signals generated 

Rl 0 1 1 0 Display on, 32-kbyte memories used 

R2 1 0 0 0 Number of vertical displayed lines: 400 

R3 1 1 1 1 

R4 0 1 0 1 CL3 signal period: 27 characters 

R5 1 0 1 1 

R6 0 0 1 0 Number of horizontal displayed characters: 80 

R7 0 1 1 1 

R8 0 1 0 0 CL3 signal high-level pulse width: 4 characters 

R9 * * * * Don't care 

RIO 0 0 0 0 PLL frequency-division ratio: 744 

Rll 1 1 0 1 

R12 0 0 0 1 Vertical back porch: 32 lines(No1e) 

R13 1 1 1 1 

R14 0 1 1 0 Horizontal back porch: 108 dots 

R15 1 0 1 1 

Note: SPS = low 
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Table 8-6 Values in Internal Registers for PC-9801(640x400 Dots) 

Reg. No. Value Contents 

RO I I 1 0 DISPTMG signal generated 

Rl 0 1 1 0 Display on, 32-kbyte memories used 

R2 1 0 0 0 Number of vertical displayed lines: 400 

R3 1 1 1 1 

Table 8-6 Values in Internal Registers for PC-9801(640x400 Dots) (cont.) 

Reg. No. Value Contents 

R4 0 1 0 1 CL3 signal period: 27 characters 

R5 1 0 1 1 

R6 0 0 1 0 Number of horizontal displayed characters: 80 

R7 0 1 1 1 

R8 0 1 0 0 CL3 signal high-level pulse width: 4 characters 

R9 * * * * Don't care 

RlO * * * * Don't care 

Rll * * * * 
R12 0 0 0 1 Vertical back porch: 32 lines <Note) 

R13 1 1 1 1 

R14 0 1 0 1 Horizontal back porch: 85 dots 

R15 0 1 0 0 

Note: SPS = low 
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Table 8-7 Values in Internal Registers for PC-9801(640x200 Dots) 

Reg. No. Value Contents 

RO I I 1 0 DISfYI'MG signal generated 

RI 0 1 1 0 Display on, 32-kbyte memories used 

R2 1 1 0 0 Number of vertical displayed lines: 200 

R3 0 1 1 1 
R4 0 0 0 1 CL3 signal period: 27 characters 

R5 1 0 1 1 

R6 0 0 1 0 Number of horizontal displayed characters: 80 

R7 0 1 1 1 

R8 0 1 0 0 CL3 signal high-level pulse width: 4 characters 

R9 * * * * Don't care 

RIO * * * * Don't care 

Rll * * * * 
R12 0 0 1 0 Vertical back porch: 36 lines (Note) 

R13 0 0 1 1 
Rl4 1 0 0 0 Horizontal back porch: 133 dots 

R15 0 1 0 0 

Note: SPS = low 
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Table 8-8 Values in Internal Registers for VGA (640 x 480 Dots) 

Reg. No. 

RO 
Rl 

R2 

R3 

R4 

RS 
R6 
R7 

R8 
R9 
RlO 

Rll 

R12 

Value 

I I 1 1 

0 1 1 0 

1 0 i 

1 1 1 

0 1 0 1 

1 0 1 1 

0 0 1 0 
0 1 1 1 

0 1 0 0 

* * * * 
0 1 0 0 
0 1 0 1 

0 0 1 0 

R13 0 0 1 0 
R14 

R15 

Notes: 

1. SPS =low 

1 0 0 0 

1 1 1 1 

Contents 

DISfYfMG and DOTCLK signals generated 

Display on, 32-kbyte memories used 

Number of verti1.:ai dispiayed iines; 480 

CL3 signal period: 27 characters 

Number of horizontal displayed characters: 80 

CL3 signal high-level pulse width: 4 characters 

Don't care 

PLL frequency-division ratio: 800 

Vertical back porch: 32 lines 1 

Horizontal back porch: 144 dots2 

2. This value is the number of dots between the. rising edge of the HSYNC signal and that of the DISPTMG signal 

after the HSYNC signal has been inverted by an inverter Lo be active-high . 
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Section 9 Additional Functions and External Circuits 

This section describes some additional functions provided by the LVIC, and how to use these 

functions. 

9.1 Centering Display Vertically (With External Circuit) 

If the vertical size of a CRT display is less than that of an LCD panel but nothing is done to 

correct the positioning, the display will begin at the top of the panel, resulting in a blank space 

at the bottom. The frame frequency (FLM signal frequency) is also reduced. 

It is easy to center the display vertically, without using an external circuit, by adjusting the 

vertical back porch. This method, however, is effective only when the number of HSYNC 

signal pulses during the vertical retrace period is more than the difference between the number 

of vertical displayed lines of the LCD and that of the CRT display. In addition, this method 

cannot prevent the reduction in frame frequency. 

Adding the centering circuit shown in figure 9-1 can center the display as shown in figure 9-3, 

even if the number of HSYNC signal pulses during the vertical retrace period is less than the 

difference between the number of vertical displayed lines of the LCD and that of the CRT 

display. This method can also prevent the reduction in frame frequency. 

Refer to section 9.2, Centering Display Horizontally, for details of how to center the display 

horizontally. 

.HITACHI 143 
Hitachi America Ltd. •Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66840 Preliminary 

144 

CL3 

CL1 

YL1 

YLO 

Y400/480 

IC1 HC244 

CL2 L•V_~--,8 12 

19 

IC3 IC2 
LS04 LSOO 

IC21 
HC393. 

MOO·N· IC17LS10 

M01·N 12 M00·01-11 
M11·N 

M01·N IC17 LS10 
M02·N 6 M01·02·11 
M11·N 

MOO·N. 13 IC16 LSOO 
11 M00-02 
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11 
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M01·N 13 1 M01 
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IC9 LS04 
11 >'1_..o ____________ _, 

Figure 9-1 Centering Circuit 

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

19 



Preliminary HD66840 

LCLK 

IC14 LSOO 

FCL1-1EN 

FCL1-2EN 

IC9 LS04 
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Display poslUon 

fine adjustmenl 

Personal computer 

Screen Size (Dots) 

640x200 

640 x350 

640X 400 

640 X480 
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YLO 1----1 >-~--- Forprogremmlng 

YL1 inlemal regislers 

R i-------t i---t---<~ 

Gi-----11--t---<~ 
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YL1 YLO 

0 0 

0 

0 
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_[ 
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DOTCLK 
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DOTCLK 
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Figure 9-2 System Configuration Incorporating Centering Circuit 
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When LCD screen size is 640 x 400 dots: 

LCDM:640 X 400 Dots 

'"'-LUO·LU3 

J 
XCL2 j X-drivers X XCL1 
~ 

,.._ FLM ~ 

,..__YCLl-1 re: ]YJ-•71,: 
v-

Upper screen 

,.._ YCL1·2 in:n,: r----~---------~ 

LB 
Lower screen 

LUO-LU3 

~ Display data } LDO-LD3 

LDO·LD3 
v- X-driver 

"- M 
~ 

XCL1 

YCL1-1 

Centering YCL1-2 

circuit 
CL2 

When LCD screen size is 640 x 480 dots: 

FLM LCDM:640 x 400 Dots 
M 

"- LUO·LU3 ..,_ 
0 ,- 80 
...J ;;: ;':~ >-

>< L2 H. X-drivers 
XxQ:1 H. .... 
"- FLM ~ 

..-
'-- CJ) 

a; 
> Upper screen 

YCLH h_ '.§ 
v- >- ----------------' 

[!! 

"' > Lower screen ,.._ YCL1·2 :g 
~ 

>-'-----' 

"- LDO·LD3 
~ X-driver 

"· M v-
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CRT LCD Resolution (Dots) 
Resolution (Dots) 640 x 400 640 x 480 

640 x 200 

Double-height display used 

640x 350 

640 x400 
/ 

T 
640 x 480 480 

._____l_ 
Note: ~ indicates blank areas. 

Figure 9-3 Centering Display 
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9.1.1 Operation 

Figure 9-4 is a conceptual diagram illustrating how the centering circuit shown in figure 9-1 

operates. As shown in the figure, the L VIC outputs the same number of high-speed CLl signal 

pulses to the Y-drivers as the number of specified during the retrace period of one CRT display 

line. This shifts the display start position. In this case, the data for the retrace period is 

scanned so rapidly that the contrast is very low. 

If the CRT display screen's size is 640 x 200 dots, double-height display is used in parallel. 

VSYNC HSYNC 
640 x 400 

CAT LCD 

High-speed 
scanning 

Normal 400 
scanning lines 

High-speed 
scanning 

Note : In high-speed scanning, a CL 1 signal with a frequency of about a hundred times that of the 
normal CL 1 signal is used to rapidly shift the lines being selected . 

Figure 9-4 Conceptual Diagram of Centering Operation 

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

149 



HD66840 Preliminary 

9.1.2 Values in Internal Registers 

Table 9-1 lists the values to be set in the internal registers for different CRT display screen 

sizes and LCD screen sizes when display centering is used. Refer to tables 8-4 to 8-8 for other 

values. 

Table 9-1 Values in Internal Registers for Centering Display 

LCD Resolution 

(Dots) 

640 x 400 

640x 480 

CRT Display 

Resolution (Dots) 

640 x 200(Note) 

640 x 350 

640 x 400 
640 X 20Q<Note) 

640x 350 

640x 400 

640x 480 

Value in: 

Vertical Displayed 

Lines Register 

Normal value(= 199) 

Normal value+ 2 (= 351) 

Normal value ( = 399) 

Normal value+ 2 (= 201) 

Normal value+ 2 (= 351) 

Normal value+ 2 (= 401) 

Normal value(= 479) 

Normal value: Value in the inlemal registers when display is not cenlercd 

Nole: Double-height display used 

9.1.3 Centering Circuit 

Vertical Back 

Porch Register 

Normal value 

Normal value - 1 

Normal value 

Normal value - 1 

Normal value - 1 

Normal value - 1 

Normal value 

Figure 9-5 is the block diagram of a centering circuit. The line counter counts the number of 

displayed lines and is reset by the FLM signal. Comparators 1 and 2 compare the signal output 

from this counter with outputs © and @, respectively. 

The signal output from comparator 1 goes high at the first display line, which activates the 

FCLl counter and makes the FCLl generator output a signal through the AND gate. When the 

signal output from the FCLl counter matches output@, comparator 3 outputs a low-level pulse 

which stops the FCLl counter. This fixes the output signal from comparator 3 low and stops 

the FCLl signal. Comparator 1 then outputs a low-level pulse to reset the FCLl counter. The 

logical AND of the FCLl signal and comparator l's signal output through the AND gate 

generates the CLl signal for scanning the upper lines at high-speed. 
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Next, the signal output from comparator 2 goes high at the specified line which activates the 

FCLl counter. To generate the high-speed CLl signal for the lower lines, the centering circuit 

subsequently operates in the same way as when it is generating the high-speed CLl signal for 

the upper lines. 

CL1 
CL3 

..--------------------FLM 
r-+-----------------~CL2 

...---XCL1 

YCL1-1 

YCL1-2 

X"tal (16. 257MHz) YLO==E}l YL 1 Decoder 

Y400/Y480 LDOTCK 

Note : All bits of ©are 0. The values of® to© are given in table 9-2. 

Figure 9-5 Centering Circuit Block Diagram 
Table 9-2 Values® - ©of Centering Circuit 

LCD Panel Display Screen Value of -----------------------
Size (Dots) Size (Dots) ® @ © 

640 x 400 640 x 200 Don't care Don't care 

(Output of Comparator 2 fixed low) 

640 x 350 10101111 00100100 00000101 

640 x 400 Don't care Don't care 

(Output of comparator 2 F_ix_e_d_lo_w~) _________ _ 

640 x 480 640 x 200 01100100 00111001 00000011 
------------------------------
640 x 350 10101111 01100100 00000001 

640 x 400 11001000 00111001 00000011 

640x 480 Don't care Don't care 

(Output of comparator 2 Fixed low) 
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Figure 9-6 is the timing chart of the operations described above. 

Table 9-3 lists the frequencies of the LCD frame (FLM signal) and other signals in this circuit. 

Change the LCD dot clock (LDOTCK) frequency when changing the frame frequency. 
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Figure 9-6 High-Speed CLl Signal Output Timing 

@HITACHI 

::::i 
0 
>-

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



Preliminary HD66840 

Table 9-3 LCD Signal Specifications 

LCD CRT Display Multi-

Resolution Resolution foOTCLK fLDOTCK fCLl fHCLl plexing fFLM fLDOTCK 

(Dots) (Dots) (MHz) (MHz) (kHz) (kHz) Duty Ratio (Hz) fHCLl 

640x 400 640x 200 14.318 8.129 6.1 1/200 61 

640x 350 16.257 16.257 12.2 339 1/176 69 48 

640x 400 16.257 16.257 12.2 1/200 61 

640 x 480 640x 200 14.318 8.129 6.1 254 1/202 60 32 

640x 350 16.257 16.257 12.2 1020 1[176 69 16 

640 x 400 16.257 16.257 12.2 508 1/201 61 32 

640 x 480 25.0 20.32 15.3 1/240 64 

foo1cLK: CRT display dot clock (DOTCLK) frequency 

fwoTcK: LCD dot clock (LDOTCK) frequency 

fcu: CL 1 signal frequency 

focu: High-speed CLI signal frequency 

fi'LM: LCD frame frequency (FLM signal frequency) 

9.2 Centering Display Horizontally (Without External Circuit) 

Adjusting the horizontal back porch value (in the horizontal back porch register (R14 and R15)) 

enables horizontal centering of a display without an external circuit. 

For example, to display a CRT screen of 480 x 200 dots at the center of an LCD panel of 

640 x 200 dots, subtract 80 from the normal horizontal back porch value to advance the phase 

of the display timing signal (DISPTMG) by 80 dots (figure 9-7). Specify 60 characters 

(480 dots) instead of 80 characters (640 dots) as the number of horizontal displayed characters 

in this case. 

Note that horizontal centering is available only when the CRT retrace period is larger than the 

difference between the horizontal sizes (dots) of the LCD panel and CRT screen. This means, 

for example, that the retrace period must be at least 160 dots to display a CRT screen of 

480 x 200 dots at the center of an LCD panel of 640 x 200 dots. 
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Normal __J _ J L 
DISPTMG , 
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centering , 

~ 

: I: 
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480 dots 

Display 
centering 

> 

I 
i 

Figure 9-7 Centering Display Horizontally 
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9.3 Changing Display Screen Size on the Same LCD Panel 
(Without External Circuit) 

There are two methods of displaying a CRT screen that is smaller than the LCD panel being 

used. One is to display the screen at the center of the LCD panel as described in section 9.1, 

Centering Display Vertically, and section 9.2, Centering Display Horizontally. The other is to 

display the screen in the top or left part of the LCD panel without any centering. This latter 

method does not require an external circuit; all that is required is to change the setting of the 

L VI C's pins or internal registers to specify the screen size. 

This section describes how to display CRT screens of different sizes on an LCD panel of 

640 x 400 dots or 640 x 200 dots. 

9.3.l Changing Display Screen Size on an LCD Panel of 640 x 400 Dots 

Displaying a CRT Screen of 640 x 350 Dots: To change a CRT display screen size of 

640 x 400 dots to one of 640 x 350 dots, set the L VIC's pins or internal registers to 640 x 400 

dots if the LCD panel has a dual screen configuration. Data corresponding to the bottom 50 

lines of the panel may or may not be displayed, as follows: 

• If the display timing signal (DISVI'MG) is internally generated, the data for the retrace 

period of the screen of 640 x 400 dots is displayed. 

• If the DISPTMG signal is externally supplied (and the memory clear function is used), no 

data is displayed. 

• If the DISPTMG signal is externally supplied (and the memory clear function is not used): 

The data for the bottom 50 lines of the previous display screen (screen of 640 x 400 dots) is 

displayed. 

If the LCD panel has a single screen configuration, a setting of either 640 x 400 dots or 

640 x 350 dots is acceptable. If 640 x 350 dots is set, no data is displayed on the bottom 50 

lines of the LCD panel. If 640 x 400 dots is set, the above conditions are valid. 
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Displaying a CRT Screen of 640 x 200 Dots: There are two methods of changing a CRT 

screen size of 640 x 400 dots into one of 640 x 200 dots. One is to use double-height display. 

Refer to section 4.2, How to Use Double-Height Display, for details. The other is to change 

the setting of the LVIC's pins or interna\ registers from 640 x 400 dots to 640 x 200 dots after 

selecting a display mode for single scree~ configuration with the DM3-DMO pins, regardless 

of the actual LCD panel configuration. :rh this case, the correct screen appears on the top 200 

lines of the LCD panel, but G data is displayed on the bottom 200 lines. Note that display is 

disabled i.f the L VIC setting is left at 640 x 400 dots, since the frequency of the LCD dot clock 

(LDOTCK) will be higher than that of the CRT display dot clock (DOTCLK). 

9.3.2 Changing Display Screen Size on an LCD Panel of 640 x 200 Dots 

It is not necessary to change the L VIC setting of 640 x 200 dots when changing a CRT screen 

size of 640 x 200 dots to one of 320 x 200 dots. However, this is possible only when the 

display timing signal (DISPTMG) is generated inside the L VIC and when the retrace period of 

the 640 x 200 dot CRT screen is at least 320 dots. The correct screen appears on the left ha,lf 

of the LCD panel in this case. Correct display is not possible when the retrace period is less 

than 320 dots or when the DISPTMG signal is externally supplied, since data does not appear 

in the correct position. If the L VIC setting is changed to 320 x 200 dots, the correct screen 

appears on the left half of the LCD panel, but undefined data appears on the right half of the 

LCD panel. 

To display a CRT screen of 320 x 200 dots on an LCD panel of 640 x 200 dots, the horizontal 

dimension can be doubled. Double the frequency of the CRT dot clock (DOTCLK) to ensure 

that the DOTCLK signal satisfies the LVIC's AC characteristics. In addition, set the LVIC to 

640 x 200 dots, not 320 x 200 dots. 

In principle, since the back porch and the dot clock frequency depend on CRT display mode 

(screen size, graphics/character mode), the setting of the LVIC's pins and internal registers will 

need to be changed. 
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9.4 4-Level Gray Scale Display (With External Circuit) 

The number of gray scale levels can be reduced if it is felt that the contrast provided by the 

8-level gray scale display is insufficient. Decoding the CRT ROB display data enables a 

reduction in the number of levels. Figure 9-8 shows a decoder realizing a 4-level gray scale 

display. The color arrangement given in table 9-4 can be provided by changing the inputs to 

the decoder. Change the inputs according to the software being used, to obtain a better display. 

x ---+-------. 

Y-;--.-----+--t 

cf>o----- Go 

Z--t---t~ 

Figure 9-8 4-Level Gray Scale Display Circuit (Decoder) 
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Table 9-4 4-Level Gray Scale Display (Color Arrangement) 

Input Before Decoding After Decoding 

(X, Y, Z) White White 

=(R,G,B) Yellow, cyan, green Green 
-~ .tn r-.. n' Magenta, red, blue Red Ul ~D, V, !'.) 

Black Black 

(X, Y, Z) White White 

=(R,B,G) Yellow, green, blue Green 

or (G, B, R) Cyan, magenta, red Red 

Black Black 

(X, Y, Z) White White 

= (G, R, B) Yellow, magenta, red Green 

or (B, R, G) Cyan, green, blue Red 

Black Black 

Note: (R, G, B) indicates the arrangement of the CRT RGB display data. (X, Y, Z) = (R, G, B) means that the 

R, G, and B signals are to be input to the X, Y, and Z lines in figure 9-8. 

9.5 Pseudo-SRAM Interface (With External Circuit) 

The LVIC was designed to be used with normal SRAMs acting as buffer memory. However, 

pseudo-SRAMs can be used if an external circuit is provided. This section describes the 

interface between the L VIC and the HM65256B 32-kbyte pseudo-SRAM. 

9.5.1 Interface 

Interface Signals: When pseudo-SRAMs are used as buffer memory, data can be read from 

memory, but it cannot be written to memory with the existing memory chip select signal 

(MCS). Moreover, the L VIC cannot refresh memory, which is essential for pseudo-SRAMs. 

Therefore, when the L VIC is connected to pseudo-SRAMs, a memory chip enable signal (CE) 

and a memory output enable signal (OE) must be generated by an external circuit. The CE 

signal generates the memory chip enable precharge time and the OE signal generates the 

memory refresh precharge time. 
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Table 9-5 gives a comparison between the interface signals required for SRAMs and those 

required for pseudo-SRAMs. 

Table 9-5 Comparison of Buffer Memory Interface Signals 

(SRAMs vs. Pseudo-SRAMs) 

SRAM Interface Signals 

Memory chip select signal (MCS) 

Memory write enable signal (MWE) 

Memory addresses (MA) 

Display data (RD, GD, BD) 

Pseudo-SRAM Interface Signals 

Memory chip select signal (MCS) 

Memory chip enable signal (CE) 

Memory output enable signal (OE) 

Memory write enable signal (MWE) 

Memory addresses (MA) 

Display data (RD, GD, BD) 

Note: Of the pseudo-SRAM interface signals, the MCS signal is necessary only when a memory plane has more 

than one memory. 

Connection to Pseudo-SRAMs: Figure 9-9 shows an example of connection between the 

L VIC and two HM65256Bs, and figure 9-10 shows an example of a CE and OE signal 

generator. 

Figure 9-11 is the operation timing chart for the CE and OE signal generator. The CE signal 

shown in the figure enables data to be read from memory during read cycles 1 and 2 and data 

to be written to memory during a write cycle. The CE and OE signals enable memory to be 

refreshed up to eight times per line during the CRT horizontal retrace period (figure 9-12) . 
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----- --- ---
OE, MWE, CE1 OE, MWE. CEO 

OE AO OE AO MAO 
WE I WE I CE CE -

) HM652568 HM652568 

MA14 LVIC 080 080 RDO 

) ) ) 
RD? 

Krcso 
A14 A14 

087 087 
MCS1 

MWE 

AO DOTCLK 

CE PLL circuil 

OE or PC 

OE and CE signalgenerator 

Figure 9-9 Example of Connection between L VIC and HM65256Bs 
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Figure 9-12 Memory Width and Memory Refresh Period 
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9.5.2 Limitations on Use 

The following limitations hold when pseudo-SRAMs are used as buffer memory: 

Limitations on LVIC Control Method: SRAMs can be used only with the ROM program

ming method since pin AO, the address for an external ROM, is necessary to generate the 

interface signals CE and OE. 

Limitations on Memories Used: As far as memory access time and write data setup time are 

concerned, the limitations are the same as those on normal SRAMs. (Refer to section 2.3.1, 

Memory Type and Memory Capacity Calculations, for details.) In addition, only memories 

satisfying the following three conditions can be used: 

• Memory all-refresh cycle time~ CRT vertical retrace period .................................... (9-1) 

CRT vertical retrace period = l/fvsYNc - (number of vertical displayed lines)/fttsYNc 

fvsYNc: VSYNC signal frequency 

fnsYNc: HSYNC signal frequency 

..................... (9-2) 

This condition is necessary because memory is not refreshed during the CRT vertical retrace 

period. The all-refresh cycle time is the maximum time required for refreshing all addresses 

of memory. 

• (Memory refresh command delay time) +(refresh cycle time)~ 7 · tcvco .................. (9-3) 

(See figure 9-13.) 

tcvco: Dot clock cycle time 

• Time between memory refreshes ~ 16 · tcvco ..................... .... . . .. .. .. .. .. .... .... .......... ....... (9-4) 

164 

Time between memory refreshes= (number of memory word lines) I (all-refresh cycle time) 

..................... (9-5) 

(See figure 9-13.) 

tcvco: Dot clock cycle time 
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7 · tcvco 

16 · tcvco 

@ 

tcvco : Dot clock cycle time 

(j) : Refresh command delay time 

® : Refresh cycle time 

@ : Time between refreshes 

7 · tcvco 

Figure 9-13 Pseudo-SRAM Refresh Timing 
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APPENDIXES 

A. Malfunctions Caused by Rewriting Registers During Display 

Rewriting the contents of an internal register during display may cause the LSI to malfunction. 

However, malfunctions usually appear only in the frame corresponding to the rewrite; the LSI 

will function normally in subsequent frames. 

Table A-1 lists possible malfunctions by internal registers (or bits), and how to avoid them. 

Table A-1 Malfunctions Caused by Rewriting Registers During Display, 

and Countermeasures 

Reg. Register 

No. Name Bits 

RO Control DCK 

Rl 

R2 

I 
R4 

R4 

R5 

R6 
R7 

Register 1 

DSP 

Control MSO, 1 

Register 2 

DON 

MC 

Vertical Displayed 

Lines Register 

CL3 Period Register 

Horizontal Displayed 

Characters Register 

Malfunctions and Countermeasures Rewritable?CN°'•l 

Display will be jumbled until the oscilla- No 

tion frequency of the external PLL circuit 

stabilizes 

Display data will appear in the wrong 

position if the register is rewritten during 

the horizontal back porch period 

Conditional 

The chip select signal and memory No 

address output will be irregular 

No malfunction Yes 

No malfunction Yes 

Invalid data may appear or the display No 

may flicker if the register is rewritten 

during the last line of a frame while data 

is transferred between the LSI and buffer 

memory 

In display modes 13-16, the CL3 signal No 

period may become longer than that 

specified by the register 

Display data may appear in the wrong No 

position or the display may flicker 

Note: Yes means that the register can be rewritten without affecting the display, no means that malfunction 

cannot be prevented or countermeasures are difficult, and conditional means that the register can be 

rewritten only under certain conditions. A 
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Table A-1 Malfunctions Caused by Rewriting Registers During Display, 

and Countermeasures (cont.) 

Reg. 

No. 

R8 

R9 

RIO 

Rll 

R12 

I 
RlS 

Note: 

Register 

Name Bits Malfunctions and Countermeasures Rewritable?<Not•l 

CL3 Pulse Width The CL3 signal period may become No 

Register longer than that specified by the register 

Fine Adjust Register Display data may appear in the wrong Conditional 

position: rewrite this register during the 

CRT retrace period 

PLL Frequency-Division Display will be jumbled until the oscilla- No 

Register tion frequency of the external PLL circuit 

stabilizes 

Vertical and Horizontal Display may flicker: rewrite these regis- Conditional 

Back Porch Registers ters during the CRT display period 

Yes means that the register can be rewritten without affecting the display, no means that malfunction 

cannot be prevented or countermeasures are difficult, and conditional means that the register can be 

rewritten only under certain conditions. 
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B. Reset 

The RES pin resets and starts the L VIC. Make sure that the reset signal is held low for at least 

1 µs after power-on. 

Reset is defined as shown in figure R-1 

RES 

At reset During reset After reset 

Figure B-1 Reset Definition 

B.1 Status of Pins During Reset 

In principle, the RES pin does not control output pins; it operates regardless of the other input 

pins. Output pins can be classified into the following five groups, depending on their reset 

status: 

• Pin that maintains its pre-reset status: CL2 

• Pins that are driven to high-impedance status (fixed low in through mode): RDO-RD7, 

GDO--GD7, BDO-BD7 

• Pins that are fixed high: MWE, CL4, M, CD, MCSl 

• Pins that are fixed low: MAO-MA12, RO-R3, GO--G3, BO-B3, CLl, CL3, FLM, AO-A3, 

cu 
• Pins that are fixed high or low, depending on the type of memory being used (see table B-1): 

MA13-MA15, MCSO 
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Table B-1 Memory Type and Status of Pins During Reset 

Memory Type MA13 MA14 MAIS MCSO 

No Memory Low Low High High 

(Through Mode) 

8-kbyte Memory High High High Low 

32-kbyte Memory Low Low High Low 

64-kbyte Memory Low Low Low Low 

B.2 Status of Registers During Reset 

The RES pin does not affect register contents. Therefore, registers can be both read from and 

written to by an MPU even during reset. The registers keep their pre-reset contents until they 

are rewritten. 

B.3 Buffer Memory Clear Function 

After it is reset, the L VIC writes Os into the memory area specified by the MSO and MS 1 pins 

or the MSO and MSl bits of control register 2 (Rl). Refer to table 5-1 in section 5, Buffer 

Memory Clear Function, for details. 
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C. Programming Restrictions 

Values written into the LVIC's internal registers have the restrictions listed in table C-1. 

The symbols in table C-1 are defined in table C-2 and figure C-1. 

Table C-1 Limits of Values Written into Registers 

Applicable 

Item Limits Notes Registers 

Screen 

Configuration 

CL3 Signal 

Control 

DISPIMG Signal 

Generation 

No Memory 

(Through.Mode) 

Notes: 

4 ;;;i Nvd ;;;i (Ncvbp + Ncvsp) - 1 ~ 1024 R2, R3, R4, 

4 ;;;iNhd ;;;i (Nchbp x l/n + Nchsp)-1;;;i506 1, 2 R6, R7 
~~~~~~...:c_~~~~--=-~~~~~~~~ 

(Nhd + 6) x n x Nvd x fFLM ;;;i fooTCLK 1, 3 

;;;i30MHz 

1 ;;;i Npw ;;;i (Nhd + 6)/2 - 1 4 R4, RS, R6, 
~~~~~~~~~~~~~~~~~~~~ 

l;;;iNpw;;;iNhd 5 R7,R8 
~~~~~~~~~~~~~~~~~~~~ 

1 ;;;i Npw ;;;i Npc - 1 6 

1;;;iNchbp;;;i256 7 R12, R13 

1 ;;;i Ncvbp ;;;i 256 7 Rl4, R15 

4 ;;;i Nhd ;;;i Nchsp - 4 8 R2, R3, R4, 
~~~~~~~~~~~~~~~~~~~~ 

4 ;;;iNvd ;;;i Ncvsp-1 8 R6, R7 

1. n indicates the horizontal character pitch which is the number of horizontal dots making up one character. 

2. Nhd ;:;250 in dual screen modes (display modes 1and6). 

3. fFLM is the FLM signal frequency and fooTcLK is the CRT display dot clock (DOTCLK) frequency. 

fLDOTCK < fOOTCLK x 15/16 or fLDOTCK = fOOTCLK 

(fLOOTCK is the LCD dot clock (LDOTCK) frequency) 

4. In display modes 1, 2, 4, and 6--8 

5. In display modes 3, 5, and 9-12 where Npw =(value in R8) + 5 

6. In display modes 13-16 where Npw = (value in R8) + 5 

7. (Value in Rl4 and Rl5);:; (Nchsp x n + Nchbp)-Nhd x n - 2 

(n = horizontal character pitch) 

(Value in Rl2, Rl3) ;:; (Ncvsp x n + Ncvbp)- Nvd-2 

8. Nht = Nchsp + (Nchbp x l/n), Nvd < Ncvbp + Ncvsp 

(Nht = (Nhd + 6) when buffer memory is used) 

(n = horizontal character pitch) 
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Table C-2 Symbol Definitions 

Symbol 

Nchd 

Nchsp 

Nchbp 

Ncvbp 

Ncvsp 

Definition 

Number of horizontal displayed characters on CRT display ((number of 

horizontal displayed dots on CRT display) x 1/8) 

Number of characters between the rising edge of the DISPTMG signal and 

that of the HSYNC signal ((number of dots between the rising edge of the 

DISJYTMG signal and that of the HSYNC signal) x 1/8) (=horizontal synch 

position) 

Number of dots between the rising edge of the HSYNC signal and that of the 

DISJYTMG signal (just after the rising edge of the HSYNC signal) 

(=horizontal back porch) 

Number of Jines between the active edge of the VSYNC signal and the rising 

edge of the DISPTMG signal (just after the active edge of the VSYNC signal) 

(=vertical back porch) 

Number of dots between the rising edge of the DISPTMG signal and the 

active edge of the VSYNC signal (=vertical synch position) 

Ncvd Number of vertical displayed lines on CRT display 

Nhd Number of horizontal displayed characters on LCD ((number of horizontal 

displayed dots) x 1/8) 

Npc Number of characters during a CL3 signal period ((number of dots during a 

CL3 signal period) x 1/8) 

Npw Number of characters while the CL3 signal is high ((number of dots while the 

CL3 signal is high) x 1/8) 

Nht Number of characters during a CLl signal period ((number of dots during a 

CL 1 signal period) x 1/8) 

Nvd Number of vertical displayed lines on LCD 
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I LfUlS1 _______ n_n ___ n ___________ ILfL 
DOTCLK 

I 

DISPTMG~ I r-
HSYNC 

-----t~chd · · ~~ 

I I 
14-------Nchsp ------:-Nchbp ----: 
1J/ Active e.-d_g_e ________________ ..., 

VSYNC 
I I 

I I I I 
~ 1 nnnn nnnn• • DISPTMl..Ll,._______J U U U L- - - - _ - __ J U U U L.L__L__ 

CL2 

CL1 

CL1 

CL3 

FLM 

I I I I 

~Ncvbp --: Ncvsp 
I 
I 
-----Ncvd ------1~ ,. 

f1-IU1 _______ n........,.._ ____ ~!Lfl.. 
I 
I 

.,._---Nhd ------1~: 

'~~~~~~~~~~~~n__ 

l ~ 
1 Npw 1 
1'4 ... 
I I 

I 
------Npc -----.i 

.+-----------Nht------------1~ 

CL1 --r-LJl_fl _________________ .f1..,________J 
I (Note) I 
.+-------Nvd---------1~ 

I 

Note: When the screen is dual, the Nvd period is doubled . 
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D. Limitations of Gray Scale Display 

With gray scale display, the display contrast may be weak or the display may "flow." 

D.1 Weak Display Contrast 

When gray scales are displayed, the contrast of a section below a gray section is sometimes 

weakened, as shown in figure D-1. This phenomenon depends on the gray scale and on the 

display pattern (character, figure, or table), and is most noticeable when a gray scale is at the 

top of the screen or when it is used as part of a table (figure D-2). This phenomenon becomes 

even more noticeable if the LCD panel has strong contrast frequency characteristics or if the 

LCD module has a high resistance between its liquid-crystal cells and the power supply driving 

the LCD (such as an operational amplifier). 

If this phenomenon appears, change the LCD panel or reduce the resistance between the liquid

crystal cells and the power supply driving the LCD. 

Gray 

Correct display Weakened contrast 

Figure D-1 Example of Figure Contrast Weakened by Gray Scale Display 
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I I I I 
jl I~ I 

Weakened contrast 

Correct display 

i 
Weakened contrast 

Figure D-2 Example of Table Contrast Weakened by Gray Scale Display 
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D.2 Display Flow 

When gray scales are displayed on an LCD panel that has a quick response, a display pattern 

expressed by gray scales may look like it is flowing. A "flowing" display pattern means that 

the display-off lines visibly move in each frame as shown in figure D-3. This phenomenon 

does not depend on the display pattern, but it does depend on the gray scale. It may appear 

with only one or two of six gray scales in some cases, but with all of them in other cases. 

Conversely, it could be completely absent. 

If this phenomenon appears, use an LCD panel with a slower response. 

Correct display 

Display on I 
Display off t 

Display on LCD panel 
with quick response 

Figure D-3 Example of Display Pattern Flow with Gray Scales 
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For additional information reference: 

Section 1. LCD Controller/Driver LSI Data Book 

Section 2. HD66300T Horizontal Driver for TFT-Type LCD Color TV 

Section 3. HD66840 Video Interface Controller (LVIC) Application Note 

Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User's Manual 
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1 DISPLAY SCREEN AND YALUES IN REGISTERS 

This chapter is an overview to help understanding of the following 
chapters. Refer to LCD Timing ControllerlLCTC) HD63645F. HD64645F User's 
M.an.u.ai for more details, especialy on software of each func-
tion. 

1 1 Internal Registers 

The LCTC has one address register and fourteen data registers (table 1-1). To 
select one out of the fourteen data registers, write the address of the data 
register to be selected into the address register (table 1-2) . The MPU can 
transfer data to/from the data register corresponding to the written address. 

Table 1-1 Internal Register Configuration 

R~ister Name Symbol 7 6 

Address Register 
Horizontal total characters *2 Nht 

Horizontal displayed characters Nhd 
Maximum raster address 

Cursor start raster 
Cursor end raster 

Start address (H) 

Start address (L) 
Cursor address (H) 

Cursor address (L) 
Horizontal virtual screen width 

Multiplexing duty ratio (H) 
Multiplexing duty ratio (L) *2 

Display start register 

Nr 

Ncs 
Nee 

Nir 

Ndh 
Ndl 

Nsr 

Data Bit 
5 4 3 2 1 

Mode register *4 W"~Jf~ ON/ G/C WIDE BLE 
~OFF 

Notes: 1. ~: Invalid data bits. 

2. The "value to be specified-1" should be programmed in 
registers marked *2. 

3. Data bits 5 and 6 of the cursor start register control 
the cursor display as shown below: 

B p Cursor Mode 
0 0 Cursor on, not blinking 
0 1 Cursor off 
1 0 Blinking every 32 frames 
1 1 Blinking: ever;:i: 64 frames 

4. The OR of the mode pin status and the mode register 
determine the mode. 
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Table 1-2 Register Addresses 

Address 
Eeg:i:ite:r: Reg. Program 

cs RS 4 3 2 1 0 No. Register Name Unit R/W 

1 - - - - - Invalid 
0 0 AR Address Register w 
0 1 0 0 0 0 0 RO Horizontal total characters Character w 
0 1 0 0 0 0 1 Rl Horizontal displayed characters Character w 
0 1 0 1 0 0 1 R9 Maximum raster address Raster w 
0 1 0 1 0 1 0 RlO Cursor start raster Raster w 
0 1 0 1 0 1 1 Rll Cursor end raster Raster w 
0 1 0 1 1 0 0 Rl2 Start address (H) Mem addr R/W 
0 1 0 1 1 0 1 R13 Start address (L) Mem addr R/W 
0 1 0 1 1 1 0 R14 Cursor address (H) Mem addr R/W 
0 1 0 1 1 1 1 R15 Cursor address (L) Mem addr R/W 
0 1 1 0 0 1 0 R18 Horizontal virtual screen width Character w 
0 1 1 0 0 1 1 Rl9 Multiplexing duty ratio (H) Raster w 
0 1 1 0 1 0 0 R20 Multiplexing duty ratio (L) Raster w 
0 1 1 0 1 0 1 R21 Display start raster Raster w 
0 1 1 0 1 1 0 R22 Mode register w 

Notes: 1. R/W shows whether the CPU can only write into the register, or can 
both read from and write into the register. 

2. Registers R2-R8, R16, and R17 are not assigned for the LCTC. 
Programming these registers Nos. will be ignored. 

2 
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Table 1-3 shows internal register description. 

Table 1-3 Internal Register Desciption 

Reg. 
No. Register Name 

AR Address register 

RO Horizontal total characters 

Description 

Specifies the internal control registers 
(RO, Rl, R9-Rl5, Rl8-R22) address to be 
accessed (5 bits). 
Specifies the horizontal scanning period 
(8 bits). 

Rl Horizontal displayed charac- Specifies the number of displayed 
characters per character row (8 bits). 
Specifies the number of rasters per 
character row; including the space 
between character rows (5 bits). 
Specifies the cursor start raster address 
and its blink mode (5 + 2 bits). 
Specifies the cursor end raster address 
(5 bits). 

ters 
R9 Maximum raster address 

RlO Cursor start raster 

Rll Cursor end raster 

Rl2 Start address (h) 

Rl3 Start address (1) 

Rl4 Cursor address (H) 

Rl5 Cursor address (L) 

Rl8 

Rl9 

Horizontal virtual screen 
width 

Multiplexing duty ratio (H) 

R20 Multiplexing duty ratio (L) 

R21 Display start raster 

R22 Mode register 

Specifies the display start address 
(16 bits). 

Specifies the cursor display address 
(16 bits). 

Specifies the length of a character row 
in memory space, for horizontal scrolling 
(8 bits). 
Specifies the number of rasters of 
a screen (16 bits). 

Specifies the display start raster 
address of the first character row, 
for smooth scrolling (5 bits). 

Controls the display mode (5 bits). 

Note: For more details of registers, refer to 

LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL. 
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1.2 Display Screen Size and Values in Registers 

Figure 1-1 shows the relation between the LCTC internal registers and a display 
screen. 

(R21) 
Start 
raster 

~ 

l ( 

s 
"' 0: 

~-~ ~ -, .. .,, 
-~-~N 
~x 

0 0 ·::::·;:; 
e ~ 
?:?: , , 
"" "'"' c c 
·~ -~ 

. a. 0.. 

"' ·p ·p 

33 
::;:::;: ~ 

1 

\ 

~ 
I 
I 
I 
I 
I 

I 
I 
\ 

-= 

Horizontal total characters (RO) 

·1 
(Rl)-1 Horizontal displayed characters 

-.... Start address (Rl2) 

Display period CPU 
Memory write time 

Horizontal 
chac-ac ter 

J-- pitch ----1 

.T - H Display start 
raster address 

Max1mum (R2l) 
raster 
address 

(R9) l 
(1 character) 

Figure 1-1 Relation between Display Screen and Registers 

Table 1-4 shows the relation between the values in the registers and the size 
of an accual display screen. However, che relacion depends on the modes. 

Table 1-4 Screen Size Selection 

Item Mode No. 

Number of Horizontal 1, 5, 9 
Dots of a Screen 2, 3, 4, 6, 7, 8, 10, 

Number of Vertical 5, 6, 7, 8, 9, 10, 11, 
Dots of a Screen 1, 2, 3, 4, 13 

Note: Nhd = horizontal displayed characters (Rl) 
Nd= Multiplexing duty ratio (Rl9, R20) 
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Table 1-5 shows the overall relation between the values in the registers and 
the screen size. 

Table 1-5 Relation between Values in Internal Registers and Screen Size 

No. of No. of No. of 
Character Screen Horizontal Horizontal Vertical 

No. MJde No. or Conf ig- Ibts of a Ibts of a Ibts of a Raster T:i.ne (us) 
Gra2!ic uration Character Screen Screen 

Character _1_ x lttt x 8 
1 (Noroal) Dual 8 8 x Nhd 2 x Nd fOCJ.K 

2 5, 9 Character _l_xNht x4 
(Noroal) Single 8 8 x lttd Nd fOCJ.K 

Character _l_ x Nht x 16 
3 2 (Wide) Dual 16 16 x Nhd 2 x Nd fOCJ.K 

4 6, 10 Character _l_xNht x 8 
(Wide) Single 16 16 x Nhd Nd fOCJ.K 

_1_ x Nht x 16 
5 3, 4, 13 Graphic Dual 16 16 x Nhd 2 x Nd fOCJ.K 

_l_xNht x 8 
6 7, 8, 11, 12 Graphic Single 16 16 x Nhd Nd fOCJ.K 

Note: Nht = horizontal total characters (RO) 
Nhd = horizontal displayed characters (Rl) 
Nd = multiplexing duty ratio (Rl9, R20) 
fOCJ.K = OCI.K frequency (Miz) 
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Figure 1-2 describes 3 cases of setting values for each screen configuration. 
In this case, fncLK = 10 MHz and fF = 65 MHz to 70 MHz. 

(1) 640 x 200 dots, 1/200 duty, single screen 

(a) Mode 5 (character mode) 

Nht = 178 (RO set value) 640 
Nhd = 80 (Rl set value) ------ ---Nd .. 199 (Rl9, R20 set value) I ~ 

(b) Mode 7 (graphic i mode) 

I ~200 1/200 duty 
Nht = 89 (RO set value) 
Nhd = 40 (Rl set value) 
Nd = 199 (Rl9, R20 set value) 

(2) 640 x 400 dots, 1/200 duty, dual screen 

(a) Mode 1 (character mode) 

Nht = 89 (RO set value) 
Nhd "' 80 (Rl set value) 640 
Nd = 199 (Rl9, R20 set value) 

(b) Mode 3 (graphic 1 mode) 1/200 duty 200 

Nht = 44 (RO set value) 400 
Nhd = 40 (Rl set value) 1/200 duty 200 
Nd = 199 (Rl9, R20 set value) 

(c) Mode 13 (large screen graphic 1 mode) 

Nht = 89 (RO set value) 
Nhd = 40 (Rl set value) 
Nd = 199 (Rl9, R20 set value) 

(3) 720 x 540 dots, 1/270 duty, dual screen 

Mode 13 (large screen graphic 1 mode) 720 

Nht = 58 (RO set value) 
Nhd = 45 (Rl set value) 1/270 duty 270 
Nd = 269 (Rl9, R20 set value) 540 

1/270 duty 270 

Figure 1-2 Screen Configurations 
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Since the set values in the registers determining the screen size have the 
following limitations, extra care should be taken in programming. 

(1) 1 < Nhd < Nht + 1 ~ 256 

(2) Nhd + 16 ( Nht + 1 
m *l -

(3) (Number of vertical dots) x (number of horizontal dots) x (frame frequency; 
fFRM) ~ (data transfer speed; V) 

t} *2 x (Nd + 1) x Nhd xt:} *3 x fFRM ~ V 

(4) 0 ~ Nd ,$, 511 

*l: The value of m depends on the mode, as shown in the following table. 

Mode No. 
5, 9 
1, 6, 7, 8, 10, 11, 12, 13 
2 3 4 

m 
1 
2 
4 

*2: Set to 1 if the LCD screen has 1 panel (• single screen configuration), and 
to 2 if the LCD screen has 2 panels (•dual screen configuration). Refer to 
the following table. 

Mode No. 
5, 6, 7, 8, 9, 10, 11, 12 
1 2 3 4 13 

Set Value 
1 
2 

*3: Set to 8 if one character consists of 8 dots and to 16 if one character con
sists of 16 dots, as shown below. 

Mode No. 
1, 5, 9 
2, 3, 4, 6, 7, 8, 10, 11, 12, 13 

.HITACHI 

Set Value 
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16 
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1,3 Display Function and Values in Registers 

1.3.1 Cursor display 

The LCTC can program display mode of cursor as listed in figure 1-3 and display 
shape of cursor as shown in figure 1-4 set by cursor start raster register (RIO) 
and cursor end raster register (Rll), Therefore, the LCTC can not only realize 
cursor display required for the system, but also change display mode dynamically 
according to the system state. 

Cursor blinking 

L 7 6 5 4l 3l 2l ll OJ 
~ B p Ncs ] 

B p Cursor Mode 
0 0 Cursor on; without blinking 

~ ~ Cursor off 
1 0 Blinking every 32-frame 
1 1 Blinki~ evei:r_ 64-frame 

Blinking control circuit 

MD12 1--i 

LCTC 

CUDISP r---< 

Figure 1-3 Cursor On/Off by CUDISP and Blinking Control Circuit 
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Cursor 
Height 

Cursor 
Start Raster (R10) 

Cursor 
End Raster (R 11) 

Figure 1-4 Cursor Display 

The set values in the registers controlling cursor display have the following 
limitations: 

(1) 0 ,;;;,, Ncs ,S, Nee 

(2) Nee ,;;;,, Nr 

Note: Ncs = cursor start raster (RlO) 
Nee = cursor end raster (Rll) 
Nr = maximum raster address (R9) 
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1.3.2 Start address 

Start address registers (Rl2, Rl3) can provide an offset for the read address of a 
frame buffer. This function facilitates paging and scrolling. 

Figure 1-6 shows the relation between the number of displayed characters and the 
memory addresses when the start address is O. Setting Nhd as a start address 
shifts the display one character row upward. Scrolling is enabled by adding Nhd 
to the current start address in this way. (Nhd = number of horizontal displayed 
characters, set value in (Rl).) 

Writing< {(Nd + 1) I (Nr + 1)\ x Nhd) as a start address enables paging. (Nd 
multiplexing duty ratio, set value in (Rl9) and (R20), Nr =maximum raster 
address, set value in (R9).) 

1.3.3 Cursor address 

Cursor display position can be programmed by cursor address registers (Rl4, 
Rl5). In this case, the user is to program cursor address with linear 
addresses, not X and Y addresses. 

1.3.4 Horizontal virtual screen width 

Horizontal virtual screen width register (Rl8) can provide an offset for start 
addresses of adjoining two lines. This function facilitates horizontal 
scrolling. 

Figure 1-5 shows the concept of horizontal virtual screen width, and figure 
1-6 shows an example of setting horizontal virtual screen width. 

If the user does not need this function, set the same value into the horizontal 
virtual screen width register (Rl8) as the value in the horizontal displayed 
characters register (Rl). 

The set value in the horizontal virtual screen width register has the following 
limitations: 

(1) Nhd ~ Nir 

(2) 0 ~ Nir ~ 255 
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Horizontal virtual screen width IR181 

Figure 1-5 Horizontal Virtual Screen Width 

R18 

R1 
Example: 

Start Address 

R 18 (Horizontal Virtual Screen Width)= 10 
R 1 (Horizontal Displayed Characters)= 5 

5 

u 
0 2 3 

6 7 8 

Performing horizontal 
scroll by updating 
the start address 
0 to 4 

9 

Displayed Area 

9 

10 11 12 13 

N e w 

C T 

Figure 1-6 Example of Setting Horizontal Virtual Screen Width 
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1.3.5 Display start raster 

Display start raster register (R21) can provide an offset for the start raster of 
the first row. This function enables smooth scrolling. 

Figure 1-7 shows an example of smooth scroll by setting display start raster 
address. 

Raster 0 1 2 
Address 1 2 3 

2 3 4 
3 4 5 
4 5 6 
5 6 
6 7 
7 

Display start raster address 

(R21) =O (R21l = 1 (R21) =2 

Figure 1-7. Example of Smooth Scroll by Setting Display 
Start Raster Address 

The set value (Nsr) in the display start raster register has the following limi
tations. 

Nsr < Nr 

Note: Nr = set value in the maximum raster address register (R9) 

1.3.6 Modes 

The LCTC controls display modes (display on/off selection, wide display, etc.) 
with mode register (R22). For details, refer to "2. LCD SCREEN CONFIGURATION 
AND MODES." 
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1.4 Display Screen and Memory Addresses 

Memory address changes at the fall of the MCLK s.ignal. The relation between 
the frequency of the MCLK signal and that of memory address (MA) change 
differs from mode to mode. Table 1-6 shows the relation between modes and 
the frequency of memory address change. 

Table 1-6 Modes and Frequency of MA Change 

Mode No. MA Change Frequency 
1, 2, 3, 4, 9 fMCLK 
5, 13 fMCLK 
6, 7, 8 fMCLK/2 
10, 11, 12 fMCLK/2 

Memory address is counted up even though the display period, in which the LCTC 
uses the memory, is over. But it does not affect the display since data 
transfer to an LCD is suspended. (DISPTMG signal is high in the display period.) 

The LCTC hands over the memory to the CPU in the data transfer suspended period. 
(DISPTMG signal is low in the period.) 

Figure 1-8 shows the relation between the number of displayed characters and the 
memory addresses when the horizontal displayed characters (Nhd) is the same as 
the horizontal virtual screen width (Nir) and the start address is O. The rela
tion shown in this figure is the base of the character position and the memory 
addresses. 

Figure 1-9 shows the relation between the number of displayed characters and the 
memory addresses when Nir > Nhd. This is the relation when horizontal scroll 
function is used. 

Figure 1-10 shows the relation between the number of displayed characters and the 
memory addresses when the display start raster (Nsr) = 2. This is the relation 
when smooth scroll function is used. 
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1.CTC uses the memory CPU uses the memory 

. /1 character clock t.i.mc / 
0 l Nhd -1 Ref - Ref --- Nht 

- ] 
Nr Nr u l Nhrl -1 Her - Iler - Nht 

Nr+l o Nhd Nhd ~ l 2 Nhd -1 llcf - Ref Nhd+Nht 

t t f - i 
2N:-+l Nr llo.11..1 NhJ I 1 ZNiHi-i lici Hef Nhct+Nht 

2 Nr+2 o 2Nhd 2 Nhd + l 3 Nhd -1 llcf - Her 2 Nhd+Nht 

t f t - f 
3Nr+2 Nr 2 Nhd 2 Nhd +I 3 Nhd -1 Ref lief 2 Nhd+Nht 

Nd Nr 

(~~!~-!)· Nhd ~~!}-1} Nhd+I Nd+l Nhd-1 llef - Hef ~~!~-I) Nhd+Nht Nr+I 

(Nd+l_fl)· Ntul ~d+l_J Nhd+I 
t - t 

Nd+l Nhd-1 llef - Ilef ~d+ 1-1) Nhd+Nht 
Nr+l r+l Nr+I r+l 

Notes: 1. c::::J indicates the display screen. 
2. Ref: DRAM refresh address. See LCD Timing Controller (LCTC) HD63645F/ 

HD64645F USER'S MANUAL. 
3. Register values corresponding to the screen in figure 1-8: 

Register No. 

RO 
Rl 
R9 

Rl2, R13 
R18 

Rl9, R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nhd 
Nd 

0 

4. Figure 1-8 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 

Figure 1-8 Relation between Number of Displayed Characters and 
Memory Addresses When Nir = Nhd 
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"' "' " ~ ~ .. 
·'"1 o-c 
M·--i"'C 
".,~ 

"' ~~ a. .... .... .... " Ct> ., ,, _ ., .. _ ..... v. . .,, 
~~E ~1; 

l.CTG uses t.hc 11cmory CPU uses Lim memory 

ft churactcr clock U me \I \ 
0 1 Nhd-1 He1 ~ lner - Nht 

---
Nr Nr 

Nr + 1 0 

2 Nr+l Nr 

2 Nr+2 

a Nr+2 Nr 

0 1 Nhd-1 Hc1 - J1ter - Nht 

Ni r Ni r + l Nir +Nhd-1 ltc1 - Jncr Ni r +Nht 

I I t t -
Nir Ni r + l Nir+Nhd-1 Hc1 - Jllef Ni r+Nht 

2 Ni r 2 Ni r -1-l 2 Ni r +Nhd-1 lle1 - Juer 2 Ni r+Nht 

t t I I ----
2 Ni r 2Nir+1 2Nir!·Nhd-I llc1 - Jner 2Nir+Nht 

(~~~~ -1) Nir (~~t~-1) Ni r+l ~~+;-1 ·Nir-1 llc1 - J1tcr (~~!i l)Nhd+Nht 

I I t ---
Nd Nr (~~~~ -t) Nir (~~!~-1) Nir+l Nd+l ·Nir-1 

Nr+t 1tcj - Jner (Nd+l_l!Nhd+Nht 
Nr+t 

Notes: 1. c:J indicates the display screen. 
2. Ref: DRAM refresh address. See LCD Timing Controller (LCTC) HD63645F/ 

HD64645F USER'S MANUAL. 
3. Register values corresponding to the screen in figure 1-9: 

Register No. 

RO 
Rl 
R9 

Rl2, Rl3 
Rl8 

Rl9, R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nir 
Nd 

0 

4. Figure 1-9 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 

Figure 1-9 Relation between Number of Displayed Characters and 
Memory Addresses When Nir > Nhd 
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Nr-2 Nr 

Nr-1 o 

2Nr-1 Nr 

2Nr 

3Nr Nr 

? 
Nd-2 Nr 

0 
I 

Nd-I 

Nd 

=; 
0 

() 

Nhd 

2 Nhd 

(~~!~ -1) Nhd 

NNrd!ll • Nhd 

LCTC uses the memory 

l 

l 
1 

Nhd +l 

2 Nhd + 1 

~~!i-1)Nhd+L 

Nd+l ·Nhd+l 
Nr+l 

Notes: 1. c:::J indicates the display screen. 

CPIJ USCS the 111Gmory 

Nhd-L - Nht 

-
Nhd -1 - Nht 

Nhd+Nht 

2Nhd+Nht 

(~~!i-1)1\lid+Nht 

~~! i · Nhd +Nht 

2. Register values corresponding to the screen in figure 1-10: 

Register No. 

RO 
Rl 
R9 

Rl2, Rl3 
Rl8 

Rl9, R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nhd 
Nd 

2 

3. Figure 1-10 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 

Figure 1-10 Relation between Number of Displayed Characters and 
Memory Addresses When Nsr = 2 
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2. LCD SCREEN CONFIGURATION AND MODES 

2.1 LCD Screen Configuration 

In constructing an LCD system, the user needs to choose a single screen or a 
dual screen unlike CRT. 

A single screen costs less than a dual screen because of the small number of 
column drivers for a display and of its small mounting size. However, it has 
limited duty ratio, LCD drive voltage, and display quality of the liquid 
crystal. A dual screen is necessary to improve these factors. 

Data 4 or 8 

Data 

1-1 
Q) 

:> ·c !-----
"" 
i:: >----
i 
0 

CJ 

Data 4 

Column driver 

(1) Single screen display 

Up panel column driver 

LCD up panel 

LCD down panel 

Down anel column driver 

(2) Dual screen display 

Figure 2-1 System Configuration Comparison of 
Single Screen and Dual Screen 

2.2 Display Format 

The LCTC display formats can be broadly divided into character display and 
graphic display. The following gives you general description. For more 
details, refer to LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL. 
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2.2.l Character mode display 

Character mode receives and displays the data of a CG ROM (Character generator 
ROM) according to VRAM data. 

Figure 2-2 shows an example of system configuration and display in character 
mode. 

LCD module 

A llAM 

00 

00 

08 

Figure 2-2 Example of System Configuration and Display in Character Mode 

In this mode, it is possible to double the whole display in width. Figure 2-3 
shows an example. 

CG ROM data Display 

RAQ 0 1 1 0 t.:§ff/.$.~l~p~ 
,'/, /.~:.-/ ,, ,//////. 

1 0 0 0 0 

2 0 1 0 0 0 0 0 

3 0 0 0 0 0 1 0 

4 0 1 1 1 1 1 1 0 

5 0 1 0 0 0 0 1 0 

6 0 0 0 0 0 1 0 

7 0 0 0 0 0 0 0 0 

Figure 2-3 Wide Character Display 
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2.2.2 Graphic display 

Graphic mode displays the data in a frame buffer as it is, 

The LCTC provides three methods of graphic display. 

(1) 1 RAM graphics 

1 RAM graphics mode uses the LCTC in character mode with the maximum raster 
address set to 0. This mode is suitable for a rather small LCD since it 
needs only one RAM. 

Figure 2-4 shows a graphic display system using 1 RAM. 

VRAM LCTC 

MAO-MAlS 

8 
MDO-MD7 

§_~~~ 
MD8-MD15 

G/C 

Figure 2-4 Graphic Display System Using 1 RAM 

(2) Graphic 1 mode display 

Graphic 1 mode displays 16-bit data entered into the MDO-MD15 pins as it is. 
Thus it requires 2 RAM's at least. This mode is suitable for displaying 
graphics by hardware originally configured for displaying characters with 
the attribute function. 

In this mode, the value in the maximum raster address register does not 
affect the display. 

Figure 2-5 shows an example of system configuration and display in graphic 1 mode • 

• HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 19 



20 

ARAM VRAM LCTC 

LU,LD 

7C 18 MAO-MA15 

42 24 

42 42 

7C 42 

42 7E 

42 42 

7C 42 

00 00 

MDO-MD7 

'-----l>I MD8-MD15 

LCD module 

Figure 2-5 Example of System Configuration and Display in Graphic 1 Mode 

(3) Graphic 2 mode display 

Graphic 2 mode also displays the data entered into MDO-MD15 pins as graphic 
1 mode does, and it requires 2 RAMs at least. However, the value in the 
maximum raster address register affects the display. 

This mode can be used with the graphic software designed for a CRT display 
system with an HD6845 (CRTC). 
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2.3 Attribute Function and OR Function 

2.3.1 Attribute function 

The LCTC can give a variety of attributes (reverse video, cursor, blinking, 
white, or black) to a specified character in character mode display. As shown 
in table 2-1, the character code entered into MD7-MDO determines which character 
should be given the attribute. The attribute codes entered into MD15-MD8 
determine which attribute should be given. The data entered into MD10-MD8 is 
invalid. 

1. Black 2. White 

D 
3. Blinking 

4. Cursor 

5. Reverse Video 

m 
Figure 2-6 Display Example Using Attribute Functions 

Table 2-1 Attribute Codes 

MD Input 15 14 13 12 11 10-8 7-0 

Non· Non· 
Reverse 

Function display display Blinking Cursor Invalid Character Code 
(black) (white) 

video 

@HITACHI 
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2.3.2 OR function 

In character mode, the LCTC can superimpose the data entered into MD7-MDO and 
the data entered into MD15-MD8. This function is used when superimposing 
graphics and characters. 

Figure 2-7 shows how the OR function works. 

Graphic data 
(Character data) 

Character data 
(Graphic data) 

M015· M014 - - - - M09 MOB IM07 M06 - - - - M01 MOO l 

r------ ------

Figure 2-7 OR Function 

------------1 
0 

6 

7 

I 

I 
I 

8-bit I 
data 1 

I 

- - - - - - - - - - - - - - - - _t 

Attribute function is disabled when OR function is used, and vice versa. For 
details, see LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL. 

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



2.4 Mode Setting 

2.4.1 Mode selection 

Select the mode you use depending on the hardware configuration and display for
mat. 

Table 2-2 shows how to select the mode. 

Table 2-2 Mode Selection 

System Confi__guration Display Format 
Screen 

LCD Data Con- Screen Character/ Normal/ Attribute/ Maximum Data Mode 
Transfer figura- Size Graphic Wide OR Transfer No. 

ti on S__E._eed (MBPS) 

["°'"''L AT 

20 5 

··~·{ 
Character OR 

Wide l AT 10 6 
r- Single- OR 

Graphic 1 ---------------------- 20 7 
Graphic 2 ---------------------- 20 8 

4-bit 
- Charn""l Nnmll ~; 20 1 

Wide t AT 10 2 l Nnml 
OR 

'-:- Dual - Graphic 1 ---------------------- 20 3 
Graphic 2 ---------------------- 20 4 

_Large -=-Graphic 1 ---------------------- 40 13 

f Nn~l-c AT 
20 9 

Singlo- Nn<m•ll 

Character _OR 

Wide {AT 10 10 
8-bit - OR 

Graphic 1 ---------------------- 20 11 
Graphic 2 ---------------------- 20 12 
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2 4 2 Mode setting 

The pins shown in table 2-3 determine the mode. 

Table 2-3 Mode List 

Trans-
Data fer 

~in lia:me Screen Char/ Trans- Wide/ Attri- Speed 
No. Mode Name D/S G/C LS WIDE AT Config Graph fer Normal bute (bps) 

1 Dual screen l Q Q Q Q Dual Char 4-bit Normal .QR__ 2 x 
normal char 1 0 0 0 1 x 2 AT DCLK 

2 Dual screen l Q Q l Q Wide .QR__ 

wide char 1 0 0 1 1 AT 

3 Dual screen 1 1 0 0 1 Graph 
graphic 1 

4 Dual screen 1 1 0 0 0 
graphic 2 

5 Single screen 0 0 0 0 0 Single Char 4-bit Normal .QR__ 

normal char 0 0 0 0 1 AT 

6 Single screen 0 0 0 1 0 Wide .QR__ DCLK 
wide char 0 0 0 1 1 AT 

7 Single screen 0 1 0 0 1 Graph 2 x 
graphic 1 DCLK 

8 Single screen 0 1 0 0 0 
graphic 2 

9 8-bit normal 0 0 1 0 0 Char 8-bit Normal .QR__ 

normal char 0 0 1 0 1 AT 

10 8-bit normal 0 0 1 1 0 Wide .QR__ 1 x 
wide char 0 0 1 1 1 AT DCLK 

11 8-bit normal 0 1 1 0 1 Graph 2 x 
graphic 1 DCLK 

12 8-bit normal 0 1 1 0 0 
graphic 2 

13 Large screen 1 1 1 0 1 Dual 4-bit 4 x 
x 2 DCLK 

Note: Char/Graph Character or graphic 
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AT 
(Data bit 0) 

BLE 
(Data bit 1) 

WIDE 
(Data bit 2) 

G!C 
(Data bit 3) 

ON/OFF 
(Data bit 4) 

Mode register 

(R22) 

l J 1,-

ON/ITT G/C 
(Pin 53) (Pin 58) 

l ) 

WIDE 
(Pin 54) 

6 

BLE 
(Pin 51) 

0 

AT 
(Pin 57) 

Figure 2-8 Correspondence between Mode Register and External Pins 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 25 



26 

2.5 Timing Charts 

Figure 2-9 (a)-figure 2-9 (j) show the timing charts of each mode when the 
values are set in the internal registers as in table 2-4. 

Table 2-4 Register Values 

Register 
No. 

RO 

Rl 

R9 

RIO 

Rll 

Rl2 

Rl3 

R14 

R15 

R18 

Rl9 

R20 

R21 

Register Name 

Horizontal total characters 

Horizontal displayed characters 

Maximum raster address 

Cursor start raster 

Cursor end raster 

Start address (H) 

Start address (L) 

Cursor address (H) 

Cursor address (L) 

Horizontal virtual screen width 

Multiplexing duty ratio (H) 

Multiplexing duty ratio (L) 

Display start raster 

R22 Mode register 

Value 

Nht 

Nhd 

Nr 

Ncs 

Nee 

Nhd* 

Ndh 

Ndl 

Nsr 

*: The horizontal virtual screen width register does not function since Nhd is 
set in (R18). 

MCLK frequency is a quarter of DCLK frequency in every mode, but the relation 
between MCLK, the MA change frequency, and the CL2 frequency differs depending 
on the modes. Table 2-5 shows the relation. Refer to this table in choosing a 
memory IC and an LCD driver. 

Table 2-5 Modes and Frequency of MA Change and CL2 

Mode No. MA Change Fre9uencl CL2 Fre9uencl 
1, 2, 3, 4, 9 fMCLK fMCLK 
5, 13 fMCLK 2 x fMCLK 
6, 7, 8 fMCLK/2 2 x fMCLK 
10, 11, 12 fMcLK/2 fMCLK 

See each timing chart for the phase relation. 

Figure 2-10 shows the timing chart of the period of a raster signal and a 
character row. 
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MCLK 

IH SPTMO 

MAO-MA 15 

RAO-RA4 

l·'l,M 

" 

Cf.I 

C:L2 

1.110 

1.Ul 

LIJZ 

LU3 

Lnn 

Lill 

1.nz 

J,f)3 

lJlJU1fU1Jl ______ IUlJlflJU1JlJl ___ JUl-fl ___ JlJlfilUlJlJlJ 
1 I I I 
I I I I 

I 
I 

I 

I 
I - -- -------- --- - ----i--

MCLK x In 1 
I 
I 
I 

-----~ tJ ll 
NM Nht 

~~~~~~~~~~~~~~~~~~~~+-~~~~~~~~~~~'~~~~~~~~~~~~~~~-

u 
)/ .. 1-1, 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd • horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (a) Mode 1 (Dual screen normal character) 
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MCLK 

DISPTMG 

ClJOISI' 

RAO-RM 

F'LM 

M 

CLl 

CJ,2 

LUO 

LUl 

LUZ 

J,Ul5 

LDO 

f,J)l 

LD2 

LDB 

lIUlJ1JlJlfl _______ JU1JlIU1Jlnil ____ n_n_rr ___ J1IUUlilIUlI 
I : I : I 
I I I I 

I i I I I 
I 
I 
I 

I 

-- l --vv-vv ~ 
--~--~ 

I 

I 

I 
I 
I ---- --- - -----+-

MCLK x l6 I 
I 
I 
I 
I 

-----------------------+---------~',----------------

MCLK x 16 

___ JlflJlJl ____ ~r 

~J!!Ff!J_·~~_'·· ___________________ '[ 

~:~-'~_··-·------------------~'[ 
::Y!l!J!J_~l_~'_· __________________ __,'[ 

=~-'"_o·-·------------------~'[_ 
____ ____,( 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (b) Mode 2 (Dual screen wide character) 
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MCLK 

DISPTMG 

CUDISP 

RAO-RAl1 

FLM 

" 

('I, l 

f'LZ 

LUU 

Lll l 

l,(JZ 

J,(J:1 

LIHJ 

LIH 

I.DZ 

l.D3 

lJ1JlllJlJUl ______ IUlIU1JlflIUl ____ MJl ____ ~ 
I I I I 
I I I I 
I I I I 

I 

I 
----- -- -- ----- -+ -

MCLK '>( l n I 
I 
I 
I 

--~ IJ D U D 
-- Nht Nht Nht Nht 

----------------------+-----------;! ~---------------

MCLK x l n 

~-Y!!I!J!!J.~"-'1~1_. ------------------~'[_ 
~--'f!J!J!j,~'~_u'_· ___________________ '[_ 

--~~';_:._ .. ___________________ '[_ 

~:~~~~_ ... ___________________ '[_ 

~~~~'~_"·_· ___________________ '[_ 

~:~--!_~1· ___________________ '[_ 
~-~-~-·-------------------~'[_ 

____________ '[_ 
U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (c) Mode 3, 4 (Dual screen graphic 1 and 2) 
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MCLK lJ1I1IU1Jlil _______ M/lIUUlnJl ____ IlIUUl ____ fU1JlJlJlJ1f 
: I : I 
I I I i 

I I 
I I 
I I 

DI SPTMG 

I I 
I i 

CUDTSP J1 n 
I ,c----------------r-------------<------~ ~~~-
I I 

( Latch )' ! rl n n n n n 
T inti n It w lJ LJ LJ LJ LJ L _____ _ 

: r: I I 

HAO-llA15 D2fffn_~~~-~ 

RAO-RAlt 

F'LM 

I 
I 
I 

-- -- - - --- - --------T-
M<' l.K x lfl I 

I 
I 

I 
I 

-------------------r------------,'r-------------
M 

t.Ll Mt'l.K x 16 

CJ.2 nnnnnnnnnnnn 
___J Li U U U U U U Li U U U L ______ _ 

J.UO 

LlJ1 

J,l/2 ~~---_-_-_-_,.__,.._,,'-''--''-'''-'~~-----------------~ 

J,J)O=------

J,lll 

Lnz __AA_A_AA.A_A_A _____ _ 

f,f)3 -----

___AAA_AAAA.AAA--.;--

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (d) Mode 5 (Single screen normal character) 
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MCLK 1fiJlJlJUlJl _____ J1J1JlilIUU1 ___ IlIUl _____ JlilIUlIUlJlI 
I : : : 
I I I I 

DI SPTMO I 
I 
I 
I 

CIJlllSPM IL 
I 1'--~~~~~~~~~~~~~+-~~~~~~-i-~~~~~~~~~~-" 

I I 

(L'.t~h )JrLln_n_ 
~~::,: fuTI:~=-- ~~~~~~~ 

I 
I 

~~~~~~~~~~~~~~~~~~~~~~~~--;!,.-~~~~~~~~~~~~~~~~ 

RAO-RA4 

Fl~M 

M 

I 
I 
I _________ _,_ 

MCl.K ><. ltl I 
I 
I 
I 
I 

CJ.I Mf'l,K x !fl 

Cl,2 ~------

J,1/0 

1.111 

l,UZ 

T.ll3 

l.llO 

f,f)l 

Ll>Z 

1.na 

I 

I 

I 

I 

I 

I 

I 

I 
U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (e) Mode 6 (Single screen wide character) 
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MCLK 1IlJlJUlIUl_ ______ MfUUlJUl ___ rum _____ JlSlilllJUlJlf 
: I : 

DISPTMG 

CUD TSP 

I 

( Latch )1 ! n i n n 
Timing _!J ;L-+J ~ L---------

MAO-MA!S ~-------- J2!LJ~~~~= 
I 
I 

~~~~~~~~~~~~~~~~-+~~~~~~-,'~~~~~~~~~~~~~~~~ 
RAO-RM 

FLM 

i 
-----------+--

' i\ICLK x IO I 
I 
I 

I 

CLl Mf'Lh'. x IU 

CJ,Z ~------

LIJO 

J.lll 

1.U2 

1,no =----
[.1)1 

--vvvYVVVVVVVYV------
1~02 

LD:I 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd = horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (f) Mode 7, 8 (Single screen graphic 1 and 2) 
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MCl,K 

IH SP'l'fl.Kl 

RAO-RM 

l~l.M 

Cl.l 

CJ,2 

l,IJU 

1.U1 

l.IJ2 

i,na 

1.no 

I.Ill 

LJ>Z 

1.1>:1 

lJlJlJLJUlJ1 ______ JlJUlJlJlJLilll ___ J1JUl_fi ___ JlJ1JlMI1f 
I I I I 
I I I I 

I 
I 
I 

I 
I 

,-----~,~·~:-.--,~------T 
~~~~~~~~~~~~~~--~~~--''---' I 

I 
~~~~~~~~~~~~~~~~~~-,~~~~~~~~~~~--;'r-~~~~~~~~~~~~ 

MC'l,K x 111 

-----11IUUUUl ______ IlJlflJl~-----' 
~~~~JC'J2fj.___'"'· _____ '[_ 

~~~-_EfB.___'""'• _____ '[_ 
~~~~HB.___'···· _____ ( 
~~~~~.___"''· _____ '[_ 

~~~~J:Jc£1..__····· _____ r_ 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (g) Mode 9 (8-bit normal character) 
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MCLK 1f1JlJ1J1JlJl_ _____ IU1JUlJUUl_ ___ JlILJl ______ J1J1J1JlJlJ1Jlf 
I I I 
I I I 

IJISPn«I I 
I 

I I 
I I 
I I 

CUl>ISl'n IL 
I ,c--~~~~~~~~~~~~~~1--~~~~~~-t-~~~~~~~~~~~-

I I 
I I 

{Latch )JJUJLIL 
\Timing j iJ--=--=·------

MAO-HA15 ~-~-~~~ 

RAO-RA4 

FLM 

Cl,l 

Cl,Z 

l,lJO 

1.Ul 

1.uz 

LlJ3 

Lf)O 

Ll>l 

LDZ 

1,()3 

I 
I -----------r-

MCl.K x L6 I 

I 
I 
I 

~~~~~~~~~~~~~~~~~~-+~~~~~~------',-~~~~~~~~~~~~~~~~-

MCl.K x l ft 

__llflflfl_M ______ m~--------'' 
____ f£El~'"'''• _____ '[ 

Fffi.__'"''· _____ '[_ 

~~~~J2fCJ2A.__"''" ____ ___,'[_ 

----X?f2/2A.__--" ----~'[_ 
U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (h) Mode 10 (8-bit wide character) 
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MCJ,K lIU1IUU1Jl _______ IlfL/lJ1I1JUl ___ IUU1 ______ IUUlililJlILr 
I I I I 
I I I I 
I I l : 

l>ISPTMG I 

I 

CUD ISP 

(Latch '1 i n : n n 
Timins)_J_j t..-lJ L_J L~---------

/ ! 
HAO-MAlS ~~~~~ 

RAO-RM 

FLM 

M 

Cl.l 

Cl,2 

LUO 

LUI 

LUZ 

LU3 

LDO 

l.Dl 

J,J)Z 

LOO 

I 
I __________ L_ 
I 

MCl,K x 16 I 
I 
' I 
I 

--------------------'--------\'~-----------------

MCI. x 10 

___flJlf1J1JUl_ ______ m,______ ___ ~r 
~~~~J2B2l_··· .. _____ '[_ 
~-~--~J2B2ft_··· _____ '[_ 
---~-~EffJ-_·· _____ '[_ 
____ JCJ2fa_ ...... _____ '[ 

----FffJ_'"" _____ '[_ 

----k121CJ·~···· ____ ___,'( 

.. ... ~~~~~EffJ~··_·"_· ------------------~'[_ 
U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (i) Mode 11, 12 (8-bit graphic 1 and 2) 
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MCLK 

DISPTMG 

CUDI SP 

RAO-RM 

FLM 

M 

lMJlflJlfl _______ I1IlMfUUlJ1 ___ M _____ JlJlJlJ1JlJlJlI 
I I I 1 

I I I l 
I 
I 

I 

' I 
I 
I --------------,-

MCLK x I 6 I 
I 
I 

I 
I 

CLI MCLK x 16 

CLZ __fUlJ1JlJ1Jlfl _____ _ 

LUO 

uuuuuuuuuuuu 

LUI ~~~~~~.~,J~•uu•J~•U'--------------------~u• 
uuuuu uuuuuuu 

-----~~ 

LUZ 

LU3 

LDO 

DDDODDDDODUD ------,,.., 
I.DJ 

DDDDDDDDDDDD 
-----~,.., 

LDZ 

DOD DODD nDODD -----..... 
LD8 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 

Nhd horizontal displayed characters, Nht = horizontal total characters 

Figure 2-9 Timing Charts (j) Mode 13 (Large screen) 
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Character o 1 
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0 Nhd-1 
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U, u 

D, d 

up panel data 

down panel data 

(2-2) Dual screen (A character row spreads over the two panels.) 
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3. CALCUIATION OF CLOCK FREQUENCY 

3.1 Calculation of DCLK 

3.1.1 In asynchronous frame buffer access 

LCTC operation clock frequency (DCLK) is specified depending on density of 
information on a screen and MPU memory access time. 

The following shows how to calculate DCLK minimum frequency when the MPU is 
given top priority in accessing a frame buffer, that is, asynchronous access. 

The symbols used in the following expressions are: 

fnc1K: DCLK frequency (Hz) 
fF: frame frequency (Hz) 

Number of horizontal and vertical dots are defined as shown in figure 3-1. 

(1) All modes except mode 13 

fncLK = number of horizontal dqts + 16 x <number of vertical dots> x fF x 4 
8 2* 

* 16 is divided by 2 only in dual screen modes. 

(2) Mode 13 

fncLK • number of horizontal dots + 8 x <number of vertical dots> x fF x 4 
16 

Horizontal dots 

(1) Single Screen 

Vertical 
dots 

Horizontal dots 

(2) Dual Screen 

Vertical 
dots 

Figure 3•1 Screen Configuration and Definition of Number of Dots 
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3.1.2 In synchronous frame buffer access 

There are two methods for the MPU to access a frame buffer synchronously with 
the LCTC. One uses DISPTMG signal and the other uses cycle-steal. 

This section first describes how to calculate DCLK when the MPU accesses a frame 
buffer with DISPTMG signal. 

LCTC timing for one display period includes a time interval for which LCTC does 
not access memory. During this period the MPU can access memory. 

Figure 3-2 shows the timing diagram for 1 raster period. This period's com
ponents are listed in table 3-1. 

Table 3-1 Raster Period 

No. Item DISPTMG CLl Period 
1 LCTC Memory Access Time High Low n • TDCLK•Nhd 

2 DRAM Refresh Time Low High 64•TDCLK 

3 MPU Memory Access Time Low Low n • TDCLK • (Nht + 1 - Nhd) -
64•TDCLK 

Notes: 1. Nhd = number of horizontal displayed characters 
Nht = total number of horizontal characters (data to be written) 
TncLK = DCLK period 

2. n = constant 

Relation between Mode No. and Constant n 

Mode No. Constant n 
5, 9 4 
1, 6, 7, 8, 10' 11, 13 8 
2 3, 4 16 

DISPTMG 

CLl 

I· 
I· 

LCTC memory access 
TLC TC 

1 raster period 

"'l•DRAM •l•MPU memory 
Refresh access 
TDRAM TMPU 

Figure 3-2 LCTC 1 Raster Period 
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There is the following relation between TRAS, TF (frame time), and Nd 
(multiplexing duty ratio, the set value in (Rl9) and (R20) ). 

TF = n•Tnc1K(Nht + l)(Nd + 1) 

Thus the following expression is derived from the relation. 

Tnc1K =( TF - TMPU). ---1---
Nd + 1 n•Nhd + 64 

TF depends on the characteristics of liquid crystal, and Nhd and Nd depend on 
screen size as explained in chapter 1. Therefore, the value of Tnc1K is spe
cified by TMPU• 

TMPU depends on software and on the operation speed of the MPU. Refer to "5.1 
Basic Application Circuit," which gives an example. 

If TncLK is determined, Nht is also determined by the following expression: 

Nht = TF 
~~~~~~~~~- 1 
n • Tnc1K • (Nd + 1) 

The user should take into account the following limitations: 

(1) TncLK 2, 100 ns 

(2) 1 ~ Nhd ~ Nht + 1 < 256 

(3) 
Nhd + 64 ~ Nht + 1 n-

The following describes how to calculate DCLK when the MPU accesses a frame 
buffer using cycle-steal. 

DCLK frequency depends on the actual circuit as well as screen configuration. 
Refer to "5.2 CRTC Compatible Board," which gives an example of a concrete 
circuit using cycle-steal, and the register values. 

Generally, DCLK signal should be synchronous with the MPU basic clock in 
cycle-steal mode. Its frequency must also be higher then its frequency when 
a frame buffer is accessed asynchronously. 
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3.1.3 Other limitations 

DCLK frequency determines the frequency of memory address (MA) change and shift 
clock of an LCD driver (CL2). Thus you should check the access time of 
the memory you use and the relation between the operation clock of an LCD 
driver. Refer to "3.3 Calculation of Shift Clock (CL2)." 

For example, if HD61104 is used as a segment driver, the maximum frequency of 
DCLK is 7 MHz in modes 5, 6, 7, 8, 13, and 10 MHz in the other modes. 
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3.2 Calculation of M Clock (MCLK) 

MCLK output frequency (fMCLK) is always a quarter of DCLK input frequency 
(fDCLK)• However, the frequency of memory address (MA) change depends on modes. 

Table 3-2 shows this relation. 

Table 3-2 Relation between DCLK, MCLK, and MA Change 

Mode No. 
l,2,3,4,5,9,13 
6,7,8,10,11,12 

1/4 fDcLK 
1/4 fDCLK 

MA Change Frequency 

1/4 fDcLK 
1/8 fDcLK 

3.3 Calculation of Shift Clock (CL2) 

Table 3-3 shows the relation between CL2 output frequency and DCLK input fre
quency. The user should check the relation between them and the operation 
frequency of an LCD driver. 

Table 3-3 Shift Clock Frequency 

Mode No. 
l,2,3,4,9,10,11,12 
5,6, 7,8,13 

Shift Clock Frequency 
1/4 fDcLK 
1/2 fDcLK 

3.4 Calculation of Data Transfer Speed 

Data transfer speed means how many dots per second the LCTC can read from the 
memory and display on an LCD screen. 

For example, the following data transfer speed is required when performing 
display with frame frequency of 70 Hz on an LCD screen of 640 x 200 dots: 

640 x 200 x 70 = 8,960,000 (bits/sec) 

When the LCTC is used in wide character mode, the quantity of data read 
from the memory is not the same as that of data displayed on an LCD screen. 
This is because the LCTC transfers the same signal twice to an LCD driver in 
wide character mode, in which the display is doubled in width. Figure 3-3 
shows this relation. 
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2345678 122334455667788 

WIDE= Low WIDE= High 

Figure 3-3 Wide Character Display 

Table 3-4 shows the relation between data transfer speed and DCLK frequency. 

Table 3-4 Data Transfer Speed 

Mode No. 
2,6,10 
1,3,4,S,7,8,9,ll,12 
13 

Data Transfer Speed (Mbits/sec) 
Reading from Memory Displaying on LCD 

fDCLK 2 ·fDCLK 
2 · fDCLK 2 . fDCLK 
4 'fDCLK 4 . focLK 

Note: fDCLK Input frequency of DCLK pin (MHz) 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 43 



44 

4. INTERFACE 

4.1 MPU Interface 

Pl0-Pl7 RS 

l -L Decoder J----<1 cs 

SC2 (R/W) R/W 
HD6301 HD63645F 

MPU LCTC 
E E 

P30-P37 I" DB0-DB7 

RES RES 

---RESET 

Note: HD6301 is set in mode 5. Pl0-Pl7 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 

(a) Interface of HD63645F to HD6301 

Ao-A15 

l 
RS 

IOE t-- [Decoder~ cs 

RD ...;i~ RD 
~ 

HD64180 HD64645F 
MPU LCTC - :Jj / WR WR 

Do-D7 I" DB0-DB7 

-- -
RES 

J 
RES 

--
RESET 

Note: In 80-family MPUs, I/O space is separate from memory space in 
software, Thus the LCTC, an I/O peripheral, needs the ANDed 
interface signals and IOE. So IOE and RD, and IOE and WR 
should be ORed to satisfy tAS• the timing of E'S, RD, and WR. 

(b) Interface of HD64645F to HD64180 

Figure 4-1 Interface to MPU 
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4.2 How to Access Frame Buffer 

4.2.1 Asynchronous frame buffer access 

In an LCD system with the LCTC, the LCTC accesses a frame buffer using the 
memory addresses (MAO-MAIS) to refresh the display periodically. The MPU 
also accesses the frame buffer at changing the display. The MPU accesses in 
2 ways; asynchronous access and synchronous access. The former accesses 
regardless of the display state, and the latter accesses only during non
display time. 

Figure 4-2 shows an example of asynchronous access. When the address of the MPU 
specifies a frame buffer in asynchronous access, the output of the address 
multiplexer is switched to the MPU address bus side. Thus a part of the display 
may then flash momentarily. 

Address bus 

MPU 

Data bus 

s 

Frame 
Buffer 

MAO-MAIS 

Figure 4-2 Asynchronous Frame Buffer Access 

4.2.2 Synchronous frame buffer access I 

LCTC 

Figure 4-3 shows an example of synchronous access. Here the MPU reads the 
DISPTMG output and accesses only while DISPTMG is low (horizontal retrace 
period). In synchronous access, display does not flash since the MPU access 
does not compete with the display access. 

"S.l Basic Application Circuit" shows a circuit example using this access 
method and a register setting example. 
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Address bus 

MPU 

Data bus 

Frame 
Buff er 

DISPTMG 

MAO-MAlS 

Figure 4-3 Synchronous Frame Buff er Access (1) 

4.2.3 Synchronous frame buffer access II (Cycle-steal) 

LCTC 

Figure 4-4 shows another example of synchronous access. Here a character clock 
time is shared between the MPU access and the display access. In the MPU 
access, READY signal stops E clock of the MPU, in order to give the MPU 
enough time to access a frame buffer. This method is called cycle-steal. 

Address bus 

MPU 

READY 
Data bus 

Frame 
Buffer 

Figure 4-4 Synchronous Frame Buffer Access (2) 
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In this method the MPU access alternates with the display access, which causes 
no flashing. Besides, there is no loss of time since checking DISPTMG signal is 
not necessary. Therefore, this method suits a large screen of 640 x 400 
dots, However, an external circuit such as a timing generator is required, 

Figure 4-5 shows the timing chart in mode 5. The user needs to select the 
memory satisfying the following inequality. 

t'LCTC > tMDA + tAA + tMDs 

MAO-MAIS 

MCLK 

Frame buffer output 

Note: t'LCTC • time when the LCTC uses the frame buffer 
t'MPU • time when the MPU uses the frame buffer 
t'MAD • MA0-MA15 delay time of the LCTC 
t'AA • address access time of the memory 
t'MDS • MD0-MD15 setup time of the LCTC 
t'MDH • MD0-MD15 hold time of the LCTC 

Figure 4-5 Basic Timing of Cycle-Steal 

The MPU latches data in a frame buffer once and then reads it. This applies 
to the other modes. Refer to "2.5 Timing Charts", wr'ch shows the timing 
chart of MAO-MA15, MCLK, and data latch timing. 

Aleo refer to "5.2 CRTC Compatible Board," which ahowa an application uaing 
cycle-steal and its timing. 
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5. LCTC APPLICATION CIRCUIT EXAMPLE 

5.1 Basic Application Circuit 

5.1.1 Circuit specifications 

Figure 5-1 shows a basic application circuit using the LCTC. Figure 5-2 shows 
its block diagram and data flow. Table 5-1 lists its specifications. 
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Table 5-1 Specifications of Basic Application Circuit 

Item 
Displal Format 
Character Font 
DCLK Frequency 
Number of Displayed 
Characters 
Frame Buffer 
Ace es s Mode 
Frame Buffer 

Address Allocation 
Frame buffer 

LCTC address register 

LCTC data register 

DISPTMG register 

Attribute Mode 

Specifications 
Dual screen character display (Mode 1 or Mode 2) 
8 x 8 dots 
8 MHz 
80 characters x 25 rows ; 2,000 characters 

Synchronous access (Reading DISPTMG) 

4 kbltes (SRAM HM6116 x 2) 

215 214 213 212 211 210 29 2a 21 26 25 24 23 22 21 2o 
0 0 0 1 * * * * * * * * * * * * 

0 0 0 x x x x x x x x x x x 0 

0 0 0 x x x x x x x x x x x 

0 0 x x x x x x x x x x x x 

x --- don't care * --- 0 or 
MDll MD12 MD13 MD14 MD15 

Cursor inhibit 0 0 0 0 0 
Reverse video 1 1 0 0 0 
Blinking 0 1 0 0 0 
Display inhibit 0 1 0 1 0 
Underline 0 1 0 0 1 

Note: Underline --- Lower 2 rasters (the 7th and 8th rasters) of 8 rasters con
structing a character row • 
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5.1. 2 Circuit 
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Figure 5-1 (a) Basic Application Circuit 
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HD63645F 
V-RAM CG ROM 

l 
~l 

Oo IA~t s y, MDO 

~ ··• A2 
~ A3 Y2 ~ 1 

I/Oo A. 

I/O, Bi 

I/02 
B2 Y3 2 

I/03 B3 
B. 

Y. 3 

HD74LS157 

~ A1 y, 4. 
Os 
~ A2 
~ A3 Y2 5 01 

I/0• 
~ A4 

I/Os A1 
6 

I/Oo A2 Y3 

I/01 A3 
A. y• 7 

I/O, ,),. 
8 

I/02 
9 

I/03 
10 

I/O• 
11 

HDHLS157 

y, 12 A1 

II 
A, 
A3 ¥2 13 

I/Os A. 

I/Oo 
13, 
13" ¥3 H 

I/01 
I/Oa 133 

B• 
StS Y. MD15 

~ 
,),. L 

I 
G/C 

A-RAM CUHDISP RAZ RAl 

Notes: 1. STROBE pin of HD74LS157 is to be grounded. 
2. A cursor is off in character mode unless MD12 (C) is high. 

Figure 5-1 (b) Basic Application Circuit (MD Selector) 
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5.1.3 Circuit description 

This circuit synchronously accesses a frame buffer using the DISPTMG signal. It 
is the most basic display circuit with the LCTC. 

On this board, the MPU does not access a frame buffer until it has confirmed 
that DISPTMG signal is low and that the frame buffer is given to the MPU, by 
checking the DISPTMG register. 

Therefore, the LCTC accesses the buffer for displaying while DISPTMG signal is 
high, and the MPU accesses the buffer for drawing while DISPTMG is low. 

Figure 5-4 shows the timing chart of frame buffer access by the MPU. This is 
the timing chart when the system configuration is different from the one shown in 
figure 5-1 (a), which helps understanding of the synchronous access to the frame 
buffer using DISPTMG signal. 

Figures 5-4 (a) and (b) show the timing when the DISPTMG signal of the LCTC con
nects directly with the DISPTMG register (HD74LS244), not through HD74LS74 and 
HD74LS221, which differs from the circuit shown in figure 5-1 (a). Figure 5-4 
(c) is the timing chart of the same circuit as the one shown in figure 5-1 (a). 

In figure 5-4 (a), the operation clock of the MPU is 4 MHz. 
Here it takes 16 µs to check that DISPTMG is low and 44 µs to write the first 
1-byte data into a frame buffer, Thus, it takes the MPU 60 us in total to write 
the first 1-byte data. But the period when DISPTMG is low, that is, when a 
frame buffer is given to the MPU, continues only for 35 us. Therefore, MPU 
write to a frame buffer overlaps with LCTC read from a frame buffer, which 
causes flickering of the left part of a screen, 
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Reset 
circuit 

HD68PB01V 

01 
XTAL 
SM Hz 

Ei----~ 
R/W , ___ __,_. 

8 

Timing 

HD63645F 

Mode 
WIDE --- select 

ON/OFF switch 

CUD ISP 

MDS-15 

MD0-7 
LU0-3 
LD0-3 

Generator ----· MCLK 

Figure 5-2 Block Diagram of Basic Application Circuit 
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Figure S-4 (b) shows the timing when the DISPTMG signal connects directly with 
HD74LS244 and the operation clock of the MPU is 8 MHz. Here it takes 30 us to 
check the DISPTMG register and write .data to a frame buffer. Therefore, MPU 
finishes writing the first 1-byte data while DISPTMG is low. However, the MPU 
starts writing the second 1-byte data since DISPTMG continues low for S us after 
writing the first 1-byte data, So, the second MPU write overlaps with LCTC read 
and the left part of a screen flickers. 

Figure S-4 (c) indicates the case in which the output of HD74LS221, which 
generates a 13-µs-width pulse starting at the falling edge of DISPTMG, is con
nected with the DISPTMG register. In this case, since writing is performed just 
once, there are no flickering on a screen. The width of 13-µs pulse can be 
obtained by the following expression. 

Pulse width • (time of DISPTMG = low) - (time required for MPU write) 

In graphic mode, data read from a frame buffer is directly input to MD0-MD15 of 
the LCTC. However, memory capacity is insufficient and only Q 4-kbyte memory 
(e.g. 320 x 200 dots) can be displayed. 

In character mode, 2 consecutive bytes of addresses are read out at the same 
time. The first byte is assigned to character code and the second byte to 
attribute code modifying the character. Figure 5-3 shows memory address assign
ment, 

(a) Display screen 

1000 
1001 
1002 
1003 

Character code H 
Attribute code H 
Character code I 
Attribute code I 

(b) Memory address 

Figure 5-3 Memory Address of Basic Application Circuit 
(In Character Mode) 
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The low-order byte (• character code) of display data is connected with 
addresses of character generator (= CG ROM) and is used for reading out 
the actual character font. Data read out of CG ROM is connected with MDO
MD7 of the LCTC. While the high-order byte (= attribute code) is connected 
with MD11-MD15 of the LCTC through a converter. In this way, a frame buffer 
can be considered to be divided into two memories in character mode; one is 
an attribute RAM (= ARAM) and the other a video RAM (= VRAM). Therefore, Ns 
expressed as the following expression should be programmed when setting the 
start address registers of the LCTC (Rl2, Rl3). 

Ns • <memory address seen from the MPU> x 1/2 

Figure 5-5 shows the specifications of attribute codes. 

The LCTC modes (graphic/character selection, display on/off, blinking and so 
on) can be set by controlling the external pins of the LCTC with a toggle 
switch. 

The LCTC can be connected both with a single and a dual screen LCD module. Up 
to 320 x 200 dots can be displayed in graphic mode, and up to 640 x 200 dots in 
character mode. When displaying a larger screen, greater RAM capacity is 
required. Since outputs of the LCTC on this board are connected directly 
with an LCD module, wires between the LCTC and a module should be short. 
If the user needs long wires, the outputs of the LCTC must be buffered. 

On this board, since the MPU is an HD6301V, HD6364SF, which has a 6B-family 
bus interface, is adopted. When the MPU has a BO-family bus interface, 
HD6464SF, which has BO-family bus interface, facilitates designing the system. 
Refer to "4.1 MPU Interface". 
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R: reverse video (MDll) 
Directly inputs I/04 of ARAM. 

C: cursor (MD12) 

I/05~ 
~ MD12 (C) 

CUD ISP 

The AND of CUDISP and I/05 of ARAM is taken. In order to display a cursor on 
the specified character, the fifth bit of the attribute code modifying the 
character should be 1. 

BL: blinking (MD13) 
Directly inputs I/06 of ARAM. 

B: black (MD15) 

I/08~ MD15 
RAl 
RA2 

(B) 
Raster 0 

1 
2 
3 
4 
5 
6 
7 

The AND of RAl, RA2, and I/08 of ARAM is taken. When the eighth bit of the 
attribute code modifying the specified character is 1, the underline shown above 
is available. 

Note: Attribute codes of the LCTC 

MDO MD7 MD8 MD9 MDlO MDll MD12 MD13 MD14 MD15 

I Character code data 121/121 R I C I BL I W I B I 

Figure 5-5 Attribute Codes on Basic Application Circuit 
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5.2 CRTC Compatible Board 

5.2.l Circuit specifications 

Figure 5-6 illustrates a CRTC compatible board using the LCTC for a personal 
computer. Figure 5-7 illustrates its block diagram and data flow. Table 5-2 
lists its specifications. 

This board is software compatible with CGA (Color Graphics Adapter) of the IBM-PC. 

Table 5-2 Specifications of CRTC Compatible Board 

Item 
Display Format 

Character Font 
DCLK Frequency 
Screen Size 

Frame Buffer 
Access Mode 

Frame Buffer 
Address Allocation 

Specificatoins 
Single screen character display (Mode 5) 
Single screen graphic 2 display (Mode 8) 
8 x 8 dots 
7 MHz 
80 characters x 25 rows = 2,000 characters 

(Character display) 
640 x 200 dots (Graphic display) 
Synchronous access (Cycle-steal) 

MCLK F1crn4=• MPu ::f= LcTct MPU =f:tcTc-=t 
16 kbytes (SRAM HM6264 
Frame buff er 
External mode register 
MODE pin register 
Access time register 
LCTC address register 
LCTC data register 

x 2) 
$A8000 
$308 
$3EF 
$3EA 
$304 
$305 

to $ABFFF 

Note: IBM-PC is a trade mark of International Business Machines Corporation 
(USA). 
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5.2.2 Circuit 

MPU 
Address bus HD63645 F /HD64645 ~, 

K:=;l/=~========~======~DB 
~-~~-----1MA 

MlJ 

~---<ltA 

LU 
LD 

400 x 600 dot 
LCD 
Module 
(LM252X) 

with LCD driver 

Figure 5-6 CRTC Compatible Board 

For drawing, when the MPU is attempting to access a VRAM, the bus keeps the MPU 
wait by inserting a wait cycle into a bus cycle of the MPU if the bus is 
occupied by LCTC display access. 

On this board, during MCLK cycle of the LCTC, LCTC display access is performed 
with MCLK = low, and MPU drawing access with MCLK = high. 
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Figure 5-7 Block Diagram of CRTC Compatible Board 
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When the MPU accesses a VRAM, IOREADY is driven low and a WAIT cycle is 
inserted. Then, after inserting WAIT cycles from the next MCLK rising edge to 
falling edge, IOREADY is driven high. WAIT cycles are no longer inserted and the 
bus cycle is then completed. 

Figures 5-8 (a) and (b) show bus timing of a VRAM. The MPU 8088, IBM-PC, oper
ates with a 7-MHz clock. The DCLK of the LCTC inputs a 7-MHz clock as well. 

At MPU write, since write data is already fixed, data does not need to be 
latched. WE (write enable) signal is externally generated and written. 

At MPU read, since data output by memory is valid only during MCLK = high, the 
data should be latched during this period, and the MPU should read data at the last 
falling edge of Tw state after MCLK is driven low. 

For display, since addresses output by the LCTC are connected with a VRAM only 
during MCLK = low (the first half of MCLK cycle), data output by memory should 
be latched during this period, and the data should be retained until data (MD) 
read timing of the LCTC at the second half of MCLK cycle • 
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( 8088 system clock 
DCLK of LCTC 

8088 address bus 
'--------' 

MSEL 

Wait state 
~ 

AO -Al 9 

(Address decode signal)'l------------11---__J 

Chip select of ----~ 
VRAM CSl (CS2) 

MPU Access LCTC Access 

Tz' 

MPU read 

MCLK 

(Displ~y) 
'------

IO READY 

VRAM address buffer ___ ~ 
LS244(Sl, S2) G 

VRAM input address ------<1\.CTC addres MPU address 

Hss time) 

VRAM read data (, 
01-07 -------<LCTC read '-=MP'-'U'--'-r-"-ea"-d'-''--"----.J 

LS646 Latch timing 
CAB' ___ _, 

LS646G 
A-+ B 

(8088 read data)----------------<!_ __ ,~-------
SPec 

tsu trd 
8088 read timing 

MPU write 
8088 write data------------<.__~M~P"""U_w~r=i-"-te~d_a_t~a"--_,~-------

LS646G 

WE of VRAM 

VRAM write timing 
(MPU draw) 

Figure 5-8 (a) VRAM Access Timing of MPU Draw 
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llAM 

Dl-D7 
(READ) 

( 2Q) 

Display 
data latch 

~11) 0~~1 IJ l 5 

( IN PUT) 

MAO<v 
MA15 

286 ns 

CPU READ 
DATA 

l~O n s 

READ 
LCTC DATA 

Figure 5-8 (b) VRAM Access Timing of LCTC Read 

Display data read from a VRAM is directly connected with MD0-MD15 input of the 
LCTC in graphic mode. 

In character mode, out of 2 consecutive bytes of addresses simultaneously read, 
the low-order byte is assigned to a character code and the high-order byte to an 
attribute code modifying the character. 

The low-order byte (character code) of display data is allocated to an address 
of the character generator (CG ROM) and is used for data read from an actual 
character font. Data read from CG ROM is connected to MDO-MD7 of the LCTC. 
The high-order byte (attribute code) is input to MD11-MD15 of LCTC attribute 
input after decoding according to the IBM-PC specifications. In this way, 
VRAM can be considered to be divided into two RAMs: ARAM (attribute RAM) and 
VRAM (video RAM). Figures 5-9 (a) and (b) show attribute codes specifications. 

The LCTC mode (graphic/character selection, display on/off and blinking) is spe
cified through LCTC external pins and through registers which can be written by 
the MPU. 
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MD15 MD14 MD13 MD12 MDll MDlO MD9 MD8 MD7 MDO 

(AT = 1) I B I W I BL I C I R 121/1//1 Character code data I 
R: reverse video (MDll) 

!i~ ---..... D>----MD11 <R> 
AT4 · 

The OR of AT6, AT5, and AT4 is taken. 

C: cursor (MD12) 

Directly inputs CUDISP signal of the LCTC. 

BL: blinking (MD13) 

Directly inputs AT7. 

W: white (MD14) 

AT6 
AT5 
AT4 

AT2 
ATl 
ATO 

MD14 (W) 

When all of AT6-AT4 and AT2-AT0 are low, nondisplay (white) is available. 

B: black (MD15) 

AT6------t 
AT5------t 
AT4------f 
AT2------1 
ATl----~ 

ATO +sv-----1 

AT6-----1::ir-----... 
ATS----oi 
AT4 
AT2---~ 

AT 1 ___ __...,,. __ __,, 

ATO-----------~ 

RAO ----;-...,_ 
RAl------1 

RA2 --------

MD15 (B) 

Figure 5-9 Attribute Codes Description 
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In character mode, this board does not support superimposition of graphics 
and characters (OR mode) with LCTC AT input = high (conforming to the CGA 
specifications). Since the black display part on an LCD differs from CRT 
display (white on CRT), nondisplay (black) corresponds to W (white) of the 
LCTC and nondisplay (white) corresponds to B (black). 

Figure 5-10 shows an address map of the LCTC and VRAM on this board. Also, 
figure 5-11 illustrates registers on the board. 

$3DO 

$3DA 

$B8000 

$BBFFF 

LCTC addresses 
(6845 CRTC is allocated to these 
addresses in IBM-PC.) 

Figure 5-10 Address Map of CRTC Compatible Board 
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7 6 5 4 3 2 1 0 

G/C: Graphic/character selection (graphic = 1) 
ON/OFF: Display on/off selection (on = 1) 
BLE: Blink enable 
WIDE: Wide mode (wide = 1) 

7 6 5 4 3 2 1 0 

Address IZl/?1Zl/1/1ZIZ .J 
$3EF MOD 

MODE: Mode selection 

Status register 

7 6 5 4 3 2 1 0 

Address L21212121 121/1 DIS, 
$3DA FLM TMG 

DISPTMG: DISPTMG of the LCTC' 
FLM: FLM of the LCTC 

Figure 5-11 External Registers Description on Board 

Connected LCD module has a 640 (width) dots x 200 (height) dots configuration 
and uses the LM250X (Hitachi), which can display alphanumerics (80 characters x 
25 rows), Chinese characters and graphics. Since data is transferred to the LCD 
module on 4-bit basis in parallel, it uses LUO-LU3 of LCTC display data 
output. The LCD module can be connected simply by bufferring LCTC output. 

Since IBM-PC uses MPU 8088, interface can be more easily performed by using the 
LCTC with SO-family bus interface (HD64645F). But on this board, the LCTC with 
68-family bus interface (HD63645F) is used for design convenience. 
Therefore, LCTC E clock is generated by using IOW and IOR signals. 
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5.3 Connection with ACRTC 

5,3,l Circuit specifications 

Figure 5-12 illustrates an example of display using HD63484 (ACRTC) as a 
drawing processor. Table 5-3 lists its specifications. Figure 5-13 shows its 
block diagram. As shown in the diagram, floppy discs and so on can be connected 
to this board, and CP/M Plus (Ver 3,0) can be used as OS. Table 5-3 shows the 
hardware specifications of this board. 

Table 5-3 Specifications of Board with ACRTC 

Item 
Display Format 

Character Font 
DCLK Frequency 
Screen Size 

Frame Buffer 
Access Mode 

Specificatoins 
Single screen character display (Mode 5) 
Single screen graphic 1 display (Mode 7) 
8 x 8 dots 
7 MHz 
80 characters x 25 rows (Character display) 
640 x 200 dots (Graphic display) 
Synchronous access (Time-sharing) 

~~~~TC output) FLcTc4'"ACRTCl:LCTCiACRTC4LcTc==t 

Frame Buffer 32 kbytes (SRAM HM6264 x 4) 
Address Allocation ACRTC address register $EO 

ACRTC control register $El 
LCTC address register $E2 
LCTC control register $E3 
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Terminal 

Option 
Serial 

Frame Memory 
~---D""a-'"t""'a-"b""'u:.;:s'-----" 1 D" 

I 
Do 

LCD 

XTAL Data bus 
12,288MH 

D 

,,~,B 
Hard Disk 

Printer 

~181--__J 
Ao 

D1 

~~;~~itn- Dlo l l-ID6~180 

[Reset SW 

Figure 5-13 Block Diagram of Board with ACRTC 
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5.3.3 Circuit description 

Since the LCTC is designed to be software compatible with the CRTC, it does not 
provide a drawing function. However, using the ACRTC as a drawing processor 
enables this function; the ACRTC draws on a frame buffer and then the LCTC 
displays the data drawn by the ACRTC on an LCD. 

In this case, some of the ACRTC functions are disabled. 

The following ACRTC functions are enabled. 

(a) High level command language: 38 commands including graphic drawing commands 
such as LINE, CIRCLE, ELLIPSE, PAINT and COPY with X-Y coordinates as a 
parameter 

(b) High speed graphic drawing: Maximum 500 ns/pixel 

(c) Pattern graphic drawing: Internal 32-byte pattern RAM 

(d) Drawing area detection function: Controls drawing area such as drawing inhi
bition outside of a specified area or detection of a particular area 

The following function;~i.s-!l]:>led. 
"' 

(a) Split screens 
(b) Zooming 
(c) Smooth scroll 
(d) Screen overlaying 
(e) External synchronization 
(f) Programmable cursors 

LCTC functions partially cover (c) and (d) of the above functions. For decails 
of the ACRTC, refer to HD63484 ACRTC USER'S MANUAL (680-1-28-C). 

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



Table 5-4 Hardware Specifications of Board with ACRTC 

No. 
1 

2 

3 

4 

5 

6 

7 

8 

Item 
Processor 
(}ll>U) 

Mem:>ry 

Parallel 
Interface 

Serial 
Interface 

Floppy Disc 
Interface 

Hard Disc 
Interface 

I.CD 
Interface 

Power 
Su 1 

Specifications 
lID64180, ¢ = 6.144 Mlz 

OOAM; HM50256 x 8 (256 kbytes) 
RM; HM27256 (32 kbytes) 

Sentronics (8-bi!_parallel) interface 
Handshake with N%. respond 

RS-232C cClllllll'lication circuit x 2 channels 
(1 channel is only for terminals) 

Uses MAX232 (Maxim) 

Can select either double density or single density 
of 5-inch both-sided disc (FM) 

Up to 4 FDD' s (equivalent of F0-55B TF.AC) 

HOD: ll<.505 

Drawing processor: HD63484 (PCR'lt:) 
Display processor: HD63645 (l.C'It;) 

OCIK = 7 Mlz 

+5 V (.!_5%): over 1.5 A for system 

~HITACHI 

Renerks 
Uses external crystal of 
12.288 Mlz 

(Terminal setting) 
9600 bps, 8-bit without parity, 
2-bit stop 

OC/OC converter supplies -VEE of 
IM250, l.CD nndule 
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On this board, during MCYC cycle of the ACRTC, LCTC display access is performed 
with MCYC = low, and ACRTC drawing access with MCYC = high. However, since the 
ACRTC uses pins MAD0-MAD15 as address bus and data bus, the memory address of 
the ACRTC should be latched, Figure 5-14 shows an address multiplexer and its 
timing chart. 

A CR TC 

16 

MAU 1----.---iD 
I 

MAO 

MCYC 1--------1 

LCTC 

MA05 
16 

I 1----¥----<A 
MAO 

Frame Memory 

13 13 Al2 
Q 1---"--~-"---1 I 

AO 

LSZH 

13 

(a) Logic 

Figure 5-14 Address Multiplexer 
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2CLK 
_J \ I \ I \ 

MCYC \ I \ 
AS \ I L 

MAD15 < > < >-I ADDRESS DATA 
MADO 

>----LCTC < Al5-Ao----------< Al5-AO 
(G) -

~~~r~1------------------<:< Al5 - AO "-------
(OE) --~~~~~~~-~ 

(b) Timing Chart 

Figure 5-14 Address Multiplexer (cont.) 

This method requires perfect synchronization of the LCTC and the ACRTC. So, on 
this board, if there is any phase difference of memory cycle between the LCTC 
and the ACRTC, the phase is adjusted by cancelling one clock of 2CLK input of 
the ACRTC. Figure 5-15 shows a synchronization circuit of the LCTC and the 
ACRTC, and its timing chart. 
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ACRTC 

MCYC 1-------1 ::x>---_..., 

2CLKt----. 

HV 

LSOO 

LCTC 

MCLKl----1----~4-------41>-------' 

+sv 

DCLKI--_...._ ____ ._ ___________ ...._ __ ~ 

7MHz 

(a) Loa;ic 

Figure 5-15 Synchronization Circuit of ACRTC and LCTC 
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(?MHZ) 

MCLK I I L__ 
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CUD ISP 

MA0-15 0 0 0--

DCLK 
(7MHz) 

MCLK I 
---~ 

© 

@ 

2CLK 

@ 

LJ 

r-, 
I I 

LJ LJ 

l____ll r----, r--
1 I I 
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MCYC l ----, r---
1 I 
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(b) Timing Chart 

Figure 5-15 Synchronization Circuit of ACRTC and LCTC (Cont.) 
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Figure 5-16 shows bus timing of a frame buffer, The operation clock frequency 
of the ACRTC is 7 MHz, DCLK of the LCTC inputs 7-MHz clock as well, 

The ACRTC writes to and read from a frame buffer while MCYC is high. Thus the 
LS373 latches addresi;; signal with the AS dgnal, and an external circuit 
generates the W'E (write enable) signal and OE (output enable) signal for the 
memory, and then writes to the buffer. 

During the LCTC read, the address output by 
buffer only while MCYC of the ACRTC is low, 
memory should be latched during this period 
cycle of the LCTC MCLK, when the LCTC reads 

the LCTC is connected with a frame 
Therefore, the data output by the 

and be retained until the late half 
data (MD). 

Table 5-5 lists the I/O address map on this board, and figure 5-17 shows a phy
sical memory map. 

This board has a 256-kbit frame buffer memory, and an LCD module of up to 640 x 
400 dots can be connected, It can display alphanumerics of 80 characters x 
50 rows, Chinese characters, and graphics making the best use of the ACRTC. 

The recommended LCD module is LX252X (Hitachi). In this module, data is 
transferred on a 4-bit basis in parallel with 2 buses. Thus all of LU0-LU3 of 
the LCTC, which output display data, are used, Since the connecting wire to an 
LCD module is usually long and has large capacitance, the LCTC output should be 
buff erred. 
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2CLK of ACRTC 
DCLK of LCTC 

MCYC of ACRTC 

ACRTC write 

MRD 

ACRTC 

MADO-MAD15 

LS373 -+Memory 

WE of memory 

ACRTC Read 

DRAW 

MRD 
ACRTC 

MADO-MAD15 

LS373-+ Memory 

OE of memory 

LCTC Memory Access 

{
MC LK 

1.c-rc 
MAO-MA15 

LS244-+ Memory 

Ls 37 ...... I.CTC 
~ MDO-MDl 5 

ADDRESS DATA 

~1--~~~~~~~~~~~~~~~~~~~~~~~

~~~~-l~r~~~~~~~~~~~~~~~~~~~~~~~~ 

\._ __ _,/ \.._ _ _,/ \_ 

Figure 5-16 Access Timing of Frame Buffer 
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Table 5-5 1/0 Address Hap 

1/0 Address 
80 
81 
AO 
co 
Cl 
EO 
El 
E2 
E3 
E4 
ES 

512 kbytes 

Contents 
FDC (HD63265) status 
FDC (HD63265) data 
FDC (HD63265) DACK (at DMA) 
Output for a printer (STB • high) 
Output for a printer (STB • low) 
ACRTC (HD63484) address register 
ACRTC (BD63484) control register 
LCTC (HD63645) address register 
LCTC (BD63645) control register 
HDC (HD63463) status 
BDC (BD63463) data 

/1 7FFFFH 

DRAM 
(256 kbytes) 

ROM 
(32 kbytes) 

'\ OOOOOB 

ROH ghost to 3FFFFH 

Figure 5-17 Physical Address Map 
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Section Five 

HD63645/ 
HD64645/HD64646 

LCD Timing 
Controller (LCTC) 
User's Manual 

For additional information reference: 

Section 1. LCD Cor.troller/Driver LSI Data Book 
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1. OVERVIEW 

1.1 General Description 

The HD63645, HD64645, HD64646 (LCD Timing Controller: LCTC) is the control LSI 
for the large size dot matrix liquid crystal display. The LCTC is software 
compatible with the HD6845 (CRTC), since the programming method of internal 
registers and memory addresses is based on the CRTC. The display system can 
be easily replaced from the CRT display to the LCD. 

The LCTC offers a variety of functions and performances such as vertical and 
horizontal scrolling, and various types of character attribute functions such 
as reverse video, blinking, ·whitening, blackening and OR function for super
imposition of character display and graphic display. 

The HD63645 has a 6800 family bus interface. The HD64645, HD64646 has a 80 
family bus interface. The HD64646 is a modified version of the HD64645 with 
difference LCD interface timing. 

Since the LCTC has two 4-bit data buses, the compact LCD system with a large 
panel is provided by connecting the LCTC with the HD61104 (column driver) and 
the HD61105 (common driver) and so on. And this makes the best use of the high 
data transfer speed of the LCTC. The power dissipation is lowered by adopting 
the CMOS process. 

Address bus 
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'l' 

Data bus 

DB0-DB7 

i Multiplex~r] MA0-MA15 [Bus 
driver 

""if' 
l DCLK MDo-

Oscillator J LCTC MD15 I J 
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I buffer 
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FLM 
M 
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Figure 1-1 LCTC System Configuration Example 
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1.2 Ordering Information 

Product Bus Timing CPU Interface Package 
HD63645 2 MHz 68 famil:t: 80-pin plastic QFP(FP-80) 
HD64645 4 MHz 80 famil:t: 
HD64646 4 MHz 80 family 80-pin plastic QFP(FP-80A) 

1. 3 Features 

• software compatible with HD6845 

Programmable screen size: up to 1024 dots (length) 
up to 4080 dots (width) 

High speed data transfer: up to 20 MHz in the character mode 
up to 40 MHz in the graphic mode 

Selectable single or dual screen configuration 

Programmable multiplexing duty ratio: static to 1/512 duty 

Programmable character font: 1-32 dots (length) 
8 dots (width) 

• Versatile character attributes: reverse video, blinking, whitening, and 
blackening 

OR function: superimposition of character display and graphic display 

Cursor with programmable shape, blink rate, display position and on/off 
switch 

Vertical smooth scrolling, vertical scrolling by character 
Horizontal scrolling by character 

Versatile display modes (*l) programmable by the mode register: display 
switching, graphic or character, normal or wide, attribute, and blink 
enable 

DRAM refresh address output 

4- or 8-bit parallel data transfer between the LCTC and LCD driver 

Recommended LCD drivers: HD61104 (column), HD61105 (common), HD66106, and 
HD66107 

• CPU interface: 68 family (HD63645) 
80 family (HD64645, HD64646) 

CMOS process 

Single +5 V ±10% 

(*l) Also controlled via external pins. 
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1.4 Differences between HD64645 and HD64646 

Figure 1-1 and figure 1-2 show the relation between display data transfer 
period, when display data shift clock CL2 changes and, 1display data latch clock 
CLl. Figure 1-1 is no skew, and figure 1-2 is a case with skew function. 

In figure 1-1 high periods of CL2 and CLl of HD64645 overlap. HD64646 has 
no overlap like HD64645, and except for overlap parts HD64646 is the same as 
HD64645 functionally. 

Besides, in case of skew function, phase relation between CLl and CL2 changes. 
As figure 1-2 shows, data transfer period and CLl "high" period of HD64646 
never overlap in case of skew function. 

MCLK 

DISPTMG ....._~~~~~~~~~••1~~~~~~~~--'r---
1 CLl __j 

(HD64645) 
MCLK x 16 

CLl 
(HD64646) 

CL2 
(fcl2 =fMCLK) 

Note: fMCLK: Output frequency of MCLK 
fcL2: Output frequency of CL2 

Figure 1-1 Differences between HD64645 and HD64646 (no skew) (1) 
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MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

_J 

_J 

MCLK x 16 

MCLK x 11 

(a) 1 character skew 

MCLK x 16 

MCLK x 11 

(b) 2 character skew 

Figure 1-2 Differences between IID64645 and IID64646 (skew) (2) 
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Table 1-1 LCTC Function Table 

Description 

Programmable horizontal scanning cycle by character clock time 
Programmable multiplexing duty ratio from static up to 1/512 
Programmable number of displayed characters per character row 
Programmable number of rasters per character row 

(number of vertical dots of a character row + space between character rows) 
c~~r~~ro1-~~u~~~c~~ril~~yp~ii~~c;;rre5p~il~~uhRAf.fa~re8s __________ _ 

Programmable cursor shape by setting display start/end rasters 
Programmable blink rate, 1/32 or 1/64 frame rate 

Me-;;;o-;y-R-;n-;w-;1- -Me~cy r~e;a1 ti-;;;e-s-;t-;--;ith;;r by ~ttiiigh-;;riz"C;ntal total cliu~~~--;;;-i;y-pu1singMCLK

M~;;ry- - - - - -16=-bit-m~;;ry ;icir~s-ind-DRAM ~efr-;sh addr~;- ~tj;itl,-m~~rie-; -;;-f-up to 64 kbYt~ ~ 2--
Addressing accessible 

l>~ing-and- - - - Paging a~ ~~tica1s7r"C;ffing-by ch;;:racrer: "h:Y r~n~wing-;t-;rt :i"d<lr~;- - - - - - - - - - -
Scrolling Horizontal scrolling by character, by setting horizontal virtual screen width 

Vertical smooth scrolling, by renewing display start raster 
~----------------------------------------------------Character Reverse video, blinking, whitening, and blackening attributes enable 
Attributes 
LCTC~~~ili~-F~Ui~~68y~~r~~~me~ofclld~~8ywfihU~-----------------

OR~~ti~---~~~SSuPerl~M~~nJtl~~~r~~~y~d~~hl~d~~~-------------

LCTC 
Configuration 

Single 5 V power supply 
I/O TTL compatible except RES, MODE, SKO, and SKI 
Bus connectable directly with HMCS6800 family (=HD6364SF) 
CMOS process 
Internal logic perfect static 
80-pin flat package plastic 

I-' 

\J1 

~ 

~ 
'1 
Ill 
I-' 

'-.I 
i:: ::s n .... ..... 
0 
::s rn 
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2. LCD (LIQUID CRYSTAL DISPLAY) DESCRIPTION 

2.1 How the LCD Performs 

The LCD is performed through screening of external lights, while the CRT display 
is performed through the internal luminescence. The LCD method makes the 
display panel thinner and the power dissipation lower. 

The following describes how the LCD performs. Without being supplied power, the 
external light is transmitted through the polarizers, because it is polarized at 
an angle of 90° by liquid crystal molecules. Then, the transmitted light is 
emitted in the same route by the reflector. Supplied power, the external light 
is not polarized, and so it cannot be transmitted through the polarizer2. Then, 
the screen is blackened. Basically, the LCD panel is structured as illustrated 
in Figure 2-1. 

The LCD driver generates the potential difference to determine on or off of the 
screen. The LCD timing controller generates data and timing signals necessary 
for the driver. 

Q 
External 

light 

'\ iransmitted \::> 

Figure 2-1 LCD Panel Structure 
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2.2 Multiplexing Drive Method 

The LCD's on or off is determined by the potential difference generated by the 
common driver and the column driver. 

For the segment type LCD shown in Figure 2-2(1), the static drive method is 
used. In this method, the selected level voltage is constantly supplied from 
the common pin. The LCD's on or off, therefore, depends on the level of the 
voltage supplied from the segment pins. 

For the LCD screen with a large number of pixels, the multiplexing drive method 
is used. This method supplies the selected level voltage to each multiple com
mon pin in turn. It scans vertically and outputs to the column pin the display 
data of the raster being selected at the time. The main difference between CRT 
and LCD is that the former scans dot by dot while the latter scans raster by 
raster. 

This method requires a high data transfer speed for driving a large LCD because 
a screen must be rewritten at a speed of about 70 Hz. The LCTC offers high 
performance of 20 Mbits/sec (max) in the character mode and 40 Mbits/sec (max) 
in the graphic mode. It is most suitable to drive a large-capacity LCD. 

(1) Static Drive Method 

Co11 
2 
3 

4 
5 
6 

7 

(2) Multiplexing Drive Method 

Figure 2-2 Static Drive Method and Multiplexing Drive Method 

Figure 2-3 shows LCD drive waveforms. Since the DC voltage affects the liquid 
crystals, the drive waveforms of both the common and column pins should be 
alternated. The LCD driver generates the drive waveforms from the display data. 
For more details, refer to _L_C_D~D_r_i_v_e_r--'L~S_I~D_a'--t~a....;;.B_o_o_k. 
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Common lMJ1 
Segment I J1JlJ1I 
Segments lMJ1 

Co111111on - Segment! --t'"""1--1'-t--t--i--+-

(Selec ted waveform) 

Common - Segments ---------------
(Nonselected 

waveform) 

Common selected high 

Common selected low 

Segment selected high 

Segment selected low 

Segment selected high 

Segment selected low 

On high level 

0 v 

On low level 

0 v 

( 1) Static drive wavefo·rm 

Figure 2-3 LCD Drive Waveforms 
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I~~~~~~~~~~~ 
I I I 
I I I Common selected high ------,----, 

I 
Common! I I 

'------- I Common selected low 
I ---, 
I I I :----m---: Common selected high 

Common6 I I 
1-------1---_J Common selected low 
I I I 
I I I 
1------- ---' Column selected high 
I I 
I Column! I I I 

-1----l Column selected low 
I I 

I I I 
t------- Column selected high 

I I 
Column4 I I 

I I 
----j Column selected low 

I I 
I I 
I I 
I I On high level ------,----i 

I I I 
I I I 

Common! - Column6 I I 0 v 
(Selected waveform) I 

I I 
I I L ______ I On low level 
I I ---, 
I I I 
L ______ l ___ _l On high level 
I I I 
I I I 

Common6 - Column4 b_n 11---i ~ 0 v 
(Non-selected I U U LJ 

waveform) I I 
I I (__ _________ _j 

On low level 

(2) Multiplexing drive waveform 
(1/4 bias, 1/7 duty) 

Figure 2-3 LCD Drive Waveforms 
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3. LCTC CONFIGURATION 

3.1 LCTC Configuration 

The HD63645F/HD64645F (LCTC) is software compatible with the HD6845 (CRTC). 
Therefore the display system is easily replaced from the CRT display to the LCD 
by using the LCTC. The LCTC supports high resolution liquid crystal display and 
offers versatile character attributes. It controls the large size LCD screen 
with a variety of display functions. The pin arrangement of the HD63645F/ 
HD64645F is shown in Figure 3-2 1 and the internal block diagram in Figure 3-3. 

The internal configuration of the LCTC is as follows; 

(1) CRTC compatible registers (AR, RO, Rl, R9-R15) 

These registers are commonly equipped for CRT screen display and LCD 
controlled by the MPU. The display format is mostly determined by them. 

(2) Registers peculiar to the LCTC (R18-R22) 

These registers are specially equipped for LCD, controlled by the MPU. The 
extended display functions are also provided by them. 

(3) Timing signal generator 

This circuit generates M, FLM, CLl, CL2 (control signals for the LCD 
driver), RAo-RA4 (raster address signals), DISPTMG, and MCLK (memory access 
timing signals). 

(4) Linear address generator 

This circuit generates MA0-MA15, the frame buffer addresses. The LCTC 
accesses the frame buffer periodically using these address signals. It also 
generates DRAM refresh signals as shown in 6.5, "DRAM Refresh Address Output 
Function." 

(5) Cursor controller 

This circuit controls the cursor position, shape, and blinking. 

(6) LCD data converter 

This circuit converts the data transferred from the frame buffer or the 
character generator into· 4-bit data and then outputs them to the LCD driver. 
It also operates the attributes such as reverse video, and OR function such 
as superimposition of characters and graphics. 
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Liquid crystal 
display CRT 

(monochrome) 

Video signals 

CRTC 
HD6845 

Figure 3-1· LCD and CRT Display System 
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3.2 Pin Arrangement 

O.-NM '<I' LO 
O.-NM'<l'LOCOr-.OOOl.-.-.-.-.-.-
<( <( <( <( <( <( <( <( <( <( <( <( <( <( <( <( 

:2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 :2 

0 Ol 00 r-.. <D LO '<t M N ~ 0 Ol 00 r-.. <D LO 

MDO 
00 ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... <D <D <D <D <D 

RAO 1 64 
MD1 2 63 RA1 
MD2 3 62 RA2 
MD3 4 61 RA3 
MD4 5 60 RA4 
MD5 6 59 GND1 
MD6 7 58 G/C 
MD7 8 57 AT 
MD8 9 56 LS 
MD9 10 55 D/S 
MD10 11 54 WIDE 
MD11 12 53 ON/OFF 
MD12 13 MODE 
MD13 14 BLE 
MD14 15 081 
MD15 16 08s 
Vcc1 17 085 
LD3 18 084 
LD2 19 083 
LD1 20 082 
LOO 21 081 
LU3 22 080 
LU2 23 R/W(RD) 
LU1 24 41 E(WR) 

LO <D r-.. 00 Ol 0 ~ N M '<t LO <D r-.. 00 Ol 0 
NNNNNMMMMMMMMMM'<t 

(.!) 
:2 0.. 

N~~t-!ac-i 
O :z~~o~ u-'cjl};ClCl'Ul 
:::> :2 -' -' ~ ~ > u :2 - :::> z UJ '(/) (/) 
....J u.UUUlUl Cl ClU(.!)a:UC: 

is for HD64645, HD64646 

Figure 3-2 LCTC Pin Arrangement 
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3.3 Pin Functions 

3.3.1 Pin description 

Symbol 

Vcc1• Vcc2 
GNDl, GND2 
LU0-LU3 
LD0-LD3 
CLl 
CL2 
FLM 
M 
MA0-MA15 
RAo-RAL. 
MD0-MD7 
MD8-MD15 
DB0-DB7 
cs 
E 
R/W 
WR 
RD 
RS 
RES 
DCLK 
MCLK 
DISPTMG 
CUD ISP 
SKO 
SKI 
ON/OFF 
BLE 
AT 
G/C 
WIDE 
LS 
D/S 
MODE 

Pin Number 

17. 32 
37. 59 
22-25 
18-21 
28 
29 
27 
26 
65-80 
60-64 
1-8 
9-16 
43-50 
39 
41 
42 
41 
42 
40 
38 
33 
34 
35 
36 
30 
31 
53 
51 
57 
58 
54 
56 
55 
52 

Name I/O 

Vee 
Ground 
LCD up panel data 0-3 0 
LCD down panel data 0-3 O 
Clock 1 0 
Clock 2 0 
First line marker 0 
M 0 
Memory addresses 0-15 0 
Raster addresses 0-4 O 
Memory data 0-7 I 
Memory data 8-15 I 
Data buses 0-7 I/O 
Chip select I 
Enable (HD63645 only) I 
Read/write (HD63645 only) I 
Write(HD64645, HD64646 only) I 
Read(HD64645, HD64646 only) I 
Register select I 
Reset I 
D clock I 
M clock 0 
Display timing 0 
Cursor display 0 
Skew 0 I 
Skew 1 I 
On/off I 
Blink enable I 
Attribute I 
Graphic/character I 
Wide I 
Large screen I 
Dual/single I 
Mode I 
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3.3.2 Pin functions 

Power supply (Vccl, 2, GND) 

Power supply pin (+5 V): Connect Vccl and Vccz with +5 V power supply circuit. 

Ground pin (O V): Connect GNDl and GND2 with 0 V. 

LCD interface 

LCD up panel data (LU0-LU3), LCD down panel data (LD0-LD3): LU0-LU3 and LDo
LD3 output LCD data as shown in Table 3-1. 

Clock 1 (CLl): CLl supplies timing clocks for display data latch. 

Clock 2 (CL2): CL2 supplies timing clocks for display data shift. 
First line marker (FLM): FLM supplies first line market. 

M (M): M converts liquid crystal drive output to AC. 

Memory interface 

Memory addresses (MA0-MA15): MA0-MA15 supply the display memory address. 

Raster addresses (RAo-RAf+): RAo-RAL+ supply the raster address. 

Memory data (MD0-MD7): MD0-MD7 receive the character dot data and bitmap data. 

Memory data (MDs-MD15): MDs-MD15 receive attribute code data and bitmap data. 

MPU interface 

Data buses (DB0-DB7): DB0-DB7 send and receive data as a tristate I/O common 
bus. 

Chip select (~):~selects a chip. Low level enables MPU read/write of the 
LCTC internal registers. 

Enable (E): E receives an enable clock. '(HD63645 only.) 

Read/write (R/W): R/W enables MPU read of the LCTC internal registers when R/W 
is high, and MPU write when low. (HD63645 only.) 

Write (WR): WR receives MPU write signal. (HD64645, HD64646 only.) 

Read (18J): 18J receives MPU read signal. (HD64645, HD64646 only.) 

Register select (RS): RS selects a register. Refer to Table 4-3. 

Reset (RE:S"): 'RE:5" performs external reset of the LCTC. Low level of 'RE:5" stops 
and zero-clears the LCTC internal counter. No register contents are affected. 

Timing signal 

D clock (DCLK): DCLK inputs the system clock. 

M clock (MCLK): MCLK incicates memory cycle; DCLK is divided by four. 

Display timing (DISPTMG): DISPTMG high indicates that the LCTC is reading 
display data. 

Cursor display (CUDISP): CUDISP supplies cursor display timing; connect with 
MD12 in the character mode. 

Skew 0 (SKO),skew l(SKl): SKO and SKI control skew timing. Refer to Table 3-2. 

Mode select 

The mode select pins ON/OFF", BLE, AT, G/r:, and WIDE are ORed with the mode 
register (R22) to determine the mode. 

Table 3-1 LCD Up Panel Data and LCD Down Panel Data 

Pin Name 
L00-L03 
LD0-LD3 

~. single 
4 Bit Data 

Data output 
·Disconnected 

Screen 
8-BJ.t Data 
Data output 
Data output 
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On/off (ON/OFF): ON/OFF switches display on and off. (High• display.) 

Blink enable (BLE): BLE high level enables attribute code "blinking" (MD13) and 
provides normal/blank blinking of specified characters for 32 frames each. 

Attribute (AT): AT controls character attribute functions, 

Graphic/character (G/C): G/C switches between graphic and character display mode. 
(Graphic display when high.) 

Wide (WIDE): WIDE switches between normal and wide display mode. (High= wide 
display, low= normal display,) 

Large screen (LS): LS controls a large screen, LS high provides a data transfer 
speed of 40 Mbits/sec for graphic display. Also used to specify 8-bit LCD 
interface mode. For more details, refer to 5.4, "Mode List." 

Dual/single (D/S): D/S switches between single and dual screen display, (Dual 
screen display when high.) 

Mode (MODE): MODE controls easy mode, MODE high sets duty ratio, maximum number 
of rasters, cursor start/end rasters, etc, Refer to Table 5-1. 

Table 3-2 Skew Signals 

SKO SKI Skew Function 
0 0 No skew 
1 0 1-character clock time skew 
0 1 2-character clock time skew 
1 1 Inhibited combination 
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3.4 Internal Block Diagram 

CL2 

M 

LU0-LU3<:::J:======1i:-:-::-~:----::---
LD0-LD3¢:'::=======1...._""""'"""__,,..-__,,,---

_I __ 

CUDISP SKO SK 1 

( ) is for HD64645, HD64646 (80 family bus interface) 

Figure 3-3 LCTC Internal Block Diagram 
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4. INTERNAL REGISTERS 

4.1 Internal Register Comparison between LCTC and CRTC 

Table 4-1 Internal Register Comparison between LCTC and CRTC 

Reg, 
No. LCTC CRTC HD6845 

AR 
RO 

Rl 

R2 
R3 
R4 
RS 
R6 
R7 
RB 
R9 
RIO 
Rll 
Rl2 
R13 
R14 
R15 
R16 
R17 
R18 

Rl9 

R20 

R21 
R22 

Address register 
Horizontal total 
characters 
Horizontal displayed 
characters 

---. 

Maximum raster address 
Cursor start raster 
Cursor end raster 
Start address (H) 
Start address (L) 
Cursor address (H) 
Cursor address (L) 

Horizontal virtual 
screen width 
Multiplexing duty 
ratio (H) 
Multiplexing duty 
ratio (L) 
Display start raster 
Mode register 

CRTC compatible 
registers 

Address register 
Horizontal total 
characters 
Horizontal displayed 
characters 

Invalid registers Horizontal sync position 
Sync width 
Vertical total rows 
Vertical total adjust 
Vertical displayed rows 
Vertical sync position 
Interlace mode and skew 

CRTC compatible Maximum raster address 
registers Cursor start raster 

Cursor end raster 
Start address (H) 
Start address (L) 
Cursor (H) 
Cursor (L) 

Invalid registers Light pen (H) 
Light pen (L) 

Additional 
registers 

The LCTC is provided with unique internal register configuration to allow 
display compatible in software with the CRTC. 

As seen from Table 4-1, the LCTC registers are composed of "CRTC compatible 
registers", "invalid registers" and "additional registers", The "CRTC com
patible registers" are registers required for CRT/LCD diaplay, The "invalid 
registers" are registers required for CRT display, not for LCD, or replaceable 
with another concept. The "additional registers" are indispensable for LCD 
or provided with functions greater than the CRTC. 

The LCTC never accepts an entry of "invalid registers" No, into the address 
registers even if attempted. 
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en 
CT ,., 
::I _ .. 
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> 
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0 

~ 
co 
cO . 
~ 
~ 
CJ"! 

::; co 
<p 
co 
c.> 
g 

cs 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Address 
RS I Register 

4 3 2 1 0 
- - - - - -
0 - - - - -
1 0 0 0 0 0 
1 0 0 0 0 1 
1 0 1 0 0 1 
1 o i o i ·o 
1 0 1 0 1 1 
1 0 1 1 0 0 
1 0 1 1 0 1 
1 0 1 1 1 0 
1 0 1 1 1 1 
1 1 0 0 1 0 
1 1 0 0 1 1 
1 1 0 1 0 0 
1 1 0 1 0 1 
1 1 0 1 1 0 

Table 4-2 Internal Register Configuration 

Reg. 
No. I Register Name Program Unit 

Invalid -
AR Address register -
RO Horizontal total characters * Character 
Rl Horizontal displayed characters Character 
R9 Maximum raster address Raster 
RIO Cursor start raster Raster 
Rll Cursor end raster Ra·ster 
Rl2 Start address (H} Memory address 
Rl3 Start address (L} Memory address 
Rl4 Cursor add.ress (H) Memory address 
·RlS Cursor addre·ss. (L} Memory add.ress 
Rl8 Horizout·al virtual screen width Character 
Rl9 Multiplexing duty ratio (H} Raster 
R20 Multiplexing duty ratio (L} * Raster 
R21 Display start Tas·ter Raster 
R22 Mode register * 

Data Bit 

Symbo~ R/W S 4 3 2 1 0 
7 6 

Nht 
Nhd 
Nr 
Ncs 
Nee 

Nir 
Ndh 
Ndl 
Nsr 

; WYILYllJ11zr11zy11F7f0Z2 
w 

~~hk!d 
R/W 
R/W 
R/W 
R/W 
w 
w f...,.v1...,...1..,.+vr--:1,....,1+.v-rz z-..ty.,-,1,.....z+-t1..,....1.,....,41-711,...1"71-y,-,z-ra 
w 

: ~ ·gu I G/"(! I WID~ BLE I AT 

Notes 1) t:'m: lnvalid<data bits. 
2) R/W shows whether the CPU can only write into the register, or can both write into and read from 

· the register. 
W : Only writing into is possible. 
R/W: Both writing into and reading from·are possible. 

3) The "value to be specified - 1 11 should be programmed in *1-marked registers. 
·4) The data bits 5 and 6 of cursor start raster register control the cursor display as shown below. 

(For more details, refer to 10.2.1.) 

B 
0 
0 
1 
1 

p 

0 
1 
0 
1 

Cursor Blink Mode 
Cursor on; without blinking 
Cursor off 
Blinking every 32-frame 
Blinking every 64-frame 

5) The registers R2-R~, Rl6, and Rl7 are not assigned for the LCTC. Programming these register Nos. will be 
ignored. 

6) The OR of the MODE pin status and the register data marked with *2 determines the mode. 
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Reg. 
No. 

AR 

RO 
Rl 
R9 

RlO 
Rll 
Rl2 
Rl3 
Rl4 
Rl5 
Rl8 

Rl9 
R20 
R21 

R22 

Table 4-3 Internal Register Description 

Register Name 

Address register 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster aadress 

Cursor start raster 
Cursor end raster 
Start aadress (H) 
Start address ·m 
Cursor address (H) 
Cursor address (L) 
Horizontal virtual screen width 

Multiplexing, duty ratio (H) 
Multiplexing duty ratio (L) 
Display start raster 

Mode register 

Description 

Specifies the internal control registers (RO, Rl, R9-Rl5, Rl8-R22) address to be 
accessed (5 bits). 
Specifies the horizontal scanning period (8 bits). 
Specifies the number of displayed characters per character row (8 bits). 
Specifies the number of rasters per character row; including the space between 
character rows (5 bits). 
Specifies the cursor start raster address and its blink mode (5 + 2 bits). 
Speciries the cursor end raster address (5 bits). 
Specifies the-display start aadress (16 bits). 

Specifies the cursor display address (16 bits). 

Specifies the number-of characters of a character row in memory space, for 
horizontal scrolling (8 bits). 
Specifies the number of rasters of a screen (16 bits). 

Specifies the display start raster address of the first character row, for smooth 
scrolling (5 bits). 

Controls the display mode (5 bits). 

*For more details of registers, refer to 4.4, "Internal Register Functions." 
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4.4 Internal Register Functions 

(1) Address register (AR) 

I 

Data Bit Proir am Unit RlW 
7 l 6 l 5 l 4 l 3 l 2 l 1 l 0 -- l - l - l R~ister address w 

This register selects specified one out of 13 kinds of data registers. The 
address data is written into the address register through DB0-DB4 pins when 
RS = low (RS = high for data registers), If no register corresponding to a 
specified address number exists, the address data will ·be ignored. 

(2) Horizontal total characters register (RO) 

L Data Bit Proiram Unit R.i_W 
L 7 l 6 l 5 l 4 l 3 l 2 l 1 l 0 
l Nht (Total characters - 1) Character w 

This register specifies the horizontal scanning period. The LCTC occupies 
a memory during the horizontal scanning period. Memory contents must be 
rewritten within the horizontal retrace period (horizontal total characters 
- horizontal displayed characters). 

The unit of set value (Nht) of this register is the number of characters, 
not time. So the horizontal scanning period must be converted into the 
number of characters. How to determine the horizontal total characters will 
be explained in 7.4.2. 

(3) Horizontal displayed characters register (Rl) 

Data Bit Pro ram Unit R W 
7 6 5 4 3 2 0 

Nhd (Dis la ed characters) Character W 

This register specifies the number of displayed characters per character 
row. The horizontal character pitches are 8 dots for normal character 
display and 16 dots for wide character display and graphic display. Nhd 
should be obtained by dividing the number of horizontal dots of an LCD screen 
by 8 or 16 dots respectively. Note that the relation between Nht and Nhd has 
the restrictions shown in 4.5. 

Nhd 00001101 (binary) H,D;613;6,4151F1 I L1C1T1C 
I ' I I I I I I I I I I 
I I ' I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I ' I I I I I 

I I I I I I I I I I I I 

I I t I ' I I I I I I I 

' ' I I ' I I I I I I I 

Display (13 characters) 

Figure 4-1 Example of Setting the Horizontal Displayed Characters 
for Normal Character Display 
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(4) Maximum raster address register (R9) 

Data Bit Pro ram Unit R/W 
7 1 Raster W 6 5 4 3 2 0 

Nr 

This register specifies the number of veitical dots (rasters) per character 
row, consisting of 5 bits. $00 (character composed of a vertical dot) up to 
$1F (character composed of 32 vertical dots) can be programmed in this 
register. 
Nr should be n - 1, when the number of rasters in a character row is n. 

This register is invalid when the mode is set for the graphic 1 display 
(mode 3, 7, 11, or 13.) However, RAO-RA4 pins operate according to the 
programmed value in this register. 

MD0-MD7 

3 

Throu h LCD driver 

LU0-LU3 
LD0-LD3 

LCTC 

C.G.ROM data Nr = $07 LCD 

Figure 4-2 Display Example in which Maximum Raster Address is Specified 7 

(5) Cursor start raster register (RlO) 

Data Bit Pro_g_ram Unit 'P;[_w 
7 l 6 l 5 l 4 l 3 l 2 l 1 l 0 
-1 B l p l Ncs (Raster address) Raster w 

This register specifies the cursor start raster address and its blink mode. 

This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 

B p Cursor blink mode 
0 0 Cursor on; without blinking 
0 1 Cursor off 
1 0 Blinking every 32-frame 
1 1 Blinkin ever 64-frame 

GJ GJ 

32- or 64-frame 

Figure 4-3 Cursor Blink Mode 
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(6) Cursor end raster register (Rll) 

Data Bit Pro..1.ram Unit ~w 
7 1 6 l s 1 4 J_ 3 l 2 l 1 l 0 
- I - l - J_ Nee (Raster addressl Raster w 

This register specifies the cursor end raster addre11. Together with (RlO), 
it determines the cursor display raster position and cursor height. The 
following condition must be satisfied in setting (Rll); (R9) ~ (Rll) ~ (RlO) 

This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 

Raster 0 Raster 0 
1 
2 
3 
4 
5...,...,..,.,...,..,...+-J....,.-r-,...,-"'I 

6 ,I'-' ....................... _._ ...... 
(R9) = 7, (RlO) = 5, (Rll) "' 6 

1 

2 

3 
4 
5 

6 
1"""""7"""r7'"7"",...,,...,..-:~-rt 

(R9) (RlO) (Rll) = 7 

Figure 4-4 Relation among (R9), (RlO), and (Rll) 
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(7) Start address registers (H/L) (Rl2/Rl3) 

Data bit 
7 l 6 I s I 4 I '.!LJ 

Start address (H) 
Start address (L) 

Pr<>g_ram Unit 
2 I 1 I o 

Memory 
address 

R~_ 

R/W (Rl2) 
(Rl3) 

Each register specifies the frame buffer read start address. The data read 
will be displayed on the upper-left end of the screen. Rewriting this 
register facilitates paging and scrolling. This register is composed of 16 
bits of (Rl2) + (Rl3). 

.. .. .. .. .. .. .. .. . 
I- :;; .. 

....---" Hp T A c H I "' H I IT A c H I "' H I T A c H I .. "' ! _J .....- ... .. ..... i;r v ~ :.1 ... .. .. .. . ..... 

~ 
.. ... . .... :.: .. " .,, .. .,, .. 1 .,, .,, .. .. .,, .. u .... 

u .. .. .. .. .. H D 6 3 6 4o 5 F--1 .. u H D 6 3 6 4 5 F- .... u .. .. .. u .. 
u "' .. "'"' ~l_J D 6 a 6 4 5 F 

.. 
"' ~~ .. I-.;-~ ..i-

" .. ... :.: :.: .. ... .. 
Horizontal scrolling Pag~ng 

Figure 4-5 Example of Start Address Renewal (Nhd 8, Nir • 10) 

(8) Cursor address registers (H/L) (Rl4/Rl5) 

Data bit 
7 l 6 l s I 4 I 3 I 

Cursor address (H) 
Cursor address (L) 

2 I 1 I 0 
Pr~ram Unit 

Memory 
address 

"i[_W 

R/W (Rl4) 
(Rl5) 

Each register specifies the cursor display address. Cursor display requires 
setting of (RlO) and (Rll), and the CUDISP pin should be connected with MD12 
(in the character mode). For more details of cursor control, refer to chapter 
10. If no cursor address is in a space being displayed, read data from the 
register to make a check. This register is composed of 16 bits of (Rl4) + 
(Rl5). 

This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12 or 13). 

Cursor address Display ares Display area Cursor 

~ I I HIT AC HI /1 HITACHI I 
LCTC - LCTC 

l f ~emory area Memory area 

Figure 4-6 Example of Cursor Address Difference 
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(9) Horizontal virtual screen width register (Rl8) 

Data Bit Pro ram Unit R W 
7 6 5 4 3 2 0 

Nir (No. of chars. of virtual screen width Character W 

This register facilitates horizontal scrolling by character by setting the 
memory width larger than the number of horizontal displayed characters. 
Conventionally, a display area has a continuous memory address configuration, 
as shown in Figure 4-7(1). However, this register enables the display to be 
a two-dimensionally wide memory space is looked in, shown in Figure 4-7(2). 

When you do not use this function, write the same value as that in the 
horizontal displayed characters register (Rl). 

Display 
screen 

B D 

4 

(1) 

····a···· ~ 1 2 ~ . . 
-~ LCD ~ . . 

~ 3 4 ~ ...... . .... 
(2) 

Horizontal displayed characters 
Horizontal virtual screen width 

Figure 4-7 Display without Virtual Screen Width (1) 
and with Virtual Screen Width (2) 

(10) Multiplexing duty ratio registers (H/L) (Rl9/R20) 

Data Bit Program Unit 
7 I 6 T 5 T 4 I 3 l 2 I i I o 
- I - I - I - I - I - I - I Ndh..11 ~aster 

Ndl (Number of rasters - 1) 
*: Number of rasters - l 

R!w 

w (Rl9) 
(R20) 

5 
7 

This register specifies the number of common output pins required for an 
LCD screen by both of (Rl9) and (R20). 

o Single LCD screen: (Register set value) = number of vertical dots - 1 
number of vertical dots 

o Dual LCD screen: (Register set value) = ~~~~~~~~~~~ 
2 

- 1 

Remember to keep ·the following conditions about the data transfer speed 
specified by mode setting (refer to Table 5-1); 

(Number of horizontal dots) x (number of vertical dots) x (frame frequency) 
i (data transfer speed) 
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Dual screen configuration 

Column driver (up panel) 

640 

Common 

driver 400 x 640 dots 

1/200 duty 

640 
Column driver (down panel 

Single screen configuration 

Column driver 

640 

LCD 

Common 

driver 400 400 x 640 dots 

1/400 duty 

Figure 4-8 Multiplexing Duty Ratio and Screen Configurations 
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(11) Display start raster register (R21) 

Data Bit Pr~ram Unit Pj_w 
7 l 6 l 5 J4J3J2}1JO 
- l - l - J Nsr (Raster address) Raster w 

This register specifies the start raster of the character row displayed on 
the top of a screen, facilitating vertical smooth scrolling. When the 
register is set, the display start raster should be equal or less than the 
maximum raster address. For the example of smooth scrolling, see Figure 
4-9. 

This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 

Raster 0 
addreu 1 

2 
3 
4 
5 
6 
7 

_. 

-.... :I 
~ 

---
Start address 

(Rl2) = (Rl3) = 0 

Display start raster 

( R21) = 0 

l 
2 
3 
4 
5 
6 
7 _. 

::I 
L 

I 

(Rl2) (Rl3) 

( R2 l) 

Figure 4-9 

0 

2 
3 
4 
5 
6 
7 

• -:I -. 
:I -:I • 
~ 

-.-

(Rl2) (Rl3) 

(R21) 2 

7 

--- =' 
~ _. 

~ 
_II. _._ =I 

0 (Rl2) (Rl3) 

( R21) 

Example of Smooth Scrolling 
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(12) Mode register (R22) 

Data Bit Program Unit RJw 
7 l 6 l 5 ] 4 ] 3 1 2 I 1 Io 
- l - l - j ON/OFF j G/C] WIDE] BLE} AT - w 

The OR of the data bits of R22 register and the external pins of the same 
name determines a particular mode (Figure 4-10). 

AT 
(Data bitO) 

BLE 
(Data bit 1) 

WIDE 
(Data bit2) 

G/C 
(Data bit 3) 

ON/OFF 
(Data bit4) 

Mode register 
(R22) 

I ) ,.,) 6 I ~ 

-
ON/~ G/C WIDE BLE 
(Pin 53) (Pin 58) (Pin 54) (Pin 51) 

~ 

AT 
(Pin 57) 

Figure 4-10 Correspondence between Mode Register and External Pins 

Notes: 1. AT (valid only when G/C is low (character mode)) 
AT = high; Attribute functions enabled, OR function disabled. 
AT = low; OR function enabled, attribute functions disabled. 

2. BLE (valid only when G/C is low (character mode)) 
BLE high; Blinking enable on the character specified by attri

bute RAM 
BLE low; No blinking 

3. WIDE (valid only when G/C is low (character mode)) 
WIDE high; Wide display enabled 
WIDE = low; Normal display 

4. G/C 
G/C = high; Graphic 1 mode display (when AT high) or graphic 2 

mode display (when AT = low) 
G/C = low; Character display 

5. ON/OFF 
ON/OFF = high; Display on state 
ON/OFF = low; Display off state 
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4.5 Restrictions on Progralllilling Internal Registers 

Note when programming that the values you can write into the internal 
registers is restricted as shown in Table 4-4. 

Table 4-4 Restrictions on Writing Values into the Internal Registers 

Function 

Display Format 

Restrictions 

1 < Nhd < Nht + 1 ~ 256 

16 
Nhd + m *l ~ Nht + 1 

(No. of vertical dots) x (no. of horizontal dots) x 
(frame frequency;fFRM) $. (data transfer speed;V) 

1 8 
{ 2 } *2 x (Nd + 1) x Nhd x { 16 } *3 fFRM .:S. V 

Registers 

RO, Rl 

Rl, Rl9 
R20 

--------------~----------------

Cursor Control 

Smooth Scroll 

Memory Width 
Set 

Nhd ~ Nir 

0 ~ Nd ~ 511 

0 ~ Ncs ~ Nee 

Nee ~ Nr 

Nsr ~ Nr 

0 ~ Nir ~ 255 

*l m varies according to the modes. See the following table. 

Mode No. m 
5,9 1 
1,6,7,8,10,ll,12,13 2 
2 3,4 4 

Rl, Rl8 

Rl9, R20 

RlO, Rll 

RlO, R9 

R21, R9 

Rl8 

*2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are 
classified as shown in the following table. 

Mode No. 
5,6,7,8,9,10,ll,l2 
1,2,3,4,13 

Value 
1 
2 

*3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 
dots. Modes are classified. as shown in the following table. 

Mode No. 
1,5,9 
2,3,4,6,7,8,10,ll,12,13 

Concerning mode number, refer to Table 5-2. 
@HITACHI 

Value 
8 
16 
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4.6. Restrictions on Usage of Internal Registers 

Rewriting the values in the registers from bus side asynchronously with the 
display operation may cause momentary flickering of the LCD. That is because 
the values set in the internal registers of the LSI directly control the 
LCD. The following registers allow you to rewrite the values during the display. 
(For more details, refer to "APPENDIX A." 

(1) Cursor register 

In writing values frequently into the cursor register for moving the cursor, 
write while DISPTMG is low. 

(2) Start address register 

In writing values frequently into the start address register for scrolling or 
paging, write while DISPTMG is low. 

(3) Display start raster register 

In writing values frequently into the display start raster register, write 
while DISPTMG is low. 

Writing values into the other registers during the display is undesirable. 
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5. LCD SCREEN CONFIGURATION AND MODE SETTING 

5.1 LCD System Configuration 

In constructing an LCD system, you need to choose a single screen or dual screen 
unlike CRT. 

A single screen costs less than a dual screen because of the small number of 
column drivers for a display and of its small mounting size. However, it has 
limitations considering the duty ratio, the LCD drive voltage, and the 
display quality of the liquid crystal. A dual screen is then necessary. 

Besides, the LCTC is also capable of transferring LCD data on an 8-bit basis, 
which is convenient when the interval between pins supplying signals to the 
LCD panel is narrow. Transferring LCD data on a 4-bit basis is sufficient 
in using the usual LCD, screens such as a single screen of 640 x 200 dots and 
a dual screen of 640 x 400 dots. 

M 
Q) 

> .... 
M 

"d 

c:: 

I 
t.) 

Data 4 or 8 

Data 

M 
Q) 

> .... 
... ---"d 

c:: 

I 
t.) 

Data _ _,.4,___ 

Column driver· 

(1) Single screen display 

Up panel column driver 

LCD up panel 

LCD down panel 

Down anel column driver 

(2) Dual screen display 

Figure 5-1 System Configuration Comparison of 
a Single Screen and a Dual Screen 
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5.2 Each System Configuration 

5.2.l Dual screen, 4-bit x 2-channel data transfer 

Construct a system shown in Figure 5-2 
when the mode is 1, 2, 3, 4, or 13. 

The LCTC internally controls the memory 
addresses and the raster addresses in 
the character mode even when a dual 
screen is used. Therefore the characters 
spreading over the up and the down 
panel are displayed without a break just 
as when a single screen is used. Using 
HD61105 or so as the common driver lessens 
the number of drivers since it enables 
connecting the output pins over the two 
panels. 

LUo-
LU 

LDo-
LD 

i:: 
LCTC 0 

I§ 
0 
u 

Figure 5-2 

Up panel 
column driver 

Up panel 

Down panel 

Down panel 
column driver 

System Configuration of a Dual Screen, 
4-Bit x 2-Channel Data Transfer 

5.2.2 Single screen, 4-bit data transfer 

Construct a system shown in Figure 5-3 
when the mode is 5, 6, 7, or 8. 

Display data appears at the pins LU0-LU3 
in this system. Do not connect any wire 
with LD0-LD3 since they are not used here. 

This system has limitations as to screen 
size depending on the drive voltage of 
the LCD drivers you use although it 
requires less number of column drivers 
than a dual screen does. 

LUo- M LU 

LDo-
~ LDj r;:; 

LCTC ~h-
•M : 
I-< 

'Cl : 

i:: : 
0 ' 

I§ f-'.. 
'------' 0 

u 

Figure 5-3 

Column driver 

.................... 

L C D 

System Configuration of a Single Screen, 
4-Bit Data Transfer 

5.2.3 Single screen, 8-bit data transfer 

Construct a' system shown in Figure 5-4 
when the mode is 9, 10, 11, or 12. 

Data is transferred on an 8-bit basis 
(LU0-LU3 (4 bits) + LD0-LD3 (4 bits)) 
here. The data transfer capacity and 
other restrictions are the same as 
those of the modes of a single screen, 
4-bit data transfer. 

LUo
LU 

LDo
LD 

LCTC 

Figure 5-4 

Column driver 

L C D 

System Configuration of a Single Screen, 
8-bit Data Transfer 
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5.3 Mode Setting 

The LCTC supports the following system configurations; 

(1) Single or dual screen configuration 
(2) 4- or 8-bit LCD data transfer 

and the following display formats; 

(1) Normal or wide character display 
(2) Graphic 1 mode or graphic 2 mode display 

The LCTC also supports the mode for a large screen display whose data transfer 
speed is 40 Mbits/sec (max). (However, it supports only the display of a dual 
screen, graphic 1 mode,) 

Table 5-1 Mode Selection 

System Confiiluration Di.splay Format 
Screen 

LCD Data Con- Screen Character~ Normal/ Attribute/ Maximum Data Mode 
Transfer figura- Size Graphic Wide OR Transfer No. 

ti on Speed (MBPS) 

r·~,-c AT 
20 5 

~., .. ,.- ··~'{ 
Character OR 

Wide 1 AT 10 6 
OR 

Graphic 1 ---------------------- 20 7 
Graphic 2 ---------------------- 20 8 

4-bit 
-

Charaotor~ Mor~l-c ~i 20 1 

Wide t AT 10 2 

r·~' 
OR 

._ Dual f- Graphic 1 ---------------------- 20 3 
c_ Graphic 2 ---------------------- 20 4 

Large __ Graphic 1 ---------------------- 40 13 

r•~l-cAT 20 9 

8-bit ~ Singlo- No~l{ 
Character _OR 

Wide {AT 10 10 
_OR 

Graphic 1 ---------------------- 20 11 
Graphic 2 ---------------------- 20 12 
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5.3.l Screen configuration selection 

The screen configuration of the LCTC display system should always be dual in the 
following cases; 

(1) The number of the vertical dots (parallel with the common driver) of a 
screen exceeds 512 regardless of the number of horizontal dots (parallel 
with the column driver). 

(2) Although the number of the vertical dots of a screen does not exceed 512, 
sufficient contrast is not available owing to the lack of LCD drive voltage. 
(Modes 5 and 9 should be switched to mode 1, modes 7 and 11 to mode 3, and 
modes 8 and 12 to mode 4.) 

(3) The graphic display requiring the data transfer speed higher than 20 Mbits/ 
sec is necessary. (Modes 7 and 11 should be switched to mode 13.) 

5.3.2 Display format selection 

The LCTC provides 4 display formats; 2 character displays (normal and wide 
character displays), and 2 graphic displays (graphic 1 and 2 mode displays). In 
using the LCTC, you need to choose one of these displays. (See Table 5-2.) 

(1) Normal character display (modes 1, 5, and 9) 

Normal character modes receive the data of the C.G.ROM according to the VRAM 
data and display the characters of 1-32 vertical dots x 8 horizontal dots 
(fixed). Of all the memory data, dot data is sent to the pins MD0-MD7 and 
attribute data to the pins MDg-MD15. 

In these modes, the LCTC can access up to 64 kbytes of the RAM, and also the 
CUDISP signal appears depending on the values set in the register. (See 
6 .1, "Timing Charts.") 

LCD module 

AllAM VllAM 

00 <l 

00 1-2 ·- HA0-HA15 

08 4a 

Figure 5-5 Examples of System Configuration and 
Display of the Normal Character Mode 

(2) Wide character display (modes 2, 6, and 10) 

These modes are realized with the same system configuration as that of the 
normal character mode. Each character is doubled in width to have 16 hori
zontal dots (fixed) as shown in Figure 5-6. The ARAM data is considered to 
be attribute data also in these modes. Conditions mentioned about the RAM 
access capacity and the CUDISP signal in the normal character mode applies 
here, too. 
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- - -------

C.G.ROM data Display 

RAO 0 1 1 0 

1 0 0 0 0 

2 0 1 0 0 0 0 1 0 

3 0 1 0 0 0 0 1 0 

4 0 1 1 1 1 1 1 0 

5 0 1 0 0 0 0 1 0 

6 0 1 0 0 0 0 1 0 

7 0 0 0 0 0 0 0 0 

Figure 5-6 Display Example of the Wide Character Mode 

(3) Graphic 1 mode display (modes 3, 7, and 11) 
These modes display the bitmap data of 2 bytes per 1 address (ARAM; 1 byte + 
VRAM; 1 byte). The memory addresses increase linearly in the same frame. 
How the raster addresses change depends on the values set in the maximum 
raster address register (R9). 

The CUDISP signal is fixed low and attribute data is invalid. 

The RAM access space is 128 kbytes (max). 

ARAM VRAM LCTC LCD module 

LU,LD 

7C 18 MA0-MA15 

42 24 

42 42 

7C 42 

42 7E 

42 42 

7C 42 

00 00 

MD0-MD7 
,__ ___ MDg-MD15 

Figure 5-7 Examples of System Configuration and 
Display of the Graphic 1 Mode 
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(4) Graphic 2 mode display (modes 4, 8, and 12) 

These modes are the same as the graphic 1 mode in that the LCTC displays the 
bitmap data of 2 bytes (ARAM + VRAM). How the memory addresses change 
depends on the values set in the maximum raster address register (R9) as in 
the character mode. (See Figure 5-8.) 

1 frame 

1 character row 

Time 

(a) Number of horizontal 
displayed characters 

(b) Horizontal virtual 
screen width 

(i) How the memory addresses change in the character mode 
and in the graphic 2 mode 
(1 frame = 4 character rows, 1 character row = 4 rasters) 

1 frame 

Time 

(ii) How the memory addresses change in the graphic 1 mode 
(1 frame = 5 rasters) 

Figure 5-8 How the Memory Addresses Change in Each Mode 
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LCD module 

7C 18 

42 42 MA0-MA15 

42 

7C 
' 

7E 

42 
I 

42 24 RAO 

7C 42 

42 42 

00 00 

RA=$01 

Figure 5-9 Examples of System Configuration and 
Display of the Graphic 2 Mode 
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5.4 Mode List 

The I.CR: provides 13 mxies classified depending on the display methods and system configurations. 

Table 5-2 Mode List 

Screen Graphic 
Item No. Mode Name Pin Name Config- or 

1 

2 

3 

2 

3 
4 
5 

6 

7 
8 
9 

10 

D/S G/C LS WIDE AT uration Character 
Dual screen nomel character 1 0 0 0 0 

1 0 0 0 1 
Dual screen wide character 1 0 0 1 0 Character 

10011 Dual 
Dual screen graphic 1 1 1 0 0 1 
Dual screen graphic 2 1 1 0 0 0 Graphic 
Single screen nomel character 

Single screen wide character 

Single screen graphic 1 
Single screen graphic 2 
8--bit nomel character 

8--bit wide character 

0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 1 0 0 1 
0 1 0 0 0 
0 0 1 0 0 
0 0 1 0 1 
0 0 1 1 0 
0 0 1 1 1 

Single 

Character 

Graphic 

Character 

11 8--bit graphic 1 0 1 1 0 1 
12 8--bit graphic 2 0 1 1 0 0 Graphic 

4 13 Large screen 1 1 1 0 1 Dual 

Tulta 
Transfer 

4-bit x 2 

4-bit 

8--bit 

4-bit x 2 

Wide 
or 

Nomel 

Nomel 

Wide 

Nomel 

Wide 

Nome! 

Wide 

Attri
bute 

OR 
AT 
OR 
Kr 

OR 
AT 
OR 
Kr. 

OR 
Kr 
OR 
Kr. 

Tulta Transfer Speed 
(bits/sec) 
(DCIK Frequency x n) 

x 2 

x 1 

x 2 

x 1 

x2 

x 1 

.x 2 
x4 

The LCTC display mxie is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), and AT (pin 57). As for G/C, WIDE, and 
AT, the OR is taken between data bits O, 2, and 3 of the m:xle register (R22). 

Note; The above 5 pins have 32 kinds of status caii>inations (1 or 0). Any caii>ination other than the above is inhibited. 
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6. HD63645F/HD64645F (LCTC) PERFORMANCES 

6.1 Modes and Timing Charts 

6.1.1 Modes and screen size 

Figure 6-1 shows the relation between the LCTC internal registers and the display 
screen. 

Horiaontal total characters (RO) 

(R211 
Start Horizontal displayed characters (Rl)---1 

5 
I .._ Start address (Rl2) 

~ \ ~ ... .. .. ... ~ I :!r"' .... ~ 
I Display period CPU •N 

~x Memory write time ·u ) 
Ro~izontal 

ff bharacter 
I pitch-

·ii 
I .T1-i I- Display start I 
I raster address 
I (R21) 

~ 
Maxuaum 

:l!:I! raster 
address 

1 
(R9) l ' 

\ Cl character) 

Figure 6-1 Relation between the Registers and the Display Screen 

The relation between the values set in the internal register and the display 
screen size differs from mode to mode. See Table 6-1. 
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Table 6-1 Relation between the Values Set in the Internal Register sad the 
Screen Size 

No. of No. of No. of 
Character Screen Horizontal Horizontal Vertical 

No, Modes No. or Config- Dots of a Dots of a Dots of a Raster Time (µs) 
Graphic uration Character Screen Screen 

Character _l_xNht x 8 
(normal) Dual 8 8 x Nhd 2 x Nd fOCll{ 

2 5, 9 Character _l_x Nht x 16 
(normal) Single 8 8 x Nhd Nd fOCll{ 

Character _l_ x Nht x 16 
3 2 (wide) Dual 16 16 x Nhd 2 x Nd fro.K 

. 
4 6, 10 Character _l_xNht x 8 

(wide) Single 16 16 x Nhd Nd fro.K 

_l_ x Nht x 16 
5 3, 4, 13 Graphic Dual 16 16 x Nhd 2 x Nd fOCll{ 

_l_xNht x 8 
6 7, 8, 11, 12 Graphic Single 16 16 x Nhd Nd fro.K 

Note; Nht = horizontal total characters (RO) 
Nhd = horizontal displayed characters (Rl) 
Nd= Dllltiplexing duty ratio (Rl9, R20) 
focrK = OCll{ frequency (Mlz) 
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6.1.2 Timing charts 

Figure 6-2(1)-Figure 6-2(10) show the timing charts of each mode when the values 
are set in the internal registers as follows; 

Register 
No. 

RO 

Rl 

R9 

RIO 

Rll 

Rl2 

Rl3 

Rl4 

Rl5 

Rl8 

Rl9 

R20 

R21 

R22 

Register Name 

Horizontal total characters 

Horizontal displayed characters 

Maximum raster address 

Cursor start raster 

Cursor end raster 

Start address (H) 

Start address (L) 

Cursor address (H) 

Cursor address (L) 

Horizontal virtual screen width 

Multiplexing duty ratio (H) 

Multiplexing duty ratio (L) 

Display start raster 

Mode register 

Set 
Value 

Nht 

Nhd 

Nr 

Ncs 

Nee 

Nhd * 

Ndh 

Ndl 

Nsr 

Note; The horizontal virtual screen width register does not function since Nhd 
is set in (Rl8). 

MCLK appears in a quarter period of the DCLK period in every mode, but the rela
tion between MCLK, the MA frequency, and the CL2 frequency differs depending on 
the modes. Table 6-2 shows the relation. Refer to this table in choosing a 
memory IC and an LCD driver. 

Table 6-2 Modes and the Frequency of MA and CL2 

Mode No. MA Frequencl CL2 Freg,uencl 
1, 2, 3, 4, 9 fMCLK fMCLK 
5, 13 fMCLK 2 x fMCLK 
6' 7, 8 fMCLK/2 2 x fMCLK 
10, 11, 12 fMc1K/2 fMCLK 

See each timing chart about the phase relation. 

Figure 6-3 shows the timing charts of the period of a raster signal and a 
characrter row. 
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MCLK 

DISPTMG 

lMJUWl ______ JlIU1J1JlJlJ1Jl ___ JlJl_Jl ___ JUU1IlilJ1ILf 
I I I I 

I 
I 
I 

I 
I 

= ... -Hf-----------r-------+-------'n ...... __ _ 
( ~:::~.llilill1JUlil _____ _ 

MAO-MA15 

RAO-RA4 

FLM 

M 

I I 
I I 

I I 

------~I --~I -----Ylf1JJTII U D U D U D 

·----~ hd-1 -l - Refl Refl Ref3 ReU -· ru f16 ---·· Nht Nht 

I I 
I 

I 

I - -- -------- --- - ----,-· 
MCLK x 16 I 

I 
I 

~-----------------i----------....,1~------------~ 

CLl(Note) 
MCLK x 18 

CLZ 

LUO 

LUI 

LUZ N~11 

LU8 

LDO 

LDI 

LDZ 

LD8 D 
Nhd-1, 

·u =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhq,.., horizont:al displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
ir doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64"646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 timing Charts (1) Mode 1 (Dual screen normal character) 
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MCLK lJ1JlJlilIUl _____ JlJlJU1JUlJlJ1 __ ~_n_n_n ___ = 
I I I 1 

I 
DISPTMG I I 

CUD ISP 

(
Latch \ 

Timing} 

MA0-MA15 

I I 
I 
I 

I 

----- I -- I --_____ =. __ 1Hri._=-
I I 

-------------------~!--------~',---------------
RA0-RA4 

FLM 

M 

I -------------+-
MCLK x 16 ! 

I 
I 
I 

--------------------+----------.!~-------------

CLl (Note) 
MCLK x 16 

CL2 ____ J1I1J1Jl__ __ _ 
LUO ~~~~'~_u• _________________ ( 

---yuyuy;;-v u 'r' 
_..K:JL::.JL:}.~'~_·_· _________________ A_ LUl 

LU2 =~~'~_._· _________________ ( 
LUS ~J<!FEll~'~_ .. _________________ r_ 
LDO --~~:~_-_________________ ( 
LDl ~~~~}; ____________________ ( 
LDZ 

LDS 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore it 
doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (2) Mode 2 (Dual screen wide character) 
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MCLK 

DISPTMG 

CUDISP 

MA0-MA15 

RAO-RM 

FLM 

M 

lJ1_fUU1JlJl ______ MilJ1JVlIU1 ____ J1J1J1 ___ JU1MilllJLJ 
I I I 

I 

----- I -- __ 

~·~~·-·~----~--®--~ 
I I 

I 
J ---------------+-

MCLK x l tl I 
i 

--------------------+---------;',--------------

CL! (Note) 
MCLK x 16 

CL2 

LUO ~~~'~_-·_· _________________ ( 
LU! =~-'~-"----------------~y:_ 
LU2 --~'_2_ ... _________________ ·~y:_ 

LU8 ~JCf!£3'_,2_ .. _, _________________ ( 
LDO ~~-'~_ .. _________________ y:_ 

LDl ~J!J!J!J_,::._ .. _________________ '[_ 
LDZ ~~~'~_ .. _· ________________ __,'[_ 

LD8 ~·~~·~ ~~,~~-"-· ----------------~( 
U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore it 
doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (3) Modes 3 and 4 (Dual screen graphic 1 and 2) 
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MCLK lJ1illUU1Jl _______ nnilJ1J1J1fln ____ IlIU1Jl __ J1IUlILMf 
I I I : 

I I 
I I 
I I 

DISPTMG 

I i 
CUD!SP n n 

I ,~~~~~~~~~~~~~~-+~~~~~~~~~~-+-~~~~~---' '--~~~ 

(~:::~.) i ~ fl fl fl fl fl I T( /µI u u LJ u L ------ I I 

I I I I 

MAO-tL\lS J2fJB2£1~~~-~Y212EB2EB2f~'EEBJ.JfffJilI_ 
I \ 

RAO-RAlt 

FLM 

M 

I 
I ------------------T-

MCLK x 16 I 
I 
I 

I 
~~~~~~~~~~~~~~~~--+~~~~~~~~~~-;',...-~~~~~~~~~~~ 

(Note) 
CLl MCLK x 16 

CLZ n n nn n n nn nnn n 
____J UU UU U UU Li UUU L ______ _ 

LUO 

LUI 

LUZ 

103 

LDO 

LDl 

LDZ 

LDS 

U =up panel address (data), D =down panel address (data), subscript =no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (4) Mode 5 (Single screen normal character) 
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MCLK 1flMJ1M ____ J1IUlJUlJU1 __ Jl1Ul ____ JlflnilflJULJ 
! I : i 

DISPTMG l 
I 
I 

CUDISP M n_ 
I I 

(Latch )lriJn__n_ I 

~~~.: hho::=~~.--,-+l-d_l _R.-f2-IW_f_3_~~--fl6 ... ;----~---~-~-~--N-ht---, -x--Nh_t_x...J x 

RA0-RA4 

FLM 

M 

I I ________________ _,_.;1 ______ _.1~---------------

I ----------j-
MCLK x 16 I 

I 
I 
I 

(Note) 
CLl MCLK x 16 

CLZ nnnnnnnnnnnn 
___JLJ UUU LI LI LI LI LIU LIL _____ _ 

LUl 

LUZ 

LU8 

LDO 

LDl 

LD2 

LD8 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal to·tal characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2, 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (5) Mode 6 (Single screen wide character) 
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MCLK lMJ1JUU1 ______ JlJ1JlJUU1Jl ___ JlJ1JL ______ flJ1J1JlJUlJlf 
I I 1 I 

I 
I 

DISPTMG I 

CODI SP 

i I I I 

Latch UJWUl I I 

Timing J _J_ ---=-~------ '---+:--------'-;------------' 
MAO-MA15 ~~~~}21~!f£}[f!CJ_~~~= 

I 

-----------------+------~'~---------------
RAO-RA4 

FLM 

M 

I -----------1--
1 

MCLK x 16 I 
I 
I 
I 

(Note) 
CLl MCLK x 16 

CL2 nnnnnnnnnnnn 
-UUUUUUUUUUUL _____ _ 

LUO 

LUl 

LUZ 

LU3 

LOO 

LDJ 

LD2 

LD3 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1. 4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (6) Modes 7 and 8 (Single screen graphic 1 and 2) 
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MCLK 

OISPTMG 

RAO-RA4 

FLM 

M 

1fWUlJUl ______ MfUDU1JUl ___ Jlf1J1Jl __ ~ 
I I I I 

I ----
1 
I 

I ___________________ ,_ 
MCLK x It! : 

I 
I 

--------------------.-------------;',.....-----------~ 

(Note) 
CLl MCLK x 16 

CL2 __flJlJ1JlJU1 _____ JUUUl I 
LUO ----J:££-·.. '[_ 
LUl ~~~~J2/2!2k" '[_ 
LU2 ~~-~J2/2/2k-- '[_ 
LUS ____ J2ffJ·.. '[_ 
LOO ~~~-~BCE,·-· '[_ 
LOl ---JJ213···· '[ 
L02 ~~~~B2Eit" '[ 
LOS ~~~~J2B2k.. '[_ 

U =up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646; the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (7) Mode 9 (8-bit normal character) 
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MCLK lMJUUlJL ____ IUlJlJDlflJl __ JlJlJL ______ JlJUlJlJUlILf 
I I 

DISPTMG : 

I 
I I 
I I 

CUDISP n IL 
: : \ {Latch UJlJJLJl / 

I'=~~~~:~~.-.. -:!--&-.-. -.,.-.,-.--~-~--'------~-~-~---x--N-ht---. _x __ N_h_•_X__. x 

I I 
,--------------~ RAO-RA4 

FLM 

M 

I 
I -----------r-

MCLK x 16 I 
I 
I 

~-----------------;-------;',...----------------~ 

(Note) 
CLI MCLK x 16 

CLO ____ruuuuui_ ______ JUlllJl,___ _____ , 
LUO ~~~_-.. _________________ '!:_ 

LUI ----~~"'·" _____ '[_ 
LU• J2f2B,__ ...... _____ '[_ 
LU8 FJ2Ei..~""·"~~~~~~~-'[_ 
LDO ''-~~_,,__,,__J,__,~----J2!2B~--· _________________ '[_ 

LDl ~~~~FJ2EJ..~ ... _·----------------~'[_ 
LD2 ----"B2/3,__'*" _____ ( 
LDB ~~""-·"----------------~'!:_ 
U =up panel address (data), D =down panel address (data), subscript =no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CL! high period is 11 MCLK cycles• Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (8) Mode 10 (8-bit wide character) 
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MCLK lJLflJUU1Il _______ I1JUUUlILf1 ____ 11ILil ______ JlJlJlililJUlf 
I I I 

I I 

DISPTMG 

CUD ISP 

I 

( Latob '1 in ! n n 
Timina}_!J L1J L_j L ________ _ 

HAO-HA15 ~~~~~ 
RAO-RM 

I 

----------L-
FLM MCLK x ·16 l 

i 
I 

~~~~~~~~~~~~~~~~~--;~~~~~~--i'~~~~~~~~~~~~~~~~-

M 

(Note) 
CLl MCL x l G 

CLZ 

LUO 

LUl 

LUZ 

LU8 

LDO 

LDl 

LDZ 

LD8 

-----1UlJ1Jlilf ______ fUlJlJl ____ ____.I 
----~----··-·~~~~~~~~~~~~~~~~~-''!::_ 

~,~~·~·~~-----~~--_'"~~~~~~~~~~~~~~~~~__.'I:_ 

~·-~_'"~~~~~~~~~~~~~~~~~--''!::._ 

~-~~~-··_-· .. ~~~~~~~~~~~~~~~~~~'!:_ 

Y2ffJ_·-·· ____ ___.'[ 
~~··_-··~~~~~~~~~~~~~~~~~~'[_ 

----Fffi.,___-·· ----~'( 
~~~~~.....1•~•'-J•-J~,~~--··~· -----~-~·"~~~~~~~~~~~~~~~~~--''[_ 

U.• up panel address (data), D =down panel address (data), subscript= no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For forther information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (9) Modes 11 and 12 (8-bit graphic 1 and 2) 
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MCLK 

DISPTMG 

CUD ISP 

1flJUlJUlJl _______ fillI1WlJlJlfi ___ rut ____ = 
I I I 
I I : 
I I 
I I 
I I 
I I 

I 
I 

I I 

Latch I ( 
, : I 

Ti ming ).m.nJ1_flIUl _____ _ 
I ! 

U D U D 

' I 
I 

MAO-MA15 
-----~' -

hd bd hd- hd- efl ef2 {8 Ref 

RA0-RA4 

FLM 

M 

----- -2 -2 -

i --------------.,-
MCLK x 16 1 

I 
I 

I 

(Note) 
CLI MCLK x 16 

CL& __JlJUmuuulJl ____ _ 
____ __,uuuuuuuuuuuu 

LUO 

LUI 

uuuuu uuuuuuu uuuuuuuu ------, 
LUZ 

LU8 

DDDDDDDD 
~·-------------------, 

LDO 

-----~;;,DD DD D DD D DD DD 

LDI 

DD DD D DD D DD DD DDDDDD DD 
-----~~ r-------------------.nr 

LDB 

DDDDDDDD nr:-----------------.,,r 
LD8 

U = up panel address .(data), D down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 

Note: In the HD64646, the CLl high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter~ 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 

Figure 6-2 Timing Charts (10) Mode 13 (Large screen) 
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CJ! 
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MAO-MA15 ~===-------~::~=~---::.~.::::~-=-~=~~--:_-_:::::.~:::-_:~-=-:=~--===~:-=-=)§)( 

RA0-RA4 =* o X l x=====~---------=====x N, * O X ! I -·----- l 

Character::::::::::::r:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:::::.:::::.::::::_~~~_.2•~~~~~~~~~~~~~~~~~~~~~~~~~-'-~~~~~~~~~ 
row no. (1) Single screen 

MAO-MA15 ~===-~~~~~~===~~=:~:--=-=::.:.::~:--:~=~~~~~:::.~~------=~=~ 
RAO-RA4 ::::::::x O X l x==-----------~-=-======x N, X O x 

Character o 
row no. 

(2-1) Dual screen (A character row does not spread over the two panels.) 

DNhd-1 

MAO-MA15 ~:~=:~::~=~~====---~==~==~~~::_-_=~:_-:-~-------~---~~:~::::~:..~ 

RA0-RA4 x::::::x:====::x~x:~:x:~Dc=~~-JGDC=====~=~)GD(==---===========:x::::::x-:.-:.-:.==-=~=----:JG:BC===~==~=JGD< 
Character o l 

row no. 

u, u 

D, d 

up panel data 

down panel data 

(2-2) Dual screen (A character row spreads over the two panels.) 

Figure 6-3 Timing Charts of the Period of a Raster Signal and a Character Row 
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6.2 The Number of Displayed Characters and Memory Addresses 

The memory addresses (MA0-MA15) of the LCTC are linear addresses beginning with 
the value of the start address. They increase linearly in the graphic mode and 
the MA pins output the same address as many times as the number of the rasters 
of a character row in the character mode. Thus they can be co.nnected directly 
with the frame buffer in both modes. 

The first address of the memory displayed on a screen can be altered freely by 
the start address registers (Rl2 and Rl3), and this facilitates paging and 
scrolling. 

The LCTC can offset the memory addresses of the first characters on the adjacent 
character rows by the horizontal virtual screen width register (Rl8), and this 
facilitates horizontal scrolling. 

It can also off set the raster addresses of the top character row of a screen 
by the start raster register (R21), and this facilitates vertical smooth 
scrolling. 

Figure 6-4 shows the relation between the number of displayed characters and the 
memory addresses when the horizontal displayed characters (Nhd) is the same as 
the horizontal virtual screen width (Nir) and the start address is O. 

Although Figure 6-4 shows a case of the character mode, the address output will 
be the same as that of the graphic mode when Nr is set O. 
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l.CTC uses the Me1M>ry. CPU uses the me111ory • 

. /1 character clock time \I 
0 

Nr Nr 

Nr+l 

2Nr+l Nr 

2 Nr+2 o 

3 Nr+2 Nr 

Nd Nr 

0 

0 

Nhd 

t 
Nhd 

2Nhd 

f 
2Nhd 

(N~!1 -1)- Nhd 

Nd : 
(Nr+l -1)- Nhd 

l Nhd -1 

l Nhd -1 

Nhd + l 2 Nhd -1 

t t 
Nhd + l 2 Nhd-1 

2 Nhd +l 3 Nhd-l 

t t 
2 Nhd +l 3 Nhd -l 

c;d -1} Nhd+l Nd Nhd-l 
Nr+l r+l t 

t 
Crf.!1-1)· Nhd+l N~!l Nhd-l 

Ref - Ref --- Nht 

l --- l 
Ref - Ref - Nht 

Ref - Ref Nhd+Nht 

l ----- i 
Ref Ref Nhd+Nht 

Ref - Ref 2 Nhd+Nht 

- : 
Ref Ref 2 Nh,d+Nht 

Ref - Ref Cif.!1-l)Nhd+Nht 

--- t 
Ref - Ref Cid -l)Nhd+Nht r+l 

Figure 6-4 Relation between the Number of Displayed Characters and 
Memory Addresses when Nir = Nhd 

Notes 1. 
2. 

3. 

c:::J indicates the display screen. 
Ref; DRAM refresh address (See 6.5, "DRAM Refresh Address Output 

Function.") 
Set values in the register corresponding to the screen in Figure 6-4 

Register No. 

RO 
Rl 
R9 

Rl2, Rl3 
Rl8 

Rl9, R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nhd 
Nd 

0 

4. Figure 6-4 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 
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When Nir > Nhd, an Nhd-wide "window" appears on an Nir-wide screen. 
although the display visible at a time is Nhd wide, one can see the 
part of an Nir-wide screen by sliding the window (= by renewing the 
start address). 

Horizontal virtual screen width (Nir) 

Horizo·ntal dis_p_ll!.Y_ed characters (Nhd) 

_J p. 

Display start address 

~ 

Figure 6-5 Horizontal Virtual Screen Width (= Nir) 

Thus, 
whole 
display 

Multiplexing 
duty ratio 
(Nd) 

Figure 6-6 
the memory 
at the end 
scrolling. 

shows the relation between the number of displayed characters and 
addresses when Nir > Nhd. Nir defines the remainder of addresses 
of each character row. This function facilitates horizontal 
For more details, see Chapter 9, "PAGING AND SCROLLING." 
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c.-. ct: 

"' .... ~ 
Q. ...... ..... 
-~ ~ "'"' ... .. ~ ...... 
.....,.j.,)V. .. .,, 
::i::::ir.: "'"" ,.,.,, ... "'"' 

LCTC uses the Memory. CPU uses the memory. 

/i chnrnctcr clock tj me I 
0 1 Nhd-1 Re1 - lRef - Nht 

-
Nr Nr 

Nr +l 

2 Nr+l Nr 

0 1 Nhd-1 Re~ - }Ref --- Nht 

Ni r Ni r + 1 Nir +Nhd-1 Re1 - lRef Ni r +Nht 

f : t l - t 
Ni r Ni r +I Nir +Nhd-1 Red - lRef Ni r +Nht 

2 Nr+2 

8 Nr+2 Nr 

2 Ni r 2 Ni r + 1 2 Nir+Nhd-1 Re1 - lRef 2Nir+Nht 

: f t ; ----
2 Ni r 2Nir+1 2 Nir+Nhd-1 Re~ - }Ref 2Nir+Nht 

CJ';!1 -1) Ni r (~!1 -1) Ni r+l ~-Nir-1 Red - JRef Crr,!1 l)Nhd+Nht Nr+l 

t l ---
Nd Nr 

Nd t . Nd t 
cJ:!1-1!Nhd+Nht CJ';!1-l) Nir (Nr+l -1) N ir+l -- ·Nir-1 Re1 - JRef Nr+l 

Figure 6-6 Relation between the Number of Displayed Characters and 
Memory Addresses when Nir > Nhd 

Notes: 1. 
2. 

3. 

c:::::J indicates the display screen. 
Ref; DRAM refresh address (See 6.5, "DRAM Refresh Address Output 

Function.") 
Set values in the register corresponding to the screen in Figure 6-6 

Register No. 

RO 
R1 
R9 

Rl2, Rl3 
Rl8 

Rl9, R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nir 
Nd 

0 

4. Figure 6-6 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 55 



56 

Setting Nsr ~ 0 (Nsr is the set value of the display start raster register 
(R21)) gives the offset to the first raster address of the first character row 
of a screen, and enables shifting the whole display vertically by the raster. 

Figure 6-7 shows the relation between the number of displayed characters and the 
memory addresses when Nsr =F O. 

This function facilitates vertical smooth. scrolling. For more details, see 
Chapter 9, "PAGING AND SCROLLING." 

LCTC uses the llflllOrY. CPU uses the memory. 

Nhd-1 Nht 

l 
Nr-2 Nr 0 Nhd-1 Nht 

Nr-1 0 

Nhd Nhd+l Nhd+Nht 

2Nr-1 Nr 

ZNr 

BNr 

Nd-2 
Nd-1 
Nd 

0 

ZNhd 2 Nhd + l 

Nr 

J. (~-l)Nhd (/.ti-1)Nbd+l 

~ ~· Nhd J!h·Nhd+l 

2 Nhd+Nht 

CJ:!1 -1)N!d+llh1 

£-!1 • Nhd+Nht 

Figure 6-7 Relation between the Number of Displayed Characters and 
the Memory Addresses when Nsr ~ 2 

Notes: 1. t:J indicates the display screen. 
2. Set values in the register corresponding to the ~creen in Figure 6-6 

Register No. 

RO 
Rl 
R9 

Rl2, Rl3 
Rl8 

Rl9,. R20 
R21 

Register Name 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 
Start address 
Horizontal virtual screen width 
Multiplexing duty ratio 
Display start .raster 

Set Value 

Nht 
Nhd 
Nr 

0 
Nhd 
Nd 

2 

3. Figure 6-7 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode), 
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6.3 Cursor Timing 

Figure 6-8 shows the display patterns when values are set in the cursor start 
raster register and the cursor end raster register. The values to be set in 
these registers should satisfy the following conditions. 

(Cursor start raster register) ~ (cursor end raster register) ,:;, (maximum 
raster address register) 

Figure 6-9 shows the timing chart of the CUDISP signal. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Cursor start raster 9 
Cursor end raster = 9 

Maximum raster address 10 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Cursor start raster = 9 
Cursor end raster = 10 

Figure 6-8 Cursor Control 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Cursor start raster 
Cursor end raster = 5 

The CUDISP output changes only in the character mode and it remains low in the 
graphic mode. Besides, the CUDISP output changes twice in mode 2 (dual screen, 
wide character mode) since the same address outputs twice. See Figure 6-2(2). 
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CUD ISP 

I 
I 
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Figure 6-9 CUDISP Output Timing 

Note; Cursor address register = Nhd + 2 
Cursor start raster register = 1 
Cursor end raster register = 3 
Mode = cursor display mode 
In the blink mode, a cursor goes on and off every 16th or 32nd field period. 



6.4 Automatic Correction of Down Panel Raster Address 

When the LCTC mode is set for character display and dual screen, memory 
addresses (MA) and raster addresses (RA) are output in such a way as to keep 
continuity of display spreading over the two panels. Therefore users can use 
the LCTC without considering the multiplexing duty ratio (the number of 
vertical dots of a screen) or the character font. (See Figure 6-10.) 

Up panel 

r-----A-88------ Characters keep continuity in spite of 
the break of a screen. 

Down panel 

Figure 6-10 Example of the Display in the Character Mode 

The following explains how the LCTC performs the two cases; in one case (1) a 
character row does not spread over the up and down panels, and in the other 
case (2) it does. 

(1) A character row does not spread over the up and down panels. 

When the number of the vertical dots of a screen is a multiple of that of a 
character font, the border line of the two panels coincides with the break 
of characters as shown in Figure 6-11. For example, this is applicable to 
the case when a screen size is 640 (horizontal) x 400 (vertical) dots and a 
character font is 8 x 8 dots. 

The further explanation will go along with the display example shown in 
Figure 6-11. In a dual screen, A of the up panel is transferred to the 
LCD driver simultaneously with L of the down panel, and B with M. However, 
the up panel data is latched from the memory before the down panel data. 
Thus the order of data latch here is A+ L + B + M + ••• as shown in Figure 
6-12. 

640 dots (80 characters) 

A B C D 
H I J K 

20 
(2 

Up panel 0 dots 
5 character rows) 

L M N 0 
R S T U 

Down panel 20 0 dots 
(2 5 character rows) 

Figure 6-11 Example 1 of Dual Screen Display 
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ABC D · . 

Up ~l panel 

L MN 0 · 

Down 

pail 

Figure 6-12 Memory Read Timing of Dual Screen Display 

Therefore the relation between MA0-MA15 and RAo-RAL. is to be as shown in Figure 
6-13. However, the timing of RAo-RAL. is simplified to help an understanding of 
the figure. For more details, refer to Figure 6-3. 

{ MA0-MA15 
1st raster 

RAo-RAL. 

I MA0-MA15 
2nd raster 

RAo-RAL. 

l MA0-MA15 8th aster 
RAo-RAf. 

l MA0-MA15 
9th raster 

RAo-RAL. 

160 addresses (80 characters x 2 anels) 

D u D 

D u D u 

D u D 

D 

U = up panel data 
D = down panel data 

D -------
-------

0 

D -------
-------

D -------
-------

7 

-------
-------

0 

Figure 6-13 Relation between MA0-MA15 and RAo-RAL. of the Example 1 of Dual 
Screen Display 
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(2) A character row spreads over the up and down panels. 

10 
(6 

0 dots 
• 25 character 

r 

10 
(6 

ows) 

0 dots 
• 25 character 

r ows) 

A B c D 1 rasters 

H I J K 6 character rows 

' 7 character rows I 
I 
I 

r 1Vr l\J .,;::,. ..1 ...1L r a !i.tJU.li_ 

u I12 rasters 

R s T u 12 character rows 

I 12.5 charac 
' I rows 
I 

8 dots 

640 dots (40 characters) 

Figure 6-14 Example 2 of Dual Screen Display 

Up 

panel 

ter 

Down 
panel 

As shown in Figure 6-14, when the number of the vertical dots of a screen is not 
a multiple of that of a character font, character row will be displayed over the 
two panels. For example, this is applicable to the case when a screen size is 
640 (horizontal) x 200 (vertical) dots and a character font is 16 x 16 dots. 

The LCTC enables continuous display since it can figure out the relationship 
between the number of the vertical dots of a screen (= multiplexing duty· ratio) 
and those of the character font, and then outputs RA in a way which keeps con
tinuity over the two panels. 

However, when the screen is 200 dots long (up panel + down panel) and the 
character is 16 dots long, only the upper 8 dots are displayed concerning 
the characters on the 13th character row (=bottom row of the screen). 

Figure 6-15 shows the relation between MAo-MA15 and RA0-RA4. 
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80 addresses (40 characters x 2 panels) 

u D u D u D --------
{ JUo-MA15 --------1st raster --------

RAo-RA4 
--------

u D u D u D --------

{"'°~" --------2nd raster --------
RAo-RAt+ 

--------

u D u D u D --------

r-MA15 A L B M c N 

12th raster --------
--------

RAo-RAt+ 
--------

--------f-'', --------13th raster --------
RAo-RAt+ 12 0 12 0 12 0 

--------

u D u D u D 

r-MA15 
17th raster ----------------

RAo-RA4 0 4 0 4 0 4 

--------
U = up panel data 
D = down panel data 

Figure 6-15 Relation between MA0-MA15 and RAo-RA4 of the Exam2le 2 of Dual 
Screen Dis2lay 
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6.5 DRAM Refresh Address Output Function 

6.5.1 Function 

The LCTC outputs DRAM refresh addresses as shown in Figure 6-16. 

DISPTMG 

CLl 

MCLK 

MA0-MA15 

Display Display 
-memory---M<l---· DRAM refresh .addresses--- memory--

addresses addresses 

Figure 6-16 DRAM Refresh Address Output 

The LCTC outputs 16 addresses for DRAM refresh every time a raster is scanned. 
This operation is repeated 16 times, and so it makes 256 addresses in total from 
$00 to $FF. 

However, this output is not affected by the values of the horizontal total 
characters register (RO) or the horizontal displayed characters register (Rl). 
(e.g. DISPTMG remains low for 16 MCLK cycles even when the horizontal total 
characters is the same as the horizontal d~splayed characters. Refer to 4.5, 
"Restrictions on Programming Internal Registers".) 

When RES becomes low, all operations stop and the address is reset to $00. 

6.5.2 Restrictions on display screen 

It restricts the screen size that the number of refresh address outputs per 
raster is fixed at 16. 

Supposing the frame frequency is 70 Hz and the refreshing cycle of the DRAM in 
use is 256 cycles/4 m sec, the following relation holds true about the number 
of refresh cycles per second; 

256 
16 x multiplexing duty ratio x 70 >0 •004 

256 
Multiplexing duty ratio > = 57.1 

. 16 x 70 x 0.004 
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Therefore DRAM cannot be used unless the multiplexing duty ratio of a screen is 
equal to, or more than 1/58 on these conditions. 

6.5.3 Other Notes 

It is necessary to generate the RAS and CAS timing with external circuits in 
using this function. 
In the case of HD64646, the CLl high period does not correspond to the DRAM 
refresh address period·. External circuits are necessary to generate the 
signal indicating the DRAM refresh address period. 

Use the down edge of DISPTMG as the rising timing of the signal and the down 
edge of CLl as the falling timing of the signal respectively. 
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7. INTERFACE AND PARAMETER SETTING 

7.1 Interface to MPU 

As shown in Figure 7-1, HD63645F (LCTC) and HD64645F (LCTC) are connected to the 
standard bus of 68 and 80 family MPU's respectively. 

~ and RS signals sent from the MPU select the LCTC register. The MPU controlls 
the read and write of the data of HD63645F with R/W and E signals, while of 
HD64645F with RD" and W signals. 

When ""C'S' and RS are low, the address register of the LCTC is selected, and when 
CS is low and RS is high, one of the internal data registers is selected. 

RES signal resets the system. When RES is low, the internal logic circuit of 
the LCTC is reset. However, the internal registers RO-R22 shown in Table 4-2 
are not affected by RES, and retain their state prior to the reset. 
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Pl0-Pl7 

I 
RS 

l Decoder J----1 cs 

SC2 (R/W) R/W 
HD6301 HD63645F 

MPU LCTC 
E E 

P30-P37 1v- "I DB0-DB7 

RES RES 

---RE ET s 

Note; HD6301 is set in mode 5. Pl0-Pl7 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 

(1) Interface between HD6301 and HD63645F 

Ao-A15 RS 

! 
!OE 1---i [Decoder }---<1 cs 

_,.-., 

RD .Jl )>. RD 
~ 

HD64180 HD64645F 
MPU LCTC - JI ./" WR WR 

Do-D7 DB0-DB7 

-- -RES 

J 
RES 

---
RESET 

Note; Concerning 80 family MPU' s, I/O space is separate from memory 
space in software. Thus the LCTC, a part of I/O, needs the 
ANDed signals of the interface signals and YOE. So !OE and RD, 
and !OE and WR should be ORed to satisfy tAS• the timing of 
CS, RD, and WR. 

(2) Interface between HD64180 and HD64645F 

Figure 7-1 Interface to MPU 
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7.2 Interface to LCD System 

7.2.l Basic interface to LCD system 

Figure 7-2 shows the basic interface between the LCTC and an LCD system. An LCD 
system can be constructed with a frame buffer, a character generator, and an LCD 
module. 

The LCTC outputs up to 16 memory addresses (0-65535) to a frame buffer, and up
to 5 raster addresses (0-31) to a character generator. The output from a 
character generator should be input to MD0-MD15. 

The LCTC outputs FLM, M, CL2, CLl, LU0-LU3, and LD0-LD3 to an LCD module. FLM 
is a scan signal for a common driver, and M alternates the LCD drive signals. 
CL2 is a clock for shifting the data signals of a column driver, and CLl is a 
clock for latching the data signals of a column driver. LU0-LU3, and LD0-LD3 
are display data signals. Refer to Hitachi MOS LSI Data Book LCD Driver about 
the internal system of the LCD driver. 

LCD system configuration differs from mode to mode. See chapter 5. 

16 addresses (max) Frame 
MA -y buff er 

l 
LCTC 

5 addresses (max) Character 
RA generator 

MD 
[ 

LCD module 

"k'"' FLM GI 
> ~ .... 

M ... 
"' 

CLl =IV i 
L..slJ 

LCD panel 

_::l ~. 

CL2 

LU0-LU3, LD0-LD3 Column driver 

"" 

Figure 7-2 Interface to LCD System 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 67 



68 

7.2.2 Skew function 

Figure 7-3 shows an example of the LCD system to access the frame buffer r~d 
the character generator simultaneously during a character clock time. Figure 
7-6(i) shows its timing chart. This method is used when there are few horizon
tal displayed characters on a screen. 

When there are many horizontal displayed characters and a character clock time 
is short, another method is used. In this method the outputs of the frame 
buffer are latched once, and the character generator is accessed at the next 
cycle instead that they are accessed simultaneously. Figure 7-4 shows the 
system configuration example, and Figure 7-6(ii) shows its timing chart. The 
LCTC outputs CUDISP, DISPTMG, and CL2 a character clock time behind according 
to the skew pins (SKO and SKl), and latches the memory data also a character 
clock time behind. 

In addition, when a high speed display operation is needed and when the MA delay 
time in a character clock time comes into question, the method shown in Figure 
7-5 is used. In this method, the LCTC latches the MA outputs besides the out
puts of the frame buffer. Figure 7-6(iii) shows its timing chart. Since both 
of the outputs of the MA and the frame buffer are latched, the character signal 
is delayed tow characters clock time. Therefore the LCTC again delays CUDISP, 
DISPTMG, CL2, and the latch timing of the memory data two characters clock time 
according to the skew pins, and adjusts the timing. Concerning DISPTMG, only 
its negative edge is delayed and positive edge remains unchanged,) 

Table 7-1 shows the standards of choosing the display system configuration. 

Table 7-1 Standards of Choosing the Display System Configuration 

Relation .between tee and Block Skew pin 
Case the Access Time of FB and CG Diagram SltO SKI Skew 

1 tcu > FB access time + CG access time + tHAD Figure 7-3 0 0 No skew 

FB access time + CG access time + tMAn ~ tea > FB access time + tMAD Figure 7-4 

FB access time + tMAD ~ t(:a > FB access time Figure 7-5 

FB; Frame buffer 
CG; Character generator 
tea: MA change time (character clock time) 
tMAn; MA delay time 

0 

0 

1-character 
clock time skew 

2-character 
clock time skew 

Figure 7-6(i)-Figure 7-6(iii) show the examples of mode S. Skewing is the same 
in all the modes, 

When a character row spreads over the up and the down panels, the up panel raster 
address alternates with the·down panel raster address synchronously with the 
change of the memory address because the LCTC automatically corrects the down 
panel raster address. Skewing does not affect raster addresses. Thus you need 
to synchronize the phases so as to do 1-character clock time skew by latching 
the raster address outputs (RAQ-RA4). When a character row does not spread over 
the two panels, latching the RA outputs is not necessary because they remain 
unchanged for a raster time, Also, if 2-character clock time skew is used, 
latching is not necessary, even when a character row spreads over the two panels. 
The.reason is .as follows: RA0-RA4 pins output the up panel raster and the down 
panel raster alternately every MCLK cycle. 

Therefore, if 2-character clock time skew is used, when the latch circuit applies 
the up panel character code, the LCTC also applies the up panel raster to it. 
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Similarly, when the latch circuit applies the down panel character code, the 
LCTC also applies the down panel raster. 

Note (1) DISPTMG operation differs from that of HD684SS. For HD684SS, both 
the positiv~ and negative edges of DISPTMG are delayed, while for the 
LCTC, only its negative edge is delayed and its positive edge remains 
unchanged. 

(2) Skewing does not affect CLl, which generates the time when both of 
DISPTMG and CLl are high during the skew. Figure 7-7 shows the rela
tion. 
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DISPTMG ~ MPU , 

CUD ISP 
LCTC 

MD12 ~ 

RA 

]}_ 
MA ...... Frame 1-·r> Character 

·v buff er generator 

MD11, 
MD13-MD15 

MD0-MD7 
A.. 

1.....-

Figure 7-3 LCD System (1) 

DISPTMG ~ MPU ,,. 

CUD ISP 
LCTC 

MD12 ~ 

RA 

ll 
I · 111 

MA _ ... Frame 
~ 

jLatch; Character 
~ -..... buffer ~ (1) I 1---i r='-1 generator 

I 
'' 

MD11, 
A.. 

MD13-MD15 ~ 

MD0-MD7 l.11. 

Figure 7-4 LCD System (2) 
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DISPTMG 

CUDISP 
LCTC 

MD12 .-jE------~ 

RA 

'"1 
MA _,.. ~Latch 11, ~ 

l====:::~)J.1 . => 
... j (2) r 

I 

Frame 
buffer 

MD11. ~A::=:======================================~ MD13-MD15 

Character ._ 
generator 1--i 

MD0-MD7 KIA;:=================================================::::..! 

Figure 7-5 LCD System (3) 
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MCLK 

MA 0 3 6 

RA 0 

DISPTMG 

CUD ISP 

FBOUT 

C.G.OUT 

Latch 
timing 

CL2 

(i) Timing chart of LCD System (1) 

MCLK 

MA -y., __ o~x ____ x ____ x~-~x ___ 4_x ____ x~--
RA 

DISPTMG _/ 

CUD ISP 

FBOUT 

Latch (1) ( x 
C.G.OUT 

Latch 
timing 

CL2 

I-character clock time skew 

0 x 

~------1 

x 2 x 

r-1 r1 
I I I I 

\ 

3 

(ii) Timing chart of LCD System (2) 

Figure 7-6 Skew Timing in Mode 5 
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MCLK 

MA 

RA 

DISPTMG 

CUD ISP 

Latch (1) 

FBOUT 

Latch (2) 

C.G.OUT 

Latch 
timing 

CL2 

~ 0 x x 2 x 3 x 4 x x 6 

0 

_J 2-character clock time skew 

1;------·, ·1 

( x 0 x x x x 4 x ) 

< ...... __ ...... X'-_ __,X._ __ o ___,X._ __ ~X ...... __ _,X ...... __ _,X 4 ) 

r-, r-., r-, r-, n__n__n_n 
I I I I I I I I 
I I I I ! 1 I I 

(iii) Timing chart of LCD System (3) 

Figure 7-6 Skew Timing in Mode 5 
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MCLK ~ 

HA =f---J'-_N_h_d_-_1__,,_R_e_f_l_...J,----i~ 

DISPTHG 

CLl 

(1) No skew 

MCLK 

MA 0 Nhd-1 Re fl Ref 16 

DISPTMG 

CLl 

(2) 1-character clock time skew 

· Note: In the IID64646, the CLl high period is shorter than in the IID64645. 
Therefore it does not overlap with the DISPTMG high period. 
For further information, refer to "1. 3 Differences between IID64645 
and IID64646". 

Figure 7-7 DISPTMG and CLl in Skew Functioning 
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7.2.3 Relation between CLl and CL2 

CLl and CL2 timings of the lID63465 and lID64645 are different from those of the 
lID64646. The CLl high period of the IID64646 is 5 MCLK cycles shorter than 
that of the IID64645. The phase relations of DISPTMG, MCLK, CLl and CL2 in 
the IID63645, lID64645 and IID64646 are shown below. 

1 frame 

DISPTMG J 
CLl 

\.------ Overlap periE_d __ ~ __ _ 
_______ __J ~ 

MCLK Lfl_f1_JI - - - - LJLJlJLJL.fl_f - - - LIL - - -

CL2 

Figure 7-8 Relation between CLl and CL2 (IID63645 and IID64645) 

(1) Phase relations in the lID63645 and lID64645 

1, 
5, 

Figure 7-8 shows the relation between CLl and CL2. In the IID63645 and 
IID64645, CLl is high for a long time (16 MCLK cycles) and CL2 changes 
during that time. Software cannot prevent this inconvenience. However, 
delaying CLl with the external shift register can keep CL2 unchanged while 
CLl is high. This is possible because the number of times MCLK and CL2 
change while CLl is high is fixed. 

The relation between CLl and CL2 differs from mode to mode but the relation 
between them and MCLK is fixed. 

Table 7-2 Overlap of CLl and CL2 in Each Mode 

No. of CL2 Pulses during No. of MCLK Pulses during 
Mode No. the Overll!E_ Period the Overll!E_ Peiod 

2, 3, 4, 9, 10, 11, 12 3 3 
6, 7, 8, 13 6 3 

Therefore delaying CLl with the following shift register enables CL2 not to 
change while CLl is high. If the period of DISPTMG = low is long, more than 4 
flip-flop circuits can be connected. 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 75 



76 

CLl of the LCTC 

MCLK 
of the LCTC 

D Q D Q D 

CK CK CK 

Figure 7-9 CLl Corrector 

Q 
To be input to 
the latch clock 
of the driver. 

The pulse width can be calculated from the previous information since the MCLK 
frequency is a quarter of the DCLK (= the operation clock input) frequency. 

Make the difference great between the raster time and the display time (= the 
horizontal totol characters and the horizontal displayed characters) so that the 
periods of CLl = high and DISPTMG = high may not overlap. 

Some column drivers do not require any external circuit to correct CLl. For 
example, IID61104, IID66106 and IID66107 need no correction. 

(2) Phase relation in the IID64646 

Figure 7-10 and 7-11 shows the phase relations of DISPTMG, MCLK, CLl and 
CL2 in the IID64646. The CLl high period of the IID64646 is shorter than that of 
the IID64645. Figure 7-10 and 7-11 shows the timing chart without and with 
skew function, respectively. Figure 7-10 is no skew, and figure 7-11 is 
a case with skew function. 

Figure 7-10 and figure 7-11 show the relation between display data transfer 
period, when display data shift clock CL2 changes, and display data latch 
clock CLl. Figure 7-10 is no skew, and figure 7-11 is a case with skew function. 

For further information, refer to the LCD interface (IID64646) in chapter 14. 

MCLK 

DISPTMG 

CL1 __j 
(HD64645) MCLK x 16 

CL1 
(HD64646) 

CL2 

(fcl2 =fMCLK) 

,-----ii 
------------1! MCLK x 11 

Note: fMCLK: Output frequency of MCLK 
fcL2 : Output frequency of CL2 

Figure 7-10 Differences between IID64645 and IID64646 (no skew) 
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MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

CL2 

(fc12 = 2fMcLKl 

MCLK 

DISPTMG 

CL1 
(HD64645) 

CL1 
(HD64646) 

CL2 
(fc12 = 2fMCLK) 

_J MCLK x 16 

MCLK x 11 

(a) 1 character skew 

__J MCLK x 16 

MCLK x 11 

(b) 2 character skew 

Figure 7-11 Differences between HD64645 and HD64646 (skew) 
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7.3 How to Access the Frame Buffer 

As for the LCD system with the LCTC, the LCTC accesses the frame buffer, using 
the memory addresses (MA0-MA15) to refresh the display periodically. The MPU 
also accesses the frame buffer in changing the display. The MPU accesses in 2 
ways; asynchronous access and synchronous access. The former is a way of 
accessing regardless of the display state and the latter is a way of accessing 
only during nondisplay time. 

Figure 7-12 shows an example of the asynchronous access. When the address of the 
MPU specifies the frame buffer in the asynchronous access, the output of the 
address multiplexer is switched to the MPU address bus side. Thus a part of the 
display may flash momentarily then. Figure 7-13 shows the program of the 
asynchronous access. 

Figure 7-14 shows an example of the synchronous access. Here the MPU reads the 
DISPTMG output and accesses only while DISPTMG = low (horizontal retrace 
period). In the synchronous access, display does not flash since the MPU access 
does not compete with the display access. Figure 7-15 shows the program of the 
synchronous access. 

I 

Figure 7-16 shows another example of the synchronous access. Here J character 
clock time is shared between the MPU access and the display access, and in the 
MPU access, READY signal stops ;2, the clock of the MPU, in order tp give the 
MPU enough time to access the frame buffer. This method is called cycle-steal. 
Figure 7-17 shows the program then, 

Since there are many ways to access the frame buffer besides the typical 
examples given here, it is necessary to adopt the best way according to 
your requirements. 
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Address bus 

s 

MPU 

Data bus 

Frame 
Buffer 

MAQ-MA15 

LCTC 

Figure 1·-12 Asynchronous Access of the Frame Buffer 

-
-
-

STA A FB STORE ACCA INTO·FB LOCATION 
-
-
--

LDA A FB LOAD FB LOCATION iNTO ACCA 
-
-

Figure 7-13 Program for the Asynchronous Access of the Frame Buffer 

Address bus 

MPU 

Data bus 

Frame 
Buff er 

DISPTMG 

MAQ-MA15 

LCTC 

Figure 7-14 Synchronous Access of the Frame Buffer. (1) 
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LDA A DT 
BIT A 11 
BGT *-5 
STA B FB 

LDA A DT 
BIT A 11 
BEQ *-5 
LDA B FB 

LOAD DISPTMG INTO ACCA 
BIT TEST 
TRY AGAIN IF DT = 1 
STORE ACCB INTO FB LOCATION 

LOAD DISPTMG INTO ACCA 
BIT TEST 
SKIP IF ACCA = 0 
LOAD FB LOCATION INTO ACCB 

Figure 7-15 Program for the Synchronous Access of the Frame Buffer (1) 

Timing,__ __ 
generator 

MPU 

Address bus 

Frame 
Buff er 

MA0-MA15 

LCTC 

MCLK 
--~-

READY 
Data bus 

Figure 7-16 Synchronous Access of the Frame Buffer (2) 

STA A FB STORE ACCA INTO FB LOCATION 

LDA A FB LOAD FB LOCATION INTO ACCA 

Figure 7-17 Program for the Synchronous Access of the Frame Buffer (2) 
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7.4 Setting Parameters 

Table 7-3 lists LCTC parameters depending on LCD control system specification, 
LCD screen configuration, or display functions (cursor display, scrolling 
display, etc.). Also shown are relevant LCTC each registers. 

Table 7-3 LCTC Parameters 

Parameters LCD control LCD screen Display Setting method 
system configuration function 
specification 

DCLK frequency 6.* 0 external circui~ 

Horizontal character! LCTC mode 
dots 0 
Vertical character R9 
dots 0 
Total horizontal RO 
characters 0 
Horizontal displayed] Rl 
characters 0 
Vertical displayed Rl9, R20 
dots 0 
Skew 

0 
specified by pin 

Cursor display mode 0 RIO, Rll 

Start address 0 
Rl2, Rl3 

Cursor address 0 Rl4, RlS 

Horizontal virtual !::::,.* Rl8 
screen width 0 
Display start R21 
raster 0 
Mode 0 R22, specified 

~_E_in 

Note: The item marked with ~ is a secondary factor which limits the parameter. 
(The i tern marked with O is a primary factor. ) 
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7.4.1 Setting DCLK 

LCTC operation clock frequency (DCLK) is specified depending on the number of 
dots on a screen and MPU memory access time. 

DCLK frequency is obtained by the following expressions without considering MPU 
memory access time; that is, DISPTMG Ii; "L" and CLl Ii; "L". DCLK frequency spe
cification taking into account memory access time is described in the next 
section. 

The symbols used in the following expression are: 

•fDCLK: DCLK frequency (Hz) 
fF: frame frequency (Hz) 

Number of horizontal and vertical dots is defined as shown in Figure 7-18. 

(1) All modes except mode 13 

fDCLK = (number of horizontal dots + ~)x <number of vertical dots> x fF x 4 
8 2* 

* 16 is divided by 2 only in dual screen mode. 

( 2) Mode 13 

fDCLK = (number of hoI~zontal dots + B)x <number of vertical dots> x fF x 4 

horizontal dots 

(1) single screen 

~ 

vertical 
dots 

horizontal dots 

(2) dual screen 

Figure 7-18 Screen Configuration and Dots 

7 .4. 2 Setting parameters depending on memory access time 

...>.. 

I' 
vertical 
dots 

IL 

The MPU accesses a frame buffer using DISPTMG or cycle steal as shown in 7.3. 
This section describes how to set parameters when using DISPTMG. 

LCTC timing for one display period includes a time interval for which LCTC does 
not accesses memory. During this period the MPU can access memory. 

Figure 7-19 shows the timing diagram for 1 raster period. This period consists 
of the following as listed in Table 7-4. 
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Table 7-4 1 raster period 

No item DISPTMG CLl .J?.eriod 
1 LCTC memory access time High Low n • TncLK • Nhd 

2 DRAM refresh time Low High 64 TncLK 

3 MPU memory access time Low Low n • ToCLK (Nht + 1 - Nhd) -
64 TncLK 

number of horizontal displayed characters *l Nhd = 
Nht = 
TncLK 

total number of horizontal characters (data to be written) 
DCLK period 

*2 n = constant 

Relation between mode No. and constant n 

Mode no. 
5, 9 
1, 6, 7, 8, 10, 11, 13 
2 3 4 

DISPTMG 

CLl 

Constant n 
4 
8 

16 

LCTC memory access 

1 raster period 

Figure 7-19 LCTC 1 raster period 

refresh memory 

access~ 

As shown in Figure 7-15, the following relationship holds as to a raster period 
(• TRAS), LCTC memory access time (= TLcTc), DRAM refresh time (• TDRAM), and 
MPU memory access time (• TMpu): 

TRAs - TLCTC + TDRAM + TMPU (7-l) 

TRAS, T1cTc, and TDRAM can be obtained by the following expressions: 

TRAS = n ' TDCLK ' (Nht + 1) 

TLCTC • n • TnCLK • Nhd 

TDRAM = 64 • TocLK 

Thus, TMPu is expressed as follows: 

TMPU = n • TDCLK • (Nht + 1 - Nhd) - 64 • TocLK 

(7-2) 

(7-3) 

(7""-4) 

(7-5) 

While TF is expressed as follows since it is the result of <a raster period> 
x <number of raster per panel (• Nd)>. 
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TF • TRAs • (Nd + 1) 

TF • n • TDCLK • (Ndt + l)(Nd + 1) (7-6) 

The following expression derives from (7-5) and (7-6): 

TF 1 
TDCLK ... ( Nd + 1 - TMPu) • n • Nhd + 64 (7-7) 

TF depends on LCD characteristics and Nhd and Nd on screen configuration. 
The value of TncLK is, therefore, specified by TMPu· DCLK frequency is a result 
of expression (7-7) when TMPu = O. 

Nht, theref~re, is obtained by expression (7-6) depending on applicable TDCLK• 

Nht ~~~~~~~~~- 1 
n • TDCLK • (Nd + 1) 

Specifically, TMPu can be set according to any value of (Nht - Nhd). 

The user should take into account the following limitation: 

(1) TDCLK.?.. 100 ns 

( 2) 1 ~ Nhd ~ Nht + 1 ~ 256 

( 3) 
Nhd + 64 ~ Nht + 1 n 

7.4.3 Setting parameters depending on LCD screen configuration 

(1) Horizontal character dots 

The number of horizontal character dots basically depends on character font 
and space between characters as shown by the example in Figure 7-20. 
However, when using the LCTC, this number is either 8 or 16 depending on 
LCTC modes, so total of character font and space be tween characters should 
be 8 or 16 dots. Table 7-5 shows relation between mode and horizontal 
character dots. 

Table 7-5 

1, 5, 9 

2, 3, 4, 

Relation between LCTC Modes and Number of Horizontal 
Character Dots 

Mode No. Number of horizontal 
character dots 

8 

6, 7' 8, 10' 11, 12' 13 16 

(2) Vertical character dots 

The number of vertical character dots also depends on character font and 
space between characters as shown in Figure 7-20. The user should set 
the number of vertical character dots in the maximum raster address 
register (R9). 
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character 1 · 

font~ 

horizontal dots~space between characters 

• • • •• • • • • • • • • • • • • • • • • • • • 
• • • •• • • • • • • • • • • • • • • • • • • • 

Figure 7-20 Character Dots 
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(3) Horizontal displayed characters 

The user should set Rl to a value obtained by dividing the number of LCD 
horizontal dots in the specified mode by the number of horizontal character 
dots. In this case, the value should be rounded up to an integral number 
of dot&. 

The number of horizontal character dots depends on.LCTC mode; consequently 
if LCTC mode is changed with screen configuration unchanged, RO and Rl 
must be reinitialized. 

(4) Vertical displayed rasters 

The user should set Rl9 and R20 to the number of vertical displayed dots 
depending on LCD screen configuration. 

In case of single screen: 

(set value) • <number of vertical dots> - 1 

In case of dual screen: 

(set value) • <number of vertical dots> - 1 
2 

In single screen, even if the set value is greater than the above, LCD can 
still perform display, however, since picture quality is degraded in this 
case, it is recommended to use the value shown above. 

The following describes examples of setting values for in each screen con
figuration. In this case, focLK = 10 MHz and fF • 65 to 70 MHz. 

(i) 640 x 200 dots, 1/200. duty, single screen 

(ii) 

(a) Mode S'(character mode) 

(b) 

640 

(a) 

Nht 178 (RO set value) 
Nhd 80 (Rl set value) 
Nd = 199 (Rl9, R20 set value) 

Mode 7 (graphic 1 mode) 

Nht ,. 89 (RO set value) 
Nhd = 40 (Rl set value) 
Nd .. 199 (Rl9, R20 set value) 

x 400 dots, 1/200 duty, dual screen 

Mode 1 (character mode) 

Nht • 89 
Nhd = 80 
Nd .. 199 

(RO set value) 
(Rl set value) 
(Rl9, R20 set value) 

(b) Mode 3 (graphic 1 mode) 

Nht • 44 
Nhd • 40 
Nd .. 199 

(RO set value) 
(Rl set value) 
(Rl9, R20 set value) 
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(c) Mode 13 (large screen graphic 1 mode) 

89 
40 

= 199 

Nht '" 
Nhd 
Nd 

(RO set value) 
(Rl set value) 
(Rl9, R20 set value) 

7.4.4 Setting parameters depending on display functions 

This section describes parameters for display functions (scrolling, etc.) which 
is almost independent of LCD hardware (LCD control system, screen configuration, 
etc.). 

(1) Cursor display 

The LCTC can program display mode of cursor as listed in Table 10-1 and 
display shape of cursor as shown in Figure 10-5 with cursor start raster 
register (RIO) and cursor end raster address (Rll). Therefore, the LCTC can 
not only realize cursor display but also change cursor display shape 
according to the system. For details, see chapter 10 "CURSOR CONTROL". 

(2) Start address 

Start address registers (Rl4, Rl5) can provide an offset for read address of 
frame buffer. This function enables easy paging and scrolling. For 
details, see chapter 9 "PAGING AND SCROLLING". 

(3) Cursor address register 

Cursor display position can be programmed by cursor address registers (Rl4, 
Rl5). In this case, the user can program memory address of frame buffer, 
not X and Y addresses. For details, see chapter 10 "CURSOR CONTROL". 

(4) Horizontal Virtual Screen Width 

Horizontal virtual screen width register (Rl8) can provide an offset for 
start addresses of adjoining two lines. This function enables easy 
horizontal scrolling. For details, see chapter 9 "PAGING AND SCROLLING". 

(5) Display start raster 

Display start raster register (R21) can provide an offset for start 
raster of the first row. This function enables smooth scrolling. For 
details' see chapter 9 "PAGING AND SCROLLING". 

( 6) Mode 

The LCTC controls display mode (display ON/OFF, wide display, etc.) with 
mode register (R22). For details, see chapter 8 "MODE REGISTER FUNCTIONS". 
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7.5 Easy Mode 

In order to maintain software compatibility with the CRTC, easy mode is used to 
specify registers that the CRTC (HD6845) does not provide or which determine 
vertical dots in a way different from the CRTC by setting the MODE pin to high. 
Table 7-6 lists such registers and each fixed value. These registers determine 
a fixed mode and display format and allows software designed for a system using 
the CRTC to be displayed on an LCD without rewriting BIOS. 

Table 7-6 Registers and Set Values in Easy Mode 

Register Registers Fixed value 
No. (decimal) 

R9 Maximum raster address register 7 

RIO Cursor start raster reitister 6 

Rll Cursor end raster register 7 

Rl8 Horizontal virtual screen width same value 
re_g_ister as Rl 

Rl9 Multiplexing duty ratio register 99 (in dual 
(H) screen) 

R20 Multiplexing duty ratio register 199 (in single 
(L) screen) 

R21 Display start raster register 0 

R22 Mode register 0 

O~her registers (AR, RO, Rl, Rl2, Rl3, Rl4, Rl5) are independent of the status 
of the MODE pin, so that the user can change their contents even when MODE pin 
is set to high. 

The following is a detailed description of the above registers in easy mode. 

(1) Maximum raster address register (R9) 

This register is fixed at (R9) = 00111 (binary) (= 8 rasters/row) by an inter
nal operation in easy mode. The register state is held after the easy mode is 
released, In setting (Rl9)/(R20) again, make a rewrite after releasing the 
easy mode by setting the MODE pin low. (If G/C pin is high, rewriting is 
possible even when MODE pin is high.) 

(2) Cursor start/end raster register (RlO/Rll) RA=O 

These registers are fixed at (RlO) = 
00110 (binary) (= 7th raster)/(Rll) = 
00111 (binary) (= 8th raster) by 
internal operations in the easy mode. 
In this case, there is no blinking. 
After easy mode is released, the 
registers return to their original sta
tes. 
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Figure 7-21 (R9)(RlO)(Rll) Status 
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(3) Multiplexing duty ratio register (high-order byte: Rl9/lo-order byte: R20) 

These registers are fixed at (Rl9) s 0 (binary)/(R20) • 01100011 (binary) 
(•1/100 duty) in easy mode if D/S pin is set high (dual screen) or at (Rl9) 
• O (binary)/(R20) = 11000111 (binary) (• 1/200 duty) if D/S pin is set low 
(single screen) respectively. The register state remains unchanged after 
easy mode is cancelled. In setting (Rl9)/(R20) again, rewrite these 
registers after cancelling easy mode by setting the MODE pin low. 

(4) Display start raster register (R21) 

This register is cleared and fixed at (R21) = 00000 (binary) in easy mode. 
Therefore, smooth scroll is impossible in easy mode. This state remains 
unchanged even after easy mode is cancelled. In setting the register again, 
cancel easy mode first. 

(5) Mode register (R22) 

This register is cleared and fixed at (R21) = 00000 (binary) in easy mode. 
However, its function can be perfectly controlled by external pin ON/OFF 
(pin 53), G/C (pin 58), WIDE (pin 54), BLE (pin 51), and AT (pin 57). This 
state remains unchanged after easy mode is cancelled. For control by register 
(R22), cancel the easy mode first. 

(6) Horizontal virtual screen width register (Rl8) 

This register becomes equivalent to the horizontal displayed characters register 
(Rl) in easy mode. Since display data is stored continuously in the VRAM, 
horizontal scrolling is impossible. To change the set value of this register 
in easy mode, the contents of register (Rl) must be rewritten. After easy 
mode is cancelled, the register returns to its original state • 
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8. MODE REGISTER FUNCTIONS 

8.1 Mode Registers and Display Modes 

Take special note that the data bits of the mode register and external pins of 
the same names are respectively ORed together. 

BLE 

(data bit l) 

WIDE 

(data bit 2) 

G/C 

(data bit 3)' 

ON/OFF 
(data bit 4) 

Mode register 

(R22) 

ON/OFF 

(pin 53) 

-G/C WIDE 

(pin 58) (pin 54) 

J 

BLE 

(pin 51) 

AT 

(pin 57) 

Figure 8-1 Correspondence between Mode Register and External Pin 

BLE and WIDE bits are valid only in character mode. 

Table 8-1 Mode Register Bits and Display Modes 

AT 

Character mode 0 
Graphic 1 mode ---
Graphic 2 mode ---

.(note) 0 = valid 
X = invalid 

BLE WIDE 

0 0 
x x 
x x 

switching bit for display mode 
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G7C .ON/OFF 
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-- 0 
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8.2 Attributes (Mode Register Data Bit 0) 

AT lHigh: Attribute mode1 ~L 

Low: OR function B 

(Reverse video) ------- MDll 
(Cursor) -------------- MD12 
(Blinking) ------------ MD13 
(Whitening) ----------- MD14 
(Blackening) ---------- MD15 

Figure 8-2 Attribute Function 

8.2.1 Attribute mode (AT = high) 

When this bit or pin 57 is set to high, ARAM data serves as attribute data. 
This data operates on the character corresponding to the VRAM character code at 
a same address. 

(reverse video) (blinking) 

first 
row 

second 
row 

I I 

display 

start 
address 

first 
row 

second 
row 

( 
~ 

VRAM ARAM 
(character (attribute 

code) code) 
..-8 bits._ ..-8 bits-. 

41 1 
42 1 
43 

' ' ' ' 
44 
45 
46 
i 
' ' ' ' I 
' ' I 
I 
I 

' 
memory 

Figure 8-3 Relation between Character Display and Memory 

(reverse video) 
(blinking) 

(1) R (Reverse video): When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MDll pin is 

LCTC 

MA 

LU,LD 
: MDO-MD7 MDll 

set to high, the data entered from MD0-MD7 is reversed 
(O+l, 1+0) and output from LUO-LU3 and LD0-LD3. 

VRAM 
Character .------. 
Code Characte 1-----. 

Genera to 

ARAM 

hi h 

Character Data 

MDO-MD7 reversed data LCD Driver 

Figure 8-4 Reverse Video System 
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(2) C (Cursor): To display a cursor, 
1. Set the cursor start/end raster register (including B and P). 
2. Connect CUDISP with MD12. 
For further details, refer to chapter 10 "CURSOR CONTROL". 

(3) BL (Charatter blinking): 

I A H.________, 

(4) W (Whitening): 

I I 
LJ 

(5) B (Bl~ckening): 

8.2.2. Attribute data overlay 

When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD13 pin 
and BLE are set to high (BLE can be controlled 
by external pin or data bit 2 of mode register), 
the,speeified character is blinked on for 32 
frames and off for the next 32 frames. This 
operation is performed repeatedly. 

When data (ARAM data corresponding to an address 
spec~fied by the MA pin) entered into MD14 pin 
4~ ~~~ ~n h4~h rho ~~or;~;o~ ~h~~~rro~ ;c 
--- --- -- ---0--7 ---- -r------- ----------

whitened regardless of the data entered from 
MDO-MD7. 

When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD15 pin 
is set to high, the specified character is blacken 
regardless of the data entered from MDO-MD7. 

8.2.1. describes each individual attribute data function of the LCTC. This 
section describes attribute data overlay. 

Basically, the LCTC attribute data has the following relation: 

R > C > W > BL > B 

For more details, refer to Table 8-2. 
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Table 8-2 Attribute Data Overlay List 

Attribute Data 
Panel Display 

B W BL C R 

0 0 0 @ 0 

8 
0 0 0 * 

(a) 

0 0 1 @ 

(a) 

0 0 * 

(c) 

~ : CUDISP signal entry. 
» : C (MD12 pin) fixed at low. 

(b) 

(b) 

(d) 

Remarks 

Without any character 
attributes 

(1) Repeats (a)~(b), with 
·cursor blinking. 

(2) Keeps (a), without cursor 
blinking. 

Repeats (a)~(b) on 32 
frames each. 

(1) Repeats (a)~(c), 
without cursor blinking. 

(2) Repeats (a)~(d), if 
blink rate of cursor is 
the same as that of 
character. 

(3) Repeats (a)--7(b)--7(c) 
~(d)~(a), if blink 
rate of cursor is half 
that of character. 

(continued) 

~or more details, refer to chapter 10, "CURSOR CONTROL". 
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Attribute Data 
Panel Display Remarks 

B w BL c R 

0 0 l * 0 

B-8 
( l) Repeats (a)~(c), 

witho.ut cursor blinkin1 
(2) Repeats (a)~(d), if 

blink rate of cursor i: 
the same as that of I (a) x (b) character. 

(3) Repeats (a)---?(b)~(c 

-D 
--7(d)~(a), if blink 
rate of cursor is half 
that of character. 

(c) (d) 

0 0 * (1) Keeps (a), without cur: 
0 1 * blinking. 
1 0 * ------ (2) Repeats (a)~(b), wi1 
1 l * cursor blinking. 

(a) (b) 

0 0 * 0 D-D 
(1) Keeps (a), without cur• 

0 l * 0 blinking. 
l 0 * 0 (2) Repeats (a)~(b), wil 
l 1 * 0 cursor blinking. 

(a) (b) 

(continu~ 

* : CUDISP signal entry. 
For more details, refer to chapter 10, "CURSOR CONTROL". 
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Attribute Data 

B W BL C R 

0 
0 

0 

@ 1 
@ 0 

* 

* : CUDISP signal entry. 

Panel Display 

-D 
(a) (b) 

(c) 

@ : C (MD12 pin) fixed at low. 

Remarks 

Repeats (a)~(b) on 
32 frames· each. 

(1) Repeats (a)~(b) on 32 
frames each, without 
cursor blinking. 

(2) Repeats (b)<--?>(c) on 32 
frames each, if blink 
rate of cursor is the 
same as that of character. 

(3) Repeats (a)~(b)--7(c) 
~(a) in a cycle of 
16-16-32 frame, if blink 
rate of cursor is half 
that of character. 

For more details, refer to chapter 10, "CURSOR CONTROL". 
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8.3 Blink Enable (BLE) (Mode Register Data Bit 1) 

This data bit controls character blinking. A given character can blink only 
when this bit or external pin 51 and attribute data (AT = high) MD13 are set 
to high. 32 frames blink periodically. 

8.4 Wide (WIDE) (Mode Register Data Bit 2) 

This data bit controls wide character display. Normally, one character is 
displayed in 8-dots width. When this bit or external pin 54 is set high, one 
character can be displayed in 16 dots width. When normal mode is switched to 
wide mode, the number of horizontal dots for one character and the horizontal 
scanning period are doubled, and so the screen flickers. Therefore, the total 
number of horizontal characters and the number of horizontal displayed 
characters in wide mode must be half those in normal mode. 

12345678 1122334455667788 

WIDE = low WIDE = high 

Figure 8-5 Example of Display in Wide Mode 
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8.5 Graphic/Character (G/C) (Mode Register Data Bit 3) 

This data bit determines graphic display or character display. When the bit or 
external pin 58 is set to high, graphic display is available. When both are set 
to low, character display is available. In graphic mode, one address output 
causes 2-byte dot data to be entered. In character mode, 1-byte dot data and 
5-bit attribute data are entered. Also, the same memory address is output by a 
count specified by the maximum raster address register. In graphic mode, MA 
output increases without repetition. 

Graphic Mode 

VRAM 1-b te Dot Data 
LCTC 

ARAM 1-b te Dot Data 

2-b te Dot Data 

Character Mode 

1--~~~~-..l\r-~~~~ll~~~~~~~~~~~ Character nAddressr- VRAM I_ Character Code Data Generator 

~- ARAM I 
LCTC 

<"[_ 
'--~~~~-A-t_t_r~i-b_u_t_e~D-a_t_a~~~~~~~~~~~ 

L 
1-l>y_te Character Dot Data 

Figure 8-6 Graphic Mode and Character Mode 
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8.6 Display On/Off (ON/OFF) (Mode Register Data Bit 4) 

This data bit controls switching on/off of the whole LCD display. When this 
bit and external pin 53 is set to low, display data transfer is stopped. Low 
is output from LUO-LU3 and LDO-LD3 until either of this bit or pin 53 is set to 
high. When display is switched on, data transfer is restarted according to 
address output. 

display ON_.. OFF 
(command entered within a 
frame; all off by next frame) 

display OFF+ ON 
(command entered within a frame; all 
on by next frame) 

Figure 8-7 Example of Display On and Off 
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9. PAGING AND SCROLLING 

The LCTC supports 8-direotional scrolling by character, vertical smooth 
scrolling, and paging by renewing the start address registers (Rl2, Rl3), the 
horizontal virtual screen width register (Rl8) and display start raster register 
(R21). 

For special note when often rewriting start address register for scrolling or 
paging, or often rewriting display start raster register for smooth scrolling, 
refer Appendix A "Abnormal Operation by Rewriting Registers in Display". 

9.1 Horizontal Scrolling 

9.1.1. Horizontal scrolling function 

The horizontal virtual screen width register (Rl8) facilitates high-speed hori
zontal scrolling, compared with conventional horizontal scrollin.g which 
rewrites an entire screen. The following figure illustrates horizontal 
scrolling by using virtual screen width. 

a = Horizontal virtual screen width 
b = Number of horizontal displayed characters 

Display 
screen 

(i) 

12345 

LCTC 

a 5 
b = 5 

(2) 

12345 

LCTC 

:-----·····w··· : 12345 

~ LCTC 
·-········· ... 

.............. 0. 
~ 12345 

i LCTC 
"---·-········ 

a = 9 
b = 5 

Figure 9-1 Horizontal Scrolling on Virtual Screen 
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Example (1) shows continuous memory addresses which are all placed in the 
display area; therefore, no character can be scrolled horizontally. Example 
(2) shows that virtual screen width facilitates high-speed horizontal character 
scrolling by setting start address. 

9.1.2. Horizontal scrolling method 

The display screen is scrolled to the left or right on a character basis by 
incrementing or decrementing the start address registers (Rl2, Rl3) one by one. 

Rl2 and Rl3 indicate the high-order and low-order bytes of the start address 
respectively. If leftward scrolling starts at "(Rl2) = (Rl3) = $00", only (Rl3) 
must be incremented by one. If it starts at "(Rl2) = $01" and "(Rl3) = $FF", 
for example, "(Rl2) = $02" and "(Rl3) = $00" must be set. For rightward 
scrolling, (Rl3) must be decremented by one. 

Memory contents 

Start address 
= 11 + I = 12 

leftward 
scrolling 

Horizontal virtual screen width (RIB) 10 
Number of horizontal displayed 

Display pane 1 

Start address 

rightward 
scrolling 

11 

characters (RI) 7 

Start address 
= 11 - 1 "' 10 

Figure 9-2 Leftward/Rightward Character Scrolling 
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9.2 Vertical Scrolling Function 

The vertical scrolling function involves character scrolling and smooth 
scrolling. 

9.2.l Vertical character scrolling method 

To scroll characters vertically, the user should manipulate the start address 
registers (Rl2: high-order 8 bits),(R13: low-order 8 bits) in the same manner 
as horizontal character scrolling. To scroll characters up and down, repeat the 
following procedure at fixed intervals. 

Upward character scrolling: Prescroll start address + horizontal virtual screen 
width 
Downward character scrolling: Prescroll start address - horizontal virtual 
screen width 

Memory contents Display screen 

0-------------------------- 9 

Rl8 = 10 
Rl = 7 

Horizontal virtual screen 
width (Rl8) = 10 
Number of horizontal 
displayed characters (Rl) 7 

Start address 
= 31 - 10 = 21 

t downward scrolling 

Start address 

l upward scrolling 

Start address 
= 31 + 10 = 41 

Figure 9-3 Upward/Downward Character Scrolling 

9.2.2 Vertical smooth scrolling method 

31 

Vertical smooth scrolling requires the functions of display start raster 
register (R21) and start address registers (Rl2/Rl3). Figure 9-4 shows the ver
tical ~mooth scrolling method. 
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Upward smooth 
scrolling 

RA 0 
(1) Enter 0 into 1 

(Rl2/Rl3) and 2 
(R21). 3 

4 
5 
6 

... 
---

7~~~~~~~~~ 

RA 

a I 
I (2) Enter 1 only 

into (R21). 

i 61 • 
7 
0 

RA 

ii I (3) Enter 2 into 
(R21). 

• 
7 
0 

I 1 • I 

Downward smooth 
scrolling 

(6) Enter 0 into (R21). 

(5) Enter 1 into (R21), 

(4) Enter 2 into (R21). 

Upward smooth l i Downward smooth 
scrolling scrolling 

RA 6 
(4) Enter 6 into 7 (3) Enter 6 only into (R21). 

(R21). 0 

I 
1 

I ~ 
2 
3 
4 
5 

RA 7 
(5) Enter 7 into O~~~~~~~~~~- (2) Enter 0 into (Rl2/Rl3) 

and 7 into (R21). (R21). 1 
2 
3 
4 
5 
6 

RA = 0 
(6) Erfter horizontal 1 

virtual screen 2 
width into (Rl2/ 3 
Rl3). 4 
Reset (R21). 5 

6 

----
~----

----
----

]~~~~~~~~~-

(1) Enter horizontal virtual 
screen width into (Rl2/ 
Rl3) and 0 into (R21). 

Repeat the above procedure at fixed intervals. 

Figure 9-4 Example of Vertical Smooth Scrolling 
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9 .2.3. Vertical character scrolling applications (multi-directional scrolling) 

The following operations of the LCTC provide a variety of scrolling functions 
according to the relation between the start address register (Rl2)/(Rl3) and the 
horizontal virtual screen width register (Rl8). 

Up-leftward 
scrolling 

~ 
(Rl3) = x + y + l 

Leftward 
scrolling 

\ 

+---

Down-leftward 
scrolling 

~ 
~ 

(Rl3) = x - y + 1 

j 

Upward scrolling 

~ 
(Rl3) = x + y 

(Memor area) 

Rl3 = x, Rl8 

Smooth scrolling 
available 

Downward 
scrolling 

~ 
~ 

(Rl3) = x - y 

I 

--7 

y 

\ 

Figure 9-5 LCTC Character Scrolling 
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Up-rightward 
scrolling 

~ 
(Rl3) = x + y - 1 

Rightward 
scrolling 

~ 
(Rl3) x - 1 

. 

Down-rightward 
scrolling 

~ 
~ 

(Rl3) = x - y - 1 
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9.3 Paging Function 

The LCTC is capable of accessing up to 64-kbyte VRAM. Its paging function pro
vides display switching operation at a higher speed than the conventional one 
which must perform paging by rewriting RAM contents. 

Frame buffer Frame buffer 

Page 1 

I 
! 

LCD 4 
LCD 

Display Display 
screen screen 

5 5 

6 6 

7 7 

8 8 
Paging Scrolling 

Figure 9-6 Paging and Scrolling 

The LCTC uses the start address registers (Rl2/Rl3) to control paging and 
scrolling. Scrolling is defined as continuous change of display addresses, 
waile paging as step-by-step change of display addresses. 
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10. CURSOR CONTROL 

The following conditions must be satisfied to display a cursor when using the 
LCTC: 

1. Selecting character mode and attribute function 
2. Connecting CUDISP signal with MD12 pin 
3. Setting cursor start/end raster register (RlO,Rll) 
4. Setting cursor address register (Rl4,Rl5) 

The LCTC can control cursor position, on/off state, blinking cycle and shape. 

10.1 Cursor Position 

Cursor position is specified by the cursor address registers (Rl4: high-order 
byte, RlS: low-order byte). An address specified here corresponds to a buffer 
memory address. If a cursor address is specified outside the display screen, no 
cursor is displayed. 

Memory area 

(1) 

(3) N e~ 
L C T[1; 

(2) 

~ Cursor address 

(1) 

~ 
~ 

Screen display 

(2) (3) 

DD 

Figure 10-1 Relation between Cursor Address and Screen Display 

Figure 10-1 shows the change of screen display when a start address in a memory 
area is changed. If the shaded part is specified as a cursor address, a cursor 
is displayed in (1) and (2). But no cursor is displayed in (3). Software 
control is required to display a cursor cons~antly on a display. 
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10.2 Cursor On/Off and Blinking Cycle 

The LCTC requires an external signal to display a cursor. CUDISP signal is 
used as an external input via pin 36. Two kinds of methods for controlling 
on/off or blinking of this signal are available: one uses internal registers 
and the other uses an external signal to perform blinking in a desired cycle. 

10.2.l Control by CUDISP signal 

The cursor on/off state and blinking cycle can be controlled by using the CUDISP 
signal. In this case, data bits 5 and 6 of cursor start raster register (RlO) 
must be set according to Table 10-1 and the CUDISP pin (pin 36) must be 
directly connected with the MD12 pin (pin 13). 

LCTC 

MD12 

Data Bit 
6 5 

RlO x 

CUD ISP 

Figure 10-2 Cursor On/Off and Blinking Control by CUOISP 

[8] [8] 
1
1 I 1st frame Jl ll xth frame 
0th 1st I I 6th I 7th 0th I 1st I I 6th I 7th 
line line line line line line line line 

DISPTMG --1l._j[_,~JL.J"L..~ 
Cursor 
on 

MD12 
(CUDISP) --------<ff.---__J JL 

Cursor 
off 

LUO ___ _IL__ ____ _, [_jl__ ___ _ 

LUl ___ _n_ __ n____r--[_~-_jl_. ____ n___fl_ 

LU2 ___ _jl_ ____ _j 

LU3 ---,.._ _______ __,j -·---,1-. ---

Figure 10-3 Cursor Blinking Timing 
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Table 10-1 Cursor Control by (RIO) 

RlO Cursor State Data Bit 6 Data Bit 5 

0 0 Cursor on; without blinking 
0 1 Cursor off 
1 0 Cursor blinks every 32 frames 
1 1 Cursor blinks every 64 frames 

10.2.2 Control by external signal (Optional blinking) 

This method is used to blink a cursor at any rate other than a blinking cycle 
specified by the cursor start raster register (RlO). 

In this case, data bits 5 and 6 of (RlO) are set to low (cursor on, no 
blinking). An additional circuit shown in Figure 8-4 is necessary to generate 
an AND signal of an external input signal and the CUDISP signal. The result is 
input into the MD12 pin (pin 13). 

MDl 1-----~ 

LCTC 

CUD IS -f-------' ·~~~- External signal 

Figure 10-4 Blinking Control Circuit by External Signal 
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10.3 Cursor Shape 

Cursor shape is determined by the cursor start/end raster register (RlO; data 
bits 0-4)/(Rll). (RlO) specifies the raster number. of a given cursor address 
where the cursor begins from the top. (Rll) specifies the raster number where a 
cursor begins from the bottom. These two specifications determine the display 
position and·shape of the cursor. However, if (Rll) is set larger than the 
maximum raster address register (R9), the cursor shape is determined by (R9) and 
(RlO). The LCTC makes such a setting invalid. 

RA 

(R9) = 7 
(Rl(')) 5 
(Rll) = 6 

RA 

(R9) = 7 
(RlO) = 5)* 
(Rll) • 4 

* Invalid combination of values 

RA = 

(R9) = 7 
(RlO) = 5)* 
(Rll) • 8 

Figure 10-5 Cursor Shape Specified by (R9), (RIO), and (Rll) 
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11. PROGRAMMING METHODS 

11.1 Read and Write of Internal Registers 

The LCTC provides 14 internal registers and an address register to specify 
these registers, as listed in Table 4-1. The following operations are 
required to read or write internal registers: 

STEP!: Write internal register address to the address register with a store 
instruction 

STEP2: Read the internal register specified by the address register with a 
load instruction, or write data to the specified register with a 
store instruction 

Figure 11-1 shows the process flow for reading/writing internal registers, and 
Figure 11-2 shows corresponding assembler language routines. 

Write a register address 
to the address register 

Read/write an internal 
register 

Figure 11-1 Flowchart for Reading/Writing Internal Registers 

LDA A #15 register address ~ ACC } STA A ADDR ACC ~ address register read 
LDA A ADDR + 1 cursor(L) ~ ACC 

LDA A #15 register address ~ ACC 

I STA A ADDR ACC ~ address register write 
LDA A DATA data~ ACC 
STA A ADDR + 1 ACC --+-. cursor{L) 

Figure 11-2 Example of Routines for Read/Write of Internal Registers 
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11.2 LCTC Initialization Programming 

In order to enable LCTC display control functions, the user must first after 
power-on initialize internal registers. Without such initializing, the LCTC 
cannot operate correctly. 

Figure 11-3 gives a flowchart for initializing LCTC reg,isters, and Figure 11-4 
shows an example of an initial program. In this case, initial data is stored in 
table format in register number order to set up a loop, resulting in a compact 
routine. Although the LCTC does not provide register Nos. 2-8 and 16-17, 
there is no problem if such registers are accessed. 

Table 11-1 and Table 11-2 show 640 x 400 dots LCD specifications in character 
display and initial value of each internal register respectively. Table 11-3 
and Table 11-4 show 640 x 200 dots LCD specifications in graphic display and 
initial register values. In this case, display page is initially 0 and cursor 
is in home position, so both start address and cursor address are set to O. 
Note that, if the cursor address is other than an ~ffective memory address, 
cursor display position is not guaranteed. 

Write RN to LCTC 
address re ister 

DA: start address 
IXR: index register 
RN: register number 

RN+ l~ RN Write memory data 
specified by IXR 
to LCTC 

NO 

Figure 11-3 Flowchart for LCTC Initializing 

ILRl 

ILR2 

LDX #DA DA ~ IXR 
CLR A 0 ~ ACCA 
STA A ADDR ACCA ~ address register 
LDA B 0, x DA ~ ACCB 
STAB ADDR+l ACCB ~ Data register 
CMP A #22 
BEQ ILR2 BRANCH IF ACCA = 
INC A ACCA + 1 + ACCA 
INX XR + 1 + XR 
BRA ILRl BRANCH TO ILRl 

Figure 11-4 LCTC Initial Program 
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Table II-1 LCD Specifications (Character Display) 

Item S_p_ec if icat ion 
Horizontal dots 640 dots 

Vertical dots 400 dots 

Multiplexing. duty I/200 duty 

Character dots 8 x 8 dots 
(character font 5 x 7) 

Displayed characters 80 characters x 50 rows 

Cursor display raster 0-7, blinking 
every 32 frames 

Horizontal virtual 80 characters (no horizontal 
screen width scroll in_g_) 

Table II-2 LCTC Initial Values (Mode I) 

Reg. Register Sym Hexadecimal initial 
No. bol value (decimal) 
RO Horizontal total characters Nht 59 ( 89) 

RI Horizontal displayed Nhd 50 (80) 
characters 

R9 Maximum raster address Nr 07 ( 7) 

RIO Cursor start raster Ncs 40 

Rll Cursor end raster Nee 07 (7) 

RI2 Start address (H) - 00 (0) 

Rl3 Start address (L) - 00 (0) 

RI4 Cursor address (H) - 00 (0) 

RIS Cursor address (L) - 00 (0) 

RIB Horizontal virtual screen Nir 50 (80) 
width 

RI9 Multiplexing duty (H) Ndh 00 (0) 

R20 Multiplexing duty (L) Ndl C7 (I99) 

R2I Display start raster Nsr 00 (0) 

R22 Mode register - 00 
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Table 11-3 LCD Specifications (Graphic Display) 

Item Specification 
Horizontal dots 640 dots 

Vertical dots 200 dots 

Multiplexing duty 1/200 duty 

Character dots 16 x 1 dots (graphic) 

Displayed characters 40 characters (640 dots) 
x 200 dots 

Cursor display --
Horizontal virtual 80 characters (with horizon-
screen width tal scrolling) 

Table 11-4 LCTC Initial Values (Mode 7) 

Reg. Register Sym Hexadecimal initial 
No. bol value (decimal) 
RO Horizontal total characters Nht 2C ( 44) 

Rl Horizontal displayed Nhd 28 (40) 
characters 

R9 Maximum raster address Nr -
RlO Cursor start raster Ncs -
Rll Cursor end raster Nee -
Rl2 Start address (H) - 00 (0) 

Rl3 Start address (L) - 00 (0) 

Rl4 Cursor address (H) - -
Rl5 Cursor address (L) - -
Rl8 Horizontal virtual screen Nir 50 (80) 

width 
Rl9 Multiplexing duty (H) Ndh 00 (0) 

R20 Multiplexing duty (L) Ndl 63 (99) 

R21 Display start raster Nsr -
R22 Mode register - 09 

(note) optional value 
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In order to prevent display errors, it is required that MODE pin (pin 52) • Vee 
and ON/OFF pin = GND at power-on, after which MODE pin should be set to GND just 
before initialization. This prevention initializes the multiplexing duty ratio 
register and the mode register, and switches off the LCD. When writing of 
display data to the frame buffer is completed after initializing, bit 4 of the 
mode register should be set to 1, and then the LCD is on. This procedure 
prevents flickering when writing data. 

11.3 Paging Programming 

The paging function can select a page by specifying the address of frame buffer 
data. Figure 11-5 shows the procedure for paging. The desired page is first 
specified with the page key operation, and the specified page is verified; then 
the start address of the corresponding frame buffer is set. The cursor address 
is set at the same start address to place the cursor at home position as a 
result of paging. 

Page key input 

Read key data 

Verify specified 
a e N 

Write start * address of frame buffer 
address* of page N 
to start address 
re ister 

Write start 
address of page N 
to cursor re ister 

Figure 11-5 Flowchart for Paging 
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11.4 Scrolling Progranuning 

11.4.1 Vertical scrolling by character 

Figure 11-6 gives the procedure for vertical scrolling by character. Scrolling 
up/down is controlled by a scroll key. If start address of the current page is 
the same as the start address of last page, scrolling up is ignored, If start 
address of the current page is the same as the start row of the start page, 
scrolling down hereafter is ignored. 

DOWN 

Write 
to start address 
re ister 

Write(CA - IR) to 
cursor address 
re ister 

Scroll key input 

YES YES 

Write 

CA: cursor address 
SA: start address 
IR: virtual screen width 

(memory width) 
EPSA: start address of 

last page 

to start address 
re ister 

Write(CA +IR) to 
cursor address 
re ister 

Figure 11-6 Flowchart for Vertical Scrolling by Character 

11.4.2 Smooth scrolling 

Figure 11-7 shows the procedure for smooth scrolling. Smooth scrolling is 
controlled by a scroll command. Scrolling up is caused by writing the result of 
incrementing the start raster to the start raster register. If the start raster 
is the.same as the maximum number of rasters, scrolling up is performed by 
writing 0 to the register and writing (SA + IR) to the start address register. 
Scrolling down is caused by writing the result of decrementing the start raster 
to the start raster register. If start raster is 0, scrolling down is performed 
by writing the maximum number of rasters to the registers and writing (SA - IR) 
to the start address register. 
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Scroll key input 

Write (MR) to Write(SR - 1) Write(SR + 
start raster to start to start 
re ister raster raster 

re ister re ister 

Write(SR - IR) 
to start add-

],.) 

SR: start raster 
MR: maximum raster 
SA: start address 
IR: virtual screen width 

Write 0 to 
start raster 
re ister 

Write(SA + IR) 
to start add-

Figure 11-7 Flowchart for Smooth Scrolling 

11.4.3 Horizontal scrolling 

Horizontal scrolling, in which virtual screen width is set larger than the 
number of horizontal displayed characters, is realized by controlling the 
start address. Figure 11-8 shows the procedure for horizontal scrolli~g. 
In this case, horizontal scroll key specifies left/right scrolling. If last 
address of the start row on the display is the same as the last address of 
mlJ!lory width, left scrolling is ignored. If the start address is the same as 
the start address of the display page, right scrolling is ignored. Figure 
11-9 gives the relation between memory width and display. 

The user can specify various scrolling directions by a combination of 
horizontal scrolling and vertical scrolling by character. 
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RIGHT 

to start address 
re ister 

Write (CA - 1 to 

YES YES 

SA: start address 
HD: number of horizontal 

displayed characters 
IR: virtual screen width 

(memory width) 
PSA: start address of 

display page 

LEFT 

Write 
to start address 
re ister 

Write (CA + 1) to 
cursor address cursor address 
re ister '-'"r~e...._i~s_t~e_r,..,_~~~ .... 

Figure 11-8 Flowchart for Horizontal Scrolling 

display 
page 

rs A 

p 

IR 

Si 
SA + HD -

q p 
HD ...-

display width 

F 

1 .c 
i:::::= 

PSA + IR - 1 

Figure 11-9 Relation Between Memory Width and Display 
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11.5 Cursor Control Programming 

The cursor is commonly used as a pointer specifying data input position on the 
display. It can be placed at any position on the display and under control of 
cursor keys. The cursor keys are: 

GJ Moves cursor right 
(£! Moves cursor left 
QJ Moves cursor down 
rn Moves cursor up 
[fil1l : Moves cursor to home position 

Figure 11-10 gives an example of moving cursor right and down. When the cursor 
is placed at the right end of the display, key moves the cursor to the left end 
of the next row. When the cursor is placed at the right end of last row, key 
moves the cursor to the home position. And when the cursor is placed on the 
last row, key moves cursor to the same column of the first row. In Figure 
11-10, virtual screen width (memory width) is the same as the number of 
horizontal displayed characters. 

r -- ... 
I~ •, I 

I 

I 
I 
I 
I 
I 
I 

r-------- - ~-::: 'l., __ - ~ - - - ---------- - ---- - __ J 
~ -- ... , : 

'1, 
I ' ! ', ' ... 
I 

.
I ', 

Figure 11-10 Cursor Control 

-,
' 

.... ___ _! 

Figure 11-11 and Figure 11-12 show flowcharts for control of cursor moving right 
and moving down, respectively. 
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[±] key input 

NO 

Write (CA + 1) to 
cursor address cursor address 
re ister re ister 

SA: start address 
CA: cursor address 
HD: number of horizontal 

displayed characters 
VD: number of vertical 

displayed characters ! (number of displayed l 
vertical dots) 

(number of vertical dots 
of one character) 

Figure 11-11 Flowchart'for Moving Cursor Right 

Write (CA + HD) to 
cursor address 
register 

Figure 11-12 

NO 

rn key input 

Read cursor 

Write { CA '--' HD• (VD - 1) } 
to cursor address 
register 

SA: start address 
CA: cursor address 
HD: number of horizontal 

displayed characters 
VD: number of vertical 

displayed characters l (number of displayed J 
vertical dots) 

Flowchart for Moving Cursor Down 
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11.6 Mode Control Programming 

The display mode can be changed by writing data to the mode register. In this 
case, it is also required to change parameters dependent on mode. 

Figure 11-13 shows the procedure for switching the LCTC from mode 1 (normal 
character) to mode 2 (wide character). In mode 2, the number of character dots 
(16 horizontal dots) is twice that in mode 1, and the number of horizontal 
displayed characters as well as total horizontal characters and horizontal vir
tual screen width in mode 2 become half of those in mode 1. 

Figure 11-14 shows the procedure for switching the LCTC from mode l (character 
display) to mode 3 (graphic l display). In mode 3, the number of horizontal 
dots (16 dots) is twice that in mode 1, and the number of horizontal displayed 
characters as well as total horizontal characters and horizontal virtual screen 
width in mode 3 become half of those in mode 1. 

The display is off while rewriting display data in order to prevent display 
errors, and, after completing rewriting, the display is on. 

Mode 1 

Write ($05) to 
mode register 

Write HD/2) to 
horizontal displaye 
characters re ister 

Write (TD 2) to 
horizontal total 
characters re ister 

Writer (IR/2) to 
horizontal virtual 
screen width 
re ister 

Write $15 to mode 
re ister 

Mode 2 

HD: number of horizontal 
displayed characters 

TD: number of horizontal 
total characters 

IR: horizontal virtual 
screen width 

Figure 11-13 Flowchart for Changing from Mode 1 to Mode 2 
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Mode 1 

Write (TD/2) to 
horizontal total 
characters register 

Write (HD/2) to 
horizontal displaye 
characters re ister 

Write to 
horizontal virtual 
screen width 
re ister 

Rewrite memory 
data 

Write $19 to mode 

Mode 3 

HD: number of horizontal 
displayed characters 

TD: number of horizontal total 
characters 

IR: horizontal virtual 
screen width 

Figure 11-14 Flowchart for Changing from Mode 1 to Mode 3 
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~2. DISPLAY METHODS AND SYSTEM CONFIGURATION 

l2.l LCTC Display Methods and Features 

~he LCTC supports the following display methods. 

Table 12-1 LCTC Display Methods 

Display Method Unit of Memory MA Output Form 
Data Access (Bits) 

Rasters per Usage 
Character Row 

Character mode 8 Repeats in a same 
character row. 

1-32 Character display (graphic 
display also, when the no. 
of rasters is 1) 

Graphic 1 mode 16 Increases continuously. Graphic display 

Graphic 2 mode 16 Repeats in a same 
character row. 

1-32 Graphic display (for graph
ic software using the CRTC) 

OR function 8 Repeats in a same 
character row. 

e; For the terms, refer to each mode explanation . 

. 2.2 Character Mode 

l2.2.l Character display description 

1-32 Superimposition of 
characters and graphics 

ligure 12-1 shows how the character display method works. It is necessary to 
1can and refresh the LCD screen constantly so as to keep characters displayed on 
:he LCD screen. Therefore the LCD system usually stores display data in a 
memory and refreshes the screen according to the data. Here we call the memory 
Jtoring the data for displaying a "frame buffer." 

rhere are two methods of writing data into a frame buffer from the MPU. One is 
1 bitmap method and the other is a character display method. The former 
lirectly displays the data in a frame buffer. The latter uses character codes 
such as ASCII in a frame buffer, and displays character patte7ns converted from 
:haracter codes by a character generator. Figure 12-2 shows how character codes 
ire converted into character patterns. A character generator is a ROM gene
rating character patterns, using character codes and the scanning rasters as 
iddresses. 

enerator Controller 

r-----., 
I I 
I I 
I MPU : 

I t'=======::it I 
I 
I 
I 
I Memory 1 
I I 
I I 
L-- - - - ..J 

LCD 

Frame buff er 
MPU system 
and others 

Figure 12-1 How the Character Display Method Works 
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,-Character address 

-r~·-
address 

Reads in parallel. 
,- -· -· ·- I 
I I 

Specifies the scanning I I 
raster address I 

-)> 1 I 
2 11 I 
3 11 I 

Character "A" 
__ r41 

4 l I To the LCD 
1 0 0 0 0 0 1 5 l I driver I 
ASCII Specifies I 6 ] I [q][ i[J[_lf 
7-bit code the.character I 7 J I 

I 
Hex "41" address. I I Converts the data. 

I 1 J I 
142 2 J I I 
I 3 ] __! I 

Frame buff er I 4 J ~ _! I 
I 5 J 3 I I 6 

]1 
I I 

I 7 11 I 

I 
I I 
I I 

I I I I 

I 
I ' 

I 1 i 

i 2 I 

I 3 ( 

I 4 I 

I 5 ' I 6 I 
I 7 ( 

L_ ------· - _I 

Character generator 

Figure 12-2 How the Character Patterns are Generated 

The merit of this method is that even a small-capacity frame buffer can store 
plenty of character patterns because they are condensed to be character codes. 
However, it cannot display the characters or graphics not contained in a 
character generator. Thus this method is suitable for displaying only charac
ters. 

12.2.2 System configuration and memory address output 

Figure 12-3 shows an example of the system configuration in the character mode. 
The display system is usually constructed with a character generator (C.G.ROM) 
and a frame buffer with ARAM and VRAM. In constructing the LCD system, no 
external parts are required since the LCTC can be connected directly.with the 
LCD module. However, when the load capacitance of the LCTC exceeds the rating, 
noise will be produced.and it may cause malfunction. 

The LCTC offers the function of specifying the character attributes by 
character unit, such as reverse video and blink. To realize this function, the 
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frame buffer is constructed with two types of RAM's; one stores character codes 
(= VRAM), and the other stores attribute codes (= ARAM). ARAM is unnecessary in 
case of not using the attribute function. It is possible to construct one-RAM 
character display system without the attribute function by setting MDs-MD11, and 
MD13-MD15 low and inputting CUDISP to MDI2· 

MPU 

ARAM VRAM 

LCD 
module 

Figure 12-3 System Configuration Example in the Character Mode 

As explained before, in the character mode, it is necessary to apply the same 
character addresses to the character generator as many times as the number of 
rasters constructing a character row (= set value in the maximum raster address 
register (R9) + 1). 

Therefore the MA pins output the same addresses to the frame buffer as many 
times as the number of rasters constructing a character row as shown in Figure 
12-4. Thus the outputs change in a saw-wave. The figure shows an examle of the 
screen with 3 character rows each of which is constructed with 3 rasters. 

I· 
O'l 1st character ., 
QI 

'"' '"O 
'"O 

"' :>.. 

'"' ~ :::;: 

Start 
address 

2nd 
t 
I 
I 

' I 

1 frame .. [ 

3rd character row 

character row 
I 
I 
I 
I 
I 
I 

Time 

3 rasters/character row 
3 character rows/screen 

Figure 12-4 MA Outputs in the Character Mode 
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12.3 Graphic 1 Mode (Bitmap Display) 

12.3.l Bitmap display description 

Figure 12-5 shows how the bitmap display method works. This method displays the 
data in the frame buffer as it is. 

,------1 
I I 
I MPU I 
I I 
I I 
I 
I 
I 
I I Memory 

I 
I I L ______ _J 

MPU system 
and others 

1111111111111111111 
I 
I 111111111111111 
I I I 
I I 11111111 I 
I I I I 
I 11111111111 I 
1 I 
1111111111111111111 

Frame buffer 

Controller 

Figure 12-5 How the Bitmap Display Method Works 

It requires .the frame buffer whose capacity is as large as, or larger than the 
number of dots of a screen. However, a variety of displays are possible and it 
is suitable for graphic display since each bit of the frame buffer corresponds 
to that of the display screen. 

Graphic 1 mode displays bitmap data • 
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12.3.2 System configuration and memory address output 

Figure 12-6 shows an example of the system configuration in the graphic 1 mode. 
The graphic 1 mode of the LCTC displays bitmap data u.sing the system for the 
character mode with the attribute function without any change. In this case, 
the data bypasses the C.G.ROM. Thus, the MPU accesses the memory data on 
16-bit basis and at least two memories are required. 

Figure 12-6 System Configuration Example in Graphic 1 Mode 

The character mode can be used for bitmap.display using only one RAM. For more 
details, refer to "13.1 1-RAM Graphic." 

The MA outputs increase linearly in bitmap display as shown in Figure 12-7 since 
the data in the frame buffer is displayed as it is on the LCD. The figure shows 
an example of the screen constructed with 8 rasters. 

RA outputs changes also in the graphic 1 mode, but it does not affect MA outputs 
unlike in the character mode. Thus the set value in the maximum raster address 
register (R9) is ignored. 

8 raster.s/character row 

Start - Horizontal virtual acreeo width 
addre_s_s._'---_..-.Horizontal diaplayed charactera v 

Time 

Figure 12-7 MA Outputs in the Graphic 1 Mode 
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12.4 Graphic 2 Mode 

12.4.1 Graphic 2 mode features and usage 

(1) Control of graphic software for HD6845 (CRTC) 

The graphic mode is used to handle graphic display software requiring the RA 
output signals for memory address management. 

In the LCTC graphic modes (modes 3, 7, 11, and 13), a memory address (MA) 
output changes continuously as shown in Figure 12-8(1). In the character 
modes, the character generator ROM is used. So, as shown in Figure 12-8(2), 
the MA output changes continuously in a raster and this operation is 
repeated as many times as the number of rasters in a character row. 

Memory 
address 

I 1 frame __ __.,~ 

(1) Graphic display 

Memory 
address 

~ 
I 

I 
I I 
~l character row~ 

(2) Character display 

Figure 12-8 Difference in Memory Address Management between Graphic Display 
and Character Display 

However, some graphic software for CRT display using CRTC (HD6845) use raster 
address (RA) output for address management as shown in Figure 12-9. Such soft• 
ware cannot be controlled in the graphic mode. 

Memory 
address 

0000 

OFAO 
1000 

lFAO 
lFFF 

Even rasters 
(0,2,4, ••• ,98) 

4,000 bytes 

Not used 

Odd rasters 
( 1 • 3' 5' ••• '99) 

4,000 bytes 

Not used 

Figure 12-9 Graphic Data Management by Raster Address 
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In the character mode, this type of software can be controlled. However, if 
character mode is used to run software which uses character display and graphic 
display, it causes two problems. The first one is that memory control capacity 
for graphic display becomes half because MDs-MD15 are only for attribute code. 
The second one is that ma:ny connections of MA output and MD input must be 
changed in switching character display to graphic display. Therefore a large 
additional circuit is required. 

By using the graphic 2 mode, this type of software can be handled without these 
problems. 

(2) Features of Graphic 2 Mode 

The graphic mode has the following features: 

(i) 16-bit access 

A 16-bit access allows management of 128-kbyte memory. When character 
display is switched to graphic display, it is unnecessary to change con
nection of MD pins. 

(ii) Same memory address management.as character mode 

A changeable RA output allows control of graphic display software that 
requires RA output signals. 

12.4.2 System configuration and memory address output 

As explained before, the graphic 2 mode is for m4naging the graphic software run 
by the system using HD6845 (CRTC). Therefore the basic system configuration of 
the graphic 2 mode should be able to switch the character mode, which is the 
basic mode of 'HD6845, to the graphic 2 ·mode. Figure 12-10 shows the example. 

In the graphic 2 mode, a raster address must be used as a part of memory address 
in the graphic display. Configure hardware so t~at an entry into a buffer 
memory address can be switched from MA output to RA output according to whether 
it is graphic 2 mode or character mode. 

Figure 12-10 shows an example of circuit configuration for controlling the 
graphic display software shown in Figure 12-9. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 127 



128 

MA0-MA11 

Character mode 

~ 
MD12 

t-
RAo 

Graphic 2 mode 

~ v~ ~ ..:4L 
AD AD 

LCTC VRAM ARAM 

l D D 
~ 

y 

MDQ-MD7 k Multiplexer C.G.ROM 

MD5-MD15 I' 

G/C 
-'[ 

Controll input 

Figure 12-10 System Configuration Example in the Graphic 2 Mode 

The MA outputs are exactly the.same as those in the character mode. It means 
that the MA pins output the same addr.esses as many times as the number set in 
the maximum raster address register (R9). 

1 r m 

Figure 12-11 MA Outputs in the Graphic 2 Mode 
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12.S OR Function 

12.5.1 OR function description 

The OR function is used to generate the OR of the data entered into MD0-MD7 
(e.g. character data) and the data entered into MDg-MD15 (e.g. graphic data) in 
the LCTC and transfer such data as 1-byte data. 

Character data 
(Graphic data) 

Graphic data 
(Character data) 

MD15 MD14-----MD9 MD3 MD7 MD6-----MD2 MD1 
,--- -- ----- -- --- - ----- --+------:--i 

0 I 
I 
I 

1 I 
I 

>- 6 

7 

LCTC internal circuit 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----·---------------------------------1 

Figure 12-12 OR Function 

8-bit 
data 
(I-byte 
data) 

The OR function is basically one of the functions in the character mode and 
chould be explained in that section. However, it is preferable to explain here 
because this function requires modification of the external system. 

The attribute function is not available when the OR function is used. 
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12.5.2 Superimposition of character displays 

Figure 12-13 shows the system configuration example of the superimposition of 
character displays. 

LCD 
module 

Figure 12-13 System Configuration Example of the Superimposition 
of Character Displays 

Here the 8-bit output data of the C.G.ROM corresponding to the character codes 
in the RAM(l) and RAM(2) are ORed. Then the ORed 8-bit output data will be 
displayed, Figure 12-14 shows an example of the superimposition of character 
displays. 

RAM(l) 

D ~ 

Superimposed 
dis_f_ll!l_ 

S K I 
1-- Superimpose --+- I 

RAM(2) displays. 

D s KATE 
--' 

Figure 12-14 Example of the Superimposition of Character Displays 

The MA and RA pins output addresses in exactly the same way as in the normal 
character mode. 

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



12.5.3 Superimposition of graphic displays 

Figure 12-15 shows the system configuration example of the superimposition of 
graphic displays. Set 0 into the maximum raster address register and connect no 
wire to the RA pins here. 

MPU 

RAM(l) RAM(Z) 

LCD 
module 

Figure 12-15 System Configuration Example of the Superimposition 
of Graphic Displays 

Here the 8-bit graphic data of the RAM(l) and RAM(2) are ORed. And then the 
ORed 8-bit output data will be displayed, Figure 12-16 shows an example of the 
superimposition of graphic displays. 

RAM(2) 

IJ '•io'·So' I 

Superimpose 
displays. 

Superimposed 

~ 
Figure 12-16 Example of the Superimposition of Graphic Displays 

The MA pins output addresses in exactly the same way as in the graphic 1 mode 
(bitmap display). 
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12.5.4 Superimposition of graphic display and character display 

(1) System configuration 

The following operations are needed to realize the superimposition of 
graphics and characters: set the mode of the LCTC for character display, 
connect MA and RA outputs to the RAM containing graphic data, and supply the 
addresses increasing linearly. Thus the system configuration is to be one 
shown in Figure 12-17. 

Ao- A15 

MPU 

Bus 
driver 

G. C. : Graphic Code 
C.C. : Character Code 
C. G. : Character Generator 

MA0-MA15 
RA0-RA4 

· LCTC 

LCD 
module 

Figure 12-17 System Configuration Example of the Superimposition 
of Graphic Display and Character Display 

(2) Display format and how to connect memory addresses 

The LCTC operates in the character display mode when the system is for 
superimposition of graphics and characters. Thus, the connection to the 
C.C.RAM addresses should be the same as that of normal character display mode. 

The connection to the G.C. RAM is as follows: The address of the data to be 
displayed on the first raster is the same in both the character display and 
the graphic display. Thus, the low-order bits of the MA, each of which 
controls the data for a raster, should be connected to the low-order bits of 
G.C.RAM addresses. And the RA, each of which controlls the data for a 
character row, should be connected to the less low-order bits of G.C.RAM 
addresses. Finally, the rest bits of the MA should be connected to the least 
low-order bits of G.C.RAM addresses. 

Suppose a screen whose number of horizontal dots of a panel is D and whose 
number of rasters in a character row is R. As one address can specify one 
byte, j (• the number of low-order bits, each of which controls the data for 
a raster) can be calculated with the following expressions: 

(23)j ,:!.. D < (23)j+l 

:. 2j+3 ~ D < 2j+4 

Then connect the RA, each of which controls the data for a character row, to 
the less low-order bits of G.C.RAM addresses. k (= the number of RA bits) 
can be calculated with the following expression: 

2k ~ R < 2 k+l 
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Here, connect the memory addresses as follows; 

Graphic RAM Address Connected to (of the LCTC) 

mao-ma(j - 1) MAo-MA(j _ 1) 

maj-ma(j + k - 1) RAQ-RA(k _ 1) 

Ma(j + k)- MAj-

Figure 12-lS(i) shows an example of the screen when D 

25 + 3 ~ 256 < 25 + 4 
23 ~ s < 23 + 1 

256 and R = 8. 

Thus j is to be 5 and k is to be 3 since they are expressed in the above 
inequalities. Therefore connect MAo-MA4 of the LCTC to memory addresses 
mao-ma4, RA0-RA2 of the LCTC to ma5-ma7, and MA5- of the LCTC to mas-. 
Figure 12-18(ii) shows the connection example. 

24 character rows 

x 8 rasters 

.. 192 rasters 

HD63645F 

32 characters x 8 dots =- 256 dots 

1 bvte (8 bits) .c_ 

1ill.W. 1 
32 33 
64 65 
96 97 

' ' : ' 
224 I 

8 rasters l 
(1 character 

row) 

' I 

' I 
I ' ' I 

' ' I I 

' ' ' ' I ' I ' ' ' ' ' ' ' I I 

6112 6113 

± 31 
63 

I 95 
I 127 

' 

255 

' 
' 
' 
' 
' 
' 

' 
' 
: 

6143 

\ 
G.C. RAM 
address 

(i) Example (1) of the Graphic RAM Display 

RAz 
1 

RAo 

MAg 
8 
7 
6 
5 

i l ~:w 

mal2 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 

maO 

G.C. RAM 
address 

(ii) Example (1) of the Connection of the Graphic RAM and the LCTC 

Figure 12-18 RAM Address Connection Example (1) in Superimposition 
of Graphic Display and Character Display 
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(3) Display format and memory address control 

This method supplies continuous addresses to the graphic RAM only when D (= 
the number of horizontal dots of a screen) is the xth power of 2. When 
not, some area of the RAM will be invalid and cannot be accessed by the 
LCTC. 

Figure 12-19(1) shows the graphic RAM address control in a screen of 640 
(horizontal) x 200 (vertical) dots. Although a screen needs the data of 640 
x 200 = 128,000 bits, the graphic RAM needs the capacity of 640 x (1,024/640) 
x 200 = 204,800 bits. When the MPU writes data into the graphic RAM, the inva
lid area should be taken into consideration. Figure 12-19(2) shows the 
relation between the invalid area of the RAM and the data display position 
on a screen of 640 x 200 dots. 

1 byte (8 bits) 

0 1 79 

128 129 207 

' I I 
I I 

' ' I 

' I 

' ·: 

896 897 975 
I I ' I I 

I ' 
' ' ! I 

l I ., 'I • ' ~ ' 

25 -'-4 7lJ 25-'-47j 25 _,_551 

(1) Memory address and display 
position on a screen 

0 
79 

128 

207 

25 ,472 

,_.,,.~~~~~~ .... 

25' 551 .___ _____ ....,, 

D valid 

EZI invalid 

(2) Invalid area of the RAM 

Figure 12-19 Graphic RAM Address Control in a Screen of 640 x 200 Dots 

(4) Other methods for superimposition of character display and graphic display 

Using a raster address signal as a chip select signal of a memory lessens 
the invalid area of the RAM mentioned before. Here as many memories as the 
number of rasters of a character row are used. The Nth raster data of each 
character row are placed in the Nth memory in line. 

This method increases the number of external RAM's. Figure 12-20 shows an 
example of memory address connection when a screen size is 640 x 200 dots and 
a character row is constructed with 8 rasters. Since (640 x 200)/8 equals 
16,000, it requires as many as 8 memories of 16 kbits. Therefore it can 
lessen the invalid area. 
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LCTC Decoder 

RAz c 
RA1 B Y7 
RAo A I 

I 
I 
I 

YO 

MA13 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MAz 
MA1 
MAo 

I 
I 
I 

I 

CS(IC8) 

CS (IC 1) 

ma13 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

maz 
ma1 
mao 

Graphic RAM 
address 

(i) Example (2) of Connection of the graphic RAM and the LCTC 

I 0 1 79 
0 1 79 
I I I 

8 rasters I I I 
I I I 

a character row I I I 
I I I 
I I 
I I I 

I 

\ 0 1 79 
80 81 159 

I 
I 
I 

I I 
I I 
I 

I 
I 

I I 
I I 
I I 

25th character row 1920 1921 1999 

(ii) Example (2) of graphic RAM display 

Figure 12-20 RAM Address Connection Example (2) in Superimposing 
of Graphic Display and Character Display 
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13. LCTC APPLICATION 

13.1 1 RAM Graphics 

Conventionally, graphics can be performed using 2 RAMs with a small LCD. That 
is, the LCTC fetches 1 byte of data from V-RAM (video RAM) and 1 byte of data 
from A-RAM (attribute RAM), and outputs 1 byte of data in character mode, while 
it outputs 2 bytes of data (A-RAM + V-RAM) in graphic mode. This method, 
however, requires 2 RAMs to perform graphic display, and thus its system con
figuration cost is relatively expensive when using a small LCD. As an alter
native, graphics can be performed by outputting 1 b'yte of data using the LCTC in 
character mode. Consequently, the maximum raster address must be set to 0, and 
then V-RAM data is input without CGROM. (See Figure 13-1.) 

V-RAM LCTC 

MAQ-15 
8 

MDQ-7 

E:i:~1 
MDB-15 

G/C 

Figure 13-1 Graphic Display System Using 1 RAM 

13.2 Method of Chinese Character Display 

Since the LCTC is very suitable for large scale LCDs, it is very useful for 
display control of processors such as in compact, portable word processors whose 
screens are recently becoming larger. 
Three methods can be used to perform Chinese character display by using the 
LCTc.· First of all, the LCTC is used in character mode. Since one character is 
displayed in 1 to 32 dots (height) x 8 dots (width) with A-RAM data = 8 bits and 
V-RAM data = 8 bits for normal character display, only 256 characters can be 
provided in this method. However, since an attribute function of the LCTC re
quires only 4 bits, the remaining 12 bits can be used as addresses for a character 
generator, so that the attribute function can still be used and 4096 characters can 
be provided, An attribute for each Chinese character can also be specified. 
Because of 16 bits, a cursor cannot be used, but an underline attribute utilizing 
nondisplay (black) attribute ....-~~~~~~~~~·~~~~~~~~~~~-.. 
can substitute. Generate the 
signal which becomes high while 
the raster is being selected on 
which the user want to display 
a cursor. Then ANDed it with 
the signal corresponding to 
nondisplay (block) in the 
attribute RAM to apply it to 
MD15. 
In this case, a Chinese charac
ter generator in low scan mode 
with l-set-1-chip configuration, 
displaying 16 x 16 dots, should 
be used. 

Figure 13-2 System Configuration (1) 
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Character pattern configuration 

Scan address 
(A4 - Ao) 

Ao "' 0 Ao 1 

Character 
address._~~~-"~~~~~ 

(A16 - As) 

Figure 13-3 Chinese Character ROM for System Configuration (1) 

.----
Display data MD0-7 

Attribute RAM E: MD15 

RAo 
RA1 
RAz 

Figure 13-4 Application of Attribute Function (Underline) 

In the second method, graphic 2 mode 
is used. Since this mode can control 
raster addresses and is 16-bit data 
fetch type, it can handle 16 x 16 dot 
Chinese characters as they are. As for 
the system configuration shown in 
Figure 13-5, data from CGROM is fetched 
into MDO to MD15 (16 bits). In this 
case, an attribute function cannot be 
used. A Chinese character generator in 
low scan mode with l-set-2-chip con
figuration, displaying 16 x 16 dots, 
should be used. 

~------.-------;MAo-MA 15 

A-RAM 

CG ROM 
(I) 

V-RAM 

CG ROM 
(2) 

I 

LCTC 

~==i==~-IRAO-RA3 
~---.MDO-MD7 

'----------tMD8-MDl5 

Figure 13-5 System Configuration (2) 
for Chinese Character 
Display (Graphic 2 mode) 
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Character pattern configuration System configuration 

Dl5 -----D8D'l-------DO 

Scan address 
(A3-AO)~ 

HN 62801AP HN 62So1Alj 

Character AAl AA2 

address 
(Al6-A4) -~---------' 

Figure 13-6 Chinese Character ROM 
for System Configuration (2) 

In the third method, graphic l mode is used. In this case, as shown in Figure 
13-7, CGROM is located near the MPU and Chinese characters are written into a 
display buffer as a bit pattern. Through the MPU, display functions such as 
character variation or overlaying with figures are enhanced. Also, using this 
method with 1 RAM graphics (see section 13.1) enables low-cost operation. 

MPU 

Figure 13-7 System Configuration (3) for Chinese Character Display 
(Graphic 1 mode) 
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13.3 Software Compatible with CRTC 

Since LCTC internal register configuration and control method of memory address 
are based on CRT controller HD6845 (CRTC), conventional CRT display system soft
ware can be used; a CRT system can be easily replaced by an LCD system. 

(1) System configuration 

Figure 13-8 (a) shows the CRTC system and Figure 13-8 (b) shows the LCTC 
system. 
Basic configuration (especially memory peripheral configuration important in 
progranuning) is the same. Therefore, LCD display system, which is software com
patible with CRTC, is configured taking into account the points in (2) and 
afterwards. The circuits corresponding to dot counter, P/S converter circuit 
and video control circuit are incorporated, and directly connecting LCTC output 
to the LCD module provides an easy and compact display system configuration. 
Note that since a light pen cannot be used for an LCD display, the LCTC does not 
provide light pen control functions. 

(2) Memory control 

The LCTC employs the same memory control method as the CRTC. That is, use of 
the DISPTMG signal enables the LCTC to indicate its memory access time to the 
MPU, and allows for time sharing by the LCTC and MPU. A dot counter is also 
included and cycle steal can be easily performed by indication of MCLK signal 
output. 
Since an LCD display does not require HSYNC signal nor VSYNC signal, the LCTC 
does not output these signals. However, some CRT display software utilize these 
signals to identify horizontal and vertical retrace period. To accommodate 
these software, CLl and FLM should be used instead of HSYNC signal and VSYNC 
signal, respectively. 

(3) Register configuration 

As shown in Table 13-1, LCTC register configuration is compatible with the CRTC. 
The LCTC, however, does not provide registers (R2 to R7) related to horizontal 
and vertical synchronization unnecessary for LCD display, as well as the 
interlace register (RS) and registers (Rl6 and Rl7) related to light pen func
tions. Data written into these non-existent registers is ignored. 

Address bus 
1---~-----+------Ao-Au 

Data bus t----+--.------+--.----- Do - D, 

:cuDISP 
:HSYNC 
:VSYNO 

LPSTB 

DISPTMG 
CUD ISP 

LCTC 

MD8-MD15 

LUO- 3 DO-LDS 

{WLM 
CLl 
CL8 

(a) System Configuration Using HD6845 
(CRTC) 

(b) System Configuration Using HD63645F/ 
HD64645F (LCTC) 

Figure 13-8 Comparison of Character Display System Between the CRTC and LCTC 
.HITACHI 
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Nevertheless, display information, such as number of display characters, display 
format of the maximum raster, and cursor and start address, can be displayed 
on the LCD without modifying a CRTC program. 

(4) Additi~nal registers and easy mode 

Rl8 to R22 are newly added to the LCTC, providing functions for higher display 
performance than the CRTC. Therefore, since the CRTC does not provide these 
registers, they must be additionally specified to run a CRTC program. However, 
if specified in BIOS at system startup, application software does not have to be 
modified. 
Moreover, when the screen size is 200 x 640 dots, BIOS does not have to be 
modified when using the easy mode function; the CRTC program is activated even 
if software is not modified at all. When MODE pin is set to high, easy mode 
is entered and register values are specified as shown in Table 13-2. *IBM-PC 
software can be handled by this mode. 

*: IBM-PC is a registered trademark of International 
Business Machines, Inc. 

Reg. 

Table 13-1 Internal Register Comparison between 
the LCTC and CRTC 

No. LCTC HD63645F/HD64645F Comparison 

_A_R __ A_d_dr_e_ss_Re-'g'-is_t_er ______ Equivalent to CRTC 

RO Horizontal Total Characters 

Rl Horizontal Displayed Characters 

R2 

R3 

R4 

RS 

R6 

R7 

RB 

Particular to CRTC; 

unnecessary for LCTC 

_R_9 __ M_a_x_im_u_m_R_as_t_er_A_d_d_re_s_s ___ Equivalent to CRTC 

RlO 

Rll 

Rl2 

Rl3 

Rl4 

Rl5 

Rl6 

Rl7 

Fi1s 

Rl9 

R20 

R21 

R22 

Cursor Start Raster 

Cursor End Raster 

Start Address (H) 

Start Address (L) 

Cursor Address (H) 

Cursor Address ( L) 

Horizontal Virtual Screen Width 

Multiplexing Duty Ratio (H) 

Multiplexing Duty Ratio (L) 

Display Start Raster 

Mode Register 

Particular to CRTC; 

unnecessary for LCTC 

CRTC HD6845 

Address Register 

Horizontal Total Characters 

Horizontal Displayed Characters 

Horizontal Sync Position 

Sync Width 

Vertical Total Rows 

Vertical Total Adjust 

Vertical Displayed Rows 

Vertical S¥nc Position 

Interlace Mode and Skew 

Maximum Raster Address 

Cursor Start Raster 

Cursor End Raster 

Start Address (H) 

.start Address ( L) 

Cursor (H) 

Cursor (L) 

Light Pen (H) 

Light Pen (L) 

Table 13-2 Register Values in Easy Mode 
Reg. No._ 

R9 
RlO 
Rll 
Rl8 
Rl9 
R20 
R21 
R22 

Register Name 

Maximum raster address 
Cursor start raster 
Cursor end raster 
Horizontal virtual screen width 
Multiplexing duty, ratio (H) 
Multiplexing duty ratio (L) 
Display start raster 
Mode register 

@HITACHI 

Fixed Value (decimal) 

7 
6 
7 
Same value as (R l) 
99 (in dual screen mode) 
199 (in single screen mode) 
0 
0 
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13.4 How to Connect with ACRTC 

Since the LCTC is designed to be software compatible with the CRTC, i~ does not 
provide a drawing function which the ACRTC has. However, using the ACRTC as a 
drawing processor enables a configuration in which the ACRTC gives its drawing 
to a display buffer, from which the LCTC can display it on the LCD. 

Figure 13-9 shows a block diagram of this configuration. This allows the effec
tive use of the ACRTC drawing function on the LCD. In this case, timing should 
be designed so that the LCTC and ACRTC share access of the display buffer by 
cycle steal. 

Data bus 

MPU 

j-----,/D 
LCD 

* Multiplexer 

Figure 13-9 Connection with the ACRTC 

As shown above, if the LCTC is configured to display, some ACRTC functions can
not be used. That is, the drawing processor within the ACRTC can be used, but 
not its display processor. 
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The following ACRTC functions can be used. 

(a) High Level Command Language: 38 commands including graphic drawing commands 
such as LINE, CIRCLE, ELLIPSE, PAINT and COPY. 
With X-Y coordinates as a parameter, throughput 
of the system is enormously improved. 

(b) High Speed Graphic Drawings: Maximum 408 ns/pixel 

(c) Pattern Graphic Drawing: 

(d) Drawing operation: 

By unique memory storing method, the same 
graphic drawing is performed for both 
monochrome and color display. 

Using 32-byte pattern RAM, tilling can be 
easily performed by using color patterns. 

8 drawing operation modes (REPLACE, OR, AND, 
EOR and 4 CONDITIONAL REPLACEs) are provided. 
In particular, using CONDITIONAL REPLACE 
enables conditional color drawing such as spe
cifications of the specific background color 
and drawing inhibited color, drawing of color 
data with priority. 

(e) Drawing area detection function: 

(f) DMA interface: 

Controls drawing area such as drawing inhibi
tion outside of a specified area or detection 
of a particular area 

Control signal of DMA controller is provided, and 
command transfer and high speed DMA transfer 
between system memory and frame buffer are sup
ported. 

The following functions cannot be used. 

(a) Split screens 
(b) Zooming 
(c) Smoo·th scroll 
(d) Screen overlaying 
(e) External synchronization 
(f) Programmable cursors 

LCTC functions partially cover (c) and (d) of the above functions. For details 
of the ACRTC, refer to "HD63484 ACRTC User's Manual" • 
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14. ELECTRICAL CHARACTERISTICS 

14.1 Absolute Maximum Ratings 

Item Symbol Value Note 

Supply voltage Vee -0.3 to + 7.0 V 2 

Terminal voltage V;n -0.3 to Vee +0.3 V 2 

Operating temperature Topr -2o·c to +75°C 

Storage temperature Tstg - 55°C to + l 25°C 

Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions (Vee= 5.0 V :!:10%, GND = 0 V, Ta= -2o·c to+ 75"C). If these conditions are exceeded, it could affect reliability of 
LSI. 

2. Width respect to GROUND (GND = 0 V) 

14.2 DC characteristics (Vee = 5.0 V ± 10%, GND 
unless otherwise noted.) 

0 V, Ta -20°c to +1s 0 c, 

Item 

Input high voltage 

Input low voltage 

Output high voltage 

Output low voltage 

RES, MODE, SKO, SKl 

DCLK, ON/OFF 

All others 

All others 

TTL Interface' 

CMOS Interface' 

TTL Interface 

CMOS Interface 

Input leakage current All inputs except 
DBo-087 

Three state (off-state) DB0-DB7 
leakage current 

Current dissipation' 

Symbol Min 

Vee-0.5 

2.2 

2.0 

V1L -0.3 

VoH 2.4 

Vcc-0.8 

VoL 

ltL -2.5 

lrsL -10 

Ice 

Notes: 1. TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, D80-D87, MCLK 
CMOS Interface; LUO-LU3, LDO-LD3, CL!, CL2, M, FLM 

Typ Max 

Vee+0.3 

Vee+0.3 

Vee+0.3 

0.8 

0.4 

0.8 

+2.5 

+10 

10 

Unit 

v 
v 
v 
v 
v 
v 
v 
v 

µA 

µA 

mA 

Test 
Condition 

loH=-400µA 

loH=-400µA 

loL=l.6mA 

loL=400µA 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, excessive current flows through the input circuit 
to power supply. Input level must be fixed at high or low to avoid this condition. 

3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be produced on CUDISP, DISPTMG, MCLK, 
FLM and M. In case the loads of LUO-LU3 and LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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14.3 AC Characteristics 

CPU Interface (HD63645F - 68 family) 

Item Symbol Min Typ 

Enable cycle time tcYCE 500 

Enable pulse width (high) PwEH 220 

Enable pulse width (low) PwEL 220 

Enable rise time tEr 

Enable fall time tEI 

CS, RS, R/W setup time tAS 70 

CS, RS, R/W hold time lAH 10 

080-081 setup time tos 60 

OBo-081 hold time toHW 10 

OBo-081 output delay time tooR 

080-081 output hold time to HR 20 

-------tcYCE -------

E 

cs 
RS 
R/W 

OB0-0B1 
(input) 

DBo-087 

2.0V 

o.sv 

Max Unit 

ns 

ns 

ns 

25 ns 

25 ns 

ns 

ns 

ns 

ns 

150 ns 

ns 

(output) O. 4 V 

Figure 14-1 CPU Interface (HD63645F-68 family) 
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CPU Interface (lID6464SF, lID64646F - 80 family) 

Item Symbol Min Typ Max Unit Figure 

RD high level width twRDH 190 ns 14-2 

RD low level width tWRDL 190 ns 

WR high level width twwoH 190 ns 

WR low level width twwoL 190 ns 

CS, RS setup time tAS 0 ns 

CS, RS hold time tAH 0 ns 

D80-D87 setup time tosw 100 ns 

D80-D87 hold time toHW 0 ns 

D80-D87 output delay time tooR 150 ns 

D80-D87 output hold time toHR 20 ns 

cs 
2.0V 

RS o.sv 

tAS tAH tAS 

twRDL 
!AH 

2.0V 
RD twRDH 

o.sv 

twwoH twwoL 

2.0V 
WR 

O.SV 

too A to HA tosw 
toHW 

2.4V 
DB0-DB1 output input 

0.4V 

Figure 14-2 CPU Interface (HD64645F, HD64646F-80 family) 
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AC Characteristics (Cont) 

Memory Interface 

Item Symbol Min Typ Max Unit Figure 

DCLK cycle time tcvco 100 ns 14-3 
DCLK high level width twoH 30 ns 

DCLK low level width twoL 30 ns 

DCLK rise time tor 20 ns 

DCLK fall time to1 20 ns 

MCLK delay time to MO 60 ns 

MCLK rise time tMr 30 ns 

MCLK fall time tMt 30 ns 

MAO-MA15 delay time tMAO 150 ns 

MAO-MA15 hold time tMAH 10 ns 

RAO-RA4 delay time tRAO 150 ns 

RAO-RA4 hold time tRAH 10 ns 

DISPTMG delay time toro 150 ns 

DISPTMG hold time torH 10 ns 

CUDISP delay time tcoo 150 ns 

CUDISP hold time tcoH lo ns 

Cll delay time tCLIO 150 ns 

Cll hold time tcLIH 10 ns 

Cll rise time tcur 50 ns 

Cll fall time tcu1 50 ns 

MDQ-MD15 setup time tMOS 30 ns 

MDO-MD15 hold time tMOH 15 ns 
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tcvco 

DCLK 

MCLK 

DISPTMG 

tcoH 

CUDISP 

tcuH 

CL1 

!MOS !MOH 

MDO-MD15 2.0V 
(input) O.BV 

Figure 14-3 Memory Interface 
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AC Characteristics (Cont) 

LCD Interface 1 (HD63645F, HD64645F) 

Item Symbol 

Display data setup time tLOs 

Display data hold time tLOH 

CL2 high level width twCL2H 

CL2 low level width twcL2L 

FLM setup time tFS 

FLM hold time tFH 

CLl rise time tcur 

CLl fall time tcu1 

CL2 rise time tcL2r 

CL2 fall time tCL21 

Note: At fcL2 = 3 MHz 

LUO-LU3 
LDO-LD3 

CL2 

Cll 

FLM 

Vcc-0.8 V 

0.8V 

twCL2L 

tcl2t tcl2r 

tcur 

Vcc-0.8 V 

0.8V 

twcl2H 

lFS 

Min Typ 

50 

100 

100 

100 

500 

300 

toH 

tcut 

Max 

50 

50 

50 

50 

Vcc-0.8V 

0.8V 

Figure 14-4 LCD Interface (HD63645F, HD64645F) 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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

Figure 

14-4 



AC Characteristics (Cont) 

LCD Interface 2 (HD64646F) 

Item Symbol Min Typ Max Unit Figure 

FLM setup time tFs 500 ns Figure 14-5 

FLM hold time tFH 300 ns 

M delay time tDM 200 ns 

CLl high level width tc1rn 300 ns 

Clock setup time tsc1 500 ns 

Clock hold time tHCL 100 ns 

Phase difference 1 tPDl 100 ns 

Phase Difference 2 tPD2 500 ns 

CL2 high level width tcL2H 100 ns 

CL2 low level width tc121 100 ns 

CL2 rise time tc12r 50 ns 

CL2 fall time tc12f 50 ns 
J 

Display data setup time tLDs 80 ns 

Display data hold time t1DH 100 ns 

Display data deley time tLDD 30 ns 

Note: At fc12 = 3 MHz 

LCD Interface 3 

Item Symbol Min Typ Max Unit Figure 

FLM setup time tFs 500 ns Figure 14-5 

FLM hold time tFH 200 ns 

M delay time tDM 200 ns 

CLl high level width tc1rn 300 ns 

Clock setup time tsc1 500 ns 

Clock hold time tHCL 100 ns 

Phase difference 1 tPDl 70 ns 

Phase difference 2 tPD2 500 ns 

CL2 high level width tcL2H 50 ns 

CL2 low level width tc121 50 ns 

CL2 rise time tc12r 50 ns 

CL2 fall time tc12f 50 ns 

Display data setup time tLDs 30 ns 

Display data hold time t1DH 30 ns 

Display data delay time t1DD 30 ns 

Note: At fc12 = 5 MHz 
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FLM 

CL1 

M 

CL1 

CL2 

_ ____./ Vcc-0.8 V 

o.av 

Vcc-0.SV 
toM)( 

------------------~- __ o_.a_v _______ ~ 

-1-----tscL----1.i 

-----tpo2-----

tcl2L tcl2H ---
LD0-4 ------' 

Vcc-0.SV 
o.av 

Figure 14-5 LCD Interface (HD&4646F) 
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AC Characteristics 

TTL Load 

Pin RL R C Remarks 

DB0-DB7 2.4 kO 11 kO 130 pF tr, ti: Not specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

MA 0 - MA l 5, RAO-RM, DISPTMG, CUD ISP 2.4 kO 11 kO 40 pF 

MCLK 2.4 kO 11 kO 30 pF tr, tf : Specified 

T 
All diodes; 152074® 

Capacity Load 

Pin C Remarks 

CL2 150 pF tr, ti : Specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

C ll 200 pF 

LUO-LU3, LDO-LD3, M 150 pF tr, ti: Not specified 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

~ ~~ 
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15. PACKAGE DIMENSION 

FP-80 

~DUDJUlUUUUUUUJIUD~UIUbi~-===f o· -15· 

\~00121 

FP-808 

80 

24.8 ±0.4(0.976±0.016) 29max 
(0114max) 

~ 035±0~-j_ 
o.8{0.031) (OOl4±0004l 0·1 · 0 1s~oos 

\O oo~ ~ o ooz) 

-o·-10· 

~7±±0i"oosl La101Siooo6)I (0.04 . 

0 0.15 0.006) 
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-APPENDIX-

A. Abnormal Operation by Rewriting Registers during Display* 

Reg. 
No. Register Name Abnormal Operation by Rewriting Registers 

and Countermeasure 
Rewritable 
or not ** 

RO 

Rl 

R9 

RlO 

Rll 

Rl2 

R13 

Rl4 

RlS 

Rl8 

Rl9 

R20 

R21 

R22 

Horizontal Total 
Characters 
Horizontal 
Displayed 
Characters 

Maximum Raster 
Address 

Cursor Start 
Raster 
Cursor End 
Raster 
Start Address 
(H) 

Start Address 
(L) 

Cursor Address 
(H) 

Cursor Address 
(L) 

Horizontal 
Virtual Screen 
Width 

Multiplexing 
Duty Ratio (H) 
Multiplexing 
Duty Ratio (L) 
Display Start 
Raster 

Mode Register 

The horizontal scanning period goes out of 
order. 
DISPTMG width may be shorter than the 
specified value, because the number of 
horizontal display characters is mis
takenly obtained in rewriting registers 
only for 1 raster period. 
The number of rasters in one row might 
be temporarily different from the specified 
value by rewriting. Rewriting shoulc 
be performed during DISPTMG low. 
Cursor raster may not be correctly 
displayed. Also, blinking cycle may be 
shorter temporarily. Rewriting should 
be performed during DISPTMG low. 
Rl2 and Rl3 are used during the last raster 
period of 1 field. Except for this period, 
rewriting is possible. Rewriting Rl2 and 
Rl3 in respective fields allows temporary 
display by start address dynamically 
determined in rewriting. 
Rewriting in display period may temporarily 
cause cursor to be displayed at an address 
different from that specified. Rewriting 
should be performed during DISPTMG low. 
Rewriting Rl2 and Rl3 in respective fields 
allows cursor to be displayed temporarily 
at dynamic address in rewriting. 
Rl8 is used during the last MCLK cycle of 
raster period. Rewriting during this 
period may cause displaying at an address 
different from that specified. 
Rewriting in the last raster period of one 
field may cause the vertical scanning 
period to go out of order. Except for this 
period, rewriting is possible. 
R21 is used in the last raster period of 
one field. Except for this period, rewriting 
is ossible. 
Rewriting during display period may temporarily 
cause distortion on the screen. Rewriting 
should be performed during DISPTMG low. 

*: Temporarily occurs in rewriting an internal register during display. 

x 

0 

0 

0 

0 

0 

0 

Usually after rewriting, the LSI performs display operation from the next 
field. (As operations in this table fall outside of the guaranteed range, 
they are shown just for reference.) 

**:jO --- The register can be rewritten without affecting display screen. 
A.--- The register can be rewritten under certain conditions. If the con

ditions are not met, flickers temporarily occur. 
X --- Rewriting may cause flickers temporarily. 
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B. Programming Precautions 

Since internal register data to be written has the following limitations as 
shown in Table l , extra care should be taken in programming. 

Table l Limitations of Register Data to Be Written 

Function Limitation Applicable 
registers 

l < Nhd < Nht + l ~ 256 RO, Rl 

Nhd + ;6*l~ Nht + 1 

Screen (Number of vertical dots) x (Number of horizontal Rl, Rl9 
Configuration dots) x (Frame frequency; fFRM) f (Data transfer R20 

speed; V) 

g} *2 x { 8} *3 (Nd + 1) x Nhd x 16 x fFRM ~ V 

Nhd ~ Nir Rl, Rl8 

0 f Nd f. 511 Rl9, R20 

0 f: Ncs f:. Nee RIO, Rll 
Cursor Control 

Nee ~ Nr RlO, R9 

Smooth Scroll Nsr ~ Nr R21, R9 

Memory Width 0 f:. Nir .f:. 255 Rl8 

*l: The value of m depends on the mode, as shown in the following table. 

mode No. m 
5, 9 1 
1, 6, 7, 8, 10, 11, 12, 13 2 
2 3 4 4 

*2: Set to 1 if the LCD screen has 1 panel and single s~reen configuration and 
to 2 if the LCD screen has 2 panels and single screen configuration. Refer 
to the following table. 

mode No. 
5, 6, 7, 8, 9, 10, 11, 12 
1 2 3 4 13 

Set value 
l 
2 

*3: Set to 8 if one character consists of 8 dots and to 16 if one character ~o 
sists of 16 dots, as shown below. 

mode No. Set value 
1, 5, 9 8 
2_!_ 3, 4, 6, 7, 8, 10, 11, 12, 13 16 
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C. Reset Sequence 

RES pin determines the internal state of LSI counters and the like, This pin 
neither affect register contents nor control output pins basically. 

Reset is defined as follows (Figure C-1): 

0 At reset: the time when RES goes low 
0 During reset: the period while RES remains low 
0 After reset: the period on and after RES transition from low to high 

RE'S-----... 
Vee - o.s v 

During reset After reset 

At reset 

Figure C-1 Reset Definition 

RES pin should be pulled high by users during operation • 
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C.l Reset State 

(1) Reset State of Pins 

RES pin does not basically control output pins. It also operates independently 
of other input pins. Reset state of each pin is shown below. 

Pin No. Symbol 
1 - 16 MOO - MD15 
11 vcc1 
18 - 21 LD3 - LOO 
22 - 25 LU3 - LUO 
26 M 
27 FLM 
28 CL! 
29 CL2 
30' 31 
32 

SKO, SKl 
Vcc2 
DCLK 
MCLK 
DISPTMG 
CUD ISP 
GND2 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 -
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
65 

RES 
cs 
RS 
E 
.R/W 

50 DBO - DB7 
BLE 
MODE 
ON/OFF 
WIDE 
D/S 
I,.S 
AT 
G/C 
GNDl 

64 RAO - RA4 
80 MAO - MA15 

Name I/O 
MEMORY DATA 0 - 15 I 
Vee 
LCD DOWN DATA 3 - 0 0 
LCD UP DATA 3 - 0 0 
M 0 
FIRST LINE MARKER 0 
CLOCK! 0 
CLOCK2 0 
SKEWO, I 
Vee 
D CLOCK I 
M CLOCK 0 
DISPLAY TIMING 0 
CURSOR DISPLAY 0 
GROUND 
RESET I 
CHIP SELECT I 
REGISTER SELECT I 
ENABLE I 
READ/WRITE I 
DATA BUS 0 - 7 I/O 
BLINK ENABLE I 
MODE I 
ON/OFF I 
WIDE I 
DUAL/SINGLE I 
LARGE SCREEN I 
ATTRIBUTE I 
GRAPHIC/CHARACTER I 
GROUND 
RASTER ADDRESS 0 - 4 0 
MEMORY ADDRESS 0 - 4 0 

Description 
Unaffected 

Preserves states before reset 
Preserves states before reset 
Preserves st~te before reset 
Pre$erves state before reset 
Preserves state before reset 
Depends on mode* 
Unaffected 

Unaffected 
Fixed at high level 
Preserves state before reset 
Preserves state before reset 

Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 

Preserves states before reset 
Preserves states before reset 

*l: The reset state of CL2 depends on the mode as follows. 

mode No. Reset state 
5..1. 6 7 8 13 Fixed at low level 

Q) Fixed at high level with 
1, 2, 3, 4, 9, 10' 11, 12 RES state in data transfer 

® Fixed at low level with 
RES state exce_p_t in data transfer 

(2) Reset State of Registers 

RES pin does not affect register contents. Therefore, registers can be read 
and written even during reset state. Their contents will be preserved 
regardless of reset until they are rewritten • 
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C.2 Display Sequence after Reset 

The LCTC starts display operation immediately after reset. Take extra care 
since in the first field after reset, its display operation is different from 
normal operation. 

The differences between normal operation and that after reset are as follows: 

(1) After reset, memory address (MA) starts from 0 in the first field, and 
from the set value in the start address register (Rl2, Rl3) after that 
field,. 

(2) After reset, raster address (RA) starts from 0 in the first field, and 
from the set value in the display start raster register (R21). 
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