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PREFACE 

Hitachi Dot Matrix Liquid Crystal Display (LCD) Module was developed to display numerals, 

alphabet, symbols, graphics, etc. 

The twisted-nematic type liquid crystal, with a high contrast ratio was used. Hitachi Dot Matrix 

LCD Module has been widely used as a display component for portable data terminal equip

ment, word processors, electronic tabletop calculators, telecommunications equipment 

throughout the world. 

This brochure describes the electrical and optical characteristics, external dimensions and 

pretautions in handling the standard type of products. 

MEDICAL APPLICATIONS 

Hitachi's products are not authorized for use in MEDICAL APPLICA
TIONS, including, but not limited to, use in life support-Oevices without the 
written consent of the appropriate officer of Hitachi's sales company. Buyers 
of Hitachi's products are requested to notify Hitachi's sales offices when 
planning to use the products in MEDICAL APPLICATIONS. 

When using this manual, the reader should keep the following in mind: 

I. This manual may, wholly or partially, be subject to change without 
notice. 

2. All rights reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this manual without Hitachi's permission. 

3. Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit accord
ing to this manual. 

4. This manual neither ensures the enforcement of any industrial proper
ties or other rights, nor sanctions the enforcement right thereof. 

5. Circuitry and other examples described herein are meant merely to 
indicate characteristics and performance of Hitachi semiconductor
applied products. Hitachi assumes no responsibility for any patent in
fringements or other problems resulting from applications based on the 
examples described herein. 

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

January 1987 "Copyright 1987. Hitachi America Ltd. Printed in U.S.A. 
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TABULATED DATA 

TABULATED DATA FOR HITACHI GRAPHICS MODULES 

No. of Power Supply Power 
Part No. Pixels External Size Effective View Pixel Size Duty Consump-

HxW L x W x Th (Max) Area LxW Voo·Vss Vee·Vss tion r\11wi 
H2525 20x239 220x53x15 163x17 0.55x0.55 1/20 +5 -5 20 

LM021 24x479 290x60x 13 245x 19 0.43 x0.55 1/24 +5 -5 30 

LM212 48x640 270x 63x 14 241x25 0.32x0.38 1/48 +5 -5 50 

LM200 64x240 180x75x14 132x 39 0.48 x0.48 1/32 +5 -5 25 

LM213B 64x256 184x75x12 149.6x43 0.51x0.51 1/64 +5 -9 250 

LM213XB 64x256 184 x 75 x 12 149.6x43 0.51x0.51 1/64 +5 -9 250 
----~-··---

LM211XB 64x480 270x82x13 240 x38 0.44x 0.44 1/64 +5 -9 130 

LM266XP 100 x 640 288x72x13 243 x42 0.33 x0.33 1/100 +5 -19 140 

LM551XT 128x128 88x86x14 54x54 0.35x0.35 1/128 +5 -20 175 . 

LM221XB 128 x 240 180x120x14 148 x 75 0.50x0.50 1/64 +5 -13.5 130 

LM238XB 128 x 240 180x120x 14 148x 75 0.50x0.50 1/64 +5 -13.5 250 

LM215XB 128 x480 270 x 110 x 12 242x69 0.43x0.43 1/64 +5 -10 100 

LM224XB 128 x 480 270x110x12 242x69 0.43 x0.43 1/64 +5 -11 100 

LM240S 128 x480 270x110x 12 242x69 0.43 x0.43 1/128 +5 -14.5 120 

LM225X 200x640 270x 150x13 239 x 104 0.32x 0.46 1/100 +5 -13.5 400 

LM236XB 200x640 270x149 x 13 239x 104 0.32 x 0.46 1/100 +5 -14.5 170 

LM250X 200x640 270x150x13 239 x 104 0.32 x0.46 11200 +5 -21.5 190 

LM585X 200x640 260x195x13 2~ox 16~,,.v 0.29x0.74 1/100 +5 -14.5 170 

LM246X 320 x ~?56 168 x 150 x 14 '>1'42x f1'5' 0.43 x 0.43 1/128 +5 -20 175 
- --··----- -- ----

LM252X 400x640 270x198x13 236 x 153.6 0.33x0.33 1/200 +5 -21.5 240 

COMPACT VERSIONS 

LM258X 6.4 >.< 24,,0 ~%.x3t.x~ 117x41 0.44 x 0.44 1/64 +5 -12.0 100 

LM254X 200x 640 11117~·1 ~ ~'13 224 x 100 0.32 x0.46 1/200 +5 -21.5 190 

LM280X 200x640 270x104x 11 236x 78 0.33x0.33 1/200 +5 -21.5 190 

LM282XP 400x640 270 x 198 x 14 236x 153.6 0.33x0.33 1/200 +5 -21.5 240 

6 @;HITACHI 



TABULATED DATA 

Operating Storage Power Temperature Temperature Weight Supply Built-in LSI Recommended Controller Part No. oc oc 

0- +50 -20- +60 100 Double HD44104 HD61830 CB1020R/CB1055R H2525 

0- +50 -20- +60 150 Double HD44100 HD61830 CB1020R/CB1055R LM021 

0- +50 -20- +60 170 Single MSM5839 HD61830 CB 1026R/CB 1056R LM212 

0- +50 -20- +60 150 Double HD44104 HD61830 CB1020R/CB1055R LM200 

0- +50 -20- +60 180 Double HD61830 + HD44104 Built-in - LM213B 

!)- +40 -20- +60 180 Double HD61830 + HD44104 Built-in - LM213XB 

0- +40 -20- +60 180 Double MSM5839/5238 HD61830 CB1026R/CB 1056R LM211XB 

0- +40 -20- +60 200 Double MSM5839/HD61105 HD63645F - LM266XP 

P-+40 -20- +60 125 Double HD61104/105 HD63645F - LM551XT 

p- +50 -20- +60 210 Double HD61100/103 HD61830 CB1026R/CB1056R LM221XB 

0- +40 -20- +60 220 Double HD61100/103 +61830B Built-in - LM238XB 

0- +40 -20- +60 320 Double HD61100/103 HD61830 CB1030R/CB1057R LM215XB 

0- +40 -20- +60 320 Double HD61100/103 HD61830B - LM224XB 

0- +50 -20- +60 320 Double MSM5279/5278 V6355/MSM6255 - LM240S 

0- +40 -20- +60 450 Double HD61100/103 HD61830B CB 1040R/CB 1058R LM225X 

0- +40 -20- +60 450 Double MSM5279/5278 V6355/MSM6255 - LM236XB 

0- +40 -20- +60 450 Double HD61104/105 HD63645F - LM250X 

0- +40 -20- +60 540 Double MSM5279/5278 V6355/MSM_i.255 - LM585X 

0-.+40 -20- +60 265 Double HD61104/105 HD63645F l~ , - LM246X 
~· 

0- +40 -20- +60 540 Double HD61104/105 HD63645F - LM252X 

0- +40 -20- +60 110 Double HD61100/103 HD61830 CB1020R/CB1055R LM258X 

0- +40 -20- +60 400 Double HD61104/105 HD63645F - LM254X 

0- +40 -20- +60 310 Double HD61104/105 HD63645F - LM280X 

0- +40 -20- +60 540 Double HD61104/105 HD63645F - LM282XP 

$HITACHI 



TABULATED DATA 

TABULATED DATA 

Part No. Char. L External Size Effective View Character Font Size Duty By Line LxWxTh (Max) LxW Size WxH WxH 

LM054 8x1 84x44x12 61x15.8 6.5 x 9.4 5x8 1/8 
H2570 16x 1 80x36x12 64.5x13.8 63.15x7.9 5x11 1/11 
LM015 16x 1 80x36x12 64.5x 13.8 3.15 x 5.5 5x8 1/8 
LM568AF 16x 1 122x33x12 99x 13 4.84x8.06 5 x 7 w/cursor 1/8 
LM020L 16x 1 80x36x12 64.5x13.8 3.07x5.73 5x8 1/16 

1 LINE LM070L 20x 1 105x39x11 84x 13 3.2x5.2 5 x 7 w/cursor 1/8 

SERIES LM038 20x 1 182 x 35.5 x 13 154x 15.3 6.7x9.4 5 x 7 w/cursor 1/8 
LM027 24x 1 126x36x12 100 ~13.8 3.15x7.9 5x 11 1 /11 
H2571 32x 1 174.5x33x13.4 132.5 x 14 3.15x7.9 5 x 11 1 /11 
H2572 40x 1 182x35.5x13 154x15.3 3.15x7.9 5x 11 1/11 
LM058 40x 1 290x 60x13 245 x 19 4.82 x 8.18 5x8 1/8 
LM052L 16x2 80x36x12 64.5x13.8 2.95x3.8 5x8 1/16 
LM075L 16x2 80x36x12 64.5x13.8 2.95x3.8 5x8 1/16 

6.60 x 9.4 (numeric) 

LM016L 16x2 84x44x12 61x15.8 2.95x4.86 5x8 1/16 
LM068L 16x2 83x43x11 61x17.6 2.95x4.86 5x8 1/16 
LM074L 

; 

16x2 84x44x12 61x15.8 2.95x4.86 5x8 1/16 
2 LINE 6.51 x 11.5 (numeric) 

SERIES LM032l 20x2 116x39x13 83x 18.6 3.2x4.85 5x8 1/16 
LM061L 20x2 115x39x 13 83x18.6 3.2x4.85 5x8 1/16 
LM060L 24x2 116x 39x 13 83x18.6 2.7x4.85 5x8 1/16 
LM017L 32x2 174.5x33x13.4 141.2x 16.75 3.45x4.85 5x8 1/16 
LM018L 40x2 182x35.5x13 154x 15.3 3.2x4.85 5x8 1/16 

4 LINE LM041L 16x4 87x60x 12 61.8 x 25.2 2.95x4.15 5x8 1/16 
SERIES LM044L 20x4 98x60x12 76x25.2 2.95x4.15 5x8 1/16 

COMPACT VERSIONS 

LM104L 16x2 80x30x 11 62x 15.1 2.96x4.86 5x8 1/16 
LM105L 20>1:2 95x30x11 76.7x 15.1 3.2x4.85 5x8 1/16 
LM107L 40x2 170x30x11 152.6x 15.1 3.2x4.85 5x8 1/16 

L.E.D. BACKLIGHT VERSIONS 

LM087LN 16x1 90x 36x 14 64.5 x 13.8 3.07x5.73 5x8 1/16 
LM086LN 6x2 90x36x14 64.5x13.8 2.95x3.8 5x8 1/16 
LM093LN 16x2 90x44x 14 61x16.3 2.96x4.86 5x8 1/16 
LM091LN 20x2 126 )( 39 x 14 83x18.6 3.2x4.85 5x8 1/16 
LM092LN 40x2 192 x 35.5 x 16 154x 15.3 3.2x4.85 5x8 1/16 
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TABULATED DATA 

Power Supply Power Operating Storage Weight 
Consumption Temperature Temperature (g) 

Voo·Vss Vee·Vss 
oc oc 

+5 0 10 0- +50 -20- + 70 25 
+5 0 10 0- +50 -20- + 70 25 
+5 0 10 0- +50 -20- + 70 25 
+5 0 10 0- +50 -20- + 70 30 
+5 0 10 0- +50 -20- + 70 25 
+5 0 10 0- +50 -20- + 70 40 
+5 0 10 0- +50 -20- + 70 65 
+5 0 10 0- +50 -20- + 70 40 
+5 0 10 0- +50 -20- + 70 60 
+5 0 10 0- +50 -20- + 70 65 
+5 0 10 0- +50 -20- + 70 150 
+5 0 15 0- +50 -20- + 70 25 
+5 0 15 0- +50 -20- + 70 25 

+5 0 15 0- +50 -20- + 70 25 
+5 0 15 0- +50 -20- + 70 25 
+5 0 15 0- +50 -20- + 70 25 

+5 0 15 0- +50 -20- + 70 50 
+5 0 15 0- +50 -20- + 70 50 
+5 0 15 0- +50 -20- + 70 60 
+5 0 15 0- +50 -20- +70 60 
+5 0 15 0- +50 -20- + 70 65 
+5 0 15 0- +50 -20- + 70 60 
+5 0 15 0- +50 -20- + 70 65 

+5 0 15 0- +50 -20- + 70 25 
+5 0 15 0- +50 -20- + 70 50 
+5 0 15 0- +50 -20- + 70 65 

+5 0 150 0- +50 -20- + 70 40 
+5 0 400 0- +50 -20- + 70 50 
+5 0 400 0- +50 -20- + 70 50 
+5 0 550 0- +50 -20- + 70 65 
+5 0 850 0- +50 -20- + 70 80 

~HITACHI 

Power Built-in LSI 
Supply Controller and Driver 

Si~e HD44780 
Si~e 

HD44780 + HD44100 
Si~e or MSM5259 
Si~e 

Si~e HD44780 

Si~e 

Si~e 

Si~e 
Sin_gle 
Si~e 

Si~e 

Si~e 
Single 

Si~e HD44780 + HD44100 

Si~e 
or MSM5259 

Single 

Si~e 
Sin_gle 
Si~e 

Si~e 

Sin_gle 
Sin_gle 
Sin_gle 

Si~e 
HD44780 + HD44100 

Si~e or MSM5259 
Sin_gle 

Sin_gle HD44780 
Sin_gle 
Sin_gle HD44780 + HD44100 
Single or MSM5259 

SinJ!!e 

Part No. 

LM054 
H5270 
LM015 
LM568AF 
LM020L 
LM070L 
LM038 
LM027 
H2571 
H2572 
LM058 
LM052L 
LM075L 

LM016L 
LM068L 
LM074L 

LM032L 
LM061L 
LM060L 
LM017L 
LM018L 
LM041L 
LM044L 

LM104L 
LM105L 
LM107L 

LM087LN 
LM086LN 
LM093LN 
LM091LN 
LM092LN 
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SEMI-CUSTOM OPTIONS 

SEMICUSTOM How to read the table. 
• : Under production 
O: Unable to produce technically. 

We provide liquid-crystal module with optional specifications 
as follows. Tabl~ 1 shows LCD module already in production. 
A: Black coated metal frame Blank: Able to develop on customer's request. 
T: Transflective type for installing the EL 
H: Available in extended temperature range 

(operating-10°C - + 70°C, storage: -40°C - + 80°C), 
driven by doubfe-powersi.Jpply. 

L: Duty = 1 /16, available with single power circuit + 5V. 
N: Electroluminescent panel 
Table 1. Semicustom List 

No. of OPTIONAL SPECIFICATIONS 
No. Part No. Displ:r 

Wx A T H LT HT N 

1 H2525 20x239 0 0 
2 LM021 24x479 0 0 
3 LM212 48x640 0 0 0 
4 LM200 64x240 • • 0 • 
5 LM213XB 64x256 0 0 0 0 • 
6 LM211XB 64x480 0 0 0 
7 LM266XP 100 x 640 0 0 0 
8 LM221B 128x 240 0 0 0 
9 LM238XB 128x240 0 0 0 

10 LM215XB 128x480 0 0 0 
Graphics 11 LM224XB 128x480 0 0 0 
Displays 12 LM240S 128x480 0 0 0 

13 LM225X 2QOx 640 0 0 0 
14 LM236XB 200x640 0 0 0 
15 LM250X 200x640 0 0 0 
16 LM585X 200x640 0 0 0 
17 LM246X 256x32,0 V' 1t;..F' ~ 0 0 

,,,,. 
18 LM252X 400x640 0 0 0 
19 LM258X 64x240 0 0 0 
20 LM254X 200x640 0 0 0 
21 LM280X 200x640 0 0 0 
22 LM282X 400x640 0 0 0 

23 LM054 8x1 • • 0 
24 H2570 16x1 • • 0 • 
25 LM015 16x1 • 0 
26 LM568AF 16x1 • 0 
27 LM020L 16x1 
28 LM070L 20x 1 
29 LM038 20x 1 • • 0 • 
30 LM027 24x 1 • 0 
31 H2571 32x 1 • • 0 • 
32 H2572 40x 1 • • • 0 
33 LM058 40x 1 • 0 
34 LM052L 16x2 

Character 35 LM075L 16x2 
36 LM016L 16x2 • • • • • Displays 37 LM068L 16x2 
38 LM074L 16x2 
39 LM032L 20x2 • • • 
40 LM061L 20x2 • • • 
41 LM060L 24x2 
42 LM017L 32x2 • • • • 
43 LM018L 40x2 • • • • 
44 LM041L 16x4 • • • 0 
45 LM044L 20x4 J • 0 
46 LM104L 16x2 0 ·o 0 
47 LM105L 20x2 0 0 0 
48 LM107L 40x2 0 0 0 
49 LM039 16x 1 • 0 0 0 0 
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DRIVER LSI LINE 

HITACHI LCD DRIVER LINE-UP 

• General 

Type No. Function & features Supply logic Voo-VEE 

HD44100H LCD Driver 5V 10V • Internal shift register: 20 bit x 2 

LCD Driver 
HD61100A • Internal shift register: 80 bit 5V 16.5V 

High speed operation: 2.4MHz 

•Segment display 

Type No. Function & features Supply logic Voo-VEE 

7 Segment LCD Driver 
HD61602 • Low power: 0.5 mW (5 V} 2.2-5.5 v 2.2-5.5 v 

• Internal LCD power supply 

HD61603 7 Segment LCD Driver 
2.2-5.5 v 2.2-5.5 v •Low power: 0.5 mW (5 V) 

• Character display 

Type No. Function & features Supply logic Voo-VEE 

LCD Controller/driver 
• No. of chracter: 80 max 

5V -
LCD II • Character generator: 192 
(HD44780) • Font: 5 x 7 or 5 x 10 

LCD Controller 

HD43160AH • No. of chracter: 80 max 
•Character generator: 160 _:~J_ -•Font: 5 x 7 or 5 x 11 

---'--

• Graphic display 

Type No. Function & features Supply logic Voo-VEE 

Segment driver (1/32 duty) 
HD44102CH • Internal RAM: 8 x 50 x 4 bit 5V 10 v 

• Direct display of RAM data 

HD44103CH 
Common driver (1/32 duty) 5V 10.5V • Internal timing generator 

HD44105H Common driver (1/64duty) 
5V 10.5 v 

• Large No. of LCD driver 

LCD Controller for graphic 
HD61830 • Grafic or character mode 5V -

• Character generator: 192 

HD61830B 
LCD Controller for graphic 

5V -• High speed shift: 2.4 MHz 

Segment driver (1/64 duty) 
HD61102 • Internal RAM: 8 x 64 x 8 bit 5V 15 v 

• Direct display of RAM data 

Common driver (1/64 duty) 
HD61103A • Internal timing generator 5V 16.5 v 

~HITACHI 

LCD driver 

Duty Driver 
Package 

Free 40 

I FPOO J ·-····-------·---

Free 80 FP-100 

----··-- -·---·--- - -· -··- ----

LCD driver 

Duty Driver 
Package 

Static 
1/2, 1/3 

51 t FP~01 1/4 
··+------------ ----

Static 64 FP-80 
---------~ 

LCD driver 

Duty Driver 
Package 

I I 

1 /8, 1 /11 Com. 16 FP-80 1/16 Seg. 40 

--

L ~,~~J 1/8, 1/12 
-1116 

LCD driver 

Duty Driver 
Package 

Seg. 50 FP-80 
1/8, 1/12, 
1/16, 1/24, 
1/32 

Com. 20 FP-60 

1/8, 1/12, 1/16, Com. 32 FP-60 
1/24, 1/32, 1/64 

Static 
- 1/128 - FP-60 

Static - FP-60 
- 1/128 

Seg. 64 FP-100j 
1/48, 1/64, 
11100, 1/128 

Com. 64 FP-100 
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GENERAL SPECIFICATIONS 

FEATURES 
1. Various types are available, from small-size module for 

character display, to large-size module for graphic display. 

2. All modules include driver LSI on board. Some modules 
also include controller LSI. 

4. Due to its small size and light weight, compact display 
equipment can be constructed. Also, low driving voltage 
and low power consumption make battery power opera
tion possible. 

3. When using graphic liquid crystal display module, use our 
recommendable control circuit board that simplifies the 
display system. 

APPLICATIONS 
1. Portable data terminal equipment 6. POS terminal equipment 
2. Word processors 7. Electronic typewriters 
3. Telephone applications 8. Measuring instruments 
4. Facsimile machines 9. Other display devices 
5. Personal computers 

MAXIMUM RATINGS 
Electric maximum ratings 

Item Symbol Min. J 
Power supply for logic Voo-Vss 

Max. 

Power supply for LCD drive Voo - Vo Refer to individual specification 

Input voltage v, 
Static electricity - ] 100 

Unit Remarks 

v 
v 
v 
v See note 

Note Electro-4tatic discharge resistance is tested by charging a condenser with a capacity of 200pF and discharging it by contact with an interface· 
connector pin. 

Environmental conditions 

Item 
Operating 

f 
Non-operating 

Remarks 
Min. I Max. Min. I Max. 

Ambient temperature Rafer to individual specifications 

Humidity Note No dew 

Vibration - 1 0.5G 1 - 1 2G 

Shock - 3G - 50G XYZ 3 directions 

Corrosion gas No corrosion gas 

Note Humidity conditions are as follows. 

~ Under 128 x 240 128 x 240 or over 
Am 

Ta .:5:40°c 95% RH max. 85% RH max. 

Ta> 40°C Below maximum absolute humidity of Below maximum absolute humidity of 
(Below maximum temperature) 40°C 95% RH 40°C 85% RH 
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GENERAL SPECIFICATIONS 

OPTICAL DATA 
Gray type · S type (Ta= 25°C) 

Item Symbol Condition Min. Typ. Max. Units Notes to see 

Viewing angle ¢2-¢1 

Contrast ratio K 

Response time (rise) tr 

Response time (fall) t1 

X type (Ta= 25°C) 

Item Symbol 

Viewing angle 4>2 -¢1 

Contrast ratio K 

Response time (rise) tr 

Response time (fall) tf 

Note 1. Definition of 8 and ct> 

x 

y'( 8=0') 

Note 3. Definition of contrast "K" 

K = Brightness of non-selected segment (B 2 ) 

Brightness of selected segment (B,) 

Brightness curve for selected segment 

I 
Setpoint driving voltage 

Note 5. Applied models 

K•1.4 

¢"'25° 

8=0° 

4>=25° 

8•0° 

¢=25° 

8=0° 

Condition 

K = 1.4 

4> = , 0°. 8 = 0° 

ct>= 10°. 8 = 0° 

cfJ = 10°. 8 = 0° 

LM054 • LM020L • LM038 • H2570 • LM015 • LM027 • H2571 • H2572 
LM016L • LM032L • LM017L • LM018L • LM041 L • LM044L • LM052L • LM568AF 
LM070L • LM060L • LM075L • LM068L • LM074L • LM061 L 

Note 6. Applied models 
H2525 • LM200 • LM021 • LM213B • LM212 

20 - - deg. 

- 3 - -

200 400 

- 250 400 ms 

150 250 

200 400 

- 250 400 ms 

150 250 

Min. Typ. Max. Units 

- 40 -
- 3 to 6 -
- 250 400 

- 350 450 

Note 2. Definition of viewing angle ¢1, and q,2 

·~ 
el 

K 

! I.< t---+-------..... 

8 
Viewing angle 

Note 4. Definition of optical response 

Set point 

,, 
Rise time 

deg. 

-
ms 

ms 

Note 7. Typical viewing angle of following models is 20 °. 
LM200 • LM213B • LM212 • LM240S 

Note 8. Applied models 

1, 2, 7 

3 

4 

4,5 

4,6 

4 

4,5 

4,6 

Notes to see 

8 

LM213XB • LM211XB • LM266XP • LM238XB • LM215XB • LM224XB • LM258X 
LM254X • LM280X • LM282XP • LM246X • LM225X • LM236XB • LM250X 
LM252X • LM585X • LM221 XS • LM551 XT 
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GENERAL SPECIFICATIONS 

LOT MARK 

(1) Lot mark 
Lot number of Hitachi LCD module is shown by four 
digit number as follows. 

(Note) 

5 C?J ~ cp :::::::: Week 

Year mark Month mark 

Year 

I 1985 

1986 
Month 

Year 
1987 

(Note) Some products have alphabet at the end. 1988 

1989 

1990 

(2) Location of lot mark 
Indicated on the printed circuit board as below. 

Ex.: [5051) 

APPEARANCE STANDARD 

( 1) Appearance inspection conditions 
Visual inspection under single 20W fluorescent lamp with 
eyes to LCD distance 25 cm and lamp to LCD distance 
25 to 30 cm. 
Viewing angle should be smaller than 45°. 

Figure Month 

5 Jan. 

6 Feb. 

7 Mar. 

8 Apr. 

9 May 

0 Jun. 

16 ~HITACHI 

Figure 

01 

02 

03 

04 

05 

06 

Week mark 

Month Figure Week (Day) Figure 

Jul. 07 21-27 1 

Aug. 08 28- 3 2 

Sept. 09 4-10 3 

Oct. 10 11-17 4 

Nov. 11 18-20 5 
Dae. 12 



(2) Appearance standard 

No. Items 

1 Scratches 

2 Dents 

3 Wrinkles in polarizer 

4 Bubbles 

5 Stains, foreign materials 

6 Interference fringe 

7 Non-display 

8 Chipped glass 

9 Dimensions 

10 Dark spots 

GENERAL SPECIFICATIONS 

Criteria Applied area 

Distinguished one is not acceptable. 
(To be judged by HITACHI limit sample) 

Average dia. D (mm) Max. number acceptable 

1.0 < D 0 

0.5 < D ~ 1.0 1 

0.3 < D ~ 0.5 5 

D ~ 0.3 Ignore 

Filamentous Display 

Length (mm) Thickness (mm) Max. number acceptable 

Ignore 0.02 ~ Ignore 

2.0 ~ 0.03 ~ 6 

1.0 ~ 0.06 ~ 6 

Round 

Average dia. D (mm) Max. number acceptable 

D < 0.25 Ignore 

0.25 ~ D < 0.35 4 

0.35 ~ D None 

Those can be wiped out easily are acceptable. All 

Distinguished one is not acceptable. 
(To be judged by HITACHI limit sample) Display 

There should be none 

If it has nothing to do with function, ignore. Printed circuit board 

Refer to individual acceptance specifications. All 

Average dia. D (mm) Max. number acceptable 

0 < 0.1 Ignore Display 

0.1 ~ D < 0.3 3 

Note: Definition of each area 

Printed circuit board 

Metal frame 

Display 
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STRUCTURE/PRINCIPLES 

STRUCTURE AND DRIVING PRINCIPLES OF LIQUID CRYSTAL DISPLAYS 

General 
A liquid crystal is an\intermediate phase between the liquid 
and solid states. Outwardly, it appears to be a liquid, but 
electrically and optically, it shows the properties of a crystal. 
Liquid crystals are used in liquid crystal displays. 

z 
I-

Types of Liquid Crystal Displays 

An electric field moves the 
molecules of the liquid 
crystal from a twisted 
alignment to vertical 
alignment. The display 
employs polarizer. 
This type is the most widely 
used at present. 
(Detailed below) 

An electric field moves the 
molecules of a liquid crystal 
containing dye molecules. 
This type has better viewing 
angle properties than the TN 
type, and a bright color 
display is possible. 

Note: TN: Twisted Nematic 

Polarizer 

Voltage 

OFF 

Transparent 
(white) 

Opaque (black) 

Voltage 

ON 

===== Voltage 
o-o OFF f C.'=.'C. 

D Colored 
ye light 

=::::::::=:::::i Voltage 
IQ I QI ON 
0 I 0 I 0 

I 

i 
Transparent 

Basic structure of a Liquid Crystal Display (TN type) 

Front glass 
substrate 

Fig. 1.1 Basic structure 

Liquid crystal materials 

Front polarizer 

Reflector 

Rear polarizer 

Rear glass substrate 

Driving principle (TN type) 
A liquid crystal display could be described as an electronic 
shutter that is transparent when no voltage is applied but 
becomes opaque when the voltage is turned on (or vice 
versa). This effect is used to display numerals, characters, 
and other patterns. The principle of operation of a liquid 
crystal display is shown in Fig. 1.2. 
(1) The liquid crystal display is sandwiched between two 

polarizers, whose axes of polarization usually are crossed 
by 90°. 

(2) When there is no voltage, the molecules of the liquid 
crystal are aligned with a 90° twist, and rotate the plane 
of polarization of the light by 90°, as in Fig. 1.2 (a), so 
that the light passes through both polarizers. 

(3) When a voltage is applied, the molecules of the liquid 
crystal align perpendicular to the substrate, so that the 
light is cut off by the second polarizer, as in Fig. 1.2 (b). 

(a) 
Voltage off 

Front glass substrate 
(electrode) 

(b) 
Voltage on 

Light passes Light can not pass 

Bright (white) 

Liquid crystal 
molecules 
(twisted 90°C) 

Fig. 1.2 Principle of operation 

Dark (black) 
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RELIABILITY DATA 

RELIABILITY OF LCD 

Inspection procedure for LCD 

Process Inspection items 

Outside vendors 

Materials acceptance test ·---""! Conductive glass 

Material QC section 
Polarizer, reflector 

Liquid crystal 

Electrode patterning Pattern and ink 

Pinhole, open and touch 

Silica under coating Thickness and uniformity 

Manufacturing section 
Pinhole, peeling and cracks 

Cutting ---------- -------4.__s_iz_e_._c_h_i_p_s _a_n_d_c_r_a_c_k_s ------' 

Alignment treatment 

Assembling 

Filling and sealing 

Polarizer attaching 

Screening inspection 

Lot acceptance test 

LCD QC section Note 1. 

I 
I 

~ 
Warehouseing 

·-----·----J~_c_o_a_t_in_g_th_i_c_k_n_e_ss ___ ~ 

Sealing width 

Frit bubbles, gap 

Electrode misregistration 

Leakage, clearing point 

Solder shape and blow hole 

Cell strength 

Adhesive strength 

Misregistration 

Electro-optical inspection 

Visual inspection 

Electro-optical inspection 

Visual inspection 

Characteristic test 

Environmental test 

Life test 

Note 2. 

Note 1: Daily sampling 
MI L-STD-105D 
AQL 2.5% or less, Level 11 

Note 2: Daily sampling 
Weekly sampling 
Monthly sampling etc. 
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RELIABILITY DATA 

Reliability test data of LCM (Standard temperature range type) 

No. Item Condition 

1 High temperature operating 50°C normal operating drive 

2 Temperature cycle operating 0°C 2 h, 50°C 6 h cycles, normal operating drive 

3 High temperature storage 70°C 

4 High temp. and humidity storage 40°C 950/o RH (Note) 

5 Low temperature storage -20"C 

6 Heat shock 70°C 0.5 h, -20°c 0.5 h 

7 Vibration operating 10-50 Hz, 1G, 51 -300Hz, 0.5G X, Y, Z normal operating drive 

8 Vibration non-operating 10-50 Hz, 1G, 51 -300Hz, 0.5G 

9 Shock 50G 15 ms ± X, Y, Z 

10 UV test Sunshine weathermeter 43°C 

Note: Module must be stored in non dew condition under testing. 

Reliability test data of LCM (Wide temperature range type) 

No. Item Condition 

1 High t~mperature operating 70°C normal operating drive 

2 Temperature cycle operating -10°C 2 h, 70°C 6 h cycles, normal operating drive 

3 High temperature storage 80°C 

4 High temp. and humidity storage 55°C 950/o RH (Note) 

5 Low temperature storage -40°C 

6 Heat shock 80°C 0.5 h, -30°C 0.5 h 

7 Vibration operating 10-50 Hz, 1G, 51-300Hz, 0.5G X, Y, Z normal operating drive 

8 Vibration non-operate 10-50 Hz, 1G, 51-300Hz, 0.5G 

9 Shock 50G 15 ms ± X, Y, Z 

10 UV test Sunshine weathermeter 43°C 

Note: Module must be stored in non dew condition under testing. 

Note: 'X' type LCMs not applicable to above tables. 
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Time 

500 h 

1000 h 

500 h 

100 h 

500 h 

24 cycles 

1 h each 

1 h each 

1 time each 

60 h 

Time 

500 h 

1000 h 

500 h 

250 h 

500 h 

24 cycles 

1 h each 

1 h each 

1 time each 

60 h 



RELIABILITY DATA 

Results of reliability tests 
Tables 5.1 and 5.2 show the results of reliability tests. The 
operating lifetime test and several of the other tests will be 
analyzed below to provide a full description of the reliability of 
the liquid crystal display. 

Table 5.1 Results of lifetime and environmental tests of Hitachi liquid crystal displays 

2. Exposure to high 
temperature and 
humidity 

3. Temperature cycle 

4. Temperature & 
humidity cycle 

5. Exposure to high 
temperature 

6. Exposure to low 
temperature 

7. Low and high atms. 
pressure 

8. Exposure to 
ultraviolet light 

9. Polarizer & reflector 
reliability 

Yes 

No 

Yes 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

30° C, 12V, 32Hz 

70°C, 95% RH 

40°C, 95% RH 
-----

I· 1hr I· 1hr ·I 

!l rso:c 
i ~ 

6hrs 

70°C 

95°C 

60°C 

-30°C 

-40°C 

25°C, 0.01 mmHg 
25°C, 2,280 mmHg 

Carbon arc 
Outdoor exposure 

30°C,55°C, 70°C Dry 

70°C Dry 

95°C Dry 

40°C, 50°C, 70°C, 90% RH 

Table 5.2 Results of mechanical tests of Hitachi liquid crystal displays 

Test items With polarizer Test conditions and reflector? 

1. Immersion No 
Warm water (+70°C) 
Cold water (+15°C) 

2. Saltwater spray No MIL-STD-202DM 101C 

3. Vibration Yes MIL-STD-202DM 201A 

4. Impact Yes Impact time: 0.5 ms 

Loading speed: 1 mm/min 

5. Static load Yes 
Note 1 

Loading speed: 1 mm/min 
Note 2 

Note 3 

6. Drop Yes 
Note 4 

~HITACHI 

7,000 h 40 
----

100 h 360 

1,000 h 90 
--------

30 cycles 
I 

90 

I 

I 
Wov~ 90 

------- -----·· 
1,000 h 240 

100 h 240 

1,000 h 100 

1,090 h 100 

800 h 90 

96 h 50 
96 h 50 

500 h 10 
3,000 h 10 

5,000 h 30 

1,000 h 240 

100 h 240 

5,000 h 30 

Test time No. of units 
tested 

20 cycles 500 

96 h 50 

2h 50 

20 

20 
Note 5 

20 

- 20 

- 20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

Failure rate 
(%) 

0 

0 

0 

µ = 1,250G 
(1 = ...150G 

µ = 14.8 kg 
(1 = 0.6 kg 
µ= 19 kg 
(1 = 2 kg 

µ = 360 cm 
(1 = 70cm 

µ=120cm 
(1 = 30 cm 

21 

N 
z 
0 

~ 
en 



RELIABILITY DATA 

Note 5 

Note 1 

Loading block 

i LC display 

Stationary stand 

µ : load that produces a cumulative 
failure rate of 50% 

a : standard deviation 

Operating lifetime 

Note 2 

As shown in Fig. 5.1, in a voltage-accelerated lifetime test 
(voltage = 100 V AC), the cumulative failure rate after 600 
hours was 10%, but at voltages of 12 VAC and 5 VAC 
(60°C), there were still no failures after 7,000 hours. The 
inferred relation between applied voltage and lifetime is 
shown in Fig. 5.2. For a typical practical voltage of 3.1 V, 
the lifetime is estimated to be in excess of 90,000 hours 
(10 years). A DC voltage lifetime test showed no failures 
after 3,000 hours (at 5 VDC). This test establishes the strong 
insulation qualities of Hitachi liquid crystal displays. 

99.9 
99.0 

DC voltage --o-
90 

70 
---~-- AC voltage 

50 0°C, 40VDC / 

30 10 units / 

~ 20 / 
/ 

~ 
/ 

10 0/ e 
/ 

~ 5 / 

"' / 

'(ij 3 / 
/ 

LL. 2 

0.5 Life time: 
0.3 up to point of readily 
0.2 apparent alignment 

deterioration 
0.1 

Note 3 

) 

10 30 50 100 300 500 1 ,000 

Fig. 5.1 Results of voltage-accelerated lifetime tests of Hitachi liquid crystal displays 
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Note 4 

t 

~ I t ~noffall 

Wooden board 

60°C 
5VDC 
10 units 
(No failure) 

30°C 
12VAC / 
40 units 
(No failure) 

30°C 
5VDC 
10 units 
(No failure) 

/ 
/ 

/ 

Calculator test 
500 units 
--- no failures l' 

3,000 5,000 10,000 

Operating time (h) 



RELIABILITY DATA 

---------------------------

100,000 -i-- -· - -----·--·--·- ------·-----··------~---

0 
I 
I 
I 
I 
I 
I 
I 

30,000 
I 
I \ Temperature: 30°C 

I \ Lifetime: up to point of readily 
I \ apparent alignment 
I 
I 1\ deterioration 
I 

1 \ I 
\ \ 

I \ 
I \ 

' 10,000 I \ 
I \ \ 

:5. 
I 

' \ 
I 1 \ 

2l I f \ \ 
~ I \ 
E I 

\ \ 
:l I 

\ \ I AC voltage I ~ 
I 

~ \ I 
Ql 3,000 I \ Predicted cumulative > ·;::; I failure rate= 10% .!!? I 
:l I E I Predicted cumulative :l 
CJ I failure rate= 1 % 

'* I> 1 0 I"-: 

B 1,000 
IM 
I 

Cl I Ql 

c Cl 

:0 I ,<g 
c 10 
0 I > a. I g' "' ~ l ·;:; 

0 I~ 
CJ I~ 
Ql 

E 300 10 
·;::; 11:: 
~ I co 
:i I -g 

I !9 en Predicted 
cumulative 
failure 

100 
rate= 1% 

30~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

3 5 10 30 50 100 300 500 

Operating voltage (VI 

Fig. 5.2 Dependence of liquid crystal display lifetime on AC and DC voltage 

High temperature and humidity test 
99.0 

90 

e'We 
Failure mode: BC~ 
blurred display,._.:;" Q'b 

Figure 5.3 shows the results of reliability tests under high 
temperature and humidity. There were no failures after 100 
hours at 70°C and 95% RH, and 10% failures after 250 
hours. There were two failures modes: Character blurring 
caused by segment widening, and loss of seal. At 40°C and 
95% RH there were no failures after 100 hours and only 
1% failures after 3,000 hours. The inferred relation between 
temperature and lifetime is shown in Fig. 5.4. According to 
Fig. 5.4, at a normal temperature of 25°C and relative 
humidity of 95%, a lifetime of more than 90,000 hours 
(10 years) can be expected. 

70 segment rtr===i1 Normal segments 

Loss of seal~ 50 

30 
20 

~ 10 . 
~ . 
0 

-~ ... 

0.5 

0.3 
0.2 

0.1 

Lifetime I up to point of 
readily apparent 
blurred segment 
or loss of seal 

' I 

70°C 95%RH 
360 units 
(No failure) 

p 
I 

I 
I 

I 

40°C, 95% RH 
190 units 

50 100 300 500 - 1,000 3,000 5,000 10,000 20,000 
Time (h) 

Fig. 5.3 Reliability under high temperature and humidity 
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RELIABILITY DATA 

"' c 

~ 

30,000 

10.000 

a- 1,000 
~ 
8 
~ 500 

~ 
::; 

300 

100 

ul 
~I 
NI 

Predicted cumulative 
failure rate= 10% 

Predicted cumulative 
failure rate= 1% 

Temperature ('C) (Rel. humidity: 95%} 

Fig. 5.4 Dependence of lifetime on temperature under high 
humidity conditions 

Polarizer 
Figure 5.5 shows the changes in contrast that occur when 
the liquid crystal display is left exposed to high temperature, 
and Fig. 5.6 shows the similar changes that occur when high 
temperature is accompanied by high humidity. The results 
indicate that the polarizer can easily withstand high temper
ature, but is apt to experience deterioration of polarization 
under high humidity. At 40°C and 90% RH there are essen· 
tially no problems, but contrast is lost after 400 hours at 
50°C and 95% RH, and after 30 hours at 70°C and 95% RH. 
When a liquid crystal display is used in any device, it is 
therefore necessary to protect the polarizer against moisture. 

15 

13 

Polarizer (140 µm) {-._Support 150 µml x 2: cellul.ose triacetate, 

1 
acrylic film 

:- :; ; :· :;:; : Polarizing membrane 120 µml 
Adhesive l20µm) (iodine applied to polyvinyl 

alcohol (PVAI film) 

Mean 55-:iC No. of units tested 
30°C, 4500 h: 10 units 

5 55° C, 4500 h: 10 units 
70°C, 4500 h: 10 units 
70°C, 1000 h: 250 units 

3 ------ __ ~~i~o~~s:!~~~------- --~:_C.!.J~-~3~~~~---

5 10 30 50 100 300 500 1,000 3,000 5,00010,00 

Time (h) 

Fig. 5.5 Lifetime of polarizer at high temperature 

No. of units tested: 10 in each test 

0 

14 

13 

11 

-~ 9 

10 30 50 100 300 500 1,000 3,000 5,000 10,000 

Time (h) 

Fig. 5.6 Lifetime of polarizer at high temperature and humidity 

Ultraviolet irradiation 
The results of ultraviolet irradiation tests by exposure to 
sunlight and to a carbon arc lamp are shown in Fig. 5.7, as 
increase in current drain with irradiation time. In both 
tests the increase is slight; the display shows extremely 
stable properties. Increased current drain shortens the life 
of the battery and leads to a rise in vth1' but the initial 
current drain of Hitachi liquid crystal displays is so small 
that it can be increased several-fold without significant 
effect. 
Figure 5.8 compares the spectra of the carbon arc light and 
sunlight. The ultraviolet component, which would be ex
pected to harm the liquid crystal, is stronger in the carbon 
arc light. 

LCD 

, '" --'~~~'--,,,00,.0C ~ ~f~'·~· 
";:.-,~ ~:: l48cm-T 

::: 2.2 Carbon arc 
lamp test 

c: 2.0 
'§ 
'O 1.8 

-6,,,_ - ' -~ ,, 
I) 

LCD 
~- _ Sunlight 

~alculater 

Outdoor exposure 
test 

~ 1.6 

a 1.4 !Carbon arc! f'(hrtdoor exposure I 

----==~~!:.._.. 5: 1.2 

a: 1.0 

0 
10 30 50 100 300 500 1 ,000 3,ooo' 5,ooo 

Exposure time (h) 

Fig. 5.7 Carbon arc lamp and outdoor exposure tests 

e 
0 

0 

"e 

i 
> 
~ 
c 
w 

250 300 400 500 

- Spectrum of filtered carbon arc light 
---- Spectrum of sunlight 

Notes: 1. The carbon arc provides a good ultraviolet 
test because it has more energy in the 
ultraviolet region than sunlight. 

2. Energy is measured at a distance of 48 cm 
from the light source. 

---
600 700 800 900 1,000 

Wavelength (nm) 

Fig. 5.8 The spectra of the carbon arc light and sunlight 
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RELIABILITY OF LCM 

Quality assurance system flow chart for LCM 

Material 
QA 

8 

~ 
~ 

Parts & material 

LCD Module ass'ly 

Primary inspection 
(Operating) 

Secondary 
inspection 

<Characteristics 

~ < Function & 
appearance test 

Shipping 

RELIABILITY DATA 

.~----1 LCD Mfg. 

LCD cell 

Sampling/Total inspection - - - - - - - - - - ..,_ ____________ _, 

--- --1--
1 

I 

Total inspection for 
assembling, soldering, 
appearance and operation 

100% Screening by high/low 
temp. cycling 

High temp. test 
Low temp. test 

Characteristics test under 
High/Low temperature 
(Sampling test) 

Function check, 
Appearance check 
(Sampling test) 

Lot quality confirmation 
test, I ife test 

- - - - - - - - - - - - - - - - - -1 
I Information on quality 1 

1--------'I (Customer's complaints I 
'------------' I field data 

Customer 

I other quality info., etc.) 
L. - - - - - - - - - - - - - - - - _1 
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HOW TO USE LCD MOOULE 
1 . Liquid crystal display 

LCD is composed of glass and polarizer. The following pre
cautions are recommended when handling LCD's. 

( 1 I Please keep the temperature within the specified range 
for use and storage. Polarization degradation, bubble 
generation or polarizer peel-off may occur with high 
temperature and high humidity. 

(2) Do not touch, push or rub the exposed polarizers with 
any hard object. 

(3) PETROLEUM BENZIN is recommended for cleaning the 
surface of LCD's. Front/rear polarizers and reflectors are 
made of organic substances and will be damaged by 
such chemicals as acetone, toluene, ethanol and isopro
pyl alcohol. 

(4) When the display surface becomes dusty, wipe gently 
with absorbent cotton or other soft material like cham
ois soaked in petroleum benzin. Do not scrub hard to 
avoid damaging the display surface. 

(5) Wipe off water drops immediately. Contact with water 
over a long period of time may cause deformation or 
color fading. 

(6) Avoid contact with oils. 
(7) Condensation on the surface and contact terminals will 

damage, stain or dirty the polarizers. After products are 
tested at low temperatures they must be warmed up in a 
container before coming in contact with room tempera
ture air. 

(8) Do not place anything on the display area to avoid leav
ing marks on. 

(9) Do not touch the display area with bare hands. This will 
stain the display area and degradate insulation between 
terminals. (Some cosmetics are detrimental to the polar
izers). 

( 10) As glass is fragile, it may crack or chip during handling 
especially on the edges. Please avoid dropping or jar
ring. 

2. Liquid crystal display module 
Installing LCD module 

The hole in the printed circuit board is used to fix LCM as 
shown in the picture below. Follow these rules when install
ing the LCM. 

( 1 ) Cover the surface with a transparent protective plate to 
protect the LCD. 

Protective plate 

I i:::;::,Q :;=:;tJ~~ ft a i(~F-itting-plate 
~ LCM 

(2) When assembling the LCM into other equipment, the 
spacer to be fit between the LCM and the fitting plate 
should have enough height to avoid causing any stress 
to the module surface. Refer to the individual specifica
tions for measurements. The measurement tolerance 
should be :1: 0.1 mm. 

Precaution for handling LCD modules 

Since LCM has been assembled and adjusted with a high 
degree of precision, avoid applying excessive shocks to the 
module or making any alterations or modifications to it. 

( 1 I Do not alter, modify or change the shape of the tab on 
the metal frame. 

(2) Do not make extra holes on the printed circuit board, 
modify its shape or change the positions of components 
to be attached. 

(3) Do not damage or modify the pattern wiring on the 
printed circuit board. 

(4) Absolutely do not modify the zebra rubber strip (con
ductive rubber) or touch it with another object. 

(5) Except for soldering the interface, do not make any al
terations or modifications with a soldering iron. 

(6) Do not drop, bend or twist LCM. 

Electro-static discharge control 

Since this module uses a CMOS LSI, the same careful atten
tion should be paid to electrostatic discharge as for an ordi
nary CMOS IC. 

( 1) Make certain that you are grounded when handling 
LCM. 

(2) Before removing LCM from its packing case or incorpo
rating it into a set, be sure that the module and your 
body have the same electric potential. 

(3) When soldering the terminal of LCM, make certain that 
the AC power source for the soldering iron does not 
leak. 

(4) When using an electric screwdriver to attach LCM, the 
screwdriver should be of ground potentiality to minimize 
as much as possible any transmission of electromag
netic waves produced by sparks coming from the com
mutator of the motor. 

(5) As far as possible make the electric potential of your 
work clothes and that of the work bench the ground 
potential. 

(6) To reduce the generation of static electricity, be careful 
that the air inthe work is not too dry. (A relative humidity 
of 50% - 60% is recommended. I 
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Precaution for soldering to the LCM 

( 1) Observe the following when soldering lead wire, connec
tor cable, etc., to the LCM. 
• Soldering iron temperature: 280°C ±10°C 
• Soldering time: 3 - 4 sec. 
• Solder: eutectic solder 
If soldering flux is used, be sure to remove any remaining 
flux after finishing the soldering operation. (This does 
not apply in the case of a non-halogen type of flux.) It 
is recommended that you protect the LCD surface with 
a cover during soldering to prevent any damage due to 
flux spatters. 

(2) When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached more 
than three times. This maximum number is determined 
by the temperature and time conditions mentioned 
above, though there may be some variance depending 
on the temperature of the soldering iron. 

(3) When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before 
the solder is completely melted, the soldered pad on the 
PC board could be damaged. 

3. Preca-.itions for operation 

(1) Viewing angle varies with the change of liquid crystal 
driving voltage (Vo) 
Adjust V 0 to show the best contrast. 

(2) Driving an LCD in the voltage above the limit shortens 
its life. 

(3) Response time is greatly delayed at temperatures below 
the operating temperature range. The display area be
comes dark b"lue at temperatures above this range. 
However, this does not mean the LCD will be damaged. 
It will recover when it returns to the specified tempera
ture range. 

(4) If the display area is pushed hard during operation, the 
display will become abnormal. However, it will return 
to normal if it is turned off and then back on. 

(5) Condensation on terminals can cause an electrochemical 
reaction disrupting the terminal circuit. 
Therefore, it must be used under the relative condition 
of 40°C, 50% RH. 

(6) When turning on power, input each signal after the 
positive/negative voltage becomes stable. 

1.Sµsmin. 

Positive voltage Y 
GND ! I Omin, 50msrnax.(X-type) 

GND : 
(Negative voltage) i \_,__~ 

\ .+-+-J!_nnn, 50ms max. (X-type) . ·v (S1gna.l) ! ' : 
GND ·~~~-

4. Storage 

When storing LCDs as spares for some years, the following 
precautions are necessary: 

( 1) Store them in a sealed polyethylene bag. If properly 
sealed, there's no need for dessicant. 

(2) Store them in a dark place; do not expose to sunlight or 
fluorescent light. Keep the temperature between 0°C 
and 35°C. 

(3) The polarizer surface should not come in contact with 
any other object. (We advise you to store them in the 
container in which they were shipped). 

(4) Environmental conditions 

(a) Humidity 
Observe the following conditions both in storage and 
in operation. 
(i) Number of dots: Under 128 x 240 

Ta< 40°C ... 95% RH or less 
Ta ~ 40°C . . . Below maximum absolute humi

dity of 40°C 95% RH 
(ii) Number of dots: 128 x 240 or over 

Ta< 40°C .... 85% RH or less 
Ta ~ 40°C . . . . Below maximum absolute humi

dity of 40°C 85% RH 
(b) Exposure to high humidity and temperature 

(i) Do not leave them for more than 168 hrs. at 40°C 
95% RH (When number of dots is 128 x 240 or 
over .................... 40°C 85% RH) 

(ii) Do not leave them for more than 168 hrs. at 60°C. 
(iii) As for X-type LCM, should not be left for more 

than 48 hrs. at -20°C. 
Note: Ta= ambient temperature 

~HITACHI 29 



5. How to handle the electroluminescent panel 
(For transflective type LCM) 

Selection of electroluminescent panel 

( 1) The electroluminescent panel is inserted between the 
liquid crystal display (LCD) and printed circuit board of 
a liquid crystal module (LCM). Therefore, it is essential 
to select an electroluminescent panel that is insulated on 
both the PC board side and the LCD side. 
It is especially important to make sure that the electro
luminescent panel. is insulated on the PC board side, as 
the wiring of the through-hole portion is exposed. 

(2) It is recommended that you use an electroluminescent 
panel with insulated ends as shown in the diagram below. 
If the ends of the electroluminescent panel are exposed, 
a short might occur with the liquid crystal module, 
resulting in damage to the module. 

Electroluminescent panel 

/ 
/ I~ 

Insulation 

Fig. 1 Cross section of electroluminescent panel 
(Model not drawn to scale) 

(3) Select the electroluminescent panel that is the right size 
for each liquid crystal module. There is a recommended 
size for each standard Hitachi liquid crystal module. 
Information on panel sizes is available upon request. 

Installing the electroluminescent panel 

(1) A cross section of the LCM construction is illustrated in 
Fig. 2. The gaps at either end through which the electro
luminescent panel is inserted are made of conductive 
rubber (interconnectors). 
When inserting the electroluminescent panel, be espe
cially careful not to move the conductive rubber. Do 
not push the rubber with the edge of the panel, as the 
rubber might be moved from its proper position. This 
could damage the conn~ction between the LCD and 
the PC board, resulting in a display failure. 

Zebra rubber strip 
(conductive rubber) 

LCD Metal frame 
(supports the LCD 
and PC board) 

Fig. 2 Cross section of a liquid crystal modula 

(2) Since high voltage is applied to the feeder terminal of 
the electroluminescent panel, be careful to install the 
panel such that the feeder terminal does not touch the 
front panel or the PC board. (The voltage is high in 
compiirison with that applied to the C-MOS drive circuit 
used in the liquid crystal module.) 
If the feeder terminal is touching the front panel or PC 
board when the lighting voltage is applied to the panel, 
the drive circuit and LCD will fail. There is also the 
possibility that other circuits (e.g. controller on the set 
side, MPU, etc.) may be adversely affected by the pas
sage of voltage through the interface. 

(3) Install the electroluminescent panel such that the lumin
ous part coincides with the window frame (effective 
display area) of the LCM front panel. 
The distance between the window frame of the front 
panel and the conductive rubber (dimension a in Fig. 2) 
varies with each liquid crystal module, but an average is 
about 2.0 mm. 
When determining the position where the electro
luminescent panel is to be installed, be careful not to 
move the conductive rubber with the panel. 

(4) Observe the following standards when soldering the elec
troluminescent panel to the PC boards. 
• Soldering iron temperature: 280°C ± 10°C 
• Soldering time: 3 - 4 sec. 
• Solder: eutectic solder 
If soldering flux is used, be sure to remove any re
maining flux after finishing the soldering operation. 
(This does not apply in the case of a non-halogen type 
of flux.) It is recommended that you protect the LCD 
surface with a cover during soldering to prevent any 
damage due to flux spatters. 

(5) When soldering the electroluminescent panel and PC 
board, the panel and board should not be detached 
more than three times. This maximum number is deter
mined by the temperature and time conditions men
tioned above, though there may be some variance de
pending on the temperature of the soldering gun. 

(6) When removing the electroluminescent panel from the 
PC board, be sure that the solder has completely melted 
first. If you try to pull the components apart before the 
solder is completely melted, the soldered pad on the PC 
board could be damaged. 

6.3 Drive circuit of electroluminescent panel 

(1) The luminance and life time of an electroluminescent 
panel vary depending on the drive voltage and frequency. 
Therefore, it is recommended that you select the drive 
circuit suggested by the electroluminescent panel manu
facturer. Using the recommended product will assure 
the optimum brightness and working life of the electro
luminescent panel. 
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FORMATION OF LIQUID CRYSTAL 

0 · crystal escnp ion ( LD50 Value) toxicity in im a ions reaction possibilit\.'_+--;~source 
N Liquid 0 . f ·---.-Oral dosage~! ~nhalation Sk ... t t. Allergg·c M;lformat~Data 

1. HFK_,-,0- -:::~:.~'~,~:WP:~~~:~ r~,~:~;;-r-·; ;;;""';,,,-"~- P~~~:, ,;~ 1 -- --- -;;,;;,h, 
1 

-2~-+uxoN6302 ~d~~£;[~~~~- ~1~:1fe~;-~- -----~~~~ ~~~ ~:~~~p~~~~~-r--------1-- - ~~~. 
1 RO@ CH=N @ R' after dosing was J ration 

stopped (rabbit) 
i--3-.--+-L-I X_O_N_7_1_0_2-+-M-ix_t_u-re_o_f ____ ·- < 10 ml/kg Small blood c-lo_t_s--+ I, ------+------+--C--h-i-ss-o-----<

1

! 

I i Schiff base type I (mouse) noted but disappeared [' j Corpo-

~-~------J:O G) CH=N @CN i =:~~P~~s;~;b~~l +--------je-------+-! _ra_t_io_n_-'I_ 

4. GR-2 · Mixture_o_f I <10ml/kg Smallbloodclotsand, 1 1
1 

Chisso 1 
biphenyl type (mouse) scabs noted but dis- I I Corpo I 
R (") = (0CN , appeared after dosing ration - I 

1---+------+---------+I __ ' "" •<opp•d (rnbbl l ________ _,__H_o_f_fm-a--'n i 
(being No effects ---+-o-id_n_o_t _o-cc_u_r-+-1 -----+---H-offman I 
~l~~fr;.;:~n~y (guinea pig) I (guinea pig) I i 

-----+----·--f---·-----t---·--------1-+--------+I--------~ _ __j 
----LNo effects ~abbitl _ -------+-; _____ t_s_o_H_--1[ 

I
' Small red spots ' Note 3 I BDH 1 

~6 one rabbit out of j I 

No effects (rabbit) 
I 

r BDH I I -------+------+-----
! No effects (rabbit) BDH 

1---.+------'---------__,------+------~ . 
i No effects (rabbit) BDH 

No effects BDH 

Note 1) Animals in parentheses were used in the experiment. Note 2) No data for blank columns. Note 3) Eye irritations are being checked. No effects have been noted. 

Safety 
(1) It is recommended to crush damaged or unnecessary LCD's into 

pieces and wash off liquid crystal by using solvents such as ace
tone and ethanol, which should be burned up later. 

(2) If any liquid leaks out of a damaged glass cell and comes in 
contact with your hands, please wash it off well with soap and 
water. 

(3) Concerning LC material (reference)-mice, rats, rabbits, and 
guinea pigs are normally used as human substitutes in experi
ments using liquid crystal. The data sheet indicates that liquid 
crystal is not harmful to humans even if mistakenly eaten. 

EXPLANATIONS ON ABOVE DATA CHART 
The data sheet shows what can happen to animals that are fed typical 
liquid crystal materials. Among the samples, Nos. 1 to 4 and No. 6 are 
rarely used for display purposes and should be used only as a refer
ence. 

The column for oral dosage (LD50 value) shows the effects on 
animals that have mistakenly eaten liquid crystal. 

LD50 is the value that can kill 50% of those being dosed by grams 
per 1 kg weight. The value differs for each animal and can not be 
directly applied to humans. This data can be used as a guide. 

Values in this data, 1.6 g - 20 g/kg, are equivalent to the LD50 
value of organic solvents (ethyl alcohol and acetone) generally used. 

Using the smallest data sheet value (No. 8, 9 LD50 = 1.6 g/kg) and 
assuming that a child weighing 10 kg at the liquid crystal, the result 
will be: 

LD50 1.6 g/kg (rat) 16 g/10 kg (child) 

This means that eating 16 g at one time will kill 50% of the children 
eating the liquid crystal. 

The quantity of liquid crystal contained in one LCD (LR238-C, 
260 x 130mm) is about 200 mg. When the LCD breaks down, most of 
it adheres to the glass surface because of surface tension and does 
not flow out. 

Possibility of flowing out into the mouth when the broken LCD is put 
in the mouth is less than 1/100 of the total quantity. this means that the 
amount entering the mouth is: 200 mg max. x 1/100 = 2 mg. 

The 2 mg is about 1/8000 of 16 g/10 kg of LD50 (dose for child) and 
has no effect on humans. 

No problems if the liquid crystal remaining on hands or fingers is 
washed off with soap. 
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··•· .. <LIQUID.CAYS.T4L GRAPHIC 
v;·•'·DISPLAY·•MODULI·· 

A wide range of graphic modules are available, and 
are all characterized by low power consumption, 
high contrast and wide viewing angle. 

• Attachable controller LSI 
(HD61830 • HD61830B) 

• Control circuit board 
(CB1020R • CB1026R • CB1030R • CB1040R • 
CB1055R • CB1056R • CB1057R • CB1058R) 

• H2525 . . . . . . . . . 20 x 239 
e LM021 . . . . . . . . . 24 x 479 
• LM212 ......... 48 x 640 
• LM200. . . . . . . . . 64 x 240 
• LM213B . . . . . . . 64 x 256 w/Controller 
• LM213XB . . . . . . 64 x 256 w/Controller 
• LM211XB ...... 64 x 480 
• LM266XP ...... 100 x 640 
• LM551XT ...... 128 x 128 
• LM221XB ...... 128 x 240 
• LM238XB ...... 128 x 240 w/Controller 
• LM215XB ...... 128 x 240 (Serial) 
• LM224XB ...... 128 x 480 (4 Bit) 
• LM240S ........ 128 x 480 (4 Bit) 
• LM225X ........ 200 x 640 (Serial) 
• LM236XB ...... 200 x 640 (4 Bit) 
e LM250X ........ 200 x 640 
e LM585X ........ 200 x 640 
e LM246X ........ 320 x 256 
e LM252X ........ 400 x 640 
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52 
55 
57 
59 
62 
66 
70 
74 
77 
81 
85 
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93 
97 

101 
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109 

In order to improve the contrast and viewing angle 
of the large graphics panels, a new L.C.D. effect 
has been introduced called X-type. It offers a 50% 
improvement in display visibility compared to the 
traditional grey L.C.D. The display concerned has 
an X or S suffix after the part number (e.g., 
LM240S, LM225X). 

Please note, however, that the display has a differ
ent background color from the normal grey-type. 
The S-type display has a yellowish grey back
ground coloration while the X-type has a yellow
green background. Also there will be a slight color 
change with temperature, thereby limiting the tem
perature range of the device. (Please refer to the 
data sheets.) 
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CONTROLLER LSI HD61830·HD61830B 

• Graphic LCD Module Controller LSI 
• Applied types: (1) H2525 · LM021 · LM212 • LM200 • LM211XB · LM221XB · LM215XB (HD61830 is to be used) 

(2) LM224XB · LM225X (HD61830B is to be used) 
(3) LM2138 • LM213XB · LM238XB (HD61830 is built-in) 

The HD61830 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 ln 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 ex
ternal RAM and developing them into the dot patterns with 
the internal character generator ROM. Both modes can be 
provided for various applications. 
The H D61830 is produced in the CMOS process. Thus, the 
combination with a CMOS microcomputer can accomplish 
a liquid crystal display device with lower power consumption. 

• Specifications: 

• Display control capacity 
• Graphic mode - 512k dots (2 16 bytes) 
• Character mode - 4096 characters (2 12 characters) 
• Internal character generator ROM - 7360 bits 

Character fonts 5 x ,7 dots 160 types 
Total 192 types 

Character fonts 5 x 10 dots 32 types 
(Can be extended to 4k byte max.) 

• lnterfaceable 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, screen clear, 
bit manipulation 

• Display method - A or 8 types selectable 
(A or 8: waveform) 

• Internal oscillator (with external resistor and capacitor) 
• Low power consumption 
• Power supply: Single +5V 
• CMOS process 
• 60-pin flat plastic package 

(Notes) HD61830B is a high speed and memory low power consumption version of HD61830. The difference between HD61830 and HD61830B are as follows: 
(1) Internal oscillation circuit 

36 

(2) Additional memory control signals 
(3) Connection method in master/slave mode 
If you need detailed information, please refer to "Hitachi MOS LSI data book LCD driver LSI" or contact following office. 
Hitachi America Ltd. Semiconductor & Integrated Circuit Divsion 
2210 O'Toole Avenue, San Jose, CA 95131, Telephone: (408) 435-8300 
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CONTROL LSI HD61830/HD61830B 

Internal Character Generator Patterns and Character Codes 

* 0010 0011 0100 0101 0110 0111 1010 10 11 1100 11 o I 111 0 1 1 1 1 
I 

t 

. ···. . ···. ;··· . ---. .... . ... .. . • • .. • . . . . ..... • • • • •• . . . .. . . ... • . .. ... ... .. • xxxxoooo .. • • •• • .... .. ... • • • • . . . .. • . . . . • . .. ... •••_...J.....! __ • ~ . .. . ... • . . 
T • .;-·. .···. .... ; . .. . • -.--.-.. • • • • • . ... • ... .. • . . . .. . . .. • • • • • • . .. ... .. . .... I .. 

xxxxOOOl • ..... ••• . ... . ... • • • • . ... • . ;._ • . . . • • • • • • • ..... • . • • . . • .. . •••• • ... • • • . ... . ... • • • 
i !. J•"""; 

.... • .... ! • I r· • • . • . • . . . • . .. • . . . . .. . .. • • • • . . ... 1 ••• : 
1-- .:::. 

.... •••• I •• •j •• • • .. • . • .. . • xxxxOOlO • • . . l. . . . . • . • .... • • • • . . . . . • . . • . . • .... . . .... . . • • .... ... • . • TI """:" .···. .···· ' r·if:·· ••••• ..... . . • • . .. • . .. ... . ........ • • . .. .. • ····w •I I ·i··· .·.·: xxxxOOll ..... . • • • .. • • • • . . . •....._• . . . . • • ... . . ... ... . ... .... ···-- --·-- . ... . .. 
·t· ·= =··. ··r· I I ..... I I • • . • • .. . ... • . . .... . • .. . 
• •• • • • • • . .. • • .. • • • • . • 

xxxxOJOO ••••• . • . • • • • • • • • • • • • • .. . • J_ •• • J. • . • . • • • • • .. .. • .... .. . ••••• • . ... . . ... • . . 
II .• r··· :···· . . . T .. . "" . • ..... .... . • • ... 1. . .. • ..... • . ... • • • • .... . . . . l . . .. • • •• • • • xxxxo101 • • • • • ..... . . .. .. . • • . • • • .. • • . . . . . .. . . • • . . . . •• ... . .... ... ... -- - ... • ! ..... ... . .. 
.... ... :···· . -I I .••. I ..... • . .. • •••• ..... • ..... • . . • . • • • I • . • • • • .. . • .... .... • :J_ ••• . . ..... • • . .... . . . ... • • • . . • j_ • •• • 

. • • • . • • xxxxOllO ·~. • • • .. . . . • ..... • • . • ... • . . . . • . • . ..... . ... . .... • • . 
•• ····; .···. T =- . ···: 1. .~T. • ..... .... . 
• • • • • • • . .... • • ..... . ... . .... • . ... • • • . . .. • .. • . .... . . • . • • • 

xxxxo111 • • • . . . •••• I ••• • . . • . •• _;_ . . . . • ••• • j_ ••••• . • . . .. JL. • • • • .... . . • .... • .. • . ... 
• ... . . . . 

L. j. . • . • -.-.... 
• • • • • . • . ... • •••• • • • • • • . . . . • • • • • .. . . • • . : ... ..... . .. . .. . . . • . . • xxxxlOOO • . • • • • • • • .. • ... • • • . • • • • . • . . .. • • . ... • . . . • .. • • ... • • • . . ~ . . . .. • • 

• ... ... . . . I • • • • • • I • . .... • • .. • • • . • • .. • . . . . • • • • • • • ···: • . . • • • ····· 1 . • • • • • • xxxx1001 • • • • .... • • • • . .. • • . • • • • ... • • • ~ .1.J.L" • • • .. ... . ... .. . •••• • • ... 
• .. ·;- H••; . ..... . • . • • • • .. • • .. ..... . . • • • . .. . ... ... • • • • ..... . • I • xxxxlOlO • I • .. • . • • • . • • • • ••11•• .. ~-· : .... ".tt" ·=~ • • . • •• • • ..... . .... . . .. • • • . . .. . ~ ... • "] . . • • •••• • • • .. • • • • ••••• • 

··=·· 
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EXAMPLE OF CONFIGURATION 

• Graphic Mode 

MPU 

CONTROL LSI HD61830/HD61830B 

H061830 

MOo-' MA1),.._,,., 

RAM 

Liquid crystal 
display module 

• Character Mode (1) (Internal Character Generator) 

MPU HO 61830 

M0 0 _ 1 

RAM 

Liquid crystal 
display module 

• Character Mode (2) (External Character Generator) 

MPU 

• Parallel Operation 

MPU 

CR SYNC 

H061830121 

Liquid crystal 
display module 

1------+i Liquid crystal 
display module 

( 1) 

Liquid crystal 
display module 

2 
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CONTROL CIRCUIT BOARD CB1020R,CB1026R,CB1030R,CB1040R 
CB1055R,CB1056R,CB1057R,CB1058R 

• BUILT-IN CONTROLLER LSI HD61830/HD61830B 
• Applied models: Control circuit board can be applied to following models. 

CB1020R(11/CB1055R<2>: LM021 H2525 LM200 LM258X 
CB1026R<11/CB1056R<2>: LM021 H2525 LM200 LM211XB LM212 LM221XB 
CB1030R(1>/CB1057R<2>: LM215XB 
CB1040R(1l/CB1058R<2>: LM225X 

CB1020R, CB1026R, CB1030R and CB1040R (mounted 
with controller LSI HD61830 or HD61830B and a socket for 
the refresh memory) are control circuit boards for graphic 
display modules. 
They allow direct connection to the MPU's bus line. The 
HD61830 controls signal generation and data conversion re
quired for a liquid crystal display (LCD) moudle. This simpli
fies the graphic display system. These control circuit boards 
operate in graphic and character mode. In graphic mode, re
fresh memory contents are displayed on the LCD to allow 
display of figures, graphs and pictures. 
In character mode, the 8-bit parallel code for each character is 
converted to the corresponding dot pattern by the character 
generator in the control circuit boards and displayed on the 
LCD. The built-in character generator converts 192 charac
ters including 160 characters and 32 special pattern charac
ters. An additional character generator for character patterns 
required by the user can also be mounted. 

~el 
It 

CB1020R CB1026R 

Controller (Built-in) HD61B30 x 1 pc. HD61830 x 1 pc. 

Refresh RAM Up to 2k bytes Up to 4k bytes 

External ROM Up to 2k bytes Up to 4k bytes 

Dimensions (mm) 7B x 53 B2 x 76 

LCD module to LM021, H2525 
LM021, H2525, 
LM200, LM211XB, 

be driven LM200, LM258X LM212, LM258X 

~del 
It CB1030R CB1040R 

Controller (Built-in) HD61B30 x 2 pcs. HD61B30B x 2 pcs. 

Refresh RAM Up to Bk bytes Up to 16k bytes 

External ROM Up to 4k bytes Up to Bk bytes 

Dimensions (mm) 125 x B5 150 x 140 

LCD module to LM215XB LM225X 
be driven 

Notes 
(1) Since IC socket is used in these models for the purpose of circuit 

experiment, etc., do not use them where any vibration or shock 
might occur. Otherwise the connection between IC socket and IC 
will be loose which leads to poor connection. 
Please consult us when using control circuit board to these pro
ducts. 

(2) These are models without IC socket. 

~HITACHI 
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H2525----------
• 239dot (W) x 20 dot (H) graphic and alpha-numeric display 
• Attachable controller LSI: H D61830 (see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Module size ........... 220W x 53H x 15T (max.) mm 
Effective display area ....... '. ..... 163W x 17H mm 
Number of dots ................. 239W x 20H dot 
Dot size .................... 0.55W x 0.55H mm 
Dot pitch ................... 0.65W x 0.65H mm 
Weight ........................... about 1 OOg 

ABSOLUTE MAXIMUM RATINGS 
min. 

Power supply for logic (V00 -Vss) ....... 0 
Power supply for LCD drive \V00 -VEE) ... 0 
Input voltage (V1) • • • • • • • • • • • • • • • • • Vss 
Operating temperature (Ta) ............ 0 
Storage temperature (Tstg) . . . . . . . . . . . -20 

ELECTRICAL CHARACTRISTICS 

max. 
7.0V 

13.5V 
VooV 

50°C 
60°C 

Ta=25°C, V00 =5.0V±0.25V, VEE=-5.0V±0.25V 
Input "high" voltage (V1H) ••..•.... 0.7 x V00 V min. 
Input "low" voltage (V1d ......... 0.3 x V00 V max. 
Clock frequency (fcL21 ............. 210 kHz min. 

300 kHz typ. 
390 kHz max. 

Power supply current (I 0 0 ) . . . . • . .•..... 3mA typ. 
(IEE) ............. 1 mA typ. 

(D1' D2 = GND, fcL2 = 300 kHz) 
Power supply for LCD drive (Recommended) ( V0 -VEd 

Duty= 1/20 
Ta= 0°C ..................... 5.5V typ. 
Ta=25°C ..................... 5.0V typ. 
Ta=50°C ..................... 4.0V typ. 

OPTICAL DATA ........••...•...•... See page 15. 

Unit: mm 

8.5±0.5: 

5.0±0.3 .J. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 FLM H The FLM single indicates the begining 
of each display cycle. 

2 M H/L Control signal for a.c. driving 
.----.-----i----t---~ 

3 CL 1 The CL 1 latches the serial data in the 
H~L shift registers. 

.---->------t----+----- ... -·· -·--····------------J 
4 01 H/L Serial row data 

5 CL2 H~L Clock signal for shifting the serial data 

6 v00(+5V) - Power supply for logic circuit 
r----+---,---+-------+--------------~ 

7 V55(GND) - Ground 

Power supply for LC driving 

9 Vo Operating voltage for LC driving 

10 NC No connection 

Unit: mm 

220± l.ll 

203±0.5 
2.54±0.5 

2Hl±ll.3 I l~~~H~. I l 1 ~ 
00000-- - - - --o 
DODOO 0 
DODOO 0 

~ BBBBB 5
1 
·j B ~DODOO - - D 

poooo q 
I o 
I I DODOO ________ O 

'"'~ '"l d ~ .--- - - - - - ~ ~;jJ ._ _________ ] ~ 

3.8±0.5 

20.0±0.3 163±0.3 

• 

10-HO 

0.55 

=I 't. 0.65 

* IC height 

Fig. 1 Display pattern Fig. 2 External dimensions 
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Vo 

v,, 
Vss 

CL! 

CL2 

M 

v,,-~ ___ _, 

H2525 

L C ll 

F l.M ------+-+-+-+-+----' 

DI 

Fig. 3 Block diagram 

:+sv 
liDD I-------------+--~ 

\lo 1-------------/ VR 1 
L C ~l l/ss 1-------+-------+-------

VEE !--------------------~ 
i -5V I 

Fig. 4 Power supply 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. 

Clock frequency fcu - -

Vo-VEE: LCD driving voltage 
VR: IOkn-20kn 

Max. Unit I 
-----I 

500 kHz (Note 1) 
--·-~ ·-·-------- -------------~ t--· 

Clock pulse width 
tcwH 800 

(High level) - - ns 

Clock pulse width 
tcwL 800 

(Low level) 
- - ns 

------1 
Clock set up time tcsu 500 - - ns 

--
Data set up time tsu 300 - - ns 

FLM set up time tFsu 300 - - ns 

M delay time toM -1000 0 +1000 ns (Note 2) 

FLM hold time l t.FH 0 - - ·ns 

Data hold time tDH 300 - - ns 

Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL 1 may be in the range of± 1 OOOns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz± 2 Hz or 60 Hz± 2 Hz) to prevent LCD flicker. 
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44 

CLl 
ICWH 

tFSl' 

FLM -------....J 

M 

CL2 

Dl 

I 
CLl n 

·I I· T/240 

CL2 JUlfU1J1J1 
Dl 

>-x 20 

FLM 

H2525 

IFH 

lDM 

Isl' IDH 

Fig. 5 Interface timing (data write) 

0.63ms :it T :> !.25ms ·I 

.nruiJ-uui_ 
* "' 0 

co M .... 
M 

N N ~ N M 

N >- >- >- >- >-
>-

x 1 

VtH : 0.7 X Voo 

VtL: 0.3X Voo 

X2 

FLM ---ri-----------'1---
M 

20XT 

-I •: Data on Y240 is not indicated. I 

Fig. 6 Interface timing (data read) 
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LM021---------
• 479 dot (W) x 24 dot (H) graphic and alpha-numeric display 
• Attachable controller LSI: HD61830 (see section 6). 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

MECHANICAL DATA (Nominal dimensions) 
Module size . . . . . . . . . 290W x 60H x 13T (max .. ) mm 
Effective display area ............. 245W x 19H mm 
Number of dots ................. 479W x 24H dot 

I 1 FLM H The FLM signal indicates the beginning 
of each display cycle. 

2 M H/l Control signal for a.c. driving. 

3 CL1 H_.l The Cl 1 latches the serial data in the 
shift registers. 

Dot size .................... 0.43W x 0.55H mm 4 01 H/l Serial row data 
Dot pitch .................... 0.48W x 0.6H mm 5 02 H/l Serial row data 

Weight ........................... about 150g 6 Cl2 H_.l Clock signal for shifting !_h~rial d~!! __ 

ABSOLUTE MAXIMUM RATINGS 
7 V00(+5V) - Power supply for logic circuit 

8 V55(GND) - Ground 
min. max. 

7.0V 

13.5V 
VooV 

50°C 
60°C 

--- ·---------

Power supply for logic (V00 -V55 ) ...... 0 
Power supply for LCD drive (V00 -VEE) ... 0 
Input voltage (Vi) ................. V55 

Operating temperature (Ta) . . . . . . . . . . . . 0 
Storage temperature (Tstg) . . . . . . . . . . . -20 

ELECTRICAL CHARACTRISTICS 

l 9 

10 

VEE(-5V) - Power supply for LC driving 
---------

Vo - Operating voltage for LC driving 

Ta=25°C, V00 =5.0V±0.25V. VEE=-5.0V±0.25V Unit: mm 

Input "high" voltage (V1H) •........ 0.7 x V00 V min. 
Input "low" voltage (ViL) ......... 0.3 x V00 V max. 
Clock frequency (fc L2 ) . . . . • . . . . . . . . 230 kHz min. 

350 kHz typ. 
460 kHz max. 

Power supply current (I 0 0 ) .............. 4mA typ. 

(IEE) .............. 2mA typ. 
(D1, D2 =GND, fcL2 = 350 kHz) 

Power supply for LCD drive (Recommended) (V0 -VEEl 

Duty= 1/24 
Ta= 0°C .................... 6.0 V typ. 
Ta=25°C .................... 5.4 V typ. 
Ta=50°C .................... 4.4 V typ. 

OPTICAL DATA •................... See page 15. 

1 · ''"-~; ~ ;qd,,, 1 
-,---1-+_--+-r_-1:.I::::.'JOOOO- -- -- - --- H - - - ---d 
~DODOO D 
~ '" 00000 0 

DODOO D 
DODOO D 
DODOO D 
' I 
I I 
I I 
I I 

I I 
I I 

~-DJlOOOO _________________ O 
11 •. n 

T 

c.l> Fig. 1 Display pattern 

Unit: mm 

290.11+111 

141.0±0.5 ~-¢3.5 

~~~1;1 ~j~ ~~I ~~~lt~6~_1 _ _ W?±c ___ : _ ~. ____ _? ______ :: _____ ::: _____ z JF?.! f * 
-1.0max. 

Fig. 2 External dimensions *Parts height 
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Vo 

Voo 
Vss 
CL! 

CL2 
M 

>-

I::. 

LM021 

i 
~ 

0 - "' .... .... 0 

"' "' 
..... 

"" >- >- >= 1;: 

G 
11 ::. 

G I I 
Note: Y480 is a dummy line. 

Fig. 3 Correspondence of display with data 

Note: ICl-ICl4: HD44100 

XI 
L C D 

40 40 40 40 40 39 

FLM~~~~~~.-.~~~~~~~~~~~~~+-~~~~~~~~~~~~-+~-' 

DI ~~~~~~~~~~~~~~~~~~~---' 

02~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Fig. 4 Block diagram 

I +5Vi 
''•• 

l'o YR 

LCM Vss J 
Vo-VEF. ~-~ 

Vu 

Fig. 5 Powar supply 

l-5VI Vo-VEE: LCD driving voltage 
VR: 10kn-20kn 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

Clock frequency fcL2 - - 500 kHz (Note 1) 

Clock pulse width 
tcwH 800 (High level) - - ns 

Clock pulse width 
tcwL 800 (Low level) - - ns 

Clock set up time tcsu 500 - - ns 

Data set up time tsu 300 - - ns 

FLM set up time tFSU 300 - - ns 

M delay time toM -1000 0 +1000 ns (Note 2) 

FLM hold time tFH 0 - - ns 

Data hold time tol-t 300 - - ns 

Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL1 may be in the range of± 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ±2 Hz or 60 Hz± 2 Hz) to prevent LCD flicker. 
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CL! 

I f'S I 

FLM --------' 

M 

CL2 

DI 

DZ 

CL! 

LM021 

I f'H 

t1n1 

\'11 

tea 1, 

\'1H 

\'11. 

ts l IDH 

Fig. 6 Interface timing (data write) 

ll.52ms;a;T;a;l.114ms 

\'IH : 11.i X \'n/i 

\'11.: IJ.3X l'Dli 

CLZ JlJ1Jiidijf:----------muiluui_ 
c:J', 

Dl 
;; 

~ :- ;..-

x 24 
>-

DZ 0 
cc ..,. ..,,. N 

>- >- >-x 24 \ 2 

FLM 

I 
FLM 

M 

I· 24XT -I *: Data on Y 480 is not indicated. 

Fig. 7 lnterf- timing (data raadl 
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LM212----------
• 640 dot(W) x 48 dot(H) graphic and alpha-numeric display OPTICAL DATA .......••....•....... See page 15. 
• Attachable controller LSI: HD61830 (see section 6). 

MECHANICAL DATA (Nominal dimensions) INTERNAL PIN CONNECTION 
Module size . . . . . . . . . 270W x 63H x 13.8T (max.) mm Pin No. Symbol Level Function 

Effective display area ............. 241W x 25H mm 1 D1 H/L Serial row data (left half) 

Number of dots ................. 640W x 48H dot 
2 FLM H The FLM signal indicates the begin-

Dot size .................... 0.32W x 0.38H mm ning of each display cycle 

Dot pitch .................. 0.37W x 0.43H !Tlm 3 M H/L Control signal for AC driving 

Weight . ·. . . . . . . . . . . . . . . . . . . . . . . . . about 175 g 4 CL1 H-+L The CL 1 latches the serial data in the 
shift registers 

ABSOLUTE MAXIMUM RATINGS min. max. 
5 CL2 H -+L Clock signal · for shifting the serial 

Power supply for logic (VDD-Vss) ........ 0 6.5 V data 

Power supply for LCD drive (VDD-VEEl .... 0 15.0 V 6 D2 H/L Serial row data (right half) 

Input voltage (Vi) .................. Vss VDD V 7 IVDDl+sv - Power supply for logic circuit 

Operating temperature (Ta) . . . . . . . . . . . . . 0 40°C 8 Vss - Ground 

Storage temperature (Tstg) . . . . . . . . . . . . -20 60°C 9 1Vee1-1ovi - Power supply for LC driving 

E LE CTR ICAL CHARACTERISTICS 
10 Vo - Operating voltage for LC driving 

Ta= 25°C, VDD = 5.0V ±0.25V, VEE= -9V (VEE is internally generated) 
Input "high" voltage (ViH) ............. 3.5 VDD V 
Input "low" voltage (Vid . . . . . . . . . . . . . 0 1.5 V max. 
Clock frequency !fcL2) ............ 1,075 kHz min. 

1,152 kHz typ. 
1,228 kHz max. 

Power supply current (I DD) . . . . . . . . . . . 10 mA typ. 
(D 1 , D2 = GND, fcL2 = 1, 152 kHz) 

Power supply for LCD drive (Recommended) (V 00 -V 0 ) 

Duty= 1/48 
Ta= 0°C . . . . . . . . . . . . . . . . . . 12.5 V typ. 
Ta= 25°C . . . . . . . . . . . . . . • . . . 11.0 V typ. 
Ta= 40°C . . . . . . . • . . . . • . . . . . 9.7 V typ. 

263 4 ± 0 3 

241.0± 0.3 

236. 75± 0.1 

~ _£ 

~- - - -
' 
L___ - - -

~ 
1;~-<1>:J.5±11.:l~ 

.. ~' 
131.0±0.3 I 

270.01± 0.5 

- -

-

131.0± 0.3 

(2 9) 

15.0±0.5 
.... 0 

~p 
...... 

0 • .. 

+I:: -

:Mi ... 
! ~ -:~~ 0 

+I • 0. 

J 
w +loo 0 

- 1~ 0 - .. 
...t. 

r .. ---1: ' .. 
4.0±0.5 

~ 
+I 

I;:::::.. ~ 

.... 
0 

N +I 

~£- i!iiiiii!j ' f 

.... 
0 

+I 
0 .. 

~ "' 0 .,,; 
+I +I 0 

~ .... .... .., 
oO 

~t-, ==~~I ==~,1 
~ HIF3A-10D-2.54R ... 

Unit: mm 

•: ;s;..HlROSE !OP 

Fig. 1 External dim.-ion *Parts height 
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0.32 
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LM212 

Unit: mm 

236. 75 ( 640dot s) 

0.05 

DD ------ - D Xi 

DODD DD 
I 
I 
I 
I 

DOD DD X48 

DOD ------- DD 

Fig. 2 Display pattern 

+5V 

Von 

VLc.:D 

Fig. 4 Power supply 

Vnu 
Vss 

CL! 

CL2 
M 

FLM--t----t 

i------...ix1 

IC!7 32 

-----... X32 

------iX33 

16 

Fig. 3 Correspondence of display with data 

LCM 

LCD 

R: 30 - SOk!l 
VR: 20k!l 
VLco: Operating voltage for LC driving 

R: Inverting voltage regulator 

Di-----------------------' 
02---------------------------------~ 

Fig. 5 Block diagram 
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LM212 

~tlllnsmin •I I 0.28ms:O T :>0.42ms I 
CL! __IJ~l~~~~-----nl __ ~~~~~n_ 

--j . T/320 

CL2 

DI 

20tlnsmin • 111 300nsmi n 

---ua_n__r UL ~----------
0 

"' .... 
> x 48 XI X2 X3 

D2 

~--L_f ____ Lffi_J ___________ 

1:l > 
> 

x 48 XI X2 X3 

M 
lµsmax. 

2.usmin. l 
!I 

800min. 

FLM 

IL 
FLM lf 1 

I 48T I 

M 

Fig. 6 Interface timing 
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LM212 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

Clock frequency fcL2 - - 1228 kHz (Note 1) 

Clock pulse width (High level) tcwH 200 - - ns 

Clock pulse width (Low level) tcwL 300 - - ns 

Clock set up time tcsu 540 - - ns 

Data set up time tsu 40 - - ns 

FLM set up time tFSU 100 - - ns 

M delay time .tDM - - +1009 ns (Note 2) 

FLM hold time tFH 800 - - ns 

Data hold time tDH 400 - - ns 

Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CLI may be in the range of± 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ± 2 Hz or 60 Hz ± 2 Hz) to prevent LCD flicker. 

trn 

t FSU 

FLM------"' 

t CSL' tcw L 

o, ,o, 

tsL' tDH 

Fig. 7 Interface timing 
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• 240 dot (W) x 64 dot (H) graphic and alpha-numeric display 
• Attachable controller LSI: HD61830 (see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Module size ......... 180W x 75H x 13.ST (max.) mm 
Effective display area ............. 132W x 39H mm 
Number of dots ................. 240W x 64H dot 
Dot size . . . . . . . . . . . . . . . . . . . . 0.48W x 0.48H mm 
Dot pitch ................... 0.53W x 0.53H mm 

Weight ........................... about 150g 

ABSOLUTE MAXIMUM RATINGS 
min. 

Power supply for logic (V0 o -Vssl ...... 0 
Power supply for LCD drive (V00 -VEE) ... 0 
Input voltage (V1) . • • • . . • • • • • • • . • • . V55 

Operating temperature (Ta) . . . . . . . . . . . . 0 
Storage temperatur~ (Tstg) . . . . . . . . . . . -20 

ELECTRICAL CHARACTRISTICS 
Ta=25°C, V00=5.0V±0.25V, VEE=-5.0V±0.25V 

max. 
7.0V 

13.5V 
VooV 

50°C 
60°C 

Input "high" voltage (V1H) • . . • • . . • • 0. 7 x V 0 0 V min. 
Input "low" voltage (V1L) ......... 0.3 x V00Vmax. 
Clock frequency (fcL2 ) ..•...•...... 390 kHz min. 

460 kHz typ. 
520 kHz max. 

Power supply current (1 0 0 ) ...........•.. 5mA typ. 
(D1, D2=GND, fcL2=460 kHz) 

Power supply for LCD drive (Recommended) (V0 -VEE) 

Duty= 1/32 
Ta= 0°C .................... 8.1 V typ. 
Ta=25°C .................... 7.4 V typ. 
Ta=50°C ..........•......... 6.5 V typ. 

OPTICAL DATA .............•......• See page 15. 

0 
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INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 01 H/L Serial row data 

2 FLM H The FLM signal indicates the beginning 
Of each display cycle. 

3 M H/L Control signal for a.c. driving 

4 CL1 H~L 
The CL 1 latches the serial data in the 
shift registers. 

5 CL2 H~L Clock signal for shifting the serial data 

6 02 H/L Serial row data 

7 \lool+5Vl Power supply for logic circuit 

8 \fss(GNO) - Ground 

9 VEE(-5V) - Power supply for LC driving 

10 Vo - Operating voltage for LC driving 

Unit: mm 

121.15(240dotl 

0.53 
0.48 

Oooo---------x100 
" PDDD X2DD ! 

: x32DD_L 
~ : X33DDT 
~DODD XSJDD 

~-+-DDDD _________ :s1JD 

Fig. 1 Display pattern 

Unit: mm 

0 .... 
N 

>- >-

-Rl.75 

5±0.5 

4 

I? 

4- ~-

~H 
,,11gQ 

I" G : "' 

I'" 0 
X64 

>= ~ 
"' ~~ >-

Fig. 2 External dimension Fig. 3 Correspondence of display with data 
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LM200 

Dt 

FLM 

CL! 
CL2 

Xl 
X32 

M 

LCD 
v •• X33 
Vu 

Vss x 64 
Vo Power 

supply 

Fig. 4 Block diagram 
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L C M Vss t------+-----------<>----....----e 

Vo- VEE 

Vu 1--------------<1>--------' 
(-5Vl 

Fig. 5 Power supply 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. 

Clock frequency fcL2 - -
Clock pulse width 

tcwH 800 
(High level) -

Clock pulse width 
tcwL 800 

(Low level) -

Clock set up time tcsu 500 -
Data set up time tsu 300 -
FLM set up time tFsu 300 -
M delay time toM -1000 0 

FLM hold time tFH 0 -
Data hold time toi--1 300 -

Notes 1. Optimum frequency for the highest contrast depends on the type of module. 

Vo· VEE : LCD driving voltage 
VR: 1okn-2okn 

Max. Unit 

520 kHz (Note 1) 

- ns 

- ns 

- ns 

- ns 

- ns 

+1000 ns (Note 2) 

- ns 

- ns 

2. Timing of M signal to CL1 may be in the range of± 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ±2 Hz or 60 Hz ±2 Hz) to prevent LCD flicker. 
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LM213B---------
• 256 dot(W) x 64 dot(H) graphic and alpha-numeric display 
• Controller LSI HD61830 is built-in (see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Module size .......... 184W x 75H x 12T (max.) mm 
Effective display area . . . . . . . . . . . 149.6W x 43H mm 
Number of dots ................. 256W x 64H mm 
Dot size .................... 0.51W x 0.51H mm 
Dot pitch ................... 0.56W x 0.56H mm 
Weight .......................... about 150 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (Voo-Vssl ...... · . 0 
Power supply for LCD drive (V DD-Vee) . . . . 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) ............. 0 
Storage temperature (Tstg) . . . . . . . . . . . . -20 

E LE CTR ICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V, 
Vee = -9.0V _: 1 g~ 

max. 
7.0 v 

15.0V 
V00 V 

40°C 

60°C 

Operating internal frequency Fcp1 

FcP2 

500 kHz 
1.2 MHz 

Power consumption . . . . . . . . . . . . . . . . . . . 250 mW 
Power supply for LCD drive (Recommended) (V DD - Vo) 

Duty= 1/64 
Ta= 0°C . . . . . . . . . . . . . . . . . . 13.2 V typ. 
Ta= 25°C . . . . . . . . . . . . . . . . . . 11.7 V typ. 
Ta= 40°C . . . . . . . . . . . . . . . . . . 10.2 V typ. 

OPTICAL DATA ..................... See page 15. 
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LM213XB--------
• 256 dot(W) x 64 dot(H) graphic and alpha-numeric display 
• Controller LSI HD61830 is built-in (see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Module size .......... 184W x 75H x 12T (max.) mm 
Effective display area . . . . . . . . . . . 149.6W x 43H mm 
Number of dots ................. 256W x 64H mm 
Dot size .................... 0.51W x 0.51H mm 
Dot pitch ................... 0.56W x 0.56H mm 
Weight .......................... about 150 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (Voo-Vss) ........ 0 
Power supply for LCD drive (V 00 -VEE) .... 0 
Input voltage (Vi) ................. · Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 
Storage temperature (Tstg) . . . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, Voo = 5.0 v ± 0.25 V, 

VEE = -9.0V .:'.:15~ 

max. 
6.0V 

15.0 v 
V00 V 

40°C 

60°C 

Operating internal frequency Fcp1 

FcP2 

500 kHz 
1.2 MHz 

Power consumption . . . . . . . . . . . . . . . . . . . 250 mW 
Power supply for LCD drive (Recommended) (V 00 -V0 ) 

Duty= 1/64 
Ta = 0°C . . . . . . . . . . . . . . . . . . 15.0 V typ. 
Ta= 25°C . . . . . . . . . . . . . . . . . . 14.0 V typ. 
Ta= 40°C . . . . . . . . . . . . . . . . . . 13.5 V typ. 

OPTICAL DATA .................... See page 15. 
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Item 

Cycle time of 'E' 

Pulse width of 'E' 
1 H level 

j L level 

Pulse raise time of 'E' 

Pulse fall time of 'E' 

Set up time of CS, R/W, RS 

Set up time of Input Data 

Data delay time 

Hold time of Data 

Hold time of CS, R/W, RS 
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Fig. 3 Block diagram 
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LM211XB---------
• 480 dot(W) x 64 dot(H) graphic and alpha-numeric display Power supply for LCD drive (Recommended) (Voo - Vol 

• Attachable controller LSI: H D61830 (see section 6). 

MECHANICAL DATA (Nominal dimensions) 

Duty= 1/64 
Ta= 0°C . . . . . . . . . . . . . . . . . . 15.0 V typ. 
Ta= 25°C . . . . . . . . . . . . . . . . . . 14.0 V typ. 
Ta= 40°C . . . . . . . . . . . . . . . . . . 13.5 V typ. 

Module size .......... 270W x 82H x 13T (max.) mm OPTICAL DATA .•.... ' ....... ' ....• See page 15. 
Effective display area ............. 240W x 38H mm 
Number of dots ......•.......... 480W x 64H dot 
Dot size •................... 0.44W x 0.44H mm 
Dot pitch ................... 0.49W x 0.49H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 180 g 

INTERFACE TABLE 
Pin No. Symbol Level Function 

1 01 H/L Serial row data (left half) 

2 FLM H The FLM signal indicates the begin-
ABSOLUTE MAXIMUM RATINGS min. ning of each display cycle 

Power supply for logic (Voo-Vssl ........ 0 3 M H/L Control signal for AC driving 

Power supply for LCD drive (Voo-VEEl .... 0 

max. 
6.0 v 

16.0 v 
Voo V 

40°C 
60°C 

4 CL1 H --.L The CL 1 latches the serial data in the 

Input voltage (Vi) .................. Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 
Storage temperature (Tstg) . . . . . . . . . . . . -20 

E LE CTR ICAL CHARACTERISTICS 
Ta= 25°C, Voo = 5.0 V ± 0.25 V, 
VEE= -9.0V ± 0.45 V 
Input "high" voltage (ViH) •.....•.. 0.7 x Voo V min. 
Input "low" voltage (Vil) ......•.. 0.3 x Voo V max. 
Clock frequency (fcL2l .............. 610 kHz min. 

920 kHz typ. 
1200 kHz max. 

Power supply current (1 00 ) ............ 16 mA typ. 
(IEE) .........•.•. 6mAtyp. 

5 CL2 

6 02 
7 Voo(+SV 
8 Vss 
9 VEE(-9.0V) 

10 Vo 

shift registers 

H --.L Clock signal for shifting the serial 
data 

H/L Serial row data (right half) 

- Power supply for logic circuit 
- Ground 
- Power supply for LC driving 

- Operating voltage for LC driving 

270 0±0 5 Unit: mm 

M M 
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Unit: mm 
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LM211XB 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

Clock frequency fCL2 - - 1200 kHz (Note 1) 

tcwH1 400 - -
Clock pulse width (High level) ns 

tcwH 300 - -
Clock pulse width (Low level) tcwL 300 - - ns 

Clock set up time tcsu 300 - - ns 

Data set up time tsu 200 - - ns 

FLM set up time tFsu 200 - - ns 

M delay time tDM -1000 - +1000 ns (Note 2) 

F LM hold time lFH 0 - - ns 

Data hold time tDH 200 - - ns 

Notes 1. Optimum frequency for the highest contrast depends on the type of module. 
2. Timing of M signal to CL 1 may be in the range of± 1000ns. 
3. In adjusting FLM frequency, avoid setting it around the commercial frequency (50 Hz ± 2 Hz or 60 Hz ± 2 Hz I to prevent LCD flicker. 
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LM266XP--------
FEATURES 

• 640(W) dots x 100(H) dots graphic and alphanumeric display 
• Attachable controller: HD63645F 

MECHANICAL DATA {Nominal dimensions) 

Module size .............. 287.5W x 71.5H x 13T (max.) mm 
Effective display area .................... 243W x 42H mm 
Number of dots ....................... 640W x 100H dots 
Dot size ............................ 0.33W x 0.33H mm 
Dot pitch ............................ 0.36W x 0.36H mm 
Weight ......................................... 250g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 
Power supply for logic (V00 - V88) ......... -0.3 7.0V 
Power supply for LCD drive (V00 - VEE) ..... -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3 V00 +0.3V 
Operating temperature (Ta) (Note 2) .............. 0- + 40°C 
Storage temperature (Tstg)(Note 3) ............ -20- + 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0 V ±0.25 V, VL = -19.0 V ± 0.95 V 
lnput"high"voltage(V1H) ................ 0.7 x Voo-VooV 
Input "low" voltage (V1J ................... 0 -0.3 x V00V 
Power supply current for logic (loo) (Note 4) ......... 8 mA max. 
Power supply current for LCD drive (IEE) (Note 4) ..... 6 mA max. 
Frame frequency (fFLM)· ........................ 78 Hz typ. 
Power supply for LCD drive (Recommended) (V00 - VJ (Note 5). 
Duty = 11200 

<O C') 
C') C') 

c:i , 

Ta = 0°C ............................... 19.5 V typ. 
Ta = 25°C ............................... 18.5 v typ. 
Ta = 40°C ............................... 17.8 v typ. 

Notes 1. Applied to CL 1, CL2, DO- 03, FLM and M. 
2. The color of the display may change into blue if operated at maximum 

temperature. It is recommended to use it between 0°C-40°C. 
3. Do not leave it for more than 168 hrs. at maximum or minimum tempera-

ture. 
4. V00 = + 5V, V00 - VL = 24V, D0-03 = 1010, fFLM = 78 Hz 
5. Viewing angle = 10° 
6. To avoid damage during excessive shock environments, we recommend 

a support post be placed under the PCB by the customer. 

OPTICAL DATA ....................... See page 15 

INTERNAL PIN CONNECTION 

Pin No. symbol Function 
1 Voo Power supply for logic circuit 
2 Vss Ground 
3 Vva Connected to metal frame (GND) 
4 VL Power supply for IC driving 
5 CL1 Date latch 
6 M Control signal for AC driving 

7 FLM The FLM signal indicating the beginning of 
each display cycle 

8 CL2 Data shift 
9 DO 

10 01 
11 02 Data 

12 03 

230.37 

(640 dots) .. I 
000----------------0 

o_ ~ 
' DODOO 

' . C') 
0 
c:i 

~ 
• "O 

0 
0 
~ 

, 
0.33 ..... -
0.36 
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DDDDD 
DODOO 
DODOO 
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DDDDD 
I 
I 
I 
I 
I 
I 
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l __ 0.03 

.... 

DOD D 
DOD D 
ODD D 
ODD D 
ODD D 
DOD D 
DOD D 
ODD D 

I 
I 
I 
I 
I 
I 

000 ________________ 0 

Fig. 1 Display pattern 
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Unit: mm 
Scale: NTS 
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Fig. 3 Block diagram 
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LM266XP 

T= 128.2µs 
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M 

2µs min. 200ns min. 

FLM 
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FLM 
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Fig. 5 Interface timing 
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LM266XP 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 Cycle Time lcvc 410 - - ns 

CL2 Pulse With (H) lcwH 150 - - ns 

CL2 Pulse Width (L) lcwL 150 - - ns 

CL 1 Setup Time lsCL2 150 - - ns 

CL1 Hole Time IHCL2 150 - - ns 

Clock Rise/Fall Time t,tf - - 30 ns 

Data Setup losu 100 - - ns 

Data Hold loH 100 - - ns 

M Signal Delay Time lcM - - 300 ns 

FLM Setup Time IFS 200 - - ns 

FLM Hold Time IFH 200 - - ns 

Fig. 6 Interface timing 
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LM551XT---------
FEATURES 

• 128(W) dots x 128(H) dots graphic and alphanumeric display 
• Attachable controller: HD63645F 

MECHANICAL DATA (Nominal dimensions) 

Module size ................ 88W x 86H x 14.0T (max.) mm 
Effective display area .................. 54.0W x 54.0H mm 
Number of dots ....................... 128W x 128H dots 
Dot size ............................ 0.35W x 0.35H mm 
Dot pitch ............................ 0.38W x 0.38H mm 
Weight. ........................................ 125 g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 
Power supply for logic (V00 - V55) ......... -0.3 7.0V 
Power supply for LCD drive (V00 - VEE) ..... -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3 V00 + 0.3V 
Operating temperature (Ta) (Note 2) .............. 0 - + 40°C 
Storage temperature (Tstg) (Note 3) ............ -20- + 60°C 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0±0.25 V, VEE = -20±0.75 V 
Input "high" voltage (V1H) ..........•..... 0. 7 x Voo -Voo V 
Input "low" voltage (V11J. ................... 0-0.3 x V00V 
Power supply current for logic (loo) (Note 4) ......... .4 mA typ. 
Power supply current for LCD drive (IEE) (Note 4) ...... 2 mA typ. 
Frame frequency (fFLM) ........................ 65 Hz min. 

70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (V00 - V0) 
1 /200 Duty (Note 3) 

Ta = 0°C ............................... 22.5 V typ. 
Ta = 25°C ............................... 21.5 V typ. 
Ta = 40°C ............................... 20.2 V typ. 

48.61 = 0.1 

Notes 1. Applied to CL1, CL2, 00-03, FLM and M. 
2. The color of the display may change into blue if operated at maximum 

temperature. It is recommended to use it between 0°C-40°C. 
3. Do not leave it for more than 168 hrs. at maximum or minimum tempera

ture. 
4. V00 = +5V, V00 -V0 = 21.5V, 00-03 = 1010, FLM = 70 Hz 
5. Viewing angle = 10° 

OPTICAL DATA ....................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 D3 H/L Data 

2 02 H/L Data 

3 FLM H The FLM signal indicating the 
beginning of each display cycle 

4 M H/L Control signal for AC driving 

5 CL1 H -+L Data latch 

6 CL2 H -+L Data shift 

7 D1 H/L Data 

8 DO H/L Data 

9 voo - Power supply for logic circuit 

10 Vss - Ground 

11 VEE - Power supply for LC driving 

12 Vo - Operating voltage for LC driving 

Unit:mm 

DD Do------------------
-+---+---r-. D D D D D 
~ DODOO D 

o o o ___________________ o 
0.35 

0.38 

Fig. 1 Display pattern 
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(2.7) 48.61+o.1 

t .1.....-----~~ 

D0"'-'03 

CL2 

FLM 

M --

CL1 

Vss 

VDD 

Vo 

VEE 

Timing 

Circuit 

Power 

Supply 

• VR: 10-ZOk.Q 

p_ 
I 
I 

,-~-I I 

' I 

I I 
I 
' L_ 

-
_J 

00000000 0000 ~ 
4-RI.~ 

Fig. 2 External dimension 

IC3 
XBO 

LCD 

IC4 

Fig. 3 Block diagram 

Vbo 

l+;v 
LCM 

Vs:s l.r 
vo VR,-20.0V 

(.) 

VEE 

@HITACHI 

1.6+o.2 

6.0+o.5 

I 
I 

I 
p1 

I 

I 
I 
I 
I 

h: F I-' I 

I 

Fig. 4 Power supply 
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Observe the following sequencing when turning power supply on and off. 

5V 
4.75V 

"lif>D 0-50ms 0-50ms "lif>D 

Valid data 
Signal Signal 

liE liE 

0-50ms 0-50ms 

ON OFF 
Fig. 5 Voltage sequencing 

T 

CLl 

CL2 

Xl 

03 

02 

01 

DO 

300ns max. 

M 

2µsmin. 200ns min. 

FLM 

CLl 

FLM 

M 

D0-03 

Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tcvc 410 - - ns 

CL2 pulse width tCWH 150 - - ns 

CL2 pulse width tcwL 150 - - ns 

CL 1 set up time tsCL1 150 - - ns 

CL1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr, tf - - 30 ns 

Data set up time tDSU 100 - - ns 

Data hold time tDH 100 - - ns 

M delay time tCM - - 300 ns 

FLM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

CWH 

t. 

r 
CLl ~------------'J 

fCWH ISCLI IHCL! 

t. 
I J 

lDH 

~1 
0 

!a 
CJ) 

tvsu 

1'\_ ICWL y 
l'-----_,I CL2 

LDO-LD3 

UDO-UD3 

ICYC 
ICM 

M 

IFS 

IFH 

FLM \ 
--~~~~~--~~--~~-~-

Fig. 7 Interface timing 
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• 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis

play 
Power supply for LCD drive (Recommended) (V DD - V 0) 

Duty= 1/64 
Ta= 0°C . . . . . .. . .. . .. . . . . .. . . . 17.3 V typ. • Attachable controller LSI: HD61830 (see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Ta= 25°C . . . . . . . . . . . . . . . . . . . . . . 16.4 V typ. 
Ta= 40°C . . . . . . . . . . . . . . . . . . . . . . 15.7 V typ. 

Module size ........ 180W x 120H x 13.8T (max.) mm 

Effective display area . . . . . . . . . . . 148W x 75.0H mm 

Number of dots . . . . . . . . . . . . . . . . 240W x 128H dot 

Dot size . . . . . . . . . . . . . . . . . . . . 0.50W x 0.50H mm 
Dot pitch ................... 0.55W x 0.55H mm 

Weight .......................... about210g 

OPTICAL DATA .................... See page 15. 
Notes 1. Applied to CL1, CL2, 01 - 02, M, F LM. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0° C and 40° C. 

ABSOLUTE MAXIMUM RATINGS min. max. 

7.0V 
19.0 v 
VooV 

40°C 
60°C 

3. Do not leave it for more than 168 hrs. at maximum or mini
mum temperature. 

Power supply for logic (V DD - V ss) . . . . . . . 0 

Power supply for LCD drive (V oo - VEE) . . . 0 
Input voltage (Vi) (Note 1) . . . . . . . . . . . . V ss 
Operating temperature (Ta) (Note 2) . . . . . . . 0 

Storage temperature (Tstg) (Note 3) . . . . . . -20 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 01 H/L Serial row data 

2 FLM H 
The F LM signal indicates the beginning 
of each display cycle 

ELECTRICAL CHARACTERISTICS 3 M H/L Control signal for AC driving 

70 

Ta= 25°C, Voo -Vss = 5.0V ±0.25V, 

VEE - Vss = 13.5V ±0.25V 4 CL1 H~L 
The CL 1 latches the serial data in the 
shift registers 

Input "high" voltage (V1Hl (Note 1) 0.7 x Voo - Voo V 5 CL2 H ~L Clock signal for shifting the serial data 
Input "low" voltage (VIL) (Note 1) .... 0 - 0.3 x V oo V 

6 02 H/L Serial row data 
Clock frequency (fcL2) ............. 1.08 MHz min. 

1.15 MHz typ. 

1.23 MHz max. 

7 Voo - Power supply for logic circuit 

8 Vss - Ground 

Power supply current (loo) ............. 6 mA typ. 9 VEE - Power supply for LC driving 

(D1, D2 = GND) (fcL2=1.15 MHz) (Voo -Vo= 12.9V) 10 Vo - Operating voltage for LC driving 

Unit: mm 

131.95 ± 0.1(240dot) 

• _,_DDDDD ____________ --- ----o 
DODOO D 
I I 
I I 
I I 

LI") 

0 
I 
I 
I 

t X64D 

]psp 
JI : I 

I I 
I I 
I I 

~--DDDDD ___________________ [j 

it!= 
Fig. 1 Display pattern 
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IH0.0±0.5 
Unit: mm 

~ 
•0 ~ 

0 0 
+I ~ ~ 
..; "' 

~~-- -~113.0±0.3 ~3.5±0.5 
165.0 t 0.3 7.0 ± 0.5 

148.0 ± 0.3 13.Smax. I 
---.. .. o1--. --+l:EE-

131.95±0.I 18031 mS'll 

6.3max. 

DI 

FLM 

CL! 

CL2 
M 

Voo 
VEE 

Vss 
Vo 

02 

I~ 

M M 
0 = 
" = 0 -

+I Si ·~ 
0 

~ 

~ !--- l 
I 

-'---'--+-+-L- - -- _ _j 
Al 12 

12.0 t 0.5 

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

~~.o.s "' IJI 
4- "3.o·g 12.0 ~ Lfi +. o 2 !I: E6.0max. 

~ *Al -A20 pads should not be used for LM221B. 

,... 
v-

..., 

err-
~ .____ 

Interface 
circuit 

"" v 

..., 
'-' 

'-' 

.._,-

+5V 

-13.SV 

Do not connect any signals to these pads. 
Fig. 2 External dimensions Use pin No. 1 - 10 for interface. 

l 
IC ---i - -- "" 
3 

l :,.. 
~ XI _,,, 

IC 

I X64 

1 X6:, _,,,, 
IC 

~ 

2 X 12H 

~ 1 
" :,.. 

Power supply 
~ 

IC 
~ 

6 
r---...i 

Fig. 3 Block diagram 

Voo-Vo 
LCM 

VR 

Fig. 4 Power supply 
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IC -- _,.. 
4 

LCD 

~ 

IC 
r-- - .., 

7 

IC 

5 

~ 

"~ 

1" ?';: 
:.... 

IC 

8 

Yoo - Vo: LCD driving voltage 
VR: lOkn - 20kn 
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150ns. .,1 
mm. 

n 

>-
X64 

-... 
"' 

02 >-

Xl28 

FLM i------"" 

1 .. 
Reduction 

Mi---------

72 

->-

I 
XI 

. X64 

.... 
"' >-

LM221XB 

DI 

02 

Fig. 5 Correspondence of display with data 

0.19ms:;> T ::;>0.23ms 

Xl 

X65 

64XT 

Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 

Item Symbol 

CL2 cycle time tcvc 

CL2 pulse width (H) tcwH 

CL2 pulse width (L) tcwL 

CLt set up time (1) tscu 

CL 1 set up time (2) tHCL1 

Clock rise/fall time tr, tf 

Data set up time tDsu 

Data hold time tDH 

CL1 delay time tcL 

M delay time tcM 

F LM set up time tFS 

F LM hold time tFH 

t, 

lcL 

CL! 

tcwH 
t, ~ -

CL2 

llJSL' 

DI-02 

-

LM221XB 

CWH 

Min. 

810 

150 

150 

150 

150 

-
100 

100 

150 

-
100 

100 

:::: 

...1 

\ 
It. 

!1 

+ tHcl.l .... 

llJH 

• to1 

Typ. Max. Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 30 ns 

- - ns 

- - ns 

- - ns 

- 300 ns 

- - ns 

- - ns 

... 

M ----+---+---~), ______ _ 
-

FLM 

Fig. 7 Interface timing 
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LM238XB--------
• 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis

play 

• Controller LSI HD61830 is built-in {see section 6). 

MECHANICAL DATA (Nominal dimensions) 
Module size ........ 180W x 120H x 13.8T (max.) mm 
Effective display area . . . . . . . . . . . 148W x 75.0H mm 
Number of dots . . . . . . . . . . . . . . . . 240W x 128H dot 
Dot size .................... 0.50W x 0.50H mm 
Dot pitch ..... , ............. 0.55W x 0.55H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 220 g 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (VDD - Vss) ....... 0 7.0V 
Power supply for LCD drive (VDD - Vee) ... 0 19.0 V 
Input voltage (Vi) (Note 1) ............ Vss VDDV 
Operating temP?:rature (Ta) (Note 2) . . . . . . . O - 40°C 
Storage temperature (Tstg) (Note 3) . . . . . . -20 - 60°C 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD - Vss = 5.0V ±0.25V, 
Vee - Vss = -13.5V ±0.25V 
Input "high" voltage (V1H) .............. 2.2 V min. 
Input "low" voltage (V1L) .............. 0.8 V max. 
Clock frequency (fcL2) (Internal clock) .... 1.2 MHz max. 
Input leak current (l1N) ................ -5 "'5 µA 
Output leak current (I OUT) . . . . . . . . . . . -10 "' 10 µA 
Power consumption ................ 250 mW max. 
(VDD = 5V, Ta= 25°C, VDD - Vo= 13.7V) 

Power supply for LCD drive (Recommended) (V DD - V 0) 

Duty= 1/64 
Ta= 0°C . . . . . . . . . . . . . . . . . . . . . . 17.3 V typ. 
Ta= 25°C . . . . . . . . . . . . . . . . . . . . . . 16.4 V typ. 
Ta= 40°C . . . . . . . . . . . . . . . . . . . . . . 15.7 V typ. 

OPTICAL DAT A ..................... See page 15. 
Notes 1. Applied to CL1, CL2, D1 - D2, M, FLM. 

2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0° C and 40° C. 

3. Do not leave it for more than 168 hrs. at maximum or mini
mum temperature. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Function 

A1 Vss (OV) Ground 

A2 VDD 1+sv1 Power supply for logic 

A3 Vo Power supply for LCD drive 

A4 RS Register select 

A5 R/W Read/write 

A6 E Enable 

A7 - 14 DBO - DB7 Data bus 

A15 cs Chip select 

A16 RES Reset 

A17 Vee (-13.sv1 Power supply 

A18 - 20 N.C No connection 

Unit: mm 

131. 95 ±0.1 (240dot) 

~l ----...,-i---x1DODOD- -- --- - - --- - - - - - - --o 

74 

•• 
"' 0 

~00000 D 
I 
I 
I 
I 
I 

l X64b 

>< .. e -0 

X65 
I 
I 
I 
I· 
I 
I 

_____ x_izsOODOD _ - ---- - - - - - -- - ____ _[j 
Y24ll 

.. -t 0.5 
Y480 

-- 0.55 

Fig. 1 Display pattern 
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180.0±0.5 

113.0±0.3 

165.0±0.3 

148.0±0.3 

I I 
131.95±0.l 

1------
, 

3.5±0.5 

7.0±0.5 

13.8m~x. 55 ••.• 
. -0.3 

I 
I 
I 
I 

Unit: mm 

_6_.3_m_••-·---~..+-+-- ~ :;;! 
+I °" I ~ a 

...........___.L _____ _ 

~ 
I lZ.0±0.5 

.,+.Al AZO * I I Bl I ;\04 
Ii"' 

1- .. 30+0.3 7 µm ] 2.54±0.3 ~n n -;£ 
3 

. -0.2 •JI2.54± 0.3 10-4'1.0 6.0max. 
"TT 

Fig. 2 External dimension 

*BI - B 10 pads should not be used for LM238XB. 
Do not connect any signals to these pads. 
Use A I -A20 for interface. 

r------------------------------------------------------~ 
I I 
I I 
I D ~ 0 I 
I I 
I I 
I I 

: * I 
CS' I 

RES 1 IC13,14 I 

~ : 
R/W'-- I 

E, I 
DBO I 

I I 
0871 I 

-v~,:,~ rVo 
VF.r. 

I I 
I I 
I I 

: IC6 1C7 IC8 : 
I I 
I I 
: I 
I I 
I I 
I I 
I I 

I 
I 
I 

I I :_ * Interface timing circuit 1 
I I 
L--------------------------------------------------------~ 

Fig. 3 Block diagram 

+5V 
Vou 

Vss 

Voo-Vo 

VR Vo 

v •• 
-!3.5V 

Fig. 4 Power supply 
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LCM 

Yoo -Vo: LCD driving voltage 
VR: tok.n - 2okn 

Yoo -Vo: LCD driving voltage 
VR: 10kf2 - 20kil 
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TIMING CHARACTERISTICS 

76 

Item 

Enable cycle time 

Enable pulse width 
l H level 

J L level 

Enable rise time 

Enable fall time 

CS, R/W. RS set up time 

Data set up time 

Data delay time 

Data hold time 

CS, R/W, RS -+hold time 

E 

CS,R/W,RS 

DB0-7 
( MPU-+LM238B) 

DB0-7 
(MPU<-LM238Bl 

LM238XB 

Symbol Min. Typ. Max. Unit 

tcvc 1.0 - - µs 

twEH 0.45 - - µs 

twEL 0.45 - - µs 

tEr - - 25 ns 

tEf - - 25 ns 

tAS 140 - - ns 

to1s 225 - - ns 

too - - 225 ns 

tH 10 - - ns 

tAH 10 - - ns 

------tcvc------

twEH ---'>----- twEL 

0.8V 

tAH 

to1s tH 

Fig. 5 Interface timing IMPU-++- LM238BI 
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LM215XB---------
• 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis-

play 

• Attachable controller LSI: HD61830 (see section 6). 

• Color tone: LM215XB ..................... yellowgreen 

MECHANICAL DATA (Nominal dimensions) 
Module size ........ 270W x 110H x 11.ST (max.) mm 
Effective display area ............. 242W x 69H mm 
Number of dots . . . . . . . . . . . . . . . . 480W x 128H dot 
Dot size . . . . . . . . . . . . . . . . . . . . 0.43W x 0.43H mm 
Dot pitch ................... 0.48W x 0.48H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 320 g 

ABSOLUTE MAXIMUM RA TINGS min. 
Power supply for logic (Yoo - Vssl ....... 0 
Power supply for LCD drive (V oo - VEE) . . . 0 
Input voltage (Vi) (Note 1) ............ -0.3 
Operating temperature (Ta) (Note 2) ....... 0 

Storage temperature (Tstg) (Note 3) . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V 00 = 5.0 V ±0.25 V, 

VEE = -10.0 V ±0.25 V 

max. 

7.0 v 
19.0 v 
VooV 

40°C 
60°C 

Input "high" voltage (V1H) (Note 1) . 0.7 x Voo -VooV 
Input "low" voltage (VIL) (Note 1) .... 0 - 0.3 x Voo V 
Clock frequency (fcL2l ............. 1.08 MHz min. 

1.15 MHz typ. 
1.23 MHz max. 

Power supply current (I DD) . . . . . . . . . . . . 6 mA typ. 
(IEE) ............ 3 mA typ. 

(D 1 - D4 = GND) (fcL2 = 1.15 MHz) 
V00 - V0: 14.5 

Power supply for LCD drive ( Recommended)(V oo - Vo) 
Duty= 1/64 

Ta = 0°C .............................. 15.5 V typ. 
Ta = 25 °C .............................. 14.5 V typ. 

Ta = 40°C .............................. 14.0 V typ. 

270.0 ± 0.5 
1.0±0.5 

268.0± 0.3 
4.0 + 0.5 

~ ~ 252.0 + 0.3 c c 
+I +I )4.11±11.5 
" ~ 

.; ~ _L 242.0 ± 0.3 

± 
I= ,- -

M M c c 
+1 

~1 
s 
N s ' 

~- -
I= 

..::!=. 
131.0±0.3 ~ 

(5.91 230.35 ± 0.1 

OPTICAL DATA ..................... See page 15. 

Notes 1. Applied to CL 1, CL2, 01 - 04, M, FLM. 
2. When operated at maximum temperature, the display may 

be changed into blue color. 
It is recommended to use it between 0°C and 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini
mum temperature. 

INTERNAL PIN CONNECTION 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
11 

12 

-

-
12 

:2 '111 +I 

~Lio 

Symbol Level Function 
01 H/L Serial row data (upper left half) 

02 H/L Serial row data (lower left half) 

FLM H The FLM signal indicates the begin-
ning of each display cycle 

M H/L Control signal for AC driving 

CL1 H~L 
The CL 1 latches the serial data in the 
shift registers 

CL2 H~L 
Clock signal for shifting the serial 
data 

03 H/L Serial row data (upper right half) 
04 H/L Serial row data (lower right half) 

vDo(+sv - Power supply for logic circuit 
Vss (OV) - Ground 

VEE(-10V - Power supply for LC driving 

Vo - Operating voltage for LC driving 

Unit: mm 

11 .Srnax. 

i '° 
~ 

J-E 
t::::>I 

-

+I 
"" M 

;:;; 
I 

-
= l~ 

2.54+0.l ~ 6-

""40.11 

1 .6±0.2 

6.0 max 

±0.5 

3.3max. 

I 
J 

Fig. 1 External dimension 
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LM215XB 

Unit: mm 
M 

230.35±0.1(480dots) ..,. 
0 

0 • .... ;: "' "' >- >-
XI -+--1JO 000--- -- ------- - --

8 "' 
goooo 

0 DODOO 0 
I 
I 

DODOO X64 
DODOO 
I 
I 
I X65 
I 
I 
I 0 

0.43 

9poo o _______________ 
0.05 Xl28 

T 
0.48 

Fig. 2 Display pattern Fig. 3 Correspondence of display with data 

Voo i----~----..----1 +_S~VI 

Vvv-Vo 
Vo t----'---.i-------~ VR 

LCM Vss t---------+--->---

VEE.,___ _______ ...... ___ ___. 

1- IOVJ 

Fig. 4 Power supply 

Voo-Vo: Operating voltage for LC driving 
VR: 10 kn - 20 kn 

030-----------------------------. 
01 ----------------, 

FLMo----+-+--+-+-___,1------. 

CL 1 

CL2 

M 

v •• 

v •• 

v •• 

Vo 

'-----"! 

Power 
Supply 

IC13 

IC14 

X65 

IC 1 IC3 

IC7 IC9 

~ 
N 
>-

LCD 

02u--------------~ 

040---------------------------~ 

Note: Interface timing circuit Fig. 5 Block diagram 
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CU '50•••;•··~!'-·-------0. -19m-s-;;>T-;;>0-.2-3m_• _____ ....... ~._ __ _ 

.. J I- T/240 I 
CL2 lJUlflflJlfil ___________ U1IVlJUlI 

D> -u~~·-l II l•i'~'";j XI :iL:-
•·. ·I· 

D2 =i___r-i_ 
X66 "' ,,,. J '"' · I · 

X~•I• XI ~ 
Xl28 ·I· X65 ~ 

D4 

M 

1
1 • 300nsmax. 

FLM ____ • __ l.:1 ·-2µ-sm-in_. --------------~"'"ii" 0-100..m;o. 

FLM ___.......~L ~'-· =====n==--=-~IL (reduction) I 64 xT I I I 
~•---+-------~· I I 

I I 

M ~' ___ ___.( 

Fig. 6 Interface timing 
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LM215XB 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tcvc 810 - - ns 

CL2 pulse width (H) tcwH 150 - - ns 

CL2 pulse width (L) tcwL 150 - - ns 

CL 1 set up time (1) tscL1 150 - - ns 

CL 1 set up time (2) tHCL1 150 - - ns 

Clock rise/fall time tr, tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

CL 1 delay time tcL 150 - - ns 

M delay time tcM - - 300 ns 

FLM set up time tFS 100 - - ns 

FLM hold time tFH 100 - - ns 

ti 

CL! 

tcw 11 t11ct.l 

ti 

CL2 

t \JSl' 

DJ-D4 

M 

FLM 

Fig. 7 Interface timing 
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• 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis
play 

OPTICAL DATA ..................... See page 15. 

Notes 1. Applied to CL1, CL2, D1, D2, M, FLM. 
• Attachable controller LSI: HD618308 (see section 6). 

MECHANICAL DATA (Nominal dimensions) 

2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0°C and 40°C. 

Module size . . . . . . . 270W x 110H x 11.5T (max.) mm 
Effective display area ............. 242W x 69H mm 

3. Do not leave it for more than 168 hrs. at maximum or mini
mum temperature. 

Number of dots ................ 480W x 128H dot 
Dot size . . . . . . . . . . . . . . . . . . . . 0.43W x 0.43H mm 
Dot pitch . . . . . . . . . . . . . . . . . . . 0.48W x 0.48H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 320 g 

INTERNAL PIN CONNECTION 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (VDD - Vssl ....... 0 
Power supply for LCD drive (V DD - VEE) . . . 0 
Input voltage (Vi) (Note 1) ............ -0.3 
Operating temperature (Ta) (Note 2) ....... 0 
Storage temperature (Tstg) (Note 3) . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
0 ,,,._ 

Ta= 25 C, VDD -Vss = 5.0 V ±0.25 V, 
Vee -Vss = 11.0 V ±0.5 v 

max. 
7.0V 

19.0 v 

VDDV 
40°C 
60°C 

Input "high" voltage (V IH) ........ 0.7 xv DD - v DD v 
Input "low" voltage (V1d .......... 0 - 0.3 x VDDV 
Clock frequency (fcL2) . . . . . . . . . . . . . 2.15 MHz min. 

2.30 MHz typ. 
2.40 MHz max. 

Power supply current OoD) . . . . . . . . . . . 10 mA typ. 
Oee) ............ 3 mA typ. 

(D1. D2 = GND) (fcL2 = 2.30 MHz) (Voo - Vo = 16.0V) 
Power supply for LCD drive (Recommended) (VDD - V 0 ) 

Duty= 1/64 
Ta= 0°C . · ....................... 15.5 V typ. 
Ta = 25°C ........................ 14.5 V typ. 
Ta = 40°C ........................ 14.0 V typ. 

Pin No. Symbol 
1 D1 
2 D2 

3 FLM 

4 M 

5 CL1 

6 CL2 

7 NC 
8 NC 
9 vDD 

10 Vss 
11 Vee 

- 12 Vo 

Level Function 
H/L Data signal 

H/L Data signal 

H The FLM signal Indicates the begin-
ning of each display cycle 

H/L Control signal for AC driving 

H-+L The CL1 latches the serial data In the 
shift registers 

H-+L Clock signal for shifting the serial 
data 

-
-
- Power supply for logic circuit 

- Ground 

- Power supply for LC driving 

- Operating wltage for LC driving 

Dl 

D2 

Fig. 1 Correspondence of display with data 

i.. 230.35 '0.1 -1 
I YI Y480 

_.___.__XI ooooo·--------------------------0 
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X6o00000 D=f= 

' ' I 
I 
I 
I 
I 
I 
I 
I 
I 

_J__ __ .:.:.;x1=2a,OODOO _________________________ O 
Y1~1 Y960 

0.43 11 0.05 

lf 0.48 

Fig. 2 Display pattern 
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l XI 
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230.35±0.l 

242.0±0.3 
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Fig. 3 External dimension 
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+5V ----------------1 Vun 

~----l Vss 

v. LCM 
"""'5--------~ Vo 

'-----------------1 VE1: 
-UV VR=I0-20W 

Fig. 6 Power supply 

I l50ns I 
min." 

CL! ~~~__.n~----------------------------ln~~~~~ 
innnnnitJru80 I 

CL2 r..~ LI LI LI j j~~l~ ~ JUUlfUlf 

0.10ms:OT:i>0.22rns 

1150ns min. 1 r 150 ns min. 
~ 

DI IUIJ_ I 
.... 

l > I 
> 
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I .... 
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Ln 
> 
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I 
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Fig. 6 Interface timing 
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TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tcvc 417 - - ns 

CL2 pulse width (HI tcwH 150 - - ns 

CL2 pulse width (LI tcwL 150 - - ns 

CL 1 set up time (11 tscl1 150 - - ns 

CL 1 set up time (2) tHCL1 150 - - ns 

Clock rise/fall time tr, tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

CL1 delay time tcL 150 - - ns 

M delay time tcM - - 300 ns 

FLM set up time tFS 200 - - ns 

FLM hold time tFH 100 - - ns 

t,_. i... lcwH 
lt I.A. 

lcL ....... v _,[\ 
lt. 

CLI 

kwH i... tst:Ll tHC.:Ll .... t, ~ r--
11 

~¥ _,I\ lnn. jl 
-

tusr _.. 
'I 

CL2 

t11H 

Dl-D2 ) K 
I.&. lc,\I 

tnr .... 

M ). 
lF!<i 

~ ... i... t..-11 

-¥- \__ ') FLM 

Fig. 7 Interface timing 
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• 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis
play 

OPTICAL DATA ..................... See page 15. 

• Attachable controller LSI: MSM6255GSK or MSM6265GSK 

MECHANICAL DATA (Nominal dimensions) 
Module size ........ 270W x 110H x 11.5T (max.) mm 
Effective display area ............. 242W x 69H mm 
Number of dots ................ 480W x 128H dot 
Dot size . . . . . . . . . . . . . . . . . . . . 0.43W x 0.43H mm 
Dot pitch ................... 0.48W x 0.48H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 320 g 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (VDD - Vssl ....... 0 6.5 V 
Power supply for LCD drive (V DD - VEE) . . . 0 
Input voltage (Vi) .................. Vss 
Operating temperature (Ta) ............. 0 
Storage temperature (Tstg) ............ -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ±0.25 V, 
VEE = -14.5 V ±0.5 V 

22V 

VDDV 
40°C 
60°C 

Input "high" voltage (V1Hl ......... 0.8 x VDDV min. 
Input "low" voltage (V1d ......... 0.2 x VDDV max. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 DO H/L Serial row data 

2 D1 H/L Serial row data 

3 FRAME H 
Frame frequency (Indicating the 
beginning of each display cycle) 

4 NC - -

5 LOAD H/L 
The CL 1 latches the serial data in 
the shift registers 

6 CP H/L 
Clock signal for shifting the serial 
data 

7 D2 H/L Serial row data 

8 D3 H/L Serial row data 

9 VDD - Power supply for logic circuit 

10 Vss - Ground 

11 VEE - Power supply for LC driving 

12 Vo - Operating voltage for LC driving 

13 ECLK H/L Enable clock 

14 NC - -
15 NC - -

Clock frequency (fcp) .......... , .... 1.00 MHz min. 
1.07 MHz typ. 
1.15MHzmax. 

Power supply current (loDl ........... 10 mA typ. 
2:io. :l5( 480dot) Unit: mm 

(IEE) ............ 8 mA typ. 
(D 1 , D2 = GND) (fcp = 1.07 MHz) (Voo - V0 = 15.8V) 
(D3, D4 = GND) 

Power supply for LCD drive (Recommended) (VDD -V0 ) 

Duty= 1/128 
Ta= 0°C ...................... 17.1 V typ. 

..§ 
'.JC 
~ 

"' "' 
8 

0.48 

0.4:J 0.05 oo----- -
DODD 

-o 
DD 

' I 
I 

Ta = 25°C . . . . . . . . . . . . . . . . . . . . . . 15.8 V typ. 
Ta = 40°C . . . . . . . . . . . . . . . . . . . . . . 14.6 V typ. '.JC 

-+-+-....... ODD 
~c:-1--"--'DDD ______ _ 

DD 
DD ..,. 

c Fig. 1 Display pattern 

2i0.0±0.5 
l.!l±0.5 

11.Smax. 268.0±0.3 
4.f}±IJ.5 

0 
262.0±0.3 1.6±0.2 

5.2±0.3 +I +I ~ )4.0±fJ.5 

~ g'l.-!fl+L.1L._,_~~~~~~24~2(~J±~!J.3'--~~~~~~~ 

15 

131.0±0.3 

15.9J 

~~ .r 
230 .. 15±0.l lS·¢1.0 

2.54 +0.1 

Fig. 2 External dimension 
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LM240S 

Fig. 3 Correspondence of display with data 

FRAME 
--+-'"f 

LOAD 
Timer 
Controller 

Voo------+--~+----' 
Vss(GND) 

LC 
VEE Drive ---------I Voltage 

ECLK 

1?° ---""! 
!)3 ----

LCM 

Xl 

128dot x 480dot LCD 

Fig. 4 Block diagram 

Voo 
(+5Vl 

Vo 
f Voo- Vo 

VR 

Vss 

V<E t----------------' 

Fig. 6 Power supply 
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V DD - Vo : Operating voltage for LC driving 
VR: 10kSl - 20kSl 
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1/128 duty 

128 I 
O.IOms::OT::i0.12ms n 

LOAD 1----~ ~--------- ____________ ---------' '-------

CP 

DO 

DI 

D2 

D3 

ECLK 

f 2°1 rmi fTI81 · fTI9l Fl rri f21 M 
ri :---ir-----J LJ LJ LJ ~~ LJ LJ L 

I 
I __ .t.. _______ _ 

-----------' I 
I 

I 
I 
I -----------

--i--------
1 

__ _!. _______ _ 

--+--------

' I 
~--, n 
I I 

~----------~' l _ - - - - - - - ___ ___. .__,,....-------

FRAMEt-----------------------------' 

Notes 1. When using control LSI MSM62SSGSK. 
2. There is CP pulse interrupting time of sixteen pulses between CP (120) and CP (1 ). 

Fig. 6 Interface timing 

TIMING CHARACTERISTICS (VDD = 5V ±10%, Ta= -20 - +85°C, CL= 15µF) 

Item Symbol Condition Min. Typ. Max. Unit 

"H", "L" delay time tPLH - - - 200 ns 
tPHL 

Maximum clock frequency tcp DUTY= 50% - - 1.3 MHz 

CP eCLK pulse width tw - 125 - - ns 

LOAD pulse width tw (L) - 125 - - ns 

Set up time tsetup - 100 - - ns 

CP -+-LOAD time tcL - 250 - - ns 

LOAD -+-CP time tLC - 0 - - ns 

Hold time thold - 100 - - ns 

Rise, fall time 
tr - - - 50 ns 
tf 

LOAD rise, fall time tr (L) - - - 1 µs 
tf (L) 

CP -+-eCLK time tee - 0 - - ns 

eCLK -+-CP time tee - 150 - - ns 
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Fig. 7 Interface timing 
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LM225X 
• 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis

play 
OPTICAL DATA .................... See page 15. 

Notes 1. Applied to CL1, CL2, 01 - 04, M, FLM. 
• Attachable controller LSI: HD61830B (see section 6). 
• Color tone: LM225X ....................... yellowgreen 

2. When operated at maximum temperature, the display may 
be changed into blue color. 
It is recommended to use it between 0°C and 40°C. 

MECHANICAL DATA (Nominal dimensions) 

Module size ........ 270W x 150H x 13.0T (max.) mm 

3. Do not leave it for more than 168 hrs. at maximum or mini· 
mum temperature. 

Effective display area ............ 239W x 104H mm INTERNAL PIN CONNECTION 
Number of dots ................ 640W x 200H dot Pin No. Symbol Level Function 
Dot size .................... 0.32W x 0.46H mm 1 01 H/L Serial row data (upper left half) 
Dot pitch ................... 0.35W x 0.49H mm 2 02 H/L Serial row data (lower left half) 
Weight .......................... about 450 g 

3 FLM H The F LM signal indicates the begin-
ning of each display cycle 

ABSOLUTE MAXIMUM RATINGS min. max. 
7.0 v 

19.0 v 
VooV 

40°C 

4 M H/L Control signal for AC driving 
Power supply for logic (Voo - Vssl ....... 0 

5 CL1 H~L 
The CL 1 latches the serial data in the 

Power supply for LCD drive (Voo -VEE) ... 0 shift registers 

Input voltage (Vi) (Note 1) . . . . . . . . . . . . Vss 
Operating temperature (Ta) (Note 2) . . . . . . . 0 
Storage temperature (Tstg) (Note 3) . . . . . . -20 

6 CL2 H~L 
Clock signal for shifting the serial 
data 

60°C 7 03 H/L Serial row data (upper right half) 

8 04 H/L Serial row data (lower right half) 
ELECTRICAL CHARACTERISTICS 9 Voo - Power supply for logic circuit 

10 Vss - Ground Ta= 25°C, V 00 - Vss = 5.0 v ±0.25 V, 
VEE - Vss = -13.5 v ±0.25 v 11 VEE - Power supply for LC driving 
Input "high" voltage (V1Hl ........ 0.7 x Voo -VooV 12 Vo - Operating voltage for LC driving 
Input "low" voltage (VIL) .......... 0 - 0.3 x V oo V 
Clock frequency (fcL2) ............. 2.13 MHz min. 

2.28 MHz typ. 
2.46 MHz max. 

Power supply current (loo) ............ 6 mA typ. 
(IEE) ............ 3 mA typ. 

(D1, D2 = GND) (fcL2 = 2.28 MHz) (Voo - Vo = 14.0V) 
(03, D4 = GND) 

Power supply for LCD drive (Recommended) (Voo -V0 ) 

Duty= 1/100 

Ta = 0°C ............................ 16.7 V typ. 
Ta = 2s 0 c ............................ 15.8 V typ. 
Ta = 40°C ............................ 15.2 V typ. 

223.97±0.1 L 

t r YI Y64~1 ---l---'--00000------------ --- - ---o XI 

DODOO D Xl 
I I 1 

I 
I 
I 

-t:DODOD 
DODOO 
I 

I ' 
I I 

I : 

D XIOll 

D XIII! 
I 

I I 

: I 
I I 
I I I 

I : I 
I I I 

: I : __._ _____ DODOO ___________________ [j xzoo 

Yit1 O.J2 Y1280 

lo.:i;; 
Fig. 1 Display pattern 
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Fig. 5 Correspondence of display with data 
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LM225X 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tcvc 400 - - ns 

CL2 pulse width (H) tcwH 150 - - ns 

CL2 pulse width (L) tcwL 150 - - ns 

CL 1 set up time (1) tscl1 150 - - ns 

CL1 set up time (2) tHCL1 150 - - ns 

Clock rise/fall time tr, tf - - 30 ns 

Data set up time tosu 100 - - ns 

Data hold time toH 100 - - ns 

CL 1 delay time tcL 150 - - ns 

M delay time tcM - - 300 ns 

FLM set up time tFS 100 - - ns 

F LM hold time tFH 100 - - ns 

t, 
lt:WH ..... 

t1 

CL! 

lcL )1 ~ 
~ 

lcwH tscu tH<.:Ll 
t, 

11 

jC .. N l'l -I v kWL jl ~ 

It ., CL2 

tu~r _.. 
lutt 

Dl-D4 )! K 
le.• .. lnT ... 

M x 
IFS 

IFH 

~ 

1\ FLM 

Fig. 7 Interface timing 
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LM236XB~--------------
• 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis-

play 

• Attachable controller LSI: MSM6255GSKor MSM6265GSK 

OPTICAL DATA ........•........... See page 15. 

Notes 1. Applied to FRAME, LOAD, OF, ECLK, CP, UDO - UD3, 
LOO - LD3. 

• Color tone: LM236XB ..•......•..•... Yellowgreen 

MECHANICAL DATA (Nominal dimensions) 

2. When operated at maximum temperature, the display may 
change into blue color. 
It is recommended to use it between 0° C and 40° C. 

Module size ........ 270W x 149H x 13.0T (max.) mm 
Effective display area ............ 239W x 104H mm 

3. Do not leave it for more than 168 hrs. at maximum or mini· 
mum temperature. 

Number of dots ...•............ 640W x 200H dot 4. When viewing angle is 25°. 

Dot size .................... 0.32W x 0.46H mm 
Dot pitch . . . . . . . . . . . . . . . . . . . 0.35W x 0.49H mm 

Weight . . . . . . . . . • . . . . . . . . . . . . . . . . about 450 g 

5. In case of Voo = +5V, Voo - Vo = 15V, DF = 75 Hz, 
UDO - UD3 = V55and LOO - LD3 = V55. 

INTERNAL PIN CONNECTION 

ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (V DD) . . . . . . . . . . . . 0 6.5 V 
Power supply for LCD drive (VDD - VEE) ... 0 22 V 
Input voltage (Vi) (Note 1) ............ -0.3 Voo+ 0.3V 

Operating temperature (Ta) (Note 2) ....... 0 40°C 
Storage temperature (Tstg) (Note 3) . . . . . . -20 60°C 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ±0.25 V, 
VEE= -14.5 V ±0.5 V 
Input "high" voltage (V1Hl (Note 1) . 0.8 x VDD -VDDV 
Input "low" voltage (V 1Ll (Note 1) .... 0 - 0.2 x V DD V 
Power supply current (I DD) (Note 4) . . . . . . 5 mA typ. 

(IEE) (Note4) ...... 4mAtyp. 
Frame frequency (fFRAME) ............. 70 Hz min. 

75 Hz typ. 
80 Hz max. 

Input capacitance (Cin) (fcp = 1 MHz) ..... 150 pF typ. 
Power supply for LCD drive (Recommended) (VDD - V 0 ) 

(Note 5) Duty= 1/100 

Ta = 0°C ........................... 16.7 V typ. 
Ta = 25°C ........................... 15.8 V typ. 
Ta = 40°C ........................... 15.2 V typ. 

Pin No. 

1 - 4 

5 

6 

7 

8 

9 

10 - 13 

14 

15 

16 

17 

Symbol Level 

UDO - UD3 H/L 

ECLK H 

FRAME H 

OF H/L 

LOAD H -+L 

CP H -+L 

LOO - LD3 H/L 

Voo -
Vss -
VEE -
Vo -

223.9700.1 

I ·y1 Y6401 ......----4---+--ooooo-·· --------- ····· ·-·----------.. ---.. o x1 

DODOO o~ 
' ' ' ' ' ' ' ' ' ' : : 

.LDDDDD 
=~poooo 
ie : 
; i 

d xioo 
0 X!OI 

' ' ' ' ' ' : ' 
' ' ' 

' ' ' 
_._ __ Y_6_41 00000 ..................................... d x;oo 

~ 
Y1280 

Fig. 1 Display pattern 
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Function 

Data (upper half) 

Chip enable clock 

Frame frequency (Indicating the 
beginning of each display cycle) 

Control signal for AC driving 

Data latch 

Data shift 

Data (lower half) 

Power supply for logic circuit 

Ground 

Power supply for LC driving 

Operating voltage for LC driving 

Unit: mm 
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I 

il I 4·Rl.Omax. 
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----- -- ---+--- - --------- --~-
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Unit: mm 

.-1...::====11...dt~-===::J_..i.::lft=~---::J .iJ1 °A:J..I :-J._ :j 
~ L ____ - 1.,...13~1.o.--t~o~.3 ___ +_;;:-'~--.. ~-'-'--pitch.1. 131.0±.0.3 ~ J~ II 

::1~~1,1:~ 
_____ .......,155...._.Lt._"'-""!.5_"---------'-----i~ ~ ~0.2 
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DO 

Detail of A 

...-=ni 
"--'--1..J' 'L-1.LJ' ~ ( '<.......U..J"} ( 'CI:CY) '---J...LJ' 

*1 Recommendable connector: HONDA, FFCl 7T1 LAMEPl or the equivalent. 
*2 This part should not be used for interface. Don't connect any signal or power 

supply. Use pin No. 1 - 17. 

Measurement tolerance ± 0.02 Fig. 2 External dimension 
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CP -l XIOO 

LCD( 640dotX 21Xldotl 
DO-UD3 

~~~r IC3 
lill >-:;r >-~ >-~ >-~ >-_fil >-~ 
~ E~-~~o 

r- EL ER"" 
LDO-LD3 01 080 01 ~h~ 080 01 

IC4 .- DF .--- DF 
X200.---- DF 

1-1 ICJ:l .--- IC14 ..... IC20 

u 

~LOAD I LOAD LOAD 

1l l I 
r 

:::::::'...._, 
1l ..... 

/, 

l 
----· 

Power supply J ---·· 
-----

* . C::J Interface timing circuit 

Fig. 3 Block diagram 
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LM236XB 

V1rn i----+---. 

+SV 

LM236XB 
V SS t----~-----. 

Vo * 
VR 

v H: f-------' -14.SV 

• VR: lOkn - 20kn 
Fig. 4 Power supply 

0.125ms;;;;T;;>0.14ms 

LOAD 

ECLK ~~~ .. 2nl 
CP ~. 20 157 158 Mh_ 

XIOO I XI I X2 

~ ~ 
X200 I XIOI I XI02 

~ ~ 
I 

UDO-UD3 

LDO-LD3 

DF 

it===~~~~~~~~~--. 
--~ l 

V --~- I 
FRAME 

FRAME _____ _. 
1 H1•dw·1i•1111 

DF---------' 
* 1 When using control LSI MSM6255GSK. 
*2 There is CP pulse interrupting time of sixteen pulse between 

CP (160) and CP (1). 
Fig. 5 Interface timing 

$HITACHI 95 



LM236XB 

TIMING CHARACTERISTICS (VDD = 5V ±10%, Ta• -20 -+85°C, CL= 15 µFl 

96 

Item 

"H", "L" delay time 

Frequency of maximum clock 

CP ECLK pulse width 

LOAD pulse width 

Set up time 

CP -+LOAD time 

LOAD -+CP time 

Hold time 

Rise, Fall time 

LOAD rise, fall time 

CP -+ECLK time 

ECLK -+CP time 

II' 

CP /0.8Voo 

---

Symbol Condition Min. 

tPLH - -
tPHL 

fcp DUTY .. 50% -
tw - 125 

tw (L) - 125 

tsetup - 100 

tcL - 250 

tLC - 0 

th old - 100 

tr - -
tf 

tr (Ll - -
tf (LI 

tcE - 0 

tEC - 150 

II' tr 

T 
0.8Vn1>l bf 0.8V1111 

k._0.2Vn11 J 0.2V1111 
I'--------~ 

Typ. 

-

-
-
-
-
-
-
-

-

-
-
-

Max. 

200 

1.41 

-
-
-
-
-
-
50 

1 

-
-

0.8V1111 N 
"-.0.2V1111 

LDO-LD3---------~ ( 
)

lf0.8Vnn 0.8 K ~ 0.8 0.8 li 
Vin.}> V1111 V1111.,, 

UDO-UD3----------J~ 1,_o._2V_n_n __ ,1 ~------r-------' 1'----~•1 

ECLK 

LOAD 

DF 

FRAME 

t. 

I/ lf0.8Voo 

-----i 0.2Vnn 

tw 

tn. 

tn: 
--+--!-

0.8V1>11\ ____ tF_.c-t---~ 

I\ 0.2V1"' 

~ 
vr-----r------..~ 

V 0.8V1>11 0.8V11111\ 
tw11.1 i \ 

--------'I 0.2Vi>ll k.:_0.2V1111 
ll'l.H 

l!'HI. 

0.2 0.2 
V1111 V1111 

'\J0.8V1"' 

---------------------+-+------J~~0_.2_V_11_1'--------~ 

lholct 

) Vo.sv,," o.sv,~d 
------------------J l\.0.2V1111 0.2V1117l\._'--------------

Fig. 6 Interface timing 
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Unit 

ns 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 



LM250X-----------------
FEATURES 

640(W) dots x 200(H) dots graphic and alphanumeric dis
play 
Attachable controller: HD63645F 

MECHANICAL DATA (Nominal dimensions) 

Module size .......... 270W x 150H x 13.5T (max.) mm 
Effective display area ........... 239.0W x 104.0H mm 
Number of dots .................. 640W x 200H dots 
Dot size ...................... 0.32W x 0.46H mm 
Dot pitch ..................... 0.35W x 0.49H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 g 

ABSOLUTE MAXIMUM RATINGS 
min. max. 

Power supply for logic (V00 - Vssl .... -0.3 7.0 V 
Power supply for LCD drive (V 00 - Vee) -0.3 28.0 V 
Input voltage (Vi) (Note 1) ........... -0.3 Vo 0 + 0.3 V 
Operating temperature (Ta) (Note 2) ......... O - +40°C 
Storage temperature (Tstg) (Note 3) ........ -20 - +60°C 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, Voo = 5.0 V ±0.25 V, Vee= -21.5 V ±1 V 
Input "high" voltage (V1Hl .......... 0.7 x Voo -Yoo V 
Input "low" voltage (Vid ............. 0 - 0.3 x Voo V 
Power supply current for logic (I 00 ) (Note 4) . . . 8 mA typ. 
Power supply current for LCD drive (leeHNote 4). 7 mA typ. 
Frame frequency (fFLMl ................. 65 Hz min. 

70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (V oo - V 0) 

1/200 Duty (Note 5) 
Ta= 0°C ...................... . 
Ta= 25°C ...................... . 
Ta= 40°C ...................... . 

23.0 v typ. 
21.7 v typ. 
20.8 v typ. 

Notes 1. Applied to CL1, CL2, DO - D3, FLM and M. 
2. The color of the displey may change into blue if operated at 

maximum temperature. It is recommended to use it between 
0°C - 40°C. 

3. Do not leave it for more than 168 hrs. at maximum or mini
mum temperature. 

4. VoD .. +5V, VDD - Vo= 23V, DO - D3 = 1010 ..... ' 
fFLM = 70 Hz 

5. Viewing angle= 10° 

OPTICAL DATA ..................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 D3 H/L Data 

2 D2 H/L Data 

3 FLM H The F LM signal indicating the 
beginning of each display cycle 

4 M H/L Control signal for AC driving 

5 CL1 H -+L Data latch 

6 CL2 H -+L Data shift 

7 D1 H/L Data 

8 DO H/L Data 

9 voD - Power supply for logic circuit 

10 Vss - Ground 

11 Vee - Power supply for LC driving 

12 Vo - Operating voltage for LC driving 

223.97±0.1 J Unit:mm 

I 
I 
I 
I 
I o o o ___________________ o 

0.32 

0.35 

Fig. 1 Display pattern 
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LM250X 

:;i "! :;i = ti ti +I 

~ "! ... ~ 
"' "' 

~ 
"' 

13.0max. 

6.0max. 

--
~-- I :;i 
I xz • ~ 

i i " 
' 75.0±0.3 t--

! i 
~-------"Lt Vi~~ingdirectio~ ____ 1:-;1.o J 

L.::....------------------""--.-CT;;+IT.=;:i::l:ji::: ."tf""il27.2±0.5 = ~7.5+0.5C::::S"'" 

l~:=:::::~:=========~~=======j.iE.""~;;;;,u~A,;;A•~~H 142.2±0.5 
146.0±0.3 ~ !'"- ± J -=!+ 150.0±0.5 l l ~I 2.54~0.l 

"l = +I 

~ 
"' .. u 

"! 

.. u .. u .. 
Fig. 2 External dimensions 

00-03---------------r-------r------------, 

M 
CL! 

Vss 
11>0 

16 
1'i<E 

•VR:10-20k.Q 

Timing 
circuit 

Power 
supply 

LCM 

IC! !C2 !CS 

Fig. 3 Block diagram 

W.o 

-;j;-+sv 

1-Ss rJ,, 

-~ 
-: :jo-21.sv 

t1> VR 
(.) 

VEE 

Fig. 4 Power supply 
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LM250X 

Observe the following sequencing when turning power supply on and off. 

5V 

Valid data 

-------~----VEE 

0-50ms 

ON OFF 

Fig. 5 Voltage sequencing 

T 

CLl 

CL2 

XI 

D3 

D2 

Dl 

DO 

300ns max. 

M 

2µsmin. 200ns min. 

FLM 

CLl 

FLM 

M 

DO-D3 

Fig. 6 Interface timing 
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LM250X 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ, Max. Unit 

CL2 cycle time tcvc 410 - - ns 

CL2 pulse width tcwH 150 - - ns 

CL2 pulse width tCWL 150 - - ns 

CL 1 set up time tscu 150 - - ns 

CL1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr, tf - - 30 ns 

Deta set up time tDSU 100 - - ns 

Data hold time tOH 100 - - ns 

M delay time tCM - - 300 ns 

F LM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

tcwn 
t. 

CLl 

tcwn fSCLI fHCLI 
t. 

t1 

tcwL 

CL2 
tosu 

IDH 

LDO-LD3 

UDO-UD3 

tcyc 
fcM 

M 

fFs 

fFH 

FLM 

Fig. 7 Interface timing 
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LM585X---------
• 640 dot (WJ x 200 dot (HJ graphic and alpha-numeric dis- Power supply for LCD drive (Recommended) (V DD - V 0 ) 

play (Note 5) Duty= 1/100 
• Attachable controller LSI: MSM6255GSKor MSM6265GSK 

• Color tone: LM585X ................. Yellowgreen Ta = 0°C ........................... 16.7 V typ. 

MECHANICAL DATA (Nominal dimensions) Ta = 25°C ......................... _ .15.8 V typ. 

Module size . . . . . . . . 260W x 195H x 12.5T (max.) mm Ta = 40°C ........................... 15.2 v typ. 

Effective display area ............ 220W x 166H mm OPTICAL DATA .................... See page 15. 

Number of dots ................ 640W x 200H dot Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UDO- UD3, and LDO - LD3. 

Dot size .................... 0.29W x 0.74H mm 2. When operated at maximum temperature, the display may change into 
blue color. 

Dot pitch ................... 0.32W x 0.77H mm 

Weight .......................... about 540 g 
3. Do not leave it for more than 168 hrs. at maximum or minimum 

temperature. 
4. When viewing angle is 25°. 

ABSOLUTE MAXIMUM RATINGS min. max. 
5. In the case of V00 = +5V, V00 -V0 = 15V, DF = 75 Hz, UDO-UD3 

= OV and LDO - LD3 = OV. 

Power supply for logic (V DD) . . . • . . . . . . . . 0 6.5 V 
Power supply for LCD drive (Voo - VEE) ... 0 22 V 
Input voltage (Vi) (Note 1) ............ -0.3Voo+03V 
Operating temperature (Ta) (Note 2) ....... O 40°C 
Storage temperature (Tstg) (Note 3) ...... -20 60°C 

INTERNAL PIN CONNECTION 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V 00 = 5.0 V ±0.25 V, 
Voo -VEE= 19.5 v ±0.5 v 

Pin No. 

1 - 4 

5 

Symbol 

UDO - UD3 

ECLK 

Input "~igh" voltage (V 1Hl ......... 0.8 x VooV min. 6 FRAME 

Input "low" voltage (V 1Ll ......... 0.2 x V oo V max. 
Power supply current (1 00 ) (Note 4) ...... 5 mA typ. 

(IEE)lNote 4) ....... 4 mA typ. 
Frame frequency (fFRAME) ............. 70 Hz min. 

75 Hz typ. 
80 Hz max. 

Input capacitance (Cinl (fcp = 1 MHz) ..... 150pF typ. 

204.77-r-0 

7 

8 

9 

10 - 13 

14 

15 

16 

17 

18 

DF 

LOAD 

CP 

LDO - LD3 

Voo 

Vss 

VEE 

Vo 

NC 

o i2 1:~.11': o 29 Gl 12 ~ -tr- :,~ >->-~ 

J 
r:,. :~ G - --- ------------~ 
00 1 , o--- _______________ --nom X2 

~ I 1 I 

~ : : : : ~ i 

r H, oo- ------- ---- --------- -oom XIOO 

2 ~ :Joo- ----------------------DDQx101 
~ I I I 

6 I I : : I 

000-- ---- ----- --------- oomxigg 
-; DD ------ ----- -- HOITT~_oo 
-I C',) M oo O"I To 
;f,~;:g ~hri 
>- >->- :;:::;:: ;: 

Level 

H/L 

H 

H 

H/L 

H -+L 

H -+L 

H/L 

-

-
-

-
-

Note: Tolerance for dimensions not especially specified: ±0.1 mm 

Fig. 1 Detail of dot pattern 

~HITACHI 

Function 

Data (upper half) 

Chip enable clock 

Frame frequency {Indicating the 
· beginning of each display cycle) 

Control signal for AC driving 

Data latch 

Data shift 

Data (lower half) 

Power supply for logic circuit 

Ground 

Power supply for LC driving 

Operating voltage for LC driving 

-

Unit: mm 
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LM585X 

8.0±0.5 
260.0±0.5 

.. !l.;tll.5_ 

~1~~ 20.0±0.5 220.0±0.3 ~ ~) 

M 
0 

5.2!8:~ 

1.6±0.2 
+I 
0 

0 0 

N ~F 
j{Z,6!fil Z.04,..ZL±.JU 

§ ... 
~= -- ::::::.::::_: ___ -_-::.::.-_::-_:_: __ :-:::::_--__ ::::-.::::::-..:.:::: :-_ 

-!-+-+'++-- R -- "~ 
rtt--t- -~f-fe-ct-iv_e_a;:. \ D~: display area ---------i,, I§ t--_~M-+-_6_-¢3~._4 

I M +; 

I I i ~ ~ 
H I M 

~ i ~ ;r~~ -~--=:.:L:.:::.:.-:.-:.-:.:======.-=======-=---_::::.:.::.:.-:.-:_-_:-_::-:.::====:-:_::-:J:.:.::: ~. ~ ~P. 
!::; ::I'~ ~ r l! ~ ~I 

:: N ~ 

\¥ M 
.. d 
~~ Q +I 
•" +I ~1 

I :~ ~ ~! J_ ---·-----·--------·- Ii: M I 

~ ---------------------- -- ----------------- ---- -- -------------~l~r--':1- l 
-"' 18 1 ' 

(2) lL (2) 

II l ~ !..._,. 2.5±0.3 
M 2.54±0.1 .;J;.; rf8=¢J.0 * 
+; 43.18±0.1 :T io~O±o.3 ---.,., 

r-----------2_52_.o_±_o_.3 ____ ..,_· _______ ..,. 1--!.Q ±J>.3 

• Whichever can be used for interface. 

Fig. 2 External dimension 

..... 
--··· 
--···-
:::::::-i 

I 
..... 

FRAME t-1LOAD '-LOAD '-1 LOAD 

LOAD CP l 1--i !CS L. IC6 L--! 
'----; DF .__ DF 

!Cl 01 080 01 080 t=:--··--=- 01 

IC12 

Unit: mm 

., 

~-Parts area 

' 

l 

080 ~? ~~DF •; ER 
--' CP IOI X6i EL ;;:: . ···--- -. --- -:_fil EL, ........ -->-~ ER E'>-<D .... ·····-···>~ '>- - ti") 

1064~ ECLK 
P-- IC2 X6 ~ 

CP XIOO 

~ ,~ n·r 
LCOI o-ltldo1X 20tldotl 

DO-UD3 

IC3 r" 
IOI -

>~1 >-~ >~l >-0 >ru=-CP >- .... N 

~ E/i,~80 EL ER,._ E.~ __fili 080 LDO-LD:I 01 080 01 01 
IC4 DF .- DF X200r-~ DF ,.--, 

to- IC13 rl IC14 .- IC20 

u 

.. LOAD rLOAD LOAD 

l1 l1 I --···--.... ---' 

:I 
..... 

Power supply } 

···-· ..... 
-···· 

• Interface timing circuit 

Fig. 3 Block diagram 
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LM585X 

1· 
LOAD 

ECLK 

CP 

UDO-UD3 

LDO-LD3 

DF 

FRAME 

FRAME ____ __. 
( Heduc t ion) 

DF--------

• There is CP pulse interrupting time of sixteen 
pulse between CP (160) and CP (1). 

LM585X 

V1111 i--------. 

Vo * 
YR 

Vn: ..._ __ ,____. 

Fig. 4 Power supply 

0.125ms:llT:ll0.14ms 

Fig. 6 Interface timing 
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+5V 

-14.SV • VR: 20kfi - SOkfi 

·j 
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LM585X 

TIMING CHARACTERISTICS (VDD = 5V ±_10%, Ta= -20 -+85°C, CL= 15 µF) 

Item Symbol Condition Min. Typ. Max. 

"H", "L" delay time tPLH - - - 200 
tPHL 

Frequency of maximum clock tcp DUTY= 50% - - 1.41 

CP ECLK pulse width tw - 125 - -
LOAD pulsE! width tw (L) - 125 - -
Set up time tsetup - 100 - -
CP -+LOAD time tcL - 250 - -
LOAD -+CP time tLC - 0 - -
Hold time th old - 100 - -

Rise, Fall time tr - - - 50 
tf 

LOAD rise, fall time tr (L) - - - 1 
tf (L) 

CP -+ ECLK time tcE - 0 - -
ECLK -+CP time tEC - 150 - -

w w 

[ 
/'i:0.8Voo 

---
0.8Voo i Vf.: 0.8VoD 

~ 0.2V DD _J, 0.2V DD 
1~---------' 

0.8VDo r\ 
I\. 0.2VDD 

CP 

t~ t-tup 

~ I--' 
UIXJ-UD3----------,. 

0.8 )1 ) 
0.8Voo 0.8 liK 

Voo 
LIXl-LD3 -----------' l':,.0.2Voo ~ '-------+---------' 

Vnn 0.8 K Vnn 

ECLK 

LOAD 

DF 

FRAME 

104 

ll 1( 0.8Vno 

------'l_j 0.2V nn 

tw 

tcL 

0.8Vno N ____ t_r,_c-t--~ 
k_0.2Vno 

tr<U lsetup thold 

tr~ 
'*"1---

1,¥lro-.8-V_n_n_--1---0.-8-V-oo~)~N 
j( 

1 
tw1u 

_______ _;!,.,, 0.2Vno k_0.2VoD 

0.2 0.2 
Von Vn1> 

tLC 

). 
0.8Vuo 

0.2Voo -------+-+------' , __ _ 

) Vo:8V1>n 0.8Vr~K 
-----------------/ l\°.2V1>n 0.2Vo~ ~------------

Fig. 6 Interface timing 
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Unit 

ns 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

,us 

ns 

ns 



LM24.6X---------
• 320 dot (W) x 256 dot (H) graphic and alpha-numeric dis

play 
OPTICAL DAT A ..................... See page 15. 

• /,Htachable controller LSI: HD63645F Notes 1. Applied to CL 1, CL2, DO- D3, FLM. 

MECHANICAL DATA (Nominal dimensions) . 5' u 
2. When operated at maximum temperature. the display may be changed 

into blue color. It is recommended to use it between 0°C and 40°C. 

Module size ........ 1p8W x 150H x 13.5T (max.) mm . . •G" .. 4t: Effective display area ... , .... ~: 1 • • 142W x 115H mm 
Number of dots ................ 320W x 256H dot 
Dot size .................... 0.38W x 0.38H mm 
Dot pitch ................... 0.43W x 0.43H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . about 265 g 

ABSOLUTE MAXIMUM RATINGS 
Power supply for logic (VDD - Vss) ..... 
Power supply for LCD drive (V DD - VEE) . 
Input voltage (Vi) (Note 1) ........... . 
Operating temperature (Ta) (Note 2) .... . 
Storage temperature (Tstg) (Note 3) ..... . 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, Voo = 5.0V ±0.25V, 
Vee = -20V ±0.75V 

min. max. 
-0.3 7.0 v 
-0.3 28.0 v 
-0.3 V 00.+0.3V 

0 40°C 
-20 60°C 

Input "high" voltage (V1Hl ......... 0.7 x V 00 V min. 
Input "low" voltage (V1L) ......... 0.3 x V 00 V max. 
Power supply current (loo) (Note 4) . . . . . . 5.0 mA typ. 

(leEl (Note4) ...... 4.0mAtyp. 
Frame frequency (fFLM) ............... 65 Hz min. 

70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (V oo - V 0 ) 

Duty= 1/128 (Note 5) 
Ta= 0°C . . . . . . . . . . . . . . . . . . . . . . . . 22.5 V typ. 
Ta=25°C ........................ 21.5Vtyp. 
Ta= 40°C . . . . . . . . . . . . . . . . . . . . . . . . 20.2 V typ. 

3. Do not leave it for more than 168 hrs. at maximum or minimum 
temperature. 

4. In case of V00 = +5V, V00 -V0 = 22.5V, DO-D3 = 1010, 
fFLM = 75 Hz. 

5. When viewing angle is 25°. 

INTERNAL PIN CONNECTION 
Pin No. Symbol Level Function 

1 - 4 UDO - UD3 H/L Data (upper half) 

5 NC -

6 FLM H 
The FLM signal indicating the be-
ginning of each display cycle 

7 NC -

8 CL1 H -*L Data latch 

9 CL2 H -*L Data shift 

10 - 13 LDO-LD3 H/L Data (lower half) 

14 VDo - Power supply for logic circuit 

15 Vss - GND 

16 VEE - Power supply for LC driving 

17 Vo - Operating voltage for LC driving 

18, 19 NC -
20 MFG (Vss) - Connected to metal frame (GND) 

137.55 
Unit:mm 

JODDD _____________________ O 
M 00 DDDDD D .,,. 

"" 0 0 DODOO D 
DODOO D 
DODOO D 

M DOD DD D 0 
....; 
;:::: I I 

I I 
I I 

I I 
I 

I I 
I I 
I I 
~ I PDDD _____________________ D 

0.38 

0.43 

Fig. 1 Display pattern Measurement tolerance ±0.06 
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• 

"' 0 
+I 

~ 

4.0±0.5 

2.0±0.5 

11.0±0.3 
(2.225) 

ddd-
~~~~ 
~ c--: g ~ 

d~ 
+I +I 

~~ 

M~ 
1i i§ 
C! t!!. "'.., ::; ;; 
~ 

FLM 

r *1 M 
CLJ L .J 

CL2 
UOO-U03 

LDO-LD3 

Interface timing circuit 

•vR = 1okn - 2okn. 

-= 

LM246X 

168.0±0.5 

164.5+0.3 
160.0±0.3 

159.0±0.3 

142.0±0.3 

137.55(320dots) 

1)--3.5±0.2 6.2+0.5 

~ ~ ~ 

~! --------- -- - --- ---------
I 
I 
I 
I 
I 
I 
I 
I 

' I d I 
I +I 
I g I 
I 
I 
I 
I v I 
I 
I 

tt~ I 
I 
I --- ------- ------------- ___ J 

--3.2±0.2 

~009oooooooooffoOO;f 1 ~ 

if il7 ·~ 1i 2.54 
Viewing direction ~ 18.0±0.5 

F lg. 2 External dimensions 

Fig. 3 Block diagram 

T+SV 

LM246X Vss~~~-4-~+-~-""Jr~ 

~ 

1,f,~(•J VR 

11;, -20V 

Fig. 4 Power supply 
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I Parts area 
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Observe the following sequencing when turning power supply on and off. 

5V 
4.75V 

Hin 
0-50ms 

Signal 
Valid data 

l1:E 

0-50ms 

ON 

Fig. 5 Voltage sequencing 

T 

CL! 

CL2 

XI 

UD3 

UD2 

UDI 

UDO 

XI 

LD3 

LD2 

LDI 

LDO 

Y324 
Y328 

200ns min. 200ns min. 

FLM 

CL! 

FLM 

M 

Fig. 6 Interface timing 
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0-50ms 

0-50ms 

OFF 

4.75V 
Hin 

Signal 

l1:E 
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LM246X 

tcwH 
f, ff 

( 
CLl~~~~~~~~~JIJ ~ ti'--------------------

tcwH ISCLl IHCL! 

f, 

~ 

)' 
CL2---"" 

~1...,___t_cw_L -:;ff 
tvsu 

ICYC 
ICM 

M 

IFs 

fFH 

) '(: 

FLM ----------------' 
\ .._ _______________ _ 

Fig. 7 Interface timing 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

Cl2 cycle time tcvc 330 - - ns 

CL2 pulse width tCWH 125 - - ns 

CL2 pulse width tcwL 125 - - ns 

CL1 set up time tsCL1 80 - - ns 

CL 1 hold time tHCL1 80 - - ns 

Clock rise, fall time tr. tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

M delay time tCM - - 300 ns 

F LM set up time tFS 200 - - ns 

F LM hold time tFH 200 - - ns 

108 ~HITACHI 



LM252X-· --------------~ 
FEATURES Notes 1. Applied to CL1, CL2, UDO - U03, LOO - LD3, Mand FLM. 

• 640(W) dot x 400(H) dot graphic and alphanumeric display 
• Attachable controller LSI: HD63645F 

2. The color of tha display may change Into blue If operated at 
maximum temperature. It Is recommended to use between 
0°C and 40°C. 

MECHANICAL DATA (Nominal dimensions) 
3. Do not leave it for more than 168 hrs. at maximum or mini

mum temperature. 
4. VoD .. +5V, Voo - Vo"' 23.0V, UDO - UD3, 

LOO - LD3 • 1010 ..... , fFLM = 70 Hz. 
5. Viewing angle• 10° 

Module size •...•..... 270W x 198H x 13.5T (max.) mm 
Effective display area .....•..... 236.0W x 153.6H mm 
Number of dots ...............•.• 640W x 400H dots 
Dot size ..................•... 0.33W x 0.33H mm OPTICAL DATA ..................... See page 15. 

Dot pitch ..................... 0.36W x 0.36H mm 
Weight . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . . . 540 g INTERNAL PIN CONNECTION 

ABSOLUTE MAXIMUM RATINGS Pin No. Symbol Level Function 

min. max. 1 -4 UDO - UD3 H/L Data (Upper half) (1) (4) 
Power supply for logic (Voo - Vssl .... -0.3 7.0 V 5 NC - -
Power supply for LCD drive (Voo -Vee) .-0.3 28.0 V 
Input voltage (Vi) (Note 1) ....•.•...• -0.3 Voo +0.3V 6 FLM H The FLM signal indicating the be-

ginning of each display cycle 
Operating temperature (Ta) (Note 21 ......... 0 - +40°C 7 M H/L Control signal for AC driving 
Storage temperature (Tstg) (Note 3) .....•.. -20 - +60°C 8 CL1 H-+L Data latch 

9 CL2 H-+L Data shift 
ELECTRICAL CHARACTERISTICS 

Ta"' 25°C, Voo "'5.0 v ±0.25V, Vee"' -21.5 v ±1V 
10 -13 LOO - LD3 H/L Data (Lower half) (10) (13) 

Input "high" voltage (ViH) (Note 1 I ....... 0.7 Voo V min. 14 VoD - Power supply for logic circuit 

15 Vss - Ground Input "Low" voltage (ViLI ..........•. 0.3 Voo V max. 
Power supply current for logic Ooo) (Note 4) ..• 8 mA typ. 
Power supply current for LCD driveOee) (Note 4). 7 mA typ. 
Frame frequency (fFLM) ...•..•.......... 65 Hz min. 

16 Vee - Power supply for LC driving 

17 Vo - Operating voltage for LC driving 

70 Hz typ. 
75 Hz max. 

18 - 20 N.C - -

Power supply for LCD drive (Recommended) (Voo -Vo) 
1 /200 Duty (Note 5) 

Ta"' 0°C .....•........•........ 23.0 v typ. 
21.7 v typ. 
20.8 v typ. 

Ta"' 25°C ...................... . 
Ta"' 40°C ...................•.•. 

230.37±0.1 

0000----------------------- Xl 

:::i:=:=*==ooDo o x? 
1 UD3 UDl : I 
I UD2 UDO I I 
I I I 
I I i 

~~DODD D X200 

DODD ox~ 
I LD3 LDl : I 
: LD2. LDO 1 I 
I I I 
I I I 

I I : 
I I I 
I I I 

I I o DD ________________________ o X400 

0.33 

0.36 
Fig. 1 Display pattern 
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Unit:mm 
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• 
4.0±0.3 !---' 

2.0± 
99.0±0.3 

194.0±0.3 

FLM 

0.3-
f-

~ 

.. 
~ 

r~ 

~--X2 

' 
'' I: 
: 
' ' ' J:: X2llO :X201 

' ' 

~--

m 

~--,__++----4--1'----1-f"---......, 
~_'."IH-+-+-+--+-1 

CL2 

UDO-UD3 

LDO-LD3 

Note: Interface timing circuit 

• VR: 10-20k.Q 

LM252)! 

6--35 -z-
..:£. 

J. 
-- --

!4 
i~ 

2'-R1~ 

' ' 

fr Viewing direction -- ---
20--11., 2.89~ +-

::±: :I 

l :;i• -1-1-2.54 l 

Fit. 2 External dimensions 

~ -------! 
IClO 

Fig. 3 Block diagram 

11>0 

i ... 
LM252X 

Vss J, 

11> (•JT 
i:vR 

l-EE -21.5V 
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175.8±0.5 

190.8±0.5 
198.0±0.5 

13.5max. 

1.6±0.3 

IC8 

Fig. 4 Power supply 

Unit:mm 



LM252X 

Observe the following sequencing when turning power supply on and off. 

5V 
4.75V 4.75V 

l1iD 0-50ms 0-50ms l1iD 

Valid data 
Signal Signal 

li°E li°E 

0-50ms 0-50ms 

ON OFF 

Fig. 5 Voltage sequencing 

T 

CL! 

CL2 
Xl 

UD3 

UD2 

UDl 

UDO 

X201 

LD3 

LD2 

LDl 

LDO 

M 

2µs min. 

FLM 

(Reduction) 
CL! 

FLM 

M 

Fig. 6 Interface timing 
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LM252X 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tCYC 410 - - ns 

CL2 pulse width tCWH 150 - - ns 

CL2 pulse width tCWL 150 - - ns 
' 

CL1 set up time tSCL1 150 - - ns 

CL 1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr, tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

M delay time tCM - - 300 ns 

FLM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

tcwH 
t, tJ 

FLM 

Fig. 7 Interface timing 
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e LM258X. . . • . . . . 64 x 240 
• LM254X •..•..•. 200 x 640 
• LM280X ........ 200 x 640 
• LM282X ........ 400 x 640 
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LM258X---------
• 240 dot f'N) x 64 dot (H) graphic and alphanumeric display INTERNAL PIN CONNECTION 

• Attachable controller: HD61830 (see section 6). 
Pin No. Symbol Level function 

MECHANICAL DATA (Nominal dimensions) 

Module size ................ 149W x 57H x 13T (max.) mm 
Effective display area .................... 117W x 41 H mm 
Number of dots ......................... 240W x 64H dot 
Dot size ............................ 0.44W x 0.44H mm 
Dot pitch ............................ 0.47W x 0.47H mm 
Weight. . . . . . . . . . . . . . . . .......................... 110g 

ABSOLUTE MAXIMUM RATINGS 

min. max. 

Power supply for logic (V00 - Vss). . . . . . . . . . . . 0 

Power supply for LCD drive (V00 -VEE)· ....... - O 
Input voltage (Vi) ......................... Vss 
Operating temperature (Ta). . . . . . . . . . . . . . . . . . 0 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Voo = 5.0V ±0.25\1, VEE = -5.0V ±0.25V 

7.0V 
19.0V 

VooV 
40°C 
60°C 

Input "high" voltage (V1H) ................. 0.7 x V00V min. 
Input "low" voltage (V11_) •••••••••••••••••• 0.3 x V00V max. 

Clock frequency (fcl2) ...................... 1080 kHz min. 
1150 kHz type. 
1200 kHz max. 

Power supply current (loo) ....................... 6 mA typ. 

(D2 = GND, fcL2 = 1150 kHz, V00 -V0 = 14.SV) 
Power supply for LCD drive (Recommended) (Vo-VEE) 

Duty = 1/64 
Ta = 0°C ............................... 15.5 V typ. 
Ta = 25°C ............................... 14.8 V typ. 
Ta = 40°C ............................... 14.1 V typ. 

OPTICAL DATA .•.•...•.......••..•... See page 15. 

"' 6 
+I 
0 

""' "' 

10-</>10 

2.0±0.5 

"' 6 "' "' 
17.7±0.5 

+J 6 6 
19.8±0.5 "' +J +J 

:ll 0 "' ui ~ 

h. 

2.5±0.5[1 

"' "' ~i= i= 6 6 6 

l 
+J +I +J 
0 0 "' '° -;,: 0 "' ... 6 6 

"' +I 
0 

~I:-

:z. llti-... _L 
-;(6.7)_, 

Unit: mm 
Scale: NTS 

149.0±0.5 

145.0±0.3 

117.0±0.3 

112.77±0.1 

I 

0.44 r3 

iffio 
~tDD 
0 

I 6 

I 

136.0±0.5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

D H/L Serial row data 

FLM H 
The FLM signal indicates the beginning 
of each display cycle. 

M H/L Control signal for AC driving 

CL1 H--->L The CL 1 latches the serial data in the 
shift registers. 

CL2 H--->L Clock signal for shifting the serial data 

N.C. - -

V 00(+5V) - Power supply for logic circuit 

V55(GNO) - Ground 

VEE(-12V) - Power supply for LC driving 

VO - Operating voltage for LC driving 

Unit: mm 
112_77 

0000---------------------
--1-=;oi===== D DOD D 

0 0 DODOO D 
DDDDD D 
DODOO D 
ODD DD D 
i ! 
I 
I 
I 
I 
I I 

I 
I 

-'-----4---!1>-->DDO ____________________ _D 
lJnii: mm 

0.44 Scale: NTS 

0.47 No spe<:ified tolerance ±0.I 

fig. 1 Display pattern 

"' 0 
6 
+J 

"' ,.; "' I 8. ... 
13.0 max. 

H :t--r-

"' 6 
+I 

"' ui 

~ ' __L 
4-R1.75 

6±0.5 1.6±0.2 

fig. 2 External dimension 
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FLM 

CL1 
CL2 
M 

D 

Voo 
Vss 
VEE 
Vo 

400ns 

IC1 

0.19mssTs0.23ms · 

LM258X 

64 

X1 
I 
I 

I 
X64 

LCD 

~ 
- N >-----------------> 

80 80 80 

IC2 IC3 IC4 

Ag. 3 Block diagram 

·I 

300ns MIN • p I 300nsmin I 
1" "O" 

M 

FLM 

FLM 

M 

LSl__fl___J LJL n__n__r---------

X64 

2µsmin. ---

I· 

Xl 

64T 

X2 

±lµs 

~in 

Fig. 4 Interface timing 
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4.75V 
YDD 

50ms max. 

Signal 

50ms max. 

Fig. 5 Power Iii Interface Timing 

TIMING CHARACTERISTICS 

Item Symbol 

CL2 cycle time tcvc 

CL2 pulse width (HI tcwH 

CL2 pulse width (LI tcwL 

CL 1 set up time (1 I tSCL1 

CL 1 set up time121 tHCL1 

Clock rise/fall time tr. tf 

Data set up time tosu 

Data hold time toH 

CL 1 delay time tcL 

M delay time tcM 

FLM set up time tFs 

FLM hold time tFH 

t, 

CL! L tcL v 

tcwH 
t, ti 

CL2 I ~ 
-....J 

tusu 

00-D 2 I )~ 

I. tcH; 

I 

M 

IFS 

FLM J 

116 

LM258X 

Hwl-----~ 

+5V 

LCM 

-12V \,h: -UV 

min. 

810 

150 

150 

150 

150 

-
100 

100 

150 

-
200 

100 

lcw H 
ti 

-:)I\ 
\_ 

tscu tHCl.t 

tcwL ~I 

~ 
tnH 

111 K 
.I I r lcM 

I 

.__~~~~~~~~~~-•VR:l0-20k~ 
Fig. 6-Sequence Power Supply 

typ. max. Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 30 ns 

- - ns 

- - ns 

- - ns 

- 300 ns 

- - ns 

- - ns 

• 

). 
IFH 

Fig. 7 Interface timing 
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Notes 1. Applied toCL1, CL2, 00-03, FLM and M. FEATURES 

640(W) dots x 200(H) dots graphic and alphanumeric dis
play 

2. The color of the display may change into blue if operated at maximum 
temperature. It is recommended to use it between o•c -40°C. 

Attachable controller: HD63645F 

MECHANICAL DATA (Nominal dimensions) 

Module size .............. 270W x 150H x 13.0T {max.) mm 

3. Do not leave it for more than 168 hrs. at maximum or minimum 
temperature. 

4. V00 a +5V, V00 - VL = 21.7V, D0-03 = 1010, IFLM = 70 Hz. 
5. Viewing angle = 10•. 

Effective display area ................. 224.0W x 98.0H mm 
Number of dots .................. 640W x 200H dots OPTICAL DATA ..................... See page 15. 

Dot size ...................... 0.32W x 0.46H mm 
Dot pitch ..................... 0.35W x 0.49H mm INTERNAL PIN CONNECTION 
Weight . . . . . . . . . . . . . . . . . . ........... , . . 450 g 

ABSOLUTE MAXIMUM RATINGS 
min. max. 

Power supply for logic (V00 - Vss) .... -0.3 7.0 V 
Power supply for LCD drive (V 00 - Vee) -0.3 28.0 V 
Input voltage (Vi) (Note 1) ........... -0.3 Voe+ 0.3 V 
Operating temperature (Ta) (Note 2) ......... 0 - +40°C 
Storage temperature (Tstg) (Note 3) ........ -20 - +60°C 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, V00 = 5.0 V ±0.25 V, Vee= -21.5 V ±1 V 
Input "high" voltage (V1Hl .......... 0.7 x Voe -VooV 
Input "low" voltage (V1d ............ 0 - 0.3 x Voe V 
Power supply current for logic (I 00 ) (Note 4) . . . 8 mA typ. 
Power supply current for LCD drive Oee )(Note 4) . 7 mA typ. 
Frame frequency (fFLM) ••....•.••.•••••. 65 Hz min. 

70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (Voe -V0 ) 

1/200 Duty (Note 5) 
Ta= 0°C .... ~ ................. . 
Ta= 25°C ...................... . 
Ta= 40°C ....................... . 

23.0 v typ. 
21.7 v typ. 
20.8 v typ. 

223.97±0.1 

Pin No. Symbol 

1 03 

2 02 

3 FLM 

4 M 

5 CL1 

6 CL2 

7 D1 

8 DO 

9 voD 

10 Vss 
11 Vee 
12 Vo 

0 0 0 o------- -----------

Level 

H/L 

H/L 

H 

H/L 

H~L 

H~L 

H/L 

H/L 

-
-
-
-

--+------o o o o o 
~ ~ DODOO D 

o o o ___________________ o 
0.32 

0.35 

Fig. 1 Display pattern 
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Function 

Oeta 

Data 

The FLM signal Indicating the 
beginning of each display cycle 

Control signal for AC driving 

Deta latch 

Data shift 

Data 

Data 

Power supply for logic circuit 

Ground 

Power supply for LC driving 

Operating voltage for LC driving 

Unit:mm 
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Unit: mm 
Scale: NTS 

,,. 0 a;~ 
o moo 
I+ I+ t+ t+ 
0 000 

0 e,., """(,., °' 
"-~ 0 

4.0±0.3 
7.5±0.3 

23.0±0.3 
26.0±0.5 

~ 

83.0±0.5 

127.0±0.3 
140.5±0.3 
146.0±0.3 
150.0±0.5 ·-

r 

El3 

., 
"' CD .... 
I+ 
0 
:.. 

t 

LM254X 

"' "' J m 

12 1 

223.97±0.1 

~ H3.5 

-

S\)1\)1\)1\) 
en"' O>....,. 
l\>fOO>O 
bi\l 00 
I+ I+ I+ t+ 
00 00 
;;., c..,, (.,a, 

j__l 
Pol 

'12::1 

0 _,!.____...._~ r=i 
5.2±0.3 _. L-..-=,,,.wi=========-wr=====-.,--!=====ii!..P=======il!.rr==='--' 

Note 1: Interface pin connection is located on the bottom side (LSI side). 

Fig. 2 External dimension 

15.0 max. 

D0-03~-----------------...-------.-------------, 

CL2~-----+-l..._------..---+-+-+-----.~-+-+--+---------, 

FLM~-----+-l..._ _ _, 

M 

CLI Timing 
circuit 

Power 
supply 

IC9 

lCIO 

lCll 

LCM 

IC! IC2 

D2 DI DO D3 D2 

LCD 

Fig. 3 Block diagram 

liDD 

--;;;-+5V 

\.!;s . ;i,, 

\.fJ 
v~-21.s v 
(.) 

J4:E 

IC8 

•VR:10-20k.U Fig. 4 Power supply 
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LM254X 

Observe the following sequencing when turning power supply on and off. 

5V 

Valid data 

ON 

Fig. 6 Voltage sequencing 

T 

CLl 

CL2 

Xl 

D3 

D2 

Dl 

DO 

M 

2µsmin. 

FLM 

CLl 

FLM 

M 

DO-D3 

Fig. 6 Interface timing 

$HITACHI 

OFF 

300nsmax. 

200nsmin. 
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LM254X 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tCYC 410 - - ns 

CL2 pulse width tCWH 150 - - ns 

CL2 pulse width tCWL 150 - - ns 

CL 1 set up time tSCL1 150 - - ns 

CL 1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr. tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

M delay time tCM - - 300 ns 

FLM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

tcwH 
/, IJ 

CLl 

tcwH lsc1.1 IHCLI 
/, 

IJ 

tcwL 

CL2 

tosu 
IDH 

LDO-LD3 

UDO-UD3 

tcvc 
ICM 

M 

IFS 

IFH 

FLM 

Fig. 7 Interface timing 
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LM280X---------
FEATURES Notes 1. Applied to CL1, CL2, DO- 03, FLM and M. 

• 640(W) dots x 200(H) dots graphic and alphanumeric display 
2. The color of the display may change into blue if operated at maximum 

temperature. 

• Attachable controller: HD63645F 
3. Do not leave it for more than 168 hrs. at 60°C. 
4. Tas40°C ..... 85% Rmax. 

Ta>40°C ..... Absolute humidity must be below absolute humidity of 

MECHANICAL DATA (Nominal dimensions) 85% RH at 40°C. 

Module size ............... 270W x 104H x 11T (max.) mm OPTICAL DATA ....................... See page 15 

Effective display area ................. 236.4W x 78.0H mm 
Number of dots ....................... 640W x 200H dots INTERNAL PIN CONNECTION 
Dot size ............................ 0.33W x 0.33H mm 
Dot pitch ............................ 0.36W x 0.36H mm 

ABSOLUTE MAXIMUM RATINGS 

min. max. 
Power supply for logic (V00 - Vss) ......... -0.3 7.0V 
Power supply for LCD drive (Voo - VEE) ..... -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3 V00 + 0.3V 
Operating temperature (Ta)(Note 2) .............. 0- +40°C 
Storage temperature (Tstg) (Note 3) ............ -20- + 60°C 
Humidity (Note 4) ............................... No dew 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, V00 = 5.0±0.25\/, VEE= -21.5±1 V 
Input "high" voltage (V1H) •...•......•.••. 0.7 x V00 V max. 
Input "low" voltage (V11J .................. 0.3 x V00V max. 
Power supply current for logic (loo) (Note 2) .......... 8 mA typ. 
Power supply current for LCD drive (IEE) (Note 2) ...... 7 mA typ. 
Frame frequency (fFLM) ........................ 65 Hz min. 

70 Hz typ. 
75 Hz max. 

Power supply for LCD drive (Recommended) (V00 -V0) 1/200 
Duty (Note 3) 

Ta = 0°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.0 V typ. 
Ta= 25°C .............................. 21.7Vtyp. 
Ta = 40°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.8 V typ. 

Notes 1. Applied to CL 1, CL2, DO- 03, FLM and M. 
2. V00 = +5V, V00 -V0 = 23V, D0-03 = 1010, FLM = 70 Hz 
3. Viewing angle = 10° 

230.37 

Pin No. Symbol 
1 D3 

2 D2 

3 FLM 

4 M 

5 CL1 

6 CL2 

7 D1 

8 DO 

9 Voo 
10 Vss 
11 Vee 
12 VO 

DOD 0------------------

Level 

H/L 

H/L 

H 

H/L 

H-+L 

H-+L 

H/L 

H/L 

-
-
-
-

""-+-"'-+--...-. 0 0 0 0 0 
2 2 DODOO D 

o o o ___________________ o 
0.33 

0.36 

Fig. 1 Display pattern 
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Function 
Data 

Data 

The FLM signal indicating the begin-
ning of each display cycle. 

Control signal for AC driving 

Data latch 

Data shift 

Data 

Data 

Power supply for logic circuit 
Ground 
Power supply for LC driving 
Operating voltage for LC driving 

Unit:mm 
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LM280X 

7.5±0.5 255 o+o s - -7.5±0.3 240.0±0.5 

(1.8) 236.4 Min. (Effective Display Area) 
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Unit: mm 
Scale: NTS 

DO-D3 

CL2 

FLM 

M 

CL! 

Vis 
Vvv 

Vo 
VEE 

Timing 
circuit 

Power 
supply 

•VR:l0-20k.Q 

149.0±0.3 

129.0±0.3 

IC9 

!CIO 

IC 11 

LM280X 

! !h.'~ 1~--------i-=I -j l-t--' l 
l 27.94 J ~l d 5.2 

"' ,,; 

1.6±0.2 0±0.5 
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Fig. 2 External dimension 

!Cl lC2 !CS 

LCD 

Fig. 3 Block diagram 
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Fig. 4 Power supply 
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LM280X 

Observe the following sequencing when turning power supply on and off. 

5V 

Valid data 

ON OFF 

Fig. 5 Voltage sequencing 

T 

CLl 

CL2 

XI 

D3 

02 

Dl 

DO 

300nsmax. 

M 

2µs min. 200nsmin. 

FLM 

CLl 

FLM 

M 

DO-D3 

Fig. 6 Interface timing 
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LM280X 

TIMING CHARACTERISTICS 
---------~~~~-~-~-----~~~-~--

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tCYC 410 - - ns 

CL2 pulse width tCWH 150 - - ns 

CL2 pulse width tCWL 150 - - ns 

CL 1 set up time tscu 150 - - ns 

CL 1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr. tf - - 30 ns 

Data set up time tDsu 100 - - ns 

Data hold time tDH 100 - - ns 

M delay time tCM - - 300 ns 

F LM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

tcwH 
I' (j 

k' CLl~~~~~~~~~~~~'~I 

t Cl\'H /:-;cu f HCI.\ 

t' I 1 

ll-

J ---CL2 

I l!H 

LDO-LD3 

UDO-UD3 

/ere 
I nr 

M )( -----------------+-+----J ~--------------~ 
IFS 

IFH 

FLM 

Fig. 7 Interface timing 
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FEATURES Notes 1. Applied to CL1, CL2, UDO - UD3, LOO - LD3, Mand FLM. 

• 640(W) dots x 400(H) dots graphic and alphanumeric display 
• Attachable controller: HD63645F 

2. The color of the display may change Into blue if operated at 
maximum temperature. It is recommended to use between 
0°C and 40°C. 

MECHANICAL DATA (Nom}~~t_dirn'~~;onsJ "f '! 
3. Do not leave it for more than 168 hrs. at maximum or mini· 

mum temperature. 

Module size .............. 270W x 198H x 11.0T (max.) mm 
Effective display area ................ 236.0W x 153.6H mm 
Number of dots ....................... 640W x 400H dots 

4. VoD = +5V, Voo - Vo= 23.0V, UDO - UD3, 
LOO - LD3 = 1010 ..... , fFLM = 70 Hz. 

5. Viewing angle= 10° 

Dot size ............................ 0.33W x 0.33H mm OPTICAL DATA ..................... See page 15. 

Dot pitch ............................ 0.36W x 0.36H mm 
Weight. ........................................ 540 g INTERNAL PIN CONNECTION 

ABSOLUTE MAXIMUM RATINGS Pin No. Symbol Level Function 

1 -4 UDO - UD3 H/L Data (Upper half) (1) (4) min. max. 
Power supply for logic (V00 - Vss) ......... -0.3 7.0V 5 NC - -

6 FLM H The FLM signal indicating the be-
Power supply for LCD drive (V00 - Vee) ..... -0.3 28.0V 
Input voltage (Vi) (Note 1) ................ -0.3 V00 + 0.3V ginning of each display cycle 

Operating temperature (Ta) (Note 2) .............. 0 - + 40°C 7 M H/L Control signal for AC driving 
Storage temperature (Tstg) (Note 3) ............ -20- + 60°C 8 CL1 H~L Data latch 

9 CL2 H~L Data shift 

10 - 13 LOO - LD3 H/L Data (Lower half) (10) (13) 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0 v ±0.25 v, Vee = -21.5V±1 V 
Input "high" voltage (V1H) (Note 1) .......... 0.7 x Voo V max. 14 Voo - Power supply for logic circuit 

Input "low" voltage (V1J .................. 0.3 x Vo0V max. 15 Vss - Ground 

Power supply current for logic (loo) (Note 4) .......... 8 mA typ. 16 Vee - Power supply for LC driving 

Power supply current for LCD drive (lee) (Note 4) ...... 7 mA typ. 17 Vo - Operating voltage for LC driving 

Frame frequency (fFLM) ........................ 65 Hz min. 
70 Hz typ. 

75 Hz max. 
Power supply for LCD drive (Recommended) (V00 - V0) 11200 
Duty (Note 5) 

Ta = 0°C ............................... 23.0 V typ. 
Ta = 25°C ............................... 21.7 V typ. 
Ta = 40°C ............................... 20.8 V typ. 

18 - 20 N.C - -

230.37±0.1 

0000------------------------ Xl 
=t==:i===::~ DODD D X.2 

1 UD3 UDl : I 
I UD2 UDO I 11 I I 
I I : 

=+=:;=:DODD D X200 

DODD D 
I LD3 LDl : 
: LD2 LDO 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I DDD ________________________ D 

0.33 

0.36 
Fig. 1 Display pattern 
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Parts height 

FLM 

CL2 
UDO-UD3 

LDO-LD3 

LM282XP 

; : 
0 00 ~ co ~ 5.2 

~ ~~ ~ ~ci~o ~ '""'"".;:..T'----------------i=---------
i 

-0 2.ow 
11..:i'.....LJ.--------..,-----'-""-'-~~~~~~~~~~~-+-""-"~-4:~~2 ~.~ 

~------------------ i 

i . ,------,..-.-----+t---+--[,64.0) '1·. 

: ~ 

SBB~ (~;;~~:~ I 99 .o i 
,___1ocatmnJ _____ -++--

1 

--+-__,,,,., I 

~-------L--- _____ J I '--------------'-------+----------'---+---1175.8 

l-T-~------------,+-,-~---+----------,,-,-.,,--!190.5 

Power 
supply 

~ ., 
2' !"..; ::; - t=d 

Fig. 2 External dimension 

!ClO 1Cl6 

198.0 

:a:9 
8.3 
0 

3.5!1AX 

Note: Interface timing circuit Fig. 3 Block diagram 

Voo l,, 
LM282X 

Vs.s 1r 
\11 (•,.,. 

YR 

l4:E -21.5V 

• VR: 10-20k!I Fig. 4 Power supply 
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LM282XP 

Observe the following sequencing when turning power supply on and off. 

5V 
4.75V 4.75V 

HID 0-50ms 0-50ms Hiv 

Valid data 
Signal Signal 

lb lb 

0-50ms 0-50ms 

ON OFF 

Fig. 5 Voltage sequencing 

T 

CL! 

CL2 

UD3 

UD2 

UDI 

UDO 

LD3 

LD2 

LDI 

LDO 

M 
2 µ·s min. 

FLM 

(Reduction} 
CL! 

FLM 

M 

Fig. 6 Interface timing 
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LM282XP 

TIMING CHARACTERISTICS 

Item Symbol Min. Typ. Max. Unit 

CL2 cycle time tCYC 410 - - ns 

CL2 pulse width tCWH 150 - - ns 

CL2 pulse width tcwL 150 - - ns 

CL 1 set up time tSCL1 150 - - ns 

CL 1 hold time tHCL1 150 - - ns 

Clock rise, fall time tr. tf - - 30 ns 

Data set up time tosu 100 - - ns 

Data hold time toH 100 - - ns 

M delay time tCM - - 300 ns 

FLM set up time tFS 200 - - ns 

FLM hold time tFH 200 - - ns 

tewH 
/, If 

CLl 

tewH f SCLl IHCLI 
/, 

If 

tcwL 

CL2 

IDSU 
IDH 

LDO-LD3 

UDO-UD3 

!ere 
ICM 

M 

lrs 
Im 

FLM 

Fig. 7 Interface timing 
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This is a segment type LCD module containing 
the controller LSI for numerical display. 

e LM039 
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LM039-----------------~ 
'• 7 segment x 16 digits Power supply for LCD drive (Recommended) (V DD - V 0) 
• Controller LSI µPD7225G is built-in 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size . . . . . . . 87 .OW x 27 .5H x 11.0T (max.) mm 
Effective display area ........•.. 64;7W x 13.3H mm 
Character size .•...•.•.......... 2.2W x 6.4H mm 
Character pitch ......................•. 3.9 mm 

Duty= 1/4 
Ta= 0°C ..•..........•........... 3.32 V typ. 
Ta= 25°C ••.......•.....•......... 3.15 V typ. 
Ta= 50°C ...........••............ 2.70 V typ. 

INTERNAL PIN CONNECTION 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (VDD - Vss) ....... 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 
Storage temperature (Tstg) ............ -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ±0.25 V 

max. 
7.0V 

VDD V 
50°C 
70°C 

Input "high" voltage (V IH) ••.••••.••. 0. 7 V DD V min. 
Input "low" voltage (V1d .........• 0.3 VoDV max. 
Output "high" voltage (VoH) 

(-loH = 10 µA) •.•........•..• VDD - 0.5 V min. 
Output "low" voltage (VoL) 

OoL = 100 µA) .................... 0.5 V max. 
Power supply current (I DD) 

(V DD = 5.0 V) •.....•..•......... 0.21 mA typ. 
Power supply for LCD drive (Recommended) (VDD -V0 ) 

Du= 1/4 

M70±05 

2.5±0.5 82.0±0.3 

'" ~ Ct {7S.0) "' ~ +I 10.65±0.5 64.7 ±0.3 ... "' 
_,.;.. ............ 
i 

Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

-.;;;::;:;;;;r 

Symbol Function 

Vss Ground 

VDo Power supply positive (5V) 

Vo LCD driving voltage 

SCK Serial clock input 

SI Serial input 

cs Chip select input 

BUSY Busy output 

C/D Command/Data select 

RESET Reset input 

NC No connection 

9.s;.0.5 

(2.54) 5.8± 0.5 (3. 7) 

(2.0) 

~ ;J 
I 2 
•'. 

:;J 

~ ~~~~B.8.B.8.HB.8.8.8.8.B.BB.il. ·~~~I _i_ +I 

a - d~ ~1-1 1+1 

± 
9 10 

l-~2.2:~-· ~ T {3.9) IO:l).O 

(58.5) 

Fig. 1 External dimarision 

G:! u to fv-- -- --- -~------- ---------- -.arv. 
: ~oDJo (Do _______________________ -·- __ ti~ 

DP DP DP D 

(58.5) 

Fig. 2 Display pattern 

132 $HITACHI 

Unit: mm 

Unit: mm 



LM039 

Yoo 
( +5V) 

Yoo-Vo 

--::- Voo 
> 

LCM Vo $: VR 

Vss 

~ 
Fig. 3 Power supply 

Voo - Vo: LCD driving voltage 
VR: lOkn. - 20kH 

~------------------------------~ I I 
I I 

sc:R"---+:.1---
~---+.-f 

l!USY" __ _..._ 

c1ri-----
tmm--...i.-i 

I v,,,-, 
Yo--..1 

I 

I 

LCD 

µPD7225G 

v .. --., I L...... ________________________ _J 

Fig. 4 Block diagram 

INTERFACE TIMING 

Item Symbol Condition Min. Typ~ 

SCK cycle tcYK 900 

SCK pulse width high twHK 400 

SCK pulse width low twLK 400 

BUSY -1- -l>SCK -1- hold time tHBK 0 

SI setup time to SCK t ts1K 100 

SI hold time after SCK t tHKI 200 

8th SCK t _,.BUSY -l. delay time to KB CL= 50pF 

CS -1- -+BUSY -1- delay time tocsB CL= 50pF 

C/D setup time to 8th SCK t tsoK 9 

C/D hold time after 8th SCK t tHKD 1 

CS hold time after 8th SCK t tHKCS 1 

CS pulse width high tWHCS 40 

CS pulse width low twLCS 40 

$HITACHI 

Max. Unit 

ns 

ns 

ns 

ns 

ns 

ns 

3 /JS 

1.5 JJS 

/JS 

/JS 

/JS 

JJS 

/JS 
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cs 

SCK 

SI 

0.7 Voo > 0.3 Voo 

LM039 

Test 
points 

0.7 Voo < 0.3 Voo 

Fig. 5 A.C Timing Measurement voltage 

Voo-o,5 

tHRK 

lWLK 

ts mi: 

tWHCS 

0.5V 

lDKB 

t---------------------t lHKI) 

CID 

Note : Power on sequence 

( 1) Power supply voltege should be epplied 
to LCD module as figure 7. 

(2) Input signels should not be applied to 
LCD module before power supply voltage 
is applied and reaches to specified 
voltage (5V ±0.5V). 

If above sequence is not kept, C-MOS LSls 

Fig. 6 Timing waveforms 

t;;; l.5µs. 

;r---4.SV -sv 

of LCD modules may be damaged due to latch up problem. 

0.5V_/ _,k( I 

ov--------

Fig. 7 Power supply voltage 
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LM039 

DECODED DISPLAY RAM DATA 

Display 4-backplane multiplex Display 4-backplane multiplex 

byte Character Display RAM address byte Character Display RAM address 
IHEXJ 

N+1 N 
(HEXJ 

N+1 N 

0 0 8 D 7 0 8 H F 7 

0 1 R 0 6 0 9 H F 7 

0 2 H E 3 0 A B 2 0 

I 

8 0 3 A 7 0 B 8. F 1 

0 4 H 3 6 0 c s D 1 

0 5 H B 5 0 D B A 0 

0 6 H F 5 0 E B E 4 

0 7 R r:::=.lo 
0 7 0 F g Vo 

0 0 

Sn 

---------·COM 1 

- ---- --- --COM 2 

-------COM 4 

Fig. 8 Connection diagram 
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COMMAND 

Command 

1. MODE SET 

2.UNSYNCHRONOUS 
DATA TRANSFER 

3. SYNCHRONOUS DATA 
TRANSFER 

LM039 

Description 

Initialize the µPD7225 

1) LCD Drive Configuration 
2) LCD Bias Voltage Configuration 
3) LCD Frame Frequency 

Synchronize Display RAM data transfer to Display Latch 
with CS 

Synchronize Display RAM data transfer to Display Latch 
with LCD Drive Cycle 

----·----+----------
4. INTERRUPT DATA 

TRANSFER 

5. LOAD DATA POINTER 

6. CLEAR DISPLAY RAM 

7. WRITE DISPLAY RAM 

8. AND DISPLAY RAM 

Interrupt Display RAM data transfer to Display Latch 

Load Data Pointer with 5 bits of Immediate Data 

Clear the Display RAM and reset the Data Pointer 

Write 4 bits of lmmeditae Data to the Display RAM 
Location addressed by the Data Pointer: Increment Data 
Pointer 

Perform a Logical AND between the Display RAM data 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Display RAM Location. 
Increment Data Pointer 

o, 
0 

0 

-+--
0 

0 

1 

0 

1 

Instruction code 

Binary 
06 Os D. 03 02 01 Do 

1 0 0 0 0 1 0 

0 1 1 0 0 0 0 

0 1 1 0 0 0 1 

0 1 1 1 0 0 0 

1 1 o. 03 02 01 Do 

0 1 0 0 0 0 0 

1 0 1 03 02 01 Do 

0 0 1 

>--------------------+--------------------------·-------- ------------------

9. OR DISPLAY RAM Perform a Logical OR between the Display RAM data I 1 0 1 1 03 02 01 Do 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Display RAM Location : lncre- I I 
ment Data Pointer 

HEX 

42 

30 

31 

38 

--
EO-FF 

20 

DO-OF 

90-9F 

---------
BO-BF 

l---------------+--------------------------------+-------------------1--------
10. ENABLE SEGMENT 

DECODER 
Start use of the Segment Decoder 0 0 0 1 0 1 0 1 1 5 

!---------------+------------------·-------·--·-------+-------------- - ·-----·----
11. DISABLE SEGMENT Stop ·use of the Segment Decoder 0 0 0 1 0 1 0 0 14 I 

DECODER I 
'12:ENABLE DISPLAY Turn on the LCD ------------+-0 0 0 1 0 0 0 1 -- --,-,--1 
!---------------+-- --------- -----t------------------+--------

13. DISABLE DISPLAY Turn off the LCD 0 0 0 1 0 0 0 0 10 
l-------------+-------------------------------+------------------+----------

14. CLEAR BLINKING RAM Clear the Blinking RAM and reset the Data Pointer 0 0 0 0 0 0 0 0 00 
1---------------+--------------------------+----------------t-----

136 

15. WRITE BLINKING RAM Write 4 bits of Immediate Data to the Blinking RAM 1 1 0 0 03 0 2 D1 Do CO-CF 

16. AND BLINKING RAM 

17. OR BLINKING RAM 

Location addressed by the Data Pointer : Increment Data 
Pointer 

Perform a Logical AND between Blinking RAM data 
addressed by the Data Pointer and 4 bits of Immediate 
Data : Write result to same Blinking RAM Location : 
Increment Data Pointer 

Perform a Logical OR between Blinking RAM data addre
ssed by the Data Pointer and 4 bits of Immediate Data : 
Write resuit to same Blinking Location : Increment Data 
Pointer 

0 1 

1--------------+-------------------------+-----------------+------l 
18. ENABLE BLINKING Start Segment Blinking at the Frequency Specified by 1 0 0 0 1 1 0 1 Do . 1 A- 1 B 

bit of lmmediata Data I 
1--------------+-------------------------+-----------~-------~ 

Stop Segment Blinking 0 0 0 1 1 0 0 0 18 
~------------+-------------------------+-------------~---------' 

19. DISABLE BLINKING 

~HITACHI 



This is a dot matrix LCD module containing the 
controller LSI HD44780 (LCD-II) for character dis
play. Functions such as control, refresh, and dis
play are operated by the built-in controller LSI, 
HD44780 (LCD-II). 

This LCD module can display 160 type JIS charac
ters and symbols and 32 type special characters 
and symbols. This LCD module can be interfaced 
to the 4-bit or 8-bit MPU, so the character display 
and the display shift can be easily operated by us
ing control commands. This LCD module also con
tains the character generator RAM, hence user's 
patterns can be displayed. 

• LM054. . . . . . . • . (8 x 1 line) 
• H2570 ....•...• (16 x 1 line) 
• LM015 ........• (16x1 line) 
e LM568AF ...... (16 x 1 line) 
• LM020L .......• (16 x 1 line) 
• LM070L. ....... (20 x 1 line) 
• LM038 ......... (20 x 1 line) 
• LM027 ..•...... (24 x 1 line) 
• H2571 ........• (32 x 1 line) 
• H2572 ••....... (40 x 1 line) 
• LM058 ••....... (40 x 1 line) 
• LM052L .•.•.... (16x2 line) 
• LM075L. ....... (16 x 2 line) 
• LM016L ......•. (16x2 line) 
• LM068L •....... (16 x 2 line) 
• LM074L •....... (16x2 line) 
• LM032L. ......• (20 x 2 line) 
• LM061L ........ (20x2 line) 
• LM060L .......• (24 x 2 line) 
• LM017L. ....... (32 x 2 line) 
• LM018L ......•. (40x2 line) 
• LM041L ........ (16x4 line) 
• LM044L ...••.•. (20 x 4 line) 

~HITACHI 
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LM054---------
• 8 character x 1 line 

• Controller LSI HD44780 is built-in (see section 6). 

• +5 V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ........... 84W x 44H x 12D (max.) mm 

Effective display area ............ 61W x 15.SH mm 

Character size (5 x 7 dots) ......... 6.45W x 9.4H mm 
Character pitch . . . . . • . . . . . . . . . . . . . . . . . 7 .15 mm 

Dot size ..................... 1.25W x 1.3H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 25 g 

ABSOLUTE MAXIMUM RATINGS min. 

Power supply for logic (VDD-Vssl ........ 0 
Power supply for LCD drive (VDD-Vol ..... 0 

Input voltage (Vi) . . . . . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 

Storage temperature (Tstg) . . . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 

7.0V 

13.5 v 
VDD v 

50°C 

70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 

Input "low" voltage (ViLl .............. 0.6 V max. 

Output high voltage (VoHl (-loH = 0.2 mA) . 2.4 V min. 
Output low voltage (Vod OoL = 1,2 mA) ... 0.4 V max. 
Power supply current (IDD) (VDD = 5.0 V) .. 1.0 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (VDD-Vol 
Duty= 1/8 

Ta= 0°C . . . . . . . . . . . . . . . . . . . 4.2 V typ. 

Ta= 25°C . . . . . . . . . . . . . . . . . . . 3.7 V typ. 
Ta= 50°C . . . . . . . . . . . . . . . . . . . 3.2 V typ. 

OPTICAL DATA .................... See page 15. 

84.0 ± 1.0 

2.5±0.5 79.0±0.5 

56.5±0.2 

11.5±0.5 61.0± 0.5 -~.35) 

-.--~ 
+l - P7 c p ,,, ~ 
~e 

,,, N . -,,, 

J 
0 0 0 
+l +l +l 
"1 oq ,,, ... ~ M ~ --

c::::::> 

- I.+ ll-- 1413121110 9 8 7 6 5 4 3 2 I ... 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voe - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 
·-1 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

! 6 E H, H-+L Enable signal 
I 7 DBO H/L 

8 DB1 H/L 
·--I 

9 DB2 H/L 
10 DB3 H/L Data bus line 
11 DB4 H/L Note (1 ), (2) 
12 DB5 H/L 

13 DBS H/L 
---

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB 0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB7 • 

Unit: mm 

V~ .. ,, 12.0max 

5.8max 

.l +I 
lll---+; 8 c: p TW ~ 

~ 
M _-_-__ L 0 
+I 5 0 

'° +I 
"' 0 

~ ... 
c::::) 

""" ~ 
~ ~I .l'...l: -

I I 2.54 ~14·¢1.0 J.6±0.2 4max* 
10.2±0.5 ~ 

75.0±0.5 

4.0±0.3 76.0±0.5 2-\!2.5 

*IC height 

Fig. 1 External dimension 
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7 .15 

6. 45 

0.05 
I. 25 

,_DODD 
::-+-t:;-r--':='o,oooo 
:- DDDDD 

DDDDD 
DD DOD 
DDDDD 
DDDDD 

__.___ODD DD 

DDDDD 
ODD DD 

Fig. 2 Display pattern 

i - - - - - - - - - - - - - - - - - - - - -, 
E--~1- I 

R/W---- LCD I 
RS--'-----' 

DBo 
I .,.__8~1--" 

DB1 '\,-----,1--..r 
LCDII 40 

Von--- I 
Vo·--- I 
Vss---'1 I 

L - - - - - - - - - - - - - - - - - - - _J 

Fig. 3 Block diagram 

Voo 
(+5V) 

Voo-Vo 

LCM Vo 
> 
-~ VR 

__,__ 
"T" 

Vss 

Voo 

Jr Yoo-Vo: LCD driving voltage 
YR: 10kn-2okn 

Fig. 4 Power supply 
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LM054 

TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

AS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

140 

Symbol Test condition 

tcyc Fig. 5, Fig. 6 

PwEH Fig. 5, Fig. 6 

tEr• tEf Fig. 5, Fig. 6 

tAS Fig. 5, Fig. 6 

tooR Fig. 6 

tosw Fig. 5 

tH Fig. 5, Fig. 6 

\o.6V 

.--~~~~P-~_'F.H~-------- ~ 

V2.2v 
!I 11.6\' --------'I 

IEJ 

2.2vjlf ~~2.2V Val id Data 
0.6V r. --------t------J !'\.,__ _____ __,~ 0.6\' 

tcrc 

Fig. 5 Interface timing (data write) 

Min. Typ. Max. 

1.0 - -
450 - -
- - 25 

140 - -

- - 320 

195 - -
20 - -

v2.2V 2.2V V 
--~--~1'-o._6v _______________________ o_.6_,V..A\._'--------------------~ 

2.2V 

IAS 

/2.2V 
0.6V_;1 

PWEH 

~ 

'31 2.2V 
0.6V -N-- IEJ 

I~~---------'! 0.6V 

~ 

Valid Data · 2.4v) 'K24v 
0.4V \\ ..Ii 0.4V 1~--------' ....._ ______ ..,. ___ _ 

tCYC 

Fig. 6 Interface timing ldata read) 
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H2570i----------
• 16 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ............ SOW x 36H x 12D (max) mm 
Effective display area ........... 64.5W x 13.SH mm 
Character size (5 x 10 dots) ........ 3.15W x 7.9H mm 
Character pitch . . . . . . . . . . . . . . . . . . . . . . 3. 75 mm 

Dot size ..................... 0.55W x 0.7H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 25g 

ABSOLUTE MAXIMUM RATINGS 
Power supply for logic (V00 -Vs5 ) ... 

Power supply for LCD drive (V00 -V0 I . 
Input voltage (Vi) ............. . 
Operating temperature (Ta) ....... . 
Storage temperature (Tstg) ......... . 

ELECTRICAL CHARACTRISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

min. max. 
0 7.0 v 
0 13.5 v 

Vss Voo V 
0 50°C 

-20 70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output high voltage (V0 H) (-loH = 0.2 mA) .. 2.4 V min. 
Output low voltage (V0 L) (loL = 1.6 mA) .... 0.4 V max. 
Power supply current (100 ) (V00 = 5.0 V) .. 0.5 mA typ. 

2.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/8 Duty= 1/11 
Ta= 0°C ......... 3.95 4.15 V typ. 
Ta= 25°C ......... 3.7 3.8 V typ. 
Ta= 50°C ......... 3.3 3.3 V typ. 

OPTICAL DATA .................... See page 15. 

Unit: mm 

DODOO- 6TW 
ooood~ 
DODOO 
DDDDD 
DODOO 
DODOO 
DODOO 
DODOO 
DODOO 
DODOO 

o.55 DODOO _ ____._ 
0~3.15 I I 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DBS H/L 
··-

13 086 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
B·bit 1-operation so that It can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 -DB 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB 0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB7 • 

&111±111 

2.5±11.5 75.11±11.3 

3.5±11.5 73.5±0.3 
._Hs.o±o.s ~.541 
,.. ··I 1- 14-¢1.0 

I··········· ·14 ;·. 
· "'eee"" .,.~ ~ 

4.8±0.3 k-2.5±0.5 59.4±0.2 

64.5±0.3 

b: CTTJ :a_ .. --

\ 4-¢2.5 

Unit:mm 

12max . 

5.5max. ----+--

1.6±11.2 

•IC height 

Fig. 1 Display pattern Fig. 2 External dimensions 
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H2570 

r-------------------------~ 
I I 
I I 

E ----+----<~ 11 L C D I 
~w I 

RS I 
DM I LCM 

a~; 8 I LCD 11 411 I 
I 

\'nn HD4411MI I 
~ I 

>'ss I I 
L _ - - - - - - - - - - - - - - - - - - - _J 

Fig. 3 Block diagram 

TIMING CHARACTERISTICS 

Item Symbol Test condition 

Enable cycle time Fig. 5, Fig. 6 

Enable pulse width PwEH Fig. 5, Fig. 6 

Enable rise/fall time Fig. 5, Fig. 6 

RS, R/W set up time Fig. 5, Fig. 6 

Data delay time tooR Fig. 6 

Voo 
I +SV1 

Voo- \'o 

~·, \'R --'- \"nn 

\'ss 

~ V00-V0 : LCD driv' mg voltage 
VR. 10kn-20kn 

Fig. 4 Power supply 

Min. Typ. Max. 

1.0 

450 

25 

140 

320 

Unit 

µs 

ns 

ns 

ns 

ns 
1----------------+---------+--------------+------1-------+----~-----t-----------1 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo-DBi 

142 

tosw 

2.2\' 

o.6V 

2.2\' 

t .~s 

0.6\' 

2.2V 

0.6V 

Fig. 5 

Fig. 5, Fig. 6 

tcrc 

Fig. 5 Interface timing (data write) 

2.21· 

llJ/l/f 

2.4V 

ll.4V 

tnc 

Fig. 6 Interface timing (data read) 
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195 ns 

20 ns 



LM015----------
• 16 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ............ BOW x 36H x 12D (max) mm 
Effective display area ........... 64.5W x 13.BH mm 
Character size (5 x 7 dots) ......... 3.15W x 5.5H mm 
Character pitch . . . . . . . . . . . . . . . . . . . . . . 3. 75 mm 
Dot size ..................... 0.55W x 0. 7H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 25 g 

ABSOLUTE MAXIMUM RATINGS 
Power supply for logic (V00 -Vssl ... 
Power supply for LCD drive (V00 -V 0) • 

Input voltage (Vi) ............... . 
Operating temperature (Ta) •........ 
Storage temperature (Tstg) ......... . 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0V ± 0.25 V 

min. max. 
0 7.0 v 
0 13.5 v 

Vss Voo V 
0 50°C 

-20 70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (VU .............. 0.6 V max. 
Output high voltage (VoH) (-loH = 0.2 mA) .. 2.4 V min. 
Output low voltage (V0 d (10 L = 1.6 mA) .... 0.4 V max. 
Power supply current (1 00 ) (V 00 = 5.0 V) •. 0.5 mA typ. 

2.0mA max. 
Power supply for LCD drive (Recommended) (v00 -V0 ) 

Duty= 1/8 
Ta= 0°C ............. 3.95 V typ. 
Ta= 25°C ............. 3.7 V typ. 
Ta= 50°C .............. 3.3 V typ. 

OPTICAL DATA .................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Leliel Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module~MPU) 
L: Data write (LCD module+-MPU) 

6 E H,H~L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), 121 
12 DBS H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
111 When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

121 When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 

DDOOqM 
DDDDD 
DDDDD 
DODOO ; 

DODOO 
DODOO 
DODOO 
qoooo 

0.55 

0.65 JI 
:t15 

Fig.1 Display pattei:n 
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LM015 

800± IO 
~ 

2.5±11.5 75.0±11.3 

3.5±11.5 i:i.5±11.:J 
~ .r. 

HG±o.5 ;:; ~l 14-•l ... 
.• •llLi. •n ~ I••. 

':'.i •n 

199 9999 9_ll9 fiill"' "' ~ z ..::i.~i 

= = 
~ "' 

H occ·---=~-I ... ;:; "' d 
~ -. ... ·- :::; ,. ; 

~ p c:: ~ 
~ r-

2.5±0.5 \i·•2.'o 
l.X±U.:i 59.4±0.2 

* 
1i-t.5±n.:i 

M 

!I --+--____,,,$......._.;,___?J?__,_ ___ fi __ <j cr:rJ i Sf I 

Fig. 2 External dimensions 

r-------------------------~ 
I I 
I I 

E ----~ 8 LCD I 
H'\\' I 

HS I 

UBU I 
u~; 8 I LCDH 40 I 

I 
i·,111--- I 
ro --- HD44IOO 

4 I 1·;.,---, I 

L_ - - -- - - -- -- - -- -- -- -- -- -- -- --- - -- - -- _J 

Fig. 3 Block diagram 

,., 
+ I 

,; 

12rnu 

5.5mu. 

*IC height 

Voo 
(+5Vl 

1 
Voo-Vo 

LCM Vo 
> 
? VR __._ Vvo 

Vss 

Jn VDD·Vo: LCD driving voltage 
VR: 1okn .... 2okn 

Fig. 4 Power supply 
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LM015 

TIMING CHARACTERISTICS 

Item Symbol Test condition Min. Typ. 

Enable cycle time teye Fig. 5, Fig. 6 1.0 -

Enable pulse width PwEH Fig. 5, Fig. 6 450 -
--·--

Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 - -

RS, R/W set up time tAS Fig. 5, Fig. 6 140 -

Data delay time tooR Fig. 6 - -
Data set up time •osw Fig. 5 195 -

Hold time tH Fig. 5, Fig. 6 20 -

RS 

RIW 

E 

08o-OB1 

tcrc 

Fig. 5 Interface timing (data write) 

RS 

=Jw· i : ~J..__•.11· ---
f-----·--·-'-'1·1-"'rf."-• __ _, J1 

------'..;.;'·"..;.;1·{:rn "·"1·~["" 22_.2•-~1------'"" C:-_. tc. 1'F (o.sv 
lIJIJ/I. I _IH_ I 

l --~--• I r---1 
, ____ _ 

2.4V K2.4V 
ii Valid Data ______ ___. ____ o._4v_, l\.----..11 ,o::;..4:..;v ____ _j... __ _ 

! tcrc t- --------------

Fig. 6 Interface timing (data readl 
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Unit 
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ns 

ns 

ns 

ns 
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LM568AF---------
• 16 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size . . . . • . . . . 122W x 33H x 12.0T (max.) mm 
Effective display area ....•......... 99W x 13H mm 
Character size (5 x 7 dots) ......•. 4.84W x 8.06H mm 
Character pitch . . . • . . . . . . . . . . . . . . . . . . . 6.0 mm 
Dot size ..................... 0.92Wx 1.1H mm 
Weight . . . . . . . . . . . . . . . . . . • . . . . . . . . about 50 g 

ABSOLUTE MAXIMUM RATINGS 
Power supply for logic (V00 -Vss) ... 
Power supply for LCD drive (V00 -V 0) . 

Input voltage (Vi) ............... . 
Operating temperature (Ta) ........ . 
Storage temperature (Tstg) ........•. 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0V ± 0.25 V 

min. max. 
0 7.0 v 
0 13.5 v 

Vss Voe V 
0 50°C 

-20 70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output high voltage (VoH) (-loH = 0.2 mA) .. 2.4 V min. 
Output low voltage (V0 d OoL = 1.2 mA) .... 0.4 V max. 
Power supply current (1 00 ) (V 00 = 5.0 V) .. 1.0 mA typ. 

2.0mAmax. 
Power supply for LCD drive (Recommended) (V00 -Vo) 

Duty= 1/8 
Ta= 0°C .............. 4.1 V typ. 
Ta= 25°C ............. 3.9 V typ. 
Ta= 50°C ............. 3.7 V typ. 

OPTICAL DATA .......••.•....•...• See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - OV 

2 Voe -
3 Vo -

4 RS H/L 

5 R/W H/L 

E H, H'L 

DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 

11 DB4 H/L 

12 DBS H/L 

13 DBS H/L 

14 DB7 H/L 

Notes: 

+5V Power supply 

L: Instruction code input 
H: Data input 

H: Data read (LCD module~PUI 
L: Data write (LCD module+-MPU) 

Enable signal 

Data bus line 
Note (1 ), (2) 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4·bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 
6.0 

146 

4.84 

0.92 ll 0.06 

: J( 
17DDDDD 
~ 88888 

DODOO 
DODOO 

~88888 
~+_00000 

DODOO 
DODOO 

Fig. 1 Display pattern 
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L 
7.9±0.5 ...I. 

(3.6) .. (2.08) ..1 
ci 17 .98±0.3 -H .. I .. 13X2.54=33.02±0.3 

J1,5fl: lL 

LM568AF 

122.0±0.5 

115.0±0.3 

106.2±0.3 

99.0±0.3 

94.84±0.1 
14-~.0±0.3 

+0.5 
-0.3 

Unit: mm 

l ~O:ffOOOOOOOO~· .LhJ 
'+' 

.... .,; .. ' ... 
ci ~ :I -H .. ..; .. 

::i _i_ ::i 
r 
[ 

1-W- -
...i. 

4-~.5±0.3/ 

'+' 
- -

1 + j - -
j 
J ~ 

'+' 

Fig. 2 External dimension 

r------------------------, 
I I 

E-+--t 
R/W-........_-t 

RS· 

I 
DB7 
Voo-1 
Vo-I 

Vss-1 
I 
L... ___ - -

LCM 

LCD 

HD44100 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-------- ____________ J 

Fig. 3 Block diagram 

Yoo 
(+5V) 

Voo .. v. 
~ Yoo 

Vo ~VR 

Vss 

J,-

"' ci 
-H .. .. :!i 

ci 
-H t--1 .. CL 

0 ~ 
::i ~ 

Fig. 4 Power supply 

Voo - v 0: LCD driving voltage 
VR: 10k.n - 20kn 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, A/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo-DBi 

RS 

R/W 

E 

DBo-DBi 

148 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

tH 

2.2V 

0.6V 

0.6V 

2.2\" 

0.6\" 

lAS 

tAS 

2.2\" 

2.2V 

0.6V 

LM568AF 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig.6 

Fig. 5 

Fig. 5, Fig. 6 

PWEH 

tlJSK 

2.2\' 
11.6\" 

Fig. 5 Interface timing (data write) 

11.6\" ... 
lDDR 

2.4V 2.4V 
0.4V 

Valid Data 
0.4V 

~ tcrc 

Fig. 6 Interface timing (data read) 
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Min. Typ. Max. Unit 

1.0 - - µ.s 

450 - - ns 

- - 25 ns 

140 - - ns 

- - 320 ns 

195 - - ns 

20 - - ns 



LM020L---------
• 16 character x 1 line 

• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size ........... SOW x 36H x 12T (max.) mm 

Effective display area ........... 64.5W x 13.8H mm 

Character size (5 x 7 dots) . . . . . . . . 3.07W x 5. 73H mm 
Characrer pitch ...................... 3.77 mm 

Dot size .................... 0.55W x 0.75H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 25 g 

ABSOLUTE MAXIMUM RATINGS min. 

Power supply for logic (VDD-Vss) ........ 0 

Power supply for LCD drive (VDD-Vol ..... 0 

Input voltage (Vi) .................. Vss 

Operating temperature (Ta) . . . . . . . . . . . . . 0 

Storage temperature (Tstg) . . . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 

7.0V 

13.5 v 
VDD V 

50°C 

70°C 

Input "high" voltage (ViHl .............. 2.2 V min. 

Input "low" voltage (Vil) .............. 0.6 V max. 

Output high voltage (VoHl (-loH = 0.2 mA) . 2.4 V min. 

Output low voltage (VoL) (loL = 1.2 mA) ... 0.4 V max. 

Power supply current (IDDl (VDD = 5.0 V) .. 1.0 mA typ. 

2.0 mA max. 

Power supply for LCD drive (Recommended) (VDD-Vol 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 
f-----+----+---+-----~~------------ ----

1 Vss - OV 
,_____----+------- ---r---------t---------< 

2 v00 - +5V Power supply 
1-------+----

3 

4 RS H/L L: Instruction code input 
H: Data input 

r----+----+---+-------------- --------

5 

I 6 

7 

8 

9 
10 

11 

12 

13 
!------

14 

Notes: 

R/W 

E 

DBO 

DB1 

DB2 

DB3 

DB4 

DBS 

DB6 

DB7 

H/L 

H H-+L I 
H/L 

H/L 

H/L 

H/L 

H/L 

H/L 

H/L 

H/L 

H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

Enable signal 

Data bus line 
Note (1), (2) 

-------

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

Ta= 0°C 

Ta= 25°C 

Ta= 50°C 

Duty= 1 /16 
.................... 4.6 v typ. (2) 

buses of DB4 - DB 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB 0 -DB3 when interface 
data is 8 bits long). 
When interface data is 8 bits long, data is transferred using 8 data 
buses of DB 0 -DB7 • ................... 4.4 v typ. 

................... 4.2 v typ. 

OPTICAL DATA ..................... See page 15. 

Unit: mm 
~0.0± ).I) 

75.0±0.3 

3.5±0.5 73.5±0.3 12max 

~ Fr- 12.541 14~·¢1.0 5.5max ci 0 

+1 -H 
~ :;; O'i 

Ieeeesee p1 9ac:11:Y 
~-::£ 

J:1; 
::I_d ~~ 

6 

= = + I 
;;; 

M oo-· ----ci ~ ci 0 

~ :t:i +I 
;:; ~ ---------- ~ 

1.6±0.2 

4.8±0.3 4·¢2.5 

2.5 ±U.'i 
64.5±0.3 

rm 
*IC height 

Fig. 1 External dimension 
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,-
.------. 

E----~ 

R/W---~~ 

RS----~ 

DBo ,~ __ ......,, 

DB, '\......----+~, 

Vss---~ 

Vo-----

VDu---

I 

LCD-II 

L-------

~ I 

LM020L 

LCD 

40 

I 
______ _J 

Fig. 2 Block diagram 

59.62 _I 

· boooo o---------- - - - - - - d 
~v=tJDDDD D D 
0 DDDDD D D 

DOD DD D D 
DDDDD D D 
DDDDD D D 
DOD DD D D 
DOD DD D_ ------ - - - - - --__ o 

. "-\. I\ 0.08 

_ \ I .. , 3. 07 

Fig. 3 Display pattern 

Voo 
(+5V) 

Voo-Vo 
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Vo ·3; VR --I-... Voo 

Vss 

~ Vnn·Vo: LCD drivin g voltage 
VR: 10kn-20kn 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

oa.-os, 

RS 

R/W 

DB0-DB1 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

tH 

2.2V 

0.6V 

IAS 

0.6V 

Fig.5 

LM020L 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig.6 

Fig. 5 

Fig. 5, Fig. 6 

pw,. 

2.2V 2.2V 
0.6V 

to •· 

UV 
Valid Data 2.2V 

0.6V 0.6V 

terr 

Interface timing ldata write) 

PWEH IH 

2.4V 
0.4V 

tcrc 

2.4V 
0.4V 

Fig. 6 Interface timing (data read) 
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Min. Typ. Max. Unit 

1.0 - - j.IS 

450 - - ns 

- - 25 ns 

140 - - ns 

- - 320 ns 

195 - - ns 

20 - - ns 
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• 20 character x 1 line INTERNAL PIN CONNECTION 
• Controller LSI HD44780 is built-in (see section 6). 

Pin No. Symbol Level Function 
• +5V single power supply 

1 Vss - ov 
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply 

Module size .......... 105W x 39H x 11T (max.) mm 3 Vo - -
Effective display area ............. 84W x 13.0H mm 

Character size (5 x 7 dots) ...... · .... 3.2W x 5.2H mm 
4 RS H/L L: Instruction code input 

H: Data input 

Character pitch .................. ~ ...• 3.9 mm 

Dot size ...................... 0.6W x 0.7H mm 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 50 g 

5 R/W H/L H: Data read (LCD module~MPUI 
L: Data write (LCD module+-MPUI 

I 6 E H.H~L Enable signal 
' 

7 080 H/L 
ABSOLUTE MAXIMUM RATINGS min. max. 

6.5 v 
6.5V 

8 081 H/L 
Power supply for logic (Voo-Vss) ....•..• 0 
Power supply for LCD drive (Voo-Vo) .•... 0 
Input voltage (Vi) ............•..... Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 

Storage temperature (Tstg) . . . . . . . . . . . . -20 

Voo V 
50°C 
70°C 

9 
10 
11 

12 

13 

_ __, 
082 H/L 
083 H/L Data bus line 
084 H/L Note (1), (2) 
085 H/L 

086 H/L 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V 00 = 5.0 V ± 0.25 V 

14 

Notes: 

087 H/L 

Input "high" voltage (ViH) ............•. 2.2 V min. 

Input "low" voltage (ViL) .............. 0.6 V max. 

Output high voltage (VoH) (-loH = 0.2 mA) . 2.4 V min. 
Output low voltage (VoL) OoL = 1.2 mA) ... 0.4 V max. 
Power supply current (loo) (Voo = 5.0 V) .. 2.0 mA typ. 

3.0mAmax. 

Power supply for LCD drive (Recommended) (Voo-Vo) 

Duty= 1/8 
Ta"' 0°C .......•........... 3.95 V typ. 
Ta= 25°C ................•.. 3.70 V typ. 

Ta= 50°C ................... 3.30 V typ. 

In the H 044780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - 08 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB 0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB 7 • 

OPTICAL DAT A ..................•.. See page 15. 
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T!M!NG CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS _} 

Symbol 

tcyc 

PwEH 

tEr• tEf 

2.2V 

0.6V 

0.6V 

2.2\' 

0.6V 

tAs 

tooR 

tosw 

tH 

IAS 

IAS 

2.2\' 

0.6\' 

2.2V 

0 6V 

LM070L 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig.6 

Fig. 5 

Fig. 5, Fig. 6 

PWF.H 

tos1r 

2.2\' 

tl.6V 

Val id Data 

lcrc 

Fig. 5 Interface timing (data write) 

2.2\' 

0.6V 

Min. Typ. Max. 

1.0 - -
450 - -
- - 25 

140 - -
- - 320 

195 - -
20 - -

~:~~:JK -------------
~ 

'f.2.2v l'<.~·2_\· _________ __ R/W 

E 

DBo-DB1 
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0.6V 
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Valid Data • · 2.4V)]{ ~(2 4V 
o.4V 1t
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______ .J1,, ... o_.4_v _________ _ 
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Fig. 6 Interface timing (data read) 
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• 20 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ..... 182W x 35.5H(max.) x 13D (max.) mm 
Effective display area .......... 154.0W x 15.3H mm 
Character size (5 x 7 dots) .....•.... 6.7W x 9.4H mm 
Character pitch ....................... 7.4 mm 
Dot size . . . . . . . . . . . . . . . . . . . . . . 1.3W x 1.3H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 65 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic IVDD-Vssl ........ 0 
Power supply for LCD drive (VDD-Vol ..... 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) ............. 0 
Storage temperature (Tstg) ............ -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 
7.0V 

13.5 v 
VDD V 

50°C 
70°C 

Input "high" voltage (ViHl .............. 2.2 V min. 
Input "low" voltage (Vid .............. 0.6 V max. 
Output high voltage (VoH) (-loH = 0.2 mA) . 2.4 V min. 
Output low voltage (VoLl OoL = 1.2 mA) ... 0.4 V max. 
Power supply current (IDDl (VDD = 5.0 V) .. 2.5 mA typ. 

5.0 mAmax. 
Power supply for LCD drive (Recommended) (VDD-Vol 

Duty= 1/8 
Ta= 0°C ................... 4.1 V typ. 
Ta= 25°C . . . . . . . . . . . . . . . . . . . 3.7 V typ. 
Ta= 50°C ................... 3.1 V typ. 

OPTICAL DATA ..................... See page 15. 

7. 4 

6.7 

J1 0. 05 

1.3 Jl 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
-

2 Voo - +5V Power supply 

3 Vo - -

4 AS H/L 
L: Instruction code input 
H: Data input 

5 A/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPUI 

I 6 E H, H-+L Enable signal 
I 7 DBO H/L I 

8 DB1 H/L 

9 DB2 H/L----1 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DBS H/L 

13 DBS H/L 

14 DB7 H/L 

Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB1 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB 7 • 

Unit: mm 
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LM038 

Unit: mm 

L l4-ol.0 

~-I~ 
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I:imax 

1-03.~ 5.5 max 
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.. ~ 

_[ 5 
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·= ~ )$ 

1.6±0.2 3.5±0.~+-'- (3,.~5-j) +-----------..l!~~-------------1 - ..-- . 147.3±0.2 
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40 
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Fig. 2 External dimension 
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Fig. 3 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

Symbol 

tcyc 

PwEH 

tEr• tEf 

)
jl2.2v 

ft 0.6V ----

\ 0.6V 

tAs 

tooR 

tosw 

tH 

IAS 

vf2.2v 
0.6V 

~I--

Test condition Min. Typ. Max. 

Fig. 5, Fig. 6 1.0 - -
Fig. 5, Fig. 6 450 - -
Fig. 5, Fig. 6 - - 25 

Fig. 5, Fig. 6 140 - -
Fig. 6 - - 320 

Fig. 5 195 - -
Fig. 5, Fig. 6 20 - -

2.2V V 
0.6V '\_ '-------------

.1. 0.6V 

2.2v1_; I I 
o.Gv I ~1 ________ __,lt1 0.sv 

----t=D=Sll'---. ---<-ot ~ 

Valid Data 2.2vr;yjt 'l~2.2v 
0 6V f\. J 0.6V --------+----J _______ _, ---------t-----

) j{ 2.2V 

K. 0.6V 

'f.2.2v 

tcrc --
Fig. 5 Interface timing (data write) 

2.2V~ K 0.6V .J 

IAS ~ 
--

2.2V 

PWEH ~ 
"'> 2.2V l2.2V 

0.6V 0.6V - \I- IE/ i----------'I 0.6V 

Valid Data 1 · 2.4v)ll '\JK2 4v 
0.4Vrt 1, _____ _,.ii .... o_.4_v _____ -+----

Fig. 6 lntarfac:a timing Cdeta read) 
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Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

in 
z 
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• 24 character x 1 line INTERNAL PIN CONNECTION 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size •.........• 126Wx 36H x 12T (max.) mm 
Effective display area . . . . . . • • . . . 1 OOW x 13.8H mm 
Character size (5 x 10 dots) •......• 3.15W x 1 .9H mm 
Character pitch ................. , .... 3.75 mm 
Dot size ...............•...•. 0.55W x 0.7H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 40 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -Vssl ......•. 0 
Power supply for LCD drive (V00 -V0 ) ..•.• 0 
Input voltage (Vi) ................... Vss 
Operating temperature (Ta) ........•.•.. 0 
Storage temperature (Tstg) . . . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voo V 

50°C 
70°C 

Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

Notes: 

Symbol Level Function 

Vss - ov 
Voo - +5V Power supply 

Vo - -
RS H/L L: Instruction code input 

H: Data input 

R/W H/L H: Data raad (LCD module~PUI 
L: Data write (LCD module+-MPU) 

E H,H~L Enable signal 

D80 H/L 

D81 H/L 

D82 H/L 

D83 H/L 
Data bus line 

D84 H/L Note (1 ), (2) 
D85 H/L 

D86 H/L 

D87 H/L 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (Vid .............. 0.6 V max. 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 

Output high voltage (VoH) (-loH=0.2 mA) .. 2.4 V min. 
Output low voltage (VoL) (10 L = 1.2 mA) .... 0.4 V max. 
Power supply current (100 ) (V 00 = 5.0 V) . . 1.0 mA typ. 

( 11 When interface data is 4 bits long, data is transferred using only 4 
buses of DB4 - DB, and DB0 -D8 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
D84 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -D8 3 when interface 

2.0mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/8 Duty= 1/11 
Ta= 0°C .......... 4.0 4.2 V typ. (21 

Ta= 25°C ......... 3.7 3.8 V typ. 
Ta = 50°C ......... 3.3 3.3 V typ. 

data is 8 bits long). 
When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

OPTICAL DATA ........•...•......•• See page 15. 

Unit: mm 
~DODOO DDDDD 

DODOO DD DOD 
DDDDD 
DODOO 
DODOO 

.... DDDDD oci 
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DDDDD 
DDDDD 

11.55" 
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0.65 If 
I 

3.15 
3. 75 

Fig. 1 Display pattern 
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Fig. 2 External dimensions 
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Fig. 3 Block diagram 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo- DB1 

RS 

R/W 

E 

DB0-DB1 

160 

Symbol 

tcyc 

PwEH 

tEr • tEf 

2.2V 

0.6V 

0.6\' 

tAS 

tooR 

tosw 

tH 

2.2\' 

i 11,6\' 

_1~L-
2.2\' 

0.6\' 

LM027 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 6 

Fig. 5 

Fig. 5, Fig. 6 

\'alid llata 

2.2\' 

11.6\' 

IH I 

ii 
I 

Inc 

Fig. 5 Interface timing (data write) 

2.2V 

0.6V 

2.2V 

IDDR 

2.4V 

0.4V 

IH 

0.6\' 

Val id Data 

11.6\' 

2A\' 

0.4V 

Min. 

1.0 

450 

-
140 

-
195 

20 

Typ. 

-

I -
-

-

-

-

-

11.6\' 

0.6V 

~-----------tC_Y~C------------1 

Fig. 6 Interface timing (data read) 
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H2571----------
• 32 character x 1 line INTERNAL PIN CONNECTION 
• Controller.LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

Pin No. Symbol Level Function 

1 Vss - ov 
MECHANICAL DATA (Nominal dimensions) 

Module size .. 174.5W x 33.0H (max.) x 13.4T (max.) mm 
Effective display are ........... 132.5W x 14.0H mm 
Character size (5x10 dots) ......... 3.15W x 7.9H mm 

2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

H: Data read (LCD module-+MPU) Character pitch . . . • . . . . . . . . . . . . . • . . . . 3.85 mm 
Dot size ..................... 0.55W x 0.7H mm 

5 R/W H/L L: Data write (LCD module+-MPU) 

Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 60 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) .•..•... 0 
Power supply for LCD drive (V00 -V0 ) ... 0 
Input voltage (Vi) ................ Vss 
Operating temperature (Ta) . . . . . . . 0 
Storage temperature (Tstg) .......... -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voo V 

50°C 
70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (Vid .............. 0.6 V max. 
Output'higtl'voltage (VoH) (-loH = 0.2mA) .. 2.4 V min. 
Output"low'voltage (V0 d (loL = 1.2 mA) ... 0.4 V max. 
Power supply current (100 ) (V00 = 5.0 VJ .. 1.0 mA typ. 

2.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/8 Duty= 1/11 
Ta= 0°C ........ 3.95 4.15V typ. 
Ta= 25°C . . . . . . . 3.7 3.8V typ. 
Ta= 50°C . . . . . . . 3.3 3.3V typ. 

OPTICAL DATA See page 15. 

BB 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 
12 DB5 H/L 

13 DBS H/L 

14 DB7 H/L 

Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of 084 -DB, and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 
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DO 

88000 
0.55.lJOOOO 
0.65 

.15 

3.85 

Fig. 1 Display pattern 
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156.0±03 

174.5±0.5 

Fig. 2 External dimensions 
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Fig. 3 Block diagram 

Voo 
(+5V) 

LCM 
1 Vw Vo 

.> 
Vo > VR 

_..__ 
~ Voo 

Vss -x Vn0 -V0 : LCD dr' 1ving voltage
VR: 10k.n-20k.n 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

RS 

R/W 

E 

DB0-DB1 

H2571 

Symbol Test condition Min. 

tcyc Fig. 5, Fig. 6 1.0 

PwEH Fig. 5, Fig. 6 450 

tEr• tEf Fig. 5, Fig. 6 -
-

tAS Fig. 5, Fig. 6 140 

tooR Fig. 6 -
tosw Fig. 5 195 

tH Fig. 5, Fig. 6 20 

3.__~::~_:IAS ----~ 
\{ U.6\' I ¥6-\' ________ _ 

PWrH ~ 
------.~ 

''2-.2-1·-----~2.2~\~' ! 

0.6\' 

~[___ tos~ 

IAS 

2.2\' 
fJ.6\' 

\'alid Uata 
2.2\' 
fJ.6\' 

i- __________ tc_rc _______ ______.., 

Fig. 5 Interface timing (data write) 

__ __, 

' 2.2V 

_ PWEH ___ ; ~ 
2.2V 2.2V 

0.6V 0.6V IE/ 

IE, 
tDDR ~ 

2.4V 2.4V 
Valid Data 

0.4V 0.4V 

tcvc 

Fig. 6 Interface timing (data read) 
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H2572----------
• 40 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size .... 182W x 35.5H (max.) x 13T (max.) mm 
Effective display area . . . . . . . . . . 154.0W x 15.3H mm 
Character size (5 x 10 dots) ........ 3.15W x 7.9H mm 
Character pitch ...................... 3.75 mm 
Dot size ..................... 0.55W x 0.7H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 65 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V DD -V55 ) • • • • • •• 0 
Power supply for LCD drive 

(VDD-Vol · · · · · · · · · · · · · · · · .. 0 
Input voltage (Vi) ..............•.. Vss 
Operating temperature (Ta) ........... 0 
Storage temperature (Tstg) . . . . . . • . • . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
VDD V 

50°C 
70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output "high" voltage (V0 H) (-10 H=0.2mA) .. 2.4 V min. 
Output "low" voltage (V od (1 0 L = 1.6 mA) .. 0.4 V max. 
Power supply current (1 00 ) (V 0 0 = 5.0 V) .. 1.0 mA typ. 

2.0 mA max. 
Power supply for LCD drive (Recommended) (VDD-Vo) 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) --

6 E H, H-+-L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 
12 DBS H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB 7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB. -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

Outy=1/8 Duty=1/11 (21 

Ta= 0°C ........•. 3.95 4.15 V typ. 
When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB7 • 

Ta= 25°C ......... 3.7 3.8 V typ. 
Ta= 50°C .......•. 3.3 3.3 V typ. 

OPTICAL DATA .......•.•...•••••.• See page 15. 

Unit: mm 

0.55 
0.65 

Fig. 1 Display pattern 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo-DB1 
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Symbol 

tcyc 

PwEH 

tEr• tEf 

tAs 

tooR 

tosw 

tH 

2.2V 

0.6V 

IAS 

0.6V 

2.2V 

0.6V 

2.2V 

IAS 

2.2\' 
0.6\' 

2.2V 

0.6\' 

H2572 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig.6 

Fig. 5 

Fig. 5, Fig. 6 
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Fig. 5 Interface timing (data write) 

PWEH IH 

11:1 

2.2\' 

II.ti\' 

Min. 

1.0 

450 

-
140 

-
195 

20 

Typ. 

-
-
-

-

-
-
-

I 

i 
li.6\' 

0.6V 

t£, 

IEJ i----------'I 0.6V 
IDDR 

2.4V 

0.4V 

IH 

Val id Data 

Fig. 6 Interface timing (data read) 

~HITACHI 

2.4\' 

0.4V 

Max. Unit 

- µs 

- ns 

25 ns 

- ns 

320 ns 

- ns 

- ns 



LM058----------------~ 
• 40 character x 1 line 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ......... 290W x 60H x 13.0T (max.) mm 
Effective display area ..•....••.. 245W x 19.0H mm 
Character size (5 x 1 dots) .....•.. 4.82W x 8.18H mm 
Character pitch .......•.••..••....•.. 5.82 mm 
Dot size ............•.•....•.. 0.9W x 1.1H mm 
Weight . . . . . . . . • . . • . . . . . . . . . . . . . . about 150 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -Vssl .••••.. 0 
Power supply for LCD drive 

(Voe-Vol · · · · · · ·. · · · · · · · · .• 0 
Input voltage (Vi) ..............•.. Vss 
Operating temperature (Ta) ........... 0 
Storage temperature (Tstg) . . . • . • • • • . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voe V 

50°C 
70°C 

Input "high" voltage (ViH) ............•. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output"high"voltage (V0 H) (-10 H=0.2mA) ... 2.4 V min. 
Output"low"voltage (Vod 001. = 1.2 mA) .... 0.4 V max. 
Power supply current (1 00 ) (V 00 = 5.0 V) .. 0.5 mA typ. 

2.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V 0) 

Duty= 1/8 
Ta= 0°C .........•.... 4.3 V typ. 
Ta= 25°C ...........•. 3.9 V typ. 
Ta= 50°C . . . . . . . . . . . . . 3.3 V typ. 

OPTICAL DATA ..•...•.••...••..••. See page 15. 

.. j·I~~ 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-1\/IPU) 

-----
6 E H, H-t-L Enable signal --
7 D80 H/L 

8 D81 H/L 

9 D82 H/L 

10 D83 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 
12 085 H/L 

13 D86 H/L 

14 087 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of OB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the H044780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
084 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 
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LM058 

TIMING CHARACTERISTICS 

Item Symbol Test condition Min. Typ. Max. Unit 

Enable cycle time tcyc Fig. 5, Fig. 6 1.0 µs 

Enable pulse width PwEH Fig. 5, Fig. 6 450 ns 
t-----------------+----------+----·------------->------+------+-----+---~ 

Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 25 ns 

RS, R/W set up time Fig. 5, Fig. 6 140 - ns 

Data delay time tooR Fig. 6 320 ns 

Data set up time tosw Fig.5 195 - - ns 
t---------------+--------+-------------+------l---·-----·--+----·----+---------1 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo- DB1 

Fig. 5, Fig. 6 20 - - ns 

. . 0.6V il.6V 
~--~ ---------------~ -------------~ 2.2v 2~.2V 

~ -~ /Ji 

---V11~\! ;11 'I! l;r-----------
---1 v f::ti\ 

~' __________ P_Wrn _____ , ~ 

2.2\' 

2.2V 

0.6V 
Valid Data 

tcrc 

1..-~ 

2.~\· 

11.6\' 

Fig. 5 Interface timing (data write) 
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Fig. 6 Interface timing (data read) 
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LM052L-----------------~ 
• 16 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ....•...... BOW x 36H x 11T (max.) mm 
Effective display area ........•.• 64.5W x 13.BH mm 
Character size (5 x 7 dots) .....•... 2.95W x 3.BH mm 
Character pitch . . . . . . . . . . . • . . • . . • • . . • 3.65 mm 
Dot size ...................•. 0.55W x 0.5H mm 
Weight . . . . . . . . . . . . . • . . . . . • . . . . • • • about 25 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (VDD-Vss) ........ 0 
Power supply for LCD drive (VDD-Vol ...•. 0 
Input voltage (Vi) . . • . . . • . . . . . . . . . . . Vss 
Operating temperature (Ta) .......•..... 0 
Storage temperature (Tstg) .......•.... -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 
7.0V 

13.5 v 
VDD v 

50°C 
70°C 

Input "high" voltage (ViH) .........•..•• 2.2 V min. 
Input "low" voltage (Vid ............•• 0.6 V max. 
Output"high'voltage (VoH) (-loH = 0.2 mA) . 2.4 V min. 
Output"1<>W'voltage (Vod UoL = 1.2 mA) ... 0.4 V max. 
Power supply current (IDD) (VDD = 5.0 V) .. 1.0 mA typ. 

3.0mAmax. 
Power supply for LCD drive (Recommended) (VDD-Vol 

Duty= 1/16 
Ta= 0°C . . • . . • . . . . . . . . . . . • • 4.2 V typ. 
Ta = 25°C . . . • • . . . . • . . . . . • . . . 4.0 V typ. 
Ta = 50°C . . . . . . . . . . . . . . . . . . . 3.6 V typ. 

O'TICAL DATA ...................• See page 15. 

80.0±0.5 

2.5±0.3 75.0±0.3 

3.5±0.5 73.5±0.3 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data raad (LCD module~PU) 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 
7 DBO H/L 
8 DB1 H/L 
9 DB2 H/L 
10 DB3 H/L Data bus line 
11 DB4 H/L Note (1), (2) 
12 DB5 H/L 

13 DB6 H/L 
14 DB7 H/L 

Notes: 
In the HD44780, the data can ba sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 

2.54 pitch A:l4-;l.O 
•• 14 21 

-Bl. 

H~o.a 
l • • . . 

• .. _s-_s._.3 --- 4. Om ax·* 

-+--+---1 .. ~, I 8 8 8 8 8 8 8 ~ · 8 r.tC1JZ .ii 
""' "L T 

oo=::::~ 
. 

:; -... pp==.-. . ; . 
====· ___ u 
--~-·o 

l=t=>I ...L~c 
\::I: 

I 3.65±0.l 

B 57,7±0.l 

3.4±0.3 

4-;2.5 

64.5±0.3 

*IC height 
Fig. 1 External dimemion 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 
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Symbol 
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tEr• tEf 

tAs 

tooR 

tosw 

tH 

2.2V 

0.6\' 

t AS 

0.6V 

LM052L 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 6 

Fig. 5 

Fig. 5, Fig. 6 
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• 16 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 
• + 5V single power supply 
• Large numeral font set (see page 176). 

MECHANICAL DATA (Nominal dimen.tons) 
Module size •.........• BOW x 36H x 11T (max.) mm 
Effective display area .........•. 64.5W x 13.BH mm 
Character size (5 x 7 dots) .....•... 2.95W x 3.BH mm 
Character pitch ..................•.•. 3.65 mm 
Dot size ....•................ 0.55W x 0.5H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . • . . about 25 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (Voo-Vssl ...••... 0 
Power supply for LCD drive (VDD-Vo) ....• 0 
Input voltage (Vi) . . . . . . • • . . . . • . . . . . Vss 
Operating temperature (Ta) ..........•.. 0 
Storage temperature (Tstg) ...........• -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VoD = 5.0 V ± 0.25 V 

max. 
7.0V 

13.5 v 
VoD V 

50°C 
70°C 

Input "high" voltage (ViHl ............•. 2.2 V min. 
Input "low" voltage (Vid ............•. 0.6 V max. 
Output'high1voltage (VoHl (-loH = 0.2 mA) . 2.4 V min. 
Output"loW'voltage (Vod (loL = 1.2 mA) .•. 0.4 V max. 
Power supply current 0Dol (VDD = 5.0 V) .. 1.0 mA typ. 

3.0mAmax. 
Power supply for LCD drive (Recommended) (VDD-Vo) 

Duty= 1/16 
Ta= 0°C .................•. 4.2 V typ. 
Ta= 25°C . . . • . . . . . . . . . . . . . . . 4.0 V typ. 
Ta= 50°C . . . • . . • . . . . . . . • . . • . 3.6 V typ. 

OPTICAL DATA •................... See page 15. 

80.0±0.5 

2.5±0.3 75.0±0.3 

3.5±0.5 73.5±0.3 

INTERNAL PIN CONNECTION 

Pin N"o. Symbol Level Function 

1 Vss - ov 
2 Voo - +6V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module~PU) 
L: Data write (LCD module+-MPU) 

6 E H,H-.L Enable signal 
7 DBO H/L 
8 DB1 H/L 
9 DB2 H/L 
10 DB3 H/L Data bus line 
11 DB4 H/L Note (1), (2) 
12 DBS H/L 

13 DB6 H/L 
14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using B data 
buses of 080 -DB,. 

Unit: inm 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo- DB1 

) 

Symbol 

tcyc 

PwEH 

tEr• tEf 

2.2V 

0.6V 

0.6V 

tAS 

tooR 

tosw 

tH 

IE, 

2.2V 

0.6V 

-- IAS 

) z.zv 

0.6V ~ 

LM075L 

Test condition Min. Typ. 

Fig. 5, Fig. 6 1.0 -
Fig. 5, Fig. 6 450 -
Fig. 5, Fig. 6 - -

Fig. 5, Fig. 6 140 -

Fig. 6 - -
Fig. 5 195 -

Fig. 5, Fig, 6 20 -
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Fig. 5 Interface timing (data write) 
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LM016L---------
• 16 character x 2 lines 
• Controller LSI HD44780 is built-in {see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size . . . . . . . . . . . 84W x 44H x 12T (max.) mm 
Effective display area ............ 61W x 15.BH mm 
Character size (5 x 7 dots) ........ 2.96W x 4.86H mm 
Character pitch ....................... 3.55 mm 
Dot size .................... 0.56W x 0.66H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 35 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) ••••••• 0 
Power supply for LCD drive 

(V00 -V0 ) .................. 0 
Input voltage (Vi) ................. V55 

Operating temeprature (Ta) .....•..•••. 0 
Storage temperature (Tstg) ......• __ • -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voo V 

50°C 
70°C 

Input "high" voltage (ViHI .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 Vmax. 
Output"high"voltage (V0 H) (-loH = 0.2 mA) .. 2.4 V min. 
Output"low"voltage (V0 L) (10 L = 1.2 mA) .... 0.4 Vmax. 
Power supply current (100 ) (V00 = 5.0 V) .. 1.0 mA typ. 

3.0 mAmax. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta= 0°C .............. 4.6 V typ. 
Ta= 25°C ............. 4.4 V typ. 
Ta= 50°C ............. 4.2 V typ. 

OPTICAL DATA ...•..••......••...• See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L 
H: Data read (LCD module-+MPUI 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note ~11, (2) 
12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 

3.55 
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---o 
_____ o 

0 

12max . 

. 7-5.8 

10.2±0.5 J 2.54 . ~ 
-'-'""'=--'"-+.--+-4--=-'-- 75 ±0.3 1.6±0.2 4max. * 

4.0±0.5 76.0±0.3 

·.;dC height 

Fig. 2 External dimensions 

r-----------------------1 
I I 

E __ __. _ _. 16 L c D I 

R~~ I 
DBO I 
I I 

087 LCDII 40 I 

Voo----1 I 
Vo ---t H044100 I 
Vss---j 4 I 

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

Fig. 3 Block diagram 

Voo 
(+5V) 

~ 

Voo- Vo 

LCM Vo 
? 3 VR -;- Voo 

Vss J; Voo-Vo: LC D driving voltage 
VR: 1okn-2okn 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo-D81 

RS 

R/W 

E 

DBo-D81 

Symbol Test condition Min. Typ. Max. 

tcyc Fig. 5, Fig. 6 1.0 - -

PwEH Fig. 5, Fig. 6 450 - -
tEr• tEf Fig. 5, Fig. 6 - - 25 

tAs Fig. 5, Fig. 6 140 - -
tooR Fig.6 - - 320 

tosw Fig.5 195 - -

tH Fig. 5, Fig. 6 20 - -

)
,I{ 2.2V 

I\ 0.6V ---..1 
2.2V V 
0.6V ~ 

'-----------~ 
IAS 

\o.6V j 0.6V 

~ 
IE/ 

PWEH 

!---------==:\~ -
/) 2.2V 2.2V \ 

_______ J,,,11 0.6V 0.6V 1'---------"'JI 0.6V 

~ f--

Valid Data 2.2~j{ '~2.2v 
____________ o._sv~ ~~---------J'i ~o_.s_v _____ +---~ 

2.2V 

0.6V 

2.2V 

IAS 

tcrc 

Fig. 5 Interface timing (data write) 

PWEH IH 

0.6V 1£J 
----------" 0.6V 

IDDR 

2.4V 

0.4V 

IH 

Valid Data 

ICYC 

Fig. 6 Interface timing (data read) 

2.4V 
0.4V 

Unit 

jl.S 

ns 

ns 

ns 

ns 

ns 

ns 

179 

.,, 
z 
0 

@ 

"' 



LM068L---------
• 16 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ......... 83.0W x 43.0H x 11T (max.) mm 
Effective display area ..........•.. 61W x 17.6H mm 
Character size (5 x 7 dots) ........ 2.96W x 4.86H mm 
Character pitch ....................... 3.55 mm 
Dot size .................... 0.56W x 0.66H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 35 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) •••• _ •. 0 
Power supply for LCD drive 

(Yoo-Vo) •....•.•.....•.... 0 
Input voltage (Vi) ................. V55 

Operating temeprature (Ta) .....•..•••. 0 
Storage temperature (Tstg) ...... - ••• -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
6.5 v 

16.5 v 
Voo V 

50°C 
70°C 

Input "high" voltage (ViHI .............. 2.2 V min. 
Input "low" voltage (Vid .............. 0.6 Vmax. 
Output"high"voltage (VoH) (-loH = 0.2 mA) .. 2.4 V min. 
Output"low"voltage (VoL) (loL = 1.2 mA) .... 0.4 Vmax. 
Power supply current (100 ) (V00 = 5.0 V) .. 1.0 mA typ. 

3.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta= 0°C .............. 4.6 V typ. 
Ta= 25°C ............. 4.4 V typ. 
Ta= 50°C ............. 4.2 V typ. 

OPTICAL DATA .................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -

4 RS H/L L: Instruction code input 
H: Data input 

5 R/W H/L 
H: Data read (LCD module-*MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-*L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 

In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 -DB, and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of 060 -DB,. 

Unit:mm 

3.55 

Fig. 1 Display pattern 
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Fig. 2 External dimension 

r-----------------------1 
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E ---+---t 16 L C D I 
~w I 

RS I 
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087 I 
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Vo ---t HD41100 
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L----------------------~ 

Fig. 3 Block diagram 
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( +5Vl 

LCM Vo 
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< -
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Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo-- DB1 

RS 

R/W 

E 

DBo-DB1 

182 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

tH 

)~2.2V 
tt 0.6V ___ _, 

IAS 

\ 
~0.6V 

Test condition Min. Typ. 

Fig. 5, Fig. 6 1.0 -

Fig. 5, Fig. 6 450 -
Fig. 5, Fig. 6 - -
Fig. 5, Fig. 6 140 -

Fig. 6 - -
Fig. 5 195 -

Fig. 5, Fig. 6 20 -

_l~6V 
i--~~~~P_W_E_H~~---1~ ~ 

IE/ 
r----------=--~ ~~~~~ ii 2.2V 2.2V\ 

________ JI 0.6V 0.6V K6V !'----------'! 

~f--

Valid Data 

Max. 

-

-
25 

-

320 

-

-

2.2v)1t ~K2.2v 
--------+---o._6v_ f\...__ _____ _,J1 ~o_.6_v _____ -+-----

2.2V 

0.6V 

IAS 

2.2V 

tcrc 

Fig. 5 Interface timing (data write) 

PWEH IH 

0.6V IE/ r-----------i 0.6V 
IDDR 

2.4V 

0.4V 

IH 

Valid Data 

lcrc 

Fig. 6 Interface timing (data read) 

$HITACHI 

2.4V 

0.4V 

Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 



• 16 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 
• + 5V single power supply 
• Large numeral font set (see page 186). 

MECHANICAL DATA (Nominal dimensions) 
Module size ..•.......• 84W x 44H x 12T (max.) mm 
Effective display area ...•.......• 61W x 15.SH mm 
Character size (5 x 7 dots) •....•.. 2.96W x 4.86H mm 
Character pitch ....................... 3.55 mm 
Dot size •................... 0.56W x 0.66H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 35 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) •..•• - • 0 
Power supply for LCD drive 

(Voo-Vol .................. 0 
Input voltage (Vi) ................. Vss 
Operating temeprature (Ta) .......... _ .0 
Storage temperature (Tstg) ....... _ •• -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voo V 

50°C 
70°C 

Input "high" voltage (ViHI .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 Vmax. 
Output"high"voltage (VoH) (-loH = 0.2 mA) .. 2.4 V min. 
Output·low"voltage (V0 d (loL = 1.2 mA) .... 0.4 Vmax. 
Power supply current (100 ) (V00 = 5.0 V) .. 1.0 mA typ. 

3.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta= 0°C .............. 4.6 V typ. 
Ta= 25°C ............. 4.4 V typ. 
Ta= 50°C ............. 4.2 V typ. 

OPTICAL DATA ...•........•......• See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 
12 DBS H/L 

13 DBS H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 11 When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(21 When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

3.55 

2.96 

0.04 

0,56 

08 BBBBB 

OD DO 

Fig. 1 Display pattern 

Unit: mm 
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84.0±1.0 

2.5±0.5 79.0±0.5 

~ --------"=-==-=--------<~ 12max. ,J ,.n, ,- 56.2±0.2 
11.5±1?.:_5 61.0±0.3 ~25 ~7-5.8 

12.41 
"1 

C::: po 
" p +I 

~ le 
I 
I 

DD--- ---D d ~ 
+I +I 

~~ DD D 
+='--++<'i -+---+ . - -------

I 
: 

I 
I 

: 

""" ~· 
I-' 

10.2±0.5 l 2.54 ~ 
----1"'1>-t+-_l-+o_'--_ 75±0.3 1.6±0.2 4max. • 

4.0±0.5 76.0 ±0.3 

~IC height 

Fig. 2 External dimensions 

r-----------------------1 
I I 

R/;----- 16 LCD I 
u I 

OM I 
1 I 

087 LCDll 40 I 

Voo---1 I 
Vo~ HD44100 I 
Vss----J I 

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

Fig. 3 Block diagram 

Voo 
( +SV) 

LCM 

1 VwVo 
!> 

Vo 
c:; VR -:;:- Voo 

Vss 

Jr VDD-Vo: LC D driving voltage 
VR: 10kn-20kn 

Fig. 4 Po-r supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, A/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo-DB7 

Symbol Test condition Min. Typ. Max. 

tcyc Fig. 5, Fig. 6 1.0 - -
PwEH Fig. 5, Fig. 6 450 - -

tEr• tEf Fig. 5, Fig. 6 - - 25 

tAs Fig. 5, Fig. 6 140 - -
tooR Fig.6 - - 320 

tosw Fig. 5 195 - -
tH Fig. 5, Fig. 6 20 - -

) j[ 2.2v 2.2v 11K 
---J 1\_o_.B_v ______________ o._6v_,J1 '------------

IAS ~ 

\~0.6V X.v 
----~--P_W_E_H __ __.~ ~ 

IEJ 

)(2.2v 
0.6V 

~ I---

2.2V~ Vo, 
0.6V ~1 ..__ _______ __,_j,

1 
0.6V 

----~to~s~_· __,..., ~ 

Val id Data 2.2v~r ~~2.2v 
---------+---o_.6_VJ l\..__ _____ -.J~ ~o_.B_v _____ -+----

tcrc --
Fig. 5 Interface timing (data write) 

\; 2.2v 2.2vV 
__ __,~l'-u._6'_-' ______________ o_._6v_,Jf\_ _____________________ ~ 

/2.2V _____ _, 

IAS 

/2.2v 

o.6v.f' 

PWEH 

~ 

) 2.2V 
0.6V _f\f-- IEJ l'----------------'I 0.6V 

Valid Data 2.-4v)ll '1Kz.4v 
0.4V k.1 ______ ./ "'o_.4_v _____ +----

tCYC 

Fig, 6 Interface timing (data read) 
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Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 
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XXXXIOll 

XXXXI \00 

XXXXI 101 
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XXXXI 111 

Fig. 7 Character dot pattern 
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• 20 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ...... 116W x 39H (max.) x 13T (max.) mm 
Effective display area . . . . . . . . . . . . 83W x 18.6H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 
Character pitch ........................ 3.7 mm 
Dot size ..................... 0.6W x 0.65H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 50 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) ... - - . 0 
Power supply for LCD drive 

(Voo-Vo) ..•..•.. · ...•...• • . 0 
Input voltage (Vi) ............ - - .. Vss 
Operating temperature (Ta) . . . . . . . . . . . . O 
Storage temperature (Tstg) .......... -20· 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0 v 

13.5 v 
Voo V 

50°C 

70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output "high" voltage (V 0H) (-loH = 0.2 mA) . 2.4V min. 
Output "low" voltage (V 0L) (1 0 L = 1.2 mA) .. 0.4V max. 
Power supply current (100 ) (V00 = 5.0 V) .. 1.0 mA typ. 

3.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta= 0°C .............. 4.6 V typ. 
Ta= 25°C ............. 4.2 V typ. 
Ta = 50°C . . . . . . . . . . . . . 3.5 V typ. 

OPTICAL DATA .................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - OV 
-~--

2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L 

L: Instruction code input 
H: Data input 

5 R/W H/L 
H: Data read (LCD module~MPU) 
L: Data write (LCD module+-MPU) 

-
6 E H,H~L Enable signal 

l 7 DBO H/L 
' 8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DB5 H/L 
--t----

13 DB6 H/L 

14 DB7 H/L 

Notes: 

In the HD44780, the data can be sent in either 4-0it 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB 7 and DB 0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB 7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB 7 • 

Unit: mm 

3.7 

Fig. 1 Display pattern 
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2.5±0.5 

~ 

°' 

I 

4.0 ±0.5 
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13.0 max. 

4·~3.~_J 
~ 

2.54 0 4.7 
95±0.5 +I 

N 

-5.8 

.... 
~ .7-

.LL ..<:!. ...4 ::::b. m 

~ r 14 13 

0 0 14·~!.ll gy 
00 

.:.:...:: 
21 

( 4.75 I 

17.5±0.5 

~ ~ 

DD - - .. 

0 oo ___ D .. 

17-..r::: -E 

R 'I\ 
RS 

...... v v 

73.5±0.2 

83.0±0.3 

108.0±0.3 

116.ot J.u 

Fig. 2 External dimensions 

.-------------------------...., 

: I L c u I : 
I 

oro 40 II 
DB7 

"'"- I Vo~ HD4410il HD441011 I 

Vss--: I 

L-------------------------j 

Fig. 3 Block diagram 

VDD 
( +5V) 

VDwVo 
> 

LCM Vo VR -'-
< ..,.. 

Vss 

~ 

":: 

4 .Omax. * 

*IC height 

Vnn 

J., Yoo-Vo: LC D driving voltage 
VR: 1okn-2okn 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Deta delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

LM032L 

Symbol Test condition Min. Typ. 

tcyc Fig. 5, Fig. 6 1.0 -
PwEH Fig. 5, Fig. 6 450 -

tEr• tEf Fig. 5, Fig. 6 - -
tAs Fig. 5, Fig. 6 140 -

tooR Fig.6 - -
tosw Fig. 5 195 -

tH Fig. 5, Fig. 6 20 -

) jl 2.2V 2.2V~ ( ~0.6V 0.6V 

IAS ~ 

\ 
~0.6V _l 0.6V 

PWEH ~ 
IE/ -v{' 2.2V 

0.6V 
2.2vi 
0.6V X.v 

~ 

2.2V 

0.6\' 

IAS 

2.2V 

I-- IOSK' ~ 

2.2-y Valid Data 'l~2.2v 
0.6V f\ .J 0.6V 

tcrc 

Fig. 5 Interface timing (data write) 

PWeH IH 

0.6V IE/ I'---------- 0.6V 

2.4V 

0.4V 
Valid Data 

lCYC 

IH 

Fig. 6 Interface timing (data read) 

$HITACHI 

2.4V 

0.4V 

Max. Unit 

- j.IS 

- ns 

25 ns 

- ns 

320 ns 

- ns 

- ns 

189 



LM061L-----------------
SUMMARY 
8 20 Character x 2 lines INTERNAL P!N CONNECTION 

• Built-in control LSI HD44780 type (see section 6). 
• + 5V single power supply 

Pin No. Symbol Level Function 

1 Vss - ov 
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply 

190 

Module size .......... 115W x 39H x 130 (max.) mm 

Effective display area . . . . . . . . . . . . 83W x 18.6H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 

Pitch .......................... 3.7 mm 
Dot size ..................... 0.6W x 0.65H mm 
Weight ........................... about 50 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) •••••• 0 
Power supply for LCD drive 

(Voo-Vol ................... 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . V55 

Operating temperature (Ta)............ O 
Storage temperature (Tstg) .......... -20 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, V00 ;. 5.0 V ± 0.25 V 

max. 
6.5 v 

6.5V 

Voo V 
50°C 

70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output high voltage (VoH) (-loH = 0.2 mA) .· . 2.4 V min. 
Output low voltage (V0 d (loL = 1.2 mA) .... 0.4 V max. 
Power supply current (100 ) (V00 = 5.0 V) ... 1.0 mA typ. 

3.0mAmax. 
Power supply for LCD drive (Recommended) (V00 -V 0) 

Du=1/16 
at Ta= 0°C .............. .4.6 V typ. 
at Ta= 25°C ............. .4.4 V typ. 
at Ta= 50°C ............. .4.2 V typ. 

OPTICAL DATA ......................... See page 15. 

3.7 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H,H-.L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1), Note (2) 

12 DBS H/L 

13 DB6 H/L 

14 DB7 H/L 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1 I When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB. -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 

Fig. 1 Display pattern 
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TIMING CHARACTERISTICS 

Item Symbol Test condition Min. Typ. Max. 

Enable cycle time tcyc Fig. 5, Fig. 6 1.0 - -

Enable pulse width PwEH Fig. 5, Fig. 6 450 - -
Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 - - 25 

RS, R/W set up time tAs Fig. 5, Fig. 6 140 - -

Data delay time tooR Fig.6 - - 320 

Data set up time tosw Fig. 5 195 - -
Hold time tH Fig. 5, Fig. 6 20 - -

RS )~ 2.2V 2.2V V 
~~__, ~~o_._Bv __________________________ o._BV~,;('\~------------------~ 

R/W \ 

E 

DBo-DB1 

RS 

R/W 

E 

DBo-DB1 

192 

!AS 

~0.6V 

I 2.2V 
0.6V 

~ 

J_ 0.6V 

2.2v\ 1 I/ 
0.6V I\. J'o.6V !'------------------

~I- ---t~D~SK_' __, ... ~ 

2.2V 

0.6V 

!AS 

2.2V 

tcrc 

Fig. 5 Interface timing ldata write) 

PWEH IH 

0.6V IE/ _________________ ....., 0.6V 

IDDR 

2.4V 

0.4V 

IH 

Valid Data 

tcrc 

Fig. 6 Interface timing ldata read) 
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2.4V 

0.4V 

Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 



• 24 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ...... 116W x 39H (max.) x 13T (max.) mm 
Effective display area . . . . . . . . . . . . 83W x 18.6H mm 
Character size (5 x 7 dots) .. , ...... 2.7W x 4.85H mm 
Character pitch ...............••.•....• 3.2 mm 
Dot size ..................... 0.5W x 0.65H mm 
Dot pitch ...........•........ 0.55W x 0. 7H mm 
Weight .......................•... about 50 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -Vss) •.•••• 0 
Power supply for LCD drive 

(V00 -Vol •••.....•.......••• 0 
Input voltage (Vi) • • . . . . • . • . • . • • • . V55 

Operating temperature (Ta)............ O 
Storage temperature (Tstg) . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, V00 = 5.0 V ± 0.25 V 

max. 
7.0V 

13.5 v 
Voe V 

50°C 

70°C 

Input "high" voltage (ViH) •.•.......•... 2.2 V min. 
Input "low" voltage (ViL) ....•....•.•.. 0.6 V max. 
Output "high" voltage (VoH) (-loH = 0.2 mA) 2.4 V min. 
Output "low" voltage (V0 d OoL = 1.2 mA) .. 0.4 V max. 
Power supply current (100 ) (V00 = 5.0 V) •. 2.0 mA typ. 

3.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta= 0°C ••.•.....•...• 4.6 V typ. 
Ta= 25°C • . . • . . . . . . . . . 4.4 V typ. 
Ta= 50°C . . . . . . . . . • . . . 3.2 V typ. 

OPTICAL DATA ...•.•..•••......•.. See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data writa (LCD module+-MPUI 

6 E H,H"""'L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DBS H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 11 When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and than lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

3.2 Unit: mm 

2.7 

DODOO DODOO 

; , i; ~~~~~ ornrn 
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Fig. 1 Display pattern 
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TIMING CHARACTERISTICS 

Item Symbol Test condition Min. Typ. Max. 

Enable cycle time tcyc Fig. 5, Fig. 6 1.0 - -
Enable pulse width PwEH Fig. 5, Fig. 6 450 - -
Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 - - 25 

RS, R/W set up time tAs Fig. 5, Fig. 6 140 - -

Data delay time tooR Fig.6 - - 320 

Data set up time tosw Fig. 5 195 - -
Hold time tH Fig. 5, Fig. 6 20 - -

RS ). ll 2.2v 2.2v) ( !\. 0.6V 0.6V J 

IAS ~ 

R/W \ 0.6V 
I 

1 0.6V 

PWEH ~ 
IEJ -

E lX" 2.2V 
0.6V 

2.zv\ 
0.6V X.sv 

~ 1-- IDSK' ~ 

DB0-D81 2.2v;y Valid Data ·~2.2v 
0.6V t\. .J1 0.6V 

tcrc 
~ 

Fig. 5 Interface timing (data write) 

RS V 2.2V 2.2V 'v' 
__ -J_./'31'-u._6'_: ________________________ 0_.6_VJ_1(\_'--------------------~ 

--
2.2V 

R/W 

E 

DB0-DB1 

IAS 

J2.2v 
0.6V 

p 

~ 2.2V 
o.6v-N-ie1 ---------i 0.6V 

~ 

Valid Data 2:4v) lK2.4v 
o.4Vjt ,., ____ __,_/ ... o_.4_v ________ _ 

tCYC 

Fig, 6 lnterf- timing (data read) 

Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 
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LM017L---------
• 32 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size .•• 174.5W x 33H (max.) x 13.4T (max.) mm 
Effective display area . . • . . . . . 141.19W x 16. 75H mm 
Character size (5 x 7 dots) ...••.•. 3.45W x 4.85H mm 
Character pitch •....••.•..•....••..•... 4.2 mm 
Dot size .•.•......•..•...••. 0.65W x 0.65H mm 
Weight . . . . . . . . . • . . . . . . . . . • . . • . . . • about 60g 

ABSOLUTE MAXIMUM RATINGS 
min. max. 

Power supply for logic (V00 -Vssl 0 
power supply for LCD drive (V 0 0 - Vo) . 0 
Input voltage (Vi) •.•.............. V55 

Operating temperature (Ta) . . . . . • . . . . 0 
Storage temperature (Tstg) ...•.•..... -20 

ELECTRICAL CHARACTRISTICS 
Ta=25°C, V00=5.0V ±0.25V 

7.0V 
13.5V 

Voo V 
50°C 
70°C 

Input "high" voltage (V1H) • . . . . • . . . . . . . 2.2V min. 
Input "low" voltage (V1d .............. 0.6Vmax. 
Output "high" voltage (V0 H) (-10 H=0.2mA). 2.4V min. 
Output "low" voltage (V 0 d (1 0 L =1.2mA) .. 0.4 Vmax. 
Power supply current (1 00 ) ( V00=5.0V) .. 1.0 mA typ. 

3.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -Vol 

Duty= 1/16 
Ta=0° C ...................... 4.6 V typ. 
Ta=25°C ..................... 4.4 V typ. 
Ta=50°C ..................... 4.2 V typ. 

OPTICAL DATA • . • • • • • • • • . . • • • • • • . • See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H,H~L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L Data bus line 
11 DB4 H/L Note (1 ), (2) 

12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

Unit: mm 

Fig. 1 Display pettem 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo-DB1 

RS 

R/W 

E 

DBo-DB1 

198 

Symbol Test condition Min. Typ. Max. 

tcyc Fig. 5, Fig. 6 1.0 - -
PwEH Fig. 5, Fig. 6 450 - -

tEr• tEf Fig. 5, Fig. 6 - - 25 

tAs Fig. 5, Fig. 6 140 - -

tooR Fig.6 - - 320 

tosw Fig. 5 195 - -

tH Fig. 5, Fig. 6 20 - -

) ll 2.2v 

I\_ 0.6V ___ _, 
2.2v"""'Jv 

0.6V l\_ 
~----------~ 

IAS 

\_o.6V 

vf2.2v 
0.6V 

~ 

2.2v\ 
0.6V 

.l~6V 

K6v 
1'----------'1 

~f-

Valid Data 2.2v~v ~K2.2v 
--------+---o._Gv_, f\......_ ______ _,J _o_.6_v __________ _ 

tcrc 

Fig. 5 Interface timing (data write) 

) ,2.2V 2.2V ~ K 0.6V 0.6V .J1 
IAS ~ 

~2.2V ~ 2.2V 

PWEH ~ 

o.Gv/ 

2.2V ' I\ 2.2V 
0.6V- 1-- IE/ 0.6V - f--1£, 

IDDR ~ 

2.4V) Valid Data 'K2.4v 
0.4V It ~ 0.4V 

I- ICYC 

Fig. 6 Interface timing (data read) 
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LM018L---------
• 40 character x 2 lines INTERNAL PIN CONNECTION 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size .... 182W x 35.5H (max.) x 13T (max.) mm 
Effective display area .......... 154.0W x 15.3H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 
Character pitch ........................ 3. 7 mm 
Dot size ..................... 0.6W x 0.65H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 65g 

ABSOLUTE MAXIMUM RATINGS 
min. 

Power supply for logic (V00 -V55 ) ...•.. 0 
Power supply for LCD drive (V00 -Vo) .... 0 
Input voltage (Vi) . . • . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) ............ 0 
Storage temperature (Tstg) . . . . . . . . . . . -20 

max. 
7.0V 

13.5V 
Voo V 

50°C 
70°C 

Pin No. Symbol 

1 Vss 
2 Voo 
3 Vo 

4 RS 

5 R/W 

6 E 

7 DBO 

8 DB1 

9 DB2 

10 DB3 

11 DB4 

12 DBS 

13 DB6 

14 DB7 

Notes: 

Level Function 

- ov 
- +5V Power supply 

- -
H/L L: Instruction code input 

H: Data input 

H/L H: Data read (LCD module4MPU) 
L: Data write (LCD module+-MPU) 

H,H4L Enable signal 

H/L 

H/L 

H/L 

H/L 
Data bus line 

H/L Note (1 ), (2) 

H/L 

H/L 

H/L 

ELECTRICAL CHARACTRISTICS 
Ta=25°C, V00=5.0V ±0.25V 
Input "high" voltage (V1H) . . . . . . . . . . . . . . 2.2V min. 
Input "low" voltage (V1 d . . . . . . . . . . . . . . 0.6V max. 
Output "high" voltage (V 0H) (-loH =0.2mA) . 2.4V min. 

In the HD44780, the data can be sent in either 4-bit 2-0peration or 
8-bit 1-0peration so that it can interface to both 4 and 8 bit MPU's. 

Output "low" voltage (V0 d (1 0 L=1.2mA) ... 0.4V max. 
Power supply current (1 00 ) (V00=5.0V) ... 3.0 mA typ, 

4.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -Vo) 

( 1) When interface data is 4 bits long, data is transferred using only 4 
buses of DB4 - DB7 and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

Duty= 1/16 
Ta=0°C ...................... 4.6 V typ. 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB7 • 

Ta=25°C ..................... 4.4 V typ. 
Ta=50°C ..................... 4.2 V typ. 

OPTICAL DATA .•...•.•...•..••.••. See page 15. 

3.7 
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Fig. 1 Display pattern 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

tH 

2.2V 

0.6V 

IAS 

0.6V 

2.2V 

0.6V 

IAS 

2.2V 

I~ 
2.2V 
0.6V 

2.2V 

0.6V 

LM018L 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 6 

Fig. 5 

Fig. 5, Fig. 6 

PWEH ·I 
2.2V 

0.6V 

Val id Data 

tcrc 

IH 

IH 

Fig. 5 Interface timing (data write) 

PWEH IH 

Min. Typ. 

1.0 -

450 -

- -
140 -
- -

195 -
20 -

IE/ 

d.6V 

2.2V 

0.6V 

0.6V IE! !'-----------'I 0.6V 
IDDR 

2.4V 

0.4V 
Valid Data 

tcrc 

Fig. 6 Interface timing (data read) 
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2.4V 

0.4V 

Max. 

-
-
25 

-

320 

-

-

Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 
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• 16 character x 4 lines 
• Controller LSI HD44780 is built-ill (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size •.......•.. 87W x 60H x 12T (max.) mm 
Effective display area .........•. 61.SW x 25.2H mm 
Character size (5 x 7 dots) ..•..... 2.95W x 4.15H mm 
Character pitch. . . . . . . . . . . . • . . . . . . . . . . 3.55 mm 
Dot size .................... 0.55W x 0.55H mm 
Weight . . . . . . . . . . • . . . . . . . . . . • . . . . . about 60g 

ABSOLUTE MAXIMUM RATINGS 
min. 

Power supply for logic (V00 -Vssl ...... 0 
max. 

7.0V 
13.5V 

Voo V 
50°C 
70°C 

Power supply for LCD Clrive (V00 -V0 ) ..•• 0 
Input voltage (V1) ••••••••••••••••• V5 s 
Operating temperature (Ta) ............ O 
Storage temperature (Tstg) . . . . . . . . . . . -20 

ELECTRICAL CHARACTRISTICS 
Ta=25°C, V00 =5.0V±0.25V 
Input "high" voltage (V1H) . . . . . . . . . . . . . . 2.2V min. 
Input "low" voltage (V1d .............. 0.6V max. 
Output "high" voltage (V0 H) (-1 0 H=0.2mA). 2.4V min. 
Output "low" voltage (V 0 d (10 L =1.2mA) . . . 0.4 V max. 
Power supply current (1 00 ) (V00 =5.0V) ... 3.0 mA typ. 

4.0 mA max. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Duty= 1/16 
Ta=0° C ............•......... 4.6 V typ. 
Ta=25°C ..................... 4.4 V typ. 
Ta=50°C ..................... 4.2 V typ. 

OPTICAL DATA ...••.••.•.•....•••• See page 15. 

Unit: mm 
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Fig. 1 Dl1pl1Y pattern 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - OV 

2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L 
H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H,H~L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (2) 

12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can ba sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1 I When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB. -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of D80 -DB,. 

DISPLAY POSITION AND DD RAM ADDRESS 

Character No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1st line 80 B1 B2 B3 84 85 B6 B7 BB 89 BA BB BC BO BE BF 

2nd line co C1 C2 C3 C4 C5 cs C7 C8 C9 CA CB cc CD CE CF 

3rd line 90 91 92 93 94 95 96 97 98 99 9A 98 9C 90 9E 9F 

4th line DO 01 02 03 04 05 06 07 08 09 DA DB DC DD DE OF 

Notes: 
(1) 80 - DF are described in hexidecimal for DD RAM address. 
(2) The set to HD44780 are "N = "1 ", F = "O" (2 lines 5 x 1 + cursoll." 
(3) DD RAM address is no series in line. Address set is necessary to 

change the lines. 
(4) Circuit is equal to 32 characters by 2 lines type. 
(5) In case of executing shift, first line and third line are shifted con

tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transferred to first line. 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

ll/W 

E 

UHo- UB1 

204 

LM041L 

Symbol Test condition 

tcyc Fig. 5, Fig. 6 

PwEH Fig. 5, Fig. 6 

tEr• tEf Fig. 5, Fig. 6 

tAS Fig. 5, Fig. 6 

tooR Fig. 6 

tosw Fig. 5 

tH Fig. 5, Fig. 6 

) ~ 2.2V 2.2v'i K K0.6V 0.6V 

IAS p 

\o.6V ){6V 

PWEH -----1 ~"... 
I IEJ 

v 2.2V~ V 2.2V 
0.6V 0.6V 

~ 

2.2V 

0.6V 

2.2V 

l- IDS"' IH 
I--

2.zvy 
0.6V t\. 

Val id Data '}(2.ZV 
J 0.6V 

tcrc 

Fig. 5 Interface timing (data write) 

11.GV 

(£, 
IJJVH lH 

2.4V 
Valid Data 

2.4V 

0.4V 0.4V 

ICYC 

Fig. 6 Interface timing (data read) 
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Min. Typ. Max. Unit 

1.0 - - µ.s 

450 - - ns 

- - 25 ns 

140 - - ns 

- - 320 ns 

195 - - ns 

20 - - ns 

I 

.J 0.6V 

i 

.1 



• 20 character x 4 lines 

• Controller LSI HD44780 is built-in (see section 6). 

• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size •.•.......• 98W x 60H x 12T (max.) mm 

Effective display area ......•.•.. 76.0W x 25.2H mm 

Character size (5 x 7 dots) .••.•..• 2 .95W x 4.15H mm 

Character pitch. . . .•.•...•.....•.•.. 3.55 mm 

Dot size ...•........•..•.••. 0.55W x 0.55H mm 

Weight . . . • • . • . . . • . . . . . . . . • • . . • . . . about 65 g 

ABSOLUTE MAXIMUM RATINGS min. 

Power supply for logic (VDD-Vssl ...• 0 

Power supply for LCD drive (VDD-Vo) ...•. 0 

Input voltage (Vi) • . . • . . . . . . • • . . . . . • Vss 

Operating temperature (Ta) . • . • . . . . • • • 0 

Storage temperature (Tstg) ....•.....•• -20 

ELECTRICAL CHARACTERISTICS 

max. 

7.0 v 
13.5 v 

VDD v 
50°C 

70°C 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level 

1 Vss -
-

2 Voo -
3 Vo -
4 RS H/L 

5 R/W H/L 

6 E H, H-+L 

7 DBO H/L 

8 DB1 H/L 

I 9 DB2 H/L 

10 DB3 H/L 

11 DB4 H/L 

12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Function 

ov 
+5V Power supply 

-
L: Instruction code input 
H: Data input 

H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

Enable signal 

Data bus line 
Note (1 ), (2) 

Ta= 25°C, VDD = 5.0 V ± 0.25 V Notes: 

Input "high" voltage (ViH) • · · · • · • · · · 2.2 V min. In the HD44780, the data can be sent in either 4-bit 2-operation or 
Input "low" voltage (Vil) .....••....•.• 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
Output "high" voltage (VoH) (-loH = 0.2 mA) 2.4 V min. (1) When interface data is 4 bits long, data is transferred using only 4 
Output "low" voltage (Vol) ( loL = 1.2 mA) .. 0.4 v max buses of DB4 -DB 7 and DB0 -DB, are not used. Data transfer 
Power supply current (IDD) (VDD = 5.0 V) .• 1.0 mA typ. between the HD44780 and the MPU completes when 4-bit data is 

transferred twice. Data of the higher order 4 bits (contents of 
3.5 mA max. DB 4 -DB, when interface data is 8 bits long) is transferred first 

Power supply for LCD drive (Recommended) (VDD-Vo) and then lower order 4 bits (contents of DB0 -DB, when interface 

Ta= 0°C 

Ta= 25°C 

Ta= 50°C 

Duty= 1/16 data is 8 bits long). 
..•.. , . . . . . • . . • . . . • 4.6 V typ. (2) When interface data is 8 bits long, data is transferred using 8 data 

...•.•.•.. , . . . . • . 4.4 V typ. buses of DB0 -DB7 • 

. • . . . . . . . . . . . . 4.2 v typ. 

OPTICAL DAT A ..... . See page 15. 

;ss 
2. 95 

0. 55 
0 .6 

Unit: mm 

I ,, • I 
p- - - - - - - - - - - - - - -o 
' 0 
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c 
N 

:;:; "'. DODOO 
lf:l ~ 0 0 CJ[JCJCJCJ 
M DODOO 
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_._ __ DODOO 

DODOO 

I 2J j 

DDODO 

: D 
:2 20§ 
I 0 
I D D_ _ _ _ _ _ _ _ _ _ _ __ D 

p- - - - - - - - - - - - - - - D 
I 40 : b _______________ d 

DODOO D - - - - - - - - - - - - - - - D 
I l t I 
I I I 60 I 
I 4} I I I 

DODOO o_ - - - - - - - - - - - - - _o 
D- - - - - - - - - - - - - - -D 
' ' 

pooo9 
I 80 I 
I I ' I 61 t 

_,__ ____ 00000 o ______________ o 

Fig. 1 Display pattern 

DISPLAY POSITION AND DD RAM ADDRESS 

Character No. 1 2 3 4 s 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 

1$t tine 80 81 82 83 84 85 86 87 88 89 BA B8 BC BO BE BF 90 91 92 93 

2nd line co C1 C2 C3 C4 cs cs C7 C8 C9 CA CB cc co CE CF 00 01 02 D3 

3rd line 94 9S 96 97 98 99 9A •• 9C 90 9E 9F AO A1 A2 A3 A4 AS A6 A7 

4th line 04 OS 06 D7 DB D9 DA OB DC DD DE DF EO E1 E2 E3 E4 ES E6 E7 

Notes: 
(1) 80 - E7 are described in hexidecimal for DD RAM address. 
(2) Function setting of HD44 780 should be "N = "1 ", F = "0" (2 

lines of 5 x 7 + cursol). 
(3) DD RAM address is no series in line. Address setting is necessary 

to change the lines. 
(4) Circuit is equal to 40 characters by 2 lines type. 
(5) In case of executing shift, first line and third line are shifted con

tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transferred to first line. 

~HITACHI 205 

II) 

z 
0 

5 w 
rn 



2.5±0.5 

~ 

0 
+I 
:; 

~ 

0 
+I 

od 

206 

LM044L 
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Fig. 2 External dimension 

,...------------------------, 
v,,,,--l I v,,-1 v,,-, 
E--+---t 
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Fig. 3 Block diagram 
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( +SV) 

Voo- Vo 
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_;;. 
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Vss J; 

Unit: mm 

Ui±O.:! 

*IC height 

Fig. 4 Power supply 

Yoo-Vo: LCD driving voltage 
YR: 10kn-20kn 
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TIMING CHARACTERISTICS 

Item Symbol Test condition 

Enable cycle time tcyc Fig. 5, Fig. 6 

Enable pulse width PwEH Fig. 5, Fig. 6 

Enable rise/fall time tEr•tEf Fig. 5, Fig. 6 

RS, R/W set up time tAs Fig. 5, Fig. 6 

Data delay time tooR Fig.6 

Data set up time tosw Fig. 5 

Hold time tH Fig. 5, Fig. 6 

RS ) jl 2.2V 2.2V ~ K 1\ 0.6V o.6V j, 

IAS ~ 

R/W \ ~0.6V .J. 0.6V 

f'Wrn ~ 
IE.I 

E 
l' 2.2\' 

VI o.6\' 

? .,V 

~:~\' ~ 
-~ I-- tvs1r ~ 

DBo-DBi 2.2~y Val id Data ~2.2\' 
0.6V f\ J 0.6\' 

tcrc 

Fig. 5 Interface timing (data write) 

RS ) 2.2\' 2.2V ~ K 0.6V 0.6V.J 

1.4S ~ 

R/W 
2.2V 

K2V 

PWrn ~ 

E 
IJ.6V ll 2.2V N 2.2V 

0.6V-I J-- IEJ -- 1-- 1£, 
IDDR ~ 

DB0-DB1 2.4Vy Val id Data )(2.4V 
0.4V 1t _j 0.4V 

tcYc 

Fig. 6 Interface timing (data read) 
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Min. Typ. 

1.0 -
450 -

- -

140 -

- -

195 -

20 -

x\' 

0.6V 

Max. 

-
-
25 

-

320 

-
-

Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 
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• LM104L. ....... (16x2 line) 
• LM105L ........ (20 x 2 line) 
• LM107L. ....... (40 x 2 line) 
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SUMMARY 
• 16 Character x 2 lines 
• Built-in control LSI HD44780 type (see section 6). 
• + SV single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ........... 80W x 30H x 11 D (max.) mm 
Effective display area ............... 62W x 15.1 H mm 
Character size (5 x 10 dots) ........ 29.5W x 4.56H mm 

Pitch ............................. 3.55 mm 
Dot size ..................... 0.55W x 0.66H mm 
Weight . . . . . . . . . . .................... about 25 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (VDD-Vssl ........ 0 
Power supply for LCD drive (VDD-Vo) ..... 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . . . Vss 
Operating temperature (Ta) . . . . . . . . . . . . . 0 
Storage temperature (Tstg) . . . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta= 25°C, VDD = 5.0 V ± 0.25 V 

max. 
6.5V 
6.5 v 

VDD V 
50°C 
70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) .............. 0.6 V max. 
Output high voltage (VoHl (-loH = 0.2 mA) . 2.4 V min. 
Output low voltage (VoLl OoL = 1.2 mA) ... 0.4 V max. 
Power supply current II Do·) (VDD = 5.0 V) .. 2.0 mA typ. 

3.0 mAmax. 
Power supply for LCD drive (Recommended) (VDD-Vo) 

Du=l/16 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module~MPU) 
L: Data write (LCD module+-MPU) 

6 E H,H~L Enable signal 

7 DBO H/L 

8 DBl H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1), Note (2) 

12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-0peration or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 -DB, and DB0 -DB, are not used. Data transfer 
between the H D44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits !contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data atTa= 0°C 
at Ta= 25°C 
at Ta= 50°C 

................... 4.6 v typ. 

................... 4.4 v typ. 

. . . . . . . . . . . . . . . . . . . 4.2 v typ. (3) 

buses of DB0 -DB 7 • 

Effective display area 

OPTICAL DATA ......................... See page 15. 
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Fig. 1 External dimension 
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TIMING CHARACTERISTICS 

Item 

Enable' cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DBo-DB1 

212 

Symbol Test condition Min. Typ. Max. 

tcyc Fig. 5, Fig. 6 1.0 - -
PwEH Fig. 5, Fig. 6 450 - -

tEr• tEf Fig. 5, Fig. 6 - - 25 

tAs Fig. 5, Fig. 6 140 - -
tooR Fig. 6 - - 320 

tosw Fig. 5 195 - -
tH Fig. 5, Fig. 6 20 - -

)
j[2.2v 

l\0.6V ---
2.2\'~K 
11.6\' '-----------

!AS 

\o.6\' _j_ 11.6\' 

f'\\';;H ~ 

1 /'"2-.2-\·------2-.2=;~ 11:1 

j{ 11.6\' ll.6\' \ 0.6\' 
l'---------'I 

i---1=/l=Sll'-' ---<..i ~ 

2'2\)J[ \'alid Data V 2·2\' 

--------+---o._6\_,' f\.'--------1~>.6\' 

tcrc 

Fig. 5 Interface timing (data writel 

v 2.2\' ., '>\' v' 
___ __,_/'

1
,._o._6\_' _____________ ,_1.0_\__,.ft\...._ _________ _ 

t.1.s ~~ 

,____,} 
2.2V 

}, 2.2V ~ 2.2\' 

0.6V /I _______ ..,,..,_, 1-- 10' tovu 
0.6\' -f\i-r-_tf._:1 _______ -'I 0.6\' 

2'4V)'f Valid Data ~K2 ·4 \' 
0.4V 11\., _____ _,_j ... 1_1.4_\_· -----+----

Fig. 6 Interface timing (data read) 
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SUMMARY 
• 20 Character x 2 lines 
• Built-in control LSI HD44780 type (see section 6). 
• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ............ 95W x 30H x 11T (max.) mm 
Effective display area ............. 76. 7W x 15.1 H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 

Pitch .......................... 3.7 mm 
Dot size ..................... 0.6W x 0.65H mm 
Weight ........................... about 50 g 

ABSOLUTE MAXIMUM RATINGS min. 
Power supply for logic (V00 -V55 ) .... - • 0 
Power supply for LCD drive 

(V00 -V0 ) .................•. 0 
Input voltage (Vi) ............. - •. V55 

Operating temperature (Ta) . . . . . . . . . . . . O 
Storage temperature (Tstg) . . . . . . . . . . -20 

ELECTRICAL CHARACTERISTICS 
Ta = 25°C, V00 = 5.0 V ± 0.25 V 

max. 
6.5 v 

6.5 v 
Voo V 

50°C 

70°C 

Input "high" voltage (ViH) .............. 2.2 V min. 
Input "low" voltage (ViL) •............. 0.6 V max. 
Output high voltage (V0 H) (-loH = 0.2 mA) .. 2.4 V min. 
Output low voltage (VoL) (loL = 1.2 mA) .... 0.4 V max. 
Power supply current (100 I (V00 = 5.0 VI .. 2.0 mA typ. 

3.0mAmax. 
Power supply for LCD drive (Recommended) (V00 -V0 ) 

Du=1/16 
at Ta= 0°C .............. 4.6 V typ. 
at Ta= 25°C ............. 4.2 V typ. 
at Ta= 50°C ......•...... 3.5 V typ. 

OPTICAL DATA ......................... See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-i>MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-i>L Enable signal 

' 7 DBO H/L ' 
8 DB1 H/L 

9 D82 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1), Note (2) 

12 DB5 H/L 

13 D86 H/L 

14 DB7 H/L 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 -DB 7 and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB7 when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

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

Unit: mm 

Fig. 1 Display pattern 
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Fig. 3 Block diagram 
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Fig. 4 Power supply 

C!>HITACHI 

11·0~AX. 

5.3±0.5 

.11.1.0±0.3 

r 
Note:Effective display area 
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TIMING CHARACTERISTICS 

Item Symbol Test condition Min. 

Enable cycle time tcyc Fig. 5, Fig. 6 1.0 

Enable pulse width PwEH Fig. 5, Fig. 6 450 

Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 -

RS, R/W set up time tAs Fig. 5, Fig. 6 140 

Data delay time tooR Fig.6 -

Data set up time tosw Fig. 5 195 

Hold time tH Fig. 5, Fig. 6 20 

RS ) I[ 2.2V 2.2V K I\_ 0.6V 0.6V ~ 

!AS ~ 

R/W \ 0.6V j_ 0.6V 

PWrn ~ 
IEJ 

E J2.2v 
0.6V 

2.2V~ 
0.6V 

~ I-- IDSW tH 
f4----

DB0-DB1 

---
2.2vy l<2.2V Val id Data 
0.6V I\ J 0.6V 

ICYc 

Fig. 5 Interface timing (data write) 

RS ) If 2.2v 2.2v\ < T\. 0.6V 0.6V .J 

lAS ~ 

2.2V 2.2V 
R/W 

PWrn ~ 

0.6V II 2.2V l 2.2V 
0.6V-1 ~tEJ E 

-- 1--- t £, 
tooR ~ 

DBo-DB1 2.4V) l(2.4V Val id Data 
0.4V j 0.4V 

f-· tcrc 

Fig. 6 Interface timing (data read) 
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LM107L---------
• 40 character x 2 lines 
• Controller LSI HD44780 is built-in (see section 6). 
• +5V single power supply 

MECHANICAL DATA (Nominal dimensions) 
Module size ............ 170 x 30 (max.) x 11 (max.) mm 
Effective display area .............. 152.6W x 15.1 H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 
Character pitch ........................ 3.7 mm 
Dot size ............•........ 0.6W x 0.65H mm 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . about 65g 

ABSOLUTE MAXIMUM RATINGS 
min. 

Power supply for logic (V00 -V55 ) ...... 0 
Power supply for LCD drive (V00 -Vo) .... 0 
Input voltage (Vi) . . . . . . . . . . . . . . . . . V55 

Operating temperature (Ta) . . . . . . . . . . . . 0 
Storage temperature (Tstg) . . . . . . . . . . . -20 

ELECTRICAL CHARACTRISTICS 
Ta=25°C, V00=5.0V ±0.25V 

max. 
6.5 v 
6.5V 

Voo V 
50°C 
70°C 

Input "high" voltage (ViH) . . . . . . . . . . . . . . 2.2V min. 
Input "low" voltage (V1d .............. 0.6V max. 
Output "high" voltage (V0 H) (-1 0 H=0.2mA) . 2.4V min. 
Output "low" voltage (V0 d (1 0 L =1.2mA) ... 0.4V max. 
Power supply current (1 00 ) (V00=5.0V) .•. 3.0 mA typ. 

4.0 mAmax. 
Power supply for LCD drive (Recommended) (V00 -Vol 

Duty= 1/16 
Ta=0° C ...................... 4.6 V typ. 
Ta=25°C ..................... 4.4 V typ. 
Ta=50°C ..................... 4.2 V typ. 

OPTICAL DAT A ...••••....•••.•••..• See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 V55 - ov 
2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPUI 
L: Data write (LCD module+-MPUI 

6 E H, H-+-L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 
Data bus line 

11 DB4 H/L Note (1 ), (21 
12 DB5 H/L 

13 DB6 H/L 

14 DB7 H/L 

Notes: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB. -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

121 When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

3.7 

oooao ODD 0 

Unit: mm 

Flg.1 Display pattern 
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170 0±0 5 

167 .O:t0.3 11.0MAX. 

155.1±0.5 

147.S±<J.2 
5.3±0.5 

3.0±0.3 

DO '\.SeaiinJt area - - - - O ;Go~ fnfru 

tj=t~P-°-~·~~---~---~-~-~-Ui~~~-~~-~-~~~-~~-~~-~o~,~t~~~ Q!/' 
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Note 

,, : 12±51 •c c:s u 
JI 

Fig. 2 External dimension 
Note: Effective display area 

------- --------- ------------~-~ -----
E 

RIW ----'----.! 

RS 
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Voo 

Vo 
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LCD-II 
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4 

Fig. 3 Block diagram 
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~ Yoo-Vo: LCD driving voltage 
VR: 10kn-20kn 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse Width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

218 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

tH 

)~2.2V 
It 0.6V ---

\o.6V 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 6 

Fig. 5 

Fig. 5, Fig. 6 

_.iJ 0.6V 

i--~~~~P~W~E~"~~~~ ~ 
IE/ 

I/ 2.2V 
_______ J,,f

1 
0.6V 

2.2V I\ 
0.6V 

~ f--

Valid Data 2.2v~~ ~K2.2v 
___________ o._Bv_, t\....__ _____ _,J o.6V 

-- tcrc 

Fig. 5 Interface timing (data write) 
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!AS ~ 

J 
2.2V );r\2V 

PWEH ~ 

0.6Vj 
2.2V l I\ 2.2V 

0.6V- 1--tEJ - f-- !£, IDDR 

~ 

2.4Vy 
0.4V 

Valid Data )(2.4V 
j 0.4V 

f-· tcrc 

Fig. 6 Interface timing (dlta read) 
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LM087LN~---------------
FEATURES 

• 16 character x 1 line w/LED backlighting 
• Built-in controller LSI HD44780 type (see section 6). 
• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size .............. 90.0W x 36H x 14D (max.) mm 
Effective display area ................. 64.5W x 13.BH mm 
Character size (5 x 7 dots) ............ 3.07W x 5.73H mm 

Pitch ..................................... 3.77 mm 
Dot size ........................... 0.55W x O. 75H mm 
Weight .................................... about 25 g 

ABSOLUTE MAXIMUM RATINGS 

min. 
Power supply for logic (V00 - Vss).. . . . . . . . . . . O 
Power supply for LCD drive (V00 - V0 ). . . . . . . . . O 
Power supply for LED ..................... . 
Input voltage (Vi) . . . . . . . . . . . . . . . . . . . . . . . . . . V ss 
Operating temperature (Ta). . . . . . . . . . . . . . . . . . O 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0 V ±0.25 V 

max. 
7.0V 

13.5 v 
60mA 

Voo V 
50°C 
70°C 

Input "high" voltage (ViH) ..................... 2.2 V min. 
Input "low" voltage (V1L) ...................... 0.6 V max. 
Output high voltage (VoH) HoH = 0.2mA) ......... 2.4 V min. 
Output low voltage (Vod HoL = 1.2mA) .......... 0.4 V max. 
Power supply current (1 00) (V00 = 5.0 V) ......... 1.0 mA typ. 

3.0 mA max. 
Power supply LED (VLED = 5.0 V) ....... ' ....... 30 mA typ. 
Power supply for LCD drive (Recommended) (Voo - Vo) 

Du = 1/16 

900 

7.5± 0.3 75.0±0.3 

8.5 73.5±0.3 

13.0±0.3 

M 2.54 Pitch 

Ta = 0°C .............................. .4.6 V typ. 
Ta = 25°C ............................... 4.4 v typ. 
Ta = 50°C .............................. .4.2 v typ. 

OPTICAL DATA . ...................... See page 15 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - OV 

2 Voo - +SV Power supply 

3 Vo - -
4 RS H/L L : Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-->MPU) 
L : Data write (LCD module+- MPU) 

6 E H, H-->L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L Data bus line Note (1), Note (2) 
11 DB4 H/L 

12 DBS H/L 

13 DB6 H/L 

14 DB7 H/L 

15 VLED - +SV I Power supply 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of D84 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB, when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

7.6max 

4.0 m 
Nole 15,P1.0 

0 

, TI _L 1 ~ 0 

J " .,; 

Ml 
0 
~ -v 0 

0000000000000~ id +I 

= 0 o=h ill 
.,; 

M M 

~r 
0 0 

0[~~~~~~=~=====---====~-1] 
+-- 1-----~ 

~ 
~ 

"' ~ 
~ 4= o= v- .... 

0 
.,; 

I 
+ 

' 4-A2.0 

~I 59.62±0.1 

~H J--''~ ~ ~ 
64.5±0.3 14.0 max 

4-2.8±0.2 

D 

Fig. 1 External dimension 
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Voo 
( +SV) 

t Voo-Vo w 
....I 

Vo VA ::> 
c 
0 Voo 
::E 
c 

Vss (.) 
....I 

VLED 
Voo-Vo:LC Driving Voltage 

VA: 10KO - 20KO 

LED 
Fig. 4 Power supply 

TIMING CHARACTERISTICS 

Item Symbol Test condition min. typ, max. Unit 

Enable cycla time tcyc Fig. 5, Fig. 6 1.0 - - µs 

Enable pulse width PwEH Fig. 5, Fig. 6 450 - - ns 

Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 - - 25 ns 

RS, R/W set up time tAs Fig. 5, Fig. 6 140 - - ns 

Date delay time tooR Fig.6 - - 320 ns 

Data set up time tosw Fig.5 195 - - ns 

Hold time tH Fig. 5, Fig. 6 20 - - ns 
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) jl 2.2V 2.2V V 
~~~ l~'-o_.6V~~~~~~~~~~~~-0-.6-V_,1'\_,_~~~~~~~~~~ 

t,o.s 

\o.6V 

v(2.2v 
0.6V 

2.2V 

0.6V 

~ 

_.iJ 0.6V 

~I--

tcvc 

Fig. 5 Interface timing (data write) 

) r:2.2V 2.2V ( 0.6V 0.6V.J 

-- t,o.s ~ 

J 2.2V ~ 2.2V 

PWEH ~ 
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0.6V- !--- lEf 
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Fig. 6 Interface timing (data read) 
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LM086LN--------
FEATURES 

• 16 character x 2 lines w/LED backlighting 

• Built-in controller LSI HD44780 type (see section 6). 

• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size ................ 90W x 36H x 14D (max.) mm 

Effective display area ................. 64.5W x 13.8H mm 

Character size (5 x 10 dots) ............ 2.95W x 3.8H mm 

Pitch ..................................... 3.65 mm 

Dot size ............................ 0.55W x 0.5H mm 

Weight .................................... about 25 g 

ABSOLUTE MAXIMUM RATINGS 

min. 

Power supply for logic (VDD - Vss) . . . . . . . . . . . . 0 

Power supply for LCD drive (VDD - V0 ). . . . . . . . . 0 

Input voltage (Vi) .......................... Vss 

Operating temperature (Ta). . . . . . . . . . . . . . . . . . O 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, VDD = 5.0 V ±0.25 V 

max. 

7.0V 

13.5 v 
VDD V 
50°C 

70°C 

Input "high" voltage (ViH) ..................... 2.2 V min. 

Input "low" voltage (V1d ...................... 0.6 V max. 

Output high voltage (VoH) HoH = 0.2mA) ......... 2.4 V min. 

Output low voltage (Vod HoL= 1.2mA) .......... 0.4 V max. 

Power supply current (VDD = 5.0 V) ............. 30 mA typ. 

Power supply for LCD drive (Recommended) (VDD - Vo) 

Du = 1/16 

7.5±0.3 

8.5 

2.54 Pitch 

" '" H- g; ~ 

90.0 

75.0±0.3 

73.5±0.3 

Ta = 0°C .............................. .4.6 V typ. 

Ta = 25°C .............................. .4.4 v typ. 

Ta = 50°C .............................. .4.2 V typ. 

OPTICAL DATA .....•................ See page 15. 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 

2 VDo - +5V Power supply 

3 Vo - -
4 RS H/L L: Instruction code input 

H: Data input 

5 R/W H/L H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 
I 7 DBO H/L 

8 DB1 H/L 
9 DB2 H/L 
10 DB3 H/L Data bus line 
11 DB4 H/L Note (1), Note (2) 
12 DB5 H/L 

13 DBS H/L 
14 DB7 H/L 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB1 • 

7.6 max. 

~4.0max. 

Note 

Tt=t===1:3:'=llffooo:>oooo~o~ --1 p 
=""IT LJ = 

224 

Unit: mm 
Scale: NTS 

~ 
!'1 "l 0 !» ~ 

:; "' .. H- I+ 

"' 
p p 

"' "' 
m-...i•T=F= _n_ ==== _fl_ =:l=I 

i1t-~~--------__,Hl~-il f--' 

~ fo- 57.7±0.1 
1 
.. ~ 

~ 4.8±0.3 3.4±0.3 4-2.8±0.2 

0 64.5±0.3 

~~rfl~1n~h~0~.W-tS~\~0 3z~Jb~ 
---'1-"'4.0 max. 

Fig. 1 External dimension 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

226 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAS 

tooR 

tosw 

2.2V 

0.6V 

0.6V 

tH 

IAS 

2.2\' 
11.6\" 

2.2V 

0.6V 

LM086LN 

Test condition 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig. 5, Fig. 6 

Fig.6 

Fig. 5 

Fig. 5, Fig. 6 
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2.2V 
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Fig. 5 Interface timing ldata write) 

IH 

2.2\' 
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-
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-
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-

0.6V IEJ 

IE, ~--------- 0.6V 
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2.4V 
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2.4V 

0.4V 0.4V 

~---·-- tcyc 

Fig. 6 Interface timing (data read) 
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LM093LN--------
SUMMARY 

• 16 character x 2 lines w/LED backlighting 
• Built-in controller LSI HD44780 type (see section 6). 
• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size .............. 90W x 44H x 13.8D (max.) mm 
Effective display area .................. 61W x 16.3H mm 
Character size (5 x 7 dots) ............ 2.96W x 4.86H mm 

Pitch ..................................... 3.55 mm 
Dot size ........................... 0.56W x 0.66H mm 
Weight .................................... about 25 g 

ABSOLUTE MAXIMUM RATINGS 

min. 
Power supply for logic (V00 - Vss). . . . . . . . . . . . O 
Power supply for LCD drive (V00 -V0 )......... O 
Power supply for LED ..................... . 
Input voltage (Vi) .......................... Vss 
Operating temperature (Ta) . . . . . . . . . . . . . . . . . . 0 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0 V :1:0.25 V 

max. 
7.0V 

13.5 v 
160mA 
V00 V 

50°C 
70°C 

Input "high" voltage (V1H) ..................... 2.2 V min. 
Input "low" voltage (V1L) ...................... 0.6 V max. 
Output high voltage (VoH) HoH = 0.2mA) ......... 2.4 V min. 
Output low voltage (Vod HoL = 1.2mA) .......... 0.4 V max. 

3.0 mA max. 
Power supply LED (VLED = 5.0 V) ............... 80 mA typ. 
Power supply for LCD drive (Recommended) (V00 - V0 ) 

Du = 1/16 

5.5±0.5 .l 

14.5±0.5 l 
"' 0 
~ 

ii 
~ I 

(24) 

90.0± 1.0 

79.0±0.5 

56.2±0.2 

61.0±0.3 

Ta = 0°C .............................. .4.6 V typ. 
Ta = 25°C ............................... 4.4 V typ. 
Ta = 50°C ............................... 4.2 v typ. 

OPTICAL DATA ••...•......••••..••... See page 15 

INTERNAL PIN CONNECTION 
Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +SV Power supply 

3 Vo - -

4 RS H/L 
L : Instruction code input 
H: Data input 

5 R/W H/L 
H: Data read (LCD module-+MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L Data bus line Note (1 ), Note (2) 
11 DB4 H/L 

12 DBS H/L 

13 DBS H/L 

14 DB? H/L 

15 VLED - +SV Power supply 

Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-oparation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, tlata is transferred using only 4 

buses of 084 - DB, and 080 -083 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit_data is 
transferred twice. Data of the higher order 4 bits (contents of 
oe. -oe, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of 080 -081 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data ii transferred using 8 data 
buses of 080 -oe,. 

"' 0 
+' 0 
.; 

13.B max. 

7.5± 0.5 
-i---+o>-+-

r'99 LJ = LJ I=-" 

Unit: mm 
Scale: NTS 

"' 0 
+' 
"' \!! 

"' 0 
~ 

"' 

13.2±0.5 
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~ 
15 

' 

o-· ~=t 
~'in 

~ ~ 
Q__ " ~ 
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inn llJlJUl..llAJtnnilll. 

~_/~ 7 4-o2.5 

1.6±0.2 4.0 max. 
Note 

2.54 Pilch 

75.0±0.5 
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Fig. 1 External dimension 
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Unit: mm 
Scale: NTS 

rDDD 
56.2 J 

Fig. 3 Display pattern 

Voo 
( +5V) 

t Voo-Vo w > 
__J 

Vo > VR ::::i < 0 

JVoo 
0 
~ 
0 

Vss ..... () 

rh I __J 

VLED -r-

Voo-Vo:LC Driving Voltage 

VR: 10KO - 20KO 

LED 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DBo- DB1 

RS 

R/W 

E 

DB0-DB1 

Symbol Test condition min. typ. max. 

tcyc Fig. 5, Fig. 6 1.0 - -
PwEH Fig. 5, Fig. 6 450 - -

tEr• tEf Fig. 5, Fig. 6 - - 25 

tAs Fig. 5, Fig. 6 140 - -
tooR Fig. 6 - - 320 

tosw Fig. 5 195 - -
tH Fig. 5, Fig. 6 20 - -

) jl 2.2V Z.2V ~ K lt 0.6V 0.6V j, 

IAS ~ 

\ 0.6V .J. 0.6V 

PWEH ~ 
tEJ 

v: 
2.2v'ri_ X.v V 2.2V 

0.6V 0.6V 

~ I-- tosw ~ 
2.2vy 
0.6V f\. 

Valid Data 1<2.2V 
_J 0.6V 

tcrc 
~ 

Fig. 5 Interface timing (data write) 

V 2.2V 2.2V ',/ 

----•_,f'll'-0._6'_.r __________________________ o_.6_v_,_1i~'----------------------

/2.2v _____ _, 

t;s 

11 2.2V 
0.6V 

PWrn 

~ 

2.2V 

'I 2.2V 
0.6V-N-IE/ -----------------'! 0.6V 

~ 

Val id Data 2.4v)j{ ~K2.4v 
o.4V tt_1.._ _________ .11 '-o_.4_v ________ -+-----

Fig. 6 Interface timing (data read) 
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SUMMARY 

• 20 character x 2 lines w/LED backlighting 
• Built-in controller LSI HD44780 type (see section 6). 
• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size ............... 126W x 39H x 14D (max.) mm 
Effective display area .................. 83W x 18.6H mm 
Character size (5 x 7 dots) ............. 3.2W x 4.85H mm 

Pitch ...................................... 3. 7 mm 
Dot size ............................ 0.6W x 0.65H mm 
Weight .................................... about 25 g 

ABSOLUTE MAXIMUM RATINGS 

min. 
Power supply for logic (Voo - Vss). . . . . . . . . . . . 0 
Power supply for LCD drive (Voo - Vo). . . . . . . . . 0 
Power supply for LED ..................... . 
Input voltage (Vi) .......................... V88 

Operating temperature (Ta) . . . . . . . . . . . . . . . . . . O 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta = 25°C, V00 = 5.0 V ±0.25 V 

max. 
7.0V 

13.5 v 
220mA 
V00 V 
50°C 
70°C 

Input "high" voltage (V1H) ..................... 2.2 V min. 
Input "low" voltage (V1L) ...................... 0.6 V max. 
Output high voltage (VoH) HoH = 0.2mA) ......... 2.4 V min. 
Output low voltage (Vod HoL = 1.2mA)~ ......... 0.4 V max. 

3.0 mA max. 
Power supply LED (VLED = 5.0 V) .............. 110 mA typ. 
Power supply for LCD drive (Recommended) (V00 - Vo) 

Du = 1/16 
Ta = 0°C .............................. .4.6 V typ. 

2.5 2.54 

"' IC'" i ~ 
_J_ 

15-~~ v 
._!6 

100.0 

95.0 

Ta = 25°C ............................... 4.2 V typ. 
Ta = 50°C ............................... 3.5 V typ. 

OPTICAL DATA •••..•.•••.•••.•.•...•. See page 15 

INTERNAL PIN CONNECTION 

Pin No. S.ymbol Level Function 

1 Vss - OV 

2 Voo - +5V Power supply 

3 Vo - -
4 RS H/L 

L : Instruction code input 
H: Data input 

5 R/W H/L 
H: Data read (LCD module--+MPU) 
L: Data write (LCD module+-MPU) 

6 E H, H--+L Enable signal 

7 D80 H/L 

8 D81 H/L 

9 D82 H/L 

10 D83 H/L 

11 D84 H/L Data bus line Note (1 ), Note (2) 
12 D85 H/L 

13 D86 H/L 

14 D87 H/L 

15 VLED - +5V Power supply 

16 N.C. - -
Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB 3 are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
oe. -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB3 when interface 
data is 8 bits long). 

(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

14.0max. .. 
7.6 max. .. 
"'1 

J_ ~ 

_\. -~ ''1,1! *= ill ~ 
111111111111111111111 

0 QI;~~ I 

e t== ~ a> o..., I 
o I 

~ :s. 11 ±- 2 , 8 ~~ 

b 
[\ :: 

t 2.5 "' 
0 (4.75) 73.S:t0.2 l~ 

"' 27.5 - 83.0±0.3 

14.0 108.0±0.3 4.0 max. 
Note 

126.0± 1.0 

~ L'.J L'.J ~ 
Unit: mm 

Fig. 1 External dimension 
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E 

R/W---+-- 16 LCD 
RS 

DB0 

Voo---. 

LCD-II 

4 Driver Driver 

Vo 

Vss ----<•--:-~._____L_E_D_B_ac_k_li_g_ht_in_g _ __, 
VLEo-----_ _..j_: _____________________________ _ 

Fig. 2 Block diagram 

73.5 

3.7 

3.2 

0.6 ...IJ. 0.05 

~~f--~-Hfuoog b------------------c 
QDDDD I I 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO I I .._ ____ 15.__.0DDD o __________________ o 

DODOO 
DODOO 
DODOO 
DODOO 
DODOO 
DODOO 

0------------------0 
I I 
I I 
I I 
I I 
I I 

~ QDDDD 
.._r _____ _J_J.__.000 D I I o __________________ o 

Unit: mm 
Scale: NTS 

LED 

VDD 

Vo 

Vss 

Fig. 3 Display pattern 

t Voo--Vo 

Fig. 4 Power supply 

$HITACHI 

( +5V) 

VA 

VDD 

VDD-Vo:LC Driving Voltage 

VA: 10KO - 20KO 
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TIMING CHARACTERISTICS 

Item Symbol Test condition min. typ, max. Unit 
--

Enable cycle time tcyc Fig. 5, Fig. 6 1.0 - - µs 

Enable pulse width PwEH Fig. 5, Fig. 6 450 - - ns 

Enable rise/fall time tEr• tEf Fig. 5, Fig. 6 - - 25 ns 

RS, R/W set up time tAS Fig. 5, Fig. 6 140 - - ns 

Data delay time tooR Fig, 6 - - 320 ns 

Data set up time tosw Fig. 5 195 - - ns 

Hold time tH Fig. 5, Fig. 6 20 - - ns 

RS ) ll 2.2v Z.2V 

~ It 0.6V 0.6V 

IAS p 

R/W ~ 0.6V J. 0.6V 

PWEH ~ . L IE/ 

(2.2v 2.2v°1J 
J{6V 0.6V 0.6V k_ 

E 

~ f-- tosw ~ 

DB0-DB1 2.2V> 'K:2.2V Valid Data 
0.6V t\_ _J 0.6V 

tcrc 

Fig. 5 Interface timing (data writel 

RS ) 2.2V 2.2V~ K 0.6\' 0.6V_J,, 

lAS ~ 

R/W 
2.2V )K2v 

PWi:n ~ 

E 
o.6v} 

2.2V l N 2.2V 
0.6V- ,r.- 1£/ 0.6V 

--i ~!£, IDDR ~ 

DB0-DB1 2.4Vy 
0.4V ~ 

Valid Data \K.2.4V 
.J 0.4V 

tCYC r-

Fig, 6 lntarface timing (data readl 
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SUMMARY 

• 40 character x 2 lines w/LED backlighting 

• Built-in controller LSI HD44780 type (see section 6). 

• + 5V single power supply 

MECHANICAL DATA (Nominal dimensions) 

Module size ............ 192W x 35.5H x 15.5D (max.) mm 

Effective display area ................. 154W x 15.3H mm 

Character size (5 x 7 dots) ............. 3.2W x 4.85H mm 

Pitch ...................................... 3. 7 mm 

Dot size ............................ 0.6W x 0.65H mm 

Weight .................................... about 65 g 

ABSOLUTE MAXIMUM RATINGS 

min. 

Power supply for logic (VDD - Vss). . . . . . . . . . . . O 
Power supply for LCD drive (VDD - V0 ). . . . . . . . . 0 

Power supply for LED ..................... . 

Input voltage (Vi) .......................... Vss 

Operating temperature (Ta). . . . . . . . . . . . . . . . . . O 
Storage temperature (Tstg) .................. -20 

ELECTRICAL CHARACTERISTICS 

Ta= 25°C, VDD = 5.0 V ±0.25 V 

max. 

7.0 v 
13.5 v 

340mA 

VDD V 
50°C 

70°C 

Input "high" voltage (V1H) ..................... 2.2 V min. 

Input "low" voltage (V1L) ...................... 0.6 V max. 

Output high voltage (VoH) (-loH = 0.2mA) ......... 2.4 V min. 

Output low voltage (V0 L) (-loL = 1.2mA) .......... 0.4 V max. 

3.0 mA max. 

Power supply LED (VLED = 5.0 V) .............. 170 mA typ. 

Power supply for LCD drive (Recommended) (VDD - V0 ) 

Du = 1/16 
Ta = 0°C .............................. .4.6 V typ. 

2.5 2.54 

t _l 

Ta = 25°C .............................. .4.4 V typ. 

Ta = 50°C .............................. .4.2 V typ. 

OPTICAL DATA . ...................... See page 15 

INTERNAL PIN CONNECTION 

Pin No. Symbol Level Function 

1 Vss - ov 
2 Voo - +SV Power supply 

3 Vo - -

4 RS H/L L : Instruction code input 
H: Data input 

5 R/W H/L H: Data read (LCD rnodule-+MPU) 
L: Data write (LCD rnodule+-MPU) 

6 E H, H-+L Enable signal 

7 DBO H/L 

8 DB1 H/L 

9 DB2 H/L 

10 DB3 H/L 

11 DB4 H/L Data bus line Note (1), Note (2) 
12 DBS H/L 

13 DB6 H/L 
14 DB7 H/L 

15 VLED - +SV Power supply 

16 N.C. - -
Note: 
In the HD44780, the data can be sent in either 4-bit 2-operation or 
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's. 
( 1 l When interface data is 4 bits long, data is transferred using only 4 

buses of DB4 - DB, and DB0 -DB3 are not used. Data transfer 
between the HD447BO and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB4 -DB, when interface data is 8 bits long) is transferred first 
and then lower order 4 bits (contents of DB0 -DB 3 when interface 
data is 8 bits long). 

(2) When interface data is B bits long, data is transferred using 8 data 
buses of DB0 -DB,. 

76max 

~I 
4.0 max. r Note 

= 0 ================== 0 =-~ 1;=lfd-

I I I I I I I I I I I 111111111111111111111111111111 11 

"=l======================================"="-g;-+-
3.3 

147.5±0.2 

26.7 .... 154.0±0.3 

21.5 .... 163.5±0.3 

13.5~ 175.0±0.3 

192.0± 1.0 

Fig. 1 External dimension 
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"' I+ 

0 

kl 
"' 

"' "' "' 3 
~ 

fblb y 

~ 
1.6±0.2 

15.5m ax. 

Note: IC Height 
Unit: mm 
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E 

RIW-~-

RS 
DB0 

D87 

I 
Voo~ 

LCD II 

CL1 
CL2~--~, 

LM092LN 

Driver 

M.D '--------' 

Driver Driver Driver 

I 
Vo -+j 

Vss -[~~~-L_E_D_B_ac_k_li_g_ht_in_g_~ 
VLEo-----' 

l3 
ci , 

~ 

"' "'q 
"'0 
u; 

Unit: mm 
Scale: NTS 

w 
...J 
::> 
Cl 
0 
:E 
Cl 
u 
...J 

LED 

Fig. 2 Block diagram 

1475 
~ 

3.7 

3.2 

0.6 0.05 

Jboo~ 0------------------c 
DODOO I I 
DODOO I I 
DODOO I I 
DDDDD I I 
DDDDD I I 
DDDDD I I 
DODOO O __________________ D 

DODOO 0------------------0 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO I I 
DODOO o _______________ __ D 

Fig. 3 Display pattern 

VDD 
( +5V) 

t Voo-Vo 
Vo VR 

VDD 

Vss 

VLED 
VDD-Vo:LC Driving Voltage 

VR: 10KO - 20KO 

Fig. 4 Power supply 
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TIMING CHARACTERISTICS 

Item 

Enable cycle time 

Enable pulse width 

Enable rise/fall time 

RS, R/W set up time 

Data delay time 

Data set up time 

Hold time 

RS 

R/W 

E 

DB0-DB1 

RS 

R/W 

E 

DB0-DB1 

Symbol 

tcyc 

PwEH 

tEr• tEf 

tAs 

tooR 

tosw 

tH 

) '{.2.2v 
!\. 0.6V ---

tAS 

\o.6V 

v . 

Test condition min. typ. 

Fig. 5, Fig. 6 1.0 -
Fig. 5, Fig. 6 450 -
Fig. 5, Fig. 6 - -
Fig. 5, Fig. 6 140 -

Fig.6 - -
Fig.5 195 -

Fig. 5, Fig. 6 20 -

_1 0.6V 

PWEH ~ 

V:,..2_2_V ______ _.2.=2;~,\r\_ IE/ 

0.6V 0.6V .J 0.6V 
~ I-- tos•·I ~-IH--------1 

Valid Data 2.2V~jl lKJ2.2V 
__________ o._Gv_, f\"-_____ _,i o.6V 

tcrc 

Fig. 5 Interface timing (data write) 

) 2.2V 

0.6V 

IAS 

) 2.2V 

PWEH 

l f.2.2v 
_______ 0.~6V~y1 

.- 1-- IE, IDDR 

2.2V K 0.6VJ1 

~ 
), 2.2V 

~ 2.2V 
0.6V-N:- tEJ .._----------'! 0.6V 

~ 

max. 

-
-
25 

-
320 

-
-

z.4VV Valid Data llK2·4V 
_______ __,i--___ o_.4_V~J 1t._ ~ ~o_.4_v ______ ..... ___ _ 

1----------t_cr~c ________ __... 

Fig. & Interface timing (data rud) 
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Unit 

µs 

ns 

ns 

ns 

ns 

ns 

ns 
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• HD44780 Controller Data for Hitachi Character 
LCM's 

e CB1020R • CB1026R • CB1030R • CB1040R • 
Hitachi Graphics LCM Controller Card includ
ing HD61830 • HD61830B 
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HD44780 

HOW TO USE HITACHI'S BUILT -IN CONTROLLER DRIVER 

LCD-II (HD44780) DOT MATRIX LCD MODULE 

• INTRODUCTION 

The LCD-II (HD44780) 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 crys
tal display drive are internally provided on one chip. 
The user can complete dot matrix liquid crystal display sys
tems with less number of chips by using the LCD-II (HD44780). 
If a driver LSI H D441 OOH is externally connected to the 
HD44780, up to 80 characters can be displayed. 
The LCD-II is produced in the CMOS process. Therefore, the 
combination of the LCD-II with a CMOS microcomputer or 
microprocessor can accomplish a portable battery-drive 
device with lower power dissipation. 

1. Applicable type 

(1) 1 line series 
LM054 • H2570 • LM015 • LM568AF • LM020L • LM070L • 
LM038 • LM027 • H2571 • LM058 

(2) 2 line series 
LM052L • LM016L • LM032L • LM060L • LM017L • LM018L • 
LM075L • LM074L • LM068L • LM061 L 

(3) 4 lines series 
LM041 L • LM044L 

(4) Compact version 
LM104L • LM105L • LM107L 

2. Connecting MPU with LCM 

2.1 Driver circuit block diagram 
Figure 1 shows the driver circuit block diagram of LCM with 
built-in controller LSI. Controller LSI HD44780 (LCD-II) is 
built-in this LCM. Also extended LCD driver LSI is built in 
the LCM that displays more than 16 digits. 

• FEATURES 

• 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 x 7 dots: 160 characters 
Character font 5 x 10 dots: 32 characters 

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

• 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) 

Liguid crystal disply module 

r----~ r---~----------------------------------~ 
I I I s nrl6 I 
I I I I 
I R/! LCD I 
I I 
I RS I 

II MPU DBo I HD44780 .. ( ',-> II 
/ (LCDll) I I 

I D~I r_i_i_~ I 
I I I I 
I V00~ LCD 1 LCD I I 
I ~;: : : 4 Driver LSI --------1'-...J Driver LSI : I 
I I I --------·1/ L ______ J : 

L _____ J L------- ------- __ ------------------- __ J 

Fig. 1 Driver circuit block diagram 
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2.2 Interfacing to MPU 
In the HD44780, data can be sent in either 4-bit 2-operation 
or 8-bit 1-operation so it can interface to both 4 and 8 bit 
MPU's. 

(1) When interface data is 4-bits long, data is transferred 
using only 4 buses: DB4 - DB 7 • DB0 - DB3 are not 
used. Data transfer between the HD44780 and the MPU 
completes when 4-bit data is transferred twice. Data of 
the higher order 4 bits (contents of DB4 - DB 7 when 
interface data is 8 bits long) is transferred first, then the 

lower order 4 bits (content of DB0 - DB3 when interface 
data is 8 bits long) is transferred. Check the busy flag 
after 4-bit data has been transferred twice (one instruc
tion). A 4-bit 2-operation will then transfer the busy flag 
and address counter data. 

Instruction(lR) write Busy flay (BF) and 

address counter (AC) read 

Data register (DR) read 

Fig. 2 4-bit data transfer example 

(2) When interface data is 8 bit long, data is transferred using 
the 8 data buses of DB0 - DB 7 • 

2.3 Interface to MPU 
(1) Interface to 8-bit MPU 

R/W------

E 

Internal----.J Internal operation 

No 
DB,~ Data m Busy W//0/BusyW/?/Z).Busyf:/Z);i Data m 

Instruction wrire I Busy flag check I Busy flag check I Busy flag check I Instruction write 

Fig. 3 Example of busy flag check timing sequence 

G) When connecting to 8-bit MPU through PIA 
Fig. 4 is an example of using a PIA or 1/0 port (for 
single chip microcomputer) as an interface device. Input 
and output of the device is TTL compatible. 
In the example, PB0 to PB 7 are connected to the data 

buses DB0 to DB 7 and PA0 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. 
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A11 cs, LCM 

A1• cs, PAt RS COM1 -

A11 cs. COM,, 

A1 RS, PA1 RAV 

HDUBOO Ao R.So PAo E 
HDH180 

l\IW l\IW SEG 1 -
VMA ~ E 

HD88Z l SEG 0 
¢, 8 

PB0-PB1 DBo-DB, 
DBo-DB, 8 

Do-D1 

Fig. 4 Example of interface to HD68BOO using PIA (HD68B211 

® Connecting directly to the 8 bit MPU bus line 

LCM 
VMA COM1 ~ ¢, 

LI 
E -COM1, 

A11 HD•• 7 8 o 

HD&SOO Ao RS 

IV R/'W 
SEG 1 •9 
-SE0.0 

-r 

Do-D, DBo-DB, 
8 

@ Example of interfacing to the HD6805 

LCM 

8 COM1 Ao-A, 7 DB0-DB1 -COMu 

HDt4 7 8 o 
HDG805 Co E 

c. RS SEG1 

c, R/W 
-SEO.o 

@ Example of interfacing to the HD6301 

P,. RS 
LCM 

COM1 
Pas R/W -COMu 

Pae E 
HD4 4? 80 

Hoeao i Pio DBo-DB, -Pi, 's 
SEG1 
-sEG•o 
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@ Example of interfacing to Z80 MPU 

zso® 
MPU 

HD44780 

LCM 
(LCD-D) 

V'-++tr+---------'' DBo 
v-HH-+--~~~~~v1nb 

(a) Above circuit is an example of connection with Z80 
MPU and HD44780AOO as an 1/0 equipment. It 
can be used as a part of memories by using MREQ 
signal. 

(b) AO signal can be used for RS signal. 
AO = 0: Instruction register is selected. 
AO = 1: Data register is selected. 

@ Example of interfacing to 80 CPU family 

10/M--lt ! t 

80#: 

----
Note: 280 is the trademark of ZILOG, U.S.A. 

(c) In order to check busy flag, transfer the data of 
DB0 - DB7 to A register (accumulator) by execut
ing In/Out instruction. After that, busy flag can 
be easily checked by examining DB 7 • 

E 

LCM 
(LCD-D) 

!---+---tT 

RD 
(74LS74) 

A Do DBo 
I 

DB 7 

Fig. 5 Example of connection with LCM being used as a part of memories on the determined addr-. 

Figure 5 is an example of connection with LCD module 
being used as a part of memories on the determined 
address. 
Generates RS signal (Register Select signal) by latching 
the content of AD0 at the rising edge of ALE signal. By 
using this method, you can obtain RS signal from the 
AD0 among 8 bit addresses generated at the clock of the 
first machine cycle. In case of using LCD module as an 

1/0 equipment, chip select signal is necessarily activated 
when 10/M signal is "High" level. 
Furthermore, by using AS for RS signal, the interface is 
easily realized. 
By both methods, busy flag can be checked by storing 
status data into A register (Accumulator) and examining 
the bit 7 by software. 
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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 1/0 port. If the 1/0 port has enough bits, 
data can be transferred in 8-bit lengths, but if the bits are 
insufficient, the transfer is made in two operations of 4 
bits each (with designation of interface data length for 
4 bits). In the latter case, the timing sequence becomes 

RS 

E 

Internal Internal operation 

somewhat complex. (See Fig. 6) 

Fig. 7 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. 

Inst.ruction write I Busy flag check I Busy flag check Instruct ion write 

(Note) IR7, IR3 : Instruction 7th bit, 3rd bit. 
AC3 : Address counter 3rd bit. 

Fig. 6 An example of 4 bit data transfer timing sequence 

Du RS 

D1• IV'\\' 
HMCS 

UC Du E 

LCM 

... 
R10-Ru DB.-DB1 

Fig. 7 Example of interface to the HMCS43C 

3. Precautions on constituting hardwares 

3.1 Chip select 
HD44780 has no CS (chip select) terminals. Therefore, when 
this LSI is connected directly to Data Bus line not through PIA 
and so on, add the circuit that inhibits the output of Enable 
signal at the address which is not assigned for HD44780. 

E 
A" 
A" E 
A" 
A 12 LCM 

Ao RS 

R/W R/W 

Fig. 8 Ex•mple of addresses (3000)16 - (3FFFl16 being assigned for 
HD44780 

3.2 Ability of driving bus line 
DB 0 to DB 7 can drive one TTL or capacitance of 130 pF. 
The data bus terminals have three-state constructions and re
main in high impedance state while Enable signal being low 
level. 
Since the data bus has pull up MOS, it outputs high level volt
age during the data bus being opened. 

3.3 Power supply voltage for liquid crystal display drive 
At Interface of liquid crystal display module, there are three 
power supply terminals, VDD· GND, and V0 . LCD module 
is driven by the voltage that is equal to V DD - V 0, when 
supplying power for liquid crystal display drive to V 0 terminal. 
Since suitable voltage of power supply for LCD shifts ac
cording to temperature change adjust supplying power to LCD 
by referring to Fig. 9 or Fig. 10. 
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( 1) Example of variable driving voltage by a variable resistance 
(VR) 
The driving voltage can be changed•by VR to compensate 
the influence of surrounding temperature. 

Yoo ----------~Von 

LCM 
----~Vo 

GND--___. __ _.... ____ ~ Vss .__ _____ _, 

Re-.omme11ded VH value 0~IOkD -211kD 

Fig. 9 Variable driving voltage circuit 

Table 1 

(2) Example of a thermal compensator circuit 
When setting the voltage, refer to Table-1 

YooF 
RL 
( 27 2k.l:I) 

Yo 

HT~J5kDITF0 25°C) 
8=4300 

LCM 

Fig. 10 Example of a thermal compensator circuit 

r------~-. Recommended driJ.:ingvoltageJ----· Typical circuit para.meter 
, Duty -~· '--- ---,------------.--------------; 
L , '<_Ta(°C)_ \_ylllJ-VD(V Vz(V) Rl(kQ) R21kQ) R3(kQ) 

0 

1 8 25 4.5 

50 3.3 

0 4.3 

1 / 11 25 3.9 4.5 
-------~------

50 3.3 

0 

16 25 5.0 

50 

4. Initialization 

4.1 Initializing by internal reset circuit 
The HD44780 automatically initializes (resets) when power is 
turned on using the internal reset circuit. The following in
structions are executed in initialization. The busy flag (BF) is 
kept in busy state until initialization ends. (BF= 1) The busy 
state is 10 ms after V cc rises to 4.5 V. 

( 1) Display clear 
(2) Function set ...... DL = 1 : 8 bit long interface data 

N = 0 : 1-line display 
F = 0 : 5 x 7 dot character font 

(3) Display ON/OFF 
control ......... D = 0 : Display OFF 

C = 0 : Cursor OFF 
B = 0 : Blink OFF 

(4) Entry mode set .... l/D = 1 : +1 (increment) 
S = 0 : No shift 

2.2 2.8 1.0 

-----

2.2 3.2 0.3 

------

0. 1 1. 3 0. 

(5) Write DD RAM 
When the rise time of power supply (0.2 --+ 4.5) is out of 
the range 0. 1 ms ~ 10 ms, or when the low level width of 
power OFF (less than 0.2 V) is less than 1 ms, the internal 
reset circuit will not operate normally. 
In this case, initialization will not be performed normally. 
Initialize by MPU according to "4.2 initializing by instruc
tion" at the head of program. 
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4.2 Initializing by instruction 

~!!,tk2~f.Cf~pery~,I~~~!!lo~,~ ... !or. ~?r.r:ctly, .. ?P.~rl!~irig t_he 
L"!~~~~},~~~~!"~.~~S.IJLt, C!~~ .. D?.t T.!!!~.ir;ii!J~fjz~!loriJwin~tr1Jctioci 

,JU!9Y . .tr:!id.. 
Use the followin,gprocf:!qu~!tforinitialization. 

~1"4i!t::~f.i'(~·~~,~~.·.~:;::.~.,..· .. :;::: .. ·,:,.,, - ·.. - - '' 

/ ( 1) When interface is 8 bits long;··, 
•,,"""""'-"' 

246 

( Power ON 

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

RS R/W DB1 DBs DBs DB4 DB3 DB2 DB1 DBo 

0 0 0 0 1 1 * * * * 

Wait more than 4.1 ms l 

RS R/W DB1 DBs DBs DB4 DB, DB2 DB1 DBo 

0 0 0 0 1 1 * * * * 

Wait more than 100 µs l 

RS R/W DB1 DBs DBs DB4 DB, DB2 DB1 DBo 

0 0 0 0 1 1 * * * * .,,. 

RS R/W DB1 DBs DBs DB4 Q,B3 DB2 DB1 DBo 

0 0 0 0 1 1 N F * * 
0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 I/D S 

Initialization ends 

Function set (interface is 8 bits long) 

n BF cannot be checked before this instruction. ] 

L Function set (interface is 8 bits long) 

BF cannot be checked before this instruction ] 

Function set (interface is 8 bits long) 

. ./ 

i, 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 2) 

function set 

display OFF 
[

Interface is 8 bits long. ] . . 
Specify the number of The number of display Imes 
d . 1 1. d h t and character font cannot be 

1sp ay mes an c arac er changed ft d font. a erwar s. 
clear display 

entry mode set 
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(2) When interface is 4 bits long 

c Power ON 

Wait more than 1 S ms 
after Yoo rises to 4.SV 

RS R/W DB1 DBs DBs 

0 0 0 0 1 

[ Wait more than l 4.1 ms 

RS R/W DB1 DBs DBs 

0 0 0 0 1 

r 
Wait more than J 100 µs 

RS R/W DB1 DBn DBs 

0 0 0 0 1 

RS R/W DB1 DBs DBs 

0 0 0 0 1 

0 0 0 0 1 

0 0 N F * 
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 1 I/D 

Initialization ends 

DB• 
1 

DB4 
1 

DB4 
1 

DB, 

0 

0 

* 
0 
0 

0 
1 

0 
s 

HD44780 

[ 
BF cannot be checked before this instruction. J 

Function set (interface is 8 bits long) 

II BF cannot be checked before this instruction. n 
L Function set (interface is 8 bits long) j 

n BF cannot be checked before this instruction. n 
L Function set (interface is 8 bits long) j 

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 2) 

Function set (set interface to be 4 bits long) Interface is 8 bits long 

function set 

display OFF 

clear display 

entry mode set 

[
Interface is 4 bits long. J 
Specify the number of 
display lines and character 
font. 

$HITACHI 

The number of display lines 
and character font cannot be 
changed afterwards. 
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5. Instruction 

5.1 Outline 
I 

e9!!t~r (DR an be direct coHfro~J!!~--· 
nor to internal operation start, control information is 

teniPOrarily stored in these registers, to allow interface from 
HD44780 internal operation to various types of MPUs which 
operate in diffe-rent speeds or to allow interface to peripheral 
control ICs. HD44780 internal operation is determined by 
signals sent from the MPU. These.signals include Ee~ister selec,
tion signals (RS), read/write signals (R/W) and data bus signals 
ltJBo ,.;:;.15s;·ririlarecal'ledlnstructions, here. Table 2 shows 
the instructions and their execution time. Details are ex-
plained in subsequent sections. 
Instructions are of 4 types, those that, l (1) Designate HD44780 functions such as display format, 

~ata lengthr etc;.., 
(2) Give internal RAM addresses. 
(3) Perform data transfer with internal RAM 
(4) Others 
In normal use, category (3) instructions are used most fre
quently. However, automatic incrementin , 1 Of~!: 
menting by -1) o 0 in,!ernal RAM addresses after 
each data write lessens the MPU progra~"Cllsl)fay 

...;'' .... ~-"~t~,..,.,..,,.,,,.~~.«)l'>,•~>"1r-~...,.,_,,~,,_.,,,."""",., 

shift is especially able to perform concurrently with display 
data write, ena6llng the use; t~ develop.systems in minimum 

..... ilfl/I Fl<~ll' "'""11-~··--··' .,- .. . """"'-----·---~~.._ 
t'iii'ie·w1th maximum pr~i!m!DJ.!1.!U~fficiency. For an explana-
iiOn m 'tt'l'e'"'m'ift'fimction in its relation to display I see 5.3. 
When an instruction is executing during internal operation, no 
-- ........ -..,.-•••• _"'.,,,· ,-<..- -~ __ ,.,., ••• ~.-•• , •• ·-·· .... • '.'. ···- .•f·: '- ., ... _,,. -~~ ~ ~.,,,,..,_ .. , ... ,. 

instruction other than the busy flag/address read instruction 
will be ;~~;~tecC . '''" --- - - . . . - -- . 
s;;;:;;·th~ busy, flag is set to "1" while an instruction i in 
executed, c ec to ma e -sure it is on 1" before sending an 

'i'fiStruction from the MPU. ' -·· · - · ., . -.....:.....::--

Note 1 
Make sure the HD44780 is not in the busy state (BF= 0) 
_.orr-~ni~Jti;J~~tr\:lct'io~-:Jfo, 
Hi544'78o. If the instruction is sent without checking 

"'the busy flag, the time between first and next instructions 
is much longer than the instruction time. See Table 2 for 
a list of each instruction execution time. 

Note 2 
After executing instruction of writing data to CG/DD 
RAM or reading data from CG/DD RAM, RAM address 
counter is automatically incremented by 1 (or decrement
ed by 1). In this case, this shift is executed after Busy 
Flag is set to "Low". tAoo is stipulated the time from 
the fall edge of busy flag to the end of address counter's 
renewal. 

Busy signal 
(BD_1) 

Address counter 
(DBo -DB1) 

Busy sta te::::l.._ ____ _ 
I 
I 

A l ~.__A_+_1 __ 

tADD depends on the operating frequency 

1.5 
tADD = ----(s) 

fcp or fosc 
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Table 2 Instructions 1 
··--- - -----------~-----~-------~~-------~------------~ ------r----'12 , \I 'Z, 1.-' Code 

Instruction ~l"\__S. J.. 
I 1-1: ~w DB7 DB6 DB5 DB4 

Description 

DB2 I DB1 DBO 

Execution time 
(when lose is 

250 kHz) 
Note 1 

Execution time 
!when lose is 

160 kHz) 
Note 2 

Clear display 0 0 0 0 0 0 0 0 
T Clears all display and returns the 

j cursor to the home position I a2 µs - 1 .64 ms 120 µs - 4.9 ms 

'i) -gooo J 
~------1--1----~I --+---+---+----lll---+---+--+---+-------------r,------

' 1 1 tion (Address O). Also returns the [ 

!Address 0). l_ 
I 1 

I Returns the cursor to the home posi- i 

Return home 0 [ 0 0 0 1 0 0 1 0 0 [ 1 • display being shifted to the origin;a~I ~I 40~ µ~s -~ 1.6 ms 
120 µs - 4.8 ms 

1-----1 ----+------+l---+------+l---+t---+----•---+----+l--+-~-i~~:i~:on~~dDO RAM contents remain ---+--

I Sets the cursor move direction and 

set These operations are performed I 
120 µs 

i1
Entry--m-

1

o_d_e··--+--O--+l-0 ___ --+-0-+--~-0-+----0-11---0-+--1 -+--1 -1 D specifies or not to shift the display. 
40 

µs 
1 

during data write and read. j 

\ I t Sets ON/OFF of all display (0), r----I 
I 

Display 'oN I 0 
OFF control 0 0 

1

. 0 0 I 0 0 1 D C B cursor ON/OFF (Cl, and blink of 40 µs -- -12·0--µs-
I cursor position character (B). I 

L ' - I 
\ t------t------1----,1----i1---+--M-o-v-es--t~e-:r-so_r_a __ n_d_s_h_1f--t-s-th_e _____ _,T ___ _ 

I ~.:;·,:; '.=-+{_J+-l -o---+-o---+-o--+I _,_ -1--s-'t-/L_,' ~+ ~ :'.:.::::.:::~.::~::~:: ~:,:AM 
Function set ,

1 

0 , 0 
1
1 0 0 1 1 DL N l F ~l number of display lines (L) and I 

I I 
~- character font IF) 

I I I I (y ·1 ~ 1 . 
address. 0 1 AcG data is sent and received after this I 
Set CG RAM 0 

1

. 0 J:I' 'Iv - [ Sets the CG RAM address. CG RAM 

setting. 

*No effect 
Notes 1. Applied to models driven by 1/8 duty or 1/11 duty. 

2. Applied to models driven by 1/16 duty. 
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40 µs 

40 µs 

40 µs 

40 µs 

1µs 

40 µs 

I 
l 

120 µs 

120 µs 

120 µs 

120 µs 

1 µs 

120 µs 
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5.2 Description of details 
( 1) Clear display 

RS R/W D87 ---------D8o 

Code j O / O / 0 I 0 / 0 0 O 0 O / 1 / 

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

(2) Return home 
~ RIWD~ D~ 

Code I 0 I 0 I 0 I 0 0 0 0 0 0 I * I 
*No effect 

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

(3) Entry mode set 
RS R/W D87 D8o 

Code I 0 I 0 I 0 I 0 0 0 0 0 /FQ I S I 
I /D: Increments (I /D = 1 ) or decrements (I /D = 0) the DD 

RAM address by 1 when a character code is written 
into or read from the DD RAM. The cursor or blink 
moves to the right when incremented by 1 and to the 
left when decremented by 1. The same applies to 
writing and reading of CG RAM. 

S: Shifts the entire display either to the right or to the 
left when S is 1; to the left when l/D = 1 and to the 
right when l/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 = 0. 

'· 

(4) Display ON/OFF control 

RS R/W D87------...----4-.+-D'o 

Code I 0 I 0 I 0 I 0 j 0 0 I 1 D C I 8 I 
D: The display is ON when D = 1 and OFF when D = O. 

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 displays when C = 1 and does not display 
when C = 0. Even if the cursor disappears, the func
tion of l/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 
= 1. The bl ink is displayed by switching between all 
blank dots and display characters at 409.6 ms interval 
when fcp or fosc = 250 kHz. The cursor and the 
blink can be set to display simultaneously. (The 
blink frequency changes according to the reciprocal 

250 
of fcp or fosc· 409.6 x 270 = 379.2 ms when fcp 

= 270 kHz.) 

5 x 7 dot character 
font -5 x 1 O dot character 

font 

(a) Cursor Display Example 

(5) Cursor or display shift 

= -
Alternating display 

(b) Blink Display Example 

RS R/W D87 D8o 

Code j 0 I 0 I 0 j 0 j 0 j 1 I SIC j R/L I * I * I 
*No effect 

Shifts cursor position or display to the right or left with· 
out 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 whenhp~;;esthe~491[ 

7i9itC>ftt-ie· rst ·nne. ·Nc>irce that1:'h;·~1;1·afl<f'.2'~·ci·hitctis
... iilavs wHfshift at the same time. When the displa~d data 

is shifted repeatedly each line only moves horizontally. 

~!me...4j~Jl!!Y-~.2~.~-IJ.Ql.~hlf.LiJl!9 .. th.e,l.stJj(le J>~s.i
tion . 

... v.o~-· ·-, ~ 
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SIC 

0 

R/L 

0 Shifts the cursor position to the left. 
(AC is decremented by one.) 

0 Shifts the cursor position to the right. 
(AC is incremented by one.) 

0 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. 

Address counter (AC) contents do not change if the only 
action performed is shift display. 

(6) Function set 
RS R/W DB7-----\--r-----DB0 

Code ~/ 0 / 0 / 0 I DL / N F • / • / 

• No effect 

DL: Sets interface data length. Data is sent or received in 
8 bit lengths (DB 7 - DB 0 ) when DL = 1 and in 4 bit 
lengths (DB 7 - DB4 ) when DL = 0. 
When the 4 bit length is selected, data must be sent 
or received twice. 

N: Sets number of display lines. 
F: Sets character font. 

(Note) Perform the function at the head of the program before ex
ecuting 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 N F display Remarks font factor lines 

0 0 1 5x 7 dots 1 /8 

0 1 1 5 x 10 dots 1 /11 

Cannot display 2 lines 
1 * 2 5x 7 dots 1 /16 with 5 x 10 dot charac-

ter font. 

• No effect 

(7) Set CG RAM address 

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

Code ~/o[ o[ A A A A AIA/ 
+- 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 OB0 

Code [o/o/ /A A A A A A/A/ 
Higher lower _.., 

+- o~~B~ o~~B~ 
Sets the DD RAM..,...addfess i11to the-adEf.F counter in 
binary AAAAAAA. Data is then written or read r the 
MPU for th 

, when (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 

(9) Read busy flag & address 

RS R/W OB7 DBo 

Code I 0 I / BF / A I A A I A I A A I A [ 
+- Higher Lower _.., 

Order Bits Order Bits 

Reads the busy flag (BF) that indicates the system is now 
internally operating by a previously received instruction. 
BF = 1 indicates that internal operation is in progress. 
The next instruction will not be accepted until BF is set 
to "O". Check the BF status before the next wire opera
tion. 
At the same time, the value of the address counter ex
pressed 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). 

(10)Write data to CG or DD RAM 
RS R/W DB7 ----------DBo 

Code [}I 0 I D / D I D D D D I D I 0 

Higher 
+- Order Bits 

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 deter
mines display shift. 
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( 11) Read data from CG or DD RAM 
RS R/W DB7 ----------DBo 

Code [Y I 1 J D J D I D D D D I D J D J 

+- Higher 
Order Bits 

Lower ~ 
Order Bi.ts 

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 instruction 
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 incre

mented or decremented by 1 after "write" instruc
tions to either CG RAM or DD RAM. RAM data 
selected by the AC cannot than 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). just before reading out ex
ecute the "read" instruction from the second time 
the "read" instruction is serial. 

5.3 Instruction and display correspondence 
( 1) 8-bit operation, 8-digit x 1-line display (using internal 

reset) 
Following table 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 explained before, the RAM can 
be used for displays like the lightening board when com
bined 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. 
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8 bit operation, B·digit 1-line display example (using internal reset) 

No. Instruction Display Operation 

Power supply ON (H D44780 is initialized by 
1 I Initialized. No display appears. 

the internal reset circuit) 

Function Set 
Sets to 8-bit operation and selects 1-line display 

2 RS R/W DB7----------.0B0 [ l lines and character font. (Number of display 

0 0 0 0 1 1 0 0 * * 
lines and character fonts cannot be changed 
hereafter.) 

Display ON/OFF Control Turns on display and cursor. Entire display is 
3 r- l 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 

4 
Entry Mode Set [ - J 

to shift the cursor to the right at the time of 

0 0 0 0 0 0 0 1 1 0 write to the DD/CG RAM. 
Display is not shifted. 

Write "H". The DD RAM has already been 

Write Data to CG RAM/DD RAM 
selected by initialization when the power is 

5 
1 0 0 1 0 0 1 0 0 0 I H_ =1 turned on. 

The cursor is incremented by one and shifted to 
the right. 

Write Data to CG RAM/DD RAM 
6 

1 0 0 1 0 0 1 0 0 1 (HI_ I 
Writes "I", 

' 
7 ' 

: 
Write Data to CG RAM/DD RAM 

8 ~r TACH r_I Writes "I". 
1 0 0 1 0 0 1 0 0 1 

Entry Mode Set 
9 !·H I TAC H I_( Sets mode for display shift at the time of write. 

0 0 0 0 0 0 0 1 1 1 

Write Data to CG RAM/DD RAM 
10 I ITACHI_ I Writes "Space". 

1 0 0 0 1 0 0 0 0 0 

Write Data to CG RAM/DD RAM 

I 

11 
1 0 0 1 0 0 1 1 0 1 I TAC HI M_I Writes "M". 

12 ' 

Write Data to CG RAM/DD RAM 
13 jMICROKO_I Writes "O". 

1 0 0 1 0 0 1 1 1 1 

Cursor or Display Shift 
14 

0 0 0 0 0 1 0 0 * * f MICROKQ I Shifts only the cursor position to the left. 

!Shifts only the c.ursor position to the left. Cursor or Display Shift 
15 

0 0 0 0 0 1 0 0 * * I MICRO.KO I 

Write Data to CG RAM/DD RAM Writes "C" (correction). The display moves to 
16 I ICROCQ I 1 0 0 1 0 0 0 0 1 1 the left. 

Cursor or Diaplay Shift Shifts the display and cursor position to the 
17 I MICROCQ I 0 0 0 0 0 1 1 1 * * right. 

fcursor or Display Shift 
18 I MIC R 0 C o_J Shifts display and cursor position to the right. 

0 0 0 0 0 1 0 1 * * 

Write Data to CG RAM/DD RAM 
19 

I I c R 0 c 0 M_I Writes "M". 
1 0 0 1 0 0 1 1 0 1 

20 
·I 

' 

Return Home Returns both display and cursor to the original 
21 j!!ITACHI I 0 0 0 0 0 0 0 0 1 0 position (Address 0). 
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(2) 4-bit operation, 8-digit x 1-line display (using internal 
reset) 
The program must set functions prior to 4-bit operation. 
The following table shows an example. When power is 
turned on, 8-bit operation is automatically selected and 
the first write is performed as an 8-bit operation. Since 

4 bit operation, B·digit 1·1ine display (using Internal resed 

No. Instruction 

Power supply ON (H044780 is initialized by I 1 
the Internal reset circuit) 

Function Set 
2 RSR/WDB7·- DB4 I 

0 0 0 0 1 0 

Function Set 
3 0 0 0 0 1 0 I 0 0 0 0 • • 

Display ON/OFF Control 
4 0 0 0 0 0 0 I-

0 0 1 1 1 0 

Entry Mode Set 
5 0 0 0 0 0 0 I-

0 0 0 1 1 0 

Write Data to CG RAM/DD RAM 
6 1 0 0 1 0 0 I"-1 0 1 0 0 0 

Hereafter, control is the same as 8-bit operation. 

Display 

nothing is connected to 080 - 083 , a rewrite is then 
required. However, since one operation is completed in 
two access of 4-bit operation, a rewrite is needed as a 
function (see the following table). 
Thus, 084 - 087 of the function set is written twice. 

Operation 

I Initialized. No display appears. 

Sets to 4-bit operation. In this case, operation 

I Is handled as 8 bits by initialization, and only 
this instruction completes with one write. 

Sets 4-bit operation and selects 1-line display 
and 5 x 7 dot character. font. 4-bit operation 

I starts from this point on and resetting is 
needed. (Number of display lines and character 
fonts cannot be changed hereafter.) 

Turns on display and cursor. Entire display is in I space mode because of initialization. 

Sets mode to increment the address by one and 

I to shift the cursor to the right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 

Writes "H". 

I The cursor is incremented by one and shifts 
to the right. 
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(3) 8-bit operation, 8-digit x 2-line display shift are performed. In the example, the display shift is 
performed when ~he cursor is on the second line. How
ever, 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 display will only move within each line many 
times. 

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 the following 
table) Note that the first and second lines of the display 

8 bit operation, 8-digit x 2-line display example (using internal reset) 

No. Instruction Display 

1 
Power supply ON (HD44780 is initialized 

I I by the internal reset circuit) 

Function Set 
2 RS R/W DB7- DBo I I 0 0 0 0 1 1 1 0 * * 

3 
Display ON/OFF Control 1- I 0 0 0 0 0 0 1 1 1 0 

4 
Entry Mode Set 1- I 0 0 0 0 0 0 0 1 1 0 

Write Data to CG RAM/DD RAM 

I 
H_ 

I 5 1 0 0 1 0 0 1 0 0 0 

' : ' 
6 ' ' ' ' ' ' 

' ' 

7 
Write Data to CG RAM/DD RAM 

I 
HITACHI_, 

1 0 0 1 0 0 1 0 0 1 

8 
Set DD RAM Address (HITACHI J 
0 0 1 1 0 0 0 0 0 0 [ J 

9 
Write Data to CG RAM/DD RAM l~~TACHI I 1 0 0 1 0 0 1 1 0 1 

' ' 
' ' 

10 ' ' 
' ' 
I ' 

11 
Write Data to CG RAM/DD RAM lHITACHI J 
1 0 0 1 0 0 1 1 1 1 [MICROCO_j 

12 
Entry Mode Set [HITACHI J 
0 0 0 0 0 0 0 1 1 1 LMICROCO_J 

13 
Write Data to CG RAM/DD RAM 

I 
ITACHI I 

1 0 0 1 0 0 1 1 0 1 IC R 0 C 0 M_: 

' I 

' ' 
14 I ' 

' : 
' 

15 
Return Home [HITACHI J 
0 0 0 0 0 0 0 0 1 0 L MI c R 0 c 0 Mj 

@HITACHI 

Operation 

Initialized. No display appears. 

Sets to 8-bit operation and selects 2-line display 
and 5 x 7 dot character font. 

Turns on display and cursor. All 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. 

Write "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 is 
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 right. 
The first and second lines' shift are operated 
at the same time. 

Returns both display and cursor to the original 
position (Address 01. 
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6. Precaution on programming 

( 1) Instruction of function set (2) Busy flag check 

256 

Perform the function at the head of program that accesses 
HD44780 before executing all instructions, and not 
change the data of the Instruction Register in the pro
gram. The data of function register can be changed by 
the program as follows; 
a. •Changing of DL (Data Length) 

•Perform the instruction appointed in 4.2 (2). when 
DL is changed from 8-bit length to 4-bit length mode. 

•Perform the instruction appointed in 4.2 (1). when 
DL is changed from 4-bit length to 8-bit length mode. 

b. •Changing of N (Column Number) 
•Perform the instruction of function set after execut· 

ing instruction of display clear or display off. 
In this case, sequence of AC and DD RAM must be 
changed. Thus, rewrite the address set register after that. 
c. •Changing of F (Font) 

•There is no problem in this case, but for dual-line dis
play, the font mode of 5 x 11 cannot be selected (this 
mode is forbidden by hardware). 

When N or F is changed, power supply voltage for LCD 
must be changed. If not changed, crosstalk will appear, or 
contrast will be poor. 

HD44780 is produced in the CMOS process, therefore 
int~rnal executing time is long. Standard time is 40 µs -
1.6 ms. (This varies by instruction) 
When the high speed MPU controls it, check the busy flag 
before performing instruction or reading data. 
While internal operation is active, Enable signal is not ac
cepted. (Enable signal at reading status register for check
ing busy flag is accepted) Busy flag signal is output 
through DB7 , as shown in Table 3, when RS = "O", 
R/W = "1", and Enable= "1". 

(3) Input of unidentified instruction code 
Undefined instruction code of HD44780 is only as follows; 

RS R/W DB7 - DB 
0 0 o-

(Others are included to defined instruction) 
When the undefined instruction code is loaded to 
HD44780, it accepts the code, but does not change the 
internal states (RAM and other status of Flags). Busy 
state, however continues for maximum 40 µs by the 
acceptance of the code. 

Table 3 The relation between the operation and the combination of RS, R/W 

RS RW E OPERATION 
--

0 0 '-- Write instruction code 

0 1 _}\__ Read busy flag and address counter 

1 0 \_ Write data 

1 1 ____}\_ Read data 

When performing data and instruction code by 4 bit, transfer RS, RfW every time. 
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7. How to check trouble 
Follow the flowchart below to check errors. 

• Error analysis flowchart 

Error analysis flow 

Is display made? 
(Crosstalk included) 

(Immediately after 
POWER ON) 

~----~,.,. Proceed to (B 

Is the system initialized or 
stabilized? 

Is character display erroneous 
(in sequence for instance)? 

Data can be read? 

Are there any other erroneous 
operation? 

Normal 

Crosstalk is output only in 
one line in display of 2 or 
4 lines for example. 

Proceed to~ 

Proceed to @) 

Proceed to (8 

Proceed to@ 
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7.1 No data is displayed (Crosstalk too) 

258 

Reas
sembly 

No data is displayed. 
'--~~~~~~~~~~~~~~~ 

Is the power supplied 
(Voo. Vo, and Vssl7 

Are interface pins set 
correctly in order? 

No 

Yes 

Is the supply current flown 
several times of its specified 
value? 

Yes 

Within the 
specified value 

Does a fall or deviation 
exist in zebra? 

Yes 

Unknown cause 

After replacing LCM, check if 
the actual part is faulty. 

HD44780 

(Crosstalk, tool 

Supply the power. 

Is display (crosstalk) mode? 

Correct it. 

Is display (crosstalk) mode? 

If so, ICs and resistor are heated. 

Is the power ON sequence OK? 
(Turn on the(+) first side and 
then the (-) side.I 

Turn on the power first from 
the (+) and then the (-) side. 

Is display (crosstalk) made? 

Yes 

No 

Connect Vo to Vss, then the 
power is supplied. 

Since IC is possible to be 
destroyed, correct it 
immediately. 

This does not apply to the 
case of a single power supply. 

Is the current restored to normal 
conditions? 

Still abnormal 

ICs and others are possible to 
be destroyed. 
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7.2 The system cannot be initialized or it is unstable. 

The system cannot be 
initialized or it is 
unstable. 

Is the system initialized as described 
in the LCD-II manual (of IC)? 

No 

Yes Try to set it as des
cribed in the manual. 

Still-no good 

Is the system operated while making 
a BUSY check? 

No 

Yes 
Make a BUSY check or 
make it operate after 
waiting for 5 times of 
the BUSY time. 

Still no good 

Is the order of interface pins correct? 
(Signal system pins RS, R/W, E, and 
DB 0 _,l 

No 

Yes 

Still no good 

Is the assignment of RS and E or the 
setting of data correct? 

No 

Yes 

Still no good 

Try to replace it with another LCM. 

Normal 

Correct it. 

Correct it. 

=::i-----;;.i There is a possibility of 
malfunction in 
the LCM. 

Not caused by LCM 

Recheck the circuit and software. 
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7 .3 The character display is erroneous. 

@ 

The character display is erroneous. 

Characters are displayed, 
but missing in some 
places. 

When missed according to a 
certain rule (The character 
missing occurs f/Verv 4 
characters for instance.) 

Proceed to 

® 
E•ampla: 

(Input) (Display) 

HITACHI. HIAHI 

When missed without any 
rule (A character is missed 
at random some where 
different each time.) 

It is uncertain that from where the 
1st character starts. 

Address character other than specified 
are rewritten. 

Even when the 1st line becomes full 
in a 2-line display LCM, 
the line is not fed to the 2nd line. 
(Same in a 4-line display LCM) 

When the 1st line become~. Jll in 
a 4~1ine display LCM, the ci ,i·acter 
writing starts from 
the 3rd line. 

Although data is not displayed even 
if input, it is found to be stored in 
DDRAMwhen 
read from DDRAM. 

A front different from the listed 
in the character font tab~e 
is displayed. 

There is an address in which no 
character is displayed. 

Other errors. 

Proceed to 

® 
Proceed to 

G 
Proceed to 

® 

Proceed to 

® 

Proceed to 

® 

Proceed to 

® 
Proceed to 

® 
Proceed to 

@ 

Data is fed too fast. --+ Retry it while making a BUSY check. 
It is still too fast even when the BUSY check is made.--+ The 
function of LCD-I I is no good. 

@ 
Data is fed too fast. --+ Retry it while making a BUSY check. 

@ 
The address Set command is not included in the initializa
tion. 

[

Although the address is so designed to be set to "00" l 
at the power ON according to the Power ON Reset 

--+ function of the LCD-I I itself, this Power ON Reset 

function does not work in some cases according to the 
power ON conditions. 

@ 
When no error exists in the software, the function of LCD-I I 
is no good. 

@ 
The 2-line display LCM is electrically composed of 40 charac· 
ters x 2 lines, but it displays 16 characters or 20 characters 

partly. When 16 characters are written (in the 1st line) and 
the data at the 17th character is input as it is, it is entered 

in the 17th character in the 1st Ii ne and its is neither dis

played on the screen. It is therefore necessary to set the 

address I LFI between the 16th caracter and 17th character. 

-======40======----
(1 I [ill line feed 

@ 
The 4-line display LCM is composed as shown in the right 

figure. Consequently, when written continuously from the 

1st line, the data is written as A--+ B. When displayed in 4 

lines, the data is moved from the 1st line to the 3rd line. It 

is therefore necessary to set the address of I LFI in this case. 

~ 20 

<iv 
The display ON/OFF flag is turned to the OFF side. (This 
flag is by no means set unless turned to the ON side.). 
When employ(ng the shift function together, the screen is 

shifted each time a data is written and the data can not be 
seen on the screen in some cases. It is therefore necessary 
to correct the application of the shift function. 
16 characters 

Left shift specified 

Stored in DD RAM. Cursor is moved. Screen is shifted to left. 
~-----------··---·~--· 

*Since this operation is carried out in a moment, what can be seen 
is the status of (j) and @_) only. Although not displayed in appear· 

ance, the data is stored in the DDRAM. 

@ 
Defective CG ROM font--+ IC is faulty. 

@ 
If no error exists in the software, the IC is faulty. 

0 
Contact our agent for any other erroneous event. 
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7.4 Data cannot be read 

Data cannot be read. 

Are the connection and polarity of RS and R/W are 
made as specified in the manual? 

Is the timing deviated between the data display and 
MPU read? 

Is the other peripheral equipment is in contention 
with the data bus (for a chip select problem)? 

Is the system operated while making a BUSY check? 

7.5 Others 

Any other error exists in the software? 

LCD-II is faulty. 

J Others J 

Check the following: 

· Use conditions 
• Erroneous events 

HD44780 

Still no good 

Still no good 

Correct them. 

The data can now 
be read. 

Correct the chip select conditions. 

Still no good 

Make the BUSY check, or operate the system after 
waiting for 5 times of the BUSY time. 

Still not good 

The data can now 
be read. 

• Contents of operation before and after the error event 

occurrence 
· Flowchart, if possible. (The program, if given, can not be decoded.) 

@HITACHI 261 

co 

~ 
f5 w en 



HD44780 

8. Block diagram and function of each block 

8.1 Block diagram of HD44780 interior 

Vee 
GND---

OSC1--...
OSC,---

Address 
counter (AC) 

Timing generation 
circuit 

3 CL, 
t---T-----;. CL 2 

M 

8 

RS 

R/W .... 7 
E ~ 

:> 
4 ..c 

DB 4 - DB 7 2 8 a: 
Cl 

4 
DB 0 -DB 3 ~ 

"':;; ..., ·-
"'"' Cl ~ 

Power supply v 
for liquid v' 
crystal 3 ---

8 

7 

8 7 

Character 
generator 

ROM 
(CG RAM) 
512 bits 

5 

7 

7 
7 

Display data 
RAM 

(DD RAM) 
80x8 bits 

8 

8 

Character 
generator 

ROM 
(CG RAM) 
7200 bits 40 

..., 
:> 
2 40 

..... ·u 
~ -fi 
~E 

(ii 
c 
"' ·u; 

5 r---16+---;o.. COM 1 -COM 16 
E .... 
E ~ 
o ·c 
u -0 

{

v1 

display drive V • __ _..,. 
v,_ Parallel/serial data conversion 

circuit 40-bit shift register ,___ __ ..., D 

8.2 Function of each block 
( 1) Register 

(Parallel data ~serial data) 

The HD44780 has two B·bit registers, an instruction re· 
gister (IR) and a data register (DR). 
The IR stores instruction codes such as display clear and 
cursor shift, and address information for display data 
RAM (DD RAM) and character generator RAM (CG 
RAM). The IR can be written from the MPU but not read 
by the MPU. 
The DR temporarily stores data to be written into the DD 
RAM or the CG RAM and data to be read out from DD 
RAM or CG RAM. Data written into the DR from the 

MPU is automatically written into the DD RAM or the 
CG RAM by internal operation. The DR is also used for 
data storage when reading data from the DD RAM or the 
CG RAM. When address information is written into the 
IR, data is read into the DR from the DD RAM or the CG 
RAM by internal operation. Data transfer to the MPU is 
then completed by the MPU reading DR. After the MPU 
reads the DR, data in the DD RAM or CG RAM at the 
next address is sent to the DR for the next read from the 
MPU. Register selector (RS) signals make their selection 
from these two registers. 
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Table 4 Register selection 

RS R/W E Operation 
(3) Address counter (AC) 

0 0 ~ 

0 1 __;-\__I 

1 0 \_ 

1 1 ____r-\._ 

IR write as internal operation 
(Display clear, etc.) 
Read busy flag (DB,) and 
address counter (080 - DB 6 ) 

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

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

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. 
After writing into (or reading from) DD or CG RAM dis
play data, AC is automatically incremented by +1 (or 
decremented by -1 ). AC contents are output DB 0 

DB 6 when RS = 0 and '?./W = 1, as shown in Table 4. 

(2) Busyflag(BF) (4) Display data RAM (DD RAM) 

When the busy flag is" 1 ",the H D44780 is in the internal 
operation mode, and the next instruction will not be ac
cepted. As Table 4 shows, the busy flag is output to DB 7 

when RS = 0 and R/W = 1. The next instruction must be 
written after ensuring that the busy flag is "O". 

The display data RAM (DD RAM) stores display data re
presented in 8-bit character codes. Its capacity is 80 x 8 
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 posi
tions on the liquid crystal display are shown below. 
The DD RAM address (ADDl is set in the Address Counter 
(AC) and is represented in hexadecimal. 

Higher order bits Lower order bits (Ex.) DD RAM address "4E" 

AC i AC6 I ACS I AC4 I AC3 I AC2 I AC! I ACO I 

~. Hexadecima1-~~-Hexadecimal-- £---~ 

1-line display (N = 0) 

2 3 4 5 79 80 •- display position 

1-line ! ._o_o ~-0_1~_0_2~_03~-0-4~-~'---~-~----~4-E__Ll_4F]_ ~DD RAM address 

(a) When the display characters are less than 80, the display 
begins at the head position. For example, 8 characters 
using one H D44780 are displayed as: 

2 3 4 5 6 7 8 ~display position 

1-line ~I ~O~O~~~~O~l ~~~~02~~~~0~3~~~~04~~~~0~5~~~~06~~~~0~7=1 ~DD RAM address 

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

I 
01 

I 
02 

I 
03 I 04 

I 
05 

I 
06 07 

I 
08 I 

I 4F I 00 
I 

01 
I 

02 
I 

03 
I 

04 05 
I 

06 
I 

(Left shift display) 

(Right shift display) 
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(b) 16-character display using an HD44780 and an HD44100H 
is as shown below: 

1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 +---display position 

1-line I 00 I 01 I 02 I 03 I 04 I 05 I 06 I 071 os I 09 I OA I OB I oc I OD I OE I OF I <---DD RAM address 

~---HD44780 display---~'-----HD44100H display---~ 

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

I 01 I 02 I 03 I 041 05 I 06 I 071 os I 091 OA I OB I oc I OD I OE I OF I 10 I (Left shift display) 

I 4F I 00 I 01 I 02 I 03 I 04 I 05 I 06 I 07 I 08 I 09 I OA I OB I OC I OD I OE I (Right shift display) 

(c) The relation between display position and DD RAM 
address when the number of display digits is increased 
through the use of one HD44780 and two or more 
HD44100H's can be considered an extension of (b). 

Since the increase can be 8 digits for each additional 
HD44100H, up to 80 digits can be displayed by externally 
connecting 9 H D44100H's. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 73 74 75 76 77 78 79 80 <-display position 

1-line 00 01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF 10 11 12 ~r--H~Al4Bl4cjrnff~ ·--DD RAM address 

L__ HD447 go display-' '--HD44100H (1 )__, '--- HD44100H (2) _, 1__HD44100H (9)__, 
display - (8) display display 

2-line display (N = 1) 

2 4 5 39 40 +--- display position 

1-line 00 01 02 l 03 04 26 
I 

27 I <---DD RAM address 
J 

2-line 40 41 42 l 43 44 66 67 

(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: 

2 3 4 5 6 7 8 <---display position 

1-line 00 01 02 03 04 05 06 07 +---DD RAM address 

2-line 40 41 42 43 44 45 46 47 

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

01 02 03 04 05 06 07 08 
(Left shift display) 

41 42 43 44 45 46 47 48 

(b) 16 character x 2 line an: displayed when an HD44780 and 
<r HD44100H are us!"rl 

27 00 

67 40 
l...--.------

I 
OJ 02 03 04 05 

41 42 43 44 45 

2 3 4 5 6 7 8 9 JO 11 12 13 14 15 16 +-display position 
~--- --

1-line 00 01 02 I 03 I 04 05 06 07 08 09 OA OB oc OD OE OF +---DD RAM address 

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

~---HD44780 display---~'-----HD44 l OOH display---~ 
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When display shift is performed, the DD RAM address moves 
as follows: 

01 02 03 04 05 06 07 08 09 OA OB oc 

41 42 43 44 45 46 47 48 49 4A 4B 4C 

27 00 01 02 03 04 05 06 07 08 09 OA 

67 40 41 42 43 44 45 46 47 48 49 4A 

OD 

4D 

OB 

4B 

OE OF 10 
(Left shift display) 

4E 4F 50 

oc OD OE 
(Right shift display) 

4C 4D 4E 

(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, 
can be considered an extension of (b). 

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 33 34 35 36 37 38 39 40 +--display position 

1-line 00 01 02 03104 05 06 07 08 09 OA OB oc OD OE OF 10 11 12 13 ......... 20 21 22 23 24 25 26 27 ,_DD RAM address 

2-line 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53 . . ' . . . . . . 60 61 62 63 64 65 66 67 

'-HD44780 display--1'--HD44100 (l)---''-HD44100H (2)-1'"-HD44100H (4)--' 
display (3) display 

(d) Display position and DD RAM address for LM020L. 

I 
Character NO. 

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

r DD RAM address ] 00 01 02 03 04 05 06 07 40 41 42 43 44 45 46 47 
I 
(Note)Shift display is as same as that of 8 char. x 2 line type. 

(e) Display position and DD RAM address for LM041 L. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 +--display position 

1-line 00 01 02 03 04 05 06 07 08 09 OA OB oc OD OE OF +--DD RAM address 

2-line 40 41 42 43 44 4S 46 47 48 49 4A 4B 4C 4D 4E 4F 

3-line IO 11 12 I3 14 IS I6 17 IS I9 IA lB IC ID IE IF 

4-line 50 5i 52 S3 54 S5 56 57 58 59 5A SB 5C SD 5E 5F 

(f) Display position and DD RAM address for LM044L. 

Hii 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ..... display position 

1-line 

~-line 
3-llne 

4-line 

00 01 02 03 04 05 06 07 08 

40 41 42 43 44 45 46 47 48 

14 15 16 17 I8 19 IA 1B IC 

54 55 56 S7 S8 59 5A 5B SC 

(Note)Shift display is as same as 2-line type. 

09 OA OB oc OD OE OF 10 11 12 13 +--DD RAM address 

49 4A 4B 4C 4D 4E 4F 50 51 S2 53 

ID IE IF 20 21 22 23 24 25 26 27 

5D 5E 5F 60 61 62 63 64 65 66 67 
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(5) Character generator ROM (CG ROM) (8) Liquid crystal display driver circuit 
The character generator ROM generates 5 x 7 dot or 5 x 

L, 10 dot character patterns from ·8-bit character codes. 
The liquid crystal display driver circuit consists of 16 
common signal drivers and 40 segment signal driver.s. 
When character font and number of lines are selected by 
a program, the required common signal drivers auto
matically output drive waveforms, the other common 
signal drivers continue to output non-selection waveforms. 
The segment signal driver has essentially the same configu
ration 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. 

It can generate 160 types of 5 x 7 dot character patterns 
and 32 types of 5 x 10 dot character patterns. Tables 5 (1) 
and 5 (2) show the relation between character codes and 
character patterns in the Hitachi standard HD44780AOO. 
User defined character patterns are also available by 
mask-programming ROM. For details, see "The LCD-II 
(HD44780) Breadboard User's Manual". 

(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 types 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 6 (1) and 
6 (2) to display character patterns stored in CG RAM. 
Table 5 shows the relation between CG RAM addresses 
and data and display patterns. 
As Table 5 shows, ah area that is not used for display can 
be used as a general data RAM. 

(7) Timing generation circuit 

The serial data is sent to the H D44100H, externally con
nected in cascade, used for display digit number extension. 
Send of serial data always starts at the display data charac
ter pattern corresponding to the last addr.ess 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. 

266 

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 in
ternal operation timing by MPU access are separately gen
erated so they do not interfere with each other. There
fore, when writing data to the DD RAM, for example, 
there will be no undesirable influence, such as flickering, 
in areas other than the display area. This circuit also 
generates timing signals to operate the externally con
nected driver LSI HD44100H. 

(9) Cursor/Blink control circuit 

In a 2-line display 

AC6 ACS AC4 AC3 AC2 AC! ACO 

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)i 6 , a cursor position is: 

AC I 0 I 0 1 0 I 1 I 0 I 0 I 0 I 

l!fr 2 3 4 5 6 7 8 9 10 11 

lfu 2 3 4 5 6 7 8 9 10 11 

1-line 00 01 02 03 04 05 06 07 08 09 OA 
I 

4-~ 41 42 43 44 45 46 47 j 49 4A 

.. 7 
2-line 

the cursor pos1t1on 

(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. 
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Table 5 

CORRESPONDENCE BETWEEN CHARACTER CODES AND CHARACTER PATTERN 

(1) 5 x 10 dot, applied type: H2570, H2571, H2572, LM027 

~ t 00011 OUlU OU l l o l !IU 0 l u l Ol I (I u l l l l 11 I U lull l l uu 11111 I I I U 11 l I 
t 

Cti . ···. .··· . =-···. -~ •••• .. . 
KA \f • . .. • • • • . ... . .... . . . • . .. . • .. . •••• • • . • • ... ••• .. • xxxxoouo (I) 

.. • • • • • .... .. • • . • • • . • • . • . ... • • . . ... ... • . • • __ __!_ .. . .... . • • : • • •••• .··· . ••n: . .---.-.. ... • 
(2) • • • • • • ... • .. . • • • . .. . .. . • • • • • • • .. .. . .... . • • .. 

xxxxUOUI • ••••• • • • • ••• • ••• ... • • • . . ... • • • • • • • .. • • • • • • • • • ..... • • • • . .. • • •••• • ... • • . .... • ••• , • . • :: • ... •••• . ... • :-· . • • • • . • • . • . • .. . • • • • • • • ... ... : • . • . . ... . • (3) . .... . ... .. • .. . .. • • • . • • . ..... xxxxl)OIU • • • • • • • • • • • . .... • • • • . • . • • • • . • . . • . • ••••• . ... . . . ... • • . . .... ... -- • . . n iifi":• . ···. . .... .. : .. . .. . .... 
(4) ••••• • • . ... ... • • ..... • ... • • . • ... • • • • • • ..... . . .. 

xxxxUll 11 ..... • • • • ... • • • • .. . . • • • . . . . . • • • • . • . . . ... 
!--- • • ... . .. . ... ... • ••• ... • • ... ... 

;r •• .: :"". "":"" : : ..... : : 
(5) 

. . • • • . • .. • . .. • . ..... . • ... ... . • • • • • • .. • • .. . • . • • • • . .... • • • • • • • • • • • • . • • • ;.o:;xxxll I 00 .... • . . • . . . . . • • • • .. . . . • ... . .... .. • ..... . _.L___ ... . . ... • . . .. • =·-··· ..... . . . • •• .. . • • . .... • . .. 
• • .... . • • • . ... . . . .. • . .... . .... • . (6) . ... . • . • .. • . • . • . XXX'o'.0101 . • .. . • . . . . .... . . .. . . . . . . • . • . • . . • .. . . . . . • . .. .. ... . .... ... ... .. . . • . .... ... .. . .. -.. .... :···· . • .. I • ..... . • • • ..... ..... . .. . .... • . • • • . . • :. : = • • • • .. • (7) • .... . ... • • ••••• • • ..... • • • •• • • . • • . • • • • • • . . • . 

>(xx)( HI l u . . . • • • • . . . . . . • • . . .. • . .. • • a I a • • . . .... ..... . ... . .... . . . .. ····: . ···. T T . ... .. : .. . .... ... • . • • • • • . • • . .... • • ..... . ... . .... 
(8) • • ... • . • . • • • • .. • . .... . . . . • • • 

... ;( 'x II I I I • • • • • . .... • • • • • . . . . • • . • . • . • . .. . . . • . . . . • . . . . . . . • .... • . . . ... . .. • • ... . ... • • . • . • . . . .... • • . • • . • . . ... . .... • • ... . • . . . • . .. • .. • . • • • • • • • • • (I) • ... • •••• • .. • • • • • . • • • 'x. x I() II (I • • . • • . • • • • .. • ... . • • . . . • • . . • . . . . • . . • . . . . . . . ... . . . . . . . . . .. . • . . • 
• ... • ... . • . =·11 :li . • • • • • • . • • • • . • .. . • • • • • • .... • • i2) • .... • . • • • . • •••• • • • • . • • xx xx 111111 • . • • • .... • • . . ... • • • • • • • . . . . . .. . . . .. ... • ... • •• .. • - _!___ • _!_!.....__ . ... • . ... . ·=--l ···:: ... ..... . . . . .. • • • .. .. ..... ••••• • • . • .. • ••• (3) ... : l .· • • • • • • • • • 

x: x '< x I ti Io • • • .. • . • . • • • . • . .... • .. · .. · : .... ~· . • . . • . . • ..... ..... . .... • • • • . . • . • .. . • • ... . • . . . . ••••• • • • .. • • • ••••• • . • .. • . • • • • • • • . .... • • . • . .... 
(4) ..... .. • • • • ..... • . • • • • xxxxlUll . .. • • • .. • .. . • • • • ••• . • . • • . . • .. . . • • • • . . . ... • • . . • • .... ..... . • 

.· . • . •: : .. ..... ..... • • . . . • . .... • . • • • • • . .. . .... 
(5) . • • • • ..... . . • • • • •• •• • •• • • . .... . • • . • • . • • • . .... xxxx11011 • • • . • • . . . . . ... • . • • ..... • ... . • ... . . • . . • 

• • ··: ---.-. ..... . .. . •• •• • ..... •• • • ... • .. . • • . . .. . • (6) ..... • • • . • . . . . . • 
xxxxllOI ..... • • • • • • • • • • . • ... • •••• ;_ I _ _.__.: • • .. • . . • . .. • ••• • • ••••• • • • 

• • . . . . • • • ... • • • • . . • . ••••• . .... . ... • .. • . .. • .... • • • • (7) • •• • .. • ••••• • •• • .. 
xxxxJ!IU • • .. • • • • ••• • • • • • • .. . • • • • • • . . . . • • .. • • . • • .... ... • • • 

• ... ... • • • • •••• ... .. 
I • • • • • • 

• . • • • . .. • • • •• • • • • ... • .. . • (8) • • . • ..... • • 
XXXXI 11 l • • • • • • • • • • • •• . • • • • . • • • • • . ... . • ... ••••• ... .. .. • 

Note 1. CG RAM is a character generator RAM having a storage function of character pattern which enable to change freely by users program. 
Note 2. When line setting at initialization is 2 lines (N = 1 ), pattern becomes 5 x 7 dot. 
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(2) 5 x 7 dot, applied type: LM054, H2570, LM015, LM568AF, LM020L, LMO?OL, LM038, LM027, H2571, H2572, LM058, LM052L, 
LM016L, LM032L, LM060L, LM017L, LM018L, LM041 L, LM044L, LM068L, LM061 L, LM 104L, LM 105L, 
LM107L 

268 

~ 0000 0010 0011 0100 OlUl UllO Olli 1010 1011 1100 1101 1110 1111 

xxxxOOOO 

xxxxuoo1 

xxxxOOIU 

xxxxOOl 1 

XXX<UllJU 

xxxxo101 

xxxxOllO 

XXXXOlll 

xxxxlOOO 

xxxxlOOI 

XXXXIOIO 

xxxxlOll 

xxxxJ 100 

xxxx1101 

xxxxlllO 

XXXXllll 
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• •• :···: :·:: :· 5 :· • • ··= ... : :·: !···: 
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r•~-+----1 
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(5) ••• • • • • .. .. .. 

B == ... · :::: em.:· I ]: ..... l : =~· Ij·:lll·:·I·· ··: . ·:·· : .. : . . . . ..... . . .. . . . . . . . . . .. . . . . . . . .. . . . . . . . .. 
--~·=·~~·=··~~=····· ... ~ •--'-----!.. -~ ~ ·------·-·-·-·-•,__._._·_~-·-·-·-1 

. . . . . . . . . . . . . .. ..... ·. • ... ;;ii.- ="""·1~·1I = ···i ! .. :~ .. I .: .. ~L:··· , ...... ( 7) 8. 8 8 :··· 8 :··· : : ·:· : : ····: : : I ····: 8. : 

1----~-··=·~·_,·~--·_,.~·~·-·~=~---L-- ••· _l___ ~.· D~ •••••-~!_••: !···· • . • ..... 
(8) 

.. • • 

t-"--+----1 

. .... •• •• •• . .. ····: "(·3··r:J !l= .... _l!. ·:~ .. lli"" ""'."""I ... • • : ••• : • : : : : : ····: •• :.. • • • 11 ····: • ···: l :_ : : : : ···: : ·: : :· : .·. .· : : 
1----~---~~-~ 8888 ...L.Jl ~ .~•~·~~=·~-·---• a -~- ---'-r--"-"-~a"+----1 

. . . ... . : : : : : .... ..:.. : : ..... 
(I) 

. . . . . . . . .. . . . . . . . . ... . . : . ... . :···: . . . :· : . . . .: . : .:. . : : ... . . . . . . . . . . . . . . . . . . . . . . 
l----~-~·~~·=·=·~~·~~·~=·-~·~~·~~·~=·-~·~-~·~~-·=·~~-=·-~~·~-1---~·----l~·-~·:..i 

(2) 

(3) 

. • : • • • 

... • • • • .... • • .. 
... • : • • ... 

: : • • .. • • • 

. .. . • • ... • • . . .... . ... • ..... • • • . . 
• •••• . . 
• 
• • . __._• 

• • • . • 
• i i . 

-=- :._• 

• .. . • : : • • . . 
··~ . .. ·:· ····: ,.. ..... . . . . :·I·: :.:. i .·· ·: ··::· ··:·· ! : ·: i .· ·: ··:· 

u u • IL____ U U U U • • • a • e ••: ... 
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(4) 
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(7) 
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• .. : .. • . 
.. • • 
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.. •• 
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• 
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• •• 
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l ·1 

... • : • • ... 
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••• • 
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Note: CG ROM is a character generator RAM having a storage function of character pattern which 
enable to change freely by users program. 
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Table 6 Relation between CG RAM addresses and character code (DD RAM) and character pattern (CG RAM data). 

( 1) For 5 x 7 dot character pattern 

Character Codes CG RAM Character Patterns 
(DD RAM Data) Address (CG RAM Data) 

7 6 5 3 2 1 0 5 4 3 2 0 7 6 5 4 3 2 0 
~Higher Lower-> <-Higher Lower-< ~Higher Lower-> 

0 0 0 * * *I i 11 1 0 

0 0 1 f I 0 0 0 11 
0 1 0 ! 1 0 0 0 11 

I 
0 1 ! 1 il 0 Character 

0 0 0 0 * 0 0 0 0 0 0 ' 11 
Pattern 

0 0 :ii 0 0 0 Example (1) 
:1 

0 :11 0 0 [l 0 

0 j! 1 0 0 0 l 1 

1 * * :1::0 0 0 0 0 +-Cursor 
Position 

0 0 0 * * * ,11; 0 0 0 ;1 
' . 

0 0 :o ,1 0 il 0 

0 1 0 b 1 \ 1 
' Character 0 1 1 :o 0 0 0 

0 0 0 0 * 0 0 0 0 : Pattern 
0 0 !i 1 L \1 Example (2) 

0 1 :o 0 0 0 

0 :o 0 l 1, 0 0 

1 1 * >K >K : 0 0 0 0 0 

0 0 0 * >K >K : 

0 0 

0 0 0 0 * 1 
0 0 *No effect 

0 1 

0 

(Note) 1: Character code bits 0 - 2 correspond to CG RAM address bits 3 - 5 (3 bits: 8 types). 
2: CG RAM address bits O - 2 designate character pattern line position. 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 
"1 ", bit 1 lights up regardless of cursor existence. 

3: Character pattern row positions correspond to CG RAM data bits O - 4, as shown in the figure (bit 4 being at the lef.t 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 Tables 3 and 4, CG RAM character patterns are selected when character code bits 4 - 7 are all "O". However, since charac· 
ter code bit 3 is a ineffective bit, the "R" display in the character pattern example, is selected by character code "00" (hexadecimal) or 
"08" (hexadecimal). 

S: "1" for CG RAM data corresponds to selection for display and "O" for non-selection. 

@HITACHI 269 



HD44780 

(2) For 5 x 10 dot character pattern 

Character Codes 
(DD RAM Data) 

7 6 5 4 3 2 1 0 
+-Higher Lower-> 

0 0 0 0 * 0 0 * 

0 0 0 0 * * 

CG RAM 
Address 

5 4 3 2 0 
+-Higher Lower-+ 

0 0 0 

0 0 

0 0 

0 

1 0 0 

0 1 

0 

1 1 1 

0 0 0 

0 0 

0 0 -------------
0 1 

0 0 

0 

1 0 

0 0 

1 

0 1 0 -------------
0 

0 01 

0 1 

1 0 

Character Patterns 
(CG RAM Data) 

7 6 5 4 3 2 0 
+-Higher Lower-> 

* * * i 0 0 0 0 0 

0 0 0 0 

Character 
Pattern 
Example 

0 0 0 0 

0 0 0 0 

0 0 0 

* * 
~Cursor 

Position 

* * 

I 
* * 
* * 

-~- --~- -_:_~ -- ----------------
* * ;>f;:)K * * * * 

I I )j( No effect 

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

270 

2: CG RAM address bits O - 3 designate character pattern line position. The 11th line is the cursor position and display is performed 
in logical 0 R with cursor. _ 
Maintain the 11th line data corresponding to the cursor display position in the "O" state for cursor display. When the 11th line data is 
"1 '', bit 1 lights up regardless of cursor existence. Since the 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 s x 7 dot character pattern positions. 
4: 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 "00", "01 ", "08" and "09" (hexadecimal). 
5: "1" for CG RAM data corresponds to selection for display and "O" for non-selection. 
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• CB1020R up to 160K pixel resolution 
• CB1026R up to 320K pixel resolution 
• CB1030R up to 2 x 320K pixel resolution 
• CB1040R up to 2 x 640K pixel resolution 
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1. GENERAL 

CB1020R, CB1026R and CB1030R (mounted with control LSI HD61830 and a socket for the refresh 

memory) are control circuit boards for graphic display modules. 

They allow direct connection to the MPU's bus line. The HD61830 controls signal generation and data 

conversion required for a liquid crystal display (LCD) module. This simplifies the graphic display system. 

These control circuit boards operate in graphic and character mode. In graphic mode, refresh memory 

contents are displayed on the LCD to.allow display of figures, graphs, and pictures. 

In character mode, the 8-bit parallel code for each character is converted to the corresponding dot pattern 

by the character generator in the control circuit boards and displayed on the LCD. The built-in character 

converts generates 192 characters including 160 JIS characters and 32 special pattern characters. An addi

tional character generator for character patterns required by the user can also be mounted. 

Model Controller Refresh RAM External ROM LCD module 
to be driven 

CB1020R HD61830 x 1 pc Up to 2k bytes Up to 2k bytes LM200, LM021, 
H2525 

CB1026R HD61830 x 1 pc Up to 4k bytes Up to 4k bytes LM200, LM021, 
LM212, LM211 YB 

CB1030R HD61830 x 2 pcs Up to 4k bytes Up to 4k bytes 
LM215XB (both master and slave) (both master and slave) 

Note 1: The control circuit boards are shipped with the generating frequency set for driving the following LCD modules. 

If any other LCD module is to be used, refer to 7 .2. 

Control circuit board LCD module 

CB1020R LM200 

CB1026R LM211XB 

CB1030R LM215XB 

Device to be provided separately by the user: Refresh memory RAM 

Note 2: Prepare any of the following devices according to the application. 

(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 

(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 

(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) I pc 

Note 3: To prevent problems after completing equipment design, an operation check with a sample is recommended in 

the design stage. 

Note 4: If control circuit boards are to be used differently from the instructions given in this manual, 
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2. CONTROL CIRCUIT BOARDS 

2.1 CB1020R 
CB1020R is equipped with a control LSI (HD61830 x 1 pc) and a socket for refresh memory (up to 2k 

bytes) CB1020R is suitable for use with graphic display modules LM200 (64X240 dots), LM021 (24X479 

dots) and H2525 (20 x 239 dots). An additional character generator ROM (up to 2k bytes) can be mounted 

to cope with the user's own character patterns. 

Note 1: CB1020R is shipped conditioned for driving the LM200. If any other LCD module is to be used, refer to 7.2. 

Note 2: Device to be provided separately by the user: 

cs 
RES 

RS 

R/W 

E 

DBO 
$ 

DB7 

Refresh memory Hitachi HM6116 (CMOS 2048 x 8 static RAM) or its equivalent: I pc 

- - - - ., 
Dl,D2 

CLl 6 
cs CL2 

RES M I 

RS FLM Refresh memory 

R/W MAO AO 2k bytes 
f 11 r RAM E MAIO AlO 

8 I DBO MA12 3 01-01 ~ .s I 
f DB7 MA14 

MDO 8 ,( J 
MD7 - 7 

8 
HD61830 _J _____ --· 

1 AO--A2 A3-Al0 I I 

RDO I 01 I 
8 I s L ~ cfr 2k bytes 

RD7 7 
ROM 

I 
I 

I 
I 

I 

Lt\/' J 
i_ - - - - - - - _ ... 

I Character generator ROM 
I 

11--- __ _J 
Fig. 2.1.1 CB1020R BLOCK DIAGRAM 
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3.0 ±0.3 

4-</>2.5 

3.8 ±0.3 

LCM interface 
terminal 
(10-<f>l.O) 

~ --,_.. 

~ e 
q 
00 

CB1020R/CB1026R/CB1030R 

78 ±0.5, 

67 ±0.3 

M 
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Table 2.1.1 CB1020R Interface Pin Arrangement 

(1) LCD module interface 

Pin No. Signal name (Note 1) 

1 Dl 

2 FLM 

3 M 

4 CLl 

s CL2 

6 D2 

7 Yoo (+5V) 

8 Vss (GND) 

9 VEE (-SY) 

10 Vo 

(2) MPU interface 

Pin No. Signal name 

1 Vss (GND) 

2 Yoo (+SV) 

3 Vo (Note 1) 

4 RS 

s R/W 

6 E 

7 DBO 

8 DBI 

9 DB2 

10 DB3 

11 DB4 

12 DBS 

13 DB6 

14 DB7 
-

lS cs 

16 RES 

17 VEE ( -SV)(N ote 1) 

18 N.C 

19 N.C 

20 N.C 

(3) Interface hole diameter 

Note 1: Pin arrangement same as LM200. 

Pin arrangement is different than LM021 and H2S2S. 

Careful connection is necessary. 

For pin arrangement of LM200, LM021, and H2S2S, 

see their catalogs. 

Note 1: Although V0 and VEE are not used in CB1020R, they 

are provided for supply to the LCD module. 

(Fig. 5.1.) -

1.0 mm holes are used in the MPU and LCD modules. 
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2.2 CB1026R 
CB1026R is equipped with a control LSI (HD61830Xl pc) and a socket for refresh memory (up to 4k 

bytes) CB1026R is suitable for use with graphic display modules LM212 (48 X640 dots), LM211 (64 X480 

dots) and LM200 (64 x 240 dots). An additional character generator ROM (up to 4k bytes) can be mount

ed to cope with the user's own character patterns. 

Note 1: CB1026R is shipped with a generating frequency set for driving LM21 l. If any other LCD module is to be used, 

refer to 7.2. 

Note 2: Prepare any of the following refresh memories according to the application: 

(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 

(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 

(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) 1 pc 

(Memory capacity of over 4k bytes cannot be controlled.) 

A combination with other than the above refresh memories is not acceptable. Connect pins on the printed 

circuit board according to the indicated refresh memory (Table 3.1). 

Note 3: Use Hitachi HN462732 as a character generator ROM. 

11-
I Dl, D2 

cs cs CLl 
12 (Note 2) 

RES 

RS 

R/W 

E 

DBO 
i 

DB7 

8 I , 

I 

RES 
CL2 

M 
RS FLM 

R/W MAO 
E I 

MAll 
DBO MA12 

I ~ 
DB7 MAIS 

MDO 
~ 

MD7 

HD61830 

J 

RDO 
5 

RD7 

12 

4 
_L 

Refresh memory 

8k bytes 
RAM AO 

l 
All 

01-07 

8 
8 

L~_'I---------________ J 
Fig. 2.2.1 CB1026R BLOCK DIAGRAM 

@HITACHI 277 



N 
....... 
CXl 

@ 
::c -
~ 
(") 
::c -

~ 
~ 
N 
N 
N 
n = ~ = N 
Cl\ 
~ 
n -~ n e -o-3 
0 -> 
~ 
~ 
> 
~ 

cs 
RES 

RS 

RIW 

E 

DBO 

DBI 

DB2 

DB3 

DB4 

l>B5 

DB6 

DR1 

GND 

+S 

Vo 

16 

16 

• 
5 

6 

7 

.... 8 

.,,. 9 

10 

JI 

J~ 

13 

14 

I 

7 
0---

J 

17 v. ·~ 

+5 

~ 20 
~GND 

15 ES 
14 

KES 
IK 

RS 
I; 

R·W 
16 

E 
28 

DBO 
2; 

DBI 
26 

DB2 
25 

DB3 
24 

DB4 
23 

1DB5 
22 I 

iDB6 
21 

DB; 

7 

£2 
K 

c 
CR 

• - CPU 
12 - SYNC 
13 

,--- WE 

MAO • 
MAI 

3 

MA2 2 

MAJ 
I 

MM 
.,, 

MA5 
59 

511 
MA6 

57 
MA7 

56 
MA8 

SS P4 MA9 5' "'· PS MAIO 
MAI 

53 

52 P6 
MAl2 

51 
MAIJ so 
MAU •• MAIS 37 

l MOO ,. 
MDI 

3S 

Control MD2 
3' 

MDJ 

LSI 33 
MD< 32 
MDS 31 
Mll6 30 
~ID1 4S 
RDO 

" RD! 

" RD2 
4'!. 

R03 .fl 

RD< .. 
KDS l• 
Rll6 
R07 

38 

47 
DI .. 
D2 

CL2 
.. 
II 

CL! 
5 

MB 
MA ~ 

FLM ,....._.. 

Note 1 
llM6264 

~ ~ t"---+ AO 

~~~ 
'*-"" 8---+ Al 

1/01 

1/02 h t'---7- :: 1/03 
~A6 

~ ~~~ 
1/04 

1/05 

P7 ~ ... 1/06 ~ ~ . .,Pl! AIO 

'"'' All ~ P9 2 1/118 
t7 :_1~ 

fl 22 OE vcc 
,,>fr 20 CS! +S Pl~cs2 r· Pl l P3 + 5

1 
1• HD74L.'l04 

.E: ~, 

Hl'462i32 
8 
7 

Ao 

• Al 
A'!. 

5 
"' A'.I 

" • A< 
:! ()I 

2 
AS ... 02 

I A7 
03 23 AH 

" .... A9 , .. 
19 AID 

OS 

' " All 

<"J'"T 06 

8 cf-: n; 

" HM6116 

t- . rAO ~ t---+ Al t---+ A2 

~Al t---4 ... 
~~: 
~~~ C'---H- A• 
'---..!!.. A io 
,---1!- WE 

~ OE 
cs 

(Note 1) 

µff 

• 
10 

II 

n .. 
15 

..., 

16 " ..., 
" 

• 1/01 R 1/02 

l/O'.l H 1/04 

" l/t6 R l/116 

1/07 R 1/00 

Z4 vcch_ 
+s 

Note 1: This figure illustrates a 

pped with 

moryHM6264 

circuit equi 

refresh me 

andchara cter generator 

HN462732 p 
'"'fl 

+S 

./ 

I 

• 
;) . 
'-o 
2 

" 

DI 

02 

<.:l.2 

CLI 

M 

FLM 
+5.,...__.!....o ... 5 

rGND 
L.---4----~·----------------------------------------------------~-•...,v .. 

1tl Vo 

0 m ... 
0 
N 
Cl 
:D 
c; 
m ... 
Cl 
N 
CJ) 

:D 
c; 
m ..... 
Cl 
c.> 
Cl 
:D 



6.0 ±0.3 

4-<P2.5 

Pin No. 1 

LCM interface terminal (10-<P 1.0) 

~ 
u ...... ·s.. 

'<I" 
V) 

N 

M 
ci 
+t 
V) 

O'I "'! '<I" a 
+I 
...-: 
V) 

3.8 ±0.3 

"""" ~ >< o:I - s '-" 
~ 
00 

Notes 1: Only a socket is mounted. 

2: A socket is not mounted. 

CB1020R/CB1026R/CB1030R 

82.0 ±0.5 

77.0 ±0.3 

72.0 ±0.3 

2.54 pitch 

55.9 ±0.3 
MPU interface terminal (20-¢1.0) 

>< o:I 
Socket RAM 

s 
~ 
M 

Fig. 2.2.3 CB1026R DIMENSIONAL OUTLINE 

@HITACHI 

"'! 
a 
+I 
~ 
~ 
M 

"'! 
a 
+t 
V) 

O'I 

A 

Detail of A 

Unit: mm 

V) 

a 
+r 
~ 

'° ~ 

"'! 
a 
+r 
v: -M 

279 

co 

5 
t 
UJ 
(/) 



280 

CB1020R/CB1026R/CB1030R 

Table 2.2.1 CB1026R Interface Pin Arrangement 

(1) LCD module interface 

Pin No. Signal name (Note 1) 

1 Dl 

2 FLM 

3 M 

4 CLl 

5 CL2 

6 D2 

7 Von (+SV) 

8 Vss (GND) 

9· VEE (Note 2) 

10 Vo(Note 2) 

(2) MPU Interface 

Pin No. Signal name 

1 Vss (GND) 

2 Vno (+SV) 

3 Vo (Note 1) 

4 RS 

5 R/W 

6 E 

7 DBO 

8 DBl 

9 DB2 

10 DB3 

11 DB4 

12 DBS 

13 DB6 

14 DB7 

15 cs 
--

16 RES 

17 VEE (Note 1) 

18 N.C 

19 N.C 

20 N.C 

(3) Interface hole diameter 

Note 1: Pin arrangement same as LM21 l and LM200. 

Pin arrangement is different than LM021 and H2525. 

Careful connection is necessary. 

Note 2: VEE and Vo vary depending on an LCD module to be 

used. See LCD module catalog. 

Note 1: Although Vo and VEE are not used in CB1026R, 

they are provided for supply to the LCD module. 

(Fig. 5.1.) 

VEE and Vo vary depending on an LCD module to 

be used. See LCD module catalog. 

1.0 mm holes are used in the MPU and LCD modules. 
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2.3 CB1030R 

CB1030R controls an LCD module, such as LM215 (128X480 dots), which divides the active area and is 
made of two CB 1026R boards. 

CB1030R uses two control LSis (HD61830). These have a master-slave relationship. 

For the block diagram and circuit diagram of the CB1030R, see the block diagram and circuit diagram of 
CB1026R. 

Note 1: CB1030R is shipped with generating frequency set for driving LM215. If any other LCD module is to be used, 

refer to 7.2. CB1030R can also be used with LM212, LM21 l, LM200, LM021, and H2525. The pin arrangement 

is only the same as LM215. 

Note 2: Prepare any of the following refresh memories according to the application: 

(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1 pc 

(2) Hitachi HM6116 (CMOS, 2k bytes static RAM) 2 pcs 

(3) Hitachi HM6264 (CMOS, 8k bytes static RAM) 1 pc 

(Memory capacity of over 4k bytes cannot be controlled.) 

Master and slave can be independently composed of RAM (s). 

(Exam pie: Master: one HM6264 chip; Slave: two HM61 l 6 chips) 

A combination with other than the above refresh memories is not acceptable. Connect pins on the printed 

circuit board using the indicated refresh memory (Table 3.1). 
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Table 2.3.1 CB1030R Interface Pin Arrangement 

(1) LCD module interface (2) MPU interface 

Pin No. Signal name (Note I) Pin No. Signal name 

I Dl 1 Vss (GRD) 

2 D2 2 V00 (+5V) 

3 FLM 3 Vo 

4 M 4 RS 

5 CLl 5 R/W 

6 CL2 6 E 

7 D3 7 DBO 

8 D4 8 DBI 

9 Yoo 9 DB2 

10 Vss IO DB3 

11 VEE 11 DB4 

12 Vo 12 DBS 

13 DB6 

14 DB7 

15 CSl (Note 2) 

16 RES 

17 VEE 

18 CS2 (Note 2) 

19 N.C 

20 N.C 

Note 1: Pin arrangement same as LM215XB. 

Pin arrangement is different than LM021, LM211XB, LM200 and H2525. Careful connection is necessary. 

Note 2: CB1030R uses two HD61830 chips. CSl and CS2 are provided for chip selection. 

CSl = 0 (L) Selects master HD61830. 

CS2 = 0 (L) Selects slave HD61830. 

Input signals other than CSl and CS2 are connected in common to both HD61830s. 

When CB1030R is not selected, set CSl and CS2 to level 1 (H). 

@HITACHI 283 



284 

CB1020R/CB1026R/CB1030R 

3. EXPLANATION OF EACH PART 

3.1 HD61830 

This is a special control LSI for the graphic LCD module. It generates the timing signal and controls the 

data for LCD modules. 

Selection between graphic and character modes as well as LCD drive conditions must be initialized 

through the data bus (DBO to DB7). For initialization, see 8. The control LSI also has active area scroll, 

bit set, and bit clear functions. 

For details, see HD61830 catalog. 

3.2 Refresh Memory 
The refresh memory, a static RAM, stores display data. In character mode operation, the character data is 

written as 8-bit parallel code in this RAM. Display is controlled by the address (MAO to MAl 1) from 

HD61830. Read data is converted to the corresponding dot pattern by the character generator ROM in 

HD61830 (or an external character generator ROM) for display on the LCD. 

In graphic mode, the HD61830 dot pattern is written in this RAM for display. 

For correspondence between the RAM address and the active area, see 9. 

Reading from or writing in this RAM is carried out through HD61830. Direct MPU reading or writing is 

impossible. 

3.3 RAM Selections for Use with CB1026R and CB1030R 

The following three selections are available for combination of RAMs that can be mounted in the 

CB1026R and CB1030R. 

(1) HM6116 (2k bytes) x 1 pc 

(2) HM6116 (2k bytes) X2 pcs 

(3) HM6264 (8k bytes) x 1 pc 

(Memory capacity of over 4k bytes cannot be controlled.) 

Correspondence between RAM combinations and pin connections are shown in Table 3.1 below. Each pin 

connection for each combination of the above three must be provided by connecting pins on the printed 

circuit board withjumper wires (Table 3.1). 

Table 3.1 RAM and Pin Connections 

RAM Socket in which RAMs are mounted Pin connections 

ipm2s 2 5 8 

2k-bytes Pm240 906060 
RAM x 1 pc. 

I ~Jumper. 
I 

Mount to <!)00006 
wire 

the bottom. 134679 

2 5 8 

2k-bytes 

~ 
o96o6Q 

I I 

RAM x 2 pc. I I ~jMountto 060006 
the bottom. 1 3 4 6 7 9 

8k-bytes 

D ~ 
</a </b r:/o 

RAM x 1 pc. 
1 I I 
I I I 

6060~0 
1 3 4 6 7 9 
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3.4 Character Generator ROM 

This is an external ROM (Hitachi HN462732 or its equivalent) to be mounted when the user requires spe

cial character patterns. It controls up to 4k bytes, or patterns for 512 characters*. For the pattern generation 

method, see Fig. 13.1 CB1020R uses Hitachi HN462716 ROM, which controls up to 2k bytes, or its 

equivalent. 

Use of both internal character generator ROM and external ROM is inhibited (ROM to be used must be 

designated at initialization). To use the external ROM, all patterns to be used must be generated. 

* The number of character patterns varies depending on Vp (vertical character pitch) and Hp (horizontal 

character pitch) specified. 

3.5 Patterns Generated by Character Generator ROM in HD61830 
Table 3.2 shows the character patterns generated by the internal ROM. 

Table 3.2 HD61830 Font Table 

~ 0010 0011 0100 0101 t!l 10 011] 1010 1011 1100 110 I 
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H
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,--~~I~' : 

xxxxOOlO 

: : .... : . . .. .. 
.... . . . . .... . . . . 

.... . . . . ... .. . ;.... :.··] i" .:·I= ! ! •• : I ·"·~S : : : . : .· .·. :···. : : 
• ••• Li_ • • • ~··· I ••• 

xxxxoo11 
,.,, :·.~.·.· i . ,-- . 
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:'" ·::: 1 : :"·: .;i:-. ..... ... • .. 
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f-- : ,• ::: ::::· i ... =1 ·!.· • : :1 ::::; •i•·; ::::: . 

xxxXOl 10 ,_~~=~·:~='~""-=~=~~~~~~"-· 1~~"-LL~"-L~'-~-"~"--,•: 1 . 
" .·· f::; i : ! ::::: 

XXXX0111 _l _·.,..; ~-· ... = . =I ··::=11 ::i:: ··:·· ..... . 
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I I I I I . · ... · : ... : 
xx xx 1000 =.. =-~'(= J_ : I .... 

::-:: .·f I : 

... . 

.. .... 

. . ... 
=::·· 
:: ... 
..... . . 
. . ... ... . . l . 
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. ..... 
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. ... . . ... 

.. . 

. .... . .. . .... .. 

Every code beginning with 0000 or not defined is displayed as blank. 
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4. INTERFACE EXAMPLES WITH MPUs 

286 

Figures 4.1 to 4.3 show interface examples with various MPUs. In designing an actual interface circuit, 

consider the timing chart shown in 12. 

(). ~ > Chip select circuit 
</J2 r - - - - -- - - --, 

j_ I\ I ..,___ l I 

: LJ· E 

R/W 
I I 

AlS r-fi>o-i__, I CB1020R 

HD46800D 
Al4 ~ I\ ! or 
Al3 cs 

CB1026R Al2 I I 
VMA I L.. __________ .J 

or 

AO 
R/W CB1030R 

AlS k 
RS 

I 
AO 

DO~ > DBO 
I 

D
1
7 ~ ' l ' .; 

DB7 
7 

Fig. 4.1 Interface example with HD46800 

6 
IO/W 

r-1 
E 

J 1---1 
RD 1---1 

~ "" Chip ~cs 
CB1020R 

WR ........., --./ select cs 8085A or 

.... 1-- ...._, R/W CB1026R 
SI Hi 

or 

ALE ~ s Q RS CB1030R 

~ 1--1 T (74LS74) 
AlS I, 

I .....__, RD 
A8 

lADO ADO K- t--' 

~ 
DBO 

I I 
AD8 "" l l l l i ru- DB7 

Fig. 4.2 Interface example with 808SA 
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AO RS 
Al Chip 

$ select +SY 
A7 

DO oso E CB1020R J 
07 or 

CR CB1026R 
q, Z80 or MPU 

IORQ CB1030R 

RD 
cs 

WR R/W 

DBO 
l 

DB7 

Fig. 4.3 Interface example with Z80 
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5. LCD DRIVE VOLTAGE SUPPLY 

288 

All power voltages are supplied to the control circuit board and are output to the LCD (Fig. 5 .1). Vo and 

VEE simply pass the control circuit board. 

The method in Fig. 5.2 is recommended for supplying LCD drive voltage Vo. The method in Fig. 5.3 may 

be used because Vo and VEE are used only in the LCD module. Select either way according to the control 

circuit board mounting position and the variable resistor location. 

For recommended drive voltages, see LCD module catalog. 

Control circuit board LCD module 

Yoo 
(+5) 

'.>Yoo 

' (GND) ...... 
Vss 

* 
Vss 

T Vo 
(-5) I 

)VEE 

Fig. 5.1 Power Lines 

Control circuit board LCD module 

Voo---..--~~__,l.--o~~~~-avoo 

Vss 1 Vss 
~Vo m 

VR~s----o,__--<:>-----<.;~Vo 

VEE ---'---u----<.>-----vVEE 

VR: 10kil-20kil 

Fig. 5.2 Example of Variable Resistor Connection (1) 

Yoo 

Vss 

Control circuit board 

T 
"-

J. 
VR:? 

J 
VR: 10kil-20kil 

LCD module 

Yoo 

·---< >Vss 

Vo 

VEE 

Fig. 5.3 Example of Variable Resistor Connection (2) 
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6. POWER SEQUENCE AND RES PIN 

6.1 Power Sequence 
CMOS LSls are used in the control circuit board and LCD module. Always supply the power as in the se

quence in Figure 6.1. Each input signal must be kept at GND level until the +5 V source voltage is 

stabilized. If a signal is input before stabilization of the source voltage, latch-up may occur. 

4.75V 

Vnn (+SV)---' 

VEE (-SV) -----.1 

0 min. ----+--- ------Omin. 

Fig. 6.1 Power Sequence 

6.2 RES Pins 
RES pin has these functions: 

(1) Clearing each register in HD61830. 

(2) Resetting BUSY flag (enabling E signal receiving) 

Because the BUSY flag status is unstable after power on, provide the C and R reset circuit (Fig. 6.2). RES 

signal input during operation clears the registers in the control LSI causing LCD driving conditions to 

become faulty. An abnormal display will result. Although reinitialization restores normal status, RES 

signal input during operation must be avoided. If RES signal is applied during operation, execute initializa

tion immediately after RES signal input. RES signal pulse width must be 1 µ,s through 2 ms to avoid dis

turbance of LCD driving conditions during RES signal input. 

+SV 

lOkQ 

----- To RES terminal 

Fig. 6.2 Reset Circuit 
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7. INITIALIZATION AND BUSY SIGNAL 

7 .1 Initialization 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

290 

Table 7 .1 shows HD61830 instructions. Table 7 .2 shows mode data bit functions. 

In initialization, always designate the display mode and LCD drive conditions (instructions No. 1 through 

No. 4 in Table 7.1). 

Designation of other instructions is not necessary at initialization. 

Setting (writing in each register) in HD61830 is effected by designation of the register number after writ

ing the data. This setting method is similar to the CRT controller (CRTC). 

Fig. 7 .1 shows an example of the initialization flowchart. 

Since the register pointer designates the same register until setting of a new register number, sequential 

register number specifications are necessary for initializing data writing. 

Table 7.3 shows an example of initializing data for LM211, LM021, and H2525. 

Caution: Instructions No. 2 through No. 4 in Table 7 .1 must be executed immediately after power on and must not be 

changed during operation. Reset conditions after RES signal input must be the same as those first specified. 

Table 7.1 HD61830 Instruction List 

Register Data 

R/W RS DB7-DB4 DB3 DB2 DBl DBO Function R/W RS DB7 DB6 DBS DB4 DB3 DB~DBiDBO 
0 1 0 0 0 0 0 Mode control 0 0 0 0 Mode data (Note 1) 

0 1 0 0 0 0 1 Vertical/horizontal character pitch 0 0 (Vp-1) B 0 (Hp - 1) B 

0 1 0 0 0 1 0 Number of characters per line/ 0 0 0 (HN -1) B number of bytes 

0 1 0 0 0 1 1 Number of vertical dots 0 0 0 (NX - 1) B 

0 1 0 0 1 0 0 Cursor position 0 0 0 0 0 0 (CP-1) B 

0 1 0 1 0 0 0 Display starting address (least 0 0 Address data significant) (Lower) 

0 1 0 1 0 0 1 Display starting address (most 0 0 0 0 0 0 Address data significant) (Upper) 

0 1 0 1 0 1 0 Cursor address (least significant) 0 0 Address data 

0 1 0 1 0 1 1 Cursor address (most significant) 
0 0 0 0 0 0 Address data (Upper) 

0 1 0 1 1 0 0 Refresh memory write 0 0 Character code/bit data 

0 1 0 1 1 0 1 Refresh memory read 1 0 Refresh memory data 

0 1 0 1 1 1 0 Bit clear 0 0 0 0 0 0 0 (BN) B 

0 1 0 1 1 1 1 Bit set 0 0 0 0 0 0 0 (BN) B 

- - - - - - - BUSY signal read 1 1 BF * * * * * T * T * 
Notes 1. See Table 7.2. 

2. HP: Specify 6, 7, or 8. 

3. HN ~ 128: If the active area is divided, specify the number of characters/number of bytes per block (an even 

number of 2-128). 

4. NX =Number of duties~ 128 

5. BF = 0 (ready to receive signal E) 

BF = 1 (during internal processing) 
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Table 7 .2 Mode Data 

'----~{o· J 1: 

{ 
0: Character mode 

.________ 1: Graphic mode 

'----------- { 

00: Cursor OFF 

01: Cursor ON 

10: Cursor OFF, character blink 

11: Cursor blink 

Internal character generator ROM of the HD61830 

External character generator ROM 

'------------- 1: DB4 is the bit to specify the master chip or slave chip when multiple chips of 

HD6 l 830 are used. 

~-------------{ 0: Display OFF (display off without clearing the refresh memory contents) 

1: Display ON 

YES 

Start 

Clear 
register A. 

Load HD61830 
contents into 
register B. 

Store register A 
contents into 
HD6l830. 

Store register B 
contents into 
HD61830. 

YES 

RS= I 
R/W = 1 

RS= I 
R/W= 0 

RS= 0 
R/W= 0 

BUSY flag check 

Function register select 

Data input 

Note l: Change the register number normally 

YES 

+ 1 at a time, but in No. 5 to No. 6 of Table 7.1, 

register numbers are not continuous. 

A= 8 
Register number update 

End 

Fig. 7.1 Initialization Flowchart (Example) 
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No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

CB1020R/CB1026R/CB1030R 

Table 7.3 Initializing Data (Example) 

LM211XB LM200 LM021 H2525 
Charac- Charac- Charac- Charac-

ter Graphic ter Graphic ter Graphic ter Graphic 

34 32 34 32 34 32 34 32 
75 77 75 77 75 77 75 77 
27 IF 27 IF 27 IF 27 IF 
3F 3F lF IF 17 I7 I3 13 
07 07 07 07 07 07 07 07 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 

Notes: 1. Numbers same as in Table 7.1. 

2. Character mode uses 6 x 8 

dots/character and internal 

ROM. 

3. Graphic mode uses 256 dots 

per line. 

7 .2 BUSY Signal 
HD61830 has an independent oscillator to generate the LCD drive timing. All HD61830 internal opera

tions and refresh memory read/write operations use the clock signal generated by this internal oscillator. 

This oscillator operates in perfect a synchronism with the clock on the MPU side. In processing instruc

tions from the MPU and data writing, data bus contents are first latched in the buffer register in HD61830 

by the enable signal (E signal) and then processed according to the internal clock signal. Generally, the 

time equivalent to two internal clock puleses (3.5 µ,s min) or more is necessary for one operation 

(processing), so that the processing speed does not match the MPU. To ensure processing of received in

structions and data, the flag to inhibit the E signal is set in HD61830 during LSI processing. 

BUSY signal duration depends on the function in Table 7.4. 

Table 7 .4 BUSY Signal Duration 

Function 
Generation/ 

Nongeneration 

Setting register No. 

Setting data in register 

Refresh RAM read/write 

Bit write/ clear 

Notes: 1. tcu (internal clock signal cycle) 

LM215XB. . . . . . . 0.87 µs (typ.) 

LM212 ......... 0.87 µs (typ.) 

LM211XB ....... 1.1 µs (typ.) 

LM200 ......... 2.2 µs (typ.) 

LM021 ......... 3.0 µs (typ.) 

H2525 ......... 3.5 µs (typ.) 

None 

Generation 

Generation 

Generation 

2. Hp (horizontal character pitch) 6, 7 or 8 

BUSY 

max. 

Iµs 

2 x tc12 

(2 +Hp) tc12 

2 (Hp+ I) tc12 

3. The time from the E signal falling edge('-_) is indicated. 

~HITACHI 
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tcL2 

2 x tcL2 

(2 +Hp) tcL2 
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To ensure the correct HD61830 internal operation, send and receive instructions while checking the 

BUSY signal. If obliged to use the equipment without checking the BUSY signal, allow for at least three 

times the duration listed in Table 7.4 below. 

BUSY time varies with frequency fcu of CB1026R, whose tCL2 is set for use in the LM21 l. Consult a 

Hitachi office when using the CB1026R in other than LM21 l. 

BUSY signal is used only in HD61830 and not directly output from LSI. Checking the HD61830 busy 

state from the MPU side uses the BUSY signal read function in the sequence shown in Fig. 7.2. Fig. 7.1 

shows a flowchart example. 

Minimum E signal cycle time of 1.0 µ,s in 12 is the time for a BUSY check and register number setting 

(Fig. 7.2). It does not mean that HD61830 is able to process an instruction within a minimum cycle time 

of 1 µ,s. 

lµs min. lµs min. 

BUSY~~~~-+-~~~-+' 
(Internal) Function Data input BUSY flag check 

register set 

Fig. 7.2 BUSY Check Sequence 

¢!>HITACHI 

On completion of execution, 
the BUSY signal turns off 
(H-+ L) automatically by 
the internal clock. 

293 

co 
z 
0 

@ 
(/) 



CB1020R/CB1026R/CB1030R 

8. INSTRUCTION CODE 

8.1 Mode Control (Table 7.1, No. 1) 
Specify the HD6 l 830 operation mode. 

This instruction controls the character/graphic mode, cursor on/off/blink, master/slave, and display on/off. 

When DBl is set to 1, and DBO, DB2 and DB3 are set to 0, HD61830 is set to the graphic mode. The char

acter generator and cursor function are disabled. 

When DBl is set to 0, HD61830 is set to the character mode. The character generator designation (DBO) 

and cursor control (DB2, DB3) are enabled. 

The blink cycle is determined by the internal oscillator frequency. It is generally 0.2 to 0.4 sec. 

8.2 Vertical/Horizontal Character Pitch (Table 7.1, No. 2) 

294 

When HD61830 is used in character mode, specify the number of dots per character in the vertical and 

horizontal directions. The number of dots in the horizontal direction will be 6, 7, or 8. Since the character 

generator font consists of 5 x 7 or 5 x 11 dots, specifying 12 in the vertical direction and 8 in the horizontal 

direction would cause the character display to be justified to the left top (Fig. 8.1). 

Use hex for number specification. 

Data 0 for dots other than the character portion and cursor is generated in HD61830. 

8 

12 

Fig. 8.1 display Pattern (Example) 

Range ofVp and Hp: 

7 ~ (Vp -1) ~ 15 J Character mode 
5 ~ (Hp-1) ~ 7 

(Vp -1) = ** (invalid) J 
5 ~ (Hp-1) ~ 7 

$HITACHI 
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8.3 Number of Characters per Line/Number of Bytes (Table 7.1, No. 3) 
Specify the number of characters per line in the horizontal direction and the number of bytes for graphic 

display. 

Calculating formulas follow. 

Character mode: 

Number of dots in horizontal direction 

Hp 

Graphic mode: 

Number of dots in horizontal direction 
HN=~~~~~-8~~~~~-

Use hex for specification. 

If the calculated HN is not an integer, raise the fractional part for specification. 

Always specify an even number. Specifying an odd number is inhibited. 

For the module whose active area is divided into 2 blocks, specify the number of characters/number of 

bytes per block. For LM211, for example, the active area is divided as in Fig. 8.2. Specify 240+8=30 OE 

in hex). 

240 dots 240 dots 
64 dots Block 1 64 dots Block 2 

Fig. 8.2 (1) LM211 Active Area Division 

If HN x Hp exceeds the number of dots, the character at the right end of the active area is displayed 

completely. The character at the left end may be imperfectly displayed (Fig. 8.2 (2)). 

8.4 Number of Vertical Dots (Fig. 7.1, No. 4) 

Specify in hex the number of dots in the vertical direction. 

Specify the number of dots irrespective of graphic mode or character mode. 

Specifications of the number of characters per line/number of bytes and the number of vertical dots deter

mine the LCD drive timing. The specifications must match those of the LCD module as much as possible. 

Specifying values deviating greatly from LCD module specifications may cause display flickering or fading. 

For a module divided into two blocks in the vertical direction, specify the number of vertical dots in one 

block. For example, the LM200 is divided as shown in Fig. 8.3, and so specify 32 OF in hex). 

If HN=36, HP=7 and number of horizontal dots=240: 

I; 7 s 2 
r 1- ;- -r-r-r-----------------E..:.....-F.:...,...;~ 
I ,_, 1 1 
I I I I .....__ 
~ ..l _,_ .... +-"----------------L--1--1-...j 
I 
I 
I 

240 dots 

Fig. 8.2 (2) Display Example for HN x HP Number of Dots 

~HITACHI 
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240 dots 

32 dots Block 1 

240 dots 
32 dots 

Block 2 

Fig. 8.3 LM200 Active Area Division 

8.5 Cursor Position (Table 7.1, No. 5) 
Specify the cursor lighting position. Observe VP~ CP. 

If Cp = 8 is specified, the cursor is displayed on the 9th line from the top (Fig. 8 .1). 

The number of cursor dots in the horizontal direction is the same as the HP value. 

Blinking also occurs in the range of VP and HP in the vertical and horizontal directions. 

8.6 Start Address (Table 7 .1, No. 6 and No. 7) 
Specify the most significant 8 bits and least significant 8 bits of the display start address. Usually, specify 

(0000) 16. Changing the display start address enables display to start from an arbitrary address in the re

fresh memory. Scrolling is thus easy. 

In any of LM21 l, LM200, LM021, H2525, and LM212, the start address data is displayed at the top left of 

the active area. 

For scrolling details, see 11. 

8.7 Cursor Address (Table 7.1, No. 8 and No. 9) 

Specify an address in the refresh memory. 

Because the cursor address is automatically incremented ( + 1), address setting is unnecessary after setting 

the first address for continuous data writing in continuous addresses. If addresses are discontinuous, an ad

dress setting is required each time. 

The cursor address includes a lower address (8 bits) and an upper address. In setting the cursor address, 

observe the following instructions: 

1 
When both a lower address and upper Set the lower address first, and then the 
address are to be set: upper address. 

2 
When a lower address only is to be set: After setting the lower address, set the 

upper address again. 

3 
When an upper address only is to be set: Set the upper address. It is not necessary 

to set the lower address again. 

The cursor address counter is a 16-bit up-counter with the set and reset function. When the N'th bit 

changes from 1 to 0, the (N + 1) 'th bit counts up. 

If a lower address is so set that MSB (8th bit) of the lower counter changes from 1 to 0, LSB Ost bit) of 

the upper counter counts up. In setting the cursor address, handle the setting of lower address and higher 

address as consecutive instructions of two bytes. 

4!>HITACHI 
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8.8 Writing in Refresh Memory (Table 7.1, No. 10) 

This function writes the display data. 

Usually, this function is executed in a pair with the cursor address setting in the sequence shown in Fig. 

8.4. 
In the graphic mode, the data is inverted in writing and display (Fig. 8.5). Either invert the data for each 

byte at the time of data preparation or use the inversion program (Fig. 8.6). 

(a) Continuous Address (b) Discontinuous Address 

Cursor address set Cursor address set 

I ~ 
Write-to-refresh- Write-to-refresh-
memory register memory register 
select select 

I l 
Data input Data input 

1 I 
Data input 

Cursor address 
register select 

T l 
Cursor address set 

~ 

Fig. 8.4 Data Writing Sequence 

8.9 Reading from Refresh Memory (Table 7.1, No. 11) 

In specifying an internal ROM in the character 

mode, code patterns not defined in Table 3.2 are 

all displayed as blank. 

This function reads the refresh memory contents for input to the MPU. The reading sequence is similar to 

that in Fig. 8.4. 

Data inversion in read/write into the MPU does not occur. 

The data read immediately after address setting becomes insignificant because of circuit operation. It shall 

thus be ignored. Data read the second time is normal. The cursor advances 1 position as the data is read 

once. 

Data being read is always the one behind the cursor. 

MSB 
0 1 1 1 

RAM data 

Fig. 8.5 Data Inversion in Graphic Mode 
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Clear one arbitrary 
address (Ma) in 
memory. 

Load data into 
register A. 

Shift data in register 
A one bit to the left. 

7 0 

~o 

Push flag C to Ma. 

7 0 

~ 

NO 

Write Ma contents 
into HD61830. 

CB1020R/CB1026R/CB1030R 

c 7 Register A 0 7 

0 

abcdefgh 

a b c d e f g 
h' 

a 
b c d e f g h 0/ 

"b 

c d e f g h 0 0/ 

" /c 
d e f g h 0 0 o"-

/d 
e f g h 0 0 0 o"-

/e 
f g h 0 0 0 0 o"-,r 
g h 0 0 0 0 0 o"'-

/g 
h 0 0 0 0 0 0 o, 

lh 

Fig. 8.6 Data Inversion 

Ma 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

a 0 0 0 0 0 0 

b a 0 0 0 0 0 

c b a 0 0 0 0 

d c b a 0 0 0 

e d c b a 0 0 

f e d c b a 0 

g f e d c b al 

8.10 Bit Clear and Bit Set (Table 7 .1, No. 12 and No. 13) 

Only one bit of the data (8 bits) at the address designated by the address counter can be operated. These 

functions must be used in paired state with the cursor address set. In character mode, the character pattern 

changes. In the graphic mode, only one dot changes. If bit set and bit clear are repeated without address 

setting, the address is incremented one by one. 

Correspondence between the bit data and display is shown in Fig. 8. 7. 

8.11 BUSY Signal Read (Table 7.1, No. 14) 

This function checks if HD61830 is busy. 

298 

The BUSY signal is output to DB7 when this function is executed. Otherwise, the BUSY signal is not 

output from the LSI. DB6 through DBO contains insignificant data. 

For sure MPU instruction execution, write a program to proceed with processing while executing the 

BUSY check. 

Bit data 

E:_l~;:_J 
Fig. 8.7 Relationship between Bit Data and Display 
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9. RELATIONSHIPS BETWEEN CURSOR ADDRESS, START ADDRESS, 
REFRESH RAM, AND LCD DISPLAY 

Character mode..................... Fig. 9.1 

Graphic mode ....................... Fig. 9.2 

For active area division, the addresses are electrically contiguous vertically and horizontally (Figs. 9 .1 

and 9.2). 

In character mode, the most significant 4 bits of the address (MA12-MA15) is used for scanning the 

vertical pitch. External control is thus impossible. 

In graphic mode, the horizontal character pitch (Hp) is limited to 8 dots and the RAM data is displayed 

as it is one the LCD. Data is inverted for each byte (8.8). 

Cursor address 
(0000) 16 

(07FF) 16 

Refresh memory 

b7 b6 b5 b4 b3 b2 bl bO 

l r I T I l _i 
I I I T I I 

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

I I l I 
1 I I l _L 

0!11010:0:0 0 1 1-- Start address 

o 1 11010:010 !i !o 
I I : I ! ! 
I I I 
I I I I 
I I I I 
I I I I 

_J_ -1 -1 _L .l. ..L -1 

Fig. 9.1 Character Mode 

Refresh memory 

Cursor address b7 b6 b5 b4 b3 b2 bl bO 
(0000) 16 

(07FF) 16 

01111 111 01011 

01110 111 1,011 

Fig. 9.2 Graphic Mode 

@HITACHI 

_J_ Hp 

l LCD 

A TB c 

(Division) -- - - - - - ---- -----; 

Hp=8 , . . , 
II I I" I I 

(Division) 

Note data inversion. 
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10. SCROLLING 

300 

Start address is usually set to (0000) 16. The active area can be scrolled by changing this value. 

Pay attention to these points: 

(1) In character mode, scrolling in one character unit (VP value for the number oflines) is possible. 

(2) In graphic mode, scrolling in one byte unit is possible. 

(3) The least significant address and the most significant address of the refresh RAM are apparently co 

tiguous to provide the endless form. The range of addresses displayed in the active area is the start~ 

dress + (HN x NXIVP). 

(In the graphic mode, VP= 1. When the number of dots of the LCD module is different from 1 

number expressed by HN and NX, this is not applied.) 

Information in all RAM addresses can be displayed irrespective of the display size. 

(4) If the active area is horizontally divided into 2 blocks in a module like LM211, changing the star1 

address causes the data in the top line of the right block to be shifted to the bottom line of the 

block. (Fig. I 0.1.) 

Note this point in scrolling. 

~------A_B__.J I ~ ; ~ ~ 
Before start address change 

L __ ABCI IHI J K 

~ .. 

After start address change 

Fig. 10.1 Scrolling for Horizontal Division (Example) 

(5) For horizontal scrolling in the graphic mode, HN must be specified as 2N (N = an integer of 1, 

If other than 2N, the display at scrolling time will become unclear. 

(6) Display shifting in scrolling 

When the start address is changed by one address, the whole display is shifted by one character 

byte (8 bits) to the left. Left end data is displayed at the right end of the preceding line. 

@HITACHI 
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---- -D -1-A B C D E -
c t- F -b 
( G 

-b 
q -b H 

~11K: r 
-L-M' ..... : 

L 

Fig. 10.2 Display Shifting in Scrolling 

-HITACHI 301 



CB1020R/CB1026R/CB1030R 

11. ELECTRICAL CHARACTERISTICS 

11.1 Maximum Ratings 

Item Symbol Value Unit 

Supply voltage Yoo o- 7.0 v 
Input voltage VT o-Voo v 
Operating temperature Topr o-+so oc 
Storage temperature Tstg -20-+70 oc 

Notes: (1) VEE is not used in the control circuit board. 

VEE varies depending on models of the LCD module. For details, see the individual catalog of the LCD 

module to be used. 

(2) V0 rangemustbeV0 o ~ V0 ~VEE 

11.2 Electrical Characteristics 

302 

(Yoo =SY ±S%, GND = OV, Ta.= 0°C to S0°C) 

Item Symbol Test condition min. typ. max. 

Input voltage Vrn 2.2 - Yoo 
(TTL compatible) 

VrL 0 - 0.8 

Output voltage VoH IoH = -0.6mA V00 -0.4 - Yoo 
(TTL compatible) 

VoL IoL = +l.6mA 0 - 0.4 

VoHC Voo-0.4 - Yoo 
Output voltage I load = ±0.6mA 

VoLC 0 - 0.4 

Input leak current Iin - - s 

Output leak current IOL - - IO 

Operating frequency Fcp1 - - I 

Power dissipation Pw Yoo =SY, Ta= 2S°C - - 30 

Notes: (1) Internal frequency 

(2) Refresh RAM current consumption is excluded. 60 mW max. for CB 1030R. 

(3) RES: Vrn = 3.0 v, v,L = 0.8 v 

~HITACHI 

Unit Terminal 

v DB0-7, CS, E, R/W, 

v RS, RES (Note 3) 

v 
DB0-7 

v 
v M, FLM, CLI, CL2, 

v DI, D2 

µA 

µA 

MHz Note(!) 

mW Note (2) 
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12. TIMING CHARACTERISTICS 

12.1 Interface Timing (MPU -control circuit board) 

Item Symbol min. typ. max. 

Enable cycle time tcyc 1.0 - -

H level twEH 0.45 - -
Enable pulse width 

L level 0.45 twEL - -

Enable pulse rise time tEr - - 25 

Enable pulse fall time tEf - - 25 

Setup time of CS, R/W, RS tAS 140 - -

Setup time of input data tnis 225 - -

Data delay time ton - - 225 

Hold time of data tH 10 - -

Hold time of CS, R/W, RS tAs 10 - -

Pulse width of RES twRES lµs - 2ms 

-------tcYC-----..i 

E 

CS, R/W, RS 

DBo-7 
(MPU-+HD 61830) 

DBo-7 
(MPU<-HD. 61830) 

t•s 

2.2V 

o.av 

tosw 

2.2V 

0.8V 

t AH 

tH 

-----tDOR 

2.4V 

0.4V 

~HITACHI 

Unit 

µs 

µs 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-
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12.2 Interface Timing (Control Circuit Board -LCD Module) 

CLI 

CL2 

MA, MB 

FLM 

DI 

02 

304 

Item 

CLl pulse width 

CL2 delay time 

CL2 cycle time 

H level 
CL2 pulse width 

L level 

M delay time 

FLM delay time 

Data delay time 

Data setup time 

Note (I) When output is no load. 

t WCL: 

_I_ Vee 
2 

Symbol min. 

twcu 450 

toc12 -

twc12 900 

twcH 450 

twc1 450 

to -

toF -

too -

tso 250 

t DCL, -4------tWCL2----

too 

tWCH tWCL 

lvcc 
2 

~HITACHI 

typ. max. Unit 

- - ns 

- 200 ns 

- - ns 

- - ns 

- - ns 

- 300 ns 

- 300 ns 

- 200 ns 

- - ns 

t OF -ol--4---
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12.3 Refresh RAM Access/External ROM Access Timing 
The time is not directly output from the control circuit board and is described for reference. 

_!_Vee 
2 

tDSY~---tWSY tCCPO 

* --tO;r---i----t SMD----

Item Symbol 

SYNC delay time tosv 
--
SYNC pulse width L level twsv 

Cycle time tee Po 

H level twcPOH 
CPO pulse width 

L level twcPOL 

MA0-15 refresh time to MAR 

Write MA0-15 address delay time toMAW 

Write MDO-7 data delay time toMDW 

Setup time of MDO-7, RDO-7 tsMD 

Memory address setup time tsMAW 

Memory data setup time tsMDW 

WE delay time towE 

WE pulse width L level twwE 

Notes: (1) When output is no load. 

(2) *is delay time of external ROM and refresh RAM. 

min. 

-

900 

900 

450 

450 

-

-

-

900 

250 

250 

-

450 

$HITACHI 

tDwE--t--i---""1 
twwE 

typ. max. Unit 

- 200 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 200 ns 

- 200 ns 

- 200 ns 

- - ns 

- - ns 

- - ns 

- 200 ns 

- -· ns 

305 

co 
z 
0 

@ 
en 



CB1020R/CB1026R/CB1030R 

13. EXTERNAL ROM PATTERN GENERATION 

Fig. 13.1 shows the correspondence between the ROM address and data. 

Write the 8-bit data corresponding to dot on/off for each address. 

AO-A3 show the scanning address. To display the pattern of the external ROM, write the codes of the 

most significant 4 bits and least significant 4 bits (8 bits in total) (A3-A10) in the refresh RAM. A corre

sponding character pattern is then displayed on the LCD. The display range depends on the HP value. 

HP = 6: Data at 06 and 07 is not displayed. 

HP = 7: Data at 07 is not displayed. 

HP = 8: All data at 01 through 07 is displayed. 

In CB1020R, address wiring is done for HN462716 (2k bytes EPROM). Maximum dots per character is 

8X8. In CB1026 and CB1030R, address wiring is done for HN462732 (4k bytes EPROM). 

The maximum number of dots per character is 8 x 8. 

14. APPLICABLE CONNECTOR 

Any connector whose pitch is 2.54mm and pin diameter is less than 0.9-0.8mm can be used. 

The following connectors manufactured by Japan A via ti on Electronics Industry, Ltd. are available. 

PS-20PE-S4Tl-PN1 (20 pins) for MPU interface 

PS-10PE-S4Tl-PN1 (IO pins) for LCD interface ........... For CB1020R and CB1026R 

PS-12PE-S4Tl-PN1 (12 pins) for LCD interface ......... For CB1030R 
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AlO 

A9 

AB 

A7 

A6 AS A4 A3 A2 Al AO 

0 0 0 

0 0 1 

0 1 0 

0 1 1 
0 0 0 0 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 0 0 

0 0 1 

0 1 0 

0 1 
0 0 0 1 

1 0 0 

1 0 1 

1 1 0 
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DI Generai 

The CB 1040R (mounted with control LSI and a socket for 
the refresh memory) is a control circuit board for graphic 
display modules LM225 (200 x 640 dots)'s exclusive. 
The CB 1040R allows direct connection to the MPU bus 
line. The New LCTC* controls timing signal generation 
and data conversion required for a liquid crystal display 
(LCD) module, resulting in simplification of the graph.ic 
display system configuration. The CB1040R operates in 

the graphic and character modes. In the graphic mode, the 
contents of the refresh memory are displayed as is on the 
LCD to allow display of figures, graphs, and pictures. 
In the character mode, the 8-bit parallel code for each char
acter is converted to the corresponding dot pattern by the 
character generator in the CB 1040R and displayed on the 
LCD. The built-in character generator converts 192 char
acters consisting of 160 JIS characters and 32 special pattern 
characters. An additional character general for character 
patterns required by the customer may also be mounted. 
As a new function, a C/G signal (input) capability is added 
for controlling the refresh address from an external device 
when the character mode is switched over to the graphic 
mode and vice versa. 

01 CB1040R Block Diagram 

Fig. 2.1 shows a block diagram of the CB1040R. 

r Oscillator J 

The refresh memory, which uses static RAM, offers RAM 
selection of either 8 kbytes or 2 kbytes. Also, a·n external 
ROM may be used as a character generator, but the ROM 
similarly offers two selections, 4 kbytes and 8 kbytes. For 
further details, refer to "4.3 RAM Selections and 4.4 Char
acter Generator ROM". 

Note 1. The CB1040R has the oscillation frequency (fcL2) 
set to LM225. So, it cannot be used except for 
a module which drives at the same frequency as 
that of LM225. 

Note 2. The CB1040R does not have RAM and ROM 
mounted in when shipped. The customer is re
quested to prepare applicable RAM and ROM 
by referring to the information given in item 2. 
Please mount the RAM or ROM on the board after 
loosening the fixed screw. 
There is a possibility for PCB and some ports to be 
destroy by some strength. 

Note 3. The CB 1040R is developed as a PCB for design 
and review of a display system using LM225. 
When using this product in large quantities, con
sult us for required specifications. 

* New LCTC: High Speed Liquid Crystal Timing Controller 

Refresh RAM 
Maxi mum 8Kbyte 

RS I 
R/W l'-------1---. 
E 

CS1---+---+--t-----1 

CS2---+---+--+---i 

Control IC 
(Master) 

[ ~~:" ~ 1--i-_-_-_--+-_-l ___ i External 

1 1 Character 

D~Ou 
DB7 J 1 

C/G----
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Control IC 
(Slave) 

--~J 1 l Generator 
'------- ___ .J ROM 

[ 
RAM 
Chip 
Select j 

Refresh RAM 
Maximum 

i---- ----1 External 
1 1 Character 

'---T--....t:c.::"_-+--t--------t' l Generator 

L-----1---+-------L--_-_-_-_-_-_-___ .J_R_O_M ____ __, 

Fig. 2.1 CB1040R Block Diagram 
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CB1040R 

~I Explanation of Each Part 

4.1 Control LSI (New LCTC) 
This is a special control LSI for the graphic LCD display 
module. It generates the timing signal and controls the data 
for LCD display modules. Selection between the graphic 
and character modes as well as LCD drive conditions shall 
be initialized through the data bus (DBO to DB7). 
The control LSI also has active area scroll, bit set, and bit 
clear functions. 

4.2 Refresh Memory 
The refresh memory, a static RAM, stores display data. In 
the character mode operation, the character data is written 
as 8-bit parallel code in this RAM. Display is controlled 
by the address (MAO to MA 12) from the control LSI. The 
read data is converted to the corresponding dot pattern by 
the character generator ROM in the control LSI (or the ex
ternal character generator ROM) for display on the LCD. 
In the graphic mode operation, the dot pattern from the 
control LSI is written in this RAM for display. (See paragraph 
10 for the correspondence between the RAM address and 
the active area.) 
Reading from or writing in this RAM is carried out through 
the control LSI Direct reading or writing from the MPU is 
impossible. 

4.3 RAM Selections 
The Hitachi HM6116 (2kbyte-SRAM) or HM6264 (8kbyte
SRAM) are available for combination of RAM's that can 
be mounted in the CB1040R. 
The correspondence between RAM combinations and pin 
connections are shown in Table 4.1 below. Each pin connec
tion for each combination of the above three should be pro
vided by connecting pins on the printed-circuit board with 
jumper wires as shown in Table 4.1. 

Caution 
Us~ the RAM with the access time of less than 200 ns and the ROM 
with the access time of less than 250 ns. If the access time is other than 
as indicated above, timing with the control LSI may not be attained, 
resulting in erratic operation (error display). 

Table 4.1 RAM Pin Connections 

4.4 Character Generator ROM 
This is the ROM (Hitachi HN482732AG: 4 kbyte EP-ROM, 
HN482764AG: 8 kbyte EP-ROM or the equivalent) to be 
mounted when the user requires special character patterns. 
It controls up to 4 kbytes, or patterns for 512 characters. 
(See paragraph 15 for the pattern generation method.) 
Use of both internal character generator ROM and external 
ROM is inhibited. (The ROM to be used shall be designated 
at the time of initialization.) 
To use the external ROM, all using patterns shall be generated. 
The ROM is required for both the master and the slave. (Two 
are required.) 
To mount these ROM, proceed as shown below. 

In case of using 8 kbyte ROM 

~ i lg g DlOSocket for 

Control 
LSI 

Mount to the bottom 
In case of using 4 kbyte ROM 

Fig. 4.1 Connections of External ROM 

RAM 

4.5 Patterns Generated Character Generator ROM in control 
LSI 

Table 4.2 shows the character patterns generated by the 
internal ROM. 

No MODE RAM 
Socket in which RAMs are mounted PIN CONNECTIONS 

(Master & Slave are common mounting.) (See Fig. 5.1 Pin for RAM) 

IDDD 12111098 7 6 5 4 3 2 1 
I 

Graphic HM6264 (8 kbyte) x 1 pc. U 00 UU 0 0 y Character 

Jamper Wire 

fDI 

Graphic 1~DDD 12111098 7 6 5 4 3 2 1 
11 Character HM6116 (2 kbyte) x 4 pcs. 

0 UU 0 0 uu 0 

Mount to the bottom. 

Only 4 kbyte get access. 

Ill Character HM6264 (8 kbyte) .x 1 pc. IDDD Same with No. I 

IV Character HM6116 (2 kbyte) x 2 pcs. 1 ~~~ilDll Same with No. II 
r/:1 L, 

Mount to the bottom. 1- Not be access. 
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Table 4.2 Control LSI Font Table 

~0010 ODii 0100 0101 0110 Olli JOJO 1011 1100 1101 1110 Jill 

xxxxoooo 

xxxxOOOl 

XXXXOOIO 

xxxxOOJl 

xxxxOJOO 

xxxxOJOl 

XXXX0!!0 

xxxxOl!l 

xxxxlOOO 

xxxxJOOJ 

xxxx!OlO 

xxxxlOli 

xxxx1100 

xxxxtlOl 

xxxxJllO 

XXXX)Jll 
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0 Dimensional Outline and Interface Pin Arrangement 

5.1 Dimensional Outline 

0 
+I 
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20-161 .0 
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:2 
<( 
a: 

c 
a: 

+' 
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N .,. 

0 

"' 0 

0 
U') 

Unit: mm 

Fig. 5.1 Dimensional Outline of CB1040R 

5.2 Interface Pin Arrangement 

( 1) LCD display module interface 
LCM Interface 

Pin No. Signal Name 

1 D1 

2 D2 

3 FLM 

4 M 

5 CL1 

6 CL2 

7 D3 

8 D4 

9 Voo 
10 Vss 
11 VEE 

12 Vo 

Note: 
(1 t The pin arrangement is the same as that of the LM225. 

312 

(2) MPU interface 
Pin No. Signal Name Pin No. Signal Name 

1 Vss 11 DB4 

2 Voo 12 DBS 

3 Vo 13 DB6 

4 RS 14 DB7 

5 R/W 15 CS1 

6 E 16 RES 

7 DBO 17 VEE 

8 DB1 18 CS2 

9 DB2 19 C/G 

10 DB3 20 N.C. 

Note: 
Although Vo and VEE are not used in the CB1040R, they are provided 
for supply to the LCD module. (See Fig. 8.1.) 
The CB1040R is the same as the conventional control board hitherto 
available, except that the C/G signal function is added to it. For 
detailed information about the C/G signal function, refer to "6. C/G 
Signal". 

(3) Interface hole diameter 
Through holes of 1.0 mm are adopted in both the MPU and LCD 
module. 
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GI C/G Signal 

The C/G signal is an input signal for switching the connection 
of address to the refresh memory in selection of the character 
mode and the graphic mode. 
In the graphic mode, it is set to H level, while in the character 
mode, it is set to L level. 
The C/G signal is needed for the following reason: 
The control LSI is provided with 16 address lines, MAO to 
MA 15 as address for the refresh memory, but the address 
effective for RAM varies as given in Table 6.1, depending upon 
the operation mode. 

Table 6.1 

Operation Valid Address Required Address Range for 
Mode One Block 

Graphic MAO to MA15 
8 kbyte/control LSI 

(MAO to MA12 ... when HP; 8) 

Character MAO to MA11 1 kbyte/control LSI 
(MAO to MA9 ... when HP; 6, VP; 8) 

In the character mode, MA 12 to MA 15 (higher-order 4 bits) 
are used as raster address so that MA 12 to MA 15 cannot be 
kept connected directly to the RAM. 
To make possible a switchover between the character mode 
and the graphic mode in the CB1040R, it is necessary to 
connect at least MA12 to the RAM in the graphic mode, 
and to disconnect it from the RAM in the character mode. 
Because the control LSI does not have this switchover func
tion, the switchover signal is input from outside to electrically 
connect to, and disconnect from RAM of MA 12. This signal 
is the C/G signal. 
Signals (RS, R/W, DBO to DB7, CS1, CS2) other than the 
C/G signal are all fetched into the control board in synchro
nization with the E signal, but the C/G signal is directly fed to 
the address control circuit. So, address control is made 
without anything to do with the E signal. When the C/G 
signal is input, the address sequence of the RAM changes, and 
the display is rendered insignificant (nonsense). To preclude 
the possibility of such display, use the display ON/OFF 

01 Example of Interfaces with MPUs 

Fig. 7 .1 shows example of interfaces with various MPUs. In 
designing an actual interface circuit, consider the timing chart 
shown in paragraph 15. 

HD46800D 

CB1040R 
E 

CS1 

cs2 
i---.~-----lR/W 

f-'-""------lRS 

CG 
DBO 

~-~,,I 

~---~--,/\..,D~B~7'--~~~ 

Fig. 7.1 Example of Interface with HD46800 

commands to switch the mode while synchronizing the C/G 
signal with the E signal. 
At that time, the C/G signal should be switched while the E 
signal that sends out a mode control command is H level. 

E 

DB 
------13----------vc-v-
---------------~ 

Graphic 

CG Character 

Mode switching point 
CiG signal switching period 

fig. 6.1 Mode Switching Point C/G Signal Switching Period 

A :Turn OFF the mode control command display. 
Switch between graphic mode and character mode. 

B : Execute commands such as for busy check and data transfer. 
C : Turn ON the mode control command display. 

Note: Concerning interfaces with another MPUs, we will inform in 
future. 
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~I LCD Drive Voltage Supply 

All power voltages are supplied to the CB1040R and are 
output to the LCD module as shown in Fig. 8.1. Vo and 
VEE simply pass the CB1040R. 
The method shown in Fig. 8.2 is recommended for supplying 
LCD drive voltage Vo, but the method shown in Fig. 8.3 
may be used because Vo and VEE are used only in the LCD 
module. Select either way according to the CB1040R 
mounting position and the variable resistor location. 
The LCD is driven by the potential difference between Voo 
and Vo (Voo -- Vo). (See the Catalog for recommended 
drive voltage values for the LM225.) 

~I Power Sequence and RES Pin 

9.1 Power Sequence 
CMOS LSls are used in theCB1040R and LCD display module. 
Always supply the power as in the sequence shown in Fig. 9.1. 
Each input signal shall be kept at the GND level until the +5V 
source voltage is stabilized. If a signal is input before stabiliza
tion of the source voltage, latch up may occur. 

Voo 

Voo 

Vss 

Vss 

Vo 

VR 

(+5) 

(GND) 

:;.. Vo 

CB1040R 

l 
7Ji 

Fig. 8.1 Power Lines 

CB1040R 

l 
m 

LCD Module 
I 

Voo 

Vss 

?Vo 

?VEE 

LCD Module 

Voo 

:>Vss 

Vo 

)VEE 

Vfl: 1 Ok.Q-20k.Q 

Fig. 8.2 Example of Variable Resistor Connection (1) 

CB1040R LCD Module 

VDD----t J----1~--{ >-------() VDD 

Vss J,.. :;.. Vss 

'>' >-----<':>' VR .;""--~'""'?Vo 

I----()? VEE 

VEE---------' 
VR : 1Ok.Q--20kQ 

Fig. 8.3 Example of Variable Resistor Connection (2) 

Voo(+5V) 

0 min. 0 min. 

Fig. 9.1 Power Sequence 
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9.2 RES Pin 
The RES pin has two following functions: 
( 1) Clearing each register in New LCTC. 
(2) Resetting BUSY flag (enabling E signal receiving) 

Since the BUSY flag status is unstable after power on, 
provide the C and R reset circuit. Input of the RES signal 
clears the registers in control LSI to make the LCD driving 
condition faulty to disable normal display. Although 
reinitialization restores normal status, input of the RES 
signal during operation should be prevented. 
If application of the RES signal is obliged during opera
tion, execute initial setting immediately after the RES 
signal is input. The pulse width of the RES signal should 
be 1 µs through 2 ms to avoid disturbance of LCD driving 
conditions during input of the RES signal. 

GI Initialization and Busy Signal 

10.1 Initialization 
Tables 10.1 and 10.2 show the control LSI instructions and 
mode data bit functions respectively. 
For initialization, it is necessary to proceed as below: 
( 1) Specify the master/slave for control LSI 
(2) Set the liquid crystal module drive condition. 
(3) Set the initial values of display start address and cursor 

address. 
Key in No. 1 (mode control) to No. 9 (cursor address lower) 
in the sequence (one example) indicated and then initialize. 
Write all mode control data DB2 to DB4, excepting the master 
slave designation and cursor designation, on the master side 
and the slave side. · 
When initialization is made, relations between the block and 
the RAM address are as shown in Fig. 10-2, and in the 
character mode, the cursor is shown below the character at 
the upper left corner. (But when the refresh memory has not 
been cleared, random characters appear on the screen.) 

Table 10.1 Control LSI Instruction List 

Register 

+5V 

~ 10k.Q 
-?"' 
----- to "RES"terminal 

I°'"' 
Fig. 9.2 Reset Circuit 

Designation of other instructions may be omitted at initializa
tion. Setting (writing in each register) in the control LSI is 
effected by designation of the register number succeeded by 
writing data. 
The setting method is similar to that of the CRT controller 
(CRTC). 
Fig. 10.1 shows an example of the initialization flow-chart. 
Since the register pointer designates the same register until 
setting of a new register number, sequential register number 
specifications are necessary for initializing data writing. 
An operation example from power on to display on the LCD 
(LM225 in this example) is shown in Fig. 16.1. 
Caution: 
Instructions No. 2 through No. 4 in Table 10.1 shall be executed 
immediately after power on and should not be changed during opera
tion. 
The conditions in resetting after the RES signal is input should also 
be the same as those specified first. 

Data 

No. R/W RS DB7-DB4 DB3 DB2 DB1 DBO Function R/W RS DB7 DB6 DB5 DB4 DB3 DB2JDBUDBO 

1 0 1 0 0 0 0 0 Mode control 0 0 0 0 Mode data (Note 1 ) 

2 0 1 0 0 0 0 1 Vertical/horizontal character pitch 0 0 (Vp-1)9 0 (Hp-1)9 

3 0 1 0 0 0 1 0 Number of characters per line/number of 0 0 0 (HN-1)e bytes 

4 0 1 0 0 0 1 1 Number of vertical dots 0 0 0 (NX-1)9 

5 0 1 0 0 1 0 0 Cursor position 0 0 0 0 0 0 (CP-1)9 Nota6 

6 0 1 0 1 0 0 0 Display starting address 0 0 Address data (least significant) (Lower) 

7 0 1 0 1 0 0 1 Display starting address 0 0 0 0 0 0 Address data (most significant) (Upper} Notes 

8 0 1 0 1 0 1 0 Cursor address 0 0 Address data (least significant) (Lower) 

9 0 1 0 1 0 1 1 Cursor address 
0 0 0 0 0 0 Address data (most significant) (Upper} 

10 0 1 0 1 1 0 0 Refresh memory write 0 0 Character code/bit data 

11 0 1 0 1 1 0 1 Refresh memory read 1 0 Refresh memory data 

12 0 1 0 1 1 1 0 Bit clear 0 0 0 0 0 0 0 (BN)9 

13 0 1 0 1 1 1 1 Bit set 0 0 0 0 0 0 0 (BN)9 

14 - - - - - - - BUSY signal read 1 1 BF * * * * * 1 * 1 * 
Notes: 1. See Table 10.2. 

2. HP: Specify 6, 7, or 8. 
3. HN ~ 128: If the active area is divided, specify the number of characters/number of bytes per block. (Even number of 2 - 128) 
4. NX = Number of duties ~ 128. 
5. BF= 0 (E signal being received) BF = 1 (during internal processing). 
6. Character mode: "O''. 

Graphic mode: Address data. 
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START 

Table 10.2 Mode Data 

D85 D84 D81 

000 001 
320 

000 001 

Cursor 

200 

] 
Regisetr(A) 
+ 1 or N 

CB1040R 

Note 1: A, 8; MPU Internal Register 

Note 2: Change the register number normally +1 
at a time, but in No. 5 to No. 6 of Table 
10.1, register numbers are not continu
ous. 

Initialization Flowchart (Example) 

D80 

320 

0: 
1 : 

00: 
01 : 
10: 
11 : 

Character mode 
Graphic mode 

Cursor OFF 
Cursor ON 
Cursor OFF 
Cursor blink 

o : Control LSI internal character generator ROM 

1 : External character generator ROM 

Character blink 

D84 is the bit to specify the master chip or slave chip when multiple 
Control LSI are used. Always set to 1 in the C81040R 

0 : Display OFF (display off without clearing the contents of the refresh memory) 
1 : Display ON 

000 
001 

,__ __ M~o---1 ooo ,___~s~o---< 
f----'-'M~1---l 001 51 

RA Ml Master) RAM(Slave) 

(Some random characters are indicated.) LCD Display 

Fig. 10.2 Relationship between the display and RAM address. 
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10.2 Busy Signal 
The control LSI has an independent oscillator to generate the 
LCD drive timing. All control LSI internal operations and 
refresh memory read/write operations use the clock signal 
generated by this internal oscillator. This oscillator operates 
in perfect a synchronism with the clock on the MPU side. 
In processing instructions from the MPU and data writing, 
the contents of the data bus are first latched in the buffer 
register in the control LSI by the enable signal (E signal). 
then processed according to the internal clock signal starts. 
Generally, the time equivalent to two internal clock pulses 
or more is necessary for one operation (processing) so that 
the processing speed does not match that of the MPU. 
To ensure processing of received instructions and data, the 
flag to inhibit the E signal is set in the control LSI during 
processing in the LSI. 
This flag is called the Busy Signal. 
The duration of the Busy Signal depends on the function as 
shown in Table 10.3. 

Table 10.3 Busy Signal Duration 

Busy 
Function Generation/ 

nongeneration Max. Min. 

Setting register No. None 1 µs -

Setting data in register Generation 2 x tCL2 tCL2 

Refresh RAM read/write Generation (2 + HPltCL2 2 x tCL2 

Bit write/clear Generation 2 (Hp+ 1 hCL2 (2 + HPltCL2 

Notes: 1. tcL2 (Internal clock signal cycle) LM225 '. .. 450 ns (typ.) 
2. Hp (Horizontal character pitch) 6, 7 or 8. 
3. The time from the E signal falling edge(-,_) is shown. 

GI Explanation of Instruction Code 

11.1 Mode Control (Table 10.1, No. 1) 
Specify the operation mode of the control LSI. 
This instruction controls the character/graphic mode, cursor 
on/off/blink and master/slave, display on/off. 
When DB1 is set to 1, and DBO, DB2 and DB3 are set to 0, 
the control LSI is set in the graphic mode. In this case, the 
function of character generator and cursor are ignored. 
When DB 1 is set to 0, the control LSI is set in the character 
mode, and the character generator designation (DBO) and 
cursor control (DB2, DB3) are validated. 
The blink cycle is determined by the internal oscillator 
frequency. It is generally (0.2) to (0.4) sec. 

11.2 Vertical/Horizontal Character Pitch (Table 10.1, No. 2) 
Specify the number of dots per character in the vertical and 
horizontal directions. The number of dots in the horizontal 
direction shall be specified as 6, 7, or 8. Since the font of 
the character generator consists of 5 x 7 or 5 x 11 dots, 
specifying 12 in the vertical direction and 8 in the horizontal 
direction causes character display justified to the left top as 
shown in Fig. 11.1. in the graphic mode, Vp data is ignored 
but Hp - 1 = 7 shall be specified. 
Use hexadecimal notation for number specification. 
The data 0 for dots other than the character portion and 
cursor is generated in the control LSI. 

Limit of Vp and Hp 
7~(Vp-1)~15L 
5 ~ (Hp _ 1) ~ 7 J -Character Mode 

(Vp - 1) = ** (Not effect) }-Graphic Mode 
(Hp - 1) = 7 

To ensure the correct internal operation of the Control LSI, 
send and receive instructions while checking the Busy Signal. 
If it is obliged to use machine without checking the Busy 
Signal, be sure to allow for at least three times the duration 
listed in Table 8.4 below. 
The Busy Signal is used only in the LSI and not directly 
output from the control LSI. Checking the busy state of the 
control LSI from the MPU side uses the Busy Signal read 
function in the sequence shown in Fig. 10.3. 
Fig. 10.1 shows an example flowchart. 
The minimum E signal cycle time of 1.0 µs in paragraph 14 
is the time for Busy check and register number setting as 
shown in Fig. 10.3. It does not mean that the control LSI is 
able to process an instruction within a minimum cycle time of 
1 µs. 

Busy flag check. 
function data 
register input. 
set. 

Fig. 10.3 Busy Check Sequence 

8 

12 

After the execution is 
finished, Busy signal is 
turned off(H·-L) 
by the internal clock 
automatically. 

-Cursor 

Fig.11.1 Display Pattern (Example) 
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11.3 Number of Characters per Line/Number of Bytes 
(Fig. 10.1, No. 3) 

Specify the number of characters per line in the horizontal 
direction and the number of bytes for graphic display. 
The calculating formulas are as follows: 
Character mode 

Number of dots in horizontal direction 

Hp 

Graphic mode 

Number of dots in horizontal direction 

8 

Use hexadecimal notation for specification. 

If the calculated HN is not an integer, count the decimal 
fraction as 1 or 2 for specification. Always specify an even 
number. Specifying an odd number is inhibited. 
For the module whose active area is divided into 2 blocks, 
specify the number of characters/number of bytes per block. 
For the LM225 for example, the active area is divided as 
shown in Fig. 11.2, so specify 320 + 8 = 40 (27 in hexadeci
mal notation.) 

320 dots 320 dots 

100 
dots 01 03 

Note 
01, 02: Master Side (Left) 

100 
03, 04: Slave Side (Right) 

dots 02 04 

Fig. 11.2 (1) LM225 Active Area Division 

If HN x Hp exceeds the number of dots, the character at the 
right end of the active area is displayed fully, but the character 
at the left end may be displayed in imperfect state. See Fig. 
11.2 (2). 

11.4 Number of Vertical Dots (Fig. 10.1, No. 4) 
Specify the number dots in the vertical direction in hexadeci
mal notation. 
Specify the number of dots irrespective of the graphic m·ode or 
character mode. 
Specifications of the number of characters per line/number of 
bytes and the number of vertical dots determine the LCD drive 
timing. The specifications should match those of the LCD 
module as far as possible. Specifying values extremely dif
ferent from LCD module specifications may cause display 
flickering or fading. 
For a module divided into two blocks in the vertical direction, 
specify the number of vertical dots in one block. For ex
ample, the LM225 is divided as shown in Fig. 11.2, so specify 
100 (63 hexadecimal notation). 
If HN = 50, Hp = 7 and number of horizontal dots = 320; 

HN x Hp= 50 x 7 = 350 dots> 320 dots 

H XH -350 

t~rT~T 25 

N p-

7 7 7 
Ito I~ lEj_FjG : : : :,L ,......____, 
~-.J.._.J.._ .J: 
I 320 DOTS I 

Display 
I 

I 

Fig. 11.2 (2) Display Example for HN x Hp> Numl:ler for Dots 

11.5 Cursor Position (Table 10.1, No. 5) 
Specify the cursor lighting position. Observe Vp ~ Cp. 
If Cp = 8 is specified, the cursor is displayed on the 9th line 
from the top. The number of cursor dots in the horizontal 
direction is the same as the value of Hp. Blinking also occurs 
in the range of Vp and Hp in the vertical and horizontal 
directions. 

11.6 Start Address (Table 10.1, Nos. 6 and 7) 
Specify the most significant 8 bits and least significant 8 bits 
of the display start address. Generally, specify (0000) 16 . 
Changing the display start address enables display starting 
from an arbitrary address in the refresh memory so that 
scrolling can be executed easily. The start address data is 
displayed at the top left position of the active area. See 
Section 11 for details of the scrolling operation. 

11.7 Cursor Address (Table 10.1, Nos. 8 and 9) 
Specify an address in the refresh memory. Since the cursor 
address is automatically incremented (+1), address setting is 
unnecessary after setting the first.address in case of continuous 
data writing in contiguous addresses. If addresses are dis
contiguous, address setting is required each time. 
Contents: The cursor address is divided into lower address 

(8 bits) and the upper address, but setting should 
be made in close observance of the following restric
tive information. 

1 When it is desired to rewrite First set lower address 
(set) both lower address and and then upper address. 
upper address. 

After setting the lower 
2 When it is desired to rewrite address, be sure to set 

lower address only. the upper address once 
again. 

Set upper address. Set-
3 When it is desired to rewrite ting the lower address 

upper address only. once again is not re-
quired. 

The cursor address counter is a 16 bit up counter with set and 
reset functions. When Nth bit is changed from "1" to "O", 
N + 1 bit therefrom counts up. 
So, when the lower address is set, when setting is made so 
that the lower MSB (8th bit) is changed from "1" to "O", 
LSB (1st bit) of the upper counter counts up. Therefore, 
the cursor address setting should be made with the lower and 
upper settings as 2 byte continuous instructions. 

11.8 Writing in Refresh Memory (Table 10.1, No.10) 
The function to write the display data. 
Generally executed in a pair with the cursor address setting in 
the sequence shown in Fig. 11 .3. 
In the graphic mode, the data is inverted in writing and display 
as shown in Fig. 11.4. 
Either invert the data for each byte at the time of data prepa
ration or use the inversion program as shown in Fig. 11.5. 
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(a) Continuous Address 

Write to Refresh 
CRur~otr ASdedlreests _. CSeutrsor Address ---Memory Register --Data Input__.... Data Input -- - - - - -

eg1s er c Select 

(bl Discontinuous Address 

Write to Refresh 
Cur~or Address --Cursor Address --Memory Register__...,.. D t lnp t __.... Cur~or Address____.,. Cursor Address ___ _ 
Register Select Set Select a a u Register Select Set 

Ma--->00 

A-> Data 

M 
s 
B 

Register A 
Left Shift 

7 0 

~o -

Push C Flag 
Right Shift 

7 0 

~ 

Control Ma 
LSI <----

0 

RAM Data 

Fig. 11.3 Data Writing Sequence 

L 
s 
B 

Display 

Fig. 11.4 (1) Data Inversion in Graphic Mode 

c 7 Register 

a b c d e f 

a b c d e f 9 

b c d e f g h 

c d e f g h 0 

d e f g h 0 0 

e f g h 0 0 0 

f g h 0 0 0 0 

g h 0 0 0 0 0 

h 0 0 0 0 0 0 

Fig. 11.5 Data Inversion 
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A 0 7 Ma 0 

9 

h 

0 

0 

0 

0 

0 

0 

0 

0 0 0 0 0 0 0 0 

h 

0 \j 

a 0 0 0 0 0 0 0 
0 ~ 

'>I b a 0 0 0 0 0 0 
o~ 

'>I c b a 0 0 0 0 0 
o~ 

'>I 
d b 0 0 0 0 c a 

0 /ff 

'>I 
e d c b a 0 0 0 

o~ 
'>I 

f d b 0 0 e c a 
o~ 

'>I g f e d c b a 0 
/ff 

o'>l 
lhgfedcbal 

Note: A: MPU Internal Register 
Ma: MPU Memory Address 
C: Carry Flag 
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11.9 Reading from Refresh Memory (Table 10.1, No. 11) 
The function to read the refresh memory contents for input 
to the MPU. The reading sequence is similar to that shown 
in Fig. 11.3. 
The data inversion is read/write operation from and to the 
MPU does not occur. 
The data read immediately after address setting becomes 
insignificant because of circuit operation, so it shall be ig
nored. The data read the second time is normal. The cursor 
advances 1 position as the data is read once. It must be noted 
that the data being read is always the one behind the cursor. 

11.10 Bit Clear and Bit Set (Table 10.1, Nos. 12 and 13) 
Only one bit of the data (8 bits) at the address designated 
by the address counter can be operated. These functions 
shall be used in paired state with the cursor address set. In 
the character mode, the character pattern changes. In the 
graphic mode, only one dot changes. If bit set and bit clear 
are repeated continuously without address setting, the address 
is incremented by 1. The correspondence between the bit 
data and display is as shown in Fig. 11.4. 

11.11 Busy Signal Read (Table 10.1, No. 14) 
This function shall be used to check whether the control LSI 
is busy or not. The Busy Signal is output to DB7 when this 
function is executed. Otherwise, the Busy Signal is not 
output from the LSI. DB6-0 contains insignificant data. For 
sure execution of the instruction from the MPU write a pro
gram to proceed with processing while executing Busy checks. 

bit Data 0 2 3 4 5 6 7 

i t 

Fig. 11.6 Relationship between Bit Data and Display 

G Relationships between Cursor Address, Start Address, Refresh RAM, and LCD Display 

Character mode ............ See Fig.12.1. 
Graphic mode ............. See Fig. 12.2. 
Even in case of active area division, the addresses are elec
trically contiguous vertically or horizontally. 
In the character mode, the most significant 4 bits of the 
address (MA 12 - MA 15) is used for scanning of the vertical 

pitch, so external control is impossible. In the graphic mode, 
the horizontal character pitch (Hp) is limited to 8 dots and the 
RAM data is displayed as it is on the LCD. However, pay 
attention to data inversion in each byte as described in Section 
11.8. 

320 

Address 
(0000)16 

(07FF)" 

Refresh Memory 

b7 b6 b5 b4 b3 b2 bl bO 
Address 
(0000!16 I 

I 

) 
I 
I 
I 

: 
I 
I 
I 

0' 1 O• 01 0 0 I 1 

0' 1 o: O• 01 0 1 : 0 

(07FF)" 

Refresh Memory 

b7 b6 b5 b4 b3 b2 b1 bO 
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 

0 1 1T 11 11 0 Oj 1 
0 1 oJ_ ,, ,, 1 o: 1 

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

~ L__l_ LCD 

Start 
--Address----; 

A 1BC 

Fig. 12.1 Character Mode 

CAUTION to data inversion 

Fig. 12.2 Graphic Mode 

-HITACHI 

Note: In the case of the character mode, 
the method of writing on the 
master side (left side: D1, D2} 
and the slave side (right side: O,, 
0 4 } is the same. 

Note: In the case of the graphic mode, 
· the method of writing on the 

master side (left side: 0 1, D2} 
and the slave side (right side: o,, 
0 4 } is the same. 
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GI Scrolling Operation 

The start address is generally set to (0000)15. Changing this 
value enables an active area scrolling operation. 
Pay attention to the following points: 
( 1) In the character mode, scrolling in one character unit (V p 

value for the number of lines) is possible. 
(2) In the graphic mode, scrolling in one byte (8 bits) unit is 

possible. 
(3) The least significant address and the most significant 

address of the refresh RAM are apparently contiguous to 
provide the endless form. The range of addresses dis
played in the active area is the start address+ (HN X Nx/ 
Vp). 
(In the graphic mode Vp = 1. When the number of dots 
of the LCD module is different from the number ex
pressed by HN and Nx, this is not applied.) 
Irrespective of the display size, information in all ad
dresses of the RAM can be displayed. 

(4) If the active area is horizontally divided into 2 blocks in 
a module like LM225, changing the starting address 
causes the data in the top line of the right block to be 
shifted to the bottom line of the left block. (See Fig. 
13.1.) 
Pay attention to this point when carrying out the scrolling 
operation. 

Before Start Address Change 

~o_E_F_G~~~~-A_s_c~I: ~-H-1J-K~~~~~~~ 
After Start Address Change 

Fig. 13.1 Scrolling in Case of Horizontal Division (Example) 

El I Electrical Characteristics 

14.1 Maximum Ratings 

Item Symbol Value Unit 

Supply Voltage Voo 0 to 7.0 v 
Input Voltage V1 Oto v00 v 
Operating Temperature To pr 0 to 50 oc 
Storage Temperature Tstg -20 to 70 oc 

Notes: (1) VEE is generally 11.0 volts. 
(2) The range of Vo shall be Voo ~Vo~ VEE· 

(5) In case of horizontal scrolling in the graphic mode, HN 
shall be specified as 2N (N = 1, 2, ..... : integer). 
In other than 2N, display at the time of scrolling will 
become out of order. 

(6) Display shifting in scrolling operation 
When the start address is changed by one address, whole 
display is shifted by 1 character or 1 byte (8 bits) toward 
the left. The data at the left end is displayed at the right 
end of the preceding line. 

-t-A B C D E 

q F 

( H 

( 
I J K 

D 
D 

I) 
D 

r-, 
-L--M -:NI 

L-.J 

Fig. 13.2 Display Shifting in Scrolling Operation 
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14.2 Electrical Characteristics 
Item Symbol Test Condition 

Input Voltage V1H 
(TTL compatible) VIL 

Output Voltage VoH loH = -0.6 mA 
(TTL compatible) VoL loL = ±1.6 mA 

VoHC 
Output Voltage I load= ±0.6 mA 

VoLC 
Input Leak Current l;n 

Output Leak Current loL 
Operating Frequency Fcp1 

Power Dissipation Pw Voo = 5V, TA= 25°C 

Notes: ( 1 ) Internal frequency. 
(2) Excluding the refresh RAM and ROM current consumption. 
(3) RES: V1H = 3.0V, V1L = 0.8V. 

GI Timing Characteristics 

15.1 MPU Interface (MPU # CB1040R) 

Items 

Cycle Time of "E" 

l H Level 
Pulse Width of "E" 

l L Level 

Pulse Raise Time of "E" 

Pulse Fall Time of "E" 

Set Up Time of CS, R/W, RS 

Set Up Time of Input Data 

Data Delay Time 

Data Hold Time 

Hold Time of CS, R/W, RS 

Pulse Width of RES 

Min. Typ. 

2.2 -

0 -
Voo-0.4 -

0 -

Voo-0.4 -

0 -

- -
- -
- -
- -

Symbol 

tcvc 

twEH 

tWEL 

tEr 

tEf 

tAS 

to1s 

too 

tH 

tAS 

tWRES 

tcvc 

(Voo = 5V ±5%, GND = OV, Ta= 0°C to 50°C) 

Max. Unit Terminal 

Voo v DBO - 7, CS1, 2, E, R/W, RS, RES 

O .. ? v (Note: 3) 

Voo v DBO - 7, 

0.4 v 
Voo v M, FLM, CL1, CL2, D1, D2 

0.4 v 
5 µA 

10 µA 

2.4 MHz Note (1) 

80 mW Note (2) 

Min. Typ. Max. Unit 

1.0 - - µs 

0.45 - - µs 

0.45 - - µs 

- - 25 ns 

- - 25 ns 

140 - - ns 

225 - - ns 

- - 225 ns 

10 - - ns 

10 - - ns 

1µs - 2 ms -

twEL--

E 

2.2V 1 

CS, RiW, RS 
0.8V 

tosw-
tH 

DBo-1 2.2V 

(MPU->CB 1040R) 0.8V 

too• toH 

DBo-1 2.4V 

(MPU..-CB1040R) 0.4V 
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15.2 LCM Interface (CB1040R-<+ LCM} 

Items 

Pulse Width of "CL 1" 

Delay Time of "CL2" 

Cycle Time of "CL2" 

Pulse Width of "CL2" J 
H Level 

L Level 

Delay Time of "M" 

Hold Time of "FLM" 

Delay Time of D1 - 04 

Hold Time of D1 - D4 

CL1 

CL2 

M 

FLM - t!J,\1 

ton 

GI External ROM Pattern Generation 

Fig. 16.1 shows the correspondence between the ROM address 
and data. 
Write the 8-bit data corresponding to dot on/off for each 
address. AO ~ A3 show the scanning address. To display the 
pattern of the external ROM, write the codes of the most 
significant 4 bits and least significant 4 bits (total 8 bits) 

GI Applicable Connector 

Any connector whose pitch is 2.54 mm and pin diameter less 
than 0.9 ~ 0.8 mm can be used. 
For example, the following connectors manufactured by Japan 
Aviation Electronics Industry, Ltd. 
For MPU interface (20 pins) PS-20PE-S4T1-PN1 
For LCD interface (12 pins) PS-12PE-S4T1-PN1 

Symbol Min. Typ. Max. Unit 

twcL1 150 - - ns 

tOCL2 - - 50 ns 

tWCL2 416 - - ns 

twcH 150 - - ns 

twcL 150 - - ns 

toM -200 - 200 ns 

tHF 1000 - - ns 

too - - 50 ns 

toH 100 - - ns 

(A3 ~ A10) in the refresh RAM. Then, the corresponding 
character pattern is displayed on the LCD. However, the 
display range depends on the value of Hp. 
Specifying Hp = 6; Data at Os and 07 are not displayed. 
Specifying Hp= 7; Data at 0 7 is not displayed. 
Specifying Hp = 8; All data at 0 1 through 07 are displayed. 
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Higher A11 0 0 0 

4 bits A1p 0 0 0 
Lower A9 0 0 
4 bits AB 0 0 

A7 A6 AS A4 A3 A2 A1 AO o, o. 01 Oo o, 02 o, o. Os o. 01 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 

0 0 0 

Note: Data of A4 ~ A 11 belong character code. 

Fig. 16.1 External ROM Pattern Generation 
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01 Example of Usage 

Condition: Character mode (internal ROM used) 

No. 

2 

3 

4 

Character pitch 8 x 8 · 

Contents of Execution 

Power ON 

Master LSI initialize 

Slave LSI initialize 

Master side 
refresh RAM clear 

(blank code input) 

T 
Make 

CS1 "L" 

CB1040R 

Command 

r 
J 

See Fig. 10.1 J 

[ SeeFig.10.1 J 

rRefresh Memory l 
Write Designation I 

"l 
[Blank Code (20) Input] 

r Input made in all addresses of J 
refresh memory (on master side)? 

Image Display 

Random character display pattern 
appears at 1/,00 duty. 

~ • 2 ~ ,,, .· 

D 
Master 

side 

Random character display 

l 
' 
: Slave 

side 

"-------<~ 

5 

6 

7 

8 

9 

10 

Slave side: 
Refresh RAM clear 

Address set 

(on master side) 

Data input 

LSI switchover 

Data input 

LSI switching 

T 
Make 

CS2 "L" 

.-
Make 

CS1 "L" 

Make 
CS2 "L" 

T 
Make 

CS1 "L" 

r Repeat No. 4 Routine l 

r Set Master Home Positionl 
(000) in Cursor Address 

Blank Blank 

rn 
r- : 

Cu rso/ I ights , 

[Refresh Memory Write Designation J J : 
:I Cursormoves J, 

[Enter Character Codes 40 Times] to 2nd line. , 

[ "T J Curs~o-r-is_c_a_u~se_d_t_o_d_i~sappear by 
Mode.Control Cursor OFF !--- running this command. 

[ Set Cursor Address to J 
Slave Home Position (000) 

r Mode Contrail Cursor ON 

!- l 
: Cursor lights on 1st line of 
! slave side. 

::I rn r Refresh Memory Write Designation] i ' :-
[Enter Character Codes 40 Times] ! Move cursor to 2nd line 

[ :I J Cursor is caused to disappear by 
Mode Control Cursor OFF t-- running this command. 

I Set Cursor Address to Head of] 
Address in 2nd Line. 

l 
[ Mode Control J Cursor ON 

"]' 
[ Data Input l 

t 

$HITACHI 

Cursallights 
on 2nd line. 

[I] 
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