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

PREFACE

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

precautions 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 devices 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:
1.

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

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.

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.

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

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 L xW Voo-Vss | Vee-Vss tion ry
H2525 20 x 239 220 x53 x 15 163x 17 0.55x 0.55 120 | +5 -5 20
LM021 24 %479 290 x 60 x 13 245x 19 0.43x0.55 124 | +5 -5 30
LM212 48 x 640 270x 63 x 14 241x25 0.32x0.38 148 | +5 -5 50
LM200 64 x 240 180x 75 x 14 132x 39 0.48 % 0.48 132 | +5 -5 25
LM213B 64 x 256 184x 75 12 149.6 x 43 0.51x0.51 164 | +5 -9 250
LM213XB | 64x256 184x 75 x 12 149.6x 43 0.51x0.51 164 | +5 -9 250
LM211XB | 64x480 270 x 82 x 13 240x 38 0.44x0.44 1164 | +5 -9 130
LM266XP | 100x640 288 x 72 x 13 243 x 42 0.33x0.33 1100 | +5 -19 140
LM551XT | 128x128 88x 86 x 14 54x 54 0.35x 0.35 1128 | +5 -20 175
LM221XB | 128x240 180x 120 x 14 148x 75 0.50 % 0.50 164 | +5 | -135 130
LM238XB | 128x240 180x 120 x 14 148x 75 0.50 % 0.50 1164 | +5 | -135 250
LM215XB | 128x480 270 x 110x 12 242 x 69 0.43x0.43 164 | +5 -10 100
LM224XB | 128x480 270 x 110x 12 242 69 0.43x0.43 1164 | +5 11 100
LM240S 128 x 480 270x 110x 12 242 % 69 0.43x0.43 1128 | +5 | -145 120
LM225X 200 x 640 270x 150 x 13 239x 104 0.32x 0.46 1100 | +5 | -135 | 400
LM236XB | 200x 640 270 x 149 x 13 239 x 104 0.32x0.46 1100 | +5 | -145 170
LM250X 200 x 640 270x 150 x 13 239 x 104 0.32x0.46 1200 | +5 | -215 190
LM585X 200 x 640 260 x 195 x 13 220166y | 0.29x0.74 1100 | +5 | -145 170
LM246X 320 x 256 168x150x14 | ’142x 115~ | 0.43x0.43 1128 | +5 -20 175
LM252X 400 x 640 270x 198 x 13 236 x 153.6 0.33x0.33 1200 | +5 | -215 240
COMPACT VERSIONS
LM258X 64 x 240 149 x 57 x 13 117 x 41 0.44 % 0.44 164 | +5 | -120 100
LM25aX | 200x640  |"3707150x13 224 % 100 0.32x0.46 1200 | +5 | -215 190
LM280X 200 x 640 270x 104 x 11 236x 78 0.33x0.33 1200 | +5 | -215 190
LM282XP | 400x 640 270 198 x 14 236 x 153.6 0.33x0.33 1200 | +5 | -215 240
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TABULATED DATA

Operating Storage . Power o
Tempaeéature Tempoeéature Weight Supply Built-in LSI Recommended Controller Part No.

0~ +50 -20~ +60 100 Double HD44104 HD61830 CB1020R/CB1055R | H2525
0~ +50 -20~ +60 150 Double HD44100 HD61830 CB1020R/CB1055R | LMO021
0~ +50 -20~ +60 170 Single MSM5839 HD61830 CB1026R/CB1056R | LM212
0~ +50 -20~ +60 150 Double HD44104 HD61830 CB1020R/CB1055R | LM200
0~ +50 -20~ +60 180 Double HD61830 + HD44104 Built-in — LM213B
0~ +40 -20~ +60 180 Double HD61830 + HD44104 Built-in — LM213XB
0~ +40 -20~ +60 180 Double MSM5839/5238 HD61830 CB1026R/CB1056R | LM211XB
0~ +40 -20~ +60 200 Double MSM5839/HD61105 HD63645F — LM266XP
0~ +40 -20~ +60 125 Double HD61104/105 HD63645F — LM551XT
0~ +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 HD&1100/103 HD61830B —_ LM224XB
0~ +50 -20~ +60 320 Double MSM5279/5278 V6355/MSM6255| — LM240S
0~ +40 -20~ +60 450 Double HD61100/103 HD61830B CB1040R/CB1058R| 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§_255 — LM585X
0~ +40 -20~ +60 265 Double HD61104/105 HD63645F ?{ = 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
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TABULATED DATA

TABULATED DATA

partho. | STL || Evemeshe | Sfectvelew | Ghemcier | FomSEe | ouy
LMO054 8x 1 84x44x12 61x15.8 6.5 x 9.4 5x 8 1/8
H2570 16 x 1 80 x 36 x 12 64.5x 13.8 63.15% 7.9 5x 11 1/11
LMO15 16 x 1 80 x 36 x 12 64.5x 13.8 3.15x5.5 5x8 1/8
LM568AF 16 x 1 122 x 33 x 12 99x 13 4.84 x 8.06 5 x 7 wicursor 1/8
LM020L 16 x 1 80 x36x 12 64.5x13.8 3.07 x5.73 5x 8 1/16
1 LINE LMO70L 20 x 1 105x 39 x 11 84 x 13 3.2x5.2 5 x 7 wicursor 1/8
SERIES LM038 20 x 1 182x35.5 x 13 154 x 15.3 6.7x9.4 5 x 7 wicursor 1/8
LM027 24 x 1 126 x 36 x 12 100> 13.8 3.15x7.9 5x11 1/11
H2571 32x 1 174.5x 33x 13.4 132.5x 14 3.15x7.9 5% 11 1/11
H2572 40 x 1 182 x35.5 x 13 154 x 15.3 3.15x7.9 5x11 1/11
LMO058 40 x 1 290 x 60 x 13 245 % 19 4.82x8.18 5x8 1/8
LMO52L 16x2 | 80x36x12 64.5x 13.8 2.95x3.8 5x8 1/16
LMO75L 16x2 | 80x36x12 64.5x 13.8 2.95x3.8 5x8 1/16

6.60 x 9.4 (numeric)
LMO16L 16x2 | 84x44x12 61x15.8 2.95 x 4.86 5x8 1/16
LMO68L 16x2 | 83x43x 11 61x17.6 2.95x 4.86 5x8 1/16
LMO74L 16x2 | 84x44x12 61x15.8 2.95x 4.86 5x8 1116

2 LINE 6.51 x 11.5 (numeric)
SERIES LMO32L 20x2 | 116x39x13 83x 18.6 3.2x4.85 5x8 1116
LMO61L 20x2 | 115x39x13 83x 18.6 3.2x4.85 5x 8 1/16
LMO60L 24x2 | 116x39x13 83 x 18.6 2.7x4.85 5x8 1/16
LMO17L 32x2 | 1745x33x13.4 141.2x16.75 3.45 x 4.85 5x 8 116
LMO18L 40x2 | 182x35.5x13 154 x 15.3 3.2x4.85 5x 8 1/16
4 LINE LMO41L 16x4 | 87x60x12 61.8 x 25.2 2.95x4.15 5x 8 1/16
SERIES LMO044L 20x4 | 98x60x 12 76 x 25.2 2.95x4.15 5x8 1/16

COMPACT VERSIONS
LM104L 16x2 | 80x30x 11 62 x 15.1 2.96 x 4.86 5x8 1/16
LM105L 20%x2 | 95x30x 11 76.7 x 15.1 3.2x 4.85 5x8 1/16
LM107L 40x2 | 170x30x 11 152.6 x 15.1 3.2x4.85 5x8 1/16
L.E.D. BACKLIGHT VERSIONS

LMOS7LN 16 % 1 90 x 36 x 14 64.5x 13.8 3.07x5.73 5x8 1/16
LMOS6LN 6x2 90 x 36 x 14 64.5 x 13.8 2.95x 3.8 5x8 1/16
LMO93LN 16x2 | 90x44x 14 61x16.3 2.96 x 4.86 5x8 1/16
LMO91LN 20x2 | 126x39x 14 83x18.6 3.2x4.85 5x8 1/16
LMO92LN 40x2 | 192x35.5x 16 154% 15.3 3.2x4.85 5x8 1/16
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TABULATED DATA

Operating Storage . .
Power SupPly Conzzmi)rtion Temp:e rature Tempf rature W((e;s)jht g:;’;:el; Contglllllétr Ia:‘ntisll)river Part No.
Voo-Vss | VeeVss ¢ c

+5 0 10 0~ +50 -20~ +70 25 Single | HD44780 LMo054
+5 0 10 0~ +50 -20~ +70 25 Single H5270
+5 0 10 0~ +50 20~ +70 25 Single ;D’\jgﬂagzggHmmoo LM015
+5 0 10 0~ +50 -20~ +70 30 Single LM568AF
+5 0 10 0~ +50 -20~ +70 25 Single | HD44780 LMO020L
+5 0 10 0~ +50 -20~ +70 40 Single LMO70L
+5 0 10 0~ +50 -20~ +70 65 Single LM038
+5 0 10 0~ +50 -20~ +70 40 Single LM027
+5 0 10 0~ +50 -20~ +70 60 Single H2571
+5 0 10 0~ +50 20~ +70 65 Single H2572
+5 0 10 0~ +50 -20~ +70 150 Single LMO058
+5 0 15 0~ +50 -20~ +70 25 Single LMO52L
+5 0 15 0~ +50 -20~ +70 25 Single LMO75L
+5 0 15 0~ +50 —20~ +70 25 Single | HD44780 + HD44100 LMo16L
+5 0 15 0~+50 | —20~4+70 25 Single | ©" MSM5259 LMo68L
+5 0 15 0~ +50 -20~ +70 25 Single LMO74L
+5 0 15 0~ +50 -20~ +70 50 Single LM032L
+5 0 15 0~ +50 -20~ +70 50 Single LMO61L
+5 0 15 0~ +50 -20~ +70 60 Single LMO60L
+5 0 15 0~ +50 -20~ +70 60 Single LMO17L
+5 0 15 0~ +50 -20 ~ +70 65 Single LMO18L
+5 0 15 0~ +50 -20~ +70 60 Single LMo41L
+5 0 15 0~ +50 -20~ +70 65 Single LMO044L
+5 0 15 0~ +50 -20~ +70 25 Single LM104L
+5 0 15 0~ +50 —20~ +70 50 Single groagﬁgzggiﬁmm 00 ™ m105L
+5 0 15 0~ +50 -20~ +70 65 Single LM107L
+5 0 150 0~ +50 -20~ +70 40 Single | HD44780 LMOS7LN
+5 0 400 0~ +50 -20~ +70 50 Single LMO86LN
+5 0 400 0~ +50 -20~ +70 50 Single | HD44780 + HD44100 LMO93LN
+5 0 550 0~ +50 -20~ +70 65 Single | or MSM5259 LMO91LN
+5 0 850 0~ +50 -20~ +70 80 Single LMO92LN .
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SEMI-CUSTOM OPTIONS

SEMICUSTOM How to read the table.

We provide liquid-crystal module with optional specifications o Under production
as follows. Table 1 shows LCD module already in production. O: Unable to produce technically.
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 double power supply.

L: Duty = 1/16, available with single power circuit +5V.

N: Electroluminescent panel

Table 1. Semicustom List

No. Part No. Igfgblg; OPTIONAL SPECIFICATIONS Remarks
Wx H A T H IT | HT | N 12:00 Viewing
1 H2525 20 x 239 @) [®)
2 LMO021 24 x 479 @) @) LM607
3 LM212 48 x 640 O @) [¢)
4 LM200 64 x 240 ° ° @) ° LM523
5 LM213XB 64 x 256 @ O @) o) °
6 LM211XB 64 x 480 O ) @)
7 LM266XP 100 x 640 @) @) [®)
8 LM221B 128 x 240 O O O
9 LM238XB 128 x 240 @) @) @)
10 LM215XB 128 x 480 @) o) &)
Graphics 11 LM224XB 128 x 480 @) @) @)
Displays 12 LM240S 128 x 480 O O O
13 LM225X 200 x 640 ) O O
14 LM236XB 200 x 640 0 O @)
15 LLM250X 200 x 640 @) O @)
16 LM585X 200 x 640 0 @) O
17 LM246X 256 x 320 e Q O o |«
18 LM252X 400 x 640 0 @) @)
19 LM258X 64 x 240 @) [¢) @)
20 LM254X 200 x 640 @) 0 @)
21 LM280X 200 x 640 @) ) @)
22 LM282X 400 x 640 @) e @)
23 LM054 8x1 ° ° @) LM094
24 H2570 16 x 1 . ° O °
25 LM015 16 x 1 ® 0 LMu56
26 LM568AF 16 x 1 ° 6)
27 LMO20L 16 x 1 LMO89L
28 LMO70L 20 x 1
29 LM038 20 x 1 ° ° o) °
30 LM027 24 x 1 ° @)
31 H2571 32x 1 ° ° O ° LM033
32 H2572 40x 1 ° ° ° O
33 LM058 40x1 ° &)
34 LMo052L 16x 2 LMO71L
Character 35 LMO75L 16 x 2
Displays 36 LMo16L 16 %2 ° ° ° ° ° LM507L
ISpiay 37 | LMO68L 16x 2
38 LMO74L 16 x 2
39 LMO32L 20x 2 ° ° °
40 LMO61L 20x2 ® . ° LMO082L
41 LMO60L 24 x2
42 LMO17L 32x2 ° ° ° °
43 LMo18L 40x2 ° . ° ° LMO35L
44 LMO41L 16 x 4 ° ° ° )
45 LM044L 20 x 4 g ° ) LMO083L
46 LM104L 16x2 [8) @) e
47 LM105L 20x 2 O 0 ¢}
48 LM107L 40x 2 ) 0 @)
49 LM039 16x1 ° @) ¢ 6 )
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DRIVER LSI LINE

HITACHI LCD DRIVER LINE-UP

¢ General -
P4
. LCD driver @]
Type No. Function & features Supply logic Vpp-VEE - Package ’5
Duty Driver o
LCD Driver
HD44100H ® |nternal shift register: 20 bit x 2 SV v Free 40 FpP-60
LCD Driver 7
HD61100A ® Internal shift register: 80 bit 5V 16.5V Free 80 FP-100
High speed operation: 2 4MHz
B —_—
*Segment display
. . LCD driver
Type No. Function & features Supply logic Vpp-Vee Package
Duty Driver
7 Segment LCD Driver Static
HD61602 ® Low power: 0.5 mW (5 V) 22~55V 22-~55V 1/2,1/3 51 FP-80
® Internal LCD power supply 1/4
7 Segment LCD Driver B .
HD61603 ® Low power: 0.5 mW (5 V) 22~55V 22~55V Static 64 FP-80
S—
¢ Character display
LCD driver
Type No. Function & features Supply logic Vpp-VEE - Package
Duty T Driver
LCD Controller/driver
® No. of chracter: 80 max 5V _ 1/8, 1/11 Com. 16 FP-80
LCD I o Character generator: 192 1/16 Seg. 40 )
(HD44780) e Font:5x70or5x10
LCD Controller
® No. of chracter: 80 max 1/8, 1/12
HD43160AH ® Character generator: 160 5V - 1/16 - FP-54
® Font:5x7o0r5x 11
e Graphic display
LCD driver
Type No. Function & features Supply logic Vpp-VEE Package
Duty Driver
Segment driver (1/32 duty)
HD44102CH ® Internal RAM: 8 x 50 x 4 bit 5V 10V Seg. 50 FP-80
o Direct display of RAM data 1/8, 1/12,
1/16, 1/24,
Common driver (1/32 duty) 1/32
HD44103CH ¢ Internal timing generator 5V 105V Com. 20 FP-60
Common driver (1/64 duty) 1/8, 1/12, 1/16,
HD44105H e Large No. of LCD driver 5V 10.5V 1724, 1/32, 1/64 Com. 32 FP-60
LCD Controller for graphic Static
HD61830 ® Grafic or character mode 5V - - 171 28 - FP-60
® Character generator: 192
LCD Controller for graphic Static
HD618308 e High speed shift: 2.4 MHz 5v - ~1/128 - FP-60
Segment driver (1/64 duty)
HD61102 ® Internal RAM: 8 x 64 x 8 bit 5V 15V Seg. 64 FP-100
e Direct display of RAM data 1/48. 1/64
. 1/100, 1/128
Common driver (1/64 duty) '
HD61103A e Internal timing generator 5V 165V Com. 64 FP-100
GO HITACHI 11
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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 LS| on board. Some modules

also include controller LSI.

tion possible.

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

display system.

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-

APPLICATIONS

Portable data terminal equipment
Word processors

Telephone applications

Facsimile machines

Personal computers

oAM=

6. POS terminal equipment
7. Electronic typewriters
8. Measuring instruments
9. Other display devices

MAXIMUM RATINGS

Electric maximum ratings

Item Symbol Min. Max. Unit Remarks
Power supply for logic Vpp — Vss \
Power supply for LCD drive Vpp — Vo Refer to individual specification \Y)
Input voltage V) \")
Static electricity - 100 \ See note

Note  Electro-static 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

Operating Non-operating
Item Remarks
Min. Max. Min. Max.
Ambient temperature Refer to individual specifications
Humidity Note No dew
Vibration - 0.5G - 2G
Shock - 3G - 50G XYZ 3 directions

Corrosion gas

No corrosion gas

Note Humidity conditions are as follows.

Number of dots

Ambient temperature (Ta)

Under 128 x 240

128 x 240 or over

Ta £40°C 95% RH max. 85% RH max.
Ta >40°C Below maximum absolute humidity of Belgw maximum absolute humidity of
(Below maximum temperature) 40°C 95% RH 40°C 85% RH

14
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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 P2—¢1 K=14 20 - - deg. 1,2,7
) ¢=25°
Contrast ratio K - - -
6=0° 3 3
6=25° 200 400 4
Response time (rise) ty 9 =0° - 250 400 ms 4,5
150 250 4,6
o 200 400 4
. ¢=25
Response time (fall) ty 0=0° - 250 400 ms 4,5
150 250 4,6
X type (Ta = 25°C)
Item Symbol Condition Min, Typ. Max. Units Notes to see
Viewing angle ¢2 — o1 K=14 - 40 - deg.
Contrast ratio K ¢=10°6=0° - 3106 - - 8
Response time (rise) tr ¢=10°6=0° - 250 400 ms
Response time (fall) tf ¢=10°6=0° - 350 450 ms
Note 1. Definition of 6 and ¢ Note 2. Definition of viewing angle ¢1, and ¢2
K
22

Note 3. Definition of contrast “K"

Jen ﬂé\\: \\\-C\J ?:_\SS X
o 3 —
N TR el
y' (8=0")

Brightness of non-selected segment (B, )

K=

Brightness of selected segment (B, )

Brightness curve for selected segment

Brightness (%)

;

Brightness curve for
non-selected segment

t
Setpoint driving voltage

Note 5. Applied models

LMO054 « LMO20L + LM038 » H2570 » LM015 « LM027 « H2571 « H2572
LMO16L « LMO32L + LMO17L » LMO18L « LMO41L « LM044L « LM052L » LM568AF
LMO70L « LMO60L + LMO75L « LMO68L * LMO74L « LMO61L

Note 6. Applied models

H2525 « LM200 « LM021 » LM213B « LM212

Contrast ratio

$1<25'< ¢z

L]

[]

Viewing angle

Note 4. Definition of optical response

—t

Non-selgcried state

100%

Set point

Brightness

10%

Note 7. Typical viewing angle of following models is 20°.

Rise time

LM200 + LM213B « LM212 « LM240S

Note 8. Applied models
LM213XB « LM211XB * LM266XP » LM238XB * LM215XB * LM224XB « LM258X
LM254X « LM280X « LM282XP * LM246X « LM225X « LM236XB « LM250X

LM252X « LM585X » LM221XB ¢ LM551XT

@ HITACHI
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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 ‘ l O ‘ | 5 ' ' 1 ‘ Year mark Month mark Week mark
T "t Week Year Figure Month| Figure | Month| Figure Week (Day) | Figure

Month 1985 5 Jan. 01 Jul. 07 21~27 1
1986 6 Feb. | 02 Aug. | 08 28~ 3 2
Year 1987 | 7 Mar. | 03 | Sept.| 09 4~10 | 3
(Note) Some products have alphabet at the end. 1988 8 Apr. 04 Oct. 10 11~17 4
1989 9 May 05 | Nov. 11 18~20 5

1990 0 Jun. | 06 | Dec. 12

(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°.

16 - @HITACHI




GENERAL SPECIFICATIONS

(2) Appearance standard

No. Items Criteria Applied area
1 | Scratches
2 | Dents Distipguished one is not aqceptable.
(To be judged by HITACHI limit sample)
3 | Wrinkles in polarizer
Average dia. D (mm) Max. number acceptable
1.0<D 0
4 | Bubbles 05<D=<1.0 1
03<D=<05 5
D=£03 Ignore
Filamentous Display
Length (mm) | Thickness (mm)| Max. number acceptable
Ignore 0.022 Ignore
202 0.03 2 6
1.02 0.06 2 6
6 | Stains, foreign materials Round
Average dia. D (mm) Max. number acceptable
D <0.25 Ignore
0.256 < D < 0.35 4
035D None
Those can be wiped out easily are acceptable. All
6 | imtertranc rin (r oLt oo o st
play
7 | Non-display There should be none
8 | Chipped glass If it has nothing to do with function, ignore. Printed circuit board
9 | Dimensions Refer to individual acceptance specifications. All
Average dia. D (mm) Max. number acceptable
10 | Dark spots 0<0.1 Ignore Display
0.1=D<03 3

Note: Definition of each area

Printed circuit board

Metal frame

Display

@ HITACHI
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STRUCTURE/PRINCIPLES

STRUCTURE AND DRIVING PRINCIPLES OF LIQUID CRYSTAL DISPLAYS

General
A liquid crystal is anintermediate 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.

Types of Liquid Crystal Displays

Driving principle (TN type)

A liguid 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).

An electric field moves the Polarizer
molecules of the liquid E—L Voltage
crystal from a twisted ?’
alignment to vertical OFF
alignment. The display [ ee—
employs pplarizer. _'_T‘“"“— ¢
This type is the most widely ransparen
=4 used at present. (white)
= (Detailed below)
Ez::o Voltage
00 ON
S —
Opaque (black)
An electric field moves the c:J___: Voltage
molecules of a liquid crystal oz OFF
containing dye molecules. o-o
This type has better viewing E:—-—l—-———l
angle properties than the TN
‘8" type, and a bright color D Colored
< display is possible. ve light
B
13
=
o ﬁ? Voltage
|
010 100°N
Transparent

Note: TN: Twisted Nematic

Basic structure of a Liquid Crystal Display (TN type)

Liquid crystal materials

Front glass
substrate Front polarizer
/ Electrode
7/ 7771 177777777 72
/]
gy | i (S ———————————— m
N\ \

\ Reflector

Rear polarizer

Seal

Rear glass substrate

(a) (b)
Voltage off Voltage on

’ Natural incident light

— T

Front polarizer

T
| Front glass substrate ' l
(electrode)

r T
S OFF } ON
/ H
/7 ya
| L ]
Rear glass substrate

Rear polarizer

Light passes Light can not pass

Bright (white) Dark (black)

L— Liquid crystal
molecules
(twisted 90°C)

Fig. 1.1 Basic structure

Fig. 1.2 Principle of operation
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RELIABILITY DATA

RELIABILITY OF LCD

Inspection procedure for LCD

Process Inspection items

| Qutside vendors 1

l Materials acceptance test }———> Conductive glass

Polarizer, reflector

( Material QC section j

Liquid crystal

I Electrode patterning —|>~~‘~‘-——————> Pattern and ink

SECTION 2

Pinhole, open and touch

| Silica under coating }-————_—) Thickness and uniformity

Pinhole, peeling and cracks

C Manufacturing section

Cutting L >l[ Size, chips and cracks
Alignment treatment JL %{ Coating thickness I
|
| Assembling - — Sealing width
|
I Frit bubbles, gap
Electrode misregistration
i Filling and sealing JL Leakage, clearing point
Solder shape and blow hole
Cell strength
[ I Polarizer attaching JL Adhesive strength
' Misregistration
|
? I Screening inspection }———————w——) Electro-optical inspection
* - Visual inspection
[ Lot acceptance test } Electro-optical inspection
L LCD QC section ) Note 1. Visual inspection

Characteristic test

Environmental test

Life test

Note 2.

| Judgement | Note 1: Daily sampling

MIL-STD-105D
- AQL 2.5% or less, Level 11
Note 2: Daily sampling

l Warehouseing | Weekly sampling
Monthly sampling etc.

O HITACHI



RELIABILITY DATA

Reliability test data of LCM (Standard temperature range type)

No. ltem Condition Time
1 High temperature operating 50°C normal operating drive 500 h
2 Temperature cycle operating 0°C 2 h, 50°C 6 h cycles, normal operating drive 1000 h
3 High temperature storage 70°C 500 h
4 High temp. and humidity storage 40°C 95% RH (Note) 100 h
5 Low temperature storage -20°C 500 h
6 Heat shock 70°C 0.5 h,-20°C 0.5 h 24 cycles
7 Vibration operating 10~50 Hz, 1G, 51 ~300Hz, 0.5G X, Y, Z normal operating drive 1 h each
8 Vibration non-operating 10~50 Hz, 1G, 51 ~300Hz, 0.5G 1 h each
9 Shock 50G15ms = X,Y,Z 1 time each
10 UV test Sunshine weathermeter 43°C 60 h
Note: Module must be stored in non dew condition under testing.
Reliability test data of LCM (Wide temperature range type)
No. ltem Condition Time
1 High temperature operating 70°C normal operating drive 500 h
2 Temperature cycle operating -10°C 2 h, 70°C 6 h cycles, normal operating drive 1000 h
3 High temperature storage 80°C 500 h
4 High temp. and humidity storage 55°C 95% RH (Note) 250 h
5 Low temperature storage -40°C 500 h
6 Heat shock 80°C0.5h,-30°C0.5h 24 cycles
7 Vibration operating 10~50 Hz, 1G, 51 ~300Hz, 0.5G X, Y, Z normal operating drive 1 h each
8 Vibration non-operate 10~50 Hz, 1G, 51 ~300Hz, 0.5G 1 h each
9 Shock 50G15ms £+ X, Y, 2 1 time each
10 UV test Sunshine weathermeter 43°C 60 h

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

Note: ‘X’ type LCMs nat applicable to above tables.

20
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RELIABILITY DATA

Resulés 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

No. of units - [ "Failure rate .
tested o) ¢ AR
1. High-temperature Yes 60°C, 5V, 32Hz 50 o
lifetime 30°C, 12V, 32Hz | 7,000 40
2. Exposure to high No 70°C, 95% RH 100 h 360
temperature and = 0
humidity Yes 40°C, 95% RH 1,000 h 90
Thr 1hr
3. Temperature cycle No ! 60°C 30 cycles 90 0
i -10°C
6hrs "
3hrs  3hrs !
4. Temperature & 1hr thr J-1hr |
e No | 30 cycles 90 0
| r ‘ T—“ — |
humidity cycle ———\— 70C ;
i —25C 95%RH |
5. Exposure to high No 70°C 1,000 h 240 0
temperature 95°C | 100 h 240 0
Yes 60°C 1,000 h 100 0
6. Exposure to low Yes -30°C 1,000 h 100 0
temperature -40°C 800 h 90 0
7. Low and high atms. Yes 25°C, 0.01 mmHg 96 h 50 0
pressure 25°C, 2,280 mmHg 96 h 50 0
8. Exposure to Yes Carbon arc 500 h 10 0
ultraviolet light Outdoor exposure 3,000 h 10
30°C, 55°C, 70°C Dry 5,000 h 30
9. Polarizer & reflector Yes 70°C Dry 1,000 h 240 o
reliability 95°C Dry 100 h 240
40°C, 50°C, 70°C, 90% RH 5,000 h 30
Table 5.2 Results of mechanical tests of Hitachi liquid crystal displays
. With polarizer . . No. of units Failure rate
Test items and reflector? Test conditions Test time tested (%)
) Warm water (+70°C)
1. Immersion No Cold water (+15°C) 20 cycles 500 0
2. Saltwater spray No MIL-STD-202DM 101C 96 h 50 0
3. Vibration Yes MIL-STD-202DM 201A 2h 50 0
=1,260G
[ 20 M B
4. Impact Yes Impact time: 0.5 ms 0- 150G
Loading speed: 1 mm/min u=14.8 kg
Note 1 20 o= 0.6 kg
5. Static load Yes Loading speed: 1 mm/min Note 5 20 u= 19kg
Note 2 o= 2 kg
M =360 cm
Note 3 - 20 o= 70cm
6. Drop Yes \ . 20 4 =120 cm
ote - o= 30cm

@ HITACHI
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RELIABILITY DATA

Note 1 Note 2 Note 3 Note 4
Loading block
l LC display LC display
Stationary stand /
\/
l Direction of fall
Note 5
u : load that produces a cumulative
failure rate of 50% ) Wooden board
o : standard deviation
Operating lifetime
As shown in Fig. 5.1, in a voltage-accelerated lifetime test
(voltage = 100 VAC), 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 -—-o- DC voltage -
| =—8&-. AC voltage 30°C g?/lgc
70} T }8\{3% 10 units
50 Ro°C.40VDd — (No failure)
30} 10 units 4 30°C 30°C
9 20t / 20VDQ V. 12VAC
b 7 10 units /[30°¢ 40 units
B 10 0 10VAC 77//}{ (No failure)
et / 10 units /
ER / : 30°C
5 3 Y 30°C & ] svbC
2 40VAC /» 10 uni
10 units | 7/ units
1k /, (No failure)
/
0.5} Life time:
0.3 up to point of readily Calcula;or test J
0.2 apparent alignment 500 units o
0.1 deterioration --- no failures s/
10 30 50 100 300 500 1,000 3,000 5,000 10,000
Operating time (h)

Fig. 5.1 Results of voltage-accelerated lifetime tests of Hitachi liquid crystal displays
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RELIABILITY DATA

100,000 t - -
L o)
b |
F |
s i
|
[ |
I
|
30.000 L : \ Temperature: 30°C
| \ Lifetime: up to point of readily
: \ apparent alignment
| I I\ deterioration
| I \ \\
\
| Voo
10,000 - | \ \
- | \ \\
— L I
< R W
2 ' : \ \ \
; r | \ \ \\
5 | \ \
= r | \ \ N\ | AC voltage
o | i \ \
g 3,000 - I Vo \ N Predicted cumulative
= ! Voo failure rate = 10%
E | \
S | \\ DC Predicted cumulative
o\(; : S 1 voltage failure rate = 1%
© I =
| ™
o 1,000 D
@
g2 [ : g )
2 - )
o r |2
2 =
o " =
S L e
° 8 Predicted
£ 300+ re cumulative
B I g failure
h= 'S rate = 10%
3 he
r (st
|9 Predicted
| cumulative
! failure
= 19
100 : rate = 1%
i
I
L I
I
|
|
|
i ]
i
30 I n n n PR 1 i 1 Lol n n L
3 5 10 30 50 100 300 500
Operating voltage (V)

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

High temperature and humidity test

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.

7 D,
0 0
2,
%0 Failure mode: /_?@ @ gzzg
blurred display @
70 r segment Normal segments
30 .
20 F Lifetime:
= up to point of
*® readily apparent
b 10T plurred segment
§ 5 or loss of seal ,
o ]
5, , 40°C, 95% RH
@ / 90 units
w 2 / (No failure) 40°C, 95% RH
1 70°C 95%RH e /
360 units / /
i / Left at normal
{No failure) / temp. & humidity
03 P/ 200 units ’
02 / No failures) /
: 7
0.1 N s s - N
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
23
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L |
|
i |
30,000 :
|
r 1
|
|
|
10,000 [
|
= |
Y L |
8 L |
4 |
2 i |
£ 3000 ol
b3 4 i o |
e &
e - r
g EN
= @
2 31
2 2
3 1,000: £
§ r T !
o r -g ]
@ f
5 500 i 2
H 4 !
= I I
300 :
1
" |
|
!
|
100 |- :
r t
[ 1
50 P L ' 1 1 1 1 L 1 A 4
3 10 20 30 50 100 200 300 500
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.

151
+ Polarizer (140 um) Support (50 um) x 2: cellulose triacetate,
acrylic fitm
Polarizing membrane {20 um)
13

Adhesive (20um) (lodine applied to polyvinyl
alcohol (PVA) film)

b Mean 30°C
i N S R
e = o~ —
5 of i
< 4
3 " Mean 70°C

L Mean 55°C No. of units tested
°C, 4500 h: 10 units
5} 55°C, 4500 h: 10 units
70°C, 4500 h: 10 units
- o 70°C, 1000 h: 250 units
Y I Limitof usefulness ________ 957C, 100 h: 240 units

5 10

30 50 100 300 500 1,000 3,000%,60010,000

Time (h)

No. of units tested: 10 in each test

Contrast ratio

6 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 V. nq, 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.
L
N
LCD >C )2
- \
Limit of Arc LCD <
50._._\15‘3"'_!"_?5_5__ \\:\\\\ Carbon Sunlight
X MRS
U
— - > Iculate
8 2 F Calculator | J &acua ’
. 26
o7 24 48cm
T 22 Carbon arc
T lamp test Outdoor exposure
£ 20 test
e
© 18t
g 16
é 1.4 . [Carbon arc] IOutdoor exposure|
c
R f
© 1.0 ¢
0 P . N .
! 10 30 50 100 300 500 1,000 3,000 5,000

Exposure time (h)

Fig. 5.7 Carbon arc lamp and outdoor exposure tests

B —— Spectrum of filtered carbon arc light
—_ —=-=Spectrum of sunlight
rE: Notes: 1. The carbon arc provides a good ultraviolet
] r test because it has more energy in the
-~ ultraviolet region than sunlight.
€ 2. Energy is measured at a distance of 48 cm
S from the light source.
; L
£
>
< T e~
2 A ' AT AR V. N
c -
w

250 300 400 500 600 700 800 900 1,000

Wavelength {nm)

Fig. 5.5 Lifetime of polarizer at high temperature

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

LCD Mfg.

l LCD cell I

e —

l Parts & material J

Material
QA

Parts & mat’l NG J Sampling/Total inspection }(—
< inspection >_' ————————— I~
\/

OK

Total inspection for

([ LCD Module ass'ly }— ____________

assembling, soldering,
appearance and operation

LCM Mfg.

LCM
QA

(Operating)

Primary inspection

100% Screening by high/low
temp. cycling

F_______

Secondary
inspection

High temp. test
Low temp. test

)

control test

3<

Characteristics>N_G) ___________

O
: A :
\
\

Function & NG| __---
<appearance test> -

Characteristics test under
High/Low temperature
(Sampling test)

Function check,
Appearance check
(Sampling test)

Lot quality confirmation

SECTION 2

4
I Shipping ] test, life test
T T T 1
Information on quality
l Customer ]__.___**_' (Customer’s complaints
| field data

| other quality info., etc.)
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HOW TO USE LCD MODULE

1. Liquid crystal display
LCD is composed of glass and polarizer. The following pre-
cautions are recommended when handling LCD’s.

(1) 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

[ ] € | Fitting plate
G l_\ ! L '_] -
~ L] 7 |4
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 +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) 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 LS|, 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 in the work is not too dry. (A relative humidity
of 50% ~ 60% is recommended.)
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Precaution for soldering to the LCM

(1)

(2)

(3)

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.

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.

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. Precautions for operation

(1)

(2)

(3)

(4)

(5)

(6)

Viewing angle varies with the change of liquid crystal
driving voltage (V)

Adjust V¢ to show the best contrast.

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

Response time is greatly delayed at temperatures below
the operating temperature range. The display area be-
comes dark blue 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.

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.
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.

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

1.5usmin.

Positive voltage | /
GND

Omin, 50ms max. (X-type)

GND

+_
(Negative voltage) \

Omm 50ms max. (X-type)

(Signa])

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 2 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 2 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
o 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
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5.

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

Selection of electroluminescent panel

(1) The electroluminescent panel is inserted between the

(2)

(3)

(1)

30

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.

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

yd
<a Z—D>

\
Insulation

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

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

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 connection between the LCD and
the PC board, resulting in a display failure.

LCD Metal frame

pl

( ——Printed
—~ > circuit
Tab \\ Tab board

Zebra rubber strip Driver circuit

(conductive rubber)

Fig. 2 Cross section of a liquid crystal module

(sudp (():r{’s thg)LCD
a a an oar
T
Al

(2)

(3)

(4)

(5)

(6)

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
comparison with that applied to the C-MOS drive circuit
used in the liquid crystal module.)

If the feeger 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.

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.

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.

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.

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.

5.3 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

Liquid P Oral dosage Inhalation L Allergic Malformation Data |
No. crystal Description (LD50 Value) toxicity Skin irritations reaction possibility source
1. |HFK-110 Mixture of 1.0 mi/kg No effects | No effects (mouse) Did not occur Hitachi
Schiff base type (mouse) (mouse) (mouse)
ROi@ CH=N (® R’ - o
2. | LIXON 6302 | Mixture of <10 ml/kg Scabs and blood clots Chisso
Schiff base type (mouse) noted but disappeared Corpo-
RO () CH=N R’ after dosing was ration
@ © stopped (rabbit)
3. | LIXON 7102 | Mixture of <10 mi/kg Small blood clots | Chisso
Schiff base type (mouse) noted but disappeared | Corpo-
! RO (3> CH=N@>CN after dosing was ration
1, @ © stopped (rabbit)
4, (GR-2 "Mixture of <10 mi/kg Small blood clots and Chisso
biphenyl type (mouse) scabs noted but dis- Corpo-
R (o) = (S)CN appeared after dosing ration
@=© was stopped (rabbit)
5. |RO-TN-100 | Mixture of <8.0 g/kg Hoffman
ester type (mouse)
R (o) C00 (©)CN
6. |RO-TN-200 Mixture of ~1.19/kg (being | No effects Did not occur Hoffman
Schiff base type {mouse) planned by | (guinea pig) (guinea pig)
R () CH=N () CN Hoffman)
7. |K15 C,H, &®-(CN 4.1 g/kg No effects (rabbit) BDH
(rat)
8. K21 C,H,; & - (CN 1.6 g/kg Small red spots Note 3 BDH
(rat) of one rabbit out of !
10
9. |M15 Cs;H,0{-(®CN <1.6g/kg No effects (rabbit) BDH
(rat)
|
10. |M21 | C,H,, 0 -{®CN <20.0 g/kg No effects (rabbit) BDH
: (rat)
11. [M24 C4H,,0 & -(GCN | 16.0g/kg No effects (rabbit) BDH
(rat)
12. |E7 Mixture of No effects BDH
bipheny! type
R{-(®CN
13. |TN-132 Mixture of 1.2 g/kg
| pyrimidine type (rat, mouse)
N
RG> @-CN

Note 1) Animals in parentheses were used in the experiment. Note 2) No data for blank columns.

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.

(8) 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. 1to 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.

Note 3) Eye irritations are being checked. No effects have been noted.

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
inthe 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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f LIQUID GBYSTAI. GRAPHIC
"ISPLAY MODULE

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

@ Attachable controller LSl
(HD61830 - HD61830B)

® Control circuit board
(CB1020R - CB1026R « CB1030R - CB1040R *
CB1055R - CB1056R * CB1057R * CB1058R)

Page
® H2525......... 20 x 239 42
® LMO021......... 24 x 479 45
® LM212......... 48 x 640 48
® LM200......... 64 x 240 52
® LM213B ....... 64 x 256 w/Controller 55
® LM213XB ...... 64 x 256 w/Controller 57
® LM211XB ...... 64 x 480 59
® LM266XP ...... 100 x 640 62
® LM551XT ...... 128 x 128 66
® LM221XB ...... 128 x 240 70
® LM238XB ...... 128 x 240 w/Controller 74
® LM215XB ...... 128 x 240 (Serial) 77
® LM224XB ...... 128 x 480 (4 Bit) 81
® LM240S........ 128 x 480 (4 Bit) 85
® LM225X........ 200 x 640 (Serial) 89
® LM236XB ...... 200 x 640 (4 Bit) 93
® LM250X........ 200 x 640 97
® LM585X........ 200 x 640 101
® LM246X........ 320 x 256 105
® LM252X........ 400 x 640 109

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

B Graphic LCD Module Controller LSI

W Applied types: (1) H2525 - LM021 - LM212 - LM200 - LM211XB - LM221XB - LM215XB (HD61830 is to be used)
(2) LM224XB - LM225X (HD61830B is to be used)
(3) LM213B - LM213XB - LM238XB (HD61830 is built-in)

The HD61830 is a dot matrix liquid crystal graphic display
controller LS| that stores the display data sent from an 8-bit
microcomputer in the external RAM to generate dot matrix
liquid crystal driving signals.

It is possible to select the graphic mode in which the 1-bit data
of the external RAM corresponds to the ON/OFF state of 1
dot on liquid crystal display and the character mode in which
characters are displayed by storing character 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 HD61830 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'¢ bytes)
Character mode — 4096 characters (22 characters)
Internal character generator ROM — 7360 bits
Character fonts 5 x 7 dots 160 types
Character fonts 5 x 10 dots 32 types
(Can be extended to 4k byte max.)
Interfaceable to 8-bit MPU
Display duty (Can be selected by a program)
Static to 1/128 duty selectable
Various instruction functions
Scroll, cursor ON/OFF, blink, character blink, screen clear,
bit manipulation
Display method — A or B types selectable

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

Total 192 types

(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
(2) Additional memory control signals
(3) Connection method in master/slave mode

If you need detailed information, please refer to ‘‘Hitachi MOS LS| 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
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CONTROL LSI HD61830/HD61830B
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EXAMPLE OF CONFIGURATION
® Graphic Mode

cs (Slave) i

RAM

i 1
MPU HD 61830 L%quld crysta
display module
MDQ~7 MAn~\s
RAM
® Character Mode (1) (Internal Character Generator)
— T
MPU HD 61830 L}quld crysta
display module
MD, — ; MA, .
RAM
® Character Mode (2) (External Character Generator)
Liquid crystal
MPU HD61830 display module
RDo~; MA < MA
!
RAM
ROM  [T0o—
® Parallel Operation
(Master)
Liquid crystal| Liquid crystal
MPU HD61830(1) diss:la:z x)nodule display module
1 (2)
S [CPo|SYNC}
RAM
L/CR SYNC
HD 61830 (2)
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HD61830 D2
TS € controller
RS R/W CcL1. CL2 ' .
RES
4 MB, FLM
MA, _ s T H LCD
' +— o 4
e )
<
a— -
WE o
MD,_» WE e
! 1
RAM
16K bits )
HD44100H | ___ _ __________ HD44100H !
CMOS I ’
1]
V1—V6 !
Power supply for
GND T liquid crystal
display drive
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VEE (- 5V) f
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CB1020R, CB1026R, CB1030R, CB1040R
CB1055R, CB1056R, CB1057R, CB1058R

CONTROL CIRCUIT BOARD

B BUILT-IN CONTROLLER LS| HD61830/HD61830B

B Applied models: Control circuit board can be applied to following models.
CB1020R™"/CB1055R®: LM021 H2525 LM200 LM258X
CB1026R"/CB1056R®?: LM021 H2525 LM200 LM211XB LM212 LM221XB
CB1030R™"/CB1057R®: LM215XB
CB1040R™"/CB1058R®: 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
HD 61830 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.

£93000D000T2

Model

Item

CB1020R

CB1026R

Controller (Built-in)

HD61830 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)

78 x 53

82 x 76

LCD module to
be driven

LMO021, H2525
LM200, LM258X

LMO021, H2525,
LM200, LM211XB,
LM212, LM258X

Model
Items

CB1030R

CB1040R

Controller (Built-in)

HD61830 x 2 pcs.

HD61830B x 2 pcs.

Refresh RAM

Up to 8k bytes

Up to 16k bytes

External ROM

Up to 4k bytes

Up to 8k bytes

Dimensions (mm) 125 x 85 150 x 140
LCD module t 83,0 J
module to °
be driven LM215XB LM225X e e aeaagaeaa:aobaaaaga
3800, @
e
Notes | naa 5
. T

(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.
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CB1040R
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H2525—

m 239dot (W) x 20 dot (H) graphic and alpha-numeric display

INTERNAL PIN CONNECTION

m  Attachable controller LSI: HD61830 (see section 6).
Pin No. | Symbol Level Function
MECHANICAL DATA (Nominal dimensions) 1 FLM | H | et damrey cyelae® the begining
Module size . .. ........ 220W x 53H x 15T (max.) mm 2 ™M H/L | Control signal for a.c. driving
Effective display area ... .......... 163W x 17H mm 3 . L | The CL1 latches the serial data in the 7
Numberofdots ................. 239W x 20H dot shift registers.
Dotsize ...........ccouvu... 0.55W x 0.55H mm 4 D1 H/L | Serial row data
Dotpitch . .................. 0.65W x 0.65H mm 5 cL2 H—>L | Clock signal for shifting the serial data
Weight .. ... ... ... ... ... ..., ... about 100g 6 VopHsV)| - Power supply for logic circuit
7 Vss(GND)  — Ground
ABSOLUTE MAXIMUM RATINGS min max 8 Vgg(-5V) - Power supply for LC driving
Power supply for logic (Vop—Vss) . ... ... 0 7.0V 3) :\:‘é : z:e:::egc:::;age for LC driving
Power supply for LCD drive (Vgpp —Vgg)... O 13.5V
Inputvoltage (V;) . . ............... Ves VobV
Operating temperature (Ta) . ........... 0 50°C
Storage temperature (Tstg) . . .. ....... -20 - 60°C
ELECTRICAL CHARACTRISTICS
Ta=25°C, Vpp=5.0V+0.25V, VEe=—5.0V+0.25V
Input “’high” voltage (Vin) . ... ... .. 0.7 x VppV min.
Input “low” voltage (Vi) ......... 0.3 x VppV max.
Clock frequency (fc2) ... ... ... ... 210 kHz min.
300 kHz typ.
390 kHz max.
Power supply current {lpp) . . ... . ... .. .. 3mA typ.
“EE) ............. 1 mA typ.
(D1, D2 = GND, fe 5 = 300 kHz)
Power supply for LCD drive (Recommended) (Vg —Vgg)
Duty = 1/20
Ta= 0°C. ..o 5.5V typ
Ta=25°C ..ot 5.0V typ
Ta=60°C .. ......ovin. 4.0V typ
OPTICAL DATA ... ... . . i iiiiin. See page 15.
Unit: mm Unit: mm
220% 1.0
8.5+0.5: 203+05 254805
= 0F o0 .0% 0, 0%0.
!‘ 155.25 239 dot =l| 50203 i 210203 12
TogogogTTTTT 0 e e
0oooo 0 LT = = |1
| 000oo g =k ER R - ) IE ”
| 0O0000 O ) .
; aaaa O El B ad “’é“ 38+05 ‘Q‘ 10- 610
= O0O000o0o_g - | 33 2003 163203
D a0 D D N [:] 2| & 4-435
] ]
0ooDo. L O |43 y
0.55 g & 9 £
0.65 0 <
O = A S A
* IC height
Fig. 1 Display pattern Fig. 2 External dimensions
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H2525

Voo
Vss
CLI
cLe
M
X1
I HD44104 | 20 LCD
Vo B X0 - o g §
Resistor 10 44 10 10 40 39
Vee - HD44104 fem—f HD44104 L— HD44104 HD44104 1 HD44 104 L—\ HD44104
FLM >— L ! i i i I i |
D1 —v H H
JTL___ JLC J T I J T
Fig. 3 Block diagram
) (+5V
Voo *
Vo VR
LCM Vss r T]
Vo- Vee 77L7
Ve ‘( -
=5V, Vo-Vgg: LCD driving voltage
VR: 10kQ~20kQ
Fig. 4 Power supply
TIMING CHARACTERISTICS
Item Symbol Min Typ. Max. Unit
Clock frequency foLa - - 500 kHz (Note 1)
Clock pulse width
(High level) fowH 800 - - ns
Clock pulse width
(Low level) fowe 800 - - ns
Clock set up time tcsu 500 - - ns
Data set up time tsy 300 - - ns
FLM set up time tFsy 300 - - ns
M delay time tom —1000 0 +1000 ns (Note 2)
FLM hold time tFH 0 - - ‘ns
Data hold time toH 300 - — ns

Notes 1. Optimum frequency for the highest contrast depends on the type of module.
2. Timing of M signal to CL1may 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.

@ HITACHI
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H2525

Vin k—ﬁ

47} Viw D 0.7X Vpp
/ \ Vie: 03X Vop
CL1
| tcwH

tFH
—
Vin Vin
tFst :
FLM

| tow
Viu
M
VIL-—;
tcwH
Vin
CL2
Vi
test

Viu
D1
ViL ViL
tst tDH

Fig. 5 Interface timing (data write)

063mssSTs1.25ms

cu I 1

T/240

D1 2 <
S = N o g ~N N~ N o
| Ig > > > r IN |>- >|>= >~ >
> >
X 20 X1 X2

FLM _—_I

I M M

20XT

*: Data on Y240 is not indicated.

Fig. 6 Interface timing (data read)
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LMO21

® 479 dot (W) x 24 dot (H) graphic and alpha-nurr!eric display
= Attachable controller LS|: HD61830 (see section 6).

INTERNAL PIN CONNECTION

Pin No.,| Symbol! | Level Function
MECHANICAL DATA (Nominal dimensions) 1| FLm || TR Pl ianal Indicates the beginning
Modulesize . ........ 290W x 60H x 13T (max.) mm 2 M H/L | Control signal for a.c. driving.
Effective display area ............. 245W x 19H mm 3 P H—L | The CL1 latches the serial data in the
Numberofdots ................. 479W x 24H dot shift registers.
Dotsize .................... 0.43W x 0.55H mm 4 D1 H/L | Serial row data
Dotpitch . ................... 0.48W x 0.6H mm 5 D2 H/L | Serial row data
Weight ... ... ... . ... .......... about 150g 6 CL2 H—>L | Clock signal for shifting the serial data
7 Vpp+5V) - P ly for logic circui
ABSOLUTE MAXIMUM RATINGS oo Ower Supply Tor logic cireut
8 |VssI(GND)| - Ground
min max
9 [Vgel-5V)| — [P ly for LC drivi
Power supply for logic (Vpp —Vss) . ... .. 0 7.0V 1 Ee! e .supp Yor ”‘""9 -
. 0 Vo - Operating voltage for LC driving
Power supply for LCD drive (Vpp —Vgg)... 0 13.5V
Inputvoltage (V;) . ................ Vss VppV
Operating temperature (Ta) ............ 0 50°C
Storage temperature (Tstg) . .. ........ -20 60°C
ELECTRICAL CHARACTRISTICS
Ta=25°C, Vpp=5.0V£0.25V, Vg g=—5.0V+0.25V Unit: mm
Input “high’’ voltage (V). .. ... ... 0.7 x Vpp V min, 224.87 479dot |
Input “low’ voltage (V) ......... 0.3 x VppV max. A
Clock frequency (fc o) ... .......... 230 kHz min. ooog Tttt
350 kHz typ. s 000oo O
460 kHz max. 3 = 000 g
Power supply current (Ipp) .. ............ 4mA typ. . %%88% %
(lgg) ..o 2mA typ. z 00ooano O
(D1,D2=GND, fc = 350 kHz) 3 ; |
Power supply for LCD drive (Recommended) (Vo —Veg) - ! |
[ |
Duty = 1/24 | !
Ta= 0°C.................... 6.0V typ R ooooo.. . O
Ta=25°C ... .o 5.4V typ |
Ta=60°C ... ... .. 4.4V typ '
OPTICALDATA ..., See page 15. Fig. 1 Display pattern
Unit: mm
2900+1.0
282.0%0.5 4.0+0.5
261.0%0.5 145405
245.0+0.3 80| |< §
10- 410 [ . i TS cle
L. . ] . - ol =t 3 L
25405 ®
76£05
- | 1
141005 N 435
. g ?
&l E <
i v=___=__.l§._=__u—_u—_u__——:a— —LL -‘l-=7
4= T e = —
————————————————————————————————————————————————— 3 4.0max.*
Fig. 2 External dimensions ¥ Parts helghe
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LMo021

8

=

z

- T 3 g g
- - > > |
X1 X1 g
l

X24 X24 ;

Note: Y480 is a dummy line.
Fig. 3 Correspondence of display with data

Voo Note: IC1~IC14 : HD44100

Vss
CL1
CL2

Vo

Vee

FLM

D1

D2
Fig. 4 Block diagram

(+5V)

Voo
Vo g VR

LCM Vss T
= gt

Vi
£E (~5V)  Vo-Vgg: LCD driving voltage
Fig. 5 Power supply VR: 10k2~20k2
TIMING CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit

Clock frequency feLe - - 500 kHz (Note 1)
Clock pulse width

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

(Low level) towL 800 - - ns
Clock set up time tcsu 500 - - ns
Data set up time tsu 300 - - ns
FLM set up time tesy 300 - - ns
M delay time tom —1000 0 +1000 ns (Note 2)
FLM hold time teH 0 - - ns
Data hold time toH 300 - — ns

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

2. Timing of M signal to CL1may 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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CL1

FLM

/

tCWH

Viu Vin 107X Vpp
\ Vit 03x Vpp

tEH

Vin

tEst

toM

Vig ﬁl

Vil ~—

LCWH

/X

Vi
D1
Vie Vi
D2
tst tDH
Fig. 6 Interface timing (data write)
0 0.52ms STS1.04ms
|
CL1 ﬂ ______ J
T/240 |
S R
. LIE[zE = | A B
X X1 ~ \ 2
3 & s
02 BEEHE AMBEE
> | > > — — = .
X 24 X1 A
FLM
FLM

Im
.

als

24XT

*: Data on Y480 is not indicated.

Fig. 7 Interface timing (data read)
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LM212

2 640 dot(W) x 48 dot(H) graphic and alpha-numeric display
m Attachable controller LSI: HD61830 (see section 6).

MECHANICAL DATA (Nominal dimensions)

OPTICALDATA .......... ..o, See page 15.

INTERNAL PIN CONNECTION

Module size .. ....... 270W x 63H x 13.8T (max.) mm Pin No. |Symbol | Level Function
Effective displayarea ............. 241W x 25H mm 1 D1 H/L | Serial row data (left half)
Numberofdots ................. 640W x 48H dot 2 FLM H The FLM signal indicates the begin-
DOtSiZe .. .....ovvveunnnnnn. 0.32W x 0.38H mm ning of each display cycle
Dotpitch .................. 0.37W x 0.43H mm 3 M H/L | Control signal for AC driving
H . The CL1 latches the serial data in the
Weight .".......... .. ... ... ... about 175 g 4 cL1 H=>Lo | it registers
ABSOLUTE MAXIMUM RATINGS min. max. 5 cL2 H -t |Clock signal for shifting the serial
Power supply for logic (Vpp—Vss) -+ .. .. .. 0 65V data
Power supply for LCD drive (Vpp—Vgg) .... 0 150V 6 D2 H/L | Serial row data (right half)
Input voltage (Vi) . ..o vvevn ... Vss Vpp V 7 [Voo*8V] — | Power supply for logic circuit
Operating temperature (Ta) ............. 0 40°C 8 Vss - Ground
Storage temperature (Tstg) .. .......... -20 60°C 9 [Vgel-10Vf — | Power supply for LC driving
10 Vo - Operating voltage for LC driving
ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp = 5.0V £0.25V, Vgg = —9V (Vg is internally generated)
Input “high’’ voltage (Vig)............. 3.5 VppV
Input ““low’’ voltage (Vi) ............. 0 1.5V max.
Clock frequency (fop2) . ... ..ot 1,075 kHz min.
1,152 kHz typ.
1,228 kHz max.
Power supply current  (Ipp) . ... ....... 10 mA typ.
(D4,D5 =GND, fc 2 = 1,152 kHz)
Power supply for LCD drive (Recommended) (Vpp — V)
Duty = 1/48
Ta= 0°C . oovvii e 125 V typ.
Ta=25°C . o.veiiee e 11.0 V typ.
Ta=40°C .......covvunnnn.. 9.7V typ.
263.440.3 (2.9) . Unit: mm
241.0+0.3 15.020.5 :
236.75+0.1 2.0 Z=2|=
. e I
1 B £
- - - - - - 8 o
| IREEEEE
' | SEHRS 2| M
L . _ B _ - - | 19| 3| S
————— P ©
by 635103 . et
131.0£0.3 131.0+0.3 4.0£0.5
6-48 270.0£0.5 °
+H
-~ g
= . 3
& g "
I 2 Y ———— eV - T
= - ¥
: (X, HIROSE 10P
S _DL/HIFSA—IOD—Z.S4R
Fig. 1 External dimension *Parts height
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Unit: mm
236.75(640dot 5) |
037
032 005 L I <
— o o =
—————— - > > N
100 U] Xi
3 0000 0]
< ! ! D1 D2
2 | |
= 8l i
2 N !
. X48
B D000 00
2 &
< o
Fig. 2 Display pattern Fig. 3 Correspondence of display with data
+5V
Voo
Voo —L g Vss
I ) \ v, LcM
VR \
\ —VEee
Vien
R: 30 ~ 50k
VR: 20k2
Fig. 4 Power supply Vicp: Operating voltage for LC driving
Voo ==\
Vss
CL1 —\ R:Inverting voltage regulator
CL2 —]
M —
N X1
IC17 32
FLM Xx32 LCD
1
N— X33
6
IC18 1 - ~ o
X48 ~ 2 S 3
> > > >
Voo
40 40 40 40
R
Vo ICl === IC8 ICY |—=-- IC16
) JI ) )
D1
D2

Fig. 5 Block diagram
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CL1

CL2

D1

D2

FLM

FLM

400nsmin | 0.28ms= T =0.42ms

___I | T/320

200nsmin | | | 300nsmin '
L
L_l ;I_J I =)
S
—
X48 X1 X2 X3
T L1 R i N )
8 £
-
X48 X1 X2 X3
1 usmax.
2usmin o
//I
A |
| H | |
_ 1 L [

Fig. 6 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit

Clock frequency foL2 - - 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 DM - - +1000 ns (Note 2)
FLM hold time tEH 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 CL| 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.

CL1

FLM

Vj;z
tew

N
H

tFsu

fcLz

CL2

‘VlL A kViL
tese tewe

D:,D:

Vin Viu
ViL ViL

tsu toH

Fig. 7 Interface timing
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LM200

@ 240 dot (W) x 64 dot (H) graphic and alpha-numeric display
® Attachable controllier LS!: HD61830 (see section 6).

INTERNAL PIN CONNECTION

Pin No.| Symbol | Level Function
MECHANICAL DATA (Nominal dimensions) ! D1 | HIL ::”imv f‘a‘al‘ o
. e signal indicates the beginnin
Modul.e SIZ(? ......... 180W x 75H x 13.8T (max.) mm 2 FLM H of each display cycle. g
Effective display area ............. 132W x 39H mm 3 M H/L | Control signal for a.c. driving
Numberofdots ................. 240W x 64H dot . cu1 | noL -,;‘he CL1 latches the serial data in the
Dotsize ............ccc.uu... 0.48W x 0.48H mm shift registers.
Dotpitch ................... 0.53W x 0.53H mm 5 CL2 H—>L | Clock signal for shifting the serial data
Weight . ... ittt about 150g 6 D2 H/L | Serial row data
7 Vpp(+5V) Power supply for logic circuit
ABSOLUTE MAXIMUM RATINGS & NeolGNDI| = | Ground
) min max. 9 |VgebB5V)| - Power supply for LC driving
Power supply for logic (Voo —Vss) ...... 0 7.0V 10 Vo - Operating voltage for LC driving
Power supply for LCD drive (Vopp —Veg) ... O 13.5V
Inputvoltage (Vi) ... ... ... ... .... Ves VooV
Operating temperature (Ta) ............ 0 50°C
Storage temperature (Tstg) . . ... ...... —20 60°C
ELECTRICAL CHARACTRISTICS
Ta=25°C, Vpp=5.0V+0.25V, VEe=—5.0V+£0.25V
Input “high” voltage (V;q) ... ... ... 0.7 x Vpp V min. Unit: mm
Input “low” voltage (V) ......... 0.3 x VppVmax. 127.15(240dot) |
Clock frequency (fc o) .. ... . ... ... 390 kHz min. 053
460 kHz typ. 0.48 Tl 0.05
520 kHz max. St e e o B B -
X1
Power supply current (Igp) .. ............ 5mA typ. D D D [_——I [:] D %
(D1, D2=GND, fo_p =460 kHz) " LJO0gd <[ ][] 2
Power supply for LCD drive (Recommended) (Vo —Vgg) § ' i 32 D [:]_L
Duty = 1/32 sl o = JJT
Ta= 0°C ..t 8.1V typ. - = 63
Ta=25°C .. v it 7.4V typ = %%g% *“DS
Ta=580°C . ... .t 65Vtyp. | L+ LJUJLJIC
OPTICAL DATA ...o'vviiiiiannnnnn. See page 15. 7 E I
ig. isplay pattern
Unit: mm
180.0+1.0
2.0+0.3 176.0+0.3
164.0+0.3
7.0+£05 16.5+0.3 132.0+0.3 - §
1924055 127.15+0.2 >- >
4-R175 . -
=
TR it o - - - 35405 X
iy e A= :
;[ g 2: ltl ! ) 1 3 X33
|
S = - - 0
;!Lg [ ] /10 E i(64 .
] i: - — N o : é g CE
3 3 - é, 10—¢1.0 iﬁ ‘)o oEo
w5 g o 3
Nl iy — |
" Fig. 2 External dimension Fig. 3 Correspondence of display with data
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Dy O—
HD44104 e — — — —— — HD44104 _J
IC6 ICI
FLM ©-
v T~~~ <__~ v
cu [ n “
cLe ‘:> E X3
M > é
- LcD
Voo X33
Vee
Vss X 64
Voo L N Power
— supply
o S = o p~
j HD44104 - — — — — — — HD44104
1IC12 IC7
D2 o-
Fig. 4 Block diagram
(+5V)
Voo
Vo VR ’
<
LCM Vss ’ T]
l Vo- Ve 7-J77 ‘
VEE T
(=5V)  Vo-Vgg: LCD driving voltage
: VR: 10k2~20k$2
Fig. 5 Power supply
TIMING CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit
Clock frequency ) - - 520 kHz (Note 1)
Clock pulse width
(High level) tewH 800 - - ns
Clock pulse width
(Low level) fowe 800 - - ns
Clock set up time tcsu 500 - - ns
Data set up time tsu 300 - - ns
FLM set up time trsy 300 - - ns
M delay time tom —1000 0 +1000 ns (Note 2)
FLM hold time teH 0 - - ns
Data hold time toH 300 - - ns

Notes 1. Optimum frequency for the highest contrast depends on the type of module.
2. Timing of M signal to CL1may 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.

@HITAGHI

53

SECTION 4




LM200

CL1

FLM

Vig 107X Voo
Vit 03X Vpp

 lcwn

tFH
it
% Vi

DM

Vin =)

Fig. 6 Interface timing (data write)

CL1

CL2

D1

D2

FLM

FLM

045mssST<0.62ms

il

T/240

JUUUuyL -

o <
o~ -+
= NG PSRN - )
LJE_*L' >‘r— |§|>- - =] 2
X3 X1 > X 2
[=2]
o~
-] Y 1~
IRl e
X64 ” X 33 > > X 34
xT |
|
Fig. 7 Interface timing
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8.040.3
o
2

0.51
0.05
_]

Detail of A part

* Effective viewing area

Fig. 2 External dimension

(4)

m 256 dot(W) x 64 dot{H) graphic and alpha-numeric display INTERFACE TABLE
®m Controller LS| HD61830 is built-in (see section 6). - -
Pin No. Symbol Pin No. Symbol
MECHANICAL DATA (Nominal dimensions) 1 Vss (GND) 1 DB4
Module size . . ........ 184W x 75H x 12T (max.) mm 5 Vbp (+5V) 12 DB5
Effective display area . .......... 149.6W x 43H mm 3 v 13 0BG
Numberofdots . ................ 256W x 64H mm 0
DOLSIZE « oo veeeeee e, 051W x 0.51H mm 4 RS 14 DB7
Dotpitch ................... 0.56W x 0.66H mm 5 R/W 15 s
Weight ... ... ... ... . .. ..., about 150 g 6 E 16 RES
ABSOLUTE MAXIMUM RATINGS min. max. 7 DBO 17 Vgg (-9 V)
Power supply for logic (Vpp—Vss) .. .. ... 0 70V 8 DB1 18 N.C
Power supply for LCD drive (Vpp—Vge) .... 0 150V 9 DB2 19 N.C
Inputvoltage (Vi) .. ........ .. .o Vss VDDoV 10 DB3 20 N.C
Operating temperature (Ta) . ............ 0 40C
Storage temperature (Tstg) . . . ... ...... -20 60°C
ELECTRICAL CHARACTERISTICS Voo ° (+5V)
Ta=25°C,Vpp =50V £0.25V,
o Vop-Vo
VEE =-9.0V +1g°§’ Vo >
Operating internal frequency Fepq . ........ 500 kHz ] ] T
[ 1.2 MHz LEM Vs ”L ad
Power consumption . ... ............... 250 mW
Power supply for LCD drive (Recommended) (Vpp — Vo) -]‘
Duty = 1/64 VeE
Ta= 0°C ..voie e 132V typ. v
Ta=25°C ..ot 11.7 V typ. VopVo. LCD driving voltage
Ta=40°C .. ..o 102 V typ. VR: 10 kQ ~ 20 kQ2
OPTICALDATA . ... .. i See page 15. Fig. 1 Power supply
184.0£0.5
4.040.5 176.040.3
9.0%0.5 167.040.3
15.940.5 149.640.3
0.emx*| 148 6MIN,* SR I
( ‘ (3.145) Sl 2 3 93 o awax
3.15) 143.3 £0.1 ol C ol e . : ——
e N~ o
57 J J o
© ¥
3! wo o o B
g . | *| o @ o
. % = . . B F:
AN EEEEEET :
N : L 8l S 9 g ge A
t o
T (. 2 - - - - = - .
I B R - ) 0%
4+ o 5 ‘870 !
SE Lo % g
3-43.5+32 / 6 .OMAX. 1 1.640.2
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- - - - s e s T T T e e T e e e 7
|
! CLI. CL2 M o |
o I L 1c9 —N"
RS | : :
RIW . 1c2 ; X40 LCD !
El— o] xit |
DBo = C10 » :
g 2
i G— : |
| R I
36 10 10 0
| IC1 13 ICR Ic7
! ¢ n ] - — ——— ] |
|
I J) I J) J
| Il |
| I
sy | o 11
o
ni s 1 l
,| |
o Ic12
o Vi) ) ) ) !
e o e ™ o I
Fig. 3 Block diagram
TIMING CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit
Cycle time of ‘E’ teyce 1.0 - - us
H level t 0.45 - - s
Pulse width of ‘E’ WEH Y
L level twWEL 0.45 - - us
Pulse raise time of 'E’ ter - - 25 ns
Pulse fall time of ‘E’ tes - - 25 ns
Set up time of CS, R/W, RS tas 140 - - ns
Set up time of Input Data tpis 225 - - ns
Data delay time top - - 225 ns
Hold time of Data tH 10 - - ns
Hold time of CS, R/W, RS tAS 10 - - ns
teve
IWEH WEL
f \ i
LE: LES
LAk
CS.R'W. RS
s H
\
DBo-7
IMPL} — [.M213B!
toH
DBo-~7
(MPU — |.M213B)
Fig. 4 Interface timing (MPU <> LM213B)
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m 256 dot(W) x 64 dot(H) graphic and alpha-numeric display
m Controller LSI HD61830 is built-in (see section 6).

INTERFACE TABLE

Pin No. Symbol Pin No. Symbol
MECHANICAL DATA (Nominal dimensions) 1 Vss (GND) 1 DB4
Modul.e size.z .......... 184W x 75H x 12T (max.) mm 2 Vpp (+5V) 12 DB5
Effective display area . .......... 149.6W x 43H mm 3 v i DB6
Number of dots . .. .............. 256W x 64H mm 0
DOSIZE « e e 0.51W x 0.51H mm 4 RS 14 D87
Dotpitch . ........ ... ... ... 0.56W x 0.56H mm 5 R/W 15 CS
Weight ... ... . .. about 150 g 6 E 16 RES
ABSOLUTE MAXIMUM RATINGS min.  max 7 DBO 17 Vg (-10.5V)
Power supply for logic (Vpp—Vss) - . ... ... 0 6.0V 8 DB1 18 N.C
Power supply for LCD drive (Vpp—Vege) .... 0 15.0V 9 DB2 19 N.C
Inputvoltage (Vi) ... ... vvvnt Vss VDDOV 10 DB3 20 N.C
Operating temperature (Ta) ............. 0 40C
Storage temperature (Tstg) . . .. .. ...... -20 60°C
ELECTRICAL CHARACTERISTICS Vi - sV
Ta=25°C,Vpp =5.0V+0.25V, -
VEE = —9.0V :150’:;‘: Vi f—— VR
Operating internal frequency Fgpy .. ..o o0 500 kHz ) T
[ 1.2 MHz LeM Ve ’L al
Power consumption . .................. 250 mW
Power supply for LCD drive (Recommended) (Vpp — V) T
DUtY = 1/64 Vi
Ta= 0°C .. .vv i 15.0 V typ. “10.av
Ta=25°C ...t 14.0 V typ. Vop-Vo: LCD driving voltage
Ta=40°C ... .o 13.5 V typ. VR: 10k ~ 20 kQ
OPTICALDATA ... . ... . . i See page 15. Fig. 1 Power supply
184,040.5
4.040.5 176.040.3
9.040.5 167.00.3
15.940.5 149.640.3
0. 6MAx.* 148.6MIN . * 5D
(3.145) 3 g 3 83
(3.15) 143.3 £0.1 i B Iy B I QRCELCL .8
A ~ o ’
é} © . — - o E:l
1 Y T - =
4§ . | *| o @ o n ]
?I =z . . o )
AN EEEEE E
583 [ n| & of o nlun 2
~ O | | | o ~
S ol
+1l o 5 L _ - -= - - -
o . 3
wl Bl 5 g\ S < :
Aa <|D b on 8 = H
N = & 5 ji
o pad -
[N} M l
3.5%92 / 6.0MAX. 1.620.
i{ 0.51 o .0.05 4332 s e
o _;—— [
7 |
o 2 * Effective viewing area
00
o
Detail of A part
Fig. 2 External dimension
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r - - Y - - -V - = - - i
|
! CLLCL2M -
sl . | 19 A |
& ) 10
RES | ——— ] 5 |
RS |————— : :
RW . ic2 ‘ X140 LCD |
e X411 |
DBO = ICH) ’71 :
i R % - : |
DB?I XBA YT or ome e e Y956
36 10 0 10 |
| by——‘ 1c1 1c3 1c8 Ic7
I ¢ 1 — . — —— — — ] ]
I
| 7 J ) J
| icn I
! |
tss | T |
Von t
R} |
. l |
Fo | i J
\vH‘I Vien ) J / !
e o T I
Fig. 3 Block diagram
TIMING CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit
Cycle time of ‘E’ teye 1.0 - - us
H level t 0.45 - - s
Pulse width of E’ WEH s
L level tWEL 0.45 - - Ms
Puise raise time of 'E’ ter - - 25 ns
Pulse fall time of ‘E’ tef - —— 25 ns
Set up time of CS, R/W, RS tas 140 - - ns
Set up time of Input Data tpis 225 - - ns
Data delay time tpp - - 225 ns
Hold time of Data ty 10 - = ns
Hold time of CS, R/W, RS tas 10 - — ns

leve

IWEH IWEL

CS. R/W. RS

1oy th

ooV 3
DBo-7
— i)
(MPU — .M213B . ]
1ODR 12
DBo~7 2.4V
(MPU « [LM213B} 0.4V

Fig. 4 Interface timing (MPU < LM213B)
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m 480 dot(W) x 64 dot(H) graphic and alpha-numeric display Power supply for LCD drive (Recommended) (Vpp — Vo)
m  Attachable controller LSI: HD61830 (see section 6). Duty = 1/64
Ta=0°C ..t 15.0 V typ.
Ta=25°C . ... 14.0 V typ.
MECHANICAL DATA (Nominal dimensions) Ta=40°C . oo 13.5 V typ.
Module size . . ........ 270W x 82H x 13T (max.) mm  OPTICALDATA .. .........c.ouvun.. See page 15.
Effective displayarea ............. 240W x 38H mm
Numberofdots . ................ 480W x 64H dot
Dotsize .................... 0.44W x 0.44H mm INTERFACE TABLE
Dotpitch . ..........c....... 0.49W x 0.49H mm | Pin No. |Symbol | Level Function
Weight . .. ... .. about 180 g ! D H/L | Serial row data (left half)
2 FLM H T.he FLM sigr)al indicates the begin-
ABSOLUTE MAXIMUM RATINGS min. max. ning of each display cycle
Power supply for logic (Vpp—Vss) ... ... .. 0 6.0V 3 M H/L | Control signal for AC driving
Power supply for LCD drive (Vpp—Vgg) .... 0 16.0V 4 cL H—>L ;rh’:‘f*t?;—g}st‘:::hes the serial data in the
Inputvoltage (Vi) .. ................ Vss Vpp V - — -
Clock | f hift th |
Operating temperature (Ta) . ............ 0 40°C 5 CL2 HoL | gosk signal for shifting the seria
Storage temperature (Tstg) .. ... ....... —-20 60°C 6 D2 H/L | Serial row data (right half)
ELECTRICAL CHARACTERISTICS 7 Vpp{+5V — Power supply for logic circuit
Ta=25°C,Vpp =50V £0.25 V, 8 Vss —  |Ground
Veg = -9.0V £0.45V 9 Vee(-9.0V)|  — Power supply for LC driving
Input “'high’’ voltage (Vig) . . . ... ... 0.7 x Vpp V min. 10 Vo - Operating voltage for LC driving
Input “low” voltage (Vi) ......... 0.3 x Vpp V max.
Clock frequency (fcLo) .« .o o oo oot 610 kHz min.
920 kHz typ.
1200 kHz max.
Power supply current (Ipp) .. ... ....... 16 mA typ.
(lgg) oo .. 6 mA typ.
270.0+0.5 Unit: mm
. 5.240.3 260.0+0.3
i 9.5+0.3 240.0+0.3 :
22 < 12.2+0.3 235.15+0.1 s
— +| : - ~r
AR ES “
C D C o) C - C > N
HEEE l , g
\_ [ - D C _— C » ] \‘
o oD €
10 ﬁ_ 1 0/ 1 "53l
, pocoe S 6-¢3.5
0-81.0 2.54pitch
146.0%0.3 ! ' 10-¢1.0 2.54pitch
4.0+0.3 131.0+0.3 131.0+0.3
205.0+0.3
v
| — — s - — v ¥  — T L= %
| A —— - 2 2 - R W apapppa—, |5 PR i = | EO0 SRR i - 5
________________________________________________ 1.640.2

Fig. 1 External dimension
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235.15

Unit: mm

Vun-ﬁ

—Hbo
0o00

1 1A Dooo
OO0

Fig. 2 Display pattern

Vis=—
CLI—
cL2—

M—

FLM—

(Vico=LCD driving voltage )

c13 | 32
cie | 32

LCD

Y241~Y480

a0a

IC6 1c7 )-—1 1c12

T ]

Fig. 3 Block diagram

(+5V)
Voo L 4 -
1 Vin-Vo
vU -
LCM Vss 7I7 }-—
Ve .’-
10-5V) Vpp-Vo: LCD driving voltage
VR: 10 k2 ~ 20 k2
Fig. 4 Power supply
400nsmin 0.19ms = T<0.39ms |
!
CLI n n_
T /240 |
cL2 g N R N g N N N N N g N p—— N R E R W

300nsmin_| || 300nsmin
R

|

b1 = N B T B iy
=
X64 X1 X2 X3
o2 ~ LIz LTI
~N -
[ >
X64 X1 X2 X3
M lusmax
i Omin
N 2usmin _*‘___
FLM —7 L
FLM 1 I 1
- 64T J
| 1 |
Mo — L I

Fig. 5 Interface timing
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LM211XB

TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
Clock frequency fcL2 - - 1200 kHz (Note 1)
Clock pulse width (High level) “CwH1 499 — — ns
tCWH 300 - -
Clock pulse width (Low level) tcwL 300 - - ns
Clock set up time tcsuU 300 - - ns
Data set up time tsu 200 - - ns
FLM set up time tFsuU 200 - - ns
M delay time tpMm —1000 - +1000 ns (Note 2)
FLM hold time tEH 0 - - ns
Data hold time tpH 200 - - ns

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

2. Timing of M signal to CL1may 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.

Vinff i Vi Vin 1 0.7X Vop
/ \ Vi 03X Vop
CL1 tCWHI
LFH
— -
Vin Vin
tFsu
FLM
toM
Vig =)
M
VIL-1
tewH
cL2
D1, D2

Fig. 6 Interface timing
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LM266XP

FEATURES

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

MECHANICAL DATA (Nominal dimensions)

Modulesize.............. 287.5W x 71.5H x 13T (max.) mm
Effective displayarea.................... 243W x 42H mm
Numberofdots ....................... 640W x 100H dots
Dotsize ........... . .. . .. ... 0.33W x 0.33H mm
Dotpitch. ....... ... .. .. ... .. ... ... 0.36W x 0.36H mm
Weight . ... ... 250g

ABSOLUTE MAXIMUM RATINGS

min. max.

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

Notes 1. Applied to CL1, CL2, DO~ D3, 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.Vpp = +5V,Vpp -V =24V, D0~D3 = 1010, f , = 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.

OPTICALDATA ...... ...ttt See page 15

INTERNAL PIN CONNECTION

Pin No. symbol Function
Power supply for logic (Vpp—Vsg) -« -« ... .. -0.3 7.0V 1 Vo, Power supply for logic circut
Power supply for LCD drive (Vpp = Vgg) - . . . . -0.3 28.0V 2 Vee Ground
Input voltage (Vi) (Note 1) . ............... -0.3 Vpp+0.3V 3 Voo Connected to metal frame (GND)
Operating temperature (Ta) (Note 2) .. ............ 0~ +40°C 2 L Power supply for IC driving
Storage temperature (Tstg) (Note 3) ... ......... -20~ +60°C 5 o Date latoh
6 M Control signal for AC driving
ELECTRICAL CHARACTERISTICS 7 FLM The FI__M signal indicating the beginning of
Ta = 25°C, Vpp = 50V 025V, V, = -19.0V + 0.95V each display cycle
Input “high” voltage (Vi) - .+« o oveovens 0.7 x Vpp~VppV 8 CL, Data shift
Input “low” voltage (Vi) . . oo vveeeennn .. 0 ~0.3 x VppV 9 Do
Power supply current for logic (Ipp) (Note 4). . .. .. . .. 8 mA max. 10 D1 Data
Power supply current for LCD drive (Igg) (Note 4). . . . . 6 mA max. " B2
Frame frequency (frim). - - - -« o vveeeeeeeeen 78 Hz typ. 12 D3
Power supply for LCD drive (Recommended) (Vpp - V) (Note 5).
Duty = 1/200
L 230.37 4
9| 9 - (640 dots) -
°y®y
A I 0
Ar A oooooood ]

o Ooooouaod L]

S UOooogoot ]
dooooood [
oodoodd ]

N Uoogoodn L]
55 0oooooog O
A3 oOoooodn O
z | |
I |
| |
| |
' :
l
) I ]
033 | ]l 003
0.36 » <t Fig. 1 Display pattern
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LM266XP

287.5+0.5
(3.75) 280.00.5 >
(8.75) 270.0+0.3
954!0.3 251.0£0.3
(19.815) 230.37 £ 0.2 (640 dots) f
H 850505 - 13 max. height area of parts =
+] . A
s = SEIMFLS
. [t
(13.5) 243 min. =j‘ Tﬁ -
\_With protection film 4935402 E g’,
g3
Viewing direction 3 E
 —— o i oL
Unit: mm
Scale: NTS
Fig. 2 External dimension
Do ~ Dy
CL
1 Y YVYY Y Y YYVYY
FLM
IC, IC, ICs
M = Timi
iming
CLo = Circuit [ ||
/ Y1 Y80 Y81 Y150 Y561 Y640
X1 y \ \ \ \ \
ICo  [Reo
»D, D, D, D, D, D
Vgs —> o | ? Dz Pr Po P b2
Power st
V — -
oD Supply ICro  Ix100 LCD PANEL (640 x 100 DOTS)
v, —> >

Fig.

3 Block diagram

LM266XP Vss

Voo

A\

Fig. 4 Power supply

®
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T=128.2ps

ar [
» O
e X0

T/160

X1

S

o Y ) XXX X
vo _ X XXX A X XX X )
300ns max.
M
2ps min. 200ns min.
FLM

-

i LN | 1
(l I—-——l (( I_—l

) U

4 [

N

FLM 1

if I

D ® ® 65 © SE— ) G W ® .

Fig. 5 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL2 Cycle Time teve 410 — — ns
CL2 Pulse With (H) towH 150 — — ns
CL2 Pulse Width (L) towt 150 — - ns
CL1 Setup Time tscre 150 — —_ ns
CL1 Hole Time tucLe 150 — — ns
Clock Rise/Fall Time to t; — — 30 ns
Data Setup tosu 100 - — ns
Data Hold toH 100 —_ - ns
M Signal Delay Time tem — — 300 ns
FLM Setup Time tes 200 — — ns
FLM Hold Time ten 200 — — ns
t, fexy tf
CL1 \
X

tewn

tscL thet |

te

tf

CL2 /

tpsu

tewl /

thu

DO ~D3 X

teve

tcm

FLM

trs

/

Fig. 6 Interface timing
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LM551XT

FEATURES

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

MECHANICAL DATA (Nominal dimensions)

Notes 1. Applied to CL1, CL2, DO~ D3, 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. Vpp = +5V,Vpp -V, = 21.5V,D0~D3 = 1010, FLM = 70 Hz
5. Viewing angle = 10°

Module size................ 88W x 86H x 14.0T (max.) mm OPTICALDATA. ...t See page 15.
Effective displayarea.................. 54.0W x 54.0H mm
Numberof dots . ...................... 128W x 128H dots INTERNAL PIN CONNECTION
Dot Si.Ze ............................ 0.35W x 0.35H mm Pin No. | Symbol Level Function
Dot_ pitch. .. ... 0.38W x 0.38H mm 1 D3 H/L | Deta
Weight. . . ... 1259
2 D2 H/L Data
The FLM signal indicating the
ABSOLUTE MAXIMUM RATINGS 3 FLM H beginning of each display cycle
_ min.  max. 4 M H/L | Control signal for AC driving
Power supply for logic (V.DD -Vgg) ..o -0.3 7.0V 5 oL H 5L | Data tatch
Power supply for LCD drive (Vpp = Vgg) - - . . . -0.3 28.0V 5 c H oL | Data sir
Input voltage (Vi) (Note 1) ... ............. 0.3 Vpp+0.3V L2 ata shift
Operating temperature (Ta) (Note 2) . ............. 0~ +40°C 7 o1 H/L | Data
Storage temperature (Tstg) (Note 3) . ........... -20~ +60°C 8 Do H/L | Data
9 VDD - Power supply for logic circuit
ELECTRICAL CHARACTERISTICS 10 Vss — Ground
Ta = 25°C, Vpp = 5.0+0.25V, Vgg = -20+0.75V 1 VEE - Power supply for LC driving
Input “high” voltage (Vjpy) . . . .. ........... 0.7 x Vpp~Vpp V 12 Vo - Operating voltage for LC driving
Input “low” voltage (Vj)- - - -« oo oo i oo 0~0.3 x VppV
Power supply current for logic (Ipp) (Note 4). .. .... ... 4 mA typ.
Power supply current for LCD drive (Ieg) (Note 4). . . . .. 2 mA typ.
Frame frequency (fepp) - - - oo oo oo 65 Hz min.
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp ~ Vp)
1/200 Duty (Note 3)
Ta= 0°C. ... ..o 22.5V typ.
Ta =25 . ... 21.5V typ.
Ta=40°C . ... ...t 20.2 V typ.
48.61 + 0.1 | Unit : mm
I [Zl
St ooooo 0
sl 8l OOO4OnO d
! |
5 ! I
H 1 |
% | !
2 I !
| |
| |
| I
1 |
: |
|
No00- . O
0.35
0.38
Fig. 1 Display pattern
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88.0+0.5
2.040.5 84.0+0.3 ]
7,040,5 73.040.3 71 4. OMAX
3.0+0.3 > 54.040.3
(2.7) 48.6140.1
["al "2 Kial
o o . n !
~ _H !
EEER TH!
A .| &N
| o o A }
0 1 |
’T_) '{?_— 1
|
|
S— _ |
||
1
|
. |
| e | é X !
) i |
(=)
HEEEE !
| ~|~| | < ¢ b 1
LD
H ]
- - H l
, |
R =) -
P 000000000000
1.640.2
4-R1.75 6.0+0.5
Fig. 2 External dimension
DO~D3
cL2
1 i
FLM
ICt 1c2
o — ©
-— o] @ o~
> = o
M — 14 =
Timing X1 n\ s\l \I\‘ N
CL1 Circuit D3 D2 DI DO DB\D2
Ic3
X80
LCD
X81
Vss — IC4
Power X128
VDD —
Supply
Vo ——
VEE —

Fig. 3 Block diagram

*VR:10~20k@

Voo

LCM

+5V

Vss

5
>

|
1

Vo

T

J VR]. -20.0V

VeE

Fig. 4 Power supply

O HITACHI

SECTION 4



LM551XT

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

|

Fig. 6 Interface timing

)

OO X3

4.75V [ oV 3 4.75V
Voo ——-J 0~50ms 0~50ms \— Vop
\ Valid data /

Signal v Signal
Ve VEE
0~50ms 0~50ms
ON OFF

Fig. 5 Voltage sequencing
T
cL1 [ ] [ 1
. T/32
X128 X1 X2
ns XXX (OO KX X
e _ X XX X XXX | D €D .6 &
X XXX O XX X XYoo X
oo _ XX o)X XX
300ns max.
M
2us min. 200ns min.
FLM
128XT
FLM 1 (« i
) A
7«
M d I I(4 I
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL.2 cycle time tcye 410 - - ns
CL2 pulse width tCWH 150 - - ns
CL.2 pulse width tcwL 150 - - ns
CL1 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
tewH
tr ty
|
N
CL1 N
tcwH tscLi therr |
tr
ty
l 3\ tewL k
CL2 :‘
tpsu
tDH
LD0~LD3 ~
UD0~UD3 : 7: <
tcyc <$__.
M
trs
~ tFH
_,__1.._
FLM
Fig. 7 Interface timing
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LM221XB

= 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis- Power supply for LCD drive (Recommended) (Vpp — V)
play Duty = 1/64
m Attachable controller LSI: HD61830 (see section 6). Ta= 0°C . oot 17.3 V typ.
= o
MECHANICAL DATA (Nominal dimensions) ;a - igog """"""""""" 1?“; \\; .
Module size . . ...... 180W x 120H x 13.8T (max.) mm AZAL 7V yp.
Effective display area ........... 148W x 75.0H mm OPTICALDATA . ... ... .. . . .. See page 15.
Numberofdots ................ 240W x 128H dot Notes 1. Applied to CL1, CL2, D1 ~ D2, M, FLM.
Dotsize .................... 0.50W x 0.50H mm 2. When operated at maximum temperature, the display may
Dotpitch ................... 0.55W x 0.55H mm be changed into blue color.
Weiah b 210 It is recommended to use it between 0°C and 40°C.
BIGNT . about 9 3. Do not leave it for more than 168 hrs. at maximum or mini-
ABSOLUTE MAXIMUM RATINGS min. max. mum temperature.
Power supply for logic (Vpp — Vgg) ... .... 0 7.0V INTERNAL PIN CONNECTION
Power sulpply (for LCD drive (Vpp — Vgg) - .. 0 19.0V Pin No. | Symbol | Level Function
Input voltage (Vi) (Note 1) . . ... ....... Vss VppV -
. - 1 D1 H/L S | d
Operating temperature (Ta) (Note2) . ...... 0 40°C e row. o — —
Storage temperature (Tstg) (Note3) . .. ... -20 60°C 2 FLM H TheF LM.s'gna' indicates the beginning
of each display cycle
ELECTRIEAL CHARACTERISTICS 3 M H/L | Control signal for AC driving
Ta=25C,Vpp — Vgs = 5.0V £0.25V, 4 cL1 HoL The CL1 latches the serial data in the
VEgg — Vgs = 13.6V £0.25V & | shift registers
Input “high™ voltage (V) (Note 1) 0.7 x Vpp ~ Vpp V 5 | CL2 | H—L | Clock signal for shifting the serial data
Input “low" voltage (V_) (Note 1) ....0~0.3x VDD.V 5 D2 HIL | Serial row data
Clock frequency (fop2) . ... ... ... .. 1.08 MHz min.
1.15 MHz typ. 7 VbD - Power supply for logic circuit
1.23 MHz max. 8 Vss — | Ground
Power supply current (Ipp) . ............ 6 mA typ. 9 VEE - Power supply for LC driving
(Dy, D2 = GND) (fCL2 =1.15 MHz) (VDD - Vo =12.9V) 10 Vo - Operating voltage for LC driving
Unit: mm
o 131.95 +0.1(240dot)

0
O
O
n
H

0.55
0.5

70.35+0.1(128dot)
g
2
LU

Fig. 1 Display pattern
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130005 -
o Unit: mm
L 1730+ 0.3 35405
165.0+03 7005
u 1 13.8max.
55708 @ o0 1480403 an
sl 131,95+ 0.1 (8.03) > T5n
Sie r] H —»f
- = ﬁ;
h . |
- — =N
are ¥z T ] |
= A - - |
- |
[ —I [
) ! :
afel 3 |
6.3max. ol - ST o |
33z 8
MR ;I‘
HE ! |
|
_ _ _ |
|
O N\ ) i i
120405 I
iy
U

16402 6.0max

*A1l ~ A20 pads should not be used for LM221B.
Do not connect any signals to these pads.
Fig. 2 Externadl dimensions Use pin No. 1 ~ 10 for interface.

l Al A20
v ARARARAA——— -
5545 L - [NAGNNANAARAAASAAN =
— " 4L 40w 0 N \ . s

2.0 \

: 254401 . Ell 2105

N

25105 |

DI O L

i L___4 e | ___, 1«
3 4 5
FLM O— -
= N
X1
CLl O I©
L2 O | 64
M O
Interface L LCD
circuit
X635
IC
2 X128
3 z
Voo O - =
Vee O Power supply
Vss O- -
Vo O c | co|
6 7 8

D2 O f—*

Fig. 3 Block diagram

+5V
1
‘g Vss
Vop — Vb
LCM
VR Vo
T - \%
—13.5V . EE
VDD — Vo: LCD driving voltage
Fig. 4 Power supply VR: 10k ~ 20k
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LM221XB
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> >
X1
D1
X64
X65
D2
X128
— <
g s

Fig. 5 Correspondence of display with data
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Fig. 6 Interface timing
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LM221XB

TIMING CHARACTERISTICS

Item Symbol Min Typ. Max. Unit
CL2 cycle time tcye 810 - - ns
CL2 pulse width (H) tCWH 150 - - ns
CL2 pulse width (L) tCWL 150 - - ns
CL1 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 tDSU 100 - - ns
Data hold time tDH 100 - - ns
CL1 delay time toL 150 - - ns
M delay time tcm - - 300 ns
FLM set up time tFs 100 - - ns
FLM hold time tFH 100 - - ns
t, < tewn > t
X
- ter / \
CL1 y .
. tewn tscu thei
i g ty
A A R
\ tewe 8
CL2
tnsu
L toH _I
D1~D2 £ ;
tem
teve '
M
trs f— tien
—
FLM
Fig. 7 Interface timing
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LM238XB-

® 240 dot (W) x 128 dot (H) graphic and alpha-numeric dis-
play
m Controller LS| 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
Numberofdots ................ 240W x 128H dot
Dotsize .................... 0.50W x 0.50H mm
Dotpitch ................... 0.55W x 0.55H mm
Weight . ...... ... ... .. ... .. .... about220g

ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp — Vss) ... .. .. 0o 70v
Power supply for LCD drive (Vpp — Vgg) ... 0 19.0V
Input voltage (Vi) (Note 1) . .. ......... Vss VppV
Operating tem@rature (Ta) (Note2) ....... 0 ~40°C
Storage temperature (Tstg) (Note3) . .. ... —20 ~ 60°C

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp — Vgs = 5.0V £0.25V,

Vgg — Vgg =—13.5V £0.25V

Input ""high”’ voltage (V) . . . ... .. ...... 2.2 V min.
Input “low” voltage (V) . ............. 0.8 V max
Clock frequency (fcy o) (Internal clock). . . . 1.2 MHz max.
Inputleak current (In) . . ... ..o o L -5 ~5uA
Output leak current (loy) ........... —10 ~ 10 uA
Power consumption . ............... 250 mW max.

(Vpp =5V, Ta=25°C, Vpp — Vo = 13.7V)

Power supply for LCD drive (Recommended) (Vpp — V)

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

OPTICALDATA . ....... ... ... ... 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

Al Vgg (0V) Ground
A2 Vpp (+5V) Power supply for logic
A3 Vo Power supply for LCD drive
Al 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 VEg (—13.5V) | Power supply

A18 ~ 20 N.C No connection

131.95£0.1(240dot)

Unit: mm

fe-
\ lYl

e[ J]OI00]

!
gl = '
ks =) |

e |
3 |
& 1
= l X64 |
f
S . X65
e 5 |

£ | |

= |

|

xs OO0

Y241|

0.5

0.55

IS I

Fig. 1 Display pattern
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LM238XB

Unit: mm
180005
1730403 35+05
165003 7.0£05
55703 o o 1480£03 1D wamax| |
: - Ha 131.95+0.1 8.03) 55:83
213 .
| j ]
| |
[:J“FT ala "?‘ 4 o
=18 |
S B Z z
= |
|
I ' |
ekl Isch e} |
6.3max olel2 28 |
Slolalw| 2 ]
HHi oSl !
o e '
]2 1
S = : ! 1
I
1
_ B _ |
I |
O A\ r -l
120405 ]
g Al A20 * Bl on_é
+05 U e U
557 03 305 9 @
03 | =930 03 12.0 254403 20-410 b 10-¢10  16£02}| |60max.
i T gl g
*B1 ~ B10 pads should not be used for LM238XB.
Do not connect any signals to these pads.
. . . Use Al ~A20 for interface.
Fig. 2 External dimension
o mm T TS e e s — oo ——- oo 1
| I
|
| ([ 13— i 15
|
i
i
| Iy
I *
i f——q 14 J—
S 113,14 e Xl Yl=m—m=mmm e Y240
RES——— '
RS> . ™t

R/W-—————=  ICI0 X64 240dotx 128dot LCD

64 )
E X85
64 )

'
— P—]
MAO~MA10

X128 Y2l === mmmmmm e Y480

1t 11 1t

IC6é Ic7 S ics

1C2

Vss
‘ Vo

* Interface timing circuit

VEE

r_r-___w___---_______
g
-

Vpp — Vo: LCD driving voltage
Fig. 3 Block diagram VR: 10k§2 ~ 20k§2

+5V
[ Voo
* Vss

Vob — Vo
LCM
VR Vo
-l- - Vee
—13.5V
Vpp — Vo: LCD driving voltage
Fig. 4 Power supply VR: 10k§2 ~ 20k
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LM238XB

TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
Enable cycle time tcye 1.0 - - Hs
H level 0.45 - - us
Enable pulse width WEH
L level tWEL 0.45 - - Ms
Enable rise time tEr - - 25 ns
Enable fall time tef - - 25 ns
CS, R/W, RS set up time tAS 140 - - ns
Data set up time tDIS 225 - - ns
Data delay time tpD - - 225 ns
Data hold time tH 10 - - ns
CS, R/W, RS —>hold time tAH 10 - - ns
teye
twEH tWEL ————]
2.2V — 7C
E 0.8V —
] | b tEr tES —am
tAS-o fes— tAN
2.2V
CS,R/W RS
0.8V
LD 1 S -t 14—t
2V
DB0~7 2z
(MPU—LM238B) 0.8V
t
] e e tH — et
2.4V
DB0~7
(MPU+LM238B) 0.4V
Fig. 5 Interface timing (MPU « LM238B)
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LM215XB

® 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis-

play

Notes 1
m Attachable controller LSI: HD61830 (see section 6). 2.
s Colortone: LM215XB..................... yellowgreen
MECHANICAL DATA (Nominal dimensions) 3.

Module size
Effective display area
Number of dots

480W x 128H dot

270W x 110H x 11.5T (max.) mm
242W x 69H mm

OPTICAL DATA

Applied to CL1,CL2, D1 ~ D4, M, FLM.
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.
Do not leave it for more than 168 hrs. at maximum or mini-

mum temperature.

INTERNAL PIN CONNECTION

See page 15.

JEPOTEOL e Pin No. | Symbol | Level Function
Dot SI.ZE .................... 0.43W x 0.43H mm 1 D1 H/L Serial row data (upper left half)
Dotpitch ................... 0.48W x 0.48H mm 2 D2 H/L | Serial row data (lower left half)
Weight ... ..... ... .. ... ... ... ... about 320 g 3 ELM H The FLM signal indicates the begin-
. ning of each display cycle
ABSOLUTE MAXIMUM RATINGS min. max. 3 Y H/L [ Control signal for AC driving
Power supply for logic (Vpp — Vss) ... .... 0 7.0V 5 1 The CL1 latches the serial data in the
Power supply for LCD drive (Vpp — Vgg) ... 0 19.0V CL H=>L | shife registers
Input voltage (Vi) (Note 1) . .. ......... —-03 VppV 6 cL2 H > |Clock signal for shifting the serial
Operating temperature (Ta) (Note 2) ....... 0 40°C datj" :
Storage temperature (Tstg) (Note 3) . . . . .. -20 60°C 7 D3 H/L | Serial row data (upper right half)
8 D4 H/L Serial row data (lower right half)
ELECTRICAL CHARACTERISTICS 9 |Vppi+5V - Power supply for logic circuit
Ta=25°C,Vpp =5.0V £0.25 V, 10 |Vgs (V)] — | Ground
Vgg =—100V £0.25 V 1 VEE(-10V - Power supply for L.C driving
Input “‘high”’ voltage {(V|y4) (Note 1) .0.7 x Vpp ~ VppV 12 Vo - Operating voltage for LC driving
Input “low” voltage (V_) (Note 1) .... 0~03xVppV
Clock frequency (fora) ... ..ot 1.08 MHz min.
1.15 MHz typ.
1.23 MHz max.
Power supply current (lpp) .. .......... 6 mA typ
(lgg) oot 3 mA typ
(D] ~D4 =GND) (ch2 =1.15 MHz) <
VDD - Voi 14.5 %
Power supply for LCD drive (Recommended){(Vpp — Vo) £
Duty = 1/64 a
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 Unit: mm
L0£0.5 268.0+0.3 11.5max.
4.0+0.5
v | @ 2620403 1.6£0.2
'}j i‘ E 14.0£0.5 6.0 max
< = s 242.00.3 -
5~ 1%
— -¢_ =) 1 5 |
S m ¢ = ) i —_ :
i
Sl g g 3 3 I
- = X © [
- - - I
C = | > t
1z J
e 1
131.040.3 s 2.54+0.1 6-$3.5:32
y \404()t0.5
(5.9) 23035801 127410 3.3max.
Fig. 1 External dimension
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Unit: mm _ =
- _ - $ = 2
o 230.35+0.1(480dots) ) > >~ > >~
X1
ggRRT -
O 0 %
2| §| 8| OOOOO r:; £ D D3
1 -
o 1 S
8 gooao O ¢ X64
= 00ooo O
%’ E i X65
= 1 1
| | D2 D4
nooo ad
0.43 0.05 X128
0.48
Fig. 2 Display pattern Fig. 3 Correspondence of display with data
Voo (+5V)
Vop— Vo L
Vo b VR
LCM Vss ’L :TL
Vee
(= 10V)
VDD-V0o: Operating voltage for LC driving
) VR:10 kQ ~ 20 kQ
Fig. 4 Power supply
D30~
D1
L—— -------- > @ | L | pe=----
> IC1 IC3 1C4 1C6
D
o - [=)
FLMoO- g L2 St-—4 p-- @
2 . 2
cL1 . X1
: :
ciz |7 A
. X64
M
LCD
:) X6'5
1i1Cc14 !
Vss :
] ?& T J
v . ] W S z lL \ \ 3
00 - S L - b — -
F--- ~ <
:) Power > N > >
Vee Supply )
IC1
Vo—J > 1C7 IC9 IC10 Cci12
J—>‘ bm————— > ————
D2o—
D4O-
Note: Interface timing cﬁcuit Fig. 5 Block diagram
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150nsmin. 0.19ms<T =0.23ms

N

150nsmin. LlSOnsmin.
11
o L] LI ] [
X64 X1 X2
D2 l | l
X128 X65 X66
S B I ] ]
X64 X1 X2
O | L
X128 X65 X66
M
300nsmax.
2usmin. 0~100nsmin.

FLM

(reduction) 64xT

T

-

Fig. 6 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL2 cycle time tcye 810 - — ns
CL2 pulse width (H) tCWH 150 - - ns
CL2 pulse width (L) tcwL 150 - - ns
CL1 set up time (1) tscLt 150 - - ns
CL1 set up time (2) tHCLY 150 - — ns
Clock rise/fall time tr, tf - - 30 ns
Data set up time tpsu 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 100 - - ns
FLM hold time tEH 100 - - ns

tewn
tr tf

cL1 e / \L

tewn tscn tucrt |

tr - tf

CL?2 \ tew

thsu

thn

X X

ton

teve

FLM

Fig. 7 Interface timing
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LM224XB

® 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis-

play

m  Attachable controller LSI: HD61830B (see section 6).
MECHANICAL DATA (Nominal dimensions)

Module size
Effective display area
Number of dots

270W x 110H x 11.5T (max.) mm 3.
242W x 69H mm
480W x 128H dot

OPTICAL DATA

......

Notes 1.

............... See page 15.

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.

mum temperature.

INTERNAL PIN CONNECTION

Do not leave it for more than 168 hrs. at maximum or mini-

Dotsize .................... 0.43W x 0.43H mm P No TSvmbor T ovel Funation
DOtpitch ......ooveennn. .. 0.48W x 0.48H mm ng. | Sy —
Weight about 320 g ! b1 H/L 2ta signal
.......................... 2 02 AL [ Date signal
ABSOLUTE MAXIMUM RATINGS min. max. 3 FLM H The FLM signal indicates the begin-
Power supply for logic (Vpp —Vsg) . ...... 0 7.0V ning of ea.Ch display cyc'_e_
Power supply for LCD drive (Vpp — Vgg) ... 0 19.0V 4 M H/L | Control signal for AC driving _
Input voltage (Vi) (Note 1) . . .. ........ -03 VppV 5 | CL1 | H—L | Jne Ont jatches the serial datain the
Operating temperature (Ta) (Note 2) ....... 0 40:C o cl2 | HoL |Clock signal for shifting the serial
Storage temperature (Tstg) (Note 3) .. . ... -20 60C data
7 NC -
ELECTRICAL CHARACTERISTISS Py NG —
Ta=25°C, Vpp — Vss =5.0 V'20.25 V, TV s T RT———
_ - +0 5 V DD - ower supply for logic circuit
Vee “:1/_33 " 11.0V 0. - 10 Vss - Ground
Input . |gh” vo'ltage (VIH) . ..o 0.7 x \~/DD3 zoox 7 Vee — Power supply for LC driving
Input “low’* voltage (V) .......... 0~0.3x oD 12 Vo — Operating voltage for LC driving
Clock frequency {fcr2) . ............ 2.15 MHz min.
2.30 MHz typ. S
2.40 MHz max. S =
Power supply current (lpp) ... ....... 10 mA typ. X1
(lgg) .- o oot 3 mA typ. o
(D4, D = GND) (fcLo = 2.30 MHz) (Vpp - Vg = 16.0V)
Power supply for LCD drive (Recommended) (Vpp — Vo) X64
Duty = 1/64
Ta= 0°C oot 15.5 V typ. X65
Ta=25"C .ttt 14.5 V typ. D2
Ta=40°C ... i 14.0 V typ
X128
g g
Fig. 1 Correspondence of display with data
= [ 230,35+ 0.1 | Unit: mm
= i vago)|
N NN U
00000 0,
s« 00000 3
: P S
_ w0000 O
: w0000 0
z ; |
| !
| |
| i
| |
| |
xs( OO0 ____ O
Y481 Y960
0.43 0.05
0.48
Fig. 2 Display pattern
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Unit: mm
270.0+£0.5
5.9+0.5 230.35+0.1
14.0+0.5 242.0+0.3 11.5max.
w 101
S 05 268.0£0.3 52+03
H o
ol & 1.6+0.2
= d
Y
-
b § - - 9 3?
+ 1P
M |
:JLg C D C - '
- . - l ;
al 5l o o ) L/Parts area
MEIR1R1RT i
2| Rl ol w| @ 0
Sl 3| g | o '
—! o ©] | = !
= s
B0 O Y . ) . B i
i - p— i
_jL_‘ e - ) C . ) C _— :] 1
Lip
2 1 1
& -4 —*——— 4444 -
w
131.0+0.3 31 2544010\ 40.0+05
40405 262.0%0.3 S
6—33.5
12— 1.0
L{““‘u C AL Al AC i B s ]
4O UJ T T o | ] =)
Fig. 3 External dimension
D1 O 1
IC3 ICs IC6 IC8
- =) — (=3
X1
CL1 O
CL2 O . IC1
M X64
* Interface
pie ! LCD
t
cireir ] X65
1C2
X128
Von O- 5 § E §
Vek ?’_7 Power  supply > > > >
Vs
Vo IC9 IC11 IC12 IC14
D2 O—
Fig. 4 Block diagram
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+5V

Ve LCM
- Vo

-11V Vr=10~20kQ

Fig. 5 Power supply

0.10ms=T<0.22ms

150ns L
min. ' [
1

CL1

'

T/480

1150ns min.-—H.M'i—

="
|
ez SUUUULIUUL U

=
=)
D1 <+
L 17 ]
— X64 >‘ X1 > X2 —
=)
' ; 2
=
o2 b 1 [ 1 151
— X128 P X65 X66 ——

M I
2.5 min, —r-@—300ns max.
™ «— 100ns min.
FLM | /J /’//‘
FLM J Il | ’l I.__
(Reduction) L ! 64xT J 1
g 1 & : !
' | 1 -

Fig. 6 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL2 cycle time teye ' 417 - - ns
CL2 pulse width (H) tCWH 150 - - ns
CL2 pulse width (L) tcwL 150 - - ns
CL1 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 tDsu 100 - - ns
Data hold time tpH 100 - - ns
CL1 deiay time tcL 150 - - ns
M delay time tcm - - 300 ns
FLM set up time tFs 200 - - ns
FLM hold time tFH 100 - - ns
v - tewH t
Y/ \
CL1
7 K
. tewn tscu theLs
. s t
Y R .
tewe
CL2 K| '[
tost
thn
v p
N Y b é
K
tew
teve ; ’
M
s J i . L ten
FLM

Fig. 7 Interface timing
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LM240S

® 480 dot (W) x 128 dot (H) graphic and alpha-numeric dis- OPTICALDATA .. ... ... ... ... See page 15.
play
m Attachable controller LSI: MSM6255GSK or MSM6265GSK ~ INTERNAL PIN CONNECTION
MECHANICAL DATA (Nominal dimensions) Fin No. | Symbol | Level Function
Module size ... ..... 270W x 110H x 11.5T (max.) mm ! Do H/L | Serial row data
Effective display area ............. 242W x 69H mm 2 D1 H/L Serial row data
Numberofdots ... ............. 480W x 128H dot 3 FRAME H Frame frequency (Indicating the
Dotsize ...........ciiuiuununo.. 0.43W x 0.43H mm beginning of each display cycle)
Dotpitch ................... 0.48W x 0.48H mm 4 NC - _
Weight . ....... ... ... ... .......... about 320 ¢ 5 LOAD HIL The CL1 latches the serial data in
ABSOLUTE MAXIMUM RATINGS min.  max. the shift registers _ :
Power supply for logic (Vpp — Vsg) .. ..... 0 65V 6 cP H/L g"t”k signal for shifting the serial
Power supply for LCD drive (Vpp —VEg) ... 0 22V - :_a
Input voltage (Vi) . .. ......covvnn.. Vss VpoV ’ D2 H/L | Serial row data
Operating temperature (Ta) . ............ 0 40°C 8 D3 H/L | Serial row data
Storage temperature (Tstg) . .. ......... -20 60°C 9 VbD - Power supply for logic circuit
ELECTRICAL CHARACTERISTICS 10 Vss - Ground
Ta=250C,Vpp =50V $0.25V, 1 VEE - Power supply for LC driving
Vee = _,14'5 V05V . 12 Vo - Operating voltage for LC driving
Input “high” voltage (V) . .. ... ... 0.8 x VppV min. oo
Input “low’ voltage (V) ......... 0.2 x VppV max. 13 ECLK H/L Enable cloc
Clock frequency (fcp) ... ... ..., . ... 1.00 MHz min. 14 NC - -
1.07 MHz typ. 15 NC - -
1.15 MHz max. — -
: 230.35(430dot) Unit: mm
Power supply current  (Ipp) .. ......... 10 mA typ. !
(lgg) oot 8 mA typ. :::i 005
(D;, D, = GND) (fcp = 1.07 MHz) (Vpp — V, = 15.8V) — o _
(D5, Da = GND) _ 100 d
Power supply for LCD drive (Recommended) (Vpp — Vo) ;g DDDD E] D
Duty =1/128 = f
Ta= 0°C ..o 17.1V typ. = = DOoao ]
Ta=25°C ... 15.8 V typ. 1T
Ta=40°C .. ...... .. 146 V typ. I I 0o
=] = Fig. 1 Display pattern
270.0£0.5 Unit: mm
1.0£05 268.0+0.3 11.5max.
4.0+0.5
g 9| 4 262.0£0.3 L6£0.2
i’ i 5.‘ 140205 5.2%0.3
= 242.0%0.3 =
H ° M
= = E i
]
= = < [ z |
2 )
EEEE Z !
— I
= = = _;J
131.040.3 b 2.54£0.1 6-¢3.5°5
- 400205
59) 23035 + 0.1 15-41.0
Fig. 2 External dimension
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=3
= 3
>
T T T T T
Xy R i
| I L B
[ T A I |
N
Pl T
—_ | —
RIENRIRIE BB
1 : [
[ | R B B |
[ I B
[ R B
[
| T T T T B A |
X128 L4 4 ¢ 4 0 a4

Fig. 3 Correspondence of display with data

FRAME — X1
Ti Ic1 '
LOAD Ccl):'t?:)ller o T x;;a,
| 128dot X 480dot LCD
P X65
M Ic2 i
gt !
Voo X128
Y1 Y80 Y81 YI20 ----Y32l Y400 Y401 Y480
Vss(GND) |
sow___| " I S N
S i I3 |- Ic4 p----4 €7 = Ic8
e ||
ECLK o e ]
_____ 11—

Fig. 4 Block diagram

Voo (+5V)
1 Voo- Vo L
Vi VR
! s
LCM Vss l TI
Vee
(—145V)

VDD ~ Vo: Operating voltage for LC driving
VR: 10kQ ~ 20kQ

Fig. 5 Power supply
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1/128 duty
128

0.10msST=0.12ms

LOAD

120 117

Cp

o K OXCOXCOXOXOX DoITio
o XX OXOXCOXOX 2o
S 66 6 @ G

ECLK

FRAME

118] -]119 120 1 2 3

Fig. 6 Interface timing

Notes 1. When using control LSI MSM6255GSK.
2. There is CP pulse interrupting time of sixteen pulses between CP (120) and CP (1).

TIMING CHARACTERISTICS

(VDD =5V +10%, Ta=—20 ~ +85°C, CL = 15uF)

Item Symbol Condition Min. Typ. Max. Unit
"H”, “L" delay time PLH - - - 200 ns
tPHL
Maximum clock frequency fcp DUTY = 50% - - 1.3 MHz
CP ECLK pulse width tw - 125 - - ns
LOAD pulse width W (L) - 125 - - ns
Set up time tsetup - 100 - - ns
CP - LOAD time tcL - 250 - - ns
LOAD —CP time tLe - 0 - - ns
Hold time thold - 100 - - ns
Rise, fall time :; - - - 50 ns
LOAD rise, fall time tr (L) - - - 1 us
(L)
CP - ECLK time tcE - 0 - - ns
ECLK —CP time teC - 150 - - ns

@ HITACHI
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fep
Vak L—
tw tw
cp B
Y 0.8Von 048Vlﬂ\ 0.8Vin 0.8Vin Y
/ toets L 0.2V 7 0.2Vin . 0.2V
N L Dthoid o thoid
0.8Von 0.8 0.8 0.8
D0~D3 0.2Von Voo Voo Vnn7
0.2Vun tew 0.2Von 0.2Vin
U N
tr el tcE
tw
ECLK 0.8Von 0<8Vnni\ tec
0.2Von 0.2V
u’*\
/\‘ tietup thold
tr(v) r/-\ taL
£ 0.8V 0.8Vin ¥ tie
tw ——\
LOAD 0.2V ik 0.2V
teetup thold
k
RAME 0.8Vin 0.8V
0.2Vin 0.2Vin-

Fig. 7 Interface timing
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LM225X

® 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis-

play

®  Attachable controller LSI: HD61830B (see section 6).
m Colortone: LM225X. .. .................... yellowgreen

MECHANICAL DATA (Nominal dimensions)

OPTICAL DATA

Notes 1.
2.

See page 15.

Applied to CL1, CL2, D1 ~ D4, M, FLM.

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.

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

Modulesize . . ... ... 270W x 150H x 13.0T (max.) mm
Effective display area ............ 239W x 104H mm INTERNAL PIN CONNECTION
Numberofdots ................ 640W x 200H dot Pin No. | Symbo! | Level Function
Dotsize .................... 0.32W x 0.46H mm 1 D1 H/L Serial row data (upper left half)
Dot pitCh ................... 0.35W x 0.49H mm 2 D2 H/L Serial row data (lower left half)
Weight ... ....................... about 450 g 3 ELM H Il!'r\‘z gfLeh:csigriwsaslaicc::i;::ees the begin-
ABSOLUTE MAXIMUM RATINGS min.  max. 4 M H/L | Control signal for AC driving
Power supply for logic (Vpp — Vss) . ...... 0 70V 5 CL1 | HoL |The CL1 latches the serial data in the
Power supply for LCD drive (Vpp —VEg) ... 0 180V shift registers
Input voltage (Vi) (Note 1) . . ... ....... Vss VppV 6 cL2 H L |Clock signal for shifting the serial
Operating temperature (Ta) (Note 2) ... . . ... 0 40:C 7 D3 H/L (S’::?al row data (upper right half)
Storage temperature (Tstg) (Note 3) . . .. .. -20 60C 3 02 RIL | Serial row data lower right half)
ELECTRICAL CHARACTERISTICS 9 VDD - Power supply for logic circuit
Ta=25°C,Vpp — Vgs =5.0V t0.25 V, 10 Vss — | Ground
Vegg — Vg =—135V x0.25 V 1 VEE - Power supply for LC driving
Input “high” voltage (V) . . . ... .. 0.7xVpp ~VppV 12 Vo - Operating voltage for LC driving
Input “low” voltage (V) .......... 0~03xVppV
Clock frequency (feco) .. ........... 2.13 MHz min.
2.28 MHz typ.
2.46 MHz max.
Power supply current  (Ipp) .. .......... 6 mA typ.
(lgg) . ... ol 3 mA typ.
(D4, Dy = GND) (fore = 2.28 MHZ) (Vpp - Vo = 14.0V) -
(D3, Ds = GND) >
Power supply for LCD drive (Recommended) (Vpp — Vo) (,:3
Duty = 1/100 Q
7]
Ta= 0°C ... ... 16.7 V typ.
Ta=25°C ... 15.8 V typ
Ta=40°C ... ... 15.2 V typ.
Unit: mm
- 223.97+0.1 )
l,;l Y640
I []x
EREEN uf
3 s | N
] Oo000 ] xin
; EEERN [ xo
: 1 -
<N b
| | |
| N
e o [ s
Y641 Y1280
0.32
0.35
Fig. 1 Display pattern
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Vi

§<—‘“——‘—‘— Vo

Ve

—135V

LCM

Fig. 4 Power supply

270.0£05 Unit: mm
1.0£05 >
268.0+£0.3 13.0 max.
4005 |[*
" 262.0£0.3 16102
S 35 155505 52403
g Bl I 239.0+0.3
- o~ N .’n\
\ & -
3 < ¢ e ~ B
— 2 ! __Parts area
[ ) ) ‘ -
Bl 2 2| 2 < !
| 3| 8| s | ]+ -BI 6.0max.
;I g jr:] g [ ' S ™ ( center )
Q 3 K " I
gl sl ,J & |
T2 = !
- - = hd = l
) | © —.| O, -l
y — = ¥ s Sl
6-35:53 .
131.0+£0.3 2.5410.1 1
2.5+0.5 10005
12-41.0
(7.515) 223.97+0.1 3.3max.
> ——
Fig. 2 External dimension
D3
D1
Lﬂq ics [ _______ e J — { m]
FLM
s IBE g
X1 > > >
o™
e
i
Mol ]
Interface timing—& IC2 X100
circit LCD
Voo
Vee 2 I &
Vss Power E = S E
Vo Supply
a1 S 7 [y =]
D2
D4 o —
Fig. 3 Block diagram
+5V
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: 5 B z
X1
D1 D3
X100
X101
D2 D4
X200

Fig. 5 Correspondence of display with data

T=0.14£0.01ms

150ns La
min. I
I

CL1

CL2

TUUUU YUY

' T 320

1150 ns min.tL 150 ns min. =
N
D1 L——LJ l l —I =
— X100 ” X1 - X2
. g 2
3
LN . I
— X200 > - X101 X102 —
~N
]
X >
o U1 Ly
— X100 X1 X —
1
N rn &1
g S
— X200 X101 > X102 —
i
’________
M — ——»4+e—300ns max.
— I, us.min. —#e— 100ns min.
]
FLM / /////
—

FLM

(Reduction) L
e

M

100xT

y

L

Fig. 6 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL2 cycle time tcye 400 - - ns
CL2 pulse width (H) tCWH 150 - - ns
CL2 pulse width (L) tcwL 150 - - ns
CL1 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 tpsu 100 - - ns
Data hold time tDH 100 - - ns
CL1 delay time toL 150 - - ns
M delay time tcm - - 300 ns
FLM set up time trs 100 —_ — ns
FLM hold time tFH 100 - - ns
t - tewn t
Y \
CL1 1 T
" tewn L tscin . thel
_L+~_ ty
s N 4
\ towe F .
CL2 ) }
tost
:_ ton _l
DI~D4 J : X
tem
‘ tove
M
tes _J
) tru
FLM

Fig. 7 Interface timing
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LM236XB

® 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis-

play Notes 1.
m Attachable controller LSI: MSM6255GSK or MSM6265GSK
= Colortone: LM236XB................ Yellowgreen 2.
MECHANICAL DATA (Nominal dimensions)

Module size . .. ... .. 270W x 149H x 13.0T (max.) mm 3.

Effective display area

239W x 104H mm

OPTICAL DATA

See page 15.

Applied to FRAME, LOAD, DF, ECLK, CP, UDO ~ UD3,

LDO ~ LD3.

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

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

93

Numberofdots ................ 640W x 200H dot 4. When viewing angle is 25°.
Dotsize . ................... 0.32W x 0.46H mm 5. In case of Vpp = +6V, Vpp — Vo = 15V, DF = 75 Hz,
DOtPIteh .. oo 0.35W x 0.49H mm UDO ~ UD3 = Vggand LDO ~ LD3 = Vss.
Weight . ............ v .. about450g INTERNAL PIN CONNECTION
ABSOLUTE MAXIMUM RATINGS min.  max. PinNo.| Symbol | Level Function
Power supply for logic (Vpp) - ... ........ 0 65V 1~4 |UDO~UD3| H/L | Data (upper half)
Power supply for LCD drive (Vpp —VEgg) ... 0 22V 5 ECLK H | Chip enable clock
Input voltage (Vi) (Note 1) . .. ......... —0.3 vpp+ 0.3V 6 FRAME H Frame frequency (Indicating the
Operating temperature (Ta) (Note 2) ....... 0 40°C beginning of each display cycle)
Storage temperature (Tstg) (Note 3) . ... .. —-20 60°C 7 DF H/L | Control signal for AC driving
ELECTRICAL CHARACTERISTICS 8 LOAD | H—L | Data latch
Ta=25°C, Vpp =5.0V £0.25 V, 9 cp H — L | Data shift
Vgg =—-145V t05V 10~ 13| LDO ~ LD3| H/L | Data (lower half)
Input “high” voltage (V) (Note 1) .08 x Vpp ~VppV 14 Vpp — | Power supply for logic circuit
Input “low"” voltage (V) (Note1) .... 0~0.2x VppV 15 Vss — | Ground
Power supply current (lpp) (Noted4) . ... .. 5 mA typ. 16 Ver ~ | Power supply for LC driving
(lgg) (Note d) ... ... 4 mA typ. : -
Frame frequency (fERAME) - - -« - v o v o vt 70 Hz min. 7 Vo — | Operating voltage for LC driving
75 Hz typ.
80 Hz max.
Input capacitance (Cin) (fcp = 1MHz) .. ... 150 pF typ.
Power supply for LCD drive (Recommended) (Vpp — V)
(Note 5) Duty = 1/100
Ta= 0°C ... 16.7 V typ.
Ta = 259C i 15.8 V typ.
Ta=40°C . ... 15.2 V typ.
22397+0.1 Unit: mm
00o0oo Ox
- 100000 [ xi
ke o004 0 xo
3
4 wpoooO [ xio
032 Y1280
0.35
Fig. 1 Display pattern
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270+04 Unit: mm
1.0+0.5 268+0.3
w v (145) 239+0.3 13.0max
== - w
.ﬂ :,’,' 7.52) 223.97+0.1 fl
QS 45+0.5 | 180+0.3 4—R1.75 5.2+ 0.
b Il A Py S
—&— -
ale) M T gf:
wlts
o —
WL, ' ; “ )
ToALA
] ! :
. E
2izizllz] | 5| 2 R
HH 0| H]| H =3 1810} i A B < |
=|v|wls| s 1T pag S )
EEEEE = >
. : .
! b\
. ﬂ 4-R1.0max.
Viewing direction I/
- - - - Y
17— ¢1.0
1+ Y T = — , | P
_ I b= ) 5 T
1105 131.0+03 ~ pitch 131.0:0.3 5-¢35
1553205 *1 *2 1.6+0.2
035 \ X \*2__
gz 0.32 T > Ll <ILy <IL ¥ <IL> @
*1 Recommendable connector: HONDA, FFC17T1 LAMEP1 or the equivalent.
*2 This part should not be used for interface. Don’t connect any signal or power
supply. Use pinNo.1 ~ 17.
Detail of A PPY P
Measurement tolerance +0.02 Fig. 2 External dimension
1
FRAME I~ LOAD
LOAD | L IC5
DFL [ 1064 o
! 80
—{PE,! < =1 ER
Ll ] e
T -
ECLK 1060 D1] D0 D3 [-------
IC2
cr LCD(640do X 200dot)
UDO~UD3T ]
— 1064
= 1C3
101 p = =
: FR>"3€ ~&] EL ER>-§I -5 EL_ ERS >‘§I
LDO ~LD3 | | 1064 ‘080 01 080 o1 12k —ERrGe o1
— IC4 = L DF DF DF
X200 1 IC13 — IC14 I1C20
I | LOAD ™~ LOAD LOAD

Power supply

nterface timing circuit

Fig. 3 Block diagram
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LM236XB

Voo
+5V
LM236XB Vss -IL
Vo b——e < *
VR
Ve | —14.5V

* VR: 10kQ ~ 20kQ2
Fig. 4 Power supply

LOAD

ECLK

Cp

UD0~UD3

LD0~LD3

DF

FRAME

n
I /
_m\

0.125ms=T<0.14ms

S fe

1 1

74 I /4

v/ 7/

| T 176 %1
|

/ e
7/

157 158 159 160 1

X100 X1 X2
0 X | S S S )
X200 X101 X102

) D S S ) G

- 3.3xsmin.
FRAME ——J

L

/

[ 1 [ 1

[

(Reduetion

DF

J |

*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
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LM236XB

TIMING CHARACTERISTICS (VDD =5V +10%, Ta=—20 ~+85°C, CL = 15 uF)
Item Symbol Condition Min. Typ. Max. Unit
“H", “L"” delay time tPLH - - - 200 ns
tPHL
Frequency of maximum clock fcp DUTY =50% - - 1.41 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 tLe - 0 - - ns
Hold time thold - 100 - - ns
Rise, Fall time :; - - - 50 ns
LOAD rise, fall time (L) - - - 1 us
(L)
CP > ECLK time tcE - 0 - - ns
ECLK —CP time tec - 150 - - ns
| tw te tw tr
cp 0.8Voo o.svnn\\ ]I; 0.8V 0.8Vin Y
k 0.2Von } 0.2V 0.2V
tsetup thold teetup
LD0~LD3 \
0.8Von 0.8 0.8
Vl)l) an)
UD0~UD3 0.2Vnp
ten 0.2 .02
tee Vi Von
tr tw
BOLK 0.8Vop 0,8Vn1)§\ t
—e X 0.2V D K0.2Von
t
tril)  toewp thold
trclo
0.8V o o.sv..ﬂ\ b
Xin)
LOAD 0.2Von K0.2Von
tirm
0.8Von
DF
0.2Vn
Leerup thold
FRAME 0.8Vin  0.8Von
0.2Vl)|) O.ZVM)
Fig. 6 Interface timing
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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
Numberofdots . ................. 640W x 200H dots

Notes 1.
2.

3.

4,

5.

OPTICAL DATA

Applied to CL1, CL2, DO ~ D3, FLM and M.

The color of the display may change into blue if operated at
maximum temperature. |t is recommended to use it between
0°C ~ 40°C,

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

Vpp = +5V, Vpp — Vo =23V,D0~D3=1010.....,
frLm = 70 Hz

Viewing angle = 10°

..................... See page 15.

Dotsize .......... ..o, 0.32W x 0.46H mm
Dotpitch ..................... 0.35W x 0.49H mm INTERNAL PIN CONNECTION
Weight .. ... ... e 450 g Pin No. | Symbol | Level Function
ABSOLUTE MAXIMUM RATINGS ! D3 | WL |Dsta
. 2 D2 H/L Data
min. max.
. _ . The FLM signal indicating th
Power supply for logic (VPD Vgs) .... =03 70V 3 FLM H beginning of e:c;‘ d::&:;gcyc?e
Power supply for LCD drive (Vpp — Vgg) —0.3 280V a " - —
Input voltage (Vi) (Note 1) . . . ........ —03 Vpp+03V H/L_| Control signal for AC driving
Operating temperature (Ta) (Note2) ......... 0 ~ +40°C 5 cu1 H—>L | Datalatch
Storage temperature (Tstg) (Note3) ... ... .. —20 ~ +60°C 6 CL2 | H-—L | Datashift
ELECTRICAL CHARACTERISTICS 7 | D' | WL |Daa
8 0 H
Ta=25°C, Vop =5.0 V +0.25 V, Veg = —215 V 1V ° /t_|Daa —
Input “high”” voltage (Vin) . ... ... ... 0.7 x Vop ~ VppV | VoD | — | Powersupply forlogic circuit
Input “‘low” voltage (Vi) . ........... 0~0.3xVppV 10 Vss — | Ground
Power supply current for logic (Ipp) (Note 4) ... 8 mA typ. 1" VEE - Power supply for LC driving
Power supply current for LCD drive (lgg)(Note 4) . 7 mA typ. 12 Vo - Operating voltage for LC driving
Frame frequency (feym) o oo oo oot 65 Hz min.
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp — Vo)
1/200 Duty (Note 5)
Ta= 0°C .. .. i 23.0 V typ.
Ta=25°C ...t 21.7 V typ.
Ta=40°C .. ... . 208 V typ.
223.97+0.1 | Unit: mm
I EI
N 00000 O
g 2 00000 [
| |
~ | I
3 ! !
= '. !
> | |
| |
| 1
\ I
| |
: |
I O L__l
0.32
0.35
Fig. 1 Display pattern
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LM250X

n w9 - Unit: mm
o © < 2
H H H b
o @ w w
e 82 6—¢3.5 & 9 13.0max.
«N IN N —
6.0m&
0 / 0
4.0+0.3 <& 77405
[ e e 1 C n =3 ST
232%0.5
a8 X1 -
X2 S
+
] e
i i
75.0+0.3 i
|
L.. X200 G Vig\:zing directior_\_ 12_— $1.0
=ET05 127205
— — 1422405 b
=+ =
146003 K h: 150.0+0.5 16402
] 2.54+0.1 —offarOE
A L
2 2 2 22°
H H Hi
= = 232
-~
£ 8 =
Fig. 2 External dimensions
D0~D3
CL2
; |
FLM i 1
M Ic1 1cz Jemememrmeeee Ics
CL1—— ;rl‘r':‘::‘tl e
T3 I
- X1 > > > > =
S
1C9 ———
X80 | p3 D2 D1 DO D3 D2
Vs ¥ X8l
Voo Power -
Vo— supply
ic1o LCD
Veg — X160
¥ X161
E—
Icu |X20
Fig. 3 Block diagram
Voo
+5V
LCM T
Vss > I ’J"
% < VR —215V
T
Vee
«VR:10~20kQ

Fig. 4 Power supply
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LM250X

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

4.75V 7
Voo

/

0~50ms
oo NN
VEE

0--50ms

ON

5V

Valid data

Fig. 5 Voltage sequencing

Signal

Ve

3 4.75V
0~50ms . 70
2
0~50ms
OFF

CL1

CL2

D3

D2

D1

Do

FLM

CL1

FLM

—
_

X200

T/160

X1

X2

X3
O
X
O

CaXCs X XXX
e A X XX X )
e R X XX K )

—
LU

X XXX X
(X

X X

X O

300ns max.
2ps min. 200ns min.

200XT

(LU

|

Fig. 6 Interface timing

[
—
X
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL2 cycle time tcye 410 - - ns
CL2 pulse width tCWH 150 - - ns
CL.2 puise width tCWL 150 - - ns
CL1 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
tewH
tr | tr
\
CL1 \
tewH tscri tHCL1 |
—t'——'—<— _ 17
‘ N\ tewr +
tpsu
tpH
LD0~LD3 -
UD0~UD3 :: z 7:§
tcyc <——t(-:ﬁ’-———
M
trs |
tFH
it
FLM

Fig. 7 Interface timing
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LM585X

® 640 dot (W) x 200 dot (H) graphic and alpha-numeric dis-

play
® Attachable controller LSI: MSM6255GSK or MSM6265GSK
® Colortone: LM5685X................. Yellowgreen
MECHANICAL DATA (Nominal dimensions)
Module size . .. ... .. 260W x 195H x 12.5T (max.) mm
Effective displayarea ............ 220W x 166H mm
Numberofdots ................ 640W x 200H dot
Dotsize .................... 0.29W x 0.74H mm
Dotpitch ................... 0.32W x 0.77H mm
Weight . ....... ... ... ... ......... about 540 g
ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for logic (Vpp) ............ 0 65V
Power supply for LCD drive (Vpp — Vgg) ... 0 22V
Input voltage (Vi) (Note 1) .. . ......... —0.3 Vpp+ 0.3V
Operating temperature (Ta) (Note 2) . ... ... 0 40°C
Storage temperature (Tstg) (Note 3) . . . . . . -20 60°C

Power supply for LCD drive (Recommended) (Vpp — Vp)

(Note 5) Duty = 1/100
Ta= 0°C ... i, 16.7 V typ.
Ta=25°C ....... ... 15.8 V typ.
Ta=40°C ........ .. 15.2 V typ.

OPTICALDATA ... ... ... . i See page 15.

Notes 1. Applied to FRAME, LOAD, DF, ECLK, CP, UD0 ~UDS3, and LDO ~ LD3.

2. When operated at maximum temperature, the display may change into
blue color.

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

4. When viewing angle is 25°.

5. In the case of Vpp = +5V, V-V, = 15V, DF = 75 Hz, UD0 ~UD3
= 0V and LDO~LD3 = 0V.

INTERNAL PIN CONNECTION

Pin No. Symbol Level Function
ELECTRIEAL CHARACTERISTICS 1~4 |UDO~UD3| H/L | Data (upper half)
Ta=25C, VDD =50V 025V, 5 ECLK H Chip enable clock
I
Vpp — Veg = 195 V 205 V = T—
N . rame frequency (Indicating the
Input hngh' voltage (V) .. . .... .. 08 x VppV min. 6 FRAME H | beginning of each display cycle)
Input “low” voltage (V) ......... 0.2 x VppV max. - —
Power supply current (lpp) (Note 4) . ... .. 5 mA typ. 7 DF H/L | Control signal for AC driving
(lge) (Note 4). . . . ... 4 mA typ 8 LOAD |H-—L| Datalatch
Frame frequency (fegame) - - - .o o oo 70 Hz min 9 CcP H —L | Data shift
75 Hz typ. 10 ~ 13| LDO ~ LD3 | H/L | Data (lower half)
80 Hz max. 14 VDD - Power supply for logic circuit
i in) (fop = z) ..., .
Input capacitance (Cj,) (fcp = 1 MHz) 150 pF typ - Ves | Grouma
16 VEE - Power supply for LC driving
17 Vo - Operating voltage for LC driving
18 NC - -
Unit: mm
204.77+0. ,
0.32 e , EXS
TR ;“;§
A=l Wb

(\

|

0.7

153.97 0.1

0.08 max. U

4

B — e

Note: Tolerance for dimensions not especially specified: +0.1 mm
Fig. 1 Detail of dot pattern
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Unit: mm
260.0%0.5 Q+058
L, 2005 242005 P 156+;.32
Sleg |20L05 220.0£0.3 @l |9 =
S| EF et 204.77£0.1 ~1 3
i S S - = oo - = r ':‘:
0 il 1
L - - ] SN 6-#34 !
Effective area E ! ;
Dot display area s =) !
| § |
N I :
H + = i
| w2 [,
= = !
L selanisi ] ) H il — '
S 32 30?3 | L | ! ;‘/Parts area
l!os RD. d : %‘-—- ------------------- oI T i * :
Sl X238 ' | s |
! e i
! i 1l 3| e :
‘ : ”l s
H !
| | 33 Be] 1
" : " B Y .
I | | o) H ;
i 1 N +H| <= 1
\ ' | o o 5! !
4 | [ - I Ve H
! - DA | :
e S | J—— it 1P
@ |]l@ - 254401 _mNTga0 % I
| bt 143.1840.1 - || 10.0£0.3 12.5max.
w i T ——— — —
252.0£0.3 o 4.0+0.3
1 10
* Whichever can be used for interface.
Fig. 2 External dimension
1 i )
FRAME t~ LOAD LOAD
LOAD CP . IC5 . IC6 Ic12
1064 L_l.| DF L__|DF DF
DF .3 — o B 701 080 01 080 — o1 080
m—— 101 X64 EL——= i = ER EL = = ER EL = >3
cP—x I i | ] — ~E a — g
1064
ECLK L] 198 Iy
L ” TP 1 X100 [.CD(640dotX 200dot)
UD0~UD3 o5 X101
aj
1 — =) — =3 = B
CP— ¥ >‘$T >-§T > >-gT > PSS
ER EL ER EL = =
LDO~ LD3 || 1064 = 080 o1 080 o1 1F-—ERGgo o1
LDO~ LD IC4 1 DF DF
) X2001 1. IC13 o IC14 1C20
*1LOAD | LOAD LOAD

L

|

i

Power supply

* . Interface timing circuit

Fig. 3 Block diagram
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Vi

+5V

r

LM585X Ves I

\ - 14.5V * VR: 20k§2 ~ 50k

Fig. 4 Power supply

0.125ms=T<0.14ms

ll:
LOAD —J I /L

7/

ECLK 7 [ 7 1 /-

. ‘]

\ T/160
160 1 19 20 157 158 159 160 * 1
e — U lm L 0 A
X100 X1 X2
UD0~UD3 _____;)C“:)g '@ Y E:x X
X200 X101 X102

o0 Lo . D O ) &

DF —-—----———J
3

o | .3usmin.
FRAME _VJ | l__
[

FRAME

( Reduction)

DF | L

* There is CP pulse interrupting time of sixteen
pulse between CP (160) and CP (1).

Fig. 5 Interface timing
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TIMING CHARACTERISTICS (VDD = 5V £10%, Ta= —20 ~ +85°C, CL = 15 uF)
Item Symbol Condition Min. Typ. Max. Unit
““H”, “L" delay time PLH - - - 200 ns
tPHL
Frequency of maximum clock fcp DUTY = 50% - - 1.41 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 :; - - - 50 ns
LOAD rise, fall time tr (L) - - - 1 us
(L)
CP —>ECLK time tCcE - 0 - - ns
ECLK —CP time teCc - 150 - - ns
L tw t tw te
CP 0.8Vop 0.8Vnn\\ ;OASVDD 0.8Vpp
K 0:2Voo Jf 0.2Vop 0.2Vop
tsetup thold tsetup thold
UD0~UD3 {0.8Vop 0.8 0.8 038
Vob Von Von
LD0~LD3 0.2Vop
tcL 0.2 0.2
tce Von Von
tr tw
ECLK 0.8Vop O.SVE\ tec
_— X 02Vm k0.2Vio
te
trl)  toewp thold
tow)
K08Von 0.8Vop) fLe
LOAD twn) \
0.2Vnp K0.2Vop
trLH
trHL
0.8Von
DF
0.2Vpp
tsetup thold
FRAME 0.8Vpn  0.8Vop
02V 0.2Von,
Fig. 6 Interface timing
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LM246X

® 320 dot (W) x 256 dot (H) graphic and alpha-numeric dis-

play
®  Attachable controller LSI: HD63645F

MECHANICAL DATA (Nominal dimensions) .5

OPTICAL DATA

Notes 1.
2.

3.

Applied to CL1, CL2, DO ~ D3, FLM.
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.

Do not leave it for more than 168 hrs. at maximum or minimum

See page 15.

Modulesize . . ... ... 168W x 150H x 13.5T (max.) mm temperature.
Effective display area .. #8*  5:9°. 142W x 115H mm 4. :” Cafe;’sf \’f‘DD = +5V.Vpp - Vo = 22.5V, D0 ~D3 = 1010,
Numberofdots . ............... 320W x 256H dot 5, vvrqﬂen_viewi:é angle is 25°.
Dotsize . ................... 0.38W x 0.38H mm
Dotpitch .. ................. 0.43W x 0.43H mm
Weight . ...t about 2659  INTERNAL PIN CONNECTION
Pin No.| Symbol Level Function
ABSOLUTE MAXIMUM RATINGS min. max. 14 [UD0 ~ UD3 | A/L | Deta (apper il
Power supply for logic (Vpp — Vss) ... .. -03 70V 5 NG _
Power supply for LCD drive (Vpp — Vgg) . —0.3 280V The FLM signal indicating the be-
Input voltage (Vi) (Note 1) . .. ......... —0.3 Vppt0.3V 6 FLM H ginning of each display cycle
Operating temperature (Ta) (Note 2) .. ... 0 40°C 7 NC -
Storage temperature (Tstg) (Note 3) .. .. .. -20 60°C 8 cLy H —L | Data latch
9 CL, H —L | Data shift
SLECTRICAL CHARACTERISTICS o~ 15 100~ 55 | i | ot awerir
! ’ ' ! 14 VbD - Power supply for logic circuit
VEe =“——‘20\'/' £0.75V ' s Vss ~—TGND
Input “high” voltage (Vi4) . ... ... .. 0.7 x Vpp V min. 6 Vee T Power supply for LC driving
Input “low” voltage (V) ......... 0.3 x VppV max. - —
17 Vo - Operating voltage for LC driving
Power supply current (Ipp) (Note 4) ... ... 5.0 mA typ. 1819 NG —
Frame frequency (f “?E) (Noted) ... QE?FEAn:ys 20 |MFG (Vss) - Connected to metal frame (GND)
ELM) - - oo e e in.,
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp — V)
Duty = 1/128 (Note 5)
Ta= 0°C .ot 225V typ.
Ta=25°C ...t 215V typ
Ta=40°C ............. .. 202 V typ
137.55

LU0

I | A |
| [
|
(0

101.03

|
[
[
[
[

Fig. 1 Display pattern

N RS | | O '

Unit : mm

Measurement tolerance +0.06
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nit :
168.0+0.5 Unit: mm
164.5+0.3
40£05 160.0+0.3
20105 159.0+0.3
110+0.3 142.0+0.3
2:229) 137.55(320dots)
sssg 4= §35202 62£05 1602
]
=Ry 5.0max.
=R
A — = — =
|5 EJ
——————————————————————————— 4 =
: | |
| R\
| ]
! |
| ! [ 1
Ll Bkd e e g I : ) |
S| S| ] =
b B | | bt
sl elzele | | < :J
R R | | S
b =2 \ |
E 1 | 1
| | |
| { 2-432+0.2 H
| 1
| | AN
| 1 | Parts area
1 1] 4é4 |
| v Y '
e e e e e e J '
T { i
I r — | = . |
© 12000 1 h
) Pitch
2l S 2.54
Viewing direction 3 8.0+05
20-41.0
Fig. 2 External dimensions
i i R] [}
FLM W 1c1 icz || 1c3 S T
I ‘ L] Ll Lot
r**.M - "1 % oo ™1 80 o ™ s o [ 01
L] IC9
cLitq? = Yl‘-...YBOl YBll----Ylsol vlsn‘_...\mol qul_--mol
]
1IC10 =
L2 o X128
UD0~UD3 " LCD(320dots x 256dots)
cn e
101
[]
LDO~1D3 F 1012 2 vad ooc vaon] vao - ovaso i oo veeo] vssif oo vee!
X256 (TR 0 8 o] 0 80 o C
l Iu 1cs |[H 1cs F 1c7 [’[ 1cs
Vee l
Vo
Ver ‘ Power supply
GND ]
. - - . .
Interface timing circuit Fig. 3 Block diagram
Von
+5V
LM246X Vss
Vo : (%)
® VR
Vee -20V
*VR = 10k ~ 20kQ. Fig. 4 Power supply
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Observe the following sequencing when turning power supply on and off.

4.75V
Voo ;

/

0~50ms
Signal § § § § ;
VEE
0~50ms
ON

5V 3

4.75V
0~50ms Voo
Valid data // // Signal
VEE
0~50ms
OFF

Fig. 5 Voltage sequencing

CL1

CL2

ub3

uD2

uD!

ubo

LD3

LD2

LD1

LDO

FLM

CL1

FLM

M

LDO~
UDO0~

X128

L
5

X128

elislsle

Y317

Y318

Y319

X1 Y320 X2

elsliolle

200ns min.

Y637

Y638

Y639

Y640

200ns min.

Ifd I I {(

2 A

s X
UD3.

|

{C
)

OO O

SL R

Fig. 6 Interface timing
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tcwH
tr ty
\
CL1 N
tcwH tscri tHCL1
tr
S— tr
{ N\ tewr y
tosu
toH M|
LD0~LD3 : 4 j I
UD0~UD3 I~
tcye few
/
M
trs |
’ tFH
—
FLM
Fig. 7 Interface timing
TIMING CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit
CL2 cycle time tcye 330 - - ns
CL2 pulse width tCWH 125 - - ns
CL2 pulse width tCWL 125 - - ns
CL1 set up time tscL1 80 - - ns
CL1 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
FLM set up time tFS 200 - - ns
FLM hold time tFH 200 - - ns

108 @G HITACHI



LM252X

FEATURES

B 640(W) dot x 400(H) dot graphic and alphanumeric display
m  Attachable controller LSI: HD63645F

MECHANICAL DATA (Nominal dimensions)

Module size 270W x 198H x 13.5T (max.) mm
Effective display area 236.0W x 1563.6H mm
Numberofdots .................. 640W x 400H dots

..........

Notes 1.

3.

4.

5.

Applied to CL1, CL2, UDO ~ UD3, LDO ~ LD3, M and FLM.

. The color of the display may change into blue if operated at

maximum temperature. |t is recommended to use between
0°C and 40°C.

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

Vpp = +5V, Vpp — Vo = 23.0V, UDO ~ UD3,

LDO ~LD3=1010..... ,fFLM = 70 Hz.

Viewing angle = 10°

DOtSize .........couniiinenunnn 033Wx033Hmm  OPTICALDATA ..................... See page 15.
Dotpitch ..................... 0.36W x 0.36H mm
Weight . ........ ... .. . . i, 5409 |NTERNAL PIN CONNECTION
ABSOLUTE MAXIMUM RATINGS Pin No. Symbol Level Function
min. max. 1~4 Um - ‘("4?3 H/L |Data (Upper half)
Power supply for logic (Vpp —Vss) .... —0.3 70V 5 NC — | _
Power supply for. LCD drive (Vpp — VeEe) .—0.3 280V o ey L | The FLM signal indicating the be-
Input voltage (Vi) (Note1) . . ......... -0.3 Vpp +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) (Note3) ........ —20 ~+60°C 8 cL1 H =L |Data latch
9 CL2 H =L | Data shift
ELECTRICAL CHARACTERISTICS LDO ~ LD3
o 10 ~ 13 (10) (13) H/L | Data (Lower half)
Ta=25C,Vpp =50V £0.25V, Vgg = =215V £1V
Input “high’ voltage (Viy) (Note 1) .. ... .. 0.7 VppV min. 14 Vop — | Power supply for logic circuit
Input “'Low’ voltage (Vi) ............ 0.3 Vpp V max. 15 Vss — [Ground
Power supply current for logic (Ipp) (Note 4) ... 8 mA typ. 16 VEE — | Power supply for LC driving
Power supply current for LCD drive(lgg) (Note 4). 7 mA typ. 17 Vo — | Operating voltage for LC driving
Frame frequency (feym) ... ..o oo 65 Hzmin. |18 ~20 NC - |=
70 Hz typ. <
75 Hz max. z
Power supply for LCD drive (Recommended) (Vpp — Vo) c,:)
1/200 Duty (Note 5) o
Ta= 0°C ..o 23.0 V typ. @
Ta=25°C ... i 21.7 V typ.
Ta=40°C ... 208 V typ.
230.37+0.1 | Unit: mm
1010010 Cl X1
o000 O
{ UD3_ UD1 o
S B I uDp2 UDO il
= S | [
| [
~ 2 DO000 [] x20
o =
g [gEEEEE 0 xm
S %] 'LD3 LDI Lo
< E| | LDz LDO 0ol
S | | |
=3 1 ] ;
| ! |
| : l
| | :
O [J x40
0.33
0.36
Fig. 1 Display pattern
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Unit:mm
b 3
53 |
E § E 6-435 ; - 13.5max.
: 52405
T -
40+03F & L 72405
— — 222405
e X -
H bt Y
1 =3
1y rd
M b
B
i
2 H —
z‘oxo.a-t-c :. 2-RLTS )
990203 4— %:{:. xzm“"l * ﬁ
; ih
B
=Il §m . ﬁ Viewing direction !
1758+05
20-g10 289505 UfL
. 1908405
194.0+0.3 n i X 1980405} 16403
- - S aoe
=) = w oo
+H +H o~ +H H
=3 o oo
g 8 B
g 2
Fig. 2 External dimensions
I ] ]
FLM -] = L]
CL1__ i Ic1 ic2 1c8
— x1 Lo L
M i“"'j: 1 ic17 =) |- - —
- (I ) ! Y —
]
1 1
CL2 H ! | Up3.uDzUDI.UDO LCD
UD0~UD3 I o e
—_— A1,
1C20 xazo") LD3,LD2,LD1.LDO _ <
3 2 = & &
‘ — || - S S —— £f S E
LD0~LD3  1c21 X321 B
X400 1C9 1C10 IC16
L [
Power
supply o
Note: Interface timing circuit Fig. 3 Block diagram
Voo
e 5V
252X
LM Ves ;‘"
Vo : (=) T
> VR
Vee —215V
+VR:10~20kQ Fig. 4 Power supply
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LM252X

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

5V

4.75V 7‘ B 4.75V
Voo 0~50ms 0~50ms ~— Voo
\S §§§ § § Valid data /%
Signal 7 Signal
VEE Ver
0~50ms 0~50ms
ON OFF
Fig. 5 Voltage sequencing
T
CL1

CL2

uD3

uD2

ubl

UDo

LD3

LD2

LD1

LDo

FLM

(Reduction)
CL1

FLM

2

X200

T,/160

1

olisliolle

X400

x

X201

LU
x2
-
O
(OO

X202

sloliolls

(ouXvesX X XX )
woiveseX X X X )

reakyorh_ X X X))
Qessf{ved_ X X X

SERELE

aoa
ol

:

300ns max.

2 p3 min.

200ns min.

—

|

L

200XT

{( ll l {1

———
p—

4 U

7 I

-
—

7

Fig. 6 Interface timing
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TIMING CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
CL.2 cycle time tCYC 410 - - ns
CL2 pulse width tCWH 150 - - ns
CL2 pulse width tcWL 150 - - ns
CL1 set up time tscL1 150 - - ) ns
CL1 hold time tHCL1 150 - - ns
Clock rise, fall time tr, tf - - 30 ns
Data set up time tDSuU 100 - - ns
Data hold time tDH 100 - - ns
M delay time tcMm - - 300 ns
FLM set up time tFs 200 - - ns
FLM hold time tFH 200 - - ns
tcwH
tr ts
e
CL1 \N
tcwH tscri tHeL
tr ~
ls— ty
\ﬁL
CL2 ——AZ
tpsu
toH |
LD0~LD3 X
UD0~UD3 : :
tcye feu
M
tFs |
tFH
]
FLM

Fig. 7 Interface timing

112

GO HITACHI




 COMPACT VERSION
 GRAPHICS LCD MODULES

® LM258X........
® LM254X........
® LM280X........
o LM282X........

Page
114
117
121
125
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LM258X

W 240 dot (W) x 64 dot (H) graphic and alphanumeric display INTERNAL PIN CONNECTION
B Attachable controller: HD61830 (see section 6). -

Pin No.{ Symbol Level Function
MECHANICAL DATA (Nominal dimensions) ! D | HL |Serialrowdata ___
. 2 FLM H The FLM signal indicates the beginning
Modulesize ................ 149W x 57H x 13T (max.) mm of each display cycle.
Effective displayarea .................... 117W x 41H mm 3 M H/L | Control signal for AC driving
Numberofdots......................... 240W x 64H dot 4 CL1 HoL The CL1 latches the serial data in the
DOLSIZE .o ooveee e e 0.44W x 0.44H mm shift registers.
DOLPHCA. . .o oo e e 0.47W x 0.47H mm 5 CL2 | H~L | Clock signal for shifting the serial data
WEIGHE. « .« et 110g 6 N.C. - —
7 Vol +5V) — Power supply for logic circuit
ABSOLUTE MAXIMUM RATINGS 8 |Vss(GND) | — Ground
A 9 Vee(-12V) — Power supply for LC driving
i min. max. 10 \'o} — Operating voltage for LC driving
Power supply for logic (Vpp—Vsg). .- ... ... .. 0 7.0V
Power supply for LCD drive (Vpp — VEg)- - - - - - .. -0 19.0V
Inputvoltage (Vi) ......................... Vss VppV
Operating temperature (Ta). . . ............... 0 40°C
Storage temperature (Tstg). . . ............... -20 60°C
ELECTRICAL CHARACTERISTICS Unit: mm
Ta = 25°C, Vpp = 5.0V +£0.25V, Vgg = -5.0V £0.25V 2r |
Input “high” voltage (Vi) . - .. .- ..ottt 07 x VppVmin. | .y ¢ L E‘
P noog
Input “low” voltage (V) . . .. .............. 0.3 x VppV max. iy Oonooon 0
Clock frequency (foro) - .-« oo e v v eeeeeee e 1080 kHz min. = < 0ooog O
1150 kHz type. %%%%% E
1200 kHz max. g DDDDD E!
Power supply current(Ipp) - - - - .o oo e e 6 mA typ. i i
(D2=GND, fg o = 1150 kHz, Vpp -Vo = 14.8V) ; |
Power supply for LCD drive (Recommended) (Vo — Veg) , ,:
Duty = 1/64 . .
N O
Ta= 0° ... . e 15.5 V typ. oas it
Ta =259 .o 14.8 V typ. o it e 01
Ta=40°C ... i 141 Viyp Fig. 1 Display pattern
OPTICALDATA. ........ccciiiieiennns See page 15
149.010.5
2.0%05 145.0+0.3 8
S v o 177205 117.0£0.3 e
ul g E 19.8£0.5 12,7704 g\ & 13.0 max.
e - =ik
= !
5+05) i
I B P 0.44 0.03 © E
I E L i |
ERINE s 1 N !
g o 00 :
10 ] :
yA R i
i Y lhi
=
/6.7 136.0£0.5 | \enus H
10-910 605 16102
Unit: mm
Scale: NTS
Fig. 2 External dimension
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FLM
CL1 ———]
CL2 — —
M — )
Ic1 |ea| | LCD
[ — = |
X64 =)
<
- o
D> e e e e e >
' 80 % 80 80
D IC2 IC3 IC4
A A \
Vbp
Vss —
VeEg = —
Vo
Fig. 3 Block diagram
400ns
MIN. 0.9ms<T=<0.23ms
-

M
__l ‘ T/240

300ns MIN

J 1 [ 300nsmin

[ﬂ‘ EhY

X64 X1 X2 | x3
|
M + lus
2usmin. ~‘*‘_0m$__
FLM l
FLM %_—l [ 1 1
B ——
i |
M ; - —

Fig. 4 interface timing
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4.75V A Vi
-‘-/'-)2—-—] 50 ms max. J.
N v
Signal x\\\\\ Lem Vss J; i
Ve 1 3 I
50ms max. -12v Ve 12V
- *VR:10~20kQ
Fig. 5 Power & Interface Timing Fig. 6 Sequence Power Supply
TIMING CHARACTERISTICS
Item Symbol min typ. max. Unit
CL2 cycle time tcye 810 - - ns
CL2 pulse width (H) tCWH 150 - - ns
CL2 pulse width (L) tcwL 150 - - ns
CL1 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 tpsu 100 - - ns
Data hold time tDH 100 - - ns
CL1 delay time tcL 150 - - ns
M delay time tcm - - 300 ns
FLM set up time tes 200 - - ns
FLM hold time tEH 100 - - ns
tewn
t
te r— N
cL1 = /
’-
tewn tscLl
tf
cL2 / \ tewL /
E— 7
tosu
po-p2 I X
teve
’ X
trs teu
FLM
Fig. 7 Interface timing
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LM254X

FEATURES
640(W) dots x 200(H) dots graphic and alphanumeric dis-

play
Attachable controller: HD63645F

MECHANICAL DATA (Nominal dimensions)

Notes 1. Applied to CL1, CL2, DO~D3, 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

temperature.
4.Vpp = +5V, Vpp -V, = 21.7V, D0~D3 = 1010, tr y = 70 Hz.

5. Viewing angle = 10°.

Modulesize.............. 270W x 150H x 13.0T (max.) mm
Effective displayarea................. 224.0W x 98.0H mm
Number of dots . ................. 640W x 200H dots  OPTICALDATA ..................... See page 15.
Dotsize ..........cuvuurunnn.. 0.32W x 0.46H mm
Dotpitch ............... ...... 0.35W x 0.49H mm INTERNAL PIN CONNECTION
Weight . . ... .. . . i i e 450 g Pin No. | Symbol | Level Function
ABSOLUTE MAXIMUM RATINGS ! D3 | WL |Data
min max 2 D2 H/L | Data
Power supply for logic (Vpp — Vss) . ... —0.3 70V 3 FLM H I:;:nlfr':g ﬁ?ggLL"g::a:;’;gc‘hc‘:e
Power supply for LCD drive (Vpp — Vee) —0.3 280V " - Py ey
Input voltage (Vi) (Note 1) .. . ........ —03 Vpp+03V H/L | Control signal for AC driving
Operating temperature (Ta) (Note2) ......... 0 ~+40°C 5 CL1 | H—>L | Data latch
Storage temperature (Tstg) (Note3) ... ..... —20 ~ +60°C 6 CL2 H—>L | Data shift
ELECTRICAL CHARACTERISTICS ! b1 H/L | Dt
Ta=25°C, Vpp =5.0 V £0.25 V, Vg = 215V £1V 8 | DO | WL |Det —
Input “’high” voltage (Viu) . .. . . ... .. 0.7x Vpp ~ VooV 9 | vob — | Power supply for logic circuit
Input “low’ voltage (Vi) . ........... 0~03xVppV 10 Vss - Ground
Power supply current for logic (Ipp) (Note4) ... 8 mA typ. 11 VEE - Power supply for LC driving
Power supply current for LCD drive (lgg )(Note 4) . 7 mA typ. 12 Vo - Operating voltage for LC driving
Frame frequency (fe pm) .- oo oo e oot 65 Hz min.
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp — V)
1/200 Duty (Note 5)
Ta= 0%C ..ottt 23.0 V typ.
Ta=25°C .o o e 21.7 V typ.
Ta=40°C . ... i 208 V typ.
223.97+0.1 | Unit : mm
[ d
. ooood 0
g 3| 00000 O
I I
= I !
+ i :
& ! |
o~ |
o | |
| I
| 1
| |
[ |
: |
I
O O O O O
0.32
0.35
Fig. 1 Display pattern
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150005 —

(0'1)

RHRBY
~338 ] 3 om oS
o oo o © o oo
H W HH e © o B M
oocooo H H co oo
oL wo; b e @won
0 W/ 15.0 max.
=
4003 .
75%0.3 S b, o
23003 :
26.0£0.5 m
©
~
©
~
H
o
12 1
83.0105 e H
223.97+0.1
1270103 ]
140.5%0.3 . L
146.0+0.3 \__IOJ
i\ 6-03.5

52103 J’—'t‘l

Unit: mm
Scale: NTS

ABF=

\BF \nf

Note 1: Interface pin connection is located on the bottom side (LSI side).

Fig. 2 External dimension

DO~D3
cL2 1 7 ) J
FLM

IC1 | (0% R R N
M— 1C8
ci—| D 1
- = = = S
S I
b— X1
1C9 | -—--
X80 |p3 D2 D1 DO D3 D2
W —=1
53 ¥ X81
Vor—— Power 1 1
Vo supply 1C10 LCD
Vee X160
-
¥ X161
I_T [
iciu X200
Fig. 3 Block diagram
Voo
T +5V
LCM Vs 5 J"
—215V
Vo : VRI
Fie)
VeE
+VR:10~20kQ Fig. 4 Power supply
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Observe the following

4.75V 7
Voo

sequencing when turning power supply on and off.

l 5V

N

Valid data

Signal

Ve

0~50ms

ON

Fig. 5 Voltage sequencing

Signal

Ve

3 4.75V
0~50ms e Vi
N
0~50ms
OFF

CL1

CL2

D3

D2

D1

Do

FLM

CL1

FLM

D0~D3

T/160

. X1

2,

X200

JEpEp =

X2

—
L

sllslolls

X O
X O
X

300ns max.

2p8 min.

200ns min.

i
L
L
C

nnn  nf

I(4

X3

|

Fig. 6 Interface timing

U

I(4

M

OO0 XO
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TIMING CHARACTERISTICS

Fig. 7 Interface timing

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
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 tcMm - - 300 ns
FLM set up time tFS 200 —_ - ns
FLM hold time tFH 200 - - ns
tewh
tr | L
\
CL1 N
tewH tscri tHcLy
tr t
[ 3 tewer -
CL2
tpsu
tpH
LD0~LD3 :X
UD0~UD3
teye fem
's
M
~
trs |
tFH
—
FLM
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FEATURES

B 640(W) dots x 200(H) dots graphic and alphanumeric display

B Attachable controller: HD63645F

MECHANICAL DATA (Nominal dimensions)

Notes 1. Applied to CL1, CL2, DO~ D3, FLM and M.
2. The color of the display may change into blue if operated at maximum

temperature.

4.Ta<40°C.....
Ta>40°C.....

3. Do not leave it for more than 168 hrs. at 60°C.

85% Rmax.
Absolute humidity must be below absolute humidity of
85% RH at 40°C.

Module size ............... 270W x 104H x 11T (max.) mm OPTICALDATA ..........coiviinnnnn See page 15
Effective displayarea................. 236.4W x 78.0H mm
Number of dots . . .. ................... 640W x 200H dots INTERNAL PIN CONNECTION
Dot si.ze ............................ 0.33W x 0.33H mm PinNo.| Symbol | Level Function
Dotpitch. ........ ... ... .. . 0.36W x 0.36H mm 1 D3 AL | Data
2 D2 H/L | Data
ABSOLUTE MAXIMUM RATINGS 3 FLM H The FLM signal indicating the begin-
min. max. ning of each display cycle.
Power supply for logic (Vpp - Vsg) -« ... .. .. -0.3 7.0V 4 M HIL_| Control signal for AC driving
Power supply for LCD drive (Vpp - Vgg) - . . . . -0.3 28.0V 5 CL1 ] H-L | Datalatch
Input voltage (Vi) (Note 1) .. .............. -0.3 Vpp+0.3V 6 CL2 | H~L | Data shift
Operating temperature (Ta) (Note 2) .. ............ 0~ +40°C 7 D1 H/L | Data
Storage temperature (Tstg) (Note 3) ............ -20~ +60°C 8 Do HIL | Data
Humidity (Note 4) . . . ......... . i No dew 9 Voo - Power supply for logic circuit
) 10 Vgs — Ground
ELECTRICAL CHARACTERISTICS n Vee - Power supply for LC driving
12 \'/e} — Operating voltage for LC driving
Ta = 25°C, Vpp = 5.0+0.25V, Vgg = -21.5+1V
Input “high” voltage Vjiy) -+ .. .o oot 0.7 x Vpp V max.
Input “low” voltage (Vi) - -+« oo oo i it 0.3 x VppV max.
Power supply current for logic (Ipp) (Note 2). . ........ 8 mA typ.
Power supply current for LCD drive (Igg) (Note 2). . . . . . 7 mA typ.
Frame frequency (feppm) - - - oo oo e 65 Hz min.
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp - V) 1/200
Duty (Note 3)
Ta= 09 ... ..o 23.0 V typ.
Ta=25%C. . ... 21.7 V typ.
Ta=40°C........ .o 20.8 V typ
Notes 1. Applied to CL1, CL2, DO~ D3, FLM and M.
2.Vpp = +5V, Vpp =V, = 23V, D0~D3 = 1010, FLM = 70 Hz
3. Viewing angle = 10°
230.37 | Unit : mm
[ I L__{
g .1 ooooag (|
| &l OOoOoao O
| |
= ! |
b ] !
& : |
= |
&= |
! I
| |
| |
: l
T O
0.33
0.36
Fig. 1 Display pattern
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+VR:10~20k®

Vo 2 (%)
T VR
Ve -215V

75%05 256.0+£0.5
75+0.3 240.0%0.5
(1.8) 236.4 Min. (Effective Dispiay Area)
© o (.8) 230.37 (0.36 x 640-0.03) o 11.0 max.
© o
; n a| & R4S g 3.5 max.
<4 ©| ol O i Reinforcement Pad 1o
- 2 4
~ N ’TP|
- 1
A - - - - = - — 1
N 0.36 N
3 & \ o I \ .
2 g N —I N 1
0| 5’% ) \ 1] \ ala ;
o| olggl & N N Hla
e : oy AR :
S o~ > o] \ sla : =1 At b
g o
2 8 : N I
wl < N N 1
\ N |
N ]
| =~ e = - - o :
I / Lafl
i 7 Y- | ——J'
(2]
149.0+0.3 27.94 ST 5.20%0.5 | JI1.6*0.2
129.0+0.3 s 5-R1.75
6.0+0.3 258.0+0.3
270.0:0.5 '
Unit: mm
Scaie: NTS
Fig. 2 External dimension
D0~D3
cL2 ]
¥ ¥
FLM
IC1 Sy I [ -
" C icz ics
cL1— Timing { ||
circuit — = = = =
;l = o ] 8 3
- ] X1 *4 s = > =
1C9 -
X80} p3 D2 Di DO D3 D2
o] -
Vss ¥ X8l
Voo Power "
Vo supply 1 cw LCD
Vir —— X160
¥ X161
]
—
1C11 X200
Fig. 3 Block diagram
Voo
‘L +5V
LM280X ) T
Vss 771”

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

5V
475V 7K
Voo 0~50ms

Valid data

N

Signal

VeE

0~50ms

ON

Fig. 5 Voltage sequencing

3§ 4.75V
Voo

0~50ms
//// Signal
VEE
0~50ms
OFF

CL1

CL2

D3

D2

D1

DO

FLM

FLM

D0~D3

. /160
Hsisisiziziainl

JEpEp=

X2

X200 X1
o)X X XX XD

X3
X3
XXX
XXX

(O
X

XX
Qe X

300ns max.

2ps min.

200ns min.

X3

Fig. 6 Interface timing

|
|

1
—
X
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TIMING CHARACTERISTICS

tr
cL2 —7,2

tost

R) fewt, 7(

tou

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
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
fcwH
tr o Ly
X
\
CL1 N
tewn tscia tHCL
ls— ty
N

LD0~LD3

UD0~UD3

teve

tem

FLM

Fig. 7 Interface timing
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LM282XP

FEATURES Notes 1. Applied to CL1, CL2, UDO ~ UD3, LDO ~ LD3, M and FLM.
. L 2. The color of the display may change into blue if operated at
B 640(W) dots x 400(H) dots graphic and alphanumeric display maximum temperature. |t is recommended to use between
B Attachable controller: HD63645F 0°C and 40°C.
3. Do not leave it for more than 168 hrs. at maximum or mini-
MECHANICAL DATA (Nominal dim?nsjons) : mum temperature.
Vo, S K 4, Vpp = +5V, Vpp — Vo = 23.0V, UDO ~ UD3,
Modulesize . ............. 270W x 198H x 11.0T (max.) mm LDO ~LD3=1010.....,fFLMm = 70 Hz.
Effective displayarea . ............... 236.0W x 153.6H mm 5. Viewing angle = 10°
Numberofdots . ...................... 640W x 400H dots
DOtSIZE ..o eeee e 0.33W x 0.33Hmm  OPTICALDATA ..................... See page 15.
Dotpitch. .......... ... ... ... ... ... 0.36W x 0.36H mm
Weight. . .. .. 540 ¢ INTERNAL PIN CONNECTION
ABSOLUTE MAXIMUM RATINGS Pin No. Symbol Level Function
min. max. 1~4 U(D8 - ?33 H/L |Data (Upper half)
Power supply for logic (Vpp—Vsg) .. .. ... .. -0.3 7.0V 5 NC — _
Power supply for LCD drive (Vpp ~ VEg) - - . . - -0.3 28.0V o L | The FLM signal indicating the be-
Input voltage (Vi)(Note 1) ................ -0.3 Vpp+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
CL2 H —>L | Data shift
ELECTRICAL CHARACTERISTICS LDO ~ LD3
10 ~ 13 110) (13) H/L | Data (Lower half)
Ta = 25°C,Vpp = 5.0V+025V, Vgg = -21.56V+1V
Input “high” voltage (Vjy) (Note 1). .. ....... 0.7 x Vpp V max. 14 VbD — | Power supply for logic circuit
Input “low” voltage (Vj)) . . .« .« oo o e nn 0.3 x VppV max. 15 Vss — | Ground
Power supply current for logic (Ipp) (Note 4). . ... ..... 8 mA typ. 16 VEE — | Power supply for LC driving
Power supply current for LCD drive (Igg) (Note 4). . . . .. 7 mA typ. 17 Vo — | Operating voltage for LC driving
Frame frequency (fepp) - - - - v v oo e e 65 Hzmin. |18 ~20 NC - =
70 Hz typ.
75 Hz max.
Power supply for LCD drive (Recommended) (Vpp - Vg) 1/200
Duty (Note 5)
Ta= 0°C. ... i e 23.0 V typ.
Ta =259 ... . 21.7 Vtyp
Ta=40°C .. ... . 20.8 V typ.
230.37+0.1

Unit : mm

nooog

© - y UD3 UD1
b & | UD2 UDo
= < |
|
; 4 00000
5 P ooood
ff;. e I'LD3 LD1
= E LD2 LDO
=Y
=

|
]
|
|
|
|
|

Fig. 1 Display pattern
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3 b4 »
Sw % m™ - <e < 5.2
S848 2 = 1.6(0.8¢2)
0
FL > ] =] =400 |
7.5 -
T_L 2.82 }TLL}H
FRAA - - - — - vV f 22.2
| O % = .
000 % ’
B0aAd xs
| ol |l 3 |
! H S|
e :mmg
.‘:..:‘ g + D00 er 2.54Pitchx{9 €990 =
- il (Avrea of connector v
' location)
l 115.8) l
‘ :
’ 0w
(1 Xaoo _ - N -
. 175.8
e T 190.5
n ' L il ‘;%J—-lsa.o
9.0MAX. a I =) 4
b - «©
a o
s ] 16-2.5W
| i | =0 | . / ~
Parts height N , : I —— JER TS
| L | P I
s o o S S g S g S S ¢ ©
Fig. 2 External dimension
1 . 1
CL1 . 1 Ic1 i) 1Cc8
_4.;. | - X1 L ]
M o 1y =) - - - —
—1. = = = =
: L!-o oy-——-- 2] Ef------- 84 ) 3
1
1 1
CL2 ) ! | UD3.UD2UDIUDO LCD
UD0~UD3 I o
F——) LpsLo2.LD1LDo
M 1c20 LD2.LDL. - £
— || 2 £t S £f | =]
- X3 e ——
LD0~LD3 e BE
X400 1C9 1C10 1C16
1 >4 1 —I-
Power I -
supply -t
Note: Interface timing circuit Fig. 3 Block diagram
Voo ‘
+5V
LM282X T
Vss HL
3 (*
T
Vee -215V
Fig. 4 Power supply

+VR:10~20kQ
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LM282XP

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

5V
4.75V 7‘ Xk 4.75V
Voo 0~50ms 0~50ms Vo
Valid data
NN 722

VEE VEE

Signal Signal

0~50ms 0~50ms

ON OFF

Fig. 5 Voltage sequencing

T
CL1
. _T/160
CLZ_I'LL‘J:I:JI_ILJLJLJ LUy uuo
X200 X1 X2

s X XXX X XD X XX XX

e XXX X XX XD X s XX

IS €0 ) & O & X e XX

o Y XXX X X XD X XX XX

X400 . X201 v X202

s XXX XXX ) X XX XX
Y

oz YKz XXX XX XX
Y

i X XXX XXX XXX XX
Y

or. XX ees XXX XXX XX

300ns max.
M
2 s min. 200ns min.
FLM ///
(gf;‘luction) l_ﬂ
200X T
FLM 1 if |I L {F .
y ' ]

Fig. 6 Interface timing
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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
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 tcMm - - 300 ns
FLM set up time tFs 200 - - ns
FLM hold time tFH 200 - - ns
. -— tcwH "
N
\
cLI -

.

tewH tscr1 tHeLy
ts
£ )\ tewe 7‘
tpsu

LD0~LD3

UD0~UD3

tem
teye

FLM

trs |

Fig. 7 Interface timing
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This is a segment type LCD module containing
the controller LSI for numerical display.

® LMO039

Page
132
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LMO39

® 7 segment x 16 digits

Power supply for LCD drive (Recommended) (Vpp — Vo)

® Controller LSI uPD7225G is built-in Duty = 1/4
® +5V single power supply Ta= 00C v ot et e 3.32 V typ.
_ A
MECHANICAL DATA (Nominal dimensions) Ta=280C..oovvnnne O RERERE 2-1 5V typ.
Modulesize . . . . ... 87.0W x 27.5H x 11.0T (max.) mm Ta=B0C......covnvininiininnn, 70V typ.
Effective displayarea ........... 64.7W x 13.3H mm
Charactersize .................. 2.2W x 6.4H mm INTERNAL PIN CONNECTION
Characterpitch, . ... ................... 39mm Pin No. Symbol Function
ABSOLUTE MAXIMUM RATINGS min.  max. ‘ Vss | Ground _
Power supply for logic (Vpp —Vsg) .. ..... 0 70V 2 Vop | Power supply positive (5V)
Inputvoltage (Vi) .. ................ Vss Vpp V 3 Vo LCD driving voltage
Operating temperature (Ta) ............. 0 50°C 4 SCK Serial clock input
Storage temperature (Tstg) . .. ......... -20 70°C 5 S| Serial input
ELECTRICAL CHARACTERISTICS 6 [+ Chip select input
Ta=25°C,Vpp =5.0V +0.25 V 7 BUSY | Busy output
Input “’high” voltage (Vi) . .. ........ 0.7 VppV min. 8 ¢/ Command/Data select
input “low” voltage (V) .......... 0.3 VppV max. 9 RESET | Resetinput
Output ““high’’ voltage (Von) -
10 N N
(—los =10 HA) « v oo, Voo — 0.5 V min. € | Noconnection
Output “low" voltage (Vo )
(loL =100 A) . ... .t 0.5 V max.
Power supply current (Ipp)
(VDD =BO0OV) ... .. e 0.21 mA typ.
Power supply for LCD drive (Recommended) (Vpp — Vo)
Du=1/4
87.0£05 Unit: mm
25+05 #2003 05405
(5.15)
é « ——-1 5.0 2.54) 58+05 @0
I 2 106505 64703 (2.0)
g 7|
& IR
! 39 o222\ \_ 10010 16402
(58.5) 11.0{max)
Fig. 1 External dimension
Unit: mm
2.2
} 16 ; 15 )Y e e e e _ . e o 1A
oo T
¢ U .
10049 enc'f’g
H Cc
Vo Vo V0 - _C:}‘ o)
oP DP DP 2]
(58.5)
1
Fig. 2 Display pattern
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Voo (+5V)
Voo- Vo
":_'_— Voo
LCM Vo § VR
Vss ;
Vpp — Vo: LCD driving voltage
Fig. 3 Power supply VR: 10kQ ~ 20kQ
P T T e e e e e e - - - -
! ]
| I
SR it |
S| i !
< LCD 1
BUSY o |
C/B e |
RESET meechgd  4PD7225G !
1 2 |
Vo -————: |
T — |
! |
Vs=—" |
e . e - - e e e e e
Fig. 4 Block diagram
INTERFACE TIMING
Item Symbol Condition Min. Typ. Max. Unit
SCK cycle teYK 900 ns
SCK pulse width high WHK 400 ns
SCK pulse width low twLK 400 ns
BUSY J —»SCK { hold time tHBK 0 ns
S| setup time to SCK ) tSIK 100 ns
S! hold time after SCK tHK]I 200 ns
8th SCK 1 —>BUSY ! delay time tDKB CL = 50pF 3 us
CS | > BUSY { delay time tpDCsB CL = 50pF 1.5 us
C/D setup time to 8th SCK 1 tSDK 9 us
C/D hold time after 8th SCK 1 tHKD 1 us
CS hold time after 8th SCK * tHKCS 1 s
'CS pulse width high tWHCS 40 us
CS pulse width low tWLCS 40 Hs
@ HITACHI 133
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0.7 Von

0.3 Voo >

Test
points

0.7 Voo

0.3 Voo

Fig. 5 A.C Timing Measurement voltage

‘twies

| twies

toess
cs \
N\
TTTN
Fvrreyd Vop-0s
BUSY \
05V—Y-

————— tHBK tevk

twiLk

SCK A 3& /

twHK

tsik

k1

SI

—

tsnk

thkD

c/D

Fig. 6 Timing waveforms

Note : Power on sequence

(1) Power supply voltage should be applied
to LCD module as figure 7.

(2) Input signals 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

of LCD modules may be damaged due to latch up problem.

ov

t215us.

0.5V 7

Fig. 7 Power supply voltage

[———___ 5V
45V
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DEOODED DISPLAY RAM DATA

Fig. 8 Connection diagram

Display 4-backplane multiplex Display 4-backplane multiplex
byte | Character | Display RAM address byte | Character | Display RAM address
(HEX) NT1 N (HEX) Nr T .
00 g D 7 08 g F 7

U, {,
01 Q:, 0 6 09 U F 7
a4, (3
102 P E 3 0A @ 2 )
00 & (e}
03 @ A 7 08B w F 9
an L,
04 f’ 3 6 oc i:».D D 1
. (/3
05 EU B 5 0D Dfo A 0
(3 g
06 "..0 F 5 0OE @ E 4
L, o,
07 0:' 0 7 0F Qj] o} )
0 07
&Vo Vo
—————————— coM1
—————————— CoM2
—————————— com3
——————— CoM4

@ HITACHI
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COMMAND
Instruction code
Command Description Binary
D; D¢ Ds Ds D3 D2 Dy Do HEX
1. MODE SET Initialize the xPD7225 01 .0 0O0O0T1TO0 42
1) LCD Drive Configuration
2) LCD Bias Voltage Configuration
3) LCD Frame Frequency
2.UNSYNCHRONOUS Synchronize Display RAM data transfer to Display Latch 001 1 0O0OO 30
DATA TRANSFER with CS
3. SYNCHRONOUS DATA Synchronize Display RAM data transfer to Display Latch o011 00 01 31
TRANSFER with LCD Drive Cycle
4. INTERRUPT DATA Interrupt Display RAM data transfer to Display Latch o011 1000 38
TRANSFER
5. LOAD DATA POINTER Load Data Pointer with 5 bits of Immediate Data 1 1 1 Ds D3 D2 Dy Do EO~FF
6. CLEAR DISPLAY RAM Clear the Display RAM and reset the Data Pointer 0O 01 00 O0ODOO 20
7. WRITE DISPLAY RAM Write 4 bits of Immeditae Data to the Display RAM 1t 1 0 1 D; D, Dy Dy | DO~DF
Location addressed by the Data Pointer:Increment Data
Pointer
8. AND DISPLAY RAM Perform a Logical AND between the Display RAM data 1 0 0 v D3 D, Dy Do 90~9F
addressed by the Data Pointer and 4 bits of Immediate
Data : Write result to same Display RAM Location.
Increment Data Pointer
9. OR DISPLAY RAM Perform a Logical OR between the Display RAM data 1 0 1 1 D3 D; Dy Do BO~BF
addressed by the Data Pointer and 4 bits of Immediate
Data : Write result to same Display RAM Location : Incre-
ment Data Pointer
10. ENABLE SEGMENT Start use of the Segment Decoder 0001 O 1 01 15
DECODER
11. DISABLE SEGMENT Stop use of the Segment Decoder 0O 001 01 0O 14
DECODER
12. ENABLE DISPLAY Turn on the LCD 0O 0 0 1 1 11
13. DISABLE DISPLAY Turn off the LCD 0 0 0 1 10
14. CLEAR BLINKING RAM Clear the Blinking RAM and reset the Data Pointer 0O 0 O 00
15. WRITE BLINKING RAM Write 4 bits of Immediate Data to the Blinking RAM 11 0 D; D; Di Do CO~CF
Location addressed by the Data Pointer : Increment Data
Pointer
16. AND BLINKING RAM Perform a Logical AND between Blinking RAM data 1 0 0 O D3 D, Dy Do 80~ 8F
addressed by the Data Pointer and 4 bits of Immediate
Data : Write result to same Blinking RAM Location :
Increment Data Pointer
17. OR BLINKING RAM Perform a Logical OR between Blinking RAM data addre- 1 0 1 0 D3 D2 D, Do AO~AF
ssed by the Data Pointer and 4 bits of Immediate Data :
Write resuit to same Blinking Location : Increment Data
Pointer
18. ENABLE BLINKING Start Segment Blinking at the Frequency Specified by 1 0O 0 0 1 1 0 1 D | 1A~1B
bit of immediata Data
19. DISABLE BLINKING Stop Segment Blinking 00011 0O0OO 18
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This is a dot matrix LCD module containing the
controller LS| 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.

Page
® LMO54......... (8 x 1 line) 138
® H2570......... (16 x 1 line) 141
® LMO15......... (16 x 1 line) 143
® LM568AF ...... (16 x 1 line) 146
® LMo20L........ (16 x 1 line) 149
® LMO70L........ (20 x 1 line) 152
® LM038......... (20 x 1 line) 155
® LMO27......... (24 x 1 line) 158
® H2571......... (32x 1 line) 161
® H2572......... (40 x 1 line) 164
® LM058......... (40 x 1 line) 167
® LMoOS2L........ (16 x 2 line) 170
® LMO75L........ (16 x 2 line) 173
® LMO16L........ (16 x 2 line) 177
® LMoO68L........ (16 x 2 line) 180
® LMO74L........ (16 x 2 line) 183
® LMoO32L........ (20 x 2 line) 187
® LMO61L........ (20 x 2 line) 190
® LMO6OL........ (24 x 2 line) 193
® LMO17L........ (32x 2 line) 196
® LMO18L........ (40 x 2 line) 199
® LMO41L........ (16 x 4 line) 202
® LMO44L........ (20 x 4 line) 205
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LMO54

® 8 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) 2 V(;D - +5V Power supply
Modulesize . .......... 84W x 44H x 12D (max.) mm 3 Vo _ _
Effective display area ............ 61W x 15.8H mm 4 RS HIL L: Instruction code input
Character size (5x 7dots) ......... 6.45W x 9.4H mm H: Data input
. ; >
e ot S PR L ol e D i
Weight . ....... ..., about 25 g 6 E H, HL Enable signal
| 7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min.  max. 8 DB1 H/L
Power supply for logic (Vpp—Vss) -+ ... .. 0 70V 9 DB2 | H/L |
Power supply for LCD drive (Vpp—Vqg) . .. .. 0 135V 10 DB3 H/L Data bus line
Inputvoltage (Vi) . ... .............. Vss Vpp V 1 DB4 H/L Note (1), (2)
Operating temperature (Ta) ............. 0 50°C 12 DB5 H/L
Storage temperature (Tstg) . ... ........ -20 70°C 13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 | DB7 | WA
Ta=25°C,Vpp =50V +0.25V Notes:
Input “high’" voltage (Vig) . ... .......... 2.2V min. |5 the HD44780, the data can be sent in either 4-bit 2-operation or
Input ““low” voltage (Vi) .............. 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Output high voltage (Von) (—loq =0.2 mA) . 2.4V min. (1) When interface data is 4 bits long, data is transferred using only 4

buses of DB,~DB, and DB,~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

Output low voltage (Vo) (loL = 1.2mA) ... 0.4V max.
Power supply current (Ipp) (Vpp =5.0V) .. 1.0 mA typ.

. 2.0 mA max. DB, ~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp—Vo) and then lower order 4 bits {contents of DB, ~DB, when interface
Duty = 1/8 data is 8 bits long).
Ta= 0°C ... oo e 4.2V typ. (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=25°C . oee e 3.7V typ. buses of DB, ~DB, .
Ta=50°C ......oviinnn 32Vtyp
OPTICALDATA ............... .. ... See page 15
Unit: mm
84.0+1.0
2-R1.25
) 25405 79.0+0.5
: 56.5+0.2 12.0max
11.5+0.5 61.0+0.5 5.8max
(2.35) p
H
) p—— i
H= / ») C ) lamun) N 3 I
NN ~ 1
B o D |
2l gl 3 - 2|
HE | H + S
wl oo [y g —
Py} S - - e : g
[ C D e
= -G:‘ A 13121110987 654321 i’S =
S 1 [ 254
. 1.6+0.2 4max*
LI -41.0
10.2£038 75005 1
40403 76.0£05 2-425
*IC height

Fig. 1 External dimension
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Unit: mm

7.15 |

6.45

0.05

[HE RN
0000 toooo
L0000

1.25

1.3

0.05

L]
L]
L]
]
]

o OO

!

|

— I
RS-——-—:—— I
DBo I
LY 8 JLcpn |
DB, : 40 |
I

I

|

Vo———=i
Vss_“"‘—':
L e o o e e e 1
Fig. 3 Block diagram
+5V
47 ( )
Vop-Vo
LCM Vo § VR o Voo
Vss +
,7];7 Vpp-Vo : LCD driving voltage

VR: 10kQ~20k2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweEH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time ter, tE Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 — - ns
RS 2.2V 2.2V \
0.6V 0.6V 7
tAs tH
R/W /
0.6V Ao.6v
PWen tH
tES
. / 2.2V z.zv\\ /
A oev 0.6V | X A0.6V
LIS tosw tH
. 2.2V ;
BBo~ DB; oy Valid Data ig:
teye
Fig. 5 Interface timing (data write)
RS ><lz‘2v 2.2V \l><
K 0.6V 0.6V £
tas tH
{ 2.2V X 2.2v
R/W / \
PWen Lt
/l 2.2V 2.2V /
E 0.6V 5 0.6V = \=- tey 0.6V
——t tEr
tDDR tH
2.4V .
DBo~DB; o Valid Data ifx
tcye
Fig. 6 Interface timing (data read)
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® 16 character x 1 line
m Controller LSI HD44780 is built-in (see section 6).
8 +5V single power supply

MECHANICAL DATA (Nominal dimensions)
Modulesize . .. ......... 80W x 36H x 12D (max) mm
Effective display area . .......... 64.5W x 13.8H mm
Character size (5 x 10dots) ........ 3.15W x 7.9H mm

Character pitch . ... .................. 3.75 mm
Dotsize . .................... 0.55W x 0.7H mm
Weight . ... ... ... ... .. .. . about 25g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vss) . . . 0 70V
Power supply for LCD drive (Vpp—Vg) . 0 135V
Input voltage (Vi) .............. Vss Vop V
Operating temperature (Ta) ........ 0 50°C
Storage temperature (Tstg) .. ........ -20 70°C

ELECTRICAL CHARACTRISTICS
Ta=25°C, Vpp =50V £ 0.25 V
Input “high”" voltage (Vig) .. ............ 2.2V min,
Input “low" voltage (Vi_)
Output high voltage (Vo) (—lgy =0.2 mA) .. 2.4 V min,

Output low voltage (Vo) (lo, = 1.6 mA) . ... 0.4 V max,
Power supply current (lgp) (Vpp =5.0V) .. 0.5 mA typ.
2.0 mA max.

Power supply for LCD drive {(Recommended) (Vpp—Vo)
Duty =1/8 Duty = 1/11

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Vpo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module>MPU)
5 RIW H/L 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
1 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 DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

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

I: : gSSC """"" 3:'393 4312 \\// I\y/z buses of DB, ~DB, .
Ta=50°C ......... 33 33Vtyp.
OPTICALDATA ........... .. ... See page 15.
Unit: mm B0.0% 10 Unit: mm
25+0.5 75.0£0.3
ES] . 3505 L 5+0. max.
%%E%% =1o E 3 BOE 05 (723..“3{)4%0314_&0 = 5.5max.
DDDDD S 2 IR 14 ’
868000§$500 3 -
HEREN Z y B
oooog . — - :
ENEEN = S 0 [ z
OO0 ARRE —
HEREN NS h— 4
[0 DD - 1620
6402
E%DHH 48203] || 25405 59.440.2 4925
055 | E—— . ' 645403
Bl 315 g
) o 8 oo T D)
= . S AL *[C height
Fig. 1 Display pattern Fig. 2 External dimensions
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(+5V)

Voo-Vo

AN

P S
-« Von

Lepl 10 40

HD44100

|
[
[
|
|
| LCM 2
|
[
|
|
|

Vss
”I” Vpp—Vo: LCD driving voltage
VR: 10kQ~20kQ

Fig. 4 Power supply

Fig. 3 Block diagram

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit

Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig.6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time ty Fig.5, Fig.6 20 - — ns

RS 2.2V 22V \

0.6V 0.6V
tas _!_l-i.1
rw \L 06V fosv
PWEen tH
] ™ tes
{ 2.2V 2.2V
E - AoV 0.6V \; 0.6V
tE F_ tosw tH
2.2V ) 2.2V
DBo~DBr 06V Valid Data 0.6V
tcre

Fig. 5 Interface timing (data write)
Kooy 22\
RS 2.2V _,..\'
£ 0.6V 0.6V
L !,
]
) 2.2V 22\
R/W /
PWen L L
{20\ 2.2V
E 5\ / 0.6V il .
0.6V * 0.6\
- L::H:v
ook UK

24V

DBo~DBr 0.4V

2.4V Valid Data
0.4V

teye

-

Fig. 6 Interface timing (data read)
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® 16 character x 1 line
u Controller LS| HD44780 is built-in (see section 6).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)

INTERNAL PIN CONNECTION

OPTICAL DATA

Modulesize .. .......... 80W x 36H x 12D (max) mm
Effective displayarea ........... 64.5W x 13.8H mm
Character size (6 x 7dots) ......... 3.15W x 5.56H mm

Characterpitch ............... ... .... 3.75 mm
Dotsize ............ccivuvunn. 0.55W x 0.7H mm
Weight . ........ ... . ... . . ... about 25 g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vss) . .. 0 70V
Power supply for LCD drive (Vpp—Vo) . 0 135V
Input voltage (V|) ................ VSS VDD A\
Operating temperature (Ta) ......... 0 50°C
Storage temperature (Tstg) .. ........ -20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =5.0V + 0.25V
Input ""high’’ voltage (Vig) .. ............ 2.2 V min.
Input “low’  voltage (Vi_) .............. 0.6 V max.

Output high voltage (Vo) (—lony =0.2mA) .. 2.4 V min.

Output low voltage (Vo) (io.=1.6 mA) . ... 0.4V max.
Power supply current {I5p) (Vpp =5.0V) .. 0.5 mA typ.
2.0 mA max.
Power supply for LCD drive (Recommended) (VDD—Vo)
Duty = 1/8
Ta=0°C ............. 3.95 V typ.
Ta=25°C ............. 3.7 V typ.
Ta=50°C ............. 3.3Vityp

Pin No. | Symbol Level Function
1 Vss - ov
2 Vpo - +5V Power supply
3 Vo - -
4 RS H/L L: Insm.!ction code input
H: Data input
s [ [ e | B e
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)

(2)

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB; when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

CJ
OJ
O
O]
O

0.55
0.65
iy

Unit: mm

Fig. 1 Display pattern
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2.5£0.5

80.0+ 1.0

75.0£0.3

35%0.5

73.5%0.3

“

.5

2.5 205
S5.0%0

5.5max.

e

8.0+0.5 2.54 14- 91
Ce e e e el N
06666089906 5

64208

36.0+1.0
3L0%0.3

41105

10 ' L

&
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Vpp-Vo: LCD driving voltage
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LMO15

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tet Fig.5, Fig.6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time toDR 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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LMS68AF

& 16 character x 1 line
® Controller LS| HD44780 is built-in (see section 6).
® 45V single power supply ‘

MECHANICAL DATA (Nominal dimensions)
Modulesize . . ....... 122W x 33H x 12.0T (max.) mm

Effective display area .............. 99W x 13H mm
Character size (5x 7dots) ........ 4.84W x 8.06H mm
Characterpitch . ...................... 6.0 mm
Dotsize .............. ..., 0.92W x 1.1H mm
Weight . .......... ... about 50 g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsg) . . . 0 70V
Power supply for LCD drive (Vpp—Vo) . 0 135V
Inputvoltage (Vi) . ............... Vss Vpp V
Operating temperature (Ta) ......... 0 50°C
Storage temperature (Tstg) . . ........ -20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =5.0V * 0.25V
Input "high’’ voitage (Vig) .. .. .. ... ... .. 2.2V min
Input “low’’ voltage (Vi_) .............. 0.6 V max

Output high voltage (Vo) (—lon = 0.2 mA) .. 2.4 V min.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS HIL H: Data input
H: Data read (LCD module~>MPU)
5 R/IW H/L L: Data write (LCD module <MPU)
6 E H,H—=>L Enable signal
7 DBO H/L
8 D81 H/L
9 DB2 H/L
10 D83 H/L Data bus line
" 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

Output low voltage (Vo ) (loL =1.2mA). ... 0.4 V max. buses of DB,~DB, and DB,~DB, are not used. Data'transfer
Po ly current (I ) (V =5.0V) 1.0mA between the HD44780 and the MPU completes when 4-bit data is
wer supply cur bD DD : - 1.UmA typ. transferred twice. Data of the higher order 4 bits (contents of
2.0 mA max. DB, ~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (v, —V,) and then lower order 4 bits (contents of DB, ~DB, when interface
Duty = 1/8 data is 8 bits long).
~ interf . . ' . .
Ta=0°C .o oo 4.1V typ. (2) :,\:,::: :f'nt;reaie;;ta is 8 bits long, data is transferred using 8 data
Ta=25°C ............. 3.9Vtyp ¢
Ta=560°C ............. 3.7Vtyp
OPTICALDATA ... ... it See page 15.
Unit: mm
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LM568AF
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VDD — Vg: LCD driving voltage
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tet Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time toDDR 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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Fig. 5 Interface timing (data write)
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LMO20L

® 16 character x 1 line

INTERNAL PIN CONNECTION

®m Controller LS| 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 . . ......... 80W x 36H x 12T (max.) mm BE Vo _ _
Effective display area ........... 64.5W x 13.8H mm | 4 RS HIL L: Instruction code input ]
Character size (6 x 7dots) ........ 3.07W x 5.73H mm H: Data input
Characrerpitch .. .................... 3.77 mm 5 R/W H/L H: Data read (LCD module~>MPU)
Dot size 055W x 0.75H mm | L: Datawrite (LCD mogule_*jMPU)
Weight . ........ ... . . ... . ... about 25 g .6 E H HoL Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max, 8 DB1 H/L
Power supply for logic (Vpp—Vsgs) .. ...... 0 70V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vo) . . . .. 0 135V 10 DB3 H/L .
| (Vi) Vv v Vv Data bus line
Inputvoltage (Vi) .................. ss VoD 1 DB4 H/L Note (1), (2)
Operating temperature (Ta) . ............ 0 650C 12 DBS H/L
Storage temperature (Tstg) . ... ........ -20 70°C 13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 DB7 | HL
—-— ° —_—
Ta= 2'51 C YDD =5.0 V +0.25V Notes:
Input “high" voltage (Vig) .. ............ 22V min. |, the HD44780, the data can be sent in either 4-bit 2-operation or
Input “low’’ voltage (Vi) .............. 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Output high voltage (Von) (—lon =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) ... 0.4V max. Duses of D8, - ‘227788“ dDBho ﬁ:& are not used, Dets wranster
- etween the and the completes when 4-bit data is
Power supply current (IDD) (VDD 50V).. 1.0mA typ. transferred twice. Data of the higher order 4 bits (contents of
2.0 mA max. DB, ~DB, when interface data is 8 bits long) is transferred first

Power supply for LCD drive (Recommended) (Vpp—Vo)

and then lower order 4 bits (contents of DB, ~DB, when interface

Duty = 1/16 data is 8 bits long).
Ta= 0°C .. 0o e 4.6V typ. (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=25°C ...ii 44V typ,  PusesofDB,~DB,.
Ta=50C ... ..ot 4.2V typ.
OPTICALDATA . ... ... ... . . See page 15
Unit: mm
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Fig. 1 External dimension
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LMO20L

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig.5,Fig.6 450 - - ns
Enable rise/fall time ter, e Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tbDR Fig.6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time tyy Fig.5,Fig. 6 20 - - ns
RS 2.2V 2.2V \><
0.6V 0.6V
tas Ly
'-—-—
Rew 0.6V l lésv
PWen , 't_u«_
E Lo.6v
DBo~DBr
teve
Fig. 5 Interface timing (data write)
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LMO70L

20 character x i line
Controller LSI HD44780 is built-in (see section 6).
+5V single power supply

MECHANICAL DATA (Nominal dimensions)

Module size . . ........ 105W x 39H x 11T (max.) mm
Effective displayarea ............. 84W x 13.0H mm
Character size (5 x 7dots) .......... 3.2W x 5.2H mm
Character pitch ... ............... t....39mm
Dotsize ...................... 0.6W x 0.7H mm
Weight . ... ....... ... . . . ... about 50 g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vss) - .. ..... 0 65V
Power supply for LCD drive (Vpp—Vo) . .. .. 0 65V
Input voltage (Vi) . . ................ Vss Vpp V
Operating temperature (Ta) . ............ 0 50°C
Storage temperature (Tstg) .. .......... —-20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C,Vpp =50V £0.25V
Input ““high’” voltage (Vig) . . .. . ... ...... 2.2V min
Input “low” voltage (Vi) .............. 0.6 V max
Output high voltage (Vo) (—lgn =0.2 mA) . 2.4V min.
Output low voltage (Vo) (lor = 1.2mA) ... 0.4V max.

3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty = 1/8
Ta= 0°C ... 3.95 V typ.
Ta=25°C ... 3.70 V typ.
Ta=50°C . .......ouii 3.30 V typ.
OPTICALDATA . ... ... . . i, See page 15.

Power supply current (Ipp) (Vpp =5.0 V) . .2.0 mA typ.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module—>MPU)
5 R/W H/L 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 OB3 HIL Data bus line
1 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)

(2)

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

w
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Fig. 4 Power supply
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LMO70L

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - uS
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet 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 tpsw Fig. 5 195 - - ns
Hold time th Fig.5, Fig. 6 20 - - ns

RS 2.2\: \><
0.6V 7
tH
/
0.6V
PWen LN
tEf

|
. / 2.2V 220 i
Al o6V 0.6V £0.6V

2.2V
06V

2.2V

0.6V

DBo~ DB Valid Data

teye

Fig. 5 Interface timing (data write)
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. 2.2V
R/W /
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/Yz_gv 2.2V
E 0.6V 4 0.6V = \= L/ Foev

B

| |em— LEr
tDDR LH
2.4V 2.4V
~ Valid Dat
DBo~DBr 0.4V e e 0.4V
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Fig. 6 Interface timing (data read)
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LMO38

® 20 character x 1 line
= Controller LSI HD44780 is built-in (see section 6).

® +5V single power supply
MECHANICAL DATA (Nominal dimensions)

INTERNAL PIN CONNECTION

Module size . . . .. 182W x 35.6H(max.) x 13D (max.) mm
Effective displayarea .......... 154.0W x 15.3H mm
Character size (6 x7dots) .......... 6.7W x 9.4H mm

Characterpitch . .......... ... ... ....... 7.4 mm
Dotsize ...................... 1.3W x 1.3H mm
Weight . ... ... ... .. .. about 65 g
ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for logic (Vpp—Vsgs) . . ... ... 0 70V
Power supply for LCD drive (Vpp—Vop) . .. .. 0 135V
Inputvoltage (Vi) . ... .............. Vss Vpp V
Operating temperature (Ta) ............. 0 50°C
Storage temperature (Tstg) .. .......... -20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C,Vpp =50V 025V
Input “‘high’’ voltage (Vig) . . ... ......... 2.2V min.
Input “low” voltage (Vi) .............. 0.6 V max.
Output high voltage (Von) (—lgn =0.2 mA) . 2.4V min.
Output low voltage (Vo) (loL =1.2mA) ... 0.4V max.

Power supply current (Ipp) (Vpp =5.0V) .. 2.6 mA typ.

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo — +5V Power supply
3 Vo - -
L: Instruction code input
4 RS HIL H: Data input
H: Data read (LCD module~>MPU)
5 R/W H/L 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 D83 H/L Data bus line
11 DB4 H/L Note (1), (2)
12 D85 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 DB,~DB, and DB,~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

. 5.0 mA max. DB, ~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp—Vo) and then lower order 4 bits (contents of DB, ~DB, when interface
Duty = 1/8 data is 8 bits long).
Ta= 0°C . .o, 4.1V typ. (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=25°C ..ovviiiiin 3.7V typ buses of DB, ~DB, .
Ta=560°C . .......c.covunnn.. 3.1V typ
OPTICALDATA ... ... ... .. .. .. . ... See page 15
74 | Unit: mm
6.7
0.05
1.3
L0000 0oodo
<f-f JOO0O0 0000
=7 Quod
. 0000o
- o000
., 004
o 0JO0ao
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L0000
Fig. 1 Display pattern
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Fig. 4 Block diagram
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Fig. 2 External dimension
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LMO038

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweEH Fig.5, Fig.6 450 - - ns
Enable rise/fall time tey, tes Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig.6 140 - - ns
Data delay time tODR Fig. 6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
7Y
RS 2.2V 2.2V
0.6V 0.6V 7
tas tH
R/W /
0.6V Ao.6v
PWEen I
tes
. / 2.0V 2.2V Y /
£l oev 0.6V 0.6V
ter . tDsw tH
2.2V 2V
DBo~ DB7 06V Valid Data 5 :\VI
— tere
Fig. 5 Interface timing (data write)
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E O'GH/ 0.6V = tEs Koy
- tEr
[ tn
2.4V
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Fig. 6 Interface timing (data read)
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® 24 character x 1 line INTERNAL PIN CONNECTION
m Controller LS| 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
Modulesize . .......... 126W x 36H x 12T (max.) mm 3 Vo _ _
Effective displayarea ........... 100W x 13.8H mm 4 RS HIL L: Instruction code input
Character size (5 x 10dots) ........ 3.156W x 7.9H mm H: Data input
itch . ............. .. ... .. 3.75 mm H: Data read (LCD module—>MPU)
Chara‘cter pitch .. 5 RIW H/L L: Data write (LCD module <MPU)
Dotsize ............... ..., 0.55W x 0.7H mm
Weight about 40 g 6 E H,H—=L Enable signal
ght ... e 7 580 L
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vsg) ........0 7.0V 9 DB2 H/L
i Vo) .. ... 0 135V
Power supply fonr LCD drive (Vpp—Vo) Y 10 DB3 H/L Data bus line
Inputvoltage (Vi) ................... ss Voo 1 DB4 H/L Note (1), (2)
Operating temperature (Ta) ............. 0 50C 12 DBS H/L
Storage temperature (Tstg) . ... ........ -20 70°C [ 3 086 | HIL
ELECTRICAL CHARACTERISTICS 14 DB7 H/L
Ta=25°C,Vpp =5.0V£0.25V Notes:
Input “high™ voltage (Vi) . ............. 2.2V min. In the HD44780, the data can be sent in either 4-bit 2-operation or
Input "low” voltage (Vi) .............. 0.6 V max. g.pit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Output high voltage (Von ) (—lon=0.2mA) . . 2.4 V min. (1) When interface data is 4 bits long, data is transferred using only 4
Output low voltage (Vo) (oL =1.2mA) . ... 0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
= between the HD44780 and the MPU completes when 4-bit data is
Power supply current (lpp) (Vop =5.0V) .. 1.0mA typ. transferred twice. Data of the higher order 4 bits (contents of
. 2.0mA max. DB,~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp—Vo) and then lower order 4 bits (contents of DB, ~DB, when interface
Duty = 1/8 Duty = 1/11 data is 8 bits long).
Ta=0°C .......... 40 4.2V typ. (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=25°C ......... 37 38Vtyp.  DusesofDB,~DB,.
Ta=50°C ......... 33 33Vityp.
OPTICALDATA. . . .. ... it i iinnn See page 15.

L0000 00000 o
Loood  Codod

HENEN
EEEEN
ERNEN
EEEEN
EEEEN

8.7

Fig. 1 Display pattern
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Unit: mm
1260405
25105 121.0£0.3
[26 403
- Hootos - =
;; 251 § 2 g 42~52
- IER Hogla S ]
Ti
[o « > = ] s
5 3 ) ) ’ g (33
= UUU _ o U e g
N )/ =
85405 89.4£0.2 \ 5.0max.
1427
lnsx0s (5.3)
10000.3
|
: ®
g HE
2 N *IC height
] =N
S L.__.__.__J.L]M}_AJK AN
Fig. 2 External dimensions
T T T T T T T T - -I
i
| |
£ =t | ) :
R W et
RS e — |
DBU ! |
j <:1T':_> LCD o 10 m |
DB? |
Vb? HD44100 HD44100 |
Vo —tin] |
Vs et L > |
|
e e e o e ——————— J
Fig. 3 Block diagram
(+5V
Vop )
Vop-Vo
.
LCM Vo ? VR - Voo
Vss *+
;7L7 Vpp-Vo : LCD driving voltage
VR: 10k2~20k2
Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tgf Fig.5, Fig. 6 - — 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time tbDR Fig. 6 - - 320 ns
Data set up time tpsw ‘Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V ¥
0.6V 0.6V 7
tas tH
R/W /
0.6V 0.6V
PWen L]
lE/ ’
. /2.2\' 2.2\'\\ |
A1 0.6V 0.6V X f 0.6V
___l_f:v‘J e tosw | t“f‘l |
|
2.2V 2\ i
DBo~DB; ev Valid Data 2.2\ ‘:
0.6\ 0.6V f
e teye _j
' =
Fig. 5 Interface timing (data write)
RS ><l 2.2V 2.2\'\><
FO,GV 0.6V Vi
tas tH
2.2V \ 2.9V
R/W / \
PWen i tH
. /l 2.2V 2.2V /
0.6V 4 0.6V = =ty Yo.6v
= | ter
tDDR tH
2.4V 2.4V
DBo~DB Valid D
Bo~DBy 0.4V alid bace 0.4V
tcye
e
Fig. 6 Interface timing (data read)
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® 32 character x 1 line
® Controller LS| HD44780 is built-in (see section 6).

INTERNAL PIN CONNECTION

® +5V single power supply Pin No. | Symbol Level Function
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Module size . . 174.5W x 33.0H (max.} x 13.4T (max.) mm 3 Vo = —
Effective display are ........... 132.5W x 14.0H mm a RS L L: Instruction code input
Character size (5x10dots) . . .. .. ... 3.15W x 7.9H mm H: Data input
Characterpitch ...................... 3.85 mm 5 R/W H/L H: Data read (LCD module~>MPU)
Dotsize . ............ ..., 0.55W x 0.7H mm L: Data'wme {LCD module ~MPU)
Weight o oot e about 60 g 6 E_[H.H>L Enable signal o
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min max. 8 DB1 H/L
Power supply for logic (Vpp—Vgg).-... ... 0 70V 9 DB2 H/L
P ly f dri Vpp —V ... 0 5V
ower supply oT LCD drive (Vpp—Vo) 13.5 10 DB3 H/L Data bus line
Input voltage (Vi) ................Vss Voo V 1 DB4 H/L Note (1), {2)
Operating temperature (Ta) ......... O 50°C 12 DBS H/L
Storage temperature (Tstg) . .. ... .. ..=20 70°C 13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 D87 | HiL
Ta=25°C, Vpp =50V 20.25V Notes:
Input “high”" voltage (\{iH) -------------- 2.2V min. | the HD44780, the data can be sent in either 4-bit 2-operation or
Input “low" voltage (Vi_) .............. 0.6 V max. gubit 1-operation so that it can interface to both 4 and 8 bit MPU's.

Output”high”voltage (Von) (—low =0.2mA) .. 2.4V min. (1) When interface data is 4 bits long, data is transferred using only 4

Output‘low'voltage (VoL ) (loL =1.2mA) ... 0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
_ between the HD44780 and the MPU completes when 4-bit data is

Power supply current (I Vop=50V L .
pply (lop) (Vpp=5.0V) 9 Oomn:\An:ZS transferred twice. Data of the higher order 4 bits (contents of

Power supply for LCD drive (Recommended) (Vpp—Vo )
Duty = 1/8 Duty = 1/11

DB,~DB, when interface data is 8 bits long) is transferred first
and then lower order 4 bits (contents of DB, ~DB, when interface
data is 8 bits long).

Ta=0°C ........ 3.95 4.15V typ. (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=25°C ....... 37  3.8Vtyp.  busesofDB,~DB,.
Ta=50°C ....... 33  3.3Vtyp.
OPTICALDATA ... ... .. i See page 15.
Unit: mm
B NEN
ENEN
0.55
0.65
3.15
3.85
Fig. 1 Display pattern
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Unit: mm

Fig. 3 Block diagram

156003
w 251 132520.3 - 13.4max
H = d 22 55max.
S 25%05 ! (5.0) 3 ;
A A A A A\ - %
13 o 5 1@
FE D AR =~ C > ofPo
= =~ ~ > < - <
= = = — - - - ¥ =]
) I bl e -2 1 A H
=1 -1 B S ° Hloo
o I i‘F/ 1-glo - 5 . 3
2. [—1 L > N -
2 i 3.85 TV b TV v 16+0.2
@l % .
Sl a 12uz05 12005 122.5+0.2
4-¢35
3505 167.5+0.3
1
174505 N
lq [ o [
- ! L:[J !L !! j| *I1C height
— U
Fig. 2 External dimensions
T T T T T T T T T T T T T T T T T T T s e e e e !
i |
E———= 1178 LCD '
R L |
RS — l
DBO ! |
§ m Lebl p 40 0 7 |
DB? |
] |
Vo ] HD4 4100 HD44 100 HD44 100
s ol —— ) > |
[
S S J

(+5V)

Vop

Vop-Vo
LCM Vo

§VR

-

Tk

Fig. 4 Power supply

Voo

Vpp-Vo: LCD driving voltage
VR: 10kQ~20kQ

162

G HITACHI




H2571

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PweH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time tey, tef Fig.5, Fig. 6 - — 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tboR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS K.Z\' 72V J><
0.6V 06V
las #_
Rw l 0.6V ;46\'
PWen | ;__11_‘
?Q_
E £o.6v
DBy~ DB;
. teye
Fig. 5 Interface timing (data write)
RS 2.2V 22V
0.6V 0.6V
_tas I
|
2.2V 22V
R/W |
PWen "_"4
- -
{22V \ |22v /
E 0.6V 0.6V —\‘{\- tes 0.6V
h e _tpDR JL
]
4V 2.4V
DBo~DB? (Z)IVX Valid Data XO.«W
i
teve
Fig. 6 Interface timing (data read)
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40 character x 1 line
Controller LS| 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

Characterpitch . ..................... 3.75 mm

Dotsize ..................... 0.55W x 0.7H mm

Weight . .. .......... . ... about 65 g
ABSOLUTE MAXIMUM RATINGS min. max.

Power supply for logic (Vpp—Vss).. . . . .. 0 7.0V

Power supply for LCD drive

Moo—=Vo) « .o 0 135V

Inputvoltage (Vi) . ................ Vss Vpp V

Operating temperature (Ta) .......... .0 50°C

Storage temperature (Tstg) . . ........ -20 70°C
ELECTRICAL CHARACTERISTICS

Ta=25°C, Vpp =5.0V +0.25V

Input "high” voltage (Viy) . ............. 2.2V min

Input “low" voltage (Vi_ ) .............. 0.6 V max

Output “high’’ voltage (Vo) (—lor=0.2mA). . 2.4 V min.
Output “low” voltage (Vo) (loL= 1.6 mA) .. 0.4 V max.
Power supply current (Igp) (Vpp =5.0V) .. 1.0 mA typ.
2.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vsg - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module>MPU)
5 R/W H/L 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
0 DB3 H/L Data bus line
n 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 DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

Duty = 1/8 Duty = 1/11 (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C .......... 3.95 4.15 V typ. buses of DB, ~DB, .

Ta=25°C ......... 3.7 3.8Vityp.

Ta=50°C ......... 33 33Vityp.

OPTICALDATA .............iive... See page 15.

Unit: mm
BiE|

0.55
0.65

3.15

Fig. 1 Display pattern
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Unit: mm
3max.
wy w
i 25+05 4-¢43.5 < 5.5max.
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Fig. 2 External dimensions
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Fig. 3 Block diagram

LCM

Vop
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(+5V)

Vop- Vo

;VR — Vo

L

7

Fig. 4 Power supply

Vpp-Vo: LCD driving voltage
VR: 10kQ~20k2
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tet Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tpDR Fig.6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V
0.6V 0.6V 4
LAS tH
ww /
0.6V Aosv
PWen th
|
/2.2v i
E /e
£ 0.6\ 0.6\
LE, .
————— -—
DBo~DB7
|- teve o
‘ =
Fig. 5 Interface timing (data write)
RS £ 2.2V 2.2v ¥
K 0.6V 0.6V £
tas th
{22V X 2oy
R/W / \\
PWey Lot
. /f 2.2V 2.2V /
0.6V 4 0.6V = tEf 0.6V
| |ea— {Er
tpDR tH
4—.1
2.4V 2.4V
DBo~ Valid
Bo~DBr 0.4V alid Data 0.4V
tcye
_
Fig. 6 Interface timing (data read)
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® 40 character x 1 line INTERNAL PIN CONNECTION
a Controller LS| HD44780 is built-in (see section 6).

= +5V single power supply Pin No. | Symbol Level Function
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize . ........ 290W x 60H x 13.0T (max.) mm 3 Vo _ Z
Effective display area ........... 245W x 19.0H mm a RS HIL L: Instruction code input
Character size (5x 7 dots) ........ 4.82W x 8.18H mm H: Data input
Characterpitch ...................... 5.82 mm 5 RIW H/L H: Data read (LCD module >MPU)
DOLSIZE .« o\ ovoee e, 0.9W x 1.1H mm L: Data write (LCD module “MPU)
Weight . ......... ... . .. about 150 g 6 E HH>L Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min, max. 8 DB1 H/L
Power supply for logic (Vpp—Vss).. .. ... 0 70V 0 DB2 H/L
Power supply for LCD drive 10 DB3 H/L )
- Data bus line
Mob—Vo) ..o 0 135V 11 DB4 H/L Note (1), (2)
Inputvoltage (Vi) . ................ Vss Vpp V 12 DBS H/L
Operating temperature (Ta) .......... .0 50°C 13 DB6 | H/L
Storage temperature (Tstg) . . ........ -20 70°C 12 DB7 | HIL

ELECTRICAL CHARACTERISTICS

Notes:
]

= = +
Ta 2? P’ YDD 5.0 V $0.25V . In the HDA44780, the data can be sent in either 4-bit 2-operation or
Input ""high” voltage (Vig) . ............. 2.2V min. gyt 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input “low” voltage (Vi ) .............. 0.6 V max. (1) When interface data is 4 bits long, data is transferred using only 4
Output‘high”voltage (Von) (—lon=0.2mA) . .. 2.4 V min, buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output"low"voltage (Vor) “0L= 1.2mA) ... 04V max. * between the HD44780 and the MPU completes when 4-bit data is

transferred twice. Data of the higher order 4 bits (contents of

Power supply current (Ipp) (Vpp =5.0V) .. 0.5 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first

2.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp—Vg) data is 8 bits long).
Duty = 1/8  (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C ..........o... 43V typ. buses of DB, ~DB, .
Ta=25°C ............. 39V ityp
Ta=50°C ............. 33Vityp
OPTICALDATA .. ... . ittt See page 15.

Unit: mm

231.8

11 lg
T
B

936
0.08 -
(|

Fig. 1 Display pattern

@ HITACHI 167

SECTION 5



LMO058

Unit: mm
290.0+1.0
el 282.0+£0.5 4.0+05
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Fig. 2 External dimension
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Fig. 3 Block diagram
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Fig. 4 Power supply

Vpp — Vo: LCD driving voltage

VR: 10k ~ 20kQ
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
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 tDDR Fig. 6 - - 320 ns
Data set up time tosw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V
0.6V 0.6V
tas tH ‘
R/W \L .
0.6V ! / 6
PWen C th
"1 tef
i ‘<_l_ |
{207 220y ’
E N j |
,/ 0.6V 0.6V f Fo.6V
LE, - tosu tH
|
I 2.2V N 2.2\ |
0 B 0.6V Valid Data e f
l
!
[ teye |
"™
Fig. 5 Interface timing (data write)
RS L2V 2.0V y
X 0.6V 0.6V V3
tas tH
) 2.2V X 2.2v
R/W / \
PWey tH
: /l 2.2V 2.2V /
0.6V 2 0.6V = =t/ Yoev
| les— LE,
tbpr tH
4———————1
2.4V . 2.4V
DBo~DB7 0.4V Valid Data 0.4V
e tcyce
Fig. 6 Interface timing (data read)
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® 16 character x 2 lines INTERNAL PIN CONNECTION
8 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) 2 Voo _ 15V Power supply
Modulesize . . .. ....... 80W x 36H x 11T (max.) mm 3 Vo _ —
Effective displayarea ........... 64.5W x 13.8H mm s Rs L L: Instruction code input
Character size (5 x 7dots) ......... 2.95W x 3.8H mm H: Data input
Characterpitch ., .............cvvvu... 3.65 mm 5 RIW H/L H: Data read (LCD module—>MPU)
DOLSIZE ..o 0.55W x 0.5H mm L: Data write (LCD module “MPU)
Weight . .......c0iiiiiiiinnnennnns about 25 g 6 £ H H=L Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vsgs) . ... .... 0 70V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vo) .. ... 0 135V 10 DB3 H/L .
H Data bus line
Inputvoltage (Vi) .................. Vss Vpp V 11 DB4 H/L Note (1), (2)
Operating temperature (Ta) ............. 0 50°C 12 DBS H/L
Storage temperature (Tstg) .. .......... -20 70°C 13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 D87 | HL
Ta=25°C,Vpp =50V +0.25V
TNy . . Notes:
Input s h'g’:' voltage (Y'H) """"""" 2.2V min. In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “’low” voltage (Vip) .............. 0.6 V max. gubit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Output high voltage (Von) (—lon =0.2 mA) . 2.4 Vmin. (1) When interface data is 4 bits long, data is transferred using only 4
Output"'low"voltage (Vou) (loL =1.2mA) ... 0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
= between the HD44780 and the MPU completes when 4-bit data is
Power supply current (Ipp) (Vpp =5.0V) .. 3160 m: typ. transferred twice. Data of the higher order 4 bits (contents of
X U mA max. DB,~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp—Vo) and then lower order 4 bits (contents of DB, ~DB, when interface
Duty = 1/16 data is 8 bits long).
Ta= 0%C o oo e e 4.2V typ. (2} When interface data is 8 bits long, data is transferred using 8 data
Ta=25C ..o viii it 40V typ buses of DB, ~DB, .
Ta=50°C ....cvvviiennnnnn. 36 Vtyp
O’ TICALDATA .. ... ... i See page 15.
Unit: mm
80.0+0.5
25403 75.040.3
35105 735403
@ 2554 pitch 14-410 45~53 *
bt @ =~ . " o 4. 0max
w3 +l
B8eF 1 S |\
> —> g ﬁ -
[ — O i
8 & 5 3 D :] ) T b S |
- N — |
/f<-,\\ L -
' 365+0.1 1
82 57.740.1 25 1o
3.4+03 1lmax.
64503
* IC height
Fig. 1 External dimension
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Unit: mm
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[
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Fig. 2 Display pattern
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D

|
|
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DBo | LCM Vo 2 VR -y
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! |
|
|
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b ] * ’,I” Vpp—Vo: LCD driving voltage
b s e 4 VR: 10k~20kQ

Fig. 3 Block diagram Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time toDR Fig.6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - — ns
RS 2.2V 2.2V Y
0.6V 0.6V
tas 14
|
R/W , /
0.6V /»U.h'\'
PWen tH
tEg .
. / 2.2V 220 ) |
B U 0.6V NF ‘ 0.6V
N . tosw | M
2.2V RRAN
DBo~DB» e Valid Data 22 '
0.6V 0.6V !
' -
Fig. 5 Interface timing (data write)
L ooy o
RS 2.2V 2.2V Y
X 0.6V 0.6V A
tAs tH
) fo.2v X 20v
R/W / \
PWen Lt
/l 2.2V 2.2V /
E 0.6V 0.6V =N~ tes 0.6V
s LE,
tobR tH
2.4V , 2.4V
DBo~DBr 0.4V Valid Data 04V
|
- tcye
r-—
Fig. 6 Interface timing (data read)
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W 16 character x 2 lines INTERNAL PIN CONNECTION
B Controller LSI HD44780 is built-in (see section 6).
B +5V single power supply Pin No. | Symbol | Level Function
W Large numeral font set (see page 176). 1 Vss = ov
2 Voo - +5V Power supply
MECHANICAL DATA (Nominal dimensions) 3 Vo - —
Modulesize ........... 80W x 36H x 11T (max.) mm L: Instruction code input
: : 4 RS HIL H: Data input
Effective displayarea ........... 64.5W x 13.8H mm P
Character size (5 x 7 dots) ......... 2.95W x 3.8H mm 5 RIW H/L 'l'-' g::: ;::i‘t’e(:-fcoo":gsd‘;m}ﬂ)
Characterpitch . .. ................... 3.65 mm 6 £ N HoL Enable signal
Dotsize ..................... 0.55W x 0.5H mm 7 580 ’H/L
Weight . .......................... about 256 g 5 DB AL
ABSOLUTE MAXIMUM RATINGS min. max. 9 DB2 H/L
Power supply for logic (Vpp—Vsgs) - ... .... 0 70V 1 DB3 H/L Data bus line
Power supply for LCD drive (Vpp—Vo) .. ... 0 135V 1" DB4 H/L Note (1), (2)
Inputvoltage (Vi) .................. Vss Vpp V 12 DBS H/L
Operating temperature (Ta) ............. 0 50°C 13 DB6 H/L
Storage temperature (Tstg) . . .......... -20 70°C [ 1a DB7 H/L
ELECTRICAL CHARACTERISTICS Notes:
Ta= 25°C: Vpp =50V 025V In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “*high” voltage (Vi) . ... .......... 2.2V min. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input ““low” voltage (Vi) .............. 0.6 V max. (1) When interface data is 4 bits long, data is transferred using only 4
Output high voltage (Vo) (~lon =02 mA) . 2.4 Vmin. S0l B Bt T B ates wnen 4.t o
Output low voltage (VOL) “0|- =12mA) ...0.4V max. transferred twice, Data of the higher order 4 bits (contents of
Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface

Power supply for LCD drive (Recommended) (Vpp—Vg)

data is 8 bits long).

Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data

Ta= 0°C oveeeeens 4.2V typ. buses of DB, ~DB, .
Ta=25°C . ....iiiiiin . 4.0V typ
Ta=50°C .......ovviveninn.. 3.6V typ
OPTICALDATA . ... ... ... .. ., See page 15
Unit: mm
80.0+0.5
25+03 75.04£0.3
35405 73.5+0.3
o “ 80£0.3 2,54 pitch 14-¢1.0 45~53 *
2 z* 0 . = /;,’ 4.0max
& = F|
SN EEEEEEELLE =1 . |
a 9 i - = = = é
— C ) > b
g 2 2 el - T — o I
i 05 3 3 ] I — _ —d SE |
& & g 2 101 E{ s .
- N — |
:~‘\ )f(“ E: ]
3.65+0.1 1
4.8%0. 5717401 as 1.61£0.2
34403 1lmax.
64.5+0.3
* IC height
Fig. 1 External dimension
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Unit:mm

3.65

2.95

0.55

1
5 o o
o o
1 O
Doooooo0

i

9.4

+ (0000

Fig. 2 Display pattern

1.Cbl

(+5V)

i
|
|
: Voo- Ve
L
m : LCM Vo SR -~ Von
|
|
|
|

Fig. 3 Block diagram

Vpp-Vo: LCD driving voltage
VR: 10k22~20kQ

Vss J’

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - MuS
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter. tes Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tbpR Fig. 6 - - 320 ns )
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V Y
0.6V (l.6\']
tas tH
R/W , /
0.6V /-().6\'
PWen tH
] tey [
/227 VN | ,
E / 2.2V ‘\. \ \/
A1 0.6\ 0.6V 1 % 0.6\
e !
£ ———
2.2V
DBo~DBs : -
0.6V
- teye s,
‘ -
Fig. 5 Interface timing (data write)
RS £ 2.2V 2.2v Y
X 0-6V 0.6V £
tas ty
_ {22V X 2.2V
R/W / \
PWey , Lte
e { 2.2V 2.2V /
0.6V r 0.6V ?- tes 0.6V
res— LE,
tpDR tH
c——————'
2.4V 2.4V
~ Valid D
DBo~ DB 0.4V alid Data 0.4V
= tcyc
Fig. 6 Interface timing (data read)
@ HITACHI 175

SECTION 5



LMO75L

Higher
Lower z.in 4bit| 0000[ 0010| 0011{0100| 01010110 | 0111|1010 | 1011|1100 | 1101 1110|1111
[ lennnn
XXXX0000 RAM | 111
(SR faunsn o
n =m ] H
XXXX0001 (2) =N .
XXXX0010 (3)
XXXX0011 (4) ﬂ
BiE
XXXX0100 (s m _:_EEEE
iy
o EEEHEE
1T T
mmunn T
XXXX0111 (8) _ HH L::
XXXX1000 ¢S] -
wnnw
XXXX1001 (2) . unEnn
F
H H H H
XXXX1010 (3) N 3 .
n . 1 usn  Nunuun
XXXX1011 ey | H % % 5: H ::t::%
u . . i T
susnslisuss
XXXX1100 (5) H muNEg 515‘:5
| HHH punuy
XXXX1101 » . ﬁ . ER % H
8 H aEnasfasaas nus
XXXX1110 (7 H 3 I E]EE,EE 55555 H
.n n [ usnunfunns
] ]
e (B) a%j ﬁ% ::E ;%:

Fig. 7 Character dot pattern
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= 16 character x 2 lines INTERNAL PIN CONNECTION
= Controller LS| HD44780 is built-in (see section 6).

= +5V single power supply Pm1No. Sy\r/'nbol Level - Function
ss -
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize .. ......... 84W x 44H x 12T (max.) mm 3 Vo _ _
Effective display area ............ 61W x 156.8H mm 4 RS HIL L: Instruction code input
. H: Data input
Character size (5 x 7dots) ........ 2.96W x 4.86H mm
Characterpitch. . .. ................... . H: Data read (LCD module>MPU)
Dot size P 0.56W x 0 2653 ::nm" 5 R/W H/L L: Data write (LCD module <MPU)
WGt © o oo oo about 35 g ‘7’ Dzo “'H*;:" Enable signal
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vsg).... ... 0 70V 9 DB2 H/L
Power supply for LCD drive 10 DB3 H/L .
Data bus line
(VDD_VO) .................. 0 135V 11 DB4 H/L Note {1), (2)
Inputvoltage (Vi) . ................ Vss Vpp V 12 DBS H/L
Operating temeprature (Ta) ............ 0 50°C 13 DB6 H/L
Storage temperature (Tstg) . ... ... ... -20 70°C 1 DB7 H/L
ELECTRICAL CHARACTERISTICS Notes:
o . H
Ta=25C,Vpp =50V £0.25V In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “’high’’ voltage (Vi) .. .. .......... 2.2 V min. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s.
Input “low” voltage (Vi_) .............. 0.6 Vmax. (1) When interface data is 4 bits long, data is transferred using only 4
Output"high"voltage (Von) (=lop = 0.2 mA) 2.4V min buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output'low'voltage (V. H) it °= 12 mA) o 04V ’ between the HD44780 and the MPU completes when 4-bit data is
P oltag oL/ \loL < MA)...L O max. transferred twice. Data of the higher order 4 bits (contents of
Power supply current {Ipp) (Vpp =5.0V) .. 1.0 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp—Vg) data is 8 bits long).

Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data

Ta=0°C ... 46V typ. buses of DB, ~DB, .

Ta=25°C ............. 4.4V typ

Ta=560°C ............. 4.2V typ. Unit: mm
OPTICALDATA ....... ... ... See page 15.

3.55
2.96
0,04
0.56

0.04
__..H,..__
~1t
]

0.66

5.56

15
[

Cl

Fig. 1 Display pattern
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Unit: mm

o

Fig. 4 Power supply

84.0+1.0
25405 | 79.0£0.5
[ 56.240.2 12max.
11.540.9 61.040.3 ZRL2S 4.7~5.8
(2.4)
]
b
n
o d
2 y °c S C > °\ =1 1~ [T
o o |
y . ~ i
“° ~f o [] - - « !
< ol o =1 <
a3 3 5
w =93 Dr] S ! °
) - . ) 3
o ° v
=10 C ) C D C >} A i
=13 = i ( =y
W12 109876 54321 wd
[0t 4
10.240.5 254 \4-¢1.0
75403 1.6+0.2 | 4max. %*
4.0£0.5 76.040.3
#IC height
Fig. 2 External dimensions
——————— o — — — ——
i |
E — e T >
RIW | LCD :
e I ﬂ !
§ T 40
DB? <,___r_,‘3 A weon 40 !
Vop e |
Vo . HD44100 |
Vs ————= 4 |
b e e e e J
Fig. 3 Block diagram
(+5V)
Vop
Vop-Vo
].4 C M VO § VR —::— Voo
Vss »

Vpp-Vo: LCD driving voltage
VR: 10kQ~20kS2
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable puise width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
. e
0.6V J
ty
R/W 0.6V
PWen tH
tE/
: /[ 2.2V 2.2V Y /
J 0.6V 0.6V A0.6V
tE, e tpsw tH
2.2V X 2.2V
DBo~ DBy 0.6V Valid Data 0.6V
- teye
Fig. 5 Interface timing (data write)
ooy \
RS >d 2.2 2.2V ><
K 0.6V 0-6\//'
tas tH
£2.2v X 2.2V
R/W / \
PWeny tH
f2.2V 2.2V /
E 0.62/ 0.6V = \=tey Ko.6v
= ter tDDR L
2.4V . 2.4V
DBo~ DB 04V Valid Data 04V
tcre
r-
Fig. 6 Interface timing (data read)
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® 16 character x 2 lines
® Controller LS| HD44780 is built-in (see section 6).
= +5V s_ingle power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize .. ....... 83.0W x 43.0H x 11T (max.) mm
Effective displayarea ............. 61W x 17.6H mm
Character size (6 x 7dots) ........ 2.96W x 4.86H mm
Characterpitch. . . .................... 3.565mm
Dotsize .................... 0.66W x 0.66H mm
Weight . ........ ... ... ... ... ..., about 35 ¢
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsg)....... 0 6.5V
Power supply for LCD drive
(Vob=Vo) + v iii i i i 0 16.5V
Inputvoltage (Vi) . ................ Vss Vpo V
Operating temeprature (Ta) . ........... 0 50°C
Storage temperature (Tstg) . ... ... ... -20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =5.0V +0.25V
Input “high’’ voltage (Vi) . . .. .......... 2.2 V min,
Input “low’ voltage (Vi) .............. 0.6 Vmax.
Output’high’voltage (Von ) (—low = 0.2 mA) .. 2.4 V min.
Output’low’voltage (Vo ) (lo. =1.2mA) . ... 0.4 Vmax.
Power supply current (Ipp) (Vpp =5.0V) .. 1.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty = 1/16
Ta=0°C .............. 4.6V typ.
Ta=25C ............. 4.4V typ
Ta=50°C ............. 4.2V typ
OPTICALDATA . ..........ccuu... See page 15.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input

H: Data read (LCD module>MPU)

5 RW | HIL 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 De3 HIL Data bus line

1 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)

(2)

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

Unit: mm

3.55
2.96
0.04

I
| 1 0.56
=
81 m
B o ULt L)
= = e e =
- L]
-
E_
=
~

Fig. 1 Display pattern
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43.0+0.5

83.0+0.5 _
20103 79.020.5
11.0 max.
1.0£05 61.0%0.3 i
3 S o 51%0.3 ’
+ + 24105 o > |
o2 + |
A = 1)
o l
: |
l S S =h
- > [ cnm— c::\ ‘
g ol A |
o i £
- O E |
© ~ +l w0
® @ N L] S ‘
y o i
+ 0
o3l | L= — |
N 1
@D=60000000000000———
o ‘
A 14]_9.7%05
|
3.510.3 76.00.3

Fig. 2 External dimension

e - 1
|
E
RS ———t—] |
T |
D'B7 Lol 40 ‘o0 |
VD =] |
C‘; —y ~ HD44100 |
Vss ———-—0: 4 |
S J
Fig. 3 Block diagram
(+5V)
Vop
Vpp-Vo
>
LCM Vo S VR = Voo

Tk

Fig. 4 Power supply

Vpp-Vo: LCD driving voltage
VR: 10k2~20kQ2

@ HITACHI

181

SECTION 5




LMO68L

TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - Mus
Enable pulse width PweH Fig.5,Fig. 6 450 - - ns
Enable rise/fall time ter, tes Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig.6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
\
RS 2.2V 2.2V
0.6V ().6VJ
tas tH
R/w 0.6V 46V
PWen tH
tEf
: /[ 2.2V 2.2V /
J 0.6V 0.6V ~ fo6v
tE, - tpsw tH
2.2V N
DBy~ DB 0.6V Valid Data Z:\t
- tere
Fig. 5 Interface timing (data write)
4 3
RS 2.2V 2.2V Y
X 0.6V 0.6V £
| tas tH
) 2.2V X 2.9V
R/W / \
L PWen tH
{2.2v 2.2V /
E o.sﬁ/ 0.6V = \=-t£ 0.6V
las— tEr
tDDR tH
2.4V 2.4V
DBo~DBr 0.4V Valid Data 0.4V
tcye
F—
Fig. 6 Interface timing (data read)
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B 16 character x 2 lines

B Controller LSI HD44780 is built-in (see section 6).
B +5V single power supply

B Large numeral font set (see page 186).

MECHANICAL DATA (Nominal dimensions)

Modulesize . .......... 84W x 44H x 12T (max.) mm
Effective displayarea ............ 61W x 15.8H mm
Character size (6 x 7dots) ........ 2.96W x 4.86H mm
Characterpitch, . .. ................... 3.55 mm
Dotsize ............cccuvv... 0.56W x 0.66H mm
Weight ... ... ... . i, about35¢g
ABSOLUTE MAXIMUM RATINGS min. max.

Power supply for logic (Vpp—Vsgg).... ... 0 70V
Power supply for LCD drive

(Vobo—Vo) .o oo 0 135V
Input voltage (Vi) . . ............... Vss Vpp V
Operating temeprature (Ta) ............ 0 50°C
Storage temperature (Tstg) . . .. ... ... -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25C, Vpp =50V *£0.25V

Input “high’’ voltage (Vig) . . ............ 2.2 V min.
Input “low’ voltage (Vi) .............. 0.6 Vmax.
Output’high’voltage (Vo) (—loy = 0.2 mA) .. 2.4 V min.
Output’low"voltage (Vo ) (lo,. =1.2mA). ... 0.4 Vmax.
Power supply current (Ipp) (Vpp =5.0V) .. 1.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)

Duty = 1/16
Ta=0°C .............. 46V typ.

Ta=25°C ............. 4.4V typ

Ta=50°C ............. 4.2V typ
OPTICALDATA ........ ... ... See page 15.

INTERNAL PIN CONNECTION

Pin No. | Symbol | Level Function
1 Vsg — ov
2 Vop - +5V Power supply
3 Vo - -
BRI
5| AW WL e D meduie < MPU)
6 E H, H—L Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 D83 H/L Data bus line
n D84 H/L Note (1), (2)
12 DBS H/L
13 DBé 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 DB,~DB, and DB,~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 DB, ~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

3.55
2,96
0.04
0.56

0.04
_.ﬁ.__
1

0.66

5.56

11.5

Fig. 1 Display pattern
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Unit: mm

84.0+1.0
2.510.5 79.0+0.5
[ 56.2+0.2 12max.
-R1.25
11.5+0.9 61.0+0.3 rRZ 4.7~58
(24)
"
%
"
Fil —
b [ ‘)0( D C D¢ o\ a (T \
] ~
- |
= ~ =" s B} |
S 3t e JU D S h <
+ 4| H + H -
EIEE 3 g
2 -3 i - D < | =
[6) o
. i
=, C D C S C >) /2”2'5 ;
o~ w
< 21 I \
éi 4131211109876 54321 v
$$00000000000Q i
102405 254 \l4-¢1.0 Cu
754023 1.6+0.2 | 4max
40405 76.040.3
«IC height
Fig. 2 External dimensions
e 7
! I
E —— 6 M Lco I
R/W + |
RS =il |
DBO | ﬂ |
§ T 40
DB,( 81 Leon 40 :
|
Vo ————amy R HD44100 |
vss———: [ |
b e J
Fig. 3 Block diagram
(+5V)
Vop
Vop-Vo
L. 1
CM Vo VR T e
Vss *+
ﬁL7 Vpp-Vo: LCD driving voltage

VR: 10kQ~20kQ2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time teyr, tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time toDR Fig. 6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
\
RS 2.2V 2.2V
0.6V 0.6V 7
tas tH
R/W /
0.6V Ao.6v
PWen tH
tes
. / 2.2V z.zv\\ /
A1 0.6V 0.6V { ¥ 0.6V
tEr e th
2.2V E
DBo~DB7 0.6V Valid Data s;\‘j
_ teye
Fig.5 |Interface timing (data write)
4 \
RS 2.2V 2.2V
K 0.6V 0.6V £
tas tH
) 2.2V X 2.2V
R/W / \
PWen Lt
{ 2.2V 2.2V /
E o.6u/ 0.6V = \=- £/ Hosv
| |wa— LEr
tDDR tH
2:4V X 2.4V
DBo~DBz 0.4V Valid Data 0.4V
tcye
Fig. 6 Interface timing (data read)
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Higher
Lower ™ "~ 0000{ 0010 | 0011{ 0100 0101{0110 | 0111|1010 | 1011|1100 | 1101 | 1110|1111
cG S .
XXXX0000 RAM ] Saaas
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XXXX0001 (2) E H .
H .
XXXX0010 (3)
XXXX0011 %) E
XXXX0100 (5) Wﬁ
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e
: i
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o anans
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XXXX1001 2) | [ EE:t:
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- . S
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Fig. 7 Character dot pattern
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® 20 character x 2 lines INTERNAL PIN CONNECTION
® Controller LS| HD44780 is built-in (see section 6).

= +5V single power supply Pin No. | Symbol Level Function
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Module size . . .. .. 116W x 39H (max.) x 13T (max.) mm 3 Vo = _
Effective display area ............ 83W x 18.6H mm 4 RS H/L L: Instruction code input
Character size (5x 7dots) ......... 3.2W x 4.85H mm H: Data input
Characterpitch., . .. .................... 3.7mm 5 R/W H/L H: Data read (LCD module-—>MPU)
Dot size 0.6W x 0.65H mm L: Data write (LCD module <MPU)
WEIGHT © v v e e e e e about 50 g 6 E_[H.H>L Enable signal ]
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vssg) .- - - - .0 7.0V 9 DB2 H/L
Power supply for LCD drive 10 DB3 H/L Data bus i
ata
(Voo—Vo) .. vvoveean o 0 135V T oBa T HIL Note (1), (2)
Inputvoltage (Vi) . ........... .. .. Vss Vpp V 12 DB5 H/L
Operating temperature (Ta) ............ 0 50°C 13 DB6 | H/L
Storage temperature (Tstg) . ... ... ... -20° 70°C 14 DB7 H/L
ELECTRICAL CHARACTERISTICS Notes:
—-— o -— )
Ta= 2,5. .C' XDD =5.0 V t0.25V ) In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “high”’ voltage (Vig) . ... .......... 2.2 V min. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input “low’ voltage (Vi) .............. 0.6 V max. (1) When interface data is 4 bits long, data is transferred using only 4
Output “high"”’ voltage (Vou) (—lon =0.2 mA) . 2.4V min, buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output “low’”’ voltage (Vo) (lo. =1.2 mA). . 0.4V max. between the H.D44780 and the M?U completes when 4-bit data is
P | | v =50V 1.0 mA transferred twice. Data of the higher order 4 bits (contents of
ower supply current (Ipp) (Vpp = 5. ) .. 1.0mA typ. DB,~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vg5 -V ) data is 8 bits long).
Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C 46V typ buses of DB, ~DB,, .
Ta=25°C ............. 4.2V typ
Ta=50°C ............. 3.5V typ. Unit: mm
OPTICALDATA .. .. i e See page 15.
3.7
3.2
0.05
| {2 o
00000 00
T ] 00000

5.55

1.5

Fig. 1 Display pattern
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Unit: mm

Fig. 4 Power supply

VR: 10kQ~20k2

2505 130max.
2.54 4-¢3.5 ] -
| 9540.5 | ;.' 4.7~58
B le 4 A a a \‘-L -
2 — D) $ f
o 4] [13 =
ol = 00 14410 - -- T w ~
i . X a3 2=
= w o HEH oAl s
al = o’ jﬂ E 2 g 32
OO - - «
2 1
Va (@ D
o 4 - s __
N4 A N
2 16£0.2
b (4.75) 73.540.2
<
h 540 040
17.540.5 83.0+03 omax. *
4.0+0.5 108.0+0.3
116.0+1.0
*IC height
Fig. 2 External dimensions
T T T T T T T e T T T —— _]
1
| |
£ ——t—t 16 LCD |
[T —— |
RS mme—end |
|
b I B B
DB7 Leon 60 I
v
W HD44100 HD44100 :
VSS“—*‘[ 4 4 l
L e e e e e e ———_——— e —— J
Fig. 3 Block diagram
(+5V)
Vbp
Vop-Vo
LCM Ve § VR =
Vss g
ﬁL7 Vpp-Vo: LCD driving voltage
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5,Fig. 6 450 - - ns
Enable rise/fall time teyr. tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time tbpR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time ty Fig. 5, Fig. 6 20 - - ns
RS 2.2V 2.2V Y
0.6V 0.6Vj
tas tH
R/W \\ /
/ 0.6V #0.6V
PWen R
tES
. / 2.2V 2.2v\\ /
£ 0.6V 0.6V | X A0.6V
tEr tosw th
e {——
2.2V .
DBo~DB7 0.6V Valid Data jz\\f
L teye
Fig.5 Interface timing (data write)
RS 2.2V 2.2V \><
0.6V 0.6V £
tas tH
) 2.2V X 2.2V
R/W / \
PWEH | th
{2.2v 2.2V / -
E 0.6V / 0.6V == \=- £/ Yosv
o |l LEr
‘ tDDR Ly
2.4V . 2.4V
DBo~ DB 04V Valid Data 0.4V
tcye
Fig. 6 Interface timing (data read)
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SUMMARY

@ 20 Character x 2 lines

W Built-in control LSI HD44780 type (see section 6).
B +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize .. ........ 115W x 39H x 13D (max.) mm
Effective displayarea ............ 83W x 18.6H mm
Character size (5x 7dots) ......... 3.2W x 4.85H mm
Pitch .. ..... ... ... i, 3.7mm
Dotsize ............0cvvnn. 0.6W x 0.65H mm
Weight . ........ ... i, about 50 g
ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for logic (Vpp—Vss)-- - - - .0 6.5V
Power supply for LCD drive
VMop—Vo) e vvvveviiiie.o....0 6.5V
Inputvoltage (Vi) . ............... Vss Voo V
Operating temperature (Ta) ............ 0 _50°C
Storage temperature (Tstg) . .. ....... -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =50V 025V

INTERNAL PIN CONNECTION

.Pin No. |Symbol | Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
o | rs [ | E pateon codeineur
5 RW | HL L Data write (LOD motute caPU)
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
1 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-operation or

Input “high’’ voltage (Vig) ... ........... 2.2V min.  8.it 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input “low’’ voltage (Vi) .............. 0.6 Vmax. (1) When interface data is 4 bits long, data is transferred using only 4
Output high voltage (Vor ) (—lon =0.2mA) .. 2.4 V min, buses of DB,~DB,Band DBo~h|:B, are not used. Data transfer
= ' between the HD44780 and the MPU completes when 4-bit data is
Output low voltage (Vo) (lov 1_'2 mA)....04Vmax. transferred twice. Data of the higher order 4 bits (contents of
Power supply current (Ipp) (Vpp =5.0 V) .. .1.0 mA typ. D8,~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp—Vo) data is 8 bits long).
Du=1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
atTa=0°C ............... 4.6 V typ. buses of DB, ~DB, .
atTa=25°C .............. 4.4V typ.
atTa=560°C .............. 4.2V typ.
OPTICALDATA ..............cciviiinnn. See page 15.
Unit: mm
37
3.2
Q005
0.6
4 UL
e Bl

5.55

115

Fig. 1 Display pattern
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Note : IC hight
Unit : mm
Scale: NTS
No specified tolerance +0.5

Fig. 2 External dimensions

oo - —---- - _;
I
X E —rt—el 16 LCD |
" :>
RS ——t+—=t :
o T T |
{)87 Leoin 40 |
g HD44100 HD44100 :
Ve —od | — 3 |
b e o e e e e ——_————— Jd
Fig. 3 Block diagram
(+5V)
Vop
Vpp-Vo
LCM Vo § VR -:.-— Voo
Vss *
;7L7 Vpp-Vo: LCD driving voltage

VR: 10k ~20k$2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Méx. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 — - ns
Data delay time tobpR Fig.6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time tH Fig. 5, Fig. 6 20 - - ns
\
RS 2.2V 2.2V
0.6V 0.6V 7
tas tH
W /
R/ 0.6V Ao.6v
PWEen tH
tES
. {2.2v 2.2V Y /
/ 0.6V 0.6V _f0.6V
tE, - tpsw tH
2.2V .
DBo~ DB 0.6V Valid Data é 2\\;
. tere
Fig. 5 Interface timing (data write)
{ v
RS 2.2 2.2V Y
K 0.6V 0.6V £
tAs tH
2.2V X 2.2v
R/W / \
PWey L Lt
{22V 2.2V / —
E 0.62/ 0.6V [ {Ef 0.6V
| LEr
tDDR tH
2.4V ' .
DBo~DB7 0.4V Valid Data ﬁi\é
F teve
Fig. 6 Interface timing (data read)
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® 24 character x 2 lines
m Controller LS| HD44780 is built-in (see section 6).
8 +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 (5x 7dots) ......... 2.7W x 4.85H mm
Characterpitch. . .. .................... 3.2mm
Dotsize .............. ... 0.5W x 0.65H mm
Dot pitch ...... B 0.55Wx 0.7H mm
Weight . ... ...... ... i about 50 g
ABSOLUTE MAXIMUM RATINGS min, max.

Power supply for logic (Vpp—Vsg)-- - - - .0 70V
Power supply for LCD drive

(Voo=Vo) .o iiiieiia oo .0 135V
Inputvoltage (Vi) . ........... ... Vss Voo V
Operating temperature (Ta)............ 0 50°C
Storage temperature (Tstg) . . . ....... -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =50V +0.25 V

Input “high’’ voltage (Vi) .. ............ 2.2 V min.
Input “low” voltage (Vi) .............. 0.6 V max.
Output “high”’ voltage (Vou) (—lon = 0.2 mA) 2.4 V min.
Output “low" voltage (Vo) (loL =1.2mA) .. 0.4 V max.
Power supply current (Ipp) (Vpp =5.0 V) .. 2.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty =1/16
Ta=0°C ......coovunn. 4.6 V typ.

OPTICALDATA ... ..ttt it i See page 15.

INTERNAL PIN CONNECTION

Pin No. | Symbol | Level Function
1 Vsg - ov
2 Voo - +5V Power supply
BRI
5 | RW | KWL L' Dot write (LCD modure 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 DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

(2

-~

3.2 Unit: mm

2.7

0.05

0.5

6.05

11.6

5.55

[
[
1]

0.05
065 H N
“+
[

L

Fig. 1 Display pattern
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Unit: mm
13.0max.
2 : 1-¢3.5 : w -
2.5 2.54 S| 4.7~5.8
P i 95.040.5 bl B
- Py
A A pul pal r
7 b mil
3 gl Da 2l T T . |
+ Nl 13 = H
2 ¢ |
2| = 00 1-9¢1.0 -- - ol w] e M
+ - [oXe) sle| of ~ =
o w o + + HEH g
g ~ wlwl ol o
: &2 0 HEEE :
o . L 1= 8l s =4
e H
A 4
2 i
o C ) ar
AV Ll — '-6 - —\4:
11.540.5 " T6.0%03 N N N Lesoe |
(3.35) 76.3+0.2 —l
17.5+0.5 83.0+0.3 Wmax *
4.0£0.5 108.0+0.3
116.0+1.0
*IC height
Fig. 2 External dimensions
T T T T s Il
| |
E —t— 16 LCuw |
R/ W ———]
RS ———— II
|
D?() 30 ﬁ |
bB? Lcon 40 |
“;: : HD44100 HDA4 100 :
Vs el IR |
v Y y
Rf=200kQ
Fig. 3 Block diagram
+5V
Voo
Vo \o
Voo
1L.CM Vo § VR
Vss .e
VpD ~ Vo: LCD driving voltage
VR: 10k ~ 20k

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig. 5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 . 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time ty Fig. 5, Fig. 6 20 - - ns
RS 2.2V 2.2V Y
0.6V 0.6V y,
tas tH
R/W /
/ 0.6V Ao6v
PWen ty
tes
c / 2.2V 2.2v\\ /
A1 06V 0.6V | X Afo.6v
, : t
te L_ tpsy H
2.2V .
DBo~ DB 0.6V Valid Data (2)2\\//
. tere
Fig.5 Interface timing (data write)
o> oy N
RS 2.2V 2.2V
U6V 0.6V £
tas tH
£ 2.2V 2.2V
R/W / \
PWen | ‘[”
/{ 2.2V 2.2V /
E 0.6V 4 0.6V = \=- £/ 0.6V
o  las— LEr
th
2.4V
DBo~DB7 Valid Data 0.4V
tcye
Fig. 6 Interface timing (data read)
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m 32 character x 2 iines
am Controller LSI HD44780 is built-in (see section 6).
B +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 (b x 7dots) ........ 3.45W x 4.85H mm
Characterpitch. . . ..................... 4.2 mm
Dotsize .................... 0.65W x 0.65H mm
Weight .. ........ .. ... about 60g
ABSOLUTE MAXIMUM RATINGS
min,  max.
Power supply for logic (Vpp —Vss) . ... 0 7.0V

power supply for LCD drive (Vpp —Vo! . 0 135V
Inputvoltage (Vi) . ................ Vss Vpp V
Operating temperature (Ta) . ......... 0 50°C
Storage temperature (Tstg) . . .. ....... —20 70°C
ELECTRICAL CHARACTRISTICS

Ta=25°C, Vpp=5.0V £0.25V

Input “high” voltage (Vi) ............. 2.2V min
Input “low” voltage (V;.) .............. 0.6V max.

Output “high” voltage (Vou) (—lony=0.2mA). 2.4V min,

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vsg - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module—=>MPU)
5 RW | HL L: Datawrite (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 DB,~DB, and DB,~DB, are not used. Data transfer
between the HD44780 and the MPU completes when 4-bit data is

“low’’ vol \% loL=1. .. 0. .
(P)utput Iovlv voltage : o) iIOL—S f)rCA) 0.4 Vmax transferred twice. Data of the higher order 4 bits (contents of
ower supply current (Igp) ( Vpp=5.0V) .. 1.0 mA typ. DB, ~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp —Vo! data is 8 bits long).
Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C. .o 46V typ. buses of DB, ~DB, .
Ta=25°C ..ot 4.4V typ
Ta=50°C ..o it 42V typ
OPTICALDATA .. ... ittt See page 15
Unit: mm
42
345
0.05
| E— 065
L0 0o
gxjan 00
oS LU r.——-“ L
OO0
] ' wam (a
AN
Fig. 1 Display pattern
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Unit: mm
156.0£0.3
v
b 14119+0.3 13.4 max.
© 2505 2,54
2 4+ @ 5.5max.
35405 3
—— -
i A A Ao A 2 v
) 1| =1 a
b= - Z W-glo - - - < »
< 3 + - £
b I = g/ % . =
a4l 3 = _ - 3
H ! p > = | u
A \Y4 \ AV N
7.6+0.3 .
v | 1.6+0.2
w2 ] - -
= b 0.7 33,67 2
:’,,2 IRRIE] ;'T 133,60 +0.2 s 4.0max. %
- 37 1675203
-
174505
*IC height
Fig. 2 External dimensions
rme - - - =-"—_ _—_—— === hi
|
|
E— I3
- > LCD |
Ry —— |
DBU | ﬁ |
b7 <I> Lcol W0 i 4 i |
oo HD3410¢ HD441 HD441 I
Vo i 00 ) l
i~ 4 U |
b e e e J
Fig. 3 Block diagram
(+5V)
Vop
Vpp-Vo
LCM 4
Vo VR - VDD
Vss *
)7‘;7 Vpp-Vo: LCD driving voltage
VR: 10k2~20k2
Fig. 4 Power supply
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TIMING CHARACTERISTICS

item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PweEH Fig.5,Fig.6 450 - - ns
Enable rise/fall time teyr, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDOR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time t Fig. 5, Fig. 6 20 - - ns
RS 2.2V 2.2V )
0.6V 0.6V y.
tAs tH
R/W /
0.6V Ao.6v
PWEen tH
tES
. / 2.2V 2.2v\\ /
£ 0.6V 0.6V | X fosv
tEr L_ tosw ti
2.2V 2.2V
~ Valid D
DBo~DB7 0.6V alid Data 0.6V
- teve
Fig. 5 Interface timing (data write)
RS >dl 2.2V 2.2V Y><
0.6V 0.6V £
tas tH
_ { 2.2V X 22y
R/W / \
PWen Lt
2.2V /
E 0.6V 4 0.6V = tE/ Hosv
e th
4
DBo~ DB; Valid Data 2 4\‘;
- tcve
Fig. 6 Interface timing (data read)
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® 40 character x 2 lines INTERNAL PIN CONNECTION

= Controller LS| HD44780 is built-in (see section 6). o -
m +5V single power supply in No. | Symbol Level Function
1 Vgs - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Module size . ... 182W x 35.5H (max.) x 13T (max.) mm 3 Vo _ _
Effective display area .......... 154.0W x 15.3H mm 4 RS H/L L: Instruction code input
Character size (5x 7 dots) ......... 3.2W x 4.85H mm H: Data input
Characterpitch. . . ..................... 3. H: Data read (LCD module>MPU)
Dot sixe P ewW <o 65; ::: 5 RW | H/L L: Data write (LCD module <MPU)
Weight .. ........... .. ... .. ... ... about 659 6 E H HoL Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS 8 DB1 H/L
min max 9 DB2 H/L
Power supply for logic (Vpp —Vgg) .. .. .. 0 7.0V 10 DB3 H/L Data bus line
Power supply for LCD drive (Vpp—Vo).... 0 13,5V 1" DB4 H/L Note (1), (2)
Inputvoltage (V) .. ............... Vgs Vpp V 12 DB5 H/L
Operating temperature (Ta) ............ 0 50°C 13 DB6 H/L
Storage temperature (Tstg) . ... ....... -20 70°C 14 DB7 HIL
ELECTRICAL CHARACTRISTICS Notes:
- o -— *
Ta=25 C" Vpp=5.0V £0.25V ) In the HD44780, the data can be sent in either 4-bit 2-operation or
Input ““high” voltage (Vi) ... ........... 2.2V min. 8.bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input “low” voltage (V) .............. 0.6V max. (1) When interface data is 4 bits long, data is transferred using only 4
Output “’high” voltage (Vo) (—lon=0.2mA) . 2.4V min. buses of DB,~DB, and DB,~DB, are not used. Data.transfer
Output “low” voltage (Vo) (loL=1 2mA) . .. 0.4V max. between the H.D44780 and the MFfU completes when 4-bit data is
B transferred twice. Data of the higher order 4 bits (contents of
Power supply current (Ipp) (Vpp=5.0V) ... 3.0 mA typ. DB, ~DB, when interface data is 8 bits long) is transferred first
4.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp —Vo) data is 8 bits long).
Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C . 4.6 V typ. buses of DB, ~DB, .
Ta=25°C .o i 4.4V typ.
Ta=50°C .. .ot 4.2V typ.
OPTICALDATA . ... ... . it See page 15.
37 Unit: mm
3.2
0.05
—-—1‘1 :(),6
00 Q0000
=5 00
]
aNENN
4 U
Fig. 1 Display pattern
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Unit: mm
13.0max.
2540,
v i 4-43.5 5.5max.
3
b
«
<
- =° 0= )
14 13 a5 ™
2 we9] [] - o - 3= EJ &
e S 3 ’ = Bl W j E
8 E 3 oo C C - - E" g g
~ Ze 2l 1
4 D L
33+05
3.5%0.5 147.5£0.2 1.6£0.2
16.7 0.5 4.0max. %
154.0%£0.3
1635403
175.0£0.3
182.0£1.0 *IC height
Fig. 2 External dimensions
[~ T s s hl
E ! |
B Ii:) LD |
R W ‘
RS [
DBO ! |
| <I> 1o - 1 1 |
DB7 Lepn |
v
" ! HD3 4100 b4 o0 Hid4 00 iason |
e E— % >
Vss —>| |
e o e e e e J
Fig. 3 Block diagram
(+5V)
Vop
Vop-Vo
LCM .
Vo VR - VoD
Vss *
7;7 Vpp-Vo: LCD driving voltage
VR: 10kQ~20k$2
Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweEH 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 tDDR Fig.6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V z.?v ><
0.6V O.bV]
- tas L
- /
/ 0.6V 0.6V
PWen ! th
tEf
. {2.2v 2.2V /
j/ 0.6V 0.6V VF A0.6V
tE, e tDsu tH
2.2V 2.2V
~ Valid D
DBo~ DBy 0.6V alid Data 06V
o teye
Fig. 5 Interface timing (data write)
ey
RS >< 2.2V z.zv¥$<
X 0.6V ()‘6V/~
L tas tH
) 2.2V X 2.0v
R/W / \
PWen th
{22V 2.2V /
E 0.6V ,/ 0.6V =\~ tes 0.6V
- =t tDDR tH
2.4V 2.4V
~ Valid Dat
DBo~DEy 0.4V e e 0.4V
- teye
Fig. 6 Interface timing (data read)
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® 16 character x 4 lines
m Controller LS| HD44780 is built-in (see section 6).

m +5V single power supply
MECHANICAL DATA (Nominal dimensions)

Modulesize ........... 87W x 60H x 12T (max.) mm
Effective display area ........... 61.8W x 25.2H mm
Charactersize (b x 7dots) ........ 2.95W x 4.15H mm
Characterpitch. . . .................... 3.55 mm
Dotsize .................... 0.55W x 0.55H mm
Weight . ... ... ... .. ..., about 60g

ABSOLUTE MAXIMUM RATINGS
min.  max.

Power supply for logic (Vpp —Vgs) ...... 0 7.0V
Power supply for LCD drive (Vpp —Vo).... 0 13.5V
Inputvoltage (V;) ... .............. Vss Vpp V
Operating temperature (Ta) ............ 0 50°C
Storage temperature (Tstg) . . ... ...... -20 70°C

ELECTRICAL CHARACTRISTICS
Ta=25°C, Vpp=5.0V+0.25V
Input “high” voltage (Vi) . . ... ... ... .. 2.2V min,
Input “low” voltage (V) .............. 0.6V max.
Output “high” voltage (Vo) (—lgy=0.2mA) . 2.4V min.
Output “low” voltage (Vo) (loL=1.2mA) ... 0.4V max.
Power supply current (Igp) (Vpp=5.0V) ... 3.0 mA typ.

4.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty = 1/16
Ta=0 C...... ittt ii i iiin 4.6V typ
Ta=25°C . oo 44V typ
Ta=50°C . ..t 4.2V typ
OPTICALDATA ... ..... . it See page 15.
Unit: mm
e T E
-l © 2 2 H =]
«| & ' u]
vy ' =]
B =~ = = = =~ g
3 booed b ______d
~ pogog @ TTTTTTTTTTTTTTTTII o Q
;JDDDD: 'b ________________________ D:
00000 F’ _______________________ q
o i e e i :
e i
0.55
06
2.95
3.55
56.2
Fig. 1 Display pattern

INTERNAL PiN CONNECTION

Pin No. | Symbol | Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
4 RS H/L L: Instrt{ction code input
H: Data input
5| RW || D (CD meduie MPU)
6 E H, H—>L Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 D83 H/L Data bus line
1 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)

(2)

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

DISPLAY POSITION AND DD RAM ADDRESS

Character No.{ 1 213|456 |7]|8|9]10 11|12 |13 |14 |15 |16
1st line 80 |81 |82 |83 |84 |85 (86 |87 |88 |89 |8A |8B |8C |8D |8E |8F
2nd line CO {C1 (C2 |C3 |C4 |C5 [C6 {C7 [C8 [C9 [CA |CB [CC |CD [CE [CF
3rd line 90 {91 (92 |93 |94 |95 [96 |97 |98 {99 [9A |98 [9C |9D [9E |9F
4th line DO |D1 |D2 |D3 |D4 (D5 |D6 D7 |D8 (D9 DA (DB [DC (DD |DE |DF

Notes:

(1)
(2)
(3)

(4)
(5)

80 ~ DF are described in hexidecimal for DD RAM address.

The set to HD44780 are "N = 1", F ="0" (2 lines 6 x 7 + cursol).”
DD RAM address is no series in line. Address set is necessary to
change the lines.

Circuit is equal to 32 characters by 2 lines type.

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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Unit: mm
87.0%1.0
12max
2505 82.0£0.3
10005 254 2 b 4.5-6.0
14-¢1.0 3" E | 4.0max *
. / I
3 D 9o ccoee%ee—_ & '
2 2 14 I
= mil=k
g Bl
* — - - - i
N _] N
i3 3 2| =2 !
z 5 - . ' b B 1
s al 2 i
i
_ - - V!
t
- L
N ey : |
|
(238) I
i Jo
116205 6l8x0.d - 925 1.6+0.2 4.2max.
|
Loros ¥5.010.5
*IC height
Fig. 2 External dimensions
r———— - ————_-— - - — — — — - == — == n|
! |
| 1 > HD44104 |
| |
| 40 40 I
| |
[ 16 |
E—be Lco I
RW — ] — |
RS —fe] |
I LCD 1l |
DBO 40 40 |
}
[— T kvsios [ HDastos |
[F— |
Voo —+‘ |
b |
Fig. 3 Block diagram
Voo (+5V)
Vop-Vo
LCM Vo § VR e
Vss *
;7L7 Vpp-Vo: LCD driving voltage
VR: 10k2~20kQ
Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter. tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - — ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
2.2V
RS 2.2V
0.6V 0.6V
|
tas th_|
R/W . / ,
JK 0.6V A0.6V
PWen tH
tes [
{2.2v 2‘2\/\ l
& J/ 0.6V 0.6V | % 0.6V
LE, ty |
I
2.2V |
DBo~ DB+ Valid Data }<046V i
‘ tcye —Al
Fig. 5 Interface timing (data write)
RS Y2.2v 2.2\ ¥
k 0.6V 0.6V 4
tas ty
‘——————' o
4
2.2V { X 22y
R/W / \
- PWen ‘ tH
i
. /l 2.2V 2.2V /
E 0.6V 4 0.6V = = LE/ Hosv
| |ea- lEr
thok tH
2.4V 2.4V
~ Valid D
DBo~DBy 0.4V alic Pata 0.4V
- teve
Fig. 6 Interface timing (data read)
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® 20 character x 4 lines
m Controller LSI HD44780 is built-in (see section 6).
= +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize . . ......... 98W x 60H x 12T (max.) mm
Effective displayarea ........... 76.0W x 25.2H mm
Character size (b x7dots) ........ 2.95W x 4.15H mm
Characterpitch. . .. ................... 3.55 mm
Dotsize .................... 0.55W x 0.565H mm
Weight ... .......... ... ... ... ..., about 65 g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vss) .. ...... 0 70V
Power supply for LCD drive (Vpp—Vo) . . ... 0 135V
Input voltage (Vi) ... ............... Vss Vpp V
Operating temperature (Ta) ............. 0 50°C
Storage temperature (Tstg) . . .......... -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =50V +0.25 V
Input “high’* voltage (Vi) . ... .......... 2.2 V min.

Input “low’ voltage (Vi) .............. 0.6 V max.

Output “high” voltage (Vo) (—lony =0.2 mA) 2.4V min.
Output “low” voltage (VoL ) (loL = 1.2 mA) .. 0.4 V max

Power supply current {Ipp) (Vpp =5.0 V) .. 1.0 mA typ.
3.5 mA max.

Power supply for LCD drive (Recommended) (Vpp—Vog)

Duty = 1/16
Ta= 0°C .o e 4.6V typ.
Ta=25°C ...t 44V typ
Ta=50°C . ..o 42V typ
OPTICALDATA . ... .. .. i See page 15.
Unit: mm
70.4
3.55
2.95
L 0.55
[ 0.6
oopog O~ - - - - - - — - — - — - o)
{(— o0ooog a
8 =] ooooo ! a
»| ®| $| =l poooog |, 208
= 0ooog | =]
w oooog | a
oooog | a
_ 00000 O- - - - — — — — —__ o
- oooog O T T T T T T T T T =]
< Loy “0
< 00000 O- _ _ _ _ a
e g
Lo s
00000 O- _ _ _ _ . - . a]
e e e a
I S 8
- 00000 O & - & — @ o o et e e = [m]
Fig. 1 Display pattern
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INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - oV
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module—>MPU)
5 R/W H/L L: Data write (LCD module <MPU)
L 6 E H, H=>L Enable signal
| 7 DBO H/L
| 8 DB1 H/L
9 DB2 H/L
10 D83 H/L Data bus line
" DB4 H/L Note (1), (2)
12 DB5S H/L
13 DB6 H/L
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)

(2)

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB,; when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

DISPLAY POSITION AND DD RAM ADDRESS

CharacterNo. | 1 | 2 | 3 /4 5| 6| 7|89 lm 11 |12 {13 [14 |15 |16 {17 |18 [19 |20

1st line 80 {81 |B2 |83

85 |86 |87 |88 |89 |8A |8B |8C |8D |8E |8F |90 |91 |92 |93

2nd line Co |C1 |Cc2 |C3

Cé [C7 {C8 |C9 |CA |CB |CC |CD |CE |CF |DO |D1 D2 |D3

84
c4
3rd line 94 |95 196 |97 (o8
4th line D4 |D5 |D6 |D7 D8

cs
99 [9A [9B |9C (9D [9E [9F |A0 |A1 [A2 |A3 |A4 A5 (A6 |A7
D9 |DA |DB |DC |DD |DE |[DF [EO |E1 |E2 |E3 |E4 |ES |E6 |E7

Notes:

(1)
(2)

(3)

(4)
(5)

80 ~ E7 are described in hexidecimal for DD RAM address.
Function setting of HD44780 should be “N = 1", F = “0'" (2
lines of 5 x 7 + cursol).

DD RAM address is no series in line. Address setting is necessary
to change the lines,

Circuit is equal to 40 characters by 2 lines type.

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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)

L
1
R W }
RS | LCD-1n "
DBO LCD
DB7
| ﬁ ﬁ ﬁzot |
l 4 ) HD44104 ) HD4d104 4
I
|
|

Fig. 3 Block diagram

Unit: mm
98.0+ 1.0
25405 93.0+03
10.0£0.5 2.54pitch 2 o 12max
H 14-41.0
e E 5.8max 4.0max *
o D~ 9060000 - D =|
3 12 14 ]
- |
w ~-————"~—~"~"f"*"fFT*F™"™F"F~™~™F—7"™F7™Y——F—""™FY——™7 /™~ u .
o
—— ————>
b | C— | I
< |
' 3 1 ) i i 20 l I
I3 | |
3 3 | 21 10 I 2 =
+ Hi ' +H +
s g | : g 2 I
I 61 _ ) } % I I
1 |
| I |
-Ll D | 28t0s ——— ———— o Iy
A I XK I & 5 __F & L &L I A i L & 5 _&_NK_X_X = ‘/ S J l
& & J
A
I I
11.0£0.5 76.0+£0.3 1.6+02
1 925
*[C height
Fig. 2 External dimension
[ ———— e e —_— e T T T T
Vi —] N
| HD44104 HD44104 |—4—

(+5V)

Voo

Voo- Vo
LCM

Vss

o

Fig. 4 Power supply

- Voo

Vpbp-Vo: LCD driving voltage

VR: 10kQ~20k$2
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 — - us
Enable pulse width PwEH Fig.5, Fig.6 450 - - ns
Enable rise/fall time tey, tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig.6 140 - - ns
Data delay time tDDR Fig.6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns

RS 2.2V Y
().GV}‘
tH
RW /
S0.6V
PWen th
tEf
. / 2.2V H“\ /
£ o6V 0.6V | % 0.6V
e e tosw tH !
2.2V ;
DBo~ DB . Valid Data 2.2\
0.6V 0.6V
e teve

Fig. 5 Interface timing (data write)

RS {22V 2.7 )
k 0.6V 0.6V A

tas th

_ £ 2.0V X 20y
R/W / \

PWen th

/l 2.2V 2.2V /
E 0.6V ; 0.6V \= tes 0.6V

- s [Fr
tDDR i
2.4V 2.4V
~ Valid Dat
DBo~DBr 0.4V ahd et 0.4V
tcyc

Fig. 6 Interface timing (data read)
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® LM104L........ (16 x 2 line)
® LM105L........ (20 x 2 line)
® LM10O7L........ (40 x 2 line)
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SUMMARY

B 16 Character x 2 lines

B Built-in control LS| HD44780 type (see section 6).
B +5V single power supply

MECHANICAL DATA (Nominal dimensions)

........... 80W x 30H x 11D (max.) mm
............... 62W x 15.1H mm
........ 29.5W x 4.56H mm

Module size
Effective display area
Character size (5 x 10 dots)

Pitch ... it e 3.55 mm
Dotsize ..................... 0.55W x 0.66H mm
Weight . ........ .. .. i about 25 g

ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for logic (Vpp—Vss) - ... .... 0 65V
Power supply for LCD drive (Vpp—Vo) .. ... 0 65V
Inputvoltage (Vi) .................. Vss Vpp V
Operating temperature (Ta) ............. 0 50°C
Storage temperature (Tstg) . . .. ........ -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25°C,Vpp =50V +0.25 V
Input “’high” voltage (Vi) . . .. .......... 2.2V min
Input ““low" voltage (Vi) .............. 0.6 V max

OPTICAL DATA

Output high voltage (Vgy) (—lon =02 mA) . 2.4V min.
Output low voltage (Vo) (lgL = 1.2 mA)
Power supply current (Ipp) (Vpp =5.0V) .. 2.0 mA typ.

...0.4V max.

3.0 mA max.

Power supply for LCD drive (Recommended) (Vpp—Vg)
Du=1/16

atTa= 0°C .....ovvvvnvnnnnnn.

at Ta=25°C

at Ta=50°C

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS H/L H: Data input
H: Data read (LCD module—>MPU)
5 RMW | H/IL | | Datawrite (LCD module <MPU)
6 E H,H=>L Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 D83 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-operation or
8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.

(1)

(2)

(©]

When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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 DB, ~DB, when interface
data is 8 bits long).

When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .

Effective display area

210

80.040,5

11.0MAX.

77.040.3

5.340.5

5.740. 65.530,5

.540.3] 56.2+0.2

3.040.5
2.440.5

3.040.5

3.0MAX.

2

T { =

15.8+0.5
4.840.5
25.040,5

£

30.040.5

24.040.3

> Sealing area

p——

[

11.5+0} 2]
Note

15.1MIN,

L,

Y

40.540.5
62MIN.

7.5MAX

Sl 2.56p1cch

I ' @
A |L1.050.3

4-R1.25

Note

Note:Effective display area

1

!

3

I 1__r )
hadi SE—————— A= Ty LI Iar

Fig. 1 External dimension
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11.5

4.85

0.6
0.66

Fig. 2 Display pattern

Unit: mm

DsB“ I LCDII m
Vip =y .
[ —— Driver
Vss ——1' >
L o e e e e e 1

Fig. 3 Block diagram

LCM

(+5V)

Vpp—Vo: LCD driving voltage

e

VR: 10kQ~20k$2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tosw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V Y
0.6V ().6\']
tas Ly
R/W .
0.6V o6y
PWen tH
E /2.2\' 220 /
J 0.6V 0.6V \ fosy
LEr e | tosw
2.2V
DBo~DB: 0.6V Valid Data

teye

Fig. 5 Interface timing (data write)

RS f2.2v 2.2V
K 0.6V 0.6V
tas tH
ot
) f2.0v 2.2V
R/W 7/
PWey R

/l 2.2V 2.2V /
E 0.6V 4 06V =\~ Ly Fo.6v
] tEr
tpor tH

DB 2.4V valid Da: 2.4V
By 0.4V ahd Lata 0.4V

icye

Fig. 6 Interface timing (data read)

212 GO HITACHI




LM105L

SUMMARY
B 20 Character x 2 lines

INTERNAL PIN CONNECTION

n Bullt-m. control LSI HD44780 type (see section 6). Pin No. [Symbol | Level Fanction
B +5V single power supply
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Module size . ........... 95W x 30H x 11T (max.) mm 3 Vo — _
Effective display area ............. 76.7W x 15.1H mm 4 RS HIL L: Instruction code input
Character size (5x 7dots) ......... 3.2W x 4.85H mm H: Data input
Pitch .. ... ... . . . .. .. 3.7 mm 5 R/W H/L H Data read (LCD module—>MPU)
DOLSIZE v veeeeeeeen s 0.6W x 0.65H mm _ L: Data write {LCD module “MPU)
WeIgGht . oot about 50 g 6 E_[HHZL Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min, max. 8 DB1 H/L
Power supply for logic (Vpp—Vss) .- - - - .0 6.5V 9 DB2 H/L
Power supply for LCD drive 10 DB3 H/L .
Data bus line
Moo=Vo) ..o viiiiiii oo .0 6.5V 11 DB4 H/L Note (1), Note (2)
Inputvoltage (Vi) . ............... Vss Vop V 12 DB5S H/L
Operating temperature (Ta) ............ 0 50°C 13 DB6 | H/L
Storage temperature (Tstg) . ... ...... -20 70°C 14 DB7 H/L
ELECTRICAL CHARACTERISTICS Note:
o :
Ta=250C, VDD =50V1025V In the HD44780, the data can be sent in either 4-bit 2-operation or
Input ““high” voltage (Vi) .. ............ 2.2V min 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input “low” voltage (Vi) .............. 0.6 V max (1) When interface data is 4 bits long, data is transferred using only 4
Output high voltage (Vou) (—low =0.2mA) .. 2.4 V min. buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output low voltage (Vo ) (I =1.2mA) 0.4 V max between the HD44780 and the MPU completes when 4-bit data is
P ge Voo !/ oL N e Y ' transferred twice. Data of the higher order 4 bits (contents of
Power supply current (Ipp) (Vpp =5.0 V) .. 2.0 mA typ. DB, ~DB, when interface data is 8 bits long) is transferred first
3.0 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp—Vo) data is 8 bits long).
Du=1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
atTa=0°C .............. 4.6V typ. buses of DB, ~D8, .
atTa=25°C ............. 4.2V typ.
atTa=50°C ............. 3.5V typ.
OPTICALDATA ........ ... e See page 15.
Unit: mm
3.7
3.2
| T
OO0
T 0 0ooto
Fig. 1 Display pattern
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95.040.5
1.540.5 | 92.040.3
80.3+0.5
a2 2303 . 11.0MAX,
R . . 73. . o~
g. F| 2:2520.5 3.340.2 S 5.340.5 1
ol o <DB.0X0.5 38 l—
ol N
—~H =
) 1%
o < N Seating ares . []
> > UL Sealing area 8
g‘ § é,(?' iR / F / m'é
[} ~ 4 bt "4 =, - - -
A o~ '~ i = :
Al ----gal B
n \n ‘2.54Pitch 4-R1.25 “ 1.0£0.3
o $' 40.540.5 |
gi @17 ,5MAX. 76 . 7MIN.
: ~ Note

Note:Effective display area

Fig. 2 External dimension

—-————I—-———»
DB,
I8 LCD-II
DB,
| 20 40 20
Vop —
Vo —»

4 Driver
Vsg — l/

Fig. 3 Block diagram

(+5V
Vop )
Vop-Vo
LCM Vo § VR -j: Vo
Vss g
ﬂL7 Vpp-Vo: LCD driving voltage

VR: 10kQ~20kQ

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey. tef Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDpDR Fig.6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2v#
0.6V ().GV]
tAs tH
W /
R 0.6V A0.6V
PWen tH
tEs
. / 2.2V z.zv\\ /
£ osv 0.6V | ¥ Lo.ev
ter | e tosw tH
2.2V 2.2V
~DR- Valid Dat
DBo~ DBy 0.6V alid Data 0.6V
4 teve
Fig. 5 Interface timing (data write)
RS ><f 2.2V 2.2V Y><
£ 0.6V 0.6V £
tas tH
) 2.2V 2.2V
R/W / \
PWen tH
/{2,2\/ 2.2V
E 0.6V 4 0.6V = \=t&/ Yosv
o |- LEr
tpDR tH
<—————|
2.4V 2.4V
~ Valid Dat
DBo~ DBz 0.4V alid Data 0.4V
- tcye
Fig. 6 Interface timing (data read)
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® 40 character x 2 lines
8 Controller LS| HD44780 is built-in (see section 6).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)
Modulesize............ 170 x 30 (max.) x 11 (max.) mm
Effective display area.............. 152.6W x 15.1H mm
Character size (5 x 7 dots) 3.2W x 4.85H mm

Characterpitch, . . ..................... 3.7 mm

Dotsize ...........ccuvvo... 0.6W x 0.65H mm

Weight . ... ... ... about 65g
ABSOLUTE MAXIMUM RATINGS

min max.

Power supply for logic (Vpp —Vsg) . ... .. 0 65V

Power supply for LCD drive (Vpp—Vo).... 0 6.5V

Input voltage (Vi) . . ............... Vss Vpp V

Operating temperature (Ta) ............ 0 50°C

Storage temperature (Tstg) . . ......... -20 70°C
ELECTRICAL CHARACTRISTICS

Ta=25°C, Vpp=5.0V +0.25V

Input “high’" voltage (Vi) . .. ........... 2.2V min.

Input “low’ voltage (V) .............. 0.6V max.

Output “high” voltage (Vor) (—lon=0.2mA) . 2.4V min,

INTERNAL PiN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS HIL H: Data input
H: Data read (LCD module—>MPU)
5 RW | HIL 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 D83 HIL Data bus line
1 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 DB,~DB, and DB,~DB, are not used. Data transfer
between the HD44780 and the MPU completes when 4-bit data is

Output “low" voltage (Vo) “O"jLzmA) +++ 0.4V max, transferred twice. Data of the higher order 4 bits (contents of
Power supply current (I5p) (Vpp=5.0V) ... 3.0 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first
4.0 mA max, and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp -Vo) data is 8 bits long).
Duty = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0%Coo v e 4.6V typ. buses of DB, ~DB, .
Ta=25°C ..ot 4.4V typ.
Ta=50C .. 4.2 V typ.
OPTICALDATA ... ... it See page 15.
37 Unit: mm
3.2
0.05
iy e
it

Fig. 1 Display pattern
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8| & » = N
of &
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Fig. 2 External dimension Note: Effective display area
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E e E—— |
RW ol [
’ 16 C f
RS —— > ? L D |
DB, | |
LCD-1I |
Voo — 40 |
Vo ——n —\ :VJ\ :Vf\ N\ |
\ E— ____/
s ! _l/ |

Fig. 3 Block diagram

+
Voo (+5V)
Vop-Vo
LCM Vo § VR —_J_ Voo
Vss ' g
ﬁL7 Vpp-Vo : LCD driving voltage

VR: 10kQ~20k$2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig.5, Fig. 6 450 - - ns
Enable rise/fal] time tey, tes Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - -_ ns
\
. 2.2V 2.2V P(
0.6V 0.6V 7
tAs tH
R /
/ 0.6V 0.6V
PWen t
g tE/
. /( 2.9V 2.2V ) /
A1 0.6V 0.6V 0.6V
tEr - tosw tH
2.2V 2.2V
~ Valid D
DBo~ DBy 0.6V alid Data 0.6V
; tere
Fig. 5 Interface timing (data write)
"4 3
. 2.2V 2.2V \
X 0.6V 0.6V £
tas tH
) fz.zv X 2.2v
R/W / \
PWen R
. /l 2.2V 2.2V /
0.6V 4 0.6V = \=-te/ Ko.sv
o | LEr
tDDR |t
2.4V . 2.4V
DBo~ DB 0.4V Valid Data 0.4V
- tcre
Fig. 6 Interface timing (data read)
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FEATURES

B 16 character x 1 line w/LED backlighting
B Built-in controller LSI HD44780 type (see section 6).
B +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Ta= 0°C ... .. 4.6V typ.
Ta=25°C .. ... 4.4V typ.
Ta =50 ..ot 4.2V typ.
OPTICALDATA........... ... .. ..., See page 15

INTERNAL PIN CONNECTION

Modulesize .............. 90.0W x 36H x 14D (max.) mm - -
Effective displayarea................. 64.5W x 13.8H mm Pin :'°’ S‘(/mbm Level = Function
Character size (5 x 7dots). ........... 3.07W x 5.73H mm S8 —
PICR . - . e e 3.77 mm 2 | Voo | — +5V Power supply
Dotsize ..........oiiiiiiiiiii... 0.55W x 0.75H mm 3 Vo - — -t' —_—
; : Instruction code inpu
Weight . ... ... about 25 g 4 RS H/L H: Data input
ABSOLUTE MAXIMUM RATINGS s | Rw | or | DS e Ch et MU
L : Data write (LCD module<—MPU)
min. max. 6 E H, H—L | Enable signal
Power supply for logic (Vpp = Vgg) - -« -« e v - ... 0 70V 7 | DBO | HL
Power supply for LCD drive (Vpp = Vo). . ... . ... 0 135V 8 | DBi H/L
Power supply for LED ... ..........oooivnn.. 60mA 9 | DB2 HIL
Inputvoltage (Vi).......................... Vss VppV 10 DB3 HL_ | patabusline Note (1), Note (2
Operating temperature (Ta). . .. .............. 0 50°C | DB4 | HL
Storage temperature (TStg). . . ............... -20 70°C 12 | DBS | HL
13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 bB7 HIL
Ta = 25°C, Vpp = 5.0V £0.25V 15 Viep — +5V Power supply
Input “high” voltage (Vi) - .- - o oot 2.2V min. Note:
Input “low” voltage (V)1) . - -« o oo oo 0.6 V max. In the HD44780, the data can be sent in either 4-bit 2-operation or
Output high voltage (Vo) (-lop= 0.2mA). ...... .. 2 4 V min. 8-bit 1-ope1:ation so that it can i.nterface to bo.th 4 and 8 bit M'PU's.
Output low voltage (Vo) (<loL = 1.2mA) 0.4 V max (1) When interface data is 4 bits long, data is transferred using only 4
p 9 oL OL= Lalll). e ’ ’ buses of DB,~DB, and DB,~DB, are not used. Data transfer
Power supply current (Ipp) (Vpp= 5.0V)......... 1.0 mA typ. between the HD44780 and the MPU completes when 4-bit data is
3.0 mA max. transferred twice. Data of the higher order 4 bits (contents of
Power supply LED (Vigp=5.0V)............... 30 mA typ. D‘Za NhDBv| when :“e::‘:?e ‘za‘a is 8 b‘f‘;'af’"g:)g "azsfef_'ed ff"“
. and then lower order its {contents O 0™ 3 when interface
Power supply for LCD drive (Recommended) (Vpp — Vo) data is 8 bits long).
Du = 1/16 (2) When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .
90.0
75%0.3 75.0%0.3
85 735403 7.6 max.
13.0%£0.3 4.0 max.
i 2.54 Pitch  15-¢1.0 Note
S e
CEEEIRII T {
= = | 5
i) L U
3.0 59.620.1 w‘
4803 25_ L 35
’ 84503 140 max.
4-28+0.2
[ - capn=
OO0 O
Fig. 1 External dimension
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(+5V)
Voo

4 T Vbp-Vo ; VR

2 Vo ?

) Vv

- DD
=
[m]
V Y
S I F
Viep
Vpp-Vo:LC Driving Voltage
VR: 10KQ ~20KQ
LED
Fig. 4 Power supply
TIMING CHARACTERISTICS
Item Symbol Test condition min. typ. max., Unit

Enable cvclé time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PweH Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter, tes Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tDDR Fig.6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
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RS 2.2V 2.2V
0.6V 0.6V
tas tH
RW /
0.6V AoV
PWEy tH
LEf
E Kosv
2.2V
DB,~DB, 0.6V
tcye
Fig.5 Interface timing (data write)
4
RS 2.2V 22V
£ 0.6V 0.6V
tas {H
£2.2v 22V
R/W /
PWEgy | tH
{2.2v 2.2V /
E 0.6V ,/ 0.6V = \= ter 0.6V
"= e lEr t
{DDR H
2.4V Valid Data 2.4V
-~ al a
DB,~ DB, 0.4V ! 0.4V
tcye

Fig. 6 Interface timing (data read)
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FEATURES

B 16 character x 2 lines w/LED backlighting
B Built-in controller LSI HD44780 type (see section 6).
B +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 10dots) .. .......... 2.95W x 3.8H mm

Pitch. . ... ... ... 3.65 mm
Dotsize .......... ... ... .. ... ..., 0.55W x 0.5H mm
Weight ... ... about 25 g
ABSOLUTE MAXIMUM RATINGS

min. max.

Power supply for logic Vpp-Vsg) -+ -+« vvont o 70V
Power supply for LCD drive (Vpp-Vg)- -+ -« - ... 0 135V
Input voltage (Vi) .. ............ ... . ... ... Vss VppV
Operating temperature (Ta). .. ............... 0 50°C
Storage temperature (Tstg). .. ............... -20 70°C
ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vpp = 5.0V +£0.25V
Input “high” voltage (Vi) .. ... 2.2V min.
Input “low” voltage (V)1) ... ... .ot 0.6 V max.
Output high voltage (Von) (-lon= 0.2mA)......... 2.4V min.
Output low voltage (Vo) (<loL= 1.2mA).......... 0.4 V max.
Power supply current (Vpp=5.0V) ............. 30 mA typ.

Power supply for LCD drive (Recommended) (Vpp - Vo)

Ta= 0°C .. ... 4.6V typ.
Ta=25°C ... .. 4.4V typ.
Ta=50° ... ..o 4.2V typ.
OPTICALDATA ... ... See page 15.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vsg - ov
2 Vpo - +5V Power supply
3 Vo - -
L: Instruction code input
4 RS HIL H: Data input
H: Data read (LCD module—~>MPU)
5 R/W H/L 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 D83 HIL 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) When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~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

Du = 1/16 and then lower order 4 bits (contents of DB, ~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, .
90.0
7.5610.3 75.0+0.3
8.5 73.540.3
7.6 max.
2.54 Pitch 4.0 max. [
IR Note
N 13.0£0.3 5;
L E o
S [e c o S
l 14 14 2 J
Af-0000000000b005 L A
Tt pe g 1 a ' |
w
=®Ts ! V! '
8122 |3 - n "
S 1243 I [] N
o
1 o 0 ] g
- BT H
i i 2
3.0 577101 3.5
% 4.8+0.3 3.4+0.3 4-2810.2
° 64503 14.0 max.
w
o
8
T =1
- I e 9 ,
n T I P e
o
"+
o
a
Unit: "
Scale: NTS Fig. 1 External dimension
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TIMING CHARACTERISTICS

Item Symbol Test condition min, typ. max. Unit
Enable cycle time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PweH Fig.5,Fig. 6 450 - - ns
Enable rise/fall time tey, tes Fig.5, Fig.6 - - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time tbDR Fig. 6 - - 320 ns
Data set up time tosw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V \><
0.6V 0.6V 7
LAs tH
R/W /
0.6V 0.6V
PWen tH
tES
/oy 5 ovX |
E Vi 22N N
0.6V 0.6V | X o6
ter - | tosw th |
2.2V 2.2V
DBo~DB /ali
7 0.6V Valid Data 0.6V
- teve
Fig. 5 Interface timing (data write)
[ ’
RS 2.2V 2.2V
k 0:6V 0.6V
tas tH
) {2.0v 2.2V
R/W
PWen L
2.2V
E 0.6V = \[=- ¢/ 0.6V
tH
DBo~DB1 Valid Data (2):\‘;
tcyc
Fig. 6 Interface timing (data read)
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SUMMARY

B 16 character x 2 lines w/LED backlighting
B Built-in controller LS| HD44780 type (see section 6).
B +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Ta= 0°C ... ... 4.6 V typ.
Ta=25°C ..o 4.4V typ.
Ta=50° ... 4.2V typ.
OPTICALDATA...........cciiieennnn. See page 15

INTERNAL PIN CONNECTION

Modulesize .............. 90W x 44H x 13.8D (max.) mm
R R Pin No. | Symbol Level Function
Effective displayarea .................. 61W x 16.3H mm ] vV — oV
Charactersize (5 x 7dots)............ 2.96W x 4.86H mm > VSS — Y Power suppl
PHCN. . o oot 3.55 mm T = i
Dotsize .......... ... . ... ..., 0.56W x 0.66H mm 0 L - Instruction code input
Weight ......... .o about 25 g 4 RS HL | A Data input
5 RIW HIL H: Data read (LCD module—MPU)
ABSOLUTE MAXIMUM RATINGS L : Data write (LCD module < MPU)
min. max. 6 E H, H—L | Enable signal
Power supply for logic (Vpp = Vgg) - « «« v v vn. ... 0 70V 7 g:° HiL
Power supply for LCD drive (Vpp-Vo). . .. ... .. 0 135V 8 B1 AL
PowersupplyforLED .. .................... 160mA 9 DB2 HiL
INPUEVOIAGE (Vi) .+« v e e eeee e Vss Vpp V 10 | DB3 | HL | patabusline Note (1), Note (2)
Operating temperature (Ta) . . . .. ............. 0 50°C 1; 324 :/ ::
Storage temperature (Tstg). .. ............... -20 70°C ! S /
13 DB6 H/L
ELECTRICAL CHARACTERISTICS 14 | DB7 | HA
15 Viep — +5V Power supply
Ta = 25°C,Vpp = 5.0V £0.25V Note:
Gt et . ote:
Input “high” voltage (Vipy) .. ...t 2.2V min. In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “low” voltage (Vi) . ...t 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's,
Output high voltage (Vop) (-lon= 0.2mA)......... 2.4 V min. (1) When interface data is 4 bits long, Hata is transferred using only 4
_ buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output low voltage (Vou) (-loL = 1.2mA). ... 0.4 V max. between the HD44780 and the MPU completes when 4-bit data is
3.0 mA max. transferred twice. Data of the higher order 4 bits (contents of
Power supply LED (Vigp=50V)............... 80 mA typ. DB,~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp - Vo) and then lower order 4 bits (contents of DB, ~DB, when interface
Du = 1/16 data is 8 bits long).
- (2) When interface data is 8 bits long, data is transferred using 8 data
buses of DB, ~DB, .
90.0%1.0
55%0.5 79.0%0.5
56.210.2
14.5+0.5 61.010.3
H 13.8 max.
g § e 7505
= @4 E |
T —— T b
i ol |12 I
ile HH [ H o
. H i
=0 = o= o
o~ nononooononon
o 5 1
5 15-01.0 4-025
16%0.2 4.0 max
Note
13.2105 2.54 Pitch
75.0%0.5
70+0.5 76.0£0.3
. —_h
i " 20 B - —" g N
(sJ::l;':anTs Fig. 1 External dimension
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TIMING CHARACTERISTICS

Item Symbol Test condition min. typ. max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
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 tbDR Fig.6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
\
RS 2.2V 2.2V
0.6V ().6\']
tAs tH
/
0.6V Aoy
PWen tH
SR
‘ tEs
. / 2.2v z.zv\\ /
£ 0.6V 0.6V | X Fo6v
N o |
2.2V R
DBo~ DB7 0.6V Valid Data sg;j
. teye
Fig.5 Interface timing (data write)
Vo ov
RS 2.2V 2.2V
X U.6V 0.6V
tas ty
£ 2.2V 2.2V
R/W /
PWen tH
/{2.2\/ 2.2V /
E 0.6V 4 0.6V e = tE/ 0.6V
| |es— [Er
tDDR tH
2.4V X 2.4V
DBo~ DB 0.4V Valid Data 04V
tcye
s
Fig. 6 Interface timing (data read)
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SUMMARY
B 20 character x 2 lines w/LED backlighting

M Built-in controller LSI HD44780 type (see section 6).
B +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize............... 126W x 39H x 14D (max.) mm
Effective displayarea .................. 83W x 18.6H mm
Character size (5 x 7dots)............. 3.2W x 4.85H mm

Pitch. . ... . 3.7 mm
Dotsize ............ ... .. ..ol 0.6W x 0.65H mm
Weight . ....... ... about 25 g

ABSOLUTE MAXIMUM RATINGS

min. max.
Power supply for logic (Vpp—-Vsg) -+ -+« v v 0o 70V
Power supply for LCD drive (Vpp-Vg). .- .. .. .. 0 135V
Power supplyforLED . ..................... 220mA
Inputvoltage (Vi) .. .......... ... ...t Vgs VppV
Operating temperature (Ta) . . .. .............. 0 50°C
Storage temperature (Tstg) .. . ............... -20 70°C
ELECTRICAL CHARACTERISTICS
Ta = 25°C,Vpp = 5.0V +0.25V
Input “high” voltage (Vi) .- ..o 2.2V min.
Input “low” voltage (Vi) . -« .o oo 0.6 V max.
Output high voltage (Vou) (lop= 0.2mA)......... 2.4V min.
Output low voltage (Vo) (-loL= 1.2mA). . ........ 0.4 V max.

3.0 mA max.
Power supply LED (Vi gp=50V).............. 110 mA typ.

Power supply for LCD drive (Recommended) (Vpp - Vo)

Ta =25 ..t e 4.2V typ.
Ta=50°C ... e 3.5 Vtyp.
OPTICALDATA............ciiieeenn See page 15

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss — oV
2 Vop — +5V Power supply
3 Vo — —
L : Instruction i
4 RS HL H: Dastal:npzt code Input
: -
5 | AW | WL | (D e (LOD moduies MPU)
6 E H, H—L | Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 DB3 H/L
M | DB4 | HL | paabusline Note (1), Note (2)
12 DB5 H/L
13 DB6 H/L
14 DB7 H/L
15 | Vieo - +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 DB,~DB, and DB,~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 DB, ~DB, when interface

Du = 1/16 data is 8 bits long).
Ta = 0°C 4.6 Vtyp (2) When interface data is 8 bits long, data is transferred using 8 data
............................... . . buses of DB, ~DB, .
14.0 max.
25 254 -
7.6 max.
N 100.0
2o = e
RS - 95.0 %o
g | L) - N P
6] |15 @ﬂ— o Cht
| | EE -
£ Ee e EERRNRERNRENEREEEA 285
. ENEANNNNRNNRRNRENE 552
/(«N» |
2 1 @_{“—T‘ )I,_G,_‘
o 2 25 fé
o (4.75) 73.5+0.2 ﬁ, n
275 83.0%0.3 ?
14.0 108.0£0.3 4.0 max.
N
126.011.0 o
s
i) or .y [ —
Unit: mm
Fig. 1 External dimension
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TIMING CHARACTERISTICS

Item Symbol Test condition min, typ. max. Unit
Enable cycle time teye Fig.5, Fig. 6 1 ;0 - - us
Enable pulse width PwER Fig.5, Fig. 6 450 - - ns
Enable rise/fall time tey, tef Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tppR Fig. 6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V J
0.6V 0.6V 4
17N tH
R/W /
/ 0.6V /-O.SV
PWEen tH
J e tes
. / 2.2V 2.2VY /
J 0.6V 0.6V AoV
tEr . tpsw tH
2.2V .
DBo~ DB7 0.6V Valid Data 5 21{
- teve
Fig.5 Interface timing (data write)
4 ,
RS 2.2V 2.2V
0.6V 0.6V
tas ty
. 2.2V 2.2V
R/W /
PWen i
/{2.2\/ 2.2V
E 0.6V 5 0.6V = \= tE/ {o.6v
—
th
2.4V
DBo~DBy Valid Data 04V
tcyc
=
Fig. 6 Interface timing (data read)
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SUMMARY

W 40 character x 2 lines w/LED backlighting
W Built-in controller LSI HD44780 type (see section 6).
B + 5V single power supply

MECHANICAL DATA (Nominal dimensions)

Ta =25°C ... 4.4V typ.
Ta = 50°C oot 4.2V typ.
OPTICALDATA. ... ... .. i See page 15

INTERNAL PIN CONNECTION

i Pin No. ] i
Module size............ 192W x 35.5H x 15.5D (max.) mm - 10 s‘(/mbo Level ov Function
Effective displayarea ................. 154W x 15.3H mm > VSS =y b |
Character size (5 x 7dots)............. 3.2W x 4.85H mm 3 VDD — h oWer supply
PICH. oo 3.7 mm = instroction code input
Dot.size ............................ 0.6W x 0.65H mm 4 RS ML | A Data input
Weight . ... ... .. about 65 g s RIW HIL H: Data read (LCD module—MPU)
) L : Data write (LCD module < MPU)
ABSOLUTE MAXIMUM RATINGS 6 E H, H-L | Enable signal
min. max. 7 DBO HL
Power supply for logic (Vpp—-Vgg) . -+« v o vv .. 0 7.0V 8 DB1 HL
Power supply for LCD drive (Vpp = Vo). ... ..... 0 135V 9 DB2 HiL
Power supplyfor LED .. .................... 340mA 10 DB3 HIL
Inputvoltage (Vi).......................... Vgs VppV Ll DB4 HL__| Databusline Note (1), Note (2)
Operating temperature (Ta) . . .. .............. 0 50°C 12 DBS HiL
Storage temperature (Tstg). .. ............... -20 70°C 13 DB6 HiL
14 DB7 H/L
ELECTRICAL CHARACTERISTICS 15 VLECD = +5V Power supply
16 N.C. — -
Ta = 25°C, Vpp = 5.0V £0.25V Not
T IE) . ote:
InpUt “hlgt\, VOItage (V|H) """"""""""" 2.2V min. In the HD44780, the data can be sent in either 4-bit 2-operation or
Input “low” voltage (Vi) . . .................... 0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU’s.
Output high vaoltage (Vop) (<lop=0.2mA)......... 2.4V min. (1) When interface data is 4 bits long, data is transferred using only 4
Output low voltage (Vo) (<loL = 1.2mA) 0.4 V max buses of DB,~DB, and DB,~DB, are not used. Data transfer
OUToL= LT ‘ : between the HD44780 and the MPU completes when 4-bit data is
3.0 mA max. transferred twice. Data of the higher order 4 bits (contents of
Power supply LED (Vi gp=5.0V).............. 170 mA typ. DB, ~DB, when interface data is 8 bits long) is transferred first
Power supply for LCD drive (Recommended) (Vpp ~ Vo) and then lower order 4 bits (contents of DB, ~DB, when interface
Du = 1/16 data is 8 bits long).
(2) When interface data is 8 bits long, data is transferred using 8 data
Ta= 0°C ... ... .. ... . 4.6V typ. buses of DB, ~DB, .
£
25 2.54 S 7.6 max
> o
1
§ % g 4.0 max.
| Note
’ o = - - ° D+ T =
B Y| = == b
g g %
[ N [ o
g RZ & [ = e [ g
w &S ¥ | =] x
! D— - - < AU 1
- 3.3 @ 1.6+0.2
) s >
1475£0.2 S 15.5 max.
26.7 154.0+0.3
21.5 163.5%0.3
135 ‘ 175.0£0.3
192.0% 1.0
'_'1 Note: IC Height
e o) = = =1z = Unit: mm
Fig. 1 External dimension
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T T
| |
E —L1 » ,_f\ I
| 16 |
AW ——> F_l/ L C D |
RS ——— |
DBo: | : LCcDII { [
DB, 8 | 40 40 40 40 40 :
| |
| |
Voo _>: CL, Driver :> Driver :/> Driver Driver :
oL,
I M.D I
Vo —> [
| . . |
vss ——|  LED Backlighting ,
VLED'_—_[L____________________________________________E
Fig. 2 Block diagram
147.5 .
3.7
8 0.6
°' .
\
Iy - I
A O0ogood |
P aoooog | |
vls aogood | |
0 oogoog |
oooog | |
oooog | |
0 ooooo o0 Od
] O
ogooog |
gooog | |
oogoog | |
gaooog | |
ooodaag | |
oooog | |
l ooooo o O
Unit: mm
Scale: NTS
Fig. 3 Display pattern
+5V
Voo . (+5V)
‘u T
Voo-V g
gn Vo pp-Vo > VR
o) ~— Voo
=
o
9 Vss 'J —
Vieo
Vpp-Vo:LC Driving Voltage
VR: 10KQ ~20KQ
LED
Fig. 4 Power supply
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TIMING CHARACTERISTICS

Fig. 6 Interface timing (data read)

item Symbol Test condition min, typ. max. Unit
Enable cycle time teye Fig. 5, Fig.6 1.0 - - us
Enable pulse width PwEH Fig.5,Fig.6 450 - - ns
Enable rise/fall time ter, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig.6 140 - - ns
Data delay time tDDR Fig. 6 - - 320 ns
Data set up time tpsw Fig. 5 195 - - ns
Hold time ty Fig.5,Fig. 6 20 - - ns
)
RS 2.2V 2.2V ><
0.6V 0.6V 7
s th
R/W 0.6V /46V
PWen tH
. 113}
. / 2.2V 2.2vY /
£1o6v 0.6V Ao.6v
tEy - tosw tH
2.2V 2.2V
~ Valid Dat
DBo~ DBy 0.6V alid Data 0.6V
‘ tere
Fig. 5 Interface timing (data write)
y v
RS 2.2V 2.2V
0.6V 0.6V
| tAS tH
. 2.2V 2.2V
R/W /
PWen | tH
2.2V
E 0.6V 4 0.6V = \= tE/ /o.6v
-
tH-
2.4V
~ Valid Dat.
DBo~ DB alid Data 04V
tcye
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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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HOW TO USE HITACHI'S BUILT-IN CONTROLLER DRIVER

LCD-11 (HD44780) DOT MATRIX LCD MODULE
A N T S IR

= INTRODUCTION

The LCD-I (HD44780) is a dot matrix liquid crystal display
controller & driver LS| 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 LS| HD44100H is externally connected to the
HD44780, up to 80 characters can be displayed.

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

1. Applicable type

(1) 1 line series
LMO054 « H2570 « LMO15 « LM568AF « LMO20L « LMO70L »
LMO038 « LM027 « H2571 « LM058

(2) 2line series
LMO52L « LMO16L * LM032L + LMO60L « LMO17L « LMO18L «
LMO75L « LMO74L - LM0O68L « LMO61L

(3) 4 lines series
LMO41L « LMO44L

(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 LS| HD44780 (LCD-II) is
built-in this LCM. Also extended LCD driver LSI is built in
the LCM that displays more than 16 digits.

s 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, 9“)’50,ﬁ
'ON/OFF, Display character blink, Cursor shift, Display
shift, ' ! '
® internal automatic reset circuit at power ON. (Internal

reset circuit)

Liguid crystal disply module

HD44780
(LCDI)

LCD
Driver LSI

|
|

-

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 lower order 4 bits (content of DB, ~ DB3 when interface
using only 4 buses: DB, ~ DB,. DB, ~ DBj are not data is 8 bits long) is transferred. Check the busy flag
used. Data transfer between the HD44780 and the MPU after 4-bit data has been transferred twice (one instruc-
completes when 4-bit data is transferred twice. Data of tion). A 4-bit 2-operation will then transfer the busy flag
the higher order 4 bits (contents of DB4; ~ DB, when and address counter data.

interface data is 8 bits long) is transferred first, then the

RS /
R/W /
— S S

DB, 722K T8 X TR X)X X2} EC X} ORN,
DBe 72K _1Re X 1Re X770 KL PRAC XLITDRORKXORKY,
DBs 7772X_TRs X T R X770 XL7KA CXLTTRORKDOR X,
DB Z772X 1T Re X 1 Ro X770 KY/11IRA Co X LL1RORK X0 RX L,

Busy flay (BF) and
address counter (AC) read

Instruction(IR) write 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 DB, ~ DB,.

2.3 Interface to MPU
(1) Interface to 8-bit MPU

R/W—-————/ ‘\__—_
A — | Internal operation 1 [
% QTR 77 TR A o v o R

Instruction write

Busy flag check | Busy flag check | Busy flag check Instruction write

Fig. 3 Example of busy flag check timing sequence

@ When connecting to 8-bit MPU through PIA

Fig. 4 is an example of using a PIA or |/O port (for buses DB, to DB, and PA, to PA, are connected to E,
single chip microcomputer) as an interface device. Input R/W and RS respectively. Pay attention to the timing
and output of the device is TTL compatible. relation between E and other signals when reading or
In the example, PB, to PB, are connected to the data writing data and using PIA as an interface.
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Ass TS, LCM le
Ay Cs, PA2 RS COM‘~ -
A CS, coMm,,
A RS PA, RW Connected
' ' HD44780 to LCD
HD68BOO Ao RS, PAo E 0
RW RW HD6821 SEG,~ |+
VMA SEG
PBo~PB1 # DBo ~DB4
DBo~DB1 L2 Do~D~
Fig. 4 Example of interface to HD68B00 using PIA (HD68B21)
(® Connecting directly to the 8 bit MPU bus line
LCM
VMA ™\ CcoM, 10
ﬂ, / E ~COM, ¢ . A
Ars HD44780
A RS Connected
HD68 00 ° to LCD
W Rw SEG, |— %3 .
~SEGq,
Do ~ D] % DB, ~DB+
(® Example of interfacing to the HD6805
LCM
8 16
Ao~Ar -1 DBo~DB+ Sggﬁn ——
HD44780 Connected
HD680S Co E . to LCD
Cl RS SEG| -——+’
~SEGso
C. R W
@® Example of interfacing to the HD6301
LCM
PSG RS COMI 18
Pys R/W ~COM,
P E
* HD4 4780 f:rilg;ted
HD6301
paer by, % D05 o
SEG] ———;L-D
~S EG“)
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(® Example of interfacing to Z80 MPU

NN
A H RS
A/‘—‘ - Chip
A >select~—' +iV
Do - N S Aol
z80® DI’C ] — AT
MPU é . D‘ﬁ R LCM
| (LCD-1)
IORQ— H
o
WRH H ) p————RW
e Dloh.
D
U :

Note: 280 is the trademark of ZILOG, U.S.A.

(a) Above circuit is an example of connection with Z80 (c) In order to check busy flag, transfer the data of
MPU and HD44780A00 as an 1/0O equipment. It DB, ~ DB, to A register (accumulator) by execut-
can be used as a part of memories by using MREQ ing In/Out instruction. After that, busy flag can
signal. be easily checked by examining DB,.

(b) AO signal can be used for RS signal.

AO = 0: Instruction register is selected.
A0 = 1: Data register is selected.
(6 Example of interfacing to 80 CPU family
10.M ]
AR E
RD L]
LCM
— :‘; Chip
WR — select | S (LCD_H)
S, i ’ R/W
80 F
ALE S Q RS
Ars ’ || ﬂ" m I_T (74LS74)
A R p
8
AD0< | l I | l __J [ADO DIBO
' >
AD; DB,

TR

Fig. 5 Example of connection with LCM being used as a part of memories on the determined address.

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 AD, at the rising edge of ALE signal. By
using this method, you can obtain RS signal from the
AD, among 8 bit addresses generated at the clock of the
first machine cycle. In case of using LCD module as an

1/O equipment, chip select signal is necessarily activated
when |O/M signal is “’High’’ level.

Furthermore, by using A8 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.

G HITACHI
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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/O port has enough bits,
data can be transferred in 8-bit lengths, but if the bits are
insufficient, the transfer is made in two operations of 4
bits each (with designation of interface data length for

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.

4 bits). In the latter case, the timing sequence becomes
RS
RW / \

"I W A VY A U A WY W A U AU/ U

{

- |

Internal Internal operation

\
—

SN/, (5 1 [ 2, X [ 77, A O G/,

Instruction write Busy flag check

Busy flag check l Instruction 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

Dys
Dy
HMCS
43C Dis
4
Rio~Rus

RS
RW
E
I.CM
DB4~DB~

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 LS 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
e
2\4——'{>C E
An—/ Lo
Ao RS
R/W R/W

Fig. 8 Example of addresses (3000}, ~ (3FFF);¢ being assigned for
HD44780

3.2 Ability of driving bus line

DB, to DB, 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, Vpp, GND, and V,. LCD module
is driven by the voltage that is equal to Vpp — Vg, when
supplying power for liquid crystal display drive to V, 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)

(2) Example of a thermal compensator circuit

When setting the voltage, refer to Table-1

The driving voltage can be changed'by VR to compensate
the influence of surrounding temperature.

&

Vop

Vr

Voo

. LCM
Vo

GND 7;7 —&

Vss

Recommended Vi value=10kQ ~20kQ

Fig. 9 Variable driving voltage circuit

+5V Voo
Thermistor AL
v, 2 (27.2k Q)
vO
LCM
3R3
GND 7273 Vis

Thermistor {

RT=15k Q (Ta=25C)
B=4300

Fig. 10 Example of a thermal compensator circuit

Table 1
Recylnmended driying voltage ’ Typical circuit parameter
e «_Tal’C) Y _Vi=Vo(V) } Vi(V) R1(kQ) | R2(kQ) | R3(kQ)
0 4.0
1.8 25 3.7 4.5 2.2 2.8 1.0
50 3.3
0 4.3
111 25 3.9 4.5 2.2 3.2 0.3
50 33
e 46
o116 25 a4 ] 50 0.1 1.3 0.1
" 50 fx, 42
4. Initialization
4.1 Initializing by internal reset circuit
The HD44780 automatically initializes (resets) when power is  (5) Write DD RAM

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 Ve risesto 4.5 V.

(1) Display clear

reset circuit will not operate normally.
In this case, initialization will not be performed normally.

(2) Function set . ..... DL =1 :8 bitlong interface data
N =0 : 1-line display
F =0 :5x 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 I/D =1 :+1 (increment)
S =0 :Noshift

@O HITACHI

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

Initialize by MPU according to ““4.2 initializing by instruc-
tion’’ at the head of program.
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4.2 Imtlallzmg by instruction

If the power supply ;condltlons for correctly operating the
internal reset ci

D

.Is reguwgq

Use the following procedure,,for initialization..
W‘* :
{ (1) When |nterface is8

St st s o L

its long;™

‘ Power ON )

Wait more than 15 ms
after Vpp rises to 4.5V

<

g4 F"&(@ﬁ

RS R/W DB: DBs DBs DB: DB3 DB: DB:1 DBo
0 0 0 0 1 1 X X X X

y'r" BF/{annot be checked before this instruction.

T

Wait more than 4.1 ms

R
;"g Function set (interface is 8 bits long)

RS R/W DB- DBs DBs DB: DB: DB2: DB: DBo % BF cannot be checked before this instruction. l
0o 0 0 0 1 1 X X X X Eﬁ Function set (interface is 8 bits long)
%
Wait more than 100 us §
RS R/W DB: DBe DBs DB: DB; DB: DB: DBo BF cannot be checked before this instructionJ
0 0 0. 0 1 1 X X X X Function set (interface is 8 bits long)
L 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)
RS R/W DB; DBs DBs DB« DBs DB: DB; DBo )
K g function set
0 0 0 0 1 1 N - F X X
Interface is 8 bits long. . .
0 0 0 0 0 0 1 0 0 0 display OFF Specify the number of | L1¢ umber of display lines
H " and character font cannot be
display lines and character changed afterwards
. font. .
Q“h kA 0 0 0 0 0 0 0 0 0 1 clear display
0o 0 o0 0 o0 o0 0 1 I/D S entry mode set

246

Initialization ends
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(2) When interface is 4 bits long

( Power ON )

Wait more than 15 ms
after Vpp rises to 4.5V

RS R/W DB: DBs DBs DB BF cannot be checked before this instructionj

0 0 0 0 1 1

Function set (interface is 8 bits long)

Wait more than

4.1 ms
RS R/W DBs DBs DBs DBs BF cannot be checked before this instruction.
0 0 0 0 1 1 Function set (interface is 8 bits long)
Wait more than
100 us
RS R/W DB: DBs DBs DB [ BF cannot be checked before this instruction.
0 0 0 0 1 1 Function set (interface is 8 bits long)
~
BF can be checked after the following instructions. When BF is
not checked, the waiting time between instructions is longer than
the execution instruction time. (See Table 2)
RS R/W DB; DBs DBs DB Function set (set interface to be 4 bits long) Interface is 8 bits long
0 0 0 0 1 0
0 0 0 0 1 0 function set
0 0 N X X
0 0 0 0 0 0
display OFF . .
0 0 1 0 0 pay Interf;:ce‘:s 4 bits longf. The number of display lines
Specify the number o and character font cannot be
0 0 0 0 0 display lines and character changed afterwards.
clear display font.
0 0 0 0 0 1
0 0 0 0 0 0 entry mode set
0 0 0 1 1/D S

Initialization ends

@ HITACHI
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5. Instruction

5.1 Outline o W""‘ ' '\X
two HD44780 registers, the: rInstruc'uon Reglster (IR )mh Note 1
Jister_ (DR) ¢an be directly controlled by the Make sure the HD44780 is not in the busy state (BF = 0)

~MPU. Prior to internal operation start, ,control information is B'é'f“bre 4 ﬁamg the lnstrucnon ‘from. the. MPU_. to. the
“Temporarily stored in these registers, to allow interface from HD44780 If the instruction is sent without checkmg

HDA44780 internal operation to various types of MPUs which "the busy flag, the time between first and next instructions

operate in different speeds or to allow interface to peripheral is much longer than the instruction time. See Table 2 for

control ICs. HD44780 internal operation is determined by a list of each instruction execution time.

signals sent from the MPU. These signals include register selec- Note 2

tion signals (RS), read/write signals (R/W) and data bus signals After executing instruction of writing data to CG/DD

OB ~DB,), and are called instructions, here. Table 2 shows RAM or reading data from CG/DD RAM, RAM address

the instructions and their execution time. Details are ex- counter is automatically incremented by 1 {or decrement-

plained in subsequent sections. ed by 1). In this case, this shift is executed after Busy

Instructions are of 4 types, those that, Flag is set to ““Low’. tapp is stipulated the time from

(1) Designate HD44780 functions such as display format, the fall edge of busy flag to the end of address counter’s

data Iength etc, renewal.
(2) Give ir internal RAM addresses.
(3) Perform data transfer with internal RAM Busy signal ——'-L____
Li4) others (BD;)  Busystate™

In normal use, category (3) instructions are used most fre- A j4ress counter -

quently. However, automatic incrementing by.+1 (or decre- (DB, ~ DB>) A {fjx A+l _

menting by —1) of HO44780 internal RAM addresses after —otADD_

each data wrnte Iessens the MPU program load. “The dispiay

i"ft is especially able to perform eurrently with display tADD depends on the operating frequency
data write, enabling the user to develop systems ir tADD = 1.5 s

timé with maximum programmmg effncnency For an exp ana- fcp or fosc
tiohr-of-the“shift #uncnon in its relation to display, see 5.3.

When an instruction is executlng during internal operatlon _no

mstruc'uon ‘other than the _busy flag/address read mstructuon

wull be executed.,

Because the busy flag is set to ‘1" while an instruction 1swp_lp'g

executed, check to make sure it is on 1" before sending an

IRstruction from the MPU. R

W
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Table 2 Instructions

!

éz RY Y 4,'6 Code Execution time | Execution time
Instruction / Description (V‘;h%" f°5°) is (when fos‘; is
50 kHz 160 kHz
S |R/W |DB7 [DB6 |DB5 |DB4 |DB3 |DB2 |DB1 | DBO Note 1 Note 2
Clears all display and returns the
Clear display 0 0 ] 0 0 0 0 0 0 1 cursor to the home position 82us~164ms 120 us ~49 ms
; o° (Address 0).
o
23
Returns the cursor to the home posi-
: tion (Address 0). Also returns the
Return home 0 0 0 0 0 0 0 0 1 * display being shifted to the original 40us~1.6ms | 120 us ~4.8 ms
| position. DD RAM contents remain
unchanged.
Sets the cursor move direction and
e I, .
Entry mode 0 0 0 0 0 0 0 1 /D s specifies or n.ot to shift the display. 40 us 120 us
set These operations are performed
during data write and read.
) / N I | sets ON/OFF of all display (D),
Display ON/
OFF control 0 0 0 0 0 0 ‘ 1 D C B cursor ON/OFF (C), and blink of 40 ps 120 ps
cursor position character (B).
Moves the cursor and shifts the
Cursor and . . . . .
display shift 0 0 0 0 0 1 I S/C R/L; display without changing DD RAM 40 us 120 us
i contents
!
Sets interface data length (DL)
Function set 0 0 0 0 1 DL N number of display lines (L) and 40 us 120 us
1 character font (F).
Sets the CG RAM address. CG RAM
:;;rcefs RAM 0 0 0 1 AcG data is sent and received after this 40 us 120 us
' setting.
7
Set DD RAM e | Sets the DD RAM address. DD RAM
address 0 0 1 ApD o J‘rx\\ N daté is sent and received after this 40 us 120 us
@ 8000 \? setting.
'ﬁ&%aﬂdﬂbﬁsy ; Reads Busy flag (BF) indicating
flag & address 0 1 BF AC internal operation is being performed Tus 1 us
. and reads address counter contents.
/| Write data - | - A /; p, ) )
/ to CG or V1 0 g Write Data - ‘ \\ Dix \gms data into DD RAM or CG 40 us 120 us
’ DD RAM y _ X : Iy :
i : P
’ o A ! —
Read data
‘\ to CG or 1 1 Read Data Reads data from DD RAM or CG 40 us 120 us
\ RAM.
/D = Increment (+1) 1/D = 0: Decrement (—1) DD RAM: Display data RAM Execution time changes when
S =1 Accompanies display shift. CG RAM: Character generator RAM frequency changes.
S/C = Display shift S/C =0: Cursor move AcG: CG RAM address (Example)
R/L =1: Shift to the right. ADpD: DD RAM address When fosc is 270 kHz:
R/L = Shift to the left. Corresponds to cursor
DL =1 8 bits DL =0: 4 bits address. 0 250 37
N =1 2 lines N =0: 1line AC: Address counter used for s x 270 us
F = 5 x 10 dots F =0: 5 x 7 dots both of DD and CG RAM
BF =1 Internally operating address.
BF =0: Can accept instruction

*No effect
Notes 1. Applied to models
2. Applied to models

driven by 1/8 duty or 1/11 duty
driven by 1/16 duty.
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5.2
(1)

(2)

(3)

250

Description of details
Clear display

RS RWDB;——— DB,

code [0]0]0]0]0]o]o]o]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 1/D = 1 (increment
Mode) of Entry Mode. S of Entry Mode doesn’t change.

Return home
RS RWDB,—————— DBy

Code [0[o0[o0]o]o]o]o]o

*

* 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).

Entry mode set
RS R/WDB,— ——————— DB,

code |0]o]o]o]ofo]o|o]um]s]

1/D: Increments (I/D = 1) or decrements (I/D = 0) the DD
RAM address by 1 when a character code is written
into or read from the DD RAM. The cursor or blink
moves to the right when incremented by 1 and to the
left when decremented by 1. The same applies to
writing and reading of CG RAM.

S: Shifts the entire display either to the right or to the
left when S is 1; to the left when I/D = 1 and to the
right when I/D = 0. Thus it looks as if the cursor
stands still and the display moves. The display does
not shift when reading from the DD RAM when
writing into or reading out from the CG RAM does it
shift when S = 0.

(4)

Display ON/OFF control .
RS R/W DBy — 1+ 1 DB

code [0]o|o]ofofo[1]D][c]B]

D: The display is ON when D = 1 and OFF when D = 0.
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 1/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 blink is displayed by switching between all
blank dots and display characters at 409.6 ms interval
when fcp or foc = 2560 kHz. The cursor and the
blink can be set to display simultaneously. (The
blink frequency changes according to the reciprocal

of fcp or f ... 409.6 x—ggg = 379.2 ms when fcp
=270 kHz.)
~
Cursor X i
5 x 7 dot character == Alternating display
font 5 X 10 dot character
font
(a) Cursor Display Example (b) Blink Display Example

(6) Cursor or display shift

‘“’nglt of the 1st line. ‘Notice that the 1st and 2nd'i

RS R/W DB, DB,
Code lolo|o1o]o‘1'[3/cLR/L ‘] q
* 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 Shsplay,_’
the cursor moves to the 2nd lme when |t pa

dns-‘
“plays will shift at the same time. When the dusp|a§@d data
is shifted repeatedly each line only moves horizontally.
The, 2nd. line.display does not shift into the.l1st line posi-
tion.

e
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S/C R/L (8) Set DD RAM address

0 0  Shifts the cursor position to the left. RS RWDBy—————_ DBy
(AC is decremented by one.) Code Lo ] 0 l 1A l A | A [ A ' AJ A l A ]

0 1 Shifts the cursor position to the right. Higher lower
(AC is incremented by one.) Order Bits Order Bits

1 0 Shifts the entire display to the left. The Sets the DD RAM i he—address_counter in
cursor follows the display shift. binary AAAAAAA. Data is then written or read from_the

1 1 Shifts the entire display to the right. The MPU for th

cursor follows the display shift. Howevgt, when N = 0 (1-line display), AAAAAAA is
Address counter (AC) contents do not change if the only “00" ~ “4F" (hexadecimal),
action performed is shift display. ~when N = 1 (2-line display), AAAAAAA is
“00" ~ 27" (hexadecimal) for the first line,
and ‘40" ~ 67" (hexadecimal) for the second

(6) Function set line.

RS RWDB,———N\—1% D8,

Code r0'0|0|0|1'DLNF

B (9) Read busy flag & address
* No effect RS R/ DB, DB,
DL: Sets interface data length. Data is sent or received in
8 bit lengths (DB, ~ DBg) when DL = 1 and in 4 bit Cods [ 0 L‘ 1 BE| A A A] A] A 1 A A}
lengths (DB, ~ DB4) when DL = 0. « Higher Lower
When the 4 bit length is selected, data must be sent Order Bits Order Bits
or received twice. Reads the busy flag (BF) that indicates the system is now
N: Sets number of display lines. internally operating by a previously received instruction.
F: Sets character font. BF = 1 indicates that internal operation is in progress.
(Note) Perform the function at the head of the program before ex- The next instruction will not be accepted until .BF Is set
ecuting all instructions (except ““Busy flag/address read’). tf’ “0”. Check the BF status before the next wire opera-
From this point, the function set instruction cannot be tion.
executed unless the interface data length is changed. At the same time, the value of the address counter ex-
No.of | ter Duty pressed in binary AAAAAAA is read out. The address
N F d:isggy font factor Remarks counter is used by both CG and DD RAM addresses,
00 ] Bx 7 doms 178 and its value is determined by the.previous instruction.
X ] 5 % 10 dots 1 Address contents are the same as in Items (7) and (8).
Cannot display 2 lines
1 » 2 5x 7 dots 1/16 ::irﬂf]o?\t).( 10 dot charac- (10) Write data to CG or DD RAM
* No effect RS R/W DB, DBy
Code 1 0 D D/ D|D|D|D|D|D
(7) Set CG RAM address - e SO s =
RS R/WDBy —————— DB Writes binary 8 bit data DDDDDDDD to the CG or the
Code oO|O0| 0|1 | A|A|A]|]A|A | A DD RAM. Whether the CG or DD RAM is to be written
Higher Lower N into is determined by the previous specification of CG
Order Bits Order Bits RAM or DD RAM address setting.  After write, the
Sets the CG RAM address into the address counter in address is automatically incremented or decremented by
binary AAAAAA. Data is then written or read from the 1 according to entry mode. The entry mode also deter-
MPU for the CG RAM. mines display shift.
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5.3 Instruction and display correspondence
DBy (1) 8-bit operation, 8-digit x 1-line display (using internal

(11) Read data from CG or DD RAM
RS R/W DB,

252

Code 1 1/ DD D/D|D|D|D|D

Higher Lower N
Order Bits Order Bits

Reads binary 8 bit data DDDDDDDD from the CG or DD
RAM. The previous designation determines whether the
CG or DD RAM is to be read. Before entering the read
instruction, you must execute either the CG RAM or DD
RAM address set instruction. If you don't, the first read
data will be invalidated. When serially executing the
“read’ instruction, the next address data is normally read
from the second read. The ‘‘address set’’ instruction need
not be executed just before the “‘read’” instruction when
shifting the cursor by cursor shift instruction (when
reading out DD RAM). The cursor shift 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.

<~

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, dispiay
data entered first can be output when the return home
operation is performed.
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8 bit operation, 8-digit 1-line display example (using internal reset)

No. Instruction Display Operation
1 Power supply ON (HD44780 is initialized by ‘::___:::] Initialized. No displ
the internal reset circuit) nitialized. No dispiay appears.
Function Set ?ets to (81-b’|1t operat;on and(;electt)s 1-I|fn§d1,splay
2 | ASR/W DB, — 08, I ines and character font,  (Number of display
0 o o0 o 1 1 0o o N M ines and character fonts cannot be change
hereafter.)
3 Display ON/OFF Control E:::l Turns on display and cursor. Entire display is
0 0 0 0 0 0 1 1 1 0 in space mode because of initialization.
Sets mode to increment the address by one and
4 Entry Mode Set to shift the cursor to the right at the time of
0o o0 o 0O o0 o0 o 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 :erenc:jdo:y initialization when the power is
1. 0 0 1 0 0 1 0 H— :
0 0 The cursor is incremented by one and shifted to
the right.
6 Write Data to CG RAM/DD RAM Writes “'1'"
1 0 0 1 0 0 1 0 0 1 HI_ s
7 ? 3
Write Data to CG RAM/DD RAM s g
8 1 o o0 1 06 0 10 o 1 [HITACHI_ Writes 1",
| Entry Mode Set - . : . .
9 0o o 0o o o o 0 1 1 1 “sHITACHI__ Sets mode for display shift at the time of write.
Write Data to CG RAM/DD RAM N e "
10 1 0 0 0 1 0 0 0 0 0 I TACHTI _ Writes ‘“Space’’.
Write Data to CG RAM/DD RAM e venprr
M9 0 0 1 0 0 1 1 0 1 [TACHI M_ Writes “M".
12 : :
Write Data to CG RAM/DD RAM _ .
h “ROKO 0.
13 1 0 0 1 0 0 1 1 1 1 MICROKO_ Writes ‘O
Cursor or Display Shift . ..
S ft.
14 0 0 o 0 0 1 0 0 . . MICROKO Shifts only the cursor position to the left
Cursor or Display Shift . .
> he left.
15 0 0 o 0 0 1 0 0 . . MICROKO Shifts only the cursor position to the left
16 Write Data to CG RAM/DD RAM ICROCO Writes *“C*’ (correction). The display moves to
i 0 0 1 0o 0 0 O 1 1 = the left.
Cursor or Diaplay Shift y . Shifts the display and cursor position to the
MICR C
7 o o o o0 o 1 1 1 * * AR right.
Cursor or Display Shift I::] . ) . )
ht.
18 0 0 0 0 0 1 0 1 . . MICROCO_] Shifts display and cursor position to the right
Write Data to CG RAM/DD RAM - o senper
iy 0 0 01 0 0 1 1 0 1 [1cRrROCOM] Writes “M".
20 ; ;
' !
Return Home Returns both display and cursor to the original
1 |
2 0o o0 0 O O O o o 1 o HEITAC position (Address 0).

G HITACHI
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(2) 4-bit operation, 8-digit x 1-line display (using internal

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

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

nothing is connected to DBy, ~ DBj, a rewrite is then

required. However, since one operation is completed in

the first write is performed as an 8-bit operation. Since

two access of 4-bit operation, a rewrite is needed as a
function (see the following table).
Thus, DB4; ~ DB, of the function set is written twice.

No. Instruction Display Operation
Power supply ON (HD44780 is initialized by :} -
1 the internal reset circuit) Initialized. No display appears.
Function Set Sets to 4-bit operation. In this case, operation
2 | RSRWDB;—  —— DB, 1 is handled as 8 bits by initialization, and only
0 0 (4] (V] 1 0 this instruction completes with one write.
Sets 4-bit operation and selects 1-line display
Function Set and 5 x 7 dot character. font. 4-bit operation
3 |0 (4] 0 0 1 0 [::] starts from this point on and resetting is
0 0 0 v} * * needed. (Number of display lines and character
fonts cannot be changed hereafter.)
4 (? isplay O;l /OFF C: ntrol 0 0 0 :] Turns on display and cursor. Entire display is in
0 0 1 1 1 0 space mode because of initialization,
Sets mode to increment the address by one and
Entry Mode Set to shift the cursor to the right, at the time of
0 0 0 1 1 0 write, to the DD/CG RAM.
Display is not shifted.
Write Data to CG RAM/DD RAM Writes *'H"’.
6 |1 0 0 1 0 0 E:l The cursor is incremented by one and shifts
1 ] 1 0 0 0 to the right.

Hereafter, control is the same as 8-bit operation.

254
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(3)

8-bit operation, 8-digit x 2-line display

For 2-line display, the cursor automatically moves from
the first to the second line after the 40th digit of the 1st
line has been written. Thus, if there are only 8 characters
in the first line, the DD RAM address must again be set
after the 8th character is completed. (See 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)

shift are performed. In the example, the display shift is
performed when the 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.

No. Instruction Display Operation
1 Power s.upply ON (HD.44?80 is initialized Initialized. No display appears.
by the internal reset circuit)
Function Set Sets to 8-bit operation and selects 2-line display
2 | RSR/WDB, — " ————— DBy and 5 x 7 dot character font
0 0 0O o0 1 1 1 o * * '
3 Display ON/OFF Control — Turns on display and cursor. All display is in
o 0 o o0 o o 1 1 1 0 space mode because of initialization.
: Sets mode to increment the address by one and
4 Entry Mode Set - to shift the cursor to the right, at the time of
o o0 O o o o o0 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 L selected by initialization when the power is
/1m0 0o 1 0 0 1 0 0 o turned on.
The cursor is incremented by one and shifted
to the right.
6 | !
7 Write Data to CG RAM/DD RAM HITACHI Writes “1
1 o o 1 o o0 1 0 0 1 ’
8 Set DD RAM Address HITACHI Sets RAM address so that the cursor is
o] 0 1 1 0O 0 O 0O o0 o _ positioned at the head of the 2nd line.
Write Data to CG RAM/DD RAM HITACHI1 e
® 110 0 1 0 0 1 1 0 1 M_ Writes “M".
10 ' .
| .
Write Data to CG RAM/DD RAM HITACHI o
11 1 0o o 1 0 0 1 1 1 1 MICROCO _ Writes "“0"’.
Entry Mode Set HITACHI : f i i
f h f .
12 o 0 0 0 0.0 0 1 1 1 MICROCO Sets mode for display shift at the time of write
. Writes “’‘M’’. Display is shifted to the right.
Write Data to CG RAM/DD RAM ITACHI X RSN
13 1 0o o 1 0o 0 1 1 0 1 TCROCOM The first and.second lines’ shift are operated
at the same time.
1 1
15 | Return Home HITACHI Returns both display and cursor to the original
o o o O o o o o 1t o MICROCOM position (Address 0).

GO HITACHI
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(1)

256

Precaution on programming

Instruction of function set

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. e Changing of DL (Data Length)

e Perform the instruction appointed in 4.2 (2), when
DL is changed from 8-bit length to 4-bit length mode.

e Perform the instruction appointed in 4.2 (1), when
DL is changed from 4-bit length to 8-bit length mode.

b. e Changing of N (Column Number)

e 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. e¢Changing of F (Font)

e 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.

(2)

3)

Busy flag check

HD44780 is produced in the CMOS process, therefore
internal executing time is long. Standard time is 40 us ~
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 DB, as shown in Table 3, when RS = “0”,
R/W ="1",and Enable = ""1"".

Input of unidentified instruction code
Undefined instruction code of HD44780 is only as follows;
RS R/W DB, ~DB
0 0 0~
(Others are included to defined instruction)
When the undefined instruction code is loaded to
HDA44780, it accepts the code, but does not change the
internal states (RAM and other status of Flags). Busy
state, however continues for maximum 40 us 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, R/W every time.
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7. How to check trouble
Follow the flowchart below to check errors.

m  Error analysis flowchart

r Error analysis flow

v

Is display made?
(Crosstalk included)

I (Immediately after
POWER ON)

No

Yes

Proceed to @

Is the system initialized or
stabilized?

Crosstalk is output only in
one line in display of 2 or
4 lines for example.

No

Yes

Proceed to @

Is character display erroneous
(in sequence for instance)?

Yes

No

Proceed to @

Data can be read?

No
Yes

Proceed to

Are there any other erronecus
operation?

Yes
No

Proceed to @

l Normal

@ HITACHI
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7.1 No data is displayed (Crosstalk too)

No data is displayed.

J (Crosstalk, too)

!

Is the power supplied
(VpD. Vo. and Vgg)?

Connect Vo to Vss, then the
power is supplied.

No
Yes JI
[ Supply the power.
Are interface pins set | Is display (crosstalk) mode?
correctly in order?
No Yes
No
Correct it.
Yes
[ Is display (crosstalk) mode?

Since IC is possible to be
destroyed, correct it
immediately.

Yes
No

Is the supply current flown
several times of its specified
value?

Within the
specified value

If so, ICs and resistor are heated.

Is the power ON sequence OK?
(Turn on the (+) first side and
then the {-) side.)

Does a fall or deviation
exist in zebra?

Reas-
sembly

Yes

No

oK
Inverse

Turn on the power first from
the (+) and then the (-) side.

!

Unknown cause

I Is display (crosstalk) made?

After replacing LCM, check if
the actual part is faulty.

This does not apply to the
case of a single power supply.

<l(\Y e
No

'l

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.

unstable.

The system cannot be
initialized or it is

|

Is the system initialized as described
in the LCD-1l manual (of IC)?

v

¥
Yes Try to set it as des-
cribed in the manual.
Still-no good
Good
Is the system operated while making OK
a BUSY check? L—'J

)

No

1
Make a BUSY check or
make it operate after
waiting for 5 times of

Yes

the BUSY time.

Still no good

Is the order of interface pins correct?
(Signal system pins RS, R/W, E, and
DB, ,)

4

Yes

Is the assignment of RS and E or the
setting of data correct?

Still no good

Operation OK

Try to replace it with another LCM.

]

Normal

Still no good

There is a possibility of
malfunction in
the LCM.

Not caused by LCM

i

Recheck the circuit and software.

@ HITACHI
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7.3 The character display is erroneous.

d The character display is erroneous. ]

When missed according to a
~>J| certain rule (The character

missing occurs every 4
Characters are displayed, characters for instance.)
but missing in some
laces.
P L—> Proceed to
— —
Example:
(Input)  (Display) When missed without any
- rule (A character is missed
HITACHI.  HIAHI Ls at random some where
different each time.)
l——) Proceed to
- it is uncertain that from where the —> Proceed to

1st character starts.

®

- Address character other than specified - Proceed to

are rewritten,

Even when the 1st line becomes full Proceed to

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 becomes il in
a 4-line display LCM, the c:..racter
writing starts from

the 3rd line.

Proceed to

Although data is not displayed even
if input, it is found to be stored in
DDRAM when

read from DDRAM.

Proceed to

A front different from the listed
== in the character font table
is displayed.

La Proceed to

—>= Proceed to

There is an address in which no
character is displayed.

icther errors.

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-Il is no good.

8

®

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"
at the power ON according to the Power ON Reset
= | function of the LCD-II 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-I1I
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 line and its is neither dis-
played on the screen. It is therefore necessary to set the

address between the 16th caracter and 17th character.
40

/
2\

: line feed

@

Th; 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__El in this case.

a0
/ A

e
G

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 employu’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. |t is therefore necessary

to correct the application of the shift function.
16 characters

@
IS
O|lm|(O| >

Left shift specified

‘A’ is input.

©) @0 ®
2 =5 C>1Al-

Stored in DDRAM. Screen is shifted to left.

Cursor is moved.

*Since this operation is carried out in a moment, what can be seen
is the status of (1) and (@) only. Although not displayed in appear-
ance, the data is stored in the DDRAM.

Defective CGROM font = IC is faulty.

®

If no error exists in the software, the IC is faulty.

Contact our agent for any other erroneous event.
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7.4 Data cannot be read

L Data cannot be read. —|

Are the connection and polarity of RS and R/W are
made as specified in the manual?

No
/ Correct them,
Yes
Still no good
T - - The data can now
Is the timing deviated between the data display and be read.
MPU read?
Yes
" |
o
Still no good
The data can now
Is the other peripheral equipment is in contention be read.
with the data bus (for a chip select problem)?

Yes
> Correct the chip select conditions.
— T
Still no good
The data can now
] be read.
Is the system operated while making a BUSY check? e rea

N
Make the BUSY check, or operate the system after

waiting for 5 times of the BUSY time.

b

Still not good

The data can now
{ Any other error exists in the software? b d
o e read.

>IL Correct it. j

n

o

pd
<
a

The data can now
be read.

il

LCD-I1 is faulty. J oK

7.5 Others

1
Check the following:
+ Use conditions
+ Erroneous events
- Contents of operation before and after the error event
occurrence
- Flowchart, if possible. (The program, if given, can not be decoded.)

G HITACHI
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8. Block diagram and function of each block
8.1 Block diagram of HD44780 interior
Vee Address Timing generation 3, ((::tl
SSCD > ; counter (AC) circuit 7 " 2
B —
1
osC,——» —_ ! 7y
c@ <
o= =l
£x|8|E5s
3EA2T -
8 o‘m: 2 H Sts . @
4 2> g2 Display data & 5
RS =~ RAM £ 16| |1e
RIW (DD RAM) =8brsfs # COM, ~COM,
s L7 80x8 bits Q.2 €5
E 2 7 o A €3
< - - =
4 2 3 x 3 oo
DB,~DB,<—~+—= O |g z| s f =3
a T A [=] a 50
DB, ~DB, <—#—> 5 8y t7 8y g2
c & o8
<> K]
ae Character Character £ g
generator generator 2140 |a 40
ROM ROM e O E a SEG, ~SEG,,
(CG RAM) (CG RAM) o £ S
512 bits 7200 bits (|4 ¥>E g2
Busy 0 R
Vi > flag
Power supply vV, ——> 5 5
for liquid v
crystal ) V’ >
display drive 4 Parallel/serial data conversion X . .
Vi 5 circuit 40-bit shift register f———=> D
(Parallel data —> serial data)
8.2 Function of each block

(1)
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Register

The HD44780 has two 8-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.

G HITACHI
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Table 4 Register selection

RS |R/W E Operation (3)
T N e
0 |1 /TNC| adaren counter (D8, ~DBs)
o TN B R
N Bt

(2) (4)

Busy flag (BF)

When the busy flag is “‘1", the HD44780 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,
when RS =0 and R/W = 1. The next instruction must be

written after ensuring that the busy flag is “’0"".

Higher order bits Lower order bits

Address counter (AC)

The address counter (AC) assigns addresses to DD and CG
RAMs. When an instruction for address is written in IR,
the address information is sent from IR to AC. Selection
of either DD or CG RAM is also determined concurrently
by the instruction.

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 DBy, ~
DB¢ when RS =0 and R/W = 1, as shown in Table 4.

Display data RAM (DD RAM)

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 (App) is set in the Address Counter
(AC) and is represented in hexadecimal.

(Ex.) DD RAM address “4E"

AC | AC6| AC5 | AC4 | AC3 | AC2 | AC1 | ACO 1 0 0 1 1 1 0
— Hexadecimal —*——— Hexadecimal —— 4 E
1-line display (N =0)
1 2 3 4 5 79 80 « display position

1-line | 00 01 02 03 04

4E 4F «— DD RAM address

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

1 2 3 4 5 6 7 8

04 T 05 06

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

4F 00 01 02 03 04 05 06

1-line 00 01 02 03

01 02 03 04 05 06 07

@ HITACHI

« display position

07 l — DD RAM address

(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 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 | 0C | OD | OE | OF | « DD RAM address

————HD44780 display —\ HD44100H display —8—

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

01 | 020304 05]| 06|07 | 08]|09|0A|fOB]|OC]|OD]|OE]|OF 10f (Left shift display)

4F | 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | OA | OB | OC | OD OE‘ (Right shift display)
|

(c) The relation between display position and DD RAM Since the increase can be 8 digits for each additional
address when the number of display digits is increased HD44100H, up to 80 digits can be displayed by externally
through the use of one HD44780 and two or more connecting 9 HD44100H's.

HD44100H’s can be considered an extension of (b).
1 23456 78 91011121314151617 18 19 20 73 74 75 76 77 78 79 80 « display position
T
1-line |00|01[02{03|04|05|06|07|08|09|0A|0B|0C{0D|0E|0F|10|11|12|13 48| 49|4A|4B|4C|4D|4E|4F| — DD RAM address
|

— HD44780 display —/\ HD44100H (1) ,»_HD44100H (2) _,___HD44100H (9) ;

display ~ (8) display display
2-line display (N = 1)
1 2 3 4 5 39 40 « display position
l-line 00 01 02 03 04 | e 26 27 «— DD RAM address
2-line 40 41 42 43 44 L ...................................... 66 6741
(a) When the number of display characters is less than 40 x 2 are not consecutive. For example, when an HD44780 is
lines, the 2 lines from the head are displayed. Note that used, 8 characters x 2 lines are displayed as:

the first line end address and the second line start address

1 2 3 4 5 6 7 8 < display position

1-line | @0 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 27 00 01 02 03 04 05 06
(Left shift display) (Right shift display)

41 42 43 44 45 46 47 48 67 J 40 41 42 43 44 45 46 i

(b) 16 character x 2 line are displayed when an HD44780 and

a~ HD44100H are user
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 <« display position

1-line | 00 [ 01 | 02 l 03 | 04 [ 05! 06|07 08|09 |0A|0B|0C|OD|OE|OF| <DDRAM address

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

‘- HD44780 display ———\————HD44100H display —
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When display shift is performed, the DD RAM address moves

as follows:
01 |02 (0304|0506 07| 08|09 |0A|[O0B|O0C|OD|OE]OF]| 10
(Left shift display)
41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50
27 100 | 01 | 02| 03|04 | 05| 06 07 | 08 | 09 | 0A | OB | 0C | OD | OE
(Right shift display)
67 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E
(c) The relation between display position and DD RAM Since the increase can be 8 digits x 2 lines for each ad-
address when the number of display digits is increased ditional HD44100H, up to 40 digits x 2 lines can be dis-
by using one HD44780 and two or more HD44100H's, played by connecting 4 HD44780's externally.
can be considered an extension of (b).
1 23456 7 8 91011121314151617 1819 20 33 34 35 36 37 38 39 40 < display position
1-line 100010203 04|05 06|07|08/09|0A|0B|0C|0D|0E|0F|10{11|12]13] «-----o: 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 — ‘— HD44100 (1)——‘“—HD44100H (2)— — HD44100H (4)—
display (3) display

(d) Display position and DD RAM address for LMO20L.

Character NO. 1 l 2 3 4 5 6 7 8 9 |10 11 (12| 13| 14| 15| 16

DD RAM address 00 1 01 ] 0210304 | 05) 06| 07 | 40| 41 | 42 | 43 | 44 | 45 | 46 | 47

(Note)Shift display is as same as that of 8 char. x 2 line type.

(e) Display position and DD RAM address for LMO41L.

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

1-line | 00 | 01 | 02 | 03| 04 | 05 | 06 | 07 | 08 | 09 | 0A | 0B | 0C | 0D | OE | 0F | « DD RAM address

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

3-line 10 /11 (12 ) 13| 14 | 15| 16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1IE | IF

4-line | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 5A | 5B | 5C | 5D | 5E | 5F

(f) Display position and DD RAM address for LM044L.

% 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 «display position
1-line | 00 | 01 | 02 | 03 | 04 | 05| 06 | 07 | 08 | 09 | 0A | 0B | 0C | OD | OE | OF | 10 | 11 | 12 | 13 | — 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

3-line| 14 | 15 16 (17 | 18 [ 19 | 1A [ 1B|1C | ID | 1E | 1F | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27

4-line | 54 | 55 | 56 | 57 | 58 | 59 | 5A | 5B | 5C | 5D | 5E | 5F | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67

(Note)Shift display is as same as 2-line type.

@ HITACHI 265

SECTION 6




HD44780

(5)

=

»10 dot character patterns from 8-bit character codes.

(6)

(7)

266

Character generator ROM (CG ROM)
The character generator ROM generates 5 x 7 dot or 5 x

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 HD44780A00.
User defined character patterns are also available by
mask-programming ROM. For details, see “The LCD-II
(HD44780) Breadboard User’s Manual’’.

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, an area that is not used for display can
be used as a general data RAM.

Timing generation circuit

The timing generation circuit generates timing signals to
operate internal circuits such as DD RAM, CG ROM and
CG RAM. RAM read timing needed for display and 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 LS| HD44100H.

(8)

(9)

Liquid crystal display driver circuit

The liquid crystal display driver circuit consists of 16
common signal drivers and 40 segment signal drivers.
When character font and number of lines are selected by
a program, the required common signal drivers 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 LS| HD44100H. Character pattern
data is sent serially through a 40-bit shift register and
latched when all needed data has arrived. The latched
data controls the driver for generating drive waveform
outputs.

The serial data is sent to the HD44100H, externally 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 address of the display
data RAM (DD RAM). Since serial data is latched when
the display data character pattern, corresponding to the
starting address, enters thz internal shift register, the
HD44780 drives the head display. The rest displays,
corresponding to latter addresses, are added with each
additional HD44100H.

Cursor/Blink control circuit

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

When the address counter is (08),4, a cursor position is:
’

« display position

AC6 AC5 AC4 AC3 AC2 ACl ACO
AC 0 0 0 1 0 0 0
1 2 3 4 5 6 7 8 9 10 11
03 04 05 06 0A

In a 1-line display { 00 01 02

07 | 08 | 09 «— DD RAM address
4

the cursor position)

W 2 3 4 5 6

7

8 9 10 11 « display position

«— DD RAM address
1-line| 00 01 02 03 04 05 06 07 08 09 0A
In a 2-line display A
43 44 45 46 47 4% 49

2-line| 40 | 41 42
S

/

the cursor position |

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

and blink are meaningless.

The cursor or blink is displayed in the meaningless position when

AC is the CG RAM address.
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Table 5
CORRESPONDENCE BETWEEN CHARACTER CODES AND CHARACTER PATTERN

(1) 5 x 10 dot, applied type: H2570, H2571, H2572, LM027

Higher
Lower bitf VOO IQUIU [VULL|[0100 0L0F[OLIOfOLIL flolo ] lorLflivo ool
4bit
CG s snne | ses
. ases ] .
RAM - esess (ns 8| wes (wee
xxxx000U (1) : . e |28
L as . LU ]
& [] sas_ | ais J e
H " s &/3 & (L1 . P «* (11}
Xxxxx000 1 (2) * E E--ni E --= -n--E .-|=§ HLH B S - [
. see |8 s | ms s sese 8 | sun -* . ot ST H
] CTT) [T11] [T aes []
88 s e|s mla 8 . e |[muw
vore | @ e o e B | B R Seee
X X X X
siess | Sess” |3 " ane” | 8 : " i 5---
-
LIIIT] PLLL LLLL] (] LLL] 2
sanse |3 4 sas (1) 2°°°% | sases | "2°°" | aus
(4) L] ] [11) ] ] . . [ sssss .
xxxx001 1 ‘e e 33 . HE R e : [ - : ° o | Be""
[YT) sse_ | ssas wes sess_ | mes . . (L) wes
" «* % =.. L] -E- ool ssess | ¢ & | sas
XX xx0100 (5) -: :. LY -= E E * E “e E " * E -E gl I=
.. . sss (1) . sssus Sess | sa e
.
[ BeeRE | eeeee | & [l ] = L
s o8 s 8 (LT . uas
» ssen s s ans = » sssse H sess (s ®
6) | o° 318" |8 2.2 3 8] N " : 8| 8% |2 3
xxxx0 101 . e H s s T . . s |8 a8 _=e
. L1 aas ases (11} ase as 8 . sases san as @
e iGaes | 8 [] [ . [T}
s e . s ® s . sssse | wsase [ ews sesss
a e . ] . [ ] ] s .
7) ", .| Sees | Ssee |8 | ese 3 3| esesd| 2 3 mesms | o s
Xxxx0]1u H) . ®en : % . HEH HEEEAS
s » (11} . 1 . s s | sesss | senss | sune’ | weses
L]
-
*: e T a" a8 & ases sages | saves | "°°
. L] s 88 e la u|essss ® | encas sess | sssss
(8) . tSess (ses|8 w|e @ s | ssses | s @ el = 8 s s
Cxax] ] H ioslaas| te|enn B o LSl 8] 88
. esss | = o LI " . [ . sess | o ue
.
] e ® w 0 . e oee LR
" HIH .’ se_|» & . HatH Bl - wes | & »
P A IRl R - O S O B O R
<X x 1 O00 . . = s » sl e as s [nsae s .s
L] ses = . . L] L] . L 1] . L] - - L]
] LI ""’i=_- ] ® 0 ]
e . . HIH [T} s » 3 HEFE TR
R . I A i R e IR A R
ooeaunl P L P P O P Ol P L L R
. o -4 mrg L] - . ]
() | ool o N R
xxxx1 010 e L Seens | "as" 3 slas :
. 2
] .* H : H sunes o.:
H H : . . o | "8"8" | Rasen | 2"""2 s
wootorn | @ el (B [ (R ey el TR OB R
¢ o ®s| 2as s "s W2 - T _;ﬂL -
. I (1] essss | asess ole
) : sdses [ ®s @ $|8 3|."8 Ha
(5) (1] . . et ° s | 8 8 0| sesas
Xxxx1100 " " sses sds H YT as” " -
b d [TTTTY e H
snane | 878" H L) : (RN I} -8 .
sssss H - sew (] sss » . - )
xxxx110]1 (6) snmse s (saa . . . s | ams sssse
. s 8 . » () H . &
[T s8] @ [ITTT] s sus s [}
* % H %
" . s s uaes e | Ut .
7 8% HallH 5" |sss
xxxx1110 s . a H cae
ss ] s_ s [TT)
o | 0" —:ﬁ- . s o |eeses [ 3°3 ..
U 5|8 = (11 (] a8 s | ane (11}
oot | ® L e | LI R S 1
. [} .'l!. ssass .-nu. . l.- ... .l .!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, LMO70L, LM038, LM027, H2571, H2572, LM058, LM052L,
LMoO16L, LMO32L, LMO60L, LMO17L, LMO18L, LM041L, LMO44L, LM068L, LM061L, LM104L, LM105L,
LM107L

Higher
Lower bitf0000/0010 {0011 [0100[0101 {0110 (011} (1010 [1011[1100({ 1101 (1110(1111
4bit
CG a ey | ety | B0R, T, . e
RAM = l.= [T} = =---. . l...! ssese (o » = oss o'- : =-“=
xxxx0000 \ i AR Hale 3% oen |8 2 18 8
gy (Y1) ses_ | 8 L] s 8| "ws's | sese
0] 0 wus_ | _GW8 aeEe ® L}
: T |8 2|3 B| ses | mee P o* wse | an s
(2) * 2 |Seced |8 o3| acel | "salS | ame 8% [ "5"" (3 a| aweB |3 °f
] IR =] 4 H soses (» " 8|3 @
Xxxx0001 'Y as |8 8| "en"s | "wssd s | sas [} [ 8| wess wsag
HH "=, | 8% Had " [see . ses
(3) =e »" | Sass” 2""s | 2a""s : i 228 oo | 2" | Saeel
xxxx0010 0 ] 2l L} o | o | SWee, 838
| slens | Sans wse” | 3 . . . Sane ase
T sades .:‘:. csess
(4) e ®a | 8 T iy . HEH H agase | " »
xxxx0011 el 22 HEH e : Sl H ", %"
wes” | "sse_ | eses see_ | seen_ | sss ) ® sss | wss
L] U | ] :
""" | . ®s H . sse o=t ssems @ e | wss
sse_ | @ . ] e » . s - 8 sfls ®
0 (5) s | susse ° H H H - s . e |8 sl/8 8
Xxxx0100 bt n” : ®ana *aa” | " suses E..': e 5
EH IR il e sssss H (1T .
L assa ] a sa8 - L] Ll 1] s [ 11 1] [ ] .
(6) s° 2" |8 3 ig.asd |3 3| 82 . : 2 (8% |2 8
Xxxx0101 e as o @ s s T . . ® | e “n|s ea
se ses 1eves | mes Y1) se 8 . ssess | wses oe @
"% T 8] aness | sSuss | sas | ssess Habld
5. . e 8| = ® 5| 8 8 & s .
(7) % u | 2°°° swe | 8 8| eSe 8 8| vueses| = = ssses | o s | e
xxxx0110 “ens | "aue" | " N 2® [ ® «" | ssses | cases E---' HITT
Sg [ EEEET WEETE S | ases aades | swaes | "°°
. s |8 .08 mlg g|meesy | s a® ! %®988 | sses | szese
(8) o 5°°8 | 888 | "eond |82 s . s s =8
XXxXxX0111 ] s s o8 . | e a8 ) O} 0 s s 8
H sesn | o s | wmme TN ) . s sees | = 5
" | 2" HIH aves | sudes | 8 E . :ﬁ'T+
(1) : “ses” see " "% [ "s o" o S .* : H E L)
xxxx1000 .n- =.-.= .' .= E .n'-. -'E ..-. ..E'n o° L KN
O saa_ | ese 0 " . 0 .
) s . . s B snwe . .
s |8 & H . 8| e " s ] s 8 s (e 0@ e 8 (o ®
R e I e R e T A R i i
Xxxx]1001 s . H ] H oe=: H H . e aa -]
. ss sse . [1T] YT [T s e - T ]
U T weEEE T 0
. s o . ssons ® s
3 |80 g R s R G e
xXxxx1010 . bl ®se® | Suvmn | "es® | sBeso | seBun | seend |8 3| 8a” i H
L] 1] O] ] 3
H H * : . H a | "8"3" | Secms | 3°°°8 | %" sgess
(4) [LIT1) . ] a® L) [LTTT) ] = = il | .
Xxxx1011 : " . H . : "3 |3 o 8 ]
[ e| wem ] s [s & s sswn | seses = 8
--' .=..: 'E . [T wsess | semss | m)
6) | o |% b ey 81 1)F H0EL
XXxx]1100 ‘- -. " H .-!! : @ ...- 2" 'l l=-
Ll LS []
. @ H ] susse [ H
(6) |wmems | oee |88 L I s R L I T
xXxxx1101 s (8 8 H H U H 0 e
was |8 s | @ ssmee | 0w ass ssee .
®e () . alnss | seBus | » s bl
(7) % | 8% " " 5" s | sanis | "2 H * H
XxXxx1110 as ..' ® E E o | "eeg =‘!! H 5 E
Wae_ | _eeo LB
IO HE sen_ | o LI B R =-§ -
° 2 3 sgoes ses|e @ . H
oooainn | ® | LR H B L el T B §
. ®s0s” | seses | "asn [T} [T ) ®one

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

(Note) 1:
2:

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)

7 6 5 4 3 2 1 0 5 4 3 2 1 0 7 6 5 4 3 2 1 0

«—Higher Lower — < Higher  Lower— < Higher Lower —
P00 0 X x xjl1 1 10
P00 1 ;’1 00 01
‘01 0 11 00 01
P01 1 11 1 1 0 Character

00 0 0 X 00 0 0 0 0! g Pattern
'1.0 0 1o {10 0| Example (1)
‘100 1 H10 0 10
110 W10 0 011
111 X %10 0 0 0 0| « Cursor
: + - Position
‘0 0 0 X X xil:0 0 0,1
10001 P00 .10 10
‘01 0 11 1'i1?‘11 1
i001 1 {0 01 0 o Character

0000 0 x 0 01 00 1 | P Pattern
1 0 0 I 1 11 Example (2)
10 1 "0 01 0 0
11 0 ¢ o0l 00
i1 01 X X %10 0 0 0 0
‘00 0 X X X!

0000 x 11 1 ﬁ\wx/
10 0 X No effect
10 1 :
110 VB
111 X K X

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

CG RAM address bits 0 ~ 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 ‘0 state for cursor display. When the 8th line data is
17, bit 1 lights up regardless of cursor existence.

: Character pattern row positions correspond to CG RAM data bits 0 ~ 4, as shown in the figure (bit 4 being at the left end). Since CG

RAM data bits 5 ~ 7 are not used for display, they can be used for the general data RAM.

: As shown in Tables 3 and 4, CG RAM character patterns are selected when character code bits 4 ~ 7 are all ““0”’. 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).

: “1” for CG RAM data corresponds to selection for display and ‘“0” for non-selection.
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(2) For 5 x 10 dot character pattern

(Note) 1:
2:

270

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7.6 5 4 3 2 1 0 5 4 3 2 1 0 7 6 5 4 3 2 10
< Higher Lower— + Higher Lower— « Higher Lower —
{00 0 0 X X Xi0 0 0 0 0
{0 0 0 1 ‘0
‘001 0 1]
f000 11 1
: Character
01 0 O 1 Pattern
0000X0 0 X 0 0i0 1 0 1 Example
00110
0011 1
{10 0 0
‘100 1
_____________________________________________ 101 0] “ Fosition
10 1 1 X X XiX X X X X
‘110 0
i11 0 1 J
1110
111 1 X X XIX X X X X
10 0 0 0 X X X
L ‘0 0 0 1 :
0000 x11 X m\Q‘\T/
‘101 0 X X x|
"""""""""""""""""""""""" P10 1 TR TR I R N KX
‘110 0 :
51 1 0 1 l X No effect
‘1110
1111 XK KIX X X X X

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

CG RAM address bits 0 ~ 3 designate character pattern line position. The 11th line is the cursor position and display is performed
in logical OR with cursor.

Maintain the 11th line data corresponding to the cursor display position in the ‘“0’’ state for cursor display. When the 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.

: Character pattern row positions are the same as 5 X 7 dot character pattern positions.
: CG RAM character patterns are selected when character code bits 4 ~ 7 are all “0’’. However, since character code bit 0 and 3 are

ineffective bits, “P”’ display in the character pattern example is selected by character code “00”, “01”, “08”’ and “09”’ (hexadecimal).

1 “1” for CG RAM data corresponds to selection for display and “0” 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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CB1020R/CB1026R/CB1030R

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 quule
to be driven
CBI020R | HD61830 x 1 pe Up to 2k bytes Up to 2k bytes s, LMz1,
LM200, LM021,
CB1026R HD61830 x 1 pc Up to 4k bytes Up to 4k bytes LM212, LM211YB
Up to 4k bytes Up to 4k bytes
CBIO30R HD61830 x 2 pes (both master and slave) (both master and slave) LM215XRB
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 LM2I5XB
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) 1pc
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,
2 G HITACHI



CB1020R/CB1026R/CB1030R

2.1

CONTROL CIRCUIT BOARDS

CB1020R

CB1020R is equipped with a control LSI (HD61830X1 pc) and a socket for refresh memory (up to 2k
bytes) CB1020R is suitable for use with graphic display modules LM200 (64 X 240 dots), LM021 (24X479
dots) and H2525 (20239 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:
Refresh memory Hitachi HM6116 (CMOS 2048 X 8 static RAM) or its equivalent: 1 pc

D1,D2
ﬁ _ CL1 6
e e I CL2 # LCD module
RES L =d RES M Ref f
RS RS FLM efresh memory
R/W R/W MAO A0 2k bytes
§ A1 { RAM
E E MA10 7 A10
M
DBO g1 |DBo ind B 01~0/ |
DB7 DB7 MAl4 [ ]
MDO 8 §
J A
MD7 |==— 7
/8
HD61830
' AO~A2 A3~AL0 ! !
RDO 8 o1
S f—rp—— gy  2Kbytes
RD7 i ROM
Com e e e e oo H
1 | I Character generator ROM ,
1 —

Fig. 2.1.1 CB1020R BLOCK DIAGRAM
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cs

RES

R/W

DBO
DBl
DB2
DB3
DB4
DBS
DB6

DB7

GND
+5
Vo

-5

16

28

27

26

10

11

24

23

13

22

14

17

[ S L A——

VoD

GND

cs

RES

R/W
E

DBO iy
DBl 61830

DB2
DB3
DB4

DB3
DB6

DB?

MAO
MAl
MA2
MA3
MAS

MA6
MA7

MA9
MALO
MAll
MA12
MAL3
MAl4
MA15

Dl

CcL2
CLl

FLM

+5

21
-

20

+5

18

ﬂ.J

12

o Sl I of 2 v o o

- - - —

EEEEEEE

o D1
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CB1020R/CB1026R/CB1030R

Unit:
78 £0.5, nit: mm
3.0x0.3 67 £0.3
]
(=)
4-92.5 ;
o
lpin l . . . . . . . . . . > . . .. . .. . . - -X .
B N O
3.8+0.3 \\CQ owo | F
5 | e U
2 q ol . Q\
= q =\ , I - N
b q <SR a2
4 7 = 7 S
LCM interface P /:c = g 3
terminal /E g HD61830 — N
(10-91.0) " /== =
/g T 0
o . 00 q
< /- AT —~
0 O‘k wn
i ==
7.54 pitch | \ N pin
61.0 £0.3
73.0£0.3\
MPU interface terminal (201.0)
RAM Socket
N sty gu
[ | . ¢ ) -
b
; o
= F
=) é ©
= e -
| o0

Fig. 2.1.3 DIMENSIONAL OUTLINE OF CB1020R
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CB1020R/CB1026R/CB1030R

Table 2.1.1 CB1020R Interface Pin Arrangement
(1) LCD module interface

" (2) MPU interface

(3) Interface hole diameter
1.0 mm holes are used in the MPU and LCD modules.

Pin No. Signal name (Note 1)
1 D1 Note 1: Pin arrangement same as LM200.
2 FIM Pin arrangement is different than LM021 and H2525.
3 M Careful connection is necessary.
For pin arrangement of LM200, LM021, and H2525,

4 CLI see their catalogs.
5 CL2
6 D2
7 Vpp (+5V)
8 Vss (GND)
9 Veg (-5V)

10 Vo

Pin No. Signal name
Note 1: Although Vg and Vgg are not used in CB1020R, they

! Vss (GND) are provided for supply to the LCD module.
2 Vpp (*+5V) (Fig. 5.1) -
3 Vo (Note 1)
4 RS
5 R/W
6 E
7 DBO
8 DB1
9 DB2

10 DB3

11 DB4

12 DB5

13 DB6

14 DB7

15 [

16 RES

17 Vge (-5V) (Note 1)

18 N.C

19 N.C

20 N.C
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CB1020R/CB1026R/CB1030R

2.2 CB1026R
CB1026R is equipped with a control LSI (HD61830X 1 pc) and a socket for refresh memory (up to 4k
bytes) CB1026R is suitable for use with graphic display modules LM212 (48 X 640 dots), LM211 (64 X480
dots) and LM200 (64 %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 LM211. If any other LCD module is to be used,

refer to 7.2.

Prepare any of the following refresh memories according to the application:

Note 2:
(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.
LCD
' D1, D2 6 MODULE
CS = < CL1 A+ +
.% i CL2 12 (Note 2)
RES RES M ’ Refresh memory (Note 2)
RS RS FIM 8k bytes 2k bytes ‘
R/W R/W MAO 12 AO RAM RAM
E E { * §
- MAI11 All o
D?O 8 DBO MA12 f“ 01~07 01~07
/1 § § 7 |
DB7 DB7 MAI15 8 8
8 A
MSDO — ,L | .
' MD7 78
HD61830 |  rf b  (Note 3) |
! FAO~A3 A4~AllL |
}
| =
. RPO o2 101 akbytes |
RD7 107 ~ ROM :
| ]
e e e J
! ' , Character generator ROM ' |
—

Fig. 2.2.1 CB1026R BLOCK DIAGRAM
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IHOVLIH®

AVIOVIA LINDAID 497019D 77T "3

DB1
DB2
DB3
DB4

Control

‘| DB6 LSI

+5
29
20
T okt =
__ 14
RES o
18
RS ot
- 17
R/W o= -
£ ot 16
DBO 7 28
P
DBI o= :
9 26
DB2
0 25
DB3 o
24
DB¢ o}
12 2
DB3 o——
; 22
DB6 o=
14 21
DB?
7
6
N
I 8
|
cxno—;}— 2
2 12
+5 o—e _—
3 13
Vo
17
Vee O—o

DB7

CR
CPU
SYNC

Note 1
HM6264 HM6116
A0 14 LU 12
Al
A2
- o i A o N
A4 1/02 'i Al Voz p
N e ST
A7 1/04 he | A7 1/04 ‘—ﬂ“
A8 1/05 e A8 105 [
O] P o
lan YN N Vo1 P
A1z 1/08 N _ZI wE Vo N
:—': vee il] f: OE 2
(<3 cs vece
S s P
ul HD74L504
& 7l__l 2
- 2 /
ineezy (NOte 1)
s Ao 12
3 . Note 1: This figure illustrates a
2 A"‘ 0
\Sm—" PO RN ircuit equipped wi
i o L”___\ circuit equipped with
- VY 02
\— e ¥ \ refresh memory HM6264
N~ As N
zz 14
B MY and character generator
> ) 05
2lan 6 ﬂ
0 HN462732.
P CTE 07 P
24
veo
]
J/
l( D1
£ v2
=0 (1.2
4
cLi
lo M
2o FLM

H0€01L90/H4920190/H0201 8D




CB1020R/CB1026R/CB1030R

82.0 0.5 Unit: mm
77.0 £0.3
6.0 0.3 72.0+0.3
4425 R OBTOD00E0 0000034 |
- (Note 2) (HD74LS04)|
Pin No. 1 1 (HN462732) R’.ﬂ/ - '.‘?'."?Ui:
LCM interface terminal (10-¢1.0) %;o l\ < ? “I’
P \ .
N Yrrrroasoey ;
5 \ & [ (Note 1) = -
a HM6264 HD61830 o -
& ' o =
~ ) To000000000QQ o 5 g o
) AN ey — o
S 2\ 0000000000 W Ll = =
" A\ d (Note 1) :ﬁJ .
22 NS (Emslie) % & o
+l N 508 .. ™0 +l
~ - 0000 TO0000 00 =1
“ Y7 s
1 | G obooo000s6c6666000& T Rep000/ | o
. \ . - ‘\ . . . LY
2.54 pitch
3803 _ P N
55.9 £0.3 | \PinNo.1 2
+l
=}

MPU interface terminal (20-¢1.0)

2 | —
| VAR | —
LY vv] \ g
S|4l 4 / RAM \_Socket f
Z| E| E //’ S
el o .-
2 8 Beroe).
~1 34679 -
Notes 1: Only a socket is mounted. D
Detail of A

2. A socket is not mounted.

Fig. 2.2.3 CB1026R DIMENSIONAL OUTLINE
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Table 2.2.1 CB1026R Interface Pin Arrangement

(1) LCD module interface

Pin No. Signal name (Note 1)

1 D1 Note 1:
2 FLM
3 M
4 CL1 Note 2:
5 CL2
6 D2
7 Vpp (+5V)
8 Vgs (GND)
9 Vg (Note 2)

10 Vo (Note 2)

(2) MPU Interface
Pin No. Signal name

1 Vsg (GND) Note 1:
2 Vpp (+5V)
3 Vo (Note 1)
4 RS
5 R/W
6 E
7 DBO
8 DBI
9 DB2

10 DB3

11 DB4

12 DBS

13 DB6

14 DB7

15 [

16 RES

17 VgEg (Note 1)

18 N.C

19 N.C

20 N.C

(3) Interface hole diameter
1.0 mm holes are used in the MPU and LCD modules.

® HITACHI

Pin arrangement same as LM211 and LM200.
Pin arrangement is different than LM021 and H2525.
Careful connection is necessary.

Vgg and Vo vary depending on an LCD module to be
used. See LCD module catalog.

Although Vo and Vgg are not used in CB1026R,
they are provided for supply to the LCD module.
(Fig. 5.1.)

Vgg and Vo vary depending on an LCD module to
be used. See LCD module catalog.



CB1020R/CB1026R/CB1030R

2.3 CB1030R
CB1030R controls an LCD module, such as LM215 (128 X480 dots), which divides the active area and is
made of two CB1026R boards.
CBI1030R 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:

Note 2:

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, LM211, LM200, LM021, and H2525. The pin arrangement
is only the same as LM215.

Prepare any of the following refresh memories according to the application:
(1) Hitachi HM6116 (CMOS, 2k bytes static RAM) 1pc
(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).
(Example: Master: one HM6264 chip; Slave: two HM6116 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).

SECTION 6
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CB1020R/CB1026R/CB1030R

D1 D3
D2 : D4
: LCM
i DI i D2 D1 i D2
Master Slave
HD6 1830 HD61830
CSl1
cSH
RAM RAM
CB1030R

Fig.2.3.1 RELATIONSHIPS BETWEEN CB1030R AND SCREEN AREA DIVISION (EXAMPLE WITH LM215)

1 pin (MPU interface terminal)

Unit : mm
/ 2.0-¢1.0 125 £0.5
4.0 0.3 / 117 £0.3 ¥
15.2 +0.3 2.54 Master-side external 2
_, ROM mounting position
S R L HERAD) ERRRRERR S SRR
D /Y v w : LN =
< {99 ;A By
LN\ Ba
. ) e ] i:
S - HD & vor—] %9
- 5 618 BN =8
= = - 30 L5 Nge - ]
g8 = (Master) = |75 (2% ° el
5= : -y o) (C\} S H
=& | = N2 Jote o 7l S
S A i, —— T N2 -8 ol o
gw [NEH—A Vi el § R 3= N N
ZE |- W G&f\%\ LSS &
25 = - /4 ) % T\ ]
SE e sf‘"‘é "5 B9 S2BN.&)
RS = ? 3 E3 B\'"g <F P i
‘a0 &E ,/’DC fnies) ‘ [ B0 DP < 5\’ .
S p Pqs.9 I Elicd Q9 Pl idok
=z /] & 59 g 3 x E RE g @ B
Fucc ] (B ERS  RLEE
© B, ~ - - .o 3 1 ~ 1¢]. . ~
%5 /) ,.—?'97--'--:-&-?-?—:5‘1:34%\} / G4~ T
3 = T ARRRREGRE RN e <
7 3 2.54 l l l \ / 59.0 ! 4-¢3.5

Slave side

£

pin (LCM interface terminal) V

12-¢1.

0

Master side

Fig. 2.3.2 CB1030R DIMENSIONAL OUTLINE

282

O HITACHI



CB1020R/CB1026R/CB1030R

Table 2.3.1 CB1030R Interface Pin Arrangement

(1) LCD module interface

(2) MPU interface

Note 1: Pin arrangement same as LM215XB.
Pin arrangement is different than LM021, LM211XB, LM200 and H2525. Careful connection is necessary.

Pin No. Signal name (Note 1) Pin No. Signal name
1 Dl 1 Vss (GRD)
2 D2 2 Vpp (+5V)
3 FILM 3 Vo
4 M 4 RS
5 CL1 5 R/W
6 CL2 6 E
7 D3 7 DBO
8 D4 8 DB1
9 Vbb 9 DB2

10 Vss 10 DB3
11 VEE 11 DB4
12 Vo 12 DBS
13 DB6
14 DB7
15 CS1 (Note 2)
16 RES
17 VEE
18 CS2 (Note 2)
19 N.C
20 N.C

Note 2: CBI1030R uses two HD61830 chips. CS1 and CS2 are provided for chip selection.

CS1=0()
CS2=0()

Selects master HD61830.
Selects slave HD61830.

Input signals other than CS1 and CS2 are connected in common to both HD61830s.
When CB1030R is not selected, set CS1 and CS2 to level 1 (H).

G HITACHI
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3. EXPLANATION OF EACH PART

3.1 HD61830

3.2

3.3

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.

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 MA11) 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.

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) X1 pc
(2) HM6116 (2k bytes) X2 pcs
(3) HM6264 (8k bytes) X1 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 with jumper wires (Table 3.1).

Table 3.1 RAM and Pin Connections

RAM Socket in which RAMs are mounted Pin connections
+—Pin 28 . N
2k-bytes Pin24 L < 7 Q@ 3o b o)
RAM x 1 pe. y/ : - quper,
/l Mount to dbooo0d wire
é the bottom. 134679
~ 2, 5 8
2k-bytes y—’ v o ? 606 ?
RAM x 2 pe. / / é !
ocboood
Mount to
% Z/wthe bottom. 1346759
7 2, .5 .8
8k-bytes =4 / ? 0Q0®0O
RAM x 1 pe. / | ! :
dododo
A 1 34679
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3.5

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.

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

< Higher
4 bit it 0010 | 0011 [ 0100 [ 0101 {0110 | 0111 | 1010 | 1011 | 1100 { 1101 | 1110 | 1111
Lower bit
- e e L} cen 0
HEEH : H ‘e | enee . B BB
XX XX 0000 HE R HN e
fuse® | %als* :
5 P e e I
H HIE o | ati
XX XX 0001 iDL St
': ..'l H o [ -
° l'.. .‘l e (% s el waE (v sl neses
XX xXx0010 % H
" Sl
..... e *
B . Ha e B
xxxx0011 | *3*8* . ‘#]8 . :
LI1] L 11} nes snem
e | o . - T | [eeses
sie, [ taad |8 i ;
XXXX0100 | wats o’ fpent | "ae® | *e | eebae A
I il : -
o “o | Seee |8 $ "3 | ee [ ab | "t .
XXXX0101 | 4® oo [0 & Sod gt L K
H LN ) L oo E. 3 SRR L (P PP
e T e 5 Tt
B TE ey | sgees . B
RPN [ CEUN I SRR O P B B e H eest :
XXxX0110 fe,,» vee® b : o wseus | vuund T
T HEAE | vases | seses °*
: AL T PR 2| sene .
R E R I RN AR IS Sy
OO HE W § LS Bl RS L 2 R
l.. H H 20 e
: .t . . 3 -l .
: [T T I R AL U O S
XxXX1000 | * | 8§ 1 AN HIBES RN
T H HI S I P :
W = = -
H o . " R H HERE A B -
xxxx1001 | o* o : FE I A I B B B JH I
. PSP - I O oL L VL t.
ST T s
o3 s 80 : o ea | wmase s H . ese
2% | ue : o «* : HEE S ? | eots
el L I U VO P *u® | atees] el HIHEH S I
-l.
. . - . ot soses | o o
H .t H H I
ofee L H A H
XXXX1011 H . H sese
* . woe | Sveed .
¥
sigie eeg | e 3] ELETR b e
01100 | o | Tea PEfesdee | S O I R A S B
5 .
..... " e H it . . .
..... H 822% | % | ees . . .08
CxxX1101 | =™ | seena HEHI N HE o] JElefe [ eeen
o, HIN e | o ese® | Sems|
5 = s
‘e . on o | wess | "0 U0"0 % ° .
o *ol Al el RS H i
X0 | g | I L e I LY
T
Ol D A T L B - aee
. R PPl IO T PR A : %%
XXXX1111 | o° b HE .3 Bl A HIH
[} 809 seses (113 (1] 1] - L1

Every code beginning with 0000 or not defined is displayed as blank.
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4. INTERFACE EXAMPLES WITH MPUs

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
$2 E’ ““““““““ K
i
— ? l E
i
R/W AlS : | C
—{>0 B1020R
!
Al4 s i _ or
HD46800D Al3 T Do CS CBI026R
VMA Al2 | [ :
e e -4 or
A0 R/W cB1030R
AlS <V RS
l
AO
DO < > DBO
l 1§
D7 DB7
HEESARS:
Fig. 4.1 Interface example with HD46800
10/W
- D> E
—_— .
RD -
o L4 +—A] Chip = CB1020R
WR — \ CS
8085A 1 P/ select CS or
- CB1026R
sI Hi RIW
or
ALE *—4 S Q RS CB1030R
L T (74L874)
AlS \
Aé RD
ADO < L - |ADO > DBO
{
ADS8 ! l DB7
\/_J\}

Fig. 4.2 Interface example with 8085A
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MPU

S
=
QO

|

~
&)

{3
T

NI
- RS
L ~N] Chip
] 0 select[ ] +5V
§> DS QF—{E CB1020R

CR
or
CB1030R
FJ s

or
CB1026R

-

VNV

Fig. 4.3 Interface example with Z80
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5. LCD DRIVE VOLTAGE SUPPLY

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
(+5)
D

(GND)

< |

Vgr { b

Fig. 5.1 Power Lines

Vp

Vss

Control circuit board LCD module

VR: 10k2~20kS2

Fig. 5.2 Example of Variable Resistor Connection (1)

Control circuit board LCD module
Vbp L ! L Vbp
Vss T Vss
VR 3 Vo
VEE
VEE

VR: 10kQ2~20k$2

Fig. 5.3 Example of Variable Resistor Connection (2)
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6.1

6.2

POWER SEQUENCE AND RES PIN

Power Sequence

CMOS LSIs 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.

475V £ m

Vop (+5V) —/ \__

VEE (-5V)

0 min. —J te—— O min.

Fig. 6.1 Power Sequence

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 us through 2 ms to avoid dis-
turbance of LCD driving conditions during RES signal input.

+5V

10kQ2

”

To RES terminal
0.1uF

Fig. 6.2 Reset Circuit
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7. INITIALIZATION AND BUSY SIGNAL
7.1 Initialization
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
No.|R/W| RS |DB7~DB4|DB3|DB2DB1|DB0| Function R/W| RS |DB7 DB6| DB5|DB4|DB3|DB2|DB1{ DBO)|
110 1 0 0 0| 0 0 | Mode control 0 0j0]O0 Mode data (Note 1)
210 1 0 0| 0| 0| 1 [ Vertical/horizontal character pitch | 0 | O (Vp-1B 0 (Hp-1)B
Number of characters per line/ _

310 1 0 00 1 0 number of bytes 0 0 0 (HN-1B

41011 0 0101 1 | Number of vertical dots 0]0]0 (NX-1)B

510 1 0 0 1 0 0 | Cursor position 0 0 0 0 | 0 I 0 [ (CP-1)B

Display starting address (least
610 1 0 1101010 significant) (Lower) 010 Address data
Display starting address (most
710 1 0 1 [V ] 1 significant) (Upper) 0]J]0j0}0]O0} O Address data
810 1 0 1 0 1 0 | Cursor address (least significant) 010 Address data
, Cursor address (most significant)

910 1 0 1 0 1 1 (Upper) ofo0jo0jJo0j0]O Address data
10} 0 1 0 1 1 0 0 | Refresh memory write 0] 0 Character code/bit data
11011 0 1 1] 0] 1 | Refresh memory read 110 Refresh memory data
1210 1 0 1 1 1 0 | Bit clear 0]J]0j0]0}10]O0] O (BN) B
1310 1 0 1 1 1 1 | Bit set 0 0)J0} 0 0] 0 0 (BN) B
14 - - - - | =1 = | — | BUSY signal read 1 1 | BF| s | s | s | 2% ] % | % | %

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

DBS|DB4|DB3|DB2| DB1}DBG

0: Internal character generator ROM of the HD61830
1: External character generator ROM

{ 0: Character mode ‘]

1: Graphic mode

00: Cursor OFF

01: Cursor ON

10: Cursor OFF, character blink
11: Cursor blink

1: DB4is the bit to specify the master chip or slave chip when multiple chips of
HD61830 are used.

{ 0: Display OFF (display off without clearing the refresh memory contents)
1: Display ON

Start

t

Clear
register A.

J -
-

Load HD61830 RS = 1
contents into R/W =1
register B.

NO

BUSY flag check

Store register A RS =1
contents into R/W=0
HD61830.

l -

Load data
into register
B

Function register select

l Data input

Store register B -
contents into RI/Q“S/ - 8
HD61830.

YES
@ Note 1: Change the register number normally

NO +1at atime, butin No. 5 to No. 6 of Table 7.1,

YES 0 register numbers are not continuous.

Register number update

End

Fig. 7.1 Initialization Flowchart (Example)
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Table 7.3 Initializing Data (Example)

LM211XB LM200 LMO21 H2525
No Cht‘fefra"' Graphic Cht:::;ac- Graphic Chttfr 2 | Graphic Cht‘;frac' Graphic| Notes: 1. Numbers same as in Table 7.1.
1 34 32 34 32 34 32 34 32 2. Character mode uses 6 X 8
2 75 77 75 77 75 717 75 77 dots/character and internal
3 27 1F 27 1F 27 1F 27 1F
ROM.
4 3F 3F 1F 1F 17 17 13 13 .
5 07 07 07 07 07 07 07 07 3. Graphic mode uses 256 dots
6 00 00 00 00 00 00 00 00 per line.
7 00 00 00 00 00 00 00 00
8 00 00 00 00 00 00 00 00
9 00 00 00 00 00 00 00 00

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 us 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

BUSY
Functio
unction Generation/ max min
Nongeneration : )

Setting register No. None 1us —
Setting data in register Generation 2 X tcLa tcL2
Refresh RAM read/write Generation (2 + Hp) tcrL2 2% tcLo
Bit write/clear Generation 2(Hp + 1) tcrn (2+Hp) tcra

Notes: 1. tcL2 (internal clock signal cycle)

LM2I5XB....... 0.87 us (typ.)
LM212......... 0.87 us (typ.)
LM2UXB....... 1.1 ws (typ.)
LM200......... 2.2 pus (typ.)
LMO021 ......... 3.0 ws (typ.)
H2525 ......... 3.5 ws(typ.)

2. Hp (horizontal character pitch) 6, 7 or 8

3. The time from the E signal falling edge (&) is indicated.
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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 fcL2 of CB1026R, whose tCL2 is set for use in the LM211. Consult a
Hitachi office when using the CB1026R in other than LM211.

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 us 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 us.

1us min. lus min.

BUSY
(Internal)  pynction | Data input
register set On completion of execution,
the BUSY signal turns off
(H — L) automatically by
the internal clock.

BUSY flag check

Fig. 7.2 BUSY Check Sequence
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8.1

8.2

294

INSTRUCTION CODE

Mode Control (Table 7.1, No. 1)

Specify the HD61830 operation mode.
This instruction controls the character/graphic mode, cursor on/off/blink, master/slave, and display on/off.
When DBI is set to 1, and DB0, DB2 and DB3 are set to 0, HD61830 is set to the graphic mode. The char-

acter generator and cursor function are disabled.

When DB is set to 0, HD61830 is set to the character mode. The character generator designation (DB0)
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.

Vertical/Horizontal Character Pitch (Table 7.1, No. 2)

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 5X7 or 5$X11 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 portioh and cursor is generated in HD61830.

12

% 308 B0 38 ” < Cursor

-

Fig. 8.1 display Pattern (Example)

Range of Vp and Hp:

7S (Vp—-D £15
SSHp-D L 7
(Vp —1) = ** (invalid)
S<MHp-D <7

] Character mode

J Graphic mode
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8.3

8.4

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 |

HN =
N Hp

Use hex for specification.

Graphic mode:

Number of dots in horizontal direction
8

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 (1E
in hex).

HN =

240 dots 240 dots
64 dots Block 1 64 dots Block 2

Fig. 8.2 (1) LM211 Active Area Division

If HNXHP 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)).

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 (1F in hex).

If HN =36, HP =7 and number of horizontal dots =240:

l Hy x Hp = 252

‘ 7 752 H

'r_ 1T 77 7+F48p
A ~

: 240 dots __|— Display
|

Lv-\g_/’—\—/‘-\\—/—J

Fig. 8.2 (2) Display Example for HN X HP Number of Dots
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8.5

8.6

8.7

240 dots

32dots  pioek 1

240 dots

32 dots Block 2

Fig. 8.3 LM200 Active Area Division

Cursor Position (Table 7.1, No. 5)

Specify the cursor lighting position. Observe VP 2 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.

Start Address (Table 7.1, No. 6 and Ne. 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 LM211, LM200, LMO021, H2525, and LM212, the start address data is displayed at the top left of
the active area.

For scrolling details, see 11.

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.
) 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 (st 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.
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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
In specifying an internal ROM in the character

[ .

Write-to-refresh- Write-to-refresh- mode, code patterns not defined in Table 3.2 are

memory register memory register all displayed as blank.

select select
1
Data input Data input

! t

Cursor address

Data input register select
| i
|
| Cursor address set
|

Fig. 8.4 Data Writing Sequence

8.9 Reading from Refresh Memory (Table 7.1, No. 11)

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.

L LA

MSB LSB
Llifolifififi]o]
RAM data 1

©

b4

(o]

o

, 7]

Fig. 8.5 Data Inversion in Graphic Mode L
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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.

Push flag C to Ma.

7 0
<>
YES

Write Ma contents
into HD61830.

c 7 Register A 0o 7

0

abcdef gh

alb c d e f g h
Sa
bcdefghO\
b
Ve

cl|d e f g h 00
P
defghOOO\
d
~

elf g h 00 00
.

flg h 00000
Y
ghOOOOOO\
/g
h|0 00 0 0 0 0\
[h

Fig. 8.6 Data Inversion

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.
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.

Bitdata 0 1 23 4 56

LTTTT]

Display

Fig. 8.7 Relationship between Bit Data and Display
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RELATIONSHIPS BETWEEN CURSOR ADDRESS, START ADDRESS,
REFRESH RAM, AND LCD DISPLAY

Charactermode . .................... Fig. 9.1

Graphicmode ...................... 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).

Refresh memory . Hp
Cursor address b7 b6 bS b4 b3 b2 bl b0 [ LCD
T T T M
(0000) 16 1o ! R A B C
A
AR
T
! | | ! | |
| | ; | |
: ! l | I (Division)
071,0'0;0}0}0 1}~ Start address
0,1!0t0,0!071/0
oy e
I T A
' | | | | | ]
BEREEE
(O7FF)16 | 1 1 1 1 1 1 |
Fig. 9.1 Character Mode
Refresh memory Hp =8
Cursor address P7 D6 b5 b4 b3 b2 bl b0 —
(0000) 16 K 1; IR [E_:!MI?"—
[ ey
b
I I A P
N R T B !
| | i | | | ]
l l L : L (Division)
011 !1111150,0!1 |=Start address (/) B
0'110'111}1,0!1 v
4 L
: : ! : ] { : \—— Note data inversion.
I
T
I |
(07FF) 16 VIR G RO T S B

Fig. 9.2 Graphic Mode
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10. SCROLLING

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 of lines) 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 XNX/VP).

(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 start
address causes the data in the top line of the right block to be shifted to the bottom line of the
block. (Fig.10.1.)

Note this point in scrolling.

= O
— m
—m
~ QO

AB C

Before start address change

HI J K

ABC

DEFG

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.
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~+ABCDE .
D
Lk ~
dc
D
— ]
L H
— — 1 r-=
17 ~L~MRIN|
L.J

Fig. 10.2 Display Shifting in Scrolling

SECTION 6

@ HITACHI ’ 301



CB1020R/CB1026R/CB1030R

11. ELECTRICAL CHARACTERISTICS

11.1 Maximum Ratings

Item Symbol Value Unit
Supply voltage Vbb 0~70 \'
Input voltage A%\ 0~ Vpp \%
Operating temperature Topr 0~+50 °C
Storage temperature Tstg -20~+70 °C

Notes: (1) Vggis not used in the control circuit board.

Vg varies depending on models of the LCD module. For details, see the individual catalog of the LCD

module to be used.

(2) Vorange mustbe Vpp 2 Vo 2 Vg

11.2 Electrical Characteristics

(Vpp = 5V 5%, GND = 0V, Ta.= 0°C to 50°C)

Item Symbol Test condition min. typ. | max.| Unit Terminal
Input voltage Vin 22 — | Voo | V | DB0O~7,CS, E, R/W,
(TTL compatible) ViL 0 _ 0.8 v | RS,RES (Note 3)
Output voltage Vou | log =-0.6mA Vpp-04| — | Vpp | V _
4 DBO~7

(TTL compatible)

VoL IoL = +1.6mA 0 - 0.4 \%

Vouc Vpp-0.4 — Vbpbp \%
Output voltage I load = +0.6mA 11\)'11 Flglz\’l, CL1, CL2,

VOLC 0 — 0.4 \% ’
Input leak current Iin - - 5 MA
Output leak current IoL - - 10 | upA
Operating frequency | Fcpy - - 1 MHz | Note (1)
Power dissipation Py Vpp =5V, Ta=25°C - - 30 | mW | Note(2)

Notes: (1) Internal frequency

(2) Refresh RAM current cohsumption is excluded. 60 mW max. for CB1030R.

(3) RES: VIH = 30 V, VIL = 08 A\
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12. TIMING CHARACTERISTICS

12.1 Interface Timing (MPU <—Control circuit board)

Item Symbol min. typ. max. Unit

Enable cycle time teyce 1.0 — — us
H level tWEH 0.45 — — us

Enable pulse width
L level tWEL 0.45 — — us
Enable pulse rise time tr — — 25 ns
Enable pulse fall time ter — — 25 ns
Setup time of CS, R/W, RS tAS 140 - - ns
Setup time of input data tpIs 225 — — ns
Data delay time tpp - - 225 ns
Hold time of data ty 10 — — ns
Hold time of CS, R/W, RS tAS 10 — — ns
Pulse width of RES tWRES 1us - 2ms -

tove
tuen T—
2.av ¥ Y F
E \ ‘/

CS, R/W, RS

DBo-~7
(MPU—HD 61830)

DBo-~7
(MPU<HD 61830)

2.2v
0.8v
tosw e
2.2V
0.8V
— —1tooR ton
2.4V
0.4v
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12.2 Interface Timing (Control Circuit Board —LCD Module)

Item Symbol min. typ. max. Unit

CL1 pulse width ) twCL1 450 — — ns
CL2 delay time tpcL2 - - 200 ns
CL2 cycle time twCL2 900 - — ns
CL2 pulse width level fweH 0 — — ©

L level twcL 450 - - ns
M delay time tp - - 300 ns
FLM delay time ° tpE — — 300 ns
Data delay time tpD — — 200 ns
Data setup time tsp 250 - — ns

Note (1) When output is no load.

cLl

tocL. twel.

e N _

L L WCH —— ot T WO L —a

MA, MB ;—ch

SAHY] tor

X

DI —éVoc X

too -—J ——J——t SD——md

|
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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.

fe— {CCPO ——
CRVEVAWEY WA
\ \
tweroL I tweroH
2.4v f
MAo~15 ! 0.4y \
tomar TOMAR —= T OMAW —= Tsmaw
* *
{2.av [ 2.av 2.2v
MDo-7 0.8V
tsmo _ * TOMDW —ard ™ tsmow
2 2v yl X
RDo-~
07 L 0.8V (
*
W—E 1smo
Yoav |/
-yro.av 7
towe
| twwe
Item Symbol min. typ. max. Unit
SYNC delay time tpsy - — 200 ns
SYNC pulse width L level twsy 900 - ns
Cycle time tccpo 900 — ns
H level tWCPOH 450 — ns
CPO pulse width
L level twcpPoL 450 - ns
MAO-15 refresh time tDMAR — — 200 ns
Write MAO—15 address delay time tDMAW — - 200 ns
Write MDO—7 data delay time tPMDW — — 200 ns
Setup time of MD0O—7, RD0—7 tsMD 900 - ns
Memory address setup time tSMAW 250 — ns
Memory data setup time tSMDW 250 — ns
WE delay time tDWE - - 200 ns
WE pulse width L level twwE 450 - ns

Notes: (1) When output is no load.

(2) wis delay time of external ROM and refresh RAM.

@ HITACHI

SECTION 6

305



CB1020R/CB1026R/CB1030R

13.

14.

306

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.

A0-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

8% 8. In CB1026 and CB1030R, address wiring is done for HN462732 (4k bytes EPROM).
The maximum number of dots per character is 8 X 8.

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 Aviation Electronics Industry, Ltd. are available.

PS-20PE-S4T1-PN1 (20 pins) for MPU interface
PS-10PE-S4T1-PN1 (10 pins) for LCD interface ........... For CB1020R and CB1026R
PS-12PE-S4T1-PN1 (12 pins) for LCD interface ......... For CB1030R

GO HITACHI



CB1020R/CB1026R/CB1030R

— o~

o O ~ O

S O O 9~

S o @ r~
- <L <€ <
<

[ A

= A
Ao

o

=

LOWER
4 bit

o O © O
o O] © O
o] © ©
ol © O
o O O
ol O O
o o O
O.. o o ©O O
O O O O O o o (=]
o O O O © o O
S O O O o o o
o o O o
(=]

1
0 0(0(0}0

1

A6 A5 Ab A3 A2 Al AO| 0g| 04| 0y Oal 04 Ogl Ogl 0] 0gl 0] 0o) 0af 04 05| Ogl 07

0 0 0 O

1

0 0 0

Fig. 13.1 External ROM Pattern Generation
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CB1040R

1 General

The CB1040R (mounted with control LS| and a socket for
the refresh memory) is a control circuit board for graphic
display modules LM225 (200 x 640 dots)’s exclusive.

The CB1040R 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 graphic
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 CB1040R 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.

The refresh memory, which uses static RAM, offers RAM
selection of either 8 kbytes or 2 kbytes. Also, an 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 (fc o)
set to LM225. So, it cannot be used except for
a module which drives at the same frequency as
that of LM225.

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.

The CB1040R 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.

Note 2.

Note 3.

* New LCTC: High Speed Liquid Crystal Timing Controller

2 CB1040R Block Diagram

Fig. 2.1 shows a block diagram of the CB1040R.

Oscillator

Refresh RAM
Maximum 8Kbyte
Control IC
RS 1 (Master)
R/
E J RAM |
— Chip ]
C—S-l Seeut TTTTTT 777 External
Cs2 : ' 8haracter
enerator
L I S JROM FLM
&)
5 1 D1
D2
D87 Refresh RAM D3
Maximum D4
Control IC
(Slave)
RAM |
gh:p
t—— — t
ce - TTTTT 7777 External
! | Character
T : | Generator
[ 1ROM

Fig. 2.1 CB1040R Block Diagram
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CB1040R

4 Explanation of Each Part

4.1 Control LSI (New LCTC)

This is a special control LS| 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 LS| 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 MA12) from the control LSI. The
read data is converted to the corresponding dot pattern by
the character generator ROM in the control LS| (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 LS| 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

Use 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.

Socket for RAM
L

A\
v Lo
Control
LSI
7
In case of using 8 kbyte ROM
)
9 9 ~ //Soc.(et for RAM
% N
Control
LSl

Mount to the bottom
In case of using 4 kbyte ROM

Fig. 4.1 Connections of External ROM

4.5 Patterns Generated Character Generator ROM in control
LSI

Table 4.2 shows the character patterns generated by the

internal ROM.

Socket in which RAMs are mounted PIN CONNECTIONS
No MODE RAM (Master & Slave are common mounting.) (See Fig. 5.1 Pin for RAM)
Graphi / S N 1211109 8 76 54 3 2 1
raphic o O (o3¢
| Character HM6264 (8 kbyte) x 1 pc. / w (?_Cf ?}3
Jamper Wire
Vs 77
Graphic ( ) %7;' /// / % 121110 9 8 7 6 5 4 3 2 1
1 HMG6116 (2 kbyte) x 4 pcs. A VoA v g o oo e}
Character 1 /;/// 4/ / 0y 7 ﬁ ?_3
Mount to the bottom.
Only 4 kbyte get access.
0l |Character | HM6264 (8 kbyte) x 1 pc. ~ ~ Same with No. |
A
IV | Character HM6116 (2 kbyte) x 2 pcs. l ’ i Same with No. Il
Mount to the bottom. I—* Not be access.
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Table 4.2 Control LS| Font Table
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Every code beginning with 0000 or not defined is displayed as a blank.
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5 Dimensional Outline and Interface Pin Arrangement

5.1 Dimensional Outline

Unit: mm
|40.0t0.5
132.0%02 4.0%03
Note 1 o %
£0.1 +0, v
Note 1 1291 0 2% Jm.o S A
e = == ay ¥
8588881
© _——Q?\J
b: o ~
o A4 Aoy 1
i 314 = z
: : = = g
2 2 Z = H
i S g s = =
0 Ic1 ES ‘) a s1 P4 s2 By s3 H
3 AN Z = g
= A B E
— = = g
./Note 1
Note \' : ; To:
MPU Interface : 4'03: B b
nterface~ o ¥ 2
_ | foot|
3 | I
2 2
~F o«
i 8
¢ o | =
a
20-41.0
E4 Y H
= Z
A 8 E
ﬁ ZIY =
- =
=2 = E
Py
- pid
Note 1 4-43.5 ]
PCB g %
L\ oo h : 1 [ 1T 1 { 1 T had L%
— — . ¥
Fig. 5.1 Dimensional Outline of CB1040R
5.2 Interface Pin Arrangement (2) MPU interface
(1) LCD display module interface Pin No. Signal Name Pin No. Signal Name
LCM Interface 1 Vss 1 DB4
Pin No. Signal Name 2 Vbop 12 DB5
1 D1 3 Vo 13 DB6
2 D2 4 RS 14 DB7
3 FLM 5 R/W 15 Cs1
4 M 6 E 16 RES
5 CL1 7 DBO 17 VEE
6 cL2 8 DB1 18 cs2
7 D3 9 DB2 19 C/G
8 D4 10 DB3 20 N.C.
9 Vob Note:
10 Vgs Although Vg and Vgg are not used in the CB1040R, they are provided
11 v for supply to the LCD module. (See Fig. 8.1.)
EE The CB1040R is the same as the conventional control board hitherto
12 Vo 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
Note: Signal”’.

(1) The pin arrangement is the same as that of the LM225. .
9 (3) Interface hole diameter

Through holes of 1.0 mm are adopted in both the MPU and LCD
module.
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6 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
MA15 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 . Required Address Range for
Mode Valid Address One Block

8 kbyte/control LSI
(MAO to MA12 ... when HP = 8)

1 kbyte/control LSI
(MAO to MA9 ... when HP =6, VP =8)

Graphic MAOQ to MA15

Character | MAO to MA11

In the character mode, MA12 to MA15 (higher-order 4 bits)
are used as raster address so that MA12 to MA15 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 LS| does not have this switchover func-
tion, the switchover signal is input from outside to electrically
connect to, and disconnect from RAM of MA12. 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

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.

s )} AlX B X c X
| Graphic
C'G X ( Character

— Mode switching point
C/G 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.
: Execute commands such as for busy check and data transfer.
: Turn ON the mode control command display.

oOw

7 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.

4% P CHIP SELECT
$2— e 3 CB1040R
S Y A i
i e
il | I
HD46800D AT3 3 —4CS2
VMA A12[ L __ J W
A185 AQ RS
AO I C/G
DO — Signal CG
s Bgo
07/ >‘DB7

Fig. 7.1 Example of Interface with HD46800

SECTION 6

Note: Concerning interfaces with another MPUs, we will inform in
future.
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8 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. Vg and
Vg simply pass the CB1040R.

The method shown in Fig. 8.2 is recommended for supplying CB1040R LCD Module
LCD drive voltage Vg, but the method shown in Fig. 8.3 Vv (+5) I l
may be used because Vg and Vgg are used only in the LCD oo (GND) L 1 I
module.  Select either way according to the CB1040R Vss
mounting position and the variable resistor location. I iy I
The LCD is driven by the potential difference between Vpp Vo
and Vg (Vpp — Vg). (See the Catalog for recommended L 1
drive voltage values for the LM225.) Vg { '
Fig. 8.1 Power Lines
CB1040R
VDD I ; I
Vss
v ] 7 ]
T
Ve

Vi © 10k~ 20k Q

Fig. 8.2 Example of Variable Resistor Connection {1)

CB1040R LCD Module
Vop I": 7 Il Vb
Vss T i Vss
V2 Vo
T VEE
Ve

Vr @ 10k~ 20kQ

Fig. 8.3 Example of Variable Resistor Connection (2)

9 Power Sequence and RES Pin

9.1 Power Sequence
CMOS LSis are used in the CB1040R and LCD display module. 4.75V jy————\
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 Voo{+5V)  / N
source voltage is stabilized. If a signal is input before stabiliza-
tion of the source voltage, latch up may occur.
Vie ‘ i
0O 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 LS| 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 us through 2 ms to avoid disturbance of LCD driving
conditions during input of the RES signal.

+5V
10k Q
to “RES'terminal
l 0.1uF
Fig. 9.2 Reset Circuit

10 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

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
immediate!y 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.

Register Data
No. [ R/W | RS | DB7 ~DB4 | DB3|DB2|DB1{DB0 Function R/W | RS |DB7/DB6 DBS]DB4|DB3]DBZ[DB1|DBO
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)B I 0 l (Hp-1)B
3 0 1 0 0 0 1 0 lgl;:tr:sber of characters per line/number of 0 0 0 (HN-1)g
410 1 0 0|0 |1 1 | Number of vertical dots 0 0| o0 (NX-1)g
5| 0 1 0 0 | 1 | 0| 0 |Cursorposition 0 0| 0|0 | 0 [Ng,5 (CP-1)B
Display starting address
6 0 ! 0 ! 01010 (least significant) (Lower) 0 0 Address data
Display starting address
7 0 1 0 1 0 0 1 (most significant) (Upper) 0 0 0 0 0 Nges Address data
Cursor address
8 0 1 0 1 0 1 0 (least significant) (Lower) 0 0 Address data
Cursor address
910 ! 0 ot L (most significant) (Upper) 0 000100 Address data
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 | Bitclear 0 o|o0|O0|0]|OI}O (BN)B
13 0 1 0 1 1 1 1 | Bitset 0 ojJo0}0|0 |00 (BN)g
14 ] — [ - - — | =1 = | = |BusY signal read 1 1 BE s« [« [« [ s x[*]>
Notes: 1. See Table 10.2.

1
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: "“0".

Graphic mode: Address data.
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START
—0
Note 1: A, B; MPU Internal Register

B«Control LS|
RS

BUSY Flag
Check

Function Register
Select

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.

Data Input
0

Regisetr(A)
+1or N

END
Fig. 10.1 Initialization Flowchart (Example)

Table 10.2 Mode Data

DB5S DB4 DB3 DB2 DB1 DBO

\/ l { 0: Control LSI internal character generator ROM
1: External character generator ROM
0 : Character mode
1: Graphic mode

[oo . Cursor OFF
01: Cursor ON
10 : Cursor OFF Character blink
l11 : Cursor blink

1: DB4 is the bit to specify the master chip or slave chip when multiple
Control LSI are used. Always set to 1 in the CB1040R

f 0: Display OFF (display off without clearing the contents of the refresh memory)
[ 1: Display ON
001 000 MO 000 SO
OO? / 320 00(/) ?01 320 001 M1 001 S1
] : . .
Bs B [ IO
Cursor ’ RAM(Master) ’ RAM (Slave)
200
(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 LS| 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 LSl 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/ Max Min
nongeneration : ‘
Setting register No. None 1 us -
Setting data in register Generation 2xtcL2 tcL2
Refresh RAM read/write | Generation | (2 + Hp)tcL2 2 xtcL2
Bit write/clear Generation |2 (Hp + 1)tcL2|(2 + Hp)tcL2

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 (T\__) is shown.

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 LS| and not directly
output from the control LSI. Checking the busy state of the
control LS| 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 us 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 us.

Tus min. | Tus min |

Busy
{inernal)

Busy flag check.

function data After the execution is
register input finished, Busy signal is
set. turned off(H L)
by the internal clock
automatically.

Fig. 10.3 Busy Check Sequence

11 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 DB1 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 O for dots other than the character portion and
cursor is generated in the control LSI.
Limit of Vp and Hp
; é E:_/"': _ :; é ;5 }—vCharacter Mode

(Vp — 1) = ** (Not effect) .
(Hp—1)=7 Graphic Mode

@ HITACHI
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~—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

H =
N HP

Graphic mode
Number of dots in horizontal direction
8
Use hexadecimal notation for specification.

If the calculated Hp 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.)

HN=

320 dots 320 dots

100

dots D1 D3
Note
D1, D2: Master Side (Left)
D3, D4: Slave Side (Right)

100 D2 4

dots D

Fig. 11.2 (1) LM225 Active Area Division

If Hy 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 mode 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 Hy =50, Hp = 7 and number of horizontal dots = 320;

Hn x Hp =50 x 7 = 350 dots > 320 dots

| Hny X Hp=350

lzT_Tszs 777 M

BER: —~ S

I 320 DOTS Display
Fig. 11.2 (2) Display Example for Hy x Hp > Number for Dots

11.5 Cursor Position (Table 10.1, No. 5)

Specify the cursor lighting position. Observe Vp 2 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)qg.
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.

—_

When it is desired to rewrite
(set) both lower address and
upper address.

First set lower address
and then 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 “0",
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 “0",
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
Addi dd A
g:;?trer Sel';aecsts g:trsor Address ———»g/l;:';?ry Register —— Data Input —— Data Input =——— - = = = =
(b) Discontinuous Address
Write to Refresh
Cursor Address Cursor Address i Cursor Address Cursor Address
Register Select Set gﬂe?g;?rv Register ——s= Data Input —— Register Select — > Set T
Fig. 11.3 Data Writing Sequence
M L
S S
B B {
Lifrfofa]s o] ]0] )
RAM Data Display
Fig. 11.4 (1) Data Inversion in Graphic Mode
Ma—00
T cl|7 Register A0 7 Ma 0
000O0O0O0OCDO
A—Data
a bc def gh
Registele abcdefgho\
Left Shift a 0 00 O0O0OCO
7 0 blcdefghoo
[0 “ph a 000000
— cldefghooo”
¢ ba0O0000O
dlefghoooo0*
Push C Flag Ydcba0O0OO
'9 ' elf ghoooo0o0”
! 0 \e d ¢c ba 00O
C —Ma
. — flg h 00 0O0O0O d
\f e d ¢c b a 00
No g/hooooooo”
N
END? ‘(gfedcbaO
h|0O0OO0OOOOO O 0\
Yes thfedcba]
Control
|_S|n ——Ma Note: A: MPU Internal Register
Ma: MPU Memory Address
C: Carry Flag
Fig. 11.5 Data Inversion
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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 shaii be used to check whether the controi 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 O 1 2 3 4 5 6

1

Display

Fig. 11.6 Relationship between Bit Data and Display

Relationships between Cursor Address, Start Address, Refresh RAM, and LCD Display

12
Charactermode ............ See Fig. 12.1.
Graphicmode ............. 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 (MA12 ~ MA15) 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.

Refresh Memory
b7 b6 b5 b4 b3 b2 bl b0

Address

i

Start
Address

ojo

0 0
011101 0 O

T
!
1
|
'
1
1
1
i
!
1
I
L
'
'
T
!
'
{
1
|
i

Note: In the case of the character mode,
the method of writing on the

master side (left side: D,, D;)
and the slave side (right side: Ds,
D.,) is the same.

(O7FF) 16
Fig. 12.1 Character Mode
Refresh Memory
b7 b6 b5 b4 b3 b2 b1 bO
Address T - T T
(0000) 5 : ; | —1
1 [
H |
: 1 o :
i 1 ! ! | \
| ] | | 1 | h
] 1 1 1
o | | | I |
1 I [l 1 ]
L Start
011 1] 17 11 0ol 0ol Address—~)
0! 11 0l 1: 1 11011 [/
1 T
[ | ; i
A ! CAUTION to data inversion
(O7FF)is HE S N B !

Note: In the case of the graphic mode,
the method of writing on the
master side (left side: D;, D;)

and the slave side (right side: D3,

Fig. 12.2 Graphic Mode

D4 ) is the same.
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13 Scrolling Operation

The start address is generally set to (0000)4g. 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 (Vp
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 + (Hy X Ny/
Vp).

(In the graphic mode Vp = 1. When the number of dots
of the LCD module is different from the number ex-
pressed by Hy and Ny, 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.
DEFG
HIJK
ABC
Before Start Address Change
HIJK
ABC
DEFG

After Start Address Change

Fig. 13.1 Scrolling in Case of Horizontal Division (Example)

(5)

(6)

In case of horizontal scrolling in the graphic mode, Hy
shall be specified as 2N (N=1,2,.....: integer).

In other than 2N, display at the time of scrolling will
become out of order.

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.

-— - - -

-—+—A B CDE

</ U

,_
UK ~L-M ]| ~!
[

120
Laad

Fig. 13.2 Display Shifting in Scrolling Operation

14 Electrical Characteristics

14.1 Maximum Ratings

Item Symbol Value Unit
Supply Voltage Vbbp 0to7.0 \
Input Voltage V) 0to Vpp \
Operating Temperature Topr 0 to 50 °C
Storage Temperature Tstg —20 to 70 °C

Notes: (1) Vgg is generally 11.0 volts.
(2) The range of Vg shall be Vpp 2 Vg 2 VgE.
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14.2 Electrical Characteristics (Vpp =5V +5%, GND =0V, Ta = 0°C to 50°C)
Item Symbol Test Condition Min. Typ. | Max. Unit Terminal
Input Voltage Vin 22 — VYoo | VY |DBO~7,CST,2,E, R/W,RS, RES
(TTL compatible) VL 0 — 0.8 Vv (Note: 3)
Output Voltage Von |lon=-06mA Vpp-04 | — | Vpp vV _|bBO~7,
{TTL compatible) VoL |loL=t1.6mA 0 - 04 | V
Output Voltage VOHC | j0ad = £0.6 mA Voo04| - |Vop | VM FLM CLT,CL2 D1, D2
VoLc 0 — 04 | v
Input Leak Current lin — — 5 MA
Output Leak Current loL - - 10 HA
Operating Frequency Fcp1 - — 2.4 | MHz | Note (1)
Power Dissipation Pw | Vpp =5V, Ta=25C — - | 80 mW | Note (2)

Notes: (1) Internal frequency.
(2) Excluding the refresh RAM and ROM current consumption.
(3) RES: V| =3.0V, V,_=0.8V.

15 Timing Characteristics

15.1 MPU Interface (MPU < CB1040R)

Items Symbol Min, Typ. Max. Unit

Cycle Time of "“E"’ tcyc 1.0 - - us
H Level tWEH 0.45 — — us

Pulse Width of “E”
uise THidth © L Level TWEL 0.45 - - us
Pulse Raise Time of ""E"’ tEr - — 25 ns
Pulse Fall Time of “E" tef - — 25 ns
Set Up Time of CS, R/W, RS tAS 140 — — ns
Set Up Time of Input Data tDIS 225 — — ns
Data Delay Time tDD — - 225 ns
Data Hold Time tH 10 — — ns
Hold Time of CS, R/W, RS tAS 10 - - ns
Pulse Width of RES tWRES Tus - 2ms -

tcye
tWEH twel, —
4 .

2.2V \
£ 0.8V7k

— =—1p tEt =]

tas 1Ak
2.2V’
CS.R/W, RS
0.8V
- tH

tosw |

DBy-7 2.2V
(MPU—CB1040R) 0.8V

— topr =tp
DB,-- 2.4V
(MPU—CB1040R) 0.4v
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15.2 LCM Interface (CB1040R < LCM)

Items Symbol Min. Typ. Max. Unit

Pulse Width of “CL1" twcL1 150 — — ns
Delay Time of "CL2" tpCcL2 — - 50 ns
Cycle Time of “CL2" twecL2 416 - — ns

; " ., H Level tWCH 150 — - ns
Pulse Width of CL2 T Lovel TWeL 150 — — o
Delay Time of “M" tDM —200 - 200 ns
Hold Time of “"FLM" tHF 1000 — - ns
Delay Time of D1 ~ D4 too — — 50 ns
Hold Time of D1 ~ D4 tDH 100 — — ns

FLM —= thy
- T —=]
1
D1, D2 2‘Vcc
;—Vcc
D3,D4

ton

16 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. A0 ~ 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)

(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 Og and Oy are not displayed.
Specifying Hp = 7; Data at Oy is not displayed.

Specifying Hp = 8; All data at O4 through Oy are displayed.

17 Applicable Connector

Any connector whose pitch is 2.564 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
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o O «~ O

(o2}

Os

s

Os

O,

O O O «~

0;

0,

0,

Qo

0,

Os

Os

Higher A11
4 bits A10
A9
A8

0 0O

1

0 0 0O

A7 A6 A5 A4 | A3 A2 A1 A0 |0,

Lower
4 bits

Note: Data of A4 ~ A11 belong character code.

Fig. 16.1 External ROM Pattern Generation
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18

Example of Usage

Condition: Character mode (internal ROM used)

Character pitch 8 x 8

No. Contents of Execution Command Image Display
1 Power ON - '
. Random character display pattern
2 Master LS| initialize See Fig. 10.1 appears at 1/100 duty.
3 Slave LSl initialize See Fig. 10.1 I
Ma‘ke Refresh Memory
cS1 L Write Delsngnatlon Bl:-.lmk Random character display
1 |
Master side * : *
refresh RAM clear I Blank Code (20) Input l :
4 Master | Slave
. side | side
(blank code input) Input made in all addresses of .
refresh memory (on master side)?
Make Blank Blank
Cs2 L | |
Slave side: T
5 Refresh RAM clear Repeat No. 4 Routine ‘ g ‘
6 Address set Make Set Master Home Position - 5
. cs1 L in Cursor Add E
{on master side) (000) r ress Cursor lights |
e+ |
[ Refresh Memory Write Designation I
Cursor moves |
7 Data input | Enter Character Codes 40 Times | to 2nd line. !
i Cursor is caused to disappear by
Mode.Control | Cursor OF F4+—— running this command.
4 ‘
K Set Cursor Address to -
ChSAZa '?L" Slave Home Position (000) i —
8 LS switchover i Cursor lights on 1st line of
Mode Control | Cursor ON i stave side.
] H
, Refresh Memory Write Designaiion] ; _
9 Data input l Enter Character Codes 40 Times—l I Move cursor to 2nd line
Cursor is caused to disappear by
Mode Contro! | Cursor OFFT— running this command.
Make Set Cursor Address to Head of — l'
cS1“L” | Addressin 2nd Line. Cursor lights 1
on 2nd line. !
10 LSI switchin
9 Mode Control | Cursor ON T
;
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