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PREFACE

Hitachi Liquid Crystal Character Display Module (LCM) uses bright
and high-contrast twist-nematic liquid crystal and is available for dis-
play of numerals, alphabets, Chinese & Japanese characters and
symbols.

Due to its small size, light weight, low voltage, low power consump-
tion, easy handling, etc., the Hitachi LCM has been used widely as
display component for telephones, facsimile machines, POS terminals
and measurement equipment in Japan and abroad.

This catalog describes the electrical and optical characteristics, ex-
ternal dimensions and precautions in handling the product which
should be helpful in equipment design and manufacturing.

Notes
1. This catalog may, wholly or partially, be subject to change without notice.
. This catalog neither ensures the enforcement of any industrial properties on other rights, nor sanctions the enforcement

right thereof.
Examples of circuit given in this catalog are only for a better understanding of the products. Therefore, Hitachi will
not bhe resnonsible for anv accidents or problems caused during operation.

. All rights reserved: No one is permitted to reproduce or duplicate, in any form, the whole or a part of this manual
without Hitachi's permission.
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TABULATED DATA FOR HITACHI LIQUID CRYSTAL CHARACTER DISPLAY
®CHARACTER DISPLAY MODULE
. External dimensions Ef ive viewing are; Character dimensions .
Part No. Noc.hofxd;is:;ay WxHxT fecti W x H garea ara tV\; < H Driving method
: (mm) (mm) (mm) (Duty)
LM0O54 8 x1 84 x 44 x 12max. 61 x15.8 6.45 x9.4 1/8
LMO15 16 x 1 80 x 36 x 12max. 645 x13.8 3.156 x5.5 1/8
LM568F 16 x 1 122 x 33 x 12max. 99.0 x 13.0 4.84 x 8.06 1/8
H2570 16 x 1 80 x36 x 12max. 645 x13.8 3.156x7.9 1/11
LMO20L 16 x 1 80 x 36 x 12max. 645 x13.8 3.07 x5.73 1/16
LMO70L 20 x 1 105 x 39.0 x 11max. 84.0x13.0 3.2 x5.2 1/8
LMO038 20 x 1 182 x 35.5 x 13max. 154.0 x 156.3 6.7 x9.4 1/8
LMO027 24 x 1 126 x 36  x 12max. 100 x 13.8 3.156x7.9 1/11
H2571 32 x1 1745 x13 x 13.4max. 1325 x 14 3.15x79 1/11
H2752 40 x 1 182 x 3565 x 13max. 1540 x 15.3 3.15x7.9 1/11
LMO058 40 x 1 290 x 60 x 13max. 245 x 19 4.82 x 9.36 1/8
LMO52L 16 x 2 80 x36 x11max. 645 x 13.8 295x38 1/16
LMO16L 16 x 2 84 x 44 x 12max. 61 x15.8 2.96 x 4.86 1/16
LMO16XML 16 x 2 84 x 44 x 12max. 61 x15.8 2.96 x 4.86 1/16
LMO32L 20 x 2 116 x 39 x 13max. 83 x 18.6 3.2 x4.85 1/16
LMO32XML 20 x 2 116 x 37 x 10.5max. 83 x 18.6 32 x4.85 1/16
LMO60L 24 x 2 116 x 39 x.13max. 83 x 18.6 2.7 x485 116
LMO17L 32x2 1745 x 33 x 13.4max. 141.19 x 16.75 345 x4.85 1/16
LM107XML 40 x 2 170 x 30  x 11max. 151.1 x 15.1 32 x4.8% 1/16
LMO18L 40 x 2 182 x 35.5 x 13max. 154.0 x 156.3 3.2 x4.85 1/16
LMO41L 16 x4 87 x 60 x 12max. 61.8 x 25.2 2.95 x 4.15 1/16
LM044L 20x 4 98 x 60 x 12max. 76 x 25.2 295 x 4.15 1/16
o LED BACKLIGHT VERSIONS
LM087LN 16 x 1 90 x 36  x 14max. 64.5 x 13.8 3.07 x 6.56 116
LMO86ALN 16 x 2 90 x 36  x 14max. 64.5x13.8 295 x 3.8 1/16
LMO93LN 16 x 2 90 x 44 x 13.8max. 61.0x 156.3 2.96 x 4.86 1/16
LMO91LN 20 x 2 126 x 39 x 14max. 83 x18.6 3.2 x485 1/16
LMO092LN 40 x 2 192 x 35.5 x 15.5max. 154 x 156.3 3.2 x4.85 1/16
oSEGMENT TYPE
I LMO39 I 16 x 1 i 87 x 27.5 x 11max. J 64.7 x 13.3 2.2x6.4 1/4
Note: (Vy gp)
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MODULE

Recommended power supply | Power consumption| Operating Storage Weight Built-in LSI
Vpp — Vss Typ. temperature| temperature Controlier and driver Part No. Page
(V) (Note) (mw) °c) cc) (g)
+5 10 0~ +50 —20 ~ +70 35 HD44780 LMO054 16
+5 10 0~ +50 —20 ~ +70 25 HD44780 LMO15 19
+5 10 0~ +50 —20 ~ +70 50 HD44780 LM568F 22
+5 10 0 ~+50 —20 ~ +70 25 HD44780 H2570 25
+5 10 0 ~ +50 -20 ~ +70 25 HD44780 LMO20L 27
+5 10 0 ~ +50 —20 ~ +70 40 HD44780 LMO70L 30
+5 25 0 ~ +50 —20 ~ +70 65 HDA44780 LMO038 33
+5 10 0 ~ +50 —20 ~ +70 40 HD44780 LMO027 36
+5 10 0~ +50 —20 ~ +70 60 HD44780 H2571 39
+5 10 0 ~ +50 —20 ~ +70 65 HD44780 H2572 42
+5 15 0 ~+50 —20 ~ +70 150 HD44780 LMO058 45
+5 15 0~ +50 —20 ~ +70 25 HD44780 LMO52L 48
+5 15 0~ +50 —20 ~ +70 35 HD44780 LMO16L 51
+5 15 0 ~ +40 —20 ~ +60 35 HD44780 LMO16XML| 53
+5 15 0 ~+50 —20 ~ +70 50 HD44780 LMO32L 56
+5 15 0~ +40 —20 ~ +60 50 HD44780 LMO32XML| 59
+5 15 0~ +50 —20 ~ +70 60 HD44780 LMO60L 62
+5 15 0 ~ +50 —20 ~ +70 60 HD44780 LMO17L 65
+5 15 0 ~ +40 —20 ~ +60 50 HD44780 LM107XML| 68
+5 .15 0 ~ +50 —20 ~ +70 65 HD44780 LMO18L 70
+5 15 0 ~ +50 —20 ~ +70 60 HD44780 LMO041L 73
+5 175 0~ +50 —20 ~ +70 65 HD44780 LMO044 L 76
+5 (+5) 165 0 ~ +50 —20 ~ +70 40 HD44780 LMO87LN 80
+5 (—) 150 0 ~ +50 —20 ~ +70 40 HD44780 LMOSGALN| " 82
+5 (+5) 405 0 ~ +50 —20 ~ +70 50 HD44780 LMO93LN 84
+5 (+5) 555 0 ~ +50 —20 ~ +70 70 HD44780 LMO91LN 86
+5 (+5) 855 0~ +50 —20 ~+70 100 HD44780 LMO92LN 88
[ +5 1.05 0~+50 | —20~+70 [ 20 | uPD7225G LM039 | 92
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FEATURES

Wide visibility and high-contrast
Thin and lightweight

Low voltage and low power consumption
High reliability and premium quality

Display capabilities for alphanumerics, kana and symbols
Built-in LS| controller HD44780 (LCD-I1)

e Display 160 types of 5x7 dot character fonts and 32 types

of 5x10 dot character fonts

e Instruction functions: Display clear, cursor home, display
on/off, cursor on/off, character display blink, cursor shift,

display shift

® Wide selection of EL backlighted versions providing clear,

highly legible images

APPLICATIONS

. Telephone applications

. Facsimile machines

. POS terminal equipment
. Electronic typewriters

. Measuring instruments

. Other display devices

OO HEWN =

MAXIMUM RATINGS

Electric maximum ratings

Item Symbol Min. ] Max. Unit Remarks
Power supply for logic Vpp — Vss Y
Power supply for LCD drive Vop — Vo Refer to individual specification v
Input voltage V) \Y]
Static electricity - | 100 Y, 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

Min Max. Min. Max. Remarks
Ambient temperature Refer to individual specifications
Humidity Note No dew
Vibration - 49 m/s? (0.6G) - 19.6 m/s? (2G)
Shock - 29.4 m/s? (3G) - 490 m/s? (50G) XYZ 3 directions
Corrosion gas No corrosion gas

Note Humidity conditions are as foliows.
Number of dots
Under 128 x 240 128 x 240 or over
Ambient temperature (Ta)

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

Ta=25°C
Item Symbol Condition Min. Typ. Max. Unit Notes to see
Viewing angle ®2—-91 K=1.4 - 20 - deg 1,2,7
¢=25°
Contrast ratio K - 2 - -
rati 0 _oo 3
Response time (rise) t 9=25° 250 400 ms 4.5
r 0=0° - 150 250 4,6
. ¢=25° 250 400 4,5
Response time (fall) t - -
f 8=0° 150 250 ms 4,6

Note 1. Definition of 6 and ¢

Brightness of non-selected segment (B, )
Brightness of selected segment (B,)

Brightness curve for selected segment

Brightness curve for
non-selected segment

Brightness (%)

1
Setpoint driving voltage

Note 2. Definition of viewing angie ¢1, and ¢2

“
$1<25°< ¢2

Contrast ratio

é $
Viewing angle

Non-selec_t_ed state

® HITACHI
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LOT MARK

(1) Lot mark

Lot number of Hitachi LCD module is shown by four
digit number as follows.

(Note
@ ro l ' 5 . ’ 1 l T Year mark Month mark Week mark
] T Week Year Figure Month | Figure |Month |Figure Week (Day) | Figure
Month 1987 7 Jan, o1 Jul. 07 21 ~ 27 1
1988 8 Feb. 02 Aug. 08 28~ 3 2
Year 1989 9 Mar. | 03 |Sept. | 09 4~10 3
(Note) Some products have alphabet at the end. 1990 0 Apr. 04 Oct. 10 1M ~17 4
1991 1 May 05 Nov. 1 18 ~ 20 5
1992 2 Jun. 06 Dec. 12
1993 3
(2) Location of lot mark
Indicated on the printed circuit board as below.
Ex.:
SEMICUSTOM
We provide liquid crystal module with optional specifications A: Black coated metal frame
as follows. Table 1 shows LCD module already in production. T: Transflective type for installing the EL
(1) Types of optional specifications (A, T, H, L comes at the H: Available in extended temperature range
end of each type. Provided, when “H’ option is required (operating: —10°C ~ +70°C, storage: —40°C ~
for models with *, L’ at the end comes off and “H" is +80°C), driven by double power supply.
added instead, for example, LMO16L becomes LMO16H). L: Duty = 1/16, available with single power circuit +5V.

(2) How to read the table.
O : Underproduction.
X : Unable to produce technically.
—: Able to develop on customer’s reauest.

@ HiITACHI




Table 1 Semicustom list

No. Part No. No.\t,:ovffi"s{play Optional specifications Remarks
A T H LT HT
1 LMO054 8 x 1 (lines) — @) @) X -
2 LMO15 16 x1 — e} — X —
3 LM568F 16 x 1 o - — X -
4 H2570 16 x 1 - e} o X O
5 LMO20L 16 x 1 — — — — —
6 LMO87LN 16 x 1 - X X X X
7 LMO70L 20 x 1 — — — — —
8 LMO038 20 x1 — O O X O
9 LMO027 24 x1 — o — X -
10 H2571 32x1 - o e} X e}
11 H2572 40 x 1 O o O X —
12 LMO058 40 x 1 X X X X
13 LMOS2L 16 x2 — — — — —
14 LMO16L 16 x2 e} o e} o} e}
15 LMO16 XML 16 x 2 — X X X
16 LMO8S86ALN 16 x2 o} X X X X
17 LMO93LN 16 x2 — X X X X
18 LMO32L 20x2 - o o o] — Note 1
19 LMO0O32XML 20x2 — — X X
20 LMO91LN 20 x2 — X X X X
21 LMO60L 24 x 2 - — — —
22 LMO17L 32x2 - o O O o
23 LM107XML 40 x 2 — — X X X
24 LMO18L 40 x 2 — O O O e}
25 LMO92LN 40x2 — X X X
26 LMO41L 16 x4 — — e} o X Note 1
27 LMO44L 20x4 — — — o} X Note 1

Note 1. Since these LCD module do not have pad for soldering the terminals for EL, it is necessary for the customer to solder on their
motherboard. Contact our office for detail.
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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°

(2) Appearance standard

45° | 45°

Y vy

No. Items Criteria Applied area
1 | Scratches
2 | Dents Disti_nguished one is not agceptable.
(To be judged by HITACHI limit sample)
3 | Wrinkles in polarizer
Average dia. D (mm) Max. number acceptable
10<D 0
4 | Bubbles 05<D<10 1
03<D=s05 5
Ds03 Ignore
Filamentou; Display
Length (mm) | Thickness {(mm)| Max. number acceptable
Ignore 0.02 2 Ignore
202 0.03 2 6
102 0.06 2 6
5 | Stains, foreign materials Round
Average dia. D (mm) Max. number acceptable
D < 0.26 Ignore
025D <035 4
035sD None
Those can be wiped out easily are acceptable. All
o | tmertrence ringe et o s ot ot N
isplay
7 | Non-display There shouid be none
8 | Chipped glass If {t 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
01sD<03 3

10

Note: Definition of each area

Printed circuit board

Metal frame

I

Display
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HOW TO USE LCD MODULE

1. Liquid crystal display

LCD is composed of glass and polarizer. Pay attention to the
following items when handling.

(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.

Do not touch, push or rub the exposed polarizers with
anything harder than an HB pencil lead (glass, tweezers,
etc.).

N-hexane is recommended for cleaning the adhesives
used to attach front/rear polarizers and reflectors made
of organic substances which will be damaged by such
chemicals as acetone, toluene, ethanol and isopropylal-
cohol.

When the display surface becomes dusty, wipe gently
with absorbent cotton or other soft material like cha-
mois soaked in petroleum benzin. Do not scrub hard to
avoid damaging the display surface.

Wipe off saliva or water drops immediately. Contact
with water over a long period of time may cause de-
formation or color fading.

Avoid contacting oil and fats.

Condensation on the surface and contact terminals
due to cold 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 con-
tact with room temperature air.

Do not put or attach anything on the display area to
avoid leaving marks on.

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
polarizers).

As glass is fragile, it tends to become cracked or chipped
during handling especially on the edges. Please avoid
dropping or jarring.

(2)

(3)

(4)

(5)

(6)
(7)

(8)

(9)

(10)

2. Liquid crystal display module
2.1 Installing LCD module

The hole in the printed circuit board is used to fix LCM as
shown in the picture below. Attend to the following items
when installing the LCM.

Protective plate

(o C | Fitting plate

[T =
~TT J | I R
AN LCM

L.L.L

(1) Cover the surface with a transparent protective plate to
protect the polarizer and LC cell.

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.

(2)

2.2 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.

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

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

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

Except for soldering the interface, do not make any
alterations or modifications with a soldering iron.

Do not drop, bend or twist LCM.

(2)

(3)
(4)
(5)

(6)

2.3 Electro-static discharge control

Since this module uses a CMOS LS|, the same careful attention
should be paid to electrostatic discharge as for an ordinary
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.
When soldering the terminal of LCM, make certain that
the AC power source for the soldering iron does not
leak.
When using an electric screwdriver to attach LCM, the
screwdriver should be of ground potentiality to mini-
mize as much as possible any transmission of electromag-
netic waves produced bu sparks coming from the com-
mutator of the motor.
As far as possible make the electric potential of your
work clothes and that of the work bench the ground
potential.

(3)

(4)

(5)

(6) To reduce the generation of static electricity, be careful
that the air in the work is not too dried. (A relative
humidity of 50% ~ 60% is recommended.)

®HITACHI
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2.4 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. How-
ever, this does not mean the LCD will be out of order;
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 voliage | /1
GND ——" | Omin , 50ms max. (X-type)
._+.__.

GND L
(Negative voltage) !
| Omin 50ms max. (X-type)

(Signal) i ' E/

GND

4. Storage

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

(1) Store them in a sealed polyethylene bag. I|f 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
OVEr ...t 40°C 85% RH)
(i) 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.

5.1.
(1)

(2)

(3)

5.2
(1)

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

Selection of electroluminescent panel

The electroluminescent panel is inserted between the
liquid crystal display (LCD) and printed circuit board of
a liquid crystal module (LCM). Therefore, it is essential
to select an electroluminescent panel that is insulated on
both the PC board side and the LCD side.

It is especially important to make sure that the electro-
luminescent panel. is insulated on the PC board side, as
the wiring of the through-hole portion is exposed.

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

< >
N

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
(supports the LCD
a a and PC board)
Al gl
i Vi l = Printed
—~—< > circuit
Tab \ Tab board

Zebra rubber strip Driver circuit

(conductive rubber)

Fig. 2 Cross section of a liquid crystal module

(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 feeder terminal is touching the front panel or PC
board when the lighting voltage is applied to the panel,
the drive circuit and LCD will fail. There is also the
possibility that other circuits (e.g. controller on the set
side, MPU, etc.) may be adversely affected by the pas-
sage of voltage through the interface.

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.

® HITACHI



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.

6. Safety

14

(1)

(2)

It is recommended to crush damaged or unnecessary
LCDs into pieces and wash them off with solvents such
as acetone and ethanol, which should later be burned.
If any liquid leakes out of a damaged glass cell and
comes in contact with the hands, wash off thoroughly
with soap and water.
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Followings. are the dot matrix LCD modules which contain

the controller LSI (LCD-II) for character display.

The modules can be interfaced to 4-bit or 8-bit MPU directly
and can display 192 standard characters plus 8 users program-
mable symbols. It also contains the character generator RAM,
hence users pattern can be displayed.
Characterized by low power consumption, 5V single power
supply, compactness and light weight, they are widely used
for telephones, typewriters, portable computers and industrial

equipment.

LM054
LMO15
LM568F
H2570
LMO20L
LMo70L
LM038
LM027
H2571
H2572
LMO058

A HITACHI

(8 x 1 line)

(16 x 1 line)
(16 x 1 line)
(16 x 1 line)
(16 x 1 line)
{20 x 1 line)
(20 x 1 line)
(24 x 1 line)
(32 x 1 line)
(40 x 1 line)
(40 x 1 line)

LMO52L
LMO16L
LM016 XML
LMO32L
LMO032XML
LMO60L
LMO17L
LM107XML
LMO18L
LMO041L
LMO044L

(16 x 2 lines)
(16 x 2 lines)
(16 x 2 lines)
(20 x 2 lines)
(20 x 2 lines)
(24 x 2 lines)
(32 x 2 lines)
(40 x 2 lines)
(40 x 2 lines)
(16 x 4 lines)
(20 x 4 lines)



LMO54

® 8 character x 1 line
8 Controller LS| HD44780 is built-in (See page 97).
® +5 V single power supply

MECHANICAL DATA (Nominal dimensions)

16

Modulesize . .......... 84W x 44H x 12D (max.) mm
Effective display area ............ 61W x 15.8H mm
Character size (5x7dots) ......... 6.45W x 9.4H mm
Characterpitch ... ................... 7.15 mm
Dotsize ..................... 1.25W x 1.3H mm
Weight . ............. ... ... ... ... about35¢g
ABSOLUTE MAXIMUM RATINGS min.  max
Power supply for logic (Vpp—Vss) . ....... 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 =50V +0.25V
Input ‘‘high’* voltage (Vi) . . .. .......... 2.2V min
Input “low” voltage (Vi) .............. 0.6 V max

Output high voltage (VoR) (—loy =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 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 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)

When interface data is 4 bits long, data is transferred using only 4

Output low voltage (Vo) (loL = 1.2 mA) ... 0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
Power supply current (1 ) (V =5.0V) 1.0 mA t between the HD44780 and the MPU completes when 4-bit data is
pply DD DD : o yp. 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 fcontents of DB, ~DB, when interface
Duty = 1/8 data is 8 bits long).
Rangeof Vpp—Vo - . - . o o o oo oo 1.5~5.25V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta= 0°C ... ooviiie i 42V typ buses of DB, ~D8, .
Ta=25°C ... 3.7V typ
Ta=50°C . ....covivininnn.. 32Vtyp
OPTICALDATA ... ... ... . i See page 7
Unit: mm
84.0+ 1.0
2-R1.25
25305 79.040.5
56.5+0.2 12.0max.
11.5+05 61.0+ 0.5 5.8max.
(2.35) P
[t} gL
S =
+ G j \ — ‘=j:|
‘-'N? o D) C D) C D) :} \
N e 0
- - ]
g of 2 z 1 B,
S : .-
L = i &
g - i \ 3
— C D] O '/;
n 1 1 ] !
= b BRIa T E 5T N [
= T =
= _ 1.6+0.2 4max.(* )
10.2£0.5 750405 14-¢1.0 1
1.0£03 76.0+0.5 2-425 oIC height

Fig. 1 External dimensions
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7.15 |

6.45

0.05

1000 U000
L0000 4odoo
D000

1.3

0.05

C

[
]
]
O

4 noo

Fig. 2 Display pattern

Unit: mm

RS—————

DBo )
, CE1 ) Leon

DB, T 40

-

Vss—""‘
bt e e e e e
Fig. 3 Block disgram
+5
Vob (+5V)
1.5V
Vpp—Vo 3
LCM Vo /3 W Vo,

D
Vop-1 5VI
Vss

Vop-VYo: LCD driving voltage = 1.5~5.25V
VR: 10k2~20ke2

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 topR 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 06V 4
tas tH
R/W 0.6V I/O'GV
PWEn tH
] 1 ter
{ 22v 22V Y /
E J/ 0.6V 0.6V \ _Afosv
tEr tDsH tH
2.2V 22V
DB0~DB7 06V Valid Data 06V
tcye
Fig. 5 Interface timing (data write)
RS {22V 2.2V
0.6V 0.6V
tas td
2.2V 22V
R/W /
PWen tH
{22V 22V
E o.sv/ 06V =\~ te/ {06y
‘ = = [ tH
b
2.4V 7
DBO0~DB7 0 AVKValid Data (z):r/
tcye ;J

Fig. 6 Interface timing (data read)
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LMO15

® 16 character x 1 line
® Controller LS| HD44780 is built-in (See page 97).

INTERNAL PIN CONNECTION

" . F i
= +5V single power supply Pin No. | Symbol Level unction
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize .. .......... 80W x 36H x 12D (max) mm 3 Vo _ —
Effective displayarea ........... 64.5W x 13.8H mm L: Instruction code input
. [y Y] 4 RS H/L H: Data input
Character size (5x 7dots) ......... 3.15W x 5.5H mm R: Data input
Character pitch . ..................... 3.75 mm 5 R/W H/L H: Data read (LCD module->MPU)
L: {]
Dotsize ..................... 0.55W x 0.7H mm - o Dua.wrm (LCD module “MPU)
WeIght oo about 25 g 6 € HoL Enable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vss) . . . 0 65V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vo) . 0 65V 10 o83 H/L Data bus line
Input voltage (Vi) . ............... Vss Voo V 1M 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 14 087 H/L
Ta=25°C, Vpp =5.0V * 0.25V Notes:
Input "high” voltage (Vin) .. ............ 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 (Vo) (=lony =0.2mA) .. 2.4 V min,

(1

When interface data is 4 bits long, data is transferred using only 4

| | =1. _...04V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
Output low voltage (Vo ) (lo = 1 ? mA) between the HD44780 and the MPU completes when 4-bit data is
Power supply current (Ipp) (Vpp =5.0V) .. 0.5 mA 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, —Vq) and then lower order 4 bits (contents of DB, ~DB, when interface
Duty = 1/8 data is 8 bits long).
Range of Vpp—Vo 1.5~5.25 V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C ) 3'95 V typ buses of DB, ~DB, .
Ta=25°C ............. 3.7V typ.
Ta=50°C ............. 33Viyp
OPTICALDATA ... ... . i See page 7

Unit: mm

O00000=E |
HEEEE
0oadd
00000
0aoad

6.3

0.55
0.65

3.15

Fig. 1 Display pattern
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Unit: mm

800 1.0
2.5%0.5 750203
3.5+0.5 L 73.5%03 12max
s 2 8.0+0.5 254 14- 91 5 5max
T e
6666068§§BE8F—; - 2
2l 2 o = J— - - —
g 3 5|2 : : : -
== frere—— [& )
2.5%+0.5 4625 el 1602
48%03 594102
- [ 645203 -
H : #*1C height
&
< —rr— cTm— D
o1 T N | 7 S SR N §|
Fig. 2 External dimensions
rrFreeeeTTTTTTmTmTm T T, —- - --=
' |
. ! |
£ ———— 8 > LCD [
RIW o |
RS —————————a |
DBu ! |
1R Len © |
DB? ~ 40 |
1Y e | IC |
Vo = 7 '> |
Vas -————: v |
b e e e e e e e e e e J
Fig. 3 Block diagram
+5
Voo (+5V)
1.5V
Vop—Vo 3
LCM Vo VR Voo
Vpp—1.5V
Vss - :
: 7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10k2~20ks2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Fig. 5 Interface timing (data write)

Item Symbol Test condition Min. Typ. Max. Unit

Enable cycie time teye Fig.5, Fig.6 1.0 - - us
Enable pulse width PWEH Fig.5,Fig. 6 450 - - ns
Enable rise/fall time tey. te¢ 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 22V 2.2V Y

k 0.6V 0.6V

tAs tH
R/W \ o6v //o.sv
PWEen tH
_ ] LES
{ 2.2V 22V Y /
E ___/ 0.6V 0.6V \ fosv
tEr tDswW - tH
2.2V . 2.2V
DB0~DB7 06V Valid Date 0.6V
tcye

RS {22V 22V
0.6V 0.6V
tAs tH
22V 22V
R/W /
PWen L Lew
{ 22V 2.2V
E 0.6V / 0.6V f=tES 0.6V
tE

N

. 2.4V

DB0~DB7 Valid Data 0.4V

tcyc

Fig. 6 Interface timing (data read)
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LMS68F

® 16 character x 1 line INTERNAL PIN CONNECTION
- Contrfaller LS| HD44780 is built-in (See page 97). oo Tsvmbor | Cove P—
® +5V single power supply
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize . . ....... 122W x 33H x 12.0T (max.) mm 3 Vo _ _
Effective displayarea .............. 99W x 13H mm 4 RS H/L L: Instruction code input
Character size (5 x 7dots) ........ 4. 84W x 8.06H mm H: Data input
Characterpitch ....................... 6.0 mm 5 RIW H/L H: Data read (LCD module>MPU)
DOTSIZE ... o'voeeeanennns 0.92W x 1.1H mm - L: Data write (LCD module “MPU)
Weight .. ...t about 50 g 6 € H.H>L Enable signal
| 7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max. 8 D81 H/L
Power supply for logic (Vpp—Vss) - . . 0 6.5V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vo) . 0 65V 10 DB3 H/L Oata bus line
Inputvoltage (Vi) .. .............. Vss Voo V 1 0B4 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 DB7 H/L
Ta=25°C, Vpp = 5.0V * 0.25V Notes:
Input “high’’ voltage (Vi) .. .. .......... 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 (Vor) (—lop =0.2mA) .. 24 Vmin. (1)

Output low voltage (Vo ) (loL =1.2mA). ... 04V max.
Power supply current (Igp) (Vpp =5.0V) .. 1.0 mA typ.
2.0 mA max.
Power supply for LCD drive (Recommended) (VDD_VO)
Duty = 1/8
Range of VDD =V ««cvvvvernrnnnn 15~525v (2
Ta=0°C .............. 4.1V typ.
Ta=26°C ............. 3.9V typ
Ta=50°C ............. 3.7V typ
OPTICALDATA ... ... it iiii i See page 7

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

1.
(-3
E
° .
2 |>
-~ o
=

10000

7 U000

- QuUO

¢ OO0
- UO0d
ERRN

s 0000

4 T 0000

0 O O

Fig. 1 Display pattern
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CL

122.00.5
e 115.0£0.3
7.9+0.5 [, 106.2+0.3
3.6) | | 99.0£0.3
T A
- (2.08) _[ L 94.84£0.1
bl 17.98+0.3 , . 13x2.54=33.02+0.3 ,  14-¢1.0%£0.3
2 (2.5¢ /
B g 0000000008 S
=t
! | T =T Ts(
I = H
= + i
- - - e e
212 5% | ; | 22
s ] - 1 - _ sl &
= ? 2 s
= =
oy L= — | =
b \v%

Unit: mm

4-¢3.5¢0.3 /

Fig. 2 External dimensions

* IC height

I {T
! “ (Lcom |40

DB7 I
Voo —
Vo —=| IC
Vss _.: 4 >
e e e e e e e e e o — —— J
Fig. 3 Block diagram
+5
Voo (+5V)
1.5V
Vpp—Vo 2
LCM Vo———— 3w Vop
Vop—15V
Vss - x-
! Vpp—-Vo: LCD driving voltage = 1.5~5.25V
777 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 puise width PWEH Fig.5,Fig.6 450 - - ns
Enable rise/fall time te,, tes Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tooR Fig.6 - - 320 ns
Data set up time tosw Fig. 5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
RS 22V 22V Y
0.6V 0.6V
tAs tH
R/W 06V 1/0, &V
PWen t
e o 2
{ 2.2V 22V Y S
E _ Aosv 0.6V \ 0.6V
LE. tosw tH
DB0~DB7 ::z Valid Data 3'62\.7
tcre
Fig. 5 Interface timing (data write)
RS X! 22V 22V
0.6V 0.6V
ot o
4
RIW | £X0 22V
PWen R
|
f22v 22v i
E 0.6V / 0.6Ve{\= ¢/ v
[ .
- =" thnn L
4V
DBO~DE? ::\ >4 Valid Data :;‘\V
. tcre
P

Fig. 6 Interface timing (data read)
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H2570

® 16 character x 1 line
® Controller LS| HD44780 is built-in (See page 97).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)
Module size 80W x 36H x 12D (max) mm
Effective display area . .......... 64 5W x 13.8H mm
Character size (5 x 10 dots) 3.15W x 7.9H mm

Character pitch . . .................... 3.75 mm
Dotsize ..................... 0.55W x 0.7H mm
Weight . .. ... .. .. ... ... . ... ... about 25¢g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp —Vgs) 0 65V
Power supply for LCD drive (Vpp—Vp ). 0 65V
Input voltage (Vi) . ............. Vss Vpp 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 (Viy) . .. ........... 2.2V min
Input “low’" voltage (Vi_) .............. 0.6 V max

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

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

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

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vgg - 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 D83 HIL Data bus line
11 bB4 H/L Note (1), (2)
12 DBS H/L
13 DB6 H/L
14 DB?7 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).

_ Ao (2) When interface data is 8 bits long, data is transferred using 8 data
;a = gssc ......... 3.39? 4312 \\; ;YP- buses of DB, ~DB, .
a=42oC . ........ . . yp.
Ta=50°C ......... 33 33Vtyp.
OPTICALDATA .. ... . i See page 7
Unit: mm 80.0+1.0 Unit: mm
25+05 75.0+0.3
) 3 - 35+05( | 540 :
OO0 _sis s 2 50205 7?;;?3 = P
DDDDG 203 4 ] —t— 1 14-41.0
EEEEE 4= TLLLTL L], e
EEEEN . = — . 13
oooog s CEE E
00000 EEE — :
00000 _ ¢ pE——
%%_83 16402
DD[—.H——] "Stoi 25+05 59.4 +0.2 4425
055 ! , . 64.510.3
0.65 5
] 3.15 f
===
- - *IC height
Fig. 1 Display pattern Fig. 2 External dimensions

® HITACHI




(+5V)

Voo- Vo

~+ Voo
. )

Yoo ——= IC

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

Fig. 3 Block diagram Fig. 4 Power supply
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|
[
|
|
| |
DBO I LCM Vo VR 4
|
[
|
I
|
J

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 ' tosw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns

RS 2.2V 22V Y

0.6V 06V

tas _!1_

rw o6V Josv
PWen un
tes

E / 22V 2.2V Y /
0.6V 0.6V \ ) 413

———_——}L

K
tEr tosw Ly
2.2V . 2.2V
DBO~D] Valid Dat. s
B7 0.6V e e L( 0.6V

tcre

Fig. 5 Interface timing (data write)

RS £22v 2.2V
0.6V 0.6V
tay - L
.
2.2V »
W 2 2.2V
PWen L Lw
{22V 22V
N Y7 { oovi\= v

- jo-lt

Loor "

DBO~DB? 4 j:xX Valid Data 24V
}

tere

-
Fig. 6 (Interface timing (data read)
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LMO20L

® 16 character x 1 line

® Controller LS| HD44780 is built-in (See page 97).

® +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Module size
Effective display area
Character size (5 x 7 dots)
Characrer pitch
Dot size
Weight

ABSOLUTE MAXIMUM RATINGS

Power supply for logic (Vpp—Vss)
Power supply for LCD drive (Vpp—Vo)

Input voltage (Vi)
Operating temperature (Ta)
Storage temperature (Tstg)

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

Input “’high’’ voltage (Vi)
Input ““low’’ voltage (Vi)

..............

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
80W x 36H x 12T (max.) mm 3 Vo _ —
64.5W x 13.8H mm 4 RS H/L L: Instruction code input
3.07W x 5.73H mm H: Data input
3.77 mm H: Data read (LCD module—>MPU)
0.55W x 0.75H mm > R/IW H/L L: Data write (LCD module <MPU)
about 25 g 6 E H, H=>L Enable signal
7 DBO H/L
min. max. 8 DB1 H/L
........ 0 70V g DB2 /L
..... 0 135V
10 D83 H/L Data bus line
Vss VDDOV Al DB4 H/L Note (1), (2)
0 50°C 12 DB5 H/L
o
-20 70°C 13 DB6 H/L
14 DB7 H/L
. Notes:
2.2V min In the HD44780, the data can be sent in either 4-bit 2-operation or
0.6 V max. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.

Output high voltage (Voy) (—lon = 0.2 mA)

Output low voltage (Vo) (oL = 1.2 mA)
Power supply current (Ipp) (Vpp =5.0V) ..

. 24V min.
...0.4V max.

1.

INTERNAL PIN CONNECTION

(1)

0 mA typ.

2.0 mA max

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

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

Duty = 1/16 data is 8 bits long).
Range of Vpp—VO « « « v vt v v ve e n 1.6~5.256 V (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=50"C . ... 42V typ
OPTICALDATA ... .. .. i See page 7
Unit: mm
30.0 + 1.0
25105 750403
35405 735403 12max.
“ o 8.0£0.5 (254 14 910 5.5max
:’“ § R e “/
866606699668 |- P
[— e —> § -
\F° ————> —p/ A
: 16£0.2
48403 4-¢25
2508 64.5+0.3
®
3 O om —aon D
L |~ N | 1 TJ T ))g *1C height
Fig. 1 External dimensions
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Fig. 3 Display pattern

(+5V)

Vop )
1.5V

Vop—Vo 2

LCM Vo< VR = Vop

Vpp—15V
Vss ,
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10kQ2~20kQ

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, 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

RS 2.2V 2.2V4
0.6V 0.6V 7

Las 2]
R/W /
0.6V /0.6V
PWen ol Lutm
tes
£ / 2.2V /
£ o.6v Josv
: L ty
i
2.2V . 2.2V
DB0~DB7 0.6V Valid Data 0.6V
[ i

Fig. 5 Interface timing (data write)

RS 22V 2.2V
0.6V 0.6V
s .
2.2V 2.2V
R/W
PWen , Lt
{22v 22V
E 0.6V / 0.6V f= tE/ 0.6V
—o{ |w-lF t00R tH
2.4V . 24V
DB0~DB7 04V Valid Data 0.4V

teye

Fig. 6 Interface timing (data read)
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LMO70L

® 20 character x 1 line
® Controller LSI HD44780 is built-in (See page 97).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize . .. ... .. .. 105W x 39H x 11T (max.) mm
Effective display area . .. ......... 84W x 13.0H mm
Character size (5x 7dots) . ......... 3.2W x 5.2H mm
Characterpitch . .. ... ................. 3.9mm
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—Vg) . .. .. 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 =5.0V 025V

Input ‘*high’’ voltage (Vig) . . .. .......... 2.2 V min.
Input “low” voltage (Vi) .............. 0.6 V max.
Output high voltage (Vou) (—lgy =0.2 mA) . 2.4 V min.
Output low voltage (Vo) (oL = 1.2mA) ... 0.4V max.
Power supply current (Ipp) (Vpp =5.0 V) .. 0.6 mA typ.
2.0 mA max.

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

Duty = 1/8
Rangeof Vpp—Vo ... - oo oo i v i 1.5~525V
Ta= 0°C . ..oviiii 3.95 V typ.
Ta=25°C ... .. 3.70 V typ.
Ta=50"C . .......coooiu... 3.30 V typ.
OPTICALDATA ... ... ... .. ... See page 7

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
o | TRs [ w | E paeeen cade neu
5 | RW | HL L. Data wrie (LGD modute —MPU)
6 E- H, H—L Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 083 HIL Data bus line
n 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
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, ~D8B, .

Unit: mm

w
~
o
-

0.7

o
o
a

|

I O | I I
I I | O O I
I O |
| | O | B [

0.05

0.35

[

N O Y}
I N I O A
I | [ |

Fig. 1 Display pattern
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105.0
100.0+0.3 2.5
94.010.3 5.5
84.010.3 5.0%0.3
77.310.1 (3.35)
15.0

11.0 max.

Unit: mm

4-R1.0max.

45703
13X P2.54=133.02 -03
w
<] 2| wlw
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/ N\ I i
pe— - 00000000000 D—ﬂ-— — —
f 3 ° 1 I
s 5 = c >

(3.9)
4.0
7.0£0.3

14-¢1.0

21.0

L]

i : -
1 mS=ait

—

|

13.040.3
=
27.0+03
31.0
39.0
( % EDE

AN =
\ 4-92.7%0.3 x
e
Fig. 2 External dimensions
e e . ——— e =
| |
E ——t— :s > LCD |
R/ W ~———t—ad |
RS ———=f |
) 40
Vop ——amy
" IC IC |
Vss ———: 4 > :> |
b e e e e ———— e —— J Rf=91kQ
Fig. 3 Block diagram
(+5V)
Vop
1.5V
Vpp—Vo 2
LCM Vo3 VR Vbp
Vpp—1.5V
Vss ‘
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V
VR: 10kQ~20kQ

Fig. 4 Power supply
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycie 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 tosw Fig. 5 195 - - ns
Hold time tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V4
0.6V ().GV)
tas tH
- /
/ 0.6V AoV
PWen th
tes
. {2.2v 2.2V Y /
j/ 0.6V 0.6V o6V
LEr e tpsw th
2.2V 2.2V
. Valid
DB0~DB7 0.6V alid Data 0.6V
. tcye
Fig. 5 Interface timing (data write)
{ .
RS 2.2V 2.2V Y
£ 0.6V 0.6V £
tas tH
2.2V 2.2V
R/W / \
L PWey | tH
/f 2.2V 2.2V /__
E 0.6V 0.6V = \= te/ 0.6V
| e LEr
tDDR LH
2.4V 2.4V
- Valid Dat
DB0~DBY 0.4V e e 0.4V
i
tcye
Fig. 6 Interface timing (data read)
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LMO38

® 20 character x 1 line INTERNAL PIN CONNECTION

® Controller LS| HD44780 is built-in (See page 97).

. Pin No. | Symbol Level Function
® +5V single power supply
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Module size . . . .. 182W x 35.5H(max.) x 13D (max.) mm 3 Vo _ _
Effective display area .......... 154.0W x 15.3H mm 4 RS HIL L: Instruction code input
Character size (5 x 7dots) ..........67Wx9.4H mm H: Data input
Chara-cter pitch . ..... ... ... ... .. ... 7.4 mm 5 R/W H/L l: 8::: Sﬁfe(?fcoo'%"féﬂ?m’#d)
Dotsize ...................... 1.3W x 1.3H mm -
T about 65 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 HIL
Power supply for LCD drive (Vpp—Vo) - .. .. 0 6.5V 10 DB3 | HL Data bus line
Inputvoltage (Vi) . ... .............. Vss Vpp V 1 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 DB7 | HiL
Ta=25°C,Vpp =50V £0.25 V Notes:
Input “’high” voltage (Vig) . . ............ 2.2V min. 0 ke HD44780, the data can be sent in either 4-bit 2-operation or
Input “low” voltage (Vip) .............. 0.6 V max. g.it 1-operation so that it can interface to both 4 and 8 bit MPU's.

Output high voltage (Von) (—loy =0.2 mA) . 2.4V min. (1) When interface data is 4 bits long, data is transferred using only 4
Output low voltage (Vo) (loL = 1.2mA) ... 0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
Power Supp|y current “DD) (VDD =50V).. 20mA typ between the HD44780 and the MPU completes when 4-bit data is

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

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

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

Duty =1/8 data is 8 bits long).
Rangeof Vpp—Vo. .. ... .ot 1.56~5.25V  (2) When interface data is 8 bits long, data is transferred using 8 data
Ta= 0°C .o 4.1V typ buses of DB, ~DB, .
Ta=25°C ... 3.7V typ
Ta=50°C ..........coiiunn.. 3.1V typ
OPTICALDATA .. .. ... e See page 7
Unit: mm
7.4
6.7
0.05

CIC

e
J

EEEEN
EREEN

Fig. 1 Display pattern
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Unit: mm

25405 13max.
/H-“'O 4-¢35 I 5.5max.
- 2.54 <
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1te8- 1 — = - .
3 ] ) e e é
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o120 | e 5 c c
D N B' I~
35405 (3.5) 147.3+0.2 1.6£0.2
4.0max *
52+03 154.0£0.3
115405 163.5+0.5
1750403
1820+ 1.0
* IC height
Fig. 2 External dimensions
+5
Vop (+5V)
1.5V
Vbop—Vo 3
LCM Vofp—————— 3 WR Voo
Vpp—1.5V (
Vss .
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V
VR: 10k2~20k§2
Fig. 3 Power supply
r-r-----—----- - - - —-——-—-—- = - - - - - —-n"
: I
11 ) LCD '
R/W——"‘I—'-' |
RS— =1 [
DB8 | |
] m 40 20 |
DB7 LCDII g
Vpp——ed |
VSS_’: 4 v> 4 ), i
—
e e e e e - - e e J

Fig. 4 Block diagram
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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 teyr. tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time toorR 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 H‘GV;
tas th
R/W /
0.6V 0.6V
PWen LN
tEs
. {2.2v 2.2V Y /
J/ 0.6V .6V A 0.6V
te L_ sk ty
2.2V 2.2V
DB0~ Valid Dat
0~ DB7 06V al ata 0.6V
- tere
Fig. 5 Interface timing (data write)
RS 2.2y 2.2V Y
(O.GV 0.6V 7
tas tH
_ 2.2V X 2.2v
R/W / \
PWen | tH
/{Ezv 2.2V /
E 0.6V 2 0.6V l-tEf 0.6V
e s lEr
tDDR Ly
2.4V 2.4V
DB0~ Valid D
B0~ DB7 04V alid Data 0.4V
tcye
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LMO27

® 24 character x 1 line INTERNAL PIN CONNECTION

@ Controller LS| HD44780 is built-in (See page 97).

. 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 H/L L: Instruction code input
Character size (56 x 10dots) ........ 3.15W.x 7.9H mm H: Data input
itch . ........ ... . . . ... 3.75 mm H: Data read (LCD module—>MPU)
Character pitch S RIW | H/L L: Data write (LCD module <MPU)
Dotsize ..................... 0.55W x 0.7H mm 5 . Ty Erabe o
Weight . ..o about 40 g . nable signal
7 DBO H/L
ABSOLUTE MAXIMUM RATINGS min. max, 8 DB1 H/L
Power supply for logic (Vpp—Vsg) ........0 6.5V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vo) .. ... 0 6.5V 10 DB3 H/L )
X Data bus line
Inputvoltage (Vi) . .................. Vss VDDOV 1 DB4 H/L Note (1), (2)
Operating temperature (Ta) ............. 0 50C 12 D85 H/L
Storage temperature (Tstg) . .. ......... -20 70°C [ 43 086 | HIL
ELECTRICAL CHARACTERISTICS 14 D87 H/L
o =
Ta=25 .C, Vpp =5.0 V +0.25V  Notes:
Input “’high” voltage (V"H) ------------- 22Vmin. | ine HD44780, the data can be sent in either 4-bit 2-operation or
Input “low” voltage (Vi_) ... e 0.6 V max. gubit 1-operation so that it can interface td both 4 and 8 bit MPU’s.
Output high voltage (Vo) (—lo=0.2mA) . . 2.4 V min. (1) When interface data is 4 bits long, data is transferred using only 4
Output low voltage (Vo) (lo. = 1.2mA) . ... 0.4 V 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) .. 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).
Rangeof Vpp—Vo .. ... .. oo Ll 1.6~5.25 V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C .......... 40 4.2V typ. buses of DB, ~DB, .
Ta=25°C ......... 3.7 3.8Vtyp.
Ta=50°C ......... 3.3 3.3Vityp.
OPTICALDATA. .. ... .. i it iie e See page 7

L0000 00000 o
Uoo0d 0000

HEREN
HEREN
U000

L]
]
L]
]
]

- 6-5.5

3.15
3.75

Fig. 1 Display pattern
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Fig. 2 External dimensions
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l’_ __________________________ A
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DBO l I l I
g “ LCDII 40 40 40 [
DB7 |
Vop =% |
o0 IC ic ||
FTp— 4 > ,

|
e e e e ———— —_——————— J
Fig. 3 Block diagram
+5
Voo (+5V)
1.5V
Vpp—Vo B
LCM Vo —>S VR =+ Vob
Vop—1.5V
Vas :

7; Vpp-Vo: LCD driving voltsge = 1.5~5.25V

VR: 10kQ~20k2

Fig. 4 Power supply
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TIMING CHARACTERISTICS

teye

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 topR Fig. 6 - - 320 ns
Data set up time tpsw Fig.5 195 - - ns
Hold time t Fig.5, Fig. 6 20 - - ns
RS 22V )
OAG\’}
et o]
R/W }4 o
PWen |t
LES
£ / 2.2v 2.2V / ‘
# 0.6V 0.6V | % 0.6\
Le, e tosw L
22V
DB~ DB7 oy X Valid Data ot
lere
Fig. 5 Interface timing (data write)
RS {22V 22V
{ 0.6V 06V
tas _if
R'W £ 22v *\Z.ZV
PWen , M
{ 2.2V 22V
E 0.6V ,/ ‘ 0.6V 3\- tes /o‘sv
| j-—tF ook h
’ ! 24V
DBO~DB7 g:z Valid Data *( o
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H2571

® 32 character x 1 line
s Controller LS| HD44780 is built-in (See page 97).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)

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 D83 H/L Data bus line
n bB4 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

Module size . . 174.5W x 33.0H (max.) x 13.4T (max.) mm
Effective displayare . .......... 132.5W x 14.0H mm
Character size (6x10dots) . . . ... ... 3.15W x 7.9H mm
Characterpitch ...................... 3.85 mm
Dotsize ..................... 0.55W x 0.7H mm
Weight .. ... ... ... ............. about 60 g
ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for iogic (Vpp—Vsgi.--..... O 6.5V
Power supply for LCD drive (Vgp—Vg) ... 0 6.5V
Input voltage (Vi) . ... ............ Vss Voo V
Operating temperature (Ta) ......... O 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 (Von) (—lon = 0.2mA) .. 2.4 V min.
Output“low'voltage (Vo ) (loL = 1.2 mA)
Power supply current (lgg) (Vpp=5.0 V)
2.0 mA max.

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

... 04V max.
. 1.0 mA typ.

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).

Rangeof Vpp—Vo . -+« v v e v v v i il 1.5~6.25 V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0°C ........ 395 4.15V typ. buses of DB, ~DB, . '
Ta=25°C ....... 3.7 3.8V typ.
Ta=50°C ....... 33  33Vtyp.
OPTICALDATA ... ... it See page 7
Unit: mm
3l sl IREEE
EREEN
—1L—0.55
0.65
3.15
3.85

Fig. 1 Display pattern
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Unit: mm
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Fig. 2 External dimensions
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Fig. 3 Block diagram
+5
Vob (+5V)
1.5V
Vop—Vo 3
LCM Vo3 WR _.JF Vbp
VDD_I SV
Vss |
Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10k2~20k02

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 te, tet H Fig.5, Fig. 6 — - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time topR 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
O.GV;
tH
R/ W
A 0.6V
PWEen 1]
tES
E /{ 2.2V 2.2v\\ /
£1o6v 0.6V | X A 06V
tEr L’_ tosw tn
DB0~DB? 22v Valid Data 22v
0.6V 0.6V
tove
1
Fig. 5 Interface timing (data write)
g
RS 2.2V 2.2V
0.6V 0.6V
tas tH
2.2V 2.2V
R/W /
PWEen IR
{ 2.2V 22V
E 0.6V 0.6V o \\= tEs 0.6V
- fe- LEr tDDR th |
4V 2.4V
DB0~DB7 KZJ:V Valid Data 04V

tecye

Fig. 6 Interface timing (data read)
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H2572

® 40 character x 1 line INTERNAL PIN CONNECTION
® Controller LSI HD44780 is built-in (See page 97).
® +5V sinal r I Pin No. | Symbol Level Function
ngle power supply
1 Ves - 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 HIL L: Instruction code input
Character size (5 x 10dots) ........ 3.15W x 7.9H mm H: Data input
Characterpitch . ...............c..oo... 3.75 mm 5 R/W H/L ': Data read (LCD module>MPU)
DOtSIZE ..o vseeer e, 0.55W x 0.7H mm  Data write (LCD module MPU)
WeIght oo about 659 | ° E_[HHoL 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
(Voo—Vo) .o oo 0 6.5V 1 DB4 H/L Note (1), (2)
Input voltage (Vi) .. ............... Vss Voo V 12 DBS H/L
Operating temperature (Ta) .......... .0 50°C 13 DB6 | HIL
Storage temperature (Tstg) . . .. ... ... -20 70°C 12 0B7 | H/L
ELECTRICAL CHARACTERISTICS Notes
o .
Ta= 2,5, _C’ \'{DD =50 V 025V . In the HD44780, the data can be sent ia either 4-bit 2-operation or
Input "high” voltage (Vi) ... .. IR 2.2V min. gt 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.
Output “low” voltage (Vo) (loL= 1.6 mA) .. 0.4 V max.
Power supply current {ipp) (Vpp =5.0V) .. 1.0 mA typ.
2.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)

Duty = 1/8 Duty = 1/11 (2)

buses of DB,~DB, and DB,~DB, are not used. Data transfer
vetween 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

Rangeof Vpp—Vo .. ....... ... ..., 1.6~6.25V buses of DB, ~D8, .
Ta=0°C .......... 3.95 4.15V typ.
Ta=25°C ......... 3.7 3.8V typ.
Ta=50°C ......... 33 3.3Vityp.
OPTICALDATA ... ... . it See page 7
Unit: mm
BiE
0.55
0.65
3.15
Fig. 1 Display pattern
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Unit: mm

3max
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83 -y 3|8 A
g 2 1 (= — [ b __€ H
N A
60,
35+05 1612.“.._
2.45%0.5
16.7+0.5 149.4+0.2
154.0+0.3
175.0+0.3
*
182£0.5 %
£
S
<
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Fig. 2 External dimensions
e e e s e s e e e )
! [
! !
E | 11 LCD
R W———a |
RS——r-—- |
Tl ol Tl L
j 40 40 40 40
DB7 m Leom | 40 |
Voo ——am |
;: —l Ic IC IC IC |
Vss —.-: 4 ': :> > > |
e o e e e o e e J
Fig. 3 Block diagram
(+5V)
Vop
1.5V
Vpp—Vo 3
LCM Vo VR T Voo
Vpp—1.5V
Ve J
I Vpp-Vo: LCD driving voltage = 1.5~5.25V
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 tosw Fig. 5 195 - - ns
Hold time tH Fig.5,Fig. 6 20 - - ns
RS 2.2V 2.2V
0.6V ().GV]
tas LH
R/W /
0.6V A0.6V
PWen tH
LtEs
i foov 22V /_—
J 0.6V 0.6V Ao6v
te, tH
—— |—
DB0~DB7 2.2v
0.6V
tcye
Fig. 5 Interface timing (data write)
RS 2.2V 2.2V ¥
£ 0.6V 0.6V £
tas tH
2.2V X 2.2v
R/W \
- PWen tH
. /( 2.2V 2.2V /
0.6V 4 0.6V [~ tEs Yosv
T . 11
tDDR LH
2.4V 2.4V
- Valid Dat
DB0~DB7 04V alid Data 04V
teye

Fig. 6 Interface timing (data read)
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LMOS8

® 40 character x 1 line
m Controller LS| HD44780 is built-in (See page 97).
® +5V single power supply

.MECHANICAL DATA (Nominal dimensions)
Module size . . . . .. 290W x 60H (max.) x 13T (max.) mm
Effective display area 245.0W x 19.0H mm
Character size (5 x 7 dots) 4.82W x 8.18H mm

Characterpitch . ..................... 5.82 mm

Dotsize ...................... 0.9W x 1.1TH mm

Weight . ........ . ..., about 180 g
ABSOLUTE MAXIMUM RATINGS min max.

Power supply for logic (Vpp—Vss) .. . . ... 0 6.5V

Power supply for LCD drive

(MVoo=Vo) + oo 0 6.5V

Inputvoltage (Vi) .. ............... Vss Vppo 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) (—lg=0.2mA). . 2.4 V min.
Output “low" voltage (Vo) (loL=1.6 mA) .. 0.4 V max.
Power supply current (I5p) (Vpp =5.0V) .. 0.5 mA typ.

2.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vg)

Duty = 1/8

Rangeof Vpp—Vo .. ... .o 1.6~6.25 V
Ta=0°C.............. 43V typ

Ta=25°C . ............ 3.9V typ

Ta=50°C ............. 33 Vityp

OPTICALDATA ... ... ... i, See page 7

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
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 D83 HIL Data bus line
n 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
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)

0.9

DOOOH
DO000_
U000 4
RN
EEEEE
EnEEN
Loood
0O

4.82

Unit: mm

>}

9.36

0.08

Fig. 1 Display pattern
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Unit: mm

290.0+1.0
- 282.0 4.0
b 261.0 14.5
a
- 245.0%0.3 8.0 e
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» | C ‘] <
14 =
3 I:a S
o 1 N = 2|2
- - - &k s 35
- 3
= g
1
2.54+0.3 P o
- ——
141.0 / i
: 7 sl s
1 IS g g
gle 5-¢35 &l S
w, le—r 1 L 1 [ 1 1 1 L 1 I 11—l
L L= R Cd el S T " R L~ | —
Fig. 2 External dimensions
—r—e——_—-———————— e —_ e —_— - ha |
| |
l |
o (11 >
RW——t—= 1 LCD |
RS—T—- |
DB7 Leon 40 |
Voo —a| |
Vo —e=l Ic IC I1C IC |
Vss ——aml | 4 > > :> :> |

Fig. 3 Block diagram

(+5V)

Vop

1.5V
Vpp—Vo B
LCM Vo />3 WR = Vop

Vpp—15V

v,

88 T Vpp—Yo: LCD driving voltage = 1.5~5,25V
777 VR:10ka~20kn

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 toDR 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 Y
0.6V 0.6V 7
tas tH
- /
/ 0.6V 0.6V
PWen tH
tes
e / 2.2V 2.2v\\ /
J 0.6V 0.6V | % AF0.6V
ter - | tosw tH|
2.2V 2.2V
DB0~DB7 0.6V Valid Data 0.6V
tcye
Fig. 5 Interface timing (data write)
X
RS >< 2.2V 2.2V \?(
K 0.6V 0.6V A
tAS tH
f2.2v 2.2V
R/W / \
. PWen L
/lz‘zv 2.2V /_—
E 0,63 0.6V - t£f 0.6V
las— LEr
tDDR LH
2.4V .
DB0~DB7 04V Valid Data 3 :\\ll
tcyc
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LMOS2L

® 16 character x 2 lines
8 Controller LS| HD44780 is built-in (See page 97).

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

80W x 36H x 11T (max.) mm
64.5W x 13.8H mm
2.95W x 3.8H mm

Module size
Effective display area
Character size (5 x 7 dots)

-----------

...........

Characterpitch . ..................... 3.65 mm
Dotsize ...............0..... 0.55W x 0.5H mm
Weight . .................. . ..... about 25 ¢
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsgs) - ... .... 0 65V
Power supply for LCD drive (Vpp—Vgo) . . ... 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 (Vig) . . .. .......... 2.2 V min
Input ““low” voltage (Vi) .............. 0.6 V max

Output high'voltage (Vo) (—lgn = 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 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 D83 HIL 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

OUtputulovJ'voItage (Vou) (loL =1.2mA) ...0.4V max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
Power supply current (Ipp) (V =5.0V) 1.0 mA typ between the HD44780 and the MPU completes when 4-bit data is
i DD oo ’ : '36 A ’ transferred twice. Data of the higher order 4 bits {contents of
i - 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).
Rangeof Vpp—Vsg .. . . .. oo oo oo 1.5~56.25V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta= 0°C .o vie i ns 42V typ buses of DB, ~DB, .
Ta=25°C .......covviinnnnn 40V typ
Ta=560°C .......coiuiinnnn. 36 Vtyp
OPTICALDATA .. ... ... . . . i, See page 7
Unit: mm
800£05
25+0.3 75.010.3
35+05 735£03
w 80203 2.54 pitch 14-91.0 45~53
+ z 1 coe e e = . 14 ﬁ 4.0max. ¥
S EEEEEEEL L 1 i
N5/ I
N8 3 =
C > C - C - +
w o Ll - - ————— |
S. zl 2 S D D . = ':D +] o+ |
# s s B j :] . - __r P4 ;
C > < > C
N R E: -]
N
365£0.1 \ M
16£02
480 57.7£0.1 625
l.. 34£03 1imax
645£03
% IC height

Fig. 1 External dimensions
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Unit: mm

3.65 N
00000 00000
2 00000 00000
< Q000gd
5 0otan
v doodd
0oood
HEEEE
|1 0aooo
0aotd
0o00ad
HEEEE
0Ooat
H|EEEN
0o04dd
0O000
4+ 00004
Fig. 2 Display pattern
R/iy ——-—;—~ I:> LCD E s . 1.5V +
Ezjﬁ-l‘. Lcon T/} {h E tem vo‘——.’ " VDD—I.SV_-J:VDD
:?{-—-l—_.: : '> © E Ves Vob CD driving voltage = 1.5~
Fig.3 Block disgram 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 10 - - 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 ty Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V )
0.6V (),GV}
1ZH tH
R/W /
0.6V Ao.6v
PWen th
tes
E
Loy
DB0~DB7 2.2V
0.6V
tcye
Fig. 5 Interface timing (data write)
ooy \
RS 2.2V 2.2V
k 0.6V 0.6V 4
tas tH
2.2V 2.2V
R/W / \
. PWen L
/{2.2V 2.2V
E 0.6V ) 0.6V = \= tes /0.6
- | LEr
tpoR tH
2.4V . 2.4V
DB0~DB7 04V Valid Data 04V
tere
Fig. 6 Interface timing (data read)
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LMO16L

® 16 character x 2 lines INTERNAL PIN CONNECTION
® Controller LSI HD44780 is built-in (See page 97).

. +5V single power supply Pin No. | Symbol Level Function
1 Vss - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize . . ......... 84W x 44H x 12T (max.) mm 3 Vo - -
Effective displayarea ............ 61W x 15.8H mm L: Instruction code input
. 4 RS H/L H: Data input
Character size (6 x 7dots) ........ 2.96W x 4 86H mm :
Characterpitch. . .. .........ccovuuuunnn 355mm 5 R/W H/L H: Data read (LCD module>MPU)
L: LCD dule «M
Dotsize ................0.... 0.56W x0.86Hmm ||| o oeere LODmes e TH)
Weight . ......... ... .. ... . ... 0. ... about35¢g : d L nable signa
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
(Vob=Vo) « v v viiie i 0 6.5V 1 DB4 H/L Note (1), (2)
Inputvoltage (Vi) . ................ Vss Voo V 12 DBS H/L
Operating temeprature (Ta) . ........... 0 50°C 13 DB6 H/L
Storage temperature (Tstg) . ... ... ... -20 70°C 14 DB7 H/L
ELECTRICAL CHARACTERISTICS Notes:
o
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 Vmin. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Input ““low’’ voltage (ViL) .............. 0.6 Vmax. (1) When interface data is 4 bits long, data is transferred using only 4

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

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) (loL =1.2mA) .. .. 0.4 Vmax. 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
Range of VDD —=V0 -  « v v o eeen .. 15~5.25V buses of DB, ~DB, .
Ta=0"C .............. 46V typ.
Ta=25°C ............. 44V typ Unit: mm
Ta=560°C ............. 42V typ
OPTICALDATA ...... ...t See page 7 23;5
0.04

0.56

5.56
0.66

115

IL) OJC

Fig. 1 Display pattern
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Unit: mm

VR: 10kQ2~20k2

Fig. 4 Power supply
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Fig. 3 Block diagram
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Vpp—15V
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7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V
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LMO16 XML

16 character x 2 lines
Controller LS| HD44780 is built-in (See page 97).
+5V single power supply

Color tone New gray

MECHANICAL DATA (Nominal dimensions)

Modulesize . .......... 84W x 44H x 12T (max.) mm
Effective displayarea ............ 61W x 15.8H mm
Character size (5 x 7 dots) 2.96W x 4 86H mm

........

Characterpitch., ... ................... 3.55mm
Dotsize .................... 0.56W x 0.66H mm
Weight . ... ... ... .. ... ... ... ... about35g
ABSOLUTE MAXIMUM RATINGS min max.
Power supply for logic (Vpp—Vsg)....... 0 6.5V
Power supply for LCD drive
(VDD—VO ) .................. 0 65 V
Input voltage (Vi) . ................ Vss Voo V
Operating temeprature (Ta) . ........... 0 50°C
Storage temperature (Tstg) . ... ... ... —-20 70°C
ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =5.0V +0.25 V
Input “high’’ voltage (Vi) . . .. .......... 2.2 V min,
Input “low’" voltage (Vi ) .............. 0.6 Vmax.
Output’high’voltage (Vo) (—lon = 0.2 mA) .. 2.4 V min.
Output'iow"voitage (Vo ) lioL = 1.2 mA) . ... 0.4 Vmax.
Power supply current (Igp) (Vpp =5.0V) .. 1.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vg)
Duty = 1/16
Rangeof Vpp — Vo - -+ v o o oo o 1.56~5.25V
Ta=0°C .. ..ovveeen 46V typ
Ta=25°C ............. 4.4V typ
Ta=60°C ............. 4.2V typ
OPTICALDATA ... ... ittt See page 7

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss — ov
2 Voo - +5V Power supply
3 Vo - -
4 RS H/L L: Instruption code input
H: Data input
s A | wu | S opmodie n,
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
n 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

b(lm

0.56

i

1]

0.04
_..ﬂ,..__
ML
L]
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5.56

L]l

(I
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]
]
L]

]
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Fig. 1 Display pattern
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Unit: mm

VR: 10kQ~20kQ

Fig. 4 Power supply
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Fig. 3 Block diagram
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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 tpoR 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 ><
0.6V 7
th
R/W /
/7 0-6V
PWen tH i
) tes
. {2.2v 2.2vY /
;/ 0.6V 0.6V * - f0.6V
ter | e tDsw i |
2.2V 2.2V
-~ Valid D
DB0~DB7 0.6V Valid Data 0.6V
| teve
Fig. 5 Interface timing (data write)
{ I
RS 2.2V 2.2v
K 0.6V 0.6V £
[ZH tH
2.2V X 2.2V
R/W / \
PWen g tH
/l 2.2V 2.2v /—
E 0.6V 2 0.6V =\ tes 0.6V
| s tEr
tDDR LH
2.4V 2.4V
~ Valid Dat
DBo~DBY 0.4V ald Fata 0.4V
- tcye
Fig. 6 Interface timing (data read)
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LMO32L

20 character x 2 lines
Controller LS| HD44780 is built-in (See page 97).

+5V single power supply

MECHANICAL DATA (Nominal dimensions)

116W x 39H (max.) x 13T (max.) mm
83W x 18.6H mm
3.2W x 4. 85H mm

Module size . ... ..
Effective display area
Character size (5 x 7 dots)

.........

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

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

Weight . .. ... ... ... ... . about 50 g
ABSOLUTE MAXIMUM RATINGS min, max.

Power supply for logic (Vpp—Vsg)-- - - - .0 6.5V

Power supply for LCD drive

Voo—Vo) ..o iiiiiiiiie ... .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 +0.25 V

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

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

Output “high’’ voltage (Vo) (—lon =0.2 mA) . 2.4V min.
Output “low’’ voltage (Vo) (oL =1.2 mA) .. 0.4V 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
Rangeof Vpp--Vo. .. ............. 1.5~5.25V
Ta=0°C .............. 46V typ
Ta=25°C ............. 4.2V typ
Ta=560°C ............. 35V typ
OPTICALDATA .. ... . it ii i e See page 7
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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 RW | H/L L: Data write (LCD module +MPU)
6 E H, H=>L Enable signal
7 [0]:10] H/L
8 DB1 H/L
9 DB2 H/L
10 Des 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
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Fig. 1 Display pattern
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Unit: mm
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2.5 %0, —_——y
4-¢35 pid
2.5 s 4.7~538
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Fig. 2 External dimensions
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RS =ty i
I 1 I
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Vo —ad | IC IC |
R—— | — ) |
L e e e . e ——— - ——— J

Fig. 3 Block diagram

+5
Voo (+5V)
v 1.5V
Vop—Vo 5
LCM Vo2 VR Vop
Vop—1.5V
Vgs |
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10kQ2~20k2

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 10 - - 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 \ /
0.6V 0.6V
PWen tH
tEs
. {2.2v 2.zv\ /
/ 0.6V 0.6V | X A 0.6V
te tosk ty |
— }‘-—
2.2V .
DB0~DB7 0.6V Valid Data (:)ZZ://
teve
Fig. 5 Interface timing (data wirte)
4 3
RS 2.2V 2.2V Y
K u.6V O-GV/‘
’ tas tH
) f2.2v X 2.2v
R/W / \
- PWey | tH
/{2.2\/ 2.2V /
E 0.6V 06V = \= LE/ 0.6V
——
tH
2.4V
DB0~DB7 Valid Data 0.4V
tcye
r_
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LMO32XML

20 character x 2 lines

Controller LS| HD44780 is built-in (See page 97).

+5V single power supply

Colortone . . .. v v ittt e e e e New gray

MECHANICAL DATA (Nominal dimensions)

Module size . ... 116W x 39H (max.) x 11.1T (max.) mm
Effective display area ............ 83W x 18.6Hmm
Character size (5 x 7dots) ......... 3.2W x 4.85H mm
Characterpitch., . .. .................... 3.7 mm
Dotsize ..................... 0.6W x 0.65H mm
Weight . ......................... ., about50g
ABSOLUTE MAXIMUM RATINGS min.  max.
Power supply for logic (Vpp—Vssg)-- - - - .0 6.5V
Power supply for LCD drive
(VDD—Vo)...................0 6.5V
Inputvoltage (Vi) . ............ ... Vss Voo V
Operating temperature (Ta) . ........... 0 40°C
Storage temperature (Tstg) . . ... ..... -20 60°C

ELECTRICAL CHARACTERISTICS

Ta=25°C, Vpp =50V £0.25 V

Input “high’’ voltage (Vig) . ... .......... 2.2 V min.
Input “low’ voltage (Vi) .............. 0.6 V max.
Output “high” voltage (Vou) (—lon =0.2 mA) . 2.4V min.
Output ““low’’ voltage (Vo) (loL =1.2 mA).. 0.4V max.
Power supply current (Igp) (Vpp =5.0V) .. 2.0 mA typ.

3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)

Duty = 1/16

Rangeof Vpp—Vo . .. . o v i il 1.5~56.25V
Ta=0C .........c.... 46V typ.

Ta=26°C . ............ 44V typ
Ta=40°C............. 4.2V typ

OPTICALDATA .. ... it i See page 7

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
o s [ we | K paictoncodeineu
5 | RW | WL L. Data write (LCD medute <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 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
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, .

@A HITACHI

Unit: mm
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00000 00000
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Fig. 1 Display pattern
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Unit: mm
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Fig. 2 External dimensions
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Fig. 3 Block diagram
+5
Voo (+5V)
1.5v
Vpp-Vo 2
LCM Vo3 VR Vop
Vpp—1.5V
Vss .
7% Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10k2~20kQ2

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 ter. tet 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 tH Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V Y
0.6V 0.6V}
tAs LH
w0\ /
/ 0.6V Ao.6v
PWen th
tes
. / 2.2V ' 2.2\/\\ /
J 0.6V 0.6V 1 - foev
ter L___ tosw tH
2.2V . 2.2V
DB0~DB7 0.6V Valid Data 0.6V
L teve
Fig. 5 Interface timing (data wirte)
X
RS 2.2V 2.2V
0.6V 0.6V A
tas tH
) 2.2V X 2.2v
R/W / \
PWen Lt
{22V 2.2V /
E 0.6V / 0.6V = = tE/ Fo.6v
——
tH
. 2.4V
DB0~DB7 Valid Data 0.4V
tcye
Fig. 6 Interface timing (data read)
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LMO60L

24 character x 2 lines
Controller LS| HD44780 is built-in (See page 97).

+5V single power supply

MECHANICAL DATA (Nominal dimensions)

116W x 39H (max.) x 13T (max.) mm
83W x 18.6H mm
2.7W x 4.85H mm

Module size
Effective display area
Character size (5 x 7 dots)

.........

Characterpitch. ... .................... 3.2mm

Dotsize .................0... 0.5W x 0.65H mm

Dotpitch . ................... 0.55W x 0.7H mm

Weight ... ......... 000, about 50 g
ABSOLUTE MAXIMUM RATINGS min. max.

Power supply for logic (Vpp—Vss) - - - - - .0 6.5V

Power supply for LCD drive

Voo—-Vo!) ..o ivvvviio. ... .0 6.5V

Input voltage (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 (Vor) (—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 H/L H: Data input
H: Data read (LCD module—>MPU)
5 RW | 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
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

cead £
transferred twice. Data of ths highsr order 4 bits (contents of

MNata ~f oha hickhar ~cdas loammtnmea ~

Output “iow’ voitage (Vo) (io = 1.2 mA) .. 0.4 V max.
Power supply current (Ipp ) (Voo =5.0 V) .. 2.0 mA typ. DB,~DB, when mterfa?e data is 8 bits long) is transfmjred first
and then lower order 4 bits (contents of DB, ~DB, when interface
3.0 mA max. data is 8 bits long).
Power supply for LCD drive (Recommended) (Vpp—Vo) (2) When interface data is 8 bits long, data is transferred using 8 data
Duty =1/16 buses of DB, ~DB8, .
Rangeof Vpp—Vg - - .. . . o o oo oL 1.56~6.25 V
Ta=0°C .............. 4.6V typ
Ta=25°C ............. 4.4V typ
Ta=60°C ............. 3.2V typ.
OPTICALDATA .. .. ittt ittt See page 7
3.2 Unit: mm
2.7
0.05
O (]
g n

Fig. 1 Display pattern
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Unit: mm

VR: 10kQ~20k

Fig. 4 Power supply
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Fig. 3 Block diagram
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1.5V
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LCM Vo VR =+ Vop
Vpp—15V
Vss .
Vpp-Vo: LCD driving voltage = 1.5~5.25V
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TIMING CHARACTERISTICS

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - MS
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 ty Fig.5, Fig. 6 20 - - ns

RS 2.2V 2.2V
0.6V 0.6V 7
tas tH
aw \ /
0.6V AoV
PWen tH
teys
|-
. /[ 2.2V _ 2.2v\\ /
7 0.6V 0.6V | ¥ A 0.6V
ter e tpsw L
2.2V 2.2V
~ Valid D
DB0~DB7 0.6V alid Data 0.6V
. teve
Fig. 5 Interface timing (data write)
ooy \
RS 2.2V 2.2V
0.6V 0.6V £
tas tH
_ 2.2V X 2.2v
R/W / \
PWey tH
{22V 2.2V /
E 0.6V j/ 0.6V =\ L7 0.6V
h th
, 2.4V
DB0~DB7 Valid Data 0.4V
tcye

Fig. 6 (Interface timing (data read)
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LMO17L

® 32 character x 2 lines
® Controller LS| HD44780 is built-in (See page 97).
® +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 (5x7dots) ........ 3.45W x 4.85H mm
Characterpitch. .. .......... .......... 4.2 mm
Dotsize .................... 0.65W x 0.65H mm
Weight . .................civvun.. about 60g
ABSOLUTE MAXIMUM RATINGS
min max.
Power supply for logic (Vpp —Vss) . ... 6.5V
power supply for LCD drive (Voo —Vo) . 6.5V
Inputvoltage (Vi) . ................ Vgs Vpp V
Operating temperature (Ta) .......... 50°C
Storage temperature (Tstg) . . .. ....... -20 70°C
ELECTRICAL CHARACTRISTICS
Ta=25°C, Vp p=5.0V $0.25V
Input “*high”’ voltage (Vi) . ............ 2.2V min.
Input “low” voltage (V;) .............. 0.6V max.

Output “high” voltage (Von) (—log=0.2mA). 2.4V min.

Output “low’’ voltage (Vo) (loL=1.2mA) .. 0.4 Vmax.
Power supply current {ipp) { Vpp=5.0V} .. 2.0 mA typ.
3.0 mA max.

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

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
2 Voo - +5V Power supply
3 Vo - -
o [ rs [ | R D e
5 RW | H/L L. Data wite (LOD moduis apU)
6 E. H, H—>L Enable signal
7 DBO H/L ]
8 DB1 H/L
9 DB2 H/L
10 083 _HiL 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).

Duty =1/16  {2) When interface data is 8 bits long, data is transferred using 8 data
Rangeof Vpp—Vo . -+ vt v v vt 1.6~65.256 V buses of DB, ~DB, .
Ta=0°C.......ooiiniiiiinnn.. 46V typ
Ta=25°C . ...iiii 44V typ
Ta=60°C . ................... 42V typ
OPTICALDATA ...........ciiiiininnns See page 7
Unit: mm
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Fig. 1 Display pattern

® HITACHI

65



66

Unit: mm

VR: 10kQ~20kQ

Fig. 4 Power supply
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Fig. 3 Block diagram
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7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V
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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 te,, tes Fig. 5, Fig. 6 - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time toor Fig. 6 - 320 ns
Data set up time tosw Fig. 5 195 - - ns
Hold time ty Fig.5, Fig. 6 - - ns
RS 2.2V 2.2V 4
0.6V ().GVj
tas 1Z]
‘————'—’1
W /
R 0.6V 0.6V
PWen tH
tes
. / 2.2V 2;2“\ /
A osv 0.6V | X Ao.6v
L e tosw tn
2.2V 2.
DB0~DB7 0.6V Valid Data 0 2://
teye
Fig. 5 Interface timing (data write)
RS Xlz.zv 2.2V \><
£ 0.6V 0.6V £
tas ty
, 2.2V X 2.2V
R/W / \
PWen Ll
/[Z.ZV 2.2V /
E 0.6V 0.6V = \= te/ 0.6V
tEr
T tDDR tH
2.4V . 2.4V
DB0~DB7 04V Valid Data 04V
T_ teye
Fig. 6 Interface timing (data read)
® HITACHI 67



LM107XML

® 40 character x 2 lines

® Controller LS| HD44780 is built-in (See page 97).
8 +5V single power supply

= Color tone New gray

MECHANICAL DATA (Nominal dimensions)
Module size 150.1W x 30H x 11D (max.) mm
Effective display area 151.6W x 16.1TH mm
Character size (5 x 7 dots) 3.2W x 4.85H mm

Characterpitch . ...................... 3.7 mm
Dotsize ............ ... . ..... 0.6W x 0.65H mm
Weight .. ....... .. ... .. .. ... about 50g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsg).... ... 0O 6.5V
Power supply for LCD drive (Vgp—Vg)....0 6.5V
Input voltage (Vi) .. ............... Vss Vpp V
Operating temeprature (Ta) . ........... 0 40°C
Storage temperature (Tstg) . . .. ... ... -20 60°C
ELECTRICAL CHARACTERISTICS
Ta=25°C,Vpp =50V +0.25V
Input ““high” voltage (Vi) . . ... ... ..... 2.2 V min.
Input “low’ voltage (Vi_ ) .............. 0.6 Vmax.

Output’high’voltage (Von ) (—lon = 0.2 mA) .. 2.4 V min,

Output’lowvoltage (Vo) (lo. = 1.2mA) . ... 0.4 Vmax.

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

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
1
0 D83 H/L Data bus line
1" DB4 H/L Note (1), (2)
12 DRBS H/L
13 DB6 H/L
14 DB7 H/L
15 N.C - —
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).

68

Range of Vpp—Vo . ............ ... 1.5~6.25V  (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=40°C ............. 4.2 Vtyp
OPTICALDATA ....... ..., See page 7
Unit: mm Unit: mm
3.7
w ‘ 3.2 170.0£05 11.0max.
< is_ 0.05 167.0+0.3 53105
6.15£05 110,
T1—00000 DoooO T
00000 ooooo 15505
E 0aooo P ] 30205 |
.| 0O000 HEE i
- ooooo BN
00000 RE et
00aoa <l3 = o
.| 100080 HE P
= 0ogoo : 1 = 2P
aoooo - s 405405 C 3
DDD ;g 8.65max. 150. Imin. ( Effective display area.)
BE (1010
1 0
Fig. 1 Display pattern Fig. 2 External dimensions
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LCD
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Block disgram

+5
Vop (+5V)
1.5V
Vop—Vo 2
Vo—————— 3 VR Voo
Vpp—1.5V
Ves | |
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V

VR: 10k2~20k

Fig. 4 Power supply

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, 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
RS 2.2V zzv{
0.6V 0.6V
tas _l_lt.
R/w \ osv I/o.sv
PWen th
e o T
{ 22v 22V Y /
E ____/ 0.6V 0.6V \ foev
2E. tDsw iy
- —
DB0~DB? Valid Data :f“f
tcre
Fig. 5 Interface timing (data write)
s
RS )ﬂ 22V 2.2V
0.6V 0.6V
tas - n
|
2.2V 22V
R/W / )
PWen L
{22V 22V
E ______‘EX/ ‘ 0.6V e{\=ts/ /o.sv
h & toor L
24V ) )—1/7“
ﬁiﬁ*bﬁ? . \# Valid NData

0.4V A B Jf\o.w

L teve

Fig. 6 Interface timing (data read)
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LMO18L

® 40 character x 2 lines
® Controller LS| HD44780 is built-in (See page 97)
® +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 (5x7dots) ......... 3.2W x 4.85H mm
Characterpitch. . ...................... 3.7 mm
Dotsize ..................... 0.6W x 0.65H mm
Weight .. .......... ... ... about 65g
ABSOLUTE MAXIMUM RATINGS
min max.
Power supply for logic (Vpp —Vss) .. .. .. 0] 6.5V
Power supply for LCD drive (Vpp—Vo).... 0 6.5V
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 (Vor) (—lop=0.2mA) . 2.4V min.
Output “low’’ voltage (Vor) (loL=1.2mA) ... 0.4V max.
Power supply current (Ipp) (Vpp=5.0V) ... 2.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp —Vo)
Duty = 1/16
Rangeof Vpp—Vo. .. o oo ool 1.56~5.25 V!
Ta=0°C .. ot 4.6V typ.
Ta=25°C . ..o 4.4V typ.
Ta=50°C . . ..o 4.2 V typ.
OPTICALDATA ........ ... .. i, See page 7

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 RM 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
n 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
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, ~D8B, .

15

37 Unit: mm
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Fig. 1 Display pattern
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Unit: mm
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Fig. 2 External dimensions
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Fig. 3 Block diagram
(+5V)
Vop
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l Vpp—Vo: LCD driving voltage = 1.5~5.25V

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 ter. tet Fig. 5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig. 5, Fig. 6 140 - - ns
Data delay time topR Fig. 6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time tH Fig. 5, Fig. 6 20 - - ns
2V )
RS 2.2V 2.2V ><
0.6V O.GV;
tas tH
R/W /
/ 0.6V F0.6V
PWen tH
tes
. / 2.2V 2.2v\\ /
J 0.6V 0.6V | X A 0.6V
{Er e ipsw th
.2V .
DB0~DB7 2 Valid Data 2.2v
0.6V 0.6V
tcyc
Fig. 5 Interface timing (data write)
RS K 2.2v 2.2V \?<
>d( 0.6V 0.6V 4
tAS tH
, 2.2V X 2.2V
R/W / \
PWey tH
: /l 2.2V 2.2V /
E 0.6V 0.6V = \=te/ Fo.6v
| |em— LEr
tDDR th
2.4V ) 2.4V
DB0~DB7 0.4V Valid Data 04V
- tcye
Fig. 6 Interface timing (data read)
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LMO41L

® 16 character x 4 lines
® Controller LS| HD44780 is built-in (See page 97).

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

Modulesize .. ......... 87W x 60H x 12T (max.) mm
Effective displayarea ........... 61.8W x 25.2H mm
Character size (5 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

Power supply for logic (Vpp —Vss) ... ... 0 6.5V
Power supply for LCD drive (Vpp —Vo).... 0 6.5V
Inputvoltage (V;) ... .............. Vgss Vppo 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) ..... e e 0.6V max.
Output ““high” voltage (Vo) (—lgn=0.2mA) . 2.4V min.
Output “low” voltage (Vo) (IloL=1.2mA) ... 0.4V max.
Power supply current (Ipp) (Vpp=5.0V) ... 2.0 mA typ.
3.0 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty = 1/16
Range of Vpp—VO. - v+ v v v v i e e 1.6~5.25 V
Ta=0 C .. .. ittt i e 46V typ
Ta=25C . .o 44V typ
Ta=50°C . .. .ot 42V typ
OPTICALDATA ...... ... ..., See page 7
Unit: mm
0 Qg -~~~ TTTTTTTTT TS TTTTTT hs]
[m] i [a]
NEE : g
1 I : 8
a , a
T pOoog Pt TTTTTTTTTTToTTTTos q
b 80008 B e d
© pooog @TTTTTTTTTTTTTITTII Q
boooa b ________________________ g:
10 p """"""""""""" q
i !
'D ---------------------- '
0.55
0.6
2.95
3.55
56.2
Fig. 1 Display pattern

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 RW | HL L: Data write (LCD module <MPU)
6 E H, H—L Enable signal
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 DB3 H/L Data bus line
11 DB4 H/L Note (1), (2)
12 DBS H/L
13 DB6 H/L
14 DB7 H/L
Notes:

In the HD44780, the data can be sent in either 4-bit 2-operation or
8-bit 1-operation so that it can interface to ‘both 4 and 8 bit MPU's.

(1)

(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 | 2 | 3 | 4| 5| 6| 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 [BE |8F
2nd line CO |C1 |C2 |C3 |C4 |C5 [C6 |C7 |CB |C9 |CA |CB |[CC |CD |CE (CF
3rd line 90 |81 |92 |93 |94 {95 |96 |97 |98 |99 |9A |9B |9C |9D [9E |(9F
4th line DO |DY |D2 |D3 |D4 |DS |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 5 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
25405 82.040.3
100205 254 ° 2 4560
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Fig. 2 External dimensions
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Fig. 3 Block diagram
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Vop
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-
LCM Voj—————23WR ~— Vop
Vpp—15V
Ves ,
7;7 Vpp-VYo: LCD driving voltage = 1.5~5.25V
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 puise 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 ty Fig.5, Fig. 6 20 - - ns
2V Y
RS 2.2V 2.2
0.6V 0.6V 7
tAs | tH
/ /
R/W 0.6V /-0.6V
PWen tH
tes
{2.2v 2.zv\\ /
£ / 0.6V 0.6V | X _Aoev
ter e tDsw th
2.2V . 2.2V
DB0~DB7 0.6V Valid Data 0.6V
tcye
Fig. 5 Interface timing (data write)
RS f2.2v 2.2V‘{
0.6V 0.6V £
Las tH
v 2.2V X 22V
R/W / \
PWEH )i tH
. /f 2.2V 2.2V /
E MH 0.6V = \=te/ 0.6V
t
tH
2.4V
DB0~DB7 Valid Data 04V
F tcyc
Fig.6 Interface timing (data read)
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LMO44L

® 20 character x 4 lines
® Controller LS| HD44780 is built-in (See page 97).
® +5V single power supply

MECHANICAL DATA (Nominal dimensions)

Modulesize .. .........
Effective display area
Character size (5 x 7 dots)

98W x 60H x 12T (max.) mm
76.0W x 25.2H mm
2.95W x 4.15H mm

Characterpitch, . .. ................... 3.55 mm
Dotsize .................... 0.55W x 0.55H mm
Weight . ............... ... about 65 g
ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsg) - .. ..... 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 +0.25V
Input ““high” voltage (Vi) . ... .......... 2.2V min
Input “low’ voltage (Vi) ...:........... 0.6 V max.

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

Power supply current (Ipp) (Vpp =50 V) .. 1.0 mA typ.
3.5 mA max.
Power supply for LCD drive (Recommended) (Vpp—Vo)
Duty = 1/16
Rangeof Vpp—Vo ... . v oo e i it 1.56~5.25V
Ta= 0°C ..o viviiiii e 46V typ
Ta=25°C ......viiiiinnn 44V typ
Ta=50°C ........covivnn... 42V typ
OPTICALDATA .. ... ... . i, See page 7
Unit: mm
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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 RMW | 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 H/L 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, .

DISPLAY POSITION AND DD RAM ADDRESS

Character No. | 1 2 34|58 6|7 8| 9 |10 |11 |12 {13 |14 |15 |16 |17 {18 |19 |20
1st line 80 |81 |82 |83 |84 |85 |86 (87 (88 |89 [BA (8B |8C 8D [B8E |8F {90 (91 |92 [93
2nd line CO {C1 {C2 [C3 |C4 |C5 |C6 |C7 |CB |C9 [CA |CB |CC (CD [CE |CF |DO |DY |D2 |D3
3rd line 94 (95 (96 |97 (98 |99 [9A |98 |9C (9D |9E [9F [AO |A1 |A2 (A3 |A4 |AS |A6 |A7
4th line D4 |D5 |[D6 |D7 (D8 |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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Unit: mm

VR: 10k2~20k2

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, 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 Y
0.6V 0.6V y
tas tH
/
0.6V Aoev
PWen tH
LS
. // 2.2V 2 2\'\\ /
A1 0.6V 0.6V | X% A 0.6V
ey - tosw th
2.2V .
DB0~DB7 ! Valid Data 22\
0.6V 0.6\
teve
Fig. 5 Interface timing (data write)
RS £2.2v 2.9V ¥
X 0.6V 0.6Vj
Las tH
{2.2v X 2.2v
R/W / \
PWey [ th
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E o.sV;/ 0-8V=IN= tes 0.6V
- a8 [E,
toor tH
2.4V 2.4V
~ Vali
DB0~DB6 0.4V alid Data 0.4V
tcre

@ HITACHI




LMO87LN (16 x 1 line)

LMO86ALN (16 x 2 lines)
LMO93LN (16 x 2 lines)
LMO91LN (20 x 2 lines)
LMO92LN (40 x 2 lines)

B HITACHI



LMO87LN

® 16 character x 2 lines (L E D backlight version)

® Controller LS| HD44780 is built-in (See page 97).
8 +5V single power supply

MECHANICAL DATA (Nominal dimensions)

90W x 36H x 14D (max.) mm
64.5W x 13.8H mm
3.07W x 6.56H mm

Modulesize . ..........
Effective display area
Character size (5 x 7 dots)

Characterpitch. . .. ................... 3.77 mm
Dotsize ...............c0u... 0.55W x 0.75H mm
Weight ... ......... ... ... about 40g
ABSOLUTE MAXIMUM RATINGS min max.
Power supply for logic (Vpp—Vgg).... ... 0 70V
Power supply for LCD drive (Vgp—Vg). .. .0 135V
Input voltage (Vi) . ................ Vss Voo V
Operating temeprature (Ta) . ........... 0 50°C
Storage temperature (Tstg) . . ..... ... -20 70°C

ELECTRICAL CHARACTERISTICS

Ta=25°C,Vpp =50V +0.25V,V, gp=5.0V+0.25V

Input “high’’ voltage (Viy) 2.2 V min,
Input “low’’ voltage (Vi_) .............. 0.6 Vmax.
Output’high’voltage (Vo) (—lon = 0.2 mA) .. 2.4 V min.
Output’low"voltage (Vo ) (lo. = 1.2 mA) .. .. 0.4 Vmax.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
) 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 D81 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
15 VLED - +5V J LED power supply
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.

Power supply current (Ipp) (Vpp =5.0V) .. 1.0 mA typ. (1) When interface data is 4 bits long, data is transferred using only 4
2.0 mA max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
LED power supply current “LED) (VLED =50V) between the HD44780 and the MPU completes when 4-bit data is
30 mA t transferred twice. Data of the higher order 4 bits (contents of
A DB,~DB, when interface data is 8 bits long) is transferred first
40 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
Rangeof Vpp—Vo . . . . . o oo i il 1.56~6.25V buses of DB, ~DB, .
Ta=0C .............. 46V typ
Ta=25°C ............. 4.4V typ
Ta=50°C ............. 42V typ
OPTICALDATA ... ... i i ittt See page 7
LED backlight brightness . . .. ........ 1 cd/m? min.
2 cd/m? typ.
Unit: mm
90.0
75+0.3 75.0+0.3
3 8.5 735+0.3 - 7.6max. .
§ 5 130+03 254 15-410 S 4.0max.
! s 4S8 b
: 0000000 $00000—] W)
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oo0o00 d e —_—— g
0ooooag R 1 | 3
ol w =T~ - B o ¢
3| s D D D D D O AN o Jal - “
:S ooooaad / I 5962 £0.1 |
b 4-R2.0 /4803 25 4-28+0.2
0ooao d il
Ooo0oooad '
000000 _ i
1+ 0O00O00ao L e
d = = *IC height
Fig. 1 Display pattern Fig. 2 External dimensions
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LCD

R/W —— J
RS __{__.. : 3
I)BO LCD
§
DB7 u
Vin ——ﬂ'
Vo —-: 40
Vs 1

LED backlighting

Fig. 3 Block diagram

Fig. 4 Power supply

1
1
1
(+5V)
: Vop
g |1 $ [Lsv

: Vbp-Vo 9

‘P
: Vo FVR|vpp-1.5v AL
| LCM v -
| ss %
|
! oo
| LED
; Tzfsv.)
1
| LED
= VDD-VO =1.5~5.25V

TIMING CHARACTERISTICS

0.4V

}- tcre

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 tODR Fig.6 - - 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time t Fig.5, Fig. 6 20 - - ns
RS 22V z.zﬂ><
0.6V 0.6V
tas _‘_L
R/W 06V /o.ev
PWen tH
] ™ 1 ter
{ 2.2v zﬁ\\ /
E o Aosv 06V | X foev
7 F tosw 1]
2V
DB0O~DB7 zzv Valid Data ::g
teye
Fig. 5 Interface timing (data write)
=
RS 22V 22V
0.6V 0.6V
[ ™
1
2.2V 2.2V
R/W /
PWen R
{22V 22V /
E 0.6V j/ 0.6V ef =t/ 0.6V
e tonr L
24V . 24V
DBO ~DB? oV Valid Data
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LMOS6ALN

® 16 character x 2 lines (L E D backlight version)
® Controller LSI HD44780 is built-in (See page 97).

8 +5V single power supply

MECHANICAL DATA (Nominal dimensions)
Modulesize . .......... 90W x 36H x 14D (max.) mm
Effective displayarea ........... 64.5W x 13.8H mm
Character size (5 x 7dots) ........ 2.95W x 3.8H mm
Characterpitch. . .. ................... 3.65 mm
Dotsize .................... 0.55W x 0.5H mm

) Weight . ... ... ... ... ... ... . .. . ..., about 40g

ABSOLUTE MAXIMUM RATINGS min. max.
Power supply for logic (Vpp—Vsg)....... 0 6.5V
Power supply for LCD drive (Vgp—Vgp) ... .0 6.5V
Input voltage (Vi) . ................ Vss Voo V
Operating temeprature (Ta) ............0 50°C
Storage temperature (Tstg) . . .. ... ... -20 70°C

ELECTRICAL CHARACTERISTICS

Ta=25°C,Vpp =50V +0.25V

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function
1 Vss - ov
I d
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: 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
L DB4 H/L Note (1), (2)
12 DBS H/L
13 DB6 H/L
14 D87 H/L
Notes:

Input “high” voltage (Vi) . ... .......... 2.2V min. |5 the HD44780, the data can be sent in _either 4-bit 2-operation or
Input “low’’ voltage (Vi_) ...... e e e e 0.6 Vmax. 8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
Output’high®voltage (Vo) (—low = 0.2 mA) .. 2.4 V min. (1) When interface data is 4 bits long, data is transferred using only 4
Output"low"vohage (Vo) (loL = 1.2mA) . ... 0.4 Vmax. buses of DB,~DB, and DB,~DB, are not used. Data.transfe‘r
P | t (includi LED) (I =50V between the HD44780 and the MPU completes when 4-bit data is
ower supply current {including oo) (Voo =5. ) transferred twice. Data of the higher order 4 bits (contents of
............................... 30 mA typ. DB, ~DB, when interface data is 8 bits long) is transferred first
40 mA max. and then lower order 4 bits (contents of DB, ~DB, when interface
Power supply for LCD drive (Recommended) (Vpp—Vo) datais 8 bits long). . ,
Duty = 1/16 (2) ‘When interface data is 8 bits long, data is transferred using 8 data
b f DB, ~D8B, .
Range of Vpp—VO « v v v evee e 15~5.25 V uses 0T BB ~B8,
Ta=0°C .............. 4.6V typ.
Ta=25°C ............. 4.4V typ
Ta=50°C ............. 4.2V typ
OPTICALDATA ........ ... .. See page 7
Unit: mm 90.0 7.6max Unit: mm
1.5+0.3 75.0+03 .
3.65 8.5 735+0.3 4.0max. L
2.95 %” 130403 2.54 14-¢1.0
06 el - S
| ooss L - — b
l r—u_" e a— 5
e ararate 99 Pl — — ¢
S| s D D D D D D N\ n n A | # %
0oO000 O j s
wl 8 2] 30 l 57.740.1
S|~ D D D D D D 5 § T | 25 14.0max.
Oo0ocogg o - “lsx03 34+03
D O D D D D P 64.5+0.3 4-28402
1 Oooao o ” o O
] O T =i
D D D D D D - OC—F O P07 i
S (*) IC height
Fig. 1 Display pattern 2 Fig. 2 External dimensions

82

@ HITACHI




I

LCD 40

HD44100
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Vop (+5V)
1.5V

Vpp—Vo
Vo3 W — Vop

Vpp—1.5V

Vss .

Vpp-Vo: LCD driving voltage = 1.5~5.25V

|
1
!
1
|
1
|
|
1
:
! LCM
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[}
|
i
|
|
i
[}
|
1

Fig. 3 Block diagram

VR: 10kQ2~20k$2

Fig. 4 Power supply

TIMING CHARACTERISTICS

R/W

A 22V

PWen

] 2.2V
™

E 0.6V i/

2.2V
0.6V -l

{ o.6v

DBO.~DB7

tonn »
24V

t
“lx Valid Data
04V

) E L

0.4V
teve

;

Fig. 6 Interface timing (data read)

Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teve Fig. 5, Fig. 6 1.0 - - us
Enable puise width PWEH Fig. 5, Fig.6 450 - - ns
Enable rise/fall time teyr, tgs 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
RS 22V 22V
0.6V 0.6V
tas _tﬁ.
R/w 06V ,/o.sv
PWen tH
] =1 tes
{ 22V 2.2V Y /
E —___J/ 0.6V 0.6V \( K osv
tE. P__ tosw | tH
DBO~DB?7 zz:; Valid Data L( ::‘)’
tcye
Fig. 5 Interface timing (data write)
22v 2.2V
RS X{ 0.6V 0.6V
Lay "
|
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LMO93LN

® 16 character x 2 lines (L E D backlight version)

® Controller LSI HD44780 is built-in (See page 97).

® +5V single power supply

MECHANICAL DATA (Nominal dimensions)
Module size 90W x 44H x 13.8D (max.) mm
Effective display area ............ 61W x 15.3H mm
Character size (5 x 7 dots) 2.96W x 4.86H mm

Characterpitch. ... ................... 3.55 mm
Dotsize .................... 0.56W x 0.66H mm
Weight . ... ... ... ... ... ... about 50g
ABSOLUTE MAXIMUM RATINGS min max.
Power supply for logic (Vpp—Vsg)....... 0 6.5V
Power supply for LCD drive (Vpp—Vg)....0 6.5V
Input voltage (Vi) . ................ Vss Voo V
Operating temperature (Ta) ............ 0 50°C
Storage temperature (Tstg) . . ..... ... -20 70°C

ELECTRICAL CHARACTERISTICS
Ta=25°C, Vpp =50 V+0.25 V, V, gp= 5.0 V+0.25 V
Input ““high’’ voltage (Vi) 2.2V min,
Input “low’’ voltage (Vi ) .............. 0.6 Vmax.
Output‘high’voltage (Vo) (—lo = 0.2 mA) . . 2.4 V min.
Output’low’voltage (Vo ) (lo, = 1.2mA) .. .. 0.4 Vmax.

INTERNAL PIN CONNECTION

Pin No. | Symbol Level Function

1 Vss - ov

2 Voo — +5V Power supply

3 Vo - -

4 RS H/L L: Instruption codev input

H: Data input

5 | RMW | WL L. Data write (LCD moduis <MPU)

6 E H, H=>L Enable signal

7 D8O H/L

8 DB1 H/L

9 DB2 H/L

10 DB3 H/L Data bus line

n DB4 H/L Note (1), (2)

12 DBS H/L

13 DB6 H/L

14 DB7 H/L

15 VLED - +5V LED power supply
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

Power supply current lloo) (Voo =50V) .. 1.0mA typ. buses of DB,~DB, and DB,~DB,; are not used. Data transfer
3.0 mA max. between the HD44780 and the MPU completes when 4-bit data is
LED power supply current (I, gp) (Vi gp = 5.0 V) transferred twice. Data of the higher order 4 bits (contents of
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
buses of DB, ~DB, .
Rangeof Vpp—Vpo . . ... ..o o oo 1.56~625V ° ?
Ta=0°C .............. 46V typ
Ta=25°C ............. 4.4V typ
Ta=50°C ............. 4.2V typ
OPTICALDATA ........ ... i, See page 7
LED backlight brightness . . . . .. ...... 3 cd/m? min.
5 cd/m? typ.
Unit: mm 90.0+ 1.0 Unit: mm
Ly 35x05 790+05 .,
f: 56.2 0.2 . 13.8max.
e 14s:0s 61003 b .
~ + s 73+05
- 2.4 3 r
e o ?K?'_—r P,
' 3 - =
1i—00000 O i Il
300000 | : = e
= D000 | L === O = = |}
:g 00009 | 0000000000003 1
s s ogaoog ! 15-¢1.0 4-925 / (%)
DD DDD : 254pitch 1.6+0.2 1.0max.
aoaog | 750405
. DDDDD D 70+05 760 +03
- 00aoa a
. __h
, L ) G g ) Ga— g N + IC height
Fig. 1 Display pattern Fig. 2 External dimensions
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Fig. 3 Block diagram

VR: 10kQ~20k2

Fig. 4 Power supply

1
1
p—i—] i Von +5V)
1
R/w————O———I 16 LCD : Vor V. EE 1.5V
RS | LCD : DD o
DBO0 ~ S
DB7 \— ) ! Vpp-1.5V
Vnn—.l' n Ic :
\— — ! Vss
H I 7}’ L
| A P E—— ! Vi #5V)
1 . . 1 LED
Vis—d o LED backlighting ! LED —j Vpp-Vo: LCDdriving voltage=1.5~5.25V
1 ]

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, 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 ty Fig.5, Fig. 6 20 - - . ns
RS 2.2V 22V
0.6V 0.6V
tas —'—”-J .
/W 06V ,/o.sv
PWen tH
| 1 e
{ 22V 22V Y
£ o SHoev 0.6V \ 0.6V
tE: tosw tH
e
DBO~DB7 ziz Valid Data ::\Y
tcye
Fig. 5 Interface timing (data write)
Ve
RS X 22V 2.2V
0.6V 0.6V
ot '~
4
2.2V 2.2V
R/W /
PWen R
/! 22V * 22v /
E 0.6V W 0.6V b tEg 0.6V
e ' toox L
. AV .
DBO ~DB7 . z:lx Valid Data ::\‘,’
F tere
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LMO91LN

8 20 character x 2 lines (L E D backlight version). INTERNAL PIN CONNECTION

® Controller LSI HD44780 is built-in (See page 97).

= +5V single power supply Pin No. | Symbol Level Function
1 V - ov
MECHANICAL DATA (Nominal dimensions) 5 VSS ey b |
Module size .. ........ 126W x 39H x 14D (max.) mm oo - ower supply
Effective display area ........... 83.0W x 18.6H mm 3 Vo - e
H n
Character size (5 x 7dots) ........ 3.2W x 4.85H mm 4 RS H/L H: Data input code inpu
Chnaracterpitch. . . ... ...... ... ... 3.7 mm 5 R/w' HIL H: Data read (LCD module>MPU)
Dotsize .................... 0.6W x 0.65H mm L: Data write (LCD module <MPU)
Weight . ... ... .. ... .. .. about 70g 6 E H, H—>L Enable signal
ABSOLUTE MAXIMUM RATINGS min. max. 7 DBO H/L
Power supply for logic (Vpp—Vsg).... ... 0 6.5V 8 DB1 H/L
Power supply for LCD drive(Vpp—Vg) ... .0 6.5V 9 DB2 H/L
Input voltage (Vi) . ... ......o ... Vss Vooov 10 DB3 H/L Data bus line
Operating temperature (Ta) ............ 0 50°C n DB4 H/L Note (1), (2)
Storage temperature (Tstg) . . .. ... ... -20 70°C 12 DBS H/L
ELECTRICAL CHARACTERISTICS 13 DB6 H/L
Ta=25°C, Vpp =5.0V£0.25V, V gp=5.0 V+0.25 V 14 DB7 | HIL
Input ““high*’ voltage (Vig) . . .. .......... 2.2 V min, 15 VLED - +5v LED power supply
Input “low” voltage (Vi_) .............. 0.6 Vmax. 16 N.C = —
Output’high“voltage (Vo) (—lon = 0.2 mA) .. 2.4 V min. Notes:
Output low'voltage (VOL) “01- =12mA).... 0.4 Vmax. In the HD44780, the data can be sent in either 4-bit 2-operation or
Power supply current (Iop) (Vpp =5.0 V) .. 1.0 mA typ. 8bit 1-operation so that it can interface to both 4 and 8 bit MPU's.
3.0 mA max. (1) When interface data is 4 bits long, data is transferred using only 4
LED power supply current (I_gp) (Vi gp = 5.0 V) buses of DB,~DB, and DB,~DB, are not used. Data transfer
110 mA t between the HD44780 and the MPU completes when 4-bit data is
s transferred twice. Data of the higher order 4 bits (contents of
. 160 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).
Rangeof Vpp—Vo. .« oo v v oo 15~5.25V (2) When interface data is 8 bits long, data is transferred using 8 data
Ta=0"C ..o 4.6 V typ. buses of DB, ~DB, .
Ta=25°C ............. 4.2V typ
Ta=50C ............. 3.5V typ
OPTICALDATA .. ... it iiie e See page 7
LED backlight brightness . . . . ........ 3 cd/m? min.
5 cd/m? typ.
Unit: mm 140max Unit: mm
| 37+ 25 254 T emax. |
R 32 100.0 ~
© _gﬁ__H____vos € L 95.0 4l 3
1—00ood 0 e — - - ,
0 gooog ' 615 1 F H !
¢l 0O0oo0 | e aaiine
. goodd! || [
o ! o[ ®7 - AN [
00000 A i
aoaoo | 1l = = !
.| 1008000 TT=
= (4.75) 735402
888%8 |D 275 83.0+03
gaoag ¢ 14.0 108.0+0.3
0ooag 1260£1.0
Qooog ¢ 30+0.1
oo o 16+0.2 o
Fig. 1 External dimension Fig. 2 External dimensions
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Fig. 6 Interface timing (data read)

g g g g 3
i i
]
E —— i .
! ! Vpbp (V)
R/W o} T
' . Leb | 2 |isv
RS ——— | Vop-Vo T ’
DB0 m LCD . | v o
DB? W40 | m 20 ! LCM o SVR T Vop
T | Vpp-1.5V
Vit e 4 1Ic [4) 1IcC !
| | Vss
I p— | pd
! ! VLEDI V)
Vas | LED backlighting | LED Vpp-Vo: LCDdriving voltage=1.5~5.25V
Vien 1 VR: 10k2~20k$2
1 ]
b e e e e o o — — — — ——— ———— — ——— — — ———— — —— 4
Fig. 3 Block diagram Fig. 4 Power supply
TIMING CHARACTERISTICS
Item Symbol Test condition Min. Typ. Max. Unit
Enable cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PWeRn 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 toODR 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 22V Y
0.6V 0.6V
tas tH
eyl
R/W 06V ,/o.sv
PWen g th
™ tes
Vo2v Zm
2.2 : /
E _—_j/ 0.6V 0.6V \ 0.6V
tEr tosw | tH
DBO~DB7 i?‘; Valid Data :’62\1:,
tcye
Fig. 5 Interface timing (data write)
'
RS 22V 2.2V
0.6V 0.6V
et I
J
2.2V 22V
R/W /
PWen R
{22V 2.2V /
E 0.6V 1/ 06V = \= e/ 0.6V
e Lo L
24V ) 2.4V
DBO ~DB? NVX Valid Data 0.4V
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LMO92LN

® 40 character x 2 lines INTERNAL PIN CONNECTION
® Controller LS| HD44780 is built-in (See page 97).

Pi F -
= +5V single power supply in No. | Symbol Level unction
1 Vsg - ov
MECHANICAL DATA (Nominal dimensions) 2 Voo - +5V Power supply
Modulesize .. ...... 192W x 35.5H x 15.5D (max.) mm 3 Vo _ —
Effective display area .......... 154.0W x 15.3H mm 4 RS H/L L: Instruction code input
Character size (5 x 7dots) ........ '3.2W x 4.85H mm H: Data input
Ch itch H: Data read (LCD module>MPU)
argcter pitch. . . ... ... ... ... ... 3.7 mm 5 R/W H/L L: Data write (LCD module <MPU)
Dotsize .................... 0.6W x 0.65H mm Py E H AL Enable sional
Weight .ottt ' nable signa
. g about 100g 7 5BO /L
ABSOLUTE MAXIMUM RATINGS min. max. 8 DB1 H/L
Power supply for logic (Vpp—Vsg)....... 0 6.5V 9 DB2 H/L
Power supply for LCD drive (Vpp—Vg) ... .0 6.5V 10 DB3 H/L Data bus line
; ata bus li
Inputvoltage (Vi) . ................ Vss VDDOV n 0B4 H/L Note (1), (2)
Operating temeprature (Ta) ............ 0 50 C 12 DBS H/L
Storage temperature (Tstg) . . .. ... ... -20 70°C 13 DB6 H/L
ELECTRICAL CHARACTERISTICS 4 D87 | WL
Ta=25°C, Vpp =50V +0.25V, V gp=5.0 V+0.25 V 15 Vieo | - 5V LED power supply
Input “high” voltage (Vig) « .o oo vven. .. 2.2 V min. 16 N-C - -
Input ““low’’ voltage (Vi) .............. 0.6 Vmax. Notes:
Output"hlgf: voltage (Von) (—IO_H =0.2mA).. 24 Vmin. In the HD44780, the data can be sent in either 4-bit 2-operation or
Outputlow’voltage (Vo ) (lo,. =1.2mA). ... 0.4 Vmax. gy 1-operation so that it can interface to both 4 and 8 bit MPU's.
Power supply current (Ipp) (Vpp =5.0 V) .. 1.0 mA typ. (1) When interface data is 4 bits long, data is transferred using only 4
3.0 mA max. buses of DB,~DB, and DB,~DB, are not used. Data transfer
LED power supply current “L.ED) (VL.ED =50V) between the HD44780 and the MPU completes when 4-bit data is
170 mA typ transferred twice. Data of the higher order 4 bits (contents of
""""""""""""""""" ’ DB,~DB, when interface data is 8 bits long) is transferred first
X 250 mA typ.  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
Range of Vpp—Vo .. .. ... ... ... 1.5~56.25V buses of DB, ~DB, .
Ta=0°C .............. 4.6 V typ.
Ta=25°C ............. 4.4V typ
Ta=50°C ............. 4.2 V typ
OPTICALDATA ... ... ittt iii e See page 7
Unit: mm ‘ Unit: mm
3.7
3.2 = 2
8| os ’W‘] 0523 :
— © = =
1T— 00000 DOooo 2 7
00000 ooooo B _—
S BBBBB M : o | |
3 ooooo | g ! ssnsusasasnssnENsssasnsniansnsnagasnsnnsijij
w “OIJPN .Z . _ I —4
00aog & = or ]
ogooo 7 1475+ 0.2 :
0 100000 26.7 154.0 +0.3 =
i 00aoo 215 163.5+ 0.3
DD: DC 13.5 1750103
Oooo0 1920+ 10
a0oog
00000
0agaoc
H
L * IC height
Fig. 1 Display pattern Fig. 2 External dimensions
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22V
0.6V o \}= 15/

1
Valid Dat -L—va

L
"""""" JT\OAV

teye

Fig. 6 Interface timing (data read)

(+5V)
Vbpp
3 1.5V
Vbp—Vo
LceM - Vo 2VR =Vpp
Vpp-1.5V
V. ¢
> % = (+5V)
Vi
LED —LEE,_VDD—VO: LCDdriving voltage=1.5~5.25V
VR: 10k22~20k$2
Fig. 3 Block diagram Fig. 4 Power supply
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 tpsw Fig.5 195 - - ns
Hold time ty Fig.5, Fig. 6 20 - - ns
RS 2.2V 2.2V
0.6V 0.6V
tas _’_N“
R/W 06V Kosv
PWen tH
] = tes
22V 22V Y /
E ____—J 0.6V 0.6V \; J o6V
tEr tposw tH
2.2V ) 2.2V
DB0O~DB7 06V Valid Data 06V
tcve
_Fig. 5 Interface timing (data write)
g
RS X 2.2V 2.2V
06V 0.6V T<
Las 1]
o =y
4
22V T 2.2V
R/W Ve
il
|
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This is a segment type LCD module containing the controller
LSI for numerical display.

LMO039 (16 x 1 line)
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LMO39

® 7 segment x 16 digits

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

® Controller LSI uPD7225G is built-in Duty =1/4
® +5V single power supply Rangeof Vpp—Vo . .« v o oo oo oo 1.5~5.25 V
- n°
MECHANICAL DATA (Nominal dimensions) I" - zgog """""""""" g?g x typ.
Modulessize . . . . . . . 87.0W x 27.5H x 11.0T (max.) mm Ta Csoce e 570V typ.
Effective displayarea ........... 64.7W x 13.3H mm A : typ.
Charactersize .................. 22Wx6.4Hmm  OPTICAL DATA .................. . . See page 7
Characterpitch, . ... ................... 3.9 mm
Weight . ......... ... ... ... ...... about 20g INTERNAL PIN CONNECTION
ABSOLUTE MAXIMUM RATINGS min. max. Pin No. |  Symbol Function
Power supply for logic (Vpp — Vsg) . ...... 0 70V 1 Vss Ground
Input v.oltage (Vi) . oo Vss VDDOV 2 Vbop Power supply positive (5V)
g)tperatmg temperatut;?r (Ta) ............. (0) 50°C 3 Vo LCD driving voltage
orage temperature (Tstg) . . .......... -2 70°C 2 oKk Serial clock input
ELECTRICAL CHARACTERISTICS 5 Y Serial input
- ° -
ITa = th-(:;,'YDDI = 5.0\)/ +0.25 V ' 6 cs Chip select input
nput ) ig iy voltage (Vi) . .. ........ 0.7 VppV min. 7 =57 Busy output
Input “low" voltage (Vy) .......... 0.3 VppV max. —
Output “high” voltage (Vop) 8 c/D Command/Data select
(—low =10pA) ............... Vop — 0.5 V min. 9 RESET | Resetinput
Output ““low” voltage (Vo) 10 NC No connection
(loL =100 A) . ....... ... . ..... 0.5 V max
Power supply current (Ipp)
R7.0£05 Unit: mm
2505 820£03 953.05
(5.15)
g2 1 75.0 254) 58205 | @7
- E 10.65£05 64.7£03 (2.0) '
o~ p < — s
\d (2.2) g
11 | [1lR88989282898583 N
3 3
. ® ?-
& IS
! (39) __ 10410 16+0.2
58.5 11.0max)
Fig. 1 External dimensions
Unit: mm

] 0
M X X ()
. b 0 0
Vo =xVo Vo

Fig. 2 Display pattern
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(+5V)

Vbp
1.5V
Vop—Vo r
LCM Vo< WR Vbp
Vpp—15V T
Vss J -
7;7 Vpp-Vo: LCD driving voltage = 1.5~5.25V
VR: 10k2~20k
Fig. 3 Power supply
e e e e e - - - - - b
| |
) 4 |
- QR |
S e Lcp J
T o=y |
:10) R —— |
(1) L— |
uPD7225G !
|
|
|
|
|

—)
e e e e e - - e - e e e e e — e == pu |
Fig. 4 Block diagram
INTERFACE TIMING
Item Symbol Condition Min. Typ. Max. Unit
SCK cycle tCYK 900 ns
SCK pulse width high tWHK 400 ns
SCK pulse width low WLK 400 ns
BUSY | »SCK { hold time tHBK 0 ns
S setup time to SCK 1 151K 100 ns
S! hold time after SCK 1 tHK]I 200 ns
8th SCK t - BUSY { delay time tDKB CL = 50pF 3 us
CS | >BUSY ! delay time tpcss CL = 50pF 1.5 HS
C/D setup time to 8th SCK 1 tSDK 9 us
C/D hold time after 8th SCK 1 tHKD us
CS hold time after 8th SCK 1 tHKCS 1 us
'CS pulse width high tWHCS 40 us
CS pulse width low twLes . 40 us

® HITACHI
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0.7 Voo

- 0.7 Voo
T'est
> points <
0.3 Voo 0.3 Voo

Fig. 5 A.C Timing Measurement voltage

twics twHes

toesh

tikes

-_———- - -

BUSY Voo -0s / \\
05V—Y- 0.5V /

- - o tHRK L tevk - - -

toxs

twik

= A

twhk

tsik thxt

: D G G

tsnk

tHKD
/,5 ,-—_—_

Fig. 6 Timing waveforms

Note : Power on sequence ’
(1) Power supply voltage should be applied
to LCD module as figure 7. 5V
(2) Input signals should not be applied to Z sV
LCD module before power supply voltage
is applied and reaches to specified
voltage (5V +0.5V).
If above sequence is not kept, C-MOS LSis 05V 7
of LCD modules may be damaged due to latch up problem. o

t21.5us.

Fig. 7 Power supply voltage
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DEOODED DISPLAY RAM DATA

Display 4-backplane multiplex Display 4-backplane multiplex
byte | Character | Display RAM address byte | Character | Display RAM address
(HEX) N+1 N (HEX) N+1 N
00 g D 7 08 P F 7
a | L

01 @ (0] 6 09 a . E 7
i X i,

0 2 ? E 3 oA @ 2 0
3 &,

os | O . - 5] e
'l X o

04 a 3 6 ocC @ D 1
e, L.

05 m B 5 0D @ A 0
&l &

06 m F 5 0O E @ E 4
&l Ll

07 g (e] 7 O F ﬂ (0] [¢]
A 4,

Fig. 8 Connection diagram

A HITACHI
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COMMAND

Instruction code

Command Description Binary HEX
D; D¢ Ds Ds D3 D; D, Do
1. MODE SET Initialize the xPD7225 01 00 O0O0 1O 42
1) LCD Drive Configuration
2) LCD Bias Voltage Configuration
3) LCD Frame Frequency
2.UNSYNCHRONOUS Synchronize Display RAM data transfer to Display Latch 0O 01 1 0 0O0O0 30
DATA TRANSFER with CS
3. SYNCHRONOQUS DATA Synchronize Display RAM data transfer to Display Latch 001 1 OO0 O0 1 31
TRANSFER with LCD Drive Cycle
4. INTERRUPT DATA Interrupt Display RAM data transfer to Display Latch O 01 1 1 00O 38
TRANSFER
5. LOAD DATA POINTER Load Data Pointer with 5 bits of Immediate Data 1 1 1 Dsa D3 D; Dy Do EO~FF
6. CLEAR DISPLAY RAM Clear the Display RAM and reset the Data Pointer 0O 01 00O OO0 20
7. WRITE DISPLAY RAM Write 4 bits of Immeditae Data to the Display RAM 1 1 0 1 D3 D; D, Do 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 1 D3 D2 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 0O 0 0 1t O 1 01 15
DECODER
11. DISABLE SEGMENT Stop use of the Segment Decoder O 00 1 O1 0O 14
DECODER '
12. ENABLE DISPLAY Turn on the LCD 0O 0 0 1 1 1
13. DISABLE DISPLAY Turn off the LCD 0O 0 0 1 (o] 10
14. CLEAR BLINKING RAM Clear the Blinking RAM and reset the Data Pointer 0O 0 0 O 00
15. WRITE BLINKING RAM Write 4 bits of Immediate Data to the Blinking RAM 1 10 D; D, D, 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 D; D; D) 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 D; Di 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 0 00 1t 1 0 1 Do 1A~1B
bit of immediata Data
19. DISABLE BLINKING Stop Segment Blinking 00011 00O 18
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HOW TO USE HITACHI'S BUILT-IN CONTROLLER DRIVER

LCD-I(HD44780)LIQUID CRYSTAL CHARACTER DISPLAY
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(Error analysis flowchart) . .. ..............
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7.2 The system cannot be initialized or it is
unstable . ................... . ...,
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s INTRODUCTION

The LCD-II (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 LSI HD44100H is externally connected to the
HD44780, up to 80 characters can be displayed.

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

1. Applicable type
(1)

1 line series

LMO054 - LM015 - LM568F - H2570 - LMO20L - LMO87LN -

LMO70L - LM038 - LM027 - H2571 - H2572 - LMO058
(2)

2 line series

= FEATURES

Capable of interfacing to 4-bit or 8-bit MPU.
Display data RAM 80 x 8 bits
(80 characters, max.)
Character generator ROM . . . .
Character font 5 x 7 dots: 160 characters
Character font 5 x 10 dots: 32 characters
Both display data and character generator RAMs can be
read from the MPU.
Wide range of instruction functions
Display clear, Cursor home, Display ON/OFF, Cursor
ON/OFF, Display character blink, Cursor shift, Display
shift
Internal automatic reset circuit at power ON.
reset circuit)

(Internal

LMO52L - LMO16L - LMO16XML - LMO8S86ALN - LMO93LN -

LMO32L - LMO91LN - LMO60L - LMO17L - LM107XML -
LMO18L - LM0O92LN

(3) 4 line series
LMO041L -LMO44L

2. Connecting MPU with LCM

2.1 Driver circuit block diagram

Figure 1 shows the driver circuit block diagram of LCM with
built-in controller LSI. Controller LSI HD44780 (LCD-II) is
built-in this LCM. Also extended LCD driver LSI is built in
the LCM that displays more than 16 digits.

Liguid crystal disply module

LCD

><
RN
PN
! |
—Ll_a_

HD44780
(LeDD [ 5
>

Driver LSI

|
LCD |

_________ »~_ ! Driver LSI :

LCD i

Fig. 1 Driver circuit block diagram
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2.2 Interfacing to MPU

In the HD44780, data can be sent in either 4-bit 2-operation
or 8-bit 1-operation so it can interface to both 4 and 8 bit
MPU'’s.

(1) When interface data is 4-bits long, data is transferred
using only 4 buses: DB ~ DB,. DBy ~ DBj; 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, then the

RS

lower order 4 bits (content of DBy, ~ DB3; when interface
data is 8 bits long) is transferred. Check the busy flag
after 4-bit data has been transferred twice (one instruc-
tion). A 4-bit 2-operation will then transfer the busy flag
and address counter data.

/

R/W /

— S S

DB, X T8 X T XD EXROZREC DAL
D84 772K TR X TR XZZDOCHZICHRUIRAXIDERAL.
DB, 772X TR X1R,
DB, 222X 1R X TR XZZ2XCHRDNC X IDORKIDArsKL

Instruction(IR) write Busy flay (BF) and

address counter (AC) read

Data register (DR) read

Fig. 2 4-bit data transfer example

(2) When interface data is 8 bit long, data is transferred using
the 8 data buses of DB, ~ DB-.

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

RS

AW
e—/ N/ \__/ \

/NN

lmernal————j Internal operation j

\

N QIR 7 A o T v i BT

v Busy flag check | Busy flag check

Instruction write

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 1/O port (for
single chip microcomputer) as an interface device. Input
and output of the device is TTL compatible.
In the example, PB, to PB, are connected to the data

buses DB, to DB, and PA, to PA, are connected to E,
R/W and RS respectively. Pay attention to the timing
relation between E and other signals when reading or
writing data and using PIA as an interface.
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Aus CS, LCM le
A Cs, PA, RS coM, ~ |—+—
Au CS, COoM,,
A,y RS, PA, RW Connected
HD44780 to LCD
HD68Bo0oO Ao RSo PAo E ‘0
R/W w SEG 1~ —rf——
VMA :1)_‘ E HDe6821 SEG,,
&
! PBo~PB1 |- %, DBo~DB1
DBo~DBs |~ Do~Ds
Fig. 4 Example of interface to HD68B0O0 using PIA (HD68B21)
(® Connecting directly to the 8 bit MPU bus line
LCM
VMA \ COM, 16
Za E ~COM, ¢ ——
Aus J HD44780
A RS Connected
HD6800 ° to LCD
RW R/wW SEG, | %3 o
~SEGy,,
Do ~ Dy (8’ DB, ~DB+
® Example of interfacing to the HD6805
LCM
v COM e
~ %= ~ 1
Aog~Aq 7 DBo DB, ~COM, ¢ F——— >
HD44780 Connected
HD68 05 Co E to LCD
40
C, RS SEG, |—ot—w
~SEGqo
C2 R W
@ Example of interfacing to the HD6301
LCM
Pse RS COM, 16
Pys RAW ~COM,o [ 7~
Pse E
HD44780 Connected
to LCD
HD6301
e, % DBy ~DBy s0
SEG, |— < »
~S EG{O
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(B Example of interfacing to Z80 MPU

NN
Ao M RS
A ) Chip
At[— r— >select— + ZV
Do || 3\ S
D —-_—
Z 80
o LCM
MPU L R
¢ = (LCD-1)
IORQ M T
" H
wRiH H Dv———R/W

DB,

K

VvV

(a) Above circuit is an example of connection with Z80
MPU and HD44780A00 as an |/O equipment. It
can be used as a part of memories by using MREQ
signal.

AO signal can be used for RS signal.

AO = 0: Instruction register is selected.

A0 = 1: Data register is selected.

(b)

(® Example of interfacing to 80 CPU family

(c)

—iob,

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

In order to check busy flag, transfer the data of

DB, ~ DB, to A register (accumulator) by execut-

ing In/Out instruction. After that, busy flag can
. be easily checked by examining DB,.

1 VAVAN
10M a
RD HERE
LCM
— Chip
WR ] :") i [ 55 (LCD-1)
— R/W
S, T
80
ALE *—s Q RS
Ars ' H l sim LT (74LS74)
A, Rp
AD’o< l ] l | l - [ADo DIB°
AD ﬁ>DB1

TR

Fig. 5 Example of connmion‘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

I/0 equipment, chip select signal is necessarily activated
when 10/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.

S 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/O 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
4 bits). In the latter case, the timing sequence becomes

RS

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.

R/W /

\

S 0V W o U W o U W o Ve U

Internal I Internal operation 1

\
—

N, R T 1/ PSR 772 OIS 77, CX G

Instruction write Busy flag check

Busy flag check , [nstruction 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

Dis RS
D RW
HMCS
43C Dis E
LCM
4
Rio~Ris £ 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 LSI is connected directly to Data Bus line not through PIA
and so on, add the circuit that inhibits the output of Enable
signal at the address which is not assigned for HD44780.

E
Alsm\
A= ’
A LM
Ag 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 — Vj, 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 (2) Example of a thermal compensator circuit
(VR) When setting the voltage, refer to Table-1
The driving voltage can be changed by VR to compensate
the influence of surrounding temperature.
+5V Voo
VDD 71 VDD Thermistor AL
v & Rl ) (27.2x2)
LCM Yo
Vg Vo
LCM
3R3
GND - 4 VSS GND 7;/ Vas
Recommended VR value =10k ~20kQ Thermiswr{ Rgzigi(()él (Ta=25°C)
Fig. 9 Variable driving voltage circuit Fig. 10 Example of a thermal compensator circuit
Table 1
Recommended driving voltage Typical circuit parameter
LCD module Duty
Ta(°C) Vin—Vo(V) Vz(V) R1(kQ) R2(kQ) R3(kQ)
LMO15 0 4.0
LMO027 1.8 25 3.7 4.5 2.2 2.8 1.0
LMO038
LMO54 50 3.3
LMO0OS58 0 4.3
H2570
H2571 1-11 25 3.9 4.5 2.2 3.2 0.3
H2572 50 33
0 4.6
LMO20L,etc. 1 16 25 4.4 5.0 0.1 1.3 0.1
50 4.2
4. |Initialization
4.1 Initializing by internal reset circuit
The HD44780 automatically initializes (resets) when poweris  (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 Vg risesto 4.5 V.

(1) Display clear
(2) Functionset ... ... DL =1 :8 bitlong interface data
N =0 : 1-line display
F =0 :5 x 7 dot character font
(3) Display ON/OFF

control ......... D =0 :Display OFF
C =0 :Cursor OFF
B =0 :Blink OFF
(4) Entry modeset .... I/D =1 :+1 (increment)

S =0 :Noshift

® 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
reset circuit will not operate normally.

In this case, initialization will not be performed normalily.
Initialize by MPU according to “4.2 initializing by instruc-
tion”’ at the head of program.
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4.2 Initializing by instruction

If the power supply conditions for correctly operating the
internal reset circuit are not met, initialization by instruction
is required.

Use the following procedure for initialization.

(1) When interface is 8 bits long;

( Power ON )

Wait more than 15 ms
after Vpp rises to 4.5V

RS R/W DB: DBs DBs DB: DB3; DB: DB: DBo BF cannot be checked before this instruction. J
o 0 0 o0 1 1 X X X X Function set (interface is 8 bits long)

Wait more than 4.1 ms

RS R/W DB; DBs DBs DB: DB; DB DB: DBo LBF cannot be checked before this instructionJ
o 0 0 o 1 1 X X X X Function set (interface is 8 bits long)

Wait more than 100 us

RS R/W DB; DBs DBs DB: DB: DB: DB: DBo BF cannot be checked before this instruction
0 0 0 0 1 1 X X X X 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« DB3; DB: DB: DBo

function set
0 0 0 0 1 1 N F X X

Interface is 8 bits long.

: . F . B The number of display lines
o 0 0 o0 0 o0 1 0 o0 O display OF iPe?fy l‘,::s““'gbe}:' ‘:f ter | 2nd character font cannot be
- ﬁ;snp; ay 1t and character changed afterwards.
0 0 0 0 0 0 0 0 0 1 display ON
o o 0 O o0 o0 o 1 I/D S entry mode set

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

Wait more than
4.1 ms

BF cannot be checked before this instruction. ﬂ

L
|\ Function set (interface is 8 bits long)

RS R'W DB: DBs DBs DBs
0 0 0 0 1 1

Wait more than
100 us

BF cannot be checked before this instruction.

Function set (interface is 8 bits long)

o~

RS R W DB; DBs« DBs DBs
0 0 0 0 1 1

RS R/W DB:; DBs DBs DBy
0 0 0 0 1 0

Initialization ends

BF cannot be checked before this instruction.—]

Function set (interface is 8 bits long)

BF can be checked after the following instructions. When BF is
not checked, the waiting time between instructions is longer than
the execution instruction time. (See Table 2)

Function set (set interface to be 4 bits long) Interface is 8 bits long

function set

display OFF Interface is 4 bits long.

Specify the number of
display lines and character

display ON font.

The number of display lines
and character font cannot be
changed afterwards.

entry mode set
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5. Instruction

5.1 Outline
Only two HD44780 registers, the Instruction Register (IR) and
the Data Register (DR) can be directly controlled by the
MPU. Prior to internal operation start, control information is
temporarily stored in these registers, to allow interface from
HD44780 internal operation to various types of MPUs which
operate in different speeds or to allow interface to peripheral
control ICs. HD44780 internal operation is determined by
signals sent from the MPU. These signals include register selec-
tion signals (RS), read/write signals (R/W) and data bus signals
(DBy ~ DB,), and are called instructions, here. Table 2 shows
the instructions and their execution time. Details are ex-
plained in subsequent sections.
Instructions are of 4 types, those that,
(1) Designate HD44780 functions such as display format,
data length, etc.
(2) Give internal RAM addresses.
(3) Perform data transfer with internal RAM
(4) Others
In normal use, category (3) instructions are used most fre-
quently. However, automatic incrementing by +1 (or decre-
menting by —1) of HD44780 internal RAM addresses after
each data write lessens the MPU program load. The display
shift is especially able to perform concurrently with display
data write, enabling the user to develop systems in minimum
time with maximum programming efficiency. For an explana-
tion of the shift function in its relation to display, see 5.3.
When an instruction is executing during internal operation, no
instruction other than the busy flag/address read instruction
will be executed.
Because the busy flag is set to “1”” while an instruction is being
executed, check to make sure it is on ‘’1" before sending an
instruction from the MPU.

Note 1
Make sure the HD44780 is not in the busy state (BF = 0)
before sending the instruction from the MPU to the
HD44780. If the instruction is sent without checking
the busy flag, the time between first and next instructions
is much longer than the instruction time. See Table 2 for
a list of each instruction execution time.

Note 2
After executing instruction of writing data to CG/DD
RAM or reading data from CG/DD RAM, RAM address
counter is automatically incremented by 1 (or decrement-
ed by 1). In this case, this shift is executed after Busy
Flag is set to ““Low’. tapp is stipulated the time from
the fall edge of busy flag to the end of address counter’s
renewal.

Busy signal
(BD») M

A X Ad

Address counter
(DB, ~ DB»,)

tADD depends on the operating frequency

1.5
tADD= —
fcp or fogc
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Table 2 Instructions

Code Execution time | Execution time
Instruction Description (when fosc is (when fosc is
| 250 kHz) 160 kHz)
RS |R/W |DB7 [DB6 |DB5 |DB4 |DB3 | DB2 | DB1 | DBO Note 1 Note 2
Clears all display and returns the
Clear display (o] 0 0 0 0 0 0 0 0 1 cursor to the home position 82us~164ms 120 us ~49 ms
(Address 0).
Returns the cursor to the home posi-
tion (Address 0). Also returns the
Return home 4] 0 o] 4] ] o |0 4] 1 * display being shifted to the original 40us~16ms {120 us ~48 ms
position. DD RAM contents remain
unchanged.
Sets the cursor move direction and
Entry mode specifies or not to shift the display.
0 0 0 0 1 | S 4
set 0 0 0 /o These operations are performed 0 us 120 us
during data write and read.
. Sets ON/OFF of all display (D),
| N
Display ON/ .} 5 | 5 1 9 | 0 1o |0 |1 |0 | c | B | cursor ONOFF (C), and blink of 40 us 120 ps
OFF control o
cursor position character (B).
Moves the cursor and shifts the
Cursor and . . .
R . o] 0 0 o] 0 1 S/C |R/L * * display without changing DD RAM 40 us 120 us
display shift
contents
Sets interface data length (DL)
Function set 0 0 0 0 1 DL N F . * number of display lines (L) and 40 us 120 us
character font (F).
Sets the CG RAM address. CG RAM
Set CG RAM . A .
f
address. 0 0 0 1 Acc da!a_ is sent and received after this 40 us 120 us
setting.
hy .
SetDDRAM | | o | 4 A csi::: ‘is:e‘z? :»: ch?\?;;s:fteDr?h?sAM 40 us 120 us
address DD . “ s
setting.
Read busy ﬁeads Busy flag (B'F) nr?ducatlng
0 1 BF AC internal operation is being performed Tus 1 us
flag & address
and reads address counter contents.
Write data . .
to CG or 1 | o Write Data \;v::s datainto DD RAM or CG 40 us 120 ps
DD RAM ‘ ’
Read data
R f
to CG or 1 1 Read Data R;ahc:‘s data from DD RAM or CG 40 us 120 us
DD RAM '
1/D- =1: Increment (+1) I/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 =1: Display shift S/C =0: Cursor move AcG: CG RAM address (Example)
R/L =1: Shift to the right. ApDD: DD RAM address When fosc is 270 kHz:
R/L =0: Shift to the left. Corresponds to cursor
DL =1: 8bits DL =0: 4 bits address. 0 250 _ 37
N =1: 2lines N =0: 1line AC: Address counter used for Ms X oo T S ks
F =1: 5 x10dots 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 driven by 1/8 duty or 1/11 duty.
2. Applied to models driven by 1/16 duty.

® HITACHI
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5.2 Description of details
(1) Clear display

(2)

w

108

~

RS RWDB;—— DB,

cote [0] 0] o]0 0 000 0] 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 O 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 I/D = 1 (Increment
Mode) of Entry Mode. S of Entry Mode doesn’t change.

Return home

RS R/W DBy DB,
Code [o]olo[oTo!olo]olo]-]
* No effect

Sets the DD RAM address O 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 RMWDB,—  ———— DB,

Code Lolo]olo]o[o]o]o]wo[s]

I/D: Increments (I/D = 1) or decrements (/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.

font

(4) Display ON/OFF control

RS RWDB;,———— DB,

coee [0]ofofo]ofo[1]p]|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 I/D, etc. does not change during display data
write. The cursor is displayed using 5 dots in the 8th
line when the 5 x 7 dot character font is selected and
5 dots in the 11th line when the 5 x 10 dot character
font is selected.

B: The character indicated by the cursor blinks when B
= 1. The blink is displayed by switching between all
blank dots and display characters at 409.6 ms interval
when fcp or fooc = 260 kHz. The cursor and the
blink can be set to display simultaneously. (The
blink frequency changes. d&ccording to the reciprocal

of fcp or f .. 409.6 x%— = 379.2 ms when fcp
=270 kHz.)
— oo —
Cursor . .
5 x 7 dot character _ S—m Alternating display
§ x 10 dot character

font

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

(5) Cursor or display shift

RS R/W DB, DB,
Code Lo]o[o}o[o[ﬂsanu[-[ -
* No effect

Shifts cursor position or display to the right or left with-
out writing or reading display data. This function is used
to correct or search for the display. In a 2-line display,
the cursor moves to the 2nd line when it passes the 40th
digit of the 1st line. Notice that the 1st and 2nd line dis-
plays will shift at the same time. When the displayed data
is shifted repeatedly each line only moves horizontally.
The 2nd line display does not shift into the 1st line posi-
tion.
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S/C R/L (8) Set DD RAM address

0 0 Shifts the cursor position to the left. RS RWDB;— DBy
(AC is decremented by one.) Code [ 0 [ oi 1A l A ] A I A I A | A | A l

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 address into the 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 the DD RAM.

cursor follows the display shift.
Address counter (AC) contents do not change if the only
action performed is shift display.

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

(6) Function set line.

RS RWDB;— DBy

Code [T]o!ol011LDL‘[N‘F o | . )

* No effect

Read busy flag & address

RS R/W DB, DBy
DL:Sets interface data length. Data is sent or received in
8 bit lengths (DB, ~ DB,) when DL = 1 and in 4 bit Code L° l VBRI A A I AlA ! A | AlA ]
lengths (DB, ~ DB,4) when DL =0.  Higher . Lower
y Order Bits Order Bits

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

N: Sets number of display lines.

F: Sets character font.

Reads the busy flag (BF) that indicates the system is now
internally operating by a previously received instruction.
BF = 1 indicates that internal operation is in progress.

(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’). to “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 pressed in binary AAAAAAA is read out. The address
N F display Character Duty Remarks H i
lies font factor counter is used by both CG and DD RAM addresses,
00 ] 5x 7 dots 178 and its value is determined by the previous instruction.
ress contents are th me as in Items (7) and .
01 1 [5x10dots | 1/1 Addres the sa (7) and (8)
Cannot display 2 lines
1 » i 1 h - .
2 |5x 7dots | 1/16 | with S x 10dotcharac | (10)rite data to CG or DD RAM
* No effect RS R/W DB, DBy
Code 1 0 D|D|D|D|D|D|D|D
Higher Lower
(7) Set CG RAM address " Order Bits Order Bits

RS R/IWDB;———— DBy

Writes binary 8 bit data DDDDDDDD to the CG or the
DD RAM. Whether the CG or DD RAM is to be written
into is determined by the prévious specification of CG
RAM or DD RAM address setting.  After write, the

Code 0|0| 0] A|lA|A|IA|A A

Higher Lower
Order Bits Order Bits

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

A HITACHI

address is automatically incremented or decremented by
1 according to entry mode. The entry mode also deter-
mines display shift.
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(11) Read data from CG or DD RAM

110

RS R/W DB
Code |1 |1|D|D|D|D|D|D|D|D

DBo

Higher Lower
Order Bits Order Bits

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

P} Sy \ 2 miieasr ohti fmadrtadion
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 eursor shift instruction
(only with DD RAM), just before reading out ex-
ecute the ‘‘read’” instruction from the setond time
the ““read’’ instruction is serial.
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(1)

Instruction and display correspondence

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

Following table shows an example of 8-bit x 1-line display
in 8-bit operation.

The HD44780 functions must be set by Function Set
prior to display. Since the display data RAM can store

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

data for 80 characters, as explained before, the RAM can
be used for displays like the lightening board when com-
bined with display shift operation.

Since the display shift operation changes display position
only and DD RAM contents remain unchanged, display
data entered first can be output when the return home
operation is performed.

No. Instruction Display Operation
a4 s _ _
1 Pow.er supply ON (.H D. 780 is initialized by Initialized. No display appears.
the internal reset circuit)
Function Set §ets to 8-bit operation and selects 1-line.d|sp|ay
2 RSRWDB,— DB, : lines and character font. (Number of display
0 0 0 0 1 1 0 o0 * = lines and character fonts cannot be changed
hereafter.)
3 Display ON/OFF Control [—] Turns on display and cursor. Entire display is
0 0 O 0 0 0 1 1 i 0 S —| in space mode because of initiaiization.
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 0 o O o o o0 1 1 0 _ write to the DD/CG RAM.
Dispiay is not shifted.
Write "'H’’. The DD RAM has already been
. Write Data to CG RAM/DD RAM :zl:‘c::dOZy initialization when the power is
1 0 1 0 O 0 o H_ :
0 ! 0 The cursor is incremented by one and shifted to
the right.
Write Data to CG RAM/DD RAM e
19 0 0 1 0 0 1 0 0 1 HI_ Writes 1",
7 7
Write Data to CG RAM/DD RAM U
8 1 0 0 1 0 0 1 0 o 1 HITACHI _ Writes ‘1",
Entry Mode Set ) . . .
. ) f .
9 o 0 o o o 0 0 3 1 1 HI TACHI_ Sets mode for display shift at the time of write
Write Data to CG RAM/DD RAM .
tes * "
10 1 0 0 0 1 0 0 0 0 0 I1TACHI _ Writes ‘‘Space
11 Write Data to CG RAM/DD RAM Writes “M"*
10 0 1 0 0 1 1 0 1 TACHI M_ :
12 ! f
Write Data to CG RAM/DD RAM
C e iyt
13 1 0 0 ) 0 o 1 1 1 1 MICROKO_ Writes "'0"’.
Cursor or Display Shift . . .
ft.
14 0 0 0 0 O 1 0 o . . MICROKOQO Shifts only the'cursor position to the left
15 (C):ursoor or Igusplaoy Shg‘ 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
1 0o o0 1 0O 0 O o 1 1 — the left.
Cursor or Diaplay Shift Shifts the display and cursor position to the
M1
7 o o0 o o0 O 1 1 1 * * LROLO right.
18 g‘"“’o' or g'sp';" Shgt y o 1 v e MICROCO_ Shifts display and cursor position to the right.
Write Data to CG RAM/DD RAM e hanpee
> t .
Wiy % 0 1 0 0 1 1 0 1 1ICROCOM_ Writes "M
20 .
Return Home : Returns both display and cursor to the original
A L.
21 o 0 o O O O o o 1 0 HITACHI position (Address 0).
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(2) 4-bit operation, 8-digit x 1-line display (using internal

reset)

The program must set functions prior to 4-bit operation.
The following table shows an example. When power is
turned on, 8-bit operation is automatically selected and
the first write is performed as an 8-bit operation. Since

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

nothing is connected to DB, ~ DBj, a rewrite is then
required. However, since one operation is completed in
two access of 4-bit operation, a rewrite is needed as a
function (see the following table).

Thus, DB4 ~ DB, of the function set is written twice.

No. Instruction Display Operation
Power supply ON (HD44780 is initialized by [::I s R
1 . .
the internal reset circuit) Initialized. No display appears
Function Set Sets to 4-bit operation. In this case, operation
2 |RSRWDBy— —————DBy I::] is handled as 8 bits by initialization, and only
o) 0 0 0 1 0 this instruction completes with one write.
Sets 4-bit operation and selects 1-ine display
Function Set and 5 x 7 dot character font. 4-bit operation
3 0 0 V] 0 1 0 {::] starts from this point on and resetting is
0 0 0 0 * needed. (Number of display lines and character
fonts cannot be changed hereafter.)
4 g isplay O(I;l IOFF C: ntrol 0 0 I:] Turns on display and cursor. Entire display is in
0 0 1 1 1 0 : space mode because of initialization.
Entry Mode Set Sets r.node to increment th_e address by‘one and
to shift the cursor to the right, at the time of
P s 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 D The cursor is incremented by one and shifts
1 0 1 (1] 0 0 to the right.

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

112
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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

together.

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
When you repeat the shift, the display of the
second display will only move within each line many

table) Note that the first and second lines of the display times.
8 bit operation, 8-digit x 2-line display example (using internal reset)
No. Instruction Display Operation
Power supply ON {HD44780 is initialized I .
1 by the internal reset circuit) Initialized. No display appears.
Function Set Sets to 8-bit operation and selects 2-line display
2 RSRWDB;— ———— —— DBy
6O 6 6 o 1 1 1 a . and 5 x 7 dot character font.
3 Display ON/OFF Control - Turns on display and cursor. All display is in
O 0 O O O o 1 1 1 0 space mode because of initialization.
Sets mode to increment the address by one and
a Entry Mode Set - to shift the cursor to the right, at the time of
0 0 0 0 0 0 0 1 1 0 write, to the DD/CG RAM.
Display is not shifted.
Write ““H’’. The DD RAM has already been
Write Data to CG RAM/DD RAM H_ selected by initialization when the power is
511 00 1 0 0 1 0 0 0 turned on.
) The cursor is incremented by one and shifted
to the right.
6 i :
5 | Write Data to CG RAM/DD RAM HITACHI__ Writes “'1”
1 0o 0 1 0o o0 1 0 0 1 '
8 Set DD RAM Address HITACHI Sets RAM address so that the cursor is
o o 1 1 0 O O O O0 O _ positioned at the head of the 2nd line.
Write Data to CG RAM/DD RAM HITACHI e
19 0 0 1 0 0 1 1 0 1 M_ Writes “M".
10 J :
) '
1 Write Data to CG RAM/DD RAM HITACHI Writes 0"
1 0 0 1 0 0 1 1 1 1 MICROCO__ .
Entry Mode Set HITACHI T . :
12 0o 0 0 0 0.0 O 1 1 1 MICROCO Sets mode for display shift at the time of write.
13 | Wit Dae 10 CG RAWDD RAW e oot e o e
1 0 0 1 0 0 1 1 0 1 TCROCOM_ . pe
at the same time.
14 ; :
Return Home HITACHI Returns both display and cursor to the original
15 MICROCOM iti
O o o o0 o o o O 11 O position (Address 0).

® HITACHI
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(1)

114

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. eChanging 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.

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

b. eChanging of N (Column Number)

ePerform 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. eChanging 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
HD44780, it accepts the code, but does not change the
internal states (RAM and other status of Flags). Busy
state, however continues for maximum 40 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.

s Error analysis flowchart

Error analysis flow ]

¥

L (Immediately after

Is display made?
s dispiay ma POWER ON)

(Crosstalk included)

No

Proceed to @

Yes

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

Is the system initialized or
stabilized?

No

Proceed to @

Yes

Is character display erroneous
(in sequence for instance)?

Yes
Proceed to @
No
Data can be read? ‘J
No
Proceed to
Yes

Are there any other erroneous
operation?

Yes

Proceed to @
No

Normal —l
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7.1 No data is displayed (Crosstalk too)

L No data is displayed.

J (Crosstalk, too)

'

Is the power supplied

(Vpp. Vo.and Vgg)?

Connect Vo to Vss, then the
power is supplied.

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

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

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

Within the
specified value

Does a fall or deviation
exist in zebra?

Reas-
sembly

Yes

No

If so, ICs and resistor are heated.

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

OK

Inverse

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

!

Unknown cause

S—

Is display (crosstalk) made?

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

Yes

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

\

No

¥

Is the current restored to normal
conditions?

Still abnormal

ICs and others are possible to
be destroyed.
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7.2 The system cannot be initialized or it is unstable.

The system cannot be
initialized or it is
unstable.

Is the system initialized as described
in the LCD-11 manual (of IC)?

No

!

¥
Yes Try to set it as des-
cribed in the manual.

Still-no good

Good

Is the system operated while making I oK I
a BUSY check?

No

\

1
Make a BUSY check or
Yes make it operate after
waiting for 5 times of
the BUSY time.

Still no good
Good
Is the order of interface pins correct? m
(Signal system pins RS, R/W, E, and ’
DB, ., )
No

0

Yes

Correct it.

Still no good

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

Y

Corregt it.

Still no good

Operation OK

Try to replace it with another LCM. ]

There is a possibility of
. malfunction in
Still no good the LCM.

Not caused by LCM j

Recheck the circuit and software. —l

O HITACHI
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7.3 The character display is erroneous.

——{ The character display is erroneous. J

When missed according to a

> certain rule (The character
missing occurs every 4
Characters are displayed, characters for instance.)
but missing in some
laces.
P [__, Proceed to
) 1 @
Example:
(Input)  (Dispiay) When missed without any
- rule (A character is missed
HITACHI.  HIAHI Ls{ at random some where
different each time.)
[ﬁ Proceed to
| o It is uncertain that from where the — Proceed to

1st character starts.

Address character other than specified [—> Proceed to

| > ¢
are rewritten,

Proceed to

Even when the 1st line becomes full
in a 2-line display LCM,

the line is not fed to the 2nd line.
(Same in a 4-line display LCM)

When the 1st line becomes "uil in
a 4-line display LCM, the character
writing starts from

the 3rd line.

Proceed to

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

read from DORAM.

Proceed to

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

Proceed to
==

l—>= Proceed to

TEs

There is an address in which no
character is displayed.

L)l Other errors.

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-! is no good.

>

&

®

Data is fed too fast. = Retry it while making a BUSY check.

®

The address Set command is not included in the initializa-
tion.
Although the address is so designed to be set to ‘00"
at the power ON according to the Power ON Reset
- | function of the LCD-ll 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-II|
is no good.

@9

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

: line feed

/,—N\

@)

The 4-line display LCM is composed as shown in the right
figure. Consequently, when written continuously from the
1st line, the data is written as A = B. When displayed in 4
lines, the data is moved from the 1st line to the 3rd line. It
is therefore necessary to set the address of in this case.

40— A

/ A l B 4/ c
{ c i D 8
D

20

&)

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 employing the shift function together, the screen is
shifted each time a data is written and the data can not be
seen on the screen in some cases. It is therefore necessary

to correct the application of the shift function.
16 characters

Left shift specified

‘A’ is input.

: 2

Stored in DDRAM.

A
[

Screen is shifted to left.

®
o>

®

Cursor is moved.

* Since this operation is carried out in a moment, what can be seen
is the status of (1} and (4. 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

Data cannot be read.
Are the connection and polarity of RS and R/W are
made as specified in the manual?

)\m

Correct them.

/

Yes
Still no good
. - i The data can now
Is the timing deviated between the data display and - be read.
MPU read? | OK l
Yes

—L
_—

No

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)? OK

o

Yes

Correct the chip select conditions.

na

No
Still no good

The data can now

B}

Is the system operated while making a BUSY check? oK be read.
No
Make the BUSY check, or operate the system after
Ves waiting for 5 times of the BUSY time.
Still not good
. The data can now
l Any other error exists in the software? b d:

Yes

Correct it.

-

[_L

No

The data can now

- be read.
| LCD-I1 is faulty. j oK

7.5 Others

i

i
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.)

® HITACHI
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8. Block diagram and function of each block
8.1 Block diagram of HD44780 interior

\Y) —_——
GCNCD Address Timing generation 3, CL,
counter (AC) circuit 7 > CL,
OsC,—> 7 M
osC,—» — 7 7 ¥
cx c 4
S3|gle . 7
SEia{33
s .2 e ®
8,/ 2> es[™ Display data - 2
- -0 ~— o
RS —> RAM z |62 |16
RIW = |, (DD RAM) 28 § |—+—=scom, ~com,,
E @ v 80x8 bits 0 2 £ o
s [ -l |e® £2
4 3 x 3 8%
DB, ~DB,«~—~+—> O |g z| s 8 ) £
S le. Ble, 2
DB, ~DB, <—r—> = 8} 47 8} g £
0 3 [ A - Cc
o B 38
o -
g¢ Character Character £ e
gege(;ator generator ola0 |2 40
M ROM Ol e I / SEG, ~SEG
(CG RAM) (CG RAM) 25 gl ' 0
Py 512 bits 7200 bits  ||4 3] 22|,
Vl——> fl \ 4 n o
Power supply | v 5 ag 5 5 .
for liquid v:
crystal 3>
. . V
display drive V‘ Piaralliel/serlal data conversion o
—_— circuit 40-bi i ;
L ’ (Parallel data — serial data) 0-bit shift register D

8.2 Function of each block

(1) 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

MPU is automatically written into the DD RAM or the
CG RAM by internal operation. The DR is also used for
data storage when réading data from the DD RAM or the
CG RAM. When address information is written into the

120

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. A

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

IR, data is read into the DR from the DD RAM or the CG
RAM by internal operation. Data transfer to the MPU is
then completed by the MPU reading DR. After the MPU
reads the DR, data in the DD RAM or CG RAM at the
next address is sent to the DR for the next read from the
MPU. Register selector (RS) signals make their selection
from these two registers.
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Table 4 Register selection

RS 1R/W £ Operation (3) Address counter (AC) .

- - - The address counter (AC) assigns addresses to DD and CG
0 0 —\——— (lgi::;i'at;! glseg:feertré?; operation RAMs. When an instruction for address is written in IR,
0 ) _/—\_ Read busy flag (DB-)and the address information is sent from IR to AC. Selection
address counter (DB, ~ DB ) of either DD or CG RAM is also determined concurrently

L]0 [ TN | B s perston by the instruction. |
- - After writing into (or reading from) DD or CG RAM dis-
1 1 ﬂ %%’3?%‘3 ;{‘A?J‘“Z', %p;;anon play data, AC is automatically incremented by +1 (or

{2) 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,

(4)

decremented by —1). AC contents are output DB, ~
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)

when RS = 0 and R/W = 1. The next instruction must be
written after ensuring that the busy flag is “'0"".

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.

Higher order bits Lower order bits (Ex.) DD RAM address ""4E"’

AC | AC6 1 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 « display position

1-line 00 01 02 03 04 05 06 07 < DD RAM address

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

01 02 03 04 05 06 07 08 (Left shift display)

4F 00 01 02 03 04 05 06 (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

12

13 14 15 16 < display position

1-line | 00 [ 01 | 02 | 03 | 04 [ 05 | 06 | 07 | 08 | 09 | OA

0B

0C | 0D | 0E | OF | < DD RAM address

J\

\——————HD44780 display

When the display shift operation is performed, the DD RAM

address moves as:

HD44100H display —M —

01 | 02| 03 | 04 | 05 07 | 08 | 09 | 0A | OB

0oC

0D | OE | OF | 10 (Left shift display)

03 |04 | 0506 (07| 08| 09

4F | 00 | 01 | 02

0A

0B | 0C | OD | OE (Right shift display)

The relation between display position and DD RAM
address when the number of display digits is increased
through the use of one HD44780 and two or more
HD44100H's can be considered an extension of (b).

(c)

1 2 3 456 7 8 91011121314 151617 18 19 20

Since the increase can be 8 digits for each additional
HD44100H, up to 80 digits can be displayed by externally
connecting 9 HD44100H's.

73 74 75 76 77 78 79 80 <« display position

1-line [00{01[02|03|04|05|06|07|08|09|0A|0B|0C|OD(OE|0F|10{11[12

13

48149|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
1-line 00 01 02 03 04 | e 26 27 «— DD RAM address
2-line 40 41 42 43 44 | rerrerrrrreniie 66 67

(a) When the number of display characters is less than 40 x 2
lines, the 2 lines from the head are displayed. Note that
the first line end address and the second line start address

1 2 3 4 5 6 7 8
1-line | 00 | o1 02 | 03 04 05 06 07
2dine | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47

are not consecutive. For example, when an HD44780 is
used, 8 characters x 2 lines are displayed as:

< display position

«— DD RAM address

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

01 02 | 03 | 04 | 05 | 06 | 07 | 08 27 | 00 | oO1 02 | 03 | 04 | 05 | 06
(Left shift display) (Right shift display)
41 42 | 43 | 44 | 45 | 46 | 47 | 48 67 | 40 | 41 42 | 43 44 45 46
(b) 16 character x 2 line are displayed when an HD44780 and
an HD44100H are used.
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 | OB | 0OC | OD | OE | 0F | «— DD RAM address
2-line | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

t———HD44780 display ——— ——— HD44100H display ——
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When display shift is performed, the DD RAM address moves
as follows:

01 | 02 | 03 | 04 | 05| 06 | 07 | 08 | 09 | OA | OB | OC | OD | OE | OF | 10
41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50
27 1 00| 01| 02| 03|04 05]|06] 07| 08|09 ]| 0A]|OB]|OC]|OD]|OE
67 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E

(c) The relation between
address when the number of display digits is increased
by using one HD44780 and two or more HD44100H's,
can be considered an extension of (b).

1-line

2-line

display position and DD RAM

1 2 3456 7 8 91011121314151617 18 19 20

(Left shift display)

(Right shift display)

Since the increase can be 8 digits x 2 lines for each ad-
ditional HD44100H, up to 40 digits x 2 lines can be dis-

played by connecting 4 HD44780's externally.

33 34 35 36 37 38 39 40 < display position

0001

02

03|04

05|06

07

08{09{0A|0B

0C

OD|OE|0F|10{11

12(13

2021

22|23

24

25(26

27

40|41

42

43]44

45146

47

48149(4A|4B

4C

4D|4E [4F| 50|51

52|53

6061

62|63

64

6566

67

— HD44780 display — — HD44100 (1)—— ‘—HD44100H (2)— “— HD44100H (4)—
(3) display

display

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

1-line

2-line

3-line

4-line

1-line

2-line

3-line

«—DD RAM address

Character NO. 123|456 7|8 ]9 ]10|11]12]13]|14|15]16
DD RAM address 00 | 01 | 02| 03| 04| 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 LM041L.
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 <« display position
00 | 01 | 02| 03|04 | 05| 06| 07| 08| 09| O0A|OB|OC|OD|OE|OF| « DDRAM address
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F
10| 1112|1314 |15|16|17 |18 |19 |1A|1B|1C|1ID|IE|IF
50 | 51 | 52 | 53 | 54 | 55|56 | 57| 58|59 |5A|5B|5C|5D]|SE|SF
(f) Display position and DD RAM address for LM044L.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 < display position
00| 01|02 03| 04|05/ 06| 07| 08| 09|0A|OB|OC|OD|OE|OF| 10| 11| 12| 13 |~ DD RAM address
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50 | 51 | 52 | 53
1415 16|17 18|19 |1A|1B|1C|ID|1E|1F| 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27
54 | 55| 56 | 57 | 58|59 | 5A|5B|5C|SD|SE|SF| 60|61 | 62| 63|64| 65| 66| 67

4-line

(Note)Shift display is as same as 2-line type.
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(5)

(6)

(7)
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Character generator ROM (CG ROM)

The character generator ROM generates 5 x 7 dot or 5 x
10 dot character patterns from 8-bit character codes.
It can generate 160 types of 6 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 the internal shift register, the
HD44780 drives the head display. The rest displays,
corresponding to latter addresses, are added with each

- additional HD44100H.

Cursor/Blink control circuit

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

When the address counter is (08);¢, a cursor position is:

AC6 AC5 AC4 AC3 AC2 ACl ACO
AC | 0| 0] o0 ]1 0] 01 o0
1 2 3 4 5 6 7 8 9 10 11 « display position
T
Ina 1-line displaY{ 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | 0A + DD RAM address
4

the cursor position)

8 9 10 11 — display position

1-line| 00 01 02 03 04 05
In a 2-line display

06

07 08 09

«— DD RAM address
0A

2-line| 40 41 42 43 44 45

46

47 4% 49 | 4A (

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 byt V0000010 (VUL {Ul0U[OI0L|OULTOfOLLIL JIOLO 10 TI00 P ETI0T LIl
4bit
CG '_.'ﬂ'r.""'{l'l'l. ‘s sess sss
s|s @ [ ssas e e s 8| e e
RAM ss 8 | sese s s ssees (s 8 8 sss (e s 8|8 &
xxxx0000 JHHE i
) (1T s s (1) . ws s | seee
-
—3TE e L]
: o8 e*"% | e *0088 | ees . s®
: : s o8 o b R H HE - P uee, s
(@) * : Sesed |20 2 (1] sese | ses s wens | 8 "B
xxxx00U] . o s |8 = [ s e 8 . H ssses H
[ [T a8 es » sees s | ses [} . sses sses
]
E ] Se6_ | sess_ | sees 0 11 O =
[ ] [ e s|8s 80w ° - s es . ane
(3) .* .-' En-n: E-:n. E-..= E.”n : .-E HH E -.u. :“' s....
( L)
Xxxx0u 1y sdess | 2ses” |3 e | 2uas’ :w H N o o .A E... ®ann
s
sases | 888 (L1]] ® L1l *
. e e [TIITY asses
sssse [] ] . ses (T1] e 8 | sssse ] ase
(4) . [ ese [] . . [ sssse L]
xxxx00] ] %" e 2|08 & HEY ) H .* : : .| %
(Y1) ses sess sen sese sss s . s wes
LU LI 1] ¥
S e o ®s (1) sse b seess (0 @ ses
Xxxxth}juo ) l: :. seese : E * E s | e E % * : I :
xxx il [1] sse .. . sssss E.-'= S
.
TR G000 | e888E | . [] = = (L]
s o | @ ] asses . L]
. sses s see s e seses s ssse (0 »
6) . (11 s e s |8 8 HH . ° . s s 8
xx<01u1 “a e I o8 R
(1] ses (111 (11 Y1) .s @ [} ssese (1] s
(1] L1 [11] ® . [ N sea8s
s ® . s s s | _ _ | esses | sssss (1] seses o -
(7) " HI (11 HE R 8 | senss HEH TTH " =
xxxxh] 1y =--- = : .- -. : ..I .- = = = : : -.
e o (11} . . . sesse | ssess | wene ssnse
.
(] SLLLl]] LLL] ¥ L1 =
] s|e o8 ssses | seses
. . [ . a = | sesss s | sssss sese | seses
(8) . s ese | @ . .’ | 080 . sl e o s s
wxaxt] || : = : H . . . e l. : = ==
s ssee L) [ . [} sses | o e
ess’
. s . e LI} . ] . s 8 sss (8@
VRN L s SR o B I O T L N O B A
Aax < x]Oun . s e s e . U} .o e . s e . . L)
[ ses s s sje » 1] (1) . [ (] . e
O [ eee A . . A .
. [ s o sees . .
H 2 %" "% |8 2 eeles|" 3 S8 || &
Xxxxx]00] (2) : : %* : ®aeed | 3°°°2 H s [ss @ s »
. ° . s ° g . . s s s
[ [ 11] . sse ase [ 1] [} ) T} sses
ass”
L] )
[ ] . ssene . s
(3) 00 o : * e *0°2° | sesen 2le |3 o " et e
cex 1010 o CE T I I I HHEHHSE G
x * se "ee’ HYPT R T aBsns | enBes | sessd [ & & | 3e H :
- '-.=
a8 O T e -
H H * H » : . °2%2" | Besss % ssses
(4) | **8"* | o ® : " R el .. Sees
xxxx1011 . . . H . s .s . . s
[} o | sss ] [ ] .8 (] s 8
. % o *e [ L] ssess | sssss s
ssese ] ] . S 88 s ste asses
(5) (7] “s ssses : e : o8 | 9.5." | Semes
Xxxxl1o0 «* % sssss : Y :° see’ e’ [} 4 HEH
LJ ]
[TITT) Y : [T : "% | o b li. .
sssss s ] [N . (L] . (] s
(6) sssss ] [ ] [ ] [] s | ses seses
xxxx1101 s |8 @ H 1 ) H . e
s_ 8 ] ssess (11} [T1] .
e » L e
'.- " % HS ll:=l see2 ...:= et H
xxxx1110 ™ M o ® HIH - '"i E HHH HEH
1 L] [] [] ases [1] L] L]
e %y | 2""%s ) (] e 8 | sssse m s e
a8 @ (T1] s 8 s | sse (1]
oo |o® 1L e SRR I S £
* . 'mL ssnes | "oue’ * T % ®aae

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: Character display modules (including LED backlight versions)

Higher
Lower bit| 00000010
4bit 3
CG
xxxx0000 R(A”M
]
.
:
xxxx0001 2) -
cee | | & |883 .2
3) s » . s sse| se
xxxx0010 { E * E .c‘ .-'-
4 . . e
xxxx001] 1 @ : S’
11
5) ..E.' . egess | 3 o esa
XxxxU]100 .'- llill : 3 g--'i := =:
xxxx0101
XXXxU1i10
xxxxt] ||l
s 0 e "eeed |
L sese | seees (8 8
(1) = ° o. = l- : E =" ®e o’
xxxx1000 *. ®| «"8% . - o’
) H . . s e
L] []
%s HEr e s (s &
. . .
Xxxx1001 (2) « o E HH E s
° N aes sees
.
[] L) H .
(3) “ade e "sld o sy | sege
xxxx1010 *°2" E E E.-' E “g“
A
: asess L
(4) II!-I 5 s -.- .i::.
xxxx1011 H e e H E
sssss .
ssass | seses
XxXxx]1100 (5) s -= : -=
. s s
. H
(6) sssss . . 'r .
xxxx]1101 [ -C l.l sssee
sas sese »
% *a slene | ae ®e bl
7 o | g, * % 5. ":i' sess 3 .* *® | % 2.
oot |7 St AL i
- s HE H
08| _aed LI
(RN} s ® . s o | sases
[ H H ses L1
XxXxx1111 (®) o o E H g i e i AR '= - !."!
[ s _a H . 0 .
[] 208 eesss | sss se [ L] ] __| wes

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:

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 —
‘0 0 0 X X %x'1 1 1 1 ¢
100 1 T i1 00 01
01 0 i1.0 0 0 1
0 1 1 , 1 1 1 0 Character
00 0 0 X 0 0 0 0 0 0. ! Pattern
1.0 0 1.0 1 0 0 Example (1)
‘10 1 ‘1.0 0 0
1100 v 31 00 0 1
1 1 1 X X0 0 0 0 0 « Cursor
: : Position
0 0 O X xt1 0 0 0 1
10 0 1 M o1 01 o
‘001 0 Bl 1
01 1 : 00 1 0 0 Character
00 00 x 0 01 0 0 1. | Pattern
1 0 0 g 1 Example (2)
‘10 1 00 1 0 0
‘11 0 ! o0 100
111 X X Xi0 0 0 0 0
1000 0 X X ki
00000 x 1 11 [ —
1.0 0 X No effect
10 1
‘11 0
111

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

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

logical OR by the cursor.
Maintain the 8th line data, corresponding to the cursor display position, in the ‘“0” state for cursor display. When the 8th line data is
“1”, bit 1 lights up regardless of cursor existence.

: 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
3
4
5
128

Character Codes / CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 5 4 3 2 1 0 /15 4 3 2 1 0 7 6 5 4 3 2 1 0
< Higher Lower— /| < Higher Lower— < Higher Lower —
100 00 X X Xi0 0 0 0 0
{00 01 {0 0 0 0 0
{00 10 %',1,‘0110
0 o 11 Ell 0 0. Character
‘001 0 0 {1 0 0 0 1| Pattern
0000 x0 0 x| 0 0i0 1 0 1 i1 0 0 o 1| FExample
0011 0 o
go 111 gl 0000
‘1.0 0 0 i1 0000
. €
‘10 0 1 {1 .0 0 00
_____________________________________________ (10 1 0f x x xio 0 0 0 o] < B,
‘1 0 1 1 X XX X X X X
‘110 0
P11 0 1 J l
‘111 0 :
1111 X Xix X X X X
00 0 0 X K X
| {0001 T _
000 0 x 1 1 x 1 1:1 0 0 1] 7 :
‘101 0 X X x|
"""""""""""""""""""""""""" 1011 xxxxxxxx
i1 1.0 0/ 1
‘11 0 1 X No effect
i1 11 0 J j
P11 011 X X XIX X X K 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” for CG RAM data corresponds to selection for display and ‘‘0” for non-selection.
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