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1.Module Classification Information

WG 128128 BeT
® @ ® ®@ 00

® Type
@ Display Typee He Character Type, G* Graphic Type
® Display Fonte 128 * 128

@ Model serials no.

® Backlight Typee Ne Without backlight Te LED, White
Be EL, Blue green A+ LED, Amber
De EL, Green Re LED, Red
We EL, White Oe¢ LED, Orange
Fe CCFL, White Ge LED, Green
Ye LED, Yellow Green

® LCD Mode- Be TN Positive, Gray Te FSTN Negative
Ne TN Negative,

Ge STN Positive, Gray
Ye STN Positive, Yellow Green
Me STN Negative, Blue

Fe FSTN Positive
@ LCD Polarizer Type/ Ae Reflective, N.T, 6:00 He Transflective, W.T,6:00
Temperature range/ . pofiective, N.T, 12:00 Ke Transflective, W.T,12:00
View direction
Ge Reflective, W. T, 6:00 Ce Transmissive, N.T,6:00
Je Reflective, W. T, 12:00 Fe Transmissive, N.T,12:00
Be Transflective, N.T,6:00 Ie Transmissive, W. T, 6:00

Ee Transflective, N.T.12:00 Le Transmissive, W.T,12:00
Special Code VX : Build in negative voltage & PIN
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2.Precautions in use of LCD Modules

(1)Avoid applying excessive shocks to the module or making any alterations or modifications to it.

(2)Don’t make extra holes on the printed circuit board, modify its shape or change the components of LCD
module.

(3)Don’t disassemble the LCM.

(4)Don’t operate it above the absolute maximum rating.

(5)Don’t drop, bend or twist LCM.

(6)Soldering: only to the I/O terminals.

(7)Storage: please storage in anti-static electricity container and clean environment.

3.General Specification

ITEM STANDARD VALUE UNIT
Number of Dots 128 x128
Module dimension 72.5%69.9%10.0(MAX) mm
View area 50.0%49.0 mm
Active area 44.77x44.77 mm
Dot size 0.32x0.32 mm
Dot pitch 0.35%0.35 mm
LCD type STN, transmissive ,Blue Negative
Duty 1/128
View direction 6 o’clock
Backlight LED, WHITE
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4. Absolute Maximum Ratings

ITEM SYMBOL MIN. | TYP. | MAX. | UNIT
Operating Temperature Top 0 . +50 .
Storage Temperature Tsr -20 . +60 .
Input Voltage Vi Vss . Vb \
Supply Voltage For Logic Vce-Vss -0.3 . +7 \Y
Supply Voltage For LCD Vcee-VEeE 0 . 28 Vv
5.Electrical Characteristics
ITEM SYMBOL CONII\I)ITIO MIN. | TYP. | MAX. | UNIT
Supply Voltage For Logic Vbp-Vss . 4.5 . 5.5 \Y
Ta=-20¢ . 18.4 A%
Supply Voltage For LCD Vbp-Vo Ta=25¢ . 16.9 . \"
Ta=70e 15.4 . \Y
Input High Volt. Vin . 2.2 . Vbb Vv
Input Low Volt. Vi . 0 . 0.8 A/
Output High Volt. Vou . 2.4 . Vob Vv
Output Low Volt. VoL . 0 . 04 A/
Supply Current Ipp Vop=5V . 34 38 mA
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6.0Optical Characteristics

Item Symbol Condition Min Typ Max Unit

(V)e CRe2 10 . 105 deg
View Angle

(H)e CRe 2 -30 . 30 deg
Contrast Ratio CR . . 3 . .

T rise . . 200 300 ms
Response Time

T fall . . 200 300 ms

6.1 Definitions
* View Angles * Contrast Ratio
Z (Visual angle direction) _ Brightness at selected state ( BS )
0 ~ Brightness at non-selected state ( Bns )

N/ Selected state

\
Non-selected state
LCD
\ g

AN W A _
} \gv/( {an

Brightness ( %)

— Operating voltage for LCD driving

( Best visual angle direction )
* Response Time
Nonselected Condition Selected Condition _ Nonselected Condition
A
A 90,

5 =
e g 10 %
& | N

B tr o B td o

Rise Time Decay Time ( fall time tf')
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7.Power Supply for LCD Module and Conirast Adjust

Vce
Vo
LCD
MODULE
VSS
Vee

17

16

10 KQ

5V

14
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8.Interface Description

Pin No. | Symbol | Level Description

1 DBO H/L |Data bus line

2 DB1 H/L |Data bus line

3 DB2 H/L |Data bus line

4 DB3 H/L |Data bus line

5 DB4 H/L |Data bus line

6 DB5 H/L |Data bus line

7 DB6 H/L |Data bus line

8 DB7 H/L |Data bus line

9 RS H/L |H: Instruction, L : Data
10 R/TV H/L |H:read, L : write

11 E H/L |Enable

12 cs L Chip enable active “ L “
13 RESET L Reset active “ L “

14 Vee Negative voltage output
15 vdd Power supply for logic circuit
16 Vss Ground

17 Vo Power supply for LCD
18  |DISPOFF| H/L |H:on,L:off

19 LED( +) LED +
20 LED(-) LED-
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92.Contour Drawing &Block Diagram

725405 PINNO.| SYMBOL
2.5 674 1 DB0
3.6 65.2
= 1L1 50.0(VA) 10.0ma 2 DBl
wlal  d]1372 4ATIAA) 6.0 3 | DBR2
b .H.il-z 4 | DB3
% 4 B | 5 DB4
< P 6 DBS5
I 7 DB6
8 DB7
= ! ! 9 RS
3 ol <>: é | 128*128 dots | 10 RW
T |=
IR \ [ 11 E
@ —
=+ |3 : t 12 CS
13 RES
[ 4025 14 Vee
L5 15 Vdd
o 2 e 4 == 16 | Vss
14702 P20*19%380 | 17 Vo
< 18 | DISPOFF
20-g1.0PTH 19 LED(+)
20-¢1.5PAD T?D()
0.35
0.32 The non-specified tolerance of dimension is =0.3mm.
ale
pips
DOT SIZE
SCALE=20/1
r—— = -1
RS 1 FLM 5 }
RW p LCT81 et g LED B/L Drive Method
MPU E ; Controller | MB g j/ } rive Metho
cs \ - £l \
80 series s T CL2 S g | Selected J1,J2
68 series RESET t L D—ca |
DISPOFF } ke 128X128 DOT } 1. Drive from Vdd,Vss
DB0~DB7 2 I
| IS |
e 7 b | Lo,
g BjZ K
| [address Data w = % |
} 8K % = TTKSOO 6T TTKSOO 6T } = LCM
| SRAM [ i’ Segl-80 Scg81~128 | (Contrast performance may go down.)
| z Seg Driver Seg Driver |
| 4 |
= > T q\ T |
3 \
VR &
10K~20K 2% }
g2 |
J15V~-20V A~ Vdd.V2.V3.V5 |
|
|
Optional }
- - - _

External contrast adjustment.
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10.Display control instruction

The LCM has built-in a LC7981 LSI Controller, it stores display data sent from the 8 bit
microcomputer in the display RAM attached externally and generates dot matrix LC drive signal.
The LC7981 has two modes-the graphic mode, in which each bit of data from the external RAM
either lights or doesn’t light a dot in the LCD, and the character mode in which character codes
stored in the external RAM generate dot patterns through the built-in character-generator ROM
(CGROM)

below is its block diagram

Description of each block

* Register

The LC7981 has 5 types of registers-the instruction register, data input register, data output register,
dot register, and mode control register.

The instruction register stores such instruction codes as the start address, cursor address specification,
etc. It consists of 4 bits, and the lower 4 bits of the data bus, DB0 to DB3, are written into it.

The data input register temporarily stores data to be written into the external RAM, dot register, and
mode control register. It consists of 8 bits.

The data output register temporarily stores data to be read from external RAM, and consists of 8 bits.
What the cursor address is written into the cursor address counter via the data input register and the
memory read instruction is set in the instruction register, data in external RAM is read into the data
output register by internal operation. With the next instruction, the MPU reads the data output
register, and completes data transfer to the MPU.

The dot register stores dot information such as the character pitch, the number of vertical dots, etc.
Data sent from the MPU is written into the dot register via the data input register.

The mode control register stores LCD status information such as display on/off and cursor
on/off/blink. It consists of 6 bits. Data sent from the MPU is written into this register via the data
input register.

* Busy flag

When the Busy flag is “17, the LC7981 is operating internally. At this time, the next instruction
cannot be accepted. The Busy flag is output to DB7 when RS=1, RW=1. The next instruction must
be written after ensuring that the Busy flag is “0”. When the maximum value of the read cycle time
or write cycle time has been passed after the execution of the preceding data read instruction or data
write instruction, the next instruction can be executed without checking the Busy flag.

* Character generator ROM

The character generator ROM has a total of 7360 bits and stores data on 192 kinds of characters.
Character codes from the external RAM and row codes from the row address counter are added to
address signals, and ROM outputs 5-bit dot data.

There are 192 kinds of character fonts, of which 160 are 5x7 and 32 are 5x11. With extended ROM.
character fonts can be increased to 256 kinds sized 8x16.

* Cursor address counter

The cursor address counter is a 16-bit counter which can be preset by instruction.. When data is read

from or written into external RAM (i. e., read/write of display dot data or character codes), the
L] 9 o0 0 24 L]



counter retains the addresses. The value indicated on the cursor address counter is automatically
incremented by 1 when instructions to read/write display data and to perform bit set/clear are issued.
* Cursor signal generator

In the character mode, the cursor can be displayed by means of instructions. The cursor is generated
automatically when the cursor address counter and the row address counter reach the specified value.
* Display control instruction

Display is controlled by writing data into the instruction register and 13 data registers. The
instruction register and the data register are distinguished by the RS signal. First, write 4-bit data in
the instruction register when RS=1, then specify the code of the data register. Next, with RS=0, write
8-bit data in the data register, which executes the specified instruction.

A new instruction cannot be accepted while an old instruction is being executed. As the Busy flag is
set under this condition, write an instruction only after reading the Busy flag and making sure that it
is 0.

However, the next instruction can be executed without checking the Busy flag when the maximum
read cycle time or the write cycle time has been exceeded after execution of the previous data read
instruction or the data write instruction. The Busy flag does not change when data is written into the
instruction register (RS=1). Therefore, the Busy flag need not be checked immediately after writing
data into the instruction register.
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1)Mode control

Write code “O0H” (in hexadecimal notation) in the instruction register and specify the mode

control register.

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction Reg. 0 1 0 0 0 0 0 0 0 0
Mode control Reg. 0 0 0 0 MODE Data

hic/charact
DB5 | DB4 | DB3 | DB2 | DB1 | DBO|  Cursorblink | cg |Craphic/character
display
0 0 Cursor OFF o
0 1 Cursor ON lﬁ)
0 |Cursor OFF B0
1 0 ) =
character blink 5
1 1 C blink
0 Hrser Character display
1/0 1/0 0 0 Cursor OFF o
0 1 Cursor ON O
) 0 1 |Cursor OFF E
(]
character blink 5
1 1 Cursor blink
0 0 1 0 Graphic mode
= o)
[ % = ©
e = — g =2
= Q| & o S o | EC
>l 2 = & B |8 =
24 S = = = = B
Ao = m O > | d M

1:Master mode

0:slave mode

1:display ON
—> T
0:display OFF

° 11 L) 24.



2)Setting the character pitch

Register R/W| RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBI | DBO
Instruction Reg. 0 1 0 0 0 0 0 0 0 1
Character pitch Reg.| 0 0 (Vp-1) Binary 0 (Hp-1) Binary

Vp is the number of vertical dots per character. Determine Vp with the pitch between two vertically placed
characters taken into consideration. This value is meaningful only in the character display mode: It is invalid

in the graphic mode.

In character mode. Hp indicates the number of horizontal dots per character, from the leftmost part of one
character to the leftmost part of the next. In the graphic mode, Hp indicates how many bits (or dots) from

RAM appear in a 1-byte display.

Hp must take one of the following three values.

Hp | DB2 | DB1 | DBO

6 1 0 1 |Horizontal character pitch 6

7 1 1 0 |Horizontal character pitch 7

8 1 1 1 |Horizontal character pitch 8

3)Setting the number of characters

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0O
Instruction Reg. 0 1 0 0 0 0 0 0 1 0
Character number Reg. | 0 0 (Hn-1) Binary

in the character display mode, Hy indicates the number of characters in the horizontal direction. In the
graphic mode, it indicates the number of bytes in the horizontal direction. The total number of dots

positioned horizontally on the screen n is given by the formula
n= HpxHy

Even numbers in the range 2 to 256 (decimal) can be set as Hx.

° 12 L) 24.



4)Setting the time division number (display duty)

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0O
Instruction Reg. 0 1 0 0 0 0 0 0 1 1
Time division Reg. | 0 0 (Nx-1) Binary
Consequently, 1/Nx is the display duty.

Decimal numbers with the range 1 to 256 can be set as Nx. please set Nx=64
5)Setting the cursor position

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0
Instruction Reg. 0 1 0 0 0 0 0 1 0 0
Cursor position Reg. 0 0 0 0 0 0 (Cp-1) Binary

In the character display mode, Cp indicates the line at which the cursor is displayed.

Cp=8 (decimal) is specified, the cursor is displayed beneath the character of the 5x7 dot-font.

For example, when

The

horizontal length of the cursor equals Hp (the horizontal character pitch). Decimal values in the range 1 to 16

can be assigned to Cp.

is given to the cursor (provided the cursor display is ON).

The horizontal length of the cursor equals Hp.

6)Setting the display start lower address

When the value is less than the vertical character pitch Vp(Cpe Vp), display priority

The cursor is not displayed when CP> Vp.

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction Reg. 0 1 0 0 0 0 1 0 0 0
Display start address )

0 0 (start address lower byte) binary
Reg. (lower byte)
7)Setting the display start upper address

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction Reg. 0 1 0 0 0 0 1 0 0 1
Display start address )

0 0 (start address upper byte) binary

Reg. (upper byte)

This instruction writes the display start value in the display start address register.

° 13 L) 24.
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address inn the RAM address at which data to be displayed at the leftmost position of the top line of
the screen is stored. The start address consists of 16 bits (upper and lower).

8)Setting the cursor (lower) address (RAM read/write lower address)

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction Reg. 0 1 0 0 0 0 1 0 1 0
Cursor address )

0 0 (cursor address lower byte) binary
counter (lower byte)

9)Setting the cursor (upper) address (RAM read/write upper address)

Register R/W| RS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DB0
Instruction Reg. 0 1 0 0 0 0 1 0 1 1
Cursor address )

0 0 (cursor address upper byte) binary
counter (upper byte)

This instruction writes the cursor address value in the cursor address counter.  The cursor address indicates
the address for exchanging display data and character codes with RAM. In other words, data at the address
specified by the cursor address is read from or written into RAM. In character display, the cursor is

displayed at the position specified by the cursor address.

The cursor address is divided into a lower address (8 bits) and an upper address (8 bits). It should be set in

accordance with the following rules.

To rewrite (set) both lower and upper|
1 First set the lower address, then the upper.
addresses.

) Always reset the upper address after
2 | To rewrite the lower address: ]
setting the lower address.

) Set the upper address. It is necessary to
3 | To rewrite the upper address only:

reset the lower address.

The cursor address counter is a 16-bit up-counter with set/reset functions: when the Nth bit goes from 1 to 0,
the count of the (N+1)th bit increments by one. Accordingly, when the lower address is set so that the
lower MSB (8th bit) changes from 1 to 0, the LSB (1st bit) of the upper counter must increment by one.

When setting the cursor address, set the lower and upper addresses as a 2-byte continuous instruction.
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10)Writing display data

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0
Instruction Reg. 0 1 0 0 0 0 1 1 0 0
RAM 0 0 MSB (pattern data, character code) LSB

Write code “ODH” in the instruction register. Then, write 8-bit data with RS=0, and the data is written into
RAM as display data or character codes at the address specified by the cursor address counter. After

writing, the count of the cursor address counter increments by 1.

11)Reading display data

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0
Instruction Reg. 0 1 0 0 0 0 1 1 0 1
RAM 1 0 MSB (pattern data, character code) LSB

Write “OCH” in the instruction register. Then, establish the read status with RS=0, and data in the RAM

can be read. The procedure for reading data is as follows.

This instruction outputs the contents of the data output register to DBO to 7, then transfers the RAM data
indicated by the cursor address to the data output register. It then increments the cursor address by 1, which
means that correct data cannot be read in the first read operation. The specified value is output in the
second read operation.  Accordingly, a dummy read operation must be performed once when reading data

after setting the cursor address.

12)Bit clear

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0O
Instruction Reg. 0 1 0 0 0 0 1 1 1 0
Bit clear 0 0 0 0 0 0 0 (Np-1) Binary
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13)Bit set

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0
Instruction Reg 0 1 0 0 0 0 1 1 1 1
Bit set 0 0 0 0 0 0 0 (Np-1) Binary

As the bit-clear or bit-set instruction, 1 bit of a 1 byte of data in display RAM is set to 0 or 1. The bit
specified by Ny is set to 0 for the bit-clear instruction and 1 for the bit-set instruction. The RAM address is
specified by the cursor address, which is automatically incremented by 1 at the completion of the instruction.

NB is a value in the range from 1 to 8. The LSB is indicated by Ng=1, and the MSB by Nz=8.

14)Reading the BUSY flag
Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0
busy flag 1 1 1/0 *

The Busy flag is output to DB7 when read mode is established with RS=1. The Busy flag is set to 1 while
any of the instructions 1) through 13) is being executed. It is set to 0 at the completion of the execution,
allowing the next instruction to be accepted. No other instruction can be accepted when the Busy flag is 1.
Accordingly, before writing an instruction and data, it is necessary to ensure that the Busy flag is 0.
However, the next instruction can be executed without checking the Busy flag when the maximum read cycle
time or the write cycle time has been exceeded after execution of the previous data read instruction or the

data write instruction.

The Busy flag does not change when data is written into the instruction register (RS=1). Therefore, the

Busy flag need not be checked immediately after writing data into the instruction register.

Specification of the instruction register is unnecessary to read the Busy flag.
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The relation between the LCD panel display and Hp, Hy, Cp, Vp, and Nx
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Hw (digits)

Symbol Description Contents Value
Hp |Horizontal character pitch |[Character pitch in the horizontal direction 6 to 8 dots

Number of characters 1
Hy
the horizontal direction

n

Number of characters (digits) per horizontal

line or the number of words per line (graphic)

Even digits in
the range 2 to
256

Vp | Vertical character pitch

character pitch in the vertical direction

1 to 16 dots

Cp |Cursor position

displayed

The line number at which the cursor is to be

1 to 16 lines

Nx

vertical direction

Number of lines in the

Display duty

1 to 256 lines

Note)

When the number of vertical dots on the screen is m and that of horizontal dots is n,

1/m= 1/Nx= display duty (n
n= HpxHy

x=64)

m/Vp= number of display lines, Cp* Vp
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Display mode
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11.Timing Characteristics

Read cycle

R/W,CS,RS

tDDR

DBO ~ DB7
Write cycle
E v N
tAS tAH
R/W,CS,RS r ﬁ
\ tDSW | _tDHW
DB0 ~ DB7 ’
(Vss=0V,VDD=5V)
Item Symbol Min Typ Max Unit

Address set-up time tAS 90 . . ns
Address hold time tAH 10 . . ns
Data delay time ( read ) tDDR . . 140 ns
Data hold time ( read ) tDHR 10 . . ns
Data set-up time ( write ) tDSW 220 . . ns
Data hold time ( write ) tDHW 20 . . ns

Note : Definition of the test waveform

24
0.45

1.5 <=— Measurement point — = 1.5

The input terminals are driven at 2.4V and 0.45V. Timming is measured at 1.5V.




12.Quality Assurance

Screen Cosmetic Criteria

Item Defect Judgment Criterion Partition
A)Clear
Size: d mm Acceptable Qty in active area
d «0.1 Disregard
0.1<d* 0.2 6
0.2<d* 0.3 2
0.3<d 0
1 Spots Note: Including pin hole§ apd defeqtive QOts which must Minor
be within one pixel size.
B)Unclear
Size: d mm Acceptable Qty in active area
d <02 Disregard
0.2<d* 0.5 6
0.5<de 0.7 2
0.7<d 0
Size: d mm Acceptable Oty in active area
d=0.3 Disregard
2 Bubbles in Polarize 0.3<d* 1.0 3 Minor
1.0<de 1.5 1
1.5<d 0
In accordance with spots cosmetic criteria. When the light
3 Scratch reflects on the panel surface, the scratches are not to be Minor
remarkable.
4 Allowable Density Above defects should be sgglaerrated more than 30mm each Minor
Not to be noticeable coloration in the viewing area of the
. LCD panels. .
> Coloration Back-light type should be judged with back-light on state Minor
only.
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13.Reliability

Content of Reliability Test

Environmental Test

Test Item Content of Test Test Condition Applicable
Standard
High . .
Endurance test applying the high storage 60e
Temperature . -
temperature for a long time. 200hrs
storage
Low . .
Endurance test applying the high storage  |-20
Temperature f
temperature for a long time. 200hrs
storage
High Endurance test applying the electric stress 500
Temperature (Voltage & Current) and the thermal stress —
. . 200hrs
Operation to the element for a long time.
Low Endurance test applying the electric stress  |0e
Temperature . -
. under low temperature for a long time. 200hrs
Operation
High . .
oo (e s el oo oo -~
Humidity pel g ty storag 96hrs
long time.
Storage
High Endurance test applying the electric stress
Temperature/  |(Voltage & Current) and temperature / 60+ ,90%RH
Humidity humidity stress to the element for a long 96hrs
Operation time.
Endurance test applying the low and high
temperature cycle.
Temperature -20e 25° §O' -20e /60e
Cycle > 10 cycles
30min Smin 30min
1 cycle

Mechanical Test

Vibration test

Endurance test applying the vibration
during transportation and using.

10~22Hze 1.5mmp-p
22~500Hz* 1.5G
Total 0.5hrs

Constructional and mechanical endurance

50G Half sign
wave 11 msedc

Shock test test applylr}g the shock during 3 times of cach —
transportation. . .
direction
Atmospheric Endurance test applying the atmospheric 115mbar
pressure test pressure during transportation by air. 40hrs

Others

Static electricity

test

Endurance test applying the electric stress to
the terminal.

VS=800V,RS=1.5ke
CS=100pF
1 time

***Supply voltage for logic system=5V. Supply voltage for LCD system =Operating voltage at 25¢

° 22 L)
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14.Backlight Information

Specification
PARAMETER SYMBOL MIN |TYP MAX |UNIT |TEST CONDITION
Supply Current (ILED . 80 mA V=3.2V
Supply Voltage |V . 3.2 3.5 \4 .
Reverse Voltage |VR . . 5 \% .
Luminous )
v 30 40 . CD/M” |ILED=80mA
Intensity
X=0.30
Wave Length °p nm ILED=80mA
Y=0.31
Life Time . . 100000 |- Hr. Ve 3.5V
Color WHITE
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