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TOPWAY LCD Module User Manual LM9033A
1. Basic Specifications
1.1 Display Specifications
1) LCD Display Mode : FSTN, Positive, Transflective
2) Display Color : Display Data = “1” : Dark Gray (*1)
: Display Data = “0” : Light Gray (*2)
3) Viewing Angle :6H
4) Driving Method : 1/96 duty, 1/10bias
5) Back Light : White LED backlight
Note:
*1. Color tone may slightly change by Temperature and Driving Condition.
*2. The Color is defined as the inactive / background color
1.2 Mechanical Specifications
1) Outline Dimension :63.8 x47.4 x 7.3MAX
(see attached Outline Drawing for details)
1.3 Block Diagram
BLA LED
— Backlight Circuit
LCD Panel c|0|v|111
128 x 96 pixels COM16
VDD ——— N o
VSS —e— o — 9
i o

RS, WR(R/W), /RD(E)
/RST, /ICS
DB0~DBS5, DB6(SCLK), DB7(SID)

S6B0741 or equivalent
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1.4 Terminal Functions
Pin No. Descriptions
Pin 8-bit parallel 8-bit parallel 4-pin SPI 3-pin SPI
K1,K2| K3 | Name /0 |8080 mode 6800 mode mode mode
1 1 ICS Input |Chip Select
/CS=L, enable access to the LCD module
/CS=H, disable access to the LCD module
2 2 | /RST | Input |Resetsignal
/RST =L, Initialization is executed
/RST = H, Normal running.
3 3 RS Input |Register Select Not use,
RS = H, Transferring the Display RAM data leave open
RS =L, Transferring the Instruction data or pull Hi
4 - /IWR Input [/WR=L->H, /RD=H; |R/W =H, E=L; Not used,
(R/W) Data or Instruction Data or Status leave open or pull Hi
latch into the LCD read form the LCD
module module
5 - /RD Input |/WR=H, /RD=L; Not used,
(E) Data or Status R/W=L, E= H>L; leave open or pull Hi
read form the LCD | Data or Instruction
module latch into the LCD
module
6 - DBO /O | 8-bit Data bus; Not used,
: - : : Three state I/O terminal for display data or ||eave open
11 _ DB5 110 instruction data
12 4 SDCE;_GK | /O |\When /CS=H, Serial Clock Input
( )| (Input) | pRO~pB7= High Impedance ,
13 5 DB7 /10 Serial Data Input
(SID) | (Input)
14 6 VDD | Power |Positive Power Supply
15 7 VSS Power |Negative Power Supply, Ground (0V)
16 8 BLA | Power |Positive Power for LED backlight
1.5 Jumper Functions
Jumper Setting
JP1 JP2 JP3 JP4 | Function Descriptions
OPEN | CLOSE | CLOSE | OPEN | 8080 mode | Setto 8080 mode (8-bit parallel)
CLOSE | CLOSE | OPEN | OPEN | 6800 mode | Set to 6800 interface mode (8-bit parallel)
CLOSE | OPEN | OPEN | CLOSE | 4pin SPI Set to 4-pin SPI mode (serial) <default setting>
OPEN | OPEN | CLOSE | CLOSE | 3pin SPI Set to 3-pin SPI mode (serial)
U @@@@@@@@@@@@@@@@MU
™
JU
4Pin Ser‘iulﬂ\‘]pl )
6800 mode ——AD—AD
3Pin serial ——aD—
8080 mode P3S4
O O

Back side of the LCD module
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2. Absolute Maximum Ratings

Items Symbol Min. Max. Unit | Condition
Supply Voltage Vob 0 3.4 \Y Vss = 0V
Operating Temperature Top -20 70 °C No Condensation
Storage Temperature Tst -30 80 °C No Condensation

Cautions:

Any Stresses exceeding the Absolute Maximum Ratings may cause substantial damage to the device. Functional
operation of this device at other conditions beyond those listed in the specification is not implied and prolonged exposure
to extreme conditions may affect device reliability.

3. Electrical Characteristics

3.1 DC Characteristics

VgS=OV, VDD =3.3V, Top =25°C
Items Symbol | MIN. TYP. MAX. Unit | Applicable Pin
Operating Voltage Vbp 3.0 - 3.4 \Y VDD
Input High Voltage ViH 0.8Vpp - Vb \Y% /CS, IRST, RS, /IWR(R/W),
Input Low Voltage Vi Vss - 0.2Vpp \% /RD(E), DB0-DBS5,

DB6(SCLK), DB7(SID)

Output High Voltage Vou 0.8Vpp - Voo V DBO-DB7
(IOH=-0.4mA)
Output Low Voltage VoL Vss - 0.2Vpp \Y
(lo,.=+0.4mA)
Operating Current Ibp - 1.3 7.5 mA | VDD
3.2 LED Backlight Circuit Characteristics

VSS=0V, |fB|_A=40mA, Top=25oC
Items Symbol MIN. TYP. MAX. Unit | Applicable Pin
Forward Voltage VfgLa - 3.3 - V BLA
Forward Current IfaLA - - 80 mA | BLA

Cautions:

Exceeding the recommended driving current could cause substantial damage to the backlight and shorten its lifetime.

BLA

VSS

1]

______________________________________
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3.3 AC Characteristics

3.3.1 8080 Interface
VSS=0V, VDD =3.3V, Top =25°C
Item Symbol MIN. TYP. MAX. Unit
Address Setup Time tas80 5 - - ns
Address Hold Time tah80 5 - - ns
System Cycle Time (write) tcy80 125 - - ns
System Cycle Time (read) tcy80 210 - - ns
Pulse Width High tpwh 50 - - ns
Pulse Width Low tpwil 50 - - ns
Data Setup Time tds80 40 - - ns
Data Hold Time tdh80 7 - - ns
Read Access Time tacc80 19 - - ns
Output Disable Time tod80 - - 63 ns
note: signal rise time and fall time should less than 12ns
RS X X
t0580—=—~] ~—=—tah80
tcy80
tpwl
/RD, /WR, /CS \ / \
tpwh
[=—10ds80—= [=—={—1dh80
DR0-RE} X X
<—‘cocc80<—| <—‘cool80+|
_ 7/ N\
7
o ¢ )

8080 Interface Timing Diagram
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3.3.2 6800 Interface

Vss=0V, Vpp =3.3V, Top =25°C

Item Symbol MIN. TYP. MAX. Unit
Address Setup Time tas68 5 - - ns
Address Hold Time tah68 5 - - ns
System Cycle Time (write) tcy68 125 - - ns
System Cycle Time (read) tcy68 210 - - ns
Enable Width High tewh 50 - - ns
Enable Width Low tewl 50 - - ns
Data Setup Time tds68 40 - - ns
Data Hold Time tdh68 7 - - ns
Read Access Time tacc68 19 - - ns
Output Disable Time tod68 - - 63 ns
note: signal rise time and fall time should less than 12ns
RS, R/W X X
tas68——] i ~—=—1tah68
1cy6|8
/CS \ \
~—tewh——
tewt
e ] / /
tewh—
[=—tds68—= |=—=t+—tdh68
D30-DB? X X
<—tacc68—-| <—t0d68—|
DBO-DB7 { 3
(read) L /

6800 Interface Timing Diagram
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3.3.3 Serial Interface

Vss=0V, Vpp =3.3V, Top =25°C

Item Symbol MIN. TYP. MAX. Unit
Serial Clock Cycle tcys 80 - - ns
SCLK Pulse Width High twhs 38 - - ns
SCLK Pulse Width Low twls 38 - - ns
Address Setup Time tass 40 - - ns
Address Hold Time tahs 40 - - ns
Data Setup Time tdss 40 - - ns
Data Hold Time tdhs 40 - - ns
/CS Setup Time tcss 40 - - ns
/CS Hold Time tchs 0.6tcys - - ns
note: signal rise time and fall time should less than 12ns
{css [—tchg——
/CS \ /
tass tahs—l
RS X
tcys
twls ~—twhs
SCLK \ / \
toss ~—tdhs—

SID —i

Serial Interface Timing Diagram

3.3.4 Reset Input

}—

Vss=0V, Vpp =3.3V, Top =25°C

/RST

Internal Status

Item Symbol MIN. TYP. MAX. Unit

Reset Low Pulse Width trw 1200 - - ns

Reset Time tr - - 1200 ns
Tr—]

4,

v

X Internal Resetting Process

Normal Running
Reset Completed

Reset Timing Diagram
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4. Function Specifications

4.1 Resetting the LCD module

The LCD module should be initialized by setting /RST terminal at low level after the power supply
stable.

4.2 Serial Interface

In serial mode, only write operation is available.
There are two type of serial interface

- 4-pin SPI mode

- 3-pin SPI mode

4.2.1 4-pin SPI Mode

In this mode, host transferring the command and display data by 4 wires only.
/ICS, Enable the data transaction and init/reset the serial shift register and counter
RS, Address the transferred data as command or display data

SID, Serial data stream, D7 first, DO last
SCLK, Serial clock, rising edge trigger

/CS_\
= X X
S 070 (73 (19,0 00 (2 4TV (1) 4 U3 0

4-pin Serial Mode Timing Diagram

4.2.2 3-pin SPI Mode
In this mode, host transferring the command and display data by 3 wires only.

/ICS, Enable the data transaction and init/reset the serial shift register and counter
SID, Serial data stream, D7 first, DO last
SCLK, Serial clock, rising edge trigger

Basically, the 3pin SPI serial stream is transferring command only.

For the display data, it is necessary to use the “Data Direction + Display Data Length” command
(two byte command) to address the display data.

/CS_\ } /_
sw__X_Page X_ MSB X L[SB X_ DDC XNowof DateX_Ist Byfe X_ X lostbyte}
i

r
|

i

siv XD7XDEXDSXD4XD3XD2XDIXDO)
(expended view) | |
i |

| ]

SCLK || f | f | f | f | f | f f 1 |
(expended view) : 1

3-pin SPI Timing Diagram
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4.3 Display Memory Map
Page

Address Data LCD Module Top View
DO
0 :
D7
DO
1 :
D7
DO
2 :
D7

128x96 pixels
DO
9 :
D7
DO
10 :
D7
DO
11 :
D7
Y7

Column : 00h | 01h | 02h 7Dh | 7Eh | 7Fh
Address Y1
vo |ol1]o]1]0]1 0[1]/o0]1]0]1
Internal Display RAM Address

Note:

Display start line = 0, COMO Register=16, Duty Ratio = 1/96, ADC=1, SHL=1

Only the upper 7bit (Y7:Y1) could be accessed by Column Address instruction, and the instruction
will set the YO to “0”.

The 4-Gray Level are controlled by the combination of two bits in two adjacent byte of Internal
Display RAM Address (same Column Address). Please see the following diagram for example.

Internal Display RAM Address

Column Address

Since the internal display RAM address counter is increased by 1, at each read or write data

instruction. The microprocessor could access the display data continuously.
Note, the Column address counter is independent of page address register.

hex Y7 | Y6 | Y5|Y4|Y3|Y2|Y1]|YO

00 0 0 0 0 0 0 0 0

: : : : : : : : : Data bit Value

2n : : : : : : : 0 0 0 1
2n+1 : : : : : : : 1 0 1 0

FF 1T 11111171

00 olo|o|Jo]o]|O0O]oO

n : : ; : ; : 0% | 30% 100% s
: : : : : : : : Column Dot Gray Level
7F 1 1 1 1 1 1 1

hex Y7 Y6 | Y5 Y4 Y3 Y2 | Y1
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4.4 Instructions
Code
n s ~ VYT ONT O
HEIEE T
Instructions Descriptions
read Display Data |1 |1 Display RAM Data Read data form DDRAM
write Display Data |10 Display RAM Data write data into DDRAM
read the internal status
- BUSY=1, chip busy; BUSY=0, ready;
5o o< = ol ON/JOFF=1, display on; ON/OFF=0, display off
[23¥e) I VI e D ) play on; ) play
read Status 01 a Z H:J = == 88 RES=1, resetting; RES=0, reset finished
© MFI[2...0]=manufacture ID
DS[1...0]=display size
ICON Control Z | ICON=0, ICON disabled (default)
o )
Register 0/0/1010001 © | ICON=1, ICON enabled
set Page Address |0 0 1,01 1 & & & &| setPage Address Register
Z%td?é)shsml\]/lnSB 00000 1 0% € 2| setColumnAddress high 3bit
Zztd?:;:TgB 000000 F S S s setColumnAddress low 4bit
set modify-read 0/0/1/11, 0/ 0 0 0 0] setmodify-read mode
reset modify-read [0 0 1 1 1.0 1 1 1 0] release modify-read mode
: Z | DON=0, display OFF
Display ON/OFF 10101110 10111 8} gou 2 4l oN
set Initial display 00010 0;0 0 x x| specifythe initial display line
line register (2byte instruction)
00 x 83333 s 3
set initial COMO 0 00100 0 1 x x| specifythe initial COMO
register - 2byte instruction
9 0/0/x/8/8338358® )
set partial display [0 0 0 1;0:0 1 0 x| x| setpartial display duty ratio
duty ratio (2byte instruction)
0058383888588
set N-line 0 001,00 1 1;x x| setN-lineinversion register
Inversion (2byte instruction)
000 xix xIT28 ¢S
iRnsfrasiS:nN-lme 00 1:1:1.0: 0:1: 00| release N-line inversion
Reverse display > | REV=0, normal display
ON/OFF 0010100114 REV=1, reverse display
Entire display Z | EON=0, normal display
ON/OFF 0 10100108Q EON=1, entire display ON
Note:

*1. For the details of the Display Control Instructions, please refer to Samsung S6B0741 handbook.
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Instruction (cont’)

Code
»n N O v YT oA~
AR
Instructions Function Discription
Power circuit control
VC=1, Booster on
VC=0, Booster off
Power Control 0 00 1.0 18 % % VR=1,regulator circuit on
VR=0, reulartor circuit off
VF=1, voltage follower cuircit on
VF=0, voltage follower cuircit off
Select the step-up of the internal voltage converter
DC1 DCO
select DC-DC =i|0 0 3 times boosting
00
step-up 0 01100188 0 0 4 times boosting
1 0 5 times boosting
1 1 6 times boosting
Select internal resistance ratio of the regulator resistor
R2 R1 R0 1+(Rb/Ra)
0 0 0 23
0 0 1 30
select regulator N ol/0 1 0 37
resistor 0000100 e g4 1 44
1 0 0 51
1 0 1 58
11 0 65
111 72
set Electronic 0 1.0 0 0 0 0 0 1| Specifythe Reference Voltage
Volume Register © < o o < ol (2-byte instruction)
00x x & &&aaa
Select LCD bias
B2 B1B0 LCD bias
0 0 0 15
0 0 1 1/6
: ai—io|0 1 0 17
select LCD bias 0 01010&aa@&|g 4 1 418
1.0 0 19
1.0 1 110
11 0 1M1
1.1 1 112
= SHL=0, normal direction (COM0 - COM127)
SHL select 0 1111010 AR SHL=1, reverse direction (COM127 -> COMO0)
Q| ADC=0, normal direction (SEG0 - SEG127)
ADC select 001010000 2 Apc=1 reverse direction (SEG127 > SEGO)
Oscillator on start 0 1,0 1 01 0 1 1] Startthe internal oscillator
set Power Save P=0, normal running
Mode 0 o101 00P P=1, sleep mode
release Power 0 11100 0:0;1]| Release power save mode
Save Mode
reset 0 1.1 1.0.0 01 0] software reset function
set Data Direction X 1:1:/1.0 1 00,0 | specify the number of data bytes (3-pin SPI only)
& Display Data iy oo v olaco (2-byte instruction)
Length (DDL) peeoeeoa
NOP 0 1110 0 0 1 no operation
Test Instruction 0 1111 1ixx x| x| testmode, never use
Note:

*1. For the details of the Display Control Instructions, please refer to Samsung S6B0741 handbook.
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Instruction (cont’)

Code
0 NO WY M AN ~ O
SHEERE
Instructions Function Descriptions
FRC=1, 3FRC
FRC=0, 4FRC
= o| PWM1 PWMO
Smect) dFeRC andPWM 1o 0100108220 o  opwm
oolQ 1 9PWM
1 0 12PWM
1 1 15PWM
set white mode 0 1700 0 1 0 0 0] setwhitemode and 15/2™ frame
152" frame pulse © N < 6 o o < ol (2-byteinstruction)
, IR IR A R
width 0022222 £E¢8
set white mode 0 10 0 01 0 0 1] setwhitemodeand 3“/4" frame
34" frame pulse (2-byte instruction)
. MNMIN I - i OIM NI O
width 0 [afNa) SRR RSRRSRRERES)
=S === ==
set light gray mode |0 10 0 0 1 0 1 0] setlightgray mode and 1572™ frame
182" frame pulse (2-byte instruction)
1 ™A O IMiIiNi—i QO
width 00533885533
set light gray mode | 0 1/0/0/0[1]0]1]1] setlight gray mode and 3™/4™ frame
?’rf’/4th frame pulse o — o o o — o (2byte instruction)
width 0 §8949499989°¢
set dark gray mode |0 10 0 0 1 1 0 0] setdarkgray mode and 15/2™ frame
‘Islt/an frame pulse o N < 6 o o - ol (2-byteinstruction)
width 0 88885338338
set dark gray mode |0 170 0 0:1.1 0 1] setdarkgray mode and 3™/4™ frame
34" frame pulse (2-byte instruction)
H ™ i N OIiMIiINiv«™iO
width 0 [a)NaRFaRN=R RO RO RRSRRS
[apNaRlaRNaRNaRiaRNaREa]
set black mode 0 170, 0 0 1 1 1 0] setblackmodeand 15/2™ frame
1%/2" frame pulse (2-byte instruction)
width o oB B @nalLx<
NMMmMiMiMm:i0:mMm:M:m
set black mode 0 10 0 0 1 1 1 1] setblackmodeand 3°/4" frame
3"/4™ frame pulse o N < 6 o o < ol (2-byteinstruction)
width 0 aaoa0oo0o
NOMMmMm:i0:mMm: M:m

Note:

*1. For the details of the Display Control Instructions, please refer to Samsung S6B0741 handbook.
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4.5 Initialization Sequence Example

Code Function
DI OO FOVIN O
¢|a|a|a|ala|la|a|a| hex Note
Turn on Power Supply VDD & VSS N - -
While maintaining /RES at LOW
!
[ Wait until power supply is stabilized | |[-]- - - - - - - - - [-
!
Release the /RES Reset Signal [-]- - - - - - - -] - See AC Characteristics section
(/RES = HIGH) for timing details
!
| Short Delay | [-]- - - - - - - -] - ] wait untilinternal Reset finished
!
Display Duty = 1/96 0({0 1 0 01 0 0 0| 48h | meetLCD panel characteristic
0|1 1 0 0 0 0 O 0| 60h | (2-byteinst.)
!
| ADC = 1 | [o]1 0 1 0 0 0 0 1] Ath | Flip x-direction (SEG)
!
| SHL = 1 | [0o]1 1 0 0 1 0 0 0] C8h | Flipy-direction (COM)
!
COMO Register = 16 0/0 1 0 0 01 0 0| 44h | meetLCD panel characteristic
0{0 00100 0 0| 10n | (2-byteinst.)
!
Initial display line = 0 0/0 1 0 0 00 0 0| 40h | meetLCD panel characteristic
0[0 000O0O0O 0| 00h [(2-byteinst)
!
| Oscillator on Start | [0]1 0 1 0 1 0 1 1] ABh | start the internal oscillator
!
| DC-DC step-up register = 5 | [o]o 1 1 0 0 1 1 0] 66h | 5timeboosting
!
| Regulator Resistor = 7 | |olo o100 11 1] 27h | settomax.
!
Electronic Volume Register = 32 0[1 0 0000 O0 1| 81h | settomiddle
0/0 01 000 0 0] 200 | (2-byteinst)
!
| LCD Bias = 1/9 | [0o]o 1 0 1 0 1 0 0] 54h | LCD panel characteristic
!
| FRC=4, PWM=15 | [0]1 0 0 1 0 0 1 1] 93n [ Gray scale driving method
!
157& 2™ frame’s PWM level 0[1 000100 0] 8h |PWM=0in1"and 2™ frame
of “White” level 0/]0O 0 0O OO O O O] 0O0Oh | (2-byteinst.)
!
3 & 4" frame’s PWM level 0[1 000100 1] 8h |PWM=0in3"and4" frame
of “White” 0/0 0 OO O OO O] 0OOh (2-byte inst.)
!
157& 2™ frame’s PWM level 0[1 00010 1 0] 8Ah |PWM=8in1"and 2™ frame
of “Light Gray” 0/1 0001 0 0 0] 8h | (2-byteinst.)
!
3 & 4" frame’s PWM level 0[1 00010 1 1] 8h | PWM=8in3”and 4" frame
of “Light Gray” 0/1 0001 0 0 0] 88h | (2-byteinst.)
!
URL: www.topwaydisplay.com Document Name: LM9033A-Manual-Rev0.2
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Initialization Sequence Example (cont’)

!
157& 2™ frame’s PWM level 0/1 000110 0] 8h |PWM=Bin1"and 2" frame
of “Dark Gray” 0[1 01110 1 1] BBh | (2-byteinst)
!
3 & 4™ frame’s PWM level 0[1 000110 1] 8Dh | PWM=Bin3“and4" frame
of “Dark Gray” 0[1 0111 0 1 1| BBh | (2-byteinst.)
!
157& 2™ frame’s PWM level 0/1 00 01110]| B8E PWM=E in 1% and 2" frame
of “Black” 0j[1711 01110 EE (2-byte inst.)
!
3 & 4" frame’s PWM level 0[1 000111 1] 8 [PWM=Ein3"and4"frame
of “Black” o/[1711 01110 EE (2-byte inst.)
!
[ Power Control: VC=1,VR=0,VF=0 | [0]0 0 1 0 1 1 0 0] 2C [ TurnonVLCD booster
!
| Wait for ~1ms | | wait for fully on
!
| Power Control: VC=1, VR=1, VF=0 | |0|0 01011 10| 2E |Turn on voltage regulator
!
| Wait for ~1ms | | wait for fully on
!
[ Power Control: VC=1,VR=1,VF=1 | [0][0 0 1 0 1 1 1 1] 2F [ turn on voltage follower
!
| Wait for ~1ms | | wait for fully on
!
| Display ON, DON=1 | [0o]1 01011 1 1] AF [ tumon display
!
Send display data... set the address
and send the display data
!

451 Power off the LCD Module
It recommends that LCD module should enter sleep mode before power off.

4.5.2 Refreshing The LCD Module

It recommends that the operating modes and display contents should be refreshed periodically to
prevent the effect of unexpected noise.

URL: www.topwaydisplay.com Document Name: LM9033A-Manual-Rev0.2
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5. Design and Handling Precaution

The LCD panel is made by glass. Any mechanical shock (eg. dropping form high place)
will damage the LCD module.

2. Do not add excessive force on the surface of the display, which may cause the Display
color change abnormally.

3. The polarizer on the LCD is easily get scratched. If possible, do not remove the LCD
protective film until the last step of installation.

4. Never attempt to disassemble or rework the LCD module.

5. Only Clean the LCD with Isopropyl Alcohol or Ethyl Alcohol. Other solvents (eg. water)
may damage the LCD.

6. When mounting the LCD module, make sure that it is free form twisting, warping and
distortion.

7. Ensure to provide enough space (with cushion) between case and LCD panel to
prevent external force adding on it, or it may cause damage to the LCD or degrade the
display result.

8. Only hold the LCD module by its side. Never hold LCD module by add force on the heat
seal or TAB.

9. Never add force to component of the LCD module. It may cause invisible damage or
degrade of the reliability.

10. LCD module could be easily damaged by static electricity. Be careful to maintain an
optimum anti-static work environment to protect the LCD module.

11. When peeling off the protective film from LCD, static charge may cause abnormal
display pattern. It is normal and will resume to normal in a short while.

12. Take care and prevent get hurt by the LCD panel sharp edge.

13. Never operate the LCD module exceed the absolute maximum ratings.

14. Keep the signal line as short as possible to prevent noisy signal applying to LCD
module.

15. Never apply signal to the LCD module without power supply.

16. IC chip (eg. TAB or COGQG) is sensitive to the light. Strong lighting environment could
possibly cause malfunction. Light sealing structure casing is recommend.

17. LCD module reliability may be reduced by temperature shock.

18. When storing the LCD module, avoid exposure to the direct sunlight, high humidity, high
temperature or low temperature. They may damage or degrade the LCD module
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