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1. Basic Specifications

Screen Size(Diagonal) : 2.8
Active Area : 43.2x57.6 (mm)
Number of dots : 240 (RGB) x 320
Pixel Pitch: 0.18x0.18 mm
Color Depth: 65k/262K colors
Display Technology : a-Si TFT active matrix
Display Mode : Normally black, Transmissive
Display Interface : MCU_8/16bit/4-SPI
Viewing Direction : Full
Surface Treatment : HC
Operating Temperature : -30 ~ +85°C
Storage Temperature : -30 ~ +85°C

Note:

1. Color tone may slightly change by temperature and driving condition.

1.1 Block Diagram

LEDA ——

Backlight Circui
LEDK1, LEDK2, LEDK3, LEDK4 acklight Circuit

240(RGB) x 320 pixels

TFT Panel
DBO~DB15 e
VCC, IOVCC, GND  ——— TFT Driver
IMO,IM123 ST7789VI or equivalent
SCL,SDA,SDO

FMARK, /RESET, /RD, /WR, D/C, /CS  ——
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1.2 Terminal Functions
Pin | Pin /o Descriptions
No. | Name 80-16bit |  80-8bit | 4-SPI
1 LEDA P | LED Anode
2 LEDK1 LED Cathode1
3 LEDK2 P LED Cathode2
4 LEDKS3 LED Cathode3
5 LEDK4 LED Cathode4
6 GND P | Power Ground
7 VCC P | Analog and Logic power supply
8 IOVCC P | Interface power supply
9 IM123
IM123 | IMO | MPU Interface Mode | Data pin
0 0 80-8bit parallel I/F | DB[7:0]
10 IMO 0 1 | 80-16bit parallel I/F |DB[15:0]
. . . SDA:In
1 0 | 4-line 8bit serial I/F 1I SDO- out
11 /RESET | | Reset signal: active Low
Chip Select
12 /ICS | | /CS=L, enable access to the LCD interface
/CS=H, disable access to the LCD interface
Register Select
13 | D/C(SCL) | | D/C = H, Transferring the Display Data
D/C =L, Transferring the Control Data
Display data/command
/WR=L->H, /RD=H; . . . .
14 WR(DIC) ! Data or Instruction latch into the LCD module .SeleCt'on pin in 4-line serial
interface
15 RD | /WR=H,/ RD=L; Please fix this pin at VCC or
Data or Status read form the LCD module | GND
6 1 spa | | Please fix this pin at VCC or GND level Iigif‘;itjg': Litfr:‘:ggt tsr;gnal
SPI interface output pin.
17 SDO O | Could leave open The data is output on the
rising edge of the SCL signal
18 DBO0 DBO
19 DB1 DB1
20 DB2 DB2
21 DB3 DB3
22 DB4 DB4 e
>3 DB5 110 Data Bus DB5 gll?l%sﬁac:lthls pin at VCC or
24 DB6 DB6
25 DB7 DB7
26 DB8
: X Connect GND
33 DB15
34 FMARK O | Frame mark Qutput signal(could leave open)
35 GND P | Power Ground
36 NC/VPP
37 NC(YU)
38 NC(XR) - | No connect
39 NC(YD)
40 NC(XL)
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2. Absolute Maximum Ratings
Items Symbol Min. Max. Unit | Condition
Supply Voltage VCC -0.3 +4.6 V | GND =0V
Logic Voltage IOVCC -0.3 +4.6 V GND = 0V
Operating Temperature Top -30 +85 °C | No Condensation
Storage Temperature Tst -30 +85 °C | No Condensation

Cautions:

Any Stresses exceeding the Absolute Maximum Ratings may cause substantial damage to the device. Functional oper-
ation 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

VCC=3.3V, GND=0V, Top=25°C

Items Symbol MIN. TYP. MAX. Unit Application Pin
Supply voltage for logic VCC 3.2 3.3 3.4 V VCC
Logic Supply voltage IOVCC 3.2 3.3 3.4 V IOVCC
Input High Voltage Vi | \ovec| - |1ovec| Vv | SDA/RDMRDIC,
03 /CS,/SCL,IM123,IMO,
Input Low Voltage Vi - - IOVCC \% /RESET,DB0~DB15
. 0.8
Output High Voltage Vo IOVCC - IOVCC V DB0~DB15,SDO.
0.2 FMARK
Output Low Voltage VoL GND - IOVCCe \%
Operating Current Ivee - 8.6 21.5 mA VCC
3.2 LED Backlight Circuit Characteristics
Top=25°C
Items Symbol MIN. TYP. MAX. Unit | Remark
Forward Voltage \; 3.0 3.2 3.4 V For each LED
Forward Current I - 20 - mA For each LED
LED Life Time - - 30,000 - Hrs For each LED
Note1: LED CIRCUIT DIAGRAM
LEDK1

P

.

LEDA ‘ ’ ol ’ 2t __ LEDK2
’ i e LEDK3
’ o ’ e

No. of LEDs = 2x4pcs

Note 2: LED: Vr =3.2V, I[r=20mA(TYP)
Note 3: IF is defined for one LED.
Optical performance should be evaluated at Ta=25C only.
If LED is driven by high current, high ambient temperature & humidity condition.
The life time of LED will be reduced. Operating life means brightness goes down to 50% initial
brightness.
Typical operating life time is estimated data.
Note 4: Under LCM operating, the stable forward current should be inputted. And forward voltage is
for reference only.
Note 5: The LED driving condition is defined for each LED module.
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3.3 AC Characteristics
8080 Mode System Bus Timing

Tenw I l< Tenw
/CS . Wi i [ I j-r[ csEl |
= S <
| Tes o Tesn ! r—=_>: Tear
| | [l 1 | 1 1
D/C b | Lo K 1
WML | | | | |
>
TasT Ir<—|—>|| Twe : [ Tanr | ‘_Il :
1= >
R NG —— ;;Z:: Toen =a_\_i
I — I I I
: : | [ Tost ; Il Tour | |
DB[15:0] 1 V.H;Z:: i | :gz
write I Vic | I
: :___ Tres/Tresem »l h@ :
[ 11 ! |
:.‘-ﬂ,.: :_1 Trc/TrReFm : : : ;:
/RD Vin o Trow/Troem 7|Zi§ Trow/Tronrm 1N
[ '
Trat/TraTFM :4—>l k%
DB[15:0] Vin |
read Vi
VCC=3.3V, GND=0V, Top=25°C
Signal Syr:lbo Parameter Min Spec“-nax Unit Description
D/C TasT Address setup time 5 - ns i
TauT Address hole time(Write/Read) 13 -
TcHw Chip select “H” pulse width 5 -
Tcs Chip select setup time(Write) 20 -
IS Tres Chip select setup time(Read ID) 60 - ns i
Trcsem | Chip select setup time(Read FM) 460 -
Tesr Chip select wait time(Write/Read) 13 -
TcsH Chip select hold time 13 -
Twc | Write cycle 86 -
/WR Twrn | Control pulse “H” duration 20 - ns -
TwrL | Control pulse “L” duration 20 -
Tost | Data setup time 13 - .
Tonr | Data hold time 13 - FO&E‘_%XC')"‘FU"‘
DBJ[15:0] Trat | Read access time(ID) - 52 ns For n:ininaum
Tratem | Read access time(FM) - 442 CL=8pF
Topon | Ouput disable time 14 104
Tre Read cycle(ID) 208 -
/RD(ID) Tron | Control pulse “H” duration(ID) 120 - When read ID data
TroL | Control pulse “H” duration(ID) 60 - ns
Trcem | Read cycle(FM) 585 - Wh df
/RD(FM) | Tronrm | Control pulse “H” duration(FM) 120 - : en read tfrom
— : rame memory
TroLem | Control pulse “H” duration(FM) 460 -
Note:

*1. Input signal rise/fall time should be less than 15ns .
*2. All timing is using 20% and 80% of VDD as the reference.

*3. Please refer to ST7789VI datasheet for details
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4 line SPI Timing

/ICS

Tsovow/Tsovor

=
*

b Toow/Tsir |
PRI LA

%1

SCL -
P Tsmw/Tour | = j
e | |
t Tsos | ¢ Tson |
Vi ; e .
SDA ol : )‘(
Vi ~ E 7=4
; ! Tocy ¢
e Vi *
Vi i :
7!£ | Tace 4 Ton ¢
= ¥
] Vi =%
DOUT z: v_';;
VCC=3.3V, GND=0V, Top=25°C
Signal Symbol Parameter MIN MAX | Unit Description
Tess Chip select setup time (write) 15 ns
Teen Chip select hold time (write) 15 ns
ICS Tees Chip select setup time (read) 60 ns
Tsce Chip select hold time (read) 65 ns
Terw Chip select "H" pulse width 40 ns
Taovew Serial clock cycle (Write) 16 ns
-write command & data
Tarw SCL “H” pulse width (Write) 7 ns
ram
Tauw SCL “L" pulse width (Write) 7 ns
SCL
Tacycr Serial clock cycle (Read) 150 ns
- -read command & data
Tshr SCL *H" pulse width (Read) 60 ns
ram
Tar SCL “L" pulse width (Read) 60 ns
: Tocs D/CX setup time 10 ns
D/C
Toch D/CX hold time 10 ns
SDA Tsos Data setup time 7 ns
(DIN) Teou Data hold time 7 ns
Tacc Access time 10 50 ns | For maximum CL=30pF
DOUT A
Ton Qutput disable time 15 50 ns For minimum CL=8pF

Note : The rising time and falling time (Tr, Tf) of input signal are specified at 15 ns or less. Logic high and low levels are
specified as 30% and 70% of VDDI for Input signals.
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3.4 Reset Timing

Shorter than Sus

/RES

Display Status

tRT

Narmal operation

X Resatting )(

'y

Initicl condition

\[Default for H/W resat)]

VCC=3.3V, GND=0V, Top=25°C

Item Symbol MIN. TYP. MAX. Unit
Reset LOW pulse width trRw 10 - - us
Reset time TRt - - 120 ms
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4. Functions
4.1 Display Commands
Instruction  (D/CX |WRX |RDX| D17-3 o7 D& D05 Dd D3 D2 D1 Do Hex Function
NOP ] 1 [i] o o i} [i] [i] i} i} {0 Mo operation
SWRESET 0 1 1] 0 0 a 4] 0 a 1 {01h) | Software reset
a 1 Li] o o (i} Li] 1 (i} i {0dh) | Read display ID
1 1 T - - - - Dummy read
RODID 1 1 t D17 D16 015 D4 D13 D12 014 D10 D1 read
i i 1 D27 ID26 D25 D24 D23 IDz2 D21 D20 D2 read
| 1 t D37 D36 D35 D34 D33 D32 D31 D30 D3 read
Read display
0 1 1] 0 0 a 1 4] a 1 (%)
status
1 1 1 - - - - Dummy read
RODST 1 1 1 BSTON MY M MV ML RGB MH 5T24
1 1 1 5723 IFFF2 | IFFF1 | IFPFD | IDMON | PTLOM | SLOUT | MORON
1 1 1 8T15 ST14 [INVOM | STi2 5T11 |DISON | TEON | GCS2
i 1 GCS51 GCS0 | TEM 5T4 5T3 572 5T1 5TO
Read display
0 1 1] 0 0 a 1 0 1 [i] (OARY
pOwer
RODPM
1 1 | - - - - - - - Dummy read
1 1 1 BSTON | IDMOM | PTLON [SLPOUT | NORON | DISON 0 Li]
a 1 Li] o o i} 1 [i] 1 1 (0Bh) | Read display
RODD
1 1 T - - - - - - - Dummy read
MADCTL
1 1 1 MY MX MY ML RGE MH a a
Read display
0 1 1] o o [} 1 1 [} [i] {OCh)
RODD pixel
COLMOD 1 1 1 - - - - Dummy read
1 1 1 a D& D5 [al] 1] o2 o1 oo
Read display
0 1 1 1] 0 0 a 1 1 a 1 (ODh)
image
RODIM
1 1 - - - - - - - Dummy read
1 1 1 VSS0N o INVON [} 1] GC2 GC1 GCO
Read display
0 1 a o o [4] 1 1 1 4] [OEh}
RODDSM signal
1 1 T - - - - - - - Dummy read
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Instriction | DVCX |WRX | ROX| D17-8 or D5 D5 D o3 02 D1 Da Hex Fumctian
1 1 1 TEOHN TEM a 1] o a 0 a
Read display
il 1 1 o o i a 1 1 1 1 {0FR) | ssf-diagnostic
RDDSDR resull
1 1 1 Dummy read
1 i 1 o7 D8 a 1] i) 1] i} 0
SLFIN [i] 1 1 i i} 0 1 o [i] [i] [ [10m) Sheeg in
SLPOUT a 1 1 i i} i} 1 i) 1] 0 i {11h) Sleap oul
PTLOMN (i 1 1 ] o [ 1 o 1] 1 [i] [12h) | Partial made on
Pargal olf
NOROM 0 1 1 ] o a 1 D 0 1 1 [13h)
[Marmal)
Display imsersion
INVIOFF i | 1 ] o 1 [i] o 1] 0 (] 20}
olf
Display imvessian
INWORN a 1 1 ] i) 1 a i) a i i (21}
af
GAMSET
1 1 1 ] o [ 1] GC3 L2 GC1 0 o
DISPOFF 0 1 1 ] i 1 1] i 1] i} 0 (28} Dl ay off
DISPON [i] 1 1 i i} 1 i 1 [i] [i] 1 [29h) Desplay on
Column addrass,
i} | 1 ] o 1 [i] 1 1] 1 0 {2AhR)
Eaf
1 1 1 KE15 =14 X513 x=12 X=11 X210 K50 XSB ¥ adidress sla:
CASET
1 1 1 XET K38 K35 X5 X353 X352 X531 ¥30 D=XSoX
1 i 1 KE1S ¥E14 ¥E13 XE12 XE11 XE10 KED XEB X address slan:
1 1 1 XE7 XEB XES XE4 XE3 XEZ ME1 XED SXEZX
(1} i 1 i} o 1 a 1 a | i (28h) | Row address sel
1 | 1 Y315 Y314 Y513 ¥312 Y11 ¥=210 Y38 3B Y address sl
RASET 1 1 1 ¥E7 Y56 Y35 V54 Y33 Y52 ¥51 VS0 O=Ys=Y
1 1 1 YE1G YE14 YE13 YE12 YE11 YE10 YEB YER Y address sl
1 1 1 YET YEG YES YE4 YE3 YEZ YE1 YED S=YEZY
0 1 1 o o 1 0 1 1 0 L (2Ch) | Memary wrils
1 | 1 |DIpiTE]| DA D§E] DAf5] D] D3] D] | DI[1] D1[H
RAMWR
1 i 1 |D=[17:8]| D[] DofE] Dx[5] Dixf4] D [3] Of2] | Dx1] D[] Wrile daly
1 1 1 |Dnft7:8]| Dn[7] DrifE] Dnf5] Dind] Dn[3] Dnf2] | Dnf1] D[]
RAMRD (1} i 1 i} o 1 a 1 1 | L1} (2Eh) Memory read
URL: www.topwaydisplay.com Document Name: LMT028FNHFWA-Manual-Rev0.2.doc
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Instriction | DACK |WEX | RDX| D17-8 o7 D D5 D4 o3 D2 o1 oa Hex Functian
1 1 1 . . " " v T Duimry read
1 1 T |DIpiTE]| DA[F] DHE] DAE] D] D3] D] | D11 D[
1 1 1 |Dx[17:E]| Dw[T] D] D[5] Dixf4] D [3] DOx[2] | DO=[1] D[ Read data
1 1 1 |Dnfi7T:E]| Dn[7] DirifE] Dnf5] Dingd] D3] Dnf2] | Dnff] D[]
Partial sarieand
a | 1 - i} 1] 1 1 o a a a [30k)
address sel
1 i 1 PELIE MEL14 PEL1Z | PELAZ FELTT | PELIO PELD NeELs FPartial aban
address: (0,
FTLAR 1 i 1 - PELT PELE PSLS PS4 PEL3 PEL2 | PSLY PELO
1.2, .P)
1 | 1 . PEL1S | PEL14 | PEL13 | PEL12 | PEL11 | PEL10 | PELS PELE Pastzal and
address [0, 1.2,
1 1 1 . PELT PELS PELS PEL4 PEL3 PELZ | PEL1 PELD
3 .P)
Vertical serolling
a | 1 i) o 1 1 i) a 1 1 [A3h)
dediniion
1 | 1 TFAIS | TFA14 | TFA13 | TFA1Z | TRFA1T | TFATD | TFAS TFAE
1 1 1 TFAT TFAE TFAS TFA4 TFA3 TFAZ | TFA1 TFAD
VECRDEF
1 i 1 VEATS | VBATL | VEBA13 | VBAIZ | VEAIT | VEBAITD | VEAD | VSAR
1 I 1 - VEAT VEAR | VEAL | VSAd4 WEAS | VBAZ | WEAT | VSAD
1 | 1 . BFA1S | BFA14 | BFA13 | BFA12 | BFATT | BFATD | BFAS BFAS
1 | 1 BFAT BFAS BFAS BFA4 BFAZ | BFA2 | BFAI BFAD
Tearing edffect
TEOFF a | 1 - o 1] i 1 o 1 a a [3dh)
Ene off
Tearing effect
TEON a I 1 . i ] 1 1 o 1 i} 1 [ASh)
e on
1 | 1 TEM
Memory data
a | 1 - o ] 1 1 o 1 1 a [3Bh)
MADCTL access conlrol
1 I 1 MY BAX Tl ML REB a 1] a
Vertical stralling
a | 1 i ] 1 1 i) 1 1 1 [3ATh)
star address
WECRSADD
1 | 1 . VEPS | VEP14 | VEP13 | VSP12Z | WVEP11 | VSP10 | W3PB | VSPE
1 | 1 VEPT VEPE | VEP5S | V3P4 WSP3 | VEF2 | V3P1 | V3FO
IDMOFF a | 1 - o ] 1 1 1 a a a [38h) | bdle made off
IDMCH a | 1 . o 1] i 1 1 a i 1 (30} | Idie mode on
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Instruction | DWCK [WRX | RDX| DIT-8 or D5 5 D4 D3 o2 D1 Da Hex Function
Interface pixe|
1] bi 1 o ] 1 1 1 1] 1 0 (3AR)
COLMDD Briingd
1 1 1 . o i x5 D2 0 2 D1 wii] Inlertace formal
Memory wrils
i 1 1 - o o 1 1 1 1 0 [ [3Ch)
coanlinaie
RAMWRC 1 1 1 |DIfITE]| DA[F] DAgE] DAfE] D] D[] D) | Df1] | DI
1 T 1 |Dxi7:E] | D=7 DfE] O[5 Draf4) D[] Daf2) | Dxf1] | D[] Wrile data
1 b 1 |Dn{17:8]| Dn[7] DirifE] Dind 5] DCirngd] Dn[3] Dnrf2] | Dn{1] | D=3
hbemory read
0 1 1 D ] 1 1 1 1 1 0 [SER)
confinue
1 1 1 . . - - . Durnrmy Read
RAMRDC
1 1 1 |DifiTE]| D17 DAE] Djs] D] D3] Dig2) | D1f1] | D10
1 1 T |Ox[1T7:E] | DT DafE] D[S] Dif4] D[3] D=[2] | Dx[1] | Dx[D]
1 1 1 |Dni7:E]| Dnl7] DrfE] Oinf5] Dingd] DOn3] Dnf2] | Dn{1] | De[l
a 1 1 . o 1 a L1} 0 1 (1} 0 (44} | Sal l=ar scanline
TESCAN 1 ki 1 . H15 H1d N13 N12 N1 M0 w3 NE
1 1 1 NT kg M3 M2 N3 W2 M1 MO
i} 1 1 o 1 [} L1} i} 1 i 1 {45k} Gal scanline
1 1 . . : . . ; . Dummy Reaad
ROTESCAN
1 1 1 . ] MNE
1 1 1 NT ME M5 M4 N3 M2 M1 MO
0 1 1 . o 1 0 1 D a 0 1 B0 | e splay
WROESBY
1 1 1 DEVT DEVE | DBVS | DBVY DEvi | DBVZ | DBEV1 | DBWD brighbness
Fead dispiay
Q 1 1 . i) 1 0 1 D [ 1 0 (32}
brighlness valie
RDDISEV
1 1 1 . . . . ' | Dumiry read
1 1 1 . DEVT DEVE | DBWE | DBWV4 DEV3 | DBVZ | DBV1 | DBVD
Wrile CTRL
Q 1 1 . i} 1 [ 1 D 1] 1 1 [53h)
WRCTRLD e ay
1 | 1 . o i BCTRL a oo BL 0 L]
Reasd CTRL
i} 1 1 o 1 1} 1 0 1 Q 0 [Sdh)
ROCTRLD vialue dsiplay
1 1 1 . . . ! . Dummy read
1 1 1 . o i BCTRL a oo BL 0 L]
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Instruction | DVCX (WRX|RDX| D17-8 or D 5 D4 D3 D2 D1 Da Hemx Fumction
Write: condent
adaplive
0 T 1 . o 1 [ 1 o 1 Li] 1 [35h) brightness
WRCACE
conlred and Color
enhancamnel
1 T 1 L CECTRL o CE1 CED V] Li} C1 co
Fead conlean
adaplive
[ T 1 : o 1 a 1 ] 1 1 0 [SEh)
brighiness
ROCABC
Leaglipe
1 1 t Dummy read
1 1 1 . i CECTRL [ 0 o 0 C1 co
Wite CABC
1} 1 1 . i 1 [} | 1 1 1 1} {SER) minErm
WRCABCMB
brightness
1 1 1 CMBT | CMBE | CMBE | CMB4 | CMB3 | CMB2 | CME1 | CMBO
Fead CABC
0 T 1 : i) 1 a 1 1 1 1 1 {5Fh) Frinamim
ROCABCME brighinerss.
1 1 L - . - . . . . Dummy read
1 1 1 . CMBT | CMBE | CMBS | CMB4 | CMB3 | CMBE2Z | CME1 | CMBO
Read Aulomalic
Brighlness
0 T 1 . ] 1 1 0 1 a 0 L] [B8Hh) Conlros
Sell-Diagnostic
RDABCSDR
Resull
1 1 1 Dumimry resad
1 1 1 o7 D 0 0 o a 0 0
0 1 1 . 1 1 [ 1 1 0 1 0 (AR Fead D1
RO 1 1 t - . - . . . . Dummy read
1 1 1 . D7 [ E3]<] 013 D14 D13 D1z 11 D10 Read pararmeter
L] 1 1 1 1 a 1 1 0 1 1 (DEh) Fead 102
RDID2 1 1 1 . . v . . . Dummrry resad
1 1 1 D27 D26 D25 1024 D3 D22 D21 D20 Read pararmeter
RDIDG 0 I 1 L i 1 [ 1 1 1 0 0 {DCh) Read D3
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Instriction | DVCX |WRX | RDX | D17-8 o7 D4 D5 r] vk D2 01 ali] Hex Functian
1 1 Dummy read
1 1 i IDaF D36 D3z D34 D33 D3z D31 D30 Read paramaber
Notes:

1. There will be no abnormal visible effects on the display when S/W or H/W Reset are applied.
2. Please refer to ST7789VI datasheet for details.

4.2 Power off the LCD Module
It recommends that enter Sleep Mode before power off the LCD module.

4.3 Refreshing The LCD Module

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

VCC=3.3V, GND=0V, Top=25°C

Item Symbol | Condition Min Typ Max Unit Remark
oT 70 80 -
View Angles 6B CR=10 70 80 ) Degree |Note2,3
oL 70 80 -
OR 70 80 -
Contrast Ratio CR 6=0° 600 800 - Note 3
ToN
Response Time 25C - 25 35 ms Note 4
TorF
X 0.287
White 0.237 0.337
y 0.265 0.315 0.365
Red X 0.586 0.636 0.686
- Backlight is
Chromaticity y 0.286 | 0336 | 0.386 Note 1,5
x on 0285 | 0.335 | 0.385
Green
y 0.564 0.614 0.664
X 0.099 0.149 0.199
Blue
y 0.021 0.071 0.121
Uniformity U 75 80 - % Note 6
NTSC S ©=0° 65 70 - % Note 5
Luminance L ©=0° 900 1000 - cd/m* |Note 7

1.ILeba= 20mA, and the ambient temperature is 25°C.

2. The test systems refer to Note 1 and Note 2.

URL: www.topwaydisplay.com

Document Name: LMT028FNHFWA-Manual-Rev0.2.doc

Page: 15 of 18



http://www.topwaydisplay.com/

TOPWAY

LCD Module User Manual

LMTO28FNHFWA

Note 1: Definition of optical measurement system.

The optical characteristics should be measured in dark room.
After 5 Minutes operation, the optical

properties are measured at the center point of the LCD screen.
All input terminals LCD panel must

be ground when measuring the center area of the panel.

Measuring surroundings: Dark room

Measuring temperature: Ta=25C.

Note 3: Definition of contrast ratio
The definition of contrast ratio (Test LCM using SR-3A (1°)):
Contrast Luminance When LCD is at “White” state

Ratio(CR) Luminance When LCD is at “Black” state
(Contrast Ratio is measured in optimum common electrode
voltage)

Note 5: Definition of color chromaticity (CIE1931)
Definition of Color of CIE1931 Coordinate and NTSC Ratio.

Color gamut:

Area of RGB triangle X100%

Area of NTSC triangle

Note 2: Definition of viewing angle range and measurement system.
The definition of viewing angle:
Refer to the graph below marked by 6 and @

Ll =Ty
::‘:':gl_ line | 12 o'clack direction
1
6 | /i
— &y _.-
P " = oy UH_',‘
g P
A s Fg y
A Myl Al
y i3 i
®=180° 7 o il
| Active Area i
IF /
( ' e
FPC 2
“paz?l’ '

6 o'clock direction

Note 4: Definition of Response time
Definition of Response time.

The response time is defined as the LCD optical switching time
interval between “White” state and

“Black” state. Rise time (Ton) is the time between photo detector
output intensity changed from 90%
to 10%. And fall time (Torr ) is the time between photo detector
output intensity changed from 10%
to 90%.

Black {TFT OR)

White (TFT DF':;)

(“Jhite {TFT OFF)

Pholo detecion autpul
[Relabve value)

Note 6: Definition of Luminance Uniformity

Active area is divided into 9 measuring areas (Refer Fig. 2). Every
measuring point is placed at the

center of each measuring area.

Luminance Uniformity (U) = Lmin/ Lmax

L Active area length W----- Active area width

Lmax: The measured Maximum luminance of all measurement
position.

Lmin: The measured Minimum luminance of all measurement
position.

=i
D ®© ®

8
. @ ® ®

5
@ ®

Note 7: Definition of Luminance:
Measured the luminance of white state at center point
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6. LCD Module Design and Handling

Precautions

Please ensure VO, VCOM is adjustable, to enable LCD
module get the best contrast ratio under different
temperatures, view angles and positions.

Normally display quality should be judged under the best
contrast ratio within viewable area. Unexpected display
pattern may come out under abnormal contrast ratio.
Never operate the LCD module exceed the absolute
maximum ratings.

Never apply signal to the LCD module without power
supply.

Keep signal line as short as possible to reduce external
noise interference.

IC chip (e.g. TAB or COG) is sensitive to light. Strong
light might cause malfunction. Light sealing structure
casing is recommended.

Make sure there is enough space (with cushion)
between case and LCD panel, to prevent external force
passed on to the panel; otherwise that may cause
damage to the LCD and degrade its display result.

Avoid showing a display pattern on screen for a long
time (continuous ON segment).

LCD module reliability may be reduced by temperature
shock.

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

Never leave LCD module in extreme condition (max./min
storage/operate temperature) for more than 48hr.
Recommend LCD module storage conditions is
0 C~40 C <80%RH.

LCD module should be stored in the room without acid,
alkali and harmful gas.

Avoid dropping & violent shocking during transportation,
and no excessive pressure press, moisture and sunlight.
LCD module can be easily damaged by static electricity.
Please maintain an optimum anti-static working
environment to protect the LCD module. (eg. ground the
soldering irons properly)

Be sure to ground the body when handling LCD module.
Only hold LCD module by its sides. Never hold LCD
module by applying force on the heat seal or TAB.

When soldering, control the temperature and duration
avoid damaging the backlight guide or diffuser which
might degrade the display result such as uneven display.
Never let LCD module contact with corrosive liquids,
which might cause damage to the backlight guide or the
electric circuit of LCD module.

Only clean LCD with a soft dry cloth, Isopropyl Alcohol or
Ethyl Alcohol. Other solvents (e.g. water) may damage
the LCD.

Never add force to components of LCD module. It may
cause invisible damage or degrade the module's
reliability.

When mounting LCD module, please make sure it is free

EI)JE_'K/—; N N ﬁl’:l‘

TEER V0, VCOM M, LABAORIR & s e A A
A8 IR B T DA BCAEAS [ () 0 A R A7 R 2 A B i R

BIRe R B AEXT LU, 1545 ¥ B F ik B ST L
FERT A

TR T L S N AR R A SR TR o R ) S R R A X LR
NUAEALE (V. A) JEE AT, JEIE R X LGB RS T
e MBI B R AR, MERX .

T ZIAE B3 KU B LA M PR ¥ S e A e
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from twisting, warping and bending.

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

LCD panel is made with glass. Any mechanical shock
(e.g. dropping from high place) will damage the LCD
module.

Protective film is attached on LCD screen. Be careful
when peeling off this protective film, since static
electricity may be generated.

Polarizer on LCD gets scratched easily. If possible, do
not remove LCD protective film until the last step of
installation.

When peeling off protective film from LCD, static charge
may cause abnormal display pattern. The symptom is
normal, and it will turn back to normal in a short while.
LCD panel has sharp edges, please handle with care.
Never attempt to disassemble or rework LCD module.

If display panel is damaged and liquid crystal substance
leaks out, be sure not to get any in your mouth, if the
substance comes into contact with your skin or clothes
promptly wash it off using soap and water.

Warranty
This product has been manufactured to our company’s specifications as a part for use in your company’s general
electronic products. It is guaranteed to perform according to delivery specifications. For any other use apart from
general electronic equipment, we cannot take responsibility if the product is used in medical devices, nuclear power
control equipment, aerospace equipment, fire and security systems, or any other applications in which there is a direct
risk to human life and where extremely high levels of reliability are required. If the product is to be used in any of the
above applications, we will need to enter into a separate product liability agreement.

Hith 8T
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WARAN T A0, 20T AN AT He Al e 2, 4 i 28] 5 ke AR
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We cannot accept responsibility for any defect, which may arise form additional manufacturing of the product
(including disassembly and reassembly), after product delivery.

We cannot accept responsibility for any defect, which may arise after the application of strong external force to the
product.

We cannot accept responsibility for any defect, which may arise due to the application of static electricity after the
product has passed our company’s acceptance inspection procedures.

When the product is in CCFL models, CCFL service life and brightness will vary according to the performance of the
inverter used, leaks, etc. We cannot accept responsibility for product performance, reliability, or defect, which may
arise.

We cannot accept responsibility for intellectual property of a third part, which may arise through the application of
our product to our assembly with exception to those issues relating directly to the structure or method of
manufacturing of our product.
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