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1 Handling Precautions

1)

2)
3)

4)
5)

6)

/)

8)

?)

10)

1)

12)
13)

Since polarizer is easily damaged, do not touch or press the surface of polorizer with
hand.

Be sure to turn off power supply when inserting or disconnecting from input connector.
Wipe off water drop immediately. Long contact with water may cause discoloration or
spofs.

When the panel surface is soiled, wipe it with absorbent cotton or other soft cloth.
Since the panel is made of glass, it may break or crack if dropped or bumped on hard
surface.

Since CMOS LSl is used in this module, take care of static electricity and insure human
earth when handling.

Do not open or modify the Module Assembly.

Do not press the reflector sheet at the back of the module to any directions.

In case a TFT-LCD Module has to be put back into the packing container slot after
once it was taken out from the container, do not press the center of the LED lightbar
edge. Otherwise the TFT-LCD Module may be damaged.

Insert or pull out the interface connector, be sure not to rotate nor tilt it of the TFT-LCD
Module.

Do not twist nor bend the TFT -LCD Module even momentary. It should be taken into
consideration that no bending/twisting forces are applied to the TFT-LCD Module from
outside. Otherwise the TFT-LCD Module may be damaged.

Please avoid touching COF position while you are doing mechanical design.

When storing modules as spares for a long time, the following precaution is necessary:
Store them in a dark place. Do not expose the module to sunlight or fluorescent light.
Keep the temperature between 5C and 35C at normal humidity.

14)Do not apply the same pattern for a long time, it will enhance relevant defect.
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2 General Description

This specification applies to the 24.4 inch-FHD color a-Si TFT-LCD Module. The display
supports the FHD - 1920(H) x 540(V) screen format and 16.7M colors (RGB 8-bitdata
input). The light source of this TFT-LCD module is W-LED. All input signals are
2-channel LVDS interface and this module doesn't contain a driver for backlight.

2.1 Display Characteristics

The following items are characteristics summary on the table under 25°C condition:

Iltems Specification Unit Note

Active Screen Size 24.4 inch
Number of Pixels 1920*540 Pixel
Display Area 597.6(H) x 168.1(V) mm

Bezel Opening 601.6(H) x 172.1(V) mm

Outline Dimension 615.6(H) x 196.1(V) x 13.2(D) mm

Luminance, White 300 (Center 1 point,Typ.) cd/m ?
Power Supply Input Voltage 12 (Typ) \% Backlight
Power Supply Voltage 5.0 (Typ) \Y oC

Power Consumption Total = 19.2 (Typ.) W i aaeswonm
Contrast Ratio 3000 1 --

Response time 20 (Typ.)(G to G) ms

Color temperature 9523 K

Weight 1.65(Typ) Kg
Operating Temperature 0~50
Storage Temperature -20 ~ 60
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2.2 Absolute Ratings of Environment

Permanent damage may occur if exceeding the following maximum rating.

Symbol Description Min. Max. Unit Remark
TOP Operating Temperature 0 +50 [°C] Note 2-1
Glass surface
Note 2-1
TGS temperature (operation) 0 +65 °CT | Function iudged only
HOP Operation Humidity 5 90 [%RH] Note 2-1
TST Storage Temperature -20 +60 [°C]
HST Storage Humidity 5 90 [%RH]

Note 2-1: Temperature and relative humidity range are shown as the below figure.

1. 90% RH Max ( Ta =39C)
2. Max wet-bulb temperature at 39°C orless. ( Ta =39°C)

3. No condensation

Twh=3%C
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2.3 Optical Characteristics

The optical characteristics are measured on the following test condition.

Test Condition:

1. Equipment setup: Please refer to Note 2-2.

2. Panel Lighting time: 30 minutes
3. VDD=5V, Fv=60Hz,Ta=25C

Symbol Description Min. Typ. Max. Unit Remark
L White Luminance (Center of screen) - 300 | 330 | [cd/m2) ";‘;’?Rz_'a,z
. . . . Note 2-3
Luni Luminance Uniformity (9 points) - 75 - [%] By SR-3
CR Contrast Ratio (Center of screen) 1800 3000 - - Note 2-4
By SR-3
Or Horizontal Viewing Angle Right 75 89 -
(CR=10) )
oL Left 75 89 - [degree] Note 2-5
On Vertical Viewing Angle Up 75 89 - By SR-3
DL (CR=10) Down 75 89 -
T Raising Time - 7 17
Tre Response Time Falling Time 5 7 Imsec] Nofe 2-6
Tt TiF Raising + Falling 12 o4 By TRD-100
Rx Red x - 0.6343| 0.6518
Ry Redy - 0.3246 | 0.3181
Gx Green x - 0.3184 | 0.3257
Gy Color Coordinates Greeny - 0.6097 | 0.6063 )
Bx (CIET1931) Blue x - | 0.1446| 0.1434 By SR-3
By Blue y - 0.0517 | 0.0534
W, White x - 0.2743| 02793
Wy White y - 0.2845| 0.2956
Note 2-7
CT - - 1.5 (%]
Crosstalk By SR-3
NTSC standard 72% - 71.89 73.59 [%]
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Note 2-2: Equipment setup :

ﬂ Photo detector (SR-3, TRD-100)

Measured distance (50cm)

LCD Panel

TFT-LCD Module
v /

Center of the screen

Note 2-3: Luminance Uniformity Measurement

Definition:
Minimum Luminance of 9 Points (P1~ P9)

Luminance Uniformity = - - -
Maximum Luminance of 9 Points (P1 ~ P9)

a.Test pattern: White Pattern
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H/10 Hi2 —
W/10 }4—»
__________________ S S
%1 ’;2 P3 ’ vi10
’ | Vi2
& J-CHLLID W I
;F’? P8 P9 | vi10
B SR b SR ‘_3_ "

Note 2-4: Conftrast Ratio Measurement

Definition:

) Luminance of White pattern
Contrast Ratio = P

Luminance of Black pattern

a. Measured position: Center of screen (P5) & perpendicular to the screen
(6=D=0°)

Note 2-5: Viewing angle measurement
Definition: The angle at which the contrast ratio is greater than 10 & 5.

a. Horizontal view angle: Divide to left & right (6. & 6R)
Vertical view angle: Divide to up & down (®x &Py)

Normal Line
¢=0° 9=0°
0
12 O'clock
direction
pL=90" X y ¢n=90"

6 O'clock v’ \({ x'
direction
oL =90

Note 2-6: Response time measurement
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The output signals of photo detector are measured when the input signals are changed from “Full
Black” to “Full White” (rising time, T.r), and from “Full White” to “Full Black” (falling time, T),
respectively. The response time is interval between the 10% and 90% (1 frame at 60 Hz) of

amplitudes.
% TrF
b e— )
100 N I
1 1
H 1 1
Optical | White Black 1 Black
response 1 1
0 — — '

4— 1Frame —¢— 1 Frame —

Tr + T, = 12 msec (typ.).

Note 2-7: Crosstalk measurement

Definition:
CT = Max. (CTw,CTv);

Where
a.Maximum Horizontal Crosstalk :
CTh=Max. (| YeL=YaL | /Yaex100%, | Yer—Yar | / Yar x 100 %);
Maximum Vertical Crosstalk:
CTlv=Max. (| Yeu—=Yau | /Yaux100%, | Yep—Yap | / Yap x 100 %);
b. Yau. Yap, YaL Yar = Luminance of measured location without Black pattern
Ysu, Yep, YeL, Yer = Luminance of measured location with Black pattern

0.0 Aclive Area ©.0) Active Area
. (D2 W5) Oe———0v C2Ws)
(D4 W) 5

Yoo (DVBVW2) . & DR

—p Gray 127 (O Yoo (DVB W2 .

0 X Y n (TDIB,WI2) () O9—
T DM, B4}
¥a, o (D2, 7WIB) i
r { I? M
>0 Ya, o (D/2. 7B S
(D) (D

Note 2-8: Flicker measurement

a.Test pattern: It is listed as following.
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I Gray level = LO
D Gray level = L127

R: Red, G: Green, B:Blue

b. Measured position: Center of screen (P5) & perpendicular to the screen
(6==0°)

2.4 Mechanical Characteristics

Symbol Description Min. Max. | Unit Remark

Poc Backside Compression 2.5 - [Kgf] Note 2-9

Note 2-9: Test Method:
The point is at a distance from right-downside 25mm x 25mm defined as the Start
Point of Measure Points, and the point is at a distance 25mm from left-side &
around 10mm from PCB defined as the End Point.

Align 50mm x 50mm block from Start Point on the Bezel Back, and the corners of
each block are Measure Points.

If the distance from the last block to each side of the End Point = 25mm, add
other blocks to make sure that most area of Bezel Back can be measured.

4 N\

10

m
End Point

<>
25mm izZSmm

100 24



G
.

TOUCH

3 TFT-LCD Module

3.1 Block Diagram
The following shows the block diagram of the 24.4 inch Color TFT-LCD Module.

TFT-LCD

Pixels

X-Driver IC

D5760

LED
Backlight

A

AUO
ASIC
Timing
LVDS Controller
LVDS 8 Receiver »
JHE miniLVDS 5 1920(x3) x 540
¢=D Transmitter
vDD | |&
i -
D1
DC/DC Gamma
Converter » Correction 1
I/F + X-PCB

DC

15

LED Driver on system
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3.2 Interface Connection

3.2.1 Connector Type

TFT-LCD ﬁ\é\gnufccfu P-TWO STM STARCONN
fjf””ed ParfNumber| AL230F-A0G1D-P | MSCKT2407P30HB | 093G30-02001A-M4
Mating g?nufocfu JAE or Compatible
gromed Part FI-X30HL (Locked Type)

Number

3.2.2 Connector Pin Assignment

PIN # |SIGNAL NAME DESCRIPTION
1 RXO0- Neaqative LVDS differential data input (Odd data)
2 RXO0+ Positive LVDS differential data input (Odd data)
3 RXO1- Neaqative LVDS differential data input (Odd data)
4 RXO1+ Positive LVDS differential data input (Odd data)
5 RXO2- Neagative LVDS differential data input (Odd data, H-Sync,V-Sync,DSPTMG)
6 RX0O2+ Positive LVDS differential data input (Odd data, H-Sync.V-Sync. DSPTMG)
7 GND Power Ground
8 RXOCLK- Negative LVDS differential clock input (Odd clock)
9 RXOCLK+ Positive LVDS differential clock input (Odd clock)
10 RXO3- Neaative LVDS differential data input (Odd data)
11 RXO3+ Positive LVDS differential data input (Odd data)
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12 RXEO- Negative LVDS differential data input (Even data)
13 RXEO+ Positive LVDS differential data input (Even data)
14 GND Power Ground

15 RXE1- Negative LVDS differential data input (Even data)
16 RXE1+ Positive LVDS differential data input (Even data)
17 GND Power Ground

18 RXE2- Negative LVDS differential data input (Even data)
19 RXE2+ Positive LVDS differential data input (Even data)
20 RXECLK- Negative LVDS differential clock input (Even clock)
21 RXECLK+ Positive LVDS differential clock input (Even clock)
22 RXE3- Negative LVDS differential data input (Even data)
23 RXE3+ Positive LVDS differential data input (Even data)
24 GND Power Ground

25 NC No contact

26 NC No contact

27 NC No contact

28 VDD +5.0V Power Supply

29 VDD +5.0V Power Supply

30 VDD +5.0V Power Supply

VDD
=~ RIO0-

o€

130 24



G
L

TOUCH

3.3 Electrical Characteristics

3.3.1 Absolute Maximum Rating

Permanent damage may occur if exceeding the following maximum rating.

Symbol Description Min Max | Unit Remark
vop | Powersupply | o\pos3 | 6o | IVON Ta=25¢
Input Voltage ]
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3.3.2 Recommended Operating Condition

Symbol Description Min | Typ | Max | Unit Remark
Power supply
VDD Input voltage 45 | 50 | 55 |[Volf]
DD Power supply _ 093 | 122 [A] |VDD= 5.0V, All white Pattern at 60 Hz
Input Current (rms) 122 | 146 | [A] |vVDD=5.0V, All white Pattern at 75 Hz
POD VDD Power _ 4.65 558 [Woﬂ] VDD= 5.0V, All white Pattern at 60 Hz
Consumption 6.10 730 |[Watt]|VDD= 5.0V, All white Pattern at 75 Hz
IRush Inrush Current - - 3.0 [A] |Note 3-1
VDDrp Allowable VDD | _ 500 | [mV] |VDD= 5.0V, All white Pattern at 75 Hz
Ripple Voltage
Note 3-1: Inrush Current measurement:
Test circuit:
M/\ Svee

(LCD Module Input)

5.0V.

. 470us.

VDD rising time.

The duration of VDD rising time: 470us.
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3.4 Signal Characteristics

3.4.1 LCD Pixel Format

1 2 1919 1920
1st Line R|G|B[R|GBf = = R| G B|R|G|B
1200L|ne RGBRGB ............ RGBRGB

3.4.2 LVDS Data Format

RXOCLK

RHOCLK

+
Q

"]

n

o

i

[

il bq
L

5

kax

3

il

00 { Koo)X ors X ora X orsXore ) o XoroX )

reos ):()(X“X 2.0 00 6 8 Bit Color

o (XX XOEEEEX D Sl

wox {— Ny e S MSB | R7 | 57 | B7
: RE | G6 | BB

—E—\—/— Rs | G5 | BS

! # \ ! R4 | G4 | B4

reo ):CXFXXXXXX_) R3 | G3 | B3

€1 (_)i(-ﬂ)(m.)(t@:.x-._u.-)(-zu_-mw_)f(_) R2 | G2 | B2

ez (C X XXX === R1_| G1 | B

- ):(='-'~-'X”-‘“-XW“Xi*??)(ffﬁ'-‘)(f’”X”*'-‘)f(_) LSB | RO | GO | BO

Note 3-2:
a. O ="0Odd Pixel Data”  E = "Even Pixel Data”
b. Refer to 3.4.1 LCD pixel format, the 1st datais 1 (Odd Pixel Data), the 2nd datais 2 (Even Pixel Data)
and the last datais 1920 (Even Pixel Data).
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3.4.3 Color versus Input Data

The following table is for color versus input data (8bit). The higher the gray level, the
brighter the color.

Color Input Data
Color E;feyl RED data GREEN data BLUE data Femark
(MSB:R7, LSB:RO) (MSB:G7, LSB:G0) (MSB:E7, LSB: B0}
RYIRE|RE|R4|RI|R2|RT|RO|(G/|CGE |G| G4 |G |G2|G1|GO|B7|B6(BS|B4|B3[B2(B1 (B0
Black - gyo|jojofojojofofoyjojojo(ojoj|of(0jo0|0|O0|j0O|0|0O|0O)|0O
White - 1 e s e e Y e e O T O A IO
Gray 127 - [T Y X e e Y Y I O IO
L0 gyoj|ojofojojofojojo|jof(o|o|0j0|(0jOjO|0|0O]0|0]|0]0]| Black
Red
L255 | 1 1 1 1 1 1 1 1T|jo0jo|jojof(o|(o0|0|0|O0O|O0jO|OjJO0D|0D|DO)D
Lo oyojojofojojo|o ojofojofof{0|0f0]| Black
Green
s o (ojo|of{o(ojoq|o0 pjofojofofo(0O|oO
L0 oyo|ojofojojofo|jojo|jo|(o0|o0|O0jO0Of(O0O|jOjO|lO0|0O)0|0]|0]D0]| Black
Blue
s o fojojofofojojofojojojofojojojoft (111t 1]1

3.4.4 LVDS Specification
a. DC Characteristics:

Symbol Description Min Typ | Max | Units Condition

LVDS Differential 3
Vi | \nout High Threshold | - - | +100 | [mV] | Vem = 1.2V

LVDS Differential 3
Vi Input Low Threshold -100 - - [MmV] | Vem = 1.2V

LVDS Differential
| Vio| Input Voltage 100 - 600 | [MmV]

LVDS Common B
Ver | Mode Voltage 1.0 | +1.2 1 +1.5 1 [V] | Viv-Vie=200mV

LVDS Signal Waveform:
Use RXOCLK- & RxOCLK+ as example.
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Single-End

LVDS Vin N E_ :>< >< K
NS NSNS Sl
Vth A Y

LVDS Vin P | /N Vel

GND
Differential Signal
ov
b. AC Characteristics:
Symbol Description Min Max Unit Remark

Maximum deviation of
Foey inpg’r clock frequency ) 3 %
during Spread
Spectrum
Maximum modulation
frequency of input
clock during Spread
Spectrum

Fmop - 200 KHz
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Freq ,

Fmax

Feik

Fmin

I Fek * Foev

1
Fmob

y

< Spread Spectrum>
Fclk: LVDS Clock Frequency

3.4.5 Input Timing Specification

Time

It only support DE mode, and the input timing are shown as the following table.

Symbol Description Min. | Typ. | Max. | Unit | Remark
v Period 1002 | 1130 | 1703 | TN
Tdisp (v) Active Th
Vertical Section 1080 | 1080 | 1080
Tolk (v) Blanking 12 50 713 Th
Fv Frequency 50 60 76 Hz
Th Period 1004 | 1050 | 1100 | '€
Tdisp (h) Horizontal Active 960 960 960 Tclk
Tolk (h) Section Blanking 44 90 140 Tclk
Fh Frequency 55 68 90 KHz | Note 3-3
Tclk Period ns 1/Fclk
LVDS Clock 11.1 140 | 182
Fclk Frequency 548 | 712 | 90.0 MHz | Note 3-4

Note 3-3: The equation is listed as following. Please don't exceed the above
recommended value.
Fh (Min.) = Fclk (Min.) / Th (Min.);
Fh (Typ.) = Fclk (Typ.) / Th (Typ.);
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[
V4

Fh (Max.)= Fclk (Max.) / Th (Min.);
Note 3-4: The equation is listed as following. Please don’'t exceed the above
recommended value.

Fclk (Min.) = Fv (Min.) x Th (Min.) x Tv (Min.);
Fclk (Typ.) = Fv (Typ.) x Th (Typ.) x Tv (Typ.);
Fclk (Max.) = Fv (Max.) x Th (Typ.) x Tv (Typ.);

3.4.6 Input Timing Diagram

T !
M ixel

I

Tdispi{wv)

Thlki )

M Line
I

. = . - o e e e b N = .
RGE Dot Invalid Data Imvalid Data
Lim Lim Lim Lim Lim Lim|

N A A A N N A AN N AT AT A AT RN A ATV AN |
- J_U_U_U_U_U_U_L J_U_U_U_U_U_U_U_ U_U_U_U_U_U_[ J_U_U_U‘
P & 5 5 5
H H : Th ' '
< | >
E/ Tdisp{h) \i/ Thlkih} \\E
CE
LTI ERRRRNNE
T nu :
document version 2.1 T e 24
RGE Dats| Pixel Pixel| Pixel Pixel Pixel Pixel Pixe| Pixel| Pizel Pixe Pixel|l Pixel Pixe Pixel Pize
Invalid Dta Imvalid DgYa
(odd) M-A ™M-F M-F ™-1 1 = s 7 s | 11 M-5 M-F M- 1 =
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3.5 Power ON/OFF Sequence

VDD power,LVDS signal and backlight on/off sequence are as following. LVDS
signals from any system shall be Hi-Z state when VDD is off.

T1
Backlight Off |,
90% 90% /
10% 10%
VDD T2 T5 T6 T7
<>
LVDS Signal //// VALID\\\\
/ N
DATA
T3 T4
VsLep Backlight Off Backlight On Backlight Off
Power Sequence Timing

Value Remark

Symbol Unit

Min. Typ. Max.

T1 0.5 - 10 [ms]

T2 0 - 50 [ms]

T3 500 - - [ms]

T4 100 - - [ms]
Note 3-5
T5 0 50 [ms] Note 3-6
T6 0 i 200 (ms] Nore s

T7 1000 - - [ms]

Note 3-5 : Recommend setting T5 = Oms to avoid electronic noise when VDD is off.

Note 3-6 : During T5 and Té period , please keep the level of input LVDS signals with Hi-Z

state.

Note 3-7 : Voltage of VDD must decay smoothly after power-off. (customer system decide

this value)
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4. Backlight Unit

Parameter Min. Typ. Max. Unit Remarks
LED Ll.ght Bar Input Voltage Per VPIN i 502 515 v Duty 100%
Input Pin
LED L1.ght Bar Input Current Per o i 290 320 mA Notel.2,
Input Pin
LED Power Consumption PsL - 14.55 16.48 w Note 3
LED Life-Time - 30,000 50000 Hrs Note 4

LED bar consists of 72 LED packages,( 9parallel*8strings)*parallel
Notel: There are one light bar ,and the specified current is input LED chip 100% duty current

Note2: The sense current of each input pin is 290mA

Note3: PBL= Input pins*VP IN XIPIn
Note4: The lifetime is determined as the time at which luminance of LED become 50% of the initial
brightness or not normal lighting at IPIN=290mA on condition of continuous operating at

25 £2°C
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5 Reliability Test

AUOQ reliability test items are listed as following table. (Bare Panel only)

Air Discharge: £ 15KV, 150pF(330Q ) 1sec
8 points, 25 times/ point.

Condition
ltems Remark
Temperature Humidity Bias (THB) | Ta= 50"C, 80%RH, 300hours
High Temperature Operation Ta= 50°C., 50%RH, 300hours
(HTO)
Low Temperature Operation(LTO)| Ta= 0°C, 300hours
High Temperature Storage (HTS) | Ta= 60°C, 300hours
Low Temperature Storage (LTS) Ta=-20°C, 300hours
Acceleration: 1.5 Grms
Vibration Test Wave: Random
(Non-operation) Frequency: 10 - 200 Hz
Sweep: 30 Minutes each Axis (X, Y, Z)
Acceleration: 50 G
Shock Test Wave: Half-sine
(Non-operation) Active Time: 20 ms
Direction: =X, 1Y, 7 (one time for each Axis)
Thermal Shock Test (TST) -20°C /30min, 60°C /30min, 100 cycles Note 5-1
On/Off Test On/10sec, Off/10sec, 30,000 cycles
Contact Discharge: + 15KV, 150pF(330Q ) 1sec,
8 points, 25 times/ point.
ESD (Electro Static Discharge) Note 5-2

Altitude Test

Operation:18,000 ft

Non-Operation:40,000 ft

Note 5-1: a. A cycle of rapid temperature change consists of varying the temperature from

-20°C to 60°C, and back again. Power is not applied during the test.

b. After finish temperature cycling, the unit is placed in normal room ambient for
at least 4 hours before power on.

Note 5-2: EN61000-4-2, ESD class B: Certain performance degradation allowed

No data lost
Self-recoverable
No hardware failures.
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6 Mechanical Drawing

24024

L [ 2 [ 3 [ 4 I 5 [ 6 I 7 I 8
- 574 | bl IR A % 4
K45 .
RS LA | SRS E 2024/03/26 LY
2 | A | ML B 2024/04/15 LY
A 3| A BUALIANE 2024/05/24f LY
4| AN | R B e A 2024/07/08] LY
5| A | AN AEBIECN: MAx14.4 2024/07/09| LY
6 | A | FINAERE 2024/08/011 LY
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