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1. General Description

LM238WF2-SSG1 is a Color Active Matrix Liquid Crystal Display with a Light Emitting Diode ( White LED)
backlight system without LED driver. The matrix employs a-Si Thin Film Transistor as the active element.
It is a transmissive type display operating in the normally black mode. It has a 23 inch diagonally measured
active display area with FHD resolution (1080 vertical by 1920horizontal pixel array)
Each pixel is divided into Red, Green and Blue sub-pixels or dots which are arranged in vertical strip<s.
Gray scale or the brightness of the sub-pixel color is determined with a 8-bit gray scale signal for each ouv’,
thus, presenting a palette of more than 16,7M colors with A-FRC (Advanced Frame Rate Control).

It has been designed to apply the 8Bit 2 port LVDS interface.

It is intended to support displays where high brightness, supes wide viewsng, zugle,
high color saturation, and high color are important.

- 1)
LVDS
pair #1 Timing
ps | controller TFTACh Manel
pair #2 \ (1920 x RGEN1080 pixels)
CN1
51080
. . RGE ‘ [
5V, Power circuit o Y s1920 1
Vi B
- block & )— > Source driver circuit
P~ N Back light Assembl
Vio— | #CNZGCPIN) g7 g(LED) ’

General Featu*e§ ( F?_ﬂure 1 ] Block diagram

Active Screen Size T 73.8'inches(60.47cm) diagonal
7 Outllne VDirﬁernsiro.‘. 7777777777 ' VJVSS.O(H) X 313.0(V) X 12.2 mm (Typ.)

Pixel Pitch 0.2745(H)mm x 0.2745(V)mm

Pixel Format 1920 horiz. By 1080 vert. Pixels RGB stripes arrangement

Color Depth "\ 16.7M colors (6bit + A-FRC)

Luminance{ “hite 250 cd/m? ( Center 1 Point, Typ.)
7 \Vlié\rlvirnrgrl\rnrqle\r 4#10) View Angle Free (R/L 178(Typ.), U/D 178(Typ.))

Potier C:sv nption Total 13.7 Watt (Typ.) ( 2.1Watt @VLCD_mosaic, 11.6 Watt @Is=85mA )
7 \rNreirghl 19109 (typ.)

Display Operating Mode Transmissive mode, normally black

Surface Treatment Hard coating (3H), Glare treatment of the front polarizer
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2. Absolute Maximum Ratings

The following are maximum values which, if exceeded, may cause faulty operation or damage to the unit.

Table 1. ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Values Units Notes I
Min Max ~ \ _l

Power Input Voltage VLeD -0.3 6.0 Vdc [ at 25 + 2°0
Operating Temperature Top 0 50 °C
Storage Temperature TsT -20 60 °C
Operating Ambient Humidity Hop 10 90 %RH 3
Storage Humidity HsT 10 90 %RH
(LOCpl\grztji(r)fg)ce Temperature Tewtace 0 -5 - 1,4

Note : 1. Temperature and relative humidity range 2% shown in the figura,below.
Wet bulb temperature should be 39 °C Max,and no condensatiei1 of water.
2. Maximum Storage Humidity is up to 40 Cy, /0% RH olilyfoi*4 corner light leakage Mura.
3. Storage condition is guaranteed u#igar packing coslition
4. LCM Surface Temperature should ke Iiin. 0C anduMan, 65C under the VLCD=5.0V,
fV=60Hz, 25°C ambient Temp.«ao fumidity contiolarsLED string current is typical value.

FIG.2 Temperature and xzlat v2 humidity
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3. Electrical Specifications

3-1. Electrical Characteristics

It requires two power inputs. One is employed to power the LCD electronics and to drive the TFT array and
liquid crystal. The second input power for the LED/Backlight, is typically generated by a LED Driver.
The LED Driver is an external unit to the LCDs.

Table 2-1. ELECTRICAL CHARACTERISTICS

S\ N
Values | i |
Parameter Symbol ] Unit ) KNotes
Min Typ X (
MODULE :
Power Supply Input Voltage \Y/Eeh) 4.5 5 | 3.5 o
Differential Impedance Zn 80 109 l 120 O m
Permissive Power Input Ripple VdRF 209 \J mVp-p 1
ILCD_Mosaic - 410 510 mA 2
Power Supply Input Current
ILCD_Green = 560 (0] mA 3
) Pc_Mosaic - 2705 2.55 Watt 2
Power Consumption
PcLcD Gredn ) - 2.30 3.50 Watt 3
Rush current IRUSH ! - p 3.5 A 4

Note :
1. Permissive power ripple shouid [\e measured U er V¢ =5.0V, 25°C, fV(frame frequency)=MAX

condition and At that time, \xe [fécommend.the © widwidth configuration of oscilloscope is to be under
20Mhz. See the next page.

2. The specified curseni and power ccasumption are under the V, ,=5.0V, 25+ 2°C,fV=60Hz condition
whereas Tyjiieal Fower Patterrf [M.osaic] shown in the [ Figure 3 ] is displayed.

3. The current i1s'specified at theymaximum current pattern.

4. Maximum C¢adition, of Inrush current :
The duration'Hf rush current is about 5ms and rising time of power Input is 500us + 20%.(min.).

5. VLCDgsievel 1. ast be measured at two points on LCM PCB - between VLCD(test point) and LCM Ground.
“'he ‘xieansured results need to meet the Power supply input voltage spec.
(West condition : maximum power pattern , 25+ 2°C, fV=60Hz)
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» Permissive Power input ripple (V ¢, =5.0V, 25°C, fv (frame frequency)=MAX condition)

Green 255 pa@ . v
« Power consumption (V ., =5V, 25°C, fV (fran%%cy%OHZ }%ﬁn)

N\

Maximum power Pattern

FIG.3 Mosaic pattern reen 255 Pattern for power consumption measurement
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Table 2-2. LED Bar ELECTRICAL CHARACTERISTICS
Values ‘
Parameter Symbol Unit Notes
Min. Typ. Max.
LED String Current Is - 85 90 mA 1,2.5
\ g
LED String Voltage Vs 42.3 45.3 48.3 \ \Y 135
Power Consumption PBar - 11.6 .2 Watt Wl 2, 4
LED Life Time LED_LT 30,000 - 2 Fg ‘ 3

Notes) The LED Bar consists of 45 LED packages, 3 strings (paraliel;x 15 packages'(surial)

LED driver design guide
: The design of the LED driver must have spelificaticns for the LED in?2CD Assembly.
The performance of the LED in LCM, for.exampie ) fe time or bfightness, is extremely influenced by
the characteristics of the LED driver,
So all the parameters of an LED avwive: should be carefully designed and output current should be
Constant current control.
Please control feedback currant »f each string'individually to compensate the current variation
among the strings of LEDs
When you design orfordar the LED drixar, psse make sure unwanted lighting caused by
the mismatch of the LZD and the L EG diwer (no lighting, flicker, etc) never occurs.
When you coafism itf'the LCD mdodule’should be operated in the same condition as installed in
your instruiaetit.

1. The specifiaa\values are fer aysimgie“LED bar.
2. The specified current is defined\as the input current for a single LED string with 100% duty cycle.
3. The LED life time is defined as the time when brightness of LED packages become 50% or less
than the initial valiie under the conditions at Ta = 25 + 2°C and LED string current is typical value.
4. The power c¢asumption shown above does not include loss of external driver.
The typical pc¢ wver consumption is calculated as Psar = Vs(Typ.) x Is(Typ.) x No. of strings.
The maxi. wm {Hhower consumption is calculated as Pear = Vs(Max.) x Is(Typ.) x No. of strings.
5. LED ggepatiriy conditions are must not exceed Max. ratings.
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3-2. Interface Connections
3-2-1. LCD Module
- LCD Connector(CN1) : 1S100-L300-C23 (UJU)
- Mating Connector : FI-X30C2L (Manufactured by JAE) or Equivalent
Table 3. MODULE CONNECTOR(CN1) PIN CONFIGURATION
No | Symbol Description No | Symbol Symbol
1 [FROM Minus signal of odd channel 0 (LVDS) 16 |SR1P Plus gigrial 0&aven chanpegid, (L1 DS)
2 |FROP Plus signal of odd channel 0 (LVDS) 17 |GND Grounu
3 |FR1M Minus signal of odd channel 1 (LVDS) 18 | SR2M | MinuG signal of aven chanagt 2 (LVDS)
4 |FR1P Plus signal of odd channel 1 (LVDS) 19 |SR2P l Tlus signal (feven chadinel 2 (LVDS)
5 |FR2M Minus signal of odd channel 2 (LVDS) 20 PSELIAINMT | MinuggSiggal fcten clock channel (LVDS)
6 |FR2P Plus signal of odd channel 2 (LVDS) 217 SCLXINP Pls signal of even clock channel (LVDS)
7 |GND Ground 22 | PR3M Minus%ignal of even channel 3 (LVDS)
8 |FCLKINM | Minus signal of odd clock channel (LVDS) [%23" J)SR3P | Plus signal of even channel 3 (LVDS)
9 |FCLKINP |Plus signal of odd clock channel (LYD) 24 | GRND Ground
10 |FR3M Minus signal of odd channel 3 (LVQS) 25 . NC No Connection (12C Serial interface for LCM)
|
11 |FR3P Plus signal of odd chann¢ 3 (1\/Ds) 96 | NC No Connection.(12C Serial interface for LCM)
12 |SROM Minus signal of eveit ch annel Q.4_VDS) 27 : ITLC Interlace Mode Selection
13 |SROP Plus signal of e{enstianinel 0 (LVDS) 28 |V|_CD Power Supply +5.0V
14 |[GND Ground 29 |VLCD Power Supply +5.0V
15 |SR1M Minus,siginal of even channg?™ L (LVDS) 30 |V|_CD Power Supply +5.0V

Note: 1. All GND{graund) ping shc'd e connected together and to Vss which should also be connected to

the rCDsimetal fraime:

2. All VLeo (power input) pias should be connected together.

3. Input Level of LVDS signal is based on the EIA 644 Standard.

4. ITLC is Intérlace mode selection pin. (L : Normal Mode, H : Interlace mode)
If you dan't yse this pin, it should be connected to GND.
(Low let 2l Iripiit Voltage : GND ~ 0.4V, High level Input Voltage : 1.6 ~ 3.6V,
AYsoluiy maximum ratings : - 0.5 ~ 4V)

#1 #30

‘ 0 - Rear view of LCM

FIG.4 Connector diagram
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Table 4. REQUIRED SIGNAL ASSIGNMENT FOR Flat Link (TI:SN75LVDS83) Transmitter

Pin #|Pin Name Require Signal Pin #| Pin Name Require Signal
1 Vce Power Supply for TTL Input 29 GND Ground pin for TTL
2 D5 TTL Input (R7) 30 D26 TTL Input (DE) |
3 D6 TTL Input (R5) 31 Tx CLKIN TTL Level clock Input ]
4 D7 TTL Input (GO) 32 PWR DWN Power Down :np:lt N\, |
5 GND Ground pin for TTL 33 PLL GND Ground pi “for_DE_ V'
6 D8 TTL Input (G1) 34 PLL Vce PoweiSuply for PLL I
7 D9 TTL Input (G2) 35 PLL GND Groupd pin for PLL s
8 D10 TTL Input (G6) 36 LVDS GNE LGraund pin for LVRS
9 Vee Power Supply for TTL Input 37 TXOLT3™ l Positive L VES citferential data output 3
10 D11 TTL Input (G7) 38 7 tdL,TS»— Neqan;LVWS differential data output 3
11 D12 TTL Input (G3) 39 T:( IAAOUT + Po—sitn'a LVDS differential clock output
12 D13 TTL Input (G4) = I_T)( \‘LKOU"'_ Megative LVDS differential clock output
13 GND Ground pin for TTL i 4t Tx Ol Positive LVDS differential data output 2
14 D14 TTL Input (G5) v 42 Ty OLFZ ) Negative LVDS differential data output 2
15 D15 TTL Input (BO) \J 43 LY 5:;_GND Ground pin for LVDS
16 D16 TTL Input (BEj | \J v 18/DS Vce Power Supply for LVDS
17 Vce Power Sujiphsfar TTL Input 45 Tx OUT1+ Positive LVDS differential data output 1
18 D17 TTL,Input (B7) It -1’5 Tx OUT1— Negative LVDS differential data output 1
19 D18 ITeNout (B1) \N 47 Tx OUTO+ Positive LVDS differential data output O
20 D19 | T'_f'_-lnput (B2) \/ 48 Tx OUTO— Negative LVDS differential data output O
21 GND_ —T ‘Ground pia i",r_T"l-._:wput 49 LVDS GND Ground pin for LVDS
22 D20 | TTL Input (B;)_‘ 50 D27 TTL Input (R6)
23 D21 TTL Input (B4) 51 DO TTL Input (RO)
24 D22 T Input (B5) 52 D1 TTL Input (R1)
25 N23 TTL Input (RSVD) 53 GND Ground pin for TTL
26 Ve Power Supply for TTL Input 54 D2 TTL Input (R2)
27 D24 TTL Input (HSYNC) 55 D3 TTL Input (R3)

28 _I_ D25 TTL Input (VSYNC) 56 D4 TTL Input (R4)

Notes : 1. Refer to LVDS Transmitter Data Sheet for detail descriptions.
2. 7 means MSB and 0 means LSB at R,G,B pixel data

Ver. 0.0 Apr. 17. 2015 10/ 36
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LVDS Input characteristics

1. DC Specification

LVDS - y'y _— 1_ -
Vool :
IRy S Iy W AT T
|
LVDS + Y ___:___A_
| |
| |
| i
Vewm 1V in_mad! Van_min
# [Vip| = |(LVDS+) — (LVDS-)| ' J
# Vew = {(LVDS+) + (LVDS-)}/2 | |
OV ________________________________ L y f— _I —_——
Description Symbol Min Mox Unit Notes
LVDS Differential Voltage Vol 200 ‘ 600 ‘ AN, | -
LVDS Common mode Voltage Vewm 1¢ 15 \/ -
LVDS Input Voltage Range Vin L 2.7 1.8 \% -
Change in common mode Voltage AVm } - 250 mV -

2. AC Specification

e Tek o)
[ g
LVDS Clock 44'_ A\ I/
Rl [
LVDS Data___ LA >\ _)( X X X X X X
|<'| L SKEW ek = ]/Tclk)
i D 95MHz> Fclk > 85MHz: -300~+300
t skew 2) 85MHz > Fclk > 65MHz: -400 ~+400
3 65MHz> Fclk> 30MHz: -600 ~+600
Description Symbol Min Max Unit Notes
tekew - 300 + 300 ps 95MHz > Fclk =2 85MHz
LVDS Clock té Dat.Skew Margin tskew -400 | +400 ps | 85MHz > Fclk 2 65MHz
tskew - 600 + 600 ps 65MHz > Fclk = 30MHz
LVDS Ciuck tu Clock Skew Margin
(Gven'a.04d) tskew go | - 1/7 + 17 Te -
L~
Ver. 0.0 Apr. 17. 2015 11/ 36
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. |
| T |

LVDS 0dd Clock /: ! - \—,'/—
e 0 G0 S 0 S S S0 S 0 0 G0 (;)03
o

tskew_eo
¢
LVDS Even Clock | *

3. Data Format
1) LVDS 2 Port x
Tclk Q
N A

RCLK+ e Tok*a7 e Tok*378, | S \
N i [msB ] Rr7
1Y
o o SN o [ EE ) .
Ga \? - —

= [N | = | ) ) i
NS S R3
AN = |k & [
N N R2
o  ine— . 3

=‘ oBs | 0G7 @ oB7 | oBs R1
7 Y — | | [Lse | ro
" o (It o [ [ )

i > 3 3 * ODD = 1st Pixel
o AP [ = [wmm) et

vs <

RXinO2 +/-

RXinO3 +/-

RXIinEO +/-

RXIinE1 +/-

: :
S 4 Y
B5S EB4 EB3 EB2 VSYNC HSYNC
’ | |
& oo [ o Lo [ )
~/ 1
:

Current(Nth) CycleHNext(Nﬂ)th Cycle—

RXIinE2 +/-

RXIinE3 +/-

< LVDS Data Format >
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Table 5. BACKLIGHT CONNECTOR PIN CONFIGURATION(CN2)

The LED interface connector is a model BM06B-SHJS(HF)_Manufactured by JST or equivalent.
The mating connector is a SHIP-06V-S(HF) or SHIP-06V-A-K(HF) or Equivalent.

The pin configuration for the connector is shown in the table below. : q

1 FB1 Channell Current Feedback

2 FB2 Channel2 Current Feedback()
3 VLED LED Power Sup 4
4 VLED LED Pow

5 FB3
6 4 5 k;

&@ Rear view of LCM

[ Figure 5 ] Backlight connector view
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3-3. Signal Timing Specifications

This is signal timing required at the input of the TMDS transmitter. All of the interface signal timing should be
satisfied with the following specifications for it's proper operation.

Table 6. TIMING TABLE

ITEM Symbol Min Typ Max Unit Note 4
Period tCLK 11.11 13.89 16.7 1S
DCLK SN | 78 8 |
Frequency - 60 72 90 AHz N
Period tHP 1024 1088 112¢ tCLK.
Horizontal Valid tHV 960 960 (| 960 SLK
Horizontal Blank tHB 64 123 | 160
Hsync Frequency fH 64 ___66_ 83 |_ ’ &HZ—
Width tWH 1f 32 45 l tCLK
Horizontal Back Porch tHBP 31 48 64
Horizontal Front Porch tHEP 16 43 —I_ 48
Period tViR 1090 1100 1160 tHP
Vertical Valid Wy 4030 1080 1080 tHP
Vertical Blank tvB 10 20 80 tHP
Vsync Frequency \ I_ | 48 60 75 Hz
Width WV ' 2 4 16 tHP
N N
Vettical Back Porch (VBP 5 8 32
Terﬂtical Front Porch__‘ tVFP 3 8 32

Note: Hsync period ant\ Hsync width-active should be even number times of tcik. If the value is odd number
times of tC ¥, “display control signal can be asynchronous. In order to operate this LCM a Hsync,

Vsyn, and L =(data enable) signals should be used.

1. The'_narforihance of the electro-optical characteristics may be influenced by variance of the vertical

refre.

rates.

2. \Isync and Hsync should be keep the above specification.
.. Hsywc Period, Hsync Width, and Horizontal Back Porch should be any times of of character

number(4).
4. The polarity of Hsync, Vsync is not restricted.
5. The Max frequency of 1920X1080 resolution is 90Mhz

Ver. 0.0
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3-4. Signal Timing Waveforms

1. Dcwk, DE, DATA waveforms

m \_/—\\
Valid dat ~y
nvdvj data

Invalid data><’ixel

First data

P|x|2

V
Pixel| 1,

Second data Invalid data><\

Valid data
Plxel 3 MD[ \< Invalid data

/

DE(Data Enable)

3/

2. Horizontal waveform

| tHe
<« - - — >
I thy
|<—— —_— >

N XL

g ]
DE(DatasEnabie) N /  DE
3. Vertical viaveform
: tw - g

thr

DE(Data Enable)

7l

L
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3-5. Color Input Data Reference

The Brightness of each primary color(red,green,blue) is based on the 8-bit gray scale data input for the color;
the higher the binary input, the brighter the color. The table below provides a reference for color versus data
input.

Table 7. COLOR DATA REFERENCE

Input Color Data —l
Color RED GREEN i BLU'=

MSB LSB | MSB ISL(M'B LSB
R7 R6 R5 R4 R3 R2 R1 RO|G7 G6 G5 G4 G3 G2 G. GO (B7 B6 B5 : :‘!:2 B1 BO
Black 0O 0 00O 0O 0 0/0 0 0O 0 0,0 0[O0 07080 0 0 0 O
Red (255) 11 1 1 1 1 1 10 0 0 o9 & 0 0l0o"0%0°0 0 0O 0 O
Green (255) 0 0000 0 0 0|1 & M d 1 11000 0 0 0 0 0
Basic | Blue (255) 0 0 0000 0 004 &0 o0 O00oO0“r 11 1 1 1 1 1
Color [ cyan 0 0 0 0 0 0 0 O T/ 1 1 1 [olfl 1 1 1 1 1 1 1
Magenta 11 1 1 1 1 1 1.i“ GG 0 pwm040 0 Of21 2 1 1 1 1 1 1
Yellow 1 1 1 1 1 Jraln|1 142 191 1 1o o0 o 0 0 0 O O
White 1 1 1 1 1%\%Y 1f12 1 1011 1 1 11 1 1 1 1 1 1 1
RED (000) Dark |0 0 0 ')_J 0 ofo, © : 3_ 0 0 0 0 0f]ob 0o o 00 0 0 O
RED (001) 0 04 0" /)0 o0efgj0 »# 0O 0 0 0 0 O0f0 o0 0o 0 0 O O O

RED
RED (254) 1 11 1 w1 ,0/0 0 00O 00O 0 0J]OO 0 0O 0 O 0 O
RED (255) Wl 1 1 1% % 1 1/0 0 0 0 0 O O O0/O 0 O 0O O O O O
GREEN (0Q0; 'W_r-k 0 0, 09 =0 0 0/O OO O O 0 0 0 0fo o 0o 0 0O O 0 O
GREEN (e 008 ™0 0 0 0/0 0O O 0O 0O 0 0O 1fl0o o 0o o 0 0 0 O

GREEN
GREEN (254) o o oo o0 o0 0O 12 1 1 1 1 1 0ofo o o o o0 0 0 o0
GREEN (25%) o o oo o0 o0 o0 O 12 1 1 1 1 1 1o o 0o 0o 0 0 0 O
BLLIE (00 De;rk 0 0 0000 0 00 O0OTO0OOTO0OTUOTO OO0 o o0 o0 o0 o0 00
BLUL 201) 0O 0 0000 0 0j[O0OOO 0O OO O 00O O0OWOTU OO O0 1

BLlsc .'

lBLUE (254) 0o 0o 0000 0 00 0O O0WOUO0OU OO O1 1 1 1 1 1 1 0
IBLUE (255) 0O 0o 0000 0 0JOO O O0OOOTUOTUO1 2 1 1 1 1 1 1
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3-6. Power Sequence

Power Supply For LCD

QC:/O/F
10%

90%
10%

1
1
Vico ; : ; ;
= «—1 I« ,: : < > 1
Ty T2 ! VT o T
1 1 - U 1
: < Valid Data AN\
| 1 ! :
1 1 ]
Interface Signal (Tx) oV ! : ! 1, [N
! 1
: . |
1 ! 1
1 1 "
N ! \
| !
Option Signal (ITLC) |
. o~
| : ! I
e— — > — '
e N Tag
N | |
Power Supply for LED LED Oit | LED O= LED Off
Table 8. POWER SEQUENCE
Valaes
Parameter " T > Units
Min | Typ Max
T1 0.5 - 10 ms
T2 0.CL - 50 ms
T3 500 - - ms
Ta 200 - - ms
T5 0.01 - 50 ms
T7 1000 - ms

Notes : 1. Re¢c x\mmeiid to follow Power sequence at these case

- AC»)C Power On/Off
‘ode change ( Resolution, frequency, timing, sleep mode, Color depth change, etc. )
If 1ot to follow power sequence, there is a risk of abnormal display.

N

Please avoid floating state of interface signal at invalid period.
. When the interface signal is invalid, be sure to pull down the power supply for LCD V,pto OV.
. The invalid signal means out of the signal timing specification which define as page 14.

(62 SN OV]

. The above power sequence should be satisfied the basic power on/off and
resolution, timing transition.

6. LED power must be turn on after power supply for LCD and interface signal are valid.

Ver. 0.0 Apr. 17. 2015
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3-7. V,cp Power Dip Condition

SC-LJ;;;\&&OO

1) Dip condition

3.5V <V, p< 4.5V, tdsz@ .

2) Vyep< 3.5V /\/ &'
V| cp-dip conditions sr@also f@wer On/Off conditions for supply voltage.

¢
©
&

Ver. 0.0 Apr. 17. 2015 18/ 36
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4. Optical Specifications

Optical characteristics are determined after the unit has been ‘ON’ for approximately 30 minutes
in a dark environment at 25+2°C. The values specified are at an approximate distance 50cm from the LCD
surface at a viewing angle of ® and 6 equal to 0 ° and aperture 1 degree.

FIG. 1 presents additional information concerning the measurement equipment and method.

Optical Stage(x,y)

/

PR 880 or RD 80S

LCD Module or PR650

50cm

FIG.7 Optical Characteristic MeasuremanuEcuipment and »éethod

Table 9. OPTICAL CHARACTERISTICS

(Ta=25'C, Vi .p=5V, fhs60Hz Bclk=144MHz, |5 =85mA)

Parameter Symbol I— N Valyes Units Notes
| _Nin fyr= Max
Contrast Ratio CR ' 700 1020 - 1
Surface Luminance, white Lywn | 200 2.0 - cd/m? 2
Luminance Variation Qe 1 | 75 - - % 3
Response Time Gray To Gray T oty | 2 14 25 ms 4
RED ‘ ok | 0.652
| Ry | 0.336
Color Coordinates GREEN I ox I 0.321
(Cie1ss1) N7 00 | 0w | 00
(By PR650) ' : '
By 0.061
WHITE Vi 0.313
i Ny 0.329
Color Shift Hori.zontal [N Ocs7 4 - 140 - Degree .
(Avg. Au'v' < 0.02)  Vertical Ocst v - 100 -
Viewing Angle (CR>10) )
Forizontal 0 170 178 -
General - vouy 9: 170 178 : Degree 6
GSR @ 60daree Horizontal SGamma_H - - 20 % ;
(Gamma shift"_te) | Vertical Sgamma v - - 20
WPT (White*R0in< 1racking) - -300 G255 CCT +700 K 8
/kﬂu.ﬁnéep‘f.':d%rrmgy(Tco 6.0) - - - 1.73 12
ggg)ljlgpldgggrlltgence (TCO 6.0) - B B 0.025 13
Gray Scale - - 2.2 - 9
Color Gamut (CG, CIE1931) - 72 - %
Ver. 0.0 Apr. 17. 2015 19/ 36
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Notes 1. Contrast Ratio(CR) is defined mathematically as : (By PR880)
Surface Luminance with all white pixels
Surface Luminance with all black pixels

Contrast Ratio =

It is measured at center point(Location P1)

2. Surface luminance(Lwn)is luminance value at Center 1 point(P1) across the LCD surface 50ciii
from the surface with all pixels displaying white. For more information see1G.8 (By PR8&Q)

3. The variation in surface luminance , 8 WHITE is defined as : (By PR88¢))

_ Minimum(Lpl,Lpzi ----- LP9) %100

Maximum (Lp,, Lp,, ... Lpg)

WHITE

Where L1 to L9 are the luminance with all pixels displajirig,white at 9Jocatiens
For more information see FIG.8

4. Gray to gray response time is the time required forithe display to transition from gray to gray.
For additional information see Table 10. (B, RL'8PS)

5. Color shift is the angle at which the averageszolbr diffgiencefror all Macbeth is lower than 0.02.
For more information see FIG.9 (P &7 Contrast)
- Color difference (Au'v")

: 4x gy
u :—'— V'= AUIVI: ul _ul 2 + Vl _VI 2
—2X+12'j L3 } 2X+1",y+3 \/( 1 2) ( 1 2)
24 Z(AU'\I')i u'l, v'1 : u'v’ value at viewing angle direction
S = u'2, v'2 : u'v' value at front (6=0)
Avg(Au'e) = T AN i - Macbeth chart number (Define 23 page)

- Padteinmsize : 25% BOX lize
= VWawiny angle divectica, of color shift : Horizontal, Vertical

6. Viewing angle is the "angle at which the contrast ratio is greater than 10. The angles are
determined for the horizontal or x axis and the vertical or y axis with respect to the z axis which
is normal‘to the LCD surface. For more information see FIG.10 (By PR880)

7. GSR i \the rate of gamma shift at up, down, left and right 60 degree viewing angle compare with
ater' :amma. For more information see FIG.11 and FIG.12 (By EZ Contrast)
SSK (8 gamma ) is defined as :

GSR | 1- View angle Gamma Value (Up,Down, Reft, Light 60 Degree) <100
Center Gamma Value (0 Degree)
8. WPT (White Point Tracking) is the variation of color temperature between G255 and G63.
(By PR650)
Ver. 0.0 Apr. 17. 2015 20 / 36
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Notes 9. Gamma Value is approximately 2.2. For more information see Table 11.

Measuring point for surface luminance & measuring point for luminance variation.

H
H/2 H/10
' . ’ .......
q P2 P3 i pa
> =
> ® N @
'PS P1 . Pg
o . .........................................
S P7 8 ' P9
>v . o

IG.o"Muzsure Point forLuminance

The Gray to Gray response tim< s de fified as the folicwing figure and shall be measured by switching the input

signal for “Gray To Gray “.
- Gray step : 5 Step
- TGTG_AVR is tize tota: average timesat 1ising time and falling time for “Gray To Gray “.
- if system use\CLC{ Over Drivirg Cigcuit) function, Gray to Gary response time may be 5ms~8ms GtG

* it depends @n Overshqotgare.

Table. i GTG Gray Table

Rising Time

G255 | G191 | G127 G63 GO

Gray to Gray

Falling Time G255
G191

G127

G63

GO \

Ver. 0.0 Apr. 17. 2015 21/ 36
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G to G(BW) Response time is defined as the following figure and shall be measured by switching the input
signal for “Gray(N)” and “Black or White”.

Optical
Response

100

T

(0] IS Lo ‘
Gray(N): " Gray(M) Gray(M)'

0

Tr

C .. Tf
> .

Color shift is defined as the following test pattern and color.

N, M = 0(Black)~255(White P Q

o

Foliage

76 160
104 69 67 39 193 162
86 58 29
Yellow
241 207 35
148 27 212 62 126
65 37 36 151 172
R 240 206 155 110 63 22
240 206 155 110 63 22
B 240 206 155 110 63 22
Ver. 0.0 Apr. 17. 2015 22 / 36
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Dimension of viewing angle range.

Normal

¢ = 270°, Down

FIG.10 Vizwing dngle

120 T T T T T 1 ;E- :;JI S ™ T T

—_ y . |_ L...elar (Re)'gregs;cgrg y ; 0{4);1' b
"= 100t < ~lnl/o=log(a)=-3.185+ 0.

% 80 V@ / 1 i 2 y=2.173 £ 0.021

- I =0.99978

2 @@ / - 1.5} ) %

_In 60 B /3% é v

g ) / s 1.0f

E 20 // » E 0.5¢

= ae Z . . . . . .

= 05555700 150 202 250 300 3 14 16 18 20 22 24 26

Gommand-Level“alve V Log Command-Level Value, x = log(V)
FIG.11 Sanple Luminaite'vs. gray scale FIG.12 Sample Log-log plot of luminance
(using a 256 bit gray scale) VS. gray scale
Lyav +L, log(L—-L,)=rlog(V)+log(a)

Here'| he Parameter a and y relate the signal level V to the luminance L.
1 GAMMA we calculate from the log-log representation (FIG.11)
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Table 11. Gray Scale Specification

Gray Level

Relative Luminance [%] (Typ.)

Ver. 0.0
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Notes :

12. Luminance Uniformity - angular — dependence (LR& TB)

TCO 6.0 Luminance uniformity — angular dependence, is the capacity of the VDU
to present the same Luminance level independently of the viewing direction.

The angular-dependent luminance uniformity is calculated as the ratio of maximum luminance to

minimum luminance in the specified measurement areas.

- Test pattern  : Full white 4° X 4°square size, back ground shall be set.£0'30%,
image loading, RGB 204, 204, 204

- Test luminance : 2200cd/m

- Test point . 5-point

- Test distance : D * 1.5 = 87.63cm

- Test method : LR&_: (((L(rEax.+30deg. / I‘min. +30deg.) + (Lmax. -20dey / nin. —30deg.)) /¢
5=

max.+15deg. / I'min. +15deg.)

FIG. 13 Luminance Uniformity angular depen.dence

< Luminance uniformity - angallarsdegendence «meauuring point >

H

A
v
—

H/2
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Notes :

13. Color uniformity Angular dependence (LR)

TCO 6.0 Color uniformity — angular dependence, is the capacity of the VDU

to present the same color level independently of the viewing direction.

The angular-dependent color uniformity is calculated as the largest difference in Au'v' value

- Test pattern

image loading, RGB 204, 204, 204
- Test luminance : >200cd/m*

- Test point
- Test distance
- Test method

: 3-point
:D*15

: Full white 4° X 4°square size, back ground shall be set to,29%

1. The screen shall then be rotated £30 degrees around &Verjical axis thrcugh
the screen centre-point and the chromaticity co-ordnawes at positigns 2. , 7,
(U'pLs + 3000 V'pLy + 300 @ND U' pr/ + 300, V'pry + 300 FESPEStiVELy) shall b recorded.

2. Au'v' shall be calculated for each measuredspasitivi using the fornmla

A AUV 500 =((U'pLy 4+ 300~ U pry + 300)°F (VP Neas -V prs 420w )2) 72

; —((1r" ' 24-(\/ 2\
b. AUV 300 =((U'ps - 300~ U pr-300)°H b0 300~ Vpr/ 200 )31

9

3. The largest difference in A u'v' valueShx!i be reported

FIG. 14 Color uniformity Aagula> depei ‘ence

< Color uniformity - affgular depemdericel measuring point >

H
—— — >,
— ‘%/— H/10 H/10 — -
_———— "‘\ : : ________
v | | A
viz AN e
_ - _____: \\\\ : V
P, Pe ~~.D Pr
i ) \ﬁ' ______ v
A H/2 g
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5. Mechanical Characteristics

The contents provide general mechanical characteristics. In addition t
mechanical drawing of the LCD.

he figures in the next page are detailed

Horizontal

Outline Dimension Vertical
Depth
Horizontal

Bezel Area

Vertical
Horizontal

Active Display Area
Vertical

Weight Typ : 1910g , Max%
Surface Treatment Hard %are treat

N

Q)

m%lhe front polarizer

Notes : Please refer to a mechanic drawing i
I X

4

P

- -

next page.
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535¢ BACKL IGHTY

534, 845 B PANELY

152 240, 25

Se7, U4(A:Jiw Areg!

152 134 %

3130 BACKL 1GHT Y

312, 938 KPANEL)
296, 46CActjve Areg)

12. 283
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<REAR VIEW>

2b2 Bx0. 3 1_241.416.3_j8010.i 120. 7%0. 3 120. 70,3 190+0.3 241, 4#&3%?. 20,1
- o { ]
e R
Lar]
g IORUE-DO4A 4
Iﬂ @
o 3 C 83520 3 B3 540 3
)
= (
§
é 261, 440,32
< g
cl 4 H
a = = e BOLICUSER CHTY
= ¢ i
]
e P {
a9
EN O -
Z o | f—|
' @ W i
‘—I = {Illll{{l»‘, e {I/;III ‘J‘ o) e - 11
5’ Al o5 T S A~ — R W — 2
Height 18 7485 . Source COFC4ea)
L s L% 2
258 8+ 1(LED CN ’

1.7
0.6

9-M2.0 (Picth (52
Depth=Moxe, 4

SECTION &4
SCALE

Pitch 0.5
piQ=HoxZ. 4

|
& Notes

. W/ connector specificotion + [S100-L300-(23¢ L)

2. LED connector specificolion : JST, BMO&B-IHJS(HF) or Equivolent

. Torgue of user hole: 3. 0-4. El-:%f-cn

. Tilt ond portial disposition folerance of disploy ares os Following
1) Y-direction : -0, 45CAC0. 45, -0. 45€BCN. 45
¢ X-direction : -0. 45{CC0. 45, -0. 45{DL0, 45

@

BL OUTLIME DIMENSION Active oree

PANEL DUTLINE DIHENSION

2-M3.0 (Pitch 0.5

|
Dgpth=Max3d. 1 l

0.6

SECTION C-C
SCALE 2/1

LGD Highly recommendation :

-D--—-

SECTION D-D
SCALE  2/1

5
6.
7

Unspecified toleronces 1o be £ 0.5
The LCH warp{worpoge) is less than 1.0 on the surface plote
The COF oreo is weok & sensive, so plesse don't press the COF oreo

System chassis or frame should be designed to keep the IPS Panel flat as it is vulnerable to panel light-leakage

caused by deformation.
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6. Reliability

Environment test condition

No Test Item Condition Notes
1 High temperature storage test Ta=60°C 240h 1
2 Low temperature storage test Ta=-20°C 240h 1
3 High temperature operation test Ta=50°C 50%RH 240h : " 4
4 Low temperature operation test Ta=0°C 240h i 1
5 Humidity condition Operation Ta= 40 °C ,90%RH

Altitude
6 operating 0 - 10,000 feet{?.042m)

storage / shipment 0 - 40,000 fe€|(123192m)

7 Maximum Storage Humidity for Max ZA%RH\Ta=40C

4 corner light leakage Mura.

Note 1. Result Evaluation Criteria:

. T,= Ambient Temperature

TFT-LCD panels test should teke place after cooling ertough at room temperature.
In the standard condition, thtre ghzu'd be no particular problems that may affect the display function.
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7. International Standards

7-1. Safety

a) UL 60950-1, Underwriters Laboratories Inc.
Information Technology Equipment - Safety - Part 1 : General Requirements.

b) CAN/CSA-C22.2 No. 60950-1-07, Canadian Standards Association.

Information Technology Equipment - Safety - Part 1 : General Requirements. q%

¢) EN 60950-1, European Committee for Electrotechnical Standardization (CENELEC).
Information Technology Equipment - Safety - Part 1 : General Requirements.
d) IEC 60950-1, The International Electrotechnical Commission (IEC).

Information Technology Equipment - Safety - Part 1 : General Requirer@O

7-2. Environment

2 4 »
a) RoHS, Directive 2011/65/EU of the European Parliament and%guncil ofﬁ W 1

%

> &
O
Ny N
N
<2
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8. Packing

8-1. Designation of Lot Mark

a) Lot Mark
A B C D E F G H | J K L
A,B,C : SIZE(INCH) D : YEAR
E : MONTH F ~ M : SERIAL\WN@,
Note
1. YEAR
Year 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 201 | 2018 | 2029 | 2029
Mark A B | ¢ | D E FolNe™] 3K
2. MONTH
Month Jan Feb Mar Apr | May Jun Jul I ALy Sep Oct Nov Dec
Mark 1 2 3 4 NS -: 6 (|2 8 9 A B c

b) Location of Lot Mark

Serial No. is printed on the lakizl. $he'label is attached'to the backside of the LCD module.

This is subject to change withoutsrinr notice

Ver. 0.0
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# APPENDIX-1

Hl LCM Label

LM238WF2 LP-238G1-0-X-X-XX-X-XX-X-XXX-XXXX
(SS)(G1) < c
RoHS Verified H ‘H H ‘ H Q

° - LIGHT GUIDE : >SMMA<
M & ®
@ LG Display MADE IN CHINA

M Box Label 00

LM238WF2 | N (bb‘
SSG1 Q%/\/ \'

12 PCS LOT/MM-DD

MADE IN CHINA

***************

H Pallet Label

\SSGl

108 PCS W—DD

INA RoHS Verified

fg m ****************
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8-2. Packing Form

a) Package quantity in one box : 10EA (1 Module is packed in 1bag)

b) Box Size : 635 X 370 X 400

(&N

NO. DESCRIPTION MATERIAL
1 LCM
A 2 BAG AL
\ 3 TAPE OPP
\ 4 PACKING, BOTTOM EPS
«% 5 PACKING, TOP EPS
6 BOX PAPER, SW
7 TAPE OPP
8 LABEL PP
Ver. 0.0 Apr. 17. 2015 34/ 36
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8-3. Pallet Form

a) Package quantity Pallet : 120EA

NO. DESCRIPTION MATERIAL
1 PACKING ASS’Y -
2 PALLET PLYWOOD_1140X1300X117.5
3 BAND PP
4 BAND, CLIP CLIP 18MM
5 Angle Cover PAPER
6 LABEL PP
7 Wrap LLDPE
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9. PRECAUTIONS
Please pay attention to the followings when you use this TFT LCD module.
9-1. MOUNTING PRECAUTIONS

(1) You must mount a module using holes arranged in rear side.

(2) You should consider the mounting structure so that uneven force (ex. Twisted stress) is not applied to the
module. And the case on which a module is mounted should have sufficient strength so that externai
force is not transmitted directly to the module.

(3) Please attach the surface transparent protective plate to the surface in order to Grotect the polarizes

Transparent protective plate should have sufficient strength in order to the resist'external force.

(4) You should adopt radiation structure to satisfy the temperature specificatiof.

(5) Acetic acid type and chlorine type materials for the cover case are not ¢€siraiale becausa=theTormer
generates corrosive gas of attacking the polarizer at high temperatureand,the latter causey Ciicuit break
by electro-chemical reaction.

(6) Do not touch, push or rub the exposed polarizers with glass, twéezsars ur anything haraer’than HB

pencil lead. And please do not rub with dust clothes with cheiwical traatment
Do not touch the surface of polarizer for bare hand or greasy clcth.(Some cotrneticg are detrimental
to the polarizer.)

(7) When the surface becomes dusty, please wipe gently witiabsorbent cotton ¢r other soft materials like
chamois soaks with petroleum benzene. Normal-hexenesis recommerided T0r cleaning the adhesives
used to attach front / rear polarizers. Do not u{e agstone, toluene and :icohol because they cause
chemical damage to the polarizer.

(8) Wipe off saliva or water drops as soon as.hoszible. Tneir lang, (imy contact with polarizer causes
deformations and color fading.

(9) Do not open the case because inside cizuitg’ do not have <uffiiient strength.

(10) As The IPS panel is sensitive & slm,nlease recommerd the metal frame of the system supports the panel
by the double side-mount.

9-2. OPERATING PRECAU 'TJONS

(1) The spike noise causes the miis-operation gi ¢zeuits. It should be lower than following voltage :
V=4200mV(Overtand under shoot Wbltage)

(2) Response time dejiends on the temiperature.(In lower temperature, it becomes longer.)

(3) Brightness depenasion the temneiatur2. (In Higher temperature, it becomes lower.)

And in lower tamperature, ¥esoefise time(required time that brightness is stable after turned on) becomes
longer.

(4) Be careful 1er condensatioiwat sudden temperature change. Condensation makes damage to polarizer or
electrical contacted parts. And after fading condensation, smear or spot will occur.

(5) When fixed patterns are displayed for a long time, remnant image is likely to occur.

(6) Module has high*frequency circuits. Sufficient suppression to the electromagnetic interference shall be
done by s§ stem,taanufacturers. Grounding and shielding methods may be important to minimized the
interferenct

(7) Please » no. give any mechanical and/or acoustical impact to LCM. Otherwise, LCM can't be operated

its full chic ncteristics perfectly.

(8)A siirew. which is fastened up the steels should be a machine screw.

{if now=it causes metallic foreign material and deal LCM a fatal blow)

(9) Please do not set LCD on its edge.

(10) When LCMs are used for public display defects such as Yogore, image sticking can not be guarantee.

(11) When this reverse model is used as a forward-type model (PCB on top side), LGD can not guarantee
any defecs of LCM.

(12) If the ITLC pin is unused, LCM can not support “Interlaced Scan Method”
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9-3. ELECTROSTATIC DISCHARGE CONTROL

Since a module is composed of electronic circuits, it is not strong to electrostatic discharge. Make certain that
treatment persons are connected to ground through wrist band etc. And don’t touch interface pin directly.

9-4. PRECAUTIONS FOR STRONG LIGHT EXPOSURE

Strong light exposure causes degradation of polarizer and color filter.

9-5. STORAGE

When storing modules as spares for a long time, the following precautions aressiecessary

(1) Store them in a dark place. Do not expose the module to sunliglt orifluorescentilight. Keep the temperature
between 5°C and 35°C at normal humidity.

(2) The polarizer surface should not come in contact with any=atiiar.object.
It is recommended that they be stored in the container, Ii,whish they were shitped.

9-6. HANDLING PRECAUTIONS FOR PPRTECTION FILM

(1) The protection film is attached to the bezel witriha s#iall maskiiig tape.
When the protection film is peeled off, static eiactricity is genytatel] between the film and polarizer.
This should be peeled off slowly and careiuity by people vhe=are=€iectrically grounded and with well ion-
blown equipment or in such a condition, gtce

(2) When the module with protection£m attached is storeafor a long time, sometimes there remains a very
small amount of glue still on tha Eazel wfter the précection film is peeled off.

(3) You can remove the glue easity. Whens.he gludremaii’s on the bezel surface or its vestige is recognized,
please wipe them off with/psoriént cotton was. wo# other soft material like chamois soaked with normal-
hexane.
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