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1.GENERAL DESCRIPTION

1.1 DESCRIPTION

HLT090WSB60I031-D is a color active matrix thin film transistor (TFT) IPS liquid crystal display (LCD)
that uses amorphous silicon TFT as a switching device. It is composed of a TFT LCD Panel, Driver
IC, FPC and Backlight.

1.2 FEATURES:

NO. ltem Specification Unit
1 Panel Size 9” inch
2 Number of Pixels 720X1280 Pixels
3 Active Area 114.048(H)X196.608(V) mm
4 Pixel Pitch 0.1584(H)X0.1536(V) mm
5 Outline Dimension 126.4(H)X210.7(W)X5.0(D) mm
6 Number of Colors 16.7M -
7 Display Mode Normally Black -
8 Viewing Direction IPS
9 Pixel Arrangement RGB vertical stripe -
10 Luminance (cd/m”2) 500(TYP.) nit
11 Contrast Ratio 1000(TRP.) nit
12 Surface Treatment Anti-Glare -
13 Interface MIPI -
14 Backlight White LED -
5 ke :
16 Storage Temperature -20~60 T
17 Weight TPD g
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2.MECHANICAL SPECIFICATION
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NOTES:
1. DISPLAY TYPE: 9”;

2. VIEWING DIRECTION: IPS :

3. LOM Chromaticity (White): X 0.28+/-0.03:Y 0.30+/-0.03;

4. OPERATING TEMP: -10° C T0 50° C; A
STORAGE TEMP: -20° C TO 60° C; Y N Y Y Y

5. BACK LIGHT: 42 CHIP WHITE LED; ENENEN NN

6. LUMINANCE (9 AVG): 450 cd/m* (MIN), 500 cd/m* (TYP): DL BBERL

7. Uniformity (%) : 75% (MIN) 80 (TYP) ; INNNXNENEN

8. Dimensions with mark “%” are important, L AN 2N AN AW AW AW ‘

with mark “()” are referenced;

9. Genral Tolerance: 0.2 7%6=36LEDS  1f=120mA
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10. Requirements Environmental Protection: RoHS; LCM A0
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3.PIN DESCRIPTION

NO. Symbol Function Remark
1 NC No connect
2 IOVCC(NC) No connect
3 IOVCC(NC) No connect
4 VDD(NC) No connect
5 RESET Global reset pin
6 NC No connect
7 GND Ground
8 DON MIPI data O negative signal
9 DOP MIPI data O positive signal
10 GND Ground
1" D1N MIPI data 1 negative signal
12 D1P MIPI data 1 positive signal
13 GND Ground
14 CLKN MIPI CLK negative signal
15 CLKP MIPI CLK positive signal
16 GND Ground
17 D2N MIPI data 2 negative signal
18 D2P MIPI data 2 positive signal
19 GND Ground
20 D3N MIPI data 3 negative signal
21 D3P MIPI data 3 positive signal
22 GND Ground
23 NC No connect
24 AVDD Power supply(3.5v16v)
25~30 NC No connect




4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

ltem Symbol | Condition | Min. Max. Unit Remark

Power Voltage AVDD, GND=0 -0.3 24 V

Power Voltage Vin GND=0 -0.3 | AvDD+0.3 Vv NOTE

Logic Output Vout GND=0 -0.3 | AvDD+0.3 Vv NOTE
Voltage

Storage - -20 +60 T

Temperature(Ambien

t)

Operation Temperature(Ambient) - 0 +50 T
Storage Humidity - 10 90 %RH
Operation Ambient Humidity - 10 90 %RH

Note:Device is subject to be damaged permanently if stresses beyond those absolute maximum
ratings listed above

4.2 TFT LCD MODULE
4.2 Operating Conditions

ltem Symbol Valves Unit Remark
Min. Typ. Max.
Power Supply Voltage AVDD 3.5 9.6 16 Vv
Current consumption Ivoo Current - - TBD mA Note 1
lLeo Current - 120 140 mA Note 2

Note 1:Maximum Measurement Condition:White Pattern at 3.3V driving voltage.(Pmax=V3.3xlwhite)
Note 2:Measure Condition

4.3LED BACK Light section cation

Item Symbol condition Min. Typ. Max. Unit
Forward Voltage VF IF=120mA 21 21.7 241 Vv
Uniformity(with L/G) ABp IF=120mA 75 80 - %
Luminance for LCM / IF=120mA 450 500 - cd/m*




LED back light circuit:
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1£=120mA

T#6=36LEDS

5.Signal timing diagram power sequence
5.1 Power on/off sequence

Power On

I tPWORN=5ms

VDDIVDDM tOM:MNo limt

o |

| tRPWIRES>=5ms

e .—5/— Ty 3 ==
HW Reset ; T ! A
tRES:ET[>10uS SLPOUT Video Packet
MIPI / MIPI:LP-11 120ms
Initial setting Video Packet
Power Status | SLPIN Mede
I
Power off No fimit
i
VDDIVDDM \
25V-6.5V
VCI

HW Reset \

MIPI Video data

10/ MIPI:LP-11
28

Power status SLPIN Mode
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5.2 MIPI High Speed Date-clock Timing
Host send a differential clock signal to the IC for data sampling.This signal is a DDR(half-rate) clock and
has one transition per data bit time.The timing relationship of the DDR Clock differential signal to
the Data differential signal is shown in following figure

n=0123

Figure 106: DSI Data to Clock Channel Timings

Table 40: DSI Data to Clock Channel Timings

Signal Symbol Parameter Min Max
tog Data to Clock Setup fime | 0.15xU1 -
o Clock to Diata Hold Time | 0.15xUI -

DnP/M , n=0and 1

5.3 High Speed Mode —Rising and Falling Timings

InFrery Tnrroik
!
EL i
\\ i / b
1
o 0V Reference for
CLKP/N Differential Clock Input
X Full HS Swing Voltage
0% r
lpFrnaTa toRTDATA
¥
L S
o o 0V Reference for
{;er 713 Differential Data Inputs
n=uv,1.2.3
W L Full HS Swing Voltage

Figure 107: Rising and Falling Timings on Clock and Data Channels

Table 41: Rise and Fall Timings on Clock and Data Channels

o Specification
Parameter Symbol | Condition

b Min_| Typ | Max
: g e : 0.3u1

Differential Rise Time for Clock | terax CLKPM 150 ps
(Nate)
DnPN 03U
Differential Rise Time for Data | tosmam =0 and 1 150 ps - {Note)
. : 5 03U
Differential Fall Time for Clack torrois CLKPM | 150 ps - {Note)
e ! i DnP/N 03Ul
Differential Fall Time for Diata toernars =0 and 1 150 ps - (Note)

Note: The display module has to meet timing requirements, which are defined for the transmitter (MCU) on MIP!
D-Phy standard.



5.4 Data lanes from low power mode to High speed mode

High Speed Data

Preparation from Low Power Mode to High Speed Mode Transmission
Tisx Ties srEpasE HS-0
e e W DENXIEN
“ ILLPRX (Max) (
“-I‘_H_'\'l EN{Max)
Rx Synchronized
Trsserne I'x Synchronization
M ——-
T!{H.TF.HJ.I EN
- .
Low Power Mode,
Disable Bx Line Tenmination High Speed Mode, Enable Rx Line Termunation

CLEN,DnN ————— »=0,1,2 3

Figure 110: Data Lanes - Low Power Mode to High Speed Mode Timings

Table 44: Data Lanes - Low Power Mode to High Speed Mode Timings

Signal Symbol Description Min Max Unit
DnP/N, n=0 and 1 Tiox Length of any Low Power State Peniod 50 - ns
DnP/N, n=0and 1 Thseressre | Time to drive LP-00 to prepare for HS Transmission 40+4xUl | 85+6xUI ns

Time to enable Data Lane Receiver line termination

M= -TERM-E - +

DnE, =i 1 Trsremuen measured from when Dn crosses VILMAX sl i

5.4 Data lanes from speed mode to low power mode

High Speed Data
Transimission Teor

CLEP ‘ ¥

CLEN LSS

DuP

DnN
Thie last load bit Thes rwase Pyis- gy

HS-0 or HS-1
Low Power Mode,
High Speed Mode, Enable Bx Line Temunation Disable Bx Line Termination
Note: CLEP, DnP =-=+=+=:=-+
If the last load bit is HS-1, the transmitter changes from HS-1 to HS-0. CUQE} 11)“?‘3 T
n=012

[f the last load bit is HS-0, the wansmitter changes from HS-0 to HS-1.

Figure 111: Data Lanes - High Speed Mode to Low Power Mode Timings

Table 45: Data Lanes - High Speed Mode to Low Power Mode Timings

Signal Symbol Description Min Max Unit
Time-Out at Display Medule (ILI9881C-04) to i transiti
DP/N. n =0 and 1 Toece rm_e ut at Display Medule ( ) to ignore transition 40 55+ 4xUl o
period of EoT
DnP/M, n=0and 1 Thsexr Tirme to driver LP-11 after HS burst 100 - ns
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5.5 Reset timing

Shorter than 5us
IRW
¢ -
RESX /]
- A tRT
y 3 ; f Initial condition
Dy Stz Normal operation >< Reseiing >< (Default far H'W reset)
Figure 113: Reset Timing
Table 47: Reset Timing
Signal Symbol Parameter Min Max Unit
tRW Reset pulse duratien 10 us
RESK tRT Reset cancel 3 (nole ¥) i3
120 (note 1,6,7) mS

Notes:
1. The reset cancel also includes required time for loading ID bytes, VCOM setting and other settings from

EEPROM to registers. This loading is done every time when there is H/W reset cancel time (tRT) within 5 ms
after a rising edge of RESX.

2. Spike due to an electrostatic discharge on RESX line does not cause irregular system reset according to the
Table 48.

5.6Initial CODE
DTB

5.7.Timings for DSI

5.7-1 Video mode vertical timings
Vs

L
-

HS

PVBK | i VDISP 5
e WL | —
{VFP_ i VS | VBP | P VFP |
on o1l — —
S N SR
DS Vid TSP el Ta ™ A 77 AT TATV
PKIEOESESESESESE RGB date ESE RGB date EsEsEs;E
acke sl"sl"[s| sl |s s £ s|Pls|Pl sl

s
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Item Symbol |condition | Min. | Typ. | Max. Unit
Vertical low pulse width VS - 2 8 Note1 Line
Vertical front porch VFP - 2 20 - Line
Vertical back porch VBP - 2 8 Note1 Line
Vertical active area VDISP - 1280 Line
Vertical Refresh rate VRR 60 HZ

Note1: the VS and VBP pulse width are related to GIP pulse and clock pulse timing, the GIP start

pulse and GIP clock pulse must be set at corresponding position for LCD normal display

5.7-2 Horizontal timings

HFP | HS. HFP|
HS
HDISP .
DE
|
DB[23:0] invlial'rd data Valid data Invaliid data
i
=S MMM ATARATANRAIL
DSl Packets gp |Hss Pacl:gi;i:mﬁi{f;;eam ap lHsd Br
Item Symbol | condition | Min. | Typ. |Max. |Unit
Horizontal low pulse width HS - 6 20 - Line
Horizontal back porch HBP - 5 20 - Line
Horizontal front porch HFP - 5 80 - Line
Horizontal active area HDISP - 720 Line
6.DC CHARACTERISTICS
6.1 DC Characteristic for DSI LP Mode
%012 w20 ;W




Specificati Uit
Parameter Symbol Condition 7 82 on A
Min. Typ. Max.
Logic 1 input voltage Veeoen LP-CD 450 - 1350 m\
Logic 0 input voltage WVieco LP-CD 0.0 - 200 my
Logic 1 input voltage Virrmx LP-RX {CLK, DO D1 D2 D3} BEO - 1350 my
Logic 0 input voltage W ierx LP-RX {CLK, DO D1, D2, D3) 0.0 - 550 my
Logic D input voltage Vikprxe LP-RX {CLK ULP mode) 0.0 - 300 my
Logic 1 output voltage Vorerx LP-TX (D) 11 - 1.3 A
Logic 0 output voltage Wiy LP-TX (DO} -50 - 50 my
Logic 1 input current ™ LP-CD, | P-RX - - 10 LA
Logic 0 input current ™ LP-CD, LP-RX -10 - - LA
Notes:
1.Ta=-307T to 70T (to +851 no damage)
2. DS! High Speed mode is off.
6.2DC Characteristic for DSI HS Mode
Parameter Symbol Condition Specification Limit
Input Common Mode Voltage for Clock V, CLKRN 70 330 my
' g W Note 2, Note 3 -
DnP/N
fnput Common Mode Voltage for Data Vewnara Note 2, Note 3, Note 5 70 - 330 my
Common Mode Ripple for Clock Equal or Less CLEP/MN
than 450MHz i Note 4 s - L |
Commeon Mode Ripple for Data Equal or Less DnPM
W ol 50 = 50 i
than 450MHz I Note 4, Note 5 &
Common Mede Ripple fo.r Clock More than L CLKPIN i ) 500 v
450MHz (peak sine wave)
Common Mode Ripple for Data More than v ) DnPiN 100 mv
450MHz (peak sine wave) e Mote 5 E g
Differential Input Low Level Threshold Voltage
for Clock MrhLows- CLEPM -T0 - - m\f
Differential Input Low Level Threshold Voltage DnPN
for Data oo Note 5 i : * |
Differential Input High Level Threshold Voltage Y CLKPIN i ) 70 mv
for Clock
Differential Input High Lewvel Threshold Voltage YR DnP/N . ) 70 v
for Data Note 5
_ CLEPN, DnP/M
Single-ended Input Low Voltage Vitne Note 3. Note 5 -40 - - my
. . CLKEPMN, DnP/M
Single-ended Input High Voltage Viss Note 3. Note 5 - - 460 m\
Differential Termination Resistor [ GLKPMN, DnP/N B0 100 125 0
Note 5
Single-ended Threshold Voltage for v ) CLEP/N, DnP/N 450 —
Termination Enable T MNote 5 ) )
a— . CLEP/MN, DnPiN
Termmination Capacitor Crzmm Note 5. Note 6 = = B0 pF
Notes:
1. Ta=-30C to 707 (to +85T no damage), VCI = 2.5V to 6.6V, VDDI = 1.65V to 3.6V
2. Includes 50mV (-50mV to 50mV) ground difference
3. Without VCMRCLKM450/VCMRDATAM450
4. Without 50mV (-50mV to 50mV) ground difference
¥ 13 10 3 20
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6.3DC Characteristic for Panel drive

Condltion | =

item |  sympa | Mn. | Typ. | M. [ unit | teote
Power & Operatlon Voltage
ANSg oparating woEage W - 25 28 6.6 W
Analag aperatng Voiane VCIREF 25 28 6.6 v
Dighal operating voltage VDD - 1.65 23 36 W
Déghal operating voltage ne| 1.65 23 6.6 W
Dighal operating voitage VL2 1.65 28 6.6 W
DSI pperaiing voltage VDDEM 5 1.65 1.8 3.6 W
OTP Suppiy valtage MTE PWR : a4 a5 86 u
Analag oparating woitage wan - a5 6.6 W
ANzl aperating Voltage VSN - 6.5 -4.5 ¥
Logic High kevel Input voitage WIH - 0.7vD0I WO v | Noter
Logk: Low leved Input voitage VI - 0.3 0.3"DDI W | Noet
Logic: High leval output voRiage : F
woH I0H = -1.0m#A 08D VDN v | Nobes
TE , LEDPWH
Laglc Low level cutput woRags
VoL FOL = +1.0m r 0.2vDDi v | Nowe
TE , LEDPWM
Eate Driver High VioRtage VEH - 8.0 : 18 W
Gate Dver Low Vokaoe WG E 180 z 7 u
Diiver Supaly Voltage i [VEHVEL| 15 : 3z y
WCOM Dperation
DC VCOM AmpitugeVolage | voom | : AN 0 [ v | wotea
Bource Driver
WEOUT[+] - 0.3 - | wReciouTod | W [ Nobes
Source Dulput Range VREGIOUT
- i WEOUT[) . i : 03 W | Noted
WSR-05
” [WEP==5.1}
Posltive Gamma Referenca Vokiage | VREG1OUT : 35 z e "
(VSP=6.1}
VENHLS
VS hem-b.1
Megadve Gamma Reference Voltage | VREG2OUT - i 5’; ! - -35 W
[/IN=-5.1)
Bk with 909
- Ay p B a - = = }
Zoure Ouiput Seting Time b} e 10 us | Moted.s
o )
Cutput Deviation Vokiage . ;E:t:';: : : 20 my | note3
Source ut channel =5
i e ' 4,73 Sout= 0.6V - - 15 my
Dulput Offset Vkans VOFFSET - - - s my | Moted
Standby mode currant consumption
VDI SLP —age
VD iz Ta=35"C . 35 , -
Slesp In mode i VCI=2 BV
IPVE1 SLP I} YODI=1.8Y ) a5 . A
Nofes:

1. Ta =-30 to 70 °C (fo 85 °C no damage] , VGI = 2.5V te 6.6V, VDD = 1.5V fo 3.6V
2. Supply digital VDD voltage equal or fesz than analog VG valtage.
3. Sowrce channel leading = 3K 7 loFishannel

4. The maximum value iz between with Note 3 and Gamma setffing value

St
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7.0OPTICAL CHARACTERISTICS

Item Symbo | Min. Typ. Max. Unit Remarks
I
Contrast Ratio C/R 800 1000 - Fig.1
Brightness 450 500 - Full White Pattern
cd/m2 )
5 Point
Brightness Uniformity 75% | 80% - % Full White Pattern Fig.1,2
Response Time Tr+Tf - 30 35 ms Fig.3
Color WHITE Wx 0.25 0.28 0.31 Full White Pattern
Coordinate Wy 0.27 | 0.30 0.33
el - 80 - Fig.4
or - 80 - Degree Center
View angle Ou - 80 - (C/R>10)
od - 80 -
Transmittance Ratio TR - 3.7 - % LCD With POL

Note:
1. Contrast Ratio(CR) is defined mathematically as:

Surface Luminance with all white pixels

Contrast Ratio=
Surface Luminance with all black pixels

2. Surface luminance is the center point across the LCD surface 500mm from the surface with all
pixels displaying white. For more information see FIG 1.

3. Response time is the time required for the display to transition from black to white(Rise Time,Tr)
and from white to black(Decay Time, Tf). For additional information see FIG 3.

4. Viewing angle is the angle at which the contrast ratio is greater than 5. 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 4.

5. Optimum contrast is obtained by adjusting the LCD Threshold voltage (Vth& Vsat)

The Definition of Vth & Vsat

100%
F0%

Traremitance

Vollage




7.2 Optical Characteristic Measurement Equipment and Method

/_,.-""‘ Optical Stage(x.y)
LCD MODULE
/ BM 7

Field=1"

—

| i 500mm |

<Transmissive Mode>

FIG. 1 Optical Characteristic Measurement Equipment and Method

o o e . s e e s e

i A/A

A/A

I
I
1
1
i
1
|
|
I
1
L

e e —_—————————— e ——— —— _—

FIG.2 Brightness Uniformity: The brightness uniformity of the five main measuring points

The output signals of BM-7 or equivalent are measured when the input signals are changed from
“Black” to “White” (falling time) and from “White” to “Black” (rising time),respectively. The response
time interval between the 10% and 90% of amplitudes. Refer to figure as below
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“White : Black o “Whita"

s N | | 1

3
|
I
I

e
-,
£ |
=
g
€
- l-ﬂ-ﬁ———"—— — — E— T— E—— —_—— — — —
E o
- \r Tr
@=0";8=0"
el [ e, e 12 O'clock Direction
¥ e - --.BR /’_ | %.ZQUD

— e

6 O'clock Direction
,=90°

FIG.4 The definition of Viewing Angle

Test equipment setup:

After stabilizing and leaving the panel alone at a driven temperature for 10 minutes,the
measurement should be executed. Measurement should be executed in a stable, windless, and
dark room. Optical specifications are measured by Topcon BM-7 luminance meter 1.0° field of view
at a distance of 50cm and normal direction

017 W #E 20 T



7.3 Viewing Modes

Reflective Type Transflective Type Transmissive Type
Light Source
Light Source ==
== <=
Reflected Light
<
Reflected Light
B iy B s <A ]
Transmitted Backlight Transmitted Bocklight
Light Light Light Light
Reflective Rear Transflective Rear Transmissive Rear
Polarizer Polarizer Polarizer

The viewing mode of the LCMis “Transmissive Type”

8. RELIABILITY TEST ITEMS

8.1TEMPERATURE AND HUMIDITY

Test Item Test Ccodition Remark

High Temperature Storage | Ta=60°C;240hrs IEC60068-2-1:2007 GB2423.2-2008

Low Temperature Storage | Ta=-20C;240hrs IEC60068-2-1:2007 GB2423.2-2008

High Temperature | Ta=50°C;240hrs IEC60068-2-1:2007 GB2423.2-2008

Operation

Low Temperature | Ta=50°C;240hrs IEC60068-2-1:2007 GB2423.2-2008

Operation

High Temperature High |Ta = 50 C , 90%RH, | IEC60068-2-78:2001 GB/T2423.3-2006

Humidity Operation 240hrs(no condensation)

Thermal Shock Ta = -10°C (0.5H)~ 50°C | Start with cold temperature,Ende with high
(0.5H) / 100cycles, temperature,lEC60068-2-14;1984,GB2423-22-2002

Image Sticking 25°C;24hrs Notel

Note1:Condition of image sticking test :25°C+2°C
Operation with test pattern sustained for 4hrs,then change to gray pattern immediately.afer5 miens,
themura must be disappeared completely

St

5 18

=
=

1 3t 20




(&) Test Pattemn (chess board P attern ) (b) Gray Pattern
8.2 VIBRATION& SHOCK
Test item Conditions Remark
Packing Shock 980m/s2,6ms,*x,y,z 3times for IEC60068-2-27:1987
(non-operation) direction GB/T2423.5-1995

Packing Vibration
(non-operation)

Frequency range:10 Hz-50Hz
Stroke:1.0mm,sweep:10 Hz-50Hz
X,¥,z 2 hours for each direction

IEC60068-2-27:1990
GB/T2423.8-1995

8.3 VIBRATION& SHO

CK

Test item

Conditions

Remark

Electro Static
Discharge Test

180pF < 330Q -
Contact: =4KV,Air: 8KV

(non-operation)

200pF - 0Q - =200V contact test 2

IEC61000-4-2:2001
GB/T17626.2-2006

Note:Measure point:

1.LCD glass and metal bezel

2.IF connector pin

]

9. GENERAL PRECAUTION

9.1 SAFETY

1. Do not swallow any liquid crystal,even if there is no proof that liquid crystal is poisonous
2. If the LCD panel breaks,be careful not to get liquid crystal to touch your skin.
3. If skin is exposed to liquid crystal,wash the area thoroughly with alcohol or soap.

9.2 STORAGE CONDITIONS

1. Store the panel or module in a dark place where the temperature is 23+5°C and The humidity is

below 50 +20%RH

2.Store in anti-static electricity container.
3. Store in clean environment,free from dust,active gas,and solvent.

4. Do not place the module near organics solvents or corrosive gases.

5. Do not crush,shake,or

jolt the module.

St
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9.3 STORAGE CONDITIONS

Avoid static electricity which can damage the CMOS LSI.

The polarizing plate of the display is very fragile.so,please handle it very carefully.

Do not give external shock.

Do not apply excessive force on the surface.

Do not wipe the polarizing plate with a dry cloth,as it may easily scratch the Surface of plate.

. Do not use tectonics solvent & Aromatic solvent,use with a soft cloth soaked with a cleaning
naphtha solvent.

7. Do not operate it above the absolute maximum rating.

8. Do not remove the panel or frame from the module.

9. When the module is assembled,it should be attached to the system firmly,Be careful not to twist
and bend the module.

10. Wipe off water droplets or oil immediately.If you leave the droplets for a long time,staining and
discoloration may occur.

11. If the liquid crystal material leaks from the panel,it should be kept away from the eyes or mouth
in case of contact with hands,legs or clothes,it must be washed away thoroughly with soap.

9.4 WARRANTY

I

1. The period is within twelve months since the date of shipping out under normal using and
storage conditions.

2. Do not repaired or modified the LCM.It may cause function to lose efficacy,Starry does not
warrant the LCM.

3. All process and material comply ROHS.

=
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