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1. General Description

LS0397103-MP-V1 is a transmissive type a-Si TFT-LCD (amorphous silicon thin film transistor
liquid crystal display) module, which is composed of a TFT-LCD panel, a driver circuit and a
backlight unit. The panel size is 3.97 inch and the resolution is 480(RGB)*800, the panel

can display up to 16.7M colors. The LCM can be easily accessed by RGB interface.

2. Physical Features

TFT-LCD Module

Display Mode
Active matrix TFT, Transmissive type
Display Format Graphic 480(RGB) X800 Dot-matrix
Input Data MIPI
Viewing Direction
(Grayscale Inversion) IPS
3. Mechanical Specification
Item Specification Unit
Module size (HXVXD) 55.64 X94.1 X2.2 mm
Number of dots 480(RGB) X800 pixel
Active area (HXV) 51.84 X 86.4 mm




Z(E (FR) SEREERAE
Lesson Smart Dispaly Technology Co.Ltd

SSON
4. QOutline D

L2

Imension

)

&

1 S
~
o
®

LCD OD 9240

——+32. 0610. 3+=

.5940.3

MDS/VA: MDS VIEWING AREA
NOTES
I.DISPLAY TYPE: Main LCD:  Tronsmissive,IPS
2. OPERATING TEMPr -20°C~/0°C
3. STORAGE TEMP + -30°C~80°C
4, MAIN LCD DRIVER: ST7701s
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SYMBOL
TP_RST
TP_INT
TP_SDA
TP_SCL

TP_VCC (2. 8))
GND
LEDA
LEDK1

9 | LEDK2
10| GND

11| GND

12| DOP

13| DON

14| GND

15| DIP

16| DIN

17| GND

18| CLKP

19| CLKN

20| GND

21| NC(D2P)

22| NC(D2N)

23| GND

24| NC(D3P)

25] NC(D3N)

26| GND

27| GND

28| TE

29| RESET

30| TOVCC(Z. §V

31| GND

39| NCTAVDD)
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5. Absolute Maximum Ratings

Item Symbol Min Max Unit Remark
Supply voltage VDD -0.3 3.6 Vv
Supply voltage VDDIO -0.3 3.6 Y% Note1
. Note2
Operating temperature TOPR -20 70 C
Storage temperature TSTR -30 80 C
6. Electrical Characteristics
Rating Uni
Item Symbol Min Typ Max t Remark
Supply voltage VDD 2.5 2.8 3.3 \%
Supply voltage VDDIO 1.65 1.8 3.3 \%
Note1
L level VIL 0 0.3*VvDDIO| V
Input Voltage
H level VIH 0.7*vDDIO VDDIO V
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7. Module Function Description
7-1. Block Diagram Of LCM

3.97” TFT-LCD
4807800 Dots

N

Soure Driver

Gate Driver

617 yoeg

Interface
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7-2. Pin Description

PIN NO. Symbol /10 Description
1 TP_RST I Power for LED backlight cathode
2 TP_INT I Interrupt signal
3 TP_SDA I Serial data input/output bidirection pin
4 TP_SCL I Serial clock pin
5 TP_VCC(2.8V) P Power voltage
6 GND P Power ground
7 LEDA P Power for LED backlight anode
8 LEDK1 P Power for LED backlight cathode
9 LEDK2 P Power for LED backlight cathode
10 GND P Power ground
11 GND P Power ground
12 DOP | MIPI DSI differential data pair.
13 DON | MIPI DSI differential data pair.
14 GND P
15 D1P | MIPI DSI differential data pair.
16 D1N | MIPI DSI differential data pair.
17 GND P
18 CLKP | MIPI DSI differential clock pair.
19 CLKN I MIPI DSI differential clock pair.
20 GND P Power ground
21 NC
22 NC
23 GND P Power ground
24 NC
25 NC
26 GND P Power ground
27 GND P Power ground
28 TE 0] For IC Test.
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29 RESET | The external reset input
30 IOVCC(2.8V) P Power voltage

31 GND P Power ground

32 NC

33 NC
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7-3 Timing Characteristics
7.3.1 High Speed Mode

DSkDO* :
DSLDO- :
: ha  Uen : Ty —— ] b pmimng, ) PP,
! 2l : DSHCLK- TR LT = T T =
VDDI= 1.8 VDD=2.8 AGND=DGND=0V, Ta=25 T’
Signal Symbol Parameter MIN | MAX | Unit Description
DSI-CLK+/- 2xUlnsta Double Ul instantaneous 4 25 ns
Ulpest Ul = Ulysma=
DSI-CLK+/- e Ul instantaneous halfs 2 | 125 | ns -
UINSTB UIiN.S'I'B
DSI-Dn+/- tDS Data to clock setup time 0.15 Ul
DSI-Dn+/- tDH Data to clock hold time 0.15 - ul

Table 7 Mipi Interface- High Speed Mode Timing Characteristics

7.3.2 Lowe Power Mode

MPU is Controlling Control Change Display Module is Controlling
e
i = . , o Tigen .. Tigss o
DSEDO+ e _:._Pxf _L 1 e ':_px_M_ R:TTA-SURE e FI_ i ‘I_PK_ ok
DSHDO- i % il i Pyl i A .
A L imind | N s o] s
LP-11 | o LP10 i LPﬂn_@ ok LP-0D i LP-00 i LP-oo_‘g ol P10 LP19 =i}
= Tra-gero .
Figure 6 Bus Turnaround (BTA) from display module to MPU Timing
Display Module is Controlling Control Change
e .
DSIDO+ L. _ TP pe IO p T 5 | 7 | e Tew , Tiew
DSI-DO- ? . ] P i i 2] E i
! S i C T j
LP-11 of o LP10 o) P LP00 ¢ o LP-10 ¢ LP-00 LP-00 pi LPOO! o LP-10 |

Figure 7 Bus Turnaround (BTA) from MPU to display module Timing
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7.4 SIGNAL TIMING SPECIFICATIONS
7.4.1 High-speed Clock Mode

DSI-CLKAH- lanes can be driven to the High Speed Clock Mode (HSCM), when DSI-CLK lanes are starting to work
between HS-0 and HS-1 State Codes.

The only entering possibility is from the Low Power Mode (LPM, LP-11 State Code) =>LP-01 =>LP-00 ==HS-0
=>HS-0/1 (HSCM).

This sequence is ilustrated below.

Termination HSCM
ULPM Resistor H&-0
LP-11 is enable HS.1
- |
. /1 PN |
CIK + \ l P CLK + sssss
CLK - £ [ -
‘. -'4:'"" - e e 1 [‘]_K_-
LP-11 LP-00 HS-D HS-0/1 |

Time

Figure 31 From LPM to HSCM
The mode change is also illustrated below:

SW Reset
HW Reset
Power On Sequence

Mode Change ————»

HSCM (HS Clocking)

Figure 32 Mode Change from LPM to HSCM on the Flow Chart
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The high speed clock (DSI-CLE+/-) is started before high speed data is sent via DSI-Dn+/- lanes. The high speed
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clock continues clocking after the high speed data sending has been stopped.

Termination

-
LPM Resigor LPM
LP-11 is cmble HECM LP-11
CLE + —- j— | | . i |
CLK - " \ 7 ' CLK_+ wmmnn
b Ol - —
LP-11 LP-0n Ji LP-O0 HE0 LP-11
=] _ i ] ]
Dhats Lames bn 1 WMade
Dt + 1E 0| ettt 1 s i
[}..- Diata_+ ssess
Dat . ——
LP-11 5 | uwP-n
/""”/ 'I-/ M i
Time

M
Hﬂmﬁg-ﬁr\ﬂhTunm\

L Tx Synchronized

L~

E-ﬁll‘SpuIihhduErﬂlhR:LlnTm 0 \'

m“_._..?,___,__ _.?.,-:_ S

-
i
#

#

H5-0 or H5-1

High Spesd Mode, Enablo Rx Line Termina ion

» Low Power Mode,
. Disable Rx Ling Tenmination
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7.4.2 Low Power Mode
DSI-CLK+- lanes can be driven to the Low Power Mode(LMP),when DSI-CLK lanes are entering LP-11 State
Code , inthree different ways: After SW Reset. HW Reset or Power On Sequence==LP-11

After DSI-CLK+- lanes are leaving Ultra Low Power Mode (ULPM.LP-00 State Code)=>LP10==LP-11({LPM).
This sequence is ilustrated below.

ULPM LPM
LP-00 LP-11
l‘r---- R e |
CLK_+ ¥ /1
- . /
CLK . |/ Rk sesssss
r it i i
LP-00 LP-10 LP-11 CLK - ——
Time ' |

Fizure 26 From ULPM to LPM

After DSICLK+/- lanes are leaving High Speed Clock Mode (HSCM, HS-0 or HS-1 State Code) ==HS-0 =>LP-11
(LPM).

This sequence is llustrated below,

LPM
Termination Resistor L. 11
is disable
{:‘LK_+ -_————————
CLK -
LP-11
Time

Figure 27 From HSCM to LPM

12
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7.5 Reset Timing

Sherter than Sus | .
:"'—"’I E Tew ¥
RESX "g 7 \ 7?‘
| : ' : :
i 1 1
I
| I
:.._TRT —":
|Display ' iniial condition
status Normal operation X During reset (Default for HMW reset)
Figure 9 Reset Timing
VDDI=1.8,VDD=2.8, AGND=DGND=0V, Ta=25 [
Related Pins Symbol Parameter MIN MAX Unit
TRW Reset pulse duration 10 . us
RESX - 5 (Note 1, 5) ms
TRT Reset cancel
120(Note 1,6, 7) ms

Notes:

1. The reset cancel includes also required time for loading ID bytes, VCOM setting and other seftings from NVM {or similar device) fa
registers. This loading is done every fime when there is HW resef cancel lime (IAT) within 5 ms affer a rising edge of RESX.

2, Spike due fo an electrosfatic discharge on RESX line does not cause imeguiar system resef according fo the table below:

RESX Pulse Action
Shorter than Sus Reset Rejected
Longer than Sus Reset

Between 5us and 9us Reset starts

3. During the Resetiing period, the display will be blanked (The display is enfering bianking sequence, which maximum fime is 120
ms, when Reset Starts in Sleep Oul =mode. The display remains the blank state in Sleep In —mode.) and then return fo Default condition
for Hardware Resel.

4, Spike Rejection also applies dunng a valid reset pulse as shown below:

LEsel 13 accopica

MM 20ns wadth positive spike will be rejected.
5 When Resel applied during Sleep In Mode.
6. When Resef applied during Sleep Out Mode.

7. It is necessary to wait Smsec after releasing RESX before sending commands. Also Sleep Out command cannot be sent for
120msec.
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7.6 POWER ON/OFF SEQUENCE

VDDI and VDDA can be applied or powered down in any order. During the Power Off sequence, if the
LCD is in the Sleep Out mode, VDDA and VDDI must be powered down with minimum 120msec. If the
LCD is in the Sleep In mode, VDDA and VDDI can be powered down with minimum Omsec after the
RESX is released. CSX can be applied at any timing or can be permanently grounded. RESX has high
priority over CSX.
Notes:
1. There will be no damage to the ST7701S if the power sequences are not met.
2. There will be no abnormal visible effects on the display panel during the Power On/Off Sequences.
3. There will be no abnormal visible effects on the display between the end of Power On Sequence and
before receiving the Sleep Out command, and also between receiving the Sleep In command and the
Power Off Sequence.
4_If the RESX line is not steadily held by the host during the Power On Sequence as defined in Sections
9.1 and 9.2, then it will be necessary to apply the Hardware Reset (RESX) after the completion of the
Host Power On Sequence to ensure correct operations. Otherwise, all the functions are not guaranteed.

The power on/off sequence is illustrated below

e w—— Trpw = +/- no limit Tow = +/~ no limit — -
we k.
VDDI Z‘F S
——; i ﬁniwﬂnﬂnlmﬁgmlrhasupmm%nfiswptm value, \——
{ e.g9. When VDD comes later, this timing is defined at the cross

point of 90% of 2.75V, not 90% of 2.6V

e.g. n VDD comes later, this timing is defined at the cross
point of 90% of 2.75V, not 90% of 2 6V.

Timing when the latter signal falls up to 90% of its typical value. ™~

Tﬁ:vwg:sx = +/- no limit

_._ F‘r_ww-csx = +/- no limit

—
csx HorL | T—
E Trmx = + no limit
RESX N T4 ey
= » Pw.-ReSx1 = MiN i—
(Power down in 30% / 120ms SL
sleep-out mode) { I
| Trew.resx = + no limit Tlew.resx2z = min Oms —
RESX 1
{Powelrdwn in 30;5.( rd |
sleep-in mode)

Tlewacs. is applied to RESX falling in the Sleep Out Mode.
Tlewass: is applied to RESX falling in the Sleep In Mode.

14
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8. Electro-Optical Characteristics

Conditi

Item Symbol on Min. Typ. Max. Unit Remark
Response time Tr +Tf - 25 40 ms Note 1
Contrast Ratio CR ?)(() =By -- 700 - - Note 2
Transmittance T% - 4 — %

Color W x = — TBD — —
Chromaticity | White GX_ Oy
(CIE1931) Wy =0 TBD
6, 70
Wi 0 - 60 —
Viewing B
angle 6, CR> 10 _ 20 — Deg. Note 3
6, 70
Luminance /
(1, = 40mA) L - TBD - cd/m2 Note4

Note 1: Ambient temperature = 25°C.

Note 2: To be measured with a viewing cone of 2°by Topcon luminance meter BM-5A.

Note 3: To be measured with Otsuta chromaticity meter LCF-2100M, CF only measure under C light

simulation.

Note 4: CTC shipping status is cell without polarizer. Transmittance of Specification is cell with polarizer.

The tolerance of Transmittance is +10%.
Note 5: Definition of response time:

The output signals of TRD-100 are measured when the input signals are changed to “White”

(falling time) and from “White” to “Black” (rising time), respectively. The interval is between the

10% and 90% of amplitudes. Refer to figure as below.

15
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MNote 6: Definition of contrast ratio:

Contrast ratio is calculated by the following formula.
Brightness on the "white" state

Contrast ratio (CR)=

Brightness on the "black” siate

MNote 7: Definition of viewing angle

6 o'clock
hy-= qQe

FPC

MNormal

ox=ny=0°

12 o'clock direction
b+ = 90°

IC Bonding Pad

Mote 8: Optical characteristic measurement setup.

|| / Photo-detector
| FE— .
Fak=2"
S0cm:
L
[ 7

16
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9. Reliability

10. 1. MTBF
The LCD module shall be designed to meet a minimum MTBF value of 50000 hours with
normal. (25°C in the room without sunlight)

10. 2. Test condition

ITEM CONDITIONS CRITERION
HIGH TEMPERTURE +70°C
OPERATING 48HRS NO DEFECT IN DISPLAYING
TEMPERATU AND
RE OPERATIONAL FUNCTION

LOW TEMPERTURE -20C 48HRS

HIGH TEMPERTURE +80°C

STORAGE 48HRS NO DEFECT IN DISPLAYING
TEMPERATU AND
RE LOW TEMPERTURE -30°C 48HRS | OPERATIONAL FUNCTION

NO DEFECT IN DISPLAYING
HUMIDITY 60C 90%RH 48HRS AND
OPERATIONAL FUNCTION

Note: The need to restore at room temperature for 2 hours after the test.
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10.Inspection Standards

1. AQL(Acceptable Quality Level)
AQL of major and minor defect

According to GB/T 2828-2003 ; , normal inspection, Class I
MAJOR DEFECT MINORDEFECT
0.65 1.5

2. Basic conditions for inspection

The LCM face to us, in normal environment, About an angle of incidence 30, a
distance of 30cm with normal eye with an angle of 45 degree to check the products
without uncovering the film!

(As shown below)

Rear Polarizer

3. Inspection item and criteria
3.1 Visual inspection criterion in immobility

3.1.1 Glass defect

No Defect item Criteria Remark
Dimension Unconformity |By Engineering Drawing

(Major defect)




L=5S0

M{E (FR) BRFEERAT
Lesson Smart Dispaly Technology Co, Ltd

No Defect item Criteria Remark
Cracks 1.Linear cracks on panel
[Reject]
- 2. Nonlinear crack contrast by
(Major defect)|limited sample

Glass extrude the
conductive area

a: disregards and no influence

assemblage

1) b= 1/3Pin width(non bonding
area)

a:Length, b:Width

3 [ Accept]
(minor defect)|2) bonding area=0.5mm
[Accept]
Pin-side » conductive (a ¢ disregards) a:Length'b:Width-c: Thickness
area damaged b= 1/3 of effective length for '
4 bonding electrode
(minor defect) [ Accept]
Pin-side - non-conductivel|l) Damage area don’t touch the ITO
area damaged (Inclueling contraposition
mark except scribing mark )
[Accept]
(minor defect) 2) c<T b=BM 1/3 of width
[ Accept]
5 3) c=T
b not touch the seal glue
[ Accept]

4) a disregards

19
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No Defect item Criteria Remark
Non-pin-side damage  |e<T ¢ : Thickness b: width of
damage
1) b exceeds 1/3 BM
(minor defect)
B [Reject]
c=T
b not touch the seal glue
[Reject]

3.1.2 LCD appearance defect (View area)

No Defect item Criteria Remark
Fiber - glass Specification Allowable [note1: L : Length - W : Width
cratch - polarizer 0.05mm<W = 0.1mm: note2: disregard if out of AA
! scratch/folded L=3.0mm 1
(minor defect) |yy>0_1mm ; L>3.0mm 0 N
Polarizer bubble - w=0.2mm disregard note 1:y=(C+W)27 E\W Length-W :
concave and convex 0.2mm<y = 0.3mm . Width
2 (minor defect) T — . note2: disregard if out of AA
0.5mm=<y 0
w=0.15mm disregard [note2: disregard if out of AA
Black dots - dirty dots - OT
3 |impurities - eyewinker 0.19mm=<y = 0.2omm ) | e
0.25mm<y = 0.3mm 1 -~
(Major defect) 0.3mm<y 0 @
Polarizer prick w=0.1mm disregard notel:w=(L+W)/2 : L=Length '
W=Width
’ (Major defect) 0.1mm<y=0.25mm 3 note2:; the distance between two
W > 0.25mm 0 dots >5mm

20
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3.1.3 .FPC

No Defect item

Criteria

Remark

1 |Copper screen peel

Copper screen peel

(minor defect)

2. left-and-right spec:
1) exceed of FPC edge or H-S

(Major defect) [Reject]
5 No release tape or peel |No release tape or peel
(Major defect) [Reject]
Dirty dot and impurity of Specification | Allowable|10te1: Cannot have stride ITO
. impurities
3 |FPC for customer using w=0.25mm 2
side (minor defect) w>0.25 0
3.1.4 Black tape & Mara tape
FPC or H/S black tape |1.shift spec:
shift 1)glue to the polarize
[ Reject]
2) IC bare [ Reject]

edge [ Reject]
2)IC bare [ Reject]
No black tape No black tape
(Major defect) [Reject]
Tape position mistake Not by engineering drawing
(minor defect) [Reject]

Mara tape defect

Peel before pulling the protecting
filmn.

(minor defect) [ Reject]
3.1.5 Silicon and Tuffy glue
No Defect item Criteria Remark
Quantity of silicon Uncover the ITO and circuit area. |note: compared by engineering
(minor defect) [ Reject]|drawing.

21
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No Defect item Criteria Remark
Tuffy glue 1. Uncover the reveal copper  |noterif customer has special
area [ Reject] .
) 2. Cover layer 0.3mm(Min) ~ reqmr.emem , refer to the
5 (minor defect) 3.0mm(Max) [ accept] technical document.
—
Depth of glue covering  |Depth of glue covering overtop Except of the special
3 front Polarizer requirement -
(minor defect) [Reject]
3.2 Electrical criteria
No Defect item Criteria Remark
1 No display No display
(Major defect) [ Reject]
5 Missing line Missing line
(Major defect) [Reject])
3 Seg-com light and dark Seg-com light and dark|ND filter 2% test
(Major defect) [Reject]
4 No display in immobility No display in immobility
(Major defect) [ Reject]
Flicker of Pattern Flicker of Pattern
5 : .
(Major defect) [Reject]
g |Mura (Major defect) ND filter 2% test
Over current Over current
T . :
(Major defect) [ Reject]
Voltage out of specification |Voltage out of specification
8 [ Reject]
(Major defect)
Pattern blur ,error code Pattern blur ,error code
9 [ Reject]
(Major defect)
Dark light, Flicker Dark light, Flicker
10 [ Reject]

(Major defect)

22
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Mo Defect item Criteria Remark
Black/White dots Specification Allowable |Note1: disregard if out of
- Dirty dots - eyewinker AA
W =0.15mm disregard _ W
1 0.15mm<y = 0.25mm 2 gzlmwlw
(Major defect) —
0.25mm<y = 0.3mm 1 o
0.3mm=y 0
Fil::er_- glass cratch - W =0.03mm disregard note1: L.: Lengthi W Width
polarizer 0.03mm=W —0.05mm - note: disregard if out of A4
scratch/folded L= Bsin 2 ¥
12 = g
(fhinor defect) 0.05mm<W = 0.1mm; ’ /\
L=3.0mm W
W=0.1mm ; L>3.0mm 0

3.3 Image sticking

BERME:. EHE20+5TCand50TC

A FREE: 100 50lux
3ty i

WO RIS 7R AR T 552 hours g,  RI1287KE T mifiife &, H iR IR F57ESmIn

M iH
‘)ie "

FEIR50°C FRELIN . 75 LA RE i 27 720.5 hours f5, FH128 IkE i ik &, MR 25

fE5m
inH% .

B E (6 x 8)

WA E

128k Kr¥

B\ EH
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