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1. General Specification

Screen Size(Diagonal) : 3.5inch

Resolution : 320(RGB) x 240

Signal Interface : 24bit parallel bus / CCIR656 / 601

Color Depth : 16.7M color (24bit) *1

Dot Pitch : 0.219 x 0.219 (mm)

Pixel Configuration : RGB Stripe

Display Mode : Transmissive / Positive

Surface Treatment :
Viewing Direction :
Outline Dimension :

Active Area :

Weight :

Backlight :

Driver IC

Operating Temperature :

Storage Temperature :
Note:

Anti-Glare Treatment

12 o’clock

76.9 x 63.9 x 4.25 (mm)

(exclude FPC, see attached drawing for details)
70.08 x 52.56 (mm)

(TBD)

6 LEDs (in series)

NT39016D

-20 ~ +70°C

-30 ~ +80°C

*1 Color tune may slightly changed by temperature and driving voltage.

2. Block Diagram

XR, YU, XL,YD

LED_CATHODE, LED_ANODE

D0~D23, HSYNC, VSYNC, DCLK, DEN
VDD, GND
/RST, /SPEN, SPCK, SPDA

Touch Panel

Backlight Circuit

320(x3) x 240 pixels
TFT Panel

TFT Driver
NT39016D or equivalent

URL: www.topwaydisplay.com

Document Name: LMT035KDH03-NNA-1-Rev0.3
Page: 3 of 22



TOPWAY

LCD Module User Manual LMT035KDH03-NNA-1

3. Terminal Functions

3.1 TFT Interface

zlon_ zlanme /10 Descriptions

1 LED_ CATHODE P Backlight LED Cathode supply
2

3 LED_ANODE P Backlight LED Anode supply
4

5 NC - No Connection

6 NC -

7 NC -

8 /RST I Reset signal active LOW

9 /SPEN I SPI enable signal, active LOW, normal HI (*1)
10 SPCK I SPI clock signal, rising edge trigger(*1)
11 SPDA I/O SPI data signal (*1)

12 DO I B0~B7,

: : Blue data input(*2)

19 D7

20 D8 I GO0~G7

: : Green data input (*2)

27 D15

28 D16 I RO~R7(*2)

: : Read data input (*2)

35 D23

36 | HSYNC I Horizontal Sync Signal

37 VSYNC I Vertical Sync Signal

38 DCLK I Data Clock Input

39 NC -- No Connection

40 NC --

41 VDD P Positive Power Supply

42 | VDD

43 NC -- No Connection

51 NC

52 DEN I Data Enable Input (*3)

53 GND P Power Ground Supply

54 | GND

Note:

*1. ISPEN, SPCK, SPDA must be connected to referenced control pins to enable the SPI initialization
It may necessary to config the TFT Driver through SPI interface to provide best display result.
*2. For CCIR601/CCIR656 Interface, only R0O-R7 is used. For unused pins (B0-B7,G0-G7), please

connect to GND or floating. The interface is selected by the SPI initial code.

Default setting is parallel 24-bit RGB interface.

Mode D(23:16) | D(15:08) | D(07:00) | HSYNC | VSYNC DEN
ITU-R BT 656 | D(23:16) | GND GND NC NC NC
ITU-R BT 601 D(23:16) | GND GND HSYNC | VSYNC NC
: . NC for HV Mode
8 Bit RGB D(23:16) | GND GND HSYNC | VSYNC DEN for Den Mode
; ; : : NC for HV Mode
24 Bit RGB R(7:0) G(7:0) B(7:0) HSYNC | VSYNC DEN for Den Mode

*3: For digital RGB input data format, both SYNC mode and DE+SYNC mode are supported.
If DEN signal is fixed low. SYNC mode is used. Otherwise, DE+SYNC is used

URL:

www.topwaydisplay.com
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4. Absolute Maximum Ratings

Items Symbol Min. Max. Unit | Condition
Supply Voltage Vop -0.3 +4.0 V GND =0V

Input Voltage Vin -0.3 +4.0 V GND =0V
Operating Temperature Top -20 +70 °C No Condensation
Storage Temperature Tst -30 +80 °C No Condensation
Cautions:

Any Stresses exceeding the Absolute Maximum Ratings may cause substantial damage to the device. Functional operation of this
device at other conditions beyond those listed in the specification is not implied and prolonged exposure to extreme conditions may
affect device reliability.

5. Electrical Characteristics

5.1 DC Characteristics (MCU terminal)
GND=0V, VDD =3.3V, Top =25°C

Items Symbol MIN. TYP. MAX. Unit | Applicable Pin
Operating Voltage Vob 3.0 3.3 3.6 V VDD

Input High Voltage ViH 0.8vDD - VDD V Input pins

Input Low Voltage Vi GND - 0.2vDD V Input pins

Frame Freq FrraME - 60 - Hz

Dot Data Clock(*1) footoLk - 6.5 - MHz

Operating Current(*2) Iop 6.5 7.4 9.4 mA | VDD

Note.

*1. DOTCLK must be adapted to 19.5MHz in 8-bit mode
*2. test image is 16-grayscaly graphic

5.2 LED Backlight Circuit Characteristics
IfLep_anobe=20mMA, Top=25°C

Items Symbol MIN. TYP. MAX. Unit | Note
Forward Voltage | Vfiep anooe - 19.2 - V

Forward Current IfLep_ANoDE - 20 25 mA

Life Time - - (50000) - hr

Cautions: Exceeding the recommended driving current could cause substantial damage to the backlight and shorten its lifetime.

5.3 Touch panel Characteristics N°- ©f LEDs =6 ocs

Top =25°C
ltems Symbol MIN. TYP. MAX. Unit Applicable Pin
Operating Voltage Vop - 5.0 - \% XL, YD, XR, YU
Operating Force Fop 60 - 100 g -

Linearity - *£1.5 % XL, YD, XR, YU
Life Time - - 1,000,000 - times | -
Cautions: Exceeding the recommended Condition could cause substantial damage to the touch panel and shorten its lifetime.
N e —— N
I
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5.4 AC Characteristics

5.4.1 Display Data Input Timing
Parameter Symbol Min. Typ. Max. Unit Conditions
VDD power source slew | 1o5q 1000 | us From 0V to 90% VDD
RSTB active pulse width TrsTs 40 us VDD = 3.3V
CLKIN clock time Tclk 33.3/125 - ns Please refer to timing table(p.32)
HSD to CLKIN The - - 1 CLKIN
HSD width Thwh 1 - - CLKIN
VSD width Tvwh 1 - - Th
HSD period time Th 60 63.56 67 us
VSD setup time Tvst 8 - - ns
VSD hold time Tvhd 10 - - ns
HSD setup time Thst 8 - - ns
HSD hold time Thhd 10 - - ns
Data set-up time Tdsu 8 - - ns DIN[23:0] to CLKIN
Data hold time Tdhd 10 - - ns DIN[23:0] to CLKIN
DEN setup time Tesd 12 - ns DEN to CLKIN
! st @CCIR601 / 8hit RGB HV mode
Time mda;l\ellsir? rﬁ 17 line Tvs 2 13 127 Th Control by HDLY[6:0] setting
P Tvs = HDLY[6:0]
) st s @CCIRB656 NTSC mode
Time thatdctc '.R—Vtm line | g 12 20 28 Th Control by HDLY[6:0] setting
ala inpu Tvs = HDLY[6:0]
) st : @CCIR656 PAL mode
Time thatd(;g 'E—\d‘m 1ine | 17 o5 33 Th Control by HDLY[6:0] setting
P Tvs = HDLY[6:0]
) st . @24bit RGB HV mode
Time ‘hgt 1V SD t‘: 1" line Tvs 2 13 127 Th Control by HDLY[6:0] setting
ata inpu Tvs = HDLY[6:0]
Signal naming references: | Terminal Name Signal Name
D23~D0 DIN[23:0]
DCLK CLKIN
HSYNC HSD
VSYNC VSD
DEN DEN
Tclk

Tewh  Tewl :
4—»24—}5

ctkin - N/ N\ s

Tdsu ! Tdh

>< Last data

d .

DIN[7:0] —;: First data §< 2nd data ><

DEN

I
cn /NN N N NN
. Tust i Tvhd i
- b i i
VSD \ e
Thhd PO
HSD ¥ ; N A
—> ' Th

CLKIN _\_/_\_/_L/‘;\_/_\,//_\_/_\_/
DIN7:0] ——— tstraan X tasdumn X

+  The
la > I

X/

Timing Diagram

HSD

Document Name: LMT035KDH03-NNA-1-Rev0.3
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CCIR601 mode A/B

Parameter Symbol Min. Typ. Max. | Unit Conditions

CLKIN frequency Felk : 2/42?4 30 |MHz |vDD=30-38V

CLKIN cycle time Telk - 40/37 ns

CLKIN pulse duty Tewh 40 50 60 Yo Telk

Time from HSD to 1'st data input (PAL) Ths 128 264 - CLKIN DDLY = 136, Offset = 128 (fixed)
Time from HSD to 1'st data input (NTSC) Ths 128 244 - CLKIN DDLY = 116, Offset = 128 (fixed)

CCIR656 mode A/B

Parameter Symbol Min. Typ. Max. | Unit Conditions

CLKIN frequency Fclk - 27 30 MHz VDD = 3.0 ~3.6V

CLKIN cycle time Tclk - 37 ns

CLKIN pulse duty Tcwh 40 50 60 %o Tclk

Time from EAV to 1'st data input (PAL) Ths 128 288 CLKIN DDLY = 152, Offset = 128 (fixed)
Time from EAV to 1'st data input (NTSC) Ths 128 276 CLKIN DDLY = 140, Offset = 128 (fixed)

8bit RGB 960 CH Mode

Parameter Symbol Min. Typ. Max. | Unit Conditions

CLKIN frequency Felk - 27 30 MHz VDD = 3.0 ~3.6V

CLKIN cycle time Telk - 37 ns

CLKIN pulse duty Tewh 40 50 80 %Yo Tclk

Time that HSD to 1'st data input(NTSC) Ths 35 70 255 | CLKIN DDLY = 70, Offset = 0 (fixed)

24bit RGB mode (SEL[3:0]=1100 or 1101)

Parameter Symbol Min. Typ. Max. | Unit Conditions

CLKIN frequency Fclk 6.1 6.4 8.0 MHz VDD = 3.0 ~3.6V

CLKIN cycle time Tclk 125 156 164 |ns

CLKIN pulse duty Tcwh 40 50 60 Yo Tclk

Time that HSD to 1’°st data input(NTSC) Ths 40 70 255 | CLKIN DDLY =70, Offset = 0 (fixed)

VSD _l_l u_

s Default = 13 lines N| i
Valid Line i€ gl Display lines = 240 lines I_

Total lines = 263 lines

iz

HSD _|_| U_
SN TR ORI |_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_U_|_|_|_|_|

%}
Default = 70

ool () ~O0C0
onissl (JO0 C)DDD
onz:te) (Y- DDDDDD

[ P PR

(DE hl,?oil:]) Active Area = 320 (RGB)
Y Total Area = 408 CLKIN \
Typical Input Data Timing Diagram (24bit RGB mode SEL[3:0]=1100)
URL: www.topwaydisplay.com Document Name: LMT035KDH03-NNA-1-Rev0.3
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5.4.2 Active Display Timing

Total Area Active Area
Input Format | Format Standard | CLKIN (MHz) | HSD (CLKIN) (CLKIN) (CLKIN) Note
CCIR 601 1716
YUV CCIR 656 d i 1728 i
CCIR 601 24.54 1 1560 1280
8bit RGB 8 bit RGB 27 1 1716 960 960x240
24bit RGB 24 bit RGB 6.4 1 408 320

(RGB HV mode )
DIN[7:0]

DIN[7:0] DDDDG ............... O NN ;DD ....... DG_DD

(RGB DE mode)
DEN

Active Area

Total Area

RGB input Data Format

Y UVmode

DIN7:0)] liew@n@mwu IIIIIIIIlI DDDD
ActiveArea J
( TotalArea >'
YUV input Data Format
gNs:tLlne
coon MU UUUT UU LU UUUY VYU UYL .. _I'LI'LI'IJ'LI'I
i EAV cote Blarking ! sAV Gode n
Detalorat @@ﬂﬂ@@@@ @ﬂ@@@@@ﬂ@ﬂ@ﬂ@ﬂ@ﬂl -------- OOEX) £
4 4 Active
CCIR | 656 input Data Format
URL: www.topwaydisplay.com Document Name: LMT035KDH03-NNA-1-Rev0.3
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5.4.3 SPI Interface Timing

Parameter Symbol Min. Typ. Max. Unit Conditions
Serial clock Tspck 320 - - ns

SPCK pulse duty 40 50 60 % Tckh / Tspek
Serial data setup time Tisu 120 - - ns
Serial data hold time Tihd 120 - - ns
Serial clock high/low Tekh/l 120 - - ns
Chip select distinguish Ted 1 - - us
SPENB to VSD Tev 1 - - us
SPENB input setup time Teck 150 - - ns
SPENB input hold time Tcke 150 - - ns

Signal naming references: | Terminal Name Signal Name
SPDA SPDA
SPCK SPCK
VSYNC VSD
/PSEN PSENB
/RST RSTB
vsD 7 ’
— - e~ =
SPENB .
. i(—).: Tcd
Tist :
spor—{eb o) (oD — (o)
:(_J'de
[ 7 e A BT .
s WU U Uy
: — Tspck

Timing Diagram

URL: www.topwaydisplay.com
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6. TFT Optical Characteristics

ltem Symbol Condition Min. | Typ. | Max. Unit Note
Brightness Bp 9=0° . 200 . Cd/m? 1
Uniformity ABp ©=0° 80% - - 1,2
o1
(®@=90° -25~+60
Viewing or270°) 5
Angle o0 Crz10 Deg 3
(®=0° or -45~+45
180°)
Cg:tri?ft Cr - | 300 | - i 4
6=0°
Response T d=0° ; 25 40 ms 5
Time T; - 25 40 ms
X - 0.29 - -
w
y : 0.31 : 5
X - 0.60 - -
R
Color of y - 0.37 - -
CIE
. 6=0°
Coordinat X - 0.34 - -
oordinate | D=0° 1,6
y . 0.57 . =
X - 0.15 - -
B
y : 0.09 3 :
NTSC o
Ratio . >0 ] -

Note: The parameter is slightly changed by temperature, driving voltage and materiel.

URL: www.topwaydisplay.com
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Note 1:
The data are measured after LEDs are turned on for 5 minutes.
LCM displays full white. The brightness is the average value of 9
measured spots. Measurement equipment PR-705 (®8mm)
Measuring condition:

- Measuring surroundings: Dark room

- Measuring temperature: Ta=25C.

- Adjust operating voltage to get optimum contrast at the

center of the display.

Measured value at the center point of LCD panel after more than 5
minutes while backlight turning on.

Note 3:
The definition of viewing angle:
Refer to the graph below marked by 6 and @

P Qs
Y e
\

NS

Left (9:00) [o) X Right (3:00)
?=180° 2=0°
\ \
\
Down (6:00)
»=270°
Note 5:

Definition of Response time. (Test LCD using DMS501):

The output signals of photo detector 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 is defined as

the time interval between the 10% and 90% of amplitudes.Refer to
figure as below.

Brightness

100% 1
90% T

i

10%Z1
0%

!
ton L———*tof‘f‘

Note 2:

The luminance uniformity is calculated by using following

formula.

ABp =Bp (Min.) / Bp (Max.)x100 (%)
Bp (Max.) = Maximum brightness in 9 measured spots
Bp (Min.) = Minimum brightness in 9 measured spots.

o 6 06
g

y Q@ O 0
g

& ®

The definition of contrast ratio (Test LCM using PR-705):
Luminance When LCD is at “White”

Contrast _state

Ratio(CR)=  Luminance When LCD is at “Black”

state

(Contrast Ratio is measured in optimum common electrode

Note 6:

voltage)

Definition of Color of CIE Coordinate and NTSC Ratio.

Color gamut:

S=

Area of RGB triangle

Area of NTSC triangle

X100%

URL: www.topwaydisplay.com
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7. Function Specifications

7.1 SPI Interface Command Packet

The LMT035KDHO03 terminal equipped with a SPI interface, which is for receiving command to
adjust the TFT display to the best display result.

Command packet is in 16bit format, which include Register Address and Register Data.
/ISPEN works as a chip enable pin and also for init the communication.

PSDA is the serial data line

SPCK is the serial clock, data bit latches into the TFT driver at rising edge

Address[5:0] W it Data[7:0] Delay # Next Transfer

- R

SPENB i -

/

SPDA D15 @@@@ D10¥ Do ¥ D8 ¥ D7 @aﬂ@ﬂa Do ¥ (131} AR

3-Wire Command Format:

Bit Description
D15-D10 Register Address [5:0].
D9 W/R control bit. “1” for Write; “0” for Read
D8 Hi-Z bit during read mode. Any data within this bits will be ignored during write mode
D7-Do Data for the W/R operation to the address indicated by Address phase

3-Wire Writer Format:
MSB LSB
Di5 | D14 [ D13 | D12 [ D11 [ D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do
Register Address [5:0] 1 X DATA (Issue by external controller)

3-Wire Read Format:

MSB LSB
Di5 | D14 [ D13 [ D12 [ D11 [ D10 | D9 | D8 | D7 | D6 | D5 [ D4 | D3 | D2 | D1 | Do
Register Address [5:0] 0 Hi-Z DATA (Issue by NT39016)
URL: www.topwaydisplay.com Document Name: LMT035KDHO03-NNA-1-Rev0.3
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7.2 SPI Interface Commands Summary

3-Wire Registers Register Description
D[15:10] Name Init. R/W Function Description
000000b Roo 07h R/W System control register
000001b RO1 00h R/W Timing Controller function register
000010b R02 03h R/W Operation control register
000011b R03 CCh R/W Input data Format control register
000100b R04 46h R/W Source Timing delay control register
000101b R05 0Dh R/W Gate Timing delay control register
000110b R06 00h R/W Reserved
000111b R0O7 00h R/W Internal function control register
001000b Ro8 08h R/W RGB Contrast control register
001001b Ro9 40h R/W RGB Brightness control register
001010b ROA 88h R/W Hue / Saturation control register
001011b ROB 88h R/W R/ B Sub-Contrast control register
001100b RoC 20h R/W R Sub-Brightness control register
001101b ROD 20h R/W B Sub-Brightness control register
001110b ROE 10h R/W VCOMDC Level Control Register
001111b ROF Adh R/W VCOMAC Level Control Register
010000b R10 04h R/W VGAM? level control register
010001b R11 24h R/W VGAMB3/4 level control register
010010b R12 24h R/W VGAMS5/6 level control register
011110b R1E 0Ch R/W VCOMDC Trim function control register
100000b R20 00h R/W Wide and narrow display mode control register

7.3 SPIl Interface Commands Details

R00: System Control Register
Bit Name | Initial | R‘'W Description
: Internal Test Pattern Selection
Bit[7:4] | PAT[3:0] | 0000b| RW PAT[3:0] : Select chip embedded test pattern.
. (R) Internal PWM controller Power Down bit .
Bit[3] | PWMPDB | 0Ob RAW PWMPDB = “0”, !nternal PWM controller will be shut dqwn
PWMPDB = “1”, internal PWM controller normal operating
Bit [2] - - - |Reserve
. (R) Standby Mode function control. . _
Bit [1] STBYB 1b STBYB = “0", TCON, Source output will turn off and outputs are High-Z.
R/W i .
STBYB = “1”, Normal operation
Global Reset Register.
Bit[0] | RESETB ib | R/W |Write “0” to reset whole chip. This bit will set to “1” automatically after chip was
reset.

LMTO35KDHO03-NNA-1

PAT[3:0] : Embedded Auto Test Pattern Selection Register

PATI[3:0] Test Pattern Note
00H Disable Internal Test Pattern Function Default
01H White
02H Black
03H Red
04H Green
05H Blue
06H Yellow
07H Cyan
08H Magenta
09H Gray Level 8
0AH Gray Level 16
0BH Color Bar
0CH Checker Board
0DH Cross Talk Pattern
0EH Horizontal Flick Pattern
OFH Test Pattern Auto Run Mode

Note: WNSEL[1:0] will be disabled under Internal Test Pattern mode.

URL: www.topwaydisplay.com
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R0O1: Timing Controller Function Register

Bit

Name

Initial

R/W

Description

Bit [4:2]

SWD[2:0]

000b

R/W

Control and switch the relationship between the R,G,B and outputs.
This register is used to match different types of color filters on LCD panel

Bit [1]

DITHB

0b

R/W

Dithering enable. Active low

DITHB = “0", Dithering on, (Pseudo 8-bits resolution). (Default mode)

DITHB = “17, Dithering off, (6-bits resolution, truncation last 2-bits of the input data)
Note 1: Recommend user to enable this function under all modes except for 18 bit
RGB input application.

Bit [0]

CFTYP

Ob

R/W

Color Filter Type Select. Select Delta or Stripe mode for data arrangement.
CFTYP = “0", Stripe mode, Data arrangement keep in the “odd line” state of
SWD[2:0] selection.

CFTYP =17, Delta mode, Data arrangement controlled by SWD[2:0] setting.

SWD[2:0] function control:

SWD2 | SWD1 | SWDo Output (n=0 to 319) Condition
3n+1 3n+2 3n+3
R G B Odd Line
‘ . . G B R Even Line
0 0 ’ G B R Odd L|.ne
B R G Even Line
o | 1 | X T e T e T e SR
sl UPDN="1"
’ ” 0 G | B R Odd Line
R G B Even Line
1 0 1 B R G Qdd Line
G B R Even Line
i 3 " R G B Odd Line
B R G Even Line

Note 1: X = Don’t care
Note 2: Data arrangement will keep in the “odd line” state when CFTYP = 0 for stripe mode.

R02: Operation Control Register

Bit

Name

Initial

R/W

Description

Bit [7]

SKIPMOD

0ob

(R)
R/W

Horizontal data processing algorithms select register.
SKIPMOD = “0": Horizontal data weighting skip mode. (Default mode)
SKIPMOD = “1": Horizontal data direct skip mode.

Bit [6:5]

HDNC[1:0]

00b

(R)
RW

Horizontal Data scaling mode select register.
This function is active under CCIR601 and CCIR656 mode only.

Bit [4]

Reserve

Bit [3]

FPOL

Ob

R/W

VCOMOUT polarity inverse control.
FPOL = "0": VCOMOUT normal polarity (Default mode).
FPOL = "1": VCOMOUT inverse polarity.

Bit [2]

VSET

Ob

R/W

Gamma correction source select.
VSET = "0", used internal Gamma Reference voltage (VDDA). (Default mode)
VSET = "1", used external Gamma Reference Input (V1~V7).

Bit [1]

UPDN

(R)
RW

Gate Driver Up/down scan control of gate driver.

UPDN = “0”, Shift from down to up, First ine=L240->L239->,,->L.2->L1= Last line
UPDN = “1", Shift from up to down, First line=L1->L2->,,->239->240= Last line
(Default mode)

Bit [0]

SHLR

1b

(R)
RW

Right/Left sequence control of source driver.
SHLR = “0", shift left: Last data = S1< S2« S3.......... < S960 =First data.

SHLR = “1”, shift right: Firstdata=S81 -S -S3........ >8960 = Last data.

HDNCI[1:0] function setting for different horizontal data skip mode

HDNCH1

HDNCO

Source Data

Data Skip Mode

0

0

1440/ 1280 clock

1440 clock -> 720 RGB -> (scale down) 320 RGB
1280 clock -> 640 RGB -> (scale down) 320 RGB

0

1

1440 clock

1440 clock -> 720 RGB -> (Skip Right/Left 10 RGB) 700 RGB ->
(scale down) 320 RGB

1

0

1440 clock

1440 clock -> 720 RGB -> (Skip Right/Left 20 RGB) 680 RGB >
(scale down) 320 RGB

1

1

1440 clock

1440 clock -> 720 RGB -> (Skip Right/Left 40 RGB) 640 RGB >
(scale down) 320 RGB

Note: HDNC function is active under CCIR601/656 mode only
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R03: Input Data Format Control Register
Bit Name | Initial | R/'W Description
DEN input pin polarity control.
Bit[7] | DENPOL 1b | R/W |DENPOL = “0”, DEN negative polarity.
DENPOL = “1", DEN positive polarity. (Default mode)
CLKIN pin polarity control.
Bit[6] | CLKPOL 1b | R/W |CLKPOL = “0”, CLKIN negative edge latch data.
CLKPOL = “1", CLKIN positive edge latch data. (Default mode)
HSD pin polarity control.
Bit[5] | HSDPOL Ob | RMW |HSDPOL = “0", HSD negative polarity. (Default mode)
HSDPOL = “1", HSD positive polarity.
VSD pin polarity control.
Bit[4] | VSDPOL O0b | R/'W |[VSDPOL = “0”, VSD negative polarity. (Default mode)
VSDPOL = “1", VSD positive polarity
(R) |Input data format selection.
R/W |Note: Different SEL [3:0] setting resolute in different AC timing.

Bit[3:0] | SEL[3:0] |1100b

SEL[3:0]: Data input mode

SEL3 | SEL2 | SEL1 | SELO Data input format Operating frequency
0 0 0 0 CCIR601 YUV 1280 input format (YUV mode A) 24.54 MHz
0 0 0 1 CCIR601 YUV 1280 input format (YUV mode B) 24.54 MHz
0 0 1 0 CCIR601 YUV 1440 input format (YUV mode A) 27 MHz
0 0 1 1 CCIR601 YUV 1440 input format (YUV mode B) 27 MHz
0 1 0 0 CCIR656 YCDbCr input format (YcbCr mode A) 27 MHz
0 1 0 1 CCIR656 YCbCr input format (YcbCr mode B) 27 MHz
0 1 1 0 - -

0 1 1 1 - -
1 0 0 0 8-bit digital RGB input format HV Mode (NTSC only) 27 MHz
1 0 0 1 8-bit digital RGB input format DE Mode (NTSC only) 27 MHz
1 0 i 0 8-bit digital RGB thro:?[g\lf]rgngcéill;l)put format HV Mode 27 MHz
1 0 1 1 8-bit digital RGB throtz%ljrgncocéilig)put format DE Mode 27 MHz
1 il 0 0 24-bit digital RGB input format HV Mode (NTSC only) 6.4 MHz
1 1 0 1 24-bit digital RGB input format DE Mode (NTSC only) 6.4 MHz
1 1 1 0 - -
1 1 1 - -

Note : Hsync and Vsync will be floated in CCIR656 and DE mode

Remark:

YUV mode A: Data sequence are “Cb_Y_Cr_Y...”.

YUV mode B: Data sequence are “Cr_Y_Cb_Y...”.

RGB through mode will bypass 3-wire SWD[2:0] function;TCON will not arrange data color mapping.

R04: Source Timing Delay Control Register

Bit Name | Initial | R‘'W Description
Select the HSD signal to 1'st input data delay timing
Under CCIR601 mode, Ths = DDLY[7:0] + 128, (Unit = CLKIN)
Under CCIR656 mode, Ths = DDLY[7:0] + 136, (Unit = CLKIN)
Under RGB 8/24 bit mode, Ths = DDLY[7:0], (Unit = CLKIN)

The register value will be update to the different default value each time when SEL[3:0]
changed. Read the section of “Timing Table” for the detail, please.

Note: DDLY function will be disabled under 8/24bit DE mode and PINCTLB = 0 condition. The default value list in the
timing table will be used when PINCTLB = 0.

Bit[7:0] | DDLY[7:0] | 46h |RW

R05: Gate Timing Delay Control Register
Bit Name Initial | R/'W Description

Bit [7] - - - |Reserve
Select the Gate start pulse output delay timing
Tvs = HDLY[6:0], (Unit = HSD)
The register value will be update to the different default value each time when SEL[3:0]
changed. Read the section of “Timing Table” for the detail, please.
Note: HDLY function will be disabled under 8/24bit DE mode and PINCTLB = 0 condition. The default value list in the
timing table will be used when PINCTLB = 0.

Bit[6:0] | HDLY[6:0] | ODh | R/W

R06: Reserved
Bit Name Initial | R/'W Description
Bit [7:0] - - - |Reserve
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RO7: Internal Function Control Register

Bit Name Initial | R/W Description
Bit [7:6] | FRAD[1:0] 00b | R/W |Odd frame or Even frame advance control
Bit [5:4] | INVSL[1:0] 00b | R'W |Source Driving Mode Selection Register
(R) NTSC or PAL mode selection. Only for 601 and 656 mode.
Bit [3] PAL Ob RAW PAL ="0", Select NTSC interface mode. (Default mode)
g PAL = “1", Select PAL interface mode.
(R) PAL mode input data format selection
Bit [2] PALM Ob xy |PALM =07, Select PAL 280 line mode. (Default mode)
RW IBALM = 1, Select PAL 288 line mode
Bit [1] Reserve
Average YUV interface Luminance Y.
s y |[AVGY = “0"; Only used odd Y sample for YUV conversion,
Bit [0] S L B AVGY = “1"; Used odd and even Y sample for YUV conversion.
This function active under YUV mode only!
INVSL[1:0]
INVSLA INVSLO Driving Mode Notes
0 0 1 - Line Inversion Default
0 1 2 - Line Inversion
i 0 Frame Inversion
1 1 Reserved
FRAD[1:0]
FRAD1 FRADO Advance Frame Notes
0 0 Default Odd/Even frame Tsiv are the same
0 1 Odd frame Even frame Tstv = HDLY setting +1 Unit: H
1 0 Even frame ODD frame Tstv = HDLY setting +1
i 1 Reserve Reserve

Note: Remark: This function is available under CCIR601 and CCIR656 mode only.

R08: Contrast Control Register
Bit Name | Initial | R’'W Description
Bit [7:5] - - - |Reserve
Display Contrast level adjustment register. (0.125/Step)
Bit [4:0] | CON[4:0] | 08h | R/W |Adjust range from 0x00(level = 0) to 0x1F(level = 3.875)
Default value 08h(level = 1.0)
R09: Brightness Control Register
Bit Name Initial | R‘'W Description
Bit [7] - - - |Reserve
Display Brightness level adjustment register. (2/Step)
Bit [6:0] | BRI[6:0] | 40h | R/W |Adjust range from 0x00(level = -128) to 0x7F(level = +126)

Default value 0x40(level = +0)

ROA: Hue and Satu

ration Control Register

Bit

Name

Initial

R/W Description

Bit [7:4]

HUE[3:0]

08h

YUV Hue level adjustment register. (5 Deg/Step)

Adjust range from 0x00(level = -40 Deg) to 0x0F(level = +35 Deg)
Default value 0x08(level = 0 Deg)

Cb’=Cb*cos@® +Cr*sing

Cr=Cr*cos@ +Cb*sing

R/wW

Bit [3:0]

SAT[3:0]

08h

YUV saturation level adjustment register. (0.125/Step)

R/W |Adjust range from 0x00(level = 0) to 0x0F(level = 1.875)

Default value 0x08(level = 1.00)

Note: Hue and Saturation function was available under YUV input mode only.
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ROB: R/ B Sub-Contrast Control Register

Bit Name Initial | R'W Description
B Data Contrast level adjustment register. (0.125/Step)
Bit [7:6] | SCONB[1:0]| 02h | R/W |Adjust range from 0x00(level = 0.75) to OxOF(level = 1.125)
Default value 08h(level = 1.0)
R Data Contrast level adjustment register. (0.125/Step)
Bit [3:2] |SCONR[1:0]| 02h | R/W |Adjust range from 0x00(level = 0.75) to 0xOF(level = 1.125)

Default value 08h(level = 1.0)

ROC: R Sub-Brightnhess Control Register

Bit Name Initial | R'W Description
Bit [7:6] - - - |Reserve
R Data Brightness level adjustment register. (1/Step)
Bit [5:0] | SBRIR[5:0] | 20h | R/W |Adjust range from 0x00(level = -32) to 0x3F (level = +31)

Default value 20h(level = 0)

ROD: B Sub-Brightnhess Control Register

Bit Name Initial | R'W Description
Bit [7:6] - - - |Reserve
B Data Brightness level adjustment register. (1/Step)
Bit [5:0] | SBRIB[5:0] | 20h | R/W |Adjust range from 0x00(level = -32) to 0x3F(level = +31)

Default value 20h(level = 0)

Bit

Name

Initial

ROE: VCOMDC Level Control Register

R/W

Description

Bit [7]

Reserve

Bit [6]

OTP_BYPS

Oh

R/W

VCDCSL]5:0] data source selection register

OTP_BYPS ="0", VCDCSL[5:0] is read from OTP memory.
OTP_BYPS ="1", VCDCSL[5:0] is switch to the 3-wire register memory when user
want to adjust the VCOMDC level.

Bit [5:0]

VCDCSL
[5:0]

10h

R/W

VCOMDC level control register (20mV/Step @ VDDA = 5.0V)
VCDCSL[5:0] = 00h, VCOMDC = 1.00V
VCDCSL[5:0] = 01h, VCOMDC = 1.02V

VCDCSL[5:0] = 3eh, VCOMDC = 2.24V
VCDCSL[5:0] = 3th, VCOMDC = 2.26V
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ROF VCOMAC Level Control Register

Bit Name Initial | R/'W Description
— VGLSL level control register
Bit[7:6] | VGLSL | 10 | RWI\ai sl Level = 1V / Step
N VGHSL level control register
Bit[S:4] | VGHSL | 10 '\ RWyaisi Level = 1V / Step
a1 | VCAGSL[3: VCOMAC level control register
BI[3:0] |" o) 7] 0100 | AW |\, GOMAG Level = 0.1V / Step @ VDDA = 5.0V
VCACSL [3:0] VGHSL[5:4]
VCSL3 | VCSL2 | VCSL1 | VCSLo Level (V) VGHSLA1 VGHSLO VGH(V)

0 0 0 0 4.6 0 0 12
0 0 0 1 4.7 0 1 13
0 0 1 0 4.8 1 1 14
0 0 1 1 4.9 1 0 15
0 1 0 0 5.0 (Default) When VPSW = “1” The register can’t be used
0 1 0 1 5.1
0 1 1 0 5.2 VGLSL[7:6]
0 1 1 1 5.3 VGLSL1 VGLSLO VGL(V)
1 0 0 0 5.4 0 0 =7
1 0 0 1 5.5 0 1 8
1 0 1 0 5.6 1 1 9
1 0 1 1 5.7 1 0 -10
1 1 0 0 5.8 When VPSW = “1" .The register can't be used
1 1 0 1 5.9
1 1 1 0 6.0
1 1 1 1 6.1

Note : When VPSW =

“1” .The register can’t be used

R10: VGAM2 Level Control Register

Bit Name Initial | R'W Description
Bit [7:5] - - - |Reserve
GAMMA adjustment enable control register.(adjustable voltage for V2-V6)
Bit [4] GAMEN Ob |R/W |GAEN="0" or VSET = 1, Gamma correction disabled.
GAEN="1" & VSET="0", Gamma correction enabled
Bit [3] - - - |Reserve
. V2GAM V2 GAMMA voltage level setting. Function enabled when VSET="0"
Bt[2:0] | "o | 1000 | RW 4 diust level = 22mV / Step
R11: VGAM3/4 Level Control Register
Bit Name Initial | R'W Description
Bit [7:6] - - - |Reserve
s V4GAM V4 GAMMA voltage level setting. Function enabled when VSET="0"
BItIS3] | “rogp | 1000 | AW A diust level = 22mV / Step
— V3GAM V3 GAMMA voltage level setting. Function enabled when VSET="0"
BItI20] | “1o.p | 1000 | RW | n st level = 22mV / Step
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R12: VGAMS5/6 Level Control Register

Bit Name Initial | R‘'W Description
Bit [10:6] - - - |Reserve
— V6GAM V6 GAMMA voltage level setting. Function enabled when VSET="0"
BItIS3] | "o | 1000 | W a Giust level = 22mV / Step
el V5GAM V5 GAMMA voltage level setting. Function enabled when VSET="0"
BILE20] | o) | 100 | RW | n Giust level = 22mV / Step
V2GAM/ V3GAM/ VAGAM/ V5GAM./ V6GAM Level Control Register Setting Table
VxGMA2 VxGMA1 VxGMAO Voltage level Unit Note
0 0 0 +88 mV
0 0 1 +66 mV
0 1 0 +44 mV Aot he G Table |
0 1 1 10D mv efer to the Gamma Table for
] 0 0 +0(Default =T the default volt\?lge level of V2 ~
1 0 1 -22 mV
1 1 0 -44 mV
1 1 1 -66 mV
Note: x=2,3,4,5,6
R20: Wide and narrow display mode Control Register
Bit Name Initial | R'W Description
Bit [7:2] - - - |Reserve
Bit [1:0] W[I?I%I]EL 00b | R/W |Wide and narrow display mode select register
WNSEL[1:0]: Wide and narrow display mode select register
WNSEL1 | WNSELO Display Mode
0 0 Normal display (Default)
0 1 Narrow display
1 0 Wide display
1 1 234-Line

Note: This function will be enabled under CCIR601 and CCIR656 mode
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7.4 Power On/Off Sequence
Power-On Timing Sequence:

1st Vsync
| | | | | | | | | | | |
| S LA LA \ AT \ AT LA \ A SO \ GRS L A A A
_' — — { { { { i i Il I .
' I TR AR TR TR T
|

Tmﬂ | | | | | | | | | | | |
Pp | | | | | | | | | | |
VDD Vi 1 1 i 1 1 1 i i 1 1 1
VDDP ' } | | | | | | | l l \ | |
i | | | | | | | | | | |
VDDA | ‘ ‘ | } } } | NORMAL DISPLAY | ‘
T 1 ¥ T I T T T 1
| | | | | | | T T T T T
VCOM_OUT ! veOM oUT=0 ! ! 1 M : : } } }
| | | | | | | ! ! : ; :

| | | | | | | | | | |
S00-939 OUT | SOURCE =0 | | | ‘/ | | | BACKLIGHT m\
| | | | | | | | | | . |
| | | | | | | | | | | |
PWM | | [ | | | | | | | |

Power-off Timing Sequence:
\.LJ._J._,L__,I.LL._.\._.\._,J AV

UUUUUUUW_UU

VDD ;
VDDP |

STB | \
(3-wire command) }

\
|
|
|
|
1
|
VDDA }

\ \
I |
I I
I I
| I
| |
T T
I I
I |
/ ;
NORMAL DISPLAY

I I I
| I
I I
‘ I
| f

I

VCOM_OUT

|
!
|
!
!
|
! T
\ |
\ !
s Il
B |
$00~959 OUT } |
\
\
\
\

)

\
!

!

| T T
BACKLIGHT'OFF !
1

i
VCOM_OUT =0
SOURCE = 0

\

|
\
| |
To prevent abnormal display that might show on screen,
it is suggest to use to following standby sequence.
Power on, turn on the backlight AFTER power supply stable and display ready.

Power off, turn off the backlight BEFORE power down.

PWM
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7.5 Standby Sequence

Exit Standby Mode Sequence:
v v v v v v v v v v v v

VDD

L

VDDA_EN NORMAL DISPLAY

FRP_EN VCOMOUT|=0

S00~959 OUT SQURCE 50 BACKLIGHT ON

PWM_EN

Entry Standby Mode Sequence:
| 1V i 1V | 1V | 1v ol 1V | 1V | v | v | 1V | 1V

JEAEEREEEENE

VDD |
vDDP I

STB |
(3-wire command)} } \

T
I
I
I
|
I
!
I
I
I

T
VDDA

I
|
DISPLA
f
|
|

|

A
| | |

To prevent abnormal display that might show on screen,

it is suggest to use to following standby sequence.

Entering standby mode, turn off the backlight BEFORE standby.

Exiting standby mode, turn on the backlight AFTER exiting standby mode, power supply stable and

display ready.

I

I

I

I

|

1

T

I

I

|
VCOM_OUT NORMAL
SO0-959 OUT

BACKLIGHT 'OFF

PWM

-
——

7.6 Reset Function

To prevent from abnormal reset condition, a glitch filter for RSTB is embedded in this chip. The external reset
signal should keep active for large then reset time (Trsts). Refer to the AC/DC Specification for the requirement.

8. Precautions of using LCD Modules
Please refer to "LCD-Module-Design-Handling-Precaution.pdf".
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9. Appendix A <Inspection items and criteria for appearance defect>

Items Criteria
Open Segment or Common Not permitted
Short Not permitted
Wrong Viewing Angle Not permitted
Decliners Not permitted
Contrast Ration Uneven According to the limit specimen
Crosstalk According to the limit specimen
White spots X>1 pixel A-area Not permitted Max 6 spots
B-area Max. 1 allowed
1/2 pixel<X<1 pixel | A-area Not permitted allowed
B-area Max. 2 allowed
X<1/2 pixel A-area Max. 1 allowed
B-area Max. 4 allowed
Black Sport X>1 pixel A-area Not permitted
B-area Max. 2 allowed
X<1/2 pixel A-area Max. 1 allowed
B-area Max. 4 allowed
Line Defect Apparent vertical horizontal line defects are not permitted
Note:
1. On Pixel include 3 dots (RedDot + GreenDot + BlueDot)
2. Definition of Panel “A-area” and “B-area”
L1/5 3/5 /5
Q
[Te]
3 A-area
< B-area
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