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RDBY: REAU BY (TCO0ON)......cciiiiitiiiiiie e i it eeeteeesiaitttett e e e e s s ta e et eaeeassstbaeeeaeeassstbaseaaeeessassbeseeaaeasaassbsseeeaeessansstbaeeeeesnansnnres 4
RDAX: REA AX (TDO0N) ......eeveeeeeeeeeeeeeees oeeeeeeeee et eees s seseeeeeet et et et e e e s et et ee et e seseeeee et et et e s ee et et et ee e s s s eee e et et st en s s seeeeens 4
RDAY: REAA AY (TEOON) ...t eeeeeeeeeees oeeeeeeeeee et e e e st e e et et et et e e e et et et ee et e s eseseee et et et ee s et es et et ee e s s s e ee et et st en s e seeeeens 4
RDDDBS: Read DDB Start (ALOON~ALOZAN) .....cuiiiiiis ittt ettt ettt e et e e sbee e e s sabe e e e anbb e e e snbeeeenaneeas 4
RDDDBC: Read DDB Continue (ABOON~ABOAN).......ccci.  coiiiiiiii ettt e et e e e e e s st e e e e e s sat e e e e eeessasbabeeeaeesnannnnes 4
RDFCS: Read First CheCKSUM (AADDRN) ......uiiiiiiiies ettt oottt e et e e e e e et e e e e e s s tbaaeeaeeesaassbsaeeeaeessasstbaeeeeessansnnres 4
RDCCS: Read Continue CheckSUM (AFOORN)..... .. ittt e e e e e e e e s st e e e e e e s satbraeeeaeessasstbaeeeeesaannnnres 4
RDID1: Read ID1 Value (DADODN) .....couutieiiiiiees ettt ettt ettt et e e et e e sbt e e sibe e e e anbneeesnbeeessnneeee e T e nntneeenaneeas 4
RDID2: Read ID2 ValUug (DBOON).........ccieiee ceeeeeeeeeeeesereseseeeeeeeesesessenesesesesesesesesesesnensnesesee st Cher e bbb 4
RDID3: Read ID3 Value (DCOON)......cciieiiiiiiiies ceiiiiiiiiit e e e essiietreeeessssivaeseaeesssnssnsseesssomensssdebeseesdbesnssdebeesshensnsdate ioeeeennnenes 4
7 REFERENCE APPLICATIONS ...ttt et snees s sr e e e Tt h e e b e et e e e e e s 4
7.1 MICROPROCESSOR INTERFACE ....cctuiiiiitiieeeiieeeeaineeessneeessnnsensdsatess de e hoheennnfebe behe e e e satie e esaseeeennnaessssnnsesnsnnsesssnnseeenen 4
7.2 CONNECTIONS WITH PANEL ....ciiiiiiiiiiieeeeeeeeeiiiie s e e e e e 52 S e b e a2 nmat et fe e b anh s e eeaeeeeettnn s ss¥ean®eentnnaeeessesssnnnnnseaeeeens 4
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1 DESCRIPTION

1.1 Purpose of this Document

This document has been created to provide complete reference specifications for the NT35510. IC design
engineers should refer to these specifications when designing ICs, test engineers when testing the compliance of
manufactured ICs to guarantee their performance, and application engineers when helping customers to make
sure they are using this IC properly.

1.2 General Description

The NT35510 device is a single-chip solution for a-Si TFT LCD that incorporates gate drivers and is capable of
480RGBx864, 480RGBx854, 480RGBx800, 480RGBx720, 480RGBx640 with internal CGRAM. It includes a
9,953,280 bits internal memory, a timing controller with glass interface level-shifters and a glass power supply
circuit..

The NT35510 supports MDDI interface, MIPI Interface, 16/18/24 bits RGB interface, 8/16/24-bit system interfaces,
serial peripheral interfaces (SPI) and 12C interface. The specified window area-can be updated selectively, so that
moving pictures can be displayed simultaneously independent of the still-picture-area.

The NT35510 is also able to make gamma correction settings' separately for '\RGB dots to allow benign
adjustments to panel characteristics, resulting in higher display qualities. The'IC possessesiinternal GRAM that
stores 480-RGB x 864-dot 16.77M-color images:—A. deep' standby mode is also_supported for lower power
consumption.

This LSl is suitable for small or medium-sized portable mobile solutions-requiring long-term 'driving capabilities,
including bi-directional pagers,-digital audio players, cellular phones-and handheld PDA..
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2 FEATURES

Single chip WVGA a-Si TFT LCD Controller/driver with Display RAM.

Display resolution option

- 480RGB x 864 with 480x24-bitsx 864 GRAM

- 480RGB x 854 with 480x24-bitsx 854 GRAM

- 480RGB x 800 with 480x24-bitsx 800 GRAM

- 480RGB x 720 with 480x24-bitsx 720 GRAM

- 480RGB x 640 with 480x24-bitsx 640 GRAM

Display data RAM (frame memory): 480 x 864 x 24-bits = 9,953,280 bits

Display mode (Color mode)

- Full color mode: 16.7M-colors

- Reduce color mode: 262K colors

- Reduce color mode: 65K colors

- Idle mode: 8-colors

Interface

- 8-/16-/24-bits 80-series MPU interface

- 16-bit serial peripheral interface

- 12C interface

- 16-/18-/24-bits RGB interface (DE mode and SYNC mode with polarity of HS/VS can be-set by register)
- MIPI Display Serial Interface (DSI V1.01.r11 and \D-PHY. V1.0, 1 clock and 1:or 2 data lane pairs)
- Mobile Display Digital Interface (MDDI V1.2, 1 strobe and 1 or.2.data lane_ pairs)
Display features

- Window address funetions for specifying-arectangular area on the internal RAM to write data
- Individual gamma-correction setting.for RGB dots

- Deep standby function

On _chip

- VGHO/VGLO voltage generator for gate control signal and panel

-\Oscillator for display clock

-.Supports gate control sighals to gate driver in the panel

- On module color charagcteristics

- On module checksums checking

- Four GPO (General'\Purpose Output) pins for external control

Supply voltage range

- /0O supply voltage range for VDDI to VSSI: 1.65V ~ 3.3V (VDDI) or 1.1 ~ 1.3V (VDDIL)
- Analog supply voltage range for VDDB/VDDA/VDDR to VSSB/NSSA/VSSR: 2.3V ~ 4.8V
- MIPI/MDDI regulator supply voltage range for VDDAM to VSSAM: 2.3V ~ 4.8V
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Output voltage levels

- Positive gate driver voltage range for VGH: AVDD+VDDB ~ 2xAVDD - AVEE
- Negative gate driver voltage range for VGLX: AVEE+VCL ~ 2xAVEE-AVDD
- Step-up 1 output voltage range for AVDD: 4.5 ~ 6.5V

- Step-up 2 output voltage range for AVEE: -4.5 ~ -6.5V

- Positive gamma high voltage range for VGMP: 3.0 ~ 6.3V (AVDD-0.3V)

- Positive gamma low voltage range for VGSP: 0.0, 0.3 ~ 3.7V

- Negative gamma high voltage range for VGMN: -3.0 ~ -6.3V (AVEE+0.3V)
- Negative gamma low voltage range for VGSN: 0.0, -0.3 ~ -3.7V

- Common electrode voltage range for VCOM: 0.0 ~ -3.5V (VCL+0.3V)

- Panel voltage range for VRGH: 1.0V ~ 6.0V(AVDD-0.3V)
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4 PIN DESCRIPTION
4.1 Power Supply Pins
Symbol Name Description
Power supply for DC/DC converter
VDDB DC/DC Power VDDB, VDDA and VDDR should be the same input voltage level
Power supply for analog system
VDDA Analog Power VDDB, VDDA and VDDR should be the same input voltage level
Power supply for regulator system
VDDR Regulator Power VDDB, VDDA and VDDR should be the same input voltage level
VDD_DET Detection Power | Connect to VDDB/VDDA/VDDR for detection.
VDDAM MIPI Power Power supply for MIPI/MDDI analog regulator system
VDDI I/0 Power Power supply for interface system except MIPI/MDDI interface
DVDD Digital Voltage Regulator output_for logic sy_sFem_ power (1.55V. typical)
Connect a capacitor for stabilization.
DIOPWR Dual I/0 Voltage Regulator output_for dual I/O_ \_/olt_age system (1.2V/1.8V typical).
Connect a capacitor. for stabilization.
Regulator output for internal MIPI/MDDI analog system (1.5V. typical)
MIPI/MDDI . I
MVDDA Voltage Connect a capacitor-for stabilization.
9 If not use MIPI/MDDI interface, please ‘open this pin.
Regulator output for internal MIRI low power system (1.2V typical)
MVDDL MIPI Voltage Connect a capacitor-for.stabilization.
If not use MIPFinterface, please-open this pin
VSSB DC/DC GND System.ground-for DC/DC converter
VSSA Analog GND System ground for analog system
VSSR Regulator GND System ground for regulator system
VSSAM MIPI'GND System ground for internal MIPI/MDDI analog system
VSSI 1/0 GND System ground for interface system except MIPI/MDDI interface
DVSS Digital GND System ground for internal digital system
AVSS Source OP GND | System ground for source OP system.
MTP programming power supply pin (7.5 to 8.0V and 7.75V typical)
MTP_PWR MTP Power Must be left open or connected to DVSS in normal condition.
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4.2 80-System Interface Pins
Symbol I/0 Description
csx | Chip select input pin (“Low” enable) in 80-series MPU I/F and SPI I/F.
This pin is not used for 12C, MIPI or MDDI I/F, please connect to VSSI this pin.
WRX: Writes strobe signal to write data when WRX is “Low” in 80-series MPU I/F.
WRX/SCL/ | SCL: A synchronous clock signal in SPI I/F.
12C_SCL I2C_SCL.: Serial input clock in 12C I/F.
This pin is not used for MIPI I/F, please connect to VSSI this pin.
RDX | Reads strobe signal to write data when RDX is “Low” in 80-series MPU interface.
This pin is not used for 16-bit SPI, 12C, MIPI or MDDI I/F, please connect to VSSI this pin.
Display data / command selection in 80-series MPU I/F.
DICX | D/CX f O C_ommand
D/CX ="1": Display data or Parameter
This pin is not used for 16-bit SPI, I12C, MIPI or MDDI I/F, please connect'to VSSI this-pin.
24-hit bi-directional data bus for 80-series MPU I/F and 24-bit-input.data bus for RGB I/F.
For 8080-series MPU I/F:
8-bit interface: D[7:0] are used, D[23:8] should be connected to'VSSI
D[23:0] I/O | 16-bitinterface: D[15:0] are used, D[23:16] should be connected-to VSSI
24-bit interface: D[23:0] are used
These pins are not used for 16-bit SPI,-12C, MIPI or MDDI I/F, please-connect.to VSSI these
pins.
NOTE: “1”" = VDDI level, “0” = VSSI level.

4.3 SPI /12C Interface Pins

Symbol I/O Description
csx | Chip select input pin.(“Low™enable) in-80-series MPU I/F and SPI I/F.
This pin-is-not used for 12C,"MIPl'or MDDI I/F, please connect to VSSI this pin.
Writes strobe signal to write data when WRX is “Low” in 80-series MPU I/F.
WRX'/ SCL / | SCL: A synchronous-clock signal in SPI I/F.
12C_SCL I12C.SCL:Serial input clock in 12C I/F.
This pin is not used for MIPI I/F, please connect to VSSI this pin.
SCL: Serial input signal in SPI I/F. The data is input on the rising/falling edge of the SCL signal.
SDI/12C_SDA | 10 12C_SDA: Serial input{output signal in I2C I/F. The data is input/output on the rising edge of the
12C_SCL signal.
This pin is not used for 80-series MPU, MIPI or MDDI I/F, please connect to VSSI this pin.
Serial output signal in SPI I/F. The data is output on the rising/falling edge of the SCL signal. If
the host places the SDI line into high-impedance state during the read interval, the SDI and SDO
SDO 0] .
can be tied together.
This pin is not used for 80-series MPU, 12C, MIPI or MDDI I/F, please open this pin.
NOTE: “1”" = VDDI level, “0” = VSSI level.
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4.4 RGB Interface Pins

Symbol I/0 Description
PCLK | Pixel clock signal in RGB I/F.
This pin is not used for 80-series MPU, MIPI or MDDI I/F, please connect to VSSI this pin.
VS | Vertical sync. Signal in RGB I/F.
This pin is not used for 80-series MPU, MIPI or MDDI I/F, please connect to VSSI this pin.
HS | Horizontal sync. Signal in RGB I/F.
This pin is not used for 80-series MPU, MIPI or MDDI I/F, please connect to VSSI this pin.
Data enable signal in RGB I/F mode 1.
DE | This pin is not used for RGB mode 2, 80-series MPU, MIPI or MDDI I/F, please connect to VSSI
this pin.
24-hit bi-directional data bus for 80-series MPU I/F and 24-bit input data bus for RGB I/F..
For RGB I/F:
D[23:0] /0 16-bit/pixel: D[20:16]=R[4:0], D[13:8]=G[5:0] and D[4:0]=B[4:0], connect unused pins-to VSSI
’ 18-bit/pixel: D[21:16]=R[5:0], D[13:8]=G[5:0] and D[5:0]=B[5:0], connect unused pins to VSSI
24-bit/pixel: D[23:16]=R[7:0], D[15:8]=GJ[7:0] and D[7:0]=B[7:0]
These pins are not used for MIPI or MDDI I/F, please connectto VSSI these pins.
NOTE: “1” = VDDI level, “0” = VSSI level.
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4.5 MIPI/MDDI Interface Pins
Symbol 1/0 Description

-These pins are DSI-CLK+/- differential clock signals if MIPI interface is used.
-These pins are MDDI_STB_P/M differential strobe signals if MDDI interface is used.

Egg:—gti—ﬁ | -HSSI_CLK_P/N are differential small amplitude signals. Ensure the trace length is shortest so
- - that the COG resistance is less than 10 ohm.
-If not used, please connect these pins to VSSAM.
-These pins are DSI-D0+/- differential data signals if MIPI interface is used.
HSSI DO P -These pins are MDD_I_DAT_AO_P/M differ_ential ;trobe signals if MDDI interface _is used.
HSSI DO N 1/0 | -HSSI_DO_P/N are dlffere_ntlal small amplitude signals. Ensure the trace length is shortest so
- = that the COG resistance is less than 10 ohm.
-If not used, please connect these pins to VSSAM.
-These pins are DSI-D1+/- differential data signals if MIPI interface is used.
-These pins are MDDI_DATA1_P/M differential strobe signals if MDD\ interface is used.
HSSI_D1 P . . . . \
HSSI D1 N | -HSSI_D1_P/N are differential small amplitude signals. Ensure-the trace length is shortest so

that the COG resistance is less than 10 ohm.
-If not used, please connect these pins to VSSAM.

CRC and ECC error output pin for MIPI interface: This pin is output low when it is not activated.
ERR O | When this pin is activated, it output.high if CRC/ECC error found.
If not used, please open this pin.

Input pin to select 1 data lane or 2 data lanes in MIPI/MDDI.interface.
LANSEL | 0 1 data lane

L 2 data lanes
If nat used, please connect to VSSI.

Input pin'to select HSSI. DO/D1 data lane 'sequence and polarity in high speed interface only.
For MIPI interface, both DSWAP. and. PSWAP function are available.
For MDDLinterface, only PSWAP function is available. Please connect DSWAP pin to VSSI.

Pin Name HSSI_DO_P HSSI_DO_N| HSSI_CLK_P | HSSI_CLK_N| HSSI D1_P HSSI D1_N
DSWAP=0
DSI-DO+ DSI-DO- DSI-CLK+ DSI-CLK- DSI-D1+ DSI-D1-
DSWAP PSWAP=0
| DSWAP=0
Input DSI-DO- DSI-DO+ DSI-CLK- DSI-CLK+ DSI-D1- DSI-D1+
PSWAP pu PSWAP=1
MIPI
) DSWAP=1
Signal DSI-D1+ DSI-D1- DSI-CLK+ DSI-CLK- DSI-DO+ DSI-DO-
PSWAP=0
DSWAP=1
DSI-D1- DSI-D1+ DSI-CLK- DSI-CLK+ DSI-DO- DSI-DO+
PSWAP=1
If not used, please connect to VSSI.
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4.6 Interface Logic Pins
Symbol I/O Description
This signal will reset the device and must be applied to properly initialize the chip.
Signal is active low.
The input voltage range for RESX pin is related to DSTB_SEL and VSEL pins.
Input Voltage Level (DSTB_SEL="0") Min. Max. Unit
VDDI=1 65-3.3V Logl_c High level _|nput voltage | 0.7xVDDI VDDI \Y
Logic Low level input voltage VSSI 0.3xvDDI | V
VDDI=1.1~1.3V Logl_c High level _|nput voltage 0.88 1.35 \Y
RESX | Logic Low level input voltage VSSI 0.55 \%
Input Voltage Level (DSTB_SEL="1") ALl R Rl VDDIL=1.1=1.3V
Min. Max. Min. Max.
VSEL | Logic High level input voltage | 0.7xVDDI VDDI 1.155 1.95 V
=High | Logic Low level input voltage VSSI 0.3xVDDI VSSI 0.585 \%
VSEL | Logic High level input voltage 0.88 1.35V 0.88 1.35V \%
=Low | Logic Low level input voltage VSSI 0.55 VSSI 0.55 \%
Tearing effect output pin.to synchronize-MCU to frame writing, activated by S/W command.
TE N - - \\\\
(TE_L) O | When this pin is not activated, this pin,is output low.

If not used, please open this.pin.
Tearing-effect output pin‘to’synchronize MCU to frame-writing,.activated by S/W command.

TE_R O ([ The same output'signal as TE (TE_L) pin.
If not used, please open this pin.
Interface-type selection: The connections'0f1M[3:0] which not shown in table are invalid.
IM[3:0] Display Data Command
0000~ |~80-series 8-bit MPU'I/F, D[7:0] 80-series 8-bit MPU I/F, D[7:0]
0001 | 80-series 16-bit MPU I/F, D[15:0] | 80-series 16-bhit MPU I/F, D[15:0]
0010 | 80-series 24-bit MPU I/F, D[23:0] | 80-series 24-hit MPU I/F, D[23:0]
0011 [|-RGB I/F, D[23:0] 16-hit SPI (SCL rising edge trigger), SDI/SDO
1011 | RGB I/F, D[23:0] 16-bit SPI (SCL falling edge trigger), SDI/SDO
0100 | RGBI/F, D[23:0] 12C I/F, 12C_SDA
IM[3:0] I
0101 MIPI DSI, MIPI DSI,
HSSI_DO_P/N, HSSI D1_P/N HSSI_DO_P/N, HSSI D1_P/N
0110 MDDI, MDDI, HSSI_DO_P/N, HSSI_D1_P/N
HSSI_DO_P/N, HSSI_D1 P/N 16-bit SPI (SCL rising edge trigger), SDI/SDO
1110 MDDI, MDDI, HSSI_DO_P/N, HSSI_D1_P/N
HSSI_DO_P/N, HSSI_D1 P/N 16-hit SPI (SCL falling edge trigger), SDI/SDO
0111 MDDI, MDDI, HSSI_DO_P/N, HSSI_D1_P/N
HSSI_DO_P/N, HSSI_D1_P/N 12C I/F, 12C_SDA serial data
Display data written path control in RGB interface.
RGBBP="0", display data written to frame memory.
RGBBP I | RGBBP="1", display data written to line buffer (frame memory by pass mode)
When not used in other interfaces, please connect to VSSI.
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Select the 12C interface address from MPU. If not used, please connect to VSSI.
12C_SA0 Slave Address
12C_SA0 0 10011 00
1 10011 01
Input pin to switch the 1/O voltage.
This VSEL function only apply for RESX, TE, LEDPWM, LEDON, KBBC pins.
The VSEL dual 10 function is valid when DSTB_SEL="1".
Output Voltage Level
DSTB_SEL VDDI VSEL | DIOPWR TE LEDON
LEDPWM
0 1'65(;3'3\/ X off VOH=VDDI VOH=VDDI or, VDDA
1.1-1.3V VOL=VSSI VOL=VSSI
VOH=1.2V VOH=1.2V
tow | 1.2V | yoL-vss) VOL=VSSI
VSEL 1 1.65~3.3V
High 18V VOH=VDDI or DIOPWR| VOH=VDDI or VDDA
9 \ VOL=VSSI VOL=VSSI
VOH=1.2V VOH=1.2V
Low 1.2V
N N\
High™| 1.8V A6 =vss) VOL=VSSI
The input-voltage range for VSEL pin:
Input Voltage Level Min. Max.  Unit
Logic High level input voltage | 1 0.88 /| VDDI V
Logic Low leveliinput,voltage | 'VSSI 0.55 V
If not used, please connect to-VDDI.
General purpose output pins. The output voltage swing is VDDI to VSSI.
GPO[3:0] 0] .
If-not used, please open these pins.
VGSW[3:0] | Input pin to select the different application.
Input pin to select the external AVDD DC/DC voltage.
EXB1T AVDD Voltage
EXB1T | 0 Use internal DC/DC for AVDD
1 Use external DC/DC for AVDD
If not used, please connect to VSSI.
Input pin to select the voltage sequence of VO ~ VV255.
NBWSEL V0 ~ V255 voltage sequence
NBWSEL I "
0 Voon>Voih>...>VEen>VErn (Normally White)
1 Voon<Vin<...<Veenm<VErn (Normally Black)
Input pin to control DIOPWR regulator on/off.
DSTB_SEL DIOPWR Regulator VSEL Function
DSTB_SEL ' 0 DIOPWR Off Invalid
1 DIOPWR On Valid
NOTE: “1”" = VDDI level, “0” = VSSI level.
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4.7 Driver Output Pins
Symbol 1/0 Description

S1~S1440 O | Pixel electrode driving output.

Gate control signals for panel.

GOUTL ~GOUT32 © The swing voltage level is VGHO to VGLO

SDUMO0~3 O | Dummy Source, leave it Open if not used
VGHO O | High voltage level for gate control signals and gate circuit of panel.
VGLO O | Low voltage level for gate control signals and gate circuit of panel.
LVGL O | Low voltage level for gate circuit of panel.
voou | o | Besutrcut o somen s ol
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4.8 DC/DC Converter Pins
Symbol I/0 Description
Output voltage from step-up circuit 1, generated from VDDB.
AVDD 0] - o
Connect a capacitor for stabilization.
Output voltage from step-up circuit 2, generated from VDDB.
AVEE 0] - o
Connect a capacitor for stabilization.
Output voltage from step-up circuit 3, generated from VDDB.
VCL 0] - S
Connect a capacitor for stabilization.
Output voltage from step-up circuit 4.
VGH 0] - S
Connect a capacitor for stabilization.
VGLX o Output voltage frgm step-up_c_lrcqlt 5.
Connect a capacitor for stabilization.
VGL | Substrate voltage for driver IC.
Please connect VGL to VGLX.
C11P, C11N
C12P, C12N 0 Capacitor connection pins for the step-up circuit which.generate AVDD.
C13P, C13N Connect capacitor as requirement. When not.in‘used, please open these pins.
C14P, C14N
C21P, C21N
C22P, C22N o Capacitor connection pins for the step-up circuit which generate AVEE.
C23P, C23N Connect capacitor as requirement. When-not'in used, please open these pins.
C24P, C24N
C31P, C31N o Capacitor connection'pins.for the step-up circuit-which-generate VCL.
C32P, C32N Connect.capacitor as requirement.
CA1P, CAIN o Capacitor conngctlon pins .for the-step-up circuit which-generate VGH.
Connect capacitor as requirement.
C51P, C5IN o Capacitor conngctlon pins .for the step-up.circuit which generate VGLX.
Connect capacitor as'requirement.
VRGH 0 Outputvoltage generated from AVDD.
Connect a capacitor for stabilization. When not in use, please open this pin.
Output voltage generated from VGLX. LDO output used for panel voltage.
VGL_REG 0] - L - 2
- Connect a capacitor for stabilization. When not in use, please open this pin.
EXTP o PFM1 control output for DC/DC converter to generate AVDD.
Connect to gate of external NMOS device. When not in use, please open this pin.
EXTN o PFM2 control output for DC/DC converter to generate AVEE.
Connect to gate of external PMOS device. When not in use, please open this pin.
csp | Current sensing input for PFM1 DC/DC converter (generate AVDD).
When not in use, please connect to VSSB.
CSN | Current sensing input for PFM2 DC/DC converter (generate AVEE).
When not in use, please connect to VSSB.
VREFE PWR o Regulator output.for power yqltage.
- Connect a capacitor for stabilization.
VREFCP o Reference voltqge for mterlr!al \{oltage generating circuit.
Connect capacitor for stabilization.
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Symbol I/0 Description
VGMP (@) Output voltage generated from AVDD. LDO output for positive gamma high voltage generator.
VGSP (@) Output voltage generated from AVDD. LDO output for positive gamma low voltage generator.
VGMN (@) Output voltage generated from AVEE. LDO output for negative gamma high voltage generator.
VGSN (@) Output voltage generated from AVEE. LDO output for negative gamma low voltage generator.
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4.9 LABC and CABC Control Pins

Symbol I/O Description
This pin is connect to the external LED driver.

LEDON O | Itis a LED driver control signal which is used for turning ON/OFF the LED backlight.
If not used, please open this pin.
This pin is connect to the external LED driver.

LEDPWM o It is a PWM type control signal for brightness of the LED backlight. The width of LEDPWM
signal is set from 256 values between 0% (Low) and 100% (High)
If not used, please open this pin.
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4.10 Test Pins
Symbol I/0 Description
Eﬁgﬁ; - These test pins for chip attachment detection.
PADA3 PADA1 to PADA4 are output pins and PADB1 to PADB4 are input pins.
PADAZ - For normal operation:
PADB1 1/0 Connect PADAL and PADBI together by ITO trace.
PADB2 Connect PADA2 and PADB2 together by ITO trace.
PADB3 Connect PADA3 and PADBS3 together by ITO trace.
PADB4 Connect PADA4 and PADBA4 together by ITO trace.
CONTACTI1A,
CONTACTI1B, o |- Test pin, for test bonding quality, IC internal will connect
CONTACT2A, CONTACT1A with CONTACT1B, CONTACT2A with CONTACT2B
CONTACT2B
AVSS_AVDD | Test pin, must be connected to AVSS
AVEE_AVSS | Test pin, must be connected to AVEE
VCL_VDDB | Test pin, must be connected to VCL
VCL_AVSS | Test pin, must be connectedt0VCL
VGMN_VGMP | Test pin, must be connected to VGMN
VGSN_VGSP | Test-pin, must be connected to' VGSN
KBBC Q.| Test-pin, not accessible to user.-Must be left open.
TESTO=7 I/O. | Test pin,not accessible to-user. Must be left open.
OSC_TEST I/O | Test pin, not'accessible to user, Must left open
VDDl OPT1~2 0 Use them Fo fix.the elecFrlcaI potentials of unused interface pins and fixed pins.
- When notin use;leave it open.
VSS|_OPT1 o Use them _to fix the elec_trlcal potentials of unused interface pins and fixed pins.
When not in use, leave it open.
VSSIDUMO~106 o -These pins are dl{mmy with VSSI potential (not have any function inside).
-Signal traces can't pass through on glass under these pads.
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5 FUNCTIONAL DESCRIPTION

5.1 MPU Interface

NT35510 can interface with MPU at high speed. However, if the interface cycle time is faster than the limit, MPU
needs to have dummy wait(s) to meet the cycle time limit.

5.1.1 Interface Type Selection
The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMO pins as show in Table 5.1.1
Table 5.1.1 Interface Type Selection

IM3 | IM2 | IM1 | IMO SRAM Register

0 0 0 0 | 80-series 8-bit MPU interface, D[7:0] 80-series 8-bit MPU interface, D[7:0]

0 0 0 1 | 80-series 16-bit MPU interface, D[15:0] 80-series 16-bit MPU interface, D[15:0]

0 0 1 0 | 80-series 24-bit MPU interface, D[23:0] 80-series 24-bit MPU interface, D[23:0]

0 0 1 1 | RGBinterface, D[23:0] 16-bit SPI, SDI/SDO serial data, SCL rising trigger

1 0 1 1 | RGBinterface, D[23:0] 16-bit SPI, SDI/SDQO serial data, SCL falling trigger

0 1 0 0 | RGB interface, D[23:0] 12C interface, 12C-SDA serial data

0 1 0 1 | MIPIDSI, HSSI_DO_P/N, HSSI_D1_P/N | MIPIDSI, HSSI' DO_PIN, HSSI_D1_P/N
MDDI; HSSI.DO_P/N, HSSI_D1, P/N

0 ! ! 0 | MDDI, HSSI_D0_P/N, HSSI_D1 R SPI, SDI/SDO serial data, SCL rising trigger
MDDI, HSSI_DO_P/N;HSSI_D1-P/N

! ! 1 0 | MDDI, HSSI_D0_P/NASS|\D1_RIN SPI, SDI/SDQ serial data,SCL falling trigger
MDDI, HSSI_DO_P/N, HSSI“D1_P/N

0 ! ! 1| MDRIZSI\Q_PNNEFY PT PN 12C interface; 12C-SDA serial data

Note: “X” = Don’t care.
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5.1.2 80-series MPU Interface

The MCU uses an 11-wires 8-data or 19-wires 16-data or 27-wires 24-data parallel interface.
The chip-select CSX (active low) enables and disables the parallel interface. WRX is the parallel data write, RDX
is the parallel data read and D[23:0] is parallel data.

The Graphics Controller Chip reads the data at the rising edge of WRX signal. The D/CX is the data/command
flag. When D/CX="1", D[23:0] bits are display RAM data or command parameters. When D/C="0", D[23:0] bits are
commands.

The 8080-series bi-directional interface can be used for communication between the micro controller and LCD
driver chip. Interface bus width can be selected with IM3,IM2, IM1 and IMO.

The interface functions of 80-series parallel interface are given in Table 5.1.2.
Table 5.1.2 Parallel interface function (80-Series)

IM3 | IM2 | IM1 | IMO Interface D/CX | RDX | WRX Function

0 1 Write 16-bit command, D[7:0]

0 0 0 0 8-bit Parallel 1 1 Write 16/18/24-bitdisplay 'data or 16-hit parameter, D[7:0]
1 1 Read 16/18/24-bit display data, D[7:0]
1 1 Read16-hit parameter-or status, D[7:0]
0 1 Write 16-bit. command, D[7:0]

0 0 0 1 16-bit Parallel 1 1 Write 16/18/24-b|.t dl_splay data or 16-bit parameter, D[15:0]
1 1 Read 16/18/24-bit display, data, D[15:0]
1 1 Read 16-bit parameter or status, D[15:0]
0 1 Write 16-bit,command, D[23:0]

0 0 1 6 24-bit Parallel 1 1 Write 16/18/24-b|.t d!splay data or 16-bit parameter, D[23:0]
1 1 Read 16/18/24-bit display data, D[23:0]
1 1 Read16-bit parameter or status, D[23:0]
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5.1.2.1 WRITE CYCLE SEQUENCE

The write cycle means that the host writes information (command or/and data) to the display via the interface.
Each write cycle (WRX high-low-high sequence) consists of 3 control (D/CX, RDX, WRX) and data signals
(D[23:0]). D/CX bit is a control signal, which tells if the data is a command or a data. The data signals are the
command if the control signal is low (='0") and vice versa it is data (='1").

/\\\ //\\\ //\\\
WRX —— = —

\ 4

D[23:0] ——< |
\
\ /

/ \ / \

—_—

——tm——]

e -

\ / \ /
ki Yoy
The host starts to control The display reads D[23:0] The host stops to
D[23:0] lines when there is lines when there is a control D[23:0]
afalling edge of the WRX rising edge of the WRX lines

Fig. 5.1.1 80-Series WRX protocol

1-byte command
)( 2-byte command>§( n-byte command (number of parameter = n-1)
(sXempXcmpX A, Xemp X Pa; X XPAw:XPAX P )
CcsX N
DICX o \
RDX J \
LS I O O N O A O O
D[23:0] D cmpX cMD X PA; XcMD X PA; X XPA.XPAL | X
Host D[23:0] T\
(MPU 10 Driver) _ ACMDXCMD X PA, XCMDX PA; X XPAXPAL | X
Driver D[23:0] Hi-Z Hi-Z Hi-Z Hi-Z
(Driver to MPU) 2
CMD: Write command code - -
PA: Write parameter or RAM data Signals on D[23:0], D/CX, RDX and WRX pins
during CSX= H are ignored

Fig. 5.1.2 80-Series parallel bus protocol, write t o register or display RAM

11/8/2010 25 Version 0.00

With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,

fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



¢ NG®VATEK

PRELIMINARY NT35510

5.1.2.2 READ CYCLE SEQUENCE

The read cycle (RDX high-low-high sequence) means that the host reads information from display via interface.
The display sends data (D[17:0]) to the host when there is a falling edge of RDX and the host reads data when
there is a rising edge of RDX.

RDX 4 \

(~N—r g -

!
I
I
I
|
\

\

\

D[23:0]

——t =]

4+ - g

\ /l
\\f/
The display starts to

control D[23:0] lines
when there is a falling

‘\
/
\\f/
The host reads D[23:0]

lines when there is a
rising edge of RDX

\\f/
The display stops to
control D[23:0]

edge of the RDX

Fig. 5.1.3 80-Series RDX protocol

Read parameter )l( Read display RAM data
@(CMD)—( PA Y—{cMDX DM X PXi X XPXo X P )
CSX T
DICX | A\ i \
ROX ) ) LT
WRX L ) \
pl2zo] | XompXom)<(Pa)-{cmp Yom(Px »-HZ (Prory—E
Host D[23:0 Hi-Z Hi-Z
(Mlgztto[Drin]ar) CMD I CMD I C
i : Hi-Z Hi-Z Hi-Z Hi-
(Oriver to MPU) ~{DM(Px)— P12
CMD: Write command code 2
PA: Write parameter Signals on D[23:0], D/CX, RDX and WRX pins
PX: Write RAM data during CSX= H areignored
DM: Dummy read

Fig. 5.1.4 80-Series parallel bus protocol, read fr  om register or display RAM
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5.1.2.3 8-BIT PARALLEL INTERFACE FOR DATA RAM WRITE

Different display data formats are available for three color depths sup

ported by the LCM listed below.

Regi D23|D22|D21|D20/D19 /D18 |D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Register
egister
o] X X X X X X X X X X X X X X X X 0 0 1 0 1 1 0 0 2Ch
X X X X X X X X X X X X X X X X 0 0 0 0 0 0 0 0 00h
3A00h D23|D22|D21|D20|D19|D18|D17 (D16 |D15|D14|D13|D12|D11|D10| D9 | D8 D1 | DO Color
0005h X X X X X X X X X X X X X X X X 65K-Color
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
0006h X X X X X X X X X X X X X X X X 262K-Color
X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X
0007h X X X X | x X X X | x X X X X | x X X 16.7M-Color
X X X X X X X X X X X X X X X X
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- 65K colors, RGB is 5-6-5-bit pixel data input

csx |
D/CX
WRX j‘ T L1 L1
RDX "1" 8080-Series control pins

DI—<0 <0 > D> <G> D>
D6—< 0 <0 DD D>
Ds—<_1 >—<_ 0 >— <D< <D —
DA—< 0 >< 0 > <O
03—~ 1 >~ 1 > D> <D<
D2—<_1 >—<_ 0 > <D <GP D
DI—< 0 <0 <D <D <G>

P0—< 5 <1 > <G> DG

1st Pixel i2nd Pixel

R1 G1 Bl R2 G2 B2 R3/G3 B3

NOTES:

1. 2 times transfer is used to transmit 1 pixel data with the 16-bit color depth information.
2. The most significant bits are Rx4, Gx5 and Bx4.

3. The least significant bits are Rx0, Gx0 and Bx0.
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- 262K colors, RGB is 6-6-6-bit pixel data input

csx |
D/CX
WRX j‘ T |_1 |_1
RDX "1" 8080-Series control pins

DI—<__ 0 _>—~<_ 0 >—+<GEB G1, Bit5 BL, Bit 5 -
DT < T DD CED> -
DT <1 DD -
DA—<_ 0 >—<_ 0 >—iHE G1, Bit 2 B1, Bit 2 1
D3—<_ 1 >—<_ 0 >—t+GER G1, Bit 1 B1, Bit 1 X
DR2—<__ 1 >—<_ 0 >—iGE G1, Bit 0 G
DI—< 0 <0 > < >
DO—< T <0 i< T s <

1st Pixel

@ 18-bit data format extends to'24-bit. data format

R1[5] Ri[4] R1[3] Ri[2] R1[1] R1[0] Ri[5] R1[4] {ll G1[5] Gi[4] G1[3] G1[2] Gi[1] G1[0] G1[5] Gi[4]
L A [ B S

Frame
Memory

NOTES:

1. 3 times transfer is used to transmit 1 pixel data with the 18-bit color depth information.
2. The most significant bits are Rx5, Gx5 and Bx5.

3. The least significant bits are Rx0, Gx0 and Bx0.
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- 16M colors, RGB is 8-8-8-bit pixel data input

csx |

D/ICX
WRX™__f L1 L1 L1 I
RDX "1" 8080-Series control pins

DI—<_ 0 >—<_ 0 >—<GH G1, Bit 7 B1, Bit 7
D6—<_ 0 >—<_ 0 >— <GB G1, Bit 6 B1, Bit 6 =
D5—<__ 1 >—<_ 0 >— <GB G1, Bit5 B1, Bit5 -
DA—< 0 >—<T 0 >—GED GL, Bit4 BL, Bit4
D3—<_ 1 >—<_ 0 >—iEE G1, Bit 3 B1, Bit 3 18
D2—<_ 1 >—<_ 0 >R G1, Bit 2 S
D1 R1, Bit 1 G1, Bit 1 B1, Bit 1
DO—<__ 0 >—<_ 0 > G1, Bit 0 B1, Bit 0 -

1st Pixel

E

)

4

R1[7] R1[6] R1[5] R1[4] R1[3] R1[2] Ri[1] R1[0] Gi[7] G1[6] G1[5] G1[4] G1[3] Gi[2] Gi[1] G1[0] Bi[7] Bi[6] Bi[5] Bi[4] B1[3] B1[2] B1[l] B1[0]

Frame
Memory

1/G1 B1 R2 G2 B2:R3G3 B3

NOTES:

1. 3 times transfer is used to transmit 1 pixel data with the 24-bit color depth information.
2. The most significant bits are Rx7, Gx7 and Bx7.

3. The least significant bits are Rx0, Gx0 and Bx0.
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5.1.2.4 16-BIT PARALLEL INTERFACE FOR DATA RAM WRIT E

Different display data formats are available for three color depths supported by the LCM listed below.
Register |D23|D22|D21|D20|D19|D18|D17|D16]D15|D14|D13|D12|{D11|D10| D9 | D8 | D7 | D6 | D5 [ D4 | D3 | D2 | D1 | DO Register
Command | x | x [ x [ x [ x [ x| x| xJoJo]2]o[1[21][oJo]o]oJo|o]lo[o|o0]oO 2C00h
3A00h  |D23[D22[D21[D20][D19]D18[D17[D16]D15]D14[D13]D12]D11[D10 D7 | D6 | D5 | D4 | D3 | D2 Color
0005h X X X X X X X X 65K-Color
X X X X X X X X
0006h X X X X | x X X X 262K-Color
X X X X X X X X
X X X X X X X X
0007h X | x | x [ x | x| x| x|x 16.7M-Color
X X X X X X X X
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- 65K colors, RGB is 5-6-5-bit pixel data input

R1[4] R1[3] R1[2] Ri[1] R1[0] R1[4] Ri[3] R1[2]

csx |

D/CX

WRX f

f L f

L1

RDX "1"

8080-Series control pins

D15 0 XD <G> —
D14 0 D> <D D> —
D13 ! G-I+ GCGED—
D12 0 D Rl Bit L g gl R2 Bitl_ggp R3, Bit L__goupps
D11 1 D Ro b0 S R 50 Ll
D10 I D> <D <CED>—
ot 0 D> CEID> - <CED>—
D8 0 D> <D D> —
D7 0 D Gl Bit 2 _g@a 02 Bit2 gay G3, Bit2 ooy
D6 0 py, CL Bil L G2, Bit 1 gy G3 Bit1 o
D5 0 ) G1 Bit0 oy G2, Bit0 gy 3. Bit0 g

D4 0 D <G> —
b3 0 XD <D —
D2 0 XD <CXID>

b1 g D> <D —
DO 0 D> <D —

1st Pixel 2nd Pixel 3rd Pixel

G1[5] G1[4] G1[3] G1[2] Gi[1] G1[0] G1[5] Gi[4]

o T

4

R1[7] R1[6] R1[5] R1[4] R1[3] Ri[2] Ri[1] R1[0] Gi[7] G1[6] Gi[5] G1[4] Gi[3] Gi[2] Gi[1] G1[0] Bi[7] Bi[6] Bi[5] Bi[4] B1[3] B1[2] Bi[l] B1[0]

24-bit

Frame
Memory

R1 G1 Bl R2 G2 B2 R3/G3 B3

1. In one transfer (D15 to D0), 1 pixel data transmitted with the 16-bit color depth information.
2. The most significant bits are Rx4, Gx5 and Bx4.
3. The least significant bits are Rx0, Gx0 and Bx0.
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- 262K colors, RGB is 6-6-6-bit pixel data input
csx |

D/CX

WRXT L f ] i) L1 I
RDX "1" 8080-Series control pins
D15 0 R1, Bit 5 BI"G2, Bit 5
D14 0 R1, Bit 4 BL, Bit4 &

D13 1 R1, Bit 3

D12 0 R1, Bit 2 B1, Bit 2

D11 1 R1, Bit 1 B1, Bit 1

D10 1 R1, Bit O B1, Bit 0

D9 0

D8 0

D7 0

D6 0 R2, Bit 4

D5 0 R2, Bit 3

D4 0 R2, Bit 2

D3 0 = R2, Bit 1

D2 0 G1, Bit0 SW®PL) it 0

b1 0 T <
DO 0 D G

i 1stPixel i 2nd Pixel

@ 18-bit data format extends to 24-bit data format

R1[5] R1[4] R1[3] R1[2] Ri[1] R1[0] Ri[5] R1[4] fl Gi[5] G1[4] G1[3] G1[2] Gi[1] G1[0] Gi[5] Gi[4] |§ B1[5] Bi[4] B1[3] Bi[2] Bi[1] B1[0] B1[5] B1[4]

[ L3 e [ S

4

R1[7] R1[6] R1[5] R1[4] R1[3] Ri[2] Ri[1] R1[0] Gi[7] G1[6] Gi[5] G1[4] Gi[3] Gi[2] Gi[1] G1[0] Bi[7] Bi[6] Bi[5] Bi[4] B1[3] B1[2] Bi[l] B1[0]

24-bit

Frame
Memory

R1 G1 Bl R2 G2 B2 R3/G3 B3

1. 3 times transfer is used to transmit 2 pixel data or 2 times transfer is used to transmit 1 pixel data with the 18-bit
color depth information.

2. The most significant bits are Rx5, Gx5 and Bx5.
3. The least significant bits are Rx0, Gx0 and Bx0.
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- 16M colors, RGB is 8-8-8-bit pixel data input

csx |
DICX
WRXT L f ] 1) L1 I

RDX "1* 8080-Series control pins
D14 0 D> DD
D13 I (D> DG —
D12 0 D> D <G> —
D11 ] - D> DG —
D10 T I ID--CID>—
D9 0 DD G —
D8 0 D> D> —
D7 0 D51, Bit7 . R2, Bit 7 ' B2, Bit 7 5

D6 0 " B2, Bit 6

D5 0 7 R2, Bit5 B2, Bit 5

D4 0 GL, Bit4_of : D B2, Bit 4

D3 0 R2, Bit 3

D2 0 G1, Bit 2 R2, Bit 2 B2, Bit 2

D1 0 G1, Bit1 R2, Bit 1 B2, Bit 1

DO 0 G1, Bit0 i R2, Bit 0 B2, Bit0

1st Pixel 2nd Pixel

R1[7] R1[6] R1[5] R1[4] R1[3] R1[2] Ri[1] R1[0] Gi[7] G1[6] G1[5] G1[4] G1[3] Gi[2] Gi[1] G1[0] Bi[7] Bi[6] Bi[5] Bi[4] B1[3] B1[2] B1[1] B1[0]

24-bit

Frame
Memory

R1 G1 B1 R2| G2 B2 R3 G3 B3

1. 3 times transfer is used to transmit 2 pixel data or 2 times transfer is used to transmit 1 pixel data with the 24-bit
color depth information.

2. The most significant bits are Rx7, Gx7 and Bx7.
3. The least significant bits are Rx0, Gx0 and Bx0.
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5.1.2.5 24-BIT PARALLEL INTERFACE FOR DATA RAM WRIT E

Different display data formats are available for three color depths supported by the LCM listed below.
Register |D23|D22|D21|D20|{D19|D18|D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Register
Command | x X X X X X X X 0|0 1]0 1 1 ojojO0OjJOf[fO[O]J]O]J]O]O]O 2C00h
3A00h _ [D23|D22|D21[D20|D19|D18[D17[D16|D15[D14[D13[D12[D11[D10] D9 | D8 [ D7 | D6 | D5 [ D4 | D3 | D2 | D1 | DO Color
0005h X X X X X X R4 R3 R2 R1 RO G5 G4 G3 G2 65K-Color
0006h X X X X X )8l RS R4 R3 R2 R1 RO G5 G4 G3 G2 G1 262K-Color

0007h RO G7 G6 G5 G4 G3 G2 G1 GO|B7 B6 _ | ik B2 ik 16.7M-Color
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- 65K colors, RGB is 5-6-5-bit pixel data input

csx |

D/CX
WRX | F 1 f [ L1
RDX "1" 8080-Series control pins
D23 - >t - hT S
: D D S S
D15 0 XD D> —
D14 0 ) R1 Bit3 gEa R2 Bit3 _gial R3, Bit 3_gemyes
D13 1 D R1 Bil 2 g R2 Bit 2_gar R3 Bit2 g iyan
D12 0 D RL Bt Lgup R2 Bitl _gre RS, Bit Lo ey
D11 1 n R2 Bit0 g R3. Bit 0
D10 1 D CL BiLS gy G2 Bit 5 g G3 BilS_—opuy
D9 0 3\ CL Bit4 gmi G2 Bit 4 _gyg G3,Bit4 oy
D8 0 D CL Bit 3 _gma G2 Bit3 g G3, Bit3 <oy
07 0 TEID> D> <D —
D6 0 S Gl Bit 1 B G ——
D5 0 G BiLO_gie G2 Bit 0_gigy O3, Bit 0 ey
D4 0 D <CGED—
D3 0 32, Bit 3_gii B3, Bit 3_g ey
D2 0 B B2 Bil 2 _gia B3, Bit 2oy
D1 0 D B Bil Lgm B2 Bit L_gip) B3 Bit 1 ey
DO 0 L Bil0 _gmi B2 Bit0 _gip B3, Bil0_g
1st Pixel 2nd Pixel __:i _3rd Pixel

4

R1[7] R1[6] R1[5] R1[4] R1[3] Ri[2] Ri[1] R1[0] Gi[7] G1[6] G1[5] G1[4] Gi[3] Gi[2] Gi[1] G1[0] Bi[7] Bi[6] Bi[5] Bi[4] B1[3] B1[2] Bi[l] B1[0]

24-bit

Frame | |
Memory
R1 Gl Bl |R2 G2 B2 R3 G3 B3

1. In one transfer (D15 to D0), 1 pixel data transmitted with the 16-bit color depth information.
2. The most significant bits are Rx4, Gx5 and Bx4.
3. The least significant bits are Rx0, Gx0 and Bx0.
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- 262K colors, RGB is 6-6-6-bi pixel data t input

csx |

D/CX

WRX | 1 £ L £ L1
RDX "1" 8080-Series control pins
D23 -

D17 - B R1, Bit5 B R, Bit 5 EBPR3, Bil5
D16 - : D P it R3, Bit 4
D15 0 R1, Bit 3 R2, Bit 3 R3, Bit 3
D14 0 RL, Bit2 & 2~ R2, Bit 2 R3, Bit 2
D13 1 RL, Bit | S ) pit1 EBB RS bt L
D12 0 R1, Bit 0 R3, Bit 0
D11 1 GL Bit5 SB® G, Bit5 |

D10 1 L G2, Bit4 g

D9 0 Gl Bit 3 G3, Bit 3
D8 0 oL bt 2 U =

D7 0 G1 Bit 1 SPG) Bt 1 2> G3, Bit 1
D6 0 L : D
D5 0 BL Bit5 & B2, Bit5 &% B3 Bit5
D4 0 >, iy B3, Bit 4

B1, Bit0 B3, Bit 0

1. In one transfer (D17 to D0), 1 pixel data transmitted with the 18-bit color depth information.
2. The most significant bits are Rx5, Gx5 and Bx5.
3. The least significant bits are Rx0, Gx0 and Bx0.
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- 16M colors, RGB is 8-8-8-bit pixel data input
csx |
D/CX
wWwRx | ] ) L1t L1

R1[7] R1[6] R1[5] R1[4] R1[3] R1[2] R1[1] R1[0] Gi[7] G1[6] G1[5]

RDX "1 8080-Series control pins
D23 - D R1 Bit 7 gl R2. Bit 7_gial R3, Bit 7 oo
D22 - D> D> —
: S S S S S

D17 - D RL Bit Lgmal R2 Bit 1_ggal R3, Bit 1_gnemye
D16 : D> <G>~
D15 0 D GL hit7 g G2 Bit 7 _geu G3,Bit 7 o
D14 0 p G Bit6 g G2.Bit 6 __ggp G3, Bit 6oy
D13 1 G2 BiLS gmp G2 Bits g 3. Bit5 oy
D12 0 D <D <G> —
D11 ) CED> - <D< CED—
D10 1 D - <CIEDHCED—
Do 0 D> <D D —
De 0 D> - <D <G> —
o7 0 XD <> ——
D6 0 D> XD —
44 -

D1 0 L BitL gy B2 Bit L_gpp B3 Bitl oy
DO 0 D> <D <G> —

1st Pixel 2nd Pixel 3rd Pixel

4

G1[4] |G1[3] Gi[2] Gi[1] Gi[0] B1[7] Bi[6] Bi[5] Bi[4] Bi[3] B1[2] Bi[1] B1[0]

24-bit

Frame
Memory ]

R1 G1 B1 R2 G2 B2[R3 G3 B3

1. In one transfer (D23 to D0), 1 pixel data transmitted with the 24-bit color depth information.
2. The most significant bits are Rx7, Gx7 and Bx7.
3. The least significant bits are Rx0, Gx0 and Bx0.

11/8/2010 38 Version 0.00

With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



¢ NG®VATEK PRELIMINARY NT35510

5.1.2.6 8-BIT PARALLEL INTERFACE FOR DATA RAM READ
The read data for RGB is 8-8-8-bit output as below.

Register D23|D22|D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO Register
Command X X X X X X X X X X X X X X X X 0 0 1 0 1 1 1 0 2Eh
X X X X X X X X X X X X X X X X 0 0 0 0 0 0 0 0 00h
D23|D22|D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10| D9 Color
Read X X X X X X X X X X X X X X X
Data X X X X X X X X X X X X X X X 16.7M-Color

X X X X X X X X X X X X X X X

RDX l 1 u L2 \1 A\,

8080-Series control pins

DT—<__ 0 >—<_ 0 > < Dummy > R1, Bit 7 G1, Bit 7 B1, Bit 7 g
D6—<_ 0 >—<_ 0 > < Dummy > R1, Bit 6 G1, Bit6 B1, Bit 6 —
D5—<_ 1 >—<_ 0 > <Dummy > R1, Bit 5 GL, Bit5 BL, Bit5
R1, Bit 4 G1, Bit 4 B1, Bit 4
DB—<_ 1 >——=< 0 > < Dummy > R1, Bit 3 G1, Bit 3 BL, Bit 3 g
D2—<__ 1 >—<_ 0 >—=<Dummy >—<GLY G1, Bit 2 B1, Bit 2 _zme
DI—<_ 1 >—<_ 0 >—<Dummy>—<GELEE G1, Bit 1 B1, Bit 1 e
DO < 0 >—_ 0 > <Dummy > R1, Bit 0 G1, Bit 0 B1, Bit O —

1st Pixel
ﬁ 24-bit

Frame | i i i
Memory :

|
%
i
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5.1.2.7 16-BIT PARALLEL INTERFACE FOR DATA RAM READ
The read data for RGB is 8-8-8-bit output as below.

Register |D23 D22 /D21 |D20|D19|D18|D17|D16]D15|D14|D13|D12|D11|D10| D9 [ D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Register
Command [ x | x | x X | x | x | x xjJojloj1]j]0[1]1f[1]0f[O0O]O|JO]O|JO]JO]O]O 2E00h
Read  |2221D22]D21[D20]D19[D18[D17]D16[D15]D14]D13]D12] D11]D10] D9 ] D81 D7 [ D6 | D5 1 D4 [ D3 | D21 D1 [ DO Color
o HFEFIEFEEEEEEEEE R’ R6 R5 R4 R3 R2 Rl RO G7 G6 G5 G4 G3 G2 G1 G0 |HEVNENES
X X X X X X X )8l B7 | B6 B5 B4 B3| B2 Bl BO BS X X X X X X X ’
CSX
D/CX
WRX )
RDX l I |_1 |_1 |_1
8080-Series control-pins
D15 < 0 > < Dummy > R1, Bit 7 B1, Bit 7 g ="R2, Bit 7 B2, Bit7 g
D14 <__ 0 > < Dummy > R1, Bit 6 B1, Bit6 28R Bit6 B2, Bit6 g
D13 <1 > < Dummy > R1, Bit 5 B1, Bit5 &8 R2, Bit5 B2, Bit5 i
D12 <_ 0 > < Dummy > R1, Bit 4 B1, Bit4 _g=8-R2, Bit 4 B2, Bit4 g
D11 <1 > < Dummy > R1, Bit 3 B1,Bit3 _Sgp=R2, Bit3 B2, Bit3 g
D10 < 1 > < Dummy > R1, Bit 2 B1, Bit2 SN RO Bt 2 B2, Bit2 &
D9 <__ 1 > < Dummy > R1, Bit 1 B1, Bit 1 _gE8="R2, Bit 1 B2, Bit1 &
D8 RL, Bit 0 B1, Bit 0 _ga&= R2, Bit 0 E>
D7 | —<_0 >—<Oimmy>—<@EI»—_- >HCEED—- >+
D6 GL, Bit 6 < - >HSZED
D5 —<_ 0 >—<bimmy>—<G@EB— - >HCEEED— - >t
D4 D> LD
D3 — 0 >—<omm>—<@E»— - > >
D2 — 0 >—<omm>—<@EB— - >HEEEB— - >+
D1 —< 0 >—<ommp>—<@E»— - >HED— - >+
DO D> < HEED <
1st Pixel 2nd Pixel K
ﬁ 24-bit
Frame
Memory : :
R1 G1 B1:R2 G2 B2:R3 G3 B3
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5.1.2.8 24-BIT PARALLEL INTERFACE FOR DATA RAM READ
The read data for RGB is 8-8-8-bit output as below.

Register |D23|D22|D21[D20[D19][D18]D17|D16|D15[D14|D13|D12|D11[D10[ D9 [ D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Register
Command |'x [ x [ x [ x [ x [ x| x[x[oJoJa1lo[a]l2]1]Jolofofoflo]o[o[o]o 2E00h
Read |D23|D22|D21[D20|D19]/D18]D17[D16|D15|D14|D13|D12|D11|D10[ D9 [ D8 | D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO Color
Data RO| G7G6 G5 [G4 | G3/ G2 G1Go| B7|B6 B5 B4|B3 B2 Bl|BO 16.7M-Color
csx |
D/CX
wrx | f
RDX L £ Lt I I
8080-Series control pins
D23 —< - >——<oummy >— <GP +H <G+ <GP
D22 —< = >—<ounmy >— <G> H <G> <G>
D21 —< = >——<Oummy >— <G <G+ <D
D20 —< = >—<ounmy >G> <G <D
D19 —< = >—<ounmy >— < -<GED-+H G-
D18 —< = > oimmy >— <D H <G+ —
D17 —< T < Dumny > <G <G - < —
D16 —< = < bum > < GG
D15 ———<__ 0 >——<Dummy > - <CEI- < —
DI — T > <P - <D - <D - <D
D13 —<_1 >—<ummy >+ <CED-+H <G>
D12 —<__0__>——<Ounny > <D<
D1l —<_ 1 >——< Dy >— I —
D10 =< 1 >——< iy >— (<G> —
DY ST > <P < - <G> <G> —
D8 —< T <D< <G> - <D
D7 —< 0 <> < H <> - <
D6 —< T <> > +H <D - <D
D5 —< 0 >y < H D> - <D
Dt —< T > <O <D H <D <D
D3 —< 0 >y > < I <X
D2 —< 0 > <D <D <D
D1 —< 0 <> <D H <> - <D
D0 —< 0 >y - D> <D
1st Pixel 2nd Pixel 3rd Pixel
ﬁ 24-bit
Memory
R1 G1 B1 R2 G2 B2:R3 G3 B3
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5.1.3 Serial Interface
The selection of this interface is done by IM3, IM2, IM1 and IMO.

The serial interface can select IM3 = 0 or 1 to decide the trigger edge of serial clock (SCL) is rising edge or falling
edge. The serial interface is used to communication between the micro controller and the LCD driver chip. It
contains CSX (chip select), SCL (serial clock), SDI (serial data input) and SDO (serial data output). Serial clock
(SCL) is used for interface with MPU only, so it can be stopped when no communication is necessary. If the host
places the SDI line into high-impedance state during the read intervals, then the SDI and SDO can be tied
together.

5.1.3.1 WRITE MODE

The write mode of the interface means the micro controller writes commands and data to the NT35510. The serial
interface is initialized when CSX is high. In this state, SCL clock pulse or SDI data have no effect. A falling edge
on CSX enables the serial interface and indicates the start of data transmission.

When CSX is high, SCL clock is ignored. During the high time of CSX the serial interface is initialized-“At the
falling CSX edge, SCL can be high or low (see Fig. 5.1.5). SDI/SDO are sampled'at the rising edge of SCL. R/W
indicates, whether the byte is read command (R/W = '1") or write command (R/MW = '0%).\It is'sampled when first
rising SCL edge. If CSX stays low after the last bit of command/data byte, the serial interface expects the R/W bit
of the next byte at the next rising edge of SCL.
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. H 8-bit 8-bit H H
First i i ;
. H \ {J
e[ G —— e NN
CsX
(Host to Driver IC)

SCL
(Host to Driver IC)
(Rising Edge, IM3 = 0) ——
SCL
(Host to Driver IC)
(Falling Edge, IM3 = 1)
o _ARENEOCOOOEEEEEEEE -
(Host to Driver IC) [15] /\ [24] /\ (23] /\ [12] /\ [11] /A [10] /\_[9] 18] h

SDO . . . .
(Driver IC to Host) High-Z High-Z High-Z High-Z

R/W =0 for Writing Command / Address

D/CX =0 for Command / Address Transmission
H/L =1 for Command / Address High Byte Transmissi  on

8-bit 8-bit o H
Seconq : H
Transmit Transmission Byte Transmission Byte W(:
0
CsSX
(Host to Driver IC)

SCL
e D BN N TP ER R N T Ey
(Rising Edge, IM3 = 0) —

SCL
et pup e A Epip il = Up il pSipip i N i
(Falling Edge, IM3 =11) —

SDI ADD\/ADD\{ADD\/ADD\/ADD\/ADD\/ADD\/ADD
e _RENEOOOCLEEREEE@mE—DaEo)

SDO ) ) . .
(Driver IC to Host) High-Z High-Z High-Z High-Z

R/W =0 for Writing Command / Address

D/CX =0 for Command / Address Transmission
H/L =0 for Command / Address Low Byte Transmissio  n

- 8-bit 8-bit o ]
Third H H
Transmit Transmission Byte Transmission Byte W(:
CSX l
(Host to Driver IC)

SCL
(Host to Driver IC)
(Rising Edge, IM3=0) =
SCL
(Host to Driver IC)
(Falling Edge, IM3 = 1)
.0 JEEEOOOOOEEEEEEEE—DEEO
(Host to Driver IC)

SDO . . . .
(Driver IC to Host) High-Z High-Z High-Z High-Z
R/W =0 for Writing Parameter / Data
D/CX =1 for Parameter / Data Transmission
H/L =0 for Parameter / Data Low Byte Transmission
Fig. 5.1.5 Serial bus protocol for register write m  ode
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5.1.3.2 READ MODE

The read mode of the interface means that the micro controller reads register value from the NT35510. To do so
the micro controller first has to send a command and then the following byte is transmitted in the opposite
direction. After that CSX is required to go high before a new command is send (see Fig. 5.1.6). The NT35510
samples the SDI (input data) at the rising edges, but shifts SDO (output data) at the falling SCL edges. Thus the
micro controller is supported to read data at the rising SCL edges. After the read status command has been sent,
the SDI line must be set to tri-state no later than at the falling SCL edge of the last bit. For the memory data read,
a dummy clock cycle is needed (16 SCL clocks) to wait the memory data send out in SPI interface. But it doesn't
need any dummy clock when execute the command data read.
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. H 8-bit 8-bit H H
First i i ;
. H \ {J
e[ G —— e NN
CsX
(Host to Driver IC)

SCL -
s hhhhhhhERELRLRLLEL SR
(Rising Edge, IM3 = 0) ——
SCL
e ipipiaipipaipipipipipt i sipiyip
(Falling Edge, IM3 = 1)
SDI ADD\/ADD\/ADD\/ADD\/ADD\/ADD\/ADD\/ADD
HIL
e NN OO OO EE D a0

SDO . . . 3
(Driver IC to Host) High-Z High-Z High-Z High-Z

R/W =0 for Writing Command / Address

D/CX =0 for Command / Address Transmission
H/L =1 for Command / Address High Byte Transmissi  on

8-bit 8:bit ] H
Seconq : H
Transmit Transmission Byte Transmission Byte W(:
1l
CsSX
(Host to Driver IC)

SCL
e DU TR GG T
(Rising Edge, IM3 = 0) —
SCL
o CLUTLAUTL AU AN
(Falling Edge,.IM3 =11)
SDI ADD\/ADD\/ADD\/ADD\/ADD\/ADD\/ADD\/ADD
aten | EESEOCOCAREREEE@E—DaEo)

SDO ) ) . .
(Driver IC to Host) High-Z High-Z High-Z High-Z

R/W =0 for Writing Command / Address

D/CX =0 for Command / Address Transmission
H/L =0 for Command / Address Low Byte Transmissio  n

- 8-bit 8-bit o ]
Third H H
Transmit Transmission Byte Transmission Byte W(:
CSX l
(Host to Driver IC)

SCL
e OO DGR
(Rising Edge, IM3=0) =

SCL
e ip it pipipinintpipipinipiptii ipipin
(Falling Edge, IM3 = 1)

SDI High-Z High-Z
s N ESEOOOOC s 2 o)

SDO . . .
(Driver IC to Host) High-Z o Y otel Y oist Y o Y oz Y otz X ow Y ot High-Z High-Z
R/W =1 for Reading Parameter / Data
D/CX =1 for Parameter / Data Transmission
H/L =0 for Parameter / Data Low Byte Transmission
Fig. 5.1.6 Serial bus protocol for register read mo  de
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5.1.3.3 SERIAL INTERFACE FOR DATA RAM WRITE

The serial interface is used with RGB interface (IM[2:0]="011") or MDDI interface (IM[2:0]="110"). In RGB+SPI
interface, the data RAM write function for SPI is valid when bit ICM="1" (command B300h of page 0). In
MDDI+SPI interface, the data RAM write function for SPI is valid when MDDI is not writing data to RAM. Different
display data formats are available for three color depths supported by the LCM listed below:
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- 65K colors, RGB is 5-6-5-bit pixel data input (parameter of command 3A00h is 0x0005)

8-bit H

H -bit
First Transmit
Transmission Byte

csx
(Host to Driver IC)

(Host to Driver IC)
(Rising Edge, IM3 = 0)

(Host to Driver IC)
(Falling Edge, IM3 = 1)

SDI
(Host to Driver IC)

sbo
(Driver IC to Host)

Transmission Byte

—

D E e OO

H High-Z

0 for Writing Command / Address
Transmission

D/CX =0 for Command / Addre:

H/L = 1 _for Command / Address High Byte

8:bit H

H 8-bit
Second Transmit o
: Transmission Byte

csx
(Host to Driver IC)

(Host to Driver IC)
Rising Edge, IM3 = 0,
g Edg

(Host to Driver IC)
(Falling Edge, IM3 = 1)

sDI
(Host to Driver IC)

spo
(Driver IC to Host)

Transmission Byte

—

D e OO

High-Z

LI LI LT LT

LT

o X0 X o e X e XD

High-Z

R/W =0 for Writing Command / Addr

D/CX =0 for Command / Address Transmission
H/L = 0 for Command / Address Low Byte Transmission

it 8-bit :

Third Transmit :
csx | |
(Host to Driver IC)
(Host to Driver IC)
(Falling Edge, IM3 = 1) =
D ERE DD

High-Z

(Host to Driver IC)
(Rising Edge, IM3 =0) ~ ——
scL

sDI
(Host to Driver1C)

SBO .
(Driver IGto Host) High-Z

R/W =0 for Writing RAM Data
D/CX =1 for RAM

Data Transmission
H/L =0 for RAM Data Low Byte Trans

. H 8-bit 8-bit i
Fourth Transmit H t
csx | |
(Host to Driver IC)

(Host to Driver IC)
(Rising Edge, IM3 = 0) | ——

(Host to Driver.IC)

ehesepmeno LIV TLTL LT
D OO

i
i High-Z

sbi
(Host to Driver IC)

(Driver IC to Host) High-Z

0 for Writing RAM Data
1 for RAM

Data Transmission
H/L =0 for RAM Data Low Byte Transmission

- - ' 8-bit 8-bit
Fifth Transmit I d
(Eiue) o T—— —— ;
csx | |
(Host to Driver IC)
scL
(Host to Driver IC)
(Rising Edge, IM3 = 0) ——

High-Z

scL
(Host to Driver IC)
(Falling Edge, IM3 = 1) ——

SDI - RIW ) DICX
(Host to Driver IC)

sbo
(Driver IC to Host)

R/W =0 for Writing RAM Data
D/CX =1 for RAM Data Transmission
H/L = 0 _for RAM Data Low Byte Transmission

it 8-bit :

Sixth Transmit i
CcsXx | |
(Host to Driver IC)
(Host to Driver IC)
(Falling Edge, IM3 = 1) —
D @D X O OO

High-Z

(Host to Driver IC)
(Rising Edge, IM3 =0) ~——
scL

sDI
(Host to Driver IC)

spo ;
(Driver IC to Host) High-Z.

11/8/2010 47 Version 0.00

With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



NG®VATEK

PRELIMINARY

NT35510

- 262K colors, RGB is 6-6-6-bit pixel data input (parameter of command 3A00h is 0x0006)
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- 16.7M colors, RGB is 8-8-8-bit pixel data input (parameter of command 3A00h is 0x0007)
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