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1 DESCRIPTION

NT35410 is a single chip low power CMOS LCD controller/driver for color TFT-LCD displays of 640 gates and
360xRGB columns. It has a 5.52M-bit (360 x 24bit x 640) display RAM and a full set of control functions. NT35410
offers 16 kinds microprocessor interfaces: 8080-system (8-bit, 9-bit, 16-bit, 18-bit, 24-bit), MIPI interface, MDDI
interface, serial (3-pin or 4-pin) and RGB (16-bit, 18-bit, 24-bit) mode1, 2 interface.

2 FEATURES

@ Single chip AM-TFT-LCD Controller/ driver with Display RAM.
@ Display resolution : (programmable and s/w setting)
- 320*RGB (H) *480(V)
- 360*RGB (H) *480(V)
- 360*RGB (H) *640(V)
@ Operation Frequency:
- MIPI interface: 500Mbps/Channel
- MDDI interface: 400Mbps/Channel
- 80-series MPU interface (WRX): 27MHz
- RGB interface (PCLK): 30Mhz
- SPI (SCL): 27MHz
@ Display data RAM (frame memory): 360 x 640 x-24-bit = 5,529;600bit
€ Output:
- 1080ch source outputs (360xRGB)
- 640 gate outputs
- Common electrode output
@ Display mode (Color made)
- Full color'mode (ldle mode off): 16.7M-colors, 262k-colors, 65k-colors
- Reduce color mode (Idle mode-on): 8-colors (3:-bit binary mode)
@ Color modes-on the display host interface:
- 16-bit/Pixel: RGB= (565) using the 2488k-bit frame memory
- 18-bit/Pixel: RGB= (666) using the 2488k-bit frame memory
- 24-bit/Pixel: RGB= (888) using the 2488k-bit frame memory
€ Interface:
- 3-pin / 4-pin serial interface
- 8-bit, 9-bit, 16-bit, 18-bit, 24-bit interface with 8080-series MCU
- 16-bit, 18-bit, 24-bit RGB interface Mode 1 (DE + SYNC mode) and Mode 2 (SYNC only mode)
- MIPI interface (1 clock and 1 data lane pairs, DSI V1.01 r11 and D-PHY V1.00.00)
- Mobile Display Digital Interface (MDDI 1.2-Type1)
@ Display features
- Area scrolling
- Partial display mode
- Software programmable color depth mode
€ Content Adaptive Backlight Control (CABC) Function
- Histogram analysis & data process
- Moving picture auto-detect mode.(Ul or still picture mode decided by host)
- Dimming control
- 2 level PWM control line for the Display Backlight
€ On chip
- DC/DC converter
- DC VCOM voltage generator
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- Separate RGB gamma control
- Provide 4 times MTP to store VCOM and ID setting
- Oscillator for display clock generation

€ NV Memory (4-times on each function)
- 8-bits for User ID1
- 8-bits for User ID2
- 8-bits for User ID3
- 8-bits for VCOM adjustment
@ Driving Algorithm
- 2 level gate drive with common electrode modulation drive
- Support 1dot inversion , 2dot inversion, column inversion, zigzag inversion driving
€ Supply voltage range
- Analog supply voltage range for VPNL to AVSS: 2.3V to 4.8V
- 1/0 supply voltage range for VDDI to VSS: 1.65V to 4.8V
- MIPI supply voltage range for VCCI to VSS: 2.3 to 4.8V
@ Output voltage levels
- Positive Power supply for driver circuit range(PAVDD): PAVDD-VSS = 5.9V to 6.5V
- Negative Power supply for driver circuit range(NAVDD): NAVDD-VSS = -5.9V t0 -6.5V
- Positive polarity Source output high voltage'level:'VGMP =:3.5V to 5.9V-(PAVDD-VGMP>0-25)
- Negative polarity Source output high voltage level: VGMN= -3.5V-t0--5.5V-(NAVDD-VGMN<-0.25)
- Positive polarity Source outputlow voltage level:’VGSP = 0.2V to 2.2V (PAVDD-VGSP>0.25)
- Negative polarity Source-outputlow voltage level: VGSN= -0.2V'to -2.2V (NAVDD-VGSN<-0.25)
- Common electrode output voltage-level: VCOM =-0.2 V to.-2.3V,(VCL-VCOM<-0.25)
- Positive gate driver output.voltage level:-VGH-VSS= 7.0V to 15.0V
- Negative gate driver output voltage level: VGL-AVSS = -15.0V to -7.0V
€ Lower power consumption, suitable for battery operated systems
- CMOS compatible inputs
- Optimized layout for COG assembly
4 HBM ESD (Handling body mode ) > +3KV, MM (machinery mode) > +300V
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4 PIN DESCRIPTION
4.1 POWER SUPPLY PINS

Symbol Name Description
VPNL Power Power supply for Analog block, and booster
VPNL_DET Power Power supply for Analog block, and booster
Power supply for I/O Pad
VDDI Power VDDI=1.65V~4.8V or 1.1V~1.3V, depends on VSEL and DSTB_SEL setting
DIOPWR LDO Output DIOPWR output is for 1.2V or 1.8V application. DIOPWR is controlled by
VSEL.
Welo LDO Output Internal logic regylator outpu.t.forlloglc circuit usage.
Connect a capacitor for stabilization.
NVDDI LDO Output Negative VoltageT level gene.r.ate.d from VCC
Connect a capacitor for stabilization.
VCCI Input Using to generate VCC, please connect to'VPNL.
LVDSVDD MIPI Voltage Regulator output.for internal .|\./IIPI. / MDDI analog system (1.5V typical)
Connect a capacitor for.stabilization.
VCCM12 MIPI Voltage Regulator output.for internal .l\./IIP! low power system:(1.2V typical)
Connect a capacitor for stabilization.
VSS Digital GND System ground fordigital system
CVSS DC/DC GND Systemrground for.booster system
AVSS Analog GND System ground for Analog system
LVDSVSS MIPI GND System ground for internal MIPI analog system

4.2 MODE SELECTION PINS

Symbol I/O0 Description
Interface type selection
IM[3:0]
0000 80-series 8-bit MPU interface
0001 80-series 9-bit MPU interface
0010 80-series 16-bit MPU interface
0011 80-series 18-bit MPU interface
IM[3:0] 0100 80-series 24-bit MPU interface
1100 3-SPI
1101 4-SPI
1001 RGB mode + 3-SPI
1110 MIPI interface
1111 MDDl interface with 3-SPI

NOTE: “1” = VDDI level, “0” = VSS level.
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4.3 INTERFACE LOGIC PINS

Symbol

I/O

Description

RESX

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")
Logic High level input voltage
Logic Low level input voltage

0.7xVDDI
VSS

VDDI \
0.3xVDDI | V

VDDI=1.65~4.8V

VSEL | Logic High level input voltage | 0.7xVDDI VDDI 1.155 1.95

=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

< I< <<

=Low | Logic Low level input voltage VSSI 0.55 VSSI 0.55

CSX

Chip select input pin (“Low” enable).in-80-series MPU I/Fand SPI I/F.
If this pin is not used, please‘connect to VDDI.

WRX (SCL)

Writes strobe signal to/write'data when-WRX is “Low”-in 80-series MPU I/F.
Serial interface clock in-SPI I/F.-If-this pin is not used, please connect to VDDI.

RDX

Reads strobe signal to write data when/RDX is “Low”.in“80-series MPU interface.
If this\pin is\not.used, please.connect to,VDDI.

DCX

Display data / command selection in-80-series MPU I/F.
DCX ="0”.: Command

DCX="1":Display data'or Parameter

If this pin.sinotiused, please connect to VDDI.

SDI

Serial input signal in SPI I/F. The data is input on the rising edge of the SCL signal. This pin is
not used for 80-series MPU I/F and MIPI I/F, please connect to VSS this pin.

SDO

Serial output signal in SPI I/F. The data is output on the rising edge of the SCL signal. This pin is

not used for 80-series MPU I/F and MIPI I/F, please connect to VSS this pin.

D[23:0]

I/0

24-bit bi-directional data bus for 80-series MPU I/F and RGB I/F.

For 8080-series MPU I/F:

8-bit interface: D[7:0] are used, D[23:8] should be connected to VSS

16-bit interface: D[15:0] are used, D[23:16] should be connected to VSS

18-bit interface: D[17:0] are used, D[23:18] should be connected to VSS

24-bit interface: D[23:0] are used

For RGB I/F:

16-bit/pixel: D[21:17]=R[4:0], D[13:8]=G[5:0] and D[5:1]=B[4:0], connect unused pins to VSS
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 VSS
24-bit/pixel: D[23:16]=R[7:0], D[15:8]=G[7:0] and D[7:0]=BJ[7:0]

These pins are not used for MIPI I/F, please connect to VSS these pins.

PCLK

Pixel clock signal in RGB I/F.
This pin is not used for 80-series MPU I/F and MIPI I/F, please connect to VSS this pin.
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Vertical sync. Signal in RGB I/F.

VS ! This pin is not used for 80-series MPU I/F and MIPI I/F, please connect to VSS this pin.
HS | Horizontal sync. Signal in RGB I/F.
This pin is not used for 80-series MPU I/F and MIPI I/F, please connect to VSS this pin.
Data enable signal in RGB I/F mode 1.
DE | This pin is not used for RGB mode 2, 80-series MPU I/F and MIPI I/F, please connect to VSS

this pin.

Tearing effect output pin to synchronize MCU to frame writing, activated by S/W command.
When this pin is not activated, this pin is output low.

If not used, please open this pin.

- TE_L & TE_R can’t connect together, choose one side for application.

CRC and ECC error output pin for MIPI interface, activated by S/W command.\This\pin is output
ERR O | low when it is not activated. When this pin is activated, it output high ift CRC/ECC error-found. If
not used, please open this pin.

NOTE: “1” = VDDI level, “0” = VSS level.

TELTER) | O

4.4 MIPI / MDDI INTERFACE PINS
Symbol I/0 Description

-If MIPI interface/is selected (IM[3:0] = “1110”); these two pins_are positive/negative
polarity of MIPIdifferential clock signal.
- MDDl interface is'selected (IM[3:0]="1111"), these two pins are positive/negative

CLK_P polarity of MDDI differential strobe signal.
CLK_N -The polarity of these.two pins.can be.changed by command for MIPI/ MDDI interface
only.

-If not used; please connect these pins to LVDSVSS.

-If not used, please connect these pins to LVDSVSS.

-If MIPI interface is selected (IM[3:0] = “1110”), these two pins are positive/negative
polarity of MIPI differential data signal.

-If MDDl interface is selected (IM[3:0] = “1111”), these two pins are positive/negative

88—’2 1/0 polarity of MDDI differential data signal.
- -The polarity of these two pins can be changed by command for MIPI/ MDDI interface
only.
-If not used, please connect these pins to LVDSVSS.
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4.5 CABC Control Pins

Symbol 1/0 Description
- This pin is connected to the external driver.
- PWM type control signal for brightness of the LED backlight.
BC_L(BC_R) (0] - The width of this PWM signal is set in 256 steps from 0%(Low) to 100%(High).
- If not used, please open this pin.
- BC_L & BC_R can’t connect together, choose one side for application.
- This pin is used to select the output level of signal for BC, TE, RESX.
TE_PWR_SEL]|
DSTB_SEL| VDDI VSEL | DIOPWR (0xC1 GMD)
VOH=VDDI VOH=VDDI
0 1.65~4.8V| X Off X VOL=VSS| VOLLVSS]
VOH=VDDI
0 VOL=VSSI VOH=VDDI
Low 1.2V
. VOH<1.2V(DIOPWR)| VOL=VSSI
1 1.65~1.95V| s
0 VOH=VDDI
High 18V VOL=VSSI VOH=VDDI
: VOH=1.8V(DIOPWR]|> VOL=VSSI
VOL=VSSI
VSEL I 3 VOH=VDDI
Low 1oV VOL=VSSI VOH=VDDI
i - VOH=1.2V(DIOPWR)| VOL=VSSI
VOL=VSSI
1 1.1~1.3V
0 VOH=VDDI
High 18V VOL=VSSI VOH=VDDI
1 VOH=1.8V(DIOPWR)| VOL=VSSI
VOL=VSSI
The input voltage range for VSEL pin:
Input Voltage Level
Logic High level input voltage | 0.88 | VDDI Vv
Logic Low level input voltage | VSSI [ 0.55 \
If not used, please connect to VDDI.
DSTB_SEL is used to select Dual power on/off in deep standby mode.
DSTB SEL | DSTB_SEL=1(default), Dual IO power on(DIOPWR)
- DSTB_SEL=0, Dual 10 power off(DIOPWR)
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4.6 Others
Symbol /0 Description

- MTP programming power pin. Normal Operation: Keep the pin floating or connect to
VOTP | GND.
- MTP Programming: Apply external power 7.5V to this pin

TEST1~TEST16 | - Internal Test pad. Please open this pin for normal operation.
VDDI_O (0] - VDDI voltage output level for control pin used.
VSS_O (0] - VSS voltage output level for control pin used

DUMMY_GND[0~1]
DUMMY_GND[2~3]
DUMMY_GND[4~6]

DUMMY_GND[7~11] (0] - These pins are dummy (No function inside), internal pullto'ground.
DUMMY_GND[12~14]
DUMMY_GND[15~16]
4.7 DRIVER OUTPUT PINS
Symbol I/O Description

Liguid'crystal application.voltage ‘output-lines for Zigzag drive method. The
SDUMO0~SDUM3 Q.| shift direction of the segment signal output can be reversed by setting
the Register SMX.

S1 to S1080 O _| - Source driver output pins.
G1 to G640 O |\~ Gate driver output pins.
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4.8 DC/DC CONVERTER PINS
Symbol I/O Description

VCOM output voltage for DC VCOM mode.

VCOM (0] . o
Connect a capacitor to stabilize output voltage

Power | Positive Power supply to the source and VCOM drive.

PAVDD output | Connect a stabilizing capacitor.
Power | Negative Power supply to the source and VCOM drive.
NAVDD - .
output | Connect a stabilizing capacitor.
VGH Power | Output voltage from the step-up circuit, generated from PAVDD.

output | Connect a capacitor for stabilization.

Power Output voltage from the step-up circuit, generated from-NAVDD.
VGL/VGLO outout Connect a capacitor for stabilization.
P VGL and VGLO must be connected together.

Power | Output voltage from the step-up-circuit, generated from VPNL.

veL output | Connect a capacitor for stabilization: VCL =.-.\VPNL
C11P/C11N . . . o {
C12P/C12N Power g:p:;lgrsc:sn?:cltjlicr)gnﬁ);r;s; for the step-up circuit-1-which-generate PAVDD. Connect
C13P/C13N > \ '
C21P/C21N ) . . \ .
C22P/C22N Power g:pa;ltoc?rsc;:::ctlicr)gn?g:]s; for the step-up circuit 2 which generate NAVDD. Connect
C23P/G23N pa N ;

Capacitor connection pins for the step-up circuit 3 which generate VCL. Connect capacitors
asrequirement.
Capacitor connection pins for the step-up 4 circuit which generate VGH. Connect capacitors
as requirement.

C31P/C31N Power

C41P/C41N Power

Capacitor connection pins for the step-up 5 circuit which generate VGL. Connect capacitors

C51P/C51N Power .
as requirement.

LDO | Reference voltage output from the internal reference voltage generating circuit. Connect a

VREF Output | capacitor for stabilization.
VGMP LDO | Positive voltage level generated from PAVDD. LDO output for gray scale high
Output | voltage generator.
VGMN LDO | Negative voltage level generated from NAVDD. LDO output for gray scale high
Output | voltage generator.
VGSP LDO | Positive voltage level generated from PAVDD. LDO output for gray scale low
Output | voltage generator.
VGSN LDO | Negative voltage level generated from NAVDD. LDO output for gray scale low
Output | voltage generator.
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5 FUNCTIONAL DESCRIPTION

5.1 MPU INTERFACE

NT35410 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 and

Table 5.1.2
Table 5.1.1 Interface Type Selection
IM3 | IM2 | IM1 | IMO Interface Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX strobe (8-bit read data and 8-bit read parameter)
0 0 0 1 8080 MCU 9-bit Parallel RDX strobe (9-bit read data and 8-bit read parameter)
0 0 1 0 8080 MCU 16-bit Parallel RDX strobe (16-bit read data and 8-bit read parameter)
0 0 1 1 8080 MCU 18-bit Parallel RDX strobe (18-bit read data and 8-bit read parameter)
0 1 0 0 8080 MCU 24-bit Parallel RDX strobe (24-bit read data and 8-bit read parameter)
1 1 0 0 SPI 3-pins serial Via the read instruction’(8-bit, 24-bit and 32-bit read-parameter)
1 1 0 1 SPI 4-pins serial Via/the-read instruction (8-bit, 24-bit and 32-bit read parameter)
1 0 0 1 RGB mode 1/2 Via the readinstruction (8-bit, 24-bit and 32-bit-read parameter)
1 1 1 0 MIPI Follow-MIP| Read Back Sequence
1 1 1 1 MDDI Follow MDDI Read Back Sequence

Table 5.1:2 Pin Connection according to-the Interface Type

IM3 | IM2 | IM1 IMO Interface RDX WRX DCX Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX WRX DCX D[23:8]: Unused, D7-DO0: 8-bit Data
0 0 0 1 8080 MCU 9-bit Parallel RDX WRX DCX D[23:9]: Unused, D8-D0: 9-bit Data
0 0 1 0 8080 MCU 16-bit Parallel RDX WRX DCX D[23:16]: Unused, D15-D0: 16-bit Data
0 0 1 1 8080 MCU 18-bit Parallel RDX WRX DCX D[23:18]: Unused, D17-D0: 18-bit Data
0 1 0 0 8080 MCU 24-bit Parallel RDX WRX DCX D[23:0] : 24-bit Data
. . D[23:0]: Unused, SDI,SDO,
1 1 0 0 SPI 3- | Note 1 SCL Note 1
pins seria ote ote WRX pad: SCL
. . D[23:0]: Unused, SDI, SDO,
1 1 0 1 SPI 4- | Note 1 SCL Note 1
pins seria ote ote WRX pad: SCL
- SDI, SDO, WRX pad: SCL
1 0 0 1 RGB mode 1/2 Note 1 SCL Note 1 | RGB mode 1/2 is selected by command
via SPI.
D[283:0]: Unused,
1 1 1 0 MIPI Note 1 | Note 1 | Note 1
o o " | CLK_P/CLK_N, D0_P/DO_N
D[283:0]: Unused,
1 1 1 1 MDDI Note 1 | Note 1 | Note 1
oe oe " | CLK_P/CLK_N, D0_P/DO_N
Note1: Unused pins connected to VDDI.
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5.1.2 80-series MPU Interface

The MCU uses an 11-wires 8-data or 12-wires 9-data or 19-wires 16-data or 21-wires 18-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 DCX is the data/command flag.
When DCX="1", D[23:0] bits are display RAM data or command parameters. When DCX="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 5.1.3.
Table 5.1.3 Parallel interface function (80-Series).

IM3 IM2 | IM1 IMO Interface DCX RDX | WRX Function
0 1 1 Write 8-bit command (D7 to D0)
) 1 1 1 Write 8-bit display data or-8-bit parameter (D7 to D0)

0 0 0 0 8-bit Parallel

1 1 1 Read 8-bit displaydata (D7 to.D0)

1 4 1 Read 8-bit parameter.or status, (D7to DO)

0 1 1 Write 8-bit command (D7 to D0)

) 1 1 i Write 9-bit display data (D8to'DO0) or 8-bit parameter (D7 to DO)

0 0 0 1 9-bit Parallel

1 1 1 Read 9-bit display data (D8 to DO0)

1 1 1 Read 8-bit parameter or status (D7 to D0)

0 1 i Write 8-bit command (D7 to D0)

1 ’ { Write 16-bit display data (D15 to DO0) or 8-bit parameter (D7 to
0 0 1 0 16-bit Parallel DO)

1 1 1 Read 16-bit display data (D15 to D0)

1 1 1 Read 8-bit parameter or status (D7 to D0)

0 1 i Write 8-bit command (D7 to D0)

1 1 ' Write 18-bit display data (D17 to D0) or 8-bit parameter (D7 to
0 0 1 1 18-bit Parallel DO)

1 1 1 Read 18-bit display data (D17 to D0)

1 1 1 Read 8-bit parameter or status (D7 to D0)

0 1 i Write 8-bit command (D7 to D0)

’ ’ ' Write 24-bit display data (D23 to D0) or 8-bit parameter (D7 to
0 1 0 0 24-bit Parallel DO)

1 D 1 Read 24-bit display data (D23 to D0)

1 1 1 Read 8-bit parameter or status (D7 to D0)

Note: applied for command code: DAh, DBh, DCh, 04h, 09h, 0Ah, 0Bh, 0Ch, 0Dh, OEh, and OFh.
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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 (DCX, RDX, WRX) and data signals
(D[23:0]). DCX 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 ) / : 1 :

]
!
|
|

D[23:0] ——<

e D

/ \) ! Y
\ \
« // \\ // \\ Z
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

2011/10/06 23 V2.0

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.



\ NGVATEK NT35410

1-byte command
x 2-byte commandﬁ( n-byte command (number of parameter = n-1)

@ CMDXCMDX PA; XCMDX PA, XPA,.XPA.X P )
CcSX o
D/CX o | .
RDX | \
WRX EEEEEE RN LA LT
D[7:0] __XcmpxXcmp) PA, XCMDX PA; XPA.2XPAL X
U b1 &0) __XCMDYCMDY PA, XCMDX PA; XPAXPAL X
Driver D[7:0] Hi-Z
(LCD to MPU) b

CMD: Write command code - } .
PA: Write parameter or RAM data Signals on D[7:0], D/CX, RDX and WRX pins

during CSX=" H” are ignored

Fig. 5.1.2 80-Series parallel bus protocol, write to register or display RAM
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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[23:0]) to the host when there is a falling edge of RDX and the host reads data when
there is a rising edge of RDX.

,/\\ ’r\\ //\\
\ / \ / \

RDX_,'/_l \

\
\
1
|
T
]
[

|
|
|
|
\

]
D[23:0} : ;
N v/ v
\\f, \\f/ \\f/

The display starts to The host reads D[23:0] The display stops to

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

when there is a falling rising edge of RDX

edge of the RDX

Fig. 5.1.3.80-Series RDX protocol

Read parameter )( Read display RAM data

(CMD X DM_X-PA X CMDX_DM X Data X X Data )

Z
o
N~

CSX

D/CX

-\ i
RDX IS N ) )
WRX 1 1

e (@)

D[7:0] :) cMD XDM)—PA) PA
Host D[7:0] ——  HiZ Hi-Z
(MPUto LeD) _KCMD) cMD)

g
@ | @
slslaiaiulall

i : Hi-Z Hi-Z Hi-Z
a8l Do) o))

CMD: Write command code Signals on D[7:0], D/CX, RDX and WRX pins
PA: Write parameter or RAM data during CSX=" H" are ignored

Fig. 5.1.4 80-Series parallel bus protocol, read from register or display RAM
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5.1.3 Display Data Format
5.1.3.1 8-BIT PARALLEL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for three colors depth 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 X X | X X | X X X X 0 0 1 0 1 1 0 0 2Ch
3Ah 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
05h 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 (1-pixels/ 2-bytes)
AR RERARRRRRRRF
X X X X X X X X X X | X X | X X X )@l B5 B4 B3 (1-pixels/ 3bytes)
o7h 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| Xx (1-pixels/ 3bytes)
X X X X X X X X X X | X X | X X X )&l B7 B6  B5
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- 16M colors, RGB is 8-8-8-bit input
RESX

l|1 n
IM [3:0]_"_0000"

csx |

D/CX

wrx |___f | ) | i) L1 I

RDX "1" 8080 - Series control pins

B1, Bit7
G1, Bit6 B1, Bit 6
G1, Bit5 B1, Bit5
B1, Bit4

G1, Bit3 B1, Bit3
G1, Bit2 B1, Bit2
G1, Bit1 B1, Bit 1 SEMP o ' pit |

B1, Bit0
Pixel n +1

R1 G1 B1 R2 G2 BZ% R3 G3 B3

NOTE: The data order is as follows, MSB=D7, LSB=DO0 and picture data is MSB=Bit 7, LSB=Bit 0 for Red, Green
and Blue data.
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- 262K colors, RGB is 6-6-6-bit input
RESX

qr
IM [3:0]_"0000 "

CSX I

D/CX

WRX

£ ——fF ——f 1 f

8080 - Series control pins

RDX n1 "

D7
D6
D5
D4

NOTE: The data order is as follows, MSB=D7, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green
and Blue data.
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- 65K colors, RGB is 5-6-5-bit input

RESX ~ w7»
IM  [3:0]_"0000"
csx |

D/CX

WRX

[ R S D

RDX "1" 8080 - Series control pins

D7
D6
D5
D4
D3
D2
D1
DO

G1, Bit1

B1, Bit3
B1, Bit2
B1, Bit 1

I

<_ 0 >

<_ 0 >

<1 >

<0 >— i B1, Bit 4
<1 >

<_ 1 >

<_ 0 >

<_ 0 >

| 5-bit/6- bit to 8- bit Transfer |

N

; R1 G1 B1 R2 G2 BZ; R3 G3 B3

NOTE: The data order is as follows, MSB=D7, LSB=DO0 and picture data is MSB=Bit 5, LSB=Bit 0 for Green and
MSB=Bit 4, LSB=Bit 0 for Red and Blue data.
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5.1.3.2 9-BIT PARALLEL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for two colors depth 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 [ x| x| X X x| x| x]x]|0][O 1 0 1 1 0 0 2Ch
3Ah D23 D22 D21/ D20 D19/D18/D17 D16 D15 D14 D13 D12 D11/D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 Color
06h X | x | x | x| x| x| x| x| x| x| x| x| x| x| Xx 262K-Color
X | x| x| x| x| x /! x| x| x| x| x| x| x| x| x B5 B4 B3 B2 Bi (1-pixels/ 2bytes)
o7h X | X | x| x| x| x| x| x| x| x| x| x| x| x| Xx 16.7M-Color
X | x| x| x| x| x| x| x| x| x| x| x| x| x| x (1-pixels/ 3bytes)
X | x | x| x | x| x| x| x [ x x| x| x| x| x| x WYAN-TIN-THN-ZNN-XNN: 723N
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- 16M colors, RGB is 8-8-8-bit input
RESX

l|1|l
IM [3:0]__"_0001"

csx |

D/CX

wrRx |___f | ) | i) L1 I

RDX "1" 8080 - Series control pins

B1, Bit7
R1, Bit6 B1, Bit6
R1, Bit5 B1, Bit5
R1, Bit4 B1, Bit4
R1, Bit3 B1, Bit3
R1, Bit 2 B1, Bit 2
R1, Bit 1 B1, Bit1
. R1, Bit 0 ]
R I S i D G TG
S\ Pixel n i Pixeln+1

NOTE: The data order is as follows, MSB=D7, LSB=D0 and picture data is MSB=Bit 7, LSB=Bit 0 for Red, Green
and Blue data.
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- 262K colors, RGB is 6-6-6-bit input

RESX nyn
IM [3:0]_"0001"
csx |
D/ CX
wRx ] f L f L _fF L_f
RDX "1" 8080 - Series control pins

G1, Bit2

B1, Bit5
B1, Bit4
B1, Bit3
B1, Bit 2
B1, Bit 1

B1, Bit0 3
Pixel'n Pixel n +1

| 6- bit to 8- bit Transfer |

/

R1 G1 B1 R2 G2 B2 R3 G3 B3

NOTE: The data order is as follows, MSB=D7, LSB=DO0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green
and Blue data.
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5.1.3.3 16-BIT PARALLEL INTERFACE FOR DATA RAM WRITE

Different display data formats are available for three colors depth 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| x| x| x| x X | x| x| x] 0|0 1 0 | 1 1 0] 0 2Ch
3Ah D23 D22 |D21|D20 /D19 /D18 /D17 D16|D15|D14|D13(D12{D11|(D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 Color
05h X | X | X | x| x| x| x| X B4 B3 B2 B1 65K-Color
x | x [ x| x| x| x| x]x
06h x| x| x| x| x| x| x| x ECAEENALEE (2_’?&26';'/(::;‘;;5)
X | x X | X | X X | X X B5 B4 B3 B2 B1 BO
x | x [ x| x| x [ x| x]x
16.7M-Color
07h APPSR SR SR SRR B7 B6 B5 B4 | B3 B2 B1 B0 (2-pixels/ 3bytes)
X | x X | X | x X | X X B7 B6 B5 B4 B3 B2 B1 BO
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- 16M colors, RGB is 8-8-8-bit input
RESX wq»
IM [3:0]_"_0010 "

csx |

D/CX
WRX

| R S D S e

8080 - Series control pins

RDX n1 "

D15
D14
D13
D12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

L1
- >
- >
- >
- >
- >
- >
- >
< - >
<_0_>
<_0 =
<_ 1 >
<_ 0 >
<_1 =
<_1 =
<_ 0 >
<_0 >

Pixeln  :: Pixeln+1

f R1 G1 B1 R2 G2 B2 R3 G3 B3

NOTE: The data order is as follows, MSB=D15, LSB=D0 and picture data is MSB=Bit 7, LSB=Bit 0 for Red, Green
and Blue data.
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- 262K colors, RGB is 6-6-6-bit input

RESX  wqn
M [3:0]_"_0010"

CSX I

D/ CX

wrx | f £ L~ L f 1 f

RDX "1" 8080 - Series control pins
< - >
- >
< - >
< - >
< - >
<__ - >
< - >
< - >
<_ 0 >
<_ 0 >
<_ 1 >
<_ 0 >
<1 =
<_1 >
<_0 >

R1 G1 B1 R2 G2 BZ; R3 G3 B3

NOTE: The data order is as follows, MSB=D15, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green
and Blue data.
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- 65K colors, RGB is 5-6-5-bit input

RESX nq»

IM [3:0]_"_0010 "
csx |
D/ CX
wrx | f £ 1 fF _f
RDX "1" 8080 - Series control pins
D15 - >
D14 < - >
D13 < - > R1, Bit2
D12 < - ==
D11 < - > R1, Bit0
D10 < - >
D9 < - > G1, Bit4
D8 < - >
D7 <__ 0 > G1, Bit2
D6 < 0 > G1, Bit1
D5 <1 > G1, Bit0
D4 <__ 0 > B1, Bit4
D3 < 1 > B1, Bit3
D2 <1 > B1, Bit2
D1 < 0 > B1, Bit 1
DO <_ 0 >

Pixel n Pixel n +1

5-bit/6- bit to 8- bit Transfer

N

NOTE: The data order is as follows, MSB=D15, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Green data
and MSB=Bit 4, LSB=Bit 0 for Red and Blue.
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5.1.3.4 18-BIT PARALLEL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for three colors depth 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 X X X X X X X X 0 0 1 0 1 1 0 0 2Ch
3Ah 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
05h X X X X X X 65K-Color
06h X X X X X X 262K-Color
X | x| x| x| x| Xx
16.7M-Color
07h SRS SR EEERE B7” B6 B5 B4 | B3 B2 B1 B0 (2-pixels/ 3bytes)
X | x| x| x| x| x]x]|x
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16M colors, RGB is 8-8-8-bit input

RESX  wqn
IM [3:0] " 0011 "
CSX I
D/ CX
WRX £ L f I N I R S R
RDX "1" 8080 - Series control pins

NOTE: The data order is as follows, MSB=D17, LSB=D0 and picture data is MSB=Bit 7, LSB=Bit 0 for Red, Green
and Blue data.
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- 262K colors, RGB is 6-6-6-bit input

RESX 1"
IM [3:0]__"0011"

csx |

D/ CX
WRX

£ —fF  ——f —f

8080 - Series control pins

RDX "1"

D17
D16
D15
D14
D13
D12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

L1
< - >
- >
< - >
- =
< - >
< - >
- >
- >
< - =
- =
<__ 0 >
<_ 0 >
<1 =
<_0 >
<1 >
<_1 >
<_0 >
<_0 >

[ 6- bit to 8- bit Transfer |

Frame __ X X

f R1 G1 B1 R2 G2 B2 R3 G3 B3

NOTE: The data order is as follows, MSB=D17, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green
and Blue data.
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- 65K colors, RGB is 5-6-5-bit input

RESX ey
IM [3:0]_"_0011 "
CSX I
D/CX
WRX ™| £ | ) I i) I 1) I
RDX "1" 8080 - Series control pins

N

| R1 G1 B1/R2/G2 B2/ R3 G3 B3

Memory

NOTE: The data order is as follows, MSB=D17, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Green and
MSB=Bit 4, LSB=Bit 0 got Red and Blue data.
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5.1.3.5 24-BIT PARALLEL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for three colors depth 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 X X X X X X X X 0 0 1 0 1 1 0 0 2Ch
3Ah D23 |D22|D21|D20|D19 D18 D4 | D3 | D2 | D1 | DO Color
05h X X X X X X 65K-Color

06h X 262K-Color
16.7M-Color
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- 16M colors, RGB is 8-8-8-bit input

RESX 1"
IM [3:0]_"0100 "

csx |
D/CX

WRX

[ R S N D

8080 - Series control pins

RDX "1"

D23
D22

D17
D16
D15
D14

D9
D8
D7
D6
D5
D4
D3
D2
D1

L1
- >
- >
- >
- >
- >
- >
- >
- >
<_0 >
<_ 0 >
<_ 1 =
<_ 0 >
<_1 =
<_1 =
<_ 0 >
DO <_0 >

NOTE: The data order is as follows, MSB=D23, LSB=D0 and picture data is MSB=Bit 7, LSB=Bit 0 for Red, Green
and Blue data.
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- 262K colors, RGB is 6-6-6-bit input

RESX  wqn
IM [3:0]__"0100"
csx |
D/CX
WRX | f L f £ fF £
RDX "1" 8080 - Series control pins

D23

D17

G1, Bit1
G1, Bit0
B1, Bit5
B1, Bit 4
B1, Bit3
B1, Bit 2
B1, Bit 1

[ 6- bit to 8- bit Transfer |

Frame __ X X

f R1 G1 B1 R2 G2 B2 R3 G3

NOTE: The data order is as follows, MSB=D23, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green
and Blue data.
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65K colors, RGB is 5-6-5-bit input

RESX wq»
IM [2:0]__"0100"
csx |
D/ CX
WRX £ L f I R I R N
RDX "1" 8080 - Series control pins
< - =
- >

Frame __ X X

f R1 G1 B1 R2 G2 B2 R3 G3 B3

NOTE: The data order is as follows, MSB=D23, LSB=D0 and picture data is MSB=Bit 5, LSB=Bit 0 for Green and
MSB=Bit 4, LSB=Bit 0 got Red and Blue data.
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5.1.3.6 8-BIT PARALLEL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output

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

X X X X X X X X X X X X X X X X 0

0

0 2Eh

D23 D22 D21 /D20 D19 /D18 D17 /D16 D15 D14 /D13 D12/ D11 /D10 D9 | D8 | D7

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

*

D6

X X X X X X X X X X X X X X X )@l B7 B6 B5 B4 B3 B2 Bi

DO Color

B

16.7M-Color
0 (1-pixels/ 3bytes)

RESX 1"
IM [3:0]__"0000"

csx |

D/CX

WRX [ 1

ROX 7T AR e P s BV >y N

8080-~Series control pins

D7
D6
D5
D4
D3
D2
D1
DO
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5.1.3.7 9-BIT PARALLEL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output

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
X | x| x| x| x| x| x| x| x| x| x| x|x  x /  x}]x[{0o[0o[1]O0]|1]1]|1]|O0 2Eh
D23 D22 D21 /D20 D19 D18 D17 /D16 D15 D14 /D13 D12 /D11 D10 D9 | D8 | D7 | D6 DO Color

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 (1 -pixels/ 3byles)

X | x | x | x | x| x | x [ x | x | x| x| x| x| X | x Eya-T-INN-T -G TN x

RESX vqr
IM [3:0]__"0001"

csx |

D/CX

WRX [ 1
ROX 7T IR e P s BV =2y N

8080 -~ Series control pins

G1, Bit7 B1, Bit7
B1, Bit6
B1, Bit5
B1, Bit4
B1, Bit3
B1, Bit 2
B1, Bit 1
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5.1.3.8 16-BIT PARALLEL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output

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
X | x| x| x| x| x| x [ x]x|x|x|x]|x]|]x|x|x|[0[0o[1]O0]1]1]|1]|O0 2Eh
D23 D22 D21|/D20|D19|D18 D17 |D16|D15|D14|D13 Color

X X X X X X X X 16.7M-Color

I PSPPSR SRS E B7 B6| B5 B4 B3 B2 B1 B0 (1-pixels/ 3bytes)
(MR SP SRR NR SRS - o oo <l e em e <l B7 B6 B5 B4 B3 B2 B1 BO.

RESX 1"
IM [3:0]__"0010"

csx |

D/CX

WRX [ 1
ROX 7T R e S o N AN\ A I

8080~-~Series-control pins

D15
D14
D13
D12
D11
D10

B1, Bit4
B1, Bit3

B1, Bit2
B1, Bit1

f R1 G1 B1 R2 G2 B2 R3 G3 B3
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5.1.3.9 18-BIT PARALLEL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output

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
X | x| x| x| x| x|]x [ x|[x|x|x|x]|x]|]x|x|x([0[0o[1]O0]1]1]|1]|O0 2Eh
D23 D22 D21|D20|D19|D18|D17|D16|D15|D14|D13 Color

X | x| x | x| x| x]|]x|Xx
X X X X X X X )@l B7 B6 B5 B4 B3| B2 B1 BO
X | x | x| x| x| x| x| x§ | 0 | | | | | B7 B6 B5 B4 B3 B2 B1 BO

16.7M-Color
(1-pixels/ 3bytes)

RESX nqr
IM [3:0]_"0011"

CSX

D/CX

wrRx  |__f
RDX "1" ) l ) A\N\Y) I

8080 - _Series control pins
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5.1.3.8 24-BIT PARALLEL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output
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
X | x [ x| x| x| x| x|[x|[x|x|x|x]|x]|]x|x|x|[0[0o[1]O0]1]1]1]|]O0 2Eh
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
' B7 B6 B5 B4 B3 B2 B1 B0 EIR{TETI:

RESX

[3:0]
CSX

D/CX

ey
"0100"

WRX T

RDX "1"

L f_ TN\ B

8080 Series control pins

D23
D22

D17
D16
D15
D14

D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

2011/10/06
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B4, Bit2

R4, Bit7

R4, Bit1

G4, Bit6

G4, Bit1
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5.2 SERIAL INTERFACE

5.2.1 Interface Type Selection
The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMO pins as show in Table 5.2.1

Table 5.2.1 Interface Type Selection

IM3 | IM2 | IM1 | IMO Interface Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX strobe (8-bit read data and 8-bit read parameter)
0 0 0 1 8080 MCU 9-bit Parallel RDX strobe (9-bit read data and 8-bit read parameter)
0 0 1 0 8080 MCU 16-bit Parallel RDX strobe (16-bit read data and 8-bit read parameter)
0 0 1 1 8080 MCU 18-bit Parallel RDX strobe (18-bit read data and 8-bit read parameter)
0 1 0 0 8080 MCU 24-bit Parallel RDX strobe (24-bit read data and 8-bit read parameter)
1 1 0 0 SPI 3-pins serial Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
1 1 0 1 SPI 4-pins serial Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
1 0 0 1 RGB mode 1/2 Via the read instruction (8-bit,-24-bit and-32-bit read parameter)
1 1 1 0 MIPI Follow MIPI Read Back Sequence
1 1 1 1 MDDI Follow MDDI Read Back Sequence
Table 5.2.2 Pin Connection according to the Interface Type
IM3 | IM2 | IM1 IMO Interface RDX WRX DCX Read back selection
0 0 0 0 8080-MCU 8-bitParallel RDX WRX DCX | DJ[23:8]: Unused, D7-DO0: 8-bit Data
0 0 0 1 8080 MCU 9-bit Parallel RDX WRX DEX—| D[23:9]: Unused, D8-DO0: 9-bit Data
0 0 1 0 8080 MCU 16-bit Parallel RDX WRX DCX | D[23:16]: Unused, D15-D0: 16-bit Data
0 0 1 1 8080'MCU 18-bit Parallel RDX WRX DCX | D[23:18]: Unused, D17-D0: 18-bit Data
0 1 0 0 8080 MCU 24-bit Parallel RDX WRX DCX | D[23:0] : 24-bit Data
. . D[23:0]: Unused, SDI, SDO,
1 1 0 0 SPI 3- | Note 1 SCL Note 1
pins seria ote ote WRX pad: SCL
. . D[23:0]: Unused, SDI, SDO, DCX
1 1 0 1 SPI 4- | Note 1 SCL Note1
pins seria ote ote WRX pad: SCL
- SDI, SDO, WRX pad: SCL
1 0 0 1 RGB mode 1/2 Note 1 SCL Note1 | RGB mode 1/2 is selected by command
via SPI.
D[283:0]: Unused,
1 1 1 0 MIPI Note 1 | Note 1 | Note 1
oe oe " | CLK_P/CLK_N, D0_P/DO_N
D[283:0]: Unused,
1 1 1 1 MDDI Note 1 | Note 1 | Note 1
oe oe " | GLK_PICLK_N, D0_P/DO_N
Note1: Unused pins connected to VDDI.
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5.2.2 Serial Interface
The selection of this interface is done by IM3, IM2, IM1 and IMO.

The serial interface is a 3-pin or 4-pin bi-directional interface for communication between the micro controller and
the LCD driver chip. The 3-pin serial use: CSX (chip enable), SCL (serial clock) and SDI & SDO (serial data
input/output) and 4-pin serial use: CSX (chip enable), DCX (data / command select), SCL (serial clock) and SDI &
SDO (serial data input/output). Serial clock (SCL) is used for interface with MPU only, so it can be stopped when
no communication is necessary.

5.2.2.1 WRITE MODE

The write mode of the interface means the micro controller writes commands and data to the NT35410. 3-Pin
serial data packet contains a control bit DCX and a transmission byte and in 4-pin serial case,.data packet
contains just transmission byte and control bit DCX is transferred by DCX pin. If DCX is low, the transmission byte
is interpreted as command byte. If DCX is high, the transmission byte is stored in the display data:RAM(Memory
write command), or command register as parameter.

Any instruction can be sent in any order to the NT35410. The MSB is transmitted first.-The serial interface is
initialized when CSX is high. In this state, SCL clock pulse or SDI/SDO data have no effect. A falling edge on CSX
enables the serial interface and indicates the start of data transmission.

3-Line Serial Data Stream Format

Transmission byte (TB) may be a Command or a Data
A
e N\
MSB LSB

|D/CX|D7|D6|D5|D4|D3|D2|D1|D0|

|D/CX| B |D/CX| B |D/CX| B oce

4-Line Serial Data Stream Format

Transmission byte (TB) may be a.Command or a Data
A

MSB B
[o7 [ o6 [ o5 [ o4 [ o5 [ 02 [ o1 [ |

| B | B B oo

Fig. 5.2.1 Serial data stream, write mode

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. 5.2.2). SDI, SDO is sampled at the rising edge of SCL. DCX
indicates, whether the byte is command code (DCX=0) or parameter/RAM data (DCX=1). It is sampled when first
rising SCL edge (3-line serial interface) or 8" rising SCL edge (4-line serial interface). If CSX stays low after the
last bit of command/data byte, the serial interface expects the DCX bit (3-line serial interface) or D7 (4-line serial
interface) of the next byte at the next rising edge of SCL.
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Host
-

( MPU to
Driver)

Host

<

( MPU to
Driver)

SRR

1) 3- Pin Serial Interface Protocol

TB

@ B P

UL

< Command >

[ ] [
UL

i i, Command/{parameter.y

d
<

N

CSX can be-"H"" between parameter / command and

parameter/ command

SCL-and SDA during CSX ="H" is invalid

2 ) 4- PiniSerial Interface-Protocol

7N

TB )

)

csx ||

-

—
uk

soa X0 oo oo o2 o)

UL
(XXX KoK )

D/CX

X9

2N

Command >

A

7y Lo

Command/ parameter i

CSXcanbe "H" between parameter / command and
parameter/ command
SCL and SDA during CSX ="H" is invalid

2011/10/06

Fig. 5.2.2 Serial bus protocol, write to register with control bit in transmission
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5.2.2.2 READ MODE

The read mode of the interface means that the micro controller reads register value from the NT35410. To do so
the micro controller first has to send a command (Read ID or Read Register 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. 5.2.3 and Fig. 5.2.4). The NT35410 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 SDO line must be set to tri-state no later than at the falling SCL
edge of the last bit (see Fig. 5.2.3 and Fig. 5.2.4). Note: SPI can’t read LV2 register.

3- Pin Serial Protocol ( for 8- bit read)

&KX T8 1 0eE0
csx || m
8
T soo LSS LA A LA LA LA LA LSS I ]
SDA T High-Z ' —
5 (5D1) AKX K 25X 09K 03K P2X 1K P9 | Drox
= SDA High-Z
Q{ (SDO) p7X 06X 5K baX-b3X p2X p1X DY

3- Pin Serial Protocol-(for 24- bit read)

GOm0 ~ SV
csx. | T
84 so USRI AL ﬂ_ﬂ_ﬂ_ﬂﬂ_ﬂ
§ (SSDISAI) D p/cxX ‘D7X D6X D5X D4X D3X D2X D1X DO, 4 High-Z D/CX
5 { (SSDS\O) Hon2 D23 D22 D21 D20 D1 @@Q@

— Dummy Clock Cycle

3- Pin Serial Protocol ( for 32- bit read)

€ T8 O T8 XXX O
osx 1] [
R Lk L G G Rk L R I ]
5 (SSDDPI\) D /e D7X DX D5X D4X D3X D2X D1X DO - High-2 ; D/CX
g = WU MS SIS ! —
5 { (SSDDAO) High-Z p31¥ D3o{ 29 D28y D2 @@Q@
— Dummy Clock Cycle
Fig. 5.2.3 Serial bus protocol, read mode (3-Pin serial interface case)
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4- Pin Serial Protocol(for 8- bit read)

(s B B (XBXSK )
csx | [l
5 | s FUFLFLAFLFLALFLFLALALALFLALALEL A1
k< _
D/CX X o)
_ SDA :) p7X peX psX paX paX p2X p1X Do High-Z @<
5 (SDI)
5 { (SSDDAO) High-Z p7X peY psY paY p3Y p2X p1X DO
4- Pin Serial Protocol( for 24- bit read)

€ 18 O T8 G EW,
csx || [ ]

A

g | s PRI U A AL F AL 1L
T

DICX Xo)

SDA 4 High-Z
E (SD|) :) D7X D6X D5X.D4X D3X D2X D1X DO @<
2 SDA High-Z T
s 2 geecececapececee

——  Dummy Clock Cycle

4- Pin Serial Protocol(for 32- bit read)
(9 T8 o T8 XXBLSK O
csx || [ ]
g | seo LFUFLFLFLALALSLA A LALALA AL STA LA A L L
T

D/CX X}
A )

(SS%AI) :) p7X peY p5Y paX p3Y p2YX b1X DO High-Z @<

High-2 D37 D3(K D2 D2¢ D2 T @@@ D)————

——  Dummy Clock Cycle

Driver
- w
8¢
Qo

Fig. 5.2.4 Serial bus protocol, read mode (4-Pin serial interface case)
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5.2.3 Display Data Format
5.2.3.1 3-PINS SERIAL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for three colors depth supported by the LCM listed below.

- 16M colors, RGB is 8-8-8-bit input

RESX '1'
IM[3:0] = “1000”

csx \

- 262K colors, RGB is 6-6-6-bit input

RESX "1’
IM[3:0] = 4000
csX \

EDB D7 D6 D5 D4 D3 D2 Di Do D8 D7 D6 D5 D4 D3 D2 Dt DO D8 D7 D6 D5 D4 D3 D2 D1 DO
soa KO @999 O O OO O X DD @ X))
scL

18-bit

| Look-Up Table for 262K Color data mapping (18-bit to 24-bit) |

24-bit

Frame

Memory _E
)
:
1
[
]
i
1
]

https://Datasheetspdf.com/
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- 65K colors, RGB is 5-6-5-bit input
RESX'1'
IM[3:0] = “1000”

csx '\
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5.2.3.2 4-PINS SERIAL INTERFACE FOR DATA RAM WRITE
Different display data formats are available for three colors depth supported by the LCM listed below.

- 16M colors, RGB is 8-8-8-bit input

RESX 1’
IM[3:0] =_“1001”
csx \

D/CX{ XX XX X

ED7 Dé D5 D4 D3 D2 DI Do D7 D6 D5 D4 D3 D2 Dt DO D7 D6 D5 D4 D3 D2 Di DO

SDA
SCL

- 262K colors, RGB is(6-6-6-bit input

RESX 1’

IM[8:0] =~ “1001”

csx \

picX XX XX X
ED7 D6 D5 D4 D3 D2 DI Do D7 D6 D5 D4 D3 D2 DI Do D7 D6 D5 D4 D3 D2 Di DO

SpA(D OO (XD X

SCL
18-bit

| Look-Up Table for 262K Color data mapping (18-bit to 24-bit) |

24-bit
Frame .
Memory 4 \ H !
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- 65K colors, RGB is 5-6-5-bit input

2011/10/06

RESX '1'
IM[3:0] = “1001’

csx \

D/cx( XX XX XD

D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DUii D7 D6 D5 D4 D3 D2 D1 DO
i

SDA @&
SCL
16-bit
| Look-Up Table for 65K Color data mapping (16-bit to 24-bit) ]

24-bit
Frame
Memory .
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5.2.3.3 3-PINS SERIAL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output
CcsSX ~\

sDA (XE e

oA ——17 DR EODDED - OOE

SCL A K

— - has &

4
PIXEL-1 Data PIXEL-2Data = sesesseeseeseses PIXEL-n Data

Command (2E)
1 Dummy Clock

Read data format as below

D23 D22 D21 D2 D19 D18 Di7 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 ' DI DO

©9.60.0.6.6.6.0.6

5.2.3.4 4-PINS SERIAL INTERFACE FOR DATA RAM READ
- Read data for RGB is 8-8-8-bit output
CSX ™\

D/CX

DA (T Hi-Z
Hi-Z

SDA — :D23 @@ ------- <D23 @@ ------- @@ D0 D23 mme
scL _ AR ALAL A AL NS LA A1 4

PIXEL-1 Data PIXEL-2Data = =ememememmemeee- PIXEL-n Data

.................

Command (2E)
1 Dummy Clock

Read data format as below

D23 D22 D21 D20 D19 DI D17 Di6 DI5 D14 DI3 Di2 D11 D0 D9 D8 D7 D6 D5 D4 D3 D2 DI DO

9.0.6.6.6.0.0.6
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5.3 MIPI INTERFACE

5.3.1 Interface Type Selection
The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMO pins as show in Table 5.3.1

Table 5.3.1 Interface Type Selection

IM3 | IM2 | IM1 | IMO Interface Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX strobe (8-bit read data and 8-bit read parameter)
0 0 0 1 8080 MCU 9-bit Parallel RDX strobe (9-bit read data and 8-bit read parameter)
0 0 1 0 8080 MCU 16-bit Parallel RDX strobe (16-bit read data and 8-bit read parameter)
0 0 1 1 8080 MCU 18-bit Parallel RDX strobe (18-bit read data and 8-bit read parameter)
0 1 0 0 8080 MCU 24-bit Parallel RDX strobe (24-bit read data and 8-bit read parameter)
1 1 0 0 SPI 3-pins serial Via the read instruction (8-bit, 24-bit and 32-bitread parameter)
1 1 0 1 SPI 4-pins serial Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
1 0 0 1 RGB mode 1/2 Via the read instruction (8-bit,-24-bit and-32-bit read parameter)
1 1 1 0 MIPI Follow MIP| Read Back Sequence
1 1 1 1 MDDI Follow MDDI Read Back Sequence
Table 5.3.2 Pin Connection according to the Interface Type
IM3 | IM2 | IM1 IMO Interface RDX WRX DCX Read back selection
0 0 0 0 8080-MCU 8-bitParallel RDX WRX DCX | DJ[23:8]: Unused, D7-DO0: 8-bit Data
0 0 0 1 8080 MCU 9-bit Parallel RDX WRX DEX—| D[23:9]: Unused, D8-DO0: 9-bit Data
0 0 1 0 8080 MCU 16-bit Parallel RDX WRX DCX | D[23:16]: Unused, D15-D0: 16-bit Data
0 0 1 1 8080'MCU 18-bit Parallel RDX WRX DCX | D[23:18]: Unused, D17-D0: 18-bit Data
0 1 0 0 8080 MCU 24-bit Parallel RDX WRX DCX | D[23:0] : 24-bit Data
\ . D[23:0]: Unused, SDI, SDO,
1 1 0 0 SPI:8- | Note 1 SCL Note 1
pins seria ote ote WRX pad: SCL
. . D[23:0]: Unused, SDI, SDO,
1 1 0 1 SPI 4 | Note 1 SCL Note1
pins seria ote ote WRX pad: SCL
- SDI, SDO, DCX pad: SCL
1 0 0 1 RGB mode 1/2 Note 1 SCL Note1 | RGB mode 1/2 is selected by command
via SPI.
D[283:0]: Unused,
1 1 1 0 MIPI Note 1 | Note 1 | Note 1
oe oe " | GLK_P/CLK_N, DO_P, DO_N
D[283:0]: Unused,
1 1 1 1 MDDI Note 1 | Note 1 | Note 1
oe oe " | GLK_PICLK_N, D0_P/DO_N
Note1: Unused pins connected to VDDI.
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5.3.2 MIPI

The Display Serial Interface standard defines protocols between a host processor and peripheral devices that
adhere to MIPI Alliance standards for mobile device interfaces. The DSI standard builds on existing standards by
adopting pixel formats and command set defined in MIPI Alliance standards.

DSl-compliant peripherals support either of two basic modes of operation: Command Mode and Video Mode.
Which mode is used depends on the architecture and capabilities of the peripheral. The mode definitions reflect
the primary intended use of DSI for display interconnect, but are not intended to restrict DSI from operating in
other applications.

Typically, a peripheral is capable of Command Mode operation or Video Mode operation. Some Video Mode
display modules also include a simplified form of Command Mode operation in which the display-module may
refresh its screen from a reduced-size, or partial, frame buffer, and the interface (DSI) to the host processor may
be shut down to reduce power consumption.

Command Mode refers to operation in which transactions primarily take the form-of sending commands and data
to a peripheral, such as a display module, that incorporates a display.controller.: Thedisplay controller may
include local registers and a frame buffer. Systems using Command-Mode write to, and read from, the registers
and frame buffer memory. The host processor indirectly controls, activity\at\the peripheral by-sending commands,
parameters and data to the display controller. The host processor can also'read display-module-status information
or the contents of the frame memory. Command Mode operation-requires a bidirectional.interface:

Video Mode refers to operation in which transfers from the host processorto the peripheral take the form of a
real-time pixel stream. In normal operation; the display module relies . on-the-host processor to provide image data
at sufficient bandwidth to avoid-flicker-or other visible artifacts'in the displayed/image. Video information should
only be transmitted using. High Speed.Mode. Some. Video Mode “architectures may include a simple timing
controller and partial frame buffer, used to maintain(a partial-screen-or lower-resolution image in standby or Low
Power Mode! This permits the.interface tobe-shut down to reduce power consumption. To reduce complexity and
cost, systems that only.operate in Video Mode may use-a unidirectional data path.

Configuration:

MCU (Master) Display Module (Slave)
Unidirectional Lane Unidirectional Lane
Clock Lane m Clock Only m Clock Only
m Escape Mode(ULPS Only) s Escape Mode(ULPS Only)
Bi-directional Lane Bi-directional Lane
DataLane 0 | ™ Forward High-Speed m Forward High-Speed
m Bi-directional Escape Mode | m Bi-directional Escape Mode
m Bi-directional LPDT m Bi-directional LPDT
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5.3.3 Display Module Pin Configuration for DSI

T — 1
Resistance Inductance | HS-RX
| |
DSECL A0 |
| nye | + |
Module Connector I Resistance. I
Capacitance — |
| ] |
Resistance Inductance | Resistance c“pucimncfj; |
777 || _ |
| |
Module Connector | !
Capacitance |t —_———— |
[-———————————————————=-—
| LP-RX
77| | |
! |
: |
0 |
" |
|
! |
h N\ \\\AY & n
W\ U N \ B \ V77 2\ P a
Resistance Inductdnge | HS-RX
DSL-D0 I |
|
| Hy/LP-{-—+ |
Module Conriector | Resisane |
Capacitance | |
T\e -
Resistance Inductance | Resistancg Capacitancg I
| £ I
| |
Module Connector | |
Capacitance L e e e e |
(—————————————————————-=
| LP-RX
! |
! |
! |
|
[ |
" |
|
|
|
- _ - - e ______ 1
R e
|
| LP-TX!
|
" |
I \i\ !
| |
| /l/ |
|
i |
|
e e e e e e n
[——————————— —— —————— ———
[ LP—CDI
! |
! |
' |
! |
: |
|
! [
- _ o ________ 1
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5.3.4.1 GENERAL DESCRIPTION

Communication sequences between the MCU and the display module are described on chapter “5.3.2.3.3
Communication Sequences”.

The communication can be separated 2 different levels between the MCU and the display module:
. Low level communication what is done on the interface level

. High level communication what is done on the packet level

5.3.4.2 Interface Level Communication

5.3.4.2.1 General

The display module uses data and clock lane differential pairs for DSI (DSI-1M). Both differential lane pairscan
be driven Low Power (LP) or High Speed (HS) mode.

Low Power mode means that each line of the differential pair is used.in=single-end mode ‘and a differential
receiver is disable (A termination resistor of the receiver is disable) and, it can be'driven‘into a low power mode.
High Speed mode means that differential pairs (The termination resistor of the‘receiver is enable) are not used in
the single end mode. There are used different modes and:protocol in each-mode when'there is'wanted to transfer
information from the MCU to the display module and vice versa.

The State Codes of the High Speed (HS) and Low Power (LP) lane pair are defined below.

Lane Pair Line DC Voltage Levels High Speed(HS) Low-Power(LP)

State Code DO+ -line DO- -line Burst Mode Control Mode Escape Mode
HS-0 Low (HS) High (HS) Differential-0 Note 1 Note 1
HS-1 High (HS) Low (HS) Differential-1 Note 1 Note 1
LP-00 Low (LP) Low (LLP) Not Defined Bridge Space
LP-01 Low (LP) High (LP) Not Defined HS-Request Mark-0
LP-10 High (LP) Low (LP) Not Defined LP-Request Mark-1
LP-11 High (LP) High (LP) Not Defined Stop Note 2

NOTES:

1. Low-Power Receivers (LP-Rx) of the lane pair are checking the LP-00 state code, when the Lane Pair is in the High
Speed (HS) mode.

2. If Low-Power Receivers (LP-Rx) of the lane pair recognizes LP-11 state code, the lane pair returns to LP-11 of the Control
Mode.
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5.3.4.2.2 DSI-CLK Lanes

DSI-CLK+/- lanes can be driven into three different power modes: Low Power Mode (LPM), Ultra Low Power
Mode (ULPM) or High Speed Clock Mode (HSCM). Clock lanes are in a single end mode (LP = Low Power) when
there is entering or leaving Low Power Mode (LPM) or Ultra Low Power Mode (ULPM). Clock lanes are in the
single end mode (LP = Low Power) when there is entering in or leaving out High Speed Clock Mode (HSCM).
These entering and leaving protocols are using clock lanes in the single end mode to generate an entering or
leaving sequences.

The principle flow chart of the different clock lanes power modes is illustrated below.

SW Reset
HW Reset
Power On Sequence

~ = = - T N\

l |
l |
l |
I I
I I
| _HSCM (HS Clocking) )

Clock Lanes Power Modes
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5.3.4.2.2.1 LOW POWER MODE (LPM)

DSI-CLK+/- lanes can be driven to the Low Power Mode (LPM), when DSI-CLK lanes are entering LP-11 State

Code, in three different ways:

1) After SW Reset, HW Reset or Power On Sequence =>LP-11

2) After DSI-CLK+/- lanes are leaving Ultra Low Power Mode (ULPM, LP-00 State Code) =>LP-10 =>LP-11
(LPM). This sequence is illustrated below.

ULPM LPM
LP-00 LP-11

DSI-CLK+ — — —— -

DSI-CLK+ / DSI-CLK-

DSI-CLK- = T = / /

LP-(&_.: LP- JO>_> LP-J>

|
Time >

From ULPM to LPM

3) After DSI-CLK+/- lanes are*leaving High Speed Clock Mode (HSCM; HS-0 or HS-1 State Code) =>HS-0
=>LP-11 (LPM). This sequenceis illustrated below.

LPM
HSCM WF11
Termination
Resistor
is disable
DSL-CLK+ /)
DSI-CLK- Bﬁgi? _____
HS-0 - -
or
HS-1 HS-0 LP-11
P - - .

Ti
1me -

From High Speed Clock Mode (HSCM) to LPM
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All three mode changes are illustrated a flow chart below.

SW Reset
HW Reset
Power On Sequence

Mode Change -

— e e - e —

[
I
I
I
I
(

HSCM (HS Clocking)

N e o e e —— —— —— — — —— — —

All Three Mode Change to LPM on the Flow Chart
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5.3.4.2.2.2 ULTRA LOW POWER MODE (ULPM)

DSI-CLK+/- lanes can be driven to the Ultra Low power Mode (ULPM), when DSI-CLK lanes are entering LP-00
State Code. The only entering possibility is from the Low Power Mode (LPM, LP-11 State Code) =>LP-10

=>LP-00 (ULPM). This sequence is illustrated below.

ULPM LPM
LP-11 LP-00

DSI-CLK+
DSI-CLK-

R\
Ll o L0 o LPQO

0
Time -

From LPM to ULPM

The mode change is also illustrated below:
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SW Reset
HW Reset
Power On Sequence

Mode Change =y

—_— e N Len

|
I
|
|
[
| HSCM (HS Clocking)

N e e o o o e —— — —— — -

Mode Change from LPM to ULPM on the Flow Chart
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5.3.4.2.2.3 HIGH SPEED CLOCK MODE (HSCM)

DSI-CLK+/- 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 illustrated below.

Termination
LPM Resistor HSCM
is enable HS-0
LP-11 o

Y
\
DSI-CLK+ \\
DSI-CLK- \ /)T~
L _H_ —_——
LP-11 LP-(‘I LP-% HS-0: HS-0/
Time >

From LPM to HSCM

The mode change is also illustrated below.
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SW Reset
HW Reset
Power On Sequence

Mode Change =y

|
|
[
I
I
)

Mode Change from LPM to HSCM on the Flow Chart
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The high speed clock (DSI-CLK+/-) is started before high speed data is sent via DSI-D0+/- lanes. The high speed
clock continues clocking after the high speed data sending has been stopped.
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The burst of the high speed clock consists of :

o Even number of transitions
o  Start state is HS-0
o  End state is HS-0
Termination
LPM Resistor is
LP-11

enable

DSI-CLK+

DSI-CLK-

HSCM

Termination
Resistor is LPM
LP-11

disable

ThE-skip

DSI-D0+

DSI-DO-

Preparation from Low Powei Mode to High Speed Mode, (Tsor = Start of the
T ission)

m: HSDT o
> L
THE PREPARE \
>
DSI-CLK+ 4 , a2 IR 0 I
DSI-CLK- ) \N N \ s \__7/ __/ __7
D [
1)
\
DSI-D0+ \\
\ \7
DSI-DO0- [ B R A \
LP-1 LP-01 LP-00 HS:0 Rx Synchronized
N —————— >
ThESETTLE . Tx Synch:onization .
: -t >
Low Power Modg,
L Disable Rx Ling Termination - High Speed Mode, Enable Rx Line Termination -
-t -t L
High Speed Data
Transmissio Teor LP-11
— LS > - >
- »
-t >
DSI-CLK+ 7\ VY /—\ VY 7\ /I~ \ 7T 77
DSI-CLK- @, \__/ \__/ \ \ L/ \_ s \__s
Note == / [ _______
DSI-DO+ S ﬂ‘ ————]f[ ————— JJ_
\
N RIS S | SRy——— 7
DSI-DO- 7 s
L HE-SKIP -
-t L
The last'load R The-TRAL -~ Theexir -
bit -t L L
- HS-0or HS-1 » Low Power Mode,
High Speed Mode, Enable Rx Line Termination . Disable Rx Line Termination
> >
Note :

If the last load bit Is HS-0, the transmitter changes from HS-0 to HS-1.
If the last load bit Is HS-1, the transmitter changes from HS-1 to HS-0.

DSI-CLK+, DSI-DO+— — — — -
DSI-CLK-, DSI-DO-

High Speed Clock Burst
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5.3.4.2.3 DSI-Data Lanes

5.3.4.2.3.1 General

DSI-D0+/- Data Lanes can be driven in different modes which are:
. Escape Mode

. High-Speed Data Transmission

. Bus Turnaround Request

These modes and their entering codes are defined on the following table.

Mode Entering Mode Sequence Leaving Mode Sequence
Escape Mode LP-11—LP-10—-LP-00—~LP-01—-LP-00 LP-00—LP-10—~LP-11(Mark-1)
High-Speed Data Transmission | LP-11—LP-01—LP-00—~HS-0 (HS-0 or HS-1)—~LP-11
Bus Turnaround Request LP-11—LP-10—LP-00—LP-10—LP-00 High-Z

Notes:

1. DSI-D0+/- data lanes are used.
2. More information on section “Bus Turnaround (BTA)”
5.3.4.2.3.2 Escape Modes

Data lanes (DSI-D0+/-) can be used in different Escape Modes ‘when-data lanes are in Low-Power (LP) mode.

These Escape Modes are used to:

» Send “Low-Power Data Transmission” (LPDT),e-g..from the MCU'to the display module

* Drive data lanes to “Ultra-Low Power State” (ULPS)

« Indicate “Remote Application Reset” (RAR), which.is reset the display module

» Indicate “Tearing Effect” (TEE), which is(used for a TE line-event from the display module to the MCU

* Indicate “Acknowledge” (ACK), which.is used for a.non-error event from‘the display module to the MCU

The basic sequence of the-Escape Mode is as follow

» Start: LR-111

 Escape Mode Entry (EME): LP-11-LP-10-+LP-00—LP-01—LP-00

» Escape Command (EC), which, is coded, when one of the data lanes is changing from low-to-high-to-low then
this changed data lane is presenting’a value of the current data bit (DSI-DO+ = 1, DSI-D0O- = 0) e.g. when
DSI-D0- is changing from low-to-high-to-low, the receiver is latching a data bit, which value is logical 0. The
receiver is using this low-to-high-to-low transition for its internal clock.

* A load if it is needed

» Exit Escape (Mark-1) LP-00—LP-10—LP-11

* End: LP-11

This basic construction is illustrated below:

Load
If needed

Escape Mode Escape
Entry (EME), Command
< ;
\
\
\
DSI-DO+ Vo
DSI-DO- DSI-D04+ ————-
LP-11 LP-10 LP-Q0 DSL-DO-  ———
>0 >
General Escape Mode Sequence
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The number of the different Escape Commands (EC) is eight. These eight different escape commands (EC) can
be divided 2 different groups: Mode or Trigger. The MCU is informing to the display module that it is controlling
data lanes (DSI-D0+/-) with the mode e.g. The MCU can inform to the display module that it can put data lanes in
the low power mode. The MCU is waiting from the display module event information, which has been set by the
MCU, with the trigger e.g. when the display module reaches a new V-synch, the display module sent to the MCU
a TE trigger (TEE), if the MCU has been requested it.

Escape commands are defined on the next table.
This basic construction is illustrated below:

Escape Command Command Type Entry Command Pattern
Mode/Trigger (First Bit > Last Bit Transmitted)

Low-Power Data Transmission Mode 1110 0001y,
Ultra-Low Power Mode Mode 0001 1110y,
Underfined-1, Note Mode 1001 1111,
Underfined-2, Note Mode 11011110,
Remote Application Reset Trigger 0110 0010gin
Tearing Effect Trigger 01011101 pin
Acknowledge Trigger 00100001,
Unknow-5, Note Trigger 1010 0000y,

Note: This Escape command support has not been implemented on the display module.
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Low-Power Data Transmission (LPDT)

The MCU can send data to the display module in Low-Power Data Transmission (LPDT) mode when data lanes
are entering in Escape Mode and Low-Power Data Transmission (LPDT) command has been sent to the display
module. The display module is also using the same sequence when it is sending data to the MCU.

The Low Power Data Transmission (LPDT) is using a following sequence:
« Start: LP-11
» Escape Mode Entry (EME): LP-11—LP-10—~LP-00—LP-01—LP-00
» Low-Power Data Transmission (LPDT) command in Escape Mode: 1110 0001 (First to Last bit)
» Load (Data):
» One or more bytes (8 bit)
« Data lanes are in pause mode when data lanes are stopped (Both lanes are low) between bytes
» Mark-1: LP-00—LP-10—~LP-11
* End: LP-11
This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

- P— = Mark-1 -
) S TN —
\ /
§ /
DL i P10 LRG0 i IPGL, LRG0 LPGQF o P00 LRIl
Escape Mode
Entry (KME)
L el Low-Power Data Transmission (LPDT) ‘é‘Load (Dati)éﬁarki
DSI-D0+
DSI-DO0-
LP-IL - LP-IL
. . . s . e . DSI-DO+ ————-
Note : Load (Data) is presenting that the first bit is logical ‘1" in this example DSI-DO-
Low-Power Data Transmission (LPDT)
P Load (Data) -
% Load ] ] Load =
« Byten o Pause » a Bvtentl o
DSI-DO+
DSI-DO-
DSI-DO+ =————-
DSI-DO- @ ——m
Pause (Example)
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Ultra-Low Power State (ULPS)

The MCU can force data lanes in Ultra-Low Power State (ULPS) mode when data lanes are entering in Escape
Mode.

The Ultra-Low Power State (ULPS) is using a following sequence:
» Start: LP-11
» Escape Mode Entry (EME): LP-11—LP-10—LP-00—LP-01—LP-00
* Ultra-Low Power State (ULPS) command in Escape Mode: 0001 1110 (First to Last bit)
» Ultra-Low Power State (ULPS) when the MCU is keeping data lanes low
» Mark-1: LP-00—~LP-10—~LP-11
* End: LP-11
This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

< > - Mark-1 >
g ANPIGS NS
\ /
\ /
LP-11 LP-10 LP—(i() LP-01 LP-00 _ _ _
i > LP-Q0 > LP-10 > LP-11
Escape Mode
REE Ultra-Low. Power State (ULPS) Loy Mark-1
tra-Low.Power State P State ~ 1
< »4 ower & H
L L
DSI-DO+
DSI-DO- DSI-DO+ ————-
Iy N (— DSI-DO- ——m
LP-11 - 0 0 0 1 1 1 1 0 - - - LP-11
Time >
Ultra-Low Power State (ULPS)
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Remote Application Reset (RAR)

The MCU can inform to the display module that it should be reset in Remote Application Reset (RAR) trigger
when data lanes are entering in Escape Mode.

The Remote Application Reset (RAR) is using a following sequence:

» Start: LP-11

» Escape Mode Entry (EME): LP-11—LP-10—LP-00—LP-01—LP-00

» Remote Application Reset (RAR) command in Escape Mode: 0110 0010 (First to Last bit)
» Mark-1: LP-00—LP-10—LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME) Mark-1

- > - >
A A NS S
\ /l
E /
\ /
LP-11 LP-10 LP-Q0 LP-Q1 LP-00 y . .
> > > > LPO_>LP]O_>LP1
Escape Mode
Entry (EME)
Remote Application Reset(RAR) Mark-1
<>« -
DSI-DO0+
DSI-DO- DSI-DO+ ————-
DSI-DO-
LP-11 LP-11
> 01 1 0 0 0 1 Opi
Time >
Remote Application Reset (RAR)
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Tearing Effect (TEE)

The display module can inform to the MCU when a tearing effect event (New V-synch) has been happen on the
display module by Tearing Effect (TEE).

The Tearing Effect (TEE) is using a following sequence:

» Start: LP-11

» Escape Mode Entry (EME): LP-11—LP-10—LP-00—LP-01—LP-00

* Tearing Effect (TEE) trigger in Escape Mode: 0101 1101 (First to Last bit)

» Mark-1: LP-00—LP-10—LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME) Mark-1

N > - >
\ SR I
\ /
\ /
\ /
LP-11 LP-10 LP-Q0 LP-Ql LP-Q0 N - -
> » > > PRy P, L
Escape Mode
Entry (EME
N ) Tearing Effect Trigger (TEE) Mark-1

I\ ]\ ]\ |\ 1\

1\ [ T I T | )\

DSI-DO+ [ /I T I R | [
DSI-DO- [ vy v [ DSI-DO+ ————-
— L— | ] [} | Y A Y L DSI-DO- —m88—

LP-11

Tearing Effect (TEE)
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Acknowledge (ACK)

The display module can inform to the MCU when an error has not recognized on it by Acknowledge (ACK).
The Acknowledge (ACK) is using a following sequence:

« Start: LP-11

* Escape Mode Entry (EME): LP-11—LP-10—LP-00—LP-01—LP-00

» Acknowledge (ACK) command in Escape Mode: 0010 0001 (First to Last bit)

» Mark-1: LP-00—~LP-10—~LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

Mark-1
- > - - >
! AP S N
\ Il
\ /
\ /
LP- LP- LP-
LP-11 LP-10 LP-00 LP-01 LP-00
> P> —50p-—pp-—L0p-—pp-—Hp»-
Escape Mode
Entigf (YA Acknowledge (ACK) Mark-1,
H ‘ . :< > ‘ . H
DSI-DO0+
DSI-DO- DSI-DO+ ————-
DSI-D0- ———
LP-11 LP-11
> > 0 0 1 0 0 0 0 1y, ) )
Time >
Acknowledge (ACK)
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5.3.4.2.3.3 HIGH SPEED DATA TRANSMISSION (HSDT)
Entering High-Speed Data Transmission (Tsor of HSDT)

The display module is entering High-Speed Data Transmission (HSDT) when Clock lanes DSI-CLK+/- have
already been entered in the High-Speed Clock Mode (HSCM) by the MCU. See more information on chapter
“5.3.4.2.2.3 High-Speed Clock Mode (HSCM)”.

Data lanes of the display module are entering (Tsot) in the High-Speed Data Transmission (HSDT) as follows

« Start: LP-11

* HS-Request: LP-01

» HS-Settle: LP-00—HS-0 (Rx: Lane Termination Enable)

* Rx Synchronization: 011101 (Tx (= MCU) Synchronization: 0001 1101)

» End: High-Speed Data Transmission (HSDT) — Ready to receive High-Speed Data Load

This same entering High-Speed Data Transmission (Tsor of HSDT) sequence is illustrated-below

Preparation from Low Power Mode to High Speed Mode (Tsor = Start of the Transmission) HSDT o

Trex T HE PREPARE,
[
> |

A

DSLCLK+\ 7 / VRIS / / VAP A 7=\ VR 7~
DSI-CLK-

I/
L
I/
r
N
I/
L
(
L
N
I/
I\
N

DSI-DO+ \

DSI-DO-

LP-11 LP-10.. LP-00— HS:0 Rx Synchronized

- .y <
>

- - —
TiEsermie Tx Synchronization

vy

Low Power-Modeé,

Disable Rx Line Termination High-Speed Mode, Enable Rx Line Termination

-l
=

-l
-}

DSI-CLK+, DSI-DO+ — ———-
DSI-CLK-, DSI-D0-

Entering High-Speed Data Transmission (Tsor of HSDT)

2011/10/06 80 V2.0

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.



\ NGVATEK NT35410

Leaving High-Speed Data Transmission (Tgor of HSDT)

The display module is leaving the High-Speed Data Transmission (Tgor of HSDT) when Clock lanes DSI-CLK+/-
are in the High-Speed Clock Mode (HSCM) by the MCU and this HSCM is kept until data lanes are in LP-11 mode.
See more information on chapter “5.3.4.2.2.3 High-Speed Clock Mode (HSCM)”.

Data lanes of the display module are leaving from the High-Speed Data Transmission (Tgor of HSDT) as follows
« Start: High-Speed Data Transmission (HSDT)
» Stops High-Speed Data Transmission
* MCU changes to HS-1, if the last load bit is HS-0
* MCU changes to HS-0, if the last load bit is HS-1
» End: LP-11 (Rx: Lane Termination Disable)

This same leaving High-Speed Data Transmission (Tgor of HSDT) sequence is illustrated below

High Speed Data
: Transmission>< Teor > < LP-11 >
-
DSI-CLK+ ﬂ:\/ /7~ / / 7\ /_\ e :\/_
DSI-CLK- \_ N ~ \_ M\ W AL Lz N -

: Note

oD\
<—>/__ __________ R RN § A Sp—— \ // ]}_

DSI-DO+
| 2
DSI-DO- e s AN . B
THE—SKIP
- >
The last load | Tue TRAIL > The-exir
- HS-00r HS-1 - Low Power Mode,
High Speed Mode;, Enable Rx Line Termination > Disable Rx Line Termination»
Note :
If the last load bit-Is:\HS-0; the transmitter changes from HS-0 to HS-1. ggigtgf gi?g? —————
If the last load bit Is HS-1, the transmitter changes from HS-1 to HS-0. TR e
Leaving High-Speed Data Transmission (Tgor of HSDT)
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Burst of the High-Speed Data Transmission (HSDT)
The burst of the high-speed data transmission (HSDT) can consist of one data packet or several data packets.
These data packets can be Long (LPa) or Short (SPa) packets. These packets are defined on chapter “5.3.4.3.1
Short Packet (SPa) and Long Packet (LPa) Structures®.

These different burst of the High-Speed Data Transmission (HSDT) cases are illustrated for reference purposes
below.

<T@
@<

Single Packet in High- Speed Data Transmissions

@< TED D@
I E<_

Multiple Packets in High- Speed Data Transmission- Examples

| HS Transmission Examples with EoT packet-disabled |

EoT.
Packet

P @< B @<

EoT
Packet

I

Single Packet in High- Speed Data Transmissions

EoT
Packet

< TED<ECEE<

EoT
Packet

B > =y

Multiple Packets in High- Speed Data Transmission- Examples

| HS Transmission Examples with EoT packeten abled |

Abbreviation Explanation
EoT End of the Transmission
LPa Long Packet
LP-11 Low Power Mode, Data lanes are’'1’s (Stop Mode)
SPa Short Packet
SoT Start of the Transmission
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Bus Turnaround (BTA)

The MCU or display module, which is controlling DSI-D0+/- Data Lanes, can start a bus turnaround procedure
when it wants information from a receiver, which can be the MCU or display module.

The MCU or display module are using the same sequence when this bus turnaround procedure is used. This

sequence is described for reference purposes, when the MCU wants to do the bus turnaround procedure to the

display module, as follow.

» Start (MCU):LP-11

* Turnaround Request (MCU): LP-11 - LP-10 > LP-00 - LP-10 - LP-00

» The MCU wait until the display module is starting to control DSI-D0+/- data lanes and the MCU stop to control
DSI-D0+/- data lanes (=High-Z)

* The display module changes to the stop mode: LP-00 > LP-10 > LP-11

The same bus turnaround .procedure (From the MCU to the display module) is illustrated below.

Bus Turnaround (BTA)

B

The MCU waits until'the
display module-starts'to
control-data lanes (its
outputdrivers).when the

Display Module Controls

MCU Controls Data Lanes MCU can put output Data Lanes
drivers in the-high-Z
Turnaround Request (TAR) m)oEe LP-Rgquest
-~ e ol I i N
___________ 4 = I I
\_ /. - /
N\ WWS— y
LP-11 LP-10 LP-00 LP-10 LP-00 LP-00 LP-00 LP-10 LP-11
—_———
Time -
DSI-DO+ —:—:—-—
DSI-DO

Bus Turnaround Procedure

MCU and the display module terms are switched on above figure, if the Bus Turnaround (BTA) is from the display
module to the MCU..
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5.3.4.3 Packet Level Communication

5.3.4.3.1 Short Packet (SPa) and Long Packet (IPa) Structure

Short Packet (SPa) and Long Packet (LPa) are always used when data transmission is done in Low Power Data
Transmission (LPDT) or High-Speed Data Transmission (HSDT) modes.

The lengths of the packets are
« Short Packet (SPa): 4 bytes
» Long Packet (LPa): From 6 to 65,541 bytes

The type (SPa or LPa) of the packet can be recognized from their package headers (PH).
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Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission

DI: Data Identification (8 bit)

Packet Data Data 0 and Data 1: Packet Data (8+8 bit)
A ECC: Error Correction Code (8 bit)
r \] EoT: End of Transmission

Short Packet (SPa) Structure

LP-11: Low Power —Stop State

Packet Header (PH) SoT: Start of Transmission
A DI:Data ldentification, (8 bit)
- \I WC: Word Count-(16 bit)
ECC: Error Correction Code-(8-bit)
LP-11 SoT DI | Wor: Data 0,2 WC-1): Packet Data (0 — 65,535 bytes)

CS: Checksum (16 bit) = Packet Footer (PF)
EoT: End of Transmission

Long Packet (LPa) Structure

Note:

Short Packet (SPa) Structure and Long Packet (LPa) Structure are presenting a single packet sending (= Includes LP-11,
SoT and EoT for each packet sendings).

The other possibility is that there is not needed SoT, EoT and LP-11 between packets if packets have sent in multiple
packet format e.g.

* LP-11 =>SoT =>SPa =>LPa =>SPa =>SPa =>EoT =>LP-11

* LP-11 =>SoT =>SPa =>SPa =>SPa =>EoT =>LP-11

* LP-11 =>SoT =>LPa =>LPa =>LPa =>EoT =>LP-11
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5.3.4.3.1.1 Bit Order of the Byte on Packets

The bit order of the byte, what is used on packets, is that the Least Significant Bit (LSB) of the byte is sent in the
first and the Most Significant Bit (MSB) of the byte is sent in the last.

This same order is illustrated for reference purposes below.

DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
ijojoftjojt1jojojtjojojojojojojojojojofjojojofjojojoft1jt1jojojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]12]3]4]5]|6|7]0]1]2]3|4]5|6]7]0|1]2]|3]|4]|5|6]7]0]J1]2]|3]4]|5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B BB B|B BB B
Time >

Bit Order of the Byte on Packets

5.3.4.3.1.2 Bit Order of the Multiple Byte Information on‘Packets

Byte order of the multiple bytes information, what.is used on packets, is that the Least Significant (LS) Byte of the
information is sent in the first and the Most Significant\(MS) Byte of the information\is\sent.in-the last e.g. Word
Count (WC) consists of 2 bytes (16 bits) when the LS byte-is sent in the first-and the MS-byte is sent in the last.

This same order is illustrated for'reference purposes below.

WC(Least Significant Byte) | WC(Most Significant Byte)
01hex 00hex

ojojojojofo ojojojojofo
B|IB|B|B B|IB|B|B
21314 21314

o1
o W
o1 W
o W

|wcn|—ow—~
wo=Z|~wo o

V|UJ(D§\IUJO

Time

Byte Order of the Multiple Byte on Packets
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5.3.4.3.1.3 Packet Header (PH)

The packet header is always consisting of 4 bytes. The content of these 4 bytes are different if it is used to Short
Packet (SPa) or Long Packet (LPa).

Short Packet (SPa):

« 1st byte: Data Identification (DI) => Identification that this is Short Packet (SPa)

» 2nd and 3rd bytes: Packet Data (PD), Data 0 and 1

* 4th byte: Error Correction Code (ECC)

Packet Header(PH)
—
DI Data 0 Data 1 ECC
15hex 3Ahex 07hex 18hex
1]ol1]of1]o]ofo]ofl1|o]t1|ft1]1]ofjoft1]1|]1]o]jojo]o]jojo]jofo]1]1|o]ofo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B
ol1l213)4l5f6]7]of1]2]3[4]5]|6]7]o)1f/2]3|4[5]6]7l0]1]2]3]4]|5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
| B B|B B|B B|B | B
Time >
Packet Header (PH)-on Short Packet (SPa)
Long Packet (LPa):
« 1st byte: Data-ldentification (DI).=> ldentification that this is Long Packet (LPa)
* 2nd and:3rd bytes: Word Count (WC)
» 4th byte: Error Correction Code (ECC)
Packet Header (PH)
A
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
1]ojo]1]o|l1]oJof1]o]ofjo]o]o]o]ojo]o]ojo]jolofjo]o|o|1]1]o]jo]o]o]oO
Bl/B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B
of1]2]|3|4]|5]6]7]o]1]2]|3|4]5]|6|7]o|1f2]3|4]5]|6|7]o]1[2]3]|4[5]6]7
L M|L M|L M|L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >
Packet Header (PH) on Long Packet (LPa)
2011/10/06 87 V2.0

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.



\ NGVATEK NT35410

Data Identification (DI)

Data Identification (DI) is a part of Packet Header (PH) and it consists of 2 parts:
« Virtual Channel (VC), 2 bits, DI[7...6]
» Data Type (DT), 6 bits, DI[5...0]

The Data Identification (DI) structure is illustrated on a table below.

Data Identification (DI) Structure

Data Identification (DI)
Virtual Channel (VC) Data Type (DT)
Bit7 | Bit6 Bit5 | Bita | Bit3 | Bit2 [ Bitl Bit 0

Data Identification (DI) is illustrated on Packet Header (PH) for reference purposes below:.

Packet Header (PH)

A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
1loJof1]of1]ofoft1fo]ofo]ofo]ofo]ofo]ofo|oflofo]ofo]t1|1]o]o]ofo]oO
B[B|B|B|B[B[B|BIB|B|B|B|B[B|B|B|B[B|B|B[B[B|B|(B[B[B|B|B[B[B[B|B
ol1]2]3|4]s5]6]7lo]1]2]|3|4f5]6]7]of1]2]|3f4]5]6|7]0o]1]2]|3|4]5]6]7
L M| L M| L M| L M
S S|s S|s S|s S
B B|B BB B|B B
Time >
Data Identification (DI) on.the Packet Header (PH)
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Virtual Channel (VC)

Virtual Channel (VC) is a part of Data Identification (DI[7...6]) structure and it is used to address where a packet is
wanted to send from the MCU.

Bits of the Virtual Channel (VC) are illustrated for reference purposes below.

Packet Header (PH)

A
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
i1]ojoft1]jo|jt1jojojtjojojojojojojofjojojofjojojofjojojoft1jt1jojojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]2]3]4]546|7)0]1]2]3|4]5|6]7]0|1]2]|3]|4]|5]|6]7]0]J1]2]|3]4]|5]6]7
L M| L M| L M| L M
S S|S SIS S|S S
B BB B|B BB B
Time >

Virtual Channel (VC) on the Packet . Header (PH)

Virtual Channel (VC) can address 4 different channels for-e.g. 4 different display.modules. Devices are using the
same virtual channel what the MCU-is using.to send-packets to them e.g:

» The MCU is using the virtual\channel 0 when'it sends packets to this display module

» This display module is also using the-virtual channel-0 when it sends packets to the MCU

This functionality.is illustrated.below.

r—=—-% ey -————————-——-———- |

Long and IThls. Display Module |

Short | DI[7:6]=VC[1...0]=00b (This display Module) |

Packets | |

i A Virtual Reserved I

MCU < P Channel |
[ / Selector Reserved '

: Reserved :

Virtual Channel (VC) Configuration
Virtual Channel (VC) always 0 (D[7...6]=VC[1...0]000b) when the MCU is sending “End of Transmission Packet”
to the display module. See section “End of Transmission Packet (EoTP)

This display module is not supporting the virtual channel selector for other device (1 to 3) when only possible
virtual channel (VCI1...0]) is 00b for this display module.
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Data Type (DT)

Data Type (DT) is a part of Data Identification (DI[5...0]) structure and it is used to define a type of the used data
on a packet.

Bits of the Data Type (DT) are illustrated for reference purposes below.

Packet Header (PH)

A
—
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
ilololt1]o[1|olo|1]ofloflofofo]ofo]o]o]o]o]lo]ofo|lofo|t1|[1|ofo]o]o]o
B(B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|[B|B|B|B|B|B|B|B|B|B
ol1]2]3fa|5])e6]7fof1]2]3f4|5]|6]|7]|of1|2])3]|4f5]6]7]|of1[2]|3]4]|5]6]7
L M| L M| L M| L M
S s|s s|s s|s S
B B|B B|B BB B
Time >
Data Type (DT) on the Packet Header (PH)
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This Data Type (DT) also defines what the used packet is: Short Packet (SPa) or Long Packet (LPa). Data Types
(DT) are different from the MCU to the display module (or other devices) and vice versa.

These Data Type (DT) are defined on tables below.

Data Type (DT) from MCU to the Display Module (or Other Devices)

Data Type Datg Type Description Papket Note
Hex Binary Size
08h 00 1000 End of Transmission packet Short 1
05h 00 0101 DCS WRITE, no parameters Short
15h 01 0101 DCS WRITE, 1 parameter Short
06h 000110 DCS READ, no parameters Short
37h 11 0111 Set Maximum Return Packet Size Short
09h 00 1001 Null Packet, no data Long 2
39h 11 1001 DCS Long Write/Write_LUT Command Packet Long
01h 00 0001 Sync Event, V Sync Start Short 7
11h 01 0001 Sync Event, V Sync End Short 7
21h 10 0001 Sync Event, H Sync Start Short 7
31h 11 0001 Sync Event, H Sync End Short 7
02h 00 0010 Color mode (CM)-Off Command Short 7
12h 01 0010 Color mode (CM) On Command Short 7
22h 10 0010 Shut Down Peripheral Command Short 7
32h 11 0010 Turn-On Peripheral Command Short 7
13h 01,0011 Generic Short Write;-1 parameter Short 3,4,8
23h 100011 Generic Short Write,-2-parameter Short 3,5,8
29h 10.1001 Generic Long Write Long 3,8
14h 010100 Generic Read, 1 parameter Short 3,4,8
24h 10 0100 Generic Read, 2 parameter Short 3,5,8
0Eh 00 1110 Packed Pixel Stream,16-bit RGB, 5-6-5 Format Long 7
1Eh 01 1110 Packed Pixel Stream,18-bit RGB, 6-6-6 Format Long 7
2Eh 10 1110 Loosely Packed Pixel Stream,18-bit RGB, 6-6-6 Format Long 7
3Eh 111110 Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Long 7
Notes:

1.

This can be used when the MCU wants to secure that there is the end of transmission in High Speed Data
Transmission (HSDT) mode.

2. This can be used when the data lanes are wanted to keep in High Speed Data Transmission (HSDT) mode.
3. The receiver process packets with data type (Generic Write/Read) the same way as data type (DCS Write /

NSO OAN

(e 4]

Read).

. Generic Write/Read with 1 parameter: Payload Bytes = Command + 00h.

. Generic Write/Read with 2 parameter: Payload Bytes = Command + Parameter.

. The receiver will ignore packets with data type that neither listed in table above nor in MIPI DSI spec.

. The data type for Video Mode Communication: 01h, 11h, 21h, 31h, 02h,12h 22h, 32h, OEh, 1Eh, 2Eh, 3Eh will
be disable (ignored packet) if bit DSIM of command BO0h is set to “0”.

. The data type for Generic write/read: 13h, 23h, 29h, 14h, 24h will be disable (ignored packet) if bit DSIG of
command BOh is set to “0".
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Data Type (DT) from the Display Module (or Other Devices) to the MCU

From the Display Module (or Other Devices) to the MCU

Hex let E’:"t B;t let B1't Bgt Description St';c;;t/kl_ertwg Abbreviation | Note
02h 0 0 0 0 1 0 | Acknowledge with Error Report Short AwER

1Ch | 0 1 1 1 0 0 | DCS Read Long Response Long DCSRR-L

21h 1 0 0 0 0 1 | DCS Read Short Response, 1 byte returned Short DCSRR1-S

22h 1 0 0 0 1 0 | DCS Read Short Response, 2 byte returned Short DCSRR2-S

1Ah 0 1 1 0 1 0 | Generic Read Long Response Long GENRR-L Note
11h 0 1 0 0 0 1 | Generic Read Short Response, 1 byte returned Short GENRR1-S Note
12h 0 1 0 0 1 0 | Generic Read Short Response, 2 byte returned Short GENRR2-S Note

The receiver will ignore other Data Type (DT) if they are not defined on tables: “Data Type (DT) from the MCU to

the Display Module (or Other Devices)” or “ Data Type (DT) from the Display Module (or Other'Devices)-to the

MCU".

Note: The data type for Generic write/read: 1Ah, 11h, 12 will be disable (ignored packet) if bit DSIG of command
BOh is set to “0".
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Packet Data (PD) on the Short Packet (SPa)

Packet Data (PD) of the Short Packet (SPa) is defined after Data Type (DT) of the Data Identification (DI) has
indicated that Short Packet (SPa) is wanted to send.

The Word Count (WC) indicates the number of Bytes of Packet of Packet Data (PD) send after the Packet
Header.

Packet Data (PD) of the Short Packet (SPa) consists of 2 data bytes: Data 0 and Data 1.
Packet Data (PD) sending order is that Data 0 is sent in the first and the Data 1 is sent in the last.
Bits of Data 1 are set to ‘0’ if the information length is 1 byte.

Packet Data (PD) of the Short Packet (SPa), when the length of the information is 1 or 2 bytes are illustrated for
reference purposes below, when Virtual Channel (VC) is 0.
Packet Data (PD) information:

» Data 0: 35hex (Display Command Set (DCS) with 1 Parameter => DI(Data Type (DT)).=15hex)
» Data 1: 01hex (DCS’s parameter)

Packet Header (PH)

AN
~ N
DI Data 0 Data 1 ECC
15hex 35hex 01hex 1Ehex
ijojt1fjojt1Jjojojogtjojt1tjojtj1jojojt1jojojojojojojojojt1tj1y1J1jojojo
B|B|B|B|B|B|B|BiB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0J1]2]3]45]|6]780]1]2]3]4|5]6]7]0]1]2]3]4|5|6]7)0]1]2]3]4]5]6]7
L My L M| L MJ L M
S S|S S|S S|S S
1 B|B B|B B|B E
Time >
Packet Data (PD) for Short Packet (SPa), 2 Bytes Information
Packet Data (PD) information:
» Data 0: 10hex (DCS without parameter => Dl(Data Type (DT)) = 05hex)
+ Data 1: 00hex (Null)
Packet Header (PH)
A
~ N
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
i1j]oji1jojojojojojojojojojtjojojojojojojojojojojogjojojtyj1yjofjt1jojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0J1]2]3]4|5]|6]780]1]2]3]4|5]6]7]0]1}]2]3]4|5|6]7)0]1]2]3]4]5]6]7
L My L M| L MJ L M
S S|S S|S S|S S
1 B|B B|B B|B E
Time >
Packet Data (PD) for Short Packet (SPa), 1 Bytes Information
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Word Count (WC) on the Long Packet (LPa)

Word Count (WC) of the Long Packet (LPa) is defined after Data Type (DT) of the Data Identification (DI) has
indicated that Long Packet (LPa) is wanted to send.

Word Count (WC) indicates a number of the data bytes of the Packet Data (PD) what is wanted to send after
Packet Header (PH) versus Packet Data (PD) of the Short Packet (SPa) is placed in the Packet Header (PH).

Word Count (WC) of the Long Packet (LPa) consists of 2 bytes. The word count value should be greater than 1.

These 2 bytes of the Word Count (WC) sending order is that the Least Significant (LS) Byte is sent in the first and
the Most Significant (MS) Byte is sent in the last.

Word Count (WC) of the Long Packet (LPa) is illustrated for reference purposes below.
Packet Header (PH)
_A

~ T~

DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC

29hex 01hex 00hex 06hex
ijojojt1jojt1jojoytjojojojojojojojojojojojojojojojoyj1jtjojojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B
0]112]3]4]|5]|6]7)0]1]J2|3]4]5|6]7]0]1]2]3]4]5]6}740]1]12]|3]4]5]61]7
L ML M| L ML M
S S|S S|S S|S S
B BB B|B B|B B
Time >

Word Count (WC) on the Long Packet (LPa)
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Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission
e —\ D! Data Identification (8 bit)
Packet Data Data 0 and Data 1: Packet Data (8+8 bit)

ECC: Error Correction Code (8 bit)

Short Packet (SPa) EoT: End of Transmission

LP-11 | SsoT DI LP-11

\i

Time

Short Packet (SPa) Structure

LP-11: Low Power — Stop State

Packet Header (PH) SoT: Start of Transmission
A DI: Data Identification (8 bit)
Long Packet (LPa) N WC: Word Count (16 bit)

ECC: Error Correction Code (8 bit)

Data 0, ... WC-1): Packet Data (0 — 65,535 bytes)
CS: Checksum (16 bit) = Packet Footer. (PF)
EoT: End.of Transmission

\ Packet Data

\ 4

Packet Data in Short and Long Packets
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Error Correction Code (ECC)
Error Correction Code (ECC) is a part of Packet Header (PH) and its purpose is to identify an error or errors:

The ECC protects the following field”

*Short Packet (SPa): Data Identification (D) byte (8 bits: D[0...7]), Packet Data (PD) bytes (16 bits :D[8...23]) and
ECC (8 bits: P[0...7])

*Long Packet (LPa): Data Identification (DI) byte (8 bits: D[0...7]), Word Count (WC) bytes (16 bits : D[8...23]) and
ECC (8 bits: P[0...7])

D[23...0] is illustrated for reference purposes below.

Packet Header (PH)

A
— A\
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
i1jojt1jojofjojojojojojofjojtjofjojojojofjojojofjojojojojoyjtft1jojt1jojo
DI|D|{D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
0]1]2|3]4]5]6]7|8]9]10]J11|12]13]14]15]16]17]18]19]/20}21]|22]23 e e e
B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B{B|B|B|B|B|B|B|B
0]1]2|3]4]5]6]7]0]1]2]3|4|5|6]7]0]1]2]3]4|5|6]7§0]1]12]|3]4]5]|6]7
L M| L M| L MJ L M
S S|s S|s S|S S
B B|B B|B B|B B
Time -
D[23...0] and.P[7...0]-on the Short Packet(SPa)
Packet-Header (PH)
A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
i1fojojtjoftjojofjtjojojojojofjojojojofjojojofjojojojojtjt1jojojojojo
D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
0]1]2]3|4]5]6]17|18]9]10]J11|12]13]14]15]16]17]18]19]{20}21]22]23 I 1 I e
BlB|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|[B|B|B|[B|B|B|B|B|B|B|B|B|B|B
0]1]2]3|4]5]6]7]0]1]2]3|4|5|6]7]0]1]2]3]4|5|6]7§0]1]12]|3]4]5]6]7
L M| L M| L MJ L M
S S|s S|s S|S S
B B|B B|B B|B B
Time »

D[23...0] and P[7...0] on the Long Packet (LPa)

Error Correction Code (ECC) can recognize one error or several errors and makes correction in one bit error
case.

Bits (P[7...0]) of the Error Correction Code (ECC) are defined, where the symbol ‘' is presenting XOR function
(Pnis ‘1’ if there is odd number of ‘1’s and Pn is ‘0’ if there is even number of ‘1’s), as follows.

*P7=0

*P6=0

* P5=D10"D11~D127D13"D14"D15"D16~D17~D18"D19”D21~D22"D23

» P4 = D4*D5"D6"D7/D8"D9"D16”D17~D18"D19°D20"D22"D23

« P3 = D1~D2"D3"D7"D8"D9"D13"D14"D15*D19/D20"D21/D23

» P2 = D0O"D2"D3"D5*D6”D9"D11~D12*D15*D18*D20"D21~D22

» P1 = D0"D1~D3"D4*D6”D8"D10”"D12*D14"D17~D20"D21"D22"D23
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* PO = DO"D17D2"D4"D5"D7~D10~"D11~D13"D16”D20"D21~D22"D23
P7 and P6 are set to ‘0’ because Error Correction Code (ECC) is based on 64 bit value ([D63...0]), but this

implementation is based on 24 bit value (D[23...0]). Therefore, there is only needed 6 bits (P[5...0]) for Error
Correction Code (ECC).

Packet Header (PH)

A
— N
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
1fof1|ofofo]jo]o]o]ofofof[t1]o]o]ofofofofo]o]o]ofofofof1|[1]o]1]0]0
D[D]|D D|D D D|D D D D[DD[D]s,
of1]2 4|5 7 10{11 13 16 20|21|22(23
D|D D[D D D D D D D D|[D[D|D P
01 3|4 6 8 10| [12] |14 17 20[21]22(23
D D|[D D|D D D|D D D D[D]|D =
0 2|3 5|6 9 11]12 15 18| |20]21]22
D[D[D D[D|[D D[D|[D D[D[D D B3
1]2]3 7]8]9 13]14]15 19]20|21] |23 .
D[D[D[D[D[D|D|[D|D]|D D|D|D P5
10{11]12]|13]|14|15[16[17][18]19] |21|22|23
B|B|B|B|B[B|B[B|B[B|B[B[B[B[B|[B[B|B[B|B|B|B[B|[B|[B[B|B[B|B[B|[B[B
ol1]2]3]4]|5]|6|7fof1]2]3]|4]|5|6f7]o]1]2]|3]|4|5(6]7]of1]2]3]4]|5]|6]|7
L M| L M| L ML M
S s|s s|s s|s S
B B|B BB BB B
Time >
XOR Functionality on the Short Packet (SPa)
Packet Header (PH)
A
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
ifo]o oft1]ofo]1|o]ofo]o|o|o|ofo]ofo]ofo]ofo]ofof1]1|o]ofo]o]o
D[D[D D[D D D[D D D b[D|D[D]a,
of1]2 4|5 7 10{11 13 16 20|21|22(23
D|D D[D D D D D D D D|D[D|D -
01 3|4 6 8 10| [12] |14 17 20(21]22(23
D D[D D[D D D[D D D D[D[D s
0 2|3 5[6 9 11{12 15 18] |20]21]22
D[D[D D[D|[D D[D[D D[D[D D P3
1]2]3 7]8]9 13]14]15 19]20[21] |23 .
D[D[D[D|D[D|D|[D|D]|D D|D|D P5
10|11|12]13[14]|15]16]17]18[19] [21]|22|23
B|B|B[B|B[B|B[B|B[B|B[B[B[B[B|[B[B|B[B|B[B|B[B|[B[B[B|B[B|B[B[B[B
ol1]2]3]4]|5]|6|7fof1]2]3]|4]|5|6f7]o]1]2]|3]4|5(6]7]of1]2]3]4]|5]|6]|7
L M| L M| L ML M
S s|s s|s s|s S
B | B|B BB BB | B
Time >
XOR Functionality on the Long Packet (LPa)
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The transmitter (The MCU or the Display Module) is sending data bits D[23...0] and Error Correction Code (ECC)
P[7...0]. The receiver (The Display module or the MCU) is calculate an Internal Error Correction Code (IECC) and

compares the received Error Correction Code (ECC) and the Internal Error Correction Code (IECC). This
comparison is done when each power bit of ECC and IECC have been done XOR function. The result of this
function is PO[7...0].

This functionality, where the transmitter is the MCU and the receiver is the display module, is illustrated for
reference purposes below.

This Display Module
XOR
— = PO 7
MCU DSI
Internal ECC (IECC) |—] ' ]
Data: D[0...23] > Generator PI[0...7] 5 -
] ]
ECC: P[0...7] : :
: :
[ ] [ ]
[ ] [ ]
_
L_,| Xor —» POO

Internal Error Correction Code (IECC) on the Display Module (The Receiver)

The sent'data bits (D[23...0]). and ECC(P[7...0]) are received correctly, if a value of the PO[7...0]) is 00h. The
sent data bits (D[23...0]) and ECC (P[7...0]) are not received correctly, if a value of the PO[7...0]) is not 00h.

ECC P[7...0] 11 0000O00O0 03h
IECC PI[7...0] 11000000 03h
XOR(ECC,IECC) 0 00 0OO0OOO 0 =00h=>NoError
=>PQ[7...0]

L M

S S

B B

Internal XOR Calculation between ECC and IECC Values — No Error

ECC P[7...0] 11 0000O00O0 03h
IECC PI[7...0] 11110000 OFh
XOR(ECC,IECC) 00110000 =0Ch => Error
=>PQ[7...0]

L M

S S

B B

Internal XOR Calculation between ECC and IECC Values - Error
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The received Error Correction Code (ECC) can be 00h when the Error Correction Code (ECC) functionality is not
used for data values D[23...0] on the transmitter side.
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The number of the errors (one or more) can be defined when the value of the POJ[7...0] is compared to values on
the following table.

One Bit Error Value of the Error Correction Code (ECC)

Data Bit | PO7 | PO6 | PO5 | PO4 | PO3 | PO2 | PO1 | POO | Hex
D[0] 0 0 0 0 0 1 1 1 07h
D[1] 0 0 0 0 1 0 1 1 0Bh
D[2] 0 0 0 0 1 1 0 1 0Dh
D[3] 0 0 0 0 1 1 1 0 | OEh
D[4] 0 0 0 1 0 0 1 1 13h
D[5] 0 0 0 1 0 1 0 1 15h
D[6] 0 0 0 1 0 1 1 0 | 16h
D[7] 0 0 0 1 1 0 0 1 19h
D[8] 0 0 0 1 1 0 1 0 | 1Ah
D[9] 0 0 0 1 1 1 0 0 | 1Ch

D[10] 0 0 1 0 0 0 1 1 23h
D[11] 0 0 1 0 0 1 0 1 25h
D[12] 0 0 1 0 0 1 1 0 | 26h
D[13] 0 0 1 0 1 0 0 1 29h
D[14] 0 0 1 0 1 0 1 0 | 2An
D[15] 0 0 1 0 1 1 0 0 | 2Ch
D[16] 0 0 1 1 0 0 0 1 31h
D[17] 0 0 1 1 0 0 1 0 | 32h
D[18] 0 0 1 1 0 1 0 0 | 34n
D[19] 0 0 1 1 1 0 0 0 | 38h
D[20] 0 0 0 1 1 1 1 1 1Fh
D[21] 0 0 1 0 1 1 1 1 2Fh
D[22] 0 0 1 1 0 1 1 1 37h
D[23] 0 0 1 1 1 0 1 1 3Bh

One error is detected if the value of the PO[7...0] is on : One Bit Error Value of the Error Correction Code (ECC)
and the receiver can correct this one bit error because this found value also defines what is a location of the
corrupt bit e.g.

« PO[7...0] = OEh

» The bit of the data (D[23...0]), what is not correct, is D[3]

More than one error is detected if the value of the PO[7...0] is not on: One Bit Error Value of the Error Correction
Code (ECC) e.g. PO[7...0] = 0Ch.
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5.3.4.3.1.4 PACKET DATA (PD) ON THE LONG PACKET (LPA)

Packet Data (PD) of the Long Packet (LPa) is defined after Packet Header (PH) of the Long Packet (LPa). The
number of the data bytes is defined on chapter “Word Count (WC) on the Long Packet (LPa)”.

5.3.4.3.1.5 PACKET FOOTER (PF) ON THE LONG PACKET (LPA)

Packet Footer (PF) of the Long Packet (LPa) is defined after the Packet Data (PD) of the Long Packet (LPa). The
Packet Footer (PF) is a checksum value what is calculated from the Packet Data of the Long Packet (LPa).

The checksum is using a 16-bit Cyclic Redundancy Check (CRC) value which is generated with a polynomial
X16+X12+X5+X0 as it is illustrated below.

XOR(XOR (In,C0),C11 XOR(XOR (In,C0),C4)

C10|09|08|C7|06|05|C4

o CUlIED

16-bit Cyclic Redundancy Check (CRC) Calculation

The 16-bit Cyclic Redundancy Check (CRC) generator is initialized to \FFFFh\before calculations. The Least
Significant Bit (LSB) of the data byte of the Packet Data (PD) is'the first bit what is inputted-into the 16-bit Cyclic
Redundancy Check (CRC).

An example of the 16-bit Cyclic Redundancy Check-(CRC), where the Packet Data (PD)-of'the Long Packet (LPa)
is 01h, is illustrated (step-by-step) below.

. [ [ [ [ o [ o =< XOR(XOR (0050
Step In XOR(In,C0)|C15|C14|C13|C12|C11 XOR(XOR (In,C0),C11(Step-1)) cto|co|cs|c7|ce|c5|Ca XOR(XOR (In,C0),C4(Step-1))| €3 | C2 | C1 | Co | CO
0 X X| 1 1 1 1 1 X[ 1 1 1 1 1 1 1 X[ 1 1 1 1 X
1 1(LSB) ol o 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1
2 0 11 0 1 1 1 0| 0 1 1 1 1 1 1 o] 0 1 1 1 1
3 0 11 1 0 1 1 0| 0 0 1 1 1 1 1 o] 0 0 1 1 1
4 0 11 1 1 0 1 0| 0 0 0 1 1 1 1 o] 0 0 0 1 1
5 0 11 1 1 1 0 0| 0 0 0 0 1 1 1 o] 0 0 0 0 0
6 0 ol o 1 1 1 1 0| 0 0 0 0 0 1 1 11 0 0 0 0
7 0 ol o 0 1 1 1 11 0 0 0 0 0 0 11 1 0 0 0
8 |o(MSB) ol o 0 0 1 1 11 1 0 0 0 0 0 11 1 1 0 0

1 Byte CRC Resoult| 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 0
MSB] LsB
CRC Calculation — Packet Data (PD) is 01h
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A value of the Packet Footer (PF) is 1EOEh in this example. This example (Command 01h has been sent) is
illustrated below.

Packet Header (PH)

A

/ —

DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC

39hex Olhex 00hex 15hex
rfojojrjrjrjojojrjojojojojojojojojojojojojojojojrjojrjoj140j0jo
B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|[B|B|B|B|B
Oj1 2931415161710 1 1234516l 7]o0fj1)2]3]4]5]6)7]10]1]2]3J4]15]61]7
L M|L M| L M| L M
S SIS SIS S|S S
B B|B B|B B|B B

Packet Data (PD) Packet'Footer (PF)
A AL

4 A N
Data 0 CRC (Least Significant Byte) | CRC (Most Significant Byte)

O0lhex OEhex 1Ehex
rjojojojotjojojojojrfrjrjojojojojojrjrjrjrjojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
Of112f3]4)s5fJ6l7jofJ1j2f3]4|5]6]7]0]1}2]3)4]51617
L M| L M| L M
S SIS SIS S
B B|B B|B B
Time >

Packet Footer (PF) Example

The receiver is calculated own checksum value from received Packet Data (PD). The receiver compares own
checksum and the Packet Footer (PF) what the transmitter has sent.

The received Packet Data (PD) and Packet Footer (PF) are correct if the own checksum of the receiver and
Packet Footer (PF) are equal and vice versa the received Packet Data (PD) and Packet Footer (PF) are not
correct if the own checksum of the receiver and Packet Footer (PF) are not equal.
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5.3.4.3.2 PACKET TRANSMISSIONS
5.3.4.3.2.1 PACKET FROM THE MCU TO THE DISPLAY MODULE

Display Command Set (DCS)

Display Command Set (DCS), which is defined on chapter “6 Instruction Description”, is used from the MCU to the
display module. This Display Command Set (DCS) is always defined on the Data 0 of the Packet Data (PD),
which is included in Short Packet (SPa) and Long packet (LPa) as these are illustrated below.

Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission

DI: Data Identification (8 bit)

PackiData Data 0 and Data 1: Packet Data (8+8 bit)
ECC: Error Correction Code (8 bit)
Short Packet (SPa) \] EoT: End of Transmission

Short Packet (Spa) Structure

LP-11: Low Power — Stop State

Packet Header/(PH) SoT: Start of Transmission
AL DI: Data ldentification (8 bit)
Long Packet (LPa). /= \{ WE:'Word Count (16 bit)
ECC: Error Correction Code (8 bit)
LP-11 DI | W Data 0, ... WC-1): Packet Data (0 — 65,535 bytes)

CS: Checksum (16 bit) = Packet Footer (PF)
EoT: End of Transmission

Packet Data

E Display Command Set (DCS)

Display Command Set (DCS) on Short Packet (SPa) and Long Packet (LPa)

\J
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Generic Write, 1 Parameter (GENW1-S), Data Type = 01 0011 (13h)

“Generic Write, 1 Parameter” (GENW1-S) is always using a Short Packet (SPa), what is defined on Data Type
(DT, 01 0011b), from the MCU to the display module. The content of 2 payload bytes is “command” and 00h.
These commands are defined on a table (See chapter “6 Instruction Description”) below.

Command

NOP (00h)
SWRESET (01h)
SLPIN (10h)
SLPOUT (11h)
PTLON (12h)
NORON (13h)
INVOFF (20h)
INVON (21h)
ALLPOFF (22h)
ALLPON (23h)
DISPOFF (28h)
DISPON (29h)
TEOFF (34h)
IDMOFF (38h)
IDMON (39h)

Short Packet (SPa) is defined-e.g.
» Data Identification (DI)
« Virtual Channel (VC,.DI[7...6]):"00b
* Data Type (DT, DI[5...0]): 01 0011b
* Packet Data (PD)
+'\Data 0:“Sleep In (10h)”, Display,Command Set (DCS)
» Data1: Always 00hex
* Error Correction Code (ECC)

This is defined on the Short Packet (SPa) as follows.

Packet Header (PH)

a8 Packet Data Y
A
= Y
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
13hex 10hex 00hex 39hex
1]Jol1]o]o]ofofofofofloflof1]o]o]o]o]o]o]o]o|ofofof1|ofo]1]1]1]0]0O
B(B|B[B[B[B[B[B[B[B[B[B[B|B|B|B|[B|BIBI[B[B[B[B[B[B[B[B|B[B|B|B|[B
ol1]2|3]4l5]6]7]lo]1]2]|3]4]|5]|6|7|o|1|2|3|4]l5]6]7]0]1]2]|3]4]|5]|6]|7
L M| L M| L M|L M
S s|s s|s sS|s S
B B|B BB BB B
Time >
Generic Write, 1 Parameter (GENW1-S) - Example
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Generic Write, 2 Parameter (GENW2-S), Data Type = 10 0011 (23h)

“Generic Write, 2 Parameter” (GENW2-S) is always using a Short Packet (SPa), what is defined on Data Type
(DT, 10 0011b), from the MCU to the display module. The content of 2 payload bytes is “command” and
“parameter”. These commands are defined on a table (See chapter “6 Instruction Description”) below.
Command
GAMSET (26h)
RAMWR (2Ch), Note
TEON (35h)
MADCTL (36h)
COLMOD (3Ah)
RAMWRC (3Ch), Note
WRDISBYV (51h)
WRCTRLD (53h)
WRCABC (55h)
WRCABCMB (5Eh)
Note : One Subpixel has been written.
Short Packet (SPa) is defined e.g.
« Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 10-001\1b
 Packet Data (PD)
+ Data 0: “PMCSET (3Ah)?, Display. Command Set (DCS)
+ Data 1: 01hex, Parameter of the DCS
* Error Correction Code (ECC)

This is defined on the Short Packet (SPa) as, follows.

Packet Header (PH)

o Packet Data )
A
2 N
DI Data 0 (DCS) Data 1 (Parameter) ECC
23hex 3Ahex 01hex 1Ehex
1]Jolt1]ol1]ofofofof1]oft1|1]1]o]o]1]o]o]o]ofofofofof1|[1]1]1]o]o]0O
B(B|B|B|B|B|B|B|B|[B|[B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B
ol1]2|3|4l5]6]7]lo]1]2]|3]|4]|5]|6|7|o|1f2f3|4]l5]6]7]0]1]2]|3]|4]|5]|6]|7
L M| L M| L M|L M
S s|s S|s S|s S
B B|B BB BB B
Time >
Generic Write, 2 Parameter (GENW2-S) — Example
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Generic Write Long (GENW-L) , Data Type = 10 1001 (29h)

“Generic Write Long” (GENW-L) is always using a Long Packet (LPa), what is defined on Data Type (DT, 10
1001b), from the MCU to the display module. Command (No Parameters) and Write (1 or more parameters), are
defined on a table (See chapter “6 Instruction Description”) below.

Command

NOP (00h) , Note1
SWRESET (01h) , Notet
SLPIN (10h) , Notet
SLPOUT (11h), Note1
PTLON (12h) , Notet
NORON (13h) , Notet
INVOFF (20h) , Note1
INVON (21h) , Note1
ALLPOFF (22h)
ALLPON (23h)
GAMSET (26h) , Note2
DISPOFF (28h) , Note1
DISPON (29h) , Notet
CASET (2Ah)

RASET (2Bh)

RAMWR (2Ch) , Note2
PARLINES (30h)
TEOFF (34h) , Note1
TEON (35h), Note2
MADCTL (36h) , Note2
IDMOFF (38h)-;"Note1
IDMON\(39h) , Notet
COLMOD (3Ah) , Note2
RAMWRC (3Ch), Note2
TEARLINE (44h)
WRDISBV (51h) , Note2
WRCTRLD (53h)
WRCABC (55h) , Note2
WRCABCMB (5Eh)

Notes -
1. Also Short Packet (Spa) can be used; See Generic Write, 1 Parameter.
2. Also Short Packet (Spa) can be used; See Generic Write, 2 Parameter.
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Long Packet (Lpa), when a command (No Parameter) was sent, is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 10 1001b
* Word Count (WC)
» Word Count (WC): 0001h
* Error Correction Code (ECC)
* Packet Data (PD): Data 0: “Sleep In (10h)”, Display Command Set (DCS)
» Packet Footer (PF)

This is defined on the Long Packet (Lpa) as follows.

Packet Header (PH)

A
~ I
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
ijojoft1tjt1jJj1Jjo0jojtjojojojojojojojojojojojojojojojojt1fjtjojojojojo
B|B|B|B|B|[B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|[B
0J1]2]3]4|5]|6]7]0]1]2]3]4|5|6]7]0]1}]2]3]4]5|6]7]J]0]1]2]3]4]15]61]7
L M| L M| L M| L M
S S|s S|s S|s S
B B|B B|B B|B B
Time )
Packet Data (PD) Packet Footer (PF)
AL A
a A ~
Data 0 CRC(Least Significant Byte)] CRC(Most Significant Byte)
10hex 06hex 1Fhex
ojojojotjt1jojojojoyjt1jt1jojojojojojt1y1f1fj1jt1jojoj]o
B|B|B|B|B|B|B|B|B|B|B|B[B|B|B|B|B|B|B|B|B|B|B|B
0]11]2]3]4]5]6]7]0]1}]2]3]4]5]6]7]0]1]2]3]4]15]6]7
L M| L M| L M
S S|s S|s S
B B|B B|B B
Time >
Generic Write Long (GENW-L) with DCS Only - Example
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Long Packet (Lpa), when a Write (1 parameter) was sent, is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 10 1001b
* Word Count (WC)
* Word Count (WC): 0002h
* Error Correction Code (ECC)
* Packet Data (PD):
+ Data 0: “Gamma Set (3Ah)”, Display Command Set (DCS)
 Data 1: 01hex, Parameter of the DCS
» Packet Footer (PF)

This is defined on the Long Packet (Lpa) as follows.

Packet Header (PH)

_A
~ TN
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 02hex 00hex 00hex
tfojoftft1f1jojojoftfjojojojojojojojojojojojojojojojojojofjofjojojo
BlB|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B
0l1]12]3|4|5]|6]7]0J1]2]|3}|4|5]|6]7|0]1]2]3]|4]|5]6]7]0]1]2]3|4]5]61]7
L M| L M| L M| L M
S S|s S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD)
A
s ™~
Data 0 (DCS) Data 1 (Parameter)
3Ahex 01hex
ojtjof1ft1]t1Jjojojt1jojojofjojojojfo
BIB|B|B|B|B|B|B|B|[B|B|B|B|B|B|B
0]1]1]2|3]4]|5]|6]7]0]1]2|3]4]5]|6]7
L M| L M
S S|S S
B B|B B
Time )
Packet Footer (PF)
A
- N
ICRC(Least Significant Byte)] CRC(Most Significant Byte)
E3hex AAhex
1{1jojojoyf1fjt1ft1jof1jojt1jof1foj1
B BlB|B|B|B|B|B|B|B|B|B|B|B|B
0]1]2|3]4]5]|6]7]0]1]2|3]4]5]|6]7
L M| L M
S S|sS S
B B|B B
Time »

Generic Long Write with DCS and 1 Parameter - Example
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Long Packet (Lpa), when a Write (4 parameters) was sent, is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 10 1001b
* Word Count (WC)
» Word Count (WC): 0005h
* Error Correction Code (ECC)
* Packet Data (PD):
+ Data 0: “PARLINES (30h)”, Display Command Set (DCS)
« Data 1: 00hex, 1% Parameter of the DCS, Start Column SC[15...8]
- Data 2: 00hex, 2" Parameter of the DCS, Start Column SCJ[7...0]
- Data 3: 01hex, 3" Parameter of the DCS, End Column EC[15...8]
- Data 4: 3Fhex, 4™ Parameter of the DCS, End Column EC[7...0]
* Packet Footer (PF)

This is defined on the Long Packet (Lpa) as follows.
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Packet Header (PH)
A
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 05hex 00hex 25hex
tjojojtjtyjtjojojtjojtjojojojojojojojojojojojoyjof1jo0f1404011J01]0
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|[B|B|[B|B
0]1]12]|3]4]|5]6]7]0)1]2|13]4]15]6]7]0]1]12]|3|4]|5]6]7]0]1]2]3]4]5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD)
A
~ T~
Data 0 (DCS) Data 1 (1% Parameter) Data 2 (2™ Parameter) Data 3 (3" Parameter)
30hex 00hex 00hex 01hex
ojojofjoyjt1jtjojojojojojojojojojojojojojojojojojojtjojojojojojojo
BIB|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B[B|B|B|B|B|B|B|B|[B|B[B|[B]|B
oj1]12]|314]|516]7]0j1]2]13]4]5]16]7]0]|1]12]|3]4]516]7]0]1]2]3]4]15]6]7
L M| L M| L M| L M
S S|s S|s SIS S
B B|B B|B B|B B
Time )
Packet Data (PD) Packet Footer (PF)
A A
- Al N
Data 4 (4" Parameter) |CRC(Least Significant Byte)] CRC(Most Significant Byte)
3Fhex F5hex 34hex
tj1jojot 1111111140 fj1Jj0jo0jojt1joji1j1jo0y]o
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]2]13]4]|5]6]7]0)11]12]13]4]15]6]7]0]1]2]3]4]15]6]17
L M| L M| L M
S S|s SIS S
B B|B B|B B
Time >
Generic Write Long with DCS and 4 Parameters - Example
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Generic Read, 1 Parameter (GENR1-S) , Data Type = 01 0100 (14h); Generic Read, 2 Parameter (GENR2-S) ,
Data Type = 10 0100 (24h)
“Generic Read, 1 Parameter / Generic Read, 2 Parameter” (GENR1-S / GENR2-S) is always using a Short
Packet (Spa), what is defined on Data Type (DT, 01 0100b) and Data Type (DT, 10 0100b), from the MCU to the
display module. These commands are defined on a table (See chapter “6 Instruction Description”) below.
The 1 parameter (Dummy Data) is not returned as it is done in MeSSI-8/16 cases. The first returned parameter
is the 2™ parameter in DSI case.

Command

RDNUMED (05h)

RDDPM (0Ah)

RDDMADCTL (0Bh)

RDDCOLMOD (0Ch)

RDDIM (0Dh)

RDDSM (0Eh)

RDDSDR (0Fh)

RAMRD (2Eh), Note

RAMRDC (3Eh), Note

RDDISBYV (52h)

RDCTRLD (54h)

RDCABC (56h)

RDCABCMB (5Fh)

RDBWLB (70h)

RDBkx (71h)

RDBky (72h)

RDWx (73h)

RDWYy. (74h)

RDRGLB (75h)

RDRXx (76h)

RDRy (77h)

RDGx (78h)

RDGy (79h)

RDBALB (7Ah)

RDBx (7Bh)

RDBy (7Ch)

RDAXx (7Dh)

RDAy (7Eh)

RDDDBST (A1h)

RDDDBC (A8h)

RDFCS (AAh)

RDCCS (AFh)

RDID1 (DAh)

RDID2 (DBh)

RDID3 (DCh)

Note - One Subpixel has been read

The MCU has to define to the display module, what is the maximum size of the return packet. A command, what
is used for this purpose, is “Set Maximum Return Packet Size” (SMRPS-S), which Data Type (DT) is 11 0111b
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and which is using Short Packet (SPa) before the MCU can send “Display Command Set (DCS) Read, No
Parameter” to the display module. This same sequence is illustrated for reference purposes below.
Step 1:
» The MCU sends “Set Maximum Return Packet Size” (Short Packet (SPa)) (SMRPS-S) to the display module
when it wants to return one byte from the display module
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 11 0111b
» Maximum Return Packet Size (MRPS)
» Data 0: 01hex
 Data 1: 00hex
* Error Correction Code (ECC)

Packet Header (PH)

o Maximum Return Packet Size(MRPS) )
A
a8 Y
DI MRPS(Least Significant Byte) | MRPS(Most Significant Byte) ECC
37hex 01hex 00hex 1Dhex
1l1]1]of1][1]o]o]1]ofofofo]ofo]o]o]o]ofofofo]o]o|1]of1|1]1]o]0]0
B BlB[B[B|[B|B[B[B[B[B[B|[B[B[B|B[B[B[B[B[B|[B|B|[B[B[B[B[B[B|B|B
ol1]2]3]4]l5]|6|7]o]l1]2]3]|4]|5]|6]7|of1]2]3]|4]|5]6|7fofl1]2]3]|4]|5]|6]7
L M| L ML M| L M
S s|s s|s s|s S
B B|B BB B|B B
Time >

Set Maximum- Return Packet Size (SMRPS-S) - Example
Step 2:
» The MCU.wants to receive a\value of the-*Read ID1 (DAh)” from the display module when the MCU sends
“Generic Read, 1 Parameter”.to the-display module

» Data Identification (DI)

« Virtual Channel (VC, DI[7...6]): 00b

» Data Type (DT, DI[5...0]): 01 0100b
* Packet Data (PD)

+ Data 0: “Read ID1 (DAh)”, Display Command Set (DCS)

» Data 1: Always 00hex
* Error Correction Code (ECC)

Packet Header (PH)

o Packet Data (PD) )
A
o YN
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
14hex DAhex 00hex 07hex
ofof1]o]1]ofofofo]1]o]1|[1|o]1]1]ofofo]o]o]o]ofof1]1]1]o]ofofo]o
B BlB[B[B[B[B[B[B[B|B|B[B[B[B|B[B|B[EB|B[B|B|B|B[B[B[B|[B[B[EB]B
ol1]2|3]4|5]6|7)of1]2[3]4]|5]6f7|of1]2]3]4]5]|6]7|o]1[2]3]4]|5]6]7
L ML M| L M| L M
s s|s s|s s|s s
B BB B|B BB B
Time »
Generic Read, 1 Parameter (GENR1-S) - Example
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Step 3: The display module can send 2 different information to the MCU after Bus Turnaround (BTA)

1. An acknowledge with Error Report (AWER), which is using a Short Packet (SPa), if there is an error to receive a
command. See section “Acknowledge with Error Report (AWER)”.

2. Information of the received command. Short Packet (SPa) or Long Packet (LPa)
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Display Command Set (DCS) Write, No Parameter (DCSWN-S) , Data Type = 00 0101 (05h)

“Display Command Set (DCS) Write, No Parameter” is always using a Short Packet (SPa), what is defined on
Data Type (DT, 00 0101b), from the MCU to the display module. These commands are defined on a table (See
chapter “6 Instruction Description”) below.
Command
NOP (00h)
SWRESET (01h)
SLPIN (10h)
SLPOUT (11h)
PTLON (12h)
NORON (13h)
INVOFF (20h)
INVON (21h)
ALLPOFF (22h)
ALLPON (23h)
DISPOFF (28h)
DISPON (29h)
Memory Write(2Ch), Note
TEOFF (34h)
IDMOFF (38h)
IDMON (39h)
Note: Subpixel has not been written
Short Packet (SPa).is defined e.g.
» Data Identification (DI)
« Virtual Channel\(VC, DI[7...6]):00b
« Data Type (DT, DI[5...0]):, 00 0101b
* Packet Data (PD)
» Data 0: “Sleep In (10h)?, Display Command Set (DCS)
+ Data 1: Always 00hex
* Error Correction Code (ECC)

This is defined on the Short Packet (SPa) as follows.
Packet Header (PH)

a Packet Data )
A
r ™

DI Data 0 (DCS) Data 1 (Always 00hex) ECC

05hex 10hex 00hex 2Chex
i1jojt1jojojojojojojojojojtjojojojojojojojojojojojojoyjt1j1jojt1jojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B
0]1]1]12]|3]4|5]16]7]0]1]2}13|4]|5]|6]7]0]1]12]3]4]5]6]7]0]1]2]3|4]5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time »>

Display Command Set (DCS) Write, No Parameter (DCSWN-S) - Example
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Display Command Set (DCS) Write, 1 Parameter (DCSW1-S) , Data Type = 01 0101 (15h)

“Display Command Set (DCS) Write, 1 Parameter” (DCSW1-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 01 0101b), from the MCU to the display module. These commands are defined on a
table (See chapter “6 Instruction Description”) below.

Command

GAMSET (26h)

Memory Write (2Ch), Note

TEON (35h)

MADCTL (36h)

COLMOD (3Ah)

RAMWRC (3Ch), Note

WRDISBYV (51h)

WRCTRLD (53h)

WRCABC (55h)

WRCABCMB (5Eh)
Note - One Subpixel has been written.

Short Packet (SPa) is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 01.0101b
* Packet Data (PD)
+ Data 0: “PMCSET(3Ah)”, Display Command Set (DCS)
+ Data 1: 01hex, Parameter of the'DCS
* Error Correction.Code (ECC)

This is-defined on'the Short Packet(SPa) as follows.

Packet Header (PH)

o Packet Data B
A
- ™
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex 3Ahex 01hex 1Ehex
1jojt1joj1Jjojojojojt1jojtjt1fjt1jojojtjojojojojojojojoyjt1jt1j1fj1jojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B
0]1]2]3)J4|5]|6]7]0]1]2]|3]4]5]|6]7|0]1]2]3J4|5]|6]7]0]1]|2|3]4]5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >

Display Command Set (DCS) Write, 1 Parameter (DCSW1-S) — Example

2011/10/06 115 V2.0

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.



@ N@VATEK NT35410

Display Command Set (DCS) Write Long (DCSW-L) , Data Type = 11 1001 (39h)

“Display Command Set (DCS) Write Long” (DCSW-L) is always using a Long Packet (LPa), what is defined on
Data Type (DT, 11 1001b), from the MCU to the display module. Command (No Parameters) and Write (1 or

more parameters), are defined on a table (See chapter “6 Instruction Description”) below

Command

NOP (00h) , Note1
SWRESET (01h) , Notet
SLPIN (10h) , Notet
SLPOUT (11h), Note1
PTLON (12h) , Notet
NORON (13h) , Note1
INVOFF (20h) , Note1
INVON (21h) , Note1
GAMSET (26h) , Note2
DISPOFF (28h) , Note1
DISPON (29h) , Note1
CASET (2Ah)
RASET (2Bh)
RAMWR (2Ch) , Note2
PARLINES (30h)
SCRLAR (33h)

TEOFF (34h) , Note1
TEON (35h) , Note2
MADCTL (36h),.Note2
IDMOFF(38h) , Notel
IDMON-(39h):;-Note1
COLMOQD (3Ah) , Note2
RAMWRC (3Ch), Note2
TEARLINE (44h)
WRDISBV (51h) , Note2
WRCTRLD (53h)
WRCABC (55h) , Note2
WRCABCMB (5Eh)

Notes -

1. Also Short Packet (SPa) can be used; See_Display Command Set (DCS) Write, No Parameter.

2. Also Short Packet (SPa) can be used; See Display Command Set (DCS) Write, 1 Parameter.
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Long Packet (LPa), when a command (No Parameter) was sent, is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 11 1001b
* Word Count (WC)
» Word Count (WC): 0001h
* Error Correction Code (ECC)
* Packet Data (PD): Data 0: “Sleep In (10h)”, Display Command Set (DCS)
» Packet Footer (PF)

This is defined on the Short Packet (SPa) as follows.
Packet Header (PH)

A
/f \
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39hex 01hex 00hex 15hex
i1jojoft1jt1jtjojojijojojojojojojojojojojojojojojofjtjoji1jojt1jojotgo
B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0j1]213]4]|5]6]7]0]1fj2]3]4]|5]6]7]0]1]J2]3|4]|5]6]7]0]1]2]13]4]5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD) Packet Footer (PF)
A A
[ Y N
Data 0 CRC(Least Significant Byte)] CRC(Most Significant Byte)
10hex 06hex 1Fhex
ojfojojofjt1jojojojofjtjtjojojojojoyt1y1j1j1|1j0jojo
B|lB|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]2|3|4]|5]6]7]0]1]2]|3|4]|5]6]7]0]1]2]3]|4]5]|6]7
L M| L M| L M
S S|S S|S S
B B|B B|B B
Time >
Display Command Set (DCS) Write Long (DCSW-L) with DCS Only - Example
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Long Packet (LPa), when a Write (1 parameter) was sent, is defined e.g.
» Data Identification (DI)

« Virtual Channel (VC, DI[7...6]): 00b

» Data Type (DT, DI[5...0]): 11 1001b
* Word Count (WC)

* Word Count (WC): 0002h
* Error Correction Code (ECC)
* Packet Data (PD):

+ Data 0: “Gamma Set (26h)”, Display Command Set (DCS)

 Data 1: 01hex, Parameter of the DCS
» Packet Footer (PF)
This is defined on the Short Packet (SPa) as follows.
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Packet Header(PH)
S N
~ N
DI WC( Least Significant Byte)] WC( Most Significant Byte) ECC
39 hex 02hex 00hex 13hex
1]olof 1] 1] 1]ofofo]1]o]oflofo]o]o]ofo]o]ofofofo]o|l1|1]o]o]1]ofo]o0
B[ B[ B[ Bl B[ B[ Bl B[B]B[B[B]BlB[B[B[B[B][B[B]B|lB]B[B][B|B[B]B[B]B[B[B
ol1l2l3lalsle|l7|of1l2l3l4lsl6|7]ofl1l2l3l4lsle6]7]of1l2l3l4l5l6]7
L M| L M| L M| L M
S s|s S|s s|s s
B B|B B|B B|B B
Time )
Packet Data(PD)
A
- N
Data 0 (DCS) Data 1 ( Parameter)
26hex 01hex
of1]1]ofof1]o]o]1]ofo]o]o]ofo]o
B[ B[ B[ B|B[B[ BBl B[B|B[B|B|B|B[B
ol1]2]|3l4als5]6]7lol1l2]3]l4]l5[6]7
L M| L M
S s|s S
8] GE 8]
Time )
Packet Footer(PF)
J\
Il N
CRC( Least Significant Byte] CRC( Most Significant Byte)|
DZhex 96hex
of1]ololifo]1]1]of1[1]o]1]ofo]H
BlB|B|[B|B[B|B|B|B|B|B[B|B|B|B[B
ol1]2]|3l4als5]6]7]lol1l2]3]4]l5[6]7
L M| L M
S s|s S
8] GE 8]
Time »
Display Command Set(DCS) Write Long with DCS and1 Parameter- Example
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Long Packet (LPa), when a Write (4 parameters) was sent, is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 11 1001b
* Word Count (WC)
» Word Count (WC): 0005h
* Error Correction Code (ECC)
* Packet Data (PD):
+ Data 0: “PARLINES (30h)”, Display Command Set (DCS)
» Data 1: 00hex, 1st Parameter of the DCS, Start Column SC[15...8]
+ Data 2: 00hex, 2nd Parameter of the DCS, Start Column SCJ[7...0]
+ Data 3: 01hex, 3rd Parameter of the DCS, End Column EC[15...8]
 Data 4: 3Fhex, 4th Parameter of the DCS, End Column ECJ[7...0]
» Packet Footer (PF)

This is defined on the Short Packet (SPa) as follows.
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Packet Header (PH)

e
— TN
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39hex 05hex 00hex 36hex
ifojoft1yj1y|t1jojojtjojt1jojojojojojojojojojojoyjojojojtfjt1jofi1jt1jojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|[B|B|B|[B|B|B|B|B|B
oj1f213]4]|5]6]7]l0]1]2]3|4]|5]6]7]0]1]2]13|4]|5]|6]7]0]1]2|3}|4]5]61]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD)
e
~ LN
Data 0 (DCS) Data 1 (1% Parameter) Data 2 (2™ Parameter) Data 3 (3" Parameter)
30hex 00hex 00hex 01hex
ojojofjoft1tjtjojojojojojojojojojojojojojojojojojoftijojojojojojojo
B|IB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
oj1]12]3|4)5]6]7joj1]2|3]|4]5|6]7]0]1]2)3]4|5]|6]7]0f1]12]3]4|5]16]7
L M| L M| L M| L M
S S|s S|s S|s S
B B|B B|B B|B B
Time >
Packet Data (PD) Packet Footer (PF)
AL A
~ N N
Data 4 (4" Parameter) [CRC(Least Significant Byte)] CRC(Most Significant Byte)
3Fhex F5hex 34hex
tjp1jofoyt 1111111 J1Jjofjt1jojojofjtjof1j1Jo0j]o
B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B
0111234567101 1]12]3|4|5|6]7]0]1]12]3]4]516]7
L M| L M| L M
S S|s S|s S
B B|B B|B B
Time >

Display Command Set (DCS) Write Long with DCS and 4 Parameters - Example
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Display Command Set (DCS) Read, No Parameter (DCSRN-S) , Data Type = 00 0110 (06h)

“Display Command Set (DCS) Read, No Parameter” (DCSRN-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 00 0110b), from the MCU to the display module. These commands are defined on a
table (See chapter “6 Instruction Description”) below.

The 1st parameter (Dummy Data) is not returned as it is done in MeSSI-8/16 cases. The first returned parameter
is the 2nd parameter in DSI case.
Command
RDNUMED (05h)
RDDPM (0Ah)
RDDMADCTL (0Bh)
RDDCOLMOD (0Ch)
RDDIM (0Dh)
RDDSM (0Eh)
RDDSDR (0Fh)
RAMRD (2Eh), Note
RAMRDC (3Eh), Note
RDDISBV (52h)
RDCTRLD (54h)
RDCABC (56h)
RDCABCMB (5Fh)
RDBWLB (70h)
RDBkx (71h)
RDBky (72h)
RDWx (73h)
RDWy.(74h)
RDRGLB (75h)
RDRXx (76h)
RDRy (77h)
RDGx (78h)
RDGy (79h)
RDBALB (7Ah)
RDBx (7Bh)
RDBYy (7Ch)
RDAXx (7Dh)
RDAy (7Eh)
RDDDBST (A1h)
RDDDBC (A8h)
RDFCS (AAh)
RDCCS (AFh)
RDID1 (DAh)
RDID2 (DBh)
RDID3 (DCh)

The MCU has to define to the display module, what is the maximum size of the return packet. A command, what
is used for this purpose, is “Set Maximum Return Packet Size” (SMRPS-S), which Data Type (DT) is 11 0111b
and which is using Short Packet (SPa) before the MCU can send “Display Command Set (DCS) Read, No
Parameter” to the display module. This same sequence is illustrated for reference purposes below.
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Step 1:
» The MCU sends “Set Maximum Return Packet Size” (Short Packet (SPa)) (SMRPS-S) to the display module
when it wants to return one byte from the display module
 Data |dentification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 11 0111b
» Maximum Return Packet Size (MRPS)
+ Data 0: 01hex
+ Data 1: 00hex
* Error Correction Code (ECC)

Packet Header (PH)

o Maximum Return Packet Size(MRPS) N\ )
A
- ™

DI MRPS(Least Significant Byte) | MRPS(Most Significant Byte) ECC

37hex 01hex 00hex 1Dhex
itf1y1fjojt1yt1jofojtjojojojojojojojofjojojojofojojoyftfjojt1jt1ft1jojojo
B BlB|B|[B|B|B|B|B|B|B|B|B|B|[B|B|B|B|[B|B|B|B|B|[B|B|B|[B|B|B|[B|B
Oj1]2|3|4]|5]|6]7]0fJ1]12]3]4(5|6]7]0]1]2]3]4|5|6]J7]0]1]12]3]4]15]617
L M| L M| L M| L M
S S|S S|sS S|S S
1B ] B|B B|B B|B 1
Time >

Set Maximum Return Packet Size (SMRPS-S) - Example
Step 2:
» The MCU wants\to.receive a value of the “Read D1 (DAh)” from the display module when the MCU sends
“Display Command Set (DCS) Read; No Parameter” to the display module

» Data Identification (DI)

« Virtual Channel (VC, DI[7...6]):-00b

+ Data Type (DT, DI[5...0]): 00 0110b
* Packet Data (PD)

» Data 0: “Read ID1 (DAh)”, Display Command Set (DCS)

+ Data 1: Always 00hex
* Error Correction Code (ECC)

Packet Header (PH)
o Packet Data (PD) B
A
- ™
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
06hex DAhex 00hex 1Fhex
oft1|jt1jofjojojojofjoyjtjoft1ftrjoytjyt1jojojojojojojojoft1yf1y1fjt1f1j0jofo
B B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
Oj1]2|3|4]5]|6|7|0]1]2]|3|4|5|6]7]|]0|1|2]|3]|4|5|6]|7]0|1]|2|3]|4]|5]|6]|7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B BB B|B B
Time »

Display Command Set (DCS) Read, No Parameter (DCSRN-S) - Example
Step 3: The display module can send 2 different information to the MCU after Bus Turnaround (BTA)
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1. An acknowledge with Error Report (AWER), which is using a Short Packet (SPa), if there is an error to receive a
command. See section “Acknowledge with Error Report (AWER)”.
2. Information of the received command. Short Packet (SPa) or Long Packet (LPa)
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Null Packet, No Data (NP-L) , Data Type = 00 1001 (09h)

“Null Packet, No Data” (NP-L) is always using a Long Packet (LPa), what is defined on Data Type (DT, 001001b),
from the MCU to the display module. The purpose of this command is keeping data lanes in the high speed mode
(HSDT), if it is needed. The display module is ignored Packet Data (PD) what the MCU is sending.

Long Packet (LPa), when 5 random data bytes of the Packet Data (PD) were sent, is defined e.g.
 Data |dentification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
+ Data Type (DT, DI[5...0]): 00 1001b
* Word Count (WC)
* Word Count (WC): 0005h
* Error Correction Code (ECC)
» Packet Data (PD):
» Data 0: 89h (Random data)
+ Data 1: 23h (Random data)
» Data 2: 12h (Random data)
(
(

 Data 3: A2h (Random data)
+ Data 4: E2h (Random data)
» Packet Footer (PF)

This is defined on the Long Packet (LPa) as follows:
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Packet Header (PH)

_A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
09hex 05hex 00hex 30hex
tjojojt1jofojofojt1jojtjofojojojojofojofojojojojofojofojoft1f1jofo
BlB|B|[B|B|B|B|B|[B|B|[B|B|B|B|B|[B|B|[B|B|B|B|B|B|B|[B|B|B|[B|B|[B|B|B
oj1]2]3|4|5|6|7]o0]1]2]3]|4|5]6]7]0]1]2]|3]4f5]|6]7]0]1]2]3]4|5]|6]|7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD)
A
~ LA
Data 0 (DCS) Data 1 (1°' Parameter) Data 2 (2" Parameter) Data 3 (3" Parameter)
89hex 23hex 12hex A2hex
i1jojoytjojojoj1ftytrjojojoftjofofojtjofjojtjojojofojytfojojojt1jojt1
BlB|B|[B|B|B|B|B[B|B[B|B|B|B|B|[B|B|[B|B|B|B|B|B|B|[B|B|B|[B|B|[B|B|B
oj1]2]3|4|5|6|7]0]J1]2]3|4|5]6]7]0]1]2]3]4f5]6]7]0]1]2]3]4|5]|6]|7
L M| L M| L M| L M
S S|S S|S S|S S
B BB B|B BB B
Time )
Packet Data (PD) Packet Footer, (PF)

A _AL

4 s ™~
Data 4 (4™ Parameter) [CRC(Least Significant Byte)|CRC (Most Significant Byte)

E2hex 59hex 29hex
ojtjofofoftftytytjojojtftjoftjojtjojojt1foft1fojo
B|(B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0|1]2|3|4|5|6]7]0]1]2|3|4|5]|6]|7]0]1]2]|3|4[5]|6]7
L M| L ML M
S S|S S|S S
B B|B B|B B

Time »-
Null Packet, No Data (NP-L) - Example
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End of Transmission Packet (EoTP)

“End of Transmission Packet” (EoTP) is always using a Short Packet (SPa), what is defined on Data Type (DT,
001000b), from the MCU to the display module. The purpose of this command is terminated the high speed mode
(HPDT) properly when there is added this extra packet after the last payload packet before “End of Transmission”
(EoT), which is an interface level functionality.

The display module is or isn’t receiving “End of Transmission Packet” (EoTP) from the MCU during the Low
Power Data Transmission (LPDT) mode before “Mark-1” (= Leaving Escape mode) what ends the Low Power
Data Transmission (LPDT) mode.

The display module is not allowed to send “End of Transmission Packet” (EoTP) to the MCU during'\the Low
Power Data Transmission (LPDT) mode

The summary of the receiving and transmitting EoTP is listed below.

Receiving and Transmitting EoTP during LPDT

Direct Display Module (DM) in Display Module (DM) in

irection
High Speed Data Transmission (HSDT) Low Power Data Transmission (LPDT)

MCU - Display Module | With or Without-EoTP is Supported With 'or Without EoTP is Supported
HS-Mode is.not available i

Display Module > MCU . . EoTP cannot be sent by the Display Module
(EoTP'is notavailable) (DM)
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Short Packet (SPa) is using a fixed format as follow
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 00 1000b
+ Packet Data (PD):
+ Data 0: OFh
« Data 1: OFh
* Error Correction Code (ECC)
« ECC: 01h
Packet Header(PH)
e N
o Packet Data >N
A
o N
DI Data 0 Data 1 ECC
08hex 0Fhex 0Fhex 01hex
olofo]1[ofo]ofof1]1][1]1]ofo]o]of1]1]1|[1]oflo]o]o|l1]o]ofo]o]ofo]o
BlB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
ol1l213lal5]6]7]o|1]2]13])4|l5]16]|7]ofl1]2]3]4]5]6]7]lofl1]2|3[4]5]|6]7
L M| L M| L M| L M
S S|s S|s S|s S
| B B|B B|B B|B | B
Time >

End of Transmission Packet (EoTP)

Some'use case of the “End of Transmission Packet” (EoTP) are illustrated only for reference purpose below.

Sent Packets
A

J

Spa, E0T>< EoT LP-11

Sent Packets

@ N

A
Spa,
LP-11 SoT>< SPa>< SPa>< gt >< EoT LP-11

End of Transmission Packet (EoTP) - Examples
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Sync Event (H Start, H End, V Start, V End), Data Type = xx 0001 (x1h)

Sync Events are Short packets and, therefore, can time-accurately represent events like the start and end of sync
pulses. As “start” and “end” are separate and distinct events, the length of sync pulses, as well as position relative
to active pixel data, e.g. front and back porch display timing, may be accurately conveyed to the peripheral. The
Sync Events are defined as follows:

» Data Type = 00 0001 (01h) V Sync Start

» Data Type = 01 0001 (11h) V Sync End

+ Data Type = 10 0001 (21h) H Sync Start

» Data Type = 11 0001 (31h) H Sync End

In order to represent timing information as accurately as possible a V Sync Start event represents the start of the
VSA and also implies an H Sync Start event for the first line of the VSA. Similarly, a V Sync End-event.implies an
H Sync Start event for the last line of the VSA..

Sync events should occur in pairs, Sync Start and Sync End, if accurate 1054 pulse-length information needs to
be conveyed. Alternatively, if only a single point (event) in time is required,-a single sync event (normally, Sync
Start) may be transmitted to the peripheral. Sync events may be concatenated with blanking packets to convey
inter-line timing accurately and avoid the overhead of switching.between LPS and HS for every-event. Note there
is a power penalty for keeping the data line in HS mode, however. Display.modules that.do not need traditional
sync/blanking/pixel timing should transmit pixel data in“a high-speed burst then put'the bus in Low Power Mode,
for reduced power consumption. The recommended burst size.is a scan line-of pixels, \which. may be temporarily
stored in a line buffer on the display module.

Color Mode On Command, and, Data Type = 01-0010 (12h)

Color Mode On is a Short packet\command that switches a Video Mode display module to 8-colors mode for
power saving.

Color Mode Off Command, Data Type =00 0010 (02h)

Color'Mode, Off is 'a Short packet’command that returns a Video Mode display module from 8-colors mode to
normal\display operation.

Shutdown Peripheral Command, Data Type = 10 0010 (22h)

Shutdown Peripheral command is a Short packet command that turns off the display in a Video Mode display
module for power saving. Note the interface shall remain powered in order to receive the turn-on, or wake-up,
command.

Turn On Peripheral Command, Data Type = 11 0010 (32h)

Turn On Peripheral command is Short packet command that turns on the display in a Video Mode display module
for normal display operation.

Blanking Packet (Long), Data Type = 01 1001 (19h)

A Blanking packet is used to convey blanking timing information in a Long packet. Normally, the packet
represents a period between active scan lines of a Video Mode display, where traditional display timing is
provided from the host processor to the display module. The blanking period may have Sync Event packets
interspersed between blanking segments. Like all packets, the Blanking packet contents shall be an integer
number of bytes. Blanking packets may contain arbitrary data as payload. The Blanking packet consists of the DI
byte, a two-byte WC, an ECC byte, a payload of length WC bytes, and a two-byte checksum.
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Packed Pixel Stream, 16-bit Format, Long packet, Data Type = 00 1110 (OEh)
<«—1 byte—>»le—1 byte—>
LSB MSB|LSB MSB
0 4 5 7.0 2 3
R R|G GG G|B B
0 410 2313 510 4
<€—5 bits—»1€—6 bits—»€5 bits—»]
< Pixel 1 >
€1 bytePl€——2 byte—l€1 by‘t‘e‘-><-l byteP}€1 byted <1 byte»l€1 bytePl€——2 byte—>
N
=2 j:“ €5 bitsHE6 bitsHES bits €5 bitHE6 bitsHES bits
& [S]  word Count ecc | [t | et Checksum
P E
g |5 «——Pixcl I—> «—Pixcl i—>
€Data IDY>
€—Packet Header > <€ Variable Size Payload »<€—Packet Footer—3

Time >
16-bit per Pixel - RGB Color Format, Long packet

Packed Pixel Stream 16-Bit Format is a Long packet used to transmit image data formatted as 16-bit pixels to a
Video Mode display module. The packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length
WC bytes and a two-byte checksum. Pixel format is five bits red, six bits green, five bits blue, in that order. Note

that the “Green” component is split across two bytes. Within a color component, the LSB is sent first, the MSB
last.

With this format, pixel boundaries align with byte boundaries every two bytes. The total line width (displayed plus
non-displayed pixels) should be a multiple of two bytes.

Normally, the display module has no frame buffer of its own, so all image data shall be supplied by the host
processor at a sufficiently high rate to avoid flicker or other visible artifacts.
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Packed Pixel Stream, 18-bit Format, Long packet, Data type = 01 1110 (1Eh)
<—1 byte—>»<¢—1 byte—»

LSB MSB| LSB MSB

S 6710 3 4 7101
R R[GGiG G[B BBB
0 5otz 5o 345

<6 bits—><—6_ bits—»1€—6 bits—»

Pixel 1

A
Y

<1 bytePi€—2 byte—P 1«1 by‘t‘qbi'l bytE'Pr'l bytepi<€1 b'yte"bi'l bytePi€1 byteP €1 byteP €1 bytePr€1 byte')l('l byted

. -

o Dmm——

€6 bitsPrle . bitsPH1€6 bits1E6 bitsIE6 bitsP€6 bitsIH{E6 bitsIPIE6 bitsP16 bitsII6 bitsPIE6 bitsPI€6 bitsP]

Word Count ECC

Data Type (1Eh)
Virtual Channel

\ 4
A
A\ 4
A
A\ 4
A
3
=

o »
'S
Y.

Pixel 1 Pixel 2 Pixel 3
.

A

€Data ID)
¢——Packet Header

\ 4
A

Variable Size Payload (First Four Pixels Packed in Nine Bytes = nmeemneaa.

Time

<1 byte)l(-l bytedi€1 byteP €1 byteP €1 bytePi€1 byteP €1 bytePr€1 byt&)l(‘l bytePi€——2 byte——>

: bitsPle6 bitsPHI6 bitsPHE6 bitsP6 bitsPHIE6 bitsPHIE6 bitsPl6 bitsI6 bitPHIE6 bitsIH|6 bitsP]

Cresanaca)

€6 bitsPri

Checksum

Pixel mr

Y
A

A

Pixel n-2: Pixel n-1 >

i =
i
o
?
3
Y
4

Variable Size Payload (Last Four Pixels Packed in Nine Bytes)————€—Packet Footer—9
Time———»
18-bit per Pixel (Packed)- RGB Color Format, Long packet

Packed Pixel Stream 18-Bit Format (Packed) is a Long packet. It is used to transmit RGB image data formatted
as pixels to a Video Mode display module that displays 18-bit pixels The packet consists of the DI byte, a two-byte
WC, an ECC byte, a payload of length WC bytes and a two-byte Checksum. Pixel format is red (6 bits), green (6
bits) and blue (6 bits), in that order. Within a color component, the LSB is sent first, the MSB last.

Note that pixel boundaries only align with byte boundaries every four pixels (nine bytes). Preferably, display
modules employing this format have a horizontal extent (width in pixels) evenly divisible by four, so no partial
bytes remain at the end of the display line data. If the active (displayed) horizontal width is not a multiple of four
pixels, the transmitter shall send additional fill pixels at the end of the display line to make the transmitted width a
multiple of four pixels. The receiving peripheral shall not display the fill pixels when refreshing the display device.
For example, if a display device has an active display width of 399 pixels, the transmitter should send 400 pixels
in one or more packets. The receiver should display the first 399 pixels and discard the last pixel of the
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transmission.
With this format, the total line width (displayed plus non-displayed pixels) should be a multiple of four pixels (nine
bytes).
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Pixel Stream, 18-bit Format in Three Bytes, Long packet, Data Type = 101110 (2Eh)
<1 byte»1 byte»<€1 byte»

LSB MSB|LSB MSB|LSB MSB
012 71012 71012 7
R R G G B B
0 5 0 5 0 5

€6 bitsP 6 bits¥»| [«€6 bitsP»

< Pixel 1 >

€1 bytePe——2 byte——P}€1 bylePi€ 1 bytePH€] bytePi€! bytePie

€6 bitP] 6 bitsP] | |6 bitsP] | 6 bitsP 6 bitsI] €6 vitsP] | |6 bitsP 6 bitsP] |6 bitsP]
Word Count ECC

Data Type (2Eh)
Virtual Channel

Pixel 2

Y
A

Pixel 3

\ 4

A

Pixel 1 >

A

€Data ID
< Packet Header

Variable Size Payload (First Three Pixels in Nine Bytes)

) 4
A

Time s

<1 bytep €1 byteP €1 byteP €1 byteP €1 bytePi«€1 byteP €1 byteP€1 byteP €1 bytePr&——2 byte——

[ €6 bitsP 6 bitsP] |6 bitsP] €6 bitsP] 6 bitsP] |6 bitsP]  [«6 bitsP 6 bitsPp] |6 bitsP]

Checksum

A\ 4

Pixel mr

Y
A

Pixel n-1

\ 4
A

Pixel n-2

A

Variable Size Payload (Last Three Pixels in Nine Bytes))——————t€&—Packet Footer—

Time >

18-bit per Pixel (Loosely Packed)- RGB Color Format, Long packet

In the 18-bit Pixel Loosely Packed format, each R, G, or B color component is six bits but is shifted to the upper
bits of the byte, such that the valid pixel bits occupy bits [7:2] of each byte. Bits [1:0] of each payload byte
representing active pixels are ignored. As a result, each pixel requires three bytes as it is transmitted across the
Link. This requires more bandwidth than the “packed” format, but requires less shifting and multiplexing logic in
the packing and unpacking functions on each end of the Link.

This format is used to transmit RGB image data formatted as pixels to a Video Mode display module that displays
18-bit pixels. The packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length WC bytes and
a two-byte Checksum. The pixel format is red (6 bits), green (6 bits) and blue (6 bits) in that order. Within a color
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component, the LSB is sent first, the MSB last.
With this format, pixel boundaries align with byte boundaries every three bytes. The total line width (displayed
plus non-displayed pixels) should be a multiple of three bytes.
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Packed Pixel Stream, 24-bit Format, Long packet, Data Type = 11 1110 (3Eh)

<1 byte—>»<1 byte—»<1 byte—»

LSB MSB|LSB MSB|LSB MSB
0 710 7

R R|G G|B B
0 710 710 7

<€—8 bits—»14€—8 bits—»{€—8 bits—»

< Pixel 1 >

;
i ’

€1 bytePi€—2 byte—>€1 by‘t'c;bfl bytedl€1 bytePl€ 1 byteP€! bytePi€1 bytePi€] bytePi€1 byteP€1 bytePl€1 byteP]

[ €8 bitsP1€8 bitsP]€8 bitsFI€S8 bitsPI€S bitsP]€8 bitsP€ 8 bitsPI€S8 bitsPl€8 bitsP
Word Count ECC

Data Type (3Eh)
Virtual Channel

Pixel 1 Pixel 2 Pixel 3

A
\ 4
A
\ 4
A
\ 4

€Data ID
< Packet Header

Y.
A

Variable Size Payload (First Three Pixels in Nine Bytes)

Time >

€1 byteP!€1 bytePi€ 1 byteP{€ 1 byte D€ byteP}€1 bytePl€] bytePl€] bytePl€] bytePle——2 byte——p

€8 bitsP1€8 bitsPI€8 bitsPI€8 bitsPI€8 bitsHI€ 8 bitsPI€8 bitsP€8 bitsI€8 bitsP]

Checksum

Pixel n-1

Y

Pixel mr

\ 4
A
A 4
A

Pixel n-2

A

Variable Size Payload (Last Three Pixels in Nine Bytes)y——————t€&—Packet Footer—

Time >
24-bit per Pixel - RGB Color Format, Long packet

Packed Pixel Stream 24-Bit Format is a Long packet. It is used to transmit image data formatted as 24-bit pixels
to a Video Mode display module. The packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of
length WC bytes and a two-byte Checksum. The pixel format is red (8 bits), green (8 bits) and blue (8 bits), in that
order. Each color component occupies one byte in the pixel stream; no components are split across byte
boundaries. Within a color component, the LSB is sent first, the MSB last.

With this format, pixel boundaries align with byte boundaries every three bytes. The total line width (displayed
plus non-displayed pixels) should be a multiple of three bytes.
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5.3.4.3.2.2 PACKET FROM THE DISPLAY MODULE TO THE MCU

Used Packet Types

The display module is always using Short Packet (SPa) or Long Packet (LPa), when it is returning information to
the MCU after the MCU has requested information from the Display Module. This information can be a response
of the Display Command Set (DCS) (See chapter “5.3.4.3.2.1 Display Command Set (DCS) Read, No Parameter”
(DCSRN-S)) or an Acknowledge with Error Report (See chapter: “5.3.4.3.2.2 Acknowledge with Error Report
(AWER)” (AWER)).

The used packet type is defined on Data Type (DT). See chapter “5.3.4.3.1.3 Data Type (DT)”.

A number of the return bytes are more than the maximum size of the Packet Data (PD) on Long Packet (LPa) or
Short Packet (SPa) when the display module is sending return bytes in several packets until all return bytes have
been sent from the display module to the MCU.

It is also possible that the display module is sending return bytes in several packets even if the maximum:size of
the Packet Data (PD) could be sent on a packet.

Both cases are illustrated for reference purposes below.

Return Bytes

Return Bytes

Return Bytes_ on Single Packet

Return Bytes

Return Bytes on Several Packets-Not Possible

Data Types for Display Module-sourced Packets

Datfl Type Datfa Type Symbol Description Packet Size
ex Binary

02h 00 0010 AWER Acknowledge & Error Report Short

1Ch 01 1100 DCSRR-L DCS Long Read Response Long

21h 10 0001 DCSRR1-S DCS Short Read Response, 1 Byte returned Short

22h 10 0010 DCSRR2-S DCS Short Read Response, 2 Byte returned Short

1Ah 01 1010 GENRR-L Generic Long Read Response Long

11h 01 0001 GENRR1-S Generic Short Read Response, 1 Byte returned Short

12h 01 0010 GENRR2-S Generic Short Read Response, 2 Byte returned Short
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The display module is return 2 packets (1*' packet: Data, 2" packet Acknowledge with Error Report ) to the MCU

when the display module has received a read command. See section “Display Command Set (DCS) Read, No
Parameter (DCSRN-S)” where has been detected and corrected a single bit error by the EEC (See bit 8 on Table”
Acknowledge with Error Report (AWER) for Short Packet (SPa) Response”). This return packets are illustrated for
reference purpose below.

Return Bytes
A

)
2" SPa, AWER 4

AWER = Acknowledge with Error Report

LP-11 1! SPa, Data

Exception when Return Bytes on Several Packet
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Acknowledge with Error Report (AwER), Data Type = 00 0010(02h)

“Acknowledge with Error Report” (AWER) is always using a Short Packet (SPa), what is defined on Data Type (DT,
00 0010b), from the display module to the MCU.

The Packet Data (PD) can include bits, which are defining the current error, when a corresponding bit is set to ‘17,
as they are defined on the following table.

Acknowledge with Error Report (AWER) for Long Packet (LPa) Response
Bit | Description

0 | SoT Error

SoT Sync Error

EoT Sync Error

Escape Mode Entry Command Error
Low-Power Transmit Sync Error

Any Protocol Timer Time-Out

False Control Error

Contention is Detected on the Display Module
ECC Error, single-bit (detected and corrected)
9 | ECC Error, multi-bit (detected, not corrected)
10 | Checksum Error (Long packet only)

11 | DSI Data Type (DT) Not Recognized

12 | DSI Virtual Channel (VC)-1D'Invalid

13 | Invalid Transmission Length

14 | Reserved, Set ta'0’ internally

15 | DSI Protocol Violation

Acknowledge with Error Report (AWER) for Short Packet (SPa) Response
Bit | Description

0 \|. SaT Error

SoT Sync Error

EoT Sync Error

Escape Mode Entry Command Error
Low-Power Transmit Sync Error

Any Protocol Timer Time-Out

False Control Error

Contention is Detected on the Display Module
ECC Error, single-bit (detected and corrected)
9 | ECC Error, multi-bit (detected, not corrected)
10 | Set to “0” internally (Only for Long Packet (LP))
11 | DSI Data Type (DT) Not Recognized

12 | DSI Virtual Channel (VC) ID Invalid

13 | Invalid Transmission Length https://Datasheetspdf.com/
14 | Reserved, Set to ‘0’ internally
15 | DSI Protocol Violation

These errors are only included on the last packet, which has been received from the MCU to the display module
before Bus Turnaround (BTA).

The display module ignores the received packet which includes error or errors.

O N[O [WIN|—

XN |W|IN|—=

2011/10/06 138 V2.0

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.


S1
텍스트 입력기
https://Datasheetspdf.com/



4 NGVATEK

NT35410
Acknowledge with Error Report (AWER) of the Short Packet (SPa) is defined e.g.
» Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 00 0010b
+ Packet Data (PD):
« Bit 8: ECC Error, single-bit (detected and corrected)
« AWER: 0100h
* Error Correction Code (ECC)
This is defined on the Short Packet (SPa) as follows.
Packet Header(PH)
A
a8 Packet Data )
A
- )
DI AWER (Least Significant Byte) | AWER (Most Significant Byte) ECC
02hex 00hex 01hex 3Ahex
ol1]o]Jojojofo]ofjofo]ofjofo]ofjofo]1|jofojojofo]ojofo]1]of1]1]1]o]oO
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
oj1121314]5]1617]0fJ1fJ2]13]4]5]6]7]l0]1]J2]3]4]5]16]7]0]1]12]3]1415]16]7
L M| L M| L M| L M
S S|S S|S S|S S
i B|B B|B B|B i
Time >

Acknowledge with Error Report (AWER) - Example

It is possible that the display - module_has received several packets, which have included errors, from the MCU
before the MCU is doing Bus'Turnaround (BTA). Some examples are illustrated for reference purposes below.

Packets from the MCU

TG
*

| Includes an error |

EoT LP-11

Packets from the MCU

LP-11 SoT >< SPa >< SPa >< SPa

Includes an error |

EoT LP-11

Errors Packets
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Therefore, there is needed a method to check if there has been errors on the previous packets. These errors of
the previous packets can check “Read Display Signal Mode (OEh)” and “Read Number of the Errors on DSI (05h)”
commands.

The bit DO of the “Read Display Signal Mode (OEh)” command has been set to ‘1’ if a received packet includes an
error.

The number of the packets, which are including an ECC or CRC, are calculated on the RDNUMED register, which
can read “Read Number of the Errors on DSI (05h)” command. This command also sets the RDNUMED register
to 00h as well as set the bit DO of the “Read Display Signal Mode (OEh)” command to ‘0’ after the MCU has read
the RDNUMED register from the display module.

The functionality of the RDNUMED register is illustrated for reference purposes below.

Start

A4

Received Information
Note

v
i

Is-there
an.error?

Y
Set RDDSM's
DO bit to "1"

Set RDNUMED's
P[6:0] = "7Fh"?

Y Y
Increment RDNUMED's RDNUMED's
P[6:0] by 1 Yes P[7:0] = "80h"

Note:

1. This information can Interface or Packet Level Communication but it is always from the MCU to the display
module in this case.

2. CRC or ECC error
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DCS Read Long Response (DCSRR-L), Data Type = 01 1100(1Ch)

“DCS Read Long Response” (DCSRR-L) is always using a Long Packet (LPa), what is defined on Data Type (DT,
01 1100b), from the display module to the MCU. “DCS Read Long Response” (DCSRR-L) is used when the
display module wants to response a DCS Read command, which the MCU has sent to the display module.

“DCS Read Long Response” (DCSRR-L) is used when the display module wants to response a DCS Read
command, which the MCU has sent to the display module.

Long Packet (LPa), which includes 5 data bytes of the Packet Data (PD), is defined e.g.
 Data |dentification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
+ Data Type (DT, DI[5...0]): 01 1100b
* Word Count (WC)
* Word Count (WC): 0005h
* Error Correction Code (ECC)
» Packet Data (PD):
+ Data 0: 89h
» Data 1: 23h
* Data 2: 12h
+ Data 3: A2h
+ Data 4: E2h
» Packet Footer (PF)

This is defined on the Long Packet(LP)\as follows:
Packet Header (PH)
A

=1 I

DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC

1Chex 05hex 00hex 29hex
ofojt1Jt1|tfjojofoftfjojt1jojojojojofojojojofojofjojoftjofoft1foft1]jo|o
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|(B|B|(B|{B|B|B|B|B|B|B|B|B
Of1]2]3|4]5]6]7f0of1]2]3|4]|5]6|7]0]1]2]3[4]5[6]7]0]1]2]3[4]|5]6]7
L M| L M| L M| L M
S S|s S|s S|s S
E B|B B|B B|B i
Time: )
Packet Data (PD)
A
—
Data 0 (DCS) Data 1 (1% Parameter) Data 2 (2" Parameter) Data 3 (3" Parameter)
89hex 23hex 12hex A2hex
i1]jojoftjojofojtjt1tyt1jojojojtjojojofjtfojoft1fofojofojtjojojojt1joft
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|(B|B|B|(B|B|(B|B|B|[B|B|B|[B|B|[B|B
0]1]2|3|4]5]6]7]0])1])2]|3|4]|5]|6]|7]0f1]|]2]|3|4]|5|6]|7]0f1]2]|83[4]|5]|6]|7
L ML ML ML M
S S|S SIS SIS S
i B|B B|B B|B E
Time )
Packet Data (PD) Packet Footer (PF)

A A
- ) N
Data 4 (4" Parameter) |CRC(Least Significant Byte)|CRC (Most Significant Byte)

E2hex 59hex 29hex
oftjojojoftyt1ftyt1fojojtjtjojt1foftjojoft1foj1jojo
Bl{B|B|B|B|B|B|B|B|[B|B|[B|[B|B|[B|[B|B|[B|[B|B|[B|B|B|B
Oj1j2f3|4]5]6]7]0]|1]2f3]|4]|5]|6]7|0|1]2[3]|4[5]6]7
L M| L M| L M
S S|s S|S S
El Ble Ble 5]

Time >
DCS Read Long Response (DCSRR-L) - Example
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DCS Read Short Response, 1 Byte Returned (DCSRR1-S), Data Type = 10 0001(21h)

“DCS Read Short Response, 1 Byte Returned” (DCSRR1-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 10 0001b), from the display module to the MCU. “DCS Read Short Response, 1 Byte
Returned” (DCSRR1-S) is used when the display module wants to response a DCS Read command, which the
MCU has sent to the display module.
Short Packet (SPa) is defined e.g.
+ Data Identification (DI)

« Virtual Channel (VC, DI[7...6]): 00b

» Data Type (DT, DI[5...0]): 10 0001b
 Packet Data (PD):

* Data 0: 45h

» Data 1: 00h (Always)
* Error Correction Code (ECC)

This is defined on the Short Packet (SP) as follows.
Packet Header (PH)

o Packet Data\(PD) )
A
- )
DI Data 0 Data 1 ECC
21hex 45hex 00hex (Always) 01hex
1]0jojojojt1jojojt1jofjtjojojoyjt1jojojojojojojojojoj1fjojojojojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B[B|B|B|B
oj1]2]3]4]5]6]7]0]1]2]3]4|5]6|7]0]1]2]|3]4]|5|6|7]|0o|1]2]|3|4]5]|6]7
L M| L M| L M| L M
S S|S S|S S|S S
B BB B|B B|B B
Time >
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DCS Read Short Response, 2 Bytes Returned (DCSRR2-S), Data Type = 10 0010(22h)

“DCS Read Short Response, 2 Bytes Returned” (DCSRR2-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 10 0010b), from the display module to the MCU. “DCS Read Short Response, 2 Bytes
Returned” (DCSRR2-S) is used when the display module wants to response a DCS Read command, which the
MCU has sent to the display module.
Short Packet (SPa) is defined e.g.
+ Data Identification (DI)

« Virtual Channel (VC, DI[7...6]): 00b

» Data Type (DT, DI[5...0]): 10 0010b
 Packet Data (PD):

* Data 0: 45h

* Data 1: 32h
* Error Correction Code (ECC)

This is defined on the Short Packet (SPa) as follows.
Packet Header (PH)

o Packet Data\(PD) )
A
28 0N
DI Data 0 Data 1 ECC
22hex 45hex 32hex OFhex
of1]o]ofoft1]o]of1|o]1]ofofo|t1]o]of[1|o]of1|[1|o]o]1[1]1]1]o]ofo]o
B[B[B[B[B[B[B[B[B[B|B|[B[B[B[B[B|[B|(B|[B|(B|[B|[B|B[B|[B|[B|(B|B[B|[B[B[B
of1]2f3|4afs]6f7fof1]2|3f4]5]6]|7]of1]2]3f4a]5]6]7]0o]1]2]3]4]5]6]7
L M| L ML M| L M
S s|s s|s s|s S
B BB B|B B|B B
Time >
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Generic Read Long Response (GENRR-L), Data Type = 01 1010(1Ah)

“Generic Read Long Response” (GENRR-L) is always using a Long Packet (LPa), what is defined on Data Type
(DT, 01 1010b), from the display module to the MCU. “Generic Read Long Response” (GENRR-L) is used when
the display module wants to response a Generic Read command, which the MCU has sent to the display module.

Long Packet (LPa), which includes 5 data bytes of the Packet Data (PD), is defined e.g.
» Data |dentification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
+ Data Type (DT, DI[5...0]): 01 1010b
* Word Count (WC)
» Word Count (WC): 0005h
* Error Correction Code (ECC)
» Packet Data (PD):
+ Data 0: 89h
* Data 1: 23h
* Data 2: 12h
+ Data 3: A2h
+ Data 4: E2h
» Packet Footer (PF)

This is defined on the Long Packet (LP) as follows.
Packet Header (PH)

e
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
1Ahex 05hex 00hex 2Fhex
oftjojtftfojofoftjojt1jojojofojofojojojojojojofoft1ft1jt1f1jojtfojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|{B|B|B|B|B|B|B|B|B|(B|B|B|B|B|B
0|]1]2]3|4|5]|6|7]0]1]2]|3]4]5[6]7]0]1]2]3]4]|5|6|7]0]1]2]|3]4]5[6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >
Packet Data (PD)
A
~ N
Data 0 Data 1 (1°' Parameter) Data 2 (2" Parameter) Data 3 (3" Parameter)
89hex 23hex 12hex A2hex
tjojoftfojojoftjtjtjojofoftfojojojtjojfojtfofojojojtjojofoj1fof1
B|B|B|B|B|B|B|B|B|B|B|(B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]2]3|4|5]|6|7]0]1]2]|3]4]5|(6]7|0]1]2]3]4]|5|6|7]0]1]2]|3]4]5[6]7
L M| L M| L M| L M
S S|S S|S S|s S
B B|B B|B B|B B
Time )
Packet Data (PD) Packet Footer (PF)
AL _A—
4 Y N
Data 4 (4" Parameter) |CRC(Least Significant Byte)]CRC (Most Significant Byte)

E2hex 59hex 29hex
oft1fojojofjtjtft1ftrjofoftftjofjtjoftfojojijoj1jofo
B|B|[B|B|B|B|B|B|[B|B|B|B|[B|B|[B|B|[B|B|[B|B|[B|B|B|B
0]1]2)3)4]5]6f7]0o)J1]2]3|4]5]6]7|0f1]2]3]4]5]16]7
L M| L M| L M
S S|S S|s S
B B|B B|B B

Time >
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Generic Read Short Response, 1 Byte Returned (GENRR1-S), Data Type = 01 0001(11h)

“Generic Read Short Response, 1 Byte Returned” (GENRR1-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 01 0001b), from the display module to the MCU. “Generic Read Short Response, 1
Byte Returned” (GENRR1-S) is used when the display module wants to response a Generic Read command,
which the MCU has sent to the display module.
Short Packet (SPa) is defined e.g.
+ Data Identification (Dl)

« Virtual Channel (VC, DI[7...6]): 00b

» Data Type (DT, DI[5...0]): 01 0001b
» Packet Data (PD):

* Data 0: 45h

« Data 1: 00h (Always)
* Error Correction Code (ECC)

This is defined on the Short Packet (SP) as follows.
Packet Header (PH)

a8 Packet Data (PD) S
AL
<z )
DI Data 0 Data 1 ECC
11hex 45hex 00hex (Always) 07hex
1lofofo]1]o]ofof1fo]1]o]o]ol1|ofo]o]o]o]ofofofo]1]1]1]ofofofo]o
B[B[B[B[B[B[B[B[B[B[B[B[B[B[B|B[B[B[B[B[B[B[B[B[B[B[B[B[B[B[B[B
ol1]2]3|4f5]6f7]ol1]2]|3|4]5]6]7]of1]2]3]4]|5|6]|7]of1]2|3]4]|5]6]7
L ML M| L M| L M
S s|s s|s s|s S
B B|B B|B B|B B
Time »
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Generic Read Short Response, 2 Bytes Returned (GENRR2-S), Data Type = 01 0010(12h)

“Generic Read Short Response, 2 Bytes Returned” (GENRR2-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 01 0010b), from the display module to the MCU. “Generic Read Short Response, 2
Bytes Returned” (GENRR2-S) is used when the display module wants to response a Generic Read command,
which the MCU has sent to the display module.

Short Packet (SPa) is defined e.g.
 Data |dentification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
» Data Type (DT, DI[5...0]): 01 0010b
» Packet Data (PD):
* Data 0: 45h
 Data 1: 32h
* Error Correction Code (ECC)

This is defined on the Short Packet (SP) as follows.
Packet Header (PH)

a8 Packet Data (PD) 7Y
AL
2 N
DI Data 0 Data 1 ECC
12hex 45hex 32hex 09hex
of1fofoft]o]ofo]1]o]1]o]ofof1|o]o]t]o]o]1]1]o]of1]ofo]1]o]o]o]o
BIB[B[B[B|[B|[B[B[B[B[B[B|B[B[B[B|[B[B[B[B[B[B[B[B[B[B[B[B[B[B[B[B
ol1l2f3f4]5]6|7]0o]1]2]|3]4f5l6l7]o]1]2]3]4]|5]6]|7]of1]2]|3]|4]|5]6]7
L M| L M| L M| L M
S s|s s|s s|s S
B B|B B|B B|B B
Time >
Generic Read Short Response, 2 Bytes Returned (GENRR2-S) - Example
2011/10/06 146 V2.0

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.



@ N@VATEK NT35410

5.3.4.3.3 COMMUNICATION SEQUENCES
5.3.4.3.3.1 GENERAL

The communication sequences can be done on interface or packet levels between the MCU and the display
module. See chapters “Interface Level Communication” and “Packet Level Communication”.

This communication sequence description is for DSI data lanes and it has been assumed that the needed low
level communication is done on DSI clock lanes (DSI-CLK+/-) automatically.

Functions of the interface level communication is described on the following table.
Interface Level Communication

Interface Mode Abbreviation Interface Action Description

LP-11 Stop state
LPDT Low power data transmission
ULPS Ultra-Low power state

Low Power RAR Remote application reset
TEE Tearing effect event
ACK Acknowledge (No error)
BTA Bus turnaround

High Speed HSDT High speed data transmission

Functions of the packet level communication are/described on the following-table.
Packet Level Communication

Packet Sender | Abbreviation | Packet Size Packet Description
DCSW1-S SPa DCS Write, 1. Parameter
DCSWN-S SPa DCS Write, No Parameter
MCU DCSW-L LPa DCS Write, Long
DCSRN-S SPa DCSRead, No Parameter
SMRPS-S SPa Set maximum return packet size
NP-L LPa Null packet, No data
AWER SPa Acknowledge with error report
Display Module DCSRR-L LPa DCS Read, Long Response
DCSRR1-S SPa DCS Read, Short Response
DCSRR2-S SPa DCS Read, Short Response
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5.3.4.3.3.2 SEQUENCES
DCS Write, 1 Parameter Sequence

A Short Packet (SPa) of “Display Command Set (DCS) Write, 1 Parameter (DCSW1-S)” is defined on chapter
“Display Command Set (DCS) Write, 1 Parameter (DCSW1-S)” and example sequences, how this packet is used,
is described on following tables.

DCS Write, 1 Parameter Sequence - Example 1

MCU Display Module
, Information
Line Packet Interface Direction Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 => - - Start
2 DCSW1-S LPDT => - -
3 - LP-11 => - - End
DCS Write, 1 Parameter Sequence - Example 2
MCU Display Module
Line Packet Interface Ing?rl'engﬁggn Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 => - - Start
2 DCSW1-S HSDT => - .
3 EoTP HSDT => y A End of Transmission Packet
4 - LP-11 => - - End
DCS Write, 1 Parameter-Sequence - Example 3
MCU Display Module
Line Information
Packet Interface Direction Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 => - - Start
2 DCSW1-S HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
Interface control change from the
5 ) BTA = BTA ) MCU to the display module
6 i i - LP-11 i If no error => gotg line 8
If error => goto line 13
7
8 - - <= ACK - No error
9 - - <= LP-11 -
10 i BTA — BTA i Interlface control change from the
display module to the MCU
11 - LP-11 => - - End
12
13 - - <= LPDT AwWER Error report
14 - - <= LP-11 -
15 - BTA <=> BTA -
16 - LP-11 => - - End
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DCS Write, No Parameter Sequence

A Short Packet (SPa) of “Display Command Set (DCS) Write, No Parameter (DCSWN-S)” is defined on chapter
“Display Command Set (DCS) Write, No Parameter (DCSWN-S)” and example sequences, how this packet is
used, is described on following tables.

DCS Write, No Parameter Sequence - Example 1

MCU Display Module
. Information
Line Packet Interface Direction Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 = - - Start
2 DCSWN-S LPDT => - -
3 - LP-11 => - - End
DCS Write, No Parameter Sequence - Example 2
MCU Display Module
. Information
Line Packet Interface Direction Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 => - - Start
2 DCSWN-S HSDT => - -
3 EoTP HSDT => - : End of Transmission Packet
4 - LP-11 => - - End
DCS Write, No Parameter Sequence --Example 3
MCU Display Module
. Information
Line Packet Interface Direction Interface Packet Comment
Sender Mode Control Mode Control Sender
1 - LP-11 => - - Start
2 DCSWN-S HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
5 i BTA — BTA i Interface control Ichange from the
MCU to the display module
6 i i - LP-11 i If no error => gotQ line 8
If error => goto line 13
7
8 - - <= ACK - No error
9 - - <= LP-11 -
10 i BTA — BTA i Interface control change from the
display module to the MCU
11 - LP-11 => - - End
12
13 - - <= LPDT AwER Error report
14 - - <= LP-11 -
15 - BTA <=> BTA -
16 - LP-11 => - - End
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DCS Write Long Sequence
A Long Packet (LPa) of “Display Command Set (DCS) Write Long (DCSW-L)” is defined on chapter “Display
Command Set (DCS) Write Long (DCSW-L)” and example sequences, how this packet is used, is described on
following tables.

DCS Write, Long Sequence - Example 1

MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L LPDT = - -
3 - LP-11 => - - End
DCS Write, Long Sequence - Example 2
MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - - End
DCS Write, Long Sequence - Example 3
MCU Display Module
: Interface | Information | Interface
Line Packet Mode OHiEeten Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
B i Interface control change from the
5 i 21 <= BTA MCU to the display module
6 i i - LP-11 i If no error => gotg line 8
If error => goto line 13
7
8 - - <= ACK - No error
9 - - <= LP-11 -
B Interface control change from the
10 i Sl <= BTA i display module to the MCU
11 - LP-11 => - - End
12
13 - - <= LPDT AWER Error report
14 - - <= LP-11 -
15 - BTA <=> BTA -
16 - LP-11 => - - End
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DCS Write, Long Sequence - Example 4

MCU Display Module
n Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender

Control Control
1 - LP-11 => - - Start
2 DCSW-L HSDT => - - Memory Write (2Ch)
3 DCSW-L HSDT => - - Memory Write Continue(3Ch)
4 DCSW-L HSDT => - - Memory Write Continue(3Ch)
5 DCSW1-S| HSDT - i i Memory_erte Continue(3Ch)

with 1 parameter
6 EoTP HSDT => - - End of Transmission Packet
7 - LP-11 => - - End
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DCS Read, No Parameter Sequence

A Short Packet (SPa) of “Display Command Set (DCS) Read, No Parameter (DCSRN-S)” is defined on chapter
“Display Command Set (DCS) Read, No Parameter (DCSRN-S)” and example sequences, how this packet is
used, is described on following tables.

DCS Read, No Parameter Sequence - Example 1

MCU Display Module
g Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
° SMRPS-S| HSDT - i i Define how many qata byte is
wanted-to read: 1 byte
3 DCSRN-S| HSDT => - - wanted to geta response ID1 (DAh)
4 EoTP HSDT => - - End of Transmission Packet
5 - LP-11 => - -
_ g} Interface control'change from the
6 i BTA <= BTA MCU to-the display module
If\no,_error'=> goto line 9
y i i If'error'=>goto line 14
7 ) ) i Y If error'is corrected by ECC
=> go to line 19
8
9 2 - <= LPDT DCSRR1-S Response 1 byte return
10 - - <= LP-11 -
\ i Interface control change from the
A i 21 X\ BTA display module to the MCU
12 - LP-11 => - - End
13
14 - - <= LPDT AwWER Error report
15 - - <= LP-11 -
_ i Interface control change from the
16 i 21 <= BTA display module to the MCU
17 - LP-11 => - - End
18
19 - - <= LPDT | DCSRR1-S Responsed 1 byte return
_ Error Report
20 <= LPDT AWER (Error is Corrected by ECC)
21 - - <= LP-11 -
B i Interface control change from the
22 i Sl <= BTA display module to the MCU
23 - LP-11 => - - End
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DCS Read, No Parameter Sequence - Example 2

MCU Display Module
g Interface | Information | Interface
Line Packet Mode Oieeian Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
i _ ) i Define how many data byte is
2 SR R = wanted to read : 200 byte
i _ i i wanted to get a response "Memory
3 DCSRN-S| HSDT => Read" (2Eh)
4 EoTP HSDT => - - End of Transmission Packet
5 - LP-11 => - -
_ i Interface control change from the
6 i BTA <= BTA MCU to the display module
If no\error => goto line 9
: i i Iferror => goto line 14
/ i i <= LP-11 If error.is corrected by ECC
=>/go.to line 19
8
9 - - <= LPDT DCSRR-L Responsed 200 bytes return
10 - - <= LP-11 -
_ Interface control change from the
1 i Sl <= S{{ i display module to the MCU
12 - LP-11 => = - End
13
14 / - <= LPDT AwWER Error report
15 - - <= LP-11 -
B i Interface control change from the
16 i 21 <= BTA display module t to he MCU
17 - LP-11 => - - End
18
19 - - <= LPDT DCSRR-L Responsed 200 bytes return
_ Error Report
20 ] ] <= LPDT AWER (Error is Corrected by ECC)
21 - - <= LP-11 -
_ i Interface control change from the
22 ] BTA <= BTA display module to the MCU
23 - LP-11 => - - End
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Null Packet, No Data Sequence

A Long Packet (LPa) of “Null Packet, No Data (NP-L)” is defined on chapter “Null Packet, No Data (NP-L)” and
example sequences, how this packet is used, is described on following tables.

Null Packet, No Parameter Sequence - Example

MCU Display Module
. Interface | Information | Interface
Line Packet Mode Oieeian Mode Packet Comment
Sender Sender

Control Control
1 - LP-11 => - - Start
5 NP-L HSDT - i i Only high spe_ed data transmission

is-used.

3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - - End

End of Transmission Packet

A Short Packet (SPa) of “End of Transmission (EoT)” is defined on.chapter“End of Transmission Packet (EoT)”
and an example sequences, how this packet is used, is described on following tables.

End of Transmission Packet - Example

MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 =S - - Start
5 NP-L HSDT 2\ i i Only high spe_ed data transmission
is used.

2 EoTP HSDT => - - End of Transmission Packet

3 - LP-11 => - - End
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5.3.4.4 VIDEO MODE COMMUNICATION

Video Mode peripherals require pixel data delivered in real time. This section specifies the format and timing of
DSl traffic for this type of display module.
5.3.4.4.1 TRANSMISSION PACKET SEQUENCES

DSI supports several formats, or packet sequences, for Video Mode data transmission. The peripheral’s timing

requirements dictate which format is appropriate. In the following sections, Burst Mode refers to

time-compression of the RGB pixel (active video) portion of the transmission. In addition, these terms are used

throughout the following sections:

» Non-Burst Mode with Sync Pulses — enables the peripheral to accurately reconstruct original video timing,
including sync pulse widths.

» Non-Burst Mode with Sync Events — similar to above, but accurate reconstruction of sync pulse widths is not
required, so a single Sync Event is substituted.

» Burst mode — RGB pixel packets are time-compressed, leaving more time during. a\scan line for LP mode
(saving power) or for multiplexing other transmissions onto the DSI link.

In the following figures the Blanking or Low-Power Interval (BLLP) is\ defined'\as a period during which video
packets such as pixel-stream and sync event packets are not.actively transmitted-to the peripheral. To enable
PHY synchronization the host processor should periodically:end \HS transmission and drive the Data Lanes to the
LP state. This transition should take place at least once per frame; shown as LPM in the figures in this section. It
is recommended to return to LP state once per scan-line during the horizontal blanking time. ‘Regardless of the
frequency of BLLP periods, the host. processor is responsible for-meeting all'\documented peripheral timing
requirements. Note, at lower frequencies BLLP periods will approach, or\become;-zero, and burst mode will be
indistinguishable from non-burst mode.

During the BLLP the DSI Link may do-any of the following:

* Remain in ldle-Mode with-the host processor.in LLP-11-state-and the peripheral in LP-RX

» Transmit one or more non-video packets from the host processor to the peripheral using Escape Mode

 Transmit one.or-more non-video packets from thehost processor to the peripheral using HS Mode

« If the'\previous processor-to-peripheral transmission ended with BTA, transmit one or more packets from the
peripheral to the host processor using Escape Mode

 Transmit one or more packets from the host processor to a different peripheral using a different Virtual Channel
ID

The sequence of packets within the BLLP or RGB portion of a HS transmission is arbitrary. The host processor
may compose any sequence of packets, including iterations, within the limits of the packet format definitions. For
all timing cases, the first line of a frame shall start with VS; all other lines shall start with HS. This is also true in the
special case when VSA+VBP=0. Note that the position of synchronization packets, such as VS and HS, in time is
of utmost importance since this has a direct impact on the visual performance of the display panel.

Normally, RGB pixel data is sent with one full scan line of pixels in a single packet. If necessary, a horizontal
scan-line of active pixels may be divided into two or more packets. However, individual pixels shall not be split
across packets.

2011/10/06 155 V2.0

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.



\ NGVATEK NT35410

Transmission packet components used in the figures in this section are defined in Figure below unless otherwise
specified.

v |v| || ] R e B IR IR L
s| el |ee| s |8 |e| |E| B |G| |P
A pl |p| |B] M

J

Low Power Mode including optional BTA

DSI Packet: Arbitrary sequence of pixel stream and Null Packets

DSI Blanking Packet: Horizontal Back Porch

DSI Blanking Packet: Horizontal Front Porch

DSI Sync. Event: Horizontal Sync. End

DSI Blanking Packet: Horizontal Sync. Active, No data

DSI Sync. Event: Horizontal Start

DSl Packet: Arbitrary sequence of non-restricted-DSI
packets or Low Power Mode including optional BTA:

DSI Sync. Event: Packet V Sync. End.

DSI Sync. Event: Packet V Sync. Start.
DSI Video Mode Interface Timing Legend

If a peripheral timing specification for HBP or HEP. (minimum period is zero, the corresponding Blanking Packet
may be omitted. If.the HBP or-HFP maximum period is zero;the corresponding blanking packet shall be omitted.
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5.3.4.4.2 NON-BURST MODE WITH SYNC PULSES

With this format, the goal is to accurately convey DPI-type timing over the DSI serial Link. This includes matching
DPI pixel-transmission rates, and widths of timing events like sync pulses. Accordingly, synchronization periods
are defined using packets transmitting both start and end of sync pulses. An example of this mode is shown in
Figure below.

» tL* (VSA+VBP+VACT+VFP) L
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
_________________ (Y
B
V{BL|H|BL|_ __|V|BL|[H|BL|__ _|H]|BL Active Video Area H|BL|_ __|H|BL|H L:;
S|{LP|S|LP E|LP|S|LP S|LP S| LP SLPS'F-)M
_ N N N A
VSA Lines VBP Lines VFR Lines
-7 RS
- N
- ~N
- N
- N
- ~N
//’ N
’// N
L tHsSA tHBP tHACT tHFR
Bl - € <> -
H H H H
Sls|E|B RGB HFP | =— 4=~ als|E|B RGB HFP
A P A P
VACT Lines

DSI.\Video Mode Interface Timing: Non-Burst Transmission with Sync Start and End

Normally, periods shown as HSA (Horizontal Sync Active), HBP (Horizontal Back Porch) and HFP (Horizontal
Front Porch) are filled by Blanking Packets, with lengths (including packet overhead) calculated to match the
period specified by the peripheral’s data sheet. Alternatively, if there is sufficient time to transition from HS to LP
mode and back again, a timed interval in LP mode may substitute for a Blanking Packet, thus saving power.
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5.3.4.4.3 NON-BURST MODE

This mode is a simplification of the format described in section 5.3.4.4.2 “Non-Burst Mode with Sync Pulse” .Only
the start of each synchronization pulse is transmitted. The peripheral may regenerate sync pulses as needed from
each Sync Event packet received. Pixels are transmitted at the same rate as they would in a corresponding
parallel display interface such as DPI-2. An example of this mode is shown in Figure below.

- tL* (VSA+VBP+VACT+VFP) o
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
N N N ~—~ - Y Y
B
VIBL|H|BL|__ [H|BL|H|BL|__ _|H|BL Active Video Area H{BL|_ _ |H[BL|H]|L 'F‘, \Y
S|LP|S|LP S|LP|S|LP S| LP S |LP SLPS'};MS
7 | D I N — A
VSA Lines VBP Lines VFP Lines
- N
- N
- ~
- N
- N
- N
- N
- N
’// \\
B L tHBP tHACT thep
H H H H
B RGB HFP | === =—- B RGB HFP
S S
P P
VACT Lines

DSI Video Mode Interface Timing:-Non-burst Transmission

As with the previous Non-Burst Mode, if there is sufficient time to transition from HS to LP mode and back again,
a timed interval in LP mode may substitute for a Blanking Packet, thus saving power.
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5.3.4.4.4 BURST MODE

In this mode, blocks of pixel data can be transferred in a shorter time using a time-compressed burst format. This
is a good strategy to reduce overall DSI power consumption, as well as enabling larger blocks of time for other
data transmissions over the Link in either direction. There may be a line buffer or similar memory on the
peripheral to accommodate incoming data at high speed. Following HS pixel data transmission, the bus goes to
Low Power Mode, during which it may remain idle, i.e. the host processor remains in LP-11 state, or LP
transmission may take place in either direction. If the peripheral takes control of the bus for sending data to the
host processor, its transmission time shall be limited to ensure data underflow does not occur from its internal
buffer memory to the display device. An example of this mode is shown in Figure below.

- tL* (VSA+VBP+VACT+VFP) _
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ATL“IL‘
_________________ LYY
B
V|BL|H|BL|__ _(H|BL|{H|BL|__ _|H|BL Active Video.Area H|BL|__~ |H|BL|[H{L :; \Y
S|LP|S|LP S|LP|S|LP S|LP S|LP SLPS'F:MS
— ] — S\ \Z \\ " A
VSA Lines VBP Lines VFP-Lines
P N
- N
- AN
- N
P N
- N
- N
- N
- \\
r L tHBP “tHACT tHFP
H H H H
B | RGB BLLP HFP | —————- B | RGB BLLP HFP
S S
P P
VACT Lines

DSI Video Mode Interface Timing: Burst Transmission

Similar to the Non-Burst Mode scenario, if there is sufficient time to transition from HS to LP mode and back again,
a timed interval in LP mode may substitute for a Blanking Packet, thus saving power.
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5.3.4.4.5 Parameters

Below table documents the parameters used in the preceding figures. Peripheral supplier companies are
responsible for specifying suitable values for all blank fields in the table. The host processor shall meet these
requirements to ensure interoperability.

Required Peripheral Timing Parameters

Symbol | Parameter Condition Min Tvp Max Units
BRPHY | Bit rate total on all Lanes nHD 80 - 500 Mbps
tL Line time nHD - 24.44 - us
tHBP Horizontal back porch nHD 1 - - us
tHACT | Time for image data 1 data lane 15 - Note3 us
HACT | Active pixels per line nHD - 360 - pixels
tHFP Horizontal front porch - 1 - - us
VSA Vertical sync active - 1 - - H
VBP Vertical back porch - 40, Note2 - - H
VACT | Active lines per frame nHD - 640 - H
VFP Vertical front porch - 2 - - H

Note1: Frame rate (Typ)=60Hz

Note2: VBP (min) value can change by command set.

Note3: tHACT+tHFP+tHBP = tL

2011/10/06

160

V2.0

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.



4 NGVATEK

NT35410
5.3.5 Memory Write/Read Format
- 16 bit/pixel Writing
The MCU can send to the display module a following packet.
Packet Header (PH)
A
— T
DI WC (Least Significant Byte) | WC (Most Significant Byte) ECC
39hex (DCSW-L) 03hex 00hex 36hex
1fofo]1]1]1|ofo]1]1]oflofojo]o]ojofojojojojofjojojol1|1]o]1]1]0]0O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
oj1l2)3]4)5]6]7]o|1l2f3f4f5|6]7]o]1]2]|3]|4l5]/6f7f0]1]2]3]4]|516]7
L M| L M| L M| L M
S S|S S|S S|S S
| B BfB B|B BB | B

Packet Data (PD)
A

— ——

Data 0 - DCS (Note 1) Data 1 - Red, Green[0:2] Data 2 - Green[3:5], Blue
2Chex (Memory Write) 23hex 12hex
oft1|1|]0}]1fo0

B|B|B|B|B|B
11213141516

ww=zlNw|o

|UJCDI_ ow|o

A
r~ TN

CRC (Least Significant Byte) | CRC (Most Significant Byte)
63hex A5hex
1]ojojo]1]1

B|B|B|B|B|B
213141516

of1jo0jojJ1]o

BIB|B|B|B
112131415

o W

|wm|—ow -
wwnzlNo|o
wnrlom|—

|chn§ ~w|—

Time

( )
( Packet Footer (PF)

\ J

Notes:
1. Memory Write (2Ch) or Memory Write Continue (3Ch)

2. It is possible that one pixel information is split in one different packets which are ending and
starting as follows: RG - GB (2 packets)

3. Packet can include several pixel (Not only one pixel as in this example)
One Pixel Write (DCSW-L) - Example 1
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Packet Header (PH)
A
— —
Packet Data (PD)
A
— N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S) 3Chex (Memory Write Continue) | 01hex - Red, Green[0:2] 21hex
1lofl1]o]l1]o]o]ojojof1|[1|1]1]o]oO 1loJo]o]o olo
Blele|B|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B B|B
oj1]2]3]4ls5]6fl7]o]j1]2]3]4]|5]6]7 oj1]2]3]4 6|7
L M| L M L M
S S|s S S S
| B B|B B B | B]
Time -
Note: DCS (Data 0) can also be "Memory Write (2Ch)" command
Red/Green[0:2] Subpixel Write (DCSW1-S)- - Example 2
Packet.Header (PH)
A
— N
Packet Data (PD)
A
. T
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S) 3Chex (Memory Write Continue)| 01hex - Green[3:5], Blue 21hex
1 ool 1]o]ofolo]lo] 1) 1] 1loJo]o]o o]o
B|e|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B B|B
oj1l2f3f4fs5]6]7]ofl1][2[3]4]5 0l1]12[3]4 6|7
L M L L M
S S|s S S
| B B|B B | B
Notes:
1. DCS (Data 0) can not be "Memory Write (2Ch)" command.
It must always be "Memory Write Continue (3Ch)".
2. Previous data byte was R[0:4]G[0:2]
Green[3:5]/Blue Subpixel Write (DCSW1-S) - Example 3
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- 24 bit/pixel Writing
The MCU can send to the display module a following packet.
Packet Header (PH)
A~
~— I
DI WC (Least Significant Byte) | WC (Most Significant Byte) ECC
39hex (DCSW-L) 04hex 00hex 2Chex
1JoJo]1]1]1]ofo]ofjo]1|o]ojojo]o]o]o]o]o]jo]o]o]ojo]jo]1]1]o]1]o]o
B|B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B|B
ol1l2]3l4)5le|7|ol1l2])3f4]|5f6]7|o]j1]2]|3|4]|5]|6]7]of1]2]/3]4]5]|6]7
L M| L M| L M| L M
S S|s S|s S|s S
B B|B B|B B|B B

Packet Data (PD)
— — =\ —
Data0 - DCS (Note 1) Data1 - Red Data 2 - Green Data 3 - Blue
2Chex (Memory Write) 23hex 12hex A2hex
ojt1j1]oj1t1j]o

B|lB|B|B|B|B
11213141516

THOIINT|o
W - ==l —
o .= Rl ©
@ » r =lo) ©

|m(l)|—om o
W O r [=luel ©

wn=

Packet Footer (PF)

A
- ™~
CRC (Least Significant Byte) | CRC (Most Significant Byte)
20hex D7hex
0]0 0]1

B|IB|B B|B
314 314

Time

|wm|—omo
—W|o
N |o
U] —
ow|o
W ZNB|o
Dwnrjom|—
_Lm —_
pm| =
o@|o
ow|—
|WCD§\IUJ—A
-/

Y

Notes:
1. Memory Write (2Ch) or Memory Write Continue (3Ch)

2. It is possible that one pixel information is split in one different packets which are ending and
starting as follows:

* R - GB (2 packets)
* RG - B (2 packets)
* R - G - B (3 packets)
3. Packet can include several pixel (Not only one pixel as in this example)

One Pixel Write (DCSW-L) - Example 1
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Packet Header (PH)
A —
Packet Data (PD)
A

f

DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S) 3Chex (Memory Write Continue) 01hex - Blue 21hex
ojt1]o]1]o0]o ojoj1]1]1]1]0

B|B|B|B|B|B B|B|B|B|B|B
11213141516 11213141516

—
N 00
oe]
oe)
oe)
o

Immn—ow -
wwnZ|NB|o
Wwnrjow

wwnZ|NB|o
mwnrjom|—

Immgxnw o

Time

Y

Notes:

1. DCS (Data 0) can not be "Memory Write (2Ch)" command.
It must be always be "Memory Write Continuec(3Ch)" .
2. Previous data byte was G[0:7]

Blue Subpixel Write (DCSW1-S) - Example 2

Packet Header (PH)
D AL AN\
Packet.Data'(PD)
A

e

DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S) 3Chex (Memory Write Continue) O01hex - Green 21hex
ojt1joj1f0]o ofoj111|1p1]0

B|B|B|B|B|B B|B|B|B|B|B
1]12]13]14]51]6 112]314]5]6

—m
N 0
@
@
@
o m

Im(nv—om -
wwn=z|Nm|o
Wwrjow

wwnZND|o
mwrjom|—

Immgxnw o

Time

Y

Notes:

1. DCS (Data 0) can not be "Memory Write (2Ch)" command.
It must always be "Memory Write Continue (3Ch)".
2. Previous data byte was R[0:7]

Green Subpixel Write (DCSW1-S) - Example 3

Packet Header (PH)
A —

—
Packet Data (PD)
A
- N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S) 2Chex (Memory Write) 01hex - Red 07hex
oj1]o]1]0]oO ol1]1]1]1]0

B|B|B|B|B|B B|B|B|B|B|B
11213141516 112]1314]5]6

— 0
m
m
w
w
ow|o

Wwrjom|o

[ ROEd ~ T [S)
wnrlowm|-

1
R
0
L
S
B

Immn—om -
wwZ|Nm|o
wwZ|Nm|o

Immgxnw o

Time

Y

Note: DCS (Data 0) can also be "Memory Write Continue (3Ch)" command.
Red subpixel Write (DCSW1-S) - Example 4
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- 24 bit/pixel Reading

The display module can send to the MCU following packets after the MCU has a read command “Memory Read
(2Eh” or “memory Read Continue (3Ch)”.

Packet Header (PH)
A

A
N
CRC (Least Significant Byte) | CRC (Most Significant Byte)
DBhex 10hex
1 i1]1]o]Jo]jojoj1|jo]joOfoO
B B B|B|B|B|B|B|B|B|B|B|B
0 2 5]16]7]0]1]2]3]4]5]16]7
L M| L M
S S|S S
B B|B B

Packet-Footer (PF)
—
1]of1]1]o0
B B|B
1 3|4

Time

\ 4

Note: It is possible that one pixel information is split in two or three different packets:
* R - GB (2 packets)
* RG - B (2 packets)
* R -G - B (3 packets)

One Pixel Read Response (DCSRR-L) - Example 1

2011/10/06
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— e
DI WOC (Least Significant Byte) | WC (Most Significant Byte) ECC
1Chex (DCSRR-L) 03hex 00hex 16hex
ofoj1|1]1]ojojojt1]1jojojojojojojojojojojojojo]jo}]o ojt1]oj]ojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B
0]l1]2]3]4]|5]6]7]o]112]3|4]5]6]7]l0]1]2]3]4]5]6]7]0 314151617
L M| L M| L M[ L M
S S|s S|s S|S S
B B|B B|B B|B B
)]
Packet Data (PD)
A
— —~
Data 0 - Red Data 1 - Green Data 2 - Blue
2Ehex 23hex 12hex
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Packet Header (PH)
-~ o
Packet Data (PD)
A
- N
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) O1hex - Red 00hex 14hex
1]ojojojo]1]ofo ofoJofojojofoJofo]1fo]1fo]o]o
B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B|B
ol1]2]3]4]5]6]|7 1]12]3])4|5]6]7]o]1]2]3]4]5]|6]7
L M M| L M
S S s|s S
| B B B|B | B
Notes:
1. Data 1 is always "00h".
2. Previous data byte was B[0:7]
Red Subpixel Response (DCSRR1-S) - Example 2
Packet/Header (PH)
=\ LA N\ \\
— T~
Packet Data (PD)
A
- N
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) O0t1hex - Green 00hex 14hex
1]ofololol1fo]o oflofofofo]o]o]ofofoft1]o]1]o]o]o
B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B
ol1]2]|3]4]l5]6]7 ol1]2|3]4]5]6|7|o|1|2]|3]4]5]|6]|7
L M L M| L M
S S S s|s S
| B B B B|B | B
Time
Notes:
1. Data 1 is always "00h".
2. Previous data byte was R[0:7]
Green Subpixel Response (DCSRR1-S) - Example 3
Packet Header (PH)
e —
-~ N
Packet Data (PD)
A
- N
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) 01hex - Blue 00h 14hex
1]oJoJofo]1]o]o ofojojJo]Jo]oJo|ofo|1]o]1]o]o]o0
B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B[B]B
ol1]2]|3]4]l5]6]7 112]3]4]5]6|l7]lofl1]2]3|4|5|6]7]
L M M| L —M
S S s|s S
[ B B B|B | B
Note: Data 1 is always "00h".
Blue subpixel Response (DCSRR1-S) - Example 4
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Packet Header (PH)
A
— B
Packet Data (PD)
A
- ™~
DI Data 0 Data 1 ECC
22hex (DCSRR2-S) 11hex - Red 50hex - Green (Pixel n) 0Ahex
ol1]o]o]of1]o]o oo ol1]o]1]ofofo]o
B|B|B|B|B|B|B|B R R B|B|B|B|B|B|B|B
ol1l2]3l4]5]6]7 12 ol1l2]3l4]l5]6]|7
L M L M
S s S S
8] B B 8]
Red and Green Subpixels Response (DCSRR2-S) - Example 5
Packet Header (PH)
— — B
Packet Data\(PD)
NN
- N
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) 01hex - Green 00hex 14hex
1fofofofo]1}]o]o oflo]1]o]1fofo]o
B|B|B|B|B[B|B|B B|B|B|B|B[B|B|B
ol1l2]3l4]5]6]7 ol1l2]3]4l5]6]|7
L M L M
S S S S
8] B B 8]
Note: Previous data byte was R[0:7]
Green and Blue Subpixels Response (DCSRR2-S) - Example 6
Packet Header (PH)
A
— T
Packet Data (PD)
_ A
- ™~
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) 01hex - Blue 00h 14hex
1fofofofol1]o]o oloJoJo]ofofofof1]of1]o]0o]o0
B|B|B|B|B[B|B|B B|B|B|B|B|B|B|B[B|[B|B|B[B]B
ol1l2]3l4]5]6]7 2|3l4]5le6]7]of1]12]|3[4]5]|6]|7]
L M M| L — ™
S s s|s S
8] B B| 8 8]
Note: Previous data byte G[0:7]
Blue and Red Subpixels Response (DCSRR2-S) - Example 7
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5.3.6 System Power-Up and Initialization

After power-on, the host processor shall observe an initialization period, ty, during which it shall drive a
sustained Tx-Stop state (LP-11) on all Lanes of the Link.

Figure below illustrates an example power-up sequence for a DSI display module. In the figure, a hardware reset
(RESX) mechanism is assumed for initialization. Internally within the display module, de-assertion of RESX could
happen after both IO and core voltages were ramped up. In this example, the host’s tnr master parameter is
programmed for driving LP-11 for a period longer than the sum of tgesw, tinr_siave @and tinternal peiay. The display
module may ignore all Lane activities during this time.

VDDI /

VCl /
: tREsw :
RESX _____“L______js\
E
MVDDA P/
;
MVDDI L/

MVDDL /

Rx State Machine Active

\\_—’

N

i ]
tnT_stave b TINTERNAL DELAY |
>

tiniT WIRSTER \—Hmmrlm_
CLKN | ] \__ mmmmi

DATAPO | ] N e T
DATANO | ]

(tinir_masTer) >= (tresw + tiniT_sLAve + tINTERNAL DELAY)

CLKR f i

A=
4

Symbol Parameter Min Typ Max Units
tinT_masTER MIPI Tx initialize time 5 - - mS
trEsw Reset “L” pulse width Note - - uS
tiniT_sLave MIPI Rx initialize time 4 - - mS
tNTERNAL_DELAY Internal delay time. 500 - - usS

Note: See section “7.7.6 Reset Input Timing”
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5.4 MDDI INTERFACE

The NT35410 supports the Mobile Display Digital Interface (MDDI) is a differential small amplitude serial interface
for high-speed data transfer through the following four lines: DO_P/D0_N and CLK_P/CLK_N.

The specifications of MDDI supported by the NT35410 meet the MDDI specifications Version 1.2 as published by
the Video Electronics Standards Association (VESA).

The NT35410 offers the Bi-direction Link to use for the register and display data read / write.

For power saving, the NT35410 offers both Hibernation mode (Send shutdown packet), and enter deep standby
mode to reduce power consumption.

The NT35410 supports the MDDI Type-| of the MDDI specifications Version 1.2 and the application diagram is
illustrated as Fig. 5.4.1.

Hinge LCM nHD 360RGB x640 16.7M Colors
Host VPNL - - -
System VSS ; [ Main LCD Driver]
CLK_P /CLK_N (Note2)
MDDI jzzgzzgzzzzzzzgzzi
Host Bi-direction Link C'\Il:grgl ﬁ
DO_P / DO_N (Note2) "
re— -p v
e
RESX _ - '
> l: L.
- TE_R/TE_I( Note1) -
5 -
[} Eaad
2
S A
2
IM[3:0] - y -
‘ ’ —
v v e

Fig. 5.4.1 MDDI application diagram

Notes:

1. Based on the system configuration, use TE signal as the reference signal for moving picture display to avoid
the tearing effect.

2. In MDDI mode, an internal terminal resistor of 100 ohm are embedded between DO _P/D0O_N and
CLK_P/CLK_N.

3. When enter to the MDDI interface from other interface, the Host needs to wait 100ms and can start to send
any packet. For example wake up packet.

4. After shutting down the MDDI interface the Host needs to wait 500ns and can start to send wake up packet to
wake up the MDDI link.
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5.4.1 MDDI Link Protocol by The NT35410
The NT35410’s MDDI Link Protocol is in accordance with the MDDI specifications as published by VESA; refer

to these specifications for more information on the MDDI Link Protocol.

DO NOT send any packets that are not supported by the NT35410 into a system containing the NT35410.
Supported MDDI packets are as follows:

Table 5.4.1 Summary of MDDI packets supported by NT35410

NT35410 MDDI packets Packet Name Packet Type Direction
Sub-frame header packet 15359 (0x3BFF) Forward
Filler packet 0 Forward/Reverse
Link Shutdown packet 69 (0x45) Forward
Reverse link encapsulation packet 65 (0x41) Forward
Link Control Packet Round-trip delay measurement 82 (0x52) Forward
packet
Client capability packet 66 (0x42) Reverse
Client request and status packet 70.(0x46) Reverse
Forward Link Skew Calibration-Packet | 83(0x53) Forward
Register Access Packet Register access packet 146-(0x92) Forward/Reverse
Video stream packet 16 (0x10) Forward
Basic Media Stream Packet _|-Flexible video stream packet 20-(0x14) Forward
Windowless video stream packet 22 (0x16) Forward
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5.4.2 MDDI Link Packet Descriptions by the NT35410

Sub-frame Header Packet
The Sub-Frame Header Packet is the first packet of every sub-frame.

Sub-frame Header Packet

Packet Type Unique word Sub-frame | Protocol | ) - | ‘
Packet Length —0x3bff — 0X005a Reversed 1 Length Version Sub-frame Count | Media-frame Count CRC
2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 2 bytes 2 bytes 4 bytes 2 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 0x3bff
Unique Word: unique word is 0x005a
Reserved 1: not used (set to zero)
Sub-frame Length: specify the number of bytes per sub-frame
Protocol version:

Bits [15:2] — Reserved for future expansion. These should be set to all zero.
Bits[1:0] — Sub-frame operational mode
“00” — Sub-frame lengths strictly followed.
“01” — Sub-frame lengths are flexible. Sub-frame packets should be sent at the first opportunity
after the sub-frame length has been transmitted.
“10” — Sub-frame lengths are unlimited. No more sub-frame packets are required to be transmitted

after the first Sub-Frame packet at startup.

Sub-frame Count: specify the number of sub-frame header packet
Media-frame Count: specify the number of media-frames
CRC: error check

Filler Packet
The Filler Packet is sent when no other information is available to be sent on the forward or reverse link.

Filler Packet
Packet Length | Packet Type=0 Filler Bytes (all zero CRC
recommended)
2 bytes 2 bytes (Packet_Length - 4) bytes 2 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 0
Filler Bytes: set to zero
CRC: error check
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Link Shutdown Packet

The Link Shutdown Packet is sent from the host to the client to indicate that the MDDI data and strobe will be
shut down and go into a low-power hibernation state.

Link Shutdown Packet

Packet Length | Packet Type=69 CRC All Zero

2 bytes 2 bytes 2 bytes (Packet_Length - 4) bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 69
CRC: error check
All Zero: set to zero (size is 16 bytes)
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Reverse Link Encapsulation Packet
Data is transferred in the reverse direction using the Reverse Link Encapsulation Packet.

Reverse Link Encapsulation Packet

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 65
hClient ID: set to zero
Reverse Link Flags:
B Bit 0 — 0: No packet request
1: Host needs the Client Capability Packet
B Bit 1 — 0: No packet request
1:Host needs the Client Request-and Status Packet
B Bit[7:2] = set to zero
Reverse Rate Divisor:reverse data rate=reverse-link-data clock
Turn-Around 1\Length: the length-of Turn-Around-17is the forward link data rate

Parameter CRC: error check

All zero: set to zero

Turn-Around 1: First turn-around period

Reverse Data Packets: A series of data packets transferred from the client to host
Turn-Around 2: The second turn-around period

_ . . - Turn-Around 1 Turn-Around 2
Packet Length | Packet Type=65 hClient ID Reverse Link Flags | Reverse Rate Divisor Length Length
2 bytes 2 bytes 2 bytes 1 bytes 1 bytes 1 bytes 1 bytes
Parcaggter All Zero 1 Turn-Around 1 Reverse Data Packets Turn-Around 2 All Zero 2
2 bytes 8 bytes xbytes  (Packet_Length -x - y - 26) bytes y bytes 8 bytes

Turn-Around-2 Length: thelength of Turn-Around 2 is determined by Round-trip delay of the link
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Round-Trip Delay Measurement Packet

The Round-Trip Delay Measurement Packet is used to measure the propagation delay from the host to the client
plus the delay from the client back to the host. This packet is most useful when the MDDI link is running at the
maximum speed intended for a particular application. The packet may be sent in Type | mode and at a lower
data rate to increase the range of the Round-Trip delay measurement.

Round Trip Measurement Packet

Packet Length | Packet Type=82 hClient ID Parameter CRC
2 bytes 2 bytes 2 bytes 2 bytes
Guard Time 1 Measurement Period All Zero Guard Time 2
64 bytes 64 bytes 2 bytes 64 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 82
hCilent ID: set to zero
Parameter CRC: error.check
Guard Time 1.:allow overlap of the-host and client
Measurement Period: @ 64:bytes window-to-allow the client to respond
All-Zero: set to zero
Guard:Time-2: allow overlap of the measurement period by the client

Fig. 5.4.2 illustrates the timing of events during the Round-Trip Delay Measurement Packet.

All Zero 1 —\

- ' Y L
Guard Time 1 1 Measurement Period . Guard Time 2 1
Data from Host Packet |Parameter : 2—n Packet
o __Twe | cac 5 [i L 5> ! Lengm
TC , . TC T
2 bytes 64 bytes i 84 bytes : : Inext packet)
! Hostto [ 1
€ Client Oxff, Oxff, & 30 bytes of ! ! 1
! Delay 0x0 sequence at v 5 1
\ 53 ! % fwd rate 5y v { << !
< ' (49 [ !
1 [ 1
1 1 1 I
H Client .
— : Llu Host > : : !
i Delay . f
Aggregate Data PT“';:‘ Parameter ' v ! E:r?lg(ter:
viewed at Host | —— CRD 22 E & E E 22 :
< Round-Trip > [ -
' Delay
Fig. 5.4.2 Round-Trip Delay Measurement Timing
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Client Capability Packet

It is recommended that the client send a Client Capability Packet to the host after forward link synchronization is
acquired, and it is required when requested by the host via the Reverse Link Flags in the Reverse Link
Encapsulation Packet.
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Client Capability Packet

_ . ) i i Pre-calibration Data | Interface Type
’Packet Length| Packet Type=66 | cClient ID | Protocol Version | Min Protocol Version Rate Capability ‘ Capability

2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 1 bytes

Number of Alt [ Post-calibration Data - - . . Display Window ‘ Display Window ‘ . ‘
Displays Rate Capability ‘ Bitmap Width ‘ Bitmap Height Width Height Color Map Size

1 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 4 bytes

Color Map

ROB Widin ‘RGBCapability‘ Monochrome ‘ Reserved 1 | Y Cb Cr Capability | Bayer Capability ‘ Reserved 2 ‘

Capability

2 bytes 2 bytes 1 bytes 1 bytes 2 bytes 2 bytes 2 bytes

Client Feature ‘ Max Video ‘ Min Video ‘ Min Sub-frame rate
Capability Frame Rate Frame Rate

4 bytes 1 bytes 1 bytes 2 bytes 2 bytes 2 bytes 2 bytes

Content Protection
e 7~ [ |

1 bytes 1 bytes 2 bytes 1 bytes 1 bytes 2'bytes 2 bytes

‘ Product Code ‘ Reserved 3 | Serial Number ‘ Week of Mfr ‘ Year of Mfr. 1 CRC ‘

2 bytes 2 bytes 4 bytes 1 bytes 1 bytes 2 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 0042h
cClient ID: set to zero
Protocol Version: set to 0002h
Min Protocol Version: specify the minimum’protocol version (0001h)
Pre-Calibration Data Rate Capability: specify the maximum-data rate the client can receive (190h)
Interface Type Capability: set to-zero
Number of Alt Displays: set to zero
Post-Calibration Data Rate Capability: specify the maximum data rate the client can receive (190h)
Bitmap Width:specify the width of the-bitmap
Bitmap Height: specify the height of the bitmap
Display. Window Width: specify the width of the display window
Display Window-Height: specify the height of the display window
Color Map Size: set to zero
Color Map RGB Width: set to zero
RGB Capability: specify the resolution of RGB format (8888h)
Monochrome Capability: set to zero
Reserved 1: set to zero
Y Cb Cr Capability: set to zero
Bayer Capability: set to zero
Reserved 2: set to zero
Client Feature Capability Indicators: 00CC8000h
Maximum Video Frame Rate Capability: specify the maximum video frame (3Ch)
Minimum Video Frame Rate Capability: specify the minimum video frame (00h)
Minimum Sub-frame Rate: specify the minimum sub-frame rate (01h)
Audio Buffer Depth: set to zero
Audio Channel Capability: set to zero
Audio Sample Rate Capability: Set to zero
Audio Sample Resolution: set to zero
Mic Audio Sample Resolution: set to zero
Mic Sample Rate Capability: set to zero
Keyboard Data Format: set to zero
Pointing Device Data Format: set to zero
Content Protection Type: set to zero
Mfr Name: set to BO9F6h
Product Code: set to 5410h
Reserved 3: set to zero
Serial Number: set to zero
Week of Manufacture: set to zero
Year of Manufacture: 0Ah
CRC: error check
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Client Request and Status Packet

The host needs a small amount of information from the client so it can configure the host-to-client link in an
optimum manner. The Client Request and Status Packet is required to report errors and status to the host.

Client Request and Status Packet

Packet Length | Packet Type=70 cClient ID Re'\?/:;sueelgtlnk CRC Error Count Client Status | Client Busy Flags CRC
2 bytes 2 bytes 2 bytes 2 bytes 1 bytes 1 bytes 2 bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is 70
cClient ID: set to zero
Reverse Link Request: specify the number of bytes the client needs in-the reverse link in'the next sub-frame
to send information to the host.
CRC Error Count: count the number of CRC errors occurred
Client Status:

B Bit 0 — 1: capability has changed

0: capability has/not changed

B Bit 1 —indicates-the client has detected an error

B Bit[7:2] =seét to zero
Client Busy Flags:

B Bit 0 — bitmap-block transfer-function-is busy

m  Bit\1 —'bitmap area.fill function is busy

B Bit 2 — bitmap pattern fill function is busy

B Bit 3 —the graphics subsystem is busy

B Bit[15:4] —setto zero
CRC: error check

2011/10/06 177 V2.0

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.



\ NGVATEK NT35410

Forward Link Skew Calibration Packet

This packet allows the client to calibrate itself for differences in the propagation delay of the MDDI_Data signals with respect to the MDDI_Stb
signal. Without delay skew compensation the maximum data rate must be limited to account for the worst-case variation in these delays. It is
recommended that this packet only be sent when the forward link data rate is configured to 50 Mbps or lower. After sending this packet to
calibrate the client the data rate may be stepped up above 50 Mbps. With the data rate set too high during the skew calibration process the
client might synchronize to an alias of the bit period which would cause the delay skew compensation setting to be off by more than one bit
time, resulting in erroneous data clocking. The greatest possible Interface Type must be selected prior to sending the Forward Link Skew

Calibration Packet so that all existing data bits are calibrated.

Forward Link Skew Calibration Packet

Packet Length Parameter CRC All Zero 1 Calibration Data Sequence All Zero 2

Packet Type =83‘ hClient ID

2 bytes 2 bytes 2 bytes 2 bytes 8 bytes Packet Length-22 bytes 8 bytes

Packet Contents:
Packet Length: packet length not including the packet length field.
Packet Type: packet type is 83.
nClient ID: set to zero.
Parameter CRC: error check from packet length to the nClient ID.
All Zero 1: 8 bytes that contain eight 8-bit unsigned integers equal to zero. This field ensures that there will be a
transition on MDDI_Stb at the beginning of the Calibration Data Sequence field. It also provides sufficient time for the
client core logic to change the mode of the clock recovery circuit from using the XOR of MDDI_Data0 and MDDI_Stb to
simply using MDDI_Stb as the recovered clock.
Calibration Data Sequence: a data sequence that causes the MDDI_Data signals to toggle at every data period. The
length of the Calibration Data Sequence field is determined by the interface type being used on the forward link. During
the Calibration Data Sequence the MDDI host controller sets all MDDI_Data signals equal to the strobe signal. The
client clock recovery circuit must use only MDDI_Stb rather than MDDI_Stb xor MDDI_Data0 to recover the data clock
while the Calibration Data Sequence field is being received by the client. Depending on the exact phase of MDDI_Stb
at the beginning of the Calibration Data Sequence field the Calibration Data Sequence will be as the following

] Type 1 — (64 byte data sequence) AAh, AAh ... or 55h, 55h...
All Zero 2: 8 bytes that contain eight 8-bit unsigned integers equal to zero. This field provides sufficient time for the
client core logic to change the mode of the clock recovery circuit back to the original state, from using MDDI_Stb as the

recovered clock to using the XOR of MDDI_Data0 and MDDI_Stb.
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Register Access Packet

Register Access Packet is utilized when setting instruction to the NT35410. This packet cannot be used for RAM
access.

Register Access Packet
Packet Length Paclﬁl‘é’ype bClient ID Realcri]/f\(/)Vrite /Figg:itsesr Pagg\gter | Register Data List Regi(s:t;rCData
2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 2 bytes (Packet Length - 14) bytes 2 bytes
Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 146
bClient ID: set to zero
Read/Write Info:
Bits [15:14] Read/Write Flags
00 Write
01 Reserved
10 Read
11 Response to read
Bit [13:0] — specifies the number of 32-bit register data list items to be transferred in the Register Data List
Filed.
Register Address: upper-bits shall-setto-zero
Parameter CRC: error.check from_packet length-to-the register address
Register Data List: written. (or.read) registers to (from).client
Register Data CRC: error check of theregister data list
2011/10/06 179 V2.0

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.



\ NGVATEK NT35410

Video Stream Packet
The NT35410 supports the Video Stream Packet to transfer display data including RGB data to RAM.

Video Stream Packet

Video Data Format

‘Packet Length| Packet Type=16| bClient ID ‘ I Pixel Data Attributes I X Left Edge I Y Top Edge ‘

Descriptor
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes
’ X Right Edge | Y Bottom Edge I X Start | Y Start I Pixel Count| Parameter CRC | Pixel Data ‘ Pixel Data CRC
2 bytes 2 bytes 2 bytes 2bytes  2bytes 2 bytes (Packet_Length - 26) bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field

Packet Type: packet type is 16

bClient ID: set to zero

Video Data Format Descriptor

[15:12] | [11:8] | [7:4] | [3:0] Transfer pixel format
0101 0x8 0x8 | 0x8 ([/Packed 24 bits pixel RGB-format (R:G:B=8:8:8)
0101 0x6 0x67\| /0x6 | Packed-18 bits pixe RGB format (R:G:B=6:6:6)
0101 0x5 0x6, | /0x5 | Packed 16 bits pixel RGBformat (R:G:B=5:6:5)

Others setting disabled

Pixel Data Attributes: The pixel-data is written'to. RAM buffer-of NT35410 (00C3h)

X Left Edge: Specify the X coordinate of the'left.edge of the screen window filled by the Pixel Data field.

Y. Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field

X\Right Edge: Specify-the X coordinate ofthe right edge of the window being updated.

Y Bottom Edge: Specify the Y'coordinate of the bottom edge of the window being updated.

X Start: Specify X start address for the first pixel in the Pixel Data field below.

Y Start: Specify Y start address for the first pixel in the Pixel Data field below.

Pixel Count: specify the number of pixels

Parameter CRC: error check from packet length to the pixel count

Pixel Data: the raw video data

Table 5.4.1 Pixel Data Format

MDDI date byte Color

RGB Byte n 65K-Color

5:6:5 (1 pixel/ 16 bits RGB format)
RGB 262K-Color
6:6:6 (1 pixel/ 18 bits RGB format)
RGB 16.7M-Color
8:8:8 (1 pixel/ 24 bits RGB format)
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Flexible Video Stream Packet
The NT35410 supports the Flexible Video Stream Packet to transfer display data including RGB data to RAM. This allows for a reduction in
the number of fields sent in an environment where one or more fields are not changing values.

2011/10/06 181 V2.0

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.



\ NGVATEK NT35410

Flexible Video Stream Packet

| Pixel Data Attributes | X Left Edge | Y Top Edge |

Packet Length| Packet Type=20 | bClient ID | Field Present | Video Data Format

Flags Description
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes
| X Right Edge | Y Bottom Edge | X Start | Y Start | Pixel Count | Parameter CRC | Pixel Data | Pixel Data CRC |
2 bytes 2 bytes 2bytes 2 bytes 2 bytes 2 bytes Packet Length - 2 bytes

present header bytes
Packet Contents:

Packet Length: packet length not including the packet length field

Packet Type: packet type is 20

bClient ID: set to zero

Field Present Flags: indicates the field in the packet is present (value “1”) or not present-(value “0”)-
- Bit 0: indicates the presence of the Video Data Format Description Field.
- Bit 1: indicates the presence of the Pixel Data Attributes Field.

- Bit 2: indicates the presence of the X Left Edge Field.

- Bit 3: indicates the presence of the Y Top Edge Field.

- Bit 4: indicates the presence of the X Right Edge Field.

- Bit 5: indicates the presence of the Y-Bottom Edge Field:

- Bit 6: indicates the presence ofithe X Start Field.

- Bit 7: indicates the presence of the Y Start Field.

- Bit 8: indicates.the presence-of the Pixel Count Field.

- Bits [15:9] are all “0™.

Video Data Format Descriptor

[15:12] [11:8] | [7:4] [3:0] Transfer pixel format
0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8)
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6)
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5)
Others setting disabled

X Left Edge: Specify the X coordinate of the left edge of the screen window filled by the Pixel Data field.
Y Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field
X Right Edge: Specify the X coordinate of the right edge of the window being updated.

Y Bottom Edge: Specify the Y coordinate of the bottom edge of the window being updated.

X Start: Specify X start address for the first pixel in the Pixel Data field below.

Y Start: Specify Y start address for the first pixel in the Pixel Data field below.

Pixel Data Attributes: The pixel data is written to RAM buffer of NT35410 (00C3h)

Pixel Count: specify the number of pixels

Parameter CRC: error check from packet length to the pixel count

Pixel Data: the raw video data

Pixel Data CRC: error check of the pixel data
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Windowless Video Stream Packet

The NT35410 supports the Windowless Video Stream Packet to transfer display data including RGB data to
RAM. This packet type assumes that full screen updates are always occurring and therefore there is no need
for the window information.

Windowless Video Stream Packet

Video Data Format

L Pixel Data Attributes | Pixel Count | Parameter CRC
Description

Packet Length Packet Type=22 bClient ID

2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes

Pixel Data Pixel Data CRC

Packet Length - 14 bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field

Packet Type: packet type is 22

bClient ID: set to zero

Video Data Format Descriptor

[15:12] | [11:8] | [7:4] | [3:0] Transfer pixel format
0101 0x8 0x8 | .0x8 | Packed 24 bits pixel- RGB format (R:G:B=8:8:8)
0101 0x6 0x6 | Ox6 | Packed 18 bits pixel RGB format (R:G:B=6:6:6)
0101 0x5 0x6 | 0x5 |\ Packed 16 bits pixel RGB format (R:G:B=5:6:5)

Others'setting disabled

Pixel\Data Attributes: The pixel'data is written to RAM buffer of NT35410(00C3h)

Pixel'Count: specify the number of-pixels

Parameter CRC: error check from packet length to the pixel count

Pixel Data: the raw video data

Pixel Data CRC: error check of the pixel data
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5.4.3 Writing Video Data to Memory Sequence

In order to write video data to memory, the following sequence should be programmed. This packet should be
followed by video stream packets.

Video Data Transfer
(Video Stream Packet)

Y

Video Data Transfer
(Video Stream Packet)
|
I
I

L

Video Data Transfer
(Video Stream Packet)

Fig. 5.4.3 Writing Video Data to Memory Sequence

5.4.4 Writing Register Sequence
In order to write registers, register .access packet should be-used. Register ‘access packet is used to write data to
register.

Command Transfer
(Register Access Packet)

!

Fig. 5.4.4 Writing Register Sequence
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5.4.5 Reading Video Data from Memory Sequence

In order to read a pixel data from memory (readable one pixel only), the following sequence should be
programmed. Memory read command (2E00h) is followed by reverse encapsulation packet. DDI transmits video
pixel data through encapsulation packet. Please refer to VESA spec for detailed description.

Round-Trip Delay Measurement Transfer
(Round Trip Delay Measurement Packet)

Y

Read Memory Transfer (2E00h)
(Register Access Packet)

\

Reverse Encapsulation Transfer
(Reverse Encapsulation Packet)

'

Fig. 5.4.5 Reading Video Data from Memory Sequence

Notes:

1. X addresses for memory data read is\set by 2A00h and 2A01h (XS[15:0])-
The parameters of 2A00h-and \2A01h are_stored on relative registers.while command 2A00h~2A03h are
executed completely. See also section “6.1 Instruction/Code™ and Note 2.

2.Y addresses forrmemary-data'read’is set by 2B00h and 2B01h (YS[15:0]).
The parameters of 2B00h+and 2B01htare stored on relative registers while command 2B00h~2B03h are
executed completely.'See also section “6.1 Instruction Code” and Note 2.

5.4.6 Reading Register Sequence

In order-to read registers, the following sequence should be programmed. Next, register read command is
followed by reverse encapsulation 'packet. DDI transmits register data through encapsulation packet. Please refer
to VESA spec for detailed description.

Round-Trip Delay Measurement Transfer
(Round Trip Delay Measurement Packet)

Y

Read Register Command Transfer
(Register Access Packet)

Y

Reverse Encapsulation Transfer
(Reverse Encapsulation Packet)

'

Fig. 5.4.6 Reading Register Sequence

2011/10/06 185 V2.0

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.



\ NGVATEK NT35410

5.4.7 Hibernation Setting

The Client MDDI of the NT35410 provides a hibernation setting. The methods for waking up the hibernation mode
can be determined based on actual usage.

Wake-up Condition
Host-Initiated Wake-up Wake up the MDDI link by MDDI Host

Note: In the Hibernation state, the data is retained in RAM and the display operation is maintained.
Hibernation setting and wake-up sequence must in accordance with VESA-MDDI specifications.
Hibernation setting sequence

[ Enter Hibernation Mode ]

!

Shutdown Packet

Hibernation Wake-up sequence

Host Initiated Wake-up

!

[ Exit Hibernation Mode ]

Fig. 5.4.8 Hibernation Wake-up Sequence
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5.5 INTERFACE PAUSE

It will be possible when transferring a Command, Frame Memory Data or Multiple Parameter Data to invoke a
pause in the data transmission. If the Chip Select Line is released after a whole byte of a Frame Memory Data or
Multiple Parameter Data has been completed, then NT35410 will wait and continue the Frame Memory Data or
Parameter Data Transmission from the point where it was paused. If the Chip Select Line is released after a
whole byte of a command as been completed, then the Display Module will receive either the command’s
parameters (if appropriate) or a new command when the Chip Select Line is next enabled as shown below.

This applies to the following 4 conditions:
1) Command-Pause-Command
2) Command-Pause-Parameter
3) Parameter-Pause-Command
4) Parameter-Pause-Parameter

Parallel Interface Pause

CSX Pause

D/CX X X X X

RDX

WRX ; f

D[7:0] X or7:01 X Xoi7:0 X
Command/ Pause Command /
Parameter Parameter

Fig."5.4.1 Parallel bus protocol, write mode — paused by CSX

Serial Interface Pause

e = @ e P

csx | [
ooy se L FI UL LA UFLALFLF LA LA LA LA LA LA LA LA
e & 000 COCac Hi & 000000 e

Driver )
_, Command  / Parameter / Data L _ Command  / Parameter  / Data _

| scL and SDA during CSX ="H" isinvalid |

Fig. 5.4.2 Serial bus protocol, write mode — paused by CSX (3-Pin serial case)

MIPI Interface Pause

Pause can be done on DSI between Packets when they are sent to same or different receiver (Virtual Channel
(VQ)) e.g.

1) Same receiver: Packet 1 (VC=00) — Packet 2 (VC=00) — Packet 3 (VC=00) — ...

2) Different receiver: Packet 1 (VC=00) — Packet 2 (VC=00) — Packet 3 (VC=00) — ...

The means that “—” symbol means a pause on DSI.
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5.6 DATA TRANSFER RECOVERY

If there is a break in data transmission by RESX pulse, while transferring a Command or Frame Memory Data or
Multiple Parameter command Data, before Bit DO of the byte has been completed, then NT35410 will reject the
previous bits and have reset the interface such that it will be ready to receive command data again when the chip
select line (CSX) is next activated after RESX have been High state. See the following example (See Fig. 5.6.1)
If there is a break in data transmission by CSX pulse, while transferring a Command or Frame Memory Data or
Multiple Parameter command Data, before Bit DO of the byte has been completed, then NT35410 will reject the
previous bits and have reset the interface such that it will be ready to receive the same byte re-transmitted when
the chip select line (CSX) is next activated. See the following example (See Fig. 5.6.2)

X B X X X B P
[ csx O [

Host RESX

=<
( MPU to

) s LIRSS AR AR

27

__ SDA :>D/c p7X peX psX paX p3X b2 @@@@@@@@@

Command. /
\ Parameter  / Data _}_ N % Command _
SCL'and SDA during RESX ="L" is invalid and
next byte becomes command

A

» . Wait-for more than 10us

Fig. 5.6.1 Serial bus protocol, write mode — interrupted by RESX

X B X X)) B P
csX || [
Host
weow] scL L FIFIFLEFLS L
Driver)
sDA | XooX(eXeX(eXeX XX oXeeX o3 oaX(03X 02X o eX
3 Command /== Break > ) Command /
Parameter / Data Parameter / Data
Fig. 5.6.2 Serial bus protocol, write mode - interrupted by CSX
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Regarding the data transfer break mechanism, there are some different between different interface. When

NT35410 work in MIPI interface, it illustrated for reference purposes below.

Without break

\
Y
\

Command 1 Parameter 1 Parameter 2 Parameter 3

With break (See and check also exceptions®)

Y

Parameter 1 >| Parameter 2 t-----»1 Parameter 3

Command 1

The old value is kept
on the register on the register on the register

] ]
1 ]
] ]
The old value is kept |} } ' The old value is kept
] 1
1 ]
] 1

Break . Parameter
Command 2 for
Command 2

Break can be e.g. another command or noise pulse:

Fig. 5.6.3 Break during Parameter

*) See also an-exception on section “6.1 Instruction Code’ andNote 2.
The MCU can create a break condition.when it is forcing'DSI data lanes in the LP-11 mode

The NT35410 stops to control ' DSI data lanes“(change from a transmitter mode to a received mode) if it was
controlling DSI data lanes as a transmitter when the MCU is forcing DSI data lanes in the LP-11.

The break condition can be done any time when the MCU or the driver IC is controlling DSI data lanes e.g. the
driver IC is sending data to the MCU.

Except MIPI interface, the data transfer break mechanism illustrated for reference purposes below.

PARALI1 is sucessfully sended but PARA12

Break «is breaked and need to be transferred again

A 4

PARAII [H PARAI2 — CMD2

CMD1

PARAT1

PARAI12

------- CMDI1

PARAI13 |—»

A

»
Command] with 1% parameter (PARA1) should
be executed again to write remained parameter
(PARA12 and PARA13)
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If a 2 or more parameter command is being sent and a break occurs by the other command before the last one is
sent, then the parameters that were successfully sent are stored and the other parameter of that command
remains previous value.

PARAL11 is sucessfully sent but the other parameters
Break are not sent and break happeds by the other command

CMD1 [ PARAI1L CMD2

PARAIL3 —»

»
L

PARAI2

L cMD1

PARAI11

A

Commandl with 1* parameter (PARA1) should
be executed again to write remained parameter
(PARA12 and PARA13)
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5.7 DISPLAY MODULE DATA TRANSFER MODES
The NT35410 has one color mode for transferring data to the frame Memory and it is 24-bit color per pixel. The
data format is described for each interface. Data can be downloaded to the Frame Memory by 2 methods.

Method 1
The Image data is sent to the Frame Memory in successive Frame writes, each time the Frame Memory is filled,
the Frame Memory pointer is reset to the start point and the next Frame is written.

Start Stop
Start Frame | Image Image Image An
Memory Data Data Data Co)rlnmand
Write Frame 1 Frame 2 Frame 3

Method 2
Image Data is sent and at the end of each Frame Memory download, a command-is' sentto, stop Frame Memory
Write. Then Start Memory Write command is sent, and a new Frame-is'downloaded.

Start
Start Frame | Image A Start Frame 'Image
ny Any
Memory Data Command Memory Data Command ™"
Write Framel Write Frame2
Stop
______________________________ | Any
Command
Start Frame Start Frame Start Frame
Image Data Image Data Image Data | _____.
Memory Frame 1 Memory Frame 2 Memory Frame 3
Write Write Write
Stop
________________ Any
Command

NOTES:

1) The Frame Memory can contain odd and even number of pixels for both Methods. Only complete pixel data will
be stored in the Frame Memory.

2) “Memory Write Continue (2Ch)” or “Memory Read Continue (2Eh)” commands are not stopping writing or
reading to/from the frame memory. These commands can be used if there is wanted to continue the writing or
reading to/from the frame memory when “Any Command” has stopped the memory writing or reading.

3) “Any Command” can be as same as “Start Frame Memory Write”.
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5.8 RGB INTERFACE
5.8.1 General Description

For direct interface with both graphic controller and MPU, NT35410 offer RGB interface mode to display video

signal. The parallel RGB interface includes: VS, HS, DE, PCLK, D[23:0]. The interface is activated after Power On
sequence (See section Power On/Off Sequence)

Pixel clock (PCLK) is running all the time without stopping and it is used to entering VS, HS, DE and D[23:0]

states when there is a rising edge of the PCLK. The PCLK cannot be used as continues internal clock for other
functions of the display module e.g. Sleep In —-mode etc.

Vertical synchronization (VS) is used to tell when there is received a new frame of the display. This is-negative
(“0”, low) active and its state is read to the display module by a rising edge of he PCLK signal.

Horizontal synchronization (HS) is used to tell when there is received a new line of the frame: This\is\negative (“0”,
low) active and its state is read to the display module by a rising edge of the PCLK signal.

Data Enable (DE) is used to tell when there is received RGB information that should be transferred on the display.
This is a positive ( “17, high) active and its state is read to the display module by, arising edge of the PCLK signal.
D[23:0] (24-bit: R7-R0, G7-G0 and B7-B0;18-bit: R5-R0, G5-G0.and B5-B0;\16-bit: R4-R0, G5-G0 and B4-B0) are
used to tell what is the information of the image that is transferred on the display (When.DE= “1” and there is a
rising edge of PCLK). D[23:0] can be “0” (low) or “17/(high)..These lines are readby a rising edge of the PCLK
signal.

The PCLK cycle is described in the follow figure.

LTI
.~
veu,
.
0
.Q
s
s
.
?
G
>
o
°*
.
o
ll"‘
.
agy
.
cau,
.,
e,
o >
--“"

PCLK ;
VS, HS, DE
D[23:0]
The host changes D[23:0], VS, The driver read the D[23:0], VS,
HS and DE lines when there is a HS and DE lines when there is a
falling edge of the PCLK rising edge of the PCLK

Note: PCLK is an unsynchronized signal (It can be stopped)
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5.8.2 RGB Interface Timing Chart

The image information must be correct on the display, when the timings are in range on the interface.
However, the image information can be incorrect on the display, when timings are not out of range on the
interface (Out of the range timings cannot on the host side). The correct image information must be displayed
automatically (by the display module) on the next frame (vertical sync.) when there is returned from out of the
range to in range interface timing.

Hsync HBP HAdr HFP

et o

] ; ' |
| I
I
l | |
l [ | :
_| | .
Vsync J :(Vsync+VBP) - vertical interval when no A : s T
I valid display data is transferred from host to I 33 3
VBP I display v ' 532
|- - 32 =
g8 S
- > 23805
. =]
2853 . o SgE
o & 8¢ ((Vadr+Hadr) - period when valid display AoR=]
2733 ; °S<g
< o 2 ¢ |data are transferred from host to display T a2
VAdr ® =T <93
S > |module. g =
—+ D
=53 »
o
33 - -
AT 52t A
VEP 3 & VFP - vertical interval when no valid display
& data is transferred from host to display
L Y
Fig. 5.8.1 RGB interface general timing diagram
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VS | | | u |
HS TTUUTTETUTTrys 1T T
DE | Dok ﬂ_ﬂtﬂ:ﬂ_!] LILILE s e
o L I
ek [T U U LA LRI

| Back

DE HBP[5:0] kLrCh, |

D23-D0 Invalid ’:: @ Invalid
Latched Data \,-_-:)<RGBn
= A,

Fig. 5.8.2 Video signal- data writing method in RGB Mode 1 Interface

VS | | | ||
HS [TTTUTT STTTTUTTUr v s

! ]
! Back! ! | Back 1
DE i porch i ' Iporch |
VBP[5:0] —P3 L VBP[5:0] l—>!

P O,

S et
% e T .

HS ] , T

DE (2P0
Latched Data Koeagrea ook X | o
RAMWEN FE 1

Fig. 5.8.3 Video signal data writing method in RGB Mode 2 Interface
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5.8.3 RGB Interface Mode Set
Register
RGB I/F Mode PCLK DE D23-D0 VS HS VBP[5:0]. HBP[5:0]
RGB Mode 1 (SYNC + DE) Used Used Used Used Used Not used
RGB Mode 2 (SYNC only) Used Not used Used Used Used Used

In RGB Mode 1, writing data to line buffer is done by PCLK and Video Data Bus (D23 to D0), when DE is high
state. The external clocks (PCLK, VS and HS) are used for internal displaying clock. So, controller must always
transfer PCLK, VS and HS signal to NT35410.

In RGB Mode 2, back porch of Vsync VBP is defined by VBP[5:0] of RGBBPCTR command. And back.porch of
Hsync HBP is defined by HBP[5:0] of RGBPRCTR command.

5.8.3.1 INTERFACE TYPE SELECTION
The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMQ pins as'show.in Table 5.8.3.1

Table 5.8.3.1 Interface Type Selection

IM3 | IM2 | IM1 | IMO Interface Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX strobe (8-bit read data-and 8-bit read parameter)
0 0 0 1 8080 MCU 9-bit Parallel RDX strobe (9-bitread data and 8:bit read parameter)
0 0 1 0 8080 MCU 16-bit Parallel RDX strobe (16-bit read dataiand 8-bit read parameter)
0 0 1 1 8080 MCU-18-bit Parallel RDX strobe (18-bit read data and 8-bit.-read parameter)
0 1 0 0 8080-MCU 24-bit Parallel RDX strobe (24-bit read data and-8-bit read parameter)
1 1 0 0 SPI 3-pins serial Viathe read instruction (8-bit, 24-bit and 32-bit read parameter)
1 1 0 1 SPI-4-pins serial Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
1 0 0 1 RGB mode 1/2 Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
1 1 1 0 MIPI Follow MIP| Read Back Sequence
1 1 1 1 MDDI Follow MDDI Read Back Sequence
Table 5.8.3.2 Pin Connection according to the Interface Type
IM3 | IM2 | IM1 IMO Interface RDX WRX DCX Read back selection
0 0 0 0 8080 MCU 8-bit Parallel RDX WRX DCX | D[23:8]: Unused, D7-DO0: 8-bit Data
0 0 0 1 8080 MCU 9-bit Parallel RDX WRX DCX | D[23:9]: Unused, D8-DO0: 9-bit Data
0 0 1 0 8080 MCU 16-bit Parallel RDX WRX DCX | D[23:16]: Unused, D15-D0: 16-bit Data
0 0 1 1 8080 MCU 18-bit Parallel RDX WRX DCX | D[23:18]: Unused, D17-D0: 18-bit Data
0 1 0 0 8080 MCU 24-bit Parallel RDX WRX DCX | D[23:0] : 24-bit Data
. . D[23:0]: Unused, SDI, SDO,
1 1 0 0 SPI 3- | Note 1 SCL Note 1
pins seria ote ote WRX pad: SCL
. . D[23:0]: Unused, SDI, SDO,
1 1 0 1 SPI 4- | Note 1 SCL Note1
pins seria ote ote WRX pad: SCL
- SDI, SDO, DCX pad: SCL
1 0 0 1 RGB mode 1/2 Note 1 SCL Note1 | RGB mode 1/2 is selected by command
via SPI.
D[23:0]: Unused,
1 1 1 MIPI Note 1 | Note 1 | Note 1
0 ote ote €1 | CLK_P/CLK N, DO_P, DO_N
D[23:0]: Unused,
1 1 1 1 MDDI Note 1 | Note 1 | Note 1
ol Mol | TO® T | GLK P/GLK N, DO_P/DO_N
Note1: Unused pins connected to VDDI.
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5.8.4 RGB Interface Bus Width Set
All 3-kinds of bus width can be available during RGB interface mode (selected by the COLMOD command (3Ah):

VIPF[3:0]).

VIPF[3:0]{(D23|D22|D21|D20(D19|D18|D17|D16(D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO || Bus Width
0111 R7|R6|R5 | R4 | R3|R2|R1|R0|G7|G6|G5|G4|G3|G2|G1|{GO0|B7|B6|B5|B4|B3|B2|B1|B0 | 24-bit data
0110 x| x |R5|R4|R3|R2|R1|RO| x | x |G5|G4|G3|G2|G1|GO| x | x |B5|B4|B3|B2|B1|BO0 | 18-bit data
0101 x | x |R4|R3|R2|R1|RO| x | x | x |G5|G4|G3|G2|G1|GO| x | x |B4|B3|B2|B1|{B0| x | 16-bitdata
1001 X | X [ X | X | X | X[ X | X | X[ X|X|X|X|[X]|X]|X|X|X]|X]|X]|]X]|X]|X]X
101x x [ x fx xx fx px px px [x [ x x b x px fx px px px x| x b x px fx e e oo
1M0x x| x [ x| x| x| x| x| x| x| x| x| x| x| x| x| x|x]|x]|x]|x]|x[x]x]|Xx
111x x| x [ x x| x x| x| x| x| x| x| x| x| x| x| x| x]x|x]|x]|%]|x|x|]x

NOTE: Unused RGB data bus connected with VSS.
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Write data for 24-bit RGB interface bus width set is shown below.

RESX

M [3:0]

VS

HS

DE
PCLK

D23
D22

D21
D20
D19
D 18
D17
D 16
D15
D14
D13
D 12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

2011/10/06

FE

" 1001 "

g

P

nyn

[ S D I N A N S E S

SUARRRRNEESA RNy

R1, Bit 4

it

R1, Bit 0

L

Rn , Bit 6

Rn , Bit 4

Rn , Bit 0

s

B2, B B3, B Bn , Bit 7
B B B B Bn , Bit 6

B B B B B B Bn , Bit 5

B Bit 4 B B B B Bn , Bit 4
B2, B B3, B Bn , Bit 3
B2, B B3, B Bn , Bit 2
B2, B B3, B Bn , Bit 1
B Bit 0 B Bit 0 Bn , Bit 0
L Pixel 1 5oL Pixel 2t L___. Pixel 3____} Pixel n

v v
D0~D 23

2
3
H
H
H
H

A/

=

s
R1 G1 B1}f R2 G2 B2E R3 G3 B3E
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Write data for 18-bit RGB interface bus width set is shown below.
RESX e
IM  [3:0] "1001"
VS Il1ll
HS Il1ll
DE v
PCLK I L 1 L1 L1 L f
D23 —<__. R S R i< - >
D22 —__ - > - > - e a\\
p21 — D<@ I <~ —
D20 — T R7. B R3 . B
D19 —— D> — < D < D —
D18 — T — T D - <D
D17 — > R2, B R3, B B e Rn . Bit 1y
D16 — I R2, Bit 0 R3, Bit 0 Rn , Bit 0
D15 — : . D o < =
D14 — o - - S - -
D13 —— D> = T~ D> —
D12 — IR : > <Gl
DAt LT : : B Gn, bit 3
D10 S I = T <@ <G
D9~ <R = T < <G
be X TX D> <Gl <G
D7 — - - - << - - =
D6 — - - - e o - o >—
D5 — I 52, B 33, B
D4 — < CHEE 52, B T
D3 — XD B2, B B3, B Bn , Bit 3
D2 —ZHI> B2, B B3, B
D1 — IR 53, &
D0 — I — A, 55, Bit 0
____F:iz(il I lﬂ)il_ N R Pixel 3____1 ... Pixel n
w DO0~D23
[ 6-Bitto 8-BitRGB |
\ 4
...... B2 2 —
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Write data for 16-bit RGB interface bus width set is shown below.
RESX "1
M [2:0] "1001 "
vs oy
HS "
DE "

PCLK L 1 I

D23
D22
D 21
D 20
D19
D18
D17

D16
D15
D14
D13
D12
D 11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
Do

LR

D0~D23
[ 5/6-Bitto 8-BitRGB |

-------- . . . 2 ——

R1/G1 B1: R2 G2 B2: R3 G3 B3} ..
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5.9 FRAME MRMORY

5.9.1 Address Counter
The address counter sets the addresses of the display data RAM for writing and reading.

Data is written pixel-wise into the RAM matrix of DRIVER. The data for one pixel or two pixels is collected (RGB
8-8-8-bit), according to the data formats. As soon as this pixel-data information is complete the “Write access” is
activated on the RAM. The address pointers address the locations of RAM.

When DISP[1:0]="00", the address ranges are X=0 to X=359 (167h) and Y=0 to Y=639 (27Fh).
When DISP[1:0]="01", the address ranges are X=0 to X=359 (167h) and Y=0 to Y=479 (1DFh).
When DISP[1:0]="10", the address ranges are X=0 to X=319 (13Fh) and Y=0 to Y=479 (1DFh).

Addresses outside these ranges are not allowed. Before writing to the RAM a window must be defined. The
window is programmable via the command registers XS, YS designating the start address and. XE, YE
designating the end address.

For example, the whole display contents will be written when DISP[1:0]="007;"ifthe window. is defined by the
following values: XS=0 (0h) YS=0 (0h) and XE=539 (167h), YE=639 (27Fh)-

In vertical addressing mode (MV=1), the Y-address increments after-each byte, afterthe last Y-address (Y=YE), Y
wraps around to YS and X increments to address the next column.-In horizontal addressing mode (V=0), the
X-address increments after each byte, after the last X-address (X=XE), X'wraps around to XS-and Y increments
to address the next row. After the every last address (X=XE and Y=YE) the ‘address -pointers-wrap around to
address (X=XS and Y=YS).

For flexibility in handling a wide variety of display architectures, the commands “CASET, RASET” and “MADCTL”
(see section 6 command list),-define-flags MX-and MY, which:allows mirroring-of the X-address and Y-address. All
combinations of flags are allowed. Section 5.9.3 show.the available,combinations of writing to the display RAM.
When MX, MY-and: MV will-be.changed the data bust-be rewrittento the display RAM.

For each image condition, the controls for the column-and row counters apply as below:

Condition Column Counter Row Counter
. Return to Return to
When RAMWR/RAMRD command-is-accepted “Start Column (XS)’ “Start Row (YS)”

Twice Increment by 1

(First Pixel n then Pixel n+1) | NOchange

Complete Pixel Pair Read / Write action

. “ ” Return to
The Column counter value is larger than “End Column (XE) “Start Column (XS)’ Increment by 1
The Column counter value is larger than “End Column (XE)” Return to Return to
and the Row counter value is larger than “End Row (YE)” “Start Column (XS)” “Start Row (YS)”

NOTE:

Data is always written to the Frame Memory in the order, regardless of the Memory Write Direction set by
command MADCTL (36h) bit MY, MX and MV. The write order for each pixel unitis (R, G, B) transferred from (D2,
D1, DO) = (R, G, B). One pixel unit represents 1 column and 1 page counter value on the Frame Memory

2011/10/06 200 V2.0

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.



\ NGVATEK NT35410

5.9.3 Interface to Memory Write Direction

The resultant image for each orientation setting is illustrated below.

MADCTR
Parameter Image in the Host | Image in the Driver

MV T vx [y | (MPU) (DDRAM)

Normal 0 0 0 H/W position (0 0)7

X-Y address (0,0)
X: CASET,
Y: RASET

Display Data
Direction

Y-Mirror 0 0 1 H/W position (0,0}——>

X-Y address (0,0)
X: CASET,
Y:RASET [ —>

H/W position (0,0——>

X-Mirror 0 1 0 X-Y address (0,0)
X: CASET,

Y-RASET

X-Mirror 0ol 1 1
Y-Mirror

H/W position (0.0F—>

d X-Y address (0,0)

- === X: CASET,

== T — — JB] «— Y: RASET

X-Y Exchange| ' 1 0|0

]

H/W position 10,0]7

X-Y address (0,0)|
X: CASET,
Y: RASET

< -_
M — — ==

X-Y Exchange| 1 o1l 1
Y-Mirror

H/W position (0,04——>

X-Y address (0,0)|
X: CASET,
Y:RASET |

H/W position (0,04——>

>
>
= — — [

4 F

[oF - = === [ *==2-

X-Y Exchange| 1 1 0 &—X-Y address (0,0)

ol

X-Y address (0,0)|
X: CASET,
«—| Y:RASET

X-Mirror Il : : | X: CASET,
: : : | Y: RASET
Y Y
il | y
i [
Ty vy
X-Y Exchange| 1 1 1 F/W position (0.0 5
X-Mirror i
Y-Mirror f
¥
E

I ]|
Ty
>

NOTE: MV=D5 parameter of MADCTL command, MX=D6 parameter of MADCTL command,
MY=D7 parameter of MADCTL command
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5.9.4 Frame Memory to Display Address Mapping
5.9.4.1 USING 360RGB X 640 RESOLUTION (SMX=SMY=SRGB="0’)

Pixel1 Pixel359 Pixel360
[ source Out 1] s2] s sS4 | s5 | se - - $1075] $1076 | s1077] s1078 ] s1079] s1080
YW N PN V2N B PN YN Y PN VP
=R =
my=o[ my=1| |* 7] ™~ = i\“\\ 5 B =T i‘“\\ ML=0| ML=1
0 639 ROz | GOgqo| BOgsy| Rlgg| Glgy| Blsyg —_—- R3585 | G358 | B3585 | R359 ;| G3595 .| B359, 0 639
1 638 - —- 1 638
2 637 - —- 2 637
3 636 — == 3 636
4 635 - —- 4 635
5 634 - —- 5 634
6 633 - —- 6 633
7 632 — == 7 632
8 631 - —- 8 631
9 630 - —- 9 630
10 629 — == 10 629
1 628 ——- 11 628
5 MNidrh BT SR 5
| Display| Pattern:Data |
632 7 - —- 632 7
633 6 - —- 633 6
634 5 - —- 634 5
635 4 — == 635 4
636 3 — == 636 3
637 2 - —- 637 2
638 1 - —- 638 1
639 0 ——- RN, [ GNgof BNg,[ 639 0
CA MX=0 0 1 - —- 358 359
MX=1 359 358 - —- 1 0
NOTE:
RA = Row Address,
CA = Column Address,
SA = Scan Address,
MX = Mirror X-axis (Column address direction parameter), D6 parameter of MADCTL command
MY = Mirror Y-axis (Row address direction parameter), D7 parameter of MADCTL command
ML = Scan direction parameter, D4 parameter of MADCTL command
RGB= Red, Green and Blue pixel position change, D3 parameter of MADCTL command
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5.9.5 Normal Display On or Partial Mode On

5.9.5.1 PARTIAL MODE
In this mode, the content of the frame memory within an area where column pointer is 00h to 167h and page pointer is 000h to 27Fh is
displayed. To display a dot on leftmost top corner, store the dot data at (column pointer, row pointer) = (0, 0).

Example1) Normal Display On

N~ © (2] o
Scan Orde - N o T R 8 8 X
_ Sonothohosn - - - - - 165hieshie7n ; R AN R R I
ooh oo| o1| 02| o3| 04| 05 ov| ow ox| ov| oz! 1= t---p &1, 00| 01| 02| 03| 04| 05 ov| ow| ox| ov| oz!
o1r]' 10| 11| 12| 13| 14 wo1x| 1v] 1z] 2 GZ: 10| 11| 12| 13| 14 w 1x| 1v| 1z!
ozn' 20| 21| 22 2x| 2v| 2z| 3¢ GS: 20| 21| 22 2x| 2v| 2z
o3 30| 31| 32 3x| av| az| an GA: 30| 31| 32 3x| av| azl
1
y
oadl 40| 41| 42 av| 4z| s Gs: 40| 41| 42 av| azi
{
o5t 50| 51 sy| 5z| 6" GG: 50| 51 sv| 5z
640 0 360 x640 x 24 bit ; o 360 x 640 ;
Tl ) T el Displaying
line | Frame memory : Ny LCD panel : o an lines
L L
1
27anl uo| Ut uy| Uz 635" G638 Uo| Ut uy| Uz
27Bhl Vo| v1| v2 vx| vv| vzi e36t Ge3d vo| V1| v2 vx| vy vz:
i T
} [
27¢hl Wg W1 W2 WX W] WZ 637" G637 Wg Wi w2 WX WY, wz:
T T
27Dh| Xx0| X1| X2 xx xv| xzl6as' G633 Xo0| x1| x2 xx| X xz:
I I
27eR Yo| Y1| Y2| 3| va yw Yx| vy| vzlezer G639 YO| Y1| Y2| Y3| va Yw x| vy YZ:
I I
27Fhy 20| z1| z2| z3| z4| z5 zv| 2w z| zv| zzl|'edott---» Geaq zo| z1| z2| z3| z4| z5 2v| zw zx| zv zz]'
~ —_—_—m— e e Jd o d L L Ly _——lm el e - L L L L)
Example2) Partial Display On ( PSL[15:0] = 04h,"RPEL [15:0] = 279h)
~ © (o2} (=3
Scan Order| - o o % w© 8 8 8 8
00h'01h 02h 03h = _— _—¢ = = 165h166h167h [_m_ L e e P L PP DD
oon, 00| 01| 02| 03| 04| 05 ov[-ow \ox|.ov| ozl 1= 1) oo| o1 02| 03| 04| 05 ov| ow| ox| ov| oz!
T I
oty 10| 11| 12| 13| 14 W 1x| 1v| 1z] 2 G2y 10| 11| 12| 13| 14 w 1x| 1] 12! | Non-displaying
o2t 20| 21| 22 2x| 2v| 2zl ¢ Gs: 20| 21| 22 2x| 2v| 22! area = 4 lines
03K 30| 31| 32 3x| av| 3z| 4 G4: 30| 31| 32 ax| ay| 3zl
|
oan 40| 41| 42 av| 4z| 5" b--mpp G5: 40| 41| 42 av| 4z1
1
ostf s0| 51 sy| sz| 6" e8! 50| 51 sy| sz|
0 360 x640 x 24 bit o |
640) | o 360 x640 |
i = | Frame memory Ny LCD | 1 | Displaying
ine s s pane | [T area=633lines
1
27anl U0 U1 uv| Uz 635" G638 Uo| U1 uY| Uz
278hl Vo V1| v2 vx| vv| vzi s3et G638 Vo| V1| v2 Vx| v vz:
1 ¢
[ [
27chl wg Wi w2 WX WY WZ 637"F---3 Gean wo| Wil w2 WX W] wﬂ
T T
27Dh| X0| X1| x2 xx| xv| xz| 638" G638 X0| X1| x2 xx| x| xz:
f f _di i
27en; Yo| Y1| v2| va| va vx| vy| vzl 63o® G639 Yo| Y1| 2| va| v4 YW YX| YY Y2: = 2‘:;’;:'53"::]229
I !
27Fh 0| z1| z2| z3| z4| z5 2v| 2w zx| zv| zzl eaon ee4q 20| z1| z2| z3| z4| z5 2v| 2w zx| zv] zz]'
- AL o AN ISR [P S PR DU [ [ R SN N S Ny
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5.9.6 Vertical Scrolling

5.9.6.1 SCROLLING

There is vertical scrolling, which are determined by the commands “Vertical Scrolling Definition” (33h) and “Vertical Scrolling Start
Address” (37h).

TFA TFA
VA vsa \—/
(oo
BFA BFA
Original Scrolling

Fig. Difference between Scrolling and original

When Vertical Scrolling Definition Parameters (TFA+VSA+BFEA)=640: In this-case, scrolling is\applied as'shown below.
Example1) Panel size=360 x 640, TFA =3, VSA=635, BFA=2, SSA=4, MADCTL (ML)=0:-Scrolling

00h 01h 02h 03h — — = ~— ' — .165h166h 167h

§1
s2
s3
s4
s5
s357
$358
5359
$360

ooh | 00| o1| 02| 03| 04| 05 ov| ow| ox| ov| oz| 1% eggJ G1| oof o1| 02| 03| 04| 05 ov| ow| ox| ov| oz
BFA{ = } BFA
oth | 10| 11| 12| 13| 14 w| x| 1y | 1z] 2w 638 2| 10| 11| 12| 13| 14 1wl 1x| 1| 1z
(" oz2n | 20f 21| 22 ox| 2v| 2zf 3¢ 637 G3 | Wo| wi| w2 WX | WY | WZ [ ~
o3h| 30| 31| 32 ax| 3v| 3zi 160" 636 G4 | 20| 21| 22 x| 2y | 2z
0sh | 40| 41| 42 4| 4z) an 635 G5 | 30| 31| 32 ax | 3y | 3z
05h [~50| 51 5Y| 5zf 5" 634 G6 | 40| 41| 42 4y | 4z
VSA<L ™ 360 x 640 x 24 bit : : | 50| 1 svlsz| U yga
_ Frame memory ; : . 360 x 640
27Ah| Uo| U1 uy| uzi 635t 5 G635 LCD panel
27Bh| vo| V1| v2 Vx| vy| vzi 636t 4 A ssA G63s| U0 | U1 uy| uz
L_27Ch| wo| wi1| w2 wx| Wy| wzj 637 3 / A G637 vo| V1| v2 VX | vy | vz
27Dh| X0| X1| X2 XX| XY| Xz} 638t 2 G638( xo| x1| X2 XX| xy| xz <
TFA 27| YO[ Y1| Y2| Y3| Y4 yw| Yx| vy| vzi e3gn 1 G639| vo| Y1| v2| Y3| v4 yw| Yx| yy| vz TEA
o7Fh| 20| z1| z2| z3| z4| z5 zv| zw| zx| zv| zz| e40n 0 1. »> G640| zo| z1| z2| z3| z4| z5 2v| zw| zx| zv| zz

Scan Address

Example2) Panel size=360 x 640, TFA =3, VSA=635, BFA=2, SSA=4, MADCTL (ML)=1: Scrolling (TFA and BFA

are exchanged
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00h O01h 02h O3h — — — — — 165h166h 167h

- N o w o
(2] (2] (2] (2] (2]
ooh | 00| 01| 02| 03| 04| 05 ov| ow| ox| ov| oz] 1% 0 J G1 | 00| o1| 02| 03| 04| 05 ov| ow| ox| oy | oz
=
TFA oth | 10| 11| 12| 13| 14 w| x| 1y 1z} 2 1 G2 | 10| 11| 12| 13| 14 w| x| 1y| 1z TFA
o2h | 20| 21| 22 2X| 2v| 2z} 3¢ 2 G3 | 20| 21| 22 2X| 2v| 2z
(" o3h| 30| 31| 32 3x| 3v| 3z| 160" 3 » G4 | 40| 41| 42 av| az| )
[(ssAT
04h | 40| 41| 42 4y | 4z] 4 4 A G5 | 50| 51 5Y| 52
osh | 50| 51 sy| s5z{ 5" 5 G6 360 x 640
. 360 x640 x 24 bit : : : LCD panel
VSA < Frame memory : : - | uol ut ur|uz| > VSA
27Ah| Uo| U1 uy| uz{ 635" 634 Ge35| Vo V1| V2 x| vy | vz
27Bh| VO| V1| V2 Vx| vy| vz| 636t 635 G636 | Wo| w1 | w2 wx| wy| wz
27Ch| wo| wi| w2 WX[ WY| wz} 637t 636 G637 X0 X1| X2 XX| XY | Xz
_ 27Dh| x0| X1| X2 XX[ XY| Xz| 638" | 637 G638 30| 31| 32 3x| sy | 3zf J
27Eh| YO| Y1| y2| v3| v4 yw| Yx| vy| vz| 639 638 G639| vo| Y1| Y2| Y3| Y4 yw| vx| vy| vz
BFA == BFA
27Fh| zo| z1| z2| z3| z4| z5 zv| zw| zx| zv| zz} 40 639 Ge640| zo| z1| z2| z3| z4| z5 zv| zw| zx| zv| zz

Scan Address

5.9.6.2 VERTICAL SCROLL EXAMPLE
There are 2 cases of vertical scrolling, which are‘determined by the'commands * Vertical-'Scrolling-Definition” (33h)
and “Vertical Scrolling Start Address” (37h).

Case 1: TFA + VSA + BFA /=640
N/A. Do not set TFA +VSA + BFA /= 640 In that case; unexpected picture will be shown.

Case 2: TFA + VSA +BFA=640 (Scrolling)
Example1) When’MADCTL parameter ML="0",-TFA=0, VSA=640, BFA=0 and VSCSAD=40.
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M ry Physical Axi j=——————-
(Oeor?ow ysieal AXS :Physical Line: Display
’ ! Pointer | | Axis (0,0)
| |
...... AL CEEN
|
i am /\ .....
Frame Display
Memory Increment
VSCSAD
I————T-73 -
: Physical Line, Display
: Pointer : Axis (0,0)
I
i |
! s 4 N\
| | N\
| |
! Display.
Example2) When MADCTL parameter ML="1", TFA=30, VSA=330, BFA=0 and VSCSAD=80.
Memory Physical Axis B\ | i \ W
0.0) B :Physical Line: Display
’ ) ~Pointer’ | | Axis (0,0)
i |
| | [\
. Display
Memory Increment
VSCSAD
Memory Physical Axis I~ =~"~=773 -
0.0) :Physmal Line, Display
. i Pointer : Axis (0,0)
I
| / \
A
. Display
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5.10 TEARING EFFECT INFORMATION

5.10.1 Tearing Effect Output Line

The Tearing Effect output line supplies to the MPU a Panel synchronization signal. This signal can be enabled or
disabled by the Tearing Effect Line Off & On commands. The mode of the Tearing Effect signal is defined by the
parameter of the Tearing Effect Line On command. The signal can be used by the MPU to synchronize Frame
Memory Writing when displaying video images.

5.10.1.1 TEARING EFFECT LINE MODES
Mode 1, the Tearing Effect Output signal consists of V-Blanking Information only:

tval P10 tun
b ole——»

‘e
al La]
H

Vertical timeScile/—\\

tvdh = The LCD display is not updated from the Frame Memory
tvdl = The LCD display is updated from the Frame Memory. (éxcept Invisible Line — see-below)

Mode 2, the Tearing Effect Output signal consists of V-Blanking and H-Blanking Information;.there is one V-sync
and 480 H-sync (or 640 H-sync) pulsesper field.

thai [ | than

<

AT ST

» < » & » < » < »

lnl\-(isible 1% Line 2" Line 639" Line 640" Line
ine

thdh = The LCD display is not .updated from the Frame Memory
thdl = The LCD display is updated from the Frame Memory (except Invisible Line — see above)

Mode 3, this mode turn on the Tearing Effect Output signal when vertical scanning reaches line N.

For reference For reference

Not belong to Mode 3 Not belong to Mode 3
Mode 1 Mode 1
TE TE

For reference, only one pulse (thdh + thdl) is present at N-th scanning line

N = The N-th scanning line which set by register N[15:0] of command STESL (44h)
The TE mode selection is described as below table

TEOFF (34h
DOPCTR (BOh) TEON (Séh) ) STESL (44h) TE Output
DSITE M N[15:0]
0 X X TE off (no output)
1 34h X TE off (no output)
1 35h with M=0 N[15:0]=0 TE high in V-porch region (Mode 1)
1 35h with M=0 N[15:0]#0 TE high at N-th line (Mode 3)
1 35h with M=1 X TE high in all V-porch and H-porch region (Mode 2)
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Bottom Line

T

|
I
|
Top Line : ___________
|
2" Line |
N
TE (Mode3) e ot L
|

For reference, N[15:0] = 0x01

TEMode2) [| 11 T T m oo n L LU

| For reference, no H-Blanking are inside the V-Blanking |
tyan

TE (Mode1)

“ >

NOTE: During Sleep In Mode, the Tearing Output-Pin is active-Low
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5.10.1.2 TEARING EFFECT LINE TIMING
The Tearing Effect signal is described below:
< tval o |atvah
_ o A N
Vertical Timing
\ -
0 . . -
Horizontal Timing \
|
o tha _ than
Table 5.10.1 AC characteristics of Tearing Effect Signal
Symbol Parameter min max unit Description
tvdl Vertical Timing Low Duration 14.26 - ms
tvdh Vertical Timing High-Duration 1000 - MS
thdl Horizontal Timing Low Duration 17.986 - MS (360x480)
thdh Horizontal Timing High Duration - 13.662 V] (360x480)
Notes:

1. The timings in above table-apply when MADCTL ML=0 and ML=1.

2. The signal’s rise and fall times (tr, tf)-are stipulated to be equal to or less than 15ns when the maximum load is
50 Q.

The signal’s rise and fall times (if, tr) are stipulated to be equal to or less than 15ns.

_pltr f e

0.8vDDIO 0.8VDDIO

—— 0.2VDDIO 0.2VDDIO—}—

The Tearing Effect Output Line is fed back to the MPU and should be used as shown below to avoid Tearing
Effect:
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5.10.1.3 EXAMPLE 1: MPU WRITE IS FASTER THAN PANEL READ.

MCU to

Memory

TE Output
Signal

|

I st
1

|

|

1

20

th

I
|
I

time

v

Memory to
LCD

time

»
»

Image on
LCD

1st

[
I
b

120"

C

|
d

time

Data write to Frame Memory is'now,synchronized to-the Panel Scan. lt-should be written during the vertical sync
pulse of the Tearing EffectOutput Line. This ensures that data is-always written ahead of the panel scan and
each Panel Frame refresh has'a complete:new.image:

Data to be
sent

Image on
Display
Panel
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5.10.1.4 EXAMPLE 2: MPU WRITE IS SLOWER THAN PANEL READ.

MCU to
Memory

TE Output
Signal

Memory to
LCD

Image on
LCD

] 1 ] [}
| | | |
|
|
|
| 1201

y

st . v
T | | time
| | | | |
| |
| |
| |
| ] >
| | | | | [ time
| | | | | |
| | ’
1t | 120" 1 time |
a b ¢, .d e f

The MPU to Frame Memory write\begins' just after.Panel Read has.commenced i.e. after one horizontal sync
pulse of the Tearing Effect Output Line. This allows/time for the image to download behind the Panel Read pointer
and finishing download during the subsequent, Frame before the Read Pointer “catches” the MPU to Frame

memary write position:

Data to be
sent

Image on
Display

Panel / \

A
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5.10.2 Tearing Effect Bus Trigger

A Tearing Effect Bus Trigger information supplies to the MCU a Panel synchronization trigger and this Tearing
Effect Bus Trigger information can be enabled or disabled by “Tearing Effect Line On (35h)” and “Tearing Effect
Line Off (34h)” commands when the only mode of the Tearing Effect Signal is V-Sync information.

The driver IC is sending this trigger information in Escape Mode after the Bus Turnaround (BTA). See section “Tearing Effect (TEE)”

A Rising Edge of V-Sync

Internal V-Sync E / i !

DSI-DO BTA TE Trigger => BTA
I

Time MCU is Controlling = Display Module is Controlling MCU is Controlling

A RISING EDGE OF THE V-SYNC AND DSI-D0
The Tearing Effect Bus Trigger.canonly use.in DSl-case without the TE line:
2011/10/06 212 V2.0

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.



\ NGVATEK NT35410

5.10.2.1 TEARING EFFECT BUS TRIGGER ENABLE

The MCU can enable the Tearing Effect Bus Trigger on the driver IC in 2 different ways when Short Packet (SPa)
or Long Packet (LPa) is used. These cases are illustrated below.:

Packet Header (PH)
o~

-~ N
Packet Data (PD)
A
—
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex 35hex (Tearing Effect Line On) 00hex (V-Sync) 2Fhex
1lfojt1jofj1jojojojt1jojt1jojt|j1jojojojojojojofjojojofjt1]i1]1]1]O]1]0]O
B B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
Oj1]12)13|4]5]6]7]l0)1]12]3]4]5|6]7]0)J1]2]|3]|4|5]|6]7]0]1]12]3]4]5]6]7
L M| L M| L M| L M
S S|s S|S S|S S
B B|B B|B B|B B
Time

Tearing Effect Bus Trigger Enable (DCSW1-S) - Short Packet (SPa)

Packet Header (PH)

A

DI WC (Least Significant Byte) | WC (Most Significant Byte) ECC
39hex 02hex 00hex 13hex
i1joJojofojo ojojojojojo

B|B B|B
314 314

N 00
(o]
(oe]
(o]

o> 0

—

N 00

— @

($]ve]
(e23ve]
N 00
($]lve]
o> 0
—m
N 0

(oe]

(oe]

(o]
o> 0

— @

IW(I)I-OUJ—‘
wwnZ|Nm|o
mwrjom|o
DN |NW|o
WWrjom|o
owwnz|Nm|o
wnrjow|o

lmmg ~w|o

Packet-Data (PD) Packet Footer (PF)
A A
e Y

Data 0 (DCS) Data 1 (Parameter) CRC (Least Significant Byte) | CRC (Most Significant Byte)
35hex (Tearing Effect Line On) 00hex (V-Sync) A2hex 38hex
of1joj1]1]0]o0 ojlojojojo]o 1jojoJof1]o ojfoj1f1]1]0

B|B|B|B|B|B B|B|B|B|B|B B| B| B B| B| B
1]12]13]14]5]6 112]13]14]5]6 31415 31415

—m
N o
o W
—m
N o
(plvs)

Imc/:n— ocw|—~
wonz|Nm

wonrlowm|o
wwz|Nm|o
wonrlowm|o
wonZ|ND|-—
wmwnrjom|o
Immg ~w|o

Time

Tearing Effect Bus Trigger Enable (DCSW-L) - Long Packet (LPa)
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5.10.2.2 TEARING EFFECT BUS TRIGGER DISABLE

The MCU can disable the Tearing Effect Bus Trigger on the driver IC in 2 different ways when Short Packet (SPa)
or Long Packet (LPa) is used. These cases are illustrated below.:

Packet Header (PH)
A

— T
Packet Data (PD)
A
—~
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex 34hex (Tearing Effect Line Off) 00hex (V-Sync) 26hex
i1jojt1jojt1jojojojojoytjoj1yt1jojojojojojojojojojojojt1j1jo0jo0j1jojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B|B
ol1]2]3]4|5]6]7]0]l1]2]3]4]5]6]7]o0]J1]2]3]4]5]6]J7]0]1]2]3]4]1516]7
L M| L M| L M] L M
S S|s S|s P B S
B B|B B|B BB B
Time
Tearing Effect Bus Trigger Disable (DCSW1-S)..— Short Packet (SPa)
Packet Header (PH)
A
— T
DI WOC (Least Significant Byte) | WC (Most Significant Byte) ECC
39hex 01hex 00hex 15hex
1tjopoptj1ft1jojojt1jojojojojojojojojojojojojojojojt1joj1jojt1jojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0J1]213]45]16]17]0]1j213|14|5]6]7j0]1]12]|3]4]15|6|7]j0]j112]13]4]5]617
L M{ 'L M| L M| L M
S S|S S|sS S|S S
B B B B|B B|B B
D
Packet Data (PD) Packet Footer (PD)
A A
- N —~
Data 0 (DCS) CRC (Least Significant Byte) | CRC (Most Significant Byte)
34hex (Tearing Effect Line Off) 20hex 78hex
ojojt1jojtyt1jojojojojojojojt1jojojojojoytyt1jt1j1go
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
011]12]13]4]|5]6]710]11]12]3]4]5]6]7]10]1]12]3]1415]1617
L M| L M| L M
S S|sS S|S S
B B|B B|B B
Time
Tearing Effect Bus Trigger Disable (DCSW-L) - Long Packet (LPa)
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5.10.2.3 TEARING EFFECT BUS TRIGGER SEQUENCES
Tearing Effect Bus Trigger Enable Sequence — DCSW-L and HSDT
MCU Display Module
: Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control

1 - LP-11 => - - Start
2 DCSW-L HSDT => - - Tearing Effect Bus Trigger Enable
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -

_ ) Interface control change from-the
5 j BTA <= BTA MCU to the display module

If no error =>.goto line 8
6 i i - LP-11 i If-erroriis correc.ted by ECC
=> goto,line 19
If error == goto line 30

7
8 - - <= ACK - No Error
9 - - <= LP=11 -

N i Interface control change from the
10 i 2l B BTA display module to the MCU
11 - LP-11 => - -

~ i Interface control change from the
12 i 2l X D) MCU to the display module
13 : - <= LP-11 -
14 i . - TEE i TE (Escape Trigger) on the next

V-Sync

15 - 5 <= LP-11 -

_ Interface control change from the
16 i Ui <= BTA i display module to the MCU
17 - LP-11 => - - End
18
19 - - <= LPDT AwWER Error Report
20 - - <= LP-11 -

_ i Interface control change from the
21 ) 2l <=> BTA display module to the MCU
22 - LP-11 => - -

_ i Interface control change from the
23 ) 2l <=> BTA MCU to the display module
24 - - <= LP-11 -
o5 i i - TEE i TE (Escape Trigger) on the next

V-Sync

26 - - <= LP-11 -

_ i Interface control change from the
27 ° 2l <=> BTA display module to the MCU
28 - LP-11 => - - End
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29
30 - - <= LPDT AwER Error Report
31 - - <= LP-11 -
_ i Interface control change from the
32 ) 2l <=> BTA display module to the MCU
If the MCU is not forcing BTA
i i _ i i => goto line 34
33 LP-11 => If the MCU is forcing BTA
=> goto line 35
34 - LP-11 => - - End
35
_ i Interface contral change from the
36 j BTA <= BTA MCU to.the display module
37 - - <= LP-11 - Dead-Lock (No TE information)
The MCU'is forced to start to control
38 = LP-11 => - - the interface.<The display module
detects Bus Connection Error (BCE)
_ ) Interface control.ehange from the
39 j BTA )7 i A MCU to the display module
40 - - <= LP-11 <
N\ Error Report (Bus Connection Error
41 J J ¥= LPEAO N\ ANEB (BCE) is reported)
42 - - <= LP-14 -
\ i Interface control change from the
A2 i 2l N B¥A display module to the MCU
44 - LP-11 => - - End
Notes:
1. Lines 1 ~ 17 are needed forevery frame.
2. Bit 5 and Bit 7 of the AWER are applied.
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Tearing Effect Bus Trigger Enable Sequence — DCSW-L and LPDT
MCU Display Module
- Interface | Information | Interface
Line Packet Mode Biizeton Mode Packet Comment
Sender Sender
Control Control

1 - LP-11 => - - Start
2 DCSW-L LPDT => - - Tearing Effect Bus Trigger Enable
3 - LP-11 => - -

_ i Interface control change from the
4 i 2l <= BTA MCU to the display.module

If no error=> goto line 7
5 i i - LP-11 i If error is corrected by ECC
=>goto line 18
If error=> goto line 29

6
7 - - <= ACK - No-Error
8 - - <= LP-11 -

_ ) Interface control.ehange from the
9 i 2l 5> A display module to the MCU
10 - LP-11 => - .

B Interface control change from the
1 i Ui = B \ MCU to the display module
12 - - <= LP-14 -
13 \ ) \C TEE i TE (Escape Trigger) on the next

V-Sync

14 - - <= LP-11 -

_ i Interface control change from the
15 i 2l <= BTA display module to the MCU
16 - LP-11 => - - End
17
18 - - <= LPDT AWER Error Report
19 - - <= LP-11 -

_ Interface control change from the
20 i Ui <= BTA i display module to the MCU
21 - LP-11 => - -

_ i Interface control change from the
22 ) 2l <=> BTA MCU to the display module
23 - - <= LP-11 -
o4 i i - TEE i TE (Escape Trigger) on the next

V-Sync

25 - - <= LP-11 -

_ i Interface control change from the
26 ) 2l <=> BTA display module to the MCU
27 - LP-11 => - - End
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28
29 - - <= LPDT AwER Error Report
30 - - <= LP-11 -
_ i Interface control change from the
31 ) 2l <=> BTA display module to the MCU
If the MCU is not forcing BTA
i i B i i => goto line 33
32 LP-11 => If the MCU is forcing BTA
=> goto line 35
33 - LP-11 => - - End
34
_ i Interface contral change from the
35 i 2l <= BTA MCU to.the display module
36 - - <= LP-11 - Dead-Lock (No TE information)
The MCU'is forced to start to control
37 = LP-11 => - - the interface.<The display module
detects Bus Connection Error (BCE)
_ ) Interface control.ehange from the
38 i 2l )i A MCU to the display module
39 - - <= LP-11 <
N\ Error Report (Bus Connection Error
40 ) ] ¥= LPS>\\ ANEB (BCE) is reported)
41 - - <= LP-14 -
\ i Interface control change from the
R i 2l N B¥A display module to the MCU
43 - LP-11 = - - End
Notes:
1. Lines 1 ~ 16 are needed for'every frame.
2. Bit 5 and Bit7 of the AwWER are applied.
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Tearing Effect Bus Trigger Enable Sequence — DCSW1-S and HSDT
MCU Display Module
- Interface | Information | Interface
Line Packet Mode Biizeton Mode Packet Comment
Sender Sender
Control Control

1 - LP-11 => - - Start
2 DCSW1-S| HSDT => - - Tearing Effect Bus Trigger Enable
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -

_ i Interface control change from the
5 ) 2l <=> BTA MCU to the display module

If no_error => goto line 8
6 i i - LP-11 i If error-is correc.ted by ECC
=> goto line 19
If-error => goto line 30

7
8 - - <= ACK - No Error
9 - - <= LP-11 -

/ - Interface control change from the
10 ) 2l S BTA display module to the MCU
11 - LP-11 => - -

_ , Interface control change from the
12 ) 2l <=> AN MCU to the display module
13 \ - <= LP-11 -
14 ) i < TEE i TE (Escape Trigger) on the next

V-Sync

15 - - <= LP-11 -

_ i Interface control change from the
16 ° 2l <=> BTA display module to the MCU
17 - LP-11 => - - End
18
19 - - <= LPDT AwWER Error Report
20 - - <= LP-11 -

_ i Interface control change from the
21 i 2l <= BTA display module to the MCU
22 - LP-11 => - -

_ i Interface control change from the
23 i 2l <= BTA MCU to the display module
24 - - <= LP-11 -
o5 i i - TEE i TE (Escape Trigger) on the next

V-Sync

26 - - <= LP-11 -

_ i Interface control change from the
27 i 2l <= BTA display module to the MCU
28 - LP-11 => - - End
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29
30 - - <= LPDT AwER Error Report
31 - - <= LP-11 -
_ i Interface control change from the
32 ) 2l <=> BTA display module to the MCU
If the MCU is not forcing BTA
i i _ i i => goto line 34
33 LP-11 => If the MCU is forcing BTA
=> goto line 36
34 - LP-11 => - - End
35
_ i Interface contral change from the
36 j BTA <= BTA MCU to.the display module
37 - - <= LP-11 - Dead-Lock (No TE information)
The MCU'is forced to start to control
38 = LP-11 => - - the interface.<The display module
detects Bus Connection Error (BCE)
_ ) Interface control.ehange from the
39 j BTA )7 i A MCU to the display module
40 - - <= LP-11 <
N\ Error Report (Bus Connection Error
41 J J ¥= LPEAO N\ ANEB (BCE) is reported)
42 - - <= LP-14 -
\ i Interface control change from the
A2 i 2l N B¥A display module to the MCU
44 - LP-11 => - - End
Notes:
1. Lines 1 ~ 17 are needed forevery frame.
2. Bit 5 and Bit 7 of the AWER are applied.
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Tearing Effect Bus Trigger Enable Sequence — DCSW1-S and LPDT
MCU Display Module
- Interface | Information | Interface
Line Packet Mode Biizeton Mode Packet Comment
Sender Sender
Control Control

1 - LP-11 => - - Start
2 DCSW1-S| LPDT => - - Tearing Effect Bus Trigger Enable
3 - LP-11 => - -

_ i Interface control change from the
4 i 2l <= BTA MCU to the display.module

If no error=> goto line 7
5 i i - LP-11 i If error is corrected by ECC
=>goto line 18
If error=> goto line 29

6
7 - - <= ACK - No-Error
8 - - <= LP-11 -

_ ) Interface control.ehange from the
9 i 2l 5> A display module to the MCU
10 - LP-11 => - .

B Interface control change from the
1 i Ui = B \ MCU to the display module
12 - - <= LP-14 -
13 \ ) \C TEE i TE (Escape Trigger) on the next

V-Sync

14 - - <= LP-11 -

_ i Interface control change from the
15 i 2l <= BTA display module to the MCU
16 - LP-11 => - - End
17
18 - - <= LPDT AWER Error Report
19 - - <= LP-11 -

_ Interface control change from the
20 i Ui <= BTA i display module to the MCU
21 - LP-11 => - -

_ i Interface control change from the
22 ) 2l <=> BTA MCU to the display module
23 - - <= LP-11 -
o4 i i - TEE i TE (Escape Trigger) on the next

V-Sync

25 - - <= LP-11 -

_ i Interface control change from the
26 ) 2l <=> BTA display module to the MCU
27 - LP-11 => - - End
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28
29 - - <= LPDT AwER Error Report
30 - - <= LP-11 -
_ i Interface control change from the
31 ) 2l <=> BTA display module to the MCU
If the MCU is not forcing BTA
i i B i i => goto line 33
32 LP-11 => If the MCU is forcing BTA
=> goto line 35
33 - LP-11 => - - End
34
_ i Interface contral change from the
35 i 2l <= BTA MCU to.the display module
36 - - <= LP-11 - Dead-Lock (No TE information)
The MCU'is forced to start to control
37 = LP-11 => - - the interface.<The display module
detects Bus Connection Error (BCE)
_ ) Interface control.ehange from the
38 i 2l )i A MCU to the display module
39 - - <= LP-11 <
N\ Error Report (Bus Connection Error
40 J J ¥= LPEAO N\ ANEB (BCE) is reported)
41 - - <= LP-14 -
\ i Interface control change from the
R i 2l N B¥A display module to the MCU
43 - LP-11 => - - End
Notes:
1. Lines 1 ~ 16 are needed for'every frame.
2. Bit 5 and Bit 7 of the AWER are applied.
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Tearing Effect Bus Trigger Disable Sequence — DCSWN-S and LPDT
MCU Display Module
. Interface | Information | Interface
Line Packet Mode Biizeton Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSWN-S| LPDT => - - Tearing Effect Bus Trigger Disable
3 - LP-11 => - -
Tearing Effect Bus Trigger Disable Sequence — DCSWN-S and HSDT
MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSWN-S| HSDT => - - Tearing-Effect Bus Trigger Disable
3 EoTP HSDT => - - End'of Transmission Packet
4 - LP-11 => - -
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5.11 CHECKSUM

The display module consists of two 8-bit checksum registers, which are used checksum calculations for
“Instruction Code” area registers (includes the frame memory), on the display module.

One of the checksum registers is “First Checksum” (FCS) and another is “Continue Checksum” (CCS).
These register values are set to 00h as an initial value when there is started to calculate a new checksum.

The display module is starting to calculate the new checksum after there is a write access on “Instruction Code”
area registers. This means that read commands are not used as a calculation starting trigger in this case.

The checksum calculation is always interrupted, when there is a new write access on Nokia area registers. The
checksum calculation is also started from the beginning.

The result of the first finished checksum calculation is stored on the FCS register, which value’is Kept until there is
the new write access on “Instruction Code” area registers and the new checksum valueis calculated in-the first
time again.

The maximum time, when the FCS is readable, is 150ms after there is thedast write accesson “Instruction Code”
area registers.

The checksum calculation is continuing after the finished-first.checksum calculation where the FCS has gotten the
checksum value. These new checksum values are.always stored on CCS register. (Old.value is.replaced a new
one) after the last Nokia area register has been|calculated to the checksum:

The maximum time, when the CCS-is readable in._the first time, is 300ms after\there is the last write access on
“Instruction Code” area registers.

There is always updated a checksum-comparison bit-(See section:“Read Display Self-Diagnostic Result (0Fh)”
and bit D0O) when. there is compared FCS and-CCS 'checksums after a new checksum value is stored on CCS.

The maximum time, when'the comparison has been done between FCS and CCS in the first time, is 300ms then
the comparison-has been donerin every'150ms-(this is maximum time).

User can read FCS, CCS and.Comparison bit DO values. See section: “Read First Checksum (AAh)”, “Read
Continue Checksum (AFh)” and "Read Display Self-Diagnostic Result (OFh)”.

There can be an overflow during a checksum calculation. These overflow bits are not needed to store anywhere.
This means that these overflow bits can be ignored by the display module.

An example of the checksum calculation:

- Register Values: At1h, 12h, 81h, DEh, F2h

- Calculated Value: 304h (= A1h + 12h + 81h + DEh + F2h)
- Ignored Bits: 3h

- Stored Checksum: 04h

This checksum calculation function is only running in “Sleep Out” mode and it is stopped in “Sleep In” mode.
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Table 5.11.1 Checksum Sequence

Continue
Step | Time . Temporary First Checksum
Note1 | Note2 Action Register Register (FCS) Checksum Comment
9 9 Register (CCS)
The last write action on “Instruction Code”
1 0 Initialization Set to 00h Set to 00h Set to 00h area registers => FCS an CCS registers
are initialized
0 Continue sum of
2 | “Instruction Code” Counting - - The first register counting is running
150ms area registers
Stores sum of
Stores sum of Set to 00h after “nstruction Code” The-result of the first register counting is
3 150ms | registers on FCS | value is moved area registers on - stored on FCSregister. The result of the
register to FCS register g ) FCS.is available to the MPU
FCS register
150ms | Continue sum of
4 | “Instruction Code” Counting - - The second. register-counting is running
300ms area registers
1) Stores sum of i )
) The result of the comparison is stored on
registers on Stores sum of ) )
) Set-to 00h after y . ) separated registers, which can read
CCS register . Instruction Code
5 300ms value'is moved - . separated read commands. The result of
2) Compares ) area registers on )
to CCS-register . the CCS and comparison result are
stored FCS and CCS register .
available to the MPU
CCSvalue
300ms | Continue'sum of
6 | “Instruction Code” Counting - - The third register counting is running
450ms area registers
1) Stores sum of . .
; The result of the comparison is stored on
registers on Stores sum of ) ,
. Set to 00h after . . , separated registers, which can read
CCS register ) Instruction Code
7 450ms value is moved - ) separated read commands. The result of
2) Compares . area registers on .
to CCS register ) the CCS and comparison result are
stored FCS and CCS register .
available to the MPU
CCS value
450 Continue sum of
8 | “Instruction Code” Counting - - The fourth register counting is running
600ms area registers
1) Stores sum of . .
; The result of the comparison is stored on
registers on Stores sum of ) ,
. Set to 00h after . . , separated registers, which can read
CCS register ) Instruction Code
9 600ms value is moved - ) separated read commands. The result of
2) Compares . area registers on .
to CCS register ) the CCS and comparison result are
stored FCS and CCS register .
available to the MPU
CCS value
Same se i
10 otc i i i i quence continue
e.g. step 4 and 5
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5.12 POWER ON/OFF SEQUENCE

VPNL and VDDI can be powered on / off in any order.

During power off, if LCD is in the Sleep Out mode, VPNL and VDDI must be powered down minimum 120msec
after RESX has been released.

During power off, if LCD is in the Sleep In mode, VDDI or VPNL can be powered down minimum Omsec after
RESX has been released.

CSX can be applied at any timing or can be permanently grounded. RESX has priority over CSX.

Notes:

1. There will be no damage to the display module 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 end of Power On Sequence.and before
receiving Sleep Out command. Also between receiving Sleep In command and Power Off Sequence.

4. If RESX line is not held stable by host during Power On Sequence as defined.in Sections 5.12.1 and
5.12.2, then it will be necessary to apply a Hardware Reset (RESX) after Host-Power On Sequence is
complete to ensure correct operation. Otherwise function is not guaranteed-

5. There is not a limit for Rise/Fall time on VDDI and VPNL.

6. The display module can also initialize and calibrate CLK \P/CLK N-and DO _P/DO-N lanes within 5ms
after LP-11 (Clock and Data Channels), VDDIl.and .VPNL are applied and H/W-Reset'is-not active (5ms is
as same as the Reset Canceling Time).
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5.12.1 Case 1 — RESX line is held High or Unstable by Host at Power On

If RESX line is held High or unstable by the host during Power On, then a Hardware Reset must be applied after
both VPNL and VDDI have been applied — otherwise correct functionality is not guaranteed. There is no timing
restriction upon this hardware reset.

Trpw = +/- no limit tfpy = +/- no limit
— —_—
VDDIO
VDD (VDDA) il AN
Time whenthe latter signal rises up to 90% of its Typical Value.
e.g. When VDD comes later, This time is defined at the cross point]
of 90% of 2.75V, not 90% of 2.4V
Time whenthe former signal falls down t6 90% of its Typical Value
e.g. When VDD falls earlier, This. timeis defined at the cross point
of 90% of 2.75V, not 90%-of.2.4V.
o twesx = +/- no limit
|t oweay = +/-_no-limit N
'R [ G\ U D
SCEX Hor L N K
SN\ \ W | W | A\ >
Arowaesy =+ NO limit
RESX 0% )
(Power down in tfowresxs = min.
[aYal »
. TZOmSr
Sleep Out mode) At owseey = + N0 limit
RESX 0%
(Power down in
Sleep In mode)
tfowresx: is applied to RESX falling in the Sleep Out Mode.
tfowresxe IS applied to RESX falling in the Sleep In Mode.
Note: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
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5.12.2 Case 2 — RESX line is held Low by host at Power On

If RESX line is held Low (and stable) by the host during Power On, then the RESX must be held low for minimum
10usec after both VPNL and VDDI have been applied.

N <TrF,W = +/- no limit tfoy = +/- no limit
VDDIO %
VDD (VDDA) A AN

Time whenthe latter signal rises up to 90% of its Typical Value.
e.g. When VDD comes later, This time is defined at the cross point
of 90% of 2.75V, not 90% of 2.4V

Time when the former signal falls down to 90% of its TypicalValue|
e.g. When VDD falls earlier, This time is defined at the cross point
of 90% of 2.75V, not 90% of 2.4V

tfopweay =+~ noimit |

| trewesy = +/- N0 limit

SCEX HorL R\ A (¢ X
| trowpesy =min. 10 us
RESX .
(Powerdownin tfowresx: = Min.
Sleep Out mode) \ O ZZmin 1048 0
RESX

(Powérdownin
Sleep In mode)

tfowresxs 1S applied to RESX falling in the Sleep Out Mode.
tfowresxe 1S applied to RESX falling in the Sleep In Mode.

Note: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

5.12.3 Uncontrolled Power Off

The uncontrolled power off means a situation when e.g. there is removed a battery without the controlled power
off sequence. There will not be any damages for the display module or the display module will not cause any
damages for the host or lines of the interface. At an uncontrolled power off the display will go blank and there will
not be any visible effects within 1 second on the display (blank display) and remains blank until “Power On
Sequence” powers it up.
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5.13 POWER LEVEL MODES

5.13.1 Definition
6 level modes are defined they are in order of maximum power consumption to minimum power consumption:.

1. Normal Mode On (full display), Idle Mode Off, Sleep Out.
In this mode, the display is able to show maximum 16.7M colors.

2. Partial Mode On, Idle Mode Off, Sleep Out
In this mode, part of the display is used with maximum 16.7M colors.

3. Normal Mode On (full display), Idle Mode On, Sleep Out.
In this mode, the full display is used but with 8 colors.

4. Partial Mode On, Idle Mode On, Sleep Out
In this mode, part of the display is used but with 8 colors.

5. Sleep In Mode

5.1 Sleep In Mode (RAMKP=1).
In this mode, the DC/DC converter, internal oscillator and'\panel, driver circuit are stopped. Only the MPU
interface and registers are working. Contents of the-frame - memory can'be safe.

5.2 Sleep In Mode (RAMKP=0).
In this mode, the DC/DC converter, internal oscillator,/ panel driver circuit ;and SRAM power are stopped.
Only the MPU interface and registers are working. Contents of the frame memory can not keep.

6. Power Off Mode
In this mode, VDDI and VPNL are removed.

NOTE: Transition between mode 1~5 is controllable by, MPU commands. Mode 6 is entered only when both
power-supplies for I/O-and analog circuits are removed.
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5.13.2 Power Level Mode Flow Chart
Commands:
Normal display mode on = NORON
Partial mode on = PTLON
Idle mode off = IDMOFF Power on sequence
Idle mode on = IDMON H/W reset
Sleep out = SLPOUT S/W reset
Sleep in = SLPIN : l
|
NORON SLPIN | NORON
Sleep out Sleep in
Normal display mode on : Normal display mode on
PTLON Idle mode off SLPOUT, Idle mode off PILON
|
|
IDMON IDMOFF : IDMON IDMOFF
|
|
SLPIN |
- Sleep out I > Sleepin
Normal display mode on | Normal display. mode on
Idle mode on < SLPOUT: Idle-mode on
|
|
|
_______________________ |
|
I
SEPIN
> Sleep.out Sleep in <
Partial mode on : Partial mode on
Idie mode off SLPOUT, Idle mode off
|
|
IDMON IDMOFF : IDMON IDMOFF
|
|
PTLON SLPIN ! PTLON
Sleep out 0 Sleep in
Partial mode on | Partial mode on
NORON Idle mode on SLPOUT : Idle mode on NORON
|
| .
Sleep out | Sleep in
|
|

NOTES:

1) There is not any abnormal visual effect when there is changing from one power mode to another power mode.
2) There is not any limitation, which is not specified by this spec, when there is changing from one power mode to

another power mode
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5.14 Content Adaptive Brightness Control (CABC) function

5.14.1 Dynamic Backlight Control Function

The NT35410 supports Backlight-Control function to control brightness of backlight and to process image
dynamically. This function enables to reduce backlight power and minimize the effect of reduced power on the
display image. The display image is dynamically controlled by CABC block. The availability of this function ranges
from moving picture such as TV image to still picture such as menu. The brightness of backlight and image
processing coefficient are calculated so that image data is optimized. Backlight power is reduced without
changing display image. The Backlight-Control function is supported for the following two architectures:

1. When bit BL of “Write CTRL Display (53h)” command is ‘1’, the PWM signal is used to directly control'the LED
driver IC. The LED driver IC is controlled entirely via the NT35410.

Display Module

NVT Gamma l :
HOST : Algorithms for [ :f
i ;1|  Display f[’:-:i

Histogram

el B NGVATEK

PWM Duty

i1:1:| Estimationfor |:f1i%1
= )| Backlight |:;ii::
i Control NN
LED Driver ; S

LED Backlight

2. When bit BL of “Write CTRL Display (53h)” command is ‘0’, the host processor reads LED brightness
information internally generated by CABC processing from the NT35410. Then, the LED driver IC is controlled
from the host processor. There is the time difference between brightness adjustment by PWM and displaying data
processed from the NT35410.

Display Module

[ S
HOST l b g 2
) Algorithms for
: [ Display T
< t Image
RDPWM[7:0]| |: [ Histogram
. [ NGVATEK
1]
\ 4 I PWM Duty |-
Estimation for |:
[ Backlight g g g
"""" Control
LED Driver
LED Backlight
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5.14.1.1 CONTENT ADAPTIVE BRIGHTNESS CONTROL

A Content Adaptive Brightness Control function can be used to reduce the power consumption of the luminance
source. Content adaptation means that content grey level scale can be increased while simultaneously lowering
brightness of the backlight to achieve same perceived brightness. The adjusted grey level scale and thus the
power consumption reduction depend on the content of the image.

This function and its different modes can be controlled. See command “Write Content Adaptive Brightness
Control (55h)” (bits: C1 and CO0) for more information. Definition of Modes:

- Off mode: Content Adaptive Brightness Control functionality is totally off.

- Ul [User interface] image mode: Optimized for Ul image. It is kept image quality as much as possible. Target
power consumption reduction ratio: 10% or less

- Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable:. Target
power consumption reduction ratio: more than 30%

- Moving image mode: Optimized for moving image. It is focused on the biggest-power.reduction with image
quality degradation. Target power consumption reduction ratio: more than 30%.

5.14.1.2 DISPLAY BACKLIGHT DIMMING CONTROL

A dimming function (how fast to change the brightness from old.to\new level and what are brightness levels during
the change) is used when changing from one brightness level to another. This dimming function curve is the same
in increment and decrement directions. The basic idea is described below.

Luminance Step Up Luminance Dimming

P o

> >

Without Dimiming Time With Dimming Time

Dimming function can be enabled and disabled. See command “Write CTRL Display (53h)” (bit DD) for more
information.

From the original brightness value to the target brightness value, the transferring time steps between these two
brightness values are equal making the transition linear. The dimming function is working similarly in both upward
and downward directions.

An upward example is illustrated below:

Target Luminance Value (V+4)
V+3
V+2
V+1
Original Luminance Value (V) >
t t+1 t+2 t+3 t+4 t+5
\ J
Y
30 frames (400~600ms)
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5.14.1.3 BRIGHTNESS CONTROL LINE

The brightness control (BC) line is sending control information to the display brightness control unit which can be
a power supply for the display brightness.

The Brightness Control Line Timings are described below:

tPW =1 Pulse Width

A
( \
:_ ________ I : _____ I 1 ON
| I
LEDPWM : :
—_— S N R — - —~-[loFF
I\ A A A )
Y Y Y Y
Off On 33% On 66% On
(0d) (255d) (88d) (168d)
Symbol | Parameter min max unit | description
tPW Pulse Width 0:0333"["8.33 ms
Note: The signal rise and fall times!(tf, tr).are stipulated to be equal to or|less than 15ns.
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5.15 INSTRUCTION DECODER & REGISTER

The instruction decoder identifies command words arriving at the interface and routes the following data type
bytes to their destination. The command set can be found in “6 INSTRUCTION DESCRIPTION” section.

5.16 SYSTEM CLOCK GENERATOR

The timing generator produces the various signals to drive the internal circuitry. Internal chip operation is not
affected by operations on the data bus.

5.17 OSCILLATOR

NT35410 has on-chip oscillator which does not require external components. This oscillator output signal is used
for system clock generation for internal display operation

5.18 SOURCE DRIVER

The source driver block includes 360x640 source outputs (S1 to S1080), which should be connected directlyto
the TFT-LCD. The source output signals are generated in the data processing block after'the data'is'read out of
the RAM and latched, which represent the simultaneous selected rows. When less then 720 sources are required
the unused source outputs should be left open-circuit.

5.19 GATE DRIVER

The gate driver block includes 640 gate outputs (G1 to/G640)which should be connected directly to the
TFT-LCD.
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5.20 LCD POWER GENERATION CIRCUIT
5.20.1 LCD Power Generation Scheme
The boost voltage generated in NT35410 is shown as below.
Power Architecture (Regulated Power Setting)
VGH =(7.0V~15.0V)
PAVDD=(59V~6.5V) |
P AN
K “. VGMPX(35V~59V)
’ ro VGSP5(0.2V~2.2V)
VPNI=(2.3V~4.8V).’ Welol
— VCC =T S _\\L.WDSVDD(1.65V~3.3V)
v VCCM12=(1.2V)
1 ‘\
GND=(0V) '
o VCOM, =(-0:2V~22.3V)
[P NVDD=(-157).%
W\ JVCE=E2.8~-4.8) - “\ VGMN =(-3.5V~-5.5V)
\ VGSN =(-0.2V/~-2.2V)
A
W NAVDD=(-5946.5)
% VGL =(-7.0~15.0)
Note: The power generation scheme is without panel loading.
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5.21 GAMMA CORRECTION FUNCTION

The structure of the grayscale amplifier is shown as below. The 13 voltage levels between VGMP/VGMN and
VGSP/VGSN are determined by the gradient adjustment register, the reference adjustment register, the
amplitude adjustment register and the micro-adjustment register.

VGMP (VGMN) VSQ VO
Vo R DAC
v > > Ve
Ri Vi Vovizr VO % VI ey VO~V127,
R DAC Rx127 N V24
{ Vovizr D V1 ' Voizr D VO-V127
[} [ ]
e [ ]
M DAC N DAC V52
: e > V4 ] e = Yo%
R DAC
V127
i V255| Gonsss |> V8 V80 VO
R
R ] DAC V 621?\061 4D_ \\{1(\)/8
256 10 1 ) -
Rx511 H V128-\?383 AD- 80 e 1~V64
H Rx96 H
DAC OAC
V 256 | 256101 AD- V176 V95 6410 1 4 > V148
R V128-V383 V32-V95 V32~V95
DAC V96
V 257 256 101 AD' V247 V1 76 VO
R V256-V511
DAC
: DAC H 12810 1 AD- V204
25610 1 AD- V251 H Vo127 Vo~Vvi27
V256-V511 '
DAC
DAC : 128 to 1 AD_ V232
R é 12810 1 AD- V254 Rx127 Vo-vi27 Vo~Vvi27
V384-V511
V 510 DAC
- DAC V126 V24O
R= 12810 1 AD- V255 vaieT D VO~V127
V384-V511 R
V511
- V127
VGSP(VGSN) V247
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5.22 Zigzag, Column, 1-Dot, 2-Dot Inversion (VCOM DC Drive)

The NT35410, in addition to the frame-inversion liquid crystal drive, supports the ZigZag, column, 1—dot and 2-dot
inversion driving methods to invert the polarity of liquid crystal. The ZigZag, column, 1—dot and 2-dot inversion
can provide a solution for improving display quality.

In determining the inversion drive for the inversion cycle, check the quality of display on the liquid crystal panel.
Note that setting 1-dot inversion will raise the frequency of the liquid crystal polarity inversion and increase the
charging/discharging current on liquid crystal cells.
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5.23 DISPLAY PANEL COLOR CHARACTERISTICS

Color characteristics of the display panel are stored on the display module that they can be read via the used
interface by the engine what is using this display panel color characteristics information to adjust a color
information of the image frame, what is on the engine, to match a wanted color outlook of the image on the
display panel.

Used color characteristics can share 2 categories: Mandatory and Optional. The mandatory color characteristics
are Black, White, Red, Green and Blue. The optional color characteristics is used if it is needed and it is called as
A color (e.g. Cyan). The bits of the A color are set to ‘0’s they are not used on the display module.

A read color characteristic value is based on 10 bit floating value where the MSB is 9" bit and the LSB is 0" bit. All
power values of the bits are listed below:
- Bit9: 2-1 = 0.5,

- Bit 8: 2-2 = 0.25,

- Bit 7: 2-3 =0.125,

- Bit 6: 2-4 = 0.0625,

- Bit 5: 2-5 = 0.03125,

- Bit 4: 2-6 = 0.015625,

- Bit 3: 2-7 = 0.007813,

- Bit 2: 2-8 = 0.003906,

- Bit 1: 2-9 = 0.001953,

- Bit 0: 2-10 = 0.000977.

The wanted value is an approximation in'the-most of the cases when there-is‘used binary numbers. Therefore,
there is used the nearest value what can get e.g. Rx-can be:

- Actual value: 0.6400, Stored value ‘Rx[9:0] = 101000-1.111b = 0.6396,

- Actual value: 0.3300, Storedvalue Rx[9:0]= 01 0101 0010b"= 0.3301,

- Actual-value: 0.3000, Stored value-Rx[9:0] = 01 0011°0011b = 0.2998,

- Actual\value:0:6000, Stored value Rx[9:0] =10 0110 0101b = 0.5986,

- Actual'value: 0.1500, Stored-value'Rx[9:0] = 00 1001 1010b = 0.1504,

- Actual value: 0.0600, Stored value Rx[9:0] = 00 0011 1101b = 0.0596,

- Actual value: 0.3127, Stored value Rx[9:0] = 01 0100 0000b = 0.3125,

- Actual value: 0.3290, Stored value Rx[9:0] = 01 0101 0001b = 0.3291.

The value 0.6396 has calculated as follows:

- Binary value: 10 1000 1111b

- Formula: Rx[9]x0.5+Rx[8]x0.25+Rx[7]x0.125+Rx[6]x0.0625+Rx[5]x0.03125+Rx[4]x0.015625+
Rx[3]x0.007813+Rx[2]x0.003906+Rx[1]x0.001953+R[0]x0.000977

- Use: 1x0.5+0x0.25+1x0.125+0x0.0625+0x0.03125+0x0.015625+1x0.007813+1x0.003906 +
1x0.001953+1x0.000977

See also sections:

“Read Black/White Low Bits (70h)”, “Read Bkx (71h)”, “Read Bky (72h)”, “Read Wx (73h)”, “Read Wy (74h)”,
“Read Red/Green Low bits (75h)”, “Read Rx (76h)”, “Read Ry (77h)”, “Read Gx (78h)”, “Read Gy (79h)”,

“Read Blue/AColor Low Bits (7Ah)”, “Read Bx (7Bh)”, “Read By (7Ch)”, “Read Ax (7Dh)”, “Read Ay (7Eh)”.
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5.24 MTP PROGRAMMING SEQUENCE
5.24.1 ID code and VCOM offset programming sequence

MTP
Programming
Sequence

s

MTP
Programming
Verification

* Execute ENECMD
(OxFO, OxAA, 0x55, 0x52)

* SLPOUT command (0x11)

* Delay 120ms

* WRID1 command (0xD0):
ID1[7:0] = (XXXXXXXX)b

* WRID2 command (0xD1):
ID2[7:0] = (XXXXXXXX)b

* WRID3 command (0xD2):
ID3[7:0] = (XXXXXXXX)b

* Adjust the optimal VCOM value (0xC7)
VMF[7:0] = (xxxxxxxx)b

* Adjust the GAMMA output value (0xCO)
VGMP[7:0] = (xxxxxxxx)b
VGMNIJ7:0] = (XXXXXXXX)b
VGSP[7:0] = (XXXXXXXX)b
VGSN[7:0] = (xxxxxxXx)b

* MTP Enable
0xDF; 0x01

* Waiting for 1ms'(Recommand)

- ID bit assignment

Bit | D7 | D6 | D5 | D4

D3

D2

D1

DO

ID1 | 1D17 | ID16 | ID15 | ID14

ID13

ID12

ID11

ID10

ID2 | ID27 | ID26 | ID25 | ID24

D23

ID22

ID21

1D20

ID3 | ID37 | ID36 | ID35 | ID34

D33

D32

ID31

ID30

* Power setting
Add high voltage 7.5V to VOTP pin

* EPWRITE
(OxDE, 0x55, 0xAA, 0x66)
Wait for 250ms

v

Remove high voltage 7.5V from

VOTP pin
v

Set hardware reset |

v

* SLPOUT command (0x11) |

v

* Delay 120ms |

ad VMF, 1B
2, 1D3, VGMP, VGMN, V
VGSN & ID_Customer

Command | D7 | D6 | D5

D4

D3

D2

D1

DO

VMFCTR 1 1 0

0

0

Parameter

VMF[7:0]

Re-execute MTP Programming
Sequence
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5.24.2 Gamma code programming sequence

* Execute ENECMD Command | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
/| (OXFO, OxAA, 0x55, 0x52) GMASET |0 o |1 oo ]| 1|1 o
* SLPOUT d
comman Parameter GCJ[7:0]
* Delay 120ms
* GMASET command: * GC[7:0] = 0x10: Gamma curve by register setting.
(0x26, 0x10)
MTP . * GMACTRL command: (0OXEO~OxES5)
Programming Assign 18 parameters
Sequence Command | D7 | D6 | D5.4D4.|. D3 | D2 | D1.| DO
* FRCCTRL command: (OxFE, 0x08)
GAMCTR 1 1 1 0 0 0 0 0
* Check the display Parameter |- VO[6:0]
* Ensure MTP_PWR is Floating Parameter - V255[6:0]
* MTP enable
(OxDF, 0x02) ¢ * The detail is defined’in SPEC.
* Wait for 4ms (Recommended) Command |\ D7 | D6-{-D5 | D4 | D3 | D2 | D1 | DO
* Power setting FRCCTRL |~ 1 1 1 1 1 1 1 0
Add high voltage 7.5V Parameter [ 0 | 0 | 0 | O 1 o|lo]o
to MTP_PWR pin
L * FRCCTRL (0xFE, 0x08): Gamma Setting Finish Control
Check MTP_PWR
is ready or not?
(Read C6h)
-~ Yes ¢ Command | D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO
* EPWRITE
(OXDE, 0x55, OxAA, 0x66) CheckMTP | 1 1 0 0 0 1 1 0
MTP Wait for 100ms Read Para. MTP_DET
Programming
Verification ¢
Remove high voltage 7.5V from
MTP_PWR pin
| Set hardware reset |
* SLPOUT command |
~
End
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6 INSTRUCTION DESCRIPTION

6.1 INSTRUCTION CODE

Table 6.1.1 Instruction Code

Address Parameter
NO || Instruction | ACT | R'W Function
MDDI[15:8] | D7 D6 D5 D4 D3 D2 D1 DO
Others MDDI
1 NOP Dir W 00h 0000h No Parameter No Operation
2 SWRESET Cnd1 W 01h 0100h No Parameter Software reset
0400h 00h ID17 | ID16 ID15 ID14 ID13 | ID12 | ID11 ID10  [|Read ID1
3 RDDID Dir R 04h 0401h 00h ID27 | ID26 ID25 D24 ID23 | ID22 | ID21 ID20 [|Read D2
0402h 00h ID37 | ID36 ID35 ID34 ID33 | ID32 | ID31 ID30.._[|Read ID3
4 RDNUMED Dir R 05h X X P7 P6 P5 P4 P3 P2 P1 PO Read No. of the Errors on DSl only
5 RDRED Dir R 06h X X R7 R6 R5 R4 R3 R2 R1 RO Read First pixel of Red color
6 RDGREEN Dir R 07h X X G7 G6 G5 G4 G3 G2 G1 GO Read First pixel of Green color
7 RDBLUE Dir R 08h X X B7 B6 B5 B4 B3 B2 B1 BO Read First pixel of Blue color
0900h 00h ST[31:24] Read Display Status
s RDDST bir R osh 0901h 00h ST[23:16]
0902h 00h ST[15:8]
0903h 00h ST[7:0]
9 RDDPM Dir R 0Ah 0A0Oh 00h D7 Dé D5 D4 D3 D2 D1 DO Read Display Power Mode
10 || RDDMADCTL Dir R 0Bh 0BOOh 00h D7 D6 D5 D4 D3 D2 D1 DO Read Display MADCTL
11 || RDDCOLMOD Dir R 0Ch 0C00h 00h D7 Dé D5 D4 D3 D2 D1 DO Read Display Pixel Format
12 RDDIM Dir R 0Dh 0DOOh 00h D7 D6 D5 D4 D3 D2 D1 DO Read Display Image Mode
13 RDDSM Dir R OEh 0E0Oh 00h D7 Dé D5 D4 D3 D2 D1 DO Read Display Signal Mode
14 RDDSDR Dir R OFh 0F00h 00h D7 D6 D5 D4 D3 D2 D1 DO Read Display Self-diagnostic result
15 SLPIN DVS W 10h 1000h No Parameter Sleep in & booster off
16 SLPOUT Dir W 11h 1100h No Parameter Sleep out & booster on
17 PTLON DVS W 12h 1200h No Parameter Partial mode on
18 NORON DVS W 13h 1300h No Parameter Partial off (Normal)
19 INVOFF DVS w 20h 2000h No Parameter Display inversion off (normal)
20 INVON DVS W 21h 2100h No Parameter Display inversion on
21 ALLPOFF DVS W 22h 2200h No Parameter All pixel off (black)
22 ALLPON DVS w 28h 2300h No Parameter All pixel on (white)
23 GAMSET DVS W 26h 2600h 00h | GC7 | GC6 | GC5 | GC4 | GC3 | GC2 | GC1 GCO [|Gamma curve select
24 DISPOFF DVS w 28h 2800h No Parameter Display off
25 DISPON DVS w 29h 2900h No Parameter Display on
2A00h 00h XS15| XS14 XS13 XS12 | XS11 [ XS10 | XS9 XS8
oo | cnser o | w | oy 122000 00h xs7| xs6 | xs5 | xsa | xs3 | xs2 | xs1 | xso 2;'; ™ fcig:ﬁsmsns:t;rt adross
2A02h 00h XE15| XE14 XE13 XE12 | XE11 | XE10 | XE9 XE8 |[XE[15:0]: column end address
2A03h 00h XE7 | XE6 XES XE4 XES3 XE2 XE1 XEO
2B00h 00h YS15| YS14 YS13 YS12 | YS11 | YS10 | YS9 YS8
” FASET oo | ow | e L2800 00h vs7| vse | vss | vsa | vs3 | vs2 | vs1 | vso \F{‘g‘[’: :%?rfsjv 5;{‘;” address
2B02h 00h YE15| YE14 YE13 YE12 | YE11 | YE10 | YE9 YE8 || YE[15:0]: row end address
2B03h 00h YE7 | YE6 YE5 YE4 YE3 YE2 YE1 YEO
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Table 6.1.1 Instruction Code (Continued)

Parameter
. Address .
NO|| Instruction (| ACT |R/W,| Function
MDDI[15:8] | D7 D6 D5 D4 D3 D2 | D1 DO
Others | MDDI

28 RAMWR Dir W 2Ch X 00h D7 Dé D5 D4 D3 D2 D1 DO Memory write
29 RAMRD Dir R 2Eh 2E00h 00h D7 Dé D5 D4 D3 D2 D1 DO Memory read

3000h 00h PSL15 | PSL14 [PSL13| PSL12 |PSL11|PSL10|PSL9| PSL8

3001h 00h PSL7 | Psie | PsLs | Psla | PsL3 | Psi2 [PsLi| psLo [|Partial start/end address set
30 PTLAR DVS | W 30h PSL[15:0]: partial start address

3002h 00h PEL15 | PEL14 |PEL13| PEL12 |PEL11|PEL10(PEL9| PELS8 ||PEL[15:0]: partial end address

3003h 00h PEL7 | PEL6 | PEL5 PEL4 PEL3 | PEL2 |PEL1| PELO

3300h 00h TFA[15:8]

3301h 00h TFA[7:0]

Scroll Area Set

3302h 00h VSA[15:8] 3
31|l scrAR [pvs | w [ asn Reged A

3303h 00h VSA[7:0] Vertical Scroll Area

Bottom Fixed Area

3304h 00h BFA[15:8]

3305h 00h BFA[7:0]
32 TEOFF DVS | W 34h 3400h No_Parameter Tearing effect line off
33 TEON DVS | W 35h 3500h 00h - - - - - M Tearing effect mode set & on

36h X X MY MX MV ML RGB.| MH [RSMX| RSMY ||Memory data access control
34 MADCTL Cnd2 | W
X 3600h 00h 0 0 0 ML RGB MH 3 -

3700h 00h SSA[15:8] Scroll Start Address of RAM
35 VSCSAD DVS | W 37h

3701h 00h SSA[7:0]
36 IDMOFF DVS. ["W 38h 3800h No Parameter Idle mode off
37 IDMON DVS | W 39h 3900h No Parameter Idle mode on
38 COLMOD Dir w 3Ah X X VIPE3'| VIPF2 | VIPF1 |VIPFO| IFPF3 | IFPF2 | IFPF1 IFPFO || Interface pixel format
39 RAMWRC Dir w 3Ch X D7 Dé D5 D4 D3 D2 D1 DO Memory write Continue
40 RAMRDC Dir R 3Eh X D7 D6 D5 D4 D3 D2 D1 Do Memory read Continue

4400h 00h N15 N14 N13 | N12 | Ni1 N10 N9 N8 || Set tearing effect scan line
41 STESL DVS | W 44h

4401h 00h N7 N6 N5 N4 N3 N2 N1 NO

4500h 00h N15 N14 N13 | N12 | N11 N10 N9 N8 || Get scan line
42 GSL Dir 45h

4501h 00h N7 N6 N5 N4 N3 N2 N1 NO
43 WRDISBV DVS | W 51h 5100h 00h DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 DBVO || Write display brightness
44 RDDISBV Dir R 52h 5200h 00h DBV7 | DBV6 | DBV5 |DBV4 | DBV3 | DBV2 | DBV1 DBVO || Read display brightness value
45 WRCTRLD DVS | W 53h 5300h 00h - - BCTRL| - DD BL - - Write control display
46 RDCTRLD Dir R 54h 5400h 00h - - BCTRL| - DD BL - - Read control display value
47 WRCABC DVS | W 55h 5500h 00h - - - - - CABC1 | CABCO|| Write CABC
48 RDCABC Dir R 56h 5600h 00h - - - - - CABC1 | CABCO||Read CABC
49 || WRCABCMB DVS | W 5Eh 5E00h 00h CMB7 | CMB6 | CMB5 |CMB4| CMB3 | CMB2 | CMB1 CMBO || Write CABC minimum brightness
50 || RDCABCMB Dir R 5Fh 5F00h 00h CMB7 | CMB6 | CMB5 |CMB4| CMB3 | CMB2 | CMB1 CMBO || Read CABC minimum brightness
51 RDABCSDR Dir R 68h 00h BCSD1 [BSCDO - - - - - Read display self-diagnostic result
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Table 6.1.1 Instruction Code (Continued)

Parameter
NO || Instruction || ACT | R/'W Address Function
——T———]MDDI[15:8]| D7 Dé D5 D4 D3 D2 D1 DO
Others| MDDI
52 RDBWLB Dir R 70h 7000h 00h Bkx1 | Bkx0 | Bky1 | Bky0 | Wx1 | Wx0 | Wyl Wy0 ||Read Black/White low bit
53 RDBkx Dir R 71h 7100h 00h Bkx9 | Bkx8 | Bkx7 | Bkx6 | Bkx5 | Bkx4 | Bkx3 | Bkx2 [|Read Bkx
54 RDBky Dir R 72h 7200h 00h Bky9 | Bky8 | Bky7 | Bky6 | Bky5 | Bky4 | Bky3 | Bky2 [|Read Bky
55 RDWx Dir R 73h 7300h 00h Wx9 | Wx8 | Wx7 | Wx6 | Wx5 | Wx4 | Wx3 [ Wx2 |[Read Wx
56 RDWy Dir R 74h 7400h 00h Wy9 | Wy8 | Wy7 | Wyb | Wy5 | Wy4 | Wy3 | Wy2 ||Read Wy
57 RDRGLB Dir R 75h 7500h 00h Rx1 Rx0 | Ryt Ry0 | Gx1 [ Gx0 | Gyl Gy0 ||Read Red/Green low bit
58 RDRx Dir R 76h 7600h 00h Rx9 Rx8 | Rx7 | Rx6 | Rx5 | Rx4 | Rx3 Rx2 ||Read Rx
59 RDRy Dir R 77h 7700h 00h Ry9 | Ry8 | Ry7 | Ry6 | Ry5 | Ry4 | Ry3 Ry2 ||Read Ry
60 RDGx Dir R 78h 7800h 00h Gx9 | Gx8 | Gx7 | Gx6 | Gx5 | Gx4 | Gx3 | Gx2_{lRead Gx
61 RDGy Dir R 79h 7900h 00h Gy9 | Gy8 | Gy7 | Gy6 | Gy5 | Gy4 | Gy3~|-Gy2 |[Read Gy
62 RDBALB Dir R 7Ah | 7A00h 00h Bx1 Bx0 | Byt | Byo | Ax1 [ Ax0-| Ayl Ay0' || Read-Blue/AColor low bit
63 RDBx Dir R 7Bh | 7B00Oh 00h Bx9 | Bx8 | Bx7 | Bx6-| Bx5'| Bx4~| Bx3 Bx2 /||Read Bx
64 RDBy Dir R 7Ch | 7C00h 00h By9 By8 | By7-|"By6 | By5. | By4 | By3 By2 ||Read By
65 RDAXx Dir R 7Dh | 7D00Oh 00h Ax9 | Ax8 | Ax7 | Ax6 | Ax5 |[“Ax4 | Ax3 Ax2" || Read Ax
66 RDAy Dir R 7Eh | 7E0Oh 00h Ay9 | Ay8 | Ay7-|-Ay6'| Ay5 | Ay4 | Ay3 Ay2 ||Read Ay
A100h 00h ID17 | ID16{-ID15 | ID14 | ID13 | ID12 | ID11.| ID10 ||Read-DDB start
A101h 00h ID27.} ID26 | 1D25 | ID24.{ID23 | D22 | ID21 | D20
A102h Q0h ID37 | ID36 |'ID35| ID34 | ID33 | ID32 | ID31 | ID30
67 RDDDBS Dir R A1h™1-A103h 00h 1D447+{.1D416 [ID415.[1D414 | ID413|1D412 | ID411| ID410
A104h 00h 1D427 | ID426 | ID425 1D424 | ID423 | ID422 [ ID421 | ID420
A105h 00h 1D437 | ID436 [1D435 | ID434 | ID433 | ID432 | ID431 | 1D430
A106h 00h 1 1 1 1 1 1 1 1
X X ID17 | ID16 | ID15 | ID14 [ ID13 | ID12 | ID11 | ID10 |[Read DDB continue
X X ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | D20
X X ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30
68 RDDDBC Dir R A8h X X 1D417 | ID416 [ ID415 | ID414 | ID413 | ID412 | ID411| ID410
X X 1D427 | ID426 | ID425 | ID424 | ID423 | ID422 [ ID421 | ID420
X X 1D437 | ID436 | ID435 | ID434 | ID433 | ID432 | ID431 | 1D430
X X 1 1 1 1 1 1 1 1
69 RDFCS Dir R AAh | AAOOh 00h FCS7 | FCS6 | FCS5 | FCS4 | FCS3 | FCS2 [ FCS1 | FCSO [[Read First Checksum
70 RDCCS Dir R AFh | AFOOh 00h CCS7 | CCS6 | CCS5|CCS4[CCS3|CCS2|CCS1| CCSO ||Read Continue Checksum
71 RDID1 Dir R DAh | DAOOh 00h ID17 | ID16 | ID15 | ID14 [ID13 |ID12 [ID11 | ID10 ||Read ID1
72 RDID2 Dir R DBh | DBOOh 00h ID27 | ID26 | ID25 |1D24 |1D23 |ID22 (D21 | ID20 [(Read ID2
73 RDID3 Dir R DCh | DCOOh 00h ID37 | ID36 | ID35 |ID34 |ID33 |ID32 [ID31 | ID30 [[Read ID3
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Notes:
1. The following description is indicates the executing time of instructions.
No. Symbol Executing Time
1 Dir (Direct) At the received a completed instruction and parameter
2 DVS (Display Vertical Sync.) Synchronized with the next frame
3 DHS (Display Horizontal Sync.) Synchronized with the next line
State Executing time
4 Cnd1 (By Conditional 1) When Sleep In Dir
Other DHS
State Executing time
5 Cnd2 (By Conditional 2) B7, B6, B5 Dir
B4, B3, B2, B1,-B0 DVS

2. Parameters of the command are stores onto registers when'the last parameter of the command has been
received. Also, parameters of the command are not stored onto-registers-if there has.been-happen a break.
See more information on the section “5.5 DATA TRANSFER RECQVERY”. This note is valid when a number of

the parameters is equal or less than 32.
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6.1.1 NOP (00h)

Inst/ Para RAW Address Parameter
others | mppi | ppis:s;(mopy | b7 | pe | ps | pa | pa | b2 | b1 | Dpo
NOP Write 00h 0000h No Parameter
NOTE: " Don't care
This command is empty command. It does not have effect on the display module.
Description However it can be used to terminate RAM data write or read as described in RAMWR (Memory Write), RAMRD
(Memory Read) and parameter write commands.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence N/A
S/W Reset N/A
H/W\ Reset N/A
Flow Chart -
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6.1.2 SWRESET: Software Reset (01h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:s;(mopy | b7 | pe | ps | pa | pa | b2 | b1 | Dpo
SWRESET write | o1h | o100h No Parameter

NOTE: “““Don't care

When the Software Reset command is written, it causes a software reset. It resets the commands and parameters to their
S/W Reset default values and the display is blank immediately.

Description Note: The Frame Memory contents keep or not depends on RAMKP bit on 0xC1 command.

It will be necessary to wait 5msec before sending new command following software reset.

The display module loads all display suppliers’ factory default values to the registers during 5msec.

Restriction If Software Reset is applied during Sleep Out mode, it will be necessary to wait 120msec before sending Sleep Out
command.

Software Reset command cannot be sent during Sleep Out sequence:

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep.Out Yes
Availability Partial Mode On, ldle.Mode Off, Sleep Out Yes
Partial-Mode On, ldle Mode On, Sleep Qut Yes
Sleep In Yes
Status Default Value
Default Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
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s T T T T |
SWRESET | Legend |
' |
' |
Display whole : :
blank screen | |
| arameler |
' |
! | |
Flow Chart Set : :
Commands | |
to S/W Default : :
Value : |
=0
| transfer I
Y I |
< Sleep In Mode ) AN\ DN 1
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6.1.3 RDDID: Read Display ID (04h)
Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
0400h 00h ID17 ID16 ID15 ID14 ID13 ID12 ID11 ID10
RDDID Read | 04h 0401h 00h ID27 ID26 ID25 ID24 ID23 ID22 ID21 ID20
0402h 00h ID37 ID36 ID35 ID34 ID33 ID32 ID31 ID30
NOTE: “" Don’t care
This read byte returns 24-bit display identification information.
The 1% parameter is Dummy Read.
The 2™ parameter (ID17 to ID10): LCD module’s manufacturer ID.
Description | The 3 parameter (ID27 to 1D20): LCD module/driver version ID.
The 4" parameter (ID37 to UD30): LCD module/driver ID.
NOTE: Commands RDID1/2/3(DAh, DBh, DCh) read data correspond to the parameters.2,3,4.of the. command 04h, respectively.
Restriction | -
Status Availability
Normal Mode On; Idle Mode Off, Sleep Out Yes
Register Normal Mode On, ldle-Mode On;, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Qut Yes
Partial'Mode On;-ldle Mode On; Sleep Qut Yes
Sleep-in Yes
IfID1/1D2/ID3 OTP are not yet programmed:
Status Default Value
ID1 ID2 ID3
Power On Sequence 00h 00h 00h
S/W Reset 00h 00h 00h
H/W Reset 00h 00h 00h
Default If ID1/D2/ID3 OTP were programmed:
Status Default Value
ID1 ID2 ID3
Power On Sequence | (OTP value) | (OTP value) | (OTP value)
S/W Reset (OTP value) | (OTP value) | (OTP value)
H/W Reset (OTP value) | (OTP value) | (OTP value)
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Serial I/F Mode Parallel I/F Mode
oo | (oo o Leed |
RDDID(04h) RDDID(04h) [ |
Driver : |
|
/ Dummy Clock / / Dummy Read / : :
Flow Chart * * : :
| |
/ Send ID1[7:0] / / Send ID1[7:0] / I |
| |
v ] | .
|
/ Send ID2[7:0] / / Send ID2[7:0] / : :
; ; )
| transfer |
/ Send ID3[7:0] / / Send ID3[7:0] / I I
A _ AL\ e WV 1
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6.1.4 RDNUMED: Read Number of Errors on DSI (05h)
A P
Inst / Para RW ddress arameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDNUMED Read | 05h X X P7 P6 P5 P4 P3 P2 P1 PO
NOTE: “-"Don’t care
The first parameter is telling a number of the parity errors on DSI. The more detailed description of the bits is below.
P[6..0] bits are telling a number of the parity errors.
P[7] is set to “1” if there is overflow with P[6..0] bits.
Description P[7..0] bits are set to “0”s (as well as RDDSM(OEh)’s DO are set “0” at the same time) after there is sent the first
parameter information (= The read function is completed).
See also section “Acknowledge with Error Report (AWER)” and command RDDSM OEh.
This command is used for MIPI DSI only. It is no function for others interface operation.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep-Out Yes
Register Normal Mode On, Idle Mode On;, Sleep Out Yes
Availability Partial Mode On, Idie'Mode Off, Sleep Out Yes
Partial Mode On, ldle Mode On,-Sleep Out Yes
Sleep.In Yes
Status Default Value
Default Power.On Sequence 00h
S/W Reset 00h
H/W Reset 00h
T T T T T T
Legend |
RDNUMED (05 h) |
Host :
Driver Command |
|
Dummy R !
ummy Read / Parameter / |
|
v - |
C Display ) !
Flow Chart !
AR >
RDDSM (0 Eh )'sDO0 ='0"' :
C Mode D
I
Sequential :
transfer |
I
_________ 1
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6.1.5 RDRED: Read Red Color (06h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDRED Read | 06h X X R7 R6 R5 R4 R3 R2 R1 RO
NOTE: “-"Don’t care
This command returns the red component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0”.
Description -16-bit format: R4 is MSB and RO is LSB. R7, R6 and R5 are set to “0”.
-18-bit format: R5 is MSB and RO is LSB. R7 and R6 are set to “0”.
-24-bit format: R7 is MSB and RO is LSB.
Restriction -
Status Availability
Register Normal Mode On, Sleep Out Yes
Availability Partial Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-Reset 00h
T T T
| Legend 1
RDRED (06h) : I
Host I |
"""""""""""""" Driver ': Command |
|
|
/ Dummy Read / 1 // Parameter /i
! I
! I
l : ( Display ) !
|
Flow Chart 1
| << Action — :
Send R[7:0] data | |
: C Mode DR
I
|
1 Sequential :
: transfer I
L ____ ]
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6.1.6 RDGREEN: Read Green Color (07h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDGREEN Read | 07h X X G7 G6 G5 G4 G3 G2 G1 GO
NOTE: “-"Don’t care
This command returns the green component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0”.
Description -16-bit format: G5 is MSB and GO is LSB. G7 and G6are set to “0”.
-18-bit format: G5 is MSB and GO is LSB. G7 and G6 are set to “0”.
-24-bit format: G7 is MSB and GO is LSB.
Restriction -
Status Availability
Register Normal Mode On, Sleep Out Yes
Availability Partial Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-Reset 00h
r——
! Legend 1
RDGREEN ( 07 h) : l
Host | :
""""""""""""""" Driver ': Command |
|
I
/ Dummy Read / | / Parameter / :
! I
! I
| Displa
Flow Chart l | ( — ) :
ow Char | -
1 << Action — :
Send G[7:0] data | I
: C Mode DR
I
1
[ Sequential :
: transfer I
___ _____ i
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6.1.7 RDBLUE: Read Blue Color (08h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBLUE Read 08h X X B7 B6 B5 B4 B3 B2 B1 BO

NOTE: ““Don't care

This command returns the blue component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0”.
Description -16-bit format: B4 is MSB and RO is LSB. B7, B6 and B5 are set to “0”.

-18-bit format: B5 is MSB and B0 is LSB. B7 and B6 are set to “0”.

-24-bit format: B7 is MSB and B0 is LSB.

Restriction -
Status Availability
Register Normal Mode On, Sleep Out Yes
Availability Partial Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-Reset 00h

RDBLUE  ( 08 h)

Host
Tttt $ """""""" Driver

r
I
I
I
I
]
I
I
/ Dummy Read / | / Parameter
I
I
I
I
I
I
I
I
I
I
I
I
I
I

/
l ( Display )

Flow Chart .

/ Send B[7:0] data / <_Action >)

C Mode
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6.1.8 RDDST: Read Display Status (09h)
Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
0900h 00h ST31 | ST30 | ST29 | ST28 | ST27 | ST26 | ST25 | ST24
0901h 00h ST23 | ST22 | ST21 | ST20 | ST19 | ST18 | ST17 | ST16
RDDST Read | 09h
0902h 00h ST15 | ST14 | ST13 | ST12 | ST11 | ST10 ST9 ST8
0903h 00h ST7 ST6 ST5 ST4 ST3 ST2 STH STO
NOTE: “-“ Don't care
This command indicates the current status of the display as described in the table below:
Bit Description Value
ST31 Booster Voltage Status “1” = Booster on, “0"= Off
ST30 Row Address Order (MY) “1” = Decrement, “0”= Increment
ST29 Column Address Order (MX) | “1” = Decrement, “0”= Increment
ST28 Row/Column Exchange (MV) | “1” = Row/column exchange (MV=1)
“0” = Normal (MV=0)
ST27 Vertical refresh Order (ML) “1” = Decrement, “0”="Increment
ST26 RGB/BGR Order (RGB) “1"=BGR, “0" =RGB
ST25 Horizontal refresh-Order Qg
(MH) '
ST24 Not Used ‘0”
ST23 Not Used ‘0"
ST22-20 |'Interface Color Pixel Format “0101” = 16-bit//pixel
Rejiagb “0110” =18-bit / pixel
“0111” = 24-bit / pixel
"Others” = Not Defined
ST19 Idle Mode On/Off “1” = 0n, “0” = Off
ST18 Partial Mode On/Off “1” = 0n, “0” = Off
ST17 Sleep In/Out “1”=0ut, “0” = In
Description ST16 Display Normal Mode On/Off | “1” = Normal display on, “0” = Normal display off
ST15 Vertical Scrolling Status “1” = Scroll on, “0” =Scroll off
ST14 Not Used ‘0"
ST13 Inversion Status “1” = On, “0” = Off
ST12 All Pixels On “0’=Normal Display, “1"=White Display
ST11 All Pixels Off “0"=Normal Display, “1”=Black Display
ST10 Display On/Off “1”=0n, “0” = Off
ST9 Tearing effect line on/off “1” = 0On, “0” = Off
ST8-6 Gamma Curve Selection “000” = GCO
“001” = GC1
‘010" = GC2
“011”=GC3
“100” = GC4
"101” to “111” = Not defined
ST5 Tearing effect line mode “0” = modef, “1” = mode2
ST4 Not Used “0”
ST3 Not Used “0”
ST2 Not Used “0”
STH Not Used “0”
STO Not Used ‘0”
Restriction -
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value (ST31 to STO0):
Default Power On Sequence 0000 0000_0111 0001_0000 0000_0000 0000
S/W Reset 0xxx xxx0_0xxx 0001_0000.0000_0000 0000
H/W Reset 0000 0000_0111 00010000 00000000 0000
Serial I/F Mode Parallel I/F Mode
RN\=
oostom ) 7 ( Romsrom Lo
RDDST(0%) RDDST(0%) ; |
......................................................................... Host — ! |
Driver | :
|
|
/ Dummy Clock / / Dummy Read / : :
|
v v | |
| '
Flow Chart Send ST[31:24] Send ST[31:24] I :
|
¥ ¥ ) < Acion > |
! |
|
/ Send ST[23:16] // Send ST[23:16] / | :
|
|
; * =D
| transfer |
/ Send ST[15:8] // Send ST[15:8] / : I
o e e e |
/ Send ST[7:0] // Send ST[7:0] /
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6.1.9 RDDPM: Read Display Power Mode (0Ah)

Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDPM Read | O0Ah | 0AOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: " Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Booster voltage status “1” = Booster on, “0” = Booster off
D6 Idle mode on/off “1” = Idle mode on, “0” = Idle mode off
D5 Partial mode on/off “1” = Partial mode on, “0” = Partial mode off
Description D4 Sleep in/out “1” = Sleep out, “0"= Sleep In
D3 Display normal mode on/off “1” = Normal display on, “0”.=Normal display off
D2 Display on/off “1” = Display-on, “0” = Display off
D1 Not used “0”
DO Not used “0”
Restriction -
Status Availability
Register Normal Mode On, Idle. Mode Off, Sleep Qut Yes
Availability Normal Mode On, Idle Mode On;.Sleep Out Yes
Partial Mode On, Idle . Mode Off, Sleep Out Yes
Partial Mode On; Idle Mode On,.Sleep Out Yes
Sleep/In Yes
Status Default Value (D7 to DO)
Default Power On Sequence 0000_1000 (08h)
S/W Reset 0000_1000 (08h)
H/W Reset 0000_1000 (08h)
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Serial I/F Mode Parallel I/F Mode
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6.1.10 RDDMADCTL: Read Display MADCTL (0Bh)

Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDMADCTL Read | OBh | 0BOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: " Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Row Address Order “1”=Decrement, “0”"=Increment
D6 Column Address Order “1”=Decrement, “0”’=Increment
D5 Row/Golumn Order (MV) “1”=Row/column exchange (MV=1)
Description “0"=Normal (MV=0)
D4 Vertical fresh Order (ML) “1”=Decrement, “0”=Increment
D3 RGB/BGR Order “1”=BGR, “0”=RGB
D2 Horizontal fresh Order (MH) “0” =-Increment , “1” = Decrement
D1 Flip horizontal (RSMX) “0" = Normal ; “1”= Horizontal flip
DO Flip vertical (RSMY) ‘0’ = Normal', “1” = Vertical flip
Restriction -
Status Availability
Register Normal Mode On, Idle Mode Off, Sleep Out Yes
Availability Normal Mode On, Idle Mode On, Sleep Out Yes
Partial Mode On,Idle"Mode Off, Sleep-Out Yes
PartialMode On, ldle Mode On, Sleep Out Yes
Sleep’ln Yes
Status Default Value (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset No change
2011/10/06 258 V2.0

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.



\ NGVATEK NT35410

Serial I/F Mode Parallel I/F Mode Legend
RDDMADCTR(0OBh) RDDMADCTR(0OBh)
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: |
| |
| |
| |
| |
| |
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| |
| |
| |
| |
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6.1.11 RDDCOLMOD: Read Display Pixel Format (0Ch)

Address Parameter
Inst / Para R/W

Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDCOLMOD Read | 0Ch | 0C0Oh 00h D7 D6 D5 D4 D3 D2 D1 DO

NOTE: “““Don't care

This command indicates the current status of the display as described in the table below:

Bit Description Value
D7-4 RGB Interface Color “0100” = 8-bit / pixel
Format “0101” = 16-bit / pixel
“0110” = 18-bit / pixel
Description “0111” = 24-bit / pixel
”"Others” = Not Defined
D3-0 Control Interface Color “0101” = 16-bit / pixel
Format “0110” = 18-bit/ pixel
“0111” = 24-bit / pixel
"Others” = Not Defined

Restriction -
Status Availability
Reqister Normal-Mode On, Idle Mode Off, Sleep Out Yes
.g . Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On,.ldle Mode-Off, Sleep Out Yes
Partial Mode On, Idle\Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 0111_0111 (77h)
S/W Reset No Change
H/W Reset 0111_0111 (77h)
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Serial I/F Mode Parallel I/F Mode : Legend :
! I
] ] ’
RDDCOLMOD(0Ch) RDDCOLMOD(0Ch) I |
........................................................................ ot |/ e
y Driver | |
/ Send D [7:0] // Dummy Read / i :
Flow Chart * i i
|
DI[7: ! ode
[/ s : ;
-
I transfer |
: |
e e e e |
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6.1.12 RDDIM: Read Display Image Mode (0Dh)
Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDIM Read | 0Dh | 0DOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: " Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Vertical Scrolling On/Off “1” = Vertical Scrolling is On, “0” = Vertical Scrolling is Off.
D6 Horizontal Scrolling On/Off “0” (Not used)
D5 Inversion On/Off “1” = Inversion is On, “0” = Inversion is Off
D4 All Pixels On “0” = Normal Display, “1” = White Display
Description D3 All Pixels Off “0” = Normal Display, “1” = Black Display
D2 -0 Gamma Curve Selection “000” = GCO
“001” = GC1
‘010" =GC2
“011”= GC3
“100™"= GC4
"101” to “111” = Not defined
Restriction -
Status Availability
, Normal Mode On, ldle Mode Off, Sleep Out Yes
Register
Availability Normal Mode On, Idle Mode On,-Sleep Out Yes
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode'On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset 0000_0000 (00h)
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6.1.13 RDDSM: Read Display Signal Mode (0OEh)

Address Parameter
Inst / Para R/W

Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDSM Read OEh 0EOOh 00h D7 D6 D5 D4 D3 D2 D1 DO

NOTE: ““Don't care

This command indicates the current status of the display as described in the table below:

Bit Description Value
D7 Tearing Effect Line On/Off “1” = On, “0” = Off
D6 Tearing Effect Line Mode “1” = Mode 2, “0” = Mode 1
D5 Horizontal Sync. (HS, RGB I/F)On/Off “1” = HS bit is “1”, “0” = HS bit is “0”
Description D4 Vertical Sync. (VS, RGB I/F)On/Off “1” = VS bit is “1”, “0” = VS bitis “0”
D3 Pixel Clock (PCLK, RGB I/F)On/Off “1” = PCLK line is"On, “0” = PCLK line\is Off
D2 Data Enable (DE, RGB I/F)On/Off “1” = DE-bit'is “17,“0” = DE bit.is “0”
D1 Not Defined Set to “0” (not used)
DO Error on DSI “1”= Error,.“0” = No Error
Note: Bit D5 to D2 indicate current status ofthe lines when this command has been sent.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode-On, Idle Mode'On; Sleep, Out Yes
Availability Partial Mode On, Idis Mode Off, Sleep Out Yes
Partial Mode-On, Idle Mode On; Sleep Out Yes
Sleep\In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.14 RDDSDR: Read Display Self-Diagnostic Result (OFh)

Inst/ Para RAW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDDSDR Read | OFh | OF0Oh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-"Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Register Loading Detection
D6 Functionality Detection
D5 Not Defined Set to “0” (not used)
Description D4 Not Defined Set to “0” (not used)
D3 Not Defined Set to “0” (not used)
D2 Not Defined Set to “0” (not used)
D1 Not Defined Set to “0” (not used)
DO Not Defined Set to “0” (not used)
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode-On, Idle Mode'On; Sleep, Out Yes
Availability Partial Mode On, Idle-Mode Off, Sleep Out Yes
Partial Mode-On, Idle Mode On, Sleep Out Yes
Sleep.In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.15 SLPIN: Sleep In (10h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:smopyy | b7 | pbe | ps | pa | psa | b2 | b1 | o
SLPIN Write 10h 1000h No Parameter
NOTE: “-"Don’t care
This command causes the LCD module to enter the minimum power consumption mode.
In this mode the DC/DC converter is stopped, Internal display oscillator is stopped, and panel scanning is stopped.
| Source / Gate Output |<3|ank Display STOP
| Memory Scan Operation ||||||||||||||||||||I|IIIIIIIII STOP
Description [ Internal Oscillator AT s
| DC / DC Converter | OFE
Control Interface as will as memory and registers.are still working and the memory keepsits contents.
User can send PCLK, HS and VS.information 'on\ RGB |/F for blank display. after-Sleep' In-command and this
information is valid during 2 frames after Sleep In command if there is_used Normal Mode Onin Sleep Out-mode.
Dimming function does'not work when.there is changing mode from.Sleep-Out to Sleep In.
There is used-an‘internal oscillator for blank display.
This.command has no effect when module-is already in sleep in-mode. Sleep In Mode can only be exit by the Sleep
Out Command (11h).
Restrictioh Itwill be necessary to wait 5msec before sending next:command, this is to allow time for the supply voltages and clock
circuits to stabilize.
It will be necessary to wait 120msec after sending Sleep Out command (when in Sleep In Mode) before Sleep In
command canbe sent.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Sleep In Mode
S/W Reset Sleep In Mode
H/W Reset Sleep In Mode
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It takes about 120 msec to get into Sleep In mode (booster off state) after SLPIN command issued.

The results of booster off can be check by RDDST (0Ah) command D7.

Stop
DC/DC
Converter

' |
' |
' |
' |
' |
' |
! |
A | I
Flow Chart Display whole blank R?D | |
screen (Automatic Int@nal | ‘ |
No effect to DISP Oscillator : Display |
ON/OFF Command) i :
\ J : -m :
Sleep In Mode : :
|
. | Sequential :
Drain charge | . |
from LCD panel | |
L i
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6.1.16 SLPOUT: Sleep Out (11h)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pbe | ps | pa | b3 | b2 | b1 | po
SLPOUT Write 11h 1100h No Parameter

NOTE: ““Don't care

This command turns off sleep mode.
In this mode the DC/DC converter is enabled, Internal display oscillator is started, and panel scanning is started.

| Source / Gate Output | STOP /< Blank Y memory Contonts >
(If DISPON 29h is set)

i
Description _ START
| Internal Oscillator | sTop A

ON

| Memory Scan Operation | sToP |

| DC/DC Converter |

User can start to send PCLK, HS and VS information-on RGB I/F before Sleep Out-command-and this information is
valid at least 2 frames before Sleep Out.command, if there is left Sleep In-mode to Sleep/Out-mode in Normal Mode
On.

There is used an internal oscillator for blank display.

Sleep Out Mode-can only be exit-by the Sleep In Command (10h), SW reset'or HW reset.

It will be necessary to wait 5msec before sending next,command;_ this is to allow time for the supply voltages and
clock circuits.to stabilize:

NT35410 loads all default values of extended and test command to the registers during this 5msec and there cannot
Restriction be any abnormal visual effect'on the display-image if those default and register values are same when this load is
done and when the NT35410 is already Sleep Out —mode.

NT35410 is doing self-diagnostic functions during this 5msec. See also section 5.12.

It will be necessary to wait 120msec after sending Sleep In command (when in Sleep Out mode) before Sleep Out
command canbe sent.

Status Availability

Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avallability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

Status Default Value

Default Power On Sequence Sleep In Mode

S/W Reset Sleep In Mode

H/W Reset Sleep In Mode
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It takes about 120 msec to get into Sleep In mode (booster off state) after SLPIN command issued.
The results of booster off can be check by RDDST (0Ah) command D7.

Display whole blank
screen for 2 frames
(Automatic No effect to

DISP ON/OFF
Commands)

Start Internal
Oscillator

Start
Converter contents in accordance
with the current Sequential
command table settins transfer
A \J)S |
Charge Offset
voltage for LCD
Panel
Sleep Out Mode
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6.1.17 PTLON: Partial Display Mode On (12h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:smopy | b7 | pbe | ps | pa | b3 | b2 | b1 | po
PTLON Write 12h 1200h No Parameter
NOTE: " Don’t care
This command turns on Partial mode. The partial mode window is described by the Partial Area command
. (30H)
Description . . :
To leave Partial mode, the Normal Display Mode On command (13H) should be written.
There is no abnormal visual effect during mode change between Normal mode On <-> Partial mode On.
Restriction This command has no effect when Partial mode is active.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Qut Yes
Availability Partial Mode On, Idle Mode Off,-Sleep-Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power.On Sequence Normal Mode On
Default
S/W'Reset Normal Mode On
H/W Reset Normal Mode On
Flow Chart See Partial Area (30h)
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6.1.18 NORON: Normal Display Mode On (13h)

Inst/ Para RAW Address Parameter
others | mppi | ppis:smopy | b7 | pbe | ps | pa | b | b2 | b1 | po
NORON Write 13h 1300h No Parameter
NOTE: -“ Don't care
This command returns the display to normal mode.
Normal display mode on means Partial mode off.
Description Exit from NORON by the Partial mode On command (12h)
There is no abnormal visual effect during mode change from Normal mode On to Partial mode On.
Restriction This command has no effect when Normal Display mode is active.
Status Default Value
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On'Sequence Normal Mode On
Default
S/W Reset Normal Mode On
H/W Reset Normal Mode On
Flow Chart See Partial Area Definition Descriptions for details of when to use this command
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6.1.19 INVOFF: Display Inversion Off (20h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:smopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
INVOFF Write 20h 2000h No Parameter
NOTE: -“ Don't care
This command is used to recover from display inversion mode.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example)
Memory Display
Description %HE 1
N EEE EE
H [ | mn
N NN
H RN NN
| [ | W W
L]
Restricti This command has noseffect when module.is already inversion off mode.
estriction
Status Availability
Normal Mode On, Idle Mode-Off, Sleep Out Yes
Register Normal Mode On, Idle,Mode.On, Sleep Out Yes
Availability Partial Made On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Display Inversion off
Default . .
S/W Reset Display Inversion off
H/W Reset Display Inversion off
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6.1.20 INVON: Display Inversion On (21h)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
INVON Write 21h 2100h No Parameter
NOTE: " Don’t care
This command is used to enter display inversion mode.
This command makes no change of contents of frame memory.
This command does not change any other status.
To exit from Display Inversion On, the Display Inversion Off command (20h) should be written.
(Example)
Memory Display
Description
Restriction This command.has no effect when module’is already Inversion On-mode.
Status Availability
Normal Mode On;-ldle Mode Off;, Sleep Out Yes
Register Normal Mode On, Idle,Made-On, Sleep Out Yes
Availability Rartial Mode On, ldle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display Inversion off
S/W Reset Display Inversion off
H/W Reset Display Inversion off
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6.1.21 ALLPOFF: All Pixel Off (22h)

Address Parameter
Inst / Para RW
others | mppi | ppis:sjmopy | b7 | pbe | ps | pa | b3 | b2 | b1 | Dpo
ALLPOFF Write 22h 2200h No Parameter

NOTE: ““Don't care

This command turns the display panel black in Sleep Out mode and a status of the Display On/Off register can be on
or off.
This command makes no change of contents of frame memory.
This command does not change any other status.

Memory

Description [
(Example)

“All Pixels On”, “Normal Display Mode On” or“Partial Mode On” commands arewused to leave this mode. The display
panel is showing the content of the frame'memory after “Normal Display-On”\and ‘Partial‘Mode On” commands.

Restriction This command has no effect when module'is already inversion-off-mode.
Status Availability
. Normal Mode-On, Idle Mode Off, Sleep Out Yes
AReﬁpsﬁr Normal Mode On, Idle'Mode On, Sleep Out Yes
_llaRN Partial Mode On, Idie Mods Off, Sleep Out Yes
Partial\Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence All pixel off
S/W Reset All pixel off
H/W Reset All pixel off
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6.1.22 ALLPON: All Pixel On (23h)

Inst/ Para RAW Address Parameter
others | mppi | ppis:smopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
ALLPON Write 23h 2300h No Parameter
NOTE: “-"Don’t care
This command turns the display panel white in Sleep Out mode and a status of the Display On/Off register can be on
or off.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example)
Memory Display
Description
[ A
“All Pixels Off”, “Normal Display Mode On” or “Partial Mode On” commands, are used to leave this mode. The display
panel is showing the content of the frame memory after “Normal-Display On”'and “Partial Mode On” commands.
Restriction This command has no effect when module‘is already in all pixel on mode.
Status Availability
Normal Mode On, Idle-Mode Off, Sleep Out Yes
Regisien Normal Mode-On, Idle Mode On, Sleep Out Yes
Availability -
Partial Mode On; Idle Mode Off, Sleep Out Yes
Partial-Mode On,/Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence All pixel off
S/W Reset All pixel off
H/W Reset All pixel off
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6.1.23 GAMSET: Gamma Set (26h)

Inst/ Para RAW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
GAMSET Write | 26h 2600h 00h GC7 GC6 GC5 GC4 GC3 GC2 GC1 GCo
NOTE: “"Don't care
This command is used to select the desired Gamma curve for the current display. A maximum of 4 curves can be
selected. The curves are defined in Fig 5.21.1 The curve is selected by setting the appropriate bit in the parameter as
described in the Table.
GCJ[7:0] Parameter Curve Selected
o 01h GCO0 Gamma Curve 1 (G=2.2)
Description 02h GCH Gamma Curve 2 (G=1.8)
04h GC2 Gamma Curve 3 (G=2.5)
08h GC3 Gamma Curve 4 (G=1.0)
10h GC4 Gamma Curve 4 (G= By'Register)
Note: All other values are undefined.
Restriction Values of GC [7:0] not shown in table above-are invalid and ‘will not .change the current selected gamma curve until
valid is received.
Status Availability
Normal Mode On, |dle Mode Off, Sleep.Out Yes
Register Normal\Mode On;, Idle Mode On; Sleep Out Yes
Availability Partial Mode On, Idle Mode Off; Sleep Out Yes
Partial Mode On, Idle'Mode On, Sleep’Out Yes
SleepiIn Yes
Status Default Value
Default Power On Sequence 01h
S/W Reset 01h
H/W Reset 01h
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6.1.24 DISPOFF: Display Off (28h)

Inst/ Para RAW Address Parameter
others | mppi | ppis:smMopy | b7 | pe | ps | pa | b | b2 | b1 | Dpo
DISPOFF Write 28h 2800h No Parameter
NOTE: “-"Don’t care
This command is used to enter into DISPLAY OFF mode. In this mode, the output from Frame Memory is disables and
blank page inserted
This command makes no change of contents of frame memory. This command does not change any other status.
There will be no abnormal visible effect on the display.
(Example) Memory Display
Description
Restriction This command has no effect when module is already in Display Off mode.
Status Availability
Normal‘Mode On; Idie-Mode Off; Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle-Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display off
S/W Reset Display off
H/W Reset Display off
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6.1.25 DISPON: Display On (29h)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pe | ps | pa | pbsa | b2 | b1 | po
DISPON Write 29h 2900h No Parameter
NOTE: “-"Don’t care
This command is used to recover from DISPLAY OFF mode. Output from Frame Memory is enabled.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example) Memory Display
Cmme
Description L
H RN EN
EEE | | N
AN BN EN
H EEE EN
HE | N .
[
Restriction This command has no effect when module is already.in Display On mode.
Status Availability
_ Normal Mode-On, ldle Mode Off, Sleep Out Yes
AReﬁ]ISt.T.r Normal Mode On, ldle Mode On, Sleep.Qut Yes
vailability Partial Mode On,-Idle Mode Off; Sleep Out Yes
Partial Mode On, Idle Mode On;.Sleep, Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display off
S/W Reset Display off
H/W Reset Display off
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6.1.26 CASET: Column Address Set (2Ah)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
2A00h 00h X815 | XS14 | XS13 | XS12 | XS11 | XS10 | XS9 XS8
2A01h 00h X87 XS6 XS5 XS4 XS3 XS2 X81 XS0
CASET Write | 2Ah
2A02h 00h XE15 | XE14 | XE13 | XE12 | XE11 | XE10 | XE9 XE8
2A03h 00h XE7 XE6 XE5 XE4 XE3 XE2 XE1 XEO
NOTE: ““Don’t care
This command is used to define area of frame memory where MPU can access.
This command makes no change on the other driver status.
Each value represents one column line in the Frame Memory.
(Example)
[Xs[15:0]] [ XE[15:0]
Description : :
[
XS8[15:0] always must-be equal to or less than XE[15:0]
When XS[15:0] or XE[15:0] is greater than'-maximum address like-below, data of out of range will be ignored.
For DISP[1:0}.= “00” (360 x 640 resolution)
MV = “0”: Parameter range 0" < XS[15:0] <’ XE[15:0] < 359 (0167h)
MV'= “1”: Parameterrange 0 \= XS§[15:0] = XE[15:0] = 639 (027Fh)
N For DISP[1:0] =*01" (360 x 480 resolution)
Restriction
MV = “0": Parameterrange 0 < XS[15:0] = XE[15:0] =< 359 (0167h)
MV = “1”: Parameter range 0 = XS[15:0] = XE[15:0] = 479 (01DFh)
For DISP[1:0] = “10” (320 x 480 resolution)
MV = “0": Parameter range 0 < XS[15:0] = XE[15:0] < 319 (013Fh)
MV = “1": Parameter range 0 = XS[15:0] = XE[15:0] = 479 (01DFh)
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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For DISP [1:0] = “00” (360x640 resolution)

Default Value

Status
XS[15:0] XE[15:0] (MV="0") | XE[15:0] (MV="1")
Power On Sequence 0000h 0167h (359d)
S/W Reset 0000h 0167h (359d) | 027Fh (639d)
H/W Reset 0000h 0167h (359d)

For DISP [1:0] = “01” (360x480 resolution)

Default Value

Status
XS[15:0] XE[15:0] (MV="0") | XE[15:0}(MV="1")
Default Power On Sequence 0000h 0167h (359d)
S/W Reset 0000h 0167h (359d) | 01DFh(479d)
H/W Reset 0000h 0167h,(359d)
For DISP [1:0] = “10” (320x480 resolution)
Default Value
Status
XS[15:0] XE[15:0] (MV="0") | XE[15:0] (MV="1")
Power On Sequence 0000h 013Fh (319d)
S/W Reset 0000h 013Fh (319d) | 01DFh (479d)
H/W Reset 0000h 013Fh (319d)

e
et | Legend

v
1% & 2" Parameter XS[15:0]
3" & 4™ Parameter XE[15:0]
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Flow Chart 3" & 4™ Parameter YE[15:0]

If
I/I >Needed
RAMWR(2Ch)
* _________ 1

Image Data
D1[23:0], D2[23:0],

Any Command
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6.1.27 RASET: Row Address Set (2Bh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
2B00h 00h YS15 | YS14 | YS13 | YS12 | YS11 YS10 YS9 YS8
2B01h 00h YS7 YS6 YS5 YS4 YS3 YS2 YSH YSO0
RASET Write 2Bh
2B02h 00h YE15 | YE14 | YE13 | YE12 | YE11 YE10 YE9 YE8
2B03h 00h YE7 YE6 YE5 YE4 YE3 YE2 YE1 YEO

NOTE: ““Don’t care

This command is used to define area of frame memory where MPU can access.
This command makes no change on the other driver status.
Each value represents one row line in the Frame Memory.

(Example)
Description YS§[15:0] ~H
YE[15:0] B

YS[15:0] always must beequal to or less than-YE[15:0]
When YS[15:0] or<YE[15:0] is.greater than‘maximum address like below, data of out of range will be ignored.
For DISP [1:0] = “00" (360 x 640 resolution)

MV = “0”:Parameterrange 0 < YS[15:0]-< 'YE[15:0] < _639(027Fh)
MV = “1”“Parameter range 0 _=-YS[15:0] "= YE[15:0] = 359 (0167h)
Restriction For DISP [1:0] = “01” (360 x 480 resolution)
MV = “0": Parameter range 0 '< YS[15:0] = YE[15:0] < 479 (01DFh)
MV = “1"yParameter range 0 =-YS[15:0] = YE[15:0] = 359 (0167h)
For DISP [1:0]'=“10"(320"x 480 resolution)
MV = “0": Parameter range 0 < YS[15:0] = YE[15:0] < 479 (01DFh)
MV = “1”: Parameter range 0 = YS[15:0] = YE[15:0] = 319 (013Fh)
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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For DISP [1:0] = “00” (360 x 640 resolution)

Default Value

Status
YS[15:0] YE[15:0] (MV="0") | YE[15:0] (MV="1")
Power On Sequence 0000h 027Fh (639d)
S/W Reset 0000h 027Fh (639d) | 167h (359d)
H/W Reset 0000h 027Fh (639d)

For DISP [1:0] = “01” (360 x 480 resolution)

Default Value

Status
YS[15:0] YE[15:0] (MV="0") | YE[15:0}(MV="1")
Default Power On Sequence 0000h 01DFh (479d)
S/W Reset 0000h 01DFh (479d) | 167h(359d))
H/W Reset 0000h 01DFh, (479d)
For DISP [1:0] = “10” (320 x 480 resolution)
Default Value
Status
YS[15:0] YE[15:0] (MV="07) | YE[15:0] (MV="1")
Power On Sequence 0000h 01DFh (479d)
S/W Reset 0000h 01DFh (479d) | 013Fh (319d)
H/W Reset 0000h 01DFh (479d)

-
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Image Data
D1[23:0], D2[23:0],

Any Command
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2011/10/06 291 V2.0

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.



\ NGVATEK NT35410

6.1.28 RAMWR: Memory Write (2Ch)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO
RAMWR Write 2Ch X X
D7 D6 D5 D4 D3 D2 D1 DO

NOTE: ““Don’t care

This command is used to transfer data from MPU interface to frame memory.
This command makes no change to the other driver status.
When this command is accepted, the column register and the row register are reset to the Start Column/Start Row
Description positions.
The Start Column/Start Row positions are different in accordance with MADCTL-setting
Then D[23:0] is stored in frame memory and the column register and the row:register.incremented.
Sending any other command can stop Frame Write.
Restriction There is no restriction on length of parameters. No access'in the frame memory.in'Sleep In mode
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On; Idle Mode On,-Sleep Out Yes
Avallability Partial Mode-On, Idle Mode Off, Sleep Out Yes
Partial Mode On; Idle Mode On, Sleep Out Yes
Sleep-In Yes
Status Default Value
Default Power On Sequence Contents of memory is set randomly
S/W Reset SRAM data keep or not depends on RAMKP bit in 0XC1
H/W Reset SRAM data keep or not depends on RAMKP bit in 0XC1
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RAMWR(2Ch)
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6.1.29 RAMRD: Memory Read (2Eh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
2E00h 00h D7 D6 D5 D4 D3 D2 D1 DO
RAMRD Read 2Eh X X
X X D7 D6 D5 D4 D3 D2 D1 DO

NOTE: ““Don’t care

This command is used to transfer data from frame memory to MPU interface.

This command makes no change to the other driver status.

When this command is accepted, the column register and the row register are reset to the Start Column/Start Row
Description positions.

The Start Column/Start Row positions are different in accordance with MADCTL setting.

Then D[23:0] is read back from the frame memory and the column register and the row-register.incremented

Frame Read can be canceled by sending any other command.

Restriction There is no restriction on length of parameters. No access'in the frame memory.in'Sleep In mode
Status Availability
. Normal Mode On, Idle Mode Off, Sleep Out Yes
ARe??'SJT_r Normal Mode-On, ldle Mode On,-Sleep Out Yes
vailability Partial Mode-On, Idle Mode Off, Sleep Out Yes
Partial Mode On; Idle Mode On, Sleep Out Yes
Sleep-In Yes
Status Default Value
Default Power-On-Sequence Contents of memory is set randomly
S/W Reset Contents of memory is not cleared
H/W Reset Contents of memory is not cleared
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RAMRD(2Eh)

Image Data
D1[23:0], D2[23:0],

Flow Chart
Any Command
Mode
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6.1.30 PTLAR: Partial Area (30h)
Inst/ Para RW Address Parameter
others | mppi | ppis:symopy | b7 | pbe | bs | pa | b3 | b2 | b1 | po

3000h 00h PSL[15:8]
3001h 00h PSL[7:0]

PTLAR write | 30h
3002h 00h PEL[15:8]
3003h 00h PEL[7:0]

NOTE: ““Don’t care

Description

This command defines the partial mode’s display area. There are 4 parameters associated with this.command, the
first defines the Start Row (PSL) and the second the End Row (PEL), as illustrated in the figures'below. PSL and PEL
refer to the Frame Memory row address counter.

If End Row > Start Row when MADCTL ML=0:

If End Row> Start Row when MADCTL ML=1:

If End Row < Start Row when MADCTL ML=0:

Start Row

PSL[15:0]

Non-display Area

PEL[15:0]

} Partial Display Area

End Row

End Row

PEL[15:0]

Y

Non-display Area

Non-display Area

PSL[15:0]

} Partial Display Area

Start Row

End Row

PEL[15:0]

Non-display Area

PSL[15:0]

Non-display Area Partial Display Area

\i

Start Row

N
S/

If End Row = Start Row then the Partial Area will be one row deep.
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NT35410
PSL[15:0] and PEL[15:0] should have below range
DISP[1:0] = 00" (360 x 640): 0 < PSL[15:0], PEL[15:0] < 639 (027Fh), |PEL-PSL| =< 639 (027Fh).
Restriction DISP[1:0] ="01” (360 x 480): 0 = PSL[15:0], PEL[15:0] = 479 (01DFh), |PEL-PSL| =479 (01DFh).
DISP[1:0] ="10" (320 x 480): 0 < PSL[15:0], PEL[15:0] < 479 (01DFh), |PEL-PSL| =479 (01DFh).
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
PSL[15:0] PEL[15:0]
027Fh (639d) whenDISP\[1:0]= “00”
Power On Sequence 0000h 01DFh(479d) when DISP [1:0] = “01”
01DFh-(479d)-when DISP [1:0] = “10”
Default 027Fh(639d) when DISP [1:0] = “00”
S/W'Reset 0000h 01DFh (479d) when DISP [1:0] = “01”
01DFh (479d) when DISP [1:0] = “10”
027Fh (639d) when DISP [1:0] = “00”
H/W Reset 0000h 01DFh (479d) when DISP [1:0] = “01”
01DFh (479d) when DISP [1:0] = “10”
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1. To Enter Partial Mode

PTLAR(30h)

Y

2. To Exit Partial Mode

( Partial Mode )

1% & 2" Parameter PSL[15:0] l/*/
/3rd & 4" Parameter PEL[15:0] DISPOFF(28h)

|
! |
I I
I |
! |
! m !
: |
[Paaneer /|
v : |
. |
| Display I
PTLON(12h) NORON(T3h) : !
v . |
. | |
Flow Chart Partial Mode ( Partial l\:ode Off ) : |
|

I
.7~ Sequentia :
RAMWR(2Ch) : transfer__/|
|
v L I

Image Data
D1[28:0],-D2[23:0],
..., Dn[23:0
DISPON(29h)
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6.1.31 SCRLAR: Scroll Area (33h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:sy Mooy | b7 | ps | ps | pa | ps | b2 | b1 | po
3300h 00h TFA[15:8]
3301h 00h TFA[7:0]
_ 3302h 00h VSA[15:8]
SCRLAR write | 33h
3303h 00h VSA[7:0]
3304h 00h BFA[15:8]
3305h 00h BFA[7:0]

NOTE: “““Don't care

Description

This command defines the Vertical Scrolling Area of the display.

When MADCTL ML=0

TFA [15:0] describes the Top Fixed Area (in No. of lines from Top of the Frame Memaory and Display).

VSA [15:0] describes the height of the Vertical Scrolling Area(in.No. of lines of the Frame Memory-[not the display] from the
Vertical Scrolling Start Address)

The first line appears immediately after the bottom most line of the Top Fixed Area:

BFA [15:0] describes the Bottom Fixed Area (in No. of lines from Bottom ofthe Frame Memory and Display).

TFA, VSA and BFA refer to.the-Frame Memory row-address.

0.0)

Top Fixed Area N\

Non-displaying Area

First line read from
frame memory

Scroll Area

VSA [15:0]

Bottom Fixed Area
BFA [15:0]

Non-displaying Area

When MADCTL ML=1

TFA [15:0] describes the Top Fixed Area (in No. of lines from Bottom of the Frame Memory and Display).

VSA [15:0] describes the height of the Vertical Scrolling Area (in No. of lines of the Frame Memory [not the display] from the
Vertical Scrolling Start Address)

The first line appears immediately after the top most line of the Top Fixed Area.
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BFA [15:0] describes the Bottom Fixed Area (in No. of lines from Top of the Frame Memory and Display).

(0.0)
\

Botlom Fixed Area

BFA [15:0]

Non-displaying Arca

Scroll Area

First line read from
frame memory

Top Fixed Area

TFA [15:0]

Non-displaying Area

See Section 5.2.6 for details of the Memory to Display Mapping.

The condition is

DISP[1:0] = "00” (360 x 640): (TFA+VSA+BFA) = 640, otherwise Scrolling'mode is undefined-

Restriction |DISP[1:0] = "01” (360 x 480): (TFA+VSA+BFA) = 480, otherwise Scrolling-mode is undefined.

DISP[1:0] = "10” (320 x 480): (TFA+VSA+BFA) = 480, otherwise Scrolling mode is undefined.

In Vertical Scroll Mode, MADCTL parameter MV-should be set to, ‘0*-this only affects the Frame Memory Write:

Status Availability
Register Normal Mode-On, Idle Mode Off, Sleep Out Yes
Availability Normal Mode On, Idle Mode On, Sleep Out Yes
Partial Mode On, ldle Mode Off, Sleep Out Yes
Partial’'Mode On, |dle Maode On, Sleep Out Yes
SleepIn Yes
Default Value
Status
TFA[15:0] VSA [15:0] BFA [15:0]
0280h (640d) when DISP [1:0] = “00”
Power On Sequence 0000h 01EOh (480d) when DISP [1:0] = “01” 0000h
01EOh (480d) when DISP [1:0] = “10”
Default 0280h (640d) when DISP [1:0] = “00”
S/W Reset 0000h 01EOh (480d) when DISP [1:0] = “01” 0000h
01EOh (480d) when DISP [1:0] = “10”
0280h (640d) when DISP [1:0] = “00”
H/W Reset 0000h 01EOh (480d) when DISP [1:0] = “01” 0000h
01EOh (480d) when DISP [1:0] = “10”
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1. To enter Vertical Scroll Mode:

Legend

TFA[15:0] &
VSA[15:0] & P
BFA[15:0] arameter
Display
XS[15:0] & Re-defines the
XE[15:0] frame_memory Mode

window that the

4
!

.
U

scroll data will be Sequential
written to. transfer
(See Note)

i

YS[15:0] &
YE[15:0]

Only-required for <
Flow Chart |, non-roll'scrolling

Optional - It may

be necessary to re-
> define the frame

memory write
Parameter direction

i

Scroll Image Data

SSA[15:0]

Scroll Mode

b
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Note: The frame memory window size must be defined correctly otherwise undesirable image will be displayed.
2. Continuous Scroll:
Normal Mode Legend
-
XS[15:0] & ]
XE[15:0] Display
*
YS[15:0] & Sequential
YE[15:0] transfer
Only required for <
non-roll scrolling é II
Parameter
Scroll Image Data
AN
SSA[15:0]
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3. To Exit Vertical Scroll Mode:

Scroll Mode

Legend

(Optional)

To prevent DISPOFF Command
Tearing Effect

Image Display

NORON/PTLON

Scroll Mode Off

M
Display

Sequential
transfer

Image Data
D1[17:0], D2[17:0]
--- Dn[17:0]

NOTE: Scroll Mode can be exit by both the Normal Display Mode On(13h) and Partial Mode On(12h) commands.
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6.1.32 TEOFF: Tearing Effect Line OFF (34h)

Address Parameter
Inst / Para RW
others | mppi | ppis:sjmopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
TEOFF Write 34h 3400h No Parameter
NOTE: “-"Don’t care
Description This command is used to turn OFF (Active Low) the Tearing Effect output signal from the TE signal line.
Restriction This command has no effect when Tearing Effect output is already OFF.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability -
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status DefaultValue
Default Power On Sequence Tearing Effect off
S/W. Reset Tearing Effect off
H/W Reset Tearing Effect off

(TE Line Output ON )

. l
| I
| I
! I
I [
I I
I I
|/ Perameter /|
I [
TEOFF(34h) : I
Flow Chart | play :
I [
| < Action > |
I I
lare}
I [
| [
I [
! I
I
| I

A4

(TE Line Output OFF) Mode
Sequential
transfer
_________ !
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6.1.33 TEON: Tearing Effect Line ON (35h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
TEON Write 35h 3500h 00h - - - - - - - M

NOTE: ““Don't care

This command is used to turn ON the Tearing Effect output signal from the TE signal line. This output is not affected

by changing MADCTL bit ML.

The Tearing Effect Line On has one parameter, which describes the mode of the Tearing Effect Output Line. (“-“ =

Don’t Care).

When M = “0”: The Tearing Effect Output line consists of V-Blanking information only.
\ tva I, tvan

Description Vertival Time
Scale

When M = “1”: The Tearing Effect Output line consists of both V-Blanking and H=Blinking information.

I tval W tvdn
Vertival Time
Scale =\
Note: During Sleep In Mode with Tearing Effect Line On, Tearing Effect Output pin will-be active Lofw.
Restriction This command has no effect when Tearing Effect output is already ON-
Status Availability
Normal'Mode-On; Idle Mode Off,-Sleep Out Yes
Reglst?r Normal Mode On, Idle-Mode On; Sleep Out Yes
Availayliy Partial Mode-On, Idle Mode Off, Slesp Out Yes
Partial Mode On, ldle Mode/On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Tearing Effect off
S/W Reset Tearing Effect off
H/W Reset Tearing Effect off
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(TE Line Output OFF)

Parameter
TEON(35h)
TE Mode

Parameter (M)

!

TE Line Output ON

RN

. :
! |
! |
! |
! |
! |
! |
! |
! |
! - |
Flow Chart * : Display I
. l
! |
! |
! |
! |
! i
! |
! |
|
| |
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6.1.34 MADCTL: Memory Data Access Control (36h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
. 36h X X MY MX MV ML RGB MH RSMX | RSMY
MADCTL Write
X 3600h 00h 0 0 0 ML RGB MH - -

NOTE: ““Don't care

This command defines read/write scanning direction of frame memory.

This command makes no change on the other driver status.

Bit NAME DESCRIPTION
MY Row Address Order
MX Column Address Order
MV Row/Column Exchange

These 3 bits controls interface to memory write/read direction., The
behavior on display after pattern changed.

LCD Vertical refresh direction control.

ML Vertical Refresh Order
I Immediately behavior on display.

Color selector, switch control
RGB RGB-BGR Order “0”.= RGB color sequence;“1” = BGR color'sequence
The behavior on'display after pattern changed.

LCD Horizontal refresh direction control

MH Horizontal Refresh Order . , .
Immediately behavior on.display.

RSMX | Flip harizontal “0” = Normal , “1” = HorizontalAlip
RSMY | Flip vertical “0”/= Normal , “1”=\Vertical flip
ML: Vertical Refresh Order
Description Top-Left (0.,0)  ‘Memory Top-Left (0.0)  pisplay
A [ Send st I O
ML="0 [ Send2nd BN | [ AN
[ Send 3rd H ERE EN
‘ EEE | | mN
| BN B N
v H EEE N
HE | | W W
HREEEEEN
Top-Left (0.0)  memory Top-Left (0.0)  pijsplay
ML_"" [_Send Last EEEEEEEN
= R HN | | e
; H EEE BN
| EEE | | N
‘ AN N W
[ Send3rd H BN EN
HE [ [ W W
[ Send 1st AREEEEEN
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MH: Horizontal Refresh Order
Top-Left (0,0) Display Top-Left (0,0) Display
" n " " :]DDDDDDD
MH="0 MH="1 JCOEEECOC
H EEE N
HEE | | EN
HE N W
H EEE N
HE || (.
EREEEEEN
Description L] § E E (3
2 o o |2
A5
Top-Left (0.0)  Memory Top-Left((0.0) - Memory
NN
N | AN
H EEE NN
EEE [ | WN
HE EE EN
H RN NN
R [
(LTI
Restriction N
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Relglstle.r Normal Mode On, Idle Mode On, Sleep Out Yes
Avilability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default S/W Reset No change
H/W Reset 00h
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MADCTL(36h)

Y

Parameter
(MY, MX, MV, ML, MH)

. I
| I
| I
| I
I I
I I
| I
| I
| I
| , I

Flow Chart : Display I
. I
| I
I I
I I
| I
! I
I I
[ I
| I
I

RN
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6.1.35 VSCSAD: Vertical Scroll Start Address SRAM (37h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:symopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
, 3700h 00h SSA[15:8]
VSCSAD write | 36h
3701h 00h SSA[7:0]

NOTE: “““Don't care

This command is used together with Vertical Scrolling Definition (33h). These two commands describe the scrolling area and
the scrolling mode.

The Vertical Scrolling Start Address command has one parameter which describes which line in the Frame Memory will be

written as the first line after the last line of the Top Fixed Area on the display as illustrated below:
This command Start the scrolling.

Exit from V-scrolling mode by commands Partial mode On (12h) or Normal mode On (13h).
When MADCTL ML=0

Example:
When Top Fixed Area=Bottom Fixed Area=00, Vertical Scrolling Area=640 and Vertical-Scrolling Pointer SSA="3".

Display

a f
G2
G3
G4

SSA [15:0] [--

Scroll start address | ==

G638
G639
G640

(I T 1 1 1

ECT]

CIEr T 1 1|

WL

€0.639)

When MADCTL ML =1

Description
(N Example:
When Top Fixed Area= Bottom Fixed Area=00, Vertical Scrolling Area=640 and SSA="3’
« 0)\ Memory scan address Displa;
] ] ol
G2
G3
Scroll start address (638
PR G639
Ld Gol0 [T 1
(0,639
NOTE: When new Pointer position and Picture Data are sent, the result on the display will happen at the next Panel Scan to
avoid tearing effect. SSA refers to the Frame Memory scan address.
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Since the value of the Vertical Scrolling Start Address is absolute (with reference to the Frame Memory), it must not enter the
fixed area (defined by Vertical Scrolling Definition (33h)-otherwise undesirable image will be displayed on the Panel.
SSA[15:0] is based on 1-line unit.
Restriction  |DISP[1:0] = 00, SSA[15:0] = 0000h, 0001h, 0002h, 0003h, ... , 027Fh
DISP[1:0] = 01, SSA[15:0] = 0000h, 0001h, 0002h, 0003h, ..., 01DFh
DISP[1:0] = 10, SSA[15:0] = 0000h, 0001h, 0002h, 0003h, ..., 01DFh
Status Availability
) Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out No
Partial Mode On, Idle Mode On, Sleep Out No
Sleep In Yes
Status Default Value
Default Power On Sequence 0000h
S/W Reset 0000h
H/W Reset 0000h
Flow Chart See Vertical Scrolling Definition (33h). description:
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6.1.36 IDMOFF: Idle Mode Off (38h)

Address Parameter
Inst / Para RW
others | mppi | ppis:smMopy | b7 | pe | ps | pa | b | b2 | b1 | Dpo
IDMOFF Write 38h 3800h No Parameter
NOTE: “"Don't care
L This command is used to recover from Idle mode on
Description ) . . .
In the idle off mode, display panel can display maximum 16.7M colors.
Restriction This command has no effect when module is already in idle off mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability )
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On.Sequence Idle Mode off
S/W Reset Idle Mode off
H/W Reset Idle Mode off
e T
: Legend
|
|
< ldle On Mode > | :
' |
' |
|
[[Fararee /!
' |
IDMOFF(38h) ! Displ |
Flow Chart : :
' |
v | < Action > |
' |
< ldle Off Mode ) ! |
|
| -
| 7~ Sequentia :
: transfer I
L ____ j
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6.1.37 IDMON: Idle Mode On (39h)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pbe | ps | pa | b3 | b2 | b1 | po
IDMON Write 39h 3900h No Parameter
NOTE: “-"Don’t care
This command is used to enter into Idle mode on.
In the idle on mode, color expression is reduced. The primary and the secondary colors using MSB of each R, G, and
B in Frame Memory, 8 color depth data is displayed.
Memory Display
Description
Memory Contents vs. Display Colors
R7R5R5R4R3R2R1 Ro R7G5G5G4G3G2G1Go B7BeBsB4BaBzB1 Bo
Black OXXXXXXX OXXXXXXX OXXXXXXX
Blue OXXXXXXX OXXXXXXX 1XXXXXXX
Red 1XXXXXXX OXXXXXXX OXXXXXXX
Magenta TXXXXXXX OXXXXXXX 1XXXXXXX
Green OXXXXXXX 1 XXXXXXX OXXXXXXX
Cyan OXXXXXXX 1 XXXXXXX 1XXXXXXX
Yellow 1 XXXXXXX 1 XXXXXXX OXXXXXXX
White 1XXXXXXX 1 XXXXXXX 1XXXXXXX
Restriction This command has no effect when module is already in idle off mode
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability -
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Idle Mode off
S/W Reset Idle Mode off
H/W Reset Idle Mode off
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< ldle Off Mode >

| I
| I
| I
| I
! I
I I
| I
| I
| I
IDMON(39h) | Doy |
Flow Chart | Isplay |
. I
| I
! I
I I
! I
! I
[ I
| I

I
! I

Parameter

\

( Idle On Mode >

L
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6.1.38 COLMOD: Interface Pixel Format (3Ah)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
COLMOD Write | 3Ah X X VIPF3 | VIPF2 | VIPF1 | VIPFO | IFPF3 | IFPF2 | IFPF1 | IFPFO
NOTE: “"Don't care
This command is used to define the format of RGB picture data, which is to be transferred via the RGB interface. The
formats are shown in the table:
Bit NAME DESCRIPTION
VIPF3 “0101” = 16-bit/pixel
VIPF2 Pixel Format for RGB Interface “01 10" - 18-b!t/p!><el
Description VIPF1 0111” = 24-bit/pixel
VIPFO The others = not defined
IFPF3 “0101” = 16-bit/pixel
IFPF2 “0110” = 18-bit/pixel
Pixel Format for Control Interface
FPE1 | “0111” = 24 bit/pixel
IFPFO The others = not defined
Restriction There is no visible effect until the Frame Memory is written-to.
Status Availability
) Normal ModeOn, Idle Mode Off, Sleep Out Yes
Relglstle.r Normal Mode On, Idle Mode.On; Sleep Out Yes
Availability :
Partial Mode On, Idle"Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 77h
S/W Reset 77h
H/W Reset 77h
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(24-bit/pixel Mode)

COLMOD(3Ah)

| :
I |
I |
I |
I |
I |
! |
! |
| |
I ) [

Flow Chart * : Display I
. |
I |
I |
I |
| |
I [
| |
| [
I
| |

Parameter
IFPF[3:0] ="0110"

\

(1 8-bit/pixel Mode)
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6.1.39 RAMWRC: Memory Write Continue (3Ch)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO
RAMWRC Write | 3Ch X X
D7 D6 D5 D4 D3 D2 D1 DO

NOTE: ““Don’t care

This command is used to transfer data from MPU interface to frame memory, if there is wanted to continue memory
write after “RAMWR Memory Write (2Ch)” command.

This command makes no change to the other driver status.

When this command is accepted, the column register and the row register are not reset to'the Start Column/Start-Row
Description positions.

The Start Column/Start Row positions are different in accordance with MADCTL setting

Then D[23:0] is stored in frame memory and the column register andthe row registeriincremented.

Sending any other command can stop Frame Write.

Restriction There is no restriction on length of parameters. No.access. in the frame memory in Sleep In mode
Status Availability
. Normal Mode-On, |dle Mode Off, SleepOut Yes
Register
N Normal Mode-On; Idle Mode On,-Sleep Out Yes
Availability
Partial Mode On, Idle-Mode Off, Sleep,Out Yes
Partial Mode-On, Idle Mode On, Sleep Out Yes
Sleepin Yes
Status Default Value
Default Power On Sequence Contents of memory is set randomly
S/W Reset Set randomly (RAMKP=0) | Not cleared (RAMKP=1)
H/W Reset Contents of memory is set randomly
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RAMWRC(3Ch)
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6.1.40 RAMRDC: Memory Read Continue (3Eh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
X X D7 D6 D5 D4 D3 D2 D1 DO
RAMRDC Read 3Eh X X
X X D7 D6 D5 D4 D3 D2 D1 DO

NOTE: ““Don’t care

This command is used to transfer data from frame memory to MPU interface, if there is wanted to continue memory
read after “‘RAMRD Memory Read (2Eh)” command.

This command makes no change to the other driver status.

When this command is accepted, the column register and the row register are not reset to'the Start Column/Start-Row
Description positions.

The Start Column/Start Row positions are different in accordance with MADCTL setting.

Then D[23:0] is read back from the frame memory and the column register and the row register incremented

Frame Read can be canceled by sending any other command.

Restriction There is no restriction on length of parameters. No.access. in the frame memory in Sleep In mode
Status Availability
. Normal Mode-On, |dle Mode Off, SleepOut Yes
Register
N Normal Mode-On; Idle Mode On,-Sleep Out Yes
Availability
Partial Mode On, Idle-Mode Off, Sleep,Out Yes
Partial Mode-On, Idle Mode On, Sleep Out Yes
Sleepin Yes
Status Default Value
Default Power On Sequence Contents of memory is set randomly
S/W Reset Set randomly (RAMKP=0) | Not cleared (RAMKP=1)
H/W Reset Contents of memory is set randomly
m———————
Legend
RAMWRC(3Ch)

v

Image Data
D1[23:0], D2[23:0],
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6.1.41 STESL: Set Tearing Effect Scan Line (44h)

Address Parameter
Inst / Para RW
others | mpbi | pp1s:spvooy | b7 | pbe | ps | pa | ps [ b2 | b1 | po
_ 4400h 00h N[15:8]
STESL Write 44h
4401h 00h N[7:0]

NOTE: ““Don't care

This command turns on the display module’s Tearing Effect output signal on the TE signal line when the display
module reaches line N. The TE signal is not affected by changing MADCTL bit ML.
The Tearing Effect Line On has one parameter, which describes the mode of the Tearing Effect Output Line mode.
The Tearing Effect Output line consists of V-Blanking information only.

| tval I, tvan

Vertival Time
Description Scale

Note that STESL with N[15:0]="000h” is equivalent to TEON with M="0"

The Tearing Effect Output line shall be active low when the-display: module is in.Sleep in mode.

This command takes affect on the frame following the currentframe. Therefore, if the TE output is already on, the TE
output shall continue to operate as programmed by the previous “TEON (35h)” or “STESL (44h) command” until the
end of the frame.

When N[15:0] is greater than/maximum scanning-line like below,.data of out of range will be ignored.
For DISP[1:0] = “00”(360'x 640 resolution)
Parameterrange 0.< "N[15:0].=< 640 (0280h)
Restriction For DISP.[1:0] =“01” (360-x 480 resolution)
Parameter.range 0 = N[15:0] = 480 (01EOh)
For.DISP, [1:0] = “10” (320 x 480 resolution)
Parameter range 0=-N[15:0], = 480,(01EOh)

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 0000h
S/W Reset 0000h
H/W Reset 0000h
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[
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6.1.42 GSL: Get Scan Line (45h)

Address Parameter
Inst / Para RW
others | mppi | ppis:syvopy | b7 | be | bs | pa | b3 | b2 | b1 | po
4500h 00h N[15:8]
GSL Read | 45h
4501h 00h N[7:0]
NOTE: “"Don't care
This command returns the current scan line, N, used to update the display module. The total number of scan lines on
Description display is defined as VSYNC + VBP + VADR + VFP. The first scan line is defined as the first line of V Sync and is
P denoted as Line 0.
When in Sleep in mode, the returned value is undefined.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep-Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence XXXXh
S/W Reset XXXXh
H/W Reset XXXXh
T
: Legend
|
|
GSL(45h) | :
| Host : Command ||
: |
v Driver 1 I
1/ Parameter /|
Send Parameter [ |
N[15:8] [ , |
Flow Chart : Display )
|
' |
i
Send Parameter [ :
N7 | (Ciode )1
|
| -
| 7~ Sequentia :
: transfer I
|
o I
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6.1.43 WRDISBV: Write Display Brightness (51h)

Address Parameter
Inst / Para RW
others | mppi | ppis:svooy | b7 | pbe | ps | pa | ps | b2 | b1 | Do
WRDISBV write | 51h | 5100n 00h DBV[7:0]

NOTE: “-“ Don’t care

This command is used to adjust the brightness value of the display.

It should be checked what relationship between value and output brightness of the display.

This relationship is defined on the display module specification.

In principle relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.

DIM_STEP_STILL[2:0]

DIM_STEP_MOV([2:0]

DMST_C[3:0]

DD bit

Inverse the polarity of
the PWM duty

Dimming PWM

REYIEE! J Funcion [ ] Generator
BL bit

i
i
i
]
. i
i
i
]
H %
i Read DBY([%:0] }‘ LEDPWM
—— ! BCTRL bit LEDPWPOLbit
From CABC Block :
]
Y H
i

PWM_ENH_OE bit

Description CMB[7:0]

Preventthic display,brightness, 00,
dark (mans the estimation
brightness lass than the CMB[7:0])

DBVI[7:0] PWM Duty
00 Off (Default)
01 2/256
02 3/256
03 4/256
FE 255/256
FF 1

Restriction | The display supplier cannot use this command for tuning. (e.g. factory tuning, etc.)

Status Availability

Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.44 RDDISBV: Read Display Brightness (52h)

Address Parameter
Inst / Para RW
others | mpbi | ppis:svooy | b7 | pbe | bs | pa | b3 | b2 | b1 | po
RDDISBV Read | 52h 5200h 00h DBVI[7:0]
NOTE: “-"Don’t care
This command returns the brightness value of the display. It should be checked what the relationship between this returned
value and output brightness of the display. This relationship is defined on the display module specification.
In principle the relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.
Description This command can be used to read the brightness value of the display also when display brightness-control is\in automatic
P mode. See the chapter “6.1.37 Write CTRL Display (53h)” bit BCTRL = “1”.
DBV[7 0] is reset when display is in sleep-in mode.
DBV[7:0] is ‘FFh’ when bit BCTRL of “6.1.37 Write CTRL Display (53h)” command is0’.
DBV/[7:0] is manual set brightness specified with “6.1.37 Write CTRL-Display\(53h)” command whenbit BCTRL is ‘1’
Restriction
Status Availability
) Normal Mode On, Idle. Mode Off,-Sleep Out Yes
Register
i Normal Mode-On, Idle Mode On, SleepOut Yes
Available -
Partial Mode On; Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle-Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
Flow Chart
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6.1.45 WRCTRLD: Write CTRL Display (53h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
WRCTRLD Write | 53h 5300h 00h - - BCTRL - DD BL - -
NOTE: “-"Don’t care
This command is used to set back-light control mechanism.
BCTRL: Brightness Control Block On/Off, This bit is always used to switch brightness for display.
0 = Off (Default)
1 = Brightness registers are active, according to the other parameters.
DD : Display Dimming:
DD = 0: Display Dimming is Off (Default)
DD = 1: Display Dimming is On
BL: Backlight Control On/Off
0 = Completely turn off backlight circuit. Control lines'-must'be.low. (default)
1=0n
DIM_STEP. ST]L%I?’(?]
Description onst cisol
DD bit J—Lﬂ_l‘ Inverse the polarity of
L the PWM duty
0
Funcion [ 177 Gonertor |‘| |‘| |‘
—F—- BL bit
Read DBV[7:0]
BCTRL bit LEDPWPOL bit ’ » m LEDPWM
From CABC Block \ (()
A PWM_ENH_OE bit —f
CMB[7:0]
Prevent the display brightness too
dark (means the estimation
brightness lass than the CMB[7:0])
Restriction
Status Availability
) Normal Mode On, Idle Mode Off, Sleep Out Yes
Register
8 Normal Mode On, Idle Mode On, Sleep Out Yes
Available -
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.46 RDCTRLD: Read CTRL Display Value (54h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDCTRLD Read 54h 5400h 00h - - BCTRL - DD BL - -

NOTE: “"Don't care
This command returns ambient light and brightness control values, see chapter:
“5.1.45 Write CTRL Display (53h)”".

BCTRL: Brightness Control Block ON/OFF.

This bit is always used to switch brightness for display.

0 = OFF (Brightness registers are 00h, DBV[7..0])

1 = ON (Brightness registers are active, according to the other parameters.)

Display Dimming (DD):

DD = 0: Display Dimming is off
DD = 1: Display Dimming is on
Description
BL: Backlight Control On/Off

0 = OFF (Completely turn off backlight circuit. Control lines must be low. )
1=0N

Dimming function is adapted to the brightness registersfor'display and-keyboard when bit BCTRL is changed at DD=1, e.g.
BCTRL: 0 -> 1 or.1-> 0.

When BL bit change from.“On” to “Off”, backlight-is'turned off without gradual dimming, even if dimming-on (DD=1) are

selected.
Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
Flow Chart |-
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6.1.47 WRCABC: Write Content Adaptive Brightness Control (55h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
WRCABC Write 55h 5500h 00h - - - - - - CABC1 | CABCO

NOTE: ““Don't care

Description

This command is used to set parameters for image content based adaptive brightness control functionality.
There is possible to use 4 different modes for content adaptive image functionality which are defined on a table below.

CABCH CABCO Function Description
0 0 OFF (Default)
0 1 Ul (User Interface Image)
1 0 Still Picture
1 1 Moving.lmage

A Content Adaptive Brightness Control function can be used to reduce the power consumption.of the luminance source.
Content adaptation means that content grey level scale can.be\increased while simultaneously lowering brightness of the
backlight to achieve same perceived brightness. The adjusted-grey.level scale and thus the power consumption reduction
depends on the content of the image.

Definition of Modes and target power reduction-ratio:

OFF mode: Content Adaptive Brightness Control functionalityis totally off.

Ul [User interface] image mode: Optimized' for-Ul'image. It is kept image quality as much as possible. Target power
consumption reductioniratio: 10% or less.

Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable. Target power
consumption reduction ratio: more than 30%.

Moving image mode: Optimized for moving image. It is focused on the biggest power reduction with image quality
degradation. Target power consumption reduction ratio: more than 30%.

- Limits of image degradation are needed to agree with system and module suppliers.

Restricti
estnetion CABC is only used for normal mode.
Status Availability
Reqist Normal Mode On, Idle Mode Off, Sleep Out Yes
egister
9' Normal Mode On, Idle Mode On, Sleep Out Yes
Available
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
Flow Chart |-
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6.1.48 RDCABC: Read Content Adaptive Brightness Control (56h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDCABC Read 56h 5600h 00h - - - - - - CABC1 | CABCO

NOTE: ““Don't care

Description

This command is used to read the settings for image content based adaptive brightness control functionality
There is possible to use 4 different modes for content adaptive image functionality which are defined on a table below.

CABCH1 CABCO Function Description
0 0 OFF
0 1 User Interface Image
1 0 Still Picture
1 1 Moving Image

A Content Adaptive Brightness Control function can be used to reduce the power consumption.of-the luminance source.
Content adaptation means that content grey level scale can. be increased while simultaneously lowering brightness of the
backlight to achieve same perceived brightness. The adjusted-grey.level scale and thus'the-power, consumption reduction
depends on the content of the image.

Definition of Modes and target power reduction-ratio:
OFF mode: Content Adaptive Brightness Control functionalityis totally off.

Ul [User interface] image -mode: Optimized for-Ul'image. It is kept image quality as much as possible. Target power
consumption reductioniratio: 10% or less.

Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable. Target power
consumption reduction ratio: more than 30%.

Moving image mode: Optimized for moving image. It is focused on the biggest power reduction with image quality
degradation. Target power consumption reduction ratio: more than 30%.

Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.49 WRCABCMB: Write CABC minimum brightness (5Eh)

Address Parameter
Inst/ Para RW
others | mpbi | ppis:svooy | b7 | pbe | bs | pa | b3 | b2 | b1 | po
WRCABCMB | Write | 5En | 5E00h 00h CMB[7:0]

NOTE: ““Don't care

Description

This command is used to set the minimum brightness value of the display for CABC function.

Because the CABC function can reduce the backlight brightness automatically based on different image contents. In some
application of the combination with manual brightness setting, display brightness is too dark. So it is necessary to avoid
apparently image quality degradation.

CABC minimum brightness setting is to avoid too much brightness reduction. In other words, GABGC ‘can not.reduce:the|
display brightness to less than CABC minimum brightness setting. This function does not affect to the other function' manual
brightness setting. Manual brightness can be set the display brightness to less than"CABC.minimum brightness. Smooth
transition and dimming function can be worked as normal. When display-brightness-is turned.off (‘BCTRL” = ‘0’), CABC
minimum brightness setting is ignored.

In principle relationship, the 00h value means the lowest brightness for CABC, and FFh value-means the highest brightness
for CABC.

Restriction | The display supplier does not.need to use this command for tuning..
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode-On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status CMBJ7:0]
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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6.1.50 RDCABCMB: Read CABC minimum brightness (5Fh)

Address Parameter
Inst / Para RW
others | mpbi | pp1s:s;vooy | b7 | pbe | ps | pa | ps [ b2 | b1 | po
RDCABCMB Read | 5Fh | 5F00h 00h CMBJ[7:0]
NOTE: -" Don't care
This command returns the minimum brightness value of CABC function.
Description In principle the relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.
CMB[7:0] is CABC minimum brightness specified with CABC minimum brightness (5Eh) command
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status CMBJ[7:0]
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
Flow Chart | |-
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6.1.51 RDABCSDR: Read Automatic Brightness Control Self-Diagnostic Result (68h)

Inst/ Para RW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDABCSDR Read | 68h 6800h 00h D7 D6 0 0 0 0 0 0
NOTE: " Don’t care
This command indicates the current status of the display self-diagnostic results for automatic brightness
control after Sleep Out —command as described in the table below:
Bit Description Value
D7 Register Loading Detection See section 5.12
D6 Functionality Detection
Description D5 Not Used “0”
D4 Not Used “0”
D3 Not Used “0”
D2 Not Used ‘0"
D1 Not Used “0”
DO Not Used “0”
Restriction -
Status Availability
Regisier Normal Mode On; Idle'Mode Off;, Sleep Out Yes
Availability Normal Mode On, Idle Mode -On; Sleep Out Yes
Partial Mode On,Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset 0000_0000 (00h)
H/W Reset 0000_0000 (00h)
Flow Chart
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6.1.52 RDBWLB: Read Black/White Low Bits (70h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBWLB Read 70h 7000h 00h Bkx1 Bkx0 Bky1 BkyO Wx1 Wx0 Wy1 Wy0
NOTE: “-"Don’t care
This command returns the lowest bits of black and white color characteristic.
Description Black: Bkx and Bky
White: Wx and Wy
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avallability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power-On Sequence 70h
S/W Reset No Change
H/W Reset 70h
r—— -7 7 7
: Legend 1
|
|
RDBWLB (70 h) i |
$ Host | Command 1
------------------------------------------------------- l
i |
Driver I / Parameter /:
I 1
I 1
Dummy Read I ( Display ) "
Flow Chart : 1
| << Action — :
I 1
l : C Mode D
1
|
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Send Parameter : transfer 1
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Wx [1:0], Wy [1:0] , — — T T — — T/ T —
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6.1.53 RDBkx: Read Bkx (71h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBkx Read 71h 7100h 00h Bkx9 Bkx8 Bkx7 Bkx6 Bkx5 Bkx4 Bkx3 Bkx2
NOTE: “"Don't care
Description This command returns the Bkx bit (Bkx[9:2]) of black color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 71h
S/W. Reset No Change
H/W Reset 71h
r—— 7 7 7"
: Legend 1
|
|
RDBkx (71 h) i :
$ Host ! Command I
------------------------------------------------------- |
i |
Driver l / Parameter / :
I I
! I
Dummy Read I ( Display ) |
Flow Chart : 1
| <<_ Action > :
! I
l ! C Mode DR
|
|
| Sequential :
Send Parameter : transfer 1
Bkx [9:2] G - j'
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6.1.54 RDBKy: Read Bky (72h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBky Read | 72n | 7200h 00h Bky9 | Bky8 | Bky7 | Bkys | Bky5 | Bky4a | Bky3 | Bky2
NOTE: “"Don't care
Description This command returns the Bky bit (Bky[9:2]) of black color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 72h
S/W. Reset No Change
H/W Reset 72h
r—= 7 7 7
: Legend I
[}
|
RDBky (72 h) i |
$ Host ! Command I
------------------------------------------------------ |
i 1
Driver |/ Parameter /:
I 1
! 1
Dummy Read I ( Display ) "
Flow Chart : 1
| <_ Action > :
! 1
l ! C Mode DR
1
I
| Sequential :
Send Parameter : transfer 1
Bky [9:2] G . JI
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6.1.55 RDWx: Read Wx (73h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDWx Read 73h 7300h 00h Wx9 Wx8 Wx7 Wx6 Wx5 Wx4 Wx3 Wx2
NOTE: “"Don't care
Description This command returns the Wx bit (Wx[9:2]) of white color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 36h
S/W. Reset No Change
H/W Reset 36h
r—— -7 7 7
: Legend I
[}
|
RDWx (73 h) i |
¢ Host ! Command I
------------------------------------------------------- |
i 1
Driver I / Parameter / :
I 1
! 1
Dummy Read I ( Display ) "
Flow Chart : 1
| << Action > :
! 1
l ! C Mode DR
1
I
| Sequential :
Send Parameter : transfer 1
Wx [9:2] G JI
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6.1.56 RDWy: Read Wy (74h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDWy Read 74h 7400h 00h Wy9 Wy8 Wy7 Wy6 Wy5 Wy4 Wy3 Wy2
NOTE: “"Don't care
Description This command returns the Wy bit (Wy[9:2]) of white color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 4Ah
S/W. Reset No Change
H/W Reset 4Ah
r—— -7 7 7
: Legend I
[}
|
RDWy (74 h) i |
¢ Host ! Command I
------------------------------------------------------- |
i 1
Driver I / Parameter / :
I 1
! 1
Dummy Read I ( Display ) "
Flow Chart : 1
| << Action > :
! 1
l ! C Mode DR
1
I
| Sequential :
Send Parameter : transfer 1
Wy [9:2] G JI
2011/10/06 338 V2.0

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.



\ NGVATEK NT35410

6.1.57 RDRGLB: Read Red/Green Low Bits (75h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDRGLB Read | 75h | 7500n 00h Rx1 Rx0 Ry1 Ryo | ax1 Gx0 | Gyt Gy0
NOTE: “"Don't care
This command returns the lowest bits of red and green color characteristic.
Description Red: Rx and Ry
Green: Gx and Gy
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avallability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power-On Sequence 75h
S/W Reset No Change
H/W Reset 75h
r— - — = = 7 77
: Legend 1
|
|
RDRGLB (75 h) I |
$ Host ! Command |
------------------------------------------------------- I
i |
Driver | / Parameter / :
! I
! I
1 Display |
Flow Chart Dummy Read : ( ) |
1 << Action — :
! I
l | C Mode DR
|
|
[ Sequential :
Send Parameter | transfer 1
Rx [1:0], Ry [1:0] : I
Gx [1:0],Gy [1:0] / = ————————— !
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6.1.58 RDRx: Read Rx (76h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDRx Read 76h 7600h 00h Rx9 Rx8 Rx7 Rx6 Rx5 Rx4 Rx3 Rx2
NOTE: “"Don't care
Description This command returns the Rx bit (Rx[9:2]) of red color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 80h
S/W. Reset No Change
H/W Reset 80h
r—— 7
: Legend 1
|
|
RDRx (76 h) " :
i Host ! Command i
....................................................... I
i |
Driver | / Parameter /:
! I
! I
| Display 0
Flow Chart Dummy Read : C ) "
1 < Action — |
! I
l I C Mode DX
|
|
| Sequential :
Send Parameter | transfer i
Rx [9:2] | I
_________ 1
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6.1.59 RDRy: Read Ry (77h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDRy Read | 77h 7700h 00h Ry9 Ry8 Ry7 Ry6 Ry5 Ry4 Ry3 Ry2
NOTE: “"Don't care
Description This command returns the Ry bit (Ry[9:2]) of red color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 4Ah
S/W. Reset No Change
H/W Reset 4Ah
r—— 7
: Legend 1
|
|
RDRy (77 h) " :
i Host ! Command i
....................................................... I
i |
Driver | / Parameter /:
! 1
! 1
Dummv R | Display 0
Flow Chart ummy Read : C ) 1
1 < Action — |
! I
l I C Mode DX
|
|
| Sequential :
Send Parameter | transfer i
. |
Ry [9:2] G ll
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6.1.60 RDGx: Read Gx (78h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDGx Read 78h 7800h 00h Gx9 Gx8 Gx7 Gx6 Gx5 Gx4 Gx3 Gx2
NOTE: “"Don't care
Description This command returns the Gx bit (Gx[9:2]) of green color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 2Ch
S/W. Reset No Change
H/W Reset 2Ch
r—— T
: Legend 1
|
|
RDGXx (78 h) " :
$ Host ! Command |
....................................................... I
i |
Driver | / Parameter / :
! |
! |
Dummy R | Display |
Flow Chart ummy Read : ( ) 1
1 << Action —~ |
! I
l I C Mode DR
|
|
! Sequential :
Send Parameter | transfer |
Gx [9:2] | I
_________ ]
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6.1.61 RDGy: Read Gy (79h)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDGy Read 79h 7900h 00h Gy9 Gy8 Gy7 Gy6 Gy5 Gy4 Gy3 Gy2
NOTE: “"Don't care
Description This command returns the Gy bit (Gy[9:2]) of green color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 58h
S/W. Reset No Change
H/W Reset 58h
r—— 7
: Legend 1
|
|
RDGy (79 h) " :
i Host ! Command i
....................................................... I
i |
Driver | / Parameter /:
! I
! I
Dummy R | Display |
Flow Chart ummy Read : C ) 1
1 < Action — |
! I
l I C Mode DX
|
|
| Sequential :
Send Parameter | transfer i
. |
Gy [9:2] G ll
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6.1.62 RDBALB: Read Blue/AColor Low Bits (7Ah)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBALB Read | 7Ah 7A00h 00h Bx1 Bx0 By1 ByO Ax1 Ax0 Ay1 Ay0
NOTE: “-"Don’t care
This command returns the lowest bits of blue and A color characteristic.
Description Blue: Bx and By
A: Ax and Ay
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avallability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power-On Sequence 70h
S/W Reset No Change
H/W Reset 70h
r——
: Legend 1
|
RDBALB (7 Ah ) : 1
1
...................... i._----_------------------.'i'?.s.t.- ! Command I
Driver !
1 / Parameter / :
! |
! |
Dummy Read I ( Display ) |
Flow Chart : 1
| < Action —
! I
l I C Mode D
|
|
| Sequential :
Send Parameter I transfer I
Bx [1:0], By [1:0] : I
Ax [1:0],Ay [1t:0] /, ————————— 1
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6.1.63 RDBx: Read Bx (7Bh)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBx Read 7Bh 7B00h 00h Bx9 Bx8 Bx7 Bx6 Bx5 Bx4 Bx3 Bx2
NOTE: “"Don't care
Description This command returns the Bx bit (Bx[9:2]) of blue color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 96h
S/W. Reset No Change
H/W Reset 96h
r—= 7 7 77
: Legend 1
|
RDBx ( 7Bh) : |
|
...................... i.------------------------.".'.O.S.t.- ! Command I
Driver !
I / Parameter / :
I I
I I
Dummy Read I ( Display ) |
Flow Chart : I
| << Action — :
I I
l : C Mode DR
|
|
1 Sequential :
Send Parameter | transfer |
Bx [9:2] I |
'\ _ 1
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6.1.64 RDBy: Read By (7Ch)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDBy Read | 7Ch | 7C00h 00h By9 By8 By7 By6 By5 By4 By3 By2
NOTE: “"Don't care
Description This command returns the By bit (By[9:2]) of blue color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 3Ch
S/W. Reset No Change
H/W Reset 3Ch
r—= 7 7 77
: Legend 1
|
RDBy ( 7Ch) : |
|
...................... i.------------------------.".'.O.S.t.- ! Command I
Driver !
I / Parameter / :
I I
I I
Dummy Read I ( Display ) |
Flow Chart : I
| << Action — :
I I
l : C Mode DR
|
|
1 Sequential :
Send Parameter | transfer |
By [9:2] I |
. _ _ _ _ _ _ 1
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6.1.65 RDAXx: Read Ax (7Dh)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDAXx Read | 7Dh 7D00h 00h Ax9 Ax8 Ax7 Ax6 Ax5 Ax4 Ax3 Ax2
NOTE: “"Don't care
Description This command returns the Ax bit (Ax[9:2]) of A color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 00h
S/W. Reset No Change
H/W Reset 00h
r———— =" "7 7"
: Legend 1
|
RDAx ( 7Dh) | I
Host | !
...................... $.-__-------__--__----_---_----_- : Command 1
Driver !
| / Parameter / :
! I
! I
Dummy Read | ( Display ) |
Flow Chart : I
1 << Action — :
! |
l : C Mode DR
|
|
[ Sequential :
Send Parameter | transfer |
Ax [9:2] ! |
. _ 1
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6.1.66 RDAy: Read Ay (7Eh)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDAy Read | 7Eh | 7EO0Oh 00h Ay9 Ay8 Ay7 Ay6 Ay5 Ay4 Ay3 Ay2
NOTE: “"Don't care
Description This command returns the Ay bit (Ay[9:2]) of A color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On-Sequence 00h
S/W. Reset No Change
H/W Reset 00h
r—= 7 7 77
: Legend 1
|
RDAy ( 7Eh) : |
|
...................... i.------------------------.".'.O.S.t.- ! Command I
Driver !
I / Parameter / :
I I
I I
Dummy Read I ( Display ) |
Flow Chart : I
| << Action — :
I I
l : C Mode DR
|
|
| Sequential :
Send Parameter | transfer |
Ay [9:2] I |
'\ _ 1
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6.1.67 RDDDBS: Read DDB Start (A1h)

Address Parameter
Inst / Para RW
others | mppi | pp1s:spvooy | b7 | pbe | ps | pa | ps [ b2 | b1 | po
A100h 00h SID[7:0]
A101h 00h SID[15:8]
RDDDBS Read | Ath | A102h 00h MRID[7:0]
A103h 00h MRID[15:8]
A104h 00h NI
NOTE: ““Don’t care
This command returns the supplier identification and display module mode/revision information:
Note: This information is not the same what “Read ID1 (DAh)”, “Read ID2 (DBh)”.and"“Read /D3 (DCh)” commands
are returning.
Parameter 1 : (SID[7:0]) : LCD module’s manufacturer ID.
Parameter 2 : (SID[15:8]) : LCD module/driver version ID.
Parameter 3 : (MRID[7:0]) : LCD module/driver ID.
Parameter 4 : (MRID[15:8]) : IC version code:
Parameter 5 : FFh - Exit code — there-is-no more data in'the Descriptor Block
Description This read sequence can be interrupted by any command and it can-be. continued by “Read DDB Continue (A8h)”
command when the_first parameter; what has been transferred;. is the-parameter, which has not been sent e.g.
RDDDBS => 1" parameter, has been sent => 2™ parameter has been sent=> interrupt => RDDDBC => 3" parameter
of the RDDDBS has been sent.
Restriction )
Status Availability
) Normal Mode On, Idle Mode Off, Sleep Out Yes
ReQISt.e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
If SID[15:0] & MRID[15:0] MTP are not yet programmed :
Status Default Value
1% Para 2"Para | 3“Para 4" Para | 5" Para
Power On Sequence 00h 00h 00h 00h FFh
Default S/W Reset 00h 00h 00h 00h FFh
H/W Reset 00h 00h 00h 00h FFh
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If SID[15:0] & MRID[15:0] MTP were programmed :

Status Default Value
1Para | 2™Para | 3“Para | 4" Para | 5" Para

Power On Sequence (MTP (MTP (MTP (MTP FFh
value) value) value) value)

S/W Reset (MTP (MTP (MTP (MTP FFh
value) value) value) value)

H/W Reset (MTP (MTP (MTP (MTP FFh
value) value) value) value)

Note - SID[15:0] & MRID[15:0] can be programmed by MTP

Flow Chart
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6.1.68 RDDDBC: Read DDB Continue (A8h)

Inst/ Para RAW Address Parameter
others | mppi | pp1s:spvooy | b7 | pbe | ps | pa | ps [ b2 | b1 | po
A800h 00h SID[7:0]
A801h 00h SID[15:8]
RDDDBS Read | A8h | A802h 00h MRID[7:0]
A803h 00h MRID[15:8]
A804h 00h NI
NOTE: ““Don’t care
Description A readiDI.DBistart co.mmand should tl)e executed at least c.)nce before a rclaadiDD.chontinue command-to _define-the
read location. Otherwise, data read with a read_DDB_continue command is undefined.
Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep.Out Yes
Register Normal Mode On, Idle Mode On; Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep-Out Yes
Partial Mode On; |dle Mode On; Sleep Out Yes
Sleep'in Yes
Status Default Value
Default Power/On Sequence XXh
S/W Reset No Change
H/W Reset XXh
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RDDDBC(A8h)

RDDDBS Data
D1[7:0], D2[7:0],

‘%m \
j<2
D
<

Flow Chart ..., DN[7:0]
Made
Sequentia
transfer
_________ !
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6.1.69 RDFCS: Read First Checksum (AAh)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pbe | bs | pa | b3 | b2 | b1 | Do
RDFCS Read | Aah | AAooh 00h FCS[7:0]

NOTE: ““Don’t care

This command returns the first checksum what has been calculated from “Instruction Code” area registers (not include

Description “Extended Instruction Code) and the frame memory after the write access to those registers and/or frame memory has
been done.
It will be necessary to wait 150ms after there is the last write access on “Instruction Code” area registers before there
Restriction can read this checksum value.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep-Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h

RDFCS(AAh)
[ Host

* Driver

Send Parameter

| I
' I
' I
| l/I |
' I
' I
' I
|/ Parameter /|
' I
. I |
Flow Chart FCS[7:0] : Display I
| I
| .
' I
| '
' I
' I
' I
' I
|
! I
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6.1.70 RDCCS: Read Continue Checksum (AFh)

Address Parameter
Inst / Para RW
others | mppi | ppis:smopy | b7 | pbe | bs | pa | b3 | b2 | b1 | Do
RDGCS Read | AFh | AFoon 00h CCS[7:0]

NOTE: ““Don’t care

This command returns the continue checksum what has been calculated continuously after the first checksum has
Description calculated from “Instruction Code” area registers and the frame memory after the write access to those registers
and/or frame memory has been done.

It will be necessary to wait 300ms after there is the last write access on “Instruction Code” area registers before there

Restriction can read this checksum value in the first time.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep-Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h

RDCCS(AFh)
[ Host

* Driver

Send Parameter

| I
' I
' I
| l/I |
' I
' I
' I
|/ Parameter /|
' I
. I |
Flow Chart CCS[7:0] : Display I
| I
| .
' I
| '
' I
' I
' I
' I
|
! I
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6.1.71 RDID1: Read ID1 Value (DAh)
Inst/ Para RAW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDID1 Read | DAh | DAOOh 00h ID17 ID16 ID15 ID14 ID13 ID12 ID11 ID10
NOTE: “"Don't care
Description This read byte identifies the LCD module’s manufacture ID.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence ID1.=“00h
S/W\ Reset No Change
H/W_Reset ID1 = “00h”
Serial I/F Mode Parallel I/F Mode
T T T |
| Legend |
RDID1(DAh) RDIDI1(DAh) | |
....................................................................... Host | |
A \ Driver I I
| |
/ Send 2™ parameter / / Dummy Read / : :
Flow Chart | |
L] | |
| Display |
Send 2" parameter | |
' '
| |
| |
. .
| |
| - - |
| Sequential |
| transfer |
| |
L __ |
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6.1.72 RDID2: Read ID2 Value (DBh)

Address Parameter
Inst / Para RW
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDID2 Read | DBh | DB0OOh 00h ID27 ID26 ID25 ID24 ID23 ID22 ID21 ID20
NOTE: “"Don't care
This read byte is used to track the LCD module/driver version. It is changed each time a version is made to the display,
Description material or construction specifications.
Parameter Range: ID2 = 00h to FFh
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avalilability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default'Value
Default Power On Sequence ID2 = “00h”
S/W Reset No Change
H/W Reset ID2 = “00h”
Serial I/F Mode Parallel I/F Mode
m T T T |
| Legend |
RDID2(DBh) RDID2(DBh) [ |
Host ' |
......................................................................... TR I I
v v Driver | |
| |
d .
/ Send 2™ parameter / / Dummy Read / : :
Flow Chart | I
* | |
. |
Send 2™ parameter | |
| |
| |
| |
i |
| |
| |
| Sequential |
| transfer |
| |
L __ 1
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6.1.73 RDID3: Read ID3 Value (DCh)

Inst/ Para RAW Address Parameter
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
RDID3 Read | DCh | DCOOh 00h ID37 ID36 ID35 ID34 ID33 ID32 ID31 ID30
NOTE: “"Don't care
Description This parameter read byte identifies the LCD module/driver.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power,On Sequence ID3 = “00h”
S/W. Reset No Change
H/W Reset ID3 = “00h”
Serial I/F Mode Parallel I/F Mode

T legmi
RDID3(DCh) RDID3(DCh)

_______________________________________________________________________ Host
\ \ 4 Driver
/ Send 2™ parameter / / Dummy Read /

|

| |

| |

| |

| |

| |

| |

| |

| |

* | |
Flow Chart : l
Send 2™ parameter | |
| |

| |

| |

| |

| |

| |

| |

| |

| |
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6.2 EXTENDED INSTRUCTION CODE

Note: 1. For LV2 command, please fill the complete parameters for application.

2. Set OxFF,0xAA,0x55,0x52 first before executing LV2 command.
3. For SPI I/F, can’t read LV2 register.
6.2.1 IFMODE: Set Display Interface Mode (BOh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
IFMODE Write BOh B0O0OOh 00h RCM - - ICM DP EP HSP. VSP
DIS_EO
B0O01h 00h - TP_HS DSIM | DSIG | DSITE - IOPT_MIPI[1:0]

NOTE: “““Don't care

Sets the operation status of the display interface. The setting becomes effective.as'soon as the.command is received.
DP: PCLK polarity set (“0”=data fetched at the rising time, “1”=data fetched at the falling time)

EP: DE polarity (“0"= High enable for RGB interface, “1”=Low enable-for RGB interface)

HSP: HSYNC polarity (“0”=Low level sync clock, “1”=High'level sync clock)

VSP: VSYNC polarity (“0”= Low level sync-clock, “1”= High level sync clock)

ICM: RGB Interface clock selection(“0"=PCLK, “1”=internal clock)

RCM: The selection for mode RGB interface.is decided by RCM described as-below:

RCM Mode selection
0 RGB-Mode 1
1 RGB Mode 2
IOPT_MIPI[1:0]: HS-RX bias current option
N\, IOPT_MIPI[1:0] Bias Current
Description
00 150uA
01 225uA
10 300uA
11 375uA
DSITE: TE line enable/disable.(“0”: TE line is disabled, “1”: TE line is enabled)
DSIG: Generic read/write data type enable/disable for MIPI DSI.
(“0”: Generic read/write disable,“1”: Generic read/write enable)
DSIM: Video mode data type enable/disable for MIPI DSI.
( “0”: Video mode data type disable, “1” : Video mode data type enable)
DIS_EOTP_HS: EoT packet enable/disable control.
(“17: EoT packet is supported. “0”: EoT packet is unsupported, the MIPI interface will report “Protocol Violation Error”
when EoTp not received.)
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Reglster Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Stat Default Value
atus
RCM/ICM/DP/EP/HSP/VSP | DIS_EOTP_HS/DSIM/DSIG/DSITE | IOPT_MIPI[1:0]
P
ower On 0/0/0/0/0/0 110111 02
sequence
Default
SW
0/0/0/0/0/0 1/0111 02
Reset
HW 02
0/0/0/0/0/0 1/0111
Reset
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6.2.2 FRMCTR1: Set Division ratio for internal clocks of Normal mode (B1h)

Inst/ Para RW Address Parameter
others | mpbi | ppis:syvooy | b7 | pbe | bs | pa | b3 | b2 | b1 | po
B100h 00h DIVA[7:0]
B101h 00h o | o | o] o | o [ o |owas|oivas
FRMCTR1 Write | B1h | B102h 00h VPA[7:0]
B103h 00h 0 0 0 0 0 0 VPA9 |VPA8
B104h 00h 0 0 0 0 0 0 PSELA[1:0]
NOTE: - Don't care
Sets the division ratio for internal clocks of normal mode at CPU interface mode.
DIVA[9:0]: Division ratio for internal clocks when normal mode.(Note: DIVA[9:0]=0d, PCLK=1)
VPA[9:0]: Vsync porch for internal clocks when normal mode.
PSELA[1:0]: PCLK selection when normal mode.
PSELA{1:0} Divisor Condition
0 1
Description 1 2
2 4
3 4
14MHz
PSELA
Frame rate = -
DIVA[9:0] x (Line + VPA[9:0])
Without CABC function:
DISP[1:0] Resolution Line DIVA VPA
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
- 11 reserved - - _
Restriction  1\yith GABC function:
DISP[1:0] Resolution Line DIVA VPA
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
11 reserved - - -
Status Availability
. Normal Mode On, Idle Mode Off, Sleep Out Yes
ReQ'S‘er Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
DISP 00" (360X640)
DIVA[9:0] | VPA[9:0] | PSELA[1:0]
Power On Sequence 341 48 0
Default
S/W Reset 341 48 0
H/W Reset 341 48 0
Note: Normal mode default frame rate ~= 60Hz
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6.2.3 FRMCTR2: Set Division ratio for internal clocks of Idle mode (B2h)

Inst/ Para RW Address Parameter
others | mppi | ppis:symopy | b7 | pbe | bs | pa | ps | b2 | b1 | po
B200h 00h DIVB[7:0]
B201h 00h o | o | o | o | o | o [owee|oives
FRMCTR2 Write | B2h | B202h 00h VPB[7:0]
B203h 00h 0 0 0 0 0 0 VPB9 |VPBS
B204h 00h 0 0 0 0 0 0 PSELBJ[1:0]
NOTE: - Don't care
Sets the division ratio for internal clocks of Idle mode at CPU interface mode.
DIVB[9:0]: Division ratio for internal clocks when Idle mode. (Note: DIVB[9:0]=0d, PCLK=1)
VPBI[9:0]: Vsync porch for internal clocks when Idle mode.
PSELB[1:0]: PCLK selection when Idle mode.
PSELBJ1:0] Divisor Condition
0 1
o 1 2
Description 5 4
3 4
14MHz
PSELB
Frame rate. = -
DIVB[9:0] x (Line + VPB[9:0])
Without CABC function:
DISP[1:0] Resolution Line DIVB VPB
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
11 reserved - - -
Restriction  |With CABC function:
DISP[1:0] Resolution Line DIVB VPB
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
11 reserved - - -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
DISP 00" (360X640)
DIVB[9:0] | VPB[9:0] | PSELB[1:0]
Default Power On Sequence 341 48 0
S/W Reset 341 48 0
H/W Reset 341 48 0

Note: Idle mode default frame rate ~= 60Hz
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6.2.4 FRMCTR3: Set Division ratio for internal clocks of Partial mode (Idle mode off) (B3h)

Inst/ Para RW Address Parameter
others | mppi | ppis:symopy | b7 | pbe | ps | pa | ps | b2 | b1 | po
B300h 00h DIVC[7:0]
B301h 00h o | o | o | o | o | o |owcelpivecs
FRMCTR3 Write | B3h | B302h 00h VPC[7:0]
B303h 00h 0 0 0 0 0 o | vece [ vrcs
B304h 00h 0 0 0 0 0 0 PSELCJ1:0]
NOTE: - Don't care
Sets the division ratio for internal clocks of Partial mode at CPU interface mode.
DIVCI9:0]: Division ratio for internal clocks when Partial mode. (Note: DIVC[9:0]=0d, PCLK=1)
VPCI[9:0]: Vsync porch for internal clocks when Partial mode.
PSELC[1:0]: PCLK selection when Partial mode.
PSELC[1:0] Divisor Condition
0 1
o 1 2
Description 5 4
3 4
14MHz
PSELC
Frame.rate = -
DIVCI[9:0] x (Line + VPC[9:0])
Without CABC function:
DISP[1:0] Resolution Line DIVC VPC
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
Restriction ) 1 X reserved - - -
With CABC function:
DISP[1:0] Resolution Line DIVC VPC
00 360x640 640 300~1023 30~1023
01 360x480 480 300~1023 30~1023
10 320x480 480 300~1023 30~1023
11 reserved - - -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
DISP 00" (360X640)
DIVC[9:0] | VPC[9:0] | PSELC
Default Power On Sequence 341 48 0
S/W Reset 341 48 0
H/W Reset 341 48 0

Note: Partial mode default frame rate ~= 60Hz
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6.2.5 INVCTR: Inversion Control (B4h)

Inst/ Para RW Address Parameter
Others MDDI |D[15:8] (MDDI)| D7 D6 D5 D4 D3 D2 D1 DO
B400h 00h - - - - - - NLA1 NLAO
INVCTR Write B4h B401h 00h - - - - - - NLB1 NLBO
B402h 00h - - - - - - NLCH NLCO
NOTE: “-* Don’t care
Display inversion mode set
NLA: Inversion setting in full colors normal mode (Normal mode on)
NLB: Inversion setting in Idle mode (ldle mode on)
NLC: Inversion setting in full colors partial mode (Partial mode on / Idle mode off)
Description NLA /NLB / NLC [1:0] Inversion
0 1dot inversion
1 2dot inversion
2 column inversion
3 zigzag-inversion
Restriction _
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode'On, Sleep Out Yes
Available Partial-Mode On Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
S Default Value
NLA[1:0] NLB[1:0] NLC[1:0]
Default Power On Sequence 01d 02d 01d
S/W Reset 01d 02d 01d
H/W Reset 01d 02d 01d
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6.2.6 RGBBPCTR: RGB Interface Blanking Porch Setting (B5h)

Inst / Para RW Address Parameter
Others | MDDI D[15:8] (MDDI) |D7|D6 D5 D4 D3 D2 D1 DO
) B500h 00h -| -] VBPA5 | VBPA4 | VBPA3 | VBPA2 | VBPA1 | VBPAO
RGBBPCTR Write | B5h
B501h 00h - | - | HBPA5 | HBPA4 | HBPA3 | HBPA2 | HBPA1 | HBPAO
NOTE: “-"Don’t care
This command is used to set the no. of clock for back and front porch of V-Sync and H-Sync in RGB mode 2 RCM =
“1”). The vertical (horizontal) back porch hasn't to include the vertical (horizontal) pulse width. The setting value “00h”
is invalid for all of the registers.
Bit Description Value
Description VBPA[5:0] | V-Sync Back Porch in Normal Mode “01h” to “3Fh” = 1 to 63 H-Sync clocks
HBPA[5:0] | H-Sync Back Porch in Normal Mode “01h” to “3Fh” =1.t0 63 PCLK clocks
Restriction VBPA[S:0] = "04h”
HBPA[5:0] = “OEh”
Status Availability
Normal-Mode.On, |dle-Mode Off, Sleep Out Yes
Register Normal, Mode On;ldle Mode On,-Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep,In Yes
Status Default Value
VBPA HBPA
Default Power On Sequence 28h (40d) 16h (22d)
S/W Reset No Change
H/W Reset 28h (40d) 16h (22d)
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6.2.7 DISSET: Display Function set (B6h)

Inst/ Para RAW Address Parameter
others | mppi | ppis:sj(mopy | b7 | pe | Ds D4 D3 p2 | b1 | po
B600h 00h NO[2:0] 0 0 EQ[2:0]
B601h 00h SDT[5:0] PT*N"”';?’;*S"”“
DISSET Write - B6h I oon 00h 0 ISOPA[2:0] 0 IGOPA[2:0]
B603h 00h 0 o | o | o 0 IGOPBI[2:0]
B604h 00h 0 ISOPC[2:0] 0 IGOPC[2:0]
NOTE: ““Don’t care
NOJ[2:0]: Set amount of non-overlap of the gate output.
NO[2:0] Sellearels Amount of non-overlap of the gate output time (us)
PSEL[1:0] =0 PSEL[1:0] = 1 PSEL[1:0] = 2
000 4 0.284 0.568 1136
001 8 0.568 1.136 2.272
010 12 0.852 1.704 3.408
011 16 1.136 2.272 4544
100 20 1.42 2.84 5.68
101 24 1.704 3.408 6.816
110 28 1.988 3.976 7.952
111 32 2.272 4.544 9.088
Description EQ[2:0]: Sets the equalizing period (For-1 /.2 Dot-inversion-only) :
EQR:0] | Sckcycle EQtime (us)
PSEL[1:0] =0 PSEL[1:0] = 1 PSEL[1:0] = 2
000 0 0 0 0
001 10 0.71 1.42 2.84
010 20 1.42 2.84 5.68
011 30 2.13 4.26 8.52
100 40 2.84 5.68 11.36
101 50 3.55 71 14.2
110 60 4.26 8.52 17.04
111 70 4.97 9.94 19.88
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SDTI5:0]: Set delay amount from the gate output signal falling edge of the source outputs.
Amount of non-overlap of the gate output time (us)
SDTI[5:0] Sclk cycle
PSEL[1:0] = 0 PSEL[1:0] = 1 PSEL[1:0] = 2
000000 0 0 0 0
000001 7 0.35 0.70 1.39
000010 14 0.70 1.39 2.78
000011 21 1.04 2.09 417
000100 28 1.39 2.78 5.57
000101 35 1.74 3.48 6.96
Description
111101 427 21.22 42.44 84.89
111110 434 21.57 43.14 86.28
111111 441 21.92 43.84 87.67
PT_NonDSP_Saurce[1:0]:-Source setting in non-display-area at partial mode.
PT_NonDSP_Source[1:0] Source (Positive/Negative)

0 Blanking

1 Anti-Blanking

2 VSS(only used when GOAX=1)

3 Hi-Z
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ISOPA[2:0]: Source OP Bias Current selection for Normal Mode.
ISOPC[2:0]: Source OP Bias Current selection for Partial Mode.

ISOPA[2:0] / ISOPC[2:0] Source OP Bias Current select
0 Very Small
1 Small
7 Big

IGOPA[2:0]: Gamma OP Bias Current selection for Normal Mode.
IGOPB[2:0]: Gamma OP Bias Current selection for Idle Mode.
IGOPC[2:0]: Gamma OP Bias Current selection for Partial Mode.

IGOPA[2:0] / IGOPBJ[2:0] / IGOPC[2:0] Gamma OP Bias Current select
0 Very Small
1 Small
7 Big
1H period C 1H period o~
Gn
Gn+1 TP |<— Gate non-overlap period
Sn > Hi-Z Hi-z
vcom iz fi-z

Delay time for source output —» <

Period of Equalizing > <«
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Default Value
PT_NonDS
Status
NO[2:0] SDT[5:0] EQ[2:0] P_Source
[1:0]
Power On Sequence 5d 7d 5d 0d
S/W Reset 5d 7d 5d 0d
Default H/W Reset 5d 7d 5d 0d
Default Value
Status
ISOPA[2:0] | ISOPC[2:0] | IGOPA[2:0] | IGOPBJ[2:0] | IGOPC[2:0]
Power On Sequence 2d 4d 2d 4d 4d
S/W Reset 2d 4d 2d 4d 4d
H/W Reset 2d 4d 2d 4d 4d
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6.2.8CTRLEDPWM: Set the States for LED Control (B7h)
A P
Inst/ Para W ddress arameter
Others | MDDI D[15:8] (MDDI) D7 | D6 | D5 D4 D3 D2 D1 DO
CTRLEDPWM Write| B7h | B700h 00h - - - PWM_ENH_OE 0 LEDPWPOL
NOTE: " Don’t care
This command is used to set states for LED control pin.
PWM_ENH_OE: the enable control for LEDPWM pins.
PWM_ENH_OE=1
WRCABC(55h) = = PWM_ENH_OE =0
LEDPWMPOL=0 LEDPWMPOL=1
00, CABC off Low (100% duty) High (100% duty) Hi-Z
01, Ul mode
- PWM waveform PWM waveform )
10, Still mode N . Hi-Z
(active high) (active low)
Description 11, Moving mode
LEDPWPOL.: Set the PWM active polarity for external LED driver-control, In other words, LEDPWPOL=1 is suitable
setting for “Low-Active” LED driver IC.
Polarity of BC(=LEDPWM) Pi
LEDPWPOL : _ olarity of BC( ) |n- :
Lit period Non-lit-period
0 High LLow
Low High
Restriction -
Status Availability
Normal Made On; Idle Mode Off, Sleep Out Yes
Reg|ster Normal-Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 0001_0000
S/W Reset 0001_0000
H/W Reset 0001_0000
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6.2.9 Display Function Selection(B8h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) | D7 |D6 D5| D4 D3 D2 D1 DO
. B800h 00h - - DISP[1:0] REV SRGB SMY SMX
DFS Write| B8h
B801h 00h 01]0 0 0 0 1 0

NOTE: “““Don't care

When REV, SRGB, SMX, SMY bit set, display will change immediately. These register are used for different panel.
DISP[1:0]: Display Resolution Select.

Non-used Gate and thei
DISP[1:0] SMY |Resolution| Gate Scan Line Source output on-use Ie:e(le andneir
0 G1—-G640 S1—-S1080 Non
00 360x640
1 G640—G1 S1-51080 Non
0 G1-G480 S1-S1080 G481-G640, fix VGL
01 360x480
1 G480—G1 $1-51080 G481-G640, fix VGL
0 G1-G480 8§1-5480,-8601—S1080 G481-G640, fix VGL
10 320x480
1 G480—G1 $1-8480, S601—S1080 G481-G640, fix VGL
REV: Normally White or Normally;Black Select
REV Panel data color Source
0x00 Black VO0+/V0-
0 NW
OxFF White V255+/V255
; - 0x00 Black V255+/V255
OxFF White V0+/V0-
Description |, \|JSRGB: RGB Order Select
SRGB Order Gamma
0 RGB Normal
1 BGR RB swap
SMY: Gate Scan Direction Select
SMY Gate
0 G1—-G640 (or G480)
1 G640 (or G480)—G1
SMX: Source Scan Direction Select
SMX Source
0 SDUMO0,SDUM1,51—-S1080(or S1—S480, S601—S1080),SDUM2,SDUM3
1 SDUMS3,SDUM2,51080—S1(or S1080—S601, S480—S1),SDUM1,SDUMO
Restriction
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Regster Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence 0000_1000
S/W Reset 0000_1000
H/W Reset 0000_1000
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6.2.10 CTRLDMSP: Set the Total Dimming for CABC (B9h)

Address Parameter
Inst / Para R/W
others | mppi | ppis:81(vppy | b7 [ pe [ ps | D4 D3 D2 pt | Do
B900h 00h - | oim_sTEP CTRL2:0] - DIM_STEP_OFF[2:0]
_ B901h 00h -] - - . DIM_STEP_STILL[2:0]
CTRLDMSP  [write| Boh
B902h 00h - - - DIM_STEP_MOV[2:0]
B903h 00h -] - - DMST_C[3:0]

NOTE: *-* Don't care

This command is used to set total dimming steps for CABC.
DIM_STEP_CTRL[2:0] :

DIM_STEP_OFF[2:0] :

DIM_STEP_STILL[2 : 0]: Set the total dimming steps for Still-Mode

DIM_STEP_STILL[2 : 0] Total Steps Per Dimming Procedure
000 2
001 4
010 8
011 16
100 32
101 64
110 128
11 256
Backlight dimming in Still-Mode:
Total rising'steps are-determined Total rising steps are determined
.by DIM_STEP_STILL[2: 0] by DIM_STEP_STILL[2: 0]
DeSCriptiOn 4 E‘—’Target PWM Duty 1 §<—>
i Present PWM Duty |
z 5 z
> H . > ‘e
o H o a
= : K =
£ ; :
Present PWM Duty E .
" H H Target PWM Duty
i o ——
DMST_C[3: 0] DMST_CES :0]
Time (Unit: Frame) " Time (Unit: Frame) "
Note:

Rising dimming and falling dimming for Still-Mode of CABC are using the same registers (DIM_STEP_STILL[2:0] and
DMST_C[3:0]) to set the total dimming steps and each dimming step time.

For example:

DIM_STEP_STILL[2:0] is set 0x06, this means that the total dimming steps are 128 steps

DMST_C[3:0] is set 0x01, this means that each dimming step time length of falling dimming is 2 frames. So, the total dimming
time length is 256 frames ( = 128 x 2)
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DIM_STEP_MOV[2:0]: Set the total dimming steps for Moving-Mode

For example:

DIM_STEP_MOV]2 : 0] Total Steps Per Dimming Procedure
000 2
001 4
010 8
011 16
100 32
101 64
110 128
111 256
Backlight dimming in Moving-Mode:
Total rising steps are determined Total rising steps are determined
by DIN_STEP_NOV[2: 0] by DIM_STEP_MOY[2 1.0
) ; > Target PWM Duty 4 ;N—b
H Present PWM Duty :
g | : g -
a : K a
= H K =
: | :
Present PWM Duty. E : L
Y] o Target PWM Duty
- o> —
DMST_CI3 0] DMST_C[3 : 0]
Time (Unit: Frame) = Time (Unit: Frame) "
Note:

Rising dimming and falling dimming for Moving-Mode of CABC are using the same registers (DIM_STEP_MOV[2:0] and
DMST_C[3:0]) to set the total dimming steps and each dimming step time.

DIM_STEP_MOV|[2:0] is set 0x01, this means that the total dimming steps are 4 steps
DMST_C[3:0] is set 0x05, this means that each dimming step time length of falling dimming is 6 frames. So, the total dimming

time length is 24 frames ( = 4 x 6)

DMST_C[3:0]: Set the dimming step time for Still-Mode and Moving-Mode of CABC.

DMST_C[3: 0]

Total Steps Per Dimming Procedure

0000

0001

0010

0011

0100

0101

0110

0111

O IN|o|lga |~ |wW( (N |—=

1XXX

Reserved
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Note:
Rising dimming and falling dimming in Still-mode / Moving Mode of CABC are use the same register, DMST_C[3:0], to set the
dimming step time.
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
DIM_STEP_CTRL[2:0] | DIM_STEP_OFF[2:0] | DIM_STEP_STILL[2:0] | DIM_STEP_MOV[2:0] DMST_C[3:0]
Power On Sequence 4d 4d 4d 4d od
S/W Reset 4d 4d 4d 4d 0d
Default H/W Reset 4d 4d 4d 4d 0d
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6.2.11 PWCTR1: Power Control 1 (COh)

Address Parameter
Inst / Para RW
others | mopi | ppis:sjvopy | b7 | pe | ps | pa | bs | b2 | b1 | po

CO000h 00h VGMPI[7:0]

C001h 00h VGMN([7:0]

C002h 00h VGSP[7:0]

i C003h 00h VGSNI7:0]
PWCTR1 Write | COh

C004h 00h

CO005h 00h

CO006h 00h MRID[7:0]

C007h 00h MRID[15:8]

NOTE: *-“ Don't care
Set the gamma regulator output voltage
VGMP[7:0]: set the gamma VGMP regulator output voltage.
VGMN[7:0]: set the gamma VGMN regulator output voltage.

VGMP[7:0] Output voltage VGMN[7:0] Output voltage
00d 3.500V 00d -3.500V
01d 3.510V. 01d -3.510V
02d 3.520V 02d -3.520V

(STEP=10mV) (STEP=10mV)
100d 4.500V 100d -4.500V
Description (STEP=10mV) (STEP=10mV)
150d 5.000V 150d -5.000V
(STEP=10mV) (STEP=10mV)
240d 5.900V 200d -5.500V
241d 201d
: NOT USE : NOT USE
255d 255d
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VGSP[7:0]: set the gamma VGSP regulator output voltage.
VGSN[7:0]: set the gamma VGSN regulator output voltage.

VGSP[7:0] Output voltage VGSN[7:0] Output voltage
00d 0.200V 00d -0.200V
01d 0.210V 01d -0.210V
02d 0.220V 02d -0.220V

(STEP=10mV) (STEP=10mV)
100d 1.200V 100d -1.200V
(STEP=10mV) (STEP=10mV)
180d 1.500V 180d =1.500V
(STEP=10mY) (STEP=10mV)
200d 2.200V 200d -2.200V
201d 201d
: NOT.USE : NOT USE
255d 255d

SID[15:0] & MRID[15:0]: These commands return supplier identification and display module model & revision

information.
Restriction
S Default Value
VGMP[7:0] VGMN][7:0] VGSP[7:0] VGSN[7:0]
Power On Sequence 82H 82H 00H 00H
S/W Reset 82H 82H 00H 00H
H/W Reset 82H 82H 00H 00H
Voltage 82H 82H 00H 00H
Default
S Default Value
SID[7:0] SID[15:8] MRID[7:0] MRID[15:8]
Power On Sequence 00H 00H 00H 00H
S/W Reset 00H 00H 00H 00H
H/W Reset 00H 00H 00H 00H
Voltage 00H 00H 00H 00H
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6.2.12 PWCTR2: Power Control 2 (C1h)
Inst/ Para RW Address Parameter
Others | MpDI | D[15:8] (MDD | D7 D6 | b5 | D4 p3 | b2 | b1 | po
C100h 00h 0 PCK45_A[2:0] BT4_A[1:0] BT5_A[1:0]
C101h 00h 0 PCK45_B[2:0] BT4_B[1:0] BT5_B[1:0]
C102h 00h 0 PCK45_CJ[2:0] BT4_CI[1:0] BT5_C[1:0]
PWCTR2 Write Cih C103h 00h VBHI[3:0] VBL[3:0]
C104h 00h 0 0 GOSI1:0] 0 GOT[2:0]
FORCE_EN
C105h 00h jvcom BUf 0 TEPWR RAMKP| GbsTB_SE 0 0 GD_E20
o SEL
NOTE: “"“ Don't care
PCK45_A[2:0]: VGH/VGL booster clock selection in Normal Mode. Synchronize'to-H sync.
PCK45_B[2:0]: VGH/VGL booster clock selection in Idle Mode.-Synchronize to H syne.
PCK45_CJ2:0]: VGH/VGL booster clock selection in_Partial Mode. Synchronize to H sync.
PCK45_A[2:0] / PCK45_B[2:0] / PCK45_CJ[2:0] Frequency (KHz)
000 H/ 16
001 H/8
010 H/4
011 H/2
100 H (default)
101 2H
110 4H
111 8H
BT4_A[1:0]: VGH booster voltage ‘output selection in Normal Mode.
BT4_B[1:0]: VGH booster-voltage output selection in Idle Mode.
L BT4_C[1:0]: VGH booster voltage output selection in Partial Mode.
Description
BT4_A[1:0]/BT4 _B[1:0]/BT4_C[1:0] VGH
00 PAVDD+VPNL
01 PAVDD-NAVDD
10 PAVDD-NAVDD+VPNL
11 2*PAVDD-NAVDD
BT5_A[1:0]: VGL booster voltage output selection in Normal Mode.
BT5_B[1:0]: VGL booster voltage output selection in Idle Mode.
BT5_C[1:0]: VGL booster voltage output selection in Partial Mode.
BT5_A[1:0]/BT5_B[1:0] / BT5_CJ[1:0] VGL
00 NAVDD-VPNL
01 NAVDD-PAVDD
10 2*NAVDD -VPNL
11 2*NAVDD-PAVDD
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VBH[3:0]: Clamp Voltage Setting for VGH /

GOS[1:0]: Set the VGH 2nd level output slope

Clamp off

VBLJ[3:0]: Clamp Voltage Setting for VCL

-2.5

-3

-3.5

-4

Clamp off

Clamp off

Clamp off

Clamp off

00 0 0 0 0
01 2 Small Small Small
10 7 Medium Medium Medium
11 12 Large Large Large
- VGH
Description
-+ == — — -GND
— — —)
r_GOT[Z:O]
_______________ VGL

000 0 0.00 0.00 0.00

001 2 0.14 0.29 0.57

010 7 0.50 1.00 2.00

011 12 0.86 1.71 3.43

100 17 1.21 2.43 4.86

101 22 1.57 3.14 6.29

110 27 1.93 3.86 7.71

111 32 2.29 4.57 9.14
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GDSTB_SEL: In sleep in mode, gate output level.

GDSTB_SEL Function
0 Gate output =VGH
1 Gate output =VGL

GD_E20: Gate driver

GD _E20 Function
0 G1~G639 at IC left side;G2~G640 at IC right side(bump on the top view)
1 G2~G640 at IC left side;G1~G639 at IC right side(bump on the top view)

RAMKP: Set the RAM data keep/loss in Sleep in mode.

RAMKP RAM data statue in Sleep in Mode
0 RAM loss in Sleep in (For Saving Power)
1 RAM Keep in Sleep in mode

FORCE_EN_VCOM_BUF_O: Set VCOM level

FORCE_EN_
VCOM_BUF VCOM Level setting
O
0 VCOM
1 VCOM forced to GND (for,saving power)

Note: When'setting FORCE_EN_VCOM_BUF_0O=1;,"VCOM will be forced to GND. And set GMF[7:0] (C7h) to adjust
gamma offset.

Restriction
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Default Value
Status PCK45_A[2:0] | PCK45_B[2:0] PCK45_CJ[2:0] GOS[1:0] GOT[2:0]
Power On Sequence 4 4 4 0 0
S/W Reset 4 4 4 0 0
H/W Reset 4 4 4 0 0
Default Value
Status
BT4_A[1:0] | BT4 B[1:0] | BT4 C[1:0] | BT5_A[1:0] | BT5_B[1:0] | BT5_C[1:0]
Power On Sequence 1 1 1 1 1 1
S/W Reset 1 1 1 1 1 1
Default H/W Reset 1 1 1 1 1 1
Default Value
Status RAMKP GDSTB.SEL GD_E20 TE_PWR_S | FORCE EN_V
EL COM_BUF_O
Power On Sequence 0 0 0 0 0
S/W Reset 0 0 0 0 0
H/W Reset 0 0 0 0 0
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6.2.13 PWCTR3: Power Control 3 (in Normal mode/ Full colors) (C2h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) | D7 D6 | ps | D4 D3 D2 b1 | Do
C200h 00h - VBP_A[2:0] - - BT1_A[1:0]
, C201h 00h - - -] - - PCK1_A[2:0]
PWCTR3 write | c2h
C202h 00h ] VBN_A[2:0] - - | B2 ang
C203h 00h - PCK3_A[2:0] - PCK2_A[2:0]

NOTE: ““Don't care

VBP_A[2:0]: Set the PAVDD booster clamp voltage in normal mode/full colors.

VBN_A[2:0]: Set the NAVDD booster clamp voltage in normal mode/full colors.
VBP_A[2:0] PA\(ZEaZLamp VBN_A[2:0] NA\(E:?agfmp

00d 6.5 00d -6.5

01d 6.4 01d -6:4

02d 6.3 02d -6.3

03d 6.2 03d -6.2

04d 6.1 04d -6.1

05d 6 05d -6

06d 5.9 06d =519

07d Clamp off 07d Clamp off

BT1_A[2:0]:' Set the PAVDD-booster multiple in\normal mode/full colors.
BT2-A[2:0]: Set the NAVDD booster multiple in normal mode/full colors.

BT1_A[1:0] Multiple BT2_A[1:0] Multiple
Description 00d X2 00d X2
01d X2.5 01d X3
02d X3 02d X3
03d X4 03d X3

PCK1_A[2:0]: PAVDD Booster Clock Selection in Normal mode. Synchronize to H sync.
PCK2_A[2:0]: NAVDD Booster Clock Selection in Normal mode. Synchronize to H sync.
PCK3_AJ[2:0]: VCL Booster Clock Selection in Normal mode. Synchronize to H sync.

PCK1_A[2:0] | Frequency (KHz) PCK2_A[2:0] | Frequency (KHz) PCK3_A[2:0] | Frequency (KHz)

00d H/16 00d H/16 00d H/16
01d H/8 01d H/8 01d H/8
02d H/4 02d H/4 02d H/4
03d H/2 03d H/2 03d H/2

04d H 04d H 04d H

05d 2H 05d 2H 05d 2H

06d 4H 06d 4H 06d 4H
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Restriction
Default Value
Status
VBP_A[2:0] VBN_A[2:0] BT1_A[1:0] BT2_A[1:0]
Power On Sequence 6 6 1 1
S/W Reset 6 6 1 1
H/W Reset 6 6 1 1
Default
Default Value
Status
PCK1_A[2:0] PCK2_A[2:0] PCK3_A[2:0]
Power On Sequence 4 3 5
S/W Reset 4 3 5
H/W Reset 4 3 5
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6.2.14 PWCTR4: Power Control 4 (in Idle mode/ 8-colors) (C3h)
Inst/ Para RW Address Parameter
Others | mpDI | D[i5:8] (MDDI) | D7 D6 | ps | D4 D3 D2 p1 | Do
C300h 00h - VBP_B[2:0] - - BT1_B[1:0]
, C301h 00h - - ] - - PCK1_B[2:0]
PWCTR4 Write | C3h
C302h 00h - VBN_BJ[2:0] - - | BT2_B[1:0]
C303h 00h - PCK3_BJ[2:0] - PCK2_BJ[2:0]
NOTE: “-“ Don’t care
VBP_B[2:0]: Set the PAVDD booster clamp voltage in Idle mode.
VBN_B[2:0]: Set the NAVDD booster clamp voltage in Idle mode.
VBP_B[20] PAVDD Clamp VBN_B[2:0] NAVDD Clamp
voltage voltage
00d 6.5 00d -6.5
01d 6.4 01d -6.4
02d 6.3 02d -6.3
03d 6.2 03d -6.2
04d 6.1 04d -6.1
05d 6 05d <6
06d 5.9 06d -5.9
07d Clamp off 07d Clamp off
BT1_B[2:0]: Set the PAVDD-booster multiple in Idle mode.
BT2”B[2:0]: Set.the NAVDD booster multiple in Idle mode.
BT1_B[1:0] Multiple BT2_B[1:0] Multiple
Description 00d X2 00d X2
01d X2.5 01d X3
02d X3 02d X3
03d X4 03d X3
PCK1_BJ[2:0]: PAVDD Booster Clock Selection in Idle mode. Synchronize to H sync.
PCK2_BJ[2:0]: NAVDD Booster Clock Selection in Idle mode. Synchronize to H sync.
PCK3_BJ[2:0]: VCL Booster Clock Selection in Idle mode. Synchronize to H sync.
PCK1_B[2:0] | Frequency (KHz) PCK2_B[2:0] | Frequency (KHz) PCK3_B[2:0] | Frequency (KHz)
00d H/16 00d H/16 00d H/16
01d H/8 01d H/8 01d H/8
02d H/4 02d H/4 02d H/4
03d H/2 03d H/2 03d H/2
04d H 04d H 04d H
05d 2H 05d 2H 05d 2H
06d 4H 06d 4H 06d 4H
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Restriction
Default Value
Status
VBP_B[2:0] VBN_BJ[2:0] BT1_B[1:0] BT2_B[1:0]
Power On Sequence 6 6 1 1
S/W Reset 6 6 1 1
H/W Reset 6 6 1 1
Default
Default Value
Status
PCK1_B[2:0] PCK2_BJ[2:0] PCK3_BJ[2:0]
Power On Sequence 4 3 5
S/W Reset 4 3 5
H/W Reset 4 3 5
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6.2.15 PWCTR5: Power Control 5 (in Partial mode/ Full-colors) (C4h)
Inst/ Para RW Address Parameter
Others | MpDI | D[15:8] (MDDI) | D7 D6 | ps | D4 D3 D2 b1 | Do
C400h 00h - VBP_C[2:0] - - BT1_C[1:0]
oWCTRS wite | can [C2010 00h i - -] - i PCK1_C[2:0]
C402h 00h - VBN_CJ2:0] - - | BT2_C[1:0]
C403h 00h - PCK3_C[2:0] - PCK2_CJ[2:0]
NOTE: - Don't care
VBP_CJ2:0]: Set the PAVDD booster clamp voltage in Partial mode.
VBN_C[2:0]: Set the NAVDD booster clamp voltage in Partial mode.
VBP_C[2:0] PA\(Z:?az'eamp VBN_C[2:0] NA\(/?):?ag;amp
00d 6.5 00d -6.5
01d 6.4 01d -6.4
02d 6.3 02d -6:3
03d 6.2 03d -6.2
04d 6.1 04d =6:1
05d 6 05d -6
06d 5.9 06d -5.9
07d Clamp off 07d Clamp off
BT1.C[2:0]: Set the PAVDD boosterimultiple in Partial mode.
BT2_CJ[2:0]: Set the NAVDD-booster multiple in Partial mode.
BT1_C[1:0] Multiple BT2_C[1:0] Multiple
Description s X2 o0d X2
01d X2.5 01d X3
02d X3 02d X3
03d X4 03d X3
PCK1_C[2:0]: PAVDD Booster Clock Selection in Partial mode. Synchronize to H sync.
PCK2_C[2:0]: NAVDD Booster Clock Selection in Partial mode. Synchronize to H sync.
PCK3_CJ[2:0]: VCL Booster Clock Selection in Partial mode. Synchronize to H sync.
PCK1_CJ[2:0
] Frequency (KHz) PCK2_C[2:0] | Frequency (KHz) PCK3_C[2:0] | Frequency (KHz)
00d H/16 00d H/16 00d H/16
01d H/8 01d H/8 01d H/8
02d H/4 02d H/4 02d H/4
03d H/2 03d H/2 03d H/2
04d H 04d H 04d H
05d 2H 05d 2H 05d 2H
06d 4H 06d 4H 06d 4H
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Restriction -
Default Value
Status
VBP_CJ[2:0] VBN_C[2:0] BT1_C[1:0] BT2_CI[1:0]
Power On Sequence 6 6 1 1
S/W Reset 6 6 1 1
H/W Reset 6 6 1 1
Default
Default Value
Status
PCK1_C[2:0] PCK2_C[2:0] PCK3_C[2:0]
Power On Sequence 4 3 5
S/W Reset 4 3 5
H/W Reset 4 3 5
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6.2.16 nVM: MTP reload or no-reload selection (C5h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
nVM Write | C5h | C500h 00h - - - - - - - nVM

NOTE: -“ Don't care
nVM is a controlled bit for user to select the registers reloaded from MTP or set by command setting

nVM E7h,E8h,E9h,EBh, & ECh controlled by nVM bit
0 Reload from MTP
1 Set by command setting

Notes: 1. If the user doesn’t program any MTP, these above description MTP, registers default value equal to
NT35410 Driver IC default value as Specification definition-
Description 2. If the user has programmed MTP bits, these above description registers default.value are equal to
MTP values after hardware reset or.software reset again.
3. When the NT35410 exit sleep mode, the driver IC will reload-MTP or, register default value to the
above description MTP registers to change these registers-contents:
4. The user.can 'set'the nVMbit to “H” to keep:current register value by user’s software setting, before

the driver IC Exit-sleep mode «

Restriction -
Status Default Value
Default Power On Sequence 01h
S/W Reset 01h
H/W Reset 01h
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6.2.16 MTPDET: MTP Power Detect (C6h)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
Ceéh | C600h 00h - - - - - - - MTP_DET
MTPDET Read
Céh | C601h 00h CheckSum_LV2[7:0]

NOTE: *-“ Don't care

MTPDET Command is used to check the external power for MTP programming which is ready or not.

When the pad “VOTP” is floating or connected to ground, the read out value of MTP_DET register is “0”.
When the external power 7.5v is connected to the pad “VOTP”, the read out value of MTP_DET register is “1”

CheckSum_LV2[7:0]: Including BOh, B1h, B2h, B3h, B4h, B5h, B7h, B8h, Boh, C1h, C2h, C3h, C4h, C7h &E7h, for

Description customer check MTP total sum value.
Total sum
BCh
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6.2.17 VMFCTR: VCOM Offset Control & Gamma Offset Control (C7h)

Inst / Para RW Address Parameter
others | mppi | ppis:s;vopy | b7 | pe | ps | pa | ps | b2 | b1 | Do
C700h 00h VMF[7:0]
VMFCTR Write| C7h
C701h 00h GMF[7:0]
NOTE: “-“Don’t care
VMF[7:0]: set the VCOM offset voltage.
VMF[7:0] VCOM VMF[7:0] VCOM VMF[7:0] VCOM
0 -0.2 51 -0.71 101 -1.21
1 -0.21 52 -0.72 102 -1.22
2 -0.22 53 0.73 103 -1.23
3 -0.23 54 -0.74 104 -1.24
4 -0.24 55 -0.75 105 -1.25
5 -0.25 56 -0.76 106 126
6 -0.26 57 -0.77 107 -1.27
7 -0.27 58 -0.78 108 -1.28
8 -0.28 59 079 109 1.29
9 -0.29 60 -0.8 110 1.3
10 -0.3 61 <0.81 111 -1.31
1 -0.31 62 -0.82 112 132
12 -0.32 63 -0.83 113 1.33
13 -0.33 64 -0.84 114 134
14 “0.34 65 -0.85 115 1.35
15 -0.35 66 -0.86 116 -1.36
16 -0:36 67 -0.87 117 -1.37
17 -0.37 68 -0.88 118 -1.38
18 -0.38 69 -0.89 119 -1.39
19 -0.39 70 -0.9 120 1.4
20 04 7 -0.91 121 -1.41
21 20.41 72 -0.92 122 -1.42
22 -0.42 73 -0.93 123 -1.43
23 -0.43 74 -0.94 124 -1.44
Description 24 -0.44 75 -0.95 125 -1.45
25 -0.45 76 -0.96 126 -1.46
26 -0.46 77 -0.97 127 -1.47
27 -0.47 78 -0.98 128 -1.48
28 -0.48 79 -0.99 129 -1.49
29 -0.49 80 1 130 15
30 -0.5 81 -1.01 131 -1.51
31 -0.51 82 -1.02 132 -1.52
32 -0.52 83 -1.03 133 153
33 -0.53 84 -1.04 134 -1.54
34 -0.54 85 -1.05 135 -1.55
35 -0.55 86 -1.06 136 -1.56
36 -0.56 87 -1.07 137 -1.57
37 -0.57 88 -1.08 138 -1.58
38 -0.58 89 -1.09 139 159
39 -0.59 90 -1.1 140 -1.6
40 -0.6 91 1.1 141 -1.61
a1 -0.61 92 1.12 142 -1.62
42 -0.62 93 1.13 143 -1.63
43 -0.63 24 1.14 144 -1.64
44 -0.64 95 1.15 145 -1.65
45 -0.65 9% 1.16 146 -1.66
46 -0.66 97 -1.17 147 -1.67
47 -0.67 98 -1.18 148 -1.68
48 -0.68 99 1.19 149 -1.69
49 -0.69 100 1.2 150 17
50 -0.7
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VMF[7:0] VCOM VMF[7:0] VCOM
151 1.71 201 -2.21
152 1.72 202 -2.22
153 1.73 203 -2.23
154 1.74 204 -2.24
155 1.75 205 -2.25
156 -1.76 206 -2.26
157 1.77 207 -2.27
158 -1.78 208 -2.28
159 -1.79 209 -2.29
160 1.8 210 2.3
161 -1.81 211
162 -1.82
163 -1.83 no use
164 -1.84
165 -1.85 255
166 -1.86
167 -1.87
168 -1.88
169 -1.89
170 1.9
171 -1.91
172 192
173 -1.93
174 -1.94
175 1.95
176 -1.96
177 -1.97
178 -198
179 -1.99
180 -2
181 -2.01
182 -2.02
183 -2.03
184 -2.04
185 -2.05
186 -2.06
187 -2.07
188 -2.08
189 -2.09
190 -2.1
191 -2.11
192 -2.12
193 -2.13
194 214
195 -2.15
196 -2.16
197 217
198 -2.18
199 -2.19
200 2.2

-The step voltage is 10mV
-The VCOM Voltage Range = -0.2V ~ -2.3V
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GMF[7:0]: Use to adjust the gamma voltage (VGMP/VGMN/VGSP/VGSN) offset.

GMF[7:0] VGMP (V) VGMN (V) VGSP (V) VGSN (V)
0 VGMP VGMN VGSP VGSN
1 VGMP + 0.0V | VGMN+0.01V | VGSP +0.01V VGSN + 0.01V
2 VGMP +0.02V | VGMN+0.02V | VGSP +0.02V VGSN + 0.02V
3 VGMP +0.03V | VGMN+0.03V | VGSP +0.03V VGSN + 0.03V
4 VGMP + 0.04V | VGMN+0.04V | VGSP +0.04V VGSN + 0.04V
5 VGMP + 0.05V | VGMN+0.05V | VGSP +0.05V VGSN + 0.05V
Step =10 mV | Step =10 mV | Step =10 mV | Step =10 mV
127 VGMP + 127V | VGMN+1.27V | VGSP +1.27V VGSN +1.27V
128 VGMP VGMN VGSP VGSN
129 VGMP-0.01V | VGMN-0.01V | VGSP-0.01V VGSN - 0.01V
130 VGMP-0.02V | VGMN-0.02V | VGSP -0.02V. VGSN-0.02V
131 VGMP -0.03V | VGMN-0.03V | VGSP.-0.03V VGSN - 0.03V/
Step = -10 mV|Step-= -10 mV|Step = -10-mV| Step = -10 mV
252 VGMP - 1.24V.. | VGMN-1.24v | VGSP-1.24v VGSN - 1.24V
253 VGMP - 1.25V |VGMN - 1.25V | VGSP -1.25V. VGSN 125V
254 VGMP-1.26V | VGMN_-1.26V| | VGSP -1.26V VGSN - 1.26V
255 VGMP - 127V | VGMN_ 1.27V | VGSP -1.27V VGSN-1.27V

Note:

1. When use GMF[7:0], it need to set C1h- FORCE-EN_VCOM-BUF_O to ‘H’ (VCOM force to VSS), then set GMF to

adjust the offset voltage.

2. The ranges of gammayvoltage are as below even GMF[7:0] is adjusted.
3.5V < VGMP.< 5.9V, -3.5V\< VGMN< -5.5V, 0.2V < VGSP < 2.2V, -0.2V < VGSN < -2.2V.

Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
VMF[7:0] GMF[7:0]
Default Power On Sequence 64h 00h
S/W Reset 64h 00h
H/W Reset 64h 00h
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6.2.18 RDVMF: Read VCOM offset value (C8h)

Inst/ Para RW Address Parameter
others | mppi | ppis:syovopy | b7 | pe | ps | pa | ps | b2 | b1 | po
RDVMF Read| C8h | C800h 00h C8_P1_REG[7:0]
NOTE: " Don’t care
Description Read VCOM offset value.
Restriction -

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Avalilable Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

Status Default Value
C8_P1_REG[7:0]

Power On Sequence 00h
S/W Reset 00h
Before MTP H/W Reset 00h
programmed Power, On-Sequence 00h
Default S/W Reset 00h
H/W Reset 00h

Power On Sequence MTP value

S/W Reset MTP value

After MTP H/W Reset MTP value
programmed Power On Sequence 64h
S/W Reset 64h
H/W Reset 64h
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6.2.19 RDMTP: Read MTP value (C9h)

Address Parameter
Inst / Para R/W
Others | MoDI | Dpi5:8)(MDDI) | D7 D6 | D5 D4 p3 | b2 | b1 | po
C900h 00h - - - - MTPI[3:0]
C901h 00h VMF1[7:0]
C902h 00h ID11[7:0]
RDMTP Read | C9h
C903h 00h ID21[7:0]
C904h 00h ID31[7:0]
C905h 00h GMF1[7:0]
NOTE: “-“ Don't care
Read MTP value.
MTP[3:0]: MTP programming time flag. (000: No programmed, 001: Programmed 1 time, 010: programmed 2 times, 011:
programmed 3 times, 100: programmed 4 times)
MTP program times | MTP[3] | MTP[2] | MTP[1] | MTP[0] Hex
MTP 0 time 0 0 0 0 0x00
MTP 1*'time 1 0 0 1 0x09
MTP 2" time 1 0 1 0 OX0A
Description
MTP 3“\time 1 0 1 1 0x0B
MTP 4"ltime 1 1 Q 0 0x0C
VMFA1[7:0]: VMF programmed value
ID11[7:0]: ID1 programmed value
1D21[7:0]: ID2 programmed value
ID31[7:0]: ID3 programmed value
GMF1[7:0]: GMF programmed value
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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St Default Value
atus
MTP[30] | VMF1[7:0] | ID11[7:0] | ID21[7:0] | ID31[7:0] | GMF1[7:0]
Power On 5000 00h 00h 00h 00h 00h
Default Sequence 00h 00h 00h 00h 00h
00h 00h 00h 00h 00h
S/W Reset 0000 00h 00h 00h 00h 00h
00h 00h 00h 00h 00h
HW R
/W Reset 0000 00h 00h 00h 00h 00h
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6.2.20 WRID1: Write ID1 for MTP program (DOh)

Inst/ Para RW Address Parameter
others | mppi | ppis:s;mopy | b7 | ps | ps | pa | ps | b2 | b1 | Do
WRID1 Write | DOh | DOOOh 00h ID1[7:0]
NOTE: “-“ Don't care
Description Write 8-bit LCD module’s manufacturer ID to save it to MTP.
ID1[7:0]: LCD module’s manufacturer ID.
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status ID1[7:0]
Default Power On Sequence Cih
S/W\ Reset Cih
H/W Reset Cih
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6.2.21 WRID2: Write ID2 for MTP program (D1h)

Inst/ Para RAW Address Parameter
others | Mpop1 | ppis:svopy | b7 | pe | ps | pa | ps | b2 | b1 | Do
WRID2 Write | D1h | D100h 00h 1D2[7:0]
NOTE: “-“ Don't care
Write 7-bit LCD module/driver version ID to save it to MTP.
Description  |ID2[7:0]: LCD module/driver version ID (specified by module supplier).
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 80h
Default S/W Reset 80h
H/W Reset 80h
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6.2.22 WRID3: Write ID3 for MTP program (D2h)

Address Parameter
Inst / Para RW
others | MopI | pis:syvopny | o7 | pbe | bs | pa | bs | b2 | b1 | po
, D200h 00h ID3[7:0]
WRID3 write | D2h
D201h 00h o | o] o | o | ID_Customer(3:0]

NOTE: “-“ Don’t care

Write 8-bit project ID to save it to MTP.
ID3[7:0]: project ID (specified by handset company).

Description
ID_Customer[3:0]: for manufacturer used.

Restriction

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
) ) Normal Mode On, Idle Mode On, Sleep Out Yes
Register Available -
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On;\ldle Mode On, Sleep-Out Yes
Sleep.In Yes

Default Value
Status
1D3[7:0] ID_Customer[3:0]
Default Power On Sequence 9Bh 00h
S/W Reset 9Bh 00h
H/W Reset 9Bh 00h
2011/10/06 400 V2.0

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.




\ NGVATEK NT35410

6.2.23 RDID4: Read ID4 for IC Vender Code (D3h)

Address Parameter
Inst / Para R/W
Others | MDDI D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
D300h 00h 0 0 0 0 0 0 0 1
D301h 00h 0 1 0 1 0 1 0 0
RDID4 Read| D3h
D302h 00h 0 0 0 1 0 0 0 0
D303h 00h 0 0 0 0 1D4[3:0]

NOTE: ““Don't care

Read IC vender code.
1% parameter: Dummy read
Description ~ |2™ parameter: Vender ID code. “01” means Novatek.
3/ 4™ parameter: Chip ID code. “5410h” means NT35410.
1D4[3:0]: Chip version code.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep QOut Yes
Register Normal Mode On, Idle Mode On;,Sleep Out Yes
Available Partial Mode On;ldle' Mode Off, Sleep-Out Yes
Partial Mode On, Idle:Mode On;-Sleep Out Yes
Sleep In Yes
Status Default Value
Power.On Sequence 01/54/10/ X
Default
S/W Reset 01/54/10/ X
H/W Reset 01/54/10/ X
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6.2.24 RDID5: Read ID5 Value (D4h)

Address Parameter
Inst / Para R/W
others | mpoi | ppis:e; ooy | b7 | b | bs | pa | b3 | b2 | b1 | po
D400h 00h - - ID51[5:0]
D401h 00h - - ID52[5:0]
D402h 00h - - ID53[5:0]
RDID5 Read | D4h D403h 00h - - - ID54[4:0]
D404h 00h ID55(7:0]
D405h 00h - - - - - | - |pssie)
D406h 00h - - - - ID56[3:0]
NOTE: " Don’t care
This command is used to read the chip information.
- ID51[5:0]: The third code of lot ID (0~9, A~Z)
- ID52[5:0]: The fourth code of lot ID (0~9, A~Z)
Description |- ID53[5:0]: The fifth code of lot ID (0~9, A~Z)
- ID54[4:0]: The wafer number of this chip-( 0d~25d")
- ID55[9:0]: The X-axis coordinate in the wafer map
- ID56[3:0]: The Y-axis coordinate in the wafer map
Restriction |-
Status Availability
Normal Mode On, Idle-Mode Off, Sleep Out Yes
Register Normal Mode-On, Idle Mode On, Sleep Out Yes
Available Partial Mode On; Idle Mode Off, Sleep Out Yes
Partial. Mode. On; Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence -
S/W Reset -
H/W Reset -
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6.2.25 EPWRITE: MTP Write Command (DEh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
DEOOh 00h 0 1 0 1 0 1 0 1
EPWRITE Write | DEh | DEO1h 00h 1 0 1 0 1 0 1 0
DEO2h 00h 0 1 1 0 0 1 1 0
NOTE: “-“ Don’t care
MTP write command.
Description |Please see MTP Access sequence for program (Data write) for more detail.
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On,.Sleep, Out Yes
Sleep In Yes
Status Default Value
Power On Sequence -
Default
S/W. Reset -
H/W Reset -
ImT T T T I T |
EPWBITE | Legend |
DEh | |
| |
| |
‘, |
1st parameter | :
2nd parameter | |
3rd parameter : :
Flow Chart | |
| |
| -m |
| |
| |
| |
| |
| |
Cm' D
| |
| |
L I
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6.2.26 EN_MTP: Enable MTP Write Mode (DFh)

Address Parameter
Inst / Para R/W
Others | MDDI D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
EN_MTP|EN_MTP|EN_MTP] EN_MTP |EN_MTP| EN_MTP
EN_MTP Read| DFh | DF0OOh 00h 0 0 - - - - - -
[5] [4] [3] 2] [1] [0]

NOTE: “““Don't care

Enable MTP Write

DO: ID (ID1(0xDO0), ID2(0xD1), ID3(0xD2), VCOM voltage(0xC7), Gamma voltage(0xC0)->4 times programmed
D1: Gamma code (0XxEQO~OxE5)-> 1 time programmed

Description  |D2: Timing=>1 time programmed

D3: CABC Gamma->1 time programmed

D4: Trim(LV2) >1 time programmed

D5: Inhouse—>1 time programmed

Restriction |-
Status Availability
Normal Mode On, Idle Mode Off; Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On; Idle Mode Off, Sleep Out Yes
Partial-Mode On,-ldle Mode.On, Sleep Out Yes
Sleep In Yes
Status Default Value
Defakit Power On Sequence -
S/W Reset -
H/W Reset -

Please check the ————————
connection of
MTP_PWR

1

* EPWRITE (Programming)

Sequential
transfer

|
| |
| |
| |
| |
| |
| |
| |
|/ Parameter /|
| |
Flow Chart : Display :
| |
' '
| |
| |
| |
| |
| |
| |
| |
I |
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6.2.27 GAMCTRLPR: Set Gamma Correction Characteristics For Positive "R" (EOh)

Inst / Para R/W Address Parameter
others | mpor | ppis:sj ooy | o7 | pe [ ps [ pa [ ps [ b2 | o1 | oo

E000h 00h - VORP[6:0]
E001h 00h - VIRP[6:0]
E002h 00h V4RP[7:0]

E003h 00h V8RP[70]

E004h 00h - V16RP[6:0]
E005h 00h - V24RP[6:0]
E006h 00h - V52RP[6:0]
E007h aoh VBORP[7:0]

GAMCTRLPR Write| EOh E008h 00h ' . V108RP[5:0]

E009h 00h - - V148RP[5:0]
E00AR ooh V176RP[7:0]
E00Bh 00h ) V204RP6:0]
E00Ch 00h - V232RP[6:0]
E£00Dh 00h - V240RP[6:0]
E00Eh 00h V247RP[7:0]
EQesa ooh V251RP[7:0]

E0fon ] - V254RP[6:0]
alN o) - V255RP[6:0]
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6.2.28 GAMCTRLNR: Set Gamma Correction Characteristics For Negative "R" (E1h)

Inst / Para R/W Address Parameter
others | mopi | pp1s:sy(mopy | b7 | b | bs | pa | bs | b2 | br | oo

E100h 00h - VORN[6:0]
E101h 00h - V1RN[6:0]
E102h 00h V4RN[7:0]

E103h 00h VERN[70]

E104n ooh - V16RN[6:0]
ET05h ooh - V24RN[6:0]
E106h oon - V52RN[6:0}
ET07h oon VBORN[7:0]

GAMCTRLNR wite| Eth ooh _ . V108BN[5:0]

E10%N 0oh . - V148RN(5:0]
E10AR 00h V176RN[7:0]
E108Bh 0% \ V204RN[6:0]
E10Ch 4 / V232RN[6:0]
i\ o - V/240RN[6:0]
E10Eh 00h V247RN[7:0]
Ageh ooh V251RN[7:0]

ET10n RN - V254RN[6:0]
Za\ i) - V255RN[6:0]
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6.2.29 GAMCTRLPG: Set Gamma Correction Characteristics For Positive "G" (E2h)

Inst/ Para RW Address Parameter
others | mopi | pp15:81 (o | b7 | e | bs | ba | b3 | b2 | b1 | po

E200h 00h - VOGP[6:0]
E201h 00h - V1GP[6:0]
E202h 00h V4GP[7:0]

E203h 00h VBGP[7:0]

E204 00h . V16GP[6:0]
E205h ooh - V24GP[6:0]
E206h oon - V52GP[6:0]
E207h 0oh VBOGP[7:0]

GAMCTRLNR | write]| E2n |oa 0oh ' - V108GP[5:0]
E209h 00h : : V148GP[5.0]
E20An 00h V176GP[7:0]
E208h 008 \ V204GP[6:0]
E20Ch % : V232GP[6:0]
2008 00 - V240GP[6:0]
E20Eh 00h V247GP[7:0]
Bogen 00k V251GP([7:0]
E210n QN - V254GP[6:0]
AN 09) - V255GP[6:0]
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6.2.30 GAMCTRLNG: Set Gamma Correction Characteristics For Negative "G" (E3h)

Inst/ Para RW Address Parameter
others | Mppi | pp1s:8vopy | b7 | pe | ps | pa | b3 | b2 | b1 | Do

E300h 00h - VOGN(6:0]
E301h 00h - VIGN[6:0]
E302h 00h VAGN[7:0]

E303h 00h VBGN[7:0]

E304h 00h - V16GN[6:0]
E305h 00h - V24GN[6:0]
E306h 00h - V52GN[6:0]
E307h 00h VBOGN[7:0]

GAMCTRLNG wiite| Ean fEooN oo - - ORI
E309h 00h - . V148GN[5:0]
E30Ah 00h V176GN[7:0]
E30Bh 00h \ V204GN[6:0]
E30Ch 00h - V232GN[6:0]
E30Dh 00h - V240GN[6:0]
E30Eh 00h V247GN[7:0]
E30Fh 00h V251GN[7:0]
E310h 00h \ V254GN[6:0]
E311h 00h - V255GN[6:0]
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6.2.31 GAMCTRLPB: Set Gamma Correction Characteristics For Positive "B" (E4h)

Inst/ Para RW Address Parameter
others | mppi | pr1s:8vopy| b7 | pe | ps | pa | b3 | b2 | bt | Do

E400h 00h - VOBP[6:0]
E401h 00h - V1BP[6:0]
E402h 00h V4BP([7:0]

E703h 00h V8BP([7:0]

E404h 00h - V16BP[6:0]
E405h 00h - V24BP[6:0]
E406h 00h - V52BP[6:0]
E407h 00h V80BP[7:0]

GAMCTRLPB wiite| Ean fE205N oo - - V108BP[>0]

E409h 00h - ) V148BP[5:0]
E40Ah 00h V176BP[7:0]
E40Bh 00h \ V204BP[5-0]
E40Ch 00h ) V232BP[6:0]
E40Dh 00h - V240BP[6:0]
E40Eh 00h V247BP[7:0]
E40Fh 00h V251BP[7:0]

E410h 00h . V254BP[6:0]
E411h 00h - V255BP[6:0]
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6.2.32 GAMCTRLNB: Set Gamma Correction Characteristics For Negative "B" (E5h)

Inst/ Para RW Address Parameter
others | MpDI | D15:8) (o | b7 | pbe | ps | pa | ps | b2 | b1 | Dpo

E500h 00h - VOBN[6:0]
E501h 00h - V1BN[6:0]
E502h 00h V4BN[7:0]

E503h 00h V8BN[7:0]

E504h 00h - V16BN[6:0]
E505h 00h - V24BN[6:0]
E506h 00h - V52BN[6:0]
E507h 00h V80BN[7:0]

GAMCTBLNB wiite| Esn fE2o" oon - - Y{ PRSI

E509h 00h - - V148BN[5:0]
E50Ah 00h V176BN[7:0]
E50Bh 00h \ V204BN[6:0]
E50Ch 00h ; V232BN[6:0]
E50Dh 00h - V240BN[6:0]
E50Eh 00h V247BN([7:0]
E50Fh 00h V251BN[7:0]

E510h 00h \ V254BN[6:0]
E511h 00h - V255BN[6:0]
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6.2.33 DSTB: Enter Deep Standby Mode (E8h)
Inst/ Para RAW Address Parameter
Others | MDDI D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
DSTB Write E8h E800h 00h 0 0 0 0 0 0 0 DSTB

NOTE: “““Don't care

DSTB=1, Enter Deep standby mode
- DSTB can be executed in normal, partial & sleep in mode
- After executing DSTB, RAM data & registers won't be kept
Description |- Set RESET to exit deep standby mode
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On;, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On-Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Flow Chart
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6.2.34 ENECMD: Enable Extend Command (FOh)

Address Parameter
Inst / Para R/W
Others | MDDI | D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO
FO00h 00h 1 0 1 0 1 0 1 0
ENECMD Write| FOh | FOO1h 00h 0 1 0 1 0 1 0 1
F002h 00h 0 1 0 1 0 0 1 0
NOTE: “-“ Don’t care
Enable extend command
. Set extend command first when executing the LV2 command.
Description
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On;, Sleep Out Yes
Sleep In Yes
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6.2.35 GMACMD: GAMMA Write & Read Command (FEh)

Address Parameter

Inst / Para R/W
Others | MDDI D[15:8] (MDDI) D7 D6 D5 D4 D3 D2 D1 DO

GMACMD Write| FEh | FEOOh 00h - - - GMA_RD |GMA_WR - - -

NOTE: “““Don't care

GMA_WR: Write GAMMA code.
GMA_RD: Read GAMMA code

Ex: Gamma code write sequence

0xFO, 0xAA, 0x55, 0x52

0x11

Delay 120ms

0x26, 0x10

0xEO0~0OxE5 (set Gamma code what you want)
OxFE, 0x08

Delay 120ms

0x29

OND>OTA N~

Description

Ex: Gamma code read sequence

0xFO, 0xAA, 0x55, 0x52

0x11

Delay 120ms

0x26, 0x10

0xEO0~0OxES5 (setGammaicode what you want)
O0xFE, 0x08

Delay 120ms

Read 0XxEO~O0xES5( Read Gamma-code)

O NOOTAWN =

Restriction B

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Available Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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6.3 INSTRUCTION SETUP FLOW

6.3.1 Initializing with the Built-in Power Supply Circuits

[ Initializing Start (Power ON) }

A 4

H/W Reset

« Power Input: GND, VDDI, VDD (Any order)
Wait until Power Stabilization

+RESX="L"
Wait for more than 10us
*RESX="H"

Power Supply Set
* SLPOUT (Sleep mode Off & OSC /Booster On)

v
Display Environment Set 2 (If not used, can-be/skipped)

+ INVON'/ INVOFF (Display-Inversion/Normal Set)
*« PTLAR/PTLON / NORON'(Partial Area Set & Partial On / Normal On Set)
- PSL / PEL (Partial Start / End Lines Set)
* MADCTL (Memory. Data Access Control)
- Row.Direction (MY), Column Direction (MX), Row / Column Exchange (MV)
- Vertical'Refresh Order (ML), Stripe / Square RGBW (RGB)
- Horizontal Refresh Order (MH)

+ COLMOD (Interface Pixel Format Set)

A 4

Display Data Write & Display On

+ RASET / CASET (Roe / Column Address Set)
- XS/ XE (Start / End Column Address Set)
-YS/YE (Start/ End Row Address Set)
* RAMWR (Memory Data Write)
Wait for more than 120 ms after power control command

- DISPON (Display On)

A 4

{ Initializing End J

Fig. 6.3.1 Initializing with the built-in power supply circuit

The initializing sequence does not have any effect on the display. The display is in its normal background color during the initializing.
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6.3.2 Power OFF Sequence

[ Power OFF Start (Without H/W Reset) ]

+ DISPOFF (Display Off)
All of the source pins become PVDD potential

* SLPIN (Sleep In)
All the OLED power supply circuit and oscillator circuit becom off

A 4

« Stop the Power Supply: VDDI and VDD Stop (Any,Order)

A 4

[ Power OFF End ]
[ Power OFF Start (With H/'W Reset) ]
A 4
+RESX="L"
Wait for more than 10us
*RESX="H"

A4

« Stop the Power Supply: VDDI and VDD Stop (Any Order)

A4

[ Power OFF End ]

Fig. 6.3.2 Power off sequence
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7 SPECIFICATIONS
7.1 ABSOLUTE MAXIMUM RATINGS
ltem Symbol Rating Unit

Supply voltage VDDI, LVDSVDD -0.3~+5.5 \
Supply voltage VPNL, VPNLR -03~+455 Vv
Supply voltage (Digital) VCC -0.3~+1.8 \
Driver supply Voltage PAVDD -0.3~+6.5 \
Driver supply Voltage VGH-VGL -0.3 ~ +32.0 \
Operating temperature range TOPR -30 ~ +70 C
Storage Temperature range TSTG -55 ~ +125 C
Logic Input voltage range Vin -0.3 ~VDDI+0.3 Vv
Logic Input voltage range Vo -0.3 ~ VDDI+0.3 Vv
Supply voltage (MTP) VOTP -0.3~7.8 Vv
Humidity - 5% to 95% %

NOTE: If the absolute maximum rating of even is one of the above parameters is exceeded even momentarily, the quality of the-product may be degraded.

Absolute maximum ratings, therefore, specify the values exceeding which the product may be physically damaged. Be sure-to-use the product within the range of

the absolute maximum ratings.

7.2 ESD PROTECTION LEVEL

Table 7.2.1 ESD models.

Model Test Condition Protection Level Unit
Human Body. Model C =100pF, R=1.5kQ > 3000
Machine Model C=200pF,R=0.00Q > 300 \"
Air ESD discharge 16000 Y]
C=150pF, R=330 Q
Contact ESD discharge +6000 \V
7.3 LATCH-UP PROTECTION LEVEL
The device will not latch up at trigger current levels less than £100 mA.
7.4 LIGHT SENSITIVITY
The operation of the IC will not be materially altered by incident light.
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7.5 MAXIMUM SERIES RESISTANCE

The driver will operate in “Chip on Glass” applications with series resistances (due to ITO track resistance). Voltages are specified at module
I/O assuming maximum values as in Table 7.5.1.

Table 7.5.1 Maximum series resistance on module.

Name Type Maximum Series Resistance Unit
VDDI/VDDIL Power supply 10 Q
VPNL, LVDSVDD, VPNL_DET, Power supply 5 0
VREF

VSS, AVSS, LVDSVSS Ground 5

CVSS Ground 5

IM3, IM2, IM1, IMO Input 50

RESX, CSX, DCX, WRX/SCL, RDX,

SDI, SDO, TE, HS, VS, DE, ERR Input 50 9
D23 to DO, VSEL

PCLK Input 50 Q
DO_P, DO_N, CLK_P, CLK_N Input 5 Q
BC_R,BC_L, TE_R,TE_L Output 50 §
VCCM12, LVDSVDD Capacitor. connection 10 %)
VCOM Capacitor connection 5 Q
VGH, VGL Capacitor connection 20 Q
PAVDD, NAVDD; VCL Capacitor connection 5 Q
C11P, C11N; C12P, C12N,

C13P, CIEN.SRTR-GZ1N, Capacitor connection 5 Q
C22P, C22N, C23P, C23N,

C31P, C31N,

C41P, C41N, C51P, C51N Capacitor connection 5 Q
VOTP Power supply 15 Q
DIOPWR, NVDDI Power supply 10 Q
VCC, VCCI Power supply 5 Q
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7.6 DC CHARACTERISTICS
7.6.1 Basic Characteristics
Parameter Symbol Conditions Specification Unit | Related Pins
MIN TYP MAX
Power & Operation Voltage
Analog Operating voltage VPNL Operating Voltage 2.3 2.8 4.8 Vv Note 1, 2
Logic Operating voltage VDDI 1/0 supply voltage 1.65 1.8 4.8 V Note 1, 2
Noise Range, 0 to
100MHz, Sinusoidal - - 100 mV, peak to peak
Panel Power Supply Voltage WaTve
Noise VPNL_noise | Noise Range, 0 to
iﬁﬁ'ﬁ;;u'se Wave - - 500 mV, peak to peak
Cycle(50%/50%)
Noise Range, 0 to
Panell Powgr Supply Voltage vDDI_noise | 100MHz, Sg?nusoidal g = 100 mV, peak to peak
(Logic) Noise
Wave
Input / Output
Logic High level input voltage VIH - 0.7 VDDI - VDDI \' Note 1, 2,
Logic Low level input voltage VIL - VSS - 0.3 VDDI \ Note 1, 2,
Logic High level output voltage VOH IOH = -1.0mA 0.8 VDDI - VDDI V Note 1, 2
Logic Low level output voltage VOL I0L= +1.0mA VSS - 0.2 VDDI Vv Note 1, 2
Logic High levelleakage ILIH - - - 1 pA Note 1, 2
Logic Low level leakage 1L C -1 - - pA Note 1, 2
VCOM Operation
VCOM voltage VCOM Operating Voltage -2.3 - -0.2 \ | Note 6
Source Driver
Source output range VSout 0.1 PAVDD-0.1 v Note 3
NAVDD+0.1 -0.1 \ Note 3
Positive Gamma high voltage VGMP 3.5 5.9 \ Note 5
Negative Gamma low voltage VGMN -5.5 -3.5 V Note 5
Positive Gamma low voltage VGSP 0.5 2.5 V Note 5
Negative Gamma high voltage VGSN -2.5 -0.5 \ Note 5
N Below with 99% 60Hz
Source output settling time Tr precision 15 20 uS Fig.7.6.2
Sout>=4.2V,Sout<=0. Fig.7.6.3
Positive Output deviation voltage V. dev 8V 20 mv l\?ote 3
V, dev 4.2V>Sout>0.8V 6 mV Note 3
Sout<=-4.2V,Sout<=-0 Fig.7.6.3
Negative Output deviation voltage V. dev .8V 20 mv l\?ote 3
V, dev -4.2V<Sout<-0.8V 6 mV Note 3
Output offset voltage VOFSET 35 mV Note 4
Booster Operation
1% Booster voltage PAVDD 6.5 % Note 4
2" Booster voltage NAVDD -6.5 V Note 4
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3" Booster voltage VCL -VPNL % Note 4
PAVDD+ 2*PAVDD-
th
4" Booster voltage VGH VPNL NAVDD \
2*NAVDD- VCL+NAVD
th
5" Booster voltage VGL PAVDD D \"
Oscillator tolerance 0SC 25C -5 - +5 %
Oscillator tolerance 0SC 70°C~-30C -8 - +8 %

Note 1: VDDI=1.65 to 4.8V, VPNL=2.3 to 4.8V, AVSS=VSS=VSSR=0V, Ta=-30 to 70°C (to +85 C no damage)
Note 2, When the measurements are performed with LCD module, measurement points are like below.
CSX, RDX, WRX, D[23:0], DCX, RESX, SDI, SDO, IM[3:0] and Test pins
Note 3: Source channel loading = 40pF/channel
Note 4: VPNL=2.85V, Ta=25C, No load on the panel, booster multiple =2.5x or 3x

Note 5: PAVDD=6.5V, NAVDD=-6.5V
Note 6: VPNL>=2.8V

Measurementpoint for*4)

:r v FPC
[ [ / Measurementpointfor*2)
[

LCD Panel

ane % — Connectorpinorflexside

[
[
Capacitor

Fig. 7.6.1 Measurement Points for All Characteristics.

Tr 1

I
|
Source output (Sn) :
I
|

A
Y.

Tr
Fig. 7.6.2 Tr: Source output stable timing
S1= S2= S3= S$1079=| S1080=
3.949V|3.949Vv| 3.946Vv| T T T T T 3.953V | 3.956V
3.95V | 3.95V| 3.95V | 3.95VI 3.95V
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Fig. 7.6.3 Source output deviation (Channel by Channel)
-When Sout >=4.2V, Sout<=0.8V
Max (S1, S2, S3, ...., S1080) — Min (S1, S2, S3, ...., $S1080) <= 20mV
-When 4.2V>Sout>0.8V
Max (S1, S2, S3, ...., S1080) — Min (S1, S2, S8, ...., $S1080) <= 6mV
-Example
When Sout level is 3.95V (Gray scale voltage)
Max (S1, S2, S3, ...., S1080) = 3.956V
Min (S1, S2, S3, ...., S1080) = 3.946V
Sout deviation =
Max (S1, S2, S3, ...., S1080) — Min (S1, S2, S8, ...., $S1080) = 10mV <- Out Spec
7.6.2 Current Consumption
16.7Mcolors, nHD, 3.5"Transmissive, Normally Black, Ta=25 C, VDDI=1.8V, VPNL=2.78V, MCU interface, No Access
Power Consumption
Mode Of Operation Condition Image
IDDI(uA) IPNL (mA)
Normal Mode on White ) 20
Partial Mode off Column inversion
Black 2 18
Idle Mode off 60Hz
Sleep out mode Check 1x1 2 21.5
Normal Mode off White 2 8
Partial Mode off Column‘inversion
Black 2 8
Idle Mode on 30Hz
Sleep out mode Check 4x4 2 10
RAM Power Off
Sleep in mode - 2 0.1
MIPI LP mode
RAM Power Off
Sleep in mode - 2 0.06
MIPI ULPM
Deep standby mode DSTB_SEL=0 1 0.005
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7.6.3 MIPI Characteristics
7.6.3.1 DC Characteristics for DSI LP Mode

Parameter Symbol Conditions Specification UNIT
MIN TYP MAX
Logic high level input voltage | VIHLPCD | LP-CD 450 - 1350 mV
Logic low level input voltage VILLPCD | LP-CD 0 - 200 mV
Logic high level input voltage VIHLPRX | LP-RX (CLK, D0) 880 - 1350 mV
Logic low level input voltage VILLPRX | LP-RX (CLK, DO) 0 - 550 mV
Logic low level input voltage V”[JLLPPRX LP-RX (CLK ULP mode) 0 - 300 mV
Logic high level output VOHLPT LP-TX (DO) 11 . e v
voltage X
Logic low level output voltage VOI;(LPT LP-TX (DO) -50 N 50 mV
Logic high level input current IIH LP-CD, LP-RX - - 10 A
Logic low level input current IIL LP-CD, LP-RX -10 - - pA
Input pulse rejection SGD DSI-CLK+/-, DSI-D04+/- (Note 3) - - 300 Vps
Note 1) VDDI=1.65~4.8V, VPNL=2.3 to 4.8V, VSS=0V, Ta=-301t0 70 C (to +85 °C'no damage).
Note 2) DSI high speed is off.
Note 3) Peak interference amplitude max..200mV.and interference frequency min. 450MHz.
SGD SGD

______ VIHLPGD; VIHLPF{X

——————— ViLteens ViLtprxs ViLLerxuLp

Fig. 7.6.5 Spike/Glitch rejection-DSI
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7.6.3.2 DC CHARACTERISTICS FOR DSI HS MODE

Specification
Parameter Symbol Conditions a UNIT
MIN TYP MAX
VCMCLK
Input voltage common mode range DSI-CLK+/-, DSI-DO+/- (Note2, 3) 70 - 330 mV
VCMDATA
Input voltage common mode CMRC
put vollag VOMRCLKL | 5SI.CLK+/-, DSI-DO+/- (Note 4) .50 - 50 mv
variation (< 450MHz) VCMRDATAL
Input volt d
npg .VO age common mode VCMRCLKM DSI-CLK4+/-, DSI-D0+/- ) ) 100 mv
variation (= 450MHz) VCMRDATAM
Low-level diff ial i I
ow-level differential input voltage VTHLCLK DSI-CLK+/-, DSI-D0+/- 70 ) \ mv
threshold VTHLDATA
High-level diff ial i I
igh-level differential input voltage VTHHCLK DSI-CLK+/-, DSI-D0+/- ) ) 70 mv
threshold VTHHDATA
Single-ended input low voltage VILHS DSI-CLK+/-, DSI-DO+/- (Note 3) -40 - - mV
Single-ended input high voltage VIHHS DSI-CLK+/-, DSI-DO+/- (Note 3) - A 460 mV
Differential input termination
Herential input ferminat RTERM DSI-CLK )+, DSI-DO/- 80 100 125 Q
resistor
Single-ended threshold volt f
ingie-ended fresnoid vottage for VTERM-EN | DSI-CLK+/-, DSI-D04/- - - 450 mv
termination enable
Termination capacitor GTERM DSI-CLK+/-, DSI-DO+/~ - - 14 pF
Note 1) VDDI=1:65~4.8V, VPNL=2.3 to 4.8V, VSS =0V, Ta=-30.t0.70.°C (to +85 °C no damage).
Note 2) Includes 50mV (-50mV to 50mV) ground difference.
Note 3) Without VCMRCLKM / VCMRDATAM .
Note 4) Without 50mV (-50mV to 50mV).ground-difference.
""" (HS-1) "0Y (HS-Q ™" (HS-1)
PRl DSKCLK+, _ _ _ _
et Tt DSI-DO+ .
VrhHeLk xzx:i;:rm { ™1 Vemrewke
VTHHDATA N VCMRDATAL
0V reference \ DSI-CLK+/-,
Vrhielk DSI-DO+/- DSI-CLK-, | ~ ... —
V1uLpata DSI-D0-
Y Vemerk
Vempata
-—> -—> vss —
Undefined Undefined
DSI-CLK+,
DSI-DO0+
/// \\\
\
DSI-CLK-, / HS/LP \
DSI-DO- ,’ Rrerupos S | \
|
1
\ j:IETERM,
‘\HTERMNEG II
AR ; /
\\\ /
Rrerm = Rrermpos + Rrermnec AN e
Rrermpos = Rrermnec + Rrerm/2 \\‘__’,’
Fig. 7.6.6 Differential voltage range, termination resistor and Common mode voltage
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7.6.4 MDDI Characteristics

Specification
MIN TYP MAX

UNIT

Parameter Symbol Conditions

Differential input “High”
level voltage ViT+offset VT=125mV (MDDI_DATA_P/M) - 100 125 mV
(hibernation wake up)

Differential input “Low”

level voltage V/T-offset VT=125mV (MDDI_DATA_P/M) 75 100 - mV
(hibernation wake up)

itﬁrfgﬁ':;g‘ Put R Virs E/I\IE:)(L))T\QTB_P/M, MDDI_DATA_P/M) ) 0 R mv
Etzr\?g::é: ot tow vir z/l\-/ll—sgﬂ\éTBfP/M, MDDI_DATA_P/M) 0 \ L m
Terminal impedance Zt - 80 - 125 ohm

Note 1) VDDI= 1.65~4.8V, VPNL=2.3 to 4.8V, VSS=LVDSVSS=0V, Ta=-30-to'70 °C (to-+85 °C no damage).
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7.7 AC CHARACTERISTICS
7.7.1 Parallel Interface Characteristics (80-Series MCU)
tCHW tCHW
17‘
CSX N 7
ViL—x
< tCS > < tCSF >
Vi \
D/CX
Vie . 7
t ”i »
ASTe > } AHT, tWC \
WRX T /< L ER
Vic tAl—T
< tRCS/tHCSFM > N >
< tF{C/tRCFM > tCSF
trou/t
Y Vin | POk HDLFM a Vin
RDX 7[ tF{DH/tRDHFM t \" —/ \Y
> =I N IS L
tost tour tg AT/ Uratem top
D[23:0] Vin
Vie

Fig. 7.7.1 Parallel interface characteristics (80-Series)

CSX timings:
tCHW

CSX /

WRX,

RDX CSF - Min. 5ns

= l—
Note: Logic high and low levels are specified as 30% and 70% of VDD
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Write to read or read to write timings:

CSX
WRX I |
RDX
twrh Trdh
trdhfm

Note: Logic high and low levels are specified as 30% and-70% of VDD |

(VSS=0V, VDDI=1.65V:t0 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN MAX Unit Description
DCX tasT Address setup time 0 - ns
tAHT Address hole time 10 - ns
tcHw CSX “H” pulsewidth 0 - ns
fcs Chip select setup time (Write) 15 - ns
CSX trcs Chip select setup-time (Read ID) 45 - ns
trRCSFM Chip select setup time (Read FM) 355 - ns
tcsF Chip select wait time (Write/Read) 10 - ns
twe Write cycle 37 - ns
WRX twRrH Control pulse “H” duration 15 - ns
twRL Control pulse “L” duration 15 - ns
trc Read cycle (ID) 160 - ns
RDX(ID) tRDH Control pulse “H” duration (ID) 90 - ns When read ID data
tRDL Control pulse “L” duration (ID) 45 - ns
tRCFM Read cycle (FM) 450 - ns
- When read from frame

RDX(FM) tRDHFM Control pulse “H” duration (FM) 90 - ns memory
{RDLFM Control pulse “L” duration (FM) 355 - ns
tosT Data setup time 10 - ns

toHT Data hold time 10 - ns .

- For maximum CL=30pF
D[17:0] tRAT Read access time (ID) - 40 ns .
For minimum CL=8pF

{RATFM Read access time (FM) - 340 ns
topH Output disable time 20 80 ns

Note 1) VDDI=1.65 to 4.8V, VPNL=2.3 to 4.8V, VSS =0V, Ta=-30 to 70 °C (to +85 °C no damage)
Note 2) The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Logic high and low levels are specified as 30% and 70% of VDDI for Input signals.
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7.7.2 Serial Interface Characteristics (3-Pin Serial)

SCEX
tess tesh tenw
tscvew / tscver ——————>
v tsiw/ tsir
IH d
SCL / A\ >/
Vi | tstw/ tshr | 5% 7
tsos < te ] le tr
SDA
(SDI)
tacc ton
SDA
(SDO)
Fig..7.7:2.3-pin serial interface characteristics
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70° C)
Signal Symbol Parameter MIN MAX Unit Description
tscyew Serial clock cycle (Write) 37 - ns
tsHw SCL “H” pulse width (Write) 15 - ns
tsLw SCL “L”pulse width (Write) 15 - ns
tscycr Serial clock-cycle (Read GRAM) 150 - ns
SCL tSHR SCL “H™pulse width (Read GRAM) 60 - ns
tsLr SCL “L” pulse width (Read GRAM) 60 - ns
tscycr Serial clock cycle (Read ID) 150 - ns
tsHR SCL “H” pulse width (Read ID) 60 - ns
tsLr SCL “L” pulse width (Read ID) 60 - ns
tsbs Data setup time 10 - ns
SDI (SDO) tspH Data holfj time 10 - ns .
tacc Access time 10 50 ns For maximum CL=30pF
toH Output disable time 15 50 ns | For minimum CL=8pF
tcHw Chip select “H” pulse width 40 - ns
tcss Chip select setup time (Write) 15 - ns
CSX tcsH Chip select hold time (Write) 15 - ns
fcss Chip select setup time (Read) 60 - ns
tcsH Chip select hold time (Read) 60 - ns

Note 1) VDDI=1.65 to 4.8V, VPNL=2.3 to 4.8V, VSS =0V, Ta=-30 to 70 °C (to +85 °C no damage)
Note 2) The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Logic high and low levels are specified as 30% and 70% of VDDI for Input signals.
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7.7.3 Serial Interface Characteristics (4-Pin Serial)

SCEX
toss . tscvew / tscycr | e tosu > tenw
Vi AtSLW/ tsui
SCL v 77 t /t 5 7/
w7 | tsHw / tsHR | % ~
tsps < 1t —» e tr
SDA
(SDI)
tocs tocH
DC/X tace toH
SDA
(SDO)
Fig. 7.7.3 4-pin serial interface characteristics
(VSS=0V, VDDI=1.65V:t0 4.8V, VPNL=2.3V to 4.8V,Ta =-30 to 70°C)
Signal Symbol Parameter MIN MAX Unit Description
tscyew Serial clock cycle (Write) 37 - ns
tSHW SCL “H” pulse width (Write) 15 - ns
tsLw SCL “L” pulse width\(Write) 15 - ns
tscycr Serial clock cycle (Read GRAM) 150 - ns
SCL tsHR SCL “H’ pulse width'(Read GRAM) 60 - ns
tsLr SCL “L” pulse width (Read GRAM) 60 - ns
tscycr Serial clock cycle (Read ID) 150 - ns
tsHR SCL “H” pulse width (Read ID) 60 - ns
tsLr SCL “L” pulse width (Read ID) 60 - ns
tsbs Data setup time 10 - ns
SDI (SDO) tspH Data holfj time 10 - ns .
tacc Access time 10 50 ns For maximum CL=30pF
toH Output disable time 15 50 ns | For minimum CL=8pF
DG/X tbcs DC/X setup time 10 - ns
tocH DC/X hold time 10 - ns
tcHw Chip select “H” pulse width 40 - ns
fcss Chip select setup time (Write) 15 - ns
CSX tcsH Chip select hold time (Write) 15 - ns
tcss Chip select setup time (Read) 60 - ns
tcsH Chip select hold time (Read) 60 - ns

Note 1) VDDI=1.65 to 4.8V, VPNL=2.3 to 4.8V, VSS =0V, Ta=-30 to 70 °C (to +85 °C no damage)
Note 2) The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Logic high and low levels are specified as 30% and 70% of VDDI for Input signals.
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7.7.4 RGB Interface Characteristics

VS

HS

DE

PCLK \

X F

Vi T
ViL—¥% 7
w tvsyns N tvsynH |
< > | >
Vin
Vie 7
thveol . tuswns | | tHSYNH -
P < >
\
Vie tocss N tocsH

<

/) toHw

topH

—
—

D0~D23
Fig. 7.7.4 RGB interface characteristics
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)
Signal Symbol Parameter MIN TYP MAX Unit Description
VS tvsyns VSYNC setup time 10 - - ns
tvsYNH VSYNC hold time 10 - - ns
tHSYNS HSYNC setup time 10 - - ns
HS tscycr HSYNC hold time 10 - - ns
tHvPD HSYNC to VSYNC falling edge 0 - - ns
tocyc PCLK cycle time 40 - 125 ns
PCLK toLw PCLK "L" pulse width 10 - - ns
tDHW PCLK "H" pulse width 10 - - ns
foFREQ PCLK frequency 8 - 25 MHz
DE tocss DE setup time 10 - - ns
tbcsH DE hold Time 10 - - ns
D0~D23 tobs RGB Data setup time 10 - - ns
toDH RGB Data hold time 10 - - ns
Note 1) VDDI=1.65 to 4.8V, VPNL=2.3 to 4.8V, VSS =0V, Ta=-30 to 70 °C (to +85 °C no damage)
Note 2) The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Logic high and low levels are specified as 30% and 70% of VDDI for Input signals.
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Vertical Timing for RGB I/F

vs 1 B "
Tuep Tus Tver Tuep
D[23:0] | Note 3 l ______ I Note 3 |
Tver " Tose
DE l ______ I
Tvp

i YT THU T e UUT UL

Horizontal Timing for RGB I/F

N e ]
Ture 3 Ths i Tuep Thosip Thrr
DE
Thse
D[230] | Note!3 RN ] Noted |
(_)ETPCLK _-FH: _____
peu USRS LEZZ I I

Fig. 7.7.5 Vertical and Horizontal timing for RGB I/F

Signal Symbol Parameter MIN TYP MAX Unit Description
694 - 1023 HS 360x640
TVP Vertical cycle period 534 - 1023 HS 360x480
534 - 1023 HS 320x480
TVS Vertical "L" pulse width 2 - - HS
TVBP |Vertical back porch period 2 - 64 HS
VS TVFP  |Vertical front porch period 50 - 1023 HS
TVBL Vertical blanking period 54 - - HS TVS + TVBP + TVFP
- 640 - HS 360x640
TVDISP |Vertical active area - 480 - HS 360x480
- 480 - HS 320x480
TVRR |Vertical refresh rate 5 - 80 Hz Frame Rate
374 - - PCLK  ]360x640
THP Horizontal cycle period 374 - - PCLK  |360x480
334 - - PCLK  |320x480
THS Horizontal "L" pulse width 2 - - PCLK
HS THBP  |Horizontal back porch period 2 - 64 PCLK
THFP Horizontal front porch period 10 - 1023 PCLK
THBL Horizontal blanking period 14 - - PCLK |THS + THBP + THFP
- 360 - PCLK  |360x640
THDISP |Horizontal active area - 360 - PCLK  |360x480
- 320 - PCLK  ]320x480
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50 - - ns
- - 20 MHz
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

PCLK TPCLK |Pixel clock cycle time

Note 1) Measuring of input signals are using 0.3 x VDDI for low state and 0.7 x VDDI for high state.
Note 2) Data lines can be set to “High” or “Low” during blanking time — Don't care.
Note 3) HS is multiples of eight PCLK.
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7.7.5 MIPI DSI Timing Characteristics

7.7.5.1 High Speed Mode
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN TYP MAX Unit Description
DSI-CLK+/- 2xUlinsT | Double Ul instantaneous 4 - 25 ns
DSI-CLK+/- B::::; Ul instantaneous halfs 2 - 125 | ns | Ul=UINSTA=UINSTB
DSI-D0+/- tos Data to clock setup time 0.15xUlI - - ps
DSI-D0+/- {oH Data to clock hold time 0.15xUlI - - ps
DSI-CLK+/- torTcLk | Differential rise time for clock 150 - 0.3xUl ps
DSI-D0+/- IbRTDATA | Differential rise time for data 150 - 0.3xUl ps
DSI-CLK+/- {DFTCLK Differential fall time for clock 150 - 0.3xUl ps
DSI-D0+/- torTbaTA | Differential fall time for data 150 - 0.3xUl s

DSI-CLK+ i DSI-DO+
1 ‘0‘
5 A1 Y
DSI-CLK- i ) i E [ DSI-DO-
E UlinsTa i UlinsTe i
! \ ] DSI-CLK+
! 2xUlinst !
—————————————
] 1
DSI-CLK-
Fig. 7:7.6 DSI clock channel timing
torreLk torToLk
torroaTa tprTDATA
crfeerennes freons “20% .......... A —
) A reenne
DSI-CLK+/-,
OV reference DSI-D04/-
Full HS Swing Voltage
Fig. 7.7.7 Rising and fall time on clock and data channel
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7.7.5.2 Low Power Mode
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN TYP MAX Unit Description
Length of LP-00, LP-01, LP-10 or
DSI-DO+/- Tipxm LP-11 periods 50 - 75 ns Input

MPU - Display Module

Time-out before the display

DSI-D0+/- TTA-SUREM .
module start driving

TLrxm - 2xTLPxm ns Input

Length of LP-00, LP-01, LP-10 or
DSI-D0+/- Tipxp LP-11 periods 50 - 75 ns Output
Display Module > MPU

Time-out before the MPU start

DSI-D0+/- TTA-SURED » Tirxm - 2XTLPXm ns Output
driving
DSI-D0+/- TTA-GETD Time to drive LP-00 by display 5xTipxp - N ns Input
module
Ti ive LP-00 af
DSI-D0+/- TTA-GOD ime to drive LP-00 after 4xXTrxD - - ns Output
turnaround request - MPU
MPU is Controlling Control Change - 'Display Module is Controlling
Tiexm Tiexm Tiexm by g Tuexp Tuexo
-«— T -—
DSI-DO+ . _ ... L. .o iy JESUREN IR S S
DSI-DO- \ / N /
\ / Y /
N N -
LP-11 LP-10 LP-00 LP-10 LP-00 LP-00 LP-00 LP-10 LP-11
—_— e >
Tra-DETD
-
DSI-DO+ — - —: —:-—
DSI-DO-
Fig. 7.7.8 Bus Turnaround (BAT) from MPU to display module Timing
Display Module is Controlling Control Change
Tuexo Trexp Turexo v'-l-.l_ A-GOD b Tipxm Tipxm
DSKDO+ L._...._._._ i . ;TTasuReu I DU Sy
DSI-DO- i / \ /
\ / \, /
N G S S -
LP-11 LP-10 LP-00 LP-10 LP-00 LP-00 LP-00 LP-10 LP-11
e e e
DSI-DO+ —=—:—:—
DSI-DO-
Fig. 7.7.9 Bus Turnaround (BAT) from display module to MPU Timing
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7.7.5.3 DSI BURSTS

(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

Symbol Description | MmN [ TYP| mMAX | unit | Note
Low Power Mode to High Power Mode Timing (Data Lane)
Tipx Length of any low power state period 50 - - ns
THS-PREPARE Time to drive LP-00 to prepare for HS transmission 40+4xUI - 85+6xUl ns Note 2
THs-PREPARE+ | Thsprepare + time that the transmitter drives the HS-0 300 i i ns
Ths-zERO state prior to transmitting the Sync sequence.
To-TERMEN Time to enable data receiver line termination measured i i 354 4xUl ns
from when Dn crosses VILMAX
Time interval during which the HS receiver shall ignore 145 ns +
THS-SETTLE any Data Lane HS transitions, starting from the beginning | 85 ns + 6*Ul - 10°Ul ns
of Ths-PREPARE-
High Speed Mode to Low Power Mode Timing (Data L-ane)
Ths.skip Time-out at display module to ignore transition period of 20 i &5 1 4xUl ns
EoT
Ths.skip Time-out at display module to ignore transition period.of Wo i 55 axUl ns
EoT
THS-EXIT Time to drive LP-11 after HS burst 100 . - ns Note 2
Time to drive flipped.differential state.after last-payload max(&Ul,
THs-TRAIL ) A\ 60 ns+ - - - Note 1
data bit of a HS transmission burst
4*Ul)
High Speed Mode to/from Low-Power.Mode Timing (Clock Lane)
ToLkakss Timeout for receiver to detect absence of Clock transitions i i 60 ns
and disable the Clock Lane HS-RX.
Teucr\ Time that the MPU shall continue send.ihg HS clock after 60+52xUl i i i Note 2
the last associated data lane-has transition to LP mode
Time to drive HS differential state after last payload clock
TcLK-TRAIL ) > 60 - - ns Note 2
bit of a HS transmission burst
THs-EXIT Time to drive LP-11 after HS burst 100 - - ns
TcLk-PREPARE | Time to drive LP-00 to prepare for HS transmission 38 - 95 ns Note 2
Time-out at clock lane display module to enable HS
TCLK-TERM-EN . - - 38 ns
transmission
Toux-prepaRe Minimum lead HS-0 drive period before starting clock 300 - - ns Note 2
+ TCLK-ZERO
Time that the HS clock shall be driven prior to any
TcLK-PRE associated data lane beginning the transition from LP to 8xUlI - - ul
HS mode
Time interval during which the HS receiver shall ignore
TCLK-SETTLE any Clock Lane HS transitions, starting from the beginning 95 - 300 ns
of ToLk-PREPARE-
Transmitted time interval from the start of Ths.trarL OF 105 s +
Teor Towk-rar ,to the start of the LP-11 state following a HS - - 12°Ul - Note 2
burst.
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Note :
1.
2.

DSI_CLK+

Tiex

THS- PREPARE]
- el

If a > b then max( a, b) = a otherwise max(a,b)=b
Transmitter-specific parameter, the timing of transmitter shall meet this requirement.

OEOBOROEOO0

THS- SYNC

OOROOOOGR0

OBOBHC

Disconnect %
Terminator \ i
DSI-DO+ %
VIHLPRX (Min)
VILLPRX (Max) — —
EC | e CImW=(
-DO- J J_ i
Ths-TERM-EN Capture 1 -t SR\ >
- > Data Bit C _1a) LP-11
Ths- seTTLE \ | =
: THS- TRAIL THS- EXIT
LP-11 LP-01 LP-00 -t > >
Low Power Mode,
Low Power Mode, ) \ o Disable Rx Line
Disable Rx Line Termination High Speed Mode, Enable Rx Line Termination Termination
Fig. 7.7.10 Data lanes-Low Power Mode to/from High Speed -Mode Timing
Teor \ Tolk-serTie
Toik-miss % \- TCLKE?M—EN
R >
VIHLPRX (Min)
OO 0O00OB0O0X
DSI_CLK+ R N N
A OGRS [ O T
» ToLk-rost _ ‘TCLK—TRAIIL » Ths-exiT P TLPX‘IFE.K—PREPEE‘ TCLKVZERO‘ » T cLk-PRE | ‘TLPX‘ lHSﬁ"PARE
Disconnect HS-0/1 HS-0 LP-11 LP-01 LP-00 HS-0 HS-0/1
Terminator\ +
VIHLPRX (Min)
V ILLPRX (Max) y |—
DSIDO+  ———)— r%,
DSI-DO- ——%— 77%Jﬁ
Ths-skip
Fig. 7.7.11 Clock lanes- High Speed Mode to/from Low Power Mode Timing
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7.7.6 MDDI Timing Characteristics
(VSS=0V, VDDI=1.65V to 4.8V, VPNL=2.3V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN TYP MAX Unit | Description
,\'AVI DDDljliTDS:TB,&fli?AM 1/Thit Data transfer rate - 384 400 Mbps
,\;A DDDIDIiBS:TBKFI;VM |Tskew-pair| | Differential transfer input skew - - 0.25 ns
,\;A DDDIDIlBS;TBATfF{DAM |Tskew-data| | Data/Strobe input skew - - 03 ns

MDDI_DATA_P / MDDI_STB_P \\
Tskew-pair <P Tskew-pair
MDDI_DATA_M /MDDI_STB_M L

Fig. 7.7.12.Skew between MDDI positive and negative-signal-pair

MDDI_DATA P/M
Tskew-data Tskew-data
MDDI_STB_P/M

Fig. 7.7.13 Skew between MDDI_DATA_P/M and MDDI_STB_P/M
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7.7.7 Reset Input Timing

Shorter than 5us

RESX

Internal . . Initial Condition

Status Normal Operation Resetting (Default for HW reset)

Fig. 7.7.14 Reset input timing
(VSS=0V,. VDDI=1.65V ‘to 4.8V, VPNL=2.3V to4.8V,Ta = -30 to 70°C)
Signal Symbol Parameter MIN TYP MAX Unit Description
tRESW Reset "L" pulse width (Note 1) 10 - 2 us

i / 50 e When reset applied during

RESX . Sleep In Mode
tREST Reset complete-time (Note.2) . .
When reset applied during

Sleep Out Mode
Note 1) Spike due to-an electrostatic discharge on RESX line does not causeirregular system reset according to the table below.

- - 120 ms

RESX Pulse Action
Shorter than 5us Reset Rejected
Longerthan 10us Reset
Between 5us and 10us Reset Start

Note 2) During the resetting period, the display will be blanked (The display is entering blanking sequence, which maximum time is 120 ms,
when Reset Starts in Sleep Out —mode. The display remains the blank state in Sleep In-mode) and then return to Default condition for
H/W reset.
Note 3) During Reset Complete Time, value for Extended Instruction Code in flash memory will be latched to internal register during this
period. This loading is done every time when there is H/W reset complete time (taest) within 5ms after a rising edge of RESX.
Note 4) Spike Rejection also applies during a valid reset pulse as shown below:

10us

Reset is accepted

10ps

e P P P

_'H‘_WS Less than 1usec width positive spike will be rejected.
Note 5) It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command cannot be sent for 120msec
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7.7.8 Measurement Conditions

7.7.8.1 Trat, Tratem, TooH MEASUREMENT CONDITION
Measurement Condition Set-up

Sscilloscope

Data Generator See "NOTE"

Connector

él FPC OLED Panel

\ 4

External components for test condition
(pull-down and pull-up cases) which are
removed after test:

Resistor 3Kohm + 5%

Capacitor: 8 or 30pF = 10% - -
See "NOTE" Connector Pin / Measurement Point

NOTE:
Capacitances and resistances of the oscilloscope probe must be included externals components in these measurements.
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Minimum Value Measurement

RDX >
30% N
D[0:23] 100%
(pulled up)
D[0:23]
(pulled down) 0%

Measurement circuit pulled down

External components

on the connector pin

D[0:23] / \
(pulled down)

Measurement point

tODH

-

e 0%

|- 100%

Measurement circuit pulled up

VDDIO

External

3Kohm -|' Components on

the connector pin
\

(pulled-up)

SDA(SDO) \
\\i
\
<4

on the conntecor pin Measurement paint 8eF
i onthe conntecor pin
Maximum Value Measurement
70% /
RDX 72
30%Y—
< > tRAT/tRATFM < g tODH
D[0:23] /
(pulled up) N e S ™)
| - 100%
D[0:23] 80% e |
(pulled down) f R
Measurement circuit pulled down Measurement circuit pulled up
VDDIO
External components External
on the con\nector pin akohm | L | Components on
SDA (SDO)] / \ the connector pin
\

(pulled down)

Measurement point
on the conntecor pin

SDA (SDO)
(pulled up)

Measurement point

on the conntecor pin
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7.7.8.2 Tacc, Ton MEASUREMENT CONDITION
Measurement Condition Set-up

Sscilloscope

Data Generator See "NOTE"

Connector

él FPC OLED Panel

\ 4

External components for test condition
(pull-down and pull-up cases) which are
removed after test:

Resistor 3Kohm + 5%

Capacitor: 8 or 30pF £ 10% - -
See "NOTE" Connector Pin / Measurement Point

NOTE:
Capacitances and resistances ofthe oscilloscope probe must be. included externals components in these measurements.
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Minimum Value Measurement

70% /

SCL > 72
30% N

SDA (SDO) i /
(pulled up)

SDA (SDO) /// [T oo
(pulled down) . &
Measurement circuit pulled down Measurement circuit pulled up
VDDIO
Extctar:nal comptt)neqts External
on the con\nec or pin \or) | Components on
SDA (SDO) ./ \ the connector pin
(pulled down) P " SDA (SDO) \
< (pulled-up) N
; 3Kohm 8pF \
Measurement point <«
on the conntecor pin Measurement point 8pF
] on the conntecor pin

Maximum' Value Measurement

SCL SS 70% /
30%Y-

SDA (SDO) /

(pulled up) O e .

>

o

o
A

I 0%
SDA (SDO) sy — T
(pulled down) e
Measurement circuit pulled down Measurement circuit pulled up
VDDIO
Extstar:nal comp?neqts External
on the con\nec or pin akohm | lee Components on
SDA (SDO)] / \ the connector pin
(pulled down) " % SDA (SDO) \
e (pulled up) '
; 3Kohm 30pF
Measurement point
on the conntecor pin Measurement point

on the conntecor pin
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8 REFERENCE APPLICATIONS

8.1 MICROPROCESSOR INTERFACE
The display, which is using 80-series MPU interface, is connected to the MPU as it is illustrated below.

8.1.1 Interfacing with 3-Pin Serial Mode (IM3-0="1100’)

VDDI
MPU s NT35410
IM2
GND !l IM1
B
RESX .| Resx
CSX .| oo
GND I|———4—{ RDX, DC/X
SCL »| WRX(SCL)
SDI »| SD
< SDO SDO
D23 to DO,
PCLK; HS, VS, DE

8.1.2 Interfacing with 4-Pin Serial Mode (IM3-0="1101’)

VE2 NT35410
MPU IM3
IM2
GND 1| IM1
IMO
RESX > RESX
CSX > CSX
GND i|f———»{ RDX
D/CX »| DICX
SCL > WRX(SCL)
. SDA  soa
D23 to DO,
PCLK, HS, VS, DE
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8.1.3 Interfacing with 8080- 8 bit Mode (IM3-0="0000’)

MPU GNDH{ M3 NT35410
IM2
IM1
IMO
RESX A resx
CSX > CSX
D/ICX > DICX
RDX »| RDX
WRX = WRX(SCL)
D7 to DO »| D7.ta DO
D23 to D8
l SDO,SDI
GNDL PCLK, HS, VS, DE

8.1.4 Interfacing with 8080- 9 bit Mode (IM3-0="0001")

VDD
NT35410
MPU GND 1 IM3
IM2
IM1
IMO
RESX J resx
CSX
> CSX
DICX
> DICX
RDX
> RDX
WRX
> WRX(SCL)
D8 to DO > D8 to DO
D23 to D7
SDO,SDI
GNDL PCLK, HS, VS, DE
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8.1.5 Interfacing with 8080- 16 bit Mode (IM3-0="0010’)

VDD
NT35410
MPU GND i IM3
IM2
IM1
IMO
RESX J resx
CSX
> CSX
DICX
> DICX
RDX
> RDX
WRX
> WRX(SCL)
D15 to DO > D15'to DO
D23 to D16
SDO,SDI
oDl PCLK; HS, VS, DE
8.1.6 Interfacing with 8080- 18 bit Mode (IM3-0="0011’)
VDD
NT35410
MPU GND f—te— IM3
L w2
IM1
IMO
RESX > RESX
CSX
> CSX
b/ex > DICX
RDX
> RDX
WRX
» WRX(SCL)
D170 DO > D17 to DO
D23 to D18
l SDO,SDI
GND L PCLK, HS, VS, DE
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8.1.7 Interfacing with 8080- 24 bit Mode (IM3-0="0100’)

VDD
NT35410
MPU GND 1 IM3
IM2
IM1
IMO
RESX » RESX
CSX
> CSX
RDX
> RDX
WRX
> WRX(SCL)
D23 to DO »{\D23 to DO
SDO,SDI
PCLK, HS, VS, DE
GND_L

Note: Connecting \CLK_F/N and DO_P/DQ. N to LVDSVSS and left LVDSVDD and VCCM12 open (not used)
when using 80-series MPU interface.

8.1.8 Interfacing with RGB Mode 1.with 3-SPI (IM3-0="1001’)

vDDI
NT35410
MPU GND IM3
| . M2
L w1
RESX > :QAEOSX
csx
- »| CsX
: 50O S00
scL
» WRX(SCL)
Graphic D23 to DO > D23 to DO
Controller PCLK, HS, VS, DE »| PCLK. HS. VS. DE
T D/CX, RDX
GND_L
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8.1.9 Interfacing with RGB Mode 2 with 3-SPI (IM3-0="1001")

VDDI
NT35410
MPU GND ¢— IM3
1l IM2
T— IM1
IMO
RESX > RESX
CoX ~ CsX
SDI »| SDI
g = SDO
» WRX(SCL)
Graphic D2310D0 /0 .| pp3taDo
Controller PCLK, HS,-VS

>-PCLK;HS, VS

T D/CX, RDX, DE
GND L

Notes:

1. Connecting D23, D22, D15,.D14, D7 and D6 to VSS when using 18-bit/pixel (VIPF[3:0]="0110").
Connecting D23, D22, D16, D15, D14, D7, D6 and DO to VSS when using 16-bit/pixel (VIPF[3:0]="0101").

2. Connecting CLK_P/CLK_N and DO _P/D0O_N to LVDSVSS and left MVDDI and LVDSVDD open (not used)
when using RGB with SPI interface.
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8.1.10 Interfacing with MIPI DSI Mode with TE Line (IM3-0="1110’)

VDDI
MPU g NT35410
IM2
GND IM1
|||7 IMO
RESX

TE > RESX

- TE

__ DSI-DO+ / DSI-DO-
DSI-CLK+ / DSI-CLK-

> DATAPO / DATANOD
CLKP /CLKN

Y

VDDI
DC/X, WRX, RDX;,
CSX

SDA,PCLK, HS,VS;
GND=L DE;D23-D0

Note: Bit DSITE should be 1", the TE-line is enabled,-when using this application.

8.1.11 Interfacing with MIPI DSI Mode without TE Line (IM3-0="1110°)

VDDI

MPU g NT35410

IM2

GND IM1

|||7 IMO

RESX
> RESX
— TE
DSI-D0+ / DSI-DO-
< > DATAPO / DATANO
DSI-CLK+ / DSI-CLK- »| CLKP / CLKN

VDDI
DC/X, WRX, RDX,

cSX
SDA,PCLK, HS,VS,
GND_L — | DE,D23-D0

Note: Bit DSITE should be “0”, the TE line is disabled, when using this application. The command 35h TEON
cannot active the separated TE line.
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8.1.12 Interfacing with MDDI Mode with TE Line (IM3-0="1111")

VDDI
NT35410
MPU IM3
IM2
IM1
IMO
RESX .
TE -
. TE
DO P /DO N
-« — » DATAPO / DATANO
CLK P/CLKN »| CLKP / CLKN
VDDI
DC/X, WRXRDX,
csX
SDA,PCLK, HS,VS,
GND_IT = | DE,D23:D0

Note: If 3SPI is no need to.use, please connect DC/X,WRX,RDX,CSX to’VDDI
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8.2 CONNECTIONS WITH LCD PANEL

RGB filter order=RGB(from left top of the panel) RGB filter order=BGR(from left top of the panel)
CASE1 CASE 2
G64011.B R ——— 6% SMX=0 G640 (RGge cess SMX=0
SMY =0 : : SMY =0
SRGB=0 SRGB=1
; . S1=FilterR : : S1 = Filter B
u| B .
e “d et S2=FilterGl | g o o ~S2=Filter G
S1080 S1 S 3 = Filter B S1080 S1 S3 =FilterR
G640 Bumps down | G639 G640 Bumps down | G639
G2 IS 5410 G1 G2 NT 35410 G1
CASE3 CASE4
G640 r RGBL G639 SMX = 1 G640 | B6—R— P G639 SMX = 1
: . SMY=0 SMY =0
SRGB=0 SRGB=1
» e /S1=FiterB| = o B s S1=FilterR
62 (5D & \S2=Filter Gl @ [D——>" |&  S2=FilterG
$1080 S1 — $1080 s1 -
S Ir— S S 3 =FilterR o T o S3 =FilterB
G2 NT 35410 G1 G2 NT 35410 G1
CASE5 CASE 6
G1 BNT35?110 G2 SMX =1 G1 NT35410 G2 SMX =1
686139 P S(iggg SMY =1 086139 Bumps down Sﬂ;ggg SMY =1
N s SRGB=0 O T — s SRGB=1
G3 G4 G3 G4
: : S1 = Filter B : : S1 = Filter R
S2 = Filter G S2 = Filter G
S3 =FilterR E S3 = Filter B
G639 4—@ G640 663:9 Start GE‘;40
CASE 7 CASE 8
G1 NT35410 G2 SMX =0 G1 . NT35‘;10 G2 SMX =0
(586139 Bumps down Sﬂ;ggg SMY = 1 (386139 umps down Sﬁggg SMY - 1
Gi|rRes——  » - SRGB=0 Gll Be&R——p G2 SRGB=1
G3 G4 G3 G4
' " S1=FilterR : . S1=FilterB
S2 = Filter G . S2 = Filter G
: - S3=FilterB : B E ©  S3=FilterR
663'9 (Start). » 6640 663.9 @ Gé4o
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8.3 EXTERNAL COMPONENTS CONNECTION

Pad Name Connection Typical Capacitance Value
VDDI I/O Pad Power input, Connected to capacitor (Max. 6V): VDDI ----||---- GND | 1.0uF, Optional
VPNL Analog Power input, Connected to capacitor (Max. 6V): VPNL ----||---- GND | 1.0uF, Optional
VREF Reference power used, Connected to capacitor (Max. 6V): Vref ----||---- GND | 1.0uF,
VCC Internal Logical used, Connected to capacitor (Max. 6V): VCC ----||---- GND 1.0uF, Necessary
NVDDI Internal Logical used, Connected to capacitor (Max. 6V): NVDDI ----||---- GND | 1.0uF, Necessary
AVSS Analog ground (Connected to GND)
VSSR Regulator ground (Connected to GND)
LVDSVSS MIPI ground (Connected to GND)
CVSS Booster ground (Connected to GND)
VSS Digital ground (Connected to GND)
LVDSVDD For MIF.’I, Connected .to capac-itor- (Max. 6V): LVDSVDD ----||---- GND 1.0F, For MIPI / MDDI Only
If MIPI is not used, this capacitor is not necessary
VCOM12 For MII?I, Connected .to capac?itor. (Max. 6V): VCCM12 ----||---- GND 1.0uF, For MIPI Only
If MIPI is not used, this capacitor is not necessary
C41P, C41N Connected to capacitor (Max: 16V): C41P «---||---- C41N 1.0uF, Necessary
C51P, C51N Connected to capacitor (Max. 16V):\C51P ----||---- C51N 1.0uF, Necessary
C31P, C31N Connected-to.capacitor (Max. 10V): C31P ----||===- C31N 1.0uF, Necessary
C21P, C21N Connected to capacitor (Max. 10V): C21P ----||---- C21N 1.0uF, Necessary
C22P, C22N Connected to capacitor (Max. 10V): C22P ----||---- C22N 1.0uF, Necessary
C23P, C23N Connected to capacitor (Max. 16V): C23P ----||---- C23N 1.0uF, Necessary
C11P, C11N Connected to capacitor (Max. 6V): C11P ----||---- C11N 1.0uF, Necessary
C12P, C12N Connected to capacitor (Max. 10V): C12P ----||---- C12N 1.0uF, Necessary
C13P, C13N Connected to capacitor (Max. 10V): C13P ----||---- C13N 1.0uF, Necessary
PAVDD Connected to capacitor (Max. 10V): PAVDD ----||---- GND 2.2uF, Necessary
NAVDD Connected to capacitor (Max. 10V): NAVDD ----||---- GND 2.2uF, Necessary
VGH Connected to capacitor (Max. 25V): VGH ----||---- GND 2.2uF, Necessary
VGL/NGLO Connected to capacitor (Max. 25V): VGL ----||---- GND 2.2uF, Necessary
DIOPWR Connected to capacitor (Max. 6V): DIOPWR ----||---- GND 1.0uF, Necessary
VCOM Connected to capacitor (Max. 6V): VCOM ----||---- GND 2.2uF, Necessary
VCL Connected to capacitor (Max. 6V): VCL ----||---- GND 2.2uF, Necessary
VGL Connected to schottky diode: VGL ----»| ---- GND Schottky diode, Optional
VF<0.42V (@IF=100mA), VR=30V
https://Datasheetspdf.com/
2011/10/06 449 V2.0

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.


S1
텍스트 입력기
https://Datasheetspdf.com/





