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1. General Description

1.1 Purpose of this Document

This document has been created to provide complete reference specifications for the NT35590. IC designers, testing engineers and

application engineers should refer to these specifications for circuits design, quality/performance control, and IC applications for customer.

1.2 General Description
The NT35590 device is a single-chip solution for LTPS TFT LCD that incorporates gate drivers and is capable of 800RGB x 1280 (Portrait),

768RGB x 1280 (Portrait), 720RGB x 1280 (Portrait). It includes a 1,536,000 bytes internal memory (Half-RAM Architecture), a timing controller

with glass interface level-shifters, a VCOM driver and a glass power supply circuit.

The NT35590 supports MIPI Interface, 24 bits RGB interface, and serial peripheral interfaces (Lossi SPI). The specified window area can be

updated selectively, so that moving pictures can be displayed simultaneously independent of the still picture area.

The NT35590 is also able to make gamma correction settings separately for RGB dots to allow benign adjustments to panel characteristics,
resulting in higher display qualities. The IC possesses internal \GRAM that stores half of-800-RGB x 1280-dot-16.7-7M-color image, as well as
internal boosters that generate the LLCD driving.voltage, breeder resistance and yoltage follower. circuit for the LCD driver. A deep standby mode

is also supported for lower power consumption.

The NT35590.also supports CABC function-for.the ‘backlight control. It's able to reduce the total power consumption of display module

significantly.

This LSl is suitable for small~or. medium-sized portable mobile solutions requiring long-term driving capabilities, including bi-directional

pagers, digital audio players, cellular phones and handheld PDA.
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2. Features

® Single-chip WXGA/HD720 LTPS Controller / Driver.

® Display Resolution

800RGB x 1280 (1:3 Multiplexer for source driver, Source output from S1 to S800)
768RGB x 1280 (1:3 Multiplexer for source driver, Source output from S1 to S384 and S417 to S800)
720RGB x 1280 (1:3 Multiplexer for source driver, Source output from S1 to S360 and S441 to S800)

® Display Data Memory: 1,536,000 bytes (12,288,000 bi ts)

® Display Modes

Full Color Mode: 16.77M-colors
Reduced Color Mode: 262K-colors
Reduced Color Mode: 65K-colors
Idle Mode: 8-colors

Supported Normal Display Mode and Partial Display Mode

® [nterface

8-bit (LoSSI) Serial Peripheral Interface (SPI)

16bit, 18-bit, 24-bit RGB interface

MIPI DSI Interface (D-PHY: V1.00.00 , DSI:1.01.00, DCS:1.01.00)

MIPI I/F Supported 2 or 3 or 4 data lanes (Lane number is selected by register BAh of CMD1 in MIPI LP mode, or the register can

be programmed by MTP)

® Display Features

2012/03/30

Conditional window address functions for specifying a rectangular area on the internal RAM to write data
Individual gamma correction setting for RGB dots

Deep Standby function
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® On Chip Function

B DC/DC converter

B VCOM voltage generator

B Supports control signals (CGOUT_R1~R27, CGOUT_L1~L27) to gate driver in the LCD panel
B Provide OTP (1 time) to store related Power, LTPS setting, and gamma setting

B Provide MTP (3 times) to store VCOM, ID1, ID2, ID3 and DDB calibration

B Oscillator for display clock generation

B On module checksum checking

B GRAM Data Compression/De-compression Function

m  3D-Barrier Control Function ©""")

B Image Enhancement Technology

® Content Adaptive Backlight Control (CABC) Function
B Histogram analysis & data process
B Moving picture auto-detect mode.
B Dimming control
B Two-level PWM controlline (LEDPWM) for the display backlight control

B Only supported'in full display mode

® Supply Voltage Range
B Analog supply.voltage range VCI to AVSS: 2.5V to 4.8V
B 1/O supply voltage range for VDDI to VSS: 1.65V to 3.6V

B MIPI DSI supply voltage range for VDDAM to VSS: 1.7V to 4.8V (VDDAM can connect to VDDI or VCI)
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® Output Voltage Level

B Source output voltage level: GVDDP (2.2V ~ 5.25V) ~ 0.2V, GVDDN (-2.2V ~ -5.25V) ~ -0.2V

B Positive gate driver output voltage level: VGH-VSS = VCI+AVDD, 2 x AVDD, 2 x AVDD - VCL
VGHO = +6V ~ +11V

B Negative gate driver output voltage level: VGL-AVSS = VCL - AVDD, 2 x VCL - AVvDD
VGLO @7V = -4y ~ 7.1V

B Common electrode output voltage level: VCOMDC3 = -2V to +1V

® 3D-Barrier output voltage level for panel : VDC1 ©"™" = +3v ~ +5.5V
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3. Block Diagram
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4. Pin Description

4.1 Pins for Power Input

- Power supply to the liquid crystal power supply analog circuit. Connect VCI to an external power
VCI Power Supply
supply (VCI = 2.5V to 4.8V).
VCI_DET Power Supply - Please connect to VCI.
- Power supply to the 1/O.
VDDI Power Supply
- VDDI = 1.65V to 3.6V
- Power supply for MIPI interface.
VDDAM Power Supply
- VDDAM = 1.7V ~ 4.8V
VSS Power Ground - Ground for digital logic. VSS = 0V
AVSS - Ground for the analog unit.(regulator, liquid,crystal’power supply circuit)..AVSS = 0V.
Power Ground
AVSS_DC - In case of .COG, connect AVSS.to VSS on the FPC to prevent noise.
- Ground for the charge pump."CVSS = 0V.
CVSs Power Ground
- In.case of COG,connect CVSS to VSS on the FPC to prevent noise.
-'Ground for the High Speed.Interface regulator. VG-HSSI= 0V.
VG_HSSI Power Ground
- In case of COG, connect VG_HSSIt0-VSS on the FPC to prevent noise.
- Input power forMTP.programming.
MTP. PWR Power Input - The\input power range: 7.5V +/- 0.1V
-When not under programming, MTP_PWR pin can be floating or tied to ground.
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4.2 Pins for SPI Interface

- Chip select input pin of NT35590.
Digital Input CSX ="0" (VSS): Selected (accessible)
CSX
(vDDI - VSS) CSX =*“1" (VDDI): Unselected (not accessible)
- If not used, please pull it to VDDI.
- WRX: For Novatek engineering mode used.
Digital Input
WRX_SCL - SCL: A synchronous clock signal in serial interface operation.
(vVDDI - VSS)
- If not used, please pull it to VDDI.
Digital Input - SDI: Serial data input pin (SDI) in serial interface operation.
SDI
(vDDI - VSS) - If not used, please pull it to VSS.
- Serial data output pin (SDO) in serial interface. operation. If, the. host places the SDI line into
Digital Output
SDO high-impedance state during the,réad intervals; then the SBI'and SDO can be tied together.
(vDDI - VSS)
- If not used, please let-it-floating.

4.3 Pins for RGB Interface

Digital Input - Data enable signal in RGB |/F mode:

DE
(vDDI - VSS) - If notiused, please pullit'to VSS.
DigitalInput - Pixel clock-signal in RGB I/F mode

PCLK

(vDDI = VSS) -if not used, please pull it to VSS.
Digital Input - Horizontal sync. signal in RGB I/F mode

HS
(vDDI - VSS) - If not used, please pull it to VSS.
Digital Input - Vertical sync. signal in RGB I/F mode.

VS
(vDDI — VSS) - If not used, please pull it to VSS.

Digital I/0 - 24-bit data bus for RGB I/F mode or Novatek test output mode.
D0~D23
(VDDI — VSS) - If not used, please let these pins floating.
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4.4 Pins for MIPI Interface

- DSI_CLK positive/ negative in MIPI interface.

- HSSI_CLK_P/N are differential small amplitude signals. Ensure the trace length is shortest so that the -
MIPI COG resistance is less than 10 ohm.

HSSI_CLK_P/N
Input - For MIPI I/F, if deep standby mode is used, please pull HSSI_CLK_P/N to VSS after issuing deep
standby command

- If not used, please pull it to VSS.

- MIPI positive/negative data signal line.

- HSSI_DO_P/N are differential small amplitude signals. Ensure the trace length, is shortest so that the
MIPI COG resistance is less than 10 ohm.

HSSI_DO_P/N
110 - For MIPI I/F, if deep standby mode is used,-please pull-HSSI.  DO_P/N to VSS after issuing deep

standby command

- If not used, please pullit to VSS.

- MIPI positive/-negative data signalline.

- HSSI_D1_P/N are-differential small amplitude signals. Ensure the trace.length is shortest so that the
MIPI COG resistance.is‘less than 10 ohm.

HSSI_D1_P/N
Input - For. MIPI I/F, if deep standby mode is\used, please pull HSSI_D1_P/N to VSS after issuing deep

standby command

- If not used, please-pull it to VSS.

- MIPI positive/ negative data signal line.

- HSSI_D2_P/N are differential small amplitude signals. Ensure the trace length is shortest so that the
MIPI COG resistance is less than 10 ohm.

HSSI_D2_P/N
Input - For MIPI I/F, if deep standby mode is used, please pull HSSI_D2_P/N to VSS after issuing deep

standby command

- If not used, please pull it to VSS.

- MIPI positive/ negative data signal line.

- HSSI_D3_P/N are differential small amplitude signals. Ensure the trace length is shortest so that the
MIPI COG resistance is less than 10 ohm.

HSSI_D3_P/N
Input - For MIPI I/F, if deep standby mode is used, please pull HSSI_D3_P/N to VSS after issuing deep

standby command

- If not used, please pull it to VSS.
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4.5 Pins for CABC

- This pin is used to connect to the external LED driver of panel backlight control.

- PWM type control signal for determining brightness of the LED backlight.
Digital Output ] . . . . .
LEDPWM - The duty width of this LEDPWM signal is set by an 8-bit value to determine the duty from 0%

(vDDI - VSS) )
(Low) and 100% (High).

- If not used, please open this pin.

4.6 Pins for Interface Control

Selects the interface to MPU.(VDDI.-VSS amplitude signal).
0 0 0 Reserved Reserved Reserved
0 0 1 Reserved Reserved Reserved
Digital Input 0 1 0 Reserved Reserved Reserved
IM2-0
(VDDI - VSS) o 1 1 Reserved Reserved Reserved
RGB + SPI (8-bit Type SPI) D23-0
1 0 0 65k, 262k, 16.77M
(SCL Rising Edge trigger) SDI/SDO
RGB + SPI (8-bit Type SPI) D23-0
1 0 1 65k, 262k, 16.77M
(SCL Falling Edge trigger) SDI/SDO
HSSI_CLK_P/N, HSSI_DO_P/N, HSSI_D1_P/N
1 1 0 MIPI 65k, 262k, 16.77M
HSSI_D2_PIN, HSSI_D3_P/N
2012/03/30 15 Version 0.05
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4.7 Pins for Logic Function Control

- This signal will reset the device and must be applied to properly initialize the chip. Signal is active
Low.
RESX Digital Input - There is no internal pull high resistor for this pin.
- Frame head pulse signal. Utilize this signal when synchronizing RAM data write operations.
Digital Output
FTE - The output voltage level of FTE pin is determined by VDDI.
(VDDI - VSS)
- If not used, please let this pin floating.
- This signal is used for noise sensing of TP (Generating a pulse output per scan line fromNT35590).
Digital Output
FTE1 - The output voltage level of FTE1 pin is determined by VDDI.
(vDDI - VSS)
- If not used, please let this pin floating.
- BOOSTM [1:0] is usedto select booster mode- DD and AVEE.
BOOSTM[1:0] AVDD AVEE EXTSDB_P EXTSDB_N
00 Internal CP Internal CP. Low Low
High
01 External AvDD Internal CP Low
(when SLPOUT)
High High
BOOSTM[L:0] Digital Input 10 External AVvDD External AVEE
(when SLPOUT) | (when SLPOUT)
11 Reserved Reserved Reserved Reserved
For example, if BOOSTM[1:0]=01, the EXTSDB_P andTESDB_N pins will go high in the SLP-OUT
sequence and go low in SLP-IN sequence. Once tfie&SEB_P and EXTSDB_N pins both turn high
(vVDDI level), these two pins will enable the extarbooster circuits or LDO to supply7V~ 6Vto AVDD
and-5.7V~ -6Vto AVEE.
output - This pin is used to enable or disable external positive power.
EXTSDB_P (VDDI-GND) - If not used, please let this pin open.
output - This pin is used to enable or disable external negative power.
EXTSDB_N (VDDI-GND) - If not used, please let this pin open.
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4.8 Analog Output for Display Driving

VCOMDC3 Analog Output - VCOMDCS3 signal output.
VGHO_R/L Analog Output - VGHO voltage output for panel use
VGLO_R/L Analog Output - VGLO voltage output for panel use

- Liquid crystal application voltage output lines.

- If select less than 800 channels, extra sources will output Hi-Z.

GM[1:0] Panel Type Source Channel
S1 to S800 Analog Output 00 800x1280 S1~'S800
01 768x1280 S1 ~'S384, S417.~S800
10 720x1280 S1 ~ S360, S441 ~ S800
11 Reserved Reserved

Note: GM[1:0] is set by Reg. 00h of CMD2 Page 0.

4.9 LTPS Panel Control Signals

CGOUT_R1~R27 Digital Output - These pins are used for LTPS control signal.

CGOUT_L1~L27 (VGHO - VGLO) - Please let non-used pins floating.
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4.10 Power Supply Pins

VDD LDO output - Power supply to the internal logic regulator circuit.
- Output Voltage from the step-up circuit
AVDD Charge Pump Output or - External Power input for Source driver.
Power input - AVDD = 1.5xVCI, 2xVClI, 2.5xVClI, or 3xVCI
- Please refer to BOOSTM [1:0] for power mode selection.
C11P/C11IM
C12P/C12M
C13P/C13M
C14P/C14M - Capacitor connection pins for the step-up circuit which generate AVDD.
Analog Output
C15P/C15M - If not used, please let these pins floating.
C16P/C16M
C17P/C17M
C18P/C18M
- Output Voltage fromthe step-up-Circuit
AVEE Charge Pump Output or - External Power input for Source driver.
Power input - AVEE = -1.5xVCI, -2xVClI, -2.5xVCI, or -3xVCI
- Please refer to BOOSTMI[1:0] for power mode selection.
C31P/C31M - ‘Capacitor-connection pins;for the step-up circuit which-generate AVEE.
Analog Output
C32P/C32M - If not used, please let these pins floating.
- Outputivoltage from the step-up-circuit.
VCL Charge Pump Output
VCL =-1x VCI1
C41P/C41M - .Capacitor.connection pins for the step-up circuit which generate VCL.
Analog Output
C42P/C42M - If not-used, please let these pins floating.
VGH Charge Pump.Output - Output voltage from the step-up circuit, generate from AVDD, VCI and VCL.
VGL Charge Pump Output - Output voltage from the step-up circuit, generated from AVDD and VCL.
C21P/C21M
C22P/C22M - Capacitor connection pins for the step-up circuit which generate VGH and VGL.
Analog Output
C23P/C23M - If not used, please let these pins open.
C24P/C24M
- Positive LDO output for LTPS power generator.
VGHO Analog Output
- Connect a capacitor to stabilize output voltage.
Ot - Negative LDO output for LTPS power generator.
VGLO (©ption) Analog Output
- Connect a capacitor to stabilize output voltage.
- DC power supply to analog circuit, and VCI1 = 2.5V ~ 3.05V.
VCI1 LDO Output
- Connect a capacitor to stabilize output voltage.
- Voltage level generated from VREF. Positive LDO output for gray scale voltage generator.
GVDDP LDO Output
- Connect a capacitor to stabilize output voltage.
- Voltage level generated from VREF. Negative LDO output for gray scale voltage generator.
GVDDN LDO Output
- Connect a capacitor to stabilize output voltage.
VREF LDO Output - Reference voltage output from the internal reference voltage generating circuit.
- Internal logic regulator output for MIPI high speed interface usage.
VP_HSSI LDO Output
- Connect a capacitor for stabilization.
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4.11 Test and Dummy Pins

COGTEST [1-2]

COGTEST [3-4] Output - COG bumping test pin of driver IC. Each pair of COGTEST pin is internal short.

COGTEST [5-6]

- These pins are dummy (possess no function inside), and are not accessible to user.

Dummy - .

- Please open these test pins.

- This pin is used for Novatek engineering mode.
FRM Input . -

- Please tie this pin to VSS.

- This pin is used for Novatek engineering mode.
DCX Input . -

- Please tie this pin to VDDI.

- This pin is used for Novatek engineering mode.
RDX Input

- Please tie this pin to VDDI.

4.12 3D-Barrier Control Pins 97

-'For 3D-barrier panel use. Please connect a.capacitor to stabilize output voltage.
VDC1 Analog Output
- If not.used, please let this pin open.
Output - 3D barrier control signal.
TOP_.COM -
(VDC1 — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
TOP_PATEN o
- (VDC1 — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
BOTM_COM I
- (VDC1 — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
BOTM_PATEN L
- (VDC1 - GND) - If not used, please let this pin open.
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5. Function Descriptions

5.1 Interfaces (RGB / SPI)
The NT35590 provides SPI interfaces (8-bit) and RGB interface. The interface can be determined by IM2 ~ IMO pins (see the below table).

User can read / write the registers or RAM via MIPI interface. SPI Interface (8-bit) only supports register read/write access.

e Interface Avallable Colors

Reserved Reserved Reserved
0 0 1 Reserved Reserved Reserved
0 1 0 Reserved Reserved Reserved
0 1 1 Reserved Reserved Reserved
RGB + SPI Interface (8-bit Type D[23 : 0] for RGB
! 0 0 (SCL Rising Edge(‘l'rigger);p ) SDI[and S]DO for SPI .6 G SO
RGB + SPI Interface (8-bit Type D[23 : 0] for RGB
! 0 ! (SCL Falling Edge(Trigger);p ) SDI[and S]DO for SPI (.5 TG S
HSSI_CLK_P/N, HSSI_DO_P/N, HSSI_D1_P/N
1 1 0 MIPI Interface HSSI_D2_PIN, HSSI_D3_PIN 65k, 262k, 16.7M

Table 5.1.1 Interface Selection of NT35590
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5.1.1 Serial Interface (8-bit Type SPI)
The NT35590 provides 8-bit type, 3-wires SPI, it's also called “LoSSI”". LoSSI supports 8-bit address with 8-bit type parameter(s).

Serial data must be input to SDA in the sequence D/CX, D7 to DO. The external host reads the data at the rising / falling edge of SCL signal.
The first bit of serial data D/CX is data/command flag. When D/CX = "1", D7 to DO bits are display RAM data or command parameters. When
D/CX ="0" D7 to DO bits are commands.

SCL is not a continuous clock and it can be stopped by the host CPU when SCL is low or high after a rising / falling edge of SCL for DO in the

writing mode. SCL and SDA can be high or low when there is a falling or rising edge of the CSX.

5.1.1.1 Command Write for LoSSI (8-bit Type SPI)
The host CPU drives the CSX pin low and starts by setting the D/CX-bit on SDA. The bit is read by the displayon the first rising edge of SCL.
On the next falling edge of SCL the MSB data bit (D7) is set on SDA by the CPU. On the next falling edge of SCL the next bit (D6) is set on SDA.

This continues until all 8 Data bits have been transmitted as shown in below diagram.

| | |

:: ommand :: :: ommand Or parameter  ———
t t t

|

| |
SDA <0 Ko7 X068 X 05 X 04 X 03 X D2 X b1 X D0 Horex 07 X 06 X b5 X b4 X 3 X b2 X D1 X b0}
1 | | |
SCL

Serial Bus (8-bit Type). Protocol for, Command Write Mode
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5.1.1.2 Read Functions for LoSSI (8-bit Type SPI)
8-bit Reading Function Without Including Dummy Cloc

Reading Commands R05h, ROAh, ROBh, ROCh, RODh, ROEh
| [

k Cycle

, ROFh, RDAh, RDBh, RDCh.

I Read Command -

] 1

CsX

D d »

Command -

=

Hi-z |

K0 XD7X 08 X5 X 04X B3 X 02X PLX DO

| |
| t
|
T r
| | |
Host SCL | : |
| |
™~
|
1

MPU SDA K XD BEXBEXBEX DX EEXEDX B0
orver {60 soA—4 = KODXDE XXX X BDX DD TN —
1 !
MCU Data Tx Start LCD Data Tx Start MCU Data Tx Start

Note: ID Data length is 8-bits.

24-bit Reading Function With Including Dummy Clock Cycle

Reading Command R04h.

Dummy Clock Cycle
! Read Command : I 1D d —” :

Command ——»

CsX

— !

k
| |
Host SCL 1 i 1 j f f f I | f f f f f f f f f
- |

MPU SDA 0@@@@@@@ Do

i

i

) { | Hi-z i
Driver < |.CD SDA | i
1

MCU Data Tx.Start

Note: ID Data length. is 24-bits.
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22

K X0 XD7XBEXDEXBEXEDXEEXEDE0>

MCU Data Tx Start
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5.1.1.3 Display Module Data Transfer Recovery for L 0SSl (8-bit Type SPI)

If there is a break in data transmission while transferring command, Frame Memory Data or Multiple Parameter command Data, before a
whole byte has been completed, then the Display Module will 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:

A

I |
P . | Break | | d ;
'-Comm m - _—— = “f————————Comm m
omman arameter )/— \ : ommand or parameter

CSX

| | | |
Hostd  SDA B CRC CHCD G = ) C)C Y CHCHCCD
| | | |

scc. 1 f1Lf1fLffr N I A O S O

LoSSI and Break

If a 1 or more parameter command is being sent and a break occurs while sending any parameter before the last one and if the host then
sends a new command rather than retransmitting the parameter that was interrupted, then the parameters that were successfully sent are stored

and the parameter where the break occurred is rejected. The interface.is ready to-receive next byte as shown:

1. Middle of Frame:

Break

Parameter 1 Parameter 2
Command  {ss===== . The old value is Command
Store to register .

kept on the register

2. Between Frames:

Without break

Command | Parameter 1 t=—p» Parameter 2 —P»| Parameter 3

Ignored parameter

With break AL
N
Parameter 2 Parameter 3
; Parameter 1 The old value is The old value is
Command Store to register > kept on the > kept on the
register register
Parameter
Break
Command 2 | : for
Command 2
Note: Break can be e.g. another command or noise pu  Ise
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5.1.1.4 Display Module Data Transfer Pause for LoSSI ( 8-bit Type SPI)

It will be possible when transferring Frame Memory Data, Command or Multiple Parameter Data to invoke a pause in the data transmission.
If the Chip Select Line is released after a whole byte of Frame Memory Data, Command or Multiple Parameter Data has been completed, then the
Display Module will wait and continue the Frame Memory Data, Command or Parameter Data Transmission from the point where it was paused

as shown below:

A

|
| Break |
-¢——Command/Parameter =——p» — — — — — — — — — \ ———Command or parameter

-—— i |
I N |
R e € €Y Y D € _AexK 073X D63 b5 X 4 X 03X 023X DX B0 )
I Lo |

= I O R O 5 N A A

LoSSI and Pause

CSX

There are 4 cases where there is possible to see this kind of pause:
(1) Command - Pause - Command
(2) Command - Pause - Parameter
(3) Parameter - Pause - Command

(4) Parameter - Pause — Parameter
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5.1.1.5 Display Module Data Transfer Modes for LoSSI  (8-bit Type SPI)

In NT35590, the LoSSi SPI don't support read/write access of Display RAM.
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5.2 Display Data Ram (DDRAM)

The NT35590 has an integrated static RAM that can store half of 800x1280x24-bit image after data compression and can display full of

800x1280x24-bit image after data de-compression. The NT35590 uses data compression/de-compression technology to save chip size with high
PSNR. There will be no abnormal visible effect on the display when there is a simultaneous Panel Read and Interface Read or Write to the same

location of the Frame Memory.

Data Compression System Pﬁl

=
| |
! 24 bits |
A—s| IMage F—Caontroller I
24 bits | _data |
1 1
Host : Display :
I 24 bits flag _data |1
| ]
| 1, ]
: Contraller SRAM Caontroller :
| 1
| 1
| ]
! Driver IC !
Figure 5.2.1 Display Data RAM Architecture
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5.3 RGB Interface

5.3.1 General Description

The module uses16-, 18- and 24-bit parallel RGB interface which includes: VS, HS, DE, PCLK, D[23:0]. 16-bit parallel RGB interface only
support 65k color depth (CMD1 R3Ah = 50h), 18-bit parallel RGB interface only support 262k color depth (CMD1 R3Ah = 60h) and 24-bit parallel
RGB interface only support 16.77M color depth (CMD1 R3Ah = 70h). Beside these setting, other mode is setting inhibit. 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 show 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 show 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
show when there is received RGB information that should be transferred on the display. This is a positive (‘1’, high) active and.its state is read
to the display module by a rising edge of the PCLK signal. D[23:0] are used to show 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 ‘1" (high). These lines are read by a rising edge of the

PCLK signal. The PCLK cycle is described in the following figure.

ol T T\ (AT

: | ; |

VS, HS, DE, T ; T 3
D[23 . 0] . X',' . ',o

\/
4
'
.
L Y
<
“‘
4
'
.
/~

The'host changes D[23 : 0], VS, The driver IC reads the D[23 : 0],
HS, and DE lines when there is a VS, HS, and DE lines when there
falling edge of the PCLK. is a rising edge of the PCLK.

Figure 5.3.1 PCLK cycle

The below table shows how to select RGB interface by setting IM[2 : 0] pins, and the color depth can be chosen by setting CMD1 register 3Ah via

SPI interface.
RGB + SPI (8-bit Type SPI) D23-0
1 0 0 65k, 262k, 16.77M
(SCL Rising Edge trigger) SDI/SDO
RGB + SPI (8-bit Type SPI) D23-0
1 0 1 65k, 262k, 16.77M
(SCL Falling Edge trigger) SDI/SDO
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5.3.2 General Timing Diagram

In normal operation, host processor should continuously provide complete frames of image data at a sufficient frame rate to avoid flicker or
other visible artifacts. The display image, or frame, is comprised of a rectangular array of pixels. The frame is transmitted from the host processor

to a display module as a sequence of pixels. With each horizontal line of the image data sent as a group of consecutive pixels.

Vsync indicated the beginning of each frame of the displayed image.

Hsync signals the beginning of each horizontal line of pixels.

Each pixel value (16-, 18-, or 24-bit data) is transferred from the host processor to the display module during one pixel‘period. The rising
edge of PCLK is used by the display module to capture pixel data. Since PCLK runs continuously, control signal-DE is required to,indicate when

valid pixel data is being transmitted on the pixel data signals.

HBP HAdr HFP
It >t > >
_ | [
' ' I
| | |
| | |
| [ |
' [ [
_L | | |
A | . . |
i VBP - vertical interval when no | o<
VBP | valid display data is transferred from host to [ g 5 AL
' display S g ‘
L e 5 C<) _
g8 3
| —P 0n o B
2835 558
S 583 | (VadrtHadr) - period when valid display | 272 =
< 0o data are transferred from host to display | 5 3 @
VAdr s < < o <
353 module o
TSN B
5332
=5 ——P
QD
\4 35
A -
o 2
° & VFP - vertical interval when no valid display
VFP g=1 : :
& data is transferred from host to display
Nl __
Figure 5.3.2 General Timing Diagram of RGB Interfac e
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5.3.3 RGB Interface Bus Width Set

Table specifies the mapping of data bits, as components of primary pixel color value R, G, and B, to signal lines at the interface.

Table 5.3.1 RGB Interface Bus Width for 16-bit Inte  rface

5158 5 8 0 B R O R e R R A A
a3 s 38 2 WEN- - - - S

Table 5.3.2 RGB Interface Bus Width for 18-bit Inte  rface

Notes 1: RO-is the LSB for the red component; GO is the'LSB for the green component, etc.
Notes'2: For 16-bit pixels, R primary color MSB is R4,.G primary color MSB is G5 and B primary colorM  SB is B4.
Notes 3. For-18-bit pixels, R primary,color MSBiis \R5, G primary color MSB is G5 and B primary colorM  SB is B5.

Notes 4. For 24-bit pixels, R primary color.MSB is R7, G primary color MSB is G7 and B primary colorM  SB is B7

5.3.4 RGB Interface Mode Set

RGB Mode 1 Used Used Used Used Used Not used

RGB Mode 2 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 NT35590.

In RGB Mode 2, back porch of Vsync is defined by VBP[5:0] of RGBPRCTR command. And back porch of Hsync is defined by HBP[5:0] of
RGBPRCTR command. Front porch of Vsync is defined by VFP[5:0] of RGBPRCTR command. And front porch of Hsync is defined by HFP[5:0]
of RGBPRCTR command.
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5.3.5 RGB Interface Mode 1 and Mode 2 Timing Chart

1 Frame Time
Vertical Back Porch Vertical Front Porch
(VBFA 5:0]) _ (VFF[5:0])

A 4

<

\ A

F 3

meesegeccere

=

tvus

cossssss
oo

semecey peececy peccey pe=e=y

| e T A el Y ]
BRI T U 5 N T

acecaag

Horizontal Back Porch Horizontal Front Porch
o (HBAS:0]) Valid Data Interval ; (HFF5:0D

PCLK IR 2o I oy 2 A 2 o 5 A S S N IR B I

Evalid Interva . @ @ m @ :: _-_-}'::_-_-}':::_-} @’ @' @’ @ Invalid Interval
TR _invatid interval 1 > 01X 02X 03X 04X 05!, . ! .. :Kon Pon IKon P o0 invalid Interval
[
.
[ RAMWEN [RSNGB O I

Y8

1 Line Time

Yy

F 3
Y

Figure 5.3.5.1 Video Signal Data Writing Method in ~ RGB Interface Mode 1

Constraintl: V-porch : VBP >=2, VFP>=6

Constraint2: H-porch: HBP>=2 clocks, HFP>=2 clocks

Constraint3: Minimum VS pulse width is one line wid th at least
Constraint4: Minimum HS pulse width is one PCLK wid  th at least

Notes: t yus= 400 ns
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:: 1 Frame Time >
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Figure 5.3.5.2 Video Signal Data Writing Method in  RGB Interface Mode 2

Constraintl: V-porch : VBP >=2, VFP>=6

Constraint2: H-porch: HBP>=2 clocks, HFP>=2 clocks

Constraint3: Minimum VS pulse width is one H linew idth at least
Constraint4: Minimum HS pulse width is one PCLK wid  th at least

Notes: t yus= 400 ns

2012/03/30 31 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35590

5.4 Frame Tearing Effect Interface

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 and 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.

5.4.1 Tearing Effect Line Modes
Mode A

The Tearing Effect Output signal consists of V-Blanking Information only :

tvz:ll N P tvdh |

= [ D Y N e

tvdh= The LCD display is not updated from the Frame Memory

tvdl= The LCD display is updated from the Frame Memory (except Invisible Line = see helow)

Mode B

The Tearing Effect Output signal consists of V-Blanking and H-Blanking-Infarmation, there is one’'Mode A TE and 1280H-sync pulses per field.

AU A

Invinible 1t Ling and Lina 3rd Line
Lina

than = The LCD display is not updated from the Frame Memory

tha = The LCD display is updated from the Frame Memory (except Invisible Line — see above)

Mode C
This mode turns on the display module’s Tearing Effect output signal on the TE signal line when the display module reaches line N. The Tearing
Effect Line On has one parameter that describes the Tearing Effect Output Line mode. In below figure, it shows that TE only output one line

period pulse that can be selected from 2" line to 1280" line by register 4400h and 4401h.

Far re#ren ca, not Farretrence, not
belong to Mods C fitLine 2nd Lins 7rd Lins belong to Mods C

FAAAN-AAS
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0

TE high in V-porch region (A)

0 TE high in all V-porch and H-porch region (B)
#0 TE high at N-th line (C)
#0 TE high in all V-porch and H-porch region (B)

Where Mode A, Mode B, and Mode C timing chart is shown in below:

Porch

vy}
S
=
(o}
3
C
5
)
1
—

Bottom Line

Top Line _l
2nd Line _l

3rd Line

TE Mode C
(N =1) _l

TE Mode C ]
(N =863)

Te mode B N IR LI

TE Mode A

I ..

tvan

Notes 1: During sleep-in mode, the Tearing Output pin is active Low
Notes 2: N ="“Horizontal line number” will be ignore in TE mode C. “Horizontal line number” is decided by bit GM[1:0] of 00h (CMD2 Page0).
AC characteristics of Tearing Effect Signal (FTE)

FTE's rising-time and falling-time (tr, tf) are stipulated to equal to or less than 15ns when maximum loading is 30pF.

—— 0.8*VDDI  0.8*VDDI

—+— 0.2*VDDI 0.2¥*VDDI ——
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5.4.2 Example 1: MPU write is faster than panel rea d

Data write to Frame Memory is now synchronized to the panel scan (leading mode). It should be written next one horizontal sync pulse after

FTE signal. This ensures that data is always written ahead of the panel scan and each Panel Frame refresh has a complete new image:

Below figures are used to give examples based on 864 Horizontal lines condition.

e Time

1st 864th 1st 864th 1st 864th 1st

FTE Output -| -| -| |
Signal Time

PR S
Bl

Memory to LCO -
864:h 1st 864?h st 354?, st 36 Time

Image on Display

a b c d

Data to be sent

Image on LCD

a b c d
»
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5.4.3 Example 2: MPU write is slower than panelrea d

The MPU to Frame Memory write begins just after Panel Read has commenced (lagging mode). 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
memory write position.

Below figures are used to give examples based on 864 Horizontal lines condition.

MCU to Memory l I
— ; ; ; ' Time

1st 864th 1st

FTE Output -| -| -| |
Signal —_ Time

Memory to LCD

Time

=

(-3
(-

R ——————
=

864: 1st 864.;h st 864§h 1st

Image on Display
a b c d e f

Data to be sent

Image on LCD
a b Cc d e f

The FTE interface has a minimum RAM write speed requirement. Therefore, the RAM Write Speed must be faster than the values calculated

from the following formulas:

Display ClocK11 MHzt 5%)
Frame Ratd Hpx( Display Lines BP F

RTN ( Clocks per Line>
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Display Pixels Numbef Exampl800 RGB280( WXGA

(Display Linest FP+ BP- Marg inx RTM (— L —)
Display ClocK11 MH2x Variancé

RAM Write Speed Mjr>

The following is an example of calculating the minimum RAM writing speed and internal clock frequency in FTE interface operation: <for

leading mode>

[Example]

Total number of lines 1280 lines

Back/front porch (BP/FP) 16/16 lines (BP = 8'h08, FP = 8'h08)

Frame tearing effect position (FTEP) || Display end line: 10th (N = 8’h09)

Frame frequency 60 Hz

Display clock 11 MHz

: 11IMHz
RTN ( Clocks per Line> =140 Clocl
60 Hzx (1280+ 16+ 16)
, 800x 1280

RAM Write Speed Mi> = 64.9VIHz

(1280+ 16+ 16--2) 148 X1;><105)

Notes 1: In the-example, the.internal clock frequen cy allows for a margin of +5%.-for-variances, and gu  arantees that display operation is
completed within ‘'one FTE cycle.
Notes 2:'The margin between written dataline andt he display-operation line should be larger than two lines.

Notes 3: The FTE pulse output position is set by N[ ~-~10:0] (R44h of CMDL1).

5.4.4 FTE Output Position Setting
The FTE pulse is output to the line determined by N[10:0]. The FTE signal can be adopted as the trigger signal for writing image data in

synchronization with display operation by detecting the RAM address where data is read out for display.

. wecd | FTEOwpmdne

0000h FTE high only in VBP Region
0001h 2nd line

0002h 3rd line

0003h 4th line

04FDh 1278th line

04FEh 1279th line

04FFh 1280th line

Table 5.4.1 FTE Output Line
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5.5 Dynamic Backlight Control Function

The NT35590 supports Backlight-Control function to control brightness of backlight and to process image dynamically. This function

enables to reduce backlight power consumption and minimize the effect of reduced power on the display image. The display image is
dynamically controlled by CABC (Contents Adaptive Backlight Control) block. The availability of this function ranges from moving picture
such as TV image to still picture such as menu. However, in order to gain a better display quality and reduce the power consumption of
the backlight, the NT35590 internally uses NVT gamma algorithm to produce an optimal backlight control based on different image
contents. Therefore, the power consumption of the backlight can be reduced without changing display image. The Backlight-Control

function of the NT35590 supports two architectures as shown in below:

Architecture 1:

The brightness of backlight can directly be controlled by CABC block of the NT35590. The NT35590 will output the PWM duty via
“ LEDPWM" pin. The PWM duty is determined by CABC processed results based on different image contents. As for this application, user
also can set/clear the bit “BL” of CMD1 register 53h to turn on/off the backlight, Besides, the user can-control the brightness of the
backlight by forcing a specified PWM duty. The CMD2/ Page3, register 00h and 2Fh (include-of FORCE-CABC_DUTY[7 : 0] and

FORCE_CABC_PWM) is used to forcing the:/PWM duty.
Display Module

l NVT Gamma
HOST Algorithms for
i | Display
: ] Image ==
Tl Histogram
1 S NG VATEK
I PWM Duty
s Estimation for
LEDPWM 1 | I— Backlight
............. Control
LED Driver
Image
Data LED Backlight
-
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Architecture 2:

The brightness of the backlight is controlled by the external host processor. In this application, the CABC block of the NT35590 also
works and estimates a better gamma setting for improving the brightness of display image, the determined PWM duty information can be
read from CMD2 Page3 Register 10h (RDPWM) of the NT35590. Because the backlight is controlled by host processor, user can clear
the bit “BL” of the register 5300h for keeping the “LEDPWM” pins as ground level.

Display Module

Image
Data
HOST [ I
l NVT Gamma
. Algorithms for
| Display
< l Image S Y
= RDPWM [7:0] . l Histogram
o Analysis
§ i ve NGEVATEK
w
- | PWM Duty
Estimation for
| Backlight
Control
LED Driver
LED Backlight
-
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5.5.1 Content Adaptive Backlight Control (CABC)

A Content Adaptive Brightness Control (CABC) 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 decreasing 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. The NVT CABC algorithm can adjust the brightness of each gray level without changing the original image contents.

The NVT CABC function provides three operation modes, and these modes can be selected by the CMD1 register 55h. See
command “Write Content Adaptive Brightness Control (55h)” (CABC_CONDI[1 : 0]) for more information. These three modes are

described as:

- Off Mode:
Content Adaptive Brightness Control functionality is completely turn-off. In this‘-mode, the-NT35590 will use the original Gamma 2.2
registers setting for display. And if the function of “forced PWM duty” is turn-off (i.e. “FORCE._CABC_PWM" is set as ‘0’), the PWM duty

of the “LEDPWM” pin is 100%.

- Ul [User interface] Image Mode (Ul Mode):
This mode is applied to optimize for Ul image. It is kept image quality as much as possible: Target power consumption reduction ratio:

10% or less. NT35590 provides flexible configuration for Ul-Mode via setting'the registerto choose prefer quality and brightness.

= Still Picture Mode (Still. Mode):

This.-mode is“used to gain a better display quality for still picture. Some image quality degradation would be acceptable. Target power
consumption reduction ratio: mere than 30%. The NT35590 will automatically determine a better gamma setting and PWM duty based on
different image contents, so the reduction ratio of the power consumption of backlight is not a constant ratio, this ratio will vary between

10% ~ 40% with different image contents.

- Moving Image Mode (Moving Mode):

User can select this mode to keep the moving image quality and reduce the power consumption of backlight. It is focused on the
biggest power reduction with image quality degradation. Target power consumption reduction ratio: more than 30%. For this mode, user
can flexibly configure a specified gamma algorithm to keep prefer image quality, and the brightness of backlight is dynamically varying

with different image contents.

If the “force PWM duty” function is enabled (i.e. “FORCE_CABC_PWM" is set as ‘1’) in any CABC mode, the output PWM duty of

“LEDPWM" pin is followed the setting of “FORCE_CABC_DUTY][7 : 0]".

Note: The CABC can be operated only in the normal display mode.
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5.5.2 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 concept is described below.

A A
N
/2,
[ / ¢ [
o o
c c
g 1| g
= S
El—\ 1y £
a 4
\ v
0 Time 0 Time
The luminance of the backlight is changed The luminance of the backlight is changed
immediately without dimming function disabled smoothly with dimming function enabled

Dimming function can be enabled and disabled by setting the register 5300h (the setting bit name is “DD”). If “DD” is set as ‘0, the
dimming function will be disabled, otherwise dimming function.will be enabled while “DD” = ‘1'. From the ariginal brightness value to the
target brightness value, the _transferring time-steps between these two brightness, values'are equal making the linearly transition.The
rising dimming (increament, dimming) .and the falling dimming ' (decreament dimming) use the same registers for setting
(“DIM_STEP. STILL[2:0}-and.DMST C[3 : 0]", or “DIM_STEP_MOV[2:0] and DMST_C[3 : 0]"). The Fig. 5.5.1 and Fig 5.5.2 illustrate the

“Fixed-Time” dimming curves for CABC each mode.

Rising Dimming Falling Dimming
Total rising steps are determined Total falling steps are determined
by DIM_STEP_STILL[2: 0] by DIM_STEP_STILL[2: 0]
A ‘e o A L N
Il "1 Target PWM Duty - v
: Present PWM Duty * ;
g i z . s
a 5 : 3 E
= : : = ) :
3 i e z s
Present PWM Duty E ;
T : Target PWM Duty
- H “ :
DMST_C[3: 0] DMST_C[3 : 0]
. ~ -
» Ll
Time (Unit: Frame) Time (Unit: Frame)
Figure 5.5.1 Dimming Mechanism in CABC Off-Mode/ Ul-Mode and Still-Mode
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Rising Dimming Falling Dimming
Total rising steps are determined Total falling steps are determined
by DIM_STEP_MOV[2: 0] by DIM_STEP_MOV[2 : 0]
A ‘e > A i N
Il "+ Target PWM Duty i ]
i Present PWM Duty : §
g : S :
2z : 2 :
a : : a :
= : : = N :
z e e z s
Present PWM Duty é :
o Target PWM Duty

) v

DMST_C[S : 0] DMST_C[3 : 0]
- - .
Ll »
Time (Unit: Frame) Time (Unit: Frame)
Figure 5.5.2 Dimming Mechanism in CABC Moving-Mode
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The NT35590 have a “LEDPWM” pin which can output a PWM signal to the external LED driver IC. There are several control
registers which are applied to control the “LEDPWM” status as illustrated in below.

5.5.3 Brightness Control Lines for Backlight

PWNIDIV7 :0]
BCTRLbit . Read ROPWN_L[7:0] VL DUTY. OFFSETA 10 {0hCHCMD2IE3) Inverse the polarity of the PWM duty
snorupy ] (horcuoz e

PWM
Generator
: N
e BL bit(53h of CMD1 X LepPwm

LEDPWPOL bit(01h of CMD2 P3)

Estimated PWM Duty/

From CABC Block

FORCE PWM_DUTY[7 :0]
(2Fh of CMD2 P3)

B PWM_ENH_ OE bit(01h of CMD2 P3)
BCTRLDbit

(53h of CMD1)

Dimming
Function

LEDPWM_HZ (00h of CMD2 P3)

FORCE_CABG_PWM bit —T Read RDPWM(7:0]

Read DBV [7:0]
(00h of CMD2 P3) (10h of CMD2 P3)

(52h of CMD1)

CMB[7:0] —~—»4
(5Eh of CMD1) Prevent the display brightness too dark
( means the estimation brightness lass than
the CMB[7:0])

Figure 5.5.3 Internal Display Backlight Control Co.. mhined With CABC and Manual brightness adjustment

The control bit “BL” is used'to'keep the,LEDPWM.in-a fixed logic state, here are listed some application in below table:

0 0 0 (Default)

0 1 1

1 0 Original polarity of PWM signal
1 1 Inversed polarity of PWM signal

The setting bit “PWM_ENH_OE" is applied to improvement the driving ability of LEDPWM signal, here are listed two driving ability
for selection:

1X driving ability of LEDPWM

2X driving ability of LEDPWM
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The setting bit “LEDPWM_HZ" is applied to choose-Hior output enable for “LEDPWM” pins, default Qugput enable).

(BL=1 and BCTRL=1)

GND
CABC off VDDI (LEDPWM_duty=100%) outputs Hi-Z
(LEDPWM_duty=0%)
0x5500=0

(BL=1 and BCTRL=1)

CABC on
PWM waveform PWM waveform
0x5500=1,Ul mode outputs Hi-Z
(active high) (active low )
0x5500=2,still mode

0x5500=3,moving mode

CMB([7: 0] (WRCABCMB[7: 0]):

This register setting is used to limit the minim@WM duty in order to.prevent the backlight brigtgseoo dark:
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The registers PWMDIV[7 : 0] and PWM_DUTY_OFFSETI[4 : 0] can change the frequency and duty compensation of the PWM

signal. The PWM operation frequency “Fosc” is “not” the real PWM frequency, the “Fosc” is used to provide clock source for the
internal PWM circuit. Two PWM operation frequency can be chosen by setting register “PWMF”, and the real PWM frequency can be

quickly estimated by the bellow formula:

00h 42.9KHZ
FOSC
01h (Default) 85.9KHZ PWM Frequency = PWMBIV7 0]
02h 171.875KHZ
For Example:
If the “PWMDIV[7 : 0]” = 0x0C and PWMF[1:0] = O1h, then:
PWM Fregquency = o2 9(KHz) _ 85.9(KH2) _ 71 sekz)

PWMDIV[7.0] | 12

In this condition; when PWM-duty is estimated as “4” (Reading.the register “RDDISBV([7 : 0]” = 03h), then the duty time of the PWM signal can be

estimated as shown in below:
4 9 1
256 7.158(KHz)

=2.183(usec)

PWM Duty Time

_ (256 - 4) 1
PWM Non-Duty Time = X =137.5(usec)
256 7.158(KHz)
c 4 Duty Time= 2.183 1 sec Duty Time= 2.183 1 sec
=
=
ON======= ) e e e e e e e e e e e e e —c e ————————-
5
[a) .
L Nor+ duty Time= 137.5 u sec
=z < >
o
<
c
2
(D o0 0000 00 0
% oOFRmFFFFT "+« 0 S Y m e mEmmm—m ===
. >
Time
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The same, when PWM frequency is 7.158 KHz, and PWM duty of LEDPWM is 256 (Reading the register “RDDISBV[7 : 0]" = FFh), then the

duty time can be estimated as shown in below :

(256) 1
X
256  7.158(KHz)

PWM Duty Time = =139.7(u sec)

PWM_DUTY_OFFSET[4: O]:

Because the external LED driver needs some stable time to drive the LED backlight, this necessary stable time will reduce the
effective PWM duty period, so the PWM_DUTY_OFFSET[4 : 0] is used to compensate effective PWM duty.

An example is shown in Fig. 5.4.2. When PWM duty of LEDPWM signal is 60%, the backlight brightness should be 60% of
original. But user may find that the backlight brightness is 57% of original. So user can set PWM_DUTY.OFFSET[4 : 0] and let the

backlight brightness becomes 60% of original.

A

60%

57%

Backlight Brightness Ratio (%)

60%
PWM Duty Ratio (%)

Figure 5.6.4 Duty Compensation of LEDPWM Signal

Notes: The rising time (Tr) and falling time (Tf) o f the “LEDPWM” signal is stipulated to equal to or less than 15ns when maximum load is 30pF.

| | | |
80%===ssnpen-7

----i-----

20%----=---
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5.6 MIPI Interface (Mobile Industry Processing Inte  rface)

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 from 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. The display 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 processorindirectly 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 processor to 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 to be 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(uasen Dsplaymocuesve) |

Unidirectional Lane
Clock Lane m Clock Only
m Escape Mode(ULPS Only)

Bi-directional Lane

m Forward High-Speed

m Bi-directional Escape Mode
m Bi-directional LPDT

Data Lane 0

Unidirectional
m Forward High-Speed

Data Lane 1~3
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5.6.1 Display Module Pin Configuration for DSI

Resistance TBDohmtyp  Inductance: TBDnH typ | HS'RXI
SI-C - - |
| nsip| T I
Module Connector [ Resistan |
Capacitance TBDpF typ | |
[ |
Resistance TBDohm typ Inductance: TBDnH ty| | Resistanc Capacitan |
| - |
[ ° !
Module Connector | I
Capacitance TBDpF ty L e e e e e e e e e e e e ———— |
F——————————————————— == —_
| LP-RX]
! | |
i | !
| |
| | '
|
i | !
|
J
i A
Resistance  TBDohm typ  Inductance:~TBDnH typ | HS' RX
DSI-DO | !
s ° |
| nsip| T I
Module Connector [ Resistal |
Capacitance TBDpF typ | |
. +H —
‘ Resistance TBDohm typ~ Inductance: TBDnH-ty| | Resistar Capacitang, :
ool -
[ VWA 0.0°0 “Fr |
Module.Connector | I
Capacitance TBDpF ty| S |
[~ ————————————— == -
| LP-RX
! | |
i | !
| |
| | '
|
I | !
|
- __ o ____ 1
[ ———————- -
| LP-TX|
! | |
I |
! ] |
|
i | !
|
| o e e e e e e e e e e e e J
[ooTTTTT oo (P-CD
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- " "—"——"——"———— I — |
esistanceTBDohm typ nductanceTBDnH typ =
ResistancerBDoh Ind TBDNH | HS-R
DSI-D1 | |
| + !
Module Connector I ]
Capacitancd BDpF typ____ I 1
| 3—1 ]
Resistance TBDohm typ InductanceTBDNH ty| | Resistang CapacitancE, |
777 _ |
| |
Module Connector |
Capacitancd BDpF typ___ L e — |
777
- """ ——————= bl
esistanceTBDohm typ nductanceTBDnH typ =
ResistancerBDoh Ind TBDNH | HS-R
DSI-D2 | |
| + !
Module Connector I ]
Capacitancd BDpF typ____ I 1
| 3—1 1
Resistance TBDohm typ InductanceTBDnH tyy | Resistang Capacitancg,, |
77701 _ |
| |
Module Connector |
Capacitancd BDpFtyp_ . L ————— e — |
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- - —————— hl
ResistancerBDohm typ InductanceTBDnH typ | H S' R)q
DSI-D3 I |
| + !
Module Connector I ]
Capacitancd BDpF typ____ I 1
| 3—1 1
Resistance TBDohm typ InductanceTBDnH tyy | Resistang Capacitancg,, |
777 _ |
| |
Module Connector |
Capacitancd BDpF typ___ L ——_—— - — |
777
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5.6.2 Display Serial Interface (DSI)
5.6.2.1 General Description

Communication sequences between the MCU and the display module are described on chapter “5.8.2.3.3 Communication Sequences”. The
Ocommunication can be separated 2 different levels between the MCU and the display module:
B Low level communication what is done on the interface level

B High level communication what is done on the packet level

5.6.2.2 Interface Level Communication
5.6.2.2.1 General
The display module uses data and clock lane differential pairs for DSI (DSI-1M). Both differential lane pairs can 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 protocal-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.

Low (HS) H|gh (HS) Dlﬁerentlal 0 Note 1 Note 1
_| High (HS) Low (HS) Differential-1 Note 1 Note 1
_ Low (LP) Low (LP) Not Defined Bridge Space
_| Low (LP) High (LP) Not Defined HS-Request Mark-0
_| High (LP) Low (LP) Not Defined LP-Request Mark-1
_ High (LP) High (LP) Not Defined Stop Note 2

Notes 1: Low-Power Receivers (LP-Rx) of the lane p  air are checking the LP-00 state code, when the Lan e Pair is in the High Speed (HS)
mode.
Notes 2: If Low-Power Receivers (LP-Rx) of the lan e pair recognizes LP-11 state code, the lane pair r  eturns to LP-11 of the Control

mode.
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5.6.2.2.2 DSI-CLOCK 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

)
I
I

HSCM (HS Clocking) J

f——“

Figure 5.6.1 Clock Lanes Power Mode
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5.6.2.2.2.1 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.

-
o
N
-—

Sgeccccececnaas
'
0

DSI-CLK+ === ==s==
DSI<CLK-

<
e
-
-
e

DSI-CLK+
DSI-CLK-

{

\j

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 sequence

and all three mode changes'are illustrated below.

Termination: LPM
Resistor LP-11
is disable

HSCM

:
(]
DSI-CLK+ E
DSI-CLK- ! ! DSI-CLK+ =====°*%
: ' ' 1 : DSI-CLK-
[} [} [} [} [}
[} [} [} [} [}
Powso a a
: or | : : :
¢ Hs1 : : :
: : : HS-0 | ¢ LP-1
: -t - - >
Time
-
From High Speed Clock Mode (HSCM) to LPM
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SW Reset
HW Reset
Power On Sequence

I Mode change —————)p
HSCM (HS Clocking) | -

All'Three Mode Changes'to.LPM on the Flow-Chart
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5.6.2.2.2.2 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.

1

0
S
o=

DSI-CLK+
DSI-CLK-

L}
B
B
L}
L}
e
— O

DSI-CLK+ eeeeea
DSI-CLK- et

B eccccccccccccoqecccccccncca-

o®
-
-
-
"
-
-

cccefleccccccccccccccccccccccccanns

5|

LP-00

I

\/

From LPM'to ULPM

The mode change is also illustrated below:

SW Reset
HW Reset
Power On Sequence

Mode change ——————J)p

Mode Change from LPM to ULPM on the Flow Chart
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5.6.2.2.2.3 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 is HSCM '
TR LI enable HS0 !
DSI-CLK+ F' ."fﬂ' ' 5
DSI-CLK- ! " E ;
‘ HA N :
' o 8 :
: PN i DSICLK+ m====
: : “ : ' DSI-CLK-
z Y ,
‘ % E
‘ H H ;
et b ;
b - l—pp-! ’E
. . " >

From LPM'to HSCM

The mode change is also illustrated below:

SW Reset
HW Reset
Power On Sequence

I I Mode change —————1J)p
HSCM (HS Clocking) W)

TE—— e S E—— c—

Mode Change from LPM to HSCM on the Flow Chart

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 :
oEven number of transitions

oStart state is HS-0

cEnd state is HS-0

Termination Termination
LPM Resistor is Resistor is LPM
LP-11 enable HSCM dis.able LP-11
: i Y Y Y Y Y
A\ .
.‘ - )l
DSFCLK+ [} i
|‘ . 4 )
DSFCLK- | S el THE'sKIP
LP-11 LP-01 HS-0 LP-11
DSI-Dn+
DSI-Dn-
LP-11 LP-11
Time
Preparation from Low Power Mode to High-Speed Mode (Tsor =Start of the Transmission) HSDT
I HE- PREPARE \
DSI-CLK+ !
DSI-CLK- Yeaad
AN | RITELTLLEEELETEN ~a=s,
0 0 0 1 1 1 1
DSI-Dn- "-.. seodecssas ceosescsccscacabal LYY Y]
cecectdeccc ik i s -
LP-11 LP-01 i LP-00 H$-0 Rx Synchronized
i Tk derrLe Tx Synchronization
Low Power Mode, . . .
Disable Rx Line Termination High Speed Mode, Enable Rx Line Termination
Al ———————————————————————
High Speed Data
Transmission Teor LP-11
-~ peey ey
DSFCLK+: * ! s ! *,
DSFCLK- ) 0 Y )
——s ———
DSIkDn+;
DSHDn-
ThE-skip
T T)
The last HE- TRAIL HE-EXIT
HS-0 or HS1 Low Power Modg
High Speed Mode Enable Rx Line Disable Rx Line Termination
Termination
Note :
If the last load bit Is HS-0 the transmitter changes from HS-0 to HS1. DSI-CLK+,DSIDn+ ===c=c<=
If the last load bit Is HS-1 ,the transmitter changes from HS-1 to HS-0. DSICLK-, DSI-Dn-
High Speed Clock Burst
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5.6.2.2.3 DSI-DATA Lanes

5.6.2.2.3.1 General

DSI-Dn+/- Data Lanes can be driven in different modes which are:
« Escape Mode (Only DSI_DO0+/- data lanes is used)

» High-Speed Data Transmission (all data lanes are used)

* Bus Turnaround Request (Only DSI_DO+/- data lanes is used)

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

Entering and Leaving Sequences:

LP-11=>LP-10=>LP-00=>LP-01=>LP-00 LP-00 =>LP-10=>LP-11(Mark-1)

O ereoew—m—w S gor Sl 1L
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5.6.2.2.3.2 Escape Mode

Data lane0 (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

e Start: LP-11

 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:DO- =,0) e.g. when DSI-DO- is changing-fromlow-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 itsiinternal clock.

* Aload if it is needed

 Exit Escape (Mark-1) LP-00=>LP-10 =>LP-11

« End: LP-11

This basic construction is illustrated below:

Escape Load
Escape Mode Entry (EME) ., Command If needed, Mark-1

DSI-Dn+
DSI-Dn-

DSl-Dn+ ======
DSI- Dn-

General Escape Mode Sequence

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-DO+/-) 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.
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Escape commands are defined on the next table.

Escape Commands

Low-Power Data Transmission Mode 1110 0001 bin - *
Ultra-Low Power Mode Mode 0001 1110 bin * *
Underfined-1, Note Mode 1001 1111 bin - -
Underfined-2, Note Mode 1101 1110 bin - -
Remote Application Reset Trigger 0110 0010 bin - *
Tearing Effect Trigger 0101 1101 bin - *
Acknowledge Trigger 0010 0001 bin - *
Unknow-5, Note Trigger 1010 0000 bin - v

Notes: This Escape command support has not been imp lemented on the display module.

n=1: " »#"= Supported; “-“ = Not Supported
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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:

e 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)

]
[
[

Escape
,Gommand

Low- Power Data Transmission(LPDT)

-
-

Load( Data); I!ar! ] !

2

f XX XX 3
DSI-D0+
DSI-DO- :
LP-11
Note : Load(Data) is presenting that the first bit is logical1’ in this example gg: DD%t -._.-.
Low-Power Data Transmission (LPDT)
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- Load (Data )

. Load :
.
. _a

i o LoadByten % Pause o

DSI -DO+
DSI -DO-

Dsl_D0+ oo ooe
DSI_DO_ —

Pause (Example)

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 fow

* 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

Escape Mode

Entry (EME) Ultra-Low
Ultra- Low Power State (ULPS) M Mark-1:
DSI-D0+aaana assas
DSI-DO-
DSI-D0 +====
: DSI-DO -
LP-11 & LP-11
Time
Ultra-Low Power State (ULPS)
2012/03/30 60 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35590

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 Ent ME)

Escape Mode

,EM_MEM:E) Remote Application Reset (RAR) —

DSHDO+izsses:
DSIDO-

DSI' Do+=====
DSI- DO -

LP-11:

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 Entm(EME) ] \ Mark-1 ~

Escape Mode

Mark-1
;Erﬂ(EM‘E) Tearing Effect(TEE) A\ ar ]
DSID0+tooa=e zasss
DSI-DO0-
DSI- DO -
LP-11 LP-11
Time >
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
Fntw( EM‘E) Acknowledge (ACK)

DSD0+H oo aa u.
DSIDO-

DSI_ DO +== ===
DSI- DO -

LP-11% LP-11

Time

\ |

Acknowledge (ACK)
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5.6.2.2.3.3 High Speed Data Transmission

Entering High-Speed Data Transmission (T  soT 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 “High-Speed Clock Mode (HSCM)”.

Data lanes of the display module are entering (TsoT) in the High-Speed Data Transmission (HSDT) as follows
e 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 (Tsot of HSDT) sequence is-llustrated below.

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

The: PREPARE

DSI-CLK+
DSI-CLK-

DSHDn

DSkDn-

Tue sitrLe - Tx Synchronization

Rx Synchronized

LP-11 LP-01 LP-00 HS0

Low Power Mode,

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

DSICLK+,DSIDn+ ==ee=
DSICLK-, DSkDn-

Entering High-Speed Data Transmission (T  soT of HSDT)
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Leaving High-Speed Data Transmission (T eoT of HSDT)

The display module is leaving the High-Speed Data Transmission (TeoT 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 “High-Speed Clock

Mode (HSCM)".

Data lanes of the display module are leaving from the High-Speed Data Transmission (Teot 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-O0, if the last load bit is HS-1

¢ End: LP-11 (Rx: Lane Termination Disable)

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

High Speed Data
Transmission. _ Teor ~ LP-11 .

DSHCLK#
DSKCLK-

>

poee’

DSkDN# A .\ R | /
e e Y ET7Y PYPTPPT § P =
- Theskip >
The last load bit - AL >ie Tieexr >
A\ HS-0 or HSA1 _
- > Low Power Mode,
High Speed Mode, Enable Rx Line Termination _ _leahle_Bx.Lmﬂe:mmanmg
Note :
If the last load bit Is HS0, the transmitter changes from HS-0 to HS-1. DSI-CLK+, DSkDn+====+
If the last load bit Is HS1, the transmitter changes from HS- 1 to HS-0. DSI-CLK-, DSHDn-
Leaving High-Speed Data Transmission (T eot 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 “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.

@< TEDE<n
S @D @@ Cx

Single Packet in High-Speed Data Transmissions

T ED<TED B @<

Multiple Packets in High-Speed Data Transmission - Examples

| HS Transmission Examples with EoT packet disabled

EoT

EoT
Packet

Single Packet in High-Speed Data Transmissions

Multiple Packets in High-Speed Data Transmission - Examples

HS Transmission Examples with EoT packet enabled

Abbreviations:
EoT End of the Transmission
LPa Long Packet
LP-11 Low Power Mode, Data lanes are’l’s (Stop Mode )
SPa Short Packet
SoT Start of the Transmission
2012/03/30 66 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



_NoVATEK NT35590

5.6.2.3 Packet Level Communication

5.6.2.3.1 Short Packet (SPa) and Long Packet (LPa) Structures
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).

Packet Header (PH) LP-11: Low Power.= Stop State
SoT: Start of Transmission
DI: Dataldentification (8 bit)
Packet Data Data:0 and Data 1; Packet Data (8+8 bit)
A ECC: Error Carrection Code (8 bit)
r w EoT: End of Transmission

Short Packet (Spa) Structure

LP-11: Low Power — Stop State

Packet Header (PH) SoT: Start of Transmission
LA DI: Data Identification (8 bit)
r 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

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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5.6.2.3.1.1 Bit Order of 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

B0 |B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L
S S
B B

Time

Bit Order of the Byte on Packet

5.6.2.3.1.2 Byte Order of the Multiple Byte Informa  tion.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 Mast 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)

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

Time

Byte Order of the Multiple Byte on

Packet
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5.6.2.3.1.3 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)

L Packet Header (PH) L

: ' Packet Data L :

: N g :
DI Data 0 (CMD2) Data 1 (Parameter) ECC

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B6 B2 | B3| B4|B6|B6|B7

M L M L
s s s s
B B B B
= Time ’
Packet Header (PH) on Short
Packet (Spa)
Long Packet (LPa):
« 1st byte: Data Identification (DI) => Identification that this is Long Packet (LPa)
» 2nd and 3rd bytes: Word Count (WC)
« 4th byte: Error Correction Code (ECC)
> Packet Header (PH) L
i< i
DI WC (Least Significant Byte) WC (Most Significant Byte) ECC

Bo|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S S S S
=] =] =] =] =]
: Time g
Packet Header (PH) on Long Packet (Lpa)
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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 Bits | Bit4 | Bit3 | Bit2 | Bitl Bit 0

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

Packet Header (PH)

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

B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L

S| 8 S 8 S S

B B B 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)

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

Bo|B1]|B2|B3|B4|B5§B6 |B7jB0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S S S S
B B B B
H
H -
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.

-~ - - - - - - - "7 |

Long and IThls Display Module |

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

. |

: \ Virtual Reserved |

MCU < _— Channel |
| % Selector Reserved |

: Reserved :

Virtual Channel (VC) Configuration
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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)

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

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)

01lh 00 0001 Sync Event, V Sync Start Short
11h 01 0001 Sync Event, V Sync End Short
21h 10 0001 Sync Event, H Sync Start Short
31h 11 0001 Sync Event, H Sync End Short
08h 00 1000 End of Transmission (EoT) packet Short
02h 00 0010 Color mode (CM) Off Command Short
12h 01 0010 Color mode (CM) On Command Short
03h 00 0011 Generic Short Write, no parameter Short
13h 01 0011 Generic Short Write, 1 parameter Short 1,2
23h 10 0011 Generic Short Write, 2 parameter Short 1,3
29h 10 1001 Generic Long Write Long 1
04h 00 0100 Generic Read, no parameter Short
14h 01 0100 GenericRead, 1 parameter Short 1,2
24h 10 0100 Generic Read, 2 parameter Short 1,3
05h 00 0101 DCS WRITE, no parameters Short
15h 01 0101 DCS/WRITE, 1 parameter Short
06h 00 0110 DCS READ, no parameters Short
37h 11,0111 Set Maximum Return Packet Size Short
09h 00 1001 Null Packet, no data Long
19h 01 1001 Blanking Packet, no data Long
39h 11 1001 DCS Long Write/Write_LUT Command Packet Long
OEh 001110 Packed Pixel Stream,16-bit RGB, 5-6-5 F ormat Long
1Eh 011110 Packed Pixel Stream,18-bit RGB, 6-6-6 F ormat Long
2Eh 10 1110 Loosely Packed Pixel Stream,18-bit RGB, 6-6-6 Format Long
3Eh 11 1110 Packed Pixel Stream,24-bit RGB, 8-8-8 F ormat Long
x0h and xFh xx 0000 DO NOT USE
unspecified xx 1111 All unspecified codes are reserved

Note: 1. The receiver process packets with datatyp e (Generic Write/Read) the same way as data type (D CS Write / Read).
2. Generic Write/Read with 1 parameter: Payload By tes = Command + 00h.
3. Generic Write/Read with 2 parameter: Payload By tes = Command + Parameter.

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

Data Type (DT) from the Display Module (or Other Devices) to the MCU
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02h 0 0 0 0 1 0 Acknowledge with Error Report Short AWER

08h 0 0 1 0 0 0 End of Transmission (EoT) packet Shhort EoT

1Ch 0 1 1 1 0 0 DCS Read Long Response ong DCSRR-L
21h 1 0 0 0 0 1 DCS Read Short Response, 1 byte returned Sihort D CSRR1-S
22h 1 0 0 0 1 0 DCS Read Short Response, 2 byte returned Short D CSRR2-S
1Ah 0 1 1 0 1 0 Generic Read Long Response Lipng GENRR-L
11h 0 1 0 0 0 1 Generic Read Short Response, 1 byte returned ShHor t GENRR1-S
12h 0 1 0 0 1 0 Generic Read Short Response, 2 byte returned Shor t GENRR2-S

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

Devices)” or “ Data Type (DT) from the Display Module (or Other Devices) to the MCU".
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Availability of MIPI Data Type for Instruction Code (User Command Set)

00h (NOP) Yes Yes Yes
0lh (SOFT_RESET) Yes Yes Yes
05h (RDNUMED) Yes
0Ah (GET_POWER_MODE) Yes
0Bh (GET_ADDRESS_MODE) Yes
0Ch (GET_PIXEL_FORMAT) Yes
0Dh (GET_DISPLAY_MODE) Yes
OEh (GET_SIGNAL_MODE) Yes
OFh (RDDSDR) Yes
10h (ENTER_SLEEP_MODE) Yes Yes Yes
11h (EXIT_SLEEP_MODE) Yes Yes Yes
12h (ENTER_PARTIAL_MODE) Yes Yes Yes
13h (ENTER_NORMAL_MODE) Yes Yes Yes
20h (EXIT_INVERT MODE) Yes Yes Yes
21h (ENTER_INVERT_MODE) Yes Yes Yes
22h (ALLPOFF) Yes Yes Yes
23h (ALLPON) Yes Yes Yes
26h (GMASET) Yes Yes
28h (SET_DISPLAY_OFF) Yes Yes Yes
29h (SET_DISPLAY_ON) Yes Yes Yes
2Ah

Yes
(SET_HORIZONTAL_ADDRESS)
2Bh

Yes
(SET_VERTICAL_ADDRESS)
2Ch (WRITE_MEMORY_START) Yes Yes
2Dh (SET_RAM_ADDRESS) Yes
2Eh (READ_MEMORY_START) Yes
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30h (SET_PARTIAL_AREA) Yes Yes
34h (SET_TEAR_OFF) Yes Yes Yes
35h (SET_TEAR_ON) Yes Yes Yes
36h (SET_ADDRESS_MODE) Yes Yes Yes
38h (EXIT_IDLE_MODE) Yes Yes Yes
39h (ENTER_IDLE_MODE) Yes Yes Yes
3Ah (SET_PIXEL_FORMAT) Yes Yes Yes
3Bh (RGBCTRL) Yes Yes
3Ch (RAMWRC) Yes Yes
3Eh (RAMRDC) Yes
44h (SET_TEAR_SCANLINE) Yes Yes
45h (RDSCL) Yes
4Fh (ENTER_DSTB_MODE) Yes Yes
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50h (WRPFD) Yes Yes
51h (WRIDSBV) Yes Yes Yes
52h (RDDISBV) Yes
53h (WRCTRLD) Yes Yes

54h (RDCTRLD) Yes
55h (WRCABC) Yes Yes

56h (RDCABC) Yes
57h (WRHYSTE) Yes Yes
58h (WRGAMMASET) Yes Yes
5Ah (RDFSVM) Yes
5Bh (RDFSVL) Yes
5Ch (RDMFFSVM) Yes
5Dh (RDMFFSVL) Yes
5Eh (WRCABCMB) Yes Yes

5Eh (RDCABCMB) Yes
60h (WRPFK) Yes Yes
61h (WRKEYBV) Yes Yes Yes
62h (RDKEYBV) Yes
63h (WRCTRLK) Yes Yes

64h (RDCTRLK) Yes
65h (WRLSCC) Yes

66h (RDLSCCM) Yes
67h (RDLSCCL) Yes
70h (RDBWLB) Yes
71h (RDBKX) Yes
72h (RDBKY) Yes
73h (RDWX) Yes
74h (RDWY) Yes
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75h (RDRGLB) Yes
76h (RDRX) Yes
77h (RDRY) Yes
78nh (RDGX) Yes
79h (RDGY) Yes
7Ah (RDBALB) Yes
7Bh (RDBX) Yes
7Ch (RDBY) Yes
7Dh (RDAX) Yes
7Eh (RDAY) Yes
Alh (RDDDBS) Yes
A8h (RDDDBC) Yes
AAh (RDFCS) Yes
AFh (RDCCS) Yes
DAh (RDID1) Yes
DBh (RDID2) Yes
DCh (RDID3) Yes
FEh (RDCMDSTATUS) Yes
F3h (CMD2UNLOCK) Yes Yes
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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.

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 O 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: O1lhex (DCS’s parameter)

Packet Header (PH)

e

B0O|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5]|B6]|B7

M L
S S
B B

Time
Packet Data (PD) for Short Packet (SPa), 2 Bytes
Information
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Packet Data (PD) Information:

« Data 0: 10hex (DCS without parameter => DI(Data Type (DT)) = 05hex)

« Data 1: 00hex (Null)

Packet Header (PH)

Bo|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S S S S
B B B B B B

Time
Packet Data (PD) for Short Packet (SPa), 1 Byte
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.

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) o

<
‘

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

1 ojo|1 [ | oOjJojQg1 ojojojojojojojojojojojojojojopgol1 1 oJojojojo

B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S s S S
B B B B B
>
. ]
Time
Word Count (WC) on the Long Packet (LPa)
Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission
v —~ DI: Data Identification (8 bit)
PackﬁtkData Data 0 and Data 1: Packet Data (8+8 bit)
ECC: Error Correction Code (8 bit)
Short Packet (SPa) r ) EoT: End of Transmission
LP-11 I SoT DI Data O | Data 1 ECC EoT l LP-11
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)
LP-11 I SoT DI I Word Count (WC) I ECC Data 0, ? WC-1): Packet Data (0 — 65,535 bytes)

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

N
\
//
///
. Data O Data 1 Data WC-2 | Data WC-1 Checksum (CS)
\\ .
~ Time N
\
/I
//—_
/
! LP-11
AN Packet Data
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:
« Short Packet (SPa): Data Identification (DI) and Packet Data (PD) bytes (24 bits: D[23...0])
« Long Packet (LPa): Data Identification (DI) and Word Count (WC) bytes (24 bits: D[23...0])

D[23...0] is illustrated for reference purposes below.
Packet Header (PH)

V.

<
<

DI Data 0 Data 1 ECC

DO |D1|D2|D3|D4|D5|D6|D7|D8|D9 |D10|D11|D12|D13|D14|D15|{D16|D17|D18|D19|D20|D21|D22| D23 Ml =

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7

n
on=
wor

i Time H
D[23 : 0] and P[7 : 0] on the Short Packet (SPa)

Packet Header (PH) R

A

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

11]0jof1)jo}J1]Jojofj1]JofjofojojojJojofjfo]jo]Jojofjofojo]logof1]|]1]|]o]Jojofjo]oO

DO |D1|D2|D3|D4|D5|D6|D7|D8|D9 |D10|D11|D12|D13|D14|D15{D16|D17|D18|D19|D20|D21|D22| D23z Al =

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7

L M L M L
S S S s s
B B B B B

Time H

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 ‘V is presenting XOR function (Pn is ‘1’ if there is odd number of
‘I's and Pn is ‘0’ if there is even number of ‘1’s), as follows.

*P7=0

*P6=0

* P5=D10"D11"D12"D13"D14"D15"D16”D177°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 = D0"D2"D3"D5"D6”D9"D11"D12"D15"D18"D20"D21"D22

* P1 = DO"D1"D3"D4"D6"D8"D10"D12~D14"D17"D20"D21~D22"D23

« PO = DO"D1"D2"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).
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Packet Header (PH)

A

[
L

DI Data 0 Data 1 ECC

0x0 0 0 0x00 0
1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0
DO | D1 | D2 D4 | D5 D7 D10|D11 D13 D16 D20|D21|D22|D23| PO
DO | D1 D3 | D4 D6 D8 D10 D12 D14 D17 D20|D21|D22|D23 P1
DO D2 | D3 D5 | D6 D9 D11|D12 D15 D18 D20|D21|D22 P2

D1| D2 | D3 D7 | D8 | D9 D13|D14|D15 D19|D20| D21 D23 P3
D4 | D5 | D6 | D7 | D8 | D9 D16|D17|D18|D19| D20 D22|D23 P4

DO |D1|D2| D3| D4|D5|D6|D7|D8|D9|D10|D11|D12|D13|D14|D15|D16|D17|D18|D19|D20|D21|D22|D23| PO | P1 | P2 | P3 | P4 | P5 | P6 | P7

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

L M L M L M L

S s S S S s S

B B B B B B B
: >
H . g

Time
B Packet Header (PH) -
- >
DI WC (Least Significant Byte) WC (Most Significant Byte) ECC

171001 jofj1jojojt1jojojojojojojojojojojojojojojojojt1jt1jojojojojo

DO | D1 | D2 D4 | D5 D7 D10|D11 D13 D16 D20|D21|D22|D23| PO

DO | D1 D3 | D4 D6 D8 D10 D12 D14 D17 D20|D21|D22|D23 P1

DO D2 | D3 D5 | D6 D9 D11|D12 D15 D18 D20|D21|D22 P2

D1| D2 | D3 D7 | D8 | D9 D13|D14|D15 D19|D20|D21 D23 P3

D4 | D5 | D6 | D7 | D8 | D9 D16|D17|D18|D19| D20 D22|D23 P4

DO|D1|D2|D3|D4|D5|D6|D7|D8|D9|D10|D11|D12|D13|D14|D15|D16|D17|D18|D19|D20|D21|D22|D23| PO | P1 | P2 | P3 | P4 | P5 | P6 | P7

BoO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5]|B6|B7

L M L M L M L
S S S S S S S
B B B B B B 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  fm——pp PO 7

pr—-

MCU DSI

Internal ECC (IECC) |
Data: D[0...23] > Generator PI[0...7]

ECC: P[0...7]

XOR =P PO O

H

Internal Error Correction-Code (IECC) on the Displa /-y-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.

ECCP[7...0] 11 00 0 0 0 0 03h
IECC PI[7...0] /1 0 0 0 0 0 0 03h
XOR(ECC,|IECC) =>POJ[7...0] 0 000 O O 0 O =00h=>NoError
L M
s s
B B

Internal XOR Calculation between ECC and IECC Value s — No Error

ECC P[7...0] 1 1 0 0 0 0 0 0 03h
IECC PI[7...0] 1 1 1 1 0 0 0 0 OFh
XOR(ECC,|IECC) =>POJ[7...0] 001 10 0 0 0 =0Chs=>Eror
L M
s s
B B

Internal XOR Calculation between ECC and IECC Value s - Error

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 PO[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 2Ah
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 34h
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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5.6.2.3.1.4 Packet Data (PD) on the Long Packet (LP a)

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)".

5.6.2.3.1.5 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(In, C0) XOR(XOR(In, C0), C4)

XOR(XOR(In, C0), C11)

C10|CS|CB|C7|CG|C5|04

16-bit Cyclic Redundancy Check (CRC) Calculation
The 16-bit Cyclic Redundancy Check (CRC)-generator is initializedto’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 O1h, is illustrated

(step-by-step) below.

In  XOR(In,C0) C15 C14 C13 C12 C11 XOR(XOR(In, C0), C11(Step - 1)) C10 C5 C4 XOR(XOR(In, C0), C4(Step - 1))
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) 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 0 1 1 0 1 1 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1
3 0 1 1 1 0 1 1 0 0 0 1 1 1 1 1 0 0 0 1 1 1
4 0 1 1 1 1 0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1
5 0 1 1 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0
6 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0
7 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0
8 |0(MSB) 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1 1 1 0 0
1Byte | CRC Result|] 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 0
MSB LSB
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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\ 4

o
|

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

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6 |B7

M L M L M L
s s s s s s
B B B B B B

: Time :

. Packet Data(PD) .. Packet Footer (PF) -
Data 0 CRC (Least Significant Byte) | CRC (Most Significant Byte)

1710(j0(o0fjojojojogofjtj1j1jojojojojof1j1|1fj1fjojojfo

B0|B1|B2|B3|B4|B5|B6|B7jB0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

(7]
wwr

Time

Y.

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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5.6.2.3.2 Packer Transmission

5.6.2.3.2.1 Packet from the MCU to the Display Modu le
Display Command Set (DCS)

Display Command Set (DCS), which is defined on chapter “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) \1 EoT: End of Transmission

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) r 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

! LP-11
\ : Packet Data
: Display Command Set (DCS)
Display Command Set (DCS) on Short Packet (SPa) and Long Packet (LPa)
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Generic Write, no Parameter (GENWO-S), Data Type = 00 0011 (03h)

This data type is useless in normal application.

Generic Write, 1 Parameter (GENW1-S), Data Type =0 1 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. "Generic Write, 1 Parameter” (GENW1-S) is used for Manufacture
Command Set (CMD2, means panel function registers) writing only. Since all CMD2 registers are 1 "address" byte with 1 "parameter” byte.

Therefore, this data type is useless in normal application.
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: “POWER_CTRL15 (10h)”, the Power Control 15 in'the page 0 of CMD2"
Data 1: Always 00hex

« Error Correction Code (ECC)

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

Packet Header (PH)

Packet Data

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S S S S
B B B B B B

é . >

: Time :

Generic Write, 1 Parameter
(GENW1-S) - Example
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Generic Write, 2 Parameter (GENW2-S), Data Type =1 0 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 are “command” and “parameter”. "Generic Write, 2 Parameter” (GENW?2-S) is used for

Manufacture Command Set (CMD2, means panel function registers) writing only.
Notes: 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 0011b
« Packet Data (PD)
Data 0: “3-GAMMA-R CTRL15 (3Ah)", the Red Gamma Control in.page, 0 .0of CMD2
Data 1: 01hex, the parameter of the CMD2

« Error Correction Code (ECC)

This is defined:on the Short Racket (SPa)-as follows.

< Packet Header (PH) »
i Packet Data g
. DI Data 0 (CMD2) Data 1 (Parameter) ECC .

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
S S S S S S
B B B B B B

é . >

: 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. The content of payload bytes are “command” with multiple “parameter”. “Generic Write Long” (GENW-L) is used for Manufacture

Command Set (CMD2, means panel function registers) writing only.

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 O: “Sleep In (10h)”, Displ ay Command Set(DCS)

« Packet Footer (PF)

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

Packet Header (PH)

A
A\ 4

WC (Least Significant Byte) WC (Most Significant Byte)

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

.

A

Packet Data (PD) . Packet Footer (PF)

Data 0 CRC (Least Significant Byte) | CRC (Most Significant Byte)

ojojojoj1jojojogoj1j|1jojojojojoyjyty1y1j|1|1j0jojo

B0|B1|B2|B3|B4|B5|B6|B7§B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

Time g

Generic Write Long (GENW-L)

with CMD2 Only - Example

2012/03/30 91 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



_NoVATEK NT35590

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: “3-GAMMA-R CTRL15 (3Ah)", the Red Gamma Control in page 0 of CMD2
Data 1: 01hex, Parameter of the CMD2

« Packet Footer (PF)

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

. Packet Header (PH)

B6|B7|B0|B1 B6|B7|B0|B1

M L M L
S S S S
B B B B

=
3
o -

Packet Data (PD)

A
A4

— . —
Data 0 (CMD2) Data 1 (Parameter)

of1fo0f1|1|1|o|jog1jo0jofjojojojofo

B0|B1(B2|B3|B4|B&|B6|B7)JB0(B1|B2|B3|B4|B5|B6|B7|

M L
S S
B B

Time

<
<

»
Lt

Packet Footer (PF)

CRC (Least Significant Byte) | CRC (Most Significant Byte)

111]0]j]0|jof1|1|1QoO0|1|o|1]Oof1]|O0]1

B0|B1(B2|B3|B4|B&|B6|B7)JB0(B1|B2|B3|B4|B5|B6|B7|

M L
S S
B B

Time

Y.

Generic Write Long with CMD2

and 1 Parameter - Example
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Generic Read, No Parameter (GENRO-S) , Data Type = 00 0100 (04h);

This data type is useless in normal application.

Generic Read, 1 Parameter (GENR1-S) , Data Type = 0 1 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. Generic read data type is used for Manufacture

Command Set (CMD2, means panel function registers) reading only.

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) befare the MCU can send

““Generic Read, 1 Parameter" to the display module. This same sequence is illustrated for reference purposes below.

Step 1:
* The MCU sends “Set Maximum Return Packet Size” (S  hort 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)

Maximum Return Packet Size (MRPS) >

<

B0|B1|B2|B3|B4|B

a
o]
&
o]
N
o]
=)
(o]
—

B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M
S S8 S
B B B

Set Maximum Return Packet

Size (SMRPS-S) - Example
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Step 2:

* The MCU wants to receive a value of the “Read ID1

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)

(DAh)” from the display module when the MCU sends

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

Data 1: Always 00hex

« Error Correction Code (ECC)

Packet Header (PH)

“Generic Read, 1 Parameter”

Packet Data(PD)

Rk

Y.

Data 0 (CMD2)

Data 1 (Always 0x00)

B0|B1|B2

(3]

B6|B7|B0|B1|B2|B3|B4|B5|B6 |B7
M L
S §
B B

Generic Read, 1 Parameter

(GENR1-S) - Example

Step 3:

B2

B5

B6

B2

B4|B5|B6|B7

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 chapter

“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 (DCSW N-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. The content of payload bytes are“command” with "00h”. “Display Command Set (DCS) Write, No Parameter” is used

for User Command Set (CMD1) writing only.

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: “ENTER_SLEEP_MODE (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)

Packet Data (PD)

g

Y

DI Data 0 (DCS) Data 1 (Always 0x00) ECC

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M M L
S S S
] B B
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. The content of payload bytes are “command” with one “parameter”. “Display Command Set (DCS)

Write, 1 Parameter (DCSW1-S)” is used for User Command Set (CMD1) writing only.

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: “SET_PIXEL_FORMAT (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)

Packet Data (PD)

g

Y

DI Data 0 (DCS) Data 1 (Parameter) ECC

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L
S S
B B
: >
Display Command Set (DCS) Write, 1
Parameter (DCSW1-S) - Example
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“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

Display Command Set (DCS) Write Long (DCSW-L) , Dat a Type = 11 1001 (39h)
the MCU to the display module. The content of payload bytes are “command” with multiple"parameter”. “Display command Set (DCS) Write

Long” (DCSW-L) is used for User Command Set (CMD1) writing only.

Long Packet (LPa), when a command (No Parameter) was sent, is defined e.qg.
« 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: “EXTER_SLEEP_MODE (10h) ", Display Command'Set (DCS)

« Packet Footer (PF)

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

P Packet Header (PH) o
-
DI WC (Least Significant Byte) WC (Most Significant Byte) ECC
0 9 Ox0 Ox00 0
1if{o0fof1|1|j1|ojoj1jojojojojojojojojojojojojojojoj1joj1fjoj1jojojo
B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6 |B7
¢ Time :

'

Packet Data (PD) .

<

Packet Footer (PF)

[
P

Data 0

0|1

CRC (Least Significant Byte)

olo

0

CRC (Most Significant Byte)

1

111

B0|B1|B2|B3|B4

B6|B7 B2|B3|B4|B5|B6

B7|B0|B1

B2|B3|B4|B5 B7

Time

Display Command Set (DCS) Write Long

(DCSW-L) with DCS Only - Example

2012/03/30 97 Version 0.05
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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



C NGVATEK

NT35590

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: “SET_PIXEL_FORMAT (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)

< »
) >
H H H
DI WC (Least Significant Byte) WC (Most Significant Byte) ECC
0 0x0 0Xx00 0
1 oo 1 o 1 ojojo 1 ojojojojojo}jojojojJojojojojojojo|J]o|jo]J]Oo]JO]JO]oO
BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7
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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 Long Packet (LPa)-as follows.
Packet Header (PH) o

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

BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

Packet Data (PD)

Data 4 (4th Parameter) CRC (Least Significant Byte) CRC (Most Significant Byte)

v

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. The content of payload bytes are “command” with "00h". Display Command Set (DCS) Read, No

Parameter (DCSRN-S) is used for User Command Set (CMD1) reading only.

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.

Step 1:
* The MCU sends “Set Maximum Return Packet Size” (S  hort 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: 0thex

Data 1: 00hex

« Error Correction Code (ECC)

Packet Header (PH)

<

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L
S S S S
B B B B
' ' >
Set Maximum Return Packet
Size (SMRPS-S) - Example
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Step 2:

* The MCU wants to receive a value of the “Read ID1  (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)

Packet Data(PD)

e &

Y.

DI Data 0 (DCS) Data 1 (Always 0x00) ECC

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

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)

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

2. Information of the received command. Short Packet (SPa) or Long Packet (LPa)

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.
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« Data Identification (DI)

Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 00 1001b
« Word Count (WC)
Word Count (WC): 0005hex
« Error Correction Code (ECC)
« Packet Data (PD):
Data 0: 89hex (Random data)
Data 1: 23hex (Random data)
Data 2: 12hex (Random data)
Data 3: A2hex (Random data)
Data 4: E2hex (Random data)

« Packet Footer (PF)

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

Packet Header (PH)

A

A 4

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

L M L M L
s s s s s s
B B B B B B
Time
Packet Data (PD) o
>
Data 0 (DCS) Data 1 (1st Parameter) Data 2 (2nd Parameter) Data 3 (3rd Parameter)

of1f0fojoyj1y1f|1fojojofj1jojojof1jojoj1jojojofjojt1jojojof1jof1

B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
s s s s s s
B B B B B B
Time .
Packet Data (PD) ., Packet Footer (PF) ‘
< L - »>
Data 4 (4th Parameter) CRC (Least Significant Byte) CRC (Most Significant Byte)

of1(j0jojoy1|1|1f1jojoj1j1foj1fojt1jojoj1foj1fjojo

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L
s s s s
B B B B

Time

Null Packet, No Data (NP-L) - Example

\ 4
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Sync Event (H Start, H End, V Start, V End), Data T ype = 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 ofthe 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 infarmation 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 putthe 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.
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EoT Packet, Data Type = 00 1000 (08h)

This new short packet is used for indicating the end of a HS transmission to the data link layer. As a result, detection of the end of HS
transmission may be decoupled from physical layer characteristics. D-PHY defines an EoT sequence composed of a series of all 1's or 0's
depending on the last bit of the last packet within a HS transmission. Due to potential errors, the EoT sequence could wrongly be interpreted as

valid data types. Although EoT errors are not expected to happen frequently, the addition of this new packet will enhance overall system reliability.

Older devices compliant to earlier revisions of DSI specification do not support EoT packet generation or detection. All Hosts and Peripheral
devices compliant to this revision of DSI specification, and going forward, shall incorporate capability of supporting EoT packet. They shall also
provide means for enabling and disabling this capability — implementation specific — to ensure interoperability with older, DSI devices not

supporting EoT packet.

As mentioned earlier, the main objective of an EoT packet is to enhance overall robustness of the system during HS transmission mode.
Therefore, DSI transmitters should not generate an EoT packet when transmitting in,LP,mode. The data link layer of DSI receivers shall detect
and interpret arriving EoT packets regardless of transmission mode (HS or LP'modes) in order to decouple itself-from the PHY layer. Table below

describes how DSI mandates EoT packet support for different transmission and reception modes.

EoT Support for Host and Peripheral

“Should “Should
“Shall” “Shall” “Shall” “Shall”
Appllcable Apphcable

Unlike other DSI packets, an EoT packet has a fixed format as follows:

« Data Type = DI [5:0] = 0b001000
« Virtual Channel = DI [7:6] = 0b00
« Payload Data [15:0] = OxOFOF

« ECC [7:0] = 0x01

The virtual channel identifier associated with an EoT packet is fixed to 0, regardless of the number of different virtual channels present within the

same transmission. For multi-Lane systems, the EoT packet bytes are distributed across multiple Lanes.
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Color Mode On is a Short packet command that switches a Video Mode display module to 8-colors mode for power saving.

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

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.

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.

Packed Pixel Stream, 16-bit Format, Long packet, Da | ta Type 1228 pe 00 1110 (OEh)

«—1 byte—>«—1 byte—>
LSB MSB|LSB MSB
0 4 5 7.0 23 7
R R[G GiG G|B B
0 4o 2i3 s]o 4

€5 Dhits>€—6 bits»l€5 bits>

) 0

Crmmmsces)

5 bitsYE6 hitsYs bits)

Word Count ECC

A
\ 4

Data Type (OEh)
Virtual Channel

Pixel
'
H
1

€¢Data |
«——Packet Headet

€1 byteple——2 byte— i1 bylepiel byte>l<-1 byted] o

<1 byte>l<1 byteple——2 byte—p

Cemmanaas)

5 bitsYE6 hits s bite)

Checksum

'
Pixel r
'

A
\ 4

\ 4
A

Variable Size Payloa¢ P»<€—Packet Footerp]

Time——»

16-bit per Pixel - RGB Color Format, Long packet
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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.

Packed Pixel Stream, 18-bit Format, Long packet, Da ta type = 01 1110 (1Eh)

<«—1 byte—r<«—1 byte—>

LSB MSB| LSB MSB!

0 5 670 3 4 701
R R[GGIG G|B BiBB
0 5(01j2 5|0 3i45

<6 bits—><—6_ bits»i€—6 bits>

i 1 -
< Pixel % o

7

, ,
X
. Pid
. ’
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2 &

<1 bytepi€——2 byte—> €1 by‘te><-1 byte)l(l bytep<€l b_yté)(-l bytep€1 bytepi€l bytep€l bytep<l byte)l(-l bytep,

Cresasaan)

€6 it P16 bit16 hil 16 bit 146 bit>146 bitP6 hit P16 bitP16 bitd>16 bitP1€s b

P1€6 bitP

Word Count ECC

A
3
x
o
e
A\ 4
A

Pixel 2

Data Type (1Eh)
Virtual Channel

Pixel

\ 4
A
A 4

)
3
x
o

S
4

<Data |
<—aPacket Heades

A\ 4
A

< Variable Size Payload (First Four Pixels PackeNiime Bytesy

Time >

<l bytebl(-l bytepi€l bytepi€l bytep€l bytepi€l bytepi€l bytepel byte)'(l bytepe——2 byte—>

€6 bits)(ts: bitgl6 bitgpl€6 bitPpl€6 bitpl€6 bitpl€6 bitPl€6 bitPpl€6 bitPl€6 bitPpl€s bit:s><6 bt
""""" : : Checksum
€——Pixel n-3—iple——Pixel n-2—i—ple—i—Pixel n-—pl€ Pixel >
----------- —————Variable Size Payload (Last Four Pixels Packed iimeNBytesy——»<—Packet Footer»
Time >
18-bit per Pixel (Packed)- RGB Color Format, Long p acket
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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 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 pa  cket, Data Type = 101110 (2Eh)

<1 byte»<«1 byte»<«1 byte>

LsB MsB|LSB Mse|LsB MSB
012 7101 2 701 2 7
R R G G B B
0 5 0 5 0 5
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Time .
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Pixel n-J

A
\ 4
A

Y
A

\ 4

Time s

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 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.

2012/03/30 108 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35590

Packed Pixel Stream, 24-bit Format, Long packet, Da ta Type = 11 1110 (3Eh)

<1 byte»r<«1 byte»<«1 byte>

LsB mse|LsB mse|LsB MSB
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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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5.6.2.3.2.2 Packet from the Display Module to the M CU

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 “Display
Command Set (DCS) Read, No Parameter” (DCSRN-S)) or an Acknowledge with Error Report (See chapter: “Acknowledge with Error Report
(AWER)” (AWER)).

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

LP-11

Return Bytes

1

.
]
.
]
1]
]
[ ]
Return Bytes on Single Packet

Return Bytes

Return Bytes on Several Packets - Only for Reference Purposes
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Data Types for Display Module-Sourced Packets

02h 00 0010 AWER Acknowledge & Error Report Short
08h 00 1000 EoT End of Transmission (EoT) Packet Short
1Ch 01 1100 DCSRR-L DCS Long Read Response Long
21h 10 0001 DCSRR1-S DCS Short Read Response, 1 Byte returned S hort
22h 10 0010 DCSRR2-S DCS Short Read Response, 2 Byte returned S hort
1Ah 01 1010 GENRR-L Generic Long Read Response Long
11h 01 0001 GENRR1-S Generic Short Read Response, 1 Byte return  ed Short
12h 01 0010 GENRR2-S Generic Short Read Response, 2 Byte return  ed Short

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 bitis set to ‘1", as they are defined on the

following table.

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

i

0 SoT Error
1 SoT Sync Error
2 EoT Sync Error
3 Escape Mode Entry Command, Error
4 Low-Power Transmit Sync Error.
5 Any Protocol Timer Time-Out
6 False Control Error
7 Contention is Detected on the Display Module
8 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) ID Invalid
13 || Reserved
14 | Reserved, Set to ‘0’ internally
15 | DSI Protocol Violation
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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.

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)

Packet Data (PD) '

Y

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M
S
B

mwr

Acknowledge with Error Report

(AWER) - Example
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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

~

sp >§<EoT LP-11

| Includes an error |

Packets from the MCU
A

r )
*

| Includes an error |

Errors Packets

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:

Thehit 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 (multi-and single) or CRC error, 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.

C Start D
!

Received Information
Notel

Is there an error?
Note2

Set RDDSM’s DO bit to
«p”

NO s RDNUMED’S YES
P[6:0]=7Fh?

Increment RDNUMED’s

P[6:0] by 1 RDNUMED’s P[7:0]=80h

{

Notel: This information can be interface or packet level communication but it is always from the MCUt o the display module in this case.

Note2: CRC or ECC (multi and single) error
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DCS Read Long Response (DCSRR-L), Data Type =01 11 00(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.

Long Packet (LPa), which includes 5 data bytes of the Packet Data (PD), is defined e.g.
« Data Identification (DI)
Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 01 1100b
« Word Count (WC)
Word Count (WC): 0005hex
« Error Correction Code (ECC)
« Packet Data (PD):
Data 0: 89hex
Data 1: 23hex
Data 2: 12hex
Data 3: A2hex
Data 4: E2hex
« Packet Footer (PF)

Thisis defined,on the Long Packet (LP) as follows:

Packet Header (PH) o

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

Bo|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5§|B6|B7

M L M L M L
s s s S s s
B B B B B B

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: 45hex

Data 1: 00hex (Always)

« Error Correction Code (ECC)

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

-

Packet Header (PH)

Packet Data (PD)

Y

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M M L
S S S
] B B
: >
DCS Read Short Response, 1 Byte
Returned (DCSRR1-S) - Example
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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: 45hex

Data 1: 32hex

« Error Correction Code (ECC)

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

Packet Header (PH)

Y.

d
-

Packet Data (PD)

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L
S S S S
B B B B
: Til:ne : P‘
DCS Read Short Response, 2 Bytes
Returned (DCSRR2-S) - Example
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Generic Read Long Response (GENRR-L), Data Type =0 1 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 Identification (DI)
Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 01 1010b
« Word Count (WC)
Word Count (WC): 0005hex
« Error Correction Code (ECC)
« Packet Data (PD):
Data 0: 89hex
Data 1: 23hex
Data 2: 12hex
Data 3: A2hex
Data 4: E2hex
« Packet Footer (PF)
This is defined on the Long Packet (LP)-as follows:

Packet Header (PH) o

v ' '
. H H
DI WC (Least Significant Byte) WC (Most Significant Byte) ECC

o 1 o 1 1 o o o 1 o 1 o o o o o o o o o o o o o 1 1 1 1 o 1 o o

B0o|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L M L
s s s s s s
B B B B B B
¢ : Time' : P :D
Packet Data (PD) )

Data 3 (3rd Parameter)

Packet Data (PD) Packet Footer (PF)

Data 4 (4th Parameter) CRC (Least Significant Byte) CRC (Most Significant Byte)

B0 |B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L M L
S s S S
(=2 - B B
Time : > f
Generic Read Long Response
(GENRR-L) - Example
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Generic Read Short Response, 1 Byte Returned (GENRR  1-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 (DI)
Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 01 0001b
« Packet Data (PD)
Data 0: 45hex
Data 1: 00hex (Always)

« Error Correction Code (ECC)

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

Packet Header (PH)

Packet Data (PD)

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L
S S8
B B
' >
Generic Read Short Response, 1 Byte
Returned (GENRR1-S) - Example
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Generic Read Short Response, 2 Bytes Returned (GENR  R2-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 Identification (DI)
Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 01 0010b
« Packet Data (PD)
Data 0: 45hex
Data 1: 32hex

« Error Correction Code (ECC)

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

Packet Header (PH)

Packet Data (PD)

B0|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2 B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7

M L
S S8
B B
' >
Generic Read Short Response, 2 Byte
Returned (GENRR2-S) - Example
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5.6.2.3.3 Communication Sequence

5.6.2.3.3.1 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-thefollowing 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
DCSW-L LPa DCS Write, Long
MCU
DCSRN-S SPa DCS Read, No Parameter
SMRPS-S SPa Set maximum return packet size
NP-L LPa Null packet, No data
AWER SPa Acknowledge with error report
DCSRR-L LPa DCS Read, Long Response
Display Module
DCSRR1-S SPa DCS Read, Short Response
DCSRR2-S SPa DCS Read, Short Response
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5.6.2.3.3.2 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

1 = LP-11 => - - Start
2 DCSW1-S LPDT = - -
3 = LP-11 => - > End

1 - LP-11 => - - Start

2 DCSW1-S HSDT => - -

3 - LP-11 => - - End
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DCS Write, 1 Parameter Sequence - Example 3

1 - LP-11 => - - Start
2 DCSW1-S HSDT => - -
3 - LP-11 = - -

Interface control change from the
4 - BTA <=> BTA -

MCU to the display module
If\no error => goto line 7
5 - - <= LP-11 -
If-error => goto line 12

6
7 4 - <= ACK - No error
8 - - <= LP-11 -

Interface control change from the
9 - BTA <=> BTA -

display module to the MCU
10 - LP-11 => - - End
11
12 - - <= LPDT AWER Error report
13 - - <= LP-11 -
14 - BTA <=> BTA -
15 - LP-11 => - - End
2012/03/30 122 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.




 NoVATEK NT35590

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

3 = LP-11 => - \ End

DCS Write, No Parameter Sequence - Example 2

1 - LP-11 = - - Start

2 DCSWN-S HSDT => - -

3 - LP-11 => - - End
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DCS Write, No Parameter Sequence - Example 3

1 - LP-11 => - - Start
2 DCSWN-S HSDT => - -
3 - LP-11 = - -

Interface control change from the
4 - BTA <=> BTA -

MCU to the display module
If\no error => goto line 7
5 - - <= LP-11 -
If-error => goto line 12

6
7 4 - <= ACK - No error
8 - - <= LP-11 -

Interface control change from the
9 - BTA <=> BTA -

display module to the MCU
10 - LP-11 => - - End
11
12 - - <= LPDT AWER Error report
13 - - <= LP-11 -
14 - BTA <=> BTA -
15 - 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

1 = LP-11 => - - Start
2 DCSW-L LPDT => - -
3 = LP-11 => - - End

1 - LP-11 => - - Start

2 DCSW-L HSDT => - -

3 - LP-11 => - - End
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DCS Write, Long Sequence - Example 3

1 - LP-11 => - - Start
2 DCSW-L HSDT => - -
3 - LP-11 => - -

Interface control change from the
4 - BTA <=> BTA -

MCU to the display module
If\no error => goto line 7
5 - - <= LP-11 -
If-error => goto line 12

6
7 4 - <= ACK - No error
8 - - <= LP-11 -

Interface control change from the
9 - BTA <=> BTA -

display module to the MCU
10 - LP-11 => - - End
11
12 - - <= LPDT AWER Error report
13 - - <= LP-11 -
14 - BTA <=> BTA -
15 - LP-11 => - - End
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DCS Write, Long Sequence - Example 4

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)

Memory Write Continue(3Ch) with

5 DCSW1-S HSDT => < -
1 parameter
6 - 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

1 - = - -

LP-11 Start
Define how many. data byte is
2 SMRPS-S HSDT = - -
wanted to read : 1 byte
wanted to get a response ID1
3 DCSRN-S HSDT = - -
(DAh)
4 - LP-11 => - -
Interface control change from the
5 - BTA <=> BTA -
MCU to the display module
If no error => goto line 8
6 - - <= LP-11 -
If error => goto line 13
7
8 - - <= LPDT DCSRR1-S Response 1 byte return
9 - - <= LP-11 -
Interface control change from the
10 - BTA <=> BTA -
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 Read, No Parameter Sequence - Example 2

1

- = - -

LP-11 Start
Define how many data byte is
2 SMRPS-S HSDT = - -
wanted to read : 200 byte
wanted to get.a response
3 DCSRN-S HSDT = - -
“Memory.Read" (2Eh)
4 - LP-11 = - -
Interface control change from the
5 - BTA <=> BTA -
MCU to the display module
If'no error => goto line 8
6 - - <= LP-11 -
If-error => goto line 13
7
8 - - <= LPDT DCSRR-L Responsed 200 bytes return
9 E - <= LP-11 -
Interface control change from the
10 - BTA <=> BTA -
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 Read, No Parameter Sequence - Example 3

1 - = - -

LP-11 Start
Define how many data byte is
2 SMRPS-S HSDT = - -
wanted to read : 200 byte
wanted to get.a response
3 DCSRN-S HSDT = - -
“Memory.Read" (2Eh)
4 - LP-11 => - -
Interface control change from the
5 - BTA <=> BTA -
MCU to the display module
If'no error => goto line 8
6 - - <= LP-11 -
If-error => goto line 14
7
8 - - <= LPDT DCSRR-L Responsed 100 bytes return
9 E - <= LPDT DCSRR-L Responsed 100 bytes return
10 - - <= LP-11 -
Interface control change from the
11 - BTA <=> BTA -
display module to the MCU
12 - LP-11 => - - End
13
14 - - <= LPDT AWER Error report
15 - - <= LP-11 -
16 - BTA <=> BTA -
17 - LP-11 => - - End
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DCS Read, No Parameter Sequence - Example 4

1

- = - -

LP-11 Start
Define how many data byte is
2 SMRPS-S HSDT => - -
wanted to read : 200 byte
wanted to get.a response
3 DCSRN-S HSDT => - -
“Memory.Read" (2Eh)
4 - LP-11 = - -
Interface control change from the
5 - BTA <=> BTA -
MCU to the display module
If'no error => goto line 8
6 - - <= LP-11 -
If-error => goto line 14
7
8 - - <= LPDT DCSRR-L Responsed 199 bytes return
9 E - <= LPDT DCSRR1-L Responsed 1 byte return
10 - - <= LP-11 -
Interface control change from the
11 - BTA <=> BTA -
display module to the MCU
12 - LP-11 => - - End
13
14 - - <= LPDT AWER Error report
15 - - <= LP-11 -
16 - BTA <=> BTA -
17 - LP-11 => - - End
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DCS Read, No Parameter Sequence - Example 5

Define how many data byte is wanted to read :
2 SMRPS-S HSDT => - -
200 byte
3 DCSRN-S HSDT => - - wanted to get a response "Memory Read"  (2Eh)
4 - LP-11 = - -
Interface control change from the MCU to the
5 - BTA <=> BTA -
display module
If no error => goto line 8
6 - - <= LP-11 .
If error.=> goto line 14
7
8 - - <= LPDT DCSRR-L Responsed-198 bytes return
9 - - <= LPDT DCSRR2-L Responsed 2 bytes return
10 - \ <= LP-11 7
Interface control change from the display
11 - BTA <=> BTA -
module to the MCU
12 - LP-11 => - - End
13
14 - - <= LPDT AWER Error report
15 - - <= LP-11 -
16 - BTA <=> BTA -
17 - 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

1 - LP-11 => - - Start
2 NP-L HSDT = - - Only high-speed data transmission’isus ed.
3 - LP-11 = - - End
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5.6.2.3.3.3 Tearing Effect Bus Trigger Sequences

Tearing Effect Bus Trigger Enable Sequence — DCSW-L  and HSDT

1 - LP-11 => - - Start
2 DCSWL HSDT => - - Tearing Effect Bus Trigger Enable
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
Interface control change from the MCU to the
5 - BTA <=> BTA -
display module
If No Error => Goto Line 8
6 - - <= LP-11 - If Error is Corrected by ECC => Goto Line 19
If Error => Goto Line 30
7
8 - - <= ACK 5 No Error
9 - B <= LRP-11 -
Interface Control Change from the display
10 - BTA <=> BTA -
module to the MCU
11 - LP-11 => - -
Interface Control Change from the MCU to the
12 BTA <=> BTA -
display module
13 - <= LP-11 -
14 - <= TEE - TE (Escape Trigger) on the next V-S ynch.
15 - <= LP-11 -
Interface Control Change from the display
16 - BTA <=> BTA -
module to the MCU
17 LP-11 => - - End
18
19 - - <= LPDT AWER Error Report (Error is Correcte  d by ECC)
20 - - <= LP-11 -
Interface Control Change from the display
21 - BTA <=> BTA -
module to the MCU
22 - LP-11 = - -
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Interface Control Change from the MCU to the
23 BTA <=> BTA -
display module
24 - - <= LP-11 -
25 - - <= TEE -
26 - - <= LP-11 -
27 - BTA <=> BTA -
28 - LP-11 => - End
29
30 - - <= LPDT AWER Error Report
31 - - <= LP-11 -
Interface Control Change from the display
32 - BTA <=> BTA >
module to the MCU
Ifthe MCU is notforcing BTA => Goto Line 34
33 - LP-11 => = N
If the. MCU is forcing BTA => Goto Line 36
34 - LP-11 => - - End
35
Interface Control Change from the MCU to the
36 - BTA <=> BTA /
display module
37 - <= LP-11 - Dead-Lock (No TE information) See  Note 2
The MCU is forced to start to control the
interface.
38 - LP-11 => -
The display module detects Bus Connection
Error (BCE)
Interface Control Change from the MCU to the
39 - BTA <=> BTA -
display module
40 - - <= LP-11 -
Error Report (Bus Connection Error (BCE) is
41 - - <= LPDT AWER
reported) See Note 2
42 - - <= LP-11 -
Interface Control Change from the display
43 - BTA <=> BTA -
module to the MCU
44 - LP-11 => - End

Notes:
1. Lines 1 — 17 are needed for every frame.

2. Bits 5 and 7 of the AWER are applied.

Tearing Effect Bus Trigger Enable Sequence — DCSW-L  and LPDT
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2 DCSWL HSDT => - - Tearing Effect Bus Trigger Enable
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
Interface control change from the MCU to the
5 - BTA <=> BTA R
display module
If No Error => Goto Line'8
6 - - <= LP-11 - If Errar,is.Corrected by ECC => Goto Line 19
If Error => Goto Line 30
7
8 - - <= ACK - No Error
9 - - <= LP-11 -
Interface Control Change from the display
10 - BTA <=> BTA \
module to the MCU
11 - LP-11 => = -
Interface Control Change from the MCU to the
12 BTA <=> BTA -
display module
13 - <= LP-11 -
14 - <= TEE - TE (Escape Trigger) on the next V-S ynch.
15 - <= LP-11 -
Interface Control Change from the display
16 - BTA <=> BTA -
module to the MCU
17 LP-11 => - - End
18
19 - - <= LPDT AWER Error Report (Error is Correcte  d by ECC)
20 - - <= LP-11 -
Interface Control Change from the display
21 - BTA <=> BTA -
module to the MCU
22 - LP-11 => - -
Interface Control Change from the MCU to the
23 BTA <=> BTA -
display module
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24 - - <= LP-11 -
25 - - <= TEE -
26 - - <= LP-11 -
27 - BTA <=> BTA -
28 - LP-11 => - End
29
30 - - <= LPDT AWER Error Report
31 - - <= LP-11 -
Interface Control. Change from the display
32 - BTA <=> BTA -
module to the- MCU
If the MCU-.is not forcing' BTA => Goto Line 34
33 - LP-11 => - -
If the MCU is forcing BTA => Goto Line 36
34 - LP-11 => - - End
35
Interface Control.Change from the MCU to the
36 - BTA <=> BTA -
display module
37 - <= LP-11 - Dead-Lock (No TE information) See  Note 2
The MCU is forced to start to control the
interface.
38 - LP-11 => -
The display module detects Bus Connection
Error (BCE)
Interface Control Change from the MCU to the
39 - BTA <=> BTA -
display module
40 - - <= LP-11 -
Error Report (Bus Connection Error (BCE) is
a1 R - <= LPDT AWER
reported) See Note 2
42 - - <= LP-11 -
Interface Control Change from the display
43 - BTA <=> BTA -
module to the MCU
44 - LP-11 = - End

Notes:
1. Lines 1 — 17 are needed for every frame.

2. Bits 5 and 7 of the AWER are applied.
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Tearing Effect Bus Trigger Enable Sequence —-DCSW1-S

and HSDT

2 DCSW1-S LPDT => - - Tearing Effect Bus Trigger Enable
3 - LP-11 => - -
Interface control change from the MCU to the
4 - BTA <=> BTA -
display:module
If No Error =>'Goto Line 8
5 - - <= LP-11 - If Error'is Corrected by ECC => Goto Line 19
If Error=> Goto Line 30
6
7 - - <= ACK - No-Error
8 - - <= LP-11 \
Interface Control Change from the display
9 - BTA <=> BTA /
module to the MCU
10 - LP-11 => - -
Interface Control Change from the MCU to the
11 BTA <=> BTA -
display module
12 - <= LP-11 -
13 - <= TEE - TE (Escape Trigger) on the next V-S ynch.
14 -- <= LP-11 -
Interface Control Change from the display
15 - BTA <=> BTA -
module to the MCU
16 LP-11 => - - End
17
18 - - <= LPDT AWER Error Report (Error is Correcte  d by ECC)
19 - - <= LP-11 -
Interface Control Change from the display
20 - BTA <=> BTA -
module to the MCU
21 - LP-11 => - -
22 BTA <=> BTA - Interface Control Change from the MCU  to the
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display module
23 - - <= LP-11 -
24 - - <= TEE -
25 - - <= LP-11 -
26 - BTA <=> BTA -
27 - LP-11 => - End
28
29 - - <= LPDT AWER Error Report
30 - - <= LP-11 -
Interface Control Change from.the-display
31 - BTA <=> BTA -
module to the MCU
If the MCU is not forcing BTA => Goto Line 34
32 - LP-11 => - -
If the MCU is forcing BTA => Goto Line 36
33 - LP-11 => \ - End
34
Interface Control Change from the MCU to the
35 - BTA <=> BTA \
display module
36 - <= LP-11 - Dead-Lock (No TE information) See  Note 2
The MCU is forced to start to control the
interface.
37 - LP-11 => -
The display module detects Bus Connection
Error (BCE)
Interface Control Change from the MCU to the
38 - BTA <=> BTA -
display module
39 - - <= LP-11 -
Error Report (Bus Connection Error (BCE) is
40 - - <= LPDT AWER
reported) See Note 2
41 - - <= LP-11 -
Interface Control Change from the display
42 - BTA <=> BTA -
module to the MCU
43 - LP-11 => - End

Notes:
1. Lines 1 — 17 are needed for every frame.

2. Bits 5 and 7 of the AWER are applied.
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Tearing Effect Bus Trigger Disable Sequence — DCSWN  -S and LPDT

1 - LP-11 => - - Start
2 DCSWN-S LPDT => - - Tearing Effect Bus Trigger Disable
3 - LP-11 => - - End

Tearing Effect Bus Trigger Disable Sequence — DCSWN  -S and HSDT

1 - LP-11 = s < Start
2 DCSWN-S HSDT => E - Tearing Effect Bus Trigger Disable
EoTp HSDT End-of Transmission Packet
3 - LP-11 => - - End
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5.6.2.4 Video Mode Communication

Video Mode peripherals require pixel data delivered in real time. This section specifies the format and timing of DSI traffic for this type of display

module.

5.6.2.4.1 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. Itis.,recommended to return.to LP state once per scanline 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 burstmode will be indistinguishable from non-burst mode.

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

« Remain in Idle Mode with the host processor in LP-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 the host 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 scanline of active pixels may be

divided into two or more packets. However, individual pixels shall not be split across packets.

Transmission packet components used in the figures in this section are defined in Figure below unless otherwise specified.
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Low Power Mode including optional BTA
DSI Packet: Arbitrary sequence of pixel stream and Null Packets
DSl Blanking Packet: Horizontal Back Porch

DSI Blanking Packet: Horizontal Front Porch
DSl Sync. Event: Horizontal Sync. End

DSI Blanking Packet: Horizontal Sync. Active, No data

DSl 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.

DSl Sync. Event: Packet V Sync. Start.

DSI Video Mode Interface Timing Legend

If a peripheral timing specification for HBP or HFP 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.

5.6.2.4.2 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.

P tL* (VSA+VBP+VACT+VEP) o
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
N N N N N __ N N (Y
B
V|BL|[H]|BL V|BL|H|BL H | BL . . H | BL H|BL|H|L|L
s|Lp|s|Lp E|LP|s|Lp s|Lp Active Video Area s|Lp S|P st ¥
N N N 1N N N \NA
VSA Lines VBP Lines VFP Lines
- \
- AN
- N
- N
- N
- N
- N
- N
’/’ N
tL tHsA tHepP tHACT tHFP
- > > <> -
H H H H
g S E B RGB HFP | —————- g S E B RGB HFP
A P A P
VACT Lines

DSI Video Mode Interface Timing: Non-Burst Transmis  sion 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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5.6.2.4.3 Non-Burst Mode with Sync Events

This mode is a simplification of the format described in section 5.8.2.4.2 “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.
P tL* (VSA+VBP+VACT+VFP) L
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
N N -~ o N _______ N N Y
B
VIBL|H|BL|___|H|BL|H|BL|___|H|BL Active Video Area H{BL| . |H|[BL|[H|L :; \%
S|LP|[S|LP S|LP|[S|LP S| LP S| LP SLPS:;MS
N ] = A T = " 7
VSA Lines VBP Lines VFEP Lines
- N
- N
- N
- N
- N
- N
- N
- N
- ~
- N
tL tHeP tHACT thrp
H H H H
B RGB HFP | ===—=—- B RGB HFP
S S
P P
VACT Lines

DSl Video Mode Interface Timing: Non=burst Transmis  sion

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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5.6.2.4.4 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) o
N N I~ Nl 7N Y
B
VIBL|H|BL|___|H|BL|H|BL|___|H|BL Active Video Area H{BL|___|H|BL|[H]|L :; \%
S|LP|[S|LP S|LP|S|LP S| LP S| LP SLPS'};MS
N N L N N e N W\
VSA Lines VBP Lines VFEP_Lines
- N
- N
- AN
- N
- N
- N
- N
== N
- ~
— N
tL 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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5.6.2.4.5 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 (Base on 800R  GBx1280)

BRphy Bit rate per Lane (Note3) WXGA(B00RGB x 1280) 80 - 850 Mbps
12.9
L Line time WXGA(800RGB x 1280) - ¥ us
(Note 1)
thep Horizontal back porch WXGA(800RGB x 1280) 0.1 = - us
thacT Time for image data 4 data lane 9.6 - (Note 2) us
HACT Active pixels per line WXGA(BQORGB x\1.280) 800 - pixels
thep Horizontal front porch 0.k - - us
VSA Vertical sync active 1 - - H
VBP Vertical-back porch 2 - - H
VACT Active lines per frame WXGA(800RGB x,1280) 1280 H
VFEP Vertical front porch 6 - - H
Note.1: Frame rate (Typ) = 60Hz, and VBP is'setto | '2 / VFP is.set to 6.
Note 2: tpacT (max)= t. — thep =thep
Noet 3: For MIPI speed limitation :
[1] Per lane bandwidth is 850Mbps,
[2] Total Bit Rate: 2Gbps for 8-8-8; 1.5Gbps for 6-6-6; 1.33Gbps for 5-6-5.
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5.6.2.5 Memory access for DSI Command Mode

Different display data formats are available farethcolors depth supported by the NT35590 listéalbe
65k colors, RGB 5-6-5-hits input. Register commaA¢é="05h"
262k colors, RGB 6-6-6-bits input. Register commaAti="06h"
16.7M colors, RGB 8-8-8-bits input. Register comh&Ah ="07h"
5-6-5-bits (65K colors, baseon FMT16B_NK_EN =1)

1 Pixel
A

Data N (Green[2:0] + Red[4:0]) Data N+1 (Blue[4:0] + Green[5:3])

| Time

One Pixel Bit and Color Write Orders

5-6-5-bits (65K colors, base on'FM T16B_NK_EN.=/0)
1 Pixel

™

Data N (Red[4:0] + Green[5:3]) Data N+1 (Green[2:0] + Blue[4:0])

L M
S S
B ] B
Time >
One Pixel Bit and Color Write Orders
6-6-6-bits (262K colors)
1 Pixel
A
—
Data a(n)-Red Data a(n+1)-Green Data a(n+2)-Blue
) ) 01 2 3 45
L M| L M| L M
S s|s s|s S
B B|B B|B B
Time
One Pixel Bit and Color Write Orders
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8-8-8-bits (16.7M colors)

1 Pixel
A

Data a(n)-Red Data a(n+1)-Green Data a(n+2)-Blue

Time

One Pixel Bit and Color Write Orders
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5.6.2.5.1 Memory Writing
16 bit/pixel writing (65K colors, baseon FMT16B_NK_EN = 1)

1 Pixel
N
fall N
Data N (Green[2:0] + Red[4:0]) Data N+1 (Blue[4:0] + Green[5:3])

L

S| s

Bl B
I Time |

One Pixel Bit and Color Write Orders

The MCU can send to the display module a followpagket

Packet Header (PH)
A
~ O~
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39hex (DCSW-L) 03hex 00hex 36hex
1{oJof1f2]1|ojofz]rfo]ofojojofjo]ofo]ofofofofofjofo]jrfz]of1]1 0
B|s|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
ol1f2]3|4]|s]|6|7]of1]2|3]4a]5|6]7fo]1r|2]3]4]|5]6]7]0]l1]2]|3]4a]5]6]7
L M| L M| L ML M
S S|S S|S S|S S
B B|B B|B B|B B
Time )
Packet Data (PD)
AL
i
Data 0 - DCS (Notel) |Pata 1 - Red,Green[0:2] Data 2 - Green[3:5],Blue
2Chex (Memory Write) 23hex 12hex
ojof1]1fo]2fo]o olofo]1
B[B[B[B[B[B[B]B
ol1f2]3f4]5]6]7
L M M| L
S S S|S
B B B|B

Time >

Packet Footer (PF)
A

—
ICRC(Least Significant Byte] CRC(Most Significant Byte)

63hex AShex
1lofofo]z1]2 1lofof1]o0

B|B|B|B|B B|B|B
1]12]3|4|5

o w
= o
N @
o w

|UJ(nr— o w|

One Pixel Write (DCSW-L)
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16 bit/pixel writing (65K colors, baseon FMT16B_NK_EN =0)

1 Pixel

—
Data a(n)-Red+Green | Data a(n)-Green+Blue

L M
S S
B B
One Pixel Bit and Color Write Orders
Packet Header (PH)
e
—
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECE
39hex (DCSW-L) 03hex 00hex 36hex
1{ofo]s]s]r]ofofz]2]o]olo|ofo]o]o]o]o]o|lofo]o]olofz|z|fofz]2]o]0
BEREREBEBEBEBEBEEBBEEBEBEEEEBEEBEEEEBBEEEEEE
ol1]2]|3]afs|e]7]ol1]2f3|als]6]7]o]r|2f3]4]5]6]7|of1]2]3]4a]s5]|6]7
L ML ML ML M
S s|s s|s s|s S
B B|B B|B B|B B
Time )
Packet Data (PD)
il
Data0 - DCS (Notel) [Data 1 - Red,Green[0:2] Data 2 - Green[3:5],Blue
2Chex (Memory Write) 23hex 12hex
oloJ1fzfofzfo]o]1]2 ofo
B[B[B[B[B|[B[B[B
ol1]2]3]4fs|e]|7
L ML M
S s|s S
B B|B B

Time )

Packet Footer (PF)
_A—

o
CRC(Least Significant Byte] CRC(Most Significant Byte)
63hex AS5hex
1fofofof1]1 ol1]ofof1]o0

B|B|B|B|B B|B|B
1]12]3]4|5

o w
= m
N m
o w

|UJU)I— =X

One Pixel Write (DCSW-L)

Notes:

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

2. It is possible that one pixel information isisfpl one different packets which are ending aradtsig as follows:
RG — GB (2 packets)

3. Packet can include several pixels (Not only jpxel as in this example)
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Packet Header (PH)

—
o Packet Data
A
r N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  |3Chex (Memory Write Continue) Olhex - Red, Green[0:2] 21hex
1lof1]o]1]o]o]ofofofzfz[z]z]0]0O ofof1]o]o]o]o]1]o]oO
BEEBEBBEBEBBRBEBEBEEEEE B[B[B[B]B[B]B]E
of1f2]3]4a]ls]6]|7]ofa|2|3]afs5]|6]7 of1|2]3]4]|5]6]7
L M| L M ML M
S s|s S s|s S
1B B|B B B|B 1B
Time >
Red/Green[0:2] Subpixel Write (DCSW1-S)
Note: DCS (Data 0) can also be “Memory Write” (2Glgmmand
Packet Header (PH)
- Y
Packet Data
_A—
'z N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  [3Chex (Memory Write Continue) Olhex - Green[3:5],Blue 21hex
1fofl1]o]1]o]o]o]ofofzf2f2|21]o]o]1]0 of1f{ofo]o]o]1]0o]o0
BEEBBEBEBEBEERBREBEBEBEEEBEE e BEEBBBBEBEBEE
of1f2]3]4a]|s5]6]|7]ofa|2|3]4afs5]|6]7 (M of1[2]3]4]5]6]7
L M| L ML ML M
S s|s s|s s|s S
B B|B B(B B(B B
Time >

Green[3:5]Blue Subpixel Write (DCSW1-S)
Notes:
1..DCS (Data 0) cannot be “Memory Write” (2Ch), coamd, It must-always be “Memory Write Continue” (3Ch
2.\Rrevious data byte was R[0:4]G[0:2]
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18 bit/pixel writing

1 Pixel
_ A
— —
Data a(n)-Red Data a(n+1)-Green Data a(n+2)-Blue
AR 1111 T X
L M| L M| L M
S S|s S|sS S
B B|B B|B B
Time Ll

One Pixel Bit and Color Write Orders
The MCU can send to the display module a followpagket

Packet Header (PH)
4/\
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39hex (DCSW-L) 04hex 00hex 2Chex
1|lofofz1]1]21]ofofofofz]o]o]ojofofofo]ojo]ofofofojojolr]2rfofz]o]oO
Bls|s|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
of1]2|3]4]|5]6f7fo]1]2]3]4fs5f6]7]o]1]2]3|a]|5]6]|7]o]1f2f3]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
Data0 - DCS (Notel) Data 1 - Red Data 2 - Green Data 3 - Blue
2Chex (Memory Write) 23hex 12hex A2hex
ofoJ1]a]ofr]ofof1]1]o]ojof1fo]o]Jo]1i]o]of1]o]Jo]JoJo]1fofo]Jo]1]o]1
B[B]B[B[B|[B[B|B R R RRRR BB B B B
ol1f2]3f4a]5]6]7 0 4 0 4
L M| L M| L M| L M
S S|s S|s S|s S
E B|B B|B B|B B

Time >

Packet Footer (PF)
A

—
[CRC(Least Significant Byte] CRC(Most Significant Byte)
20hex D7hex
oloJoJo]1]o0 1l1]o]|1]0]1

B|B|B|B|B B|B|B|B|B
1]12]3]4|5 1]12]3]4|5

o W
o W

T wnZ|Nm| o
W wr|o o~

|UJU>|— o w|o

¥ [woz|vo]-

Time

One Pixel Write (DCSW-L)

Notes:

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

2. It is possible that one pixel information isisl two or three different packets starting aléofes:
- R - GB (2 packets)

+ RG - B (2 packets)

- R—G-—B (3 packets)

3. Packet can include several pixels (Not only pxel as in this example)
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Packet Header (PH)

—
o Packet Data
A
o N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  |3Chex (Memory Write Continue 01hex - Blue 21hex
i|jo0fj1joj1fojofojofjofjrfazjry12jojoj1jofjojofjojojojof1jojojofjoj1joyfo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B B B B B B B|B|B|B|B|B|B|B
o|1]2]3]4a]|s]|e|7]o]1f2|3f4f5]6]7 0 4 o|1]2]3]4]s]e]7
L M| L M| L M| L M
S s|s s|s s|s s
1B B|B B|B B|B El
Time >
Blue Subpixel Write (DCSW1-S)
Note: DCS (Data 0) cannot be “Memory Write” (2Cbyanand
Packet Header (PH)
A
—
o Packet Data
_A
a N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  |3Chex (Memory Write Continue, 0lhex - Green 21hex
i|jo0fj1joj1fojofojofjofarf1jrja2jojoj1jofjojojojojojofrzjojojojoj1jojfo
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|0]1]2|3]4|5]|6]7 0|l1]2|3|4]|5]|6]|7
L M| L M| L M| L M
S s|s s|s s|s S
1B B|B B|B BB 18]
Time >
Green Subpixel Write (DCSW1-S)
Note: DCS (Data 0).cannot be “Memory Write” (2Cbjmamand
Packet-Header (PH)
A
—
N\ Packet Data
A
o N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  |3Chex (Memory Write Continue Olhex - Red 21hex
i|jo0fj1joj1fojofojofjofjrf1zjry1jofjoj1jofjojojojojojof1jojojofjoj1jojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B SN AN CANAN B[ B|B|B|B|B|B|B
o|1]2]3]4a]|s]|e|7]o]1f2|3f4af5]6]7 0 4 o|1]2]3]4]s]6]7
L M| L M| L M| L M
s s|s s|s s|s s
1B B|B B|B B|B 1B
Time >
Red Subpixel Write (DCSW1-S)
Note: DCS (Data 0) can also be “Memory Write Cam#¥h(3Ch) command
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24 bit/pixel writing

1 Pixel
A

Data a(n+1)-Green

Data a(n)-Red Data a(n+2)-Blue

I Time >
One Pixel Bit and Color Write Orders

The MCU can send to the display module a followpagket

Packet Header (PH)
A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC

39hex (DCSW-L) 04hex 00hex 2Chex
1f{ofofzf1]1]o]o]o 1loJolofofofofofo]o]o]o]oJolo]ofr[2fofzfof0
s|e|e|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
ol1]2]3]4]5]6]7]o]1f2f3f4afs5]6]7]|o]1]2]|3]4]|5]6]7fof1|[2f3]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)
AN

— TN
Data 0 - DCS (Notel) Data 1 - Red Data 2 - Green Data 3 - Blue
2Chex (Memory Write) 23hex 12hex A2hex
ojloJ1]1]o]1]o]o 1]lofof1fofofo
B[B|B[B|B][B[B][B
oJ1]2]3]4]s5]6]7
L M M
S S S
2] B B

Time )

Packet Footer (PF)
A

—
ICRC(Least Significant Byte] CRC(Most Significant Byte)
20hex D7hex
oloJofo]1fo ol1]o]|1

B|B|B B|B|B|B|B
3|14]|5 1]12]3[4]5

[N

W
N W
o W
o W

owZ|Nm| o
o nrjom|-

|Uﬂmr— o mw| o

\AEFEEEE

Time

One Pixel Write (DCSW-L)

Notes:
1. Memory Write (2Ch) or Memory Write Continue (3Ch
2. It is possible that one pixel information isisl two or three different packets which are emdand starting as
follows:
- R —GB (2 packets)
- RG - B (2 packets)
- R-G - B (3 packets)

3. Packet can include several pixels (Not only jpxel as in this example)
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Packet Header (PH)

— —
Packet Data
A
r N
DI Data 0 (DCS) Data 1 (Parameter) ECC
15hex (DCSW1-S)  [3Chex (Memory Write Continue; 01hex - Blue 21hex
1{o]1lo]1]ofo]ofo]ofr]a|2|fz]ofo]r|fo]o]o]o]ofo]of1]o]o]o]ofz]ofo
BEBBEBEBEEBBEBEEBEBEEE: 8 8 B B B B 8 HEBEBBEBEBEE
ol1]2f3]4afs]ef7fo]rf2]3|a]5|6]7 4 6 o|l1]2]3]4|s]s6|7
L M| L M| L M| L M
S S|S SIS SIS S
B B|B B|B B|B B
Time >

Blue Subpixel Write (DCSW1-S)
Notes:
1. DCS (Data 0) cannot be “Memory Write” (2Ch) coamd. It must always be “Memory Write Continue”(3Ch)
2. Previous data byte was G[0:7]

Packet Header (PH)

- TN
Packet Data
A
o N

DI Data 0 (DCS) Data 1 (Parameter) ECC

15hex (DCSW1-S)  |3Chex (Memory Write Continue) Olhex - Blue 21lhex
1{o]1]ol1fo]olofofo]r]rfz]2]olofz]olofo]o]jo]ofo]r]ofofo]o]zrfo]oO
s[e[B]B8[s]e[BlB]e]B]B|B]B]B|B[B B[e[B]B[B]B][B]B
ol1]2]3f4]s]6f7]o]1]2f3]4]5]|6]|7 oJ1]2]3f4]5]6f7
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 >

Green Subpixel Write (DCSW1-S)
Notes:
1. DCS (Data 0) cannot be “Memory Write” (2Ch) coamd. It must always be “Memory Write Continue”(3Ch)
2. Previous data byte was R[0:7]

Packet Header (PH)

~ TN
Packet Data
A
o N

DI Data 0 (DCS) Data 1 (Parameter) ECC

15hex (DCSW1-S)  |3Chex (Memory Write Continue) Olhex - Blue 21hex
1{o]1]ofzfo]olofofo]r]rfz]2]o]o0 1{oJojojofz]o]o
s[e[B[B8[s]B[BlB]e]B]B|B]B]B|B[B B[e[B[B[B]B][B]B
ol1]2]3f4]s]6f7]o]1]2f3]4]5]|6]|7 oJ1]2]3f4]5]6f7
L M| L M L M
S s|s S S S
B B|B B B B
Time >

Red Subpixel Write (DCSW1-S)

Note: DCS (Data 0) can also be “Memory Write Congh (3Ch) command
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5.6.2.5.1 Memory Reading
24 bit/pixel Reading

1 Pixel
A

Data a(n)-Red Data a(n+1)-Green

Time
One Pixel Bit and Color Read Orders
The display module can send to the MCU followingkss after the MCU has sent a read command “MerRead (2Eh)” or “Memory Read Continue

(3Eh)".
Packet Header (PH)
e
— T~
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
1Chex (DCSRR-L) 03hex 00hex 16hex
ojlof1]1|1]ofo]of1 olofo]ofo]ofo ojlofoJofoJojo|r]|1]of1]o0 0
Bls[B|B[B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|[B|[B|[B|[B|[B|B|B|B|B]|B
o|l1f2]|3|4]|5]|e6|7|o|r|2]|3|4]s5|6|7]|o|2]2]|3]|4]|5]|6|7]|0|1]|2|3]|4|5]6]7
L M| L ML ML M
S S|S S|S S|S S
B B|B B|B BB B
Time )

Packet Data (PD)

A
~ TN
Data O - Red Data 1 - Green Data 2 - Blue
2Ehex 23hex 12hex

1|]o0jo0jof1fo

oTnZ
ARl © T <]
o » Z R ©

Time )

Packet Footer (PF)
A
—

(CRC(Least Significant Byte] CRC(Most Significant Byte)
DBhex 10hex
1f1fof1f1]ofz]2]o]o]o]of1]ofofO
B|s|B|B|B|B|B|B|[B|B|B|[B|B|B|B]|B
oj1]2|3]|4|5|6|7|o]1|2]|3]4]|5]6]|7
L M| L M
S S|S S
B B|B B

Time >

One Pixel Read Response (DCSRR-L)

Note: It is possible that one pixel informatiorsfdit in two or three different packets:
- R - GB (2 packets)
- RG - B (2 packets)
- R— G —B (3 packets)
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Packet Header (PH)

an Packet Data Y
A
- N
DI Data O Data 1 ECC
21hex (DCSRR1-S) Olhex - Red 00hex 14hex
i1|jo0jojojof1fojojr1fjojojofjojojofojojojojojojojojoyj1jo ojof1fofo
B|B|B|B|B|B|B|B LGN B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0|1]|2|3|4]|5]|6]|7 e 4 6 oj1]2|3|4|5|6|7]0]1 3|14|5]|6]|7
L ML ML ML M
S s|s s|s s|s S
18| B|B B|B B|B 1B
Time: >
Red Subpixel Response (DCSRR1-S)
Notes:
1. Data 1 is always 00h
2. Previous data byte was BJ[0:7]
Packet Header (PH)
—
o Packet Data
A
- ™
DI Data 0 Data 1 ECC
21hex (DCSRR1-S) Olhex - Red 00hex 14hex
i1j]o0jofojof1fojoj1fjojofojojojojojojojofjofo ojoj1j)o ojoj1jofo
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|l1]2]|3]4 6|]7]0]1 3|14|5]|6|7
L m|L M| L M| L M
s s|s s|s s|s s
1B B|B B|B B|B 18]
Time >
Green Subpixel Response (DCSRR1-S)
Notes:
1. Data 1 is always 00h
2. Previous data byte was R[0:7]
Packet Header (PH)
—
o Packet Data
A
- ™
DI Data 0 Data 1 ECC
21lhex (DCSRR1-S) Olhex - Red 00hex 14hex
11]0|jo0fojofj1|0jo0 ojojojojo ojoj1j)o ojoj1jofo
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 0|l1]2]|3]4 6|]7]0]1 3|14|5]|6|7
L M L M| L M
s s s s|s s
B B B B|B 18]
Time >
Blue Subpixel Response (DCSRR1-S)
Notes:
1. Data 1 is always 00h
2. Previous data byte was G[0:7]
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5.7 Window Address Function

The window address function allows writing RAM data consecutively within the window address area which are determined by setting the

horizontal address register (XSA and XEA) and vertical address register (YSA and YEA). The MV, MX and MY bits determine the transition

direction of the RAM address (refer to CMD1 register 36h).

The RAM address (XAD[10 : 0], YAD[10 : O]) must be set within the window address area, and the window address must be made within the

GRAM address map area.

For 800RGB x 1280 Resolution:
[Window Address Area Setting Range]
(Horizontal Direction) - 0000h < XSA < XEA < 031Fh

(Vertical Direction) > 0000h £ YSA < YEA< 04FFh

[RAM Address Setting Range]
(RAM Address) > XSA<XAD[10: 0] £ XEA

YSA<YAD[10: 0] = YEA

5.8 Reduced Power ConsumptionDrive Settings
The NT35590 supports various /methods for, reducing power consumption. Generally speaking, a balance will need to be found between
reduced-power consumption and display quality. In‘addition, the power consumption also depends on the characteristics of the panel. Review the

various methods to determine which one will provide the optimal balance between reduced power consumption and display quality.

Frame Rate Setting
The NT35590 is able to change the liquid crystal polarity inversion cycle by setting the RTN bits to change the frame frequency. Setting a
lower frequency in the partial display operation will reduce power consumption. For more information, refer to “Frame-Frequency Adjustment

Frequency”.
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5.9 Frame-Frequency Adjustment Function

The NT35590 provides a function to adjust the frame frequency for driving liquid crystal by setting the RTN bits without changing the
oscillation frequency.

Changing the frame frequency is permissible when a moving picture or still picture is displayed on the screen; a high oscillation frequency
should be set in this case. By changing the RTN settings, the NT35590 can function at a low frame frequency to display a still picture (reducing

power consumption), and at a high frame frequency when displaying a moving picture (which requires data to be rewritten at high speed).

Relationship between Liquid Crystal Drive Duty and the Frame Frequency
The formula below is used to calculate the relationship between the liquid crystal drive duty and the frame frequency. The frame frequency is

determined by setting the 1H period adjustment (RTN) bit.

Equation for calculating frame frequency:
11+ 5% (MHz)

FrameFreuency = -
RTN xDIV x(Lines +BP +FPR)

FOSC: Display Reference Clock
RTN: Number of clocks per line.
Line: Display Line Number

FP: Number of lines for front porch.
BP:‘Number of lines.for back porch.

DIV:.Divisor
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5.10 GAMMA Function
The structure of grayscale amplifier is shown as below. The 30 voltage levels between GVDDP/GVDDN and

GND determined by the gradient adjustment register, the reference adjustment register, the amplitude adjustment

resister and the micro-adjustment register.

GVDDP/GVDDN
Regulator

/ DAC

1024 to 1
VO ~ V1023

DAC
1024 to 1
VO ~ V1023

DAC
1024 to 1
VO ~ V1023

DAC
1024 to 1
VO ~ V1023

DAC
1024 to 1
VO ~ V1023
DAC
1024 to 1
VO ~ V1023

DAC
1024 to 1

DAC
va22 1024 to 1
VO ~ V1023

DAC
1024 to 1
AE Y o - viozs

DAC
1024 to 1
VO ~ V1023

DA
1024 to 1
VO ~ V1023

R DAC
1024 to 1
\VskRe] VO - vioz3

DAC
R 1024 to 1
VO ~ V1023

DAC
V511 1024 to 1

VO ~ V1023

1v509 127

:
1My

1023 x R< V128

DAC
1024 to 1
VO ~ V1023

DAC
1024 to 1
VO ~ V1023

DAC
R 1024 to 1
R

H
H
DA
1021 1024 to 1
VO ~ V1023
DAC
1024 to 1
102 2 e
DAC
R 1024 to 1
102 3G

Gamma GND

/232

/240

/242

244

/246

248

R

WYTYYYYYYYYYY

Figure 5.11.1 Gamma Architecture for NT35590
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5.11 Reset Function
The RESET function of NT35590 is triggered by a RESX input. After reset function triggered, the NT35590 enter a reset period, and the

duration of this period must be at least 1ms. During this period, the NT35590 and its power circuit is initialized. In the meanwhile, because the
NT35590 will be in a busy state, neither instruction from MPU nor GRAM data access request are not acceptable. In addition, for power-on reset
case, there will be a 20 ms period for oscillator to be stable. Therefore, any instructions or GRAM access request must be made after this 20 ms
period is over.

Initial States of Output Pins

The following table represents the output pins and its initial state

e e

Liquid crystal driver (Source driver output) All output'VSS
VCOMDC3 Disabled (VSS level output)
GVDD P/N Disabled (VSS level output)
AVDD VCI
AVEE VSS
CGOUT_R1~R27, CGOUTL1~L27 Disabled (VSS level output)
FTE/FTE1l Disabled-(VSS level output)
High(= VDDI): (using SPI Interface)
SDO
Hi-z(when not using SPI Interface)
D23-0,SDI Hi-Z
VGH VCI
VGL VSS
VGHO VSS
VGLO VSS
VCL VSS
VDC1 VSS
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Initial States of Input / Output Pins

The following table represents the input/output pins and its initial state

T I N

C11P/M Hi-z
C12P/M Hi-z
C13P/M Hi-z
C14P/M Hi-z
C15P/M Hi-z
C16P/M Hi-z
C17P/M Hi-z
C18P/M Hi-z
C21P/M Hi-z
C22P/M Hi-z
C23P/M Hi-z
C24P/IM Hi-z
C31P/M Hi-z
C32P/M Hi-z
C41P/M Hi-z
C42P/M Hi-z

Notes: The initial states of input/output pins list ed above are proper under the condition that LCD mo  dule is connected as shown in the

connection example.

Initial State of Instruction Set

The initial state of instruction set is listed in next chapter, and the default values are shown in the parenthesis of each instruction bit cell.

Initial State of RAM Data

The data in RAM is not automatically initialized in RESET period, and must be initialized by software before display-on instruction is made.
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5.12 Basic Operation Mode

The basic operation mode of NT35590 is illustrated below. When changing from one mode to another, make sure to follow the sequence

indicated in the figure.

DEEP
standby set Driver
Deep standby |« Sleep | Initialization Reset R t
mode > mode | state ese
Exit deep standby
refer to Exit deep standby sequence A
Sleep set Exit Sleep
\
Display

OFF
g A £
9 9
gl il
2 2
o °)
=] =

Y
Internal clock

display

Figure 5.12.1 Operation Mode Change
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5.13 Power On/Off Sequence
The power supply ON/OFF setting for Display ON/OFF, Standby Set/Exit, and Sleep Set/Exit sequences is illustrated in figure below.

Power On Sequence Power Off Sequence

< Power Supplier On > < Normal Display >

Display Off Command
( Set SET_DISPLAY_ OFF(0x2800))

10 msec
or more

Hardware Reset

Sleep- Out Command Sleep- In Command
( Set EXIT_SLEEP_ MODE(1100h)) ( Set ENTER SLEEP_ MODE(1000h))
10 msec 4 frames,
or more ormore
Display On Command ( Power Supplier Off)
(Set SET_DISPLAY_ON(2900h))

( Normal Display )

Figure 5.13.1 Power Supply Setting Sequence

Note.\If ‘user wants to change the“LTRS timing, famate, porch settings, it would be necessary laydg frames or more after sleep out

command.
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5.13.1 Power Supply On/Off setting sequence

| No Iimllt
|<‘“>:
I
| N
| I 90% |
VDDI / VDDAM s
90% | ! _NgES
/“"(_ i | 90%
vl L e 1
_—— 10ms, e — ¥ |
f— ! e |
No limit i ; !
: ,'"‘i. ! >20mg
RESX J R fe————p i !
#2! i I
NOTE 1 | |

MIPI Video Stream Packet / RGB Video

" . X |
Sleep out Initial setting +d|splay | Backlight control setting
Command Transfer command on command | |
< MIPI or SPI > I I I
NOTE 2 | £40mg!
' >100ms :@_Dﬁ‘

Backlight

Note 1: The RESX waveform #1 is better than #2

Note 2: After Sleep-Out command, Driver IC will reload MTP registers. Therefore;-any-initial settings (such as 3A00h,
3B00h~3B04h, ..etc.) by SPI'or MIPI'should be set after Sleep-Out command with minimum delay time 100ms.

Note 3: If system-could supply the VDDI/VDDAM/VCI at the same time, we suggest to use this kind of power supply
setting sequence.

No Limit
] |
VDDI/ VDDAM :4-’? i
vel o
: o e
! >100ms ! | e B
e N 510 Ilﬂ-r\:;limit

et Vigeo stream packet e viseo [

1
Backlight control setting ! Display off+ Sledp In command
Command Transfer I I L. ?
|
|
< MIPI or SPI > I

Backlight
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5.13.2 Power Ramp-up/down SPEC

Power Ramp Up and Down Spec

Tpower_ramp_up
.

90%

VDDI/ VDDAM

V_power down

Tpower_ ramp_up

VCI
.10%----\-- V_power.down
€< . ([P
T _v pwr_down_period

Min Typ Max
Tpower_ramp..up (10%-90%) 2ms
Tpower_ramp_down (90%-10%) 2ms

T_v. power_down_period |200ms
V_power_down 100mV
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5.14 Instruction Setting Sequence

When setting instruction to the NT35590, the sequences shown in below figures must be followed to complete the instruction setting.

5.14.1 Sleep SET/EXIT Sequences

Sleep mode sequence

Display OFF Sequence
/ Sleep In Command :
ENT_SLEEP _MODE (1000h)

/ Sleep Out Command :
EXIT SLEEP MODE (1100h)

Delay 10 mS or more

Y

Display ON Sequence

Figure 5.14.1 Sleep SET/EXIT Sequences

Note. If user wants to change the LTPS timing, famate, porch settings, it would be necessary taydg frames or more after sleep out

command.
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5.14.2 Deep Standby Mode ENTER/EXIT Sequences

Set Display off (2800h)

Y

Enter Sleep-In Mode
(Set ENTER_SLEEP_MODE(1000h))

Y

Enter Deep Standby Mode
(Set ENTER_DSTB_MODE(4F00h))= 0x01

Note:
For MIPI I/F, if deep standby mode is used, please pull HSSI_CLK_P/N

& HSSI_DO ~ D3_P/N to VSS after issuing deep standby command

Y

Exit Deep Standby Mode

(Set RESX pin low pulse more than 3msec)
Note:
After exiting deep standby mode, please enable HSSI_ CLK_P/N &

HSSI_DO ~ D3_P/N to1.2V.

Initial instruction Setting, and RAM
Data Setting

Y

Display- On Sequence

Figure 5.14.2 Deep Standby Mode ENTER/EXIT Sequence s
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5.15 SLEEP OUT-COMMAND AND SELF-DIAGNOSTIC FUNCTION S OF THE DISPLAY MODULE

5.15.1 Register Loading Detection

Sleep Out-command (See "Sleep Out (11h)") is geridor an internal function of the display modwidich indicates, if the display module loadingdtion

of factory default values from EEPROM (or similavite) to registers of the display controller isrking properly.

There are compared factory values of the EEPROMregidter values of the display controller by thgpthy controller. If those both values (EEPROM and
register values) are same, there is inverted (easad by 1) a bit, which is defined in command tRe&play Self-Diagnostic Result (OFh)" (=RDDSDR)
(The used bit of this command is D7). If those batlues are not same, this bit (D7) is not inveftethcreased by 1).

The flow chart for this internal function is follomg:

Pawer on sequence

HW reset
Sleep In (100 oW rI:mt

F 3
r *

Sleep Out Maode EDDSDE D70

¥

=
1]
&
=
=
o
2
Fy

Slesp Cut 11k}

¥

Compares EEPROM
Load and remser values
EEFECIM
values o
rem sher

Are EEFRON and
ERepister values sare ?

D7 inverted

Note:

1. There is not compared and loaded register valwbich can be changed by user (00h to AFh and ©ADDh), by the display module.
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5.15.2 Functionality Detection

Sleep Out-command (See "Sleep Out (11h)") is geridor an internal function of the display modudiich indicates, if the display module is stilhning
and meets functionality requirements.

The internal function (= the display controller)desmparing, if the display module is still meetifugpctionality requirements (e.g. booster voltageels,
timings, etc.). If functionality requirement is métere is inverted (= increased by 1) a bit, wrdefined in command "Read Display Self- DiagnoB@sult
(OFh)" (= RDDSDR) (The used bit of this comman®®). If functionality requirement is not same, this(D6) is not inverted (= increased by 1).

The flow chart for this internal function is follomg:

Power on sequence
HW reset
Sleep In (10h) SW reset
A
I |
»  Sleep Out Mode Sleep In Mode < RDDSDR’ s D6=0
v \ 4
Sleep Out (11h)
v

Check-timings, voltage levels
And other functionalities

Is functionality
Requirement met ?

D6 inverted

A A 4

Note: There is needed 120msec after Sleep Out -aathrwhen there is changing from Sleep In —-mod&éi@ep Out -mode, before there is possible to check
if functionality requirements are met and a validcRBDSDR’s D6 is valid. Otherwise, there is 5Smselaylfor D6’s value, when Sleep Out —command it sen

in Sleep Out -mode.
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6. Command Descriptions

MIPI/SPI_8 Interface Application

HW/SW Reset

User Command Set (CMD1): Basic Display Control Setting

Add | Para
Number of Parameter for Each Command: No Parameter, Single Parameter, and Multi - P S

0xFFh | 0x00

AddressXXh range from 00h~FFh:
MIPI/SPI Interface (Address length is 8-bits):0xXXh
1. User Command Set (Called “CMD1" ble (See Note 1)
2. Packets must use D: Jrite to access “User Command Set

Note:

Initial Default PAGE_SET=0x00(Register of CMD1)

OxFEh (For MIPI I/F and S| L RD_CMDSTATUS=0x01 (means the driver IC is in CMD).
above, “User Command Set (C )" is available for default page after HW/SW reset

Page Setting:
Cmd= Address + Parameter

MIPI/SPL8: OxEF + PAGE_SET Manufacture Command Set (CMD2_P0): Power / MTP / Gamma setting
Number of Parameter for Each C: Only Single P
AddressXXh range from 00h~FFh:
MIPI/SPI Interface (Address length is 8-bits):0xXXh
1. User Comman “CMD2_PO" ) is available
2. Packets must use Data type = DCS shor/Long Write to access  “Manufzcture Command Set

Note : Read 0xFEh (For MIPI IF and SPI-8) to check RD_CMDSTATUS=0x02 (means the drivel

of CMD2

M I P IIS PI 8 Manufacture Command Set (CMD2_P1): Gamma setting
= Number of Parameter for Each Command: Only Single Parameter
AddressXXh range from 00h~FFh:

I nte rface MIPI/SPI Interface (Address length is 8-bits):0xXXh

1. User Command Set (Called “CMD2_P1" ) i le

(8 _b it f ora mt) 2. Packets must use Data type = DCS short/Long Write to access “Manufacture Command Set

Note : Read 0xFEh (For MIPI I/F and SPI-8) to check RD_CMDSTATUS=0x04 (means the driver IC is

Manufacture Command Set (CMD2_P2): Image Enhancement
Number of Parameter for Each Command: Only Single Parameter
AddressXXh range from 00h~FFh:
MIPU/SPI Interface (Address length is 8-bits):0xXXh

1. M cture Command Set (Called “CMD2_P2" ) is I
2. Packets must use Data type = DCS short/Long Write to s “Manufacture Command Set

Note : Read 0xFEh (For MIPI I/F and SPI-8) to check RD_CMDSTATUS=0x08 (means the driver IC is

Manufacture Command Set (CMD2_P3): CABC Function Setting
Number of Parameter for Each Command: Only Single Parameter
AddressXXh range from 00h~FFh:
MIPI/SPI Interface (Address length is 8-bits):0xXXh

1. Manufacture Command Set (Called “CMD2_P3” ) is available
2. Packets must use Data type = DCS short/Long Write to access  “Manufacture Command Set

Note : Read 0xFEh (For MIPI IF and SPI-8) to check RD_CMDSTATUS=0x10 (means the driver IC is in C

Manufacture Command Set (CMD2_P4): LTPS Display Timing
Number of Parameter for Each Command: Only Single Parameter
AddressXXh range from 00h~FFh:
MIPI/SPI Interface (Address length is 8-bits):0xXXh

1. Manufacture Command Set (Called “CMD2_P4” ) is le
2. Packets must use Data type = DCS short/Long Write to access  “Manufacture Command Set

Note : Read 0xFEh (For MIPI IF and SPI-8) to check RD_CMDSTATUS=0x20 (means the driver IC is

Figure 6.1 Working Flow for Accessing Registers in CMD1/ CMD2 for MIPI / SPI_8 interface.
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The address mapping of registers for these 2 comman  d sets is summarized as table below:

DCS Short Write,
XXh Address XXh Address XX00h
No Parameter

DCS Short Write, Address XXh Address XX00h

XXh + 1 Parameter
1 Parameter Parameter PA1h Parameter PAlh
Address XXh Address XX00h
DCS LongWrite with Parameter 1 PAlh Parameter 1 PAlh

XXh + 2 Parameters
2 Parameters Parameter 2 PAZh Address XX01h
Parameter 2 PA2h
Address XXh Address XX00h
Parameter 1 PAlh Parameter 1 PAlh
Parameter 2 PA2h Address XX01h
Parameter 3 PA3h Parameter2 PA2h
Address XX02h
XXh + n Parameters DCS Long Write with : : Parameter3 PA3h
(n>2) n Parameters Parameter n-th PAnh Address XX03h
Parameter4 PA4h
Address XXXnh
Parameter n PANnh

Note: CMD1 is for Basic Display Control Setting use only

DCS Short Write,
XXh Address XXh Address XX40h
No Parameter

DCS Short Write, Address XXh Address XX40h

XXh + 1 Parameter
1 Parameter Parameter PA1lh Parameter PAlh

Note: Page0 of CMD?2 is for Power / MTP / Gamma sett  ing use only
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DCS Short Write,
XXh Address XXh Address XX50h
No Parameter
DCS Short Write, Address XXh Address XX50h
XXh + 1 Parameter
1 Parameter Parameter PA1h Parameter PA1h

Note: Pagel of CMD2 is for Gamma setting use only

DCS Short Write,
XXh Address XXh Address XX70h
No Parameter
DCS Short Write, Address XXh Address XX70h
XXh + 1 Parameter
1 Parameter Parameter PAlh Parameter PA1h

Note: Page2 of CMD2 is forlmage Enhancement use on

ly

DCS Short Write,
XXh Address XXh Address XX70h
No Parameter
DCS Short Write, Address XXh Address XX70h
XXh + 1 Parameter
1 Parameter Parameter PAlh Parameter PAlh

Note: Page3 of CMD?2 is for CABC Function Setting us

e only

DCS Short Write,
XXh Address XXh Address XX80h
No Parameter
DCS Short Write, Address XXh Address XX80h
XXh + 1 Parameter
1 Parameter Parameter PAlh Parameter PA1h
Note: Page4 of CMD2 is for Display LTPS timing sett  ing use only
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6.1 User Command Set (Command 1)

MIPI Interface Other I/F

Instruction
CMD| Parameter Address

00h - 0000h NOP No Argument
01h - 0100h SOFT_RESET No Argument
1st Parameter | 0400h RDID1 00h D17 ID16 ID15 D14 D13 D12 ID11 D10
04h || 2nd Parameter ||  0401h RDID2 00h 1 ID26 ID25 D24 D23 D22 D21 D20
3rd Parameter || 0402h RDID3 00h D37 ID36 ID35 D34 D33 D32 D31 D30
05h || 1st Parameter || 0500h RDNUMED 00h D[7:0]
OAh || 1st Parameter |  0AOOh GET_POWER_MODE 00h D7 D6 D5 D4 D3 D2 0 0
0Bh || 1st Parameter |  0BOOh GET_ADDRESS_MODE 00h D7 D6 D5 D4 D3 D2 0 0
OCh | 1st Parameter | 0COOh GET_PIXEL_FORMAT 00h 0 D6 D5 D4 0 D2 D1 DO
ODh | 1st Parameter | 0DOOh GET_DISPLAY_MODE 00h 0 o D5 D4 D3 D2 D1 DO
OEh || 1st Parameter |  OEOOh GET_SIGNAL_MODE 00h D7 D6 D5 D4 D3 D2 0 DO
OFh || 1st Parameter | OFOOh RDDSDR 0oh D7 D6 0 0 0 0 0 DO
10h - 1000h ENTER . SLEEP_MODE No Argument
11h - 1100h EXIT. SLEEP-MODE NoArgument
12h - 1200h ENTER-PARTIAL_MODE No Argument
13h \ 1300h ENTER_NORMAL_MODE No Argument
20h - 2000h EXITAINVERT.MODE No Argument
21h - 2400h ENTER_INVERT_MODE No Argument
22h - 2200h ALLPOFF No Argument
23h - 2300h ALLPON No Argument
26h || 1st Parameter 2600h GAMSET 00h GCJ[7:0]
28h - 2800h SET_DISPLAY_OFF No Argument
29h - 2900h SET_DISPLAY_ON No Argument
1st Parameter | 2A00h 00h 0 0 0 0 0 XSA10 XSA9 XSA8
2nd Parameter | 2A01h | SET_HORIZONTAL_ADDRE| 00h XSA7 XSA6 XSA5 XSA4 XSA3 XSA2 XSAL XSA0
2Ah
3rd Parameter | 2A02h SS 00h 0 0 0 0 0 XEA10 XEA9 XEA8
4th Parameter | 2A03h 00h XEA7 XEA6 XEA5 XEA4 XEA3 XEA2 XEAL XEAO
1st Parameter | 2BOOh 00h 0 0 0 0 0 YSA10 YSA9 YSA8
2nd Parameter | 2BO1h 00h YSA7 YSA6 YSA5 YSA4 YSA3 YSA2 YSAL YSAO
2Bh SET_VERTICAL_ADDRESS
3rd Parameter | 2B02h 00h 0 0 0 0 0 YEA10 YEA9 YEA8
4th Parameter | 2BO3h 00h YEA7 YEA6 YEA5 YEA4 YEA3 YEA2 YEAL YEAO
WRITE_MEMORY
2Ch - 2C00h 00h D7 D6 D5 D4 D3 D2 D1 DO
START
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Instruction
Address
CM Parameter

2Eh - 2E0Oh READ_MEMORY_START 00h D7 D6 D5 D4 D3 D2 D1 Do
1st Parameter 3000h 00h 0 0 0 0 0 PSL10 PSL9 PSL8
2nd Parameter 3001h 00h PSL7 PSL6 PSL5 PSL4 PSL3 PSL2 PSL1 PSLO
30h SET_PARTIAL_AREA
3rd Parameter 3002h 00h 0 0 0 0 0 PEL10 PEL9 PEL8
4th Parameter 3003h 00h PEL7 PEL6 PEL5 PEL4 PEL3 PEL2 PEL1 PELO
34h - 3400h SET_TEAR_OFF No Argument
35h | 1st Parameter 3500h SET_TEAR_ON 00h TEW3 TEW2 TEW1 TEWO 0 0 TEP M
36h || 1st Parameter 3600h SET_ADDRESS_MODE 00h MY MX MV ML RGB. MH 0 0
38h - 3800h EXIT_IDLE_MODE No Argument
39h - 3900h ENTER_IDLE_MODE No‘Argument
3Ah || 1st Parameter 3A00h SET_PIXEL_FORMAT 00h 0 VIPF2 VIPF1 VIPFO 0 \IFPF2 IFPF1 IFPFO
1st Parameter 3B00h RGBCTRL 00h 0 CRCM o] 0 DP. EP HSP VSP
2nd Parameter 3B01h 00h 0 0 VBP5 VBP4 VBP3 VBP2 VBP1 VBPO
3Bh || 3rd Parameter 3B02h 00h 0 0 VFP5 VFP4 VFP3 VFP2 VFP1 VFPO
RGBPRCTR
4th Parameter 3B03h 00h 0 0 HBP5 HBP4 HBP3 HBP2 HBP1 HBPO
5th Parameter 3B04h 0oh 0 0 HFP5 HFP4 HFP3 HFP2 HFP1 HFPO
3Ch - 3C00h RAMWRC 00h D7 D6 D5 D4 D3 D2 D1 DO
3Eh - 3E00h RAMRDC 00h D7 D6 D5 D4 D3 D2 D1 DO
1st Parameter 4400h 00h 0 0 0 0 0 N10 N9 N8
44h SET_TEAR_SCANLINE
2nd Parameter 4401h 00h N7 N6 N5 N4 N3 N2 N1 NO
1st Parameter 4500h 00h SL15 SL14 SL13 SL12 SL11 SL10 SL9 SL8
45h RDSCL
2nd Parameter 4501h 00h SL7 SL6 SL5 SL4 SL3 SL2 SL1 SLO
4Fh || 1st Parameter 4F00h ENTER_DSTB_MODE 00h 0 0 0 0 0 0 0 DSTB
51h || 1st Parameter 5100h WRDISBV 00h DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO
52h | 1st Parameter 5200h RDDISBV 00h DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO
53h || 1st Parameter 5300h WRCTRLD 00h 0 0 BCTRL 0 DD BL 0 0
54h | 1st Parameter 5400h RDCTRLD 00h 0 0 BCTRL 0 DD BL DB G
55h || 1st parameter 5500h WR PWR SAVE 00h IMAGE_ENHANCEMENT [3:0] 0 0 CABC_CONDI[1:0]
56h | 1st parameter 5600h RDPWR SAVE 00h IMAGE_ENHANCEMENT [3:0] 0 0 CABC_CONDI1:0]
5Eh || 1st Parameter 5E00h WRCABCMB 00h CMBJ[7: 0]
5Fh | 1st Parameter 5F00h RDCABCMB 00h CMBJ[7: 0]
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MIPI Interface

Other I/F X
Instruction
Address

CMD Parameter

1st Parameter | A100h 00h SID[7 : O]: LSB of Supplier ID

2nd Parameter | A101lh 00h SID[15: 8]: MSB of Supplier ID

3rd Parameter A102h 00h MIDI[7 : 0]: LSB of Model Number ID
ALh Il 4th Parameter | A103h RDDDBS 00h MID[15 : 8]: MSB of Model Number 1D

5th Parameter A104h 00h RID[7 : 0]: LSB of Revision ID

6th Parameter A105h 00h RID[15 : 8]: MSB of Revision ID

7th Parameter A106h 00h 1 1 1 1 1 1 1 1

1st Parameter A800h 00h SID[7 : O]: LSB of Supplier.iD

2nd Parameter A801h 00h SID[15:.8]: MSB of Supplier ID

3rd Parameter A802h 00h MIDI[7.:'0]: LSB.of Model Number ID
A8h Il s parameter | A803h RDDDBC 00h MID[15 : 8]: MSB of Model Number ID

5th Parameter A804h 00h RID[7 : 0]: LSB of Revision 1D

6th Parameter A805h 00h RID[158]: MSB of Revision ID

7th Parameter A806h 00h 1 1 1 1 1 1 1 1
AAh || 1st Parameter AAOOh RDFCS 00h FCS7 FCS6 FCS5 FCs4 FCS3 FCS2 FCS1 FCS0

1st Parameter ABOOh 00h AWER15 | AWER14.['/AWER13 | AWER12 | AWERI11 || AWER10 || AWER9 AWERS
ABh MIPI Error Report

2nd Parameter ABO1lh 0oh AWER7' | AWERG | AWERS5 [ AWER4 (| AWER3 || AWER2 || AWERL || AWERO

1st Parameter || ACOOh DCS:Long Write Payload ooh.-| LPal5 | LPal4 | LPal3 | LPal2 | LPall | LPal0O | LPa9 | LPa8
ACh

2nd Parameter [ ACOZ1h Counter 00h LPa7 | LPa6 | LPa5 | LPa4 | LPa3 | LPa2 | LPal | LPaO
AEh || 1st Parameter |  AEQOh STBEDGE POSITION 00h STB_EDGE_SEL[7:0]
AFh || 1st Parameter AFO0Oh RDCCS 00h Cccs7 CCsé6 CCs5 CCs4 CCs3 CCs2 CCs1 CCso
BOh || 1st Parameter BO0OOh VS_DLY_OPTION[7:0]

VS_DLY_OPTION
Blh || 1st Parameter B100h 00h 0 0 0 0 0 VS_DLY_OPTION[10:8]
BAh | 1st Parameter | BAOOh SET_MIPI_LANE 00h 0 0 0 0 0 0 DSI_LANE[1:0]
EN_PORT
BCh || 1st Parameter BCOOh 3D-Barrie Ctrl 00h 0 0 EN_3D 0 INTERLACE_SEL[1:0] 0
RAIT
C2h || 1st Parameter C200h SETDSIMODE 00h 0 0 0 RM 0 0 DM [1:0]
DAh | 1st Parameter DAOOh RDID1 00h ID17 ID16 ID15 ID14 ID13 ID12 ID11 ID10
DBh || 1st Parameter DBOOh RDID2 00h D27 1D26 ID25 D24 D23 D22 ID21 1D20
DCh || 1st Parameter DCO00h RDID3 00h ID37 ID36 ID35 ID34 ID33 ID32 ID31 ID30
F4h || 1st Parameter F400h Novatek ID 00h 1 0 0 1 0 0 0 0
Reload_
FBh || 1st Parameter FBOOh Reload CMD1 00h 0 0 0 0 0 0 0
CMD1
FEh - FEOOh RD_CMDSTATUS 00h 0 0 CMD2_P4(CMD2_P3[|CMD2_P2|[CMD2_P1|CMD2_PO| CMD1
FFh - FFOOh CMD Page Select 00h PAGE_SEL[7:0]
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(0000h) NOP: No Operation ‘_I
| o

00h

0000h 0

o [
A N T I T R
N/A

No Argument

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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(0100h) SOFT_RESET: Software Reset

[ s =TT

T R I . R

 Jowssl on | on | on | ow | o9 | on | on | o0 s
| vemse | wr |

0100h
Parameter No Argument

- When the Software Reset command is written, it causes a software reset. It resets the commands and parameters to
their S/W Reset register values and all source & gate outputs are set to GND (display off).

(1) 1t will be necessary to wait 20msec before sending new command following software reset.

(2) The display module loads all display supplier’s factory default values to the registers during 8 msec.

(3) If Software Reset is applied during Sleep Out mode, it will be necessary towait 120 msec before sending Sleep-

Out command.

(4) Software reset command cannot be sent during Sleep.Out sequence.

Normal Mode On, Idle ModeOff, Sleep Out Yes
Normal\Mode On, Idle Mode On,.Sleep Out Yes
Rartial Mode On, Idle'Mode Off, Sleep, Out Yes
Partial Mode On;, Idle Mode On;.Sleep Out Yes
Sleep In Yes
B
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(0400h) RDID: Read Display ID

Address Default
Parameter D[15: 8] D[7] D[3] D[2]
(Other I/F)

0400h Parameter 1 00h ID17 ID16 ID15 ID14 ID13 ID12 ID11 ID10 N/A
0401h Parameter 2 00h 1 ID26 ID25 ID24 ID23 ID22 ID21 ID20 N/A
0402h Parameter 3 00h ID37 ID36 ID35 ID34 ID33 ID32 ID31 ID30 N/A

- This read byte returns display identification information.

The 1st parameter (ID17 to ID10) : LCD module’s manufacturer ID.
The 2nd parameter (ID26 to ID20) : LCD module/driver version, D

It is defined by display supplier-and changes each time a revision is made to the display, material or construction

specifications. See Table:

8'h80 Versionl
8'h81 Version2
8'h82 Version3

The 3rd parameter (ID37 to ID30) : LCD module/driver ID.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

0400h ~ 0402h:

Default Value
Status
Power On Sequence N/A N/A N/A
S/W Reset N/A N/A N/A
H/W Reset N/A N/A N/A
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(0500h) RDNUMED: Read Number of the Error on DSI

||
e

0500h

IR 1
I ) N A A T T
Parameter 00h D7 D6 D5 D4 D3 D2 D1 DO 00h

- The first parameter is telling a number of the errors on DSI. The more detailed description of the bits is explained in

below.

D[6 : O] bits are telling a number of the errors.
D[7] is set to ‘1’ if there is overflow with P[6 : 0] bits.
D[7 : 0] bits are set to ‘O’s (as well as GET_SIGNAL_MODE (QEh)'s'DOis-set ‘0’ at the same time) after there is sent

the second parameter information (= The read function is completed).

Please also refer to the sections:*Acknowledge with.Error Report (AWER)” and “Read Display-Signal Mode (OEh)”.

Normal Mode On;’ldle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(OAOOh) GET_POWER_MODE: Read Display Power Mode
Y I
_ tumberorPametes)

0Ah

0AOOh 1

I
I ) N A A T T
Parameter 00h D7 D6 D5 D4 D3 D2 0 0 08h

- This command indicates the current status of the display as described in the table below:

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
D4 Sleep In/Out “1" = Sleep Out, “0".=Sleep In

D3 Display Normal Mode On/Off “1" = Normal Display; “0” = Partial Display
D2 Display On/Off “1" = Display-On, “0” = Display. Off

D1 Not.Used ‘0"

DO Not Used “0r

Normal'Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 08h
S/W Reset 08h
H/W Reset 08h
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(0BOOh) GET_ADDRESS_MODE: Get the Frame Memory tot he Display Panel Read Order

I I
e

0BOOh

IS
Parameter 00h D7 D6 D5 D4 D3 D2 0 0 00h

- This command indicates the current status of the display as described in the table below:

“1"=Decrement (MY, = 1)
D7 Row Address Order (MY)
“0"=Increment (MY =0)
“1"=Decrement (MX = 1)
D6 Column Address Order (MX)
“0"=Increment (MX = 0)
“1’='Row / column exchange (MV=1)
D5 Row/Column Order-(MV)
“0"= Normal\(MV=0)
Vertical fresh Order.& Display “1"=Decrement (ML="1)
D4
change’ (ML) ‘0"=Increment (ML = 0)
“1"=BGR (register bit RGB of register 0x3600 is “1")
D3 RGB/BGR-Order
“0"=RGB (register bit RGB of register 0x3600 is “0")
Horizontal'fresh Order & Display “1"=Decrement (MH = 1)
D2
change (MH) “0"=Increment (MH = 0)
D1 Not Used “0”
DO Not Used “0”

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(0C00h) GET_PIXEL_MODE: Read Input Pixel Format
Y I
_ tumberorPametes)

0Ch

0CO00h 1

I
I ) N A I T T
Parameter 00h 0 D6 D5 D4 0 D2 D1 DO 77h

- This command indicates the current status of the display as described in the table below:

D7 0 0
D6 RGB Interface Color Format “101" = 16-bit / pixel
D5 “110" ='18-bit / pixel
“111" = 24-bit/ pixel
D4
Others = “Not defined”
D3 0 “0” (Not used)
D2 “101"="16-bit./ pixel
D1 “110™="18-bit / pixel
80-system interface color format.
“111" = 24-bit / pixel
DO

Others = “Not defined”

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 77h
S/W Reset 77h
H/W Reset 77h
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(OD00Oh) GET_DISPLAY_MODE: Read the Current Display Mode

||

0DOOh

IR
Parameter 00h 0 0 D5 D4 D3 D2 D1 DO 00h

- This command indicates the current status of the display as described in the table below:

|

D7 Reserved “0” (Not used)
D6 Reserved “0” (Not used)
D5 Inversion On/Off “0" = Inversion.is Off, ‘1" = Inversion is On
D4 All Pixels On “0”.="Normal Display, “1” = White Display
D3 All Pixels Off ‘0" ="Normal Display, “1” = Black Display
TTT Gamma 2.2
D[2 :0] Gamma Curve-Selection 0 0 1 Reserved
0 1 0 Reserved
0 1 1 Reserved
Others Reserved

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(OEOOh) GET_SIGNAL_MODE: Get Display Module Signali ng Mode

||
e

OEOOh

I 1
I ) N A N T T
Parameter 00h D7 D6 D5 D4 D3 D2 0 DO 00h

- This command indicates the current status of the display as described in the table below:

D7 Frame Tearing Effect Line On/Off “1" = On, “0"="0ff
D6 Tearing Effect Line Output Mode “1" = Mode B, “0"= Mode A
D5 Horizontal Sync. (RGB I/F)On/Off “1" = On, “0" = Off
D4 Vertical Sync. (RGB I/F)On/Off “1"=0n, ‘0" = Off
D3 Pixel Clock (BCK, RGB I/F)On/Off “4" =On, “0" = Off
D2 Data Enable (ENABLE, RGB, I/F)On/Off “1"= On, ‘0" = Off
D1 Not Used o

DO Error on DS] “1" = Error, “0” = No Error

Normal'Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(OF00h) RDDSDR: Read Display Self-Diagnostic Result

||
e

OFO0O0h

o :
ool on | 0w | on | o | oo | om | ou | oo | osewse|
Parameter 00h D7 D6 0 0 0 0 0 DO 00h

- This command indicates the status of the display self-diagnostic results after Sleep Out. This command is described

in the table below.

D7 Register Loading Detection See section "Register Loading Detection"
D6 Functionality Detection See section "Functionality Detection"
D5 Chip Attachment Detection “0"(Not used)
D4 Display Glass Break Detection “0” (Not.used)
D3 Not Used “0” (Not used)
D2 Not Used “0” (Not used)
D1 Not Used “0" (Not used)
DO “1"=Checksums are “0"=Checksums are
Checksums Compare
not same same (Default)

-1t will be necessary to wait 300ms after-there is the last write access on DCS area registers before there can read Bit

DO value.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(1000h) ENTER_SLEEP_MODE: Enter the Sleep-In Mode
Y

10h
1000h 0

o [
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I S

No Argument Sleep-In Mode

Parameter

- This command initiates the power-down sequence. The Sleep In profile will be executed when this command is

received.

- In Sleep-in mode, the power of SRAM is default turned off in order to reduce leakage current. Therefore the SRAM
data will be lost in Sleep-in mode.

It can be changed to keep SRAM power by DSIN bit in CMD2 page4.

_| - This command has no effect when the display module is.already in Sleep Mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On; Idle Mode On, Sleep Out Yes
Partial Mode.On, Idle Mode Off;-Sleep Out Yes
Partial Mode On, Idle'Mode On, Slegp Out Yes
Sleep In Yes
Power On Sequence Sleep-In
S/W Reset Sleep-In
H/W Reset Sleep-In
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(1100h) EXIT_SLEEP_MODE: Exit the Sleep-In Mode

| e
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Parameter No Argument Sleep-In Mode

- This command initiates the power-up sequence.

The Sleep Out profile will be executed when this command is received. The Sleep Out will'load register value. It will

be necessary to delay 10 ms or more before sending next command.

_| - This command will not cause any visible effect on the display-when the displayis not in'Sleep Mode.

Normal Mode On,idie Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Partial Made On, Idle-Mode Off, Sleep Out Yes
Partial\Mode On, Idle Mode On, Sleep Out Yes
Sleep-In Yes
Power On Sequence Sleep-In
S/W Reset Sleep-In
H/W Reset Sleep-In
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(1200h) ENTER_PARTIAL_MODE: Partial Display Mode On
Y

12h
1200h 0
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No Argument Normal Mode

Parameter

- This command sets the display mode to Partial Mode in which the display is refreshed using timing and image data

based upon register settings and the Partial Display Memory contents, respectively.

The Partial Mode profile will be executed when this command is received in the\Sleep Out state.If in\the-Sleep-In

state, the profile will not be executed until the device is placed into the Sleep-Out state.

The host processor continues to send video information to display modules-for two frames.after this command is sent

when the display module is in Normal Mode:

- This command has no effect when'Partial Display Mode is already active.
- This command is not available in RGB-interface.

- In"3D=mode,-this function is not applied.

Normal Mode On; Idle Mode Off, Sleep Out Yes
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

Power On Sequence Normal Display Mode

S/W Reset Normal Display Mode

H/W Reset Normal Display Mode
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(1300h) ENTER_NORMAL_MODE: Normal Display Mode On
Y

13h
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No Argument Normal Mode

Parameter

- This command returns the display to normal mode.
Normal Display Mode On means the Partial mode off.
Exit from NORON by the Partial mode On command (12h).

There is no abnormal visual effect during the mode changes from Normal mode ©n-to, Partial mode-On.

_| - This command has no effect when Display Mode is already in Normal Display-Mode.

Normal Mode On, Idle Mode-Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Partial Mode On,'ldle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
SleepIn Yes

Power On Sequence Normal Display Mode

S/W Reset Normal Display Mode

H/W Reset Normal Display Mode
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(2000h) EXIT_INVERT_MODE: Display Inversion Off
Y

20h

2000h 0
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Parameter No Argument Inversion Off

- This command is used to recover from display reverse mode, makes no change of contents of frame memory, and
does not change any other status.

Example:

RAM Data Display

_| <This command has no-effect when the module is already in inversion off mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Display Inversion Off
S/W Reset Display Inversion Off
H/W Reset Display Inversion Off
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(2100h) ENTER_INVERT_MODE: Display Inversion On
Y
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No Argument

21h

Parameter

Inversion Off

- This command is used to enter display Inversion mode, makes no change of contents of frame memory, and does
not change any other status. To exit from Display Inversion On, the Display Inversion Off command (20h) should be

written.

Example:

RAM Data

islay

_‘ - This command has no effect'when the module is already in inversion off mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Display Inversion Off
S/W Reset Display Inversion Off
H/W Reset Display Inversion Off
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(2200h) ALLPOFF: All Pixel Off
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Parameter No Argument Disable

- 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.

Example:

RAM Data Display

“All.Pixels On”, “Normal Display Mode On” or “Partial Mode On” - commands are used to leave this mode.
The display. panelis showing the content of the frame memory after “Normal Display Mode On” and “Partial Mode On”

commands.

- This command has no effect when module is already in all pixels off mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Disable
S/W Reset Disable
H/W Reset Disable
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(2300h) ALLPON: All Pixel On ‘_I
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Parameter No Argument Disable

- 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:

RAM Data Display

"All'Pixels Off",-“Normal Display Mode On" or "Partial Mode On" - commands are used to leave this mode.

The display is showing the content of the frame memory after "Normal Display Mode On" and "Partial Mode On"

commands.

- This command has no effect when module is already in all pixels on mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Disable
S/W Reset Disable
H/W Reset Disable
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(2600h) GMASET: Gamma Curves Selection
I - |
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Parameter 00h GC7 GC6 GC5 GC4 GC3 GC2 GC1 GCO 01h

- This command is used to select the desired Gamma curve for the current display. The curve is selected by setting

the appropriate bit in the parameter as described in the Table.

GC[? 0] Curve Selected

Gamma Curve 1 (Gamma 2. 2)

02h GC1 Reserved
04h GC2 Reserved
08h GC3 Reserved

- Values of GC[7 :-0] not shown in table above ‘are invalid and-will not change the current selected Gamma curve until
valid.value is received.
= When register. GMASET (2600h) is.changed, user should not access gamma registers (2880h ~ 9380h) within 20

msec because internal circuit' needs some time for gamma curve switch.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 01lh
S/W Reset 01h
H/W Reset 01h
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(2800h) SET_DISPLAY_OFF: Display Off
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No Argument Display Off

Parameter

- This command is used to enter to the DISPLAY OFF mode. In this mode, the output from Frame Memory is disabled
and blank page is inserted.
This command makes no change of contents of frame memory, and does not change any other status.

There will be no abnormal visible effects on the display. Exit from this command by the Display On‘command-(29h)

Example:

RAM Data Display

_| - This'command has no effect when the module is already in Display Off mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Display Off
S/W Reset Display Off
H/W Reset Display Off
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(2900h) SET_DISPLAY_ON: Display On
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Parameter No Argument Display Off

- This command is used to recover from the DISPLAY OFF mode. Output from the Frame Memaory is enabled.

This command makes no change of contents of frame memory, and does not change any other status.

Example:

RAM Data Display

_| - This command-has no effect when.the module is already in Display On mode

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Display Off
S/W Reset Display Off
H/W Reset Display Off
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(2A00h ~ 2A03h) SET_HORIZONTAL_ADDRESS: Set the Col umn Address

Address Default
Parameter | D[15 : 8] D[4] D[3] D[2] D[1]
(Other I/F) Value

2A00h Parameter 1 0 0 0 XSA10 XSA9 XSA8 00h
2A01h Parameter 2 00h XSA7 XSA6 XSA5 XSA4 XSA3 XSA2 XSA1 XSAO0 00h
By
2A02h Parameter 3 00h 0 0 0 0 0 XEA10 XEA9 XEA8
Resolution
By
2A03h Parameter 4 00h XEA7 XEAG6 XEA5 XEA4 XEA3 XEA2 XEA1l XEAO
Resolution
- This command is used to define area of frame memory-where MPU can access.
This command makes no change on the other driver status.
The value of XSA [10.::0] and XEA [10.: O] are referred when RAMWR command.comes.
Each value-represents one column/line in the Frame Memory.
Example:
A A
_0th 01h 0zh 0%h— = _-
oy 00] 01} 02 03| 04) 05
| |
. — Wrong!
It's OK, = 01%10 11 g
0 20| 21
it/ 03r30 31132 ———— Wrong!
—
04« 40
oeﬁ 50} 51 » Wrong!
2012/03/30 197 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



@ s UG NT35590

(1) XSAJ[10 : 0] must always be equal to or less than XEA[10 : 0]

(2) If XSA[10 : 0] or XEA[10 : 0] is greater than the available frame memory then the parameter is not updated.
(3) The XSA[10:0] and XEA[10:0]-XSA[10:0]+1 must can be divisible by 2.

(4) In 3D mode, this register is only available for ful-RAM update.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

2A00h ~ 2A01h:

Default Value
Status

800RGBx1280 768RGBx1280 720RGBx1280

Power On Sequence 00h 00h 00h
S/\W.Reset 00h 00h 00h
H/W Reset 00h 00h 00h

2A02h:
Status
800RGBx1280 768RGBx1280 720RGBx1280
Power On Sequence 03h 02h 02h
S/W Reset 03h 02h 02h
H/W Reset 03h 02h 02h
2A03h:

Default Value

800RGBx1280 768RGBx1280 720RGBx1280
Power On Sequence 1Fh FFh CFh
S/W Reset 1Fh FFh CFh
H/W Reset 1Fh FFh CFh
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(2B0O0Oh ~ 2B03h) SET_VERTICAL_ADDRESS: Set Page Addr ess

Address Default
Parameter | D[15 : 8] D[4] D[3] D[2] D[1]
(OﬂerF) Value

2B00h Parameter 1 0 0 0 YSA10 YSA9Q YSA8 00h
2B01h Parameter 2 00h YSA7 YSA6 YSA5 YSA4 YSA3 YSA2 YSAL YSAO 00h
By
2B02h Parameter 3 00h 0 0 0 0 0 YEALO0 YEA9Q YEA8
Resolution
By
2B03h Parameter 4 00h YEA7 YEA6 YEAS YEA4 YEA3 YEA2 YEAL YEAO
Resolution

- This command is used to define area of frame memory-where MPU can access.
This command makes no change on the other driver status.
The value of YSA[10.::0] and YEA[10.: 0] are referred when RAMWR, command.comes.

Each value-represents one vertical line in the Frame Memory:.

Example:

_0th 0th 0zh 0%h— = _-

oqy 001 01} 02| 03| 04 05

It's OK. wﬁq}gm 11] 12| 13| 14 Wrong!

0220|2122
It's OK. «—g3t30[ 31|32

——— Wrong!

04140 41| 42

091 50| 51 » Wrong!
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(1) YSAJ[10 : 0] must always be equal to or less than YEA[10 : 0]

(2) If YSA[10 : 0] or YEA[10 : 0] is greater than the available frame memory then the parameter is not updated.
(3) The YSA[10:0] and YEA[10:0]-YSA[10:0]+1 must can be divisible by 2.

(4) In 3D mode, this register is only available for ful-RAM update.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

2B00h ~ 2B01h:

Default Value

Status
Power On Sequence 00h 00h 00h
S/W._Reset 00h 00h 00h
H/W Reset 00h 00h 00h

2B02h:

Default Value

Status
Power On Sequence 04h 04h 04h
S/W Reset 04h 04h 04h
H/W Reset 04h 04h 04h

2B03h:
Status
800RGBx1280 768RGBx1280 720RGBx1280
Power On Sequence FFh FFh FFh
S/W Reset FFh FFh FFh
H/W Reset FFh FFh FFh
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(2C00h) WRITE_MEMORY_START: Memory Write Start Comm and
EE=TEE =T
By Application

2C00h

I R e ot
B I T AT T A T N A T

Image Data 1 DO[15 : 8] DO[7] DO[6] DO[5] DO[4] DO[3] DO[2] DO[1] DO[0]
Image Data 2 D1[15: 8] D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] N/A
Image Data N Dn[15: 8] Dn[7] Dnl[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] N/A

- This command writes data into the partial memory. It initializes the memory write address pointer to the start of the

memory. Frame pointer auto-increments when data is.written.

Note: About Read / Write Frame Data via all\kinds'o' | f supported interface,please refer to the chapter 5 for

detailed.

(1) A _WRITE_MEMORY_START, should follow &~ SET COLUMN.ADDRESS, SET_PAGE_ADDRESS or
SET_ADDRESS_MODE to define the write location. Otherwise, data written with WRITE_MEMORY_START
and any following WRITE_ MEMORY_ CONTINUE-commands is written to undefined locations.

(2) The transfer pixel.and-line.number must be divisible by 2.

(3) InMIPIlow power mode, this command only be used in returning GRAM address to the origin of the coordinates.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
- m
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(2EOOh) READ_MEMORY_START: Memory Read Start Comman d
EE=TEE =T -
By Application

2E00h

o | e |
B I T A T A T N A T

Image Data 1 DO[15 : 8] DO[7] DO[6] DO[5] DO[4] DO[3] DO[2] DO[1] DO[0]
Image Data 2 D1[15: 8] D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] N/A
Image Data N Dn[15: 8] Dn[7] Dnl[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] N/A

- This command is used to transfer data from frame memory to MPU (Compression Data).

When this command is accepted, the column register.and the row register are reset to the Start-Column / Start Row positions.

And the Start Column / Start Row positions are'different in.accordance with SET_ADDRESS \MODE-(Register 3600h) setting.

SET_ADDRESS_MODE
(Register 3600h)

SET_HORIZONTAL_ADDRESS (Register 2A00h)
SET_VERTICAL_ADDRESS (Register 2B00h)

Image data stream from
MCU is like this figure.

S II _________ >
----------------- .
_________ »
---------------- >
Virtual (0, 0) when hysical Colump Virtual (0, 0) when
MX=0 MX =1
MY =0 MY =0
(\ MV: Do not care MV: Do not care
NG@VATEK (0, 0) (79, 0)
3
e .
= Physical
©
L Axes
------------- @
------------ 2
--------- o Z
------------ ol o
-------------------- [ E
|
(0, 863) (479, 863))
Virtual (0, 0) when Virtual (0, 0) when
MX=0 MX =1
MY =1 MY =1
MV: Do not care MV: Do not care

Notes 1: Commands "Memory Write Continuously (3C00h )" and "Memory Read Continuously (3E00h)" do not re  turn the
column counter to "Start Column" and the row counte r to "Start Row".
Notes 2: Data is always written to the Frame Memory in the same order, regardless of the Memory Write Direction set by

SET_ADDRESS_MODE bits MY, MX and MV.
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(1) This command is only applied in RM=0 state (RM can be set by Register C2h of CMD1).

(2) There is no restriction on length of parameters in MIPl and CPU interface (Test Mode).

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
N/A
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(3000h ~ 3003h) SET_PARTIAL_AREA: Defines the Parti al Display Area

Address Default
Parameter | D[15: 8] D[3] D[2] D[1]
(Other I/F) Value

3000h Parameter 1 0 0 0 0 0 PSL10 PSL9 PSL8 00h
3001h Parameter 2 00h PSL7 PSL6 PSL5 PSL4 PSL3 PSL2 PSL1 PSLO 00h
By
3002h Parameter 3 00h 0 0 0 0 0 PEL10 PEL9 PELS8
Resolution
By
3003h Parameter 4 00h PEL7 PEL6 PEL5 PEL4 PEL3 PEL2 PEL1 PELO
Resolution

- 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 thefigures below. PSL and PEL

refer to the Frame Memory row address counter.

If End Row > Start Row when SET_ADDRESS_MODE ML = 0:

Start Row Non- display Area
PSL[10: 0]

> Partial

End Row
PEL[10:0]

Non- display Area

If End Row > Start Row when SET_ADDRESS_MODE ML = 1:

Non display Area

PEL[10: 0]

Partial
Display Area
Start Row
PSL[10:0] .
Non- display Area
If End Row < Start Row when SET_ADDRESS_MODE ML = 0:
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Partial
End Row Display Area
Non display Area
Start Row
PSL[10: 0]
Partial
Display Area
If End Row < Start Row when SET_ADDRESS_MODE ML = 1:
Partial
Start Row Display Area
Non display Area
End Row
PEL[10: 0]
Partial
Display Area

If End Row = Start Rowthen the Partial Area will'be one row deep.

(1) PSL[10:0] most be equal to orless than PEL[10:0]
(2) When PSL[10:0] or PEL[10:0] is greater than 04FFh, the data out of range will be ignored.
(3) In,.3D-mode, this function is not applied.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

3000h ~ 3001h:

Default Value
Status
800RGBx1280 768RGBx1280 720RGBx1280

Power On Sequence 00h 00h 00h
S/W Reset 00h 00h 00h
H/W Reset 00h 00h 00h
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3002h:
-
Status
Power On Sequence 04h 04h
S/W Reset 04h 04h 04h
H/W Reset 04h 04h 04h
3003h:
-
Power On Sequence EFh FFh
S/W Reset FEh FFh FFh
H/W Reset FFh FFh FFh
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(3400h) SET_TEAR_OFF: Tearing Effect Line OFF

Y

R

34h

3400h 0

EENNNETI 00
A N I I T R
I S

No Argument TE Line Off

Parameter

-‘ - This command is used to turn OFF (Active Low) the output TE trigger message from the display module.
_‘ - This command has no effect when TE is already OFF.

Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep_Out Yes
Partial Mode On, Idle Mode Off;, Sleep Out Yes
Partial Mode Ony ldle-Mode On, Sleep-Out Yes
Sleep;in Yes
Power:On"Sequence TE Line Off
S/ Reset TE Line Off
H/W Reset TE Line Off
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(3500h) SET_TEAR_ON: Tearing Effect Line ON
I <
N

35h

3500h 1

I
I e N A R R T T
Parameter 00h TEW3 TEW?2 TEW1 TEWO 0 0 TEP M 00h

- This command is used to turn ON the Tearing Effect output from the TE signal. This output is not affected by

changing MADCTR bit ML.
The Tearing Effect Line On has one parameter, which describes the mode of the Tearing Effect Qutput Line:

When M =0 : The Tearing Effect Output line consists of V-Blanking.information only:

tvai L1, tuan

. [
Bl Lt b} >

Vertical
u Time Scale /
e

When M = 1. The Tearing Effect Qutput line consists of both.V-Blanking and H-Blanking information.

tvdl P tvdh

dl .
- Lt I}

Vertical
E Time Scale
——

Notes: During Sleep In Mode with Tearing Effect Lin e On, Tearing Effect Output pin will be active Low.

A\ 4

Register 3500h & 4400h both define TE Output :

R3500h R4400h
TE Output
0 0

TE high in V-porch region (A)
1 0 TE high in all V-porch and H-porch region (B)
0 #0 TE high at N-th line (C)
1 #0 TE high in all V-porch and H-porch region (B)

This command is used to turn ON the output TE trigger message from display module.
This output is not affected by changing SET_ADDRESS_MODE bit ML.
The Tearing Effect Line On has one parameter which describes the mode of the Tearing Effect Output Line. (X = Don'’t

Care).
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TEP: Set the polarity of FTE signal.
0: Active High.

1: Active Low.

TEWI3 : 0]: FTE active duration selection.

1
2
3

e e o i
1
2

15 16

_| - This command has no effect-when Tearing Effect output is already ON.

Normal Mode On, Idle Mode Off;-Sleep Out Yes
Normal Mode On; Idle'Mode On, Sleep Out Yes
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode Ony Idle Mode On, Sleep Out Yes
Sleep In Yes

Power On Sequence TEWI[3:0]=0 (1 Line)

S/W Reset 00h TEP =0 (Active High)

H/W Reset 00h M = O(TE high in V-porch region (A))
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(3600h) SET_ADDRESS_MODE: Memory Data Access Contro |

N I <
= I

3600h

| rosomi 1
I ) R A A T T
Parameter 00h MY MX MV ML RGB MH 0 0 00h

- This command defines read/write scanning direction of the frame memory.

This command makes no change on the other driver status.
MY:

- Automatically increments (+1) or decrements (-1) the row address counter (AC)

0 Increase.in vertical

Decrease in vertical

MX:

- Automatically increments (+1)-or decrements (-1) the column address counter (AC)

0

Increase-in-horizon

Decrease.in horizon

MV:
<'Determines the direction in which the address counter is updated automatically as the NT35590 writes data to the

internal GRAM.

0

Horizontal Direction

Vertical Direction

ML:

- This bit is used to control the LCD refresh order in vertical direction

0 Top to Bottom

Bottom to Top

MH:

- This bit is used to control the LCD refresh order in horizontal direction

0 Left to Right
Right to Left
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Top-Left (0, 0)

ML ="0"

‘“‘““““EEE

Last Send

Top-Left (0, 0)

Last Send

ML="1"

Top-Left (0, 0)

Top-Left (0, 0)

Top-Left (0, 0)

Top-Left (0, 0)

Top-Left (0, 0)

Top-Left (0, 0)

RGB:

-Jo set sub-pixel output sequence in,RGB order or-BGR order.

0 Write data in RGB sequence
1 Reverse sequence from RGB to BGR
RGB  Dbit Set the RGB - BGR Order
RGB  bit ='0" RGB  bit ='1"'
Driver IC Driver IC
SIG 1 SIG 2 SIG 800 SIG 1 SIG 2 SIG 800
......... ¢ J J l
SIG 800 SIG 1 SIG 2 SIG 800
R G B B G R[fB G6[R B G |R
R G B B G R|B G|R B G |R
R|G B B [G (R || B |G | R | B G R
LCD Panel LCD Panel
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Notes:

Horizon SRAM Write

Increase

Horizon SRAM
Display Read

Increase

Source
Display
Scane

Decrease

Increase

Vertical SRAM

Gate Scane Display

Display Read
Increase Increase Top to Bottom Normal
Increase Decrease Bottom to Top Normal
Decrease Increase Top to Bottom Reverse
Decrease Decrease Bottom to Top Reverse

- This command has no effect when Tearing Effect output is already ON.

- In 3D.Mode; NT35590 don't support MX/MY/MV function.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h MY = 0 (Increase in vertical)
MX = 0 (Increase in horizon)
S/W Reset 00h . o
MV = 0 (Horizontal Direction)
H/W Reset 00h RGB = 0 (RGB sequence)
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(3800h) EXIT_IDLE_MODE: Idle Mode Off

TR

o

38h

3800h 0

e e
A N I T R
I S

No Argument Idle Mode Off

Parameter

- This command is used to recover from Idle mode on.

There will be no abnormal visible effect on the display mode change transition.

When the Idle Mode is “Off":
(1) LCD can display with maximum 65k or 262k or 16.7M-colors.

(2) Normal frame frequency is applied.

- This command has no effect when module is already. in idle off mode.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence Idle Mode Off
S/W Reset Idle Mode Off
H/W Reset Idle Mode Off
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(3900h) ENTER_IDLE_MODE: Idle Mode On

TR

o

39h

3900h 0

e e
A N I I T R
I S

No Argument Idle Mode Off

Parameter

- This command is used to enter into Idle mode on.

There will be no abnormal visible effect on the display mode change transition.

When the Idle Mode is "On":
(1) Color expression is reduced. The primary and the secondary colors using-MSB of each R, G and B in the
Frame Memory, 8 color depth data is displayed.
(2) 8-Color mode frame frequency-is.applied.

(3) Exit from IDMON by Idle-Mode Off (3800h).command

(Example)

Display

- R7R6R5R4R3R2R1R0 G7G6G5G4G3G2G1G0 _

Black OXXXXXXX OXXXXXXX OXXXXXXX
Blue OXXXXXXX OXXXXXXX IXXXXXXX
Red IXXXXXXX OXXXXXXX OXXXXXXX
Magenta IXXXXXXX OXXXXXXX IXXXXXXX
Green OXXXXXXX IXXXXXXX OXXXXXXX
Cyan OXXXXXXX IXXXXXXX IXXXXXXX
Yellow IXXXXXXX IXXXXXXX OXXXXXXX

White IXXXXXXX IXXXXXXX IXXXXXXX

- This command has no effect when module is already in Idle On Mode.

- In 3D mode, this function is not applied.
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Normal Mode On, Idle Mode Off, Sleep Out Yes
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 Status

Power On Sequence Idle Made Off
S/W Reset Idle-Mode Off
H/W Reset Idle Mode Off
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(3A00h) SET_PIXEL_FORMAT: Set the Interface Pixel F ormat
I - |
_ tumberorPametes)

3Ah

3A00h 1

I ) N A A T T
Parameter 00h 0 VIPF2 VIPF1 VIPFO 0 IFPF2 IFPF1 IFP FO 77h

- This command is used to define the format of RGB picture data, which is to be transferred via the MPU Interface.

The formats are shown in the table:

IFPF[2 : 0]: Set the pixel format on MCU I/F

IFPF[2 : 0]
MCU Interface Color Format
101 5

16-bits/ pixel
110 6 18-bits / pixel
111 7 24-bits / pixel

Others are not defined.

VIPF[2 : 0].:-~Set the pixel format on RGB I/F

VIPF[2 : O]
RGB Interface Color Format
101 5

16 bits / pixel (1-time transfer)
110 6 18 bits / pixel (1-time transfer)
111 7 24 bits / pixel (1-time transfer)

Others are not defined.

_ - There.is no visible effect until the Frame Memory is written to.
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Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence

VIPF[2 : 0] = 07h (24 bits / pixel (1-time
H/W Reset 77h transfer))

S/W Reset 77h IFPF[2 : 0] = 07h (24-bits / pixel)

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.
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(3B00Oh ~ 3B04h) RGBCTRL: RGB Interface/MIPI-Video-M ode Signal Control

Address Default
Parameter | D[15 : 8] D[4] D[3] D[2] D[1]
(Other I/F)

3B00Oh Parameter 1 0 CRCM 0 VSP 03h
3B01h Parameter 2 00h 0 0 VBP5 VBP4 VBP3 VBP2 VBP1 VBPO 01h
3B02h  |Parameter 3 00h 0 0 VFP5 VFP4 VFP3 VFP2 VFP1 VFPO 03h
3BO3h  |Parameter 4 00h 0 0 HBP5 HBP4 HBP3 HBP2 HBP1 HBPO 02h
3B04h  |Parameter 5 00h 0 0 HFP5 HFP4 HFP3 HFP2 HFP1 HFPO 02h

- Set the operation status on the RGB interface. The-setting becomes effective'as long as the command is received.

CRCM: Determines the RGB Mode 1 & RGBMode 2

CRCM RGB Mode Selection

0 RGB Mode 1

1 RGB Mode 2

Low level sync clock |

||

HMNW sync

[ L

| High llevel sync clock |

| Low level symc clock |

pe L]

High level sync clock |

Data Data Data

4 data fetched at the I
* falling edge

PCLK +—[

F data fetched at tha I

riging edge

VBP[5 : 0],
RGB I/F .
D[22 0] HBP[5 : 0],
Mode VFP[5 . 0],
HFP[5 : 0]
Used Used Used Used Used Not Used
Mode 1
RGB
Used Not Used Used Used Used Used
Mode 2
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DP /EP / HSP / VSP: Clock polarity set for RGB Interface

‘0’ = Data fetched at the rising edge
DP PCLK Polarity Set
‘1’ = Data fetched at the falling edge
‘0’ = High enable for RGB interface
EP DE Polarity Set
‘1’ = Low enable for RGB interface
‘0’ = High level sync clock
HSP Hsync Polarity Set
‘1’ = Low level sync clock
‘0’ = High level'sync clock
VSP Vsync Polarity Set
‘1= Low.level sync clock

VBPI[5 : 0], VFP[5 : 0], HBP[5 : 0], and HFPI5 : O]
Vertical back and front porch setting are-used for. MIP), video moede and RGB I/E-mode\2.

Horizontal back and front pareh setting are used for'RGB I/F mode 2.

VBP[5 0]: Number of.lines for the back porch«of VSYNC.
VFP[5; 0]: Number of lines for the-front porch of VSYNC.
HBPI5 :-0]: Number of clock for the-back porch of HSYNC.

HFPI[5 : 0]: Number of clock forithe front porch of HSYNC.
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Back Porch Front Porch Back Porch Front Porch
VBP[5 : 0] VFP[5: 0] HFP[5 : 0]
Line Number Line Number Pixel clocks Pixel Clocks
Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
Reserved Reserved Reserved Reserved Reserved Reserved
Reserved Reserved Reserved Reserved Reserved Reserved
01d 2 03d 6 Reserved Reserved Reserved Reserved
02d 4 04d 8 04d 4 04d 4
(STEP 2) : (STEP 2) : (STEP 1) : (STEP 1)
61d 122 61d 122 61d 61 61d 61
62d 124 62d 124 62d 62 62d 62
63d 126 63d 126 63d 63 63d 63

Note 1: VBP.>=2 and VFP>=6.

- The minimum-period of PCLK is 15ns.
Frame_ Period
(VBP+ y+ VEB( HBP+ x HFPp

Note:\"y"is vertical line (scan line), “x” is horizontal line.

PCLK = >15(ns)

- In RGB V/E,,the minimum HBP/HFP setting value is 4.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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Power On Sequence 03h CRCM ='0' (RGB Mode 1)
DP ='0', EP ='0', HSP ="1' (Low Level),
H/W Reset 03h
VSP ='1' (Low Level)
S/W Reset 03h

3B01h ~ 3B02h:

Default Value
Status

Power On Sequence 03h
H/W Reset 01h 03h
S/W Reset 01h 03h

3B03h ~ 3B04h:

Default Value
Status

Power On Sequence 02h
H/W Reset 02h 02h
S/W Reset 02h 02h
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(3C00h) RAMWRC: Memory Write Continuously
EE=TEE =T
By Application

3C00h

I R e eor i
B I T AT A T A T N A Ty

Image Data 1 DO[15 : 8] DO[7] DO[6] DO[5] DO[4] DO[3] DO[2] DO[1] DO[0]
Image Data 2 D1[15: 8] D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] N/A
Image Data N Dn[15: 8] Dn[7] Dnl[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] N/A

- This command is used to transfer data from MCU to display area, ifiwants to continue memory write after Memory

Write (2Ch) command.

- The transfer pixel and line number must be divisible by 2.

- This command is not available.in MIPI low power-mode.

Normal Mode On, Idle Mode Off;-Sleep Out Yes
Normal Mode On;ldle/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
| v
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(3E00h) RAMRDC : RAM Read Continuously
| e (PIn | cessmwbwe |
By Application

3E00h

o | e |
B I T AT T R T A T

Image Data 1 DO[15 : 8] DO[7] DO[6] DO[5] DO[4] DO[3] DO[2] DO[1] DO[0]
Image Data 2 D1[15: 8] D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] N/A
Image Data N Dn[15: 8] Dn[7] Dnl[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] N/A

- This command is used to transfer data from frame memory_(Compression Data) to'MCU, if wants to continue
memory read after Memory Read Start (2Eh) command.

_| - This command is only applied in RM=0 state (RM can-be set by Register C2h of CMD1)-

Normal Made On, Idle-Mode Off, Sleep Out Yes
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
oot
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(4400h ~ 4401h) SET_TEAR_SCANLINE: Set Tear Line

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F)

4400h Parameter 1 0 0 N8 00h

4401h Parameter 2 00h N7 N6 N5 N4 N3 N2 N1 NO 00h

- The Tearing Effect Line On has one parameter that describes the Tearing Effect Output, Line mode: The Tearing

Effect Output line consists of V-Blanking information only.

Notes 1: That TEARLINE with N ='0' is equivalentt o TEON'with M ='0".

Notes 2: The Tearing Effect Output line shall be ac ' tive low.when'the display-module is in Sleep mode.

V-sync _l I_l

H-sync :

.=y
caad
cmeq
caad
ceeq
-——=d

N Lines

TE trigger

Register 3500h, 4400h and 4401h both define TE Output :

R3500h R4400h ~ R4401h
TE Output
0 0

TE high in V-porch region (A)

1 0 TE high in all V-porch and H-porch region (B)
0 #0 TE high at N-th line (C)
1 #0 TE high in all V-porch and H-porch region (B)

This command is used to set the FTE output position.

Use "SET_TEAR_ON (3500h)" to set the FTE polarity and pulse width.
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N[10 Function Description

000h VBP Region
001h 2nd Line
002h 3rd Line
003h 4th Line
4FDh 1278th Line
4FEh 1279th Line
4FFh 1280th, Line

- This command takes affect on the/frame following the current frame. Therefore, if the Tear Effect (FTE) output is
already ON, the FTE output shall continue to operate as programmed by the previous SET_TEAR_ON, or
SET_TEAR~SCANLINE, command until-the end of the-frame.

Normal Mode On, Idle-Mode Off, Sleep Out Yes
Normal Mode On, Idle,Made 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

Power On Sequence (1) N[10 : 0] = 000h: FTE outputs at 1st line.
S/ Reset 00h (2) Tearing effect off and M =
H/W Reset 00h
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(4500h ~ 4501h) RDSCL : Read Scan Line

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F)

4500h Parameter 1 SL15 SL14 SL13 SL12 SL11 SL10 SL8 N/A

4501h Parameter 2 00h SL7 SL6 SL5 SL4 SL3 SL2 SL1 SLO N/A

_‘ - This command is used to read scan line data.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On'Sequence N/A
S/W Reset N/A
H/W Reset N/A
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(4F00h) ENTER_DSTB_MODE: Enter the Deep Standby Mod e

| e E—

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

- This command is used to enter deep standby mode.

DSTB ="1": Enter the deep standby mode.

Notice 1: It can't exit deep standby mode when set DSTB from ‘1’ to '0*

Notice 2: User can not write this register in Sleep-Out and Display-On mode.

Notes: To exit deep standby mode, please-set RESX p ' 'in low pulse'more than 3 msec

Normal Mode On, Idle-Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5100h) WRDISBV: Write Display Brightness

| e -

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

5100h Parameter 1 00h DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO 00h

- This command is used to adjust or returns the brightness value of the display.

In principle relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.

DBV[7 : 0] PWM Duty (Ratio) PWM Duty (%)

00h Off 0%
01h 2./'256 0.78125 %
02h 31256 1.171875%
03h 4/ 256 1.5625 %
FDh 254 / 256 99.21875 %
FEh 255 / 256 99.609375 %
FFh 1 (Default) 100 %

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5200h) RDDISBV: Read Display Brightness

| eewen E—

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

5200h Parameter 1 00h DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO 00h

- This command is used to returns the brightness value of the display.

In principle relationship is that 00h value means the lowest brightness and FFh value'means the highest-brightness.

Please refer the register "WRDISBYV (5100h)" for detailed.

DBV[7 : 0] is “0” (RDDISBV, 52h) when display is'in'sleep-in. mode.

DBV[7 : 0] is "0" (RDDISBV,/52h)when bit BCTRL of "Write CTRL Display (5300h)" command-is "0".

DBV[7-:0].is manual set brightness specified with "Write CTRL Display (5300h)" command when bit BCTRL is "1".

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5300h) WRCTRLD: Write CTRL Display

| e -

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

- This command is used to control the "LEDPWM" pin, dimming function for CABC.

BCTRL: Turn On / Off the brightness control block with the dimming effect.
About the register "LEDPWPOL", please refer to the register "ABC_CTRL2"

BCTRL LEDPWPOL LEDPWM Pin Final State Backlight Final State
0 0

Keep “LOW” (0% PWM.Duty)-(Default) OFF
1 0 PWM Output (High level is duty) ON
0 1 Keep “HIGH” (0% PWM Duty) OFF
1 1 Inversed PWM Output (Low level is duty) ON

DD: Enable /Disable dimming function only for CABC.

“ CABC Dimming Function

0 Disabled

1 Enabled (Default)

BL: Turn On/Off-the backlight,control without dimming effect.

0 OFF (Default)

1 ON

When BL bit change from '1' to '0', backlight is turned off without gradual dimming, even if dimming-on (DD ='1") are
selected.

Dimming function is adapted to the brightness registers for display when bit BCTRL is changed at DD=1, e.g. BCTRL:
0->1lorl->0

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5400h) RDCTRLD: Read CTRL Display

| e E—

Address Default
Parameter D[15: 8] D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

- This command is used to "read" the setting status of "LEDPWM" pin, dimming function for CABC.

BCTRL: Turn On / Off the brightness control block with the dimming effect.
About the register "LEDPWPOL", please refer to the register "ABC_CTRL02"

BCTRL LEDPWPOL LEDPWM Pin Final State Backhght Final State

Keep “LOW” (0% PWM-Duty) (Default)
1 0 PWM Output (High level is duty) ON
0 1 Keep “HIGH" (0% PWM Duty) OFF
1 1 Inversed PWM Output (Low level is duty) ON

DD: Enable /Disable dimming function only for CABC.

“ CABC Dimming Function

0 Disabled

1 Enabled (Default)

BL: Turn On/Off-the backlight,control without dimming effect.

0 OFF (Default)

1 ON

When BL bit change from '1' to '0', backlight is turned off without gradual dimming, even if dimming-on (DD ='1") are
selected.

Dimming function is adapted to the brightness registers for display when bit BCTRL is changed at DD=1, e.g. BCTRL:
0->1lorl->0

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5500h) WRPWRSAVE: Write Power Save

Address
Parameter D[15: 8] D[7]

(Other I/F)

5500h Parameter 1

\_:

IMAGE_ENHANCEMENT [3:0]

CABC_CONDI1 : 0]

Default

Value

below.

enhancement level control functionality.

CABC_CONDI1 : 0]

- This command is used to set parameters for image content based adaptive brightness control and image

- There is possible to use 4 different modes for content adaptive image functionality, which, are-defined-on a table

0 0 Off (Default)

0 1 User Interface Image-(Ul-Mode)
1 0 Still Picture Image (Still-Mode)
1 1 Moving Image (Moving-Mode)

- The NT35590provides 4 different IE-(Image Enhancement) technologies that include Brightness Enhancement,
Vivid Color, Smart Color and Edge Enhancement. The three sets for IE Low/Medium/High level can be selected by
IMAGE_ENHANCE[3:0] as below table. User can define each IE level value of these four IE technologies

independently in “CMD2'Page2” Registers. The real register addresses are also described in below table.

IE Brightness Edge
IMAGE_ENHANCEMENT][3:0] Vivid Color Smart Color
Level Enhancement Enhancement
0 0 0 0 |IE OFF
LEVEL_O1 of LEVELO1 of | RATIO_SELO1 LEVEL_O1 of
1 0 0 0 Low
Reg. 24h Reg. 18h of Reg. 21h Reg. 21h
LEVEL_02 of LEVELO2 of RATIO_SELO02 LEVEL_02 of
1 0 0 1 Medium
Reg. 24h Reg. 19h of Reg. 22h Reg. 22h
LEVEL_03 of LEVELO3 of RATIO_SELO3 LEVEL_03 of
1 0 1 1 High
Reg. 25h Reg. 1Ah of Reg. 23h Reg. 23h
Others N.A. (Reserved)
_‘ - This register is synchronized with V-sync by internal circuit.
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Normal Mode On, Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
2012/03/30 232 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



C NGVATEK

NT35590

(5600h) RDPWRSAVE: Read Power Save

Address
Parameter D[15: 8] D[7]

(Other I/F)

5600h Parameter 1

\_:

IMAGE_ENHANCEMENT [3:0]

CABC_CONDI1 : 0]

Default

Value

below.

- This command is used to "read" the CABC operation mode and image enhanced level.

- There is possible to use 4 different modes for content adaptive image functionality, which are defined on a table

0 0 Off(Default)

0 1 User Interface-image (UI-Mode)
1 0 Still Picture Image (Still-Mode)
1 1 Moyving-Image (Moving-Mode)

- Image enhanced (IE) level is read by IMAGE. ENHANCEMENT [3:0}‘as below table.

IE Brightness Edge
IMAGE_ENHANCEMENT][3:0] Vivid Color Smart Color
Level Enhancement Enhancement
0 0 0 0 IE OFF
LEVEL_O1 of LEVELO1 of | RATIO_SELO1 LEVEL_O1 of
1 0 0 0 Low
Reg. 24h Reg. 18h of Reg. 21h Reg. 21h
LEVEL_02 of LEVELO2 of RATIO_SELO02 LEVEL_02 of
1 0 0 1 Medium
Reg. 24h Reg. 19h of Reg. 22h Reg. 22h
LEVEL_O03 of LEVELO3 of RATIO_SELO3 LEVEL_O03 of
1 0 1 1 High
Reg. 25h Reg. 1Ah of Reg. 23h Reg. 23h
Others N.A. (Reserved)

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5E00h) WRCABCMB: Write CABC Minimum Brightness

| o E——

Address Default
Parameter | D[15: 8] D[7] D[4] DI[3] D[2] D[1]
(Other I/F) Value

5E00h Parameter 1 CMBJ7 : 0]

- This command is used to set the minimum brightness value of the display for CABC function.

00h value means the lowest brightness for CABC and FFh value means the highest-brightness for CABC.

Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On; ldle 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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(5F00h) RDCABCMB: Read CABC Minimum Brightness

| E——

Address Default
Parameter | D[15: 8] D[7] D[4] DI[3] D[2] D[1]
(Other I/F) Value

5F00h Parameter 1 CMBJ7 : 0]

- This command is used to “read” the minimum brightness value of the display for CABC function.

00h value means the lowest brightness for CABC and FFh value means the highest-brightness for CABC.

Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On; ldle 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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(A100h ~ A106h) RDDDBS: Read DDB Start

| e | | e

Address Default
Parameter D[4] D[3] D[2] D[1]
(Other I/F) Value

A100h [Parameter 1 00h SID[7 : 0] N/A
A101h [Parameter 2 00h SID[15 : 8] N/A
A102h  |Parameter 3 00h MID[7 : 0] N/A
A103h [Parameter 4 00h MID[15 : 8] N/A
Al04h  |Parameter 5 00h RID[7 : 0] N/A
A105h |Parameter 6 00h RID[15 -8} N/A
Al106h |Parameter 7 00h FFEh FFh

- This command returns supplieridentification ‘and display module model / revision-information.

Note:~This information.is_"not" the same what "Read ID1 (DA0Oh)", 'Read-ID2 (DB0Oh)" and "Read ID3 (DCOOh)"

commands are returning.
Note: Parameter 7 is an, "Exit Code";this means that there is no more data in the DDB block.

This read sequence can be interrupted by any command and it can be continued by "Read DDB Continue (A800h)"
command when the first parameter, what has been transferred, is the parameter, which has not been sent e.g. RDDDBS
=> 1st parameter has been sent => 2nd Parameter has been sent => interrupt => RDDDBC => 3rd parameter of the

RDDDBS has been sent.

Note:
SID[15 : 0]: MIPI member ID number
MID[15 : O]: Module ID

RID[15 : 0]: Revision ID

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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A100h ~ A105h:

Status Default Value

Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
A106h:
Status Default Value
Power On Sequence FFh
S/W Reset FFh
H/W Reset FFh
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(A800h ~ AB06h) RDDDBC: Read DDB Continue

| e | | e

Address Default
Parameter c D[4] D[3] D[2] D[1]
(Other I/F) Value

A800h  [Parameter 1 00h SID[7 : 0] N/A
A801h [Parameter 2 00h SID[15 : 8] N/A
A802h  |Parameter 3 00h MID[7 : 0] N/A
A803h  [Parameter 4 00h MID[15 : 8] N/A
A804h  |Parameter 5 00h RID[7 : 0] N/A
A805h  |Parameter 6 00h RID[15 -8} N/A
A806h  |Parameter 7 00h FFEh FFh

- Aread_DDB_start (RDDDBS)-command should be executed at least.once hefore-a read_DDB_continue (RDDDBC)
command to definethe read location.
Otherwise, data read with'a read_DDB_continue command is undefined.

Note: (1) Parameter-7 is an "Exit Code", this'means that there is'no more data in the DDB block.

(2) for use example:

Step 1. HW Reset:

Step 2:write.0x11, set sleep out.mode.

Step 3:'set max. return.packet size =5.

Step 4. read 0xXA8, Return 5 bytes. Return SID[7:0], SID[15:8], MID[7:0], MID[15:8], RID[7:0]
Step.5..read-0xA8, DDI return 2 bytes (RID[15:8], OxFF)

_‘ - SPI-8I/F don’t support continue read.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

A800h ~ A805h:

Status Default Value

Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
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A806h:
It Value
Power On Sequence FFh
S/W Reset FFh
H/W Reset FFh
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(AAOOh) RDFCS: Read First Checksum

Address Default
: D[4] DI[3] D[2] D[1]
(Other I/F) Value
AAQOh 00h FCS6 FCS5 FCS4 FCS3 FCS2 FCS1 FCSO

- This command returns the first checksum what has been calculated from System function registers and the frame

memory after the write access to those registers and/or frame memory has been done.

(1) It will be necessary to wait 150 ms after there is the last write access on System function registers-before-there can

read this checksum value.

Normal Mode On;Idle'Mode Off, Sleep Out Yes
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
Sleepin Yes
AAO0Oh:
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(ABOOh) MIPI Error Report
=TT !—E

Address Default
Parameter : D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

ABOOh  [Parameter 1 00h AWERI15 | AWER14 | AWER13 | AWER12 | AWER11 | AWER10 | AWERY9 | AWERS8

ABO1lh |Parameter 2 00h AWER?7 | AWERG6 | AWERS | AWER4 | AWER3 | AWER2 | AWER1 | AWERO NA

- Peripheral sourced MIPI error report for software debug in development stage.
- It is an alternative way to use DCS short read packet (with 2 parameters) for error report readout besides.of DSI packet

type 02h

||
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle‘Mode On, Sleep Out Yes
Partial Mode On, Idle Mode Off;"Sleep Out Yes
Partial Mode On,ldle Mode On, Sleep Out Yes
Sleep:in Yes
ABQOh:
Power On Sequence NA
S/W Reset NA
H/W Reset NA
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(ACO0O0h) DCS long write payload counter

Address

(Other I/F)

ACOOh |Parameter 1

ACO01h Parameter 2 00h LPa7 LPa6 LPa5 LPa4 LPa3 LPa2 LPal LPa0 NA

- DCS long write payload counter, used for software debug in development stage.

LP-11 DCS Long Write LP-11
) Packet(0x39) -
! ‘
I

l—— One transmission-for long packet =%
; .

l«— Byte counter boundary—’!

|
LP11 . w - pavload data CR [EOT | LP11

S
4 EOTp is not necessary

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

ACOOh:

Status Default Value

Power On Sequence NA
S/W Reset NA
H/W Reset NA
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(AEOOh) STB EDGE POSITION

| e | T

Address Default
Parameter D[4] D[3] D[2] D[1]
(Other I/F) Value

AE0Oh  |Parameter 1 00h STB_EDGE_SEL[7:0] 00h

STB_EDGE_SEL [7:0] : Itis used to set a rising edge position of STB signal that leads or lags the rising edge of
SWB (the last Dancing Mux. Signal). Its minimum adjusted step is one-display clock period
(91ns).
STB signal output from FTE1 pad, it can be enable .or-disable by MTP-register-A2h of
CMD2 Page4 (bit “STB_EN”, default is 1; and-bit “FTE1, _SEL", default is 0).

Grate line N | |

Gate line N+1 |

o] ™
m m
m T

T
1
1

; i F

Dependents on porch number and
STB rising position setting

Il “l
STB Edge lags SWB Edge T | STB_EDGE _SEL[7:0] | ; |

s i 2.73u8 -12F clock ~+127 clock :

{at FTE1 pad) r— —_ 1
STB Edge leads SWB Edge m | |

Adjusted STB rising edge

00h Aligned to rising edge of SWB
01h +1

02h +2

7Fh +127

80h Aligned to rising edge of SWB
81h -1

82h -2

FFh -127

Note:
1. In above table, “+" index “STB rising edge lags SWB rising edge ", and “-” index “STB rising edge leads
SWB rising edge .
2. The unit of “Adjusted STB rising edge position” is number of Display Clock.
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- Don't let STB high-pulse cross to next HSYNC. If STB high-pulse crosses to next HSYNC, this will cause abnormal
STB output.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(AF00h) RDCCS: Read Continue Checksum

Address Default
: D[4] DI[3] D[2] D[1]
(Other I/F) Value
AFQOOh 00h CCs6 CCs5 CCs4 CCs3 CCs2 CCs1 CCSO

- This command returns the continue checksum what has been calculated continuously after the first checksum has

calculated from System function registers and the frame memory after the write access,to those registers and/or

frame memory has been done.

(2) It will be necessary to wait 300 ms after there is the last write access.on System function registers before there can
read this checksum value in the first time.

Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On; Idle Mode On, Sleep Out Yes
Partial Mode.On, Idle Mode Off;-Sleep Out Yes
Partial Mode On, Idle'Mode On, Slegp Out Yes
Sleep In Yes
AFQOh:
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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(BOOOh~B100H) VS_DLY_OPTION (Option Function)

S s D

Address Default
Parameter | D[15: 8] D[7] D[4] DI[3] D[2] D[1]
(Other I/F) Value

BOOOh  [Parameter 1 VS_DLY_OPTION[7:0] 80h

B100h [Parameter 1 00h 0 0 0 0 0 VS_DLY_OPTIONJ[10:8] 02h

- Delay Line Numbers of Display VSYNC position for 3D Landscape side-by-side application:

VS_DLY_OPTIONJ[10:0] DELAY LINE NUMBER OF DISPLAY VSYNC

000h

001h 1
002h 2
280h 640
6FEh 1790
6FFh Reserved
7FFh Reserved

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
BOh ~ B1h:

Default Value

Power On Sequence 80h 02h
S/W Reset 80h 02h
H/W Reset 80h 02h
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(BAOOh) SET_MIPI_LANE

| | E——

Address Default
Parameter : D[7] D[4] D[3] D[2] D[1]
(Other I/F) Value

BAOOh [Parameter 1 00h 0 0 0 0 0 0 DSI_LANE[1:0] 02h

- MIPI data lane number selection.

DSl LANE[l :0] Function Descrlptlon

MIPI DSI with 1 lane

01 MIPI DSI with 2 lanes
10 MIPI DSI with 3 lanes
11 MIPI'DSl.with 4 lanes

Normal Mede-On, Idle Mode, Off,-Sleep Out Yes
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
BAOOh:
Power On Sequence 02h
S/W Reset 02h
H/W Reset 02h
2012/03/30 248 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35590

(BCOOh) 3D-Barrier Ctrl: (Option Function)

T I

Address Default
Parameter c D[4] D[3] D[2] D[1]
(Other I/F) Value

BCOOh Parameter 1 EN_PORTRAIT EN _3D INTERLACE_SEL[1:0]

- INTERLACE_SEL [1:0]: To define the 3D image format from host and interlace method in Driver IC.

00 Disable (Default)

01 Portrait-View (Side by Side Image )
10 Landscape View (Line by Line Image)
11 Landscape View (Side by Side Image)

- EN_3D/ EN_PORTRAIT : 3D-Function selection

0 0 3D Disable (Default)
1 0 3D Landscape View
1 1 3D Portrait View

Note :'Legend of INTERLACE_SEL[1 :0] = 01 (Portrait View (side by side image from Host))

_‘ - Bit“EN_3D” must be enabled after sleep-out sequence and be disabled before sleep-in sequence.
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Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out No
Partial Mode On, Idle Mode Off, Sleep Out No
Partial Mode On, Idle Mode On, Sleep Out No
Sleep In
BCOOh:

Power On Sequence 00h

S/W Reset 00h

H/W Reset 00h
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(C200h) SETDSIMODE : Set Display Mode

| | E——

Address Default
Parameter c D[4] D[3] D[2] D[1]
(Other I/F) Value

C200h |Parameter 1 00h 0 0 0 0 RM 0 DM [1:0] 03h

- MIPI Via / Bypass RAM switch control.

- RM The bit is used to enable or disable for the Frame Memory access operation.

RM setting is enabled from the next frame of Video mode. Wait 1 frame to transfer data after setting:

RM GRAM access
0 Disable
1 Enable

- DM[1:0] The-bit is used to select display-operation mode:-The ‘setting allows switching between display operation in

synchronization with internal oscillation clock

00 Internal oscillator clock

01 Reserved

10 Reserved

11 Video mode display (Bypass GRAM Mode or Compressed into GRAM mode)

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
AEOOh:
Power On Sequence 03h
S/W Reset 03h
H/W Reset 03h
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(DAOOh) RDID1: Read ID1

Address
: D[7]
(Other I/F)

Default
o > > i n-
Value

DAOOh  [Parameter 1 00h D17 ID16 ID15 ID14 D13 ID12 ID11 ID10
- This read byte identifies the display module's manufacturer.
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On;.Sleep Qut Yes
Partial Mode On, Idle Made Off; Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep/n Yes
DAOQOh:
Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
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Address Default
: D[4] DI[3] D[2] D[1]
(Other I/F) Value
DB0OOh  [Parameter 1 00h ID26 ID25 ID24 ID23 ID22 ID21 ID20

- This read byte is used to track the display module/driver version.

It is defined by display supplier and changes each time a revision is made to the-display, material or construction

specifications. See Table:

80h

81h

82h

Normal\Mode On, Idle Mode Off, Sleep Out Yes
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
DBOOh:
Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
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(DC0O0h) RDID3: Read ID3

Address
: D[7]
(Other I/F)

Default
o > > i n-
Value

DCOOh [Parameter 1 00h ID37 ID36 ID35 ID34 ID33 ID32 ID31 ID30
_| - This read byte identifies the display module / driver.
Normal Mode On, Idle Mode Off, Sleep Out Yes
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
DCOOh:
Status Default Value
Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
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(F4A00h) Novatek ID: Read Novatek ID
!—E

Address Default
(Other I/F) Value

F400h Parameter 1 00h
_| - This read byte identifies the Novatek ID code.

Normal Mode On, Idle Mode Off, Sleep Out Yes
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

F400h:

Status Default Value

Power On Sequence 90h
S/W Reset 90h
H/W Reset 90h
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(FBOOh) RELOAD CMD1

I
I 7 T A T T T
Parameter u;ELOAD CMD1

- RELOAD_CMD1: The RELOAD_CMDL1 is used to select the control value of CMD1.

RELOAD_REG MIPI LANE, STB Function, 3D-related Function
0 Reload setting value from MTP or register default v alue to register
1 Don't reload MTP or register.default value to register

Notes:

1. If the user doesn’t program any MTP, these above descript MTP. registers default.value equal to NT35590 Driver IC default
value as Specification definition.

2. If the user programmed MTP, these above descript registers, default-value equal to MTP-Value after hardware reset or
software reset again.

3. When the NT35590 exit sleep-mode, the driver IC. will'reload MTP or_register default value to the above descript MTP
register to change these registers contents.

4. The user can'setthe RELOAD_CMD1 bitto one to keep current register value by, user’s software setting, before the driver

IC Exit sleep mode.

Normal Mode On; Idle Mode Off, Sleep Out Yes
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
Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
_Resion -
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Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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(FEOOh) RD_CMDSTATUS: Read the Current Register Set

||
e

FEOOh

e 1
I ) N A A I T T
Parameter 00h 0 0 CMD2_P4|CMD2_P3||CMD2_P2|CMD2_P1|CMD2_PO| CMD1 01h

- This command is used for checking the current CMD accessing status, especially when MIPI interface is selected.

CMDL1 = 1, host is accessing registers of CMD1 Set.

CMD2_PO0 =1, host is accessing registers of CMD2 Page 0.
CMD2_P1 =1, host is accessing registers of CMD2 Pagel.
CMD2_P2 =1, host is accessingregisters of CMD2-Page2.
CMD2-P3 = 1,-host is'accessing registers of CMD2 Page3.

CMD2_P4 = 1, host is aceessing registers.of CMD2 Page4.

Current Register Set
CMD2_P4|CMD2_P3|CMD2_P2|CMD2_P1|CMD2_P0O| CMD1
Status
0 0 0 0 0 1

0 0 In Command 1
In the Page 0 of
0 0 0 0 0 0 1 0
Command 2
In the Page 1 of
0 0 0 0 0 1 0 0
Command 2
In the Page 2of
0 0 0 0 1 0 0 0
Command 2
In the Page 3 of
0 0 0 1 0 0 0 0
Command 2
In the Page 4 of
0 0 1 0 0 0 0 0
Command 2
Others Reserved
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Normal Mode On, Idle Mode Off, Sleep Out Yes
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

Power On Sequence 01h
S/W Reset 01h
H/W Reset 01h
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(FFOOh) CMD Page Select

FFh

FFOOh 1

e | ety
Do on | on | o5 | ou | oa | oa | o | o | orwne
Parameter 00h PAGE_SEL[7:0] 00h

- This command is used to select page.

- PAGE_SEL[7:0] : it defines how to select a register page that you want to access.
00h > CMD1 is selected
01h > CMD2 Page0 is selected
02h - CMD2 Pagel is selected
03h > CMD2 Page? is selected
04h > CMD2 Page3 is selected
05h > CMD2 Page4 is selected

Note: When the driver IC received this command, the “.n the driver IC willenter the register page.

| Resion -
Normal Mode On; Idle Mode Off, Sleep Out Yes
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

Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
_ Reseion -

Normal Mode On, Idle Mode Off, Sleep Out Yes
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
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7. Electrical Characteristics

7.1 ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply voltage VDDI,VDDAM -0.3~+55 \
Supply voltage VCI-AVSS -0.3~+55 \
Driver supply Voltage AVDD-AVSS -0.3~ +6.5 \Y,
Operating temperature range TOPR -30 ~ +75 c
Storage Temperature range TSTG -40 ~ +85 C
Logic Input voltage range VIN -0.3~+4 V.
Logic Output voltage range VO -0.3=+4 \Y,
Supply voltage (MTP) MTP_PWR - AVSS 7.8 \Y
Humidity 5% to 95% %

NOTE: If the absolute maximum rating of even is one of the above parameters is exceeded even momentari. ~ly, the quality of the product may be
degraded. Absolute maximum ratings, therefore, spec  ify'the values exceeding which-the product may be p hysically damaged. Be sure to use the

product within the range of the-absolute' maximum ra tings.
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7.2 DC CHARACTERISTICS

7.2.1 Basic Characteristics

Parameter Symbol Conditions S Lol Unit Notes
mn | tve [ wmax
Power & Operation Voltage
Analog Operating voltage VCI Operating Voltage 2.5 2.8 4.8 \ Note 1,5,6
1/0 operating voltage VDDI 1/0 supply voltage 1.65 1.8 3.6 \% Note 1
) MIPI
MIPI Operating voltage VDDAM 1.7 1.8 4.8 \% Notel
Supply voltage
Input / Output
Logic High level input voltage VIH 0.7VDDI - VDDI \ Note 1, 2
Logic Low level input voltage VIL - VSS - 0.3VDDI \ Note 1, 2
Logic High level output voltage VOH IOH =-0.1mA 0.8VDDI - VDDI V Note 1, 2
Logic Low level output voltage VOL I0L = +0.1mA VSS - 0.2VDDI \% Note 1,2
Logic High level leakage .
ILIH1 Vin = 0 to VDDI 1 UA Note 1, 2
(Except MIPI)
Logic Low level leakage i
ILiLL Vin =0 to VDDI -1 UA Note 1, 2
(Except MIPI)
Logic High level leakage .
ILIH2 Vin=0t0 1.3V 10 HA
MIPI
Logic Low level leakage i
ILIL2 Vin=0t01.3 V -10 HA
MIPI
VCOM Operation
VCOMDC3 voltage || vcompas || Operating Voltage [ =2 | I +1 [ v |
Source Driver
GVDDP GVDDP<AVDD-0.3 2.2 - 5.25 \
Gamma reference voltage
GVDDN GVDDN>AVEE+0.3 -6.25 -2.2 \
V,devl Sout>=+4.2V, Sout<=+0.8V - 20 30 mV
Output deviation voltage V,dev2 +0.8V<Sout<+4.2V - 10 15 mV Note3
V,dev3 Sout>=-0:8V, Sout<=-4.2V 20 30 mV
V,dev4 -0.8V<Sout<-4.2V 10 15 mV
Output offset voltage VOESET 35 mv
Power generation
Internal reference voltage VREF Operating Voltage -1 - 1 %
Power supply for Digital circuit VDD 1.6 \%
Power supply for MIPI I/F VP_HSSI 1.6 \
LDO Output for 3D Function VDC1 ©pten 3.0 5.5 \
Power supply for VCL VCI1 VCL=-1*VCI1 2.5 3.05 \% Note 4
LDO output for VGH VGHO VGH > VGHO + 0.3V 6.0 11 \% Note 4
LDO output for VGL VGLO ©Ptom VGL < VGLO-0.3V 7.1 -4.0 v Note 4
Internal CP for Source driver AVDD Operating Voltage 1.5*VCl - 3*VCI Y, Note 4
2nd Booster voltage VGH Operating Voltage VCI+AVDD 2*AVDD-VCL Note 4
) -AVDD+2*V
3rd Booster voltage VGL Operating Voltage oL -AVDD+VCL \
4th Booster voltage VCL Operating Voltage -3.05 - -25 \% Note 4
Oscillator tolerance osC 25T -5 - 5 %
Oscillator tolerance 0OsC 75C~-30C -8 - 8 %
LEDPWM frequency drift tolerance LEDPWM 25C -5 - 5 %
LEDPWM frequency drift tolerance LEDPWM 75C~-30C -8 - 8 %
Note 1: VDDI=1.65 to 3.6V, VCI= 2.5 t04.8V, VDDAM=1 .7 to 4.8 V, AVSS=VSS=0V, Ta=-30to 75 °C (to +85 °C no damage)
Note 2: When the measurements are performed with LC D module, Measurement Points are like below.
CSX, RDX, WRX, D[23:0], DCX, RESX, SCL, IM[2 : 0] a nd Test pins
Note 3: Source channel loading= 40pF/channel
Note 4: VCI=3.3V, Ta=25 C, No load;
Note 5: Restriction for charge pump selection
When VCI = 2.5V ~ 4.8V =» please set pump ratio to x1.5. When VCI = 2.5V ~ 4.0V = please set pump ratio to x2.0.
When VCI = 2.5V ~ 3.1V =» please set pump ratio to x2.5. When VCI = 2.5V ~ 2.9V =» please set pump ratio to x3.0.
Note 6: Pump ratio also can adjust base on customer requirement such as different panel loading
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7.2.2 Current Consumption

Specification

Parameter Conditions

Sleep in mode Ispa VClI =33V,
(Note 1) VDDI=VDDAM=1.8V, 1280 - 20 180 40 360 UuA
lines, Ta = 25°,
Sleep in mode Ispa VClI =33V,
(Note 1) VDDI=VDDAM=1.8V, 1280 - 40 360 80 720 UuA
lines, Ta = 70°C,
Deep standby mode Iost VCI =3.3V,
(Note 1) VDDI=VDDAM=1.8V, ) 10 40 uA
Ta =25°C
Deep standby mode lost VCI =3.3V,
(Note 1) VDDI=VDDAM=1.8V, . 30 100 uA
Ta =70°C

Note1. For MIPI interface, the sleep in and deep. standby current is only in ULPS mode.

7.2.3 MIPI DC Characteristics

Symbol Parameter Min Typ Max Unit

Power-and Operation-Voltage-for MIPI Receiver

VDDAM Powersupply voltage for MIPI RX 1.7 1.8 4.8 \%

VLPH Low power mode operating voltage 11 1.2 1.3 \%

MIPI Characteristics for High Speed Receiver

VILHS Single-ended input low voltage -40 mV
VIHHS Single-ended input high voltage 460 mvV
VCMRXDC Common-mode voltage 70 330 mV
ZID Differential input impedance 80 100 125 ohm
|VOD| HS transmit differential voltage ( VOD=VDP-VDN) 140 200 250 mV
ViotH Different input high threshold 70 mV
Viore Different input low threshold -70 mV
Vrerm-EN Single-ended threshold for HS termination enable 450 mV

MIPI Characteristics for Low Power Mode

VI Pad signal voltage range -50 1350 mvV
VGNDSH Ground shift -50 50 mv
VIL Logic 0 input threshold 0.0 550 mvV
VIH Logic 1 input threshold 880 VDDAM mV
VHYST Input hysteresis 25 mvV
VOL Output low level -50 50 mV
VOH Output high level 1.1 1.2 1.3 v
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ZOLP Output impedance of Low Power Transmitter 80 100 125 ohm
VIHCD,MAX Logic 0 contention threshold 0.0 200 mV
VILCD,MIN Logic 1 contention threshold 450 VDDAM mV
VOH,MAX LP-TX A A ‘ VOH,MAX
Output High y LP-RX
Vormm Input High
ViHmiIN LP-CD } ViH MmN
Input High LP-RX
Threshold Region
VIL,MAX } VIL,MAX
\
V
IHCD ,MIN ‘ VlHHS
LP-CD LP-RX
Threshold Region HS-RX g~ A~ VeMRXDC MAX
9 Input Low Hls-Rtx com\on
ViHep max g Mode -
VoLmax LP-CD Range InputRange ¥ \/ v
. LP-TX Input Low \d onp
oo OuTtput Tow A W
OL,MIN
N J U J
hd hd e Y
Low Power Low Power Low Power. High Speed
Transmitter Contention Detector. Receiver Receiver
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7.3 AC CHARACTERISTICS

7.3.1 Serial Interface Timing Characteristics

CSX
/|
o tscyew/tscycr < fost > terw
< >
Vi tsiwltsir |/
WRX/SCL / < >/
Vi £ tshwtsir \ /
tsps DI (N I P
SDI
tace ton
SDO
Figure 7:3.9 Serial Interface Operation
VCl=2.3V~4.8V, VDDI = 1.65V to 3.6V, VDDAM = 1.7V to 4.8V
Item Symbol Timing Diagram Min. Typ. Max. Unit
SCL clock cycle time Write (received) tscyew Figure 7.3.9 100 - 20,000 ns
SCL clock cycle time.Read (transmitted) tscycr Figure 7.3.9 300 - 20,000 ns
SCL “High” pulse width Write (received) tshw Figure 7.3.9 40 - - ns
SCL “High” pulse width Read (transmitted) tshr Figure 7.3.9 140 - - ns
SCL “Low” pulse width Write (received) tsiw Figure 7.3.9 40 - - ns
SCL “Low” pulse width Read (transmitted) tsir Figure 7.3.9 140 - - ns
SCL clock rise/fall time t, t Figure 7.3.9 - - 10 ns
Chip select setup time tess Figure 7.3.9 20 - - ns
Chip select hold time tesh Figure 7.3.9 50 - - ns
Input data setup time tsps Figure 7.3.9 20 - - ns
Input data hold time tspn Figure 7.3.9 20 - - ns
Output data access time tacc Figure 7.3.9 - - 120 ns
Output data hold time ton Figure 7.3.9 5 - - ns
Chip deselect “High” pulse width tenw Figure 7.3.9 45 - - ns
2012/03/30 265 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35590

7.3.2 MIPI Interface Characteristics

High Speed Data Transmission: Data-Clock Timing

Tsetup THoLp
- . -

i
|
A
y

B E—
0.5 Ulinst

+ Tskew
CLKp
CLKn ;
1 Ulnst ;
Tekp !
Parameter Symbol Min Typ Max Units Notes
Ul instantaneous UlinsT 1.176 12.5 ns 1,2,5
Data to Clock Skew [measured at tansmitter] Terew[TX] -0.15 0.15 UlinsT 3
Data to Clock Setup Time [measured.at receiver] Tsetup[RX] 0.15 UlinsT 4
Data to Clock Hold Time [measured atreciever] T howp[RX] 0.15 UlinsT 4
150 ps
20% - 80% rise time and fall time tr / te
0.3 Ulinst

Note:
1. This value corresponds to a minimum-80, MHz data  rate.
2. The minimum Ul shall not be violated for any sin  gle bit period, i.e.,any DDR half cycle within ada ta burst.
3. Total silicon and package delay budget of 0.3* U [INST.
4. Total setup and hole window for receiver of 0.3*  UIINST.
5. For MIPI speed limitation:
[1] Per lane bandwidth is 850Mbps,

[2] Total Bit Rate: 2Gbps for 8-8-8-; 1.5Gbps for 6-6-6; 1.33Gbps for 5-6-5.
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LP Transmission AC Specification

85%

15%_ /

Dr \ | [
S AW A NN\

TLP. PULSE.T: ‘TLLPER_TX
<

Parameter Symbol Min Typ Max Units Notes
15%-85% rise time and fall time Tree L Tep 25 ns 1
30%-85% rise time and fall time TReomh 35 ns 1,5,6
First LP exclusive-OR clock pulse
Pulse width of the LP exclusive-OR after STOP state or last pulse before 40 ns 4
clock stop state TLP-PULSE-TX
All otherpulses 20 ns 4
Period of the LP exclusive-OR clock TipPeERTX 90 ns
Slew Rate@ Coap = OpF 30 500 mV/ns 1,2,3,7
Slew Rate@ C onp = 5pF 30 200 mV/ns 1,2,3,7
OV/dtsr
Slew Rate@ Cyonp =20pF 30 150 mV/ns 1,2,3,7
Slew Rate@-C,onp = 70pF 30 100 mV/ns 1,2,3,7
Load Capacitance Croap 70 pF 1
Note:
1. CLOAD includes the low-frequency equivalent transmission line ca pacitance. The capacitance of TX and RX are assumed to always be <10p F. The distributed line
capacitance can be up to 50pF for a transmission line with 2ns delay.
2. When the output voltage is between 15% and below 85% of the full y settled LP signal levels.

3. Measured as average across any 50 mV segment of the output signal transition.

4. This parameter value can be lower then TLPX due to dif ~ ferences in rise vs. fall signal slopes and trip levels and mis matches between Dp and Dn LP transmitters. Any
LP exclusive-OR pulse observed during HS EoT (transition from HS leve | to LP-11) is glitch behavior.

5. The rise-time of TREOT starts from the HS common-level at the moment the differential amplitude drops below 70mV, due to stopping the differential drive.

6. With an additional load capacitance CCM between 0-60pF on the ter ~ mination center tap at RX side of the Lane.

7. This value represents a corner point in a piecewise linear curve as bellowed.

500
Croap, PF

§ 6 V/ 6 tsrmin, MV/NS | 30 | 30 | 30 | 30
£ 300 — 6 V/ 6 tsrmax, MVINS | 500 | 200 | 150 | 100

100 — Valid Slew Rate Range

P ANz
0 10 20 30 40 50 60 70
Croap, PF
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High-Speed Data Transmission in Bursts

ek XOOOOEOOOERPEOHOOOOOOOOOMOOROEHC
TLPX THS-F’REPARE THS-ZERO THS-SYNC
Disconnect %
Dp/Dn J Terminator
VIH,MIN
ViLmax = ; | | |
S OO0 000000 ¢
I Jf ] st Ths- LP
THS—TERM—EN Capture 1 | H;swP | 11
- > Data Bit Teol -
il |-
THS-SETTLE
-t > Ths-TRAIL THsExiT
Ll 1 | -y
LP-11 LP-01 LP-00 h T >
Parameter Symbol Min Typ Max Units
Time to drive LP-00 to prepare for HS transmission THs-PREPARE 40+4UI 85+6UI ns
Time from start of tHS-TRAIL or tCLK-TRAIL period to start of LP-11 state Teor 105+12UI ns
Time to enable Data Lane receiver line termination measured from when Dn
THS TERM-EN 35+4U1 ns
cross VIL,MAX
Time to drive flipped differential state after last payload.data bit of a HS
I ve Hipp : : - pay Ths-TRAIL 60+4U| ns
transmission burst
Time-out at RX to ignore. transition period of EoT Thseskip 40 55+4U1 ns
Time to_drive L'P-11 after HS burst THs-ExIT 100 ns
Length of any Low-Power state period Tupx 50 ns
Sync sequence period Ths-sYNG 8ul ns
Minimum lead HS-0.drive period before the.Sync sequence Ths-zERO 105+6UI ns

Note:

1: The minimum-value depends on the bit rate: Implementations should ensure proper operation for all the supported bit rates.

2:Ul means Unit Interval, equal to one half HS the clock period on-the Clock Lane.

3: TLPX is an internal state machine timing reference. Externally measured values may differ slightly from the specified values due to asymmetrical rise and fall times.

Turnaround Procedure

< TLPX < TLPX > TLPX > TTA—GO >
! —Pp !
drive :

1
! : overlap !
H T Tr TrTTTISTIE NP -
I 1 1 I
I 1 1 I
I 1 1 1
1 1 | 1
1 T T 1
LP11i  LP10 § LP00 { LP10 ! } LPO0 i LP00: LPOO ! LP10 i LP11
+— Pt Pp4t————Pp4t+——Pp
TTA—SURE TTA—GET TLPX TLFX
Parameter Symbol Min Typ Max Units
Length of any Low-Power state period : Master side Tipx 50 75 ns
Length of any Low-Power state period : Slave side Tipx 50 75 ns
Ratio of TLPX(MASTER)/TLPX(SLAVE) between Master and Slave side Ratio Ty px 2/3 3/2
Time-out before new TX side start driving T1A-SURE Tipx 2Tpx ns
Time to drive LP-00 by new TX TracET 5Tipx ns
Time to drive LP-00 after Turnaround Request Traco AT px ns
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Switching the Clock Lane between Clock Transmission

and Low-Power Mode

Clock Lane Disconnect
Dp/Dn / Terminator
/ 7
TekposT Teor \ [+—Teikserne—*]
—»| — Tk / [T ek Teme e
VIH(min CLKMiss CLKTERRE
=VIL{max) T 1T

X

‘_TC LETRAILT T TH'é‘—EX\T

T px—*MTcLk-FRERPAR

Data Lane Disconnect T T -
Dp/Dn / Terminator [ TLpx—*{*TusPreran
/ {1 /f 1 il /1 // /!
/ 1l 1 7l 1/ 7/ 1/ \ [} 1‘\
.”I
=VIH{min} -
1
-VIL{max) 7
__”_/ \ /-“‘II.
| |
__‘| .I\_ "I-" jﬁ' \}_
—Ths skip—" "T”“'E;‘;a"'
+— TheseTrie—*
Parameter Symbol Min Typ Max Units
Time that the transmitter shall continue sending HS clock after the last T 60+152U1 ns
associated.Data Lane has transitioned to LP mode \
Detection time that the clock-has stopped toggling TeLk-miss 60 ns
Time to drive LP-00 to prepare for HS clock transmission T CLK-PREPARE 38 95 ns
- ' . \ Teik-
Minimum lead HS-0 drive period before starting Clock CLK-PREPARE 300 ns
+TcLK-ZERO
Time to'enable Clock Lane receiver line termination.measured from when T 38 ns
Dn cross\VIL,MAX HSTERNM-EN
Minimum time that the HS clock must be-set prior to any associated date T 3 ul
lane beginning the transmission from LP to HS mode CLIPRE
Time to drive HS differential state after last payload clock bit of a HS
issi Terk-TRAL 60 ns
transmission burst
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LP11 timing request between data transformation

When Clock lane of DSI TX chip always keeps High sp  eed mode, then Clock lane never go back to Low powe r mode. If Date lane of TX
chip needs to transmit the next new data transmissi on or sequence, after the end of Low power mode or High speed mode or BTA.
Then TX chip needs to keep LP-11 stop state before  the next new data transmission, no matter in Low po ~ wer mode or High speed mode
or BTA. The LP-11 minimum timing is required for RX chip in the following 9 conditions, include of LP —LP, LP —HS, HS —LP, HS — HS,
BTA — BTA, LP — BTA, BTA — LP, HS — BTA, and BTA — HS. This rule is suitable for short or long packet between TX and RX data

transmission.

(1) Timing between LP — LP command

Previous Escape mode New Escape mode

=y FILTYN poceq pocsn pocen poseq Poceq poven pocen -
. g . g . g . ’ D ’ . ’ . ’ . ’ [y ’
. U . ’ . ' . ’ ¢ . ) . ’ . ’ . ’
- -t Coned Cooedy (9 -0 Ceeed Cesed Coced Coeud 3 -d

| | | |
PSRN R A SR (S S gy Y I | e B 1V

[ | | 1

I | I I

| | | 1 | 1

I | I | [ [
DR U Ay SN g Ny S 1 R A S Fo———}p — Vo

l | I | [ !

TDEE N
Time
»
Parameter Symbol Min Typ Max Units
LP-11 delay to a start of the new Escape Mode Entry Toee 100 ns
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(2)Timing between LP — HS command

Previous Escape mode

High speed mode

~

Lo, ’.--‘
eeed

h---d

""""" DSI- Dn+
DSI- Dn-
LP-00 > LP—IO> LP-11 LP-11 LP-01 LP-00 HS-0 3
TDEH _
. »
Time
»
Parameter Symbol Min Typ Max Units
LP-11 delay to a start of the-Entering High Speed Mode Toen 100 ns
(3)Timing between HS — LLP. command
: :
High speed mode : : Escape mode
> ; >
D---\ Lo, :r---\ u---*: poooy pocoq poceq pocaq L
X A X S I X XXX
: :
--------- DSI- Dn+
DSI- Dn-
LP-11 LP-10 LP-00 LP-01 LP-00
>
Thsmail ~ THs-exit .
3 Time
»
Parameter Symbol Min Typ Max Units
LP-11 delay to a start of the Escape Mode Entry Tore 100 ns
2012/03/30 271 Version 0.05

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, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



_NoVATEK NT35590

(4)Timing between HS —HS command

High speed mode

cmq e pomany LY poe- poemn P LTy pomen -
Y 0 . ’ . . o . ’ . ’ Y 0 [y ’ [y U
. ’ . ) . i . ) ’ . ) . ’ . Q Y o
- -t Ceced Ceead | -~ - coad Cecad Cecad Cenad . -d
L]
L]
[l

High speed mode

<,

>

|
———-I-————\—_ ——————— VB | |\ 2SI Dn-
e — N — i ocnaoooonoooconoco

H »
: »
Tus-wait ~ THs-exit ¢ .
> Time
>
Parameter Symbol Min Typ Max Units
LP-11vdelay to a start of the-Entering High Speed Mode ToHH 100 ns

(5)Timing between BTA—BTA command

Previous BTA New BTA

o=y eonse poseq pocaq poceq poccn poseq pocaq FXTTYN )
Y 0 . ’ . » . 4 . ’ . ’ [y . Y 0 [y U
Y Q . ) Y ) . ) ) . g . ¢ . o’ . ¢
- -t Ceead Seced -~ - (hecad Cenad Conad Cecad . -d
L]
]
[l

Yoo

>

\i li \i """"" DSI- Dn+
ol i ___\{____L._____\f__vw ——— DSL-Dn-

LP-00 LP-10 LP-11 LP-11 LP-10 LP-00 LP-10 LP-00
Time
»
Parameter Symbol Min Typ Max Units
LP-11vdelay to a start of the new BTA Toee 100 ns
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(6)Timing between LP— BTA command

Previous Escape mode

Yoo

eey am= LT YY poman poan
Y 0 . ¢ . » . o
. 9 . ) . ) . »
(9 -t Came Camad, (Y -t

BTA

9

H amad

Foman -
o’ . g
) Y ’
Cmmad . -

""""" DSI- Dn+
DSI- Dn-
LP-00 % LP—lO‘ LP-11 LP-11 LP-10 LP-00 LP-10 LP-00
> > P »
TDEB
. >
Time
»
Parameter Symbol Min Typ Max Units
LP-11vdelay to astart of the BTA Toes 100 ns
(7)Timing between BTA = LP command
. i i
Previous BTA : ; Escape mode
> >
']
1
I XS N X XXX
L) L]
--------- DSI- Dn+
lSiaie DSI- Dn-
LP-11 LP-10 LP-00 LP-01 LP-00
>
Time
>
Parameter Symbol Min Typ Max Units
LP-11vdelay to a start of the Escape Mode Entry Toee 100 ns
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(8)Timing between HS — BTA command

High speed mode

.
.
.
.
[
T
.
.
.
Yy Fmea pocan pocan pomanl pocnn pmman poman pmman ~
Ly ’ . ¢ . ¢ . ’ ’ Y ’ . ’ . ’ . ’
. ’ . ’ . ) ’ y » . » . ’ [} ’ ) .
13| T Ceaad Saaad ¥ 1 3} Samad Samad Cemas Semaas sofp=2

BTA

| [
o] e o ey — — Q
—_t __ \J— o ___ _j___ — _ _Vmun_
-\ ! A\
|
| \ ' / | \ [ A | A\ DSI- Dn+
\I / | | -
— — — il b Rl L e B l————] === LMV || 22 =2-D)ST- Dn-
| — .I- |
LP-11 LP-10, LP-00 LP-10 LP-00
>
Tusat  THs-exit | .
— Time =
L
Parameter Symbol Min Typ Max Units
LP-11vdelay to astart of the BTA Tors 100 ns
(9)Timing between BTA=HS command
i .
BTA ; High speed mode

Yoo

>

o=y eonse poseq pocaq poceq poccn poseq pocaq FXTTYN )
Y 0 . ’ . » . 4 . ’ . ’ [y . Y 0 [y U
Y Q . ) Y ) . ) ) . g . ¢ . o’ . ¢
- -t Ceead Seced -~ - (hecad Cenad Conad Cecad . -d
L]
]
[l

--------- DSI- Dn+

DSI- Dn-

LP-00 LP-10 LP-11 LP-11 LP-01 LP-00 HS-0
>
Time
>
Parameter Symbol Min Typ Max Units
LP-11vdelay to a start of the Entering High Speed Mode Toex 100 ns
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7.3.3 RGB Interface Characteristics

ot
VSYNC Vi VHS < Cyim >
v -
T
HSYNC Vin
T
. tDSYNS | | { psynm >
- Ll Ll
t t
w DCSS N DCSH.
DE H
IL
< »
t
\ DCYC
PCLK A Z
N 7
tDHW
< P
tDLW tDD | tDDH
VD23-VD0O
Fig. 7.3.3 RGB Interface characteristics
VCI=2.5~4.8 , VDDI=1.8~3.6V, VDDAM=1.8V~4.8V
Symbol Parameter Conditions Related Pins MIN TYP MAX Unit
tocve PCLK cycle time 15 - -
toww PCLK Low time - PCLK 7 - - ns
tehw PCLK High time 7 - R
toos RGB Data setup time 3 - -
- PCLK, D23-D0 ns
tooH RGB Data hold time 3 - -
tocss DE setup time 3 .
- DE - ns
tocsh DE hold Time 3 -
tosvns SYNC hold time - PCLK, HSYNC, VSYNC 3 - - ns
tynn VSYNC hold time - PCLK, HSYNC, VSYNC 3 - - ns
tvms VS leading time - VSYNC, HSYNC 400 - - ns
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7.3.4 Reset Timing Characteristics

Shorter than 5 us

RESX

Initial Condition

Internal Status Normal Operation Resetting (Default for H /W reset )

Figure 7.3.4 Reset Operation

Table 7.3.14 Reset Timing Characteristics VCI=2.5~4 .8V, VDDI=1.65~3.3V, VDDAM=1.7~4.8V

Reset pulse duration | 10(Note)

RESX - 10(Note) ms
trr Reset cancel

B 120(Note) ms

Note :
-The reset cancel also includes required.time for loading ID bytes, VCOM setting and. other settings from EEPROM (or similar device) to registers.
This loading'is done every time when there is HW reset cancel -time (tRT) within 10 ms after a rising edge of RESX.

-Spike due to an electrostatic discharge-on.RESXline does not cause irregular system reset according to the table below

RESX Pulse Action

Shorter than 5us Reset Rejected
Longer than 9us Reset
Between 5us and 9us Reset Starts

-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). Then return to Default condition for Hardware Reset.

-Spike Rejection also applies during a valid reset pulse as shown below
F—tRW;%
Reset is accepted

e

H Less than 20ns width positive spike will be rejected

4" |‘7 20ns

-When Reset applied during Sleep-In Mode.

-When Reset applied during Sleep-Out Mode.

-It is necessary to wait 5ms after releasing RE8&ie sending commands. Also Sleep Out commandtéensent for 120 ms.
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