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1 DESCRIPTION

1.1 Purpose of this Document

This document has been created to provide complete reference specifications for the NT35523. IC design
engineers should refer to these specifications when designing ICs, test engineers when testing the compliance of
manufactured ICs to guarantee their performance, and application engineers when helping customers to make
sure they are using this IC properly.

1.2 General Description

The NT35523 device is a single-chip solution for a-Si TFT LCD that incorporates gate drivers and is capable of
800RGBx1280, 768RGBx1280, 720RGBx1280, 640RGBx1024, 600RGBx1024 and 540RGB x 960 without
internal CGRAM. There is cascade function by master/slave two-chip solution for a-Si TFT LCD which\is capable
of 1600RGBx2560, 1536RGBx2560, 1440RGBx2560, 1280RGBx2048, 1200RGBx2048 and, 1080RGB x 1920
without internal CGRAM. It includes a timing controller with glass interface level-shiftersiand a glass-power-supply
circuit.

The NT35523 supports MIPI Interface only.

The NT35523 is also able to make gamma correction settings, \separately for, RGB dots to allow benign
adjustments to panel characteristics, resulting in higher display\qualities.

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 a-Si TFT LCD Controller/driver without Display RAM.
& Display resolution option
- 800RGB x (480~2560)
- 768RGB x (480~2560)
- 720RGB x (480~2560)
- 640RGB x (480~2560)
- 600RGB x (480~2560)
- 540RGB x (480~2560)
& Display mode (Color mode)
- Full color mode: 16.7M-colors
- Reduce color mode: 262K colors
- Reduce color mode: 65K colors
- Idle mode: 8-colors
< Interface
- MIPI Display Serial Interface (DSI V1.01 r11 and D-PHY V1.0,1 clock.and 2, 3-0r .4 data lane pairs)
Display features
- Individual gamma correction setting for RGB dots
€ On chip
- VGHO/VGLO voltage generator for gate. control signal and panel
- Oscillator for display clock
- Supports gate control signals to gate driver in the-panel
- Content Adaptive Brightness Control (CABC)
- Image Enhancement (IE):include brightness/edgelvivid color enhancement
- Sunlight Readability Enhancement (SRE)
& Supply-voltage range (refer to the pin description of BTM[2:0])
- 1/0 supply.voltage range for VDDI'to, VSSI: 1.65V.-~=3.6V
-\Analog supply voltage range -for VDDA/VDDB/VDDR to VSSA/VSSB/VSSR: 2.5V ~ 4.8V or 2.5V ~ 6.3V
-.Analog-supply voltage range for AVDD-to AVSS: 4.5V ~ 6.3V
- Analog supply voltage range for AVEE to AVSS: -4.5V ~ -6.3V
- Analog supply voltage range-for VGH to VSSB: 7V ~ 21V (|[VGH-VGLX] < 30V)
- Analog supply voltage range for VGLX to VSSB: -7V ~ -18V (|[VGH-VGLX] < 30V)
¢ Output voltage levels
- Positive gate driver voltage range for VGH: 7 ~ 21V (AVDD-VCL ~ 3xAVDD-AVEE)
- Positive gate driver voltage range for VRGH: 3 ~ 20V (VGH-1.0V)
- Negative gate driver voltage range for VGLX: -7 ~ -18V (AVEE+VCL ~ 2xAVEE-AVDD)
- Negative gate driver voltage range for VGL_REG, VGL_REG2:-3 ~ -17V (VGLX+1.0V)
- Step-up 1 output voltage range for AVDD: 4.5 ~ 6.3V
- Step-up 2 output voltage range for AVEE: .4 5 ~ -6.3V
- Positive gamma high voltage range for VGMP: 3.0 ~ 6.0V (AVDD-0.5V)
- Positive gamma low voltage range for VGSP: g, 0.3 ~ 3.3V
- Negative gamma high voltage range for VGMN: 3.0 ~ -6.0V (AVEE+0.5V)
- Negative gamma low voltage range for VGSN: g, -0.3 ~ -3.3V
- Common electrode voltage range for VCOM: -4.0y ~ +1.0V

*
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4 PIN DESCRIPTIONS
4.1 Power Supply Pins
Symbol Name Description
Power supply for DC/DC converter.
vDDB DC/DC Power Please refer the description of pin BTM[2:0] for the voltage connection.
Power supply for analog system.
VDDA Analog Power Please refer the description of pin BTM[2:0] for the voltage connection.
Power supply for regulator system
VDDR Regulator Power Please refer the description of pin BTM[2:0] for the voltage connection.
VDDI I/O Power Power supply for interface system except MIPI interface pin.
VSSB DC/DC GND System ground for DC/DC converter.
VSSA Analog GND System ground for analog system.
VSSR Regulator GND System ground for regulator system.
VSSAM MIPI GND System ground for internal MIPL.analog, system:.
DVSS (VSSI) Digital GND System groundfor internal digital system.
AVSS Source OP GND | System ground.for source OP system.
MTP programming power supply pin.(7.5~8:0V.and 7.75V typical).
MTP_PWR MIBEMY Must be left open or connected to DVSSlin.normal condition.
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4.2 MIPI Interface Pins

Symbol I/O Description
-These pins are DSI-CLK+/- differential clock signals if MIPI interface is used.
HSSI_CLK_P . . : :
HSSI CLK N I -HSSI_CLK_P/N are differential small amplitude signals.
- — If not used, please connect these pins to VSSAM.
-These pins are DSI-D0+/- differential data signals if MIPI interface is used.
HSSI_DO_P ; . . .
HSSI DO N I/0 | -HSSI_DO_P/N are differential small amplitude signals.
- = If not used, please connect these pins to VSSAM.
-These pins are DSI-D1+/- differential data signals if MIPI interface is used.
HSSI_D1_P : . - .
HSSI D1 N -HSSI_D1_P/N are differential small amplitude signals.
- - If not used, please connect these pins to VSSAM.
-These pins are DSI-D2+/- differential data signals if MIPI interface is used.
HSSI_D2_P : . . .
HSSI D2 N -HSSI_D2_P/N are differential small amplitude signals.
— = If not used, please connect these pins to VSSAM.
-These pins are DSI-D3+/- differential data signals if MIPI interface is.used.
HSSI_D3_P : . . .
HSSI D3 N -HSSI_D3_P/N are differential small amplitude signals.
- = If not used, please connect these pins to VSSAM:
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4.3 Interface Logic Pins

Symbol I/O Description
RESX | This signal vyill reset the device and must be applied to properly initialize the chip.
Signal is active low.
Interface type selection.
IMO Display Data Command
IMO ' 0 reserved reserved
1 MIPI DSI, HSSI_D0 P/N~HSSI_D3 P/N |MIPI DSI, HSSI_D0_P/N~HSSI_D3 P/N
Input pins to select number of data lanes in MIPI interface.
LANSEL[1:0] Data Lane
00 reserved
LANSELJ[1:0] | 01 2 data lanes
10 3 data lanes
11 4 data lanes
The used data lanes are determined by connection of DSWAP[1:0] pins:
Input pin to select HSSI D0/D1/D2/D3 data’lane sequence and-polarity in MIPI interface.
PSWAP VAN HSSI - HSSI_ HSSI_ HSSI_ HSSI = HSSI _ HSSI_ HSSI _ HSSI _ HSSI _
[l D2 P D2 N D1 P D1 N CLK P CLK.N DO_P DO N D3 P D3 N
00 D3=-| D3+ |\ D2-.|D2+ | CLK- | CLK+{ Di1- \|-D1+ | DO- | DO+
0 01 D3- | D3+ | DO- | DO+ | CLK- [\CLK+ |- D1- [ D1+ | D2- | D2+
DSWAPJ[1:0] | 10 DO- [DO+-|{/D1- [ D1+ | CLK= | CLK+\|\D2-+] D2+ | D3- | D3+
PSWAP 11 D2-. | D2+ | D1- [ D1+ | CLK- |\CLK+ | DO- | DO+ | D3- | D3+
00 D3+ | D3- | D2+ | D2- | CLK+ | CLK- | D1+ | D1- | DO+ | DO-
1 01 D3+ | D3-// D0+.| DO- | CLK*¥| CLK- | D1+ | D1- | D2+ | D2-
10 DO+ /-DO- || D1+\| D1-|"CLK+ | CLK- | D2+ | D2- | D3+ | D3-
11 D2+ [-DP2-\|.D1+ |-D1- | CLK+ | CLK- | DO+ | DO- | D3+ | D3-
LANSEL[1:0]="01": D2+/- .and D3+/-are unused. LANSEL[1:0]="10": D3+/- is unused.
Boost mode selection for VCL;"AVDD and AVEE.
CommandBTM[l:O] DD DDA DDR DDB AVDD A Powe ode
- 00 VDDI |AVDD |AVDD |AVDD [CP3| AVDD | AVEE [ CP4 | CP5 [ 3-Power(1)
- 01 VDDI | VCI | VCI | VCI |[CP3| PFM1 |PFM2 | CP4 | CP5 | 2-Power
- 10 VDDl | CP1 |AVDD |AVDD |[CP3| AVDD | AVEE | CP4 | CP5 | 3-Power(2)
BTM[1:0] | - 11 VDDI | vCl | vcl | vCl [CP3| AVDD |AVEE [ CP4 | CP5 | 4-Power
00 VDDI | AVDD [AVDD |AVDD [CP3| AVDD | AVEE | VGH | VGL | 5-Power(1)
CP4/CP5 01 reserved
off 10 VDDI | CP1 [AVDD |AVDD [CP3| AVDD | AVEE | VGH | VGL | 5-Power(2)
11 VDDl | VCI | vCl | vCl [CP3| AVDD |AVEE [ VGH | VGL | 6-Power
The VDDI, VCI, AVDD, AVEE, VGH and VGL in above table mean external input voltage power.
BTM[2] | reserved
Input pin for free-run mode control, internal weakly pull to VSSI.
- BIST_EN=0: normal operation.
BIST_EN ! - BIST:EN:1: free-run r?wode.
Can be left open or connected to VSSI for normal operation.
GPO[8:0] o Qenergl purpose output pil’.lS incIude_TE (by frame and by scan line), LI_EDPWM, ESD detection,
image input request, TP noise reduction and external DC/DC control, activated by S/W command.

Note: “1” = VDDI level, “0” = VSSI level.
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4.4 Driver Output Pins
Symbol 1/0 Description

Pixel electrode driving output.
The used source pins for different display resolution is shown below.

Display Resolution Used Source Pins
800RGB S1~S2400
S1 ~ S2400 (0] 768RGB S1~S1152 and S1249~S2400
720RGB S1~S1080 and S1321~S2400
640RGB S1~S960 and S1441~S2400
600RGB S1~S900 and S1501~S2400
540RGB S1~S810 and S1591~S2400
SDUMO0~3 O | Dummy source, leave it open if not used.

Gate control signals for panel.
O | The swing high voltage level is depend on VGH1/VGH2 pad-input power.
The swing low voltage level is VGLX, VGL_REG.or VGL_REG2 by command setting.

The GOUTX power input pin.

GOUT_L[22:1]
GOUT_R[22:1]

VGH1, VGH2 pad the GOUTXx swing high voltage
VGH1, VGH2 | connect level level
VGH VGH
VRGH VRGH
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4.5 DC/DC Converter Pins

Symbol I/O Description

Output voltage from step-up circuit 1, generated from VDDB (refer to BTM[2:0]).

AVDD Vo Connect a capacitor for stabilization.
Output voltage from step-up circuit 2, generated from VDDB (refer to BTM[2:0]).
AVEE I/0 : o
Connect a capacitor for stabilization.
Output voltage from step-up circuit 3, generated from VDDB or AVDD (refer to BTM[2:0]).
VCL o ; S
Connect a capacitor for stabilization.
Output voltage from step-up circuit 4.
VGH o : o
Connect a capacitor for stabilization.
VGLX o VGLX is output voltage from step-up circuit 5.

Connect a capacitor for stabilization.

Capacitor connection pins for the step-up circuit which generate VDDA (refer.to BTM[2:0]).

C11P, C1IN /o Connect capacitor as requirement. When not in used, please open these pins.

C31P, C31N Capacitor connection pins for the step-up circuit which generate VCL.

C32P, C32N Vo Connect capacitor as requirement. When not in used; please open these pins.
C41P, C41N 10 Capacitor connection pins for the step-up circuit which generate VGH.
C42P, C42N Connect capacitor as requirement.

Capacitor connection pins for the step-up circuit which-generate VGLX.

C51P, C51N 110 . .
Connect capacitor as requirement.

- PFM1 control output-for.DC/DC converter.to generate AVDD when .BTM[2:0]="101".
Connect to gate of external NMOS device.

EXTP © - Enable'signal for NT50198 power IC or external. DC/DC.when BTM[2:0]#"101".
When not.in use;.please-open this pin.
- PFM2-control output for DC/DC conyerter to generate AVEE when BTM[2:0]="101".
EXTN o Connectto'gate of external PMOS device.
- Control signal for NT50198 power IC when-BTM[2:0]#"101".
When not in use, please open this-pin.
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4.6 Regulator Pins
Symbol I/O Description
VRGH o Regulator output voltage generated from VGH.
Connect a capacitor for stabilization. When not in use, please open this pin.
VGL REG o Regulator output voltage generated from VGLX.
— Connect a capacitor for stabilization. When not in use, please open this pin.
Regulator output voltage generated from VGLX.
VGL_REG2 (0] . oo . _—
— Connect a capacitor for stabilization. When not in use, please open this pin.
Regulator output voltage generated from AVDD (for positive gamma high voltage generator).
VGMP (0] . S
Connect a capacitor for stabilization.
Regulator output voltage generated from AVEE (for negative gamma high voltage generator).
VGMN (0] . N
Connect a capacitor for stabilization.
Regulator output generated from VCL or AVEE (for common voltage of panel).
VCOM o . o
Connect a capacitor for stabilization.
Feedback voltage for VCOM circuit.
VCOM_FB ! If not used, connect VCOM_FB and VCOM together.
DVDD o Regulator output_for logic sy_s;em_ power.
Connect a capacitor for stabilization.
MVDDA o Regulator output_for internal .MIPI_ analog system.
Connect a capacitor for stabilization.
Regulator output for internal reference voltage.
VREF (0] . ) W
Connect a capacitor for stabilization.
VEQP_SD /0 Positive-voltage fpr source EQ: _
- Connect a capacitor for-charge sharing.
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4.7 Test Pins
Symbol I/O Description
VS, HS | Test pins, not accessible to user. Must be connected to VDDI
DE, PCLK pins, ' '
D23~DO0 I/O | Test pin, not accessible to user. Must be connected to VDDI.
RXD, WRX . .
CSX, DCX, SDI | Test pins, not accessible to user. Must be connected to VDDI.
SDO O | Test pin, not accessible to user. Must be left open.
IM1 O | Test pin, not accessible to user. Must be connected to VDDI.
Test pin which used for image update detection, internal weakly pull to VSSI.
IMG_UPD |
- If no used, can be left open or connected to VSSI.
EN INT OSC | Test pin which used for oscillator mode selection.
- = Must be connected to VDDI for normal operation (internal OSC mode).
EXT OSC | Test pin which used for external oscillator input. If not used, must be.connected to VDDI.
- The voltage swing for oscillator input is VDDI-VSSI,-and-maximum frequency is 50Mhz.
Test pin which used to control discharge slope for group 1\gate signals by connecting a resistor.
DCHR1 (@)
If not used, must be connected to GND:x
Test pin which used to control-discharge slope for group2 gate signals by connecting a resistor.
DCHR2 (0]
If not used, must be connected to\GND:
TSO_VDDI O | Test pin, not accessible to user. Can be left open or connected to VDDI.
TS1_VDDR O | Test pin; not,accessible to user.-Can be left open-or'connected to VDDR.
TS2/3_AVDD O |-Test pin,.not'accessible to user. Can be left open or connectedto AVDD.
TS4_AVEE O.\| Test pin, not-accessible to user. Can be left open_or connected to AVEE.
TS5_VCL O~ }~Test pin, not accessibleta user. Can bé left open or connected to VCL.
TS6. VDDA Q! | Test pin, not accessible to user. Can-be left open or connected to VDDA.
OSC.TEST O | Test pin, notiaccessible to,user. Can be left open or connected to DVDD.
TESTO0~6 | Test pins, not accessible to user. Must be left open. These pins can be connected together.
V128P_TEST \ .
V128N TEST O | Testpins, not accessible to user. Must be left open.
DUMMYO~1 | These pins are dummy with Hi-Z (not have any function inside).
Signal traces (swing voltage within VGLX~VGH) can pass through on glass under these pads.
DUM AVDEQ~2 | These pins are dummy with Hi-Z (not have any function inside).
— Signal traces (swing voltage within AVEE~AVDD) can pass through on glass under these pads.
VSSBDUMO~3 o T_hese pins are dlfmmy with VSSB potential (not have any function inside).
Signal traces can't pass through on glass under these pads.
AVSSDUMO-40 | O T_hese pins are dl{mmy with AVSS potential (not have any function inside).
Signal traces can't pass through on glass under these pads.
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4.8 Cascade Function Pins

Symbol I/O Description
Input pins for driver IC application.

CASCADE ENB | M_S
CASCADE_ENB
- | 0 0 Cascade (slave)
M_S 0 1 Cascade (master)
1 X Single chip

GMHP_OUT
GMLP_OUT o Gamma voltage link when use cascade function (CASCADE_ENB="0"),
GMHN_OUT Connect GMHP_OUT (master) and GMHP_IN (slave) together.
GMLN_OUT Connect GMLP_OUT (master) and GMLP_IN (slave) together.

GMHP_IN Connect GMHN_OUT (master) and GMHN_IN (slave) together.

GMLP_IN | Connect GMLN_OUT (master) and GMLN_IN (slave) together.

GMHN_IN Please open these pins when not in use.

GMLN_IN

SDI_OUT . . L - -
SDO OUT SPI pins for internal function link when use cascade function (CASCADE_ENB="0").
SCL oUT (0] Connect SDI_OUT (master) and SDI*IN (slave) together:

cs ouT Connect SDO_IN (master) and'SDO. OUT(slave).together.

Connect SCL_OUT (master).and SCL_IN (slave) together.
SDLIN Connect SS_OUT (master) and CS_IN (slave) together.
22?7”13 I The SDO 4N, SDI_IN, SCL_IN and CS_IN pins are~weakly pulled to"\VVDDIinternally.
cs N Please open these pins when‘hot in use.
\|_/|§—83¥ CloeK link pins-when use cascade function (CASCADE_ENB="0").

Connect'VS_SYNC_OUT. (master) and VS_SYNC_IN (slave) together.
Connect HS_SYNC_OUT (master) and'HS_SYNC_IN (slave) together.
Connect FR-SYNC_OUT (master)’and FR_SYNC_IN (slave) together.
Connect CLK_SYNC . OUT (master) and CLK_SYNC_IN (slave) together.

FR_SYNG_OUT || 0
CLK_ /SYNC_OUT
CLKB_SYNC_OUT

\F/é—'l',:l' Connect, CLKB_SYNC. OUT (master) and CLKB_SYNC_IN (slave) together.
_ The VS | SYNCZIN, HS_SYNC_IN, FR_SYNC_IN, CLK_SYNC_IN and CLKB_SYNC_IN are
FR_SYNC_IN I weakly: Bulled to VDDI iﬁternally. B B B B B B
CLK_SYNC_IN

CLKB SYNC IN Please open these pins when not in use.

CRC1_CHG_OUT
CRC2_CHG_OUT

SYNC1_OuT o Link pins for synchronization function when use cascade function (CASCADE_ENB="0").
SYNC2_OuUT Connect SYNC1_OUT (master) and SYNCL1_IN (slave) together.
SYNC3_OuUT Connect SYNC2_IN (master) and SYNC2_OUT (slave) together.
SYNC4_OuUT Connect SYNC3_OUT (master) and SYNC3_IN (slave) together.
CRC1_CHG_IN Connect SYNC4_OUT (master) and SYNC4_IN (slave) together.
CRC2_CHG_IN The CRC1_CHG_IN, CRC2_CHG_IN SYNC1_IN, SYNC2_IN, SYNC3_IN and SYNC4_IN
SYNC1_IN | pins are weakly pulled to VDDI internally.
SYNC2_IN Please open these pins when not in use.
SYNC3_IN
SYNC4 IN
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5 FUNCTIONAL DESCRIPTIONS

5.1 Interface Type Selection
The selection of a given interfaces are done by setting IMO pin as show in Table 5.1.1
Table 5.1.1 Interface Type Selection

IMO SRAM Register
0 reserved reserved
1 MIPI DSI, MIPI DSI,
HSSI DO P/N ~HSSI D3 P/N HSSI DO P/N ~HSSI D3 P/N

Note: “X” = Don'’t care.
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5.2 MIPI Interface

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.

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

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

Command Mode refers to operation in which transactions primarily take the form of sending commands'and data
to a peripheral, such as a display module, that incorporates a display controller. 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 processor indirectly controls activity at the peripheral'by sending commands,
parameters and data to the display controller. The host processorcan 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 pracessor'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:
LLane Pair MCU-(Master) Display Module (Slave)
Unidirectional Lane
Clock-Llane m Clock Only
m Escape Mode(ULPS Only)
Bi-directional Lane
m Forward High-Speed
Data Lane 0 m Bi-directional Escape Mode
m Bi-directional LPDT
Unidirectional Lane
Datalane 1 | r -\ ard High-Speed
Data Lane 2
Data Lane 3 m Escape Mode (ULPM only)
m No LPDT
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5.2.1 Display Module Pin Configuration for DSI

Resistance Inductance | HS'RX [
DSI-CLK g |
E % wsie |+ |
Module Connector ) I Resistance. 0
Capacitance __ | H S/LP H
|
Resistance Inductance | Resistance Capacitanc !
77 | + _ H
|
Module Connector | I
Capacitance __ L e e e e e e e e e e e e e e e = — — !
[T~~~ ——————————————=
u LP-RX
777 E I
! [
" |
" i
: u
T
| H
[ S \ W \ DN\ \ W \ N 3
T2 \\\W\ \Z\W\W\W\ "' _ ™y ——"F7"7"7"""—="—"— hl
Resistance Inductance | HS'RX !
I:I | e I
Module Connector ) | Resistanc I
Capacitance | }_‘L H S/LP H
Resistance Inductance ﬂ Resistanci Capacitanc;l; H
| -
| I
Module Connector | [
Capacitance L — AL Ay e e e e e e e — — !
KN - - —"———=-
u LP-RX ]
: |
T
| H
" |
" |
T
| H
e ___ 2
[T~ ——————————————————
l LP-TX |
: |
T
u T H
! n
: /g/ |
T
! H
o _____ 3
a LP-CD|
" u
T
| H
! |
: u
T
i H
- J
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I
Resistance Inductance I HS'RX I
DSI-D1 | |
I % wsip |t I
Module Connector _ I Resistance I
Capacitance ___ I H S/LP ﬂ
I -
Resistance Inductance | Resistance; Capacitanc |
[ VW00 01 ' |
I
Module Connector I I
Capacitance ___ L e e e e e e e e e e e e e e e e = = — |
=~ —————————————————=
! LP-RX |
777 g |
! |
: u
” u
; |
! i
| U ©, N | W \ WA \ W | e 4
=T T T T T T W\ W\ VvV — a
Resistance Inductance I HS'RX H
t +
I HS/LP I
Module Connector _ 0 Resistance 0
Capacitance _.__ 0 H S_ LP H
I -
Resistance Inductance [ Resistance Capacitanc [
777 I \ H
I
Module Connector I [
Capacitance ___ L— LN\ =\ > __ !
rft—\W_ I e, ——————————
! LP-RX |
y I
” I
: |
[
" I
! H
0 __ . _________ a
| a
Resistance Inductance I HS'RX ﬂ
' +
I HS/LP |
Module Connector I Resistance I
Capacitance ___ I HS'LP ﬂ
I -
Resistance Inductance | Resistance! Capacitanc ]
777 i _ ﬂ
I
Module Connector I ﬂ
Capacitance __ I |
F————"——"—"—"—"—"—"—"—"—————————
u LP-RX |
K |
n | |
” u
; | u
u | !
- ____ 4
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5.2.2 Display Serial Interface (DSI)
5.2.2.1 General Description

Communication sequences between the MCU and the display module are described on chapter “5.2.2.3.3
Communication Sequences”.

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

. High level communication what is done on the packet level

5.2.2.2 Interface Level Communication

5.2.2.2.1 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 disabled (A termination resistor of the receiver is disabled) and it can‘be driven into a'low power mode.

High Speed mode means that differential pairs (The termination resistor-of the receiveris enabled) are not used in
the single end mode. There are used different modes and protocol in each mode when there is wanted to transfer
information from the MCU to the display module and vice versa.

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

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

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

Notes:

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

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

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

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

SW Reset
HW Reset
Power On Sequence

~—= -~

l I
| I
| I
| I
| I
| )

HSCM (HS Clocking)

e e e e e — —— —— —— — — —

Clock Lanes Power Mode
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5.2.2.2.2.1 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.

ULPM LPM
LP-00 LP-11

DSI-CLK+ — — ——

DSI-CLK+ / DSI-CLK-

DSI-CLK- = T/_ = / /

LP-( iO LP- \ 0 LP- 11>
|

Time

From ULPM to LPM

3) After DSI-CLK+/- lanes are_leaving High Speed-Clock Mode (HSCM, HS-0'or HS-1"State Code) =>HS-0
=>LP-11 (LPM). This sequence and all three.mode changes are illustrated below.

.\ LPM

HSCM P11

Termination.
Resistor
is disable ooaad doo..

DSI-CLK+

DSLECLK: ~ 1] DSI-CLK+ — — — —-
= DSI-CLK-
or
HS-1 HS-0 LP-11
- | | |

Time

>

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

SW Reset
HW Reset
Power On Sequence

[
I
| Mode Change ————p>
I
|
(

— — —— — — —

HSCM (HS Clocking)

N . . e . o — — — — — — —

All Three Mode Change to LPM on the Flow Chart
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5.2.2.2.2.2 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.

ULPM LPM
LP-11 LP-00

DSI-CLK+ — — — — -
\ DSI-CLK-

[\
Ly LR LPOO
>

Time

DSI-CLK+
DSI-CLK-

From LPM to ULPM

The mode change is also illustrated below.

SW Reset
HW Reset
Power On Sequence

Mode Change ————p»

I
I
I
I
I
)

HSCM (HS Clocking)

e e e e e e e —— —— o —— — -

Mode Change from LPM to ULPM on the Flow Chart
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5.2.2.2.2.3 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 Resistolr HSCM
is enable HS-0
LP-11 HS.1
.
\
DSI-CLK+ \ BﬁISE? _____
DSI-CLK- \ CLK-
L - ==
Lb-\L o LP-Q LP-go  HSO HS-01

Time >

From.LPM to HSCM

The mode change is also illustrated below.

SW Reset
HW. Reset
Power On Sequence

Mode Change =y

— e ——— —

[
I
I
I
I
(

HSCM (HS Clocking)
N e e o — — —— —— —— — — — —
Mode Change from LPM to HSCM on the Flow Chart
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The high speed clock (DSI-CLK+/-) is started before high speed data is sent via DSI-Dn+/- lanes. The high speed
clock continues clocking after the high speed data sending has been stopped.

The burst of the high speed clock consists of :
o  Even number of transitions
0 Stat stateisHS-0
o EndstateisHS-0
Termination Termination

LPM Resistor is Resistor is LPM

LP-11 enable HSCM dissble LP-11
- B e

[

J)

A
\

. [/

\ [ ([
DSI-CLK+ \

DSI-CLK- Y 1 S I I | TulZan
Tr

LIl POl LP00 i HSO HS0 . LP11

\
\
\

\

\
A
A
y

M

DSI-DO+

DSI-DO-

LP-11 LPA1
>

Time_~ ~_

Yy

Preparation from Low Powe: Modeto High Speed Mode (Tsor = Start of the

Transmission).
/ Teex THEPREPARE,
g P

.
> >

DS-CLK+< 7~ = 2N “X/’ a7 /—‘\/“\ i /I~
DSI-CLK- N N N, N \ N \__7 \__s \__7/

DSI-DO+ \

DSIDO- \

\ -

LP-11 LP-01 ;| LP-00 HS:0 Rx Synchronized

Theserrie Tx Synchionization

Yy

-t
Low Power ode,
Disable Rx Lin< Termination

< High Speed Mode, Enable Rx Line Termination
-

\/

High Speéd Data

Transmission. Teor LP-11
—7 Lol

/
Y
A
\J

-
%

DSI-CLK+ VAR

DSI-CLK- | , N

./

§
|
J
X
3
J
\I
J
J
2
J
L
J
§
)

Note ( (
-
DSI-DO+

|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
L
™
l
|
|
|
I
|
I
|
I
I
i

r/’\

DSI-DO-

Thescip

A
Y

The last:load The-TRAIL

Theex
bit

A

.
-

Low Power Mode,
Disable Rx LineTerminaliorL
-

HS-0or HS-1
High Speed Mode, Enable Rx Line Termination

A A

Yvy

Note :

If the last load bit Is HS-0, the transmitter changes from HS-0 to HS-1. DSI-CLK+, DSI-DO+ — — — — -
If the last load bit IsHS-1, the transmitter changes from HS-1 to HS-0. DSI-CLK-, DSI-DO-

High Speed Clock Burst
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5.2.2.2.3 DSI-DTAT Lanes

5.2.2.2.3.1 General

DSI-D0O+/- Data Lanes can be driven in different modes which are:
. Escape Mode

. High-Speed Data Transmission

. Bus Turnaround Request

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

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

Notes:

1. DSI-DO+/- data lane is used.
2. More information on section “Bus Turnaround (BTA)”

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

These Escape Modes are used to:

« Send “Low-Power Data Transmission” (LPDT) e.g.-from:the MCU to thedisplay 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 trigger event.from the display module to the MCU
(NT35523 doesn'’t support TE trigger)

« 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

« Starty LP-11

» Escape Made Entry (EME): LP-11 =>L.P-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 from low-to-high-to-low, the receiver is latching a data bit, which value is logical 0. The
receiver is using this low-to-high-to-low transition for its internal clock.

* Aload if it is needed

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

* End: LP-11

This basic construction is illustrated below:

Load
Escape Mode Escape If needed
Entry (EME) Command Mark-1
-t > <> >
\ /
\ /
\ /
DSI-DO+ \ /
DSI-DO- ===l T oo T === ————= DS-DO+ — — ——.
LP-11 LP-10 LP-00 LP-01 LP- LP-Q0 LP-10 LP-11 bS-DO- ——
— > > —»—%T, —
me
o

General Escape Mode Sequence
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The number of the different Escape Commands (EC) is eight. These eight different escape commands (EC) can
be divided 2 different groups: Mode or Trigger. The MCU is informing to the display module that it is controlling
data lanes (DSI-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 finds no error for transmission packets, the display module
sent to the MCU a Acknowledge (ACK), if the MCU has been requested it.

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

Command Type Entry Command Pattern
=SeEppe CemEme Mode/Trigg)g: (First Bity:> Last Bit Transmitted) Dn B
Low-Power Data Transmission Mode 1110 0001, - X
Ultra-Low Power Mode Mode 0001 1110y, X X
Underfined-1, Note 1 Mode 1001 1111, - -
Underfined-2, Note 1 Mode 1101 1110, - -
Remote Application Reset Trigger 011.0°0010y;» - X
Tearing Effect Trigger 0101 1101, - -
Acknowledge Trigger 0010 0001, - X
Unknow-5, Note 1 Trigger 1020 0000y, - -
Notes:
1. This Escape command support has not been‘implemented on the display module,
2.n=1, 2 and 3.
3. “X"=Supported
4. “-“=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)

-l — ®. Mark-1 o
i |l - |l
\ /

\ /

\ [

\ I
= — ainn et —— . )

LP-11 LP-10 LP- LP-Q1 LP- X X 3
> > 0.; - % LP-Q0 LP-10 > LP- Jﬁ
Escape Mode
Entry (KME) B
\ ¥ Low;Power DataTransmission (kPDT) ; Load (Date). Mark-1
-— Ll

\

<l
- {"

DSI-DO+
DSI-DO-
LP11l . LP
. . . S ) - DSI-DO+ ————-
Note : Load (Data) is presenting that thefirst bitislogica 1 in thisexample DSI-DO-
Low-Power Data Transmission (LPDT)
P Load (Data)
" Load Load >
<_B¥L&D_>< Pause > Byten+1
A A (»
Iy PN
DSI-DO+ || Vv 1 ) by
DSI-DO- [ v
I VN I O St —— g\ V1l pSDO+ ———-—-
1 1 Time 1 1 DSI-D0- @ ———
Pause (Example)
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Ultra-Low Power State (ULPS)
The MCU can force data lanes in Ultra-Low Power State (ULPS) mode when data lanes are entering in Escape
Mode.

The Ultra-Low Power State (ULPS) is using a following sequence:

e Start: LP-11

« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00

« Ultra-Low Power State (ULPS) command in Escape Mode: 0001 1110 (First to Last bit)
« Ultra-Low Power State (ULPS) when the MCU is keeping data lanes low

* Mark-1: LP-00 =>LP-10 =>LP-11

* End: LP-11
This sequence is illustrated for reference purposes below:
Escape Mode Entry (EME) Mark-1
> > - il >
. ANV A\ gl
\ ,’
\ /
\ /
LP-11 LP-10 LP-00 LP-Q1 LP- - . .
P PG PO . LP0f LP-0Q . LPI0 o LPH
Escape Mode e
Entry (EM tra-Low
ntry (EME) Ultra-Low Power State (ULPS) Power Stae: Mark-1
- - > > <>
DSI-D0+
DSI-DO- DS-DO+ ————.
\ U DSI-DO-
LP-11 LP-11
| | 0 0 0 1 1 1 1 Oy - |
Time >
Ultra-Low Power State (ULPS)
6/3/2014 32 Version 0.06

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

information.



¢ NG®VATEK PRELIMINARY NT35523

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:

e 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)
e 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
- > - >
\ 22 A\ _\\
\ W
\ /
\ /
LP-11 LP-10 LP- LP-QL LP-00 . - X
‘ - PR -4 LPgo o LPa0L LPAL
Escape Mode
Entry (EME]
YT ;) Remote Application Reset (RAR) Mark-1
<> < a4

DSI-DO+
DSI-DO- DSI-DO+ @ — — ——-.
DSI-DO
LP-11 LP-11
5 ) 0 1 1 0 0 0 1 Op. 4 5
Time >
Remote Application Reset (RAR)
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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:

e 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)

e Mark-1: LP-00 =>LP-10 =>LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

< > < Mark-1 >
\ N\ \
\ ,/
\ ]
\ /
LP-11 LP-10 LP-00 LP-01 LP-00 \ LP- e
Escape Mode
Entry (EM;E) Acknowledge (ACK) Mark-1
<+« >
DSI-DO+
DSI-DO- DS-DO+ ————-
DSI-DO
LP-11 LP-11
L N 0.0 1 0 0 0 0 1y -
Time >
Acknowledge (ACK)
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5.2.2.2.3.3 High Speed Data Transmission (HSDT)
Entering High-Speed Data Transmission (Tsor of HSDT)

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

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

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

TLPX THE-F’REPARE
[ .

>
» »
DSI-CLK+N\ 7~ / NN\ / VN 25 TN YR /“\/—\<:
DSI-CLK- L/ N i \_ s \ L L/ \_ \_ v \__
.
4

A

7

g []

DSI-DO+ \
\
DSI-DO- \
LP-11 LP-10 LP-00 HS0 Rx Synchronized
- P - > -t 74 >
TheiseTLE Tx Synchronization
-t »- -t >
Low Power Modeé,
Disable Rx Line Termination P High Speed Mode, Enable Rx Line Termination o
-t

4
y

DSI-CLK+, DSI-DO+ = = = = -
DSI-CLK-, DSI-D0-

Entering High-Speed Data Transmission (Tsor of HSDT)
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Leaving High-Speed Data Transmission (Tgor of HSDT)

The display module is leaving the High-Speed Data Transmission (Tgor of HSDT) when Clock lanes DSI-CLK+/-
are in the High-Speed Clock Mode (HSCM) by the MCU and this HSCM is kept until data lanes are in LP-11 mode.
See more information on chapter “5.2.2.2.2.3 High-Speed Clock Mode (HSCM)".

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

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

High Speed Data

Transmissio T -
n> EOT > - LP-11 >

-
S

DSI-CLK+ | /_:\/ VAN / / VAN iz W /:\/_
DSI-CLK- s N NI, N NI AN NI N
2

DSI-DO+
| v
DS-D0- G e N . VA N 7
< HE-SKIP >
The: T
Thel: load > HE-TRAIL >t HE-EXIT >
- HSOor HS1 - Low Power Mode,
High Speed Mode, Enable Rx Line Termination > Disable Rx LineTerminaIion»
Note :
If'the last |oad bit IsHS-0, the transmitter changes from HS-0 to HS-1. DSI-CLK+, DSI-DO+ — — — —-
If the last load hit Is HS-1, the transmitter changes from HS-1 to HS-0. DSI-CLK-, DSI-DO-
Leaving High-Speed Data Transmission (Tgot of HSDT)
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Burst of the High-Speed Data Transmission (HSDT)

The burst of the high-speed data transmission (HSDT) can consist of one data packet or several data packets.
These data packets can be Long (LPa) or Short (SPa) packets. These packets are defined on chapter “5.1.9.2.3.1
Short Packet (SPa) and Long Packet (LPa) Structures".

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

below.

6/3/2014

LP-11

LP-11

LP-11

LP-11

Single Packet in High- Speed Data Transmissions

Multiple’Packets'in High-' ‘Speed Data Transmission- Examples

@< TED@<
@@

O SO
OO

HS Transmission Examples with EoT packet.disabled |

LP-11

LP-11

LP-11

LP-11

Single Packet in High- Speed Data Transmissions

Multiple Packets in High- Speed Data Transmission- Examples

EoT
Packet

< o

EoT
Packet

G e~

EoT
Packet

EoT
Packet

HS Transmission Examples with EoT packeten abled |

Abbreviation Explanation

EoT End of the Transmission

LPa Long Packet

LP-11 Low Power Mode, Data lanes are’l’s (Stop Mode)
SPa Short Packet

SoT Start of the Transmission
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Bus Turnaround (BTA)

The MCU or display module, which is controlling DSI-D0+/- Data Lanes, can start a bus turnaround procedure

when it wants information from a receiver, which can be the MCU or display module.

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

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

display module, as follow.

« Start (MCU): LP-11

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

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

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

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

Bus Turnaround (BTA)
B,

The MCU waits until-the
display module starts\to
contral.data lanes (its

output drivers) when.the Display Module Controls

| MCU Controls Data Lanes . \McU can put ouitput Data Lanes |
drivers in‘the high-Z
Turnaround Request (TAR) mode LP-Rgguest
~ B = e Y
___________ " ana! oL,
\ / \ /
N V7N | VT \ W S y
LP-11 LP-10 LP-00 LP-10 LP-00 LP-00 LP-00 LP-10 LP-11
—_— e P
Time _
DSI-DO+ —+—:—:—
DSI-DO-

Bus Turnaround Procedure

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

5.2.2.3.1 Short Packet (SPa) and Long Packet (LPa) Structure

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

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

The type (SPa or LPa) of the packet can be recognized from their package headers (PH).

Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission
DI: Data Identification (8 bit)

Packet Data Data 0 and Data 1: Packet Data (8+8 bit)
A ECC: Error Correction Code (8 bit)
( \1 EoT: End of Transmission
LP-11 SoT DI Data O Data 1 ECC EoT LP-11
Time >

Short Packet (SPa) Structure

LP-11:Low Power = Stop State

Packet Header (PH) SoT: Start of Transmission
A DI:Data’ldentification (8 bit)
r \| WC: Word Count (16 bit)
ECC: Error Correction Code (8 bit)

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

| Word Count (WC) |

'\ Data0 | Data 1l Data WC-2 | Data WC-1 | Checksum (CS)

~ Time N

Y

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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5.2.2.3.1.1 Bit Order of the Byte on Packets

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

This same order is illustrated for reference purposes below.

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

29hex 0lhex 00hex 06hex
1]0j0j2yJ0fj1j0jo0J210J0J0J0Jj0OJ0OJ0O}J0O}JO0O}J0OJO]JOJOJO}JO}JO}J1]|1]O]0O}|O}O}O
BlB|B[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B
0|l1]2]|3|4]5|6]7|0]1}|2]3]|4]5|6]7]0]1]2|3]4|5]|6|7]0|1]2]|3]4]|5]6]7
L M| L M| L M| L M
S S|sS S|S S|sS S
B B|B B|B B|B B

Time >

Bit Order of the Byte on Packets

5.2.2.3.1.2 Bit Order of the Multiple Byte Information onPackets

Byte order of the multiple bytes information, what is-used on packets, is that the Least Significant (LS) Byte of the
information is sent in the first and the Most Significant (MS) Byte of the information-is sentin 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)
0lhex 00hex

ojojojojotfo 0olojojojojo

B|B B|B
314 3|4

~ @
N @
o @
o W
=
N
($2]vs]
o W

wwnzl~mo
W wmrjo | o

|Uu(n|—om|—\

v|wm§\1mo

Time

Byte Order of the Multiple Byte on Packets
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5.2.2.3.1.3 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):

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

« 2" and 3" bytes: Packet Data (PD), Data 0 and 1

o gt byte: Error Correction Code (ECC)

Packet Header(PH)

—
DI Data 0 Data 1 ECC
15hex 3Ahex 07hex 18hex
1lof1]o]1]o|ofofofrfo]j1]1]2|ofofr|2]1]o]o]o|o|ofofjo]jo]1]1]0]0O]|O
B|e|e|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
oJ1l2]3]l4afs5]6l7]olaf2]3la]5|6]7]lofj1]2[3]4|l5]6]7]/0]2]2]3]4f[5]6]7
L M| L M| L M| L M
S SIS S|S S|S S
B B|B B|B B|B B
Time >
Packet Header (PH) on Short Packet (SPa)
Long Packet (LPa):
« 1* byte: Data Identification (DI) => |dentification that this is \Long Packet (LPa)
« 2" and 3" bytes: Word Count (W.C)
« 4™ pyterError Correction Code (ECC)
Packet'Header (PH)
A
/ \
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 01hex 00hex 06hex
1]olof1fofz1]o]o|r|ofo|lo]jo]o]o|ojofo]o]jo]o|o|ofofjo]1]1]o|o|ofo]O
B[ele[B|B[B|B[B|B|B|B|B|B|B|B|B[B[B|[B|B|[B|B[B[B[B|B|B|B|B|B[B|B
oJ1]203]4f5]|6|7]|o|1]2]|3]4]|5]6]7|o]1]|2]3|4]l5]|6]7]0f1]2]|3]|4]|5]6]7
L ML ML ML M
S S|s S|s S|s S
B BB BB BB B
Time >
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]
e Data Type (DT), 6 bits, DI[5...0]

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

Data Identification (DI) Structure

Data Identification (DI)
Virtual Channel (VC) Data Type (DT)
Bit7 | Bit6 Bit5 | Bit4 | Bit3 [ Bit2 [ Bit1 Bit 0

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

Packet Header (PH)
__A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1lojJoj1]o)1]o]ofj1|o]o|lojo|jofofofo]jo]o]jo]jo]o]jo]o]o|1|[1|0o|jo]o]O]O
B[B[B|B]|B|B[B[BIB[B[B[B[B[B[B[B[B|[B[B|B|B|B|B|B[B[B[BlB[B[B[B[B
ol1]2|3|4|5|6]700]1]2]|3]4]5]6]7]0]1]|2]|3|4|5]6]7]0]1]2]|3]4]|5]|6]7
L MJL M[L M| L M
S S|s S|s S|s S
B BB BB BB B
Time >
Data ldentification (DI) on-the Racket 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)
e

~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1]0j0]j2|J0j1§0j0Of§2|0J0J0OfJ0OJj0OJ0OJO0O}JO0O}JOJO0OJO]JOJOJO}JO}JO}J1]|1]0O]0O}|O}O}O
BlB|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|[B|B|B|B|B|B|B|B|B|B|B|B
0|l1]2]3|4]5)6]|7)J0]1}|2]3]|4]5]|6]7]0]1]2|3]4|5]|6|7]0|1]2]|3]4]|5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >

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.isillustrated'below.

e nicntavlWe «\\oA—  ~ ~— — T T T I

MCU

Longand
Short
Packets

This Display Module
\ Virtual

A

/ Selector

|
|
[
: Channel
|
|
[

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

Reserved

I
|
Reserved |
Reserved :

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

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

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

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

Packet Header (PH)
A
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1]lolof1fo]1fo]o|r|ofo]o]o]o|o|ofofo]o]o]o|o|ofo]Jo]1]r]o|o]o]o]oO
B(BlB[B|B|BIB|[B|B|B|B|B|B|B|B|B|[B|[B|B|B|[B|B|[B|[B|[B|B|B|B|B|[B|B|B
ol1l2]3]4a]5)e6]l7fof1|2]|3]4]|5]6]7]of1)2]|3]|4]5]6]7]of1|2]|3]|4]|5]6]7
L M| L M| L M| L M
S s|s s|s S|s S
B BB BB BB B
Time >
Data Type (DT) on the Packet Header (PH)
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This Data Type (DT) also defines what the used packet is: Short Packet (SPa) or Long Packet (LPa). Data Types
(DT) are different from the MCU to the display module (or other devices) and vice versa.

Data Types (DT) are defined on table below.
Data Type (DT) from MCU to the Display Module (or Other Devices)

Data Type Dat_a Type Description Pa_cket Note
Hex Binary Size
08h 00 1000 End of Transmission packet Short 1
05h 000101 DCS WRITE, no parameters Short
15h 010101 DCS WRITE, 1 parameter Short
06h 000110 DCS READ, no parameters Short
37h 11 0111 Set Maximum Return Packet Size Short
09h 001001 Null Packet, no data Long 2
19h 011001 Blanking Packet, no data Long 2
39h 11 1001 DCS Long Write/Write LUT Command Packet Long
01h 00 0001 Sync Event, V Sync Start Short 7
11h 01 0001 Sync Event, V Sync End Short 7
21h 10 0001 Sync Event, H Sync Start Short 7
31h 11 0001 Sync Event, H Sync End Short 7
02h 00 0010 Color mode (CM) Off Command Short 7
12h 01 0010 Color. mode (CM) On Command Short 7
22h 10 0010 Shut Down Peripheral Command Short 7
32h 11 0010 Turn On Peripheral Command Short 7
13h 010011 Generic.Short Write, 1-parameter Short 3,4,8
23h 10.0011 Generic Short Write, 2 parameter Short 3,5,8
29h 10-1.001 Generic Long Write Long 3,8
14h 01 0100 Generic Read, 1 parameter Short 3,4,8
OEh 001110 Packed Pixel Stream,16-bit RGB, 5-6-5 Format Long 7
1Eh 011110 Packed Pixel Stream,18-bit RGB, 6-6-6 Format Long 7
2Eh 10 1110 Loosely Packed Pixel Stream,18-bit RGB, 6-6-6 Format Long 7
3Eh 111110 Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Long 7

Notes:

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

2. This can be used when the data lanes are wanted to keep in High Speed Data Transmission (HSDT) mode.

3. The receiver process packets with data type (Generic Write/Read) the same way as data type (DCS Write /
Read).

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

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

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

(20 ¢2 I N
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Data Type (DT) from the Display Module (or Other Devices) to the MCU

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

Hex B5't B4't B3't B;t Bl't %'t Description Sgg::t/kl_ertlg Abbreviation | Note
02h 0 0 0 0 1 0 | Acknowledge with Error Report Short AWER

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

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

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

1Ah 0 1 1 0 1 0 | Generic Read Long Response Long GENRR-L Note
11h 0 1 0 0 0 1 | Generic Read Short Response, 1 byte returned Short GENRRI1-S Note
12h 0 1 0 0 1 0 | Generic Read Short Response, 2 byte returned Short GENRR2-S Note

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

MCU".

Note: The data type for Generic write/read: 1Ah, 11h, 12 will be disable (ignored, packet) if bit DSIG is set to “0”.

6/3/2014
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Packet Data (PD) on the Short Packet (SPa)

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

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

Packet Data (PD) of the Short Packet (SPa) consists of 2 data bytes: Data 0 and Data 1.
Packet Data (PD) sending order is that Data 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: 01hex (DCS'’s parameter)

Packet Header (PH)
B

— —
DI Data 0 Data 1 ECC
15hex 35hex 0lhex 1Ehex
1]o]lz1fofz]ofo]ofr]o]s|ofz|2]o]o]1]o]o]ofofofo]ofo]z]z]zf2|fo]o]0O
B|B|[B|B|B|[B|B|BIB|B|B[B|B|[B|B|B|[B|B|B|[B|[B|[B|B|BIB|B|B[B|[B|B|B|B
ol1]2]3]|4]|5]6fl7lof1]2]|3]4]5]6]7fof1]2]|3]4]5]6]700f1]2]|3]4]|5]6]7
L ML M| L ML M
S s|s s|s s|s S
B BB B|B B|B B
Time >
Packet Data (PD) for Short Packet (SPa), 2 Bytes Information
Packet Data (PD) information:
« Data 0: 10hex (DCS without parameter => DI (Data Type (DT)) = 05hex)
e Data 1: 00hex (Null)
Packet Header (PH)
__A
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
1]o]l1|{ofojofo|ojo]ojofof1|o|lo|o]o]o]jo]ofofo|o|ojo]o]jz]1|of2r]o]oO
B|B|[B|B|B|[B|B|BIB|B|B|[B|B|[B|B|B|(B|B|B|[B|[B|[B|B|BIB|B|B[B|[B|B|B[B
olrl2]3]4]5]el7lofa]2]3]4a]5]6]l7flof1]2]|3]4]5]6]7)of1]2]|3]|4]5]6]7
L ML M| L ML M
S S|s S|s s|s S
B BB B|B B|B B
Time >
Packet Data (PD) for Short Packet (SPa), 1 Bytes Information
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Word Count (WC) on the Long Packet (LPa)

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

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

Word Count (WC) of the Long Packet (LPa) consists of 2 bytes.

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

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

— NS
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1j]0jo0j1j0j1jo0jogy1jo0jo0jo0jo0jo0joOjojo0j0fj0Jj0OJ0OJ0OJO0OJjOJOJ2|2jOJOJOJO]O
B|B|B|B|B|B|B|B{B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B{B|B|B|B|B|B|B|B
0]1]12]3]4]15]6]710]1]2]3]4|5]6]7]0]1]2]3]4]5]6]740]1]2]3]4]5]6]7
L M| L M] L M| L M
S S|S S|S S|S S
B BB B|B BB B
Time >
Word Count (WC)-on the Long Packet (LPa)
Packet Header (PH) LP-11:LowPower — Stop State
SoT: Start of Transmission
DI: Data Identification (8 bit)
PackJetkData Data 0 and Data 1: Packet Data (8+8 bit)
ECC: Error Correction Code (8 bit)
Short RPacket (SPa) EoT: End of Transmission
LP-11 | | Data 0 I Data 1 | | 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) r \1 WC: Word Count (16 bit)

ECC: Error Correction Code (8 bit)

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

\
\

Word Count (WC)

~ Time

\ 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 on

the Packet Header (PH):

The ECC protects the following field”

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

ECC(8 bits: P[0...7])

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

ECC (8 bits, P[0...7])

D[23...0] and P[7...0] are illustrated for reference purposes below.

Packet Header (PH)
A

— N
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
1]0112j0j0j0Jj0J0OJjOJOJOJjOJ1|]OJOJOJjOJOJOJO]JOJOJOjOJOJOJL1|j1|O]2}|O}O
D|ID|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
0]1]12]3)J4]5]6]7]18]9]10J11]12]13]14]15]16]17]18]19]20]21]|22]|23 PO[P1|P2|P3[P4|P5|P6(P7
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
Oj1]2]3)4|5]6]7]0}1]2]3]4|5|6]7]0]1}2]3]4]5|6|7fj0]1]2|3]4]|5]6]|7
L M| L M| L M L M
S S|S S|S S|S S
B B|B B|B BB B
Time >
D[23...0] andP[7...0]'on the Short Packet (SPa)
Packet Header (PH)
A
A1 TN
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1]0j0fj1j0j12Jj0J0j1j0j0fjo0joOjOJO0OJjOJjOJOJOJOJOJOJOJjOJOJ2L|L|jO]JOJO}JO}O
D|ID|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
0]1]12]|3|4]|5]6]7]8]9]10J11]12]13]14]15]16]17]18]19|20]|21]|22]|23 PO[P1|P2|P3[P4|P5IP6(P7
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B
Oj1]2]3|4|5]|6]7]0)1]2]|3]|4|5|6]7]0]1|2]|3]4]|5|6|7fj0]1]2|3]4]|5]6]|7
L M| L M| L M L M
S S|S S|S S|S S
B B|B B|B BB B
Time -

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

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

case.

6/3/2014
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Bits (P[7...0]) of the Error Correction Code (ECC) are defined, where the symbol ‘' is presenting XOR function
(Pnis ‘1’ if there is odd number of ‘1’s and Pn is ‘0’ if there is even number of ‘1's), as follows.

*P7=0

*P6=0

*«P5=D10"D11"D12"D13"D14"D15"D16"D17"D18"D19"D21"D22"D23

* P4 = D4A"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 = DO"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 ‘0O’ because Error Correction Code (ECC) is based on 64 bit value ([D63...0]), but this
implementation is based on 24 bit value (D[23...0]). Therefore, there is only needed 6 bits (P[5...0]). for Error
Correction Code (ECC).

Packet Header (PH)
A

— N
DI Data 0 Data 1 ECC
05hex 10hex 00hex 2Chex
1]of1]o]ofo]ofo|o]ofo]of1]o]ofo]ofo|ofofo]ofo|ofofo]1i|f2]of2]0]0O
D[D[D D[D D D[D D D REEE
of1]2 4|5 7 10f11] [13 16 20(21]2223
D[D D[D D D D D D D D[D[D[D =1
01 3|4 6 8 10f 12| |14 17 20(21]2223
D D|D D[D D D[D D D D[D[D -
0 213 5|6 9 1112 15 18| |20f21]22
D[D[D D[D|D D[D[D D[D[D D =
1]2]3 71819 13[14|15 19{20]21| |23 .
D[D[D|[D[D|[D|D|D[D|D D[D|D =
10f11]|12f13|14]15[16]17[18]19] f21]|22[23
B[B[B|B|[B[B|B[B|B[B[B|B[B|B[B|B|B[B|B|[B|B|B|[B|B|[B|[B|B|[B|B|[B|[B|B
ol1]2|3]4a]5]|6]|7|ola]2|3]|4|5]|6]7|o]1|2]|3]4a]|5]6|7]o]1|2]|3|4]|5]|6]|7
L M| L ML M| L M
S s|s s|s s|s S
B B|B B|B B|B B
Time »
XOR Functionality on the Short Packet (SPa)
Packet Header (PH)
A
— N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 0lhex 00hex 06hex
1]ofol1]of2]ofo]1]ofo]ofo]o]ofo]ofo]o|ofo]ofo|ofof1]1fo]ofo]oO]0O
D[D[D DD D DD D D D[B[D]D[po
of1]2 4|5 7 10f11] 13 16 20(21]2223
D[D D[D D D D D D D D[D[D[D =1
01 3|4 6 8 10 12| |14 17 20(21]2223
D D[D DD D DD D D D[D[D -
0 2|3 5|6 9 1112 15 18| |20f21]22
D[D[D D[D|D D[D[D D[D[D D -
1]2]3 71819 13[14|15 19(20]21| |23 .
_DDDDDDDDDD D[D[D =
10f11]12f13|14]15[16]17]18]19 1[22]23
BlB[B|B[B[B|B[B|B[B[B|B[B|B[B[B|B[B|B[B|[B|B[B|B|[B[B|B[B|[B[B[B|B
ofl1]2|3]4a]5]|6]|7|ola]2|3]|4|5]|6]7|o]1|2]|3]4a]|5]6|7]|o]1]|2]3|4]|5]|6]|7
L M| L M| L M| L M
S s|s s|s s|s S
B B|B B|B B|B B
Time »
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
—_— —P PO 7
MCU DSI
Internal ECC (IECC) | ' ]
Data: D[0...23] > Generator PI[0...7] - -
] 0
ECC: P[0...7] E E
] (]
] ]
[ ] [ ]
_
L_,| XOR = POO

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

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

ECC P[7...0] 1“7 00000 0 03h
IECC PI[7...0] 11000000 03h
XOR(ECGC,IECC) 0000O0GOO O =00h=>No Error
=>PO[7...0]

L M

S S

B B

Internal XOR Calculation between ECC and IECC Values — No Error

ECC P[7...0] 11000000 03h
IECC PI[7...0] 11110000 OFh
XOR(ECC,IECC) 00110000 =0Ch=>Error
=>PO[7...0]

L M

S S

B B

Internal XOR Calculation between ECC and IECC Values - 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 | o7h
D[1] 0 0 0 0 1 0 1 1 | oBh
D[2] 0 0 0 0 1 1 0 1 | obh
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 | 19n
D[8] 0 0 0 1 1 0 1 0 | 1An
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 | 25n
D[12] 0 0 1 0 0 1 1 0 | 26h
D[13] 0 0 1 0 1 0 0 1 | 29n
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 |[.32n
D[18] 0 0 1 1 0 1 0 0 | "34h
D[19] 0 0 1 1 1 0 0 0 | 3sh
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] = 0Eh

 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. PQ[7...0] = 0Ch.
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5.2.2.3.1.4 Packet Data (PD) on the Long Packet (LPa)

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

5.2.2.3.1.5 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.

OR(XOR (In,C0),CIT

cm| c9| csl c7| csl csl c4|

XOR(XOR (In,C0),C4

n— GO (S

16-bit Cyclic Redundancy Check (CRC) Calculation

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

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

n—>CEOR (n,COD>

Step In XOR(In,C0)|C15|C14|C13|C12|C11 XOR(XOR (In,C0),C11(Step-1)) Clo|co|C8|C7|C6|C5|C4 XOR(XOR (In,C0),C4(Step-1))[ C3 | C2 | C1

(o]
o
e}
o

rlr|lo]lolo|lo|lo|kr|[Xx
olo|o|o|r|r|r|r|x

X
0
1
1
1
1
0
0
0

ol~w|o|lols|lw|n|r~

ololo|r|r]r]|r]|o]lr]+
ololr|r]|r]r|lolr]|r]+»
plrlrlr]lr]lolr]|r]|r]»
rlrlrlr]lolr]lr]r]r]»
rlrlr|lolo]lo]lo]lo]|r ]|+
ololo|lo|o]lr]|r]|r]|r]»
olololo|r]|r]|r]|r]|r]+r

rlr|lr|lololololr|Xx
rlrlr|r|lo]lolo|lo]|r]r
rlrlr|lolo]lololr]|r]r

1 Byte CRC Resoult

wlolo|lo|lolo|r|r]|r]|r]|+

w|lolo|lololr]|r|r]r]|e]|+
@

=
@
™

CRC Calculation — Packet Data (PD) is 01h

6/3/2014 53 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such

information.



q NG®VATEK PRELIMINARY NT35523

A value of the Packet Footer (PF) is 1EQOEh in this example. This example (Command 01h has been sent) is
illustrated below.

Packet Header (PH)

A

~ N

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

39hex 01hex 00hex 15hex
i1j]o0jo0fj1j12j2j0ojo0fj2jojojojojojojojojojojojojojojotj1joj1rjojrjojojo
B|B|B|B|B|B|B|B|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]J]1]12]3]4|5]|6]7]0}1]2]3]J4]|5]6]7]0]2}2]3]4|5|6]7]0]1]2]3]J4]|5]|6]|7
L M|L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B

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

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

01hex OEhex 1Ehex
i1j]o0jo0jojojojojojoj1j1j1jo0jojojojofijaj1j1yjojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]12]3]4|5]6]7]0]1]2)13]4]5]6]7]0]1}12]3]4|5]|6]7
L M| L M| L M
S S|S S|S S
B B|B B|B B
Time >

Packet Footer (PF) Example

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

The received Packet Data (PD) and Packet Footer (PF) are correct if the own checksum of the receiver and

Packet Footer (PF) are equal and vice versa the received Packet Data (PD) and Packet Footer (PF) are not
correct if the own checksum of the receiver and Packet Footer (PF) are not equal.
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5.2.2.3.2 Packet Transmissions
5.2.2.3.2.1 Packet from the MCU to the Display Module

Display Command Set (DCS)

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

Packet Header (PH) LP-11: Low Power — Stop State
SoT: Start of Transmission
DI: Data Identification (8 bit)
Packjt Data Data 0 and Data 1: Packet Data (8+8 bit)
ECC: Error Correction Code (8 bit)
Short Packet (SPa) \1 EoT: End of Transmission

LP-11 LP-11

Y

Short Packet (Spa) Structure

LP-11:Low Power~ Stop State

Packet Header (PH) SoT: Start of Transmission
AL DI Data Identification (8 bit)
Long Packet (LPa) }/ \l WC:Word Count (16 bit)
ECC: Etrror 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

I -
! Datal | | DataWC-2 | DataWC-1  Checksum (CS)

~ Time N

'\ EoT 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, 1 Parameter (GENW1-S), Data Type = 01 0011 (13h)

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

These commands are defined on a table (See chapter “6 Instruction Description”) below.

Command

NOP (00h)

SWRESET (01h)

SLPIN (10h)

SLPOUT (11h)

NORON (13h)

INVOFF (20h)

INVON (21h)

ALLPOFF (22h)

ALLPON (23h)

DISPOFF (28h)

DISPON (29h)

TEOFF (34h)

IDMOFF (38h)

IDMON (39h)

Short Packet (SPa) is defined e.g.
« Data Identification (DI)
« Virtual Channel:(VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 01,0011b
» Packet-Data.(PD)

* Data 0:“Sleep In (10h)", Display-Command-Set (DCS)

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

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

Packet Header (PH)
— TN
Packet Data
A
- TN
DI Data 0 (DCS) Data 1 (Always 00 hex) ECC
13hex 10hex 00hex 39hex
1]/1]o|o]1|o|o|o|o|o|o|o|1fo]ofo]o]o]o]o]o]o]o]o]1i]o|o|s]|a]|2]o]O
Ble[B|B|B|B|B|[B|B|[B|BlB|[BlB[BlB|B|[B|B|B[B|B[B[B|B|B|B|B|B|B|B|B
olal2]3lalslefl7|ofaf2l3f4a]s])6]7]o]al2]3]4a]l5]|6]l7]olal2i3fal5]6]0
L M| L M|L ML M
S s|s s|s s|s S
B BB B|B B|B B
Time >
Generic Write, 1 Parameter (GENW1-S) - Example
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Generic Write, 2 Parameter (GENW?2-S), Data Type = 10 0011 (23h)

“Generic Write, 2 Parameter” (GENW?2-S) is always using a Short Packet (SPa), what is defined on Data Type
(DT, 10 0011b), from the MCU to the display module. The content of 2 payload bytes is “command” and
“parameter”. These commands are defined on a table (See chapter “6 Instruction Description”) below.

Command

GAMSET (26h)

TEON (35h)

MADCTR (36h)

COLMOD (3Ah)

WRDISBV (51h)

WRCTRLD (53h)

WRCABC (55h)

WRCABCMB (5Eh)

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 O0: “PMCSET (3Ah)”, Display Command Set(DCS)

* Data 1: 01hex, Parameter of the DCS
« Error Correction Code (ECC)

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

Packet Header (PH)
~ N
Packet Data
A
- TN
DI Data 0 (DCS) Data 1 (Parameter) ECC
23hex 3Ahex 0lhex 1Ehex
1|{1|lo]o]of1]o]ofo]a]of1]1|2]o]o|r|o]o]ofo]o]o|o]o]af2]2a]|21]|o]O]O
B[Ble[BlB[B[B|B[B[BlBlB[B]B[B[B|B[B[B]BlB[BlBlB[B[B[B[B]B[B[B[B
oflal213lals]efl7lolal2]3]als]lel7zlo]alal3]a]lsf6]7]lofa]2]|3|4a]l5]6]0
L M|L M[L M[L M
S s|s s|s s|s S
B | B|B B|B B|B B |
Time >
Generic Write, 2 Parameter (GENW2-S) - Example
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Generic Write Long (GENW-L), Data Type = 10 1001 (29h)
“Generic Write Long” (GENW-L) is always using a Long Packet (LPa), what is defined on Data Type (DT, 10
1001b), from the MCU to the display module. Command (No Parameters) and Write (1 or more parameters), are
defined on a table (See chapter “6 Instruction Description”) below.
Command
NOP (00h) , Notel
SWRESET (01h), Notel
SLPIN (10h) , Notel
SLPOUT (11h) , Notel
NORON (13h) , Notel
INVOFF (20h) , Notel
INVON (21h) , Notel
ALLPOFF (22h)
ALLPON (23h)
GAMSET (26h) , Note2
DISPOFF (28h) , Notel
DISPON (29h) , Notel
TEOFF (34h) , Notel
TEON (35h) , Note2
MADCTR (36h)
IDMOFF (38h) , Notel
IDMON (39h) , Notel
COLMOD (3Ah) , Note2
TEARLINE (44h)
WRDISBV(51h) , Note2
WRCTRLD, (53h)
WRCABC (55h), Note2
WRCABCMB (5Eh)
Notes -

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

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

Packet Header (PH)
A

~ PANNS

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

29hex 01hex 00hex 06hex
i1jojofj1j0f1j0|jo0Jj2j0jojojojojojojojojojojotjojojojoj1jrjojojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
011]2]13]14]15]16]7]10)112}12]3]415]16]7]10]1}]2]3]4]5|6]7]0]J1]2|3]4|5]6]7
L M| L M| L M]L M
S S|S S|S S|S S
B B|B B|B B|B B

Time )
Packet Data (PD) Packet Footer (PF)
A A

/~ N N
Data 0 (DCS) CRC(Least Significant Byte)| CRC(Most Significant Byte)

10hex 06hex 1Fhex
ojojotjoja1tjofjojofjojrjrjojojofjojofryrjryj1zy2jojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
011]2]13]4]15]16]7]10)12]2]3)4]5]|16]7]0]1]2]3]41]5]6]7
L M| L M]L M
S S|S S|S S
B B|B B|B B
Time >

Generic Long Write (GENW-L) with DCS Only - Example
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Long Packet (LPa), when a Write (1 parameter) was sent, is defined e.g.
« Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 10 1001b
« Word Count (WC)
* Word Count (WC): 0002h
« Error Correction Code (ECC)
« Packet Data (PD):
e Data 0: “Gamma Set (3Ah)”, Display Command Set (DCS)
« Data 1: 01hex, Parameter of the DCS
* Packet Footer (PF)

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

Packet Header (PH)
A
~ N
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
29hex 02hex 00hex 00hex
1]0|of1jo|1|j0fjojOoj1|jo|jO]O]JO|O|O|jO]JOJOfOfjO]JOJO|jO]JO]OJO|O]O]O]O]O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0l1f2]3]4|5]6]7]0)1f2f3]|4]|5|6]7]0oJ1]2]3]4]|5]|6]7]0]1]2|3]4]5]6]7
L M| L M| L M|L M
S S|s S|s SIS S
B B|B B|B B|B B
Time )
Packet Data (PD)
A
- ™~
Data 0 (DCS) Data 1 (Parameter)

3Ahex 01hex
ofi1joJ1|1f1|ojoj1|o]o]Oo]JO|O]O]O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0f1]12]3|4|5]6]7]0J1]2]3]4]5]6]7
L M| L M
S S|s S
B B|B B

Time )
Packet Footer (PF)
A
- ~
ICRC(Least Significant Byte)] CRC(Most Significant Byte)

E3hex AAhex
1111j0]0}j0J1}j12j12j0j]2j|j0]12}|0}1}|0}1
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0f1]2]3|4|5]6]|7]0J1]12]3]4]|516]7
L M| L M
S S|s S
1 BlB B

Time >

Generic Long Write (GENW-L) with DCS and 1 Parameter - Example
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Generic Read, 1 Parameter (GENRL1-S), Data Type = 01 0100 (14h)
“Generic Read, 1 Parameter (GENR1-S) is always using a Short Packet (Spa), what is defined on Data Type (DT,
01 0100b), from the MCU to the display module. This command is defined on a table (See chapter “6 Instruction
Description”) below.
The 1% parameter (Dummy Data) is not returned as it is done in MeSSI-8/16 cases. The first returned parameter
is the 2™ parameter in DSI case.

Command

RDDID (04h)

RDBLUE (08h)

RDDPM (0Ah)

RDDMADCTR (0Bh)

RDDCOLMOD (0Ch)

RDDIM (0Dh)

RDDSM (0Eh)

RDDSDR (0OFh)

GSL (45h)

RDDISBV (52h)

RDCTRLD (54h)

RDCABC (56h)

RDCABCMB (5Fh)

RDDDBST (Alh)

RDDDBC (A8h)

RDID1 (DAh)

RDID2 (DBh)

RDID3 (DCh)
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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” (Short Packet (SPa)) (SMRPS-S) to the display module
when it wants to return one byte from the display module
« Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 11 0111b
« Maximum Return Packet Size (MRPS)
 Data 0: 01hex
« Data 1: 00hex
* Error Correction Code (ECC)

Packet Header (PH)

. . N
o Maximum Return Packet Size(MRPS)
_A
= TN
DI MRPS(Least Significant Byte) | MRP S(Most Significant Byte) ECC
37hex 0lhex 00hex 1Dhex
1|1f1]of2]1]o]o]1]o]ofo]o]olofo]lofo]ofo]ofo]o|o]1i]lof1]a]1]o]o]0O
BlB[B|B[B[B[B|B|[B[BI[EB|B[B|B[B[B|B|B[B[B|B|B[B[B|B|B[B[B[B|[B|B[B
of1]2|3]4|5]6|7]ola|2]|3|4]|5]|6]7|0o|1]|2]|3]|4]5]|6]7]0|1]2]|3]4|5]|6]|7
L M| L M| L M| L M
S s|s s|s s|s S
B B|B BB B|B B
Time >
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
“Generic Read, 1 Parameter” to the display module
« Data Identification (Dl)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 01 0100b
« Packet Data (PD)
« Data 0: “Read ID1 (DAh)”, Display Command Set (DCS)
e Data 1: Always 00hex
 Error Correction Code (ECC)

Packet Header (PH)

- Packet Data (PD) a\2
A
- )
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
14hex DAhex 00hex 07hex
ojoji1joj12jojojojoj1rjoja2jryjoyjajr1jojojojojojojojojarj1yrjojoyjojojo
B|B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0|1|2]|3|4]|5|6]7]0]|1]2|3]|4|5|6|7|0]1|2]|3|4]|5|6]7]|0]1]2]|3|4|5]|6]|7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >

Generic Read, 1 Parameter (GENR1-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 section “Acknowledge with Error Report (AWER)”.

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

“Display Command Set (DCS) Write, No Parameter” is always using a Short Packet (SPa), what is defined on
Data Type (DT, 00 0101b), from the MCU to the display module. These commands are defined on a table (See

chapter “6 Instruction Description”) below.

Command

NOP (00h)

SWRESET (01h)

SLPIN (10h)

SLPOUT (11h)

NORON (13h)

INVOFF (20h)

INVON (21h)

ALLPOFF (22h)

ALLPON (23h)

DISPOFF (28h)

DISPON (29h)

TEOFF (34h)

IDMOFF (38h)

IDMON (39h)

Short Packet (SPa) is defined e.g:
« Data Identification (DI)
« Virtual Channel:(VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 00.0101b
» Packet-Data.(PD)

* Data 0:*Sleep In (10h)", Display-Command-Set (DCS)

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

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

Packet Header (PH)

o Packet Data B
A
a8 YN
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
05hex 10hex 00hex 2Chex
1]lol1]ofo]o]o]o|o|oflo|lo]1]o]o|lo|ofo]o]o]o|o|ofofo]o]a]a|o|afo]oO
B[B[B[B[B[B|B|[B[B[B[B[B|B|B[B[B[B[B|B|B[B[B[B[B|B|B[B[B[B[B|B|B
ol1]2]3]4a]|5]e6l7fof1]2]|3]4a]|5]6]7]of1]2]|3]|4a]5]6]7]of1|2]|3]|4a]|5]6]7
L M| L M| L ML M
S s|s s|s s|s S
B BB BB BB B
Time -
Display Command Set (DCS) Write, No Parameter (DCSWN-S) - Example
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Display Command Set (DCS) Write, 1 Parameter (DCSW1-S), Data Type = 01 0101 (15h)

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

Command
GAMSET (26h)
TEON (35h)
MADCTR (36h)
COLMOD (3Ah)
WRDISBV (51h)
WRCTRLD (53h)
WRCABC (55h)
WRCABCMB (5Eh)

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 O0: “PMCSET (3Ah)”, Display Command Set\(DCS)
« Data 1: 01hex, Parameter of the DCS
« Error Correction Code (ECC)

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

Packet Header (PH)

'\ Packet Data B
A
< ™

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

15hex 3Ahex 0lhex 1Ehex
i1]oj1jofj1|ojojojojarjofjafj1jrjojojajojojofjojojojofjofryjrfyryjajojojo
Bl|B[B|B|B|B|B|B|B|B|B|B|B|[B|B|[B|B|B|B|B|B|B|B|B[B|B|[B|B|[B|B|B|B
OJ1]2|3|4]|5]|6|7]0]1]2]|3]4]|5|6]7]0]1]2]|3]4]|5|6]7]0|1]2]3]4]|5]|6]7
L M| L M| L M|L M
S SIS SIS SIS S
B B|B B|B B|B B
Time -

Display Command Set (DCS) Write, 1 Parameter (DCSW1-S) — Example
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Display Command Set (DCS) Write Long (DCSW-L), Data Type = 11 1001 (39h)

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

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

Command
NOP (00h) , Notel
SWRESET (01h) , Notel
SLPIN (10h) , Notel
SLPOUT (11h), Notel
NORON (13h), Notel
INVOFF (20h) , Notel
INVON (21h) , Notel
GAMSET (26h) , Note2
DISPOFF (28h) , Notel
DISPON (29h) , Notel
TEOFF (34h) , Notel
TEON (35h) , Note2
MADCTR (36h)
IDMOFF (38h) , Notel
IDMON (39h) , Notel
COLMOD (3Ah) , Note2
TEARLINE (44h)
WRDISBV (51h) , Note2
WRCTRLD (53h)
WRCABC(55h) , Note2
WRCABCMB.(5Eh)

Notes

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

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

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

Packet Header (PH)
4/\

~ TINRS
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39hex 0lhex 00hex 15hex
i1jojofj1f1f12jojoj1jojojojojojojojojojojojojojojofjrjojrjojajojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0Ol1]2]|3]4]5]|6]7]ofJ1]2]3|4]5]6]7]Jo]J1)2]|3]4]|5]6]7]0|1]2]3]4]|5]6]7
L M]L M]L M| L M
S SIS S|s SIS S
B B|B B|B B|B B
Time >
Packet Data (PD) Packet Footer (PF)
A A
(" "l N
Data 0 [CRC(Least Significant Byte)] CRC(Most Significant Byte)
10hex 06hex 1Fhex
ojojojoj1|jojojojoj1f1]ojojofjojof1r]1fj1r]j1|1r]ofo]o
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
oj1]2]3f4|5]6]7J0]1])2]3]4]5]|6]7]ofJ1j2]3]4]|5]6]7
L M| L M| L M
S S|S S|S S
B B|B B|B B
Time >
Display Command Set (DCS) Write Long (DCSW-L) with DCS Only - Example
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Long Packet (LPa), when a Write (1 parameter) was sent, is defined e.g.
« Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
 Data Type (DT, DI[5...0]): 11 1001b
« Word Count (WC)
* Word Count (WC): 0002h
« Error Correction Code (ECC)
« Packet Data (PD):
e Data 0: “Gamma Set (26h)”, Display Command Set (DCS)
» Data 1: 01hex, Parameter of the DCS
» Packet Footer (PF)

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

Packet Header (PH)
A
— TN
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
39%hex 02hex 00hex 13hex
1]o0fof1j1|1j0fojoj1jojojojojojojojojofjojojofjofjoj1jrjojoj1jojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0l1f2]3]4|5]6]7]0J1f2f3]|4]|5|6]7]0o]J1]2]3]4]|5]|6]7]0]1]2|3]4]5]6]7
L M| L M| L M|L M
S S|s S|s SIS S
B B|B B|B B|B B
Time )
Packet Data(PD)
A
- N
Data 0 (DCS) Data 1 (Parameter)

26hex 0lhex
ofi1]1]0|of1]o]Joj1|jo]o]o]O]|O]O]O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
of1]12]3|4|5]6]|7]0J112]3]4]|516]7
L M| L M
S S|s S
B B|B B

Time )
Packet Footer (PF)
A
- N
ICRC(Least Significant Byte)] CRC(Most Significant Byte)

D2hex 96hex
ofi1joJoj1fjoj1]1jof1]1]o]1]|0o]O]1
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
of1]2]3|4|5]6]|7]0J1]12]3]4]516]7
L M| L M
S S|s S
5 B[B 1

Time >

Display Command Set (DCS) Write Long with DCS and 1 Parameter - Example
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Display Command Set (DCS) Read, No Parameter (DCSRN-S), Data Type = 00 0110 (06h)
“Display Command Set (DCS) Read, No Parameter” (DCSRN-S) is always using a Short Packet (SPa), what is
defined on Data Type (DT, 00 0110b), from the MCU to the display module. These commands are defined on a
table (See chapter “6 Instruction Description”) below.
The 1st parameter (Dummy Data) is not returned as it is done in MeSSI-8/16 cases. The first returned parameter
is the 2nd parameter in DSI case.

Command

RDDID (04h)

RDBLUE (08h)

RDDPM (0Ah)

RDDMADCTR (0Bh)

RDDCOLMOD (0Ch)

RDDIM (0Dh)

RDDSM (0Eh)

RDDSDR (OFh)

GSL (45h)

RDDISBYV (52h)

RDCTRLD (54h)

RDCABC (56h)

RDCABCMB (5Fh)

RDDDBST (Alh)

RDDDBC (A8h)

RDID1 (DAh)

RDID2 (DBh)

RDID3 (DCh)

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

Packet Header (PH)

o Maximum Return Packet Size(MRPS) NS
A
2 )
DI MRPS(Least Significant Byte)] MRP S(Most Significant Byte) ECC
37hex 01hex 00hex 1Dhex
1l1]2fofz]2fo]of1]o]ofo]o]ofo]oflo]ofo]o]ofo]ofloflx]of2]2]2]0]0f0
B|B|B[B|B|B|B|B|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]|s]6|7]ofl1]2]3|4]|5]|6|7]0]1]2|3]4]5|6]7|0]1]2|3]4]5]|6]7
L Ml L m[ L M| L M
S S|s S|s s|s S
B B|B Bl B Bl B B
Time >
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 (Dl)

« 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)
e Data 1: Always 00hex

« Error Correction Code (ECC)

Packet Header (PH)

o Packet Data (PD) NS
A
- )
DI Data 0 (DCS) Data 1 (Always 00hex) ECC
06hex DAhex 00hex 1Fhex
0 11]0j0]Jojojo]o oj1j1j0J1j1]0]j0|J0OJO]JO}JOJO]JO]|1 1]11]1|0}|0]O0
B B|B|B|B|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 213141|5]|6|7]0 2|13|4]|5|6|7]0]1|2]|3|4|5]|6]7]|0 213145617
L M| L M| L M| L M
S S|S SIS SIS S
B B|B B|B B|B B
Time >

Display Command Set (DCS) Read, No Parameter (DCSRN-S) - Example

Step.3: The‘display module can send 2 differentiinformation to the MCU after Bus Turnaround (BTA)

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

2. Information of the received-command. Short Packet (SPa) or Long Packet (LPa)
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Null Packet, No Data (NP-L), Data Type = 00 1001 (09h)

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

Long Packet (LPa), when 5 random data bytes of the Packet Data (PD) were sent, is defined e.g.
« Data Identification (DI)
« Virtual Channel (VC, DI[7...6]): 00b
« Data Type (DT, DI[5...0]): 00 1001b
* Word Count (WC)
* Word Count (WC): 0005h
« Error Correction Code (ECC)
« Packet Data (PD):
« Data 0: 89h (Random data)
 Data 1: 23h (Random data)
e Data 2: 12h (Random data)
e Data 3: A2h (Random data)
» Data 4: E2h (Random data)
» Packet Footer (PF)

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

Packet Header (PH)
A
DI WC(Least Significant Byte)| WC(Most Significant Byte) ECC
09hex 05hex 00hex 30hex
ifojof1fojojojoj1jo0frjofofojojojojojofojojofofjojojojojoj1jrjofo
B|B|B|B|B|B|B|B|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|4|5|6|7]0|1]2|3|4]|5|6|7|0]1|2|3|4|5]|6]7|0]1]2|3|4]|5|6]7
L M| L M| L Ml L M
S S|S S|S S| S S
B B|B B| B B| B B
Time )
Packet Data (PD)
‘4-/\

Data 0 (DCS) Data 1 (1% Parameter) Data 2 (2" Parameter) Data 3 (3" Parameter)
89hex 23hex 12hex A2hex
ifojof1fojojofj1j1y1fjojojofrjojojof1jofoj1jofofjojofijojojoj1jof1
BIBE[B|B|B|[B|B|B|B|B[B[B|B|[B|B[B[B|B[B[BIB[B|BIB[B|B[B[B[B[B|[B[B
O|1|2|3|4|5|6]|7|]0f1]2|3|4]|5|6|7|0]1|2|3|4|5]|6]7|0J1]2|3|4]5]|6]7
L M| L M| L M| L M
S S|S S|S SIS S
B B|B B|B B|B B

Time )
Packet Data (PD) Packet Footer (PF)
A _A—
4 'l N
Data 4 (4" Parameter) |CRC(Least Significant Byte)CRC (Most Significant Byte
E2hex 59hex 29hex
ojifofojoj1frf1ya2fojofafrjofarfof1jojojajof1fjojo
BIB|B|B|B|B|B|B|B|BIB[B|B|B|B|B|B|B[B[BIB[B[B[|B
O|1|2|3|4|5|6|7|]0|1]2|3|4|5|6|7|0]1|2|3|4|5|6]7
L M| L M| L M
S S|S S|S S
B B|B B|B B
Time >
Null Packet, No Data (NP-L) - Example
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End of Transmission Packet (EoTP), Data Type = 00 1000 (08h)

“End of Transmission Packet” (E0TP) is always using a Short Packet (SPa), what is defined on Data Type (DT,
001000b), from the MCU to the display module. The purpose of this command is terminated the high speed mode
(HPDT) properly when there is added this extra packet after the last payload packet before “End of Transmission”
(EoT), which is an interface level functionality.

The MCU can decide if it want to use the “End of Transmission Packet” (EoTP) or not. The NT35523 has the
capability to support both: i.e. If MCU applies the EoTP, it shall report the “DSI Protocol Violation” error when the
EOTP is not detected in the high speed (HS). This error reporting can be enable/disable by bit DIS_EoTP_HS of
command B100h (page 0).

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

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

The summary of the receiving and transmitting EoTP is listed below.
Receiving and Transmitting EoTPR during LPDT

Direction Display Module (DM) in Display Module (DM) in
High Speed Data Transmission (HPDT) Low Power Data Transmission (LPDT)
MCU => Display Driver With or Without EoTP is Supported With or,Without EOTP is Supported
. L HS Mode is not available EoTP cannotbe sentby
Display Driver => MCU (EOTP is not available) the Display Driver
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Short Packet (SPa) is using a fixed format as follow
« Data Identification (DI)

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

« Data Type (DT, DI[5...0]): 00 1000b
 Packet Data (PD):

* Data 0: OFh
* Data 1: OFh
« Error Correction Code (ECC)
*« ECC: 01h
Packet Header(PH)
o Packet Data AN\
A
a8 TN
DI Data 0 Data 1 ECC
08hex OFhex OFhex 0lhex
ololol1]ofloflo]ofala]afalo]ofolo]af2la]2flo]lo]ofol1]ofo]|o]oflofo]o
Bl|BlB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|]B|B
ol1]l2|3]a|5|6]7|o]l1]2|3]4a]5|6]7]0|1|2]3|4a|l5]|6|7|0]|1|2]|3]|4|5]|6]7
L M| L M| L M| L M
S s|s s| s s|s S
B B| B B| B B| B B
Time >

Endof Transmission Packet (EoTP)

Some use case of the-*End of Transmission Packet” (EoTP) are-illustrated only for reference purpose below.
Sent Packets

Sent Packets

Spa, E
LP-11 SOT>< SPa>< SPa>< Forp EoT LP-11

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A Blanking packet is used to convey blanking timing information in a Long packet. Normally, the packet
represents a period between active scan lines of a Video Mode display, where traditional display timing is
provided from the host processor to the display module. The blanking period may have Sync Event packets
interspersed between blanking segments. Like all packets, the Blanking packet contents shall be an integer
number of bytes. Blanking packets may contain arbitrary data as payload. The Blanking packet consists of the DI
byte, a two-byte WC, an ECC byte, a payload of length WC bytes, and a two-byte checksum.

6/3/2014 75 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



¢ NG®VATEK PRELIMINARY NT35523

Packed Pixel Stream, 16-bit Format, Long packet, Data Type = 00 1110 (OEh)

<«—1 byte—>»l«—1 byte—>
LSB MSB|LSB MSB
0 4 5 710 2 3 7
R R[G GiG G|B B
0 4lo 2i3 5]0 4

€5 bits—»€—6 bits—»€5 bits—»

< Pixel 1: >

<1 byte»€——2 byte—> €1 by‘t’Q)(-l bytepi€l byted <1 byter €1 byted€—2 byte—

s 0

5 bits K6 bitoHES bitsH 5 bits K6 bitsHES bitsH

Word Count ECC Checksum

Data Type (OEh)
Virtual Channel

Y
A
0
x
[}
\ 4

A

Pixel 1
.

/N
O
=8
2
=

A\72

«€—Packet Header: Variable Size Payload=————————>¢—Packet Footer—;

\ 4
A

Time >

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

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

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

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

LSB MSE LSB MSB

0 5 670 3 4 7,01
R R[GGG G|B  B:BB
0 5{012 5|0 3ia5

¢ 6 bits—>}e—6 bits—le—6 bits>

el 1

Y

A
.. J.....
x

€1l byteple——2byte—plel b)7t¢i-><- 1byteple 1 byteple 1 tgyté><- 1byteple 1 bytople 1 bytople 1 bytople 1 bytople 1 bytoy

\
. Il

| 6 bitpeg 5 bitgpleg 6 bitgleg 6 bitgpleg 6 bitgpleg b bitgpleg 6 bitgpleg 6 bitgpleg 6 bitgpleg © bitgpleg 6 bitgpleg 6 bitp]
Word Count ECC

Data Type (1Eh)
Virtual Channel

Pixel 1 Pixel 2

Pixel 3 Pixél

A

A

A
Y
Y.
Y
A
Y

¢DatalDy
«——Packet Headel—————3. g——— Variable Size Payload (First Four Pixels Packed in Nine ByteSm e e ceae.

Time -

<1 byteple 1l byteple 1 byteyle 1 byteple 1 byteplg 1 bytgl(. 1 byteple 1 bytgple 1 bytgple— 2 byta !

€5 it 6 bit: 6bi$<6bit§(6bit bit§<6bi 6 bit; 6bi1$<5bil$< 6hl§< 6hit§
.......... Checksum
l—— iXel n >l Pixel n- >l ixel n- >l Pixel >

.......... e—Variable Size Payload (Last Four Pixels Packed in Nine Bytes) _3, 1 Packet FooteL,]

Time -

_—

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

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

Note that pixel boundaries only align with byte boundaries every four pixels (nine bytes). Preferably, display
modules employing this format have a horizontal extent (width in pixels) evenly divisible by four, so no partial
bytes remain at the end of the display line data. If the active (displayed) horizontal width is not a multiple of four
pixels, the transmitter shall send additional fill pixels at the end of the display line to make the transmitted width a
multiple of four pixels. The receiving peripheral shall not display the fill pixels when refreshing the display device.
For example, if a display device has an active display width of 399 pixels, the transmitter should send 400 pixels
in one or more packets. The receiver should display the first 399 pixels and discard the last pixel of the
transmission.

With this format, the total line width (displayed plus non-displayed pixels) should be a multiple of four pixels (nine
bytes).
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Pixel Stream, 18-bit Format in Three Bytes, Long packet, Data Type = 101110 (2Eh)

<1 byte>»<«1 byte>»<«1 byte>»

LSB MSB|LSB MSB|LSB MSB

012 71012 7101 2 7
R Rl |G G| [B B
0 5 0 5 0 5
<6 bits» 6 bits»| [«6 bitsy,

< Pixel 1 >

I

.
)
’
’
’
’
’
’
’

’
z
)

<1 bytep€—2 byte—>p €1 by‘fq-><-1 bytep€1 bytepl€1 bytepi€l bytepl€1 bytepl€l byteplel byter»€l byte-)ﬁl bytey
g |z
S _§ 6 bitsp] 6 bitgp] |6 bitsp] |6 bitsp 6 bitgp] | f€6 bitsp] |6 bitop 6 bitgp] |6 bitsp
§ © Word Count ECC
(- o
s |2
B |s < Pixel 1 »le Pixel 2 >le Pixel 3 >
<Data Dy
€—Packet Header > <€ Variable Size Payload (First Three Pixels in Nine Bytes)

Time

>

€1 bytepi€1 bytepi€l bytepl€l bytepl€l bytepi€l bytepi€l bytepi€l bytepl€l byteple——2 byte—p

146 bt 6 bitsp]. |6 bitsp] |6 bitsp] bitp] |6 bitsp] |6 bitsp] 6 bitsp] |6 bitop

Checksum

A
Y
A

Pixel n-1: Pixel n

Variable Size Payload (Last Three Pixels in Nine Bytes)=———€—Packet Footer—;

Pixel n-2

Y
A

Time

>

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

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

This format is used to transmit RGB image data formatted as pixels to a Video Mode display module that displays
18-bit pixels. The packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length WC bytes and
a two-byte Checksum. The pixel format is red (6 bits), green (6 bits) and blue (6 bits) in that order. Within a color
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.

6/3/2014 78 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



¢ NG®VATEK PRELIMINARY NT35523

Packed Pixel Stream, 24-bit Format, Long packet, Data Type = 11 1110 (3Eh)
<1 byte>»<«1 byte>»<«1 byte>»

LSB MSB|LSB MSB|LSB MSB

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

«<—8 bits—»€—8 bits—»«—8 bits—»

< Pixel 1 >

’
4
J
J
J
/
Y Fd
o
J
J
J

<1 bytep€e—2 byte—>p€1 byi’q)(-l bytep <1 bytepr€l byte-)ﬁ'd byte»«€1 byted <1 bytep«1 bytep <1 bytepi€l bytep

o) .

|48 bits P18 bitsP{«€8 bitsP1€8 bitsP1€8 bitsP1€8 bitsP|«€8 bitsP|«€8 bitsP|«8 bitsPp]
Word Count ECC

Pixel 1-

A
Y
A

Pixel 2

Data Type (3Eh)
Virtual Channel

Y.
A

Pixel 3

Y

<Data Dy
€——Packet Header:

Y
A

Variable Size Payload (First Three Pixels in Nine Bytes)————————cscecccaaa.

Time >

<1 bytep<1 bytepi€l bytep <1 bytep <1 bytep €1 bytep <1 bytep«1 bytep«1 bytep€——2 byte—p;

€8 bitsP}€8 hits P8 bitsP1€8 bitsP»]€8 bits P8 bits P48 bitsP1€8 bitsPi«8 bitsH)

Checksum

A

Pixel n-2-

Y
A

Pixel n-1- Pixel n

Y
A

Variable Size Payload (Last Three Pixelsin Nine Bytes)———————<€—Packet Footer—;

Time >

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

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

With this format, pixel boundaries align with byte boundaries every three bytes. The total line width (displayed
plus non-displayed pixels) should be a multiple of three bytes.
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5.2.2.3.2.2 Packet from the Display Module to the MCU
Used Packet Types

The display module is always using Short Packet (SPa) or Long Packet (LPa), when it is returning information to
the MCU after the MCU has requested information from the Display Module. This information can be a response
of the Display Command Set (DCS) (See chapter “5.2.2.3.2.1 Display Command Set (DCS) Read, No Parameter”
(DCSRN-S)) or an Acknowledge with Error Report (See chapter: “5.2.2.3.2.2 Acknowledge with Error Report
(AWER)” (AWERY)).

The used packet type is defined on Data Type (DT). See chapter “5.2.2.3.1.3 Data Type (DT)".

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

It is not possible that the display module is sending return bytes in several packets even.if the maximum size of
the Packet Data (PD) could be sent on a packet.

Both cases are illustrated for reference purposes below.

Return Bytes

Return Bytesion Single Packet

Return Bytes

Return Bytes on Several Packets — Not Possible

Data Types for Display Module-sourced Packets

Data Type Datg Type Symbol Description Packet Size

Hex Binary

02h 00 0010 AWER Acknowledge & Error Report Short
1Ch 011100 DCSRR-L DCS Long Read Response Long
21h 10 0001 DCSRR1-S DCS Short Read Response, 1 Byte returned Short
22h 10 0010 DCSRR2-S DCS Short Read Response, 2 Byte returned Short
1Ah 011010 GENRR-L Generic Long Read Response Long
11h 01 0001 GENRR1-S Generic Short Read Response, 1 Byte returned Short
12h 01 0010 GENRR2-S Generic Short Read Response, 2 Byte returned Short
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The display module is return 2 packets (1* packet: Data, 2" packet Acknowledge with Error Report ) to the MCU
when the display module has received a read command. See section “Display Command Set (DCS) Read, No
Parameter (DCSRN-S)” where has been detected and corrected a single bit error by the EEC (See bit 8 on Table”
Acknowledge with Error Report (AWER) for Short Packet (SPa) Response”). This return packets are illustrated for
reference purpose below.

Return Bytes
A

r R
i< 1™ SPa, Data 2" SPa, AWER 4

AWER = Acknowledge with Error Report

Exception when Return Bytes on Several-Packet

6/3/2014 81 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such

information.



¢ NG®VATEK PRELIMINARY NT35523

Acknowledge with Error Report (AWER), Data Type = 00 0010(02h)

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

The Packet Data (PD) can include bits, which are defining the current error, when a corresponding bit is setto ‘1’,
as they are defined on the following table.

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

Bit Description

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 | Invalid Transmission Length

14 | Reserved, Set to ‘0" internally

15 | DSI ProtocolViolation
Acknowledge with Error Report (AWER) for Short Packet (SPa).Response

Bit Description

0 Sol 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 | Setto “0” internally (Only for Long Packet (LP))
11 | DSI Data Type (DT) Not Recognized

12 | DSI Virtual Channel (VC) ID Invalid

13 | Invalid Transmission Length

14 | Reserved, Set to ‘0’ internally

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

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

— N
Packet Data
A
— —
DI AWER (Least Significant Byte) | AWER (Most Significant Byte) ECC
02hex 00hex 0lhex 3Ahex
oji1jo0joJjojojojojojojojojojojojoj1|jojojojojojojojojryjofjrjrfjrjojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0l1)12]3]4]5]6)7l0]a]j2J3|4|l5]6]7]0]1]J2]13]4]|516]7]0|1})2]|3]4]5]|61]7
L M| L M| L M| L M
S S|s SIS S|S S
B B|B B|B B|B B
Time >

Acknowledge with Error Report (AwWER). Example

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

Packets from the MCU

N

| Includes an error |

Packets from the MCU

- A
SPa ><SPa ><SPa
7

| Includes an error |

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

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

The numbers of the packets, which are including an ECC 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.

Start

\i
Received Information
Note 1

\
4

Is there
an error?
Note 2

No

A
Set RDDSM's
DO bit to 1"

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

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

Notes:

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

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

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

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

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

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

A
~ N
DI WC(Least Significant Byte)| WC(Most Significant Byte) ECC
1Chex 05hex 00hex 29hex
ofof1j1f1fojojoj1joy1jofojofojofofojojofojojojojrjojofijofifofjo
BIB|B|B|B[B[B[B|[B|[B|B|IB[B[B|IB|[B][B|BB[B[B[B|B[B|B[B[B][B[B]B|B[B
of1|2|3|4]|5|6]7|0|1]|2|3|4|5|6|7|0|1]|2|3|4]|5|6|7|0]1|2]|3|4|5]|6]7
L M| L M| L M| L M
S S|S S|s S|sS S
B B|B B|B B| B B
Time. )
Packet Data (PD)
A
Data 0 (DCS) Data 1 (1% Parameter) Data 2 (2™ Parameter) Data 3 (3™ Parameter)
89hex 23hex 12hex A2hex
i]o0foj1j0jo0jofj1j1f1jofjofofr1jofojojrjofoj1jofojofoj1yojofoj1joj1
BIB[B|B|B|B|[B|B|B|B|B|B[B|[B[B|B[B|[B|B|B[B|B[B[B[B|B[B|B[B[B|[B[B
of1|2|3|4|5|6|[7|]0]1|2]|3|4|5|6|7|0|1|2|3|4|5|6]7|0]1]2|3|4|5|6|7
L M] L M| L M| L M
S S|S S|s S|Ss S
B B|B B| B B|B B
Time. )
Packet Data (PD) Packet Footer (PF)
A A
' N
Data 4 (4™ Parameter) [CRC(Least Significant Byte]CRC (Most Significant Byte
E2hex 59hex 29hex
of1fojojof1y1f1j1jojof1f1jof1fof1fJofo]J1fo]1foO]oO
BIB[B[B[B[B[B[B[B[B[BIB[BIB[BIB[BIB[B[B[B[B[B[B
of1|2|3|4|5|6|[7|0|1|2|3|4|5|6|7|0]1|2]|3|4]|5|6]|7
L M| L M| L M
S S|S S|sS 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: 45h
« Data 1: 00h (Always)
* Error Correction Code (ECC)

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

o Packet Data (PD) )
AL
DI Data 0 Data 1 ECC
21hex 45hex 00hex (Always) 0lhex
i1|jojojojofj1jo0fjoj1|jo0]j2|0]O|O]2r|0]jOJO]jOJO|jO]JO|jO]JO|J1]O|O]JO|JO]O]O]O
Bl[B|B[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|[B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]11]2]|3f4]5|6]7]0)1})2]3]4]5]|6]7]0]J1]2|3]4|5]6]|7]0]1]2]|3]4]5]6]7
L M| L M| L M| L M
S S|S S|S S|S S
B B|B B|B B|B B
Time >

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: 45h
e Data 1: 32h
* Error Correction Code (ECC)

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

o Packet Data (PD) )
_A
DI Data 0 Data 1 ECC
22hex 45hex 32hex OFhex
oji1jo0jojofj1jojoj1jojr1jojojojarjojojzjojojryjryjojojarjrjrjajojojojo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
OjJ112]|3|4|5]6]17]10]1}2]|3]|4|5]|]6]7]0]1}]2]|3]|4|5]|6]J7]0]1}]2]|3]|4|5]6]7
L M| L M| L M| L M
S SIS S|S S|S S
B B|B B|B B|B B
Time >

DCS Read Short Response, 2 Bytes Returned (DCSRR2-S) - Example
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Generic Read Long Response (GENRR-L), Data Type = 01 1010(1Ah)

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

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

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

A
DI WC(Least Significant Byte) | WC(Most Significant Byte) ECC
1Ahex 05hex 00hex 2Fhex
ofi1|jofj1f12fojofojafojz2jojofjojojojojojojojofjojojojrjr1yj1j1jo0j1jo0]jo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B B|B|B|B|B|B
Oj1j2)3|4|5]|6]7foj1]2)3|4]|5]|6]7f0o]J1|2]3|4]|5]|6]7]0]J1f2]3|4]|5]|6]7
L M| L ML M| L M
S S|S S|S SIS S
l B|B B|B B|B i
Time )
Packet Data (PD)
A
—

Data 0 Data 1 (1% Parameter) Data 2 (2" Parameter) Data 3 (3" Parameter)
89hex 23hex 12hex A2hex
11]0]o0fj1]jo]jojoj1]1fj1jofofjojJ1|ofjojofrfofjofr1fjojofjojoj1fofojoO|1]|0O]|1
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]11)2]|3|4|5]|6|7]0|1})2]|3]|4|5]|6]7]0]1|2]|3]4|5]6]7]0]1]2]3]4]|5]6]7
L M|L ML M| L M
S S|S S|S S|S S
1B | B|B B|B B|B 1B |

Time )
Packet Data (PD) Packet Footer (PF)

A AN
4 el N
Data 4 (4" Parameter) [CRC(Least Significant Byte)|CRC (Most Significant Byte)

E2hex 59hex 29hex
ofji1jojojoj1j1j1j1fjojoj1j1joj1joj1jo0joj1joj1jo
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B

112131415161 710111213141516]17]101112[3]41516
L M| L M| L M
S S|S S|S S
8] BlB BlB El
Time >
Generic Read Long Response (GENRR-L) - Example
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Generic Read Short Response, 1 Byte Returned (GENRR1-S), Data Type = 01 0001(11h)

“Generic Read Short Response, 1 Byte Returned” (GENRRL1-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” (GENRRL1-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: 45h
« Data 1: 00h (Always)
* Error Correction Code (ECC)

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

a8 Packet Data\(PD) B
A
a ™
DI Data 0 Data 1 ECC
11lhex 45hex 00hex (Always) 07hex
1|]ojojoj1jojojojrfjoj1jofojoj1fojojojojojojojojofjij1jrjojojofjojo
B|B|B|B|B|B|B|B|B|B B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0]1]12|3]4]|5]|6]7|0]1]2]3|4]|5]|6]7|0]J1]2]|3|4|5]6]7]|0|1]2]|3]4]|5]|6]7
L M| L M| L M| L M
S SIS SIS S|s S
B B|B B|B B|B B
Time >

Generic Read Short Response, 1 Byte Returned (GENRR1-S) - Example
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Generic Read Short Response, 2 Bytes Returned (GENRR2-S), Data Type = 01 0010(12h)

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

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

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

a8 Packet Data\(PD) B
A
a Y
DI Data 0 Data 1 ECC
12hex 45hex 32hex 09hex
of1]o]ofr]o]ofofr]o]zfofofo]z]ofofz]o]ofz]z]ofofz]o]of2r]o]o]o]fo0
B|B[B|B|B|B|[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]3f4]|5l6]|7fo]1|2]|3|4a]|5f6]7flo]1f2]|3|4]5]|6]7|o]a]|2]|3]|4]5]|6]7
L M| L M| L M| L M
S s|s S|s S|s S
B B|B BB B|B B
Time >
Generic Read Short Response, 2 Bytes Returned (GENRR2-S) - Example
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5.2.2.3.3 Communication Sequences

5.2.2.3.3.1 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 are 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 (Not supported)
ACK Acknowledge (No error)
BTA Bus turnaround

High Speed HSDT High speed data transmission

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

Packet Sender | Abbreviation | Packet Size Packet Description
DCSW1-S SPa DCS Write, 1.Parameter
DCSWN-S SPa DCS Write, No/ Parameter
MCU DCSW-L LPa DCS Write, Long
DCSRN-S SPa 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
Display Module DCSRR:L LPa DCS Read, Long Response
DCSRR1-S SPa DCS Read, Short Response
DCSRR2-S SPa DCS Read, Short Response
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5.2.2.3.3.2 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

MCU Display Module
] Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW1-S| LPDT => - -
3 - LP-11 => - - End
DCS Write, 1 Parameter Sequence - Example2
MCU Display Module
Line Packet Inlt;(;f;:e Iné(i)rrengzgﬂn In't/(la(;fglece Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW1-S| HSDT => - -
3 EoTP HSDT => - = End of Transmission Packet
4 - LP-11 => - - End
DCS-Write, 1 Parameter Sequence - Example 3
MCU Display Module
Line Packet 'nﬁéﬁ‘ge Ingi)rgz:gﬁn 'nﬁéfé":e Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW1-S| HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
Interface control change from
5 - BTA <=> BTA - the MCU to the display
module
_ If no error => goto line 8
6 i i <= LP-11 i If error => goto line 13
7
8 - - <= ACK - No error
9 - - <= LP-11 -
Interface control change from
10 - BTA <=> BTA - the display module to the
MCU
11 - LP-11 => - - End
12
13 - - <= LPDT AWER Error report
14 - - <= LP-11 -
15 - BTA <=> BTA -
16 - LP-11 => - - End
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DCS Write, No Parameter Sequence

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

DCS Write, No Parameter Sequence - Example 1

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

A Long Packet (LPa) of “Display Command Set (DCS) Write Long (DCSW-L)” is defined on chapter “Display
Command Set (DCS) Write Long (DCSW-L)” and example sequences, how this packet is used, is described on
following tables.

DCS Write, Long Sequence - Example 1

MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L LPDT => - -
3 - LP-11 => - - End
DCS Write, Long Sequence - Example 2
MCU Display Module
. Interface | Information | Interface
Line Packet Mode Direction Mode Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L HSDT => - -
3 EoTP HSDT = - - End of Transmission Packet
4 - LP-11 => - ~ End
DCS Write, Long Sequence.- Example 3
MCU Display Module
Line Packet '”ﬁé‘:‘ge mgfg:gﬁn '”ﬁgﬁ‘ge Packet Comment
Sender Sender
Control Control
1 - LP-11 => - - Start
2 DCSW-L HSDT => - -
3 EoTP HSDT => - - End of Transmission Packet
4 - LP-11 => - -
_ Interface control change from the
5 i S <= BTA i MCU to the display module
_ If no error => goto line 8
6 i i <= LP-11 i If error => goto line 13
7
8 - - <= ACK - No error
9 - - <= LP-11 -
_ Interface control change from the
10 i SIS <=> BTA i display module to the MCU
11 - LP-11 => - - End
12
13 - - <= LPDT AwWER Error report
14 - - <= LP-11 -
15 - BTA <=> BTA -
16 - LP-11 => - - End
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DCS Read, No Parameter Sequence

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

DCS Read, No Parameter Sequence - Example 1

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

1 - LP-11 => - - Start

_ Define how many data byte is
2 SWIRIFEE) - REEY = i j wanted to.read: 1 byte
3 DCSRN-S| HSDT => - - wanted to geta response.|D1 (DAh)
4 EoTP HSDT => - - End of Transmission Packet
5 - LP-11 => - -

_ Interface control change from the
6 i S <=> BTA MCU to the display module

If no error=> goto line 9
_ If-error.=>-goto line 14
! i i ) N\ i If error is corrected by ECC
=>go toline 19

8
9 - - <= LPDT DCSRR1-S Responded 1 byte return
10 - - <= LP-11 -

_ Interface control change from the
11 i i X\ RIA j display module to the MCU
12 - LP-11 => - - End
13
14 - - <= LPDT AwWER Error report
15 - - <= LP-11 -

_ Interface control change from the
16 i SIS <=2 BTA display module to the MCU
17 - LP-11 => - - End
18
19 - - <= LPDT DCSRRI1-S Responded 1 byte return

_ Error Report

20 ) i <= LPDT AWER (Error is Corrected by ECC)
21 - - <= LP-11 -

_ Interface control change from the
22 i A <=2 BTA i display module to the MCU
23 - LP-11 => - - End
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Null Packet, No Data Sequence

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

Null Packet, No Parameter Sequence - Example

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

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

is used.

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

End of Transmission Packet

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

End of Transmission/Packet - Example

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

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

is used.
2 EoTP HSDT => - - End of Transmission Packet
3 - LP-11 = - - End
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5.2.2.4 Video Mode Communication

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

5.2.2.4.1 Transmission Packet Sequences

DSl 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 thetfigures in this section. It
is recommended to return to LP state once per scan-line during'the horizontal blanking time: Regardless of the
frequency of BLLP periods, the host processor is responsible for meeting all documented-peripheral timing
requirements. Note, at lower frequencies BLLP periods will approach, or become, zero, and burst mode will be
indistinguishable from non-burst mode.

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

* Remain in 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 hast processor to the peripheral using Escape Mode

» Transmit one or more non-video packetsfrom 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
scan-line of active pixels may be divided into two or more packets. However, individual pixels shall not be split
across packets.
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Transmission packet components used in the figures in this section are defined in Figure below unless otherwise
specified.

\% \% BL H H H H H R L
S E LP S S E F B G P
A P P B M

/

Low Power Mode including optional BTA

DSI Packet: Arbitrary sequence of pixel stream and Null Packets

DSI Blanking Packet: Horizontal Back Porch

DSI Blanking Packet: Horizontal Front Porch

DSI Sync. Event: Horizontal Sync. End

DSI Blanking Packet: Horizontal Sync. Active, No data

DSI Sync. Event: Horizontal Start

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

DSI Sync. Event: Packet V Sync. End.

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

If a peripheral timing specification for HBP or HFP minimum period is'zero, the corresponding Blanking Packet
may be omitted. (f the HBPR. or HFP.-maximum period is'zero; the corresponding blanking packet shall be omitted.
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5.2.2.4.2 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.

‘ tL* (VSA+VBP+VACT+VFP) o
‘tL‘AtL‘ AtL‘AtL‘ ‘tL‘ ‘tl_‘ ‘tL“tL‘
N N N N N (YN
B
VIBL|H|BL|___[V|BL|H|BL|___|H|[BL Active Video Area H|BL|_ _ _|H|BL|H L:;
S|LP|S|LP E|LP|S|LP S |LP S |LP SLPS'F-’M
\— NI I N N \A
VSA Lines VBP Lines VFP Lines
- N
- AN
- AN
- N
- N
- N
- N
- N
’/’ N
tL tHsA tHeP tHACT tHFP
- - € <> -
H H H H
g S : B RGB HFP [ —————- g S E B RGB HFP
A P A P
VACT. Lines

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

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

This mode is a simplification of the format described in section 5.2.2.4.2 “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.

- tL* (VSA+VBP+VACT+VFP) .
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
N N i N\ N (Y
B
VIBL|H|BL|__ _|H|BL|H|BL|_ __|H|BL Active Video Area H{BL|_ _ |H|BL|H|L t \%
S|LP|[S|LP S|LP|[S|LP S| LP S| LP SLPS'F-,MS
— N N — A
VSA Lines VBP Lines VFEP Lines
- N\
- N
- N
- N
- N
- N
- N
- N
_ - N
L tHBP tHACT tHEP
H H H H
B RGB HFP | —————- B RGB HFP
S S
P P
VACT Lines

DSIVideo Mode Interface Timing: Non-burst Transmission

As with the previous Non-Burst.Mode, if there is sufficient time to transition from HS to LP mode and back again,
a timed interval in LP mode -may-substitute for a Blanking Packet, thus saving power.
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5.2.2.4.4 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.

P tL* (VSA+VBP+VACT+VFP) L
‘tL“tL‘ ‘tL“tL‘ ‘tL‘ ‘tL‘ ‘tL“tL‘
N N i N\ N (Y
B
VIBL|H|BL|__ |H|BL|H|BL|_ _ |H|[BL Active Video Area H|BL| _.[H|BL|H]|L :5 \%
S|LP|[S|LP S|LP|[S|LP S| LP S| LP SLPS'F;MS
— N N P~ \ W \ W | R\ N T A
VSA Lines VBP Lines VFP Lines
- N
- N
- AN
- N
- N
- N
- N
- ~
_ - N
t tHBP \tHACT tHrP
H H H H
B | RGB BLLP HFP | =—===- B [ RGB BLLP HFP
S S
P P
VACT Lines

DSl 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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5.2.2.4.5 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

Svmbol Parameter Condition Min Tvp Max Units
BRPHY Bit rate total on all Lanes WXGA 250 - 850 Mbps
tL Line time WXGA - 12.8, Notel - us
tHBP Horizontal back porch WXGA 0.44 - - us
tHACT Time for image data 4 data lanes 5.65 - 19.2 us
HACT Active pixels per line WXGA - 800 - pixels
tHEP Horizontal front porch - 0.65 - - us
VSA Vertical sync active - 1 - - H
VBP Vertical back porch - Note2 - - H
VACT Active lines per frame WXGA - 1280 - H
VFP Vertical front porch - 6 - - H

Notel: Frame rate (Typ)=60Hz.
Note2: VBP (min) value are dependent on GOA timing.
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Svmbol Parameter Condition Min Tvp Max Units
BRPHY Bit rate total on all Lanes WOXGA 250 - 1000 Mbps
L Line time WOXGA - 6.1, Notel - us
Horizontal back porch 0.44,
tHBP WQXGA Note3 - - HS
. . WQXGA
tHACT Time for image data (8 data lanes) 4.0, - 19.2 VS
HACT Active pixels per line WOXGA - 1600 - pixels
Horizontal front porch 0.65,
tHFP i Note3 i i Hs
VSA Vertical sync active - 1 - - H
VBP Vertical back porch - Note?2 - - H
VACT Active lines per frame WOXGA - 2560 - H
VFP Vertical front porch - 6 - - H
tDSK1 Two port data skew 1 1 Pixel
tDSK2 Two port data skew 2 1 Pixel
tCSK Two port command skew 1 H

Notel: Frame rate (Typ)=60Hz.

Note2: VBP (min) value are dependent on GOA timing.

Note3: tHBP and tHFP for Z-inversion cascade type(8 data lanes) need consider the panel
interface link time also need reference 8.2.4 Cascade Z-inversion Horizontal timing/limitation

Data skew (A delay B)
tDSK1 Data skew (B delay.A)
Port-A ! v Port-A I
Masteér. ' 5 L
( ) HEP[Pixel data[ HFP] HEPTPel data] PP v (Master) HBP [ Pixel data| HFP | HBP [Pixel atal FFP] ......
1 | A A
H-sync L Freyne i H-sync
. tikdync |1 tDSK2 y
1 | v
! L L
_:XHBPlPier data!HFP HBP|Pixel data] HFP | s+« \[HBP]Pixel data] HFP [ HBPPixel data] HFP | ««-++----
A A I A
H-sync H-sync H-sync H-sync
ItCSK
1
! 1
! 1
! 1
Port-A [ VS [Pixel data [ HE] Command [ VP Vs]| ...
¥ '
[ |
V-sync i V-sync
! 1
1
1 [ vs [Pixel data | HE | Command | VFP [[VS ] weeeeenee
1 \ 4
1
V-sync V-sync
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5.2.3 System Power-Up and Initialization

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

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

VDDI /

VCI
(VDDA/VDDR/VDDB) :. tResw i
RESX

MVDDA /

]
1
d
Rx State Machine Active
1
]

L

!
UNT_sLAVE ! UNTERNAL.DELAY |
g }

T T .

DSI-CLK+ < finr aster ;i\_r\_r\_r\_r\mu-\_r\_r\_rl_r\_r\_r\_r\_r\_r\_
)
DSI-CLK- \—I‘I_I'\_I‘LI'\_I‘I_I‘LI'U‘LI'\_I‘\_I‘LI'\_I‘LI'\_I‘\_I‘\_
DSI-DO+
DSI-DO-
(tin_masTER) >= (tresw + tiniT_stave + tNTERNAL DELAY)
Symbol Parameter Min Typ Max Units
UniT_masTER MIPI Tx initialize time 5 - - msS
tresw Reset “L” pulse width Note - - uS
tiniT_sLave MIPI Rx initialize time 4 - - mS
UNTERNAL_DELAY Internal delay time. 500 - - uS

Note: See “Reset Input Timing” (refer to section 7.3)

6/3/2014 104 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such

information.



¢ NG®VATEK PRELIMINARY NT35523

5.3 Interface Pause
It is possible when transferring a Command, Multiple Parameter Data to invoke a pause in the data transmission.

This applies to the following 4 conditions:

1) Command-Pause-Command

2) Command-Pause-Parameter

3) Parameter-Pause-Command

4) Parameter-Pause-Parameter

MIPI Interface Pause

Pause can be done on DSI between Packets when they are sent to same or different receiver (Virtual Channel
(VQ)) e.g.

1) Same receiver: Packet 1 (VC=00) => Packet 2 (VC=00) => Packet 3 (VC=00) => ...

2) Different receiver: Packet 1 (VC=00) => Packet 2 (VC=00) => Packet 3 (VC=00) => ...

The means that “=>" symbol means a pause on DSI.
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5.4 Data Transfer Break and Recovery
Display data transfer break is illustrated for reference purposes below.
Without break

A
A
Y

Command 1 Parameter 1 Parameter 2 Parameter 3

With break (See and check also exceptions*)

A
AA

Y

Command 1 Parameter 1 ! Parameter 2 ----- > Parameter 3

The old value is kept
on the register

on the register

on theregister

1 ]
1 ]
] ]
The old value is kept | \" The old value-is kept
1 ]
1 ]
1 1

Break _| Parameter
Command-2 for

Command 2

Break can be e.g. another command or noise pulse.

Fig. 5.4.1 Break-during Parameter

*) See also an exception on section “6.1 User Command Set” and Note 2.

The\MCU can'create a break condition.when'it is-forcing-DSI| data lanes in the LP-11 mode

The NT35523 stops to control’DS| data lanes'(change from a transmitter mode to a received mode) if it was
controlling-DSI data lanes as a transmitter when the MCU is forcing DSI data lanes in the LP-11.

The break condition can be done any time when the MCU or the driver IC is controlling DSI data lanes e.g. the
driver IC is sending data\to the MCU.
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5.5 Tearing Effect Information

5.5.1 Tearing Effect Output Line

The Tearing Effect output line supplies to the MPU a Panel synchronization signal. This signal can be enabled or
disabled by the Tearing Effect Line Off & On commands. The mode of the Tearing Effect signal is defined by the
parameter of the Tearing Effect Line On command. The signal can be used by the MPU to synchronize Frame
Memory Writing when displaying video images.

5.5.1.1 Tearing Effect Line Modes

Mode 1, the Tearing Effect Output signal consists of V-Blanking Information only:

tval

Vertical time Scale

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 below)

Mode 2, the Tearing Effect Output signal consists/of V-Blanking'and H-Blanking Information,there is one V-sync
and 1280 H-sync pulses per field.

that | [ thdn
V-Sync) _Z ] A S_ | ﬁ _f _\ | V-Sync
/ (N e ol R G \
lnal_isiblt 1% Line 2MLine 1279" Line 1280" Line
ne

thdh.='TheLCD display is'not updated from'the Frame Memory
thdl = The LCD display.is-updated from the Frame Memory (except Invisible Line — see above)

Mode 3, this mode turn on the Tearing Effect Output signal at line N after Vsync.

- Displayed Line + Porch Line >
N=0 tvdh
N™line after Vsync
Mode 1 4 Mode 1
_/ TE TE
» N[15:0
N=1 tydn

Only one pulse tvdh is present at N-th line after Vsync

N = The N-th line, which set by register N[15:0] of command STESL (44h), after Vsync
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The TE mode selection is described as below table

TEOFF (34h)
DOPCTR (B1h) TEON (35h) STESL (44h) TE Output
DSITE M N[15:0]
0 X X TE off (output low)
1 34h X TE off (output low)
1 35h with M=0 N[15:0]=0 TE high in V-porch region (Mode 1)
1 35h with M=0 N[15:0]#0 TE high at N-th line after Vsync (Mode 3)
1 35h with M=1 X TE high in all V-porch and H-porch region (Mode 2)
Vsync |_|
Bottom Line | |
( I
| .
: []
Porch Line | |_|
I
: [ 1
\ I <
[ | \"
\ | | ||_|
Top Line I I V[
{ }
2 Line | | | M
I
TE(Mode 2) ” | ” ” " " ” ” ” " " " ” ”
:grl—fEfi?;ﬁE?neé are insidé the V-Blanking l
1
TE(Mode 1) )
> tvah | _
[< >
I N[15:0]
>
TE(Mode 3) |
N:]' For reference, I
no H-Blanking are inside the V-Blanking
| tyah |
" T

Notes:

1. During Sleep In Mode, the Tearing Output Pin is active Low.

2. N < Displayed line+Porch line. Porch line = VBPDA/B/C[7:0]+VFPDA/B/C[7:0]
tvdh = width of porch line when N < Displayed line.
tvdh = width of (Displayed line+Porch line-N) when N > Displayed line (falling edge of TE fixed at next Vsync).
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5.6 Power On/Off Sequence

When there is VCI input power:
VDDI and VCI (VDDA/VDDR/VDDB) can be applied in any order (tonl).
When there is no VCI input power:
VCI (VDDA/VDDR/VDDB) and VDDI can be powered down in any order (toffl).
VDDI must be applied in advance of AVDD (VDDA/VDDR/VDDB/AVDD) or at the same time (ton2).
AVDD (VDDA/VDDR/VDDB/AVDD) must be powered down in advance of VDDI or at the same time (toff2).
Notes:
1. There will be no damage to the display module if the power sequences are not met.
2. There will be no abnormal visible effects on the display panel during the Power On/Off Sequences.
3. There will be no abnormal visible effects on the display between end of Power On Sequence.and before
receiving Sleep Out command. Also between receiving Sleep In command and Power Off Sequence.
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5.6.1 Power On Sequence

If RESX line is held High or unstable by the host during Power On, then a Hardware Reset must be applied after
both VCI and VDDI have been applied — otherwise correct functionality is not guaranteed. There is no timing
restriction upon this hardware reset.

If RESX line is held Low (and stable) by the host during Power On, then the RESX must be held low for minimum
10usec after both VCI and VDDI have been applied.

The power on sequence for different power input modes are shown below figures.

Symbol - Value Unit Remark
Min. Typ. Max.
tonl - no limit - ms
ton2 0 - - ms
ton3 0 - - ms
ton4 0 - - ms
t2 - - 2 ms
t4 15 - - ms
t5 20 - = ms OTP Reload time.
t6 0 - t4 ms
t7 10 - - us
t8 6 - / VS Keep data.more than 6 frames (VS)
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2 Input power (BTM[1:0]="01"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V

 tonl
90%.
VDDI
10%.
2l
VDDA, 0%
VDDR,VDDB 0%
Time when the later signal rises up to 90% of its typical value.
E.g. When VCI come later, this time is defined the cross point of
90% of 3.3V (typical).
P t4 R -
< o < >
RESX
_ P T |
” 16 h |7
> \ Video Packet

signal stabilization time " Sleep-0ut
Initial'code (CMD 11h) LED ON

< .

Backlight /

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

Note 2: This power-on-sequence is based on adding schottky diode on VGLX pin to ground .
Note 3: Reset signal H to L to H (#1) is better than only L to H (#2).
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- 3 Input power (BTM[1:0]="00" or “10"):
VDDI=1.65~3.6V, AVYDD=VDDR=VDDB(=VDDA)=4.5~6.3V, AVEE=-4.5~-6.3V

P tonz“tona‘
90%, b il
VDDI
e
AVDD,(VDDA) 2] e
VDDR,VDDB —_/

0%
AVEE \ a0

% Time when the later signal rises up-to 90% of its typical value.

E.g. When VCI come later, this time is defined the crass point of
90% of 5.5V or -5.5V (typical).

A
A

A
A4

|

RESX

#2

A4
A

»
»

A

Video Packet

signal stabilization time -
2 T Initial code TSIeep Out TLED ON

(CMD 11h)

< .

Backlight /

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

Note 2: This power-on sequence is based on adding schottky diode on VGLX pin to ground .
Note 3: Reset signal H to L to H (#1) is better than only L to H (#2).
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- 4 Input power (BTM[1:0]="011"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V, AVDD=4.5~6.3V, AVEE=-4.5~-6.3V

_ tonl  ton2 ton3
90%,
VvDDI
10%,
<«
2 90%
VDDA,
VDDR,VDDB __
90%

AVDD

10%,

AVEE K w0t

Time when the later signal rises \up-t0.-90% of its typical value.
E.g. When VCl-.come later, this time is defined the cross point of
90% of 3.3V, 5.5V or,-5.0V (typical).

t4 t5
#1

A
A4
A
A4

RESX

#2

A 4
A

Y
A

Video Packet

A

signal stabilization time ;
e T Initial code TSIeep out TLED ON

(CMD 11h)

< .

Backlight /

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

Note 2: This power-on sequence is based on adding schottky diode on VGLX pin to ground .
Note 3: Reset signal H to L to H (#1) is better than only L to H (#2).
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- 5 Input power (BTM[1:0]="00" or "10"):
VDDI=1.65~3.6V, AVDD=VDDR=VDDB(=VDDA)=4.5~6.3V, AVEE=-4.5~-6.3V, VGH=7~21V, VGLX=-7~-18V

 ton2 , ton3  ton4
90%.
VDDI
10%.
©2 <
AVDD,(VDDA) o0
VDDR,VDDB 10%
90%,
VGH
10%,
10%
VGLX
90%
10%
AVEE
90%

Time when the later signal rises up to 90% Ofiits typical value.

E.g. When VCI come later, this time is defined the cross point of

90% of 5.5V, -5.5, +15V or -15V.(typical).

_ 14 - _ 15
< > < >
RESX
N R
” 6 N R
» < Video Packet

MIPI //\ MIPLP-11 . _

signal stabilization time iti -
[¢] Initial code Sleep-Out LED ON
(CP4,CP5 off) (CMD 11h)

Backlight /

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

Note 2: This power-on sequence is based on adding schottky diode on VGLX pin to ground .
Note 3: Reset signal H to L to H (#1) is better than only L to H (#2).

Note 4: Keep VGH is equal to or larger than AVDD during power on sequence.
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- 6 Input power (BTM[2:0]="11"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V,
AVDD=4.5~6.3V, AVEE=-4.5~-6.3V, VGH=7~21V, VGLX=-7~-18V

 tonl _ton2, ton3 | tond
90%,
VDDI
10%.
<«
2 90%
VDDA,
VDDR,VDDB ____ %
90%,
AVDD
90%,
VGH o
10%
VGLX -~
10%
AVEE
90%
Time when the later signal rises up.to 90% of its typical'value.
E.g. When VCI cgme later, this time is.defined the cross point of
90% of-3.3V, 5,5V, -5.5, +15V or -15V (typical).
P t4 D t5 N
i
RESX il
#2
\ t6 N |7
> Video Packet
signal stabilization time T '("cigi‘,'éggiff) T(SC‘?;D,J_%#) TLED on
!
Backlight /
Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
Note 2: This power-on sequence is based on adding schottky diode on VGLX pin to ground .
Note 3: Reset signal H to L to H (#1) is better than only L to H (#2).
Note 4: Keep VGH is equal to or larger than AVDD during power on sequence.
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5.6.2 Power Off Sequence

The power off sequence for different power input modes are shown below figures.

Symbol - Value Unit Remark
Min. Typ. Max.
tofl - no limit - ms
tof2 0 - - ms
tof3 0 - - ms
tof4 0 - - ms
t12 0 - - ms
113 0 - - ms
t14 0 - - ms
t15 100 ms
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- 2 Input power (BTM[2:0]="01"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V

tofl
< »

90%

VDDI AN

VDDA, 0%
VDDR,VDDB 10%
Time when the former signal falls down to 90% of its typical value.
E.g. When VCI falls earlier, this time is defined the cross point of
90% of 3.3V (typical).

112

Y
A

RESX

t13

A
4

Video packet

MIPI
MIPI: LP-00-(ULPM)

Sleep-In
T LED Off T(CMD 10h)
t14 115
Backlight \

D E——
Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
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- 3 Input power (BTM[1:0]="00" or “10"):
VDDI=1.65~3.6V, AVDD=VDDR=VDDB(=VDDA)=4.5~6.3V, AVEE=-4.5~-6.3V

tof3 tof2
<> >

A

90%

VDDI

10%
AVDD,(VDDA)

VDDR,VDDB \m_
AVEE 4

Time when the former signal falls down to 90% of its typical.value.
E.g. When VCI falls earlier, this time is defined the cross point of
90% of 5.5V or -5.5V (typical).

t12

\ 4
A

RESX

13

A
Y

Video packet

MIPI
MIPI: LP-00 (ULPM)

Sleep-In
T LED Off T(CMD 10h)

t14 t15
Backlight \

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
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- 4 Input power (BTM[1:0]="11"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V, AVDD=4.5~6.3V, AVEE=-4.5~-6.3V

_tof3  tof2 _ tofl
€< >

90%

VDDI N
VDDA, 0%
VDDR,VDDB \M_

90%

AVDD

10%.
AVEE o0% /

Time when the former signal falls.down to 90% of its typical value.
E.g. When VCI falls earlier, this'timeis defined the cross point of
90% of 3.3V, 5.5V or <5:5V (typical).

10%

t12
<

Y
A

RESX

t13

A
A 4

Video packet

MIPI
MIPI: LP-00 (ULPM)

LED Off Sleep-In
(CMD 10h)

t14 t15
Backlight \

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
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- 5 Input power (BTM[1:0]="00" or "10"):
VDDI=1.65~3.6V, AVDD=VDDR=VDDB(=VDDA)=4.5~6.3V, AVEE=-4.5~-6.3V, VGH=7~21V, VGLX=-7~-18V

6/3/2014

_Jof4 | jof3 | tof2

VDDI

AVDD, (VDDA)
VDDR, VDDB

0%
%0%

VGH

VGLX

N
e

10%

90%

AVEE

90%

Time when the former signal falls down to 90% of its typical value.
E.g. When VCI falls earlier, this time is defined the cross point of
90% of 5.5V, -5.5V, +15V or -15V (typical).

t12

;

113

RESX

Video packet

MIPI

MIPI: LP-00 (ULPM)

Sleep-In
TLED off T(CMD 10n)

t14 t15

Backlight \

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

Note 2: Keep VGH is equal to or larger than AVDD during power off sequence.
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- 6 Input power (BTM[1:0]=" 11"):
VDDI=1.65~3.6V, VDDA=VDDR=VDDB=2.5~4.8V,
AVDD=4.5~6.3V, AVEE=-4.5~-6.3V, VGH=7~21V, VGLX=-7~-18V

_tofd tof3 | tof2

< > <ﬂl,‘
VDDI 90%

(VDDA) &
VDDR, VDDB 15

10%

90%

AVDD

90%

VGH

10%

VGLX

90%

AVEE

90%

E.g. When VCI falls earlier, this time is defined the cross point of
90% of 5.5V, -5.5V, +15V or -15V (typical).

Time when the former signal falls down to 90%of its typical value. %

13
t12

RESX

Video packet

MIPI: LP-00 (ULPM)

Sleep-In
T LED Off T(CMD 100)

Backlight \

Note 1: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

t14 t15

Note 2: Keep VGH is equal to or larger than AVDD during power off sequence.
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5.6.3 Uncontrolled Power Off

The uncontrolled power off means a situation when e.g. there is removed a battery without the controlled power
off sequence. There will not be any damages for the display module or the display module will not cause any
damages for the host or lines of the interface. At an uncontrolled power off the display will go blank and there will
not be any visible effects within 1 second on the display (blank display) and remains blank until “Power On
Sequence” powers it up.
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5.7 Power Level Modes

5.7.1 Definition
5 level modes are defined they are in order of maximum power consumption to minimum power consumption:

1. Normal Mode On (full display), Idle Mode Off, Sleep Out.
In this mode, the display is able to show maximum 16.7M colors.

2. Normal Mode On (full display), Idle Mode On, Sleep Out.
In this mode, the full display is used but with 8 colors.

3. Sleep In Mode.
In this mode, the DC/DC converter, internal oscillator and panel driver circuit are stopped. Only the MPU
interface and registers are working with VDDI power supply. Contents of the frame memory _can be safe or
random.

4. Power Off Mode
In this mode, VDDI and VDDA/VDDR/VDDB are removed.

Note: Transition between mode 1~3 is controllable by MPU commands.-Mode 4.is ‘entered for power saving with
both power supplies for /O and analog circuits and can be exited by hardware reset only (RESX=L). Mode 5 is
entered only when both power supplies for I/O and analog circuits are removed.
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5.7.2 Power Level Mode Flow Chart

Commands:

Normal display mode on = NORON

Idle mode off = IDMOFF Power on sequence
Idle mode on = IDMON H/W reset
Sleep out = SLPOUT S/W reset
Sleep in = SLPIN

|
|
| \ /
SLPIN |
Sleep out > Sleep in
Normal display mode on : Normal display mode on
Idle mode off SLPOUT Idle mode off
|
A I A
IDMON IDMOFF L IDMON IDMOFRF
|
|
SLPIN |
Sleep out ] > Sleep in
Normal display mode on | Normal display-mode on
Idle mode on - SLPOUT : Idle'mode on
|
| .
Sleep.out "1 Sleep in
|
|

Notes:

1) There is not any abnormal visual-effect when-there is changing from'one power mode to another power mode.

2) There-is:not.any limitation, which is not.specified-by this spec,-when there is changing from one power mode to
another power.mode
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The following table represents the Registers its mode state.

: Control
Mode Register
Enter Exit
Sleep in mode Keep Command
Reset=L Keep Reset (H/W)
(Default Value)
The condition for irregular power off mode is shown below.
Power Off Mode VCI VDDI RESX 1/0
Mode 1 ON OFF High or Low Low
Note: VCI means VDDA, VDDR and VDDB.
Power Off Condition
VCI ON VCION
VDDI ON VDDI'\OFF
If'VDDI turned ‘off
Sleep-In Mode Power-OFF Model
If VDDI turned on
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5.8 Reset function
5.8.1 Register Default Value
Table 5.8.1 Default Values for User Command Set
ltem After After After
Power On Hardware Reset Software Reset
RDNUMED (05h) 00h 00h 00h
First pixel (06h, 07h, 08h) 00h 00h 00h
RDDPM (0Ah) 08h 08h 08h
RDDMADCTR (0Bh) 00h 00h 00h
RDDCOLMOD (0Ch) 70h 70h 70h
RDDIM (0Dh) 00h 00h 00h
RDDSM (0OEh) 00h 00h 00h
RDDSDR (0Fh) 00h 00h 00h
Sleep In/Out (10h/11h) In In In
Normal/All Pixel Off/On (13h/22h/23h) Normal Normal Normal
Display Inversion On/Off (21h/20h) Off Off Off
All Pixel On/Off (23h/22h) Off Off Off
Gamma setting (26h) 01h (GCO0) 01h\(GCO) 01h (GCO)
Display On/Off (29h/28h) Off Off Off
Tearing: On/Off (35h/34h) Off Off Off
Idle Mode On/Off (38h/39h) Off Off Off
Interface Pixel Color Format (3Ah) 70h 70h 70h
Set\Tearing Effect Scan Line (44h) 0000h 0000h 0000h
Get'Scan Line (45h) N/A N/A N/A
Display Brightness (51h, 52h) 00h 00h 00h
CTRL Display (53h, 54h) 00h 00h 00h
CABC Control (55h, 56h) 00h 00h 00h
Minimum Brightness (5Eh, 5Fh) 00h 00h 00h
panel Color (70h~7Eh) After MTP MTP Value MTP Value MTP Value
Before MTP 00h 00h 00h
DDB Start/Continue After MTP MTP Value MTP Value MTP Value
(Alh, A8h) Before MTP 00h 00h 00h
First/Continue checksum (AAh, AFh) 00h 00h 00h
Checksum (ADh) 00h 00h 00h
ID1 (04h, DAh) After MTP MTP Value MTP Value MTP Value
ID2 (04h, DBh) ID1 ="00h" ID1 ="00h" ID1 ="00h"
ID3 (04h, DCh) Before MTP ID2 =“80h” ID2 =“80h” ID2 =“80h”
ID3 = “00h” ID3 =“00h” ID3 =“00h”
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5.8.2 Output or I/O Pins

Output pins

After Power On

After Hardware Reset

After Software Reset

HSSI_DATAO_P,
HSSI_DATAO N

High-Z (Inactive)

High-Z (Inactive)

High-Z (Inactive)

TE, TE1 (GPOn)

VSSI

VSSI

VSSI

LEDPWM (GPOn)

VSSI

VSSI

VSSI

Source Driver Output

High-Z (Inactive)

High-Z (Inactive)

High-Z (Inactive)

Note: There will be no output from TE, LEDPWM, HISS_CLK_P/N and HSSI_DATAnN_P/N during Power On/Off
sequences, H/'W Reset and S/W Reset.

5.8.3 Input Pins

During After Power After After During
Input pins Power On Hardware Software Power Off
On
Process Reset Reset Process
RESX See 520“0” Input Valid | nput Valid\ \|. input vaiid | S 520“0”
HSSI_CLK_P, . : . . .
HSSI CLK N Input Invalid Input Valid Input'Valid InputValid Input Invalid
HSSI_DATAO_P, . . . . .
HSSI DATAO N Input Invalid Input Valid Input Valid Input, Valid Input Invalid
HSSI_DATA1_P; . . : . .
HSSI DATAL N Input Invalid Input Valid Input Valid Input Valid Input Invalid
HSSI_DATA2.P, . . . . .
HSSI DATAZ N Input Invalid Input\Valid Input Valid Input Valid Input Invalid
HSSI_DATA3_P, . . . . .
HSS] DATA3 N Input Invalid Input Valid Input Valid Input Valid Input Invalid
Note: “Input Valid” means.LP-Rx without instructions of the MCU.
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5.9 Sleep Out-Command and Self-Diagnhostic Functions of the Display Module

5.9.1 Register loading Detection

Sleep Out-command (See “Sleep Out (11h)") is a trigger for an internal function of the display module, which
indicates, if the display module loading function of factory default values from EEPROM (or similar device) to
registers of the display controller is working properly.

There are compared factory values of the EEPROM and register values of the display controller by the display
controller (1% step: Compares register and EEPROM values, 2" step: Loads EEPROM value to register). If those
both values (EEPROM and register values) are same, there is inverted (=increased by 1) a bit, which is defined in
command “Read Display Self-Diagnostic Result (OFh)” (=RDDSDR) (The used bit of these commands is D7). If
those both values are not same, this bit (D7) is not inverted (= not increased by 1) and the used TE-line is set to
low (Registers, what are set by “Tearing Effect Line On (35h)” command, are keeping their current.values) when it
can be reactivated by “Tearing Effect Line On (35h)” command.

The flow chart for this internal function is following:

Power On Sequence

H/W reset
SPLIN (10h) S/W reset
A
A\ 4 l
p-( Sleep Out Mode Sleep In Mode |«
RDDSDR's D7="0"
\ 4 v
SPLOUT (11h)
A4
Load values from Compares EEPROM and
EEPROM toregister register values

A A

Are EEPROM and
register values same?

D7 inverted

v

Note: There is not compared and loaded register values, which can be changed by user (00h to AFh and DAh to
DCh), by the display module.
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5.9.2 Functionality Detection

Sleep Out-command (See “Sleep Out (11h)") is a trigger for an internal function of the display module, which
indicates, if the display module is still running and meets functionality requirements.

The internal function (= the display controller) is comparing, if the display module is still meeting functionality
requirements (e.g. booster voltage levels, timings, etc.). If functionality requirement is met, there is inverted (=
increased by 1) a bit, which defined in command “Read Display Self- Diagnostic Result (OFh)” (= RDDSDR) (The
used bit of these commands is D6). If functionality requirement is not same, this bit (D6) is not inverted (= not
increased by 1).

The flow chart for this internal function is following:

Power On Sequence

H/W reset
SPLIN (10h) S/W reset
7}
' v
»  Sleep Out Mode Sleep In Mode <
RDDSDR's D6="0"
v A

SPLOUT.(11h)

A 4

Check timing, voltage levels
and other functionalities

Is functionalitiy
requirement met?

D6 inverted

A 4 y

Note: There is needed 120msec after Sleep Out -command, when there is changing from Sleep In —mode to
Sleep Out -mode, before there is possible to check if functionality requirements are met and a value of
RDDSDR’s D6 is valid. Otherwise, there is 5msec delay for D6’'s value, when Sleep Out —command is sent in
Sleep Out -mode.
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5.10 Gamma Function

The structure of grayscale amplifier is shown as below. The 26 voltage levels between VGMP and VGSP are
determined by the gradient adjustment register, the reference adjustment register, the amplitude adjustment
resister and the micro-adjustment register.

VGMP
(VGMN)
102410 1
vo
VO
R 102410 1
i v1
V1
R 102410 1
= v3
V2
102410 1
>- V5
102410 1
>- V7
V254 102410 1
! Vi1
V255 1024t0 1
. vi5
V256 1024to'1
. ves
i v257 1024 to.1
va1

1024to 1
V0~V1023

<
SN
~

1024t0 1
V0~V1023

\/
<
o)
@

i V510 102410 1
L V0-V1023

V511 1024t0 1
V0~V1023

\/

Rx1023
V512 1024t0 1
V0-v1023

i v513 1024t0 1
V0~V1023 V160

)
\/
<
©
o

\/

< <
[
NN
o

!!

1024to 1
V0~V1023 V 1 92

1024t0 1
V0~V1023

\/

i v766 102410 1
L V0-v1023

\/

V767 1024to 1
V0~V1023

V768 1024t0 1
V0~V1023

Y
NV V
< < < < <
N N N N D
5 5 W N O
E & N & @

!!

i V769 1024to0 1
H V0~-V1023

1024to 1
voviozs V248

1024t0 1
V0~V1023

250

\/
<

i V1021 102410 1
! V0-v1023

\/

V1022 1024t0 1
V0~Vv1023

V1023 1024t0 1
V0~V1023

Py

NV V

< < <
NONON
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5.11 Basic Display Mode

The NT35523 has some basic operation modes which are Normal Display Mode, Idle Mode, All Pixel On and All
pixel Off for panel display. User can change these display modes for each other is illustrated below.

Normal Display Mode | All Pixel On
|
NORON | ALLPON _ ALLPON
— | Normal display mode on t All pixel on %
Idle mode off ! Idle mode off
NORON:
A !
Idle Off
dle O IDMOFF : IDMOFF
IDMON ! IDMON
: Idle On
NORON _ : ALLPON _ ALLPON
P Nomal display mode on 1 All pixel on -+
Idle mode on } Idle mode on
NORON |
|
|
|
—e e e e ] - = = L ey W I —— TR R e E—
ALLPOFF _ ALLPOFF
L All 'pixeloff .
Idle mode on
A
-l Idle On
IDMOFF
Idle Off
ALLPOFF ~—~ALLPOFF
All pixel off -«
Idle mode off
All Pixel Off
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5.12 Instruction Setting Sequence

When setting instruction to the NT35523, the sequences shown in below figures must be followed to complete the
instruction setting.

5.12.1 Sleep In/Out Sequence

Sleep Mode Sequence

Display Off Sequence

!

Sleep In Command (SLPIN 10h)
. J

¢ Delay 120ms or more

( )
Sleep Out Command (SLPOUT 11h)
. /

¢ Delay 120ms or more

Display On Sequence
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5.13.1 Initializing with the Built-in Power Supply Circuits

[ Initializing Start (Power ON) J

A\

H/W Reset

» Power Input: GND, VDDI, VCI (VDDA/VDDR/VDDB)
Wait until Power Stabilization

«RESX="L"
Wait for more than 10us
*RESX="H"

A4

Display Environment-Set (If not\used, can be skipped)

< INVON / INVOFF (Display. Inversion //Normal Set)
* The Initial Setting\for Display (if necessary)

A 4

Power Supply-Set

* MIPI: Turn On Peripheral Command

A 4

Display Data Write & Display On

« Display Data Write (MIP1 Video Stream Packet)
e Turn On LED Backlight

A 4

[ Initializing End J

Fig. 5.13.1 Initializing with the built-in power supply circuit
Note: This figure is shown about initialization flow. Please see Section 5.6.1 for the detail of Power On Sequence.
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5.13.2 Power OFF Sequence

[ Power OFF Start (Without H/W Reset) ]

* Turn Off LED Backlight
* MIPI: Shutdown Peripheral Command

Wait 4 frames or more

« Stop the Power Supply: VDDI and VCI Stop

A 4

[ Power OFF End ]
[ Power OFF Start (With H/W Reset) }
Y
* RESX="1L"
Wait for-more than 10us
* RESX="H"

v
« Stop the Power Supply: VDDI and VCI Stop

Y
[ Power OFF End ]

Fig. 5.13.2 Power off sequence
Note: This figure is shown about power off flow. Please see Section 5.6.2 for the detail of Power Off Sequence.
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5.14 MTP Write Sequence(internal power) @

Power on and normal display

v

Sleep out.11h

MTP was

programm

No
Check mtp stus[7:01=0 Pagel.EFh N

Adjust MTP register to optimal

Enable VRHE_REG

I Internal MTP : Pagel CAh
oo A ! 7
Pagel EAh
1. Mtp_posel=1, 2. MTP_EN=1,
(EAh,87h,78h,03H)

v

Wait 100ms

v
Enable MTP_EN, Pagel EDh
v
Enable MTP_PRG, Pagel EEh,A5h,5Ah,3ch
v
Wait 500ms

v

Disable MTP_EN, Pagel OxEDh

v

Sleep in CMD1 0x10h
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Power on and normal display

v

MTP Write Sequence(external power)

Sleep out, 11h

MTP was

programm

Adjust MTP register to optimal

A A

! ! Pagel EAh
L ______ ! MTP EN=1 (EAh,87h,78h,01H)
v

Wait 100ms

v

Connect to7.75v

A

v

Enable MTP_EN, Pagel EDh

Check mtp_det Pagel ECh

Enable MTP_PRG, Pagel EEh,A5h,5Ah,3ch
v
Wait 500ms

v

Disable MTP_EN, Pagel EDh

A 4

Sleep in 10h
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5.15 Column, 1-Dot, 2-Dot, 3-Dot, 4-Dot and Z Inversion (VCOM DC Drive)

The NT35523, in addition to the frame-inversion liquid crystal drive, supports the column, 1-dot, 2-dot, 3-dot, 4-dot
and Z inversion driving methods to invert the polarity of liquid crystal. The column, 1-dot, 2-dot, 3-dot, 4-dot and Z
inversion can provide a solution for improving display quality.

In determining the inversion drive for the inversion cycle, check the quality of display on the liquid crystal panel.
Note that setting 1-dot inversion will raise the frequency of the liquid crystal polarity inversion and increase the
charging/discharging current on liquid crystal cells.
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5.16 Dynamic Backlight Control Function

The NT35523 embedded Content Adaptive Brightness Control (CABC) function. This function is used to generate
a proper PWM signal based on internal CABC algorithm. User could apply this PWM signal to control other
device(s) (Such as power IC or LED driver IC). When the CABC function is enabled and cooperate with external
circuits (such as LED driver circuit), the power consumption of backlight will be reduced with keeping acceptable
display quality.

The CABC function of NT35523 is used to reduce the power consumption of display backlight. Contents
adaptation means that the average gray level scale of image contents is increased while simultaneously lowering
brightness of the backlight to achieve same perceived brightness. The adjusted gray level scale and thus power
consumption reduction depends on the contents of the image. The display image and brightness are dynamically
processed by CABC 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 NT35523 internally uses NOVATEK dynamic gamma algorithm to produce-an, optimal\backlight
control based on different image contents.

It is also available to control the brightness by adjusting PWM duty manually:in‘NT35523: So,combined the CABC
with manual setting processed results, the display output brightness is:

Display Backlight Brightness = Manual Setting Ratio x CABC Brightness Ratio
Table 5.16.1 Display Brightness Output When-CABC Function are Enable

E I Brightness Output Image
xample Brightness Ratio Brightness Ratio
: . Calculation Result of LEDPWM Status
((YEQUED) (CABC)

Example 1 70% 50% 35% 35% -
Modified
CABC
Example 2 80% 100% 80% 80% -
Modified
CABC
Example 3 50% 30% 15% 15% -
Modified
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One of ABC applications is simply illustrated in the Fig. 5.16.1. This application is used to dynamic control the
backlight power consumption. The LEDPWM is an output-type pin which can output a PWM signal to control the
display backlight brightness. The PWM duty cycle of “LEDPWM" is determined by CABC and manual setting
processed results. The external LED driver ICs are necessary in order to transfer the PWM signal into driving
power for LED backlight.

NVT ABC Block

[— - 1
I Dynamic Backlight Control Block I S
I ( CABC + Manual Control ) |

Image
I Histogram !. I NGVATEK
I Analysis |
| PWM Duty Generation I
| ' 555
______ Er

LED Backlight for Display

LED Driver *

( For Display Backlight)

Fig. 5.16.1 One Application of ABC Dynamic Backlight Brightness Control
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5.16.1 PWM Control Architecture

The below diagram illustrates the PWM duty combination architecture and its corresponding control registers for
LED backlight control.
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Fig. 5.16.2 Internal Display Backlight Control Combined with CABC

6/3/2014 140 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



¢ NG®VATEK PRELIMINARY NT35523

As shown in Fig. 5.16.2, the register bit “BL” is used to control the “LEDPWM” pin to output PWM signal. Normally,
if user want to disable the display backlight completely and immediately, user can set “BL” = “0”. The below table
shows some applications of register bit “LEDPWPOL":

LEDPWPOL Status of LEDPWM Pin Display Backlight Status
0 0 Off

0 (Default)
0 1 1 Off
1 0 Original polarity of PWM signal On
1 1 Inversed polarity of PWM signal On

The setting bit “BCTRL” is used to enable / disable the display backlight control functions (suchias LEDPWM).
When user set “BCTRL” = “0”, then the backlight will be turned off with dimming function,-and the value of register
DBV[7:0] (RDDISBV) will be “00h” after dimming period.

BCTRL Value of DBV[7:0] (RDDISBV) Display Backlight Status

0 00h Off

1 Determined by CABC estimation On
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The display backlight brightness can be affected by setting register DBV[7:0] (here means WRDISBV) manually.
Here are listed the application with register bits DBV[7:0] (WRDISBYV), RDPWM[7:0], and RDPWM_L[7:0] in
below table.

CABC Status: Off Mode (RDPWM][7:0] will be FFh)

“FORCE_CABC_PWM”="0", WRCABCMB[7:0] = 00h,
PWM_DUTY_OFFSET[4:0]=00h, “BL"="1", “BCTRL"="1", Sleep-Out Mode

Value of RDPWM_L[7:0] Value of RDPWM [7:0] Display Backlight Brightness

Determined by DBV[7:0] Determined by DBV[7:0] manually
FFh
(Here means from WRDISBV) (Here means from WRDISBV)

CABC Status: Ul-Mode / Still-Mode / Moving-Mode
“FORCE_CABC_PWM” =*“0", WRCABCMB[7:0]=00h,

PWM_DUTY_OFFSET[4:0]=00h, “BL"="1", “BCTRL"="1", Sleep-Out Mode

Value of RDPWM_L[7: 0] Value of RDPWM [7: 0] Display Backlight Brightness

Determined by DBV([7:0] Determined by Determined, by, DBV[7:0] x-CABCFunction

(Here means from WRDISBV) CABC Function (Here means DBV[7:0] from WRDISBV)

Writing the register:DBV[7:0] (WRDISBV) in command address'\51h is used to adjust the backlight brightness
value. However, reading register-DBV[7:0] (RDDISBV) from\command address 52h is used to indicate the real
PWM duty variation.

The register setting CMBJ[7:0] is-used to limit the‘minimum PWM duty in order to prevent the backlight brightness
too-dark:

The register FORCE_CABC. DUTY[7:0] is used to perform a fixed PWM duty of CABC output while the register
bit “FORCE_CABC_PWM™is set-as “1".

The “Sleep-Out” is a flag in order to indicate the driver IC is in “Sleep-Out” mode. Here are listed some conditions
when driver IC is in Sleep-In or Sleep-Out status.

Driver IC Sleep-Out CABC Dimming Functions Display Backlight

SIEWS Flag Function for CABC Status

0 Not Available Not Available Turn-Off

Sleep-Out 1 Available Available Controllable
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5.16.2 Dimming Function for CABC/Force PWM Function and Manual Brightness 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. The dimming function curves for CABC
[Force PWM Function and Manual Brightness Control can be configured the same or not the same in increment
and decrement directions. The basic idea is described below.

Luminance # / DBV[7:0] Set Up Luminance 4 / Dimming
I/"[\ \
1 \
! '
\ '
\ 1

> >

Time Time

Without Dimming With-Dimming

Fig. 5.16.3 Basic Concept of Dimming Function

The NT35523 provides PWM duty dimming mechanism for CABC/Foree-PWM Function.and-manual brightness
control, and this dimming function'can be enabled / disabled by register bit-DD as the following table.

Enable Control for Dimming Function

‘DD” =*0" |-Disable Dimming/Function of CABC-and Manual Brightness Control

‘DD”="1" | Enable Dimming Function of CABC and Manual Brightness Control

There \are—different register setting, for\ rising dimming (increment dimming) and falling dimming (decrement
dimming) in CABC Off-Mode, Still/Ul-Mode and Moving-Mode respectively.

CABC Mode Registers for Rising Dimming Setting Registers for Falling Dimming Setting

Off-Mode DIM_STEP_OFF[2:0] and DM_IN[3:0] DIM_STEP_OFF[2:0] and DM_DE[3:0]

Ul-Mode DIM_STEP_STILL[2:0] and DM_IN[3:0] | DIM_STEP_STILL[2:0] and DM_DE[3:0]

Still-Mode DIM_STEP_STILL[2:0] and DM_IN[3:0] | DIM_STEP_STILL[2:0] and DM_DE[3:0]

Moving-Mode | DIM_STEP_MOV[2:0] and DM_IN[3:0] DIM_STEP_MOV[2:0] and DM_DE[3:0]
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The total dimming steps and each step time can be set by registers DIM_STEP_OFF[2:0] / DIM_STEP_STILL[2:0]
/ DIM_STEP_MOV][2:0], DM_IN[3:0], and DM_DE[3:0], respectively. These three registers can determine some
characteristics of dimming curves. The Fig. 5.16.4 and Fig. 5.16.5 illustrate the dimming curves for CABC
Still-Mode and Moving-Mode respectively. The unit of registers DM_IN[3:0] and DM_DE[3:0] is “frames per step”.
The unit of register DIM_STEP_OFF[2:0], DIM_STEP_STILL[2:0] and DIM_STEP_MOV[2:0] is “steps”.

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 < > A i >
Target PWM Duty e g
Present PWM Duty *
2 >
5 =
[a} [a}
: = :
o o
[]
Present PWM Duty H
[ Target PWM Dut
) [¢] y
DM_IN[3:0] DM-DE[3:0]
< ~ »
L L
Time (Unit: Framee) Time (Unit:-Frame)

Fig..5.16.4 Dimming Mechanism in,.CABC Still-Mode

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 < > A [P >
Target PWM Duty P g
Present PWM Duty *
g S
> >
5 5
&) a
% =
z . z
i H
Present PWM Duty]  § iod
' ¢
leb) E"’E Target PWM Duty
DM_IN[3:0] DM_DE[3:0]
> - >
Time (Unit: Framee) Time (Unit: Frame)
Fig. 5.16.5 Dimming Mechanism in CABC Moving-Mode
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5.16.3 PWM Signal Setting for CABC

The registers PWMDIV[7:0] and PWM_DUTY_OFFSET[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. The PWM operation frequency can be chosen by setting
register “PWMF”, and the real PWM frequency can be quickly estimated by the bellow formula.

PWM Operation

PWMF[1:0] Real PWM Frequency of LEDPWM
00 5MHz (0SC/10) | PWM Frequency = o~ PWM_DUTY_Csol\fJHNZTW 0]) xPWMDIV[7 : O]
01 10 MHz (0SC/5) | PWM Frequency = (256+PWM_DUTY_C1:2)'\LAJ|:I?I'[7  0])x PWMDIV[Z: 0]
10 25 MHz (0SC/2) | PWM Frequency = -~ PWM_DUTY_(?ZI\S:'ZI'W £0])xPWMDIV[7 : 0]
1 50 MHz (0SC) | PWMETequency = o e WM. DUTY _gool\tj:iw  O])x PWMDIV[7 : 0]

For Example:
If the “PWMDIV[7:0]” =.0XOF, and."PWMF” = “1"then

10 MHz _ 10MHz

- ~2.60 KHZ
256xPWMDIV[7:0] _ 256 %15

PWM Frequency =

In.this'condition,-when PWM duty is estimated as-“4” (Reading the register “DBV[7:0]" = 03h from RDDISBV),
then the duty time of the PWM sighal can be estimated as shown in below.

PWM Duty Time = i><~-l— =6.0usec
256 2.60 KHz
PWM Non-Duty Time = (256-4) 1 _3/86 usec
256 2.60KHz
- A
DE__ Duty Time = 0 psec Duty Time = 6,0 usec
F onfr------ e el
L
- .
- < Non-duty Time = 378 6 ysec >
g
o
]
p=
EOFF - e ===
>
Time
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5.16.4 Content Adaptive Brightness 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 NOVATEK CABC algorithm can
adjust the brightness of each gray level without changing the original image contents.

The NOVATEK CABC function provides four operation modes, and these modes can be selected by the register
55h. See command “Write Content Adaptive Brightness Control (55h)” (bit C[1:0]) for more information. These
four modes are described as below.

- Off Mode

Content Adaptive Brightness Control functionality is completely turn-off. In this mode, the NT35523 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 brightness ratio of CABC is 100% (“RDPWM[7:0]" = FFh).

- 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 is 10% or less. NT35523 provides-flexible configuration for Ul-Mode by setting the
registers CABC_UI_PWMO[7:0] ~ CABC_UI_PWM3[7:0] to'setting-prefer 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. Ideal power consumption reduction ratio_is'more than 30%: The NT35523 will-automatically estimate
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 withimage-quality degradation. Idea power consumption reduction ratio
is\more than’30%.
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6 COMMAND DESCRIPTIONS
6.1 User Command Set

Table 6.1.1 User Command Set

Instruction || ACT | RIW Address Parameter Function
MiPI [ Non-mip1 | D[15:8] (Non-miP))| D7 | D6 | D5 | Da | D3 | D2 [ D1 | DO
NOP Dir w 00h 0000h No Argument (0000h in Non-MIPI I/F) No Operation
SWRESET Cnd1 W 01h 0100h No Argument (0000h in Non-MIPI I/F) Software reset
0400h 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 [[Read display ID
RDDID Dir R 04h 0401h 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20
0402h 00h ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30
RDNUMED Dir R 05h X X P7 P6 P5 P4 P3 P2 P1 Po ||Read No. of the Corrupted Packets on DSI
RDRED Dir R || 06h 0600h 00h R7 R6 R5 R4 R3 | R2 R1 RO [|Read red color of the first pixel
RDGREEN Dir R 07h 0700h 00h G7 G6 G5 G4 G3 G2 Gl GO0 |[Read green color of the first pixel
RDBLUE Dir R || 08h 0800h 00h B7 B6 B5 B4 B3 B2 Bl BO. “||Read blue color.of the first pixel
RDDPM Dir R 0Ah 0A00h 00h D7 D6 D5 D4 D3 D2 D1 DO, ||Read Display Power Mode
RDDMADCTL Dir R 0Bh 0BOOh 00h D7 D6 D5 D4 D3 D2 D1 DO |[Read Display MADCTR
RDDCOLMOD Dir R 0Ch 0CO00h 00h D7 D6 D5 D4 D3 D2 D1 DO ||Read-Display Pixel Format
RDDIM Dir R 0Dh 0DO00h 00h D7 D6 D5 D4 D3 D2 D1 DO_-{|Read Display Image Mode
RDDSM Dir R OEh 0EO0Oh 00h D7 D6 D5 D4 D3 D2 D1 DO _||Read Display Signal Mode
RDDSDR Dir R OFh 0F00h 00h D7 D6 D5 D4 D3 D2 D1 DO, ' ||Read Display Self-diagnostic result
SLPIN DVS W 10h 1000h No Argument (0000h in Non-MIPL.I/F) Sleep in & booster off
SLPOUT Dir W 11h 1100h No Argument (0000h in Non-MIP!I I/F) Sleep out & booster on
NORON DVS W 13h 1300h No Argument (0000h in Non-MIPI I/F) Normal mode on
INVOFFE DVS w 20h 2000h No Argument (00Q0h in.Non-MIPI I/F) Display inversion off (normal)
INVON DVS W 21h 2100h No Argument (0000h in Non-MIPI I/F) Display inversion on
ALLPOFF DVS W 22h 2200h No_Argument (0000h in Non-MIPI I/F) All pixel off (black)
ALLPON DVS W 23h 2300h No Argument (0000h in Non-MIPI I/F) All pixel on (white)
GAMSET Dvs [ w_ [ 26h. [ 2600h 00h GC7 | Ges | GC5 | GC4 | GC3 | GC2 | GC1 | GCO _[|Gamma curve select
DISPOFF DVS W 28h 2800h No Argument (0000h in Non-MIPI I/F) Display off
DISPON DVS W 29h 2900h No Argument (0000h in Non-MIPI I/F) Display on
TEOFF DVS W 34h 3400h No Argument (0000h in Non-MIPI I/F) Tearing effect line off
TEON DVS W 35h 3500h 00h - - - - - - - M [[Tearing effect mode set & on
MADCTL Cnd2 W 36h 3600h 00h MY MX MV ML RGB | MH [RSMX |RSMY [|[Memory data access control
IDMOFF DVS W 38h 3800h No Argument (0000h in Non-MIPI I/F) Idle mode off
IDMON DVS W 3%h 3900h No Argument (0000h in Non-MIPI I/F) Idle mode on
COLMOD Dir W 3Ah 3A00h 00h VIPF3 | VIPF2 | VIPF1 | VIPFO | IFPE3 [IFPF2 | IFPF1 | IFPFO ||Interface pixel format
4400h 00h N15 | N14 | N13 | N12 N11 | N10 N9 N8 [|Set tearing effect scan line
STESL DVS w 44h
4401h 00h N7 N6 N5 N4 N3 N2 N1 NO
4500h 00h N15 N14 N13 N12 N11 N10 N9 N8 |[[Get scan line
GSL Dir R 45h
4501h 00h N7 N6 N5 N4 N3 N2 N1 NO
WRDISBV DVS W 51h 5100h 00h DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO |Write display brightness
RDDISBV Dir R 52h 5200h 00h DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO [|Read display brightness value
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Table 6.1.1 User Command Set (Continued)

Instruction || ACT | RIW Address Parameter Function
MIPI [Non-MIPI [D[15:8] (Non-MIPI)| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
WRCTRLD DVS w 53h 5300h 00h - - BCTRL| - DD BL - - Write control display
RDCTRLD Dir R 54h 5400h 00h - - BCTRL| - DD BL - - Read control display value
WRCABC DVS w 55h 5500h 00h C7 C6 C5 C4 C3 c2 C1 CO [|Write CABC mode
RDCABC Dir R 56h 5600h 00h Cc7 C6 C5 C4 C3 c2 C1 CO [|[Read CABC mode
WRCABCMB DVS W 5Eh 5E00h 00h CMB7 | CMB6 | CMB5 | CMB4 [ CMB3 | CMB2 | CMB1 [ CMBO ||Write CABC minimum brightness
RDCABCMB Dir R 5Fh 5F00h 00h CMB7 |CMB6 | CMB5 | CMB4 [ CMB3 | CMB2 | CMB1 [ CMBO ||Read CABC minimum brightness
RDBWLB Dir R 70h 7000h 00h Bkx1 | BkxO | Bkyl | BkyO | Wx1 | Wx0 | Wyl | Wy0 [|Read Black/White low byte
RDBkx Dir R 71h 7100h 00h Bkx9 | Bkx8 | Bkx7 | Bkx6 | Bkx5 | Bkx4 | Bkx3 | Bkx2 [|Read Bkx
RDBKy Dir R || 72h 7200h 00h Bky9 | Bky8 | Bky7 | Bky6 | Bky5 | Bky4 | Bky3 | Bky2 ||Read Bky
RDWx Dir R 73h 7300h 00h Wx9 | Wx8 | Wx7 | Wx6 [ Wx5 | Wx4 | Wx3 [ Wx2(||Read Wx
RDWYy Dir R 74h 7400h 00h Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4 | Wy3 | Wy2 ||[Read Wy
RDRGLB Dir R 75h 7500h 00h Rxl1 | RxO | Ryl | Ry0 | Gx1.-|-Gx0 | Gyl GyO ||[Read Red/Green low byte
RDRXx Dir R 76h 7600h 00h Rx9 Rx8 Rx7 Rx6 Rx5 Rx4 Rx3 Rx2 [|[Read Rx
RDRy Dir R 77h 7700h 00h Ry9 | Ry8 | Ry7 ('Ry6 | Ry5' | . Ry4 | Ry3-| Ry2 ||Read Ry
RDGXx Dir R 78h 7800h 00h Gx9-1-.Gx8 ["Gx7 | Gx6 | Gx5 | Gx4 | Gx3 | Gx2_||[Read Gx
RDGy Dir R 79h 7900h 00h Gy9 | Gy8 [ Gy7 | Gy6 | Gy5 | Gy4 | Gy3"| Gy2 ||Read Gy
RDBALB Dir R 7Ah 7500h 00h Bx1 Bx0 Byl ByO Ax1 Ax0 Ayl Ay0.~||Read Blue/AColor low byte
RDBx Dir R 7Bh 7600h 00h Bx9 Bx8 Bx7 Bx6 Bx5 Bx4 Bx3 Bx2' ||Read Bx
RDBy Dir R 7Ch 7700h 00h By9 By8 By7 By6 By5 By4 By3 By2 ||Read By
RDAX Dir R 7Dh 7800h 00h Ax9 Ax8 AXT Ax6 Ax5 Ax4 Ax3 Ax2 ||Read Ax
RDAy Dir R |['7EN 7900h 00h Ay9. [ Ay8 | Ay7| Aye |~Ays | Aya | Ay3 | Ay2 [[Read Ay
A100h 00h SID7|.SID6 | SID5 |-SID4 | SID3 | SID2 | SID1 | SIDO ||Read DDB start
Al101h 00h SID15 |SID14 | SID13 [SID12 |SID11 |SID10 | SID9 | SID8
A102h 00h MID7 | MID6 | MID5 | MID4 | MID3 | MID2 | MID1 | MIDO
RDDDBS Dir R Alh A103h 00h MID15 |MID14 (MID13 |MID12 [MID11 |[MID10 | MID9 | MID8
A104h 00h MID7 | MID6 | MID5 | MID4 | MID3 | MID2 | MID1 | MIDO
A105h 00h MID15 |MID14 (MID13 |MID12 [MID11 |[MID10 | MID9 | MID8
A106h 00h 1 1 1 1 1 1 1 1
AB800h 00h D7 D6 D5 D4 D3 D2 D1 D0 [|[Read DDB continue
RDDDBC Dir R A8h 00h
00h 1 1 1 1 1 1 1 1
RDFCS Dir R AAh AA0Oh 00h FCS7 | FCS6 | FCS5 | FCS4 | FCS3 | FCS2 | FCS1 | FCSO ||Read first checksum
CKSUM Dir R ADh ADOOh 00h CKM7 | CKM6 | CKM5 | CKM4 | CKM3 | CKM2 [ CKM1 | CKMO [|Read checksum
RDCCS Dir R AFh AF00h 00h CCS7 | CCS6 | CCS5 [ CCS4 | CCS3 [CCS2 | CCS1 | CCSO [|Read continue checksum
RDID1 Dir R DAh DAOOh 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 ||Read ID1
RDID2 Dir R DBh DBOOh 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 ||Read ID2
RDID3 Dir R DCh DCO00h 00h ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30 ||Read ID3
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Notes:
1. The following description is indicates the executing time of instructions.
No. Symbol Executing Time
1 Dir (Direct) At the received a completed instruction and parameter
DVS (Display Vertical Sync.) Synchronized with the next frame
3 DHS (Display Horizontal Sync.) Synchronized with the next line
State Executing time
4 Cnd1 (By Conditional 1) When Sleep In Dir
Other DHS
State Executing time
5 Cnd2 (By Conditional 2) B7, B6, B5 Dir
B4, B3, B2, B1, BO DVS

2. In MIPI interface, parameters of the command are stores onto' registers-when the last parameter of the
command has been received. Also, parameters of the command are not stored-onto registers if there has been
happen a break. See more information on the section “DATA-TRANSEER RECOVERY”. This note is valid

when a number of the parameters is equal or lessthan 32.
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NOP (00h)
Inst / Para RIW Address Parameter
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
NOP Write | OOh | 0000h No Argument (0000h in Non-MIPI I/F)
NOTE: “-" Don’t care
This command is empty command. It does not have effect on the display module.
Description However it can be used to terminate RAM data write, RAM data read, RAM data write continue or RAM
P data read continue as described in RAMWR (Memory Write), RAMRD (Memory Read), RAMWRC
(Memory Write Continue) and RAMRDC (Memory Read Continue) and parameter write commands.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power.On Sequence N/A
S/\W Reset N/A
H/W Reset N/A
Flow Chart -
6/3/2014 150 Version 0.06

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

information.



q NG®VATEK

PRELIMINARY NT35523

SWRESET: Software Reset (01h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
SWRESET Write | 01h | 0100h No Argument (0000h in Non-MIPI I/F)
NOTE: “-" Don’t care
When the Software Reset command is written, it causes a software reset. It resets the commands and
- parameters to their S/W Reset default values. (See default tables in each command description)
Description . . . .
The display is blank immediately.
Note: The Frame Memory content is kept or not by this command.
It will be necessary to wait 5msec before sending new command following software reset.
The display module loads all display supplier’s factory default values to the registers during this 5msec.
Restriction If Software Reset is applied during Sleep Out mode, it will be necessary to wait.120msec before sending
Sleep Out command.
Software Reset command cannot be sent during Sleep Out sequence.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Qut Yes
Register Normal Mode On, Idle Mode On, Sleep-Out Yes
Availability Partial Mode On, Idle‘Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep-Out N/A
Sleep'in Yes
Status Default Value
Default Power On Seguence N/A
S/W Reset N/A
H/W Reset N/A
[————-—-- d_ 7
| L n
SWRESET(01h) . €ge !
[ Host | |
Y Driver : [
Display whole | :
blank screen :|
|
v | — !
Flow Chart Set : Display [
e | <> |
to S/W Default : :
* |
| -
I 7~ Sequential :
Sleep In MOde | transfer |
|
| j
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RDDID: Read Display ID (04h)

Address Parameter
Inst / Para R/W
MIPI |[Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
0400h 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10
RDDID Read | 04h | 0401h 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20
0402h 00h ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30
NOTE: “-" Don’t care
This read byte returns 24-bit display identification information.
The 1* parameter (ID1): the module’s manufacture ID.
Description The 2™ parameter (ID2): the module/driver version ID.
P The 3 parameter (ID3): the module/driver ID.
Note: Commands RDID1/2/3 (DAh, DBh, DCh) read data correspond to the-parameter'1, 2, 3 of the
command 04h, respectively.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Registgr Normal Mode On, Idle Mode On, Sleep-Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep'in Yes
Default Value
Status
After MTP Before MTP
Default Rower\On Sequence MTP Values | 1D1=00h, ID2=80h, ID3=00h
S/W Reset MTP Values 1D1=00h, ID2=80h, ID3=00h
H/W Reset MTP Values ID1=00h, ID2=80h, ID3=00h
e T
: Legend
|
RDDID(04h) l !
Host : Command |
- . [
Driver |
[Pt ]
Send 17 Parameter [ |
ID1[7:0] | . |
Flow Chart + : Display I
|
d I |
Send 2" Parameter/ : I
ID2[7:0 |
O | Ciode ) |
+ P
Send 3" Parameter : l
ID3[7:0] | :
L 1
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RDNUMED: Read Number of Errors on DSI (05h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDNUMED Read | 05h X X P7 P6 P5 P4 P3 P2 P1 PO

NOTE: “-“ Don't care

The first parameter is telling a number of the parity errors on DSI. The more detailed description of the
bits is below.

P[6..0] bits are telling a number of the parity errors.

P[7] is set to “1” if there is overflow with P[6..0] bits.

Description P[7..0] bits are set to “0"s (as well as RDDSM(0Eh)’'s DO are set “0” at the same time) after there is sent
the first parameter information (= The read function is completed).
See also section “Acknowledge with Error Report (AWER)” and command RDDSMQEh.
This command is used for MIPI DSI only. It is no function for others interface-operation.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Qut Yes
Register Normal Mode On, Idle Mode On, Sleep-Out Yes
Availability Partial Mode On, Idle‘Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep-Out N/A
Sleep'in Yes
Status Default Value
Default Power On Seguence 00h
S/W Reset No Changed
H/W Reset 00h
[————————=
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RDRED: Read Red Color (06h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI| D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDRED Read | 06h | 0600h 00h R7 R6 R5 R4 R3 R2 R1 RO
NOTE: “-* Don'’t care
This command returns the red component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0”".
Description -16-bit format: R4 is MSB and RO is LSB. R7, R6 and R5 are set to “0".
-18-bit format: R5 is MSB and RO is LSB. R7 and R6 are set to “0".
-24-bit format: R7 is MSB and RO is LSB.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-.Reset 00h
| Legend |
|
RDRED(06h) . egend
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............................................. |
|
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RDGREEN: Read Green Color (07h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI| D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDGREEN Read | 07h | 0700h 00h G7 G6 G5 G4 G3 G2 Gl GO
NOTE: “-* Don'’t care
This command returns the green component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0".
Description -16-bit format: G4 is MSB and GO is LSB. G7, G6 and G5 are set to “0”".
-18-bit format: G5 is MSB and GO is LSB. G7 and G6 are set to “0”.
-24-bit format: G7 is MSB and GO is LSB.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-.Reset 00h
| Legend |
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RDBLUE: Read Blue Color (08h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBLUE Read | 08h | 0800h 00h B7 B6 B5 B4 B3 B2 B1 BO
NOTE: “-* Don'’t care
This command returns the blue component value of the first pixel in the active frame.
Only the relevant bits are used according to pixel format, unused bits are set to “0”".
Description -16-bit format: B4 is MSB and B0 is LSB. B7, B6 and B5 are set to “0”.
-18-bit format: B5 is MSB and BO is LSB. B7 and B6 are set to “0”".
-24-bit format: B7 is MSB and BO is LSB.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-.Reset 00h
| Legend |
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RDDPM: Read Display Power Mode (0Ah)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDPM Read | 0Ah | OAOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don'’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Booster Voltage Status “1"=Booster On, “0"=Booster Off
D6 Idle Mode On/Off “1"=ldle Mode On, “0"=Idle Mode Off
D5 Partial Mode On/Off Set to “0” (not used)
Description D4 Sleep In/Out “1” = Sleep Out Mode, “0” = Sleep In Mode
D3 Display Normal Mode On/Off “1” = Display Normal On, “0”.=Display Normal Off
D2 Display On/Off “1” = Display is On, “0™= Display. is Off
D1 Not Defined Set to “0” (not used)
DO Not Defined Set to “0” (not used)
Restriction -
Status Availability
Normal Mode On, Idle Mode,Off,_Sleep Out Yes
Re.gist.e.r Normal-Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On; Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode-On, Sleep Qut N/A
Sleep'In Yes
Status Default Value
Default Power On Sequence 08h
S/W Reset 08h
H/W Reset 08h
e
: Legend
|
RDDPM(0Ah) : !
Host : |
Yy Driver | :
[P /!
/ Send 1% Parameter / | |
' - I
Flow Chart : Display |
i |
| |
' [
| i
|
|
| 7~ Sequentia :
: transfer I
|
L 1
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RDDMADCTL: Read Display MADCTL (0Bh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDMADCTL |Read|0Bh| 0BOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Row Address Order (MY) “0” = Normal , “1” = Horizontal flip
D6 Column Address Order (MX) “0” = Normal , “1” = Vertical flip
D5 Row/Column Exchange (MV) Set to “0” (not used)
Description D4 Vertical refresh Order (ML) ‘0" = Increment, “1” : Decrement
D3 | RGB-BGR Order (RGB) 0" = RGB color gefjuerie
‘1" = BGR-color'sequence
D2 Horizontal refresh Order (MH) “0” =_Increment, “1” : Decrement
D1 Flip horizontal (RSMX) “0” = Normal , “1” = Horizontal flip
DO Flip vertical (RSMY) “0” = Normal , “1” = Vertical flip
Restriction -
Status Availability
Normal Mode On, Idle'Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability :
Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, SleepOut N/A
SleepIn Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
e
: Legend
|
RDDMADCTL(0Bh) : !
Host : I
Y Driver | :
[ Parameter /)
/Send 1% Parameter/ : |
- |
Flow Chart : Display :
' I
| .
' I
| '
|
I
| 7~ Sequential :
: transfer I
L ]
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PRELIMINARY NT35523
RDDCOLMOD: Read Display Pixel Format (0Ch)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDCOLMOD |Read|0Ch| 0COO0h 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don'’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Not Defined Set to “0” (not used)
“101" = 16-bit / pixel
D6 ~ D4 | RGB Interface Color Format “110” = 18-bit / pixel
Description “111” = 24-bit / pixel
D3 Not Defined Set to “0” (not used)
D2 ~ DO | Control Interface Color Format Set to “0” (not used)
Restriction -
Status Availability
Normal Mode On, Idle Mode,Off,_Sleep Out Yes
Re.gist.e.r Normal-Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On; Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode-On, Sleep Qut N/A
Sleep'In Yes
Status Default Value
Default Power On Sequence 70h
S/W Reset 70h
H/W Reset 70h
e
: Legend
|
RDDCOLMOD(0Ch) : !
Host : |
Yy Driver | :
[ Parameter /)
/ Send 1% Parameter / | |
' - I
Flow Chart : Display :
' [
| |
' [
| i
|
|
| 7~ Sequentia :
: transfer I
o i
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RDDIM: Read Display Image Mode (ODh)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDIM Read | ODh | 0DOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Vertical Scrolling On/Off Set to “0” (not used)
D6 Horizontal Scrolling On/Off Set to “0” (not used)
o D5 Inversion On/Off “1" = Inversion On, “0” = Inversion Off
Description D4 All Pixel On “1” = White display, “0” = Normal display
D3 All Pixel Off “1” = Black display, “0” = Normal display
“000" = GCO, “001"=GCl1l
D2 ~ DO | Gamma Curve Selection “010" = GC2, 011" =GC3
“100" t0 “111” = not defined
Restriction -
Status Availability
Normal Mode On, Idle Mode,Off,_Sleep Out Yes
Re.gist.e.r Normal-Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On; Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode-On, Sleep Qut N/A
Sleep'In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
T
: Legend
|
RDDIM(0Dh) : [
Host | :
---------------------------------------- ------ I
Y Driver :
Send 1% Parameter | |
' - I
Flow Chart : Display :
' [
| |
' [
| '
|
|
| 7~ Sequentia :
: transfer I
o i
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RDDSM: Read Display Signal Mode (OEh)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDSM Read | OEh | OEOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don'’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Tearing Effect Line On/Off “1” = On, “0” = Off
D6 Tearing Effect Line Mode “1" = Mode 2, “0" = Mode 1
D5 Horizontal Sync. (HS, RGB I/F)On/Off | “1” = HS bit is “1”, “0” = HS bit is “0”
Description D4 Vertical Sync. (VS, RGB I/F)On/Off “1" = VS bitis “1”, “0”" = VS bhit is 0"
D3 Pixel Clock (PCLK, RGB I/F)On/Off “1” = PCLK line is On;“0" = PCLK line.is Off
D2 Data Enable (DE, RGB I/F)On/Off “1” = DE bit is “1*, “0"'= DE bit'is “0”
D1 Not Defined Set to “0” (not used)
DO Error on DSI “1"= Error, “0" = No Error
Note: Bit D5 to D2 indicate current status of the lines when this command has been sent.
Restriction -
Status Availability
Normal-Mode On, Idle:Mode Off, Sleep Out Yes
Register Normal Made On, Ildle Mode On, Sleep'Out Yes
Availability Partial Mode.On, Idle Mode Off,/Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep:©Qut N/A
Sleep'in Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h (Bit DO No Changed)
H/W Reset 00h
T
: Legend :
|{M(0Eh)| | |
Host | |
""""""" v Briver !
[ra ]
/Send 1% Parameter/ | |
Flow Chart : i
' |
| |
' |
| ;
CE=D
: transfer :
L 1
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RDDSDR: Read Display Self-Diagnostic Result (OFh)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDSDR Read | OFh | OFOOh 00h D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-* Don'’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Register Loading Detection
D6 Functionality Detection )
- - See section 5.9
D5 Chip Attachment Detection
Description D4 Display Glass Break Detection
D3 Not Defined Set to “0” (not used)
D2 Not Defined Set to “0” (not used)
D1 Not Defined Set to “0” (not used)
DO Checksums Comparison Set to “0” (not used)
Restriction -
Status Availability
Normal Mode On, Idle' Mode:Off;-Sleep Out Yes
Re.glst.e.r Normal'Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode 'On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
e
: Legend
|
RDDSDR(OFh) : !
Host : |
Y Driver | :
[ Parameter /)
/Send 1% Parameter/ : |
- |
Flow Chart : Display :
' |
| |
' [
| '
|
I
| ¢~ Sequential :
: transfer I
o ___ ]
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SLPIN: Sleep In (10h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
SLPIN Write | 10h | 1000h No Argument (0000h in Non-MIPI I/F)

NOTE: “-“ Don'’t care

This command causes the TFT LCD module to enter the minimum power consumption mode.
In this mode the DC/DC converter is stopped, Internal display oscillator is stopped, and panel scanning is
stopped.

| Source / Gate Output |k Blank Display STOP

| Memory Scan Operation IIIIIIIIIIIII STOP

| DC / DC Converter | OFF

Control Interface as will as memory and registers are still\ working.

User can send PCLK, HS and VS information.on RGB I/F for blank display-after Sleep In command and
this information is valid during-2 frames after Sleep In command if there-is' used Normal Mode On in
Sleep Out-mode.

Dimming function does not work when there is changing.mode-from Sleep Out to Sleep In.
There‘is-used an internal oscillator for blankdisplay.

This command has no effect when moduleis already in sleep in mode. Sleep In Mode can only be exit by
the Sleep Out.Command (11h).

REETIEN It will be necessary to-wait.120msec-after.sending Sleep Out command (when in Sleep In Mode) before
Sleep In command can be sent.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Sleep In Mode
S/W Reset Sleep In Mode
H/W Reset Sleep In Mode
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It takes about 120 msec to get into Sleep In mode (booster off state) after SLPIN command
issued.
The results of booster off can be check by RDDST (0Ah) command D7.

[mm———————
SPLIN(10h) ¥ Legend
* Stop
DC/DC Converter

Display whole
blan.k screen Parameter
Flow Chart (Automatic No Effect to Stop
DISP On/OFF Internal Oscillator
Command)

( Sleep In Mode )

Drain charge from
display panel

9
[72)
=
&
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SLPOUT: Sleep Out (11h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
SLPOUT Write | 11h | 1100h No Argument (0000h in Non-MIPI I/F)

NOTE: “-“ Don'’t care

This command turns off sleep mode.
In this mode the DC/DC converter is enabled, Internal display oscillator is started, and panel scanning is
started.

| Source/Gate Output | stop L mankc X ey oo
(If DISPON 29h is set)

[Wermory Sean Operation | stor M
Description _ START
[ Temaosaan ] sor <

ON

| DC / DC Converter |

User can start to send PCLK, HS and VS.information on RGB/F before Sleep-Out command and this
information is valid at least 2 frames before Sleep, Out command, if there-is left Sleep In-mode to Sleep
Out-mode in Normal Mode, On:

There is used an internal oscillator for blank'display.

NT35523 will’do seguence control about gate contral-signals-when sleep out.

Sleep-Out Mode can only be exit by the Sleep IniCommand (10h), S/W reset command (01h) or H/W

reset.
I There _cannot.be any abnormal visual effect-on the display image when the NT35523 is already Sleep
Restriction
Qut —mode.
It'will be necessary to \wait 120msec.after sending Sleep In command (when in Sleep Out mode) before
Sleep Out command can be sent.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Sleep In Mode
S/W Reset Sleep In Mode
H/W Reset Sleep In Mode
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PR

ELIMINARY

NT35523

SPLOUT(11h)

I

It takes about 120 msec to get into Sleep In mode (booster off state) after SLPIN command
issued.
The results of booster off can be check by RDDST (0Ah) command D7.

[

Display whole blank : [

screen for 2 frames | :

# (Automatic No Effect I |

Sartup to DISP On/OFF : !

Internal Oscillator Command) ::

Flow Chart * * | I
. I

Start up Display CDP or | Display :
Frame Memory contents |

DC/DC Converter _ y cC | :

in Accordance with'the | |

* current. ecommand | |

All control signals table setting : :

or glass are norma I _ |

* 1.7~ Sequentia |
L |

Sleep In Mode ) | transfer :

\\—>— ____ |
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NORON: Normal Display Mode On (13h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
NORON Write | 13h | 1300h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don’t care
This command returns the display to normal mode.
Description Normal display mode on.
P Exit from NORON by the All Pixels On or All Pixels Off command.
There is no abnormal visual effect during mode change.
Restriction This command has no effect when Normal Display mode is active.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_gist_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power.On Sequence Normal Mode On
S/\W Reset Normal Mode On
H/W Reset Normal Mode On
T
: Legend
All'Pixel On or I :
All Pixel Off | |
i |
|
[Frrmeer ]|
' |
NORON(13h) | - I
Flow Chart : Display ) |
i |
y i |
Normal Display | I
!
< Mode On > | Mode :
| -
|~ Sequential\|
: transfer I
L ___ j
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INVOFF: Display Inversion Off (20h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
INVOFF Write | 20h | 2000h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command is used to recover from display inversion mode.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example) Memory Display
|
Description [ [ [ |
N EEN |
EEE ]
HE ]
H EEN NN
[ /I [ ]
RN
Restriction This command has no effect when module istalready.in Inversion Qff-mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal'Mode On, Idle:Mode On, Sleep Out Yes
Availability Partial Mode On; Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, 'Sleep Out N/A
Sleep\n Yes
Status Default Value
Default Power On Sequence Display Inversion off
S/W Reset Display Inversion off
H/W Reset Display Inversion off
e
[ Legend |
, , I [
Display Inversion | I
i |
|
[parane /!
' [
INVOFF(20h) : I
Flow Chart | ISpiay :
|
v | < Action > |
- . |
Display Inversion | !
( Off Mode > [ Mode :
|
| 7~ Sequential :
: transfer__Z\|
L ___ i
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INVON: Display Inversion On (21h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
INVON Write | 21h | 2100h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command is used to enter display inversion mode.
This command makes no change of contents of frame memory.
This command does not change any other status.
To exit from Display Inversion On, the Display Inversion Off command (20h) should be written.
(Example) Memory Display
Description
Restriction This command has no effect when module is'already-in\Inversion On mode.
Status Availability
Normal Mode On, Idle Mode, Off, Sleep Out Yes
Register Normal-Mode On, Idle Mode On, Sleep Out Yes
Availability Partial- Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode'On, Idle Mode-On, Sleep Qut N/A
Sleep'in Yes
Status Default Value
Default Power On Sequence Display Inversion off
S/W Reset Display Inversion off
H/W Reset Display Inversion off
T T T
: Legend |
Display Inversion | :
i |
|
[Paaneer /!
' [
INVON(21h) ! ) I
Flow Chart : Display I
i |
Y i |
: ; |
Display Inversion I I
( On Mode [ Mode :
|
| 7~ Sequential :
: transfer [
L ____ i
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ALLPOFF: All Pixel Off (22h)

Inst / Para RIW Address Parameter
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
ALLPOFF Write | 22h | 2200h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command turns the display panel black in Sleep Out mode and a status of the Display On/Off
register can be on or off.
This command makes no change of contents of frame memory.
This command does not change any other status.
Memory Displa
Description [
ENEEENEN
|| [ [ [T | [FN—,
“All Pixels On”, “Normal Display Mode On” commands are used to\leave this mode. The display panel is
showing the content of the frame memory.after “Narmal Display On” command:
Restriction This command has no effectwhen module.is already in All Pixel Off mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, SleepiQut N/A
Partial Mode On;-ldle-Mode On; Sleep-Out N/A
Sleep In Yes
Status Default Value
Power On Sequence All pixel off
Default .
S/W Reset All pixel off
H/W Reset All pixel off
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Normal Display
Mode On

ALLPOFF(22h)
Flow Chart
\/
< Black Display >
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ALLPON: All Pixel On (23h)

Inst / Para RIW Address Parameter
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
ALLPON Write | 23h | 2300h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command turns the display panel white in Sleep Out mode and a status of the Display On/Off
register can be on or off.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example)
Memory Display
Description
iEEEEEEN
“All Pixels Off”, “Normal Display Mode-On” . commands are used to leave this mode. The display panel is
showing the content of the frame memory after “Normal Display On”.command.
Restriction This command has na effect when module is already in all Pixel'\On made.
Status Availability
Normal Mode On, Idle Mode Off; Sleep Out Yes
Register Normal Mode On, Idle.Mode On, Sleep-Out Yes
Availability Partial Mode On, Idle.Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On,/Sleep Out N/A
Sleep'In Yes
Status Default Value
Default Power On Sequence Al pixel off
S/W Reset All pixel off
H/W Reset All pixel off
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Normal Display
Mode On

|
|
|
|
|
|
|
|
|
ALLPON(23h) ! :
Flow Chart : Display
|
|
|
|
|
|
|
|
|
|

y

( White Display >
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GAMSET: Gamma Set (26h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI|] D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
GAMSET Write | 26h | 2600h 00h GC7 | GC6 | GC5 | GC4 | GC3 | GC2 | GC1 | GCO
NOTE: “-* Don'’t care
This command is used to select the desired Gamma curve for the current display. A maximum of 4
curves can be selected. The curve is selected by setting the appropriate bit in the parameter as
described in the Table.
GC[7:0] Parameter Curve Selected
Description 0lh GCO Gamma Curve 1 (G=2.2)
02h GC1 Reserved
04h GC2 Reserved
08h GC3 Reserved
Note: All other values are undefined.
. Values of GC [7:0] not shown in table above are invalid and will not-.change the current selected gamma
Restriction . S .
curve until valid is received.
Status Availability
Normal Mode On, Idle’'Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On;-Sleep Out Yes
Availability Partial' Mode On, Idle Mode'Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Qut N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 01lh
S/W Reset 01lh
H/W Reset 01lh
T
: Legend
i |
GAMSET(26h) | |
' |
v [P ]
/ GC[7:0] / | : l
Flow Chart : I
i |
i |
New Gamma : :
Curve Loaded | I
G
: transfer I
L ___ i
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DISPOFF: Display Off (28h)
Inst / Para RIW Address Parameter
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
DISPOFF Write | 28h | 2800h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command is used to enter into DISPLAY OFF mode. In this mode, the output from Frame Memory is
disabled and blank page inserted.
This command makes no change of contents of frame memory. This command does not change any
other status. There will be no abnormal visible effect on the display.
(Example) Memory Display
Description
Restriction This command has no effect when module istalready in Display Off mode.
Status Availability
) Normal Mode On, Idle Mode Off, Sleep Out Yes
ARe$|s;$; Normal'Mode On, Idle:Mode On, Sleep Out Yes
vaflabiity Partial Mode On,.Idle Mode Off, Sleep Out N/A
Partial Mode,On, Idle Mode On,/Sleep Out N/A
Sleepiin Yes
Status Default Value
Default Power On Sequence Display off
S/W Reset Display off
H/W Reset Display off
e
: Legend
|
<Display On Mode > : :
|
i |
|
[Famer ]
! [
DISPOFF(28h) ' - |
Flow Chart : Display I
|
|
Y | |
! [
<Disp.ay Off Mode > | |
|
I -
| »~~ Sequentia :
: transfer I
L ___ ]
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DISPON: Display On (29h)

Address Parameter
Inst / Para R/W
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
DISPON Write | 29h | 2900h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command is used to recover from DISPLAY OFF mode. Output from Frame Memory is enabled.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example) Memory Display
e
Description - L]
P N _EEE EE
NN [ [ N
AN EE e
H N EN
[ (I (|
(LI
Restriction This command has no effect when module is already in\Display On.mode.
Status Availability
Normal Mode On, Idle’'Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode'On;Sleep Out Yes
Availability Partial Mode On, Idle Made Off, Sleep Out N/A
Partial Mode On, ldle Mode On, Sleep Qut N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Display off
S/W Reset Display off
H/W Reset Display off
e
: Legend
|
<Display Off Mode > : :
|
i |
|
[Famer ]
! [
DISPON(29h) : Disol |
Flow Char 1 (Display )|
|
Y | |
! [
(Display On Mode > : [
|
| -
| 7~ Sequentia :
: transfer I
L ___ ]
6/3/2014 176 Version 0.06

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



q NG®VATEK PRELIMINARY NT35523

TEOFF: Tearing Effect Line OFF (34h)

Address Parameter
Inst / Para R/W
MiP1 | Non-MiP1 | D[25:8] (Non-MiP) | D7 | D6 | b5 | b4 | b3 | b2 | b1 | Do
TEOFF Write | 34h | 3400h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
Description This command is used to turn OFF (Active Low) the Tearing Effect output signal from the TE signal line.
Restriction This command has no effect when Tearing Effect output is already OFF.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Tearing Effect off
S/W Reset Tearing Effect off
H/W Reset Tearing Effect off
T T
: Legend
|
(TE Line Output ON) : :
|
i |
|
[Paraeer /|
' [
TEOFF(34h) ' Disol |
Flow Char | (Display )
|
L i |
' [
CTE Line Outpu OFF) i |
|
| -
| ~~ Sequentia :
: transfer |
|
b ]
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TEON: Tearing Effect Line ON (35h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
TEON Write | 35h | 3500h 00h - - - - - - - M

NOTE: “-“ Don'’t care

This command is used to turn ON the Tearing Effect output signal from the TE signal line. This output is
not affected by changing MADCTL bit ML.

The Tearing Effect Line On has one parameter, which describes the mode of the Tearing Effect Output
Line. (“-“ = Don't Care).

When M = “0": The Tearing Effect Output line consists of V-Blanking information only.

tval tvan

Description M
Scale —

When M = “1": The Tearing Effect Output line contsists of both V-Blanl§ing and H-Blinking information.
vdl < vdh

Vertival Time
Scale
N

Note: During Sleep In Mode with Tearing Effect Line - On, Tearing Effect Output-pin‘will be active Low.

Parameter (M)

!

TE Line Output ON

RAAIR

Restriction This command has no effect when Tearing Effect output is already ON:
Status Availability
Normal Mode On, Idle Mode Off, Sleep.Out Yes
Register Normal.Mode'On, ldle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode-Off, Sleep Out N/A
Partial Mode On,-ldle Mode On;.Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Tearing Effect off
S/W Reset Tearing Effect off
H/W Reset Tearing Effect off
T T
: Legend |
I
(TE Line Output OFF) ! !
|
! |
|
1/ Parameter :
TEON(35h) : |
- I
Flow Chart + : Display :
TE Mode : I
! |
I |
I |
I |
! |
I |
|
| I

6/3/2014 178 Version 0.06
With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability,
fitness for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such
information.



q NG®VATEK PRELIMINARY NT35523

MADCTL: Memory Data Access Control (36h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
MADCTL Write | 36h | 3600h 00h MY MX MV ML | RGB | MH |RSMX|RSMY
NOTE: “-* Don'’t care
This command defines display direction of image.
This command makes no change on the other driver status.
Bit NAME DESCRIPTION
MY | Row Address Order Fllps the |mag‘¢‘e Eop tq down: Immediate behavior on display.
0” = Normal, “1” = Flip Vertical.
MX | Column Address Order Flips the image left tq rlght..lmmedlate behavioron display.
“0” = Normal, “1” = Flip Horizontal.
o MV | Row/Column Exchange Set to “0” (not used)
Description Panel vertical refresh direction control
ML | Vertical Refresh Order . . ¢ \
Immediate behavioron display.
Color selector 'switch control. Immediately behavior on display.
RGB |RGB-BGR Order “0” = RGB color.sequence, “1” = BGR color. sequence.
M |Horizontal Refresh Order Panel honzontal r_efresh Q|rect|on contral.
Immediate behavior on display.
RSMX | Flip Horizontal Set to “0” (not used)
RSMY |Flip Vertical Set to “0” (not used)
Restriction -
Status Availability
Normal Mode On;, Idle:Made Off; Sleep Out Yes
Register Normal Mode On, ldle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
elad SIW Reset 00h
H/W Reset 00h
6/3/2014 179 Version 0.06

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

information.



q NG®VATEK PRELIMINARY NT35523

MADCTL(36h)

!

|
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: [

|

Parameter : Parameter :
(MY, MX, MV, ML, MH) | |
! |
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! |

! |
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| |
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IDMOFF: Idle Mode Off (38h)

Address Parameter
Inst / Para R/W
MiP! | Non-MiP1 | D25:8] (Non-MiP) | D7 | D6 | D5 | pa | b3 | b2 | D1 | DO
IDMOFF Write | 38h | 3800h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don’t care
o This command is used to recover from Idle mode on
Description . . . .
In the idle off mode, display panel can display maximum 16.7M colors.
Restriction This command has no effect when module is already in Idle Off mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Idle Mode. off
S/W Reset Idle'Mode off
H/AW. Reset Idle Mode off
e
: Legend
|
Qi ) |
|
i |
|
[Famer ]
! [
IDMOFF(38h) ' Disol |
Flow Char 1 (Display )|
|
v | |
! |
( dle Off Mode > | ose )
|
| -
| »~~ Sequentia :
: transfer I
L ]
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IDMON: Idle Mode On (39h)
Inst / Para RIW Address Parameter
MIP! |Non-MiP1 | D[15:8] (Non-MiIP) | D7 | D6 | D5 | pa | b3 | b2 | b1 | DO
IDMON Write | 39h | 3900h No Argument (0000h in Non-MIPI I/F)
NOTE: “-* Don'’t care
This command is used to enter into Idle mode on.
In the idle on mode, color expression is reduced. The primary and the secondary colors using MSB of
each R, G, and B in Frame Memory, 8 color depth data is displayed.
Memory Display
EEEEEE
Description
Memory. Contents vs. Display Colors
R7R6R5R4R3R2R1Ro R7G5G5G463GzGlGo B7BeBsB4B3BzBlBo
Black OXXXXXXX OXXXXXXX OXXXXXXX
Blue OXXXXXXX OXXXXXXX IXXXXXXX
Red LXXXXXXX OXXXXXXX OXXXXXXX
Magenta IXXXXXXX OXXXXXXX IXXXXXXX
Green OXHXXXXX IXXXXXXX OXXXXXXX
Cyan OXXXXXXX IXXXXXXX IXXXXXXX
Yellow IXXXXXXX IXXXXXXX OXXXXXXX
White IXXXXXXX IXXXXXXX IXXXXXXX
Restriction This command has no effect when module is already in Idle On mode
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence Idle Mode off
S/W Reset Idle Mode off
H/W Reset Idle Mode off
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Idle Off Mode

\J
Idle On Mode

. l
! |
! [
! [
I I
| I
| I
I I
I I
IDMON(39h) ' . |
Flow Chart : Display I
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I I
I I
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| I
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|
! [
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COLMOD: Interface Pixel Format (3Ah)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 2 D1 DO
COLMOD Write | 3Ah | 3A00h 00h VIPF3 |VIPF2 |VIPF1 |VIPFO | IFPF3 | IFPF2 | IFPF1 | IFPFO
NOTE: “-* Don’t care
This command is used to define the format of RGB picture data, which is to be transferred via the RGB or
MCU interface. The formats are shown in the table:
Bit NAME DESCRIPTION
“0101" = 16-bit/pixel
VIPF[3:0] | Pixel Format for RGB Interface “0110,, i 18-b!t/p!xel
Description 0111" = 24-bit/pixel
The others = not defined
IFPF[3:0] | Pixel Format for MCU Interface | Set to “0” (not used)
Restriction There is no visible effect until the Frame'Memory.is-written to.
Status Availability
Redi Normal-Mode On, Idle Mode Off,-Sleep Out Yes
Ain(‘IJ:btiTi; Normal Mode On;.ldle Mode On, Sleep,Out Yes
y Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep.In Yes
Status Default Value
Default Power On Sequence 70h
S/W Reset 70h
H/W Reset 70h
=T
: Legend
|
|
(24-bit/pixe| Mode) | :
|
v | ’
|
[Parn ]
COLMOD(3Ah) : |
. |
Flow Chart + : Display I
|
Parameter : [
IFPF[3:0] = "0110" I :
I | (Cose ) |
|
[ , |
(18-bit/pixel Mode) | ¢~ Sequential ™\,
: transfer I
|
L 1
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STESL: Set Tearing Effect Scan Line (44h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
. 4400h 00h N15 | N14 | N13 | N12 | N11 | Ni10 N9 N8
STESL Write | 44h
4401h 00h N7 N6 N5 N4 N3 N2 N1 NO
NOTE: “-* Don't care
This command turns on the display module’s Tearing Effect output signal on the TE signal line when the
display module reaches line N. The TE signal is not affected by changing MADCTL bit ML.
The Tearing Effect Line On has one parameter, which describes the mode of the Tearing Effect Output
Line mode. The Tearing Effect Output line consists of V-Blanking information only.
tual | tudn
Vertival Time
Description MT
Note that STESL with N[15:0]="000h" is equivalent to TEON with-M="0"
The Tearing Effect Output line shall be active low when the-display module-isin Sleep in mode.
This command takes affect on the frame following ‘the current frame., Therefore, if the TE output is
already on, the TE output shall continue to operate as programmed-by the previous “TEON (35h)” or
“STESL (44h) command” until the end of the frame.
Restriction Parameter range 0 < N[15:0].<.1280+Porch Line
Status Availability
Normal Mode On;-Idle Mode Off, Sleep:Out Yes
Register Normal‘Mode On, Idle Mode On,/Sleep Qut Yes
Availability Partial Mode On, Idle Mode Off, Sleep.Out N/A
Partial Mode On; ldle. Mode-On, Sleep Out N/A
Sleep,In Yes
Status Default Value
Default Power On Sequence 0000h
S/W Reset 0000h
H/W Reset 0000h
e
(TE Output On or Off) Legend :
|
' Commend |
(o |
STESL(44h) :
; [parmeser /!
|
) |
Flow Chart 1* Parameter: N[15:8] Display I
2" Parameter: N[7:0] :
.
Y !
i
( TE Output On ) — |
Sequential Y,
transfer :
_________ 1
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GSL: Get Scan Line (45h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
4500h 00h N15 | N14 | N13 | N12 | N11 | Ni10 N9 N8
GSL Read | 45h
4501h 00h N7 N6 N5 N4 N3 N2 N1 NO
NOTE: “-“ Don't care
This command returns the current scan line, N, used to update the display module. The total number of
- scan lines on display is defined as VSYNC + VBP + VADR + VFP. The first scan line is defined as the
Description o . .
first line of V Sync and is denoted as Line 0.
When in Sleep in mode, the returned value is undefined.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Qut N/A
Sleep.In Yes
Status Default Value
Default Power On Sequence XXXXh
S/W Reset XXXXh
H/W-Reset XXXXh
T
: Legend |
|
GSL(45h) : |
Host : Command ||
: |
Driver |
; [Parner ]
Send Parameter [ |
N[15:8] | - |
Flow Chart : Display [
' | |
i
Send Parameter [ :
N7 | (Cvose )
|
| -
| 7~ Sequentia :
: transfer I
L |
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WRDISBV: Write Display Brightness (51h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
WRDISBV Write | 51h | 5100h 00h DBV7 | DBV6 | DBVS | DBV4 | DBV3 | DBV2 | DBV | DBVO
NOTE: “-* Don'’t care
This command is used to adjust brightness value.
In principle relationship is that 00h value means the lowest brightness and FFh value means the highest
brightness.
DBV[7:0] Brightness (Ratio) Brightness (%)
o 00h 0/256 0%
Description
01lh 2/256 0.78125%
FEh 255/256 99.609375%
FFh 256/256 100%
Restriction The display supplier cannot use this command fortuning(e.g. factory tuning, etc.).
Status Availability
_ Normal Mode On, Idle’Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability :
Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On;.ldle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On-Sequence 00h
S/W Reset 00h
H/W Reset 00h
T
: Legend
|
7 oo |
|
v i |
|
/ Parameter DBV[7:0] / :,
! | — |
Flow Chart : Display I
|
New Brightness : :
Loaded I I
| .
|
| -
| 7~ Sequential :
: transfer [
|
L 1
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RDDISBV: Read Display Brightness (52h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDDISBV Read | 52h | 5200h 00h DBV7 | DBV6 | DBVS | DBV4 | DBV3 | DBV2 | DBV | DBVO
NOTE: “-* Don'’t care
This command returns brightness value.
Description In principle relationship is that 00h value means the lowest brightness and FFh value means the highest
brightness.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default S Reset 00h
H/W Reset 00h
e T
: Legend
|
RDDISBV(52h) l !
Host : Command |
Y Driver | !
[P ]|
Send Parameter I |
DBV[7:0] I - ]
Flow Chart : Display [
i |
| .
' |
| '
|
I -
| 7~ Sequential :
: transfer |
L ____ ]
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WRCTRLD: Write CTRL Display (53h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
WRCTRLD Write | 53h | 5300h 00h - - |BCTRL| - DD BL - -
NOTE: “-* Don'’t care
This command is used to control display brightness.
BCTRL: Brightness Control Block On/Off
The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit).
BCTRL DESCRIPTION LEDPWM Pin
0 Off, LEDPWPOL="0": keep low (0%, high level is duty)
DBV/[7:0] are 00h. LEDPWPOL="1": keep high (0%, lowlevel'is duty)
1 On, LEDPWPOL="0": PWM output (high level is'duty)
DBV[7:0] are active LEDPWPOL="1": PWM output (low levelis.duty)
DD: Display Dimming Control On/Off
DD DESCRIPTION
0 Display dimming is off
Description 1 Display dimming is on
BL: Backlight Control On/Off without-Dimming Effect
When BL bit change from “On”™to “Off", display. brightness is turned ‘off\without gradual dimming, even if
dimming on (DD="1")is selected.
BL DESCRIPTION LEDPWM Pin
0 off LEDPWPOL="0"keep low (0%, high level is duty)
LEDPWPOL="1": keep high (0%, low level is duty)
1 on LEDPWPOL="0": PWM output (high level is duty)
LEDPWPOL="1": PWM output (low level is duty)
The dimming function is adapted-to the brightness registers for display when bit BCTRL is changed at
DD="1", e.g: BCTRL: 01 or 1-0.
Note:All'read and write.commands are valid, but there is no effect (except registers can be changed)
when write. commands are used.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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WRCTRLD(53h)
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! I
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Flow Chart : Display I
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RDCTRLD: Read CTRL Display Value (54h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDCTRLD Read | 54h | 5400h 00h - - |BCTRL| - DD BL - -
NOTE: “-* Don'’t care
This command returns display brightness control.
BCTRL: Brightness Control Block On/Off
The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit).
BCTRL DESCRIPTION LEDPWM Pin
0 Off, LEDPWPOL="0": keep low (0%, high level is duty)
DBV/[7:0] are 00h. LEDPWPOL="1": keep high (0%, low level is duty)
1 On, LEDPWPOL="0": PWM output (high level is duty)
DBV[7:0] are active LEDPWPOL="1": PWM output (low.levelis duty)
DD: Display Dimming Control On/Off
DD DESCRIPTION
0 Display dimming is off
Description 1 Display dimming is on
BL: Backlight Control On/Off without-Dimming Effect
When BL bit change from “On”™to “Off", display. brightness is turned ‘off\without gradual dimming, even if
dimming on (DD="1")is selected.
BL DESCRIPTION LEDPWM Pin
LEDPWPOL="0"+keep low (0%, high level is duty)
0 off S : ;
LEDPWPOL="1": keep high (0%, low level is duty)
1 on LEDPWPOL="0": PWM output (high level is duty)
LEDPWPOL="1": PWM output (low level is duty)
The dimming function is adapted-to the brightness registers for display when bit BCTRL is changed at
DD="1", e.g: BCTRL: 01 or 1—0.
Note:All'read and write.commands are valid, but there is no effect (except registers can be changed)
when write. commands are used.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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WRCABC: Write Content Adaptive Brightness Control (55h)

Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
WRCABC Write | 55h | 5500h 00h Cc7 C6 C5 C4 C3 Cc2 C1 Co
NOTE: “-* Don'’t care
This command is used to set parameters for image content based adaptive brightness control and image
enhancement functionality. There is possible to use 4 different modes for content adaptive image
functionality, 3 different modes for image enhancement functionality and 3 different modes for sunlight
readability enhancement functionality, which are defined on a table below.
C[7:0] Function
00h CABC Off
0lh CABC User Interface Image (Ul-Mode)
o 02h CABC Sitill Picture Image (Still-Mode)
Description 03h CABC Moving Picture Image (Moving-Mode)
4xh SRE - Low Enhancement
5xh SRE - Medium Enhancement
6xh SRE - High Enhancement
8xh IE - Low Enhancement
9xh IE - Medium Enhancement
Bxh IE - High Enhancement
Note: The:setting values which-not in above table are invalid.
Restriction This register-is synchronized with V-sync-by internal circuit.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal'Mode On; Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle'Mode Off, Sleep Out N/A
Partial Mode'On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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RDCABC: Read Content Adaptive Brightness Control (56h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDCABC Read | 56h | 5600h 00h Cc7 C6 C5 C4 C3 Cc2 C1 Co
NOTE: “-* Don'’t care
This command is used to set parameters for image content based adaptive brightness control and image
enhancement functionality. There is possible to use 4 different modes for content adaptive image
functionality, 3 different modes for image enhancement functionality and 3 different modes for sunlight
readability enhancement functionality, which are defined on a table below.
C[7:0] Function
00h CABC Off
0lh CABC User Interface Image (Ul-Mode)
o 02h CABC Sitill Picture Image (Still-Mode)
Description 03h CABC Moving Picture Image (Moving-Mode)
4xh SRE - Low Enhancement
5xh SRE - Medium Enhancement
6xh SRE - High Enhancement
8xh IE - Low Enhancement
9xh IE - Medium Enhancement
Bxh IE - High Enhancement
Note: The:setting values which-not in above table are invalid.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal'Mode On; Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle'Mode Off, Sleep Out N/A
Partial Mode'On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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WRCABCMB: Write CABC minimum brightness (5Eh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI PD[15:8] (Non-MIPI§ D7 D6 D5 D4 D3 D2 D1 DO
WRCABCMB Write | 5Eh | 5E00h 00h CMB7 | CMB6 | CMB5 | CMB4 | CMB3 | CMB2 | CMB1 | CMBO
NOTE: “-* Don'’t care
This command is used to set the minimum brightness value of the display for CABC function
Description In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means
the highest brightness for CABC.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power.On Sequence 00h
S/W Reset 00h
H/W Reset 00h
T
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RDCABCMB: Read CABC minimum brightness (5Fh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI] D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDCABCMB Read | 5Fh | 5F00h 00h CMB7 | CMB6 | CMB5 | CMB4 | CMB3 | CMB2 | CMB1 | CMBO
NOTE: “-* Don'’t care
This command return the minimum brightness value of CABC function
In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means
Description the highest brightness for CABC.
CMBJ7:0] is the minimum brightness for CABC specified with “WRCABCMB Write CABC minimum
brightness (5Eh)” command.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W-Reset 00h
T
: Legend |
|
RDCABCMB(5Fh) : |
Host : Command ||
: |
Driver |
; [Parner ]
Send Parameter [ |
CMBJ[7:0] ! - |
Flow Chart : Display [
i |
i |
' [
| .
|
| -
| 7~ Sequentia :
: transfer [
L l
6/3/2014 198 Version 0.06

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



q NG®VATEK PRELIMINARY NT35523

RDBWLB: Read Black/White Low Bits (70h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBWLB Read | 70h | 7000h 00h Bkx1 | BkxO | Bkyl | BkyO | Wx1 | Wx0 | Wyl | Wy0
NOTE: “-“ Don't care
This command returns the lowest bits of black and white color characteristic.
Description Black: Bkx and Bky
White: Wx and Wy
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power.On Sequence MTP Value 00h
S/W Reset MTP-Value 00h
H/W Reset MTP Value 00h
=T
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RDBkx: Read Bkx (71h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBkx Read | 71h | 7100h 00h Bkx9 | Bkx8 | Bkx7 | Bkx6 | Bkx5 | Bkx4 | Bkx3 | Bkx2
NOTE: “-* Don’t care
Description This command returns the Bkx bit (Bkx[9:2]) of black color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T T
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RDBKky: Read Bky (72h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBky Read | 72h | 7200h 00h Bky9 | Bky8 | Bky7 | Bky6 | Bky5 | Bky4 | Bky3 | Bky2
NOTE: “-* Don’t care
Description This command returns the Bky bit (Bky[9:2]) of black color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
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RDWx: Read Wx (73h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDWx Read | 73h | 7300h 00h Wx9 | Wx8 | Wx7 | Wx6 | Wx5 | Wx4 | Wx3 | Wx2
NOTE: “-* Don’t care
Description This command returns the Wx bit (Wx[9:2]) of white color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T T
: Legend
|
|
RDWx(73h) | :
[ Host : Command ||
: |
Driver |
' [[Farameter ]
Send Parameter : [
. . |
Flow Chart Wx[9:2] : Display I
i |
i |
' [
| .
|
| -
| ~~ Sequentia :
: transfer I
|
L 1
6/3/2014 202 Version 0.06

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

information.



q NG®VATEK PRELIMINARY NT35523

RDWYy: Read Wy (74h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDWYy Read | 74h | 7400h 00h Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4d | Wy3 | Wy2
NOTE: “-* Don’t care
Description This command returns the Wy bit (Wy[9:2]) of white color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
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RDRGLB: Read Red/Green Low Bits (75h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDRGLB Read | 75h | 7500h 00h Rx1 | Rx0 | Ryl | Ryo | Gx1 | Gx0 | Gy1 | Gyo
NOTE: “-* Don’t care
This command returns the lowest bits of red and green color characteristic.
Description Red: Rx and Ry
Green: Gx and Gy
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power.On Sequence MTP Value 00h
S/\W Reset MTP-Value 00h
H/W Reset MTP Value 00h
T
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RDRx: Read Rx (76h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDRXx Read | 76h | 7600h 00h Rx9 | Rx8 | Rx7 | Rx6 | Rx5 | Rx4 | Rx3 | Rx2
NOTE: “-* Don’t care
Description This command returns the Rx bit (Rx[9:2]) of red color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T
: Legend
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RDRx(76h) : |
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RDRy: Read Ry (77h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDRy Read | 77h | 7700h 00h Ry9 | Ry8 | Ry7 | Ry6 | Ry5 | Ry4 | Ry3 | Ry2
NOTE: “-* Don’t care
Description This command returns the Ry bit (Ry[9:2]) of red color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T
: Legend
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RDRy(77h) : |
[ Host : Command ||
: |
Driver |
' [[Farameter ]
Send Parameter : [
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RDGx: Read Gx (78h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDGx Read | 78h | 7800h 00h Gx9 | Gx8 | Gx7 | Gx6 | Gx5 | Gx4 | Gx3 | Gx2
NOTE: “-* Don’t care
Description This command returns the Gx bit (Gx[9:2]) of green color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
: Legend
|
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RDGx(78h) | :
[ Host : Command ||
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Send Parameter : [
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Flow Chart Gx[9:2] : Display I
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RDGy: Read Gy (79h)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDGy Read | 79h | 7900h 00h Gy9 | Gy8 | Gy7 | Gy6 | Gy5 | Gy4 | Gy3 | Gy2
NOTE: “-* Don’t care
Description This command returns the Gy bit (Gy[9:2]) of green color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
: Legend
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RDBALB: Read Blue/AColor Low Bits (7Ah)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBALB Read | 7Ah | 7A00h 00h Bx1 Bx0 Byl By0 Ax1 AXx0 Ayl Ay0
NOTE: “-“ Don't care
This command returns the lowest bits of blue and A color characteristic.
Description Blue: Bx and By
A: Ax and Ay
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power.On Sequence MTP Value 00h
S/W Reset MTP-Value 00h
H/W Reset MTP Value 00h
=T
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RDBx: Read Bx (7Bh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBx Read | 7Bh | 7B00Oh 00h Bx9 Bx8 Bx7 Bx6 Bx5 Bx4 | Bx3 Bx2
NOTE: “-* Don’t care
Description This command returns the Bx bit (Bx[9:2]) of blue color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T T
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RDBy: Read By (7Ch)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDBy Read | 7Ch | 7C00h 00h By9 | By8 | By7 | By6 | By5 | By4d | By3 | By2
NOTE: “-* Don’t care
Description This command returns the By bit (By[9:2]) of blue color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
: Legend
|
|
RDBy(7Ch) | :
[ Host : Command ||
: |
Driver |
' [[Farameter ]
Send Parameter : [
. . |
Flow Chart By[9:2] : Display I
i |
i |
' [
| .
|
| -
| ~~ Sequentia :
: transfer I
|
L 1
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RDAXx: Read Ax (7Dh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDAX Read | 7Dh | 7D00Oh 00h Ax9 | Ax8 | AX7T | Ax6 | Ax5 | Ax4 | Ax3 | Ax2
NOTE: “-* Don’t care
Description This command returns the Ax bit (Ax[9:2]) of A color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re.glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T T
: Legend
|
RDAX(7Dh) : |
[ Host : Command ||
: |
Driver |
' [[Farameter ]
Send Parameter : [
. . |
Flow Chart AX[9:2] : Display I
i |
i |
' [
| .
|
| -
| ~~ Sequentia :
: transfer I
|
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RDAy: Read Ay (7Eh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDAy Read | 7TEh | 7E00h 00h Ay9 | Ay8 | Ay7 | Ay6 | Ay5 | Ayd | Ay3 | Ay2
NOTE: “-* Don’t care
Description This command returns the Ay bit (Ay[9:2]) of A color characteristic.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default'Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP Value 00h
H/W Reset MTP Value 00h
T T
: Legend
|
|
RDAy(7Eh) | :
[ Host : Command ||
: |
Driver |
' [[Farameter ]
Send Parameter : [
. . |
Flow Chart Ay[9:2] : Display I
i |
i |
' [
| .
|
| -
| ~~ Sequentia :
: transfer I
L i
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RDDDBS: Read DDB Start (Alh)

Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO

A100h 00h SID7 | SID6 | SID5 | SID4 | SID3 | SID2 | SID1 | SIDO
Al101h 00h SID15]SID14|SID13|SID12|SID11|SID10| SID9 | SID8
A102h 00h MID7 | MID6 | MID5 | MID4 | MID3 | MID2 | MID1 | MIDO

RDDDBS Read | Alh| A103h 00h MID15|MID14|MID13|MID12|MID11|MID10| MID9 | MID8
A104h 00h RID7 | RID6 | RID5 | RID4 | RID3 | RID2 | RID1 | RIDO
A105h 00h RID15|RID14|RID13|RID12|RID11|RID10| RID9 | RID8
A106h 00h 1 1 1 1 1 1 1 1

NOTE: “-“ Don'’t care

This command returns the supplier identification and display module mode/revision information.

Note: This information is not the same what “Read ID1 (DAh)",“Read |ID2.(DBh)"'and “Read ID3 (DCh)”
commands are returning.

Note: Parameter OxFF 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 (A8h)” command when the-first,parameter, what has'been transferred, is the parameter, which
has not been sent e.g. RDDDBS > 1% parameter. has been sent=> 2™ parameter has been sent=>

Description interrupt => RDDDBC => 3" parameter of the RDDDBS has.been sent.
SID[7:0]: LS byte of Supplier. 1D
SID[15:8]:"MS byte of SupplieriD
MID[7:0]: LS byte of Supplier Elective Data such as model number
MID[15:8]: MS byte of Supplier Elective Data such as madel number
RID[7:0]:'LS byte of Supplier Elective Data such'as-revision number
RID[15:8]: MS byte of Supplier Elective Data‘such as revision number
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, ldle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value All 00h
S/W Reset MTP Value All 00h
H/W Reset MTP Value All 00h
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e
: Legend
RDDDBS(A1h) | :
B ] St e I
Y Driver : :
/Send Parameter SID[7 0]/ :I
I
I
: <D}
/Send Parameter SID[15 8]/ : :
; , .
|
- | Civode D
Flow Chart /Send Parameter MID[7.0]/ | m :
I
* )
/ Send Parameter MID[15 8]/ | Ntransfer :
v I W |
/Send Parameter RID[7:0]/
/Send Parameter RID[15 8]/
/ Send Parameter FFh /
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RDDDBC: Read DDB Continue (A8h)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPIl) | D7 D6 D5 D4 D3 D2 D1 DO
A800h 00h SID7 | SID6 | SID5 | SID4 | SID3 | SID2 | SID1 | SIDO
A801h 00h SID15]SID14|SID13]SID12|SID11|SID10| SID9 | SID8
A802h 00h MID7 | MID6 | MID5 | MID4 | MID3 | MID2 | MID1 | MIDO
RDDDBC Read | A8Bh | A803h 00h MID15|{MID14|MID13|MID12|MID11|MID10| MID9 | MID8
A804h 00h RID7 | RID6 | RID5 | RID4 | RID3 | RID2 | RID1 | RIDO
A805h 00h RID15]|RID14|RID13|RID12|RID11|RID10| RID9 | RID8
A806h 00h 1 1 1 1 1 1 1 1
NOTE: “-* Don't care
This command returns the supplier identification and display module mode/revision information-from the
point where RDDDBS command was interrupted by an other command.:
Note: Parameter OxFF is an “Exit Code”, this means that-there.is no-more data in the DDB block.
Description Note: For use example,
1. Set maximum return packet size=3
2. Read OxA1l, return 3 bytes SID[7:0];.SID[15:8], MID[7:0]
3. Read OxAS8, return 4-bytes MID[15:8],-RID[7:0], RID[15:8] and OxFF
A Read DDB Start command (RDDDBS) should be executed-at least once-before a’Read DDB Continue
Restriction command (RDDDBC) to define the-read location. -Otherwise, data read with"a Read DDB Continue
command is undefined.
Status Availability
Normal Mode On; Idle Mode-Off, Sleep Out Yes
Register Normal Mode On; Idle Mode On, Sleep Out Yes
Availability Partial Mode\On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value All 00h
S/W Reset MTP Value All 00h
H/W Reset MTP Value All 00h
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“Fovomcpen |

i |
' |
' |
' |
' |
' |
[
[P /!
RDDDBS Data | |
D1[7:0], D2[7:0], ' , |
Flow Chart ..., DN[7:0] : Display |
i |
| |
' [
| |
' |
I .
| /7 Sequentia :
: transfer |
Z i
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RDFCS: Read First Checksum (AAh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDFCS Read | AAh| AAOOh 00h FCS7 | FCS6 | FCS5 | FCS4 | FCS3 | FCS2 | FCS1 | FCSO
NOTE: “-* Don’t care
This command returns the first checksum what has been calculated from “User Command Set” area
Description registers (not include “Manufacture Command Set) and the frame memory after the write access to those
registers and/or frame memory has been done.
- It will be necessary to wait 150ms after there is the last write access on “User Command Set” area
Restriction . .
registers before there can read this checksum value.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power.On Sequence 00h
S/W Reset 00h
H/W Reset 00h
T
: Legend |
|
RDFCS(AAh) : |
Host : Command ||
: |
Driver |
; [Parner ]
Send Parameter : |
. . |
Flow Chart FCS[7:0] : Display [
i |
i |
' [
| .
|
| -
| 7~ Sequentia :
: transfer [
L |
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CKSUM: Read Checksum (ADh)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
CKSUM R |ADh| ADOOh CKM7 | CKM6 | CKM5 | CKM4 | CKM3 |CKM2 | CKM1 |CKMO
NOTE: “-* Don’t care
This command return the checksum value for the following command registers.
Description CMD1: 0A, 0C
P Page0: BL, B5
Pagel: B1, BC0OO, BDOO, BE
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Re_glst_e.r Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power On Sequence 00h
S\ Reset 00h
H/W Reset 00h
T
: Legend
|
CKSUM(ADh) : |
i Host : |
i e |
Driver | I
[ Parameter /!
Send Parameter [ |
CKMJ[7:0] ' - |
Flow Chart : Display |
i |
i |
' |
| .
|
| -
| 7~ Sequentia :
: transfer [
|
L ___ |
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RDCCS: Read Continue Checksum (AFh)
Inst / Para RIW Address Parameter
MIPI|Non-MIPI|] D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDCCS Read | AFh | AFOOh 00h CCS7|CCS6|CCS5|CCSs4|CCSs3|cCs2|ccs1|ccso
NOTE: “-* Don'’t care
This command returns the continue checksum what has been calculated continuously after the first
Description checksum has calculated from “User Command Set” area registers and the frame memory after the write
access to those registers and/or frame memory has been done.
- It will be necessary to wait 300ms after there is the last write access on “User Command Set” area
Restriction . . . ' .
registers before there can read this checksum value in the first time.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Status Default Value
Default Power.On Sequence 00h
S/W Reset 00h
H/W Reset 00h
T
: Legend |
|
RDCCS(AFh) : |
Host : Command ||
: |
Driver |
; [Parner ]
Send Parameter : [
. . |
Flow Chart CCS[7:0] : Display [
i |
i |
' [
| .
|
| -
| 7~ Sequentia :
: transfer [
L l
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RDID1: Read ID1 Value (DAh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDID1 Read | DAh| DAOOh 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10
NOTE: “-* Don’t care
Description This read byte identifies the TFT LCD module’s manufacture ID.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP-Value 00h
H/W Reset MTP Value 00h
=T
: Legend |
|
RDID1(DAh) : |
Host : Command ||
: |
Driver |
; [Parne ]
Send Parameter [ |
ID1[7:0] | - |
Flow Chart : Display |
i |
i |
' |
| .
|
| -
| 7~ Sequentia :
: transfer I
|
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RDID2: Read ID2 Value (DBh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDID2 Read | DBh| DBO0Oh 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20
NOTE: “-* Don'’t care
This read byte is used to track the TFT LCD module/driver version. It is changed each time a version is
Description made to the display, material or construction specifications.
Parameter Range: ID2 = 80h to FFh
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power.On Sequence MTP Value 80h
S/W Reset MTP Value 80h
H/W Reset MTP Value 80h
T
: Legend |
|
RDID2(DBh) : |
Host : Command ||
: |
Driver |
; [Parner ]
Send Parameter [ |
ID2[7:0] ! - |
Flow Chart : Display [
i |
i |
' [
| .
|
| -
| 7~ Sequentia :
: transfer [
|
!
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RDID3: Read ID3 Value (DCh)

Address Parameter
Inst / Para R/W
MIPI|Non-MIPI | D[15:8] (Non-MIPI) | D7 D6 D5 D4 D3 D2 D1 DO
RDID3 Read |DCh| DCO0Oh 00h ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30
NOTE: “-* Don’t care
Description This parameter read byte identifies the TFT LCD module/driver.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Registgr Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out N/A
Partial Mode On, Idle Mode On, Sleep Out N/A
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
S/W Reset MTP-Value 00h
H/\W Reset MTP Value 00h
T
: Legend |
|
RDID3(DCh) : |
Host : Command ||
: |
Driver |
; [Parmer ]
Send Parameter [ |
ID3[7:0] | - |
Flow Chart : Display |
i |
i |
' |
| .
|
| -
| 7~ Sequentia :
: transfer I
|
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7 SPECIFICATIONS
7.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage (Logic) VDDI -0.3~+55 V
Supply voltage VCI -0.3~+55 \%
AVDD -0.3 ~ +6.6 V
Supply voltage (MV) AVEE +0.3~ 6.6 Y
VGH -0.3 ~ +23
Supply voltage (HV) VGLX +0.3 ~-20 \%
VGH-VGLX -0.3 ~ +33
Logic Input voltage range VIN -0.3~VDDI +0.3 V
Logic Output voltage range VO -0.3~VDDI+*0.3 V
HSSI_CLK_P/N
HSSI_DATAO_P/N
Differential Input Voltage HSSI_DATA1_P/N -0:3~+1.8 Vv
HSSI_DATA2_P/N
HSSI DATA3._P/N
Operating temperature range TOPR -40 ~ +85 °C
Storage Temperature range TSTG -55 ~+125 °C

Note:

1. If the absolute maximum ‘rating of even is one of the above parameters is exceeded even momentarily, the
quality of the product may be degraded. Absolute/maximum ratings, therefore, specify the values exceeding
which the product may be physically damaged: Be sure to use the product within the range of the absolute
maximum, ratings.

2. Refer the Pin'Description of BTM[2:0] for\the definition of VCI and AVDD.
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7.2 DC Characteristics
7.2.1 Basic Characteristics
. ificati . Rel
Parameter Symbol Conditions Specification Unit e_ated
MIN TYP MAX Pins
Power & Operation Voltage
Analog Operating voltage VCI Operating Voltage 2.5 3.3 4.8 \% Note 1, 2
Logic Operating voltage VDDI 1/0 supply voltage 1.65 1.8 3.6 \% Note 1, 2
Input / Output
Log?c High Ievel.lnput voltage VIH VDDI=1.65~3.6 0.7 VDDI - VDDI \% Note 1, 2, 3
Logic Low level input voltage VIL VSSI - 0.3VvDDI| V Note 1, 2, 3
o VDDI=1.65~3.6
L High | | I VOH .8 VDDI - | N 2
ogic High level output voltage (0] IOH = -1.0mA 0.8 VDD otel,2,5
. VDDI=1.65~3.6
Logic Low level output voltage VOL 1OL = +1.0mA VSSI - 0.2 VDDI | \\V Note 1, 2,5
Logic High level leakage .
(Except MIPI) ILIH Vin=0~VDDI 1 MA | Notel,2,3
Logic Low level leakage .
(Except MIPI) ILIL Vin=0~VDDI -1 - 5 MA | Notel,2,3
Logic High level leakage ILIH Vin=0~1.3V. - - 1 LA | Note 2,8
(MIPI)
Logic Low level leakage ILIL Vin=0~1.3V 1 - - LA | Note2,8
(MIPI)
DC/DC Caonverter Operation
AVDD booster.voltage AVDD - 4.5 - 6.3 V Note 2, 7
AVEE booster voltage AVEE - -6.3 - -4.5 V Note 2, 7
VCL booster voltage VCL < -2.5 - -4.0 \Y% Note 2, 7
AVDD 3AVDD
VGH booster voltage VGH - VCL - _AVEE \Y, Note 2, 6
AVEE 2AVEE
VGLX booster voltage VGLX - +VCL - _AVDD \Y, Note 2, 6
Voltage difference between
VGH and VGLX VGHL [VGH-VGLX] - - 30 \% Note 2
Oscillator tolerance AOSC 25 °C -5 - 5 %
Source Driver
VGMP - 3.0 - 6.0 \Y Note 2
VGSP - 0.0 - 3.3 \Y Note 2
Gamma reference voltage
VGMN - -6.0 - -3.0 \Y Note 2
VGSN - -3.3 - 0.0 \Y Note 2
Output offset voltage VOFSET - - - 45 mV Note 4
VGMP-0.2V=Sout=4.0V
Outout deviation voltage Vdev (0.2-VGMN=Sout=4.0V) - 20 30 mV Note 4
P g 0.2V<Sout<1.0V Fig.7.2.2
1.0V<Sout<4.0V - 10 15 mV
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Note 1) VDDI=1.65 to 3.6V, VCI=2.5 to 4.8V, VSSI=VSS=DVSS=0V, Ta=-30 to 70 °C (to +85 °C no damage)
VCI means VDDA, VDDR, VDDB and VSS means VSSA, VSSR, VSSB, AVSS, VSSAM.

VDDB, VDDA and VDDR should be the same input voltage level and larger than VDDI voltage.

Note 2) When the measurements are performed with module, measurement points are like below.

Note 3) RESX, IMO, LANSEL[1:0], DSWAP[1:0], PSWAP, BTM[2:0], BIST_EN, EN_INT_OSC, EXT_OSC, IMG_UPD, M_S,
CASCADE_ENB, IM1, WRX, RDX, CSX, DCX, SCL, SDI, D[23:0], SYNC1~4_IN, CRC1~2_CHG_IN, CLK_SYNC_IN,
CLKB_SYNC_IN, VS_IN, HS_IN, FR_SYNC_I, CS_IN, SDO_IN, SDI_IN, SCL_IN pins.

Note 4) Channel loading= 40pF / channel, Ta=25 °C.

Note 5) GPQ[8:0], SDO, D[23:0], SYNC1~4_OUT, CRC1~2_CHG_OUT, CLK_SYNC_OUT, CLKB_SYNC_OUT, VS_OUT,
HS_OUT, FR_SYNC_OUT, CS_OUT, SDO_OUT, SDI_OUT, SCL_OUT pins

Note 6) VDDB=3.3V, Ta=25 °C, no load on panel and lload=2mA, |Output Voltage — Target Voltage| < 100mV.

Note 7) VDDB=3.3V, Ta=25 °C, no load on panel and lload=TBDmA, power pad serial resistor is smaller than maximum value.

Note 8) VCI=2.5 to 4.8V, VDDI=1.65 to 3.6V, VSSAM=VSS=0V, Ta=-30 to 70 °C (to +85 °C no damage):

Measurement point for » 4)

4 FPC
— L — Measurement point for «2)

A-Si TFT

Panel  m— Conniector pin or flex side

(000 00,

Capacitor

Fig:'7.2.1 Measurement-Points for All. Characteristics.

-When 4.0<Sout <VGMP-0.2V (4.0<Sout £0.2V-VGMN), 0.2V<Sout<1.0V

|(S1, S2, S8, ..., S2400) - Average(S1, S2, S3, /.., S2400)| <=:30mV
-When 1.0V<Sout<4.0V

|(S1, S2, S8, ...\, S2400) — Average (S1;S2,'S3,....., S2400)|' <= 156mV
-Sout=VO0~V255

|Staget— Average (S1,.S2, S8, ... , S2400)| <=45mV
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7.2.2 MIPI Characteristics
7.2.2.1 DC Characteristics for DSI LP Mode

Parameter Symbol Conditions Specification UNIT
MIN TYP MAX
Logic high level input VIHLPCD LP-CD 450 - 1350 mV
voltage
Logic low level input ViLLPCD LP-CD 0 R 200 mvVv
voltage
Logic high level input
VIHLPRX LP-RX (CLK, DO, D1) 880 - 1350 mV

voltage
Logic low level input Vierx | LP-RX (CLK, DO, D1) 0 - 550 mv
voltage
Logic low level input Vierxute | LP-RX (CLK ULP mode) 0 - 300~ | mv
voltage
Logic high level output VorLpTx LP-TX (DO) 1.1 - 1.3 \Y;
voltage
Logic low level output VoLLPT LP-TX (DO) 50 < 50 mvV
voltage
Logic high level input I LP-CD, LP:RX B ] 10 LA
current
Logic low level input i LP-CD' LP-RX 10 - - pA
current
Input pulse rejection SGD DSI-CLK+/-, DSI-Dn+/- (Note 3) - - 300 Vps

Note 1) VDDI=1.65~3.6V, VCI=2.5-t0-4.8V, VSSI=YSS=VSSAM=0V, Ta=-30 to 70 °C (to +85 °C no damage). VCI means
VDDA, VDDR, VDDB and VSS means VSSAM; VSSA, VSSR;VSSB, AVSS.

Note 2) DSI high speed is off.

Note 3) Peak.interference amplitude max. 200mV and interference frequency min. 450MHz.

SGD SGD

VIHLPCD1 VIHLPRX

V|LLPCD1 VILLPRX: VILLPRXULP

Fig. 7.2.2 Spike/Glitch rejection-DSI
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7.2.2.2 DC Characteristics for DSI HS Mode

Parameter Symbol Conditions Specification UNIT
MIN TYP MAX
Input voltage common VeuCLK | o CLK /-, DSI-Dn+/- (Note2, 3) 70 ; 330 mv
mode range \/CMDATA
Input voltage common VCMRCLKL
- +/- -Dn+/- - -
mode variation (£ 450MHz) | VcMrpATAL DSI-CLK+/-, DSI-Dn+/- (Note 4) 50 50 my
Input voltage common VCMRCLKM
- +/- -Dn+/- - -

mode variation (= 450MHz) | VcMRDATAM DSI-CLK+/-, DSI-Dn+/ 100 my
Low-level differential input VTHLCLK DSI-CLK+/-, DSI-Dn+/- 70 i ) my
voltage threshold V/THLDATA
High-level differential input VTHHCLK DSI-CLK+/-, DSI-Dn+/- ) _ 20 mv
voltage threshold V/THHDATA
Single-ended input low Viis | DSI-CLK+/-, DSI-Dn+/- (Note 3) 40 : - mv
voltage
Single-ended input high Viks | DSI-CLK+/-, DSI-Dn+/- (Note 3) - - 460 mv
voltage
Differential input Rrerm | DSI-CLK+/-,DSI-Dii/- 80 100 125 Q
termination resistor
Single-ended threshold
voltage for termination VTERM-EN DSI-CLK+/-,.DSI-Dn+/- - - 450 mV
enable
Termination capacitor CTERM DSI-CLK+/-, DSI-Dn+/- - - 14 pF

Note 1) VDDI=1.65~3.6V, VCI=2.5 t0-4.8V, VSSI=VSS=VSSAM=0V, Ta=-30.to 70 °C (to +85 °C no damage). VCI means
VDDA, VDDR, VDDB and VSS means VSSAM, VSSA, VSSR;VSSB, AVSS.

Note 2) Includes 50mV (-50mV to 50mV) ground difference:

Note'3) Without VcmRcLkM / VCMRDATAM.,

Note 4) Without 50mV (-50mV.to 50mV) ground difference.

Note 5)-Dn=D0, D1, D2 and.D3:

"1" (HS-1) "0" (HS-0 "1 (HS:1)

- - DSI-CLK+, —._._._ .
DSI-DO+
1 Vemretkm { .........
VrHHeLK VCMRDATAM Vemretke
‘VTHHDATA DSI-CLK+/- =l VCMRDATAL
0V reference [ DSI-DO+/- .
VrhieLk DSI-CLK-, _ . —
§VTHLDATA DSI-DO- v
CMCLK
e e Vemoata
VSS
Undefined Undefined
DSI-CLK+,
DSI-DO+
——————————— _——-
RTERM( ,” \\\
\ 7 \
\
/ \
DSI-CLK-, / HS/LP \
DSI-Do- ~C 1 Rrermpos V ‘l
N |
~ 1 _t k|
Ny \ TERM 1]
\\ \RTERMNEG /
; /
\\\ //
RTERM = RTERMPOS + RTERMNEG \\\ ,/
Rreeuvpos = Riepunea + Rregu/2 S =”

Fig. 7.2.3 Differential voltage range, termination resistor and Common mode voltage
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7.2 AC Characteristics
7.3.1 MIPI DSI Timing Characteristics
7.3.1.1 High Speed Mode
(VSS=VSSI=DVSS=0V, VDDI=1.65V to 3.6V, VCI=2.5V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN TYP MAX Unit Description
DSI-CLK+/- 2xUlinst | Double Ul instantaneous 2 - 5 ns | 4 Lane (Note 2)
Ulinsta | Ul instantaneous halfs
DSI-CLK+/- Ulste | (Ul = Ulinsta = UlinsTs) 1 - 25 ns | 4 Lane (Note 2)
DSI-Dn+/- tps Data to clock setup time 0.15xUl - - ps
DSI-Dn+/- toH Data to clock hold time 0.15xUl - - ps
DSI-CLK+/- tortcik | Differential rise time for clock 150 - 0.3xUlI ps
DSI-Dn+/- torTDATA | Differential rise time for data 150 - 0.3xUl ps
DSI-CLK+/- torrcik | Differential fall time for clock 150 - 0:3xUI ps
DSI-Dn+/- tortoata | Differential fall time for data 150 - 0.3xUl ps

Note 1) Dn = DO, D1, D2 and D3.
Note 2) Maximum total bit rate is 4Gbps for 24-bit data format, 3Ghps_for\18-hit data-format and 2.67Gbps for 16-bit data
format in master-slave cascade application (4-lane-x 2).which support to:2600RGBx 2560 resolution.

DSI-CLK+ i i DSI-D0+
‘.‘l I'.’
DSI-CLK- i \ ] i DSI-D0-
i Ulinsta i Ulinste
—— o —p|
! i DSI-CLK+
! 2xUlinst
]
DSI-CLK-
Fig. 7.3.1 DSl clock channel timing
toFTCeLK torTCLK
torTDATA, toRTDATA,
: : : :
DSI-CLK+/-,
0V reference DSI-DO+/-
Full HS Swing Voltage
Fig. 7.3.2 Rising and fall time on clock and data channel
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7.3.1.2 Low Power Mode

(VSS=VSSI=DVSS=0V, VDDI=1.65V to 3.6V, VCI=2.5V to 4.8V,Ta = -30 to 70°C)

Signal Symbol Parameter MIN TYP MAX Unit Description
Length of LP-00, LP-01,
DSI-DO+/- TLpxm LP-10 or LP-11 periods 50 - 75 ns Input

MPU - Display Module

Length of LP-00, LP-01,
DSI-DO+/- TLPxD LP-10 or LP-11 periods 50 - 75 ns Output
Display Module > MPU

DSI-DO+/- TTA-SURED Tlme_o.Ut. before the MPU TipxD - 2XTLPxD ns Output
start driving

Time to drive LP-00 by

DSI-DO+/- TTA-GETD .
display module

5xTLrPxD - - ns Input

Time to drive LP-00 after
- +/- TTA- 4 - =
DSI-DO+/ TA-GOD turnaround reguest - MP X TLPXD ns OUtpUt

MPU is Controlling Control'\Change Display Module is Controlling
DSIDO+ =r=2=c—ir—r— A\ T Lrasurcpe ek iy S ‘
DSI-DO- \ , \ ;
N R\ R\ L\ -
S P —
DSkDO+ T T T
DSI-DO-

Fig. 7.3.3 Bus Turnaround (BTA) from MPU to display module Timing

Display Module is Controlling Control Change

TA-GOD

DSIDO+ =r=-=-——-— A y \ /
DSI-DO- \ ; \ ;
\_ . N v

DSI-DO+
DSI-DO-

Fig. 7.3.4 Bus Turnaround (BTA) from display module to MPU Timing
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7.3.1.3 DSI Bursts

(VSS=VSSI=DVSS=0V, VDDI=1.65V to 3.6V, VCI=2.5V to 4.8V,Ta = -30 to 70°C)

Signal

Symbol

Parameter |

MIN

[ TvP |

MAX

| Unit | Description

Low Power Mode to High Speed Mode Timing

DSI-Dn+/-

TLpx

Length of any low power state
period

50

ns

Input

DSI-Dn+/-

THS-PREPARE

Time to drive LP-00 to prepare
for HS transmission

40+4xUl

85+6xUI

ns

Input

DSI-Dn+/-

THS-TERM-EN

Time to enable data receiver line
termination measured from
when Dn crosses ViLmax

35+4xUl

ns

Input

High Speed Mode to Low Power Mode

Timing

DSI-Dn+/-

THs-skip

Time-out at display module to
ignore transition period of EoT

40

55+4xUl

ns

Input

DSI-Dn+/-

THs-EXIT

Time to drive LP-11 after HS
burst

100

ns

Input

DSI-Dn+/-

THs-TRAIL

Time to drive flipped differential
state after last payload data bit
of a HS transmission burst

60+4xUl

ns

Input

High-Speed Mode to/from Lo

w Power Mode-Timing

DSI-CLK+/-

TcLk-poS

Time that the MPU shall
continue sending HS-clock after
the-last associated data lane
has-transition to LP mode

60+52xUlI

ns

Input

DSI-CLK+/-

TCLK-TRAIL

Time to drive.HS differential
state after last payload clock bit
of a HS transmission burst

60

ns

Input

DSI-CLK+/-

THs-EXIT

Time to drive LP-11 after HS
burst

100

ns

Input

DSI-CLK+/-

TCLK-PREPARE

Time to drive LP-00 to prepare
for HS transmission

38

95

ns

Input

DSI-CLK+/-

TCLK-TERM-EN

Time-out at clock lane display
module to enable HS
transmission

38

ns

Input

DSI-CLK+/-

TCLK-PREPARE
+ TcLK-ZERO

Minimum lead HS-0 drive period
before starting clock

300

ns

Input

DSI-CLK+/-

TCLK-PRE

Time that the HS clock shall be
driven prior to any associated
data lane beginning the
transition from LP to HS mode

8xUl

ns

Input

Note 1) Dn = DO, D1, D2 and D3.

Note 2) Two HS transmission can be sent with a break as short as Ths-exit from each other in continuous clock mode. In
discontinuous mode, the break is longer which account Tcik-ros, Tck-TrRaIL and Ths-exiT, before activity in clock and
data lanes again.
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oa e OODOBOOGOROGOH0CO0OOMO0O0GR0

Tipx Ths- PREPARE Ths-sync
| . -

>

O

O

Disconnect

DSI-DO+ ﬁ_\ Terminator \ |
VIHLPRX (Min)
VILLPRX (Max) T S . ‘ } }

EIRIPED OO S 6 S0 G

T N
DSI-DO- % - : st ! ! Ths-skip
THs-TERM-EN] C;pturgl - 3 S
1 ata Bit Teor -
Ths- SETT:LE -t >
! > Ths-TRAIL ThsexiT
LP-11 LP-01 LP-00

)
)
Low Power Mode, i
Disable Rx Line Termination !

High Speed Mode, Enable Rx Line Termination

-

Fig. 7.3.5 Data lanes-Low Power Mode to/from High Speed Mode Timing

Low Power Mode,
Disable Rx Line

Termination

TEOT TCLK-SETTLE E
Teik-miss % Tcik-TERM-EN
] >
VIHLPRX (Min)
DSI_CLK+ (T
DD G % WAL e ) BT A OG T
TCLK-POST ‘TCLK-TRAIIL‘ THS-EXIT P TLPX‘ELK-PREPAR'E TCLK-ZERO . TCLK-PRE ‘T LPX‘ lHS-LR"PARE
Disconnect HS-0/1 HS-0 LP-11 LP-01 LP-00 ' HS-0 HS-0/1
Terminator
]
V IHLPRX (Min)
VILLPRX (Max) y =
DSI-D0+ — /‘%
DSI-DO- 77+— 7—%— i
Ths-skip
Fig. 7.3.6 Clock lanes- High Speed Mode to/from Low Power Mode Timing
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7.3.2 Reset Input Timing

Shorter than 5us
RESX
Internal _ . Initial Condition
Status Normal Operation >< Resetting (Default for HW reset)
Fig. 7.3.7 Reset input timing
(VSS=VSSI=DVSS=0V, VDDI=1:65V. to, 3.6V, \VCI=2.5V to 4.8V,Ta = -30 to 70°C)
Signal Symbol Parameter MIN TYP MAX Unit Description
tRESW Reset "L" pulse width (Note 1) 10 - - ps
X i 20 v Whgn reset applied
RESX during Sleep In Mode
trREST Reset.complete time (Note 2) When reset applied
- - 120 ms | during Sleep Out Mode
and Note 5

Note 1) Spike due to an electrostatic discharge on"RESX line 'does not cause irregular system reset according to
the table below.

RESX Pulse Action
Shorter than 5us Reset Rejected
Longer than10us Reset
Between 5us and 10us Reset Start

Note 2) During the resetting period, the display will be blanked (The display is entering blanking sequence, which
maximum time is 120 ms, when Reset Starts in Sleep Out —mode. The display remains the blank state in
Sleep In—-mode) and then return to Default condition for H/W reset.

Note 3) During Reset Complete Time, values in OTP memory will be latched to internal register during this period.
This loading is done every time when there is H/W reset complete time (tgest) Within 5ms after a rising
edge of RESX.

Note 4) Spike Rejection also applies during a valid reset pulse as shown below:

|<— 10us —>|
Reset is accepted

Less than 20ns which positive spike will be rejectd

—>| |<— 20ns

Note 5) It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command
cannot be sent for 1220msec
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8 REFERENCE APPLICATIONS
8.1 Microprocessor Interface

The display, which is using MIPI DS, is connected to the MPU as it is illustrated below.

MPU Driver IC
RESX | RESX
- TE TE
VDDI——— CSX, D/CX, SCL, SDI
%—— SDO
DSI-D3+ / DSI-D3- HSSI DATA3 P
”| HSSI_DATA3 N
Interface Block DSI-D2+ / DSI-D2- HSS| DA
"| HSSI_DATA2 N
DSI-D1+/ DSI-D1- . | 'HSSI_DATA1_P
| 'HSSI.DATAI_N
B DSI-DO#+/.DSI-DO- _|\HSSI_LDATAQ_P
< "|\HSSI_DATAO_N
DSI-CLK#/DSI-CLK-" | HSSI_CLK_ P
| HSSI_CLK_N

Fig. 8.1.1 Interfacing for MIPl.by Connecting IM[1:0]="11"

Notes:

1. When TE\is-not inuse, please let it open.

2. Connect HSSI. DATA3_P/N to. VSSAM in 3 data lanes application (LANSEL[1:0]="10").

3.'Connect HSSI_DATA3_P/N/and HSSI. DATA2 P/N to VSSAM in 2 data lanes application (LANSEL[1:0]="01").
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8.2 Connections with Panel
8.2.1 Connection for Panel with Column/Dot Inversion for Cascade Application

RGB > CRL=0 (left half image) (right half image) CRL=1
CRGB=0 P! MR CRGB =0
Slave Master
Bump Down | Bump Down
S2400 - S1 S2400 - Sl
. P1 - P800 P801 - P1600
Left Half Right Half
Image Image BGR >
> RGB Left Half Right Half
Image Image
P1 - P800 P801 P1600
S1 - S2400 S1 - S2400
Master Slave
Bump Down Bump Down
MIPI MIPI N
(left half image) (right half image) »BGR
BGR N CRL=0 (efthalfimage) | (right half image) CRL=1
CRGB =1 MIPI MR CRGB=1
Slave Master
Bump Down | Bump Down
S2400 - S1 S2400 - Sl
X P1 - P800 P801 P1600
Left Half Right Half
Image Image RGB 3>
> B GR Left Half Right Half
Image Image
P1 - P800 P801 P1600
S1 - S2400 S1 - S2400
Master Slave
Bump Down Bump Down
MIPI MIPI _
(left half image) (right half image) »RGB
IC on Bottom Side of Module IC on Top Side of Module
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The relationship between Sn output sequence and CRL/CRGB for cascade application is shown below.

CGM Dlsplaly CRL | CRGB Sn Output Sequence Note
Resolution
0 0 S1r>S26)>S3E)> ... > S2398r)> 52399 S2400
000 800RGBx2 0 1 S1)>S26)>S3R)D ... > S23985)>S23996)> S2400R All S1 to S2400
(1600RGB) 1 0 S2400)~>S523996)>S2398r)> ... > S3(8)> 526> SR are used
1 1 S2400r>S2399c)>S2398r)> ... 2 S3r)>S2)>Sle
0 0 S1r>S26)>S3@E> ... DS1152>S1249R). .. S2398r)> S23996)> S2400
001 768RGBxX2 0 1 S1e)>S2c>S3RD ... > S1152r)>S1249)... > S2398)> S2399(6)> S2400R) :;j;}g;;nod
(1536RGB) 1 0 S2400)>52399¢)>S2398r> ... 51249 >51152)... >S3>S2>Slwy | . sed
1 1 S2400r)> S23996)> S2398)> ... > S12495)>S1152x)... > S3r)> S2(6)> Sle)
0 0 S1r>S2)>S3E)>...>S1080)>S1321 R ... >S2398r)> S23996)> S2400) NN ogoand
010 720RGBx2 0 1 S1@)>S26)>S3r)> ... >S1080r>S1321 > ...>S23985)> S2399¢ > S2400x) ENN<100
(1440RGB) 1 0 S2400)>523996)>$2398r)> ... 251321 >S1080@> .. 2832526281 | . o Lsed
1 1 S2400r)>S23996)>S2398)> ... > S13215)>S1080R)> ..«> S3R7) >S2(0) DS
0 0 S1r>S26)>S3@E=> ... > S960@)>S1441 "D ... > S2398r)> S2399)> S2400)
011 640RGBx2 0 1 S1e)>S26)>S3Rr)> ... >S960RI>S1441 > .. > S2898(5>S52399)> S2400R) ijffg;n:o
(1280RGB) 1 0 $2400>$23996)>52398r)> . >81441r>S960)> . DS3e>S26>Slw | o oy
1 1 S2400r)>S2399 6> S2398() > .. 251441 5> S960R)> .. 2 S3R)> S22 Sl
0 0 S1@>S26)>S3E ... > 5900E)>S1501R)D ...>S2398(r)>S23996)> 52400
100 600RGBx2 0 1 S1E)>S26)>S3r)> . >S900R)> S1501 @ ... > S2398()> S2399)> S2400R) zi;cs)f?gzinc;jo
(1200RGB) 1 0 $2400)>523996)>$2398r)2 ... 2S1501@>S900g) D - 2832526 PS1m | , o Lsed
1 1 S2400r)>S2399¢)> S2398)>. .. >S1501 ) >S900% > ... >S3r)>S2(5 P Sl
0 0 S1r>S26)>S3@ 2.2 S8105DS1591 "> ... > S2398r)> S23996)> 2400
10 540RGBx2 0 1 S1e)>S26)>S3R)D-wDS810R>S1591 > ... >S2398)> $2399)> S2400R) zi;s?f}(s)zinodo
(1080RGB) 1 0 S2400)>S2399(6)=>52398(r)> ... > S1591r)>S810@)>...> S3®)>S26)> SR are used
1 1 S2400r>S2399)>S2398r)> ... >S15915>S810r)> ... >S3r)>S26>Slw)

Note: The above table shows single chip-only (CASCADE_ENB=1), both Master IC and Slave IC use the same

Sn output pins in cascade application (CASCADE_ENB=0).
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8.2.2 Connection for Panel with Z Inversion for Cascade Application

ZZ RL=1,CRL=0,CRGB=0

ol [osfona] ols
B ;ID B

Left {[H

Half

L Image .D

(left half image)

2398 240 81
L ] P800
SDUM1, S1  ----- S2400 S S2400
Master Slave
Bump Down Bump Down
MIPI MIPI

(right half image)

ZZ RL=0,CRL=1,CRGB=0

(left half image)
MIPI

(right half image)
MIPI

I Slave l

Master |

Bump Down Bump Down
SDUM2, S2400 ----- S1 S2400 -------mmeemeee- S1
Pl oo P800 P801 - P1600
SDUM2 S2400 S2399 S8 X S1 S0 s8339 S R a9

ZZ RL=1,CRL=0,CRGB=1

ZZ RL50,CRL=1,CRGB=1

|
I Bump Down l l Bump Down |

|
|:|- Left -
Half SDUM2, S2400 ----- S1

EH
L Image -D
B
i

E (left half image) (right half image)
-@ 5 'E 'ﬂ MIPI MIPI
; Slave Master

plglol lole
i o EE R
BLELLULIL ,{',D,' 2t e @i
L lDlﬁlD B o Bm
PRSI S S SHO A08-d0EEa e i
S g e EOE ED o {Em

(left half image) (right half image) | | (. |

IC on Bottom Side of Module

IC on Top Side of Module
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The relationship between Sn output sequence and CRL/CRGB for cascade application is shown below.

er Display 2z il e | lemem Sn Output Sequence
Resolution| — Left Half Image Right Half Image
[SDUM1e> S16 5261523975 $2398,6> 52399 B52400ap S16 526> .. > S23971,5 5239865 $2399,
! 0 0 B10>526>S35>...> 5239855239955 52400¢ >S1p>S2>S3eD ... $2398%> S23996> S2400¢,
[SDUM1e> S1i6> S2> .. 523976, S2398,5,> S2399;s | 5524006 S16> 520> ... 523976 $2398¢)> $2399,
goorgex2 | 1 0 ! [5162526>S31> ... S2398,5 252399, > 52400 > S1e>S26>S3rD...> $23985> S23996> S2400,
000 (1600RGB) SDUM2e> S2400,6>S2399 ... > S4)> S36>S2) >S16>[24006> 523995 ... >S4 >S36>S2)
0 ! 0 524008 S23996)> S2398%> ... > S35 >S2 DSl 2400655239965 52398 5> ... 9535 >S26S1e
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2. Refer to “Left Half Image” only if use single chip (CASCADE_ENB=1).
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8.2.3 Synchronization Pads Connection on Panel for Cascade Application
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8.2.4 Cascade Z-inversion Horizontal timing limitation

CaseA:

tHFP min.=»0.65us
tHBP min.=»0.44us

tHFP min.=»1.77us
tHBP min.=»0.44us
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CaseB:
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CaseC:

tHFP min.=»0.65us
tHBP min.=»0.44us

tHFP min.=»1.21us
tHBP min.=0.44us
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CaseD:

tHFP min.=»1.77us
tHBP min.=»0.44us

tHFP min.=»0.65us
tHBP min.=»0.44us
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