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1. General Description

1.1 Purpose of this Document
This document has been created to provide complete reference specifications for the NT35596. IC designers, testing engineers and

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

1.2 General Description

The NT35596 device is a single-chip RAM-less solution for LTPS TFT LCD that incorporates gate drivers, a timing controller with glass

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

The NT35596 can support MIPI, SPI and I12C interface. The source resolution can be adjusted from-720RGB to, 1080RGB, ‘and the gate

resolution also can be set from 1024 lines to 1920 lines. About the detailed resolution setting, please refer.to NT35596 Application Note.

The NT35596 is also able to make gamma correction settings separately for RGB, dots to allow benign adjustments to panel characteristics,
resulting in higher display qualities. The IC includes internal boosters.that generate the 'LCD driving voltage, ‘breeder resistance and voltage

follower circuit for the LCD driver. A deep standby modeis-also supported forlower power consumption.

The NT35596 also supports-CABC function-for the backlight control. It's able to, reduce the“total power consumption of display module

significantly.

This'LSI is 'suitable ‘for small or medium-sized portable.-maobile 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 Full-HD LTPS Controller / Driver.

® Principal Display Resolution
B 1080RGB x 1920 (1:3 Multiplexer for source driver, Source output from S1 to S1080)
B 1080RGB x 1440 (1:3 Multiplexer for source driver, Source output from S1 to S1080)
B 1050RGB x 1680 (1:3 Multiplexer for source driver, Source output from S1 to S525, and S556 to S1080)
B 1050RGB x 1400 (1:3 Multiplexer for source driver, Source output from S1 to S525, and S556 to S1080)
B 1024RGB x 1280 (1:3 Multiplexer for source driver, Source output from S1 to S512, and S569 to S1080)
B 1024RGB x 1600 (1:3 Multiplexer for source driver, Source output from S1 to S512, and S569 to S1080)
B 1000RGB x 1600 (1:3 Multiplexer for source driver, Source output from S1 to S500, and S581't0"S1080)
B 960RGB x 1600 (1:3 Multiplexer for source driver, Source output from S1 to S480; and ' S601 to S1080)
B 960RGB x 1440 (1:3 Multiplexer for source driver, Source output from S1-to S480;-and S601 to.S1080)
B 960RGB x 1280 (1:3 Multiplexer for source driver, Source output from\S1to S480, and-S601 to S1080)
B 900RGB x 1600 (1:3 Multiplexer for source driver, Source output from S1.t0-S450, and S631-to S1080)
B 900RGB x 1440 (1:3 Multiplexer for source driver, Source output from S1 to S450, and S631-to S1080)
B 800RGB x 1280 (1:3 Multiplexer for source driver,.Source output from S1 to S400, and S681 to S1080)
B 800RGB x 1024 (1:3 Multiplexer-for. source driver, Source.output from S1t0.S400, and-S681 to S1080)
B 768RGB x.1366 (1:3 Multiplexer for source driver, Source output from S1.to S384, and S697 to S1080)
H_ 768RGB x 1280.(1:3 Multiplexer for.source driver,-Source outputfrom S1 to S384, and S697 to S1080)
B 768RGB x 1024 (1:3 Multiplexer for source driver,-Source output from S1 to S384, and S697 to S1080)
B.-720RGB x 1280 (1:3 Multiplexer for source driver, Source output from S1 to S360, and S721 to S1080)
B 720RGB x 720 (1:3 Multiplexer for source driver, Source output from S1 to S360, and S721 to S1080)

B 540RGB x 960 (1:3 Multiplexer for source driver, Source output from S1 to S270, and S811 to S1080)

® Display Modes
B Full Color Mode: 16.77M-colors
B Reduced Color Mode: 262K-colors
B Reduced Color Mode: 65K-colors
B Only supported Normal Display Mode
® [nterface
B MIPI DSI Interface (D-PHY: V1.1, DSI:1.01.00, DCS:1.01.00)
MIPI I/F Supported 2, 3 or 4 data lanes (Lane number is selected by register BAh of CMD1 in MIPI LP mode, and this register can
be programmed by MTP)
B |2C Interface
B SPI Interface

B Multi-interface (MIPI + SPI (8/9-bits) or MIPI + 12C by HW pin or register setting)

® Display Features
B Individual gamma correction setting for RGB dots

B Deep standby function
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® On Chip Function

B DC/DC converter

B VCOM voltage generator

B Supports control signals (CGOUTR1~R16, CGOUTL1~L16) to gate driver in the LCD panel
B Provide OTP (1 time) to store related Power, LTPS setting, and gamma setting

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

B Oscillator for display clock generation

B On module checksum checking

B 3D barrier control function

B Image enhancement technology

® Content Adaptive Backlight Control (CABC) Function
B Histogram analysis & data process
®  Dimming control

B Only supported in full display mode

® Supply Voltage Range
B Analog supply voltage range VCI to-AVSS: 2.5V to 4.8V
B <l/O supply voltage range for VDDI to VSS: 1.65V. to 3.6V
B MIRL.DSI supply voltage range for VDDAM to VSS: 1.7V t0'3.6V
(VDDAM can connect to VDDI or VCl if its operation voltage is available)
B Analog supply.voltage range for AVDD to AVSS: 4.5V to 6V

B Analog supply voltage range for AVEE to AVSS: -4.5V to -6V
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® Output Voltage Level

B Source output voltage range: ( GVDDP ~ +0.2V ) and (-0.2V ~GVDDN )
B Gamma voltage range: GVDDP = 3V ~ 5.25V (10mV/step)
GVDDN = -3V ~ -5.25V (10mV/step)
B Positive gate driver output voltage level: VGH to AVSS = AVDD - VCL, 2 x AVDD, 2 x AVDD — VCL, 2 x AVDD — AVEE
VGHO = 6V ~ 14V (100mV/step)
B Negative gate driver output voltage level: VGL to AVSS = AVEE - VCI, 2 x AVEE, 2 x AVEE - VCI
VGLO = -5V ~ -10V (100mV/step)
B Common electrode output voltage level: VCOMDC3 = -2V to +2V (10mV/step)

® 3D barrier output voltage level: VDCP = 3V ~ 5.5V (50mV/step)
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3. Block Diagram

LTPS TFT LCD Panel

< <
o) 1)
2 $1~51080 CGOUTI[16:1] 2
S And CGOUTR16:1] S
le) Other downgradg le)
@ resolutions |°’
- )
BIAS | 1080 Source Buffer | «—
I I Level Shifter %Ztﬁe?;zm
4— -
GGamrr;a R D/ A Converter
enerator AVEE.
VCOM
>. VCOMDQ&
* I I Generator
GVDDF GVDDN Level Shift
VREF VREF | |
Data Latch AVDD) VP HSSI
|4 """"""" 4] VCI YDDFAP> AVDDR
Backlight VGH\VGlorit P oy AVEER
LEDPWM .4— 4— CABC
Control AVEE o VGHO
' —— VGLO
VDDAM ' VDD
TOP. PATEN
TOP_COM Yy, VCL
BOTM. paTen® <+ > RGB Data AVDD C21P/M
BOTM.COM AVEE Charge Pump C31PIM
CP2 C41P/M
ENPWRP CP3 ‘ VGH
ENPWRN i Register and System Clock chRa VGL
EN4PWR A Instruction Control Generator
= T 77}
| vt Ji| oscilator | AVDD AVEE
EXTP/EXTN
CSP/ICSN
Interface Control and Data Latch
2OmMO8EORE Gnnnnn o312 S552sa o958 B
DzNRO0 " xkX0G OOOO’’ QomMmMy I vhWhyw 98 0 - Z
=3 P e e cc X T 00 B
>3 o 90UU0UO0O0 = A E)
v = CPESRR - o
k=) oo ol
... 27
IITIXI
R R
nouonn
'S'g'o'y
D
z2z2zZ2 2
External Host
NT35596 block diagram
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4. Pin Description

4.1 Pins for Power Input

- Power supply to the liquid crystal power supply analog circuit. Connect VCI to an external

power supply with 2-1PWR and 4 PWR modes (VCI = 2.5V to 4.8V).

VCI Power Supply
- In 2-2PWR and 3 PWR modes, VCI will be a LDO output, please connect a capacitor to
stabilize voltage level.
- Power supply to the I/O.
VDDI Power Supply
- VDDI = 1.65V to 3.6V
VDDI_DC Power Supply - Connect to VDDI for preventing noise.
- Power supply for MIPI interface.
VDDAM Power Supply
- VDDAM = 1.7V ~-3:6V
VSS Power Ground - Ground for digital logic. VSS = 0V
-'Ground for.the analog unit (regulator; liquid.crystal power supply circuit). AVSS = 0V.
AVSS Power Ground
- In case of COG, connect-AVSS to VSS on the FPC to prevent noise.
- Ground for gamma circuit. VGS =0V.
VGS Analog Ground
- In‘caseof COG, connect-VGS to VSS on the FPC to prevent noise.
- Ground.for the High Speed Interface regulator. VG_HSSI= 0V.
VG.HSSI Power Ground
- In case of COG, connect VG_HSSI to VSS on the FPC to prevent noise.
- Positive input analog power for driver IC use.
AVDD Power Input
- It can be generated by “Internal PFM” or supported by “external PMIC".
- Negative input analog power for driver IC use.
AVEE Power Input
- It can be generated by “Internal PFM” or supported by “external PMIC”.
- Control output for gate of NMOS in positive internal PFM converter when ENPWRP = AVSS.
EXTP Output o
- If not used, please let this pin open.
- Control output for gate of PMOS in negative internal PFM converter when ENPWRN = AVSS.
EXTN Output o
- If not used, please let this pin open.
- Voltage signal for sensing external inductor current in positive Internal PFM converter when
CSP Analog Input ENPWRP = AVSS.
- If not used, please let this pin open.
- Voltage signal for sensing external inductor current in negative Internal PFM converter when
CSN Analog Input ENPWRN = AVSS.
- If not used, please let this pin open.
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4.2 Pins for MIPI Interface

- DSI_CLK positive/ negative in MIPI interface.

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

HSSI_CLK_P/N MIPI Input

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

- If not used, please tie to VSS.

- MIPI positive/negative data signal line.
- HSSI_DO_P/N are differential small amplitude signals. Ensure.-the-trace length is shortest so
that the COG resistance is less than 10 ohm.
HSSI_DO_P/N MIPI 1/O
- For MIPI I/F, if deep standby mode is used, please-pulllHSSI: DO_P/N to VSS after issuing
deep standby command

- If not used, please tie to VSS.

- MIPI positive/ negative data signal'line.

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

HSSI_D1_P/N MIPHnput

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

deep standby command

- Ifinot used, please tie to VSS.

- MIPI'positive/ negative data signal line.

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

HSSI_D2_P/N MIPI Input

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

deep standby command

- If not used, please tie to VSS.

- MIPI positive/ negative data signal line.
- HSSI_D3_P/N are differential small amplitude signals. Ensure the trace length is shortest so
that the COG resistance is less than 10 ohm.
HSSI_D3_P/N MIPI Input
- For MIPI I/F, if deep standby mode is used, please pull HSSI_D3_P/N to VSS after issuing
deep standby command.

- If not used, please tie to VSS.
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4.3 Pins for SPI1 / 12C Interface

- Chip select input pin of NT35596.
Digital Input CSX =“0" (VSS): Selected (accessible)
CSX
(vDDI - VSS) CSX ="1" (VDDI): Unselected (not accessible)
- If not used, please pull it to VDDI.
- This pin is used for SPI 8-bits I/F.
DCX Input - If not used, please tie this pin to VDDI.
- WRX: Novatek engineering mode.
WRX Digital Input - SCL: A synchronous clock signal in serial interface (SPI) operation:
(SCL/ 12C_SCL) (vDDI - VSS) - 12C_SCL: Serial input / output clock in 12C interface operation.
- If not used, please pull it to VDDI.
- SDI: Serial data input pin (SDI)-in_serial interface (SPI) operation.
SDI Digital /0
- 12C_SDA: Serial input/output data’in‘12C-Bus-interface operation:
(12C_SDA) (VDDI - VSS)
- If not used;please pull'itto VSS,
- Serial data output-pin/(SDO) in serial interface operation. If.the host-places the SDI line into
high-impedance state during the read intervals, then the.SDI and SDO can be tied together.
Digital. Output
SDO -\If not'used, please letit floating.
(VDDI - VSS)
- If user wants to save one trace of-glass and system can support SDI/SDO share one wire, you
can let SDO tie.to SDA together on glass.

4.4 Pins for CABC

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

- PWM type control signal for determining brightness of the LED backlight.

Digital Output ) ) . . . .
LEDPWM - The duty width of this LEDPWM signal is set by an 8-bits value to determine the duty from 0%

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

- If not used, please open this pin.
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4.5 Pins for Interface Control

Selects the interface to MPU (VDDI -VSS amplitude signal).
Available
IM2|IM1|IMO Interface Selection Data Pins
Colors
MIPI : HSSI_DO_P/N ~
65k, 262k,
ofjofo MIPI + 12C HSSI_D3_P/N
16.77M
I12C: 12C_SDA
Ofo0¢|1 Reserved Reserved Reserved
. MIPI : HSSI_DO_P/N ~
MIPI + SPI (9-bits) - = 65k, 262k,
o e (SCL rising edge trigger) HSSI_D3_P/N 16.77M
YErYE Y SPI : SDI, SDO )
Digital Input ) MIPI :HSSI_DO_P/N ~
IM2 -0 MIPI + SPI (8-bits) 65k, 262k,
of1f]1 . . HSSI_D3_P/N
(VDDI - VSS) (SCL rising edge trigger) - 16.77M
SPI : SDI, SDO
1(10]0 Reserved Reserved Reserved
1101 Reserved Reserved Reserved
HSSI_DO_P/N, HSSI_D1_P/N 65k, 262k,
ol I MIPI Interface HSSI_D2_PIN, HSSI_D3_P/N 5T
1(11)1 Reserved Reserved Reserved
Note: 1:When user set IM[2:0].=000b/010b/011b and do not use MIPI I/F, please tie MIPI Clock Lane
and Data Laneto VP_HSSI.
2. When user set IM[2:0]=110b, multi-interface function also can be set by CMD1 register F3h.
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4.6 Pins for Logic Function Control

- This signal will reset the device and must be applied to properly initialize the chip. Signal is active

Digital Input
RESX Low.
(vDDI - VSS) . ) . . -
- There is no internal pull high resistor for this pin.
Digital Input - External Clock Source to Driver IC.
EXCK
(vDDI - VSS) - This external clock frequency range is from 9MHz to 40MHz.
- Frame head pulse signal. Utilize this signal when synchronizing RAM data write operations.
Digital Output
FTE - The output voltage level of FTE pin is determined by VDDI.
(vDDI - VSS)
- If not used, please let this pin floating.
- This signal is used for noise sensing of TP (Generating‘a pulse output per scan line from NT35596).
Digital Output
FTE1 - The output voltage level of ETE1 pinis-determined by VDDI.
(vDDI - VSS)
- If not used, please let this pin floating.
- PNSWAP and DSWAP are usedfor the combination of polarity swap and data lane swap of MIPI.
- If not-used, please assigned default state as, PNSWAP=1b, DSWAP[1:0]=11b.
PNSWAP
. 01b D3- D3+ DO- DO+ CLK- [CLK+ D1- D1+ D2- D2+
PNSWAP Digital Input b
DSWAP[1:0] (VDDI — VSS) 10b DO- DO+ D1- D1+ [CLK- |CLK+ | D2- D2+ D3- D3+
11b D2- D2+ D1- D1+ CLK- [CLK+ DO- DO+ D3- D3+
00b D3+ D3- D2+ D2- |CLK+ |[CLK- | D1+ D1- DO+ DO-
01b D3+ D3- DO+ DO- CLK+ [[CLK- D1+ D1- D2+ D2-
1
10b DO+ DO- D1+ D1- |CLK+ |[CLK- | D2+ D2- D3+ D3-
11b D2+ D2- D1+ D1- CLK+ [ CLK- DO+ DO- D3+ D3-
Digital Input - Enable or Disable 4PWR mode selection.
EN4PWR
(vDDI - VSS) - If not used, please tie it to VSS.
- ENPWRP and ENPWRN are used to select four kind power mode for AVDD and AVEE.
ENPWRP,
Power Mode Input Power
ENPWRN
ENPWRP/ Analog Input A 00 2-1PWR VDDI, VCI Internal PFM Internal PFM
ENPWRN (AVDD— VSS) 10 2-2PWR VDDI, AvDD External AVYDD Internal PFM
0 11 3PWR VDDI, AVDD, AVEE External AVDD External AVEE
1 11 4PWR VDDI, VCI, AVDD, AVEE External AVDD External AVEE
Note: For more detail application circuits, please refer to NT35596 Application Note.
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4.7 Analog Output for Display Driving

VCOMDC3_RI/L| Analog Output - VCOMDCS signal output for panel usage.
- Liquid crystal application voltage output lines.
- If source output number less than 1080, please let non-used source pins open.
- SR1 and SL1 are dummy sources.

H_RES [3:0] V_RES[3:0] Panel Type Source Channel
0000b 0000b 1080 (RGB) x 1920 S1~S1080
0000b 0011b 1080 (RGB) x 1440 S1 ~ S1080
0001b 0001b 1050 (RGB) x 1680 S1~8525 / $556~S1080
0001b 0100b 1050 (RGB) x 1400 S1~8525/ S556~S1080
0010b 0110b 1024 (RGB) x 1280 S1~S512 / S569~S1080
0010b 0010b 1024 (RGB) x'1600 S1~S512 / S569~S1080
0011b 0010b 1000 (RGB) x 1600 S1~S500 / S581~S1080
0100b 0010b 960 (RGB) x 1600 S$1~8480/ S601~S1080

S1to S1080 0100b 0011b 960 (RGB) x'1440 S1~5480 / S601~S1080
and Analog Output
0100b 0110b 960, (RGB) x 1280 S1~S480/ S601~S1080
SL1/SR1
0101b 0010b 900 (RGB) x 1600 S1~S450/ S631~S1080
0101b 0011b 900 (RGB) x 1440 S1~S450/ S631~S1080
0110b 0110b 800 (RGB) x 1280 S1~S400/ S681~S1080
0110b 0111b 800 (RGB) x 1024 S1~S400 / S681~S1080
0111b 0101b 768 (RGB) x 1366 S1~S384 / S697~S1080
0111b 0110b 768 (RGB) x 1280 S1~S384 / S697~S1080
0111b 0111b 768 (RGB) x 1024 S1~S384 / S697~S1080
1000b 0110b 720 (RGB) x 1280 S1~S360/ S721~S1080
1000b 1001b 720 (RGB) x 720 S1~S360/ S721~S1080
1001b 1000b 540(RGB)x960 S1~S270/ S811~S1080
Note: For detailed V_RES[3:0] and H_RES [3:0] setting, please refer to NT35596 Application Note.

4.8 LTPS Panel Control Signals

Symbol

CGOUTL[16:1]

Digital Output

- These pins are used for LTPS control signal.

CGOUTR[16:1] (VGHO - VGLO) - Please let non-used pins floating.
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4.9 Power Supply Pins

- Power supply to the internal logic regulator circuit.

VDD LDO output ) .
- Connect a capacitor to stabilize output voltage.
- Positive LDO output for Driver IC usage.
AVDDR LDO Output
- Connect a capacitor to stabilize output voltage.
- Negative LDO output for Driver IC usage.
AVEER LDO Output
- Connect a capacitor to stabilize output voltage.
GVDDP LDO Output - Positive LDO output for gamma circuit.
GVDDN LDO Output - Negative LDO output for gamma circuit.
VREF LDO Output - Reference voltage output from the internal-reference.voltage generating circuit.
- Internal logic regulator output for MIPI high speed'/ low power mode. use.
VP_HSSI LDO Output
- Connect a capacitor. for stabilization.
- Output/voltage from the step-up circuit, and generate from-AVDD, AVEE and VCL.
VGH Charge Pump Output -/Connect a capacitor to stabilize output voltage.
- Capacitor connection-pins for the 'step-up circuit which generate VGH.
C21P/C21M Analog Output ) )
- If not used, please let these pins floating.
N4 - Output voltage-from the step-up circuit, and generated from AVEE and VCI.
Charge Pump Output - Please tie VGL-with VGLOUT together.
VGLOUT
- Connect a capacitor to stabilize output voltage.
- Capacitor connection pins for the step-up circuit which generate VGL.
C31P/C31M Analog Output )
- If not used, please let these pins open.
- Positive LDO output for LTPS power generator.
VGHO LDO Output i -
- Connect a capacitor to stabilize output voltage.
- Negative LDO output for LTPS power generator.
VGLO LDO Output
- Connect a capacitor to stabilize output voltage.
Charge Pump Output o o
veL o - Output voltage from the step-up circuit or LDO circuit, and generated from AVEE or VCI.
r
- Connect a capacitor to stabilize output voltage.
LDO Output
- Capacitor connection pins for the step-up circuit which generate VCL.
C41P/C41M Analog Output ) )
- If not used, please let these pins floating.
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4.10 Test and Dummy Pins

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

DUMMY DUMMY .
- Please open these test pins.
COGTEST1 Outout - Dummy pins to measure contact resistance. COGTEST1/2 pins are internal short.
COGTEST2 P
- Novatek internal test pins.
TEST Input/Output )
- Please let these pins open.
- This pin is used for Novatek engineering mode.
- If not use, please tie this pin to VSS.
FRM Free Running Mode
FRM Input )
Low Disable
High Enable
- This pin is used for Novatek engineering mode.
VCI1 Output .
- If not use, please let it open.
. - This pin output a-ground:level for fixed level'logic pin used.
VSSO Digital Ground \
- If not used, please let it open.
VSOUT Output - Test pin. If not use, please let this pin open.
HSOUT Output -/ Test.pin. If not use, please et this pin open.
- Novatek analeg-reserved pin,
VCILT Analoeg, Output

- If not.used, please.let'this pin open.

4.11 3D-Barrier Control Pins

(Option)

Output - 3D barrier control signal.
TOP_PATEN -
(VDCP — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
TOP_COM -
(VDCP — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
BOTM_PATEN .
- (VDCP — GND) - If not used, please let this pin open.
Output - 3D barrier control signal.
BOTM_COM -
- (VDCP — GND) - If not used, please let this pin open.
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5. Function Descriptions

5.1 Interfaces (SPI/I2C/MIPI)

The NT35596 provides MIPI DSI, MIPI DSI + SPI (8/9-bits) and MIPI DSI + 12C interface. The interface can be determined by hardware pins
(IM[2:0]). When MIPI DSI + SPI (8/9-bits) and MIPI DSI + 12C interface, SPI (8/9-bits) and 12C only support register access. Besides, user also
can read and write registers via MIPI interface. But NT35596 doesn’t support these two I/F to access register simultaneously. NT35596 also

provides another multi-interface selection by register setting (CMD1 F3h), It is only available when IM[2:0] = 110b.

MIPI : HSSI_DO_P/N ~ HSSI_D3_P/N
0 0 0 MIPI DSI + 12C -~ - = 65k, 262k, 16.77M
12C : 12C_SDA
0 0 1 Reserved Reserved Reserved
MIPI DSI + SPI (9-bits Type) MIPI : HSSI_DO_P/N ~ HSSI_D3 P/N
0 1 0 - . 65k, 262k, 16.77M
(SCL rising edge trigger) SPI : SDI, SDO
MIPI DSI + SPI (8-bits Type) MIPI : HSSI_DO_P/N ~ HSSI_D3_P/N
0 1 1 . . 65k, 262k, 16.77M
(SCL rising edge trigger) SPI : SDI, SDO
Reserved Reserved Reserved
Reserved Reserved Reserved
HSSI_DO_P/N, HSSI_D1 P/N
1 1 0 65k, 262k, 16.7M
S HSSI_D2_P/N, HSSI_D3_PIN
1 1 1 Reserved Reserved Reserved

Interface Selection of NT35596
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5.1.1 SPI Interface
5.1.1.1 General Description for LoSSI

The Module uses a 9-bits serial interface (LoSSI). The chip-select CSX (active low) enables and disables the serial interface. RESX (active low)

is an external reset signal. SCL is the serial data clock and SDA is serial data.

Serial data must be input to SDI in the sequence D/CX, D7 to DO. The Graphics Controller Chip reads the data at the rising edge of SCL signal.
The first bit of serial data D/CX is data/command flag. When D/CX = "1", D7 to DO bits are command parameters. When D/CX = "0" D7 to DO bits

are commands.

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

mode.

SCL and SDI can be high or low when there is a falling or rising edge of the CSX:

The 8bits serial mode consists of the Data/Command selection input (D/CX);.chip-enable input (CSX), the serial clock input (SCL), serial data

Input (SDI) and serial output data (SDO) for data transmission. Serial.clock (SCL) is used forinterface with MCU.only, so it can be stopped when

no communication is necessary:

Note: If userwants to save-trace of\FPC and system can,support SDI and SDO share same wire, you can tie SDO to SDI together on glass.

5.1:1.2 Command Write for LOSSI

The host CPU drives the CSX pin low.and starts by setting the D/CX-bit on SDI. The bit is read by the display on the first rising edge of SCL. On

the next falling edge of SCL the MSB-data bit (D7) is set on SDA by the CPU. On the next falling edge of SCL the next bit (D6) is set on SDI. This

continues until all 8 Data bits have been transmitted as shown in below figures: Command Write.

Command

CSX

| | | |
| ol | Command or parameter > |
1 T i |
1 f 1 1
| | |

|
sol D COEDEDEDED EDEDED CE D ED ED LD ED DD ED,

| (I !
S U N N N e O A O

Command Write for 9-bits SPI

Command or parameter

|
Command ol
-t —_—
|
i

CSX

|
|
<
1
|

|
, I
Sl NERED ED D D D D DA D ED D D D D,

| | |

DCX W ><_1>(

Command Write for 8-bits SPI
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5.1.1.3 Read Functions for LoSSI

8-bits Reading Function without including dummy clock cycle

Reading commands 05h, 0Ah, 0Bh, ODh, OEh, OFh, DAh, DBh, DCh, FEh, 52h, 54h, 56h, 5Fh, AAh, AFh, F4h

|< Read Command > ID data >

|
CsX i
T
|

- Next Commang—————»

|

| Ml

rosd seL T FLALF LA LA L LA LA L P LU L L L L LA PP L L L L L L
WP DI X X DX B8 B3X 03X X DX DX 0} e VT C CCCCECT
Dfivef{LCD SDO——1 Hre : D7X D6X D5 04X D3X D2 DX DY

f i '

MCU Data Tx Start LCD Data Tx Start MCU Data Tx Start

—_ =

Command Read for 9-bits SPI

| | |
l<— Read Command Lt ID data: L -t Next Command —9
LITE

CsXx |

S0 T S U I U O U O 6 S Y 1 S O U O I .
MPU SDI DX DX DX DX B3X B2X DX 50y " G C D CC O CD

i I L
: Hi-z
orer {_ Lcos00 ; K 5D BB 52X mx X X B Bt
DCX T\ o/ : | A
t f N
MCU Data Tx Start LCD Data Tx Start MCU Data Tx Start

Command Read for 8-hits SPI

24-bits reading function with including dummy clock cycle

Reading-command 04h, 46h, Alh, A8h

Dummy Clock Cycle

. Read Command =: l := ID data =.” !: Next Command »
CcSX | 1 i
T T T T T
11 |
Host{ scL O I O O O i ISR N
| | | Hi-z 1 |
MPU SDI__ X 0)X B7X X 08X DX D3IX BX DIX DOr— - KK _0X 07X 06X DX 49X D3X 02X DIX BY>
. | Hi- | I l
ormer Leo s00—} 2 RGN Y G Ve, Ve
) f 1l f
MCU Data Tx Start LCD Data Tx Start MCU Data Tx Start
Command Read for 9-bits SPI
Dummy Clock Cycle
| | l | |
~¢——— Read Command > -« ID datar > -« Next Command ————»
1 I |
CSX | ] ] |_|
|

Host<  scL _\_}_ﬂ_f—\_f—\_f—\ﬂ_f—\ﬂfl_ﬂ_f—\ﬂﬂ_____fUUI,_,J' I B B O
MPU SDI (oD B8X 03X DB 02X DX B — -t K DT 0o T8 DX D3 02X DX 0>

1 ! I |
Dl’iVef{:LCD SDo : Hz : 2 X D22 — — — — < 02X DX DO : :
!
DCX r \ 0/ ! fl I\ of
t | i
MCU Data Tx Start LCD Data Tx Start MCU Data Tx Start
Command Read for 8-bits SPI

Note: In above figure is an ID Data length 24bits example (MSB first and parameter 1 first).
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5.1.1.4 Display Module Data Transfer Recovery (exam ple for LoSSI)

If there is a break in data transmission while transferring command or Multiple Parameter command Data, before a whole byte has been
completed, then the Display Module will have reset the interface such that it will be ready to receive the same byte re-transmitted when the chip

select line (CSX) is next activated. See the following example:

|
Command or parameter |

A4
|

Host{  SDI CE EDEDE ED SN CE €D EO €D EDED CDED D,
|

| |
Command / Parameter _ Break |
>

CsX

/‘

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

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

1. Middle of frame

Break

Parameter 1 Parameter 2

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

kept on the register

2. Between frames

Without break

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

Ignored parameter

With break AL
N
Parameter 2 Parameter 3
; Parameter 1 The old value is The old value is
Command Store to register > kept on the > kept on the
register register
Parameter
Break
Command 2 | ’ for
Command 2
LoSSI and break during parameter
Note: Break can be e.g. another command or noise pulse.
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5.1.1.5 Display Module Data Transfer Pause (example  for LoSSI)

It will be possible when transferring Command orlfifle Parameter Data to invoke a pause in the tlatesmission. If the Chip Select Line is releaatdr
a whole byte of Frame Memory Data, Command or MldtiParameter Data has been completed, then ti@aisModule will wait and continue the
Command or Parameter Data Transmission from tha pdiere it was

paused as shown below:

~——Command/Parameter —b)/— ———————— \ - Command or parameter /:/
| 1

R e CO . CY G CY C) S 5 €D €Y CHCYE ) CY Y,
| | |
e I R I O 6 A

LoSSI and Pause

CsX

There are 4 cases where there is possible to iseldnitd of pause:
1) Command — Pause — Command
2) Command — Pause — Parameter
3) Parameter — Pause — Command

4) Parameter — Pause— Parameter
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The 12C-bus is for bi-directional, two-line communication between different ICs or modules. The two lines are the Serial Data line (12C_SDA)
and the Serial Clock Line (12C_SCL). Both lines must be connected to a positive supply via pull-up resistors. Data transfer can be initiated only
when the bus is not busy. Each byte of eight bits is followed by an acknowledge bit. The acknowledge bit is a HIGH level signal put on the bus by
the transmitter during which time the master generates an extra acknowledgement related clock pulse. A slave receiver which is addressed must
generate an acknowledgement after the reception of each byte. Also a master receiver must generate an acknowledgement after the reception of

each byte that has been clocked out of the slave transmitter.

(a) 12C-Bus Protocol:
Before any data is transmitted on the 12C-bus, the device, which should respond is addressed first. There are fourslave address can be selected

by MCU. The slave addressing is always carried out with the first byte transmitted after the START procedure.
12C_SDA \ [ x s ’ \ x * ’ \ x X )\ /
e ¥ L VY N R Y R S VoV

L3 Address le ACK Data ACK Data ACK L P
START STOP
Condition Condition

Definition of 12C-Bus Protocol

NT35596-fCtbuis supports high speed\mode-transfer(3.4ME2Z)master must transfer 8 bits “Master codes”, wiaih
notwused.for/slave addressing/erother purposas.master code is binary code “0000_1xxx". Nexgdéan shows the

sequence from fast/standard mode tto high-mode igihdsheed mode to fast/standard mode.

Fast/Standard mode

High speed mode

Fast/Standard mode

S

Master code | /1A

Sr| Slave add |R/W| A | DATA

A or
IA

High speed mode

Sr | Slave add

(b) Definitions:

- Transmitter: The device which sends the data to the bus.

- Receiver: The device which receives the data from the bus.

- Master: The device which initiates a transfer, generates clock signals and terminates a transfer.

- Slave: The device addressed by a master.

- Multi-master: More than one master can attempt to control the bus at the same time without corrupting the message.

- Arbitration: Procedure to ensure that, if more than one master simultaneously tries to control the bus, only one is allowed to do so and the
message is not corrupted.

- Synchronization: Procedure to synchronize the clock signals of two or more devices.

MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER / RECEIVER RECEIVER TRANSMITTER / RECEIVER TRANSMITTER TRANSMITTER / RECEIVER
12C_SDA l
12C_SCL
System Configuration
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5.1.2.1 Slave Address of I12C

NT35596 supports many slave addresses after the START procedure via 12C bus for MCU usage. A register (CMD1 register F8h) bit
12C_SLAVE_ADDR[6:0] to set the user’s desired slave address. And 000_0xxxb and 111_1xxxb except 000_0000h has been reversed. The slave
address selection is described as the following table. The 12C interface address is decided by external MPU. 000_0000h is a global address that

always can access register of NT35596.

000_0000b 000_000b

000_0xxxb and 111_21xxxb:
111_0110b 111_0110b Reversed excepted 000_0000b
111_0111b 111_0111b

Selection Table of Slave Address

5.1.2.2 Register Write Sequence of 12C Interface
NT35596 supports register write sequence via 12C-bus transfer, The detail transference'sequences are-illustrated.and described as below.
(1) Data transfers for register writing follow the format/is'shown in below.
(2) After the START condition (S), a slave address is sent. R\W bit'is setting to "zero" for WRITE.
(3) The slave issues an ACK to master.
(4) 8-bits register high byte.address transferfirst. Then transfer the register low byte.address.
(5) 8-bits'register high byte-data of parameter transfer first. Then-transfer the register low byte data parameter.

(6) A data transfer is'always terminated.by a STOP condition:

ACK ACK ACK ACK
A6 A5 A4 A3 A2\ Al AOW"RA 0]} | D[7]

|2C_SDAU i

! W—h vd—bi ¢ <
n Register Address o 1st parameter latest parameter -

STOP

A 4

START Slave address + R/W signal

Register Writing Timing
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5.1.2.3 Register Read Sequence of 12C Interface

NT35596 supports register read sequence via I12C-bus transfer. Register data reading transfers follow the format and is shown in below.

Write Reg address Read Reg data
S |Slave add | 0 |A| Register add [ A |Sr[Slave add |1 [A DATA A DATA /A P
S: Start condition
P: Stop condition |:| Master to Slave

Sr: Restart condition
A: Acknowledge |:| Slave to Master
/A: No-acknowledge

ACK ACK
A6 A5 A4 A3 A2 Al A0 W RA[7] RA[0]

i ’3
|2c_SDA_H \ 5
> > -
- b
START  Slave address + R/W signal Register Address 'STO!P
ACK ACK ACK ACK IACK
A6 A5 A4 A3 A2 AL A0 R D[7] Dy} | BI7) Do) Bi7] D[]

'2C—SCL;F\ lﬂﬂﬂﬂﬂﬂﬂf\h”m”ﬂﬂﬂfwmm..__ﬁﬂMWWW

At
| < »

START \Slave laddress +\RAW signal Read 1st parameter Read 2nd parameter Read latest parameter

=

Register. Reading Timing of 12C Interface
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5.2 Display Data PATH
The NT35596 is a driver IC of RAM-less architecture. The NT35596 also provides user Qualcomm decoder or NVT decoder technology to

save interface (MIPI) transmission bandwidth.

Data Compression System Diagram

: Panel |

1 24 hits 24 bits |

: » Image Controll - - 1

24blts | _data ontroller :

1 I

Host : M :
1 | P U |

: * Qualcomm Decoder | ——— L Display :

| _data |1

1 I

: L » NVT Decoder = :

1 1

1 1

1 . I

1 Driver IC 1

1 I

Display Path Architecture
2012/06/22 27 Version 0.05

With respect to the information represented in this document, NOVATEK makes no warranty, expressed or implied, including the warranties of merchantability, fitness for a
particular purpose, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35596

5.3 Frame Tearing Effect Interface

The Tearing Effect output line supplies to the MPU a Panel synchronization signal. This signal can be enabled or disabled by the Tearing

Effect Line off and on commands. The mode of the Tearing Effect signal is defined by the parameter of the Tearing Effect Line On command. The

signal can be used by the MPU to synchronize Frame Memory Writing when displaying video images.

5.3.1 Tearing Effect Line Modes
Mode A

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

tvdl N P tvvlh |

= [ D Y N e

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

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

Mode B

The Tearing Effect Output signal consists of V-Blanking'and H-Blanking Information; there.is one Mode” A” TE and 1920H-sync pulses per field.

/ V:sync \ o —/_\ V-sync

Invisible 1stLine 2 nd Line 3rd Line 1919th line 1920th line
Line

than = The LCD display is not updated fromthe Frame Memory

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

Mode C

This mode turns on the display module’s Tearing Effect output signal on the TE signal line when the display module reaches line N. The Tearing
Effect Line On has one parameter that describes the Tearing Effect Output Line mode. In below figure, it shows that TE only output one line
period pulse that can be selected from 2™ line to 1920" line by register 4400h and 4401h.

For reference, not For reference, not
belong to Mode C N= 1919 N = 1920 belong to Mode C

N=2 N=3 N=4 N=5
ModeA\ y '\ ¢ \V ¥V NV N Mode A
A TE N 'l L ’l L 'l L ’l L Vl L ’l TE
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Register 3500h Register 4400h
TE Output
0

0 TE high in V-porch region (A)

1 0 TE high in all V-porch and H-porch region (B)
0 #0 TE high at N-th line (C)

1 #0 TE high in all V-porch and H-porch region (B)

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

Porch

vy}
Q
=3
(=]
=
C
=
o
—

Bottom Line

Top Line —l

2nd Line

3rd Line

TE Mode C
(N =1)

TE Mode C —
(N =1919)

TEMode B [INRRHN Nl

TE Mode A

I

tvan

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

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

| I e | tf |

—r— 0.8*VDDI  0.8*VDDI——

—+— 0.2*VDDI 0.2¥VDDI —y—
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5.3.2 FTE Output Position Setting

The FTE pulse of “Mode C” is output to the line determined by N[10:0]. The FTE signal can be adopted as the trigger signal for writing image

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

N[10: 0] FTE Output Line

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

0002h 3rd lines

0003h 4th lines

077Dh 1918th lines

077Eh 1919th lines

077Fh 1920th lines

FTE Output Line
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5.4 Dynamic Backlight Control Function

The NT35596 supports Backlight-Control function to control brightness of backlight and to process image dynamically. This function
enables to reduce backlight power consumption and minimize the effect of reduced power on the display image. The display image is
dynamically controlled by CABC (Contents Adaptive Backlight Control) block. The availability of this function ranges from moving picture
such as TV image to still picture such as menu. However, in order to gain a better display quality and reduce the power consumption of
the backlight, the NT35596 internally uses NVT gamma algorithm to produce an optimal backlight control based on different image
contents. Therefore, the power consumption of the backlight can be reduced without changing display image. The Backlight-Control

function of the NT35596 supports two architectures as shown in below:

Architecture 1:

The brightness of backlight can directly be controlled by CABC block of the NT35596. The-NT35596 will output the.PWM duty via
“LEDPWM" pin. The PWM duty is determined by CABC processed results based on different image contents. As for this application, user
also can set/clear the bit “BL” of CMD1 register 53h to turn on/off the backlight. Besides, the user can control the brightness of the
backlight by forcing a specified PWM duty. The CMD2 Page3. register-00h ‘and\ 2Fh (include of FORCE_CABC_DUTY[7:0] and
FORCE_CABC_PWM) is used to forcing the PWM duty.

Display Module

NVT Gamma
Algorithms for
Display

HOST

Image
Histogram
Analysis

NEVATEK

555

LED Backlight

PWM Duty
Estimation for
Backlight
Control

LEDPWM
<

-

bkt e ke “ehde * ek oo * bk’ b .

LED Driver

Image
Data

Architecture 2:

The brightness of the backlight is controlled by the external host processor. In this application, the CABC block of the NT35596 also
works and estimates a better gamma setting for improving the brightness of display image, the determined PWM duty information can be
read from CMD2 Page3 Register 10h (RDPWM) of the NT35596. Because the backlight is controlled by host processor, user can clear
the bit “BL" of the register 5300h for keeping the “LEDPWM” pins as ground level.

Display Module
Image
Data
HOST [
NVT Gamma
e Algorithms for
=t Display
- [ Image B - B
= RDPWM [7:0]] : ;[ Histogram - -
: i Analysis NEVATEK
\ 4 3 : [ PWM Duty
T Estimati(_:n for
Control g g g
LED Driver
LED Backlight
>
2012/06/22 31 Version 0.05

With respect to the information represented in this document, NOVATEK makes no warranty, expressed or implied, including the warranties of merchantability, fitness for a
particular purpose, and non-infringement, nor assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any such information.



 NoVATEK NT35596

5.4.1 Content Adaptive Backlight Control (CABC)

A Content Adaptive Brightness Control (CABC) function can be used to reduce the power consumption of the luminance source.

Content adaptation means that content grey level scale can be increased while simultaneously decreasing brightness of the backlight to
achieve same perceived brightness. The adjusted grey level scale and thus the power consumption reduction depend on the content of

