lo%l:v!:EK a-Si TFT LCD Single Chip Driver I L|9341
SR 240RGBx320 Resolution and 262K color

1. Introduction

ILI9341 is a 262,144-color single-chip SOC driver for a-TFT liquid crystal display with resolution of 240RGBx320
dots, comprising a 720-channel source driver, a 320-channel gate driver, 172,800 bytes GRAM for graphic
display data of 240RGBx320 dots, and power supply circuit.

ILI9341 supports parallel 8-/9-/16-/18-bit data bus MCU interface, 6-/16-/18-bit data bus RGB interface and
3-/4-line serial peripheral interface (SPI). The moving picture area can be specified in internal GRAM by window
address function. The specified window area can be updated selectively, so that moving picture can be

displayed simultaneously independent of still picture area.

ILI9341 can operate with 1.65V ~ 3.3V I/O interface voltage and an incorporated voltage follower circuit to
generate voltage levels for driving an LCD. ILI9341 supports full color, 8-color display mode and sleep mode for
precise power control by software and these features make the 1LI9341 an ideal LCD driver for medium or small
size portable products such as digital cellular phones, smart phone, MP3 and PMP where long battery life is a

major concern.

2. Features

¢ Display resolution: [240xRGB](H) x 320(V)
¢ Output:
» 720 source outputs
» 320 gate outputs
» Common electrode output (VCOM)
¢ a-TFT LCD driver with on-chip full display RAM: 172,800 bytes
. System Interface
> 8-bits, 9-bits, 16-bits, 18-bits interface with 8080- 1 /8080- 11 series MCU
> 6-bits, 16-bits, 18-bits RGB interface with graphic controller
> 3-line / 4-line serial interface
¢ Display mode:
» Full color mode (ldle mode OFF): 262K-color (selectable color depth mode by software)
» Reduce color mode (ldle mode ON): 8-color
* Power saving mode:
> Sleep mode
® On chip functions:
VCOM generator and adjustment
Timing generator
Oscillator
DC/DC converter
Line/frame inversion
1 preset Gamma curve with separate RGB Gamma correction
®  Content Adaptive Brightness Control
® MTP (3 times):
» 8-bits for ID1, ID2, ID3
> 7-bits for VCOM adjustment
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® Low -power consumption architecture
> Low operating power supplies:
= VDDI = 1.65V ~ 3.3V (logic)
= VCl = 2.5V ~ 3.3V (analog)
®.cD Voltage drive:
» Source/VCOM power supply voltage
= DDVDH - GND = 4.5V ~ 5.8V
= VCL-GND =-1.5V ~ -2.5V
» Gate driver output voltage
= VGH - GND = 10.0V ~ 18.0V
= VGL - GND =-5.0V ~ -10.0V
= VGH - VGL = 28V
» VCOM driver output voltage
= VCOMH = 3.0V ~ (DDVDH - 0.2)V
= VCOML = (VCL+0.2)V ~ 0V
* VCOMH - VCOML = 6.0V
® Operate temperature range: -40°C to 85°C
® 2-Si TFT LCD storage capacitor : Cst on Common structure only



3. Block Diagram
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4. Pin Descriptions

Power Supply Pins
Pin Name /0 Type Descriptions
VDDI I P Low voltage power supply for interface logic circuits (1.65 ~ 3.3 V)
VDDI_LED | Power su.pply. for LED dnvgr |n.terflalce. (1.65~3.3V)
If LED driver is not used, fix this pin at VDDI.
VCI I Analog Power | High voltage power supply for analog circuit blocks (2.5 ~ 3.3 V)
Regulated Low voltage level for interface circuits
Vcore O Digital Power | connect a capacitor for stabilization.
Don’t apply any external power to this pad
VSS3 I IO Ground System ground level for I/O circuits.
VSS I Digital Ground | System ground level for logic blocks
VSSA | Analog Ground System ground level for analog circuit bloc?ks
Connect to VSS on the FPC to prevent noise.
VSSC | Analog Ground System ground level for analog circuit bloc?ks
Connect to VSS on the FPC to prevent noise
Interface Logic Signals
Pin Name /0 Type Descriptions
- Select the MCU interface mode
IM3 | IM2 | IM1 | IMO | MCU-Interface Mod DB Pin In use
nieriace Hode Register/Content GRAM
oloflo|lo]® MCU 8-bit bus D[7:0] D[7:0]
interface 1
olofol|1]|® MCU 16-bit bus D[7:0] D[15:0]
interface 1
o | o] 1| o |BOMOUObithus D[7:0] D[8:0]
interface 1
o | o | 1| 1 |BOMCUTEbIbUS D[7:0] D[17:0]
interface 1
0 1 0 ’ .3-wire 9-bit data serial SDA: In/OUT
interface 1
0 1 1 0 .4-wire 8-bit data serial SDA: In/OUT
interface 1
IM[3:0] | 80 MCU 16-bit bus D[17:10]
VDDI/VSS : '
( ) ! : 0 ? interface TI Di8:1] D[8:1]
1 0 0 1 ?O HGH S-Ditbus D[17:10] D[17:10]
interface 11
1| o | 1 | o [BOMCU1BDItbus D[8:1] D[17:0]
interface II
1 0 1 1 ?O MCU 9-bit bus D[17:10] D[17:9]
interface II
’ ] 0 ’ 3-wire 9-bit data serial SDI: In
interface 11 SDO: Out
’ ; 1 0 4-wire 8-bit data serial SDI: In
interface 11 SDO: Out

MPU Parallel interface bus and serial interface select

If use RGB Interface must select serial interface.
* . Fix this pin at VDDI or VSS.




This signal will reset the device and must be applied to properly

MCU
RESX I (VDDI/VSS) initialize the chip.
Signal is active low.
Extended command set enable.
Low: extended command set is discarded.
EXTC | MCU High: extended command set is accepted.
(VDDI/VSS)
Please connect EXTC to VDDI to read/write extended registers
(RBOh~RCFh, REOh~RFFh)
MCU Chip select input pin (“Low” enable).
CSX I This pin can be permanently fixed “Low” in MPU interface mode only.
(VDDINNSS) |,
note1,2
This pin is used to select “Data or Command” in the parallel interface
or 4-wire 8-bit serial data interface.
MOU When DCX ='1’, data is selected.
D/CX (SCL) | When DCX =0, command is selected.
(VDDI/NSS)
This pin is used serial interface clock in 3-wire 9-bit / 4-wire 8-bit
serial data interface.
If not used, this pin should be connected to VDDI or VSS.
MCU 8080- I /8080- T system (RDX): Serves as a read signal and MCU
RDX I (VDDIVSS) read data at the rising edge.
Fix to VDDI level when not in use.
- 8080- 1 /8080-11 system (WRX): Serves as a write signal and
WRX | MCU writes data at the rising edge.
(D/CX) (VDDINNSS) | - 4-line system (D/CX): Serves as command or parameter select.
Fix to VDDI level when not in use.
MCU 18-bit parallel bi-directional data bus for MCU system and RGB
D[17:0] I/O (VDDI/VSS) interface mode
Fix to VSS level when not in use
When IM[3] : Low, Serial in/out signal.
MCU When IM[3] : High, Serial input signal.
SDISDA Vo (VDDI/NVSS) , , - :
The data is applied on the rising edge of the SCL signal.
If not used, fix this pin at VDDI or VSS.
MCU Serial output signal.
SDO O (VDDI/VSS) | The data is outputted on the falling edge of the SCL signal.
If not used, open this pin
Tearing effect output pin to synchronize MPU to frame writing,
TE o MCU activated by S/W command. When this pin is not activated, this pin is
(VDDI/VSS) |
ow.
If not used, open this pin.
DOTCLK | MCU Dot clock signal for RGB interface operation.
(VDDI/NSS) | Fix to VDDI or VSS level when not in use.
MCU Frame synchronizing signal for RGB interface operation.
VSYNC I (VDDI/VSS) Fix to VDDI or VSS level when not in use.
HSYNC | MCU Line synchronizing signal for RGB interface operation.
(VDDI/NSS) | Fix to VDDI or VSS level when not in use.
DE | MCU Data enable signal for RGB interface operation.

(VDDI/VSS)

Fix to VDDI or VSS level when not in use.




Note.
1. If CSX is connected to VSS in Parallel interface mode, there will be no abnormal visible effect to the display module.
Also there will be no restriction on using the Parallel Read/Write protocols, Power On/Off Sequences or other functions.

Furthermore there will be no influence to the Power Consumption of the display module.

2. When CSX="1", there is no influence to the parallel and serial interface.



LCD Driver Input/Output Pins

Pin Name /0 Type Descriptions
S790~S1 o Source Source outpyt signals.. '
Leave the pin to open when not in use.
N Gate output signals.
GE20=C © Gate Leave the pin to open when not in use.
Power Output voltage of 1st step up circuit (2 x VCI). Input voltage to 2nd step up
DDVDH O Stabilizing | circuit. Generated power output pad for source driver block. Gonnect this
capacitor pad to the capacitor for stabilization.
Power Power supply for the gate driver.
VGH O Stabilizing | Adjust the VGH level with the BT[2:0] bits.
capacitor | Connect this pad with a stabilizing capacitor.
Power Power supply for the gate driver.
VGL O Stabilizing | Adjust the VGL level with the BT[2:0] bits.
capacitor | Connect this pad with a stabilizing capacitor.
Power Power supply for VCOML.
VCL 0 Stabilizing | VCL = 0~ - VCI
capacitor | Gonnect this pad with a stabilizing capacitor.
CLIP, CHIM P Stab”'z.mg Connect the charge-pumping capacitor for generating DDVDH level.
C12P, C12M capacitor
C21P, C21M P Stablllzllng Connect the charge-pumping capacitor for generating VGH, VGL level.
C22P, C22M capacitor
GVDD 0 High reference voltage for grayscale voltage generator.
Internal register can be used to adjust the voltage.
Power supply pad for the TFT- display counter electrode.
VCOM O Charge recycling method is used with VCI and VSSA voltage.
Connect this pad to the TFT-display counter electrode.
LEDPWM 0 Output pin for PWM (Pulse Width Modulation) signal of LED driving.
If not used, open this pad.
LEDON 0 Output pin for enabling LED driving.
If not used, open this pad.
Test Pins
Pin Name /0 Type Descriptions
DUMMY i Open |anlJt pads used onlylfor test purpose at IC-side.
During normal operation, leave these pads open.
INT TEST1 Input pads used only for test purpose at IC-side.
- Open . .
INT_TEST2 During normal operation, leave these pads open.




Liquid crystal power supply specifications Table

No. ltem Description
1 TFT Source Driver 720 pins (240 x RGB)
2 | TFT Gate Driver 320 pins
3 | TFT Display’s Capacitor Structure Cst structure only (Cs on Common)
S1 ~ 8720 V0 ~ V63 grayscales
4 | Liquid Crystal Drive Qutput G1~G320 | VGH - VGL
VCOM VCOMH - VCOML: Amplitude = electronic volumes
5 | Input Voltage VDDI 1.65V ~ 3.30V
VCI 2.50V ~ 3.30V
DDVDH 4.5V ~ 58V
VGH 10.0V ~ 18.0V
6 | Liguid Crystal Drive Voltages VGL -5.0V ~ -10.0V
VCL -1.5V ~-2.5V
VGH - VGL | Max. 28.0V
DDVDH VCI x2,
. VGH VCI x6, x7
7 | Internal Step-up Circuits VGL VCI x-3, x4,
VCL VCI x-1




6. Block Function Description

MCU System Interface
ILI9341 provides four kinds of MCU system interface with 8080- 1 /8080-1I series parallel interface and
3-/4-line serial interface. The selection of the given interfaces are done by external IM [3:0] pins and shown

as below:
IM3 | IM2 [ IM1 | IMO MCU-Interface Mode : s iniise

Register/Content GRAM
0 0 0 0 | 8080 MCU 8-bit bus interface I D[7:0] D[7:0], WRX,RDX,CSX,D/CX
0 0 0 1 | 8080 MCU 16-bit bus interface I D[7:0] D[15:0], WRX,RDX,CSX,D/CX
0 0 1 0 | 8080 MCU 9-bit bus interface I D[7:0] D[8:0],WRX,RDX,CSX,D/CX
0 0 1 1 | 8080 MCU 18-bit bus interface I D[7:0] D[17:0], WRX,RDX,CSX,D/CX
0 1 0 1 3-wire 9-bit data serial interface 1 SCL,SDA,CSX
0 1 1 0 4-wire 8-bit data serial interface SCL,SDA,D/CX,CSX
1 0 0 | 0 | 8080MCU 16-bit bus interface II D[8:1] D[17:10],D[8:1], WRX,RDX,CSX,D/CX
1 0 0 1 | 8080 MCU 8-bit bus interface Tt D[17:10] D[17:10],WRX,RDX,CSX,D/CX
1 0 1 0 | 8080 MCU 18-bit bus interface 11 D[8:1] D[17:0], WRX,RDX,CSX,D/CX
1 0 1 1 | 8080 MCU 9-bit bus interface I D[17:10] D[17:9], WRX,RDX,CSX,D/CX
1 1 0 1 3-wire 9-bit data serial interface II SCL,SDI,SDO, CSX
1 1 1 0 4-wire 8-bit data serial interface 11 SCL,SDI,D/CX,SDO, CSX

In 8080- 1 /8080-1I series parallel interface, the registers are accessed by the D[17:0] data pins.

8080- I Series 8080-II Series .
Operation

CSX | D/CX | RDX | WRX | CSX | D/CX | RDX | WRX
o e W | D e | e | | T | Write command

o | s | e | w | | W | Read parameter

o o e | e | H | e | T | Write parameter

Parallel RGB Interface
ILI9341 also supports the RGB interface for displaying a moving picture. When the RGB interface is selected,
display operation is synchronized with externally signals, VSYNC, HSYNC, and DOTCLK and input display

data is written in synchronization with these signals according to the polarity of enable signal (DE).

Graphic RAM (GRAM)
GRAM is a graphic RAM to store display data. GRAM size is 172,800 bytes with 18 bits per pixel for a
maximum 240(RGB) x320 dot graphic display.

Grayscale Voltage Generating Circuit
Grayscale voltage generating circuit generates a liquid crystal drive voltage, which corresponds to grayscale

level set in the gamma correction register. ILI9341 can display maximum 262,144 colors.



Power Supply Circuit
The LCD drive power supply circuit generates the voltage levels as GVDD, VGH, VGL and VCOM for driving
TFT LCD panel.

Timing controller

The timing controller generates all the timing signals for display and GRAM access.

Oscillator
ILI9341 incorporates RC oscillator circuit and output a stable output frequency for operation.

Panel Driver Circuit
Liquid crystal display driver circuit consists of 720-output source driver (S1~S720), 320-output gate driver
(G1~G320), and VCOM signal.

7. Function Description

7.1. MCU interfaces
ILI9341 provides the 8-/9-/16-/18-bit parallel system interface for 8080- 1 /8080-11 series, and 3-/4-line serial

system interface for serial data input. The input system interface is selected by external pins IM [3:0] and the bit

formal per pixel color order is selected by DBI [2:0] bits of 3Ah register.

7.1.1. MCU interface selection
The selection of interface is done by setting external pins IM [3:0] as shown in the following table.

IM3 | IM2 | IM1 | IMO MCU-Interface Mode Ainsiiniuse

Register/Content GRAM
0 0 0 0 8080 MCU 8-bit bus interface I D[7:0] D[7:0,WRX,RDX,CSX,D/CX
0 0 0 1 | 8080 MCU 16-bit bus interface I D[7:0] D[15:0] ,WRX,RDX,CSX,D/CX
0 0 1 0 | 8080 MCU 9-bit bus interface T D[7:0] D[8:0] WRX,RDX,CSX,D/CX
0 0 1 1 | 8080 MCU 18-bit bus interface T D[7:0] D[17:0] ,WRX,RDX,CSX,D/CX
0 1 0 1 3-wire 9-bit data serial interface I SCL,SDA,CSX
0 1 1 0 4-wire 8-bit data serial interface I SCL,SDA,D/CX,CSX
1 0 0 0 | 8080 MCU 16-bit bus interface I D[8:1] D[17:10],D[8:1], WRX,RDX,CSX,D/CX
1 0 0 1 | 8080 MCU 8-bit bus interface 11 D[17:10] D[17:10], WRX,RDX,CSX,D/CX
1 0 1 0 | 8080 MCU 18-bit bus interface 1l D[8:1] D[17:0, WRX,RDX,CSX,D/CX
1 0 1 1 | 8080 MCU 9-bit bus interface TI D[17:10] D[17:9, WRX,RDX,CSX,D/CX
1 1 0 1 3-wire 9-bit data serial interface I SCL,SDI,SDO, CSX
1 1 1 0 4-wire 8-bit data serial interface 11 SCL,SDI,D/CX,SDO, CSX




7.1.8. Serial Interface

The selection of interface is done by IM [3:0] bits. Please refer to the Table in the following.

IM3 IM2 IM1 IMO MCU-Interface Mode CSX | D/ICX | SCL Function
0 1 0 1 3-line serial interface “r” - j Read/Write command, parameter or display data.
0 1 1 0 4-line serial interface “Q” ‘HL” I Read/Write command, parameter or display data.
1 1 0 1 3-line serial interface “L’ - f Read/Write command, parameter or display data.
1 1 1 0 4-line serial interface ‘L ‘HL” | T | Read/Write command, parameter or display data.

ILI9341 supplies 3-lines/ 9-bit and 4-line/8-bit bi-directional serial interfaces for communication between host
and IL19341. The 3-line serial mode consists of the chip enable input (CSX), the serial clock input (SCL) and
serial data Input/Output (SDA or SDI/SDO). The 4-line serial mode consists of the Data/Command selection
input (D/CX), chip enable input (CSX), the serial clock input (SCL) and serial data Input/Output (SDA or
SDI/SDO) for data transmission. The data bus (D [17:0]), which are not used, must be connected to GND. Serial

clock (SCL) is used for interface with MCU only, so it can be stopped when no communication is necessary.

7.1.9. Write Cycle Sequence

The write mode of the interface means that host writes commands or data to ILI9341. The 3-lines serial data
packet contains a data/command select bit (D/CX) and a transmission byte. If the D/CX bit is “low”, the
transmission byte is interpreted as a command byte. If the D/CX bit is “high”, the transmission byte is stored as

the display data RAM (Memory write command), or command register as parameter.

Any instruction can be sent in any order to 1LI9341 and the MSB is transmitted first. The serial interface is
initialized when CSX is high status. In this state, SCL clock pulse and SDA data are no effect. A falling edge on
CSX enables the serial interface and indicates the start of data transmission. See the detailed data format for

3-/4-line serial interface.

Data Format for 3-line Serial Interface
Transmission byte maylbe Command or Data

MSB LSB

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

D/CX | 8-bit Transmission Byte | D/CX 8-bit Transmission Byte e ® » »

Data/Command select bit




Data Format for 4-line Serial Interface

Transmission byte may |be Command or Data

MSB LSB

D7 D6 D5 D4 D3 D2 D1 DO

8-bit Transmission Byte | 8-bit Transmission Byte| 8-bit TransmissionByte | o4 o & @

Host processor drives the CSX pin to low and starts by setting the D/CX bit on SDA. The bit is read by ILI9341
on the first rising edge of SCL signal. On the next falling edge of SCL, the MSB data bit (D7) is set on SDA by
the host. On the next falling edge of SCL, the next bit (D6) is set on SDA. If the optional D/CX signal is used, a
byte is eight read cycle width. The 3/4-line serial interface writes sequence described in the figure as below.

3-line Serial Interface Protocol
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7.1.10. Read Cycle Sequence

The read mode of interface means that the host reads register’'s parameter or display data from ILI9341. The
host has to send a command (Read ID or register command) and then the following byte is transmitted in the
opposite direction. ILI9341 latches the SDA (input data) at the rising edges of SCL (serial clock), and then shifts
SDA (output data) at falling edges of SCL (serial clock). After the read status command has been sent, the SDA
line must be set to tri-state and no later than at the falling edge of SCL of the last bit. The read mode has three

types of transmitted command data (8-/24-/32-bit) according command code.

3-wire Serial Interface Protocol

3-wire Serial Protocol (for RDID1/RDID2/RDID3/0Ah/0Bh/0Ch/0Dh/OEh/OFh command: 8-bit read)
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3-wire Serial Protocol (for RDDST command: 32-bit read)
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4-wire Serial Protocol (for RDDID command: 24-bit read)
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7.1.11. Data Transfer Break and Recovery

If there is a break in data transmission by RESX pulse, while transferring a command or frame memory data or
multiple parameter command data, before Bit DO of the byte has been completed, then the driver will reject the
previous bits and have reset the interface such that it will be ready to receive command data again when the

chip select pin (CSX) is activated after RESX have been high state.
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invalid and next byte becomes command.

If there is a break in data transmission by CSX pulse, while transferring a command or frame memory data or
multiple parameter command data, before Bit DO of the byte has been completed, then the driver will reject the
previous bits and have reset the interface such that it will be ready to receive the same byte re-transmitted when

the chip select pin (CSX) is next activated.
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If a two 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 continue to send the remained parameters that
was interrupted, then the parameters which had been successfully sent are stored and the parameter where the

break occurred is rejected. The interface is ready to receive next byte as shown below.



Parameteri 1 is successfully sent, but Parameter1 2

Break | | isbreaked and needed to be transfer again
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are not sent and broken by the other command

.

it >

Command 1

— Parameter 11

Command2 f—-caa—e

Commandi +— Parameter11 — Parameter 12 —{ Parameter 13 peece=p
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»l
Command1 with first parameter (Parameteri 1) sould be excuted ™'
again to write remained parameter(Parameteri 2 and Parametert 3)



7.1.12. Data Transfer Pause

It will be possible when transferring a command, frame memory data or multiple parameter data to invoke a
pause in the data transmission. If the chip select pin (CSX) is released to high state after a whole byte of a frame
memory data or multiple parameter data has been completed, then ILI9341 will wait and continue the frame
memory data or parameter data transmission from the point where it was paused. If the chip select pin is
released after a whole byte of a command has been completed, then the display module will receive either the
command’s parameters (if appropriate) or a new command when the chip select pin is next enabled as shown
below.

This applies to the following 4 conditions:
1) Command-Pause-Command
2) Command-Pause-Parameter

)
3) Parameter-Pause-Command
4) Parameter-Pause-Parameter

Condition 4:
Condition 1: The host continues to transmit the remain
The host transmits a new Command parameter (Parameter 22) when a pause occurs
(Command 2) when a pause occurs after Parameter 21.
after Command 1. h
—» Command 2 » Parameter 21 Parameter 22

[}
L
| Pause_

Command 1

m Condition 3:

The host transmits a new command (Command
3) when a pause occurs after Parameter 11.

—» Parameter 11 » Command 3

) Condition 2:
The host continues to transmit the remain
parameter (Parameter 11) when a pause occurs
after Command 1.




7.1.13. Serial Interface Pause (3_wire)

CXZ% B
- CSX __\I
Host _|  SDA .Gﬂﬁ@ﬂ@@ﬂ@’///////////@

(MCU to Driver)

B X]
V_
ﬂﬁ@ﬂﬂ@ﬂﬂ.

"
¢

[

___i_
=

SCL
|

Command Data / Command / Parameter

R

-4

The CSX can be high level between the data and
next command.The SDA and SCL are invalid during
CSX is high level

7.1.14. Parallel Interface Pause

csx ] | Pause |

pex \ / T \ /
RDX

WRX 4 | ¢
D[17:0] X 0171000 X T X 171000 X

Command / Parameter Pause Command/ Parameter




7.1.15. Data Transfer Mode
ILI9341 can provide two different kinds of color depth (16-bit/pixel and 18-bit/pixel) display data to the graphic
RAM. The data format is described for each interface. Data can be downloaded to the frame memory by 2

methods.

7.1.16. Data Transfer Method 1
The image data is sent to the frame memory in the successive frame writing, each time the frame memory is

filled by image data, the frame memory pointer is reset to the start point and the next frame is written.

Stanrt Stop
Start Frame Image Data Image Data Image Data
Memory Write Frame 1 Frame 2 Frame 3 Any Command

7.1.17. Data Transfer Method 2
Image data is sent and at the end of each frame memory download, a command is sent to stop frame memory

writing. Then start memory write command is sent, and a new frame is downloaded.

Start Stop
SiafFrams Image Data Any Siar Frams Image Data Any Any
Memory Memory
. Frame 1 Command . Frame 2 | Command Command
Write Write

Note 1: These methods are applied to all data transfer color modes on both serial and parallel interfaces.
Note 2: The frame memory can contain both odd and even number of pixels for both methods. Only complete

pixel data will be stored in the frame memory.



7.2. RGB Interface

7.2.1. RGB Interface Selection

ILI9341 has two kinds of RGB interface and these interfaces can be selected by RCM [1:0] bits. When RCM [1:0]
bits are set to “10”, the DE mode is selected which utilizes VSYNC, HSYNC, DOTCLK, DE, D [17:0] pins; when
RCM [1:0] bits are set to “11”, the SYNC mode is selected which utilizes which utilizes VSYNC, HSYNC,
DOTCLK, D [17:0] pins. Using RGB interface must selection serial interface.

ILI9341 supports several pixel formats that can be selected by DPI [2:0] bits of “Pixel Format Set (3Ah)” and RIM
bit of RF6h command. The selection of a given interfaces is done by setting RCM [1:0] and DPI [2:0] as show in

the following table.

RGB Interface

RCM[1:0 RIM DPI[2:0 RGB Mode Used Pins
[1:0] [2:0] Mode
18-bit RGB interf
1] 0] o |1]1]0 ] BbtRGBInterface VSYNC, HSYNC, DE, DOTCLK,D[17:0]
(262K colors)
1 0 0 110l 1 : :;”cisz )lnterface DE Mode \S[S;;l\:g] :SD\E:\JS; ]DE, DOTCLK,
Valid data is determined by the DE . -

6-bit RGB interface .
1 0 1 11110 ! ! signal VSYNC, HSYNC, DE, DOTCLK, D[5:0]
(262K colors)

6-bit RGB interface

1 0 1 11011 VSYNC, HSYNC, DE, DOTCLK, D[5:0]
(65K colors)
18-bit RGB interface

1010 |1]1]0 : ' VSYNC, HSYNC, DOTCLK, D[17:0]
(262K colors)

] ] 0 110l 16-bit RGB interface | SYNC Mode VSYNC, HSYNC, DOTCLK,
(65K colors) In SYNC mode, DE signal is ignored; D[17:13] & D[11:1]
6-bit RGB interface blanking porch is determined by B5Sh

111 (110X ' 9p ’ VSYNC, HSYNC, DOTCLK, D[5:0]
(262K colors) command.
6-bit RGB interface

111 [1]o]1 ! ! VSYNG, HSYNC, DOTCLK, D[5:0]
(65K colors)

18-bit data bus interface (D[17:0] is used) , DPI[2:0] = 110, and RIM=0

D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
|18bpp Frame Memory Write G[5] | G[4] | G[3] | G[2] | G[1] | G[O]

16-bit data bus interface (D[17:13] & D[11:1] is used) , DPI[2:0] = 101, and RIM=0

D17 | D16 | D15 | D14 | D13 | D12 | D11 |D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
|16bpp Frame Memory Write G[5] | G[4] | G[3] | G[2] | G[1] | G[O] | B[4]

The LSB data of red/blue color depends on the EPF[1:0] setting.

6-bit data bus interface (D[5:0] is used) , DPI[2:0] = 110, and RIM=1
D5 | D4 | D3| D2 | D1 | DO | D5 | D4 | D3 | D2 | D1 | D0O| D5 | D4 | D3| D2/ D1]| DO
| 18bpp Frame Memory Write G[5] | G[4] | G[3] | G[2] | G[1] | G[O]

6-bit data bus interface (D[5:0] is used) , DPI[2:0] = 101, and RIM=1
D5 | D4 | D3 | D2 | D1 | DO | D5 | D4 | D3 | D2 | D1 | DO | D5 | D4 | D3 | D2 | D1 | DO
| 16bpp Frame Memory Write G[5] | G[4] | G[3] | G[2] | G[1] | G[O]
The LSB data of red/blue color depends on the EPF[1:0] setting.

Pixel clock (DOTCLK) is running all the time without stopping and used to enter VSYNC, HSYNC, DE and D
[17:0] states when there is a rising edge of the DOTCLK. Vertical synchronization (VSYNC) is used to tell when




there is received a new frame of the display. This is low enable and its state is read to the display module by a

rising edge of the DOTCLK signal.

Horizontal synchronization (HSYNC) is used to tell when there is received a new line of the frame. This is low

enable and its state is read to the display module by a rising edge of the DOTCLK signal.

In DE mode, Data Enable (DE) is used to tell when there is received RGB information that should be transferred
on the display. This is a high enable and its state is read to the display module by a rising edge of the DOTCLK
signal. D [17:0] are used to tell what is the information of the image that is transferred on the display (When
DE="0’ (low) and there is a rising edge of DOTCLK). D [17:0] can be ‘0’ (low) or ‘1’ (high). These lines are read
by a rising edge of the DOTCLK signal. In SYNC mode, the valid display data in inputted in pixel unit via D [17:0]
according to HFP/HBP settings of HSYNC signal and VFP/VBP setting of VSYNC. In both RGB interface modes,
the input display data is written to GRAM first then outputs corresponding source voltage according the gray

data from GRAM.

Hsync HBP HAdr HFP

< »ig
g

-
A
v

Vsync

(Hsy'pc + HBP)—Horizontal interval when no
4 valid idispl ay data is sent from host to display

VBP

PI[BA OU USYM [EAISIUI [EOIA - (FA +JUASA)

VAdr
PIEA OU UBUM |BAIBIUI [BIUOZIIOH -d4H

Ae(ds|p 0l1soy wouy uas sl ejep Aedsip

(VAdr + HAd1) - Petiod
when valid display data are
transferred from host to
display module

Ae|dsip 0} 1soy wo4y pausjsuel s| elep ke|ds;p

i
P

&

i

i

1

VFP-- Vertical interval when no valid display
data is transferred from host to display

VFP

Parameters Symbols | Condition | Min. | Typ. | Max. Units
Horizontal Synchronization Hsync 2 10 16 | DOTCLK
Horizontal Back Porch HBP 2 20 24 DOTCLK
Horizontal Address HAdr - 240 - DOTCLK
Horizontal Front Porch HFP 2 10 16 DOTCLK
Vertical Synchronization Vsync 1 2 4 Line
Vertical Back Porch VBP 1 2 - Line
Vertical Address VAdr - 320 - Line
Vertical Front Porch VFP 3 4 - Line

Typical values are setting example when used with panel resolution 240 x 320 (QVGA), clock frequency 6.35MHz and frame



frequency about 70Hz.

Notes:

1. Vertical period (one frame) shall be equal to the sum of Vsync + VBP + VAdr + VFP.

2. Horizontal period (one line) shall be equal to the sum of Hsync + HBP + HAdr + HFP.

3. Control signals PCLK and Hsync shall be transmitted as specified at all times while valid pixels are transferred
between the host processor and the display module.

Also make sure that

(Number of PCLK per 1 line) = (Number of RTN clock) x Division ratio (DIV) x PCDIV

Setting Example for Display Control Clock in RGB Interface Operation

Register Display operation using DPI is in synchronization with internal clock PCLKD which is generated by dividing
DOTCLK.

PCDIV [5:0]: Number of DOTCLK during internal clock PCLKD’s high / low period. In units of 1 clock.

PCDIV specifying DOTCLK’s division ratio, are determined so that difference between PCLKD's frequency

and internal oscillation clock 615KHz is the smallest. Set PCDIV follow the restriction

(Number of PCLK in 1H) 2 (Number of RTN clock) x Division ratio (DIV) x PCDIV.

Setting Example: To set frame frequency to 70Hz:

Internal Clock
Internal Oscillation Clock: 615KHz
DIV[1:0] = 2'b0 (x 1/1)
RTN[4:0] = 5’h1b (27 clocks)
FP = 7'h2 (2 lines), BP = 7'h2 (2 lines), NL = 6'h27 (320 lines)
Frame Rate - 70.30Hz
DOTCLK
HSYNC = 10 CLK
HBP = 20 CLK
HFP=10 CLK
70Hz x (2 + 320 + 2) lines x (10 + 20 + 240 + 10) clocks = 6.35MHz
DOTCLK frequency = 6.35MHz
6.35 MHz / 615KHz = 10.32 [ Set PCDIV so that PCLK is divided by 10.
external fosc = 6.35 MHz / 10 = 635KHz
PCDIV = [ 6.35MHz / 635KHz) /2]-1 = 4
PCDIV[5:0] = 6'h04 (10 DOTCLK)



DOTCLK || ’| || || || || '| || || || || " || |‘ |‘ |‘ |‘ ||

| | |
J PCDIV [5:0] U PCDIV [5:0] |
| |

PCLKD




7.2.2. RGB Interface Timing
The timing chart of 18-/16-bit RGB interface mode is shown as below.

1 frame

»

.| Back porch

>

Front porch
) »

VSYNC [«» VLW>=1H

e [ UTUUUDUUUUNOUIUURUDIU LU DUIUUuT

DOTCLK

ENABLE

D[17:0]

HLW>=2DOTCLKs

HSYNC

»

7]
77

1H

DOTCLK

ENABLE

T A

DTST>=HLW

i
i
’
,
/
/
/
,
i
’
/
g ,
/
/
,
/

D[5:0]

4

Valid data

VLW : VSYNC Low Width
HLW : HSYNC Low Width
DTST : Data Transfer Startup Time

PCDIVH[3:0]

DOTCLK ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

PCDIVL[3:0]

PCLKD _|

Note 1: The DE signal is not needed when RGB interface SYNC mode is selected.
Note 2: VSPL="0", HSPL="0", DPL="0"and EPL="0" of “Interface Mode Control (BOh)” command.




The timing chart of 6-bit RGB interface mode is shown as below:

1 frame

»

Back porch

Front porch
< >

VSYNC [« VLW>5

il

1H

| |

M
ENABLE ’7
D[5:0]
HLW>=2DOTCLKs 4

HSYNC "

o ||| [TUTUUTUUTUUUUTUUTUTUUUL

ENABLE DTST>=HLW

/
o5 Pl UL UL

Valid data

VLW : VSYNC Low Width
HLW : HSYNC Low Width
DTST : Data Transfer Startup Time

PCLKD _,

DOTCLK ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

PCDIVHI[3:0]

PCDIVL[3:0]

Note 1: The DE signal is not needed when RGB interface SYNC mode is selected.
Note 2: VSPL="0’, HSPL="0’, DPL="0" and EPL="0" of “Interface Mode Control (BOh)” command.

Note 3: In 6-bit RGB interface mode, each dot of one pixel (R, G and B) is transferred in synchronization with

DOTCLK.

Note 4: In 6-bit RGB interface mode, set the cycles of VSYNC, HSYNC and DE to 3 multiples of DOTCLK.



7.3. VSYNC Interface
IL19341 supports the VSYNC interface in synchronization with the frame-synchronizing signal VSYNC to display
the moving picture with the 8080- 1 /8080-1I system interface. When the VSYNC interface is selected to display

a moving picture, the minimum GRAM update speed is limited and the VSYNC interface is enabled by setting
DM[1:0] = “10” and RM = “0".

» VSYNC

MPU » nCS

» RS

» NWR
P DB[17:0]

In the VSYNC mode, the display operation is synchronized with the internal clock and VSYNC input and the
frame rate is determined by the pulse rate of VSYNC signal. All display data are stored in GRAM to minimize
total data transfer required for moving picture display.

VSYNC L] L] L]

Write data to RAM Rew”t('j”% F{rewrr:t(ljnq[
through system SEIESIl Delte screen data

interface

Display operation

synchronized with
internal clocks I JOCUOOCCO0CO00C0O00NCC00CO0000000K




VSYNC RAM

Write
Back porch (2 lines)

Display
(320 lines)

Front porch (2 lines)

Black period

.

The VSYNC interface has the minimum speed limitation of writing data to the internal GRAM via the system

interface, which are calculated from the following formula.

Internal clock frequency (fosc.) [Hz] = FrameFrequency x (DisplayLine (NL) + FrontPorch (VFP) + BackPorch
(VBP)) x ClockCyclePerLines (RTN) x FrequencyFluctuation.

240 x DisplayLines(NL)

Minimum RAM write speed [Hz] >
peed [Hz] [BackPorch(VBP)+ DisplayLines(NL)— margins] x Clocks per linex (1/fosc)

Note: When the RAM write operation does not start from the falling edge of VSYNC, the time from the falling

edge of VSYNC until the start of RAM write operation must also be taken into account.

An example of minimum GRAM writing speed and internal clock frequency in VSYNC interface mode is as
below.
[Example]
Display size: 240 RGB x 320 lines
Lines: 320 lines (NL = 100111)
Back porch: 2 lines (VBP = 0000010)
Front porch: 2 lines (VFP = 0000010)
Frame frequency: 70 Hz

Frequency fluctuation: 10%

Internal oscillator clock (fosc.) [Hz] = 70 x [320+ 2 + 2] x 27 clocks x (1.1/0.9) = 748KHz



When calculate the internal clock frequency, the oscillator variation is needed to be taken into consideration. In
the above example, the calculated internal clock frequency with +10% margin variation is considered and
ensures to complete the display operation within one VSYNC cycle. The causes of frequency variation come

from fabrication process of LS|, room temperature, external resistors and VCI voltage variation.

Minimum speed for RAM writing [Hz] > 240 x 320 x 748K /[ (2 + 320 — 2)lines x 27clocks] = 6.65 MHz

The above theoretical value is calculated based on the premise that the ILI9341 starts to write data into the
internal GRAM on the falling edge of VSYNC. There must at least be a margin of 2 lines between the physical
display line and the GRAM line address where data writing operation is performed. The GRAM write speed of
6.65MHz or more will guarantee the completion of GRAM write operation before the ILI9341 starts to display the

GRAM data on the screen and enable to rewrite the entire screen without flicker.

Notes in using the VSYNC interface

1. The minimum GRAM write speed must be satisfied and the frequency variation must be taken into
consideration.

2. The display frame rate is determined by the VSYNC signal and the period of VSYNC must be longer than the
scan period of an entire display.

3. When switching from the internal clock operation mode (DM[1:0] = “00”) to the VSYNC interface mode or
inversely, the switching starts from the next VSYNC cycle, i.e. after completing the display of the frame.

4. The partial display, vertical scroll, and interlaced scan functions are not available in VSYNC interface mode.

System Interface Mode to VSYNC interface mode VSYNC interface mode to System Interface Mode
System Interface . o Opeartion through
v Display operation in VSYNC interface
— synchronization with
Set GRAM Address internal clocks SetDM[1:0]=00, RM=0 | | Display operation in
for system interface mode synchronization with
v VSYNC
Set DM[1:0]=10, RM=0
for VSYNC interface mode DM[1:0], RM become
* DM[1:0], RM become \ 4 enable after completion
enable after completion . — of displaying 1 frame
Set index register to 2Ch of displaying 1 frame WWSit more fhan 1 freme o]
I Display operation in
* l synchronization with
(Wait more than 1 frame > : System Interface ] UL
* Display operation in
Write data o GRAM synchronization with Note: input VSYNC for more than 1 frame
through VSYNC interface VSYNC period after setting the DM, RM register.

Opeartion through
VSYNC interface




7.4. Color Depth Conversion Look Up Table

When IL19341 operates in parallel 16-bit interface, the color depth conversion is done by look-up table and

extend input data format to 18-bit. See the detailed for look-up table of color depth conversion.

R input (5-bit) R output (6-bit)
16-bit/pixel —-mode 18-bit/pixel -mode T
65,536 colors 262,144 colors RGBSET Parameter

00000 Roos Roos Rooz Rooz Root Rooo 1

00001 Ro1s Rota Ro1a Rotz2 Ror1 Roto 2

00010 Rozs Roza Rozz Rozz Roz1 Rozo 3

00011 Ross Ross Rosa Ros2 Roar Roso 4
00100 Ro4s Roas Roaz Roaz Roat Roao S5

00101 Ross Rosa Rosz Ros2 Rost Roso 6

00110 Roes Ross Rosa Ros2 Rost Roso 7
00111 Ro7s Ro7a Ro7a Ro72 Ro71 Ro7o 8

01000 Ross Ross Ross Ros2 Rost Roso 9

01001 Roos Rosa Roga Rogz Rost Roso 10
01010 Rios Rios Rios Rioz2 Rio1 Rioo 11
01011 Ri15 Ri14 Ri13 Ri12 Ryt Ryqo 12
01100 Ri2s Riz4 Ri2s Ri22 Riz21 Rizo 13
01101 Rias Rias Riaa Ris2 Riar Riao 14
01110 Ri4s Riaa Riaz Riaz Riar Riso 15
01111 Riss Ris4 Risz Ris2 Ris1 Riso 16
10000 Ri6s Ris4 Riss Ris2 Ri61 Rieo 17
10001 Ri75 R174 Ri73 Ri72 Ri71 Ri70 18
10010 Rigs Riga Rigs Ris2 Rist Riso 19
10011 Rigs Riga Rigs Rig2 Riat Rigo 20
10100 Ra0s R204 R2os Rao2 Rao1 Raoo 21
10101 Ra15 Ra14 Ra1z Ra12 Ra11 Raio 22
10110 Ra25 R224 Ra2s R222 Ro21 Rozo 23
10111 Reas R2sa Ross Res2 Reat Reso 24
11000 Raas Raaa Roas Raaz Raar Raso 25
11001 Rass Rasa Rosa Ros Rast Roso 26
11010 Ra6s Rosa Ross Rosz Rost Raso 27
11011 R275 R274 Ra7z Raz2 Ra71 Razo 28
11100 Rags Rags Rogs Rosz Rost Raso 29
11101 R2gs R2ga Rzgz R2g2 Ragt Rago 30
11110 Ra0s Raos Raos Raoz2 Raot Raoo 31
11111 Ra15 Ra14 Ra1z Ra12 Ra11 Raio 32




G input (6-bit)
16-bit/pixel -mode

G output (6-bit)
18-bit/pixel -mode

Command Code (0x2Dh)

65,536 colors 262,144 colors RGBSET Parameter
000000 Gioos Goos Goos Gooz Goot Gooo 33
000001 Gots Go1a Goz Gor2 Got1 Goro 34
000010 Giozs Gozs G2z Gozo Goz1 Gozo 35
000011 Gioss Gosa Goss Gozz Gost Goso 36
000100 Goas Goas Goaz Gosaz Goat Goao 37
000101 Gioss Goss Goss Gosz Gost Goso 38
000110 Gioss Goss Goss Gosz Gost Goso 39
000111 Go75 Go74 Go73 Go72 Go71 Gozo 40
001000 Gioss Gogs Goss Gosz2 Gos1 Goso 41
001001 Giogs Gogs Gogs Gosz Gogi Gogo 42
001010 Gios Gios Gios Gioz Giot Gioo 43
001011 Gi1s Gi14 Gi1s Gi12 Gt Gio 44
001100 Gios Gioa Gioz G2 Gia1 Gigg 45
001101 Giss Gias Gias Giaz Girar Girao 46
001110 Gias Gias Giaz Giaz Giar Gigo 47
001111 Giss Giss Gisz Gis2 Gist Giso 48
010000 Gies Gies Gisz Giez Gig1 Giso 49
010001 G175 Gi74 Gi73 Gi72 Gi71 Gi7o 50
010010 Gigs Gigs Gigz Gigz Gigi Giso 51
010011 Gigs Gios Gioz Gigo Gig1 Gigo 52
010100 Gaos G204 G203 G0z G201 Gaoo 53
010101 G215 Ga14 G213 G212 Go11 Gaqg 54
010110 Giaos Goos Gaoz Gooo Giazi Gago 55
010111 Gias Gizss Gizas Gasz Gzt Gso 56
011000 Gaas Goas Goaz Gogz Goa1 Gaao 57
011001 Gizss Giasa Gasg Gasz Gast Gaso 58
011010 Giogs Giogs Gogs Gogo Giogt Gogo 59
011011 Gio75 Go74 Gozs Goze Goyy Gorg 60
011100 Giags Giogs Gogs Gago Gogi Gago 61
011101 G295 Giogs Gogz Gage Gogr Gagg 62
011110 G5 Gizo4 G303 Gaoz Gso1 Gaoo 63
011111 Ga1s5 G314 G313 G312 Ga11 Gaqo 64
100000 Gisos Giga Gaos Giaze Gzt Giseo 65
100001 Gias Gazs Gisa Gizaz Gazt Gaso 66




G input (6-bit)
16-bit/pixel —-mode

G output (6-bit)
18-bit/pixel —-mode

Command Code (0x2Dh)

65,536 colors 262,144 colors RGBSET Parameter
100010 Giaas Gizaq Gaaz Gaaz Gaar Gago 67
100011 Gass Gizsa Gasa Gase Gasi Gaso 68
100100 Giges Gizss Gass Gasz Giast Gaso 69
100101 G375 Gs74 G373 Ga7o Ga71 Gazg 70
100110 Gigs Gags Gags Giagr Gagi Gago 71
100111 Gi3g5 Gags Gagz Gagr Gagr Gago 72
101000 Giaos Gaos Gaosz Gaoz Gaor Gago 73
101001 Ga1s Ga1a Gz Garz Gar1 Gato 74
101010 Gizs Gaza Gaoz Gazo Gaz1 Gazo 75
101011 Giaas Gasa Gaas Gase Gaz1 Gaso 76
101100 Giaas Gaaa Gaaz Gagz Gaar Gago 77
101101 Gisss Gusa Gass Guse Gast Gaso 78
101110 Gises Gaps Gass Guse Gast Guaso 79
101111 Ga7s Ga7a Gaza Gazz Gaz1 Gazo 80
110000 Gugs Giaga Gugs Gagz Gast Gugo 81
110001 Giags Giaga Gugs Gage Gagt Gago 82
110010 Giso5 Gs04 Gisoz Gisoz Gsotr Gisoo 83
110011 Gs15 G514 G513 Gs12 G511 G510 84
110100 Gisps Gisos Gz Gispo Giszy Gsog 85
110101 Gis3s5 G534 Gsaz Gszz Gszi Gsao 86
110110 Gis45 Gsaq Gsaz Gsaz Gsat Gsao 87
110111 Gisss Gissa Gssa Gss2 Giss1 Gisso 88
111000 Gises Gissa Gsea Gse2 Giss1 Giseo 89
111001 Gs75 Gis74 Gs73 Gs72 Gis71 Giszo 90
111010 Gisgs Gisga Gisgs Gsgz Gisg1 Gisgo 91
111011 Gisgs Gisga Gises Gisgz Gise1 Gisgo 92
111100 Gisos Gieos Geos Geoz Geot Geoo 93
111101 Ge1s5 Ge14 Ge13 Ge12 Ge11 Geto 94
111110 Gi2s Geoa Goa Geze Geat Gezo 95
111111 Gi3s Gz Gesa Gesz Geat Geso 96




B input (5-bit)
16-bit/pixel -mode

B output (6-bit)
18-bit/pixel -mode

Command Code (0x2Dh)

RGBSET Parameter
65,536 colors 262,144 colors
00000 Boos Boosa Booz Booz Boot Booo 97
00001 Bo1s Bota Bo1a Borz Bor1 Boro 98
00010 Bozs Bozs Bozs Bozz Boz1 Bozo 99
00011 Boss Bozs Boas Bozz Bozt Bozo 100
00100 Boas Boas Boas Boaz Boat Boao 101
00101 Boss Boss Boss Bosz Bost Boso 102
00110 Boss Boss Bosz Bosz Bos1 Boso 103
00111 Bo7s Bo74 Bo7a Bo72 Bo71 Bo7o 104
01000 Boss Boss Boss Bosz Bos1 Boso 105
01001 Boss Booa Boss Bosz Bogt Bogo 106
01010 Bios Bio4 Bioa B1o2 Bio1 Bioo 107
01011 B115 B114 B113 B112 B111 B11o 108
01100 Bi25 Bi24 B12g Bizz Bi21 Bizg 109
01101 Bias B1as B1as Bisz Biar Biao 110
01110 Bi4s B1as B14s Biao B1a1 Biao 111
01111 Biss Biss Bisz Bisz Bist Biso 112
10000 Biss Biss Bisz Bisz Bis1 Bieo 113
10001 Bi75 B174 B173 B172 B171 By7p 114
10010 Bigs B1gs B1gs B1g2 B1g1 Bigo 115
10011 Bios Bigs Bigs Bigz2 Big1 Bigo 116
10100 Bos Baos Baoa Baoz Baot Baoo 17
10101 B215 Bo14 B213 Bo12 Bagy Bagg 118
10110 Baos Bazg Boog Baze Baot Bazo 119
10111 Boas Boas B2as Basz Boat Baso 120
11000 Ba4s Boas Bayz Bosa Bags Boso 121
11001 Bass Basa Bass Base Bast Baso 122
11010 Bass Bosa Bags Base Bost Baso 123
11011 Bo7s Bazs Baza Baza Bozq Barg 124
11100 Bogs Bags Bags Bagz Bogt Bogo 125
11101 B2os Boga Bags B2gz Bog1 Bago 126
11110 B3os B3gs Bzoaz Bzoz Baot Baoo 127
11111 B315 B314 B313 B312 Bat1 Baqo 128




7.5. Display Data RAM (DDRAM)
ILI9341 has an integrated 240x320x18-bit graphic type static RAM. This 172,800-byte memory allows storing a

240xRGBx320 image with an 18-bit resolution (262K-color). There is no abnormal visible effect on the display
when there are simultaneous panel display read and interface read/write to the same location of the frame

memory.

7.6. Display Data Format
ILI9341 supplies 18-/16-/9-/8-bit parallel MCU interface with 8080- 1 /8080-11 series, 3-/4-line serial interface

and 6-/16-18-bit parallel RGB interface. The parallel MCU interface and serial interface mode can be selected by

external pins IM [3:0] and RGB interface mode can be selected by software command parameters RCM[1:0].



7.6.2. 4-line Serial Interface
The 4-line/8-bit serial bus interface of ILI9341 can be used by setting external pin as IM [3:0] to “0110” for serial
interface | or IM [3:0] to “1110” for serial interface Il. The shown figure is the example of 4-line SPI interface.

4-line Serial Interface |

SCL
D/CX

MPU GSA Driver
» SDA

YVYY

A
y

D[17:0]

4-line Serial Interface Il /7

N

SCL
D/CX
CSX
SDI
SDO

MPU Driver

VVYYVYY

A

D[17:0]

/777

In 4-line serial interface, different display data format is available for two color depths supported by the LCM
listed below.

-65k colors, RGB 5, 6, 5 -bits input.

-262k colors, RGB 6, 6, 6 -bits input.

16 bit/pixel color order (R:5-bit, G:6-bit, B:5-bit), 65,536 colors

RESX

IM[3:0] IM[3:0]=0110 or 1110

CSsX —\
D/CX ( XIX XIX XIX )

Pixel n Pixel n+1
DI DO D7 D6 D5 D4 D3 D2

SDA/
SDI

SCL

Look-Up Table for 65k Colors mapping (16-bit to 18-bit) |

18-bit \

Frame memory




Note 1: The pixel data with 16-bit color depth information.
Note 2: The most significant bits are: Rx4, Gx5 and Bx4.
Note 3: The least significant bits are: Rx0, Gx0 and Bx0.

Note 4: -'= Don't care —Can be set “0" or “1".

18 bit/pixel color order (R:6-bit, G:6-bit, B:6-bit), 262,144 colors

RESX
IM[3:0] IM[3:0]=0110 or 1110
csx  \
D/CX ! 0

Frame memory

Note 1: The pixel data with 18-bit color depth information.
Note 2: The most significant bits are: Rx5, Gx5 and Bx5.
Note 3: The least significant bits are: Rx0, Gx0 and Bx0.

Note 4: *-’= Don’t care —Can be set “0” or “1".

Read data through 4-line SPI mode

(  AESK IM[3:0]=0110 or 1110
IM[3:0]
CSX
Host 4 e LN NN ENE N E RN S SN E N ENENE N ENENENENE S SR SR SR JENESENENENENENEY
bIcx O
L Sorir o R2EN - -
Driver{ggoA i Hiah-z SOOI OO0 OODD
™ 8 Dummy Clock A 1-Pixel data >

Read Data format as below
D23 D22 D21 D20 D19 D18 Di7 D16 Di5 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO

Note 1: ~= Don’t care — Can be set “0” or “1”.



8. Command

8.1. Command List

Regulative Command Set

Command Function D/CX |RDX|WRX D17-8 D7 D6 D5 D4 D3 D2 D1 DO | Hex
No Operation 0 1 1 XX 0 0 0 0 0 0 0 0 00h
Software Reset 0 1 1 XX 0 0 0 0 0 0 0 1 01h

0 1 1 XX 0 0 0 0 0 1 0 0 04h

) o 1 1 1 XX X X X X X X X X XX

Read Display Idfantmcatlon ] ; ] XX D1 [7:0] X

Information

1 1 1 XX ID2 [7:0] XX

1 1 1 XX ID3 [7:0] XX

0 1 1 XX 0 0 0 0 1 0 0 1 09h

1 1 1 XX X X X X X X X X XX

) 1 1 1 XX D [31:25] X 00

Read Display Status HENE XX X D [22:20 D [19:16] 61

1 1 1 XX X X X X X D [10:8] 00

1 1 1 XX D [7:5] X X X X X 00
0 1 1 XX 0 0 0 0 1 0 1 0 0Ah

Read Display Power Mode 1 1 1 XX X X X X X X X X XX
1 1 1 XX D [7:2] 0 0 08
0 1 1 XX 0 0 0 0 1 0 1 1 0Bh

Read Display MADCTL 1 1 1 XX X X X X X X X X XX

1 1 1 XX D [7:2] 0 0 00
0 1 1 XX 0 0 0 0 1 1 0 0 0Ch

Read Display Pixel Format 1 1 1 XX X X X X X X X X XX
1 1 1 XX RIM DPI [2:0 X DBI [2:0 06
0 1 1 XX 0 0 0 0 1 1 0 1 0Dh

Read Display Image Format 1 1 1 XX X X X X X X X X XX
1 1 1 XX X X X X X D [2:0] 00
0 1 1 XX 0 0 0 0 1 1 1 0 0Eh

Read Display Signal Mode 1 1 1 XX X X X X X X X X XX
1 1 1 XX D [7:2] 0 0 00
) ) ) 0 1 1 XX 0 0 0 0 1 1 1 1 | OFh

Read Dlsplageijlltf—Dlagnostlc ] ) ; XX X X X X X X X X XX
1 1 1 XX D [7:6] X X X X X X 00

Enter Sleep Mode 0 1 1 XX 0 0 0 1 0 0 0 0 10h
Sleep OUT 0 1 1 XX 0 0 0 1 0 0 0 1 11h

Partial Mode ON 0 1 1 XX 0 0 0 1 0 0 1 0 12h
Normal Display Mode ON 0 1 1 XX 0 0 0 1 0 0 1 1 13h
Display Inversion OFF 0 1 1 XX 0 0 1 0 0 0 0 0 20h
Display Inversion ON 0 1 1 XX 0 0 1 0 0 0 0 1 21h

0 1 1 XX 0 0 1 0 0 1 1 0 26h

Gamma Set

1 1 1 XX GC [7:0] 01

Display OFF 0 1 1 XX 0 0 1 0 1 0 |28h
Display ON 0 1 1 XX 0 0 1 0 1 0 0 1 | 2%h
0 1 1 XX 0 0 1 0 1 0 1 0 2Ah

1 1 1 XX SC[15:8] XX

Column Address Set 1 1 1 XX SC[7:0] XX

1 1 1 XX EC [15:8] XX

1 1 1 XX EC [7:0] XX
o | 1] 1 XX o | o [ 1 0 1 o | 1 1| 28Bn

1 1 1 XX SP [15:8] XX

Page Address Set 1 1 1 XX SP [7:0] XX

1 1 1 XX EP [15:8] XX

1 1 1 XX EP [7:0] XX




_ o | 1] 1 XX o | ol 1+ ] o | 1| 1 o | o |ecn
Memory Write
1 1 1 D [17:0] XX
o | 1] 1 XX o | o 1 0 1 1 o | 1 J|opn
1 1 1 XX 0 0 0 R0OO0 [5:0] XX
1 1 1 XX 0 0 0 Rnn [5:0] XX
1 1 1 XX 0 0 0 R31 [5:0] XX
Color SET 1 1 1 XX 0 0 0 GO0 [5:0] XX
1 1 1 XX 0 0 0 Gnn [5:0] XX
1 1 1 XX 0 0 0 G64 [5:0] XX
1 1 1 XX 0 0 0 B0O [5:0] XX
1 1 1 XX 0 0 0 Bnn [5:0] XX
1 1 1 XX 0 0 0 B31 [5:0] XX
0 1 1 XX 0 0 1 0 1 1 1 0 2Eh
Memory Read 1 1 1 XX X X X X X X X X XX
1 1 1 D [17:0] XX
o | 1] 1 XX o | o | 1 ] 1 o | o o | o [30n
1 1 1 XX SR [15:8] 00
Partial Area 1 1 1 XX SR [7:0] 00
1 1 1 XX ER [15:8] 01
1 1 1 XX ER [7:0] 3F
o | 1] 1 XX o | o | 1 ] 1 0 0 1 | 1 [aan
1 1 1 XX TFA[15:8] 00
1 1 1 XX TFA [7:0] 00
Vertical Scrolling Definition 1 1 1 XX VSA [15:8] 01
1 1 1 XX VSA [7:0] 40
1 1 1 XX BFA [15:8] 00
1 1 1 XX BFA [7:0] 00
Tearing Effect Line OFF 0 1 1 XX 0 0 1 1 0 1 0 0 34h
Tearing Effect Line ON 0 ! | XX 0 0 ! ! 0 1 0 ! 5l
1 1 1 XX X X X X X X X M 00
0 1 1 XX 0 0 1 1 0 1 1 0 36h
Memory Access Control
1 1 1 XX MY MX MV ML BGR | MH X X 00
0 1 1 XX 0 0 1 1 0 1 1 1 37h
Vertical Scrolling Start Address 1 1 1 XX VSP [15:8] 00
1 1 1 XX VSP [7:0] 00
Idle Mode OFF 0 1 1 XX 0 0 1 1 1 0 0 0 38h
Idle Mode ON 0 1 1 XX 0 0 1 1 1 0 0 1 39h
Pixel Format Set 0 1 1 XX 0 0 1 1 1 0 1 0 3Ah
1 1 1 XX X DPI[2:0] X DBI [2:0] 66
. . 0 1 1 XX 0 0 1 1 1 1 0 0 3Ch
Write Memory Continue ) ) ) D [17:0] XX
0 1 1 XX 0 0 1 1 1 1 1 0 3Eh
Read Memory Continue 1 t 1 XX X X X X X X X X XX
1 1 1 D [17:0] XX
0 1 1 XX 0 1 0 0 0 1 0 0 44h
Set Tear Scanline 1 1 1 XX X X X X X X X STS[8] | 00
1 1 1 XX STS [7:0] 00
0 1 1 XX 0 1 0 0 0 1 0 1 45h
Get Scanline 1 1 1 XX X X X X X X X X XX
1 1 1 XX X X X X X X GTS [9:8] 00
1 1 1 XX | | GTS [7:0] | 00
L ) 0 1 1 XX 0 1 0 1 0 0 0 1 51h
Write Display Brightness ] ] ) XX DBV [7:0] 00




0 1 1 XX 0 1 0 1 0 0 1 0 52h
Read Display Brightness 1 1 1 XX X X X X X X X XX
1 R XX DBV [7:0] 00
Write CTRL Display 0o 111 X L ) 0 ! 0 0 ! L.
1 1 1 XX X X BCTRL| X DD BL X X 00
0 1 1 XX 0 1 0 1 0 1 0 0 54h
Read CTRL Display 1 1 1 XX X X X X X X X X XX
1 1 1 XX X X BCTRL X DD BL X X 00
Write Content Adaptive 0 1 1 XX 0 1 0 1 0 1 0 1 55h
Brightness Control 1 1 1 XX X X X X X X C[1:0] 00
Read Content Adapti 0 L XX 0 1 2 1 9 1 L 9 | seh
(-:‘éarigh?nﬂe:;1 Con?fo:ve L 1 L XX X X X X X X X X XX
1 T 1 XX X X X X X X C [1:0] 00
Write CABC Minimum 0 1 1 XX 0 1 0 1 1 1 1 0 |5Eh
Brightness 1 1 1 XX CMB [7:0] 00
o 0 1 1 XX 0 1 0 1 0 1 1 1 5Fh
Read Bcgifngﬂg'm“m 1 ] 1] 1 XX X X X X X X X X | xx
1 T XX CMB [7:0] 00
0 1 1 XX 1 1 0 1 1 0 1 0 |DAh
Read ID1 1 1 1 XX X X X X X X X X XX
1 1 1 XX Module’s Manufacture [7:0] XX
0 1 1 XX 1 1 0 1 1 0 1 1 DBh
Read ID2 1 i 1 XX X X X X X X X X XX
1 1 1 XX LCD Module / Driver Version [7:0] XX
0 1 1 XX 1 1 0 1 1 1 0 0 DCh
Read ID3 1 1 1 XX X X X X X X X X XX
1 1 1 XX LCD Module / Driver ID [7:0] XX
Extended Command Set
Command Function D/CX|RDX|{WRX D17-8 D7 D6 D5 D4 D3 D2 D1 DO Hex
RGB Interface 0 1 1 XX 1 0 1 1 0 0 0 0 B0Oh
Signal Control 1 1] 1 XX ByPass MODE| RCM[1:0] | X |VSPL|HSPL | DPL | EPL | 40
0 1 T XX 1 0 1 1 0 0 0 1 B1h
Frame Control
(In Normal Mode) 11 ] 1 XX X X | X X X X DIVA [1:0] 00
1 1] 1 XX X X | X RTNA [4:0] 1B
rame Contro o | 1] 1 XX 1 0o | 1 | 1 0 0 1 | o | Bon
(In Idke Mod) 1|1 ] 1 XX X X | X X X X DIVB [1:0] 00
1 1] 1 XX X X | X RTNB [4:0] 1B
e Contro o | 1] 1 XX 1 o | 1 | 1 0 0 1 | 1 | B3n
(In Partial Mode) 1 1] 1 XX X X | X X X X DIVC [1:0] 00
1 1] 1 XX X X X RTNC [4:0] 1B
. . 0 1 1 XX 1 0 1 1 0 1 0 0 B4h
Display Inversion Control
1 1 1 XX X X X X X NLA | NLB | NLC 02
0 1 T XX 1 0 1 1 0 1 0 1 B5h
11 ] 1 XX 0 VFP [6:0] 02
Blanking Porch Control 1 1 1 XX 0 VBP [6:0] 02
1 1] 1 XX 0 0 0 HFP [4:0] 0A
1 1 1 XX 0 0 0 HBP [4:0] 14




o |1 ] 1 XX 1 o | 1 1 ' 1 | o |Beh
1 1 1 XX X X X X PTG [1:0] PT [1:0] 0A
Display Function Control 1 1 1 XX REV GS | SS SM ISC [3:0] 82
1 111 XX X X NL [5:0] 27
1 1 1 XX X X PCDIV [5:0] XX
0 1 1 XX 1 0 1 1 0 1 1 1 B7h
Entry Mode Set
1 1 1 XX X X X X 0 GON DTE GAS 07
0 1 T XX 1 0 1 1 1 0 0 0 B8h
Backlight Control 1 1 1 T XX X X X X X X X X XX
1 1] 1 XX X X X X TH Ul [3:0] 04
0 1 1 XX 1 0 1 1 1 0 0 1 B9h
Backlight Control 2 1 1 1 XX X X X X X X X X XX
1 1 1 XX TH_MV [3:0] TH_ST [3:0] B8
0 1 T XX 1 0 1 1 1 0 1 0 BAh
Backlight Control 3 1 1 1 XX X X X X X X X X XX
1 1 1 XX X X X X DTH_UI [3:0] 04
0 1 T XX 1 0 1 1 1 0 1 1 BBh
Backlight Control 4 1 1 1 XX X X X X X X X X XX
1 11 ] 1 XX DTH_MV [3:0] DTH_ST [3:0] C9
0 1 1 XX 1 0 1 1 1 1 0 0 BCh
Backlight Control 5 1 1 T XX X X X X X X X X XX
1 1] 1 XX DIM2 [3:0] X DIM1 [2:0] 44
, o [ 1] 1 XX 1 o 1] 1 1 1 | 1 | o |IBen
Backlight Control 7
1 1 1 XX PWM_DIV [7:0] OF
Backlight Control 8 0 ! I XX ! 0 1 ! ! 1 ! ! )
1 1 1 XX X X X X X | LEDONR |LEDONPOL |LEDPWMOPL| 00
0 1 1 XX 1 1 0 0 0 0 0 0 COh
Power Control 1
1 1 1 XX X X VRH [5:0 26
o | 1] 1 XX 1 1 o] o 0o | o o | 1 Jcin
Power Control 2
111 ] 1 XX X x | x [ x X | BT [2:0] 00
o 1] 1 XX 1 1 o] o ol 1] o | 1 |csn
VCOM Control 1 1 1] 1 XX X VMH [6:0] 31
1 11 ] 1 XX X VML [6:0] 3C
0 | 1 1 XX 1 1 | 0 | 0 | 0 | 1 \ 1 \ 1 C7h
VCOM Control 2
1 11 ] 1 XX nVM VMF [6:0] Co
o | 1] 1 XX 1 1 o] 1 ol o | o | o |pon
NV Memory Write 1 1 1 XX X X X X X PGM_ADR [2:0] 00
1 1 1 XX PGM_DATA [7:0] XX
0l 1] 1 XX 1 ] 1 Jol 1 Jo o | o [ 1 D1h
. 1 1 1 XX KEY [23:16] 55
NV Memory Protection Key ] ] ) XX KEY [15:8] AR
1 1] 1 XX KEY [7:0] 66
0 1 1 XX 1 1 0 1 0 0 1 0 D2h
1 1 1 XX X X X X X X X X XX
NV Memory Status Read
1 1| 1 XX X ID2_CNT [2:0] X ID1_CNT [2:0] XX
1 1 1 XX BUSY VMF_CNT [2:0] X ID3_CNT [2:0] XX




ol 1] xx 1 1 0 1 o |o| 1 1 D3h
111 ] xx X X X X x | x| x X XX
Read ID4 11 1] xx 0 0 0 0 o ol o 0 00
11 1] xx 1 0 0 1 o |o| 1 1 93
111 ] xx 0 1 0 0 o ol o 1 41
ol 1] 1] xx 1 1 1 0 o ol o 0 EOh
111 ] xx X X X X VPO [3:0] 08
11 ] 1] xx X X VP1 [5:0] OE
111 ] xx X X VP2 [5:0] 12
111 1] xx X X X X | VP4 [3:0] 05
111 ] xx X X X VP6 [4:0] 03
1 1] 1] xx X X X X | VP13 [3:0] 09
Positive Gamma 1] 1 1 XX X VP20 [6:0] 47
Correction 111 ] 1] xx VP36 [3:0] | VP27 [3:0] 86
1011 ] xx X VP43 [6:0] 2B
111 ] xx X X X X | VP50 [3:0] 0B
111 ] xx X X X VP57 [4:0] 04
11 ]+ ] xx X X X x| VP59 [3:0] 00
111 ] xx X X VP61 [5:0] 00
111 ] xx X X VP62 [5:0] 00
111 ] xx X X X X VP63 [3:0] 00
ol 1] 1] xx 1 1 1 0 o ol o | 1 Eth
111 ] xx X X X X VNO [3:0] 08
101 ] 1] xx X X VN1 [5:0] 1A
111 ] xx X X VN2 [5:0] 20
111 ] 1] xx X X X x| VN4 [3:0] 07
111 ] xx X X X VN6 [4:0] OE
111 ] xx X X X X | VN13 [3:0] 05
Negative Gamma 111 1 XX X VN20 [6:0] 3A
Correction 11 ]+ ] xx VN36 [3:0] | VN27 [3:0] 8A
111 ] 1] xx X VN43 [6:0] 40
111 ] xx X X X X | VN50 [3:0] 04
111 ] 1] xx X X X VN57 [4:0] 18
1111 xx X X X X | VN59 [3:0] OF
111 ] 1] xx X X VN61 [5:0] 3F
101 ] 1] xx X X VN62 [5:0] 3F
111 ] xx X X X X VN63 [3:0] OF
Digital Gamma Control1 | 0 | 1 | 1 | xx 1 1 1 0 o |o] 1] o E2h
1% Parameter 111 T XX RCAOQ [3:0] BCAOQ [3:0] XX
: 111 ] 1] xx RCAx [3:0] BCAx [3:0] XX
16" Parameter 111 1 XX RCA15 [3:0] BCA15[3:0 XX
Digital Gamma Control2 | 0 | 1 [ 1 | XX 1 1 | 1 ] o o Jol 1 1 E3h
1 Parameter 1 1 1 XX RFAO [3:0] BFAO [3:0] XX
: 111 ] xx RFAx [3:0] BFAX [3:0] XX
64" Parameter 1 1 I XX RFAG3 [3:0] BFAB3 [3:0] XX
ol 1] 1] xx 1 1 1 1 o 1] 1 0 Féh
1 1 1 XX MY _EOR | MX EOR | MV_EOR X |BeR EOR| X X WEMODE 01
Interface Control
1011 ] xx X X EPF [1:0] X | x| wmDT[:0 00
111 ] xx X X | enomn | X | DM[:0] | RM | RIM 00

Note 1: Undefined commands are treated as NOP (00h) command.

Note 2: B0 to D9 and DE to FF are for factory use of display supplier. USER can decide if these commands are
available or they are treated as NOP (00h) commands before shipping to USER. Default value is NOP




(00h).

Note 3: Commands 10h, 12h, 13h, 26h, 28h, 29h, 30h, 36h (Bit B4 only), 38h and 39h are updated during
V-SYNC when ILI9341 is in Sleep OUT mode to avoid abnormal visual effects. During Sleep IN mode,
these commands are updated immediately. Read status (09h), Read display power mode (0Ah), Read
display MADCTL (0Bh), Read display pixel format (0Ch), Read display image mode (0Dh), Read display
signal mode (0OEh) and Read display self diagnostic result (OFh) of these commands are updated
immediately both in Sleep IN mode and Sleep OUT mode.

9. Display Data RAM

9.1. Configuration
The display data RAM stores display dots and consists of 1,382,400 bits (240x18x320 bits). There is no

restriction on access to the RAM even when the display data on the same address is loaded to DAC. There will
be no abnormal visible effect on the display when there is a simultaneous panel read and interface read or write

display data to the same location of the frame memory.

MCU Interface

Column Counter

ot il e Panel Side
I Yy o _____
Do [
e /Ir)' I PITIITI IS I IS I I v s rsrssI
8 '
c I ' [
ER L3
2 I 240 x 320 x 18 bits | o
[ Frame Memory L/ e
' 5]
| (.
Lo ___ I [
. [
Interface Side \ |

| Line Latch (720 ch) |

A A 4 Vi

720ch) |

AC

—~ [ X

YVVYVYYYVYYY l
| Amp (720 ch) |

I
I

I

I

. A A A
I D

I

I

|
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9.2. Memory to Display Address Mapping

9.2.1. Normal Display ON or Partial Mode ON, Vertical Scroll Mode OFF
In this mode, the content of frame memory within an area where column pointer is 0000h to O0EFh and page
pointer is 0000h to 013Fh is displayed.

To display a dot on leftmost top corner, store the dot data at (column pointer, page pointer) = (0, 0)

240 Columns 240 Columns
AL N
14 B f R
P
cowr § 0o [ ot |o2] @ | osl |ou ov [ow] ox|or | oz rwon § oo | o1 |2 |03 |os osl |ou ov]ow] ox|ov| oz
coorr § 10 [ 11 | 12] 13 ] s ww] x| ]z cootn 1o 1] 12 ]3] wvlw]ix[1v] 1z
20 |2t [ 22] 23 aw|ax|ar]zz 2021 |2]2s aw] 2x|av] 2z
30 |31 |32 3xX|ar|az 30313 3X|3vy| a3z
20 240 X 320X 18 Bits 240 X 320 X 18 Bits
Lines Frame Memory LCD Panel
WO | Wi | W2 WX]IWY |WZ WO W1 W2 WX|WY| Wz
xo [ x1 | xe xw | xx | xr | xz xo [ xi | xe xwl xx | xy | xz
vo|vi|vz| v3 ww | vx v |z vo|vi|ye|vs w | ywl vx | vv| vz
3FF Zolz1 ) Z22) Z3 Z4| IZU VZW| ZX ) 2Y | ZZ 3F Zoj|Z1 | 22| Z3 Z4I |ZU ZV|ZW) ZX | ZY | ZZ
S
\ J
A
240 Columns




