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1. General Description

RM68120 is a 16.7 million-color single-chip SoC driver for a-si TFT LCD driver IC that supply resolution of
480RGBx360, 480RGBx640, 480RGBx720, 480RGBx800, 480RGBx854, 480RGBx864 with internal GRAM
and 480RGB x 1024 by pass internal GRAM. RM68120 comprise a 1440-channel source driver, gate control
timing by level shift, 1,244,160 bytes GRAM for graphic data of 480RGBx864 dots, and power supply circuit.
The RM68120 supports 24-/16-/8-bit data bus interface, 12C interface and serial peripheral interfaces (SPI). It
also supplies 24bit, 18-bit or 16-bit RGB interface, MDDI interface and MIPI interface for driving video signal
directly from application controller. 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.

RM68120 can operate with 1.65V 1/O interface voltage, and an incorporated voltage follower circuit to
generate voltage levels for driving a TFT LCD panel. The RM68120 also supports a function to display in 8
colors and a sleep mode, allowing for precise power control-by software and these features make the
RM68120 an ideal driver for portable products such as.digital cellular phones, smart phone, MP3 and PMP

where long battery life is a major concern.
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2. Features

®  Asingle-chip controller driver for a WVGA panel type a-si TFT LCD display
® Display resolution option
(1). With GRAM:
1. 480RGB x 360
2. 480RGB x 640
3. 480RGB x 720
4. 480RGB x 800
5. 480RGB x 854
6. 480RGB x 864
(2). By pass GRAM:
1. 480RGB x 1024
® RAM size: 480 x 3 x 864 = 1,244,160 bytes
®  System interface
(1). 8-, 16-, 24-bits 80-series MPU interface
(2). 16-bits serial peripheral interface
(3). 12C interface
®  Moving picture display interface
(1). 16-, 18-, 24-bit RGB interface (SYNC and DE mode)
® __High speed interface
(1). Mobile Display Digital Interface (MDDI V1.2, 1 clock and 1 or 2 data lane pairs)

(2). MIPI Display Serial Interface (DSI V1.01 r11 and D-PHY V1.0, 1 clock and 1 or 2 data lane
pairs)

® Display color mode
(1). Full color mode: 16.7M colors
(2). Reduce color mode:
1. 262k colors

2. 65k colors
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3. 8 colors (Idle mode)
® Window address function to specify a rectangular area writing data in the internal RAM
®  Abundant color display and drawing functions
(1). Programmable y-correction function for 16.7 million color display
(2). Individual gamma correction setting for RGB dots
(3). Partial display function
® Low power consumption architecture
(1). Deep standby mode
(2). Sleep mode
(3). 8-color display function
() Power supply startup sequencer
®  Support 1-, 2-, 3-, 4-dot, column and zigzag inversion
®  Four GPO pins for external control
®  On chip checksums check
®  Operating temperate: -30°C ~ 70°C
® On module DC/DC converter
(1). DDVDH=4.5V to 6.5V
(2). DDVDL=-4.5V to -6.5V.
(3). VCL=-2.5V to =4.0V
(4). Positive gamma high voltage level: VGMP=3.5V to 5V
(5). Positive gamma low voltage level: VGSP=0.0V, 0.3V to 3.7V
(6). Negative:gamma high voltage level: VGMN=-5V to -3.5V
(7). Negative gamma low voltage level: VGSN=0.0V, -0.3V to -3.7V
(8). Positive gate driver output voltage level: VGH=+8V to +18V
(9). Negative gate driver output voltage level: VGL=-2V to -15V
(10). VCOM=-3.5V to 0V
® Input power supply voltages:
(1). IovCC (vDDI) = 1.65V~3.3V

(2). IOVCCL (VDDIL) = 1.1V~1.3V
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(3). VCI = 2.3V~4.8V

(4). MIPI/MDDI regulator supply voltage range: 2.3V ~ 4.8V

——— —————————————————————————————————————— ]
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3. Block Diagram
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4. Pin Description

80-Svstem Interface Pins
Pin Name 1/O Descriptions
Chip select input pin (“Low” enable) in 80-series MPU I/F and SPI I/F.

CSX |
WRX / SCL / WRX: Writes strobe signal to write data when WRX is “Low” in 80-series MPU I/F.
12C SOL | ISCL: A synchronous clock signal in SPI I/F.
- 1I2C_SCL.: Serial input clock in 12C I/F.
RDX | Reads strobe signal to write data when RDX is “Low” in 80-series.MPU interface:

Display data / command selection in 80-series MPU I/F.
D/CX | D/CX ="0" : Command

D/CX ="1": Display data or Parameter

24-bit bi-directional data bus for 80-series MPU I/F and 24-bit input data bus for RGB I/F.
For 8080-series MPU I/F:

D[23:0] /O [8-bitinterface: D[7:0] are used, D[23:8] should be connected to VSSI

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

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

SPI / 12CAnterface Pins

Pin Name 1/0 Descriptions

SDI: Serial input signal in SPI'I/F. The data is input on the rising/falling edge of the SCL
signal.

12C_SDA: Serial input/output signal in 12C I/F. The data is input/output on the rising
edge of the 12C_SCL signal.

SDI/12C_SDA 110

Serial output signal in SPI I/F. The data is output on the rising/falling edge of the SCL
SDO O [signal. If the host places the SDI line into high-impedance state during the read interval,
the SDI.and SDO can be tied together.

RGB Interface Pins

Pin Name 1/0 Descriptions
PCLK | Pixel clock signal in RGB I/F.
VS | \Vertical sync. Signal in RGB I/F.
HS | Horizontal sync. Signal in RGB I/F.
DE | Data enable signal in RGB I/F DE mode.

MIPI / MDDI Interface Pins

Pin Name 1/0 Descriptions

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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These pins are DSI-CLK+/- differential clock signals if MIPI interface is used.

HSSI CLK P These pins are MDDI_STB_P/N differential strobe signals if MDDI interface is used.
- - | HSSI_CLK_P/N are differential small amplitude signals. Ensure the trace length is

HSSI_CLK_N shortest so that the COG resistance is less than 10 ohm.

Please connect these pins to VSSAM if not used.

These pins are DSI-D0+/- differential data signals if MIPI interface is used.

HSSI DO P These pins are MDDI_DATAO_P/N differential strobe signals if MDDI interface is used.
- /0 |HSSI_DO_P/N are differential small amplitude signals. Ensure the trace length is

HSSI_DO_N shortest so that the COG resistance is less than 10 ohm.

Please connect these pins to VSSAM if not used.

These pins are DSI-D1+/- differential data signals if MIPI interface is used.

HSSI_D1_P These pins are MDDI_DATA1_P/N differential strobe signals if MDDI interface is used.
| HSSI_D1_P/N are differential small amplitude signals. Ensure the trace length.is

HSSI_D1_N shortest so that the COG resistance is less than 10 ohm.

Please connect these pins to VSSAM if not used.

CRC and ECC error output pin for MIPI interface. This pin is output low when it is not
ERR (0] activated. When this pin is activated, it output‘high if CRC/ECC error found.
Please open this pin if not used.

Input pin to select 1 data lane or 2 data lanes in MIPI/MDDl interface.
0: 1 data lane

LANSEL 1: 2 data lanes
Please connect to VSSI if not used.
Input pin to select HSSI_DO0/D1 data lane sequence and polarity in high speed interface
only.
For MIPI interface; both DSWAP and PSWAP function are available.
For MDD interface, only PSWAP function is available. i.e. DSWAP=1 in below table is
invalid.
Pin Name HSSI_DO_P |/ HSSI_.DO_N | HSSI_CLK_P | HSSI_CLK_N | HSSI_D1_P | HSSI_D1_N
DSWAP Eg’wﬁs:g DSI-DO+ DSI-DO- DSI-CLK+ DSI-CLK- DSI-D1+ DSI-D1-
|
PSWAP oWAP, |  DSkDO- DSI-DO* DSI-CLK- DSI-CLK+ DSI-D1- DSI-D1+
MIPI/
"¢ Ponabcy | DsiDt+ DSI-D1- DSI-CLK+ DSI-CLK- DSI-DO+ DSI-DO-
DowAbe, | DSMDI- DSID1+ DSI-CLK- DSI-CLK+ DSI-Do- DSI-DO+
IPlease connect to VSSI if not used.
Logic Pins
Pin Name 1/0 Descriptions

——— —————————————————————————————————————— ]
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This signal will reset the device and must be applied to properly initialize the chip.
Signal is active low. The input voltage range for RESX pin is related to DSTB_SEL and

\VSEL pins.
Input Voltage Level (DSTB_SEL="1") VDDI=165~3.3V VDDIL=1.1-1.3V
Min. Max. Min. Max.
VSEL = 1 Logic high level input voltage 0.7xVDDI VDDI 1.155 1.95
Logic low level input voltage VSSI 0.3xVDDI VSSI 0.585
VSEL=0 Logic high level input voltage 0.88 1.35 0.88 1.35
RESX | Logic low level input voltage VSSI 0.55 VSSI 0.55
Input Voltage Level (DSTB_SEL="0") Min.. (v) Max. (v)
Logic High level input voltage 0.7xVDDI VDDI
VDDI=1.65-3.3V. I 5ic Low Tevel input voit
ogic Low fevel Inpiit voliage VSSI 0.3xVDDI
Logic High level input voltage 088 135
VDDI=1.1~1.3V Logic Low level input voltage
9 P 9 Vss| 0.55

Tearing effect output pin to synchronize MCU to frame writing, activated by S/W
TE L (0] command. When this pin is not activated, this pin is output low.
Please open this pin if not used.

Tearing effect output pin to'synchronize MCU to frame writing, activated by S/W
TE_R (0] command. When this pin‘is.not activated, this pin is output low.
Please open this pin-if not used.

Display data written path control in RGB interface.
RGBBP="07, display data written to frame memory.

RGBBP="1", display data written to line buffer (frame memory by pass mode)
Please connect to VSSI'if not used in other interfaces.

RGBBP |
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Interface type selection. The connections of IM[3:0] which not shown in table are
invalid.
IM[3:0] Display Data Command
0000 80-series 8-bit MPU I/F, D[7:0] 80-series 8-bit MPU I/F, D[7:0]
0001 80-series 16-bit MPU I/F, D[15:0] 80-series 16-bit MPU I/F, D[15:0]
0010 80-series 24-bit MPU I/F, D[23:0] 80-series 24-bit MPU‘I/F, D[23:0]
0011 RGB I/F, D[23:0] 16-bit SPI (SCL rising edge trigger),
SDI/SDO
0100 RGB I/F, D[23:0] 12C I/F, 12C_SDA
0101 MIPI DSI,HSSI_DO_P/N, MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N
IM[3:0] I HSSI_D1_P/N
MIPI DSI,HSSI_DO_P/N,HSSI_D1_P/N
1101 MIPI DSI,HSSI_DO_P/N, (Video Mode)
HSSI_D1_P/N
MDDI, HSSI_DO_P/N, HSSI_D1_P/N
MDDI,HSSI_DO_P/N, HSSI_D1_P/N
0110 16-bit SPI (SCL rising edge trigger),
SDI/SDO
MDDI, HSSI_DO_P/N, HSSI_D1_P/N
MDDI,HSSI_DO_P/N, HSSI_D1_P/N
1110 16-bit SPI (SCL falling edge trigger),
SDI/SDO
MDDI, HSSI_DO_P/N, HSSI_D1_P/N
0114 | MDDLHSSI_DO_P/N, HSSI_D1_P/N
12C I/F, 12C_SDA serial data
- RGB I/F, D[23:0] 16-bit SPI (SCL falling edge trigger),
SDI/SDO
Select the 12C interface address from MPU.
12C_SA | 0: 100_1100
1:100_1101
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Input pin to switch the I/O voltage.
This VSEL function only apply for RESX, TE, LEDPWM, LEDON, KBBC pins.
The VSEL dual 10 function is valid when DSTB_SEL="1".

DSTB S Output Voltage Level
EL VDDI VSEL DIOPWR TE LEDON/LEDPWM
0 1.65~3.3v or X off VOH=VDDI VOH=VDDI or VDDA
1.1~1.3v VOL=VSSI VOL=VSSI
L 12 VOH=1.2v VOH=1.2
oW - VOL=VSSI VOL=VSSI
! 1.65-3.3v . VOH=VDDI | o4_vDDI or VDDA
VSEL I High 1.8v or DIOPWR VOL=VSSI
VOL=VSSI
L 12 VOH=1.2v VOH=1.2vy
. 113y o v VOL=VSSI VOL=VSSI
o Hich 13 VOH=1.8v VOH=1.8v
'8 v VOL=VSSI VOL=VSSI
The input voltage range for VSEL pin:
Input Voltage Level Min. Max.
Logic High level input voltage 0.88 VDDI
Logic Low level input voltage VSSI 0.55
Please open these pins if not used.
GPO[3:0] O |General purpose output pins..The outputvoltage swing is VDDI to VSSI.

VGSWI[3:0] | |Input pin to select the different application.

Input pin to select the external DDVDH DC/DC voltage.
0: Use internal DC/DC for DDVDH

1: Use external DC/DC for DDVDH

Please connect to VSSIif not used.

EXB1T |

Input pin to select the voltage sequence of VO ~ V255.
NBWSEL I 0: V/(00h)>V(01h)>...>V(FEh)>V(FFh) (Normally White)
1: V(00h)<V(01h)<...<V(FEh)<V(FFh) (Normally Black)

Input pin to control DIOPWR regulator on/off.

DSTB_SEL DIOPWR Regulator VSEL Function
DSTB_SEL | )
0 DIOPWR Off Invalid
1 DIOPWR On Valid
CABC and LABC Pins
Pin Name 1/0 Descriptions
LEDON 0 This pin is connect to the external LED driver.
It is a LED driver control signal which is used for turning ON/OFF the LED backlight.
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This pin is connect to the external LED driver.
LEDPWM 0] It is a PWM type control signal for brightness of the LED backlight. The width of
LEDPWM signal is set from 256 values between 0% (Low) and 100% (High).
Power supply
Pin Name 1/0 Descriptions
VDDB DC/DC |Power supply for DC/DC converter
Power |VDDB, VDDA and VDDR should be the same input voltage level
VDDA lAnalog [Power supply for analog system
Power |VDDB, VDDA and VDDR should be the same input voltage level
VDDR Regulato[Power supply for regulator system
r Power vDDB, VDDA and VDDR should be the same inpt voltage level
VDD_DET  [Detectio |5onnect to VDDB/VDDANDDR for detection.
n Power
VDDAM MIPI Power supply for MIPI/MDDI analog regulator system
Power
VDD 10 Power supply for interface system except MIPI/MDDI interface
Power
DVDD Digital [Regulator output for logic system power (1.5V typical)
\Voltage |Connect a capacitor for stabilization.
DIOPWR Dual I/O [Regulator output for dual I/O voltage system (1.2V/1.8V typical).
Voltage _iconnect.a capacitor for stabilization.
MVDDA MIPI/MD |Regulator output for internal MIPI/MDDI analog system (1.5V typical) Connect a
DI capacitor for stabilization.
\Voltage: [If not use MIPI/MDDI interface, please open this pin.
MVDDL MIPI Regulator output for internal MIPI low power system (1.2V typical)
Voltage Connect a capacitor for stabilization.
If not use MIPI interface, please open this pin
\VSSB DC/DC [System ground for DC/DC converter
GND
VSSA lAnalog [System ground for analog system
GND
VSSR Regulato System ground for regulator system
r GND
VSSAM MIPI System ground for internal MIPI/MDDI analog system
GND
VSSI 1/0 GND [System ground for interface system except MIPI/MDDI interface
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DVSS Digital [System ground for internal digital system
GND
AVSS Source [System ground for source OP system
OP GND
MTP_PWR MTP MTP programming power supply pin (7.4 to 7.6V and 7.5V typical) Must be left open or
Power [connected to DVSS in normal condition
Step-up Circuit
Pin Name 1/0 Descriptions
Output voltage from step-up circuit 1, generated from VDDB.
AVDD (DDVDH) N Connect a capacitor for stabilization.
Output voltage from step-up circuit 2, generated from VDDB.
AVEE (DDVDL) 0] . S
Connect a capacitor for stabilization.
Output voltage from step-up circuit 3, generated from VDDB.
VCL 0] ) S
Connect a capacitor for stabilization.
Output voltage from step-up circuit 4.
VGH 0] . S
Connect a capacitor for stabilization.
Output voltage from step-up circuit 5.
VGLX 0] ) . N
Connect a capacitor for stabilization.
VGL | Substrate voltage for driver IC. Please connect VGL to VGLX.
C11P, C11N
C12P, C12N o Capacitor connection pins for the step-up circuit which generate AVDD.
C13P, C13N Connect capacitor as requirement.
C14P, C14N
C21P, C21N
C22P, C22N o Capacitor connection pins for the step-up circuit which generate AVEE.
C23P, C23N Connect capacitor as requirement.
C24P, C24N
C31P, C31N Capacitor connection pins for the step-up circuit which generate VCL.
C32P, C32N ©) Connect capacitor as requirement.
Capacitor connection pins for the step-up circuit which generate VGH.
C41P, C41N o Connect capacitor as requirement.
Capacitor connection pins for the step-up circuit which generate VGLX.
C51P, C51N o Connect capacitor as requirement.
Output voltage generated from AVDD.
VRGH O  |connecta capacitor for stabilization.
Output voltage generated from VGLX. LDO output used for panel voltage.
VGL_REG 0]

Connect a capacitor for stabilization.
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PFM1 control output for DC/DC converter to generate AVDD.
EXTP O |connect to gate of external NMOS device.
PFM2 control output for DC/DC converter to generate AVEE.
EXTN O |connectto gate of external PMOS device.
csp | Current sensing input for PFM1 DC/DC converter (generate AVDD).
CSN | Current sensing input for PFM2 DC/DC converter (generate AVEE).
Regulator output for power voltage.
VREF_PWR o Connect a capacitor for stabilization.
Reference voltage for internal voltage generating circuit.
VREFCP o Connect capacitor for stabilization.
Output voltage generated from AVDD. LDO output for positive gamma high voltage
VGMP o generator.
Output voltage generated from AVDD. LDO output for positive gamma low voltage
VGSP o generator.
Output voltage generated from AVEE. LDO output for negative gamma high voltage
VGMN o generator.
Output voltage‘generated from AVEE. LDO output for negative gamma low voltage
VGSN o generator.
Output Pins
Pin Name 1/0 Descriptions
S1~S1440 O |Pixel electrode driving output.

GOUT1 ~ GOUT32 (0) Gate control signals for panel.
The swing voltage level is VGHO to VGLO

SDUMO ~ 3 O  |Dummy Source.
VGHO (0] High voltage level for gate control signals and gate circuit of panel.
VGLO O |Low voltage level for gate control signals and gate circuit of panel.
LVGL O [Low voltage level for gate circuit of panel.
VCOM 0 Regulator output for common voltage of panel.

Connect a capacitor for stabilization.

Test and Dummy pins

Pin Name 1/0 Descriptions
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PADA1 These test pins for chip attachment detection.
PADA2 PADA1 to PADA4 are output pins and PADB1 to PADB4 are input pins.
PADA3 For normal operation:
PADA4 Connect PADA1 and PADB1 together by ITO trace.
PADB1 /O Iconnect PADA2 and PADB2 together by ITO trace.
PADB2 Connect PADA3 and PADB3 together by ITO trace.
PADB3 Connect PADA4 and PADB4 together by ITO trace.
PADB4
CONTACT1A, Test pin, for test bonding quality, IC internal will connect
CONTACT1B, CONTACT1A with CONTACT 1B, CONTACT2A with CONTACT2B
CONTACT2A, Vo
CONTACT2B
AVSS_AVDD | Test pin, must be connected to AVSS
AVEE_AVSS | Test pin, must be connected to AVEE
VCL_VDDB | Test pin, must be connected to VCL
VCL_AVSS | Test pin, must be connected to VCL
VGMN_VGMP | Test pin, must be connected to VGMN
VGSN_VGSP | Test pin, must be connected to VGSN
KBBC | Test pin, not accessible to user:
TESTO~7 /0 [Test pin, not accessible to user. Must be left open.
OSC_TEST /0 [Test pin, not accessible to user, Must left open
VDDI_OPT1~2 e) Use them to fix the electrical potentials of unused interface pins and fixed pins.
VSSI_OPT1 o) Use them to fix the electrical potentials of unused interface pins and fixed pins.
N [These pins are dummy with VSSI potential (not have any function inside).
VSSIDUMO~106 o Signal traces can’t pass through on glass under these pads.
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A-Si TFT LCD Drive Power Supply Specifications Table

No. | Item Description
1 TFT source driver 1440 pins (S1 ~ S1440)
2 TFT gate driver 32 pins (GOUT1 ~ GOUT32)
3 Liquid crystal drive S1~81440 V0~V255 grayscales
output GOUT1 ~ VGH-VGL
GOUT32
VCOM DC VCOM
4 Input voltage IOVCC 1.65V~3.30V
VCI 2.30V~4.80V
5 Liquid crystal drive DDVDH 4.5V ~ 6.5V
voltages DDVDL -4.5V ~ -6.5V
VGH 8.0V ~ 18V
VGL -2V ~-15V
VGH-VGL Avoid exceed 32v
6 Internal step-up circuits | DDVDH VCIx1.5, VCIx1.66, VCIx2, VCIx2.5, VCIx3
DDVDL VCIx-1.5, VCIx-2, VCIx-2.5, VCIx-3
VCL VCIx=0.5, VCIx-1.0, VCIx-2.0
VGH (DDVDH+VCI), DDVDHx2, (DDVDH-
DDVDL+VCI), (DDVDHx2-DDVDL)
VGLX (DDVDL+VCL), (DDVDL-DDVDH),

(DDVDL+VCL-DDVDH), (DDVDLx2 —
DDVDH)

——— —————————————————————————————————————— ]
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5. Pad Diagram and Coordination

bump view
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Alignment Mark:

30 um 30 um
€ >
<« S
20 um 20 um
A A
30 um
A A A A
30um A 20um 30 um 20um v 30 um
A I \ 4 \ 4 I A
- | - 30 um - I -
30 um
\ 4 \ 4
(-11870, 687.5) 30um (11870, 687.5)
30um 30 um 30 um 30um 30 um 30um 30 um 30 um 30um 30 um
Bump Arrangment:
Input: Output:
v 14um | 14um |
! <>
] I i
! ! ; i |
i 60um 3 i i i A
: 3 | 3 :
: | ! w !
; ! i | 115 um
! [ | 14um i
| 1 | » |
i i i 1 }
1 | | i '
| | 1Ly
| | | ! |
! : <« | | 30 um
: i 14um | ! y
f i 120 um . i A
1 | | 1
| 20 um | ) |
i | } !
| | I '
i ! } | 115 um
| | | |
: : | |
1 I 1 |
<> ; |
40 um <>
14um

Input Pad Output Pad
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Coordinate:

Pad No. Name X-axis Y-axis
1 VSSIDUMO -11880 -702.5
2 VSSIDUMA1 -11790 -702.5
3 PADA1 -11730 -702.5
4 PADB1 -11670 -702.5
5 VCOM -11610 -702.5
6 VCOM -11550 -702.5
7 VCOM -11490 -702.5
8 VCOM -11430 -702.5
9 VCOM -11370 -702.5
10 CONTACT1A -11310 -702.5
11 CONTACT1B -11250 -702.5
12 MTP_PWR -11190 -702.5
13 MTP_PWR -11130 -702.5
14 MTP_PWR -11070 -702.5
15 MTP_PWR -11010 -702.5
16 MTP_PWR -10950 -702.5
17 VGLX -10890 -702.5
18 VGLX -10830 -702.5
19 VGLO -10770 -702.5
20 VGLO -10710 -702.5
21 VGL_REG -10650 -702.5
22 VGL_REG -10590 -702.5
23 VRGH -10530 -702.5
24 VRGH -10470 -702.5
25 VCL -10410 -702:5
26 VCL -10350 -702.5
27 VCL -10290 -702.5
28 VCL -10230 -702.5
29 VREF_PWR -10170 -702.5
30 VREF_PWR -10110 -702.5
31 VREF_PWR -10050 -702.5
32 VREF_PWR -9990 -702.5
33 VSSA -9930 -702.5
34 VSSA -9870 -702.5
35 VSSA -9810 -702.5
36 VSSA -9750 -702.5
37 VDDA -9690 -702.5
38 VDDA -9630 -702.5
39 VDDA -9570 -702.5
40 VDDA -9510 -702.5
41 VDDR -9450 -702.5
42 VDDR -9390 -702.5
43 VDDR -9330 -702.5
44 VDDR -9270 -702.5
45 VSSR -9210 -702.5
46 VSSR -9150 -702.5
47 VSSR -9090 -702.5
48 VSSR -9030 -702.5
49 TESTO -8970 -702.5
50 TEST1 -8910 -702.5
51 TEST2 -8850 -702.5
52 TEST3 -8790 -702.5
53 VDD_DET -8730 -702.5
54 DIOPWR -8670 -702.5
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55 DIOPWR 8610 | -702.5
56 VGSN -8550 | -702.5
57 VGSN_VGSP 8490 | -702.5
58 VGSP 8430 | -702.5
59 VGMN -8370 | -702.5
60 VGMN_VGMP -8310 | -702.5
61 VGMP 8250 | -702.5
62 DVSS 8190 | -702.5
63 DVSS 8130 | -702.5
64 DVSS -8070 | -702.5
65 DVDD 8010 | -7025
66 DVDD 7950 | -702.5
67 DVDD 7890 - | -702.5
68 VDDB 7830 | -702.5
69 VDDB 7770 | 7025
70 VDDB 710 | -7025
71 VCL_VDDB 7650 | -702.5
72 VCL_VDDB 7590 | -702.5
73 VCL 7530 | -702.5
74 VCL 7470 | -702.5
75 VCL_AVSS 7410 | -702.5
76 VCL_AVSS 7350 | -702.5
77 AVSS 7290 | -7025
78 AVSS 7230 | -702.5
79 AVSS 7170 | -702.5
80 VDDI_OPT1 7110 | -702.5
81 LANSEL 7050 | -702.5
82 DSWAP 6990 | -702.5
83 PSWAP 6930 | -702.5
84 VSS|_OPT1 6870 | -7025
85 DSTB_SEL 6810 | -702.5
86 NBWSEL 6750 | -702.5
87 VGSW3 6690 | -702.5
88 VGSW2 6630 | -7025
89 VGSW1 6570 | -702.5
90 VGSWO 6510 | -702.5
91 VDDI_OPT2 6450 | -702.5
92 RGBBP 6390 | -7025
93 12C_SAO0 6330 | -7025
94 IM3 6270 | -702.5
95 IM2 6210 | -702.5
96 M1 6150 | -702.5
97 IMO 6090 | -702.5
08 GPO3 6030 | -702.5
99 GPO2 5970 | -702.5
100 GPO1 5910 | -702.5
101 GPOO 5850 | -702.5
102 EXB1T 5790 | -702.5
103 TE L 5730 | -702.5
104 VSEL 5670 | -702.5
105 SDO 5610 | -702.5
106 SDI 5550 | -702.5
107 DCX 5490 | -702.5
108 WRX 5430 | -702.5
109 RDX 5370 | -702.5
110 csX 5310 | -702.5
111 RESX 5250 | -702.5

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page22




Raydium

112 VSSI -5190 -702.5
113 VSSI -5130 -702.5
114 VSSI -5070 -702.5
115 VDDI -5010 -702.5
116 VDDI -4950 -702.5
117 VDDI -4890 -702.5
118 D23 -4830 -702.5
119 D22 -4770 -702.5
120 D21 -4710 -702.5
121 D20 -4650 -702.5
122 D19 -4590 -702.5
123 D18 -4530 -702.5
124 D17 -4470 -702.5
125 D16 -4410 -702.5
126 D15 -4350 -702.5
127 D14 -4290 -702.5
128 D13 -4230 -702.5
129 D12 -4170 -702.5
130 D11 -4110 -702.5
131 D10 -4050 -702.5
132 D9 -3990 -702.5
133 D8 -3930 -702.5
134 D7 -3870 -702.5
135 D6 -3810 -702.5
136 D5 -3750 -702.5
137 D4 -3690 -702.5
138 D3 -3630 -702.5
139 D2 -3570 -702:5
140 D1 -3510 -702.5
141 DO -3450 -702.5
142 DE -3390 -702.5
143 PCLK -3330 -702.5
144 HS -3270 -702.5
145 VS -3210 -702.5
146 LEDPWM -3150 -702.5
147 LEDON -3090 -702.5
148 KBBC -3030 -702.5
149 ERR -2970 -702.5
150 VDDI -2910 -702.5
151 VDDI -2850 -702.5
152 VDDI -2790 -702.5
153 VSSI -2730 -702.5
154 VSSI -2670 -702.5
155 VSSI -2610 -702.5
156 AVDD -2550 -702.5
157 AVDD -2490 -702.5
158 AVDD -2430 -702.5
159 AVDD -2370 -702.5
160 AVSS_AVDD -2310 -702.5
161 AVSS_AVDD -2250 -702.5
162 AVSS -2190 -702.5
163 AVSS -2130 -702.5
164 AVEE_AVSS -2070 -702.5
165 AVEE_AVSS -2010 -702.5
166 AVEE -1950 -702.5
167 AVEE -1890 -702.5
168 AVEE -1830 -702.5
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169 VDDA 1770 | -7025
170 VDDA 1710 | -702.5
171 VDDA -1650 | -702.5
172 VDDA 1590 | -702.5
173 DVSS 41530 | -702.5
174 DVSS 1470 | -702.5
175 DVSS 1410 | -7025
176 DVSS 1350 | -702.5
177 DVDD 41290 | -7025
178 DVDD 11230 | -7025
179 DVDD 1170 | -702.5
180 DVDD 110 | -7025
181 VSSAM 1050 . | -702.5
182 VSSAM 990 | -702.5
183 VSSAM 930 | -7025
184 VSSAM 870 | -7025
185 VSSAM 810 | -7025
186 HSSI_D1_P 750 | -702.5
187 HSSI_D1_P 690 | -7025
188 HSSI_D1_P 630 | -7025
189 HSSI_D1.P 570 | -7025
190 HSSI_D1 N 510 | -702.5
191 HSSI_ D1 N 450 | -702.5
192 HSSI_D1_N -390 | -7025
193 HSSI_D1_N 330 | -7025
194 VSSAM 270 | -7025
195 VSSAM 210 | -7025
196 HSSI_CLK_P 150 | -702.5
197 HSSI_CLK_P -90 -702.5
198 HSSI_CLK_P -30 -702.5
199 HSSI_CLK_P 30 -702.5
200 HSSI_CLK_N 90 -702.5
201 HSSI_CLK_N 150 -702.5
202 HSSI_CLK_N 210 -702.5
203 HSSI_CLK_N 270 -702.5
204 VSSAM 330 -702.5
205 VSSAM 390 7025
206 HSSI_DO_P 450 -702.5
207 HSSI_DO_P 510 -702.5
208 HSSI_DO_P 570 -702.5
209 HSSI_DO_P 630 -702.5
210 HSSI_DO_N 690 -702.5
211 HSSI_DO_N 750 -702.5
212 HSSI_DO_N 810 -702.5
213 HSSI_DO_N 870 7025
214 VSSAM 930 -702.5
215 VSSAM 990 -702.5
216 MVDDL 1050 | -702.5
217 MVDDL 1110 | -702.5
218 MVDDL 1170 | -7025
219 MVDDA 1230 | -702.5
220 MVDDA 1290 | -7025
221 MVDDA 1350 | -702.5
222 VDDAM 1410 | -7025
223 VDDAM 1470 | -7025
224 VDDAM 1530 | -702.5
225 VDDAM 1590 | -7025
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226 VDDAM 1650 -702.5
227 VDDR 1710 -702.5
228 VDDR 1770 -702.5
229 VDDR 1830 -702.5
230 OSC_TEST 1890 -702.5
231 TE_R 1950 -702.5
232 VSSR 2010 -702.5
233 VSSR 2070 -702.5
234 VSSR 2130 -702.5
235 VSSR 2190 -702.5
236 VREFCP 2250 -702.5
237 VREFCP 2310 -702.5
238 VRGH 2370 -702.5
239 VRGH 2430 -702.5
240 EXTP 2490 -702.5
241 EXTP 2550 -702.5
242 CSP 2610 -702.5
243 CSP 2670 -702.5
244 EXTN 2730 -702.5
245 EXTN 2790 -702.5
246 CSN 2850 -702.5
247 CSN 2910 -702.5
248 VDDB 2970 -702.5
249 VDDB 3030 -702.5
250 VDDB 3090 -702.5
251 VDDB 3150 -702.5
252 VDDB 3210 -702.5
253 VDDB 3270 -702:5
254 VSSB 3330 -702.5
255 VSSB 3390 -702.5
256 VSSB 3450 -702.5
257 VSSB 3510 -702.5
258 VSSB 3570 -702.5
259 VSSB 3630 -702.5
260 C11P 3690 -702.5
261 C11P 3750 -702.5
262 C11P 3810 -702.5
263 C11N 3870 -702.5
264 C11N 3930 -702.5
265 C11N 3990 -702.5
266 C12P 4050 -702.5
267 C12P 4110 -702.5
268 C12P 4170 -702.5
269 C12N 4230 -702.5
270 C12N 4290 -702.5
271 C12N 4350 -702.5
272 C13P 4410 -702.5
273 C13P 4470 -702.5
274 C13P 4530 -702.5
275 C13N 4590 -702.5
276 C13N 4650 -702.5
277 C13N 4710 -702.5
278 C14P 4770 -702.5
279 C14P 4830 -702.5
280 C14P 4890 -702.5
281 C14N 4950 -702.5
282 C14N 5010 -702.5
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283 C14N 5070 -702.5
284 AVDD 5130 -702.5
285 AVDD 5190 -702.5
286 AVDD 5250 -702.5
287 AVDD 5310 -702.5
288 AVSS_AVDD 5370 -702.5
289 AVSS_AVDD 5430 -702.5
290 AVSS 5490 -702.5
291 AVSS 5550 -702.5
292 AVSS 5610 -702.5
293 AVEE_AVSS 5670 -702.5
294 AVEE_AVSS 5730 -702.5
295 AVEE 5790 -702.5
296 AVEE 5850 -702.5
297 AVEE 5910 -702.5
298 AVEE 5970 -702.5
299 C21P 6030 -702.5
300 C21P 6090 -702.5
301 C21P 6150 -702.5
302 C21N 6210 -702.5
303 C21N 6270 -702.5
304 C21N 6330 -702.5
305 C22P 6390 -702.5
306 C22P 6450 -702.5
307 C22P 6510 -702.5
308 C22N 6570 -702.5
309 C22N 6630 -702.5
310 C22N 6690 -702.5
311 C23P 6750 -702.5
312 C23P 6810 -702.5
313 C23P 6870 -702.5
314 C23N 6930 -702.5
315 C23N 6990 -702.5
316 C23N 7050 -702.5
317 C24P 7110 -702.5
318 C24P 7170 -702.5
319 C24P 7230 -702.5
320 C24N 7290 -702.5
321 C24N 7350 -702.5
322 C24N 7410 -702.5
323 VDDB 7470 -702.5
324 VDDB 7530 -702.5
325 VDDB 7590 -702.5
326 VDDB 7650 -702.5
327 VDDB 7710 -702.5
328 VCL_VDDB 7770 -702.5
329 VCL_VDDB 7830 -702.5
330 VCL 7890 -702.5
331 VCL 7950 -702.5
332 VCL 8010 -702.5
333 VCL_AVSS 8070 -702.5
334 VCL_AVSS 8130 -702.5
335 AVSS 8190 -702.5
336 AVSS 8250 -702.5
337 AVSS 8310 -702.5
338 VSSB 8370 -702.5
339 VSSB 8430 -702.5
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340 VSSB 8490 -702.5
341 VSSB 8550 -702.5
342 C31P 8610 -702.5
343 C31P 8670 -702.5
344 C31P 8730 -702.5
345 C31N 8790 -702.5
346 C31N 8850 -702.5
347 C31N 8910 -702.5
348 C32P 8970 -702.5
349 C32P 9030 -702.5
350 C32P 9090 -702.5
351 C32N 9150 -702.5
352 C32N 9210 -702.5
353 C32N 9270 -702.5
354 DVDD 9330 -702.5
355 DVDD 9390 -702.5
356 DVDD 9450 -702.5
357 DVSS 9510 -702.5
358 DVSS 9570 -702.5
359 DVSS 9630 -702.5
360 C41P 9690 -702.5
361 Ca41P 9750 -702.5
362 C41N 9810 -702.5
363 C41N 9870 -702.5
364 VGH 9930 -702.5
365 VGH 9990 -702.5
366 VGHO 10050 -702.5
367 VGHO 10110 -702:5
368 VRGH 10170 -702.5
369 VRGH 10230 -702.5
370 C51P 10290 -702.5
371 C51P 10350 -702.5
372 C51N 10410 -702.5
373 C51N 10470 -702.5
374 VGL_REG 10530 -702.5
375 VGL_REG 10590 -702.5
376 VGLO 10650 -702.5
377 VGLO 10710 -702.5
378 VGLX 10770 -702.5
379 VGLX 10830 -702.5
380 VGL 10890 -702.5
381 VGL 10950 -702.5
382 TEST4 11010 -702.5
383 TESTS 11070 -702.5
384 TEST6 11130 -702.5
385 TEST7 11190 -702.5
386 CONTACT2A 11250 -702.5
387 CONTACT2B 11310 -702.5
388 VCOM 11370 -702.5
389 VCOM 11430 -702.5
390 VCOM 11490 -702.5
391 VCOM 11550 -702.5
392 VCOM 11610 -702.5
393 PADA2 11670 -702.5
394 PADB2 11730 -702.5
395 VSSIDUM2 11790 -702.5
396 VSSIDUM3 11880 -702.5
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397 VSSIDUM4 11760 705
398 VSSIDUM5 11732 560
399 VSSIDUM6 11718 705
400 PADA3 11704 560
401 PADB3 11690 705
402 VGHO 11676 560
403 VGHO 11662 705
404 VGHO 11648 560
405 VGLO 11634 705
406 VGLO 11620 560
407 VGLO 11606 705
408 GOUT1 11592 560
409 GOUT1 11578 705
410 GOUT2 11564 560
411 GOUT2 11550 705
412 LVGL 11536 560
413 LVGL 11522 705
414 LVGL 11508 560
415 VRGH 11494 705
416 VRGH 11480 560
417 VRGH 11466 705
418 VGLO 11452 560
419 VGLO 11438 705
420 VGLO 11424 560
421 GOUT3 11410 705
422 GOUT3 11396 560
423 GOUT4 11382 705
424 GOUT4 11368 560
425 GOUTS 11354 705
426 GOUT5 11340 560
427 GOUT6 11326 705
428 GOUT6 11312 560
429 GOUT7 11298 705
430 GOUT7 11284 560
431 GOUT8 11270 705
432 GOUT8 11256 560
433 GOUT9 11242 705
434 GOUT9 11228 560
435 GOUT10 11214 705
436 GOUT10 11200 560
437 GOUTMM 11186 705
438 GOUTM 11172 560
439 GOUT12 11158 705
440 GOUT12 11144 560
441 GOUT13 11130 705
442 GOUT13 11116 560
443 GOUT14 11102 705
444 GOUT14 11088 560
445 GOUT15 11074 705
446 GOUT15 11060 560
447 GOUT16 11046 705
448 GOUT16 11032 560
449 VGHO 11018 705
450 VGHO 11004 560
451 VGHO 10990 705
452 VGHO 10976 560
453 VGHO 10962 705
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454 VGHO 10948 560 511 S42 10150 705
455 VGHO 10934 705 512 S43 10136 560
456 VGHO 10920 560 513 S44 10122 705
457 VGLO 10906 705 514 545 10108 560
458 VGLO 10892 560 515 S46 10094 705
459 VGLO 10878 705 516 S47 10080 560
460 VGLO 10864 560 517 S48 10066 705
461 VGLO 10850 705 518 S49 10052 560
462 VGLO 10836 560 519 S50 10038 705
463 VGLO 10822 705 520 S51 10024 560
464 VGLO 10808 560 521 S§52 10010 705
465 VGLO 10794 705 522 S53 9996 560
466 VSSIDUM7 10780 560 523 S54 9982 705
467 VSSIDUM8 10766 705 524 8§55 9968 560
468 SDUMO 10752 560 525 556 9954 705
469 SDUM1 10738 705 526 S57 9940 560
470 S1 10724 560 527 S58 9926 705
471 S2 10710 705 528 S59 9912 560
472 S3 10696 560 529 S60 9898 705
473 S4 10682 705 530 S61 9884 560
474 S5 10668 560 531 S62 9870 705
475 S6 10654 705 532 S63 9856 560
476 S7 10640 560 533 S64 9842 705
477 S8 10626 705 534 S65 9828 560
478 S9 10612 560 535 S66 9814 705
479 S10 10598 705 536 S67 9800 560
480 S11 10584 560 537 S68 9786 705
481 S12 10570 705 538 S69 9772 560
482 S13 10556 560 539 S70 9758 705
483 S14 10542 705 540 S71 9744 560
484 S15 10528 560 541 S72 9730 705
485 S16 10514 705 542 S73 9716 560
486 S17 10500 560 543 S74 9702 705
487 S18 10486 705 544 S75 9688 560
488 S19 10472 560 545 S76 9674 705
489 S20 10458 705 546 S77 9660 560
490 S21 10444 560 547 S78 9646 705
491 S22 10430 705 548 S79 9632 560
492 S23 10416 560 549 S80 9618 705
493 S24 10402 705 550 S81 9604 560
494 S25 10388 560 551 S82 9590 705
495 S26 10374 705 552 S83 9576 560
496 S27 10360 560 553 S84 9562 705
497 S28 10346 705 554 585 9548 560
498 S29 10332 560 555 S86 9534 705
499 S30 10318 705 556 S87 9520 560
500 S31 10304 560 557 S88 9506 705
501 S32 10290 705 558 S89 9492 560
502 S33 10276 560 559 S90 9478 705
503 S34 10262 705 560 S91 9464 560
504 S35 10248 560 561 592 9450 705
505 S36 10234 705 562 S93 9436 560
506 S37 10220 560 563 S94 9422 705
507 S38 10206 705 564 S95 9408 560
508 S39 10192 560 565 596 9394 705
509 S40 10178 705 566 S97 9380 560
510 S41 10164 560 567 S98 9366 705

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page26




Raydium

568 S99 9352 560 625 S$156 8554 705
569 $100 9338 705 626 S157 8540 560
570 S101 9324 560 627 S158 8526 705
571 S$102 9310 705 628 S§159 8512 560
572 $103 9296 560 629 $160 8498 705
573 S104 9282 705 630 S161 8484 560
574 S$105 9268 560 631 $162 8470 705
575 S106 9254 705 632 S$163 8456 560
576 $107 9240 560 633 S164 8442 705
577 S108 9226 705 634 $165 8428 560
578 S109 9212 560 635 S$166 8414 705
579 S110 9198 705 636 S$167 8400 560
580 S111 9184 560 637 S$168 8386 705
581 S112 9170 705 638 S169 8372 560
582 S113 9156 560 639 S§170 8358 705
583 S114 9142 705 640 S171 8344 560
584 S115 9128 560 641 §172 8330 705
585 S116 9114 705 642 S173 8316 560
586 S117 9100 560 643 S174 8302 705
587 S118 9086 705 644 S175 8288 560
588 S119 9072 560 645 S176 8274 705
589 $120 9058 705 646 S177 8260 560
590 S121 9044 560 647 S178 8246 705
591 $122 9030 705 648 S179 8232 560
592 $123 9016 560 649 $180 8218 705
593 S124 9002 705 650 S181 8204 560
594 S$125 8988 560 651 S§182 8190 705
595 S$126 8974 705 652 $183 8176 560
596 $127 8960 560 653 S184 8162 705
597 S128 8946 705 654 S$185 8148 560
598 S$129 8932 560 655 5186 8134 705
599 S$130 8918 705 656 §$187 8120 560
600 S131 8904 560 657 S$188 8106 705
601 S$132 8890 705 658 $189 8092 560
602 S133 8876 560 659 S$190 8078 705
603 S134 8862 705 660 S$191 8064 560
604 S135 8848 560 661 $192 8050 705
605 S136 8834 705 662 S$193 8036 560
606 S137 8820 560 663 S$194 8022 705
607 S138 8806 705 664 S§195 8008 560
608 S$139 8792 560 665 S196 7994 705
609 S$140 8778 705 666 S§$197 7980 560
610 S141 8764 560 667 5198 7966 705
611 S142 8750 705 668 S$199 7952 560
612 S143 8736 560 669 S200 7938 705
613 S144 8722 705 670 S201 7924 560
614 S145 8708 560 671 S§202 7910 705
615 S146 8694 705 672 S203 7896 560
616 S147 8680 560 673 S204 7882 705
617 S148 8666 705 674 S§205 7868 560
618 S149 8652 560 675 S§206 7854 705
619 S$150 8638 705 676 S§207 7840 560
620 S151 8624 560 677 S208 7826 705
621 S$152 8610 705 678 S209 7812 560
622 S153 8596 560 679 §210 7798 705
623 S154 8582 705 680 S211 7784 560
624 S155 8568 560 681 S212 7770 705
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682 S$213 7756 560 739 §270 6958 705
683 S214 7742 705 740 S271 6944 560
684 S215 7728 560 741 S272 6930 705
685 S$5216 7714 705 742 S§273 6916 560
686 S217 7700 560 743 S274 6902 705
687 S218 7686 705 744 S275 6888 560
688 S$219 7672 560 745 S§276 6874 705
689 $220 7658 705 746 S277 6860 560
690 S221 7644 560 747 S278 6846 705
691 $§222 7630 705 748 S279 6832 560
692 $223 7616 560 749 §280 6818 705
693 S224 7602 705 750 S281 6804 560
694 $225 7588 560 751 282 6790 705
695 S226 7574 705 752 S283 6776 560
696 S§227 7560 560 753 S284 6762 705
697 S228 7546 705 754 5285 6748 560
698 $229 7532 560 755 $286 6734 705
699 S$230 7518 705 756 S287 6720 560
700 S231 7504 560 757 5288 6706 705
701 $232 7490 705 758 5289 6692 560
702 S$233 7476 560 759 $290 6678 705
703 S$234 7462 705 760 S§291 6664 560
704 S§235 7448 560 761 S292 6650 705
705 S236 7434 705 762 S293 6636 560
706 S§237 7420 560 763 $§294 6622 705
707 S$238 7406 705 764 §295 6608 560
708 S$239 7392 560 765 S§296 6594 705
709 S$240 7378 705 766 S§297 6580 560
710 S241 7364 560 767 $298 6566 705
711 S242 7350 705 768 S§299 6552 560
712 S243 7336 560 769 S300 6538 705
713 S244 7322 705 770 S301 6524 560
714 $245 7308 560 771 S$302 6510 705
715 S246 7294 705 772 S303 6496 560
716 S247 7280 560 773 S304 6482 705
717 $248 7266 705 774 S305 6468 560
718 S249 7252 560 775 S306 6454 705
719 S$250 7238 705 776 S307 6440 560
720 S§251 7224 560 777 S308 6426 705
721 S§252 7210 705 778 S309 6412 560
722 S$253 7196 560 779 S310 6398 705
723 S254 7182 705 780 S311 6384 560
724 S$255 7168 560 781 S§312 6370 705
725 5256 7154 705 782 S313 6356 560
726 S257 7140 560 783 S314 6342 705
727 S§258 7126 705 784 S315 6328 560
728 S$259 7112 560 785 S316 6314 705
729 $260 7098 705 786 S317 6300 560
730 S261 7084 560 787 S318 6286 705
731 $262 7070 705 788 S319 6272 560
732 S$263 7056 560 789 §320 6258 705
733 S264 7042 705 790 S321 6244 560
734 S265 7028 560 791 S322 6230 705
735 S266 7014 705 792 S§323 6216 560
736 S267 7000 560 793 S§324 6202 705
737 S268 6986 705 794 S§325 6188 560
738 S269 6972 560 795 S326 6174 705
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796 S327 6160 560 853 5384 5362 705
797 S328 6146 705 854 S385 5348 560
798 S329 6132 560 855 S386 5334 705
799 S330 6118 705 856 S§387 5320 560
800 S331 6104 560 857 S388 5306 705
801 S332 6090 705 858 S389 5292 560
802 S333 6076 560 859 S390 5278 705
803 S334 6062 705 860 S391 5264 560
804 S335 6048 560 861 S$392 5250 705
805 S336 6034 705 862 S393 5236 560
806 S337 6020 560 863 S394 5222 705
807 S338 6006 705 864 S395 5208 560
808 S339 5992 560 865 S396 5194 705
809 S340 5978 705 866 S§397 5180 560
810 S341 5964 560 867 S398 5166 705
811 S342 5950 705 868 S399 5152 560
812 S343 5936 560 869 $400 5138 705
813 S344 5922 705 870 S401 5124 560
814 S345 5908 560 871 S402 5110 705
815 S346 5894 705 872 S403 5096 560
816 S347 5880 560 873 S404 5082 705
817 S348 5866 705 874 S405 5068 560
818 S349 5852 560 875 S406 5054 705
819 S350 5838 705 876 S407 5040 560
820 S351 5824 560 877 S408 5026 705
821 S§352 5810 705 878 S409 5012 560
822 S353 5796 560 879 S$410 4998 705
823 S354 5782 705 880 S411 4984 560
824 S355 5768 560 881 S412 4970 705
825 S356 5754 705 882 S413 4956 560
826 S357 5740 560 883 S414 4942 705
827 S358 5726 705 884 S415 4928 560
828 S359 5712 560 885 S416 4914 705
829 S360 5698 705 886 S417 4900 560
830 S361 5684 560 887 S418 4886 705
831 S362 5670 705 888 S419 4872 560
832 S363 5656 560 889 S420 4858 705
833 S364 5642 705 890 S421 4844 560
834 S365 5628 560 891 S422 4830 705
835 S366 5614 705 892 S§423 4816 560
836 S367 5600 560 893 S424 4802 705
837 S368 5586 705 894 S§425 4788 560
838 S369 5572 560 895 S§426 4774 705
839 S370 5558 705 896 S§427 4760 560
840 S371 5544 560 897 S428 4746 705
841 S372 5530 705 898 S$429 4732 560
842 S373 5516 560 899 S$430 4718 705
843 S374 5502 705 900 S431 4704 560
844 S375 5488 560 901 S432 4690 705
845 S376 5474 705 902 S433 4676 560
846 S377 5460 560 903 S434 4662 705
847 S378 5446 705 904 S435 4648 560
848 S379 5432 560 905 S436 4634 705
849 S380 5418 705 906 S437 4620 560
850 S381 5404 560 907 5438 4606 705
851 S382 5390 705 908 S439 4592 560
852 S383 5376 560 909 S440 4578 705
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910 S441 4564 560 967 5498 3766 705
911 S442 4550 705 968 S499 3752 560
912 S443 4536 560 969 S500 3738 705
913 S444 4522 705 970 S501 3724 560
914 S445 4508 560 971 S§502 3710 705
915 S446 4494 705 972 S503 3696 560
916 S447 4480 560 973 S504 3682 705
917 S448 4466 705 974 S505 3668 560
918 S449 4452 560 975 S506 3654 705
919 S$450 4438 705 976 S507 3640 560
920 S451 4424 560 977 S508 3626 705
921 S$452 4410 705 978 S509 3612 560
922 S$453 4396 560 979 S510 3598 705
923 S454 4382 705 980 S511 3584 560
924 S455 4368 560 981 S§512 3570 705
925 S456 4354 705 982 S513 3556 560
926 S457 4340 560 983 S514 3542 705
927 S458 4326 705 984 S515 3528 560
928 S459 4312 560 985 S516 3514 705
929 S460 4298 705 986 S5617 3500 560
930 S461 4284 560 987 S518 3486 705
931 $462 4270 705 988 S§519 3472 560
932 S463 4256 560 989 S520 3458 705
933 S464 4242 705 990 S521 3444 560
934 S465 4228 560 991 §522 3430 705
935 S466 4214 705 992 §523 3416 560
936 S467 4200 560 993 S§524 3402 705
937 S468 4186 705 994 §525 3388 560
938 S469 4172 560 995 S§526 3374 705
939 S470 4158 705 996 8527 3360 560
940 S471 4144 560 997 5528 3346 705
941 S472 4130 705 998 §529 3332 560
942 S473 4116 560 999 S530 3318 705
943 S474 4102 705 1000 S531 3304 560
944 S475 4088 560 1001 S§532 3290 705
945 S476 4074 705 1002 S533 3276 560
946 S477 4060 560 1003 S534 3262 705
947 S478 4046 705 1004 S§535 3248 560
948 S479 4032 560 1005 S536 3234 705
949 S480 4018 705 1006 S§537 3220 560
950 S481 4004 560 1007 S538 3206 705
951 S482 3990 705 1008 S539 3192 560
952 S483 3976 560 1009 §540 3178 705
953 S484 3962 705 1010 S541 3164 560
954 S485 3948 560 1011 S§542 3150 705
955 S486 3934 705 1012 S§543 3136 560
956 S487 3920 560 1013 S544 3122 705
957 S488 3906 705 1014 S545 3108 560
958 S$489 3892 560 1015 S546 3094 705
959 S490 3878 705 1016 S547 3080 560
960 S491 3864 560 1017 5548 3066 705
961 S$492 3850 705 1018 S549 3052 560
962 S493 3836 560 1019 S§550 3038 705
963 S494 3822 705 1020 S551 3024 560
964 S495 3808 560 1021 §552 3010 705
965 S496 3794 705 1022 S§553 2996 560
966 S497 3780 560 1023 S554 2982 705
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1024 S555 2968 560 1081 S612 2170 705
1025 S556 2954 705 1082 S613 2156 560
1026 8557 2940 560 1083 S614 2142 705
1027 5558 2926 705 1084 S615 2128 560
1028 S$559 2912 560 1085 S616 2114 705
1029 S560 2898 705 1086 S617 2100 560
1030 S561 2884 560 1087 S618 2086 705
1031 S562 2870 705 1088 S619 2072 560
1032 S563 2856 560 1089 $620 2058 705
1033 S564 2842 705 1090 S621 2044 560
1034 S565 2828 560 1091 $622 2030 705
1035 S566 2814 705 1092 $623 2016 560
1036 S567 2800 560 1093 S$624 2002 705
1037 S568 2786 705 1094 S625 1988 560
1038 S569 2772 560 1095 5626 1974 705
1039 S570 2758 705 1096 S§627 1960 560
1040 S571 2744 560 1097 $628 1946 705
1041 S572 2730 705 1098 S629 1932 560
1042 S573 2716 560 1099 S630 1918 705
1043 S574 2702 705 1100 S631 1904 560
1044 S575 2688 560 1101 S632 1890 705
1045 S576 2674 705 1102 S633 1876 560
1046 S577 2660 560 1103 S634 1862 705
1047 S578 2646 705 1104 S635 1848 560
1048 S579 2632 560 1105 S636 1834 705
1049 S$580 2618 705 1106 S637 1820 560
1050 S581 2604 560 1107 S638 1806 705
1051 5582 2590 705 1108 S639 1792 560
1052 S583 2576 560 1109 S640 1778 705
1053 S584 2562 705 1110 S641 1764 560
1054 5585 2548 560 1111 5642 1750 705
1055 5586 2534 705 1112 5643 1736 560
1056 S587 2520 560 1113 S644 1722 705
1057 S588 2506 705 1114 S645 1708 560
1058 S589 2492 560 1115 S646 1694 705
1059 S590 2478 705 1116 S647 1680 560
1060 S591 2464 560 1117 S648 1666 705
1061 S$592 2450 705 1118 S649 1652 560
1062 S593 2436 560 1119 S650 1638 705
1063 S594 2422 705 1120 S651 1624 560
1064 S595 2408 560 1121 S652 1610 705
1065 S596 2394 705 1122 S653 1596 560
1066 S597 2380 560 1123 S654 1582 705
1067 S598 2366 705 1124 S655 1568 560
1068 S599 2352 560 1125 S656 1554 705
1069 S600 2338 705 1126 S657 1540 560
1070 S601 2324 560 1127 S658 1526 705
1071 S602 2310 705 1128 S659 1512 560
1072 S603 2296 560 1129 S660 1498 705
1073 S604 2282 705 1130 S661 1484 560
1074 S605 2268 560 1131 5662 1470 705
1075 S606 2254 705 1132 S663 1456 560
1076 S607 2240 560 1133 S664 1442 705
1077 S608 2226 705 1134 S665 1428 560
1078 S609 2212 560 1135 S666 1414 705
1079 S610 2198 705 1136 S667 1400 560
1080 S611 2184 560 1137 S668 1386 705
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1138 S669 1372 560
1139 S670 1358 705
1140 S671 1344 560
1141 S672 1330 705
1142 S673 1316 560
1143 S674 1302 705
1144 S675 1288 560
1145 S676 1274 705
1146 S677 1260 560
1147 S678 1246 705
1148 S679 1232 560
1149 S680 1218 705
1150 S681 1204 560
1151 S682 1190 705
1152 S683 1176 560
1153 5684 1162 705
1154 S685 1148 560
1155 S686 1134 705
1156 S687 1120 560
1157 S688 1106 705
1158 S689 1092 560
1159 S690 1078 705
1160 S691 1064 560
1161 $692 1050 705
1162 S693 1036 560
1163 S694 1022 705
1164 S695 1008 560
1165 S696 994 705
1166 S697 980 560
1167 S698 966 705
1168 S699 952 560
1169 S700 938 705
1170 S701 924 560
1171 S§702 910 705
1172 S703 896 560
1173 S704 882 705
1174 S705 868 560
1175 S706 854 705
1176 S707 840 560
1177 S708 826 705
1178 S709 812 560
1179 S710 798 705
1180 S71 784 560
1181 S712 770 705
1182 S713 756 560
1183 S714 742 705
1184 S715 728 560
1185 S716 714 705
1186 S717 700 560
1187 S718 686 705
1188 S719 672 560
1189 S720 658 705
1190 VSSIDUM9 644 560
1191 VSSIDUM10 630 705
1192 VSSIDUM11 616 560
1193 VSSIDUM12 602 705
1194 VSSIDUM13 588 560
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1195 VSSIDUM14 574 705
1196 VSSIDUM15 560 560
1197 VSSIDUM16 546 705
1198 VSSIDUM17 532 560
1199 VSSIDUM18 518 705
1200 VSSIDUM19 504 560
1201 VSSIDUM20 490 705
1202 VSSIDUM21 476 560
1203 VSSIDUM22 462 705
1204 VSSIDUM23 448 560
1205 VSSIDUM24 434 705
1206 VSSIDUM25 420 560
1207 VSSIDUM26 406 705
1208 VSSIDUM27 392 560
1209 VSSIDUM28 378 705
1210 VSSIDUM29 364 560
1211 VSSIDUMS30 350 705
1212 VSSIDUM31 336 560
1213 VSSIDUM32 322 705
1214 VSSIDUM33 308 560
1215 VSSIDUM34 294 705
1216 VSSIDUM35 280 560
1217 VSSIDUM36 266 705
1218 VSSIDUM37 252 560
1219 VSSIDUM38 238 705
1220 VSSIDUM39 224 560
1221 VSSIDUMA40 210 705
1222 VSSIDUM41 196 560
1223 VSSIDUM42 182 705
1224 VSSIDUM43 168 560
1225 VSSIDUM44 154 705
1226 VSSIDUM45 140 560
1227 VSSIDUM46 126 705
1228 VSSIDUMA47 112 560
1229 VSSIDUM48 98 705
1230 VSSIDUM49 84 560
1231 VSSIDUMS50 70 705
1232 VSSIDUM51 56 560
1233 VSSIDUMS52 42 705
1234 VSSIDUMS3 28 560
1235 VSSIDUM54 14 705
1236 VSSIDUMS55 0 560
1237 VSSIDUMS56 -14 705
1238 VSSIDUMS57 -28 560
1239 S721 -42 705
1240 S§722 -56 560
1241 S723 -70 705
1242 S724 -84 560
1243 S725 -98 705
1244 S726 -112 560
1245 S727 -126 705
1246 S728 -140 560
1247 S729 -154 705
1248 S730 -168 560
1249 S731 -182 705
1250 S732 -196 560
1251 S733 -210 705
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1252 S734 -224 560 1309 S791 -1022 705
1253 S735 -238 705 1310 S792 -1036 560
1254 S736 -252 560 1311 S793 -1050 705
1255 S737 -266 705 1312 S794 -1064 560
1256 S738 -280 560 1313 S795 -1078 705
1257 S739 -294 705 1314 S796 -1092 560
1258 S740 -308 560 1315 S797 -1106 705
1259 S741 -322 705 1316 S798 -1120 560
1260 S742 -336 560 1317 S799 -1134 705
1261 S743 -350 705 1318 S800 -1148 560
1262 S744 -364 560 1319 S801 -1162 705
1263 S745 -378 705 1320 $802 -1176 560
1264 S746 -392 560 1321 S803 -1190 705
1265 S747 -406 705 1322 S804 -1204 560
1266 S748 -420 560 1323 S805 -1218 705
1267 S749 -434 705 1324 5806 -1232 560
1268 S750 -448 560 1325 S807 -1246 705
1269 S751 -462 705 1326 S808 -1260 560
1270 S752 -476 560 1327 S809 -1274 705
1271 S753 -490 705 1328 S810 -1288 560
1272 S754 -504 560 1329 S811 -1302 705
1273 S§755 -518 705 1330 S§812 -1316 560
1274 S756 -532 560 1331 S813 -1330 705
1275 S757 -546 705 1332 S814 -1344 560
1276 S758 -560 560 1333 S815 -1358 705
1277 S759 -574 705 1334 S816 -1372 560
1278 S760 -588 560 1335 S817 -1386 705
1279 S761 -602 705 1336 5818 -1400 560
1280 S762 -616 560 1337 S819 -1414 705
1281 S763 -630 705 1338 $820 -1428 560
1282 S764 -644 560 1339 S821 -1442 705
1283 S765 -658 705 1340 S§822 -1456 560
1284 S766 -672 560 1341 823 -1470 705
1285 S767 -686 705 1342 S824 -1484 560
1286 S768 -700 560 1343 S825 -1498 705
1287 S769 =714 705 1344 826 -1512 560
1288 S770 -728 560 1345 S827 -1526 705
1289 S771 -742 705 1346 5828 -1540 560
1290 S772 -756 560 1347 S$829 -1554 705
1291 S773 -770 705 1348 S830 -1568 560
1292 S774 -784 560 1349 S831 -1582 705
1293 S775 -798 705 1350 S832 -1596 560
1294 S776 -812 560 1351 S833 -1610 705
1295 S777 -826 705 1352 5834 -1624 560
1296 S778 -840 560 1353 S835 -1638 705
1297 S779 -854 705 1354 S836 -1652 560
1298 S780 -868 560 1355 S837 -1666 705
1299 S781 -882 705 1356 S838 -1680 560
1300 S782 -896 560 1357 S839 -1694 705
1301 S783 -910 705 1358 S840 -1708 560
1302 S784 -924 560 1359 S841 -1722 705
1303 S785 -938 705 1360 S842 -1736 560
1304 S786 -952 560 1361 S843 -1750 705
1305 S787 -966 705 1362 S844 -1764 560
1306 S788 -980 560 1363 5845 -1778 705
1307 S789 -994 705 1364 S846 -1792 560
1308 S790 -1008 560 1365 S847 -1806 705
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1366 5848 -1820 560 1423 S905 -2618 705
1367 S849 -1834 705 1424 S906 -2632 560
1368 S850 -1848 560 1425 S907 -2646 705
1369 S851 -1862 705 1426 S908 -2660 560
1370 $852 -1876 560 1427 S909 -2674 705
1371 S853 -1890 705 1428 S910 -2688 560
1372 S854 -1904 560 1429 S911 -2702 705
1373 S855 -1918 705 1430 S§912 -2716 560
1374 S856 -1932 560 1431 S913 -2730 705
1375 S857 -1946 705 1432 S914 -2744 560
1376 S858 -1960 560 1433 S915 -2758 705
1377 S$859 -1974 705 1434 S916 -2772 560
1378 S860 -1988 560 1435 S§917 -2786 705
1379 S861 -2002 705 1436 S918 -2800 560
1380 S$862 -2016 560 1437 S§919 -2814 705
1381 S863 -2030 705 1438 §920 -2828 560
1382 S864 -2044 560 1439 §921 -2842 705
1383 S865 -2058 705 1440 S§922 -2856 560
1384 S866 -2072 560 1441 $923 -2870 705
1385 S867 -2086 705 1442 5924 -2884 560
1386 S868 -2100 560 1443 $§925 -2898 705
1387 S869 -2114 705 1444 §926 -2912 560
1388 S870 -2128 560 1445 S927 -2926 705
1389 S871 -2142 705 1446 5928 -2940 560
1390 S872 -2156 560 1447 $929 -2954 705
1391 S873 -2170 705 1448 S$930 -2968 560
1392 S874 -2184 560 1449 S931 -2982 705
1393 S875 -2198 705 1450 §932 -2996 560
1394 S876 -2212 560 1451 S933 -3010 705
1395 S877 -2226 705 1452 S934 -3024 560
1396 S878 -2240 560 1453 S§935 -3038 705
1397 S879 -2254 705 1454 5936 -3052 560
1398 S880 -2268 560 1455 S937 -3066 705
1399 S881 -2282 705 1456 S938 -3080 560
1400 S882 -2296 560 1457 S939 -3094 705
1401 S883 -2310 705 1458 $940 -3108 560
1402 S884 -2324 560 1459 S941 -3122 705
1403 S885 -2338 705 1460 S§942 -3136 560
1404 5886 -2352 560 1461 $943 -3150 705
1405 S887 -2366 705 1462 5944 -3164 560
1406 S888 -2380 560 1463 S945 -3178 705
1407 S889 -2394 705 1464 $946 -3192 560
1408 S890 -2408 560 1465 5947 -3206 705
1409 S891 -2422 705 1466 5948 -3220 560
1410 S892 -2436 560 1467 S$949 -3234 705
1411 S893 -2450 705 1468 S§950 -3248 560
1412 S894 -2464 560 1469 S951 -3262 705
1413 S895 -2478 705 1470 S952 -3276 560
1414 S896 -2492 560 1471 S953 -3290 705
1415 S897 -2506 705 1472 S§954 -3304 560
1416 S898 -2520 560 1473 5955 -3318 705
1417 S899 -2534 705 1474 S$956 -3332 560
1418 S900 -2548 560 1475 S957 -3346 705
1419 S901 -2562 705 1476 S958 -3360 560
1420 S$902 -2576 560 1477 S§959 -3374 705
1421 S903 -2590 705 1478 S960 -3388 560
1422 S904 -2604 560 1479 S961 -3402 705

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page34




Raydium

1480 $962 -3416 560 1537 S$1019 -4214 705
1481 S963 -3430 705 1538 S1020 -4228 560
1482 S964 -3444 560 1539 S1021 -4242 705
1483 S965 -3458 705 1540 $1022 -4256 560
1484 S966 -3472 560 1541 $1023 -4270 705
1485 S967 -3486 705 1542 S1024 -4284 560
1486 S968 -3500 560 1543 S$1025 -4298 705
1487 S969 -3514 705 1544 S$1026 -4312 560
1488 S970 -3528 560 1545 $1027 -4326 705
1489 S971 -3542 705 1546 S$1028 -4340 560
1490 S972 -3556 560 1547 S$1029 -4354 705
1491 S973 -3570 705 1548 S1030 -4368 560
1492 S974 -3584 560 1549 S1031 -4382 705
1493 S975 -3598 705 1550 S1032 -4396 560
1494 S976 -3612 560 1551 S1033 -4410 705
1495 S977 -3626 705 1552 S1034 -4424 560
1496 S978 -3640 560 1553 S1035 -4438 705
1497 S979 -3654 705 1554 S1036 -4452 560
1498 S980 -3668 560 1555 S1037 -4466 705
1499 S981 -3682 705 1556 51038 -4480 560
1500 $982 -3696 560 1557 S1039 -4494 705
1501 $983 -3710 705 1558 S1040 -4508 560
1502 S984 -3724 560 1559 S1041 -4522 705
1503 $985 -3738 705 1560 $1042 -4536 560
1504 S986 -3752 560 1561 S$1043 -4550 705
1505 S987 -3766 705 1562 S1044 -4564 560
1506 S988 -3780 560 1563 S1045 -4578 705
1507 S989 -3794 705 1564 S1046 -4592 560
1508 S990 -3808 560 1565 S$1047 -4606 705
1509 S991 -3822 705 1566 S1048 -4620 560
1510 $992 -3836 560 1567 S$1049 -4634 705
1511 S993 -3850 705 1568 S$1050 -4648 560
1512 $994 -3864 560 1569 S$1051 -4662 705
1513 S$995 -3878 705 1570 S$1052 -4676 560
1514 S996 -3892 560 1571 S1053 -4690 705
1515 $997 -3906 705 1572 S1054 -4704 560
1516 S998 -3920 560 1573 S1055 -4718 705
1517 S999 -3934 705 1574 S1056 -4732 560
1518 S1000 -3948 560 1575 S$1057 -4746 705
1519 S1001 -3962 705 1576 S1058 -4760 560
1520 S$1002 -3976 560 1577 S1059 -4774 705
1521 $1003 -3990 705 1578 S1060 -4788 560
1522 S1004 -4004 560 1579 S$1061 -4802 705
1523 S1005 -4018 705 1580 $1062 -4816 560
1524 S1006 -4032 560 1581 S1063 -4830 705
1525 $1007 -4046 705 1582 S1064 -4844 560
1526 S$1008 -4060 560 1583 S$1065 -4858 705
1527 S1009 -4074 705 1584 S1066 -4872 560
1528 S$1010 -4088 560 1585 S1067 -4886 705
1529 S1011 -4102 705 1586 S1068 -4900 560
1530 S$1012 -4116 560 1587 S1069 -4914 705
1531 S$1013 -4130 705 1588 S$1070 -4928 560
1532 S1014 -4144 560 1589 S1071 -4942 705
1533 S$1015 -4158 705 1590 S$1072 -4956 560
1534 S$1016 -4172 560 1591 S§1073 -4970 705
1535 $1017 -4186 705 1592 S1074 -4984 560
1536 S1018 -4200 560 1593 S1075 -4998 705
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1594 S1076 -5012 560 1651 S1133 -5810 705
1595 S1077 -5026 705 1652 S1134 -5824 560
1596 S1078 -5040 560 1653 S1135 -5838 705
1597 S$1079 -5054 705 1654 S1136 -5852 560
1598 $1080 -5068 560 1655 S1137 -5866 705
1599 S1081 -5082 705 1656 S1138 -5880 560
1600 S$1082 -5096 560 1657 S1139 -5894 705
1601 S$1083 -5110 705 1658 S1140 -5908 560
1602 S$1084 -5124 560 1659 S1141 -5922 705
1603 S$1085 -5138 705 1660 S1142 -5936 560
1604 S1086 -5152 560 1661 S1143 -5950 705
1605 $1087 -5166 705 1662 S1144 -5964 560
1606 S$1088 -5180 560 1663 S1145 -5978 705
1607 S1089 -5194 705 1664 S1146 -5992 560
1608 S$1090 -5208 560 1665 S1147 -6006 705
1609 S$1091 -5222 705 1666 S1148 -6020 560
1610 $1092 -5236 560 1667 S1149 -6034 705
1611 S$1093 -5250 705 1668 S1150 -6048 560
1612 S$1094 -5264 560 1669 S1151 -6062 705
1613 S$1095 -5278 705 1670 51162 -6076 560
1614 S$1096 -5292 560 1671 S1153 -6090 705
1615 $1097 -5306 705 1672 S1154 -6104 560
1616 S$1098 -5320 560 1673 S1155 -6118 705
1617 S$1099 -5334 705 1674 S1156 -6132 560
1618 S$1100 -5348 560 1675 S1157 -6146 705
1619 S$1101 -5362 705 1676 S1158 -6160 560
1620 S$1102 -5376 560 1677 S1159 -6174 705
1621 S$1103 -5390 705 1678 S$1160 -6188 560
1622 S$1104 -5404 560 1679 S1161 -6202 705
1623 S$1105 -5418 705 1680 S$1162 -6216 560
1624 S$1106 -5432 560 1681 S1163 -6230 705
1625 S$1107 -5446 705 1682 S1164 -6244 560
1626 S$1108 -5460 560 1683 S1165 -6258 705
1627 S$1109 -5474 705 1684 S1166 -6272 560
1628 S1110 -5488 560 1685 S1167 -6286 705
1629 S1111 -6502 705 1686 S1168 -6300 560
1630 S1112 -5516 560 1687 S1169 -6314 705
1631 S1113 -5530 705 1688 S1170 -6328 560
1632 S1114 -5544 560 1689 S1171 -6342 705
1633 S1115 -5558 705 1690 S1172 -6356 560
1634 S1116 -5572 560 1691 S1173 -6370 705
1635 S1117 -5586 705 1692 S1174 -6384 560
1636 S1118 -5600 560 1693 S1175 -6398 705
1637 S1119 -5614 705 1694 S1176 -6412 560
1638 S$1120 -5628 560 1695 S1177 -6426 705
1639 S1121 -5642 705 1696 S1178 -6440 560
1640 S$1122 -5656 560 1697 S1179 -6454 705
1641 S$1123 -5670 705 1698 S1180 -6468 560
1642 S1124 -5684 560 1699 S1181 -6482 705
1643 S$1125 -5698 705 1700 S1182 -6496 560
1644 S1126 -5712 560 1701 S1183 -6510 705
1645 S1127 -5726 705 1702 S1184 -6524 560
1646 S1128 -5740 560 1703 S1185 -6538 705
1647 S$1129 -5754 705 1704 S1186 -6552 560
1648 S1130 -5768 560 1705 S1187 -6566 705
1649 S1131 -5782 705 1706 S1188 -6580 560
1650 S1132 -5796 560 1707 S1189 -6594 705
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1708 S1190 -6608 560 1765 S1247 -7406 705
1709 S1191 -6622 705 1766 S1248 -7420 560
1710 S1192 -6636 560 1767 S1249 -7434 705
1711 S$1193 -6650 705 1768 S$1250 -7448 560
1712 S1194 -6664 560 1769 S$1251 -7462 705
1713 S1195 -6678 705 1770 S$1252 -7476 560
1714 S1196 -6692 560 1771 S$1253 -7490 705
1715 S$1197 -6706 705 1772 S1254 -7504 560
1716 S$1198 -6720 560 1773 S$1255 -7518 705
1717 S1199 -6734 705 1774 S1256 -7532 560
1718 $1200 -6748 560 1775 S$1257 -1546 705
1719 $1201 -6762 705 1776 S1258 -7560 560
1720 $1202 -6776 560 1777 S$1259 -7574 705
1721 $1203 -6790 705 1778 S1260 -7588 560
1722 S$1204 -6804 560 1779 S$1261 -7602 705
1723 S$1205 -6818 705 1780 S$1262 -7616 560
1724 $1206 -6832 560 1781 S1263 -7630 705
1725 $1207 -6846 705 1782 S1264 -7644 560
1726 S$1208 -6860 560 1783 S$1265 -7658 705
1727 $1209 -6874 705 1784 51266 -7672 560
1728 $1210 -6888 560 1785 S1267 -7686 705
1729 S1211 -6902 705 1786 S$1268 -7700 560
1730 S§$1212 -6916 560 1787 S1269 -7714 705
1731 S$1213 -6930 705 1788 $1270 -7728 560
1732 S1214 -6944 560 1789 S1271 -71742 705
1733 §$1215 -6958 705 1790 S$1272 -7756 560
1734 S$1216 -6972 560 1791 S$1273 -7770 705
1735 S$1217 -6986 705 1792 S1274 -7784 560
1736 S$1218 -7000 560 1793 S$1275 -7798 705
1737 S$1219 -7014 705 1794 S$1276 -7812 560
1738 S$1220 -7028 560 1795 S§$1277 -7826 705
1739 S§$1221 -7042 705 1796 S§1278 -7840 560
1740 $1222 -7056 560 1797 S1279 -7854 705
1741 §1223 -7070 705 1798 S$1280 -7868 560
1742 S$1224 -7084 560 1799 S1281 -7882 705
1743 $1225 -7098 705 1800 S$1282 -7896 560
1744 S$1226 -7112 560 1801 S1283 -7910 705
1745 S§$1227 -7126 705 1802 S1284 -7924 560
1746 S$1228 -7140 560 1803 S$1285 -7938 705
1747 S$1229 -7154 705 1804 S$1286 -7952 560
1748 S$1230 -7168 560 1805 S1287 -7966 705
1749 S§$1231 -7182 705 1806 S1288 -7980 560
1750 S$1232 -7196 560 1807 $1289 -7994 705
1751 S$1233 -7210 705 1808 S$1290 -8008 560
1752 S1234 -7224 560 1809 S$1291 -8022 705
1753 S§$1235 -7238 705 1810 $1292 -8036 560
1754 S$1236 -7252 560 1811 S$1293 -8050 705
1755 S$1237 -7266 705 1812 S1294 -8064 560
1756 S$1238 -7280 560 1813 S1295 -8078 705
1757 $1239 -7294 705 1814 S1296 -8092 560
1758 S$1240 -7308 560 1815 S§$1297 -8106 705
1759 S$1241 -7322 705 1816 S$1298 -8120 560
1760 S1242 -7336 560 1817 S1299 -8134 705
1761 S$1243 -7350 705 1818 S1300 -8148 560
1762 S1244 -7364 560 1819 S$1301 -8162 705
1763 $1245 -7378 705 1820 S1302 -8176 560
1764 S1246 -7392 560 1821 S1303 -8190 705
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1822 S1304 -8204 560 1879 S1361 -9002 705
1823 S1305 -8218 705 1880 S1362 -9016 560
1824 S1306 -8232 560 1881 S1363 -9030 705
1825 S$1307 -8246 705 1882 S1364 -9044 560
1826 S$1308 -8260 560 1883 S1365 -9058 705
1827 S1309 -8274 705 1884 S1366 -9072 560
1828 S$1310 -8288 560 1885 S$1367 -9086 705
1829 S1311 -8302 705 1886 S1368 -9100 560
1830 S$1312 -8316 560 1887 S1369 -9114 705
1831 S$1313 -8330 705 1888 S1370 -9128 560
1832 S1314 -8344 560 1889 S1371 -9142 705
1833 S$1315 -8358 705 1890 S1372 -9156 560
1834 S$1316 -8372 560 1891 S1373 -9170 705
1835 S1317 -8386 705 1892 S1374 -9184 560
1836 S$1318 -8400 560 1893 S1375 -9198 705
1837 S$1319 -8414 705 1894 S1376 -9212 560
1838 $1320 -8428 560 1895 S1377 -9226 705
1839 S1321 -8442 705 1896 S1378 -9240 560
1840 S$1322 -8456 560 1897 S1379 -9254 705
1841 S$1323 -8470 705 1898 S51380 -9268 560
1842 S$1324 -8484 560 1899 S1381 -9282 705
1843 §$1325 -8498 705 1900 S$1382 -9296 560
1844 S$1326 -8512 560 1901 S1383 -9310 705
1845 S$1327 -8526 705 1902 51384 -9324 560
1846 S$1328 -8540 560 1903 S1385 -9338 705
1847 S$1329 -8554 705 1904 S1386 -9352 560
1848 S$1330 -8568 560 1905 S1387 -9366 705
1849 S$1331 -8582 705 1906 51388 -9380 560
1850 S$1332 -8596 560 1907 S1389 -9394 705
1851 S$1333 -8610 705 1908 S1390 -9408 560
1852 S1334 -8624 560 1909 S$1391 -9422 705
1853 S1335 -8638 705 1910 S§$1392 -9436 560
1854 S$1336 -8652 560 1911 S1393 -9450 705
1855 S§$1337 -8666 705 1912 S1394 -9464 560
1856 S1338 -8680 560 1913 S1395 -9478 705
1857 S$1339 -8694 705 1914 S1396 -9492 560
1858 S1340 -8708 560 1915 S1397 -9506 705
1859 S$1341 -8722 705 1916 S1398 -9520 560
1860 S$1342 -8736 560 1917 S1399 -9534 705
1861 S$1343 -8750 705 1918 S$1400 -9548 560
1862 S1344 -8764 560 1919 S1401 -9562 705
1863 S$1345 -8778 705 1920 S$1402 -9576 560
1864 S$1346 -8792 560 1921 $1403 -9590 705
1865 S1347 -8806 705 1922 S$1404 -9604 560
1866 S1348 -8820 560 1923 S1405 -9618 705
1867 S$1349 -8834 705 1924 S1406 -9632 560
1868 S$1350 -8848 560 1925 S$1407 -9646 705
1869 S1351 -8862 705 1926 S1408 -9660 560
1870 S$1352 -8876 560 1927 S1409 -9674 705
1871 S$1353 -8890 705 1928 S1410 -9688 560
1872 S1354 -8904 560 1929 S1411 -9702 705
1873 S$1355 -8918 705 1930 S1412 -9716 560
1874 S1356 -8932 560 1931 S1413 -9730 705
1875 S§1357 -8946 705 1932 S1414 -9744 560
1876 S1358 -8960 560 1933 S$1415 -9758 705
1877 S$1359 -8974 705 1934 S1416 -9772 560
1878 S$1360 -8988 560 1935 S1417 -9786 705
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1936 S1418 -9800 560
1937 S1419 -9814 705
1938 S$1420 -9828 560
1939 S$1421 -9842 705
1940 S$1422 -9856 560
1941 S$1423 -9870 705
1942 S1424 -9884 560
1943 S$1425 -9898 705
1944 S$1426 -9912 560
1945 S1427 -9926 705
1946 S$1428 -9940 560
1947 S$1429 -9954 705
1948 $1430 -9968 560
1949 S1431 -9982 705
1950 S$1432 -9996 560
1951 S$1433 -10010 705
1952 S1434 -10024 560
1953 S1435 -10038 705
1954 S$1436 -10052 560
1955 S$1437 -10066 705
1956 S$1438 -10080 560
1957 S$1439 -10094 705
1958 S$1440 -10108 560
1959 SDUM2 -10122 705
1960 SDUM3 -10136 560
1961 VSSIDUMS58 -10150 705
1962 VSSIDUMS59 -10164 560
1963 VGLO -10178 705
1964 VGLO -10192 560
1965 VGLO -10206 705
1966 VGLO -10220 560
1967 VGLO -10234 705
1968 VGLO -10248 560
1969 VGLO -10262 705
1970 VGLO -10276 560
1971 VGLO -10290 705
1972 VGHO -10304 560
1973 VGHO -10318 705
1974 VGHO -10332 560
1975 VGHO -10346 705
1976 VGHO -10360 560
1977 VGHO -10374 705
1978 VGHO -10388 560
1979 VGHO -10402 705
1980 VSSIDUM60 -10416 560
1981 VSSIDUM61 -10430 705
1982 VSSIDUMG62 -10444 560
1983 VSSIDUMG63 -10458 705
1984 VSSIDUM®64 -10472 560
1985 VSSIDUMG65 -10486 705
1986 VSSIDUMG66 -10500 560
1987 VSSIDUM67 -10514 705
1988 VSSIDUMG68 -10528 560
1989 VSSIDUMG69 -10542 705
1990 VSSIDUM70 -10556 560
1991 VSSIDUM71 -10570 705
1992 VSSIDUM72 -10584 560
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1993 VSSIDUM73 -10598 705
1994 VSSIDUM74 -10612 560
1995 VSSIDUM75 -10626 705
1996 VSSIDUM76 -10640 560
1997 VSSIDUM77 -10654 705
1998 VSSIDUM78 -10668 560
1999 VSSIDUM79 -10682 705
2000 VSSIDUMB80 -10696 560
2001 VSSIDUM81 -10710 705
2002 VSSIDUM82 -10724 560
2003 VSSIDUM83 -10738 705
2004 VSSIDUM84 -10752 560
2005 VSSIDUMB85 -10766 705
2006 VSSIDUMB86 -10780 560
2007 VSSIDUM87 -10794 705
2008 VSSIDUMB88 <10808 560
2009 VSSIDUM89 -10822 705
2010 VSSIDUM90 -10836 560
2011 VSSIDUMO1 -10850 705
2012 VSSIDUM92 -10864 560
2013 VSSIDUM93 -10878 705
2014 VSSIDUM94 -10892 560
2015 VSSIDUM95 -10906 705
2016 VSSIDUM96 -10920 560
2017 VSSIDUM97 -10934 705
2018 VSSIDUM98 -10948 560
2019 VSSIDUM99 -10962 705
2020 VSSIDUM100 -10976 560
2021 VSSIDUM101 -10990 705
2022 VSSIDUM102 -11004 560
2023 VSSIDUM103 -11018 705
2024 GOUT17 -11032 560
2025 GOUT17 -11046 705
2026 GOUT18 -11060 560
2027 GOUT18 -11074 705
2028 GOUT19 -11088 560
2029 GOUT19 -11102 705
2030 GOUT20 -11116 560
2031 GOUT20 -11130 705
2032 GOUT21 -11144 560
2033 GOUT21 -11158 705
2034 GOUT22 -11172 560
2035 GOUT22 -11186 705
2036 GOUT23 -11200 560
2037 GOUT23 -11214 705
2038 GOUT24 -11228 560
2039 GOUT24 -11242 705
2040 GOUT25 -11256 560
2041 GOUT25 -11270 705
2042 GOUT26 -11284 560
2043 GOUT26 -11298 705
2044 GOUT27 -11312 560
2045 GOUT27 -11326 705
2046 GOUT28 -11340 560
2047 GOUT28 -11354 705
2048 GOUT29 -11368 560
2049 GOUT29 -11382 705
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2050 GOUT30 -11396 560
2051 GOUT30 -11410 705
2052 VGLO -11424 560
2053 VGLO -11438 705
2054 VGLO -11452 560
2055 VRGH -11466 705
2056 VRGH -11480 560
2057 VRGH -11494 705
2058 LVGL -11508 560
2059 LVGL -11522 705
2060 LVGL -11536 560
2061 GOUT31 -11550 705
2062 GOUT31 -11564 560
2063 GOUT32 -11578 705
2064 GOUT32 -11592 560
2065 VGLO -11606 705
2066 VGLO -11620 560
2067 VGLO -11634 705
2068 VGHO -11648 560
2069 VGHO -11662 705
2070 VGHO -11676 560
2071 PADA4 -11690 705
2072 PADB4 -11704 560
2073 VSSIDUM104 -11718 705
2074 VSSIDUM105 -11732 560
2075 VSSIDUM106 -11760 705
Alighmark LEFT -11870 687.5
Alignmark RIGHT 11870 687.5
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6. Block Function Description

Interface

The RM68120 incorporates command method 24-/16-/8-bits bus display command interface. WDR
stores data to be written into GRAM or parameters temporarily while RDR stores data read out from
GRAM temporarily. When data is written from microcomputer to GRAM, the RM68120 writes firstly to
WDR, and then the data is written to GRAM automatically by internal operation..Because read out
operation from GRAM is conducted through RDR, first read out data is invalid. Normal data is read out

from 2nd read out data.

Address Counter (AC)

Address counter (AC) gives address to GRAM. When command setting address. is written to CR, the

data is transferred from CR to AC.

When data is written to GRAM, address counter (AC) increments by +1 or —1 automatically. AC after
data is read out increments by +1 or —1 likewise. The’'RM68120 writes data to only rectangular area
that was specified by GRAM.

Graphic RAM (GRAM)
The graphic RAM (GRAM) stores. 1,244,160 bytes pattern data using 24 bits for one pixel, enabling
maximum 480RGB x 864 dot.graphic display.

Grayscale Voltage Generating Circuit
Grayscale voltage generating circuit generates an TFT-LCD drive voltage, which corresponds to

grayscale level set in the y.correction register. The RM68120 displays 16.7M colors at the maximum.

Power Supply Circuit
The power supply circuit generates supply voltages to TFT-LCD panel, VREG10OUT, VGH, and VGL.

Timing Generating
The timing generator generates timing signals for internal circuits such as the internal GRAM. The
timing for display operation such as RAM read operation and the timing for internal operation such as
RAM access by MPU is outputted separately so that they do not interfere with each other.

Oscillator
The RM68120 incorporates RC oscillator circuit. The frame frequency is changeable by command

settings.
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Panel Driver Circuit

The TFT-LCD display driver circuit consists of 1440 source drivers (S1~S1440). Display pattern

data is latched when 1440 data is input. This latched data controls source drivers and outputs drive

waveform. The shift direction of 1440-dot output from the source driver can be changed by setting
commands. The gate signal consists from GOUT1 to GOUT32 and outputs either VGHR or VGLR

level.
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7. Function Description

7.1 Interface Type Selection

The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMO pins as show below.

IM[3:0] Display Data Command
0000 | 80-series 8-bit MPU I/F, D[7:0] 80-series 8-bit MPU I/F, D[7:0]
0001 80-series 16-bit MPU I/F, D[15:0] 80-series 16-bit MPU I/F, D[15:0]
0010 | 80-series 24-bit MPU I/F, D[23:0] 80-series 24-bit MPU I/F, D[23:0]
0011 RGB I/F, D[23:0] 16-bit SPI (SCL rising edge trigger), SDI/SDO
0100 RGB I/F, D[23:0] 12C I/F, 12C_SDA
0101 | MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N
MIPI DSL,HSSI DO P/N,HSSI D1 P/N (Video Mode)
1101 | MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N
MDDI, HSSI.DO_P/N, HSSI_D1_P/N
0110 MDDI,HSSI_DO_P/N, HSSI_D1_P/N
16-bit SPI (SCL rising edge trigger), SDI/SDO
MDDI, HSSI DO P/N, HSSI D1 _P/N
1110 | MDDILHSSI_DO_P/N, HSSI_D1_P/N
16-bit SPI (SCL falling edge trigger), SDI/SDO
MDDI, HSSI_DO_P/N, HSSI_DI_P/N
0111 MDDI,HSSI_DO_P/N, HSSI_D1_PIN
12C I/F, 12C_SDA serial data
1011 RGB I/F, D[23:0] 16-bit SPI (SCL falling edge trigger), SDI/SDO
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7.2 Display Bus Interface (DBI)

The RM68120 uses a 28-wires 24-bit parallel interface. The chip-select CSX (active low) enables and
disables the DBI interface. RESX (active low) is an external reset signal. WRX is the data write, RDX is
the data read and DB[23:0] is parallel DBI data. There are three 24/16/8-bit types interface supported for the
display data transfer. The graphics controller chip reads the data at the rising edge of RDX signal. The DCX
is data/command flag. When DCX = "1", D23 to DO bits are display RAM data or command parameters.
When DCX ="0", D7 to DO bits are commands.

RM68120
RESX
S | RESX
CSX N
b TE TE
Host DCX 3| DCX
WRRECl »| WRX/SCL
RDX ROX
DB[23:0] DB[15:0]
» DB[7-0] ,fpp[23:0]
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7.2.1 Write Cycle

During a write cycle the host processor sends data to the display module via the interface. The Type B
interface utilizes DCX, RDX and WRX signals as well as all information signals (DB[23:0]). WRX is driven
from high to low then pulled back to high during the write cycle. The host processor provides information
during the write cycle while the display module reads the host processor information on the rising edge of
WRX. DCX is driven low while command information is on the interface and is pulled high when data is
present.

The following figure shows a write cycle for the type B interface.

WRX L\

oo — ||| >
The host asserts The display reads  The host negates
DB[23:0]ines when DB[Z3:0]nes when  pg[23:0]lines
there 15 falling edge there is a rissna ) '
of WRX edge of the WRX
| csx | N /X

| RESX |

A

[ oox ]\ L o/ A
L owex | \f UL L LS () A
N

| RDX |

[DB[23:0)Hostto LeDF—— aMD X CMD X PA1 X CMD X PAl premrmrmsoes 3$

Hi-Z

[ DB[23:0] (LCD to Host)
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7.2.2 Read Cycle

During a read cycle the host processor reads data from the display module via the interface. The Type B
interface utilizes DCX, RDX and WRX signals as well as all information signals (D[23:0]). RDX is driven
from high to low then allowed to be pulled back to high during the read cycle. The display module provides
information to the host processor during the read cycle while the host processor reads the display module

information on the rising edge of RDX. DCX is driven high during the read cycle.

The following figure shows the read cycle for the type B interface.

RDX i

DB[23:0]

e
|
i
A

The host reads

T doplarasseris (DB Olfies  The display negaes
there is !éllin edae when there is a DB[23:0] lines.
of RDX g edg g%r)\g edge of the

Note: RDX is an unsynchronized signal (It can be stopped).

| csx |\

[ REsx |

[ oox |\ / ___/
| wex | \_f \f

| RDX | \f () \_f

[DB[23.0] Hest to LED—— cMD » (CMD )

EEEE}

Hi-Z
[DBI23:0] (LCD to Host)| { PA ) DM Di — D, )

Note: Read Data is only valid when the DCX input is pulled high. If DCX is driven low during read then the
display information outputs will be High-Z.
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DBI Type B Interface

24-bit data bus DBJ[23:0] interface, IM[3:0] = 0010
IFPF[3:0]: command_3A[3:0]

IFPF DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB
23| 22| 21| 20| 19| 18| 17| 16| 15| 14| 13| 12| 11] 10| 9 8 7 6 5 4 3 2 1 0

Command Write| ~ * D[7]| D[6]| D[5]| D[4]| D3]{ D[2]| D[1]| D[0]

Command Read * D[7]| D[6]| D[5]| D[4]| D[3]{ D[2]| D[1]| D[0]

IFPF DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB color
23| 22| 21| 20| 19) 18| 17| 16] 15| 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0
5 65K
Memory Write 6 262K
7 16.7M

The read data for RGB is 24 bit output as below.

Memory Read
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16-bit data bus DBJ[15:0] interface, IM[3:0] = 0001

IFPF DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB
15) 14| 13| 12| 11] 10] 9 8 7 6 5 4 3 2 1 0

D[7]| D[6]| D[5]| D[4]| D[3]{ D[2]| D[1]| D[0]

Command Write *

D[7]| D[6]| D[5]| D[4]| D[3]{ D[2]| D[1]| D[0]

Command Read

1epr | DB[ DB[ DB[ DB[ DB[ DB[ DB[ DBJ DB[ DB[ DB[ DB[ DB[ DB[ DB[ DB[ __
150 14| 13] 12 11| 10 9| 8| 7| 6| 5| 4| 3] 2| 1] of °
5 65K
X| x X | x
6 X | x X | x| 262k
Memory Write X| X X X
7 16.7M
The read data for RGB is 16 bit output as below.
DB[ DB[ DB[ DB[ DB| DB| DB[ DB[ DB| DB| DB[ DB[ DB[ DB| DB DB[
150 14 13] 120 11|10l 9| 8] 7 6| 5| 4| 3| 2| 1] of°
Memory Read 16.7M
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RM68120 Data Sheet
Rev 0.0

8-bit data bus DBJ7:0] interface, IM[3:0] = 0000

DB| DB| DB| DB| DB| DB| DB| DB

IFPE 7 6 5 4 3 2 1 0

Command Write * | D[71| D[6]| DI51| D41 D3]] DI2]| DI1]| DIO]
Command Read * | p[71| Dr61| DI51| D41 D3| D2]| DI17| DIO]

Memory Write

The read data for RGB:is.8 bit output as below.

Memory Read

16.7M
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7.3 Serial Interface

7.3.1 Write Cycle and Sequence

During a write cycle the host processor sends a single bit of data to the display module via the
interface. The SPI interface utilizes CSX, SCL and SDI and SDO signals. SCL is driven from high to low then
pulled back to high during the write cycle. The host processor provides information during the write cycle

while the display module reads the host processor information on the rising edge of SCL.

During the write sequence the host processor writes one or more bytes of information to. the display
module via the interface. The write sequence is initiated when CSX is driven from high to low.and ends when
CSX is pulled high. Each byte is either nine or sixteen write cycles in length. If the optional DCX signal is
used a byte is eight write cycles long. DCX is driven low while command.information.is on the interface and is
pulled high when data is present.

The SPI interface write command sequences are described in the following figure.

First Transmit R/W =0 R/W =0
D/ICX=0 D/CX=0

SCLrising) K| A A K] K LA KA | A KA A ALALALaF
SCL (falling) (AR AEAEANANAE AR ARARARARAEAEAEAR AR AR AR S

SDI | [R'WD/CX[HL] 0 ] 0 [ o [ o [ 0 |aD15]aD14]AaD13[ADI12[AD11[AD10[ AD9 [ AD8 [R/W[D/CX]| H/L |
SDO Hi-z
) R/W =0 RIW =0
Second Transmit D/CX =0 D/ICX = 1
H/L-=0 HL =0
CSX 0

S trisine) LA LA AL AL AL AL L L LF LF LA LFLs]
SCE o). Y ¥ [Ty Y Y Y Y Y VR Y R T Ty e v

Sl [ADSTR/WID/CX[H/L] 0 [ 0 [ 0 | 0 | 0 [AD7][AD6]ADS5|AD4[AD3[AD2]ADI | ADO [R/W [D/CX] HIL |
SDO
Hi-z
Third Transmit R/'W =0
D/CX =1
H/L =0
CSX |

S N VN NN NN W el Welalinlaly
SCL (falling) i i i i i i i i i i i i i i i i }

SDI [AD0[R/WD/CX[HL] 0 JoO [ o] o] o[p7[D6|[D5s]D4[D3[D2]DI [DO] ]

SDO

Hi-z
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The SPI interface write data sequences are described in the following figure.
SRAM write: 65K colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005)

Eirst Transmit R'W =0
D/CX=0
CSX H/L =1

scLeising K| A AL ALK KA A A AL LA AL AL
SCL (falling) i i i i i i i UUUUUUUUUUUU

SDI | [RWD/CXJHL]T 0 ToJoJoJoJoJo [ rJo ] t[1]o] o [RWDCXHL]
SDO Hi-z
. R/W =0 R/W =
Second Transmit D/CX =0 DICX = 1
HL =0 HL =0
CSX 0

SCL(esing) 7] & 4 41 LA LA LA U R L LA LA LA L]
S Galting) ~y [y [ Y VY VR R e Y e e e v

SDI [oRWhhex]HL]T 0 JoJoJoJoJoJoJoJoJoJo]o]o][RWDCXHL]
SDO
Hi-z
Third Transmit R'W =0 R'W =0
(RED) D/CX =1 D/CX =1
HL =0 HL =0

SDI [o [RwbeX]HL] 0 JoJ oJoJoJoJ o] o [RrRe[R[R[RI[RO[RWDCXHL]|
SDO
Hi-z
Forth Transmit R/W =0 RW =0
(GREEN) D/CX = 1 D/CX =1
H/L =0 HL =0

SDI [Ro [R/'WD/CX[HL] 0 o JoJoJoJo]oJas[as][cs]|]G]at]aGo |RWD/CX HL)]

Hi-z

——— —————————————————————————————————————— ]
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Fifth Transmit R'W =0 RW =
(BLUE) D/ICX =1 D/ICX =1
HL =0 HL =0

SDI [Go [R'WD/CX[HL] 0 JToJ o J oJoJ o] oo [B4]B3][B2]Bl]B0|RWDCXHL]
SDO .
Hi-z
Sixth Transmit RW =0 R/W =0
(RED) D/CX = 1 DICX = |
HL =0 HTQY

SDI [BO[R'WD/CXJHL] 0 TOoOJ o[ oJoJoJoJ] o JRJRI[R]RI[RO[RWIDCX HL]

Hi-z

——— —————————————————————————————————————— ]
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SRAM write: 262K colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006)

First Transmit R/W =0 R/W =0
D/CX=0 D/CX =0
CSX — HL =1 HL =0

ScLising K| A A A1 AL A A1 AL A1 AN LN LNL AN LALALLF
SCL(fallingg _J Y v vl vl v lvlvlvvlvlvwlvlvlvlvlvlvlvl[vly

SDI | [RWDCX[HL]T 0 JoJoJoJoJoJoJ1JToJ1]1]o] o [RRWDCXHL]
SDO Hi-z
. R/W =0 RIW =0
Second Transmit D/CX =0 DICX = 1
HL =0 HL =0
CSX 0

SCLsne) | § | A K1KLK LK LA LA LA LA 1K K LRLA LA AL FLhLe]
SCL@ling) ~y [y [y Y Y e e e e e e e

SDI [oRwhiexXfHL] 0 JoJoJoJoJoJoJoJoJo]o]o] o [RWDCXHL]
SDO
Hi-z
Third Transmit R/W =0 R/W =0
(RED) D/CX =1 D/ICX =1
HL =0 HL =0

SDI [o [R'WD/CX[HL]T 0 o J oJ o[ oJo] o[RS [R4&[RI[R]RI[R0[RW[DICXHL]
SDO :
Hi-z
Forth Transmit R/W =0 RW =0
(GREEN) D/ICX =1 D/ICX =1
HL =0 H/L =0

SDI [ROJRWD/CX[HL] 0 JoOJoJoJoJoJ]oJags[as][Gs][G]Gl][Go [R/WD/CX HL]

Hi-z

——— —————————————————————————————————————— ]
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Fifth Transmit R'W =0 RW =
(BLUE) D/ICX =1 D/ICX =1
HL =0 HL =0

SDI [Go [R'WD/CX[HL] 0 JoJ o J oJoJ] o] o[B5s][B4]B3][B2]Bl][B0|RWDCX HL]
SDO -
Hi-z
Sixth Transmit R'W =0 R/W =0
(RED) DICX =1 DICX = 1
HL =0 H/L™ =

SDI [Bo JR/’WD/ICX[HL] 0 T OJToJoJoJoJ]o][R [R]RI[R]RI]RO][RWIDCX[HL |

Hi-z

——— —————————————————————————————————————— ]
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SRAM write: 16.7K colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007)

First Transmit RW =0 R/W =0
D/CX=0 D/ICX=0
CsX o HL =1 HAL =0

scLising K| A A A A A A A AL LA AL LA ALAL
SCL(fallingg _J Y vl v/l vl v lvlvlvlvlvwlvlvlvlvlvwvlvlvlvly

SDI [ [Rwpex]HL] 0 JoJoJoJoJoJoJ 1t JoJ1[1]ol]o [R'WDCXHL]
SDO Hi-z
. R'W =0 R/W =
Second Transmit D/CX =0 DICX =1
HL =0 HL =0
CSX 0

SCLesing) T f A A LA LA LA LA LR AL LF LA L ALA
S @ling) Y [y Y Y Y Y W Y R e T e

SDI [o[RRWDICXJHL]T 0 JoJoJoJoJoJoJoJoTJo]o]o]o][RWDCXHL]
SDO
Hi-z
Third Transmit R'W =0 RW =0
(RED) D/CX =1 D/ICX =1
HL =0 HL =0

SDI [ o [R'WDcX]HL] 0 T o J o] o] o [RI[R[RS[R4[RI[R[RI[RO[RWIDCX HL]|
SDO :
Hi-z
Forth Transmit RW = RW =0
(GREEN) D/CX=1 D/CX =1
HL =0 H/L =0

SDI [RoO JR/WID/CX[HL] 0 J 0 J o J oo [G7[G6[Gs[G4]G3]G2]Gl][Go |RWI[D/CX] HL]

Hi-z

——— —————————————————————————————————————— ]
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Fifth Transmit R'W =0 RW =
(BLUE) D/ICX =1 D/ICX =1
HL =0 HL =0

SDI [Go [R’WD/CX[H/L] 0 T o J o] oJ o [B7][B6][B5][B4]B3][B2]Bl[ B0 |RWDCX HL]
SDO -
Hi-z
Sixth Transmit R'W =0 R/W =0
(RED) DICX =1 DICX = 1
HL =0 H/L™ =

SDI [Bo JR/’WD/CX[HL] 0 T O J o] o] o JR [R6]R[Rs[RI[R]RI[RO[R/WID/CX[HL |

Hi-z

——— —————————————————————————————————————— ]
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7.3.2 Read Cycle and Sequence

During a read cycle the host processor reads a single bit of data from the display module via the interface.
The SPI interface utilizes CSX, SCL and DIN signals. SCL is driven from high to low then pulled back to high
during the read cycle. The display module provides information during the read cycle while the host

processor reads the display module information on the rising edge of SCL.

During the read sequence the host processor reads one or more bytes of information from the display
module via the interface. The read sequence is initiated when CSX is driven from high to low and ends
when CSX is pulled high. Each byte is either nine or sixteen write cycles in length. If the optional DCX signal is
used a byte is eight read cycles long. DCX is driven low while command information is-on the interface and is
pulled high when data is present.

The SPI interface read command sequences are described in the following figure.

First Transmit R'W =0 R/W =0
D/CX=0 D/ICX=0
CSX H/L =1 HL =0

]

ScLisng) K| A A A A A AR LA AL L AL
scL(fallingy  _J v /Iyl v lv /v lvlvlvwdlvlvlvlvlvlvlvlvlvl[vly

SDI [ [R'WD/CX[HL] 0 [ 0 J 0o [ 0 [ o [aD15]aD14[ADI13[AD12[AD11[AD10] AD9 [ ADS [R/W [D/CX] H/L |
SbO Hi-z
. R'W =0 RW =1
Second Transmit D/CX= 0 DICX =1
H/L =0 H/L =0
CSX 0

SCL(isne) [ g | AL LA A E L LA L LA LA LE]
SCL aling) S Ty ¥ TV VY TV e Y T v e v e e v v

SDI [ADS[R/WID/CX[H/L] 0 [ 0 J 0 [ 0 [ 0 [AD7[AD6]AD5[AD4[AD3[AD2[ADI[ADO [R/W[D/CX] HL |
SDO
Hi-z
Third Transmit RW =1
D/CX =1
H/L =0
CSX |

scLising) _§ 6 KA L LF LA LA LA LA LA A LTI
SCL (falling) i i i i i i i i i i i i i i i i }

SDI [aDo [R/WD/CX[HL] 0 J O [ o o] o]

Hi-z

SDO — D7 [ D6 D5 D4 [D3 [ D2 DI [DO] |—m—-—"ro
Hi-z
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The SPI interface read data sequences are described in the following figure.
SRAM read: 65K colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005)

First Transmit

RIW =0 RIW =0
csx D/CX =0 D/CX =0
HL =1 HL =0

]

ScLisng K| A |6 A KA LA A LA LA AL LaLa
SCL (falling) i i i i i i i t i i i i t i i i i i i

SDI | [RewppexlgL] o JoJoJoJoJo o[t Jo] [ 1] 1] o [RWDCXHL]
Do Hi-z
Second Transmit _
R'W =0 R/W _l
D/ICX=0 D/ICX =1
CSX 0 HL =0 HL =0

SCL(esing) 7] & 4 F LA LA LA LA Lk | R LA LA LA LA
SCL(alting) ~y [y [y VY R R e T Y T e e v

SDI [oRWDICXJHL]T 0 JoJoJoJoJoJoJoJoJoJ]o]o]o][RWDCXHL]

SDO

Hi-z

Third Transmit

(Dummy) RW =1 R/W il
D/CX =1 D/CX =1
HL =0

CSX o HL =0
SCLGising) K] A A1 ALA LK AL KL A LA LA LA LLaLe
SCL(falling) "y [y [y v fwfv /v v/l vlvlvlvlvlvlvlvlvlivivlv]

SDI [ o [R'WDieX[BL]T 0 J 0O J o J o] o} it R/W D/CX] HIL |
SDO
Hi-z
Forth Transmit RW =1 RW =1
(RED) D/ICX =1 DICX =1
HL = H/L =0

SDI [ o [RewWpexlHL] 0 JTo JoJ o] o] T R/W [D/CX] H/L |
SbO — [0 [oJo[Ré[RE[RO[RI[RO b
Hi-z
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Eifth Transmit RW =1 _
(GREEN) DICX = | D‘”/CWX .
HL =0 HL =0

CSX 0

scLising) | A A A LA LA LA LALA LA LAL A LF LA TLALA LA LA
scLaing) Y [ TV VY VR T e R e e v

SDI [ o [R'Wp/CX[BL] 0 Jo JoJ o] o] s R/W|D/CX| H/L |
SDO — O T R R R T I e —
Hi-z
Sixth Transmit RW =1 _
(BLUB) D/Ex=1 D/CX =1
HL =0 HL =0

SDI [ o [Rewpex]HL] 0 Jo [ o [ o [ o] B R/WD/CX| H/L |
SDO - {oJo]of[B4a]B[B2]BI [BO}——
Hi-z
Seventh Transmit RIW =1 RW =1
(RED) D/CX =1 D/ICX =1
HL = HL =0

SDI [ o [RewprexjuL| o JoJ o] o] o] T R/W D/CX] H/L |
SbO — [0 [oJo[Ré[RE[RR[RI[RO P
Hi-z

——— —————————————————————————————————————— ]
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SRAM read: 262K colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006)

First Transmit

RIW =0 RIW =0
csx D/CX =0 D/CX =0
HL =1 HL =0

]

scLisng) K| KA KKK A AL AL A A AL La A
SCL (falling) iiiiiiHUUUUUUUUUUUU

SDI | [RWphexfHL] 0 JoJoJoJoJoJoJi1JoJi1[1]1] o [R/WDCXHL]|
DO Hi-z
Second Transmit _
R/W =0 R/
DICX =0 DiEX =1
CSX 0 HL =0 HL =0

SCLsne) | § | A KK LA LA LA LA LA LA Lh L F L L L FLhLf]
SCL(ling) ~y [y [y Y Y T e e

SDI [ o [ReWprex]HL] 0 Jo JoJoJoJoJoJofJoJo]o]o]o][RWDCXHL]
SDO
Hi-z
Third Transmit
(Dummy) RW =1 RW =1
DICX = 1 D/exX=1
CSX 0 HL =0 HL =0

SDI [ o [R'WDIeX[HL]T 0 T o J o J o] o]} iz R/W [D/CX] H/L |
SDO
Hi-z
Forth Transmit RIW =1 RW =
(RED) D/CX =1 D/CX=1
HL =0 HL =0

SDI [ o [Rewpiex]HL] 0 Jo [ o [ o [ o] T R/WD/CX| H/L |
DO —{ o Jo[RS[R4[RI[JRE[RI[RO b —
Hi-z
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Fifth Transmit RW =1 RW =
(GREEN) D/ICX =1 D/CX = 1
HL =0 HL =0
CSX 0

scL iing) K| A7 K| 4| LA LA LA LA F Lo A6 LA LA LALA
SCL (falling) i i i i i i i i i i i i i i i i i i i i

SDI [ o [R'Wp/CX[BL] 0 Jo JoJ o] o] s R/W|D/CX| H/L |
SDO - foJoJae[oea|]a|[a@]G |6 -
Hi-z
Sixth Transmit RW =1 RW =1
(BLUE) D/CX =1 D/CX = 1
HL = H/L =0

SDI [ o [R'WpeX]|HL] 0 J o [ o [ o] o] i R/W D/CX] H/L |
SDO - { oo [Bs[B4[B[B2][BI[B0}—
Hi-z
Seventh Transmit RW =1 RW =1
(RED) DICX =1 D/ICX =1
HL = HL =0

SDI [ o [R'WpD/ICX[HL]T 0 T o J oo o] T R/W [D/CX] H/L |
SDO - {foJo[R[JRA[JRI[R[RI [RO }——
Hi-z

——— —————————————————————————————————————— ]
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SRAM read: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007)

First Transmit

RW =0 R'W =0
D/ICX =0 D/ICX =0
CSX — HL =1 HL =0

scLising K| A A A A F LA A A AL LA AL LA ALA ]
SCL(fallingg _J Y vl v lvlwvlvlvlvwvlvlvwlvlvlvlvlvlvlvl[vly

SDI | [RWD/CX[HL]T 0 JoJoJoJoJoJoJi1JoJ1[]t1]1] o [R/WDICXHL]
DO Hi-z
Second Transmit _
R/W =0 RjWX:}
DICX=0 DiexX =
CSX 0 HL =0 HL =0

SCLsising) ] KA A ALK LA LA L L A R LE L L L LA
SCL@ling Y [y Y Y Y Y Y R Y R T T e

SDI [oJRwpiecXlHL] 0 JoJoJoJoJoJoJoJoJo]o]o] o [RWDCXHL]
SDO
Hi-z
Third Transmit
(Dummy) RW =1 RW =1
D/CX =1 D/ex=1
CSX 0 HL =0 HL =0

SDI [ o [R'wWpiex]HL][ 0 J o J o J o [ o} s R/W [D/CX] H/L |
SDO
Hi-z
Forth Transmit RW =1 RW =1
(RED) DICX =1 D/ICX =1
H/L" = H/L =0

SDI [ o [R'WpexX]wL] 0 J o [ o [ o] o] T R/W D/CX] H/L |
SDO - [R7[R6 [RS[R4 [R3I[R2[RI [RO }———
Hi-z

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page62




Raydium

Fifth Transmit RW =1 RW =
(GREEN) D/ICX =1 D/CX = 1
HL =0 HL =0
CSX 0

scL iing) K| A7 K| 4| LA LA LA LA F Lo A6 LA LA LALA
SCL (falling) i i i i i i i i i i i i i i i i i i i i

SDI [ o [R'Wp/CX[BL] 0 Jo JoJ o] o] s R/W|D/CX| H/L |
SDO - {a7|Gs]G[ca|a|[a@]|G |6 b
Hi-z
Sixth Transmit RW =1 RW =1
(BLUE) D/CX =1 D/CX = 1
HL = H/L =0

SDI [ o [R'WpeX]|HL] 0 J o [ o [ o] o] i R/W D/CX] H/L |
SDO - {B7 [B6 [ Bs [ B4 [ B3 | B2 [ Bl [ BO f}|/——
Hi-z
Seventh Transmit RW =1 RW =1
(RED) DICX =1 D/ICX =1
HL = HL =0

SDI [ o [R'WpD/ICX[HL]T 0 T o J oo o] T R/W [D/CX] H/L |
SDO - {[R7[R6 [R5 [R4 [R3I|[R2 [RI [ RO }———
Hi-z

——— —————————————————————————————————————— ]
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7.3.3 Break and Pause Sequences

The host processor can break a read or write sequence by pulling the CSX signal high during a
command or data byte. The display module shall reset its interface so it will be ready to receive the same
byte when CSX is again driven low.

The host processor can pause a read or write sequence by pulling the CSX signal high between
command or data bytes. The display module shall wait for the host processor to drive CSX low before

continuing the read or write sequence at the point where the sequence was paused.

1. Middle of frame

| Break |

Parameter | Parameter 2

Command [==1 Stored t0 register -] Teoldviliekkept | po----- Command

on the register

2. Between frames

Without break
Conmumand | '—'l Parameter | '—’l Parameter 2 }—"l Parameter 3

With break

Ignored parameters

Parameter 1

r [] r
' ' 1 1
1 ) 1) )
| 1 i 1
Command 1 Stored 10 regster = "’: The old value 1s kept :‘ - ": The old value 15 kept :
I e i i i
1 on the registes 1 1 |
\ i i i

on the register

Break Parameter
for
Command 2

L 4

Command 2

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

——— —————————————————————————————————————— ]
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7.4 12C Interface

The 12C-bus is for bi-directional, two-line communication between different ICs or modules. The two lines
are the Serial Data line (I2C_SDA) and the Serial Clock Line (I12C_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.

The 12C interface write command sequences are described in the following figure.

Write Cmd:

—— :host to slave
: slave to host (ACK)
ACK ACK ACK
POSCL T M A KA AL LA AL L L R A
12C_SDA \ SLAVE ADDR W] [ ADDR_H[7:0] | [ ADDR_L[7:0] \
ACK ACK ACK
RCSCL K| ALK LA LA KA NLF R e
2C SDA [ DATA_H[7:0](dummy) [ [ DATA_L[7:0] |

The 12C interface read command sequences are described in the following figure.

Read Cmd :

—— :host to slave

o — __ :slave to host
e MK ACK  Restart

RESCLETm 1 R4 AN A A A e 1
me spa L SLAVE ADDR M1 ] ADDR_H[7:0] M1 ADDR_L[7:0] Il [

ACK
Restart ACK

4 R N N N N NN N SN A N NN AN e N RNl

NA

12C_SDA [ SLAVE ADDR [RT] [ DATA1[7:0](dumy) | [ Param[7:0] | EE

12C_SCL

——— —————————————————————————————————————— ]
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The 12C interface write data sequences are described in the following figure.

SRAM write: 65k colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005)

— :host to slave

—— :slave to host (ACK)
ACK ACK ACK
PESCL A N F A A [ A e

12C_SDA [ SLAVE ADDR W B ADDR_H][7:0]=0x2C B ADDR_L[7:0]=0x00

ACK ACK ACK ACK
12C_SCL

R N N N N N N N N R N RN LN N L RN NE S Y N

12C_SDA [R&e[RIJR2JRIJROJGS [G4]G3] [G2]GL[Go[B4d[B3[B2[BI[BO] [R&JRI[R2[RIJRO[GS][G4[G3] o T

First pixel First pixel Second pixel
R[4:0] & G[5:3] G[2:0]& B[4:0] R[4:0] & G[5:3]

ACK ACK ACK

......... AN A A A AV e e
12C_SDA C T T 1

12C_SCL

] T[R4 RIJR2JRIJROJG5S|G4[G3|.. [G2]GI|Go|B4|[BS]|B2]BI[BO] | |

The n=th pixel The n-th pixel
R[4:0] & G[5:3] G[2:0]& B[4:0]

SRAM write: 262k colors, RGB 6-6-6.pixel data input (parameter of command 3A00h is 0x0006)

—— : host to slave

—— :slave to host (ACK)
ACK ACK ACK
2 L
CSCL T M N A A R A A M A A A s
12C_SDA [ SLAVE ADDR W] [ ADDR_H[7:0]=0x2C | [ ADDR_L[7:0]=0x00 |
ACK ACK ACK ACK

12C_SCL

SNENTYRNE YN R NE YN N R NN R YN Y R VN RE NE NN R N T YR N N
12C_sbA 1 ToJo[R[R4|RI[REJRIJRO] [ 0] 0 G]G4|[G][G2[Gl]Go] [ o o [B5|B4]B3]B2]BI][B0]

First pixel First pixel
R[5:0] G[5:0]

First pixel
B[5:0]

ACK ACK ACK ACK
12C_SCL

RN N N N N N N N N N RN NN N N NN NN N N N N

C SDA [ o] oRS[R&[RI[R2]RI[RO] [oJoJcs[aa]G[G]al]Go] [ o] o[Bs[B4]B3[B2]BI[B0]
The n-th pixel The n-th pixel The n-th pixel
R[5:0] G[5:0] B[5:0]
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SRAM write: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007)

—— :host to slave

—— :slave to host (ACK)

ACK ACK ACK
12C_SCL

12C_SDA [ SLAVE ADDR W] I

ADDR_H[7:0]=0x2C | [ ADDR_L[7:0]=0x00 |

ACK ACK ACK ACK

NN NN NN YR T N NE NN NN NN R NN N AR N NN R RN R RN YN RN R DR R N

12C_SDA [R7]R6 [ RS [ R4 [ R3 [ R2 [ RI [RO]

12C_SCL

[G7] a6 [Gs[Ga | Gs[Ga] Gl [Go]

[ B7 [ B6 [ Bs [ B4 [ B3 [ B2]BI [BO]
First pixel First pixel First pixel
R[7:0] G[7:0] B[7:0]
ACK ACK A@K ACK
pescL A AAAA AT A AA A AL a4 LRLS LA LA 1LeL]
C SDA 7 TR [Re[RS[R&[RI[R2]RIJRO] [G7][G6]G5[G4]G3][G2[GI[Go] . [B7[B6][Bs[B4]B3][B2]BI[BO] | |

The n-th pixel

The n-th pixel
R[7:0]

The n-th pixel
G[7:0]

B[7:0]

——— —————————————————————————————————————— ]
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The 12C interface read data sequences are described in the following figure.

SRAM read: 65k colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005)

—— :host to slave

: slave to host (ACK)
ACK

| ACK
ACK Restart
RESCL T PR A A A A A A A A AL L AL
12C_SDA [ SLAVE ADDR W] [ ADDR_H[7:0]=2E/3Eh | [ ADDR_L[7:0]=00h I
ACK ACK ACK
Restart
e e R N N N N NN N e RN NN R e VNN a
12C_SDA [ SLAVE ADDR [R]] [ DATAI1[15:8](dumy) | [ DATA1[7:0](dumy) |
ACK ACK ACK ACK
12C_SCL

NN NN W W W R NN W RNy W ok u W Wy i S E
12C_SDA | [Re[R3[R2[RI[RO|G5] G4 G3 | [Gr]Gl|Go|B4a| B3| B2 Bl |BOJ< [R4|[RS|R2|RI|RO|[G5]G4][G3|

First pixel

First pixel Second pixel
R[4:0] & G[5:3] G[2:0]& B[4:0] R[4:0] & G[5:3]
ACK ACK NACK
12C_sCL A A AT A AT A L s
12C_SDA C T T 1

R4 [R3I[R2 [ RI [ RO [ G5 G4 [ G3 G2 [ GI [ Go [ B4 ] B3 [B2]BI][Bo]

The n-th pixel The n-th pixel
R[4:0] & G[5:3] G[2:0]& B[4:0]

SRAM read: 262k colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006)

—— :host to slave
ACK

ACK —— :slave to host (ACK) ACK Restart
. estar
12C_SCL
- N N N N N RN N NN NN NN N NN NN N N .
12C_SDA [ SLAVE ADDR W] [ ADDR_H[7:0]=2E/3Eh | [ ADDR_L[7:0]=00h I
ACK
Restart ACK ACK
S e T N e N N NN N e e N e e RN eV e e el
12C_SDA [ SLAVE ADDR [R]] [ DATAI1[15:8](dumy) | [ DATA1[7:0](dumy) |
ACK ACK ACK ACK
PCSCLL KA AL AL LA LA LA LA LA A LA LA LA LA LALL
12C_SDA B [oJo[RS[R4[RI]R]RI] RO [oJoJa[ca[a]aG]acl]Go] [oJo]Bs[B4a[B]B2]BI][BO]
First pixel First pixel First pixel
R[5:0] G[5:0] B[5:0]
ACK ACK ACK NACK
RCSCL A ALK A KA A A A A A A L
12C_SDA 0 o [RS[R4[R3[R2[RI]RO| [oJoJaG[aa[a[G[Gr]Go| [oJToTBs[Ba[B]B2]Bl]B0]
The n-th pixel The n-th pixel The n-th pixel
R[5:0]

G[5:0] B[5:0]
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SRAM read: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007)

ACK

- —— :slave to host (ACK ACK
ACK slave to host ( ) Restart
12C_SCL

- RN N N N N N N NN RN NN N N NN NN NN N N N N S
12C_SDA [ SLAVE ADDR W] [ ADDR_H[7:0]=2E/3Eh | [ ADDR_L[7:0]=00h I

ACK
Restart ACK ACK

12C_SCL

A A A A A A LA A A AL A L L

12C_SDA [ SLAVE ADDR [RT] | DATA1[15:8](dumy) [

DATAI1[7:0](dumy) |

ACK ACK

ACK ACK
pescL  f ALK LA LA AL A A A M A AL LR
2C SDA B [R7]R6 [RS [ R4 [R3 [ R2 [ RI [ RO | [G1]ce [Gs[Ga[G3]G2] Gl [Go] [B7 [ B6 [ BS [ B4 [ B3 [ B2 [ BI [ B0 |
First pixel First pixel First pixel
R[7:0] G[7:0] B[7:0]
ACK ACK ACK NACK
RCSCL K KA A4S A A A4 AS A A4 s
12C_SDA | [R7]R6 [R5 [ R4 [R3 [R2 [ RI [ RO | [G1]Ge [Gs a4 [ a3 G ]G] Go| [B7 [ B6 [ B5 [ B4 [ B3 [ B2 [ Bl | BO |

The n-th pixel

The n-th pixel
R[7:0]

The n-th pixel
G[7:0]

B[7:0]
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7.5 Display Pixel Interface (DPI)

In normal operation, systems based on DPI architecture rely on the host processor to continuously provide
complete frames of image data at a sufficient frame rate to avoid flicker or other visible artifacts. The
displayed image, or frame, is comprised of a rectangular array of pixels. The frame is transmitted from the

host processor to a display module as a sequence of pixels, with each horizontal line of the image data
sent as a group of consecutive pixels.

Vsync indicates the beginning of each frame of the displayed image. Hsync signals the beginning of each
horizontal line of pixels.

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

DPI signals are described in the follow figure.

// \\ // N \\
/ \ / \
/ \ / \
[ \ I \
PCLK ’/ & \‘ ,/ f \‘
[
| i { }
VS, HS, DE “ ,' ‘\ |
D[23:0] \\ X ll \\ /l
\ / \ /
\ / \ /
N\ \\_//
The host changes VS, HS, The slave read VS, HS, DE
DE and D[23:0] at falling and D[23:0] at rising edge of
edge of the PCLK the PCLK

DPI Interface data bus format: (Selected by VIPF[3:0])

vipr |DB |DB| DB DBl DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB | DB| DB| DB| DB| (olor
23 22 21] 20| 19| 18| 17| 16 15] 14 13] 12 11 10 9 8 7 6 5 4 3 2 1 0

65K

262K

16.7M
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DPI Interface Timing Chart.

Hsync HBFP HAdr HFP

- >
< »

Y
A
Y

A

>
>

A

Vsyne

i

(Hsync + HBP) — Horizontal interval when no
valid display data is sent from host to display

V8P

VAdr
PIIEA OU USUYM [BAIB|UI [BJUOZLIOH - d4H

Aejdsip 0} jsoy wouyy juas s ejep Aejdsip

(VAdr + HAdr) - Period
when valid display data are
transferred from host to
display module

Aeydsip 0} }s0y Wwosj pasisjsuel) s ejep fiejdsip
PI[EA OU UBYM [eAISIUI [BIIUBA - (JGA + JUASA)

& VFP -- Vertical interval when no valid display
= data is transferred from host to display
h 4
=
[7:]
=
=
[+
I:I 4  Back porch period
£
RAM data display area
Maving picture Display period
display area
L 2
T  Front porch period
HEYMNC I I Mote 1: Front porch period continues until
the next input of WSYMNC.
ooreu AR
Mote 2: Input DOTCLEK throughout the
EMAEBLE aperation.
Mote 3; Supply the WVSYMNC, HSYNC and
DE[23:0] 0000o0o000000n DOTCLK with frequency that can meet the
resolution requirement of panel.
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7.6 Display Serial Interface (DSI)

DSl-compliant peripherals support either of two basic modes of operation: Command Mode and Video
Mode. The mode definitions reflect the primary intended use of DSI for display interconnect, but are not

intended to restrict DSI from operating in other applications.

RM68120 is capable of both Command Mode operation and Video Mode operation. Command Mode
refers to operation in which transactions primarily take the form of sending commands and data to a display
module that incorporates a display controller. The display controller may include local registers and a frame
buffer. Systems using Command Mode write to, and read from, the registers and frame buffer memory. The
host processor indirectly controls activity at the peripheral by sending commands, parameters and data to
the display controller. The host processor can also read display module status information or the contents of
the frame memory. Command Mode operation requires a bidirectional  interface. Video Mode refers to
operation in which transfers from the host processor to the peripheral take the form of a real-time pixel
stream. In normal operation, the display module relies on the host processor to provide image data at
sufficient bandwidth to avoid flicker or other visible artifacts in the displayed.image. Video information should
only be transmitted using High Speed Mode. RM68120 Video Mode architectures also include a simple
timing controller and partial frame buffer, used to maintain a partial-screen or lower-resolution image in

standby or Low Power Mode. This permits the.interface to reduce power consumption.

RM68120 Configuration:

Lane Pair MCU(Master) RM68120(Slave)
Clock Lane Unidirectional Lane

Clock only
Data Lane 0 Bi-directional Lane

» Forward High-speed
» Bi-directional Escape Mode
» Bi-directional LPDT

Data Lane 1 Unidirectional Lane
» Forward High-Speed
» Escape Mode

——— —————————————————————————————————————— ]
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7.6.1 DSI Protocol
On the transmitter side of a DSI Link, parallel data, signal events, and commands are converted to packets.
These packets are sent across the serial Link. The receiver side of a DSI Link performs the converse of the

transmitter side, decomposing the packet into parallel data, signal events and commands.

two lane link single lane link
Byte 5 Byte 5
Byte 4 Byte 4
Byte 3 Byte 3 |
Byte 2 Byte 2 | Lane 0 Lane 1 Lane 0
Byte 1 Byte 1
Byte 0 Byte 0 : > > >
\ / \ 4 | SerDes SerDes SerDes
[ Lane Distribution Function | [
Byte 3 | Y Y Y
Byte 2 y A | Byte 0 Byte 1 Byte 0
Byte 1 Byte 2 Byte 3 Byte 2 Byte 3 Byte |
Byte 0 Byte 0 Byte 1 | Byte 2
| y | Byte 3
\ \ \ | | Lane Merging Function | e
SerDes SerDes SerDes I
| \ \
. — D . — Byte 0 Byte 0
| Byte 1 Byte 1
Lane 0 Lane 0 Lane 1 Byte 2 Byte 2
Byte 3 Byte 3
Byte 4 Byte 4
Byte 5 Byte 5
single lane link two lane link

There are two kinds of packets, short packet.and long packet.
»  Short packet structure:

LP-11: low power mode

SoT: start of transmission

DI: data identification

Data 0, Data1: packet data

ECC: error correction code

EoT: End of Transmission

Packet Header————

k—Packet Data—

LP-11 | SoT DI |[Data0|Datal | ECC | EoT | LP-11

Time
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DI structure:

Virtual Channel: these two bits identify the data as directed to one of four virtual channels

Data Type: It specifies the packet structure and packet format

Virtual Channel (VC) Data Type (DT)

Bit 7

| Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

»  Long packet structure:

LP-11: low power mode

SoT: start of transmission

DI: data identification

Word Count: the number of data bytes of packet data

ECC: error correction code
Checksum: The 16-bit CRC generator to check packet data. If the calculated checksum of
receiver are equal to the packet data, the packet data is correct. If the calculated checksum of
receiver are not equal, the packet data are not correct:

EoT: end of transmission

Packet Header:
Word Data Data
LP-11 SoT DI Count ECC | Data 0 | Data 1 we-2 | we-1 checksum | EoT | LP-11

\

Time

——— —————————————————————————————————————— ]
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7.6.2 Processor to Peripheral Transactions

Processor to Peripheral Direction Packet Data Types

Data Type Data Type Description Packet Size
binary
01h 00 0001 Sync Event, V Sync Start Short
11h 01 0001 Sync Event, V Sync End Short
21h 10 0001 Sync Event, H Sync Start Short
31h 11 0001 Sync Event, H Sync End Short
08h 00 1000 End of Transmission packet (EoTp) Short
02h 00 0010 Color Mode (CM) Off Command Short
12h 01 0010 Color Mode (CM) On Command Short
22h 10 0010 reserved Short
32h 11 0010 reserved Short
03h 00 0011 reserved Short
13h 01 0011 Generic Short WRITE, 1 parameter Short
23h 10 0011 Generic Short WRITE, 2 parameters Short
04h 00 0100 reserved Short
14h 01 0100 Generic READ, 1 parameter Short
24h 10 0100 Generic READ, 2 parameters Short
05h 00 0101 DCS Short WRITE, no parameters Short
15h 01 0101 DCS Short WRITE, 1 parameter Short
06h 00 0110 DCS READ, no parameters Short
37h 11 0111 Set Maximum Return Packet Size Short
09h 00 1001 Null Packet, no data Long
19h 01 1001 Blanking Packet, no data Long
29h 10 1001 Generic Long Write Long
39h 11 1001 DCS Long Write/write_LUT Command Packet Long
OEh 00 1110 Packed Pixel Stream, 16-bit RGB, 5-6-5 Format | Long
1Eh 011110 Packed Pixel Stream, 18-bit RGB, 6-6-6 Format | Long
2Eh 104110 Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 | Long
Format
3Eh 111110 Packed Pixel Stream, 24-bit RGB, 8-8-8 Format | Long
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»  Sync Event, Data Type = xx 0001

Sync Events are all short packets and time-accurately. They can perform like the start and end of sync
pulses. To represent timing information as accurately as possible, a V Sync Start event represents the start
of the VSA and also implies an H Sync Start event for the first line of the VSA. Hence, a V Sync End event
implies an H Sync Start event for the last line of the VSA. Sync events may be concatenated with blanking
packets to convey inter-line timing accurately and avoid the overhead of switching between LPS and HS for
every event. Note there is a power penalty for keeping the data line in HS mode.

»  EoT packet

This short packet is used to indicate the end of a high speed (HS) transmission. This packet will.enhance
overall syntem reliability. Although the main objective of the EoTp is to enhance robustness during HS
transmission mode, RM68120 can detect and interpret arriving EoTps regardless of transmission mode (HS
or LP modes)

»  Color Mode Off / On Command
They are short packet commands to switch video display module between normal display mode and low-

color mode for power saving.

»  Generic short write / read packet
Generic Short WRITE command is a Short packet type for sending generic data to the peripheral. Generic

READ request is a Short packet requesting data from the peripheral.

»  DCS commands
B DCS short write command
DCS short write command is used to write a single data byte command to display module. If there
is a valid parameter byte, data type bit 4 shall be set to 1. If there is no valid parameter byte, data
typebit 4 shall be set to 0 and the parameter byte shall be 00h.

B DCS read commands
The commands are used to request data from s display module.

B DCS Long Write / write_ LUT command

The commands are used to send larger blocks of data to a display module.

B Maximum return packet size
This command specifies the maximum size of the payload in a long packet transmission from a

display module to host processor.
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] Null Packet

This is a mechanism for keeping the data lane(s) in high speed mode while sending dummy data.

B Blanking Packet
A Blanking packet is used to convey blanking timing information in a Long packet. The packet
represents a period between active scan lines of a Video Mode display, where traditional display
timing is provided from the host processor to the display module. The blanking period may have
Sync Event packets interspersed between blanking segments. Blanking packets may contain
arbitrary data as payload.

B Generic Long Write

This is used to transmit arbitrary blocks of data from a host processor to a peripheral.

B Packed Pixel Stream, 16-bit Format, Data Type: 00 1110
The pixel format is five bits red, six bits green and five bits blue. The green component is split
across two bytes. Within a color component, the LSB.is sent first, the MSB last.

1B 2B 1B 2B
r~ ™ ™ 1
©
2
g
<
< O
DT [©| WC O checksum
Tg S|
=
> pixel 1
! ! ! ! ! ! ! ! ! !
B: byte, b: bit Hme >
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B Packet pixel stream, 18-bit format, Data Type: 01 1110
The pixel format is six bits red, six bits green and six bits blue. Within a color component, the LSB

is sent first, the MSB last.

—2B—>

checksum

DT WwC

ECC

Virtual Channel

Pixe Pixe Pixe Pixe
n-3 n-3 n-3 n-3

\J

B Packet pixel stream, 18-bit format in three bytes, Data Type: 10 1110
This is 18-bit pixel lossely packed format, each R, G or B color component is six bits but shifted to

the upper bits of byte.

<—1B—%—1B—%—1B—>
6b8 EobE Mob
\ /
\ /
\ /
1B 2B 1B\ 2B
N N N
©
o
g
a1
= Q
DT |© wC Q checksum
= m
=
=
>
I I I I ! ! I I I I
timu >
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B Packet pixel stream, 24-bit format, Data Type: 11 1110
The pixel format is eight bits red, eight bits green and eight bits blue.
1B 2B IB_1B 1B _IB 1B 1B _IB 2B

N ™ N ™ ™ N | N ™ T~ N

checksum

DT wC

Virtual Channel

\/
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7.6.3 Peripheral-to-Processor LP Transmission

All Command Mode systems require bidirectional capability for returning READ data, acknowledge, or error
information to the host processor. Multi-Lane systems shall use Lane O for all peripheral-to-processor
transmissions. Reverse-direction signaling shall only use low power mode transmission. Packet structure for
peripheral-to-processor transaction is the same as for the processor-to-peripheral direction. For the
processor-to-peripheral direction, two basic packet formats are the same as the peripheral-to-processor
direction: Short and Long packet structure. BTA shall take place after every peripheral-to-processor
transaction. This returns bus control to the host processor following the completion of the LP transmission

from the peripheral.

There are four basic types of peripheral-to-processor transactions.

»  Tearing Effect: It is a Trigger message sent to convey display timing.information to the host processor.

>  Acknowledge: It is a Trigger Message sent when the current transmission, as well as all preceding
transmissions since the last peripheral to host communication.

»  Acknowledge and Error Report: It is a Short packet sent if any errors were detected in preceding
transmissions from the host processor.

» Response to Read Request: It may be a Short or Long packet that returns data requested by the

preceding READ command from the processor.

Interpretation of processor-to-peripheral transactions with BTA asserted, and the expected responses, are as

follows:

»  Following a non-Read command: If no errors were detected, the peripheral shall respond with
Acknowledge.

»  Following a Read request: The peripheral shall send the requested READ data if no errors were
detected and stored since the last peripheral to host communication.

»  Following a Read request: If only a single-bit ECC error was detected and corrected, the peripheral
shall send the requested READ data in a Long or Short packet and a 4-byte Acknowledge and Error
Report packet in the same LP transmission.

»  Following a non-Read command: If only a single-bit ECC error was detected and corrected, the
peripheral shall respond to BTA by sending a 4-byte Acknowledge and Error Report packet.

» Following a Read request: If multi-bit ECC errors were detected and not corrected, the peripheral shall
send a.4-byte Acknowledge and Error Report packet without sending Read data.

»  Following a non-Read command: If multi-bit ECC errors were detected and not corrected, the
peripheral shall not execute the command, and shall send a 4-byte Acknowledge and Error Report
packet.

»  Following any command: If SoT Error, SoT Sync Error, the VC of DSI or the ID of DSI Invalid or DSI
protocol violation was detected, or the DSI command was not recognized, the peripheral shall send a 4-
byte Acknowledge and Error Report response.

»  Following any command: If EoT Sync Error or LP Transmit Sync Error is detected, or a checksum error
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is detected in the payload, the peripheral shall send a 4-byte Acknowledge and Error Report packet.

Error Report Format

The following table shows the bit assignment for all error report.

Bit Description

0 SoT Error

1 SoT Sync Error

2 EoT Sync Error

3 Escape Mode Entry Command Error

4 Low-Power Transmit Sync Error

5 HS Receive Timeout Error

6 False Control Error

7 Reserved

8 ECC Error, single-bit (detected and corrected)
9 ECC Error, multi-bit (detected, not corrected)
10 Checksum Error (Long packet only)

11 DSI Data Type Not Recognized

12 DSI VC ID Invalid

13 reserved

14 reserved

15 reserved
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Peripheral-to-Processor Transaction — Detail Format Description

The following list is the complete set of peripheral-to-processor data types.

Data type, Data type Description Packet
hex binary size
02h 00 0010 | Acknowledge and error report short
08h 00 1000 | reserved short
11h 01 0001 | GEN short read reponse, 1byte returned short
12h 01 0010 | GEN short read reponse, 2bytes returned short
1Ah 01 1010 | Generic long read reponse long
1Ch 01 1100 | DCS long read reponse long
21h 10 0001 | DCS short read reponse, 1byte returned short
22h 10 0010 | DCS short read reponse, 2bytes returned short
»  Acknowledge and error report: It is sent with BTA asserted when a reportable error is detected in the

preceding, or earlier, transmission from the host processor.

Generic Short Read Response: This is the short-packet response to. Generic READ Request. Packet
composition is the Data Identifier (DI) byte, two bytes of payload data and an ECC byte. If the
command itself is possibly corrupt, due to an uncorrectable ECC error, SoT or SoT Sync error, the
requested READ data packet shall not be-sent.and only the Acknowledge and Error Report packet shall
be sent.

Generic long read reponse: This.is the long-packet response to Generic READ Request. Packet
composition is DI followed by.a two-byte Word Count, an ECC byte, N bytes of payload, and a two-byte
Checksum. If the command itself is possibly corrupt, due to an uncorrectable ECC error, SoT or SoT
Sync error, the requested READ data packet shall not be sent and only the Acknowledge and Error
Report packet shall be sent.

DCS long read reponse: This is.a Long packet response to DCS Read Request. Packet composition is
DI followed by a two-byte Word Count, an ECC byte, N bytes of payload, and a two-byte Checksum. If
the DCS command itself is possibly corrupt, due to uncorrectable ECC error, SoT or SoT Sync error,
the requested READ data packet shall not be sent and only the Acknowledge and Error Report packet
shall be sent.

DCS short read reponse: This is the short-packet response to DCS Read Request. Packet composition
is DI;.two bytes of payload data and an ECC byte. If the command itself is possibly corrupt, due to an
uncorrectable ECC error, SoT or SoT Sync error, the requested READ data packet shall not be sent

and only the Acknowledge and Error Report packet shall be sent.
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7.6.4 Notice

1. We recommend users to stay in STOP state for 500ns when switching from LPDT to HSDT.

2. We recommend users to adopt EoTp to enhance overall robustness of the system during HSDT.
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7.7 MDDI Interface

The RM68120 supports the Mobile Display Digital Interface (MDDI) is a differential small amplitude serial
interface for high-speed data transfer through the following lines: DATAO_P/M, DATA1_P/M and STB_P/M.
The specifications of MDDI supported by the RM68120 meet the MDDI specifications Version 1.2 as
published by the Video Electronics Standards Association (VESA).

The RM68120 offers the bi-direction link to use for the register and display data read / write.

For power saving, the RM68120 offers both hibernation mode (Send shutdown packet), and enter deep
standby mode to reduce power consumption.

The RM68120 supports the MDDI Type-l and Type-Il of the MDDI specifications Version 1.2 and the

application diagram is illustrated as follow.

VDD
GND
MDDI_STBP/M

X OO OCX
MDDI MDDI_DATAP/M MDDI

Host XOOOOOOOOOX Client

Driver IC

Host
System

Yy

Ad
Al

$1-51440
RESX
SDO
SDI

WRX/SCL
IM[3:0]

TE (note1)

Y

A

Gate
signals

Yy v Yy

suid aoepaiu|

M :
wd sve B [

Notes:

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

avoid the tearing effect.

2. When enter to the MDDI interface from other interface, the Host needs to wait 100ms and can start to

send any packet. For example wake up packet.

3. After shutting down the MDDI interface the Host needs to wait 500ns and can start to send wake up

packet to wake up the MDD link.
4. The terminal resistors are embedded between MDDI_DATAQO_P/M, MDDI_DATA1_P/M and

MDDI_STB_P/M.
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7.7.1 MDDI Link Protocol
The RM68120’s MDD Link Protocol is in accordance with the MDDI specifications as published by VESA,;

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

DO NOT send any packets that are not supported by the RM68120 into a system containing the RM68120.

Supported MDDI packets are as follows:

RM68120
MDDI Packet Name Packet Type Direction Supported Type
packets
Sub-frame header packet 15359 (0x3BFF) |Forward Type I/Type Il
Type I/ Type |l
(Forward)
Filler packet 0 Forward/Reverse
Type | Only
Link Control
(Reverse)
Packet
Link Shutdown packet 69 (0x45) Forward Type I/Type 1l
Reverse link encapsulation packet 65 (0x41) Forward Type | Only
Round-trip delay measurement packet |82 (0x52) Forward Type I/Type |l
Forward link skew calibration packet = (82 (0x52) Forward Type I/Type |l
Client capability packet 66 (0x42) Reverse Type | Only
Client request and status packet 70 (0x46) Reverse Type | Only
Client Status
Type I/ Type |l
and Control s s
(Forward)
Packet  |Register access packet 146 (0x92) Forward/Reverse
Type | Only
(Reverse)
Basic Media |Video stream packet 16 (0x10) Forward Type I/Type |l
Stream Flexible video stream packet 20 (0x14) Forward Type I/Type |l
Packet  |Windowless video stream packet 22 (0x16) Forward Type I/Type Il
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7.7.2 MDDI Link Packet Descriptions

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

Sub-frame Header Packet

Packet Type Unique word Sub-frame Protocol Media-frame
Packet Length Reversed 1 Sub-frame Count CRC
=0x3bff =0x005a Length Version Count
2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 2 bytes 2 bytes 4 bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is Ox3bff

Unique Word: unique word is 0x005a

Reserved 1: not used (set to zero)

Sub-frame Length: specify the number of bytes per sub-frame
Protocol version: set to zero

B Bit[15:2] - Reserved for future expansion. These should be set to all zero.
B Bits[1:0] - Sub-frame operational mode

“00” — Sub-frame lengths strictly followed:

“01” — Sub-frame lengths are flexible. Sub-frame packets should be sent at the first opportunity after the

sub-frame length has been transmitted.

“10” — Sub-frame lengths are unlimited. No more sub-frame packets are required tobe transmitted after the

first sub-Frame packet at startup.
Sub-frame Count: specify the number of sub-frame header packet
Media-frame Count: specify the.number of media-frames

CRC: error check

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
Page86




Raydium

Filler Packet

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

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

Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is 0

Filler Bytes: set to zero

CRC: error check

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

Link Shutdown Packet

Packet Length Packet Type=69 ‘ CRC All Zero

2 bytes 2 bytes 2 bytes (Packet Length — 4) bytes

Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is 69

CRC: error check

All Zero: set to zero (Type |: size is 16 bytes, Type Il: size is 32 bytes)

Reverse Link Encapsulation Packet
Data is transferred in the reverse direction using the Reverse Link Encapsulation Packet.

Reverse Link-Encapsulation Packet

Turn-Around 1 Turn-Around 2
Packet Length Packet Type=65 hClient ID Reversed Link Flags Reverse Rate Divisor
Length Length
2 bytes 2 bytes 2 bytes 1 byte 1 byte 1 byte 1 byte
Parameter CRC ‘ All Zero 1 ‘ Turn-Around 1 Reversed Data Packets ‘ Turn-Around 2 All Zero 2
2 bytes 8 bytes X bytes (Packet Length —x —y -26) bytes y bytes 8 bytes
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Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is 65

hClient ID: set to zero

Reverse Link Flags:

m Bit0O - 0: No packet request

1: Host needs the Client Capability Packet
B Bit1 - 0: No packet request

1: Host needs the Client Request and Status Packet

B Bit[7:2] - settozero

Reverse Rate Divisor: reverse data rate = reverse link data clock

Turn-Around 1 Length: the length of Turn-Around 1 is the forward link data rate

Turn-Around 2 Length: the length of Turn-Around 2 is determined.by Round-trip delay of the link
Parameter CRC: error check

All zero: set to zero

Turn-Around 1: First turn-around period

Reverse Data Packets: A series of data packets transferred from the client to host

Turn-Around 2: The second turn-around period

Round-Trip Delay Measurement Packet

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

Round Trip Measurement Packet

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

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 82
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hCilent ID: set to zero

Parameter CRC: error check

Guard Time 1: allow overlap of the host and client

Measurement Period: a 64 bytes window to allow the client to respond
All Zero: set to zero

Guard Time 2: allow overlap of the measurement period by the client

The timing of events during the Round-Trip Delay Measurement Packet illustrates as follow.

All Zero N
Measurement Period i

1— e I " Guard Time 1 : i Guard Time 2 W
Data from Host acket|ravameter r o] - acke
Type CRC (59 Length
b _1YP o | i | l: ) . g
2 bytes 64 bytes | B4 bytes [ B4 bytes i(next packet)
| Hostto - H
g~ Client —p! FFh, FFh, & 30 bytes 1 1 1
. = | Delay of Oh sequence at H H o5 h
Data from Client ! Y: fwd rate . ¢ .
o l_es . 5> 1! [ |
< [ 1 < [ 1
| : [ 1
i I Client Lo i
W | (4-to Host—»! 4l i
Aggregate Data  packet|Parameter i ' Delay i Packet
viewed at Host _ _Twype | CRC LY ] S, Y Length
- (49 i i < HE (49
! Round-Trip ! i :
! Delay !

Forward Link Skew Calibration Packet

This packet allows the client to calibrate itself for differences in the propagation delay of the MDDI_DATA
signals with respect to the MDDI_STB signal. Without delay skew compensation the maximum data rate
must be limited to account for the worst-case variation in these delays. It is recommended that this packet
only be sent when the'forward link data rate is configured to 50 Mbps or lower. After sending this packet to
calibrate the client the data rate may be stepped up above 50 Mbps. With the data rate set too high during
the skew calibration process the client might synchronize to an alias of the bit period which would cause the
delay skew.compensation setting to be off by more than one bit time, resulting in erroneous data clocking.
The greatest possible Interface Type must be selected prior to sending the Forward Link Skew Calibration
Packet so that all existing data bits are calibrated. The client must indicate its ability to support the Forward
Link Skew Calibration Packet via bit 19 of Client Feature Capability Indicators field of the Client Capability
Packet.

Prior to performing skew calibration the host must not send data faster than the rate specified by the Pre-
calibration Data Rate Capability field of the Client Capability Packet. However, after calibration is performed,
the host may send data up to the rate defined by the Post-calibration Data Rate Capability field. It is

recommended that the host send the Forward Link Skew Calibration Packet at regular intervals to correct
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changes in the relative delay between the different signal pairs due to changes in temperature.

Forward Link Skew Calibration Packet

Packet Length ‘ Packet Type=83 hClient ID Parameter CRC All Zero 1 Calibration Data Sequence All Zero 2

2 bytes 2 bytes 2 bytes 2 bytes 2 bytes Pacet Length — 22 bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field

Packet Type: packet type is 83

hCilent ID: set to zero

Parameter CRC: error check from packet length to the hClient ID.

All Zero 1:

8 bytes that contain eight 8-bit unsigned integers equal to zero. This field ensures. that there will be a
transition on MDDI_STB at the beginning of the Calibration Data-Sequence field. It also provides sufficient
time for the client core logic to change the mode of the clock recovery circuit from using the XOR of
MDDI_Data0 and MDDI_STB to simply using MDDI"STB as'the recovered clock.

Calibration Data Sequence:

a data sequence that causes the MDDI_Data signals to toggle at every data period. The length of the
Calibration Data Sequence field is determined by the interface type being used on the forward link. During
the Calibration Data Sequence the MDDI host controller sets all MDDI_Data signals equal to the strobe
signal. The client clock recovery circuit must use only MDDI_STB rather than MDDI_STB XOR MDDI_Data0
to recover the data clock while the Calibration Data Sequence field is being received by the client.
Depending on the exact phase of MDDI_STB at the beginning of the Calibration Data Sequence field the
Calibration Data Sequence will. be one of the following based on the interface Type being used when this
packet is sent:

B Type1 - (64 byte data sequence) AAh, AAh --- or 55h, 55h---
B Type 2 - (128 byte data sequence) CCh, CCh --- or 33h, 33h---

All Zero 2:
8 bytes that contain eight 8-bit unsigned integers equal to zero. This field provides sufficient time for the
client core logic to change the mode of the clock recovery circuit back to the original state, from using

MDDI_STB as the recovered clock to using the XOR of MDDI_Data0 and MDDI_STB.

Client Capability Packet

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

Reverse Link Encapsulation Packet.

Client Capability Packet

Interface Type
Packet Length Packet Type=66 | cClientID | Protocol Version | Min Protocol Version Pre-calibration Data Rate Capability
Capability
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 1 byte
Number of Alt Post-calibration Data
Bitmap Width Bitmap Height Display Window Width Display Window Height Color Map Size
Display Rate Capability
1 byte 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 4 bytes
Color Map RGB Monochrome
RGB Capability Reversed 1 Y Cb Cr Capability Bayer Capability Revered 2
Width Capability
2 bytes 2 bytes 1 byte 1 byte 2 bytes 2 bytes 2 bytes
Client Feature Max Video Min Video Audio Sample
Min Sub-frame Rate Audio Buffer Depth Audio Channel Capability
Capability Frame Rate Frame Rate Rate Capability
4 bytes 1 byte 1 byte 2 bytes 2 bytes 2 bytes 2 bytes
Audio Sample Mic Sample Mic Sample Rate Keyboard Data Pointing Device Data Content Protection Type Mfr Name
Resolution Resolution Capability Format Format
1 byte 1 byte 2 bytes 1 byte 1byte 2 bytes 2 bytes
Product Code Reversed 3 Serial Number Week of Mfr Year of Mfr CRC
2 bytes 2 bytes 4 bytes 1 byte 1 byte 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field

Packet Type: packet type is 66

cClient ID: set to zero

Protocol Version: set to 0002h

Min Protocol Version: specify the minimum protocol version (0001h)

Pre-Calibration Data Rate Capability: specify the maximum data rate the client can receive (190h)

Interface Type Capability: Client can function in Type 2 (2-bit) mode on the forward link (01h)

Number of Alt Displays: set to zero

Post-Calibration Data Rate Capability: specify the maximum data rate the client can receive (190h)
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Bitmap Width: specify the width of the bitmap (1EOh)

Bitmap Height: specify the height of the bitmap (320h)

Display Window Width: specify the width of the display window (1EOh)
Display Window Height: specify the height of the display window (320h)
Color Map Size: set to zero

Color Map RGB Width: set to zero

RGB Capability: specify the resolution of RGB format (0888h)
Monochrome Capability: set to zero

Reserved 1: set to zero

Y Cb Cr Capability: set to zero

Bayer Capability: set to zero

Reserved 2: set to zero

Client Feature Capability Indicators: 00CC8000h

Maximum Video Frame Rate Capability: specify the maximum video frame (3Ch)
Minimum Video Frame Rate Capability: specify the minimum video frame (3Ch)
Minimum Sub-frame Rate: specify the minimum sub-frame rate (00h)
Audio Buffer Depth: set to zero

Audio Channel Capability: set to zero

Audio Sample Rate Capability: Setto zero

Audio Sample Resolution: set to zero

Mic Audio Sample Resolution: set to zero

Mic Sample Rate Capability: set to zero

Keyboard Data Format: set to zero

Pointing Device Data Format: set to zero

Content Protection Type: set to zero

Mfr Name: set to.0000h

Product Code: set to 6812h

Reserved 3: set to zero

Serial Number: set to zero

Week of Manufacture: set to zero

Year of Manufacture: 00h

CRC: error check

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page92




Raydium

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

Client Request and Status Packet

CRC Error Client Client Busy
Packet Length Packet Type=70 cClient ID Reverse Link Request CRC
Count Status Flags
2 bytes 2 bytes 2 bytes 2 bytes 1 byte 1 byte 2 bytes 2 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 70
cClient ID: set to zero
Reverse Link Request: specify the number of bytes the client needs in the reverse link in the next sub-frame
to send information to the host.
CRC Error Count: count the number of CRC errors occurred
Client Status:
B Bit0 - 1: capability has changed
0: capability has not changed

[ | Bit 1 - indicates the client has detected an error
B Bit[7:2] - settozero

Client Busy Flags:

B Bit0O - bitmap block transfer function is busy

B Bit1 - bitmap areafill function is busy

m Bit2 bitmap pattern fill function is busy
B Bit3. - the graphics subsystem is busy
B Bit[15:4] - settozero

CRC: error check

Register Access Packet
Register Access Packet is utilized when setting instruction to the RM68120. This packet cannot be used for
RAM access.

Register Access Packet
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Read/Write Register Parameter Register Data
Packet Length Packet Type=146 bClient ID Register Data List
Info Address CRC CRC
2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 2 bytes (Packet Length -14) bytes 2 bytes

Packet Contents:

Packet Length: packet length not including the packet length field
Packet Type: packet type is 146

bClient ID: set to zero

Read/Write Info:

Bits[15:14] Read/Write Flags
00 Write

01 Reserved

10 Read

11 Response to read

Bit [13:0] — specifies the number of 32-bit register.data list items to be transferred in the Register Data List
Filed.

Register Address: upper bits shall set to zero

Parameter CRC: error check from packet length to the register address

Register Data List: written (or read) registers to (from) client

Register Data CRC: error check of the register data list

Video Stream Packet

The RM68120 supports the Video Stream Packet to transfer display data including RGB data to RAM.

Video Stream Packet

Video Data Format Pixel Data
Packet Length Packet Type=16 bClient ID X Left Edge Y Top Edge
Desriptor Attributes
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes
X Right Edge Y Bottom Edge ‘ X Start Y Start Pixel Count Parameter CRC Pixel Data Pixel Data CRC
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes (Packet Length -26) bytes 2 bytes
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Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 16

bClient ID: set to zero

Video Data Format Descriptor

[15:12] | [11:18] [7:4] [3:0] Transfer pixel format

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8)
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6)
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5)

Others setting disabled

Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (00C3h)

X Left Edge: Specify the X coordinate of the left edge of the screen window filled by the Pixel Data field.

Y Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field

X Right Edge: Specify the X coordinate of the right edge of the window being updated.

Y Bottom Edge: Specify the Y coordinate of the bottom edge of the window being updated.
X Start: Specify X start address for the first pixel in the Pixel Data field below.

Y Start: Specify Y start address for the first pixel.in the Pixel Data field below.

Pixel Count: specify the number of pixels

Parameter CRC: error check from packet length to the pixel count

Pixel Data: the raw video data

Pixel Data CRC: error check of the pixel data

Pixel Data Format

MDDI data byte Color

RGB Byte n 65-Color

5:6:5 Byte n+1 (1 pixel/ 16 bits RGB format)

RGB Byte n 262K-Color

6:6:6 (1 pixel/ 18 bits RGB format)
Byte n+2

RGB Byte n 16.7M-Color

8:8:8 Byte n+1 (1 pixel/ 24 bits RGB format)

Byte nt+2

Flexible Video Stream Packet

The RM68120 supports the Flexible Video Stream Packet to transfer display data including RGB data to

RAM. This allows for a reduction in the number of fields sent in an environment where one or more fields are
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not changing values.

Flexible Video Stream Packet

Field Present Video Data Format Pixel Data
Packet Length Packet Type=20 bClient ID X Left Edge Y Top Edge
Flags Description Attributes
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes

X Right Edge Y Bottom Edge ‘ X Start | Y Start ‘ Pixel Count Parameter CRC Pixel Data Pixel Data CRC

Packet Length —
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes
present header bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 20
bClient ID: set to zero
Field Present Flags: indicates the field in the packet is present.(value “1”) or not present (value “0”).
- Bit O: indicates the presence of the Video Data Format.Description Field.
- Bit 1: indicates the presence of the Pixel Data Attributes Field.
- Bit 2: indicates the presence of the X Left Edge Field.
- Bit 3: indicates the presence of the Y Top«Edge Field.
- Bit 4: indicates the presence of the X Right Edge Field.
- Bit 5: indicates the presence of the Y Bottom Edge Field.
- Bit 6: indicates the presence of the X Start Field.
- Bit 7: indicates the presence of the Y Start Field.
- Bit 8: indicates the presence of the Pixel Count Field.
- Bits [15:9] areall “0”.

Video Data Format Descriptor

[15:12] | [11:18] [7:4] [3:0] Transfer pixel format

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8)
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6)
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5)
Others setting disabled

X Left Edge: Specify the X coordinate of the left edge of the screen window filled by the Pixel Data field.
Y Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field
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X Right Edge: Specify the X coordinate of the right edge of the window being updated.

Y Bottom Edge: Specify the Y coordinate of the bottom edge of the window being updated.
X Start: Specify X start address for the first pixel in the Pixel Data field below.

Y Start: Specify Y start address for the first pixel in the Pixel Data field below.

Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (00C3h)

Pixel Count: specify the number of pixels

Parameter CRC: error check from packet length to the pixel count

Pixel Data: the raw video data

Pixel Data CRC: error check of the pixel data

Windowless Video Stream Packet
The RM68120 supports the Windowless Video Stream Packet to transfer display data including RGB data to
RAM. This packet type assumes that full screen updates are always occurring and therefore there is no need

for the window information.

Windowless Video Stream Packet

Video Data Format Pixel Data
Packet Length Packet Type=22 bClient ID Pixel Count Parameter CRC
Description Attributes
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes

Pixel Data ‘ Pixel Data CRC

Packet Length — 14 bytes 2 bytes

Packet Contents:
Packet Length: packet length not including the packet length field
Packet Type: packet type is 22

bClient ID: set to zero

Video Data Format Descriptor

[15:12] | [11:18] [7:4] [3:0] Transfer pixel format

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8)
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6)
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5)
Others setting disabled

Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (00C3h)
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Pixel Count: specify the number of pixels
Parameter CRC: error check from packet length to the pixel count
Pixel Data: the raw video data

Pixel Data CRC: error check of the pixel data
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7.7.3 Writing Video Data to Memory Sequence
In order to write video data to memory, the following sequence should be programmed. This packet should

be followed by video stream packets.

Video Data Transfer
(Video Stream Packet)

Y

Video Data Transfer
(Video Stream Packet)

Y

Video Data Transfer
(Video Stream Packet)

Writing Video Data to Memory Sequence
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7.7.4 Writing Register Sequence

In order to write registers, register access packet should be used. Register access packet is used to write

data to register.

Writing Register Sequence:

Command Transfer
(Register Access Packet)

'

7.7.5 Reading Video Data from Memory Sequence

In order to read a pixel data from memory (readable one pixel only); the following sequence should be
programmed. Memory read command (2E00h) is followed by reverse encapsulation packet. DDI transmits

video pixel data through encapsulation packet. Please refer to VESA spec for detailed description.

Reading Video Data from Memory Sequence:

Round-Trip Delay Measurement Transfer
(Round-Trip Delay Measurement Packet)

Y

Read Memory Transfer (2EQOh)
(Register Access Packet)

A 4

Reverse Encapsulation Transfer
(Reverse Encapsulation Packet)

!

Notes:

1. X addresses for memory data read is set by 2A00h and 2A01h (XS[15:0]).

The parameters of 2A00h and 2A01h are stored on relative registers while command 2A00h~2A03h are
executed completely. See also section “6.1 User Command Set” and Note 2.

2.Y addresses for memory data read is set by 2B00h and 2B01h (YS[15:0]).

The parameters of 2B00h and 2B01h are stored on relative registers while command 2B00h~2B03h are

executed completely. See also section “6.1 User Command Set” and Note 2.
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7.7.6 Reading Register Sequence

In order to read registers, the following sequence should be programmed. Next, register read command is
followed by reverse encapsulation packet. DDI transmits register data through encapsulation packet. Please

refer to VESA spec for detailed description.

Reading Register Sequence:

Round-Trip Delay Measurement Transfer
(Round-Trip Delay Measurement Packet)

A

Read Register Command Transfer
(Register Access Packet)

A J

Reverse Encapsulation Transfer
(Reverse Encapsulation Packet)

'
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7.7.7 Hibernation Setting
The Client MDDI of the RM68120 provides a hibernation setting. The methods for waking up the hibernation

mode can be determined based on actual usage.

Wake-up Condition

Host-Initiated Wake-up Wake up the MDDI link by MDDI Host

Note: In the Hibernation state, the data is retained in RAM and the display operation is maintained.
Hibernation setting and wake-up sequence must in accordance with VESA-MDDI specifications.

Hibernation setting sequence

[ Enter Hibernation Mode ]

\i
Shutdown Packet

o

Hibernation Wake-up sequence

| !
: In Hibernation Mode :
| |

Host Initiated Wake-up

\
[ Enter Hibernation Mode J

——— —————————————————————————————————————— ]
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7.7.8 MDDI Deep Standby Mode Setting
The Client MDDI of the RM68120 includes a MDDI deep standby mode setting so it can enter a off state and

reduce power consumption during Hibernation mode.

The MDDI enters Hibernation mode when a Shutdown Packet is sent. The standby power needs of the Client
MDDI can be reduced, even while the MDDI Link is maintained in Hibernation mode.

When entering MDDI deep standby mode, the RM68120 stops operation rather than maintaining Hibernation
mode. Input low pulse 3 msec from RESX pin to cancel deep standby mode, after which a-Host-Initiated
Wake-up should cancel the Hibernation mode.

When in deep standby mode, instruction settings and RAM data are not stored, so they must be reset after
Hibernation mode is cancelled.

Follow the sequence indicated in the VESA MDDI specifications when initiating or canceling the Hibernation

mode.

State Transitions in MDDI Deep Standby Mode:

RESET

MDDI
Hibernation

Shutdown Packet Exit MDDI Deep Standby Mode
Input low pulse more than 3

msec to pin RESX

Host Shutdown
Initiated Packet

Set SLPOUT (1100h) and
Set DISPON (2900h)

MDDI
Deep Standby

MDDI Active
(Sleep-in Mode
and Display Off

Set DISPOFF (2800h) and

Set SLPIN (1000h) Enter MDDI Deep Standby Mode

Set DSTBON (4F00h) and DSTB=1
to enter MDDI Deep Standby Mode

Note: When the RM68120 is in the MDDI Hibernation mode or MDDI deep standby mode, both links are in

the link hibernation states.

——— —————————————————————————————————————— ]
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MDDI Deep Standby Mode Sequence

Enter Sleep-In Mode and Display Off

Set DSTBON (4F00h) and DSTB=1 h
L (Register Access Packet)

MDDI Deep Standby Mode

v
Exit MDDI Deep Standby Mode
(Input low pulse more than 3msec to RESX)

v
Delay 5 msec
v
MDDI Wake up
( ¢ N\
Initial Instruction Setting and RAM Data Setting
G J
4 ¢ N\
Display On Sequence
G J

Note: When in MDDI Deep Standby mode, instruction‘settings and RAM data are not stored, so they must be

reset after Hibernation mode is‘cancelled.
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7.8 Display Data RAM

7.8.1 Configuration
The display data RAM stores display dots and consists of 9,953,280bits (480 x 24 x 864 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 to the same location of the frame memory.

MCU Interface

Column Counter

Panel Side
v

o
o
ks =
o A =
= 480 x 864 x 24 bits -
=+ Qo
¢} Frame Memory / =3

@

Interface Side \

A

Line Latch (480 ch)

Color Inversion

DAC (480 ch)

Amp (480ch)
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7.8.2 Memory to Display Address Mapping

In this mode, content of the frame memory within an area where column pointer is 0000h to 01DFh and
page pointer 0000h to 035Fh is displayed. To display a dot on leftmost top corner, store the dot data at

(column pointer, page pointer) = (0, 0).

000 ]
0Th ]
|
|
|
|
|
|
|
|
|
|
|
1DER
1DFR
000 ]
0Th ]
|
|
|
|
|
|
|
|
|
|
|
1DER
1DFR

= =
<> >
000h ] 00 | o1 [ 02 | 03 | 04 | 05 | | ou | ov |ow [ ox | oy | 0z 000h 00 | o1 [ 02| 03 | 04 | 05 | ou | ov |ow|ox | oy | oz
00th 10 | 11 | 12 ] 13| 14 wiw | ix [y |z 00th ) 10 | 11 | 12 ] 13| 14 wiw | ix [y |z
| 20|21 | 2223 aw | 2x |2y | 2z | 20 (21 ] 222 oaw | 2x |2y | 2z
| 30 | 31| 32 3X |3y | 3z | 30 |31 ] 32 3X |3y ] 3z
| 480 X 864 X 24 Bits | 480 X 864 X 24 Bits
Frame Mmory LCD Panel
| wo | wi | w2 wx [ wy [ wz [ wo | wi [ w2 wx [ wy | wz
| xo | xt | x2|x3 xw | xx | xy | xz | xo | xt | x2|x3 xw | xx | xy | xz
| Yo [ vi|v2]vs|v4 v lyw|yx|vy|vz | vo|vi|va|vs]va ylyw|vyx]vyy|vz
|::35F]\ Nzo|zi|z2]| 23| za]2s | zu | zv |zw | zx | zv | 7z |::35F]\ Nzo |zt | 2|73 |7a ]| 25 | zu|zv|zw|zx | zv | zz
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7.9 Tearing Effect Output

The tearing effect output line supplies to the MCU a panel synchronization signal. This signal can be
enabled or disabled by the set_tear off (34h) and set_tear_on (35h) commands. The mode of the tearing
effect signal is defined by the parameter of the set_tear_on (35h) and set_tear_scanline(44h) commands.

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

7.9.1 Tearing Effect Line Mode

Mode 1, the tearing effect output signal consist of V-sync information only:
tvdl tvdh

A
A
h 4

tvdh = The LCD display is not updated from the frame memory.
tvdl = The LCD display is updated from the frame memory.

Mode 2, the tearing effect output signal consist.of V-sync and H-sync information:

 thd] | thdh
[nvisible Ist 864th
Line Line Line

thdh = The LCD display is not updated.from the frame memory.
thdl = The LCD display.is updated from the frame memory.

Mode 3, this mode turn on the tearing effect output signal when vertical scanning reachs line N.

N = The N-th scanning line which set by register N[15:0] of command STESL(44h).

——— —————————————————————————————————————— ]
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Bottom Line I_I
— — —_— —_ - - _ _
1* Line e ﬁ
>*tre I_I
TE (mode 2) |-| HE i _Ei _ﬁ_-ﬁ_ HE |-| I-I I-l I-I I-l I_I

Note. During Sleep In mode, the tearing effect output signal is active low.

————— —— ————————————————————————————————————————————————————————————
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7.9.2 Tearing Effect Line Timing
The tearing effect signal is described as below:

tyal tuan

« »

Lan

t t
le hal > le hdh »l

AC characteristics of Tearing Effect Signal (Frame Rate = 60.5Hz)

Symbol Parameter Min. | Max. | Unit | Description
tvdl | Vertical timing low duration TBD ms
tvdh | Vertical timing high duration TBD us
thdl | Horizontal timing low duration | TBD us
thdh | Horizontal timing high duration{ TBD us

Notes:
1. The timings apply when MADCTL B4=0and B4=1

2. The signal’s rise and fall times (tf, tr) are stipulated to be equal to or less than 15ns.

te tr

80% 80%

20% 20%
/ \

The Tearing Effect Output Line is fed back to the MCU and should be used as shown below to avoid tearing

effect:

The Tearing Effect output line supplies to the MCU a panel synchronization signal. This signal can be
enabled or disabled by the set tear off(34h), set tear_on(35h) 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 MCU to synchronize Frame Memory Writing when displaying video images.

TEON (35h) | TELOM (35h, 1°' bit) | TE signal Output
0 * GND
1 0 TE (Mode 1)
1 1 TE (Mode 2)
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7.10 Panel Type

7.10.1 Normal Type

Bottom Side
normal (CTB=0, CRL=0, CRGB=0)

7

SDO  SDI s1 s2 S3 s4 ss S6 s7 S8 s9 s10 s11 s12 S1429  S1430 S1431 S1432  S1433  S1434  S1435 S1436  S1437  S1438. S1439 S1440  SD2  SD3

DS D6 DI D2 D3 D4 D5 D6 DI D2 D3 D4 Ds D6 Ds D6

Upper Side
normal (CTB=0, CRL=1, CRGB=1)

D6 Ds D6 Ds D4 D3 D2 DI D6 D5 DI D3 D2 DI D6 D3

SD3  SD2 51440 S1439 51438 S1437 S1436 SI1435 SI434 51433 SI432  SI1431 S1430  S1429

7.10.2 Zigzag Type 1

Bottom Side
Type 1 : ZZ RL=1, ZZ_EO=0(CTB=0, CRL=0, CRGB=0)

B E o L

S1429 SI430 SI1431 S1432 SI1433 SI1434 S1435 S1436 S1437 S1438 S1439 S1440 SD2  SD3

G479

Upper Side
Type 1': Z7_R1.=0, ZZ_EO=0(CTB=0, CRL=1, CRGB=1)

SD3 SD2  SI440 S1439  S1438  S1437 S1436 S1435 S1434  S1433  S1432  S1431  S1430  S1429

e

R478 B478 G478 B479
o
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permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Pagel10




RM68120 Data Sheet
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7.10.3 Zigzag Type 2

Bottom Side
Type 2 : 727 _RL=1, Z7Z_EO=1(CTB=0, CRL=0, CRGB=0)

I B D EE

SDO SD1 St 82 S3 S4 S5 S6 §7 S8 S9 S10 St S12 §1429  S1430  S1431 S1432  S1433  S1434  S1435 S1436 S1437 S1438 S1439  S1440  SD2 SD3

B480

D5 D6 DI D2 D3 D4 Ds D6 DI D2 D3 D4 Ds D6 Ds D6

Upper Side
Type 2 : Z7Z_R1L=0, ZZ_EO=1(CTB=0, CRL=1, CRGB=1)

D6 D5 D6 Ds D4 D3 D2 DI D6, Ds D4 D3 D2 DI D6 D5

SD3  SD2  S1440 S1439  S1438 S1437  S1436  S1435 1434 S1433  S1432  S1431  S1430  S1429 s12 st s10 s9 S8 s7 86 S5 S4 s3 s2 st SDI SDO

o nr
o

7.10.4 Zigzag Type 3

Bottom Side
Type 3 : 7Z7_R1L=0, ZZ_EO=0(CTB=0, CRL=0, CRGB=0)

-
\

SD0 SDI s1 s2 s3 S4 S5 S6 s7 S8 s9 s10 st s12 S1420  S1430  S1431  S1432  S1433  S1434  S1435  S1436 S1437 SI438  S1430 S1440 SD2  SD3

Ds D6 DI D2 D3 D4 Ds' D6 DI D2 D3 D4 Ds D6 D5 D6

Upper Side
Type3.: ZZ_RL=1, ZZ_EO=0(CTB=0, CRL=1, CRGB=1)

D6 DS Do Ds D4 D3 D2 DI D6 D5 D4 D3 D2 DI D6 DS

SD3 SD2  SI440° S1439  S1438 S1437 S1436  S1435 S1434  S1433  S1432  S1431  S1430  S1429 S12 S11 S10 S9 S8 S7 S6 S5 S4 S3 S2 S1 SD1 SDO
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7.10.5 ZigZag Type 4

Bottom Side

RM68120 Data Sheet
Rev 0.0

Type 4 : ZZ_RL=0, ZZ_EO=1(CTB=0, CRL=0, CRGB=0)

s12 S1420 1430 S1431  S1432  S1433  S1434  S1435  S1436  S1437 §1438  S1439 S1440 SD2  SD3

D1 D2 D3 D4 D5 D6 D5 D6

SDO SD1 S1 s2
D: D6 D1 D2
Upper Side

D6 D5 D6 Ds

SD3 SD2  S1440  S1439

S1429

Type 4 : ZZ_RL=1, ZZ_EO=1(CTB=0, CRL=1, CRGB=1)
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7.11 OTP Porgram Sequence

Initial

Y

Power ON and DISPON

RDOTP cmd
check related status
(EFOOh, EFO1h of
pagel)=0 ?

OTP was programmed

Write the value to related cmd
address which want to program
to OTP.

l

OTPEN emd (EDOOh of pagel) | (‘ program ID/Gamma/Display/DDB/Panel
Set related OTP_EN bit =1 Color/VGMP etc )

(ex: program C7xxh of pagel for ID.)

A

Connect high voltage 7.5V to OTP_PWR pin

Y

OTP_WR c¢cmd(EE00h of page 1)
Keycheck ={A5, 5A, 3C}

wait for more than 500msec, or
y check OTP_busy flag.

Remove high voltage 7.5V for OTP_PWR pin

Y

OTPEN cmd (EDOOh of pagel)
Set all OTP_EN bit =0

OTP Programming Flow

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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7.12 Independent Gamma Correction Function

The RM68120 supports indenpedent gamma adjustment function for R color, G color and B color to
display in 16.7M colors. The function is performed by determining grayscale levels that use gamma
adjustment registers. The RM68120 also provides gradient control registers for adjustments of gamma

curve.

Original Curve
Gradient Adjusted Curve

GradienbAdjusted Curve

Grayscale Voltage

Grayscale Number

——— —————————————————————————————————————— ]
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7.13 Dynamic Backlight Control

The function of Dynamic Display Backlight is used to reduce the power consumption of display backlight.
It includes Content Adaptive Brightness Control (CABC) and Light-Sensor Automatic Brightness Control
(LABC) functions. Both two functions are used to generate a proper PWM signal according to display image
and ambient light information. User could apply this PWM signal to control other device(s) (Such as power
IC or LED driver IC). When the CABC and LABC functions are enabled and cooperate with external circuits
(such as LED driver circuit), the power consumption of backlight will be reduced with keeping acceptable
display quality.

The CABC function is used to reduce the power consumption of display backlight. Contents adaptation
means that the grayscale level of image contents is raised while lowering brightness of the backlight
simultaneously to keep same perceived brightness. The adjustment of grayscale level and brightness
reduction is based on the display image contents. Thus the power consumption reduction depends on the

contents of the image. The display image and brightness are dynamically processed by CABC block.

In order to achieve a better display quality and reduce power consumption of the backlight at the same
time, there are 3 different modes, user interface image mode, still picture mode and moving image mode,

for user selections.

The LABC function combines several mechanisms to provide a smooth control of sensed light information.
Flicker Removal is used to eliminate external light source flicker (e.g. 50 and 60 Hz). Hysteresis is used for
preventing the transient variation of luminance. When the LABC function is enabled, the information of the
ambient light is sent to the brightness. control block. The user can read ambient light information or this
information can be used for automatic brightness control by the brightness control block. It is also possible

to control the brightness manually.
With combination of the CABC and the LABC processed results, the display output brightness is adjusted.

Display Backlight Brightness = LABC Brightness Ratio (or Manual Setting Ratio) x CABC Brightness
Ratio

The function of CABC affects both display brightness ratio and grayscale level. The function of LABC

affects display brightness ratio only.

Display. Brightness Output of combinations of CABC and LABC function

LA.BC(ManuaI). CABC(ManuaI). Cal_culation Brightness Output Image Status
Brightness Ratio | Brightness Ratio | Ratio of LEDPWM
Case 1 70% 60% 42% 42% CABC modified
Case 2 50% 100% 50% 50% CABC modified
Case 3 40% 30% 12% 12% CABC modified
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7.13.1 PWM Control Architecture

LABC Registers

00h —» 0

LABC PWM 1 RDPWM_L[7:0]

DBV[7:0]
(WRDISBV)

o

CABC PWM

FORCE_CABC_DUTY[7:0] 1

CABC Registers

FORCE_CABC_PWM

CMB[7:0] Ig"r:"'hTr:‘er:s DBV[7:0]
(WRCABCMB) 9 (WRDISBV)

Control

PWM_DUTY_OFFSET[4:0]

Dimming
Block

Dimming Registers

Sleep-Out

DBVI[7:0]
(RDDISBV)
A

PWM
PWM Registers Generation
Block

LEDPWM_OEB

| BL
Sleep-Out

LEDPWPOL

LEDONPOL
CLED_VOL

Internal Display Backlight Control

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Pagel16




Raydium

The register bit “BL” is used to turn on or turn off backlight control lines, “LEDPWM” pin and “LEDON” pin.
Normally, if user want to disable the display backlight completely and immediately, user can set “BL = 0.

Relations between “BL” and control lines are list below.

BL | LEDPWPOL Status of LEDPWM Pin BL LEDONPOL Status of LEDON Pin
0 0 0 0

0 0
1 1 1 1
0 Original pqlarity of PWM 0 LEDONR

1 signal ’
y Inversed pglarity of PWM 1 Inverted LEDONR

signal

The register bit “BCTRL” is used to turn on or turn off backlight control block. Display brightness which is
controlled by LEDPWM will be turn off when user set “BCTRL =07,

BCTRL Value of DBV[7:0] (RDDISBY) Display Backlight Status
0 00h off
1 Determined.by CABC and LABC on

The register bit “PWM_ENH-OE" is used to adjust the driving ability of “LEDPWM” pin (‘PWM_ENH_OFE”
can not affect the driving ability of “LEDON” pin).

The register bit “CLED_VOL” is used to choose different output logical voltage level for LEDON,
LEDPWM pins. This bit is valid when:

(1) DSTB_DEL=low, or (2) DSTB_SEL=high, VDDI=1.65~3.3V and VSEL=high

(The output/level is VSSI to DIOPWR for other VDDI and VSEL conditions in DSTB_SEL=high). See

below for the selection output level

CLED_VOL | LEDON/LEDPWM Output Level PWM_ENH_OE | Driving Ability of LEDPWM Pin
0 VSSI to VDDI 0 1X driving ability of LEDPWM
1 VSSI to VDDA 1 2X driving ability of LEDPWM

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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The register bit “A” is used to enable / disable LABC functions. Sampling of ambient light information

started after setting the register bit “A”. User has to write the ambient light information into the register

“LS[15:0]” via system interface.

The register bit “DB” is used to select manual or automatic brightness control. When “DB=0", the display
backlight brightness can be affected by setting register “DBV[7:0] “ (WRDISBV) manually. When “DB =1”

display backlight is affected by automatic brightness control. Relations between register bits “DB”, “A”,
DBVI[7:0] (WRDISBV), RDPWM[7:0], and RDPWM_L[7:0] are listed in below tables.

Driver IC State A DB Display Backlight Control
Sleep-In X X Disable
Sleep-Out 0 0 Control by manual setting DBV[7:0] (WRDISBV)
Sleep-Out 0 1 Control‘by-manual setting DBV[7:0] (WRDISBYV)
Sleep-Out 1 0 Control by manual setting DBV[7:0] (WRDISBV)
Sleep-Out 1 1 Control by LABC function

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

CABC Status A DB RDPWM_L[7:0] RDPWM[7:0] Display Backlight Brightness
0 0
Determined by Determined by DBV[7:0]
0 1 DBVI[7:0] FFh (WRDISBV)
Off Mode (WRDISBV)
1 0
Determined by . .
1 1 LABC Function FFh Determined by LABC Function
0 0
Determined by . Determined by
Determined by
) 0 1 DBVI[7:0] ; DBVI[7:0] (WRDISBV) x
Ul-Mode / (WRDISBV) CABC Function CABC Function
Still-Mode / 1 0
Moving-Mode

Determined by
LABC Function

Determined by
LABC Function x CABC
Function

Determined by
CABC Function
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The writing register DBV[7:0] (WRDISBV) is used to adjust the backlight brightness value manually when
LABC function is disabled (register bit “A=0" and “DB=0"). Note that reading register DBV[7:0] (RDDISBV)
is used to indicate the output PWM signal duty variation. That means DBV[7:0] (RDDISBV) is also affected
by CABC function when CABC function is enable.

The register setting CMBJ[7:0] (WRCABCCMB) is used to limit the minimum PWM duty in order to prevent
the backlight brightness from being too dark.

The register FORCE_CABC_DUTY][7:0] is used to perform a fixed PWM duty of CABC output when the
register bit “FORCE_CABC_PWM=1".

The register bit “DD” is used to enable or disable the dimming function for LABC / Manual Brightness
Control. Smooth transition of PWM duty is performed when “DD=1". Dimming function is applied only when
driver IC is in sleep-out status. CABC function and LABC function are’ available only when driver IC is in

sleep-out status. Availability of functions is listed in below table.

. CABC LABC Dimming : .
Driver IC Status Function Function Function Display Backlight Status
Sleep-In Not Available | NotAvailable | Not Available Turn-Off
Sleep-Out Available Available Available Controllable

——— —————————————————————————————————————— ]
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7.13.2 Dimming Function for LABC and Manual Brightness Control

A dimming function (how fast to change the brightness from old to new level and what are brightness
levels during the change) is used when changing from one brightness level to another. The dimming
function curves for LABC and Manual Brightness Control can be configured the same or not the same in

increment and decrement directions. The basic idea is described below.

Brightness DBV/[7:0](RDDISBV) Step Up Brightness Dimming

A 4

Time Time

Without Dimming With Dimming

Basic Concept of Dimming Function

The RM68120 provides two types of PWM duty dimming mechanism, “Fixed-Time Dimming” and “Fixed-
Slope Dimming”, for LABC and manual brightness control. The setting of dimming types for rising dimming
and falling dimming is independent. The register bit “SEL_IN” is for rising dimming (increment dimming),

and the register bit “SEL_DE”4is for falling dimming (decrement dimming).

SEL_IN SEL.DE Rising Dimming Type Falling Dimming Type
0 0 Fixed-Time Dimming Fixed-Time Dimming
0 1 Fixed-Time Dimming Fixed-Slope Dimming
1 0 Fixed-Slope Dimming Fixed-Time Dimming
1 1 Fixed-Slope Dimming Fixed-Slope Dimming

——— —————————————————————————————————————— ]
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Fixed-Time Dimming Type
The total dimming steps and can be set by registers “DMSTP_L[2:0]", “DM_IN[3:0]", and “DM_DE[3:07",
respectively. These three registers can determine the total dimming time.

The unit of registers “DM_IN[3:0]” and “DM_DE[3:0]” is “frame(s) per step”. The unit of register

DMSTP_L[2:0] is “step(s)”

For Example:

Register Name Value | Description
SEL_IN 0 Fixed-Time dimming for rising dimming
SEL_DE 0 Fixed-Time dimming for falling dimming
DM _IN[3:0] 7h 8 frames time for each step
DN_DE[3:0] 5h 6 frames time for each step
DMSTP_L[2:0] 1h dimming steps is 4 steps

Total dimming time of “rising dimming” is 32-frames time length (8 frames x 4).
Total dimming time of “falling dimming” is 24-frames time length (6 frames x 4).

A
Dimming Period = 32 frames Dimming Period = 24 frames
¢ > Present PWM ¢ >

i Target PWM Duty Dul

Present PWM Target PWM Duty

PWM Duty(%)
PWM Duty(%)

Du

n
Ll

n
Ll

Time (frames)

Time (frames)

Rising Dimming Falling Dimming
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Fixed-Slope Dimming Type

The increasing / decreasing PWM duty during a time period can be set by register “STEP_IN[3:07",
“STEP_DE[3:0]", “DM_IN[3:0]", and “DM_DE[3:0]", respectively. These three registers can determine some
characteristics of dimming curves.

The unit of registers STEP_IN[3:0] and STEP_DE [3:0] is “duty ratio” (FFh is 100%, and 00h is 0%). The
unit of register DM_IN[3:0] and DM_DE[3:0] is “frame(s) per step”.

For Example:

Register Name Value | Description
SEL_IN 1 Fixed-Slope dimming for rising dimming
SEL_DE 1 Fixed-Slope dimming for falling dimming
STEP_IN[3:0] 8h PWM increment is 8 for each step
STEP_DN[3:0] 5h PWM decrement is 5 for each step
DM_IN[3:0] 3h 4 frames time for each step
DM_DE[3:0] 5h 6 frames time for each step

When present PWM duty is “0x64” (100 in decimal), target PWM duty is 0x14 (20 in decimal), so the total
dimming steps will be:

Total dimming steps = (Present PWM Duty - Target PWM duty) / (PWM decrement)

= (100 - 20) / 5 = 16 steps

So total dimming time for falling dimming is 80 frames (16 Steps x 5)

When new target PWM duty is “0x64”, the total dimming steps will be:

Total dimming steps = (Target PWM Duty - Present PWM duty) / (PWM increment)

= (100 - 20) / 8 = 10 steps

So total dimming time for rising dimming is 40 frames (10 Steps x 4)

n
n
>

h

Dimming Period = 80 frames Dimming Period = 40 frames

Present PWM Duty " Target PWM Duty

ISTEP_DE|3:0|
lTarget PWM Duty Present PWM Duty ISTEP_IN|3=0|

n
»

PWM Duty(%)
PWM Duty(%)

n
»

Time (frames) Time (frames)

Falling Dimming Rising Dimming
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7.13.3 PWM Signal Setting for CABC and LABC

The registers “PWMDIV[7:0]” can change the frequency of PWM signal(LEDPWM) and the register
“PWM_DUTY_OFFSET[4:0]” can perform a duty compensation of the PWM signal. The “FOSC” is used to
provide clock source for the internal PWM circuit. Three PWM operation frequency can be chosen by

setting register “PWMF[1:0]", and the real PWM frequency can be quickly estimated by the bellow formula.

PWMF[1:0] PWM Operation Frequency (Fosc)
00 7 MHz
01 14 MHz
10 3.5 MHz
11 (not used)
F
PWM Frequency = ose

256x PWMDIV[7: 0]
_ DBV[7:0](RDDISBV)+1
256

PWM Duty

For example:

If “PWDIV[7:0]=0x0F", “PWMF[1:0]=0x0", “DBV[7:0]=2Fh”(RDDISBV)

PWM Frequency = _TMRE ~ 1.82KHz

256 x15

“DBV[7:0]=2Fh” means PWM duty ratio is about 18.75%

PWM Duty Time_ = 18.75%x¥ ~ 103.0x8
1.82KHz
PWM non=Duty.Time. = 81250 x— =~ 4464115
1.82KHz
A Duty Time = 103us Non-Duty Time = 446.4ps Duty Time = 103us
ON F---—-—-——--%2 . T
©
c
2
wn
=
=
o
OFF p------ _—le—e————ee el b ______~—~+~+=—@— s ————ld L ————
Time
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Since the external LED driver needs some stable time to drive the LED backlight, this necessary stable
time will reduce the effective PWM duty period. The PWM_DUTY_OFFSET[4:0] is simply used to
compensate the loss of PWM duty period. For example, assume original PWM duty of LEDPWM signal is
60%, but the actual backlight brightness driven by LED driver is 57%. User can set
‘PWM_DUTY_OFFSET[4:0]” to achieve 60% backlight brightness.

A

Offset PWM Duty

Original PWM Duty

17
PWM_DUTY_OFFSET[4:0]

57%f--%----mmmmee -

Backlight Brightness Ratio(%0)

PWM Duty Ratio(%)

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Pagel24




Raydium

7.13.4 Content Adaptive Brightness Control (CABC)

A Content Adaptive Brightness Control function can be used to reduce the power consumption of the
luminance source. Content adaptation means that content grey level scale can be increased while
simultaneously lowering brightness of the backlight to achieve same perceived brightness. The adjusted
grey level scale and thus the power consumption reduction depend on the content of the image.There four
different modes of CABC can be controlled through register “C[1:0]"(WRCABC).

Descriptions of these four modes are listed below:
1. Off mode: Content Adaptive Brightness Control functionality is totally off.

2. Ul [User interface] image mode: Optimized for Ul image. It is kept image quality as much as
possible.Target power consumption reduction ratio: 10% or less. User.can achieve prefer brightness for Ul-
Mode by setting the registers “CABC_UI_PWMO[7:0]" ~ “CABC_Ul PWM3[7:0]".

3. Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable.
Target power consumption reduction ratio: more than 30%. The RM68120 will automatically estimate a
better gamma setting based on image contents. Usercan achieve prefer brightness for still picture mode by
setting the registers “CABC_PWMO0[7:0]" ~ “CABC_PWM9I[7:0]".

4. Moving image mode: Optimized for moving image e.g. Video clip. It is focused on the biggest power
reduction with image quality degradation. Target power consumption reduction ratio: more than 30%. The
RM68120 will automatically estimate a better gamma setting based on image contents. User can achieve
prefer brightness for still picture mode by setting the registers “CABC_MOV_PWMO[7:0]" ~
“CABC_MOV_PWM9[7:0]".

——— —————————————————————————————————————— ]
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7.13.5 Light-Sensor Automatic Brightness Control (LABC)

17 JudIqUuYy

IPIS WO WO}

Ambient Light Sensor(s)

Front Side

FSV[15..0] <

Light Sensor /
Brightness Control

P = e e e ey

50/60 Hz flicker removal.
E.g. averaging filter, 10
samples with 110Hz
sampling frequency

v

Apply calibration and light
guide compensation

Control bit: A
A=0: Off
A=1: On

edian Filter (FS) for

Control bit:

Image Data
DSI

Mea DB/G ]
! Environment Changes DB/G =0: Off !
13 x 500ms DB/G=1:0n !
FFSV[15..0] % ] g
Hysteresis (FS)
_______________ 16 steps
| g2 |
o~ !
B et R BC for Display
Brightness Control Block |« Backlight Source
Control bit: BCTRL — | eg.LEDsetc.
BCTRL = 0: Inactive Camisa SW i B>
BCTRL=1: Active
Control bit: BL
DBV[7..0] BL = 0: Inactive
BL=1: Active
Display Control
i - Display Panel
> Frame Memory > CABC >
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50/60Hz FLICKER REMOVAL
“50/60 Hz flicker removal” block is to sample light sensor information via system interface. Same block is

for filtering external light source flicker (e.g. 50 and 60 Hz), which maybe present in ambient light source
measurements. This functionality is possible to implement with e.g. an averaging filter, 10 samples with
110Hz sampling frequency. These samples are pipelined so that the oldest value is dropped out when a
new value is entered (First In-First Out queue). Sampling of ambient light is started after receiving “Write

CTRL Display (5300h)” command with applicable parameters.

Ambient light flickering.
which should be filtered

Luminance
from sensor
before it is filtered

v

Time
Luminance
from sensor
after it is filtered
>
Time
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Light Guide Variation Compensation
Filtered luminance value is inputted into “Apply calibration and light guide compensation” block. “Apply

calibration and light guide compensation” block is to calibrate and to compensate variation of light guide
which is covered on the ambient light sensor. Compensated luminance value can be read by the user (16
bit value, see chapters: “Read MSBs of FSV Value (5A00h)” and Read LSBs of FSV Value (5B00h)".

In order to perform a calibration for the ambient light sensor system, “Read Light Sensor Compensation
Coefficient Value MSBs (66h)’ and “Read Light Sensor Compensation Coefficient Value LSBs (67h)”
commands can be used to retrieve measured illuminance. User can define a compensation coefficient for
the light guide variation. This additional compensation coefficient CC works as a factor multiplying the
ambient light value before the value is returned by “Read FS Value MSBs (5A00h)”'and “Read FS Value

LSBs (5B00h)” commands or used in hysteresis comparison.

FS_compensated = CC * FS _filtered

FS_compensated: Ambient light information where light guide variation has been taken into account
CC: Compensation coefficient, value range[0.5 =.1.9999]

FS_filtered: Ambient light information after flicker removal

——— —————————————————————————————————————— ]
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MEDIAN FILTER

Median Filter for Environment Changes block is filtering information received from “Apply calibration and

light guide compensation” block.

Median filter receives number of values, which are stored in a queue. The length of the queue is 13

samples. The oldest value stored in the queue is also the first value to drop when a new value is queued

(First In-First Out queue). The median filter will sort these values of the queue in ascending order. The

median filter selects one of those values based on order of magnitude. Selected value is the 7th value

which is the median of the sorted queue.

Selected median filter values are inputted into “Hysteresis” block.

1
DR ool otlo s _
Riad I I San:lples on the queue at n+14 : i
. e - !
L“mu\l.f‘::llss A I Sa]l:uplesion the queue at n+13 | i i
Saniplesjon the queue at n+12 I | i
65335 T S L R
I | ! ] = — | 1
i ] - ! &
T N o sl s I
L] _ ' -
: | 1
I | - B I I .
i I ' I I I
| | 1 | 1
ill i 1
: | ! I | ]
I | ] I i
o 1L i1y 15 FE A H R
n n+l n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10 n+12 n+14 n+16
n+11 n+13 n+15 Time
Luminance values of this example are defined on the following table.
Time Luminance Value Time Luminance Value Time Luminance Value
(0— 65535) (0 — 65535) (0 — 65535)
n 40960 n+6 51200 n+12 47360
n+1 30720 n+7 58880 n+13 51200
n+2 64000 n+8 53760 n+14 58880
n+3 32768 n+9 40960 n+15 53760
n+4 62720 n+10 38400 n+16 40960
n+5 47360 n+11 51200

Queues (Read Luminance Values) of this example are defined below.
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Values of the Queue

Time
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10ht | 11th | 12th | 13th
Nn+6 | 40960 | 30720 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360
n+7 | 30720 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200
n+8 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200 | 58880
n+9 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200 | 58880 | 53760

The median filter will sort these values in ascending order. Example of sorted values are as below table.

Sorted values in the order of magnitude

Time
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th | 11th | 12th | 13th
Nn+6 | 30720 | 32768 | 38400 | 40960 | 40960 | 47360 | 47360 | 51200 | 51200 | 53760 | 58880 | 62720 | 64000
n+7 | 30720 | 32768 | 38400 | 40960 | 47360 | 47360 | 51200 | 51200 | 51200 | 53760 | 58880 | 62720 | 64000
n+8 | 32768 | 38400 | 40960 | 47360 | 47360 | 51200 | 51200 | 51200 | 53760 | 58880 | 58880 | 62720 | 64000
n+9 | 32768 | 38400 | 40960 | 47360 | 47360 |-51200 | 51200 | 51200 | 53760 | 53760 | 58880 | 58880 | 62720

The median filter selects one of those values based on order of magnitude. Selected value is the 7th value
(values highlighted on the table).
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HYTERESIS
“Write Gamma setting (58h)” and “Write Profile Values (50h)”.

For each step number ‘n’, the following values are defined:
An 8-bit value (Vn) which sets the display brightness.

A 16-bit value (In) ‘increment step’ value. If the output value of the median filter is greater than the

previous one, then the In values represent the transition from the step “n” to step “n + 1”.

A 16-bit value (Dn) ‘decrement step’ value. If the output value of the median filter is. smaller than the

previous one, then the Dn values represent the transition from the step “n” to step “n + 1”.

A 4-bit (Gn) ‘gamma curve select’ value. This uses a 1-hot encoding to select which gamma curve will be

used for each step.

Maximum step number (n) is 16.

The following figure shows a graph of hysteresis input value vs. display backlight brightness output for an
arbitrary hysteresis curve. For this graph, step 12 is_before the last step in the current profile, and so
doesn’t have any increment or decrement step values associated with it. For the last step both increment
and decrement values are set to 65535 (FFFFh).

A
255 S
II
\ !
Vi 1 I:mrement step A \ y Y
n
Decrement step
Dn
n=12 12
L =
7]
@
£
P T
@
E
=
% A\
I
m
\“I3 P '
Vi, —_
0 vy | | | || | | | | |
' \ \ o | | r =
B iy D [5 Dig 15 By ol Do Iy
0 65535
Hysteresis input
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This curve can be split into two separate cases, one for increasing input, and one for decreasing input
(see below figure). Once the hysteresis is known to be increasing or decreasing, it can choose correct
graph. Then it is relatively simple to go through each of the levels in turn, checking against the increment or

decrement values as necessary.

Gamma Gamma I‘. !
curve & Gz G Giz2 Gz curve 1| &2 G Gy ;\ | Gy Gi2 Gia
4 a \ ‘I"‘.
255 - 265 — \ A
VA \\ \
L Aok
Vi2 T “.‘ \ Vio — \ i
\ |
¥
[
||
m Vg T £ Vip =
; 5 S w 4
o (=] I
& f % [/
B oy — | CREVE
3 g ol g | ) 2 |
Vs { s |\
b A e Ty, R [ I
Vi 01—+ H ‘\\_l_"—[‘) T : f R F—1 T \\ T 1 ™
D1l Dz bk D3 lbs p D11 bt 12 h2 Dy | D | Dsl3 WY D1l D2 112
o 65535 o ’ ) 65535
Hysteresis input Hysteresis input

The following example is using 6 steps (6 increment and 6 decrement) for hysteresis 6.

A
Output Value from
Hysteresis Filter 1st - Sth Gamma setting value h . I
(8 bit digital value) Gamma curve 1: 2.2 6th Gamma setting value
Gamma curve 4: 1.0
255 44—
200 F----- QTN A A
130 [ --—-mmEEh ‘ A
80 f------------—-- Y
4 f------- A
20 r
A
i >
2560 14336 20480 33280 43776 o In;)/[utdYah;?e.ltt‘rom
edian Filter
3840 16896 25600 35840 48896 (16 bit digital value)
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The following table is specified the relationship between each parameters and step numbers as the

above example of hysteresis and profiles.

Step number In(i/raemsnt De\c/;irjneent Br?gi]i%aeyss Gamma Curve
(n) (In) (Dn) (Vn) (Gn)
1 3840(F00h) 2560(A00h) 20(14h) 2.2(1h)
2 16896(4200h) 14336(3800h) 40(28h) 2.2(1h)
3 25600(6400h) 20480(5000h) 80(50h) 2.2(1h)
4 35840(8C00h) 33280(8200h) 130(82h) 2.2(1h)
5 48896(BF00h) 43776(ABOON) 200(C8h) 2.2(1h)
6 65535(FFFFh) 65535(FFFFh) 0 1.0(8h)
7 X X X X
8 X X X X
9 X X X X
10 X X X X
11 X X X X
12 X X X X
13 X X X X
14 X X X X
15 X X X X
16 X X X X

Step number.of increment-value and decrement-value is 16 steps. Don’t care about the parameter values
after “65535/(FFFFh)” of increment value and decrement value, e.g. “X” in the above table. 16th increment
and decrement values are always set to “65535 (FFFFh)” internally, if increment and decrement values
before 16th parameters are less than “65535 (FFFFh)".

Once the hysteresis curve has been stored using the commands above, the flowchart is used to select
the correct hysteresis level after getting median filter output as a reference. Flow chart for adjust correct

hysteresis level is as below one.
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‘ Median Filter output ‘
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"Display brightness” -register value is set to "Display brightness [Vn]" value
“Last Output” -register value is set to "Median filter output” value —= Display brightness is changed
“Last output step n” -register value is set to “Step number n” value
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8. Command

8.1. Command List

Operational Command Command(C) Number Of
Code (Hex) /Read(R) /Write(W) | Parameter
00h nop C 0
01h soft reset C 0
04h get display ID R 3
05h get DSI err R 1
0Ah get power mode R 1
0Bh get address mode R 1
0Ch get pixel format R 1
0Dh get display mode R 1
OEh get signal mode R 1
OFh get diagnostic result R 1
10h enter sleep mode C 0
11h exit sleep mode C 0
12h enter partial mode C 0
13h enter_normal_mode C 0
20h exit_invert_mode C 0
21h enter_invert_mode C 0
22h set all pixel off C 0
23h set all pixel on C 0
26h Gamma_ curve setlect W 1
28h set display off C 0
29h set_display on C 0
2Ah set_column_address w 4
2Bh set page address W 4
2Ch write. memory start W Variable
2Eh read _memory_start R Variable
30h set partial area W 4
33h set-scroll area W 6
34h set tear off C 0
35h set tear on W 1
36h set address mode W 1
38h exit idle mode C 0
39h enter idle mode C 0
3Ah set pixel format W 1
3Ch write_memory _continue wW Variable
3Eh read memory continue R Variable
44h set tear scanline W 2
45h get scanline R 2
4Fh set deep standby mode W 1
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Operational Command Command(C) Number Of
Code (Hex) /Read(R) /Write(W) | Parameter
50h set profile value for display W 16
51h set display brightness W 1
52h get display brightness R 1
53h set control display W 1
54h get control display R 1
55h set_cabc_mode w 1
56h get cabc mode R 1
57h set hysteresis W 32
58h set gamma_setting W 8
5Ah get FS value MSBs R 1
5Bh get FS value LSBs R 1
5Ch get median filter FS value MSBs R 1
5Dh get median filter FS value LSBs R 1
5Eh set cabc min brightness W 1
5Fh get cabc min brightness R 1
65h set light sensor compensation coefficient W 2
66h get LSCC_MSBs R 1
67h get LSCC LSBs R 1
70h get_black/white low bit R 1
71h get Bkx R 1
72h get Bky R 1
73h get Wx R 1
74h get Wy R 1
75h get_red/green low bit R 1
76h get Rx R 1
77h get Ry R 1
78h get Gx R 1
79h get Gy R 1
7Ah get_blue/Acolor low bit R 1
7Bh get Bx R 1
7Ch get By R 1
7Dh get Ax R 1
7Eh get Ay R 1
A1h read DDB start R 5
A8h read DDB _continue R 5
AAh read first checksum R 1
AFh read continue checksum R 1
DAh read ID1 R 1
DBh read |ID2 R 1
DCh read ID3 R 1
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8.2. Command Description

NOP (0000h)

0000H NOP (No Operation)
DCX RDX | WRX D17-D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 0 0 0 0 0 0 00

This command is an empty command,; it does not have any effect on the display module. However
it can be used to terminate Frame Memory Write or Read as described in RAMWR (Memory Write)
Description  3ng RAMRD (Memory Read) Commands.

X = Don't care.

Restriction| None

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleepin Yes
Status Default Value
Power On Sequence N/A
Default
SW Reset N/A
HW Reset N/A

Flow Chart| None
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SWRESET(0100h) : Software Reset

0100H SWRESET(Software Reset)
DCX RDX | WRX D15-D8 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX
Command 0 1 1 X 0 0 0 0 0 0 0 1 01
Parameter|] NO PARAMETER
When the Software Reset command is written, it causes software reset. It resets the commands
and parameters to their S/W Reset default values. (See default tables in each command
description.)
Description
Note: The Frame Memory contents are affected by this command.
X =Don’t care
Software Reset Command cannot be sent during Sleep Out sequence:
- Any new command is cannot be sent for 10-frame period until the RM68120 enters Sleep-In mode.
Restriction
Do not send any command.
Status Availability
Normal Mode On; ldle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial'Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence N/A
Default
SW Reset N/A
HW Reset N/A
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RDDID(0400h~0402h) : Read Display ID

0400H RDDID
DCX RDX | WRX D15-D8 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX
Command 0 1 1 00h 0 0 0 0 0 1 0 0 04
1% 1 1 1 X X X X X X X X X X
2" 1 T 1 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 00
3" 1 1 1 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 80
4" 1 7 1 00h ID37 | ID36 | ID35 | ID34 | ID33 | ID32|ID31 | ID30 00
Parameter| -

Description| The 3¢ parameter (ID3): the module/driver ID

The 1% parameter (ID1): the module’s manufacture ID

The 2™ parameter (ID2): the module/driver version ID

Note: Commands RDID1/2/3 (DAh/DBh/DCh) read data correspond to the parameter 1, 2, 3 of
command 04h, respectively.

Restriction| -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle. Mode On, Sleep Out Yes
Register
Availability Partial Mode On, ldle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP value ID1=00h / ID2=80h / ID3=00h
SW Reset MTP value ID1=00h / ID2=80h / ID3=00h
HW Reset MTP value ID1=00h / ID2=80h / ID3=00h
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RDDID (04h)
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RDNUMED(0500h) : Read Number of Errors on DSI

0500H RDNUMED
DCX RDX | WRX D15-D8 | D7 | b6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 0 0 0 1 0 1 05
1° 1 1 1 X X X X X X X X X X
2" 1 1 1 X P7 | P6 | P5 | P4 | P3| P2 | P1 | PO | 00
Parameter| NO PARAMETER
The first parameter is telling a number of the parity errors on DSI. The more detailed description of
the bits is below.
P[6..0] bits are telling a number of the parity errors.
L P[7] is set to “1” if there is overflow with P[6..0] bits.
Description
P[7..0] bits are set to “0”s (as well as RDDSM(0Eh)’s DO are set “0” at the same time) after there is
sent the first parameter information (= The read function is completed).
This command is used for MIPI DSI only. It is no function for.others interface operation.
Restriction| -
Status Availability
Normal Made On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
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RDDPM (0AO0Oh) : Read Display Power Mode

OAOQOH RDDPM (Read Display Power Mode)
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 X 0 0 0 0 1 0 1 0 0A
1% parameter 1 T X X X X X X X X X X
2" parameter 1 T X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 08

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

below:
Bit | Symbol Description Comment
‘1’=Booster on;
D7 BSTON | Booster Voltage Status
‘0’=Booster off
‘1’ =ldle Mode On,
D6 IDMON Idle Mode On/Off
‘0’ = Idle Mode Off
. ‘1’ = Partial Mode On,
L D5 PTLON | Partial Mode On/Off )
Description ‘0" = Partial Mode Off
‘1" = Sleep Out,
D4 SLPON | Sleep In/Out
‘0’ =Sleep In
. 1" = Normal Display,
D3 NORON | Display Normal Mode On/Off .
‘0’ = Partial Display
. ‘1’ = Display On,
D2 DISON Display On/Off )
‘0’ = Display Off
D1 Reserved 0
DO Reserved 0
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
Power On Sequence 08h
Default
SW Reset 08h
HW Reset 08h
Serial I/F Mode Parallel I/F Mode

1
1
e i :
1
Host : omman
i

Flow Chart / Send D[7:0] / /DummyRead/ "
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RDDMADCTR (0BOOh): Read Display MADCTR

0BOOH RDDMADCTR (Read Display MADCTR)
DCX RDX | WRX | D150 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 0 0 1 0 1 1 0B
1% parameter 1 0 1 X x | x | x| x| x| x| x| x X
2" parameter 1 1 1 X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 00

Description

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

Bit Symbol Description Comment
‘1’ = Bottom to Top (36H-D7="1")
D7 MY Row Address Order ‘0’ = Top'to Bottom (36H= D7="0")
‘1’ =Right to Left (MADCTL D6="1")
D6 MX Column Address Order ‘0= Left to Right (MADCTL D6="0')
‘1" = Row/column exchange(36H-D5="1")
D5 MV Row/Column Order (MV) ‘0’ = Normal (36H-D5="1")
. ‘1’ =LCD Refresh Top to Bottom
D4 ML Vertical Refresh Order 9’ =LCD Refresh Bottom to Top
D3 RGB RGB/BGR Order ‘1’ =BGR, “0"=RGB
. ‘0’ = LCD Refresh Left to Right
D2 MH Horizontal Refresh Order ‘"= LCD Refresh Right to Left
. . ‘0’ = Normal display(36H-D1="1")
D1 RSMX Horizontal Flip 1" = Flipped display(36H-D1="1")
f ; ‘0’ = Normal display(36H-D0="1")
DO RSMY Vertical Flip ‘1’ = Flipped display(36H-D0="1")

Register Availability

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
Power On Sequence 00h
Default SW Reset No Change
HW Reset 00h
Serial I/F Mode Parallel I/F Mode

RDDMADCTR (0Bh) RDDMADCTR (0OBh) i il -
r Host : Legend :
LN e
/ Send D[7:0] / / Dummy Read / :/ Paramotor /I
L7 T |
i |
i Sequential :
: transfer E
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RDDCOLMOD (0C00h): Read Display Pixel Format

0COOH RDDCOLMOD (Read Display Pixel Format)
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | b3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 0 0 1 1 0 0 0oC
1% parameter 1 1 1 X X X X X X X X X X
2 parameter 1 i 1 X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 66
This command indicates the current status of the display as described in the table below:
Bit Symbol Description Comment
D7 Reserved ‘0’
D6 VIPFL2] “101° = 16-bits / pixel,
DPI Pixel Format(RGB ‘110> = 18-bits / pixel,
b3 VIPF[1] Interface Color Format) F11° = 24-bits / pixel,
D4 VIPF[0] others are no define
Description
D3 Reserved ‘0’
D2 IFPFI2] <101° = 16-bits / pixel,
DBI Pixel Fofmat(Control 110’ = 18-bits / pixel,
DI IFPF1] Interface Color Format) 111° = 24-bits / pixel,
DO IFPF[0] others are no define
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Default

Status Default Value
Power On Sequence 66h
SW Reset No Change
HW Reset 66h

Serial I/F Mode

| RDDCOLMOD (0Ch)

Parallel I/F Mode

RDDCOLMOD (0Ch)

Flow Chart / Send D[7:0] / / Dummy Read /

" legend
/ Parameter /

Mode

Sequential
transfer
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RDDIM (0D0Oh): Read Display Image Mode

0DOOH RDDIM (Read Display Image Mode)
DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 0 X 0 0 0 0 1 1 0 1 oD
1% Parameter 1 0 1 X X X X X X X X X X
2" Parameter 1 0 1 X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00

The display module returns the display image mode status.

Bit Symbol Description Comment
D7 | Reserved i}
D6 | Reserved o
Pescription Ds | INVON | Inversion On/Off Wlite, e
D4 | ALLON | AllPixel On T W%ﬁ:’;aéi‘iislg')‘;"y
D3 | ALLOFF | All Pixel Off b ggcngac;igi;g'fy
D2-D0| GAMSET | Gamma Curve Selection W - oo 011 - aca
Status Availability
Normal Mode On,Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Defaul SW Reset 00h
HW Reset 00h
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RDDSM (OEOOh): Read Display Signal Mode

OEOOH RDDSM (Read Display Signal Mode)
DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 0 0 1 1 1 0 OE
1% parameter 1 0 1 X X X X X X X X X X
2" parameter 1 1 1 X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00
The display module returns the Display Signal Mode.
Bit Symbol Description Comment
D7 TEON | Tearing Effect Line On/Off 1” = On, “0= Off
D6 | TELOM | Tearing effect line mode KA o4
Ds HS Horizontal Sync On/Off kit &
Description D4 S Vertical Sync On/Off e
D3 PCLK | Pixel Clock On/Off :?: Z ig::ﬁ :2 8‘:
D2 DE Data Enable OA/Off ehe
DI | Reserved 0
po | EMOLOM | Errgron DS 9,2 No Error
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability. Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default SW Reset 00h
HW Reset 00h
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Serial I/F Mode Parallel I/F Mode
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RDDSDR (0OF00h): Read Display Self-Diagnostic Result

OFOOH RDDSDR (Read Display Self-Diagnostic Result)
DCX | RDX WRX| D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 0 X 0 0 0 0 1 1 1 1 OF
1% Parameter 1 0 1 X X X X X X X X X X
2" Parameter 1 1 1 X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00
The display module returns the self-diagnostic results following a Sleep Out command.
Bit Symbol Description Comment
D7 RELD Register Loading Detection
D6 FUND Functionality Detection
D5 CAD Chip Attachment Detection
Description D4 DGBD | Display Glass Break Detection
D3 | Reserved 0}
D2 | Reserved ‘0
DI | Reserved 0
DO CSsC Checksums Comparsion ? z fl?);nseame
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default SW Reset 00h
HW Reset 00h
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SLPIN (1000h): Sleep In

1000H SLPIN (Sleep In)

DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 0 1 0 0 0 0 10

Parameter | No Parameter

This command causes the display module to enter the Sleep mode.

This command causes the AMOLED module to enter the Sleep mode. In this mode, the
DC/DC converter, internal oscillator and panel scanning stop. DBl.or DSI Command-Mode
Description remains operational and the frame memory maintains its contents. The host processor
continues to send PCLK, HS and VS information to display modules for two frames after this

command is sent when the display module is in Normal mode.

This command has no effect when the display module is already in Sleep mode.

The host processor must wait 5 milliseconds before sending any new commands to a display

module following this command to allow time for the supply voltages and clock circuits to

Restriction
stabilize. The host processor must wait 120 milliseconds after sending a Sleep Out command
before sending an Sleep In command.
Status Availability
Normal‘Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Sleep In Mode
Default SW Reset Sleep In Mode
HW Reset Sleep In Mode
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SLPOUT (1100h): Sleep Out

1100H

SLPOUT (Sleep Out)

DCX RDX | WRX D158 | b7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX

Command

0 1 1 X 0 0 0 1 0 0 0 1 11

Parameter

No Parameter

Description

This command causes the display module to exit Sleep mode. All blocks inside the display
module are enabled. The host processor sends PCLK, HS and VS information to display modules
two frames before this command is sent when the display module is in Normal Mode.

Restriction

This command shall not cause any visible effect on the display device when the display module is
not in Sleep mode. The host processor must wait five milliseconds after sending this command
before sending another command. This delay allows the supply voltages and clock circuits to
stabilize.

The host processor must wait 120 milliseconds after sending a Sleep Out command before
sending a Sleep-In command. The display module loads the display module’s default values to
the registers when exiting the Sleep mode. There shall not be any abnormal visual effect on the
display device when loading the registers if the factory default and register values are the same or
when the display module is not in Sleep mode. The display module runs the self-diagnostic

functions after this command.is received.

Register
Availability

Status Availability

Normal Mode On, Idle Mode Off, Sleep Out Yes

Normal Mode On, Idle Mode On, Sleep Out Yes

Partial Mode On, Idle Mode Off, Sleep Out Yes

Partial Mode On, Idle Mode On, Sleep Out Yes

Sleep In Yes

Default

Status Default Value

Power On Sequence Sleep In Mode
SW Reset Sleep In Mode

HW Reset Sleep In Mode
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SLPOUT (11h)
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PTLON (1200h): Partial Display Mode On

1200H PTLON (Partial Display Mode On)
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO HEX
Command 0 1 1 X 0 0 0 1 0 0 1 0 12
Parameter No Parameter
This command causes the display module to enter the Partial Display Mode. The Partial
Display Mode window is described by the Partial Area (30h) command.
b i To leave Partial Display Mode, the Normal Display Mode On (13h) command should be
escription
P written. The host processor continues to send PCLK, HS and VS information to display
modules for two frames after this command is sent when the display module is in Normal
Display Mode.
Restriction This command has no effect when Partial Display Mode is already active.
Status Availability
Normal Mode On, Idle Mode Off; Sleep Out Yes
Register Normal Mode On, ldle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Normal display mode On
Default SW Reset Normal display mode On
HW Reset Normal display mode On
Refer to Partial Area (30h)
Flow Chart
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NORON (1300h): Normal Display Mode On

1300H NORON (Normal Display Mode On)

Dcx | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 ) X 0 0 0 1 0 0 1 1 13

Parameter No Parameter

This command causes the display module to enter the Normal mode. Normal Mode is
defined as Partial Display mode and Scroll mode are off.
Description The host processor sends PCLK, HS and VS information to Type 2 display modules two

frames before this command is sent when the display module is in Partial Display Mode.

Restriction This command has no effect when Normal Display‘mode is already active.
Status Availability

Normal Mode On, Idle Mode Off; Sleep Out Yes

Normal Mode On, Idle Mode On, Sleep Out Yes

Register Availability

Partial Mode On, Idle Mode Off, Sleep Out Yes

Partial Mode On, Idle Mode On, Sleep Out Yes

Sleep In Yes

Status Default Value

Default Power On Sequence | Normal Display Mode On

SW Reset Normal Display Mode On

HW Reset Normal Display Mode On

Flow Chart Refer to the description of Partial Area (3000h)
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INVOFF (2000H): Display Inversion Off

2000H INVOFF (Display Inversion Off)
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 0 0 0 0 0 20
Parameter No Parameter
This command causes the display module to stop inverting the image data on the display
device. The frame memory contents remain unchanged. No status bits are changed.
Memory Display Panel
| ||| | |||
Description . Ml
HERR HERR
Restriction This command has no effect when thedisplay module is not inverting the display image.
Status Availability
Normal Mode On;, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability i
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence | Display Inversion off
SW Reset Display Inversion off
HW Reset Display Inversion off
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INVON (2100H): Display Inversion On

2100H INVON (Display Inversion On)
DCX | RDX | WRX | D15-8 | D7 D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 1 0 0 0 0 1 21
Parameter No Parameter
This command causes the display module to invert the image data only on the display
device. The frame memory contents remain unchanged. No status bits are changed.
Memory Display Panel
| |||
Description
/
HERR
Restriction This command has no effect when module isalready in inversion on mode.
Status Availability
Normal Mode On, ldle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display Inversion off
etau SW Reset Display Inversion off
HW Reset Display Inversion off
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ALLPOFF (2200H): All Pixel Off

2200H ALLPOFF
DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 0 0 0 1 0 22
Parameter No Parameter
This command turns the display panel black in Sleep Out mode and a status of the Display
On/Off register can be on or off.
This command makes no change of contents of frame memory.
This command does not change any other status.
Memory Display
Description —>
“All Pixels On”, “NormalDisplay Mode On’<or “Partial Mode On” commands are used to leave
this mode. The display panel is showing the content of the frame memory after “Normal
Display On” and “Partial Mode On” commands.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display Inversion off
etau SW Reset Display Inversion off
HW Reset Display Inversion off
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ALLPON (2300H): All Pixel On

2300H ALLPON
DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 0 0 0 1 1 23
Parameter No Parameter
This command turns the display panel white in Sleep Out mode and a status of the Display
On/Off register can be on or off.
This command makes no change of contents of frame memory.
This command does not change any other status.
Memory Display
Description
“All Pixels Off”, “Normal Display Mode On”.or “Partial Mode On” commands are used to leave
this mode. The display panel is showing the content of the frame memory after “Normal
Display On” and “Partial Mode On” commands.
Restriction -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence Display Inversion off
etau SW Reset Display Inversion off
HW Reset Display Inversion off
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GAMSET (2600H): Gamma Set

2600H GAMSET

DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 1 0 0 1 1 0 26
1t parameter 1 1 1 X GC7 | GC6| GC5| GC4| GC3| GC2| GC1| GCO 01
Parameter No Parameter

This command is used to select the desired Gamma curve for the current display. A maximum of 4
curves can be selected. The curve is selected by setting the appropriate bit in the parameter as

described in the Table.

GCI[7:0] Parameter Curve
Description 01h GCO0 Gamma Curve (G2.2)
02h GC1 Reserved
04h GC2 Reserved
08h GC3 Reserved

Note: All other values are undefined.

Values of GC [7:0] not shown in table above are invalid and will not change the current

Restriction
selected gamma
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Made On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Defaul Power On Sequence 01h
efault SW Reset 01h
HW Reset 01h

——— —————————————————————————————————————— ]
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GAMSET(26h)

Flow Chart

GC[7:0]

A

New Gamma Curve
Loaded

Sequentia
transfer

——— —————————————————————————————————————— ]
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DISPOFF (2800h): Display Off

2800H DISPOFF (Display Off)

DCX | RDX | WRX | D15-8 | b7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 1 0 1 0 0 0 28

Parameter No Parameter

This command causes the display module to stop displaying the image data on the display
device. The frame memory contents remain unchanged. No status bits are changed.

Memory Display Panel

Description _—

Restriction | This command has no effect when module is already in display off mode.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
) Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Default Power On Sequence D!splay Off
SW Reset Display Off
HW Reset Display Off

——— —————————————————————————————————————— ]
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Flow Chart

Display On Mode

DISPOFF (28h)

A 4

Display OFF Mode

Sequential
transfer
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DISPON (2900h): Display On

2900H DISPON (Display On)
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 0 1 0 0 1 29
Parameter No Parameter
This command causes the display module to start displaying the image data on the display
device. The frame memory contents remain unchanged. No status bits are changed.
Memory Display Panel
Description — —
Restriction This command has no.effect when module is already in display on mode.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register Availability,
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value

Default Power On Sequence D!splay Off

SW Reset Display Off

HW Reset Display Off

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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/ Parameter /

Display OFF Mode

DISPON (29h)

A4

Flow Chart Display ON Mode

Mode

Sequential
transfer
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CASET (2A00h): Column Address Set

2A00H CASET (Column Address Set)
DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 0 X 0 0 1 0 1 0 1 0 2A
1% parameter 1 1 0 X 0 0 0 0 0 0 0 |SC8| 00
2" parameter 1 1 1 X SC7 | SC6 | SC5| SC4 | SC3 | SC2 | SsC1|SCo| 00
3™ parameter 1 1 1 X 0 0 0 0 0 0 0 |EC8| 01
4" parameter 1 1 1 X EC7 | EC6 | EC5 | EC4 | EC3,| EC2 | EC1 | ECO| DF

Description

This command defines the column extent of the frame memory accessed by the host processor

with the read_memory_continue and write_memory_continue commands.

SP[8:0] —»

EP[8:0] —>

SCI8:0] EC[8:0]

v

——— —————————————————————————————————————— ]
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Restriction

SC [8:0] always must be equal to or less than EC[8:0]

7

10

11

12

GCM[7:0] = 70h : 480x864
MV(36h-B5)=0 : Parameter range

MV(36h-B5)=1 : Parameter range :

GCM[7:0] = 6Bh : 480x854

MV (36h-B5)=0 : Parameter range :
MV(36h-B5)=1 : Parameter range :

GCM[7:0] = 50h : 480x800

MV(36h-B5)=0 : Parameter range :
MV (36h-B5)=1 : Parameter range :

GCM[7:0] = 28h : 480x720

MV(36h-B5)=0 : Parameter range :
MV(36h-B5)=1 : Parameter range :

GCM[7:0] = 00h : 480x640

MV(36h-B5)=0 : Parameter range :
MV (36h-B5)=1 : Parameter range :

GCM[7:0] = FEh : 480x360
MV (36h-B5)=0 : Parameter range

MV(36h-B5)=1 : Parameter range

-0 < SC[8:0] < EC[8:0] = 479(01DFh)
0 < SCI[8:0] < EC[8:0] < 863(035Fh)

0 < SCI[8:0] < EC[8:0] < 479(01DFh)
0 < SCI[8:0] < EC[8:0] < 853(0355h)

0 < SC[8:0] = EC[8:0] =-479(01DFh)
0 < SCI[8:0] < EC[8:0] = 799(031Fh)

0 < SC[8:0] =EC[8:0] = 479(01DFh)
0 < SCI[8:0] = EC[8:0] = 719(02CFh)

0 = SCI[8:0] = EC[8:0] = 479(01DFh)
0 = SCI[8:0] = EC[8:0] = 639(027Fh)

- 0= SC[8:0] < EC[8:0] < 479(01DFh)
.0 < SC[8:0] < EC[8:0] < 359(0167h)

Register
Availability

Status Availability

Normal Mode On, |dle Mode Off, Sleep Out Yes

Normal Mode On, Idle Mode On, Sleep Out Yes

Partial Mode On, Idle Mode Off, Sleep Out Yes

Partial Mode On, Idle Mode On, Sleep Out Yes

Sleep In Yes

Default

Status

Default Value

SC[8:0] EC[8:0](36h-B5=0)

Power On Sequence

0000h 01DFh

SW Reset 0000h 01DFh

HW Reset 0000h 01DFh

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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r CASET (2Ah)

15t & 2" Parameter: SC[8:0]
3" & 4™ Parameter: EC[8:0]

r RASET (2Bh) \

15! & 2" Parameter: SP[8:0]

Flow chart 3 & 4™ Parameter: EP[8:0]

rRAMWR (2Ch)

/ Parameter /

PapaaN Ji

Image Data
D1[B:0],D2[B:0]...... Dn[B:0]

Mode

Sequential
transfer

rAny Command /

Note : B=23

——— —————————————————————————————————————— ]
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RASET (2B00h): Row Address Set

2B00H RASET (Row Address Set)
DCX | RDX | WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 0 0 1 0 1 0 1 1 2B
1% parameter | 1 1 1 X 0 0 0 0 0 0 0 | SPs| 00
2" parameter| 1 1 1 X SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1| SPO| 00
3" parameter | 1 1 1 X 0 0 0 0 0 0 0 |EP8| 03
4™ parameter 1 1 1 X EP7 | EP6 | EP5 | EP4 | EP3 | EP2 | EP1{ EPO | 1F

Description

This command defines the page extent of the frame memaory accessed by the host processor

with the write_memory_continue and read_memory_continue command.

SP[8:0] —»

EP[8:0] —»

SC[8:0]

y

ECI[8:0]

——— —————————————————————————————————————— ]
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Restriction

SP [8:0] always must be equal to or less than EP [8:0].

1.

GCM[7:0]= 70h :
MV(36h-B5)=0 :
MV(36h-B5)=1
GCM[7:0]= 6Bh :
MV(36h-B5)=0 :
MV(36h-B5)=1
GCM[7:0]= 50h :
MV(36h-B5)=0 :
MV(36h-B5)=1
GCM[7:0]= 28h :
MV(36h-B5)=0 :
MV(36h-B5)=1
GCM[7:0]= 00h :
MV(36h-B5)=0 :
MV(36h-B5)=1
GCM[7:0]= FEh :
MV(36h-B5)=0 :
MV(36h-B5)=1 :

480x864
Parameter range

: Parameter range

480x854
Parameter range

: Parameter range

480x800
Parameter range

: Parameter range

480x720
Parameter range

: Parameter range

480x640
Parameter range

: Parameter range

480x360
Parameter range

Parameter range

.0 < SP[8:0] = EP[8:0] = 863(035Fh)
.0 < SP[8:0] = EP[8:0] < 479(01DFh)

.0 < SP[8:0] = EP[8:0] = 853(0355h)
.0 < SP[8:0] = EP[8:0] < 479(01DFh)

: 0 < SP[8:0] = EP[8:0] <.799(031Fh)
-0 < SP[8:0] = EP[8:0] = 479(01DFh)

: 0 < SP[8:0] =[EP[8:0] < 719(02CFh)
.0 < SP[8:0] = EP[8:0] = 479(01DFh)

.0 < SP[8:0] = EP[8:0] < 639(027Fh)
.0 = SP[8:0] = EP[8:0] = 479(01DFh)

: 0'= SP[8:0] = EP[8:0] = 359(0167h)
:0 < SP[8:0] < EP[8:0] = 479(01DFh)

Register
Availability

Status

Availability

Normal Mode On, Idle Mode Off, Sleep Out

Yes

Normal Mode On, Idle Mode On, Sleep Out

Yes

Partial Mode On, Idle Mode Off, Sleep Out

Yes

Partial Mode On, Idle Mode On, Sleep Out

Yes

Sleep In

Yes

Default

Status

Default Value

SC[8:0]

EC[8:0](36h-B5=0)

Power On Sequence

0000h

031Fh

SW Reset

0000h

031Fh

HW Reset

0000h

031Fh

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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\
r CASET (2Ah) B
Z
> [0}
(0]
&
1% & 2" Parameter: SC[8:0] Q
3" & 4" Parameter: EC[8:0]
_/
r RASET (2Bh)
1% & 2" Parameter: SP[8:0]
3" & 4™ Parameter: EP[8:0]
Flow chart
\

rRAMWR (2Ch)

Image Data
D1[B:0],D2[B:0]...... Dn[B:0]

Y-
PapaaN 4

rAny Command

Note : B=23
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RAMWR (2C00h): Memory Write

2C0O0H

RAMWR (Memory Write)

DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX

Command

0 1 1 XX 0 0 1 0 1 1 0 0 2C

1% pixel data

1 1 1t |D1[24..8]| D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10

1 1 1 Dx[24..8]| Dx7 | Dx6 | Dx5 | Dx4 | Dx3 | Dx2 | Dx1 | Dx0

N™ pixel data

1 1 1 Dn[24.8]| Dn7 | Dn6 | Dn5 | Dn4 | Dn3 | Dn2 | Dn1 | DnO

Description

This command transfers image data from the host processor to the display module’s frame
memory starting at the pixel location specified by preceding. CASET (2Ah) and RASET (2Bh)

commands.

If MV/(36h-B5) = O:

The column and page registers are reset to the Start Column (SC) and Start Page (SP),
respectively. Pixel Data 1 is stored_ in frame memory at (SC, SP). The column register is then
incremented and pixels are written to the frame memory until the column register equals the
End Column (EC) value. The.column register is then reset to SC and the page register is
incremented. Pixels are written to the frame memory until the page register equals the End
Page (EP) value or:the host processor sends another command. If the number of pixels
exceeds (EC — SC+ 1) *(EP = SP.+ 1) the extra pixels are ignored.

If MV/(36h-B5) = 1:

The.column and page registers are reset to the Start Column (SC) and Start Page (SP),
respectively. Pixel Data 1 is stored in frame memory at (SC, SP). The page register is then
incremented and pixels are written to the frame memory until the page register equals the End
Page (EP) value. The page register is then reset to SP and the column register is incremented.
Pixels are written to the frame memory until the column register equals the End column (EC)
value or the host processor sends another command. If the number of pixels exceeds (EC —
SC +1) * (EP — SP + 1) the extra pixels are ignored.

Restriction

A Memory Write should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the
write location. Otherwise, data written with RAMWR(2Ch) and any following RAMWRC(3Ch)

commands is written to undefined locations.

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
) Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default SW Reset Contents of memory is not cleared
HW Reset Contents of memory is not cleared
I Legend |
3 i/ Parameter /:
D1[B:0],D2[B:0]...-. Dn[B:0] ! !
[_7AnyConvnand E Sequential |
: transfer E
Nete:B=23~ . T

——— —————————————————————————————————————— ]
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RAMRD (2E00h): Memory Read

2E00H RAMRD (Memory Read)
DCX | RDX | WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 0 0 1 0 1 1 1 0 2E
1% parameter 1 0 1 X X X X X X X X X X
2" parameter 1 1 1 |D1[24.8] D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10
1 0 1 |Dx[24..8] Dx7 | Dx6 | Dx5 | Dx4 | Dx3 | Dx2 | Dx1 Dx0
p;’;‘;:}g{‘er 1 + | 1 |on4.8] Dn7 | Dn6 | Dn5 | Dn4 | Dn3 | DA2.| Dni{ Dno
This command transfers image data from the display-module’s frame memory to the host
processor starting at the pixel location specified by preceding CASET (2Ah) and RASET (2Bh)
commands.
If MV(36h-B5) = 0:
The column and page registers are reset to the Start Column (SC) and Start Page (SP),
respectively. Pixels are read from frame‘memory at (SC, SP). The column register is then
incremented and pixels read from the frame memory until the column register equals the End
Column (EC) value. The column register'is then reset to SC and the page register is
Description incremented. Pixels are read from the frame memory until the page register equals the End
Page (EP) value or the host processor sends another command.
If MV(36h-B5) = 1:
The column and page registers are reset to the Start Column (SC) and Start Page (SP),
respectively. Pixels are read from frame memory at (SC, SP). The page register is then
incremented and pixels read from the frame memory until the page register equals the End
Page (EP) value. The page register is then reset to SP and the column register is incremented.
Pixels are read from the frame memory until the column register equals the End Column (EC)
value or the host processor sends another command.
Restriction

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
d Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default SW Reset Contents.of memory is not cleared
HW Reset Contents of memory is not cleared
r RAMRD (2Eh)
" Llegend k
/ Dummy Read / i '
' /" Parameter /!
Image Data |
Flow chart D1[B:0],D2[B:0]....:.Dn[B:0] :
i Sequential i
|—'Any Command ! transfer !
Note : B=23
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PTLAR (3000h): Partial Area

3000H PTLAR (Partial Area)
DCX | RDX | WRX | D15-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX
Command 0 1 1 X 0 0 1 1 0 0 0 0 30
1% parameter 1 1 0 X 0 0 0 0 0 0 0 SR8 | 00
2" parameter, 1 1 1 X SR7 | SR6 | SR5 | SR4 | SR3 | SR2 | SR1 | SRO | 00
3" parameter 1 1 1 X 0 0 0 0 0 0 0 ER8 | 03
4" parameter| 1 1 1 X ER7 | ER6 | ER5 | ER4 | ER37{| ER2 | ER1.| ERO | 1F

Description

Start

Start Row
SR[8:0] —»

End Row
ER[B:0] —»

End Row
ER[B:0] —»

Row

SR[8:0] —»

-If End Row > Start Row, when ML(36h-B4) ='0’

-If End. Row > Start Row, when ML(36h-B4) =’1’

This command defines the Partial Display mode’s display area. There. are two parameters
associated with this command, the first defines the Start'Row (SR) and the second the End

Row (ER), as illustrated in the following figure. SR and ER refer to the Frame Memory.

Partial
Area

Partial
Area

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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Raydium Rev 0.0

-If End Row < Start Row, when ML(36h-B4) =0’

— ' Partial
ER[8:0] —» | [ Arwea
SR[8:0] —»__ . Partial
— Area
-If End Row < Start Row, when ML(36h-B4) =’1’
Start Row —_— Partial
SR[8:0] —» T Awea
End Row —
ER[8:0] —. . Partial
[ Area

-If End Row = Start.Row then the Partial Area will be one row deep.

CGM[7:0] =270h” (480 x 864): 0 = SR[15:0], ER[15:0] = 863 (035Fh), |ER-SR| = 863 (035Fh)

CGM[7:0] = "6Bh” (480 x 854): 0 = SR[15:0], ER[15:0] = 853 (0355h), [ER-SR| = 853 (0355h)

CGM][7:0] = "50h” (480 x 800): 0 = SR[15:0], ER[15:0] = 799 (031Fh), |ER-SR| = 799 (031Fh)

Restriction | “cgmi7:0] = "28h" (480 x 720): 0 = SR[15:0], ER[15:0] = 719 (02CFh), |ER-SR| = 719 (02CFh)

CGM[7:0] = "00h” (480 x 640): 0 = SR[15:0], ER[15:0] = 639 (027Fh), |ER-SR| = 639 (027Fh)

CGM[7:0] ="FEh” (480 x 360): 0 = SR[15:0], ER[15:0] = 359 (0167h), |ER-SR| = 359 (0167h)

——— —————————————————————————————————————— ]
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
SR[8:0] ER[8:0]
Default Power On Sequence 0000h 031Fh
SW Reset 0000h 031Fh
HW Reset 0000h 031Fh
1. To Enter Partial Mode 2..To Exit Partial Mode
[_7 PTLAR (30h) <:j Partial Mode ::)
T 1 Optional to
t teari
/ 1% & 2™ Parameter: / rDISPOFF (28h) <] z;f?e\::??m:ggng
SR[f:O] T displav
e Paramerer | NORON (13n) T egend T
ER[8:0] ! I |
! (Partial Mode OFF ) i
r PTLON (12h) I \  Parameter |
T rRAMRW (2Ch) ; :
Flow chart : |
C Partial Mode ) ! !
Image Data i E
D1[B:0],D2[B:0]... : ;
...Dn[B:0] ! !
G
! transfer i
r DISON (29h) : :
Note : B=23

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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TEOFF (3400h): Tearing Effect Line OFF

3400H TEOFF (Tearing Effect Line OFF)
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 1 0 1 0 0 34
Parameter NO PARAMETER
_ This command turns off the display module’s Tearing Effect output signal on the TE signal
Description
line.
Restriction This command has no effect when the Tearing Effect output is already off.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
] Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence OFF
Default SW Reset OFF
HW Reset OFF
' Legend ;
( TE Line Output ON ) ! '
\ / Parameter /!
Flow Chart ! 5
o = =
( TE Line Output OFF ) | !
i Sequential i
: transfer E

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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TEON (3500h): Tearing Effect Line ON

3500H TEON (Tearing Effect Line ON)
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX
Command 0 1 1 X 0 0 1 1 0 1 0 1 35
1% parameter 1 1 1 X 0 0 0 0 0 0 0 |TELOM| 00

This command turns on the tearing Effect output signal on the TE signal line. The TE signal is
not affected by changing MADCTR (36h) B4 (Line Address Order).
The Tearing Effect Line On has one parameter that describes the Tearing Effect Qutput Line

mode.

If TELOM = 0:
The Tearing Effect Output line consists of V-Blanking information only.
tvdl | tvdh
< T >

Description
If TELOM = 1;
The Tearing Effect Output Line consists of both V-Blanking and H-Blanking information.
| twdh | tvdl
‘ JAVAY SN
M ______ >l V-Sync
|n\-|:iiii:[e : L‘ll:te 4&_3:-.
The Tearing Effect Output line shall be active low when the display module is in Sleep mode.
Restriction This command-has no effect when Tearing Effect output is already ON.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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ﬂ Parameter: TELOM /

A 4

( TE Line Output ON )

Status Default Value
Power On Sequence OFF
Defaut SW Reset OFF
HW Reset OFF
""" Legend
( TE Line Output OFF)
/ Parameter /"
TEON (35h
Flow Chart (35h)

Mode

Sequential
transfer
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MADCTR (3600h): Memory Data Access Control

3600H MADCTR (Memory Data Access Control)

DCX | RDX | WRX | D24-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 1 1 0 1 1 0 36

1% parameter 1 1 0 X B7 | B6 | BS | B4 | B3| B2 | B1 | BO 00

This command defines read/write scanning direction of frame memory. This command

makes no change on the other driver status.

Bit Symbol Description Comment
‘1’ = Bottom to Top

B7 MY Row Address Order ‘0’ = Top to Bottom
‘1’ = Right to Left

B6 MX Column Address Order ‘0’ = Left to Right

BS MV Row/Column Order (MV) Qi Row/coliRggexchange
0"= Normal

. ‘0’ =LCD Refresh Top to Bottom

B4 ML Vertical Refresh Order ‘1" =L.CD Refresh Bottom to Top

B3 RGB RGB/BGR Order 1’ =BGR, “0"=RGB

B2 MH Horizontal Refresh Order 0" =LCD Refresh Left to Right

‘1’ =LCD Refresh Right to Left
‘0’ = Normal display
‘1’ = Flipped display
‘0’ = Normal display
‘1’ = Flipped display

Bl H_FLIP Horizontal Flip

Description
BO V_FLIP “| Vertical Flip
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset No Change
HW Reset 00h
| Legend |
a =
' /" Parameter /!
(e o | |
Fl hart i E
i Sequential |
! transfer i
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IDMOFF (3800h): Idle Mode Off

3800H IDMOFF (Idle Mode Off)

DCX | RDX | WRX | D158 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 1 1 1 0 0 0 38

Description | This command causes the display module to exit Idle mode.

Restriction This command has no effect when the display module is not in Idle mode.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability

Partial Mode On, Idle Mode Off, Sleep Out Yes

Partial Mode On, Idle Mode On, Sleep Out Yes

Sleep In Yes
Status Default Value
Power On_.Sequence Idle Mode Off
Default SW Reset Idle Mode Off
HW Reset Idle Mode Off

| Legend i

Idle mode ON

Flow Chart r IDMOFF (38h)

< Idle mode OFF )

Mode

Sequential
transfer
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IDMON (3900h): Enter_idle_mode

3900H Enter_idle_mode
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 1 1 0 0 1 39
Parameter NO PARAMETER
This command causes the display module to enter Idle Mode.
In Idle Mode, color expression is reduced. Colors are shown on the display device using the
MSB of each of the R, G and B color components in the frame memory.
Memory Panel Displa
Description
Color R7 R6 R5R4 R3 R2R1 R0 G7 G6 G5 G4 G3 G2 G1 GO B7 B6 B5 B4 B3 B2 B1 BO
Black OXXXXXXX OXXXXXXX OXXXXXXX
Blue OXXXXXXX OXXXXXXX 1XXXXXXX
Red 1XXXXXXX OXXXXXXX OXXXXXXX
Magenta AXXXXXXX OXXXXXXX 1XXXXXXX
Green OXXXXXXX 1XXXXXXX OXXXXXXX
Cyan OXXXXXXX IXXXXXXX IXXXXXXX
Yellow AXXXXXXX IXXXXXXX OXXXXXXX
White 1XXXXXXX IXXXXXXX AXXXXXXX
Restriction | This command has no effect when module is already in idle on mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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< Idle mode ON )

Mode

Sequential
transfer

Status Default Value
Power On Sequence Idle Mode Off
Default SW Reset ldle Mode Off
HW Reset Idle Mode Off
' Legend :
: :
l :/ Parameter /:
[ 1pmoN G9h) ! - :

——— —————————————————————————————————————— ]
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COLMOD (3A00h): Interface Pixel Format

3A00H COLMOD (Interface Pixel Format)

DCX RDX | WRX | D15-8 | D7 | b6 | D5 | D4 | D3 | D2 | D1 | DO | HEX

Command 0 1 1 X 0 0 1 1 1 0 1 0 3A

1% parameter 1 1 1 X 0 D6 D5| D4| O D2| D1 DO| 66

This command sets the pixel format for the RGB image data used by the interface.

Bits D[6:4] — DPI Pixel Format Definition
Bits D[2:0] — DBI Pixel Format Definition
Bits D7 and D3 are not used.

If a particular interface, either DBI or DPI, is not used then.the corresponding bits in the parameter

are ignored.
Description Control Interface Color Format D6/D2 D5/D1 D4/D0
Not defined 0 0 0
Not defined 0 0 1
Not defined 0 1 0
Not defined 0 1 1
Not defined 1 0 0
16bit/pixel (65,536 colors) 1 0 1
18bit/pixel (262,144 colors) 1 1 0
24bit/pixel (16.7M colors) 1 1 1

Restriction | There is no visible effect until the Frame Memory is written to.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 66h
Default
SW Reset No Change
HW Reset 66h
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Example :

1 1
1 1
C 16-bits/Pixel Mode ) ! !
! Command !
1 1

COLMOD (3Ah)

A4

( 18-bits/Pixel Mode )

Sequentia
transfer

1
1
| '
1 1
1 1
1 1
1
1* Parameter / ! E
(06h) . .
Flow chart | Mode !
| :
1 1
1 1
1 1
1 1
1 1
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RAMWRC(3CO00h) : Write_Memory_Continue

3CO0H Write_Memory_Continue
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 1 1 1 0 0 3C
1% parameter 1 1 1 D1[24..8]| D1[7]| D1[6]| D1[5]| D1[4]| D1[3]| D1[2]| D1[1]| D1[0]
X parameter 1 1 0 Dx[24..8]| Dx[7]| Dx[6]| Dx[5] | Dx[4]| Dx[3]| Dx[2]| Dx[1]| Dx[0]
NSt parameter 1 1 0 Dn[24..8]| Dn[7]| Dn[6]| Dn[5]| Dn[4]| Dn[3]| Dn[2]| DBn[1]| Dn[0]

Description

This command transfers image data from the host processor to the display module’s frame
memory continuing from the pixel location following the. previous write_memory_continue or

write_memory_start command.

If MV/(36h-B5) = O:

Data is written continuing from the pixel. location after the write range of the previous
RAMWR(2Ch) or RAMWRC(3Ch). The.column register is then incremented and pixels are
written to the frame memory until the column register equals the End Column (EC) value. The
column register is then reset to SC and the page register is incremented. Pixels are written to the
frame memory until the page register/ equals the End Page (EP) value or the host processor
sends another command. If the number of pixels exceeds (EC — SC + 1) * (EP — SP + 1) the
extra pixels are ignored.

If MV(36h-B5) = 1:

Data is written. continuing from the pixel location after the write range of the previous
RAMWR(2Ch) or RAMWRC(3Ch). The page register is then incremented and pixels are written
to the frame memory until the page register equals the End Page (EP) value. The page register
is then reset to SP and the column register is incremented. Pixels are written to the frame
memory until the column register equals the End column (EC) value or the host processor sends
another command. If the number of pixels exceeds (EC — SC + 1) * (EP — SP + 1) the extra

pixels are ignored.

Frame Memory Access and Interface setting (B3h), WEMODE=0

When the transfer number of data exceeds (EC-SC+1)*(EP-SP+1), the exceeding data will

be ignored.

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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Frame Memory Access and Interface setting (B3h), WEMODE=1
When the transfer number of data exceeds (EC-SC+1)*(EP-SP+1), the column and page
number will be reset, and the exceeding data will be written into the following column and page.
A Memory Write should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the write
Restriction location. Otherwise, data written with RAMWR(2Ch) and any following RAMWRC(3Ch)
icti
commands is written to undefined locations.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, SleepOut Yes
Availabilit
y Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep’in Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default SW Reset Contents of memory is not cleared
HW Reset Contents of memory is not cleared
' legend :
i :/ Parameter /:
D1[B:0],D2[B:0]......Dn[B:0] ! :
Flow chart | I
r_iAnyConnnand i Sequential i
: transfer i
Note : B = 23
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RAMRDC(3EOOh) : Read_Memory_Continue

3EO00OH Read_Memory_Continue
DCX RDX | WRX | D24-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 0 1 1 1 1 1 0 3E
1% parameter 1 1 1 X X X X X X X X X X
2" parameter 1 1 1 D1[24..8]| D1[7]| D1[6]| D1[5]| D1[4]| D1[3]| D1[2]| D1[1]| D1[0]
X' parameter 1 0 1 Dx[24..8]| Dx[7]| Dx[6] | Dx[5]| Dx[4] | Dx[3] | Dx[2]| Dx[1]{ Dx[0]
Nt parameter 1 0 1 Dn[24..8]| Dn[7]| Dn[6]| Dn[5]| Dn[4]| Dn[3]| Dn[2]| Dn[1]| Dn[0]

Description

This command transfers image data from the display module’s frame memory to the host
processor continuing from the location following the previous read_memory continue or

read_memory_start command.

If MV(36h-B5) = 0:

Pixels are read continuing from the pixel location after the read range of the previous
RAMWR(2Ch) or RAMWRC(3Ch). The column register is then incremented and pixels are read
from the frame memory until. the column register equals the End Column (EC) value. The column
register is then reset to SC and the page register is incremented. Pixels are read from the frame
memory until the page register equals the End Page (EP) value or the host processor sends

another command.

If MV(36h-B5) B5 = 1:

Pixels are. read continuing from the pixel location after the read range of the previous
RAMWR(2Ch).or RAMWRC(3Ch). The page register is then incremented and pixels are read from
the frame memory until the page register equals the End Page (EP) value. The page register is
then reset to SP and the column register is incremented. Pixels are read from the frame memory
until the column register equals the End Column (EC) value or the host processor sends another

command.

Restriction

A Memory Read should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the write
location. Otherwise, data written with RAMRD(2Eh) and any following RAMRDC(3Eh) commands

is written to undefined locations.

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page202




Raydium

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
) Normal Mode On, Idle Mode On, Sleep Out Yes
Register
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default SW Reset Contents of memory is not cleared
HW Reset Contents of memory is not cleared
rRAMRDC (3Eh)
' Llegend 1
/ Dummy Read / i I
' /" Parameter /!
Flow chart Image Data i |
D1[B:0],D2[B:0]......Dn[B:0] : :
i Sequential
FAny Command ! transfer !
Note : B=23
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STESL (4400h) : Set_Tear_Scanline

4400H STESL(Set_Tear_Scanline)
DCX RDX | WRX | D15-8 D7 D6 | D5 | D4 | D3 | D2 | D1 DO HEX
Command 0 1 T X 0 1 0 0 0 1 0 0 44
1% parameter| 1 1 0 XX 0 0 0 0 0 0 0 |[STS[B] 00
2 parameter 1 1 ) XX STS[7] [STS[6]|STS[5]|STS[4] STS[3]|STS[2]STS[1]STS[0]] 00

This command turns on the display Tearing Effect output signal on the TE signal line when the
display reaches line N. The TE signal is not affected by changing set address mode bit B4.

The Tearing Effect Line On has one parameter that describes the Tearing Effect Output Line

mode.
tvdl tvdh
Description e
Vertical Time Scale /—\_
The Tearing Effect Output line shall be active low when the display module is in Sleep mode.
Restriction
Status Availability
Normal'Mode On; Idle Mode Off, Sleep Out Yes
Redi Normal Mode On, Idle Mode On, Sleep Out Yes
eqister
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence STS[8:0]=9'’h000
Default SW Reset No change
HW Reset STS[8:0]=9’h000
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/ Parameter

Display

CI’E Output On or OfD

set_tear_scanline

v

Send 1st parameter STS[8]

Flow Chart #
end 2nd parameter STS[7:0]

v

TE Output
On the Nth line

Mode

Sequential
transfer
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GSL (4500h) : Get_Scanline

4500H GSL(Get_Scanline)
DCX | RDX | WRX | D15-8| D7 D6 | D5 | D4 | D3 | D2 | D1 DO | HEX
Command 0 1 1 X 0 1 0 0 0 1 0 1 45
1% parameter| 1 1 1 X X X X X X X X X X
2 parameter 1 1 1 XX 0 0 0 0 0 0 0 |GTS[8] O0Ox
3¢ parameter 1 1 1 XX GTSI[7] |GTS[6]GTS[5]GTS[4]GTS[3]GTS[2]GTS[1] GTS[0]| xx

The display returns the current scan line, N, used to update the display device. The total
number of scan lines on a display device is defined as VSYNC + VBP + VACT + VFP. The first

/ﬁd 15t parameter GTS[Q}/

!

/Sﬁ 2nd parameter GTS[7:0]

Description scan line is defined as the first line of V-Sync and is denoted as Line 0.
When in Sleep Mode, the value returned by get_scanline is undefined.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
. Normal Mode On;ldle Mode On, Sleep Out Yes
Register
Avalilability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
[ gelscanine | | Legend
4_-- Command
Parameter
Display
Y A q

Mode

Sequential

transfer
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DSTBON (4F00h): Deep Standby Mode On

Notes:

1. To exit Deep Standby Mode, input low pulse more than 3 msec to pin RESX.

4F00H DSTBON(Deep Standby Mode On)
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX
Command 0 1 1 X 0 1 0 0 1 1 1 1 4F
1% parameter 1 1 1 X 0 0 0 0 0 0 0 | DSTB 00
This command is used to enter deep standby mode.
DSTB="1", enter deep standby mode.
Description

Restriction | There is no visible effect until the Frame Memory is written to.

/ Parameter DSTB=1 /

Y

( Deep Standby Mode >

Mode

Sequential
transfer

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
r 7 T Llegend
/ Parameter /"
[Bsreon @ |
Flow chart
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WRPFD(50h) : Write Profile Value for Display

50H WRPFD

DCX| RDX] WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX

Command 0 1 1 X 0 1 0 1 0 0 0 0 50
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 xx | V017 | V016 | VO15 | V014 | V013 | V012 | VO11 | VO10 | FF
3" parameter| 1 0 1 xx | V027 | V026 | V025 | V024 | V023 | V022 | V021 | V020 | FF
n" parameter| 1 | 1 1 XX
15" parameter] 1 0 1 xx | V157 | V156 | V155 | V154 V1583 | V152 | V151 | V150 | FF
16™ parameter] 1 0 1 xx | V167 | V166 | V165 | V164 | V163 | V162 | V161 | V160 | FF

Description | This command is used to define profile values for display.

Restriction | -
Status Availability
Normal Mode On, Idle Mode Off; Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, ldle'Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence FFh
pofault SW Reset FFh
HW Reset FFh
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1

WRPFD (50hH) i
Host |

1

1

1

4 Driver

1st Parameter V01[7:0]
2nd Parameter V02[7:0]
Flow Chart :

16th Parameter V16[7:0

Sequentia
transfer
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WRDISBV (5100h): Write Display Brightness

5100H WRDISBV

DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX

Command 0 1 1 X 0 1 0 1 0 0 0 1 51

1% parameter| 1 1 1 X DBV7 | DBV6 | DBVS5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO | 00

This command is used to adjust brightness value.

In principle relationship is that 00h value means the lowest brightness and FFh value means the highest

brightness.
DBV[7:0] Brightness (ratio) Brightness (%)
00h 0/256 0%
Description
01h 2/256 0.78125%
FEh 255/256 99.609375%
FFh 256/256 100%

Restriction | The display supplier cannot use this commandfor tuning

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability i
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
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1
|
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1
\ / Parameter /"

WRDISBV (51h)

1
1
1
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1
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1
1
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1
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1

Flow chart

Y

@ew Brightness LoadeD

Sequential
transfer

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page211




Raydium

RDDISBV (5200h): Read Display Brightness

5200H RDDISBV
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 1 0 1 0 0 1 0 52
1% parameter 1 1 1 X X X X X X X X X X
2" parameter 1 i 1 X DBV7|DBV6/DBV5/DBV4|DBV3/DBV2/DBV1|DBV0O| 00
This command returns brightness value.
Description In principle relationship is that 00h value means the lowest brightness and FFh value means the
highest brightness.
Restriction )
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle:Mode On, Sleep Out Yes
Availability .
Partial Mode On; Idle Mode Off, Sleep Out Yes
Partial Mode On, |dle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default SW Reset 00h
HW Reset 00h
" Legend
[Ropoise (s2nt | | |
Hot | |
Send parameter i i
Flow Chart DBVE70)] | ;
| |
; i
! transfer !
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WRCTRLD (5300h): Write CTRL Display

5300H WRCTRLD
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 0 0 1 1 53
1% parameter| 1 1 1 X 0 0 |BCTRL A DD BL DB G 00
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This command is used to control ambient light, brightness and gamma setting.
BCTRL: Brightness Control Block On/Off

The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit).

BCTRL DESCRIPTION LEDPWM Pin DESCRIPTION LEDPWM Pin

0 Off, LEDPWPOL="0": keep low (0%)
DBV[7:0] and KBV[7:0] are 00h. LEDPWPOL="1": keep high (0%)

1 On, LEDPWPOL="0": PWM output (high level is duty)
DBV[7:0] and KBV[7:0] are active | LEDPWPOL="1": PWM output (low level is duty)

A: LABC Block On/Off

The BCTRL bit is used to control LABC block.

A DESCRIPTION PWM duty for LEDPWM Pin
0 Off By DBV[7:0] of command “WRDISBV (5100h)”
1 On By LABC block

DD: Display Dimming Control On/Off

DD DESCRIPTION
0 Display dimming is off
1 Display dimming is on

BL: Backlight Control On/Off without Dimming Effect

When BL bit change from “On” to “Off", display brightness is turned off without gradual dimming, even if

dimming on (DD="1") is selected.

Description BL DESCRIPTION LEDON Pin .
0 Off LEDONPOL="0": keep low (non-lit)
LEDPWPOL="1": keep high (non-lit)
1 On LEDPWPOL="0": keep high (lit)
LEDPWPOL="1": PWM output (lit)

DB: Display Brightness Manual/Automatic

DB DESCRIPTION

0 Manual, the user has to use this setting for manual adjustment of the brightness to have
an.effect.

1 Automatic, information about the used brightness is included in the active profile.

Note: All.read and write commands are valid, but there is no effect (except registers can be changed) when

write commands are used.

G: Gamma Curve Manual/Automatic

G DESCRIPTION
0 Manual, by GAMSET-command
1 Automatic, information about the used gamma is included in the active profile.

The dimming function is adapted to the brightness registers for display when bit BCTRL is changed at
DD="1", e.g. BCTRL: 0—1 or 1-0.

When the ambient light sensing off-mode (A="0"), display brightness and gamma setting should be
manual setting (DB="0" and G="0"). Setting values are the last one written with "Write Display Brightness
(5100h)" command and GAMSET-command or the default one.

When the ambient light control on, light sensor control block is always working, even if backlight off

(BL="0") and display brightness manual (DB="0") are selected.
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Restriction | The display supplier cannot use this command for tuning
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
' Legend i
e s
i/ Parameter /!
rﬁm i i
Flow chart i |
/BCTRL, A, DD, BL, DB / i |
o | Sequential
( New Control Value ) | |

——— —————————————————————————————————————— ]
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RDCTRLD (5400h): Read CTRL Display Value

5400H RDCTRLD
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 0 0 1 1 53
1% parameter| 1 1 1 X X X X X X X X X X
f):rameter 1 T T 0 O BCTRL A DD | BL DB | G | 00

——— —————————————————————————————————————— ]
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This command is used to control ambient light, brightness and gamma setting.
BCTRL: Brightness Control Block On/Off

The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit).

BCTRL DESCRIPTION LEDPWM Pin DESCRIPTION LEDPWM Pin

0 Off, LEDPWPOL="0": keep low (0%)
DBV[7:0] and KBV[7:0] are 00h. LEDPWPOL="1": keep high (0%)

1 On, LEDPWPOL="0": PWM output (high level is duty)
DBV[7:0] and KBV[7:0] are active | LEDPWPOL="1": PWM output (low level is duty)

A: LABC Block On/Off

The BCTRL bit is used to control LABC block.

A DESCRIPTION PWM duty for LEDPWM Pin
0 Off By DBV[7:0] of command “WRDISBV (5100h)”
1 On By LABC block

DD: Display Dimming Control On/Off

DD DESCRIPTION
0 Display dimming is off
1 Display dimming is on

BL: Backlight Control On/Off without Dimming Effect

When BL bit change from “On” to “Off", display brightness is turned off without gradual dimming, even if

dimming on (DD="1") is selected.

Description BL DESCRIPTION LEDON Pin .
0 Off LEDONPOL="0": keep low (non-lit)
LEDPWPOL="1": keep high (non-lit)
1 On LEDPWPOL="0": keep high (lit)
LEDPWPOL="1": PWM output (lit)

DB: Display Brightness Manual/Automatic

DB DESCRIPTION

0 Manual, the user has to use this setting for manual adjustment of the brightness to have
an.effect.

1 Automatic, information about the used brightness is included in the active profile.

Note: All.read and write commands are valid, but there is no effect (except registers can be changed) when

write commands are used.

G: Gamma Curve Manual/Automatic

G DESCRIPTION
0 Manual, by GAMSET-command
1 Automatic, information about the used gamma is included in the active profile.

The dimming function is adapted to the brightness registers for display when bit BCTRL is changed at
DD="1", e.g. BCTRL: 0—1 or 1-0.

When the ambient light sensing off-mode (A="0"), display brightness and gamma setting should be
manual setting (DB="0" and G="0"). Setting values are the last one written with "Write Display Brightness
(5100h)" command and GAMSET-command or the default one.

When the ambient light control on, light sensor control block is always working, even if backlight off

(BL="0") and display brightness manual (DB="0") are selected.
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Restriction | The display supplier cannot use this command for tuning
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
P Legend
W)CTRLD (54hH) ' '
oo | |
Driver E/ Parameter
Send parameter E :
BCTRL, A, : i
Flow Chart PO S 5 !
E Sequential i
' transfer i

——— —————————————————————————————————————— ]
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WRCABC (5500h): Write Content Adaptive Brightness Control

5500H WRCABC
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 0 0 0 1 51
1% parameter| 1 1 1 X 0 0 0 0 0 0 C1 Co 00
This command is used to set parameters for image content based adaptive brightness control
functionality. There is possible to use 4 different modes for content adaptive image functionality, which
are defined on a table below.
C1 Co Function
Description 0 0 Off
0 1 Ul Mode
1 0 Still Mode
1 1 Moving Mode
Restriction | This register is synchronized with V-syne by internal circuit.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page219




Raydium

Flow chart

1
1
1
1
WRCABC (55h) ! Command
i
1

e

ParameterC[1:0] /

Y

gate function ON/OFF

1

1

1

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Pixel compaensation and ' i
1 1
1 . 1
1 1
1 1
1 1
1 1
1 1
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RDCABC (5600h): Read Content Adpative Brightness Control

5600H RDCABC
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX
Command 0 1 1 X 0 1 0 1 0 1 1 0 56
1% parameter 1 1 1 X X X X X X X X X X
2" parameter 1 i 1 X 0 0 0 0 0 0 C1 | CO 00

This command is used to read the settings for image content based adaptive brightness control

functionality. There is possible to use 4 different modes for content adaptive.image functionality,

which are defined on a table below..

C1 Co Function
Description 0 0 Off
0 1 Ul Mode
1 0 Still Mode
1 1 Moving Mode
Restriction )
Status Availability
Normal Mode On; Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
VAeiity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default SW Reset 00h
HW Reset 00h
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!
/ ParameterC[1:0] /
Flow Chart
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WRHYSTE (5700h): Write Hystersis

5700H WRHYSTE
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX

Command 0 1 1 X 0 1 0 1 0 1 1 1 57
1% parameter| 1 1 1 X 10115 | 10114 | 10113 | 10112 | 10111 | 10110 | 1019 | 1018 | FF
2" parameter 1 1 1 X 1017 | 1016 | 1015 | 1014 | 1013 | 1012 | 1011 | 1010 | FF
3" parameterl 1 1 1 X 10215 | 10214 | 10213 | 10212 | 10211 | 10210 1029 | 1028 | FF
4™ parameter] 1 1 1 X 1027 | 1026 | 1025 | 1024 | 1023¢ | 1022 | 1021 |<1020 | FF
28" parameter| 1 1 1 X 1515 | 11514 | 11513 | 11512 | 11511 | 11510 | 1189 | 1158 | FF
29" parameter| 1 1 1 X 1157 | 1156 | 1155 { 1154 | 1163 | 1152 | 1151 | 1150 | FF
30 parameter| 1 1 1 X 1615 | 11614 | 11613 | 11612 | 11611 | 11610 | 1169 | 1168 | FF
31" parameter] 1 1 1 X 1167 | 1166 | 11651164 | 1163 | 1162 | 1161 | 1160 | FF
32" parameter| 1 1 1 x | D0115|D0114 | D0113|D0112 DO0111 |D0110| D019 | D018 | FF
33" parameter] 1 1 1 X D017 | D016 | D015 D014 | D013 | D012 | DO11 | DO10 | FF
34" parameter| 1 1 1 x D02151D0214|D0213|D0212 D0211 |D0210| D029 | D028 | FF
35" parameter] 1 1 1 X D027 | D026 | D025 | D024 | D023 | D022 | D021 | D020 | FF
60" parameter| 1 1 1 x |D1515/D1514 D1513|D1512|D1511 |D1510| D159 | D158 | FF
61" parameter] 1 1 1 X D157 | D156 A D155 D154 D153 | D152 | D151 | D150 | FF
62" parameter, 1 1 1 x |D1615|D1614|D1613|D1612 D1611 |[D1610| D169 | D168 | FF
63" parameter| 1 1 1 X D167 | D166 D165 D164 D163 | D162 | D161 | D160 | FF

This command is used to define Hysteresis filter function.

In[15:0] defines increment values and Dn[15:0] defines decrement values.

Description Don’t care about the parameter values after "65535 (FFFFh)".
116[15 : 0] bits and D16[15 : 0] bits are always set to "65535 (FFFFh)" internally, if 115[15 : 0] bits and
D15[15 : 0] bit are still valid and less than "65535 (FFFFh)".

Restriction | -
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence FFh
Default
SW Reset FFh
HW Reset FFh
T Legend 1
[wmevstéem i s
\ /~  Parameter,”” !
Flow chart 1st Parameter 101[15:8] ! :
2nd Parameter 101[7:0] ! i
63th Parameter D16[15:8] ! i
64th Parameter D16[7:0] ! Sequential :
! transfer !
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WRGAMMASET (5800h): Write Gamma Setting

5800H WRGAMMASET
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 1 0 0 0 58
1% parameter| 1 1 1 X G023 | G022 | G021 | G020 | G013 | G012 | GO11 | GO10 | O1
2" parameter 1 1 1 X G043 | G042 | G041 | G040 | G033 | G032 | G031 | GO30 | 01
01
7" parameterl 1 1 1 X G143 | G142 | G141 | G140 | G133 | G132 | G131 |<G130 | 01
8" parameter, 1 1 1 X G163 | G162 | G161 | G160 | G153 | G152 | G151 | G150 | 01
This command is used to define gamma setting values for eachduminance level.
Gamma value is defined on command “Gamma Set (2600h)”.
Gn[3:0] Parameter Curve Selected
Description 01h GCO Gamma Curve 1 (G=2.2)
02h GC1 Reserved
04h GC2 Reserved
08h GC3 Reserved
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 01h
Default
SW Reset 01h
HW Reset 01h
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Flow chart

WRGAMSET(58h)
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o
I
3
o
3
o
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1
1
1
1
1
1
1
2nd Parameter G04/G03[3:0] : -
. 1
1
1
1
1
1
1
1
1

8th Parameter G16/G15[3:0] Sequentia

transfer
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RDFSVM (5A00h): Read FS Value MSBs

5A00H RDFSVM
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 0 1 1 0 1 0 5A
1% parameter| 1 1 1 X X X X X X X X x | X
2 parameter 1 ) 1 X FSV15 | FSV14 | FSV13 | FSV12 |FSV11|FSV10| FSV9 |FSV8| FF

This command returns MSBs (FSV[15:8]) of the "Front Side Ambient Light Sensor Value" after the flicker
has been removed from ambient light reading.

Another command for LSBs (FSV[7:0]). See the command "Read FS Value LSBs.(5B00h)":

When using read LSBs/MSBs command, corresponding MSBs/LSBs should bedocked so that they refer
to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs

should be released. And that if e.g. LSBs are read and there is no MSBs read command, the next LSBs

Description | read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs.
If any other commands are received between LSBs read. command and MSBs read command, the
registers for MSBs and LSBs should be released.
FSV[15:8] should be 00h when bit 'A’ of the "Write CTRL Display (5300h)" command is "0".
Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 656535 (0000h ~ FFFFh), In
other words, user don't care about the parameter values over than "65535 (FFFFh)".
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
Power On Sequence 00h
Defauilt SW Reset 00h
HW Reset 00h
T Legend :
RorsaAn i s
:/ Parameter/:
Flow Chart Send Parameter FSV[15:8] i '
i Sequential E
! transfer :

——— —————————————————————————————————————— ]
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RDFSVL (5B00h): Read FS Value LSBs

5B0O0OH RDFSVL
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 0 1 1 0 1 1 5B
1% parameter| 1 1 1 X X X X X X X X x | X
2" parameter| 1 1 1 X | FSV7 | FSV6 | FSV5 | FSV4 | FSV3 | FSv2| FSv1 |FSvo| FF

This command returns LSBs (FSV[7:0]) of the "Front Side Ambient Light Sensor Value" after the flicker
has been removed from ambient light reading.

Another command for MSBs (FSV[15:8]). See the command "Read FS Value MSBs (5A00h)".

When using read LSBs/MSBs command, corresponding MSBs/LSBs should bedocked so that they refer
to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs

should be released. And that if e.g. LSBs are read and there is no MSBs read command, the next LSBs

Description read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs.
If any other commands are received between LSBs read.command and MSBs read command, the
registers for MSBs and LSBs should be released.
FSV[7:0] should be 00h when bit 'A’ of the "Write CTRL Display (5300h)" command is "0".
Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh), In
other words, user don't care about the parameter values over than "65535 (FFFFh)".
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability ]
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

——— —————————————————————————————————————— ]
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Status Default Value
Power On Sequence 00h
Default SW Reset 00h
HW Reset 00h
T Legend :
Rorsvian i s
:/ Parameter/:
Flow Chart Send Parameter FSV[7:0] i '
i Sequential E
! transfer :

——— —————————————————————————————————————— ]
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RDMFFSVM (5C00h): Read Median Filter FS Value MSBs

5C00H RDMFESVM
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 | D2 D1 DO |HEX
Command 0 1 0 X 0 1 0 1 1 1 0 0 5A
1% parameter| 1 1 1 X X X X X X X X X X
2 parameter 1 1 1 X FFSV15| FFSV14| FFSV13 | FFSV12 [FFSV11|FFSV10| FFSV9 |FFSV8| FF

Description

This command returns MSBs (FFSV[15:8]) of the "Front Side Ambient Light Sensor Value" after the

median filter.

Another command for LSBs (FFSV[7:0]). See the command "Read Median Filter FS Value LSBs

(5D00hY".

When using read LSBs/MSBs command, corresponding MSBs/LSBs should be locked so that they refer

to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs

should be released. And that if e.g. LSBs are read and there is no MSBs read command, the next LSBs

read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs.

If any other commands are received between LSBs read command and MSBs read command, the

registers for MSBs and LSBs should.be released.

FFSV[15:8] should be 00h when bit 'A' of the "Write CTRL Display (5300h)" command is "0".

Note: Although FFSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh),

In other words, user don't care about the parameter values over than "65535 (FFFFh)".

Restriction

Register
Availability

Status

Availab

lity

Normal Mode On, Idle Mode Off, Sleep Out

Yes

Normal Mode On, Idle Mode On, Sleep Out

Yes

Partial Mode On, Idle Mode Off, Sleep Out

Yes

Partial Mode On, Idle Mode On, Sleep Out

Yes

Sleep In

Yes
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Status Default Value
Power On Sequence 00h
Defauilt SW Reset 00h
HW Reset 00h
T Legend :
RowFFSVIEon i s
:/ Parameter/:
Flow Chart Send Parameter FFSV[15:8] i '
i Sequential E
! transfer :
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RDMFFSVL (5D00h): Read Median Filter FS Value LSBs

5DO0O0H RDMFFSVL
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 0 1 1 1 0 1 5D
1% parameter| 1 1 1 X X X X X X X X X X
2 parameter 1 ) 1 X FFSV7 | FFSV6 | FFSV5 | FFSV4 | FFSV3|FFSV2| FFSV1 [FFSV(Q FF

This command returns LSBs (FDSV[7:0]) of the "Front Side Ambient Light Sensor Value" after the
median filter.

Another command for MSBs (FFSV[15:8]). See the command "Read Median Filter. FS Value MSBs
(5C00h)".

When using read LSBs/MSBs command, corresponding MSBs/LSBs should be locked so that they refer

to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs

Description should be released. And that if e.g. LSBs are read and there is no MSBs read command, the next LSBs
read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs.
If any other commands are received between LSBs read command and MSBs read command, the
registers for MSBs and LSBs should be released.
FFSV[7:0] should be 00h when bit 'A’ of the "Write' CTRL Display (5300h)" command is "0".
Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 656535 (0000h ~ FFFFh), In
other words, user don't care about the parameter values over than "65535 (FFFFh)".
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability ]
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
Power On Sequence 00h
Defauilt SW Reset 00h
HW Reset 00h
T Legend :
RoFFSVLEoN i s
:/ Parameter/:
Flow Chart Send Parameter FFSV[7:0] i '
i Sequential E
! transfer :
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WRCABCMB (5E00h): Write CABC Minimum Brightness

5EOQO0H WRCABCMB
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 1 1 1 0 5E
1t parameter| 1 1 1 X CMB7 | CMB6 | CMB5 | CMB4 | CMB3 | CMB2 | CMB1 | CMBO | 00
This command is used to set the minimum brightness value of the display for CABC function
Description In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means
the highest brightness for CABC.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle‘Mode Off, Sleep Out Yes
Partial Mode On;ldle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
' Tlegend 1
[Froasometsen i i
\ /~ Parameter /!
Fi hart / Parameter CMB[7:0] / i i
ow cha = |
(New Display Luminan@ E i
Value Loaded i ) i
! Sequential |
: ’
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RDCABCMB (5F00h): Read CABC Minimum Brightness

5F00H RDCABCMB
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 0 1 1 1 1 1 5F
1t parameter| 1 1 1 X CMB7 | CMB6 | CMB5 | CMB4 | CMB3 | CMB2 | CMB1 | CMBO | 00
This command return the minimum brightness value of CABC function
In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means
Description | the highest brightness for CABC.
CMBJ7:0] is minimum brightness forCABC specified with “WRCABCMB Write CABC minimum brightness
(5Eh)” command.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle’ Mode On, Sleep Out Yes
Availability .
Partial Mode Onj;ldle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep n Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
't legend
1/~ Parameter /|
Send Parameter i i
Flow chart / CMB([7:0] / : .m i
i Sequential E
! transfer !
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WRLSCC (6500h): Write Light Sensor Compensation Coefficient Value

New CC Value Loaded

6500H WRLSCC
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 1 X 0 1 1 0 0 1 0 1 65
This command is used to send the compensation coefficient value (CC[15 : 0]).
Description Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 in binary).
Restriction | The display supplier cannot use this command for tuning (e.g. factory:tuning, etc.).
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 8000h
Default
SW Reset 8000h
HW Reset 8000h
P T legend
rWRLSCC(65h) :
:
i/ Parameter/
Flow chart

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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RDLSCCM (6600h): Read Light Sensor Compensation Coefficient Value MSBs

6600H RDLSCCM
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 0 0 1 1 0 66
1% parameter| 1 1 1 X X X X X X X X X X
ond parameter 1 1 1 X CC15| CC14 | CC13 | CC12 | CC11 |CC10| CC9 | CC8| 80
This command returns MSBs of the compensation coefficient value (CC[15:8]) which is stored by “Write
Light Sensor Compensation Coefficient Value (6500h)" command.
Description
It can read MSBs/LSBs of "Light Sensor Compensation Coefficient value" with any-order.
Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 in binary). MSBs are “1000 000”.
Restriction The display supplier cannot use this command for tuning (e.g. factory tuning, etc.).
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle ModeOn, Sleep Out Yes
Availability ]
Partial Mode On, Idle Mode Off,Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 80h
Default
SW Reset 80h
HW Reset 80h

——— —————————————————————————————————————— ]
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F?DLSCCM(%h)

Send Parameter 1
CC[15:8]

O
o)
I
3
)
3
a

Flow Chart

Sequential
transfer
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RDLSCCL (6700h): Read Light Sensor Compensation Coefficient Value LSBs

6700H RDLSCCL
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 0 0 1 1 1 67
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 X CC7 | CC6 | CC5 | CC4 | CC3 | CC2| CC1 |CCO| 00

This command returns LSBs of the compensation coefficient value (CC[7:0]) which is stored by “Write
Light Sensor Compensation Coefficient Value (6501h)’ command.
Description It can read MSBs/LSBs of "Light Sensor Compensation Coefficient value" with any-order.

Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 in binary). MSBs are “0000 000"

The display supplier cannot use this command for tuning (e.g. factory tuning, etc.).

Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On; Sleep Out Yes
Availability .
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode 'On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h

——— —————————————————————————————————————— ]
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ﬁDLSCCL(Eﬂh)

Send Parameter 1
CC[7:0]

O
o)
I
3
)
3
a

Flow Chart

Sequential
transfer
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RDBWLB (7000h): Read Black/White Low Bits

7000H RDBWLB
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 0 X 0 1 1 1 0 0 0 0 70
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 T 1 X Bkx1 Bkx0 Bky1 BkyO Wx1 WxO0 Wy1 WyO 00
This command returns the lowest bits of black and white color characteristic.
Description Black: Bkx and Bky
White: Wx and Wy
Restriction )
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
rRDBWLB(mh) : l
: :
\ " Parameter |
Send Parameter / 2ere er/:
Bkx([1:0], Bky[1:0], l l
Wx[1:0], Wy[1:0] i i
Flow Chart : !
E Sequential i
! transfer !
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RDBkx (7100h): Read Bkx

7100H RDBkx
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 0 0 0 1 71
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 % Bkx9 | Bkx8 | Bkx7 | Bkx6 | Bkx5 | Bkx4 | Bkx3 [Bkx2| 00
Description This command returns the Bkx bit (Bkx[9:2]) of black color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDBkx(71h) ' !
: :
'/~ Parameter /|
Send Parameter I i
Bkx(9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDBky (7200h): Read Bky

7200H RDBky
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 0 0 0 1 71
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 % Bky9 | Bky8 | Bky7 | Bky6 | Bky5 | Bky4 | Bky3 [Bky2| 00
Description This command returns the Bky bit (Bky[9:2]) of black color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDBky(72h) ' !
: :
'/~ Parameter /|
Send Parameter I i
Bky[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDWXx (7300h): Read Wx

7300H RDWx
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 0 X 0 1 1 1 0 0 1 1 73
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 T 1 X Wx9 Wx8 Wx7 Wx6 Wx5 | Wx4 Wx3 | Wx2 00
Description This command returns the Wx bit (Wx[9:2]) of black color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDWx(73h) ' d
: :
'/~ Parameter /|
Send Parameter I '
Wx(9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDWYy (7400h): Read Wy

7400H RDWy
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 0 1 0 0 74
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 x | Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4 | Wy3 | Wy2 | 00
Description This command returns the Bky bit (Bky[9:2]) of black color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDWy(74h) ' d
: :
'/~ Parameter /|
Send Parameter I i
Wy[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDRGLB (7500h): Read Red/Green Low Bits

7500H RDRGLB
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 0 1 0 1 75
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 % Rx1 Rx0 | Ry1 RyO | Gx1 | Gx0 | Gy1 | Gy0 | 00

This command returns the lowest bits of red and green color characteristic.

Description | Red:Rxand Ry
Green: Gx and Gy

Restriction )
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
rRDRGLB(75h)

Send Parameter

Rx[1:0], Ry[1:0],

Gx[1:0], Gy[1:0]
Flow Chart

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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RDRx (7600h): Read Rx

7600H RDRXx
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 0 X 0 1 1 1 0 1 1 0 76
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 T 1 X Rx9 Rx8 Rx7 Rx6 Rx5 Rx4 Rx3 Rx2 00
Description This command returns the Rx bit (Rx[9:2]) of red color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
varabrity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDRx(76h) ' d
: :
'/~ Parameter /|
Send Parameter I '
RX(9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDRy (7700h): Read Ry

7700H RDRy
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 0 1 1 1 77
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 x | Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4 | Wy3 | Wy2 | 00
Description This command returns the Ry bit (Ry[9:2]) of red color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDRYy(77h) ' d
: :
'/~ Parameter /|
Send Parameter I i
Ry[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDGx (7800h): Read Gx

7800H RDGXx
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 1 0 0 0 78
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 1 1 X Gx9 Gx8 Gx7 Gx6 Gx5 | Gx4 Gx3 | Gx2 | 00
Description This command returns the Gx bit (Gx[9:2]) of green color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
4 Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDGx(78h) ' d
: :
'/~ Parameter /|
Send Parameter I i
Gx9:2] i l
Flow Chart : i
i Sequential i
! transfer !

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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RDGy (7900h): Read Gy

7900H RDGy
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 1 0 0 1 79
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 X Gy9 | Gy8 | Gy7 | Gy6 | Gy5 | Gy4 | Gy3 | Gy2 | 00
Description This command returns the Gy bit (Gy[9:2]) of green color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDGy(79h) ' d
: :
'/~ Parameter /|
Send Parameter I i
Gyo:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDBALB (7A00h): Read Red/Green Low Bits

7A00H RDBALB
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 | D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 1 0 1 0 7A
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 % Bx1 Bx0 | By1 By0 | Ax1 | AxO | Ay1 | Ay0 | 00

This command returns the lowest bits of blue and A color characteristic.

Description | Blue: Bxand By

A: Ax and Ay
Restriction )
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability
Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
rRDBALB(7Ah)

Send Parameter

Bx[1:0], By[1:0],

Ax[1:0], Ay[1:0]
Flow Chart

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.
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RDBx (7B00h): Read Rx

7BOCOH RDBXx
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 0 X 0 1 1 1 1 0 1 1 7B
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 T 1 X Bx9 Bx8 Bx7 Bx6 Bx5 Bx4 Bx3 Bx2 00
Description This command returns the Bx bit (Bx[9:2]) of blue color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
d Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDBx(7Bh) ' !
: :
'/~ Parameter /|
Send Parameter I i
B(9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDBYy (7C00h): Read By

7CO0H RDBy
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 1 1 0 0 7C
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 X By9 | By8 | By7 | By6 | ByS | By4 | By3 | By2 | 00
Description This command returns the By bit (By[9:2]) of blue color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDBy(7Ch) ' !
: :
'/~ Parameter /|
Send Parameter I i
By[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDAX (7D00h): Read Ax

7DOCOH RDAX
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 0 X 0 1 1 1 1 1 0 1 7D
1% parameter| 1 1 1 X X X X X X X X X X
2nd parameter 1 T 1 X Ax9 Ax8 AX7 Ax6 Ax5 Ax4 Ax3 Ax2 00
Description This command returns the Ax bit (Ax[9:2]) of A color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
4 Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDAXx(7Dh) ' !
: :
'/~ Parameter /|
Send Parameter I i
AX[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDAYy (7E00h): Read Ay

7EOOH RDAy
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX
Command 0 1 0 X 0 1 1 1 1 1 1 0 7E
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 0 1 X Ay9 | Ay8 | Ay7 | Ay6 | Ay5 | Ay4 | Ay3 | Ay2 | 00
Description This command returns the Ay bit (Ay[9:2]) of A color characteristic.
Restriction | ~
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availabilit
vaueity Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
' legend
RDAy(7Eh) ' d
: :
'/~ Parameter /|
Send Parameter I i
AY[9:2] i l
Flow Chart : i
i Sequential i
! transfer !
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RDDDBS(A1h) : Read_DDB_Start (Alh)

AlH RDDDBS(Read_DDB_ Start)
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 0 1 0 0 0 0 1 A1
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 xx |ID1[15]|ID1[14]|ID1[13]|ID1[12]|ID1[11]|ID1[10]| ID1[9] | ID1[8]| 00
3" parameter| 1 1 1 xx | ID1[7]| ID1[6] | ID1[5] | ID1[4] | ID1[3] | ID1[2] | ID1[1] | ID1[0]| 0O
4" parameter| 1 1 1 xx |ID2[15]|ID2[14]|ID2[13]|ID2[12]|ID2[11]|ID2[10]|ID2[9] | ID2[8] | 00
5™ parameter| 1 1 1 xx | ID2[7]| ID2[6] | ID2[5] | ID2[4] | ID2[3] | ID2[2] | ID2[1] | ID2[0]| 00
6" parameter| 1 | 1 1 XX 1 1 1 1 1 1 1 1 FF
1% parameter: Dummy read
2" parameter: Supplier ID code
Description 3 parameter: Supplier ID code
4" parameter: Module ID
5"  parameter: Module ID
Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register )
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
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Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
Serial I/F Mode Parallel I/F Mode
m RDDDBS (A1h)
....................................................................................................................... Host
Driver
/ Dummy Clock/ / Dummy Read /
r 7 Tlegend

/ Send ID1[15:8] / / Send ID1[15:8] / i
Flow Chart :/ Parameter
/ Send ID1[7:0] / / Send ID1[7:0] /

/SendIDZ[lS:S]/ /SendID2[15:8]/ i -

/ Send ID2[7:0] / / Send ID2[7:0] /
/ Send FFh / / Send FFh /

——— —————————————————————————————————————— ]
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RDDDBC(A800h) : Read DDB Contin

A800H RDDDBC

DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX

Command 0 1 1 X 1 0 1 0 1 0 0 0 A8
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 xx |ID1[15]{ID1[14]|ID1[13]{ID1[12]|ID1[11]{ID1[10]| ID1[9] | ID1[8]| 0O
3" parameter| 1 1 1 xx | ID1[7] | ID1[6] | ID1[5] | ID1[4] | ID1[3] | ID1[2] | ID1[1] | IDA[0]| 0O
4" parameter| 1 1 1 xx |ID2[15]|1D2[14]|ID2[13](ID2[12]|ID2[11]{ID2[10]|-ID2[9] | ID2[8] | 00
5" parameter| 1 1 1 xx | ID2[7] | ID2[6] | ID2[5] | ID2[4]|1D2[3] | ID2[2] | ID2[1] | ID2[0]| 0O
6" parameter| 1 | 1 1 XX 1 1 1 1 1 1 1 1 FF

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

point where RDDDBS command was interrupted by.an other command.

Note: Parameter OxFF is an “Exit Code”, this means that there is no more data in the DDB block.

Note: For use example,

Description
1. Set maximum return packet size=3
2. Read 0xA1, return 3 bytes SID[7:0], SID[15:8], MID[7:0]
3. Read 0xAS8, return 2 bytes MID[15:8] and OxFF
A Read DDB Start command (RDDDBS) should be executed at least once before a Read DDB Continue
Restriction command (RDDDBC)to define the read location. Otherwise, data read with a Read DDB Continue
command is undefined.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Normal Mode On, Idle Mode On, Sleep Out Yes
Register .
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
i legend
rRDDDBC(ASh)

RDDDBS Data
D1[7:0],
D2[7:0], -+, Dn[7:0]

Flow Chart
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RDFCS(AAOQO0h) : Read First Checksum

AAOO0H RDFCS
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 0 1 0 1 0 1 0 AA
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 XX FCS7 | FCS6 | FCS5 | FCS4 | FCS3 | FCS2 | FCS1 | FCSO | 00
This command returns the first checksum what has been calculated from “User Command Set” area
Description registers (not include “Manufacture Command Set) and the frame memory after.the write access to those
registers and/or frame memory has been done.
It will be necessary to wait 150ms after there is the last write access on “User Command Set” area
Restriction registers before there can read this checksum value.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Reai Normal Mode On, Idle‘Mode On, Sleep-Out Yes
egister
Availabilit
varabiiity Partial Mode On Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep.In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page261




Raydium

1 1

1 1
[ o | |

! Command !

i

1

Parameter
Send Parameter / /
FCS[7:0]

Flow Chart

Sequential
transfer

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page262




Raydium

RDCCS(AF00h) : Read Continue Checksum

AFOOH RDCCS
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 0 1 0 1 1 1 1 AF
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 xx | CCS7|CCS6|CCS5|CCS4|CCS3|CCS2| CCS1|CCSO| 00
This command returns the continue checksum what has been calculated continuously after the first
Description checksum has calculated from “User Command Set” area registers and the frame memory-after the write
access to those registers and/or frame memory has been done.
It will be necessary to wait 300ms after there is the last write access on “User Command Set” area
Restriction registers before there can read this checksum value in the first time.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle‘Mode On, Sleep-Out Yes
Availability Partial Mode On Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode.On, Sleep Out Yes
Sleep.In Yes
Status Default Value
Default Power On Sequence 00h
S/W Reset 00h
H/W Reset 00h
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RDID1(DAOOh) : Read ID1

DAOOH RDID1
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 1 0 1 1 0 1 0 DA
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 XX ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 | 00
Description This read byte identifies the TFT LCD module’s manufacture ID.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Redi Normal Mode On, Idle Mode On, Sleep Out Yes
egister
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
SW Reset 00h
HW Reset 00h
' Tlegend 1
r RDID1(DAh) l :
: :
E Parameter H
Send Parameter ;/ /:
ID1[7:0] | |
Flow Chart i i
i Sequential E
! transfer :
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RDID2(DBO0O0Oh) : Read ID2

DBOOH RDID2
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 1 0 1 1 0 1 1 DB
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 XX ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 | 00

made to the display, material or construction specifications.

This read byte is used to track the TFT LCD module/driver version. It is changed each time a version is

Description
Parameter Range: ID2 = 80h to FFh
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Reai Normal Mode On, Idle Mode On, Sleep Out Yes
egister
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, ldle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default Power On Sequence MTP Value 80h
SW Reset MTP Value 80h
HW Reset MTP Value 80h
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RDID3(DCO0OOh) : Read ID3

DCOOH RDID3
DCX| RDX| WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 X 1 1 0 1 1 1 0 0 DC
1% parameter| 1 1 1 X X X X X X X X X X
2" parameter| 1 1 1 XX ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30 | 00
Description This parameter read byte identifies the TFT LCD module/driver.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status
After MTP Before MTP
Default
Power On Sequence MTP Value 00h
SW Reset MTP Value 00h
HW Reset MTP Value 00h
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9. Electrical Characteristics

9.1 Absolute Maximum Ratings

The absolute maximum rating is listed on following table. When RM68120 is used out of the absolute
maximum ratings, the RM68120 may be permanently damaged. To use the RM68120 within the following
electrical characteristics limit is strongly recommended for normal operation. If these electrical characteristic

conditions are exceeded during normal operation, the RM68120 will malfunction and cause poor reliability.

item Symbol Value Unit
Power supply voltage VDDI -0.3~+55 V
Power supply voltage VDDA, VDDB,
VDDR, VDDAM -03~=+55 v
Supply voltage (Digital) DVDD, DIOPWR -0.3~+2.0 \Y
AVDD-AVSS -0.3~+6.6 \Y
Supply voltage (MV) AVEE-AVSS 03-~+66 v
Supply voltage (HV) VGH - VGLX 0.3 ~+ 33 \'
Input voltage VIN -0.3 ~VDDI+ 0.3 Vv
Output voltage VO -0:3 ~VvDDI+ 0.3 \Y
HSSI_CLK_P/N
Differential input voltage HSSI_DATAOQO-P/N -0.3~+1.8 \%
HSSI_DATA1_P/N
Operating temperature Topr -40 ~ + 85 °C
Storage temperature Tstg -55 ~+125 °C
Notes:
If one of the above itemsis exceeded its maximum limitation momentarily, the quality of the product may be
degraded. Absolute maximum limitation. Therefore, specify the values exceeding which the product may be
physically damaged. Be sure‘to use the product within the recommend range.

9.2 ESD Protection Level

Model Test Condition Level
Human Body Mode R =1.5kohm/C =100 pF > 2.5KV
Machine Mode R =0ohm/C =200 pF > 250V

9.3 Latch-Up Protection Level

The device will not latch up at trigger current levels less than 200 mA.

9.4 Light Seneitivity

The operation of the IC will not be materially altered by incident light.
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9.5 DC Characteristics

9.5.1 Basic Characteristics

Parameter Symbol Condition Min. Typ. Max. Unit Related
Pins
Analog Power Supply VCI Operation Voltage 23 3.7 4.8 \% Note 1
Voltage
. VDDI 1/0 supply voltage 1.65 2.8 3.3 V Note 1
VO pin Power Supply Voltage VDDIL /0 supply voltage 1.1 1.2 1.3 v Note 1
Logic High level input voltage VIH VDDI = 1.65V ~ 3.3V 0.7* VDDI - VDDI Vv Note 2
Logic Low level input voltage VIL VDDI = 1.65V ~ 3.3V 0.0 - 0.3* VDDI \% Note 2
Logic High level Output VOH lout = -1 mA 0.8*vDDI| - vDDI| v | Note 2
voltage
Logic Low level Output VOL lout = +1 mA 00 p 0.2* VDDI Vi Note 2
voltage
Logic High level input current N Note 2
(Except MIPI/MDDI) IIHD Vin=0~VDDI 1 uA
Logic Low level input current A ) Note 2
(Except MIPI/MDDI) IILD Vin=0~VDDI 1 uA
Logic High level input current A Note 2
(MIPI/MDDI) IIHD Vin=0~VDDAM 1 uA
Logic Low level input current A Note 2
(MIPI/MDDI) IILD Vin=0~VDDAM -1 uA
AVDD booster voltage AVDD 4.5 6.5 V
AVEE booster voltage AVEE -6.5 -4.5 V
VCL booster voltage VCL -2.5 -4 V
AVDD 2AVDD
VGH booster voltage VGH +VDDB -AVEE \%
AVEE 2AVEE
VGLX booster voltage VGLX +VCL _AVDD \
Voltage difference between
VGH and VGLX VGHL [VGH-VGLX| 30 \Y
VCOM Amplitude voltage VCOM -3.5 0.0 V
VGMP 3.0 6.3 V Note 3
Gamma reference voltage ek 0.0 3.7 v Note 3
VGMN -6.3 -3.0 \ Note 3
VGSN -3.7 0.0 V Note 3
Output offset voltage VorseT 45 mV Note 3
Sout24.0V, 20 mv Note 3
Output deviation voltage Vpev Sout<1.0V
1.0V<Sout<4.0V 10 mV Note 3

Notes: 1. VDDI=1.65 to 3.3V, VDD=2.3 to 4.8V, VSSI=VSS=DVSS=0V, VDD means VDDA, VDDR, VDDB, VDDIM,
VDDAM and VSS means VSSA, VSSR, VSSB, AVSS, VSSIM, VSSAM. VDDB, VDDA and VDDR should be the
same input voltage level.
2.TA=-30t0 85 C.

3. Source channel loading =5KQ+55pF/channel.
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9.5.2 MIPI Characteristics

High-Speed Receiver Specification

DC Specifications

— ——— — o — —  Vins
— — — = Veumrxocmax
HS-RX
HRX Common
Input Mode
Rengs Input Range
= VemrxoeMin
: GND
A AR R G R Y U W L S J _LVILHS
High Speed Receiver
Parameter Description Min Nom Max Units Note
VCMRX(DC) | Common-mode voltage HS 70 330 mV 1,2
receive mode
VIDTH Differential input high threshold 70 mV
VIDTL Differential input low threshold -70 mV
VIHHS Single-ended input high voltage 460 mV 1
VILHS Single-ended input low voltage -40 mV 1
ZID Differential input impedance 80 100 125 Q

Notes:
1. Excluding possible additional RF.interference of 100mV peak sine wave beyond 450MHz.

2. This table value includes a ground difference of 50mV between the transmitter and the receiver, the static
common-modelevel tolerance and variations below 450MHz

——— —————————————————————————————————————— ]
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Forward high speed transmissions

DDR Clock Definition

- >< ><
CLKn ‘ §

Lﬁ1 Data Bit Time =1 Ul
Uliner(1)

X

1 Data Bit Time =1 Ul—rl

Uliner(2)

1 DDR Clock Period = Ulsr(1) + Ulner(2)——»|

Clock Parameter Symbol Min Typ Max Units Notes
UI instantaneous 12.5 ns 1,2
Ulinst
Notes:
1. This value corresponds to a minimum 80 Mbps data rate.
2. The minimum UI shall not be violated for any single bit period, i:e., any DDR half cycle within a data burst.

Data-Clock Timing Specifications

Parameter Symbol Min Typ Max Units Notes
IData to Clock Skew [measured
at transmitter] Tskew[rx] -0.15 0.15 Ulnst 1

Data to Clock Setup Time

[receiver] TSETUP[RX] 0.15 UIINST 2
Clock to Data Hold Time
[receiver] THOLD[RX] 0.15 UIINST 2

Notes:

1. Total silicon and package delay budget of 0.3*UlIst
2. Total setup and hold window for receiver of 0.3*UIINST
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Data to Clock Timing Definitions

Reference Time

:"‘—TEETJF'—"‘“—T—iom
<
CLKp
CLKn
+ 1 Uln\s T P
- Telke

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page274




Raydium

Low power transceiver specifications

Parameters Symbol Condition Min Typ | Max | Unit

Logic high level VIHCD Contention Detection (Lane_DO0) 450 1350 | mV
input voltage

Logic low level VILCD Contention Detection (Lane_DO) 0 200 mV
input voltage

Logic high level | VIH-LPRX LP-Rx (Lane_CK, Lane_DO, Lane_D1) 880 - 1350 | mV
input voltage

Logic low level | VIL-LPRX LP-Rx (Lane_CK, Lane_DO, Lane_D1 0 550 mV
input voltage

Logic low level | VIL-ULPS [LP-Rx ULPS (Lane_CK, Lane_DO, Lane_D1)] 0 300 | mV
input voltage

Logic high level [ VOH-LPTX Contention Detection (Lane_DO0) 1.1 1.2 1.3 \%
input voltage

Logic low level | VOL-LPTX Contention Detection (Lane_DOQ) -50 0 50 mV
input voltage
eSPIKE" =~ Fig. 2 Input pulse rejection 300 | V.ps

Notes:

® Time-voltage integration of a spike above VIL when being in LP-0 state or below VIH when being in LP-
1 State.

® Animpulse less than this will not change the receiver state.
® |n addition to the required glitch rejection, implementers shall ensure rejection of known RF-interferers.

Input Glitch Rejection of Low Power Receivers as follow.
€sPIKE

€sPIKE

Output
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9.5.3 MDDI Characteristics

Characteristics
Specification
Parameter Symbol Conditions UNIT
MIN | TYP MAX
Differential input “High” ViT+offset VT=125mv (MDDI_DATA_P/M) - 100 125 mv
level voltage
(hibernation wake-up)
Differential input “Low” Viroffset VT=125mv (MDDI_DATA_P/M) 75 100 | - mv
level voltage
(hibernation wake-up)
Differential input “High” Virs VT=0mv (MDDI_STB_P/M ,MDDI_DATA_P/M) | - 0 50 mv
level voltage
Differential input “Low” Vit VT=0mv (MDDI_STB_P/M ,MDDI_DATA _P/M) | -50 0 - mv
level voltage
Terminal impedance Zt - 80 - 125 ohm

Note 1) VDDI= 1.65~3.3V, VDD=2.3 to 4.8V, VSSI=VSS=VSSAM=0V, Ta=-30 to 70 °C (to +85 °C no

damage). VDD means VDDAM, VDDA, VDDR, VYDDB.and VSS means VSSAM, VSSA, VSSR, VSSB, AVSS.
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9.6 AC Characteristics

9.6.1 Parallel Interface Characteristics (80-Series MCU)

DICX X X

< ta st » L ta hit »
tcs
-« >
CSX \ ¢
csf]
WRX < t e || L,
- wirl -
\1 r/ twrh \

DB[23:0] X X

tast tant
h - < s N ) csf g
<5y
te || q
RDX N« ba >/« ¢ »\
dh
traCC ’
E ) trod

DB[23:0] )( X

Signal Symbol Parameter min max Unit Description
DCX Tast Address setup time 10 - ns
Tant Address hold time (Write/Read) 2 - ns
CSX Tes Chip.Select setup time (Write) 20 - ns
Tres Chip Select setup time (Read) 20 - ns
Tost Chip Select Wait time (Write/Read) 20 - ns
WRX Twe Write cycle 33 - ns
Twrh Write Control pulse H duration 15 - ns
Twrl Write Control pulse L duration 15 - ns
RDX Tre Read cycle 400 - ns
Trdn Read Control pulse H duration 250 - ns Read from frame memory
Tral Read Control pulse L duration 150 - ns
DB[23:0] Twds Write data setup time 15 - ns
Twdh Write data hold time 10 - ns
Trace Read access time 150 ns
Trdn Read output disable time 5 - ns

Note: Logic high and low levels are specified as 20% and 80% of IOVCC for Input signals.
Note: Ta =-30to 70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V
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9.6.2 Serial Interface Characteristics

ncs

SCL

SDI

Input Data Vi Input Data
V4

)_l; ch’)[' Output Data \\i-zt' X Output Data

Y
SDO VETX
Signal Symbol Parameter MIN MAX Unit Description
Tscyc Clock cycle (Write) 100 ns
Tscye Clock cycle (Read) 300 ns
TscH Clock “H” pulse width (Write) 40 ns
scL TscH Clock “H” pulse width (Read) 140 ns )
TscL Clock “L” pulse width (Write) 40 ns
TscL Clock “L” pulse width (Read) 140 ns
Tscr Clock rise time 5 ns
Tsct Clock fall time 5 ns
nCS Tcsu Chip select setup time 20 ns )
TcH Chip select hold time 50 ns
sDI Tsisu Data input setup time 20 ns )
TsiH Data input hold time 20 ns
SDo Tsop Data output setup time 120 ns )
TsoH Data output hold time 5 ns

Note: Logic high and low levels are specified as 20% and 80% of IOVCC for Input signals.
Note: Ta = -30 to 70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V
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9.6.3 12C Bus Timing Characteristics

Tstahd | Tstasu Tckl Tckh
s | ) /_\\ _
™ . Tstpsu Tbf
12C_SDA _\\ j
1
%dalha: |:I'datsu:
START STOP
Signal Symbol Parameter MIN MAX Unit
Tckl + Tckh Operate frequency - 400 KHz
12C_SCL Tckl CLK'low 1300 - ns
Tckh CLK high 600 - ns
Tr Data rising.time - 300 ns
Tf Data falling time - 300 ns
Tdathd Data hold time 0 900 ns
Tdatsu Data setup time 100 - ns
12C_SDA

- Tstahd Start hold time 600 - ns
Tstasu Start setup time 600 - ns
Tstpsu Stop setup time 600 - ns
Tbf Bus free time 1300 - ns

Note: Logic high and low: levels are specified as 20% and 80% of IOVCC for Input signals.

Note: Ta = -30.to.70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V
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9.6.4 RGB Interface Characteristics

VS \ /
N\ /
€ { vss > |« tvsh >
HS /
/
HVPD tuss > |« ThsH >
DE tbcss > | tpcsH
tl’)(‘V(‘
PCLK /
‘ tDHW
D[23:0]
Signal Symbol Parameter MIN TYP MAX Unit
VS tvss VS setuptime 10 - - ns
tvsH VS hold time 10 - - ns
thss HS setup time 10 - - ns
HS thsH HS hold time 10 - - ns
thvPD HS to VS falling edge 400 - - ns
tocye PCLK cycle time 33 - 125 ns
PCLK touw PCLK I9w pulse W|thh 11 - - ns
torw PCLK high pulse width 11 - - ns
forreq PCLK frequency 8 - 30 MHz
DE tocss DE setup time 10 - - ns
tbcsH DE hold time 10 - - ns
toos Data setup time 10 - - ns
D[23:0
[ ] topH Data hold time 10 - - ns

Note: Logic high andlow levels are specified as 20% and 80% of IOVCC for Input signals.
Note: Ta =-30to 70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V
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9.6.5 DSI Timing Characteristics

HS Data Transmission Burst
CLK

Dp/Dn —Tipx——rTHsprersrer—T Hs7ER0 Ths-sve i .
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i ; ,‘K Terminator T
VIH{min)
—¥II Fmax( l - —
“VreRmENMaX) X la ; i >/
L WATMARAD G0 ., . . A
H A f - !
T N Capture *Treor|
‘ D-TERMEN 1ST Data Bit '_THS—SKFP_’ LP-11
LP-11 LP-01 ._L-T--DO T
resE Ths-TRAIL——F*—THs-EXIT—

> HS clock transmission
Clock Lane Disconnect

Dp/Dn / Terminator
/ i

TovkposT TeoT / H [e—ToLkseTTiE—]
—» [— Terkmiss [#TeLerzrusen®]
“VIH(min) /

—VfL.(max, T TT

OPa0oPOqbTET S f:: focogiooodoat

=Tk TRAL—> Thaex Tips CLK-ZERD Teicrre—?

Data Lane Disconnect
Dp/Dn / Terminator

/ { i 1" i i " 1 I
/ ! -'f I ! ." 1 i I FE \ ! a'L\
“MIH{min)- /
1

-VIL{max) T

__II. i /'l‘||l_
|

__Il ‘}_ 1 f | 11 !l_

I i

+Torerue

T px—*4Thsererare ]

e Ths.akip—*]

—ThsseTrE—*

»  Turnaround Procedure

. TLPX -
I P
E drive
! overlap
LP-11}  LP-10 | | P00 | LP-00 |
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Timing Parameters:

Parameter

Description

Min

Max

Unit

Notes

Tos prEPARE

Time that the transnutter drives the Data Lane LP-00 Line
state immediately before the HS-0 Line state starting the HS
transmission

40 ns + 4%UL

85 ns + 6+U1

[

Tis prepare  Ths.zero

Tas.preraze + time that the transmitter drives the HS-0 state
prior to transmutting the Syne sequence

145 ns + 10*UL

ns

THs-SETTLE

Tune mterval during which the HS receiver shall ignore any
Data Lane HS transitions, starting from the begimnimng of Tgs.
PREPARE.

85 ns + 6*UL

145 ns + 10%UT

THs sk

Timne interval during which the HS-RX should 1gnore any
transitions on the Data Lane, following a HS burst. The end
point of the mterval is defined as the beginning of the LP-11
state followmng the HS burst.

40

55 ns +4%U1

THs TRAIL

Tumne that the transmutter drives the flipped differential state
after last payload data bit of a HS transmission burst

max( n*8*UL 60 ns
+n*4¥UT)

ns

Tnar

See seetion 5.11

100

us

A

Trpx

Transmutted length of any Low-Power state period

50

ns

Ratio Trpy

Ratio of Trexoeastery Trexisave) between Master and Slave
side

2/3

Tra-cer

Tune that the new transmutter drives the Bridge state (LP-00)
after accepting control during a Link Turnaround.

ns

Traco

Tune that the transmutter drives the Bridge state (LP-00)
before releasing control during a Link Turnaround.

ns

Trasurs

Time that the new transnutter waits after the LP-10 state
before transmmtting the Bridge state (LP-00) during a Link
Turnaround

]

EITLPK

ns

A

Twakeve

Tune that a transmmtter drives a Mark-1 state prior to a Stop
state in order to initiate an exit from ULPS.

ms

Parameter

Description

Min

Typ

Max

Unit

Notes

Terxass

Timeout for recerver to detect absence of Clock transitions
and disable the Clock Lane HS-R3L

60

ns

1.6

Terxpost

Time that the transmitter continmes to send HS clock after the
last associated Data Lane has transitioned to LP Mode.
Interval is defined as the period from the end of Tus.tran to
the begmmng of Terx tran.

60 ns + 52%U1

ns

Tere rre

Tune that the HS clock shall be driven by the transmitter prior
to any associated Data Lane begmning the transition from LP
to HS mode.

TCLE-PREPARE

Time that the transmutter drives the Clock Lane LP-00 Line
state immediately before the HS-0 Line state startmg the HS
transmission.

38

ns

Torxsermie

Time interval during which the HS recerver shall ignore any
Clock Lane HS transitions. starting from the beginning of
Tcik-PREPARE-

ns

Terx TeRmEn

Time for the Clock Lane receiver to enable the HS line
termination, starting from the time point when Dn crosses
Vi ax

Time for Dn to
reach Vigmpes

ns

Taxtran

Time that the transmutter drives the HS-0 state after the last
payload clock bit of a HS transmission burst.

60

ns

Terx-prerare + Teikzero

Terx prepage + time that the transmitter drives the HS-0 state
prior to starting the Clock.

300

ns

Torermen

Time for the Data Lane receiver to enable the HS line
termnation, starting from the time point when Dn crosses
Vi nmax

Time for Dn to
reach Vipmpes

3515 + 4%U1

Teor

Transmtted tume mterval from the start of Tagtran or Terx.
Trax. to the start of the LP-11 state following a HS burst.

105 ns +
n#12%*171

23
[

T ar

Tumne that the transmitter drives LP-11 following a HS burst.

100

ns
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NOTE:

1. The minimum value depends on the bit rate. Implementations should ensure proper operation for all the
supported bit rates.

2. If a> b then max( a, b ) = a otherwise max(a,b)=b

3. Where n = 1 for Forward-direction HS mode and n = 4 for Reverse-direction HS mode

4. TLPX is an internal state machine timing reference. Externally measured values may differ slightly from
the specified values due to asymmetrical rise and fall times.

5. Transmitter-specific parameter

6. Receiver-specific parameter
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Parameter Description Alin Nom Max Units Notes
Trip/Trp 15%-85% 115e time and fall time 25 ns 1
TreoT 30%-85% rise time and fall time 35 ns 1,56
Trpruisery | Pulse width of | Fust LP 40 1s 4
the LP exclusive-OR
exclusive-OR. | clock pulse
clock after Stop state
or last pulse
before Stop
state
All other 20 1s 4
pulses
TLPFER-TX Period of the LP exclusive-OR a0 1s
clock
slew rate @ Crmam = 5
5V /dteg Slew rate @ Croap = OpF 500 mV/ns 1 g
Slew rate @ Crgap = SpF 300 mV/ns 1,3,
7.8
Slew rate @ Croap = 20pF 250 mvins 1,3,
7.8
Slew rate @ Crgap = 70pF 150 mV/ns 1,3,
7.8
Slew rate @ Croap = 0 to 70pF 30 mv/ns 1.2, 3
(Falling Edge Only)
Slew rate @ Croap = 0 to 70pF 30 mv/ns 1.3,9
{Rising Edge Only)
Slew rate @ Crgap =0 to 70pF 30— mV/ns 1,10,
{Rising Edge Only) 0.075* 11
(Vomwst—
700)
CrLoan Load capacitance 0 70 pE 1

NOTE:

1. CLOAD includes the low-frequency equivalent transmission line capacitance. The capacitance of TX and RX
are assumed to always be <10pF. The distributed line capacitance can be up to 50pF for a transmission line
with 2ns delay.

2. When the output voltage is between 400 mV and 930 mV.

3. Measured as average across any 50 mV segment of the output signal transition.

4. This parameter value can be lower than TLPX due to differences in rise vs. fall signal slopes and trip levels
and mismatches between Dp and Dn LP transmitters. Any LP exclusive-OR pulse observed during HS EoT
(transition from HS level to LP-11) is glitch behavior as described in section 8.2.2.

5. The rise-time of TREQT starts from the HS common-level at the moment the differential amplitude drops
below 70mV, due to stopping the differential drive.

6. With an additional load capacitance CCM between 0 and 60pF on the termination center tap at RX side of the

Lane.
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7. This value represents a corner point in a piecewise linear curve.

8. When the output voltage is in the range specified by VPIN(absmax).

9. When the output voltage is between 400 mV and 700 mV.

10. Where Vg nst is the instantaneous output voltage, VDP or VDN, in millivolts.

11. When the output voltage is between 700 mV and 930 mV.
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9.6.6 MDDI Timing Characteristics
(VSS=VSSI=DVSS=0V, VDDI=1.65V to 3.3V, VDD=2.3V to 4.8V, Ta = -30 to 70°C)

Signal Symbol Parameter MIN | TYP MAX Unit
MDDI_STB_P/M
1/Thit Data transfer rate - 384 450 Mbps
MDDI_DATA_P/M
MDDI_STB_P/M
| Tskew-pair| | Differential transfer input skew - - 0.05 ns
MDDI_DATA_P/M
MDDI_STB_P/M
|Tskew-data| | Data/Strobe input skew - - 0.3 ns
MDDI_DATA_P/M

Note) MDDI_DATA_P/M = MDDI_DATAO_P/M and MDDI_DATA1_P/M.

Skew between MDDI positive and negative signal pair

MDDI_DATA_P /MDDI_STB_P |

|

: Tskew—pair |

I :4—»: Tskew-pair
|

MDDI_DATA_ M/ MDDI_STB_M '

'

Skew between MDDI DATA:P/N and MDDI_STB_P/M

| |
MDDI_DATA_P/M >< ><
| |

| |

I I T skew- | I'T

|<—>I skew-data |<—>| skew-data
| |

| |
MDDI_STB_P/M >< ><
| |

——— —————————————————————————————————————— ]
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page286




Raydium

9.6.7 Reset Timing

Shorter than 15us

le—>]|
RESX U
Initial Condition

Internal Status Normal Operation >< Resetting >§_ (Default for H/W reset)

tRESW |

/' 9

A

tREST

Reset input timing:
IOVCC=1.65 to 3.6V, VCI=2.5 to 3.6V, AGND=DGND=0V, Ta=-40 to 85°C

Symbol Parameter Related Pins | MIN | TYP | MAX Note Unit
tresw *1) Reset low pulse width RESX 15 - - 3 us
When reset applied
- - - 5 . v ms
tresT *2) Reset complete time during Sleep in mode
When reset applied
- - 120 : ms
during Sleep out mode

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

RESX Pulse Action
Shorter than 5us Reset Rejected
Longer than 15pus Reset

Reset starts

(It depends on voltage and temperature condition.)

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

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

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

Between 5us and 15us

Reset is aveted

Siul

WWW

m 20s__ s than 20ns width positie spike will be reected

Note 5. It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command
cannot be sent for 120msec.

F
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