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2.Introduction

The JD9855 is a 262,144-color single-chip SOC driver for a-Si TFT liquid crystal
display with resolution of 360RGBx390(Dual-Gate=780) dots, comprising a
540-channel source driver, 315,900 bytes GRAM for graphic display data of
360RGBx390 dots, and power supply circuit.

The JD9855 supports parallel 8-bit data bus MCU interface, 6-bit data bus RGB
interface, 3-/4-line serial peripheral interface (SPI), 2 lane SPI data transmission and
Quad serial peripheral interface (QSPI). 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.

The JD9855 can operate with 1.65V ~ 3.3V I/O interface voltage and an
incorporated voltage follower circuit to generate voltage levels for driving an LCD.
JD9855 supports full color, 8-color display mode and sleep mode for precise power
control by software and these features make the JD9855 an ideal LCD driver for
medium or small size portable products such as digital cellular phones, smart phone,
MP3 and PMP where long battery life is a major concern.

P-11
October 17, 2023



Preliminary V0.00 JD9855

3. Features

B Display resolution:

Max: 360xRGB(H) x 390(V) (Dual Gate=780)
Dual gate: 184RGB~360RGB. (8pixels/step)
Single gate: 92RGB~180RGB. (4pixels/step)

B LCD Driver Output:

540 source channels.
Internal level shifter for Gate Driver control.

B Frame Memory Size: 360 x 390 x 18-bit = 2527200 bits
B System Interface

Parallel 8080-series MCU Interface (8-bits)

RGB Interface (6-bits)

Serial Peripheral Interface (SPI) (8-bits, 9-bits and 2 data lane SPI)
Quad serial peripheral interface (QSPI) (Support DDR)

MIPI-DSI (Display Serial Interface) interface

B Display mode:

Full color mode (Idle mode OFF): 262K-color
Reduce color mode(ldle mode ON):  8-color

B Pixel Color Format (Color Depth)

16-bit/pixel: RGB=(565)
18-bit/pixel: RGB=(666)

B On chip functions:

DC/DC converter

Timing generator

Internal Oscillator generation

OTP memory to store initialization register settings
Brightness control

B Display inversion type support

1/2/4-Dot Inversion
Column Inversion

B Operation Temperature range: -40 to +85 °C
B Wide Supply Voltage Range

IOVCC =1.65V ~ 3.3V (logic)
VCI = 2.5V ~ 3.3V (analog)

B On-Chip Power System:

Source Voltage: +6.6~ -5.6V
Gate driver output voltage
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» VGH-GND =11.0V ~ 16.0V
» VGL - GND =-7.0V ~-12.25V
B Power saving modes
® Sleep in mode
® Deep standby mode
® Low frame mode 1~50Hz
B On-chip OTP program voltage generator
B OTP memory to store initialization register settings
® 1 time OTP for Gamma Correction setting
® 3times OTP for VGMP/VGSP/VGMN/VGSN setting
® 3times OTP for ID setting
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4.Device Overview

4.1.Block Diagram

JD9855
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Command / data display data
Internal Register N
Y Y
| Mode Gamma
Selection adjusting circuit
[e)V/ele}
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OSC Circuit [ Yy
DC/DC B Grayscale
Vss Converter voﬁage ——¥VSSA
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A
AVDD
Y Display RAM
AVEE p— 360x390x18bits V0-63
VGH - fming
Generator v
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Unit 0 GCKL[1:10]
VCOMT— VeoMm "
Cricuit
Figure. 4.1 Block Diagram
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4.2.LCD power generation scheme

VGH / VGHPRE (11~16V)

AVDD (6.4~6. 8V) 7' /

JD9855

\, VGMP(3.5~6.6V)

VCIPX2 (2*VClI)
VCIVCIP (2.5~3.3V)

\

IoVCC (1 65~3.3V) \

VGMN (-2.5~-5.6V)
| AVEE (-4.2~-4.8V)

VDDD (]_ 5V) VREF (2V)  AVSSN (1.7~2V)
____VCOM (av)
VSSA VSSD,VSSH,VSSP,AVSS (0V)
VCL (-1*VCl)

VGL (-7~-12.25V)

Figure. 4.2 LCD power generation scheme

4.3.0utput voltage range

JD9855 generates corresponding voltage with a-Si TFT LCD panel by internal power supply circuit.

Please set up each voltage output according to the LCD panel.

Name Function Set up value Note
AVDD |DC/DC converter circuit output +6.4~ +6.8V Do not exceed 6.8V
AVEE |DC/DC converter circuit output -4.2~-4.8V Do not exceed -4.8V

VGMP |Reference voltage for gamma circuit +3.5V~ +6.6V Reference register

VGMN |Reference voltage for gamma circuit -2.5V~ -5.6V Reference register

VGH |Positive gate driver output voltage level | +11~ +16V |Depend on AVDD & AVEE

VGL |Negative gate driver output voltage level|-7V ~ -12.25V|Depend on AVDD & AVEE

VCOM |VCOM DC voltage ov
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5.Pad Arrangement

5.1.PAD assignment

Chip Size: 11376um x 855um
Overview (Simple view)
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Input and Output Bump Dimension

Condition-1 (+/- Oum temp. compensatio Unit=um
INPL

UT PAD INPUT PAD INPUT PA|

Symbol  Size Number Toler: Symbol  Size Number Tol e Number oleral
NO7~NO2%
Al 28 £3 Bl 28 =) 3 1 13 m@igixzﬁ £3 D1 12 NETPE-ErD 3 E1l 90 £3
A2 | 75 | wotnos | 4 B2 | 50 | OO TR @ | w0 = D2 | 8 ) B2 | 48 =
NO119~NO124 NO7~NO13
A3 | 1699 o) B3 | 1699 | WonhoE | s @3 | 2226 | noz-now | 13 D3 | 7798 [NoeNO | i3 B3 | 118 | 13
NO98~NO118
NO&~NO7 o
A4 16:99 |\o118-NOLIS #3 B4 2099 | NO13~NO18 +3 ca 22245 | NO30~NO42 #3 D4 38.08 +3
A5 5 +3 G5 2227 NO42-NO43 +3 D5 70.87 +3
A6 | 7762 ) C6 | 22255 | noss-nom ) D6 | 15146 5
| 23095 [ Noenoss 1 07 | 27425 £
C8 | 230.95 | Noss-Now = D8 |1197.39 =
D9 5 3
D10 20 +3
DIl | 1599 5
D1z | 11597 o
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D14 | 12447 5
D15 | 15296 B
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D17 | 1509 B
D18 | 630 B
D19 | 6% =
D20 | 5% 3
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5.1.1.Input Pad
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5.2.Alignment Mark Dimension

JD9855

M1 [ -5503 [ 367.7

M2 | 5503 | 367.7
2 2
0
2 90.0 90.9 -
g 2 30.0 30.0 2 g
- 00 00| -
~F <
20.0 =) QJ
30.9 3 30.0 e
g 10.9 §
10.6
M1 M2
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6. Pin Description

6.1.Power Supply Pins

Preliminary V0.00 JD9855

Pin Name 110 Type Descriptions
IovCC P Digital Power Power supply for interface logic circuits(1.65~3.3V)
VCI P Analog Power Power supply for analog circuit blocks(2.5~3.3V)

External high voltage pin used in OTP mode and operates at 8.3V.
VGH P OTP Power
If not used, let this pin open.
VDDD P Digital Power Internal logic voltage output.
System ground level for analog circuit blocks.
VSSA GND Analog Ground
Connect to VSSA on the FPC to prevent noise.
System ground level for digital circuit blocks.
VSS GND Digital Ground

Connect to VSSD on the FPC to prevent noise.
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JD9855

6.2.Interface Logic Pins

Pin Name 110 Type Descriptions
-Select the MCU interface mode
IM2 | IM1 | IMO MCU-Interface Data Pin
. . . DBJO0]: infout
0 0 0 3-line 9bit serial I/F DB[2]: out (option)
0 0 1 MIPI I/F DOP/DON
DB[0]: in/out
0 1 0 2 data lane serial I/F DBI[1]: in
DBJ2]: out (option)
DB[0]: in/out (option)
IM[2:0] | (IOVCCI/GND) 0 ) ) QSPI IF DB[1]: infout (default)
DBJ2]: in/out (option)
DBJ3]: in
n . . DB[0]: in/out
1 0 0 RGB_3-line 9bit serial I/F DB[7:2]: in
. . . DB[0]: in/out
1 0 1 RGB_4-line 8bit serial I/F DB[7:2]: in
. 4 . DB[0]: in/out
1 1 0 4-line 8-bit serial I/F DBI[2]: out (option)
1 1 1 80-8bit parallel I/F DBJ[7:0]: in/out
MPU Parallel interface bus and serial interface select
If use RGB Interface must select serial interface.
MCU -This signal will reset the device and must be applied to properly initialize the chip.
RESX |
(IOVCCI/IGND) | -Signal is active low.
-Chip select input pin.
MCU
CsX | Low enable. High disable.
(IOVCC/IGND)
-If not used, this pin should be connected to IOVCC.
-Data/command selection pin in parallel interface.
MCU When DCX="1", data is selected.
DCX |
(IOVCC/GND) When DCX='0', command is selected.
-If not used, this pin should be connected to IOVCC.
-Read enable in MCU parallel interface.
MCU
RDX | -SPI interface serial clock. (SCL)
(IOVCC/IGND)
- If not used, this pin should be connected to IOVCC.
-Write enable in MCU parallel interface.
MCU
WRX | -Dot clock for RGB interface. (DOTCLK)
(lovCC/ GND)
- If not used, this pin should be connected to IOVCC.
-DB[7:0] are used as MCU parallel interface data bus.
-DB[7:0] are used as SPI interface data bus.
DBI0] is used as SDA in 8-/9-bit serial I/F.
MCU DBJ[1:0] are used as SDA1/SDAZ2 in 2 data lane serial I/F.
DB[7:0] lfe}
(IOVCC/ GND) | -DBJ[7:0] are used as QSPI interface data bus.

Single: DBJ0] is used as SDAO.
Dual: DBJ[1:0] are used as SDAO/SDAL.
Quad: DB[3:0] are used as SDAO/SDA1/SDA2/SDA3.
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JD9855

-DB[7:0] are used as RGB interface data bus.
DBJ[7:2] are used as RGB interface data bus.
DBJ[1] is used as DE signal.
- If not used, this pin should be connected to IOVCC or GND.

MCU -Tearing effect output pin to synchronize MPU to frame writing.
TE
(IOVCC/ GND) | If not used, open this pin.
MCU -PWM output signal for backlight control.
LEDPWM
(IOVCC/ GND) | If not used, open this pin.
MCU -Frame synchronizing signal for RGB interface operation.
VSYNC
(IOVCC/GND) | - If not used, this pin should be connected to IOVCC or GND.
MCU -Line synchronizing signal for RGB interface operation.
HSYNC
(IOVCC/ GND) | - If not used, this pin should be connected to IOVCC or GND.
-Polarity change for DSI I/F
DSI PSWAP HS_CP HS_CN HS_DOP | HS_DON
PSWAP
(IOVCCIGND) 0 CLK+ CLK- DO+ DO-
1 CLK- CLK+ DO- DO+
HS_CKP -MIPI DSI Clock differential signal input pins.
DSl
HS_CKN -If not used, this pin should be connected to GND or open.
HS_DOP -MIPI-DSI Data differential signal input pins. (Data lane 0)
DSI
HS_DON -If not used, this pin should be connected to GND or open.

Notel. When CSX="1’, there is no influence to the parallel and serial interface.
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6.3.Driver Output Pins

JD9855

Pin Name 1/10 Descriptions
Source output signals..
S1~ S540 O
Leave the pin to open when not in use.
GCKR1~ Panel gate control signal.
O
GCKR10 Leave the pin to open when not in use.
GCKL1~ Panel gate control signal.
o
GCKL10 Leave the pin to open when not in use.
AVDD O Analog positive power.
AVEE O Analog negative power.
VGH (0] Output voltage from step-up circuit.
VGL (0] Output voltage from step-up circuit.
VGHPRE O Used for GIP EQ parking voltage.
VGHO_R (0] Output voltage from step-up circuit.
VGHO_L (0] Output voltage from step-up circuit.
VCOM
O A power supply for the TFT-LCD common electrode.
VCOM_L
Output pin for PWM(Pulse width Modulation) signal of LED driving.
LEDPWM O
If not used, open this pad.
-Tearing effect output pin to synchronize MPU to frame writing.
TE O
If not used, open this pin.

6.4.0ther Pins

Pin Name 1/10 Descriptions
TESTI[2:0] | Test pin for internal function. If not used, let it open.
TESTO[7:0] (0] Test pin for internal function. If not used, let it open.
TEST_P (0] Analog test pin. If not used, let it open.
TEST_N (@) Analog test pin. If not used, let it open.
TEST_OSC (@) Test pin for internal function. If not used, let it open.
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6.5.Maximum layout resistance

JD9855

Name Pin Definition Maiér;l;gns::es Unit

IOVCC, VCI Power supply 5 Q
VSS, VSSA Power supply 5 Q
VPP OTP Power supply 20 Q
IM[2:0] Input 100 Q
RESX Input 100 Q
CSX, DCX Input 100 Q
WRX, RDX Input 100 Q
VSYNC, HSYNC, DE Input 100 Q
DB[7:0] Input/ Output 100 Q
TESTI[2:0] Input 100 Q
TE, LEDPWM Output 100 Q
TEST_P, TEST_N, TEST_O[7:0]

TEST 0SC Output 100 Q
DUMMY Output 100 Q
VDDD Output 5 Q
VCOM, VCOM_L Output 5 Q
AVDD, AVEE Output 10 Q
VGH, VGL, VGHO_R/L, VGHPRE Output 10 Q
HS_DOP, HS_DON, HS_CKP, HS_CKN Input 10 o)
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7.Interface setting

JD9855

IM2 | IM1 | IMO Interface Data Bus Selection
n . ! DB[0]: in/out
0 0 0 3-line 9bit serial I/F DB[2]: out (option)
0 0 1 MIPI I/F DOP/DON
DBJ0]: infout
0 1 0 2 data lane serial I/F DB[1]: in
DBJ2]: out (option)
DBJ0]: in/out (option)
DB[1]: in/out (default)
0 1 1 QSPIIF DBJ2]: in/out (option)
DBJ3]: in
. . . DB[0]: in/out
1 0 0 RGB+3-line 9bit serial I/F DB[7:2]: in
I . . DB[0]: in/out
1 0 1 RGB+4-line 8bit serial I/F DB[7:2]: in
. . . DBJO0]: infout
1 1 0 4-line 8-bit serial I/F DBI2]: out (option)
1 1 1 80-8bit parallel I/F DB[7:0]: in/out

7.1.MCU interfaces

JD9855 provides the 8-bit parallel system interface for 8080-1 series, and 3-/4-line serial system interface
for serial data input. The input system interface is selected by external pins IM [2:0] and the bit formal per
pixel color order is selected by COLMOD(3Ah) register.

7.1.1. MCU interface selection

The selection of interface is done by setting external pins IM [2:0] as shown in the following table.

IM2 | IM1 | IMO Interface Data Bus Selection
: . . DBJ0]: infout
0 0 0 3-line 9bit serial I/F DBI2]: out (option)
DB[0]: in/out
0 1 0 2 data lane serial I/F DBJ[1]: in
DBJ2]: out (option)
DB[0]: in/out (option)
DB[1]: infout (default)
0 S L QSPII/F DBJ2]: in/out (option)
DB[3]: in
. . . DBJO0]: infout
1 1 0 4-line 8-bit serial I/F DB[2]: ot (option)
1 1 1 80-8bit parallel I/F DBJ[7:0]: in/out
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7.1.2. 8080-I Series Parallel Interface

JD9855 can be accessed via 8-bit MCU 8080-I series parallel interface. The chip select CSX (active low) is
used to enable or disable JD9855 chip. The RESX (active low) is an external reset signal. WRX is the
parallel data write enable, RDX is the parallel data read enable and DB[7:0] is parallel data bus.

JD9855 latches the input data at the rising edge of WRX signal. The DCX is the signal of data/command
selection. When DCX="1", DB[7:0] bits are display RAM data or command’s parameters. When DCX="0’,
DBJ[7:0] bits are commands.

The 8080-I series bi-directional interface can be used for communication between the MCU controller and
LCD driver chip.
The selection of 8080-1 series parallel interface is shown as the table in the following.

IM2 IM1 IMO Interface CSX DCX RDX WRX Function
0 0 1 T Write 8-bit command (DB[7:0])
8-bit 0 1 1 T Write 8-bit display data or 8-bit parameter (DB[7:0])
! ! ! parallel 0 1 1 1 | Read 8-bit display data (DB[7:0])
0 1 T 1 Read 8-bit parameter or status (DB[7:0])
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7.1.2.1. Write Cycle Sequence

JD9855

The WRX signal is driven from high to low and then be pulled back to high during the write cycle. The host
processor provides information during the write cycle when the display module captures the information

from host processor on the rising edge of WRX. When the DCX signal is driven to low level, then input data
on the interface is interpreted as command information. The DCX signal also can be pulled high level when

the data on the interface is GRAM data or command’s parameter.

The following figure shows a write cycle for the 8080-1 MCU interface.

[\

The host stops to control

WRX A
\ 4 \ l
The host control DB[7:0] lines when JD9855 reads DB[7:0] lines when
there is falling edge of WRX there is rising edge of WRX

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

Figure. 7.1 8080-Series WRX Protocol

| csx | \

DB[7:0] lines

| RESX |

| D/CX |\ /

Interface

T R N N

| RDX |

. Command Command \
| DB[7:0] < Address > < Data /

D _ Command C d \
E—[ [ DBI7:0)(Host to Lep) F——( Soprend ) ommand

Hi-Z

>
ﬁi—[ [ DBI7:0)(LCD to Host) | 2% = = = o m e e e e
2

Signals on DB[7:0],D/CX,RDX and WRX lines
during CSX=" H” are ignored

Figure. 7.2  8080-Series Parallel Bus Protocol, Write Register or Display RAM
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7.1.2.2.Read Cycle Sequence

JD9855

The RDX signal is driven from high to low and 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 signal. When the DCX signal is
driven to low level, then input data on the interface is interpreted as command. The DCX signal also can be
pulled high level when the data on the interface is RAM data or command parameter.

The following figure shows the read cycle for the 8080-1 MCU interface.

[\

The driver stops to
control DBJ[7:0] lines

RDX y
\ 4 \ {
The driver start to control DB[7:0] lines The host reads DB[7:0] lines when
when there is falling edge of RDX there is rising edge of RDX

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

Figure. 7.3 8080-Series RDX Protocol

| csx | \

| RESX |

| D/CX |\ /

Interface

| WRX | \ A

| RDX | \ A \ A \

. < Command > < Dummy > <
| DB[7'0] Address Data

Hos
@)
2
N
S
T
(o]
w0
Q
s
—
(@]
")
(@]
g
53
@8
w&
L
N

>

] i-

;;_[ | DB[7:0](LCD to Host) - < o )
[a)

Signals on DBJ[7:0],D/CX,RDX and WRX lines
during CSX=" H” are ignored

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.

Figure. 7.4 8080-Series Parallel Bus Protocol, Read Register or Display RAM
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7.1.3. Serial Interface

The selection of interface is done by IM [2:0] bits. Please refer to the Table in the following.

IM2 | IM1 | IMO MCU-Interface Mode Read back selection
0 0 0 3-line 9bit serial interface
0 1 1 QSPI interface Via the read instruction
1 1 0 4-line 8bit serial interface

JD9855 supplies 3-lines/9-bit and 4-line/8-bit and Quad serial interfaces for communication between
host and JD9855.

The 3-line serial mode consists of the chip enable input (CSX), the serial clock input (SCL) and serial
data Input/Output (SDA). The 4-line serial mode consists of the Data/ Command selection input (DCX),
chip enable input (CSX), the serial clock input (SCL) and serial data Input/Output (SDA) for data
transmission.

The Quad serial mode consists of the chip enable input (CSX), the serial clock input (SCL) and serial
data Input/Output (DB[1]), input(DB[0],DB[2],DBJ[3]).

The data bus (DBJ[7:0]), which are not used, must be connected to IOVCC or GND. Serial clock (SCL)
is used for interface with MCU only, so it can be stopped when no communication is necessary.
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7.1.3.1. Pin Description

3-line serial
Pin Name Description
CSX Chip selection signal
RDX (SCL) Clock signal
DBJ0] (SDA) Serial input/output data
4-line serial
Pin Name Description
CSX Chip selection signal
DX Data is regarded as a command when DCX is low
Data is regarded as a parameter or data when DCX is high
RDX (SCL) Clock signal
DBJ[0] (SDA) Serial input/output data

Quad serial interface

Pin Name Description
CSX Chip selection signal
RDX (SCL) Clock signal
DBI[0] Serial input data lane 0
DBJ[1] Serial input/output data lane 1
DB[2] Serial input data lane 2
DBI[3] Serial input data lane 3
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7.1.3.2. Write Cycle Sequence

The write mode of the interface means that host writes commands or data to JD9855. The 3-lines serial
data packet contains a data/command select bit (DCX) and a transmission byte. If the DCX bit is “low”, the
transmission byte is interpreted as a command byte. If the DCX bit is “high”, the transmission byte is stored
as the display data RAM(Memory write command ),or command register as parameter.

Any instruction can be sent in any order to JD9855 and the MSB is transmitted first. The serial interface is
initialized when CSX is high status. In this state, SCL clock pulse and SDA data are no effect. A falling
edge on CSX enables the serial interface and indicates the start of data transmission. See the detailed
data format for 3-/4-line serial interface.

| Data Format for 3-line Serial Interface |

Transmission byte may be command or data

|
[ |
MSB LSB

D/ICX | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | D/ICX 8-bit Transmission Byte

Data/Command select bit

| Data Format for 4-line Serial Interface

Transmission byte may be command or data
|
[ |
MSB LSB

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 8-bit Transmission Byte

Figure. 7.5 Serial interface data stream format

Host processor drives the CSX pin to low and starts by setting the DCX bit on SDA. The bit is read by
JD9855 on the first rising edge of SCL signal. On the next falling edge of SCL, the MSB data bit (D7) is set
on SDA by the host. On the next falling edge of SCL, the next bit (D6) is set on SDA. If the optional DCX
signal is used, a byte is eight read cycle width. The 3/4-line serial interface writes sequence described in
the figure as below.
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3-line Serial Interface Write Sequence |

The next Command or
following Data

Command

-y ____

1 kI
\ The CSX can be high level between the data

and next command. The SDA and SCL are
invalid during CSX is high level

Figure. 7.6  3-line serial interface write protocol

4-line Serial Interface Write Sequence |

The next Command or
following Data

Command

-y ____

Host —

\ The CSX can be high level between the data

and next command. The SDA and SCL are
invalid during CSX is high level

Figure. 7.7  4-line serial interface write protocol

Quad SPI interface Write Sequence- laddress, 1lane

csx \ Yo

peio (X 0x02 X AD[23:0] X Parameterl[7:0] X Parameter2[7:0] )

see FULFLALFSLFLALFLSL ___ FULFF I AP ST LA P AL L U LF LA LP L
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Quad SPI interface Write Sequence- laddress, 2lane

csx _\ v

Parameterl Parameter2 Parameter3
peio (X OxA2 X AD[23:0]  { D6D4D2D0 ) D6 D4 D2 D0 ) D6 D4 D2 DO )
DB[1] { D7D5D3D1 } D7D5D3D1 f D7D5D3D1 )

see fHUHULUIUTL ___ Uiyl

Quad SPI interface Write Sequence- laddress, 4lane

csx \ Yo

Pa.1[7:0] Paz2[7:0] Pa3[7:0] Pa.4[7:0]

peio] (X 0x32 X ADI[23:0] X Dapo Y Dapo ' D4apo ) D4DO )
DBI1] { psp1 ) Dsp1 § Ds5D1 ) D5D1 )
DBI2] { pep2 ) peD2 ) D6D2 ) D6D2 )
DBI3] { prp3 ) b7D3 § D7D3 ) D7D3 )

e fUHULIIUTHLHLUTL ___ SOOI LD

Quad SPI interface Write Sequence- 4address, 4lane

csx \ VYo

Pa.1[7:0] Pa.2[7:0] Pa.3[7:0] Pa.4[7:0]
DB[0] D( 0x38 or 0x12 XA[ZO] A[16] A[12] A[8] A[4] A[0] )( D4 DO )( D4 DO )( D4 DO X D4 DO )
DB[1] (Al21] ALLT] ALB] A9 ASI AL Y DsD1 Y bspi f pspi J pspi )
DB[2] (Al22] A[18] A[14] A[10] A[6] A[Z]X pep2 | Dpep2 ) Dpep2 | pep2 )
DB(3] (A[23) Al19) Al15] AlL1] Al7] AR D7D3 b7ps | b7p3 f  Dp7D3 )

see fUHULIIUTHTHLTTL ___SUTUU TSI

Figure. 7.8 Quad serial interface write protocol
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7.1.3.3.Read Cycle Sequence

The read mode of interface means that the host reads register’'s parameter from JD9855. The host has to
send a command (Read ID or register command) and then the following byte is transmitted in the opposite
direction. JD9855 latches the SDA (input data) at the rising edges of SCL (serial clock), and then shifts
SDA (output data) at falling edges of SCL (serial clock). After the read status command has been sent, the
SDA line must be set to tri-state and no later than at the falling edge of SCL of the last bit. The read mode
has three types of transmitted command data (8-/24-/32-bit) according command code.

| 3-line Serial Interface Read Sequence (8-bit read) |

Read Command Read Data

) )
2N 000000000 000000008
! ! J

| 3-line Serial Interface Read Sequence (24-bit read) |

Read Command Read Data

JENY RV S

\|

| i e

soA l@ﬂ@@@@@@@ X @@@l

L Dummy clock cycle

| 3-line Serial Interface Read Sequence (32-bit read) |

Read Command Read Data

A 4

|
|
|
<
L <
|
|
|
[

\|

SDA l@ﬂ@@@@@@@ fffﬁfﬁﬁfj @@@l
Dummy clock cycle

Figure. 7.9 3-line serial interface read protocol
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| 4-line Serial Interface Read Sequence (8-bit read) |

Read Command Read Data

i i
1 1 1

S0 00000000 000000008
1 1 1

| 4-line Serial Interface Read Sequence (24-bit read) |

Read Command Read Data

A 4

CSsX

D/ICX

1

1

1
<
<%

1

1

1

J

1

1

1

J

)

1

1

1

Dummy clock cycle

| 4-line Serial Interface Read Sequence (32-bit read) |

Read Command Read Data

b e — — — e e e e 1
G 00000000L000ENO00S
! 1

L Dummy clock cycle

Figure. 7.10 4-line serial interface read protocol

CSX \ Ve
pe[o] ({__0x0B or0x03 X AD[23:0] )

DBI[1] (__8dummy bits X Parameter1[7:0] )
DB[2]

DB[3]

sco T UL ___fUtyyrrrryruL
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CSX \ -
pe[o] ((__0x0Bor0x03 X AD[23:0] )

DB[1] (__Parameter1[7:0] X Parameter2[7:0] )
DB[2]

DBI3]

sco T UL ___fUtuyrfrsrrysyL

Figure. 7.11 Quad serial interface read protocol
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7.1.4. 2 Data Lane Interface

IM2 | IM1 | IMO

MCU-Interface Mode

Read back selection

2 data lane serial interface

Via the read instruction

(8-bit, 24-bit and 32-bit read)

7.1.4.1.Pin Description

2 data lane serial

Pin Name Description
CSX Chip selection signal
RDX (SCL) Clock signal
DBJ[0] (SDA) Serial input/output data
DBJ[1] Serial input data

7.1.4.2. Write Cycle Sequence

The command write protocol of 2-wire data lane serial interface is the same with the 3-line serial interface.

Any instruction can be sent in any order to the driver. The MSB is transmitted first. The serial interface is

initialized when CSX is high. In this state, SCL clock pulse or SDA data have no effect. A falling edge on

CSX enables the serial interface and indicates the start of data transmission.

3-line Serial Interface Write Sequence |

Command

The next Command or
following Data

A 4

kI
\ The CSX can be high level between the data

and next command. The SDA and SCL are
invalid during CSX is high level

Figure. 7.12 3-line serial interface write protocol

7.1.4.3.Read Cycle Sequence

The read mode of 2-wire data lane serial interface is the same with the 3-line serial interface.

To achieve read function, the micro controller first has to send a command (read ID or register command)
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and then the following byte is transmitted in the opposite direction. After that CSX is required to go to high
before a new command is send (see the below figure). The driver samples the SDA (input data) at rising
edge of SCL, but shifts SDA (output data) at the falling edge of SCL. Thus the micro controller is supported
to read at the rising edge of SCL.

After the read status command has been sent, the SDA line must be set to tri-state no later than at the
falling edge of SCL of the last bit.

| 3-line Serial Interface Read Sequence (8-bit read) |

Read Command Read Data

=0 000000000 000000008

| 3-line Serial Interface Read Sequence (24-bit read) |

Read Command Read Data

A 4

1
1
1
<
> %
1
1
1
)

\l

1
1 I _________
SDA lﬂﬂ@@@@@@@ _________ @@@l
1

L Dummy clock cycle

| 3-line Serial Interface Read Sequence (32-bit read) |

Read Command Read Data

Y

> <

| | .........
SDA l@ﬂ@@@@@@@ _________ @ﬂ@.
1

L Dummy clock cycle

Figure. 7.13 3-line serial interface read protocol
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7.1.5.Data Transfer Break and Recovery

If there is a break in data transmission while transferring a Command or Parameter or Frame Memory Data
before Bit DO of the byte has been completed, then the driver will reject the previous bits and have reset
the interface such that it will be ready to receive the same byte retransmitted when the chip select line
(CSX) is next activated. See the following example:

Command or ! Command or
Parameter i Parameter
| g
)
)
\J

csx  \! / \

1

1

I
Host | SDA l@ﬂ@@@ @ﬂ@@@@@@@l
_T—I_T—I_T—I_T—Iﬂ_T | | ﬂ_ﬂ_ﬂ_ﬂﬂﬂﬂﬂﬂf

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

i Break

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

Without Break

Command 1 |—»{ Parameter 1 —» Parameter 2 —| Parameter 3

Parameter 1 is broken and needed to be transfer

With Break Break again R

Command 1 |—| Parameteril —» Command 2 — Command 1 |— Parameter 1 —{ Parameter 2 |—» Parameter 3

Figure. 7.14 Write interrupts recovery, case 1

If a 2 or more parameter command is being sent and a break occurs by the other command before the last
one is sent, then the parameters that were successfully sent are stored and the other parameter of that
command remains previous value.

Parameter 1 is successfully sent, but other parameters

With Break Break W are not sent and broken by the other command

Command 1 |— Parameter 1 —» Command 2 —{ Command 1 —»{ Parameter 1 |— Parameter 2 —» Parameter 3

Figure. 7.15 Write interrupts recovery, case 2
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7.1.6.Data Transfer Pause

It will be possible when transferring a command, frame memory data or multiple parameter data to invoke
a pause in the data transmission. If the chip select pin (CSX) is released to high state after a whole byte of
a frame memory data or multiple parameter data has been completed, then JD9855 will wait and continue
the frame memory data or parameter data transmission from the point where it was paused. If the chip
select pin is released after a whole byte of a command has been completed, then the display module will
receive either the command’s parameters(if appropriate) or a new command when the chip select pin is
next enabled as shown below.

This applies to the following 4 conditions:
1) Command-Pause-Command
2) Command-Pause-Parameter
3) Parameter-Pause-Command
4) Parameter-Pause-Parameter
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7.1.6.1.Serial Interface Pause

JD9855

e

Command or ! Pause ! Command or !
Parameter i L Parameter J
csx '/ V‘
Host 4 sDA_ Worl(os)(or Yoo Y(or) D00000000
see - [FULILTL fuuu
7.1.6.2. Parallel Interface Pause
! Pause !
T/ AN
RESX i i
ECI I G XX
T\ ;
RDX Command/Parameter i Pause i Command/Parameter
—( (] o —
— (= ) X o —
— (=0 X
—(o o —
— (o ) = —
—(Coe ) o —
—(o o —
—(C e —
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7.1.7.Data Transfer Mode

JD9855

JD9855 can provide two different kinds of color depth (16-bit/pixel and 18-bit/pixel) display data to the
graphic RAM. The data format is described for each interface. Data can be downloaded to the frame
memory by 2 methods.

7.1.7.1. Data Transfer Method 1

The image data is sent to the frame memory in the successive frame writing, each time the frame memory

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

Start Stop
Start Frame Image Data Image Data Image Data | | Any
Memory Write Frame 1 Frame 2 Frame 2 Command

7.1.7.2. Data Transfer Method 2

Image data is sent and at the end of each frame memory download, a command is sent to stop frame

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

Start Stop
Start Frame Image Data Any Start Frame Image Data Any L Any
Memory Write Frame 1 Command Memory Write Frame 2 Command Command

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

frame memory.
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7.1.8. Display Module Data Color Coding

7.1.8.1. 3-Line Serial Interface

Different display data formats are available for three colors depth supported by the LCM listed below.
65k colors, RGB 5-6-5-bit input
262k colors, RGB 6-6-6-bit input

7.1.8.1.1. R 5-bit, G 6-bit, B 5-bit, 65,536 colors (3Ah="05h")

csx \ B

D8 D7 D6 D5 D4 D3 D2 D1 DO D8 D7 D6 D5 D4 D3 D2 D1 DO| D8 D7 D6 D5 D4 D3 D2 D1 DO ___-
soa (X ) o . O (1) eae
Pixel n Pixel n+1

SCL

v 16 bits 16 bits

Loop-up table for 65k color data mapping(16 bits to 18 bits)

Frame

Note 1: Pixel data with the 16-bit color depth information
Note 2: The most significant bits are: Rx4, Gx5 and Bx4
Note 3: The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.1.2. R 6-bit, G 6-bit, B 6-bit, 262,144 colors(3Ah="06h")

D8 D7 D6 D5 D4 D3 D2 D1 DO D8 D7 D6 D5 D4 D3 D2 D1 DO D8 D7 D6 D5 D4 D3 D2 D1 DO

soa (X 980680000080 00

Pixel n

SCL

Note 1: Pixel data with the 18-bit color depth information
Note 2: The most significant bits are: Rx5, Gx5 and Bx5
Note 3: The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.2. 4-Line Serial Interface

Different display data formats are available for three colors depth supported by the LCM listed below.

65k colors, RGB 5-6-5-bit input
262k colors, RGB 6-6-6-bit input

7.1.8.2.1. R 5-bit, G 6-bit, B 5-bit, 65,536 colors (3Ah="05h")

RESX 1
CSX _\
DICX 1 h

D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO | D7 D6 D5 D4 D3 D2 D1 DO T
SDA . o (cRouxen)
Pixel n Pixel n+1

SCL

16 bits 16 bits

y
Loop-up table for 65k color data mapping(16 bits to 18 bits)

Note 1. pixel data with the 16-bit color depth information
Note 2. The most significant bits are: Rx4, Gx5 and Bx4
Note 3. The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.2.2.

R 6-bit, G 6-bit, B 6-bit, 262,144 colors(3Ah="06h")

JD9855

D2 D1 DO D7 D6 D5 D4 D3

Pixel n

D2

D1

DO

D7

D6

D5

D4

D3

D2 D1 DO

SCL

Note 1: Pixel data with the 18-bit color depth information
Note 2: The most significant bits are: Rx5, Gx5 and Bx5
Note 3: The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.3. 2 Data Lane Interface

Different display data formats are available for three colors depth supported by the LCM listed below.
65k colors, RGB 5-6-5-bit input
262k colors, RGB 6-6-6-bit input

7.1.8.3.1. R 5-bit, G 6-bit, B 5-bit, 65,536 colors (3Ah="05h")

oo AU UL LALL

Y 16 bits v 16 bits

Loop-up table for 65k color data mapping(16 bits to 18 bits)

Frame

Note 1: Pixel data with the 16-bit color depth information
Note 2: The most significant bits are: Rx4, Gx5 and Bx4
Note 3: The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.3.2. R 6-bit, G 6-bit, B 6-bit, 262,144 colors(3Ah="06h")

DO

D3 D2 D1

D6 D5 D4

Pixel n

SCL

18 bits

Note 1: Pixel data with the 18-bit color depth information
Note 2: The most significant bits are: Rx5, Gx5 and Bx5
Note 3: The least significant bits are: Rx0, Gx0 and Bx0
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7.1.8.4. Quad SPI (QSPI) Data interface

7.1.8.4.1. R 5-bit, G 6-bit, B 5-bit, 65,536 colors (3Ah="05h")

csx\
DB[0] D( 0x02 ) 0x002C00 (oK ou) ou) o) i o)
se. f1f]__ U U L L L L L LA L L

csx \

DB[0] D( 0xA2 X 0x002C00

DB[1]

DB[0] D( 0x32 X 0x002C00

DBI0] D< 0x38
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7.1.8.4.2. R 6-bit, G 6-bit, B 6-bit, 65,536 colors (3Ah="06h")

csx \ .
DB[O] D( OXA2 X 0x002C00 (o YeuKeaKenX o ) (o)
DB{1] (o XeKEXeX ) ()

see TIULULLUULL ___TUUUuUusyl.

DB[O]D( 0x32 X 0x002C00 90 O

DBI1] l ‘ '

& “‘ -
(ke

DBI0] D< 0x38
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8080-1 series 8-bit Parallel Interface

JD9855

The 8080-1 series 8-bit parallel interface of JD9855 can be used by setting IM[2:0]="111b". Different
display data formats are available for three Colors depth supported by listed below.
- 65k colors, RGB 5,6,5-bit input.

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

7.1.8.5.1.

R 5-bit, G 6-bit, B 5-bit, 65,536 colors (3Ah="05h")

RESX | “1”
csx |\

D/ICX

[wrx ]\ /

g
g
L

RDX “1”

D7|—< 0

D6|—< 0

D5|—< 1

|

D3|—< 1

D2|—< 1

D1|—< 0

|
|
|
|D4
|
|
|
|

D0|—< 0

[TIII]]]
T
11

G1Bit2

G1Bit1

G1Bit0

G2 Bit2

G2 Bit1

G2 Bit0

G1Bit5 —H G2Bit5
G1Bit4 —H G2Bit4
G1Bit3 —H G2Bit3
Pixel n Pixel n+1
16 bits 16 bits
y y

Loop-up table for 65k color data mapping(16 bits to 18 bits)

l 18 bits

Memory G1 G2

G3

Note 1: The data order is as follows, MSB=D7, LSB=DO0 and picture data is MSB=Bit 5, LSB=Bit 0 for Green,

and MSB=Bit 4, LSB=Bit 0 for Red and Blue data.

Note 2: 2-times transfer is used to transmit 1 pixel data with the 16-bit color depth information.

Note 3: ~“=Don’t care — Can be set to ‘0’ or ‘1’
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7.1.8.5.2. R 6-bit, G 6-bit, B 6-bit, 262,144 colors(3Ah="06h")

Co ]\
B e N W W ‘
RDX | “1”

p7 | — o
b6 | — o
s | — 1
pa | — o
p3 | — 1
p2 | — 1

g

G1Bit5 1

G1Bit4 1

G1Bit3 1

G1Bit2 1

G1Bit1 —

G1Bit0 1

o
AL

|ARARRANI

o] (o o
0 I G S G o GHED o GHE = GHE =

Note 1: The data order is as follows, MSB=D7, LSB=DO0 and picture data is MSB=Bit 5, LSB=Bit 0 for Red, Green and Blue data.
Note 2: 3-times transfer is used to transmit 1 pixel data with the 18-bit color depth information.

Note 3: ~*=Don’t care — Can be set to ‘0’ or ‘1’

P-51
October 17, 2023



Preliminary V0.00 JD9855
7.2. RGB Interface

7.2.1. RGB Interface Selection

The color format selection of RGB Interface for JD9855 is selected by setting command 3Ah, DB[6:4].

3Ah, DB[6:4] RGB Interface Mode Data pins
110 6-bit 262K RGB Interface DBJ[5:0]
101 6-bit 65K RGB Interface DBJ[5:0]

7.2.2. RGB Color Format

JD9855 supports two kinds of RGB interface, DE mode and HV mode, and 6bit/18bit data format.

When DE mode is selected and the VSYNC, HSYNC, DOTCLK, DE, D[7:0] pins can be used; when HV
mode is selected and the VSYNC, HSYNC, DOTCLK, D[7:0] pins can be used. When using RGB
interface, only serial interface can be selected.

7.2.2.1.6-bit RGB interface

6-bit RGB interface hardware suggestion, IM[2:0]=100 or 101.

6 bits RGB interface+3-line serial I/F | | 6 bits RGB interface+4-line serial I/F
MCU Drive IC MCU Drive IC
RST » RESX RST »| RESX
cs > CSX cs »| CSX
scL » RDX ScL » RDX
SDA | > DB[0] DCX » DCX
VSYNC » VSYNC SDA 1« » DB[0]
HSYNC » HSYNC VSYNC » VSYNC
DOTCLK | WRX HSYNC » HSYNC
ENABLE »| DB(1] DOTCLK > WRX
DB[5:0] » DB[7:2] ENABLE » DBL1]
6 DB[5:0] ——>| DB[7:2]
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Write data for 6-bit/pixel (RGB 5-6-5-bit input), 65K-Colors
— GLBit5 -

{(Reers )—
— G1Bit4 —-—
— G1Bit3 —-—
{(Reer }—
{(Resro }—

— G1Bit2 ||
— G1Bit1 -

v
s}
A
@
=
@
o
ui
A

Pixel n Pixel n+1

16 bits 16 bits

A 4 v

Loop-up table for 65k color data mapping(16 bits to 18 bits)

l 18 bits

Write data for 6-bit/pixel (RGB 6-6-6-bit input), 262K-Colors

Pixel n L
Frame
Memory
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7.2.3. RGB Interface Definition

The display operation via the RGB interface is synchronized with the VSYNC, HSYNC, and DOTCLK
signals. The data can be written only within the specified area with low power consumption by using
window address function. The back porch and front porch are used to set the RGB interface timing.

Vertical Sync.

Invisble Image

VS = Timing information what is not possible to see on the display
....... = Blanking Time
DE = 0 (Low)
VBP
.................................. S

(VDISP + HDISP) - period when valid
display data are transferred from host
VDISP to display module

DE = 1 (High)

Horizontal Sync.

© HS : HBP : HDISP " HFP :
e

Please refer to the following table for the setting limitation of RGB interface signals.

6 bit RGB interface

Parameters Symbol Min. Typ. Max. Unit
Horizontal Sync. Width HS 6 30 Clock

- HS+HBP=93
Horizontal Sync. Back Porch HBP 12 30 Clock
Horizontal Sync. Front Porch HFP 6 60 - Clock
Vertical Sync. Width VS 2 4 Line

- VS+VBP=127 .

Vertical Sync. Back Porch VBP 2 4 Line
Vertical Sync. Front Porch VFP 2 8 - Line

Note: HS/HBP/HFP must be (Min + n*3) Clock
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7.2.4. RGB Mode Selection

JD9855 supports two kinds of RGB interface, DE mode and HV mode. Each mode also can select with
ram and without ram. The table shown below uses command B1h to select RGB interface mode.

DEM DM[1:0] RGB mode Data Path
0 00 Ram
DE mode 5 ) .
0 11 Shift register (without Ram)
1 00 Ram
HV mode N : .
1 11 Shift register (without Ram)

7.2.5. RGB Interface Timing

The timing chart of RGB interface DE mode is shown as follows

vs+vbp

[

VS

D 1 frame J
Hs ] il E ; ........... il

HS '

L 1 1 line J

hs+hbp hfp
eece [ FUFFLFS LA LS LA L FUELFLF P LF LA LFLF LS LF LA L L
v AT
| Display data
moe _maid X XOXOOOC0- OO v
us !

Note: The setting of front porch and back porch in host must match that in IC as this mode.

Figure. 7.16 Timing Chart of Signals in RGB Interface DE Mode
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The timing chart of RGB interface HV mode is shown as follows.

vs+vbp
1 [
VS
D 1 frame , J
. . i vip
HS O T
Y Y v

hs+hbp hfp
rece PP LFLALALF LS SUPLFLFLA LA LA S LA L LFLALALA L
DE “1)7
Display data
gue __maid YOYOOOO0 OO0 vl
Bus

Note: The setting of front porch and back porch in host must match that in IC as this mode.

Figure. 7.17 Timing chart of RGB interface HV mod

The following are the functions not available in RGB Input Interface mode.

Function RGB Interface 180 System Interface
Partial display Not available Available
Scroll function Not available Available

VSYNC, HSYNC, and DOTCLK signals must be supplied during a display operation period.

In RGB interface mode, the panel controlling signals are generated from DOTCLK, not the internal clock
generated from the internal oscillator.

In 6-bit RGB interface mode, each of RGB dots are transferred in synchronization with DOTCLK signals.
In other words, one pixel data needs to take three DOTCLKS to transfer.

In 6-bit RGB interface mode, the cycles of VSYNC, HSYNC, ENABLE, DOTCLK signals must be set
correctly so that the data transfer is completed in units of pixels.

When switching between the internal operation mode and the external display interface operation mode,
follow the sequences below in setting instruction.

In RGB interface mode, the front porch period continues until the next VSYNC input is detected after
drawing one frame.

In RGB interface mode, a RAM address is set in the address counter every frame on the falling edge of
VSYNC.
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7.3. VSYNC Interface

JD9855 supports the VSYNC interface in synchronization with the frame-synchronizing signal VSYNC to
display the moving picture with the 8080- I system interface. When the VSYNC interface is selected to
display a moving picture, the minimum RAM update speed is limited and the VSYNC interface is enabled
by setting DM[1:0] = “10” and RM = “1".

| VSYNC interface

Drive IC
VSYNC
» VSYNC
MP CSX | csx
U DCX_ ! pcx
WRX__ ] WRX
DB[17:0] £—») DB[7:0]

Figure. 7.18 Data transmission through VSYNC interface

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

| Leading Mode |

JD9855

VSYNC

1 frame

Write data
To Frame Meory

A

Gate 1

<1 frame

" >1line |

Gate 320

cep—L o

Display
Timing

A

VBP

Figure. 7.19

| Lagging Mode |

A

—

B

Operation for Leading Mode of VSYNC Interface

VSYNC

1 frame

Write data
To Frame Meory

v
'
I
'
I
'
I
'
I
'
I
i ' T
1 > (VBP+1) > 1 frgme T |InE’E !
' | | '
I I ! I
Gatel | “ i ﬂ ' 1
: : i | ]
Gate 320 H ! “ ! “ !
' : ' : '
1 1 1
' ' '
I ' I
Display H d !
Timing H H |
! ! i
! I '
i i i

VBP

Figure. 7.20

Notes:

Operation for Lagging Mode of VSYNC Interface

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

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

entire display.

3. When switching from the internal clock operation mode to the VSYNC interface mode or inversely, the switching starts from the

next VSYNC cycle, i.e. after completing the display of the frame.

4. The partial display, vertical scroll are not available in VSYNC interface mode.
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7.4. DSI system interface

The Display Serial Interface (DSI) specifies the interface between a host processor and a peripheral.
DSI builds on existing MIPI Alliance specifications by adopting pixel formats and command set
specified in DPI-2, DBI-2 and DCS standards.

Figure. 7.21 DSI transmitter and receiver interface shows a simplified DSI interface. DSI sends
display data or commands to the peripheral, and can read back status or pixel information from the
peripheral. The main difference is that DSI serializes all pixel data, commands, and events that, in
traditional or legacy interfaces, are normally conveyed to and from the peripheral on a parallel data bus
with additional control signals.

Host Device, DSI Transmitter Peripheral, DSI receiver
DSI Transmitter DSI Receiver
CLKP - CLKP
CLKN P CLKN

DoP Bi-directional High V¢

DON .Sgeed Data Links. DON

D1P - DIP
D1N - DIN
D2P P D2P
D2N - D2N
D3P | D3P
D3N P D3N

Figure. 7.21 DSI transmitter and receiver interface
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A conceptual vide of DSI organizes the interface into several functional layers. A description of the
layers follows and is also shown in Figure. 7.22.

Application Processor Peripheral
Pixel to Byte Packing Formats
Application Application
Command Generation / Interpretation
Data Control
Lems  [[[]]]] < evis [[[[]]
Data Control Packet Based protocol Data Control
Low Level Protocol ECC and Checksum Generation and Low Level Protocol
Testing
Data Control Data Control
oo [[]]]]] £ o J][[[]
Lane Management Lane Distribution and Merging Lane Management
Tovsyyxsis| [ [ ] T xsbis] [ ]|
Data Control Start of Packet / End of Packet Data Control
Serializer / Deserializer
PHY Layer Clock management (DDR) PHY Layer
Electrical Layer (SLVS)

High Speed Unidirectional Clock

Lane O -- High Speed Data (optionally Bidirectional in LP Mode)

Lane N -- High Speed Unidirectional Data
Figure. 7.22 DSI Layer

PHY Layer: The PHY Layer specifies transmission medium (electrical conductors), the input/output
circuitry and the clocking mechanism that captures “ones” and “zeroes” from the serial bit stream.
Bit-level and byte-level synchronization mechanisms are included as part of the PHY.

Lane Management Layer: DSI is Lane-scalable for increased performance. The number of data
signals may be 1, 2, 3, or 4 depending on the bandwidth requirements of the application. The
transmitter side of the interface distributes the outgoing data stream to one or more Lanes (“distributor”
function). On the receiving end, the interface collects bytes from the Lanes and merges them together
into a recombined data stream that restores the original stream sequence (“merger” function).

Protocol Layer: At the lowest level, DSI protocol specifies the sequence and value of bits and bytes
traversing the interface. It specifies how bytes are organized into defined groups called packets. The
protocol defines required headers for each packet, and how header information is generated and
interpreted. The transmitting side of the interface appends header and error-checking information to
data being transmitted. On the receiving side, the header is stripped off and interpreted by
corresponding logic in the receiver. Error-checking information may be used to test the integrity of
incoming data. DSI protocol also documents how packets may be tagged for interleaving multiple
command or data streams to separate destinations using a single DSI.

Application Layer: This layer describes higher-level encoding and interpretation of data contained in
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the data stream. Depending on the display subsystem architecture, it may consist of pixels having a
prescribed format, or of commands that are interpreted by the display controller inside a display
module. The DSI specification describes the mapping of pixel values, commands and command
parameters to bytes in the packet assembly.
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7.4.1.Command mode, Video mode and Virtual Channel

DSI-compliant peripheral support either of two basic modes of operation: Command Mode and
Video Mode. Which mode is used depends on the architecture and capabilities of the peripheral.

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

Command Mode

Command Mode refers to operation in which transactions primarily take the form of sending
commands and data to a peripheral, such as a display module, that incorporates a display
controller. The display controller may include local registers and a frame buffer. Systems using
Command Mode write to, and read from, the registers and frame buffer memory. The host
processor indirectly controls activity at the peripheral by sending commands, parameters and data
to the display controller. The host processor can also read display module status information or
the contents of the frame memory. Command Mode operation requires a bidirectional interface.

Video Mode

Video Mode refers to operation in which transfers from the host processor to the peripheral take
the form of a real-time pixel stream. In normal operation, the display module relies on the host
processor to provide image data at sufficient bandwidth to avoid flicker or other visible artifacts in
the displayed image. Video information should only be transmitted using High Speed Mode.

Some Video Mode architectures may include a simple timing controller and partial frame buffer,
used to maintain a partial-screen or lower-resolution image in standby or Low Power Mode. This
permits the interface to be shut down to reduce power consumption. To reduce complexity and
cost, systems that only operate in Video Mode may use a unidirectional data path.

Virtual Channel Capability

While this specification only addresses the connection of a host processor to a single peripheral,
DSl incorporates a virtual channel capability for communication between a host processor and
multiple, physical display modules. Since interface bandwidth is shared between peripherals,
there are constraints that limit the physical extent and performance of multiple-peripheral systems.
The DSI protocol permits up to four virtual channels, enabling traffic for multiple peripherals to
share a common DSI Link. The DSI specification makes no requirements on the specific value
assigned to each virtual channel used to designate interlaced fields, For clarity, the first interlaced
video field may be assigned as DI[7:6] = 2'b00 and the second interlaced video field may be
assigned DI[7:6] = 2'b01.
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7.4.2.Power-up Sequence Example

Power-on tror
Reset

110

Voltage f
Rx State
Machine Active L— tini_stave —P>< tinTERNAL_DELAY -"
Clock + /- »

7/ ti_vasTER ™ T T
Clock- 4 /s
Data + JF \_
Data - Jr \_

tinim_masTER 2 tiniT_sLAVE + UINTERNAL_DELAY

Any derive state except LP-11, LP-10 or LP-01

Figure. 7.23 Peripheral Power-Up Sequencing Example
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7.4.3.DS| Format

Information is transferred between host processor and peripheral using one or more serial data
signals and accompanying serial clock. The action of sending high-speed serial data across the
bus is called a HS transmission or burst. Between transmissions, the differential data signal or
Lane goes to a low-power state (LPS). Interfaces should be in LPS when they are not actively
transmitting or receiving high-speed data. Figure. 7.24 shows the basic structure of a HS
transmission. N is the total number of bytes sent in the transmission

DATA 0O: ( SoT >< Byte 0 X Byte 1 )< Byte 2 ><: >< Byte N-3 >< Byte N-2 X Byte N-1 >< EoT

KEY:
SoT - Start of Transmission EoT - End of Transmission

Figure. 7.24 Basic HS Transmission Structure
Multi Lane Distribution and Merging

DSl is a Lane-scalable interface. Applications requiring more bandwidth than that provided by one
Data Lane may expand the data path to two, three, or four Lanes wide and obtain approximately
linear increases in peak bus bandwidth.

Multi-Lane implementations shall use a single common clock signal, shared by all Data Lanes.
Conceptually, between the PHY and higher functional blocks is a layer that enables multi-Lane
operation.

Since a HS transmission is composed of an arbitrary number of bytes that may not be an integer
multiple of the number of Lanes, some Lanes may run out of data before others. Therefore, the
Lane Management layer, as it buffers up the final set of less-than-N bytes, de-asserts its “valid
data” signal into all Lanes for which there is no further data.

Although all Lanes start simultaneously with parallel SoTs, each Lane operates independently
and may complete the HS transmission before the other Lanes, sending an EoT one cycle (byte)
earlier.

The N PHYs on the receiving end of the Link collect bytes in parallel and feed them into the Lane
Management layer. The Lane Management layer reconstructs the original sequence of bytes in
the transmission. Figure. 7.25 & Figure. 7.26 illustrate a variety of ways a HS transmission can
terminate for different number of Lanes and packet lengths.
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Number of Bytes, N transmitted is an integer multiple of the number of lanes:

All Data Lanes finish at the sgme time

LANE 0 ( SoT Byte 0 >< Byte 2 X Byte 4 ><: >< Byte N-6 >< Byte N-4 >< ByteN-2 | EoT )

Y Y ’ / ) A A

LANE 1: ( SoT Byte 1 >< Byte 3 X Byte 5 ><:_ B _>< Byte N-5 >< Byte N-3 >< Byte N-1 EoT \

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes:

Data Lane O finishes 1 byte later than Data Lane 1

LANE 0 ( SoT Byte 0 >< Byte 2 X Byte 4 ><: ___>< ByteN5><ByteN3 ByteN-1 Y EoT >

A / A/ / A A A

LANE 1: ( SoT CBytel)( Byte 3 X Byte 5 X:____:XByteN4><ByteN2 EoT :> LPS

KEY:
LPS - Low Power State SoT - Start of Transmission EoT - End of Transmission

Figure. 7.25 Two Lane HS Transmission Example

Number of Bytes, N transmitted is an integer multiple of the number of lanes:

All Data Lanes finish at the same time

LANE 0O: <i SoT ) Byte 0 X Byle 3 X Byte 6 >( )< Byte N-9 >< Byte N-6 X Byte N-3 EoT >
4 4
£ 7 All Data Lanes fi |sﬁ at{the sagme time
I ) Ny A\ I J
LaNE1: ( soT Y Bye1 Bytea yle 7 ){ >< Byte N-8 X ByteN-5 { ByteN-2 |  EoT
Y d 4, \ 2 \
LANE2: ( SoT ) Byez Y Byes Y Byes )( }< Byte N-7 >< ByteN-4 | ByteN-1 | EoT )

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes (Example 1):

Data Lanes O finished 1 byte latet than Data Lane 1 and 2

. \ ]
LANEO: ( SoT ) ByteN-1) EoT )
LANE 1: ; SoT ) LPS
I —
v, v/ Yy /
LANE 2: SoT Byte 2 >< Byte 5 X Byte 8 >< >< Byte N-5 >< Byte N-2 EoT LPS
o

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes (Example 2):

4
/ i/ Data La e0 flnlshes L byte: Ia;ér than D7Lane 1
v v ¥

LANE 1: ( SoT )} Byte 1 X Byle 4 X Byte 7 X T XByte N- 7><VByte NI\(Byte N-1 EoT >
R 2 l oyl v/ v/ \
LANE 2: SoT Byte 2 Byte 5 Byte 8 X >< Byte N-6 >< Byte N-3 EoT ) LPS

~ ———

Data Lanes 0 and 1 finish 1 byte later than Data Lane 2
LANE 0 Z SoT ) Byeo X Byt 3 Y Byte 6 Y }< Byte N-8 >< Byte N5 Y ByteN-2 Y EoT )
‘ i

KEY:
LPS - Low Power State SoT - Start of Transmission EoT - End of Transmission

Figure. 7.26 Three Lane HS Transmission Example
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7.4.4.DSI Protocol

On the transmitter side of a DSI Link, parallel data, signal events, and commands are converted in
the Protocol layer to packets, following the packet organization documented in this section. The
Protocol layer appends packet-protocol information and headers, and then sends complete bytes
through the Lane Management layer to the PHY.

7.4.4.1. Multiple Packets per Transmission

In its simplest form, a transmission may contain one packet. If many packets are to be transmitted,
the overhead of frequent switching between LPS and High-Speed Mode will severely limit bandwidth
if packets are sent separately, e.g. one packet per transmission.

The DSI protocol permits multiple packets to be concatenated, which substantially boosts effective
bandwidth. This is useful for events such as peripheral initialization, where many registers may be
loaded with separate write commands at system startup.

There are two modes of data transmission, HS and LP transmission modes, at the PHY layer.
Before a HS transmission can be started, the transmitter PHY issues a SoT sequence to the receiver.
After that, data or command packets can be transmitted in HS mode. Multiple packets may exist
within a single HS transmission and the end of transmission is always signaled at the PHY layer
using a dedicated EoT sequence. In order to enhance the overall robustness of the system, DSI
defines a dedicated EoT packet (EoTp) at the protocol layer for signaling the end of HS transmission.
For backwards compatibility with earlier DSI systems, the capability of generating and interpreting
this EoTp can be enabled or disabled. The method of enabling or disabling this capability is out of
scope for this document.

The top diagram in Figure. 7.27 illustrates a case where multiple packets are being sent separately
with EoTp support disabled. In HS mode, time gaps between packets shall result in separate HS
transmissions for each packet, with a SoT, LPS, and EoT issued by the PHY layer between packets.
This constraint does not apply to LP transmissions. The bottom diagram in Figure. 7.27
demonstrates a case where multiple packets are concatenated within a single HS transmission.

Separate Transmissions

KEY:
LPS - Low Power State SP - Short Packet
SoT - Start of Transmission LgP - Long Packet
EoT - End of Transmission

Single Transmissions

Figure. 7.27 HS Transmission Examples with EoTp disabled
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Figure. 7.28 depicts HS transmission cases where EoTp generation is enabled. In the figure, EOT
short packets are highlighted in red. The top diagram illustrates a case where a host is intending to
send a short packet followed by a long packet using two separate transmissions. In this case, an
additional EoT short packet is generated before each transmission ends. This mechanism provides
a more robust environment, at the expense of increased overhead (four extra bytes per transmission)
compared to cases where EoTp generation is disabled, i.e. the system only relies on the PHY layer
EoT sequence for signaling the end of HS transmission. The overhead imposed by enabling EoTp
can be minimized by sending multiple long and short packets within a single transmission as
illustrated by the bottom diagram in Figure. 7.28.

EoT
Packet

E G -

Packet

Separate Transmissions

KEY:
LPS - Low Power State SP - Short Packet
SoT - Start of Transmission LgP - Long Packet

EoT - End of Transmission

EoT
Packet

LPS @@@ LgP @ LPS

Single Transmissions

Figure. 7.28 HS Transmission Examples with EoTp enabled

7.4.4.2. Endian Policy

All packet data traverses the interface as bytes. Sequentially, a transmitter shall send data LSB first,
MSB last. For packets with multi-byte fields, the least significant byte shall be transmitted first unless
otherwise specified. Figure. 7.29 shows a complete Long packet data transmission. Note, the figure
shows the byte values in standard positional notation, i.e. MSB on the left and LSB on the right,
while the bits are shown in chronological order with the LSB on the left, the MSB on the right and
time increasing left to right.

DI WC (LS Byte) | WC (MS Byte) ECC Data CRC (LS Byte) | CRC (MS Byte)
0x29 0x01 0x00 0x06 0x01 OXOE OX1E
1]oJo]1]o[Z]o]o[Z]o]oJo[o]o[o]o[o]o]oJo]o[o[o]o]o]i[1[0]o]o]o]o]L]o[o]o[o]o[o]0[0[L]Z]1][0]0]0]0]0]A]1[L]1]o]o]0
L ML L ML ML M
s sis S sis sis S
B BB B BiB BiB B

Time —————p

Figure. 7.29 Endian Example (Long Packet)
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7.4.5. Packet Structure

The first byte of the packet, the Data Identifier (DI), includes information specifying the type of the
packet. Packet sizes fall into two categories:

Long packets specify the payload length using a two-byte Word Count field. Payloads may be from
0 to 216- 1 bytes long. Therefore, a Long packet may be up to 65,541 bytes in length. Long packets
permit transmission of large blocks of pixel or other data.

Short packets are four bytes in length including the ECC. Short packets are used for most
Command Mode commands and associated parameters. Other Short packets convey events like H
Sync and V Sync edges. Because they are Short packets they can convey accurate timing
information to logic at the peripheral.

The Set Maximum Return Packet Size command allows the host processor to limit the size of
response packets coming from a peripheral.

7.4.5.1. Long Packet

Figure. 7.30 shows the structure of the Long packet. A Long packet shall consist of three elements:
a 32-bit Packet Header (PH), an application-specific Data Payload with a variable number of bytes,
and a 16-bit Packet Footer (PF). The Packet Header is further composed of three elements: an 8-bit
Data ldentifier, a 16-bit Word Count, and 8-bit ECC. The Packet Footer has one element, a 16-bit
checksum. Long packets can be from 6 to 65,541 bytes in length.

DATA IDENTIFIER (DI):
Contains Virtual Channel identifier and Data Type information
Data Type denotes the format and content of application-specific payload data

16-bit WORD COUNT (WC):
The Word Count conveys how many words (bytes) are in packet payload
The receiver uses WC to determine the packet end (after Payload + Checksum)

8-bit Error Correction Code (ECC) for the Packet Header:
8-bit ECC for the Packet Header, protects up to 8 bytes in header
Enables one-bit errors in Packet Header to be corrected and two-bit errors to be detected

APPLICATION SPECIFIC PAYLOAD CHECKSUM (CS)

/—/%

g oo £

a 3 ~ ole |- Ol o e 3

ps soT| g | S2 |0 | £ § =13 | &5 |EoT Lps

0| 5~ oo T | & <

= oo o
——

32-bit 16-bit
PACKET PACKET
HEADER FOOTER

(PH) (PF)

PACKET DATA (Payload):
Length = WC * Data Word size (8-bits)
No value restrictions on data words in Payload

Figure. 7.30 Long Packet Structure
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The Data Identifier defines the Virtual Channel for the data and the Data Type for the application
specific payload data.

The Word Count defines the number of bytes in the Data Payload between the end of the Packet
Header and the start of the Packet Footer. Neither the Packet Header nor the Packet Footer shall be
included in the Word Count.

The Error Correction Code (ECC) byte allows single-bit errors to be corrected and 2-bit errors to be
detected in the Packet Header. This includes both the Data Identifier and Word Count fields.

After the end of the Packet Header, the receiver reads the next Word Count * bytes of the Data
Payload. Within the Data Payload block, there are no limitations on the value of a data word, i.e. no
embedded codes are used.

Once the receiver has read the Data Payload it reads the Checksum in the Packet Footer. The host
processor shall always calculate and transmit a Checksum in the Packet Footer. Peripherals are not
required to calculate a Checksum. Also note the special case of zero-byte Data Payload: if the
payload has length 0, then the Checksum calculation results in (OxFFFF). If the Checksum is not
calculated, the Packet Footer shall consist of two bytes of all zeros (0x0000). In the generic case,
the length of the Data Payload shall be a multiple of bytes.

Each byte shall be transmitted least significant bit first. Payload data may be transmitted in any byte
order restricted only by data format requirements. Multi-byte elements such as Word Count and
Checksum shall be transmitted least significant byte first.

7.4.5.2. Short Packet

Figure. 7.31 shows the structure of the Short packet. A Short packet shall contain an 8-bit Data ID
followed by two command or data bytes and an 8-bit ECC; a Packet Footer shall not be present.
Short packets shall be four bytes in length. The Error Correction Code (ECC) byte allows single-bit
errors to be corrected and 2-bit errors to be detected in the Short packet.

DATA IDENTIFIER (DI):
Contains Virtual Channel identifier and Data Type information
Data Type denotes the format and content of application-specific payload data

PACKET DATD:
Length is fix two bytes
There are no value restrictions on data words

8-bit Error Correction Code (ECC) for the Packet Header:

8-hit ECC for the Packet Header, protects up to 8 bytes in header
/| Enables one-bit errors in Packet Header to be corrected and two-bit errors to be detected

LPS | SoT EoT @ LPS

Data ID

Data 0

Data 1
ECC

-—
PACKET

HEADER
(PH)

Figure. 7.31 Short Packet Structure
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7.4.6. Common Packet Elements

Long and Short packets have several common elements that are described in this section

7.4.6.1. Data Identifier Byte

The first byte of any packet is the DI (Data Identifier) byte. Figure. 7.32 shows the composition of the
Data Identifier (DI) byte. DI[7:6]: These two bits identify the data as directed to one of four virtual
channels. DI[5:0]: These six bits specify the Data Type.

B7 B6 B5 B4 B3 B2 Bl BO

VC DT
“Virtual i
Channel Data Type
Identifier (DT)

(VC)

Figure. 7.32 Data Identifier Byte

7.4.6.2. Virtual Channel Identifier — VC field, DI[7:6]

A processor may service up to four peripherals with tagged commands or blocks of data, using the
Virtual Channel ID field of the header for packets targeted at different peripherals. The Virtual
Channel ID enables one serial stream to service two or more virtual peripherals by multiplexing
packets onto a common transmission channel.

7.4.6.3. Data Type Field DT[5:0]

The Data Type field specifies if the packet is a Long or Short packet type and the packet format. The
Data Type field, along with the Word Count field for Long packets, informs the receiver of how many
bytes to expect in the remainder of the packet. This is necessary because there are no special
packet start / end sync codes to indicate the beginning and end of a packet. This permits packets to
convey arbitrary data, but it also requires the packet header to explicitly specify the size of the
packet. When the receiving logic has counted down to the end of a packet, it shall assume the next
data is either the header of a new packet or the EoT (End of Transmission) sequence.

7.4.6.4. ECC

The Error Correction Code allows single-bit errors to be corrected and 2-bit errors to be detected in
the Packet Header. The host processor shall always calculate and transmit an ECC byte.
Peripherals shall support ECC in both forward- and reverse-direction communications.
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7.4.7.1. Processor-sourced Packets

JD9855

The set of transaction types sent from the host processor to a peripheral, such as a display module,
are shown in table 7.1.

Data Type Data Type [Description Packet
(Hex) (Binary) Size
0x01 00 0001 |Sync Event, V Sync Start Short
0x11 01 0001 |Sync Event, V Sync End Short
0x21 10 0001 |Sync Event, H Sync Start Short
0x31 11 0001 |Sync Event, H Sync End Short
0x08 00 1000 |End of Transmission packet (EoTp) Short
0x02 00 0010 |[Color Mode (CM) Off Command Short
0x12 01 0010 |Color Mode (CM) On Command Short
0x22 10 0010 |Shut Down Peripheral Command Short
0x32 11 0010 [Turn On Peripheral Command Short
0x03 00 0011 |Generic Short WRITE, no parameters Short
0x13 01 0011 |Generic Short WRITE, 1 parameter Short
0x23 10 0011 |Generic Short WRITE, 2 parameters Short
0x04 00 0100 |(Generic READ, no parameters Short
0x14 01 0100 |Generic READ, 1 parameter Short
0x24 10 0100 |Generic READ, 2 parameters Short
0x05 00 0101 |DCS Short WRITE, no parameters Short
0x15 01 0101 |DCS Short WRITE, 1 parameter Short
0x06 00 0110 |DCS READ, no parameters Short
0x37 11 0111 |Set Maximum Return Packet Size Short
0x09 00 1001 |Null Packet, no data Long
0x19 011001 |Blanking Packet, no data Long
0x29 10 1001 |Generic Long Write Long
0x39 11 1001 |DCS Long Write/write LUT Command Packet Long
Ox0E 00 1110 [Packed Pixel Stream, 16-bit RGB, 5-6-5 Format Long
Ox1E 01 1110 [Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long
Ox2E 10 1110 |Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long
Ox3E 11 1110 |Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Long
0xX0 and xx 0000 DO NOT USE
OxXF xx 1111  |All unspecified codes are reserved
unspecified

Table 7.1 Data Types for supported Processor-sourced Packets
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7.4.7.2. Pixel Stream, 16-bit Format, Long Packet

Packed Pixel Stream 16-Bit Format shown in Figure. 7.33 is a Long packet used to transmit image
data formatted as 16-bit pixels to a Video Mode display module. The packet consists of the DI byte,
a two-byte WC, an ECC hyte, a payload of length WC bytes and a two-byte checksum. Pixel format
is five bits red, six bits green, five bits blue, in that order. Within a color component, the LSB is sent
first, the MSB last. The total line width (displayed plus non-displayed pixels) should be a multiple of

two bytes.

€1 byte »<€«——2 byte 1 byte 2 byte—»
0 6700 1
o 1o 15 15
(6} ]
=5 word
or
'C_U ECCI — — — — — — — Checksum
£ g Count
n k=
(€ Data ID)
< Packet Header Variable Size Payload Checksum —»;

Figure. 7.33 16-bit/pixel — RGB Color Format, Long Packet
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7.4.7.3. Pixel Stream, 18-bit Format, Long Packet

Packed Pixel Stream 18-Bit Format (Packed) shown in Figure. 7.34 is a Long packet. It is used to
transmit RGB image data formatted as pixels to a Video Mode display module that displays 18-bit
pixels The packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length WC
bytes and a two-byte Checksum. Pixel format is red (6 bits), green (6 bits) and blue (6 bits), in that
order. Within a color component, the LSB is sent first, the MSB last.

Note that pixel boundaries only align with byte boundaries every four pixels (nine bytes). Preferably,
display modules employing this format have a horizontal extent (width in pixels) evenly divisible by
four, so no partial bytes remain at the end of the display line data. If the active (displayed) horizontal
width is not a multiple of four pixels, the transmitter shall send additional fill pixels at the end of the
display line to make the transmitted width a multiple of four pixels. Peripheral will not display the fill
pixels when refreshing the display device.

(€1 byte »€——2 byte: 1 byte
o 56700 150 i
o

g 88 @8 @ Ed . g E@ . E@) . E3  E . dd . @8

Word
Count

Data Type

i«Data ID)
«— Packet Header

Variable Size Payload ——— - ________

2 byte—»|
15
15]
6] 160} 6] 6] 6] 60} 60 6] 6] 60} 60 60)
Checksum
7777777777777777777 Variable Size Payload »< Packet Footer —»|

Figure. 7.34 18-bit /pixel (Packed) — RGB Color Format, Long Packet
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7.4.7.4. Pixel Stream, 18-bit Loosely Format, Long Packet

In the 18-bit Pixel Loosely Packed format, each R, G, or B color component is six bits, but is shifted
to the upper bits of the byte, such that the valid pixel bits occupy bits [7:2] of each byte as shown in
Figure. 7.35. Bits [1:0] of each payload byte representing active pixels are ignored. As a result, each
pixel requires three bytes as it is transmitted across the Link. This requires more bandwidth than the
“packed” format, but requires less shifting and multiplexing logic in the packing and unpacking
functions on each end of the Link. With this format, pixel boundaries align with byte boundaries
every three bytes. The total line width (displayed plus non-displayed pixels) should be a multiple of

three bytes.

0

(€1 byte »€——2 byte:

1500

1 byte»
i

<1 byte 1 byte 1 byte 1 byte 1 byte 1 byte 1 byte 1 byte: 1 byte

9

Data Type

0
1jo

15|

Pixell Pixel 2 Pixel 3

[« Data ID»

[«——— Packet Header ———»

Variable Size Payload »< Packet Footer —»|

Figure. 7.35 18-bit/pixel (Loosely Packed) — RGB Color Format, Long Packet

P-74

October 17, 2023



Preliminary V0.00 JD9855

7.4.8. Peripheral to Processor Transmission

JD9855 has bidirectional capability for returning READ data, acknowledge, or error information to
the host processor. 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. Peripheral-to-processor transactions are of four basic types:

Tearing Effect (TE) is a Trigger message sent to convey display timing information to the host
processor. Trigger messages are single byte packets sent by a peripheral’s PHY layer in response to
a signal from the DSI protocol layer.

Acknowledge is a Trigger Message sent when the current transmission, as well as all preceding
transmissions since the last peripheral to host communication, i.e. either triggers or packets, is
received by the peripheral with no errors.

Acknowledge and Error Report is a Short packet sent if any errors were detected in preceding
transmissions from the host processor. Once reported, accumulated errors in the error register are
cleared.

Response to Read Request may be a Short or Long packet that returns data requested by the
preceding READ command from the processor.

7.4.8.1. Appropriate Responses to Commands and ACK Requests

In general, if the host processor completes a transmission to the peripheral with BTA asserted, the
peripheral shall respond with one or more appropriate packet(s), and then return bus ownership to
the host processor. If BTA is not asserted following a transmission from the host processor, the
peripheral shall not communicate an Acknowledge or error information back to the host processor.

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

*Following a non-Read command, the peripheral shall respond with Acknowledge if no errors were
detected and stored since the last peripheral to host communication, i.e. either triggers or packets.

*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, i.e. either triggers or packets.

*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, followed by a 4-byte Acknowledge
and Error Report packet in the same LP transmission. The Error Report shall have the ECC Error —
Single Bit flag set, as well as any error bits from any preceding transmissions stored since the last
peripheral to host communication.
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*Following a non-Read command if only a single-bit ECC error was detected and corrected, the
peripheral shall proceed to execute the command, and shall respond to BTA by sending a 4-byte
Acknowledge and Error Report packet. The Error Report shall have the ECC Error — Single Bit flag
set, as well as any error bits from any preceding transmissions stored since the last peripheral to
host communication.

*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. The Error
Report shall have the ECC Error — Multi-Bit flag set, as well as any error bits from any preceding
transmissions stored since the last peripheral to host communication.

*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. The Error Report shall have the ECC Error — Multi-Bit flag set, as well as any error bits from
any preceding transmissions stored since the last peripheral to host communication.

*Following any command, if SoT Error, SoT Sync Error or DSI VC ID 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, with the appropriate error flags set, as well as any error
bits from any preceding transmissions stored since the last peripheral to host communication, in the
two-byte error field. Only the Acknowledge and Error Report packet shall be transmitted; no read or
write accesses shall take place on the peripheral in response.

*Following any command, if EoT Sync Error or LP Transmit Sync Error is detected, or a checksum
error is detected in the payload, the peripheral shall send a 4-byte Acknowledge and Error Report
packet with the appropriate error flags set, as well as any error bits from any preceding
transmissions stored since the last peripheral to host communication. For a read command, only the
Acknowledge and Error Report packet shall be transmitted; no read data shall be sent by the
peripheral in response.

Once reported to the host processor, all errors documented in this section are cleared from the Error
Register.

7.4.8.2. Peripheral-to-Processor Packet Description

Table7.2 presents the complete set of peripheral-to-processor Data Types.

Data Type|Data Type Description Packet
(Hex) (Binary) Size
0x02 00 0010 |Acknowledge and Error Report Short
0x08 00 1000 [End of Transmission packet Short
0x1C 01 1100 DCS Long READ Response Long

Table 7.2 Data Types for Peripheral-sourced Packets
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7.4.9. Format of Acknowledge and Error Report and Read Response Data Type

Acknowledge is sent using a Trigger message.
*Byte 0: 00100001 (shown here in first bit [left] to last bit [right] sequence)

Response to Read Request returns data requested by the preceding READ command from the
processor. These may be short or Long packets. The format for short READ packet responses is:
*Byte 0: Data Identifier (Virtual Channel ID + Data Type)

*Bytes 1, 2: READ data, may be one or two bytes. For single byte parameters, the parameter shall
be returned in Byte 1 and Byte 2 shall be set to 0x00.

*ECC byte covering the header

Acknowledge and Error Report confirms that the preceding command or data sent from the host
processor to a peripheral was received, and indicates what types of error were detected on the
transmission and any preceding transmissions. Note that if errors accumulate from multiple
preceding transmissions, it may be difficult or impossible to identify which transmission contained
the error. This message is a Short packet of four bytes, taking the form:

*Byte 0: Data Identifier (Virtual Channel ID + Acknowledge Data Type)

*Byte 1: Error Report bits 0-7

*Byte 2: Error Report bits 8-15

*ECC byte covering the header

An error report is a Short packet comprised of two bytes following the DI byte, with an ECC byte
following the Error Report bytes. By convention, detection and reporting of each error type is
signified by setting the corresponding bit to “1”. Table 7.3 shows the bit assignment for all error
reporting.

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 Peripheral Timeout Error

6 False Control Error

7 Contention Detected

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 Invalid Transmission Length

14 Reserved

15 DSI Protocol Violation

Table 7.3 Error Report Bit Definitions
The first eight bits, bit O through bit 7, are related to the physical layer errors. Bits 8 and 9 are related
to single-bit and multi-bit ECC errors. The remaining bits indicate DSI protocol-specific errors.
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7.4.10. Video Mode Interface Timing

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

7.4.10.1. Transmission Packet Sequences

DSI supports several formats, or packet sequences, for Video Mode data transmission. In the
following sections, Burst Mode refers to time-compression of the RGB pixel (active video) portion of
the transmission. In addition, these terms are used throughout the following sections:

*Non-Burst Mode with Sync Pulses — enables the peripheral to accurately reconstruct original
video timing, including sync pulse widths.

*Non-Burst Mode with Sync Events — similar to above, but accurate reconstruction of sync pulse
widths is not required, so a single Sync Event is substituted.

*Burst mode — RGB pixel packets are time-compressed, leaving more time during a scan line for LP
mode (saving power) or for multiplexing other transmissions onto the DSI link.

In the following figures the Blanking or Low-Power Interval (BLLP) is defined as a period during
which video packets such as pixel-stream and sync event packets are not actively transmitted to the
peripheral.

To enable PHY synchronization the host processor should periodically end HS transmission and
drive the Data Lanes to the LP state. This transition should take place at least once per frame;
shown as LPM in the figures in this section. The host processor should return to LP state once per
scanline during the horizontal blanking time.

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

*Remain in Idle Mode with the host processor in LP-11 state and the peripheral in LP-RX

*Transmit one or more non-video packets from the host processor to the peripheral using Escape
Mode

*Transmit one or more non-video packets from the host processor to the peripheral using HS Mode
«If the previous processor-to-peripheral transmission ended with BTA, transmit one or more packets
from the peripheral to the host processor using Escape Mode

*Transmit one or more packets from the host processor to a different peripheral using a different
Virtual Channel ID

The sequence of packets within the BLLP or RGB portion of a HS transmission is arbitrary. The host
processor may compose any sequence of packets, including iterations, within the limits of the packet
format definitions. For all timing cases, the first line of a frame shall start with VSS; all other lines
shall start with VSE or HSS. Note that the position of synchronization packets, such as VSS and
HSS, in time is of utmost importance since this has a direct impact on the visual performance of the
display panel.

Normally, RGB pixel data is sent with one full scan line of pixels in a single packet.
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Transmission packet components used in the figures in this section are defined in Figure. 7.36
unless otherwise specified.

A Y (A N
\Y H H H H R L
s BL|I |s s| || Il |e| |p
s LP 1 |s el lp| lp| [B] | M
N L _/
Low Power Mode including optional BTA

mwm <
wn I

(>

DSI Packet: Arbitrary sequence of pixel stream and Null Packets

DSl Blanking Packet: Horizontal Back Porch or Low Power Mode

DSI Blanking Packet: Horizontal Front Porch or Low Power Mode

DSI Sync Event Packet: H Sync End

DSI Blanking Packet: Horizontal Sync Active or Low Power Mode, No Data

DSI Sync Event Packet: H Sync Start

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

DSI Sync Event Packet: V Sync End

DSI Sync Event Packet: V Sync Start

Figure. 7.36 Video Mode Interface Timing Legend

If a peripheral timing specification for HBP or HFP minimum period is zero, the corresponding
Blanking Packet may be omitted. If the HBP or HFP maximum period is zero, the corresponding
blanking packet shall be omitted.
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7.4.10.2. Non-Burst sync pulse mode

JD9855

With this format, the goal is to accurately convey DPI-type timing over the DSI serial Link. This
includes matching DPI pixel-transmission rates, and widths of timing events like sync pulses.
Accordingly, synchronization periods are defined using packets transmitting both start and end of
sync pulses. An example of this mode is shown in Figure. 7.37.
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Figure. 7.37 Video Mode Timing: Non-Burst Transmission with Sync Start and End

Normally, periods shown as HSA (Horizontal Sync Active), HBP (Horizontal Back Porch) and HFP
(Horizontal Front Porch) are filled by Blanking Packets, with lengths (including packet overhead)
calculated to match the period specified by the peripheral’'s data sheet. Alternatively, if there is
sufficient time to transition from HS to LP mode and back again, a timed interval in LP mode may
substitute for a Blanking Packet, thus saving power. During HSA, HBP and HFP periods, the bus
should stay in the LP-11 state.
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7.4.10.3. Non-Burst sync event mode

This mode is a simplification of the “Non-Burst Mode with Sync Pulses” format. Only the start of
each synchronization pulse is transmitted. The peripheral may regenerate sync pulses as needed

from each Sync Event packet received. An example of this mode is shown in Figure. 7.38.

t. * (VSA+VBP+VACT+VFP)

PRI TN e ] [ty PR PR
N /N N /N N N N YN
v H H H H H H Hle L]V
BL BL BL BL BL . - BL BL L
s s s s s Active Video Area s s SREE
o| P lalLe P T D s|tp | EEERAEE ol LP ST I i e
N ] N N — \NH
VSA Llnes VBP LInes VFP Lines

///’ ~
- N
- ~
— ~
- ~
- ~N
- ~
/// \\
- thep AN
t tact thrp
a N a A
H|H H[H
s|B RGB HFP | ——=—————~— s|B RGB HFP
s|p s|p
Y N W N
VACT Lines

Figure. 7.38 Video Mode Timing: Non-burst Transmission with Sync Events

As with the previous Non-Burst Mode, if there is sufficient time to transition from HS to LP mode and

back again, a timed interval in LP mode may substitute for a Blanking Packet, thus saving power.
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7.4.10.4. Burst mode

In this mode, blocks of pixel data can be transferred in a shorter time using a time-compressed burst
format. This is a good strategy to reduce overall DSI power consumption, as well as enabling larger
blocks of time for other data transmissions over the Link in either direction.

Following HS pixel data transmission, the bus may stay in HS Mode for sending blanking packets or
go to Low Power Mode, during which it may remain idle, i.e. the host processor remains in LP-11
state, or LP transmission may take place in either direction. If the peripheral takes control of the bus
for sending data to the host processor, its transmission time shall be limited to ensure data
underflow does not occur from its internal buffer memory to the display device. An example of this
mode is shown in Figure. 7.39.
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Figure. 7.39 Video Mode Timing: Burst Transmission

Similar to the Non-Burst Mode scenario, if there is sufficient time to transition from HS to LP mode
and back again, a timed interval in LP mode may substitute for a Blanking Packet, thus saving

power.

P-82
October 17, 2023



Preliminary V0.00 JD9855

7.4.11. Error-Correcting Code and Checksum

7.4.11.1. Burst mode

MIPI DSI uses Hamming Code Theory as ECC generate rule. The parity of each bits in ECC are
showed as below.
P7=0
P6=0
P5=D107D117D12~D13"D14”"D15"D16”D17/°D18~D19"D21"D22"D23
P4=D4"D5"D6"D7/°D8"D9"D16~D17/D18"D19"D20"D22"D23
P3=D1"D2"D3"D7/°D8"D9"D13"D14"D15"D19"D20"D21"D23
P2=D0"D2"D3"D5"D6"D9"D11"D12~D15"D18"D20"D21"D22
P1=D0"D1"D3"D4"D6”D8"D107D12"D14"D17~D20"D21"D22"D23
P0O=D0"D1"D2"D4"D5"D7/"D107D11°D13"D16"D20"D21"D22"D23

ECC is generated from the twenty-four bits with in the Packet Header as illustrated in Figure. 7.40,
which also serves as an ECC calculation example.

32-bit
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Figure. 7.40 24-bit ECC generation Example
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7.4.11.2. Checksum Generation for Long Packet Payloads

To detect errors in transmission of Long packets, a checksum is calculated over the payload portion
of the data packet. Note that, for the special case of a zero- length payload, the 2-byte checksum is
set to OxFFFF. The checksum shall be realized as a 16-bit CRC with a generator polynomial of
XML6+XM 2+X"5+X"0

The transmission of the checksum is illustrated in Figure. 7.41. The LS byte is sent first, followed by
the MS byte. Note that within the byte, the LS bit is sent first.

16-bit Checksum

A

CRC LS Byte CRC MS Byte

v
16-bit PACKET FOOTER (PF)

Figure. 7.41 Checksum Transmission

The CRC implementation is presented in Figure. 7.42. The CRC shift register shall be initialized to
OxFFFF before packet data enters. Packet data not including the Packet Header then enters as a
bitwise data stream from the left, LS bit first. Each bit is fed through the CRC shift register before it is
passed to the output for transmission to the peripheral. After all bytes in the packet payload have
passed through the CRC shift register, the shift register contains the checksum. C15 contains the
checksum’s MSB and CO the LSB of the 16-bit checksum. The checksum is then appended to the
data stream and sent to the receiver. The receiver uses its own generated CRC to verify that no
errors have occurred in transmission.

Polynomial: x"16+x"12+x"5+x"0

N N
- S R BB s
N

Figure. 7.42 16-bit CRC Generation Using a Shift Register
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7.4.12. DPHY

7.4.12.1. Lane Module

A PHY configuration contains a Clock Lane Module and one or more Data Lane Modules. Each of
these PHY Lane Modules communicates via two Lines to a complementary part at the other side of
the Lane Interconnect. Each Lane Module consists of one or more differential High-Speed functions
utilizing both interconnect wires simultaneously, one or more single-ended Low-Power functions
operating on each of the interconnect wires individually, and control & interface logic. For proper
operation, the set of functions in the Lane Modules on both sides of the Lane Interconnect has to be
matched.

7.4.12.2. Lane Module Type of Clock Lane and Data0O

The required functions in a Lane Module depend on the Lane type and which side (master or slave)
of the Lane Interconnect the Lane Module is located. There are three main Lane types: Clock Lane,
Unidirectional Data Lane and Bi-directional Data Lane. Several PHY configurations can be
constructed with these Lane types. In JD9855 Below show the lane module architecture of each

lane.
CLK | DO

RT - RT u

|
[T~ | N~
LP-RxLl_: %— | LP_RXL/RF_
q |

| LP-TX —
| ~
|
| LP-CD %_
|
|
|
|
|
|
|

Unidirectional Bidirectional

Clock Lane Data Lane

Figure. 7.43 Lane Module Type
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7.4.12.3. Master and Slave

Each Link has a Master and a Slave side. The Master provides the High-Speed DDR Clock signal to
the Clock Lane and is the main data source. The Slave receives the clock signal at the Clock Lane
and is the main data sink. The main direction of data communication, from source to sink, is denoted
as the Forward direction. Data communication in the opposite direction is called Reverse
transmission. Only bi-directional Data Lanes can transmit in the Reverse direction. In all cases, the
Clock Lane remains in the Forward direction, but bi-directional Data Lane(s) can be turned around,
sourcing data from the Slave side.

JD9855 serves as Slave side.

7.4.12.4. Lane States and Line Levels

Transmitter functions determine the Lane state by driving certain Line levels. During normal
operation either a HS-TX or a LP-TX is driving a Lane. A HS-TX always drives the Lane differentially.
The two LP-TX’s drive the two Lines of a Lane independently and single-ended. This results in two
possible High- Speed Lane states and four possible Low-Power Lane states. The High-Speed Lane
states are Differential- 0 and Differential-1. The interpretation of Low-Power Lane states depends on
the mode of operation. The LP-Receivers shall always interpret both High-Speed differential states
as LP-00.

IC supply voltage (1.2V-3.3V") 4

Low-Power signaling level (e.g. 1.2V)

Max LP-RX High
A

T 000000006111/ ; s common vl

Reference ground

Figure. 7.44 Line Levels

The Stop state has a very exclusive and central function. If the Line levels show a Stop state for the
minimum required time, the PHY state machine shall return to the Stop state regardless of the
previous state. This can be in RX or TX mode depending on the most recent operating direction.
Table 7.4 lists all the states that can appear on a Lane during normal operation. All LP state periods
shall be at least TLPX in duration. State transitions shall be smooth and exclude glitch effects. A
clock signal can be reconstructed by exclusive-ORing the Dp and Dn Lines. Ideally, the
reconstructed clock has a duration of at least 2*TLPX, but may have a duty cycle other than 50%
due to signal slope and trip levels effects.
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Line Voltage Levels High-Speed Low-Power
Start Code . . Control Escape
Dp-Line Dn-Line Burst Mode Mode Mode
HS-0 HS Low HS High Differential-0 N/A N/A
HS-1 HS High HS Low Differential-1 N/A N/A
LP-00 LP Low LP Low N/A Bridge Space
LP-01 LP Low LP High N/A HS-Rgst Mark-0
LP-10 LP High LP Low N/A LP-Rqgst Mark-1
LP-11 LP High LP High N/A Stop N/A

Table 7.4 Lane State Descriptions

7.4.12.5. Bi-directional Data Lane Turnaround

The transmission direction of a bi-directional Data Lane can be swapped by means of a Link
Turnaround procedure. This procedure enables information transfer in the opposite direction of the
current direction. The procedure is the same for either a change from Forward-to-Reverse direction
or Reverse-to-Forward direction. Notice that Master and Slave side shall not be changed by
Turnaround.

Figure. 7.45 shows the Turnaround procedure graphically.
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Figure. 7.45 Turnaround Procedure
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7.4.12.6. Escape Mode

Escape mode is a special mode of operation for Data Lanes using Low-Power states. With this
mode some additional functionality becomes available. A Data Lane shall enter Escape mode via an
Escape mode Entry procedure (LP-11, LP-10, LP-00, LP-01, LP-00). As soon as the final Bridge
state (LP-00) is observed on the Lines the Lane shall enter Escape mode in Space state (LP-00). If
an LP-11 is detected at any time before the final Bridge state (LP-00), the Escape mode Entry
procedure shall be aborted and the receive side shall wait for, or return to, the Stop state.

For Data Lanes, once Escape mode is entered, the transmitter shall send an 8-bit entry command,
by Spaced-One-Hot coding, to indicate the requested action. Table 7.5 lists all supported Escape
mode commands and actions.

Spaced-One-Hot coding means that each Mark state is interleaved with a Space state. Each symbol
consists therefore of two parts: a One-Hot phase (Mark-0 or Mark-1) and a Space phase. The TX
shall send Mark-0 followed by a Space to transmit a ‘zero-bit’ and it shall send a Mark-1 followed by
a Space to transmit a ‘one-bit’. A Mark that is not followed by a Space does not represent a bit. The
last phase before exiting Escape mode with a Stop state shall be a Mark-1 state that is not part of
the communicated bits, as it is not followed by a Space state.

LP-11->10->00->01->00->01->00->10->00...

H H H H H H H H H N ]
. . . . . . . . .
ettt
Escape Model Entry ' ' Entry Command | ' : Mark-1 and

1 Stop State

LP CLK = EXOR(Dp,Dn)

Figure. 7.46 Trigger-Reset Command in Escape Mode

) Command Entry Command Pattern (first bit
Escape Mode Action . . .

Type transmitted to last bit transmitted)
Low-Power Data Transmission mode 11100001
Ultra-Low power State mode 00011110
Reset-Trigger Trigger 01100010
TE-Trigger Trigger 01011101
Acknowledge Trigger 00100001

Table 7.5 Escape Entry Codes
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7.4.12.7. Remote Trigger

Trigger signaling is the mechanism to send a flag to the protocol at the receiving side, on request of
the protocol on the transmitting side. This can be either in the Forward or Reverse direction
depending on the direction of operation and available Escape mode functionality. Trigger signaling
requires Escape mode capability and at least one matching Trigger Escape Entry Command on both
sides of the interface. Any bit received after a Trigger Command but before the Lines go to Stop
state shall be ignored. Therefore, dummy bytes can be concatenated in order to provide Clock
information to the receive side.

7.4.12.8. Remote Trigger

If the Escape mode Entry procedure is followed-up by the Entry Command for Low-Power Data
Transmission (LPDT), Data can be communicated by the protocol at low speed, while the Lane
remains in Low-Power mode. Data shall be encoded on the lines with the same Spaced-One-Hot
code as used for the Entry Commands. The data is self-clocked by the applied bit encoding and
does not rely on the Clock Lane. The Lane can pause while using LPDT by maintaining a Space
state on the Lines. A Stop state on the Lines stops LPDT, exits Escape mode, and switches the
Lane to Control mode. The last phase before Stop state shall be a Mark-1 state, which does not
represent a data-bit. At the end of LPDT the Lane shall return to the Stop state.

Escape LPDT First Data Byte Pause: Second Data Byte gy
Mode cuff® e 01110101 Asynchrqnpus 11010000 Escape
Entry no transition

LP CLK = EXOR(Dp,Dn)

I AVAVAVAVAVAVAVAVATAVAVAVAVAVAVAVAV u AVAVATAVAVAVAVATAR

Figure. 7.47 Two Data Byte Low-Power Data Transmission Example

7.4.12.9. Ultra-Low Power State(ULPS)

If the Ultra-Low Power State Entry Command is sent after an Escape mode Entry command, the
Lane shall enter the Ultra-Low Power State (ULPS). This command shall be flagged to the receive
side Protocol. During this state, the Lines are in the Space state (LP-00). Ultra-Low Power State is
exited by means of a Mark-1 state with a length TWAKEUP followed by a Stop state.
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7.4.12.10. TE Trigger

A Command Mode display module has its own timing controller and local frame buffer for display
refresh. In some cases the host processor needs to be notified of timing events on the display
module, e.g. the start of vertical blanking or similar timing information. In a traditional parallel-bus
interface like DBI-2, a dedicated signal wire labeled TE (Tearing Effect) is provided to convey such
timing information to the host processor. In a DSI system, the same information, with reasonably low
latency, shall be transmitted from the display module to the host processor when requested, using
the bidirectional Data Lane.

For polling to the display module, the host processor shall detect the current scan line information
with a DCS command such as get_scan_line to avoid Tearing Effects. For TE-reporting from the
display module, the TE-reporting function is enabled and disabled by three DCS commands to the
display module’s controller: set_tear_on, set_tear_scanline, and set_tear_off.

set_tear_on and set_tear_scanline are sent to the display module as DSI Data Type 0x15 (DCS
Short Write, one parameter) and DSI Data Type 0x39 (DCS Long Write/write_LUT), respectively.
The host processor ends the transmission with Bus Turn-Around asserted, giving bus possession to
the display module. Since the display module’s DSI Protocol layer does not interpret DCS
commands, but only passes them through to the display controller, it responds with a normal
Acknowledge and returns bus possession to the host processor. In this state, the display module
cannot report TE events to the host processor since it does not have bus possession.

To enable TE-reporting, the host processor shall give bus possession to the display module without
an accompanying DSI command transmission after TE reporting has been enabled. This is
accomplished by the host processor’s protocol logic asserting (internal) Bus Turn-Around signal to
its D-PHY functional block. The PHY layer will then initiate a Bus Turn-Around sequence in LP mode,
which gives bus possession to the display module.

Since the timing of a TE event is, by definition, unknown to the host processor, the host processor
shall give bus possession to the display module and then wait for up to one video frame period for
the TE response. During this time, the host processor cannot send new commands, or requests to
the display module, because it does not have bus possession.

When the TE event takes place the display module shall send TE event information in LP mode
using a specified trigger message available with D-PHY protocol via the following sequence:

*The display module shall send the LP Escape Mode sequence

*The display module shall then send the trigger message byte 01011101 (shown here in first bit to
last bit sequence)

*The display module shall then return bus possession to the host processor

This Trigger Message is reserved by DSI for TE signaling only and shall not be used for any other
purpose in a DSI-compliant interface.
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7.4.13. High Speed Transmission

7.4.13.1. Burst Payload Data

The payload data of a burst shall always represent an integer number of payload data bytes with a
minimum length of one byte. Note that for short bursts the Start and End overhead consumes much
more time than the actual transfer of the payload data. There is no maximum number of bytes
implied by the PHY. However, in the PHY there is no autonomous way of error recovery during a HS
data burst and the practical BER will not be zero. Therefore, it is important to consider for every
individual protocol what the best choice is for maximum burst length.

7.4.13.2. Burst Payload Data

After a Transmit request, a Data Lane leaves the Stop state and prepares for High-Speed mode by
means of a Start-of-Transmission (SoT) procedure. Table 7.6 describes the sequence of events on
TX and RX side.

TX Side RX Side
Drives Stop state (LP-11) Observes Stop state
Drives HS-Rgst state (LP-01) for time T px Observes transition from LP-11 to LP-01 on the
Lines

Drives Bridge state (LP-00) for time Tys.prepare [Observes transition from LP-01 to LP-00 on the
Lines, enables Line Termination after time

TD-TERM-EN

Enables High-Speed driver and disables
Low-Powerdrivers simultaneously.

Drives HS-0 for a time Tys.zero Enables HS-RX and waits for timer Tys.setrie tO
expire in order to neglect transition effects
Starts looking for Leader-Sequence

Inserts the HS Sync-Sequence ‘000111071
beginning on a rising Clock edge

Synchronizes upon recognition of Leader
Sequence ‘011101’

Continues to Transmit High-Speed payload
data

Receives payload data

Table 7.6 Start-of-Transmission Sequence
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7.4.13.3. End-of-Transmission

At the end of a Data Burst, a Data Lane leaves High-Speed Transmission mode and enters the Stop
state by means of an End-of-Transmission (EoT) procedure. Table 7.7 shows a possible sequence
of events during the EoT procedure. Note, EOT processing may be handled by the protocol or by the

D-PHY

TX Side

RX Side

Completes Transmission of payload data

Receives payload data

THS-TRAIL

Toggles differential state immediately after last
payload data bit and keeps that state for a time

Disables the HS-TX, enables the LP-TX, andDetects the Lines leaving LP-00 state and entering
drives Stop state (LP-11) for a time Tys.ext Stop state (LP-11) and disables Termination

Neglect bits of last period Tys.skp to hide transition
effects

Detect last transition in valid Data, determine last valid
Data byte and skip trailer sequence

Table 7.7

End-of-Transmission Sequence
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7.4.13.4. High Speed Data Transmission

Figure. 7.48 shows the sequence of events during the transmission of a Data Burst. Transmission
can be started and ended independently for any Lane by the protocol. However, for most
applications the Lanes will start synchronously but may end at different times due to an unequal
amount of transmitted bytes per Lane.

CLK

OGO OOEXOOCOOCOOOEOOOOCTHOOLOGONC

a— Tipx—» Tuserepare ++THs.zZERO—>
Dp/Dn Disconnect

/—Vﬁ/ Terminator (—2)
VIH(min) /_\
VIL(max)
VTERM-EN(max) \—/ I /—/F—//— U —\ /——//—>/
Vo801 /— / e
—\
T " ip Capture *Treor>
DTERM-EN 1°" Data Bit “—Tys.scp—> LP-11
LP-11 LP-01 LP-00

Teor

«—T, —
HS-SETTLE
— Ths-TrAlL —>4— ThsExiT—>

Figure. 7.48 High-Speed Data Transmission in Bursts
7.4.13.5. High Speed Clock Transmission

In High-Speed mode the Clock Lane provides a low-swing, differential DDR (half-rate) clock signal
from Master to Slave for High-Speed Data Transmission. The Clock signal shall have
guadrature-phase with respect to a toggling bit sequence on a Data Lane in the Forward direction
and a rising edge in the center of the first transmitted bit of a burst. The detail Clock Start and Stop
procedures are shown in Figure. 7.49.

Clock Lane Disconnect

Dp/Dn Terminator
/
f— Tewk-posT— ¢ Teor ! fe—Teik-seTTie—>
—> fe— Terk [a=Tewcrermend]
“ViH(min) CLK MISS/

XpaoopodbATH ACHHOPO00GC00GhaE

l=TCLK-TRAIL—> Ths-ExiT Tipx—> Tewcprepare Teik-zero—4— Teikpre—>]

Data Lane Disconnect
Dp/Dn Terminator

/ i // /[ i i // /

! i / 17 i / 11 \ //-\
-VIH(min)
-VIL(max) >/

Ths-skip—>

T px—4Ths prepare?|

P

(4= To.rerm-en-d

—Ths.seTTLE—>

Figure. 7.49 Switching the Clock Lane between Transmission and Low-Power Mode
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7.4.14. System Power state

Each Lane within a PHY configuration, that is powered and enabled, has potentially three different
power consumption levels: High-Speed Transmission mode, Low-Power mode and Ultra-Low
Power State.

7.4.14.1. Initialization

After power-up, the Slave side PHY shall be initialized when the Master PHY drives a Stop State
(LP-11) for a period longer then TINIT. The first Stop state longer than the specified TINIT is called
the Initialization period. The Master side shall ensure that a Stop State longer than TINIT does not
occur on the Lines before the Master is initialized.

TINIT must larger than 500us.

7.4.14.2. Global Operation Flow Diagram

Figure. 7.50 shows the operational flow diagram for a Data Lane Module. Within both TX and RX
four main processes can be distinguished: High-Speed Transmission, Escape mode, Turnaround,
and Initialization.

( )
X Trigger Escape
Init ULP Mode
Slave LPDT

(HS-Prpﬁ{HS-Rqst Stop ) ,(LP-Rqst
LP-00 LP-01 LP-11 LP-10
(SOT |—>( HST HEOT)\(Tumaround
LP-00->10->00->10
.
-

RX Escape
(0P 1\ Mode

( Init ]
Slave

(HS-Prpr) | ( HS-Rgst Stop
LP-00 LP-01 LP-11

(SOT '—»( HST '—»' EoT) Turnaround
LP-00->10->00->10
\_ J

Figure. 7.50 Data Lane Module State Diagram
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Figure. 7.51 shows the state diagram for a Clock Lane Module. The Clock Lane Module has
four major operational states: Init (of unspecified duration), Low-Power Stop state, Ultra-Low
Power state, and High- Speed clock transmission.

SLAVE
HS-REQ
LP-01
BRIDGE
LP-00
BRIDGE ULPS
LP-00 EXIT
LP-10
ULPS
LP-00
ClockXero

HS CLOCK RECEPTION

Figure. 7.51 Clock Lane Module State Diagram
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8. Function Description

JD9855

8.1.Memory to Display Address Mapping

8.1.1.Normal Display On or Partial Mode On, Vertical Scroll Off

In this mode, contents of the frame memory within an area where column pointer is 00h to 167h and
page pointer is 00h to 185h is displayed.
To display a dot on leftmost top corner, store the dot data at (column pointer, page pointer) = (0,0).

oL

EISE

— 100{01}02}03}04 0Vi0W;0X|0Y |0z
10{11}1213 0W;0X{0Y |0z
2012122 0Xi0Y{0Z
30§31 oY |0z

o | | s
3 ; 360 x 390 x 18Bits ;
= ; Frame Memory ;
o ' '
WO0iW1 WYIWZ
X0jX1{X2 XXIXY{XZ
YOiY1liY2{Y3 YWIYXIYY(YZ

— 170{Z71:72}73}7Z4 ZN{ZIWIZX{ZY V ZZ

360 columns

( 00n]
(01h]
(02h]

HEE

LS

00{01}02{03 |04 fovjowjoxjoy{ozi —
10{11312}13 0W;0X}0Y$0Z
20421422 0X30Y 0z

30(31 0Y {0z

; Plog
5 360 x 390 i3
; LCD Panel Pl 3
E L@
WO{W1 WYIWZ

X0 X1iX2 XXiXYXZ
YO{Y1iY2}Y3 YWIYXiIYYiYZ
20|z1}z2| 73|74} izv{zwizxizyizz| -

| |
I
360 columns
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8.1.2.Vertical Scroll mode

JD9855

There are one type of vertical scrolling, which are determined by the commands “Vertical Scrolling
Definition” (33h) and “Vertical Scrolling Start Address” (37h).

TFA TFA
SCA () SCA
BFA BFA

Memory content

Rolling scrolling
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JD9855

When Vertical Scrolling Definition Parameters (TFA+VSA+BFA)=390. In this case, ‘rolling’ scrolling is

applied as shown below.
Example 1: TFA=2, VSA=386, BFA=2, VSP=2 when MADCTL Bit B4(ML)=0

el

e

— 00{01}02}03}04 0V {0W}0X{0Y | 0Z
T —[ 10§11§1213 IWIXi1Y|1Z
— $20{21{22 2Xi2Y| 2z
30431 3Y{3z
40 4z
< | 360 x 390 x 18Bits
g n E Frame Memory
Vo VzZ!
WOIW1 WYWZ,
L 1X0{X1i{X2 XXIXY|XZ
w YO0iY1iY2{Y3 YWIYXIYYiYZ
> —[ 20{71}z2i73|z4 ZV|ZWIZXiZY|ZZ
| |
I
360 columns

EISe

oL

Example 2: TFA=2, VSA=386, BFA=2, VSP=3 when MADCTL Bit B4(ML)=0

el

e

4 00i01{02}{03}04 0V/{0W}0X {0Y { 0Z § 00h] [ooh )
el
> 10§11{1213 1W}1Xi1Y|1Z {{ 01h] [01h )
— 120{21i22 2Xi2Y|2z
30131 nann 3v | 3z I Vepoan]
40 4z
< : 360 x 390 x 18Bits :
w — ] ]
> H Frame Memory p
VO vz
WOo{w1 WY|WZ,

L Ixoix1ix2 XXIXY|XZ§1830] [£83h)
w_[ Y0ivY1iY2{Y3 YWYXIYYEYZi(184h] [£8an)
z
> 20{z1{z2iz3|z4 ZV{ZW{ZX|ZY | ZZ i 185h) [185h)

| |
I
360 columns

Example 3: TFA=2, VSA=386, BFA=2, VSP=4 when MADCTL Bit B4(ML)=0

oL

L

4 00i01{02}{03}04 0V/{0W}0X {0Y { 0Z }{ 00h] [ooh )
el
> 10§11{1213 1W}1Xi1Y|1Z {{ 01h] [01h )
— 120{21i22 2x12Y | 2z 1 02h] [02h )
30i31 3Yi3z
40 HEEEE 4z
< : 360 x 390 x 18Bits :
w — ] ]
> H Frame Memory H
VO vz
Woiw1 WY|WZ,

L Ixoix1ix2 XXIXY|XZ§1830] [£83h)
w_[ Y0ivY1iY2{Y3 YW YXIYYEYZ (184h] [£8an)
z
> 20{z1{z2iz3|z4 ZV{ZW{ZX|ZY | ZZ K 185h) [185h)

| |
I
360 columns

00{01:02:03;04 0V i0W;0X}0Y i 0Z
10§11:12:13 IWi1Xi1Y |1z
20{2122 2Xi2Y {22
30§31 3Yi3z
40 4z
v 360x390 :
: LCD Panel :
v vz
WOiW1 WYIWZ
X0{X1iX2 XXiXY|XZ
YOiY1iY2iY3 YWIYXiYYiYZ
20{Z71}72:73}74 ZVZWZXiZY | ZZ
| |
I
360 columns
00{01:02:03;04 0V i0W;0X}0Y0Z
10§11:12:13 IWi1Xi1Y |1z
30{31¢32 3X4{3Y{3z
401441 4Y 47
50 52
v 360x390 :
: LCD Panel :
WO Wz
X0{X1 XY{XZ
20{2122 2Xi2Y {22
YOiY1iY2iY3 YWIYXiYYiYZ
20{Z71}72:73}74 ZVZWZXiZY | ZZ
| |
I
360 columns
00{01:02:03;04 0V i0W;0X}0Y0Z
10§11:12:13 IWi1Xi1Y |1z
401411442 AXi14Y {4Z
5051 5Yi{5Z
60 6Z
v 360x390 :
: LCD Panel :
X0 Xz
20421 2Y|2z
30{31}32 3Xi3Y {3z
YOiY1iY2iY3 YWIYXiYY:iYZ
20{Z71}72:73}74 ZVZWZXiZY | ZZ
| |
I
360 columns

V4l

VSA

vdd

V4l

VSA

vdd

V4l

VSA

vdd

Note: When Vertical Scrolling Definition Parameters (TFA+VSA+BFA) %390, Scrolling Mode is undefined.
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8.1.3. Vertical Scroll example

8.1.3.1. Casel: TFA+VSA+BFA+#390

N/A. Do not set TFA+VSA+BFA#390, or unexpected picture will be shown.

8.1.3.2. Case2: TFA+VSA+BFA = 390

Example 1. When TFA=0, VSA=390, BFA=0 and VSCRSADD=80.

MADCTL B4(ML) = “0”

Memory
Physical
Axis (0,0)

VSCRSADD X*---

Memory
Physical
Axis (0,0)

Frame Memory

VSCRSADD X--

MADCTL B4(ML) = “1”

Memory
Physical
Axis (0,0)

Frame Memory

VSCRSADD A

: Display
Physical AXxis (0,0)
Line Pointer
N e B
______ ) xZ__,—”'/‘
-
N
N
______ N2 AV
Display
Increase
VSCRSADD
: Display
.PhySK.:al Axis (0,0)
Line Pointer
N
________ S~z
=
________ N2
Display
: Display
Physical Axis (0,0)
Line Pointer
"""" N T PN
~‘\\\ N
AN Ty,
N
N
-------- P- R;-\‘~‘\‘
b ~‘~\\~

Frame Memory

Display
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Example 2. When TFA=80, VSA=310, BFA=0 and VSCRSADD=160.
MADCTL B4(ML) = “0”

Mempry : Display
Physical Physical Axis (0.0)
Axis (0,0) Line Pointer '
= =
TFA F----ccemmmeen (RPN NS ]
w
VSCRSADD M-----mmmegflmmmmcc]oC Lo
N
________ LT
Frame Memory Display
MADCTL B4(ML) = “1”
Memory .
Physical Physical R(Sigl(ago)
Axis (0,0) Line Pointer '
"""" P N
Ny \\“
VSCRSADD N---------gf---omoodemmoaome N
@ ~‘\\\~
TFA """"""""""""" ;7\'"""""""""'='
=
Frame Memory Display
Increase
VSCRSADD
Memory :
Physical Physical gfi'spl(agO)
Axis (0,0) Line Pointer '
------- 4 N-\‘\\
N \\
VSCRSADD M------=-===---—ff--oq-mmomeo e
w \\\\\ S
TFA ity abaiaieiieiaiai e B ;ﬂ; """""""""""
=
Frame Memory Display
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JD9855

8.2.MCU to memory write/read direction

The data is written in the order illustrated above. The Counter which dictates where in the physical
memory the data is to be written is controlled by “Memory Data Access Control” Command(36h), Bits B5,

B6, B7(MV, MX, MY) as described below.

MADCTL

AN)SE
XWN)9dg
AN).9

Virtual to Physical
Pointer translator

Virtial 0.0)when Physical Vi (0.0 when
i BS=don’tcare, : Column Pointer i B5=don’t care, :
i B6="0",B7="0"
v v ‘
(0,0) (0,359)
o
& o .
°Z Physical
9 Axes
i
(389,0)  (389,359)

B5=don’t care, :
i Be=v0” B7=41"

irtual (0,0) when
: B5=don’t care,
§oBe=1”,B7=41"

CASET

w
a
W
o
W
~

PASET

Direct to Physical Column Pointer

Direct to Physical Page Pointer

Direct to Physical Column Pointer

Direct to (389-Physical Page Pointer)

Direct to (359-Physical Column Pointer)

Direct to Physical Page Pointer

Direct to (359-Physical Column Pointer)

Direct to (389-Physical Page Pointer)

Direct to Physical Page Pointer

Direct to Physical Column Pointer

Direct to (389-Physical Page Pointer)

Direct to Physical Column Pointer

Direct to Physical Page Pointer

Direct to (359-Physical Column Pointer)

Pk |k |k |O|O|OC|O
Pk |O|O|Fr |k |O|O
PO |k |O|Fr |[O|Fr O

Direct to (389-Physical Page Pointer)

Direct to (359-Physical Column Pointer)

For each image orientation, the controls for the column and page counters apply as below:

Condition Column Counter Page Counter
Return to Return to
When RAMWR/RAMRD command is accepted.
“Start Column” “Start Page”
Complete Pixel Read/Write action Increment by 1 No change
Return to
The Column counter value is larger than “End column.” Increment by 1
“Start Column”
The Column counter value is larger than “End column” and the Page Return to Return to
counter value is larger than “End page”. “Start Column” “Start Page”
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The resultant image for each setting is illustrated below:

JD9855

Display Data MADCTL ) :
. . Image in the Host Image in Frame Memory
Direction MV | MX | MY
H/W position (0,0) |—>
Normal 0 0 0
H/W position (0,0) |—>
Y-Invert 0 0 1
Counter (0,0) |—>
H/W position (0,0) |—> <—| Counter (0,0)
X-Invert 0 1 0
H/W position (0,0) |—>
X-Invert
0 1 1 —
Y-Invert
4’?4—' Counter (0,0)
H/W position (0,0) |—>|
Yoy
1 0 0
exchange
X-Y H/W position (0,0) |—>
exchange
1 0 1
Y-lnvert Counter (0,0) |—>_
X-Y H/W position (0,0) |—> 4—| Counter (0,0)
exchange
1 1 0
X-Invert
XY H/W position (0,0) |—>
exchange
1 1 1
X-Invert
<—| Counter (0,0
Y-Invert ounter ©.9

P-102
October 17, 2023




Preliminary V0.00 JD9855

8.3.Tearing effect output line

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

8.3.1. Tearing effect line modes
Mode 1, The Tearing Effect Output signal consists of V-Blanking Information only:

tvdl 1:vdh

-
B

A
v
v

Figure. 8.1 Tearing Effect Line mode 1
tvdh= The LCD display is not updated from the Frame Memory
tvdl= The LCD display is updated from the Frame Memory (except Invisible Line — see below)

Mode 2, the Tearing Effect Output signal consists of V-sync and H-sync Information, there is one V-sync
and N H-sync pulses per field.
N: If the resolution is 360 RGB X 390, the N=390.

tha

2nd

799th
Line Line Line Line

isil [ |
nvisible 1st Line

Figure. 8.2 Tearing Effect Line mode 2
thdh= The LCD display is not updated from the Frame Memory
thdl= The LCD display is updated from the Frame Memory (except Invisible Line — see above)
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8.3.2. Tearing effect line timing

The Tearing Effect signal is described below.

|
i
|
|
Vertical Timing ,
|
| | | |
| | | |
Horizontal Timing : . i i
| : 1 :
I I H

le— ! e »

vdl

thd\ thdh

Figure. 8.3 Tearing Effect Line timing

Idle Mode Off/On (Frame Rate = 60 Hz)

Symbol Parameter Min. Max. Unit
tvd| Vertical Timing Low Duration TBD - ms
tvdh Vertical Timing High Duration 1000 - us
thdl Horizontal Timing Low Duration TBD - us
thdh Horizontal Timing High Duration TBD 500 us

tr Rise time - 15 ns
tf Fall time - 15 Ns

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

tr tf

—7— 0.8*vDD1 0.8*vDD1

I 0.2*vDD1 0.2*vDD1

Figure. 8.4 Tearing Effect Line definition of tf, tr
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8.3.3. Examplel: MCU Write is faster than panel read

MCU to
Memory

1%t 390" Time

TE Output
Signal

| |

]

Time

Memory
to LCD

1Sl

b

|
[}
]
]
}
|
l
390" Time
[}
c

QD ---d----------

Image
on LCD

Data write to Frame Memory is now synchronized to the Panel Scan. It should be written during the
vertical sync pulse of the Tearing Effect Output Line. This ensures that data is always written ahead of the
panel scan and each Panel Frame refresh has a complete new image:

Data to be Send

Image on LCD

P-105
October 17, 2023



Preliminary V0.00 JD9855

8.3.4. Example2: MCU Write is slower than panel read

1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
MCU to i i P i i
Memory i i P i i L
S P N Time
1 1 1 1 1 1
1 : 1 1 : 1
TE Output ! !
Signal ! ! -
1 i P i i ; v
1 1 1 1 1 1 Tlme
1 1 1 1 1 1
i i P i |
Memory ! ! b ! !
toLCD | i A i | 2
T 390" | ! ! Timgh
1 1 1 1 1 1
Image
on LCD a b c d e f

The MPU to Frame Memory write begins just after Panel Read has commenced i.e. after one horizontal
sync pulse of the Tearing Effect Output Line. This allows time for the image to download behind the Panel
Read pointer and finishing download during the subsequent Frame before the Read Pointer “catches” the
MPU to Frame memory write position.

Data to be Send

Image on LCD
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8.4. Oscillator

The JD9855 has an internal R-C oscillator. The oscillator frequency is 12MHz and tolerance is 5% (at 25°
C). The oscillation frequency can be adjusted according to internal register setting.
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8.5. Gamma Structure Description

8.5.1. Adjustable gamma

The JD9855 includes gamma adjustment function for the 262k colors display (64 grayscale for R-/G-/B-
color). Gamma adjustment operation is implemented by 16 gamma adjustment control registers to meet
the characteristic of LCD panel. Then total 64 grayscale levels are generated in Positive-/Negative-
grayscale voltage. These registers are available for both polarities.

Positive Polarity Register

Input data RPA15[6:0]
RPA14[6:0]
RPA13[6:0]
RPA12[6:0]
RPA11[6:0]
RPA10[6:0]
RPA9[6:0]
RPAS[6:0]
RPA7[6:0]
RPA6[6:0]
6 6 6 RPA5[6:0]
RPA4[6:0]
RPA3[6:0]
RPA2[6:0]
RPAL1[6:0]
RPA0[6:0]

V63P/V63N
_ V62P/V62N

A A

6-bit D/A 6-bit D/A 6-bit D/A -
Converter Converter Converter g Grayscale

<R> <G> <B> Voltage D
Generator Negative Polarity Register

Output Output Output V1Pi\/lN
Driver Driver Driver VOP/VON RNA15[6:0]

RNA14[6:0]
RNA13[6:0]
RNA12[6:0]
RNA11[6:0]
Y L/ A RNA10[6:0]
i ©
RNA8[6:0]

LCD RNA7[6:0]
RNA6[6:0]
RNA5[6:0]
RNA4[6:0]
RNA3[6:0]
RNA2[6:0]
RNA1[6:0]
RNAO[6:0]

A A

Figure. 8.5 Grayscale control
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8.5.2. Grayscale-Level adjustment control

The JD9855 has

JD9855

register groups for specifying a series grayscale voltage that meets the

Gamma-characteristics for the LCD panel. These registers are belong amplitude adjustment of the

voltage for the grayscale characteristics. The polarity of each register can be specified independently.

Amplitude adjustment registers

The amplitude adjustment variable registers are used to adjust the amplitude of the grayscale voltage. his

function is implemented by controlling the 63-to-1 selectors (RPA/RNAO~15), each one of whole has 6
bits and generates one reference voltage output (VO(P/N)O, 1, 2, 4, 6, 13, 20, 27, 36, 43, 50, 57, 59, 61,
62, 63). These registers are available for both positive and negative polarities.

Register Positive Negative o
. . Description
Groups Polarity Polarity
RPA15 5-0 | RNA15 5-0 Variable resistor(RPA/RNA15) for VO(P/N)63
RPA14 5-0 | RNA14 5-0 Variable resistor(RPA/RNA14) for VO(P/N)62
RPA13 5-0 | RNA13 5-0 Variable resistor(RPA/RNA13) for VO(P/N)61
RPA12 5-0 | RNA12 5-0 Variable resistor(RPA/RNA12) for VO(P/N)59
RPA11 5-0 | RNA11 5-0 Variable resistor(RPA/RNA11) for VO(P/N)57
RPA10 5-0 | RNA10 5-0 Variable resistor(RPA/RNA10) for VO(P/N)50
RPA9 5-0 RNA9 5-0 Variable resistor(RPA/RNA9) for VO(P/N)43
RPAS8 5-0 RNAS8 5-0 Variable resistor(RPA/RNAS) for VO(P/N)36
RPA7 5-0 RNA7 5-0 Variable resistor(RPA/RNA7) for VO(P/N)27
RPAG 5-0 RNAG6 5-0 Variable resistor(RPA/RNAG) for VO(P/N)20
RPA5 5-0 RNA5 5-0 Variable resistor(RPA/RNAS5) for VO(P/N)13
RPA4 5-0 RNA4 5-0 Variable resistor(RPA/RNA4) for VO(P/N)6
RPA3 5-0 RNAS3 5-0 Variable resistor(RPA/RNA3) for VO(P/N)4
RPA2 5-0 RNA2 5-0 Variable resistor(RPA/RNA2) for VO(P/N)2
RPA1 5-0 RNAL1 5-0 Variable resistor(RPA/RNAL) for VO(P/N)1
RPAO 5-0 RNAO 5-0 Variable resistor(RPA/RNAQ) for VO(P/N)O
Table 8.1 Gamma-Adjustment registers
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Gamma resistor stream and 63 to 1 selector

VSPR/
VSNR
(RPAINAL5) VO(P/N)15 B V063
6310 1 —l>—>v0(P/N)15
selector VO(P/N)14 p VO62
(RPAINA14) VO(P/N)13 B VO61
6310 1 —l>—>v0(P/N)14
selector 2R
VO(P/IN)12 P VO59
(RPA/NAL3)
6310 1 —l>—>v0(P/N)13 2R
selector VO(P/N)11 —— V057
(RPAINALZ) .
6310 1 —l>—>v0(P/N)12 ROP/N[1:0] | W
selector | |
VO(P/N)10 4+ » VO50
(RPAINALL)
63101 —l>—>v0(P/N)11
selector 7R
(RPAINAIO)
63t01 —|>—>VO(P/N)10 Vo(rR P VO43
selector
7R
(RPAINA9)
6310 1 _l>—> VO(PIN)9
selector VO(P/N)8 » VO36
(RPAINAB)
63t0 1 —l>—> VO(P/N)8
selector 9R
180R/1R
(RPAINA?)
63t0 1 —|>—> VO(P/N)7
selector
VO(P/N)7 - VO27
(RPAINAG)
63101 _l>—> VO(PIN)6
selector 7R
(RPA/NAB)
63101 —|>—> VO(P/N)5 VO(P/N)6 > V020
selector
(RPAINAZ) R
63to0 1 —l>—> VO(P/N)4
selector
VO(P/N)5 ——p V013
(RPAINA3) 2B
6310 1 —|>—> VO(P/N)3 ~ B
selector R1P/N[1:0] i |
(RPAINAZ)
63t0 1 —l>—> VO(P/N)2 VO(P/N)4 p VO6
selector l 2R
VO(P/N)3 p VO4
(RPAINAL)
63101 —l>—> VO(P/N)1 l 2R
selector VO(PIN)2 —>» V02
(RPAINAO) VO(P/N)1 p VOl
63101 —l>—> VO(P/N)O
selector VO(P/N)O P VOO
VGSP/
VGSN
Figure. 8.6 Gamma resister stream and gamma reference voltage
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8.5.3.Variable resister ratio & Voltage levels

The resistances are decided by setting values in the Amplitude adjustment register.

The relationships are the same for RPA/RNA 0 ~15, shown below.

Value in Register Resistance
RPA/RNA 0~15 (5-0) RPA/RNA 0~15
000000 OR
000001 1R
000010 2R
000011 3R
100000 32R
100001 33R
100010 34R
100011 35R
111100 60R
111101 61R
111110 62R
111111 63R

JD9855
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VOP voltage levels are determined by the following formulas:

JD9855

Reference . Amplitude adjustment
Register Formula
voltage value
000000 ((180R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((180R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((180R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((180R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP13~15 RPA13~15[5:0] 100001 ((180R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((180R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((180R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((180R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((180R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage 9 value
000000 ((172R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((172R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((172R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((172R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP12 RPA12[5:0] 100001 ((172R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((172R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((172R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((172R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((172R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((162R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((162R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((162R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((162R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP11 RPA11[5:0] 100001 ((162R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((162R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((162R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((162R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((162R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((140R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((140R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((140R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((140R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP10 RPA10[5:0] 100001 ((140R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((140R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((140R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((140R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((140R -1R) / 180R) * (VGMP - VGSP) + VGSP

October 17,

P-112
2023



Preliminary_V0.00

JD9855

Reference Register Amplitude adjustment Formula
voltage value
000000 ((132R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((132R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((132R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((132R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP9 RPA9[5:0] 100001 ((132R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((132R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((132R -3R) / 180R) * (VGMP - VGSP) + VGSP.
111110 ((132R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((132R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Reqi Amplitude adjustment E |
voltage egister value ormula
000000 ((122R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((122R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((122R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((122R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOPS8 RPAS[5:0] 100001 ((122R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((122R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((122R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((122R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((122R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((112R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((112R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((112R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((112R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP7 RPA7[5:0] 100001 ((112R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((112R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((112R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((112R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((112R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((104R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((104R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((104R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((104R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP6 RPA6[5:0] 100001 ((L04R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((104R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((104R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((104R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((104R -1R) / 180R) * (VGMP - VGSP) + VGSP
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Reference Register Amplitude adjustment Formula
voltage value
000000 ((96R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((96R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((96R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((96R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP5 RPA5[5:0] 100001 ((96R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((96R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((96R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((96R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((96R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((90R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((90R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((90R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((90R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP4 RPA4[5:0] 100001 ((90R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((90R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((90R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((90R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((90R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((86R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((86R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((86R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((86R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP3 RPA3[5:0] 100001 ((86R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((86R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((86R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((86R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((86R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((80R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((80R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((80R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((80R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP2 RPAZ2[5:0] 100001 ((80R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((80R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((80R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((80R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((80R -1R) / 180R) * (VGMP - VGSP) + VGSP
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Reference Register Amplitude adjustment Formula
voltage value
000000 ((76R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((76R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((76R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((76R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOP1 RPA1[5:0] 100001 ((76R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((76R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((76R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((76R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((76R -1R) / 180R) * (VGMP - VGSP) + VGSP
Reference Register Amplitude adjustment Formula
voltage value
000000 ((64R-64R) / 180R) * (VGMP - VGSP) + VGSP
000001 ((64R -63R) / 180R) * (VGMP - VGSP) + VGSP
000010 ((64R -62R) / 180R) * (VGMP - VGSP) + VGSP
100000 ((64R -32R) / 180R) * (VGMP - VGSP) + VGSP
VOPO RPAO[5:0] 100001 ((64R -31R) / 180R) * (VGMP - VGSP) + VGSP
100010 ((64R -30R) / 180R) * (VGMP - VGSP) + VGSP
111101 ((64R -3R) / 180R) * (VGMP - VGSP) + VGSP
111110 ((64R -2R) / 180R) * (VGMP - VGSP) + VGSP
111111 ((64R -1R) / 180R) * (VGMP - VGSP) + VGSP
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VON voltage levels are determined by the following formulas:

JD9855

Reference . Amplitude adjustment
Register Formula
voltage value
000000 ((180R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((180R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((180R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((180R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON13~15 RNA13~15[5:0] 100001 ((180R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((180R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((180R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((180R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((180R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference . Amplitude adjustment
voltage Register I Formula
000000 ((172R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((172R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((172R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((172R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON12 RNA12[5:0] 100001 ((172R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((172R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((172R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((172R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((172R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((162R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((162R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((162R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((162R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON11 RNA11[5:0] 100001 ((162R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((162R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((162R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((162R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((162R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((140R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((140R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((140R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((140R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON10 RNA10[5:0] 100001 ((140R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((140R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((140R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((140R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((140R -1R) / 180R) * (VGMN - VGSN) + VGSN
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JD9855

Reference Register Amplitude adjustment Formula
voltage value
000000 ((132R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((132R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((132R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((132R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON9 RNA9[5:0] 100001 ((132R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((132R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((132R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((132R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((132R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((122R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((122R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((122R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((122R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON8 RNASJ[5:0] 100001 ((122R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((122R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((122R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((122R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((122R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((112R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((112R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((112R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((112R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON7 RNA7[5:0] 100001 ((112R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((112R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((112R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((112R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((112R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((104R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((104R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((104R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((104R -32R) / 180R) * (VGMN - VGSN) + VGSN
VONG RNAG[5:0] 100001 ((104R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((104R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((104R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((104R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((104R -1R) / 180R) * (VGMN - VGSN) + VGSN
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JD9855

Reference Register Amplitude adjustment Formula
voltage value
000000 ((96R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((96R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((96R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((96R -32R) / 180R) * (VGMN - VGSN) + VGSN
VONS5 RNA5[5:0] 100001 ((96R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((96R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((96R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((96R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((96R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((90R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((90R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((90R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((90R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON4 RNAA4[5:0] 100001 ((90R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((90R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((90R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((90R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((90R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((86R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((86R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((86R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((86R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON3 RNA3[5:0] 100001 ((86R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((86R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((86R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((86R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((86R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((80R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((80R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((80R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((80R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON2 RNA2[5:0] 100001 ((80R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((80R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((80R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((80R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((80R -1R) / 180R) * (VGMN - VGSN) + VGSN
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Reference Register Amplitude adjustment Formula
voltage value
000000 ((76R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((76R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((76R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((76R -32R) / 180R) * (VGMN - VGSN) + VGSN
VON1 RNA1[5:0] 100001 ((76R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((76R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((76R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((76R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((76R -1R) / 180R) * (VGMN - VGSN) + VGSN
Reference Register Amplitude adjustment Formula
voltage value
000000 ((64R-64R) / 180R) * (VGMN - VGSN) + VGSN
000001 ((64R -63R) / 180R) * (VGMN - VGSN) + VGSN
000010 ((64R -62R) / 180R) * (VGMN - VGSN) + VGSN
100000 ((64R -32R) / 180R) * (VGMN - VGSN) + VGSN
VONO RNAO[5:0] 100001 ((64R -31R) / 180R) * (VGMN - VGSN) + VGSN
100010 ((64R -30R) / 180R) * (VGMN - VGSN) + VGSN
111101 ((64R -3R) / 180R) * (VGMN - VGSN) + VGSN
111110 ((64R -2R) / 180R) * (VGMN - VGSN) + VGSN
111111 ((64R -1R) / 180R) * (VGMN - VGSN) + VGSN

P-119
October 17, 2023



Preliminary V0.00 JD9855

8.6. Power Level Definition

8.6.1. Power Levels

6 level modes are defined they are in order of Maximum Power consumption to Minimum Power
Consumption;
1. Normal Mode On (full display), Idle Mode Off, Sleep Out.
In this mode, the display is able to show maximum 262,144 colors.
2. Partial Mode On, Idle Mode Off, Sleep Out.
In this mode part of the display is used with maximum 262,144 colors.
3. Normal Mode On (full display), Idle Mode On, Sleep Out.
In this mode, the full display area is used but with 8 colors.
4. Partial Mode On, Idle Mode On, Sleep Ouit.
In this mode, part of the display is used but with 8 colors.
5. Sleep In Mode.
In this mode, the DC : DC converter, Internal oscillator and panel driver circuit are stopped. Only the
MCU interface and memory works with IOVCC power supply. Contents of the memory are safe.
6. Power Off Mode.
In this mode, both VCI and IOVCC are removed.

Notel: Transition between modes 1-5 is controllable by MCU commands. Mode 6 is entered only when both Power supplies are removed.
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8.6.2. Power Flow Chart

Normal display mode ON =NORON

JD9855

Partial mode ON_= PLTON Power ON sequence
Idle mode OIiF =IDMON HW reset
Sleep OUT = SLPOUT SW reset
Sleep IN = SLPIN
SLPIN ¥
NORON= Slgep ouT Sleep IN :NORON
pLTON | Normal display mode ON SLPOUT Normal display mode ON | PLTON
Idle mode OFF < Idle mode OFF
F Y A
IDMON IDMOFF IDMON IDMOFF
N Y SLPIN
> Sleep OUT > Sleep IN
Normal display mode ON SLPOUT Normal display mode ON
Idle mode ON N Idle mode ON
. Sleep OUT SLPIN > Sleep IN
Partial mode ON | sLPOUT Partial mode ON
Idle mode OFF Idle mode OFF
y
IDMON IDMOFF IDMON IDMOFF
PLTON | Sleep OUT SLPIN o Sleep IN PLTON
Partial mode ON SLPOUT Partial mode ON
NORON Idle mode ON e Idle mode ON NORON

Note 1: There is not any abnormal visual effect when there is changing from one power mode to another power mode.

Note 2: There is not any limitation, which is not specified by User, when there is changing from one power mode to another power mode.
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8.7. Power on/off sequence

8.7.1. General

IOVCC must be setup ready before analog power setup.
IOVCC must be power down after analog power down.

During power off, if the display module is in the SLPOUT mode, VCI and IOVCC must be powered down
minimum 120msec after RESX has been released.

During power off, if the display module is in the SLPIN mode, VCI and IOVCC can be powered down
minimum Omsec after RESX has been released.

There will be no damage to the display module if the power sequences are not met.
There will be no abnormal visible effects on the display panel during the Power On/Off Sequences.

There will be no abnormal visible effects on the display panel between end of Power On Sequence and
before receiving SLPOUT command. Also, between receiving SLPOUT command and Power Off
Sequence.

If RESX line is not held stable by host during Power On Sequence as defined in Sections 8.7.1, then it will
be necessary to apply a Hardware Reset (RESX) after Host Power On Sequence is complete to ensure

correct operation. Otherwise function is not guaranteed.

There is not a limit for Rise/Fall time on VCI, VCIP and IOVCC.
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8.7.2. Power on/off sequence
Internal DC/DC power mode IOVCC=VCCH=1.65V ~ 3.3V, VCI=VCIP=2.5V ~ 3.3V.
Optionl: Host send initial setting than SLPOUT and DISP ON
Power on sequence
tPWON= 5ms
- > 1.65V ~ 3.3V
IOVCC
. 2.5V ~ 3.3V
VCI
tRPWIRES >= 10ms
j > r—m
/ \ o EERERRTRRR !
HW Reset / \ / 5ms
A ] SLPOUT DISP ON
g Page0_0x11 Page0_0x29
TRESETL=10us
Command / !—'
/Data 120ms
: H Command/
Initial setting Data
Power Status | SLPIN Mode [ SLPOUT Mode
Option2: Host only send SLPOUT and DISP ON
Power on sequence
tPWON= 5ms
“ > 1.65V ~ 3.3V
IOvVCC
' 2.5V ~ 3.3V
VCI |
tRPWIRES >= 10ms
j > r—m
/ \ g --nnnnnnnneenene i
HW Reset / \ / 5ms
'A-q ..... -t SLPOUT(0x11) DISP ON(0x29)
TRESETL=10us
Command / < >
/Data 120ms
Command/
Data
Power Status | SLPIN Mode SLPOUT Mode
Min Typ Max
Power up tRamp for
VEIIOVEE 0.2mS 20mS
P-123
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Power off sequence

JD9855

IOvCC

VCI

HW Reset

\

A

120ms

Command
/Data

Command/
Data

No limit

MIPIL:LLP-11 \

Power Status ‘

SLPQUT Mode

SLPIN Mode

Back-light
power

Power Off Option2:

Power off sequence

No limit

IOvCC

VCI

HW Reset

DISP OFF  SLPIN
Page0_0x28 PaieO_Oxlo

120ms

-«

Y

Command

/Data

Command/
Data

et B
----- -] --- P

No limit No limit

MIPI:LP-11

\

Power Status ‘

SLPOUT Mode

SLPIN Mode

Back-light
power
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9.Command

9.1.Command List

9.1.1. Standard command

JD9855

Instruction DCX | WRX | RDX | D7 D6 D5 D4 D3 D2 D1 DO Hex Function
NOP 0 1 1 0 0 0 0 0 0 0 0 00h No Operation
SWRESET 0 1 1 0 0 0 0 0 0 0 1 01lh
0 0 1 0 0 0 0 0 1 0 0 04h Read display ID
1 1 1 - - - - - - - - Dummy Read
RDDIDIF 1 1 0 ID1[7:0] ID1 read
1 1 1 ID2[7:0] ID2 read
1 1 1 ID3[7:0] ID3 read
0 1 1 0 0 0 0 1 0 0 1 09h Read Display Status
1 1 T - - - - - - - - Dummy Read
1 1 i D[31:24]
RDDST
1 1 i D[23:16]
1 1 0 D[15:8]
1 1 0 DB[7:0]
0 1 1 0 0 0 0 1 0 1 0 OAh Read display power mode
RDDPM 1 1 1 - - - - - - - - Dummy Read
1 1 T D7 D6 D5 D4 D3 D2 0 0
0 0 1 0 0 0 0 1 0 1 1 0Bh Read display MADCTL
RDDMADCTL 1 1 T - - - - - - - - Dummy Read
1 1 1 D7 D6 D5 D4 D3 D2 0 0
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JD9855

Instruction DCX | WRX | RDX | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO Hex Function
0 T 1 0 0 0 0 1 1 0 0 0Ch Read display pixel format
RDDCOLMOD 1 1 1 - - - - - - - - Dummy Read
1 1 1 0 D6 | D5 | D4 0 D2 | D1 DO
0 1 1 0 0 0 0 1 1 0 1 0Dh Read display image mode
RDDIM 1 1 1 - - - - - - - - Dummy Read
1 1 1 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
0 1 1 0 0 0 0 1 1 1 0 OEh Read display signal mode
RDDSM 1 1 1 - - - - - - - - Dummy Read
1 1 1 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
0 T 1 0 0 0 0 1 1 1 1 OFh | Read display self-diagnostic result
RDDSDR 1 1 1 - - - - - - - - Dummy Read
1 1 1 D7 | D6 | D5 | D4 0 0 0 0
SLPIN 0 T 1 0 0 0 1 0 0 0 0 10h Sleep In
SLPOUT 0 T 1 0 0 0 1 0 0 0 1 11h Sleep Out
NOROFF 0 T 1 0 0 0 1 0 0 1 0 12h Normal Mode Off
NORON 0 1 1 0 0 0 1 0 0 1 1 13h Normal display mode on
INVOFF 0 1 1 0 0 1 0 0 0 0 0 20h Display inversion off
INVON 0 1 1 0 0 1 0 0 0 0 1 21h Display inversion on
DISPOFF 0 T 1 0 0 1 0 1 0 0 0 28h Display off
DISPON 0 T 1 0 0 1 0 1 0 0 1 29h Display on
0 T 1 0 0 1 0 1 0 1 0 2Ah Column Address Set
1 1 1 - - - - - - - SC[8]
Column address start
CASET 1 T 1 SC[7:0]
o o L T e
Column address end
1 T 1 ECI[7:0]
0 1 1 0 0 1 0 1 0 1 1 2Bh Page address set
1 T 1 - - - - - - - SPI[8]
Page address start
PASET 1 T 1 SP[7:0]
T T ] em
Page address end
1 1 1 EP[7:0]
0 T 1 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 2Ch Memory Write
1 1 1 D1[7:0]
RAMWR
1 1 1 Dx[7:0] Write data
1 T 1 Dn[7:0]
0 1 1 0 ‘ 0 ‘ 1 ‘ 0 1 ‘ 1 ‘ 0 ’ 1 2Eh Memory Read
1 T 1 D1[7:0]
RAMRD
1 1 1 Dx[7:0] Read data
1 T 1 Dn[7:0]
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Instruction DCX | WRX | RDX | D7 | D6 D5 | D4 D3 D2 | D1 DO Hex Function
0 1 1 0 0 1 1 0 0 0 0 30h Partial Area
1 1 1 SR[15:0]
Start row
PLTAR 1 1 1 SR[7:0]
1 1 1 ER[15:0]
End row
1 1 1 ER([7:0]
0 1 1 0 0 1 1 0 0 1 1 33h Vertical scrolling definition
1 1 1 TFA[8]
Top Fixed Area
1 1 1 TFA[7:0]
VSCRDEF 1 1 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ VSA[8]
Vertical Scrolling Area
1 1 1 VSA[7:0]
s o Jo [ [T [ [ [ [ [ee
Bottom Fixed Area
1 1 1 BFA[7:0]
TEOFF 0 1 1 0 0 1 1 0 1 0 0 34h Tearing Effect Line OFF
0 1 1 0 0 1 1 0 1 0 1 35h Tearing Effect Line ON
TEON
1 1 1 - - - - - - - M
0 I 1 0 0 1 1 0 1 1 0 36h Memory Access Control
MADCTL
1 1 1 MY | MX | MV | ML | RGB 0 0 0
0 t 1 0 0 1 1 0 1 1 1 37h
VSCRSADD 1 1 1 - - - - - - - VSP[8] Vertical scrolling start address
1 1 1 VSP[7:0]
IDMOFF 0 1 1 0 0 1 1 1 0 0 0 38h Idle mode off
IDMON 0 1 1 0 0 1 1 1 0 0 1 39h Idle mode on
0 1 1 0 0 1 1 1 0 1 0 3Ah Interface Pixel Format,
COLMOD
1 1 1 - D6 | D5 | D4 - D2 | D1 DO
0 I 1 0 0 1 1 1 1 0 0 3Ch Memory write continue
1 1 1 D1[7:0]
RAMWRCON
1 1 1 Dx[7:0] Write data
1 1 1 Dn[7:0]
0 1 1 0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 0 3Eh Memory read continue
1 1 1 D1[7:0]
RAMRDCON
1 1 1 Dx[7:0] Read data
1 1 1 Dn[7:0]
0 1 1 0 1 0 0 0 0 1 1 43h Horizontal scrolling definition
1 1 1 - - - - - - - LFA[8]
Left Fixed Area
1 1 1 LFA[7:0]
HSCRDEF 1 1 1 - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ HSA[8]
Horizontal Scrolling Area
1 1 1 HSA[7:0]
0 N I R A =
Right Fixed Area
1 1 1 RFA[7:0]
0 1 1 0 1 0 0 0 1 0 1 45h Return the current scan line
GETSCAN
1 1 1 - - - - - - - - Dummy Read
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JD9855

HSCSADD

47h

HSP[8]

Horizontal scrolling start address

RAMCLACT

0

4Ch

FILLEN

Memory Clear Act

RAMCLSETR

1

4Dh

Memory Clear Set R

RAMCLSETG

4Eh

Memory Clear Set G

RAMCLSETB

4Fh

SLN[15:8]

SLN[15:8]

o | o 0

HSP[7:0]

o | o 1

o | o 1
R[5:0]

BOE
G[5:0]

B
B[5:0]

Memory Clear Set B
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JD9855

Instruction DCX | WRX | RDX | D7 D6 D5 D4 D3 D2 D1 DO Hex Function
Read ABC Self-Diagnostic
0 1 1 0 1 1 0 1 0 0 0 68h
Result
RDABCSDR
1 1 T - - - - - - - - Dummy Read
1 1 T D[7:6]
0 1 1 1 1 0 1 1 0 1 0 DAh Read ID1
RDID1 1 1 T - - - - - - - - Dummy Read
1 1 1 module’s manufacturer[7:0]
0 1 1 1 1 0 1 1 0 1 1 DBh Read ID2
RDID2 1 1 1 - - - - - - - - Dummy Read
1 1 1 LCD module/driver version [7:0]
0 1 1 1 1 0 1 1 1 0 0 DCh Read ID3
RDID3 1 1 1 - - - - - - - - Dummy Read
1 1 1 LCD module/driver IDB[7:0]
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9.1.2.User command
TBD.
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9.2.Command Description

9.2.1.NOP (00h)

JD9855

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 0 0 0 0 00
Parameter No Parameter
This command does not have any effect on the display module.
Description
The NOP command may be used to terminate a Frame Memory Read or Frame Memory Write.
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 N/A
Default
SW Reset N/A
HW Reset N/A
Flow Chart
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9.2.2. SWRESET: Software Reset (01h)

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX

Command 0 il 1 - 0 0 0 0 0 0 0 1 01

Parameter No Parameter

The display module performs a software reset.
Description Registers are written with their SW Reset default values.

The Frame Memory contents are unaffected by this command

The host processor must wait 5 milliseconds before sending any new commands to a display module following this
command. The display module updates the registers during this time.

Restriction If a SWRESET is sent when the display module is in SLPIN Mode, the host processor must wait 120 milliseconds
before sending an SLPOUT command.

SWRESET should not be sent when the display module is not in SLPIN 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 N/A
Default
SW Reset N/A
HW Reset N/A
r-——-TT T T T = a
Legend
SWRESET
A Parameter
Blank Display
Y

Load S/W Defaults

-l

A

Sleep In Mode

|
|
|
]
I
|
|
|
I
]
|
|
|
I
]
|
|
|
I
}
Flow Chart i
|
|
|
|
I
|
|
|
I
I
|
|
|
I
I
|
|
|
I
I
|
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JD9855

9.2.3. RDDIDIF: Read display identification information (04h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 0 1 0 0 04
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 i - ID1[7:0]
I 3" Parameter 1 1 i - ID2[7:0] I
I 4™ parameter 1 1 i - ID3[7:0] I
This read byte returns 24-bit display identification information.
The 1% Parameter is dummy read.
Description The 2™ parameter: LCD module’s manufacturer ID.
The 3rd parameter: LCD module/driver version ID
The 4th parameter: LCD module/driver ID.
I Restriction - I
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
ID1 1D2 ID3
Default Power On Sequence 98h 51h 01h
SW Reset 98h 51h 01h
HW Reset 98h 51h 01h
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Serial I/F Mode Parallel I/F Mode

v A
Dummy Dummy
Read

Flow Chart 4 Y

Send Send
2nd parameter 2" parameter

y A
Send Send
3" parameter 3" parameter

A 4 A
Send Send
4th parameter 4t parameter
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9.2.4. RDDST: Read Display Status (09h)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 0 0 1 09
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 i - D[31:24]
I 3" Parameter 1 1 i - D[23:16] I
I 4™ parameter 1 1 i - D[15:8] I
I 5™ Parameter 1 1 i - DB[7:0] I

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

Bit Description Value
‘0’ = Booster Off.
D31 Booster Voltage Status ,
‘1’ = Booster On.
‘0’ = Top to Bottom (MADCTL B7="0").
D30 Page Address Order o A
1’ = Bottom to Top (MADCTL B7="1").
529 Column Address Order ‘0’ = Left to Right (MADCTL B6="0’).
‘1’ = Right to Left (MADCTL B6="1")
‘0’ = Normal Mode (When MADCTL B5="0").
D28 Page/Column Order
‘1’ = Reverse Mode (When MADCTL B5="1").T
) ‘0’ = LCD Refresh Top to Bottom (When MADCTL B4="0’).
D27 Vertical Order
‘1’ = LCD Refresh Bottom to Top (When MADCTL B4="1").
‘0’ = RGB (MADCTL B3="0’).
D26 RGB/BGR Order , o
‘1" = BGR (MADCTL B3="1").
. ‘0’ = LCD Refresh Left to Right (When MADCTL B2="0’).
D25 Horizontal Order .
‘1’ = LCD Refresh Right to Left (When MADCTL B2="1").
D24 For Future Use This bit is not applicable for this project, set it to ‘0’
D23 For Future Use This bit is not applicable for this project, set it to ‘0’
Interface Format D22 D21 D20
D22 )
Description Not Defined 0 0 0
Not Defined 0 0 1
Not Defined 0 1 0
Interface Color .
D21 . L 12 Bit/Pixel 0 1 1
Pixel Format Definition -
Not Defined 1 0 0
16 Bit/Pixel 1 0 1
D20 18 Bit/Pixel 1 1 0
Not Defined 1 1 1
D19 Idle Mode On/Off ‘0’ = Idle Mode Off. ‘1’ = Idle Mode On.
D18 Partial Mode On/Off ‘0’ = Partial Mode Off, ‘1’ = Partial Mode On.
D17 Sleep In/Out 0= Sleep In Mode.
P ‘1’ = Sleep Out Mode.
. ‘0’ = Partial or Scrolling Mode.
D16 Display Normal Mode On/Off
‘1’ = Normal Mode.
) ) ‘0’ = Vertical Scrolling is Off.
D15 Vertical Scrolling Status . o
‘1’ = Vertical Scrolling is On.
D14 Horizontal Scrolling Status This bit is not applicable for this project, set it to ‘0’
. ‘0’ = Inversion is Off.
D13 Inversion Status o
‘1 = Inversion is On.
. ‘0’ = Normal mode.
D12 All Pixels On .
1" = All Pixels On.
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All Pixels Off

‘0’ = Normal mode.
‘1" = All Pixels Off.

JD9855

Display On/Off

‘0’ = Display is Off.
‘1’ = Display is On.

Tearing Effect Line On/Off

‘0’ =Tearing Effect Line Off.
‘1’ = Tearing Effect On.

Gamma Curve Selection

Jue}
®
W
~

Gamma Curve Selected

ve]
]

Gamma Curve 1

Gamma Curve 2

Gamma Curve 3

Gamma Curve 4

Not Defined

Not Defined

Not Defined

|k |k |k |O|O|O|O
|k |[O|O |k |k |O|O

Not Defined

P |O |k |O |k |O|F|O

Tearing Effect
Output Line Mode

‘0’ = Mode 1, V-Blanking only.
‘1’ = Mode 2, both H-Blanking and V-Blanking.

Horizontal Sync.
(HSYNC, DPI I/F)

‘0’ = Horizontal Sync. line is Off (“Low”).
‘1’ = Horizontal Sync. line is On (“High”).

Vertical Sync.
(VSYNC, DPI I/F)

‘0’ = Vertical Sync. line is Off (“Low”).
‘1’ = Vertical Sync. line is On (“High”).

Pixel Clock
(DCK, DPI I/F)

‘0’ = PCLK line is Off (“Low”).
‘1’ = PCLK line is On (“High”).

Data Enable
(ENABLE, DPI I/F)

‘0’ = DE line is Off (“Low”).
‘1’ = DE line is On (“High”).

Parity Error on DSI

‘0’=No Parity Error.
‘1’=Parity Error.

Restriction

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

ID2

Power On Sequence

51h

SW Reset

51h

HW Reset

51h
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Flow Chart
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Parallel I/F Mode

Serial I/F Mode

Read 09h Read 09h

y

Dummy
Clock

A 4

A

Dummy
Read

Send
2nd parameter

A 4

A

Send
2nd parameter

Send
31 parameter

A4

A

Send
3rd parameter

Send
4th parameter

A4

A

Send
4t parameter

Send
5th parameter

A

Send
5th parameter
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9.2.5. RDDPM: Read Display Power Mode (0OAh)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 0 1 0 OA
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 1 - D7 D6 D5 D4 D3 D2 D1 DO
Bit Description Value

‘0’ = Booster Off.
D7 Booster Voltage Status
‘1’ = Booster On.

‘0’ = Idle Mode Off.
‘1" = Idle Mode On.

D6 Idle Mode On/Off

‘0’ = Partial Mode Off.
‘1’ = Partial Mode On.

D5 Partial Mode On/Off

Description ‘0’ = Sleep In Mode.
D4 Sleep In/Out
‘1’ = Sleep Out Mode.

‘0’ = Display Normal Mode Off.
D3 Display Normal Mode On/Off
‘1’ = Display Normal Mode On.

‘0’ = Display is Off.
D2 Display On/Off
‘1’ = Display is On.

D1 Not Defined Set to ‘0’
DO Not Defined Setto ‘0’
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 08h
Default
SW Reset 08h
HW Reset 08h
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Serial I/F Mode Parallel I/F Mode

Read OAh Read OAh

Flow Chart \ 4 \ 4

Send Dummy
2" parameter

A 4
Send
2" parameter
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9.2.6. RDDMADCTL: Read Display MADCTL (0Bh)

JD9855

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 - 0 0 0 0 1 0 1 1 [0]=]
1% Parameter 1 1 - - - - - - - - -
2" Parameter 1 i - D7 D6 D5 D4 D3 D2 D1 DO
This command indicates the current status of the display as described in the table below:
Bit Description Value
‘0’ = Top to Bottom (When MADCTL B7=0").
D7 | Page Address Order (MY)
‘1’ = Bottom to Top (When MADCTL B7=1’).
‘0’ = Left to Right (When MADCTL B6="0’).
D6 | Column Address Order (MX)
‘1’ = Right to Left (When MADCTL B6="1").
‘0’ = Normal Mode (When MADCTL B5="0’).
D5 | Page/Column Order (MV) o, ( ,),
1" = Reverse Mode (When MADCTL B5="1").
) ‘0’ = LCD Refresh Top to Bottom (When MADCTL B4="0’).
Description D4 | Line Address Order o o
1’ = LCD Refresh Bottom to Top (When MADCTL B4='1’).
‘0’ = RGB (When MADCTL B3="0").
D3 | RGB/BGR Order
‘1’ =BGR (When MADCTL B3="1").
D2 | Display Data Latch Order 0’ = LCD Refresh L(.aft to Right (When MADCTL B2="0’).
‘1’ = LCD Refresh Right to Left (When MADCTL B2="1").
‘0’ = Source output Left to Right (When MADCTL B1="0’).
D1 | Source scan sequence .
‘1’ = Source output Right to Left (When MADCTL B1="1").
‘0’ = Gate output Top to Bottom (When MADCTL B1="0’).
DO | Gate scan sequence
‘1’ = Gate output Bottom to Top (When MADCTL B1=1’)
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 No Change
HW Reset 00h
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Serial I/F Mode Parallel I/F Mode

Read 0Bh Read 0OBh

Flow Chart \ 4 \ 4

Send Dummy
2" parameter

A 4
Send
2" parameter
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9.2.7. RDDCOLMOD: Read Display Pixel Format (0OCh)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 1 0 0 oc
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 1 - 0 D6 D5 D4 0 D2 D1 DO
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 | - Setto ‘0’
D6 ‘011’ = 12 bits/pixel
D5 | RGB Interface Color Format 101’ = 16 bits/pixel
o D4 ‘110’ = 18 bits/pixel
Description
D3 | - Setto ‘0’
D2 ‘011’ = 12 bits/pixel
D1 | Control Interface Color Format ‘101’ = 16 bits/pixel
DO 110’ = 18 bits/pixel
Others are no define and invalid
““Don’t care
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 06h (18 bits/pixel)
Default
SW Reset No Change
HW Reset 06h (18 bits/pixel)
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Serial I/F Mode Parallel I/F Mode

Read OCh Read OCh

Flow Chart \ 4 \ 4

Send Dummy
2" parameter

A 4
Send
2" parameter
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9.2.8. RDDIM: Read Display Image Mode (0Dh)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 1 0 1 oD
1% Parameter 1 1 1 - - - - - - - - -
2" parameter 1 1 i - 0 D6 D5 D4 0 D2 D1 DO

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

Bit Description Value

‘0’ = Vertical Scrolling is Off.
D7 | Vertical Scrolling On/Off
‘1’ = Vertical Scrolling is On.

D6 | Horizontal Scrolling Status This bit is not applicable for this project, set it to ‘0’

‘0’ = Inversion is Off.
D5 | Inversion On/Off
‘1" = Inversion is On.

‘0’ = Normal Display
‘1’ = White Display

D4 | All Pixels On

‘0’ = Normal Display
D3 | All Pixels Off
‘1’ = Black Display

Description
Gamma Curve Gamma Set
D2 | D1 | DO
D2 Selected (26h)
Gamma Curve 1 0 0 0 CGO
Gamma Curve 2 0 0 1 CG1
Gamma Curve 3 0 1 0 CG2
Gamma Curve Selection
D1 Gamma Curve 4 0 1 1 CG3
Not Defined 1 0 0
Not Defined 1 0 1
Not Defined 1 1 0
DO
Not Defined 1 1 1
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

P-144
October 17, 2023



Preliminary V0.00 JD9855

Status Default Value

Power On Sequence 00h

Default
SW Reset 00h

HW Reset 00h

Serial I/F Mode Parallel I/F Mode

Read ODh Read ODh

Flow Chart \ 4 \ 4

Send Dummy
2" parameter

y
Send
2" parameter
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9.2.9. RDDSM: Read Display Signal Mode (OEh)

JD9855

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 1 1 0 OE
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 i - TEON | TEM 0 0 0 0 0 0
This command indicates the current status of the display as described in the table below:
Bit Description Value
‘0’ = Tearing Effect Line Off.
D7 | Tearing Effect Line On/Off
Description ‘1’ = Tearing Effect On.
‘0’ = Mode 1.
D6 | Tearing Effect Line Output Mode
‘1’ = Mode 2

I 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
Serial I/F Mode Parallel I/F Mode
Read OEh Read OEh
Flow Chart \ 4 \ 4
Send Dummy
2" parameter Read
A
Send

2" parameter
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JD9855

9.2.10. RDDSDR: Read Display Self-Diagnostic Result (OFh)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 0 1 1 1 1 OF
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 i - D7 D6 D5 D4 0 0 0 0
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Register Loading Detection See section “Sleep Out —command and self-diagnostic
D6 Functionality Detection functions of the display module”
D5 Chip Attachment Detection Set to ‘0’ if feature unimplemented.
Description D4 Display Glass Break Detection Set to ‘0’ if feature unimplemented.
D3 Setto ‘0.
D2 Setto ‘0.
Reserved
D1 Setto ‘0.
DO Setto ‘0.

I 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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Serial I/F Mode Parallel I/F Mode

Flow Chart y Y

Send Dummy
2" parameter

A
Send
2nd parameter

P-148
October 17, 2023



Preliminary V0.00 JD9855

9.2.11. SLPIN: Sleep In (10h)

CMD/Pas

Command

0 1

Parameter

No Parameter

Description

This command causes the LCD module to enter the minimum power consumption mode.

In this mode, all unnecessary blocks inside the display module are disabled except interface
communication.

This is the lowest power mode the display module supports.

MCU interface and memory are still working and the memory keeps its contents.

In this mode the DC/DC converter is stopped, Internal oscillator is stopped, and panel scanning is stopped.

< Blank >
Source/Gate Output
| 2 frames STOP

| VST tec.(V scanner contol logic) ||||||||||||||||" STOP
DISCHARGH

| DC charge in the capacitor |

| DC/DC Converter | ov

| Reset pulse for circuit inside panel | \ RESET

[ wemaosanmor O~ 70

Restriction

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

It will be necessary to wait Smsec before sending next command; this is to allow time for the supply voltages and
clock circuits to stabilize.

It will be necessary to wait 120msec after sending Sleep Out command (when in Sleep In Mode) before Sleep In

command can be sent.

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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It takes 120msec to get into Sleep In mode after SLPIN command issued.

Stop
DC/DC

Flow Chart Converter

Display whole blank
screen (Automatic s
No effect to DISP Stop

ON/OFF Commands) Internal
Oscillator

A\'4

Drain charge Sleep In Mode
from LCD panel
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9.2.12. SLPOUT: Sleep Out (11h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 1 0 0 0 1 11
Parameter No Parameter
This command turns off sleep mode.
In this mode the DC/DC converter is enabled, Internal oscillator is started, and panel scanning is started.
| Source/Gate Output | sTOP
Pl
|VST tec.(V scanner contol Iogic)l | |
Description | DC charge in the capacitor I oV CHARGE
| DC:DC converter | ov
| Reset pulse for circuit inside panell RESET /
| Internal Oscillator | STOP % ]
This command has no effect when module is already in sleep out mode. Sleep Out Mode can only be left by the
Sleep In Command (10h).
It will be necessary to wait Smsec before sending next command, this is to allow time for the supply voltages and
clock circuits to stabilize.

Restriction The display module loads all display supplier’s factory default values to the registers during this 5msec and there
cannot be any abnormal visual effect on the display image if factory default and register values are same when this
load is done and when the display module is already Sleep Out —mode.

The display module is doing self-diagnostic functions during this 5Smsec. It will be necessary to alit 120msec after
sending Sleep In command (when in Sleep Out mode) before Sleep Out command can be sent.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out 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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It takes 120msec to become Sleep Out mode after SLPOUT command issued.
R

Start
Internal
Oscillator

Display whole
blank screen
for 2 frames

(Automatic No

effect to DISP

Start up ON/OFF
DC:DC Commands)

Flow Chart Converter

Display
Memory contents
In accordance
with the current
command table
settings

Charge
Offset voltage
for LCD Panel

Sleep Out mode
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9.2.13. NOROFF: Normal Off (12h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 1 0 0 1 0 12
Parameter No Parameter
This command turns on normal off mode.
Description To leave normal off, the Normal Display Mode On command (13H) should be written.
I Restriction This command has no effect when normal off is active. I
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 Normal Mode On
Default
SW Reset Normal Mode On
HW Reset Normal Mode On
Flow Chart See Partial Area (30h)
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9.2.14. NORON: Normal Display Mode ON (13h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 0 1 0 0 1 1 13
Parameter No Parameter
This command returns the display to normal mode.
Description Normal display mode is means Partial mode off, Scroll mode Off.
There is no abnormal visual effect during mode change from Normal mode Off to Normal mode On.
I Restriction This command has no effect when Normal Display mode is active. I
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 Normal Mode On
Default
SW Reset Normal Mode On
HW Reset Normal Mode On
Flow Chart See Partial Area and Vertical Scrolling Definition Descriptions for details of when to use this command.
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9.2.15. INVOFF: Display Inversion OFF (20h)

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX

Command 0 il 1 - 0 0 1 0 0 0 0 0 20

Parameter No Parameter

This command is used to recover from display inversion mode.
This command makes no change of contents of frame memory.
This command does not change any other status.
Example
Memory ( ple)
I

Display

LI
L [ ]

i NN N
[ I [ |
N BN N
N NN
1
LI

I Restriction This command has no effect when module is already in inversion off mode. I

Description

LI

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 Display Inversion off

Default
SW Reset Display Inversion off

HW Reset Display Inversion off

Display Inversion
On Mode

Flow Chart | INVOFE

Display Inversion
Off Mode
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9.2.16. INVON: Display Inversion ON (21h)

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 0 0 0 0 1 21
Parameter No Parameter
This command is used to enter into display inversion mode.
This command makes no change of contents of frame memory. Every bit is inverted
from the frame memory to the display.
This command does not change any other status.
Description (Example)
memory display
ENENEEER
[ 1] (111
H_ EEE ER
|::> [ 11}
AN NN ER
N HEE ER
[ 1] Hn
[ 11 ][] ][]
I Restriction This command has no effect when module is already in inversion on mode. I
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 Display Inversion off
Default
SW Reset Display Inversion off
HW Reset Display Inversion off
Display Inversion
OFF Mode
Flow Chart I INVON

l

Display Inversion
ON Mode
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9.2.17. DISPOFF: Display Off (28h)

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX

Command 0 il 1 - 0 0 1 0 1 0 0 0 28

Parameter No Parameter

This command is used to enter into DISPLAY OFF mode. In this mode, the output from Frame Memory is disabled
and blank page inserted.

This command makes no change of contents of frame memory.

This command does not change any other status.

There will be no abnormal visible effect on the display.

Description Example
Memory Display
I Restriction This command has no effect when module is already in display off mode. I
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 Display off
Default
SW Reset Display off
HW Reset Display off

Display On
Mode

Flow Chart rDISPOFF

Display Off
Mode
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9.2.18. DISPON: Display On (29h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 0 1 0 0 1 29
Parameter No Parameter
This command is used to recover from DISPLAY OFF mode. Output from the Frame Memory is enabled.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example)
Description Memory Display
| EENENN
LI /(]
H N N
LTI [ |
LI IO
N NN N
(I I |
IRNEEEEE
I Restriction This command has no effect when module is already in display on mode. I
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 Display off
Default
SW Reset Display off
HW Reset Display off
Display
Off Mode
A
Flow Chart | DISPON
A
Display
On Mode
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9.2.19. CASET: Column Address Set (2Ah)

JD9855

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 0 1 0 0 2A
1% Parameter 1 1 1 - - - - - - - SC[8]
2" Parameter 1 7 1 - SC[7:0]
I 3" Parameter 1 7 1 - - ‘ - ‘ - ‘ - ‘ - ‘ - | ‘ EC[8] I
I 4™ parameter 1 7 1 - EC[7:0] I

This command is used to define area of frame memory where MCU can access.

This command makes no change on the other driver status.

The values of SC[8:0] and EC[8:0] are referred when RAMWR command comes.

Each value represents one column line in the Frame Memory.

Description
| S
SCJ[8:0] always must be equal to or less than EC[8:0]
Restriction Note 1: When SC[8:0] or EC[8:0] is greater than 7Fh (when MADCTL'’s B5=0) or 9Fh
(when MADCTL's B5=1), data of out of range will be ignored
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 SC[8:0] = 000h EC[15:0] = 0167h
Default When MV=0: EC[15:0] = 0167h
SW Reset SC[8:0] = 000h
When MV=1: EC[15:0] = 0185h
HW Reset SC[8:0] = 000h EC[15:0] = 0167h
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A 4

1% & 2™ parameter SC[8:0] Command
3" & 4™ parameter EC[8:0]

Parameter

y

1% & 2™ parameter SP[8:0]
Flow Chart 3" & 4™ parameter EP[8:0]

Image Data
D1[7:0],D2[7:0],
--+,Dn[7:0]

Sequential
transfer

Any Command

P-160
October 17, 2023



Preliminary_V0.00

9.2.20. PASET: Page Address Set (2Bh)

JD9855

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 0 1 0 1 1 2B
1% Parameter 1 1 1 - - - - - - - - SP[8]
2" parameter 1 7 1 - SP[7:0]
3" Parameter 1 1 1 - - ‘ - ‘ - ‘ - ‘ - ‘ - | - ‘ EP[8]
4™ parameter 1 7 1 - EP[7:0]

This command is used to define area of frame memory where MCU can access.

This command makes no change on the other driver status.

The values of SP[8:0] and EP[8:0] are referred when RAMWR command comes.

Each value represents one Page line in the Frame Memory.

SP[8:0] (—— >

EP[8:0]

A 4

Restriction

| Description

SP[8:0] always must be equal to or less than EP[8:0]
Note 1: When SP[8:0] or EP[8:0] is greater than 9Fh (When MADCTL's B5=0) or 7Fh
(When MADCTL's B5=1), data of out of range will be ignored.

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 SP[8:0] = 000h EC[15:0] = 0185h
Default When MV=0: EC[15:0] = 0185h
SW Reset SP[8:0] = 000h
When MV=1: EC[15:0] = 00167h
HW Reset SP[8:0] = 000h EC[15:0] = 0185h
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1% & 2" parameter SC[8:0] Command
3 & 4™ parameter EC[8:0]

Parameter

A

1% & 2" parameter SP[8:0]
Flow Chart 3" & 4™ parameter EP[8:0]

Image Data
D1[7:0],D2[7:0],
---,Dn[7:0]

Sequential
transfer

Any Command

P-162
October 17, 2023



Preliminary V0.00 JD9855

9.2.21. RAMWR: Memory Write (2Ch)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 0 1 1 0 0 2C
1% Parameter 1 1 1 D1[8] D1[7:0]
1 1 1 Dx[8] Dx[7:0]
I N™ Parameter 1 7 1 Dn[8] Dn[7:0] I

Description

This command is used to transfer data from MCU to frame memory.

This command makes no change to the other driver status.

When this command is accepted, the column register and the page register are reset to the Start Column/Start Page
positions.

The Start Column/Start Page positions are different in accordance with MADCTL setting.

Then D[7:0] is stored in frame memory and the column register and the page register Incremented.

Sending any other command can stop frame Write.

I Restriction In all color modes, there is no restriction on length of parameters.. I
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 Contents of memory is set randomly
Default
SW Reset Contents of memory is not cleared
HW Reset Contents of memory is not cleared
r-———""7"7"77777777777 A
Legend
Parameter
RAMWR
Flow Chart A 4

Image Data
D1[7:0],D2[7:0],
---,DN[7:0]

Any Command
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9.2.22. PTLAR: Partial Area (30h)

CMD/Pas DCX | WRX | RDX | Di7-8 D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 i 1 - 0 0 1 1 0 0 0 0 30
1% Parameter 1 1 1 - SR[15:8]
2" Parameter 1 7 1 - SR[7:0]
I 3" Parameter 1 7 1 - ER[15:0] I
I 4™ parameter 1 7 1 - ER[7:0] I

This command defines the partial mode’s display area. There are 4 parameters
associated with this command, the first defines the Start Row (SR) and the second the End Row (ER), as illustrated
in the figures below. SR and ER refer to the Frame Memory Line Pointer.

If End Row>Start Row when MADCTL B4 (ML) = 0:

SR[15:0]

- Partial Area

ER[15:0]

If End Row>Start Row when MADCTL B4 (ML) = 1:

ER[15:0]

Description

- Partial Area

SR[15:0]

If End Row<Start Row when MADCTL B4=0:

Partial Area

ER[15:0]

SR[15:0]

Partial Area

If End Row = Start Row then the Partial Area will be one row deep.
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I Restriction SR[15..0] and ERJ[15..0] cannot be greater than 13Fh. I

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 SR[15:0] = 0000h ER[15:0] = 0185h
SW Reset SR[15:0] = 0000h ER[15:0] = 0185h
HW Reset SR[15:0] = 0000h ECI[15:0] = 0185h

Default

1. To Enter Partial Mode 2. To Leave Partial Mode

PLTAR Partial Mode

A

SR[15:0]

(option)
To prevent
DISPOFF Tearing Effect

Flow Chart

Partial Mode Off

L

Partial Mode

Image Data
D1[7:0],D1[7:0],
-+-,DN[7:0]
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9.2.23. VSCRDEEF: Vertical Scrolling Definition (33h)

CMD/Pas DCX | WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX

Command 0 1 1 - 0 0 1 1 0 0 1 1 33
SCR_
1% Parameter 1 1 1 - TFA[8]
SEL

2" Parameter - TFA[7:0]

3" Parameter - ‘ ‘ ‘ ‘ ‘ | ‘ VSA[g]

I
VSA[7:0] I
I

5" parameter - ‘ ‘ ‘ ‘ ‘ I ‘ BFA[S]

- BFA[7:0]

Rl |Rkr|Rk]|R
.

6" Parameter

I 4" parameter

PR |PFP]|PR
B = T I e

This command defines the Vertical/Horizontal Scrolling Area of the display.

When SCR_SEL = 0, MADCTL B4 (ML) =0

The 1st & 2nd parameter TFA[8..0] describes the Top Fixed Area (in No. of lines from Top of the Frame Memory and
Display).

The 3rd & 4th parameter VSA[8..0] describes the height of the Vertical Scrolling Area (in No. of lines of the Frame
Memory [not the display] from the Vertical Scrolling Start Address). The first line read from Frame Memory appears
immediately after the bottom most line of the Top Fixed Area.

The 5th & 6th parameter BFA[8..0] describes the Bottom Fixed Area (in No. of lines from Bottom of the Frame
Memory and Display).

TFA, VSA and BFA refer to the Frame Memory Line Pointer.

0,0)
Top Fixed Area

[reaor | |

Description

Scroll Area
VSA[8:0] | -

EZTp|

Bottom Fixed Area

When SCR_SEL =0, MADCTL B4 (ML) = 1

The 1st & 2nd parameter TFA[8..0] describes the Top Fixed Area (in No. of lines from Bottom of the Frame Memory
and Display).

The 3rd & 4th parameter VSA[8..0] describes the height of the Vertical Scrolling Area (in No. of lines of the Frame
Memory [not the display] from the Vertical Scrolling Start Address). The first line read from Frame Memory appears
immediately after the top most line of the Top Fixed Area.

The 5th & 6th parameter BFA[8..0] describes the Bottom Fixed Area (in No. of lines

from Top of the Frame Memory and Display).
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0,0
Bottom Fixed Area

Coeaea ||

Scroll Area

(oo |-

(Ao |

Top Fixed Area

The condition is (TFA+VSA+BFA)=390, otherwise Scrolling mode is undefined.

Restriction
In Vertical Scroll Mode, MADCTL B5 (MV) should be set to ‘0’ — this only affects the Frame Memory Write.

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 TFA[15:0 ] = 0000h VSA[15:0] = 0185h BFA[15:0] = 0000h
SW Reset TFA[15:0] = 0000h VSA[15:0] = 0185h BFA[15:0] = 0000h
HW Reset TFA[15:0] = 0000h VSA[15:0] = 0185h BFA[15:0] = 0000h

Default
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1. To enter Vertical Scroll Mode:

Normal Mode

1% & 2" parameter TFA[8:0]
3 & 4™ parameter VSA[8:0]
59 & 6™ parameter BFA[8:0]

15 & 2™ parameter SC[8:0] ]
39 & 4™ parameter EC[8:0] Redefines the

| Frame Memory
Window that
the scroll data will
be written to.

) 1% & 2™ parameter SC[8:0]
Only requ”"ed 39 & 4™ parameter EC[8:0]
for non-rolling —

scrolling

1% parameter .
Optional — It may

| be necessary to
redefine the

Frame Memory
Write Direction.

Flow Chart Image Data
D1[7:0],D2[7:0],
--+,Dn[7:0]

VSCRADD

1% & 2" parameter

Normal Mode

Note The Frame Memory Window size must be defined correctly otherwise undesirable image will be displayed.
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< Normal Mode >

2. Continuous Scroll:

CASET

v

1% & 2" parameter SC[8:0]
3" & 4™ parameter EC[8:0]

PASET

v

, 1% & 2" parameter SC[8:0]
Only required 3" & 4™ parameter EC[8:0]
for non-rolling—

scrolling

Image Data
D1[7:0],D2[7:0],
--+,Dn[7:0]

VSCRADD

v

1% & 2" parameter

3. To Leave Vertical Scroll Mode:

< Scroll Mode >

| (option)

1 To prevent
DISPOFF <" Tearing Effect

i Image displayed

NORON/ PTLON

< Scroll Mode Off >
mfm

Image Data
D1[7:0],D2[7:0],
---,Dn[7:0]

DISPON

Note: Scroll Mode can be left by both the Normal Display Mode On (13h) and Partial Mode On (12h) commands.
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9.2.24. TEOFF: Tearing Effect Line OFF (34h)

JD9855

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 1 0 1 0 0 34
Parameter No Parameter

Description This command is used to turn OFF (Active Low) the Tearing Effect output signal from the TE signal line.

I Restriction

This command has no effect when Tearing Effect output is already OFF.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out 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
( TE Line Output ON )
Flow Chart

TE Line Output OFF
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9.2.25. TEON: Tearing Effect Line ON (35h)

CMD/Pas

Command

1% Parameter

This command is used to turn ON the Tearing Effect output signal from the TE signal line. This output is not affected
by changing MADCTL bit B4.
The Tearing Effect Line On has one parameter which describes the mode of the Tearing Effect Output Line.

(X=Don'’t Care).

When M=0:

The Tearing Effect Output line consists of V-Blanking information only:

tvdi

>
-

Description Vertical Time

Scalj\f‘

The Tearing Effect Output Line consists of both V-Blanking and H-Blanking information:

When M=1:

Vertical Time
Scale

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

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

Status Default Value

Power On Sequence Off

Default
SW Reset Off

HW Reset Off
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( TE Line Output OFF)

Flow Chart

(_TE Line Output ON)
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9.2.26. MADCTL: Memory Access Control(36h)

CMD/Pas D7 D6 D5 D4

Command 0 0 1 1

1% Parameter B7 B6 B5 B4

This command defines read/ write scanning direction of frame memory.

This command makes no change on the other driver status.

Bit NAME DESCRIPTION

B7 | PAGE ADDRESS ORDER (MY)

These 3 bits controls MCU to memory write/read

B6 | COLUMN ADDRESS ORDER (MX)

direction.

B5 PAGE/COLUMN SELECTION (MV)

B4 | Vertical ORDER (ML) LCD vertical refresh direction control

Color selector switch control
RGB-BGR ORDER (BGR) 0=RGB color filter panel

1=BGR color filter panel

Horizontal ORDER (MH) LCD horizontal refresh direction control

Flip Horizontal (SS) Select the Source driver scan direction on panel module

Flip Vertical (GS) Select the Gate driver scan direction on panel module

ML - Vertical Updating order

ML= 0 ML=1

Top-Left (0,0
emory

Top-Left (0,0)

|_Top-Left (0,0)

(Example)

Display

Memory

| Top-Left (0,0)
(Example) Display

S 0>
:
H '
!
Sent 3rd
| Sent 2nd
Sent last (320) Sent First (1)

RGB-BGR Order

Description

B3=0
Driver IC
| [Cri—

B3=1
Driver IC @

SIG2 SIG480

LJREE]

SIG1

s
v 1 [

SIG480

IG | e SIGA80 SIG1 SIG2
R REB

g BERYEER
B REB sERIEER

L LCD panel

SIG480

BER
BER

MH - Horizontal Updating order
MH=1

Top-Left (0,0) Top-Left (0,0)

Display Display

QESERES
puz 1U9S
0v2) 15811095
PUz 1095
1) 15014 155

Top-Left (0,0) |/

Memory

Top-Left (0,0)

Memory

Note: Top-Left (0,0) means a physical memory location
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D1 and DO are set to ‘00’ internally. D2 is implemented if the LCD is updating pixel-bypixel.
Restriction
D2 is set to ‘0’ internally if the LCD is updating line-by-line.

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 No Change

HW Reset 00h

| mADCTL |

Flow Chart
1st parameter
B[7:0]
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9.2.27. VSCRSADD: Vertical Scrolling Start Address (37h)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 1 0 1 1 1 37
1% Parameter 1 1 1 - VSP[g]
2" Parameter 1 7 1 - VSP[7:0]

This command is used together with Vertical(Horizontal) Scrolling Definition (33h). These two commands describe
the scrolling area and the scrolling mode. The Vertical Scrolling Start Address command has one parameter which
describes the address of the line in the Frame Memory that will be written as the first line after the last line of the Top
Fixed Area on the display as illustrated below:-

When SCR_SEL = 0, MADCTL B4 (ML) =0

When Top Fixed Area = Bottom Fixed Area = 00, Vertical Scrolling Area = 390 and VSP = ‘3.

(0,0 Memory Pointer (ML=0) Display

—

VSP[8:0]

S[WOIN[|O

_____ 388 ]

389

(0,389)

Description
When SCR_SEL =0, MADCTL B4 (ML) = 1

When Top Fixed Area = Bottom Fixed Area = 00, Vertical Scrolling Area = 390 and VSP = ‘3.

(0,0) Memory Pointer (ML=1) Display
- . [389
_____ 388
VSP[8:0] |——¥| —1 3
__________ 2
mEE R 4 s 1
(0,389)

Notel: When new Pointer position and Picture Data are sent, the result on the display will happen at the next Panel
Scan to avoid tearing effect.

Note2: VSP refers to the Frame Memory line Pointer.

Since the value of the Vertical Scrolling Start Address is absolute (with reference to the Frame Memory), it must not
Restriction enter the fixed area (defined by Vertical Scrolling Definition (33h) — otherwise undesirable image will be displayed

on the Panel.

Register

Availability
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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 No

Partial Mode On, Idle Mode On, Sleep Out No

Sleep In

Status Default Value

Power On Sequence 0000h
Default

SW Reset 0000h

HW Reset 0000h

Flow Chart See Vertica(Horizontal)l Scrolling Definition (33h) description
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9.2.28. IDMOFF: Idle Mode OFF (38h)

JD9855

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 1 1 0 0 0 38
Parameter No Parameter
This command is used to recover from Idle mode on.
Description
In the idle off mode, LCD can display maximum 262144 colors.
I Restriction This command has no effect when module is already in idle off mode. I
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
< Idle on mode )
\4
Flow Chart | IDMOFF I

Idle off mode
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9.2.29. IDMON: Idle Mode ON (39h)

CMD/Pas

Command 0 1

Parameter No Parameter

This command is used to enter into Idle mode on.
In the idle on mode, color expression is reduced.
The primary and the secondary colors using MSB of each R, G and B in the Frame Memory, 8 color depth data is

displayed.

(Example)
Memory

Description

Color RsR4R3R:R:Ro CHCHCCHCACr BsB4B3B,B1Bo
Black OXXXXX OXXXXX OXXXXX
Blue OXXXXX OXXXXX IXXXXX
Red IXXXXX OXXXXX OXXXXX
Magenta IXXXXX OXXXXX IXXXXX
Green OXXXXX IXXXXX OXXXXX
Cyan OXXXXX IXXXXX IXXXXX
Yellow IXXXXX IXXXXX OXXXXX
White IXXXXX IXXXXX IXXXXX

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

Status Default Value

Default Power On Sequence Idle mode off

SW Reset Idle mode off

HW Reset Idle mode off
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< Idle off mode >

A\ 4
Flow Chart I IDMON I
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9.2.30. COLMOD: Pixel Format Set (3Ah)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 1 1 0 1 0 3A
1% Parameter 1 1 1 - 0 D6 D5 D4 0 D2 D1 DO
This command is used to define the format of RGB picture data, which is to be transferred via the MCU interface.
The formats are shown in the table:
Bit Description Value
D7 | - Setto ‘0’
D6 ‘011’ = 12 bits/pixel
o D5 | RGB Interface Color Format 101’ = 16 bits/pixel
Description
D4 ‘110’ = 18 bits/pixel
D3 | - Setto ‘0’
D2 ‘011’ = 12 bits/pixel
D1 | Control Interface Color Format 101’ = 16 bits/pixel
DO ‘110’ = 18 bits/pixel
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 18bits/pixel
Default
SW Reset No change
HW Reset 18bits/pixel
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( Bit/Pixel Mode )

A4

Set Pixel Format

Flow Chart

( New n Bit/Pixel Mode )
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9.2.31. WRMEMC: Write Memory Continue (3Ch)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 0 1 1 1 1 0 0 3C
1% Parameter 1 1 1 D1[8] D1[7:0]
1 1 1 Dx[8] Dx[7:0]
I N™ Parameter 1 7 1 Dn[8] Dn[7:0] I

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 (3Ch) or Memory Write Start (2Ch) command.
Sending any other command can stop frame Write.

If MATCDL MV = 0:

Data is written continuing from the pixel location after the write range of the previous Memory Write Start (2Ch) or
Write Memory Continue (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 MATCDL MV = 1:

Data is written continuing from the pixel location after the write range of the previous Memory Write Start (2Ch) or
Write Memory Continue (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.

Restriction

A memory write should follow a column address set or page address set to define the write address.

Otherwise, data written with write memory continue is written to undefined addresses.

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 Contents of memory is set randomly

SW Reset Contents of memory is not cleared

HW Reset Contents of memory is not cleared
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Flow Chart
Image Data

D1[7:0],D2[7:0],
--+,DN[7:0]

Any Command
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9.2.32. HSCRDEF: Horizontal Scrolling Definition (43h)

CMD/Pas DCX | WRX | RDX | D17-8 D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 1 1 - 0 1 o 0 o 0 1 1 43
1% Parameter 1 1 1 - - - - - - - - LFA[8]
2" Parameter 1 7 1 - LFA[7:0]
I 3" Parameter 1 7 1 - - ‘ - ‘ - ‘ - ‘ - ‘ - | - ‘ HSA[8] I
I 4™ parameter 1 7 1 - HSA[7:0] I
I 5™ Parameter 1 7 1 - - ‘ - ‘ - ‘ - ‘ - ‘ - | - ‘ RFA[8] I
I 6" Parameter 1 7 1 - RFA[7:0] I

This command defines the Horizontal Scrolling Area of the display.

Horizontal Scrolling

When SCR_SEL =1,

The 1st & 2nd parameter LFA[8..0] describes the Left Fixed Area (in No. of columns from Left of the Frame Memory
and Display).

The 3rd & 4th parameter HSA[8..0] describes the width of the Horizontal Scrolling Area (in No. of columns of the
Frame Memory [not the display] from the Horizontal Scrolling Start Address) The first columns appears immediately
after the right most columns of the Left Fixed Area.

The 5th & 6th parameter RFA[8..0] describes the Right Fixed Area (in No. of columns from Right of the Frame
Memory and Display).

Note:
LFA[8:0], HAS[8:0], and RFA[8:0] have to be set to times of 12 when DUAL_EN=0.

Description LFA[8:0], HAS[8:0], and RFA[8:0] have to be set to times of 12 when DUAL_EN=1.
Left Fixed Area Scroll Area  Right Fixed Area
] LFA[8:0] \ ’HSA[B:O]‘ ’RFA[B:O]‘
(0,0) 1 | |
T 1T 1T 1
The condition is (LFA+HSA+RFA)=360, otherwise Scrolling mode is undefined.
Restriction
In Vertical Scroll Mode, MADCTL B5 (MV) should be set to ‘0’ — this only affects the Frame Memory Write.
Register
Availability
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Status

Availability

JD9855

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 LFA[8:0] = 000h HSA[8:0] = 167h

BFA[8:0] = 000h

SW Reset LFA[8:0] = 000h HSA[8:0] = 167h

BFA[8:0] = 000h

HW Reset LFA[8:0] = 000h HSA[8:0] = 167h

BFA[8:0] = 000h
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9.2.33. STE: Set Tear Scanline (44h)

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 i 1 - 0 1 0 0 0 1 0 0 44
1% Parameter 1 1 1 - TELINE[15:8]
2" Parameter 1 7 1 - TELINE[7:0]

This command is turns on the display module’s Tearing Effect output signal on the TE signal
Line when the display module reaches line TELINE. The TE signal is not affected by changing MADCTL bit B4.

The Tearing Effect Line On has one parameter which describes the mode of the Tearing Effect Output Line.

The Tearing Effect Output line consists of V-Blanking information only:

Description 3 tvdl _ twah
Vertical Time

Scalu_\E‘

Note: That TELINE=0 is equivalent to TEMODE=0. The Tearing Effect Output Line shall be active low when the

display module is in Sleep mode.

A memory write should follow a column address set or page address set to define the write address.

Restriction
Otherwise, data written with write memory continue is written to undefined addresses.
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 0000h
Default
SW Reset 0000h
HW Reset 0000h
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TE output On or Off

Set TE On

Flow Chart TELINE[15:8]

TELINE[7:0]

TE output On
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9.2.34. GSCAN: Get Scanline (45h)

JD9855

CMD/Pas DCX | WRX | RDX | D17-8 D7 D6 D5 D4 D3 D2 D1 DO | HEX
Command 0 7 1 - 0 1 0 0 0 1 0 1 45
1% Parameter 1 1 1 - SLN[15:8]
2" Parameter 1 1 i - SLN [7:0]

Description

The display module returns the current scanline, N, used to update the display device. The total number of

scanlines on a display device is defined as VSYNC + VBP + VACT + VFP. The first scanline 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.

I 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 0000h
Default
SW Reset 0000h
HW Reset 0000h
Get scanline
h 4
Dummy
Read
Flow Chart
h 4
SLN[15:8]
A
SLN[7:0]
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9.2.35. HSCRSADD: Horizontal Scrolling Start Address (47h)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 7 1 - 0 1 0 0 0 1 1 1 47
1% Parameter 1 1 1 - HSP[8]
2" Parameter 1 7 1 - HSP[7:0]

This command is used together with Horizontal Scrolling Definition (43h). These two commands describe the

scrolling area and the scrolling mode.

SCR_SEL=1
When Left Fixed Area = Right Fixed Area = 00, Horizontal Scrolling Area = 360 and HSP = ‘3’

Memory Display
(0,0) |
_____ R " i -
_____ R 3(3]| ---- -
---- - (0|2(2(3]..]..]|5]|5]| - =————— -
Description | 7] T 819 11— T
(0,389) f f
HSP[8:0]
Note:
HSP[8:0] has to be set to times of 12 when DUAL_EN=0.
HSP[8:0] has to be set to times of 12 when DUAL_EN=1.
Note: When new Pointer position and Picture Data are sent, the result on the display will happen at the next Panel
Scan to avoid tearing effect.
Since the value of the Horizontal Scrolling Start Address is absolute (with reference to the Frame Memory), it must
Restriction not enter the fixed area (defined by Horizontal Scrolling Definition (43h) — otherwise undesirable image will be
displayed on the Panel.
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 No
Partial Mode On, Idle Mode On, Sleep Out No
Sleep In Yes
Default
Status Default Value

P-189
October 17, 2023



Preliminary V0.00 JD9855

Power On Sequence

SW Reset

HW Reset

Flow Chart See Horizontal Scrolling Definition (43h) description
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9.2.36. RAMCLACT: Memory Clear Act (4Ch)

JD9855

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 1 0 0 1 1 0 0 4C
1% Parameter 0 1 1 - - - - - - - - Féll‘\ll‘
This command is used to fill RAM data with 0x4D~0x4F settings.
Description 0: No function.
1: Fill RAM data with Ox4D~0x4F settings.
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 0000h
Default
SW Reset 0000h
HW Reset 0000h
Flow Chart -
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9.2.37. RAMCLSETR: Memory Clear Set R (4Dh)

JD9855

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 1 0 0 1 1 0 1 4D
1% Parameter 0 1 1 - R[5:0] - -

Description

This command is used to set data of red subpixel.

R[5:0]: Red subpixel data setting which will be filled in RAM when FILLEN=1.

I 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 0000h
Default
SW Reset 0000h
HW Reset 0000h
Flow Chart -

P-192
October 17, 2023



Preliminary_V0.00

9.2.38. RAMCLSETG: Memory Clear Set G (4Eh)

JD9855

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 1 0 0 1 1 1 0 4E
1% Parameter 0 1 1 - GI[5:0] - -

Description

This command is used to set data of green subpixel.

G[5:0]: Green subpixel data setting which will be filled in RAM when FILLEN=1.

I 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 0000h
Default
SW Reset 0000h
HW Reset 0000h
Flow Chart -
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9.2.39. RAMCLSETB: Memory Clear Set B (4Fh)

JD9855

CMD/Pas DCX | WRX | RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 1 0 0 1 1 1 1 4F
1% Parameter 0 1 1 - B[5:0] - -
This command is used to set data of blue subpixel.
Description
B[5:0]: Red subpixel data setting which will be filled in RAM when FILLEN=1.
I 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 0000h
Default
SW Reset 0000h
HW Reset 0000h
Flow Chart -
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9.2.40. RDABCSD: Read Automatic Brightness Control Self-Diagnostic

Result (68h)

CMD/Pas DCX WRX RDX D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 0 1 1 0 1 0 0 0 68 I
I 1% Parameter 1 1 1 - - - - - - - - - I
I 2" Parameter 1 1 i - D7 D6 0 0 0 0 0 0 I
This command indicates the status of the display self-diagnostic results for automatic brightness control after Sleep
Out -command as described in the table below:
Description D7 — Register Loading Detection
D6 — Functionality Detection
D5, D4, D3, D2, D1 and DO are for future use and are set to ‘0’.
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
Serial I/F Mode Parallel I/F Mode
Flow Chart y A
Send Dummy
2nd parameter Read
A
Send
2nd parameter
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9.2.41. RDID1: Read ID1 (DAh)

CMD/Pas DCX | WRX | RDX | D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 1 1 0 1 1 0 1 0 DA
1% Parameter 1 1 1 - - - - - - - - -
2" parameter 1 1 1 - module’s manufacture[7:0]
I Description This read byte identifies the LCD module’s manufacturer. I
I Restriction - I
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 98h
Default
SW Reset 98h
HW Reset 98h
Serial I/F Mode Parallel I/F Mode
RDID1 RDID1
Flow Chart 4 Y
Send Dummy
2nd parameter Read
A
Send
2nd parameter
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9.2.42. RDID2: Read ID2 (DBh)

JD9855

CMD/Pas DCX | WRX | RDX | D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 1 1 0 1 1 0 1 1 DB
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 1 - LCD module/driver version[7:0]
I Description This read byte is used to track the LCD module/driver version. I
I Restriction - I
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 51h
Default
SW Reset 51h
HW Reset 51h
Serial I/F Mode Parallel I/F Mode
RDID2 RDID2
Flow Chart 4 Y
Send Dummy
2nd parameter Read
A
Send

2nd parameter
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9.2.43. RDID3: Read ID3 (DCh)

JD9855

CMD/Pas DCX | WRX | RDX | D17-8 D7 D6 D5 D4 D3 D2 D1 DO HEX
Command 0 1 1 - 1 1 0 1 1 1 0 0 DC
1% Parameter 1 1 1 - - - - - - - - -
2" Parameter 1 1 1 - LCD module/driver IDB[7:0]

I Description

This read byte identifies the LCD module/driver.

I 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
Serial I/F Mode Parallel I/F Mode
RDID3 RDID3
Flow Chart 4 Y
Send Dummy
2nd parameter Read
A
Send

2nd parameter
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9.3.Uesr Command

TBD

P-199
October 17, 2023



Preliminary V0.00 JD9855
10. Electrical Characteristics
10.1. Absolute maximum ratings
Symbol Parameter Unit Value Note
IOVCC Interface Supply Voltage V -0.3t0 +3.6 Note®™
\V/CI Logic Supply Voltage V -0.3t0 +3.6 Note®™®
AVDD Positive Voltage input V -0.3t0 +7.4 Note™
AVEE Negative Voltage input V 0to-5.2 Note'”
VGH Power Supply Voltage V -0.3to +17.5 Note®
VGL Power Supply Voltage V 0to-13.4 Note®
Top Operating Temperature °C -40 to +85 Note!'?
Tstg Storage Temperature °C -55 to +110 Note'™

Note: (1) Permanent device damage may occur if absolute maximum conditions are exceeded.
(2) Functional operation should be restricted to the conditions described under DC Characteristics.
(3) IOVCC, VSSD must be maintained.
(4) To make sure IOVCC = VSSD.
(5) To make sure VCI= AVSS.
(6) To make sure AVDD = AVSS.
(7) To make sure AVSS = VSEE
(8) To make sure VGH = AVSS.
(9) To make sure AVSS = VGL

VGH +|VGL| < 30V
(10) For die and wafer products, specified up to +85C

(12) This temperature specifications apply to the TCP package.
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10.2. DC Characteristics

(Ta=-40 ~ 85 °C, VCI=2.5 ~ 3.3V, IOVCC=1.65~3.3V)

JD9855

Iltem Symbol Condition Min. Typ. Max. Unit
IOVCC Vin Interface Supply Voltage 1.65 - 3.3 V
VCI Vin Analog Supply Voltage 2.5 - 3.3 V
VCCH Vi High  speed interface 165 i 3.3 Vv
Supply Voltage
. 0.7*
Input high voltage Viy IOVCC= 1.65 ~ 3.3V IOVCC - IOVCC \%
VCI= 2.6 ~ 3.3V 0.3*
Input low voltage Vi 0 - lovVee Vv
VPP \\ﬁ'H VPP 8.0V | 825V | 85V \Y
IL
Output high voltage _ 0.8*
(SDO, LEDPWM) Vor low =-1.0mA lovec | - |lovee |V
Output low voltage Vv IOVCC=1.65 ~ 2.4V 0 \ 0.2* Vv
(SDO, LEDPWM) oLl lo. = 1.0 mA IOVCC
VSYNC, HSYNC - - 1 pA
|
Logic High level o | RESROCESCLOSN s : 1 HA
Input current | DB[8...0], SDI, DCX - - 1 LA
HD DBI8...0] - - 1 uA
VSYNC, HSYNC -1 - pA
. I RESX, DCX, CSX, -1
Logic Low level RDX. WRX SCL - pA
Input current | DB[8...0], SDI, DCX 1 ; A
-0 DB[8...0] -1 - A
Current consumption liovee IC;/\%EZ:?\QV - TBD - uA
Sleep In mode lyer Ta =25°C - TBD - pA
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10.3. AC Characteristics

10.3.1.

CSX

DCX

SCL

SDI

(write)

SDO
(read)

8080 Series Parallel 8-bit Interface Characteristics

JD9855

/1 tchw '\

A

A

: il tcss E i tcsh
e > . >
- as :: tweltrc L tah ' >
e twrl/trd ?:Zé fwrh/trdn ;\
| tds , < tdh !

Figure. 10.1 8080 Series Parallel interface Timing Characteristics

(Ta=25°C, IOVCC=1.8V, VCIP=2.8V, VCI=2.8V)

Signal Symbol Parameter Min. Max. Unit Description
DCX tast Address setup time 0 - ns
taht Address hold time (write/read) 10 - ns
tchw CSX “H” Pulse Width 0 ns
tcs Chip select setup time (write) 15 ns
trcs Chip select setup time (read ID) 45 ns
CSX trcsfm | Chip Select setup time (read FM) 355 ns
tesf Chip select wait time (write/read) 10 ns
tcsh Chip select hold time 10 ns
tchw Chip select “H” pulse width 40 ns
twc Write cycle 30 ns
WRX twrh Control pulse “H” duration 14 ns
twrl Control pulse “L” duration 14 ns
trc Read cycle (ID) 160 ns
RDX(ID) trdh Control pulse “H” duration (ID) 90 ns
trd| Control pulse “L” duration (ID) 45 ns
trcfm Read cycle (FM) 450 ns
RDX(FM) trdhfm | Control pulse “H” duration (FM) 90 ns
trdlfm | Control pulse “L” duration (FM) 355 ns
Tdst Data setup time 10 ns
tdht Data hold time 10 ns
D[7:0] trat Read access time (ID) 40 ns
tratfm | Read access time (FM) 340 ns
todh Output disable time 20 80 ns
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Figure. 10.2 Input rise and fall times
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10.3.2. Serial Interface Timing Characteristics (3-line SPI)

CSX \E: tcss g tcsh '8 -
! i B w—
X L v tchw i
tas | < tweltre P tah X
SCL L X
._\:_ twri/trdl 7:‘ TwrhTirdn 3&
i '€ tds ) i i. tdh >
SDI | /- | R
(write) i - i -7
i Jaccy; i. tod >
SDO -,i/- -‘1'\-
(read) X v
Figure. 10.3 3-line Serial Interface Timing Characteristics
Signal Symbol Parameter Min. Max. Unit Description
tcss Chip select setup time (Write) 15 ns
tcsh Chip select setup time (Write) 15 ns
CSX tcss Chip select hold time (Read) 60 ns
tcsh Chip select hold time (Read) 65 ns
tchw Chip select “H” pulse width 40 ns
scL twc Write cycle 16 ns
(write) twrh Control pulse “H” duration 7 ns
twrl Control pulse “L” duration 7 ns
scL trc Read cycle 150 ns
(read) trdh Control pulse “H” duration 60 ns
trd| Control pulse “L” duration 60 ns
SDI/SDO tds Data setup time 10 ns
(write) tdt Data hold time 10 ns
SDI/SDO tracc Read access time 10 50 ns
(read) tod Output disable time 15 50 ns
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10.3.3. Serial Interface Timing Characteristics (4-line SPI)

»
Lt

A 4
A

—
(9]
0
=

tcss

_%__

——» P
v tas e twe/tre i tah i .
scL /. X
'_:\1_ twriftrd ?/f)iv‘ twrh/trdh i&
SDI ! >< ! ><
(write) | \-- | -4
E Jtacc,; i| tod >
SDO ya s
(read) X -
Figure. 10.4 4-line Serial Interface Timing Characteristics
Signal Symbol Parameter Min. Max. Unit Description
tcss Chip select setup time (Write) 15 ns
CSX tcsh Chip select setup time (Write) 15 ns
tcss Chip select hold time (Read) 60 ns
tcsh Chip select hold time (Read) 65 ns
DCX tas Address setup time 7 ns
tah Address hold time (Write/Read) 7 ns
scL twc Write cycle 16 ns
(write) twrh Control pulse “H” duration 7 ns
twrl Control pulse “L” duration 7 ns
scL trc Read cycle 150 ns
(read) trdh Control pulse “H” duration 60 ns
trd| Control pulse “L” duration 60 ns
SDI/SDO tds Data setup time 10 ns
(write) tdt Data hold time 10 ns
SDI/SDO tracc Read access time 10 50 ns
(read) tod Output disable time 10 50 ns
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10.3.4. QSPI Timing Characteristics

JD9855

< Li EA :‘: tehw i
CSX \L‘ tcss T tesh 7 'S‘I\_
A i - f >
ta 1 tWC/trC i i tah e tSCC Li | |
scL \ 1 N
\e twriftrl »/ twrh/trdh '\ !
SDA i /- | A
DB[2:0] i - ! -7
E |taccI i km—dﬁ
SDA +- X
SDO A +

Figure. 10.5 QSPI Timing Characteristics

(Ta=25°C, IOVCC=VCC=1.8V, VCIA=VCIB=VCIR=2.8V)

Signal Symbol Parameter Min. Max. Unit Description
tcss Chip select setup time (write) 15 ns
tcsh Chip select hold time (write) 15 ns
CSX tcss Chip select setup time (read) 60 ns
tscc Chip select hold time (read) 65 ns
tchw Chip select “H” pulse width 40 ns
twc Write cycle 16 ns

SCL TN -
(write) twrh Control pulse H durat.lon 7 ns
twrl Control pulse “L” duration 7 ns
SCL trc Read cycle 150 ns
(read) trdh Control pulse “H” duration 60 ns
trd| Control pulse “L” duration 60 ns
SDI/DCX/D[1:0] tds Data setup time 7 ns
(write) tdt Data hold time 7 ns
SDO tracc Read access time 10 50 ns
(read) tod Output disable time 15 50 ns
Table 10.1 QUAD SPI AC characteristics
Figure. 10.6 SCL rise and fall time
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10.3.5. RGB Interface Timing Characteristics

General Timings for RGB I/F

JD9855

L VSST P VSHT N
VSYNC /
/]
P HSST N P HSHT 4
HSYNC Y4
5 PCLKCYC N
PCLKHT
PCLKLT < >
PCLK /
_ DsT  DHT
/ N
D[7:0],
DE
N /]
TA=25°C, IOVCC=1.8V, VCI=2.8V
Iltem Symbol Condition Min. Typ. Max. Unit
Vertical sync. setup time VSST - 15 - - ns
Vertical sync. hold time VSHT - 15 - - ns
Horizontal sync. setup time HSST - 15 - - ns
Horizontal sync. hold time HSHT - 15 - - ns
Pixel clock cycle
when RGB I/F is running PCLKCYC i 35 i j ns
Pixel clock low time PCLKLT - 15 - - ns
Pixel clock high time PCLKHT - 15 - - ns
Data setup time D[23:0] DST - 15 - - ns
Data hold time D[23:0] DHT - 15 - - ns

Note: (1) Measuring of input signals are using 0.30 x IOVCC for low state and 0.70 x IOVCC for high state.
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10.3.6. DSI D-PHY electronic characteristics

The Description of D-PHY Layer

JD9855

In general, the DSI - PHY may contain the following electrical functions: Low-Power Receiver
(LP-RX), High-Speed Receiver (HS-RX), the Low-Power Contention Detector (LP-CD), and Low
Power Transmitter (LP-TX). Figure 10.7 shows the complete set of electronic functions required for

a fully featured PHY transceiver.

PPI
(appendix)

Figure. 10.7 Electronic functions of a D-PHY transceiver

Figure 10.8 shows both the HS and LP signal levels of electronic characteristics, respectively.
Where, the HS receiver utilizes low-voltage swing differential signaling. The LP transmitter and LP
receiver utilize low-voltage swing single signaling. Because the HS signaling levels are below the LP
low-level input threshold, Lane switches between Low-Power and High-Speed mode during normal

operation.

VOHMAX cme._ o s e e s . e (e e o — — — — — — — — — — — — — — = \/OH MAX

OUTPUT HIGH LP RX
Mt — g - INPUT HIGH

VHMN o e e e e e e e e e e e e e e e e e

LP RX
Threshold Region

LP Contention LP RX
Fault Threshold INPUT HIGH

VIHCD,MIN

VOLMAX — — oepge— =

HS TX
Input Range

HS-RX
ommon mode’
input Range
_______ — — — VCMRXDC,MIN

Vo‘ﬁf‘hij OUTPOTIOW.
Low Power Low Power Low Power
X CD RX

_______ — T — Ul
J

High Speed RX

Figure. 10.8 HS and LP signal levels
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The Electronic Characteristics of Low-Power Transmitter (TX)

The Low-Power TX shall be a slew-rate controlled push-pull driver. It is used for driving the Lines in
all Low-Power modes. Hence, it is important to keep static power consumption of a LP TX be as low
as possible. Under tables list DC and AC characteristic for Low power transmitter.

Parameter Description Min. Typ. | Max. Unit Note
Vou Thevenin output high level 1.1 1.2 1.3 V -
VoL Thevenin output low level -50 - 50 mV
Zoip Output impedance of LP-TX 110 - - Q (1)

Note: (1)Though no maximum value for Zop is specified, the LP transmitter output impedance shall ensure the
trep/trLp Specification is met.
Table 10.2  LP-TX DC Specifications

Parameter Description Min. Typ. | Max. Unit Note
triplieLp 15%-85% rise time and fall time - - 25 ns (1)
T Period of the LP exclusive-OR 90 ns
LP-PER-TX C|0Ck
Slew rate @ CLOAD = OpF 30 - 500 | mV/ns |(1),(3),(5),(6)
Slew rate @ CLOAD = 5pF - - 300 | mVins |(1),(3),(5),(6)
Slew rate @ CLOAD = 20pF - - 250 | mVins |(1),(3),(5),(6)
Slew rate @ CLOAD = 70pF - - 150 | mV/ns |(1),(3),(5),(6)

Slew rate @ CLOAD =0 to 70pF

OV/dtsr (Rising Edge Only) 30 - - mV/ins | (1),(3),(7)

Slew rate @ CLOAD = 0 to 70pF 30-0.075*

(Rising Edge Only) (VO,INST- 700) ) ) mVins | (1),(8).(9)

Slew rate @ CLOAD =0 to 70pF
(Falling Edge Only) < i - mvins | (1),(2),(3)

CiLoap Load capacitance - - 70 pF -

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.
(5) This value represents a corner point in a piecewise linear curve.
(6) When the output voltage is in the range specified by VPIN(absmax).
(7) When the output voltage is between 400 mV and 700 mV.
(8) Where VO,INST is the instantaneous output voltage, VDP or VDN, in millivolts.
(9) When the output voltage is between 700 mV and 930 mV.
Table 10.3 LP-TX AC Specifications
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The Electronic Characteristics of Receiver (RX)
This part includes two parts which Low-Power RX and High-Speed RX. Because they have

differential DC and AC characteristic, first to describe LP-RX then describe HS-RX.

Low-Power Receiver (RX)
The low power receiver is an un-terminated, single-ended receiver circuit. The LP receiver is used to
detect the Low-Power state on each pin. For high robustness, the LP receiver shall filter out noise
pulses and RF interference. It is recommended the implementer optimize the LP receiver design for
low power. The LP receiver shall reject any input glitch when the glitch is smaller than eSPIKE. The
filter shall allow pulses wider than TMIN to propagate through the LP receiver. The Figure 10.9
shows Input Glitch Rejection of Low-Power RX. In addition, under tables list DC and AC
characteristic for LP-RX

2*TLPX
:4

| TMIN-RX |
| I

OUTPUT

Figure. 10.9 Input Glitch Rejections of Low-Power Receivers

JD9855

Parameter Description Min. Typ. Max. Unit Note
Viy Logic 1 input threshold 880 - - mV -
Vi Logic O input threshold, not in ULP i - 550 my i
state
Table 10.4 LP-RX DC Specifications
Parameter Description Min. Typ. Max. Unit Note
€spikE Input pulse rejection - - 300 V.ps 1,2,3
Tvin Minimum pulse width response 20 - - ns 4
VinT Peak-to-peak interference voltage - - 200 mV -
fint Interference frequency 450 - - MHz -

Note: (1) Time-voltage integration of a spike above VIL when being in LP-0 state or below VIH when being in LP-1 state

(2) An impulse less than this will not change the receiver state.

(3) In addition to the required glitch rejection, implementers shall ensure rejection of known RF-interferers.

(4) An input pulse greater than this shall toggle the output.
Table 10.5 LP-RX AC Specifications
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Line Contention Detection
Contention can be inferred by following conditions:
1. Detect an LP high fault when the LP transmitter is driving high and the pin voltage is less than VIL.

2. Detect an LP low fault shall be detected when the LP transmitter is driving low and the pad pin
voltage is greater than VIHCD.

Parameter Description Min. Typ. Max. Unit Note
VincD Logic 1 contention threshold 450 - - mV -
Viicp Logic 0 contention threshold - - 200 mV -

Table 10.6  Contention Detector DC Specifications

High-Speed Receiver (RX)
The HS receiver is a differential line receiver. It contains a switch-able parallel input termination, ZID,

between the positive input pin Dp and the negative input pin Dn. Under Tables list DC and AC
characteristic for HS-RX.

Parameter Description Min. | Typ. | Max. Unit Note
VeMRXDC Common-mode voltage HS receive mode 70 - 330 mV (1),(2)
ViotH Differential input high threshold - - 70 mV -
ViorL Differential input low threshold -70 - - mV -
ViHHs Single-ended input high voltage - - 460 mV (1)
ViLHs Single-ended input low voltage -40 - - mV (1)
Zp Differential input impedance 80 100 125 Q -

Note: (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-mode level tolerance and variations below 450MHz

Table 10.7 HS Receiver DC Specifications

Parameter Description Min. | Typ. | Max. Unit Note
AVeurxnr | Common mode interference beyond 250 MHz - - 100 | mVpp (1)
Ccm Common mode termination - - 60 pF (2)

Note: (1) AVCMRX(HF) is the peak amplitude of a sine wave superimposed on the receiver inputs.
(2) For higher bit rates a 14pF capacitor will be needed to meet the common-mode return loss specification.

Table 10.8 HS Receiver AC Specifications
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High-Speed Data-Clock Timing

This section specifies the required timings on the high-speed signaling interface independent of the
electrical characteristics of the signal. The PHY is a source synchronous interface in the Forward
direction. In either the Forward or Reverse signaling modes there shall be only one clock source. In
the Reverse direction, Clock is sent in the Forward direction and one of four possible edges is used
to launch the data.

The Master side of the Link shall send a differential clock signal to the Slave side to be used for data
sampling. This signal shall be a DDR (half-rate) clock and shall have one transition per data bit time.
All timing relationships required for correct data sampling are defined relative to the clock transitions.
Therefore, implementations may use frequency spreading modulation on the clock to reduce EMI.
The DDR clock signal shall maintain a quadrature phase relationship to the data signal. Data shall
be sampled on both the rising and falling edges of the Clock signal. The term “rising edge” means
“rising edge of the differential signal, i.e. CLKP — CLKN, and similarly for “falling edge”. Therefore,
the period of the Clock signal shall be the sum of two successive instantaneous data bit times. This
relationship is shown in Figure 10.10.

CLKP

CLKN

.q— 1DataBitTime=1Ul _yiq  1DataBitTime=1Ul _y,;
Ulinst(1) : UlinsT(2)

:q——— 1 DDR Clock Period = Ulinst(1) + UlinsT(2) ————»

Figure. 10.10 DDR Clock Definition

The same clock source is used to generate the DDR Clock and launch the serial data. Since the
Clock and Data signals propagate together over a channel of specified skew, the Clock may be used
directly to sample the Data lines in the receiver. Such a system can accommodate large
instantaneous variations in UL.

The allowed instantaneous Ul variation can cause large, instantaneous data rate variations.
Therefore, devices shall either accommodate these instantaneous variations with appropriate FIFO
logic outside of the PHY or provide an accurate clock source to the Lane Module to eliminate these
instantaneous variations.

The UIINST specifications for the Clock signal are summarized in following Table.

Parameter Symbol Min. Typ. Max. Unit Note
Ul instantaneous Ulinst - - 125 ns (1)(’3()2)’

Note: (1) This value corresponds to a minimum 80 Mbps data rate.
(2)The minimum Ul shall not be violated for any single bit period, i.e., any DDR half cycle within a data burst.
(3) Maximum total bit rate is 250Mbps/per lane @ 1 data lane 24-bit data format.
Table 10.9 Reverse HS Data Transmission Timing Parameters
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The timing relationship of the DDR Clock differential signal to the Data differential signal is shown in
Figure 10.11 Data is launched in a quadrature relationship to the clock such that the Clock signal
edge may be used directly by the receiver to sample the received data.

The transmitter shall ensure that a rising edge of the DDR clock is sent during the first payload bit of
a transmission burst such that the first payload bit can be sampled by the receiver on the rising clock
edge, the second bit can be sampled on the falling edge, and all following bits can be sampled on
alternating rising and falling edges.

All timing values are measured with respect to the actual observed crossing of the Clock differential
signal. The effects due to variations in this level are included in the clock to data timing budget.
Receiver input offset and threshold effects shall be accounted as part of the receiver setup and hold
parameters.

Reference Time

(— Tsetup—><— TroLo—>|
|
\
0.5U|nsT+
Tskew
CP
\
|
CN
1 Ulinst ‘
|
R
Teikp |

Figure. 10.11 Data to Clock Timing Definitions
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Data-Clock Timing Specifications

JD9855

The Data-Clock timing specifications are shown in Table 10.10. Implementers shall specify a value
Ulnstmin that represents the minimum instantaneous Ul possible within a High-Speed data transfer
for a given implementation. Parameters in Table 10.10 are specified as a part of this value. The
setup and hold times, Tsgruprx; @and Tholprx, respectively, describe the timing relationships
between the data and clock signals. Tsetupry is the minimum time that data shall be present before
a rising or falling clock edge and TyoLpRrx iS the minimum time that data shall remain in its current
state after a rising or falling clock edge. The timing budget specifications for a receiver shall
represent the minimum variations observable at the receiver for which the receiver will operate at
the maximum specified acceptable bit error rate.
The intent in the timing budget is to leave 0.4*Ul\ysT, i.€. £0.2*Ul st for degradation contributed by

the interconnect.

Parameter Symbol Min. Typ. Max. Unit Note
Data to Clock Setup Time [RX] TseTuPRX] 0.15 - - UIINST 1
Clock to Data Hold Time [RX] ThoLoRrx 0.15 - - UIINST 1
Note: (1) Total setup and hold window for receiver of 0.3*UIINST
Table 10.10 Data to Clock Timing Specifications
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Burst Mode Data Transmission

CLK

JD9855
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Figure. 10.12 High-Speed Data Transmission in Bursts
Parameter Description Min Typ Max UNIT
Tipx Transmitted length of any Low-Power state period 50 - - ns
THs-PREPARE Time that the transmitter drives the Data Lane LP-00
Line state immediately before the HS-0 Line state| 40 + 4*Ul - 85 + 6*UlI ns
starting the HS transmission
Tus-prepare H|Ths.prepare + time that the transmitter drives the
. - 145 + 10*UI - - ns
Ths-zErRO HS-0 state prior to transmitting the Sync sequence.
To-TERM-EN Time for the Data Lane receiver to enable the HS line
- 1or - - 35 + 4*UlI ns
termination.
Tus-SETTLE Time interval during which the HS receiver shall 145 +
. i 85 + 6*UlI - ns
ignore any Data Lane HS transitions. 10*UI
THs-TRAIL Time that the transmitter drives the flipped differential
state after last payload data bit of a HS transmission| Max( n*8*Ul, ] ) ns
burst 60+n*4*UI)
Tus-ExiT Time that the transmitter drives LP-11 following a HS 100
- - ns
burst.
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Figure. 10.13 Switching the Clock Lane between Clock Transmission and Low-Power Mode

Parameter Description Min Typ Max UNIT
TeLk-POST Time that the transmitter continues to send HS clock
after the last associated Data Lane has transitioned to|gg + 52+ } } ns
LP Mode.
TcLk-PRE Time that the HS clock shall be driven by the
transmitter prior to any associated Data Lane 8*Ul - - ns
beginning the transition from LP to HS mode.
Tcik-prepare | Time that the transmitter drives the Clock Lane LP-00
Line state immediately before the HS-0 Line state 38 - 95 ns
starting the HS transmission.
Teik-prerare +|TcLk-prerare + time that the transmitter drives the HS-0
TeLkzERO state prior to starting the Clock. 300 - - ns
Tok-termen | Time for the Clock Lane receiver to enable the HS line
termination. - - 38 ns
TeLk-TRAIL Time that the transmitter drives the HS-0 state after the 60
- - ns
last payload clock bit of a HS transmission burst.
Tus-ExiT Time that the transmitter drives LP-11 following a HS
burst. 100 - - ns
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10.3.7. Timings for DSI Video mode

Vertical Timings

JD9855

VS

-
s JUUTTUITYUITUL,

|
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VBK iy VDISP R
< L} >
DE [ ]
VFP VS VBP VFP
DBJ[23:0]
DSIVideOBVBHBHBHBHB BHB BHBHBVB
Packets PngPgPSPgP RGB date pg RS ngpgp
Figure. 10.14 Vertical Timings for DSI Video mode I/F
Resolution=360x390 (TA=25°C, IOVCC=1.8V, VCI=2.8V)
Iltem Symbol |Condition Min. Typ. Max. Unit
Vertical low pulse width VS - 2 - - Line
Vertical front porch VEP - 2 - - Line
Vertical back porch VBP - 2 - - Line
Vertical blanking period VBK VS+VBP+VFP 6 - - Line
Vertical active area VDISP |- - 390 - Line
Vertical Refresh rate VRR - - 60 70 Hz
Table 10.11 Vertical Timings for RGB I/F
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Horizontal Timings
HFP HS HBP| HFP
HS
P HDISP _
DE |
DB[23:0] Invalid data Valid data Invalid data
PCLK |—| |—| s |—| |— |-||—
(PCLK depend on DSI ]4 J_ ﬂj
clock and data lanes) L
DSI Packets BP |uss|l BP Packed Pixel Stream Br |Hssl BP
(24-bit RGB)
Figure. 10.15Horizontal Timing for DSI Video mode I/F
Resolution=360x390 (TA=25°C, IOVCC=1.8V, VCI=2.8V)
Iltem Symbol Condition Min. |[Typ. |Max. |Unit
HS low pulse width HS - 100 - - ns
Horizontal back porch HBP - 300 - - ns
Horizontal front porch HFP - 800 - - ns
Horizontal blanking period HBLK HS+HBP+HFP - 159 | - us
Horizontal active area HDISP 360 pixels - 60® - us
Note: 1.Below time limitation will apply in all DSI speed range.
(1) HS + HBP >= 700 ns.
(2) HFP >= 800 ns.
2. Base on frame rate = 60 Hz,
(1) VS=2,VBP =2 and VFP = 2.
(2) PCLK = 6 MHz
Table 10.12 Horizontal Timings for DSI Video mode I/F
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10.3.8. Reset Input Timing

Shorter than 5us
tRW
RESX I
< RT >
Internal Status Normal Operation X Resetting ﬁ (Defaut for P reset)
Figure. 10.16 Reset input timings

Symbol Parameter R?)li?]tsd Min. Max. Unit

trw Reset pulse width® RESX 10 - Hs

- - B ms

trr Reset complete time® (Ni);% 5)
i i (Note 6, 7) ms

Note: (1) The reset complete time also required time for loading ID bytes from OTP to registers. This loading is done
every time when there is HW reset cancel time (tRT) within 5 ms after a rising edge of RESX.
(2) 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 5 ps Reset Rejected
Longer than 10 ps Reset
Between 5 ps and 10 ys | Reset Start

(3) 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 returns to Default condition for H/W reset.

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

Reset 1s accepted

10us

N
f¢

N " st o o
e —

Less than 20ns width positive spike will be rejected.

(5) When Reset is applied during Sleep In Mode.

(6) When Reset is applied during Sleep Out Mode.

(7) It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command
cannot be sent for 120msec.
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