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1 DESCRIPTION

LDS285 is a single chip low power CMOS LCD controller/driver for color TFT-LCD displays of 320 gates
and 240xRGB columns. It has a 1.84M-bit (240 x 24bit x 320) display RAM and a full set of control functions.
LDS285 offers 10 kinds microprocessor interfaces: 8080-system (8-bit, 9-bit, 16-bit, 18-bit), 6800-system
(8-hit, 9-bit, 16-bit, 18-bit) and serial (3-pin or 4-pin). It also supplies 24-bit or 8-bit RGB interface for driving
Video signal directly from controller.

2 FEATURES

Q Single chip TFT-LCD controller/driver
a Outputs:
- 720 source outputs (240 x RGB)
- 320 gate outputs
- Common electrode output
o Display mode (Color modes):
- Full colors (Idle mode off): 16M-colors,262K-colors
- Reduced color (Idle mode on): 8-colors (3-bit binary mode)
O Interface mode (Color modes on the display host interface):
- 24 bit/pixel: (RGB) = (888) using the 1.84M-bit frame memory directly
- 18 bit/pixel: (RGB) = (666) using the 1.84M-bit frame memory with 256k-colors

Q Display Data RAM (DDRAM): 240 x 320 x 24-bit = 1.84M bit
a MPU Interfaces:

- 3-pin or 4-pin serial interface

- 8-bit, 9-bit, 16-bit, 18-bit interface with 8080-series MPU

- 8-bit, 9-bit, 16-bit, 18-bit interface with 6800-series MPU
- 24-bit or 8-bit RGB interface with graphic controller

a Display features

- Partial display mode
- Software programmable color depth mode
- N-line inversion for low cross talk

Q On chip:

- DC/DC converter

- Adjusted VCOM generation by MTP

- Oscillator for display clock generation.

- One set of 4 gamma curves with micro-adjustment points
- Temperature compensation for display quality

Q Driving algorithm:
- Line inversion, frame inversion

2
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U 1/0 supply voltage range.
1.65to 3.3V
U Optional logic supply voltage range

VDD1 to VSS1 (when PSEL=Low): 1.65 to 1.95V
VDDL1 to VSS1 (when PSEL=High): 1.95 to VDD2

Q Analog supply voltage range VDD2 to VSS2:
2.3t03.3V

Q Output voltage levels:
- Source output voltage range VS to VSS2: 3.0t0 6.0 V
- Common electrode output voltage range Vcom amplitude (max) = 5.5V
- VVcomH output voltage range VcomH to VSS2 2.0 to 5.0V
- VcomL output voltage range VcomL to VSS2 -2.0 to 1.0V
- Positive Gate output voltage range: +12.0 to +16.0 VV when VR=4
- Negative Gate output voltage range: -8.0 to —-12.0 V when VR=4
Low power consumption, suitable for battery operated systems
CMOS compatible inputs
Optimized layout for COG assembly
Temperature range: -30 ~ 70°C (to +85°C no damage)
Support DBC(Dynamic Backlight Control) function and ALS(Ambient light sensing )Function
Support normal black / normal white LCD
Support wide view angle display

000000 ao
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4 PIN DESCRIPTION

Table 4.1.1 Pin Description

Name | Type | Description

Driver output pins

S1to S720 (0] Source driver output pins.

Glto G320 (0] Gate driver output pins.

Power supply pins
1/0 power voltage level selection pin.
When PSEL="VSS2": I/O signal voltage should be less than 1.95V and in this case,
VDD1_10 and VDD1 should be connected together and external power for 1/O

PSEL | system should be supplied to those pins ( VDD1_10 and VDD1)
When PSEL="VDD2": I/O signal voltage should be larger than 1.95V and in this
case, VDD1_I|O and VDD1 should not be connected together and external power for
I/0 system should be supplied to VDD1_10O and VDD1 should have stabilization
capacitor (about 2.2uF) to VSS.
Power supply for I/O circuit system.

VDDL_I10 P (Refer PSEL pin description)

VDD1, p Power supply for logic system.

VDD1_R (Refer PSEL pin description)

VDD2, p Power supply for analog system and boosting input voltage. 2.3V~3.3V supported.

VDD2_DC All VDD2 and VDD2_DC pins must be externally connected.

VSS1, . oo

VSS1 R System ground for logic and analog circuits.

VSSZ_ ' P All VSS1,VSS1 R and VSS2,VSS2_DC pins MUST be externally connected to
system ground.

VSS2 DC
Dummy VDD1_|O power output pin.

D_VDD10 PO It can be used to fix some input pins to “H” level and must be left open if not used.

D VSS1 PO Dummy VSS1 povyer outpgt pin. . . .

- It can be used to fix some input pins to “L” level and must be left open if not used.

MACRO EEPROM write - erase power.

ME_CMP P [When you write on internal EEPROM you must provide power through this pin and it
must be left open when you do not write on EEPROM.
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Pin Description (continued)

Name | Type |Description

LCD supply voltage generation (DC-DC converter and Regulator)

ClP to I/O | Capacitor connection pins for booster circuits.
C6P, C1M

to C6M

AVDD o Output of booster circuit (2*VDD2 or 3*VREG_DC).

Connect capacitor to VSS (GND)

1* booster reference voltage

VDC1 | Using VS<4.2V , VDC1 and VDD2_DC should be connected together
Using VS>4.2V , VDC1 and VREG_DC should be connected together
Output of the VREG_DC regulator

VREG_DC o] Connect capacitor between VREG_DC and system ground (GND).
Using VS>4.2V , VDC1 and VREG_DC should be connected together
Output of the VR regulator.

Connect capacitor between VR and system ground (GND).

Output of the VS regulator. All VS pads in left side and right side must be connected
VS @) together by external metal layer for lower resistance.

Connect stabilizing capacitor between VS and system ground (GND).
Positive reference voltage for gate driver circuits (3*VR or 4*VR).

VR O

VGH © Please refer to the 5.9.2 Various Boosting Steps for details

VGL o Negative reference voltage f<_)r gate drivgr circuits (-2*VR o_r -3*VR).
Please refer to the 5.9.2 Various Boosting Steps for details

VCL o] Negative voltage output of booster circuits for VCOM (-1*VDD2)

VCOMH o Positive voltage output of VCOM.

VCOML @] Negative voltage output of VCOM.

VCOM o Common output signal.

The swing voltage level is VCOML to VCOMH.

6
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240 (RGB) x 320 16M-Color TFT Driver

Pin Description (continued)

Name

| Type |Description

Host interface pins

P68,BS2,BS1,
BSO

Interface mode setting (Please refer to the section 5.1).
In the serial interface mode, RGB interface mode can be used by “ENABLE” pin.

RESB

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

CSB (ISCE)

Chip select input pin (“Low” enable). This pin can be permanently fixed “Low” in
parallel interface mode only.

If CSB is connected to ground in Parallel interface mode, there will be no abnormal
visible effect to the display module. Also there will be no restriction on using the
Parallel Read/Write protocols, Power On/Off Sequences or other functions.
Furthermore there will be no influence to the Power Consumption of the display
module.

D/IC(SCL)

Display data / Command selection pin in parallel interface.
In serial I/F, this is used SCL.
If not used, please connect to ground or VDD1_10 this pin.

WRB (RW)
(DIIC)

Write enable in 8080-series parallel interface.

Read write selection in 6800-series parallel interface.

In serial I/F, this is used D/!C for 4-line serial.

If not used, please connect to ground or VDD1_10 this pin.

RDB (E)

Read enable in 8080-series parallel interface.
Read/write enable in 6800-series parallel interface.
If not used, please connect to ground or VDD1_1O this pin.

TE

Tearing effect output.
If not used, please open this pin.

D23to D8,
D7 to DO

I/O

18-Bit bi-directional display data bus for parallel interface with MPU.
16-Bit bi-directional display data bus for parallel interface with MPU.
9-Bit bi-directional display data bus for 9-bit parallel interface.

8-Bit bi-directional display data bus for 8-bit parallel interface.

8-Bit command bus for 18-bit, 16-bit, 9-bit and 8-bit parallel interface.

In 8-bit parallel, D7 to DO are used and the others (D23 to D8) should be connected to
VSS1.

In 9-bit parallel, D8 to DO are used and the others (D23 to D9) should be connected to
VSS1.

In 16-bit parallel, D23 to D16 are not used and should be connected to VSS1.
In 18-bit parallel, D23 to D18 are not used and should be connected to VSS1.

In serial interface, D23 to D1 are not used and should be let open or connected to
VSS1.

In only RGB interface, D23 to D18 are used.
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Pin Description (continued)

Name | Type |Description
Mode Select
SRGB I Module RGB order select pin. (Refer section 8.2)
SINV I Source output data polarity select pin. (SINV=H: Data reverse) (Refer section 8.2)
SMX I Module Source output direction select pin. (Refer section 8.2)
SMY I Module Gate output direction select pin. (Refer section 8.2)
Enable pin for extended command set and test command set.
EXTC | To use extended command set and test command set (such as EEPROM WRITE),

please connect this pin to VDD1_|O. During normal operation, please open this pin.
(Internal Rpull-down=15K)
Enable pin for extended command set.

To use extended command and normal command sets only, please connect this to
TGS VSS1 and make EXTC connected to VSS1 or open. ( The test commands can not be
used and are treated as NOPs).

To use normal command set only, please connect this to VDD1 and open EXTC.

LED_Control

Back-light control output.

LED_CNT o If not used, please open this pin

8
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Pin Description (continued)

Name | Type |Description
Clock input and RGB interface
e | Oscillator input for test purpos_e. _
If not used, please connect this pin to VSS1
Vertical sync input for RGB interface.
VSYNC | It used as a start pulse input for the gate driver circuits.
If not used, please connect this pin to VSS1.
Horizontal sync input for RGB interface.
HSYNC I It used as a start pulse input to receive the valid data for the source driver circuits.
If not used, please connect this pin to VSS1.
Pixel data clock input for RGB interface.
DCK | When .the RGB interface i; ysed, the dot c[ock is input. 'Ifhe.RGB data of VD17 to
VDO pins are read at the rising edge or falling edge of this signal.
If not used, please connect this pin to VSS1.
RGB interface enable pin.
ENABLE I This pin is used for the RGB data enable signal when RGB interface is used.
If not used, please connect this pin to VSS1.
LSB of RGB interface data bus.
VDO | Sisr;%e D23~D1 are shared between RGB interface and parallel interface, only VDO is
If not used, please connect these pins to VSS1.
VSYNCO 0 RGB interface vertical syncj‘ ou'tput for RGB interface.
If not used, please open this pin.
Test pins
PADAO Pins for display glass break detectipn.
PADBO I Refer to the section 5.14.4 for details.
If not used, please open these pins.
Eﬁgﬁi to Pins for chip attaphment detection..
PADBL to I Refer to the section 5.14.3 for dgtalls.
PADB4 If not used, please open these pins.
Test input pin. Free Running Mode test.
FRM | You can use this pin when you do reliability test for your panel.
If not used, please open this pin (Internal Rpull-down=15KQ).
TEST1 O | Test pin, not accessible to user must be left open.
TEST2 I Test pin, not accessible to user must be left open.
TEST3 I Test pin, not accessible to user must be left open.
TEST4 O [Test pin, not accessible to user must be left open.
Dummy pins.
Dummy i These pins can be used for ITO routing.

NOTE: DUMMY - These pins should be open (float).
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5 FUNCTIONAL DESCRIPTION
5.1 MPUINTERFACE

LDS285 can interface with MPU at high speed. However, if the interface cycle time is faster than the limit,
MPU needs to have dummy wait(s) to meet the cycle time limit.
5.1.1 |Interface Type Selection

The selection of a given interfaces are done by setting P68, BS2, BS1 and BSO0 pins as shown in Table 5.1.1 and
Table 5.1.2.

Table 5.1.1 Interface Type Selection

P68 [BS1|BS1|BSO0 |Interface Read back select

3-Pin Serial Interface Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
8080 MPU 8-bit Parallel |RDB strobe (8-bit read data and 8-bit read parameter)

8080 MPU 16-bit Parallel |RDB strobe (16-bit read data and 16-bit read parameter)

8080 MPU 9-bit Parallel |RDB strobe (9-bit read data and 8-bit read parameter)

8080 MPU 18-bit Parallel |RDB strobe (18-bit read data and 16-bit read parameter)

4-Pin Serial Interface Via the read instruction (8-bit, 24-bit and 32-bit read parameter)
6800 MPU 8-bit Parallel |E strobe (8-bit read data and 8-bit read parameter)

6800 MPU 16-bit Parallel |E strobe (16-bit read data and 16-bit read parameter)

6800 MPU 9-bit Parallel |E strobe (9-bit read data and 8-bit read parameter)

6800 MPU 18-hit Parallel |E strobe (18-bit read data and 16-bit read parameter)

RPlr|k|k|l+|ojlojo|lo|o
Rlr|o|lololr|r|lololo
Rlo|r|lololr|o|r|lolo
o|o|r|r|lojo|o|r|r|o

Table 5.1.2  Pin Connection according to the Interface Type

P68 |BS2|BS1|BSO0 |Interface RDB |WRB| DC |D23-D0O

0 0 0 0 |3-Pin Serial Interface *1) | *1) | SCL |*1) D23-D1: Unused, DO: SDA

0 0 0 1 |8080 MPU 8-bit Parallel | RDB |WRB| DC |*1) D23-D8: Unused, D7-DO0: 8-bit Data

0 0 1 1 |8080 MPU 16-bit Parallel | RDB |WRB| DC |*1) D23-D16: Unused, D15-D0: 16-bit Data
0 1 0 0 |8080 MPU 9-bit Parallel | RDB |WRB| DC |*1) D23-D9: Unused, D8-DO0: 9-bit Data

0 1 1 0 |8080 MPU 18-bit Parallel | RDB |WRB| DC |*1) D23-D18: Unused, D17-DO0: 18-bit Data
1 0 0 0 |4-Pin Serial Interface *1) | DC | SCL |*1) D23-D1: Unused, DO: SDA

1 0 0 1 [6800 MPU 8-bit Parallel E | RW | DC |*1) D23-D8: Unused, D7-D0: 8-bit Data

1 0 1 1 |6800 MPU 16-hit Parallel E RW | DC |*1) D23-D16: Unused, D15-D0: 16-bit Data
1 1 0 0 |6800 MPU 9-bit Parallel E RW | DC |*1) D23-D9: Unused, D8-DO: 9-bit Data

1 1 1 0 [6800 MPU 18-bit Parallel E RW | DC |*1) D23-D18: Unused, D17-D0: 18-bit Data

NOTE: 1) Unused pins can be open, connected to VSS1
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5.1.2 General Protocol
For programming of the LCD driver, the general supported protocol is shown in Fig. 5.1.1
@<TBXTBXTBXTBX XTBXTB@
S: Start data tranamission
P: Stop data tranamission
TB: tranamission byte
Fig.5.1.1  Programming protocol
If data write or parameter write is interrupted by any other command, data write command or parameter write
command should be done again to write the remained data or parameter.
Command1 code (with 3 parameter)
CMD1 |+ PARA11l | PARA12 —{ PARA13
Command1l code is interrupped by command?2
CMD1 (— PARA1l1|— CMD2 (— CMD1 |— PARAll 4 PARA12 [ {PARA13 | --»
< Commandl with 1% parameter (PARA11) should g
be executed again to write remained parameter
(PARA12 and PARA13)
Fig.5.1.2  Write interrupt sequence
11
LEADIS Technology CONFIDENTIAL




240 (RGB) x 320 16M-Color TFT Driver
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The 8080-series bi-directional interface can be used for communication between the micro controller and the
LCD driver chip. The selection of this interface is done when P68 pin is “L” state (VSS1). Interface bus width

can be selected with BS2, BS1 and BSO0.

The interface functions of the parallel interface (8080-series) are given in Table 5.1.3.

Table 5.1.3  Parallel Interface Function (8080-series, P68="L")
BS2 | BS1 | BSO | Interface | DC 8080-series Function
RDB | WRB
1 1 0 Write 8-bit display data or 8-bit parameter (D7 to DO)
0 0 1 ~ 8-bit 0 1 t Write 8-bit command (D7 to DO)
interface | 1 T 1 Read 8-bit display data (D7 to DO)
1 T 1 *1) Read 8-bit parameter or status (D7 to DO)
1 1 2 Wri'te 16-bit display data (D15 to DO) or
16-bit 8-bit parameter (D7 to DO)
0 1 1 interface 0 1 t Write 8-bit command (D7 to DO)
1 T 1 Read 16-bit display data (D15 to D0)
1 T 1 *1) Read 8-bit parameter or status (D7 to DO)
Write 9-bit display data(D8 to DO) or 8-bit parameter (D7
1 1 T to DO)
1 0 0 ~ 9-bit 0 1 t Write 8-bit command (D7 to DO)
interface ™y 1 | Read 9-bit display data (D8 to DO)
1 1) 1 *1) Read 8-bit parameter or status (D7 to DO)
1 1 2 Wri.te 18-bit display data (D17 to DO) or
18-bit 8-bit parameter (D7 to DO)
1 1 0 interface 0 1 0 Write 8-bit command (D7 to DO)
1 T 1 Read 18-bit display data (D17 to DO)
1 T 1 *1) Read 8-bit parameter or status (D7 to DO)

NOTE: “ 7"= rising edge

*1) Applied for command code: DAh, DBh, DCh, OAh, 0Bh, OCh, 0Dh, OEh, OFh, 04h and 09h
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The parallel interface timing diagram is given in Fig. 5.1.3 and Fig. 5.1.4.

1-byte command

2-byte command n-byte command (number of parameter = n-1)
>N L LY yd
- L ) L)

cMp X cMD X PA1 X CMD X PA: X PAn2XPAns

T
~—

CSB

DC

(s)
]
]
RDB l
—
D

5
mm%rr7

WRB | | | I

D[K:0] CMD CMDX PA CMD X PA | XPAn.ZXPAn.l

Host D[K:0]

(MPU to LCD) CMD CMDX PA1 CMD X PA XPAn-ZXPAn-l

Driver D[K:0] Hi-Z

(LCD to MPU) P
CMD: Write command code - -
PA: Write parameter or RAM data Signals on D[K:0], DC, RDB and WRB pins

[K:0] : K means the used data bus. Refer to table 5.1.3 |during CSB="H"are ignored.

Fig.5.1.3  8080-Series parallel bus protocol, write to register or display DDRAM
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Read parameter Read display RAM data
< — €

<

CMDX DM X PA CMDX DM XDataX

@)
2
Q
T
~—

CSB

DC

RDB —LT_U_—LT_I_T— .................... _|_T_
WRB u

L @

DIK:O)] | XcwmD XoMm H pra H cvD YoM H PA Ml
Host D[K:0] —\ i .
(MPU to LCD) __A CMD ) iR CMD ) Hi-Z

Driver D[K:0] Hi-z Hi-Z Hi-Z
T R T g T Oy e
CMD: Write command code

PA: Write parameter or RAM data Signals on D[K:0], DC, RDB and WRB pins
[K:0] : K means the used data bus. Refer to table 5.1.3 during CSB="H" are ignored.

J U
2
B
2
B
g
N AA A

Fig.5.1.4 8080-Series parallel bus protocol, read from register
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5.1.4 6800-Series Parallel Interface (P68 = "H")

The 6800-series bi-directional interface can be used for communication between the micro controller and the
LCD driver chip. The selection of this interface is done when P68 pin is “H” state (VDDZ1_lO). Interface bus
width can be selected with BS2, BS1 and BSO.

The interface functions of the parallel interface (6800-series) are given in Table 5.1.4.

Table 5.1.4 Parallel Interface Function (6800-series, P68="H")

BS2 | BS1 | BSO | Interface | DC 0800-series Function
RW E
1 0 J Write 8-bit display data or 8-bit parameter (D7 to DO)
0 0 . | st 0 0 { | Write 8-bit command (D7 to DO)
interface | 1 1 ! | Read 8-bit display data (D7 to DO)
1 1 2 *1) Read 8-bit parameter or status (D7 to DO)
1 0 ! Wri.te 16-bit display data (D15 to DO) or
16-bit 8-bit parameter (D7 to DO)
0 1 1 | interface | 0 0 d | Write 8-bit command (D7 to DO)
1 1 2 Read 16-bit display data (D15 to DO)
1 1 2 *1) Read 8-bit parameter or status (D7 to DO)
1 0 ! Write 9-bit display(D8 to DO0) data or 8-bit parameter
(D7 to DO)
1 0 o | 9bi 0 0 { | Write 8-bit command (D7 to DO)
interface 1 1 J Read 9-bit display data (D8 to DO)
1 1 2 *1) Read 8-bit parameter or status (D7 to DO)
1 0 ! Wri.te 18-bit display data (D17 to DO) or
18-bit 8-bit parameter (D7 to DO)
1 1 0 interface | O 0 2 Write 8-bit command (D7 to DO)
1 1 J Read 18-bit display data (D17 to DO)
1 1 2 *1) Read 8-bit parameter or status (D7 to DO)

NOTE: “¥”= falling edge
*1) Applied for command code: DAh, DBh, DCh, 0Ah, 0Bh, 0Ch, 0Dh, OEh, OFh, 04h and 09h

15
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The parallel interface timing diagram is given in Fig. 5.1.5 and Fig. 5.1.6.

1-byte command

2-byte command n-byte command (number of parameter = n-1)
>N L LQyd
- L ) L)

cmMp X cMD X PA1 X CMD X PA: X PAn2XPAR

T
~—

CSB

DC

O
n
n
RW B
|

<~ =

: BRSNS

D[K:O] CMD CMDX PA 1 CMD X PA 1 XPAn.zXPAn.l

Host D[K:0]

(MPU to LCD) CMD CMDX PA 1 CMD X PA 1 XPAn-ZXPAn-l

Driver D[K:0] Hi-Z

(LCD to MPU) 2
CMD: Write command code - - -
PA: Write parameter or RAM data Signals on D[K:0], DC, RW and E pins during

[K:0] : K means the used data bus. Refer to table 5.1.4  |CSB="H"are ignored.

Fig.5.1.5  6800-Series parallel bus protocol, write to register or display DDRAM
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Read parameter Read display RAM data
< — €

<

CMDX DM X PA CMDX DM XDataX :>< Data

CSB

DC

@

| I
RW ] |

L L

~AA [

; 0 I S [
TR CT) D () Y D S ) = e oy S
Host D[K:0] —\ i- .

(MPU to LCD) D cmp —2 CMD ) Hi-Z C
Driver D[K:0] . . -

(Lo to MUy | 2 ~{omy~pay—+1Z—(ov)y—(pa)-HZ (e

CMD: Write command code
PA: Write parameter or RAM data
[K:0] : K means the used data bus. Refer to table 5.1.3

™S

Signals on D[K:0], DC, RDB and WRB pins
during CSB="H" are ignored.

Fig.5.1.6 6800-Series parallel bus protocol, read from register
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5.1.5 Serial Interface

Communication with the microprocessor can also be done via a clock-synchronized serial peripheral interface.

The selection of this interface is done when all of BS2, BS1 and BSO are “L” state (VSS1).

The serial interface is a 3-pin or 4-pin bi-directional interface for communication between the micro controller
and the LCD driver chip. The 3-pin serial use: SCEB (chip enable), SCL (serial clock) and SDA (serial data
input/output) and 4-pin serial use: SCEB (chip enable), DC (data / command select), SCL (serial clock) and
SDA (serial data input/output). Serial clock (SCL) is controlled for interface only by MPU, so it can be
stopped when the communication is not necessary.

5.15.1 Write Mode

The write mode of the interface means the micro controller writes commands and data to the LDS285. 3-Pin
serial data packet contains a control bit DC and a transmission byte and in 4-pin serial case, data packet
contains just transmission byte and control bit DC is transferred by the DC pin. If DC is “L”, the transmission
byte is interpreted as a command byte. If DC is “H”, the transmission byte is stored in the display data RAM
(Memory write command), or command register as a parameter.

Any instruction can be sent in any order to the LDS285. The MSB is transmitted first. The serial interface
circuits are initialized when the SCEB is “H” state. In this initialize state, SCL clock pulse or SDA data inputs
have no effect. A falling edge of SCEB enables the serial interface and indicates the start of data transmission.

3-Line Serial Data Stream Format

Transmission byte (TB) may be a Command or a Data
A

I Y
MSB LSB
| oc |p7|p6|p5|p4|D3|D2|D1| DO

‘DC‘ B |DC‘ B |DC‘ B oo

4-Line Serial Data Stream Format

Transmission byte (TB) may be a Command or a Data
A

I )
MSB LSB

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

‘IIITBIII|IIITB TB voe

Fig.5.1.7 Serial data stream, write mode

When SCEB is “H” state, SCL clock is ignored. During the high time of SCEB the serial interface is
initialized. At the falling SCEB edge, SCL can be high or low (see Fig 5.1.8). SDA is sampled at the rising edge
of SCL. DC indicates, whether the byte is command code (DC=0) or parameter/DDRAM data (DC=1). It is
sampled when first rising SCL edge (3-line serial interface) or 8" rising SCLK edge (4-line serial interface). If
SCEB stays low after the last bit of command/data byte, the serial interface expects the DC bit (3-line serial
interface) or D7 (4-line serial interface) of the next byte at the next rising edge of SCL.
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1) 3-Pin Serial Interface Protocol
/N
(80 ® \_/ 8
SCEB —|
ost {se - fIFLALFLAL AL ALALLALFLALLS
(MPU to
Driver)
COHERREEEEE
BOOOOOCCOOEETO000000C
’ Command e — - —p Command / parameter
< » ]
SCEB can be “H" between parameter / command and
parameter / command, but SCL and SDA during SCEB = “H" is
invalid
2) 4-Pin Serial Interface Protocol
@ B i B P
SCEB —| |_
Host SU I L LS
SCL
(MPU to T T
Driver) —
BOCOOCOOOENO0OO0OO0E
D O 000000C Q00000006
—
b () Yok
< Command e — = —pie Command / parameter
SCEB can be “H" between parameter / command and
parameter / command, but SCL and SDA during SCEB = “H" is
invalid
Fig.5.1.8 Serial bus protocol, write to register with control bit in transmission
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5152

Read Mode

The read mode of the interface means that the micro controller reads register value from the LDS285. To do so
the micro controller first has to send a command (Read ID or Read Register command) and then the following
byte is transmitted in the opposite direction. After that, SCEB is required to go high before a new command is
send (see Fig. 5.1.9 and Fig. 5.1.10). The LDS285 samples the SDA (input data) at the rising edges, but shifts
SDA (output data) at the falling SCL edges. Thus the micro controller is supported to read data at the rising

SCL edges.

After the read status command has been sent, the SDA line must be set to tri-state no later than at the falling
SCL edge of the last bit (see Fig. 5.1.9 and Fig. 5.1.10).

SCEB
8! scL
I
SDA
(SDI)
8 [ SDA
& L (SDO)

SCEB
8] scL
I
SDA
(SDI)
8 SDA
o L (Sbo)

3-Pin Serial Protocol (for RDID1/RDID2/RDID3/0Ah/0Bh/0Ch/ODh/OEh/OFh command: 8-bit read)

ELX

B

B

e

:

=

DOOOOO0OOC

High-Z

High-Z

Uy 1L

3-Pin Serial Protocol (for RDDID command: 24-bit read)

NEEEEEEE

/____
{ DC

ELX

B

0

:

-
—/

DCY b7 Y D6

D5 X D4 X D3

High-Z

_ruuuuuuupuuuuuL.

Y
D2 X D1 X DO High-Z ; [ oc
P2 ool KooKzl oof)———
___ Dummy Clock Cycle

3-Pin Serial Protocol (for RDDST command: 32-bit read)

ELX

B

O)

SCEB j rj
gseo ffffte e L 1L
g N R RJRN NN —

1 High-Z —

(SSD[')AI‘) 3 DC Y p7Y D6 Y D5 Y DaX D3 Y D2 X D1 Y PO 9 ( bC
& (SDO)

| Dummy Clock Cycle
Fig.5.1.9 Serial bus protocol, read mode (3-Pin serial interface case)
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4-Pin Serial Protocol (for RDID1/RDID2/RDID3/0Ah/0Bh/0Ch/0Dh/OEh/OFh command: 8-bit read)
(s) T8 Te 9908
SCEB —| |_|
sec TSI TL
[%2]
) oc 0
soa - Yoo o o X
_ - (sD)) '
£{ son D OLOROO:
2t (spo
4-Pin Serial Protocol (for RDDID command: 24-bit read)
(s) ™ & i 90,08
SCEB | | [ ]
Jsen UL Tl 11
) oc )
spA ) (or)(oe)(om) o))} oo} ———1982 ek
_ > (sD _
£{ oo A EEEEC Y EE—
° (SDO) — Dummy Clock Cycle
4-Pin Serial Protocol (for RDDST command: 32-bit read)
O i () i XEEO
(sces || []
sec AU UL LU L L
[%2]
) oc 0
(SSDDAI) 3 D7 X D6 X D5 X D4 X D3 X D2 X D1 DO 1 High-Z @<
BOGGOEN OO0 TS
© - (sbo) L Dummy Clock Cycle
Fig.5.1.10 Serial bus protocol, read mode (4-Pin serial interface case)
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5.1.6 Interface Pause
It will be possible when transferring a Command, DDRAM Data or Multiple Parameter Data to invoke a
pause in the data transmission. If the Chip Select Line (CSB) is released after a whole byte of a DDRAM Data
or Multiple Parameter Data has been completed, then LDS285 will wait and continue the DDRAM Data or
Parameter Data Transmission from the point where it was paused. If the Chip Select Line 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 Line 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
5.1.6.1  Parallel Interface Pause
csB L [ T Rame T
bC X | S XX
RDB
WRB | | | |
D[7:0] XD7 to DOX ____________ XD7 to DOX
Command / Pause Command /
Parameter Parameter
Fig.5.1.11 Parallel bus protocol, write mode — paused by CSB
5.1.6.2  Serial Interface Pause
08 8 X _ 8
SCEB —| Pause
st se T T T LT LI
(MPU to
Driver)
/o \
SN 6 00000000 I O 0000000C
Command / Parameter / Data Command / Parameter / Data
|
| SCL and SDA during CSB = “H" is invalid |
Fig.5.1.12 Serial bus protocol, write mode — paused by SCEB (3-Pin serial case)
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5.1.7 Data Transfer Recovery

If there is a break in data transmission by RESB pulse, while transferring a Command or DDRAM Data or
Multiple Parameter command Data, before Bit DO of the byte has been completed, then LDS285 will reject the
previous bits and have reset the interface such that it will be ready to receive command data again when the
chip select line (SCEB) is next activated after RESB have been High state. See the following example (See Fig.

5.1.13)

If there is a break in data transmission by SCEB pulse, while transferring a Command or DDRAM Data or
Multiple Parameter command Data, before Bit DO of the byte has been completed, then LDS285 will reject the
previous bits and have reset the interface such that it will be ready to receive the same byte re-transmitted

when the chip select line (SCEB) is next activated. See the following example (See Fig. 5.1.14)

Host <

(MPU to
Driver)

SCEB |

(S X X B

X XX

B P

RESB

SCL

SDA

]
=

Command /
Parameter / Data

T L 1T

==

< » Waitifor more than 10us

200000 SN G O000000C

Command

) ;\

becomes command

SCL and SDA during RESB = “L" is invalid and next byte|

Fig.5.1.13 Serial bus protocol, write mode — interrupted by RESB

Host

(MPU to
Driver)

&0

sceB | |

B

SCL | | | | |
D7 @@ D4 ( -----

Pl = = = -

Command /
Parameter /
Data

UL

Command /

Parameter /
Data

Fig.5.1.14

Serial bus protocol, write mode — interrupted by SCEB
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If 1, 2 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
occurred is rejected. The interface is ready to receive next byte as shown in Fig. 5.1.15.

Break PARA11 is sucessfully sended but PARA12
P is breaked and need to be transfered again‘
A

CMD1 | PARALL [ PARALR CMD2 |------- |
|

-+ CMD1 (— PARA1l |—H PARA12 | { PARA13 | —--p

Commandl with 1% parameter (PARA11) should
be executed again to write remained parameter
(PARA12 and PARAL13)

Fig.5.1.15 Write interrupt recovery (serial interface)

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.

PARA11 is sucessfully sent but the other parameters

Break are not sent and break happeds by the other
_command. o

|
CMD1 | PARALL [ CMD2 f=mmm -, .
|

--] CMD1 |— PARA1l — PARA12 (1 PARAL3 [ --»

< >
Commandl with 1% parameter (PARA11) should
be executed again to write remained parameter
(PARA12 and PARA13)

Fig.5.1.16 Write interrupt recovery (both serial and parallel interface)
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5.1.8 Display Module Data Transfer Modes

The Module has two kinds color modes for transferring data to the display RAM. These are 18-bit color per
pixel and 24-bit color per pixel. The data format is described for each interface. Data can be downloaded to the
DDRAM by 2 methods.

518.1

Method 1

The Image data is sent to the DDRAM in successive Frame writes, each time the DDRAM is filled, the

DDRAM pointer is reset to the start point and the next Frame is written.

Start Stop
Start Image Image Image Any
DDRAM Data Data Data Command
Write Frame 1 Frame 2 Frame 3
5.1.8.2 Method 2

Image Data is sent and at the end of each DDRAM download, a command is sent to stop DDRAM Write.
Then Start Memory Write command is sent, and a hew Frame is downloaded.

Start
Start Image Any Start Image Any
DDRAM Data Command | DDRAM Data Command |
Write Frame 1 Write Frame 2
Stop
Any
............................. Command

Note:
1) These apply to all Data Transfer Color modes on both Serial and Parallel interfaces.

2) The DDRAM can contain both odd and even number of pixels for both Methods. Only complete pixel data will
be stored in the DDRAM.
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5.2 DISPLAY DATA RAM (DDRAM)
The LDS285 has an integrated 240x320x24-bit graphic type static RAM. This 1.84M-bit memory allows to
store on-chip a 240xRGBx320 image with an 24-bpp resolution (16M-color).
There will be no abnormal visible effect on the display when there is a simultaneous Panel Read and Interface
Read or write to the same location of the DDRAM.
Display Data RAM Organization
LCD Glass
(240 x 320 X RGB)
E MPU Data Gen. ' Latch
—| ==>| ( Data sum-up N, | Display Data RAM -

V| VF and Expand) :\ (250 xyszo X 24-bit) Line

! H \ Address

! H Counter

H Row >

! Address H

I Counter ' Scan

! H Tve Address

H ! ™ “4 Counter

' Column i

H Address '

! Counter -}—I

| Hostintertace 5
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5.2.1 Display Data Formats

5.2.1.1  Serial Interface Mode (3-Pin serial I/F)

Different display data formats are available for two colors depth supported by the LDS285 listed below.

262k colors, RGB 6-6-6-bits input (see Table 5.2.1)

16M colors, RGB 8-8-8-bits input (see Table 5.2.2)

Table 5.2.1  Write data for RGB 6-6-6-bits input

SDA

LSB Expansion
DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DBJO0]
\4 \ \4 \4 v v v
DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[0] | DBI[5] | DB[4]
L 24-bit
Frame memory
R1|G1|B1|R2|G2|[B2|R3|G3|B3
NOTE: 1 pixel data with the 18-bit color depth information.
The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
27
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Table 5.2.2 Write data for RGB 8-8-8-bits input
SDA

24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

NOTE: 1 pixel data with the 24-bit color depth information.
The most significant bits are: Rx7, Gx7 and Bx7.
The least significant bits are: Rx0, Gx0 and BxO0.
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5.2.1.2  8-Bit Parallel Interface Mode

Different display data formats are available for two colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input (see Table 5.2.3)

16M colors, RGB 8-8-8-bits input (see Table 5.2.4)

Read (see Table5.2.5)

Table 5.2.3 Write data for RGB 6-6-6-bits input
“X": Don't care

262k Colordata| DC | D7 | D6 | D5 | D4 | D3 [ D2 | D1 | DO Memory Write
MEMWR 0 Memory Write Command Code -
1% write 1 |RLs | RL, |R1; | RL |RL [R1 | x | x -
2" write 1 |G1s|G1, |Gl | G1, | G1; | Gle| x | x -
3 write 1 | Bl |BL, | Bl; | BL, [ Bl [ Bl | x | x 1% pixel data (R1/G1/B1)
4" write 1 |R2s|R2 | R2; |R2, |R2, [R2, | x | x ;
5" write 1 |G25 |G| G2;| G2, G2, |G| x | x -
6™ write 1 |B2s | B2} [ B2, [ B2, | B2 [ B2, | x | x 2" pixel data (R2/G2/B2)

j& 18-bit 18-bit

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[O]

LSB Expansion

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[0] | DB[S] | DB[4]

24-bit 24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

NOTE: 3 times transfer is used to transmit 1 pixel data with the 18-bit color depth information.
The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.4  Write data for RGB 8-8-8-bits input
“X": Don't care

262k Color data| DC | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write
MEMWR 0 Memory Write Command Code -
15 write 1 |R1, Rls Rls R1, R1l; R1, R1; Rl -
2" write 1 |G1; Gl Gl Gl, Gl; Gl, G1, Gl -
3" write 1 |B1, Bls Bls Bl, Bl; Bl, Bl; Bl 1% pixel data (R1/G1/B1)
4™ write 1 |R2; R2{ R2s R2, R2; R2, R2; R2, -
5™ write 1 | G2, G2 G2s G2, G2; G2, G2, G2 -
6™ write 1 | B2, B2 B2s B2, B2; B2, B2, B2, 2" pixel data (R2/G2/B2)

24-bit 24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

NOTE: 3 times transfer is used to transmit 1 pixel data with the 18-bit color depth information.
The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and Bx0.
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Table 5.2.5 Read

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

24-bit
“X*: Don't care
16M Colordata | bc | D7 |\p6 | b5 [ D4 [ D3 | D2 | D1 | DO Memory Read
MEMRD 0 Memory Read Command Code -
dummy 1 X N X X X X X X
1% Read 1 R1; | Rlg | R1s | R1; | R1; | R1, | R1; | R1, -
2" Read 1 Gl; | Gl | Gls | G1, | G153 | G1, | G1; | Gl -
3" Read 1 |B1l; | Bl | B1s | B1, | B1; | B1, | B1; | Bl 1* pixel data (R1/G1/B1)

NOTE: 3 times transfer is used to transmit 1 pixel data with the 24-bit color depth information.
The read data can be different to the written data because of the LSB Expansion.
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5.2.1.3  9-Bit Parallel Interface Mode

Different display data formats are available for two colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input (see Table 5.2.6)

16M colors, RGB 8-8-8-bits input (see Table 5.2.7)

Read (see Table 5.2.8)

Table 5.2.6 Write data for RGB 6-6-6-bits input

“X": Don't care

262k Color | DC | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write
data
MEMWR 0 X Memory Write Command Code -
1% write 1 |R1s |R1; | R1; | R1, | R1l; | Rl | G1s | G1, | G13 -
2" write 1 |G1,|G1l, |Gl | Bls | Bl, | B1; | B1, | B1; | Bl, -1% pixel data (R1/G1/B1)
3" write 1 | R25 | R2,4 Rzl R2, | R2; | R2y | G25 | G24 | G2;
4™ write 1 |G2, | G2, GZA B2s; | B2, | B2; | B2, | B2; | B2, -2" pixel data (R2/G2/B2)

18-bit 18-bit

LSB Expansion
DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DBJO]

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[O] | DB[5] | DB[4]

24-bit 24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

NOTE: 3 times transfer is used to transmit 1 pixel data with the 18-bit color depth information.
The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.7 Write data for RGB 8-8-8-bits input
“X": Don't care

262k Color | DC | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write
data

MEMWR 0 Memory Write Command Code -

1% write 1 | x |R1; Rls Rls R1, R1l; R1, R1; Rl -

2" write 1| x |61, Gl Gl Gl, Gl; Gl, Gl, Gl, -

3" write 1 | x |B1; Bls Bls Bl, Bl; Bl, Bl; Bil,| 1% pixel data (R1/G1/B1)
4™ write 1 | x |R2} R2s R2s R2, R2; R2, R2; R2, -

5™ write 1| x |G2d G25 G253 G2, G2; G2, G2, G2 -

6" write 1 | x |B2| B2y B2s B2, B2; B2, B2, B2,| 2" pixeldata (R2/G2/B2)

24-bit 24-bit

Frame memory

R1|G1|Bl1|R2|G2|B2|R3|G3|B3

NOTE: 3 times transfer is used to transmit 1 pixel data with the 18-bit color depth information.
The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.8 Read

Frame memory

R1|Gl1|B1|R2|G2|B2|R3|G3|B3

24-bit
“X*: Don't care
16M Colordata| bc | D8 | D7 | d6 | D5 | D4 | D3 | D2 | D1 | DO Memory Read
MEMRD 0 X Memory Read Command Code -
dummy 1 X X >{ X X X X X X
1* Read 1 |RL; (Rl |R1s | R1, | R1; | R1, | R1; | Rl | X -
2" Read 1 |G1,|G1e | G1s | G1, | G153 | G1, | G1, | Gl | x -
3" Read 1 |B1; (Bl | Bls | B1, | Bl | B1, | B1; | Bly | x 1* pixel data (R1/G1/B1)

NOTE: 3 times transfer is used to transmit 1 pixel data with the 24-bit color depth information.
The read data can be different to the written data because of the LSB Expansion.
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5.2.1.4  16-Bit Parallel Interface Mode

Different display data formats are available for two colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input (see Table 5.2.9)

16M colors, RGB 8-8-8-bits input (see Table 5.2.10)

Read (see Table 5.2.11)

Table 5.2.9 Write data for RGB 6-6-6-bits input in 16-bit parallel Interface
“X* . Don't care
262c|j(a;0|0r DC | D15 | D14 | D13 |D12|D11|D10|D9|D8| D7 | D6 | D5 | D4 |D3 |D2 | D1 | DO Memory Write
MEMWR | O X Memory Write Command Code -
1 write 1 |R1s| R1, |R13|R1,|R1; |R1p| x | X | Gl5 [G14|G13|G1,|G1,|Gly| X | X -
2" write 1 |Bils| Bl, |B13|B1,|B1;|Bl| x | x | R25 [R2,|R23|R2,|R2,[R2o| x | x |1 pixel (R1/G1/B1)
3write | 1 |G2s| G2, |G24|G2,[G2;|G2| x | x | B2s |B24|B2;|B2,|B2:|B2o| x | x |2™ pixel (R2/G2/B2)

/[ 18-bit ‘l 18-bit
A

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DBIO]

LSB Expansion

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[0] | DB[5] | DB[4]

¥ 24-bit 24-bit

Frame memory

R1|Gl1|Bl1|R2|G2|B2|R3|GS3| B3

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 18-bit color depth information..

The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.10 Write data for RGB 8-8-8-bits input in 16-bit parallel Interface
“X": Don't care

16“é'a(t3:'°r DC |D15|D14|D13[D12|D11|{D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 |DO|  Memory Write
MEMWR | 0 X Memory Write Command Code -

1% write 1 |R1;|R16|R15|R14|R13|R1,|R1;|R1y|G1;|G1e|G15|G14|G13|G1,|G1, |Gl -

2nd write 1 Bl7 Ble B|15 Bl4 Blg Blz Bll Blo R27 R26 R25 R24 R23 R22 R21 R20 15t pixel (Rl/Gl/Bl)
3rd write 1 G27 626 q25 G24 G23 G22 |Gzl G20 827 BZG 825 824 823 822 le BZO 2nd pixel (RZ/GZ/BZ)

24 bit 24 bit

Frame memory

R1|{Gl1|Bl1|R2|G2|B2|R3|GS3| B3

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 24-bit color depth information..

The most significant bits are: Rx7, Gx7 and Bx7.

The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.11 Read

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3

24 bit
24 bit

“X*: Don't care
16’\élafa°'°r DC |D15|D14|D13 [&12 D11|D10| D9 | D8 \D7 | D6 | D5 | D4 | D3 [ D2 [ D1 |DO | Memory Read
MEMRD | O \ X \ Memory Read Command Code -
dummylxxx*(xxxx>}\xxxxxxx
1" Read | 1 |R1;|R1¢|R1s RL, R13|R1,|R1;|R1p|G1A Gle|Gls|G1l,|G13|G1,|G1, |Gl -
2" Read | 1 |B1;|Bls|Bls|B1,|Bl;|B1,|B1,|Bl,|R2;MR2s|R25|R24|R23|R2,|R2; |R20| 1% pixel (R1/G1/B1)
39Read | 1 |G2,|G24|G25|G24|G25|G2,|G2,|G2,|B2,|B2s|B25|B24|B25 (B2, (B2, |B2o | 2™ pixel (R2/G2/B2)

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 24-bit color depth information..

The read data can be different to the written data because of the LSB Expansion.
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5.2.1.5  18-Bit Parallel Interface Mode

Different display data formats are available for four colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input (see Table 5.2.12)

16M colors, RGB 6-6-6-bits input (see Table 5.2.13)

Read (see Table 5.2.14)

Table 5.2.12 Write data for RGB 6-6-6-bits input in 18-bit parallel Interface

“X": Don't care

D
_62cli(a(tf’;lo'0 DC |D17|D16|D15|D14|D13|D12|D11|D10{ D9 |D8 | D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write
MEMWR| O X Memory Write Command Code -

1%write | 1 [R1s|R14|R1s|R1:|R11|R10|G15|G14G1:|G1,|G11G10|B15|B14|B1s|B1,|B1:|B 10| -1 pixel (R1/G1/B1)
2" write | 1 [R25|R24|R25|R2,|R2:|R2,|G24|G24|G2,|G2,|G2:|G2|B2:|B2,|B2:[B2,|B24[B2,| 2™ pixel (R2/G2/B2)

L18-bit i 18-bit

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[O]

\

LSB Expansion

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[0] | DB[5] | DB[4]

24-bit 24-bit

Frame memory

R1|Gl1|Bl1|R2|G2|B2|R3|GS3| B3

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 18-bit color depth information..

The most significant bits are: Rx5, Gx5 and Bx5.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.13 Write data for RGB 8-8-8-bits input in 18-bit parallel Interface
“X": Don't care

16"(;';;;'” DC |D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 [ D2 | D1 [DO|  Memory Write
MEMWR| 0O X Memory Write Command Code -

1™ write | 1 X |R1;|R1s|R15(R14(R13|R1,|R1:|R15|G1,|G1le|GC1ls|G14|G15|G1,|G1,|G, -

an write 1 X X Bl7 Ble Bl15 Bl4 Bl3 Blz Bll Bl() R27 R26 R25 R24 R23 R22 R21 RZO :I_St pixel (Rl/Gl/Bl)
3rd write 1 X G27 626 q25 624 623 622 G21 G20 827 BZG 825 824 823 822 le BZO 2nd pixel (RZ/GZ/BZ)

24 bit 24 bit

Frame memory

R1|{Gl1|Bl1|R2|G2|B2|R3|GS3| B3

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 24-bit color depth information..

The most significant bits are: Rx7, Gx7 and Bx7.
The least significant bits are: Rx0, Gx0 and BxO0.
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Table 5.2.14 Read

Frame memory

R1|{G1|B1|R2|G2|B2|R3|G3|B3

24 bit
24 bit

“X": Don't care

16“36‘?;'” DC |D17|D16|D15|D14|D13|D12|D11|D10| D9 \D8 | D7 | D6 | D5 | D4 | D3 [D2 | D1 |[DO| Memory Read
MEMRD | O \ X \ Memory Read Command Code -
dummylxxxx\xxxxx\xxxxxxxxx
1*Read | 1 |R1;|R1s|R15|R1, $13 R1,[R1;|R1,| x G\l7 G14|G15|G14|G15|G1,|G1, |G| X -

2" Read| 1 |B1;|B1s|B1s|B14|B13|B1,|B1;(Bl,| x Rt7 R25|R25|R2,{R23|R2,|R2;[R2o| x | 1% pixel (R1/G1/B1)
39Read | 1 [G2,|G26|G25|G24G24|G2,]G2.[G2o| x |B2/|B26|B25|B24|B24|B2,|B2.[B2,| x [2™ pixel (R2/G2/B2)

NOTE: 3 times transfer is used to transmit 2 pixels data or 2 times transfer are used to transmit 1 pixel data with
the 24-bit color depth information..

The Read data can be different to the written data because of the LSB Expansion.
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5.2.2 RGB Interface

For direct interface with both graphic controller and MPU, LDS285 offers RGB interface mode to receive
video data. In RGB interface mode, video data bus becomes (D23 to D1, VDO0) and grahic controller can write
24-bit RGB data to predefined row and column address area (by CASET and RASET command) of the
DDRAM. Command and parameter to control LDS285 can be accessed by MPU via serial interface mode.

5.2.2.1 RGB Interface Bus Width Set

All 2-kinds of bus width can be available during RGB interface mode. (selected by the 2" parameter of
IFMODE command: DW).

DW || D23 | D22 | D21 | D20 | D19 | D18 | D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | Bus Width
0 |R7|R6|R5|R4|R3|R2|RL|RO|G7|G6|G5|G4|G3|G2]|GL|GO

B7 | B6 | B5 | B4 | B3 | B2 | BL | BO | 24-bitdata

X X X X X X X X X X X X X X

Tfhox [ x [ x [ x [ x [ x [ x [ x [ x [ x [ x [ x [ x| x [ x| x |G7|G6|[GC5]|G4|G3]|G2]|GL|GO| 8-bitdata

X X X X X X X X X X X X X X

NOTE: Unused RGB data bus must be connected to VSS1.
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- 24-Bit RGB Interface Mode

Different display data formats are available for four colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input when (see Table 5.2.15)

16M colors, RGB 8-8-8-bits input when (see Table 5.2.16)

Table 5.2.15 Write data for RGB 6-6-6-bits input in 24-bit rgb Interface
65k Color
data

D23|D22(D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10{ D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Memory Write

1"write | x x |R1sR1,R13R1,RL,R1{ x | x

G15G1,G1,G1,G1,G1| x | x |BlsB1, B1; B, BL B1,[1% pixel (R1/G1/B1)

2% write | x x |R2sR2:R2:R2,R2; R2J x | x |62:62,G2,62,62,62)| x | x |B2s B2, B2, B2, B2, B2o[2™ pixel (R2/G2/B2)
,\; 18-bit

J[ 18-bit

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[O]

LSB Expansion

DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DB[0] | DB[5] | DB[4]

24-bit 24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3| B3

42
@ LEADIS Technology CONFIDENTIAL




240 (RGB) x 320 16M-Color TFT Driver Version 2.00

Table 5.2.16 Write data for RGB 8-8-8-bits input in 24-bit rgb Interface

65k Color
data

1% write  |R17R1sR1s R1, R1; R12 R1,R1,G1; Gl G1s G1, G1; G1, G1, Gl B1; Bls Bls B1, B1s B1, B1; B1o|1* pixel (R1/G1/B1)
2" write |R27R26 R25\Q24 R2; R2, R21 R2,G2, G2,G25 G2, G25 G2, G2, G2, B2; B2s B2s B2, B2; B2, B2, B2, 2" pixel (R2/G2/B2)

D23|D22(D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10{ D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3| B3
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- 8-Bit RGB Interface Mode

Different display data formats are available for four colors depth supported by the LDS285 listed below.
262k colors, RGB 6-6-6-bits input when (see Table 5.2.17)

16M colors, RGB 8-8-8-bits input when (see Table 5.2.18)

Table 5.2.17 Write data for RGB 6-6-6-bits input in 24-bit rgb Interface

65k Color
data

D23|D22(D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write

1Stwrite X | X | X | X[ X[ X | x| x| x|[X|[x|x]|x|x|x]|x]| x| x |RlsR1,R1;:R1,R1;R1,

2"dwrite X | X | X | X | X | X | x| X| x| x| x|x|x|x|x|x|x/x]|G1sG1,G1;G1,G1,G1,

39write | x | X | x| x| x| x| x| x| x|x|x|x|x|x]|x|x/x]|x Gl5Gl4GlaGlzGllGlolstpixel (R1/G1/B1)

4th write X | X | X | X | X | X|X X| X | X[ X | X | X | X|X/] X | X

x

R25 R2, R2; R2; R2; R2,
5‘h write | X | X | X | X | X | X | X | X|X|X|X]|X]|X X | x| x >}/ G2 G2,G2;G2,G2,G2
6Mwrite | X | x | x | x | x| x| x| x| x| x| x|x|xfx|x]|x]|x B2s B2, B2; B2, B2, B2oP™ pixel (R1/G1/B1

x

18-bit 18-bit

LSB Expansion
DB[5] | DB[4] | DB[3] | DB[2] | DB[1] | DBJO]

DB[5] | DB[4] | DB[3] | DB[2] | DB[1]| DB[0] | DB[5] | DB[4]

x1 24-bit 24-bit

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3| B3
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Table 5.2.18  Write data for RGB 8-8-8-bits input in 24-bit rgb Interface

65k Color
data

D23|D22(D21|D20|D19|D18|D17|D16|D15|D14|D13|D12|D11|D10{ D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Memory Write

1SI write X | X | X | X[ X | X |[X|X|X|[x|x|x|x]|Xx]|x]|x]RLI;RI§R1sR1;R1:R1,R1; R1,
2”d write X[ X | X | X[ X[ X[ X| X|[X|[X|X|X|Xx]|x]|Xx G1,G1G1sG1,G1:G1,G1; Gl
3%write | x [ x| x| x| x| x| x| x|x|[x|x|x]|x]|x x 1G1;G1sG1s G1, G1: G1, G1, G111 pixel (R1/G1/B1)
4"write | x | x| x| x| x| x| x| x| x| x| x|x|x]|¥]x|x |R2R2R2sR2s R2: R2; R2: R2
shwrite | x| x| x| x| x| x| x| x|[x|x]|x]|X]x/x]x % G2;,G2:G25 G2,G2;G2, G2, G2,
x |B2; B2s B2s B2, B2; B2, B2; B2,[P™ pixel (R1/G1/B1

6Mwrite | x| x| x| x| x|x

Frame memory

R1|G1|B1|R2|G2|B2|R3|G3|B3
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5.2.2.2 RGB Interface Mode Set

All 3-kinds of RGB interface mode can be available to fit the various controller type.(selected by 1% parameter
of IFMODE command : IF1,1F0)

Video Data Bus Reference clock
RGB I/F Mode DCK ENABLE D23 to D1, VDO VSYNC VSYNCO HSYNC for display
RGB Model Used Used Used Not used Used Not used Internal Oscillator
RGB Mode2 Used Used Used Used Not used Not used Internal Oscillator
RGB Mode3 Used Used Used Used Not used Used DCK

NOTE: Unused RGB data bus must be connected to VSS1.

RGB Interface Model

Data write to the DDRAM is done by DCK and Video Data Bus (D23 to D1, VDO) when ENABLE is “H”

state.
To make the internal displaying clock, internal oscillator is used. So, to write the video data without flickering,
controller needs to transfer the data with synchronous to the VSYNCO output signal.

RGB Interface Mode2

Data write to the DDRAM is done by DCK and Video Data Bus (D23 to D1, VDO) when ENABLE is “H”
state.

To make the internal displaying clock, internal oscillator is used. But frame display starts with synchronous to
VSYNC input. So, to write the video data without flickers, the graphic controller must always transfer
VSYNC signal to LDS285.

RGB Interface Mode3

Data write to the DDRAM is done by DCK and Video Data Bus (D23 to D1, VDO) when ENABLE is “H”

state.
To make the internal displaying clock, external clocks (DCK, VSYNC and HSYNC) are used. So, the graphic
controller must always transfer DCK, VSYNC and HSYNC signal to LDS285.
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Video data Still data Video data
write area write area write area 1
TE | | | |
wswe g = | T[T [T[TTT-=F [TITT T [TTTT [
DCK IR
ENABLE
Data Don't Care Data Don't Care
D17-D1,vDO
Serial interface :D Don't Care ‘:X:/ Data X:X Don't Care
£
;l‘—Address set command \l RAM write command ; t Address set command
RGB transfer 1 mode Address set command RGB transfer 1 mode
MPU data transfer mode
Fig.5.2.1  Anexample to overwrite still picture data during moving picture display (RGB Interface Model)
P 1 frame  Wait
LineNo. spler[sp| 123 |"..."|319|320|FP|FP|FP B (BR[Bp| 1|23 |_“
VSYNCI T . Start synchronization at
— 1 frame of an external signal O the falling edge of the
X - VSYNCI signal
A r1 A
Internal Clock m i_ ]_‘
Line No. BP BP
VSYNCI } I
Fig.5.22  Anexample of RGB Interface Mode2
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VSYNC L] m )
} .
HSYNC UUUUUHUUUUUU.'UUU | s UL
! Back ; " E r
ENABLE iy ] i 5 LU

....................

HSYNC o
DCK |__i":. |_| |_| |_| |_| |_| |_| |_| |__i--i_
|

ENABLE
VD17-VDO invalid . mvalld

(=
--1k
1

Fig.5.2.3  Video signal data writing method in RGB Interface Mode 3

Latched Data

RAM WEN
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5.2.3 Address Counter
The address counter sets the addresses of the display data RAM for writing and reading.

Data is written pixel-wise into the DDRAM matrix of LDS285. The data for one pixel or two pixels is
collected (RGB 8-8-8-bit), according to the data formats. As soon as this pixel-data information is complete
the “Write access” is activated on the DDRAM. The locations of DDRAM are addressed by the address
pointers. When MV =0 ( MV is one of register value controlled by instruction MADCTL), the address ranges
are X=0 to X=239 (0EFhex) and Y=0 to Y=319 (13Fh). When MV = 1, the address ranges are X=0 to
X=319(13Fh) and Y=0 to Y=239 (OEFh). Addresses outside these ranges are not allowed. Before writing to
the DDRAM, a window where data will be written must be defined. The window is programmable via the
command registers XS, Y'S designating the start address and XE, YE designating the end address.

For example the whole display contents will be written, the window is defined by the following values: XS=0
(Oh) YS=0 (0h) and XE=239 (0OEFh), YE=319 (13Fh).

In vertical addressing mode (MV=1), the Y-address increments after each byte, after the last Y-address
(Y=YE), Y wraps around to YS and X increments to address the next column. In horizontal addressing mode
(MV=0), the X-address increments after each byte, after the last X-address (X=XE), X wraps around to XS
and Y increments to address the next row. After the every last address (X=XE and Y=YE) the address pointers
wrap around to address (X=XS and Y=YS).

For flexibility in handling a wide variety of display architectures, the commands “CASET, RASET” and
“MADCTL” (see section “6 INSTRUCTION DESCRIPTION”), define flags MX and MY, which allows
mirroring of the X-address and Y-address. All combinations of flags are allowed. Fig. 5.2.4 shows the available
combinations of writing to the display RAM. When MX, MY and MV will be changed, the data must be
rewritten to the display RAM.

For each image condition, the controls for the column and row counters apply as below:

Condition Column Counter Row Counter
When RAMWR/RAMRD command is accepted Return to “Start Return to “Start
Column (XS)” Row (YS)”
Complete Pixel Read / Write action Increment by 1 No change
The Column counter value is larger than “End Column (XE)” Return to “Start
Column (XS)’ Increment by 1
The Column counter value is larger than “End Column (XE)” and | Return to “Start Return to “Start
the Row counter value is larger than “End Row (YE)” Column (XS)” Row (YS)”

(where MY=0)
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Fig.5.24  Frame Data Write Direction According to the MADCTR parameters (MV, MX and MY)
Display Data gggﬁlﬁ;r Image in the Host | Image in the Driver
Direction MPU DDRAM
MV | MX | MY ( ) ( )
Normal o |0 |0 [HW position (0.0) |3
X-Y address (0,0) /
X: CASET,
Y: RASET
Y-Mirror 0 0 1 H/W position (0.0 F—>
X-Y address (0,0)
X: CASET,
Y:RASET _ |—>
X-Mirror 0 1 0 H/W position (0,0 F—> X-Y address (0,0)
X: CASET,
Y: RASET
X-Mirror 0 1 1 H/W position (0.0) —>
Y-Mirror
X-Y address (0,0)
X: CASET,
Y: RASET
X-Y Exchange |1 0 0 H/W position (0.0) > [BI ! -
X-Y address (0,0) / Vi Vi
X: RASET, :;:I I Li
Y: CASET i i
[F [
[ I
vy v |’E-
X-Y Exchange |1 |0 1 44 4 [E
Y-Mirror . i 4
:I L
X-Y address (0,0) Y : :
X: RASET, MY Y
Y: CASET —> B [}
X-Y Exchange | 1 1 0 BF -----=r> H/W position (0.0 —> [+ \ [B] €—{ X-Y address (0,0)
X-Mirror S TR > o ;o X: RASET,
v o Y: CASET
Vi I Il l
[y (BN
[} [
N = E] ¥ vy
X-Y Exchange |1 1 1 B H/W position (0.0) > [E] 4 A4
X-Mirror e = > P L
Y-Mirror Vi I II i
: : : | X-Y address (0,0)
s--T-nzmanh ¢ i X: RASET,
SR »[E i i [B] €—  Y:CASET

NOTE: MV=D5 parameter of MADCTL command, MX=D6 parameter of MADCTL command,
MY=D7 parameter of MADCTL command

@ LEADIS Technology

CONFIDENTIAL

50




240 (RGB) x 320 16M-Color TFT Driver

Version 2.00
5.2.4 Memory Map
Pixell --- Pixel239 Pixel240
SourceOut [ S1 | s2 | s3 | s4 | s5 | s6 --- S715 | S716 | S717 | S718 [ S719 | 5720
PN fﬁ’," AN fﬁ’," RGB Order | Jo ¥~. t./' RN f—./'
RA clrln N 1] N Il N 1] NE SA
g _.fi8 g _.fis 5 _.fi8 g _.fi8
MY=0[MY=1] [ -7 |18~ Al RN EoT T [T | [ML=0 | MLEL
0 319 | ROs0 | GOs-0 | BOs-0o | R1s-0 | G150 | Blso --- R2385-0|G2385-0|B2385-0|R2395-0/G2395-0/B2395-0 0 319
1 | 318 --- 1 | 318
2 | 317 --- 2 | 317
3 | 316 --- 3 | 316
4 | 315 --- 4 | 315
5 | 314 --- 5 | 314
6 | 313 --- 6 | 313
7 | 312 --- 7 | 312
8 | 311 - 8 | 311
9 | 310 --- 9 | 310
10 | 309 - 10 | 309
11 308 L \ W =TT ['all & a - 11 308
T oHSpray —atterh-wata—— 1
312 | 7 --- 312 | 7
313 | 6 --- 313 | 6
314 | 5 - 314 | 5
315 | 4 --- 315 | 4
316 | 3 --- 316 | 3
317 | 2 --- 317 | 2
318 | 1 --- 318 | 1
319 0 --- RNs-0 [ GNso | BNs-o | 319 0
ca Mx=0 0 1 - 238 239
MX=1 239 238 --- 1 0
NOTE: RA = Row Address,
CA = Column Address,
SA = Scan Address,
MX = Mirror X-axis (Column address direction parameter), D6 parameter of MADCTR command
MY = Mirror Y-axis (Row address direction parameter), D7 parameter of MADCTR command
ML = Scan direction parameter, D4 parameter of MADCTR command
RGB= Red, Green and Blue pixel position change, D3 parameter of MADCTR command
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5.2.5 Normal Display On or Partial Mode On

In this mode, the content of the frame memory within an area where column pointer is 00h to OEFh and page
pointer is 00h to 13Fh is displayed.
To display a dot on leftmost top corner, store the dot data at (column pointer, row pointer) = (0, 0).

. EChEDhEEhEFh

00h 01h 02h 03h 04h . a8 838
 ooonfoo]o1]o02[03[04 OW|0X|0Y|0Z] 1% |ssessssseees > G1100|01|02|03|04 ow[ox[ov[oz} |
001h}10(11|12|13|14 w|1x|1y[1z} 2™ | G2{10|11|12|13|14 1W|1X|1Y|1Z
002h120 (21|22 2X|2v|2z1 3¢ G3120|21 (22 2X|2Y |2z
003h{30(31|32 3X|3Y|3z1 4" G4130(31(32 3X|3Y |3z
004h1 40|41 |42 4y|4z! 5" c5140(41(42 4y |4z
005n150(51| 540y 390 x 24 bit 5Y|521 6" G6150|51 240 x 320 5Y|5Z Displaying
.320 < Frame memory LCD panel > area
lines : : =320 lines
13AhjUO[U1 uY|uzj 315" 6315 {UO[U1L uY|uz
13BhIVO(|V1|V2 VX[VY|vz] 316" 6316 VO (V1 |V2 VX|VY|vz
13ChIWOW1W?2, WXWYWZ] 317" | G317 [WO|W1|W2 WXWY|WZi
13DhX0|X1[X2 XX|XY|XZ} 318" G318 | X0 | X1 |X2 XX|XY|XZ
13ENIYO|Y1|Y2|Y3|Y4 YW|YX|YY|YZI 319" G3191Y0|Y1|Y2|Y3|Y4 YW|YX|YY|YZ
\13Fh Z0(z1|z2|z3|z4 ZW|ZX|2Y|ZZ: 320" S S X 7 -20|Z1|Z2|Z3|Z4 ZW|ZX|ZY|ZZ ]
Example2) Partial Display On: PSL [15:0] = 004h, PEL [15:0] = 13Ch, MADCTR (ML)=0
00h 01h 02h 03h 04h .. . EChEDhEEhEFh a8 93 9 g8 o o
(oooh!oo|o1 02|03 |04 ow|ox|oy|oz] 1 61100/01|02 (03|04 ow|ox|oY|0z!) Non-
001hj10(11|12|13|14 1w|1X|1Y|1Z] 2™ 62110(11|12 (13|14 1W|1X|1Y (12 >displaying
002h}20(21|22 2x|2y|2z} 3¢ G3;20|21 (22 2X|2Y |2z, | area
003n130{3132 3ax[av[azi 4" c4130/31[32 3x|3y|szi ) = 4lines
004h{40 |41 |42 4Y|4Z] BN rrrreeeesees G5 (40|41 |42 4Y 421
005ht50|51| 40" 390 x 24 bit 5Y[5z! 6" G6150|51 240 X 320 5Y|5Z . .
320 < Frame memory LCD panel Displaying
lines : : rarea
13AnIUO|UL uy|uzi 315" 6315 1U0[ U1 uy|uzi | =313 lines
13Bh{VO([V1|V2 VX|VY|vZ| 316" G316 |VO|V1|V2 VX|VvY|VvZ|
13ChIWOIW1|W2 WXWYWZ! 317" beeenmrnnsas > G317 IWO|W1(W2 WXwYwz! )
13Dhj X0 |X1[X2 XX|XY|XZ} 318" G318 1X0 X1 [X2 XX|xY|xzi | Non-
13en!vo|v1|v2|v3|v4 VYW Yx[yY[yz! 319 319 Iyo|v1[v2[v3]va Ywlyx|yy|vz g'rzgl'ay'“g
\ 13Fhiz0|z1|z2|z3|z4 ZW|ZX|zY|zZ: 320" G320 120(Z1|22|Z3|24 ZW|ZX|ZY|ZZ1) _ 5 ines
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5.2.6 Tearing Effect Output Line

The Tearing Effect output line supplies a Panel synchronization signal to the MPU. 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
DDRAM Writing when displaying video images.

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

L« - »le . J
Vertical Timem M—

tyen= The LCD display is not updated from the DDRAM
tva = The LCD display is updated from the DDRAM (except Invisible Line — see below)

Mode 2, the Tearing Effect Output signal consists of V-Blanking and H-Blanking Information, there are one
V-sync and 320 H-sync pulses per field.

that than

[veme\ [\ /T_\( _____ J_\ /(_\( Tv.sm\

Invisible 1% Line | 2" Line | 319" Ling 320" Lind
Line

thgn= The LCD display is not updated from the Frame Memory
thg = The LCD display is updated from the Frame Memory (except Invisible Line — see above)

Bottom Line .

Top Line |

2" e 0
TE (Mode2) [] I L I
TE (Model) _: ______________ T

Note: During Sleep In Mode, the Tearing Output Pin is active Low
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5.2.6.2  Tearing Effect Line Timing

The Tearing Effect signal is described below:

tval tvdn
Vertical Timing /
Horizontal m/—\
thal than

Table 5.2.19 AC characteristics of Tearing Effect Signal

Idle Mode Off (Frame Rate = 59Hz)

Symbol Parameter min max unit description

tval Vertical Timing Low Duration TBD - ms

tvdh Vertical Timing High Duration 1000 - 1s

thal Horizontal Timing Low Duration TBD - [s

thah Horizontal Timing High Duration TBD 500 1s

NOTE: The timings in Table 5.2.12 apply when MADCTL ML=0 and ML=1

The signal’s rise and fall times (tf, tr) are stipulated to be equal to or less than 15ns.
—>
The Tearing Effect Output Line is fed back to the MPU and should be used as shown below to avoid Tearing
Effect:
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5.2.6.3 Example 1: MPU Write is faster than Panel Read.

MCU to
Memory

15t 320™ time

TE Output
Signal

time

Memory to
LCD

o R e I —

. 320" time
Image on LCD a

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 sent

Image on LCD
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5.2.6.4 Example 2: MPU Write is slower than Panel Read.

' ] [ ] 1 ]
N 1 " [ 1 1
N ] ] 1 ) ]
MCU to : '
Memory ! E
: s : Vo ! 320m 1 time
M ] ] ] ] ]
] ) L] L} 1 1
H ] ] ] ] 1
L] : L] 1 :
TE Output v g
Signal : 0
1 )
H 1 ' ] \ | time
' ' ' ' ' \
N 1 " [ 1 1
N ) ] 1 ] ]
L : L ) : :
Memory to E 0 !
LCD : : |
L} 1 1
T ' 320" : ' time
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 MPU to download the image behind the
Panel Read pointer and to finish downloading during the subsequent Frame before the Read Pointer “catches”
the MPU to Frame memory write position.

Data to be sent

Image on LCD
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5.3 INSTRUCTION DECODER & REGISTER

The instruction decoder identifies command words arriving at the interface and routes the following data type
bytes to their destination. The command set can be found in “6 INSTRUCTION DESCRIPTION” section.

5.4 SYSTEM CLOCK GENERATOR

The timing generator produces the various signals to drive the internal circuitry. Internal chip operation is not
affected by operations on the data bus.

9.5 OSCILLATOR

LDS285 has on-chip oscillator which does not require external components. This oscillator output signal is
used for system clock generation for internal display operation

5.6 SOURCE DRIVER

The source driver block includes 240x3 source outputs (S1 to S720), which should be connected directly to
the TFT-LCD. The source output signals are generated in the data processing block after the data is read out of
the RAM and latched, which represent the simultaneous selected rows. When less then 720 sources are
required the unused source outputs should be left open-circuit.
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5.7 GATE DRIVER

The gate driver block includes 320 gate outputs (G1 to G320) which should be connected directly to the

TFT-LCD.

S1~720 X 1 X 2 X

X

9

X

0 X

llX

12X

13

o |7

o2 ]

= [ ]

G4

G5

G6

G7

G8

G9

G10

Gl1

G12

VGH

VGL

G13
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5.8 RGB INTERFACE TIMING DIAGRAM
5.8.1 Relationship between Input Signal and Output Signal (RGB I/F Mode 3)
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Input / Output Timing Chart (G0->G320, S1->S720)

Horizontal valid data start time=10DCK, Vertical valid data start time=3HSYNC, 1 Line scan, Line inversion.

&

VSYNC BACK PORCH (can be selected by register setting: VBP[5:0])
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5.9 LCD POWER GENERATION CIRCUIT
5.9.1 LCD Power Generation Scheme
1. The boost voltage generated in LDS285 is shown as below. (Case=VS<4.2V)
VGH=16V(x4VR)
AVDD=5.6V(x2VDD2)
N VR=40v /  \ Vvs=4.0v = \CoMH=25-55
VDD2=2.8V EEEE
VSS2=0V et
\ \ —— VCOML=-2.0~ 1.0
VCL=-2.8V(x-1VDD2)
VGL=-12V(x-3VR)
Fig.5.9.1  LCD power generation schemel
2. The boost voltage generated in LDS285 is shown as below. (Case=VS>4.2V)
VGH=16V(x4VR)
AVDD=6.0V(x3VREG_DC)
VDD2=2.8V NVR=aov /N vs=40v = VCOMH=25-~55V
N__VREG_DC=2V, \
VSS2=0V \ fr—
\ \ =—— VCOML=-2.0 ~ 1.0V
VCL=-2.8V(x-1VDD2)
VGL=-12V(x-3VR)
Fig.5.9.2  LCD power generation scheme2(wide viewing angle)
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5.9.2 Various Boosting Steps

The boost steps of each boosting voltage are selected according to how the external capacitors are connected.
Different booster applications are shown as below.

AVDD = 2VDD2 AVDD = 2VDD2 AVDD = 3VREG_DC
(Dual mode) (Single mode) (X3 mode)
_[%cip AvDD ] [®cip AvDD ] _[%cip AVDD®T]
Tecim S  Lecim o Tecim .
VREG|DC
_[%cop ®cop _|_—' ca2p L
T ¢ com ®com T gcom VDC1Y
VCL = -1VDD2

_~®cep veL 1
T_¢com ;;l;

VGH = 4VR VGH = 3VR

VGL = -3VR VGL = -3VR
%cp  VeH _[®Pc3P VGH e
T ¢cam pum Tecam e
_L_‘ cap VGL "__L _%car VGL 7
T & cam x T g cam .
%csp _[9csp
T ¢ csm L ¢ csm

- VGH = 3VR

R
[®c3p VGH®T ¢C3P VGH® T
Tgcsm % cam e
—%cap VGL & _[9cap vGL 9]
T ecam ;;; T qcau /;;
_%csp _9csp
T ¢csm L ¢ csm

Fig.5.9.3  Various boosting Step
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5.9.3 Gray Voltage Generator
LDS285 supports 4 gamma curves. They can be selected by GAMSET command(26h).

5.9.3.1  Gamma Correction Curve Circuit

RSTRING1_DEC BUF_GAMMA RSTRING
CaM G4K1:0> O—e—\\\—1
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VR1000 o y - 0 E DEC_8to1<2:0>
! —cecooe— 00—
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ey
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O0—
GM32 V32

y
- .
- DEC_2t01<46:0>| a

OHrre0ree3s] GMEO V8o
- ol anl ]
DEG._64tof

e

81:17,
DEC_2t01<93:0>

O——\\\—
: GM175 = V175
O—csczos|  DEC_64tol

§

%u
ik
iy

DEC_2to1<46:0
>

L]

L]

o OHrre0e63>] 2

. - o] 1

Lt O—s—w—_0
DO—gsscoos|  DEC_B4to1 @“ﬁn GM223 vezs
3

o - | 204:25

O - DEC_8to1<26:05|
R3 Orrrormes> decoost 0

—a, (m— oY 1 aM251
> 0

—\\\\—a=1
V25
i 1 3 I5282:250%
3 DEC_8to1<2:0
—\\\\—01
ves >

DEC_16to1 GM255

%j
%
:

VRO 5

Fig.5.9.4  Gamma Correction Curve cirsuit
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5.9.3.2  Relationship between DDRAM Data and Output Voltages. (TBD)

Data Output Voltage when VS=V
(Hex) VCOM = Low VCOM = High
Gamma 1.0 1.8 2.2 2.5 Gamma 1.0 1.8 2.2 2.5
00 VO+ VO-
01 Vit Vi-
02 V2+ V2-
03 V3+ V3-
04 Va+ V4-
05 V5+ V5-
06 V6+ V6-
07 V7+ V7-
08 Va+ V8-
09 Vo+ V9-
0A V10+ V10-
0B Vil+ V11-
oc Vi2+ Vi2-
0D V13+ V13-
OE V14+ V14-
OF V15+ V15-
10 V16+ V16-
11 Vi7+ V17-
12 V18+ V18-
13 V19+ V19-
14 V20+ V20-
15 V21+ V21-
16 V22+ V22-
17 V23+ V23-
18 V24+ V24-
19 V25+ V25-
1A V26+ V26-
1B V27+ V27-
1C V28+ V28-
1D V29+ V29-
1E V30+ V30-
1F V31+ V31-
20 V32+ V32-
21 V33+ V33-
22 V34+ V34-
23 V35+ V35-
24 V36+ V36-
25 V37+ V37-
26 V38+ V38-
27 V39+ V39-
28 V40+ \V40-
29 V41+ V41-
2A V42+ V42-
2B V43+ V43-
2C Vad+ Va4-
2D VA45+ V45-
2E VA46+ V46-
2F VAT+ VA4T-
30 V48+ V48-
31 V49+ V49-
32 V50+ V50-
33 V51+ V51-
34 V52+ V52-
35 V53+ V53-
36 V54+ V54-
37 V55+ V55-
38 V56+ V56-
39 V57+ V57-
3A V58+ V58-
3B V59+ V59-
3C V60+ V60-
3D V61+ V61-
3E V62+ V62-
3F V63+ V63-
40 V64+ V64-
41 V65+ V65-
42 V66+ V66-
43 Ve7+ V67-
44 V68+ V68-
45 V69+ V69-
46—1—\70+ V7o
27 \/7q AL
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48 V72+ V72-
49 V73+ V73-
4A V74+ V74-
4B V75+ V75-
4C V76+ V76-
4D V77+ V77-
4E V78+ V78-
4F V79+ V79-
50 V80+ V80-
51 V81+ V81-
52 V82+ V82-
53 V83+ V83-
54 V84+ V84-
55 V85+ V85-
56 V86+ V86-
57 Vv87+ Vv87-
58 V88+ V88-
59 V89+ V89-
5A Vo0+ V90-
5B VI1l+ V91-
5C V92+ V92-
5D VI3+ V93-
5E Vo4+ V94-
SF V95+ V95-
60 VI6+ V96-
61 Vo7+ V97-
62 Vo8+ V98-
63 V100+ V100-
64 V101+ V101-
65 V102+ V102-
66 V103+ V103-
67 V104+ V104-
68 V105+ V105-
69 V106+ V106-
6A V107+ V107-
6B V108+ V108-
6C V109+ V109-
6D V110+ V110-
6E Vili+ V111-
6F Vil2+ V112-
70 V113+ V113-
71 V114+ V114-
72 V115+ V115-
73 Vi1l6+ V116-
74 V117+ V117-
75 V118+ V118-
76 V119+ V119-
77 V120+ V120-
78 Vi121+ V121-
79 V122+ V122-
7A V123+ V123-
7B V124+ V124-
7C V125+ V125-
7D V126+ V126-
7E V127+ V127-
7F Vi27+ V127-
80 V128+ V128-
81 V129+ V129-
82 V130+ V130-
83 V131+ V131-
84 V132+ V132-
85 V133+ V133-
86 V134+ V134-
87 V135+ V135-
88 V136+ V136-
89 V137+ V137-
8A V138+ V138-
8B V139+ V139-
8C V140+ V140-
8D Vi41+ V141-
8E Vi142+ V142-
8F V143+ V143-
90 V144+ V144-
91 V145+ V145-
92 V146+ V146-
93 V147+ V147-
94 V148+ V148-
(\5 \‘/14(\; \vll4n
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96 V150+ 2.097 V150-
97 V151+ 2.056 V151-
98 V152+ 2.015 V152-
99 V153+ 1.975 V153-
9A V154+ 1.934 V154-
9B V155+ 1.893 V155-
9C V156+ 1.853 V156-
9D V157+ 1.817 V157-
9E V158+ 1.782 V158-
9F V159+ 1.746 V159-
A0 V160+ 1.711 V160-
Al V161+ 1.676 V161-
A2 V162+ 1.640 V162-
A3 V163+ 1.605 V163-
A4 V164+ 1.575 V164-
A5 V165+ 1.545 V165-
A6 V166+ 1.515 V166-
A7 V167+ 1.485 V167-
A8 V168+ 1.455 V168-
A9 V169+ 1.425 V169-
AA V170+ 1.395 V170-
AB V171+ 1.363 V171-
AC V172+ 1.330 V172-
AD V173+ 1.298 V173-
AE V174+ 1.265 V174-
AF V175+ 1.233 V175-
BO V176+ 1.200 V176-
Bl V177+ 1.166 V177-
B2 V178+ 1.131 V178-
B3 V179+ 1.097 V179-
B4 V180+ 1.062 V180-
B5 V181+ 1.028 V181-
B6 V182+ 0.985 V182-
B7 V183+ 0.943 V183-
B8 V184+ 0.900 V184-
B9 V185+ 0.851 V185-
BA V186+ 0.803 V186-
BB V187+ 0.750 V187-
BC V188+ 0.683 V188-
BD V189+ 0.608 V189-
BE V190+ 0.518 V190-
BF V191+ 0.368 V191-
[o0] V192+ 3.540 V192-
Cl V193+ 3.398 V193-
C2 V194+ 3.383 V194-
C3 V195+ 3.353 V195-
C4 V196+ 3.293 V196-
C5 V197+ 3.203 V197-
C6 V198+ 3.128 V198-
C7 V199+ 3.053 V199-
C8 V200+ 2.963 V200-
C9 V201+ 2.873 V201-
CA V202+ 2.783 V202-
CB V203+ 2.717 V203-
CC V204+ 2.651 V204-
CD V205+ 2.585 V205-
CE 206+ 2.519 V206-
CF V207+ 2.453 V207-
DO 208+ 2.400 V208-
D1 209+ 2.348 V209-
D2 V210+ 2.295 V210-
D3 V211+ 2.243 V211-
D4 V212+ 2.190 V212-
D5 V213+ 2.138 V213-
D6 V214+ 2.097 V214-
D7 V215+ 2.056 V215-
D8 V216+ 2.015 V216-
D9 V217+ 1.975 V217-
DA V218+ 1.934 V218-
DB V219+ 1.893 V219-
DC 220+ 1.853 V220-
DD V221+ 1.817 V221-
DE 222+ 1.782 V222-
DF V223+ 1.746 V223-
EO V224+ 1.711 V224-
El V225+ 1.676 V225-
E2 V226+ 1.640 V226-
£3—L ooz 1-605 V227
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E4 V228+ V228-
ES V229+ V229-
E6 V230+ V230-
E7 V231+ V231-
E8 V232+ V232-
E9 V233+ V233-
EA V234+ V234-
EB V235+ V235-
EC V236+ V236-
ED V237+ V237-
EE V238+ V238-
EF V239+ V239-
FO V240+ V240-
F1 V241+ V241-
F2 V242+ V242-
F3 V243+ V243-
F4 V244+ V244-
F5 V245+ V245-
F6 V246+ V246-
F7 V247+ V247-
F8 V248+ V248-
F9 V249+ V249-
FA V250+ V250-
FB V251+ V251-
FC V252+ V252-
FD V253+ V253-
FE V254+ V254-
FF V255+ V255-
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Gamma Curve
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Fig.5.9.5

Gamma Curve according to the GC0 to GC3 bit (TBD)
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VWEVS
0-VO+(V255-)

‘/F'c:-siti-.-e curve

Cutput Level

""‘\-h egative curve

VEV255+(V0-)

V5 VSS
ulooh 10140n 2080h 20coh 3FhFFh

RAM data (Hex)

Fig.5.9.6  Relationship between DDRAM data and output level

Source output >< >< ><
VCOM Positive Negative

Fig.5.9.7  Relationship between source output and VCOM
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5.9.4 Temperature Compensation

The LDS285 has a built-in temperature compensation circuits. By the temperature compensation circuits, user
can obtain a higher quality in the various temperature ranges.
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5.10 POWER ON/OFF SEQUENCE

VDD1 and VDD?2 can be applied in any order.

VDD2 and VDD can be powered down in any order.

During power off, if LCD is in the Sleep Out mode, VDD2 and VDD1 must be powered down minimum
120msec after RESB has been released.

During power off, if LCD is in the Sleep In mode, VDD1 or VDD2 can be powered down minimum Omsec
after RESB has been released.

ISCE can be applied at any timing or can be permanently grounded. RESB has priority over !SCE.

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 between ending the Power On Sequence and
receiving Sleep Out command and between receiving Sleep In command and starting the Power Off Sequence.
If RESB line is not held stable by host during Power On Sequence as defined in Sections 5.10.21, and 5.10.2,
then it will be necessary to apply a Hardware Reset (RESB) after Host Power On Sequence is complete to
ensure correct operation. Otherwise function is not guaranteed.

The power on/off sequence is illustrated below:

5.10.1 Case 1-RESB lineis held High or Unstable by Host at Power On

If RESB line is held High or unstable by the host during Power On, then a Hardware Reset must be applied
after both VDD2 and VDD1 have been applied — otherwise correct functionality is not guaranteed. There is no
timing restriction upon this hardware reset.

»

_ TrPw = +/- no limit
4 N

tfPw = +/- no limit _

l—
N

VDD1 A :
) |
VDD2 :

e.g. When VDD2 comes later, This time is defined at the cross point

|
i of 90% of 2.5V/2.75V, not 90% of 2.3V.

——/ru‘ :’]Time when the latter signal rises up to 90% of its Typical Value. \ N\

Time when the former signal falls down to 90% of its Typical Value.
e.g. When VDD2 falls earlier, This time is defined at the cross point
of 90% of 2.5V/2.75V, not 90% of 2.3V.

tfpwics = +/- no limit ;l
| trewiCcs = +/- no limit

|
|
|
|
|
|
|
o

............................................................

RN A

ICS HorlL 1 K

............................................................

trPWIRES = + no limit

»l <
g <

IRES i 30% N / \’\
(Power down in ! tfPW!RES1 = min.120ms
Sleep Out mode) ! i

]

R o LrPWIRES = + no limit

IRES i 30% N /
(Power down in i
Sleep In mode)

tfPW!RES2 = min.0Ons j:

tfrwires1 is applied to IRES falling in the Sleep Out Mode.
tfPwIRES2 is applied to !RES falling in the Sleep In Mode.

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

Fig.5.10.1 RESB line is held high or unstable by Host at Power on
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5.10.2 Case 2 - RESB lineis held Low by host at Power On

If RESB line is held Low (and stable) by the host during Power On, then the RESB must be held low for

minimum 10psec after both VDD2

and VDD1 have been applied.

»

_ Trrpw = +/- no limit

tfPw = +/- no limit

VDD1 £

)
VDD2

Time when the latter signal rises up to 90% of its Typical Value.
e.g. When VDD2 comes later, This time is defined at the cross point
of 90% of 2.5V/2.75V, not 90% of 2.3V.

e.g. When VDD2 falls earlier, This time is defined at the cross point
of 90% of 2.5V/2.75V, not 90% of 2.3V.

Time when the former signal falls down to 90% of its Typical Value. !>‘

—_——,
ICS HorL 1

IRES

[}

|
(Power down in !
Sleep Out mode) !
)

¢ [TPWIRES = min.10us
,/ +
tfPWIRES1 = min.120ms
'I

IRES !

. trPWIRES = min.10us

i'd

(Power down in i
Sleep In mode)

tfPWIRES2 = min.Ons j.

tfPwiRes2 is applied to !RES falling in the Sleep In Mode.

tfPwirRes1 is applied to !RES falling in the Sleep Out Mode.

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

Vl‘

Fig.5.10.2 RESB line is held low by Host at Power on

5.11 UNCONTROLLED POWER OFF

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

“Power On Sequence” powers it up.
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5.12 POWER FLOW CHART FOR DIFFERENT POWER MODES
Normal display mode on = NORON
Partial mode on = PTLON Power on sequence
Idle mode off = IDMOFF HW reset
Idle mode on = IDMON SW eset
Sleep out = SLPOUT rese
Sleep in = SLPIN
NORON SLPIN NORON
Sleep out Sleep in
PTLON Normal display mode on SLPOUT Normal display mode on PTLON
Idle mode off Idle mode off
IDMON IDMOFH IDMON IDMOFF
SLPIN
L Sleep out ——» Sleep in
Normal display mode on SLPOUT Normal display mode on
Idle mode on Idle mode on
SLPIN
—P Sleep out Sleep in D E—
Partial mode on SLPOUT Partial mode on
Idle mode off Idle mode off
IDMON IDMOFF IDMON IDMOFF
PTLON SLPIN PTLON
Sleep out Sleep in
NORON Partial mode on SLPOUT Partial mode on NORON
Idle mode on Idle mode on
Sleep out | Sleep in
Note 1: There is not any abnormal visual effect when there is changing from one power mode to another power
mode.
2: There is not any limitation, which is not specified by this spec, when there is changing from one power mode
to another power mode
Fig.5.12.1  Power flow char for different Power Modest
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5.13 INPUT / OUTPUT PIN STATE
5.13.1 Output or Bi-directional (I/0O) Pins

. .OUtPUt or . After Power On After Hardware Reset After Software Reset
Bi-directional pins
TE Low Low Low
D23 to DO (Output driver) High-Z (Inactive) High-Z (Inactive) High-Z (Inactive)
TEST1, TEST4 X X X
Note: There will be no output from D23-D0 during Power On/Off sequence, Hardware Reset and Software

Reset.

5.13.2 Input Pins

Inout pins During Power | After Power | After Hardware | After Software | During Power
putp On Process On Reset Reset Off Process
See Section . . . See Section
RESB 510 Input valid Input valid Input valid 510
CSB Input invalid Input valid Input valid Input valid Input invalid
DC Input invalid Input valid Input valid Input valid Input invalid
WRB Input invalid Input valid Input valid Input valid Input invalid
RDB Input invalid Input valid Input valid Input valid Input invalid
D23 to DO Input invalid Input valid Input valid Input valid Input invalid
VSYNC, HSYNC , DCK, . . . . . . .
ENABLE, VDO Input invalid Input valid Input valid Input valid Input invalid
SRGB, SINV, SMX,SMY,
P68, BS2, BS1,BS0, . . . . . . .
TGS,EXTC,FRM.PSEL, Input invalid Input valid Input valid Input valid Input invalid
OSC,TEST2, TEST3
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5.14 SLEEP OUT —-COMMAND AND SELF-DIAGNOSTIC FUNCTIONS OF THE DISPLAY
MODULE

5.14.1 Register loading Detection

Sleep Out-command (See section 6.1.13 “Sleep Out (11h)”) is a trigger for an internal function of the display
module, which indicates, if the display module loading function of factory default values from EEPROM (or
similar device) to registers of the display controller is working properly.

There are compared factory values of the EEPROM and register values of the display controller by the display
controller. If those both values (EEPROM and register values) are same, there is inverted (=increased by 1) a
bit, which is defined in command 6.1.11 “Read Display Self-Diagnostic Result (OFh)” (=RDDSDR) (The used
bit of this command is D7). If those both values are not same, this bit (D7) is not inverted (= increased by 1).

The flow chart for this internal function is following:

Power on sequence

HW reset
Sleep In (10h) SW reset
7}
A 4 \ 4
EEEE—— Sleep Out Mode Sleep In Mode < RDDSDR’s D7=0
v 4

Sleep Out (11h)

A4

Loads and compares
EEPROM and register values

Are EEPROM and
register values same?

D7 inverted

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

Fig.5.14.1 Regist er loading Detection Flow chart
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5.14.2 Functionality Detection

Sleep Out-command (See section 6.1.13 “Sleep Out (11h)”) is a trigger for an internal function of the display
module, which indicates, if the display module is still running and meets functionality requirements.

The internal function (= the display controller) is comparing, if the display module is still meeting
functionality requirements (e.g. booster voltage levels, timings, etc.). If functionality requirement is met, there
is inverted (= increased by 1) a bit, which defined in command 6.1.11 “Read Display Self- Diagnostic Result
(OFh)” (= RDDSDR) (The used bit of this command is D6). If functionality requirement is not same, this bit
(D6) is not inverted (= increased by 1).

The flow chart for this internal function is following:

Power on sequence

HW reset
Sleep In (10h) SW reset
A
v v
> Sleep Out Mode Sleep In Mode < RDDSDR's D6=0
v \ 4

Sleep Out (11h)

A4

Checks timings, voltage levels
and other functionalities

I

Is functionality
requirement met ?

D6 inverted

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

Fig.5.14.2  Functionality Detection Flow chart
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5.14.3 Chip Attachment Detection (optional)
Sleep Out-command (See section 6.1.13 “Sleep Out (11h)”) is a trigger for an internal function of the display
module, which indicates, if a chip or chips (e.g. driver, etc.) of the display module is/are attached to the circuit
route of a flex foil or display glass ITO.
There is inverted (= increased by 1) a bit, which is defined in command 6.1.11 “Read Display Self- Diagnostic
Result (OFh)” (= RDDSDR) (The used bit of this command is D5), if the chip or chips is/are attached to the
circuit route of the flex or display glass. If this chip is or those chips are not attached to the circuit route of the
flex or display glass, this bit (D5) is not inverted (= increased by 1).
The following figure is for reference purposes; how this chip attachment can be implemented e.g. there are
connected together 2 bumps via route of ITO or the flex foil on 4 corners of the driver (chip).
Bump
\
/,E'EEIEEIEIEIEI ————————————————————————— ooOOo00&a4__

Routing Routing

between Through view of driver to bumps between

bumps _| ﬂmps

BEIOOO  ------------------------- O00OC=SET]
Substrate or flex foil
The flow chart for this internal function is following:
Power on sequence
HW reset
Sleep In (10h) SW reset
A
A\ 4 \ 4
> Sleep Out Mode Sleep In Mode < RDDSDR’s D5=0
\4 \ 4
Sleep Out (11h)
\ 4
Checks, if chip is attached to
route
Is chip attached to
routes?
D5 inverted
v v
Fig.5.14.3 Chip attachment Detection Flow chart
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5.14.4 Display Glass Break Detection (optional)

Sleep Out-command (See section 6.1.12 “Sleep Out (11h)”) is a trigger for an internal function of the display
module, which indicates, if the display glass of the display module is broken or not.

There is inverted (= increased by 1) a bit, which is defined in command 6.1.11 “Read Display Self-Diagnostic
Result (OFh)” (= RDDSDR) (The used bit of this command is D4), if the display glass is not broken. If this
display glass is broken, this bit (D4) is not inverted (= increased by 1).

The following figure is a reference, how this glass break detection can be implemented e.g. there is connected
together 2 bumps via route of ITO. This route of ITO is the nearest route of the edge of the display glass.

Active area of the display glass

T T T T —— 00000000
Through view of driver to bumps
QOOOO0  ---------------o---o--ee- OOooog
A _

Substrate of display glass

The flow chart for this internal function is following:

Power on sequence

HW reset
Sleep In (10h) SW reset
A
v L 4
> Sleep Out Mode Sleep In Mode < RDDSDR’s D4=0
v \4

Sleep Out (11h)

Y

Checks, if display glass is
broken

|

Is the display glass
broken?

D4 inverted

\ 4 A
Fig. 5.14.4 Display Glass Break Detection Flow chart
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6 ADAPTIVE BCAKLIGHT CONTROL AND LED DRIVER CONTROL
6.1 LABC (LIGHT ADAPTIVE BACKLIGHT CONTROL)
6.1.1 System Block Diagam with ALS (Ambient Light Sensor) and LDS285
s 3
3 S: > LEDs
O =
s 7
v &
& = 'YX
(XX )
Ambient Light Sensor LA A
(XX )
(X X )
v (X X )
MPU » Brightness Conroller oo
(X X )
(X X )
(X X )
MeSSI or o060
LoSSI | LDI Driver coo
TFT Panel
LDS285
Fig.6.1.1  System Block Diagram with ALS
The general block diagram of the ambient light and brightness control is illustrated in Fig 6.1.1. The
information of the ambient light is sent to LDS285 and the Brightness Control in LDS285 deals with them if
the user enables it.
The user can read ambient light information from LDS285 and control the brightness of LEDs in TFT Panel
by writing the command to LDS285 manually. (See section 7.1.32 “ Write Display Brightness (51h)”).
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6.1.2 LABC Function Flow

6.1.2.1  LABC contol from sleep out to sleep in

Following Fig 6.1.2 shows the brightness changes in the case of the above example..

Previous status before the sequence
- Sleep in Mode

-BCTRL =0, BL =0 in “Write CTRL Display(53h)”
Command Sequence
Command : “Sleep out ( 11h)”
- Not working Brightness control
- Display backlight off
Command : “Write Display Brightness (51h)”
Parameter : DBV[7:0] : 216 (DBh: 85 % brightness )
- Not working Brightness control
- Display backlight off
Command : “Write CTRL Display (53h)”
Parameter : BCTRL =1 : Brightness Control Block on
BL =1: Backlight Control on
- Display waits for V-sync
- Display starts brightness control from 0 % to 85 % after V-sync
Command : “Write Display Brightness (51h)”
Parameter : DBV[7:0] : 255 (DBh: 100 % brightness )
- Display waits for V-sync
- Display starts brightness control from 85 % to 100 % after VV-sync
Command : “Write CTRL Display (53h)”
Parameter : BCTRL =0 : Brightness Control Block off
BL =0 : Backlight Control off
- Display waits for V-sync
- Display backlight off
Command : “Sleep in ( 10h)”
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100%
o 100% —-
o 85%
=3
2
=3 0
& 50% +-
=
5
@
193
7
0% >
1.Sleep out 3.Write CTRL Display 5.Write CTRL Display 6. Sleen in

2. Write Display brightness : 4. Write Display brightness :
85% 100%

v

Command Sequence

Fig.6.1.2 LABC ( Light Adaptive Brightness control ) example
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6.2 CABC (CONTENT ADAPTIVE BACKLIGHT CONTROL)

A Content Adaptive Brightness Control function can be used to reduce the power consumption of the
luminance source. Content adaptation means that content grey level scale can be increased while
simultaneously lowering brightness of the backlight to achieve the same perceived brightness. The adjusted
grey level scale and thus the power consumption reduction depend on the content of the image.

The function and its different modes can be controlled. See “7.1.36 Write Content Adaptive Brightness
Control (55h)” for more information.

Definition modes :
Off mode :
Content Adaptive Brightness Control functionality is totally off.
Ul(User Interface) image mode :
Optimized for Ul image. It is kept image quality as much as possible.
Target power consumption reduction ratio: 10% or less
SI(Still picture mode) :
Optimized for still picture. Some image quality degradation would be acceptable.
Target power consumption reduction ratio: more than 30 %
MI(Moving image mode) :
Optimized for moving image. It is focused on the biggest power reduction with image quality
degradation. Target power consumption reduction ratio : more than 30 %

82

@ LEADIS Technology CONFIDENTIAL




240 (RGB) x 320 16M-Color TFT Driver

Version 2.00

6.2.1 CABC Function Flow
Content Adaptive Brightness Control operates like below.

Display brightness is changed, according to the image contents. The following graph in Fig 6.2.1 mentions the
case of displaying three different images.

- Image A : -20 % brightness reduction

- Image B : -30 % brightness reduction

- Image C : -10 % brightness reduction

Image A Image B Image C
Brightness Brightness Brightness
reduction ratio : reduction ratio : reduction ratio :
-20 % -30 % -10 %
S 100% 90%
i=] 0
& 80%
< 70%
g
&
= 50% +
>
v}
)]
wn
0% >
Fig.6.2.1  CABC (Content Adaptive Brightness control) example )

6.3 CABC AND LABC

CABC and LABC can be “ON” simultaneously. Then the final Display Brightness is calculated with the
following formula.

Display brightness = Brighness based on LABC * Brightness based on CABC

Table 6.3.1  Display Brightness ration when LABC and CABC are all “ON”
LABC Brightness ratio CABC Brightness ratio Display Brightness ratio
Casel 85% 80% 68%
Case?2 60% 70% 42%
Case3 85% 90% 76.5%
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6.4 LED DRIVER CONTROL

LDS285 can change the brightness of LEDs in panel by controlling LED drivers if LABC or CABC is enabled
(Refer to Section 6.1 LABC and 6.2 CABC).

LDS285 can support the two interfaces for two types of LED drivers, LED driver with pwm pulse contorl and
LED driver with 1-wire digital interface (only for LDS8661), through the output LED_CNT.

6.4.1 LED Driver control with PWM pulse

LDS285 can calculate the backlight brightness level and send it to LED driver which is controlled by PWM
pulse through the output LED_CNT.

Fig 6.4.1 is the basic timing diagram which is used in LDS285 to contol LED driver.

Dislay_ON |

P l:period
-

LED CNT — | L L

t When LABC=1 or CABC =1
on Lot

A
Y

LED_CNT

When LABC=0 and CABC =0

Fig.6.4.1  PWM pulse timing on LED_CNT output

The period tyics 0f PWM pulse can be changed by the 3" parameter PER[3:0] of the command
“LEDCTRL(EFh)”. (see the section 7.1.55 LEDCTRL)

The LED-on time t,, and the LED-off time t,; are decided by the backlight brightness level which is
calculated with LABC or/and CABC in LDS285. If LABC is off and CABC is off, then LED_CNT is the same
to Display-On signal.

Fig 6.4.2 shows the change of PWM pulse according to PER[3:0].
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PER[3:0] | tperiod LED_CNT

0 1024us L toeriod | 1 f | I
1 UL I e I e I R I
S I ) I I

2 1536ns

3 1792ns _|—|—|—|—|__VDD2
4 2088ns |\ 1 L___vss

5 3076ns ] ul —
6 4096ns | 1 [
7 glozns | | L [
8 sizns (L L L L L L L_

else 256ns pEpEpEpEpEpEpEpEpEpEpEpEpEn

Where High level is VDD2 and Low level is VSS2

Fig.6.42 PWM pulse timing according to PER[3:0]

Fig 6.4.3 shows the two examples of PWM pulse with LABC, CABC and PER[3:0]

Casel : LABC brightness ratio = 80%, CABC = Off and PER[3:0] =0

1024ns

A

»
L

LED_CNT — 819ns (1024 *0.8)

»d »

A
b

205ns'( 1024 * 0.2)

Case2 : LABC brightness ratio = 90%, CABC brightness ration = 80 % and PER[3:0] = 4

2048ns

A

\ 4

LED_CNT

1474ns (2048 *0.9¥0.8) =
L
574ns (2048 * 0.28)

A

Fig. 6.4.3  PWM pulse examples with LABC, CABC and PER[3:0]
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6.4.2 LED Driver control with 1-wire digital interface( only for LDS8861 )
LDS285 can support only the LED driver LDS8861 with 1-wire digital interface.

Here we specify the interface between LDS285 and LDS8861 briefly. The LED_CNT output in LDS285
should be connected to EN/SET pin in LDS8816.

I I
[ I
Cl- Ci+ C2- C2+
VIN
2.5V t0 5.5V ] VIN AV AV AV AVAr, <
LDS285 LDS8861 }L Yy ¥YY¥Y vy $
(LED Driver) LEDA1
LEDA2
) LEDB1
One wire LEDB2
LED_CNT programming EN/SET LEDC1
LEDC2

Fig. 6.4.4  Interconnection between LDS285 and LDS8861

LDS285 control LDS8861 through the one wire programming. The EN/SET logic input in LDS8861 operates
as a chip enable and singla wire addressable interface for control and current setting of all LEDs.

LDS285 can write data to LDS8861 by programming the 2™ parameter of the command “LEDCTRL(EFh)”.
(see the section 7.1.55 LEDCTRL). The 2" parameter of the command “LEDCTRL(EFh)” consists of
ADDR][2:0] and DBJ3:0].

The user can change the status of LDS8861 by changing the 2" parameter of the command
“LEDCTRL(EFh)”.

Fig.6.4.5 shows the timing specification of EN/SET in LDS8861 and LDS285 drives the LED_CNT output
meeting the timing specification of EN/SET in LDS8861.

If you need more detailed specification, please refer to “the Specification of LDS8861 ( 6-Channel Fractional
Charge Pump LED Driver in 3x3 TQFN).
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symbol Name Conditions Min | Typ | Max | Units
TseTup EN/SET setup from shutdown 10 us
To EN/SET program low time 0.2 100 | us
Th EN/SET program high time 0.2 100 | us
Tore EN/SET low time to shutdown 1.5 ms
TDATADELAY EN/SET Delay to DATA 500 1000 | us
TRESETDELAY EN/SET Delay High to ADDRESS 2 ms
T, M Towoea Teeseoewy ;1. Tor
— — hild [ X X ) i 'Y X ) ' - g
EN/SET Ztdown] - | Y Shutdown
To
Sooress  WAT “oata

Fig. 6.4.5 EN/SET timing specification in LDS8861
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7 INSTRUCTION DESCRIPTION

7.1 INSTRUCTION CODE
7.1.1 Instruction Code Table

Table 7.1.1 Instruction Code

“-“. Don’t care
Instruction | Refer | DC |WRB|RDB|D17-8( D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |(Hex) Function
NOP 7.1.2 - 0 0 0 0 0 0 0 0 | (00h) No Operation
SWRESET 7.1.3 - 0 0 0 0 0 0 0 1 |(01h) Software reset
- 0 0 0 0 0 1 0 0 |(04h) Read Display ID
- - - - - - - - - - Dummy read
RDDID 7.1.4 - ID17 | ID16 |ID15 | ID14 | ID13|ID12|ID11|ID10| - ID1 read
- 1 |1D26 |ID25 | 1D24 |ID23 |1D22|1D21|ID20| - ID2 read
- ID37 | ID36 | ID35 | ID34 | ID33 |ID32|ID31|ID30| - ID3 read
- 0 0 0 0 1 0 0 1 [(09h) Read Display Status
- - - - - - - - - - Dummy read
RDDST 715 - ST31|ST30 |ST29|ST28|ST27|ST26(ST25|ST24| - -
- ST23|ST22 |ST21|ST20|ST19|ST18(ST17|ST16| - -
- ST15|ST14 [ST13|ST12 |ST11|ST10| ST9 | ST8 - -
- ST7 | ST6 | ST5 | ST4 | ST3 |ST2|ST1|STO| - -
- 0 0 0 0 1 0 1 0 |(0Ah) Read Display Power Mode
RDDPM 7.1.6 - - - - - - - - - - Dummy read
- D7 D6 | D5 | D4 | D3 | D2 | D1 | DO - -
- 0 0 0 0 1 0 1 1 |[(0Bh) Read Display MADCTR
RDDMADCTR | 7.1.7 - - - - - - - - - - Dummy read
- D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO - -
- 0 0 0 0 1 1 0 0 [(0Ch) Read Display Pixel Format
RDDCOLMOD | 7.1.8 Dummy read
- D7 D6 | D5 | D4 | D3 | D2 | D1 | DO - -
- 0 0 0 0 1 1 0 1 |[(0Dh) Read Display Image Mode
RDDIM 7.1.9 - - - - - - - - - - Dummy read
- D7 D6 | D5 | D4 | D3 | D2 | D1 | DO - -
- 0 0 0 0 1 1 1 0 |[(OEh) Read Display Signal Mode
RDDSM 7.1.10 - - - - - - - - - - Dummy read

- 0 0 0 0 1 1 1 1 |[(OFh)| Read Display Self-diagnostic result
- - - - - - - - - - Dummy read
- D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO - -

RDDSDR 7.1.11

JENY SN [FENG [FEEN) I [FE TSNS [T [T (YU (PTG (IR (TSI (PR (TR RN RN NG [N QU [ QU Y [FEING (Y)Y [T [ Y [ YY) [N [FHING [RES) QEEY [RY) JHE] RN Y UEY) QHEN] JEEY) JHEN NG IR SN
.

PRk |r|lo|lo|lo|r|o|lo|lo|o|o|o|o|r|r|o|r|r|o|r|r|lo|r|r|lo|r|r|lolr|r|lokr|r|rRFr|R|o(Fr|R|FR|FR|lo|o|o
R I I B e B B e B B = = = e e e e N e e I I e I S N T e T N e T I N PN N T I I I

SLPIN 7.1.12 - 0 0 0 1 0 0 0 0 |(10h) Sleep in & booster off
SLPOUT 7.1.13 - 0 0 0 1 0 0 0 1 |(11h) Sleep out & booster on
PTLON 7.1.14 - 0 0 0 1 0 0 1 0 [(12h) Partial mode on
NORON 7.1.15 - 0 0 0 1 00| 1] 1 ]|@13n Partial off (Normal)
INVOFF 7.1.16 - 0 0 1 0 0 0 0 0 |(20h) Display inversion off (normal)
INVON 7.1.17 - 0 0 1 0 0 0 0 1 |(21h) Display inversion on
GAMSET 7118 - 0 0 1 0 0 1 1 0 [(26h) Gamma curve select
- GC7 | GC6 | GC5 | GC4 [ GC3|GC2|GC1|GCO| - -
DISPOFF | 7.1.19 - 0 0 1|0 1| 0| 0| 0 |(8h Display off
DISPON 7.1.20 - 0 0 1 0 1 0 0 1 [(29h) Display on
- 0 0 1 0 1 0 1 0 [(2Ah) Column address set
- XS15|XS14 |XS13| XS12 | XS11|XS10| XS9 | XS8 | - | X address start: 0 < XS < EFh :MV=0
CASET 7.1.21 - XS7 | XS6 | XS5 | XS4 | XS3 [ XS2 | XS1| XS0 | - |Xaddress start: 0 < XS < 13Fh :MV=1
- XE15 | XE14 |XE13|XE12 | XE11[{XE10| XE9 | XE8 - | X address end: XS < XE < EFh :MV=0
- XE7 | XE6 | XE5 | XE4 | XE3 | XE2 | XE1 | XEO - | Xaddress end: XS < XE < 13Fh :MV=1
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Table 7.1.2 Instruction Code (Continued)
“-“:Don't care
Instruction | Refer | DC WRB|RDB|D17-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |(Hex)|Function
RASET 7120 | 1|1 - 0 0 1 0 1 0 1 1 |(2Bh)| Row address set
111 - | YS15|YS14 | YS13|YS12|YS11|YS10|YS9|YS8| - |Y address start: 0 <YS < 13Fh :MV=0
111 - YS7 | YS6 | YS5 | YS4 | YS3 | YS2 |YS1|VYSO| - |Yaddressstart: 0<YS<EFh:MV=1
111 - | YE15|YE14 | YE13 | YE12 | YE11| YE10 | YE9| YE8 | - |Y addressend: YS<YE <13Fh:MV=0
1 0 1 - YE7 | YE6 | YE5 | YE4 | YE3 | YE2 |YEL|YEO| - |Yaddressend:YS <YE <EFh:MV=1
RAMWR 712310 | 1+ |1 - 0 0 1 0 1 1 0 0 |[(2Ch)| Memory write
1| 1| 1 |D17-8| D7 | D6 | D5 | D4 D3 | D2 | D1 | DO | - |Writedata
RAMRD 712410 | 1+ | 1 - 0 0 1 0 1 1 1 0 |[(2Eh)| Memory read
1 11 - - - - - - - - - - | Dummy read
1 1 1 |D17-8| D7 D6 D5 D4 D3 D2 | D1 | DO - |Read data
PTLAR 71251 0 1 1 - 0 0 1 1 0 0 0 0 [(30h)|Partial start/end address set
1011 - |PSL15|PSL14{PSL13|PSL12|PSL11|PSL10(PSLY|PSL8| - |Partial start address (0,1,2, ...,319)
111 - | PSL7|PSL6 | PSL5 | PSL4 | PSL3 | PSL2 [PSL1|{PSLO| -
1 1 1 - |PEL15|PEL14|PEL13|PEL12|PEL11|PEL10|PELY|PEL8| - |Partial end address (0,1,2, ..., 319)
1 i) 1 - PEL7 | PEL6 | PEL5 | PEL4 | PEL3 | PEL2 [PEL1{PELO| -
TEOFF 71261 0 0 1 - 0 0 1 1 0 1 0 0 |(34h)| Tearing effect line off
TEON 712710 | 1+ | 1 - 0 0 1 1 0 1 0 1 |(35h)| Tearing effect mode set & on
111 - - - - - - - - M - |M="0": Model, M="1": Mode2
MADCTR 71281 0 | 1+ | 1 - 0 0 1 1 0 1 1 0 |(36h)|Memory data access control
11 |1 - MY | MX | MV | ML |RGB| - - |- - |-
IDMOFF 71291 0 | 1+ | 1 - 0 0 1 1 1 0 0 0 |[(38h)]Idle mode off
IDMON 71301 0 4 1 - 0 0 1 1 1 0 0 1 |[(39h)[Idle mode on
COLMOD 71311 0 0 1 - 0 0 1 1 1 0 1 0 |(3Ah)]Interface pixel format
1 1 1 - - RP2 | RP1 | RPO - P2 | P1 | PO - | Interface format
WRDISBV 71321 0 1 1 - 0 1 0 1 0 0 0 1 |(51h)|Write Display Brightness
111 - | DBV7|DBV6 | DBV5|DBV4 [ DBV3 | DBV2 [DBV1/DBVO Write Data
RDDISBV 71331 0 1 1 - 0 1 0 1 0 0 1 0 [(52h)|Read Display Brightness value
101|171 - - - - - - - - - Dummy Read
1 1 ) - DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 [DBV1DBVO Read parameter
WRCTRLD 71341 0 1 1 - 0 1 0 1 0 0 1 1 |(53h)| Write Control Display
1|1 ]1? - - - [BcTrRY - - BL | - | - - | write Data
RDCTRLD 71351 0 1 1 - 0 1 0 1 0 1 0 0 [(54h)|Read Control Display
117 - - - - - - - - - Dummy Read
O A I - - - [BCTRY - - BL - - Read parameter
WRCABC 7136 | 0 1 1 - 0 1 0 1 0 1 0 1 |[(55h)|Wrtie Content Adaptive Brightness
1 7 1 R B - Cl| cCo - | Write Data
RDCABC 71371 0 ) 1 - 0 1 0 1 0 1 1 0 [(56h)|Read Content Adaptive Brightness
101|171 - - - - - - - - - Dummy Read
101 ]7 - - - Cl1| co Read parameter
RDID1 713810 |+ |1 - 1 1 0 1 1 0 1 0 |(DAh)|Read ID1
1017 - - - - - - - - - - | Dummy read
1 1 1 - ID17 | ID16 | ID15 | ID14 | ID13 | ID12 |ID11|ID10| - |Read parameter
RDID2 713910 | 1t |1 - 1 1 0 1 1 0 1 1 |(DBh)| Read ID2
1017 - - - - - - - - - - | Dummy read
1 1|1 - 1 |ID26 | ID25 | ID24 | ID23 | ID22 (ID21|ID20| - |Read parameter
RDID3 71401 0 | 1+ | 2 - 1 1 0 1 1 1 0 0 |(DCh)|Read ID3
1(1]17% - - - - - - - - - - | Dummy read
1 1 0 - ID37 | ID36 | ID35 | ID34 | ID33 | ID32 [ID31|ID30| - |Read parameter
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Table 7.1.3 Instruction Code (Extended code set)
“-“: Don't Care
Instruction |Refer| DC WRB |[RDB|D17-8| D7 D6 | D5 | D4 | D3 | D2 | D1 | DO |(Hex)|Function
IFMODE 7.141] 0 1) 1 - 1 0 1 1 0 0 0 0 | (BOh) | Set display interface mode
1 1 1 - - - - - - - IF1 | IFO - | Data transfer mode set
1 0 1 - - - DW - DP | EP [ HSP | VSP - | RGB I/F data width & Clock polarity set
DISCLK 7.1.42]1 0 1 1 - 1 0 1 1 0 0 0 1 | (B1h) | Display clock set
1 1) 1 - |HA7[HA6 | HA5| HA4 | HA3 | HA2 [ HA1 [ HAO - |Number of clocks during 1H (full-color)
1 1) 1 - - - | BPA5| BPA4 | BPA3 | BPA2 | BPAL | BPAO - Number of vertical back porches (full-color)
1 0 1 - - - | FPA5 | FPA4 | FPA3 | FPA2 | FPAL | FPAO - Number of vertical front porches (full-color)
1 i) 1 - |HB7|HB6|HB5| HB4 |HB3|HB2 |HB1|HBO - |Number of clocks during 1H (8-color)
1 1) 1 - - - | BPB5| BPB4 | BPB3 | BPB2 | BPB1 | BPBO - Number of vertical back porches (8-color)
1 1) 1 - - - |FPB5|FPB4 | FPB3 | FPB2 | FPB1|FPBO| - |Number of vertical front porches (8-color)
INVCTR 7.143] 0 0 1 - 1 0 1 1 0 0 1 0 | (B2h) | Display inversion control
1 0 1 - 0 0 0 0 - | NLA2 [ NLA1 [ NLAO - Line inversion (full color)
1 0 1 - 0 0 0 0 - [NLB2|NLB1[NLBO| - [Line inversion (8-color)
REGCTR 7.1.441 0 0 1 - 1 1 0 0 0 0 0 0 | (COh) | Regulator control
1 0 1 - VR2 [ VR1 | VRO VS2 | VS1 | VSO - | VRIVS regulator output voltage control
VCOMCTR |7.145] 0 1 1 - 1 1 0 0 0 0 0 1 | (Clh) | VCOML/VCOMH voltage control
1 1 1 - - - |vcLes|veLea |veLesfveLez|veLct|veLco| - [-2.5V ~ +0.5V (50mV step)
1 0 1 - - - |VCHC5|VCHC4 [VCHC3|VCHC2[VCHC1|VCHCO| - [+2.5V ~ +5.5V (50mV step)
GAMCTR1 [7.1.46| 0 0 1 - 1 1 0 0 1 0 0 0 | (C8h) | Set gamma correction characteristics
1 1 1 - - - |GS102|GS101|{GS100|GS112(GS111|GS110[ - [ Gamma adjustment .
1| 1] - |- | - |cs122[GS121|6S120/GS132|[GS131|GS130] - [Gamma adjustment .
1 0 1 - - - |GS142(GS141|GS140|GS152|GS151|GS150] - | Gamma adjustment .
1 1 1 - - - |GS162(GS161|GS160|GS172|GS171|GS170] - | Gamma adjustment .
GAMCTR2 [7.147| 0 1 1 - 1 1 0 0 1 0 0 1 | (C9h) | Set gamma correction characteristics
1 0 1 - - - |GS202|GS201|GS200[GS212|GS211|GS210] - | Gamma adjustment .
1 0 1 - - - |GS222|GS221|GS220|GS232(GS231|GS230] - Gamma adjustment .
1 0 1 - - - |GS242(GS241|GS240|GS252|GS251(GS250f - Gamma adjustment .
1 0 1 - - - |GS262|GS261|GS260|GS272(GS271|GS270| - Gamma adjustment .
GAMCTR3 |7.1.48| 0 0 1 - 1 1 0 0 1 0 1 0 | (CAh) |Set gamma correction characteristics
1 1 1 - - - |GS302|GS301|GS300|GS312(GS311|GS310f - | Gamma adjustment .
1 1 1 - - - |GS322|GS321|GS320|GS332(GS331|GS330| - | Gamma adjustment .
1 0 1 - - - |GS342|GS341|GS340[GS352|GS351|GS350] - | Gamma adjustment .
1 1 1 - - - |GS362|GS361|GS360[GS372|GS371|GS370] - | Gamma adjustment .
GAMCTR4 |7.1.49| © 0 1 - 1 1 0 0 1 0 1 1 | (CBh) | Set gamma correction characteristics
1 0 1 - - - |GS402(GS401|GS400|GS412|GS411|GS410] - | Gamma adjustment .
1 0 1 - - - |GS422(GS421|GS420|GS432|GS431|GS430] - | Gamma adjustment .
1 1 1 - - - |GS442|GS441|GS440|GS452(GS451|GS450f - | Gamma adjustment .
1 0 1 - - - |GS462|GS461|GS460[GS472|GS471|GS470] - | Gamma adjustment .
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Table 7.1.4 Instruction Code (Extended code set, continued)

““Don't Care
'O”ns"uc“ Refer | DC |WRB|RDB Dj; p7|D6| D5 | D4 | D3 | D2 | D1 | DO |(Hex) |Function
EPPGMDB | 7.1.50 | 0 1 1 1 1 0 1 0 0 0 0 (DOh) | write ID2,VCOM Offset for EEPROM program
1 0 1 - - - |VCOF82|VCOF81|VCOF80 - VCOM middle voltage trimming in 8color
1 1 1 - - |VCOF5|VCOF4 | VCOF3 | VCOF2 | VCOF1 | VCOFO VCOM middle voltage trimming
1 0 1 ID26 | ID25 | 1D24 | 1D23 D22 D21 D20 | db_sel Just ID2 [6:0] are stored in EEPROM
EPERASE | 7.151 | 0O 1) 1 1 1 0 1 0 0 0 1 (D1h) |EEPROM erase
EPPROG | 7.1.52 | 0 0 1 1 1 0 1 0 0 1 0 (D2h) | EEPROM program
EPRDVRF | 7.1.53 | 0 1) 1 1 1 0 1 0 0 1 1 (D3h) |EEPROM read, verify register set
0 0 0 0 READ | PGMVF | ERVF 0 macro read , program verify,Erase verify
RDVCOF [ 7.154| 0 0 1 1 1 0 1 1 0 0 1 (D9h) [ VCOM offset hits read
1 1 1 - Dummy Read
1 1 1 RVCOFS5|RVCOF4 [ RVCOF3 | RVCOF2 | RVCOF1 | RVCOF0 - Read Parameter
1 1 4 RVCOF82|RVCOF81| RVCOF80 Read Parameter
LEDCTRL | 7.1.55 | 0O ) 1 1 1 1 0 1 1 1 1 (EFh) | Write LED control value
1 0 1 TYPE - LED driver type
1 0 1 0 |ADR2| ADR1 | ADRO | DB3 DB2 DB1 DBO - Control value for LDS8861
1 0 1 0 |PER3| PER2 | PER1 | PERO | STEP2 | STEP1 | STEPO = Contorl value for PWM output

NOTE:

1) After the H/W reset by RESB pin or S/W reset by SWRESET command, each internal register becomes default
state (Refer “RESET TABLE” section)

2) Before command D1(EPER), supply 22V to the ME_CMP for EEPROM Erase .

3) Before command D2(EPPGM), supply 8.5V to the ME_CMP for EEPROM Program .

4) To use extended code set,

the TGS pad should be connected to VSS. Extended code set is just used for module test. If TGS pad is not
connected to VSS, all the extended code set will be ignored and regarded as NOP (00h) command.

5) Undefined commands are treated as NOP (00 h) command.

6) Commands 10h, 12h, 13h, 20h, 21h, 26h, 28h, 29h, 30h, 33h, 36h (ML parameter only), 37h, 38hand 39h are
updated during V-sync when Module is in Sleep Out Mode to avoid abnormal visual effects. During Sleep In
mode, these commands are updated immediately. Read status (09h), Read Display Power Mode (0A+), Read
Display MADCTL (0B+), Read Display Pixel Format (0Cx), Read Display Image Mode (0Dw), Read Display Signal
Mode (OEn) and Read Display Self Diagnostic Result (OF+) of these commands of these commands is updated
immediately both in Sleep In mode and Sleep Out mode.
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7.1.2  NOP (00h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
NOP 0 1 1 - 0 0 0 0 0 0 0 0 (ooh)
Parameter | No Parameter
NOTE: “-“ Don’t care
This command is empty command. It does not have effect on the display module.
Description | However it can be used to terminate DDRAM data write or read as described in RAMWR
(Memory Write), RAMRD (Memory Read) and parameter write commands.
Restriction | -
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence N/A
Default S/W Reset N/A
H/W Reset N/A
Flow Chart | -
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7.1.3 SWRESET: Software Reset (01h)

Inst / Para DC |WRB | RDB [D17-8| D7 | D6 | D5 | D4 | D3 | D
SWRESET 0 0 1 - 0 0 0 0 0

Parameter | No Parameter
NOTE: “-* Don’t care

N

D1 D

o

(Code)
(01h)

o
o
[N

When the Software Reset command is written, it causes a software reset. It resets the
commands and parameters to their S/W Reset default values and all source & gate outputs are
set to VSS (display off). (See default tables in each command description)

Note: The DDRAM contents are not affected by this command.

Description

It will be necessary to wait 5Smsec before sending new command following software reset.
The display module loads all display supplier's factory default values to the registers during 5msec.

Restriction | |f Software Reset is applied during Sleep Out mode, it will be necessary to wait 120msec before sending
Sleep Out command.

Software Reset command cannot be sent during Sleep Out sequence.

Sequential
transfer

Sleep In 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 SIW Reset N/A
H/W Reset N/A
| SWRESET
r==-~="="===="=="="=="="="="75, I
! 1
I :
Display whole ' | Red and Blue |
blank screen ! Parameter i
. |
Flow Chart | !
i =
Commands : '
to S/W Default : |
Value i '
Gy
! 1
. |
. i

~
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7.1.4 RDDID: Read Display ID (04h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
RDDID 0 - 0 0 0 0 0 1 0 0 (04h)

Dummy Read 1 - - - - - - - - - -

1

1

2”dparameter - ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 -
3¢ parameter - ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 -

4" parameter 1 - ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30 -
NOTE: “-*“ Don’t care

L s
—>| ===

This read byte returns 24-bit display identification information.
The 1% parameter is dummy data

The 2™ parameter (ID17 to ID10): LCD module’s manufacturer ID.
Description | The 3 parameter (ID27 to ID20): LCD module/driver version 1D

The 4" parameter (ID37 to UD30): LCD module/driver ID.

NOTE: Commands RDID1/2/3(DAh, DBh, DCh) read data correspond to the parameters 2,3,4 of the command
04h, respectively.

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
ID1 ID2 ID3
Default Power On Sequence Not Fixed Not Fixed Not Fixed
S/W Reset Not Fixed Not Fixed Not Fixed
H/W Reset Not Fixed Not Fixed Not Fixed
Serial I/F Mode Parallel I/F Mode

[ oom 0y | X [ ———
0s

/ Dummy Clock // Dummy Read
! !

Flow Chart / Send ID1[7:0] / / Send ID1[7:0]
! !

/ Send ID2[7:0] // Send ID2[7:0]
} !

/ Send ID3[7:0] // Send ID3[7:0]

Driver

N NN\
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7.1.5 RDDST: Read Display Status (09h)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDST 0 T 1 - 0 0 0 0 1 0 0 1 (09h)
Dummy Read | 1 1 0 - - - - - - - - - -
2" parameter 1 1 0 - ST31 | ST30 | ST29 | ST28 | ST27 | ST26 | ST25 | ST24 -
3" parameter 1 1 0 - ST23 | ST22 | ST21 | ST20 | ST19 | ST18 | ST17 | ST16 -
4" parameter | 1 1 0 - | ST15 | ST14 | ST13 | ST12 | ST11 | ST10 | ST9 | ST8 -
5" parameter 1 1 0 - ST7 | ST6 | ST5 | ST4 | ST3 | ST2 | ST1 | STO -
NOTE: “-“ Don’t care
This command indicates the current status of the display as described in the table below:

Bit Description Value

ST31 Booster Voltage Status “1"=Booster on, “0"=off

ST30 Row Address Order (MY) “1"=Decrement, “0"=Increment

ST29 Column Address Order (MX) “1"=Decrement, “0"=Increment

ST28 Row/Column Exchange (MV) “1"= Row/column exchange (MV=1)

“0"= Normal (MV=0)

ST27 Scan Address Order (ML) “1"=Decrement, “0"=Increment

ST26 RGB/BGR Order (RGB) “1"=BGR, “0"=RGB

ST25 Not Used ‘0"

ST24 Not Used ‘0"

ST23 Not Used ‘0"

ST22 Interface Colour Pixel Format

STo1 Definition “110" = 18-hit / pixel (666 mode)

“111“ = 24-bit / pixel (888 mode)

ST20

ST19 Idle Mode On/Off “1"=0n, “0" = Off

ST18 Partial Mode On/Off “1"=0n, “0” = Off

ST17 Sleep In/Out “1"=Qut, “0" = In
Description ST16 Display Normal Mode On/Off “1” = Normal Display, “0" = Partial Display

ST15 Vertical Scrolling Status “1” = Scroll on, “0" = Scroll off

ST14 Not Used “0"

ST13 Inversion Status “1" = 0n, “0" = Off

ST12 All Pixels On (Not Used) “0”

ST11 [ All Pixels Off (Not Used) “0”

ST10 | Display On/Off “1"=0n, “0" = Off

ST9 Tearing effect line on/off “1" = 0n, “0” = Off

ST8 Gamma Curve Selection “000” = GCO, “001” = GC1,

ST7 ‘010" = GC2, “011" = GC3

ST6 “100"~"111":Not used

ST5 Tearing effect line mode “0” = model, “1" = mode2

ST4 Not Used ‘0"

ST3 Not Used “0”

ST2 Not Used “0"

ST1 Not Used “0”

STO Not Used “0"
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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 (ST31 to STO):
Default Power On Sequence 0000 0000_0111 0001_0000 0000_0000 0000
S/W Reset 0xxx xx00_0xxx 0001_0000 0000_0000 0000
H/W Reset 0000 0000_0111 0001_0000 0000_0000 0000
Serial I/F Mode Parallel I/F Mode
RDDST (09h m— T T '
ﬁ_ o Host | Legend |
Driver i | Command I i
/ Dummy Clock // Dummy Read / !/ Parameter / |
1
| |
l :
! 1
/ Send ST[31:24] / / Send ST[31:24] / : :
Flow Chart | :
. |
/ Send ST[23:16] / / Send ST[23:16] / | Sequentia |
! transfer i
/ Send ST[15:8] / / Send ST[15:8] /
/ Send ST[7:0] / / Send ST[7:0] /
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7.1.6 RDDPM: Read Display Power Mode (0Ah)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDPM 0 1 - 0 0 0 0 1 0 1 0 (0Ah)
Dummy Read | 1 T - - - - - - - - - -
2" parameter 1 0 - D7 D6 D5 D4 D3 D2 D1 DO -
NOTE: *“-“ Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Booster Voltage Status “1"=Booster on, “0"=Booster off
D6 Idle Mode On/Off “1"=Idle Mode On,  “0" = Idle Mode Off
o D5 Partial Mode On/Off “1" = Partial Mode On, “0”" = Partial Mode Off
Description D4 Sleep In/Out “1” = Sleep Out, “0" = Sleep In
D3 Display Normal Mode On/Off “1" = Normal Display, “0” = Partial Display
D2 Display On/Off “1" = Display On, ‘0" = Display Off
D1 Not Used “0”
DO Not Used “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 (D7 to DO)
Default Power On Sequence 0000_1000 (08h)
S/W Reset 0000_1000 (08h)
H/W Reset 0000_1000 (08h)
F============7==7=77
Serial I/F Mode Parallel I/F Mode : Legend E
........ Host . Parameter / |
- |
Flow Chart / Send D [7:0] // Dummy Read / i i
| i
/ Send D [7:0] / : I
i Sequential '
' transfer i
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7.1.7 RDDMADCTR: Read Display MADCTR (0Bh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDMADCTR| O 1 - 0 0 0 0 1 0 1 1 (0Bh)
Dummy Read | 1 1 0 - - - - - - - - - -
2" parameter 1 0 - D7 D6 D5 D4 D3 D2 D1 DO -
NOTE: “-“ Don’t care

This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Row Address Order “1"=Decrement, “0"=Increment
D6 Column Address Order “1"=Decrement, “0"=Increment
D5 Row/Column Order (MV) “1"= Row/column exchange (MV=1)
Description “0"= Normal (MV=0)
D4 Scan Address Order “1"=Decrement, “0"=Increment
D3 RGB/BGR Order “1"=BGR, “0"=RGB
D2 Not Used “0”
D1 Not Used “0”
DO Not Used “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 (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset No change
H/W Reset 0000_0000 (00h)
F""""""""'I
Serial I/F Mode Parallel I/F Mode ! Legend E
RDDMADCTR (0Bh) RDDMADCTR (0Bh) ' '
[rooweo L= Host 7 parameter |
[ |
Flow Chart / Send D [7:0] // Dummy Read / i i
! 1
l !
/ Send D [7:0] / ! i
i Sequential '
' transfer i
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7.1.8 RDDCOLMOD: Read Display Pixel Format (OCh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
RDDCOLMOD| 0 1 - 0 0 0 0 1 1 0 0 (0Ch)
Dummy Read | 1 1 0 - - - - - - - - - -
2" parameter 1 0 - D7 D6 D5 D4 D3 D2 D1 DO -

NOTE: “-“ Don’t care

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

Bit Description Value

D7 RGB Interface Color Format “0” (Not Used)

D6 “0” (Not Used)

D5 “0” (Not Used)
Description D4 “0” (Not Used)

D3 Control Interface Color Format “0”

D2 “111"=24 bit/pixel

D1 “011"=12 bit/pixel

DO “101"=16 bit/pixel

“110"=18 bit/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
Default Power On Sequence 0000_0111 (24 bit/pixel)
S/W Reset No Change
H/W Reset 0000_0111 (24 bit/pixel)
fom e
Serial I/F Mode Parallel I/F Mode Legend
| RDDCOLMOD (0Ch) | RDDCOLMOD (0Ch)
''''''' Host Parameter /
Driver

/ Send D [7:0]

Flow Chart / Send D [7:0] // Dummy Read / '
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7.1.9 RDDIM: Read Display Image Mode (0Dh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDIM 0 1| -] ool o] o1 (0Dh)
Dummy Read | 1 1 0 - - - - - - -
T

2" parameter 1 - D7 D6 D5 D4 D3 D2 D1 DO
NOTE: “-“ Don’t care

o
[E

This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Vertical Scrolling On/Off “0" (Not used)
D6 Horizontal Scrolling On/Off “0” (Not used)
D5 Inversion On/Off “1” = Inversion is On, “0" = Inversion is Off
Description | | D4 All Pixels On “0” (Not used)
D3 All Pixels Off “0" (Not used)
D2 Gamma Curve Selection “000” = GCO, “001” = GC1
D1 ‘010" = GC2, “011" = GC3
DO "100" to “111" = Not defined
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 (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset 0000_0000 (00h)
H/W Reset 0000_0000 (00h)
r==-~="="===="=="="=="="="="75, I
Serial I/F Mode Parallel I/F Mode ! Legend i
...... Host !/ Parameter / !
s |
Flow Chart / Send D [7:0] // Dummy Read / | - E
P < Acton >
l |
: :
/ Send D [7:0] / ! |
i Sequential '
' transfer i
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7.1.10 RDDSM: Read Display Signal Mode (OEh)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDSM 0 1 - 0 0 0 0 1 1 1 0 (OEh)
Dummy Read | 1 T - - - - - - - - - -
2" parameter 1 0 - D7 D6 D5 D4 D3 D2 D1 DO -
NOTE: *“-“ Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Tearing Effect Line On/Off “1”=0n, “0” = Off
D6 Tearing effect line mode “0"=model, “1"=mode2
o D5 Horizontal Sync. (RGB I/F) On/Off “0”
Description | "pg Vertical Sync. (RGB I/F) On/Off “0”
D3 Pixel Clock (DCK, RGB I/F) On/Off “0”
D2 Data Enable (ENABLE, RGB I/F) On/Off | “0”
D1 Not Used “0”
DO Not Used “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 (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset 0000_0000 (00h)
H/W Reset 0000_0000 (00h)
F============7==7=77
Serial I/F Mode Parallel I/F Mode : Legend E
.......... Host Parameter / |
- |
Flow Chart / Send D [7:0] // Dummy Read / i i
| e
/ Send D [7:0] / ! |
i Sequential '
' transfer i
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7.1.11 RDDSDR: Read Display Self-Diagnostic Result (OFh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDDSDR 0 1 - 0 0 0 0 1 1 1 1 (OFh)
Dummy Read | 1 1 T - - - - - - - - - -
2" parameter 1 0 - D7 D6 D5 D4 D3 D2 D1 DO -
NOTE: *“-“ Don’t care
This command indicates the current status of the display as described in the table below:
Bit Description Value
D7 Register Loading Detection refer section 5.14
D6 Functionality Detection
o D5 Chip Attachment Detection
Description | | D4 Display Glass Break Detection
D3 Not Used “0"
D2 Not Used ‘0"
D1 Not Used “0”
DO Not Used “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 (D7 to DO)
Default Power On Sequence 0000_0000 (00h)
S/W Reset 0000_0000 (00h)
H/W Reset 0000_0000 (00h)
F============7==7=77
Serial I/F Mode Parallel I/F Mode : Legend E
.......... Host Parameter / |
- |
! i
Flow Chart / Send D [7:0] // Dummy Read / i i
| i
/ Send D [7:0] / ! |
i Sequential '
' transfer i
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7.1.12 SLPIN: Sleep In (10h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
SLPIN 0 T 1 - 0 0 0 1 0 0 0 0 (10h)

Parameter | No Parameter
NOTE: “-* Don’t care

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

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

| Source/Gate Output I(Blank display\ STOP

[ vemorysean operation__[[[[[[[[[]lI] sror

Description
[ ovematosenor  [[[IIT[TATATAIAN MO __sTor
| DC/DC Converter | Discharge

MPU interface and memory are still working and the memory keeps its contents

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

It will be necessary to wait 5msec before sending next command, this is to allow time for the supply

Restriction 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.
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 S/W Reset Sleep in mode
H/W Reset Sleep in mode
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It takes about 120 msec to get into Sleep In mode (booster off state) after SLPIN command issued.
The results of booster off can be check by RDDST (09h) command Bit31.

1
Stop : Legend
pc/be : I Command |
Converter '

Display whole blank
screen (Automatic
No effect to DISP

ON/OFF Command)

Flow Chart

A 4

Stop
Internal
Oscillator

[
1
1
1
1
1
|
1
l v : Mode
1
I -
1
1
1
1
1
1

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

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)

SLPOUT 0 T 1 - 0 0 0 1 0 0 0 1 (11h)

Parameter | No Parameter
NOTE: “-“ Don’t care

This command turns off sleep mode.

In this mode the DC/DC converter is enabled, Internal display oscillator is started, and panel scanning is
started.

| Source/Gate Output | STOP /( Blank XMemory Contents>

(If DISPON 29h is set)

DESCI’iptiOH | Memory scan operation |
STAR
[ wemaosiaor | srop _A(IIITITIITITATIITATICATT

| DC/DC Converter | ov

This command has no effect when module is already in sleep out mode. Sleep Out Mode can only be exit
by the Sleep In Command (10h).

It will be necessary to wait 5msec before sending next command, this is to allow time for the supply
voltages and clock circuits to be stabilized.

LDS285 loads all default values of extended and test command to the registers during this 5msec and

Restriction there cannot be any abnormal visual effect on the display image if those default and register values are
same when this load is done and then the LDS285 is already Sleep Out —mode.
LDS285 is doing self-diagnostic functions during this 5msec. See also section 5.14.
It will be necessary to wait 120msec after sending Sleep In command (when in Sleep Out mode) before
Sleep Out command can be sent
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Sleep in mode
Default S/W Reset Sleep in mode
H/W Reset Sleep in mode
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It takes 120msec to become Sleep Out mode (booster on mode) after SLPOUT command issued.
The results of booster on can be checked by RDDST (09h) command Bit31.

SLPOUT

A

Start Internal
Oscillator Display whole blank
screen (Automatic No
effect to DISP ON/OFF
Y Commands)
Start
DC-DC
Converter

Flow Chart

y

Charge Offset
voltage for LCD
Panel

Display Memory
contents in accordance
with the current
command table settings

A 4

( Sleep Out Mode )
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7.1.14 PTLON: Partial Display Mode On (12h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
PTLON 0 T 1 - 0 0 0 1 0 0 1 0 (12h)
Parameter | No Parameter
NOTE: “-“ Don’t care
This command turns on Partial mode. The partial mode window is described by the Partial Area command
(301)
To leave Partial mode, the Normal Display Mode On command (13H) should be written.
There is no abnormal visual effect during mode change between Normal mode On <-> Partial mode On.
Restriction | This command has no effect when Partial mode is active.

Description

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 Normal Mode On

S/W Reset Normal Mode On

H/W Reset Normal Mode On

Flow Chart | See Partial Area (30h)
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7.1.15 NORON: Normal Display Mode On (13h)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
NORON 0 T 1 - 0 0 0 1 0 0 1 1 (13h)
Parameter | No Parameter
NOTE: “-“ Don’t care
This command returns the display to normal mode.
Description | Normal display mode on means Partial mode off.
There is no abnormal visual effect during mode change from Normal mode On <-> Partial mode On.
Restriction | This command has no effect when Normal Display mode is active.
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 Normal Mode On
S/W Reset Normal Mode On
H/W 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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7.1.16 INVOFF: Display Inversion Off (20h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
INVOFF 0 T 1 - 0 0 1 0 0 0 0 0 (20h)

Parameter | No Parameter
NOTE: “-* Don’t care

This command is used to recover from display inversion mode.
L This command makes no change of contents of frame memory.
Description | This command does not change any other status.
Restriction | This command has no effect when module is already inversion off mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Display Inversion off
Default S/W Reset Display Inversion off
H/W Reset Display Inversion off
r==-~="="===="=="="=="="="="75, I
. _ | Legend |
Display Inversion | — '
On Mode ! Command !
!/ Parameter / i
: oo
l :
Flow Chart INVOFF | i
! 1
1 = =
: :
Display Inversion ' , i
OFF Mode ! Sequential |
! transfer i
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7.1.17 INVON: Display Inversion On (21h)

Inst / Para DC |WRB | RDB [D17-8( D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | (Code)
INVON 0 0 1 - 0 0 1 0 0 0 0 1 (21h)

Parameter | No Parameter
NOTE: “-* Don’t care

This command is used to enter into display inversion mode

This command makes no change of contents of frame memory. Every bit is inverted form the frame
Description | memory to the display.

This command does not change any other status.

Restriction | This command has no effect when module is already Inversion On mode.

Display Inversion
ON Mode

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence Display Inversion off
Default q - Py -
S/W Reset Display Inversion off
H/W Reset Display Inversion off
r==-~="="===="=="="=="="="="75, I
! 1
Display Inversion i Legend !
OFF Mode : ;
: Parameter / i
: Towm O
! 1
Flow Chart INVON ! i
! 1
v ! :
. i
. |
! 1
. |
. i
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7.1.18 GAMSET: Gamma Set (26h)
Inst/Para | DC | WRB | RDB [D17-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | (Code)
INVON 0 T 1 - 0 0 1 0 0 1 0 1 (26h)
Parameter 1 T 1 - | GC7 | GC6 | GC5 | GC4 | GC3 | GC2 | GC1 | GCOo -

NOTE: “-“ Don’t care

Description

This command is used to select the desired Gamma curve for the current display. A maximum of 4 curves
can be selected. The curves are defined in Fig 5.9.3 The curve is selected by setting the appropriate bit in

the parameter as described in the Table.

GC[7:0] Parameter Curve Selected
01h GCO Gamma Curve 1
02h GC1 Gamma Curve 2
04h GC2 Gamma Curve 3
08h GC3 Gamma Curve 4

Note: All other values are undefined.

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

v

New Gamma
Curve Loaded

Restriction curve until valid is received.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence 01h
Defauit SIW Reset 0th
H/W Reset 01h
fmmmmmmmmmmmmemm
Legend
GAMSET
Parameter /
v
/ GC [7:0] /
Flow Chart
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7.1.19 DISPOFF: Display Off (28h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
DISPOFF 0 T 1 - 0 0 1 0 1 0 0 0 (28h)
Parameter |No Parameter
NOTE: “-* Don’t care
This command is used to enter into DISPLAY OFF mode. In this mode, the output from DDRAM is disabled
and blank page is inserted for two frames.
This command makes no change of contents of DDRAM.
This command does not change any other status.
There will be no abnormal visible effect on the display.
Exit from this command by Display On (29h)
(Example)
Memory Display

O

Restriction | This command has no effect when module is already in Display Off mode.

Description

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 g Spay
S/W Reset Display off
H/W Reset Display off
. r==-~="="===="=="="=="="="="75,
Display On Legend
Mode
Parameter
DISPOFF i
Flow Chart Display whole blank

screen for 2 frames
(Automatic No effect
to DISP ON/OFF

Display Off
Mode
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7.1.20 DISPON: Display On (29h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D
DISPON 0 T 1 - 0 0 1 0
Parameter | No Parameter

NOTE: “-“ Don’t care

This command is used to recover from DISPLAY OFF mode. Output from the DDRAM is enabled.
This command makes no change of contents of DDRAM.
This command does not change any other status.

w

D2 D

_

DO | (Code)
(29h)

[EEN
o
o
[EEN

(Example)
Memory Display

| 5
[:::$> N NEE N
EEN | | N
NN BN N
N BN N

N | NN
ERRREREN

Description

Restriction | This command has no effect when module is already in Display On mode.

Display On
Mode

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle 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 S/W Reset Display off
H/W Reset Display off
r-—--—---—---—--—-l
Display Off ! Legend i
i | Command |
! i
v | Parameter /:
| 1
| DISPON ! |
Flow Chart ' !
' ! i
! 1
! |
! |
| |
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7.1.21 CASET: Column Address Set (2Ah)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
CASET 0 T 1 - 0 0 1 0 1 0 1 0 (2Ah)
1* Parameter 1 T 1 - | XS15|XS14 | XS13 | XS12|XS11 | XS10| XS9 | XS8 -
2" Parameter | 1 T 1 - XS7 | XS6 | XS5 | XS4 | XS3 | XS2 | XS1 | XS0 -
3" parameter [ 1 t 1 - | XE15|XE14 | XE13 | XE12 | XE11l | XE10| XE9 | XE8 -
4" parameter | 1 1 1 - | XE7 | XE6 | XE5 | XE4 | XE3 | XE2 | XE1 | XEO -
NOTE: “-* Don’t care
This command is used to define area of DDRAM where MPU can access.
This command makes no change on the other driver status.
The value of XS [15:0] and XE [15:0] are referred when RAMWR command comes.
Each value represents one column line in the DDRAM.
(Example)
XS [15:0] XE [15:0]
Description
XS [15:0] always must be equal to or less than XE [15:0]
When XS [15:0] or XE [15:0] is greater than maximum address like below, data of out of range will be
o ignored.
Restriction (Parameter range: 0 < XS [15:0] < XE [15:0] < 239 (00EFh)): MV="0"
(Parameter range: 0 < XS [15:0] < XE [15:0] < 319 (013Fh)): MV="1"
(about MV register, refer section 6.1.30 ( Row / Column exchange ) )
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 XS [15:0] XE [15:0] XE [15:0]
(MV=0) (Mv=1)
Default Power On Sequence 0000h 00EFh(239d)
SIW Reset 0000h 00EFh(239d) | 013Fh(319d)
H/W Reset 0000h 00EFh(239d)
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I CASET
1
1% & 2" parameter XS [15:0] ! Legend
1
3 & 4" parameter XE [15:0] ! | Command
i
v !
I RASET \
A4

1
1
1
1
1
1
1
1% & 2" parameter YS [15:0] E Mode
3 & 4™ parameter YE [15:0] !
1
1
1
1

A4
[ ravwr

ﬁ

Z

@

Flow Chart > e
v (0]

o

Image Data
D1[15:0],D2[15:0]

..... Dn[15:0]

| Any Command
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7.1.22 RASET: Row Address Set (2Bh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
RASET 0 T 1 - 0 0 1 0 1 0 1 1 (2Bh)
1* Parameter 1 T 1 - |YS15|YS14|YS13|YS12|YS11|YS10| YS9 | YS8 -
2" Parameter | 1 T 1 - YS7 | YS6 | YS5 | YS4 | YS3 | YS2 | YS1 | YSO -
3" parameter [ 1 t 1 - |YE15|YE14 |YE13|YE12|YE11l|YE1O0| YE9 | YE8 -
4" parameter | 1 1 1 - | YE7 | YE6 | YE5 | YE4 | YE3 | YE2 | YE1 | YEO -
NOTE: “-* Don’t care
This command is used to define area of DDRAM where MPU can access.
This command makes no change on the other driver status.
The value of YS [15:0] and YE [15:0] are referred when RAMWR command comes.
Each value represents one column line in the DDRAM.
(Example)
o YS [15:0]
Description
YE [15:0]
YS [15:0] always must be equal to or less than YE [15:0]
When YS [15:0] or YE [15:0] are greater than maximum row address like below, data of out of range will be
o ignored.
Restrction | parameter range: 0 < YS [15:0] < YE [15:0] < 319 (013Fh)): MV="0"
(Parameter range: 0 < YS [15:0] < YE [15:0] < 239 (00EFh)): MV="1"
(about MV register, refer section 6.1.30 ( Row / Column exchange ) )
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 YS [15:0] YE [15:0] YE [15:0]
(MV=0) (MV=1)
Default Power On Sequence 0000h 013Fh(319d)
S/W Reset 0000h 013Fh(319d) | OOEFh (239d)
H/W Reset 0000h 013Fh(319d)

116
@ LEADIS Technology CONFIDENTIAL



240 (RGB) x 320 16M-Color TFT Driver Version 2.00

CASET A
1% & 2™ parameter XS [15:0] >
3" & 4™ parameter XE [15:0]

-

1

1

1

1

1

1

I

v 1
I RASET 7 i
1

1

1

1

1

1

1

1

1

1

1

1

1

| Command

papaaN |

y

1% & 2" parameter YS [15:0]
3" & 4" parameter YE [15:0]

-
]
o
3
@
@
@

Mode
Sequential
v 3\ transfer
r RAMWR | | TTTTTTmmTmmTmTTTT
Flow Chart
A4
Image Data >

D1[15:0],D2[15:0]
Dn[15:0]

PapasN 4|

| Any Command J
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7.1.23 RAMWR: Memory Write (2Ch)

Inst/Para | DC | WRB | RDB |D15-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | (Code)
RAMWR 0 T 1 - 0 0 1 0 1 1 0 0 (2Ch)
Data write 1 T 1 |D15-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO -

Data write 1 0 1 |[D15-8| D7 D6 D5 D4 D3 D2 D1 DO -
NOTE: “-*“ Don’t care
This command is used to transfer data MPU to DDRAM.

This command makes no change to the other driver status.

When this command is accepted, the column register and the row register are reset to the Start
Description | Column/Start Row positions.

The Start Column/Start Row positions are different in accordance with MADCTR setting. (See 5.2.3)
Then D [15:0] is stored in DDRAM and the column register and the row register increment as in Fig 5.2.4.
Sending any other command can stop Frame Write.

Restriction |In all color modes, there is no restriction on length of parameters.

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 Contents of memory is set randomly
S/W Reset Contents of memory is not cleared
H/W Reset Contents of memory is not cleared
R,
i Legend
i | Command
1
!/ Parameter /
Image Data
Flow Chart D1[15:0],D2[15:0],

Dn[15:0

\4

| Any Command
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7.1.24 RAMRD: Memory Read (2Eh)
Inst / Para DC | WRB | RDB |D15-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)

RAMRD 1 - 0 0 1 0 1 1 1 0 | (En)
Dummy read 1 1 0 - - - - - - . - . .
Data read t

D15-8( D7 D6 D5 D4 D3 D2 D1 DO -

Data read 1 1 * |D158| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO -
NOTE: “-“ Don’t care
This command is used to transfer data from DDRAM to MPU.
This command makes no change to the other driver status.

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

The Start Column/Start Row positions are different in accordance with MADCTR setting.
(See section 5.2.3)

Then D[15:0] is read back from the DDRAM and the column register and the row register increment as in
Fig. 5.2.4.

Frame Read can be canceled by sending any other command.

Description

In all color modes, there is no restriction on length of parameters.

Restriction Note — Memory Read is only possible via the Parallel Interface.
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 Contents of memory is set randomly
SIW Reset Contents of memory is not cleared
H/W Reset Contents of memory is not cleared
r RAMRD FommTTTTTTTmmmoy
! Legend
\4 1
! | Command
/ Dummy / !
l !/ Parameter /
Flow Chart

Image Data
D1[15:0],D2[15:0]
..... Dn[15:0]

A4
I Any Command | i _TT========--_- !
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7.1.25 PTLAR: Partial Area (30h)

Inst/Para | DC |WRB | RDB |[D17-8] D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | (Code)
PTLAR 0 - 0 0 1 1 0 0 0 0 | (30n)
1% parameter | 1 PSL15 | PSL14 | PSL13 | PSL12 [ PSL11|PSL10| PSLY | PSLE | -
1
1

2" parameter PSL7 | PSL6 | PSL5 | PSL4 | PSL3 | PSL2 | PSL1 | PSLO -
3" parameter PEL15 | PEL14 | PEL13 | PEL12 | PEL11 | PEL10 | PEL9 | PEL8 -
4" parameter 1 PEL7 | PEL6 | PEL5 | PEL4 | PEL3 | PEL2 | PEL1 | PELO -
NOTE: ““-“ Don’t care

This command defines the partial mode’s display area. There are 4 parameters associated with this
command, the first defines the Start Row (PSL) and the second the End Row (PEL), as illustrated in the
figures below. PSL and PEL refer to the DDRAM row address counter.

If End Row > Start Row when MADCTL ML=0:

e i e
N

Start Row Non-displaying Area
PSL [15.0] [—»

Partial Display Area

End Row Non-displaying Area

If End Row > Start Row when MADCTL ML=1:

End Row Non-displaying Area

PEL [15:0] |——»

Description
Partial Display Area

Start Row Non-displaying Area

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

End Row }
PEL [15:0] —— \

Non-displaying A
on-cispiaying area Partial Display Area

}/

Start Row

If End Row = Start Row then the Partial Area will be one row deep.
PSL[15:0] and PEL[15:0] should have below range
(Parameter range: 0 < PSL[15:0], PEL[15:0] < 319 (013Fh))

Restriction
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Stat Default Value
atus PSL [15:0] PEL [15:0]
Default Power On Sequence 0000h 013Fh
S/W Reset 0000h 013Fh
H/W Reset 0000h 013Fh
1. To Enter Partial Mode 2. To Exit Partial Mode
PTLAR Partial Mode
Optional
DISPOFF To prevent
Tearing Effect
Image display
______________ -
| Legend '
G’artial Mode OFF) | : |
' Command !
1 ]
Flow Chart Partial Mode l/ /:
1 Parameter |
1
= =
! 1
Image Data i |
D1[15:0],D2[15:0] : i
..... Dn[15: ! !
I :
DISPON . Sequential E
' transfer !
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7.1.26 TEOFF: Tearing Effect Line OFF (34h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 | D D2 | D1 | DO | (Code)
TEOFF 0 T 1 - 0 0 1 1 0 1 0 0 (34h)

Parameter | No Parameter
NOTE: “-* Don’t care

w

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

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

Status Availability

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

Status Default Value
Power On Sequence Off
Default S/W Reset Off
H/W Reset Off

fom e
Legend

s
(TE Line Output ON> !

A

Flow Chart | TEOFF

1
1
1
1
1
1
l |
1
. Mode
1
1
1
1
1
1
1
1

(TE Line Output OFF>

Sequential
transfer
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7.1.27 TEON: Tearing Effect Line ON (35h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
TEON 0 T 1 - 0 0 1 1 1 (35h)

Parameter 1 0 1 - - - - - M -
NOTE: “-“ Don’t care

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

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

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

o
[E
o

P tvdl |, tvdh

VerticalTiL/_x % S
Scale —

When M=1: The Tearing Effect Output line consists of both V-Blanking and H-Blinking information.

Description

tvdl |, tvdh

Vertical Time  / X *
Scale

See Section 5.2.7 for more information.

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 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
Default Power On Sequence Tearing effect off & M=0
S/W Reset Tearing effect off & M=0
H/W Reset Tearing effect off & M=0
fom e
] Legend
TE Line Output OFF
Y Parameter /
| TEON
Flow Chart

(TE Line Output ON>
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7.1.28 MADCTR: Memory Data Access Control (36h)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
MADCTR 0 T 1 - 0 0 1 1 0 1 1 0 (36h)
Parameter 1 T 1 - MY | MX | MV | ML |RGB | - - - -
NOTE: “-“ Don’t care
This command defines read/write scanning direction of DDRAM.
This command makes no change on the other driver status.
Bit Assignment
Bit NAME DESCRIPTION
MY ROW ADDRESS ORDER These 3bits controls MPU to memory write/read direction
| wrl | 10on.
MX | COLUMN ADDRESS ORDER (See Section 5.2.3)
MV | ROW/COLUMN EXCHANGE
ML SCAN ADDRESS ORDER LCD refresh direction control
RGB | RGB-BGR ORDER Color selector switch control. DDRAM must be updated
after the RGB bit change.
(0=RGB color filter panel, 1=BGR color filter panel)
ML: Scan Address Order
ML="0" Memory Display
| [ Sent First > J|_||_||_||_" |
LI ]
H NN N
! LI T [ ]
i N NN N
! H_ NN N
v L[|
[ sentast > IENEREEE
Description ML="1" Memory Display
| Sent last > Jl_"_“_"_" I
A EN | | EEN
' N NN EE
' LI T [ |
! HN NN EN
N EEE EE
O EEE
IENEEEER
RGB: RGB-BGR Order
RGB="0" RGB="1"
[RGB Driver IC [RIB B [RIE B Driver IC [RGB
SIG1 SIG2 -------- SIG128 SIG1 SIG2 -------- SIG128
SIG1 SIG2 -------- SIG128 SIG1 SIG2 -------- SIG128
- [RIG 6] B EEE - EGR
I EEE - RIE & BRI EEE - EER
LCD Panel LCD Panel
Restriction | D2, D1 and DO of the 1 parameter are set to ‘000'internally.
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Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default Value
Power On Sequence MY=0,MX=0,MV=0,ML=0,RGB=0
Default S/W Reset No Change
H/W Reset MY=0,MX=0,MV=0,ML=0,RGB=0
r==-~="="===="=="="=="="="="75, I
I/_ | Legend :
MADCTR ! i
| |
: Parameter / i
1* parameter ! !
! 1
Flow Chart (MY, MX, MV, | !
. 6o : :
e e
! 1
' transfer !
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7.1.29 IDMOFF: Idle Mode Off (38h)

Inst / Para DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 | D
IDMOFF 0 0 1 - 0 0 1 1

Parameter | No Parameter
NOTE: “-* Don’t care

This command is used to recover from Idle mode on.

There will be no abnormal visible effect on the display mode change transition.
Description | In the idle off mode,

1. LCD can display maximum 4Kk, 65k, 262k or 16M-colors.

2. Normal frame frequency is applied.

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

w

D2 D

[y

DO | (Code)
(38h)

[
o
o
o

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
S/W Reset Idle Mode Off
H/W Reset Idle Mode Off
fom e
Parameter /
IDMOFF
Flow Chart

1

1

1

1

1

1

1

1

1

1

< oisplay )

CD |
- | (vose )

- (vode )
1

1

1

1

1

1

1

1

126
@ LEADIS Technology CONFIDENTIAL



240 (RGB) x 320 16M-Color TFT Driver Version 2.00

7.1.30 IDMON: Idle Mode On (39h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
IDMON 0 T 1 - 0 0 1 1 1 0 0 1 (39h)

Parameter | No Parameter
NOTE: “-* Don’t care

This command is used to enter into Idle mode on.

There will be no abnormal visible effect on the display mode change transition.

In the idle on mode,

1. Color expression is reduced. The primary and the secondary colors using MSB of each
R,G and B in the DDRAM, 8 color depth data is displayed.

2. 8-Color mode frame frequency is applied.

3. Exit from IDMON by Idle Mode Off (38h) command

(Example)
Memory Display

—

Description

“X": don't care
Color R7RsRs R4R3 R2R1 Ro G7GeGsG4G3G,G1 Gy | B7BsBsB4B3B4B1Bg
Black OXXXXXXX OXXXXXXX OXXXXXXX
Blue OXXXXXXX OXXXXXXX IXXXXXXX
Red IXXXXXXX OXXXXXXX OXXXXXXX
Magenta IXXXXXXX OXXXXXXX IXXXXXXX
Green OXXXXXXX IXXXXXXX OXXXXXXX
Cyan OXXXXXXX IXXXXXXX IXXXXXXX
Yellow IXXXXXXX IXXXXXXX OXXXXXXX
White IXXXXXXX IXXXXXXX IXXXXXXX

Restriction | This command has no effect when module is already in idle on mode.

Status Availability

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

Status Default Value

Default Power On Sequence Idle Mode Off

S/W Reset Idle Mode Off

H/W Reset Idle Mode Off
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1
Idle mode off ! Legend
i
1
1

IDMON

| 1
1

1

1

v :

1

< Idle mode on ) !
1

1

1

1

1

1

1

1

1

1

Flow Chart

Mode

Sequential
transfer
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7.1.31 COLMOD: Interface Pixel Format (3Ah)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
COLMOD 0 T 1 - 0 0 1 1 1 0 1 0 (3Ah)
Parameter 1 T 1 - - RP2 | RPL | RPO | - P2 | P1L | P

NOTE: “-“ Don’t care

Description | This command is used to define the format of RGB picture data, which is to be transferred via the
MPU(P2-0) & RGB(RP2-0) Interface. The formats are shown in the table:

o

Interface Pixel Format P2(RP2) | P1(RP1) | PO(RPO)
Not Defined 0 0 0
Not Defined 0 0 1
Not Defined 0 1 0
Not Defined 0 1 1
Not Defined 1 0 0
Not Defined 1 0 1
18Bit/Pixel 1 1 0
24Bit/Pixel 1 1 1

NOTE: In 18 Bit/Pixel mode, the LSB Expansion is applied to transfer data into the DDRAM.

Restriction | There is no visible effect until the DDRAM is written to.

Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default
Power On Sequence 24Bit/Pixel
Default S/W Reset No Change
H/W Reset 24Bit/Pixel

Example:

| Legend
24Bit/Pixel Mode '
|
1
\4 !
r COLMOD

Flow Chart

Sequential
( 18Bit/Pixel Mode ) transfer
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7.1.32 WRDISBYV : Write Display Brightness (51h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
WRDISBV 0 T 1 - 0 1 0 1 0 0 0 1 (51h)
Parameter 1 0 1 - | DBV7 | DBV6 | DBVS | DBV4 [ DBV3 | DBV2 | DBV1 | DBVO -

NOTE: “-“ Don’t care

Description | This command is used to adjust then brightness value of the display.

It should be checked what the relationship between this written value and output brightness of the display
is. This relationship is defined on the display module specification.

00h value means the lowest brightness and FFh value means the highest brightness.

Restriction | The display supplier cannot use this command for tuning(e.g. factory tuning. Etc), because this command
is only for Nokia.

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
Power On Sequence FFh
Default S/W Reset FFh
H/W Reset FFh

Example:

Gurrent Brightness Val@

|

\4 :

r WRDISBV i
Flow Chart |

|

|

|

{ DBV[7:0] /

( New Brightness value )
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7.1.33 RDDISBV : Read Display Brightness (52h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 1 DO (Code)
RDDDISBV 1 - 0 1 0 1 0 0 (52h)
Dummyread | 1 1 0 - - - - - - - - - -
2" Parameter 0 - DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO -

g

[E
o

NOTE: “-“ Don’t care

Description | This command returns the brightness value of the display.

It should be checked what the relationship between this written value and output brightness of the display
is. This relationship is defined on the display module specification.

00h value means the lowest brightness and FFh value means the highest brightness.

Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Status Default
Power On Sequence FFh
Default S/W Reset FFh
H/W Reset FFh
Example:
fmmmmmmmmmmmmemm
Serial I/F Mode Parallel I/F Mode Legend

1

i

1
| RDDISBV[52h] | RDDISBV[52h] |
Host !/ parameter

:
1
1
Flow Chart / Send 2™ parameter / / Dummy Read / !
|
1
' Mode
/ Send 2™ parameter / '
|
1
1
1
1

Driver

Sequential
transfer
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7.1.34 WRCTRLD: Write CTRL Display (53h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
WRCTRLD 0 T 1 - 0 1 0 1 0 0 1 1 (53h)
Parameter 1 0 1 - - - |BCTRL| - - BL - - -

NOTE: “-“ Don’t care
Description | This command is used to control brightness setting.

BCTRL : Brightness Controll Block On/Off. This bit is always used to switch brightness for display .
“0” = Off ( Brightness registers are 00h )
“1" = On ( Brightness registers are active )

BL : Backlight Control On/Off
“0” = Off ( Completely turn off backlight circuit : Control Lines must be low.)
“1"=0n

Restriction | The display supplier cannot use this command for tuning(e.g. factory tuning. Etc), because this command
is of only for Nokia.

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
Power On Sequence 0oh
Default S/W Reset 00h
H/W Reset 00h
Example:
fom e
Legend

WRCTRLD

A4

1

I

1

1

I

1

|

1

: BCTRL,BL / ! Mode

|

1

y ! Sequential
( New Control value ) ' transfer

e e e~ 1

Flow Chart
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7.1.35 RDCTRLD : Read CTRL Value Display (54h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDCTRLD 1 - 0 1 0 1 0 1 0 0 | (54h)
Dummyread | 1 1 0 - - - - - - - - - -
2" Parameter 0 - - - |BCTRL| - - BL - - -

NOTE: *“-“ Don’t care
Description | This command returns the brightness control value. ( See Chapter 7.1.34 WRCTRLD )

BCTRL : Brightness Controll Block On/Off. This bit is always used to switch brightness for display .
“0” = Off ( Brightness registers are 00h )
“1" = On ( Brightness registers are active )

BL : Backlight Control On/Off
“0” = Off ( Completely turn off backlight circuit : Control Lines must be low.)

“1" = On
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
Power On Sequence 00h
Default S/W Reset 00h
H/W Reset 00h
Example:
fmmmmmmmmmmmmemm
Serial I/F Mode Parallel I/F Mode

Legend

RDCTRLD[54h] RDCTRLD[54h] Host
0S

Flow Chart / Send 2" parameter / / Dummy Read /
/ Send 2™ parameter /

Driver
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7.1.36 WRCABC: Write Content Adaptive Brightness (55h)

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | (Code)
WRCTRLD 0 T 1 - 0 1 0 1 0 0 1 1 (53h)
Parameter 1 0 1 - - - - - - - Cl1 | co -

NOTE: “-“ Don’t care

Description | This command is used to set parameters for image content based adaptive brightness control
functionality.

There is possible to use 4 different modes for content adaptive image functionality,
which are difined on a table below

Cl | CO Function Note
0 0 | OFF
0 1 | User Interface Image
1 0 | Still Picture
1 1 | Moving Image
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
Power On Sequence 00h
Default S/W Reset 00h
H/W Reset 00h
Example:

Legend

WRCABC

Flow Chart |

: C1,Co /
A 4

(' New Adaptive Image )
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7.1.37 RDCABC : Read Content Adaptive Brightness (56h)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)

RDCABC 1 - 0 1 ] o 1 | o 1 1 | 0o | (s6h)
Dummyread | 1 1 0 - - - - - - - - - -
2" Parameter 0 - - - - - - - Cl1 | Co -

NOTE: “-“ Don’t care

Description | This command is used to read the settings for image content based adaptive brightness control
functionality.

There is possible to use 4 different modes for content adaptive image functionality,
which are difined on a table below

Cl | CO Function Note
0 0 | OFF
0 1 | User Interface Image
1 0 | Still Picture
1 1 | Moving Image
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
Power On Sequence 0oh
Default S/W Reset 00h
H/W Reset 00h
Example:
fmmmmmmmmmmmmemm
Serial I/F Mode Parallel I/F Mode

Legend

RDCABC[56h] RDCABC[56h] Host
0S

Flow Chart / Send 2™ parameter / / Dummy Read /
/ Send 2™ parameter /

Driver
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7.1.38 RDID1: Read ID1 Value (DAh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDID1 0 1 - 1 1 0 1 1 0 1 0 DAh)
Dummyread | 1 1 0 - - - - - - - - - -
T

—

2" Parameter | 1 - ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 -
NOTE: *“-“ Don’t care

This read byte returns 8-bit LCD module’s manufacturer ID

The 1% parameter is dummy data

The 2™ parameter (ID17 to 1D10): LCD module’s manufacturer ID.
NOTE: See command RDDID (04h), 2™ parameter.

Description

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
Default Power On Sequence Not F!xed
S/W Reset Not Fixed
H/W Reset Not Fixed

Serial I/F Mode Parallel I/F Mode

i Legend
=
RDID1 (DAh) RDID1 (DAh) Host !
oS 1

1
1
1
1
Flow Chart / Send 2" parameter / / Dummy Read / :
|
1
| Mode
/ Send 2™ parameter / !
1
1
1
1
1
1

Driver

Sequential
transfer
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7.1.39 RDID2: Read ID2 Value (DBh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
RDID2 0 1 - 1 1 0 1 1 0 1 1 (DBh)
Dummyread | 1 1 0 - - - - - - - - - -
T

2" Parameter | 1 - 1 ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 -
NOTE: *“-“ Don’t care

This read byte returns 8-bit LCD module/driver version ID

The 1% parameter is dummy data

Description | The 2" parameter (ID26 to ID20): LCD module/driver version ID

Parameter Range: ID=80h to FFh
NOTE: See command RDDID (04h), 3" parameter.

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
Default Power On Sequence Not F!xed
S/W Reset Not Fixed
H/W Reset Not Fixed
fmmmmmmmmmmmmemm
Serial I/F Mode Parallel I/F Mode

Legend

0s

...... s B

Send 2™ parameter / / Dummy Read /
Flow Chart /
/ Send 2™ parameter /

137
@ LEADIS Technology CONFIDENTIAL



240 (RGB) x 320 16M-Color TFT Driver Version 2.00

7.1.40 RDID3: Read ID3 Value (DCh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
RDID3 0 1 - 1 1 0 1 1 1 0 0 (DCh)
Dummyread | 1 1 0 - - - - - - - - - -
2" Parameter | 1 t - ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30 -
NOTE: *“-“ Don’t care
This read byte returns 8-bit LCD module/driver ID.
The 1% parameter is dummy data

Description nd .
The 2™ parameter (ID37 to ID30): LCD module/driver ID.
NOTE: See command RDDID (04h), 4" parameter.
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
Default Power On Sequence Not foed
SIW Reset Not Fixed
H/W Reset Not Fixed
fmmmmmmmmmmmmemm
Serial I/F Mode Parallel I/F Mode

Legend
(015

...... s Bivar

Flow Chart / Send 2" parameter / / Dummy Read /
/ Send 2™ parameter /
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7.1.41 IFMODE: Set Display Interface Mode (BOh)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)

IFMODE 0 T - 1 0 1 1 0 0 0 0 (BOh)
1% parameter | 1 1 - - - - - - - | IF1 | IFO -
2" parameter 1 1 1 - - - DW - DP EP | HSP | VSP -

NOTE: “-“ Don’t care

Sets the operation status of the display interface. The setting becomes effective as soon as the
command is received.

1* parameter: Interface mode set

IF1 IFO Data Transfer Mode
0 0 MPU data transfer
0 1 RGB data transferl
1 0 RGB data transfer2
1 1 RGB data transfer3
Description | nd parameter: RGB Interface bus width set
DW RGB Interface Data Width
24-bit (1-transfer for one pixel)
1 8-bit (1-transfer for one pixel)

2 parameter: Clock polarity set for RGB interface

DP: DCK polarity set (“0"=data fetched at the rising edge, “1"=data fetched at the falling edge)
EP: ENABLE polarity (“0"= High enable for RGB interface, “1’=Low enable for RGB interface)
HSP: HSYNC polarity (“0"=Low level sync clock, “1"=High level sync clock)

VSP: VSYNC polarity (“0"= Low level sync clock, “1"= High level sync clock)

F
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
IF[1:0] DW DP/EP/HSP/VSP
Default Power On Sequence 00 0 0/0/0/0
S/W Reset 00 0 0/0/0/0
H/W Reset 00 0 0/0/0/0
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poTTTTTTTTTTTTTTS

Im_ ! Legend '

i | Command |

1* parameter: IF [1:0] ' Parameter /" i

2" parameter: DW/ DP/EP/HSP/VSP I :

: i

i Sequential i

! transfer '
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7.1.42 DISCLK: Display Clock Set (B1h)

Inst/Para | DC |WRB | RDB [D17-8] D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO | (Code)

DISCLK . 1 0 1 1 0 0 0 1 | (B1h)
1% parameter - HA7 HAGB HA5 HA4 HA3 HA2 HA1 HAO -
an parameter - - - BPA5 | BPA4 | BPA3 | BPA2 | BPA1l | BPAO -
3rd parameter FPAS | FPA4 | FPA3 | FPA2 | FPAL | FPAO -
4™ parameter - | HB7 | HB6 | HB5 | HB4 | HB3 | HB2 | HB1 | HBO -
51h parameter - - - BPB5 | BPB4 | BPB3 | BPB2 | BPB1 | BPBO -
Gth parameter - - - FPB5 | FPB4 | FPB3 | FPB2 | FPB1 | FPBO -

Rl ]|~|o
e B B S BN Y Y
Rl

.

.

.

Display clock condition set.

1% to 4" parameter: Display clock set for full colour display mode.
HA [8:0]: Number of clocks during 1H = HA
BPA [5:0]: Number of lines for vertical back porch

FPA [5:0]: Number of lines for vertical front porch

5" to 8" parameter: Display clock set for 8-colour display mode.
HB [8:0]: Number of clocks during 1H = HB
BPB [5:0]: Number of lines for vertical back porch

FPB [5:0]: Number of lines for vertical front porch
Description By using DISCLK command, frame frequency can be set like below
fFRA (Hz) = 1 / ((Number of gate + 1 dummy gate + BPA + FPA) * ((HA+1) * 2usec))
for full colour display mode
fFRB (Hz) = 1 / ((Number of gate + 1 dummy gate + BPB + FPB ) * ((HB+1) * 2usec))
for 8-colour display mode
BPA (BPB) and FPA (FPB) are related to the vertical mode TE signal pulse width.
TE (vertical mode, high pulse width) = (BFA + FPA+2) * ((HA+1) * 2usec)
for full colour display mode
TE (vertical mode, high pulse width) = (BFB + FPB+2) * ((HB+1) * 2usec)
for 8-colour display mode

Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
HA[7:0] | BPA[5:0] | FPA[5:0] | HB[7:0] | BPB[5:0] | FPB [5:0]
Power On Sequence 23d (17h) | 16d (10h) | 6d (06h) | 28d (1Ch) | 16d (10h) | 6d (06h)
S/W Reset 23d (17h) | 16d (10h) | 6d (06h) | 28d (1Ch) | 16d (10h) | 6d (06h)
H/W Reset 23d (17h) | 16d (10h) | 6d (06h) | 28d (1Ch) | 16d (10h) | 6d (06h)
Default The default frame frequency (normal mode, 320 gate + 1 dummy gate)
= 1/((321+16+6)*(23+1)*2usec) = 60.8Hz
The default frame frequency (idle mode, 320 gate + 1 dummy gate)
= 1/((321+16+6)*(28+1)*2usec) = 50.2Hz
Vertical TE signal high pulse width
= (16+6+2)*(23+1)*2usec = 1,152 usec (for normal mode)
= (16+6+2)*(28+1)*2usec = 1,392 usec (for idle mode)
peTTTTTTTTTTTTTTS
i | Command |
| Parameter / i
1% and 2" parameter: HA [7:0] E :
Flow Chart 3" parameter; BPA [5:0] : !
4" parameter: FPA [5:0] ! |
5" and 6" parameter: HB [7:0] ! i
7" parameter: BPB [5:0] | e :
8" parameter: FPB [5:0] i Sequential :
! transfer '
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7.1.43 INVCTR: Inversion Control (B2h)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)

INVCTR T - 1 0 1 1 0 0 1 0 (B2h)
1% parameter T - 0 0 0 0 - | NLA2 | NLA1 | NLAO -
2" parameter 1 - 0 0 0 0 - | NLB2 | NLB1 | NLBO -

Display inversion mode set

1* parameter: for full colour display mode
NLA2 to NLAO: line inversion value set

2 parameter: for 8 colour display mode
NLB2 to NLBO: line inversion value set

NLA2 NLA1 NLAO Inversion
Description (NLB2) (NLB1) (NLBO)
0 0 0 Frame inversion
0 0 1 1-Line inversion
0 1 0 2-Line inversion
0 1 1 3-Line inversion
1 0 0 4-Line inversion
1 0 1 5-Line inversion
1 1 0 6-Line inversion
1 1 1 7-Line inversion
Restriction |-
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
Default Value
Status 1% parameter 2" parameter
Default Power On Sequence 01h 00h
S/W Reset 01h 00h
H/W Reset 01h 00h

143
@ LEADIS Technology CONFIDENTIAL



240 (RGB) x 320 16M-Color TFT Driver Version 2.00

i Legend
INVCTR i
' Command
1
\/ | ﬁ Parameter /'

1> parameter: |
Flow Chart NLA [2:0] |
2" parameter: i
NLB [2:0] :

. Mode

Sequential
transfer
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7.1.44 REGCTR: Regulator Control (COh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
REGCTR 0 T 1 - 1 1 0 0 0 0 0 0 (COh)
1% parameter 1 0 1 - - VR2 | VR1 | VRO - VS2 | VS1 | VSO -
Regulator voltage control
The 1% parameter:
VR [2:0]: VR regulator output control
VS [2:0]: VS regulator output control
VR [2:0] VR output VS [2:0] VSIVG output
o 0 VR =3.00V 0 VS = 3.00V
Description 1 VR = 3.50V 1 VS = 350V
2 VR =3.75V 2 VS = 3.75V
B VR =4.00V 3 VS = 4.00V
4 VR =4.25V 4 VS =4.25V
5 VR =4.50V ) VS = 4.50V
6 VR =4.75V 6 VS =4.75V
7 VR =5.00V 7 VS = 5.00V
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
VR [2:0] VS [2:0]
Default Power On Sequence 3h 5h
S/W Reset 3h 5h
H/W Reset 3h 5h
r-----------------l
i Legend '
REGCTR ! |
' [ commana | |
| 1
\4 I 1
; 1 Parameter !
/ 1* parameter / ,/ / |
Flow Chart | !
| i
: :
i Sequential .
! transfer '
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7.1.45 VCOMCTR: VCOML / VCOMH Voltage Control (C1lh)
Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO (Code)
VCOMCTR 0 T - 1 1 0 0 0 0 0 1 (C1h)
1* parameter 1 T - - - VCLC5 | VCLC4 | VCLC3 | VCLC2 | VCLC1 | VCLCO -
2" parameter 1 t - - - | VCHC5 | VCHC4 | VCHC3 | VCHC2 | VCHCL | VCHCO -
NOTE: *“-“ Don’t care
VCOML / VCOMH Voltage Control
The 1* parameter: VCOML voltage control (See below table)
The 2™ parameter: VCOMH voltage control (See below table)
VCLC [5:0] VCOML output voltage VCHC [5:0] VCOMH output voltage
1 VCOML =-1.95V 1 VCOMH =+2.55V
2 VCOML =-1.90 V 2 VCOMH = +2.60 V
60 VCOML = +1.00V 60 VCOMH = +5.50V
61~ 63 Not permitted 61~ 63 Not permitted
Restriction | Default value of VCOMH will be fixed to the trimmed value during wafer test.
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
VCLC [5:0] VCHC [5:0]
Defaul Power On Sequence 32h See note
efault S/W Reset 32h See note
H/W Reset 32h See note
NOTE: After Wafer level test, the default value of VCHC will be trimmed to fit the target VCOM
amplitude.
I"_"_'"_'"_"_';
| Legend '
[veomcrr | o]
! Command |
. ~ | Parameter :
/1SI parameter: VCLC [5:0] / i / |
Flow Chart ! | !
/2“u parameter: VCHC [5:0] / i |
| |
i Sequential i
! transfer '
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7.1.46 GAMCTRI1: Set Gamma Correction Characteristics (C8h)

Inst / Para DC | WRB | RDB |D17-8( D7 D6 D5 D4 D3 D2 D)
GAMCTR1 - 1 1 0 0
1% parameter GS102 | GS101 | GS100 | GS112 | GS111 | GS110
2" parameter GS122 | GS121 | GS120 | GS132 | GS131 | GS130
3" parameter GS142 | GS141 | GS140 | GS152 | GS151 | GS150
4" parameter GS162 | GS161 | GS160 | GS172 | GS171 | GS170

[y

DO | (Code)
(C8h)

[E
o
o
o

RlRr|lRr|Rr|lo
===
Rl |R]-

Set the gray scale voltage to adjust the gamma characteristics of the TFT panel.
It apply to gamma curve selection by instruction code 26h.

Description
1% to 4" parameter: Gamma curvel adjustment register
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
GS10[2:0] ~ GS17[2:0]
Default Power On Sequence 41414141414/414
SIW Reset 4/41414/414/4/4
H/W Reset 41414/41414/4]4

P e
GAMCTR1 Legend

A4

1* parameter
2" parameter

Fow Char et ; :
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7.1.47 GAMCTR2: Set Gamma Correction Characteristics (C9h)

Inst / Para DC | WRB | RDB |D17-8( D7 D6 D5 D4 D3 D2 D)
GAMCTR2 - 1 1 0 0
1% parameter GS202 | GS201 | GS200 | GS212 | GS211 | GS210
2" parameter GS222 | GS221 | GS220 | GS232 | GS231 | GS230
3" parameter GS242 | GS241 | GS240 | GS252 | GS251 | GS250
4" parameter GS262 | GS261 | GS260 | GS272 | GS271 | GS270

[y

DO | (Code)
(C9h)

[EY
o
o
[E

Pl |R|o
> === >
PRk |R]-

Set the gray scale voltage to adjust the gamma characteristics of the TFT panel.
Description Its?ppI):hto gamma curve selection by |n.struct|on cer 26h.
1 to 4™ parameter: Gamma curve?2 adjustment register
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
GS20[2:0] ~ GS27[2:0]
Default Power On Sequence 41414141414/4/4
SIW Reset 4/41414/414/4/4
H/W Reset 4/414/4/414/414
F""""""""'I
GAMCTR2 i Legend i
. I 1
1 parameter ! Parameter |
2" parameter ; / |
Fow Char et ; ,
5 i
: :
i Sequential :
! transfer '
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7.1.48 GAMCTRS3: Set Gamma Correction Characteristics (CAh)

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D
GAMCTR3 - 1 1 0 0
1 parameter GS302 | GS301 | GS300 | GS312 | GS311 | GS310
2nd parameter (GS322 | GS321 | GS320 | GS332 | GS331 | GS330
3rd parameter (GS342 | GS341 | GS340 | GS352 | GS351 | GS350
4" parameter GS362 | GS361 | GS360 | GS372 | GS371 | GS370

[y

DO | (Code)
(CAh)

[
o
[E
o

Pl |R|o
> === >
PRk |R]-

Set the gray scale voltage to adjust the gamma characteristics of the TFT panel.
Description Its?ppI):hto gamma curve selection by |n.struct|on cer 26h.
1 to 4™ parameter: Gamma curve3 adjustment register
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
GS30[2:0] ~ GS37[2:0]
Default Power On Sequence 41414141414/4/4
SIW Reset 4/41414/414/4/4
H/W Reset 4/414/4/414/414
F""""""""'I
GAMCTR3 i Legend i
. I 1
1 parameter ! Parameter |
2" parameter ; / |
Fow Char et ; ,
5 i
: :
i Sequential :
! transfer '
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7.1.49 GAMCTR4: Set Gamma Correction Characteristics (CBh)

Inst / Para DC | WRB | RDB |D17-8( D7 D6 D5 D4 D3 D2 D)
GAMCTR4 - 1 1 0 0
1% parameter GS402 | GS401 | GS400 | GSA412 | GS411 | GS410
2" parameter GS422 | GS421 | GS420 | GS432 | GS431 | GS430
3" parameter GS442 | GS441 | GS440 | GS452 | GS451 | GS450
4" parameter GS462 | GS461 | GS460 | GSA72 | GS471 | GS470

[y

DO | (Code)
(CBh)

[EEN
o
[EEN
[EEN

Pl |R|o
> === >
PRk |R]-

Set the gray scale voltage to adjust the gamma characteristics of the TFT panel.
Description Its?ppI):hto gamma curve selection by |n.struct|on cer 26h.
1> to 4™ parameter: Gamma curve4 adjustment register
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
GS40[2:0] ~ GS47[2:0]
Default Power On Sequence 41414141414/4]4
S/W Reset 4/4/41414/4/4/4
H/W Reset 4/4/41414/4/4/4
F'_"_"'_"'_"_'I
GAMCTR4 i Legend i
v i | Command :
. I 1
1 parameter | Parameter :
2" parameter ; / |
Fow Char et ; ,
5 |
: :
i Sequential '
! transfer '
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7.1.50 EPPGMDB: Write ID2, VCOM Offset Value

Inst/Para | DC | WRB | RDB |D17-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | (Code)
EPPGMDB 0 T 1 - 1 1 0 1 0 0 0 0 (DOh)
Parameter 1 0 1 - - - - - - | vcors2 | vcors1 | vcorso .
Parameter 1 0 1 - - - | VCOF5 | VCOF4 | VCOF3 | VCOF2 | VCOF1 | VCOF0 -
Parameter 1 t 1 - | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 | db_sel -

NOTE: “-“ Don’t care

This command is used to write the values of ID2 , VCOM and VCOMS to internal register.
These value is programmed into EEPROM by command “EPPGM(D2h).

VCOM Offset Control

1% Parameter: VCOM offset control(8color)

VCOFS8 [2:0] VCLC (Internal) VCHC (Internal)
0(default) VCLC VCHC
1 VCLC-3 VCHC-3
2 VCLC-2 VCHC-2
3 VCLC-1 VCHC-1
4 VCLC VCHC
5 VCLC+1 VCHC+1
6 VCLC+2 VCHC+1
7 VCLC+3 VCHC+3

2" Parameter; VCOM offset control

VCOF [5:0] VCLC (Internal) VCHC (Internal)
0(default) VCLC VCHC
1 VCLC-31 VCHC-31
Description 31 VCLC-1 VCHC-1
32 VCLC VCHC
33 VCLC+1 VCHC+1
63 VCLC+31 VCHC+31

NOTE: If VCLC (Internal) or VCHC (Internal) is less than 0, it becomes 0.
If VCLC (Internal) or VCHC (Internal) is larger than 31, it becomes 31.
The VCOF[5:0] is stored in EEPROM to fit contrast.
3" parameter: 1D2[6:0]
Write 7-bit LCD module/driver version ID to save it to EEPROM.
3" parameter: db_sel

“0” = Using the EEPROM data for making VCOMH & VCOML.
“1" = Using the internal register values written by EPPGMDB for VCOMH & VCOML.

The following drawing shows how to use “db_sel” to fix the VCOF and the VCOF8.
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MPU
By command EPPGMDB
Internal Register
— | VCOFI[5:0]
db_sel: “0": EEPROM data is used
—»| VCOF8[2:0 “1”: internal Register data is used
>
M
veorsze | VCOM Gen B VCOMH
—>
® \comL
X
EEPROM >
LDS285

The user shoule fix VCOF and VCOF8 to adjust the VCOMH and VCOML output voltage level.
The user can use “db_sel” to find out which value is suitable for VCOMH and VCOML.

If the user sets “db_sel” to “1”, then LDS285 uses the internal register value to make the proper VCOMH
and VCOML output voltage instead of the value read from EEPROM.

That means that the user can control and monitor the VCOMH and VCOML output voltage
the parameter of the command “EPPGMDB” and find out the proper value of the 1% and the 2" parameter
of the command “EEPGMDB” before programming the VCOF[5:0] and VCOF8[2:0] into EEPROM.

nbdy changing

Restriction
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out Yes
Register Normal Mode On, Idle Mode On, Sleep Out Yes
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes
Partial Mode On, Idle Mode On, Sleep Out Yes
Sleep In Yes
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Status Default Value
VCOF8[2:0] | VCOF[5:0] ID2 db_sel
Default Power On Sequence 0 0 Not Fixed (80 ~ FFh) 0
S/W Reset 0 0 Not Fixed (80 ~ FFh) 0
H/W Reset 0 0 Not Fixed (80 ~ FFh) 0

Legend

EPPGMDB (DOh)

Send 1 parameter

Flow Chart

Send 2™ parameter

NN N
NN N\
|

Send 3" parameter
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7.1.51 EPERASE: EPROM Erase (D1h)

Inst / Para DC | WRB | RDB | D17-8| D7 D6 D5 D4 D3 D2 D1 | DO | (Code)
EPERASE 0 ) 1 - 1 1 0 1 0 0 0 1 | (D1h)
Parameter | No Parameter
Description | EEPROM data erase.
It will be necessary to wait more than 150msec after EEPROM erase start .
Restriction | Refer to 7.3.3&7.3.4 EEPROM access flow.
EPERASE should be excuted in Sleep-in mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out No
Register Normal Mode On, Idle Mode On, Sleep Out No
Availability Partial Mode On, Idle Mode Off, Sleep Out No
Partial Mode On, Idle Mode On, Sleep Out No
Sleep In Yes
Status Default Value
Default Power On Sequence D?sable
S/W Reset Disable
H/W Reset Disable
rEPERASE Fom-mmm oo
i Legend '
i | Command |
Flow Chart i i
| s
M i Sequential |
' transfer :
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7.1.52 EPPROG: EPROM Program (D2h)

Inst / Para DC | WRB | RDB | D17-8| D7 D6 D5 D4 D3 D
EPPROG 0 0 1 - 1 1 0 1 0
Parameter | No Parameter

N

D1 | DO | (Code)
(D2h)

o
[E
o

Description | EEPROM data program.
It will be necessary to wait more than 100msec after EEPROM program start .
Restriction | Refer to 6.3.3&6.3.4 EEPROM access flow.
EEPROG should be excuted in Sleep-in mode.
Status Availability
Normal Mode On, Idle Mode Off, Sleep Out No
Register Normal Mode On, Idle Mode On, Sleep Out No
Availability Partial Mode On, Idle Mode Off, Sleep Out No
Partial Mode On, Idle Mode On, Sleep Out No
Sleep In Yes
Status Default Value
Default Power On Sequence D?sable
S/W Reset Disable
H/W Reset Disable
| EPPROG e bttt
i Legend '
i | Command |
. !
D)
Flow Chart i i
| s
M i Sequential |
' transfer :
! !
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7.1.53 EPRDVRF: EPROM Read Verify (D3h)

Inst/Para | DC | WRB | RDB |D17-8] D7 | D6 | D5 | D4 | D3 | D2 | DL | DO | (Code)
EPRDVRE | 0 | 1 | 1 - 1 1] 0] 1| o | o 1 | 1 | (p3h)
Parameter | 1 0 1 - ; ; . - |READ P\?FM ERVF| o©

.When READ =1, PGMVF =0 & ERVF =0, then EEPROM data are normally read to Internal
register.

.When READ =0, PGMVF =1 & ERVF =0, then the read verification for the programmed data
will be executed by using the internal reference voltage(VDD1). This mode is to read the
Description | programmed value from EEPROM under the more serious condition than normal read mode.

.When READ =0, PGMVF =0 & ERVF = 1, then the read verification for the erased data
verification will be executed by using the external reference voltage.(ME_CMP ). This mode is
to read the erased value from EEPROM under the more serious condition than normal read
mode.

It will be necessary to wait more than 100usec after EEPROM read start .

Sequential
transfer

Restriction
Refer to 7.3.3&6.3.4 EEPROM access flow.
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 Dfsable
S/W Reset Disable
H/W Reset Disable
| EPREAD o L e e
! Legend i
i | Command |
! |
: i
Flow Chart i i
| :
v i :
| |

__________________
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7.1.54 RDVCOF: VCOM offset registers bits Read Back (D9h)

Inst / Para DC V\éR RBD D17-8 D7 | D6 D5 D4 D3 D2 D1 DO (Code)
RDVCOF 0 0 1 - 1 1 0 1 1 0 0 1 (D9h)
DummyRead | 1 | 1 | * - - - - - - - - - Dummy
2'nd Parameter| 1 1 0 - - - |RVCOF5|RVCOF4(RVCOF3|RVCOF2|RVCOF1|RVCOFO
3'rd Parameter| 1 11 - - - - - - |RVCOF82|RVCOF81| RVCOF80
This read 6-bit VCOM register offset value and additional 4-bit VCOM offset value. (refer to 6.1.60)
The 1% parameter is dummy data
Description | The 2™ parameter RVCOF[5:0] : range 0d ~ 63d
The 2™ parameter RVCOF8[2:0]: range 0 ~ 7.
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
RVCOF[5:0], RVCOF8[2:0]
Default Power On Sequence -
SIW Reset
H/W Reset
=== ===========77 1
Serial I/F Mode Parallel I/F Mode | Legend '
[ roveor | [ roveor | [ commans ]
Host 1 Parameter /i
...... Bivver | :
Flow Chart / Send 2™ parameter / / Dummy Read / i i
| e
/ " // Send 2" parameter / ' !
Send 3" parameter 1 . |
! Sequential i
: |
/Send 3" parameter /
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7.1.55 LEDCTRL: Write the configuration for LED driver

Inst / Para DC | WRB | RDB |D17-8| D7 D6 D5 D4 D3 D2 D1 DO | (Code)
EPPGMDB 0 T 1 - 1 1 1 0 1 1 1 1 (EFh)
Parameter 1 T 1 - - - - - - - - | TYPE -
Parameter 1 T 1 - 0 |ADR2|ADR1|ADRO|( DB3 | DB2 | DB1 | DBO -
Parameter 1 t 1 - 0 |PER3|PER2|PERL1|PERO| O 0 0 -
NOTE: “-“ Don’t care
This command is used to configure the LED driver control
1* Parameter: TYPE
“0" : When LDS285 controls LED Driver type with pwm pulse contol.
“1" . When LDS285 controls LED Driver LDS8816 with 1-wire digital interface.
o 2" parameter: ADR[2:0], DB[3:0]
Description ) ) .
When TYPE =1, LDS285 write DB[3:0] to ADDR[2:0] register in LDS8861.
( Please refer to Section 6.4 and the specification for LDS8861 )
3" parameter; PER[3:0]
When TYPE =0, PERJ[3:0] decide the period of PWM pulse which is sent through LCD_CNT.
(Please refer to Section 6.4 )
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
TYPE ADRJ[2:0] DB[3:0] PER[3:0]
Default Power On Sequence 0 0 Eh 0
SIW Reset 0 0 Eh 0
H/W Reset 0 0 Eh 0
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| LEDCTRL(EFh)

Send 1* parameter

l

Send 2" parameter

l

Send 3" parameter

Flow Chart

NN N
N N\
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7.2 RESET TABLE (DEFAULT VALUE) (TBD)

ltem After Power On After Hardware Reset After Software Reset
DDRAM Random No Change No Change
Sleep In/Out In In In

Display On/Off Off Off Off

Display mode (normal/partial) Normal Normal Normal
Display Inversion On/Off Off Off Off

Display Idle Mode On/Off Off Off Off
Column: Start Address (XS) 0000h 0000h 0000h
Column: End Address (XE) 00EFh 00EFh poteil gigg; mg: Wi’;
Row: Start Address (YS) 0000h 0000h 0000h

Row: End Address (YE) 013Fh 013FFh poall gggg; mg: le’;
Brightness Control Value *3) FFh FFh FFh
Gamma setting GCO0 GCO0 GCO

Partial: Start Address (PSL) 0000h 0000h 0000h
Partial: End Address (PEL) 013Fh 013Fh 013Fh
Tearing: On/Off Off Off Off

Tearing Effect Mode *4) 0 (Model) 0 (Model) 0 (Model)
Memory Data Access Control

(MYMX/MVIMLIRGB) 0/0/0/0/0 0/0/0/0/0 No Change
Interface Pixel Color Format 7 (24-Bit/Pixel) 7 (24-Bit/Pixel) No Change
RDDPM 08h 08h 08h
RDDMADCTR 00h 00h No Change
RDDCOLMOD 7 (24-Bit/Pixel) 7 (24-Bit/Pixel) No Change
RDDIM 00h 00h 00h
RDDSM 00h 00h 00h
RDDSDR 00h 00h 00h

ID1 TBD TBD TBD

ID2 TBD TBD TBD

ID3 TBD TBD TBD

Notes:

1. There will be no abnormal visible effects on the display when S/W or H/W Reset is applied.
2. Powered-On Reset finishes within 10us after both VDD1_10, VDD1 & VDD?2 are applied.

3. Brightness conrol value is related with the command “WRDISBV(51h).

4. TE Mode 1 means Tearing Effect Output Line consists of V-Blanking Information only.
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7.3 INSTRUCTION SETUP FLOW
7.3.1 Initializing with the Built-in Power Supply Circuits (TBD)

Initializing Start (Power ON)

v

H/W Reset
e Power Input: VSS, VDD1 and VDD2 (Any order)
Wait Until Power Stabilization
o IRES="L"
Wait for more than 105
o IRES="H"
Wait for more than 5ms

v

Power Supply Set
o SLPOUT (Sleep mode OFF & OSC/Booster On)

¥

o INVON / INVOFF (Display Inversion / Normal Set)

* IDMON / IDMOFF (Idle Mode On/Off)

e PTLAR/ PTLON/ PTLOFF (Partial Area Set & Partial On/Off)
- Partial start/end line set (PSB, PEB)

o SCRLAR (Area Scroll Set)

o VSCSAD (Scroll Start Address Set)
- Scroll start address (SSA)
» MADCTR (Memory Data Access Control)

(ML) and RGB order
o COLMOD (Interface Pixel Format Set)
o WRCTRLD ( Brightness control) On/Off

Display Environment Set2 (If not used, can be skipped)

- Top fixed area, scroll area and bottom fixed area set (TFA, VSA, BFA)

- Row direction (MY), column direction (MX), address direction (V), scan direction

!

Display Data Write & Display On
o RASET / CASET (Row/Column Address Set)

¢ RAMWR (Memory Data Write)

Wait for more than 120ms after power control command
¢ DISPON (Display ON)

- Start/end row address set (YS, YE), Start/end column address set (XS, XE)

v

Initializing End

Fig.7.3.1 Initializing with the built-in power supply circuits

The initializing sequence does not have any effect on the display. The display is in its normal background

color during the initialization.
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7.3.2 Power OFF Sequence (TBD)

Power OFF Start (Without H/W Reset) '

e DISPOFF (Display OFF)
All of the common & segment pins become VC potential.

e SLPIN (Sleep IN)
All the liquid crystal power supply circuits and oscillator circuit become OFF.

'

| Stop the Power Supply: VDD2 and VDD stop (any order) |

'

[ Power OFF End I
Power OFF Start (With H/W Reset) ]
H/W Reset
¢ IRES ="“L"
Wait for more than 10us
¢ IRES =“H"

'

| Stop the Power Supply: VDD2 and VDD stop (any order) |

‘

[ Power OFF End '

Fig.7.3.2 Power OFF sequence

162
@ LEADIS Technology CONFIDENTIAL



LDS285 240 (RGB) x 320 16M-Color TFT Driver Version 2.00
7.3.3 EEPROM Access Sequence for Initialization (Data Clear)
EXTC =VDD1
RESET
Apply 21.0V ~ 23.0V at ME_CMP pad
EEPROM I
Data * EPERASE command
Clear Wait for more than 150msec
[ Remove ME_CMP External Power |
[ * sLPOUT command |
([ *Erase Verify
Cs?mmand . EPRDVRF (D3h)
EEPROM 1> Parameter : 02h
Clear Data l
Verification * RDVCOF command
* RDDID2 command
No
\ Yes
End
163
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7.3.4 EEPROM Access Sequence for program (Data write) (TBD)

EEPROM
Programmi

EEPROM
Programmi
Verify

ng

ng

( Start )

RESET

EXTC =VDD1
)

* EPPROM data Write to internal register

Command : EPPGMDB (DOh)

1% parameter : {5'b0,VCOF8[2:0]}
2" parameter: {2'b0, VCOF[5:0]}
3" parameter: {ID2[6:0],db_sel}

{

Apply 8.2V ~ 8.8V at ME_CMP pad

{

* EPPROG command
Wait for more than 40msec

Remove ME_CMP External Power

!

* SLPOUT command

* Program Verify
Command : EPRDVRF (D3h)
1% Parameter : 04h

!

* RDVCOF command
* RDDID2 command

Read data all
correct?

Yes

Re-execute EEPROM Initialization (clear)
Refer to 7.3.3
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8 SPECIFICATIONS
8.1 ABSOLUTE MAXIMUM RATINGS
(Vss =0V)
ltem Symbol Value Unit
Supply voltage (1) VDD1 -03~+20 \%
Supply voltage (2) VDD2 -0.3~+36 \%
Drive Supply Voltage VGH - VGL -0.3~+28.0 \%
Logic input voltage range VIN -0.3~VDD1+0.3 \%
Logic output voltage range Vo -0.3~VDD1+0.3 \%
Operating temperature range ToOPR -30~+75 °C
Storage temperature range TSTG -55~+125 °C
NOTE: If the absolute maximum rating of even is one of the above parameters is exceeded even momentarily, the
quality of the product may be degraded. Absolute maximum ratings, therefore, specify the values exceeding
whic_h the prc_)duct may be physically damaged. Be sure to use the product within the range of the absolute
maximum ratings
8.2 ESD PROTECTION LEVEL
Table 8.2.1 ESD models.
Model Test Condition Protection Level Unit
Human Body Model C=100pF, R=1.5kQ > 2000 \Y
Machine Model C=200pF, R=0.0Q > 200 \Y
8.3 LATCH-UP PROTECTION LEVEL
The device will not latch up at trigger current levels less than +100 mA.
8.4 LIGHT SENSITIVITY
The operation of the IC will not be materially altered by incident light.
165

@ LEADIS Technology CONFIDENTIAL




240 (RGB) x 320 16M-Color TFT Driver Version 2.00

8.5 MAXIMUM SERIES RESISTANCE

The driver will operate in “Chip on Glass’ applications with series resistances (due to ITO track resistance).
Voltages are specified at module 1/0 assuming maximum values as in Table 7.5.1.

Table 8.5.1 Maximum series resistance on module.

Name Type Maximum Series Resistance Unit
VDD1 Power supply 10 Q
VDD2 Power supply 10 Q
VSS Power supply 10 Q
oscC Input 100 Q
SRGB, SINV, SMX, | Input 100 Q
SMY, VGLX4, FRM,

EXTC, PSEL

TGS, TEST2, TEST3

P68, BS2, BS1, BSO | Input 100 Q
RESB Input 100 Q
CSB (ISCE) Input 100 Q
DC (SCL) Input 100 Q
WRB Input 100 Q
RDB Input 100 Q
TE, Output 100 Q
VSYNCO

D15 to DO Input / Output 100 Q
D23 to D16, VDO Input 100 Q
DCK, ENABLE,

VSYNC, HSYNC

VGH Capacitor connection 10 Q
VGL Capacitor connection 10 Q
VCOMH,VCOML Capacitor connection 10 Q
VR Capacitor connection 10 Q
VS Capacitor connection 10 Q
VREG_DC Capacitor connection 5 Q
VDC1 Boosterl Power Supply 5 Q
C1P, C1M Capacitor connection 10 Q
C2pP, C2M Capacitor connection 10 Q
C3P, C3M Capacitor connection 10 Q
C4P, C4M Capacitor connection 10 Q
C5P, C5M Capacitor connection 10 Q
C6P, C6M Capacitor connection 10 Q
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8.6 DC CHARACTERISTICS

8.6.1 Basic Characteristics

(Vss=0V, VbD1=1.65V to 1.95V, VDD2=2.3V to 2.9V, Ta = -30 to 70°C)

Parameter ‘ Symbol ‘ Conditions | Related Pins MIN ‘ TYP ‘ MAX ‘ Unit
Power & Operating Voltages
I/O interface Voltage V DD1I0 - :/ZI%Dl_IO,VDDl 1.65 [1.8/2.75 3.3
Logic Operating voltage VDD1 PSEL=0 *2) VDD1 1.65 1.8 1.95
Analog Operating voltage | VbD2 - *2) VDD2 2.3 2.75 3.3 \V;
Gate Drive High Voltagel | VGH *3) VGH 9 16.0 20.0
Gate Drive Low Voltagel | VGL *3) VGL -15 -12.0 -6.0
Drive Supply Voltagel VGH-VGL *3) VGH, VGL 15 28.0 30
Input / Output
High level input voltage VIH *1) *2) 0.7VbD1 - VDD1
Low level input voltage ViL - *1) *2) Vss - 0.3VDD1 v
High level output voltage | VoH IoH = -1.0mA *2) D17 to DO, 0.8VDD1 - \VVDD1
Low level output voltage | VoL loL = +1.0mA TE, TEST1 Vss - 0.2VDD1
Input leakage current e VIN = VDD1 or Vss *1) *2) -1.0 - +1.0 pA
Oscillator frequency fosc - - 450 500 550 kHz
Booster
AVDD boost voltagel AVDD1 Idﬁ\;:?t%el,mxpﬁ’ *3) AVDD 1.9*vDD2| - |2.0*VDD2
AVDD boost voltage2 AVDD2 'S‘i\r}g?e'?;tg/% *3) AVDD 1.8vDD2| - | 2.04vDD
AVDD boost voltage3 AVDD3 'S?r}glje'?égg/% *3) AVDD 2'7*\éFéEG— S'O*E'EEG—
VGH boost voltage VGH IGH=300uA, 4*VR *3) VGH 3.6*VR - 4.0*VR v
VGL boost voltage VGL IGL=-300UA, -3*VR *3) VGL -2*VR - -1.8*VR
VCL boost voltage VCL IcL=-300uA, -1*Vpp2 *3) VCL -1*vDD2 - -0.9*vDD2
VS output voltage VS Default, No load *3) VS 3.00 4.2 6.00
VR output voltage VR Default, No load *3) VR 3.00 4.00 5.00
NOTE: *1) SRGB, SINV, SMX, SMY, DCK, ENABLE, VSYNC, HSYNC, OSC, P68, ,BS2, BS1, BS0, CSB, RESB,
DC, WRB, RDB, D23 to DO pins
*2) *3) When the measurement are performed with LCD module, Measurement Points are like below
Measurement point for *3)
/
Ij/ll‘é] FPC Measurement point for *2)
= g
LCD Panel 0o
g Connector pin or flex side
|
Capacitor
@ 167
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Parameter Symbol | Conditions Related Pins ‘ MIN ‘ TYP ‘ MAX ‘ Unit
VCOM Generator
. VCOMH
VCOM amplitude VCOMA No load \%
VCOML
. . VCOM output = High )
VCOM output high resistance | RvcomH IVCOM = 1mA VCOM 200 TBD 5
. VCOM output = Low
VCOM output low resistance | RvcomL IVCOM = 1MA VCOM - 200 TBD
Source Driver
Rap~Rjp, Ran~Rjn,
Gray scale resistance Rgray RO~R62 of gray voltage | S1 to S720 0.7*Rx | RXx 1.3*Rx Q
generator
VS=3.75V, VSO=VO0 at
*1) *2) IvosH positive, VOUT=V0-2V S1lto S720 - -200 -100 pA
Drive output current VS=3.75V, VSO=VO0 at
IvosL negative, VOUT=V0-2V S1to S720 100 200 - LA
VSS1+1.0 ~VS-1.0 S1to S720 - +10 +20 mvV
Output voltage deviation Dvos ~
o oy 0 s110 5720 - | 30 | 50 | mv
Output voltage range Vos - S1lto S720 0.1 - VS-0.1 \%
Gate Driver
*3) Output ON resistance ‘ RONG | Ta=25°C G1to G320 ‘ - ‘ 2 ‘ 3 ‘ kQ
NOTE:

1) Vso is the output voltage of source output pins S1 to S720.

2) Vour is the applied voltage to source output pins S1 to S720

3) Resistance value when -0.1[mA] is applied during the ON status of the gate output pin G1 to G320.
Ron [49] = 4V [V] / 0.1[mA] (4V: Voltage change when —0.1[mA] is applied in the on status.)
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8.6.2 Current Consumption

Host Mode of operation Frame Inversion Image Akgscrenszré(?ritril Ty;i:g;rlem ConsanCIE))trls(?tncase
I/F P Frequency | Mode 9 (MY-NXMy) | VDD2 [ VDD1 | VDD2 | VDDI
T (mA) (mA) (mA) (mA)
- Normal Mode On TBD Note 1 XXX TBD TBD TBD TBD
- partial Mode OFf TBD Note 2 XXX TBD TBD TBD TBD
~ldle Mode Off 60Hz TBD Note 3 XXX TBD TBD TBD TBD
- Sleep Out Mode TBD Note 4 XXX TBD TBD TBD TBD
° TBD Note 5 XXX TBD TBD TBD TBD
2 - Normal Mode On
E ) Ej?étﬁ'ohé':‘gn()ﬁ 60Hz TBD Note 5 X;X;X TBD TBD TBD TBD
g - Sleep Out Mode
© - Normal Mode Off
§ - Partial Mode On Gre
5 (32 lines) 60Hz TBD Leveﬁ’s XXX TBD TBD TBD TBD
£ - Idle Mode Off
@ |- Sleep Out Mode
% - Normal Mode Off
- Partial Mode On TBD Note 6 X X; X TBD TBD TBD TBD
(32 lines) 60Hz
- Idle Mode On TBD Note 7 X;X;X TBD TBD TBD TBD
- Sleep Out Mode
- Sleep In Mode N/A N/A N/A XXX 0.002 0.010
0;0;0 TBD TBD TBD TBD
262k Colors 0;0;1 TBD TBD TBD TBD
NOTE 8 0;1,0 TBD TBD TBD TBD
0;1;1 TBD TBD TBD TBD
o 1,0;,0 TBD TBD TBD TBD
3 CPU Access 1,0;,1 TBD TBD TBD TBD
& | - Normal Mode On @ 15fps 1,1,0 TBD TBD TBD TBD
S |- Partial Mode Off 1:1:1 TBD TBD TBD TBD
S |- Idle Mode Off 60Hz TBD 0;0;0 TBD TBD TBD TBD
E |- Sleep Out Mode 262k Colors 0;0;1 TBD TBD TBD TBD
4 NOTE 8 0;1,0 TBD TBD TBD TBD
T 0;1;1 TBD TBD TBD TBD
1;0,0 TBD TBD TBD TBD
CPU Access 1,0;1 TBD TBD TBD TBD
@ 25fps 1;1,0 TBD TBD TBD TBD
1;1;1 TBD TBD TBD TBD
. Typical Case:
NOTE: X Do not care T = 25°C
1. All pixels black VDD?2 = 2.75V
2. Checker board one by one VDD1 = 1.8V
3. Checker board 4 by 4 Worst Case:
4. Grey-scale from top to bottom Ta = -30 t070°C
5. 20% Black, 80%White VDD2 = 2.5V to 2.9V
6. Black & White Checker board 8 by 8. VDD1 = 1.65V to 1.95V
7. Absolute Worst Case Patterns: Defined by Display Supplier Includes Process Variance.
8. Absolute Worst Case Patterns and Sequences: Defined by Display Supplier

9. Absolute worst case VDD current is less than TBD mA in the case of CPU access is inactive, Normal
Mode On, Partial Mode Off, Idle Mode Off, Sleep Out mode.

10. Absolute worst case VDD1_IOlI current is less than TBD mA in the case of CPU access is inactive,
Normal Mode On, Partial Mode Off, Idle Mode Off, Sleep Out mode.

11. Inrush currents are not included in current consumption values
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8.7 AC CHARACTERISTICS(TBD)
8.7.1 Parallel Interface Characteristics (8080-series MPU)

%L e—
——

| VIH

ICS it |

i

tcs tcsH

< » ¢ rl

v L p R
bic Vi :Xr 7K: 1Z:

tAHT

tAST e >

twc

A 4

& >

tWRL
\

'WR ”:/"&r 72 e tAHT &Y_

AN
v |

tRCS/ItRCSFM

A

< IRCIRCFM R | tosk
__tRDLARDLFM | h i
IRD 3 VIH AX ZL Vik)
’ < tRDH/ARDHEM Vi . ViL
e IDST | | fDHT THAT/RATF, _topH.
D17 to DQ ving JE vOHg‘ vOHJE
Vi X y VoL X Vol

Fig.8.7.1  Parallel Interface characteristics (8080-series MPU)

(Vss=0V, VbbD1=1.65V to 1.95V, VDD2=2.5V to 2.9V,Ta = -30 to 75°C

Signal Symbol Parameter MIN | MAX | Unit | Description
DC tasT Address setup time 10 - ns | -
taHT Address hold time (Write/Read) 10 -
tehw Chip select “H” pulse width 0 -
tes Chip select setup time (Write) 35 -
CSB tres Chip select setup time (Read ID) 45 - ns | -
trRcsEM Chip select setup time (Read FM) 355 -
tesk Chip select wait time (Write/Read) 10 -
tesH Chip select hold time 10 -
twe Write cycle 100 -
WRB twrH Control pulse “H” duration 35 - ns |-
twrL Control pulse “L” duration 35 -
tre Read cycle (ID) 160 -
RDB (ID) trOH Control pulse “H” duration (ID) 90 - ns | When read ID data
troL Control pulse “L” duration (ID) 45 -
trcEm Read cycle (FM) 450 -
RDB (FM) | troHFm Control pulse “H” duration (FM) 90 - ns | When read from DDRAM
tROLEM Control pulse “L” duration (FM) 355 -
tosT Data setup time 10 -
toHT Data hold time 10 - . _
D17 to DO | trat Read access time (ID) - 40 ns Eg: mﬁl)flr?uur:]ng L_—830Fp F
tRATFEM Read access time (FM) - 340 L=op
tobH Output disable time 20 80

NOTE: The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Logic high and low levels are specified as 30% and 70% of VDD for Input signals. For output, see Section
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7.7.6.1

Input Signal Slope Output Signal Slope

ViH=0.7*vDD1 Vor=0.8*VDD1
ViL,=0.3*vDD1 VoL=0.2*VDD1
tcHw
i p'
ICS /

WR, .

'RD &T_ .........

tcsk Min. 5ns

Note: Logic high and low levels are specified as 30% and 70% of VDD110 for

Fig.8.7.2  Chip select timing

ICS

3 A
IWR 5 / 5 z
IRD 3 z
twrh

trdh
trdhfm

A
y

Note: Logic high and low levels are specified as 30% and 70% of VDD1IO for input

Fig.8.7.3  Write to read and read to write timing
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8.7.2 Parallel Interface Characteristics (6800-series MPU)
tcHw tcHw
—_— | ¢————
JE— [ —
| VIH o tcsH N
ICS v\ “ i
< fcs > P tCSF:
. Al
| VIH
brc Vic :Xr 7K: ><
{AHT
VIH < P tAST < >
R/'W i ,ZL St
< {RCIIRCEM >le tAHT >
< IRCS/tRCSEM >
< twc >
LV \ tWRL > x
H ~ tRDLARDLFM | Ay
E Vu,Z‘ tWRH ‘&; VI!;Z‘ {RDH/tRDHFM ;&r
tosT o] |LtomTo 1R ‘AT/IRATfM ‘tomi
D1 to DO Vinf AE §L AE
Vie X 7 X 7
Fig.8.7.4 Parallel Interface characteristics (6800-series MPU)
(Vss=0V, VbD1=1.65V to 1.95V, VDD2=2.5V to 2.9V, Ta = -30 to 75°C)
Signal Symbol Parameter MIN | MAX | Unit | Description
DC tasT Address setup time 10 - ns
taHT Address hold time (Write/Read) 10 -
terw Chip select “H” pulse width 0 -
tes Chip select setup time (Write) 35 -
CSB tres Chip select setup time (Read ID) 45 - ns | -
tresFm Chip select setup time (Read FM) 355 -
tesk Chip select wait time (Write/Read) 10 -
tesH Chip select hold time 10 -
twe Write cycle 100 -
WRB twrH Control pulse “H” duration 35 - ns
twrL Control pulse “L” duration 35 -
tre Read cycle (ID) 160 -
RDB (ID) trOH Control pulse “H” duration (ID) 90 - ns | When read ID data
troL Control pulse “L” duration (ID) 45 -
treem Read cycle (FM) 450 -
RDB (FM) | troHFm Control pulse “H” duration (FM) 90 - ns | When read from DDRAM
tROLFM Control pulse “L” duration (FM) 355 -
tosT Data setup time 10 -
toHT Data hold time 10 - . _
D17to DO | trar Read access time (ID) - 40 | ns Eglt mﬁ:\TuunTCC L_—830Fp F
tRATEM Read access time (FM) - | 340 L=op
tobH Output disable time 20 80

NOTE: The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.

Logic high and low levels are specified as 30% and 70% of VDD1_1O for Input signals. For output, see Section

7.76.1
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Input Signal Slope Output Signal Slope

ViH=0.7*VDD1 Vor=0.8*VDD1
ViL=0.3*vDD1 VoL=0.2*VDD1
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8.7.3 Serial Interface Characteristics (3-Pin Serial)

ISCE \

tcss

tscycwitscycr

tcsH

tSLW/ASLR : _tscc
' € gP's < ”
ViH
SCL VIL7Z‘ {SHW/ESHR ;&r Z _\r
_ tsps | | tsDH_ < Ll < t
SDA >§ Y
(SDI) N 7T
 tacc | toH
SDA z'
(SDO) ¥
Fig.8.7.5  3-pin serial interface characteristics

(Vss=0V, VbD1=1.65V to 1.95V, VDD2=2.5V t0 2.9V, Ta = -30 to 75°C)

Parameter Symbol | Conditions MIN TYP | MAX | Unit

Serial clock cycle (Write) tscvew 100 )
SCL "H” pulse width (Write) tshw SCL 35 ) ns
SCL "L” pulse width (Write) tsiw 35
Data setup time (Write) tsps 30 -
Data hold time (Write) tsoH SDA 30 - ns
Serial clock cycle (Read) tscvcr 150 -
SCL "H” pulse width (Read) tsHr SCL 60 - ns
SCL "L” pulse width (Read) tsir 60 -

. SDA For maximum C_=30pF
Access rime tacc For minimum C,=8pF 10 50 ns

. . SDA For maximum C_=30pF
Output disable time ton For minimum C,=8pF 15 50 ns
SCL to Chip select tscc ISCE 15 ns
SCEB “H” pulse width tcHw ISCE 45 ns
Chip select setup time tess | 60 -
Chip select hold time tosn 'SCE 65 - ns

NOTE: The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.

Logic high and low levels are specified as 30% and 70% of VDD1 for Input signals. For output, see Section

7.7.6.2

Input Signal Slope

ViH=0.7*VDD1
ViL=0.3*vDD1

Output Signal Slope

Vor=0.8*VDD1
VoL=0.2*VDD1
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8.7.4 Serial Interface Characteristics (4-Pin Serial)

ISCE \

tcss

tscycw/tscycr

tcsH

SCL

r s

Z‘Vm

\ AN A

tSLW/ASLR

-

\ ¢

N

ViLA {SHW/ESHR i i
_ tsbs | | tsDH_ PR I
SDA >§L X
(SDI) N 7T
_tbcs | | tobcH
D/'C >§‘ D
N 7‘
« tacc > toH
SDA T
(SDO) 3

Fig. 8.7.6  4-pin serial interface characteristics

(Vss=0V, VbD1=1.65V to 1.95V, VDbD2=2.5V to 2.9V, Ta = -30 to 75°C)

Parameter Symbol | Conditions MIN TYP | MAX | Unit

Serial clock cycle (Write) tscvew 100 .
SCL "H” pulse width (Write) tshw SCL 35 ) ns
SCL "L” pulse width (Write) tsuw 35
Data setup time (Write) tsos 30 -
Data hold time (Write) tspH SDA 30 - ns
DC setup time tocs 30 -
DC hold time toon DC 30 : ns
Serial clock cycle (Read) tscver 150 -
SCL "H” pulse width (Read) tsHr SCL 60 - ns
SCL "L” pulse width (Read) tsir 60 -

. SDA For maximum C_=30pF
Access rime tacc For minimum C,=8pF 10 50 ns

. ) SDA For maximum C_=30pF
Output disable time ton For minimum C,=8pF 15 50 ns
SCL to Chip select tsce ISCE 15 ns
SCEB “H” pulse width tehw ISCE 45 ns
Chip select setup time tess | 60 -
Chip select hold time tesH 'SCE 65 - ns

NOTE: The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.

Logic high and low levels are specified as 30% and 70% of VDD1 for Input signals. For output, see Section

7.7.6.2
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Input Signal Slope Output Signal Slope

ViH=0.7*VDD1 Vor=0.8*VDD1
ViL=0.3*vDD1 VoL=0.2*VDD1
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8.7.5 RGB Interface Characteristics

VSYNC vin S
HSYNC ViL :Xr
< [DSYN > tbcsH
VIH » > - :
ENABLE Vi tpcss \_
< tbcyc >
A
DCK \ /| N\ /
< toLw > le tDHW >
< tbDs > le {DDH
A Al
D23-D1, VDO X X
|V 7
Fig.8.7.7  RGB Interface characteristics
(Vss=0V, Vbb1=1.65V to 1.95V, VbD2=2.5V to 2.9V, Ta = -30 to 75°C)
Symbol Parameter Conditions Related Pins MIN TYP MAX | Unit
tocyc DCK cycle time TBD ) )
toLw DCK Low time - DCK TBD ) ] ns
tchw DCK ngh time TBD
tops RGB Data setup time ) DCK, 20 - - ns
tooH RGB Data hold time D23-D1, VDO 20 - -
tocss ENABLE setup time ) 150 ) )
tocen ENABLE hold Time ENABLE 150 ns
. DCK,
tosyn SYNC setup time - HSYNC, VSYNC 20 - - ns

NOTE: The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
Input Signal Slope Output Signal Slope

ViH=0.7*VDD1 Vor=0.8*VDD1
ViL=0.3*vDD1 VoL=0.2*VDD1
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8.7.6 Reset Input Timing

Shorter than 5us
VRN tRESW

IRES M \r ;Z

s e et
; ; Initial Condition
Internal Status Normal Operation >< Resetting >§r (Default for H/W reset)

4
A
I

tREST

Fig.8.7.8  Resetinput timing

(Vss=0V, VDD1=1.65V to 1.95V, VDD2=2.5V to 2.9V,Ta = -30 to 75°C)

Symbol Parameter Related Pins | MIN TYP MAX Note Unit
tresw *1) Reset low pulse width RESB 10 - - - us
When reset applied during
_ ) ) ) 5 Sleep In mode ms
tReEST *2) Reset complete time - -
) ) 120 When reset applied during ms
Sleep Out mode
NOTE:
1) Spike due to an electrostatic discharge on RESB line does not cause irregular system reset according
to the table
below.
RESB Pulse Action
Shorter than 545 Reset Rejected
Longer than 105 Reset
Between 5.5 and 105 Reset Start

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

3) During Reset Complete Time, ID2 and VCOMOF value in OTP will be latched to internal register

during this period. This loading is done every time when there is H/W reset complete time (tREST) within
5ms after a rising edge of RESB.

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

10ps

Reset is accepted

10ps
e T e

—’"‘—1MS Less than 1usec width positive spike will be rejected.

5) It is necessary to wait 5msec after releasing RESB before sending commands. Also Sleep Out
command cannot be sent for 120msec.
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8.7.7 Measurement Conditions

8.7.7.1 tratem, toon Measurement Condition

Measurement Condition Set-up

Data Generator

Oscilloscope
See “NOTE”

External components for test condition
(pull-down and pull-up cases) which are
removed after test:

Resistor: 3kOhm + 5%

Capacitor: 8 or 30pF + 10%

See “NOTE”

Connector

£

4

Odd
|sued do1

Connector Pin / Measurement Point

NOTE: Capacitances and resistances of the oscilloscope’s probe must be included externals components in

these measurements

Minimum Value Measurement

IRD _\

D(n) [n=0..23]
(pulled up)

D(n) [n=0..23]
(pulled down)

Measurement circuit pulled down

External components
on the connector pin
T A)

D(n) [n=0..23]
(pulled down)

Measurement point on
the connector pin

—
]

» tODH

r

L e --100%

Measurement circuit pulled up

VDD1 - [External
components on
3kOhm -|the connector pin

D(n) [n=0..23] \
(pulled up)

Measurement point on
the connector pin
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Maximum Value Measurement
3: 70%
RDB 30% -/-74
< > tRATRATFM » toDH
D(n) [n=0..23]
(pulled up) 20% 0%
o --100%
D(n) [n=0..23] 80%
(pulled down)
Measurement circuit pulled down Measurement circuit pulled up
VDD1
External components External
on the connector pin components on
7 v 3kOhm -|the connector pin
D(n) [n=0..23] L \
(pulied down) ; 3 D(n) [n=0..23] A
Measurement point on 3kohm 30pF (pulled up) “i
the connector pin Measurement point on 30pF
- / the connector pin
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8.7.7.2 tacc, toy Measurement Condition
Measurement Condition Set-up
Data Generator Oscilloscope
See “NOTE”
|
0
4 n o
g e
External components for test condition ]
(pull-down and pull-up cases) which are o
removed after test:
Resistor: 3kOhm + 5%
Capacitor: 8 or 30pF + 10% Connector Pin / Measurement Point
See “NOTE”
NOTE: Capacitances and resistances of the oscilloscope’s probe must be included externals components in
these measurements
Minimum Value Measurement
SS 70%
SCL 30% Y-
100% > foH
SDA — K/”
(pulled up) . —t 0%
ACC &> | L. 100%
SDA <
(pulled down) 0%
Measurement circuit pulled down Measurement circuit pulled up
VDD1
External components External t
on the connector pin components on
3kOhm ——|the connector pin
SDA (DOUT) .
\
SDA (DOUT) * LS
Measurement point on \ii
the connector pin Measurement point on 8pF
] the connector pin
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Maximum Value Measurement

IRD \ 70%7_74
> toH
SDA
(pulled up) %\EK’/

- -0%

SDA 80% —/’_'m/\
(pulled down) __f;

o

-

Y
g
Q
o
v

Measurement circuit pulled down Measurement circuit pulled up
VDD1
External components External .
on the connector pin components on
7 A 3kOhm -|the connector pin
SDA (DOUT) >~ Al .
\
> 'i SDA (DOUT) : \
Measurement point on 3kOhm 30pF \‘i
the connector pin Measurement point on 30pF
= - the connector pin

U
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9 REFERENCE APPLICATIONS
9.1 MICROPROCESSOR INTERFACE
9.1.1 Interfacing with 3-Pin Serial Mode (P68 ="L", BS2="L", BS1="L",BS0="L")
MPU LDS285
P68
BS2
BS1
Vssi17777 BSO
RES * IRES
ICS Ics
SCL— D/IC (SCL)
ﬁ;'\nn N 'RD
VD23 t0 VD1 ) :)\Aé?t(oDlg(l:)
SDA DO (SDA)
Graphic Controller Y vDbo i
 evne Hevne ~|pcK, ENABLE i
HEDSAN SR VSYNC, HSYNC '
"""" If RGB interface is not used, please connect these
pins and D23~D1 pins to VSS1
Fig.9.1.1 Interfacing with 3-Pin Serial Mode
9.1.2 Interfacing with 4-Pin Serial Mode (P68 ="H", BS2="L", BS1="L",BS0="L")
VDD1
MPU LDS285
J S P
BS2
BS1
Vssi17777 BS0
RES *| 'IRES
ICS Ics
S0 D/IC (SCL)
Dic |'RD
vD23 to VD1 :D\Aé?l?t(ODgg.:)
SDA DO (SDA)
Graphic Controller S VDo i
o ovme HevNe ~|DCK, ENABLE i
T ~pEN VSYNC, HSYNC '
:<M\— VSYNCO '
"""" If RGB interface is not used, please connect these
pins and D23~D1 pins to VSS1
Fig.9.1.2 Interfacing with 4-Pin Serial Mode
183

@ LEADIS Technology CONFIDENTIAL




LDS285 240 (RGB) x 320 16M-Color TFT Driver Version 2.00
9.1.3 Interfacing with 8080-series MPU 8-Bit Bus (P68 = "L", BS2="L", BS1="L", BS0 = "H")
VDD1
. —_ LDS285
8080-Series MPU P68
BS2
BS1
BSO
RESB Vss17777
» IRES
CSB
DTTC ICS
RD D/IC
TWR '‘RD
VSST 'WR
D7 to DO » D23 to D8
D7 to DO
Graphic Controller I vss1 vbo i
™ VSSi *DCK, ENABLE i
T *IVSYNC, HSYNC :
| «OPEN VSYNCO .
In the parallel interface mode, RGB interface cannot
be used
Fig.9.1.3  Interfacing with 8-hit 8080-series
9.1.4 Interfacing with 6800-series MPU 8-Bit Bus (P68 = "H", BS2="L",BS1="L", BS0 ="H")
VDD1
. —_— LDS285
6800-Series MPU P68
BS2
BS1
BSO
Vssi17777
RESB IRES
Lo ICS
25 D/IC (RS)
IRD (E)
R o IWR (RI'W)
7 10 DO D23 to D8
D7 to DO
Graphic Controller i \v/cc1 vDO i
HEENY S *DCK, ENABLE i
1 VSYNC, HSYNC 1
| <« OPEN VSYNCO ;
"""" In_ the parailel interface mode, RGB interface
cannot be used
Fig.9.1.4 Interfacing with 8-bit 6800-series
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9.1.5 Interfacing with 8080-series MPU 9-Bit Bus (P68 = "L", BS2="H", BS1="L",BS0="L")
VDD1
: LDS285
8080-Series MPU P68
BS2
BS1
BSO
Vss17777
IRES o IRES
ICS
D/IC ICS
RO D/IC
W B IRD
VSS1 'WR
D8 1o DO " D23 to D9
D8 to DO
i M-S-S4 E
Graphic Controller Ve VDo i
v DCK, ENABLE i
H o VSYNC, HSYNC i
1 «OQPEN VSYNCO i
________ I;__tI*Te__p_z;r;ﬁe_l__ir;t_erface mode, RGB interface
cannot be used
Fig.9.15  Interfacing with 8-hit 8080-series
9.1.6 Interfacing with 6800-series MPU 9-Bit Bus (P68 = "H", BS2="H",BS1 ="L",BS0="L")
VDD1
. —_— LDS285
6800-Series MPU P68
BS2
BS1
e
Vssi1
RESB IRES
C SR ICS
2= D/IC (RS)
IRD (E)
B » IWR (R/IW)
PR D23 to D9
D8 to DO
: M-S-S4 i
Graphic Controller b oecs VDo i
VI DCK, ENABLE i
: v VSYNC, HSYNC i
| -QPEN VSYNCO .
________ I;_tl:g;);r-aTI;I_i;t-e-rf-a-ce mode, RGB interface cannot
be used
Fig.9.1.6 Interfacing with 8-bit 6800-series
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9.1.7 Interfacing with 8080-series MPU 16-Bit Bus (P68 ="L", BS2="L", BS1 ="H", BS0O ="H")
VDD1
; —_ LDS285
8080-Series MPU P68
BS2
BS1
BSO
Vss17777
RESB » IRES
CSB
D/IC ICS
R0 D/IC
W B IRD
VSS1 WR
D1E ta DO " D23 to D16
D15 to DO
Graphic Controller i s vDO i
NS *IDCK, ENABLE i
1 VSYNC, HSYNC 1
| «QPEN VSYNCO i
77 =UIn the parallel interface mode, RGB interface cannot
be used
Fig.9.1.7  Interfacing with 16-bit 8080-series
9.1.8 Interfacing with 6800-series MPU 16-Bit Bus (P68 ="H", BS2="L", BS1 ="H", BS0 = "H")
VDD1
: —_ LDS285
6800-Series MPU P68
BS2
BS1
BSO
Vssi17777
RES - IRES
LS Ics
E D/IC (RS)
IRD (E)
|
RO s 1w R (RW)
D15 to DO D23 to D16
D15 to DO
E LSS i
Graphic Controller b veoq vDO H
HEVI O *DCK, ENABLE i
1 VSYNC, HSYNC 1
t «YSYNCO VSYNCO .
________ I;__th-e--;;z;r;ﬁe_l--ir;t-erface mode, RGB interface
cannot be used
Fig.9.1.8  Interfacing with 16-bit 6800-series
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9.1.9 Interfacing with 8080-series MPU 18-Bit Bus (P68 ="L", BS2="H",BS1="H", BS0="L")
DD1
. —_— LDS285
8080-Series MPU P68
BS2
BS1
BSO
Vss17777
RESE o IRES
CSRB
DIC ICS
R0 D/IC
W R 5RD
CASE bvgsl?to D18
D17 to DO
D17 to DO
Graphic Controller i L sy VDo i
E \L;c' &.F"‘L‘Z'—Im : \?(S:YKIY\IENﬁgbIIE\IC :
| «OPEN VSYNCO i
________ IE_Th_e__p_a_re_ll_lt;_i_n_tgrface mode, RGB interface
cannot be used
Fig.9.1.9 Interfacing with 18-bit 8080-series
9.1.10 Interfacing with 6800-series MPU 18-Bit Bus (P68 = "H", BS2="H",BS1 ="H", BS0="L")
VDD110
. LDS285
6800-Series MPU P68
BS2
BS1
BSO
IRES V55177;;
'IRES
— ICS
25 D/IC (RS)
IRD (E)
Y o IWR (RI'W)
D17 ta DO >1D23to D18
D17 to DO
: \/SS1 i
Graphic Controller b e cmian e VDo i
H \/S r’\|r\’ LHSVANC > \D/gYKl’\lENﬁgbllE\lC E
| «QPEN VSYNCO :
\In the parallel interface mode, RGB interface
cannot be used
Fig.9.1.10 Interfacing with 18-bit 6800-series
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9.2 CONNECTIONS WITH LCD PANEL
9.2.1 One Layer Connection for Gate output
RGB filter order = RGB (from left top of the panel) RGB filter order = BGR (from left top of the panel)
CASE2
G319 G320 G319
SMX =1 i SMX =1
SMY =1 SMY =1
SRGB =1 SRGB =0
; S1 =Filter B ; ; S1=Filter R
G3 S2 = Filter G G4 G3 S2 = Filter G
Gl S3 =Filter R G2 Gl S3 =Filter B
S720 S1 S720 S1
G2 Bumps down G1 .. G2 Bumps down GL ..
. G320 LDS284 G319 G320 LDS284 G319
CASE3 CASE4
c31gR G320 caidB G R G320
SMX =0 2 SMX =0
SMY =1 SMY =1
SRGB =0 SRGB =1
: g S1=Filter R : : S1 = Filter B
G3 G4 S2 =Filter G G3 G4 S2 = Filter G
Gl G2 S3 =Filter B G1 G2 S3 =Filter R
S1 S720 S1 S720
. Gl Bumps up G2 ... Gl Bumps up G2 ..
G319 LDS284 G320 G319 LDS284 G320
CASE5 CASE6
G319 LDS284 G320 G319 LDS284 G320
Gl Bumps down G2 SMX=0 Gl Bumps down G2 SMX =0
S1 S720 SMY =0 S1 S720 SMY =0
Gi1JR G B G2 SRGB =0 Gi1IB G R G2 SRGB =1
G3 G4 G3 G4
S1=Filter R S1 =Filter B
S2 = Filter G S2 = Filter G
S3 =Filter B S3 =Filter R
G319 IG320 G31q IG320
CASE7 CASES8
G320 LDS284 G319 G320 LDS284 G319
G2 Bumps up G1 SMX =1 G2 Bumps up Gl SMX =1
S720 S1 SMY =0 S720 S1 SMY =0
c2|R G B G1 SRGB =1 c2|IB G R G1 SRGB =0
G4 G3 G4 G3
S1 = Filter B S1 =Filter R
S2 = Filter G S2 = Filter G
S3 = Filter R S3 = Filter B
G320 G319 G320 IG319
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9.2.2 Two Layer Connection for Gate output

RGB filter order = RGB (from left top of the panel) RGB filter order = BGR (from left top of the panel)
CASEQ ]
G2fR G B G1 G1
SMX =1 SMX =1
SMY =0 SMY =0
SRGB =1 SRGB =0
: g S1 = Filter B : S1 = Filter R
G318 G317 S2 = Filter G G317 S2 = Filter G
G320 G319 S3 = Filter R G319 S3 = Filter B
$720 s1 | 5720 s1 |
c2 | Bumps down | T c2 | Bumps down |
G320 LDS284 G319 G320 LDS284 G319
CASE11 CASE12
Gi1jJR G B G2 G2
SMX =0 SMX =0
SMY =0 SMY =0
SRGB =0 SRGB =1
g g S1 = Filter R : S1 = Filter B
G317 G318 S2 = Filter G G318 S2 = Filter G
G319 G320 S3 = Filter B G320 S3 = Filter R
s1 5720 | S720 |
. 61 Bumps up G2 .. G1 Bumps up G2 ...
G319 LDS284 G320 G319 LDS284 G320
CASE13 CASE14
G319 LDS284 G320 G319 LDS284 G320
G1 Bumps down G2 ... SMX =0 G1 Bumps down G2 ... SMX =0
s1 5720 | SMY =1 S1 S720 | SMY =1
GslqR G B G320 SRGB =0 GaigB G R G320 SRGB =1
G317 G318 G31 318
S1 = Filter R g S1 = Filter B
S2 = Filter G g S2 = Filter G
S3 = Filter B g S3 = Filter R
G1 G2 Gl G2
CASE15 CASE16
G320 LDS284 G319 G320 LDS284 G319
G2 Bumps up GL ... SMX =1 G2 Bumps up GL ... SMX =1
S720 S1 | SMY =1 5720 s1 | SMY =1
ca2qR G B G319 SRGB =1 ca2B G R G319 SRGB =0
G318 G317 G31 G317
S1 = Filter B g S1 = Filter R
S2 = Filter G g S2 = Filter G
S3 = Filter R g S3 = Filter B
GO Gl GO Gl
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9.3 EXAMPLE CONNECTION WITH PANEL (CASE11)

Frame Memory

(1,1)
< (1.2)

240 x 320 Panel Viewing Area

=)

(240,320)
B ‘///
I |
— 6319- -G1 S1----S720G2 - - - G320
LDS285 Bumps Up
SMX =VSS
SMY =VSS
SRGB =VSS
Bumps Down
Ic LCD (Front Side)
\—
<4“——GLASS
Bumps up
LCD (Front Side)
<4——GLASS
c —”
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9.4 CONNECTION EXAMPLE WITH EXTERNAL COMPONENTS
VDD
LVDD]_ VDD2
VDD2 4—/_j
VDC1 cz(l \ Optional
VREG_DC |—{|-S23 4]
D1
vs [+
vrR =
D1
AVDD [+ F2—¢
C1P ==
cim f—= ©2
A
=
S
Com |—= ©3
g ..
VGH —{F=2—s
veL b—pt— 4
.Cl
VGL | ? C1 = 1.0uF ~ 2.2uF(Typical :1.0uF)
3 C2 =1.0uF ~ 2.2uF(Typical :2.2uF)
b1 C3 = 0.22uF
D1 = Schottky diode
_C1 VF(Forward) = 0.3V / 50mA
VCOMH k=
vcoMmL [—
7
VSs
191
LEADIS Technology CONFIDENTIAL



LDS285 240 (RGB) x 320 16M-Color TFT Driver

Version 2.00

9.4.1 Application Circuit Example

==}
| 1 =
ool =
1 FPC 1 o
1 H
F] &
1 : =
==}
¢ =
1 -
0 -
1 g =
[MECHP>- = ==
1 o
=
7 +
i ¥
T
|
|
|
| ©o—  According to mode,
please connect it to
1 VDD1_lO or VSS
I
1
T
T
T
T

EEEE%SB%BBHBBHBH HBEE0EEERERRRBERRBEE AR R BE A R RO EEE EEE R BB BE B E BB EER é éééﬁ

Jical

1 T
1 o]
t o
! =
T wl
, out
onc :I
p )
1 :|
1 open O
I 1
1 o—  According to mode, .
please connect it to
I VDD1_IO or VSS 1
I 1
1 1
I 1
1 1
1 T
I T
! T
1 1
1
OO 1
|
1
1
1
1
1
1
i L4
1
1
1
1
1
1
1
|
1
1
1 4
(vbp2 !
1
1
1
1
s> T
1
1
1
1
1
1
1
1
1
1
1

NOTE: 1) To use extended command set like EEPROM program, EXTC should be connected to VDD1 and
External voltage should be appled to ME_CMP pad, so, EXTC and ME_CMP should have probing point for

mass production.

HEH%FﬁﬁﬁﬁééééééﬁéﬁéEﬂﬁéﬁéééééﬁéééﬁgﬁﬁﬁEEEEEEE%EEEEEEEEEEE%EEEEEE

1) Dunnay
1) Dunaay

(1) DUMMY(PADA<1>)
(1) DUMMY{PDB 1)
(1) DUMMYPADA<D>)

(1) ME_CWP
(1) Me e
(1) ME_cwe

(2veL
@1vssz

@
(B)vssz0c

(1) DUMMY(PADB<D>)
1) DUMMY(PADA>)
1) DUMMY{PADB 2>

PADAT

(maIp do]) ggzsan

220um)

DUNMY
i
cam
it
=14
sann

PADB4>

00 —---------- 100000

D —=--=-========om=—=m—cmcmcmccmccmcccococomocooomocoocooo [ J000----------- 00000

I ST L CCREE T PR ] | |

Fig

00000 ----------- 001

11111

<6L€>9 ~ <Il>9

goooan

<8l€>9 ~ <T>9

<02.>S ~ <0>S
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9.5 EXTERNAL COMPONENTS CONNECTION

Pad Name Connection Typical
capacitance
value

VCOMH Connect to Capacitor (Max 6V): VCOMH---(+)----| |--- (-)------ VSS 1.0 uF

VCOML Connect to Capacitor (Max 3V): VCOML ---(-)----| |--- (+)-----VSS 1.0 uF

VGL Connect to Capacitor (Max 12V):  VGL ---(-)----] |--- (+)-----VSS 1.0 uF

VCL Connect to Capacitor (Max 5V): VCL ---(-)----| |--- (+)-----VSS 1.0 uF

VSS1 R Connect to VSS(GND)

VSS1 Connect to VSS(GND)

VSS2 Connect to VSS(GND)

VSS2 DC Connect to VSS(GND)

VDD1 R Connect to VDD1

VDD2 DC Connect to VDD2

VGH Connect to Capacitor (Max 16V): VGH ---(+)----| |--- (-)-----VSS 1.0 uF

C6+, C6- Connect to Capacitor (Max 5V):  C6+ ---(+)----| |--- (-)-----C6- 1.0 uF

C5+, C5- Connect to Capacitor (Max 7V):  C5+ ---(+)----| |--- (-)-----C5- 1.0 uF

C4+, C4- Connect to Capacitor (Max 7V):  C4+ ---(+)----| |--- (-)-----C4- 1.0 uF

C3+, C3- Connect to Capacitor (Max 7V):  C3+ ---(+)----| |--- (-)-----C3- 1.0 uF

C2+, C2- Connect to Capacitor (Max 5V):  C2+ ---(+)----| |--- (-)-----C2- 2.2 uF

Cl+, C1- Connect to Capacitor (Max 5V):  C1+ ---(+)----| |--- (-)-----C1- 2.2 Uk

VDC1 Connect to VDD2( in case of x3 avdd3 mode, Connect to VREG _DC)

VREG_DC Connect to Capacitor (Max 2.6V): VREG_DC ---(+)----| |--- (-)-----VSS | 2.2 uF

AVDD Connect to Capacitor (Max 6V): AVDD ---(+)----| |--- (-)-----VSS 2.2 UF

VR Connect to Capacitor (Max 6V): VR ---(+)----| |--- (-)-----VSS 1.0 uF

VS Connect to Capacitor (Max 6V): VS ---(+)----| |--- (-)-----VSS 1.0 uF

VvDD1 When “PSEL = Low” VDDI (Digital Power)

When “PSEL = High”
Connect to Capacitor (Max 5V): VDD1 (R) ---(+)----] |--- (-)-----VSS | 2.2 uF

VGL Connect to Shottky Diode between VSS VF = 0.3V /50mA

AVDD Connect to Shottky Diode between VDD2 VFE = 0.3V /50mA

VS Connect to Shottky Diode between VDD2 VF = 0.3V /50mA
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10 CHIP INFORMATION
10.1 CHIP OVERVIEW

< 1140 >
Nom r
jon-parttern area| = y A 115 I
a0 |00 . %30
30 L]
\ 535 - (135%“:
-
3q 40/30] 1 - 100
280 [ -y
 J \ (1357) G2 mm 3
100 - o “
. Oe H
Bump Align O
S = 3220
® =
] . G318 mm
= Input Pad Dimension (1198 G320 =
...................... DUMMY E v
T A 60
l‘:li (1194) SO00 _:| 4
60 24 S001 3
=
140)
(384-1)*60=22980 14420
Output Pad Dimension
D Source Pad
I Gate Pad 10025
0 vcomPad i w0 DD
0 catecontrolPad | i e S718
=
. . S719 /=
E Diagnostic Pad @s 8720 v
Input Pad
DUMMY 220
B Dummy Pad
@ Align Mark - ¥
(471) G319 m
G317 ==
= =
m 9
3220
O
O
O
| G3 = ) 4
J \ 280 A @l ©12) 61 EE
- 100
Y - -
535 =_ 1 v
| | (307) 7
11—51——- (306) 330
\/ v

22000 um

LDS285 Bumps Up
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NOTE:
* Chip Size = 22,000 x 1140 (Excluding Scribe Lane)

* Chip Thickness = 410 #12 um
* Bump height = 15 #3 xm (chip to chip), less than 2 xm (pad to pad in one chip)
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10.2 BUMP INFORMATION

10.2.1 Source / Gate / VCOM / Gate control / Output side dummy Pad Format

Size
Item Symbol Source / Gate / VCOM / Gate control / / Output side dummy pad
Pad pitch A 20um
Bump width B 21 um
Bump length C 100 um
Bump to Bump gapl (Vertical) D 25um
Bump to Bump gap2 (Horizontal) E 19 um
Bump area B*C 2100 um?
Chip boundary to Bump edge F 8.5 um

Chip Boundry

A
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10.2.2 Input/Input side dummy Pad Format

Size
It Symbol -
em ymbo Input / Input side dummy pad
Pad pitch A 70 um
Bump width B 50 um
Bump length C 80 um
Bump to Bump gap (Horizontal) E 20 um
Bump area B*C 4000 um®
Chip boundary to Bump edge F 12.5 um
B A
C E
A 4
A
< F
B
A,
Chip Boundry
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10.3 PAD COORDINATES
Table 10.3.1 Pad Center Coordinates

No Name X Y No Name X Y

1 DUMMY -10885 -517.5 51 DUMMY -7175 -517.5
2 DUMMY -10815 -517.5 52 SMX -7105 -517.5
3 DUMMY -10745 -517.5 53 D<7> -7035 -517.5
4 DUMMY -10465 -517.5 54 D<6> -6965 -517.5
5 PADA<0> -10395 -517.5 55 D<5> -6895 -517.5
6 PADA<1> -10325 -517.5 56 D<4> -6825 -517.5
7 PADB<1> -10255 -517.5 57 D<3> -6755 -517.5
8 ME_CMP -10185 -517.5 58 D<2> -6685 -517.5
9 ME_CMP -10115 -517.5 59 D<1> -6615 -517.5
10 ME_CMP -10045 -517.5 60 D<0> -6545 -517.5
11 ME_CMP -9975 -517.5 61 SINV -6475 -517.5
12 ME_VME5 -9905 -517.5 62 LED CNT -6405 -517.5
13 ME_VMES5 -9835 -517.5 63 RDB -6335 -517.5
14 D<23> -9765 -517.5 64 WRB -6265 -517.5
15 D<22> -9695 -517.5 65 DC -6195 -517.5
16 D<21> -9625 -517.5 66 CSB -6125 -517.5
17 D<20> -9555 -517.5 67 D_VDDI1IO -6055 -517.5
18 D<19> -9485 -517.5 68 DUMMY -5985 -517.5
19 D<18> -9415 -517.5 69 FRM -5915 -517.5
20 VSYNCO -9345 -517.5 70 TE -5845 -517.5
21 DUMMY -9275 -517.5 71 TEST?2 -5775 -517.5
22 0OSC -9205 -517.5 72 TEST3 -5705 -517.5
23 TGS -9135 -517.5 73 TEST1 -5635 -517.5
24 D VvDD1IO -9065 -517.5 74 TEST4 -5565 -517.5
25 D VSS1 -8995 -517.5 75 DUMMY -5495 -517.5
26 P68 -8925 -517.5 76 DUMMY -5425 -517.5
27 EXTC -8855 -517.5 77 DUMMY -5355 -517.5
28 BSO -8785 -517.5 78 DUMMY -5285 -517.5
29 BS1 -8715 -517.5 79 DUMMY -5215 -517.5
30 BS2 -8645 -517.5 80 PSEL -5145 -517.5
31 SRGB -8575 -517.5 81 DUMMY -5075 -517.5
32 DUMMY -8505 -517.5 82 DUMMY -5005 -517.5
33 DUMMY -8435 -517.5 83 DUMMY -4935 -517.5
34 VDO -8365 -517.5 84 DUMMY -4865 -517.5
35 RSB -8295 -517.5 85 DUMMY -4795 -517.5
36 VSYNC -8225 -517.5 86 VSS2 -4725 -517.5
37 HSYNC -8155 -517.5 87 VSS2 -4655 -517.5
38 DCK -8085 -517.5 88 VSS2 -4585 -517.5
39 ENABLE -8015 -517.5 89 VSS2 -4515 -517.5
40 D<17> -7945 -517.5 90 VSS2 -4445 -517.5
41 D<16> -7875 -517.5 91 VSS2 -4375 -517.5
42 D<15> -7805 -517.5 92 VSS2 -4305 -517.5
43 D<14> -7735 -517.5 93 VSS2 -4235 -517.5
44 D<13> -7665 -517.5 94 VSS2 -4165 -517.5
45 D<12> -7595 -517.5 95 VDD2 -4095 -517.5
46 D<11> -7525 -517.5 96 VDD2 -4025 -517.5
47 D<10> -7455 -517.5 97 VDD2 -3955 -517.5
48 D<9> -7385 -517.5 98 VDD2 -3885 -517.5
49 D<8> -7315 -517.5 99 VDD2 -3815 -517.5
50 SMY -7245 -517.5 100 VDD2 -3745 -517.5
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101 VDD2 -3675 -517.5 151 VDD1 -175 -517.5
102 VDD1 10 -3605 -517.5 152 VDD1 -105 -517.5
103 VDD1_10 -3535 -517.5 153 VDD1 -35 -517.5
104 VDD1 10 -3465 -517.5 154 VDD1 35 -517.5
105 VDD1 10 -3395 -517.5 155 VDD1 105 -517.5
106 VDD1 10 -3325 -517.5 156 VDD1 175 -517.5
107 VDD1 10 -3255 -517.5 157 VDD1 245 -517.5
108 VDD1 10 -3185 -517.5 158 VDD1 315 -517.5
109 VS -3115 -517.5 159 VDD1 385 -517.5
110 VS -3045 -517.5 160 VDD1 455 -517.5
111 VS -2975 -517.5 161 VDD1 R 525 -517.5
112 VS -2905 -517.5 162 VDD1 R 595 -517.5
113 VS -2835 -517.5 163 VDD1 R 665 -517.5
114 VS -2765 -517.5 164 VDD1 R 735 -517.5
115 VS -2695 -517.5 165 VSS1 R 805 -517.5
116 VS -2625 -517.5 166 VSS1 R 875 -517.5
117 VDD1 R -2555 -517.5 167 VSS1 R 945 -517.5
118 VDD1 R -2485 -517.5 168 VSS1 R 1015 -517.5
119 VDDl R -2415 -517.5 169 VSS1 R 1085 -517.5
120 VDD1 R -2345 -517.5 170 VSS1 R 1155 -517.5
121 VDD1 R -2275 -517.5 171 VSS1 R 1225 -517.5
122 VDD1_R -2205 -517.5 172 VSS1 R 1295 -517.5
123 VDD1 R -2135 -517.5 173 VSS1 R 1365 -517.5
124 VDD1 R -2065 -517.5 174 VSS1 R 1435 -517.5
125 VDD1_R -1995 -517.5 175 VCOM 1505 -517.5
126 VSS1 R -1925 -517.5 176 VCOM 1575 -517.5
127 VSS1 R -1855 -517.5 177 VCOM 1645 -517.5
128 VSS1 R -1785 -517.5 178 VCOM 1715 -517.5
129 VSS1 R -1715 -517.5 179 VCOM 1785 -517.5
130 VSS1 R -1645 -517.5 180 VCOM 1855 -517.5
131 VSS1 R -1575 -517.5 181 VCOMH 1925 -517.5
132 VSS1 R -1505 -517.5 182 VCOMH 1995 -517.5
133 VSS1 R -1435 -517.5 183 VCOMH 2065 -517.5
134 VSS1 R -1365 -517.5 184 VCOMH 2135 -517.5
135 VSS1 R -1295 -517.5 185 VCOMH 2205 -517.5
136 VSS1 R -1225 -517.5 186 VCOMH 2275 -517.5
137 VSS1 R -1155 -517.5 187 VCOML 2345 -517.5
138 VSS1 -1085 -517.5 188 VCOML 2415 -517.5
139 VSS1 -1015 -517.5 189 VCOML 2485 -517.5
140 VSS1 -945 -517.5 190 VCOML 2555 -517.5
141 VSS1 -875 -517.5 191 VCOML 2625 -517.5
142 VSS1 -805 -517.5 192 VCOML 2695 -517.5
143 VSS1 -735 -517.5 193 VR 2765 -517.5
144 VSS1 -665 -517.5 194 VR 2835 -517.5
145 VSS1 -595 -517.5 195 VR 2905 -517.5
146 VSS1 -525 -517.5 196 VR 2975 -517.5
147 VSS1 -455 -517.5 197 VR 3045 -517.5
148 VSS1 -385 -517.5 198 VR 3115 -517.5
149 VDD1 -315 -517.5 199 VR 3185 -517.5
150 VDD1 -245 -517.5 200 VR 3255 -517.5
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201 VCL 3325 -517.5 251 VSS2 6825 -517.5
202 VCL 3395 -517.5 252 VGL 6895 -517.5
203 VCL 3465 -517.5 253 VGL 6965 -517.5
204 VGH 3535 -517.5 254 VGL 7035 -517.5
205 VGH 3605 -517.5 255 VGL 7105 -517.5
206 VGH 3675 -517.5 256 VGL 7175 -517.5
207 AVDD 3745 -517.5 257 VGL 7245 -517.5
208 AVDD 3815 -517.5 258 VGL 7315 -517.5
209 AVDD 3885 -517.5 259 VGL 7385 -517.5
210 AVDD 3955 -517.5 260 VGL 7455 -517.5
211 AVDD 4025 -517.5 261 VGL 7525 -517.5
212 AVDD 4095 -517.5 262 VGL 7595 -517.5
213 AVDD 4165 -517.5 263 VGL 7665 -517.5
214 VREG_DC 4235 -517.5 264 VSS2 7735 -517.5
215 VREG DC 4305 -517.5 265 VSS2 7805 -517.5
216 VREG DC 4375 -517.5 266 VSS2 7875 -517.5
217 VDC1 4445 -517.5 267 VSS2 DC 7945 -517.5
218 VDC1 4515 -517.5 268 VSS2 DC 8015 -517.5
219 VDC1 4585 -517.5 269 VSS2 DC 8085 -517.5
220 VDC1 4655 -517.5 270 VSS2 DC 8155 -517.5
221 VDC1 4725 -517.5 271 VSS2 DC 8225 -517.5
222 VDD2 4795 -517.5 272 VSS2 DC 8295 -517.5
223 VDD2 4865 -517.5 273 DUMMY 8365 -517.5
224 VDD2 4935 -517.5 274 C6M 8435 -517.5
225 VDD2 5005 -517.5 275 C6M 8505 -517.5
226 VDD2 DC 5075 -517.5 276 C6M 8575 -517.5
227 VDD2_DC 5145 -517.5 277 DUMMY 8645 -517.5
228 VDD2 DC 5215 -517.5 278 C6P 8715 -517.5
229 VDD2 DC 5285 -517.5 279 C6P 8785 -517.5
230 VDD2_DC 5355 -517.5 280 C6P 8855 -517.5
231 CiM 5425 -517.5 281 DUMMY 8925 -517.5
232 C1lM 5495 -517.5 282 C3M 8995 -517.5
233 C1lM 5565 -517.5 283 C3M 9065 -517.5
234 CiM 5635 -517.5 284 C3M 9135 -517.5
235 C1lM 5705 -517.5 285 C3P 9205 -517.5
236 C1P 5775 -517.5 286 C3P 9275 -517.5
237 C1P 5845 -517.5 287 C3P 9345 -517.5
238 C1P 5915 -517.5 288 C4M 9415 -517.5
239 C1P 5985 -517.5 289 C4M 9485 -517.5
240 C1P 6055 -517.5 290 C4M 9555 -517.5
241 C2M 6125 -517.5 291 C4P 9625 -517.5
242 C2M 6195 -517.5 292 C4P 9695 -517.5
243 C2M 6265 -517.5 293 C4P 9765 -517.5
244 C2M 6335 -517.5 294 C5M 9835 -517.5
245 C2M 6405 -517.5 295 C5M 9905 -517.5
246 C2P 6475 -517.5 296 C5M 9975 -517.5
247 C2P 6545 -517.5 297 C5P 10045 -517.5
248 C2P 6615 -517.5 298 C5P 10115 -517.5
249 C2P 6685 -517.5 299 C5P 10185 -517.5
250 C2P 6755 -517.5 300 PADA<2> 10255 -517.5
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301 DUMMY 10325 -517.5 351 G<79> 9790 511.5
302 DUMMY 10395 -517.5 352 G<81> 9770 386.5
303 DUMMY 10465 -517.5 353 G<83> 9750 511.5
304 DUMMY 10745 -517.5 354 G<85> 9730 386.5
305 DUMMY 10815 -517.5 355 G<87> 9710 511.5
306 DUMMY 10885 -517.5 356 G<89> 9690 386.5
307 DUMMY 10670 511.5 357 G<91> 9670 511.5
308 DUMMY 10650 386.5 358 G<93> 9650 386.5
309 DUMMY 10630 511.5 359 G<95> 9630 511.5
310 DUMMY 10610 386.5 360 G<97> 9610 386.5
311 DUMMY 10590 511.5 361 G<99> 9590 511.5
312 G<1> 10570 386.5 362 G<101> 9570 386.5
313 G<3> 10550 511.5 363 G<103> 9550 511.5
314 G<5> 10530 386.5 364 G<105> 9530 386.5
315 G<7> 10510 511.5 365 G<107> 9510 511.5
316 G<9> 10490 386.5 366 G<109> 9490 386.5
317 G<11> 10470 511.5 367 G<111> 9470 511.5
318 G<13> 10450 386.5 368 G<113> 9450 386.5
319 G<15> 10430 511.5 369 G<115> 9430 511.5
320 G<17> 10410 386.5 370 G<117> 9410 386.5
321 G<19> 10390 511.5 371 G<119> 9390 511.5
322 G<21> 10370 386.5 372 G<121> 9370 386.5
323 G<23> 10350 511.5 373 G<123> 9350 511.5
324 G<25> 10330 386.5 374 G<125> 9330 386.5
325 G<27> 10310 511.5 375 G<127> 9310 511.5
326 G<29> 10290 386.5 376 G<129> 9290 386.5
327 G<31> 10270 511.5 377 G<131> 9270 511.5
328 G<33> 10250 386.5 378 G<133> 9250 386.5
329 G<35> 10230 511.5 379 G<135> 9230 511.5
330 G<37> 10210 386.5 380 G<137> 9210 386.5
331 G<39> 10190 511.5 381 G<139> 9190 511.5
332 G<41> 10170 386.5 382 G<141> 9170 386.5
333 G<43> 10150 511.5 383 G<143> 9150 511.5
334 G<45> 10130 386.5 384 G<145> 9130 386.5
335 G<47> 10110 511.5 385 G<147> 9110 511.5
336 G<49> 10090 386.5 386 G<149> 9090 386.5
337 G<51> 10070 511.5 387 G<151> 9070 511.5
338 G<53> 10050 386.5 388 G<153> 9050 386.5
339 G<55> 10030 511.5 389 G<155> 9030 511.5
340 G<57> 10010 386.5 390 G<157> 9010 386.5
341 G<59> 9990 511.5 391 G<159> 8990 511.5
342 G<61> 9970 386.5 392 G<161> 8970 386.5
343 G<63> 9950 511.5 393 G<163> 8950 511.5
344 G<65> 9930 386.5 394 G<165> 8930 386.5
345 G<67> 9910 511.5 395 G<167> 8910 511.5
346 G<69> 9890 386.5 396 G<169> 8890 386.5
347 G<71> 9870 511.5 397 G<171> 8870 511.5
348 G<73> 9850 386.5 398 G<173> 8850 386.5
349 G<75> 9830 511.5 399 G<175> 8830 511.5
350 G<77> 9810 386.5 400 G<177> 8810 386.5
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401 G<179> 8790 511.5 451 G<279> 7790 511.5
402 G<181> 8770 386.5 452 G<281> 7770 386.5
403 G<183> 8750 5115 453 G<283> 7750 511.5
404 G<185> 8730 386.5 454 G<285> 7730 386.5
405 G<187> 8710 511.5 455 G<287> 7710 511.5
406 G<189> 8690 386.5 456 G<289> 7690 386.5
407 G<191> 8670 511.5 457 G<291> 7670 511.5
408 G<193> 8650 386.5 458 G<293> 7650 386.5
409 G<195> 8630 511.5 459 G<295> 7630 5115
410 G<197> 8610 386.5 460 G<297> 7610 386.5
411 G<199> 8590 5115 461 G<299> 7590 511.5
412 G<201> 8570 386.5 462 G<301> 7570 386.5
413 G<203> 8550 511.5 463 G<303> 7550 511.5
414 G<205> 8530 386.5 464 G<305> 7530 386.5
415 G<207> 8510 511.5 465 G<307> 7510 511.5
416 G<209> 8490 386.5 466 G<309> 7490 386.5
417 G<211> 8470 5115 467 G<311> 7470 511.5
418 G<213> 8450 386.5 468 G<313> 7450 386.5
419 G<215> 8430 5115 469 G<315> 7430 511.5
420 G<217> 8410 386.5 470 G<317> 7410 386.5
421 G<219> 8390 511.5 471 G<319> 7390 511.5
422 G<221> 8370 386.5 472 DUMMY 7370 386.5
423 G<223> 8350 511.5 473 DUMMY 7350 511.5
424 G<225> 8330 386.5 474 DUMMY 7130 511.5
425 G<227> 8310 5115 475 S<720> 7110 386.5
426 G<229> 8290 386.5 476 S<719> 7090 511.5
427 G<231> 8270 511.5 477 S<718> 7070 386.5
428 G<233> 8250 386.5 478 S<717> 7050 511.5
429 G<235> 8230 511.5 479 S<716> 7030 386.5
430 G<237> 8210 386.5 480 S<715> 7010 511.5
431 G<239> 8190 5115 481 S<714> 6990 386.5
432 G<241> 8170 386.5 482 S<713> 6970 511.5
433 G<243> 8150 511.5 483 S<712> 6950 386.5
434 G<245> 8130 386.5 484 S<711> 6930 5115
435 G<247> 8110 511.5 485 S<710> 6910 386.5
436 G<249> 8090 386.5 486 S<709> 6890 511.5
437 G<251> 8070 511.5 487 S<708> 6870 386.5
438 G<253> 8050 386.5 488 S<707> 6850 511.5
439 G<255> 8030 511.5 489 S<706> 6830 386.5
440 G<257> 8010 386.5 490 S<705> 6810 511.5
441 G<259> 7990 5115 491 S<704> 6790 386.5
442 G<261> 7970 386.5 492 S<703> 6770 511.5
443 G<263> 7950 511.5 493 S<702> 6750 386.5
444 G<265> 7930 386.5 494 S<701> 6730 511.5
445 G<267> 7910 511.5 495 S<700> 6710 386.5
446 G<269> 7890 386.5 496 S<699> 6690 511.5
447 G<271> 7870 5115 497 S<698> 6670 386.5
448 G<273> 7850 386.5 498 S<697> 6650 511.5
449 G<275> 7830 511.5 499 S<696> 6630 386.5
450 G<277> 7810 386.5 500 S<695> 6610 511.5
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501 S<694> 6590 386.5 551 S<644> 5590 386.5
502 S<693> 6570 511.5 552 S<643> 5570 511.5
503 S<692> 6550 386.5 553 S<642> 5550 386.5
504 S<691> 6530 511.5 554 S<641> 5530 511.5
505 S<690> 6510 386.5 555 S<640> 5510 386.5
506 S<689> 6490 511.5 556 S<639> 5490 511.5
507 S<688> 6470 386.5 557 S<638> 5470 386.5
508 S<687> 6450 511.5 558 S<637> 5450 511.5
509 S<686> 6430 386.5 559 S<636> 5430 386.5
510 S<685> 6410 511.5 560 S<635> 5410 511.5
511 S<684> 6390 386.5 561 S<634> 5390 386.5
512 S<683> 6370 511.5 562 S<633> 5370 511.5
513 S<682> 6350 386.5 563 S<632> 5350 386.5
514 S<681> 6330 511.5 564 S<631> 5330 511.5
515 S<680> 6310 386.5 565 S<630> 5310 386.5
516 S<679> 6290 511.5 566 S<629> 5290 511.5
517 S<678> 6270 386.5 567 S<628> 5270 386.5
518 S<677> 6250 511.5 568 S<627> 5250 511.5
519 S<676> 6230 386.5 569 S<626> 5230 386.5
520 S<675> 6210 511.5 570 S<625> 5210 511.5
521 S<674> 6190 386.5 571 S<624> 5190 386.5
522 S<673> 6170 511.5 572 S<623> 5170 511.5
523 S<672> 6150 386.5 573 S<622> 5150 386.5
524 S<671> 6130 511.5 574 S<621> 5130 511.5
525 S<670> 6110 386.5 575 S<620> 5110 386.5
526 S5<669> 6090 511.5 576 S<619> 5090 511.5
527 S<668> 6070 386.5 577 S<618> 5070 386.5
528 S<667> 6050 511.5 578 S<617> 5050 511.5
529 S<666> 6030 386.5 579 S<616> 5030 386.5
530 S<665> 6010 511.5 580 S<615> 5010 511.5
531 S5<664> 5990 386.5 581 S<614> 4990 386.5
532 S<663> 5970 511.5 582 S<613> 4970 511.5
533 S<662> 5950 386.5 583 S<612> 4950 386.5
534 S<661> 5930 511.5 584 S<611> 4930 511.5
535 S<660> 5910 386.5 585 S<610> 4910 386.5
536 S<659> 5890 511.5 586 S<609> 4890 511.5
537 S<658> 5870 386.5 587 S<608> 4870 386.5
538 S<657> 5850 511.5 588 S<607> 4850 511.5
539 S<656> 5830 386.5 589 S<606> 4830 386.5
540 S<655> 5810 511.5 590 S<605> 4810 511.5
541 S<654> 5790 386.5 591 S<604> 4790 386.5
542 S5<653> 5770 511.5 592 S<603> 4770 511.5
543 S<652> 5750 386.5 593 S<602> 4750 386.5
544 S<651> 5730 511.5 594 S<601> 4730 511.5
545 S<650> 5710 386.5 595 S<600> 4710 386.5
546 S<649> 5690 511.5 596 S<599> 4690 511.5
547 S<648> 5670 386.5 597 S<598> 4670 386.5
548 S<647> 5650 511.5 598 S<597> 4650 511.5
549 S<646> 5630 386.5 599 S<596> 4630 386.5
550 S5<645> 5610 511.5 600 S<595> 4610 511.5
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601 S<594> 4590 386.5 651 S<544> 3590 386.5
602 S5<593> 4570 511.5 652 S<543> 3570 511.5
603 S<592> 4550 386.5 653 S<542> 3550 386.5
604 S<591> 4530 511.5 654 S<541> 3530 511.5
605 S<590> 4510 386.5 655 S<540> 3510 386.5
606 S<589> 4490 511.5 656 S<539> 3490 511.5
607 S<588> 4470 386.5 657 S<538> 3470 386.5
608 S<587> 4450 511.5 658 S<5637> 3450 511.5
609 S<586> 4430 386.5 659 S<536> 3430 386.5
610 S<585> 4410 511.5 660 S<535> 3410 511.5
611 S<584> 4390 386.5 661 S<534> 3390 386.5
612 S<583> 4370 511.5 662 S<533> 3370 511.5
613 S<582> 4350 386.5 663 S<532> 3350 386.5
614 S<581> 4330 511.5 664 S<531> 3330 511.5
615 S<580> 4310 386.5 665 S<530> 3310 386.5
616 S<579> 4290 511.5 666 S<529> 3290 511.5
617 S<578> 4270 386.5 667 S<528> 3270 386.5
618 S<577> 4250 511.5 668 S<527> 3250 511.5
619 S<576> 4230 386.5 669 S<526> 3230 386.5
620 S<575> 4210 511.5 670 S<525> 3210 511.5
621 S<574> 4190 386.5 671 S<524> 3190 386.5
622 S<573> 4170 511.5 672 S<523> 3170 511.5
623 S<572> 4150 386.5 673 S<522> 3150 386.5
624 S<571> 4130 511.5 674 S<521> 3130 511.5
625 S<570> 4110 386.5 675 S<520> 3110 386.5
626 S<569> 4090 511.5 676 S<519> 3090 511.5
627 S<568> 4070 386.5 677 S<518> 3070 386.5
628 S<567> 4050 511.5 678 S<517> 3050 511.5
629 S<566> 4030 386.5 679 S<516> 3030 386.5
630 S<565> 4010 511.5 680 S<515> 3010 511.5
631 S<564> 3990 386.5 681 S<514> 2990 386.5
632 S<563> 3970 511.5 682 S<513> 2970 511.5
633 S<562> 3950 386.5 683 S<512> 2950 386.5
634 S<561> 3930 511.5 684 S<511> 2930 511.5
635 S<560> 3910 386.5 685 S<510> 2910 386.5
636 S<559> 3890 511.5 686 S<509> 2890 511.5
637 S<558> 3870 386.5 687 S<508> 2870 386.5
638 S<557> 3850 511.5 688 S<507> 2850 511.5
639 S<556> 3830 386.5 689 S<506> 2830 386.5
640 S<555> 3810 511.5 690 S<505> 2810 511.5
641 S<554> 3790 386.5 691 S<504> 2790 386.5
642 S<553> 3770 511.5 692 S<503> 2770 511.5
643 S<552> 3750 386.5 693 S<502> 2750 386.5
644 S<551> 3730 511.5 694 S<501> 2730 511.5
645 S<550> 3710 386.5 695 S<500> 2710 386.5
646 S<549> 3690 511.5 696 S<499> 2690 511.5
647 S<548> 3670 386.5 697 S<498> 2670 386.5
648 S<547> 3650 511.5 698 S<497> 2650 511.5
649 S<546> 3630 386.5 699 S<496> 2630 386.5
650 S<545> 3610 511.5 700 S<495> 2610 511.5
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701 S<494> 2590 386.5 751 S<444> 1590 386.5
702 S<493> 2570 511.5 752 S<443> 1570 511.5
703 S<492> 2550 386.5 753 S<442> 1550 386.5
704 S<491> 2530 511.5 754 S<441> 1530 511.5
705 S<490> 2510 386.5 755 S<440> 1510 386.5
706 S<489> 2490 511.5 756 S<439> 1490 511.5
707 S<488> 2470 386.5 757 S<438> 1470 386.5
708 S<487> 2450 511.5 758 S<437> 1450 511.5
709 S<486> 2430 386.5 759 S<436> 1430 386.5
710 S<485> 2410 511.5 760 S<435> 1410 511.5
711 S<484> 2390 386.5 761 S<434> 1390 386.5
712 S<483> 2370 511.5 762 S<433> 1370 511.5
713 S<482> 2350 386.5 763 S<432> 1350 386.5
714 S<481> 2330 511.5 764 S<431> 1330 511.5
715 S<480> 2310 386.5 765 S<430> 1310 386.5
716 S<479> 2290 511.5 766 S<429> 1290 511.5
717 S<478> 2270 386.5 767 S<428> 1270 386.5
718 S<477> 2250 511.5 768 S<427> 1250 511.5
719 S<476> 2230 386.5 769 S<426> 1230 386.5
720 S<475> 2210 511.5 770 S<425> 1210 511.5
721 S<474> 2190 386.5 771 S<424> 1190 386.5
722 S<473> 2170 511.5 772 S<423> 1170 511.5
723 S<472> 2150 386.5 773 S<422> 1150 386.5
724 S<471> 2130 511.5 774 S<421> 1130 511.5
725 S<470> 2110 386.5 775 S<420> 1110 386.5
726 S<469> 2090 511.5 776 S<419> 1090 511.5
727 S<468> 2070 386.5 777 S<418> 1070 386.5
728 S<467> 2050 511.5 778 S<417> 1050 511.5
729 S<466> 2030 386.5 779 S<416> 1030 386.5
730 S<465> 2010 511.5 780 S<415> 1010 511.5
731 S<464> 1990 386.5 781 S<414> 990 386.5
732 S<463> 1970 511.5 782 S<413> 970 511.5
733 S<462> 1950 386.5 783 S<412> 950 386.5
734 S<461> 1930 511.5 784 S<411> 930 511.5
735 S<460> 1910 386.5 785 S<410> 910 386.5
736 S<459> 1890 511.5 786 S<409> 890 511.5
737 S<458> 1870 386.5 787 S<408> 870 386.5
738 S<457> 1850 511.5 788 S<407> 850 511.5
739 S<456> 1830 386.5 789 S<406> 830 386.5
740 S<455> 1810 511.5 790 S<405> 810 511.5
741 S<454> 1790 386.5 791 S<404> 790 386.5
742 S<453> 1770 511.5 792 S<403> 770 511.5
743 S<452> 1750 386.5 793 S<402> 750 386.5
744 S<451> 1730 511.5 794 S<401> 730 511.5
745 S<450> 1710 386.5 795 S<400> 710 386.5
746 S<449> 1690 511.5 796 S<399> 690 511.5
747 S<448> 1670 386.5 797 S<398> 670 386.5
748 S<447> 1650 511.5 798 S<397> 650 511.5
749 S<446> 1630 386.5 799 S<396> 630 386.5
750 S<445> 1610 511.5 800 S<395> 610 511.5
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No Name X Y No Name X Y
801 S<394> 590 386.5 851 S<344> -410 386.5
802 S<393> 570 511.5 852 S<343> -430 511.5
803 S<392> 550 386.5 853 S<342> -450 386.5
804 S<391> 530 511.5 854 S<341> -470 511.5
805 S<390> 510 386.5 855 S<340> -490 386.5
806 S<389> 490 511.5 856 S<339> -510 511.5
807 S<388> 470 386.5 857 S<338> -530 386.5
808 S<387> 450 511.5 858 S<337> -550 511.5
809 S<386> 430 386.5 859 S<336> -570 386.5
810 S<385> 410 511.5 860 S<335> -590 511.5
811 S<384> 390 386.5 861 S<334> -610 386.5
812 S<383> 370 511.5 862 S<333> -630 511.5
813 S<382> 350 386.5 863 S<332> -650 386.5
814 S<381> 330 511.5 864 S<331> -670 511.5
815 S<380> 310 386.5 865 S<330> -690 386.5
816 S<379> 290 511.5 866 S<329> -710 511.5
817 S<378> 270 386.5 867 S<328> -730 386.5
818 S<377> 250 511.5 868 S<327> -750 511.5
819 S<376> 230 386.5 869 S<326> -770 386.5
820 S<375> 210 511.5 870 S<325> -790 511.5
821 S<374> 190 386.5 871 S<324> -810 386.5
822 S<373> 170 511.5 872 S<323> -830 511.5
823 S<372> 150 386.5 873 S<322> -850 386.5
824 S<371> 130 511.5 874 S<321> -870 511.5
825 S<370> 110 386.5 875 S<320> -890 386.5
826 S<369> 90 511.5 876 S<319> -910 511.5
827 S<368> 70 386.5 877 S<318> -930 386.5
828 S<367> 50 511.5 878 S<317> -950 511.5
829 S<366> 30 386.5 879 S<316> -970 386.5
830 S<365> 10 511.5 880 S<315> -990 511.5
831 S<364> -10 386.5 881 S<314> -1010 386.5
832 S<363> -30 511.5 882 S<313> -1030 511.5
833 S<362> -50 386.5 883 S<312> -1050 386.5
834 S<361> -70 511.5 884 S<311> -1070 511.5
835 S<360> -90 386.5 885 S<310> -1090 386.5
836 S<359> -110 511.5 886 S<309> -1110 511.5
837 S<358> -130 386.5 887 S<308> -1130 386.5
838 S<357> -150 511.5 888 S<307> -1150 511.5
839 S<356> -170 386.5 889 S<306> -1170 386.5
840 S<355> -190 511.5 890 S<305> -1190 511.5
841 S<354> -210 386.5 891 S<304> -1210 386.5
842 S<353> -230 511.5 892 S<303> -1230 511.5
843 S<352> -250 386.5 893 S<302> -1250 386.5
844 S<351> -270 511.5 894 S<301> -1270 511.5
845 S<350> -290 386.5 895 S<300> -1290 386.5
846 S<349> -310 511.5 896 S<299> -1310 511.5
847 S<348> -330 386.5 897 S<298> -1330 386.5
848 S<347> -350 511.5 898 S<297> -1350 511.5
849 S<346> -370 386.5 899 S<296> -1370 386.5
850 S<345> -390 511.5 900 S<295> -1390 511.5
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No Name X Y No Name X Y
901 S<294> -1410 386.5 951 S<244> -2410 386.5
902 S<293> -1430 511.5 952 S<243> -2430 511.5
903 S<292> -1450 386.5 953 S<242> -2450 386.5
904 S<291> -1470 511.5 954 S<241> -2470 511.5
905 S<290> -1490 386.5 955 S<240> -2490 386.5
906 S<289> -1510 511.5 956 S<239> -2510 511.5
907 S<288> -1530 386.5 957 S<238> -2530 386.5
908 S<287> -1550 511.5 958 S<237> -2550 511.5
909 S<286> -1570 386.5 959 S<236> -2570 386.5
910 S<285> -1590 511.5 960 S<235> -2590 511.5
911 S<284> -1610 386.5 961 S<234> -2610 386.5
912 S<283> -1630 511.5 962 S<233> -2630 511.5
913 S<282> -1650 386.5 963 S<232> -2650 386.5
914 S<281> -1670 511.5 964 S<231> -2670 511.5
915 S<280> -1690 386.5 965 S<230> -2690 386.5
916 S<279> -1710 511.5 966 S<229> -2710 511.5
917 S<278> -1730 386.5 967 S<228> -2730 386.5
918 S<277> -1750 511.5 968 S<227> -2750 511.5
919 S<276> -1770 386.5 969 S<226> -2770 386.5
920 S<275> -1790 511.5 970 S<225> -2790 511.5
921 S<274> -1810 386.5 971 S<224> -2810 386.5
922 S<273> -1830 511.5 972 S<223> -2830 511.5
923 S<272> -1850 386.5 973 S<222> -2850 386.5
924 S<271> -1870 511.5 974 S<221> -2870 511.5
925 S<270> -1890 386.5 975 S<220> -2890 386.5
926 S5<269> -1910 511.5 976 S<219> -2910 511.5
927 S<268> -1930 386.5 977 S<218> -2930 386.5
928 S<267> -1950 511.5 978 S<217> -2950 511.5
929 S<266> -1970 386.5 979 S<216> -2970 386.5
930 S<265> -1990 511.5 980 S<215> -2990 511.5
931 S<264> -2010 386.5 981 S<214> -3010 386.5
932 S<263> -2030 511.5 982 S<213> -3030 511.5
933 S<262> -2050 386.5 983 S<212> -3050 386.5
934 S<261> -2070 511.5 984 S<211> -3070 511.5
935 S<260> -2090 386.5 985 S<210> -3090 386.5
936 S<259> -2110 511.5 986 S<209> -3110 511.5
937 S<258> -2130 386.5 987 S<208> -3130 386.5
938 S<257> -2150 511.5 988 S<207> -3150 511.5
939 S<256> -2170 386.5 989 S<206> -3170 386.5
940 S<255> -2190 511.5 990 S<205> -3190 511.5
941 S<254> -2210 386.5 991 S<204> -3210 386.5
942 S<253> -2230 511.5 992 S<203> -3230 511.5
943 S<252> -2250 386.5 993 S<202> -3250 386.5
944 S<251> -2270 511.5 994 S<201> -3270 511.5
945 S<250> -2290 386.5 995 S<200> -3290 386.5
946 S<249> -2310 511.5 996 S<199> -3310 511.5
947 S<248> -2330 386.5 997 S<198> -3330 386.5
948 S<247> -2350 511.5 998 S<197> -3350 511.5
949 S<246> -2370 386.5 999 S<196> -3370 386.5
950 S<245> -2390 511.5 1000 S<195> -3390 511.5
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No Name X Y No Name X Y
1001 S<194> -3410 386.5 1051 S<144> -4410 386.5
1002 S<193> -3430 511.5 1052 S<143> -4430 511.5
1003 S<192> -3450 386.5 1053 S<142> -4450 386.5
1004 S<191> -3470 511.5 1054 S<141> -4470 511.5
1005 S<190> -3490 386.5 1055 S<140> -4490 386.5
1006 S<189> -3510 511.5 1056 S<139> -4510 511.5
1007 S<188> -3530 386.5 1057 S<138> -4530 386.5
1008 S<187> -3550 511.5 1058 S<137> -4550 511.5
1009 S<186> -3570 386.5 1059 S<136> -4570 386.5
1010 S<185> -3590 511.5 1060 S<135> -4590 511.5
1011 S<184> -3610 386.5 1061 S<134> -4610 386.5
1012 S<183> -3630 511.5 1062 S<133> -4630 511.5
1013 S<182> -3650 386.5 1063 S<132> -4650 386.5
1014 S<181> -3670 511.5 1064 S<131> -4670 511.5
1015 S<180> -3690 386.5 1065 S<130> -4690 386.5
1016 S<179> -3710 511.5 1066 S<129> -4710 511.5
1017 S<178> -3730 386.5 1067 S<128> -4730 386.5
1018 S<177> -3750 511.5 1068 S<127> -4750 511.5
1019 S<176> -3770 386.5 1069 S<126> -4770 386.5
1020 S<175> -3790 511.5 1070 S<125> -4790 511.5
1021 S<174> -3810 386.5 1071 S<124> -4810 386.5
1022 S<173> -3830 511.5 1072 S<123> -4830 511.5
1023 S<172> -3850 386.5 1073 S<122> -4850 386.5
1024 S<171> -3870 511.5 1074 S<121> -4870 511.5
1025 S<170> -3890 386.5 1075 S<120> -4890 386.5
1026 S<169> -3910 511.5 1076 S<119> -4910 511.5
1027 S<168> -3930 386.5 1077 S<118> -4930 386.5
1028 S<167> -3950 511.5 1078 S<117> -4950 511.5
1029 S<166> -3970 386.5 1079 S<116> -4970 386.5
1030 S<165> -3990 511.5 1080 S<115> -4990 511.5
1031 S<164> -4010 386.5 1081 S<114> -5010 386.5
1032 S<163> -4030 511.5 1082 S<113> -5030 511.5
1033 S<162> -4050 386.5 1083 S<112> -5050 386.5
1034 S<161> -4070 511.5 1084 S<111> -5070 511.5
1035 S<160> -4090 386.5 1085 S<110> -5090 386.5
1036 S<159> -4110 511.5 1086 S<109> -5110 511.5
1037 S<158> -4130 386.5 1087 S<108> -5130 386.5
1038 S<157> -4150 511.5 1088 S<107> -5150 511.5
1039 S<156> -4170 386.5 1089 S<106> -5170 386.5
1040 S<155> -4190 511.5 1090 S<105> -5190 511.5
1041 S<154> -4210 386.5 1091 S<104> -5210 386.5
1042 S<153> -4230 511.5 1092 S<103> -5230 511.5
1043 S<152> -4250 386.5 1093 S<102> -5250 386.5
1044 S<151> -4270 511.5 1094 S<101> -5270 511.5
1045 S<150> -4290 386.5 1095 S<100> -5290 386.5
1046 S<149> -4310 511.5 1096 S<99> -5310 511.5
1047 S<148> -4330 386.5 1097 S<98> -5330 386.5
1048 S<147> -4350 511.5 1098 S<97> -5350 511.5
1049 S<146> -4370 386.5 1099 S<96> -5370 386.5
1050 S<145> -4390 511.5 1100 S<95> -5390 511.5
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No Name X Y No Name X Y
1101 S<94> -5410 386.5 1151 S<44> -6410 386.5
1102 S<93> -5430 511.5 1152 S<43> -6430 511.5
1103 S<92> -5450 386.5 1153 S<42> -6450 386.5
1104 S<91> -5470 511.5 1154 S<41> -6470 511.5
1105 S<90> -5490 386.5 1155 S<40> -6490 386.5
1106 S<89> -5510 511.5 1156 S<39> -6510 511.5
1107 S<88> -5530 386.5 1157 S<38> -6530 386.5
1108 S<87> -5550 511.5 1158 S<37> -6550 511.5
1109 S<86> -5570 386.5 1159 S<36> -6570 386.5
1110 S<85> -5590 511.5 1160 S<35> -6590 511.5
1111 S<84> -5610 386.5 1161 S<34> -6610 386.5
1112 S<83> -5630 511.5 1162 S<33> -6630 511.5
1113 S<82> -5650 386.5 1163 S<32> -6650 386.5
1114 S<81> -5670 511.5 1164 S<31> -6670 511.5
1115 S<80> -5690 386.5 1165 S<30> -6690 386.5
1116 S<79> -5710 511.5 1166 S<29> -6710 511.5
1117 S<78> -5730 386.5 1167 S<28> -6730 386.5
1118 S<77> -5750 511.5 1168 S<27> -6750 511.5
1119 S<76> -5770 386.5 1169 S<26> -6770 386.5
1120 S<75> -5790 511.5 1170 S<25> -6790 511.5
1121 S<74> -5810 386.5 1171 S<24> -6810 386.5
1122 S<73> -5830 511.5 1172 S<23> -6830 511.5
1123 S<72> -5850 386.5 1173 S<22> -6850 386.5
1124 S<71> -5870 511.5 1174 S<21> -6870 511.5
1125 S<70> -5890 386.5 1175 S<20> -6890 386.5
1126 S<69> -5910 511.5 1176 S<19> -6910 511.5
1127 S<68> -5930 386.5 1177 S<18> -6930 386.5
1128 S<67> -5950 511.5 1178 S<17> -6950 511.5
1129 S<66> -5970 386.5 1179 S<16> -6970 386.5
1130 S<65> -5990 511.5 1180 S<15> -6990 511.5
1131 S<64> -6010 386.5 1181 S<14> -7010 386.5
1132 S<63> -6030 511.5 1182 S<13> -7030 511.5
1133 S<62> -6050 386.5 1183 S<12> -7050 386.5
1134 S<61> -6070 511.5 1184 S<11> -7070 511.5
1135 S<60> -6090 386.5 1185 S<10> -7090 386.5
1136 S<59> -6110 511.5 1186 S<9> -7110 511.5
1137 S<58> -6130 386.5 1187 S<8> -7130 386.5
1138 S<57> -6150 511.5 1188 S<7> -7150 511.5
1139 S<56> -6170 386.5 1189 S<6> -7170 386.5
1140 S<565> -6190 511.5 1190 S<56> -7190 511.5
1141 S<54> -6210 386.5 1191 S<4> -7210 386.5
1142 S<53> -6230 511.5 1192 S<3> -7230 511.5
1143 S<562> -6250 386.5 1193 S<2> -7250 386.5
1144 S<51> -6270 511.5 1194 S<1> -7270 511.5
1145 S<50> -6290 386.5 1195 DUMMY -7290 386.5
1146 S<49> -6310 511.5 1196 DUMMY -7350 511.5
1147 S<48> -6330 386.5 1197 DUMMY -7370 386.5
1148 S<47> -6350 511.5 1198 G<320> -7390 511.5
1149 S<46> -6370 386.5 1199 (G<318> -7410 386.5
1150 S<45> -6390 511.5 1200 G<316> -7430 511.5
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No Name X Y No Name X Y
1201 G<314> -7450 386.5 1251 G<214> -8450 386.5
1202 G<312> -7470 511.5 1252 G<212> -8470 511.5
1203 G<310> -7490 386.5 1253 G<210> -8490 386.5
1204 G<308> -7510 511.5 1254 G<208> -8510 511.5
1205 G<306> -7530 386.5 1255 G<206> -8530 386.5
1206 G<304> -7550 511.5 1256 G<204> -8550 511.5
1207 G<302> -7570 386.5 1257 G<202> -8570 386.5
1208 G<300> -7590 511.5 1258 G<200> -8590 511.5
1209 G<298> -7610 386.5 1259 G<198> -8610 386.5
1210 G<296> -7630 511.5 1260 G<196> -8630 511.5
1211 G<294> -7650 386.5 1261 G<194> -8650 386.5
1212 G<292> -7670 511.5 1262 G<192> -8670 511.5
1213 G<290> -7690 386.5 1263 G<190> -8690 386.5
1214 (G<288> -7710 511.5 1264 (G<188> -8710 511.5
1215 G<286> -7730 386.5 1265 G<186> -8730 386.5
1216 G<284> -7750 511.5 1266 G<184> -8750 511.5
1217 G<282> -7770 386.5 1267 G<182> -8770 386.5
1218 G<280> -7790 511.5 1268 G<180> -8790 511.5
1219 G<278> -7810 386.5 1269 G<178> -8810 386.5
1220 G<276> -7830 511.5 1270 G<176> -8830 511.5
1221 G<274> -7850 386.5 1271 G<174> -8850 386.5
1222 G<272> -7870 511.5 1272 G<172> -8870 511.5
1223 G<270> -7890 386.5 1273 G<170> -8890 386.5
1224 (G<268> -7910 511.5 1274 G<168> -8910 511.5
1225 G<266> -7930 386.5 1275 G<166> -8930 386.5
1226 G<264> -7950 511.5 1276 G<164> -8950 511.5
1227 G<262> -7970 386.5 1277 G<162> -8970 386.5
1228 G<260> -7990 511.5 1278 G<160> -8990 511.5
1229 G<258> -8010 386.5 1279 G<158> -9010 386.5
1230 G<256> -8030 511.5 1280 G<156> -9030 511.5
1231 G<254> -8050 386.5 1281 G<154> -9050 386.5
1232 G<252> -8070 511.5 1282 G<152> -9070 511.5
1233 G<250> -8090 386.5 1283 G<150> -9090 386.5
1234 G<248> -8110 511.5 1284 G<148> -9110 511.5
1235 G<246> -8130 386.5 1285 G<146> -9130 386.5
1236 G<244> -8150 511.5 1286 G<144> -9150 511.5
1237 G<242> -8170 386.5 1287 G<142> -9170 386.5
1238 G<240> -8190 511.5 1288 G<140> -9190 511.5
1239 G<238> -8210 386.5 1289 G<138> -9210 386.5
1240 G<236> -8230 511.5 1290 G<136> -9230 511.5
1241 G<234> -8250 386.5 1291 G<134> -9250 386.5
1242 G<232> -8270 511.5 1292 G<132> -9270 511.5
1243 G<230> -8290 386.5 1293 G<130> -9290 386.5
1244 G<228> -8310 511.5 1294 G<128> -9310 511.5
1245 G<226> -8330 386.5 1295 G<126> -9330 386.5
1246 G<224> -8350 511.5 1296 G<124> -9350 511.5
1247 G<222> -8370 386.5 1297 G<122> -9370 386.5
1248 G<220> -8390 511.5 1298 G<120> -9390 511.5
1249 G<218> -8410 386.5 1299 G<118> -9410 386.5
1250 G<216> -8430 511.5 1300 G<116> -9430 511.5
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No Name X Y No Name X Y
1301 G<114> -9450 386.5 1351 G<14> -10450 386.5
1302 G<112> -9470 511.5 1352 G<12> -10470 511.5
1303 G<110> -9490 386.5 1353 G<10> -10490 386.5
1304 G<108> -9510 511.5 1354 G<8> -10510 511.5
1305 G<106> -9530 386.5 1355 G<6> -10530 386.5
1306 G<104> -9550 511.5 1356 G<4> -10550 511.5
1307 G<102> -9570 386.5 1357 G<2> -10570 386.5
1308 G<100> -9590 511.5 1358 DUMMY -10590 511.5
1309 G<98> -9610 386.5 1359 DUMMY -10610 386.5
1310 G<96> -9630 511.5 1360 DUMMY -10630 511.5
1311 G<94> -9650 386.5 1361 DUMMY -10650 386.5
1312 G<92> -9670 511.5 1362 DUMMY -10670 511.5
1313 G<90> -9690 386.5
1314 G<88> -9710 511.5 KEY_COG -10613 -468
1315 G<86> -9730 386.5 KEY COG 10613 -468
1316 G<84> -9750 511.5
1317 G<82> -9770 386.5
1318 G<80> -9790 511.5
1319 G<78> -9810 386.5
1320 G<76> -9830 511.5
1321 G<74> -9850 386.5
1322 G<72> -9870 511.5
1323 G<70> -9890 386.5
1324 G<68> -9910 511.5
1325 G<66> -9930 386.5
1326 G<64> -9950 511.5
1327 G<62> -9970 386.5
1328 G<60> -9990 511.5
1329 G<58> -10010 386.5
1330 G<56> -10030 511.5
1331 G<54> -10050 386.5
1332 G<52> -10070 511.5
1333 G<50> -10090 386.5
1334 G<48> -10110 511.5
1335 G<46> -10130 386.5
1336 G<44> -10150 511.5
1337 G<42> -10170 386.5
1338 G<40> -10190 511.5
1339 G<38> -10210 386.5
1340 G<36> -10230 511.5
1341 G<34> -10250 386.5
1342 G<32> -10270 511.5
1343 G<30> -10290 386.5
1344 G<28> -10310 511.5
1345 G<26> -10330 386.5
1346 G<24> -10350 511.5
1347 G<22> -10370 386.5
1348 G<20> -10390 511.5
1349 G<18> -10410 386.5
1350 G<16> -10430 511.5
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PRODUCT NOTICE

No part of this document may be copied or reproduced in any form without the prior written consent of Leadis Technology, Inc.

Leadis makes no representations or warranties with respect to the accuracy or completeness of the contents of this document.
Leadis’ specifications and product descriptions are subject to change at any time without notice due to product improvements or
other reasons. As aresult, we recommend that customers contact Leadis for the latest product information before purchasing or
using any Leadis product.

These materials are intended as a reference to assist our customers in the selection and application of Leadis products. These
materials do not convey any license (express, implied or otherwise) under any intellectual property rights of Leadis or others.
Leadis assumes no responsibility for any infringement of patents or other rights of third parties that may result from the use of
these materials.

Except as set forth in Leadis’ Standard Terms and Conditions of Sale, Leadis assumes no liability, and disclaims any express or
implied warranty, relating to its products, including, but not limited to, any implied warranties of merchantability, fithess for a
particular purpose or noninfringement. Leadis’ products have not been designed, tested or manufactured for use in applications
where the failure, malfunction or inaccuracy of the products carries a risk of death or serious bodily injury or damage to tangible
property, including, but not limited to, nuclear facilities, aircraft navigation or communication, emergency systems, or other
applications with a similar degree of potential hazard.

Please contact Leadis for further details on these materials or the products described herein.

© 2007 LEADIS Technology, Inc. All rights reserved. LEADIS and the LEADIS logo are trademarks of LEADIS Technology, Inc.
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