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Description

The R61509 is a single-chip liquid crystal controller driver LSI for a-Si TFT panel, incorporating RAM for
a maximum 240 RGB x 432 dot graphics display, source driver, gate driver and power supply circuit. For
efficient data transfer, the R61509 supports high-speed interface via 8-/9-/16-/18-bit ports as system
interface to the microcomputer and high-speed RAM write function. As moving picture interface, the
R61509 supports RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE and DB17-0).

The power supply circuit incorporates step-up circuit and voltage follower circuit to generate TFT liquid
crystal panel drive voltages.

The R61509°s power management functions such as 8-color display and shut down and so on make this
LSI an ideal driver for the medium or small sized portable products with color display systems such as
digital cellular phones or small PDAs, where long battery life is a major concern.

Note:  The MDDI supported by the R61509 is designed and produced based on the licensing of
technology from Qualcomm. The MDDI must be adopted in the module, which incorporates a
Qualcomm’s CDMA ASIC. Any claims, including, but not limited to the third party’s right to use the
MDDI for industrial purposes shall not be accepted by Renesas Technology unless the above-mentioned
condition is met.
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Features

A single-chip controller driver incorporating a gate circuit and a power supply circuit for a maximum
240RGB x 432dots graphics display on amorphous TFT panel in 262k colors
System interface
—  High-speed interfaces via 8-, 9-, 16-, 18-bit parallel ports
—  Clock synchronous serial interface
—  Endian free interface, enabling switching endian by software
—  Mobile display system using MDDI (Mobile Display Digital Interface)
Mobile display system optimized interface
Sub-display interface compatible with moving picture display

Moving picture display interface
- 6-, 16-, 18-bit RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, DB17-0)

—  VSYNC interface (System interface + VSYNC)
—  FMARK interface (System interface + FMARK)

High-speed RAM write function
Window address function to specify a rectangular area in the internal RAM to write data
Write data within a rectangular area in the internal RAM via moving picture interface

—  Reduce data transfer by specifying the area in the RAM to rewrite data

—  Enable displaying the data in the still picture RAM area with a moving picture simultaneously

Abundant color display and drawing functions
—  Programmable y-correction function for 262k-color display

—  Partial display function
Low -power consumption architecture (allowing direct input of interface I/O power supply)
—  Shut down function
—  8-color display function
—  Input power supply voltages: VCC =2.5V ~ 3.1 V (logic regulator power supply)
IOVCCI1 =1.65V ~ 3.1 V (interface I/O power supply)
IOVCC2 =2.5V ~ 3.1V (MDDI power supply voltage)
VCI=2.5V ~ 3.1V (liquid crystal analog circuit power supply)
Incorporates a liquid crystal drive power supply circuit

—  Source driver liquid crystal drive/VCOM power supply: DDVDH-GND =4.5V ~ 6.0 V
VCL-GND =-1.9V ~-3.0V
VCI-VCL £ 6.0V

—  QGate drive power supply: VGH-GND = 10.0V ~ 17.5V
VGL-GND =-4.5V ~-12.5V
VGH-VGL < 28.0V

—  VCOM drive (VCOM power supply): VCOMH = 3.0V ~ (DDVDH-0.5)V
VCOML = (VCL+0.5)V ~ 0V
VCOMH-VCOML amplitude = 6.0V (max.)
Liquid crystal power supply startup sequencer
TFT storage capacitance: Cst only (common VCOM formula)
233,280-byte internal RAM
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e Internal 720-channel source driver and 432-channel gate driver

e  Single-chip solution for COG module with the arrangement of gate circuits on both sides of the glass
substrate

e  Internal NVM

User identification code: 4 bits
VCOM level adjustment: 5 bits x 2
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Power Supply Specifications

Table 1
No. | Item R61509
1 TFT data lines 720 output
2 TFT gate lines 432 output
3 TFT display storage capacitance Cst only (Common VCOM formula)
4 Liquid crystal | S1~S720 V0 ~ V31 grayscales
drive output  "'G1~G432 VGH-VGL
VCOM Change VCOMH-VCOML amplitude with electronic volume
Change VCOMH with either electronic volume or from
VCOMR
5 Input voltage | IOVCC 1.65V ~ 3.10V
(interface voltage) Power supply to IMO/ID, IM1-2, RESET*, DB17-0, RD*, SDI,
SDO, WR/SCL, RS, CS*, VSYNC, HSYNC, DOTCLK,
ENABLE, FMARK
Connect to VCC and VCI on the FPC when the electrical
potentials are the same.
IOVCC2 2.5V ~3.10V
(MDDI power supply
voltage)
VCC 2.50V ~ 3.10V
(logic regulator power | Connect to IOVCC1 and VCI on the FPC when the electrical
supply) potentials are the same.
VCI 2.50V ~ 3.10V
(liquid crystal drive Connect to IOVCC1 and VCC on the FPC when the
power supply voltage) | gjectrical potentials are the same.
VPP VPP1: 9.0V =0.1V
(NVM power supply) - ["yppo. 7 5v +0.1v
VPP3A/VPP3B: GND
6 Liquid crystal | DDVDH 4.5V ~ 6.0V
drive VGH 10.0V ~ 17.5V
voltages
VGL -4.5V ~ -12.5V
VGH-VGL Max. 28.0V
VCL -1.9V ~ -3.0V
VCI-VCL Max. 6.0V
6 Internal VLOUT1 (DDVDH) VCI1 x2
step-up VLOUT2 (VGH) VCH x 6, x 7
circuits
VLOUT3 (VGL) VCH x -3, X -4, X -5
VLOUT4 (VCL) VCI x -1
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Block Diagram
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Block Function

1.  System Interface

The R61509 supports 80-system high-speed interface via 8-, 9-, 16-, 18-bit parallel ports and a clock
synchronous serial interface. The interface is selected by setting the IM2-0 pins.

The R61509 has a 16-bit index register (IR), an 18-bit write-data register (WDR), and an 18-bit read-data
register (RDR). The IR is the register to store index information from control register and internal GRAM.
The WDR is the register to temporarily store data to be written to control register and internal GRAM. The
RDR is the register to temporarily store the data read from the GRAM. The data from the MPU to be
written to the internal GRAM is first written to the WDR and then automatically written to the internal
GRAM in internal operation. The data is read via RDR from the internal GRAM. Therefore, invalid data
is sent to the data bus when the R61509 performs the first read operation from the internal GRAM. Valid
data is read out when the R61509 performs the second and subsequent read operation.

The R61509 allows writing instructions consecutively by executing the instruction in the same cycle when
it is written (0 instruction cycle).

Table 2 Register Selection (80-System 8/9/16/18-Bit Parallel Interface)
WR* RD* RS Function

Write index to IR

Setting disabled

Write to control register or internal GRAM via WDR

O =0
OO =
AlaloloO

Read from internal GRAM and register via RDR

Table 3 Register Selection (Clock Synchronous Serial Interface)

Start byte

R/W RS Function

0 0 Write index to IR

1 0 Setting disabled

0 1 Write to control register or internal GRAM via WDR
1 1 Read from internal GRAM and register via RDR
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Table 4
IM2 1M1 1Mo DYStem DB pins RAM write data Instruction
interface write transfer
80-system 18-bit . . Single transfer
0 O 0 interface DB17-0 Single transfer (18 bits) (16 bits)
o o 1 B80system9-bit oo 2-transfer (1% 9 bits, 2"%: 9 (21-£tragsbfﬁ; ond. g
interface bits) b T
bits)
Single transf(ter (16 bits)d
. 2-transfer (1% 2 bits, 2" )
0 1 o S0systemiob pgi7.10,0B8-1 16 bits) a'gggﬁst)ra”“er
2-transfer (1% 16 bits, 2"
2 bits)
2-transfer (1% 8 bits, 2" 8
bits) 2-transfer
o 1 4 80-system8bit oo 0 3-transfer (1% 2 bits, 2" 8 (1 8 bits, 2™- 8
interface bits, 3™: 8 bits) bits) e
3-transfer (1% 6 bits, 2"": 6
bits, 3": 6 bits)
Clock - 2-transfer

st. : nd.
1 0 *  synchronous (SDI, SDO) gi-tt;?nsfer (1% 8 bits, 2"": 8 (1 8 bits, 2™- 8

serial interface bits)
1 1 0 Setting disabled - - -
(MDDI_STB_P/M_B,
MDDI_DATA_P/M_B)

1 1 1 MDDI 16 bpp, 18 bpp -

2. External Display Interface (RGB, VSYNC interfaces)

The R61509 supports RGB interface and VSYNC interface as the external interface to display moving
picture. When the RGB interface is selected, the display operation is synchronized with externally supplied
signals, VSYNC, HSYNC, and DOTCLK. In RGB interface operation, data (DB17-0) is written in
synchronization with these signals when the polarity of enable signal (ENABLE) allows write operation in
order to prevent flicker while updating display data.

In VSYNC interface operation, the display operation is synchronized with the internal clock except frame
synchronization, which synchronizes the display operation with the VSYNC signal. The display data is
written to the internal GRAM via system interface. When writing data via VSYNC interface, there are
constraints in speed and method in writing data to the internal RAM. For details, see the “VSYNC
interface” section.

The R61509 allows switching interface by instruction according to the display, i.e. still and/or moving
picture(s) in order to transfer data only when the data is updated and thereby reduce the data transfer and
power consumption for moving picture display.

3. MDDI (Mobile Display Digital Interface)

The R61509 supports a MDDI client as a differential small-amplitude high-speed direct interface to the
MDDI host via MDDI_STB_P_B, MDDI_STB M, MDDI _DATA P_B, and MDDI DATA M B.

The MDDI or system interface is selected by setting IM2-0 pins.
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The MDDI circuit supported by the R61509 is compliant with the MDDI specifications disclosed in VESA
(Video Electronics Standards Association). The R61509 enables an easy configuration of cost-effective
differential interface mobile display system by optimizing the MDDI specifications to the mobile display.

4.  Address Counter (AC)

The address counter (AC) gives an address to the internal GRAM. When the index of the register to set a
RAM address in the AC is written to the IR, the address information is sent from the IR to the AC. As the
R61509 writes data to the internal GRAM, the address in the AC is automatically updated plus or minus 1.
The window address function enables writing data only within the rectangular area specified in the GRAM.

5.  Graphics RAM (GRAM)

GRAM stands for graphics RAM, which can store bit-pattern data of 233,280 (240RGB x 432 (dots) x
18(bits)) bytes at maximum, using 18 bits per pixel.

6. Grayscale Voltage Generating Circuit

The grayscale voltage generating circuit generates liquid crystal drive voltages according to the grayscale
data in the y-correction registers to enable 262k-color display. For details, see the y-Correction Register
section.

7. Liquid Crystal Drive Power Supply Circuit

The liquid crystal drive power supply circuit generates DDVDH, VGH, VGL and VCOM levels to drive
liquid crystal.

8. Timing Generator

The timing generator generates a timing signal for the operation of internal circuit such as the internal
GRAM. The timing signal for display operation such as RAM read operation and the timing signal for
internal operation such as RAM access from the MPU are generated separately in order to avoid mutual
interference.

9. Oscillator (OSC)

The R61509 generates the RC oscillation clock internally. Connecting an external oscillation resistor
between the OSC1 and OSC2 pins to generate the clock is not possible. The oscillation frequency is set to
678 kHz before shipment (for details, see Electrical Characteristics). Set the frame frequency adjustment
function to change the number of display lines and the frame frequency. While the R61509 is shut down,
RC oscillation halts so that reduce power consumption is reduced.

10. Liquid crystal driver Circuit

The liquid crystal driver circuit of the R61509 consists of a 720-output source driver (S1 ~ S720) and a
432-output gate driver (G1~G432). The display pattern data is latched when 240RGB of data are inputted.
The latched data control the source driver and output drive waveforms. The gate driver for scanning gate
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lines outputs either VGH or VGL level. The shift direction of 720-bit source output from the source driver
can be changed by setting the SS bit and the shift direction of gate output from the gate driver can be
changed by setting the GS bit. The scan mode by the gate driver can be changed by setting the SM bit.

11. Internal Logic Power Supply Regulator

The internal logic power supply regulator generates internal logic power supply VDD.
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Pin Function

Table 5 Interface Pins

. Connect . When not
Signal 1/0 Function .
to in use
IM2-1, I GND or Select a mode to interface to an MPU. In serial interface operation, -
IMO/ID IOVCC1  the IMO pin is used to set the ID bit of device code. Amplitude:
IOVCC1-GND
iz mz MO Interface Mode DB Pin Colors
80-system 18-bit
0 0 0 i terface DB17-0 262,144
0 0 1 80-system 9-bit interface DB17-9 262,144
o ] 0 80-system DB17-10, DBS- 262,144
16-bit interface 1 see Note 1
0 1 1 80-system 8-bit interface DB17-10 zseﬁezhi(;llj ;‘
. Clock synchronous serial
1 0 (ID) inferface 65,536
1 1 0 Setting disabled - -
MDDI_DATA_P
/M_B, 262,144
1 1 1 MDDI MDDI DATA P seonoe3
\M_B

Notes: 1. 65,536 colors in one transfer mode.
2. 65,536 colors in two transfers mode.
3. 65,536 colors in MDDI operation (DFM = 1).

cs* | MPU Chip select signal. Amplitude: IOVCC1-GND IOVCC1
Low: the R61509 is selected and accessible
High: the R61509 is not selected and not accessible.

RS MPU Register select signal. Amplitude: IOVCC1-GND IOVCC1
Low: select Index or status register
High: select control register

WR*/SCL | MPU Write strobe signal in 80-system bus interface operation and enables 10VCCA1
write operation when WR* is low. Synchronous clock signal (SCL) in
serial interface operation. Amplitude: IOVCC1-GND

RD* | MPU Read strobe signal in 80-system bus interface operation and enables |0OVCCH1
read operation when RD* is low. Amplitude: IOVCC1-GND

SDI I MPU Serial data input (SDI) pin in serial interface operation. The data is GND or
inputted on the rising edge of the SCL signal. Amplitude: IOVCC1- IOVCC1
GND

SDO O MPU Serial data output (SDO) pin in serial interface operation. The datais Open
outputted on the falling edge of the SCL signal. (MDDDI:
Amplitude: IOVCC1-GND open)

Peripheral In MDDI operation, SDO is assigned for the sub-display interface
control output (CS).
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Signal I/O Connect Function When not
to in use
DB0-DB17 /O MPU 18-bit parallel bi-directional data bus for 80-system interface operation GND or
(Amplitude: IOVCC1-GND). IOVCC1
8-bit I/F: DB17-DB10 are used. (MDDI:
9-bit I/F: DB17-DB9 are used. Open)
16-bit I/F: DB17-DB10 and DB8-1 are used.
18-bit I/F: DB17-DB0 are used.
18-bit parallel bi-directional data bus for RGB interface operation
(Amplitude: IOVCC1-GND).
6-bit I/F: DB17-DB12 are used.
16-bit I/F: DB17-DB13 and DB11-1 are used.
18-bit I/F: DB17-DBO0 are used.
Sub-display interface output for MDDI.
Sub-display I/F: DB 17-0
ENABLE MPU Data enable signal for RGB interface operation. GND or
(Amplitude: IOVCC1-GND). IOVCC1
Low: accessible (select) (MDDI:
High: Not accessible (Not select) open)
The polarity of ENABLE signal can be inverted by setting the EPL bit
(Amplitude: IOVCC1-GND).
O  Peripheral In MDDI operation, ENABLE is assigned for the sub-display interface
control output (WR).
VSYNC | MPU Frame synchronous signal for RGB interface operation. Low active. = GND or
(Amplitude: IOVCC1-GND). IOVCC1
HSYNC I MPU Line synchronous signal for RGB interface operation. Low active. GND or
(Amplitude: IOVCC1-GND). IOVCCA1
O  Peripheral In MDDI operation, HSYNC is assigned for the sub-display interface ~ (MDDI:
control output (RS). open)
DOTCLK I MPU Dot clock signal for RGB interface operation. The data input timingis GND or
on the rising edge of DOTCLK. (Amplitude: IOVCC1-GND). IOVCC1
FMARK O MPU Frame head pulse signal, which is used when writing data to the Open
internal RAM. (Amplitude: IOVCC1-GND).
TSC I Sub Sub display FLM signal, which is input from TSC pin when FMKM =1 GND
display (Amplitude: IOVCC1-GND).
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Table 6 MDDI (Mobile Display Digital Interface)

Signal Pin 110 Connect  Function When not
No. to in use

MDDI_DATA_ One I MDDI MDDI data signal lines. Data+ (MDDI_DATA _P_B)and Open
P_B, each host Data- (MDDI_DATA_M_B) are differential small-
MDDI_DATA _ amplitude signals. Make the wiring as short as possible
M_B so that the COG resistance becomes less than 10 ohm.

The specifications of interface must be compliant with

the MDDI specifications.
MDDI_STB_P One I MDDI MDDI strobe signal lines. Stb+ (MDDI_STB_P_B)and  Open
_B, each host Stb- (MDDI_STB_M_B) are differential small-amplitude
MDDI_STB_M signals. Make the wiring as short as possible so that
B the COG resistance becomes less than 10 ohm. The

specifications of interface must be compliant with the

MDDI specifications.
Table 7 Reset Pin
Signal E‘m 110 Connect Function When not

0. to In use
RESET* 1 | MPU or Reset signal. Initializes the R61509 when it is low. Make sure to -
external  execute a power-on reset when turning on power supply (IOVCC1-
RC circuit GND amplitude signal).
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Table 8 Power Supply Pins

Signal Elm 110 Connect Function When not
0. to in use
VCC 1 - Power Power supply to internal logic regulator circuit: VCC = 2.5V~3.1V. -
supply VCC = |0VCC1, IOVCC2.
GND 1 - Power GND for internal logic and interface pins (RESET, CS, WR, RD, RS, -
supply DB15-0, VSYNC, HSYNC, DOTCLK and ENABLE). GND = 0V.
RGND 1 - Power Internal RAM GND. RGND must be at the same electrical potential as -
supply GND. In case of COG, connect to GND on the FPC to prevent noise.
VDD One (O  Stabilizing Internal logic regulator output, which is used as the power supply to -
VDDOUT each capacitor internal logic. Connect a stabilizing capacitor.
IOVCC1 1 - Power Power supply to the interface pins: RESET*, CS*, WR, RD*, RS, -
supply DB17-0, VSYNC, HSYNC, DOTCLK, ENABLE.
IOVCC1 =1.65V ~ 3.1V. VCC =2 IOVCCH1. In case of COG, connect
to VCC on the FPC to prevent noise when VCC = IOVCC1 = IOVCC2.
IOVCC2 1 - Power Power supply to the MDDI pins, MDDI_DATA_P_B,
supply MDDI_DATA_M_B, MDDI_STB_P_B, and MDDI_STB_M_B (IOVCC2
=2.5V ~ 3.1V, VCC > |I0VCC2). Connect to power supply when
MDDl is not used. In case of COG, connect to VCC on the FPC when
VCC = I10VCC1 = I0VCC2.
IOGND2 1 - Power Power supply to the MDDI pins, MDDI_DATA_P_B,
supply MDDI_DATA_M_B, MDDI_STB_P_B, and MDDI_STB_M_B (IOGND2
= 0V). Connect to GND when MDDI is not used. In case of COG,
connect to GND on the FPC to prevent noise.
AGND 1 - Power Analog GND (for logic regulator and liquid crystal power supply -
supply circuit): AGND = 0V. In case of COG, connect to GND on the FPC to
prevent noise.
VCI 1 | Power Power supply to the liquid crystal power supply analog circuit. -
supply Connect to an external power supply of 2.5V ~ 3.1V.
VCILVL 1 | Reference VCILVL must be at the same electrical potential as VCI. -
power VCILVL = 2.5V ~ 3.1V. Connect to external power supply. In case of
supply COG, connect to VCI on the FPC to prevent noise.
VIREG 1 | External  Reference power supply pin for MDDI. Connect a resistor of 220kQ (s IOGND2
resistor +1%) between VIREG and GND.
When connecting the resistor,
1. Make the wiring from the IC as short as possible.
2. Shield the VIREG wiring (including those on glass substrate) and
connect the shield to GND.
3. Make sure other wiring is not laid over or underneath the VIREG
wiring.
VPP1 1 | Power Internal NVM power supply. Apply the following voltages on VPP1 ~ Open
supply VPP2 respectively according to the power supply ON sequence.
VPP2 1 | Power Operation mode VPP1 VPP2 VPP3A, 3B Open
supply
NVM write 9.0+£0.1V 7.5£0.1V GND
VPP3A,3B ©One | Power NVM read Open Open GND GND
each supply
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Table 9 Step-Up Circuit

Signal 110 Connect Function When not
to in use
VCIOUT O  Stabilizing Output voltage from the step-up circuit 1, generated from the
capacitor, reference voltage. VC bits set the output factor.
VCI1
VCI1 /0 VCIOUT Reference voltage of step-up circuit 1. Make sure the output voltage -
levels from VLOUT1, VLOUTZ2, VLOUT3 and VLOUT4 do not exceed
the respective setting ranges.
VLOUT1 O  Stabilizing Output voltage from the step-up circuit 1, generated from VCI1. The -
capacitor, step-up factor is set by instruction (BT bits). VLOUT1 = 4.5V ~ 6.0V
DDVDH
DDVDH | VLOUT1  Power supply for the source driver liquid crystal drive unit and VCOM -
drive. Connect to VLOUT1. DDVDH = 4.5V ~ 6.0V
VLOUT2 O  Stabilizing Output voltage from the step-up circuit 2, generated from VCI1 and -
capacitor, DDVDH. The step-up factor is set by instruction (BT bits).
VGH VLOUT2 = max 17.5V
VGH | VLOUT2 Liquid crystal drive power supply. Connect to VLOUT2. -
VLOUT3 O  Stabilizing Output voltage from the step-up circuit 2, generated from VCI1 and -
capacitor, DDVDH. The step-up factor is set by instruction (BT bits).
VGL VLOUTS3 = min —12.5V
VGL | VLOUT3  Liquid crystal drive power supply. Connect to VLOUTS3. -
VLOUT4 O  Stabilizing Output voltage from the step-up circuit 2, generated from VCI1 and -
capacitor, DDVDH. The step-up factor is set by instruction (BT bits).
VCL VLOUT4 =-1.9V ~ -3.0V
VCL O  Stabilizing VCOML drive power supply. Connect to VLOUT4. Capacitor -
capacitor connection is not required when VCOMG = 0 (VCOML = GND). VCL
= GND.
C11+,C11- | Step-up  Capacitor connection pins for the step-up circuit 1. -
C12+,C12- O capacitor
C13+, C13- | Step-up  Capacitor connection pins for the step-up circuit 2. Connect -
C21+,C21- O capacitor capacitors where they are required according to the step-up factor.
C22+, C22-
C23+, C23-
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Table 10 LCD drive

Signal 110 Connect Function When not
to in use
VREG10OUT O  Stabilizing Output voltage generated from the reference voltage either VCILVL Open
capacitor  voltage (inputted from outside) or VCIR voltage (internally generated).
The factor is determined by instruction (VRH bits).
VREG10UT is used for (1) source driver grayscale reference voltage
VDH, (2) VCOMH level reference voltage, and (3) VCOM amplitude
reference voltage. Connect to a stabilizing capacitor when in use.
VREG10UT =4.0V ~ (DDVDH - 0.5)V
VCOM O  TFT panel Power supply to TFT panel's common electrode. VCOM alternates Open
common  between VCOMH and VCOML. The alternating cycle is set by internal
electrode register. Also, the VCOM output can be started and halted by register
setting.
VCOMH O  Stabilizing The High level of VCOM amplitude. The output level can be adjusted Open
capacitor by either external resistor (VCOMR) or electronic volume.
VCOML O  Stabilizing The Low level of VCOM amplitude. The output level can be adjusted Open
capacitor by instruction (VDV bits). VCOML = (VCL+0.5) V ~ 0V
VCOMR | Variable  Connect a variable resistor when adjusting the VCOMH level between Open
resistor or VREG10UT and GND.
open
VGS | GND Reference level for the grayscale voltage generating circuit. -
S1~S720 O LCD Liquid crystal application voltages. To change the shift direction of Open
segment signal output, set the SS bit as follows.
When SS = 0, the data in the RAM address h00000 is outputted from
S1. When SS = 1, the data in the RAM address h00000 is outputted
from S720.
G1~G432 O LCD Gate line output signals. Open

VGH: gate line select level
VGL: gate line non-select level
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Table 11 Others (test, dummy pins)

Signal 110 Connect Function When not
to in use
VOT, V31T 1/O Open Test pins. Leave open. Open
VTEST O Open Test pin. Leave open. Open
VREFC | AGND Test pin. Make sure to fix to the AGND level. -
VREF O Open Test pin. Leave open. Open
VDDTEST I AGND Test pin. Make sure to fix to the AGND level. -
VREFD O Open Test pin. Leave open. Open
VMON O Open Test pin. Leave open. Open
TESTA5 O Open Test pin. Leave open. Open
IovCCDUM1-2 O - Use them to fix the electrical potentials of unused interface pins and  Open
fixed pins. When not in use, leave open.
vCChUM1 O - Test pin. Leave open Open
GNDDUM1-21 O - Use them to fix the electrical potentials of unused interface pins and  Open
fixed pins. When not in use, leave open.
IOGND2DUM1-8 O - Dummy pins between MDDI pins. Leave open. Open
AGNDDUM1-5 O - Use them to fix VREFC, VDDTEST. Open
DUMMYR - - DUMMYR1 and DUMMYR10, DUMMYR2 and DUMMYR9, Open
1-10 DUMMYR3 and DUMMYR4, DUMMYR5 and DUMMYRS, and
DUMMYRG6 and DUMMYRY7 are short-circuited within the chip for
COG contact resistance measurement.
VGLDMY o - Dummy pads. Leave them open. Open
1-4
TESTO1-18 O - Dummy pads. Leave them open. Open
TEST1-3 | GND Test pins. Connect to GND. GND

Patents of dummy pin which is used to fix pin to VCC or GND are pending or granted.

PATENT ISSUED: United States Patent No. 6,323,930
PATENT PENDING: Japanese Application No. 10-514484, Korean Application No. 19997002322
Taiwanese Application No.086103756, (PCT/JP96/02728(W098/12597)
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M R61509 Pad Arrangement

67500
@CHip size: 21,55 x 1.44mm (31.03mm2)
@CHip thickness: 280 um

Pad coordinate: Pad center
®Coordinate origin: Chip center

@A burp size
1)5000 ym x
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(Pad pitch 70t m)

0, 11000um
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@44 bump pitch: See pad coordinate
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@ Chip size: 21.55mm X 1.44mm
@ Chip thickness: 280um

@Pad coordinates: Pad center

@ Coordinate origin: Chip center

@ Au bump size
1. 50pum x 80pum (I/0 side: No.1-299)
2. 18um x 110um (LCD output side: No.300-1467)

@ Au bump pitch: Refer to pad coordinate

@ Au bump height:15um
Note: Numbers on figures contained in this data sheet are pad coordinate number.

@ Alignment mark
Alignment marks X-axis Y-axis
Type A -10608.0 -548.0
10608.0 -548.0
Type A
L» ______________ g ________________ J
e _|4—
: a b c : !
e ey - Unit: um
i A
i ' d . a: 30
i \ A b: 40
i A i c: 30
i f e : i h d: 30
i : P e: 40
i _V | i f: 30
! 1 g: 100
: ?f : i h: 100
i v
! Lo
INon-pattern area ! !'
Figure 2
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R61509 Pad Coordinate (Unit:um)

2006.05.18 rev.1.0.1

pad No pad name X Y pad No pad name X Y
1{DUMMYR1 -10430.0 -597.5 51(DB16 -6930.0 -597.5
2[DUMMYR2 -10360.0 -597.5 52(DB15 -6860.0 -597.5
3[TESTO1 -10290.0 -597.5 53(DB14 -6790.0 -597.5
4|VCCDUM1 -10220.0 -597.5 54(DB13 -6720.0 -597.5
5|VPP1 -10150.0 -597.5 55(DB12 -6650.0 -597.5
6[VPP1 -10080.0 -597.5 56({DB11 -6580.0 -597.5
7|VPP1 -10010.0 -597.5 57(DB10 -6510.0 -597.5
8[VPP1 -9940.0 -597.5 58(DB9 -6440.0 -597.5
9[VPP2 -9870.0 -597.5 59(GNDDUM20 -6370.0 -597.5

10{VPP2 -9800.0 -597.5 60|DB8 -6300.0 -597.5
11{VPP2 -9730.0 -597.5 61|DB7 -6230.0 -597.5
12{VPP2 -9660.0 -597.5 62|DB6 -6160.0 -597.5
13{VPP2 -9590.0 -597.5 63|DB5 -6090.0 -597.5
14{VPP3A -9520.0 -597.5 64(DB4 -6020.0 -597.5
15[VPP3A -9450.0/ -597.5 65/DB3 -5950.0/ -597.5
16[VPP3A -9380.0/ -597.5 66/DB2 -5880.0/ -597.5
17(VPP3B -9310.0 -597.5 67(DB1 -5810.0 -597.5
18(VPP3B -9240.0) -597.5 68/DB0 -5740.0/ -597.5
19|GNDDUM1 -9170.0] -597.5 69[IO0VCC1DUM2 -5670.0/ -597.5
20|GNDDUM2 -9100.0f -597.5 70[SDO -5600.0/ -597.5
21|GNDDUM3 -9030.0/ -597.5 71{SDI -5530.0/ -597.5
22|GNDDUM4 -8960.0 -597.5 72[RD* -5460.0 -597.5
23|GNDDUM5 -8890.0/ -597.5 73[WR*/SCL -5390.0/ -597.5
24|GNDDUM®6 -8820.0/ -597.5 74[RS -5320.0/ -597.5
25|GNDDUM?7 -8750.0/ -597.5 75[CS* -5250.0/ -597.5
26|GNDDUM8 -8680.0/ -597.5 76[FMARK -5180.0/ -597.5
27|GNDDUM9 -8610.0/ -597.5 77(TSC -5110.0f -597.5
28|GNDDUM10 -8540.0/ -597.5 78|GNDDUM21 -5040.0/ -597.5
29|GNDDUM11 -8470.0 -597.5 79[DUMMYRS3 -4970.0 -597.5
30{GNDDUM12 -8400.0/ -597.5 80[DUMMYR4 -4900.0/ -597.5
31|GNDDUM13 -8330.0/ -597.5 81[lovCC1 -4830.0/ -597.5
32|GNDDUM14 -8260.0) -597.5 82[lovCcCl -4760.0/ -597.5
33|GNDDUM15 -8190.0/ -597.5 83[lovCcCl -4690.0/ -597.5
34|GNDDUM16 -8120.0/ -597.5 84[lovCC1l -4620.0/ -597.5
35/GNDDUM17 -8050.0/ -597.5 85[IovCC1 -4550.0/ -597.5
36/GNDDUM18 -7980.0/ -597.5 86[IO0VCC1 -4480.0/ -597.5
37[GNDDUM19 -7910.0 -597.5 87{l0vCC1 -4410.0 -597.5
38[TEST1 -7840.0/ -597.5 8g[lovCCl -4340.0/ -597.5
39|TEST2 -7770.0] -597.5 89[lovCccCl -4270.0/ -597.5
40|TEST3 -7700.0/ -597.5 9oflovcel -4200.0/ -597.5
41|IMO/ID -7630.0) -597.5 91[lovCC1l -4130.0/ -597.5
42|IM1 -7560.0) -597.5 92|vCC -4060.0/ -597.5
43|IM2 -7490.0/ -597.5 93[vCC -3990.0/ -597.5
44|RESET* -7420.0 -597.5 94(VCC -3920.0 -597.5
45|VSYNC -7350.0/ -597.5 95[VCC -3850.0/ -597.5
46|HSYNC -7280.0/ -597.5 96[VCC -3780.0/ -597.5
47|DOTCLK -7210.0 -597.5 97(vCC -3710.0 -597.5
48|ENABLE -7140.0 -597.5 98(VvCC -3640.0 -597.5
49|I0VCC1DbUM1 -7070.0/ -597.5 99(vCC -3570.0/ -597.5
50|DB17 -7000.0] -597.5 100|VCC -3500.0f -597.5




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
101|vVCC -3430.0 -597.5 151{MDDI_DATA P B 70.0 -597.5
102|VCC -3360.0/ -597.5 152|I0GND2DUM®6 140.0) -597.5
103|VCC -3290.0 -597.5 153|MDDI_DATA M B 210.0 -597.5
104|AGNDDUM1 -3220.0 -597.5 154(MDDI_DATA_ M B 280.0 -597.5
105|TESTO2 -3150.0 -597.5 155|I0GND2DUM7 350.0 -597.5
106|VREFD -3080.0 -597.5 156|IO0GND2DUM8 420.0 -597.5
107|TESTO3 -3010.0 -597.5 157|VTEST 490.0 -597.5
108|VREF -2940.0 -597.5 158|VGS 560.0 -597.5
109|TESTO4 -2870.0 -597.5 159|VOT 630.0 -597.5
110{VREFC -2800.0 -597.5 160|VMON 700.0 -597.5
111{TESTO5 -2730.0 -597.5 161{V31T 770.0 -597.5
112(VDDTEST -2660.0 -597.5 162{GND 840.0 -597.5
113[AGNDDUM2 -2590.0 -597.5 163[{GND 910.0 -597.5
114{vVDDOUT -2520.0 -597.5 164|GND 980.0 -597.5
115|vVDDOUT -2450.0) -597.5 165|GND 1050.0f -597.5
116|vVDDOUT -2380.0] -597.5 166|GND 1120.0f -597.5
117{vDDOUT -2310.0 -597.5 167|GND 1190.0 -597.5
118{vDD -2240.0 -597.5 168|RGND 1260.0 -597.5
119|vVDD -2170.0] -597.5 169|RGND 1330.0f -597.5
120{vDD -2100.0 -597.5 170|RGND 1400.0 -597.5
121{vDD -2030.0 -597.5 171|RGND 1470.0 -597.5
122{VDD -1960.0 -597.5 172|RGND 1540.0 -597.5
123[{vDD -1890.0 -597.5 173|RGND 1610.0 -597.5
124(VDD -1820.0 -597.5 174|RGND 1680.0 -597.5
125(vDD -1750.0 -597.5 175|RGND 1750.0 -597.5
126{vVDD -1680.0 -597.5 176|RGND 1820.0 -597.5
127(vDD -1610.0 -597.5 177|AGND 1890.0 -597.5
128|I0VCC2 -1540.0/ -597.5 178|AGND 1960.0 -597.5
129|I0VCC2 -1470.0 -597.5 179]AGND 2030.0 -597.5
130{l0vCC2 -1400.0/ -597.5 180|AGND 2100.0| -597.5
131{lovCC2 -1330.0/ -597.5 181|AGND 2170.0f -597.5
132|I0VCC2 -1260.0 -597.5 182|AGND 2240.0 -597.5
133[{l0vCC2 -1190.0f -597.5 183|AGND 2310.0] -597.5
134{IOGND2 -1120.0 -597.5 184|AGND 2380.0 -597.5
135[I0GND2 -1050.0/ -597.5 185|VCOM 2450.0/ -597.5
136/{IOGND2 -980.0| -597.5 186|VCOM 2520.0/ -597.5
137|IOGND2 -910.0f -597.5 187|VCOM 2590.0/ -597.5
138|IOGND2 -840.0| -597.5 188|VCOM 2660.0| -597.5
139|IOGND2 -770.0| -597.5 189|VCOM 2730.0] -597.5
140{IOGND2DUM1 -700.0 -597.5 190|VCOMH 2800.0 -597.5
141|VIREG -630.0 -597.5 191|VCOMH 2870.0 -597.5
142{IOGND2DUM2 -560.0 -597.5 192|VCOMH 2940.0 -597.5
143|I0GND2DUM3 -490.0| -597.5 193|VCOMH 3010.0| -597.5
144{MDDI_STB P B -420.0 -597.5 194|VCOMH 3080.0 -597.5
145(MDDI_STB P B -350.0 -597.5 195|VCOML 3150.0 -597.5
146|IOGND2DUM4 -280.0 -597.5 196|VCOML 3220.0 -597.5
147(MDDI_STB M B -210.0 -597.5 197|VCOML 3290.0 -597.5
148(MDDI_STB M B -140.0 -597.5 198|VCOML 3360.0 -597.5
149|I0GND2DUM5 -70.0] -597.5 199|VCOML 3430.0) -597.5
150/MDDI_DATA P B 0.0] -597.5 200|VREG10OUT 3500.0] -597.5




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
201|TESTAS5 3570.0 -597.5 251|AGNDDUM3 7070.0 -597.5
202|VCOMR 3640.0 -597.5 252|VLOUT3 7140.0 -597.5
203|TESTO6 3710.0] -597.5 253|VLOUT3 7210.0) -597.5
204|VLOUT4 3780.0 -597.5 254|VGL 7280.0 -597.5
205|VLOUT4 3850.0 -597.5 255|VGL 7350.0 -597.5
206|VCL 3920.0/ -597.5 256|VGL 7420.0) -597.5
207|VCL 3990.0/ -597.5 257|VGL 7490.0| -597.5
208|VLOUT1 4060.0 -597.5 258|VGL 7560.0 -597.5
209|VLOUT1 4130.0 -597.5 259|VGL 7630.0 -597.5
210|DDVDH 4200.0 -597.5 260|VGL 7700.0 -597.5
211|DDVDH 4270.0 -597.5 261|VGL 7770.0 -597.5
212|DDVDH 4340.0 -597.5 262|AGNDDUM4 7840.0 -597.5
213|DDVDH 4410.0 -597.5 263|AGNDDUM5 7910.0 -597.5
214|DDVDH 4480.0 -597.5 264|VLOUT2 7980.0 -597.5
215(DDVDH 4550.01 -597.5 265|VLOUT2 8050.0| -597.5
216[{VCIOUT 4620.0) -597.5 266|VGH 8120.0| -597.5
217(VClouT 4690.0| -597.5 267|VGH 8190.0| -597.5
218[VCIOUT 4760.0| -597.5 268|VGH 8260.0| -597.5
219(VCI1 4830.0| -597.5 269|VGH 8330.0| -597.5
220(VCI1 4900.0] -597.5 270|TESTO7 8400.0| -597.5
221|VCI1 4970.0 -597.5 271|C13- 8470.0 -597.5
222|VCI1 5040.0 -597.5 272|C13- 8540.0 -597.5
223|VCILVL 5110.0 -597.5 273|C13- 8610.0 -597.5
224|VClI 5180.0f -597.5 274|TESTO8 8680.0| -597.5
225|VCI 5250.0 -597.5 275|C13+ 8750.0 -597.5
226|VCI 5320.0 -597.5 276|C13+ 8820.0 -597.5
227|VClI 5390.0| -597.5 277|C13+ 8890.0| -597.5
228|VCI 5460.0| -597.5 278|TESTO9 8960.0| -597.5
229|VClI 5530.0/ -597.5 279|C21- 9030.0| -597.5
230|VvClI 5600.0/ -597.5 280|C21- 9100.0| -597.5
231|C12- 5670.0f -597.5 281|C21- 9170.0] -597.5
232|C12- 5740.0 -597.5 282|C21+ 9240.0 -597.5
233|C12- 5810.0/ -597.5 283|C21+ 9310.0/ -597.5
234|C12- 5880.0| -597.5 284|C21+ 9380.0| -597.5
235|C12- 5950.0/ -597.5 285|C22- 9450.0|/ -597.5
236|C12+ 6020.0| -597.5 286|C22- 9520.0/ -597.5
237|C12+ 6090.0f -597.5 287|C22- 9590.0| -597.5
238|C12+ 6160.0| -597.5 288|C22+ 9660.0| -597.5
239|C12+ 6230.0| -597.5 289(C22+ 9730.0| -597.5
240(C12+ 6300.0| -597.5 290|C22+ 9800.0| -597.5
241|C11- 6370.0f -597.5 291|C23- 9870.0| -597.5
242|C11- 6440.0f -597.5 292|C23- 9940.0| -597.5
243|C11- 6510.0/ -597.5 293|C23- 10010.0] -597.5
244|C11- 6580.0 -597.5 294|C23+ 10080.0 -597.5
245|C11- 6650.0 -597.5 295|C23+ 10150.0 -597.5
246/C11+ 6720.0| -597.5 296|C23+ 10220.0) -597.5
247|C11+ 6790.0| -597.5 297|TESTO10 10290.0] -597.5
248|C11+ 6860.0| -597.5 298|DUMMYR5 10360.0) -597.5
249(C11+ 6930.0| -597.5 299|DUMMYR6 10430.0] -597.5
250|C11+ 7000.0] -597.5 300|TESTO11 10647.0 602.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
301|TESTO12 10629.0 467.0 351|G93 9729.0 467.0
302|DUMMYRY 10611.0 602.0 352|G95 9711.0 602.0
303|DUMMYRS8 10593.0 467.0 353|G97 9693.0 467.0
304|VGLDMY1 10575.0 602.0 354|G99 9675.0 602.0
305|G1 10557.0 467.0 355(G101 9657.0 467.0
306|G3 10539.0 602.0 356|G103 9639.0 602.0
307|G5 10521.0 467.0 357|G105 9621.0 467.0
308|G7 10503.0 602.0 358|G107 9603.0 602.0
309|G9 10485.0 467.0 359(G109 9585.0 467.0
310|G11 10467.0 602.0 360|G111 9567.0 602.0
311|G13 10449.0 467.0 361|G113 9549.0 467.0
312|G15 10431.0 602.0 362|G115 9531.0 602.0
313|G17 10413.0 467.0 363|G117 9513.0 467.0
314|G19 10395.0 602.0 364|G119 9495.0 602.0
315|G21 10377.0 467.0 365(G121 9477.0 467.0
316|G23 10359.0 602.0 366|G123 9459.0 602.0
317|G25 10341.0 467.0 367(G125 9441.0 467.0
318|G27 10323.0 602.0 368|G127 9423.0 602.0
319|G29 10305.0 467.0 369|G129 9405.0 467.0
320|G31 10287.0 602.0 370|G131 9387.0 602.0
321|G33 10269.0 467.0 371|G133 9369.0 467.0
322|G35 10251.0 602.0 372|G135 9351.0 602.0
323|G37 10233.0 467.0 373|G137 9333.0 467.0
324|G39 10215.0 602.0 374|G139 9315.0 602.0
325|G41 10197.0 467.0 375(/G141 9297.0 467.0
326|G43 10179.0 602.0 376|G143 9279.0 602.0
327|G45 10161.0 467.0 377(G145 9261.0 467.0
328|G47 10143.0 602.0 378|G147 9243.0 602.0
329|G49 10125.0 467.0 379|G149 9225.0 467.0
330|G51 10107.0 602.0 380|G151 9207.0 602.0
331|G53 10089.0 467.0 381|G153 9189.0 467.0
332|G55 10071.0 602.0 382|G155 9171.0 602.0
333|G57 10053.0 467.0 383|G157 9153.0 467.0
334|G59 10035.0 602.0 384|G159 9135.0 602.0
335|G61 10017.0 467.0 385|G161 9117.0 467.0
336|G63 9999.0 602.0 386|G163 9099.0 602.0
337|G65 9981.0 467.0 387|G165 9081.0 467.0
338|G67 9963.0 602.0 388|G167 9063.0 602.0
339|G69 9945.0 467.0 389|G169 9045.0 467.0
340|G71 9927.0 602.0 390|G171 9027.0 602.0
341|G73 9909.0 467.0 391|G173 9009.0 467.0
342|G75 9891.0 602.0 392|G175 8991.0 602.0
343|G77 9873.0 467.0 393|G177 8973.0 467.0
344|G79 9855.0 602.0 394|G179 8955.0 602.0
345|G81 9837.0 467.0 395|G181 8937.0 467.0
346|G83 9819.0 602.0 396|G183 8919.0 602.0
347|G85 9801.0 467.0 397|G185 8901.0 467.0
348|G87 9783.0 602.0 398/G187 8883.0 602.0
349|G89 9765.0 467.0 399/G189 8865.0 467.0
350/G91 9747.0 602.0 400(/G191 8847.0 602.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
401/G193 8829.0 467.0 451|G293 7929.0 467.0
402|G195 8811.0 602.0 452|G295 7911.0 602.0
403|G197 8793.0 467.0 453|G297 7893.0 467.0
404|G199 8775.0 602.0 454|G299 7875.0 602.0
405(G201 8757.0 467.0 455(G301 7857.0 467.0
406/G203 8739.0 602.0 456/G303 7839.0 602.0
407|G205 8721.0 467.0 457|G305 7821.0 467.0
408/G207 8703.0 602.0 458|G307 7803.0 602.0
409(G209 8685.0 467.0 459(G309 7785.0 467.0
410|G211 8667.0 602.0 460|G311 7767.0 602.0
4111G213 8649.0 467.0 461|G313 7749.0 467.0
412|1G215 8631.0 602.0 462|G315 7731.0 602.0
413|G217 8613.0 467.0 463|G317 7713.0 467.0
414|G219 8595.0 602.0 464|G319 7695.0 602.0
415|G221 8577.0 467.0 465(G321 7677.0 467.0
416/G223 8559.0 602.0 466/G323 7659.0 602.0
417|1G225 8541.0 467.0 467(G325 7641.0 467.0
418|G227 8523.0 602.0 468|G327 7623.0 602.0
419|G229 8505.0 467.0 469|G329 7605.0 467.0
420|G231 8487.0 602.0 470/G331 7587.0 602.0
421|G233 8469.0 467.0 471|G333 7569.0 467.0
422|G235 8451.0 602.0 472|G335 7551.0 602.0
423|G237 8433.0 467.0 473|G337 7533.0 467.0
424|G239 8415.0 602.0 474|G339 7515.0 602.0
425(G241 8397.0 467.0 475(G341 7497.0 467.0
426/G243 8379.0 602.0 476/G343 7479.0 602.0
427(G245 8361.0 467.0 477(G345 7461.0 467.0
428|G247 8343.0 602.0 478|G347 7443.0 602.0
429|G249 8325.0 467.0 479|G349 7425.0 467.0
430/G251 8307.0 602.0 480|G351 7407.0 602.0
431|G253 8289.0 467.0 481|G353 7389.0 467.0
432|G255 8271.0 602.0 482|G355 7371.0 602.0
433|G257 8253.0 467.0 483|G357 7353.0 467.0
434|G259 8235.0 602.0 484|G359 7335.0 602.0
435/G261 8217.0 467.0 485|G361 7317.0 467.0
436/G263 8199.0 602.0 486/G363 7299.0 602.0
437|G265 8181.0 467.0 487|G365 7281.0 467.0
438|G267 8163.0 602.0 488|G367 7263.0 602.0
439|G269 8145.0 467.0 489|G369 7245.0 467.0
440|1G271 8127.0 602.0 490(G371 7227.0 602.0
441|G273 8109.0 467.0 491|G373 7209.0 467.0
442|G275 8091.0 602.0 492|G375 7191.0 602.0
443(G277 8073.0 467.0 493(G377 7173.0 467.0
444|G279 8055.0 602.0 494|G379 7155.0 602.0
445|G281 8037.0 467.0 495/G381 7137.0 467.0
446/G283 8019.0 602.0 496/G383 7119.0 602.0
447|G285 8001.0 467.0 497|G385 7101.0 467.0
448|G287 7983.0 602.0 498/G387 7083.0 602.0
449|G289 7965.0 467.0 499/G389 7065.0 467.0
450(G291 7947.0 602.0 500/G391 7047.0 602.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
501|G393 7029.0 467.0 551|S693 5913.0 602.0
502|G395 7011.0 602.0 552|S692 5895.0 467.0
503|G397 6993.0 467.0 553|S691 5877.0 602.0
504|G399 6975.0 602.0 554|S690 5859.0 467.0
505|G401 6957.0 467.0 555|S689 5841.0 602.0
506|G403 6939.0 602.0 556|S688 5823.0 467.0
507|G405 6921.0 467.0 557|S687 5805.0 602.0
508|G407 6903.0 602.0 558|S686 5787.0 467.0
509|G409 6885.0 467.0 559|S685 5769.0 602.0
510|G411 6867.0 602.0 560/S684 5751.0 467.0
511|G413 6849.0 467.0 561|S683 5733.0 602.0
512|G415 6831.0 602.0 562|S682 5715.0 467.0
513|G417 6813.0 467.0 563|S681 5697.0 602.0
514|G419 6795.0 602.0 5645680 5679.0 467.0
515(/G421 6777.0 467.0 565|S679 5661.0 602.0
516|G423 6759.0 602.0 566|S678 5643.0 467.0
517(G425 6741.0 467.0 567|S677 5625.0 602.0
518|G427 6723.0 602.0 568|S676 5607.0 467.0
519|G429 6705.0 467.0 569|S675 5589.0 602.0
520|G431 6687.0 602.0 570|S674 5571.0 467.0
521|VGLDMY2 6669.0 467.0 571|S673 5553.0 602.0
522|TESTO13 6651.0 602.0 572|S672 5535.0 467.0
523|TESTO14 6417.0 602.0 573|S671 5517.0 602.0
524|S720 6399.0 467.0 574|S670 5499.0 467.0
525|S719 6381.0 602.0 575|S669 5481.0 602.0
526|S718 6363.0 467.0 576|S668 5463.0 467.0
527(S717 6345.0 602.0 577|S667 5445.0 602.0
528|S716 6327.0 467.0 578|S666 5427.0 467.0
529|S715 6309.0 602.0 579|S665 5409.0 602.0
530|S714 6291.0 467.0 580|S664 5391.0 467.0
531|S713 6273.0 602.0 581|S663 5373.0 602.0
532[S712 6255.0 467.0 582|S662 5355.0 467.0
533|S711 6237.0 602.0 583|S661 5337.0 602.0
534|S710 6219.0 467.0 584|S660 5319.0 467.0
535|S709 6201.0 602.0 585|S659 5301.0 602.0
536|S708 6183.0 467.0 586|S658 5283.0 467.0
537|S707 6165.0 602.0 587|S657 5265.0 602.0
538|S706 6147.0 467.0 5885656 5247.0 467.0
539|S705 6129.0 602.0 589|S655 5229.0 602.0
540|S704 6111.0 467.0 590|S654 5211.0 467.0
541|S703 6093.0 602.0 591|S653 5193.0 602.0
542|S702 6075.0 467.0 592|S652 5175.0 467.0
543|S701 6057.0 602.0 593|S651 5157.0 602.0
544|S700 6039.0 467.0 594|S650 5139.0 467.0
545|S699 6021.0 602.0 595|S649 5121.0 602.0
546|S698 6003.0 467.0 5965648 5103.0 467.0
547|S697 5985.0 602.0 597|S647 5085.0 602.0
548|S696 5967.0 467.0 5985646 5067.0 467.0
549|S695 5949.0 602.0 599|S645 5049.0 602.0
550|S694 5931.0 467.0 600|S644 5031.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
601|S643 5013.0 602.0 651|S593 4113.0 602.0
602|S642 4995.0 467.0 652|S592 4095.0 467.0
603|S641 4977.0 602.0 653|S591 4077.0 602.0
604|S640 4959.0 467.0 654|S590 4059.0 467.0
605|S639 4941.0 602.0 655|S589 4041.0 602.0
606|S638 4923.0 467.0 656|S588 4023.0 467.0
607|S637 4905.0 602.0 657|S587 4005.0 602.0
608|S636 4887.0 467.0 658|S586 3987.0 467.0
609|S635 4869.0 602.0 659|S585 3969.0 602.0
610/S634 4851.0 467.0 660|S584 3951.0 467.0
611|S633 4833.0 602.0 661|S583 3933.0 602.0
612]|S632 4815.0 467.0 662|S582 3915.0 467.0
613|S631 4797.0 602.0 663|S581 3897.0 602.0
614[S630 4779.0 467.0 664|S580 3879.0 467.0
615|S629 4761.0 602.0 665|S579 3861.0 602.0
6165628 4743.0 467.0 666|S578 3843.0 467.0
617[S627 4725.0 602.0 667|S577 3825.0 602.0
618|S626 4707.0 467.0 668|S576 3807.0 467.0
619|S625 4689.0 602.0 669|S575 3789.0 602.0
620/S624 4671.0 467.0 670|S574 3771.0 467.0
621|S623 4653.0 602.0 671|S573 3753.0 602.0
622[S622 4635.0 467.0 672|S572 3735.0 467.0
623|S621 4617.0 602.0 673|S571 3717.0 602.0
6245620 4599.0 467.0 674|S570 3699.0 467.0
625|S619 4581.0 602.0 675|S569 3681.0 602.0
626|S618 4563.0 467.0 676|S568 3663.0 467.0
627(S617 4545.0 602.0 677|S567 3645.0 602.0
628|S616 4527.0 467.0 678|S566 3627.0 467.0
629|S615 4509.0 602.0 679|S565 3609.0 602.0
630|S614 4491.0 467.0 680|S564 3591.0 467.0
631|S613 4473.0 602.0 681|S563 3573.0 602.0
632|S612 4455.0 467.0 682|S562 3555.0 467.0
633|S611 4437.0 602.0 683|S561 3537.0 602.0
634|S610 4419.0 467.0 684|S560 3519.0 467.0
635|S609 4401.0 602.0 685|S559 3501.0 602.0
636|S608 4383.0 467.0 686|S558 3483.0 467.0
637|S607 4365.0 602.0 687|S557 3465.0 602.0
638|S606 4347.0 467.0 688|S556 3447.0 467.0
639|S605 4329.0 602.0 689|S555 3429.0 602.0
640|S604 4311.0 467.0 690|S554 3411.0 467.0
641|S603 4293.0 602.0 691|S553 3393.0 602.0
642[S602 4275.0 467.0 692|S552 3375.0 467.0
643|S601 4257.0 602.0 693|S551 3357.0 602.0
644|S600 4239.0 467.0 694|S550 3339.0 467.0
645|S599 4221.0 602.0 695|S549 3321.0 602.0
646)|S598 4203.0 467.0 696|S548 3303.0 467.0
647|S597 4185.0 602.0 697|S547 3285.0 602.0
648|S596 4167.0 467.0 698|S546 3267.0 467.0
649|S595 4149.0 602.0 699|S545 3249.0 602.0
650|S594 4131.0 467.0 700|S544 3231.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
701|S543 3213.0 602.0 751|S493 2313.0 602.0
702|S542 3195.0 467.0 752|S492 2295.0 467.0
703|S541 3177.0 602.0 753|S491 2277.0 602.0
704|S540 3159.0 467.0 754|S490 2259.0 467.0
705|S539 3141.0 602.0 755|S489 2241.0 602.0
706|S538 3123.0 467.0 756|S488 2223.0 467.0
707|S537 3105.0 602.0 757|S487 2205.0 602.0
708|S536 3087.0 467.0 758|S486 2187.0 467.0
709|S535 3069.0 602.0 759|S485 2169.0 602.0
710|S534 3051.0 467.0 760|S484 2151.0 467.0
711]|S533 3033.0 602.0 761|S483 2133.0 602.0
712]|S532 3015.0 467.0 76215482 2115.0 467.0
713]|S531 2997.0 602.0 763]|S481 2097.0 602.0
714]|S530 2979.0 467.0 764|S480 2079.0 467.0
715|S529 2961.0 602.0 765|S479 2061.0 602.0
716|S528 2943.0 467.0 766|S478 2043.0 467.0
717[S527 2925.0 602.0 767|S477 2025.0 602.0
718|S526 2907.0 467.0 768|S476 2007.0 467.0
719|S525 2889.0 602.0 769|S475 1989.0 602.0
720|S524 2871.0 467.0 770|S474 1971.0 467.0
721[S523 2853.0 602.0 771|S473 1953.0 602.0
7221|5522 2835.0 467.0 772|S472 1935.0 467.0
723|S521 2817.0 602.0 773|S471 1917.0 602.0
724[S520 2799.0 467.0 774|S470 1899.0 467.0
725[S519 2781.0 602.0 775|S469 1881.0 602.0
726[S518 2763.0 467.0 776|S468 1863.0 467.0
727|S517 2745.0 602.0 7177|5467 1845.0 602.0
728|S516 2727.0 467.0 778|S466 1827.0 467.0
729|S515 2709.0 602.0 779|S465 1809.0 602.0
730|S514 2691.0 467.0 780|S464 1791.0 467.0
731|S513 2673.0 602.0 781|S463 1773.0 602.0
732[S512 2655.0 467.0 782|S462 1755.0 467.0
733|S511 2637.0 602.0 783|S461 1737.0 602.0
734|S510 2619.0 467.0 7845460 1719.0 467.0
735|S509 2601.0 602.0 785|S459 1701.0 602.0
736|S508 2583.0 467.0 7865458 1683.0 467.0
737|S507 2565.0 602.0 787|S457 1665.0 602.0
738|S506 2547.0 467.0 7885456 1647.0 467.0
739|S505 2529.0 602.0 789|S455 1629.0 602.0
740|S504 2511.0 467.0 790|S454 1611.0 467.0
741|S503 2493.0 602.0 791|S453 1593.0 602.0
74215502 2475.0 467.0 792|5452 1575.0 467.0
743[S501 2457.0 602.0 793|S451 1557.0 602.0
744(S500 2439.0 467.0 7945450 1539.0 467.0
745[S499 2421.0 602.0 795|S449 1521.0 602.0
746|S498 2403.0 467.0 7965448 1503.0 467.0
747(S497 2385.0 602.0 797|S447 1485.0 602.0
748|S496 2367.0 467.0 798|S446 1467.0 467.0
749|S495 2349.0 602.0 799|S445 1449.0 602.0
750|S494 2331.0 467.0 800|S444 1431.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
801|S443 1413.0 602.0 851|S393 513.0 602.0
802|S442 1395.0 467.0 852|S392 495.0 467.0
803|S441 1377.0 602.0 853|S391 477.0 602.0
804|S440 1359.0 467.0 854|S390 459.0 467.0
805|S439 1341.0 602.0 855|S389 441.0 602.0
806|S438 1323.0 467.0 856|S388 423.0 467.0
807|S437 1305.0 602.0 857|S387 405.0 602.0
808|S436 1287.0 467.0 858|S386 387.0 467.0
809|S435 1269.0 602.0 859|S385 369.0 602.0
810|S434 1251.0 467.0 860/S384 351.0 467.0
811|S433 1233.0 602.0 861|S383 333.0 602.0
8125432 1215.0 467.0 862|S382 315.0 467.0
813|S431 1197.0 602.0 863|S381 297.0 602.0
8145430 1179.0 467.0 864/S380 279.0 467.0
815|S429 1161.0 602.0 865|S379 261.0 602.0
816|S428 1143.0 467.0 866|S378 243.0 467.0
817|S427 1125.0 602.0 867|S377 225.0 602.0
8185426 1107.0 467.0 868|S376 207.0 467.0
819|S425 1089.0 602.0 869|S375 189.0 602.0
820|S424 1071.0 467.0 870|S374 171.0 467.0
821[S423 1053.0 602.0 871|S373 153.0 602.0
822|5422 1035.0 467.0 872|S372 135.0 467.0
823|5421 1017.0 602.0 873|S371 117.0 602.0
8245420 999.0 467.0 874|S370 99.0 467.0
825|S419 981.0 602.0 875|S369 81.0 602.0
826|S418 963.0 467.0 876|S368 63.0 467.0
827(S417 945.0 602.0 877|S367 45.0 602.0
828|S416 927.0 467.0 878|S366 27.0 467.0
829|S415 909.0 602.0 879|S365 9.0 602.0
830|S414 891.0 467.0 880|S364 -9.0 467.0
831|S413 873.0 602.0 881|S363 -27.0 602.0
832|S412 855.0 467.0 882|S362 -45.0 467.0
833|S411 837.0 602.0 883|S361 -63.0 602.0
834|S410 819.0 467.0 884|S360 -81.0 467.0
835|S409 801.0 602.0 885|S359 -99.0 602.0
8365408 783.0 467.0 886|S358 -117.0 467.0
837|S407 765.0 602.0 887|S357 -135.0 602.0
8385406 747.0 467.0 888|S356 -153.0 467.0
839|S405 729.0 602.0 889|S355 -171.0 602.0
840|S404 711.0 467.0 890|S354 -189.0 467.0
841|S403 693.0 602.0 891|S353 -207.0 602.0
842|S402 675.0 467.0 892|S352 -225.0 467.0
843|S401 657.0 602.0 893|S351 -243.0 602.0
844|S400 639.0 467.0 894|S350 -261.0 467.0
845|S399 621.0 602.0 895|S349 -279.0 602.0
846|S398 603.0 467.0 896|S348 -297.0 467.0
847|S397 585.0 602.0 897|S347 -315.0 602.0
848|S396 567.0 467.0 898|S346 -333.0 467.0
849|S395 549.0 602.0 899|S345 -351.0 602.0
850/S394 531.0 467.0 900|S344 -369.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
901|S343 -387.0 602.0 951|S293 -1287.0 602.0
902|S342 -405.0 467.0 952|S292 -1305.0 467.0
903|S341 -423.0 602.0 953|S291 -1323.0 602.0
904|S340 -441.0 467.0 954|S290 -1341.0 467.0
905|S339 -459.0 602.0 955|S289 -1359.0 602.0
906|S338 -477.0 467.0 9565288 -1377.0 467.0
907|S337 -495.0 602.0 957|S287 -1395.0 602.0
908|S336 -513.0 467.0 958|S286 -1413.0 467.0
909|S335 -531.0 602.0 9595285 -1431.0 602.0
910|S334 -549.0 467.0 960|S284 -1449.0 467.0
911|S333 -567.0 602.0 961|S283 -1467.0 602.0
912|S332 -585.0 467.0 9625282 -1485.0 467.0
913|S331 -603.0 602.0 963|S281 -1503.0 602.0
914|S330 -621.0 467.0 9645280 -1521.0 467.0
915|S329 -639.0 602.0 965|S279 -1539.0 602.0
916|S328 -657.0 467.0 966|S278 -1557.0 467.0
917(S327 -675.0 602.0 967|S277 -1575.0 602.0
918|S326 -693.0 467.0 968|S276 -1593.0 467.0
919|S325 -711.0 602.0 969|S275 -1611.0 602.0
920|S324 -729.0 467.0 970|S274 -1629.0 467.0
921|S323 -747.0 602.0 971|S273 -1647.0 602.0
922|S322 -765.0 467.0 972|S272 -1665.0 467.0
923|S321 -783.0 602.0 973|s271 -1683.0 602.0
924|S320 -801.0 467.0 974|S270 -1701.0 467.0
925|S319 -819.0 602.0 975|S269 -1719.0 602.0
926|S318 -837.0 467.0 976|S268 -1737.0 467.0
927|S317 -855.0 602.0 977|S267 -1755.0 602.0
928|S316 -873.0 467.0 978|S266 -1773.0 467.0
929|S315 -891.0 602.0 979|S265 -1791.0 602.0
930|S314 -909.0 467.0 980|S264 -1809.0 467.0
931|S313 -927.0 602.0 981|S263 -1827.0 602.0
932|S312 -945.0 467.0 982|S262 -1845.0 467.0
933|S311 -963.0 602.0 983|S261 -1863.0 602.0
934|S310 -981.0 467.0 984|S260 -1881.0 467.0
935|S309 -999.0 602.0 985|S259 -1899.0 602.0
936|S308 -1017.0 467.0 986|S258 -1917.0 467.0
937|S307 -1035.0 602.0 987|S257 -1935.0 602.0
938|S306 -1053.0 467.0 988|S256 -1953.0 467.0
939|S305 -1071.0 602.0 989|S255 -1971.0 602.0
940|S304 -1089.0 467.0 990|S254 -1989.0 467.0
941|S303 -1107.0 602.0 991|S253 -2007.0 602.0
942|S302 -1125.0 467.0 992|S252 -2025.0 467.0
943|S301 -1143.0 602.0 993|S251 -2043.0 602.0
944|S300 -1161.0 467.0 994|S250 -2061.0 467.0
945|S299 -1179.0 602.0 995|S249 -2079.0 602.0
946|S298 -1197.0 467.0 996|S248 -2097.0 467.0
947|S5297 -1215.0 602.0 997|S247 -2115.0 602.0
948|S296 -1233.0 467.0 998|S246 -2133.0 467.0
949|S295 -1251.0 602.0 999|S245 -2151.0 602.0
950|S294 -1269.0 467.0 1000|S244 -2169.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
1001|S243 -2187.0 602.0 1051|S193 -3087.0 602.0
1002|S242 -2205.0 467.0 1052|S192 -3105.0 467.0
1003|S241 -2223.0 602.0 1053|S191 -3123.0 602.0
1004|S240 -2241.0 467.0 1054|S190 -3141.0 467.0
1005|5239 -2259.0 602.0 1055|5189 -3159.0 602.0
1006|5238 -2277.0 467.0 1056|5188 -3177.0 467.0
1007|5237 -2295.0 602.0 1057|5187 -3195.0 602.0
1008|S236 -2313.0 467.0 1058|5186 -3213.0 467.0
1009|S235 -2331.0 602.0 1059|5185 -3231.0 602.0
1010|S234 -2349.0 467.0 1060|S184 -3249.0 467.0
1011{S233 -2367.0 602.0 1061{S183 -3267.0 602.0
1012{S232 -2385.0 467.0 1062{S182 -3285.0 467.0
1013{S231 -2403.0 602.0 1063|S181 -3303.0 602.0
1014{S230 -2421.0 467.0 1064|S180 -3321.0 467.0
1015|S229 -2439.0 602.0 1065|S179 -3339.0 602.0
1016(S228 -2457.0 467.0 1066|S178 -3357.0 467.0
1017|S227 -2475.0 602.0 1067|S177 -3375.0 602.0
1018|S226 -2493.0 467.0 1068|S176 -3393.0 467.0
1019|S225 -2511.0 602.0 1069|S175 -3411.0 602.0
1020|S224 -2529.0 467.0 1070|S174 -3429.0 467.0
1021|S223 -2547.0 602.0 1071|S173 -3447.0 602.0
1022{S222 -2565.0 467.0 1072|S172 -3465.0 467.0
1023|S221 -2583.0 602.0 1073|S171 -3483.0 602.0
1024[S220 -2601.0 467.0 1074|S170 -3501.0 467.0
1025|S219 -2619.0 602.0 1075|S169 -3519.0 602.0
1026|S218 -2637.0 467.0 1076|S168 -3537.0 467.0
1027|S217 -2655.0 602.0 1077|S167 -3555.0 602.0
1028|S216 -2673.0 467.0 1078|S166 -3573.0 467.0
1029|S215 -2691.0 602.0 1079|S165 -3591.0 602.0
1030({S214 -2709.0 467.0 1080|S164 -3609.0 467.0
1031(S213 -2727.0 602.0 1081|S163 -3627.0 602.0
1032|S212 -2745.0 467.0 1082|S162 -3645.0 467.0
1033|S211 -2763.0 602.0 1083|S161 -3663.0 602.0
1034[S210 -2781.0 467.0 1084|S160 -3681.0 467.0
1035|S209 -2799.0 602.0 1085|S159 -3699.0 602.0
1036|5208 -2817.0 467.0 1086|S158 -3717.0 467.0
1037|S207 -2835.0 602.0 1087|S157 -3735.0 602.0
1038|5206 -2853.0 467.0 1088|S156 -3753.0 467.0
1039|S205 -2871.0 602.0 1089|S155 -3771.0 602.0
1040|S204 -2889.0 467.0 1090|S154 -3789.0 467.0
1041|S203 -2907.0 602.0 1091|S153 -3807.0 602.0
1042|S202 -2925.0 467.0 1092|S152 -3825.0 467.0
1043|S201 -2943.0 602.0 1093|S151 -3843.0 602.0
1044[S200 -2961.0 467.0 1094|S150 -3861.0 467.0
1045|S199 -2979.0 602.0 1095|S149 -3879.0 602.0
1046|S198 -2997.0 467.0 1096|5148 -3897.0 467.0
1047|S197 -3015.0 602.0 1097|S147 -3915.0 602.0
1048|S196 -3033.0 467.0 1098|S146 -3933.0 467.0
1049|S195 -3051.0 602.0 1099|S145 -3951.0 602.0
1050|S194 -3069.0 467.0 1100|S144 -3969.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
1101|S143 -3987.0 602.0 1151|S93 -4887.0 602.0
1102|S142 -4005.0 467.0 1152|592 -4905.0 467.0
1103|S141 -4023.0 602.0 1153|591 -4923.0 602.0
1104|S140 -4041.0 467.0 1154|S90 -4941.0 467.0
1105|S139 -4059.0 602.0 1155|S89 -4959.0 602.0
1106|S138 -4077.0 467.0 1156|S88 -4977.0 467.0
1107|S137 -4095.0 602.0 1157|S87 -4995.0 602.0
1108|S136 -4113.0 467.0 1158|S86 -5013.0 467.0
1109|S135 -4131.0 602.0 1159|S85 -5031.0 602.0
1110|S134 -4149.0 467.0 1160|S84 -5049.0 467.0
1111{S133 -4167.0 602.0 1161{S83 -5067.0 602.0
1112{S132 -4185.0 467.0 1162{S82 -5085.0 467.0
1113{S131 -4203.0 602.0 1163[S81 -5103.0 602.0
1114{S130 -4221.0 467.0 1164|S80 -5121.0 467.0
1115|S129 -4239.0 602.0 1165|S79 -5139.0 602.0
1116{S128 -4257.0 467.0 1166|S78 -5157.0 467.0
1117{S127 -4275.0 602.0 1167|S77 -5175.0 602.0
1118|S126 -4293.0 467.0 1168|S76 -5193.0 467.0
1119|S125 -4311.0 602.0 1169|S75 -5211.0 602.0
1120{S124 -4329.0 467.0 1170|S74 -5229.0 467.0
1121{S123 -4347.0 602.0 1171|S73 -5247.0 602.0
1122[S122 -4365.0 467.0 1172|S72 -5265.0 467.0
1123|S121 -4383.0 602.0 1173|S71 -5283.0 602.0
1124{S120 -4401.0 467.0 1174|S70 -5301.0 467.0
1125|S119 -4419.0 602.0 1175|S69 -5319.0 602.0
1126{S118 -4437.0 467.0 1176|S68 -5337.0 467.0
1127{S117 -4455.0 602.0 1177|S67 -5355.0 602.0
1128(S116 -4473.0 467.0 1178|S66 -5373.0 467.0
1129|S115 -4491.0 602.0 1179|S65 -5391.0 602.0
1130(S114 -4509.0 467.0 1180|S64 -5409.0 467.0
1131(S113 -4527.0 602.0 1181|S63 -5427.0 602.0
1132[S112 -4545.0 467.0 1182|S62 -5445.0 467.0
1133|S111 -4563.0 602.0 1183|S61 -5463.0 602.0
1134[S110 -4581.0 467.0 1184|S60 -5481.0 467.0
1135|S109 -4599.0 602.0 1185|S59 -5499.0 602.0
1136|S108 -4617.0 467.0 1186|S58 -5517.0 467.0
1137|S107 -4635.0 602.0 1187|S57 -5535.0 602.0
1138|S106 -4653.0 467.0 1188|S56 -5553.0 467.0
1139|S105 -4671.0 602.0 1189|S55 -5571.0 602.0
1140(S104 -4689.0 467.0 1190|S54 -5589.0 467.0
1141|S103 -4707.0 602.0 1191|S53 -5607.0 602.0
1142{S102 -4725.0 467.0 1192|S52 -5625.0 467.0
1143|S101 -4743.0 602.0 1193|S51 -5643.0 602.0
1144{S100 -4761.0 467.0 1194|S50 -5661.0 467.0
1145|S99 -4779.0 602.0 1195|S49 -5679.0 602.0
1146(S98 -4797.0 467.0 1196|548 -5697.0 467.0
1147|S97 -4815.0 602.0 1197|S47 -5715.0 602.0
1148|S96 -4833.0 467.0 1198|S46 -5733.0 467.0
1149|S95 -4851.0 602.0 1199|S45 -5751.0 602.0
1150|S94 -4869.0 467.0 1200|S44 -5769.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
1201|S43 -5787.0 602.0 1251|G424 -6759.0 602.0
1202|S42 -5805.0 467.0 1252|G422 -6777.0 467.0
1203|S41 -5823.0 602.0 1253|G420 -6795.0 602.0
1204|S40 -5841.0 467.0 1254|G418 -6813.0 467.0
1205|S39 -5859.0 602.0 1255|G416 -6831.0 602.0
1206|S38 -5877.0 467.0 1256|G414 -6849.0 467.0
1207|S37 -5895.0 602.0 1257|G412 -6867.0 602.0
1208|S36 -5913.0 467.0 1258|G410 -6885.0 467.0
1209|S35 -5931.0 602.0 1259|G408 -6903.0 602.0
1210|S34 -5949.0 467.0 1260{G406 -6921.0 467.0
1211{S33 -5967.0 602.0 1261{G404 -6939.0 602.0
1212[S32 -5985.0 467.0 1262{G402 -6957.0 467.0
1213[S31 -6003.0 602.0 1263|G400 -6975.0 602.0
1214|S30 -6021.0 467.0 1264|G398 -6993.0 467.0
1215|S29 -6039.0 602.0 1265|G396 -7011.0 602.0
1216|S28 -6057.0 467.0 1266|G394 -7029.0 467.0
1217|S27 -6075.0 602.0 1267|G392 -7047.0 602.0
1218|S26 -6093.0 467.0 1268/G390 -7065.0 467.0
1219|S25 -6111.0 602.0 1269|G388 -7083.0 602.0
1220|S24 -6129.0 467.0 1270|G386 -7101.0 467.0
1221{S23 -6147.0 602.0 12711G384 -7119.0 602.0
1222[S22 -6165.0 467.0 1272|G382 -7137.0 467.0
1223|S21 -6183.0 602.0 1273|G380 -7155.0 602.0
1224{S20 -6201.0 467.0 1274|G378 -7173.0 467.0
1225|S19 -6219.0 602.0 1275|G376 -7191.0 602.0
1226|S18 -6237.0 467.0 1276|G374 -7209.0 467.0
1227{S17 -6255.0 602.0 1277|G372 -7227.0 602.0
1228|S16 -6273.0 467.0 1278|G370 -7245.0 467.0
1229|S15 -6291.0 602.0 1279|G368 -7263.0 602.0
1230|S14 -6309.0 467.0 1280|G366 -7281.0 467.0
1231|S13 -6327.0 602.0 1281|G364 -7299.0 602.0
1232|S12 -6345.0 467.0 1282|G362 -7317.0 467.0
1233|S11 -6363.0 602.0 1283|G360 -7335.0 602.0
1234|S10 -6381.0 467.0 1284|G358 -7353.0 467.0
1235|S9 -6399.0 602.0 1285|G356 -7371.0 602.0
1236/S8 -6417.0 467.0 1286|G354 -7389.0 467.0
1237|S7 -6435.0 602.0 1287|G352 -7407.0 602.0
1238|S6 -6453.0 467.0 1288|G350 -7425.0 467.0
1239|S5 -6471.0 602.0 1289|G348 -7443.0 602.0
1240(S4 -6489.0 467.0 1290|G346 -7461.0 467.0
1241|S3 -6507.0 602.0 1291|G344 -7479.0 602.0
1242(S2 -6525.0 467.0 1292|G342 -7497.0 467.0
1243|S1 -6543.0 602.0 1293|G340 -7515.0 602.0
1244|TESTO15 -6561.0 467.0 1294|G338 -7533.0 467.0
1245|TESTO16 -6651.0 602.0 1295|G336 -7551.0 602.0
1246|VGLDMY3 -6669.0 467.0 1296|G334 -7569.0 467.0
1247|G432 -6687.0 602.0 1297|G332 -7587.0 602.0
1248|G430 -6705.0 467.0 1298|G330 -7605.0 467.0
1249|G428 -6723.0 602.0 1299|G328 -7623.0 602.0
1250(G426 -6741.0 467.0 1300/G326 -7641.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
1301|G324 -7659.0 602.0 1351|G224 -8559.0 602.0
1302|G322 -7677.0 467.0 1352|G222 -8577.0 467.0
1303/G320 -7695.0 602.0 1353|G220 -8595.0 602.0
1304|G318 -7713.0 467.0 1354|G218 -8613.0 467.0
1305/G316 -7731.0 602.0 1355|G216 -8631.0 602.0
1306|G314 -7749.0 467.0 1356|G214 -8649.0 467.0
1307|G312 -7767.0 602.0 1357|G212 -8667.0 602.0
1308|G310 -7785.0 467.0 1358|G210 -8685.0 467.0
1309/G308 -7803.0 602.0 1359/G208 -8703.0 602.0
1310{G306 -7821.0 467.0 1360|G206 -8721.0 467.0
1311{G304 -7839.0 602.0 1361{G204 -8739.0 602.0
1312{G302 -7857.0 467.0 1362{G202 -8757.0 467.0
1313{G300 -7875.0 602.0 1363[{G200 -8775.0 602.0
1314|G298 -7893.0 467.0 1364|G198 -8793.0 467.0
1315/G296 -7911.0 602.0 1365/G196 -8811.0 602.0
1316|G294 -7929.0 467.0 1366|G194 -8829.0 467.0
1317|G292 -7947.0 602.0 1367|G192 -8847.0 602.0
1318/G290 -7965.0 467.0 1368/G190 -8865.0 467.0
1319/G288 -7983.0 602.0 1369/G188 -8883.0 602.0
1320/G286 -8001.0 467.0 1370/G186 -8901.0 467.0
1321|G284 -8019.0 602.0 1371|G184 -8919.0 602.0
1322|G282 -8037.0 467.0 1372|G182 -8937.0 467.0
1323|G280 -8055.0 602.0 1373|G180 -8955.0 602.0
1324|G278 -8073.0 467.0 1374|G178 -8973.0 467.0
1325|G276 -8091.0 602.0 1375|G176 -8991.0 602.0
1326|G274 -8109.0 467.0 1376|G174 -9009.0 467.0
1327({G272 -8127.0 602.0 1377|G172 -9027.0 602.0
1328|G270 -8145.0 467.0 1378|G170 -9045.0 467.0
1329|G268 -8163.0 602.0 1379|G168 -9063.0 602.0
1330/G266 -8181.0 467.0 1380/G166 -9081.0 467.0
1331|G264 -8199.0 602.0 1381|G164 -9099.0 602.0
1332|G262 -8217.0 467.0 1382|G162 -9117.0 467.0
1333|G260 -8235.0 602.0 1383|G160 -9135.0 602.0
1334|G258 -8253.0 467.0 1384|G158 -9153.0 467.0
1335/G256 -8271.0 602.0 1385/G156 -9171.0 602.0
1336|G254 -8289.0 467.0 1386|G154 -9189.0 467.0
1337|G252 -8307.0 602.0 1387|G152 -9207.0 602.0
1338/G250 -8325.0 467.0 1388|G150 -9225.0 467.0
1339/G248 -8343.0 602.0 1389/G148 -9243.0 602.0
1340/G246 -8361.0 467.0 1390/G146 -9261.0 467.0
1341|G244 -8379.0 602.0 1391|G144 -9279.0 602.0
1342|G242 -8397.0 467.0 1392|G142 -9297.0 467.0
1343|G240 -8415.0 602.0 1393|G140 -9315.0 602.0
1344|G238 -8433.0 467.0 1394|G138 -9333.0 467.0
1345|G236 -8451.0 602.0 1395/G136 -9351.0 602.0
1346|G234 -8469.0 467.0 1396|G134 -9369.0 467.0
1347|G232 -8487.0 602.0 1397|G132 -9387.0 602.0
1348/G230 -8505.0 467.0 1398/G130 -9405.0 467.0
1349|G228 -8523.0 602.0 1399|G128 -9423.0 602.0
1350/G226 -8541.0 467.0 1400(/G126 -9441.0 467.0




R61509 Pad Coordinate (Unit:um)

2006.05.16 rev.1.0

pad No pad name X Y pad No pad name X Y
1401|G124 -9459.0 602.0 1451|G24 -10359.0 602.0
1402|G122 -9477.0 467.0 1452|G22 -10377.0 467.0
1403|G120 -9495.0 602.0 1453|G20 -10395.0 602.0
1404|G118 -9513.0 467.0 1454|G18 -10413.0 467.0
1405|G116 -9531.0 602.0 1455|G16 -10431.0 602.0
1406|G114 -9549.0 467.0 1456|G14 -10449.0 467.0
1407|G112 -9567.0 602.0 1457|G12 -10467.0 602.0
1408|G110 -9585.0 467.0 1458|G10 -10485.0 467.0
1409|G108 -9603.0 602.0 1459|G8 -10503.0 602.0
1410|G106 -9621.0 467.0 1460|G6 -10521.0 467.0
1411|G104 -9639.0 602.0 1461|G4 -10539.0 602.0
1412|G102 -9657.0 467.0 1462|G2 -10557.0 467.0
1413|G100 -9675.0 602.0 1463|VGLDMY4 -10575.0 602.0
1414|G98 -9693.0 467.0 1464|DUMMYR9 -10593.0 467.0
1415|G96 -9711.0 602.0 1465|DUMMYR10 -10611.0 602.0
1416|G94 -9729.0 467.0 1466|TESTO17 -10629.0 467.0
1417|G92 -9747.0 602.0 1467|TESTO18 -10647.0 602.0
1418|G90 -9765.0 467.0
1419|G88 -9783.0 602.0
1420|G86 -9801.0 467.0 Alignment mark X Y
1421|G84 -9819.0 602.0 l-a -10608.0|  -548.0
1422|G82 -9837.0 467.0 1-b 10608.0] -548.0
1423|G80 -9855.0 602.0
1424|G78 -9873.0 467.0
1425|G76 -9891.0 602.0
1426|G74 -9909.0 467.0
1427|G72 -9927.0 602.0
1428|G70 -9945.0 467.0
1429|G68 -9963.0 602.0
1430|G66 -9981.0 467.0
1431|G64 -9999.0 602.0
1432|G62 -10017.0 467.0
1433|G60 -10035.0 602.0
1434|G58 -10053.0 467.0
1435|G56 -10071.0 602.0
1436|G54 -10089.0 467.0
1437|G52 -10107.0 602.0
1438|G50 -10125.0 467.0
1439|G48 -10143.0 602.0
1440|G46 -10161.0 467.0
1441|G44 -10179.0 602.0
1442|G42 -10197.0 467.0
1443|G40 -10215.0 602.0
1444|G38 -10233.0 467.0
1445|G36 -10251.0 602.0
1446|G34 -10269.0 467.0
1447|G32 -10287.0 602.0
1448|G30 -10305.0 467.0
1449|G28 -10323.0 602.0
1450|G26 -10341.0 467.0




R61509

Bump arrangement

18, 18 18
110  S=1980um?
$1-8720,
G1-G432, v
DUMMYR7-10,
TESTO11-18, 135 25
VGLDMY1-4 :
(No. 300-1467)
110
A4
18.: 18 Unit : um
50
20
/O o S=4000um?
pins 80
(No1 — 299)
“Min70 Unit : um

Figure 3
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R61509 Connection Example

Rev.1.0.4

2007.06.29

Rev00  R61509 new release
Rev0.0.1 R61509 Floor Plan revised (060428)
Rev10  R61509 Specifications decision (060516)
Rev1.0.1 R61509 Bump Layout revised (060518)
Rev1.0.2 R61509 connection example revised  (060531)
Rev1.0.3 diode connection revised (070418)
Rev1.0.4 diode symbol revised (070629)
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R61509

GRAM Address Map

Table 12 GRAM address and display position on the panel (SS =0, BGR = 0)

o — o~ [2] o -~ N o < [Te) © N~ [ce] [} o
sepn 5153|518 |8|6|8|8|5|5 6| SIEI5|55(5|5|55|5|5|5
Gs=0|Gs=1| wop17:0] | wor7:0) | woptz.o | woptzzop | - - - - - wD[17:0] | wD[17:0] | WD[17:0] | WD[17:0]
G1 |G432| h0o0000 h00001 h00002 h00003 | = + + « - hOOOEC hOOOED hOOOEE hOOOEF
G2 |G431| h00100 h00101 h00102 h00103 | = + « « - h0OO1EC h0OO1ED h0O1EE hOO1EF
G3 |G430| h00200 h00201 h00202 h00203 | = + -+ - - h002EC h0O2ED hOO2EE hOO2EF
G4 |G429| h00300 h00301 h00302 h00303 | = + -+ - - hOO3EC hOO3ED hOO3EE hOO3EF
G5 |G428| h00400 h00401 h00402 h00403 | = + « - - hOO4EC hOO4ED hOO4EE hOO4EF
G6 |G427| h00500 h00501 h00502 h00503 | = + + « - hOO5EC hOO5ED hOO5EE hOOSEF
G7 |G426| h00600 h00601 h00602 h00603 | = + -+ - - hOOBEC hOOBED hOOBEE hOOBEF
G8 |G425| h00700 h00701 h00702 h00703 | = + « - - hOO7EC hOO7ED hOO7EE hOO7EF
G9 |G424| h00800 h00801 h00802 h00803 | = + -+ - - hOOSEC hOOSED hOOSEE hOOSEF
G10 |G423| h00900 h00901 h00902 h00903 | = + -+ - - hOO9EC hOO9ED hOO9EE hOO9EF
G11 |G422| ho0AOO h0OOAO1 h0OAD2 hooA03 | - - - - - hOOAEC | hOOAED hOOAEE hOOAEF
G12 |G421| hooBoO h0OOBO1 h00B02 h0OBO3 | + « « - - hOOBEC | hOOBED hOOBEE hOOBEF
G13 [ G420 hooco0 h00CO1 h00C02 h00Co3 | - - - - - hOOCEC | hOOCED | hOOCEE hOOCEF
G14 |G419| hooDOO h0ODO1 h0ODO2 hoODO3 | + -+ - - - hOODEC | hOODED | hOODEE hOODEF
G15 |G418| hOOEOO hOOEO1 hOOEO02 hoOE03 | + - - - - hOOEEC | hOOEED hOOEEE hOOEEF
G16 [G417| h0OFOO hOOFO1 hOOF02 hOOF03 | + « « - - hOOFEC hOOFED hOOFEE hOOFEF
G17 | G416 h01000 h01001 h01002 h01003 | - -« - - h010EC h010ED h010EE hO10EF
G18 |G415| h01100 h01101 h01102 h01103 | - -« - - hO11EC hO11ED hO11EE hO11EF
G19 | G414| hot200 h01201 h01202 h01203 | - -« - - h012EC h012ED hO12EE hO12EF
G20 |G413| h01300 h01301 h01302 h01303 | - + + - - hO13EC hO13ED hO13EE hO13EF
G417 | G16 [ h1A000 h1A001 h1A002 h1A003 |+« « - - h1AOEC | h1AOED h1AOEE h1AOEF
G418 | G15 [ h1A100 h1A101 h1A102 h1A103 | « - - - - h1A1EC | h1A1ED h1A1EE h1A1EF
G419 | G14 [ h1A200 h1A201 h1A202 h1A203 |+« « - - h1A2EC | h1A2ED h1A2EE h1A2EF
G420 | G13 [ h1A300 h1A301 h1A302 h1A303 | « -« - - h1A3EC | h1A3ED h1A3EE h1A3EF
G421| G12 [ h1A400 h1A401 h1A402 h1A403 | - -« - - h1A4EC | h1A4ED h1A4EE h1A4EF
G422| G11 | h1A500 h1A501 h1A502 h1A503 | « « « - - h1ASEC | h1A5ED h1ASEE h1ASEF
G423| G10 [ h1A600 h1A601 h1A602 h1A603 | « « « - - h1ABEC | h1ABED h1AGEE h1AGEF
Ga24| G9 | h1A700 h1A701 h1A702 h1A703 | - - - - - h1A7TEC | h1A7ED h1A7EE h1A7EF
G425| G8 | h1A800 h1A801 h1A802 h1A803 | « « « - - h1ABEC | h1ASED h1ASEE h1ASEF
G426| G7 | h1A900 h1A901 h1A902 h1A903 |+« « - - h1A9EC | h1A9ED h1A9EE h1A9EF
G427| G6 | h1AA0O h1AAO1 h1AA02 h1AAO3 | « -+ - - h1AAEC | h1AAED | h1AAEE | h1AAEF
G428| G5 | h1ABOO h1ABO1 h1AB0O2 h1ABO3 | « - -« - - h1ABEC | h1ABED | h1ABEE | h1ABEF
G429| G4 | h1AC00 h1ACO1 h1AC02 h1AC03 | = + « « - h1ACEC | h1ACED | h1ACEE | h1ACEF
G430| G3 | h1AD0O h1ADO1 h1AD02 h1ADO3 | = + « « - h1ADEC | h1ADED | h1ADEE | h1ADEF
G431| G2 | h1AE00 h1AEO1 h1AE02 h1AEO3 | - - -+ - - h1AEEC | h1AEED | h1AEEE | h1AEEF
G432| G1 | h1AF00 h1AFO1 h1AF02 h1AFO3 | « « « - - h1AFEC | h1AFED | h1AFEE h1AFEF
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Table 13 GRAM address and display position on the panel (SS =1, BGR = 1)
olo|lo|ln|lolw|ls ||yl |o|e ~ -] o

soen |51515555555]555 555885883885
Gs=0|Gs=1| wbp[17:0] | wopi7:0] | wopi7:0; | wopizop | - - - - - WD[17:0] | WD[17:0] | WD[17:0] | wD[17:0]
G1 |G432| hooooo h00001 h00002 h00003 | - - - - - hOOOEC hOOOED hOOOEE hOOOEF
G2 | G431 h00100 h00101 h00102 h00103 | « «- - - - h0OO1EC hO001ED hOO1EE hOO1EF
G3 |G430| ho0200 h00201 h00202 h00203 | - - - - - h002EC h002ED hOO2EE h0O2EF
G4 |G429| hoo300 h00301 h00302 h00303 | - - - - - hOO3EC hOO3ED hOO3EE hOO3EF
G5 |G428| h00400 h00401 h00402 h00403 | - - - - - hOO4EC hOO4ED hOO4EE hOO4EF
G6 |G427| ho0500 h00501 h00502 h00503 | - - - - - hOO5EC hOO5ED hOO5EE hOO5EF
G7 |G426| hoo600 h00601 h00602 h00603 | - - - - - hOOSEC hOOGED hOOGEE hOOBEF
G8 |G425| hoo700 h00701 h00702 h00703 | - - - - - h0O7EC h007ED h007EE hOO7EF
G9 |G424| hoosoo h00801 h00802 h00803 | - - - - - hOOSEC hOOSED hOOSEE hOOSEF
G10 | G423| h00900 h00901 h00902 h00903 | - - - - - hOO9EC hOO9ED hOO9EE hOO9EF
G11 | G422| h0ooAOO hOOAO1 hOOAD2 hooA03 | - - - - - hOOAEC hOOAED hOOAEE hOOAEF
G12 | G421 hooBOO h00BO1 h00B02 hooBo3 | - - - - - hOOBEC hOOBED hOOBEE hOOBEF
G13 | G420| h00CO0 h00CO1 h00C02 hooco3 | - - - - - hOOCEC | hOOCED hOOCEE hOOCEF
G14 | G419| hooDOO hoODO1 h00D02 hooDO3 | - - - - - hOODEC | hOODED hOODEE hOODEF
G15 | G418| h0OOEOO hOOEO1 hOOE02 hoOE03 | - - - - - hOOEEC hOOEED hOOEEE hOOEEF
G16 | G417| h0OOF00 hOOFO1 hOOF02 hOOF03 | - « - - - hOOFEC hOOFED hOOFEE hOOFEF
G17 | G416 h01000 h01001 h01002 h01003 | - - - - - h010EC h010ED h010EE hO10EF
G18 | G415| ho1100 h01101 h01102 h01103 | - -« - - h011EC h011ED h011EE hO11EF
G19 | G414| ho1200 h01201 h01202 h01203 | - -« - - h012EC h012ED h012EE h012EF
G20 | G413| ho1300 h01301 h01302 h01303 | - -« - - h013EC h013ED h013EE h013EF
G417 | G16 h1A000 h1A001 h1A002 h1A003 | « « - - - h1AQOEC h1AO0ED h1AOEE h1AQ0EF
G418| G15 | h1A100 h1A101 h1A102 h1A103 | -+ - - - h1A1EC h1A1ED h1A1EE h1A1EF
G419 | G14 h1A200 h1A201 h1A202 h1A203 | « - - - - h1A2EC h1A2ED h1A2EE h1A2EF
G420 | G13 h1A300 h1A301 h1A302 h1A303 | « « « « - h1A3EC h1A3ED h1A3EE h1A3EF
G421| G12 | h1A400 h1A401 h1A402 h1A403 | -+ - - - h1A4EC h1A4ED h1A4EE h1A4EF
G422 | G111 h1A500 h1A501 h1A502 h1A503 | « « « - - h1A5EC h1A5ED h1A5EE h1A5EF
G423 | G10 h1A600 h1A601 h1A602 h1A603 | « « « « - h1AB6EC h1A6ED h1A6EE h1A6EF
G424 | G9 h1A700 h1A701 h1A702 h1A703 | « « « « - h1A7EC h1A7ED h1A7EE h1A7EF
G425 | G8 h1A800 h1A801 h1A802 h1A803 | « « « « - h1A8EC h1A8ED h1A8EE h1A8EF
G426 | G7 h1A900 h1A901 h1A902 h1A903 | « - - - - h1A9EC h1A9ED h1A9EE h1A9EF
G427 | G6 h1AA00 h1AA01 h1AA02 h1AAO3 | + + + « - h1AAEC h1AAED h1AAEE h1AAEF
G428 | G5 h1AB00 h1ABO1 h1AB02 h1ABO3 | + = = + - h1ABEC h1ABED h1ABEE h1ABEF
G429 | G4 h1ACO00 h1ACO01 h1AC02 h1AC03 | = - - - - h1ACEC h1ACED h1ACEE h1ACEF
G430 | G3 h1AD00 h1ADO1 h1AD02 h1ADO3 | = - + - - h1ADEC h1ADED h1ADEE h1ADEF
G431 | G2 h1AEOQ0 h1AEO1 h1AEQ2 h1AEO3 | + = - - - h1AEEC h1AEED h1AEEE h1AEEF
G432| G1 | h1AF00 h1AF01 h1AF02 h1AFO3 | - - - - - h1AFEC | h1AFED h1AFEE h1AFEF
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Instruction

Outline

The R61509 adopts 18-bit bus architecture in order to interface to high-performance microcomputer in high
speed. The R61509 starts internal processing after storing control information (18, 16, 9, 8, 1 bit(s)), sent
from the microcomputer, in the instruction register (IR) and the data register (DR). Since the internal
operation of the R61509 is controlled by the signals sent from the microcomputer, the register selection
signal (RS), the read/write signal (R/W), and the internal 16-bit data bus signals (IB15 ~ IB0) are called
instruction. The following are the kinds of instruction of the R61509.

Specify index

Display control

Power management control

Set internal GRAM addresssss

Transfer data to and from the internal GRAM
Window address control

y-correction

® NSk

Panel Display Control

Normally, the instruction to write data is used the most often. The internal GRAM address is updated
automatically as data is written to the internal GRAM, which, in combination with the window address
function, contributes to minimizing data transfer and thereby lessens the load on the microcomputer. The
R61509 writes instructions consecutively by executing the instruction within the cycle when it is written
(instruction execution time: 0 cycle).

Instruction Data Format

As the following figure shows, the data bus used to transfer 16 instruction bits (IB[15:0]) is different
according to the interface format. Make sure to transfer the instruction bits according to the format of the
selected interface.

The bits to which no instruction is assigned must be set to either “0” or “1” according to the following
register tables. When changing only one instruction bit setting, the setting values in other bits in the
register must be written.
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Index (IR)

R/W RS IBI5S IB14 1IB13 1IB12 IBIl IB10 IB9 IB8 IB7 IB6 IBS 1IB4 IB3 IB2 IBI IBO

ID 1D ID ID ID ID 1D 1D 1D ID ID

Wop oo o 0 0 0 oy oy | s | e |1 || 31| 2| 01| o

The index register specifies the indexes of control register or RAM control to be accessed. The access to
the register and instruction bits in it is prohibited unless the index is specified in the index register.

Display control

Device code read (R000h)

R/W RS IB15 IB14 1B13 IBI12 IBIl IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IBl IBO

R 1 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1

The device code “1509”H is read out when reading out this register forcibly.

Driver Output Control (R0O01h)

R/W RS IBI5 IB14 IBI13 [B12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 1IB4 IB3 1IB2 IBl IBO

RWI 1T 1 o | o] o] of| o |sM|] o /|ss]|] o] oo ]| o] ol o] o] o0

Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SS: Sets the shift direction of output from the source driver.

When SS = “0”, the source driver output shift from S1 to S720.
When SS = “1”, the source driver output shift from S720 to S1.

The combination of SS and BGR settings determines the RGB assignment to the source driver pins S1 ~
S720.

When SS = “0” and BGR = “0”, RGB dots are assigned one to one from S1 to S720.
When SS =“1” and BGR = “1”, RGB dots are assigned one to one from S720 to S1.

When changing the SS and BGR bits, RAM data must be rewritten.

SM: Controls the scan mode in combination with GS setting. See “ Scan mode setting”.

Rev.1.03 November 26, 2007, page 45 of 231
RENESAS




R61509

LCD Driving Wave Control (R002h)

R/W RS IBIS IB14 IB13 1IBI12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 B4 IB3 IB2 IBl 1IBO

RW | 1 0 0 0 0 0 0 o |BC| o 0 0 0 0 o | NW | NW
[0] (1] [0]

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B/CO: Selects the liquid crystal drive waveform VCOM. See “N-Line Inversion AC Drive” for details.

B/C = 0: frame inversion waveform is selected.
B/C = 1: line inversion waveform is selected.

NWI1:0]: Sets “n” for the number of lines from 1 to 4 to set the interval of inverting the polarity of line
inversion drive (C-pattern waveform) when B/CO = 1. The polarity is inverted at an interval of n + 1 lines.

Entry Mode (R003h)
R/W RS IB15 1IB14 1B13 1IBI2 IBIl1 IB10 IB9 IB8§ IB7 IB6 IB5 1B4 IB3 IB2 IBI 1BO
DFM 1/D /D EPF | EPF
R/W 1 TRI 0 BGR 0 0 [(HWM| 0 ORG 0 AM 0
[0] (1] | [0] [1] [0]
Default value 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

The entry mode register includes instruction bits for setting how to write data from the microcomputer to
the internal GRAM of the R61509.

AM: Sets either horizontal or vertical direction in updating the address counter automatically as the
R61509 writes data to the internal GRAM.

AM = “0”, sets the horizontal direction.
AM = “1”, sets the vertical direction.

When describing window address area, the data is written only within the area in the direction determined
by I/D1-0, AM bits.

1/D[1:0]: Either increments (+1) or decrements (-1) the address counter (AC) automatically as the data is
written to the GRAM. The I/D[0] bit sets either increment or decrement in horizontal direction (updates the
address AD[7:0]). The I/D[1] bit sets either increment or decrement in vertical direction (updates the
address AD[8:16]). The AM bit sets either horizontal or vertical direction in updating RAM address
counter automatically when writing data to the internal RAM.

ORG: Moves the origin address according to the ID setting when a window address area is described. This
function is enabled when writing data within the window address area using high-speed RAM write
function.

ORG = 0: The origin address is not moved. In this case, specify the address to start write
operation according to the GRAM address map within the window address area.
ORG = 1: The origin address “h00000” is moved according to the I/D[1:0] setting.
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Notes: 1. When ORG = 1, only the origin address “h00000” can be set in the RAM address set registers
(R20h, R21h).
2. In RAM read operation, make sure to set ORG = 0.

HWM: The R61509 writes data in high speed with low power consumption by setting HWM = 1. The data
to be written within the window address area is buffered in order to write the data in units of horizontal
lines. This can minimize the number of RAM access and the power consumption required in data write
operation.

When HWM = 1, make sure to set AM = 0 (horizontal direction) and write the data in each horizontal line
of the window address area at a time. If the data is not enough to rewrite the horizontal line of the window
address area, the GRAM data in that line is not overwritten.

Notes: 1. The R61509 requires no dummy write operation in high-speed write operation.
2. When terminating RAM data write operation in the middle of the line and executing another
instruction, the data in the buffer is cleared.
3. When switching from high-speed RAM write operation to index write operation, wait at least 2
normal-write cycle periods (two tey., periods).

BGR: Reverses the order from RGB to BGR in writing 18-bit pixel data in the GRAM.

BGR =0: Write data in the order of RGB to the GRAM.
BGR =1: Reverse the order from RGB to BGR in writing data to the GRAM.

DFM[0]: In combination with the TRI setting, DFM sets the format to develop 16-/8-bit data to 18-bit data
when using either 16-bit or 8-bit bus interface. Make sure to set DFM = 0 when not transferring data via
16-bit or 8-bit interface. DFM bit also specifies image data format (bpp) in MDDI operation. Set the bit in
accordance with selected interface and image data format in RAM write operation.

DFM=0: 18bpp (R:G:B = 6:6:6), DFM=1: 16bpp (R:G:B = 5:6:5)

TRI: Selects the format to transfer data bits via 16-bit or 8-bit interface.

In 8-bit interface operation,
TRI = 0: 16-bit RAM data is transferred in two transfers.
TRI = 1: 18-bit RAM data is transferred in three transfers.

In 16-bit bus interface operation,
TRI = 0: 16-bit RAM data is transferred in one transfer.
TRI = 1: 18-bit RAM data is transferred in two transfers.

Make sure TRI = 0 when not transferring data via 16-bit or 8-bit interface. Also, set TRI = 0 during read
operation.

EPF [ 1:0]: Set data format when 16bpp(R, G and B) to 18 bpp (r, g and b) is stored in internal RAM. EFP
settings are effective when:

1. 80-system 16-bit interface, TRI=0

2. 80-system 8-bit interface, TRI=0

3. MDDI, DFM=1
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Table 14
EPF Expand 16bpp(R, G, B) to 18bpp(r, g, b)
Same value as MSB is inputted to LSB of R and B
5:0]1={ R[4:0], R[4
ono  BO(R40L R4
g[5:0]={ G[5:0] }
b[5:0]={ B[4:0], B[4] }
“0” is inputted to LSB of rand b
r[5:0]={ R[4:0], 1'h0 }
g[5:01={ G[5:0] }
2’h1 b[5:0]={ B[4:0], 1’h0 }
Except,
R[4:0], B[4:0]=5’h1F — r, b[5:0]=6’h3F
G[5:0]1=6’h3F — g[5:0]=6’'h3F
“1”is inputted to LSB of rand b
r[5:0]1={ R[4:0], 1’h1}
g[5:0]={ G[5:0] }
2’h2 b[5:0]={ B[4:0], 1’h1}
Except,
R[4:0], B[4:0]=5’h0 — r, b[5:0]=6’h00
G[5:0]1=6’h0 — g[5:0]=6’h00
2’h3 Setting disabled.
ID1-0 = 00 ID1-0 = 01 ID1-0 =10 ID1-0=11
ORG =0 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment
AM =0 17'h00000 17'h00000 17'h00000 17'h00000
Horizontal 4 » >
17'h1AFEF 17'h1AFEF 17'h1AFEF 17h1AFEF
AM = 1 17'h00000 17'h00000 17'h00000
Vertical Y Y
I rvy LA Y-yl
17'h1AFEF 17'h1AFEF 17'h1AFEF 17'h1AFEF
Figure 4 Automatic Address Update (ORG =0, AM, ID)
Note: When writing data within the window address area with ORG = 0, any address within the window

address area can be set as the starting point of data write operation.

Rev.1.03 November 26, 2007, page 48 of 231
RENESAS




R61509

ID1-0 = 00 ID1-0 = 01 ID1-0=10 ID1-0 =11
ORG =1 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment
AM =0 17'h00000 1700000 17'h00000 17h00000
Horizontal
s Sk
447\5) s ’
17'h1AFEF 17'h1AFEF 17'h1AFEF 17'h1AFEF
AM =1 17'h00000 17'h00000 17'h00000 17'h00000
Vertical
S S
17'h1AFEF 17'h1AFEF 17'h1AFEF 17'h1AFEF

Figure 5 Automatic Address Update (ORG =1, AM, ID)

Notes: 1. When ORG = 1, the address to start data write operation within the window address area is set at
either corner of the window address area (the positions of the “S” in the circle in the above

figure).

When ORG = 1, make sure to set the address “h00000” in the RAM address set register.
Setting other addresses is prohibited.

Outline Sharpening Control (R0O06h)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 I[B7 [B6 IB5 B4 IB3 B2 IB1 IBO
rw |1 5'8 ol o o | o |AVS|AVS|AVS|ADS ADS|ADS| DTH|DTH|DTH|DTH

DE T2 | T | TIOT | T{2] | T(1] | TIO] | L[l | U[O] | L[1] | LIO]
Defaut | 0| o0 |O0O|O0O}|O|O|O|JO|]O|]O]|O]|O]|]O]|]O]|]O]|oO

EGMODE: Sets outline sharpening mode when EGMODE=1. When outline sharpening mode is set, data
is written to internal RAM according to outline sharpening process. See “Outline Sharpening Function” for

detail.
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AVSTI[2:0]: Set coefficients used for smoothing edges between neighboring pixels. (Default: 3h’00)

AVST[2:0] Coefficients
3’h00 0.125(=1/8)
3’h01 0.250(=2/8)
3'h02 0.375(=3/8)
3'h03 0.500(=4/8)
3'h04 0.625(=5/8)
3’h05 0.750(=6/8)
3’h06 0.875(=7/8)
3’h07 1.000(=8/8)

ADST[2:0]: Set the added coefficient in outline sharpening operation . (Default: 3h’00)

ADST[2:0] Added coefficients
3'h00 0.0(Off)

3’h01 0. 5( 1/2)

3’h02 .0(=2/2)

3'h03 1. 5( 3/2)

3'h04 2.0(=4/2)

3'h05 2.5(=5/2)

3'h06 3.0(=6/2)

3'ho7 3.5(=7/2)

DTHU [1:0]: Sets the higher threshold of the brightness band of the object on which edge enhancement is
performed . (Default: 2h’00)

DTHU[1:0] Higher threshold
2’h00 15
2’h01 31
2’h02 47
2’h03 63

DTHL[1:0]: Sets the lower threshold of the brightness band of the object on which edge enhancement is
performed. (Default: 2h’00)

DTHL[1:0] Lower threshold
2’h00 0
2’h01 Setting disabled
2’h02 1
2’h03 2
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Display Control 1 (R007h)

R/W RS IB15 1B14 IB13 1BI2 IBI1 IBIO 1B9 IB8 IB7 1B6 IB5 1B4 1B3 1B2 IB1 IBO

PTD | PTD BAS D D
R/W 1 0 0 E[1] | E[0] 0 0 0 EEO 0 VON | GON | DTE 0 0 [ [0]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

D[1:0]: A graphics display is turned on when writing D1 =“1”, and is turned off when writing D1 = “0”.
When writing D1 = “0”, the graphics display data is retained in the internal GRAM and the R61509
displays the data when writing D1 =“1”. When D1 = “0”, i.e. while no picture is shown on the panel, all
source outputs becomes the GND level to reduce charging/discharging current, which is generated within
the LCD while driving liquid crystal with AC voltage.

When the display is turned off by setting D1-0 = 2°b01, the R61509 continues internal display operation.
When the display is turned off by setting D1-0 = 2°b00, the R61509’s internal display operation is halted
completely. In combination with the GON, DTE setting, the D[1:0] setting controls display ON/OFF. For
details, see Instruction Setting for details.

Table 15
D[1:0] BASEE Source Output (S1-S720) FMARK Signal Internal Operation
2'h0 * GND Halt Halt
2’h1 * GND Operation Operation
2’h2 * Non-lit display Operation Operation
7h3 0 Non-lit display Operation Operation
1 Base-image display Operation Operation

Notes: 1. The data write operation from microcomputer is not affected by the D[1:0] setting.
2. The non-lit display level is determined by NDLO setting.

DTE, GON control the gate output level from G1 to G432 as follows.

Table 16
APE GON DTE G1 ~ G432 Output Level
0 * * VGL (= GND)
1 0 0 VGH
0 1 VGH
1 0 VGL
1 1 VGH/VGL
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VON: Start VCOM output when VON=1. VCOM amplitude is decided by combination of VCON and
VCOMG bits settings.

Table 17
APE AP[2:0] VON VCOMG VCOM Output
0 * * * GND
1 0 0 0 GND
0 1 Setting Disabled
1 0 Setting Disabled
1 1 Setting Disabled
Other than 0 0 0 GND
0 1 GND
1 0 Amplitude=VCOMH-GND
1 1 Amplitude=VCOMH-VCOML

BASEE: Base image display enable bit.

BASEE = 0: No base image is displayed. The R61509 drives the LCD at non-lit display level or displays
only partial images.

BASEE = 1: A base image is displayed on the screen.
The D[1:0] setting has precedence over the BASEE setting.

PTDEQ: Partial display 1 enable bit.
PTDEL: Partial display 2 enable bit..

When PTDEO/1 = 0, partial display is turned off. Only a base image is displayed on the screen. When
PTDEOQ/1 = 1, partial image is displayed. Set BASEE = 0 to turn off the base image.

Display Control 2 (R008h)

R/W RS IBIS IB14 IBI13 IBI2 IBI1 IB10 IB9 IB8 1B7 1B6 IBS 1B4 1B3 1B2 IB1 1BO

FP FP FP FP BP BP BP BP
WRE Lo 0 00y by g Lo | O e @ | | o

Default value 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

FP[3:0]: Sets the number of lines for front porch period (a blank period made after the end of display).

BP[3:0]: Sets the number of lines for back porch period (a blank period made before the beginning of
display).

In external display interface operation, a back porch (BP) period starts on the falling edge of the VSYNC
signal and the display operation starts after the back porch period. After the front porch period, a blank
period continues until next VSYNC input is detected.

Note on Setting BP and FP:
Set the BP and FP bits as follows in the following operation modes, respectively.
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Table 18

Internal clock operation mode BP > 2 lines FP > 2 lines FP + BP = 16 lines

RGB interface operation

BP > 2 lines FP > 2 lines FP + BP < 16 lines

VSYNC interface operation BP > 2 lines FP > 2 lines FP + BP = 16 lines
Table 19

FP[3:0] BP[3:0] Front and Back Porch Period (Line Periods)
4’h0 Setting inhibited

4’h1 Setting inhibited

4’h2 2 lines

4’h3 3 lines

4’h4 4 lines

4’h5 5 lines

4’h6 6 lines

4’h7 7 lines

4’h8 8 lines

4’h9 9 lines

4’hA 10 lines

4'hB 11 lines

4'hC 12 lines

4’'hD 13 lines

4'hE 14 lines

4’hF Setting inhibited

VSTNC

—1

Back porch

Display area

Front porch

’J

Note: The output timing to the LCD panel is delayed by two line periods

from the synchronous signal (VSYNC) input timing.

Figure 6 Front and Back Porch Periods
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Display Control 3 (R009h)

R/W RS IB15 IB14 1IBI13 IB12 IBIl1 IBI0 IB9 IB8§ IB7 IB6 IBS 1B4 IB3 IB2 1Bl IBO

PTS | PTS | PTS PTG | PTG | ISC ISC ISC ISC
RW Lo oy 0 0PIV oy Lo || e | ey | | oo | o)

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ISC[3:0]: Set the scan cycle when PTG[1:0] selects interval scan in non-lit display area drive period. The
scan cycle is defined by n frame periods, where n is an odd number from 3 to 15. The polarity of liquid
crystal drive voltage from the gate driver is inverted in the same timing as the interval scan cycle.

Table 20

ISC[3:0] Scan cycle Time(f';fl_',\iﬂr;t:rgg”;’he”
4’h0 Setting disabled -
4’h1 3 frames 50ms
4'h2 5 frames 84ms
4’h3 7 frames 117ms
4’h4 9 frames 150ms
4’h5 11 frames 184ms
4’h6 13 frames 217ms
4'h7 15 frames 251ms

4’h8-F Setting disabled -

PTG[1:0]: Sets the scan mode in non-lit display area. Select frame-inversion AC drive when interval-scan
is selected.

Table 21

PTG[1:0] Scan mode in non-lit display area
2'h0 Normal scan

2’h1 Setting disabled

2'h2 Interval scan

2’h3 Setting disabled
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PTS[2:0]: Sets the source output level in non-lit display area drive period. When PTS[2] = 1, the operation
of amplifiers which generates the grayscales other than VO and V31 are halted and the step-up clock
frequency becomes half the normal frequency in non-display drive period in order to reduce power
consumption.

Table 22

PTS[2:0] Sou'rc.:e output. level , . Grayscale amplifier Step-up clock frequency
Positive polarity Negative polarity In operation

3'h0 V31 VO VO to V31 Register setting (DCO, DC1)

3'h1-3 Setting inhibited  Setting inhibited - -

3'h4 V31 VO V0 and V31 1/2 the frequency set by DCO, DC1

3'h5-7 Setting inhibited  Setting inhibited - -

Notes: 1. The gate output level in non-display drive period is controlled by the PTG setting (off-scan mode).

2. The power efficiency improved by halting grayscale amplifiers and slowing down the step-up
clock frequency can be obtained in non-display drive period.

PTV: Sets the VCOM output in non-lit display area drive period. The VCOM operation is halted by
setting PTV = 1 in n-line inversion.

Table 23

PTV VCOM operation in non-lit display drive period
0 Normal operation

1 Halts VCOM operation
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Low Power Control (RO0Bh)

R/W RS IB15 IB14 IBI13 IBI2 IB11 IB10 IB9 IB8 1B7 1B6 IBS 1B4 1B3 1B2 1B1 1BO

W/R 1 0 0 0 0 0 0 0 0 0 0 0 V[I(E)l]\/l 0 0 0 COL
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COL: When COL = 1, the R61509 enters the eight-color display mode. RAM data rewrite operation is not
required when setting the eight-color display mode. Set the 8-color mode instruction according to the 8-
color mode sequence.

The electrical potential of liquid crystal drive in 8-color display mode is VO/V31.

Table 24

COL Display Color
1’h0 262,144 colors
17’h1 8 colors

VEMI0]: VCOM equalize switch.

When VEM[0]=1, VCOMH first drops to GND and then VCOML. (VCOMH — GND — VCOML). This
is to reduce power consumption in VCOM drive.

Make sure that VCI < VCOMH and GND > VCOML when this function is used.

Check the picture quality and effect on the panel before using this low-power consumption VCOM function.
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External Display Interface Control 1 (RO0Ch)

R/W RS IBIS 1IBI14 IB13 IB12 IBI11 IBI0 IB9 IB§ IB7 IB6 IB5 IB4 IB3 IB2 IBl IBO

W | 1 ENC [ ENC | ENC DM | DM RIM | RIM
RO I ) T I N ¥ T Y A O O B

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIMJ1:0]: Sets the interface format when RGB interface is selected by RM and DM bits. Set RIM[1:0]
bits before starting display operation via RGB interface. Do not change the setting while the R61509
performs display operation.

Table 25

RIM[1:0] RGB Interface operation Colors
2’h0 18-bit RGB interface (1 transfer/pixel) via DB17-0 262,144
2’h1 16-bit RGB interface (1 transfer/pixel) via DB17-13 and DB11-1 65,536
2’h2 6-bit RGB interface (3 transfers/pixel) via DB17-12 262,144
2’h3 Setting inhibited -

Notes: 1: Instruction bits are set via system interface.

2: Transfer the RGB dot data one by one in synchronization with DOTCLK in 6-bit RGB interface
operation.

DM][1:0]: The DM[1:0] setting allows switching between internal clock operation mode and external
display interface operation mode. However, switching between the RGB interface operation mode and the
VSYNC interface operation mode is prohibited.

Table 26 Display Interface
DM[1:0] Display Interface

2’h0 Internal clock operations
2’h1 RGB interface

2’h2 VSYNC interface

2'h3 Setting inhibited

RM: Selects the interface for RAM access operation. RAM access is possible only via the interface
selected by the RM bit. Set RM = 1 when writing display data via RGB interface. When RM =0, it is
possible to write data via system interface while performing display operation via RGB interface.

Table 27 RAM Access Interface

RM RAM Access Interface
0 System interface/VSYNC interface
1 RGB interface
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ENCJ2:0]: Sets the RAM write cycle via RGB interface.

Table 28

ENCJ[2:0] RAM Write Cycle (frame periods)
3'h0 1 frame

3'h1 2 frames

3'h2 3 frames

3'h3 4 frames

3'h4 5 frames

3’h5 6 frames

3’h6 7 frames

3'h7 8 frames

External Display Interface Control 2 (RO0OFh)

R/W RS IBI5 IBI4 1IBI13 1IBI12 IBI1 IBI1I0 IB9 IB8 IB7 IB6 IB5 1IB4 IB3 IB2 IBl IBO
R/W 1 0 0 0 0 0 0 0 0 0 0 0 VSPL | HSPL 0 EPL | DPL
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DPL: Sets the signal polarity of DOTCLK pin.

DPL = 0: input data on the rising edge of DOTCLK
DPL = 1: input data on the falling edge of DOTCLK

EPL: Sets the signal polarity of ENABLE pin.

EPL = 0: writes data DB17-0 when ENABLE = “0” and disables data write operation
when ENABLE = “1”.
EPL = 1: writes data DB17-0 when ENABLE = “1” and disables data write operation
when ENABLE = “0”.

HSPL.: Sets the signal polarity of HSYNC pin.

HSPL = 0: low active
HSPL = 1: high active

VSPL: Sets the signal polarity of VSYNC pin.

VSPL = 0: low active
VSPL = 1: high active
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Panel Interface Control 1 (R010h)

R/W RS IBI15 IB14 IB13 IB12 IBIl IBIO 1B9 IB8 1B7 IB6 IBS 1B4 IB3 1B2 IB1

1BO

W/R 1 0 0 0 0 0 0 DIVI | DIVI 0 0 0 RTNI | RTNI | RTNI | RTNI

(11 | [0] (40 | B | 21 | M

RTNI
[0]

Default value 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

1

RTNI[4:0]: Sets 1H (line) period. This setting is valid when the R61509’s display operation is
synchronized with internal clock signal.

Table 29 Clocks per Line (Internal Clock Operation)

RTNI[4:0] Ei'r?gks per RTNI[4:0] Ei'r?gks per
5’h00-5’hOF Setting inhibited 5'h18 24 clocks
5'h10 16 clocks 5'h19 25 clocks
5'h11 17 clocks 5h1A 26 clocks
5'h12 18 clocks 5'h1B 27 clocks
5'h13 19 clocks 5h1C 28 clocks
5'h14 20 clocks 5'h1D 29 clocks
5'h15 21 clocks 5'h1E 30 clocks
5'h16 22 clocks 5h1F 31 clocks
5'h17 23 clocks

Note: In Power Supply Instruction Setting, Deep Standby Exit Sequence and Sleep Mode Exit Sequence,
RTNI bit must be set at the “Initial instruction setting” state. See Power Supply Instruction
Setting and Shutdown Mode IN/EXIT Sequences for detail of the timing to set the bit.

DIVI[1:0]: Sets the division ratio of the internal clock frequency. The R61509’s internal operation is
synchronized with the frequency divided internal clock, which is set according to the division ratio
determined by DIVI[1:0] setting. The frame frequency can be changed by setting RTNI and DIVI bits.
When changing the number of lines to drive the LCD panel, adjust the frame frequency too. For details,
see Frame-Frequency Adjustment Function. In RGB interface operation, the DIVI[1:0] setting has no
effect.

Table 30 Division Ratio (Internal Operation)

DIVI[1:0] Division Ratio Internal Operation Clock Unit
2’h0 11 1x0SC
2’h1 1/2 2x0SsC
2’h2 1/4 4 x OSC
2’h3 1/8 8 x0SC
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Frame Frequency Calculation

0sc
Frame frequency = - — _f - - [Hz]
Clocks per line x division ratio x (line + BP + FP)

fosc : RC oscillation frequency

Line: Number of lines to drive the LCD (NL bits)
Division ratio: DIVI

Clocks per line: RTNI

Panel Interface Control 2 (R011h)

R/W RS IBI5 IB14 IBI3 IBI2 IBIl IBI0 B9 IB§ IB7 IB6 IB5 IB4 IB3 IB2 IBI IBO
NOW | NOW | NOW SDTI | SDTI | SDTI
R/W | 1 0 0 0 0 0 0 0 0 0 0
2] | 10 | 10 21 | (11 | [0]
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NOWI[2:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled when the
R61509’s display operation is synchronized with internal clock signals.

Table 31

NOWI[2:0] Non-overlap period NOWI[2:0] Non-overlap period
3'h0 0 (internal clock "¢ ") 3'h4 4 (internal clock ¢ ")
3'h1 1 3'h5 5

3'h2 2 3'h6 6

3'h3 3 3'h7 7

Note: The internal clock is the frequency divided clock, which is set by DIVI[[1:0] bits.

SDTI[2:0]: Sets the source output delay period from the reference point. For the relationships between
gate interface signals, see Liquid Crystal Panel Interface Timing.

Table 32

SDTI[2:0] Source output delay period
3’h0 0 clocks

3'h1 1 clock

3'h2 2 clocks

3'h3 3 clocks

3'h4 4 clocks

3’h5 5 clocks

3’h6 6 clocks

3’h7 7 clocks

Notes: 1. The number of clocks in the table setting is measured from the reference point.
2. 1 clock = (internal oscillation clock (OSC1) period) x (division ratio)
3. The reference point is where SFTCLK rises when the rising position is set to 0 clock.
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Panel Interface Control 3 (R012h)

R/W RS IBl15 IBI14 1IB13 IB12 IBI1 IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 1B2 1IBI 1BO

VEQ | VEQ SEQ | SEQ | SEQ
RWH T 0 0 0 0 0 0 bty @ ) O O O O [ wipg| wirtg | wipog
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VEQWI[1:0]: Sets low power VCOM drive period. The setting is enabled when the R61509’s display
operation is synchronized with internal clock signals.

Table 33

VEQWI[1:0] Low power VCOM drive period
2'h0 0 (internal clock "% ")

2’h1 1 clock

2’h2 2 clocks

2'h3 3 clocks

Note: The internal clock is the frequency divided clock, which is set by DIVI[[1:0] bits. The number of
clocks is measured from the reference point. The reference point is the alternating position of
VCOM, which is set by SDTI[2:0] bits.

SEQWI[2:0]: Sets source equalize period. SEQWI setting is enabled when the R61509 executes display
operation in synchronization with internal clock.

Table 34

SEQWI[2:0] Source Equalize Period

3'h0 0 clocks
3'h1 1 clock

3'h2 2 clocks
3'h3 3 clocks
3'h4 4 clocks
3'h5 5 clocks
3'h6 6 clocks
3'h7 7 clocks

Note: The clock is the frequency divided clock, which is set by DIVI[[1:0] bits.
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Panel Interface Control 4 (R020h)

R/W RS IBI5S IBI4 IBI3 IBI2 IBIl IBI0 IB9 IB§ IB7 IB6 IB5 B4 B3 IB2 IBI IBO
DIVE | DIVE RTNE |RTNE |RTNE [RTNE | RTNE | RTNE [RTNE
RW | 1 0 0 0 0 0 0 0
(11 | [o (61 | 051 | (41 | 31 | 21 | (11 | [0]
Default 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1 0

RTNE[6:0]: Sets RTNE in combination with DIVE to the number of DOTCLK included in 1H (1 line)
period according to the following formula, when the R61509°s display operation is synchronized with RGB
interface signals.

DIVE (division ratio) x RTNE (DOTCLKs) < DOTCLKs in 1H period.

Table 35 DOTCLKSs in 1H period (RGB interface operation)

Clocks per line

Clocks per line

Clocks per line

Clocks per line

RTNE[6:0] period (LH) RTNE[6:0] period (1H) RTNE[6:0] period (1H) RTNE[6:0] period (1H)
7'h00 Setting inhibited 7'h20 32 clocks 7'h40 64 clocks 7'h60 96 clocks
7'h01 Setting inhibited 7'h21 33 clocks 7'h41 65 clocks 7'h61 97 clocks
7'h02 Setting inhibited 7'h22 34 clocks 7'h42 66 clocks 7'h62 98 clocks
7'h03 Setting inhibited 7'h23 35 clocks 7'h43 67 clocks 7'h63 99 clocks
7'h04 Setting inhibited 7'h24 36 clocks 7'h44 68 clocks 7'h64 100 clocks
7'h05  Setting inhibited 7'h25 37 clocks 7'h45 69 clocks 7'h65 101 clocks
7'h06 Setting inhibited 7'h26 38 clocks 7'h46 70 clocks 7'h66 102 clocks
7'h07 Setting inhibited 7'h27 39 clocks 7'h4a7 71 clocks 7'h6e7 103 clocks
7'h08  Setting inhibited 7'h28 40 clocks 7'h48 72 clocks 7'h68 104 clocks
7'h09 Setting inhibited 7'h29 41 clocks 7'h49 73 clocks 7'h69 105 clocks
7'hOA  Setting inhibited 7'h2A 42 clocks 7'h4A 74 clocks 7'h6A 106 clocks
7'h0B  Setting inhibited 7'h2B 43 clocks 7'h4B 75 clocks 7'h6B 107 clocks
7'h0C Setting inhibited 7'h2C 44 clocks 7h4C 76 clocks 7'h6C 108 clocks
7'hOD  Setting inhibited 7'h2D 45 clocks 7'h4D 77 clocks 7'h6D 109 clocks
7'hOE  Setting inhibited 7'h2E 46 clocks 7'h4E 78 clocks 7'h6E 110 clocks
7'hOF  Setting inhibited 7'h2F 47 clocks 7'h4F 79 clocks 7'h6F 111 clocks
7'h10 16 clocks 7'h30 48 clocks 7'h50 80 clocks 7'h70 112 clocks
7h11 17 clocks 7'h31 49 clocks 7'h51 81 clocks 7'h71 113 clocks
7'h12 18 clocks 7'h32 50 clocks 7'h52 82 clocks 7'h72 114 clocks
7'h13 19 clocks 7'h33 51 clocks 7'h53 83 clocks 7'h73 115 clocks
7h14 20 clocks 7'h34 52 clocks 7'h54 84 clocks 7'h74 116 clocks
7'h15 21 clocks 7'h35 53 clocks 7'h55 85 clocks 7'h75 117 clocks
7'h16 22 clocks 7'h36 54 clocks 7'h56 86 clocks 7'h76 118 clocks
7'h17 23 clocks 7'h37 55 clocks 7'h57 87 clocks 7'h77 119 clocks
7'h18 24 clocks 7'h38 56 clocks 7'h58 88 clocks 7'h78 120 clocks
7’h19 25 clocks 7'h39 57 clocks 7'h59 89 clocks 7'h79 121 clocks
7'h1A 26 clocks 7'h3A 58 clocks 7'h5A 90 clocks 7'h3A 122 clocks
7'h1B 27 clocks 7'h3B 59 clocks 7'h5B 91 clocks 7'h7B 123 clocks
7'h1C 28 clocks 7'h3C 60 clocks 7'h5C 92 clocks 7'h7C 124 clocks
7'h1D 29 clocks 7'h3D 61 clocks 7'h5D 93 clocks 7'h7D 125 clocks
7h1E 30 clocks 7'h3E 62 clocks 7'h5E 94 clocks 7'h7E 126 clocks
7'h1F 31 clocks 7'h3F 63 clocks 7'h5F 95 clocks 7'h7F 127 clocks
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DIVE[1:0]: Sets the division ratio of DOTCLK. The R61509’s internal operation is synchronized with the
frequency-divided DOTCLK, the frequency of which is divided by the division ratio set by DIVE[1:0].
This setting is enabled while the R61509°s display operation is synchronized with RGB interface signals.
Table 36 Division Ratio of DOTCLK (RGB interface operation)

Internal operation clock unit in RGB interface operation

DIVE[1:0] Division Ratio  16-bit x 1 transfer 6-bit x3 transfers

RGB Interface DOTCLK = SMHz RGB Interface DOTCLK = 15MHz
2’h0 Setting inhibited ~ Setting inhibited - Setting inhibited -
2’h1 1/4 4 DOTCLKs 0.8 uS 12 DOTCLKs 0.8 uS
2’h2 1/8 8 DOTCLKs 1.6 uS 24 DOTCLKs 1.6 uS
2'h3 116 16 DOTCLKs 3.2uS 48 DOTCLKs 3.2uS
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Panel Interface Control 5 (R021h)

R/W RS IB15 1IB14 1IB13 1IB12 IBI11 IB10 IB9 IB8 IB7 IB6 IB5S IB4 IB3 IB2 IBIl 1BO
NOW [ NOW | NOW | NOW SDT | SDT | SDT | SDT

L I B L e B e e O R R A L L S s R ey

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NOWE][3:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled when the

R61509’s display operation is synchronized with internal clock signals.

Table 37

NOWE[3:0] Non-overlap period NOWEJ[3:0] Non-overlap period
4'h0 0 (internal clock 5% "°%) 4'h8 8

4'h1 1 4’h9 9

4'h2 2 4’hA 10

4'h3 3 4’hB 11

4'h4 4 4’'hC 12

4'h5 5 4’hD 13

4'h6 6 4'hE 14

4'h7 7 4’hF 15

Note: 1 clock = (number of data transfer/pixel) x DIV (division ratio) [DOTCLK]

SDTE[3:0]: Sets the source output delay period from the reference point when the R61509’s display
operation is synchronized with DOTCLK (DM = 2’hl). For the relationships between gate interface

signals and LTPS liquid crystal panel interface signals, see Liquid Crystal Panel Interface Timing.

Table 38

SDTE[3:0] Source output delay period SDTE[3:0] Source output delay period
4’h0 0 clocks 4’h8 8 clocks

4’h1 1 clock 4'h9 9 clocks

4'h2 2 clocks 4'hA 10 clocks

4'h3 3 clocks 4'hB 11 clocks

4’h4 4 clocks 4'hC 12 clocks

4’h5 5 clocks 4’hD 13 clocks

4'h6 6 clocks 4'hE 14 clocks

4'h7 7 clocks 4’hF 15 clocks

Notes: 1. The number of clocks in the table setting is measured from the reference point.
2. 1 clock = (DOTCLK period) x (division ratio)

3. The reference point is falling edge of gate control signals.
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Panel Interface Control 6 (R022h)

R/W RS IBl15 IBI14 1IB13 IB12 IBI1 IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 1B2 1IBI 1BO

VEQ | VEQ | VEQ SEQ | SEQ | SEQ | SEQ
RW | 1 0 0 0 0 0 | WE | WE | WE | 0 0 0 0 | WE | WE | WE | WE
21 | [ | (o Bl || ool oo
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VEQWE[2:0]: Sets low power VCOM drive period. The setting is enabled when the R61509’s display
operation is synchronized with RGB interface signals.

Table 39

VEQWE[2:0] Source output delay period VEQWE[2:0] Source output delay period
3'h0 0 clocks (5% N°tes) 3'h4 4 clocks

3’h1 1 clock 3’h5 5 clocks

3'h2 2 clocks 3’'h6 6 clocks

3'h3 3 clocks 3'h7 7 clocks

Notes: 1. 1 clock = (number of data transfer/pixel) x DIV (division ratio) [DOTCLK]

2. The internal clock is the frequency divided clock, which is set by DIVI[[1:0] bits. The number of
clocks is measured from the reference point. The reference point is the alternating position of
VCOM, which is set by SDTE[3:0] bits.

SEQWE]2:0]: Sets source equalize period. SEQWE setting is enabled when the R61509 executes display
operation via RGB interface.

Table 40

SEQWE[3:0] Source Equalize Period SEQWE[3:0] Source Equalize Period
4'h0 0 clocks 4'h8 8 clocks

4'h1 1 clock 4'h9 9 clocks

4'h2 2 clocks 4'hA 10 clocks

4'h3 3 clocks 4'hB 11 clocks

4'h4 4 clocks 4'hC 12 clocks

4'h5 5 clocks 4'hD 13 clocks

4'h6 6 clocks 4'hE 14 clocks

4'h7 7 clocks 4'hF 15 clocks

Note: 1 clock = (number of data transfer/pixel) x DIV (division ratio) [DOTCLK]
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Frame Marker Control (RO90h)

R/W RS IB15 IB14 IBI3 1IB12 IBI1 IB10 IB9 IB8 IB7 IB6 IB5S IB4 IB3 IB2 1Bl IBO

Rw | 1 |FMK | FMI | EMI [ FMI | 0 o | FMP | FMP [ FMP | FMP | FMP | FMP | FMP | FMP | FMP
M 2] | 1] ] (0] (81 | [71 | [6] | [51 | (4 | 31 | (21 | (11 | [0]

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FMP[8:0]: Sets the output position of frame synchronous signal (frame marker). A pulse (FMARK) is
output by starting from back porch during a 1H period when FMP[8:0] = 9°h000 (high active, amplitude:
IOVCCI1-GND). FMP[8:0] is used as a trigger signal for write operation in synchronization with frame.

Setting range: 9°h000 < FMP < BP + NL + FP - 1

For details, see MDDI-FMARK Interface.

Table 41

FMP[8:0] FMARK output position
9’h000 0

9’h001 1

9’h002 2

9’h1BD 445

9’h1BE 446

9’h1BF 447

FMI[2:0]: Sets FMARK output interval by FMI register setting according to the update period of display
data and transfer rate. Set FMARK = 1 in timing output from FMARK pin.

Table 42

FMI[2] FMI[1] FMI[O] Output interval
0 0 0 1 frame

0 0 1 2 frames

0 1 1 4 frames

1 0 1 6 frames

Other settings Setting inhibited

FMKM: Output from FMARK pin by connecting FLM signal to TSC pin output from the sub display in
MDDI sub display operation. Used as frame synchronous signal for moving picture display on the sub
display in MDDI operation.

Table 43

FMKM FMARK pin output

1’h0 R61509’s frame signal

1’h1 Sub display frame signal (TSC pin connect signal)

Notes 1 FMKM cannot be used in shut down mode.
2 The R61509’s display operation is not related to TSC input signal when FMKM = 1. FMP and
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FMI settings are disabled when FMKM = 1.
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MDDI Sub-display Control (R092h)

R/W RS 1IB15 IB14 IBI13 IB12 IBI1 IBI10 IB9 1IB8 1IB7 1IB6 1IB5 1IB4 1IB3 1IB2 1IBI 1IBO
SIM | SIM
(1 | [o]
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM[1:0]: Sets data format to transfer data to subdisplay when MDDI sub-display interface is chosen. SIM
[1:0] setting and format of video stream packet should be decided following subdisplay data format. See
“MDDI Sub-Display Interface” for detail.

SIM[1:0] Sub display interface data format Video Stream Packet
2’b00 180 system, 18bit, one-transfer 18bpp

2’b01 Setting Disabled -

2’b10 180 system, 16bit, one transfer 16bpp

2'b11 Setting Disabled -
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Power Control

Power Control 1 (R100h)

R/W RS IB15 IB14 IBI13 IB12 IB11 IB10 IB9 1IBS 1IB7 1B6 IB5 1IB4 IB3 1B2 IB1  IBO

SAP | SAP BT | BT | BT AP | AP | AP
RW| 1 0 i | 0 SAP| 0 2 | ol oo APE el | ol oo 0 DSTB | SLP 0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SLP: When SLP = 1, the R61509 enters the sleep mode. In sleep mode, the internal display operation
except RC oscillation is halted to reduce power consumption. No change to the GRAM data and
instruction setting is accepted and the GRAM data and the instruction settings are maintained in sleep mode.

DSTB: When DSTB = 1, the R61509 enters the shut down mode. In shut down mode, the internal logic
power supply is turned off to reduce power consumption. The GRAM data and instruction setting are not
maintained when the R61509 is in the shut down mode. Set the instruction again after exiting the shut down
mode. GND level is outputted to the panel in the shut down mode.

AP[2:0]: Adjusts the constant current in the operational amplifier circuit in the LCD power supply circuit.
The larger constant current, the better the drivability of the LCD, but it also increases the current
consumption. Adjust the constant current taking the trade-off into account between the display quality and
the current consumption. In no-display period, set AP[2:0]=3"h0 to reduce power consumption. Set
AP[2:0]=3'h7 and SAP[1:0]=2'h3 when VC is not 3’h7.

Table 44 Constant Current in Operational Amplifiers

AP[2:0] In LCD drive power supply amplifiers In grayscale voltage amplifiers
3’h0 (Note 1) Halt operational amplifiers and step-up circuits Halt

3’h1 (Note 1) | 0.5 0.62

3’'h2 (Note 1) | 0.75 0.71

3'h3 (Note 1) | 1 1

3’h4-6 Setting inhibited Setting inhibited

3’'h7 (Note 2) | 1.6 1

The values in the table represent the ratios of currents in respective settings to the current when
AP[2:0]=3’h3.

Note 1: Set SAP[1:0]=2'h0 when AP[2:0]=3'h0, 3'h1, 3'h2, 3'h3.

Note 2: Set SAP[1:0]=2'h3 when AP[2:0]=3'h7.
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APE: Liquid crystal power supply enable bit. Set APE = “1” when starting the generation of liquid crystal
power supply according to the liquid crystal power supply startup sequence.

Table 45

APE | Liquid crystal power supply circuit | Grayscale voltage generating circuit
1’h0 | Halt Halt

1’h1 Operate Operate

SAP: When SAP = “0”, the internal source output circuit is halted (S1-S720 = GND). When SAP =“1”,
grayscale voltages are output from the source output circuit. Set SAP = “0” when turning on the power
supply such as liquid crystal power supply circuit. After starting up the power supply circuit, set SAP =

(13 1 7"
SAP[1:0]: Adjusts constant current in the grayscale voltage generating circuit .

Set SAP[1:0]=2'h3 when AP[2:0]=3'h7. Power consumption in the source driver unit is reduced.
Set SAP[1:0]=2'h0 when AP[2:0]=3'h0-3. Constant current in the operational amplifiers is set by AP[2:0]
bit.

BT[2:0]: Sets the factor used in the step-up circuits. Select the optimal step-up factor for the operating
voltage. To reduce power consumption, set a smaller factor.

Table 46 Step-Up Factor for Step-Up Circuits 1/2

BT[2:0] | DDVDH | VCL VGH VGL Capacitor Connection Pins
3h1-2 g?;ggﬁa g S?stggﬁa 4 | Setting Disabled | Setting Disabled | Setting Disabled
VLOUT1, VLOUT2, VLOUTS3,
310 DDVDH %3 2()" CIT+DDVDH | viouTs,
[x 6] 5 C11+,C12+, C13+,
[x=5] C21+,C22+ (Note 4)
-(VCI1+DDVDH X
3h3 2)
X 5] VLOUT1, VLOUT2, VLOUTS3,
X z X VLOUT4,
VCI X2 | -vCH VCI1+DDVDH X 3 (DDVDHX2)
3'h4 x2] [x-1] x 7] C11=%, C12=+, C13=,
[x 4] C21+,C22+,C23+
-(VCI1+DDVDH)
3'h5
[x=3]
3h6 -(DDVDH X 2) VLOUT1, VLOUT2, VLOUTS3,
DDVDH X 3 [x -4] VLOUT4,
3h7 [x 6] -(VCI1+DDVDH) C11+£, C12%, C13%,
[x =3] C21+,C22+ (Note 4)

Notes: 1. The factors in the brackets show the step-up factors from VCIA1.
2. Connect capacitors to the capacitor connection pins when generating DDVDH, VGH, VGL levels.
3. Make sure DDVDH = max. 6.0V, VGH = max. 17.5V, VGL = min. -12.5V and VCL = max-3.0V.
4. C23=+ pins may not be connected in particular VGH output settings.
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Power Control 2 (R101h)

R/W RS IB15 1IB14 1IB13 1IB12 IBI11 IB1I0 IB9 IB8 IB7 1IB6 IB5 1B4 IB3 1B2 1Bl 1B0
DC1 | DC1 | DC1 DCO | DCO | DCO vC vC vC
R/W 1 0 0 0 0 0 0 0
21 | (11 | [0] [21 | 111 | [0] 2] | [1] [0]
Default value 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0

Table 47 Step-up Frequency (Step-up Circuit 1)
DCO0[2:0] Step-up circuit 1: step-up frequency (focpci)

3’h0 Fococ

3’h1 fococ / 2

3'h2 fococ / 4

3'h3 fococ / 8

3'h4 fococ / 16

3'h5 Setting inhibited
3'h6 Halt Step-up circuit 1
3h7 Setting inhibited

Note 1:Make sure the DCO, DC1 setting restriction: focpc1 > fococe-
Note 2:=fpcpc =fosc (when DCM=0)

Table 48 Step-up Frequency (Step-up Circuit 2)

DC1[2:0] Step-up circuit 2: step-up frequency (focopez)
3’h0 fococ / 16

3’h1 fococ / 32

3’h2 fococ / 64

3’h3 fococ / 128

3’h4 fococ / 256

3'h5 Setting inhibited

3’h6 Halt Step-up circuit 2

3’'h7 Setting inhibited

Table 49 VCIOUT output level ~ (Note 4)

VC[2:0] VCIOUT (Reference Voltage) (VCI1 Voltage)
3’h0 0.94 x VCILVL

3’h1 0.89 x VCILVL

3'h2 Setting inhibited

3'h3 Setting inhibited

3’h4 0.76 x VCILVL Note 3

3'h5 Setting inhibited

3'h6 0.70 x VCILVL Note 3

3h7 1.00 x VCILVL

Note 3: VC=3'h4 and 4'h6 are allowed to set only during the power ON sequence. The setting is inhibited

during normal display operation.

Note 4: VC = 3'h7 is recommended. When VC+#3'h7, set AP[2:0]=3'h7 and SAP[1:0]=2'h3.
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Power Control3 (R102h)

R/W RS IBI5 1B14 1IBI3 1IB12 1IBI1 1IB10 1IB9 1IBS8 IB7 IB6 1B5 1IB4 1IB3 1B2 1B1 1B0
VCM | VRE VRH | VRH | VRH | VRH
R/W 1 0 0 0 0 0 0 0 RO[0] | GIR 0 |[PSON| PON 3] 2] [ [0]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PON: Controls the operation to generate VLOUT3. In setting the PON bit, follows the power-supply

startup sequence.

PON = 0: Halts the step-up operation to generate VLOUT3.
PON = 1: Starts the step-up operation to generate VLOUT3.

PSON: Power supply ON bit. When turning on the power supply, set PSE = 1 first and then set PSON = 1
to start internal power supply operation.

VREGI1R: Selects VREG1OUT generating reference voltage.

Table 50
VREGIR VREGI1OUT generating reference voltage
0 VCILVL (External)

VCIR (Internal reference voltage)

VCMRO[O0]: Selects either external resistance (VCOMR pin) or internal electronic volume (VCM[4:0]) to

set the electrical potential of VCOMH. The internal electronic volume can be set by VCM bits

Table 51

VCMRO[0] VCOMH Electrical Potential setting
0 VCOMR

1 Internal electronic volume

VRH]J3:0]: Sets the factor to generate VREG1OUT from VCILVL.

Table 52 VREG10OUT

- VREG1OUTvoltage VREG10UT voltage

(External reference voltage

VCILVL) (Internal reference voltageVCIR)
4’h0-4'h3 Halt (Hiz) Halt (Hiz)
4’h4-4'h7 Setting Disabled Setting Disabled
4’h8 VCILVL X 1.60 2.5V X 1.60 = 4.00V
4’h9 VCILVL X 1.65 2.5V X 1.65=4.13V
4’hA VCILVLX1.70 2.5V X1.70 = 4.25V
4hB VCILVLX1.75 2.5V X1.75 = 4.38V
4hC VCILVL X 1.80 2.5V x1.80 = 4.50V
4’hD VCILVL X 1.85 2.5V x1.85=4.63V
4'hE VCILVL X 1.90 2.5V X1.90 =4.75V
4'hF Setting Disabled Setting Disabled

Note 1: Adjust the VC and VRH settings so that VREG10UT < (DDVDH-0.5)V.

Note 2: VCIR is internally generated voltage. Design value: 2.5V.
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Power Control 4 (R103h)

R'W RS IB15 IBI4 I[BI13 I[BI2 IBIl IB10 IB9 IB8 IB7 IB6 IB5 IB4 1IB3 IB2 Bl IBO
VCO | VDV | VDV | VDV | VDV | VDV

RW | 1 0 0 0 0 0 0 0 0 0 0
MG | [4] | 31 | [21 | [11 | [0]

Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VDV[4:0]: Selects the factor of VREG1OUT to set the amplitude of VCOM alternating voltage from 0.70

to 1.24.

Table 53

VDV[4:0] Vcom amplitude (VCS) VDV[4:0] Vcom amplitude (VCS)
5’h0 VREG10UT x 0.70 5h10 VREG10UT x 1.02
5’h1 VREG10UT x 0.72 5h11 VREG10UT x 1.04
5h2 VREG10UT x 0.74 5h12 VREG10UT x 1.06
5h3 VREG10UT x 0.76 5h13 VREG10UT x 1.08
5h4 VREG10UT x 0.78 5h14 VREG10UT x 1.10
5’h5 VREG10UT x 0.80 5h15 VREG10UT x 1.12
5’h6 VREG10UT x 0.82 5h16 VREG10UT x 1.14
5h7 VREG10UT x 0.84 5h17 VREG10UT x 1.16
5h8 VREG10UT x 0.86 5h18 VREG10UT x 1.18
5'h9 VREG10UT x 0.88 5h19 VREG10UT x 1.20
5hA VREG10UT x 0.90 5h1A VREG10UT x 1.22
5hB VREG10UT x 0.82 5h1B VREG10UT x 1.24
5hC VREG10UT x 0.94 5h1C Setting disabled
5hD VREG10UT x 0.96 5h1D Setting disabled
5hE VREG10UT x 0.98 5h1E Setting disabled
5’hF VREG10UT x 1.00 5h1F Setting disabled
Note 1:  Set VDVI[3:0] so that VCOM amplitude becomes 6.0V or less.

Note 2:  Set VCOML (VCOMH-VCOM amplitude) < OV.
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VCOMG: Sets VCOML output level.

VCOMG = 0: VCOML output is fixed to GND. The VDV[4:0] setting is disabled. VCOML output or
VCL output is halted.

VCOMG = 1: VCOML output at Low is fixed to VCOML. VCOML output voltage is set by the VDV[4:0]

setting.
Table 54
APE  AP[2:0] VON VCOMG VCOM Output
0 * * * GND
1 0 0 0 GND
0 1 Setting disabled
1 0 Setting disabled
1 1 Setting disabled
Other than 0 0 0 GND
0 1 GND
1 0 Amplitude=VCOMH-GND
1 1 Amplitude=VCOMH-VCOML

Power consumption can be reduced by halting VCOML generating circuit and VCL voltage when VCOML
= 0 (VCL capacitance is not required). Whether this setting is enabled or not depends on liquid crystal
panel characteristics, when VCOML = GND.
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Power Control 5 (R107h)

R'W RS IBI5 IBI4 IBI3 IBI2 IBIl IB10 IB9 IB8 IB7 IB6 IB5S IB4 IB3 B2 IBl 1IBO
DCM | DCM | DCT | DCT | DCT | DCT
RW | 1 0 0 0 0 0 0 0 0 0 0
(| [0y | 1| 21| 01| [o]
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DCT]I3:0]: Sets the synchronizing timing of the step-up reference clock for display operation in 1H period.

Table 55

DCT[3:0] geference_ c_lock_ fo_r step-up operation (I_DCDCl)
ynchronizing timing for display operation

4'h0 0 clock

4'h1 1 clock

4'h2 2 clocks

4'h3 3 clocks

4'h4 4 clocks

4'h5 5 clocks

4'h6 6 clocks

4'h7 7 clocks

4’h8 8 clocks

4’h9 9 clocks

4'hA 10 clocks

4’hB 11 clocks

4'hC 12 clocks

4’'hD 13 clocks

4’hE 14 clocks

4’hF 15 clocks

Notes: 1. The DCT [3:0] setting is disabled when DCM = 0.

2.

When the R61509’s operation is synchronized with internal clock signal, DIVI [1:0] (R010) sets
reference clock for step-up operation.

3. When the R61509’s operation is synchronized with internal clock signal, namely it used RGB

interface, RIM [1:0] (ROOCh) and DIVE [1:0] (R020h) set reference clock for step-up operation.
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DCM[1:0]: Sets display synchronous display operation mode of step-up circuits.

Table 56
DCMI[Q]  step-up circuit Reference clock for step-up Step-up
DcM[1] Display synchronous function operation reference clock
1'h0 Invalid OSC clock -
Step-up circuit 1: Horizontal RTNI setting/1H
, synchronous Display operation clock (including
i ircuit 2: Verti DOTCLK (RTNE
Step-up circuit 2: Vertical ) setting/1 H)Note 2
synchronous 9
' ; Display operation clock (including
2’h2 Invalid DOTCLK) 16 clk / 1H
Step-up circuit 1: Horizontal
, synchronous Display operation clock (including
2'h3 16 clk / 1H
Step-up circuit 2: Vertical DOTCLK)

synchronous

When DCM[0]=1, step-up operation of step-up circuit 1 is synchronized with display operation of every
line.

At the same time, step-up operation of step-up circuit 2 is synchronized with display operation of every line.
When DCM[1]=1, step-up reference clock that generates every 1H period is set at 16 clocks.

Frequencies for step-up reference clock, fDCDC

When DCM=0, fpcpe =  fosc

When DCM #0,
1) Display operation synchronized with internal clock
fococ =  foseXDIVI (division ratio)

ii)Display operation synchronized with external clock (RGB I/F), RTNE<7’h1F
focoe =  fporck X (transfer times /pixel) X DIVE (division ratio)

iii) Display operation synchronized with external clock (RGB I/F), RTNE>7"h20
focoe =  fporck X (transfer times/pixel) X DIVE (division ratio) X (div. 1/2)

Note 1: DCO and DC1 set division ratio based on step-up reference clock set by DCM.

Note 2: When display operation is synchronized with external clock and RTNE>7"h20, step-up reference
clock becomes (clocks per line period set by RTNE bits=-2).
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Power Control 6 (R110h)

R/W RS IBIS

IB14 IBI13 IB12 IBI11 IBI10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 1Bl 1BO
R/W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 PSE
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PSE: Power supply startup enable bit.

PSE = 1: The R61509’s power supply is started by setting PSON when PSE =1. When completing the
power supply generating operation, PSE is set to 0.

PSE = 0: Power supply sequencer is reset. When halting the operating power supply sequencer, set PSE =
0. When starting up power supply without power supply sequencer, set PSE = 0. The power
sequencer enables the register settings sequentially at the designated timing and order.

Power Control 7 (R112h)

R/W RS IB15 IB14 IB13 IB12 IBIl IB10 IB9

IB§ IB7 IB6 IB5 IB4 IB3 IB2 IBI
TBT | TBT
(11| [o]

1BO

W 1 0 0 0 0 0 0

Default 0 0 0 0 0 0 1 1 0 1 1 0

TBT[1:0]: Sets position from where BT bit (R100h) is enabled by number of frame(s). Set TBT=2"h0 in
Power Supply Instruction Setting, Deep Standby Exit Sequence and Sleep Mode Exit Sequence.

See Power supply Instruction Setting.
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RAM Access

RAM Address Set (Horizontal Address) (R200h)
RAM Address Set (Vertical Address) (R201h)

R/W RS IB15 1IBI14 IBI3 IBI2 IB1l1 IB10 IB9 IB8 IB7 IB6 IB5 IB4 1IB3 1IB2 1Bl IBO
R AD | AD [ AD | AD | AD | AD | AD | AD
RW | 1 0 0 0 0 0 0 0 0

200 (717 | (6] | [51 | (4 | 31 | 21 | (11 | [0]
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R AD | AD | AD | AD | AD | AD | AD | AD | AD
201 W] 1 0 0 0 0 0 0 O lpe | nsy | na | e | n2n | o | ooy | o) | s
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ADJ[16:0]: A GRAM address set initially in the AC (Address Counter). The address in the AC is
automatically updated according to the combination of AM, I/D[1:0] settings as the R61509 writes data to
the internal GRAM so that data can be written consecutively without resetting the address in the AC. The
address is not automatically updated when reading data from the internal GRAM.

Note 1: In RGB interface operation (RM = “1”), the address AD16-0 is set in the address counter every
frame on the falling edge of VSYNC.

Note 2: In internal clock operation and VSYNC interface operation (RM = “0”), the address AD16-0 is set
when executing the instruction.

Table 57 GRAM Address setting range
AD[16:0] GRAM Data Setting

17’h00000 — 17°’h000EF Bitmap data on the first line

17’h00100 — 17°’h001EF Bitmap data on the second line

17’h00200 — 17°'h002EF Bitmap data on the third line

17'h00300 — 17°’h003EF Bitmap data on the fourth line

17’h00400 — 17’h004EF  Bitmap data on the fifth line

17’h1AC00 — 17’h1ACEF  Bitmap data on the 429" line

17’h1ADO0 — 17’h1ADEF  Bitmap data on the 430" line

17’h1AEQ0 — 17’h1AEEF  Bitmap data on the 431 line

17’h1AF00 — 17’h1AFEF  Bitmap data on the 432" line
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Write Data to GRAM (R202h)

R/W RS
W 1 RAM write data WD[17:0] is transferred via different data bus in different interface operation.
RGB . . L L . .
interface RAM write data WD[17:0] is transferred via different data bus in different interface operation.

WD[17:0]: The R61509 develops data into 18 bits internally in write operation. The format to develop
data into 18 bits is different in different interface operation.

The GRAM data represents the grayscale level. The R61509 automatically updates the address according
to AM and I/D[1:0] settings as it writes data in the GRAM. The DFM bit sets the format to develop 16-bit
data into the 18-bit data in 16-bit or 8-bit interface operation.

Note:

When writing data in the GRAM via system interface while using the RGB interface, make sure

that write operations via two interfaces that do not conflict one another.

Table 58 GRAM data and corresponding LCD grayscale level (REV =1)

GRAM Grayscale level GRAM Grayscale level
dataRGB | Negative Positive dataRGB | Negative Positive
6'h00 V31 VO 6'h20 V15 V16

6’h01 (V30+V31)/2 (VO+V1)/2 6'h21 (V14+V15)/2 (V16+V17)/2
6'h02 V30 V1 6'h22 V14 V17

6'h03 (V29+V30)/2 (V1+V2)/2 6'h23 (V13+V14)/2 (V17+V18)/2
6'h04 V29 V2 6'h24 V13 V18

6'h05 (V28+V29)/2 (V2+V3)/2 6'h25 (12+V13)12 (V18+V19)/2
6'h06 V28 V3 6'h26 V12 V19

6'h07 (V27+V28)/2 (V3+V4)/2 6'h27 (11V12)12 (V19+V20)/2
6'h08 V27 V4 6'h28 V11 V20

6'h09 (V26+V27)/2 (V4+V5)/2 6'h29 (V10+V11)/2 (V20+V21)/2
6'h0A V26 V5 6'h2A V10 V21

6'h0B (V25+V26)/2 (V5+V6)/2 6'h2B (VO+V10)/2 (V21+V22)/2
6'h0C V25 ' 6'h2C V9 V22

6’h0D (V24+V25)/2 (V6+V7)12 6'h2D (V8+V9)/2 (V22+V23)/2
6'hOE V24 V7 6'h2E V8 V23

6'hOF (V23+V24)/2 (V7+V8)/2 6'h2F (V7+V8)/2 (V23+V24)12
6'h10 V23 V8 6'h30 V7 V24

6'h11 (V22+V23)/2 (V8+V9)/2 6'h31 (V6+V7)/2 (V24+V25)/2
6'h12 V22 V9 6'h32 V6 V25

6'h13 (V21+V22)/2 (VO+V10)/2 6’33 (V5+V6)/2 (V25+V26)/2
6'h14 V21 V10 6'h34 V5 V26

6'h15 (V20+V21)/2 (V10+V11)/2 6'h35 (V4+V5)/2 (V26+V27)/2
6'h16 V20 V11 6'h36 V4 Va7

6'h17 (V19+V20)/2 (V11+V12)/2 6'h37 (V3+V4)/2 (V27+V28)/2
6'h18 V19 V12 6'h38 V3 V28

6'h19 (V18+V19)/2 (V12+V13)/2 6'h39 (V2+V3)/2 (V28+V29)/2
6'h1A V18 V13 6'h3A V2 V29

6'h1B (V17+V18)12 (V13+V14)12 6'h3B (V1+V2)/2 (V29+V30)/2
6'h1C V17 V14 6'h3C V1 V30

6'h1D (V16+V17)/2 (V14+V15)/2 6'h3D (VO+V1)/2 (V30+V31)/2
6'h1E V16 V15 6'h3E (V1+2V0)/3 (V30+2V31)/3
6'h1F (V15+V16)/2 (V15+V16)/2 6'h3F Vo V31

Note: (Vn+Vn+1)/2, (V1+2V0)/3, (Vn+2Vn+1)/3 are the effective grayscale levels by FRC (frame rate

control).
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Table 59 GRAM data and corresponding LCD grayscale level (REV =0)

GRAM Grayscale level GRAM Grayscale level
dataRGB | Negative Positive dataRGB | Negative Positive
6'h00 VO V31 6'h20 V16 V15

6'h01 (VO+V1)12 (V30+V31)/2 6'h21 (V16+V17)12 (V14+V15)/2
6'h02 V1 V30 6'h22 V17 V14

6'h03 (V1+V2)/2 (V29+V30)/2 6'h23 (V17+V18)12 (V13+V14)12
6'h04 V2 V29 6'h24 V18 V13

6'h05 (V2+V3)/2 (V28+V29)/2 6'h25 (V18+V19)/2 (12+V13)12
6'h06 V3 V28 6'h26 V19 V12

6'h07 (V3+V4)/2 (V27+V28)/2 6'h27 (V19+V20)/2 (11v12)12
6'h08 \Z3 Va7 6'h28 V20 V11

6'h09 (V4+V5)/2 (V26+V27)/2 6'h29 (V20+V21)12 (V10+V11)/2
6'h0A V5 V26 6'h2A V21 V10

6'h0B (V5+V6)/2 (V25+V26)/2 6'h2B (V21+V22)/2 (VO+V10)/2
6'h0C V6 V25 6'h2C V22 V9

6’h0D (V6+V7)12 (V24+V25)/2 6'h2D (V22+V23)/2 (V8+V9)/2
6'hOE V7 V24 6'h2E V23 A%

6'hOF (V7+V8)/2 (V23+V24)/2 6'h2F (V23+V24)12 (V7+V8)/2
6'h10 V8 V23 6'h30 V24 V7

6'h11 (V8+V9)/2 (V22+V23)/2 6'h31 (V24+V25)/2 (V6+V7)/2
6'h12 V9 V22 6'h32 V25 V6

6'h13 (V9+V10)/2 (V21+V22)/2 6'h33 (V25+V26)/2 (V5+V6)/2
6'h14 V10 V21 6'h34 V26 V5

6'h15 (V10+V11)/2 (V20+V21)/2 6'h35 (V26+V27)/2 (V4+V5)12
6'h16 V11 V20 6'h36 Va7 \Z3

6'h17 (V11+V12)/2 (V19+V20)/2 6'h37 (V27+V28)/2 (V3+V4)12
6'h18 V12 V19 6'h38 V28 V3

6'h19 (V12+V13)/2 (V18+V19)/2 6'h39 (V28+V29)/2 (V2+V3)12
6'h1A V13 V18 6'h3A V29 V2

6'h1B (V13+V14)12 (V17+V18)/2 6'h3B (V29+V30)/2 (V1+V2)12
6'h1C V14 V17 6'h3C V30 \%l

6'h1D (V14+V15)/2 (V16+V17)/2 6'h3D (V30+V31)/2 (VO+V1)12
6'h1E V15 V16 6'h3E (V30+2V31)/3 (V1+2V0)/3
6'h1F (V15+V16)/2 (V15+V16)/2 6'h3F V31 )

Note: (Vn+Vn+1)/2, (V1+2V0)/3, (Vn+2Vn+1)/3 are the effective grayscale levels by FRC (frame rate

control).
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Read Data from GRAM (R202h)

R/W RS

R 1 RAM read data RD[17:0] is transferred via different data bus in different interface operation.

RD[17:0]: 18-bit data read from the GRAM. RAM read data RD[17:0] is transferred via different data bus
in different interface operation.

When the R61509 reads data from the GRAM to the microcomputer, the first word read immediately after
RAM address set is not outputted, so that it is invalid. Valid data is sent to the data bus when the R61509

reads out the second and subsequent word.

When either 8-bit or 16-bit interface is selected, the LSBs of R and B dot data are not read out.

Note: This register is not available in RGB interface operation

Set I/D, AM,
HSA, HEA, VSA, and VEA bits

v

| Set address N |

v
: Dummy read (invalid data to DB17-0)
First word From GRAM to read data latch

v

Read (data of address N)
Second word From read data latch to DB17-0

v

| Set address M

. Dummy read (invalid data to DB17-0
First word From GRAM to read data latch

v

Read (data of address M)
From read data latch to DB17-0

v

Read out data to the microcomputer

Second word

Figure 7 GRAM Read Sequence
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Write/Read Data from/to NVM (R280h), VCOM High Voltage 1/2 (R281h/R282h)

R/W RS IBI5 IB14 IB13 IBI2 IBIl IBI0O IB9 IB§ IB7 IB6 IB5S IB4 IB3 IB2 IBI IBO
UID | UID | UID | UID
R280 | R/W | 1 0 0 0 0 0 0 0 0 0 0 0 0
(31| 21 | (11 | [0]
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VCMI[VCM1{VCMI1|VCM1|VCMI
R281 |R/W | 1 0 0 0 0 0 0 0 0 0 0 0
(41 | 31| 21 | (11 | [0]
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VCMS VCM2[VCM2[VCM2[VCM2(|VCM2
R282 |R/W | I 0 0 0 0 0 0 0 0 0 0
EL (41 | 131 | [21 | (11 | [0]
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

UIDI[3:0]: The data bits UID[3:0] are written to the designated address in NVM and the written data can be
read out from NVM by instruction setting to this register. UID[3:0] can be used to write and read user
identification code in NVM.

If UID value is rewritten, new setting is enabled.

VCM1[4:0]: Selects the factor of VREG1OUT to generate VCOMH. When enabling the setting valued in
VCM1[4:0], make sure to set VCMSEL = 0.

When using the data written in NVM for setting the VCOMH level, the data bits VCM1[4:0] are written to
the designated address in NVM and the written data can be read out from NVM by instruction setting to
this register. When the data bits VCM2[4:0] are written in NVM before writing the data bits VCM1[4:0] to
NVM, the VCM1[4:0] setting value written in NVM cannot be used for setting the VCOMH level.

Table 60

VCM1[4:0] | VCOMH voltage VCM1[4:0] | VCOMH voltage
5'h00 VREG10UT x 0.69 5h10 VREG10UT x 0.85
5'h01 VREG10UT x 0.70 5h11 VREG10UT x 0.86
5'h02 VREG10UT x 0.71 5'h12 VREG10UT x 0.87
5'h03 VREG10UT x 0.72 5h13 VREG10UT x 0.88
5'h04 VREG10UT x 0.73 5'h14 VREG10UT x 0.89
5'h05 VREG10UT x 0.74 5h15 VREG10UT x 0.90
5'h06 VREG10UT x 0.75 5'h16 VREG10UT x 0.91
5'h07 VREG10UT x 0.76 5'h17 VREG10UT x 0.92
5'h08 VREG10UT x 0.77 5'h18 VREG10UT x 0.93
5'h09 VREG10UT x 0.78 5h19 VREG10UT x 0.94
5'h0A VREG10UT x 0.79 5h1A VREG10UT x 0.95
5'h0B VREG10UT x 0.80 5h1B VREG10UT x 0.96
5'h0C VREG10UT x 0.81 5h1C VREG10UT x 0.97
5'h0D VREG10UT x 0.82 5h1D VREG10UT x 0.98
5'hOE VREG10UT x 0.83 5'h1E VREG10UT x 0.99
5'hOF VREG10UT x 0.84 5h1F VREG10UT x 1.00
Notes: 1. Make sure the VCOMH level is set between 3.0V to (DDVDH-0.5)V.

2. The above setting is enabled when selecting internal electronic volume for setting the VCOMH

level.
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VCM2[4:0]: Selects the factor of VREG1OUT to generate VCOMH. When enabling the setting valued in
VCM2[4:0], make sure to set VCMSEL = 1. The function of VCM2[4:0] instruction is the same as that of
VCM1[4:0].

Write the setting value in VCM2[4:0] bits and VCMSEL = 1 in the designated addresses of NVM, when
reading out the setting value written in NVM for VCOMH level setting and the data is already written in
the designated address of VCM1[4:0] in the NVM. The VCM2[4:0] data bits written in NVM can be read

out via VCM2[4:0] setting for setting the VCOMH level.

Table 61

VCM2[4:0] | VCOMH voltage VCM2[4:0] | VCOMH voltage
5’h00 VREG10UT x 0.69 5h10 VREG10UT x 0.85
5’h01 VREG10UT x 0.70 5’h11 VREG10UT x 0.86
5’h02 VREG10UT x 0.71 5h12 VREG10UT x 0.87
5’h03 VREG10UT x 0.72 5h13 VREG10UT x 0.88
5’h04 VREG10UT x 0.73 5h14 VREG10UT x 0.89
5’h05 VREG10UT x 0.74 5h15 VREG10UT x 0.90
5’h06 VREG10UT x 0.75 5’h16 VREG10UT x 0.91
5h07 VREG10UT x 0.76 5h17 VREG10UT x 0.92
5’h08 VREG10UT x 0.77 5’h18 VREG10UT x 0.93
5’h09 VREG10UT x 0.78 5’h19 VREG10UT x 0.94
5’h0A VREG10UT x 0.79 5h1A VREG10UT x 0.95
5’h0B VREG10UT x 0.80 5h1B VREG10UT x 0.96
5’h0C VREG10UT x 0.81 5h1C VREG10UT x 0.97
5’h0D VREG10UT x 0.82 5h1D VREG10UT x 0.98
5’hOE VREG10UT x 0.83 5h1E VREG10UT x 0.99
5’hOF VREG10UT x 0.84 5h1F VREG10UT x 1.00
Notes: 1. Make sure the VCOMH level is set between 3.0V to (DDVDH-0.5)V.

16 The above setting is enabled when selecting internal electronic volume for setting the VCOMH
level.

VCMSEL: When VCMSEL = 0, VCM1[4:0] is selected. When VCMSEL = 1, VCM2[4:0] is selected.
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Window Address Control

210

211

212

213

Window Horizontal RAM Address Start (R210h), Window Horizontal RAM Address End

(R211h)

Window Vertical RAM Address Start (R212h), Window Vertical RAM Address End (R213h)

R/W RS IB15 1B14 IB13 1B12 1IB11 IB10 1IB9 1B8 1B7 1B6 IB5 1B4 1B3 1B2 1B1 1B0
HSA | HSA | HSA | HSA | HSA | HSA | HSA | HSA
R/W 1 0 0 0 0 0 0 0 0
[7] [6] [5] (4] [3] [2] (1] [0]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HEA | HEA | HEA | HEA | HEA | HEA | HEA | HEA
R/W 1 0 0 0 0 0 0 0 0
[7] [6] [5] (4] [3] [2] (1] [0]
Default value 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1
VSA | VSA | VSA | VSA | VSA | VSA | VSA | VSA | VSA
R/W 1 0 0 0 0 0 0 0
[8] (7] [6] [5] (4] [3] [2] (1] [0]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VEA | VEA | VEA | VEA | VEA | VEA | VEA | VEA | VEA
R/W 1 0 0 0 0 0 0 0
[8] [7] [6] [5] [4] [3] [2] (1] [0]
Default value 0 0 0 0 0 0 0 1 1 0 1 0 1 1 1 1

HSA[7:0], HEA[7:0]: HSA[7:0] and HEA[7:0] are the start and end addresses of the window address area
in horizontal direction, respectively. HSA[7:0] and HEA[7:0] specify the horizontal range to write data.
Set HSA[7:0] and HEA[7:0] before starting RAM write operation. In setting, make sure that 8’h00 < HSA
<HEA < 8’hEF and 8’h04 < HEA — HSA.

VSA[8:0], VEA[8:0]: VSA[8:0] and VEA[8:0] are the start and end addresses of the window address area
in vertical direction, respectively. See GRAM Address Map. VSA[8:0] and VEA[8:0] specify the vertical
range to write data. Set VSA[8:0] and VEA[8:0] before starting RAM write operation. In setting, make
sure that 9°h000 < VSA < VEA < 9’h1AF.

VSA

VEA

17'h000-00

HSA

HEA

Window address area

17'h1AF-EF

Window address area setting range:
8'h00 = HSA < HEA = 8'hEF,
HEA - HSA = 8'h4,

9'h000 = VSA < VEA = 9h1AF

Notes: 1. Make an window address area within the GRAM address area.
2. In high-speed write mode, the R61509 writes data to the internal GRAM line by line horizontally.
When writing data to the GRAM, transfer the data to be written in one line at a time.
3. Set an address within the window address area for RAM address set.
When using high-speed write function, set an address at the start of a line.

Figure 8 GRAM Address Map and Window Address Area
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y Control

300

301

302

303

304

305

306

307

308

309

30A

30B

30C

30D

vy Control 1 ~ 14 (R300h to R30Dh)

R/W RS IBI15 1IB14 1IBI3 1IB12 [IB11 IB10 IB9 1B8 IB7 1B6 1B5 1B4 1B3 1B2 IB1 1BO

POKP | POKP | POKP POKP | POKP | POKP

RW | 1 0 0 0 0 o Ny Ly | gy | © 0 0 0 o "oz |or1 | ogo]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POKP | POKP | POKP POKP | POKP | POKP

RW | 1 0 0 0 0 o |5 |3 | 30 | © 0 0 0 O |3 |20 | 201
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POKP | POKP | POKP POKP | POKP | POKP

RW | 1 0 0 0 0 0 |'sey | sty | 51 | © 0 0 0 O | 4y |'am | a0l
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POFP | POFP POFP | POFP

RW | 1 0 0 0 0 0 o g | gy | © 0 0 0 0 0 | or1y | oo
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POFP | POFP POFP | POFP

R/W 1 0 0 0 0 0 0 3017 | 3101 0 0 0 0 0 0 o111 | 2101
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PORP | PORP | PORP PORP | PORP | PORP

RW | 1 0 0 0 0 o i | |y | © 0 0 0 o o1 | ormy | ogol
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW 1 0 0 0 VORP | VORP | VORP | VORP | VORP 0 0 0 VORP | VORP | VORP | VORP | VORP
141 | 131 | 1121 | 1111 | 107 o041 | o31 | or21 | or1 | ofo]

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POK | POK | POK POK | POK | POK

RW L 00 0 00 0 by g Napor ] @ L @ O | O ] O [Nop2g | Nortg | Nopoj
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POK | POK | POK POK | POK | POK

RW L 00 0 00 0 sy sy Napor ] @ L C 1 O O ] O INang N | N2po
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
POK | POK | POK POK | POK | POK

RAW- 1 0 0 0 0 O Insp2y [ Nsig | Nspop | © 0 0 0 O | Nap2] | Naf1] | N4[o]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POFN | POFN POFN | POFN

R/W 1 0 0 0 0 0 0 1] 170] 0 0 0 0 0 o] | ofo]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POFN | POFN POFN | POFN

R/W 1 0 0 0 0 0 0 307 | 3(0] 0 0 0 0 0 0 2117 | 200]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PORN | PORN | PORN PORN | PORN | PORN

R/W 1 0 0 0 0 0 121 | g | o) 0 0 0 0 0 o21 | op1] | ofo]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW 1 0 0 0 VOR | VOR | VOR | VOR | VOR 0 0 0 VOR | VOR | VOR | VOR | VOR

N1[4] | N1[3] | N1[2] | N1[1] | N1[0] NO[4] | No[3] | No[2] | No[1] | NO[0]

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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POKP5-0[2:0]:
POFP3-0[1:0]:
PORP1-0[2:0]:

VORP1-0[4:0]:
POKNS5-0[2:0]:

POFN3-0[1:0]:

PORN1-0[2:0]:
VORN1-0[4:0]:

v fine-adjustment register for positive polarity

v fine-adjustment register for positive polarity

vy gradient-adjustment register for positive polarity

v amplitude-adjustment register for positive polarity
v fine-adjustment register for negative polarity

y fine-adjustment register for negative polarity

vy gradient-adjustment register for negative polarity
v amplitude-adjustment register for negative polarity
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Base Image Display Control
Base Image Number of Line (R400h)
Base Image Display Control (R401h)

Base Image Vertical Scroll Control (R404h)

R/W RS IBI5S 1B14 IBI3 IB12 IB11 IBI10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IBl IBO

R I ewl 1 |gsol o [NO|NLO|NLO | NLO [ NLO [ NLO [ o | SCNO[SCNO[SCNO[SCNO|SCNO | SCNO

400 (5 | (4 | 31 | [21 | (1] | [0] (51| @ | B | 2T | 11 | [0]
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIrRw| 1 0 0 0 0 0 0 0 0 0 0 0 0 o | NPL\yigo| REV

401 0 0
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R VLO | VLO | VLO | VLO | VLO | VLO | VLO | VLO | VLO
RW | 1 0 0 0 0 0 0 0

404 (81 | (71 | [6] | [51 | (4 | 31 | 21 | (11 | [0]
Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GSO0: Sets the direction of scan by the gate driver in the range determined by SCNO and NLO bits. The gate
scan direction determined by setting GSO = 0 is reversed by setting GS = 1. Set GS0 bit in combination
with SM bits.

NLO[5:0]: Sets the number of lines to drive the LCD at an interval of 8 lines. The GRAM address mapping
is not affected by the number of lines set by NLO[5:0]. The number of lines must be the same or more than
the number of lines necessary for the size of the liquid crystal panel.

SCNI5:0]: Specifies the gate line where the gate driver starts scan.

NDLO: Sets the source output level in non-lit display area. Settings are different to normally black panels
and normally white panels.

Table 62
NDLO Non-lit display area
Positive Negative
0 V31 VO
1 VO V31
Note: NDLO setting is enabled in non-lit display area in partial display operation.

VLEQO: Vertical scroll display enable bit. When VLEO = 1, the R61509 starts displaying the base image
from the line (of the physical display) determined by VLO0[8:0] bits. VLO[8:0] sets the amount of scrolling,
which is the number of lines to shift the start line of the display from the first line of the physical display.
Note that the partial image display position is not affected by the base image scrolling.

The vertical scrolling is not available in external display interface operation. In this case, make sure to set
VLEO = “0”.
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Table 63

VLE Base image

0 Fixed

1 Enable scrolling

REVO: Enables the grayscale inversion of the image by setting REV0 = 1. This enables the R61509 to
display the same image from the same set of data whether the liquid crystal panel is normally black or

white.
Table 64
REV GRAM Data Sou.rc.:e Outpu? Level in Dl.splay Ar(?a
0 Positive Polarity ~ Negative Polarity
18’h00000 V31 VO
0 : : :
18'h3FFFFF VO V31
18’h00000 VO V31
1 : : :
18'h3FFFFF V31 VO

Note: Source output of non-lit display area is set by NDLO bit during partial display mode.

VLO[8:0]: Sets the amount of scrolling of the base image. The base image is scrolled in vertical direction

and displayed from the line which is determined by VLO.

Table 65

NLO[5:0] Number of Lines NLO[5:0] Number of Lines NLO[5:0] Number of Lines
6’h00 Setting inhibited 6'h13 160 6'h26 312
6’h01 16 (lines) 6'h14 168 6'h27 320
6’h02 24 6'h15 176 6'h28 328
6’h03 32 6’'h16 184 6’h29 336
6’h04 40 6'h17 192 6’h2A 344
6’h05 48 6'h18 200 6’h2B 352
6’h06 56 6'h19 208 6’h2C 360
6’h07 64 6’'h1A 216 6’h2D 368
6’h08 72 6’h1B 224 6’h2E 376
6’h09 80 6'h1C 232 6’h2F 384
6’h0A 88 6’h1D 240 6’h30 392
6’h0B 96 6’h1E 248 6'h31 400
6’h0C 104 6'h1F 256 6'h32 408
6’h0D 112 6'h20 264 6’h33 416
6’hOE 120 6’'h21 272 6’h34 424
6’hOF 128 6'h22 280 6’h35 432
6’h10 136 6'h23 288 6’h36-6'h3F  Setting inhibited
6’h11 144 6'h24 296

6’'h12 152 6'h25 304
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Table 66

Gate Line No (Scan start position)
SCNOJ5:0] SM=0 SM=1

GS0=0 GS0=1 GS0=0 GS0=1
6'h00 G1 G432 G1 G432
6'h01 G9 G424 G17 G416
6'h02 G17 G416 G33 G400
6'h03 G25 G408 G49 G384
6'h04 G33 G400 G65 G368
6'h05 G41 G392 G81 G352
6'h06 G49 G384 Go7 G336
6'h07 G57 G376 G113 G320
6'h08 G65 G368 G129 G304
6'h09 G73 G360 G145 G288
6'h0A G81 G352 G161 G272
6'h0B G89 G344 G177 G256
6'h0C G97 G336 G193 G240
6'h0D G105 G328 G209 G224
6'hOE G113 G320 G225 G208
6'hOF G121 G312 G241 G192
6h10 G129 G304 G257 G176
6'h11 G137 G296 G273 G160
6h12 G145 G288 G289 G144
6h13 G153 G280 G305 G128
6h14 G161 G272 G321 G112
6h15 G169 G264 G337 G9%
6h16 G177 G256 G353 G80
6h17 G185 G248 G369 G64
618 G193 G240 G385 G48
6'h19 G201 G232 G401 G32
6'h1A G209 G224 G417 G16
6h1B G217 G216 G2 G431
6'h1C G225 G208 G18 G415
6'h1D G233 G200 G34 G399
6h1E G241 G192 G50 G383
6'h1F G249 G184 G66 G367
6'h20 G257 G176 G82 G351
6'h21 G265 G168 G98 G335
6'h22 G273 G160 G114 G319
6'h23 G281 G152 G130 G303
6'h24 G289 G144 G146 G287
625 G297 G136 G162 G271
626 G305 G128 G178 G255
6'h27 G313 G120 G194 G239
6'h28 G321 G112 G210 G223
629 G329 G104 G226 G207
6'h2A G337 G9% G242 G191
6h2B G345 G88 G258 G175
6'h2C G353 G80 G274 G159
6'h2D G361 G72 G290 G143
6'h2E G369 G64 G306 G127
6'h2F G377 G56 G322 G111
6'h30 G385 G48 G338 G95
6'h31 G393 G40 G354 G79
632 G401 G32 G370 G63
6'h33 G409 G24 G386 G47
6'h34 G417 G16 G402 G31
635 G425 G8 G418 G15
6'h36-6'h3F Setting disabled | Setting disabled izg'bnlg g Setting disabled

Note: Make sure that gate scan end position (= gate scan start position + NL) does not exceed 432

lines.
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Partial Display Control

Partial Image 1: Display Position (R500h), RAM Address (Start/End Line Address)

(R501h/R502h)
Partial Image 2: Display Position (R503h), RAM Address (Start/End Line Address)
(R504h/R505h)
RW RS IBIS IBl4 IBI3 IBI2 IBIl IBI0 IB9 1IB§ 1IB7 1[B6 IB5S B4 B3 1IB2 1Bl IBO
R PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP
soon| W L L 0 0 0 0000 e or7y | ore] | ors] | or4] | o3l | or21 | or1g | ofo]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA
sot| WL L0 0 0 0000 e or7y | ofe] | ors] | of4] | o1 | or21 | or1] | ofo]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE
soon| W LT 00 0 0000 ey aop7] | Aof6] | Aos] | A0[4 | Aor3] | Aor2] | Aori] | Aofo]
Defaultvalie | 0 | 0 | 0 | 0 ] 0 ] 0 | 0 o0 o0 0] 0] 0] oo oo
R PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP | PTDP
sosn| WL L 0 0 0 0 000 e gy | age) | st | i) |t | i | g | oio)
Defaultvale | 0 | 0 | 0 | 0 ] 0 ] 0 | o0 o0 o o] 0] o] oo oo
R PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA | PTSA
sogn| W LT 0 0 0 0000 e gy | age] | us) | i) | st | a2l | g | oio)
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE
sosh| WL L 0 0 0 000 0 ey LA | Ale] | ATLEST| AL[4T | AL3] | ALR2] | AL | ALTO]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTDPO[8:0]: Sets the display position of partial image 1.
PTDP1[8:0]: Sets the display position of partial image 2.
The display areas of the partial images 1 and 2 must not overlap each another. In setting, make sure that

Coordinates of partial image 1 display position: (PTDPO, PTDPO + (PTEAO — PTSA0))
Coordinates of partial image 2 display position: (PTDP1, PTDP1 + (PTEA1 — PTSAL))

Therefore,
Partial image 1 display area < Partial image 2 display area.
If PTDPO = “9°h000”, the partial image 1 is displayed from the first line of the base image.

PTSAQ[8:0] and PTEAQ[8:0]: Sets the start line and end line addresses of the RAM area, respectively for
the partial image 1. In setting, make sure that PTSAO < PTEAOQ.

PTSAL[8:0] and PTEAL[8:0]: Sets the start line and end line addresses of the RAM area, respectively for
the partial image 2. In setting, make sure that PTSA1 < PTEAI.
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Pin Control

Software Reset (R600h)

R/W RS IB15 IB14 IB13 IB12 IBIl1 IB10 IB9 IBS 1IB7 1IB6 1IB5S 1IB4 1IB3 1IB2 IBI 1BO

R/W | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SRST

Default value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SRST: When SRST = 1, software is reset.
When SRST = 0, software reset is canceled.

When software reset is executed, instruction registers other than SRST, UID[3:0], VCM1[4:0], VCM2[4:0]
and VCMSEL are initialized.

i80-i/F Endian Control (R606h)

R/W RS IBI5S IB14 IBI3 1B12 IBIl IBIO 1B9 IB8 1B7 1B6 IBS 1B4 1B3 1B2 IB1 1BO

TCRE TCRE
R/W 1 0 0 0 0 0 0 0 V1] 0 0 0 0 0 0 0 V[0]
Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TCREV[1:0]: Controls the endian setting (big/little endian: the order of receiving data) when transferring
one-pixel data via i80 interface in multiple times. When setting a new value to TCREV[1:0], the order is
changed from when the next instruction is executed.

Table 67

TCREV[1:0] 2 Transfers/Pixel 3 Transfers/Pixel

2'h0 Upper to lower (15t > 2™) Upper to lower (15> 2™ 3™)
2’h1 Setting disabled Setting disabled

2’h2 Setting disabled Setting disabled

2’h2 Lower to upper (2" > 1%) Lower to upper (3> 2> 1%)

Notes: 1. Inread operation, the data is transferred from upper bits to lower bits (big endian) regardless of
TCREV[1:0] setting.
2. Make sure to set TCRV[1:0] when executing reset or exiting from shutdown mode.
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NVM Control

NVM Access Control (R6F0h)

RW RS IB15 IB14 [B13 1B12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 IB3 B2 IB1 IBO
R EOP | EOP EAD | EAD
R/W |1 0 0 0 0 0 0 0 0 TE 0 0 0
6F0 (1 | o (11 | [0]

Default value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EAD [1:0]: Designates the address in NVM, where the data is written. Each address has particular data to
be written.

Table 68

EADI[1:0] Data written into NVM

2’h0 UID[3:0] (R280 1B3-0)

2’h1 VCM1 [4:0] (R281 1B4-0)

2’h2 VCMSEL, VCM2 [4:0] (R282 IB7, I1B4-0)
2’h3 Setting disabled

EOP [1:0]: Writes into NVM or halts the write operation. Write-in data, on R280, R281 or R282 registers,
is selected by EAD settings.

Table 69

EOP[1:0] NVM control
2’h0 Halt

2’h1 Write

2’h2 Setting disabled
2’h3 Setting disabled

TE: Enable internal NVM control bit (EOP). Follow the NVM control sequence when setting TE.
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Rev0.0.5.5 2007.06.21

I Major Category Middle Category Minor Category Upper code Lower code
Index_ {31} Index Commands IB15 1B14 1B13 1B12 1B11 1B10 1B9 1B8 IB7 1B6 IB5 1B4 1B3 1B2 IB1 1BO
- Index bl Index 0 0 0 0 0 ID10 D9 D8 D7 D6 D5 D4 D3 D2 D21 DO
0% Display control 00 000h Device code read 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1
. . SM SS
Display control 001h Driver output control 0 0 0 0 0 © 0 © 0 0 0 0 0 0 0 0
. B/cl0] NWL1] Nwo]
002h LCD drive wave control 0 0 0 0 0 0 0 © 0 0 0 0 0 0 © o)
TRI DFM[0] BGR HWM ORG ID[1] ID[0] AM EPF[1] EPF[0]
003h Entry mode © ) 0 ) 0 0 ) g ) © 1) 1) (0) o ) )
004-005h Setting disabled
006h outli h . trol EGMODE o 0 o 0 0 AVST[2] | AVST[1] | AVSTI0] } ADST[2] }{ ADST[1] | ADST[0] | DTHU[1] { DTHU[O] }{ DTHL[1] | DTHL[O]
UHine sharpening comtro © © ©) © © ©) © © © © ©
. PTDE1 PTDEO BASEEO VON GON DTE D[1] D[0]
007h Display control 1 0 0 © © 0 0 0 © 0 © © © 0 0 © ©
. FP[3 FP[2 FP[1 FP[O. BP[3. BP[2 BP[1 BP0,
008h Display control 2 0 0 0 0 (1[)] (0[)] (0[)] (0[)] 0 0 0 0 (1[) ] (0[) ] (0[) ] (0[) ]
. PTV PTS[2] PTS[1] PTS[0] PTG[1] PTG[0] 1SC[3] 1Sc[2] I1Sc[1] 1sclo]
009h Display control 3 0 0 0 0 © © o) (0) 0 v (0) (0) (0) (0) (0) (0)
00Ah Setting disabled
00Bh Low power control 1 0 0 0 0 0 0 0 0 0 0 0 VE(ZI)[O] 0 0 0 ?S)L
" ENC[2] ENC[1] ENC[0] RM DM[1] DM[0] RIM[1] RIM[0]
00Ch External display control 1 0 © © © 0 0 0 © 0 0 © © 0 0 © )
00D-00Eh Setting disabled
. VSPL HSPL EPL DPL
00Fh External display control 2 0 0 0 0 0 0 0 0 0 0 0 © © 0 0 ©)
. DIVI[1] DIVI[0] RTNI[4] RTNI[3] RTNI[2] RTNI[1] RTNI[0]
01 010h Panel interface control 1 0 0 0 0 0 0 © © 0 0 0 ) © ) ) )
Panel interface ) NOWI[2] | NOWIL1] } NOWI[0] SDTI[2] i SDTI[1] i SDTI[0]
(Internal clock) 011h Panel interface control 2 0 0 0 0 0 © © © 0 0 0 0 0 ©) © ©
. VEQWI[1] i VEQWI[0] SEQWI[2] | SEQWI[1] | SEQWI[0]
012h Panel interface control 3 0 0 0 0 0 0 © © 0 0 0 0 0 © © ©
013-01Fh Setting disabled
) DIVE[1] | DIVE[0] RTNE[6] i RTNE[5] ; RTNE[4] | RTNE[3] i RTNE[2] ; RTNE[1] i RTNE[0]
02x 020h Panel interface control 4 0 0 0 0 0 0 o ) 0 © © o o o o ©
Panel interface . NOWE[3] i NOWE[2] i NOWE[1] i NOWE[0] SDTE[3] SDTE[2] SDTE[1] SDTE[0]
(External clock) 021h Panel interface control 5 0 0 0 0 © © © © 0 0 0 0 © © © ©
) VEQWE[2]  VEQWE[1]; VEQWE[0] SEQWE([3] | SEQWE[2] | SEQWE[1] | SEQWE[0]
022h Panel interface control 6 0 0 0 0 0 © © © 0 0 0 0 ©) ©) ©) 0
023-08Fh Setting disabled
FMKM FMI[2] FMI[1] FMI[0] FMP[8] FMP([7] FMP[6] FMP[5] FMP[4] FMP[3] FMP[2] FMP[1] FMP[0]
0o 090 Frame marker control © © © © 0 0 0 © © © © © © © © ©
091h Setting disabled
092h MDDI sub~display control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 St sl
Frame marker 093-0FFh Setting disabled
SAP[1] SAP[0] SAP BT[2] BT[1] BT[0] APE AP[2] AP[1] AP[0] DSTB SLP
T Power control 100h Power control 1 0 © © © 0 © © © © © © © 0 © © 0
DC1[2] DCi1[1] plej ] DCO[2] DCO[1] DCo[0] vela] velil velo]
1oth Power control 2 0 0 0 0 0 ) ) © 0 D) m © 0 © © ©
VCMRO[0] | VREGIR PSON PON VRH[3] VRH[2] VRH[1] VRHI[0]
102h Power control 3 0 0 0 0 0 0 0 © © 0 © © © ) © ©
VCOMG | VDV[4] | VvDV[3] ; vDV[2] ! VvDV[1] } VDV[0]
103h Power control 4 0 0 © © © © © © 0 0 0 0 0 0 0 0
104-106h Setting disabled
DcMm[0] DCT[3] DCT([2] DCT[1] DCT([0]
107h Power control 5 0 0 0 0 0 0 0 0 0 0 0 ©) © © © ©
108-10Fh Setting disabled
110h Power control 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o
111h Setting disabled
112h Power control 7 0 0 0 0 0 0 TB(T)D] TB(T)[OJ 0 1 1 0 0 0 0 0
113-1FFh Setting disabled
RAM address set (Horizontal AD[7] AD[6] AD[5] AD[4] AD[3] AD[2] AD[1] AD[0]
e RAM access 20% 2000 address) 0 0 0 0 0 0 0 0 © © © © © © © ©
. . AD[16] AD[15] AD[14] AD[13] AD[12] AD[11] AD[10] AD[9] AD[8]
RAM read/write 201h RAM address set (Vertical address) 0 0 0 0 0 0 0 ©) ©) ©) ©) ©) © © © )
202h Write data t%éiﬁd data from Allocations of RAM write data RD[17:0]/RD[17:0] are different according to interface format.
203-20Fh Setting disabled
Window horizontal RAM address HSA[7] HSA[6] HSA[5] HSA[4] HSA[3] HSA[2] HSA[1] HSA[0]
21% 210n start 0 0 0 0 0 0 0 0 © © © © © © © ©
) Window horizontal RAM address HEA[7] HEA[6] HEA[5] HEA[4] HEA[3] HEA[2] HEA[1] HEA[0]
Window address 21th end 0 0 0 0 0 0 0 0 ) ) ) © ) ) ) R
. . VSA[S8] VSA[7] VSA[6] VSA[5] VSA[4] VSA[3] VSA[2] VSA[1] VSA[0]
212h Window vertical RAM address start 0 0 0 0 0 0 0 © © © © © © © © ©
) . VEA[8] VEA[7] VEA[6] VEA[S] VEA[4] VEA[3] VEA[2] VEAI1] VEA[0]
213h Window vertical RAM address end 0 0 0 0 0 0 0 ) ) 0 ) 0 ) ) ) )
214-27Fh Setting disabled
28% 280h | Write/Read Data from/to NVM 0 0 0 0 0 0 0 0 0 0 0 0 VR Ul Ui Uil
. VCM1[4] [ vemi[3] | veMmi[2] | vemi[i] i vemi[o]
NVM read data 281h Vcom High Voltage 1 0 0 0 0 0 0 0 0 0 0 0 © © © © ©
. VCMSEL VvCM2[4] | veMm2[3] i veMm2[2] i veM2[1] i vCM2[0]
282h Vcom High Voltage 2 0 0 0 0 0 0 0 0 © 0 0 © © © © ©
283-2FFh Setting disabled
3 7 control 30% 300h 7 control 1 0 0 0 0 o | POKPILT | POEIL | POKRIOL | g 0 0 0 o POKPOLR | POKROLIT | POKPOLO]
Y eonrl | soth 7 control 2 o | o | o i o | o |Poes@ e ipoes [ g E g g POKPaR) § PoKPalt] | PokPeD]
3020 7 control 3 0 0 0 0 0 POK(I;)E[Z] POK(I;)ED] POK(I;)E[O] 0 0 0 0 0 POK(I;)‘I[Z] POK(I;)4[1] POK(I;)‘I[O]
303h v control 4 0 0 0 0 0 0 POF(E)] t POF(E)] o] 0 0 0 0 0 0 POF(E?[” POF(E?[O]
304h ¥ control 5 0 0 0 0 0 0 PUF(Ef[‘] PUF(E);‘["] 0 0 0 0 0 0 PUF(E)Z[” PUF(E)Z["]
30 7 control 6 L T O S O S vt Sl N A T M A vt M Bl
VORP1[4] | VORP1[3] | VORP1[2] { VORP1[1] | VORP1[0] VORPO[4] | VORPO[3] | VORPO[2] { VORPO[1] | VORPO[0]
306h ¥ _control 7 0 0 0 © © © ) © 0 0 0 © © © © ©
207 7 control 8 o | o | o | o | o §PoCE PO PO [Ty g g g POKNOD] | POKNGT | PORNOG)
308h ¥ control 9 0 0 0 0 0 POK(I(\)I)S[ZJ POK(I(\)I)S[IJ POK(I(\)I)S[OJ o o 0 0 0 POK(I(\)I)Z[ZJ POK(I(\)I)Z[IJ POK(I(\)I)Z[OJ
30sh 7 control 10 O T (O T O et Ml I M T Y I et M Bl
30Ah ¥ control 11 0 0 0 0 0 o PO PORMIL I 0 0 0 0 o POFROIII | POFNOLO]
30Bh ¥ control 12 0 0 0 0 0 0 POF('(\)‘;ZUJ POF(g)S[O] 0 0 0 0 0 0 POF(g)Z[ﬂ POF(g)Z[O]
30Ch ¥ control 13 0 0 0 0 0 PUF;g; [2] PUF?(\)‘;M PUFEI(\)IJ [o] 0 0 0 0 0 PUFEI(\)I)O[Z] PUFEI(\)I)O[I] PUFEI(\)I)O[O]
VORN1[4] | VORN1[3] } VORN1[2] | VORN1[1] | VORN1[0] VORNO[4] | VORNO[3] } VORNO[2] | VORNO[1] | VORNO[0]
30Dh 7 control 14 0 0 0 © © © © © 0 0 v ) ) ) ©) )
30E-3FFh Setting disabled
. . . . GSo0 NLO[5] NLO[4] NLO[3] NLO[2] NLO[1] NLo[0] SCNO[5] i SCNO[4] | SCNO[3] | SCNO[2] | SCNO[1] i SCNO[0]
4ok Base image display 400h Base image number of line © 0 © © © © © © 0 0 © © © © © ©
401h Base image display control 0 0 0 0 0 0 0 0 0 0 0 0 0 Ng)I)J) V(IESO R(E(XO
402-403h Setting disabled
404h Base image vertical scroll control 0 0 0 0 0 0 0 v&gga] Vlzggﬂ VIESEGJ VI?SEEJ V%gg‘ﬂ V|z8£3] VlngZJ Vlzggﬂ VIESEOJ
405-4FFh Setting disabled
5k Partial display control 500h Partial image 1: Display position 0 0 0 0 0 0 0 PTD(S)OESJ PTD(S)OD] PTD(S)O[GJ PTD(S;)[SJ PTD(S;JW PTD(E;)[SJ PTD(E;)[Z] PTD(;’;)U] PTD(E)O[O]
501h Partial image 1: RAM address start 0 0 0 0 0 0 0 PTSAO[8] | PTSAO[7] | PTSAO[6] | PTSAO[5] | PTSAO[4] [ PTSAO[3] i PTSAO[2] | PTSAO[1] i PTSA0[0]
line address (0) (0) (0) (0) (0) (0) (0) (0) (0)
502h Partial image 1: RAM address end o 0 o 0 0 o o PTEAO[8] | PTEAO[7] i PTEAO[6] i PTEAO[5] i PTEAO[4] | PTEAO[3] i PTEAO[2] i PTEAO[1] i PTEAO[0]
line address (0) (0) (0) (0) (0) (0) (0) (0) 0)
o - - PTDP1[8] | PTDP1[7] i PTDP1[6] ; PTDP1[5] { PTDP1[4] | PTDP1[3] | PTDP1[2] i PTDP1[1] ; PTDP1[0]
503h Partial image 2 display position 0 0 0 0 0 0 0 ©) ©) ©) ©) ) ) ) ) )
504h Partial image 2: RAM address start o 0 o 0 0 o o PTSA1[8] | PTSA1[7] i PTSA1[6] i PTSA1[5] i PTSA1[4] | PTSA1[3] i PTSA1[2] i PTSA1[1] i PTSA1[0]
line address (0) (0) (0) (0) (0) (0) (0) (0) (0)
505h Partial image 2: RAM address end 0 0 0 0 0 0 0 PTEA1[8] | PTEA1[7] | PTEAI[6] | PTEA1[5] | PTEA1[4] [ PTEAI[3] | PTEA1[2] | PTEAI[1] | PTEA1[0]
line address (0) (0) (0) (0) (0) (0) (0) (0) (0)
506—-5FFh Setting disabled
Bkk Pin control 60% 600h Software reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S(R(ST
Interface control 601-605h Setting disabled
606h I/F Endian Control 0 0 0 0 0 0 o TRV o 0 0 0 0 0 o jTOREVIO
607-6EFh Setting disabled
TE EOP[1] | EOP[0] EAD[1] | EAD[0]
6F* 6FOh NVM access control 0 0 0 0 0 0 0 0 © 0 © © 0 0 © ©
NVM-I/F 6F1-FFFh Setting disabled

Note 1: Values in the parenthesis are default value.
Note 2: Do not access to instruction other than listed here.




R61509

Reset Function

The R61509 is initialized by the RESET input. During reset period, the R61509 is in a busy state and
instruction from the microcomputer and GRAM access are not accepted. The R61509’s internal power
supply circuit unit is initialized also by the RESET input. The RESET period must be secured for at least
Ims. In case of power-on reset, wait until the RC oscillation frequency stabilizes (for 1 ms). During this
period, GRAM access and initial instruction setting are prohibited.

1. Initial state of instruction bits (default)
See the instruction list. The default value is shown in the parenthesis of each instruction bit cell.
2. RAM Data initialization

The RAM data is not automatically initialized by the RESET input. It must be initialized by software in
display-off period (D1-0 = “00”).

3. Output pin initial state * Nt

1. LCD driver S1~S720 : GND
G1~G432 : VGL (= GND)
2. VCOM : Halt (GND output)
3. VCOMH : VCI
4. VCOML : Halt (GND output)
5. VREGIOUT : VGS
6. VCIOUT : Hi-z
7. VLOUTI : VCI
8. VLOUT2 : DDVDH (VCI clamp)
9. VLOUT3 : GND
10. VLOUT4 : GND
11. FMARK : Halt (GND output )
12. Oscillator : Oscillate
13. SDO : High level (IOVCC1) when IM2-0 = “10*”(serial interface)

: Hi-z when IM2-0 # “10*”(other than serial interface)

4. Initial state of input/output pins* *¢N°*

1. Cl1+ . Hioz

2. Cl1- - Hiwz

3. Cl2+  Hi-z

4. Cl2- : Hi-z

> b : VCII (= Hi-z)

6. Cl13- - GND

7. C21+ : DDVDH (= VCI)
8 C21- - GND

9. C22+ . DDVDH ( = VC)
10. C22- - GND

11. C23+ - DDVDH ( = VCI)
12. C23- - GND

13. VDD . VDD
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Note: The above mentioned initial states of output and input pins are those of when the R61509°s power
supply circuit is connected as in Connection Example.

5 When a RESET input is entered into the R61509 while it is in shutdown mode, the R61509 starts up the
inside logic regulator and makes a transition to the initial state. During this period, the state of the
interface pins may become unstable. For this reason, do not enter a RESET input in shutdown mode.

6 When transferring instruction in either two or three transfers via 8-/9-/16-bit interface, make sure to
execute data transfer synchronization after reset operation.

Rev.1.03 November 26, 2007, page 95 of 231
RENESAS



R61509

Basic Mode Operation of the R61509

The basic operation modes of the R61509 are shown in the following diagram. When making a transition
from one mode to another, refer to instruction setting sequence.

. . Shut down
Display OFF sequence | | Display ON sequence mode
(Power OFF sequence)| |(Power ON sequence)
moving picture moving picture
i displa
ClEiEY VSYNC i/F sequence 2 A 4 RGB i/F (1) sequence 1 22y
VSYNC < (OMEIOIRME0) Internal clock |__(PM=01, RM=1) »| RoB
f » | display ; [
interface / < interface (1) |«
VSYNC i/F sequence 1 " | operation RGB i/F (1) sequence 2
(DM=00, RM=0) I (DM=00, RM=0)
Partial Partial
display display
sequence 2 sequence 1
\ 4
Partial
display
e e A A RN AN E NN EE AN EEEEEEEEEEEEEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEEEE
L]

Software
Reset

Sleep
mode
[y
Sleep Exit Sleep
set
Execute v
__ software reset
- Display Initial setting Reset
»| OFF DSTB =1 state
Cancel Deep
software reset S standby set

Initial setting

262k-color
mode

: 7'y

8 —» 262k
color display|
sequence

8-color
mode

262k —» 8
color display
H sequence

“— Reset

T Exit shut down mode

RGB i/F (2) sequence 1

(DM=01, RM=0)

RAM access via
system i/F while displaying
moving picture

RGB

A\ 4

RGB i/F (2) sequence 2

(DM=01, RM=1)

interface (2)

Figure 9
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Interface and Data Format

The R61509 supports system interface for making instruction and other settings, and external display
interface for displaying a moving picture. The R61509 can select the optimum interface for the display
(moving or still picture) in order to transfer data efficiently.

As external display interface, the R61509 supports RGB interface and VSYNC interface, which enables
data rewrite operation without flickering the moving picture on display.

In RGB interface operation, the display operation is executed in synchronization with synchronous signals
VSYNC, HSYNC, and DOTCLK. In synchronization with these signals, the R61509 writes display data
according to data enable signal (ENABLE) via RGB data signal bus (DB17-0). The display data is stored
in the R61509’s GRAM so that data is transferred only when rewriting the frames of moving picture and
the data transfer required for moving picture display can be minimized. The window address function
specifies the RAM area to write data for moving picture display, which enables displaying a moving picture
and RAM data in other than the moving picture area simultaneously. To access the R61509’s internal
RAM in high speed with low power consumption, use high-speed write function (HWM = 1) in RGB or
VSYNC interface operation.

In VSYNC interface operation, the internal display operation is synchronized with the frame
synchronization signal (VSYNC). The VSYNC interface enables a moving picture display via system
interface by writing the data to the GRAM at faster than the minimum calculated speed in synchronization
with the falling edge of VSYNC. In this case, there are restrictions in setting the frequency and the method
to write data to the internal RAM.

The R61509 operates in either one of the following four modes according to the state of the display. The
operation mode is set in the external display interface control register (ROCh). When switching from one
mode to another, make sure to follow the relevant sequence in setting instruction bits.

Table 70 Operation Modes

Operation Mode RAM Access Setting (RM) Display Operation Mode (DM)
Internal clock operation System interface Internal clock operation
(displaying still pictures) (RM =0) (DM1-0 = 00)

RGB interface (1) RGB interface RGB interface

(displaying moving pictures) (RM=1) (DM1-0 =01)

RGB interface (2) System interface RGB interface

(rewriting still pictures while (RM =0) (DM1-0 =01)

displaying moving pictures)

VSYNC interface System interface VSYNC interface

(displaying moving pictures) (RM =0) (DM1-0 =10)

Notes: 1. Instructions are set only via system interface.
2. The RGB and VSYNC interfaces cannot be used simultaneously.
3. Do not make changes to the RGB interface operation setting (RIM1-0) while RGB interface is
in operation.
4. See the “External Display Interface” section for the sequences when switching from one mode
to another.

5. Use high-speed write function (HWM = 1) when writing data via RGB or VSYNC interface.
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| CS*
_System > Rs
interface
P \WR*
P (RD*)
System interface
18/16/9/8
System e p{ DB17-0
RGB interface
18/16/6 R61509
| ENABLE
VSYNC
RGB >
interface P HSYNC
P DOTCLK
Figure 10

Internal clock operation

The display operation is synchronized with signals generated from internal oscillator’s clock (OSC) in this
mode. All input via external display interface is disabled in this operation. The internal RAM can be
accessed only via system interface.

RGB interface operation (1)

The display operation is synchronized with frame synchronous signal (VSYNC), line synchronous signal
(HSYNC), and dot clock signal (DOTCLK) in RGB interface operation. These signals must be supplied
during the display operation via RGB interface.

The R61509 transfers display data in units of pixels via DB17-0 pins. The display data is stored in the
internal RAM. The combined use of high-speed RAM write mode and window address function can
minimize the total number of data transfer for moving picture display by transferring only the data to be
written in the moving picture RAM area when it is written and enables the R61509 to display a moving
picture and the data in other than the moving picture RAM area simultaneously.

The front porch (FP), back porch (BP), and the display (NL) periods are automatically calculated inside the
R61509 by counting the number of clocks of line synchronous signal (HSYNC) from the falling edge of the
frame synchronous signal (VSYNC). Make sure to transfer pixel data via DB17-0 pins in accordance with
the setting of these periods.
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RGB interface operation (2)

This mode enables the R61509 to rewrite RAM data via system interface while using RGB interface for
display operation. To rewrite RAM data via system interface, make sure that display data is not transferred
via RGB interface (ENABLE = high). To return to the RGB interface operation, change the ENABLE
setting first. Then set an address in the RAM address set register and R22h in the index register.

VSYNC interface operation

The internal display operation is synchronized with the frame synchronous signal (VSYNC) in this mode.
This mode enables the R61509 to display a moving picture via system interface by writing data in the
internal RAM at faster than the calculated minimum speed via system interface from the falling edge of
frame synchronous (VSYNC). In this case, there are restrictions in speed and method of writing RAM data.
For details, see the “VSYNC Interface” section.

As external input, only VSYNC signal input is valid in this mode. Other input via external display
interface becomes disabled.

The front porch (FP), back porch (BP), and the display (NL) periods are automatically calculated from the
frame synchronous signal (VSYNC) inside the R61509 according to the instruction settings for these
periods.

FMARK interface operation

In the FMARK interface operation, data is written to internal RAM via system interface synchronizing with
the frame mark signal (FMARK), realizing tearing-less moving picture while using conventional system
interface. In this case, there are restrictions in speed and method of writing RAM data. See “FMARK
interface” for detail.

Rev.1.03 November 26, 2007, page 99 of 231
RENESAS



R61509

System Interface

The following are the kinds of system interfaces available with the R61509. The interface operation is
selected by setting the IM2/1/0 pins. The system interface is used for instruction setting and RAM access.
See also 180-1/F Endian Control (R606h) for the order of receiving data when data is transferred in multiple
times.

Table 71 IM Bit Settings and System Interface

IM2 IM1 IMO Interfacing Mode with MPU DB Pins Colors

0 0 0 80-system 18-bit interface DB17-0 262,144

0 0 1 80-system 9-bit interface DB17-9 262,144

0 1 0 80-system 16-bit interface DB17-10, DB8-1 262,144
*see Note1

0 1 1 80-system 8-bit interface DB17-10 262,144
*see Note2

1 0 * Clock synchronous serial interface - 65,536

1 1 0 Setting inhibited - -

1 1 1 MDDI MDDI_STB_P/M_B, 262,144

MDDI_DATA_P/M_B  *see Note3

Notes: 1. 65,536 colors in 16-bit single transfer mode.
262,144 colors is 8-bit 3-transfer mode. 65,536 colors in 8-bit 2-transfer mode.
65,536 colors in MDDI operation (DFM = 1).

@ N
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80-System 18-Bit Bus Interface

IM[2:0] = 000
CSn* > Cs*
Al > RS
MPU HWR »{ WR* R61509
(RD*) p{ (RD*)
D31-0 & »-| DB17-0
18

Figure 11 18-bit Interface

Instruction write

Input pB | DB | DB |DB|DB|DB|DB|DB|DB|DB| DB | DB |DB|DB|DB | DB | DB | DB
17 |16 |15 [ 14 [ 13 |12 |11 [10] 9 8|71 6| 5] 4] 3] 2]1 0
instruction | B | 1B [ 1B | 1B | 1B 1B |IB |IB B |IB|IB|IB|IB|IB|IB|IB
151413 [ 121110 |9 | 8 7 16 |54 ]3]|2 1 0
Instruction code
Device code read
B |IB|B|[IB|IB]|IB]|IB]|IB B|mB|IB|IB|IB|IB| IB| IB
Devicecode | 15 | 14 [13 [12 | 11 [10 | 9 | 8 716|543 2]1 0
A A l A v
DB | DB | DB |DB|DB|DB|DB|DB | DB |DB | DB |DB|DB|DB | DB |DB | DB | DB
Output 17 |16 |15 |14 | 13| 12|11 ]|10] 9 | 8 | 7 6| 5| 4] 3 2 |1 0
Instruction code
Figure 12 18-Bit Interface Data Format (Instruction Write / Device Code Read)
RAM data write
nout pDB|[DB|DB|[DB|DB|[DB|DB|DB|DB|[DB|[DB|DB|DB|DB|DB|DB | DB | DB
neu 17 |16 |15 |14 |13 |12 |11 |10 | 9 | 8 |7 6 | 5|4 |3 |2]1]0
S;;\M write R5 | R4 |R3|R2|R1|RO|G5|G4|G3|G2|G1|Go|B5|B4|B3|B2|B1|BO

1 pixel

Note: Normal display in 262,144 colors.

RAM data read

GRAM data R5 R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B5 B4 B3 B2

B1 | BO
2R R T T SN S R TN R R N TR SN
Read data RD [ RD [ RD [ RD [RD [RD [ RD [ RD [ RD [ RD [ RD [ RD [ RD [ RD [ RD [ RD [ RD | RD
[17] | [16] | [18] [14]‘[13] 2] | (1] [10]’ o] | (8 ‘ [7] ‘ 6] | 51 | [4] ‘ [3] ‘ 2] | [ ‘ [0]‘
LA 00 0 TN R JN TR 20 TR R R TR TR T R K R
DB [ DB [ DB | DB [ DB | DB | DB | DB

Output pins ‘

DB DB DB DB DB DB | DB DB
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

DB
1

‘DB
0

Figure 13 18-Bit Interface Data Format (RAM Data Write / RAM Data Read)
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80-System 16-Bit Bus Interface

IM[2:0] = 010
A1 | RS
MPU HWR »{ WR* R61509
(RD*) p| (RD*)
D15-0 |-t p DB17-10, 8-1
16
Figure 14 16-Bit Interface
Instruction
| DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
nput 17 116 |15 |14 | 13 | 12| 11| 10 8 |7 16|51 43| 211
Instruction | B | 1B [ 1B | 1B | 1B|IB|IB |IB B |B|1B|IB|IB|IB|IB]|IB
1514|1312 11|10 ] 9 | 8 716|543 |2]1]o0
Instruction code
Device code read
Device cod BB |B|IB|IB|IB|IB]|IB B B |1B|[IB|IB]|IB
evicecode 1 45 |14 |13 |12 |11 |10 ]| 9 | 8 7 5 4 | 3 |2 1

—o @

T I i1 111

DB (DB (DB |DB (DB [ DB (DB |DB | DB |[DB |DB |DB | DB [ DB | DB | DB DB
Output 17 (16 |15 |14 |13 (12 |11 [10 ]| 9 | 8 |7 |6 |5 |4 |3 [2[1]0o0

Instruction code Note: Device code cannot be read in 2 transfer mode.

Figure 15 16-Bit Interface Data Format (Instruction Write / Device Code Read)
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RAM data write (1-transfer mode: TRI = 0) (EPE=2'h0)

Input DB (DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
17 |16 | 15|14 |13 |12 | 11 | 10 8 7 6 5 4 3 2 1

[Rs|Ra [R3|R2|R1|Ro|G5]|Ga|G3|c2|c1|co|Bs|B4|B3]|B2]B1]BoO|

1 pixel Note: 65,536 colors are available.
RAM data write (2-transfer mode: TRI = 0, DFM = 0)
First transfer Second transfer
|BPUt DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB
pins 17 16 15 17 16

lllllllllllll

GRAM
write data [17] ‘ [16] [15] [14] [13] [12] [11] [10] [9] [8] [7] [5] [5] [4] [3] [2] [1] ‘ [0]
RGB
assignmem|R5‘R4‘R3‘R2‘R1’RO‘GS‘G4‘G3‘G2‘G1|G0‘BS‘B4‘B3‘B2‘B1‘BO‘
1 pixel Note: Normal display in 262,144 colors.

RAM data write (2-transfer mode: TRl = 1, DFM = 1)

First transfer Second transfer

DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
Input pins 2 1 17 16 15 14 13 12 " 10 8 7 6 5 4 3 2 ‘I

SR SO R S T T T T N T

GRAM write WD WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD ‘

data [17] [16] | [15] | [(14] | (131 | [12] | (111 | [(10] | [9 | 8] | [71 | [6] | [5] | [4] | 3] | [2] [1] [0]
A AR I I A A AR A A A

RGB

assignment ‘R5|R4‘R3|R2|R1‘R0|G5|G4‘G3|G2‘G1‘GOIBS‘B4|B3|BZ‘B1IBOI

1 pixel Note: Normal display in 262,144 colors.

Figure 16 16-bit Interface Data Format (RAM Data Write)

RAM data read (1-transfer mode: TRI = 0)

GRAM data
l i l l l i l l i i i $ l l i l l i
Read data ‘ ‘ RD RD | RD [RD | RD [ RD [ RD | RD | RD | RD | RD | RD | RD
[17] | [16] [15] [14] [13] [12] [11] | [10] | [9] [8] [7] [6] [5] [4] [3] [2] [1] [0]
AR IR I R I I I I I IR
- DB
Output pins ‘17‘16‘15‘14‘13‘12‘11‘10‘ ‘8‘7‘6‘5 4‘3‘2 1‘

Note: RAM data cannot be read in 2-transfer mode.

Figure 17 16-Bit Interface Data Format (RAM Data Read)
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Data Transfer Synchronization in 16-Bit Bus Interface Operation

The R61509 supports data transfer synchronization function to reset the counters for upper 16-/2-bit and
lower 2-/16-bit transfers in 16-bit 2-transfer mode. When a mismatch occurs in upper and lower data
transfers due to noise and so on, the 000H instruction is written four times consecutively to reset the upper
and lower counters in order to restart the data transfer from upper 2/16 bits. The data transfer
synchronization, when executed periodically, can help the display system recover from runaway.

Make sure to execute data transfer synchronization after reset operation before transferring instruction.

Rs A\ /

RD 4 \
WR \/ VARV ARVERY, \VARYARY;
e A o a0 e 00 O e A (T ooy ey

(16-bit transfer synchronization)

Figure 18 16-Bit Data Transfer Synchronization
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80-System 9-bit Bus Interface

When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are
transferred first (the LSB is not used). The RAM write data is also divided into upper and lower 9 bits, and
the upper 9 bits are transferred first. The unused DB pins must be fixed at either IOVCC or IOGND level.

When transferring the index register setting, make sure to write upper byte (8 bits).

IM[2:0] = 001
CSn* | CS*
Al > RS
H8/2245 HWR »{WR* R61509
(RD*) p| (RD*)
D150 | p-| DB17-9
DB8-0
9 7|
9
Figure 19 9-Bit Interface
Instruction write
First transfer Second transfer
Inout DB | DB | DB |DB | DB | DB |DB |DB | DB | DB | DB |DB | DB | DB | DB | DB | DB | DB
neu 17 | 16| 15|14 |13 |12 11|10 9 [17 | 16| 15|14 | 13|12 |11 |10] 9
Yy VvV VvV VY v \ 2 / v l vy Vv Vv v v \ 2 / v l
nstruction | B [ B[ BB [1B[1B B |IB B |1B|[I1B|[IB|IB|IB|IB|IB
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Instruction code
Device code read
. 1B 1B B[ IB 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B
Instruction | 45 | 14 | 13 |12 |11 [10 | 9 [ 8 7 |65 |43 |2]1]a0
First transfer Second transfer
o DB (DB | DB |DB (DB | DB |DB (DB | DB | DB (DB | DB | DB | DB | DB | DB | DB | DB
utput 171 16 15014 [ 13|12 |11 |10] 9 |17 ] 16| 15|14 13|12 11]10] 9

instruction code

Figure 20 9-Bit Interface Data Format (Instruction Write / Device Code Read)
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RAM data write

First transfer Second transfer

Input DB | DB | DB | DB |DB | DB |(DB | DB |DB |DB | DB | DB | DB | DB | DB | DB | DB | DB
17 | 16| 15|14 |13 |12 | 11 |10 | 9 17 6 5114 |13 |12 | 11|10 ]| 9

bl b bl v bbbl

R5 R4 |R3 | R2 | R1|RO|G5|G4|G3|G2|G1|G0|B5|B4|B3|B2|B1]| B0

GRAM write
data

1 pixel Note: Normal display in 262,144 colors.

RAM read data

GRAM data R5‘R4‘R3‘R2‘R1‘RO‘GS‘G4‘G3‘G2‘G1‘GO‘BS‘B4‘B3‘BZ‘B1‘BO

Y Y Y O R O O

Read data l RD [ RD [ RD[RD | RD [ RD | RD ‘ RD | RD ‘ RD ‘ RD ‘ RD ‘ RD ‘ RD I RD ‘ RD ‘ RD ‘ RD ‘
[117] [16] | [15] | [14] | [13] | [12] | [11] | [10] | [9] [i] [I] [I] [i] [1] [i] [i] [i] [i]
Output pins DB [ DB [ DB [ DB [ DB [ DB [ DB [ DB [ DB [ DB [ DB [ DB | DB [ DB | DB | DB | DB | DB
17 | 16 | 15 | 14 | 13 | 12 | 1 10 9 17 | 16 | 15 | 14 | 13 | 12 | 1 10 9
First transfer Second transfer

Figure 21 9-Bit Interface Data Format (RAM Data Write/ RAM Data Read)

Data Transfer Synchronization in 9-Bit Bus Interface Operation

The R61509 supports data transfer synchronization function to reset the counters for upper and lower 9-bit
transfers in 9-bit bus transfer mode. When a mismatch occurs in upper and lower data transfers due to
noise and so on, the 00H instruction is written four times consecutively to reset the upper and lower
counters in order to restart the data transfer from upper 9 bits. The data transfer synchronization, when
executed periodically, can help the display system recover from runaway.

Make sure to execute data transfer synchronization after reset operation before transferring instruction.

RS A\ /

RD / \
R \/ (WARVERVERV \WARVARV/

"00"H "00"H "00"H "00"H
DB17 ~ DB9 X e X R St e / XUpperXLowerXUpper

>

(9-bit transfer synchronization)

Figure 22 9-Bit Data Transfer Synchronization
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80-System 8-Bit Bus Interface

When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are

transferred first. The RAM write data is also divided into upper and lower 8 bits, and the upper 8 bits are
transferred first. The RAM write data is expanded into 18 bits internally as shown below. The unused DB
pins must be fixed at either IOVCC1 or GND level. When transferring the index register setting, make sure
to write upper byte (8 bits).

IM[2:0] = 001
CSn* | CS*
A1 »| RS
H8/2245 HWR » WwrR* R61509
(RD*) | (RD*)
D15-0 [« = DB17-10
8 DB9-0
10
Figure 23 8-Bit Interface
Instruction write
First transfer Second transfer
Input DB | DB | DB |DB |DB|DB|DB|DB DB | DB | DB | DB | DB | DB |DB | DB
17 |16 |15 | 14 | 13 | 12 [ 11 | 10 17 |16 |15 [ 14 [ 13 [ 12 | 11 | 10
, B|mB|1B|IB|B|IB|BI|IB B [B |1B|1B |IB|IB|IB |IB
Instruction | 45 | 14 | 13 |12 | 11| 10| 9 | 8 716 151413121110
Instruction code
Device code read
Instruction | 1B | B | B [ 1B | 1B |IB|IB|IB B |m1B |1B|IB|IB|IB|IB]|IB
15 |14 |13 |12 |11 ]10] 9 | 8 7 16 |5 143121110
First transfer Second transfer
out DB | DB |DB |DB | DB | DB | DB | DB DB |DB | DB | DB | DB | DB | DB | DB
P 17 | 16 |15 |14 [ 13 | 12 [ 11 ]| 10 17 |16 [ 15 | 14 [ 13 | 12 | 11| 10
Figure 24 8-Bit Interface Data Format (Instruction Write / Device Code Read)

Note: RAM data cannot be read in the 3-transfer mode.
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RAM data write (2-transfer mode: TRI = 0) (EPE=2'h0)

First transfer Second transfer |
Input DB | DB (DB | DB | DB | DB | DB | DB DB |DB | DB | DB | DB | DB | DB | DB
17 | 16 | 15 14 | 13 |12 | 1 10 17 16 | 15 14 | 13 | 12 11 10

v Yy Vv v v ‘\ \ \ v vV l v VY l i l

|R5‘R4‘R3‘R2‘R1|RO‘G5‘G4‘G3‘G2 G1‘GO‘B5‘B4‘B3‘BZ‘B1‘BO‘

1pixel Note: Normal display in 65,536 colors.
RAM data write (3-transfer mode: TRI = 1, DFM = 0)
First transfer| Second transfer Third transfer
Input DB | DB |DB |DB (DB | DB | DB |DB |DB | DB (DB | DB | DB | DB | DB | DB | DB | DB

110 |17 |16 |15 [ 14 |13 [ 12 | 11 |10 | 17| 16 |15 | 14 | 13 |12 | 11 | 10

b v bbby bbby

SRAMwrite | R6 | R4 | R3 [ R2 | R1 | RO [ G5 | G4 | G3 (G2 | G1 | GO |B5| B4 |B3|B2|B1|BO
1 pixel Note: Normal display in 262,144 colors.
RAM data write (3-transfer mode: TRl = 1, DFM = 1)
First transfer Second transfer | Third transfer
Input DB | DB (DB |DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB

17 | 16 |15 | 14 | 13 | 12 | 17 | 16 | 15| 14 | 13 | 12 | 17 |16 | 15 | 14 | 13 | 12

RN

R5 | R4 [R3 | R2 |R1 | RO | G5 | G4 | G3 | G2 |G1|GO|B5|B4|B3|B2|B1|BO

GRAM write
data

1 pixel Note: Normal display in 262,144 colors.

Figure 25 8-Bit Interface Data Format (RAM Data Write)

RAM data read

GRAM data R5 R4 R3 R2 G2 G1 GO B5 B4 B3 B2 B1 BO

llllllglllllllllll

Readdata‘RDlRD‘RD‘RD ‘ ‘DI ‘ RD RD‘RDIRD‘RD‘RD‘RD‘RD‘RD
[17] [1f] [IS] [14] [13] [121/‘]\/[1/ [j] [f [j] [i] [1] [j] [f [l] [0]
Output pins DB‘DB‘DB‘DB‘DB DB‘DB‘DB‘ DB‘DB‘DB‘DB‘DB DB‘DB‘DB‘
17 16 | 15 | 14 | 13 | 12 1 10 17 16 | 15 14 | 13 | 12 11 10
First transfer Second transfer

Note: RAM data cannot be read in 3-transfer mode.

Figure 26 8-Bit Interface Data Format (RAM Data Read)
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Data Transfer Synchronization in 8-bit Bus Interface operation

The R61509 supports data transfer synchronization function to reset the counters for upper and lower 8-bit
transfers in 8-bit bus transfer mode. When a mismatch occurs in upper and lower data transfers due to
noise and so on, the 00H instruction is written four times consecutively to reset the upper and lower
counters in order to restart the data transfer from upper 8 bits. The data transfer synchronization, when
executed periodically, can help the display system recover from runaway.

Make sure to execute data transfer synchronization after reset operation before transferring instruction.

RS \ /

RD / \

WR \/ \WARVERVERY \VARVARV
pB17-DB10 ) e ) \ oo [ oo [ oo [ oo N upper ) Lower X Upper X

(8-bit transfer synchronization)

Figure 27 8-Bit Data Transfer Synchronization
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Serial Interface

The serial interface is selected by setting the IM2/1 pins to the IOVCC1/IOGNDI1 levels, respectively. The
data is transferred via chip select line (CS), serial transfer clock line (SCL), serial data input line (SDI), and
serial data output line (SDO). In serial interface operation, the IMO/ID pin functions as the ID pin, and the
DB17-0 pins, not used in this mode, must be fixed at either IOVCC1 or GND level.

The R61509 recognizes the start of data transfer on the falling edge of CS input and starts transferring the
start byte. It recognizes the end of data transfer on the rising edge of CS input. The R61509 is selected
when the 6-bit chip address in the start byte transferred from the transmission unit and the 6-bit device
identification code assigned to the R61509 are compared and both 6-bit data match. Then, the R61509
starts taking in subsequent data. The least significant bit of the device identification code is determined by
setting the ID pin. Send "01110” to the five upper bits of the device identification code. Two different
chip addresses must be assigned to the R61509 because the seventh bit of the start byte is register select bit
(RS). When RS =0, index register write operation is executed. When RS = 1, either instruction write
operation or RAM read/write operation is executed. The eighth bit of the start byte is R/W bit, which
selects either read or write operation. The R61509 receives data when the R/W = 0, and transfers data
when the R/'W = 1.

When writing data to the GRAM via serial interface, the data is written to the GRAM after it is transferred
in two bytes. The R61509 writes data to the GRAM in units of 18 bits by adding the same bits as the MSBs
to the LSB of R and B dot data.

After receiving the start byte, the R61509 starts transferring or receiving data in units of bytes. The
R61509 transfers data from the MSB. The R61509’s instruction consists of 16 bits and it is executed inside
the R61509 after it is transferred in two bytes (16 bits: DB15-0) from the MSB. The R61509 expands
RAM write data into 18 bits when writing them to the internal GRAM. The first byte received by the
R61509 following the start byte is recognized as the upper eight bits of instruction and the second byte is
recognized as the lower 8 bits of instruction.

When reading data from the GRAM, valid data is not transferred to the data bus until first five bytes of data
are read from the GRAM following the start byte. The R61509 sends valid data to the data bus when it
reads the sixth and subsequent byte data.

Table 72 Start Byte Format
Transferred Bits S 1 2 3 4 5 6 7 8

Start byte format Transfer start Device ID code
0 1 1 1 0 ID

Note: The ID bit is determined by setting the IMO/ID pin.

Table 73 Functions of RS, R/W Bits
RS R/W Function

Set index register

Setting inhibited

Write instruction or RAM data

alalolo
= O| =0

Read instruction or RAM data
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Instruction
First transfer (upper) Second transfer (lower)
D D D D D D
Input
P! 15 14 13 12 1 10 D9 | D8 D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
) B 1B 1B B B B B B 1B 1B 1B 1B 1B 1B 1B 1B
Instruction 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Instruction code

RAM data write

First transfer (upper) Second transfer (lower) |
Input D D D D D D D D D D D D D D D D
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A A A A ¢ i i i V A A ¢
GRAM write data

1 pixel Note: 65,536-color display in SPI

Figure 28 Serial Interface Data Format
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(a) Clock synchronization serial data transfer (basic mode)

Transfer start End of transfer

Cs
input
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SCL
input I
MSB LsB
SDI EREC \“0" , D l RS XRW XD15D13XD12D10X DY D7 XDG XDs XD4 XD3 XDz
input |
M Device ID code "|Rs |RW|
I ]
Start byte Set IR (index register), instruction, write RAM data
SDO
output

\D15XD14XD13XD12XD11 XD10X D9 X D8 XD7 D5 XD4 XD3 XDZ XD1 XDO /
L |
Read instruction, RAM data

(b) Clock synchronization serial consecutive data transfer

cs \ /_
input
SCL
input
.SDIt Start byte Instruction (1) Instruction (1) Instruction (2) Instruction (2)
Inpu Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
Start Note: The eight bits read after start byte input is recognized End
as the upper byte of instruction. Instruction

execution time (1)

(c) RAM read data transfer

cs \ /_
input
SCL
sDI Start byte
input RS =1
R/W =1

SDO Dummy read| |Dummy read| |Dummy read | [Dummy read| [ Dummy read||RAM read RAM read
output 1 2 3 4 5 Upper 8 bits || Lower 8 bits

Start Note: Valid data is not sent until the R61509 reads five bytes from the GRAM after start byte input . End

The R61509 sends valid data when it reads the sixth and subsequent bytes.

(d) Instruction read

[ \ [
input
SCL
input
Start byts
SDI RS=0
input R/W =1
SDO Dummy read Instruction read Instruction_ read
output 1 Upper 8 bits Lower 8 bits

Note: First one byte sent to the data bus after start byte input is invalid.
Valid data is sent when the R61509 reads second and subsequent bytes.

Figure 29 Data Transfer in Serial Interface
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VSYNC Interface

The R61509 supports VSYNC interface, which enables displaying a moving picture via system interface by
synchronizing the display operation with the VSYNC signal. VSYNC interface can realize moving picture
display with minimum modification to the conventional system operation.

VSYNC

Y

Cs*
RS
WR*
DB17-0, 8-1

LCDC/MPU R61509

I VY

Y

16

Figure 30 VSYNC Interface

The VSYNC interface is selected by setting DM1-0 = 10 and RM = 0. In VSYNC interface operation, the
internal display operation is synchronized with the VSYNC signal. By writing data to the internal RAM at
faster than the calculated minimum speed (internal display operation speed + margin), it becomes possible
to rewrite the moving picture data without flickering the display and display a moving picture via system
interface.

The display operation is performed in synchronization with the internal clock signal generated from the
internal oscillator and the VSYNC signal. The display data is written in the internal RAM so that the
R61509 rewrites the data only within the moving picture area and minimize the number of data transfer
required for moving picture display. By writing data using high-speed write function (HWM =1), the
R61509 can write data via VSYNC interface in high speed with low power consumption.

vsvwe 1| | | | |
e v A

system interface

ooz 00O 1000000 1000000 11000000

internal clock

Note: Use high-speed write function (HWM=1) when writing data via VSYNC interface.

Figure 31 Moving Picture Data Transfers via VSYNC Interface
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The VSYNC interface has the minimum for RAM data write speed and internal clock frequency, which
must be more than the values calculated from the following formulas, respectively.

Internal clock frequency (fosc) [Hz]
= FrameFrequency x ( DisplayLines( NL ) + FrontPorch( FP ) + BackPorch( BP )) x 23( clocks ) x var iance

RAMWriteSpeed(min.)[ Hz | > 240x DisplayLines(NL)

( BackPorch( BP )+ DisplayLines( NL ) —margins )x 23( clocks ) x fI
osc

Note: When RAM write operation is not started right after the falling edge of VSYNC, the time from the
falling edge of VSYNC until the start of RAM write operation must also be taken into account.

An example of calculating minimum RAM writing speed and internal clock frequency in VSYNC interface
operation is as follows.

[Example]

Panel size 240 RGB x 432 lines (NL = 6’h35: 432 lines)
Total number of lines (NL) 432 lines

Back/front porch 14/2 lines (BP = 4h’E, FP = 4’h2)

Frame frequency 60 Hz

Internal clock frequency 678 kHz

Internal clock frequency (fosc) [Hz]
=678 kHz x 1.07 / 1.0 = 726 kHz

Notes: 1. When setting the internal clock frequency, possible causes of fluctuation must also be taken into
consideration. In this example, the internal clock frequency allows for a margin of £7% for
variances and guarantee that display operation is completed within one VSYNC cycle.

2. This example includes variances attributed to LSI fabrication process and room temperature.
Other possible causes of variances, such as differences in voltage change are not considered in
this example. It is necessary to include a margin for these factors.

Minimum speed for RAM writing [Hz]
> 240 x 432 1 {((14 + 432 - 2) lines x 23 clocks) x 1/726 kHz} = 7.4 MHz

Notes: 1. In this example, it is assumed that the R61509 starts writing data in the internal RAM on the
falling edge of VSYNC.
2. There must be at least a margin of 2 lines between the line to which the R61509 has just written
data and the line where display operation on the LCD is performed.

In this example, the RAM write operation at a speed of 7.4 MHz or more, which starts on the falling edge
of VSYNC, guarantees the completion of data write operation in a certain line address before the R61509
starts the display operation of the data written in that line and can write moving picture data without
causing flicker on the display.
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VSYNC RAM
L write fline] RC oscillation
J Back porch Display *7%
(14 lines) operation 4824/ —
\ 4 I ! AT
l FP=2H
. :
=
[
Main panel 8 RAM write ;
. 8 i
Mov;r;gp;i;?ure s 7.4 MHz Disp ay
(432 lines) -g operpiion
a H
16.67 [ms]
- 0
Front porch (2 lines) «p
Blank poriod BP = 161H (60 Hz)
ank perio VSYN -
L

Figure 32 Write/Display Operation Timing via VSYNC Interface

Notes to VSYNC Interface Operation

1. The above example of calculation gives a theoretical value. Possible causes of variances of internal
oscillator should be taken into consideration. Make enough margins in setting RAM write speed for
VSYNC interface operation.

2. The above example shows the values when writing over the full screen. Extra margin will be created if
the moving picture display area is smaller than that.

RAM RC illati
i . osciliation
write [line] £7%
432
Back porch (14 lines) Display At
operation FP=2H
(16 lines) L
. 376
Base image o
Moving picture < RAM write
display § 7.4MHz Display
(360 lines) g operation
g
|
(56 lines) 16
Front porch (2 lines) / [ms]
BP=14H <P 16.67
3 (60 Hz)
VSYNC = ‘

Figure 33 RAM Write Speed Margins
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3. The front porch period continues from the end of one frame period to the next VSYNC input.

4. The instructions to switch from internal clock operation (DM1-0 = 00) to VSYNC interface operation
modes and vice versa are enabled from the next frame period.

5. The partial display and vertical scroll functions are not available in VSYNC interface operation.

6. In VSYNC interface operation, set AM = 0 to transfer display data correctly.

7. In VSYNC interface operation, use high-speed write function (HWM = 1) when writing display data to

the internal RAM.

Internal Clock Operation to VSYNC Interface

Internal clock operation
[ |
|
HWM =1 and AM =0
I Display operation in
synchronization with
internal clocks

RAM address set

Set DM1-0 =01 and RM =0
for VSYNC interface

|
Set index register to R202h

*Instruction setting for
the RGB interface operation

| |
Wait one frame period —
or more

|

Write data to RAM
via VSYNC interface

Display operation in

Operation via VSYNC interface

Internal cIo?:k synchronous
operation mode setting
(DM[1:0]=00, RM=0)

Wait one frame period
or more

Internal clock operation

Note: Input the VSYNC interface signals before setting the DM1-0 and RM bits
to the VSYNC interface operation.

is enebled from the next frame period.

VSYNC Interface to Internal Clock Operation

Display operation in
synchronization with
VSYNC

VSYNC interface operation
u

| |
Set internal clock
operation mode* nstruction setting to th
- — *Instruction setting to the
(DM1-O =00 and RM = 0) internal clock operation
| | is enebled from the next

Wait one frame period frame period.
or more

I Display operation in
synchronization with

Internal clock operation internal clocks

Note: Continue VSYNC interface signals at least for
one frame period after setting DM1-0, RM bits
to internal clock operation.

- synchronization with VSYNC

Figure 34 Sequences to Switch between VSYNC and Internal Clock Operation Modes
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FMARK Interface

In the FMARK interface operation, data is written to internal RAM via system interface synchronizing with
the frame mark signal (FMARK), realizing tearing less video image while using conventional system
interface. FMARK output position is set in units of line using FMP bit. Set the bit considering data transfer
speed.

FMARK

A

s*

LCDC/MPU
s R61509

WR*
DB17-10, 8-1

Yvyyy

16

Figure 35 FMARK Interface

In this operation, moving picture display is enabled via system interface by writing data at higher than the
internal display operation frequency to a certain degree, which guarantees rewriting the moving picture
RAM area without causing flicker on the display.

The data is written in the internal RAM. Therefore, when moving picture is displayed, data is written only
to the moving picture display area without using RGB or VSYNC interface, minimizing number of data
transfer required for moving picture display. High-speed write function (HWM = 1) enables writing data in
high speed with low power consumption.

Fuark [ ] H 1 ]
witovia NO000000000000 ARXX000NAAAAK

system interface

oeresreson OO0 000000000000 000000 1000

internal clock

Note: Use high-speed write function (HWM=1) when writing data via FMARK interface.

Figure 36 Moving Picture Data Transfers via FMARK function
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When transferring data in synchronization with FMARK signal, minimum RAM data write speed and
internal clock frequency must be taken into consideration. They must be more than the values calculated
from the following equations.

Internal clock frequency (fosc) [Hz]
= FrameFrequency x ( DisplayLines( NL ) + FrontPorch( FP ) + BackPorch( BP ))x 23( clocks ) x variance

RAMWriteSp eed (min.)[ Hz ] > 240 x DisplayLines(NL)

( FrontPorch ( FP )+ BackPorch( BP ) + DisplayLines( NL )—margins )x 16( clocks ) x fI
osc

Note:  When RAM write operation is not started immediately following the rising edge of FMARK, the
time from the rising edge of FMARK until the start of RAM write operation must also be taken into
account.

Examples of calculating minimum RAM data write speed and internal clock frequency is as follows.

[Example]

Panel size 240 RGB x 432 lines (NL = 6’h35: 432 lines)
Total number of lines (NL) 432 lines

Back/front porch 14/2 lines (BP = 4h’E, FP = 4’h2)

Frame marker position (FMP) Display end line: 432™ line (FMP = 9°h1BF)
Frame frequency 60 Hz

Internal oscillation frequency 678kHz

Internal oscillation frequency (fosc) [Hz] = 678kHz x 1.07 / 1.0 = 726 kHz (variance is taken into account)

Notes: 1.When setting the internal clock frequency, possible causes of fluctuation must also be taken into
consideration. In this example, the internal clock frequency allows for a margin of +7% for
variances and guarantee that display operation is completed within one FMARK cycle.

2.This example includes variances attributed to LSI fabrication process and room temperature.
Other possible causes of variances, such as differences in external resistors and voltage change
are not considered in this example. It is necessary to include a margin for these factors.

Minimum speed for RAM writing [Hz]
> 240 x 320 / {((2+14 + 320 - 2) lines x 16 clocks) x 1/726 kHz} = 7.4 MHz

Notes: 1. In this example, it is assumed that the R61509 starts writing data in the internal RAM on the
rising edge of FMARK.
2.There must be at least a margin of 2 lines between the line to which the R61509 has just written
data and the line where display operation on the LCD is performed.
3.The FMARK signal output position is set to the line specified by FMP[8:0] bits.

In this example, RAM write operation at a speed of 7.4MHz or more, when starting on the rising edge of
FMARK, guarantees the completion of data write operation in a certain line address before the R61509
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starts the display operation of the data written in that line and can write moving picture data without
causing flicker on the display.

FMARK RAM
L write
- [line] RC70/sciIIation
i +7%
Front porch (2 lines) 432
Back porch (14 lines) Display
operation
RAM write

o 7.4MHz
£
a
Q
o
o
a .

Main panel 2 E;T;.yon

Moving picture 4

display
(432 lines)
0 | [ms]
= ‘ 16.67
FP+BP=16H <—> ee7
FMARK __[]
Front porch (2 lines)
Back porch (14 lines)

Figure 37

Notes to display operation synchronous data transfer using FMARK signal

1. The above example of calculation gives a theoretical value. Possible causes of variances of internal
oscillator should be taken into consideration. Make enough margin in setting RAM write speed for
this operation.

2. Use high-speed write function (HWM = 1).

FMP bit setting

The microcomputer detects FMARK signal outputted at the position defined by FMP bit. The R61509
outputs an FMARK pulse when the R61509 is driving the line specified by FMP bits. The FMARK signal
can be used as a trigger signal to write display data in synchronization with display operation by detecting
the address where data is read out for display operation.

The FMARK output interval is set by FMI bits. Set FMI bits in accordance with display data rewrite cycle
and data transfer rate.
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Table 74 Table 75

FMP[8:0] FMARK output FMI[2] | FMI[1] | FMI[O] | FMARK Output interval

osition
P 0 0 0 One frame period

9’h000 0

0 0 2 frame periods

’h001 1%
9'h0o ine 0 1 4 frame periods

JEENG N RN

) nd :
? h002 27" line 1 0 6 frame periods

Other setting Setting disabled

9'h1BD 445" line

9’'h1BE 446" line

9’'h1BF 447" line

9h1CO0 ~ 1FF Setting disabled

FMP setting example

FMP=9'h008

- NL=6'h35 432 lines
FMARK output position Line address FP=4'h8

FMP = 9'h008 B
(Tstiine) '

((zfm I|?nee) VL=8'h00
(4th line Back porch

(6th line RAM physical line address
6 (7th line’

7 (8th line _J
[ 8 (1st \in_ef Sl e et
9 (2nd line) 1
10 (3rd line) AD[16:8] = 9'h002

Base image Display area

NL = 6'h35

439 (432nd line; AD[16:8] = 9'h13F
440 (1st line)
441 (2nd line)

442 (3rd line)
443 (4th line)
4 (5th line)

5 (6th line) Front porch
6 (7th line)
47 (8th line)

NN

Figure 38
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MDDI (Mobile Display Digital Interface)

MDDI (Mobile display digital interface) is a differential small amplitude serial interface for high-speed
data transfer via following 4 lines: Stb+/- (MDDI_STBP_B, MDDI_STB_M_B), Data+/-
(MDDI_DATA _P_B, MDDI DATA M_B).

The specifications of MDDI supported by the R61509 are compatible to the MDDI specifications disclosed
by VESA, Video Electronics Standards Association. The following is the specification MDDI supported
by the R61509.

R61509’s MDDI Specifications

o MDDI Type-1

@ High-speed, differential, small-amplitude data transfer via Stb+/-, Data+/- lines

@ MDDI client: the R61509 enables direct connection to the base band (BB) chip without bridge chip

| Cost-performance optimized interface for mobile display systems

1. Only internal mode (one client) and Forward Link are supported
Hibernation mode to save power consumption
Tearing-free moving picture display via FMARK/VSYNC interface

Moving picture display with low power consumption, realized by the features 2 ~ 3

AR

Shutdown mode for saving power consumption in the standby state

Incorporates an output port for sub-display interface or peripheral control

Providing single-chip solution for MDDI mobile display systems

IM[2:0]=111
B.B. R
(MDDLDarad")  Datar/- Seiﬁ%i MDDLDRA%];E?BQ
1000 = Reos
(MDDI_Data0-) SeoNole 1= seafiog 2
» | MDDI_DATA_M_B
MDDI Host R‘-‘v‘vr -
MDDI_Stb: . o Ro@
(MDD Sto+) Sto+/ = \ha| MODISTB_P_B
1000 = Rcoc
(MDDI_Stb-) See Note 1 = See.:lA:‘('eZ; MDDI_STB_M_B
(RESET) y| RESET*
(GPIO) 3| CS (for DSTB Mode)
(IRQ) < FMARK
L »| VSYNC
Figure 39

Notes: 1.An external end resistor of 100 ohm is necessary between Data+ and Data- lines
2.Make the COG wiring resistances of Data+/-, Stb+/- lines as small as possible (RCOG < 10 ohm).
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MDDI Link Protocol (Packets Supported by the R61509)

The MDDI Link Protocol of the R61509 is in line with the MDDI specifications disclosed by VESA. See
the MDDI specifications by VESA for details on the MDDI Link Protocol.

The MDDI packets supported by the R61509 are as follows. Do not send packets not supported by the
R61509 in the system incorporating the R61509.

Sub-Frame Header Packet

Bits 0 | 1 | 2 |3 | 4 |5 |6 | 7
vy PacketLength |
2 (0x0014)

3\ ... PacketType ]
4 (0x3bff)

S Uniqueword |
6 (0x0052)
Tl Reservedl |
8 (0x0000)

E R Sub-Frame Length |
o| ]
w
12

By Protocol Version |
14 (0x0000)
S Sub-frame Count |
16

] Media-frame Count |
8
o
20

21 ¢cRc ]
22

Figure 40

Rev.1.03 November 26, 2007, page 122 of 231
RENESAS



R61509

Video Stream Packet

The R61509 writes image data to RAM via Video Stream Packet. The window and RAM addresses are set
via Register Access Packet.

Bit o | 1 | 2 | 3 | 4 | 5 | 6 | 7
O PacketLength ...l
2
30 Packet Type
4 (0x0010)
5ol bClientID |
6 (0x0000)

T ] Video Data Format Descriptor |
8
9 | Bit0 | Bitl [ Pixel Data Attributes |
10
oy XLeftBdge |
12
B YTopEdge . . |
14
s . XRightBdge |
16
vy .. YBottomEdge |
18
9 1 XStart ]
20
200 YStart ]
22
23 0 ... PixelCount ]
24
25 | ... Parameter CRC__ |
26
Pixel Data
(Packet Length: 26bytes)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Pixel DataCRC |

Note: The parameters colored in gray are not supported by the R61509.
Figure 41

Video Data Format Descriptor: sets the pixel data format. The R61509 supports only the following
format. Set the same pixel format (bpp) as selected by DSS[1:0] in Video Data Format Descriptor.

Table 76

[15:13] [12] [12:8] [7:4] [3:0]

010 1 0x5 0x6 0x5 Packed 16bpp RGB format (R:G:B=5:6:5)
010 1 0x6 0x6 0x6 Packed 18bpp RGB format (R:G:B=6:6:6)
Other Setting disabled
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Table 77

MDDI byte n MDDI byte n+1 MDDI byte n+2
0 i1 :2:3:4:5:6:7 [0 :1:2:3:4:5:6:7|0:1:2:3:4:5:6:7

Packed 0i1i2i3i4 oi1iz 3|.4|-5 0]1i2i3]4 oi1i2]3i4 0i1i2

16bpp Pixel1 Blue Pixel1 Green Pixel1 Red Pixel2 Blue Pixel2 Green
Packed [0 [1 |2 ]3 |4 [s]o1[2|3]4a]50]1[2]s]a]5]0]1]2]3]4]5
18bpp Pixel1 Blue Pixel1 Green Pixel1 Blue Pixel2 Blue

Pixel Data Attributes: the image data sent vial Video Stream Packet is recognized as either the data for the
main-panel or for the sub-panel according to the setting in [1:0] bits in this field.

Table 78

Pixel Data Attributes Bits[1:0] Description

0x0000 00 The Video Stream Packet data is recognized as the sub-panel data. The Video Stream Packet
data is outputted via sub-display interface and not written in the R61509 5% ' otow

0x0001 01 Setting disabled

0x0002 10 Setting disabled

0x0003 11 The Video Stream Packet data is recognized as the data written in the R61509. The Video
Stream Packet data is written in the R61509 and not outputted via sub-display interface.

Others Setting disabled

Rev.1.03 November 26, 2007, page 124 of 231
RENESAS



R61509

Note: The following is the example of data transfer via Sub-display Video Stream Packet in RAM write
operation via sub-display interface. Before transferring data to the sub display, the R61509
performs index write operation. The data is transferred only via 80-system 16-bit interface in one
transfer per unit of data.

Index write (RS=0): R22

Video Stream Packet
for sub-display ‘

Sub-RAM write (RS=1): WD
[17:0]/[15:0]

Figure 42 Sub-Display Interface RAM Write Sequence (18-/16-bit)

Table 79 Restrictions in Data Transfer via Video Stream Access Packet in RAM Write Operation
via Sub-Display Interface

Sub-display interface 80-system 18-/ 16-bit interface, one transfer/unit of data
Video Data Format Descriptor Packed 18/16 bpp

AM (bit) setting 0 (Horizontal write)

HWM (bit) setting 1 (Use high-speed write function)

RAM data write Write data within a window address area in units of lines
RAM start address Set these addresses via Register Access Packet

RAM window address

8tar , Btair 8tair . 8tarr

CSau» (SDO) I

Ex. 80Mbps
1/tgr=12.5ns
ths tCYCW 16teir 200ns
RSu» (ENABLE) S IV N | ST Toons
tAH .
 toiw L PWHW 8tarr 100ns
APWLWk APWHW AS Oter Ons
< < tAH 8tar-30ns 70ns
WRw (HSYNC) tDSW 8torr 100ns
tH 8teir-30ns 70ns
> tDSWL > tHL
DB4ys17-0 (DB17-0) ) Indéx Xdata X

Figure 43 Sub-Display Interface Timing
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Register Access Packet

Register Access Packet is used when setting instruction to the R61509. Do not use this packet for RAM

accCess.

Bit o | v | 2 | 3 | 4 | 5 | 6 | 7
L S PacketLength ]
2
sy« ... PacketType |
4 (0x0092)
Sl bClientlID
6 (0x0000)

A Read/WriteInfo
8
O Register Address ]
o
mwl
12
By . ParameterCRC____ ]
14
Register Data List
(Packet Length: 14bytes)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Register DataCRC |

Note: The parameters colored in gray are not supported by the R61509.
Figure 44

Read/Write Info: Read or Write information in register access. The R61509 supports only the following
access setting.

Table 80

Bits[15:14] Bits[13:0] Function

00 0x0001 Single Access mode, in which one instruction is set via one register access packet
00 0xn In multi random access mode, the number of Register Data (index+instruction) is set.
Other Setting disabled.
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Register Address: The index of the register to be accessed is set in Register Address area. Also, the
register access mode, i.e. single or multi random access mode, and whether the Register Address Packet is
directed to the R61509 or the sub display are determined by the setting in Register Address area.

Table 81

Bit[31] Function

0 Single Access mode. The index of the register to be accessed (ID[11:0]) is set in bits[11:0] in Register Address. The
instruction set (IB[15:0]) to be written in the register is stored in the Register Data area in Register Access Packet.

Multi Random Access mode. The index of the register to be accessed (ID[11:0]) is stored in the upper 2 bytes in the
Register Data area in Register Access Packet. The instruction set (IB[15:0]) to be written in the register is stored in the

1 lower 2 bytes in the Register Data area in Register Access Packet. In Multi Random Access mode, both index and
instruction set are stored in the Register Data area and instruction set can be transferred consecutively without setting
the index in Register Address in each time transferring instruction.

Table 82

Bit[30:12] Function

19’h00000 The Register Access Packet is directed to the R61509 via main-display interface.
19’h00001 The Register Access Packet is directed to the sub display via sub-display interface.

19’h00002 ~ 19°’h7FFFF Setting disabled.

Table 83

Bit[11:0] Function

Single Access Bits [11:0] are used as index [11:0].

Multi Random Access In Multi Random Access mode, bits [11:0] are not used. Set “0” to all bits.

Register Address Register Address mapping
0x00000000 Main LCD area (R61509)
0x00000FFF
0x00001000 » Sub LCD area
0x00001FFF L
0x00002000 9

<
<« Reserved area
an
=)
.=
n

O0x7FFFFFFF
0x80000000 Main LCD area (R61509)
0x80000FFF g
0x80001000 '8 n Sub LCD area
0x80001FFF g b
0x80002000 Qf 3

::: < Reserved area
OXFFEFFFFF =

Figure 45 Register Address Area (Write Mode, Main/Sub Area)
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Register Data: The data for register access is written in Register Data. Four bytes are allocated for one

instruction.

Table 84

Bits[31:16] Bits[15:0] Function

All O Instruction In Single access mode, the instruction set written in bits[15:0] is set in the register, which is specified in
I1B[15:0] the bits[11:0] in Register Address.

4h0 + Instruction In Multi Random Access mode, both index and instruction set are stored in Register Data to allow

Index |B[1 5_0] consecutive instruction setting without setting the index in Register Address in each time transferring

ID[11:0] . instruction.

Example of Register Access Packet in Single Access mode (e.g. write to the R61509

o | 1 |

—_ — = e e
CHx B Do —mo 0PI D LN~

[\®}
o

(Lower instruction IB[7:0])
(Upper instruction IB[15:8])
(0x00)

(0x00)

Note: The parameters colored in gray are not supported by the R61509.
Figure 46

Rev.1.03 November 26, 2007, page 128 of 231

RENESAS




R61509

Example of Register Access Packet in Multi Random Access mode (e.g. write 4 instructions to the R61509

o | 1 | 2 | 3 | 4 | 5 | 6 | 7

.. PacketLength _______(OxIE) |
(0x00)

,,,,,,,,,,,, Packet Type (0x92) |
(0x00)

I ~__ bClentd  (0x00)
(0x00)

_____Read/WriteInfo . (0x04) |
(0x00)

__________ Register Address (0x00) |

~(0x00) *0x10: sub display |
e 0x00)
(0x80)

Parameter CRC

g Svtiodliall iy i S =EN- Y- RN - N U N VER S

22 (Upper index ID2[15:8])

230 3rd indextinstruction (Lower instruction IB3[7:0]) _|
24 (Upper instruction IB3[15:8]) |
25 (Lower index ID3[7:0]) ____|
26 (Upper index ID3[15:8])
27 4th indextinstruction | (Lower instruction IB4 [7:0]) |
P (Upper instruction IB4 [15:8]) |
290 (Lower index ID4 [7:0]) |
30 (Upper index 1D4 [15:8])
3 Register DataCRC__ |
32

Note: The parameters colored in gray are not supported by the R61509.
Figure 47
Register Access Packet Restrictions

The R61509’s internal RAM is accessible via Video Stream Packet. RAM access data is not included in
Register Access Packet.
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Link Shutdown Packet

This packet is used to bring Link to the Hibernation state.

o | 1 | 23| 4|5 |67

ry . PacketlLength |
2 (0x014)
3. .. . PacketType |
4 (0x0045)
S50 ] Parameter CRC_ |
6
7

All Zeros

(Type-I: 16bytes)

22

Figure 48

Filler Packet

o | 1 | 23| 4|5 ]| 6| 7

(0x0000)

ENVS T O e
=0
jov)
o
-
(¢}
-
—
<
5=
[¢]

filler bytes(all zero)
(Packet Length: 4bytes)

Figure 49
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MDDI Instruction Setting
Instruction Setting in Single Access Mode

In Single Access mode, one instruction set is transferred in one Register Access Packet. When transferring
a multiple number of instruction sets, they must be transferred in the same number of Register Access
Packets.

Table 85

Register Access Packet Parameter Register Setting
Read/Write Info[15:0] 0 x 0001

Register Address[31:0] 20’h0000000+ID[11:0]
Register Data[31:0] 16’h0000+IB[15:0]

MDDI Packet
sRAP(x,y) = Single Register Access Packet (ID[15:0], IB[15:0])

SRAP(IDI, IB1)

SRAP(ID2, IB2)

SRAP(ID4, IB4)

| SRAP(ID3, IB3) |

SRAP(IDS, IBS)

Figure 50
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Instruction Setting via Multi Random Access Mode

In Multi Random Register Access operation, both index and instruction set are stored in one field of
Register Data List in the Register Access Packet to allow random instruction setting. In this mode, a
multiple number of instruction sets can be transferred in one Register Access Packet.

Table 86

Register Access Packet Parameter Register Setting

Read/Write Info[15:0] 0 x n (n: Number of Register List)
Register Address[31:0] 32’h8000_0000

Register Data List[31:0] ID[15:0] + 1B[15:0]

MDDI Packet
mRAP(x,y) = Multi-random Register Access Packet (ID[15:0],IB[15:0])

mRAP(IDI, IB1,
D2, IB2,
ID3, IB3,
D4, B4,
ID5, IBS,

IDn, IBn)

Figure 51
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RAM Access Setting Example

The following are examples of RAM access via Video Stream Packet and register access via Register
Access Packet in Single and Multi Random Access modes.

Example: 240RGB x 432 panel, full screen rewrite, 18bpp data

MDDI Packet: Single Access Mode
SRAP (x, y) = Register Access Packet (ID[15:0], IB[15:0]) in Single Access Mode
VSP (p, n) = Video Stream Packet (pixel data)

Entry-mode | sRAP(32°h0000_0003, 32°h0000_1280) |

sRAP (32°h0000_0210, 32°h0000_0000)

Window-Address

sRAP (32°h0000_0212, 32°h0000_0000)

sRAP (32°h0000_0211, 32°h0000_O00EF) |

sRAP (32°h0000_0213, 32°h0000_018F)

Address set | sRAP (32°h0000_0200, 32°h0000_0000) |

| sRAP (32°h0000_0201, 32°h0000_0000) |

RAM-Access VSP (18’hxx_xxxxx Xn)
: 240RGB X 432 = 103,680 pixels
RAM-Access VSP (18’hxx_xxxxx Xn)

Figure 52
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MDDI Packet: Multi Random Access Mode
mRAP (x, y) = Register Access Packet (ID[15:0], IB[15:0]) in Multi Random Access mode
VSP (p, n) = Video Stream Packet (pixel data)

Entry-mode, mRAP(32°h0003_1280,

Window-Address, 32°h0210_0000,

Address set 32°’h0211_0OEF,
32°h0212_0000,
32°h0213_018F,

32°h0200_0000,
32°h0201_0000)

RAM-Access VSP (18’hxx_xxxxx Xn)
E 240RGB X 432 = 103,680 pixels
RAM-Access VSP (18’hxx_xxxxx Xn)

Figure 53

Table 87 Video Stream Access Packet Restriction
AM 0 (Horizontal write)

HWM 1 (High-speed write)

Data write transfer to RAM  Transfer data for each line at a time within the window address area

RAM start address

RAM window address Set them via Register Access Packet.

Table 88 Register Access Packet Restriction

The R61509’s internal RAM is accessible via Video Stream Packet. RAM

RAM access access data is not included in Register Access Packet.

Rev.1.03 November 26, 2007, page 134 of 231
RENESAS



R61509

Hibernation Setting

The R61509’s Client MDDI supports Hibernation setting. There are two ways to cancel the Hibernation
setting, which can be selected according to the condition of use.

Table 89 Hibernation Cancellation

Cancel Condition

Host-Initiated Wake up In power-saving mode such as standby

Save power consumption in transferring moving picture data

FMARK-Initiated Wake up Host-initiated Wake up triggered by the output from FMARK

The Hibernation setting and cancellation sequence must be compatible with the VESA-MDDI
specifications.

| RAP(32°h0000_0100, DTSB=0) |

| Shutdown Packet |

1
1
1
: In Hibernation
1
1
1

Host-Initiated Wake up/
(FMARK-Initiated Wake up)

Instruction/ RAM data write

Figure 54
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Shutdown Mode Setting

The R61509’s Client MDDI supports shutdown setting to bring the R61509 to the standby state to save
power consumption during Hibernation.

By setting DSTB = 1 and sending Shutdown Packet, MDDI enters the Hibernation state. The Client
MDDTI’s standby power requirement can be reduced while MDDI Link is maintained in the Hibernation
state.

In shutdown mode, the R61509 halts operation other than maintaining Hibernation state. In canceling
shutdown mode, input Low pulse 6 times from CS pin. After canceling shutdown mode, cancel the
Hibernation state by Host-initiated Wake up.

In shutdown mode, instruction setting and RAM data are not retained and they must be reset after canceling
the Hibernation state.

When setting and canceling the Hibernation state, follow the sequence as specified in the MDDI
specifications by VESA.

Shutdown Packet
DSTB=1

Link
Hibernation

MDDI
hibernation

DDI/LCD
DSTB

Host Initiated CSX6
wakeup

Figure 55 State Transitions in Shutdown Mode
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Shutdown Mode Sequence

Shutdown setting | RAP(32°h0000_0100, DSTB=1) |

| Shutdown Packet |

Low pulse input to CS pin (1)

Low pulse input to CS pin (2)

Startup VDD
Start up Client-MDDI

Ims or more

Low pulse input to CS pin (3)

Low pulse input to CS pin (5)

| Low pulse input to CS pin (4) |

Low pulse input to CS pin (6)

16 fosc or more

| Host-Initiated Wake up

[ Initial instruction setting, RAM data setting ]

[ Display ON sequence ]
I

Figure 56

Note: In MDDI operation, the CS pin is used only for canceling the shutdown mode.
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MDDI Moving Picture Interface

The R61509 supports FMARK and VSYNC interfaces to display moving picture in MDDI operation.
Select either one according to the configuration of the system. By transferring data according to the
following sequences, the R61509 can display moving picture via MDDI without tearing.

MDDI-FMARK Interface

The Client MDDI supported by the R61509 adopts 2-frame data transfer format when writing moving
picture data. By synchronizing the moving picture data rewrite operation via MDDI with the frame mark
signal from the R61509 (FMARK), the R61509 can display moving picture via MDDI without tearing.

The output position of FMARK can be changed in units of lines by setting FMP[8:0]. The output cycle of
FMARK can also be changed in units of frames by setting FMI[2:0]. Make these settings according to the
MDDI transfer speed and data rewrite cycle.

In combination with the Hibernation setting, moving picture can be displayed via MDDI-FMARK with low
power consumption.
IM=111, FMP, FMI

FMARK

<
-t

MDDI_DATA_P_B

MDDI_Data0+
B.B. MDDI"Data0- MDDI_DATA_M_B  RG61509
JA.P.P. MDDI_Stoo+ MDDI_STB_P_B
7P MDDI_stbo-
_Stb0 MDDI_STB_M_B

Figure 57
Data refresh rate 60Hz
432 lines i« > 7
Display DDI write MDDI write
LCD driver RD:::j B C
RAM operation

line

rp |sp|Display data read | Display data read Display data read Display data read | e |sp | Display data read

o

BP P |BP FP [BP

ep|Display data read

g U hostdetect=1ms
| Dat ite enable period
4 ata rewrite enable perlo ’

LCD display image A B B B B C

FMARK _|_|

Figure 58
There are restrictions in setting the data transfer speed and internal oscillation frequency for MDDI data
transfer to prevent tearing on the moving picture display. The RAM data write operation via MDDI must
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be performed with the data transfer speed and the internal oscillation frequency calculated from the
following formulas.

RC oscillation
MDDI data transfer speed max 2H

[lines] +7% -
<+“—> —»>—<
432 4
Display operation
%0 / MDDI data trag#sfer speed min.
.
2
[="
o
g
a
0 “ / [ms]
BP 114H “> thost-detect e > 1667
- FP=2H BP=14H :
1 frame (60Hz)
FMARK ]
Figure 59

Internal clock frequency (f,,. max.) [Hz]
= FrameFrequency( fy)x (DisplayLines(NL)+ FrontPorch(FP)+ BackPorch(BP))x 16(clocks) x var iance

TotalNumberOfDataTransfer
image _Ysize

—— X 28(bytes) x 8(bits) + (image _ Xsize x image _Ysize x bpp)
BlockSize

= (SubFrameHeaderPacket) x 8(bits) +

MDDIdataTransferSpeed(min.)[Mbps]
TotalNumberOfDataTransfer

>
1
((BP + NL + FP + BP + NL)— FMARKposition(FMP) — margins)x RTN X ————— — ;. _det eet

osc

.. MDDIdataTransferSpeed(min.) < MDDIdataTransferSpeed < 85Mbps

Note: Ifthe RAM write operation does not start on the rising edge of FMARK, the time from the rising
edge of FMARK until the start of RAM write operation must also be taken into consideration.

The following is an example of calculating MDDI data transfer speed and internal oscillation frequency for
writing WQVGA full-screen moving picture data in synchronization with FMRAK without tearing.
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Calculating Internal Oscillation Frequency fos

Display size: 240 RGB x 432 lines (NLO = 432 lines)
Back/front porch: 14/2 lines (BP = 14/ FP =2)

Line clock number (RTN): 23 clocks (RTNI = 17)
Frame frequency (fr): 60 Hz

Internal oscillation frequency: 678kHz

max.) = 678(Hz)x 11'007

.. InternalOscillationFrequency(f, =726(kHz)

osc

Notes: 1. When setting the internal clock frequency, possible causes of variances must also be taken into
consideration. In this example, the calculated internal clock frequency with the above register
setting allows for a margin of +7% for variances and ensures completion of display operation
within one frame cycle (60Hz).

2. In this example, variances attributed to fabrication process of LSI and room temperature are
taken into consideration. Other possible causes of variances, such as voltage changes, are not in
consideration. It is necessary to include a margin for these factors if any.

Calculating Total Data to be Transferred per Frame

Display size: 240 RGB x 432 lines (image_X size = 240, image Y size = 432)
Bit per pixel of image data: 18 bpp

432

.. TotalDataTransferred [ bits | = 22(bytes )x 8(bits )+ 76

x 28(bytes )x 8(bits )+ (240x 432x 18 ) = 1.872,464(bits )

Calculating MDDI Data Transfer Speed (min.)

FMARK output timing: 14 lines (FMP = 14)
Margins: 2 lines
Hibernation startup time (thostdetect): 1 MS (thost-detect = 1MS)

1,872,464(bits)

.. MDDIdataTransferSpeed (min.) = = 70(Mbps)

1

(14 +432 +2 + 14+ 432 — 14 - 2) x 23(clocks) x —— —
726(kHz)

1(ms)
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MDDI-VSYNC Interface

The Client MDDI supported by the R61509 adopts 2-frame data transfer method in writing moving picture
data. By synchronizing rewrite operation of moving picture data via MDDI with a frame synchronous
signal from the system (VSYNC), the R61509 can display moving picture without tearing.

The R61509 operates in synchronization with the VSYNC signal from the system, which determines the
frame cycle. The VSYNC signal must be supplied to the R61509 throughout the MDDI-VSYNC operation.

In combination with the Hibernation setting, the R61509 can display moving picture via MDDI-VSYNC
interface with low power consumption.

IM =111, DM = 2’h2, RM = 2’'h0

VSYNC

A

MDDI_DATA_P_B

MDDI_Data0+
B.B. MDDI Data0- R61509
MDDI_Stb0+ MDDI_STB_M_B
/ MDDI_Stb0- MDDI_DATA_P_B
A.P.P. MDDI_STB_M_B

Figure 60
Data refresh rate 60Hz
432 lines ~ >

Display DDI write MDDI write

LCD driver Data
Read B C

RAM operation

line
Display data read |re | er|Display data read |e |er [ Display data read|ee|er [ Display data read|rr|er |Display data read|e [sp | Display data read
<« host-detect < 1ms
< Data rewrite enable period >
LCD display image A B B B B C
vswwe U U U U U U

Note:  The front porch (FP) period continues until next VSYNC input is detected.

Figure 61
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There are restrictions in setting data transfer speed and internal oscillation frequency for MDDI data
transfer to prevent tearing on moving picture display. The RAM data write operation via MDDI must be
performed with the data transfer speed and the internal oscillation frequency calculated from the following
formulas.

RC oscillation

[line] i MDDI data transfer speed max. 2H
432 >«
Display operation
o0
g
2
6
g
a 1 MDDI data transfer spéed
o
=
3 —
0 i [ms]
BP=14H ¢ FP=2H BP=14H
< P lhost-detect
; 7| "host-detec 1 frame > 16.67
VSYNC
Figure 62

Internal clock frequency (f,,;. max.) [Hz]

= FrameFrequency( f; VSYNC)* ( DisplayLines( NL ) + FrontPorch( FP )+ BackPorch( BP ))x 23( clocks ) x var iance

TotalNumberOfDataTransfer

image _Ysize

= (SubFrameHeaderPacket) x 8(bits) + x 28(bytes) x 8(bits) + (image _ Xsize x image _ Ysize x bpp)

BlockSize
i TotalNumb taTrans
MDDIdataTransferSpeed(min .)[ Mbps] > 1 otalNumberOfDataTransfer -
+(BP+ NL-—margins)x RTN x ———— —t,
FrameFrequency( fygync) ( gins) Sose Max host—detect

Her& BP <thostfdetect

.. MDDIdataTransferSpeed(min.) < MDDIdataTransferSpeed < 85Mbps

Note: When the RAM write operation does not start on the falling edge of VSYNC, the time from the
falling edge of VSYNC until the start of RAM write operation must also be taken into consideration.
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The following is an example of calculating MDDI data transfer speed and internal oscillation frequency in
writing QVGA full-screen moving picture data in synchronization with VSYNC without tearing.

Calculating Internal Oscillation Frequency fus

Display size: 240 RGB x 432 lines (NLO = 432 lines)
Back/front porch: 14/2 lines (BP = 14/ FP =2)
Line clock cycle (RTN): 23 clocks (RTNI=17)

Frame frequency (fysync): 60 Hz

1.07
1.0

.. InternalOscillationFrequency( f,  max.) = 678(Hz)x =726(kHz)

osc

Notes: 1. When setting the internal clock frequency, possible causes of variances must also be taken into
consideration. In this example, the calculated internal clock frequency with the above register
setting allows for a margin of +7% for variances and ensures completion of display operation
within one frame cycle (60Hz).

2. In this example, variances attributed to fabrication process of LSI and room temperature are
taken into consideration. Other possible causes of variances, such as voltage changes, are not in
consideration. It is necessary to include a margin for these factors if any.

Calculating Total Data to be Transferred per Frame

Display size: 240 RGB x 432 lines (image X size = 240, image Y size = 432)
Bit per pixel of image data: 18bpp

.. TotalDataT ransferred [ bits | = 22( bytes ) x 8( bits ) + %x 28(bytes )x 8(bits ) + (240 x 432 x 18 ) = 1,872,464 bits )

Calculating MDDI Data Transfer Speed (min.)

Frame frequency ((fVSYNC): 60Hz

Back porch: 14 lines (BP =14)

Margins 2 lines

Hibernation startup time (thost-detect): 1| MS (thost-detect = 1MS)

1,872,464(bits)

.. MDDIdataTransferSpeed (min.) = = 63(Mbps)

——+ (14 + 432 - 2)x 23(clocks) x

———— —1(ms)
60(Hz) 726(kHz)
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MDDI Sub-Display Interface

The R61509 uses the 80-system 18/16-bit interfaces as the sub-display interface to allow controlling sub

display and data write operation to the sub display via MDDI.

Sub-Display Interface Specifications

[

2. Transfer index ID[11:0] and instruction IB[15:0]
3. Compatible to 18-/16-bpp display

Sub-Display Interface Pin

In MDDI operation (IM = 111), the SDO, ENABLE, HSYNC, and the DB17-0 pins are used as the sub-

display interface pin.

@ When sub LCD driver has 80-system 18-bit interface

80-system 18-/16-bit interfaces (one transfer per unit of data)

Table 90
R61509 Sub Display Interface Pin Sub LCD Driver Connection (e.g. HD66791)
SDO CS pin
ENABLE WR pin
HSYNC RS pin
DB17-0 DB17-0 pins

IM =111

R61509

B.B MDDI_Data0+ MDDI_DATA_P_B SDO (CS)

IA .P P MDDI_Data0- MDDI_DATA_M_B ENABLE (WR)

F.F. MDDI_Stb0+ MDDI_STB_P_B HSYNC (RS)
MDDI_Stb0- MDDI_STB_M_B

DB17-0

A

A

P

HD66791

CS
RS

DB17-0

Figure 63
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@ When sub LCD driver has 80-system 16-bit interface

Table 91
R61509 Sub Display Interface Pin Sub LCD Driver Connection (e.g. HD66791)
SDO CS pin
ENABLE WR pin
HSYNC RS pin
DB17-10, 8-1 DB17-10, 8-1 pins
IM =111
R61509 HD66791
BB MDDI_Data0+ MDDI_DATA_P_B SDO (CS) »l cs
B MDDI_Data0- MDDI_DATA_M_B  ENABLE (WR) » WR
/A.P.P. MDDI_Stb0+ MDDI_STB_P_B HSYNC (RS) » RS
MDDI_Stb0- MDDI_STB_M_B
DB17-10, 8-1 /—»| DB17-0,8-1
16
Figure 64

Sub-Display Interface Control

The sub display is controlled and the instruction is sent via MDDI packet. See MDDI Link Protocol
(Packets Supported by the R61509).

Register Access Packet: The instructions sent to main and sub display are discerned by the field in
Register Access Packet.

Video Stream Packet: Whether the data is transferred to main or sub display is discerned by the Pixel
Attributes Bits[1:0]
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MDDI Mobile Display System

The R61509 supports sub-display interface in order to coordinate the operation via MDDI. By bypassing
the FML signal sent from the sub display, the R61509 realizes moving picture display on both main and
sub panels via MDDI.

These features of R61509 enables configuration of MDDI mobile display system without adding bridge
chip and so on.

R61509 MDDI Mobile Display System Configuration Example (16 bpp on sub display)

Hinge LCM
vee S e g
B.BJAP.P 0 » | Main LCD driver !
Host =
System
MDDI(Stb+/-) Foward Link ONLY 1
MDDI OOCOOOOC%Q MDDI
Host XOCTHOOOOC Client :
MDDI(Data+/-) : y Main
; $1-720 Wide-QVGA
note L} _————d
o e pf [interface | G 256k col
note > pins i >
DB17-10,8-1 ! | oS
] VCcoM
1
spo, | |
ENABLE| 1
v |vsyno |
' I
—»| tsc [*
A3 !
164
! Sub LCD driver
. |HD66791
i p| RESET
p{ CS, WR, RS > Sub
i | DB17-10, 81
Sub FLM
Figure 65

Notes: 1. The CS pin is used exclusively for the signal to cancel shutdown mode in MDDI operation.
While not using Shutdown mode, the CS pin does not have to be connected to the Host System.
2. Use either FMARK or VSYNC signal as the reference signal for moving picture display
according to the configuration of system.

Rev.1.03 November 26, 2007, page 146 of 231
RENESAS




R61509

RGB Interface

The R61509 supports the RGB interface. The interface format is set by RM[1:0] bits. The internal RAM is
accessible via RGB interface.

Table 92 RGB interface

RIM1 RIMO RGB Interface DB Pin

0 0 18-bit RGB interface DB17-0

0 1 16-bit RGB interface DB17-13, DB11-1
1 0 6-bit RGB interface DB17-12

1 1 Setting inhibited -

Note: Using multiple interface at a time is prohibited.

RGB Interface

The display operation via RGB interface is synchronized with VSYNC, HSYNC, and DOTCLK. The data
can be written only within the specified area with low power consumption by using window address
function and high-speed write mode (HWM = 1). In RGB interface operation, front and back porch periods
must be made before and after the display period.
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VSYNC ENABLE (V)

il

Moving picture
display area

K

HSYNC
DOTCLK llllllllllllllll
ENABLE

DB17-0

VSYNC: Frame synchronization signal
HSYNC: Line synchronization signal
DOTCLK: Dot clock

ENABLE: Data enable signal

DB 17-0: RGB (6:6:6) display data

JUUUUUUUT

Back porch period (BPP):
Front porch period (FPP):

Display period:

The number of lines for one frame:

W] [

14H

Notes: 1. The front porch period continues until next VSYNC input is detected.
2. Make sure to match the VSYNC, HSYNC, and DOTCLK frequencies to the resolution of liquid crystal panel.

Back porch period (BP)

»
»

Display period (NL)

Front porch period (FP)

FP + NL + BP

Figure 66 Display Operation via RGB Interface

Polarities of VSYNC, HSYNC, ENABLE, and DOTCLK Signals

The polarities of VSYNC, HSYNC, ENABLE, and DOTCLK signals can be changed by setting the DPL,
EPL, HSPL, and VSPL bits, respectively for convenience of system configuration.
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RGB Interface Timing

The timing relationship of signals in RGB interface operation is as follows.

16-/18-Bit RGB Interface Timing

One frame :
- L
Back porch period Front porch period:
k——> —>

VSYNC
HSYNC i

DOTCLK

ENABLE

- 1H or more >
VSYNC
1H
-} -
HLW = 1CLK
HSYNC
1 clock
_
DOTCLK
DTST Z 1CLK
ENABLE
X X X XXX
h Valid data
Figure 67
Notes: 1. VLW: VSYNC Low period
HLW: HSYNC Low period
DTST: data transfer setup time

2. Use high-speed write function (HWM = 1) when writing data via RGB interface.
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6-Bit RGB Interface Timing

One frame
< »

hal Lgt
Back porch period Front porch period
> < >

vsYNe ||

DT CLK QR e

In
L

ENABLE \\

L

XK

(DB5-0) \

1H or more

VSYNC ,_

<
<
HLW = 3CLK
4+

A
\ 4

v

HSYNC

1CLK

DOTCLK ~ | | | |_

DTST 2 1CLK _
ENABLE
DB17-12 RGBRGBRGBRGBRGBRGBRGB
bB7-t D000 I
- Valid data g
Figure 68
Notes: 1. VLW: VSYNC Low period
HLW: HSYNC Low period
DTST: Data transfer setup time

2. Use high-speed write function (HWM = 1) when writing data via RGB interface.

3. In 6-bit RGB interface operation, set the VSYNC, HSYNC, ENABLE, DOTCLK cycles so that
pixel is transferred in units of three DOTCLKSs via DB17-12 (DB5-0).

one
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Moving Picture Display via RGB Interface

The R61509 supports RGB interface for moving picture display and incorporates RAM for storing display
data, which provides the following advantages in displaying a moving picture.

The window address function enables transferring data only within the moving picture area
The high-speed write function enables RAM access in high speed with low power consumption
It becomes possible to transfer only the data written over the moving picture area

By reducing data transfer, it can contribute to lowering the power consumption of the whole system

A

The data in still picture area (icons etc.) can be written over via system interface while displaying a
moving picture via RGB interface

RAM access via system interface in RGB interface operation

The R61509 allows RAM access via system interface in RGB interface operation. In RGB interface
operation, data is written to the internal RAM in synchronization with DOTCLK while ENABLE is “Low”.
When writing data to the RAM via system interface, set ENABLE “High” to stop writing data via RGB
interface. Then set RM = “0” to enable RAM access via system interface. When reverting to the RGB
interface operation, wait for the read/write bus cycle time. Then, set RM = “1” and the index register to
R22h to start accessing RAM via RGB interface. If there is a conflict between RAM accesses via two
interfaces, there is no guarantee that the data is written in the RAM.

The following is an example of rewriting still picture data via system interface while displaying a moving
picture via RGB interface.

updating frame data updating frame data
> [ 1

U U U Inpumnl

VSYNC j_]

ENABLE !

DOTCLK l

DB17-0 )40 440 44 { N | § § | § § § § § § ¢

Note 4) Note A)f

1
!

1

1

1

System Index '
interface R22 !
—

RAM Update datainthe || RAM Index
RM =0]| address || '"9€X || area other than address ||RM = 1| 207
set R22 moving picture area || set
>
writing — writing
moving picture area writing moving picture area
still picture area B

Notes: 1.In RGB interface operation, RAM address AD16-0 is set in the address counter on the falling edge of VSYNC.
2. Set AD16-0 bits and the index R22h before starting RAM access via RGB interface.
3. Use high-speed write function when writing via RGB interface.
4. When switching to the system interface operation after writing data via RGB interface, wait at least one write cycle (tcycw).

(6/25000:00) I 00:00]

Moving picture
area

Moving picture II:|'>
area

[B][>] B[]

Figure 69 Updating the Still Picture Area while Displaying Moving Picture
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6-Bit RGB interface

The 6-bit RGB interface is selected by setting RIM1-0 = 10. The display operation is synchronized with
VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 6-bit port while data enable signal (ENABLE) allows RAM
access via RGB interface. Unused pins DB11-0 (DB17-6) must be fixed at either IOVCC1 or GND level.

Instruction bits can be transferred only via system interface.

RIM =10
- VSYNC
P HSYNC
LCDC P DOTCLK
/MPU o
R61509
- ENABLE
| DB17-12
6 wW; DB11-0
12
Data format for the 6-bit RGB interface (RIM = 10)
First transfer | Second transfer Third transfer
Input pe | DB | DB |pB |DB |DB | DB | DB |[DB |[DB |DB |DB [ DB |DB | DB | DB | DB | DB
17 16 15 14 13 12 17 16 15 14 13 12 17 16 15 14 13 12

GRAM write
data

1 pixel

Note: 262,144 colors

Figure 70 Example of 6-Bit RGB Interface and Data Format
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Data Transfer Synchronization in 6-bit Bus Interface operation

The R61509 has the counters, which count the first, second, third 6 bit transfers via 6-bit RBG interface.
The counters are reset on the falling edge of VSYNC so that the data transfer will start from the first 6 bits
of 18-bit RGB data from the next frame period. Accordingly, the data transfer via 6-bit interface can restart
in correct order from the next frame period even if a mismatch occurs in transferring 6-bit data. This
function can minimizes the effect from data transfer mismatch and help the display system return to normal
display operation when data is transferred consecutively in moving picture operation.

VSYNC

ENABLE

DOTCLK . I .
(DB5-0)

Second First Second Third First Second Third
transfer . i transfer transfer transfer transfer transfer transfer
Transfer synchronization

Figure 71 6-Bit Transfer Synchronization
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16-Bit RGB Interface

The 16-bit RGB interface is selected by setting RIM1-0 = 01. The display operation is synchronized with
VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 16-bit ports while data enable signal (ENABLE) allows
RAM access via RGB interface.

Instruction bits can be transferred only via system interface.

RIM = 01
»| VSYNC
» HSYNC
» DOTCLK
LCDC/MPU R61509
»| ENABLE
> DB17-13, 11-1
16 DB12,0
2
Data format for the16-bit interface (RIM = 01)
Input ‘DB‘DB‘DB'DB‘DB| lDB'DB’DB‘DB‘DB‘DB‘DB'DB‘DB‘DB‘DB‘
17 | 16| 15| 14 | 13 11|10 9|8l 716 |5 4]|3]2]1
v A 4 v v A 4 l l A v v A

GRAM data

1 pixel Note: 65,536-color display

Figure 72 Example of 16-Bit RGB Interface and Data Format
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18-bit RGB interface

The 18-bit RGB interface is selected by setting RIM1-0 = 00. The display operation is synchronized with
VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 18-bit ports (DB17-0) while data enable signal (ENABLE)
allows RAM access via RGB interface.

Instruction bits can be transferred only via system interface.

RIM = 00

VSYNC

HSYNC

DOTCLK
R61509

ENABLE

DB17-0

Yvy

LCDC/MPU

Yy

18

Data format for the 18-bit interface (RIM = 00)

out DB |DB (DB | DB | DB | DB | DB |[DB | DB |DB |DB |DB | DB | DB | DB | DB | DB | DB
P 17 |16 |15 | 14 | 13 | 12 | 11 [ 10 9 8 7 6 5 4 3 2 1 0

GRAM write
data

1 pixel Note: Normal display in 262,144 colors

Figure 73 Example of 18-Bit RGB Interface and Data Format
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Notes to RGB Interface Operation

1. The following functions are not available in RGB interface operation.

Table 93 Functions Not Available in RGB Interface operation

Function RGB Interface Internal Display Operation
Partial display Not available Available
Scroll function Not available Available

2. The VSYNC, HSYNC, and DOTCLK signals must be supplied during display period.

3. The reference clock to generate liquid crystal panel controlling signals in RGB interface operation is
DOTCLK, not the internal clock generated from the internal oscillator.

4. In 6-bit RGB interface operation, 6-bit dot data (R, G, and B) is transferred in synchronization with
DOTCLK. In other words, it takes three DOTCLKSs to transfer one pixel data.

5. In 6-bit RGB interface operation, make sure to set the cycles of VSYNC, HSYNC, DOTCLK,
ENABLE signals so that the data transfer is completed in units of pixels.

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

7. In RGB interface operation, front porch period continues after the end of frame period until next
VSYNC input is detected.

8. In RGB interface operation, use high-speed write function (HWM = 1) when writing data to the internal
RAM.

9. In RGB interface operation, RAM address AD16-0 is set in the address counter every frame on the
falling edge of VSYNC.
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Internal Clock Operation to RGB Interface (1)

Internal clock operation
[ |

RGB Interface (1) to Internal Clock Operation

Display operation in

RGB interface operation
- synchronization with

HWM =1 and AM =0
|

Display operation in
synchronization with

VSYNC, HSYNC, and

Set internal clock DOTCLK

operation mode*
(DM1_0 =00 and RM = O) *Instruction setting to the
internal clock operation

RAM address set internal clocks

is enebled from the next

Wait one frame period ] frame period.

|
Set DM1-0 = 01 and RM = 1 *Instruction setting for [

. the RGB interface operation
for RGB interface is enebled from the next frame period.
|

Set index register to R202h

| |
Wait one frame period —
or more

|

Write data to RAM
via RGB interface
|

Operation via RGB interface

Display operation in
synchronization with VSYNC,
HSYNC, and DOTCLK

Note: Input the RGB interface signals before setting the DM1-0 and RM bits
to the RGB interface operation.

or more

Internal clock operation

Display operation in
synchronization with
internal clocks

Note: Continue RGB interface signals at least for

one frame period after setting DM1-0, RM bits
to internal clock operation.

Figure 74 RGB and Internal Clock Operation Mode Switching Sequences
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RAM Address and Display Position on the Panel

The R61509 has memory to store display data of 240RGB x 432 lines. The R61509 incorporates a circuit
to control partial display, which allows switching driving method between full-screen display mode and
partial display mode.

The R61509 makes display arrangement setting and panel driving position control setting separately and
specifies RAM area for each image displayed on the panel.

The following is the sequence of setting full-screen and partial display.

1. Set (PTSAx, PTEAX) to specify the RAM area for each partial image
2. Set the display position of each partial image on the base image by setting PTDPx.
3. Set NL to specify the number of lines to drive the liquid crystal panel to display the base
image
4. After display ON, set display enable bits (BASEE, PTDEO(/1) to display respective
images
Normal display BASEE =1

Partial display 1/2 BASEE =0, PTDE0O/1 = 1

5. Changes BASEE, PTDEO/1 settings when turning on and off the full and partial displays
1/2.

In driving the liquid crystal panel, the clock signal for gate line scan is supplied consecutively via interface
in accordance with the number of lines to drive the liquid crystal panel (NL setting).

When switching the display position in horizontal direction, set SS bit when writing RAM data.

Table 94

Display ENABLE | Numbers of lines RAM area

Base image | BASEE NL (BSA, BEA) = (9h000, 9'h1AF)

Notes 1: The base image is displayed from the first line of the screen.
2: Make sure NL <432 (lines) = BEA — BSA when setting a base image RAM area. BSA and
BEA are fixed to 9°’h000, 9°h1AF, respectively.

Table 95

Display ENABLE Display position RAM area
Partial image 1 PTDEO PTDPO (PTSAO, PTEAO)
Partial image 2 PTDE1 PTDP1 (PTSA1, PTEA1)
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Panel display Display data Base image Partial image RAM Write
position output position RAM Address RAM Address Address

1 (HSAHEA)
BSA = 9'h000

Lep |- A A

( PTDPO ) PTSAO

.Base \Q ™ Partial image 1 Window
image IPTEAQ Address
.. . APTDP1 "

BTSAT (VSA,VEA)

Partial image 2
PTEA1

BEA = 9'h1AF \

Figure 75 RAM Address, Display Position and Drive Position

Restrictions in Setting Display Control Instruction

There are restrictions in coordinates setting for display data, display position and partial display.
Screen setting

In setting the number of lines to drive the liquid crystal panel, make sure that the total number of lines is
432 lines or less (NL < 432 lines).

Base image display
The base image is displayed from the first line of the screen: Base image display start position = 1%
Partial image display

Set the partial image RAM area setting registers (PTSAx, PTEAX bits) and the partial position setting
registers (PTDPx bits) so that the RAM areas and the display positions of partial images do not overlap one
another.

0 < PTDPO < PTDPO+ (PTEAO - PTSAO0) <
PTDP1 < PTDP1+ (PTEA1 - PTSA1) <NL
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The following figure shows the relationship among the RAM address, display position, and the lines driven
for the display.

Display

LCD panel
data output .
order P physical line address RAM line address
0 Display screen Partial display
1, @ A 0 (1stline) < BSAO = 9'h000 M
2 L 1 (2nd line)
3 [ 2 (3rd line)
4 —
5 —
|
1 — @ PTDPO
1 (1
| [ PTSD image 1
: — Display area
1 —
I [ .pTDp1 BASE mage
: — | Nt RAM area
! — | (nlines) PTSD image 2
: — Display area
H (1
| (1
1 (1
|
H (1
| (1
! (1
1
H (1
| (1
NL ": vy - NL _J
PTSAQ 7
Partial image 1
RAM area
PTEAO _
PTSAT B
Partial image 2
RAM area
PTEAT _
BEA = 9'h1AF

Figure 76 Display RAM Address and Panel Display Position

Note: This figure shows the relationship between RAM line address and the display position on the panel.
In the R61509’s internal operation, the data is written in the RAM area specified by the window
address setting.
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Instruction Setting Example
The followings are examples of settings for 240(RGB) x 432(lines) panel.
1. Full screen display (no partial display)

The following is an example of settings for full screen display.

Table 96
Base image display instruction
BASEE [ 1
NL[5:0] | 6'h35
[ PTDEO [0 |
[ PTDE1 0 |
Display
LCD panel
data output f
order P physical line address RAM line address
1 l1 0 (1st line) -] BSA=9'h000
2 \ 1 (2nd line) R
3 2 (3rd line)
4 —
5 —
H NL
[ (432 lines) .
] Base image
: BASE image
— RAM area
432 0.y 431 (432nd line) BEA = 9h1AF )

Figure 77 Full Screen Display (no Partial)
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2. Partial only

The following is an example of settings for displaying partial image 1 only and turning off the base image.
The partial image 1 is displayed at the position specified by PTDPO bit.

Table 97
Base image display instruction
BASEE 0
NL[5:0] 6’h35
partial image 1 display instruction partial image 2 display instruction
PTDEO 1 PTDE1 0
PTSAO0[8:0] 9’h000 PTSA1[8:0] 9’h000
PTEAOQ[8:0] 9’h00F PTEA1[8:0] 9’h000
PTDPO[8:0] 9'h080 PTDP1[8:0] 9’h000
Display LCD panel
da;a output physical line address RAM line address
order
1 !1[ ................ 0 (1st o) PTSAO = 9'000 ~
2 [ 1 (2nd line)
3 2 (3rd line) o
4 Partial image 1
5 [ RAM area
i » PTEAO = 9H00F
— @ PTDPO
H Partial image
— display area
] BASE image
— RAM area
N NL
|| (432 lines)
— Base image
] (non-lit display)
432 [ M 431 (432nd line) BEA = 9'h1AF .

Figure 78 Partial Display
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Outline Sharpening Function

The R61509 supports outline sharpening function. Image data, outline sharpened, can be written onto the
RAM by setting image processing parameters, AVST, ADST, DTHU and DTHL, and EGMODE=1 and
then transfer original data to designated window address.

*Note: Dummy write must be inserted every frame of RAM write operation. (See the following
waveforms.)

Because this function operates calculating data of pixels, images with sharp outlines can be realized
regardless of moving or still images.

The characteristics of algorithm used in this function may not fit some types of data to realize desirable
result. Please confirm images after outline sharpening operation.

How to set outline sharpening instruction
In the R61509 AVST, ADST, DTHU and DTHL bits set parameters that adjust image data.

The following figure shows how the parameters and each stages of operational sequence interact.

[i] Original image

Coefficients

[ii ] Smooth outlines

Upper threshold ] The range between these

[ii ] calculate the difference Lower threhold are to be sharpened.

between [i]and [ii]

[iv]Add [ii]and [iii]
¥ -->image with sharpened outline

—

Outline Sharpening Instruction: R006h

EOutline sharpening mode setting
EGMODE Outline sharpening mode

1'h0 OFF
1'h1 ON

Rev.1.03 November 26, 2007, page 163 of 231
RENESAS



R61509

B Coefficients to smooth edges between
neighboring pixels

AVST[2:0] Coefficients
3'h00 0.125(=1/8)
3’'ho1 0.250(=2/8)
3'h02 0.375(=3/8)
3'h03 0.500(=4/8)
3'h04 0.625(=5/8)
3'h05 0.750(=6/8)
3'h06 0.875(=7/8)
3’h07 1.000(=8/8)

B Added coefficients

ADST[2:0] Added coefficients
3'h00 0.0 (Off)

3’'ho1 0.5(=1/2)

3’h02 1.0(=2/2)

3'h03 1.5(=3/2)

3’h04 2.0(=4/2)

3'h05 2.5(=5/2)

3'h06 3.0(=6/2)

3'ho7 3.5(=7/2)

B Higher threshold

High threshold of the

DTHU[1:0] brightness band
2’h00 15
2’h01 31
2’h02 47
2’h03 63

B Lower threshold

Lower threshold of the

DTHL[1:0] brightness band
2’h00 0
2’h01 Setting Disabled
2’h02 1
2’h03 2
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Restriction to outline sharpening function
1. Outline sharpening instruction should be set before writing data to RAM.
2. RAM address update direction setting is restricted to AM=0 and I/D=2"b11.

3. When writing data to RAM, dummy write must be done 5 times consecutively right after
transferring data of one frame that is set by window address setting. (See following waveforms.)

4. One pixel at the end of original data will not be sharpened.

Outline sharpening function RAM write-in sequence

Address update direction setting
AM=0, I/D=2'b11
(default)

v

HSA, HEA, VSA and VEA settings

When invalidating outline sharpening function,
AD settings (set same as window address) write data onto RAM after canceling outline
AD (horizontal direction) is set by HSA bits. sharpening function. Image with sharpened image
AD (vertical direction) is set by VSA bits. will be displayed unless RAM data is not updated
¢ even outline sharpening mode is canceled.

| Outline sharpening setting |

v

| R202 INDEX setting |

RAM Write

RAM Write

Outline sharpening function valid.

il

| R006h Cancel outline sharpening function

Figure 79
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M Data transferring when 80-system VSYNC interface is selected

VSYNC

System interface
RAM data write

|

Index R202

S 11—

|

Index R202

WR (I I
Dummy write x5 Dummy write x5
Display cperation &P L P ep 00000
synchronized with internal clock
Figure 80

M Data transfer when 80-system FMARK interface is selected

FMARK

System interface
RAM data write

WR

Display operation
synchronized with internal clock

I
R (11

ndex R202

Index R202

HITIIN

. FP+BP

. Dummy write x5

1IN

; Dummy write x5

Figure 81

M 2-frame data transfer when MDDI-VSYNC interface is selected

VSYNC

Packet

i

t(ho!

4

st-detect) < 1ms
Sub-FrameHeader Packet

Video Stream | | Video Stream | _
Packet Packet

— — = | Videostream
Packet

]

Packet of one fine dummy write

Video Stream
Packet

<&
<

Data for full screen

>
>

Dysplay operation

synchronized with internal clock

display data read

FP[BP | display data read P[BP | display data read

N

Figure 82
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M 2-frame data transfer when MDDI-FMARK interface is selected

FMARK ﬂ
t(host-detect) < 1ms Packet of one line dummy write
/ Sub-FrameHeader Packett
Video Stream | | Video Stream Video Stream Video Stream
o - - - - - [t e
< >
Data for full screen :
Display operation BP | display data read FPBP | display data read P[BP | display data read
synchronized with internal clock L_L L
Figure 83

M Data transfer when RGB interface is selected

VSYNC

DB17-0

ENABLE

DOTCLK

Display operation
synchronized with HSYNC

|

RO

—

|

[ ]

-

LULCRLGLATEEELATELE

“—— Dummy write

x5
HTTTE

“——’ Dummy writé

BP

LLLLLCAELAEEEL

BP

ALCTECLTAEEARTEEER

Figure 84
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High-Speed RAM Write Function

The R61509 supports high-speed RAM write function to write data to each line of window address area at a
time. This function makes the R61509 available with the applications, which require high-speed, low-
power-consumption data write operation such as color moving picture display.

When enabling high-speed RAM write function (HWM = “1”), the data is first stored in the internal register
of the R61509 in order to rewrite the RAM data in each horizontal line of the window address area at a time.
Also, when transferring the data from the internal register to the internal RAM, the data written in the next
line of the window address area can be transferred to the internal register of the R61509. The high-speed
write function minimizes the number of RAM access in write operation and enables high-speed consecutive
RAM write operation required for moving picture display with low power consumption.

Microcomputer

Latch circuit
18

e B I

e
17 18xn
1 17'h0-0000 | 17'h0-0001 | ........... 17'h0-0003
> GRAM

Figure 85 High-Speed Consecutive RAM Write Operation

%) T

input

WR
input

RAM data

Ind Ind
oo (E;OXZ) D D ﬂ D E (gzeoxz)
input

RAM write RAM write RAM write execution time x 2*
execution time execution time
» » »
> > L
RAM RAM RAM
RAM write data data data data
(18 x n bits) (1)-(n) (n+1)-(2n) (2n+1)-(3n)

RAM address 17'h00000 — 7'h00100 — 17'h00200 —
(AD16-0) 17'h0000n 17'h0010n 17'h0020n

Figure 86 Example of High-Speed RAM Write Operation (HWM = 1)

Note: When switching from high-speed RAM write operation to index write operation, wait at least for
two normal RAM write bus cycle periods (2 X tevew) before executing a next instruction.
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es

input

1 2 3 4 5 6 7 8
A N N I I I I
input
Index RAM RAM RAM RAM RAM RAM RAM RAM
DB17-0 (R202) data data data data data data data data
input upper lower [+ | upper lower upper lower | =] upper lower
(1) (1) (n) (n) ) (1) (n) (n)
RAM write RAM write
execution time execution time
RAM write dat RAM RAM
write data
(18 x n bits) data data
(1)-(n) (n+1)-(2n)

RAM address 17'h00000 — 17'h00100 —
(AD16-0) 17'h0000n 17'h0010n

Figure 87 Example of High-Speed RAM Write Operation via 9-Bit Interface

Note: In high-speed RAM write operation, the R61509 writes data in units of n words. When using 9-bit
interface, the R61509 performs write operation 2 x n times in the internal register before writing the
data in each line of the window address area.

Notes to High-Speed RAM Write Function

1. In high-speed RAM write mode, the R61509 performs write operation to the internal RAM in
units of lines. If the data inputted to the internal write register is not enough to rewrite the data in
the horizontal line of the window address area, the data is not written correctly in that line address.

2. If the IR is set to 22h when HWM = “1”, the R61509 always performs RAM write operation.
With this setting, the R61509 does not perform RAM read operation. Make sure to set HWM = 0,
when performing RAM read operation.

3. The high-speed RAM write function cannot be used when writing data in normal RAM write
function mode. When switching form one write mode to the other, change modes first and set
AD16-0 (RAM address set) before starting write operation.

Table 98 RAM Write Operation

Normal RAM Write (HWM = 0) High-speed RAM Write (HWM = 1)
BGR function Available Available
RAM address set In units of words In units of words
RAM read In units of words Not available
RAM write In units of words In units of lines
Window address In units of words In units of words
(minimum window address area: (minimum window address area:
1 word x 1 line) 8 words x 1 line)
External display interface Available Available
AM AM = 1/0 AM =0
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High-Speed RAM Data Write in a Window Address Area

The R61509 can perform consecutive high-speed data rewrite operation within a rectangular area
(minimum: 8 words x 1 line) made in the internal RAM with the following settings.

When writing data to the internal RAM using high-speed RAM write function, make sure each line of the
window address area is overwritten at a time. If the data buffered in the internal register of the R61509 is
not enough to overwrite the horizontal line in the window address area, the data is not written correctly in
that line.

The following is an example of writing data in the window address area using high-speed write function
when a window address area is made by setting HSA = 8’h12, HEA = 8’hA7, VSA = 9°h020, and
VEA = 9’h05B.

Write in horizontal direction .
AM =0, I/DO = 1 ooy GRAM address map

Window address setting area 17102012

HSA =8'h12, HEA = 8'hA7
VSA = 9'h020, VEA = 9'h05B

Enable High speed RAM write
HWM =1

Y

RAM address set

AD = 17'h02012* see Note 17'n05BA7
* 17'h1AFEF

RAM write x 150 times x 60 times

Window address area
(data rewrite area)

Window address area
HSA = 8'h12, HEA = 8'hA7
VSA = 9'h020,VEA = 9'h05B

Note: Set a RAM address within the window address area.

Figure 88 High-Speed RAM Write Operation in the Window Address Area
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Window Address Function

The window address function enables writing display data consecutively in a rectangular area (a window
address area) made in the internal RAM. The window address area is described by the horizontal address
register (start: HSA7-0, end: HEA7-0 bits) and the vertical address register (start: VSAS8-0, end: VEAS-0
bits). The AM and I/D bits set the transition direction of RAM address (either increment or decrement,
horizontal or vertical, respectively). Setting these bits enables the R61509 to write data including image
data consecutively without taking the data wrap position into account.

The window address area must be made within the GRAM address map area. Also, the AD16-0 bits (RAM
address set register) must be set to an address within the window address area.

[Window address area setting range]
(Horizontal direction) 8’h00 < HSA < HEA < 8’hEF
(Vertical direction) 9’h000 < VSA < VEA <9’hl1AF

[RAM Address setting range]
(RAM address) HSA < AD7-0 < HEA
VSA < AD16-8 < VEA

GRAM address map

1700000 E E E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEBEER| 17h000EF

| ]
Window address area

(]
] n
[ ] [
[ ] [
[ ] [
u 17'n02010 IF P> 17'n0202F ]
[ | ]
. 17'h02110 P 17'h0212F [
u [] |
- : - [ ]
L n n ]
L n n ]
L n n ]
= ] ] L]
- . n [
- e . u u
[ ] T ] | ]
u 17'h0SF10 | "i 17'h05F2F u
[ ] [
[ ] [
] n
] n
] n

17'h1AF00 FlllIIIIIllllllIllllllllllllllllllllll 17'h1AFEF

Window address area

HSA = 8'h10, HEA = 8'h2F I/D = 2'h3 (increment)
VSA = 9'h020, VEA = 9'h05F AM = 1'h0 (horizontal writing)

ORG = 0 RAM address set = 17'02010 (arbitrary) Both are set to the same RAM address.
ORG =1 RAM address set = 17'00000

Figure 89 Automatic Address Update within a Window Address Area
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Scan Mode Setting

The R61509 can set the gate pin assignment and the scan direction in the following 4 different ways by

setting SM and GS bits to realize various connections between the R61509 and the LCD panel.

SM

Scan direction

Interchanging forward direction (GS=0)

Interchanging backward direction (GS=1)

&

429
431

432

main
Panel
(GS0)

240

= =

(Non-bump view)

Scan order (Gate line No.)
G1=>G2=>G3=CG4...

G429=>G430=>G431=>G432

432

main
Panel

432 (GS1)

240

- =

(Non-bump view)

Scan order (Gate line No.)
G432=G431=>G430=>G3429.. G4=>G3=G2=>G1

Left/right forward direction (GS=0)

G430=>G432

Left/right backward direction (GS=1)

main
Panel

432 (GS0)

240

= =

(Non-bump view)

Scan order (Gate line No.)

G1=G3.... G429=G431=>G2=>G4....

G3=G1

@32

main
Panel

432 (Gs1)

240

= =

(Non-bump view)

Scan order (Gate line No.)

G432=G430 .... G4=>G2=>0G431=>G429 ....

Note: the numbers in the circles in the figure shows the order of scan.

Figure 90
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8-Color Display Mode

The R61509 has a function to display in eight colors. In this display mode, only VO and V31 are used and
power supplies to other grayscales (V1 to V30) are turned off to reduce power consumption.

In 8-color display mode, the y-adjustment registers POKP0O-POKPS, POKNO-POKNS5, PORPO, PORP1,
PORNO, PORN1, POFPO-POFP3, and POFNO-POFN3, are disabled and the power supplies to V1 to V30 are
halted. The R61509 does not require GRAM data rewrite for 8-color display by writing the MSB to the rest
in each dot data to display in 8 colors.

MSB =sresnstaunatantanansarassarassarasansasnssssnssssnsnnsssnnasasanrarnsal

LSB
YYYVYVYY YYVYYYY VYYVYVYYY

Display data [Rs|Ra|Rs|R2|R1[Ro| [Gs]Ga|Gs|G2|G1|Go] [Bs|B4[B3]B2]B1]Bo]

Vo

:§ TRs 1 Gs 1 Bs

g v v v

© Two-level grayscale| |Two-level grayscale | | Two-level grayscale

o 2 control control control

3 <R> <G> <B>

2

o

O]
V31 || LCD driver LCD driver LCD driver
|31 | [coparver ] [ccoamer ][ LoD amer |

Figure 91 8-Color Display Mode
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N-Line Inversion AC Drive

In addition to frame-inversion liquid crystal alternating current drive, the R61509 supports N-line inversion
alternating current drive. The polarity is inverted every 1, 2, 3, or 4 line(s) according to register setting.

This N-line inversion may be effective in solving display quality issue. Set N (NW bit + 1) checking the
image quality on the panel. Note that when N is smaller, alternating frequency at the liquid crystal is higher,
causing more current charged or discharged at TFT cells.

One frame >lg One frame >
< > < >ig » < >
Back Front Back Front
porch porch porch porch
11213 4 mmmmmi433i434 mmmmmigqg( 1 i 2 3 | 4 immmmm 433i434 muunn 448
Frame-inversion B ,
AC drive
* 432-line drive
/ /
Line inversion I __ __ __ _ /L
AC drive
+ 432-line drive

Figure 92 Example of Alternating Signals for N-Line Inversion

Note: During blank period (back and front porch periods), alternation halts to start again at the first line of
next display period.
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Alternating Timing

The following figure illustrates the liquid crystal polarity inversion timing in different LCD driving
methods. In case of frame-inversion AC drive, the polarity is inverted as the R61509 draws one frame,
which is followed by a blank period lasting for (BP+FP) periods. In line inversion AC drive, polarity is
inverted as the R61509 draws one line, and a blank period lasting for (BP+FP) periods is inserted when one
frame is drawn.

Flame-inversion AC drive Line-inversion AC drive
Back porch Alternating timing Back porch
Alternating timing 1line
Alternating timing 1line
Alternating timing 1line
° : -
2 i 1 line S
@ Alternating timing | 2
Frame 1 g e g
o Alternating timing °
£ . 0
£ Alternating timing 1line ]
i > : g
£ Alternating timing 1line o
o N : 5
Alternating timing 1line
Alternating timing 1line
nernating Alternating timing | 71 !'?E 777777777
timing —=p
----- Front porch.-----|
Front porch
v v

Figure 93 Alternating Timing
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Frame-Frequency Adjustment Function

The R61509 supports a function to adjust frame frequency. The frame frequency for driving liquid crystal
can be adjusted by setting the DIV, RTN bits without changing the oscillation frequency.

By changing the DIV and RTN settings, the R61509 can operate at high frame frequency when displaying a
moving picture, which requires the R61509 to rewrite data in high speed, and it can operate at low frame
frequency when displaying a still picture.

Relationship between Liquid Crystal Drive Duty and Frame Frequency

The following equation represent the relationship between liquid crystal drive duty and frame frequency.
The frame frequency can be changed by setting the 1H period adjustment bit (RTN) and the operation clock
frequency division ratio setting bit (DIV).

Equation for calculating frame frequency

FrameFrequency = Josc [Hz]
NumberofClocks / line x DivisionRatio x (Line + FP + BP)
fosc: RC oscillation frequency

Number of clocks per line: RTNI bit

Division ratio: DIVI bit

Line: number of lines to drive the LCD panel (NL bit)

Number of lines for front porch: FP

Number of lines for back porch: BP

Example of Calculation: when maximum frame frequency = 60 Hz

fosc: 678 kHz

Number of lines: 432 lines

1H period: 25 clock cycles (RTNI [4:0] = “11001")
Division ratio of operating clock: 1/1

Front porch: 2 lines

Back porch: 14 lines

frm = 678 (kHz) / 25 (clocks) x 1/1 x (432+2+14) (lines) = 60.5 (Hz)
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Under the above conditions, the frame frequency can be changed according to the table shown below.

Table 99 Frame Frequency Setting (NL = 432 lines, BP = 14 lines, FP = 2 lines, fosc = 678 kHz)

RTNI[4:0] DIVI =2'h0 DIVI=2'h1
5’h00 - 5’hOF - -
5’h10 95 Hz 47 Hz
5h11 89 Hz 45 Hz
5h12 84 Hz 42 Hz
5h13 80 Hz 40 Hz
5h14 76 Hz 38 Hz
5h15 72 Hz 36 Hz
5h16 69 Hz 34 Hz
5h17 66 Hz 33 Hz
5'h18 63 Hz 32 Hz
5h19 61 Hz 30 Hz
5’h1A 58 Hz 29 Hz
5h1B 56 Hz 28 Hz
5h1C 54 Hz 27 Hz
5h1D 52 Hz 26 Hz
5h1E 50 Hz 25Hz
5’h1F 49 Hz 24 Hz
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Partial Display Function

The partial display function allows the R61509 to drive lines selectively to display partial images by setting
partial display control registers. The lines not used for displaying partial images are driven at non-lit
display level to reduce power consumption.

The power efficiency can be enhanced in combination with 8-color display mode. Check the display
quality when using low power consumption functions.

Non-lit display area

7 i Partial image 1
=E ot 20 lines

G60—P g e =

Non-lit display area

Number of lines to drive LCD :NL = 6’h35 (432 lines)

Base picture display ENABLE :BASEE =0

Partial image 1 display RAM area  : (PTSAO, PTEAOQ) = (9'h000, 9'h013)
Partial image 1 display position : PTDPO = 9'h028

Parital image 1 display ENABLE :PTDEO =1

Figure 94 Partial Display

Note: See the RAM Address and Display Position on the Panel for details on the relationship between the
display positions of partial images and respective RAM area setting.
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Liquid Crystal Panel Interface Timing

The relationships between RGB interface signals and liquid crystal panel control signals in internal
operation and RGB interface operations are as follows.

Internal Clock Operation

One Frame
reference reference reference reference reference reference reference reference
point point point point point point point point
i i i i i i i i
I 1H 1 1 1 1 1 1
Q‘ 1 1 1 |
FMARK ! ! ! ! I i
(FMP=BP-1) | | ] ] ] 1 |
] ] ] ] ] ] ] ]
] ] ] ] ] ] ]
! Herom | ! ! ! ! ' —
| | | | | | | |
G1 T T I T T T T T
| | | | | | | |
| | | | | | | |
] ] ] ] I ] ]
G2 || ! | I ! : : :
] ] ] I ] ] ] ]
| | | | | 1 | |
| | | | | | | |
H H H H H l_] H H
G432 | | | | | | |
T T T T T h T T
| | | | | | | |
i 1Som ST i i i i i
| [\ > | | | | |
S(3n+1) i i i i P i i i
S(3n+2) i | RGB | RGB | T YRGB | \ \
8(3,12)-:;33)9 | | | | | | | | |
| | | | | | | |
i i i | b i i i
irst i Second lipe !
| Lo Fistiinel_p o ,}]—b | 432ndline— ' '
] ] ] ] ] H ] ]
] ] ] ] ] i : ] ]
veom |1 ] ] ] L X ] ] ]
| | | | (I | | |
| | | | [ 1 | |
| | | | | | | |
| | | | | | | |
] ] ] ] ] I ] ]
] I I I I I I I
' ] ' ' 1 1 ]
Figure 95
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RGB Interface Operation

o : ﬂ
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Note: Transfer RGB data in one transfer via 16-bit port

Figure 96
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v Correction Function

The R61509 supports y-correction function to display in 262,144 colors simultaneously using gradient-
adjustment, amplitude-adjustment, fine-adjustment, tap-adjustment, and voltage division ratio adjustment
registers. Each register consists of positive-polarity register and negative-polarity register to allow optimal
gamma correction setting for the characteristics of the panel by enabling different settings for positive and
negative polarities.

y Correction registers

The y-correction registers of the R61509 consists of gradient-adjustment, amplitude-adjustment, fine-
adjustment, tap-adjustment, and voltage division ratio adjustment registers to correct grayscale voltage
levels according to the gamma characteristics of the liquid crystal panel. These register settings make
adjustments to the relationship between grayscale number and grayscale voltage and the setting can be
made differently for positive and negative polarities (the reference level and the register settings are the
same for all RGB dots). The function of each register is as follows.

Grayscale voltage
Grayscale voltage
Grayscale voltage

2
S >
>

Grayscale number (Vx) Grayscale number (Vx) Grayscale number (Vx) -

Gradient adjustment Amplitude adjustment Fine adjustment
A A

Grayscale voltage
Grayscale voltage

v
v

Grayscale number (Vx) Grayscale number (Vx)

Tap adjustment Voltage division ratio adjustment

Figure 97
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1. Gradient adjustment registers

The gradient adjustment registers are used to adjust the gradient, which represents the relationship between
grayscale and voltage, without changing the dynamic range. The grayscale voltages for middle grayscale
number can be adjusted by this register setting.

2. Amplitude adjustment registers

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

3. Fine adjustment registers

The fine adjustment registers are used for minute adjustment of grayscale voltage levels.

4. Tap adjustment registers

The tap adjustment registers are for selecting two tap voltage supply points from V3 to V6 and from V25 to
V28 by using selector.

5. Voltage division ratio adjustment registers

The voltage division ratio adjustment registers are used to change the division ratios between VO and V1
and between V30 and V31.

Table 100 y correction registers

Register Positive Negative Function
Gradient PORPO [2:0] PORN1 [2:0] Grayscale V4 variable resistance
PORP1 [2:0] PORNO [2:0] Grayscale V27 variable resistance
. VORPO [4:0] VORN1 [4:0] Voltage level for grayscale VO
Amplitude

VORP1 [4:0] VORNO [4:0] Voltage level for grayscale V31

POKPO [2:0] POKNS [2:0] Voltage level for grayscale V1

POKP1 [2:0] POKN4 [2:0] Voltage level for grayscales V3, V4, V5, V6

POKP2 [2:0] POKN3 [2:0] Voltage level for grayscale V10

POKP3 [2:0] POKN2 [2:0] Voltage level for grayscale V21

POKP4 [2:0] POKN1 [2:0] Voltage level for grayscales V28, V27, V26, V25

Fine POKP5 [2:0] POKNO [2:0] Voltage level for grayscales V30

adjustment [poEpQ [1:0] | POFN3 [1:0] | Division ratio between VO and V1

POFP1[1:0]: specify grayscale for POKP1[2:0]

POFP1 [1:0 POFN2 [1:0
[1:01 [1:01 POFN2[1:0]: specify grayscale for POKN4[2:0]

POFP2[1:0]: specify grayscale for POKP4[2:0]

POFP2 [1:0 POFN1 [1:0
[1:01 [1:01 POFN1[1:0]: specify grayscale for POKN1[2:0]

POFP3 [1:0] POFNO [1:0] Division ratio between V30 and V31
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v Correction Register Settings and y Curve Relationship

Gamma Correction Registers Function (REV =0)

Vo
500
VORN1 v VORPO4 5hF
Sh1FY" 3ho 2h0 POFN3
4 — 5'h00
Vo
2'h3
3h7
PURNS
3 !
- PO+N2 an7 ?\fﬁ(’_
= 2h3 POFN1 A
% 3h7 POKNj
% I ! Dnl(b31h7_
> 3h7 2h3 POFP1 7
[ ) 'Y
o POK|>2 37 M 2h0
(8]
o 3ho PORPO
g POKP3 30
V10 ; 3h0
O 2 L 3h7 2h3____F >
POFNO
POKP4
POKP5 37 |3n7 3 .
3h7 1 3'h7
POFP2 va1 POKN
2h3 | 2ho PORP1
I 55-_--'h-0 V31
2. ” .
h3 Positive polarity Shoo
Negative polarit
5hiF CRINYE (el
1 3ho )
2o VORNO|>""F
VORP1
5h00
V31
0
6'd0 6'd8 6'd16 6'd24 6'd32 6'd40 6'd48 6'd56 6'd63

RAM Data [dec]

Figure 98

VCOM \ / Negative polarity

Positive polarity

Figure 99 Source Output Waveform and VCOM Polarity Relationship
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Power Supply Generating Circuit

The following figures show the configurations of liquid crystal drive voltage generating circuit of the
R61509.

Power Supply Circuit Connection Example 1 (VCI1 = VCIOUT)

In the following example, the VCIOUT level is adjusted internally in the VCIOUT output circuit.

< ° °
=
T
- VREG10UT
2) L
1 ]
VREG1 Grayscale
regulator voltage
VCILVL generating
—r—l circuit
- VCIouT vciout Internal reference
t output voltage generating
circuit circut Source | S1720 4
VCOMR driver
)
I I VeI
= cn
(4) b IC11+ VC‘ZOM'\ev‘eI Vcom
— drive circuit output
I c12- Step-up circuit
(5) == circuit 1
— C12+
VGH
VoL Gate | G1-432
driver
VCILVL
VClI
AGND
Step-up
circuit 2 ovVee2
IOGND2
lovecet
vCcC
GND/RGND
(19)
VDDOUT Ij_
VDD =

Figure 100

Note: The wiring resistances between the schottky diode and GND/VGL must be 10Q or less.
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Power Supply Circuit Connection Example 2 (VCI1 = VCI direct input)

In the following example, the electrical potential VCI is directly applied to VCI1. In this case, the
VCIOUT level cannot be adjusted internally but step-up operation becomes more effective. Make sure that
VCI< 3.0V.

< ° °
= ™M
T
- VREG10UT
(2) L
1 ]
VREG1 Grayscale
regulator voltage
VCILVL generating

circuit

L N

- VCIOUT VCIOoUT Internal reference
t output voltage generating
E#CTJ?! circuit Source | S1720 4
VCOMR driver
Vel
VCI %
c1-
(4) = VCOM level VCOM
— I C1+ drive circuit output
I c12. Step-up circuit
—— circuit 1
vel ® —— IC12+
——
7 6 VLOUT1
(Ui & 6) " p
- DDVDH
-
VGH
13- Voo Gate G1-432 [
@) ci3+ driver
c21-
© c21+
C22-
(10 C22+
C23- VCILVL
(1) co3+ vel
DDVDH Step-up AGND
(12) vLouT2 | circuit 2
13
(13 Ve lovee2
ﬁ VLOUT3 IOGND:
@ : R61509
(15) veL 10vVCC1
=  Notef vee -
(16) VLOUT4 GND/RGN
VeL
VDDOUT
= VDD
Figure 101

Notes: 1. The wiring resistances between the schottky diode and GND/VGL must be 10Q or less.

2. When directly applying the VClI level to VCI1, set VC = 3'h7. Capacitor connection to VCIOUT is
not necessary.
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Specifications of Power-supply Circuit External Elements

The specifications of external elements connected to the power-supply circuit of the R61509 are as follows.

Table 101 Capacitor

Capacitance Voltage proof Pin Connection
6V (1) VREG10UT, (3) VCIOUT, (4) C11-/+, (5) C12-/+,
14F (8) C13-/+, (16) VLOUT4, (17) VCOMH, (18)VCOML
(B characteristics) 10V (6) VLOUT1, (9) C21-/+, (10) C22-/+, (11) C23-/+
25V (11) VLOUT2, (14) VLOUT3

Table 102 Schottky Diode

Specification

Pin Connection

VF < 0.4 V/20 mA@25 °C, VR >25V
(Recommended diode: HS*226)

(15) GND-VGL,
(13) DDVDH-VGH,
(7) VCI-DDVDH

Table 103 Variable Resistor

Specification

Pin Connection

> 200 kQ

(2) VCOMR

Table 104 Internal Logic Power Supply

Capacitance Voltage proof (recommended) Pin Connection

1uF (B characteristics) 3V

(19) VDD
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Voltage Setting Pattern Diagram

The following are the diagrams of voltage generation in the R61509 and the TFT display application
voltage waveforms and electrical potential relationship.

VLOUT2

VLOUT1 DDVDH

VCC (25~3.1V) When VREG1R=0
VREGTOUT J‘ VREG10UT
VCILVL(2.5 ~3.1V) VCM/VCOMR [
| VCOM ‘
VCC(2.5~3.1V)
VDV
GND(0V)
D AT VCOML ‘
(When VCOMG=1)
VLOUT4 ‘
: veL \
BT
VLOUT3 VGL
Figure 102

Notes: 1. The DDVDH, VGH, VGL, and VCL output voltages will become lower than their theoretical levels
(ideal voltages) due to current consumption at each output level. Make sure that output voltage
level in operation maintains the following relationships: (DDVDH - VREG10UT) > 0.5V, (VCOML
—VCL) > 0.5V. Also make sure VGH-VGL < 28V, VCI-VCL < 6V. When the alternating cycle of
VCOM is high (e.g. polarity inverts every line cycle), current consumption will increase. In this
case, check the voltage before use.

2. In operation, setting voltages within the respective voltage ranges is recommended.
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Liquid crystal application voltage waveform and electrical potential

VGH
VREG10UT

|>< —|>< VCOMH

VCOM JQ Zl L K |—'|K I)|— VCOML

Sn (source driver output)

Gn (panel interface output)

Figure 103
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VCOMH voltage adjustment sequence

When adjusting the VCOMH voltage by setting VCM1[5:0] (R281h, internal VCOMH level adjustment
circuit), follow the sequence below. The R61509 can retain the VCOMH level adjustment setting values in
NVM, which allows writing twice (only one setting value can be written in NVM at one time).

Set write data to VCM1[4:0] (R281h), VCMSEL and VCM2 [4:0] (R282h) to write to NVM. See “NVM
Control Sequence”.

Display ON sequence

VcomH adjustment
R281h: VCM1[4:0]

Write the setting value

to adjust the VcomH level
, in VCM1[4:0]

Write the setting value

in VCM1[4:0]

The display on the panle
will flicker when the VcomH
level is adjusted internally

Check the display quality

Complete the VcomH level adjustment

/ When writing the VCOMH adjsutment setting value in NVM for the first time \

VCM1[4:0] (R281h)
Index IB15 IB14 [IB13 IB12 IB11 IB10 IB9 IB8 IB7 1B6 IB5 1B4 IB3 1B2 IB1 1BO

T T T T T T T T T T
281 0 7o To T o T ol o To T ol 0ol o 1o [VEMVEMVENTVEMTEVEN] 1iei0 0ot seing

NVM write register(6F 1h)
Index_1B15__1B14 1B13 _IB12 IB11_IB10 B9 B8 _IB7 _IB6 IB5 _IB4 B3 _IB2 _IB1__IBO
! ! "eop " Eop ! ! TEAD[1] EAD[0]| Write-in address setting
0 g ' = on NVM

T U U U U T U
foron] 0 "o To ToToroo 0 o I 0 /

When writing the VCOMH adjustment setting value in NVM for the second time

VCM2[4:0] (R282h)
Index IB15_1B14 1B13 IB12 IB11_IB10__IB9 1B8 IB7 1B6 IB5S 1B4 IB3 1B2 1B1 1BO
T T T T

T T T I T T I T T T
282h|| 0101010101010 10188% 010 .V?A“]"z.Vl‘g]“"zfvfz“]"z."%"]"z."fo"]"z Write-in Data Seting

NVM write register(6F 1h)
Index_1B15 _I1B14 1B13 _1B12 _IB11 1B10 _1B9 _IB8 IB7 IB6___1B5 1B4 1B3 1B2___1B1 1BO
R ) _
T T T T T T Teop T EOP | 0 T 0 TEAD[1]'EAD[0]| Write-in address setting
=1 =0 on NVI

T
6FOh| O " O 'O ' 0O ' 0 'O 'O ' 0! TE1 Q Iy g ! ! /

Figure 104
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NVM Control Sequence

NVM Write Sequence

Power Supply ON

i (VCC, VCI, I0VCC1 and IOVCC2)

IovCC1.2
Vee,
R Y
GND
VCC—IOVCC1,2—VCI
or VCC, IOVCC 1 and 2 simultanaeously
1 msec
ormors Y v
Power Supply ON
(VPP1, VPP2 and VPP3A/3B)
VPP1=9.0+0.1V

VPP2=7.5+0.1V

VPP3A/3B=GND
— GND
1msec or more
T msec T
e ¥ ¥

| Power ON Reset |

2 msec or more * *

Data Transfer Synchronization

RS=0. DB=16'h0000

v

NVM dummy write
R280 16h’'0000

#7

NVM write data setting
R280:16'h000* (UID=4'h0-F)
or

R281:16'h00**
(VCM1=5'h00-1F)
or
R282:16'h00**
(VCMSEL=1"h0-1,VCM2=5'h00-1F)

v

NVM write setting
R6F0:16'h001*
(TE=0.EOP=2'h1,EAD=2'h0-2)

v

NVM data write start

R6F0:16'h009*
(TE=1,EOP=2'"h1,EAD=2"h0-2)

Y A 4

100msec or more NVM data write end
R6F0:16’'h0000
(TE=0,EOP=2"h0,EAD=2"h0)

NVM YES

Write data in another address?.

NO

[Power Supply OFF
(VPP1, VPP2 and VPP3A/B)
VPP1=9.020.1V

VPP2=7.5£0.1V.

VPP3A/3B=GND
1msec or more -==-p

Figure 105
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NVM Instruction Dummy Read Sequence

In accessing NVM instruction registers (R280, R281, R282, R6F0, R6F1, and R620), perform dummy write
or dummy read. In dummy write operation, write data on the same index. NVM instruction registers can be
accessed consecutively by performing a dummy access at first.

Example of Dummy Write

NVM dummy read
R280: 16'h000*

v

NVM write-in data set 1
R280: 16'h000*

v

A
| No dummy access required
v

NVM write-in data set 2
R281: 16'h00**

v

|A No dummy access required

NVM write-in data set 3
R282: 16'h*0**

v

Read data bits in NVM
(other than instruction data bits)

v

| No dummy access required

NVM dummy read
R6FO0: 16'h001*

v

NVM dummy read
R6F0: 16'h001*

Example of Dummy Read

NVM dummy read
R6FO: (Invalid data)

v

NVM data read out 1
R280: Read instruction

v

NVM data read out 2
R281: Read instructioon

v

¢ No dummy access required

NVM dataread out3
R282: Read instruction

v

Read data bits in NVM
(other than instruction data bits)

.

NVM dummy read

R6FO: (Invalid data)

!

NVM data read out 1
R280: Read instruction

Figure 106
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Power Supply Instruction Setting

The following are the sequences for setting power supply ON/OFF instructions. Set power supply ON/OFF
instructions according to the following sequences in Display ON/OFF, Sleep set/exit sequences. Do not
execute a hardware reset without Power supply OFF sequence. If not, electrical power may not be
discharged properly.

Power supply ON sequence

Vi,
lOVce 1 and 2,
Vee,
GND

Power supply
(Vee, Vi, IQV001 and 10Vcc2) ON

VCC —I0VCC1, 2 =VCI
or Vee, I0Vee1, 2 and Vci simultaneously

l

Power supply OFF sequence

Normal display

DTE =1, D=2'h3, GON=1, VON = 1

When registers are set

A 4

Display OFF sequence

1. Source output = GND

Power ON reset

1ms
or more

PON=0, VON=0

Calibration
1 ms after canceling reset
Access disabled

LCD
Power supply
ON sequence

Power supply
startup time
(8 frames x 1/0SC)

Transfer synchronization
RS=0, DB=16'0000
RS=0, DB=16'h0000

........................... ., LCD 2. Gate output = VCI
B " " 3.VCOM = GND
Power supply Halt setting | : Power supply
Powr supply OFF setting R100h: AP = 300 sap-o |+ OFF sequence
DTE = 0, D=2'h0, GON=0 R101h: DCO = 3'h6 E
DC1=3'h6
R102h: PON=0

R103h: VCOMG=0

o——

= | Power supply Halt setting
: R100h: APE = 0 :

" 1 frame period
or more 1. Source output = GND
2. Gate output = GND

3.VCOM = GND

sgzg' ggjg-ngggg Power supply (Vcc, Vci, I0Vec) OFF
Vei
User setting (1) ‘\OVcc
R606h: TCREV i80-i/F endian setting Vee
GND
| nitial instructi i User setting (2) Ve oV v
nitial instruction settin " ci — cc — Vce
9 ,\c‘:l-heBrZ FP. Gamma setting, or Vee, I0Vec, Vci simultaneously
ROO7h: D = 2h1 i
R110h: PSE = 1'h1
Power supply user setting
R100h: APE = 1, AP, BT, SAP=1
R101h: VC, DCO, DC1
R102h: VRH, PON =1, VCMR =1
R103h: VCOMG=1, VDV
R281h: VCM1 (when ignoring
NVM setting)
R102h: PSON = 1'h1 | E | When registers are set

A4

1. Source output = GND
2. Gate output = VGH (all ON)
3.VCOM = GND

i
'

1

I

'

'

Other mode setting
instruction H
'

1

I

'

'

'

Display ON sequence

Figure 107
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Notes to Power Supply ON Sequence

When voltages do not rise in the order of VCC, IOVCC and then VCI and have to change the order, please
follow the following note.

Note

Internal operation of the R61509 is unstable until VCC rises. If IOVCC rose before VCC rises, the R61509
may be in “output” status. In this case, do not send or receive any data before power supply is completed.

Changing order of voltage input will not cause troubles such as latchup or destruction of the LSI.
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Instruction Setting

The following are the sequences for various instruction settings. When setting instruction in the R61509,
follow the relevant sequence below.

Display ON/OFF Sequences

Display ON sequence Display OFF sequence
Display OFF
LCD Power supply ON RO07h: 16'h0072
(BASEE =0, VON=1, GON=1, DTE=1,
sequence D=2h2)
2 frame periods
Display ON ermere Y v
ROO07h: 16'h0021 ;
(BASEE =0, VON=0, GON=1, ,D'S lay OFF
DTE = 0, D=2'h1) RO07h: 16'h0001
’ (BASEE = 0, VON=0, GON=0, DTE=0,
8H periods l D=2n1)
or more Y 8H periods
or more ‘
Power supply user setting Display OFF
R007h: 16'h0000
R100h: BT (BASEE =0, VON=0, GON=0, DTE=0,
R101h: VC D=2'h0)
( N
Display ON LCD Power supply OFF
RO07h: 16'h0061
(BASEE = 0, VON=1, GON=1, sequence
DTE =0, D=2'h1) (& J
2 frame periods
or more y " l
Display ON
ROO07h: 16'h0173
(BASEE = 1, VON=1, GON=1, Display OFF
DTE = 1, D=2'h3)
4 N\
Display ON
N J

Note: See power supply ON/OFF setting sequences

Figure 108
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Sleep Mode SET/EXIT Sequences

Sleep mode sequence

Ve N
Display OFF

Sequence™ see Not
q see o Set Sleep

mode

Sleep SET
R100h: SLP=1

Sleep EXIT Exit Sleep
R100h: SLP=0 mode

1clock
or more

Display ON
SEqUENCE™ see Note

Note: See Display ON/OFF setting sequences

Figure 109
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Shutdown Mode IN/EXIT Sequences

Shutdown Sequence (Cancel by inputting CS="LOW") 18-/ 16-/ 9-/ 8 bit interface

Display OFF Sequence ’

l Shutdown Setting

Shutdown Setting
R100h : DSTB=1

CS="Low" (1)

CS="Low" (2)

1ms VDD start up
or more oscillstor stabilizing ppriod
Exit shutdown mode

input "CS = Low" 6 times

CS="Low" (3)

CS="Low" (4)

CS="Low" (5) Initializing the {61509

]

User setting (1)
R606 : TCREV i80 i/F endian settin

CS="Low" (6)

User setting

Initial instruction setting | NL, BP, FP, Gamma,
RTNI, DIV, others

RAM data setting

Notes: 1. See AC characteristics in Electrical Characteristics
for details on low width (PWLW), high width (PWHW),
and cycle (tCYCW) periods.

Display ON sequence 2. Leave at least 1 ms between the 2nd and 3rd inputs

of CS = Low.

Waveforms to cancel shutdown mode (When inputting CS="Low")

cs ! 2 Wait 1ms or more 3 4 ° s
WR

"High"

RD "High"

"Low" or "High"

RS

Data [_Dontcae ] Dontcare ] -weeeweeoseees [ Don'tcare | Don‘tcare | Don'tcare | Don'tcare |

Figure 110
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Shutdown Sequence (Cancel by inputting CS="LOW" and WR="Low")
18-/ 16- bit interface

Display OFF Sequence

l Shutdown Setting

Shutdown Setting
R100h : DSTB=1

| Index Write (Data=16'h0000) | N

| Index Write (Data=16'10000) |

VDD start p

1ms or more oscillstor sthbilizing period

Exit shutdown|mode

Y Y.
| Index Write (Data=16'h0000) |

| Index Write (Data=16’h0000) | Initializing thd R61509

| Index Write (Data=16’h0000) |

| Index Write (Data=16'h0000) | v
l J

user's setting (1)
| R606h: TCREV | i80-i/F endian setting

User setting

Initial instruction setting | NL, BP, FP, Gamma,
RTNI, DIV, others

RAM data setting Notes: 1. See AC characteristics in Electrical Characteristics
for details on low width (PWLW), high width (PWHW),
and cycle (tCYCW) periods.

2. Leave 1 ms or more between the 2nd and 3rd inputs

Display ON sequence of Index Write.

Waveforms to cancel shutdown mode (When RS=Low and inputting Index Write)1

cs — 1] L2 ™ waimsormos L3 L4 T LS T 1 6 T

WR T LT LT | E— | E— | E—
RD wgw
“Low"
RS
Data [___16hoooo 160000 | e [ 16ho000 " T46ho000 16h0000 16h0000
Figure 111
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Shutdown Sequence (Cancel by inputting CSX="LOW" and WRX="Low")
9-/ 8- bit interface

Display OFF Sequence

Shutdown Setting

Shutdown Setting
R100h : DSTB=1

| Index write (Data=8'h00) M

| Index write (Data=8'00)

VDD start u
1ms or more oscillstor stailizing period

Exit shjitdown mode
4

Index Write (Data=8'h00)

Initializing [he R61509

Index Write (Data=8"h00)

Index Write (Data=8'h00)

Index Write (Data=8'hFF) Y p.

Index Write (Data=8"h00)

Index Write (Data=8"h00)

Index Write (Data=8'h00)

Index Write (Data=8"'h00)

l user's setting (1)
User setting

Initial instruction setting NL, BP, FP, Gamma,
RTNI, DIV, others

Notes: 1. See AC characteristics in Electrical Characteristics
for details on low width (PWLW), high width (PWHW),
and cycle (tCYCW) periods.
2. Leave at least 1 ms between the 2nd and 3rd Index
write.
Display ON sequence 3. Set transfer synchronous command data 8'h00 when using 8 bit interface
and 9'h000 when using 9 bit interface

RAM data setting

Waveforms to cancel shutdown mode (When RS=Low and inputting Index Write)1

z \
S SO S 7757y N N gy B K e EN \
I
or more | !
[}
e A e I I Y Y Y Iy Yy Yy Y
! I
! I
! I
RDX o T H
! I
Lo |
Rs Low : |
I
! I
7 7 7 | 3 0
Data IW upper i W lower | """"""" I IW upper :  IW lower IW upper & IW lower \ IW upper i IWlower W upper : IWlower /'
/
ooh oon ooh ooh ooh Frn So_ oMo
Execute transfer ou: after i mode by inputting RS=Low and Index Write.

Figure 112
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8-Color Mode Setting

262,144 color to 8 color mode 8 color to 262,144 color mode

262,144-color mode

display ‘ 8-color mode display ’

| RooBh: (-DOL:1 | | RoOBh: COL=0 |

8-color mode display

262,144-color mode
display

Figure 113

Partial Display Setting

Partial display setting sequence

Partial display setting
R500h: PTDPO

R501h: PTSAO
R502h: PTEAO
R503h: PTDP1
R504h: PTSA1
R505h: PTEA1

Base image display OFF
Partial display ON
R007h: BASEE=0, PTDEx=1

8-color display, low power
consumption settings

Set as required
R0O0Bh: COL=1,
RO0%h: PTS

Base image display ON
Partial display OFF
R007h: BASEE=1, PTDEx=0

Full-screen display H

Figure 114
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Absolute Maximum Ratings

Table 105

Iltems Symbol Unit Value Note
Power supply voltage 1 ?gv%é(;VCC1, \% -0.3 ~ +4.6 1,2
Power supply voltage 2 VCI - AGND \% -0.3 ~ +4.6 1,
Power supply voltage 3 DDVDH — AGND \% -0.3 ~ +6.5 1,
Power supply voltage 4 AGND - VCL \% -0.3 ~ +4.6 1
Power supply voltage 5 DDVDH - VCL \% -0.3 ~ +9.0 1,
Power supply voltage 7 AGND- VGL \Y -0.3 ~+13.0 1,6
Power supply voltage 8 VGH- VGL \% -0.3 ~ 30.0 1
Power supply voltage 9 VPP1 \% -0.3 ~ +10.0 1
Power supply voltage 10 VPP2 \% -0.3 ~ +10.0 1
Power supply voltage 11 VPP3A/NPP3B \% 0 1
Input voltage Vt \% -0.3 ~I0VCC1+0.3 1
Operation temperature Topr C -40 ~ +85 1,7
NVM write temperature Twep T +25 ~ +35 1
Storage temperature Tstg C -55 ~ +110 1

Note1: If used beyond the absolute maximum ratings, the LS| may be permanently damaged. It is strongly
recommended to use the LS| under the condition within the electrical characteristics in normal
operation. If exposed to the condition not within the electrical characteristics, it may affect the
reliability of the device.

Note 2: Make sure VCC=GND, IOVCC12GND and IOVCC2=I0GND2.

Note 3: Make sure VCIZAGND.

Note 4: Make sure DDVDH = AGND.

Note 5: Make sure DDVDH=VCL.

Note 6: Make sure AGND=VGL.

Note 7: The DC/AC characteristics of the die and wafer products are guaranteed at 85°C.
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Electrical Characteristics

DC Characteristics

(VCC=2.50V~3.10V, IOVCC1=1.65V~3.10V, Ta=-40°C~+85C Note1)

Table 106
Items Symbol  Unit  Test condition Min. Typ. Max. Notes
i 1 ey 0.80% B
Input high-level voltage Vin \% 10VCC=1.65V~3.10V IOVCCH IovCC1 2,3
_ B 0.20 %
Input low-level voltage " \% I0VCC=1.65V~3.10V -0.3 IOVCCH 2,3
Output high voltage 1 I0VCC=1.65V~3.10V, 0.8X o
(DB0-17,FMARK) Vorn v 10H=-0.1mA lovce 2
Output low voltage 1 v v 10VCC=1.65V~3.10V, B o 0.20X 2
(DB0-17,FMARK) o I0L=0.1mA IovVCCt
1/0 leakage current )
I pA Vin=0~I0VCC1 -1 — 1 4
(Except MDDI_STB_* and MDDI_DATA_*)
1/0 leakage current (except MDDI_STB_* 0 ) -
and MDDI DATA *) L2 pA Vin=0~10VCC2 1 1 4
Current consumption
((IOVCC-IOGND)+ fosc=678kHz (432 line drive), 180-IF,
I A IOVCC1=VCC=3.00V, fFLM=60Hz, - 175 400 56
(VCC-GND)) oP1 H Ta=25°C, RAM data: 18'h000000, See J
Normal operation mode (260k colors, other as well.
display operation)
Current consumption
((IOVCC-IOGND)+ fosc=678kHz (64 line partial display),
I A IOVCC1=VCC=3.00V, fFLM=40Hz, _ 100 _ 56
(VCC-GND)) op2 H Ta=25C, RAM data: 18000000, see J
8-color, 64-line partial display on sub other as well.
display
Current consumption
IOVCC-IOGND)+ = = = N
Ei/cc-GND)) ) - uA I%:ggé IOVCC2=VCC=3.00V, I80-IF, 0.1 10 5
Shutdown mode
Current consumption IOVCC1=2.40V, VCC=3.00V,
((IOVCC-IOGND)+ tCYCW=110ns, Ta=25C, 180-8bit-I/F,
TRIREG=1"h1, Consecutive RAM _ _
(VCC-GND)) Iram1 mA access during display operation, 2.8 6
RAM access mode 1 BC0=0, FP=5, BP=8, y register;
(Normal write operation (HWM=0)) O(default), COL=0
Current consumption IOVCC1=2.40V, VCC=3.00V,
((IOVCC-IOGND)+ tCYCW=60ns, Ta=25C, 180-8bit-I/F,
TRIREG=1"h1, Consecutive RAM _ _
(VCC-GND)) Iramz mA access during display operation, 1.5 6
RAM access mode 2 BCO0=0, FP=5, BP=8, y register;
(High-speed write function (HWM=1)) O(default), COL=0
I0VCC1=VCC=3.00V, VCI=3.0V,
fosc=678kHz (432 line), fFLM=60Hz,
Ta=25°C, RAM data: 18’h00000,
REV0="0", BC0=0, F , BP=8,
LCD power supply current (VCI-GND) . ", VORNX: POKPx:
Ici1 mA PORPx="0", PORNXx: - 2.0 3.0 56

260k-color display

VC=3'h1, AP=3'h3, DC0O=3'h1,
DC1=3'h2, VRH=4'hA, VCM1=5'h1D,
VDV=5h1A, VCMR=1'h1, COL=0,
GON=1, No load on the panel.
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LCD power supply current (VCI-GND)

I0VCC1=VCC= 3.00V, VCI=3.0V,
fosc=678kHz (64 line partial display),
fFLM=40Hz, Ta=25°C, RAM data:
18’h00000, REV0="0", BC0=0, FP=5,
BP=8, VORPx="0", VORNx="0",
POKPx="0", POKNx="0", PORPx="0",

8-color, 64-line partial display Ici2 mA PORNX="0", POFPX="0". POFNX="0"" - 0.38 - 5,6
BT=3'h6, VC=3'h1, AP=3'h3,
DC0=3h2, DC1=3'h2, VRH=4'hA,
VCM1=5'h1D, VDV=5'h1A,
VCMR=1'h1, COL=1, GON=1, No load
on the panel.
Output voltage dispersion AVO mV - - 5 - 7
Average output variance AVA mV - —35 - 35 8
MDDI DC Characteristics
(IOVCC1=1.65V~3.10V, VCC=IOVCC2=2.5V~3.10V, Ta= -30°C~+85C Note 1)
Table 107
Items Symbol Unit Test condition Min. Typ. Max. Note
Differential input “High” threshold voltage
(VT=0) VIT+ mV - 0 50 -
(MDDI_DATA_P/M, MDDI_STB_P/M)
Differential input "Low” threshold voltage
(VT=0) VIT- mV -50 0 - -
(MDDI_DATA_P/M, MDDI_STB_P/M)
Differential input "High” threshold voltage
(VT=125mV) VIT+off mV - 125 195 -
(MDDI_DATA_P/M)
Differential input "Low” threshold voltage
(VT=125mV) VIT- off mV 75 125 - -
(MDDI_DATA_P/M)
Input voltage range VIRNG \% 0 — 1.65 -
Current consumption IOVCC1=I0VCC2=VCC=3.0V,
(IOVCC2-I0GND2) Inio uA 1/tsr=70Mbps, Ta=25°C, — 20 — -

In Hibernation state

DFM=0

Current consumption
(IOVCC2-I0GND2)

during data transfer

Ilrans

I0VCC1=I0VCC2=VCC=3.0V,
in video stream packet
transfer, 1/tsr=70Mbps,
Ta=25C, DFM=0
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Step-up Circuit Characteristics

Table 108

Item

Unit

Test condition

Min.

Typ.

Max.

Note

Step-up
output
voltage VLOUT1

IOVCC1=I0VCC2=VCC=VCI=3.00[V], fosc=678[kHz], Ta=25C,

VC=3’ h1, AP=3" h3, BT=3" h6, DC0=3" h2 (div. 1/4), DC1=3" h2
(div. 1/64), COL=0, D=2’ h0, VON=0,
C11=C12=C13=C21=C22=C23=1[uF]/B characteristics,
VLOUT1=VLOUT2=VLOUT3=VLOUT4=1[uF]/B
characteristics, lload1==3 [mA], No load on the panel.

4.84

5.14

VLOUT2

IOVCC1=10VCC2=VCC=VCI=3.00[V], fosc=678[kHz], Ta=25C,

VC=3"h1, AP=3’ h3, BT=3" h6, DC0=3" h2 (div. 1/4), DC1=3" h2
(div. 1/64), COL=0, D=2’ h0, VON=0,
C11=C12=C13=C21=C22=C23=1[uF]/B characteristics,
VLOUT1=VLOUT2=VLOUT3=VLOUT4=1[uF]/B
characteristics, lload2=—100[uA], No load on the panel.

14.47

15.39

VLOUT3

I0VCC1=]0VCC2=VCC=VCI=3.00[V], fosc=678[kHz], Ta=25C,

VC=3"h1, AP=3’ h3, BT=3"h6, DC0=3" h2 (div. 1/4), DC1=3" h2
(div. 1/64), COL=0, D=2" h0, VON=0,
C11=C12=C13=C21=C22=C23=1[uF]/B characteristics,
VLOUT1=VLOUT2=VLOUT3=VLOUT4=1[uF]l/B
characteristics, lload3=+100[uA], No load on the panel.

-9.70

-9.12

VLOUT4

I0VCC1=]0VCC2=VCC=VCI=3.00[V], fosc=678[kHz], Ta=25C,

VC=3’h1, AP=3"h3, BT=3" h6, DC0=3" h2 (div. 1/4), DC1=3" h2
(div. 1/64), COL=0, D=2" h0, VON=0,
C11=C12=C13=C21=C22=C23=1[uF]/B characteristics,
VLOUT1=VLOUT2=VLOUT3=VLOUT4=1[uF]/B
characteristics, lload4=+200[uA], No load on the panel.

-2.56

-2.41

Input
voltage Vel

25

3.1

Internal reference voltage: condition

(VCC=2.50V~3.10V, Ta=-40C~+85C)

Table 109

Item

Symbol Unit Min. Typ.

Max.

Note

Internal reference
voltage

VCIR

- 2.50

12
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AC Characteristics
VCC=2.50V~3.10V, IOVCC1=1.65V~3.10V, Ta= -40°C~+85°C (See note 1)

Clock characteristics

Table 110

Item Symbol  Unit Test condition Min. Typ. Max. Note
S VCC=IOVCC1=

RC oscillation clock fosc kHz IOVCC2=3 0V 631 678 725 9

80-system Bus interface Timing Characteristics

Table 111 { [A] 16-/18- bit, Normal write mode (HWM=0), IOVCC1=1.65V~3.10V)

Items Symbol  Unit ;:rgztdition Min. Typ. Max.
Bus cycle time Write tcyew ns Figure A 110 — -

Read tcycr ns Figure A 450 — —
Write low- level pulse width PWLw ns Figure A 30 — —
Read low-level pulse width PWLR ns Figure A 170 — —
Write high-level pulse width PWHw ns Figure A 30 — —
Read high-level pulse width PWHR ns Figure A 250 — —
Write/ Read rise/fall time I:/\\IIVRT’ ns Figure A — — 20
Setup time erltf (RS to CS*, ns Figure A 0 o -

)

Read (RS to CS*, s .

RD") ns Figure A 10 — —
Address hold time tAH ns Figure A 2 — —
Write data setup time tbsw ns Figure A 20 — —
Write data hold time tH ns Figure A 10 — —
Read data delay time tDDR ns Figure A — — 150
Read data hold time tDHR ns Figure A 5 — —
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Table 112 { [B] 16-/18-bit, High-speed write mode (HWM=1), IOVCC1=1.65V~3.10V )

ltem Symbol  Unit Igf‘hition Min. Typ. Max.
Bus cycle time Write tcycw ns Figure A 65 — -
Read tCYCR ns Figure A 450 — —
Write low-level pulse width PWLw ns Figure A 30 — —
Read low-level pulse width PWLR ns Figure A 170 — —
Write high-level pulse width PWHw ns Figure A 20 — —
Read high-level pulse width PWHR ns Figure A 250 — —
Write/ Read rise/fall time WRR;" ns Figure A — — 20
Setup time Writ*e (RS to CS*, ns Figure A 0 . .
WR*)
Read (RS to CS*, s .
RD") ns Figure A 10 — —
Address hold time tAH ns Figure A 2 — —
Write data setup time tosw ns Figure A 20 — —
Write data hold time tH ns Figure A 10 — —
Read data delay time tDDR ns Figure A — — 150
Read data hold time tDHR ns Figure A 5 - —
Table 113 { [C] 8-/9- bit, High-speed write mode(HWM=0/1), IOVCC1=1.65V~3.10V)
ltem Symbol  Unit Igztdition Min. Typ. Max.
Bus cycle time Write tcycw ns Figure A 60 — -
Read tCYCcRr Ns Figure A 450 — —
Write low-level pulse width PWLw ns Figure A 30 — —
Read low-level pulse width PWLR ns Figure A 170 — —
Write high-level pulse width PWHwW ns Figure A 20 — —
Read high-level pulse width PWHR ns Figure A 250 — -
Write/Read rise/fall time WR'?' ns Figure A — — 20
Setup time Writ*e (RS to CS*, ns Figure A 0 . .
WR¥)
Read (RS to CS*, ths . B .
RD") ns Figure A 10
Address hold time tAH ns Figure A 2 — —
Write data setup time tosw ns Figure A 20 — —
Write data hold time tH ns Figure A 10 — —
Read data delay time tDDR ns Figure A — — 150
Read data hold time tDHR ns Figure A 5 — -
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Clock Synchronous Serial Interface Timing Characteristics

Table 114 {Normal write mode (HWM=0) / High-speed write mode (HWM=1). IOVCC1=1.65V~

3.10V)
Iltem Symbol Unit Igitdition Min. Typ. Max.
Serial clock cycle Write (received) tscyc ns Figure B 100 — 20,000
time Read .

(transmitted) tscyc ns Figure B 350 — 20,000
Serial clock Write (received) tscH ns Figure B 40 — —
high-level width Read '

(transmitted) tscH ns Figure B 150 — —
Serial clock Write (received) tscL ns Figure B 40 — -
ow-level width (T;idsmitte d) tscL ns Figure B 150 — —
Serial clock rise/fall time tscr, tscf ns Figure B — — 20
Chip select setup time tcsu ns Figure B 20 - —
Chip select hold time tcH ns Figure B 60 — —
Serial input data setup time tsisu ns Figure B 30 — —
Serial input data hold time tsiH ns Figure B 30 — —
Serial output data delay time tsob ns Figure B — — 130
Serial output data delay time tsoH ns Figure B 5 — —

RGB Interface Timing Characteristics

Table 115 {18-/16~ bit RGB interface (HWM=1), IOVCC1=1.65V~3.10V)
Item Symbol Unit Igf\tdition Min. Typ. Max.
VSYNC/HSYNC setup time tSYNCS clock Figure D 0 — 1
ENABLE setup time tENS ns Figure D 10 — —
ENABLE hold time tENH ns Figure D 20 — —
DOTCLK low-level pulse width PWbL ns Figure D 40 — —
DOTCLK high-level pulse width PWDH ns Figure D 40 — —
DOTCLK cycle time tCYCD ns Figure D 100 — —
Data setup time tPDS ns Figure D 10 — —
Data hold time tPDH ns Figure D 40 — —
e
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Table 116 {6-bit RGB interface (HWM=1), [OVCC1=1.65V~3.10V)

Test

Item Symbol Unit condition Min. Typ. Max.
VSYNC/HSYNC setup time tSYNCS clock Figure D 0 — 1
ENABLE setup time tENS ns Figure D 10 — —
ENABLE hold time tENH ns Figure D 25 — —
DOTCLK low-level pulse width PWbDL ns Figure D 25 — —
DOTCLK high-level pulse width PWDH ns Figure D 25 — —
DOTCLK cycle time tCYCD ns Figure D 60 — —
Data setup time tPDS ns Figure D 10 — —
Data hold time tPDH ns Figure D 25 — —
DOTCLK, VSYNC and HSYNC trgbr, ns Figure D o - 25
rise/fall time trgbf
MDDI Timing Characteristics
Table 117 MDDI Receiver Timing Characteristics
{1I0VCC1=1.65V~3.10V, VCC=I0VCC2=2.50V~3.10V)

Item . Test .

Symbol Unit condition Min. Typ. Max.
Data transfer rate 1/ ter Mbps  Figure E 10 70 85
Differential transfer input skew | = tskew-pairl] NS Figure E — - 0.25
Data-stb input skew | = tdiff-skew-i| NS Figure E — — 0.3
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LCD Driver Output Characteristics

Table 118

Item Symbol Unit Test condition Min. Typ. Max. Note

VCC=I0VCC1=I0VCC2=3.00V,
DDVDH=5.50V, VREG10UT=5.00V,
fosc=678kHz (432 line drive), Ta=25C,
REV0=0, AP=3'h3, VRH=4'h0,
POKPx=3'h0, POKNx=3'h0, PORNx=3'h0,
PORPx=3'h0, VORNx=5'h0, VORPx=5'h0,
tdds us POFPx=2'h0, POFNx=2"h0 — 16 — 10

Same change from the same grayscale at
all time-division source output pins.

Source driver
output delay time

Time to reach the target voltage £=35mV
from VCOM polarity inversion timing.

R=10kohm, C=30pF

VCC=I0VCC1=I0VCC2=3.00V,
DDVDH=5.50V, VREG10UT=5.00V,
fosc=678kHz (432 line drive), Ta=25C,
REV0=0, AP=3'h3, VRH=4'h0,
POKPx=3'h0, POKNx=3'h0, PORNx=3"h0,
PORPx=3’h0, VORNx=5'h0, VORPx=5'h0, o _
tddv MS  POFPx=2h0, POFNx=2'h0 11 11
Time to reach £35mV when shifting
between source V0&V31 in the worst
case of scenario.

R=1000hm, C=10nF

VCOM output
delay time

Reset Timing Characteristics

Table 119 (IOVCC1=1.65V~3.10V)

. Test .
Item Symbol Unit condition Min. Typ. Max.
Reset "Low” level width tRES ms Figure C 1 — —
Reset rise time trRES us Figure C — — 10
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Notes to Electrical Characteristics

Note 1. The DC/AC electrical characteristics of bare die and wafer products are guaranteed at 85°C.
Note 2. The following figures illustrate the configurations of input, 1/0, and output pins.

Pins: RESET* IM2-1 IMO/ID
VSYNC, HSYNC, DOTCLK, ENABLE, CS,

RS, SDI,
IQvcc1
PMOS
(Input circuit)
NMOS
GND
Pins: WR/SCL, RD
C1
E—1—| PMOS
Input enable (CS) I PMOS

NMOS

Pins: DB17 — DBO
IQvcce1

Pins: FMARK, SDO

Output data

p———————— (Input circuit)

NMOS

PMOS

Input enable (CS) I PMOS

@—— (Input circuit)

NMOS

PMOS

NMOS

NMOS

(Output circuit: three states)

IQvcce1

p—< Output enable
——< Output data

T

GND

Fi

gure 115
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Note 3: Test 1, 2 and 3 pins must be grounded. The VDDTEST and VREFC must be fixed to AGND. The
IMO/ID pin must be fixed to IOVCCI or be grounded.

Note 4: This excludes the current in the output drive MOS.

Note 5: This excludes the current in the input/output lines. Make sure that the input level is fixed because
through current will increase in the input circuit when the CMOS input level takes a middle range
level. The current consumption is unaffected by whether the CS* pin is high or low while not
accessing via interface pins.

Note 6: The relationships between voltages and current consumption are as follows (reference data).
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Current consumption in normal display operation (262k-color mode)

432 line
Ta=25°C, fOSC=678kHz, fFLM=60Hz,
RAM data=18'h0000

200 COL=0
<
2
150 262k color-mode
5 Typ.
o
100
2.5 3.0 3.5
IOVCC1/VCC (V)
Current consumption in normal display operation (8-color, 64 line partial display mode)
432 line
Ta=25°C, fOSC=678kHz, fFLM=40Hz,
200 RAM data=18'h0000
—_ COL=1, 8-color 64 line partial display
2
~ 150
Q.
o
8color-mode
4li rtial displ.
100 Typ. 64line partial display
25 3.0 35
lovCcc1/vee Vv
Dynamic current consumption
(RAM write during display RAM access)
10.0 I0VCC1=2.4V, VCC=3.0V
Ta=25C, fosc=678kHz
<
E
g 50
£ HWM=0
= Typ.
E: /
/ Typ. HWM=1
4—
5.0 15.0 25.0

Write cycle fequency[MHz]

Figure 116
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Liquid crystal power consumption in 262k-color mode (Ici1)

I0VCC1=VCC=3V, 432line,

Ta=25°C, fosc=678kHz, fFLM=60Hz,

RAM data=18'h00000,

BC0=1'h0, REV0=1'h0, COL=0,

AP=3'h3, BT=3'h5, DC0=3'h1, DC1=3'h2
VCMR=1'h1,

VC=3'h7, VRH=4'hA, VCM1=5'h1D, VDV=5'h8,
GON=1

POKPx=3'h0, POKNx=3'h0
PORNx=3'h0, PORPx=3'h0
VORNx=3'h0, VORPx=3'h0
POFNx=2'h0, POFPx=2'h0
No load on the panel

IOVCC1=VCC=3V, 432line,

Ta=25°C, fosc=678kHz, fFLM=40Hz,

RAM data=18'h00000,

BC0=1'h0, REV0=1'h0, COL=1,

AP=3'h3, BT=3'h5, DC0=3'h1, DC1=3'h2
VCMR=1'h1,

VC=3'n7, VRH=4'hA, VCM=5'h1D, VDV=5'h8,
GON=1,

POKPx=3'h0, POKNx=3'h0
PORNx=3'h0, PORPx=3'h0
VORNx=3'h0, VORPx=3'h0
POFNx=2'h0, POFPx=2'h0
No load on the panel

VCC=IOVCC=VCI=3.00V
AP=3'h3

2.5 262k color mode
<
E
~ 20
Typ.
1.5
2.5 3.0 3.5
VCI (V)
Liquid crystal consumption in 8-color, 64-line partial display (Ici2)
1.5
<
E
~ 10
© 8 color mode
64line partial
display
0.5
Typ. _____—————
2.5 3.0 3.5
VCI (V)
Internal Reference Voltage
2.55
S . I
x 2.50 L —
o
>
2.45
-25 25 75

Temperature C

Figure 117
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Note 7: The output voltage deviation is the difference in the voltages from adjacent source pins for the
same display area. This value is shown for reference.

Note 8: The average output voltage dispersion is the variance source-output voltage of different chips of the
same product. The average source output voltage is measured for each chip with same display area.

Note 9: This applies to internal oscillators when using an internal RC oscillator.

Note 10: The liquid crystal driver output delay time depends on the load on the liquid crystal panel. Adjust
the frame frequency and the cycle per line by checking the quality of display on the actual panel in
use.

<Reference Data>

\‘f’:e: VCC=I0VCC1=3.00V, DDVDH=5.50V

5 28 VREG10UT=5.00V, fosc=678kHz (432 line drive)
Q 24 Ta=25°C,

g REV0=0, AP=3'h3, VRH=4'h0,

< 2 PxKPx=3'h0, PxKNx=3'h0,

© PxRNx=3'h0, PxRPx=3'h0,

S 16 VxRNx=3'h0, VXRPx=3'h0,

‘g 12 Typ. PxFNx=3'h0, PxFPx=3'h0,

5 Same change from the same grayscale
2 8 at all time-division source output pins.

,2 Time to reach the target voltage =35mV.
S 4 R=10kQ, C=30pF

§

20 30 40
Load Capacitance C (pF)

Figure 118

Note 11: The VCOM output delay time depends on the load on the liquid crystal panel. Adjust the frame
frequency and the cycle per line by checking the quality of display on the actual panel in use.

<Reference Data>

m
= 35 VCC=I0VCC1=3.00V, DDVDH=5.50V
A VREG10UT=5.00V, fosc=678kHz(432-line drive)
[s] 30 Ta=25°C
° REV0=0, AP=3'h1, VRH=4'h0
E 25 PxKPx=3'h0, PxKNx=3'h0
‘; PxRNx=3'h0, PxRPx=3'h0
520 VXRNx=5'h0, VXRPx=5'h0
NET Typ. PxFPx=2'h0, PxFNx=2'h0
§_ / Time to reach *=35mVwhen shifting between source VO and V31.
5 10 R=1000hm, C=10nF
o]
E s
(&)
>

10 20 30

Load Capacitance C (pF)

Figure 119
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Note 12: Internal reference voltage VCIR depends on temperature. Following chart shows relationship
between temperature and VCIR foe reference.

{Reference Data>
2.60

2.55 — VCC=IOVCC1=VCI=3.00V

Typ. /

2.50

2.45

Internal reference voltage VCIR (V)

240

-50 -30  -10 10 30 50 70 90
Temperature (C)

Figure 120
Test Circuits
<Test circuits for AC characteristics>
[Data bus DB17-DBO] <Test circuit for LCD output characteristics>
[Liquid output: S1-S720] <Test circuit for Vcom output characteristics>
Test Point Test Point Test Point

Load capacitance C Load resistance R Load capacitance C
50pF 10k 30pF 1000 7__|/_71 onf

Figure 121

Rev.1.03 November 26, 2007, page 214 of 231
RENESAS




R61509

Timing characteristics

80-System Bus Interface

VIH VIH
RS
VIL VIL
tAH
tAS ¢ 3

VIL: VIL

Note 1

PWLW PWLR > | PWHW PWHR

o AN A

RD* X VIL VIL A
tWRf tWRr
—> < >
S tCYCW tCYCR >

DSW > - tH

Note 2

DB17-0

VIH
Write Data
| VIL

DHR

Note 2

DB17-0 Read Data

Note 1: PWLW and PWLR are defined by the overlap period when CS* is "Low" and either of WR* or RD* is "Low".
Note 2: Unused DB pins must be fixed at "IOVcc1" or "GND".

Figure A 80-System Bus Interface
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Clock synchronous serial interface

Start: S End: P
cs*
VIL
SCL
SDI Input Data Input Data
VIL VIL /
tSOD SOH
»
VOH1 VOH1
SDO Output Data Output Data
VOL1 VOL1
Figure B Clock synchronous serial interface timing
Reset Operation
trRES
< tRES
VIH
RESET*

Figure C Reset Timing

Rev.1.03 November 26, 2007, page 216 of 231
RENESAS




R61509

RGB Interface

trgbf
trgbr < tSYNCS ———>
VSYNC VIHY £ VIH
HSYNC VIL VIL
<— tENS —>»| |[<«— tENH
ENABLE Vi Vi
VIL VIL
trgbf trgbr > <
<<— pwpL — > [€<—— PWDH
DOTCLK VIH /‘VlH VIH
VIL VIL, VIL
tCYCD
tPDS tPDH
- > 2l S
VIH
DB17-0 Write Data

VIL

Figure D RGB Interface Timing
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MDDI Input operation

1. Skew between positive and negative

VDP=0.8v VID=0.3V

MDDI_DATA_P VDP=0.8V VID=0.3V
/MDDI_STB_P

tskew-pair—i

tskew-pair—i .

VDP=0.8V VID=0.3V VDP=0.8V VID=0.3V

MDDI_DATA_M
/MDDI_STB_M

2. Skew between DATA_PM and STB_P/M

MDDI_DATA_P/M VDP=0.8V  VID=0.3V VDP=0.8V  VID=0.3V

tdiff-skew- i

{diff-skew- i
—>

VDP=0.8V V|D=0.3V VDP=0.8V VID=0.3V

MDDI_STB_P/M

Figure E MDDI Timing

LCD Driver and VCOM outputs characteristics

< DDV —————»| Target voltage £35mV

S~ D

" Target voltage +=35mV

<— tDDs H_Targetvoltage +35mV

"Target voltage +35mV

Figure F LCD Driver and VCOM Outputs Timing
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Keep safety first in your circuit designs!
1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur
with them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary
circuits, (i) use of nonflammable material or (iii) prevention against any malfunction or mishap.
Notes:

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsover for any damages incurred as a result of
errors or omissions in the information included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guarantees regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications or
otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality and
reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life

Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp,, its affiliated companies and their officiers, directors, and employees against any and all damages
arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

10.

1

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain
rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

.In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.

Renesas shall have no liability for damages arising out of such detachment.
2.This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written approval from Renesas.

3. Please contact a Renesas sales office if you have any questions regarding the information contained in this document, Renesas semiconductor products, or if you have any
other inquiries.
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Revision Record

Rev. Date Page No. Contents of Modification Drawn Approved by
by
0.11  2006.03.28 First issue
0.12 2006.04.14 1 400 — 432
6 400 — 432, 216,000-byte — 232,800-byte
7 400-channel — 432-channel
8 400 output — 432 output
VCL — VLOUT4 (VCL)
9 Add VLOUT4.
216,800 bytes — 233,280 bytes
13 216,800 (240RGB x 400 (dots)) —233,280
(240RGB x 432 (dots))
G400 — G432
15 IOGND1 — GND
Change I/0 (/O — O) and connection (add
peripheral control) of SDO.
16 IOVCC — IOVCC (VSYNC, HSYNC)
IOGND — GND
Add description in ENABLE and HSYNC.
Change I/0 and connection of ENABLE and
HSYNC.
17 IOGND — GND
Delete description of IOGND1.
19 Add description of VLOUT4, change description of
VCL.
21 IOGND1DUM1-3 — GNDDUM1-3
22 IOGND — GND
24,25 h18:-- — h1A---
26 Add description of instruction data format.
27 ~71 Add description of instructions.
72 Add the instruction list.
73 Add VLOUT4, delete VCL, change IM settings
93,94, Change numbers to meet 432-line drive.
108
109 96’000 pixels — 103,680 pixels
113 ~ Change numbers to meet 432-line drive.
118
120 G1-400 — G1-432
122 400H — 432H
126 IOGND1 — GND
132 ~ Change numbers to meet 432-line drive.
136

139, 140 9’'h18F — 9'h1AF, 17°h18F00 — 17’h1AF0Q,
17’h18FEF — 17’h1AFEF
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Rev. Date Page No. Contents of Modification Drawn Approved by
by
141, 143, Change numbers to meet 432-line drive.
145, 146
147 ~ 6’h31 — 6’h35, 400 lines — 432 lines
149

153, 154 Add VLOUT4 and “Note”, change VCC- and GND-
related circuit (right).

G1-400 — G1-432

156 Add “When VCOMG = 1”.

159 Change EPROM registers.

161 Change EPROM Control Sequence.

163 IOVCC — I0VCCH1, IOVCC2, 1ms — 2ms

166 Add the figure below the sequence.

167 Change COL settings (2’h1 — 1, 2’h0 — 0).
0.1.3.1 2006.06.05 11 Description to system interface changed.

15 “MDDI open” added to SDO pin.

16 “MDDI open” added to ENABLE and HSYNC .

17 Table 6, pin numbers changed.

18 Table 8, VPP3 changed to VPP3A and VPP3B.

21 Table 11, pin names modified.

22 Pad arrangement inserted.

23 Inserted.

24-38 Pad Coordinate inserted.

39 Bump Arrangement inserted.

40 Connection Example inserted.

44 Device code read row of “W” deleted.

46 Description to EPF bits changed.

48-49 “Outline sharpening control” (R006h) inserted.

50 Note 3 to Table 15 (D[1:0]) deleted.

51 Description to VON changed.

53 Table 21, PTG[1:0] setting: “VGL fixed” changed

to “Setting disabled”.
55 VEN bit added.
60 Table 33 “Low power Vcom drive period”
changed.

63 Table 38 “Source output delay period” changed.

65 MDDI Sub-display control (R29) inserted.

67 Table 44 modified.

68 Table 45 modified. Note 2 to Table 45 added.

70 Table 50 changed. Note 2 to Table 50 changed.

7 Description to VCOMG (R103) modified.

72-73 Description to DCM (R107) changed.

84 Description to REV (R401) modified.

85 Table 63 changed.

117 Figure 39 changed.

127 Figure 50 “Deep standby” changed to
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Rev. Date Page No. Contents of Modification Drawn Approved by
by
“Shutdown”.
128 Figure 51 “Deep standby” changed to
“Shutdown”.

136-137 Description and figures to “MDDI Sub-display
Interface” modified.

151 Description to “Base image display “ modified.

155-159 “Outline Sharpening Function” inserted.

166 Figure 88 Waveform modified.

171 Figure 91 Waveform modified.

172 Figure 92 Waveform modified.

176 Figure 96 VDDOUT added.

177 Figure 97 VDDOUT added.

178 Table 96 Pin connection to “6V” changed.

179 Figure 98 VCC and VLOUT4 added. LCILVL,
IOVCC1 and IOVCC2’s voltage changed.

183 Figure 101 Dummy write modified.

185 Figure 103 Power supply ON sequence and
Power supply OFF sequence modified.

188 Figure 107 changed.

190 Target specifications and notes of Absolute

Maximum Ratings added.

191-208 Target specifications of Electrical Characteristics,
notes to Electrical Characteristics, Test Circuits
and Timing Characteristics inserted.

0.1.5 2006.06.20 All pages EPROM—NVM

8 Description to NVM changed.

9 Table1: VPP added. Note to Table 1 deleted.

9,10 Error corrected. (G1-G400 — G1-G432)

13 Error corrected (7 and 10).

16 Table 5: Function of DB0-DB17 added (MDDI).

18 Table 8: Note 2 to VPP3A, 3B deleted. Column of
“when not in use” filled in (VPP1, VPP2, and
VPP3A, 3B).

20 Function of VREG10UT changed.

51 Table 17 changed.

59 Table 32 changed.

62 Table 37 changed.

67 Table 44 changed. Note 4 added.

69 VREG1R added. Table 50 changed.

83 Description to NDLO bit changed.

84 Note to Table 62 changed.

88 Description to EAD changed. Table 66 changed.
Description to EOP changed.

89 Instruction list changed.

90 Error corrected (VLOUTZ, output pin initial state).

111 Error corrected. (Figure 32: 400 lines—432 lines.

Figure 33: 432 lines — 392 lines.)
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117 Sub-Display Interface RAM Write Sequence: “18-
/16-bit” added.

119 Table 79, Single Access: Description changed.

120 Figure 42: Bit changed.

121 Figure 43: Bit changed.

123 Table 81: Bit changed.

124 Table 82: Bit changed.

128 Figure 51: Error corrected.

129 Figure 52: Error corrected.

140 Figure 62: Error corrected.

175 Figure 94: Error corrected. (v curve, negative
polarity. PORP1—PORN1, POKP3—P0OKN3)

176 Figure 96: Error on VCILVL corrected.

177 Figure 97: Error on VCILVL corrected.

185 Figure 103 (Power supply ON/OFF sequence):
modified.

190 Table 101: Maximum value of VGH-VGL (power
supply voltage 8) added.

191 Table 102 :VCC range : VCC=2.50V~3.30V —

VCC=2.50V~3.10V

Current consumption for shutdown mode:
IOVCC=1=2.40V, VCC=3.00V —
IOVCC1=I0VCC2=3.00V

192 VCI=3.00V — VCI=2.50V, VDV=5'h8 —
VDV=5'h1A

193 VCC=2.50V~3.30V — VCC=2.50V~3.10V

0.1.6 2006/09/06 9 Table 1: NVM_FUSE — NVM, Error correction

(VLOUT1 VCI x2, x3 — VCI x2)

10 Figure 1 (VREG10UT «<—) — (VREG10UT<).
Error correction (VPP1-3 — VPP1-2, VPP3A, 3B)

12 Table 4 80-system 8-bit interface: 3-transfer
added (1% 2 bits, 2" 8 bits, 3": 8 bits).

19 Error correction (VCI: VLOUT4 added)

45 R002 Instruction list: Error correction.

51 Table 17 VCOML — GND

66 R100 Instruction list: Error correction (STB
deleted).

71 Table 52 VCOML — GND

73 Table 54 changed. “When DCM[1]=1, step-up

reference clock that generates every 1H
period is set at 16 clocks” added.

86 Table 64: Note added.

88 “Software Reset (R600h)” added.

100 Figure 16: EPE=2’h0 added (RAM data write).
105 Figure 25: EPE=2'h0 added (RAM data write).
143 Figure 64: Error correction.
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144 Figure 65: Error correction.
184 Figure 101: VPP1=9.0£0.3V (TBD) — VPP1=9.0

+0.1V (TBD), VPP2=7.0V+0.3V(TBD) —
VPP2=7.5V+0.1V(TBD)

186 Figure 103: SAP — SAP=1, VCM — VCOMG=1
(Power supply ON sequence)

189 Figure 106 revised.

190 Figure 107 inserted.

191 Figure 108 inserted.

197 Table 107 [A] 1-/ 2-/ 3- transfer mode — [A] 3-
transfer mode

202 Figure 111 revised.

208 Figure 117 Note 1 — Note 2, Note 2 — Note 1,
VIH — VOH, VIL — VOL.

209 Figure 118 Error correction (headline)

211 Figure 122 Error correction (S1-240 — S1-720)

0.1.7 2006/11/15 14 Set the gate driver pin arrangement in

combination with the GS bit to select the optimal
scan mode for the module. — Set the optimal gate
driver scanning mode for the module in
combination with the GS bit.

18 Error correction. (GND: Internal logic GND —
GND for internal logic and interface pins (RESET,
CS, WR, RD, RS, DB15-0, VSYNC, HSYNC,
DOTCLK and ENABLE). )
Revise description. (IOVCC1, IOVCC2: if VCC,
IOVCC1 =I0VCC2 — when VCC = IOVCC1 =

IOVCC2).

21 Error correction. (TEST1-3: Connect to IOGND —
Connect to GND).

45 Error correction. (B/C bit: Delete “when EOR=1",

“In either liquid crystal drive method, the polarity
inversion is halted in blank period (back and front
porch periods)”).

Error correction (NW bit: Sets “n” for the number
of lines from 1 to 64 — Sets “n” for the number of
lines from 1 to 4)

47 Table 14 Error correction.

50 Error correction. (Note 2 to Table 15, PTS[2:0] —
NDLO.

55 COL description: Error correction.

(VREG1OUT/GND — V0/V31)
Revise VEM description.

62 Error correction. (Note 3 to Table 37: The
reference point is where SFTCLK rises when the
rising position is set to 0 clock. — The reference
point is falling edge of gate control signals.)

63 Error correction (FMP bit, amplitude: IOVCC1-
IOGND — IOVCC1-GND, Setting range: 9°'h000 <
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FMP <BP + NL + FP — 9’h000 < FMP <BP + NL
+FP-1)

65 Error correction (MDDI Sub-display Control
(RO29h) — (R092h)

66 DSTB description: Add “GND level is outputted to
the panel in the shut down mode.”

78 Figure 7 Error correction. (Delete HAD and VAD).

79 UID description: Revised.

81 Figure 8, Note 3: Delete HAD, VAD.

85 Error correction. (VLO description: NLO[5:0] —
VLO. Delete “Make sure NLO[5:0] <432.”)

97 Add “262,144 colors is 8-bit 3-transfer mode”
(Note 2 to Table 69).

104 Error correction. (The unused DB pins must be

fixed at either IOVCC or IOGND level — The
unused DB pins must be fixed at either IOVCC1 or
GND level).

111 Error correction. (Internal clock frequency (fosc)
and RAMWriteSpeed equation: 16 (clocks) — 23
(clocks)).
Delete “external resistors and” from Note 2 to
internal clock frequency example.

135 Error correction (Internal clock frequency
equation: 16 (clocks) — 23 (clocks))

139 Error correction. (Figure 61: Bus width 9 — 3)

150 Error correction. (Figure 70: Set index register to
R22h — R202h)

162 Table 94: Delete line of “Write mask function”.

169 Error correction: Number of clocks per line: RTN
bit — Number of clocks per line: RTNI bit

179 Error correction (Table 97: (13) VLOUT3 — (14)
VLOUT3)

180 Error correction (Figure 98, When VREG1R=1 —
VREG1R=0).

Error correction (Note 1, VGH-VGL < 25V —
VGH-VGL < 28V).

182 Error correction. (2nd paragraph)

194 Table 102
Current consumption RAM access mode 1,
tCYCW=150ns — 110ns, delete VCM1=5’h1D,
AP=2'h3.
Current consumption RAM access mode 2,
tCYCW=75ns — 80ns, delete VCM1=5’h1D,

AP=2’h3.

195 Table 102 Ici1: VC=3’h7 — 3’h1, Ici2: VC=3'h7 —
3’h1.

197 Table 107 tCYCW (min.) 150 — 110, PWLW
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(min.) 55 — 30. PWHW 70 — 30, tDSW 25 — 20.

198 Table 108 PWLW (min.) 35 — 30, PWHW 35 —
20, tDSW 25 — 20.

Table 109 tCYCW (min.) 55 — 60, PWLW (min.)
35 — 30, PWHW 18 — 20, tDSW 25 — 20.

199 Delete Table 110 ([D] Write mode except [A], [B]
and [C]).
201 Table 114 tddv: Time to reach =35mV when

shifting between source V0<V31. — Time to
reach =35mV when shifting between source VO
<V31 in the worst case of scenario.

203 Error correction. (Add Note 6)

204 Figure 112 Error correction (Dynamic current
consumption graph: Add IOVCC=2.4V,
VCC=3.0V, Ta=25C, fosc=678kHz).

0.18 2007/02/06 13 Oscillator: TBD kHz — 678kHz

18 IOVCC2: Add “Connect to power supply when
MDDl is not used.”

IOGND2: Error correction. ((IOVCC2=0V —
IOGND2 =0V). Add “Connect to GND when MDDI

is not used”.

41-42 GRAM address map, Table 12, 13: Error
correction.

60 Error correction. VEQWI IB10-9 — 1B9-8

61 Change Table 34.

67 DSTB bit description revised.

74 DCM bit description: Error correction. RTNE <
6’'h1F — 7’h1F, RTNE = 6’h20 — 7’h20, RTNE 2
6’20 — 7’h20.

80 Instruction table: Error correction. (R290h —
R281h)

112 Delete “T.B.D” (Internal clock frequency)

131 Figure 52: Delete “T.B.D” (1ms or more).

133 MDDIdataTransferSpeed(min.) <
MDDIdataTransferSpeed < T.B.D — 85Mbps

134 Delete “T.B.D”

136 MDDIldataTransferSpeed(min.) <
MDDIdataTransferSpeed < T.B.D— 85Mbps

168 Description revised. Note added.

169 Error correction (Note deleted).

170 fosc: 678 kHz (T.B. D) — fosc: 678 kHz (delete T.
B.D.)

176 Table 96: Error correction. (POFP1/POFN2, POFP3
/ POFNO)

183 Description revised. (2nd paragraph)

185 Figrue 101: Delete “T. B. D”.

187 Figure 103 Delete “T.B.D”".
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188 Figure 104: Error correction. (Display OFF
sequence — Display ON sequence, LCD power
supply ON sequence — LCD power supply OFF
sequence)

194 Note 4 added.
195-202 Electrical characteristics: overall revision.

196 Differential input “High” level voltage —
Differential input “High” threshold voltage (VIT+),
Differential input “Low” level voltage — Differential
input “Low” threshold voltage (VIT-), Differential
input “High” level voltage — Differential input
“High” threshold voltage (VIT+off), Differential
input “Low” level voltage — Differential input “Low”
threshold voltage (VIT-off)

198 Table 106 (clock characteristics): Error correction.
Delete “Internal RC oscillator, Ta=25C".
205 Figure 112: TBD — Revised.
206 Figure 113: TBD — Revised.
208 Figure 114, 115: TBD — Revised.
1.00 2007/04/20 6 Description: Also, the R61509 incorporates step-

up circuit and voltage follower circuit to generate
TFT liquid crystal panel drive voltages. - The
power supply circuit incorporates step-up circuit
and voltage follower circuit to generate TFT liquid
crystal panel drive voltages.

9 Table 1: VPP3: GND > VPP3A/VPP3B: GND

12 The R61509 allows switching interface by
instruction according to the display, i.e. still and/or
moving picture(s). The R61509 writes all display
data via RGB interface to the internal GRAM in
order to transfer data only when updating the data
and thereby reduce the data transfer and power
consumption for moving picture display. > The
R61509 allows switching interface by instruction
according to the display, i.e. still and/or moving
picture(s) in order to transfer data only when the
data is updated and thereby reduce the data
transfer and power consumption for moving
picture display.

18 Table 120 Power Supply Pins: VPP3A, 3B, when
not used GND/Open -> GND.

Note 1 deleted.

43 Instruction: “The R61509 starts internal
processing after storing control information of
externally sent data (18, 16, 9, 8, 1 bit(s)) in the
instruction register (IR) and the data register
(DR).” = “The R61509 starts internal processing
after storing control information (18, 16, 9, 8, 1
bit(s)), sent from the microcomputer, in the
instruction register (IR) and the data register
(DR).”

“When accessing the R61509’s internal RAM,
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data is processed in units of 18 bits” deleted.

45 R002h NW[1:0]: Sets “n” for the number of lines
from 1 to 4 to set the interval of inverting the
polarity of C-pattern waveform when B/C = “1". >
Sets “n” for the number of lines from 1 to 4 to set
the interval of inverting the polarity of line
inversion drive (C-pattern waveform) when B/CO =
1

47 Figure 4: Error correction. (17’h13FEF >
17’h1AFEF)

48 Figure 5: Error correction. (17’h13FEF >
17’h1AFEF)

51 Table 17 (VON bit): AP[1:0]>AP[2:0]

56 DM[1:0] Delete “Selects the interface for the
display operation.”

58 RO10h RTNI: Note to Table 29 added.

62 R020h DIVE Table 35 8-bit x 3 transfers RGB
Interface > 6-bit x3 transfers RGB Interface

67 R100h: AP[1:0]->[2:0]. Description to AP bit: “In

no-display period, set AP1-0 = 2’h0 to halt the
operational amplifier circuits and the step-up
circuits to reduce current consumption.” - “In no-
display period, set AP[2:0]=3’h0 to reduce power
consumption. Set AP[2:0]=3'h7 and SAP[1:0]=2'h3
when VP is not 3'h7.” Table 42 changed. Notes to

Table 42 added.

68 R100h: SAP[1:0] bit added.

69 Note to Table 46 deleted.
Note 3, 4 to Table 47 are added.

70 R102h VRH: Note 2 to Table 50 added.

72 R103h: Table 52 AP[1:0] > AP[2:0]

75 R112h Power Control 7 (TBT bit) added.

77 Table 56 Note: (Vn+Vn+1)/2, (Vn+2Vn+1)/3 >
(Vn+Vn+1)/2 ,(V1+2V0)/3, (Vn+2Vn+1)/3

78 Table 57 Note: (Vn+Vn+1)/2, (Vn+2Vn+1)/3 >
(Vn+Vn+1)/2, (V1+2V0)/3, (Vn+2Vn+1)/3

79 RD[17:0] “the first word read immediately after

RAM address set is executed is taken in the
internal read-data latch and invalid data is sent to
the data bus” - “the first word read immediately
after RAM address set is not outputted, so that it

is invalid”

82 VSA, VEA: “See GRAM Address Map.” added.

91 Instruction List Rev 0.0.5.2 >0.0.5.4

92 1.2 instruction from the MPU-> instruction from the
microcomputer

97 FMARK interface operation added.

115-118 FMARK Interface inserted.

156 “For this reason, there is no need to take the

mounting position of the panel into consideration
when designing a display on the panel.” deleted.
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182 Figure 100 (13) diode: VCI-VGH > DDVDH-
VGH
183 Figure 101 (13) diode: VCI-VGH > DDVDH-
VGH. Note 2 added in the Figure.
190 Figure 107: RTNI, DIVI added to Instruction initial

setting (User setting 2). R112h TBT[1:0]=2’h0
added to LCD Power supply ON sequence.
BT=3'h7 and VC=3’h4 or 6 added to Power supply
user setting. Note 1 and 2 added.

191 Figure 108 Display ON/OFF Sequences: “Power
supply user setting R100h: BT / R101h: VC
added.”

193 Figure 110 Shutdown Mode IN/EXIT Sequences:

“User setting NL, BP, FP, Gamma, RTNI, DIV,
others” added next to Initial instruction setting.

194 Figure 111 “User setting NL, BP, FP, Gamma,
RTNI, DIV, others” added next to Initial instruction
setting.

195 Figure 112 “User setting NL, BP, FP, Gamma,
RTNI, DIV, others” added next to Initial instruction
setting.

198-211 Electrical Characteristics, Notes to Electrical
Characteristics: Gamma adjustment register
names VxRPx 2 VORPXx, et al.

198-120 Table 104 DC Characteristics: AP=2’h3->3’h3.

200 Table 106 Step-up Circuit Characteristics:
AP=2'h3->3’h3.

205 Table 116 LCD Driver Output Characteristics:
AP=2"h3->3’h3.

1.01  2007/04/23 18 Table 121 Power Supply Pins: VPP3A, 3B Note 1

deleted.

40 Connection Example Rev 1.0.2-> 1.0.3 (diode:
VCI-VGH -> DDVDH- VGH)

89 R600h SRST: “When software reset is executed,

instruction registers other than SRST, UID[3:0],
VCM1[4:0], VCM2[4:0] and VCMSEL are
initialized.” added.

94 Figure 9 Basic Mode Operation of the R61509:
Software reset added.
98 “See also i80-i/F Endian Control (R606h) for the

order of receiving data when data is transferred in
multiple times” added.

137 internal oscillation frequency for writing QVGA->
WQVGA

145 (Title) External Display Interface - RGB Interface

154 Notes to External Display Interface Operation >

Notes to RGB Interface Operation.

Table 91 Functions Not Available in External
Display Interface operation = Functions Not
Available in RGB Interface operation

196 Figure 113 Error correction: RO07h - R00Bh
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Figure 114 Error correction: RO07h - R00Bh

209 Figure 117 AP=2’h3 > 3'h3

1.02 2007/08/09 8 VGH-GND =10.0V ~15.0V > 10.0V ~ 155V

10 Table 1:VGH=10.0V ~15.0 V > 10.0V ~ 15.5V.

19 Table 8 VPP3A/VPP3B NVM Read: GND / Open
-> GND

20 VLOUT2 = max 15.0V = max. 15.5V

41 Connection Example Rev 1.0.3 (2007. 04. 18) >
Rev 1.0.4 (2007.06.29)

47 R003h Entry Mode: DFM description added.

61 R012h Panel Interface Control 3: SEQWI bit
added.

65 R022h Panel Interface Control 6: SEQWE bit
added.

69 R100 Power Control 1, AP bit: Error correction
(VP > VC)

70 Table 46, Note 3: VGH = max 15.0V - max
15.5V. VCL = max-3.0V added.

114 Calculation example: Internal clock frequency

(fosc) [Hz] = 678kHz x 1.1/1.0=746kHz > 678kHz
x 1.07/1.0=726kHz.

Note 1: £10% 2> =7%

Minimum speed for RAM writing [Hz] > 240 x 432 /
{((14 + 432 — 2) lines x 23 clocks) x 1/ 746 kHz} =
7.6MHz > > 240 x 432/ {((14 + 432 — 2) lines x
23 clocks) x 1 /726 kHz} = 7.4MHz

115 Figure 32: RC oscillation =10% > *=7%, RAM
write 7.0MHz-> 7.4MHz

Figure 33: RC oscillation =10% > *=7%, RAM
write 7.1MHz-> 7.4MHz

118 Calculation example: Internal clock frequency
(fosc) [Hz] = 678kHz x 1.1/1.0=746kHz > 678kHz
x 1.07/1.0=726kHz.

Minimum speed for RAM writing [Hz] > 240 x 432 /
{((14 + 432 — 2) lines x 23 clocks) x 1/ 746 kHz} =
7.6MHz > > 240 x 432/ {((14 + 432 - 2) lines x
23 clocks) x 1 /726 kHz} = 7.4MHz.

119 Figure 37: RC oscillation £10% > £7%, RAM
write 7.6MHz-> 7.4MHz
140 Internal oscillation frequency: Internal clock

frequency (fosc) [Hz] = 678kHz x 1.1/1.0 =
746kHz > 678kHz x 1.07/1.0 = 726kHz.

Note 1: £10% > =7%

MDDldataTransferSpeed (min.) = 1,872,464 (bits)
[ (14+432+3+14+432-14-2) x 23 (clocks) x 1/ 746
(kHz) =1 (ms) = 72 (Mbps) - = 1,872,464 (bits) /
(14+432+3+14+432-14-2) x 23 (clocks) x 1/ 726
(kHz) =1 (ms) = 70 (Mbps)

143 Internal oscillation frequency: Internal clock
frequency (fosc) [Hz] = 678kHz x 1.1/1.0 =
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746kHz - 678kHz x 1.07/1.0 = 726kHz.
Note 1: £10% 2> =7%

MDDIdataTransferSpeed (min.) = 1,872,464 (bits)
/{1/60 + (14 + 432-2) x 23 (clocks) x 1/ 746 (kHz)
—1 (ms)} = 64 (Mbps) 2> = 1,872,464 (bits) / {1/60
+ (14 + 432-2) x 23 (clocks) x 1/ 726 (kHz) — 1
(ms)} = 63 (Mbps)

156 Table 93: Error correction. (External Display
Interface > RGB Interface)

184 Figure 100: Diode symbol revised.

185 Figure 101: Diode symbol revised.

186 Table 102: (13)VCI-VGH -> DDVDH-VGH

187 Figure 102 (Voltage Setting Pattern Diagram):
voltage values deleted.

192 Power Supply Instruction Setting: Description
added.

193 “Notes to Power Supply ON Sequence” inserted.

200 Table 105 Absolute Maximum Ratings: Power
Supply 9~11, NVM write temperature added.

203 Table 109 (Internal reference voltage): Note 12
added.

204 Table 110 (Clock characteristics): Min. 611 >
631, Max. 745 > 725

213 Figure 118: Error correction. (AP=2'h3-> 3’h3)
Figure 119: Error correction. (AP=2'h1-> 3’'h1)

214 Note 12 added.

215 Figure A 80-System Bus Interface: Error
correction. (tWRr-> tWRf)

1.03 November 26, 8 VGH-GND =10.0V ~15.5V = 10.0V ~ 17.5V
2007

10 Table 1 VGH 10.0V ~15.5V > 10.0V ~ 17.5V

20 Table 9 VLOUT2 = max 15.5V > max 17.5V

70 Note 3 VGH = max. 15.5V > max 17.5V

185 Added “Make sure that VCI< 3.0V.”

186 Recommended diode: HSC226 > HS*226

204 Table 111 tWRr, WRfMax 10>20

205 Table 112, 113 tWRr, WRfMax 10->20
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