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1. Type
CMOS IC Controller Driver for LCD Panel Source Driving

2. Overview
This product is asingle-chip I1C incorporating a RAM controller source driver that displays 260000 colors for
TFT LCD driving. By using this1C in combination with the MN863480, which is a gate driver with a built-in
| C power supply, a 260000-color TFT display system with a maximum of 176 (H) x 240 (V) pixels will be

constructed.
3. Features
1) Display capacity ¢ 176 pixels max. x RGB x 240 lines (528 output source driver/240 output gate driver
control)
2) Display colors e 260000 colors (18 bits/pixel, RGB: 6 bits each)
3) Interface e Supports 80-/68-series (8-, 9-, 16-, or 18-hit) CPU interface, serial interface, or RGB
interface.

— The CPU interface and RGB interface are different from each other in port. These
ports are selected by command settings.

— The RGB interface is for writing GRAM (graphic RAM) data only. Commands are
transferred through the CPU interface or serial interface.

— The serial interface allows data writing only.

4) GRAM (graphic RAM)
[Capacity] e 176 x 18 (6 + 6 + 6) x 240 bits (760320 hits)

[Operation speed] e Host write speed: 10 MHz

[GRAM control] e RAM access range setting (A rectangular area specifiesa GRAM access range.)
— Two modes of range setting are available (to specify the start and end points or the
start point and access width)
¢ RAM address automatic count (with count direction control)
— The RAM write direction (vertically and horizontally) is variable, and so isthe
screen display size (vertically and horizontally).
o Generates addresses according to the mounting direction of the source driver. (X address
reverse command)
o Access byte order variable (16-bit bus with 260000-color data x 2-time transfer/pixel)
¢ Window mask function (Write data mask specified inside and outside the window area)
o Pixel mask function (WDMSK pin)
o Bit write mask function (Bit mask command)
¢ RAM clear function (Data specified for R, G, and B independently)
¢ Display start line address setting (Used for vertical scrolling)

5) Display mode control e Display control (Display OFF, all white display, normal display, and partia display)
¢ Display datareverse display function
e Gradation L SB function (Automatic generation of R and B's LSB in 65000-color mode)
e Digital brightness adjustment function (in R, G, and B independent control)

6) Display timing control e Oscillation circuit built in (206.6-kHz display clock with no external CR circuit
required)
o 1H period variable (8 to 24 clocks in 1-clock increments)
e 1V period variable (up to 1024H in 4H increments, the specified range of which varies
with the number of gate outputs)
e Supports external synchronization (enabling animated picture data to be written)
e Alternation control (1H line/Frame reverse)

This document is based on an equivalent Japanese document that was prepared on Jun. 3, 2002.
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7) Partial display ¢ Possible to display up to two non-display areas
o Setsthe refresh cycle of non-display areas

8) Partial scroll o Allows partial area specification for scrolling (setting the start/end point and the number
of scralls)
9) Source driver o Supports a maximum of 176 pixels

¢ Supports gradation/binary driving (with reduced power consumption by binary driving)

o Allows automatic drive interruption settings for blanking periods

¢ Analog gamma correction with VREF resistance adjustments (allowing independent
positive and negative polarity settings)

10) Gate driver/Power supply I1C control
* Controls the MN863480 gate driver with the built-in power supply IC to be used in combination.

o Automatic serial transfer of set values to the MN863480 by set value transfer commands.

[ Gate driver control ]
o Supports gate driver 192, 220, and 240 outputs
o Shift direction control
o Output prohibit period control (Timing variable within 1H in 1-clock increments)
e Gate al ON control (XDON pin)

[ Power supply IC control ]
o Power supply IC ON/OFF
o Power supply IC drive control
¢ Voltage adjustmentsto drive avariety of LCDs
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YR[175:0]
YG[175:0]
YB[175:0]

4. Block Diagram
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5. Pins
5.1 Host Interface Pins
Signal name| /O Function Description
NRST Input Reset A reset pin. The IC will be reset with the pin set low.
IFMODE[1:0]| Input Isglterface mode | Used to set the data bus width of the interface.
ection
IFMODE Description IFMODE Description
00 18-bit mode 10 9-bit mode
01 16-bit mode 11 8-bit mode
HOSTYP[L:0]| Input Host type Used to select host CPU types.
selection HOSTYP Description HOSTYP | Description | HOSTYP | Description
80-series 68-series Serid
00 interface 01 interface Ix interface
D[17:0] Datal/O Data /O pinsfor the host interface. Pins are enabled by IFMODE pin
1/O settings (8, 9, 16, or 18 bits). Fix the pin at low or high level if the pinis not
used. (Thelevel is not fixed with | C output.)
NCS Input Chip select A chip select input pin. The pin set low will be active.
NRD Input | Access control | , ysed for read signal input if the 80-series CPU is connected. The data pin
(E) (D[17:0]) will bein the status of output with this pin set low.
e Used for enable clock (E) input if the 68-series MPU is connected.
The pin set high will be enabled.
NWR Input | Accesscontrol | e Used for write signal input if the 80-series CPU is connected.
(RW) The data pin will be in the status of input with this pin set low, and datawill be
latched at the rising edge of the write signal.
o Used for read/write control input if the 68-series MPU is connected.
The pin set high will be in read control. The pin set low will bein write control.
SICK Input | Serial interface | Used for serial interface clock input. Datawill be retrieved at the rising edge of
clock input the input. Fix the pin at low level if no serial interfaceis used.
SIDA Input | Serial interface Used for data input into the serial interface.
data input Thefirst datais used to discriminate address transfer and data transfer.
(Low: Address transfer; High: Data transfer)
Fix the pin at low level if no seria interfaceis used.
RGBENA Input | RGB interface | Anenablepin for the RGB interface. The RGBD[17:0] pin will be enabled with
selection this pin set high.
RGBCK Input | RGB interface | Used for clock input for the RGB interface. Datawill be retrieved at the falling
clock input edge of the clock when the RGBENA signal is at high level.
. Data input Used for datainput for the RGB interface.
RGBD[17:0] | Input P Image data input will be retrieved at the falling edge of the RGBCK when the
RGBENA is set high and the RMWR hit is set to 1. Fix the pin at low or high
_ level when the pin is not used.
NADS Input 3$2d|mrl mination Used for discriminating addresses and data. Low: Addresses; High: Data
REGMODE | Input | Register write | Used to specify the register access mode while the IC isin 18-/16-bit interface
mode selection | mode. The following operation will be possible with this pin set when the NADS
isset low.
REGMODE set high: The address is specified by the upper 8 bitsand dataiis
specified by the lower 8 bits.
REGMODE set low: Only the lower 8 bits are enabled to gain access to the
register at a specified address and cycle of data transfer.
WDMSK Input | Write data Used to specify write masksin GRAM data pixels.
mask signal When thissignal is at high level, GRAM data written will be masked.
There will be a GRAM address increment while the mask is enabled.
i Used for external vertical sync signal input.
NVSYNCI Input External vertical This pin enables the internal di operation of the IC in synchronization
sync signal input with \r;_erti_cal nc input providgg t% tf?e host. sy
Fix this pin at high or low level if no synchronization is required.
Internal vertical | Used for internal vertical sync signal output. The output is turned on
NVSYNCO | Output sync signal regardless of settings during clock oscillation. This pin is used when the host
output writes data in synchronization with the internal vertical cycle of the IC.
SYSTEM LSl DIVISION, SEMICONDUCTOR COMPANY
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5.2 Source Driver Output Pins

Signal name

/0

Function

Description

YR[175:0]

Output

Source driver output

Source driver output of R pixels

YG[175:0]

Output

Source driver output

Source driver output of G pixels

YB[175:0]

Output

Source driver output

Source driver output of B pixels

5.3 Gate Driver/Power Supply 1C Control Pins
(GDIOSEL isinput into TOP_LCDC; other signals are CORE outputs)

Signal name /0 Function Description
GDIOSEL Input Gate driver or Used to enable output pins for the MN863480 (i.e., all the pins
power supply explai ned below will be enabled.)
Is(eI: gg}gﬁt GDIOSEL Enabled pins
High CKVL, STVR, NOEVL, XDONL,
DDCKL, POLL, VCOMENL, NDDCSL,
NDDCSKL, NDDSDAL
Low CKVR, STVR, NOEVR, XDONR,
DDCKR, POLR, VCOMENR, NDDCSR,
NDDCSKR, NDDSDAR
Any signal name ending with L (or R) meansthat the pinis
located on the | eft-hand side (right-hand side), provided that the
chip bump side is upside with al the driver output pins are upside.
Disabled pins are fixed at low-level output. Keep them open
when using the IC.
CKVL Output | Gatedriver A shift clock output pin for the gate driver to MN863480.
CKVR shift clock
STVL Output | Gatedriver A start pulse output pin for the gate driver to MN863480.
STVR start pulse
NOEVL Output | Gatedriver An output control pin (active at low level) for MN863480. The
output control assert period is controlled according to the register OEVA and
NOVER OEVN set values.
XDONL Output | Gate driver An al ON control pin for MN863480. All gate driver outputs will
XDONR all ON control be ON with the pins set high. The register XDON set value is
output asit is.
DDCKL output | Clock output A voltage step-up clock output pin for MN863480. The
DDCKR for power frequency dividing ratio can be set to the set value in the DDCKF
supply IC register.
POLL Output | Alternation Alternation control pin (MN863480). Used for the toggle control
POLR control of the opposite electrode. The pin supports line and frame
reversion according to the register FRPOL set value.
VCOMENL Output | Common Common electrode operation control pin to MN863480. Used to
VCOMENR electrode toggle the opposite electrode ON and OFF at the time of line-
operation control | reversed alternation driving (MN863480).
Toggle is OFF if the LCD is not driven during the V blanking
period or partialy not driven at the time of partial display. The
output is always active at the time of frame-reversed alternation.
NDDCSL Output | Chip select for A chip select for command transfer to MN863480. (Active at low
NDDCSR power supply IC | level)
DDSCKL Output | Serial clock for Serial clock output for command transfer to MN863480.
DDSCKR power supply IC | Command transfer will be performed with the register DTRN set
to 1. A signal at the cycle of the built-in oscillation clock. The
clock signal will be output only at the time of command transfer.
DDSDAL Output Serial data for Seria data output for command transfer to MN863480.
DDSDAR power supply I1C
SYSTEM LSl DIVISION, SEMICONDUCTOR COMPANY
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5.4 Power Supply and LCD Drive Voltage Input Pins
Signal name 110 Function Description
DVDD Input IS_l?F?lIJF power A logic power supply pin. Supply 2.35V to 3.6 V.
y

DVss Input Logic ground A logic ground pin.

AVDD Input | Source driver power | A source driver power supply pin. Supply 3.5V t05.5V.

supply Connect this pin to the AVDD of the MN863480.

AVss Input | Sourcedriver A source driver ground pin.
ground

VREFH Input | Gradation Used for the reference voltage input on the high-level side
reference voltage | at the time of the gradation voltage generation for the
high-level input source driver. Supply 3.0V to 5.0 V (AVDD — 0.5 V).

Connect this pin to the VREFH of the MN863480.

V REFL Input Gradation Used for the reference voltage input on the low-level
reference voltage | side at the time of the gradation voltage generation for
low-level input the source driver.

Normally ground this pin.

ODVDD Output Logic power Use this pin for input pins fixed at high level.
supply output

ODVss Output Lotgictground Use this pin for input pins fixed at low level.
outpu

5.5 Test Pins
Signal name /O Function Description

TEST1 Input Test control Test pin. Fix thispin at low level.

TEST2 Input Test control Test pin. Fix thispin at low level.

TEST3 Input Test control Test pin. Fix thispin at low level.

TEST4 Input Test control Test pin. Fix thispin at low level.

TEST5 Input Test control Test pin. Fix thispin at low level.

CKIN Input Clock input A test clock input pin. Fix thispin at low level.

MONITORL | output Output A test pin to monitor internal signal. Keep this pin open.

monitoring (Power supply output for oscillation circuit)
Output Output A test pin to monitor internal signal. Keep this pin open.

MONITOR2 v monitoring M onit%r output for NOEH) J =P P op

SYSTEM LSl DIVISION, SEMICONDUCTOR COMPANY
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6. Functions

6.1 Host Interface

6.1.1 Interface Mode Selection

(1) RGB Interface

The IC has 80- and 68-series parallel and serial CPU and RGB interfaces as host interfaces. The CPU interface
and RGB interface has an independent port each.

The RGB interface or CPU interface's GRAM access is selected by the RMWR bit.

The CPU interface is selected with the RMWR bit set to 0.

The RGB interface is selected with the RMWR bit set to 1.

e 80-series CPU interface selected

NCS | A A

NWR T —\ | -
—

T s

RMWR bit is set to 0 at the time of GRAM access

Fig. 6.1.1 (1) CPU interface (80 series)

e 68-series CPU interface selected

NCS | v v [
NRD - 4 | -
Do SRR R | X

RMWR bit is set to 0 at the time of GRAM access

Fig. 6.1.1 (2) CPU interface (68 series)

o RGB interface selected

RGBENA . | v v |_ )

RGBCK N 4 | N
e QR R R

RMWR bitissetto 1

Fig. 6.1.1 (3) RGB interface

The RGB interface is a GRAM-write-dedicated interface.
Asshown in figure 6.1.1 (3), when the RGBENA is set high and the RMWR bit is set to 1, data will be retrieved from the
RGBD [17:0] at the falling edge of the RGBCK and only GRAM write access will be implemented.

SYSTEM LSI DIVISION, SEMICONDUCTOR COMPANY
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The RGB interface is not available to command transfer or read access.

Commands are transferred through the parallel or serial CPU interface. If the command (with address Oxh)
related to GRAM control is transferred while RGB interface has GRAM access, GRAM data to be written will not
be guaranteed. In that case, finish the RGB interface's access first.

To switch from the CPU interface to the RGB interface or vice versa, complete the present access cycle as
shown below.

CPUI/F —— P 4¢—— RGBI/F ———»  4— CcpuI/F

RGBENA |

4—>» Min. 100 ns

RGBCK —|_,—|_,—|_"—\ Access cycle must be completed

RGBDXx X K X X R
Access cycle must be completed :
T p» &—— GRAMwrite
NCS | |

<4— GRAM write ——» <4— GRAM write »

RMWR=1 RMWR=0 G _WR
specified (OEh write)

Fig. 6.1.1 (4) Selection of CPU interface or RGB interface (Example: 80-series CPU interface)

Supplement explanation

o The CPU interface's command access is always acceptable without being influenced by the RGBENA pin
or RMWR hit. During the RGB interface's GRAM access, however, the transfer of commands related to
GRAM control through the CPU interface is prohibited.

o The RGB interface's GRAM access is accepted when the RGBENA is set high and the RMWR hit is set to 1.

At that time, the setting of the GRAM write specify command (with address OEh) is not required.
e The GRAM access from the CPU interface will be accepted when the RMWR bit is set to 0 and the GRAM
write specify command (with address OEh) is set. At that time, the status of the RGBENA pin will be
ignored.

SYSTEM LSI DIVISION, SEMICONDUCTOR COMPANY
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(2) CPU Interface
The IC has 80- and 68-series parallel and seria interfaces as host CPU interfaces.
Make the following settings in HOSTY P[1:0] pin.
HOSTYP[1:0]| CPU type NRD pin NWR pin SICK pin SIDA pin
80-series : o
LL Read signal (/ RD Write signal (/ WR
int%ﬁgce gridl (/RD) onal { ) Disabled Disabled
LH 68-sies | Enablesignal (E) | Read/Write
interface specification (R/W)
HL or HH | Seridl interface Disabled Disabled Serid clock | Serial data

(3) Data Bus Width and Interface Settings for GRAM

1) CPU Interface (Parallel Interface only)
o The data pin to be used will be determined by IFMODE[1:0] pin setting.
e The method of data transfer to GRAM is determined by the IFMODE[1:0] pin and GRAM interface
setting command RMIF bit in combination.
(Refer to Section 6.1.5 for the data format in detail .)

IFMODE[1:0] | Mode name RMIF bit | Datapinused | Number of bits of GRAM transfer data
LL 18-bit mode 0 D[17:0] 18 bitsx 1 260000-color data
_ 0 16 bits x 2 260000-color data
LH 16-bit mode D[15:0] -
1 16 bitsx 1 65000-color data
HL 9-bit mode 0 D[8:0] 9bitsx2 | 260000-color data
HH 8-hit mode 1 D[7:0] 8 bits x 2 65000-color data

Notes: o Setting of IFMODE [1:0] and REGMODE would be disabled at serial interface.

2) RGB Interface
¢ The following settings are made with the RGBIF and RMIF bits of the GRAM interface setting

command.
(Refer to Section 6.1.5 for the data format in detail.)

RGBIF bit [ RMIF bit Mode name Datapinused | Number of bits of GRAM transfer data
0 18-bit mode RGBD[17:0] 18bitsx 1| 560000-color data
0 1 16-bitmode | RGBD[15:0] | 16bitsx1 | 65000-color data
0 6-bit mode RGBDI[5:0] 6 bitsx 3 260000-color data
' 1 8-bit mode RGBDI[7:0] 8 hits x 2 65000-color data

Notes: e Fix the unused data pins (D** and RGBD**) at low or high level.
o The serid interface with the GRAM is possible only in 65000-color format of 16 bits.
* Refer to the information in Section 6.1.2 Serial Interface and Section 6.1.5 (5) Data Format in
detail.
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6.1.2 Seria Interface

The serial interface will be enabled with the HOSTY P [1] set high.

The serial interface usesthe SICK pin for serial clock transfer and SIDA pin for data transfer. The serial interface
is accessible with the NCS set low, and SIDA datawill be retrieved at the rising edge of the SICK clock signal.
Dataistransferred in units of 17 clocks. Thefirst datais used for data discrimination (i.e., NADS in parallel mode
with the REGMODE set high).

(1) Register Access
Register accessis implemented as shown below with the first data item of data discrimination set [ow.

Access enabled (NCS set low) Access disabled (NCS set high)
T Ty

A
v

NCS
SICK - -

sioa (i 9@6@0@@@@@@@ XXX -+

Data discrimination
set low 8-hit address 8-bit data

Fig. 6.1.2 (1) Serid Interface Register Access

Note: If thefirst dataitem is set high at the time of serial access, the datawill be written to the register the
address of which is specified then. At that time, the upper 8-bit data will be ignored, and the corresponding datain
the above 8-bit datawill be written.

(2) GRAM Access
At the time of GRAM access, set the GRAM write command (with the address OEh) and set the first data item of
data discrimination high as shown below.
At the time of GRAM access through the serial interface, only the 65k-color (16-bit) data format will be used.

Set address OEh GRAM write

d »
<

NCS —‘
sick U--Juyiiiiuvuvyiyiuuyys

1
SIDA : <__1\>@ - @GG@@@@GQ’@@G@

—~—
16-bit GRAM data

Data discrimination Data discrimination
set low set High

Fig. 6.1.2 (2) Serid Interface GRAM Access
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6.1.3 Data Discrimination

At the time of accessto the internal registers and GRAM through the CPU paralldl interface, execute the write
command with the NADS set low, and specify the address (at the address set cycle). Execute the write command
with the NADS set high next and write the data (at the data cycle).

Written data is discriminated by the NADS pin as follows:

NADS set low: Address NADS set high: Dateﬁ(data cycle)
—p
(address set cycle)

NADS I— | --

NwR N

Dxx

Specify address Data

Fig. 6.1.3 Datadiscrimination (write operation) in CPU interface mode.

Asexplained in 6.1.2, the first dataitem in serial interface mode is used to discriminate between data of address-set
type and that of data-set type.

6.1.4 Register Write Mode
In CPU interface mode, data write accesses to registers are classified into two types
(address-set and data-set cycles) as specified in section 6.1.3.
In 18- or 16-hit interface mode, an address uses the upper 8 bits and data uses the lower 8 bits to be transferred
per cycle.
This mode (hereafter called batch write mode) will be enabled with the REGMODE pin set high. Batch write
will be executed at the address set cycle (with the NADS set low).
Note 1) Fix the REGMODE pin at high or low level.
Note 2) In 8- or 9-bit interface mode, set the REGMODE to low.
Note 3) This mode will be enabled only at the time of register access. When GRAM write is specified
(with the address OEh), the lower 8-bit data will not be written to the GRAM.

Register batch write mode

A

NADS --

|
REGMODE_ _

NWR

R 7 R

Y TRXTRXYY TTXXTRX TR

RN SRR QGG
V’V’V V‘V’V’V’V’V’V V‘V’V’V’V "V’V’V’V’V’V
XXX

D[15:8]

. TR
DL7:0] XXX

No datawill be written in the case of addresses (OEh and OFh) specifying access to the GRAM.

Fig. 6.1.4 Register Batch Write Mode
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6.1.5 Data Format
(1) CPU Interface: 18-bit Mode (HOTY P[1] Set to 0, IFMODE][1:0] Set to 00, and RMWR Bit Set to 0)

1) Image Data

D17 D16( D15/ D14 D13| D12| D11| D10| D9 ) D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

|R5|R4|R3|R2|Rl|RO‘G5|G4|G3|GZ|G1|GO|BS|B4|B3|BZ|BllBOI

2) Command Data
e Batch Write Mode (REGMODE Set High)

D171 D16]| D15| D14 D131 D121 D11 [ D10| D9 | D8 | D7 [ D6 | D51 D4 | D3 | D2 | D1 | DO

| azlaelas{aalaslaslarlaolorloslos|oslpsl ool palpol

o 8-hit Write Mode (REGMODE Set Low)

D171 D16]| D15| D14 D13] D121 D11 { D10 D9 | D8 | D7 | D6 | D51 D4 | D3 | D2 | D1 | DO

A7 | A6 | AS| A4 ] A3 | A2 | Al | AO

Address cycle|
Datacycle

D7 ] D6 ] D5 | D4 f D3| D2 | D1 [ DO

3) GRAM erteWIth REGMODE Set

High

| D17 D16| D15| D14| D13| D12

D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|DOI

)

Address cycle

v

YV YYYYYVYTYVYY

Datacycle

RS

R4

R3

R2

R1

RO

G5

G4 G3]1 G2] G1] G0 BS| B4] B3| B2 Bl | BO

Note: Set 0 to the RMIF when this mode isused. If the RMIF isset to 1, read data
for RO/BO display will be in reverse control according to RLSB/BL SB bit settings.
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(2) CPU Interface: 16-bit Mode (HOTY P[1] Set to O, IFMODE[1:0] Set to 01, and RMWR Bit Set to 0)
1) Image Data
[RMIF=0]
e« BODR=0 |[Di5|D14| D13| D12| D11| D10| D9 | D8 | D7 | | b4 | D3| D2 | D1 |

MMHHHHHHHH

2ndcycle |R3 [R2 |R1 [RO [ G5 | G4 [G3 [ G2 [GL | GO | B5

e« BODR=1 |[Di5 [D14 |D13 [D12 |D11 [D10 [D9 [ D8 | D7 | D6 [ D5 | D4 | D3 | D2

HHHHHHHH

1st cycle
2nd cycle

[RMIF=1]

|D15|D14|D13|D12|D11 |D10|D9 |Ds |D7 |D6 |D5 |D4 |D3 |D2 |D1 DO

AR

A 4 Y VvV VY
|R5 |R4|R3 |R2 |R1 |R0 |GS|G4|G3|GZ|61|GO|BS |B4|B3 |Bz |Bl|BO|

<

2) Command Data
¢ Batch Write Mode (REGMODE Set High)

|D15|D14|D13|D12|D11 |D10|D9 |Ds |D7 |D6 |D5 |D4 |D3 |D2 |D1 |Do |

I A AR I A A

|A7|A6|A5|A4|A3|A2|A1|A0|D7|D6|DS|D4|D3|D2|D1|D0|

o 8-bit Write Mode (REGMODE Set Low)

[D15 [D14 [D13 D12 |D11 [D10 [ D9 [D8 | D7 [ D6 [D5 [ D4 [D3 [ D2 [ D1 | DO |
Address cycle A7 | A6 | A5 [ A4 | A3 | A2 | AL | AO
Datacycle - - - . - - - - |D7 |D6 | D5 | D4 [D3 [D2 | D1 | DO

3) GRAM Write with REGMODE Set High
[D15 (D14 |D13 [D12 |11 [D10 | D9 [ D8 | D7 | D6 [ D5 | D4 [ D3 | D2 [ D1 | DO |

Yy v vvvy vy

Addresscycle[ A7 a6 [as [as [ns Ja2 Jarfao |- [- [- |- |- [-[-]-]

Datacycle
[RMIF=0]
e BODR=0
1st cycle |- - - - - - - - - - - - - - | RS [R4
2ndcycle| R3 [R2 |R1 |RO |G5 |G4 |G3 |[G2 |Gl |GO [B5 [B4 [B3 [B2 | Bl |BO

e BODR=1
1stcycle | RS [R4 |R3 |R2 [R1 |RO | G5 |G4 |G3 |G2 |Gl | GO |BS |B4 | B3 | B2

2nd cycle | B1_| BO

[RMIF=1] [R5 |R4 |Rr3 [R2 [R1 [G5 (G4 |63 [G2 [G1 |Go |B5 [B4 [B3 [B2 |BI |
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(3) CPU Interface: 9-bit Mode (HOTYP[1] Set to O, IFMODEJ[1:0] Set to 10, and RMWR Bit Set to 0)

1) Image Data

1st transfer

2nd transfer

<

> < >

|D8|D7|D6|D5|D4|D3|D2|D1|DOID8|D7|D6|D5|D4|D3|D2|D1|DOI

IR

IR5|R4|R3|R2|R1|RO|GS|G4|G3IG2|G1|GO|BS|B4|BS'BZ|81|BOI

2) Command Data

¢ Batch Write Mode (REGMODE Set High)
Use prohibited

o 8-bit Write Mode (REGMODE Set Low)

ID8|D7|D6|D5|D4|D3|D2|Dl|DOI

Address cycle

ARRRRRAE

D7

D6

D5

D4

D3 | D2 | D1 | DO

Datacycle

Note: Set 0 to the RMIF when this mode is used. If the RMIF is set to 1, read data for RO/BO
display will be in reverse control according to RLSB/BLSB bit settings.
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(4) CPU Interface: 8-bit Mode (HOTYP[1] Set to O, IFMODEJ[1:0] Set to 11, and RMWR Bit Set to 0)
1) Image Data
1st transfer 2nd transfer

< >« >
|D7|D6||D5|D4|D3|D2|D1|DOID7|D6|D5|D4|D3|D2|D1|DOI

DO OO TR Y Y

IR5|R4||R3|R2|RllRO|G5|G4|G3|G2|G1|GO|BS|B4|BS|BZlBllBOI

2) Command Data
¢ Batch Write Mode (REGMODE Set High)
Use prohibited

¢ 8-hit Write Mode (REGMODE Set Low)
| o7 o6l o5 pal p3| 2| b1l o]

Address cycle A7 | A6 | AS| A4 ] A3 | A2 1 Al | AO

Datacycle D7 | D6 | D5| D4a| D3| D2| D1 DO

Note: Set 1 to the RMIF for the reverse control of read data for RO/BO display with RLSB/BLSB
bit settings in this mode.
(If RMIF is set to 0, the reverse control of read data for RO/BO display with RLSB/BLSB hit
settings will not be possible.)
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(5) Serid Interface (HOSTYP[1] Set to 1 and RMWR Bit Set to 0)

1) Image Data

Serial data |_1st | 2lnd| 3rd | ath | 5th | 6lth| [ 7tn | sin | oth | 10th] 13th [ 12th | 13t ] léllth| 1?th| 1clsth| l7|th|

v

I H|R5| R4| R3| R2| R1| R0| GS| G4| G3| GZ| Gl| G0| BS| B4| B3| BZ| Bl| BOI

2) Command Data
o Other than GRAM Write Specification Command

Serial datal_1st | 2nd| 3rd | 4th | S5th | 6th | 7th | 8th | Oth | 10th] 11th] 12th| 13th| 14th| 15th | 16th | 17th

| L | A?l A6| A5| A4| A3| A2| All AOl D7| D6| D5| D4| D3| D2| D1| DOI

* GRAM Write Specification Command

Serial datal_1st | 2nd| 3rd | 4th | 5th | 6th | 7th | 8th | Oth | 10th [ 11th | 12th [ 13th | 14th | 15th | 16th [ 17th

IL|A7|A6|A5|A4|A3|A2|A1|AO|-|-|-|-|-|-|-|-I

\— NG _/
' '

GRAM Write Specification (OEh) Disabled Data

Note: Set 1 to the RMIF for the reverse control of read data for RO/BO display with RLSB/BLSB
bit settings in this mode.
(If RMIF is set to O, the reverse control of read data for RO/BO display with RLSB/BLSB bit
settings will not be possible.)
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(6) RGB Interface (RMWR Bit Set to 1)

1) RGB Interface: 18-bit Mode RGBIF Bit Set to 0 and RMIF Bit Set to 0

|D17|D16|D15|D14‘D13|D12|D11|Dﬂﬂ D9| D8| D7| D6| D5| D4| D3| D2| Dll DOI

ey es e eebe v ey

| Ra| R3] Ro| Ri| Ro| o5 cal c3| c2| c1]| col B5| Ba| B3| B2 | BI |

2) RGB Interface: 16-bit Mode RGBIF Bit Set to 0 and RMIF Bit Set to 1)

|D15|Dl4‘D13|D12|D11|D10|D9 |D8 |D7 |D6 |D5 |D4 |D3 |D2 |Dl lDO I

PO TSRS

I R5| R4‘ R3| R2| R1| RO| G5| G4| G3| GZ| G1| GO| BSl B4| B3| BZ| Bl| BOl

3) RGB Interface: 6-bit Mode RGBIF Bit Set to 1 and RMIF Bit Set to 0)

1st transfer
< > < 2nd transfer > < 3rd transfer >

DS| D4 D3| D2 D1] DOJ D5| D4 | D3| D2 | D1] DOJ D5] D4 ] D3| D2 | D1 ]| DO

I R5| R4| R3‘ R2| R1| ROI GS| G4| G3| GZ| G1| GOI BS| B4| BS| BZl Bl| BOl

4) RGB Interface: 8-bit Mode RGBIF Bit Set to 1 and RMIF Bit Set to 1)

< 1st transfer > < 2nd transfer >

I D7| D6| DS‘ D4| D3| D2| Q1 D0| D7| D6| D5| D4| D3| D2| Dl| DOI

l\\, \ \\\

I R5| R4| R3‘ R2| R1| RO| G5| G4| G3| G2 G1| GO| BS| B4 B2 | B1]| BO

<
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6.1.6 Sequence
(1) GRAM Write Access
Asshown in figure 6.1.6 (1), GRAM write access is performed at the address set cycle (for GRAM write
specification) and the data cycle.
[Explanation of Write Operation]
1) First, specify GRAM write (OEh) at the address set cycle with the NADS set [ow.
The address counter will be initialized at the rising edge of the NWR signal.
2) Execute GRAM write at the data cycle with the NADS set high.

o Write will be executed at the rising edge of the NWR signal. Simultaneously, address count will be
executed.

3) Hereafter, addresses will be automatically counted and write will be executed in the case of continuous
access.

4) If the address set cycleis executed with the NADS set low during continuous access, GRAM access will
be interrupted. To execute GRAM write again, take step 1) and specify GRAM write again.
* The above is an explanation of the 80-series CPU interface at the rate of single transfer cycle per
pixel.
[Relationship with Interface Mode]
¢ GRAM address management is performed in units of pixels (18 bits).
e In 16-bit, 260000-color mode, 8-bit mode, or 9-bit mode, a single pixel is transferred with two accesses.

o If two accesses are required to transfer each pixel, do not interrupt the access while the pixel isbeing
transferred, otherwise write will not be executed.

GRAM write specification Datacycle

a—
NADS _\ /

A

v

NWR
NRD
: GRAM write
3 ?nrégpl)?xtéansfer/ specification address
D** e < OE h% > ........ < N > ........ < N &1 > S S < N2 > ........ EE ________ @D
Internal GRAM —\ —\ —\
write data Ny N¥I) NED N#3 N+4
GRAM
address n n+1 n+2 n+3 ni 4
GRAM write
b) Two-time specification address
transfer/one pixel
D** e < OEh SRS S < N (lSt) SRS S < N (Zl’ld) > ........ < N+1 (1St) > ........ < N+1 an). VRS SR < N+2: (1St) >
Internal GRAM —\ \
write data N N1
GRAM
address \X n >< n+1 >< n+2

Fig. 6.1.6 (1) GRAM Write
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(2) GRAM Read Access

Asshownin figure 6.1.6 (2), GRAM read accessis performed at the address set cycle (for GRAM read
specification) and the data read cycle.
Thefirst read datais dummy read data. The desired datawill be read at and after the second read command
executed.
[Explanation of Read Operation]
1) First, specify GRAM read (OFh) at the address set cycle with the NADS set low.
The address counter will be initialized at the rising edge of the NWR signal.
2) Execute GRAM read with the NADS set high and the NRD signal asserted.
o At the falling edge of the NRD signal at the first data cycle, dummy data will be read.
e The IC will internally execute the read command from the GRAM to the internal bus at the rising
edge of the NRD signal.
e The desired datawill be read at the falling edge of the NRD signal at and after the second read
command executed.

3) Hereafter, addresses will be automatically counted and read will be executed repeatedly in the case of
continuous access.

4) If the address set cycleis executed as awrite access with the NADS set low during continuous access,
GRAM access will be interrupted. To execute GRAM read again, take step 1) and specify GRAM read
again.

* The above is an explanation of the 80-series CPU interface at the rate of single transfer cycle per pixel.
[Relationship with Interface Mode]

e GRAM address management is performed in units of pixels (18 bits).

e In 16-bit, 260000-color mode, 8-bit mode, or 9-bit mode, a single pixel is transferred with two accesses.

o If two accesses are required to transfer each pixel, do not interrupt the access while the pixel is being

transferred.

‘GRAM read Speci fication Datacycle

K

NCS _\
NADS _\ /

NWR

NRD
GRAMread i — — e ___ /
a) Singletransfer/ : specification address

one pixel .
Do e Cort W8 (b )y o e )
Internal GRAM
read data /.
<\ N Ni+ 1 Ni+ 2 Ni+ 3 \
GRAM
address X n >< n+1 >< 1+2 >< 1+3 >< nt4 ><:
. GRAM read
b) Two-time i
transfer/one pixel specification address
T COFb“ - v g (veiam ) 0)
wEe :
GRAM : >< n >< n+1 >< n+2
address

Fig. 6.1.6 (2) GRAM Read
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(3) Register Access
1) Register Write

As explained in section 6.1.3 and section 6.1.4, the following two types of access methods are available. See these sections for
details.

¢ 8-hit access mode, in which registers are accessed at the address set cycle and data write cycle.
 Register batch write mode, in which datais written with each address simultaneously at address set cycle.
2) Register Read
REGMODE set low
1) Thetarget register is specified at the address set cycle with the NADS set [ow.
2) The NRD signal is asserted with the NADS set high and the read command is executed.

Write cycle Read cycle
¢ ————— > ——————p

NADS -- —\ Address set cycle| - -
NWR -
NRD - ‘ I— -

Write data Specify address
e SR SRR

ol . —--
D[7:0]

Fig. 6.1.6 (3) Register Read (REGMODE set low) (80 series)

Write cycle
———— ————————p

Address set cycle - -

|
NWR —|_
_

NRD

Writedata N\ o ____i_._

D[7:0
(7o) Specify address

e W——-
D[7:Q]

Fig. 6.1.6 (4) Register Read (REGMODE set low) (68 series)
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REGMODE set high

If the REGMODE isfixed at high level, data will be simultaneously written when the target register is specified at the

address set cycle.

Therefore, the address register (80h) is prepared for address setting. Execute the following steps.
1) Specify the address 80h with the NADS set low. Then write data on the address of the register to be specified to the

address register.

2) Assert the NRD signal and execute the read command at the data cycle.

Write cycle Read cycle
¢ ———p
NADS - - —‘ | -
NWR e - -
NRD - - ; — -
Writedata _ _ _ _ _ _ _ _ L I L
D[15:8] 80h
Write data
] ) N
Specify address
R YYYYY
ey T aisevle)——— - -
D[15:8]
vegas T —-
D[7:0]

Read data

Fig. 6.1.6 (5) Register Read (REGMODE set high) (80 series)

| Write cycle I Read cycle
NADS - —\ | - -
NWR T -
o [ N S
Writedata - - - - - - - - - - 80h e e e e o — oo -
D[15:8]
Writedata S/ ____
D[7:0]
Specify address
Read data (XXX -
D[15:8] IRy disable) ="
Read data o
D[7:0]

Read data

Fig. 6.1.6 (5) Register Read (REGMODE set high) (68 series)
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6.2 GRAM (Graphic RAM)
6.2.1 GRAM Configuration

This IC has a built-in 760320-bit (176 x 18-bit RGB x 240) GRAM to store LCD data.

Each bit of the GRAM corresponds to each dot of the LCD to display datain a bitmap format.

Each pixel consists of 18 bits (6 bits each for RGB). The host specifies X and Y addresses to gain access
pixel by pixel.

The source driver that drivesthe LCD panel reads data line by line at the horizontal cycle independent from
the host's access to the GRAM. Thisis called display read. Display read is controlled by line addresses.
The GRAM physically fully corresponds to the source driver output circuit. Therefore, the enabled range of
the GRAM as shown below will be enabled by the output pins of the source driver in use. Accessto areas
outside the GRAM' s enabled range will be executed but not reflected on the output of the source driver.
The line address maximum value to be read will vary with the number of set outputs (GSL[2:0] bits) of the
gate driver.

X address
00h ; AFh
176 pixels P
~ ~ =
0oh A : |
144 pixels SFh %
P > 6 &
= k]
8 2 LR
o QD
>Q £«
: By
4— 8

BE

0z
EFh ¥ / \ &
8

Lo 3

FFh I ©

Example: Enabled areain \Enabled area (al areq) in source

source 144 output mode 176-output mode

(with Y range between 0 and 143) (with Y range between 0 and 175)
Fig. 6.2.1 GRAM Configuration

6.2.2 GRAM Address

X and 'Y addresses will specify each pixel when the host gains access to the GRAM.

When the read command is executed, line addresses specify each line.

The following graph shows the relationship of the X and Y addresses of the GRAM, source driver outputs,
and line addresses with display read executed.

address
SDIR 0 0 1 2 3 4 170 171 172 173 174 | 175
1 175 | 174 173 172 171 5 4 3 2 1 0
0 0
1 1
m 2 2 -
a 3
= I
g g
> I
w
237 237
238 238
239 239
Q = = YR
e¢e3g
3 e YG 0 1 2 3 4 170 | 171 | 172 | 173 | 174 | 175
n 0o B

() Each address is described in decimal for convenience.

Fig. 6.2.2 GRAM Addresses
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6.2.3 GRAM Address Control Function

The IC has the following address control functions. It achieves display according to mounting direction of the
LCD panel and variety of display in which, vertically and horizontally, upside down, or right and left reverse.
Settings are made on each bit of the memory operation mode register.

Function Control bit Setting
Address count direction control ADIR 0: Address count in the direction of X
Within access assignment area 1: Address count in the direction of Y
X addressincrement direction XDIR 0: Normal (address increase from start point)
Within access assignment area 1: reverse (address decrease from end point)
Y addressincrement direction YDIR 0: Normal (address increase from start point)
Within access assignment area 1: Reverse (address decrease from end point)
Source driver shift direction SDIR 0: Normal  Driver output shift direction Y[R,G,B]00 to 175
Driver output pinat X addressat 0to 175 1:Reverse Driver output shift direction Y[R,G,B]175 to 00

Notice Thisfunction is used when the datais written to the GRAM. Therefore it should be set before the GRAM iswritten.
Otherwise the setting will not become effective.

m Address Increment control function XDIR,YDIR,ADIR
The following table shows each setting and the condition of GRAM address count.

ADIR | XDIR | YDIR Schematic diagram ADIR | XDIR [ YDIR Schematic diagram
XAS——— XAE XAS——— XAE
YAS YAS ;

YAEL

YAE

The dot (®) in each diagram shows the start point.
Fig. 6.2.3 (1) GRAM Address Count

m Source driver shift direction control Control relations X address and driver output ~ SDIR
To assign source driver output and GRAM X address relations.
At”0", GRAM (X address“0" to “175") correspond to source driver output (“0” to “175").
At”"1", GRAM (X address“0" to “175") correspond to source driver output (“175” to “0").
Herewith, it can set address “00h” (X direction) position depending on driver packaging direction.
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... Xeddress Driver output Ne.- - » SLISOU'r'(':erD 0
00h,01h ... AFh
\0 1 .. 1754 -~ Driver output No.
Source Dr
SDIR = 0 Setting SDIR =1 Setting

Fig 6.2.3(2) Source driver shift direction setting

6.2.4 GRAM Access Control
(1) GRAM Access Operation
By specifying the size of the rectangular access area of the GRAM from the host, gaining access to the specified

areain the GRAM for writing or reading data will be possible.
In the case of continuous access, automatic address count will start in the specified areain address count mode as

specified in Section 6.2.3.
Address count will stop when the end address is reached.
Therefore, addressinitialization is required whenever a single screen is refreshed.
Addressinitialization is performed in the following cases.
1) CPU interface mode: When GRAM write command (OEh) or GRAM read command (OFh) is executed.

2) RGB interface mode: When the external vertical sync signal isinput.
(2) Specifying GRAM Access Range
The following two methods are available. The AEMODE bit is used for mode selection.

1) When AEMODE is set to O:
The starting point of the access range is specified by XAS and YAS and the end address is specified by
XAE and YAE as shown in figure 6.2.2 (2). Address count is performed in the method explained in
Section 6.2.3.
XDIR set to 0: Increasing from XASto XAE
XDIR set to 1: Decreasing from XAE to XAS
Note 1) XAS must be the same or less than XAE while YAS must be the same or lessthan YAE.

2) When AEMODE isset to 1:
The starting point of the access rangeis specified by XASand YAS and the access width is specified by

XAE and YAE as shownin figure 6.2.2 (3).
Set the access width minus 1 for XAE and Y AE. Set 0 when gaining access to asingle pixel only.
Address count is performed in the method explained in section 6.2.3.
XDIR set to 0: Increasing from XASto XAS+XAE
XDIR set to 1: Decreasing from XAS+XAE to XAS
Note 2) In both cases, X addresses must be within the GRAM area corresponding to the available
output range of the source driver while' Y addresses must be between 00 and EFh.
* |f the conditionsin Note 1 or Note 2 are not satisfied, the GRAM write command cannot be executed normally.
When writing one dot, set both XAE and Y AE to 00h.

00h Xmax 00h Xmax

00h 00h

(XAS, YAS) XAE
(XAS, YAS) P et—
/
IYAE
(XAE, YAE)
EFh EFh
Fig. 6.2.4 (1) AEMODE=0 Fig. 6.2.4 (2) AEMODE=1 ~ XAS™XAE YASHYAR)
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6.2.5 GRAM Data Mask Function (WDMSK Pin)

ThisIC has a function to mask GRAM write datain units of pixels or bits and awindow area can be specified.

(1) Write Data Mask Function in Units of Pixels (WDMSK Pin)
Write data masking is possible with the WDMSK pin set high at the time of GRAM write access. In this case, address
count  will be performed normally.
If multiple data access modes (including the seria interface mode) are used to execute GRAM wrrite, the whole data area
including the final access cycle needsto be masked.
Write mask is not executed if only acycle other than the final access is masked. (See figure 6.2.5 (2) and (3))

Note: The function of this pinis available while execute RAM clear, too.
During RAM clear execution, WDMSK pin =L isrequired.

s .
Specify GRAM write GRAM write

A
v

Mask cycle Mask cycle

NCS - - —|
NADS ~° _L
_—
|_

NWR

WDMSK Mask [ Mask L
D** OEh X

N N+1 N+ 2 N+3 N+4
GRAM n, n+1 >< n+2 n+3 n+4 ><
e T — e s
Fig. 6.2.5 (1) Write Data Mask 1 Addresses increase normally.
Mask cycle
+“—>

NADS )
we L

— The mask signal must be input within this range.

WDMSK - - -
D+ X 0En X 1st X 2nd XEROGDRARL 1st X 2nd X 1st X 2nd X1st Xond Xist Xond X
GRAM XXX

ctirens RN n n+1 n+2 n+3 X n+va X n+5 X

Fig. 6.2.5 (2) Write DataMask 2

NADS )

WDMSK _ Not masked with thissignal. o
D X Coen X 1st X 2nd X ast X and X ast X 2nd X ast X and Xast Xand Xast Xond X
fdf,ﬁl R n n+1 n+2 X n+3 X n+4 X n+5 X

Fig. 6.2.5 (3) Not write data masked
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(2) Bit Mask Function
By setting the command register BMSK* bit when writing GRAM data, the GRAM write datawill be
masked in units of bits.
Bit mask control can be set in units of R, G, and B bits independently.

The following exampleis a bit mask example with the IFMODE[1:0] set to 00 (at the time of 260000-color,
18 hits x single access)

Databus [ 017] D16 D15] D14 D13] D12] D11] D10 D9 | D8 | D7 | D6 | D5 | D4 | D3] D2 | D1 DO
RGB [rore|ra[relRi[rOjes|a|ca|@|ca|cnfms|Bafm3]B2]m]eo]

|
eusxrisol [o[ 1] 1ol o] o]
BM SKG[5:0] M asked [1] o]l 1]o0ol o] 1]

\4 \4 v

BM SKB[5:0] Masked | Masked [1] 1] 0] 10 0]
GRAM Write v v Masked Masked l Masked

No RGB data of masked bits will be written to the RAM when the BMSK* bit of the control command
issetto 1.

Fig. 6.2.5 (4) Bit Mask
(3) Window Mask Function
Wz;]s?(n e[\eriti ng data to the GRAM, the write data within and outside the specified window on the LCD will be
m

The window is specified by the mask area’'s X and Y start addresses (WM XS and WMY S) and end addresses
(WMXEand WMYE). =~ o _ _ _
With the WMMODE register is set to O, the areawithin the window will be masked. With the WMMODE
register is set to 1, the area outside the window will be masked. )
Note 1) The window mask area needs to be set inside the GRAM access area. See Section 6.2.4 (2).
Note 2) Do not reverse the magnitude relation between the start and end addresses.
i.e, XAS<WMXS<WMXE < XAE (AEMODE is set to 0 in this example
YAS<WMYS<WMYE<YAE (AEMODE is set to 0 in this example )
Note 3) The borderline of the specified window will be masked only when the WMMODE is set to 0.

ooh  XAS XAE  Xmax 00h  XAS XAE  Xmax
00h 00h
(XAS, YAS) (XAS, YAS)
YAS > YAS o
WMXS WMYS WMXS WMYS
O
(@]
WMXE WMXE
WMYE WMYE
YA /C YA /;
EFh (XAE, YAE) EFh (XAE, YAE)
WMMODE issetto 0 WMMODE issetto 1

Areadatais written to |:| @)

Areadatais not written to |:| @)
Fig. 6.2.5 (5) Window Mask

* The write data mask function (WDMSK pin), the bit mask function, and window mask function
can be used together. Each mask function will bein OR-process.
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6.2.8 Gradation L SB Generation Function (in 65000 Colors)
This IC displays gradation with pixels, each of which has 18 bits (consisting of six R bits, six G bits, and six
B bits).
In 65000-color interface mode (with the RMIF bit set to 1), data from the host will be provided in blocks of
16 hits (five R bits, six G bits, and five B bits). The LSB of the R signal and that of the B signal are
generated with the R5 MSB data and B5 MSB data used. See below.

(1) Write Datato GRAM

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

RS R4 R3 R2 R1 RO | G5 i G4 G3 G2 Gl GO BS B4 B3 B2 B1 BO

(2) Display Read Data Control
The following diagrams show the status of the RLSB or BLSB.
The following display datawill appear according to RLSB[1:0] and BLSBJ[1:0] bit settings based on
the data written to the RAM in 1). o
®: GRAM daais output asit is. Note: 1. Data processing is enabled when the

] : RMIF bit isset to 1.
O: GRAM dataiisreversed and output. 2. Data processing is executed before

aternation. Data after alternation shows

processed alternation data.
1) * LSB[1:0]: 00 2) * LSB[1:0]: 01 3) * LSB[1:0]: 10 4)* LSB[1:0]: 11
First frame First frame First frame First frame
CeoOe ® O O e O @eO0 ce O e O eO0
. . O e O eO0 ce e OeOCe ® O e OeCe
Foreachplxel. Oeo0e ® O O e O ®O0 oe O e O eO0
R[S] RLSB OCeOeo0 oe eOCeO0e ® 0 eO0eO0e
B[5] BLSB
ALL o
O e O @O0 oe e OeOCe ® O ®eOeOe ® O
Second frame Second frame Second frame Second frame
e OeOCe ® O O e O @eO0 ce e 0OeCe
. O e O eO0 ce e OeOCe ® O O e O @O0
For each pixel: e0eO0 e e CeO0 e®o0 oe e0eO0 e
R[S] RL$ O e O @O0 oe e OeOCe ® O O e O e O
B[5] BLSB
ALL o
O e O @O0 oe e OeOCe ® O O e O e O e

®: GRAM dataisoutput asitis.
. . O: GRAM datais reversed and output.
6.2.9 Display Data Reverse Function
With acommand register DISPINV bit setting, displayed read data will be reversed and output from the
GRAM.
With the DISPINV set to 1, data reversion will be executed. Thiswill be processed at the final output stage
of the source driver after the displayed datais latched as explained in Section 6.2.7. Therefore, GRAM data
is not influenced.
Display datais reversed according to the results of digital brightness adjustment (see Section 6.3.4) and
gradation LSB image processing.
The display data reverse function is not available to the display all white command (see Section 6.3.1) or
refresh white display. The LCD panel will be displayed all whitein that case.
The function supports negative and positive reversed display and LCD display modes (normally white and
normally black modes).
In normally black mode, the black and white polarities will be completely reversed. Therefore, the LCD
panel will be displayed all black at the time of whole screen white display or refresh white display.
With the DISPINV set to 0, the LCD display will be in normally white mode.

SYSTEM LSI DIVISION, SEMICONDUCTOR COMPANY

ESTABLISHED| REVISED MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.




MNF8931BK-C

SPECIFICATIONS Totd

Date Prepared :03/12/ 03 pages| — | Page| 30

6.2.6 GRAM Clear Function

The IC hasa GRAM clear function. RAM datawill be automatically set to 1 and O by setting the RAMCLR

bit to 1.

At that time, RGB data can be all setto 1 or 0 by the CLR_COL bit setting.

Furthermore, the access area specification, window mask function, and bit mask function can be used

together.

The RAM is cleared by using the clock of the built-in oscillation circuit (at 206.6 kHz). It required at

maximum approx. 200 ms (i.e., 176 x 240 x 1/206.6 kHz) to clear the whole screen.

This RAM clear timeis determined by the GRAM access specification range.

After clearing the RAM, the RAM_CLR hit will be automatically cleared and set to 0.

The operation in process will be canceled if the host sets 0 to the bit during clearing.

Note 1: Do not execute GRAM access while the RAM is being cleared, otherwise the GRAM value will not
be guaranteed.

Note 2: During RAM clear execution, WDMSK pin = L isrequired. In this case, if WDMSK = H, Data mask function
will active and content of GRAM are not updated.

6.2.7 Display Read Function

240 lines

00h

AT LA
Erh 220 240

(1) Display Data Latch
The stored display datain the GRAM istransferred to the latch circuit at the rate of one line per
horizontal cycle and provided to the source driver. The display read operation is independent from the
Host's access. Therefore, there will be no access limits imposed on the host.

(2) Display Line Address
The GRAM display read operation is managed by line addresses.
Thefirst line on the LCD and the address of the display start line are set by the command setting.
Line addresses are counted from the address of the display start line and the count automatically
increases at 1H intervals.
The number of displayed linesinthe Y direction can be set to 192, 220, or 240 (with the GSL[2:0] bit to
set the number of gate driver outputs).
The line address count will return to Q0h (i.e., the display start line) when all the addresses
corresponding to the number of displayed lines are counted.

240-line display screen s GRAM data e 220-line display screen
00h
220 R 220 =
240 | N
220
240
{..EFh

By controlling the address of the display start line, the vertical scroll function, for example, will be

available,
(The address of the display start line is refreshed in synchronization with the vertical sync signal after
the command is set.)

GRAM data ( Display start address: (1) Display start address: (2) Display start address: (3)
240

220 220
240 240

Scroll on the screen.

v

Fig. 6.2.7 (2) Display Start Line Address Setting and Vertical Scroll
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6.2.10 RGB Swap function

By setting command register RGBSW bit (address 0Dh, D[3]), driver output of R and B is counterchanged when pixel of R and B

is swapped at writing to GRAM.

The function in combination of SDIR function make use of driver packaging direction and color filter alignment possible.
In addition, when GRAM read, the data which swapped at writing time return to its normal state asit is swapped reversely.

Notice Thisfunction is used when the datais written to the GRAM. Therefore it should be set before the GRAM iswritten.

Otherwise the setting will not become effective.

RGBRGB RGB RGB aignment
00h 01h AEh AFh
X address
R _G B R _G B
L < _
o [Te) n [Te)
S5|I2|181|8 SISS
S>> > x| |O|m
=1 >1>1>
o
=
S(rlc|B R|G|B
(G}
A A A

RGBSW =0 Without Swap
RIGIB Ex: When SDIR is0

6.2.11 Display Data Processing Block Diagram

BGRBGR BGR
AFh AEh 01h 00h
<

B G R B G R
L. _
a n n n
HHEEE S5 |5
S>> |> x| O|lo
= 1> >
o
=
IIBlG|R BIG|R
0]
AN
RGBSW =1 With Swap
[RIc]B] Ex:WhensDIRIs1

2R
< o
=2
g2
25|
[<5} oy
88
]
g o
2 £
BMSK* (Bit mask}——————p] @ 8
o =¥ 8
WDMSK (1/0 mesk) R = o 5 oy
WM** (Window mesk}-p, s g g 9 k5 £ 5
1 2 8 S 2 < © Z
> =
WM bit S 1y GRAMmemary [l Z ol B [ £ Py S
© k=2 1 < o
= iS] 5 =3 5
RGB interface < ISl = < 3
% =3 3 J
(O] a ] [a]
CPU interface —p o
Serial interface |
1 1 1 1 1 1 1
HOSTYP  RMWRbit XA* *ADJ  *LSB DISPINV GM**
YA* hit bit bit bit bit
o
S
0 35
s Ef
23
]
1
OEHE hit
BLKSD bhit
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6.3 Display Control Function
6.3.1 Display Mode Control

The following four display conditions are controlled with command register DISP [1:0] settings.
The commands explained below are executed in synchronization with the vertical sync signal after the commands are
Set.
(1) Display OFF (DISP: 00)
The IC stops driving the LCD.
Turn off the LCD when overwriting the GRAM, in order not to reflect setting changes such as power supply setting
changes on the display, or for a shutdown sequence.
When the display off command is executed, the |C operates as explained bel ow.
o The source driver will have high-impedance outpuit.
* The high-level output of the gate driver will stop with the NOEV* set high. (If the MN863480 is
used in combination, the MN863480 will have VOFF- or VVEE-level output.)
o With the VCOMEN* set low, the AC of the opposite electrode will stop, and VCOMLvoltage
will be output.
If the MN863480 is used in combination, the MN863480 will have output, the potential level of which will be
intermediate VCOML potential.
Note: The oscillation circuit or power supply 1C will not be stopped only by executing this command.
The operational amplifier of the source driver will, however, stop.
(2) Display Whole White (DISP: 01)
The LCD will be driven so that the whole screen will be white regardless of the contents of the GRAM.
This function isused to let the LCD discharge electricity before turning the display on or off during the setup or
shutdown sequence.
The LCD displays white regardless of DISPINV bit settings.
The IC operates as described below with the display whole white command is executed.
. Th? sou:acde driver drives the white level (corresponding to 3F GRAM data). Specified aternation driving is
performed.
e The gate driver isin normal operation, so is the aternative driving of the VCOM.
(3) Norma Display (DISP: 10)
In normal display mode, the whole screen will be displayed normally.
(4) Partial Display (DISP: 11)
In this mode, the screen is partialy displayed.
By reducing the drive area, the power consumption of the IC will be saved. The non-display areawill be white.
With an RFR bit setting, the non-display period will be regularly refreshed, when the display will be white.
For details, see Section 6.3.2.

6.3.2 Partial Display Function

When the IC isin partial display mode, the screen will be partially displayed (driven) inthe Y direction, which will
suppress the current consumption.
The following display patterns are available.
In the non-display area, the output of the gate driver, the driving operation of the source driver, and the display read
operation will stop.
The non-display areais regularly refreshed, when the display will be white.
The partial display function will be set by specifying the start point of a maximum of two non-display areas with
MASKS1 and MASKS2 and the end point with MASKEL and MASKE2. The refresh cycle of the non-display areais
specified with RFR (to be refreshed per frame, or not refreshed, or refreshed at any time).
Note 1) Satisfy the following conditions. MASK S1<MASKE1<MASK S2<MASKE2
Note 2) The MASK* setting must be less than the number of displayed lines (i.e., 240, 220, or 192 lines
according to the GSL[2:0] setting).
Note 3) MASKS1 and MASKEL are used together and so are MASKS2 and MASKE2. When MASKEL is
set, al the other settings will be refreshed.
Note 4) The display read operation will stop, but line addresses will be counted normally. Therefore, the
relationship between GRAM data and LCD display is the same as that in normal display mode.
Note 5) To set asingle non-display area, set both MASKS2 and MASKE2 to FFh.

masksy display MASKS] oo
- non-di displ
MASKE MASKE1 Py splay
display MASKSL
display non-display
display
MASKE
MASKS2 ) MASKS1L )
non-display non-display display
MASKE2 MASKE1L
MASK S2=FFh MASK S2=FFh MASK S2=FFh
Fig. 6.3.2 Partial Display MASKE2=FFh MASKE2=FFh MASKE2=FFh
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6.3.3 Partial Scroll Function

By the control of the address of display start line as explained in Section 6.2.7, the vertical scroll functionis
available. In that case, the whole area of the GRAM will be the subject of scroll contral.
By using the partia scroll function, the display areawill be scrolled except some portions (such asthe
antenna mark portion), which will remain unchanged.
The following partia scroll settings are possible.
If the partial scroll specify bit SCRON is set to O:
When the scroll area start specify bit SCRS, scroll areaend bit SCRE, and scroll number bit SCRN are set,
the settings will be reflected and executed at the vertical cycle after the SCRON hit is set to 1.
If the partial scroll specify bit SCRON is set to 1.
When the scroll area start specify bit SCRS or scroll area end bit SCRE or scroll number bit SCRN is set,
the setting will be reflected and executed at the next vertical cycle.
When setting SCRS, SCRE, and SCRN hits in sequence over the vertical sync period, any bits executed
after the vertical sync period (i.e., at the falling of the NV SYNCO) will not be reflected until the next
vertical sync period isover.
Note 1) Make GSL[2:0] settings for the number of displayed lines (240, 220, or 192) to satisfy the
following conditions.
SCRS < SCRE
SCRE — SCRS > SCRN > Number of display lines
The display of the LCD will not be guaranteed unless the following condition is satisfied.
Display start line address LAS < Scroll start address SCRS
Note 2) Thisfunction is used to control display line addresses. Therefore, the status of LCD display varies
with the setting for the address of display start line.
Note 3) The partial display function explained in the previous section is not in any control of line addresses.
The partial display function can be used together with the partial scroll function. Asfor display, the
partial display function will take precedence. Therefore, the non-display areawill be white.

Display state 1 Display state 2 Display state 3

Tul ; \TIL /u\m\
| A A

/7

2001.9.15 2001.9.15 2001.9.15
Panasonic Panasonic Panasonic
Partial scroll display g
Fig. 6.3.3 (1) Partial Scroll Display @
ooh GRAM data Line address count (Counted from (1) to (5) in sequence)

Panasonic © l _ _
Display start line address: LAS

I (l)I
. y z & Scroll areastart point: SCRS
P [C/ R | Number of scrolls: SCRN
“ivw J Y.

EFh 2001.9.15 @ l

This chart shows the relationship between GRAM data and display read performancein display state 2 in figure (1).

Scroll areaend point: SCRE

Fig. 6.3.3 (2) GRAM Dataand Line Addressesin Partial Scroll Display on LCD
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6.3.4 Digital Brightness Adjustment Function
With the color adjustment commands executed by addresses 28h to 2Ah, brightness adjustmentsto R image
data, G image data, and B image data can be made digitally respectively.
The set valuesin the RADJ[5:0], GADJ[5:0], and BADJ5:0] registers are added to or subtracted from display
read data from the GRAM and the data will be provided to the source driver.
The result of addition or subtraction will be a maximum of 00h or aminimum of 3Fh regardless of whether the
actual valueislarger than 3Fh or smaller than 00h.
This command enables brightness and white balance adjustments to displayed images.

6.3.5 Sync Control with Host

This IC supports moving images. Therefore, the IC has an external vertical sync mode, where the operation of

the IC isin synchronization with the VSYNC supplied externaly.

(1) Switching to External Vertical Sync
The IC will be set to external vertical sync mode by setting 1 to the VSYMODE.
After the command is set, the switching of the mode is detected by the internal vertical sync signal. Then
the mode will be switched.
After the mode is switched, external VSYNC input will reset the vertical counter and the IC operatesin
new mode.
Therefore, as shown below, it is necessary to wait for two frames to go to external vertical sync mode.
Whilethe IC isin external vertical sync mode, the blanking period will continue and the LCD will not be
driven unless the external VSYNC signal isinput.

VSYMODE 1V each max.
=/
External vertical sync I_I U j\‘ 3 / | I_I I_I

(NCSYNCI) <

Inter.nal vertical §ync H |_| J I_I |_| |_|

Yeruea e i 1 [ i 1

v _ [N (OO O [ O N
sv l | [ | |

Fig. 6.3.5 Vertical Sync Switching (from Internal to External Vertical Sync)

(2) Switching to Internal Vertical Sync
Again, it is necessary to wait for two frames to go to internal vertical sync mode from external mode.
Note) After the command is set, it is hecessary to provide the external vertical sync single for a minimum
of 1V period, otherwise the switching of the vertical sync mode will not be detected. Therefore, the
display on the panel will stop.

VSYMODE 1V each max.

! /

NCSYNCI ] i [ 1 i i
Internal vertical sync H |_| J |_| J I_I

Yoo I I il I 1 |

sTv ] ] [ ] |

Fig. 6.3.5 Vertical Sync Switching (from External to Internal Vertical Sync)

A
r s
A4
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(3) Relationship between LCD (Display Read) and RAM Write
When the IC isin external vertical sync mode, set the following lower limit of RAM write speed to
satisfy the following conditions in consideration of the built-in oscillator frequency so that smooth
moving images will be displayed.

e RAM Write Completion Time < Display Read Completion Time — Time margin
(A time margin of two display read linesis required. )

e RAM write completion time = Write start time + Number of written lines x 1-line write time

=

Number of written pixels per line x (L/RAM write speed) + Horizontal write blanking period

e Display read completion time — Margin time = (240 + Back porch — 2) x_1-line display read time
-~ 2 =

2lines 16 Number of 1H clock pulses x (1/Oscillator frequency)

[Calculation example]
A calculation example is shown below under the following conditions.
o Write start time: 20 ps after external sync
o Number of write lines: 240
o Number of written pixels per line: 176
o Horizontal write blanking period: 0
o Number of 1H clocks: 12 clocks (with HCNT set to 0B)

o Oscillator frequency: 206.6 kHz + 10%

RAM write speed > 240 x 176 pixels/{ (240 + 16 — 2) lines x 12 clock pulses x (1/206.6 kHz x 1.1) — 0.02 ms} = Approx. 3.15 MHz

Oscillator frequency

+10% 206.6 kHz -10%

240

RAM write soeed RAM write speed at

at 10 l\\;lvlz:zesp / 3.15MHz £
200 / /
160 / /
120 / /

80

40
14.87
 14.24 ‘ 13.41 16'?2

13.52
0.C 4.00 8.00 12.00 16.00

N [line]

External

Time[mg]

0
vertical
sync

[ ]
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6.3.6 Built-in Oscillation Circuit
ThisIC has a built-in oscillation circuit that generates display clock pulses as reference for the display control
system and voltage step-up clock pulses for the power supply IC.

This oscillation circuit does not require any external parts, such as capacitors or resistors. The standard oscillator
frequency is206.6 kHz.

The oscillation is under ON/OFF (1: ON; 0: OFF) control by the command register OSCON bit. The oscillation
is by default turned off.

6.3.7 Control of Horizontal Cycle and Vertical Cycle
The above display clock is used to control the horizontal cycle (H cycle) and vertical cycle (V cycle). TheH
cycle and V cycle are adjustable with the command register HCNT[4:0] and VCNT[9:2].

(1) H Cycle Settings
By making H cycle adjustments, the driving period (i.e., LCD panel charging period) of the source driver
will be adjusted.
The period is adjustable between a period of 8 clock pulses and 24 clock pulses in 1-clock-pulse increments.
Theinitial valueis 12 clock pulses (with the HCNT set to OB).
Therefore, 1H period is adjustable between 38.7 usand 116.2 ps. The initial valueis 58.1 us, provided that
the standard oscillator frequency is applied.

In external sync mode, the following time conditions must be kept.
Desired H cycle x (Preset number of gate driver output pins + 8H) <V cycle period

[Calculation example ; H cycle setting]

Use external V sync mode with V cycle : 60 Hz, Gate Driver output : 240 line,
(i.e., oscillator frequency variation 10 %)
In 1 H clock value < (206.6 kHz x 0.9) / [60 Hz x (240 + 8) line] = 12.5
therefore, it requires under 12 clock setting.

Make an optimum H cycle period setting in consideration of the LCD's pixel load characteristics and the
source driver's current capacity setting.

(2) V Cycle Settings
By making V cycle adjustments, the frame frequency will be adjusted. If the display quality of the LCD is
kept, the power consumption of the system can be saved by reducing the frame frequency.
If the frame frequency is reduced, however, the image quality will be adversely affected. Therefore, fully
evauate the circuit design.

sTheV cycle set bit VCNT will be enabled only in internal sync mode. The VCNT set value will be ignored
when the IC isin external sync mode.

Ininternal sync mode, the fol lowing condition must be kept.

(VCNT[9:1] +1) x 4; aslinevaluein 1V cycle.

It ispossible to set the V cycle to a maximum of 1024H in 4H increments. It is, however, necessary to set the
preset number of gate driver output pins plus a minimum of 8H lines. The value is by default set to 300H
(i.e., the VCNT[9:2] set to 4Ah).

[Calculation example ; V cycle setting]
Useinternal V sync mode, set H cycle=12 clock (HCNT = OB) and V cycle= 60 Hz.
(i.e., caculate oscillator frequency = 206.6kHz)
In1V linevaue = (206.6 kHz / 12 clock) / 60 Hz = 286.9 line.
It is able to choose 284 line case or 288 line, as setting is per 4 line.
284 linecase, VCNT sett0284/4—-1=70, VCNT =46 h.
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6.4 LCD Drive Control

6.4.1 LCD Drive Signal Generation
The following signals are generated to drive the LCD. Figures 6.4.1 (1) to (4) show the generation timing

of each drive signal.

(): Internal signal

Function Qe Description of control Command set bit
Transfer of source (LD) Used to transfer display read data from the GRAM to the _
driver data source driver.
Control of drive/stop (NOEH) Used to control the drive/stop timing of the source driver OEHA/OEHN
C - within a 1H period.
timing of source driver - — -
Used to control the drive/stop timing of the source driver at OEHON/OEHE
theV cycle. / o
1) Starts the source driver 1H before the display period. GSL/MASK
2) Controls the extension of the drive period after thedisplay | /RFR
period completesin order to stabilize the potential of the
source line during vertical blanking.
The impedance of the output pin will be high while AMPON
the source driver isnot in driving operation.
. Used to output the display start position of the gate driver
Generation of gate STV gart publ: P ISpiey Start posit gatednv -
driver drive signal KV Used to generate the gate driver shift clock.
The clock will be continuously output during the vertical CKVPW
period.
Control of gate NOEV Used to control the output prohibit timing of the gate driver OEVA/OEVN
ari tout within a 1H period.
nve_r ,Ou_pu, Used to control the output prohibit timing of the gate driver
prohibit timing atheV cycle.
1) Stops output from lines other than that for the GTYP/MASK**
aé/ period. /IRFR
2) Proh its the output of the non-display period according
to the partial display setting.
AC antr(e)ll of g POL Used to specify the alternation polarity of the VCOM. | FRPOL
opposite electrode Used to control the drive/stop iming of the VCOM at the V
(VCOM) VCOMEN oydle pliming
; Starts driving the VCOM 1H before the dl? ﬁeriod. VCOMON
2) Controls the extension of the drive period after t JNVCOME
display period completes.

Note) The STV*, CKV*, and POL* signals are continuously output without interruption simultaneously with
the oscillation of the internal oscillation circuit. These signals will stop when the internal oscillation

circuit stops operating.
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6.4.1 Relationship between display timing and host writing at RGB interface

External vertical sync signal input cmd_11h=80h should be used at RGB interface and supply vertical sync
signal from VSYNCI.

This setting make writing from host and LCD display synchronize. Moreover, GRAM address will be initialized by
external vertical sync signal input at RGB interface, writing from host cannot operate without input the external vertical

sync signal.
H-signal is created by internal OSC and resister value of number of 1H-clock, so external H-signal is no need.
With following figures 6.4.2 , the description of usage shows on next page.

Condition : 1H =12 clock cmd_1Eh=0Bh /240 line display cmd_20h[7:5] = “111"

] o tPwWvsYL (= min 2H)
Display timiming
> 1V = 16.67.ms ( f = 60 Hz )

VSYNCI L .. J
ckvioutputy [ UL - - T

isplay_VBP (=16 or 17H) <. umber of display lines (220 or 240)

display data(output)

6.4.2

Host writing timirfq for 1-frame

teowLe
teowrL R
< NostVBP i number ofl writing lines (max 220 or 240) _: host VFP
RGBENA (= tsvsyn ) Tﬂﬂﬂlﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂr . HHHHF (= thHvsYN ) Hﬂﬂﬂﬂﬂﬂﬂr
Dxx L
6.4.2

Host writing timing for 1-Line

i host cycle of writing 1-line '

host hsync _U
s nnnnhnnnhhhhhhhns

number ofl writing pixels (max 176)

|
i
1
*-- == e R A P
1
|
i
|
i
1
i

RGBENA 5
R

oo YEEEEEOEED - OOO0000E
L‘~~\__‘~ —’——"_‘,,J

OOOGOOOOODOOBIOOTOXKHKKN
R R AR X_)
. ;

' ) N '
RGBCK ! | | L """ _l | | l |
. trer tser) . . tser, ther ,
RGBENA P
; tsro | thrRD. ' ' . '
oo IR 1 ZERTRERY FUER QT

6.4.2
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Following condition ( ) should be satisfy at RGB interface.
Condition: H =12 clock cmd_1Eh=0Bh /240 line display cmd_20h[7:5] = *“111"

m Limitation in order to complete initialize GRAM address and V-timing of LCD display by external vertical
sync signal.
Pulse width of external vertical sync signal.
— tpwvsyL need over 2H period MIN should be 0.13 ms
Relation of external vertical sync signal and host writing start / complete time.
- tsvsyn over 15 ps
- tHvsyn over 10 ps

m Limitation in order to prevent display distarbance by collision of Host-write-timing and display-read-timig.
Setto YDIR=ADIR=0
Start writing before display and
complete writing before the first line on the LCD display.
— teowrL Operate within 0.84 ms (MIN)
Complete writing before the last line on the LCD display
— teowLL Operate within 13.46 ms (MIN) [when oscillate clock has + 10% ]

m Limitation in order to display all lines within 1V period of the external vertical sync.
Keep 1 vertical period that enable to display all lines, in consideration of variation of the oscillation
frequency.
- teoo Keep more than 8H period (16.1ms [MIN])

NOTE ) After LCD vertical cycle action initialized by external vertical sync signal, the control of LCD horizontal cycle is operated
by internal oscillator clock based on 1 H clock. Therefore there is no need to provide horizontal sync signal.
After writing address from host to GRAM initialized by external vertical sync signal, writing address from host to GRAM
can automatically count every accesses according to the indicated writing address area.
(This operation is unrelated LCD display)
When interrupting GRAM-write, RGBENA should be once inactivated (RGBENA = L)
(Ex, vertical blanking provide in line unit at writing)
When RGBCK is supplied as RGBENA = H, the data will be accepted and updated GRAM data and address.

Description of symbols in figure 6.4.2
Figure 6.4.2
trwvsye (end of display) “L” pulse width which need to External vertical sync signal “NVSYNCI” signal. This require 2 H period out
of minimum display.
Minimum value : 0.129 ms Oscillator clock = -10%
teop (end of display) End of display time from Vertical sync signal

When 240 line display sets, 1H period x ( 16 or 17 line + 240 line
Maximum value : 16.586 ms Oscillator clock = -10%

display_VBP A period from vertical sync signal to display start. The horizontal cycle controlled at Oscillator clock is 16
to 17 H
Figure 6.4.2

teowrL (end of writing 1st line) Writing completed time at the first HOST line. Complete before display first line drives.
Minimum value : 0.84 ms Oscillator clock = +10%

teowLL (end of writing last line) Writing completed time at the last HOST line. Complete before display last line drives.
Minimum value : 13.46 ms Oscillator clock = +10%

tsvsyn (VSYNC set-up time) VSYNC input set up time for starting data transfer. Keep more than 15 ps.
thvsyn (VSINC hold time) VSYNC input hold time for ending data transfer to VSYNC input Keep more than 10 ps.
Figure 6.4.2

tser (Enable set-up time) RGBENA signal set up time for RGBCK! Keep the regulation value in the product standards
tHeR (Enable hold time) RGBNA sygnal hold time for RGBCK! Keep the regulation value in the product standards
tsro (Data set-up time)  Data Input set up time for RGBCK! Keep the regulation value in the product standards

tHrD (Data hold time) Data hold time for RGBCK! Keep the regulation value in the product standards
Host HBP Back porch period of H cycle that writing into HOST. There is no regulation
Host HFP Front porch period of H cycle that writing into HOST. There is no regulation
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6.5 Source Driver Operation Setting
6.5.1 Gradation/Binary Drive Mode

The source driver has a 6-bit DAC for 64-step RGB gradation drive control. If gradation display is not required, binary
driving will be possible. At the time of binary driving, the static current flowing to the operational amplifier of the DAC
circuit of the above source driver and the internal resistor (i.e., VREF resistor) for gradation voltage generation will be
stopped, which will save the power consumption of the system.

By setting the COL hit of the driver operation setting 2 register to 0, the IC will be in binary drive mode.

The IC will use only R5, G5, and B5 data for display, and any other data will be ignored when the IC isin binary

mode. The source driver will drive the LCD by using only MSB bit of each RGB pixel of the GRAM whilethe ICisin
binary drive mode. After this command is set, the command will be executed in synchronization with the V sync signal.

6.5.2 Separation of VREF Resistor

As explained above, when the IC isin binary drive mode, the VREF resistor for gradation voltage generation is
separated for static current suppression. At the time of gradation driving, VREF resistor separation during the V blanking
period will be possible. The VREeF resistor will be separated by setting 0 to the RSWON hit of the driver operation
setting 2 register. The VREF resistor will be automatically connected before the LCD starts display.When using this
mode, the panel load will influence the quality of display. Check the quality of display on the actual panel before
applying the I C to the products.

6.5.3 Source Driver Driving Output

1) Source Driver Driving Capacity Adjustments

The driving capacity of the source driver is adjusted by the SAMP[2:0] bits of the driver operation setting 2 register.
(See table below.) When the bits are set to 000, the source driver will stop driving. (The valueis by default set to
011.)

The necessary drive capacity is influenced by the panel load. Check the display quality on the actual panel before
applying the I C to the products.

SAMP[2:0] Capacity

000 Stop

001 Low

010 Between low and medium
011 Medium

100 Between mediumand high
101 High

110 Prohibited

1 Prohibited

2) Polarity of Source Driver Output, Obtaining Gamma Characteristics, and Polarity Based on VCOM
Stored datain the GRAM will be reversed in the polarity reverse circuit so that the polarity will be opposite to the
polarity of POL*signals.
At the time of normal display with DISPINV set to 0,
when POL* is set low, normal output will be turned on: No GRAM data bit change (i.e., the 3Fh bit will be output as
3Fh bit and the 00h bit will be output as the 00h bit);
when the POL* is set high, reversed output will be turned on: GRAM datawill be reversed and output so that the
3Fh bit will be the 00h bit and the 00h bit will be the 3Fh hit.
At thetime of reverse display with DISPINV set to 1,
when POL* is set low, reversed output will be turned on: GRAM data will be reversed and output so that the 3Fh bit
will be the 00h bit and the 00h bit will be the 3Fh hit;
when the POL* is set high, normal output will be turned on: No GRAM data bit change (i.e., the 3Fh bit will be
output as 3Fh bit and the 00h bit will be output as the 00h bit).
Gamma characteristics will not be influenced by the DISPINV.
When the POL polarity isnormal (i.e., POL* is set low), signalswill be converted into analog values in the gamma
circuit (D/A conversion circuit) according to the gamma characteristics of the GMPn (n is set between 1 and 62) and
output from the source driver.
When the POL polarity isreversed (i.e., POL* is set high), the signals are output from the source driver according to
the gamma characteristics of the GMNnN (n is set between 1 and 62).
Asfor gamma characteristics, refer to Section 6.5.4.
The information here is provided on condition that the POL* isthe same asthe VCOM in polarity.
If the DISPINV is set to 0 and host input datais 00h (black), the GRAM datawill be displayed as follows when the
polarity isnormal:
GRAM data 00h => After conversion: 00h => With VREFH selected, VCOM : Displayed black on the LCD at the
VCOML potential.
When the polarity is reversed,
GRAM data 00h => After conversion: 3Fh => With VRerFL selected, VCOM: Displayed black on the LCD at the
VCOMH potential.
With the DISPINV setto 1,
At the time of normal operation after conversion: 3Fh => With VReFL selected, VCOM: Displayed white on the LCD
at the VCOML potential.
When the polarity is reversed,
At the time of reverse operation after conversion: 00h => With VREFH selected, VCOM: Displayed white on the
LCD at the VCOMH potential.
The DISPINV isdisabled for refresh white display whilein partial display mode.
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6.5.4 Gamma Correction Function
(1) Gamma Adjustment Command

The 62 gamma adjustment commands in addresses 31h to 6Eh make it possible to make gamma
adjustments to the 1- to 62-step gradation voltages. (Here, gradation 0 and gradation 63 are fixed at the
VREFH or VREFL.)
Eight gamma adjustments are possible for the positive drive and negative drive of each gradation step.
(2) Built-in Resistor for Gamma Correction
The output voltage of the IC is determined by the externally input VREFH, VREFL, gamma selector value,

and input data value in the following gamma adjustment circuit.

VREFH

Separation switch
(inside I1C)

i

Gamma
adjustment
circuit
(inside IC)

—» V1

—» V2

—» V3

L V4

—» V59

—» V60

—» V61

—» V62

é—i V63

VREFL

The output voltage of the gamma adjustment circuit is
determined by the formula shown in table 6.5.4

according to the selector value (see note 1).
Resistive divider is applied to theinternal circuit of the

IC. Therefore, it is recommended to apply low-
impedance voltage input into the VREFH and VREFL pins
by using an operation amplifier.
The separation switch will separate the resistor in the
gamma adjustment circuit, thus cutting the current flow
between the VREFH and VREFL and saving power

consumption.

— Note 1)

VREFH = VREFL

The following condition must be kept when applying
voltage to the VREFH and VREFL.

Fix the VREFH and VREFL voltages during operation of the IC.

Separation switch

(inside IC)

Fig. 6.5.4 Built-in Resistor for Gamma Correction
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(3) Relationship of Gamma Selector Value, Input Data, and Output Voltage
Table 6.5.4 Relationship of Gamma Selector Value, Input Data, and Output Voltage

Input Gtzzga Output voltage calculation formula
Poten|
Data tial Gamma Selector Value GMPnN[2:0], GMNn[2:0] n=1 to 62)
i N AR O
criterion
—
0oh | Vo VREFH

01h V1 J VrRo1-VRHLX 4/100 | VRo1-VRHLX 3/100 | VRo1-VRHLX 2/100 | VRo1-VRHLX 1/100 | VRo1=VRerL+VRHLX 0.96539 | VRo1+VRHLX 1/100 | VRo1+VRHLX 2/100 | VRo1+VRHLX 3/100
02h V2 [ Vro2-VRHLX 4/70 | VRo2-VRHLX 3/70 | VRo2-VRHLX 2/70 | VRoz-VRHLX 1/70 | VR02=VREFL+VRHLX 0.93180 | VRo2+VRHLX 1/70 | VRo2+VRHLX 2/70 | VRo2:VRHLX 3/70
03h V3 [ VRro3-VRHLX 4/60 | VR03-VRHLX 3/60 | VRo3-VRHLX 2/60 | VRo3-VRHLX 1/60 | VR03=VREFL+VRHLX 0.90285 | VRo3+VRHLX 1/60 | VRo3+VRHLX 2/60 | VRo3:VRHLX 3/60
04h Va4 | Vroa-VrHLX 4755 | VRoa-VRHLX 3/55 | VRoa-VRHLX 2/55 | VR04-VRHLX 1/55 | VRoa=VREFL+VRHLX 0.87212 | VRoa+VRHLX 1/55 | VRoa+VRHLX 2/55 | VRoa+VRHLX 3/55
05h V5 | VRos-VRHLX 4/55 | VRos-VRHLX 3/55 | VRos-VRHLX 2/55 | VRos-VRHLX 1/55 | VRos=VREFL+VRHLX 0.84357 | VRos+VRHLX 1/55 | VRos+VRHLX 2/55 | VRos+VRHLX 3/55
06h V6 || Vros-VRHLX 4/55 | VRos-VRHLX 3/55 | VRos-VRHLX 2/55 | VRo6-VRHLX 1/55 | VR06=VREFL+VRHLX 0.81978 | VRos+VRHLX 1/55 | VRos+VRHLX 2/55 | VRos+VRHLX 3/55
07h V7 || VRor-VrHLX 4/60 | VRo7-VRHLX 3/60 | VRo7-VRHLX 2/60 | VRo7-VRHLX 1/60 | VRo7=VREFL+VRHLX 0.79502 | VRo7+VRHLX 1/60 | VRo7+VRHLX 2/60 | VRo7+VRHLX 3/60
08h V8 [ Vros-VRHLx 4/70 | VRos-VRHLX 3/70 | VRos-VRHLX 2/70 | VRos-VRHLX 1/70 | VRos=VRerL+VRHLX 0.77361 | Vros+VRHLX 1/70 | VRos+VrHLX 2/70 | VRros:VRHLX 3/70
09h Vo [ VRoo-VRHLX 4/80 | VRo9-VRrHLX 3/80 | VRo9-VRHLX 2/80 | VRo9-VRHLX 1/80 | VRo9=VReFL+VRHLX 0.75426 | VRoo+VRHLX 1/80 | VRoo+VRHLX 2/80 | VRo9+VRHLX 3/80
OAh § V10 [ Vrio-VrHLX 4/90 | VRi0-VRHLX 3/90 | VRio-VeHLX 2/90 | VRi0o-VRHLX 1/90 | VR10=VREFL+VRHLX 0.73785 | VR10+VRHLX 1/90 | VR10+VRHLX 2/90 | VR10+VRHLX 3/90
0Bh J Vi1 [ VRii-VRHLX 4/95 | VR11-VRHLX 3/95 | VR11-VRHLXx 2/95 | VR11-VRHLX 1/95 | VR11=VREFL+VRHLX 0.72244 | VR11+VRHLX 1/95 | VR11+VRHLX 2/95 | VR11+VRALX 3/95
0Ch J V12 J Vri2-VrHLx 4/100 | VRi2-VRHLX 3/100 | VR12-VRHLX 2/100 | VR12-VRHLX 1/100 | VR12=VREFL+VRHLX 0.70671 | VR12+VRHLX 17100 | VR12+VRHLX 2/100 | VR12+VRHLX 3/100
0Dh § V13 J VRi3-VrHLx 4/110 | VR13-VRALX 3/110 | VR13-VRHLX 2/110 | VR13-VRHLX 1/110 | VR13=VREFL+VRHLX 0.69345 | VR13+VRHLX 1/110 | VR13+VRHLX 2/110 | VR13+VRHLX 3/110
OEh | V14 JVRia-VRHLX 4/110 | VR14-VRHLX 3/110 | VR1a-VRHLX 2/110 | VR14-VRHLX 1/110 | VR14=VREFL+VRHLX 0.68186 | VRia+VRHLX 1/110 | VR14+VRHLX 2/110 | VR1a+VRHLX 3/110
OFh | Vis J VRis-VRuLx 4/120 | VRis-VRHLx 3/120 | VRis-VRALX 2/120 | VR1s-VRHLX 1/120 | VR15=VReFL+VRHLX 0.66979 | VR1s+VRHLX 1/120 | VR1s+VRHLX 2/120 | VRis+VRHLX 3/120
10h J§ Vie || Vris-VrHLx 4/120 | VRi6-VRHLX 3/120 | VR16-VRHLX 2/120 | VR16-VRHLX 1/120 | VR16=VReFL+VRHLX 0.65847 | VR16+VRHLX 1/120 | VR16+VRHLX 2/120 | VR16+VRHLX 3/120
11h § V17 [ VR17-VRHLx 47130 | VR17-VRHLX 3/130 | VR17-VRHLX 2/130 | VR17-VRHLX 1/130 | VR17=VREFL+VRHLX 0.64742 | VR17+VRHLX 1/130 | VR17+VRHLX 2/130 | VR17+VRHLX 3/130
12h § Vi [ VRis-VRrHLx 4/140 | VRis-VRHLX 3/140 | VRis-VRHLX 2/140 | VRis-VRHLX 1/140 | VR18=VRerL+VRHLX 0.63791 | VR18+VRHLX 1/140 | VR1s+VRHLX 2/140 | VR1s+VRHLX 3/140
13h § V19 [ VRi9-VRHLx 4/150 | VR19-VRHLX 3/150 | VR19-VRHLX 2/150 | VR19-VRHLX 1/150 | VR19=VREFL+VRHLX 0.62916 | VR19+VRHLX 1/150 | VR19+VRHLX 2/150 | VR19+VRHLX 3/150
14h § V20 J VR20-VRHLX 4/160 | VR20-VRHLX 3/160 | VR20-VRHLX 2/160 | VR20-VRHLX 1/160 | VR20=VREFL+VRHLX 0.61981 | VR20+VRHLX 1/160 | VR20+VRHLX 2/160 | VR20+VRHLX 3/160
15h § V21 [ VR21-VRrHLx 4/160 | VR21-VRHLX 3/160 | VR21-VRHLX 2/160 | VR21-VRHLX 1/160 | VR21=VREFL+VRHLX 0.61281 | VR21+VRHLX 1/160 | VR21+VRHLX 2/160 | VR21+VRHLX 3/160
16h § V22 J VrR22-VRHLX 4/160 | VR22-VRHLX 3/160 | VR22-VRHLX 2/160 | VR22-VRHLX 1/160 | VR22=VREFL+VRHLX 0.60476 | VR22+VRHLX 1/160 | VR22+VRHLX 2/160 | VR22+VRHLX 3/160
17h § V23 || Vr23-VrHLx 4/160 | VR23-VRHLX 3/160 | VR23-VRHLX 2/160 | VR23-VRALX 1/160 | VR23=VRerFL+VRHLX 0.59755 | VR23+VRHLX 1/160 | VR23+VRHLX 2/160 | VR23+VRHLX 3/160
18h § V24 || VrR2a-VrrLx 4/170 | VR2a-VRHLX 3/170 | VR24-VRHLX 2/170 | VR2a-VRALX 1/170 | VR24=VReFL+VRHLX 0.59029 | VR24+VRHLX 1/170 | VR24+VRHLX 2/170 | VR24+VRHLX 3/170
19h § V25 || Vres-VrrLx 4/180 | VRas-VRHLX 3/180 | VRe2s-VRHLx 2/180 | VRas-VRALx 1/180 | VR2s=VRerL+VrHLX 058331 | VRzs+VRHLx 1/180 | VR2s+VRHLX 2/180 | VR2s+VRHLx 3/180
1Ah | V26 J VR26-VRHLX 4/190 | VR26-VRHLX 3/190 | VR26-VRHLX 2/190 | VR26-VRHLX 1/190 | VR26=VREFL+VRHLX 0.57643 | VR26+VRHLX 1/190 | VR26+VRHLX 2/190 | VR26+VRHLX 3/190
1Bh | V27 [ VR2r-VRHLX 4/190 | VR27-VRHLX 3/190 | VR27-VRHLX 2/190 | VR27-VRHLX 1/190 | VR27=VREFL+VRHLX 0.57074 | VR27+VRHLX 1/190 | VR27:VRHLX 2/190 | VR27+VRHLX 3/190
1Ch J V28 J| Vres-VrHLx 4/190 | VR2s-VRHLX 3/190 | VR28-VRHLX 2/190 | VR28-VRHLX 1/190 | VR28=VREFL+VRHLX 056439 | VR28+VRHLX 1/190 | VR28+VRHLX 2/190 | VR28+VRHLX 3/190
1Dh | V29 J VR20-VRHLX 4/200 | VR29-VRHLX 3/200 | VR29-VRHLX 2/200 | VR29-VRHLX 1/200 | VR29=VREFL+VRHLX 0.55778 | VR29+VRHLX 1/200 | VR29+VRHLX 2/200 | VR29+VRHLX 3/200
1Eh § V30 J VR3o-VrHLX 4/210 | VR3o-VrALx 3/210 | VRao-VrHLx 2/210 | VR3o-VRHLX 1/210 | VR30=VRerL+VRHLX 0.55127 | VR30+VRHLX 1/210 | VR30+VRHLX 2/210 | VR30+VRHLX 3/210
1Fh § V31 [ Vrs1-VrHix 4/210 | Vrs1-VRHLx 3/210 | VRs1-VRHLX 2/210 | VRa1-VeLx 1/210 | Vrs1=VRerL+VRHLX 054623 | VR31+VRHLX 1/210 | VR31+VRHLX 2/210 | VR31+VRHLX 3/210
20h § V32 [ Vrs2-VRrHLx 4/210 | Vrs2-VRHLX 3/210 | VR32-VRHLX 2/210 | VR32-VRHLX 1/210 | VR32=VReFL+VRHLX 0.54103 | VRs2+VRHLX 1/210 | VR32+VRHLX 2/210 | VR32+VRHLX 3/210
21h § V33 [ Vras-VRrHLx 4/210 | Vrss-VRHLx 3/210 | VRss-VRHLX 2/210 | VR3s-VriLx 1/210 | Vrss=VRerL+VRHLX 0.53432 | VRsa+VRHLX 17210 | VRss+VRHLX 2/210 | VR3s+VRHLX 3/210
22h | V34 || Vraa-VrrLx 4/210 | VRaa-VRHLX 3/210 | VR3a-VRHLx 2/210 | VR3a-VRALX 1/210 | VR3a=VReFL+VRHLX 052788 | VR34+VRHLX 1/210 | VR34+VRHLX 2/210 | VR34+VRHLX 3/210
23h | V35 || Vrss-VrrLx 4/210 | VRas-VRHLX 3/210 | VR3s-VRHLx 2/210 | VRas-VRALx 1/210 | Vras=VRerL+VRHLX 052134 | VR3s+VRHLX 1/210 | VR3s+VRHLX 2/210 | VR3s+VRHLx 3/210
24h V36 || Vrss-VrHLx 4/210 | VR3s-VRHLX 3/210 | VR3s-VRHLx 2/210 | VR3s-VRALX 1/210 | VR36=VReFL+VRHLX 051568 | VR3s+VRHLX 1/210 | VR36+VRHLX 2/210 | VR3s+VRHLX 3/210
25h | V37 | VRs7-VrHLx 4/210 | VRa7-VRHLX 3/210 | VR37-VRHLX 2/210 | VR37-VRHLX 1/210 | VR37=VREFL+VRHLX 0.50976 | VR37+VRHLX 1/210 | VR37+VRHLX 2/210 | VR37+VRHLX 3/210
26h § V3s [ VrRas-VRrHLx 4/210 | Vrag-VRHLx 3/210 | VR3s-VRHLX 2/210 | VR3s-VRHLX 1/210 | VR3s=VRerL+VRHLX 0.50346 | VRag+VRHLX 1/210 | VR3g+VRHLX 2/210 | VR3s+VRHLX 3/210
27h § V39 [ VR39-VRrHLx 4/220 | VR3o-VRHLX 3/220 | VR39-VRHLX 2/220 | VR39-VRHLX 1/220 | VR39=VREFL+VRHLX 0.49815 | VR39+VRHLX 1/220 | VR39+VRHLX 2/220 | VR39+VRHLX 3/220
28h § V4o [ VRao-VrHLx 4/220 | VRao-VRHLX 3/220 | VR40-VRHLX 2/220 | VRao-VRHLX 1/220 | VR40=VREFL+VRHLX 0.49316 | VR40+VRHLX 1/220 | VR40+VRHLX 2/220 | VR40+VRHLX 3/220
29h § Va1 [ Vrar-VRriix 47210 | VRar-VRraix 37210 | VRar-VeaLx 2/210 | Verar-Veix 1/210 | VRar=VRerL+VRHLX 0.48798 | VRarsVRHLX 17210 | VRa1+VRHLX 2/210 | VRa1+VRHLX 3/210
2Ah § Va2 [ Vraz-VRHLX 4/200 | VRaz-VRHLX 3/200 | VRa2-VRHLX 2/200 | VRa2-VRHLX 1/200 | VRa2=VREFL+VRHLX 0.48255 | VRa2+VRHLX 1/200 | VRa2+VRHLX 2/200 | VRa2+VRHLX 3/200
2Bh | V43 [ Vras-VRHLX 4/200 | VRas-VRHLX 3/200 | VR43-VRHLX 2/200 | VRa3-VRHLX 1/200 | VRa3=VREFL+VRHLX 0.47716 | VRa3+VRHLX 1/200 | VRa3+VRHLX 2/200 | VRasz+VRHLX 3/200
2Ch [ Vaa [ Vraa-VRALx 4/200 | VRas-VRHLX 3/200 | VRas-VRHLX 2/200 | VRaa-VRHLX 1/200 | VRaa=VREFL+VRHLX 0.47143 | VRaasVRHLX 1/200 | VRa4+VRHLX 2/200 | VRaa+VRHLX 3/200
2Dh [ Va5 [ Vras-VrHLx 4/200 | VRas-VRHLX 3/200 | VRas-VRHLX 2/200 | VRas-VRHLx 1/200 | VRas=VREFL+VRHLX 0.46609 | VRas+VRHLX 1/200 | VRas+VRHLX 2/200 | VRas+VRHLX 3/200
2Eh || Va6 J VRas-VRHLX 4/200 | VRas-VRHLX 3/200 | VRas-VRHLX 2/200 | VRas-VRHLX 1/200 | VRa6=VREFL+VRHLX 0.46060 | VRac+VRHLX 1/200 | VRas+VRHLX 2/200 | VRas+VRHLX 3/200
2Fh | Va7 J VRa7-VRHLX 4/200 | VR47-VRHLX 3/200 | VRa7-VRHLX 2/200 | VR47-VRHLX 1/200 | VR47=VREFL+VRHLX 0.45484 | VRa7+VRHLX 1/200 | VR47+VRHLX 2/200 | VRa7+VRHLX 3/200
30h J Vag || Vras-VrHLx 4/200 | VRas-VRHLX 3/200 | VRas-VRHLx 2/200 | VRag-VRHLX 1/200 | VRag=VReFL+VRHLX 0.44927 | VRag+VRHLX 1/200 | VRag+VRHLX 2/200 | VRag+VRHLx 3/200
31h § Va9 [ VRao-VRHLX 4/200 | VRag-VRHLX 3/200 | VRag-VRHLX 2/200 | VRao-VRHLX 1/200 | VR4g=VREFL+VRHLX 0.44382 | VRag+VRHLX 1/200 | VRag+VRHLX 2/200 | VR4g+VRHLX 3/200
32h § Vso0 [ Vrso-VRrHLx 4/190 | VRso-VRHLX 3/190 | VRso-VRHLX 2/190 | VRso-VRHLX 1/190 | VRso=VReFL+VRHLX 0.43807 | VRso+VRHLX 1/190 | VRso+VRHLX 2/190 | VRso+VRHLX 3/190
33h § V51 J VRsi-VRHLx 47190 | VRsi-VRALx 3/190 | Vrsi-VeHLx 2/190 | VRsi-VRHLX 17190 | VRs1=VRerL+VRHLX 0.43216 | VRs1+VRHLX 1/190 | VRsi+VRHLX 2/190 | VRs1+VRHLX 3/190
34h § Vs2 [ Vrs2-VrHLx 4/180 | VRs2-VRHLX 3/180 | VRs2-VRHLX 2/180 | VRs2-VRHLX 1/180 | VRs2=VRerL+VRHLX 0.42606 | VRs2+VRHLX 1/180 | VRs2+VRHLX 2/180 | VRs2+VRHLX 3/180
35h § V53 J VRss-VRHLX 4/170 | VRss-VrrLx 3/170 | VRs3-VRHLx 2/170 | VRs3-VRHLX 1/170 | VRs3=VRerL+VRHLX 0.41858 | VRrs3+VRHLX 1/170 | VRs3+VRHLX 2/170 | VRs3+VRHLX 3/170
36h § Vsa [ Vrsa-VRrHLx 4/170 | Vrsa-VRHLx 3/170 | VRsa-VRHLX 2/170 | VRsa-VriLx 1/170 | VRsa=VRerL+VRHLX 0.41224 | VRsasVRHLX 17170 | VRsasVRHLX 2/170 | VRsasVRHLX 3/170
37h | Vs5 || Vrss-VrrLx 4/170 | VRss-VRHLX 3/170 | VRss-VRHLx 2/170 | VRss-VRAaLx 1/170 | VRss=VReFL+VRHLX 0.40605 | VRss+VRHLX 1/170 | VRss+VRHLX 2/170 | VRss+VRHLx 3/170
38h | Vs6 [ Vrss-VrHLx 4/160 | VRse-VRHLX 3/160 | VRse-VRHLx 2/160 | VRss-VRALX 1/160 | VRse=VRerL+VRHLX 0.39911 | VRse+VRHLX 1/160 | VRs6+VRHLX 2/160 | VRse+VRHLx 3/160
39h § V57 || Vrs7-VrrLx 4/150 | VRs7-VRHLX 3/150 | VRs7-VRHLx 2/150 | VRs7-VRALX 1/150 | VRs7=VRerFL+VRHLX 0.39145 | VRs7+VRHLX 1/150 | VRs7+VRHLX 2/150 | VRs7+VRHLX 3/150
3Ah J Vs8 J| Vrss-VrHLx 4/140 | VRss-VRHLX 3/140 | VRss-VRHLX 2/140 | VRss-VRHLX 1/140 | VRss=VREFL+VRHLX 0.38271 | VRsg+VRHLX 1/140 | VRse+VRHLX 2/140 | VRsg+VRHLX 3/140
3Bh | V59 | VRrso-VrHLx 4/130 | VRso-VRHLX 3/130 | VRso-VRHLX 2/130 | VRso-VRHLX 1/130 | VRso=VREFL+VRHLX 0.37224 | VRso+VRHLX 1/130 | VRse+VRHLX 2/130 | VRso+VrHLX 3/130
3Ch J Veo J Vreo-VrHLX 4/120 | VReo-VRHLX 3/120 | VReo-VRHLX 2/120 | VRe0-VRHLX 1/120 | VRe0=VREFL+VRHLX 0.36042 | VRe0+VRHLX 1/120 | VRe0+VRHLX 2/120 | VReo+VRHLX 3/120
3Dh J Ve1r J Vre1-VrHLx 4/100 | VRe1-VRHLX 3/100 | VRe1-VRHLX 2/100 | VRe1-VRHLX 1/100 | VRe1=VREFL+VRHLX 0.34276 | VRe1+VRHLX 1/100 | VRe1+VRHLX 2/100 | VRe1+VRHLX 3/100
3Eh § Ve2 | Vre2-VrHLx 4/80 | Vre2-VRHLX 3/80 | VRe2-VRHLX 2/80 | VRe2-VRHLXx 1/80 | VRe2=VReFL+VRHLX 0.31375 | VRe2+VRrLx 1/80 | VRre2+VRHLX 2/80 | VRe2+VRHLX 3/80
3Fh § Ves VREFL
VRHL value shown In the above IS specitied as follows:

® VRHL=VREFH-VREFL
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(4) Relationship of Input Data Values and Output V oltage Changes (with VREFH Set to 3.5V and VREFL
Setto 0 V)
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6.6 Gate Driver Settings
6.6.1 Setting Number of Gate Driver Outputs

The IC hasa GRAM that supports a maximum of 176 pixels (x RGB) x 240 lines to be displayed.

On the other hand, the MN863480 gate driver used in combination supports 160-, 176-, 192-, 220-, or 240-

line output.

The IC generates drive signals supporting 192, 220, or 240 lines.

The settings are made in the GSL (gate driver scan line) [2:0] bits of the driver setting 1 register.

Notel) Gate driver (MN863480) settings will be reflected by specifying the transfer of corresponding
commands to the gate driver.
Refer to Section 6.7.2 for the specifications of command transfer.

Note2) For MN838893, GSL[2] set to 1

MN863480 MN838892 MN838893
GSL[2:0] ! . .
Gate driver output Controller setting Controller setting
00x 160 outputs 160 outputs
Setting prohibited
01x 176 outputs 176 outputs
10x 192 outputs 192 outputs
110 220 outputs Setting prohibited 220 outputs
111 240 outputs 240 outputs

* |nitial value: GSL[2:0] = 110 (220-line output)

6.6.2 Gate Driver Scan Operation Settings

The gate driver shift direction is set in the GDIR hit of the driver setting 1 register.
The scan method of the output pins of the gate driver is set according to the mounting method in the GSCN
and GCHS[1:0] hits.
Note) Gate driver (MN863480) settings will be reflected by specifying the transfer of corresponding
commands to the gate driver.
Refer to Section 6.7.2 for the specifications of command transfer.

MN863480 MN863480
GDIR . GSCN
Shift direction Scan mode
0 1240 0 Single-side connection mode
1 2401 1 Both-side connection mode

* |nitial value: GDIR=0 (1240 shift) * |nitial value: GSCN=0

MN863480
GCHS Disabled output channel
[1:0]

Mode 240 output 220 output 192 output 176 output 160 output
00 Center output disabled |  All enabled X111 to X130 X97 to X144 X89to X152 X81to X160
01 X240-side output disabled | Setting prohibited| X221 to X240 | X193to X240 | X177to X240 | X161 to X240
10 X1-side output disabled | Setting prohibited X1to X20 X1to X48 X1to X64 X1to X80
11 Setting prohibited

* |nitial value: GCHS=00
* The GCHS bit is enabled when the GSCN is set to 0. When the GSCN is set to 1, set the GCHS[1:0] to 00.
« See the Specifications of the MN863480 for the detailed operation of the gate driver in the above combinations.
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6.7 Power Supply IC Settings
The power supply circuit of the MN863480, which is used together, will be set by executing command transfer
to the MN863480 after command register settings are made in this|C.
The following section describes the outline of the settings. For details, see Section 7 Command Function and the
Specifications of the MN863480.
6.7.1 Voltage Step-up Clock Control

(1) Generation of Voltage Step-up Clock Pulses
Voltage step-up clock DDCK pulses are generated from the internal oscillation circuit.
The frequency of the clock is adjustable by the operating mode set command DDCKF[1:0] for the power

supply system.
Table 6.7.1 Frequency Settings for Voltage Step-up Clock
DDCKF[1:0]| DDCK cycle (1H: 11 clock pulses) <Reference>

If the standard oscillator frequency

00 1H (18.8kHz) (206.6 kHz) is used and 1H is 11 clock

01 Standard value x 1/4 (51.7 kHz pulses according to the HCNT bit, the
following frequency will be obtained.

10 Standard value x 1/2 (103.3 kHz) 1H =206 kHz + 11 = 18.78 kHz

11 Standard value x 1 (206.6 kHz)

If the DDCKF is set to 00 and the number of clock pulses for each 1H period is an odd humber
(2n + 1), the high-level duty period of the DDCK clock toggles between (n +1) and (n) clock
pulses between lines.
Both the high- and low-level periodswill have n clock pulses when the number of clock pulsesfor
a 1H period is an even number (2n).
(2) Voltage Step-up Clock Adjustments in Power Supply IC
The voltage step-up clock DDCK is adjusted by making usage settings in the DDC[2:0] bits in power
supply IC.
6.7.2 Power Supply Circuit Operation/Stop Control
(1) Power Control Register
The power supply |C operation/adjustment command is executed to change the voltage step-up rate and

operational amplifier capability adjustment along with the start and stop of the four-line power supply
circuits.

Table 6.7.2 (1) Power Supply Circuit Start Control

Control bit DDCK cycle If each control bit is set to 0, the power supply circuit will

CPA[L:0] Voltage step-up circuit 1 stop. For details, refer to Section 7 Command Function and
the Specifications of the MN863480.

CPB[1:0] Voltage step-up circuits2to 5

AMP[3:0] Operational amplifier capability settings

(2) Stop Control Commands for Power Supply Circuit
The bits explained below are prepared in the MN863480 command transfer register in address 71h to

control the power supply after the operation of the power supply isinterrupted. The following control is
possible by using the bits in combination while executing command transfer.

Table 6.7.2 (2) Control at the Time of Power Supply Circuit Interruption

Control bit Explanation

SLp Used to transfer commands while the power supply circuit is not operating. The DDCK will stop with
the SLP set to 1. Command transfer is possible with a single register access. The register value will be
kept on hold.

DSCG Used to perform command transfer to stop the operation of the power supply circuit and discharge

electricity from the output pin of the power supply IC.
The DDCK will stop with the DSCG set to 1.

Used to turn on the whole gate driver. After register settings, the command will be issued from the

XDON pin. The DDCK will stop with the XDON set to 1. The electricity of the LCD panel will be
XDON instantaneously discharged. Therefore, this bit may be used to take immediate countermeasures against
the dropping out of the battery.
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6.7.3 Each Voltage Setting
The following voltage settings are made for the MN863480.

Table 6.7.3 (1) Each Voltage Setting 1

Name Explanation Control bit Possible voltage range
. Used to set the voltage step-u
Avoo | POWer source for source driver LCD drive CPA[L:0] rate for AVDD qene?gti Onep P
system AVDI3:0 Fine voltage adjustment for 35Vto 55V
[3:0] AVDD generation
Reference voltage to drive source driver .
VRem gradation * VRFH[40] VREFH voltage adjustment 30V toAVDD-0.5V
Opposite electrode VCMHI[5:0] VCOMH voltage adjustment <VCOMH>
VCOM (set high-level voltage and amplitude iﬁn\ﬁlptl(i)tl\J/dF(iFH
VCMPL[4:0 i i
because the current alternates) [4:0] VCOM amplitude adjustment [ "0\ " "%
) VOFFL voltage adjustment
Gate driver OFF potential VOFAL[4.] <VOFFL>
(set intermediate voltage and amplitude -4V1OVEE+05V
VOFF because the current alternates) <Amplitude>
. ' _ 20V109.0V
VOFFPL[5:0] V OFF amplitude adjustment Provided,
VOFFH < -2V
; i . VGG/VEE step-up voltage
VGG | VGGIVEE potential of gate driver CPB[1:0] muItioIicatior?’?aIgsettigg +94V1t017.5V
Table 6.7.3 (2) Each Voltage Setting 2
Name Explanation Control bit Possible voltage range
VCOM Opposite electrode IBOt;I‘ fi’;ed ?Jt g;ound
VCMG VCOM/VOFF operation evel when bot
VOFF Gate driver OFF potential settings VCOM and VOFF
9 et 100,
VCOM - - I LPMI2:0 - ) See the specifications
VOFF Amplifier capability specifications [2:0] Capability adjustments of the gate driver,
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6.8 Command Transfer to MN863480 (Gate Driver/Power Supply 1C)

The MN863480 (gate driver/power supply IC), which is used in combination with thisI1C, is controlled
as specified below.

(1) Set the gate driver/power supply IC control register of the IC.

(2) Set 1tothe DTRN bit for serial transfer of commands.

Command transfer is performed with the clock of the built-in oscillation circuit as explained below.
The completion of command transfer requires a maximum of 18 clock pulses. On completion of command transfer,
the DTRN bit will be automatically cleared and set to O.

Note:
The next command can be transferred after aminimum interval of 110 ps, otherwise the command will not be
transferred.
If the DTRN bit is set to O while in transfer, nothing will be transferred.

<Command, except Index(100)>

An interval of 110 ps is required after transfer of a command

&
<«

Next command transfer acceptable

» »
» »

Transfer period: 18 clock pulses max.
1 2 3 4 15 16 17 18 1 2

oeasion [T [y [ L= LT L LT L

DTRN f
command —

Transfer accepted

DD&K \_/_\_/_\_/_ _____
DDSDA D15 ¥ D14 X D13 - ---- D2 X_ D1 ¥ DO X

DDSCS R

Command determined /

= Command executed

<Command for Index(100)>

An interval of 110 ps is required after transfer of a command

A

v

Transfer period: 18 clock pulses max. g
1 2 3 4 15 16 17 18

guasion [T [y L= LT L LT

DTRN f
command e

Transfer accepted

oosr VaVaVass
DDSDA D15 X D14 X D13 - ---- D2 X_ D1 X DO

DDSCS >\

/" 1

Command determined Command executed /
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7. Command Function
7.1 List of Command
7.1.1 Memory Control Command
Memory Control Command (1)
Address Function RwW Data Description Default
Address increment 0 |X direction
D7 ADIR ) . - - 0
direction 1 |Y direction
) . 0 |Non-reverse
D6 XDIR X address direction 0
1 |Reverse
) . 0 |Non-reverse
D5 YDIR Y addressdirection 0
1 |Reverse
Used to specify GRAM 0 |16 bitsx 2: Right aligned
Memory operation D4 BODR write datain 16-bit, 0
00h RwW
mode 260000-color mode. 1 |16 bits x 2: Left aligned
Accessran d-point 0 ecify end address
D3 AEMODE . -geen poin > - Y - 0
specification mode 1 |Specify accesswidth less1
Source driver direction
in correspondence of 0]0-175
D2 SDIR GRAM X address "0" to 0
".175" to driver output 1 17520
pin
D[1:0] Not used
Used to execute window 0 |Normal
D7 WM . - 0
mask write 1 |Window mask mode
. 0 |Insde window mask
D6 WMMODE |Window mask mode - - 6]
1 |Outside window mask
D[5:4] Not used
o01h Memory control RW
command Used to clear the RAM. 0 [Normal
D3 RAMCLR [Thisbitwill be automatically 0
cleared after the RAM iscleared. 1 |Usedto clear the RAM.
CLR _COL |Used ify RAM D[2]: R cta
to spec
D[2:0] — speaity D[1]: Gdata 7h
[2:0] clear color.
D[0]: B data
X start point of
02h memory access RW |D[7:0] XA97:0] [X start point <AEMODE st to 0> 00h
range The rectangular range of accessto the
GRAM isdesignated by the start point
: specified by XASand Y ASand the end-
Y start point of i point specified by XAE and YAE.
03h memory access RW |D[7:0] YAS7:0] |Y start point The following conditions must be satisfied. 00h
range XAS< XAE
YAS< YAE
X end point of <AEMODE st to 1>
04h memory access RW |D[7:0] XAE[7:0] [X end point The rectangular range of accessto the FEh
range GRAM isdesignated by the start point
specified by XASand YASand the access
. width specified by XAE and Y AE.
Y end point of In any case, the range must be within the
05h memory access RW |D[7:0] YAE[7:0] |Y end point effective range of the GRAM. FEh
range
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Memory Control Command (2)

Address Function RW Data Description Default
X start point of windoy i i
o6h art point or winaow RW D[7:0] WMX37:0] X start address of window mask Therectangul ar mask range ofthe GRAM is designated by FFh
mask range the start point specified by theWMXSand WMY Sand
Y gart point of windo the end-point specified by the WMXE and WMY E. The
O7h arm‘;c;(nr; WINAOW L D[7:0] |WMY{T7:0] Y start address of window mask WMXS, WMXE, WMY 'S, and WMY E nust satisfy the FFh
i following conditions.
X end point of windo
o8h enapoint oTWINAOW | o/ | przio)  |WMXE[7:0] X end address of window mask WMXS <WMXE FFh
mask range WMYS<WMYE
Y end point of window : X Therange must bewithin the GRAM access range,
O%h mask range RW D[7:0] WMYE[7:0] Y end address of window mask otherwisethe GRAM will not be masked correctly. FFh
D[7:6] Not used
OAh Bit mask function 1 RW 0 |Not masked
D50 [BMKR[5:0] Bit mask setting R ot m 00h
1 [Masked
D[7:6] Not used
OBh Bit mask function 2 RW 0 [Not masked
DI50  [BMK5:0] Bit mask setting G ot m 00h
1 [Masked
D[7:6] Not used
OCh Bit mask function 3 RW 0 [Not masked
D50 [BMKB[5:0] Bit mask setting B ot m 00h
1 [Masked
D[7:4] Not used
This b . i P . Without swap
is bit assigns alignment swap for wr!tmg correspondence of RGB - YRYG,YB
D3 RGBSW data from Host and RGB of source driver
output. With swap
correspondence of R,GB - YB,YGYR
GRAM write port selection. 0 |CPU interface mode
D2 RMWR Used to select the RGB or CPU interface 0
awrite port to the GRAM 1 |RGB interface mode
Used to set the buswidth of the data pin 0 [18-/16-bit mode
ODh RW D1 RGBIF for GRAM access when the RGB interface 0
isused. 1 |8-/6-hit mode
GRAM interface mode GRAM transfer mode setting.
Used to specify the number of bits of 0 |18 bits (260,000 colors)
GRAM transfer datafrom the host.
Do RM IE The method of .datatransfer.from the_hog 0
to the GRAM will be determined by thisbit
in combination with the IFMODE[1:0] pin
or RGBIF bit setting. 1 |16 bits (65,000 colors)
OEh Memory write W |Display RAM write
OFh Memory read RW |[Display RAM read
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7.1.2 Display Control Command
D[7:2] Not used
00 |Display OFF (stop)
10h | Display mode control ru | o) DI Display mode oL |All wh|teld|spla/ 0
10 |Normd display
11 |Partid display
) . 0 |Interna V sync (self-running)
RW | D7 |VSYMODE Display systemV d 0
1h Dlsplanycxztdaenv isplay systemV sync mode T [Eterd Ve
¥ D[6:0] Not used
D7) Not used
120 | Displey dtaresersion RW | DO |DISPINV Display datareversion 0 N,Ormd 0
1 [Display datareversed
D7) Not used
1| Patidsoolldsplay | g |y oo Patid seroll isplay ON 0 Nomd 0
1 |Patid soroll display
D[7:4] Not used
00 |RMSB is used
01 |Non-reversefreverse pattern phase fixed
D[32] [RLSB[LA] RLSB control 0
10 [Reversefnon-reverse patern phasefixed
Reversginon-reverse pattern
. Phase reversed frameby frame
14h | Gradation LSB control | RW . y
00 |BM B is used
01 |Non-reverselreverse pattern phasefixed
D[L0] |BLSB[LO] BLSB control 0
10 |Reversefnon-reverse patter phasefixed
1 Reverseinon-reverse pattern
: Phasereversed frame by frame
15h  |Display gart lineaddresy RW | D[7.0] |LAST:(] Display start line address 00h
16h | Patid soroll settingl | RW | D[7:0] [SCRN[7:0] Number of scrolled lines setting 00h
17h Partfal scroll satfngz RW | D[7:0] |SCRY7:(] Soroll areastart pqnt saltmg Not enebled in FF mode FFh
18n | Patid scroll setting3 | RW | D[7:0] [SCRE[7:0] Scoroll areaend point setting FFh
1% |Patid dsplay settingL| RW | D[7:0] |MASKSL[7.0] Non-display areastart point 1 Outsidedisplay areadisabled FFh
1Ah | Patid dsplay setting2 [ RW | D[7:.0] [MASKEL[7.0]  |Non-display areaend point 1 Outsidedisplay areadisabled FFh
1Bh | Patid dsplay setting3[ RW [ D[7.0] [MAKS7:.00  |Non-display areastart point 2 Outside display area disabled FFh
1Ch | Patid dsplay satting4[ RW | D[7:.00 [MASKEZ7.0]  |Non-display areaend point 2 Outside display area disabled FFh
Cyde-lisset
1Dh | Partidl dsplay setting5[ RW | D[7:0] [RFR[7.] Partid display refresh cycle Initial value 15 frames OEh
FFh: No refresh
) D[7:5] Not used
1Eh H-cydesettin
v ‘ RW | D[4:0] |HCNT[40] Satting number of 1H clock pulses- 1 [Default value: 08h => 12 dlock pulses 0Bh
+Corresponds to the upper 8 bits of the
' V count IV=(VCNT + 1) x 4H
- RW | D[7.0 :
1Fh V-eydesating (0] VCNT[22 +00h to FFh settings correspond to 4 to - {Default vlue 1V = 300 lines 4
1024 lines.
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7.1.3 LCD Driver Control Command
Address| Function RW Data Description Default
RW |D[7:5] [GS.[2:0] Used to set the number of 10%|192 outputs
output points of the gate 110{220 outputs 110
driver. Set 1 to the GS.[2]. 111]240 outputs
RW |D4 GDIR . o . Non-reverse (1 to 240
Gate driver shift direction 0
Reverse (240to 1
Panel Sngle-Sde conne
Driver stting1 | RW D[3] GCN Used to set the scan mode of the gate driver sca: sndle-sice comnecion 0
20h (UgJa“y used for according to the mounting method. 1 :{f:l both-side connection
initialization) RW [D[2:1] |GCHY1:0] 00 | Center output disabled
Used to set the output channel point of the
gate driver according to the mounting 01 |X240-side output disabled
method. - N
« Enabled when the GSCN is et to 0. 10 |X1-side output disabled 00
Set the value to 00 when the GSCN is set to
1 11 | Setting prohibited
- |DIo] Not used 1
RW |D7 FRPOL Used to set the alternation O |1H line alternation drive 0
drive mode. 1 |Frame alternation drive
RW |D[6:4] |SAMP[2:0] |Used to set the drive capability |000: Sop
of the operation amplifier of |5 jowest) to 101 (highes) 011
the source driver. Setting to 110 or 111 is prohibited.
Driver setting 2 rRW |DI3 AMPSNON Used to control the output timing of the 0 [1H before display 0
o1h (U%d to et the [ ] source driver at the time of gradation driving 1 |4H before display
desired drive RW [D2 AMPON Used to control amplifier drive | O |Drive according to the OEH* o
mode) within a period of 1H. 1 |Normally driven
Used to select gradation drive | O |Binary drive
RW |D1 COL . . - - 1
or binary drive. 1 [Gradation drive
Used to turn on the connection o loff
rw Do RSVON Of-VREF regstor to.the sogrce 1
driver during blanking periods 1 lon
while in gradation drive mode.
29h OEV assertion - |D[7:5] Not used Assertion or negation will not be 00h
imi . . P possible if any set value islarger
timing RW |D[4:0] |OEVA[4:0] |OEV assertion timing (Number of CKs) thanthat in the HONT register et
OEV negation - D[7;5] Not used value (i.e., the number of clocksfor
23h - - — aperiod of 1H). 00h
timing RW |D[4:0] [OEVN[4:0] |OEV negation timng (Number of CKs) (i the initial value HONT is set to
ot OEH assertion _ D[715] Not used l(:i:,)the set value must be 0Bh or ooh
timing RW |D[4:0] |OEHA[4:0] |SOurcedrivetim'ng(NurTber of CKs) |if OE*A > OE*N, the waveform
- - will be inverted.
25h OEH negation - D[7'5] Not used (Priority isgiven to negation if 00h
timing RW |D[4:0] |OEHN[4:0] |Sourcestop timing(Nurrber of CKs) ~ [OF*A = CE*N.)
i i i 0 |Vrer level
Used to set drive data in continuous source
. . RW D7 BLKSD driving during vertical blanking. 1 |Vren level 1
Source driver drive Used to control the sourcedriver O |Driven according to OEHE.
26h (NOEH) . RW | D6 OEHON driveduring vertical blanking. 1 [NOEH: AlwaysON 0
expansion timing : :
) . Number of continuous source drive lines (0 to 63 CKV) during vertical blanking.
RW D[S'O] OEHE[S'O] The initial value is2 lines. 0zh
- |p7 Not used
veoM dive | oo |06 veoMon | Ud!o control the VCOM oo rangtone 0
27h (VCOMEN) drive during vertical blanking. Normally driven
expanson timing RW [D[5:0] [vcomers:ol _Irx_jrtlir?;:alofv:)l:\z?:it:is,n\;COM drive lines during vertical blanking (0 to 63 CKV) 01h
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7.1.4 Image Quality Adjustment Command

Address Function RW Data Description Default
D[7:6] Not used
Used to specify data addition or 1 |Subtraction
D5
28h |Rcolor adjustment RW RADJS] subtraction. 0 |Addtion 0
. . Used to specify the quantity of data for red adjustment.
PIE0l - |RADI4:0] The datawill be added to or subtracted from R_RAM data R[5:0]. ooh
D[7:6] Not used
Used to specify data addition or 1 |Subtraction
D5
29h  |Gcolor adjustment RW GADS] subtraction. 0 |Addition oh
. i Used to specify the quantity of datafor green adjustment.
PIE0l - 1GADI4:0] The datawill be added to or subtracted from G_RAM data G5:0]. ooh
D[7:6] Not used
Used to specify data addition or 1 |Subtraction
D5
2Ah |B color adjustment RW BADJS] subtraction. 0 |Addtion oh
. i Used to specify the quantity of data for blue adjustment.
PE0l - |BADI4:0] The datawill be added to or subtracted from B_RAM data B[5:0]. ooh
2Bh
to D[7:0] Not used
30h
31h D7 Not used
. Gamma correction control during positive driving.
‘ ad w P4} | GMPn n: 1to 62n correspondsto addresses 30h + n. 04h
(o] Gamma adjustment o3 Not ised
Gamma correction control during negative driving.
6Eh :
w POl [GMNn n: 1 to 62n correspondsto addresses 30h + n. 04h
6Fh D[7:0] Not used
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7.1.5 Power Supply System Control Command
Power Supply System Control Command 1
Address Function RwW Data Description Default
Oxcillation clock operation 0 (S0
RW [D[7] |OSCcoN P P 0
control 1 |Output
VOoITage Step-up CTocK output contror 0 |Sop
RW |D[6] DDCKON (Fixed at low level when the clock 0
stops). 1 [Output
00 [1H
aw lors:a1 lobckerio (LjJ.st.ag'to st Itheffr(;quency 01 |original osillation clock x 1/4 00
: : ividing ratio of the step-u
Power supply [5:4] [2:0] g w-p 10 |original oscillation clock x 1/2
70h  |sysem clock DDCK. — —
operation mode 11 |Original oscillation clock x 1
Used to set VCOM output and VOFF | O |Both fixed at ground level
RW |D[3] VMG output operation of the MN863480. 1 |Normal operation 0
Used to set the method of using the voltage step-up clock
Rw |D[2:0] |DDC[2:0] for the MN863480. 000
' ' Used to adjust the capahility of the voltage step-up circuit.
Set the value between 000 and 111.
D[7] Not used
D[6:4] |DIDX[2:0] Used to specify command transfer datato the MN863480. | Oh
D[3] |XDON Used to ON-control of the 0 |Normal 0
whole gate driver. 1 |Whole gate ON
- dtran D[2] |[DSCG Used to specify the discharging| 0 |Normal 0
mmand transfer
of the power supply IC. i ifi
71h to MN863480 RW p pply 1 [Discharge specified
D[1] (&P Used to control the deep 0 [Normal o
mode. 1 |9eep mode specified
Usedto transfer MN863480 | O [Sandoy
bI0] DTRN control commandsin series. 0
1 |Transfer
Setting of voltage step-up 00 | Voltage step-up stop
circuit 1. 01 | Voltage step-up stop
MN863480 MN863480. T o e SpeaTeaTansor e
Power control MN863480.
00 | Voltage step-up sto
(Adjustmentsto the e ep. .p _ P
multiplication ratio, _ o1 | € the Jpecifications
capability Setting of voltage step-up of the MN863480.
Y circuits 3 and 4.
72h ation/st RW | D[5:4 CPB[1:0 ificati 00
operation/stop [5:4] [1:0] See Specifications of 10 | e the Specifications
control of the MN863480 of the MN863480.
oltage step- '
V. age P See the Secifications
circuit and 11
. of the MN863480.
operational
amplifier 0000: Amplifier stop
plifier) Used to specify the capability
RW | D[3:0] | AMP[3:0] [of the amplifier of the power | Seethe Pecificationsof | 0000
supply IC. the MN863480.
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Power Supply System Control Command 2
Address |Function RW Data Description |Defau|t
RW |D[7:4] Not used
73h Power supply
. . A voltage of 35V 1055V
settlng 1 RW D[3ZO] AVD[3:0] AVbD VOItage ﬁtmg Re\ler ?ogfh?e explan;ion about the command. Oh
RW |D[7:5]
74h Power supply
. . . VRerH VOltage setting A voltage of 3.0V t05.0V
setting 2 RW D[4'0] VRFH[4'0] setting 18h to 1Fh prohibited |Refer to the explanation about the command. 3h
RW |D[7:6] Not used
75h Power supply
; . A voltage of 1.0V t055V
setting 3 RW [D[5:0] [VCMH[5:0] ~ [VCOMH voltage Setting  [oerer o e explanation about the commend, | O
RW |D[7:5] Not used
76h Power supply
setting 4 RW [D[4:0] |VCMPL[4:0] [VCOM amplitude Setting [ neer s yrooesomion st e comman. | 11
RW |D[7:5] Not used
77h Power supply
setting5 RW [D[4:0] [VOFFL[4:0] |VOFFL voltagesetting  [F it ommom ot o | 1D
RW |D[7:6] Not used
78h Power sjpply An amplitude of 20V t0 9.0V
. ithin the followi )
setting 6 RW |D[5:0] |VOFFPL[5:0] |VOFF amplitudesetting  |yorm ver s onvyomm 2y | 1N
Refer to the explanation about the command.
RW |D[7:4] [CKVPW 1to Fh settings will set the CKV'sH
U.$d to make CKV pulse width between 1 and 15 clocks. Set the| 4h
width adjussments
valueto 4h.
Power supply
79h  |circuit capability [ - |D[3] Not used
adustment RwW |D[2:0] |LPM Used to meke capability o
i Seethe Specifications of the
adjustments to the VOFF and Oh
o MN863480.
VCOM power supply circuit.
- |D[7:1] Not used
7Ah Sftware reset . ) The bit will be automatically cleared and set
w [D[0] [REET Used toinitialize the register value. 4, o atter the register isinitialized. 0
The OSCON hit will not be influenced. Enabled only when the clock is oscillating.
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7.1.6 Details of Gate Driver/Power Supply 1C (MN863480) Command Transfer

After the control register of the gate driver/power supply 1C (MN863480) is set, the command with the
following details will be transferred with the transfer command specified by the DIDX[2:0] set value

and the DTRN set to 1.

After the automatic transfer of the command, the DTRN bit will be cleared automatically.
Then, by setting DIDX[2:0] to 111, the command to initialize the MN863480 will be transferred.

Transfer data
DIDX[2:0] Command

D15|D14 | D13 | D12 D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ol o 0 CPA[L:0] CPB[L:0] AMP[3:0] DDC[2:0] DSCG
0 0 1 VRFH[4:0] AVD[3:0] LPM[2:0]

0 1 0 VCMH[5:0] VCMPL[4:0] VCMG
0 1 1 0 VOFFL[4:0] VOFFPL[5:0]

1 0 0 GSL[2:0] GDIR | gscN| GCHS[1:0]

1 1 1 1 1 0

The following bits can be set while the transfer command is transferred (with the DTRN set to 1).

SLPsetto 1: The DIDX[2:0] will be fixed at 000. Then, data on the CPA, CPB, and AMP bits all set to 0 will be
transferred (i.e., the command to stop the power supply circuit will be transferred). Transfer data on the

DSCG hit depends on the setting in the DSCG bit.
In the above case, the voltage step-up clock DDCK will automatically stop.

DSCGsetto1l:  The DIDX[2:0] will be fixed at 000. Then data on the CPA, CAPB, and AMP bits all set to 0 and the
DSCG bit set to 1 will be transferred (i.e., when the power supply circuit stops, the electricity of the

output voltage of the power supply circuit will be discharged).
In the above case, the step-up clock DDCK will automatically stop.

XDON setto1:  TheDIDX[2:0] will be fixed at 000. Then data on the CPA, CPB, and AMP bits all set to O will be
transferred. Transfer data on the DSCG hit depends on the setting in the DSCG hit. Simultaneously, the
XDON pin will be active (set high), the gate will be all ON, and the electricity of the LCD panel will be

discharged instantly.
In the above case, the voltage step-up clock DDCK will automatically stop.

Notes: (1) Command transfer will not be executed by just setting the above bits (SLP, DSCG, and XDON).

Command transfer will be executed with the DTRN set to 1 aswell.

(2) The setting of each of the above bitswill not refresh any bit of the power control register. Only the

register value on the gate driver side will be refreshed.

(3) After the power supply circuit is stopped by using the above setting, to start the power supply circuit
again, set the value in the power control register as required and execute command transfer to start

power supply circuit.

At that time, when DTRN is set to 1, set 0 to the above bits and execute command transfer.

Resetting Gate Driver/Power Supply |C (MN863480)

By transferring data on D12 and D11 set to 1 and D10 set to O with the DIDX[2:0] set to 111,

the gate driver/power supply IC (M863480) will be reset and the resisters will beinitiali

zed.

D15to D11 will beall setto 1 (i.e., D [15:11] will be set to 11111) to rest. The reset state will be

canceled by setting 0 to D10.
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7.1.7 Other Commands (Test and Other Registers)
Address Function RwW Data Description Default
Used to set the address of the desired register to be
80h  |Read address register RW |D[7:0] |RADR[7:0] . 9 00h
* The following addresses 81h 84h 90h 94h are used for IC tests.
81h Oscillation circuit test 1 RW 00h
82h Oscillation circuit test 2 RW 3Fh
83h  |Operational amplifier test |RW 03h
84h RAM test RW 05h
- [D[7:4] |Blank bit (vacant bit)
Indicate previousline data 0 |rgnore conflict
RW [D[3] |ARB_LD ) 0
when conflict happen. 1 |Refer to description
Ihdc‘ate arb|trat|o-n by delay 0 |rgnore conflict
circuit when conflict happen.
RW [D[2] |ARB_AUTO . 1
o T his mode can accessto
85h Arbitration mode L 1 |Refer to description
limited frequency.
Indicate previous frame data 0 [1gnore conflict
RW [D[1] |ARB_OEV ) 0
when conflict happen. 1 |Refer to description
Extend H cycle when conflict | o |ignore conflict
RW [D[0] ARB_RTRY happen and re-driving after the 0
conflict. 1 |Refer to description
90h Internal counter test 1 R -
91h Internal counter test 2 R -
92h Internal counter test 3 R -
93h Internal counter test 4 R -
94h Internal counter test 5 R -
FOh Device ID read R Ableto read device ID 31h
F1h Deveice REV read R Able to read device REV 00h
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8. Commands
8.1 Memory Control Commands
8.1.1 Memory Operation Mode Specifications (00h)

Address Data

E Unused Unused Unused

Initial value

o ADIR[D7]: Specifies Address Increment Direction
Thisbit is used to specify the direction of address increment at the time of writing data to the GRAM.
With this bit set to 0, addresses will be counted in the X direction (i.e., the scan direction of the source driver).
With this bit set to 1, addresses will be counted inthe Y direction (i.e., the scan direction of the gate driver).

o XDIR[D®6]: Specifies the Method of Address Count in the X Direction
Thisbit is used to specify the method of address count in the X direction at the time of writing data to the GRAM.
With this bit set to 0, addresses will increase in the X direction.
With this bit set to 1, addresses will decrease in the X direction.

¢ YDIR[D5]: Specifies the Method of Address Count intheY Direction
Thisbit is used to specify the method of address count inthe Y direction at the time of writing data to the GRAM.
With this bit set to 0, addresses will increase in the Y direction.
With this bit set to 1, addresses will decreaseinthe Y direction.

The above ADIR, XDIR, and Y DIR bits specified are valid for GRAM write access.
These bits have no influence on any data written to the GRAM.

See Section 6.2.3 for details.

o BODR[D4]: Specifies GRAM Write Data Format in 16-bit, 260000-color Mode
This bit is used to specify the reception of image data when the 18-bit data from the host is received through the
16-hit bus.
With this bit set to 0, the datawill be aligned to the right.
It will be possible to specify the reception of image datain 16-bit, two-time transfer aligned to the right.
With this bit set to 1, the datawill be aligned to the left.
It will be possible to specify the reception of image datain 16-bit, two-time transfer aligned to the | eft.

See Section 6.1.5 for information on the CPU interface in 16-bit mode.

e AEMOD[D3]: Specifies Access Range End-point Specification Mode
Thisbit is used to specify how to set address XAE data and address Y AE data that specify the access range.

With this bit set to 0, the GRAM access range will be specified by the start and end addresses.
The start address is specified by the XASand YAS, and the end address is specified by XAE and Y AE based
on the start point.

With this bit set to 1, the access width will be specified.
Set the address values XAE and Y AE to access width — 1 to specify the access width in X direction and that in
theY direction. If O is set, asingle dot will be overwritten.

By using this function, when GRAM data in a certain width needs to be overwritten continuously, for example,
the GRAM data can be overwritten by just specifying the start address. Thiswill reduce the number of address
specifying times.

See Section 6.2.4.
Assign shift direction of source driver
Bit which assign driver output pin support direction address“ " to*“
SDIRissetto0: Norma ; When X addressset* " to*“ ”, driver outputis“  "to*“ .
SDIRissetto1l: Reverse ; When X addressset“ " to“ ”, driver output is “ B ( R
See Section 6.2.3.
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8.1.2 Memory Control Command (01h)
Address Data | |
Unused Unused
Initial value [ [

e WM[D7]: Window Mask Function Enabled
Thisbit is used to enable or disable the window function.
This mask processing is valid for the whole bits of image data.
Specify a bit mask when masking each bit of image data.
With the bit set to 0, the window mask function will be disabled.
With the bit set to 1, the window mask function will be enabled.
Datato be written to the GRAM will be masked if the dataisin the range specified by the window mask range
registers (WMXS, WMYS, WMXE, and WMYE).

See Section 6.2.5.

e WMMODE[D6]: Specifies Window Mask Mode
Thisbit is used to switch the valid window mask range.

With the bit set to 0, the |C will be in inside-window mask mode.
Datato be written to the GRAM will be masked if the datais inside the range specified by the window mask
range registers (WMXS, WMY S, WMXE, and WMY E) including the borderline.

With the bit set to 1, the IC will be in outside-window mask mode.
Datato be written to the GRAM will be masked if the data is outside the range specified by the window mask
range registers (WMXS, WMY S, WMXE, and WMY E) including the borderline.

See Section 6.2.5 for information on the window mask function.

e RAMCLR[D3]: Specified GRAM Clear
This bit is used to specify GRAM clear.
With the bit set to 0, the IC will be in normal mode.
In this case, the GRAM will not be cleared.
With the bit set to 1, the GRAM will be cleared.
The bit specified by the CLR_COL[2:0] will clear the GRAM. When the GRAM is cleared, the bit will be
cleared as well automatically and set to 0. While the GRAM isbeing cleared, the datain the GRAM will not be
guaranteed if the host gains access to the GRAM. If the RAMCLR is set to 0 while the GRAM is being cleared,
the GRAM clear operation will be interrupted. At that time, the contents of the display will not be guaranteed.
The GRAM clear function is used together with the GRAM access area, window mask, and bit mask
specification. The masked areawill not be GRAM cleared.

See Section 6.2.6.

e CLR_COL[D2:D0]: Specifies GRAM Clear Color
Thisbit is used to specify which bit is used to clear the GRAM.
D[2]: Correspondsto R data.
When the bit isset to 0, R is OFF. When the bit isset to 1, Ris ON.
D[1]: Correspondsto G data.
When the bit isset to 0, G is OFF. When the bitisset to 1, GisON.
D[0Q]: Correspondsto B data.

When the bit isset to 0, B is OFF. When the bit isset to 1, B is ON.
[D2:D0] in combination: The GRAM clear function can be executed with white, black, R, G, B, yellow,
magenta, or cyan.

SYSTEM LSI DIVISION, SEMICONDUCTOR COMPANY

ESTABLISHED| REVISED MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.




MNF8931BK-C

| SPECIFICATIONS ot

Date Prepared :03/12/'03 pages| — | Page 63
81.3M emory Access Range
Address Data

Initial value

Initial value

[
I
I
Init |
I
|
I

Initial value

e Memory Access Range X Start Point Specification Command (02h)
XAS[D7:D0]

e Memory Access Range Y Start Point Specification Command (03h)
YAS[D7:DQ]

e Memory Access Range X End Point Specification Command (04h)
XAE[D7:D0]

e Memory Access Range Y End Point Specification Command (05h)
YAE[D7:DO0]

These bits are used to specify the write/read range in the GRAM from the host by the XAS, YAS, XAE, and YAE.
Do not specify the range outside the effective display range, otherwise the displayed contents on the LCD will not be
guaranteed. Be sure to specify the range inside the effective display range.

<AEMODE Set to 0>

The rectangular range of accessto the GRAM is designated by the coordinate points XAS and Y AS together with
XAE and YAE.

The following conditions must be satisfied.

XAS< XAE < Valid display valuein X direction

YAS<YAE < Validdisplay valuein Y direction

<AEMODE Set to 1>

The rectangular range of access to the GRAM is designated by the start address specified by the XASand YAS and
the access width specified by the XAE and Y AE.

The following conditions must be satisfied.

XAS+ XAE < Valid display valuein X direction

YAS+ YAE < Vadlid display valuein Y direction

See Section 6.2.4.
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8.1.4 Window Mask Range
Address Data

Initial value

Initial value

[ |
| [
| [
Initial value I {
| [
| [
[ [

Initial value

e Window Mask X Start Point Specification Command (06h)
WMXS[D7:D0]

e Window Mask Y Start Point Specification Command (07h)
WMY S[D7:DQ]

e Window Mask X End Point Specification Command (08h)
WMXE[D7:DO0]

e Window Mask Y End Point Specification Command (09h)
WMY E[D7:D0]

Data to be written to the GRAM will be masked according to the rectangular mask range designated by the coordinate
points WM XS and WMY S together with WM XE and WMY E.
e The mask specified range must be within the GRAM access range.
» The following conditions must be satisfied, otherwise the displayed contents on the LCD will not be guaranteed.
WMXS < WMXE
WMYS<WMYE

See Section 6.2.5 for information on the window mask function.
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8.1.5 Bit Mask Function

Address

Unused

Unused

Initial value

Unused

Unused

Initial value

Unused

Unused

Initial value

¢ Bit Mask Function 1 (OAh)
BMSKR[D5:D0]: Specifies bit masks for 6-bit R.
e Bit Mask Function 2 (0Bh)
BMSKG[D5:DQ0]: Specifies hit masks for 6-hit G.
e Bit Mask Function 3 (OCh)
BMSKBI[D5:DQ]: Specifies bit masks for 6-bit B.

The mask control of each bit used for 18-bit data is possible independently at the time of GRAM access, provided that
the data is within the GRAM access range.

Respective RGB bits are processed as explained below.

Set to 0: Not masked.
The GRAM will be refreshed.
Set to 1: Masked
The GRAM will be masked and no data will be overwritten.

The bit mask processing is OR-processed with masking by the WDMSK input pin or window masking.
The mask or window mask function to be executed through the WDMSK input pin isvalid for al bits. In either
one of the functionsis executed, the bit mask function will not work on any bits.
The bit mask function is, however, valid for al the specified GRAM access area. Therefore, the bit mask function
will work on bitsin any part where the mask function through the WDM SK input pin or the window mask does

not work in the specified GRAM access area.

See Section 6.2.5 for information on the bit mask function.
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8.1.6 GRAM Interface Mode (ODh)

Address Data

Unused Unused Unused Unused Unused

Initial value

Bit which assign writing data from Host and RGB alignment swap of source driver.
When swap assigned, datais swap at writing time to GRAM. So this command is reflected after GRAM iswritten.
When “0” is selected, “without swap” is assigned.
R,G,B which are written from Host corresponds to source driver output ;YR, YG, YB.

When “1” is selected, “with swap” is assigned.
R,G,B which are written from Host is swapped to source driver output ; YB, YG, YR.
When read active at swap assigned, it is swapped inversely and back into former writing dataalign. Then, itis
read.
See Section 6.2.10 for information on the RGB swap function

e RMWR[D2]: Specifies GRAM Write Port
Thisbit is used to control interface mode selection for image write data to the GRAM.
With this bit set to 0, the IC will be in CPU interface input mode, thus allowing image data to be written to the
GRAM from the 1/O or seria port of the CPU interface.
Make the following settings to select the 1/0 or serial port of the CPU Interface.

HOSTY P[1:0] set to [0:*]: 1/O port (Dxx pin) mode

HOSTY P[1:0] set to [1:*]: Serial port (SIDA pin) mode
With this bit set to 1, the IC will be in RGB interface mode, thus alowing image data to be written to the GRAM
from the input port (RGBDxx pin) of the RGB interface.

See Section 6.1.1 for information on the CPU interface.

o RGBIF[D1]: Specifies bus width for RGB interface access
Thisbit is used to select the access width of image data from the host while in RGB interface mode.
The specifications of the RGB interface are determined in the combination with the RMIF bit.
With the bit set to O, the IC will be in 18-bit, 260000-color, single-time access mode or 16-bit, 65000-color,
single-time access mode.
With the bit set to 1, the IC will be in 8-bit, 65000-color, two-time access mode or 6-bit, 260000-color, three-time
access mode.

See Section 6.1.1 for information on the RGB interface.

e RMIF[DQ]: Specifies GRAM interface mode
Thisbit is used to select 260000 or 65000 colors for the number of colorsin transfer datato the GRAM from the
host. When the IC isin CPU interface mode, the number of colorsin transfer datato the GRAM will be
determined
by the setting in the IFMODE[1:0] pin. When the IC isin RGB interface mode, the number of colorsin transfer
datato the GRAM will be determined by the bit in combination with the RGBIF hit.
With the bit set to O, the IC will be in 18-bit, 260000-color mode.
With the bit set to 1, the IC will be in 16-bit, 65000-color mode.
While in 65000-color mode, the gradation LSB generation function (* L SB[1:0]) will be enabled and dither
processing will be performed to get quasi 260000 colors.
In 260000-color mode, the gradation LSB generation function will be ignored.

See Section 6.1.1 for information on the data bus width, interfacing with the GRAM and RGB.
See Section 6.2.8 for information on the gradation LSB function.

Binary display isvalid only for R5, G5, and B5 GRAM data with no relationship to display color modes.
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8.1.7 Memory Write (OEh)

Address

Data

Display RAM write

Thisregister is used to write the display RAM data.

The register specifies GRAM write from the host in the CPU interface mode.

Added data will be written to GRAM.

See Section 6.1.6 for information on the GRAM write access.

8.1.8 Memory Read (OFh)

Address

Data

Display RAM read

This register is used to read the display RAM data.

The register initializes GRAM read operation to the host.
The added datawill be the read datafrom GRAM.

Read operation through the RGB interface pin and serial interface pin isnot possible.
Format of read data conforms to the bit configuration specifications like specifications of bus width.
The first read datais dummy read data. The valid datawill be read at and after the second read command executed.

See Section 6.1.6 for information on the GRAM read access.
See Section 6.1.5 for the information on the dataformat for details of the data format used.
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8.2 Display Control Command
8.2.1 Display Mode Control (10h)

Address Data |

Unused Unused Unused Unused Unused Unused
Initial value [

e DISP[D1:DQ]: Specifies display mode
Thisbit is used to control the display mode of the LCD.

D1 DO Display mode

0 O Display interruption: Stops control signalsto the LCD driver block and LCD panel.

0 1 Wholescreen white display: The whole screen of the LCD will be white (i.e., alternation is performed)
regardless of GRAM data, partia display specification, or the GRAM
accessrange. Inthis case, the LCD will always display white with
DISPINV specification ignored.

1 0 Wholescreen display: The whole screen will be displayed according to GRAM data.

0 0 Partial display: The designated range set by the MASK* will not be displayed. Any part other than the

designated range will be displayed according to the GRAM data.

Precautions for Display Interruption
e NOEV* output from the gate driver block will be always set high and output from the gate driver will be at VOFF

center voltage or VEE voltage.

e QOutput from the source driver block will be in Hi-Z output state with the NOEH set high.

e The output signal pin to the DC/DC block operates with valid register set value. If power supply is provided, there
will be no power stoppage. The CKV*, POL*, and STV* signals are continuously output. The VCOMEN* output

isfixed at low level.
e The NVSYNCO signa will be output continuously in internal or external sync mode specified.

All bit settings are reflected to the operation of the IC in V sync mode.
8.2.2 Display V Sync Mode Control (11h)

Address Data

Unused Unused Unused Unused Unused Unused Unused

Initial value

¢ VSYMODE[D7]: Specifies sync mode
Thisbit is used to select the sync mode of the LCD in display operation.

With the bit set to O, the IC will be in internal sync mode and in self-running operation.
With the bit set to 1, the IC will be in external sync mode and in synchronization with sync signal input through
the NVSYNCI.

In external sync mode, the NV SY NCO will output the NV SY NCI sampled by the oscillation clock without
any modification.

The bit must be set to 0 if the V sync signal is not provided from the external source.

If the V sync signal (NVSYNCI) is not provided while in external V sync mode, the vertical system counter will
keep its status on hold and stop driving the LCD panel.

When setting this bit while the LCD isin display operation, the |C will stop driving the LCD panel temporarily
for the reception of the V sync signal but not longer than a 1V period.

To set the IC operating in external sync mode to internal sync mode, this bit will reflect in synchronization with
the V sync signal. Therefore, the bit must be set before the next V sync input is turned on. Stop the NVSYNCI
after thisbit isturned on and the V sync signal isinput at least once.

See Section 6.3.5 for information on the control of synchronization with the host.
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8.2.3 Display Data Reverse Control (12h)

Address

Data

Unused Unused Unused

Unused Unused Unused Unused

Initial value

e DISPINV[DQ]: Specifiesthe reversion of display data
Thisbit is used to select the reverse control of display datawritten to the GRAM.
With the bit set to 0, the IC will be in normal mode with data output without being reversed.
When the POL polarity is high, the source driver block will read reversed RGB data from the GRAM.

When the POL polarity islow, the data will

beread asitis.

With the bit set to 1, the IC will be in reverse mode with reversed data output.
When the POL polarity is low, the source driver block will read reversed RGB data from the GRAM.
When the POL polarity is high, the datawill beread asit is.

Thisbit isvalid only for the stored datain the GRAM, and not valid for whole screen white or refresh white

display. That is, at the time of partial display,

the control of this bit enables the negative-to-positive reversion in

the effective display part, but the white display in the non-display part will remain unchanged.

The source driver usually selects the LCD display of normally white.

When the source driver isin normally black mode, whole screen white display will change to whole screen black,
while partial refresh white display will change to refresh black. The effective screen, however, enables negative-
to-positive reversion, thus displaying correctly with proper settings.

Thelevel of VCOM output will be low with the POL set low.
The level of VCOM output will be high with the POL set high.
Select VCOM output under these preconditions. The MN863480 abides by the preconditions.

8.2.4 Partial Scroll Display Control (13h)

Address

Data

Unused Unused Unused

Unused Unused Unused Unused

Initial value

e SCRON[DO]: Specifies partial scroll display
Thisbit is used to select partial scroll display.

With the bit set to 0, the IC will be in normal mode and no scroll is performed.
With the bit set to 1, the IC will be in partial scroll mode. Then the number of lines set in partial scroll setting 1

SCRN[7:0] will be scrolled.

If the number of SCRN linesisincreased gradualy per frame, the partial scroll areawill look scrolled.

When thisbit is cleared, the display will return to normal regardless of SCRN, SCRS, or SCRE settings. Bit
settings will be reflected on the operation of the IC in synchronization with the V sync signal.

See Section 6.3.3 for the definitions of the vali

dity, execution, and detailed operation of partial scrolling.
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8.2.5 Gradation LSB Control (14h)
Address P
RIS E— Unused Unused Unused : :

e RLSB[D3:D2]: Specifies R'sLSB control
Thisbit is used to select the function of dither processing the R's LSB (R0) data while in 65000-color mode.
The bit will be enabled with the RMIF bit set to 1 (while in 65000-color mode). The bit will be ignored when the
RMIF bit is set to O (while in 260000-color mode).

3 D2
: The RO value stored in the GRAM will beread asit is.
. The stored RO datain the GRAM will be non-reversed and reversed by turns.
. The stored RO datain the GRAM will be reversed and non-reversed by turns.

: RO data based on R5 datais non-reversed and reversed or reversed and non-reversed frame by frame.

PRrOOU
RPORrOU

¢ BLSB[D1:DQ]: Specifies B'sLSB control
Thisbit is used to select the function of dither processing the B's LSB (BO0) data while in 65000-color mode.
The bit will be enabled with the RMIF bit set to 1 (while in 65000-color mode). The bit will be ignored when the
RMIF bit is set to O (while in 260000-color mode).
1 DO
: The BO value stored in the GRAM will beread asit is.
. The stored BO datain the GRAM will be non-reversed and reversed by turns.
. The stored BO datain the GRAM will be reversed and non-reversed by turns.
. The stored BO data in the GRAM will be non-reversed and reversed or reversed and non-reversed
frame by frame.

PRrOOU
RORrOU

See Section 6.2.8.

8.2.6 Specification of Display Start Line Address (15h)

Address Data

Initial value [ [ [ [ [ | |

e LAS[D7:DQ]: Specifies display start line address
Thisbit is used to specify in which line on the LCD the Oth-line display data of the GRAM should be displayed.
The count increases from the specified register value. When the count reaches the register value (GSL) of the
number of specified linesin the Y direction, the display line of the LCD will be looped back to O.

The following condition must be satisfied.
0 < LASIine position < Number of GSL lines

See Section 6.2.7.
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8.2.7 Partial Scroll Specification

Address

Initial value

Initial value

Initial value

[
l
|
|
|
[

e Partial Scroll Setting 1 (16h)

SCRN[D7:DQ]: Specifies number of scroll lines

e Partial Scroll Setting 1 (17h)

SCRS[D7:D0]: Specifiesline of scroll start position

e Partial Scroll Setting 1 (18h)

SCRE[D7:DQ]: Specifiesline of scroll end position

The SCRN bit is used to specify the number of lines to be scrolled, the SCRS bit is used to specify the base linei.e.
dtart line, and the SCRE hit is used to specify the end line.

The GRAM isread from a base line position obtained by adding the number of lines specified by the SCRN to the
display line position on the LCD specified by the SCRS. When the GRAM reading reaches to the end line specified

by the SCRE, the display of the LCD will be looped back to the base line.
The LCD will be scrolled in synchronization with the V sync signal when the SCRON is set.

If the SCRN is specified at certain frame intervals with the number of SCRN lines increased constantly, the screen

will be displayed or scrolled between the SCRS and SCRE positions.

The following conditions must be satisfied.
LSA < SCRS < SCRE
SCRN < SCRE - SCRS < Number of GSL lines

See Section 6.3.3 for the definitions of the validity and execution of partial scrolling.
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8.2.8 Specification of Partial Display

Address Data

Initial value

Initial value

Initial value

Initial value

[
[
I
l
|
|
|
l
|
|

Initial value [

e Partial Display Specification 1 (19h)
MASKS1[D7:D0]: Non-display start position 1

e Partial Display Specification 2 (1Ah)
MASKE1[D7:D0]: Non-display end position 1

e Partial Display Specification 3 (1Bh)
MASKS2[D7:D0]: Non-display start position 2

e Partial Display Specification 4 (1Ch)
MASKE2[D7:D0]: Non-display end position 2

e Partial Display Specification 5 (1Dh)
RFR[D7:D0]: Specifies refresh cycle of partial display

1) The MASKS1, MASKEL, MASKS2, and MASKE2 hits are used to specify the start and end points of the non-
display areaon the LCD.
Settings on these registers will be enabled in synchronization with the (internal or external) V sync signal, provided
that the MASKEL register has been set. Settings only in the other registers will not be reflected.
After the other registers (i.e., MASKSL, MASKEL, MASKS2, and MASKE?2) are set, make settings in the
MASKET1 register

2) The RFR bits are used to set the refresh cycle of partia display.
Therefresh rateis set to 0 to FEh (254) + 1.
The register set value must be always an even number.
If odd numbers are used, the refresh portion will not be alternated.

Example: If the set valueis OEh, refresh white (alternated white display) will be written to the non-display linesin
the partial display at 15-frameintervals. (OEh + 1 = 15 frames)
Like blanking periods, no datawill be written to the LCD from the source or gate to the LCD during non-
display periods, but the source and gate will operate according to the instructions of the OEHE and
VCOME. Therefore, if even numbers are specified, the polarity of refresh white to be written will not be
alternated between frames, which will result in the deterioration of image quality.

If partial display is selected in the display control bit DISP, the display will be performed in synchronization with the
V sync signal. Then, the refresh white display of the effective display and non-display part will be reflected on the first
frame. The effective display and non-display processing of datawill be repeated from the second frame according to
the specified number of frames and displayed at the RFR-specified refresh times.

FFhisaspecia value for LCD panel evaluation if it is set in the RFR bits.
In that case, the LCD will not be refreshed in the partial display mode.

See Section 6.3.2.
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8.2.9 H Cycle Specification (1Eh)

Address

Unused

Unused

Unused

Initial value

e HCNT[D4:DQ]: Specifies number of 1H clock pulses
This bit is used to specify the number of clock pulses for every 1H period.
HCNT bit: Set to the number of desired 1H clock pulses— 1
To set 11 clock pulses (1/206.6 kHz x 11 = 53.2 us) for the 1H period, specify the HCNT to OAh.

Eight to 24 clock pulses can be specified.

While in external sync mode, however, the display of the LCD will not be guaranteed unless the number of
vertical lines specified by the HCNT isthe same as or larger than the number of GSL -specified lines plus 8H.
Example: HCNT vaue while in external sync mode with GSL set to 240 lines at 60 Hz is determined as follows.
HCNT < (206.6 kHz x 0.9) / {60 Hz x (GSL: 240H + 8H)}

<125

Therefore, the HCNT will be 13 clock pulses or less.
The above calculation does not take the fluctuation of clock pulsesinto consideration. For practical calculation,

consider the fluctuation of clock pulses and temperature changes.

8.2.10 V Cycle Specification (1Fh)

Address

Initial value [

¢ VCNT[D7:DQ]: Specifies number of H'sfor 1V periods
Thisbit is used to specify the length of blanking during vertical periods while the IC is self-running.
While in external sync mode, the set value will be ignored. Instead, the V sync length will be specified by the
external sync cycle. This counter isa 10-bit counter with the upper eight bits set.
1V=(VCNT+1H)x 4
Specify between 00h and FFh with a variable range between 4H and 1024H.
The display of the LCD will not be guaranteed unless the number of lines specified is the same as or larger than

the number of GSL-specified lines plus 8H.

VCNT values specified while in self-running mode
GSL specification VCNT specification V cycle

160 lines
176 lines
192 lines
220 lines
240 lines

29h min.
2Dh min.
31h min.
38h min.
3Dh min.

168H min.
184H min.
200H min.
228H min.
248H min.
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8.3 LCD Driver Control Command
8.3.1 Driver Operation Setting 1 (20h)

Address Data

Unused

Initial value [ [

1

e GSL[D7:D5]: Sets number of output pins of gate driver
These bits are used to set the number of output pins of the gate driver according to the GSL hit setting.

Set 1 to the [D7] of GSL[2] of the MN838893.

MN8388893 MN838892
D7 D6 D5 D7 D6 D5
1 0 192 outputs 0 O 160 outputs

1 1 0 220outputs 0 1 176 outputs
1 1 1 240outputs

e GDIR[D4]: Shift direction of gate driver
This bit is used to specify the scan direction of the gate driver of the MN863480 according to the GDIR bit
setting.
With the bit set to 0, the shift direction in the normal scan direction of the gate driver will be specified.
The gate driver will shift in the direction of Channel 240 from Channel 1.
With the bit set to 1, the shift direction in the reverse scan direction of the gate driver will be specified.
The gate driver will shift in the direction of Channel 1 from Channel 240.

e GSCN[D3]: Specifies scan mode of gate driver
Thisbit is used to specify the scan method of the gate driver.

With the bit set to 0, the single-side of panel connection mode will be specified.
With the bit set to 1, the both-side of panel connection mode will be specified.

e GCHS[D2:D1]: Specifies output channel position of gate driver
These bits are used to specify the output channel position of the gate driver.

These bits are enabled only when the GSCN is set to 0. When the GSCN is set to 1, set these bits to 00.
The output pin of the gate varies with the GSL bit setting.
For details, see the output position settings for the gate driver.

D2 D1

0 0 Centeroutput disabled

0 1 X240-side output disabled

1 0 Xl-sideoutput disabled

1 1 Setting prohibited (Disabled pins output VEE or VOFF according to the setting.)
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8.3.2 Driver Operation Setting 2 (21h)

Address Data

[ [
AMPSWON
Initial value [ [ 0

e FRPOL[D7]: Specifies aternation drive mode
This bit is used to set the LCD drive method to frame reversion or 1H/1F reversion.
With the bit set to 0, the drive method will be set to 1H/1F reversion alternation drive.
With the bit set to 1, the drive method will be set to frame reversion alternation drive. Alternation driving at 1H
intervals will not be performed.
1H/1F Reverse Alternation Drive Operation
e The POL* signa isasignal output that alternates at 1H/1F intervals based on the POL polarity.
e The VCOMEN* signal operates according to the VCOMON and VCOME hit settings.
Frame Reversion Alternation Drive Operation
e The POL* signal isasignal output that alternates based on the POL polarity with a single frame reversed.
e The VCOMEN®* signal operates according to the VCOMON and VCOME hit settings.
o SAMP[D6:D4]: Sets drive capability of operation amplifier of source driver
These hits are used to specify the capability of the operation amplifier of the source driver.
D6: D5: D4 ="000" : Stops operational amplifier
“001” : Capability <Low>
“010" : 1

“100" : | Standard setting is 011.
“101” : Capability <High> Settings of 110 and 111 are prohibited.
Select the best level according to the load of the LCD.
o AMPSWON[D3]: Drive timing control of source driver during gradation drive
The drive timing of the LCD panel is controlled by the output amplifier circuit of the source driver when starting
display in gradation drive control.
With the bit set to 0, the LCD will be driven 1H before the LCD starts displaying.
With the bit set to 1, the LCD will be driven 4H before the LCD starts displaying.
The output of the source driver isin Hi-Z state before the source driver comes into drive operation.
o AMPON[D2]: Amplifier control of source driver
Thishit is used to stop the output amplifier circuit of the source driver while the NOEH signal is at high level or let the amplifier
operate continuously regardless of the NOEH signal.
With the bit set to 0, the amplifier circuit of the source driver will stop according to the NOEH signal.
The output of the source driver will bein Hi-Z state at that time.
With the bit set to 1, the amplifier circuit of the source driver will not stop regardless of the NOEH signal. The amplifier
circuit will operate continuously.
While the NOEH is at high level, however, only the output of the source driver will bein Hi-Z state.
e COL[D1]: Specifies gradation of the source driver
This bit is used to set the output of the source driver to multi-valued gradation drive output or binary drive output.
With the bit set to 0, the binary drive control of the source driver will be performed.
At that time, the image data of only the uppermost GRAM bits (R5, G5, and B5) will be set to ON (1) and OFF (0).
At that time, the D/A converter and amplifier circuit of the source driver will be stopped.
With the bit set to 1, the multi-valued gradation drive control of the source driver with all GRAM bits used will be performed
for 6-bit RGB gradation display.
 RSWONI[DO]: Specifies connection of VREF resistor of source driver
Thisbit is used to control the connection of the source driver to the VVREF resistor during blanking periods whilein gradation
drive operation. This bit will be ignored while in binary display mode with the COL bit set to O.
With the bit set to 0, the connection of the source driver to the VREF resistor will be cut off during blanking periods with the
NOEH signal set high.
With the bit set to 1, the connection of the source driver to the VREF resistor will be turned on while in gradation display mode.

SYSTEM LSI DIVISION, SEMICONDUCTOR COMPANY

ESTABLISHED| REVISED MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.




Date Prepared :03/12/'03

SPECIFICATIONS

MNF8931BK-C

Total

Page

8.3.3 NOEV Control Settings

Address

Unused

Unused

Unused

Initial value

Unused

Unused

Unused

Initial value

o NOEV Assertion Timing Setting (22h)

OEVA[D4:DQ]: Specifies NOEV assertion timing
o NOEV negation timing setting (23h)
OEVN[D4:DQ]: Specifies NOEV negation timing
These hits are used to set the control signal timing in the ON periods of the gate driver.
The timing is set by the number of internal oscillation clock pulses. If the number of clock pulsesis not set within the number

of clock pulses corresponding to a 1H period, no assertion or negation will be possible.
OEVA > OEVN: Waveform will be reversed.
OEVA = OEVN: Priority will be given to negation, and NOEV* will be high-level output.
OEVN > HCNT hit value + 1: Negation will not be possible. The NOEV* will be low-level output.
OEVA > HCNT hit value + 1: Assertion will not be possible. The NOEV* will be high-level output.
Both OEVA and OEVN > HCNT bit value + 1: Assertion or negation will not be possible. The NOEV* will keep the
previous status on hold.
During the blanking periods, however, high-level output will be turned on regardless of the OEV* setting for the non-display

periods of partial display (except for refresh white display periods).
8.3.4 NOEH Control Settings

Address

Data

Unused

Unused

Unused

Initial value

Unused

Unused

Unused

Initial value

o NOEH Assertion Timing Setting (24h)
OEHA[D4:DQ]: Specifies NOEH assertion timing
o NOEH negation timing setting (25h)
OEHN[D4:DQ]: Specifies NOEH negation timing
These bits are used to set the control signal timing in the ON periods of the source driver.

Thetiming is set by the number of internal oscillation clock pulses.
If the number of clock pulsesis not set within the number of clock pulses corresponding to a 1H period, no

assertion or negation will be possible.

OEHA > OEHN: Waveform will be reversed.

OEHA = OEHN: Priority will be given to negation, and NOEH* will be high-level output.

OEHN > HCNT bit value + 1: Negation will not be possible. The NOEH* will be low-level output.

OEHA > HCNT hit value + 1: Assertion will not be possible. The NOEH* will be high-level output.

Both OEHA and OEHN > HCNT hit value + 1: Assertion or negation will not be possible. The NOEH* will

keep the previous status on hold.
During the blanking periods, however, NOEH control will be processed according to the OEHON/OEHE bit
settings regardless of the OEH* setting for the non-display periods of partial display (except for refresh white
display periods). During the extension period by the OEHE bit setting, NOEH control will be performed
according to the above OEHA/OEHN settings. In other periods, high-level output will be obtained.
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8.3.5 Source Driver Drive Expansion Settings (26h)

Address Data

[ [ [ [ [
Initial value [ [ | | [
o BLKSD[D7]: Drive data setting while in continuous source drive operation during V' blanking periods (including non-display
periods of partia display)
With the bit set to 0, the source driver will output drive data at VREFH level.
With the bit set to 1, the source driver will output drive data at VREFL level.
e OEHON[D6]: Specifies source driver driving during V blanking periods (including non-display periods of partial display)
This bit is used to specify source driver driving during V blanking periods (including non-display periods of partial display).
With the bit set to O, during the transition from the effective display areato the V blanking period and to the non-display
period, expansion processing is performed to drive the LCD according to the OEHE specification. After completion of
expansion processing, the NOEH will be fixed at high-level output regardless of OEHA or OEHN bit settings.
With the bit set to 1, output from the source driver will be always turned on. The NOEH will be output according to OEH* bit
setting regardless of V blanking period setting or non-display area setting in partial display mode.
o OEHE[5:0]: Specifies number of continuous lines of source driving during V blanking periods
This bit is used to specify the number of continuous lines of source driving during the V' blanking period (including the non-
display period in partia display mode).

The extension of the drive period of source driver will be set between 0 and 63 lines after writing datain the last display linein
whole screen display mode (or the refresh display period in partial display mode) or after writing datain the last display linein
each display area when shifting from the display areato the non-display areain partia display mode.

This specification will be ignored when the OEHON bit is turned on.

A singlelineisa1H period specified by the number of CKV* clock pulses.

If drive extension by the OEHE, the display start point of the next frame, and the start of display from the state of non-display in
partial display mode overlap dueto V cycle condition, extension processing will be interrupted and image display will take
precedence.

In the above explanation, non-display in partial display mode refersto any period of non-display or display interruption.
Thereisno differencein IC control between the refresh operation and whole screen display operation of the IC.

8.3.6 VCOM Drive Expansion Settings (27h)

Address Data

[ [ [ [ [
Unused
Initial value [ [ | | [

 VCOMONID®6]: Specifies VCOM drive method during V blanking
This bit is used to select the VCOM center voltage output by specifying the VCOME for VCOM driving during the V blanking
period or continuous VCOM driving with the VCOMEN* fixed at low-level output.
With the bit set to 0, the VCOM will be driven according to the VCOME setting.
With the bit set to 1, the VCOM will be driven continuously.

* VCOME[D5:D0]: Specifies number of continuous lines of VCOM driving during V blanking periods
This bit is used to specify the number of continuous lines of VCOM driving during the V blanking period.

The extension of the VCOM drive period after writing datain the last display line can be set between 0 and 63 lines. That is,
the VCOMEN* cancel line position after the end display lineis written can be specified.
A singlelineisa 1H period specified by the number of CKV* clock pulses.

If drive extension by the VCOME, the display start point of the next frame, and the start of display from the state of non-
display in partial display mode overlap dueto V cycle condition, extension processing will be interrupted and image display
will take precedence.
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8.4 Image Quality Adjustment Command
8.4.1 RGB Brightness Adjustments

Address | Dalta I | I
Unused Unused
Initial value I | | | |
I I I I I
Unused Unused
Initial value | [ | [ |
I [ I [ [
Unused Unused
Initial value | [ | [ |

¢ R Adjustments (28h)
RADJD5]: Specifies data addition and subtraction

RADJD4:DQ]: Specifies the quantity of datafor R adjustments

¢ G Adjustments (29h)
GADJD5]: Specifies data addition and subtraction

GADJD4:DQ]: Specifiesthe quantity of datafor G adjustments

¢ B Adjustments (2Ah)
BADJD5]: Specifies data addition and subtraction

BADJDA4:DQ]: Specifies the quantity of datafor B adjustments

Thisbit is used to perform addition and subtraction processing of R, G, and B independently when reading
RGB display data stored in the GRAM. Therefore, the contents of the GRAM will keep saved write values.
This bit enables white balance adjustments and brightness adjustments to the LCD.

The D5 bit is specified as follows:

With the bit set to 1, the bit value specified by [D4:D0] will be subtracted from GRAM data and displayed.
With the bit set to O, the bit value specified by [D4:D0] will be added to GRAM data and displayed.

The result of addition or subtraction will be a maximum of 3Fh or a minimum of 00h regardless of whether the

actual valueislarger than 3Fh or smaller than 00h.

See Section 6.3.4.
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8.4.2 RGB Gamma Adjustments
[ I I I
Unused Unused
Initial value |' r I' I'
Unused | l Unused l l
Initial value [ [ [ [
I I I I
Unused n=1 to 62 Unused n=1 to 62
Initial value r r I
I I I I
Unused Unused
Initial value I' |r I’ I’
Unused Unused
Initial value r r I I

Gamma Adjustments (31h to 6Eh)
GMPn [D6:D4]: Gamma correction control while in positive polarity drive operation (with the POL set low).
GMNnN [D2:D0]: Gamma correction control while in negative polarity drive operation (with the POL set high).

n: 1to 62, corresponding to gamma adjustment address of 30h + n
This bit is used to make gamma adjustments to the source driver.

There are 63 gamma adjustments for the positive polarity and negative polarity use respectively, each of whichis
variable independently, which makes it possible to provide optimum gamma characteristics according to the
display mode and characteristics of the LCD.

The gamma center value varies with the configuration of the LCD and material of the LCD while each bit value is
04h. The gamma characteristics are designed so that they will be close to 2.0, provided that standard LCD materials
and configuration are used.

See Section 6.5.4.

Note Above “n” shows number of gray scale potential between VREFH — VREFL.
Number of scale: “VREFH” =0 (V,), “n=1" =1 (V,), “N=62" =62 (Vg,), “VREFL” =0 (V,)

For the resister setting value and gray scale potential, “100” as a standard, when set the valueto “+”,
the potential is adjusted “+” side, when set the valueto “-”, adjusted “—’ side.

Based on the above ,todoy adjustment, keeping the voltage which apply to Crystal Liquid at positive
and negative potential, if n scale of positive potential adjust to +1 from “100”, 63-n scale(negative
potential) need to adjust to —1 from “100".

Example Adjust GRAM data“03" gray scale:

Gray scale potential of positive electrode driving  3rd scale (V ),
Gray scale potential of negative electrode driving : 63-n = 60th scale (V4,)

Only writing is available, and unable to read.
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8.5 Commands for Power Supply System
8.5.1 Operation Mode Specification for Power Supply System (70h)

Address | Data | |

Initial value [ [ |

e OSCON[D7]: Output control of original oscillation clock pulses
Thisbit is used to turn the original oscillation clock of the controller oscillation circuit on and off.
With the bit set to O, the clock will stop oscillating.
With the bit set to 1, the clock will start oscillating.
The bit will be set to 0 by default after the IC isreset or the software reset isissued, in that case, the original
oscillation clock will be interrupted.
It will take 3 msfor the stabilization of the clock after the bit is turned on.
Do not set registers that use the original oscillation clock until the oscillation is stabilized.

When the original oscillation clock starts oscillating, the CKV*, POL*, STV*, and NV SY NCO will be output
continuously.

The expected waveform value will not be, however, guaranteed within 3 ms.

While the original oscillation clock is oscillating, the CKV*, POL*, STV, and NVSYNCO will not stop.
The cycle of the NVSYNCO follows the VCNT and VSY MODE hit settings.

e DDCKONID6]: Step-up voltage clock output control
Thisbit is used to control DC/DC clock output.

With the bit set to 0, the DC/DC clock output will stop while the DDCK* clock output pin will be fixed at low level.
With the bit set to 1, DC/DC clock pulses will be output from the DDCK* pin according to the DDCKF bit setting.

e DDCKF[D5:D4]: Sets frequency dividing ratio of step-up voltage clock DDCK

These bits are used to control the output frequency of the DC/DC clock.
D5 D4
0 0 :1H =206.6 kHz/(HCNT+1)=18.8 kHz (HCNT=0Ah)
0 1 :Original oscillation clock x 1/4 =206.6 kHz/4=51.7 kHz
1 0 :Origina oscillation clock x 1/2=206.6 kHz/2=103.3 kHz
1 1 :Origina oscillation clock x 1 =206.6 kHz/1=206.6 kHz

With these bit both set to 0, the frequency varies according to the HCNT bit settings.

No other set values will change because the frequency of original oscillation is directly divided.

¢ VCMGI[D3]: Sets VCOM output and VOFF output of MN863480
Thisbit is used to control the VCOM output and VV OFF output of the MN863480.

With the bit set to 0, the VCOM output and VOFF output are fixed at ground level regardless of POL* or
VCOMEN?* setting.

With the bit set to 1, the outputs will be normal according to each control register setting.

By setting this bit to 0 when the IC is turned on, unstable voltage will not be input into the LCD panel from the
VCOM or VOFF line.

e DDC[D2:D0]: Sets usage of step-up voltage clock of MN863480
These bits are used to adjust the capability of the voltage step-up circuit by setting the usage of the voltage step-up
clock of the MN863480.
Following frequency dividing modes are available by bit settings.
D2 D1 DO
0O O O :DDCK'sinputisusedasitis.
0 O 1 :Frequency dividing pattern1

1 1
1 1

o

: Frequency dividing pattern 6
: Frequency dividing pattern 7

=

See the Specifications of the MN863480 for frequency dividing pattern settingsin detail.
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8.5.2 Command Transfer to MN863480 (71h)
Address Data

[ [
Unused
Initial value [ |

e DIDX[D6:D4]: Specifies command transfer to MN863480
These bits are used to specify registers for command transfer to the MN863480.

The following transfer is available by bit settings.
D6 D5 D4

0 O O :Powercontrol
0 O 1 :Voltagesettingl
0 1 O :Voltagesetting2
0 1 1 :Voltagesetting3
1 0 O :Display setting
1 0 1 :Testregister

1

1 1 :Resetregister
When turning the IC on after resetting (hardware or software resetting), use the following sequence to ensure
each register setting.
Voltage setting 1 — Voltage setting 2 — Voltage setting 3 — Power control
See Section 7.1.6 or the Specifications of the MN863480.

e XDON[D3]: All-ON control of gate driver
Thisbit is used to set all the output pins (including the X0 and X241 pins) of the gate driver to VGG voltage or
normal output.
With the bit set to 0, normal output will be obtained.
With the bit set to 1, al the gate pins will be turned on (fixed at VGG voltage).

The level is higher than the OEV* and this control takes precedence over all gate driver operations.

e DSCG[D2]: Specifies power supply IC discharge
Thisbit is used to discharge electricity from the power supply IC.
With the bit set to O, the IC will be in normal operation.
With the bit set to 1, electricity will be discharged from the power supply IC.

With the bit set to 1, DIDX[000] (all zeros) will be issued to stop the operation of the DDCK. Then the DC/DC
side will start discharging the electricity in the voltage step-up capacitance.

e SLP[D1]: Sleep mode control
Thisbit is used to set the IC to sleep mode.
With the bit set to O, the IC will be in normal operation.
With the bit set to 1, the |C will be set to sleep mode.

With the bit set to 1, DIDX[000] (all zeros) will be issued to stop the operation of the DDCK. Simultaneously,
DSCG bhit setting will be possible.

While in sleep mode, the |C will operate as explained below.
e The DC/DC, source, and gate output blocks will stop operating.
o Unless software or hardware resetting is performed, registers set for the controller will be kept on hold.
e Theoriginal oscillation clock will oscillates (with the POL*, CKV*, and STV* output.)

e DTRN[DQ]: Serial transfer control to the MN863480
Thisbit is used for the serial transfer of control commands to the MN863480.
With the bit set to O, the |C will stand by.
With the bit set to 1, the transfer of control commands will start.

With the DTRN bit set to 1 and control commands are issued, seria transfer of the commands to the MN863480
will be performed. Approx. 110 us after completion of serial transfer of the commands, the bit will be
automatically cleared and set to O.
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8.5.3 Power Control of MN863480 (72h)

(Run/Stop Control and Multiplication and Capability Adjustments of Voltage Step-up Circuit and Operational
Amplifier)

Address

Data
[

Initial value [

e CPA[D7:D6]: Sets voltage step-up circuit 1
These bits are used to make settings for voltage step-up circuit 1.

D7 D6

0 0 :Voltage step-up circuit is not in operation.
0 1 :Voltage step-up circuit isnot in operation.
1 0 : SeeSpecificationsof MN863480.

1 1

. See Specifications of MN863480.

e CPB[D5:D4]: Sets voltage step-up circuits 3 and 4
These bits are used to make settings for voltage step-up circuits 3 and 4.

D5 D4

0 0 :Voltage step-up circuit is not in operation.
0 1 :Voltage step-up circuit isnot in operation.
1 0 : SeeSpecificationsof MN863480.

1 1 : SeeSpecifications of MN863480.

e AMP[D3:DQ]: Capability adjustments to operational amplifier of power supply IC.
These bits are used to stop or make capability adjustments to the operational amplifier of the power supply IC.
D3 D2 D1 DO

0 O O O :Operationa amplifier isnot in operation.
0 O O 1 :SeeSpecificationsof MN863480.

1 1 0 1 : Setting prohibited.
0 : Setting prohibited.
1 1 1 0 : Setting prohibited.

See the Specifications of the MN863480 for the details of the above register settings.
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8.5.4 Power Supply Settings

Address

Data

Unused

Unused

Unused

Unused

Initial value

Unused

Unused

Unused

Initial value

Unused

Unused

Initial value

Unused

Unused

Unused

Initial value

Unused

Unused

Unused

Initial value

Unused

Unused

Initial value

¢ Power Supply Setting 1 (73h)

AVDI[D3:DQ]: Sets AVDD voltage

These bits are used to set the AVDD voltage between 3.5V and 5.5 V.
Pay utmost attention when making settings in order not to include prohibited bits in combination or prohibited

Setting areas.

e Power Supply Setting 2 (74h)
VRFH[D4:D0]: Sets VREFH voltage
These bits are used to set the VREF voltage between 3.0V and 5.0V (In AV, —0.5V).

Pay utmost attention when making settings in order not to include prohibited bits or prohibited setting areas, in
consideration of the AVDD voltage. Do not make settings for 18h to 1Fh.

e Power Supply Setting 3 (75h)
VCMH[D5:D0]: Sets VCOMH voltage
These bits are used to set the VCOMH voltage between 1.0 V and 5.5 V (not more than the VREFH) or enable an
external volume.

Pay utmost attention when making settings in order not to include prohibited bits. Do not make settings for 1h to
7h and 31h to 3Fh.
The externa volume will be set with the value set to 00h, when the settings in the built-in volume will be ignored.

e Power Supply Setting 4 (76h)
VCMPL[D4:DQ]: Sets VCOM amplitude
These bits are used to set the VCOM amplitude between 2.0V and 6.0 V.
The following condition must be satisfied.
-(VCCx2-1)V<VCOML <1V

Pay utmost attention when making settings in order not to include prohibited bits or prohibited setting areas, in
consideration of the voltage set with the VCMH register. Do not make settings for 00h and 1Fh.

e Power Supply Setting 5 (77h)
VOFFL[D4:DQ]: Sets VOFFL voltage
These bits are used to set the VOFFL voltage between VEE + 0.5V and -4 V.

Pay utmost attention when making settings in order not to include prohibited bits or prohibited setting areas, in
consideration of the VEE voltage. Do not make settings for 00h and 1Bh to 1Fh.

¢ Power Supply Setting 6 (78h)
VOFFPL[D5:D0]: Sets VOFF amplitude
These bits are used to set the V OFF amplitude between 2.0V and 9.0 V.
The following condition must be satisfied.
VEE+2V <VOFFH<-2V

Pay utmost attention when making settings in order not to include prohibited bits or prohibited setting areas, in
consideration of the VEE voltage and VOFFL voltage. Do not make settings for 00h and 37h to 3Fh.

See the Specifications of the MN863480 for the details of power supply setting register.
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8.5.5 Power Supply Circuit Capability Adjustment (79h)

Address Data

Unused

Initial value | | | | |

e CKVPWI[D7:D4]: Sets pulse width of CKV
These bits are used to adjust the pulse width of the CKV* whilethe signal level is high.

With the value set between 1h and Fh, the high-level width of the CKV will be within arange between 1 and 15
clock pulses. Usually set the value to 4h. Do not set the value to Oh or to HCNT+1 or over, otherwise the CKV*

will be fixed at high level and the LCD will not display normally.

e LPM[D2:DQ]: Adjusts capability of the VOFF and VCOM power supply circuit
These hits are used to set the amplifier capability of the power supply circuit of the VOFF and VCOM.

With settings of these bits, the amplifier capability of the VOFF and VCOM will vary according to the signal
timing of the POL*, CKV*, and DDCK*.
Therefore, the signal will not stop regardless of any display status.

See the Specifications of the MN863480 for the details of capability settings for each signal.

8.6 Other Commands
8.6.1 Software Reset (7Ah)

Address Data

Unused Unused Unused Unused Unused Unused Unused

Initial value

e SRESET[DO]: Specifies software resetting
The bit is used to initialize register values.
The OSCON hit will not be, however, influenced.

After software resetting, only the clock oscillation status to be automatically cleared and set to O will be executed.

8.6.2 Read Address Register (80h)

Address Data

Initial value | | I | | I |

e RADR[D7:DQ]: Sets address of read register
These bits are used to set the address of the read register when the REGMODE is set high.

When the REGMODE is set high, set the address of the register to be read as data, write the command, and
read the data at the next cycle. Then a set of the address and data value will be read.
The address returned is treated as invalid, but the address of the desired data will be returned.
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8.6.3 Conflict arbitration register (85h)

Address DATA

| | |
Blank ARB LD ARB AUTO | ARB OEV | ARB RTRY
Default | | | 0 1

Host access to GRAM and display read to Liquid Crystal are independent action.
When movie data (ex. cameraimage) transfer, following actions are suggested to control preventing writing and display read conflict
(access same line).
Control display read timing to Liquid Crystal by external V SYNC mode.
Control writing from Host side by V SYNC output of thisLSI.
If Host writing and display read conflict, picture may be distorted.
In case of conflict, Display data shows whiteness and picture will be distorted.
If there is possibility of conflict, following setting can control the action.

ARB_LD[D3] : aBIT which set previous line data display mode when the conflict occur.
Norma mode. Not act specialy.
Previous line data driving mode.
When conflict occur, drive a Display data of previousline.
NOTE) Please set ARB_OEV = 0; refer to below chart.
In ARB_OEV = 1, the setting described on the | eft of the chart is given priority over ARB_LD and
enable to reflect on display.

ARB_AUTO[D2] : aBIT which display data after renewed writing when the conflict occur.
Normal mode. Not act specially.
Data Display mode after writing delay arbitration.
In LSI, automatically arbitrate, wait Host writing complete and indicate renewed data.
The mode is constraint on Host access cycle.
Please use over the following condition.

DV supply voltage Condition
27Vto36V More than 210 ns (4.76 MHz and under)
from2.5V tolessthan 2.7V More than 250 ns (4.0 MHz and under)

from 2.35V tolessthan 2.5V Prohibited

Note) Set ARB_OEV =0, ARB_RTRY =0; refer to below chart
In ARB_OEV =1, the setting described on the |eft of the chart is given priority over ARB_AUTO and
enableto reflect on display.
Renewed writing data drive in this mode. So re-driving does not need at ARB_RTRY = 1.

ARB_OEV[D1] : aBIT which display previous frame data when the conflict occur.
Normal mode. Not act specialy
Test mode. Don’t use in this mode.
When conflict occur, this mode prohibit gate driver output and keep previous frame data on LCD.
NOTE) Themodeisvalid only set to OEVA =01h, 02h.
Please not to use except above setting.
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ARB_RTRY[DQ] : aBIT set same line re-driving mode when the conflict occur.
Normal mode. Not act specially.
Re-driving at same line.
Extend H cycle at conflict. Re-drive same line after 40us.
If conflict is released when driving re-start, driving continue properly.
If still on conflict, re-try till 7 times. If still on conflict until 7 times, drive properly at 8th times.
If conflict does not occur by 8 times, the data that have completed HOST-write is drived.
If conflict occur, conflict pixel at the 8th time become white data noise.
When the mode use together with ARB_LD = 1, previous line data surely drive at the 8th time and move to next line.

When the function is on use, please indicate LCD panel vertical pixel and GSL (20h) and VCNT (1Fh) as following table
shows. In consideration of setting VCNT (1Fh) and frame frequency, set HCNT (1Eh), OEV*(22h,23h), and

OEH* (24h,25h) with care.
Vertical pixel GSL [1:0] (20h) set value VCNT [9:2] (1Fh) set value
192 “10x” Morethan “38 h” (228 H)
220 ‘110" More than “3Dh” (248 H)
240 ARB, RTRY mode prohibit

NOTE) It is highly recommended that this mode should use with ARB_LD = 1 when think about the conflict keeps

ARB_RTRY="1" : operation at re-driving mode is as following figures. combinewith ARB_LD =1

(0] 1o : .. .
" > No re-driving by conflict

: 1

] 1
- T . > When the conflict occur, re-drive 4 times
1 ! 1 2 3 4 ' ’

1

1

1

| When re-drive 7 times because of conflict.

\ A
Y

R b ’. ....... ’- ........ »- ....... ’. ....... ’- ..... : : Whm the Confllct IS rdm dter re'drlve 7
1 b2 03 4 5 67 8 | times (ARB_LD = 0 set) and 8th driving shows
' proper display
1
| previousline data + When re-drive 7 times because of conflict.
° AT DO O o S o S S G »i When itisstill on conflict at re-drive 7 times
1 1 2 3 4 5 6 7 8 i (ARB_LD = 1), and on 8th driving shows
ya revious line.
:" g | P
1H asnormal '
» driveproperly - » wait period if the conflict occur and re-drive

——————— » dtill on conflict after re-drive 7 times, and on 8th driving is previous line display
o When the conflict does not occur % When the conflict occur

When use the re-drive mode Combine with ARB_LD =1

Re-driving mode is decided by host access speed when renewed data. Conflict should be solved by 7th driving. Following show the
Host frequency.

Host access cycle on 1H line > { (waiting time on conflict waiting for re-drive (6 times)) —margin (2 clock)} / horizontal writing pixel
= (1/206.6 kHz x 110%) x ( 9CK x 6 times- 2CK 176 = 1.30ps
— Thisonly happen when Host speed is slower than 0.769 MHz

Re-drive mode could cause for deterioration of image quality because the LCD frame frequency depend on re-drive time by conflict.
Please make sure the result of evaluation on real panel.
O NOTE In each case, the display should be evaluated sufficiently.
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Recommended setting values for conflict arbitration mode
Recommended setting values for conflict arbitration mode depend on the Host access speed when conflict occur which is caused

by async writing, are shown as follows. The display should be evaluated sufficiently.

0O NOTE

O NOTE  Host access speed : when GRAM access one time per a pixel.

DVDD=27Vto3.6V

DVbpD =from25V tolessthan 2.7V

DVbpD =from 2.35V tolessthan 2.5V

85h=04h (delay arbitration mode 4.76 MHz
[

<«
1

| | | | T >
>

[ | | | I |
1 1 MHz 2 MHz 3MHz 4 MHz 5MHz

L
0.769 MHz 85h=09h (re-drive arbitration previous line display mode

85h=04h (delay arbitration mode) 4 MHz
1

|
1
: : : | —
1 MHz 2 MHz 3MHz 4 MHz 5MHz

»

1

1

I >

0.769 MHz 85h=09h (re-drive arbitration  previous line display mode

Do not use the condition, 85h=04h (delay arbitration mode
| | | | | >

| | | | |
1MHz 2 MHz 3MHz 4 MHz 5MHz

0.769 MHz

»

85h=09h (re-drive arbitration  previous line display mode

Asarule, thisisrecommended at delay arbitration mode
Please use the re-drive arbitration mode with due caution as L CD frame frequency would be deterioration if conflict often occur

Conflict often occur when writing mode to GRAM is set as vertical writing (ADIR = 1).
Do not use the vertical writing mode when motion picture is transferred.
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8.6.4 DevicelD read resister mode(FOh / F1h)

Thismode can read LS| device ID (set each variety) and device REV.
FOh isdevice ID. In the case of thisLSI, 31hisread.
Flhis device REV. when REV=0, 00h isread.

Disable to writing in the resister.

Address Data
Default 1 1 1
Default 0 0 0 0 0 0 0 1
8.7 Test Register

The following registers are for test use.
Do not use them, because the operation of these registersis not guaranteed. Take this as a serious precaution.

Address Data
Initial value
Initial val:ue Unused Unused 1 1 1 1 1 1
Initial vallue Unused Unused Unused Unused
Initial value Unused Unused Unused 0 1 0
Read only
Readl only l l l
Unused Unused Unused | | Read only | |
FeeadI only | | |
Readl only l | |
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