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Description

The HD66773R isacontroller driver LSl compliant to 132RGB x 176-dot graphics display on TFT LCD
panel in 262,144 colors. The HD66773R’ s bit-operation functions, 18-bit high-speed bus interface, and
high-speed RAM-write function enable efficient data transfer and high-speed update of graphics RAM data.

The HD66773R operates with low voltage up to 2.2V for power supply. The HD66773R incorporates TFT
gate-drive and source-drive circuits, a step-up circuit to generate LCD drive voltage, and power supply
circuits such as breeder resistor and voltage follower for LCD drive, which enable a configuration of LCD
module only with external elements such as capacitors and resistors. The HD66773R supports 8-color-
display and standby modes, which enable precise power control by software. These features make thisLSI
the best solution for medium or small sized portable products such as digital cellular phones, bi-directional
pagers, or small PDA, which support WWW browser, where long life battery is major concern.

Rev.1.10, Jun.21.2003, page 4 of 133
RENESAS



HD66773R

Features

e Single chip controller/driver for 262,144-color, 132RGB x 176-dot graphics display on TFT LCD
e  18-/16-/9-/8-bit high-speed bus interfaces and a Serial Periphera Interface (SPI)
e  High-speed burst-RAM write function
e Window address function enabling data write in arectangular RAM-address area
e Internal bit-operation for graphics
s Bit-unit write-data mask function
s Pixel-unit logical operation / conditional rewrite function
e  Abundant color-display control function:
s 262,144-color display (max.) with gamma adjustment function
= Line-unit vertical bi-directional scrolling display function
e  Architecture with low power consumption
= Low-voltage operation: Vcc=2.2~3.3V
o Interna reference voltage power supply: Vci =2.5~3.3V
= Standby mode and other power-save functions:
s Partial LCD drive: 2-screen display at arbitrary two positions
= Internal power supply circuit
= Internal equalizing function
e  Compliant to Cst/Cadd structures
e Internal power supply circuits
= Step-up circuit: 5 ~ 9-time scale, polarity inversion
o Power supply for TFT common electrode: Compliant to Vcom n-raster-row AC drive
s ACdrive: Vgoff n-raster-row AC drive with Cadd structure
= Vcom (Vgoff) amplitude adjustment: 22-scale internal electronic volume adjustment
= Qutput power-supply voltage
s Voltagesfor power supply for V com amplitude = 6V (max.),

TFT common electrode: VcomH-GND = VREGIOUT (max.),
VcomL-GND = 1.0V ~-Vci+0.5V (max.)

e Internal RAM capacity: 46,464 bytes

e  LCD drive circuit with 396-output source signal and 176-output gate signal

e  n-raster-row inversion drive: polarity inversion by arbitrary number of lines.

e Internal oscillation and hardware reset

e  Changeable source and gate shift directions

e  Compliant to COG with single chip, incorporating gates arranged on both sides.
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Block Diagram
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PAD Arrangement
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PAD Coordinate
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X Y pad name Y No.|_pad name X Y
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Pin Function
Signals Number I/O Connected Functions
of Pins to
IM3-1, IMO/ID 4 GND or V.. Select the mode interfacing with MPU.

IM3 M2 IM1 IMO MPU interfacing mode DB pins

GND GND GND GND 68-system 16-bit interface DB17-10,DB8-1

GND GND GND Vcc  68-system 8-bit interface DB17-10

GND GND Vcc GND 80-system 16-bit interface DB17-10,DB8-1

GND GND Vcc Vcc  80-system 8-bit interface DB17-10

GND Vcc GND ID Serial Peripheral Interface DB17-10,DB8-1

GND Vcc Vee * Setting disabled
Vcc GND GND GND 68-system 18-bit interface DB17-0
Vcc GND GND Vcc  68-system 9-bit interface DB17-9

Vcc GND Vcc GND 80-system 18-bit interface DB17-0

Vecc GND Vec Vec  80-system 9-bit interface DB17-9

Vecc Vee * * Setting disabled

In Serial Peripheral Interface mode, IMO/ID pin is used for ID
setting for the device code.

CS* 1 MPU Chip selection signal.
Low: Select HD66773R and accessible
High: Not select HD66773R and inaccessible

Must be fixed to GND when not used.

RS 1 MPU Register selection signal.

Low: Index/status

High: Control

Must be fixed to Vcc or GND in SPI mode.
E/WR*/SCL 1 MPU ENABLE signal to activate data read/write operation in

68-system bus interface.
Write strobe signal in 80-system bus interface, write data at low.
Synchronizing clock signal in SPI mode.

RW/RD* 1 MPU Read/write selection signal in 68-system bus interface.
Low: Write, High: Read
Read strobe signal in 80-system bus interface, read data at low.
Must be fixed to Vcc or GND in SPI mode.

DBO/SDI 1 /O MPU 18-bit bi-directional data bus.
8-bit bus interface: DB17-10
9-bit bus interface: DB17-9
16-bit bus interface: DB17-10, 8-1
18-bit bus interface: DB17-0
The pins not used for data transfer must be fixed to Vcc or GND.
Serial data input pin (SDI) to input on the rising edge of SCL
signal in SPI mode.
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Signals Number /O Connected Functions
of Pins to

DB1/SDO 1 /0 MPU 18-bit bi-directional data bus.
8-bit bus interface: DB17-10
9-bit bus interface: DB17-9
16-bit bus interface: DB17-10, 8-1
18-bit bus interface: DB17-0
The pins not used for data transfer must be fixed to Vcc or GND.
Serial data output pin (SDO) to output on the falling edge of SCL
signal in SPI mode.

DB2-DB17 16 /10 MPU 18-bit bi-directional data bus.

8-bit bus interface: DB17-10

9-bit bus interface: DB17-9

16-bit bus interface: DB17-10, 8-1

18-bit bus interface: DB17-0

The pins not used for data transfer must be fixed to Vcc or GND.

0OSC1,0sC2 2 /0 Oscillation-  Connect to an external resistor for R-C oscillation. When

resistor supplying clocks externally, supply with OSC1, and leave OSC2

open.

RESET1* 3 | MPU or Reset pin. Initialize the LSI at low.

RESET2* Reset Power-on reset required when turning on the power supply.

RESET3* generating  Supply with either one of RESET1,2,3, and leave the unused pins
circuit open.

TEST1 1 [ GND Test pin. Must be fixed to GND level.

TEST2 1 | GND Test pin. Must be fixed to GND level.

Vce, GND 2 - Power Logic Vcc: +2.2V ~ +3.3V
supply Logic-side ground, GND: 0V

RVcc 1 - Power Vcc power supply for internal RAM. Supply same electric potential
supply as Vcc.

AGND 1 - Power Analogue-side ground, AGND: 0 V
supply

CGND 1 O Opposing Output GND level.

GND for Opposing GND for external elements (capacitors, diodes).
external
elements

Vi 1 | Vcce or Power supply for analogue circuits. Connect to an external power
power supply of 2.5V ~ 3.3V.
supply

Vcil 1 /0 Vccor Output internal reference voltage with amplitude between Vci and
power GND. Reference voltage for step-up circuitl.
supply Connect to an external power supply of 2.75V or lower, when

internal reference voltage is not used.

DDVDH 1 /0 Stabilizing  Output Vcil after stepped-up 2~3 times by step-up circuit 1. The
Capacitor or step-up scale is determined with internal register setting. Connect
open to a stabilizing capacitor. When step-up circuit 1 is not used,

leave open.

Vci2 1 | DDVDH or  Reference voltage for step-up circuit 2. Connect to DDVDH.
power Connect to an external power supply of 5.5V or lower, when
supply DDVDH is not used.

VGH 1 /0 Stabilizing  Output voltage with amplitude between VGH and GND after

Capacitor or
power

supply

stepped-up 2~4 times by step-up circuit 2. The step-up scale is
determined with internal register setting. Connect to a stabilizing
capacitor. When step-up circuit 2 is not used, connect to an
external power supply of 16.5V or lower.
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Signals Number /O Connected Functions

of Pins to

Vci3 1 | VGH or Reference voltage for step-up circuit 3. Connect to VGH or
DDVDH or DDVDH.
power Connect to an external power supply of 16.5V or lower, when
supply internal power supply is not used.

VGL 1 /0 Stabilizing  Output voltage with amplitude between VGH and GND after
Capacitor or multiplied by -1 by step-up circuit 3. Connect to a stabilizing
power capacitor. When step-up circuit 3 is not used, connect to an
supply external power supply of -16.5V or more.

Vci4 1 | Vcc or Vecil  Reference voltage for a step-up circuit 4. Connect to Vci or an
or power external power supply between 2.5 ~ 3.3 V.
supply

VCL 1 /O Stabilizing  Output voltage with amplitude between Vci4 and GND after
Capacitor or multiplied by -1 by step-up circuit 4. Connect to a stabilizing
power capacitor.
supply Power supply for generating VcomL. When using an external

power supply, connect to an external power supply of —-3.3V or
more if VcomL is negative voltage. When VcomL is GND or
more, halt step-up circuit 4 and connect it to GND.

VREG1OUT 1 I/O Stabilizing  Generate from internally generated reference voltage with
Capacitor or amplitude Vci-GND and output a reference voltage for VREG1
power with amplitude DDVDH-GND. The step-up scale for output
supply voltage is determined with internal register setting. Connect to a

stabilizing capacitor.

This is a reference voltage for generating Vcom. Connect to an
external power supply of DDVDH or lower when step-up circuit 1
is not used.

VREG20UT 1 I/O Stabilizing  Generate from internally generated reference voltage with
Capacitor or amplitude Vci-GND and output a reference voltage for VREG2
power with amplitude GND-VGL. The step-up scale for output voltage is
supply determined with internal register setting. Connect to a stabilizing

capacitor.

This is a reference voltage for generating VgoffOUT. Connect to
an external power supply of VGL or more when step-up circuit 2 is
not used.

Cl1+~C23+, 10 —  Step-up Connect to a step-up capacitor if necessary depending on step-up

Cl1-~C23- capacitor scale. When internal step-up circuit is not used, leave open.

C31+, C31- 2 —  Step-up Connect to a step-up capacitor for generating the VGL level from
capacitor the Vci3 and GND levels. When internal step-up circuit is not

used, leave open.

C41+, C41- 2 —  Step-up Connect to a step-up capacitor for generating the VCL level from
capacitor the Vci4 and GND levels. When internal step-up circuit is not

used, leave open.

Vcoml 2 O TFT Power supply for TFT common electrode. Output the same

Vcom2 common voltage level as VcomL during display off, and output the level
electrode with amplitude VcomH-VcomL during display on. The AC cycle is

changeable with liquid crystal drive AC control register (R02).
Connect to a TFT common electrode.

VcomR 1 | Variable VVcomH reference voltage. When VVcomH is externally adjusted,
resistor or halt the internal adjuster of VcomH with register setting and place
open a variable resistor between VREG1OUT and GND. When VcomH

is not externally adjusted, leave it open and adjust VcomH with
internal register setting.
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Signals Number /O Connected Functions

of Pins to

VcomH 1 O Stabilizing  Vcom high level generated during Vcom AC drive. Connect to a
Capacitor stabilizing capacitor.

VcomL 1 O  Stabilizing The Vcom level without Vcom AC drive, and Vcom low level with
Capacitor or Vcom AC drive. The voltage can be adjusted with internal register
open setting. Connect to a stabilizing capacitor. VcomL output is

halted when VCOMG bit is LOW, and in this case, stabilizing
capacitor is not necessary.

VgoffOUT 1 O Vgoffor Output power supply for gate drive. Internal register setting
Open enables AC drive in synchronization with Vcom. Make an

appropriate setting for the structure of hold capacitor of TFT
display. Output the amplitude VcomH-VcomL in reference to
VgoffL with AC drive.

Vgoff 1 | VgoffOUT or TFT gate off level. Negative voltage. Connect to VgoffOUT or
power otherwise, connect to external voltage power supply of VGL or
supply more.

VgoffH 1 O Stabilizing  VgoffOUT high level with Vgoff AC drive. Connect to a stabilizing
Capacitor or capacitor. The Vgoff output is halted when CAD bitis LOW. In
open this case, no stabilizing capacitor is necessary.

VgoffL 1 O Stabilizing  VgoffOUT without Vgoff AC drive, and VgoffOUT low level with
Capacitor Vgoff AC drive. The voltage can be adjusted with internal register

setting. Connect to a stabilizing capacitor.

VOP 2 I/0 Stabilizing  Output from positive-polarity internal operational amplifier when

V31P Capacitor the internal operational amplifier is turned on. Connect to a

stabilizing capacitor.

VON 2 I/0 Stabilizing  Output from negative-polarity internal operational amplifier when

V31N Capacitor the internal operational amplifier is turned on. Connect to a

stabilizing capacitor.

VGS 1 | GND or Reference voltage for grayscale voltage generating circuit. Place
external a variable resistor externally when adjusting a level for each
resistor panel.

S1-S396 396 O LCD Source output signal. The shift direction of segment signal is

changeable with SS bit:

SS =0, RAM address 0000 is output from S1.

SS =1, itis output from S396.

S1, S4, S7, ... display red (R), S2, S5, S8, ... display green (G),
and S3, S6, S9, ... display blue (B) (SS = 0).

G1-176 176 O LCD Gate output signal. Output VGH level to select a gate line, and

output Vgoff level not to select a gate line.

GTEST1-2 2 O LCDor Dummy gate output signal. Output the VGH level to select a gate
Open line, and output the Vgoff level not to select a gate line when CAD

bit is High. Output the Vgoff level not to select a gate line when
CAD bhit is Low. Leave open when not used.

TESTA1 1 1/0 Stabilizing A test pin for the VcomH output. Leave it open or connect to a
Capacitor or stabilizing capacitor if necessary depending on the quality of
Open display.

TESTA2 1 1/0 Stabilizing A test pin for the VcomL output. Leave it open or connect to a
Capacitor or stabilizing capacitor if necessary depending on the quality of
Open display.

TESTA3 1 1/0 Stabilizing A test pin for the Vgoff output. Leave it open or connect to a

Capacitor or
Open

stabilizing capacitor if necessary depending on the quality of
display.
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Signals Number /O Connected Functions
of Pins to

TESTA4 1 /0 Stabilizing A test pin for the VcomL output. Leave it open or connect to a
Capacitor or stabilizing capacitor if necessary depending on the quality of
Open display.

DCTEST 1 I GND A test pin. Must be connected to GND.

MTEST1 2 O Open Test pins. Leave open.

MTEST2

VTESTS 1 I/O Open A test pin. Leave open.

TSO-TS7 8 O Open A test pin. Leave open.

VMONI 1 O Open A test pin. Leave open.

TESTV1 1 I GND A test pin. Must be connected to GND.

REGP 1 /0 Open A test pin for VREG1OUT. Leave open.

DUMMY1, 22, 4 O Open Test outputs. Leave open.

23,39

DUMMY2-21, 35 —  Dummy Dummy pads. Connected to nowhere.

DUMMY24-38
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Block Function

1. System Interface

The HD66773R incorporates three kinds of high-speed system interfaces: 68-system and 80-system
interfaces with 18-/16-/9-/8-bit bus, and Serial Peripheral Interface (SPl). Theinterfacing modeis selected
with IM3-0 pins.

The HD66773R has three 16-hit registers: index register (IR), write data register (WDR), and read data
register (RDR). The IR stores the information of each control register and the index information of GRAM.
The WDR temporarily stores data before written to the control register or GRAM. The RDR temporarily
stores the data, which isread from GRAM. Datawritten into GRAM from the MPU isfirst written into the
WDR and then is automatically written into GRAM by internal operation. Since data are read through the
RDR from GRAM, the dataread out first are invalid and the ensuing data are read out normally.

The execution time for the instructions other than oscillation start is O-clock cycle, which enables
instructions to be written consecutively.

Register Selection (8/9/16/18 Parallel Interface)

80-system 68-system )
RS | Operation
WR* RD* R/W
0 1 0 0 Write index into IR
1 0 1 0 Read internal status
0 1 0 1 Write to control register and GRAM through WDR
1 0 1 1 Read from GRAM through RDR

Register Selection (Serial Peripheral Interface)

Start byte
R/W Bits RS Bits Operations
0 0 Write index into IR

Read internal status

1 0
0 1 Write to control register and GRAM through WDR
1 1 Read from GRAM through RDR

2. Bit Operation

The HD66773R supports write data mask function to write bit data selectively to GRAM and logical
arithmetical operation to perform logical arithmetical operation and conditional rewrite on GRAM display
data and then rewrite the datato GRAM. These functions significantly reduce the load on the graphics-
processing software in the microcomputer, and enable high-speed overwrite of GRAM display data. For
details, see “ Graphics Operation Function”.
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3.  AddressCounter (AC)

The address counter (AC) assigns addresses to GRAM. When an address set instruction iswritten into the
IR, the address information is sent from the IR to the AC.

After writing datainto GRAM, the AC is automatically updated plus or minus 1. The AC is not updated
when the data are read from GRAM. Window address function enables data write only in the rectangular
area of GRAM specified by window addresses.

4. Hardware-dither circuit

The hardware-dither circuit converts 18-bit one-pixel datato 16-bit data with hardware-dither conversion.

5.  GraphicsRAM (GRAM)
GRAM isgraphics RAM that stores bit-pattern data of 132 x 176 bytes with 16 bits per pixel.
6. Gray scale power supply voltage generating cir cuit

The grayscale voltage generation circuit generates liquid crystal drive voltage according to the grayscale
level set with the y-adjustment register, enabling 262,144-color display with 18 bits per pixel. For details,
see the “y-adjustment Register” section.

7. LCDdrivepower supply

The LCD drive power supply generates LCD drive voltage levels, VOP, VON, V31P, V31N, VGH, VGL,
VgoffOUT, and Vcom.

8. Oscillation Circuit (OSC)

The HD66773R can provide R-C oscillation simply by placing an external oscillation-resistor between
OSC1 and OSC2 pins. An appropriate oscillation frequency for operating voltage, display size, and frame
frequency can be obtained by adjusting the external-resistor value. Clock pulses can be supplied externally.
Since R-C oscillation is halted during standby mode, current consumption will be reduced. For details, see
“Oscillation Circuit”.

9. LCD Driver Circuit

The LCD driver circuit of HD66773R consists of a 396-output source driver (S1 ~ S396) and a 176-output
gate driver (G1 ~ G176). Display pattern data are latched when 396-bit data arrive. The latched data
controls source driver and generates drive waveforms. The gate driver, which operates display scan, selects
either VGH or Vgoff level to output. The shift direction of outputting 396-bit data from source driver
outputs is changeable with the SS bit. The shift direction of gate driver scan is changeable with the GS hit.
The scan mode of gate driver is changeable with SM bit. Select an appropriate shift direction and scan
mode for an assembly.
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GRAM AddressMAP

Gram Address and display position on the panel (SS="0")

S/G pin ole|atfrennn RN B % BB S| DSBS
DB B|D| B B|B|B|B|D 0| > B0 & BB B BB |B|®B|B| S

Gs=0 | Gs=1 | %% %A %% P W T O e S 0
G1 G176 | "0000"H ["0001"H ["0002"H |"0003"H [---------- "0080"H | "0081"H] "0082"H [ "0083"H
G2 G175 "0100"H ["0101"H ["0102"H |"0103"H |---------- "0180"H | "0181"H4 | "0182"H ["0183"H
G3 G174 | "0200"H ["0201"H | *g202"H |"0203"H [---------- "0280"H | "0281"H| "0282"H | "0283"H
G4 G173 | "0300"H ["0301"H ["0302"H ["0303"H |---------- "0380"H | "0381"H| "0382"H | "0383"H
G5 G172 | "0400"H |"0401"H | "a400"H {"0403"y [~ "0480"H | "0481"H| "0482"H | "0483"H
G6 G171 | "0500"H ["0501 H ["0502"H ["0503"H |---------- "0580"H | "0581 H | "0582"H | "0583"H
G7 G170 [ "0600"H ["0601"H |"0602"H |"0603"H [---------- "0680"H | "0681"H]| "0682"H | "0683"H
G8 G169 | "0700"H |"0701"H |"0702"H |"0703"H [---------- "0780"H | "0781"H| "0782"H | "0783"H
G9 G168 | "0800"H ["0801"H_|"0802"H |"0803"H [---------- "0880"H | "0881"H| "0882"H | "0883"H
G10 G167 | "0900"H ["0901"H_|[ "0902"H "0903"H |---------- "0980"H | "0981"H| "0982"H | "0983"H
G11 G166 | "0A00"H ["0A01"H | "0A02"H |"0A03"H [---------- "0A80"H | "0A81"H| "0A82"H | "0A83"H
G12 G165 ["0BO0"H |"0B01"H [ "omao"y ["0BO3"™H |---------- "0B80"H | "0B81"H | "0B82"H |"0B83"H
G13 G164 | "0C00"H ['0C01"H |"0C02"H|["0C03"H [---------- "0C80"H | "0C81"H| "0C82"H | "0cg3"H
G14 | G163 ["0D00"H ['0D01"H [ "0D02"H|~opogry | oo "0D80"H | "0p81"H | "op82"H ["ops3H
G15 G162 | "0E00"H ["0EO01"H | "0E02"H|"0E03"H |[---------- "0E80"H | "0E81"H| "0E82"H| "0E83"H
G16 G161 | "OF00"H ["0F01"H | "0F02"H|"oFo3"™y [---------- "OF80"H [ "0F81"H| "0F82"H | "0F83"H
G17 G160 | "1000"H {"1001"H | "1002"H | "1003"H [-~-=------ "1080"H | "1081"H| "1082"H | "1083"H
G18 G159 [ "1100"H |"1101"H | "1102"H | "1103"H [---------- "1180"H | "1181"H| "1182"H | "1183"H
G19 G158 | "1200"H |"1201"H | "1202"H | "1203"H [---------- "1280"H | "1281"H| "1282"H | "1283"H
G20 G157 | "1300"H ["1301"H | "1302"H|"1303"H |****"""" "1380"H | "1381"H] "1382"H | "1383"H
G169 G8 "A800"H |"A801"H ["A802"H | "AB03"H |-~~--"--- "A880"H | "A881"H| "A882"H | "aga3"H
G170 G7 "A900"H ["A901"H |"A902"H | "A903"H |--~------- "A980"H [ "A981"H| "A982"H | "A983"H
G171 G6 "AA00"H |*AAQ1"H |"AA02"H ["AAO3"H |---------- "AA80"H | "AA81"H| "AA82"H | "AA83"H
G172 G5 "AB00"H |["ABO1"H |"AB02"H | "ABO3"H [---~------ "AB80"H | "AB81"H| "AB82"H | "AB83"H
G173 | G4  |"ACO0"H Jracoq"H ["AC02"H |"ACO3"H | =~~~ "AC80"H [ "AC81"H| "AC82"H| "AC83"H
G174 G3 "ADO0"H vang1H ["ADO2"H | "ADO3"H |-~ <"+~ "AD80"H | "AD81"H| "AD82"H|"'AD83"H
G175 | G2 "AEO0"H |"AF01"H |"AE02"H | "AEQ3"H [~~~ - "AE80"H | "AE81"H "AEso"H|"AE83'H
G176 G1 "AFO0"H ["AF01"H |"AFO02'H | "AFo3"H |---------- "AF80"H | "AF81"H| "AF82"H| "AF83"H

Rev.1.10, Jun.21.2003, page 17 of 133

RENESAS




HD66773R

Therelationship between GRAM data and display data (SS="0")

The following figuresillustrate the relationship between GRAM data and display data in each interface
mode.

18-bit interface & hard dithering mode

IFData |DB|DB|DB|DB |DB|DB|DB|DB|DB|DB|DB |DB DB |[DB |DB DB | DB | DB
17116151413 ]12(11])10] 9 8 7 6 5 4 3 2 1 0

e XYY Y Y YYYYYVYYIYYTYYOYLY

circuit R5| R4 | R3|R2 |[RI |RO|G5|G4|G3|G2]|Gl|GO
R4 [ R3 (R2 Rl [RO [ G5 | G4 |G3|G2|Gl|GO|B4| B3| B2| Bl | B0

262,144 colors = = .. e~ =

expansion circuit | RS [ R4 [ R3 |R2 |Rl | RO | GS | G4 [G3|G2|Gl|Go|Bs|B4|B3|B2|Bl|B0

B5 | B4 | B3 | B2 | Bl | BO

GRAM data

Output pins S (3n+1) S (3n+2) S (3n+3)

Note: n = lower eight bit of address (0 to 132)

16-bit interface

IFData (DB|DB|DB|DB |DB|DB|DB|DB|DB DB |DB |DB |[DB DB |DB | DB
17161514 (131211 f10( 8 7 6 5 4 3 2 1

Y Y Y Y Y Y YYYYVYYYYYY

R4 | R3|R2 |RI | RO| G5| G4 Gl B4 [ B3 | B2 | Bl | BO

G3 | G2 GO
J\/l- i l l \ 4 i i J\/l-
262,144 colors
G4 | G3 Gl | GO

expansion circuit | RS | R4 | R3 |R2 IRl | RO | G5 B5 | B4 | B3 [ B2 | Bl | BO

GRAM data

G2

Output pins S@n+1) S(3n+2) S@3n+3)

Note: n = lower eight bit of address (0 to 132)
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9-bit interface &ard dither mode

First transfer

Second transfer
r | L
IFData |DB|DB| DB|DB | DB| DB| DB| DB| DB| DB| DB| DB| DB | DB| DB| DB| DB| DB
1711615 14| 312 1110 of 17| 16| 15 14] 13| 12| 11] 10| 9
Y Y Y Y Y Y Y Y YV Y YV Y YV Y
Dither process
circuit R5| R4 [R3|R2 |R1 |RO|G5|G4|G3|G2|Gl1|Go|B5|B4|B3|B2|BI|B0
GRAM data R4 |R3|R2 [RI |RO|G5|Ga|G3|G2|G1|Go|Ba| B3|B2|B1|BO
262,144 colors
expansion circuit R5|R4|R3|R2 [R1 |RO|G5|G4|G3|G2|Gl|Go|B5|B4|B3]|B2|BI|B0
Output pins S@n+1) S(Bn+2) S(3n+3)
Note: n = lower eight bit of address (0 to 132)
8-bit interface / SP1
First transfer Second transfer
r Il ]
IFData |DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB|DB |DB | DB|DB | DB
1716151413121 ]1of17]16f15]14|13]|12]11 |10
Y Y Y Y Y Y Y YV YYYY VY
GRAM dat:
™ |ra|r3|R2 |R1 | RO|G5|Ga|G3|G2|Gi|Go|B4|B3|B2|BI|BoO
J\ A 4 l i i
262,144 colors
expansion circuit |RS | R4 | R3 |R2 (Rl | RO [ G5 | G4 | G3 [G2 |Gl | GO |BS|B4|B3|B2|BI [BO
Output pins S@3n+1) S (3n+2) S (3n+3)

Note: n = lower eight bite of address (0 to 132)
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Gram Address and display position on the panel (SS="1",BGR="1")

Ol o | o] of Q T N QU X || Off ©

S/G pin Sl ol slolol ol ol SIT|I S| HEEEREBEERBREE
D D) DA DD D] D DY D] N D A D] ] D D) DD DD D »

GS=0 | Gs=1 |G- 09 OF--- OO O OOl R 0P - o o o g S8
G1 G176 | "0083"H | "0082"H | "0081"H | "0080"H |.-.-----.. "0003"H |"0002"H |"0001"H | "0000"H
G2 G175 | "0183"H ["0182"H | "0181"H | "0180"H [---------- "0103"H |"0102"H |"0101"H ["0100"H
G3 G174 | "0283"H [ "0282"H | "0281"H | "0280"H |---------- "0203"H | "0202"H | "0201"H | "0200"H
G4 G173 | "0383"H [ "0382"H | "0381"H | "0380"H |f---------- "0303"H | "0302"H | "0301"H [ "0300"H
G5 G172 | "0483"H | "0482"H | "0481"H | "0480"H f--------- "0403"H_|"0402"H | "0401"H | "0400"H
G6 G171 |"0583"H |"0582"H |"0581 H | "0580"H |---------- "0503"H |"0502"H |"0501 H | "0500"H
G7 G170 | "0683"H |"0682"H | "0681"H | "0680"H [---------- "0603"H |"0602"H |"0601"H | "0600"H
G8 G169 | "0783"H |"0782"H | "0781"H | "0780"H [---------- "0703"H |"0702"H |"0701"H | "0700"H
G9 G168 | "0883"H | "0882"H | "0881"H | "0880"H |---------- "0803"H | "0802"H | "0801"H | "0800"H
G10 G167 | "0983"H | "0982"H | "0981"H | "0980"H f--------- "0903"H_{"0902"H | "0901"H | "0900"H
G11 G166 | "0A83"H | "0A82"H | "0A81"H |"0A80"H |---------- "0A03"H {"0A02"H |"0A01"H ["0A00"H
G12 G165 | "0B83"H | "0B82"H | "0B81"H ["0B8O"H |---------- "0B03"H |"0B02"H |"0B01"H ["0B00"H
G13 G164 "0C83"H | "0C82"H | "0C81"H [|"0C80"H ||---------- "0C03"H ["0C02"H ["0CO01"H ["0C00"H
G14 G163 | "0D83"H | "0D82"H | "0D81"H |"0D80"H |--------- "0D03"H |"0D02"H |"0D01"H |"0D00"H
G15 G162 | "0E83"H | "0E82"H | "OE81"H | "0E80"H |---------- "0E03"H | "0E02"H | "0E01"H | "0E00"H
G16 G161 | "OF83"H | "OF82"H | "OF81"H | "OF80"H [---------- "0F03"H | "0F02"H [ "0F01"H [ "0F00"H
G17 G160 | "1083"H | "1082"H | "1081"H | "1080"H |---------- "1003"H | "1002"H | "1001"H | "1000"H
G18 G159 | "1183"H | "1182"H | "1181"H [ "1180"H [---------- "1103"H |"1102"H |"1101"H |"1100"H
G19 G158 | "1283"H | "1282"H | "1281"H | "1280"H [---------- "1203"H | "1202"H | "1201"H | "1200"H
GZ(} G157 | "1383"H | "1382"H | "1381"H | "1380"H |~~~ ~""~ "1303"H [ "1302"H | "1301"H | "1300"H
G169 G8 "A883"H ["A882"H | "A881"H | "A880"H |---------- "A803"H ["A802"H | "A801"H | "A800"H
G170 G7 "A983"H ["A982"H | "A981"H | "A980"H |---------- "A903"H ["A902"H | "A901"H | "A900"H
G171 G6 "AA83"H ["AA82"H | "AA81"H |"AA8B0"H |---------- "AA03"H ["AA02"H ["AA01"H ["AAQQ"H
G172 G5 "AB83"H ['AB82"H | "AB81"H |"AB8O"H |---------- "AB03"H ["AB02"H |"AB01"H ["AB0Q"H
G173 G4 "AC83"H ["AC82"H | "AC81"H ["AC80"H |---------- "AC03"H |"AC02"H |"ACO1"H |"AC00"H
G174 G3 "AD83"H ["AD82"H | "AD81"H |"AD8Q"H |--------- "AD03"H |"AD02"H ["ADO1"H |"AD00"H
G175 G2 "AE83"H|"AE82"H | "AE81"H| "AESO"H |--------- "AE03"H ["AE02"H | "AE01"H | "AE00"H
G176 G1 "AF83"H ["AF82"H | "AF81"H | "AF80"H | -~------- "AF03"H |"AF02"H | "AF01"H | "AF00"H
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Therelationship between GRAM data and display data (SS="1")

The following figuresillustrate the relationship between GRAM data and display data in each interface
mode.

18-bit interface & hard dither mode

IFData (DB|DB|DB|DB |DB|DB|DB|DB|DB|DB|DB |DB |DB (DB (DB |DB |DB |DB
171615141312 11]10] 9 8 7 6 5 4 3 2 1 0
Y Y Y Y Y Y Y YV Y Y Y Y Y YV Yy

Dither process
circuit R5 ] R4 | R3 |R2 |R1 |RO|G5]|G4|G3 B5 | B4 | B3 | B2 | Bl | BO

R

GRAM data R4 |R3|R2 [RI |RO|G5|Ga|G3|Ga|Gl|Go|B4| B3| B2|BI|Bo
262,144 colors
expansion circuit | RS | R4 | R3 |[R2 [RI | RO | GS| G4 |G3|G2|Gl|Go|Bs|B4|B3|B2|BI|BO
Output pins S (396 —3n) S (395 -3n) S (394 — 3n)
Note: n = lower eight bite of address (0 to 132)
16-bit interface
IF Data DB|DB|DB|DB |DB|DB|DB|DB|DB |DB |DB |DB |DB |DB |DB | DB

1716|1514 131211 ]10] 8 7 6 5 4 3 2 1

Y Y Y YV Y YYYYYYYYTYY

R4 | R3|R2 | Rl | RO B4 | B3 | B2 | BI | BO

G5 G4 | G3| G2 | GI | GO
262,144 colors
G5 1G4 | G3|G2|Gl|GO

expansion circuit RS | R4|R3 [R2 |RL | RO

GRAM data

B5 | B4 | B3 | B2 | Bl | BO

Output pins S (396 —3n) S (395 -3n) S (394 - 3n)

Note: n = lower eight bite of address (0 to 132)
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9-bit interface & hardware dither mode

First transfer

Second transfer

17 (16| 15| 14] 13| 12

IFData (DB|DB|DB|DB| DB| DB| DB

11

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

10 9] 17] 16] 15

141 13] 12] 11

DB| DB
10 9

vYvvvy

.

YYvvy

YYYyyy

Dither process

circuit R5|R4[R3|R2 |[RI |RO[G5]G4|G3|G2 |Gl |GO|BS]|B4]|B3|B2|BI|B0
GRAM data R4 | R3 |R2 [RI RO‘GS G4|G3|G2|Gl|Go|Ba| B3| B2|BI|BoO
260,000 colors
expansion circuit |RS | R4 | R3 [R2 [Rl | RO | G5| G4 |G3 [G2|Gl|GO|BS|B4|B3|B2|BI|BO
Output pins S (396 —3n) S (395 -3n) S (394 — 3n)
Note: n = lower eight bite of address (0 to 131)
8-bit interface / SPI
First transfer Second transfer
r Il 1
IFData (DB | DB| DB |DB [ DB|DB|DB|DB|DB |DB |DB DB |DB [DB | DB | DB
1711615141312 1mf10f17|16]15]14 131211 |10
GRAM dat
™ IRra|R3|R2 |RI |RO| G5|Ga|a3|a2|ar|aGo|B4|B3|B2|B1|BoO
260,000 colors
expansion circuit |RS | R4 [ R3 |R2 (Rl | RO | GS | G4 |G3|G2 |Gl |GO|BS|B4|B3|B2|BI|BO
Output pins S (396 — 3n) S (395 — 3n) S (394 — 3n)

Note: n = lower eight bite of address (0 to 131)
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I nstructions

Outline

The HD66773R adapts 18-hit bus architecture that enables high-speed interfacing with a high-performance
microcomputer. Data sent from external (18/16/9/8 bits) are stored temporarily in the instruction register
(IR) and the data register (DR) to store control information before internal operation starts. Since internal
operation is decided according to the signal sent from the microcomputer, register selection signal (RS),
read/write signal (R/W), and internal 16-bit data bus signal (DB15 to DBO) are called instruction. GRAM
is accessed through internal 18-bit databus. There are eight categories of instructions:

Specify index

Read status

Control display

Control power management

Process graphics data

Set internal GRAM addresses

Transfer datato and from internal GRAM

Set grayscale level for internal grayscale y-adjustment

© NSO g~ wDN R

Normally, the 7" instruction to write data to be displayed is executed the most frequently. The address of
internal GRAM is updated automatically after data are written to internal GRAM. With window address
function, this reduces the amount of data transmission to minimum and thereby lightens the load on the
program in the microcomputer. Since instructions are executed in O cycle, it is possible to write
instructions consecutively.

Asthe following figure shows, the assignment to the 16 instruction bits (1B15-0) varies according to the
interface to be used. Aninstruction must adopt the data format for each interface.
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18-bit interface
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Instuctionbit | 1B | B | IB| IB|IB| IB| IB| IB IB |IB | IB
(IB) 15| 14|32 9] s 70165

16-bit interface

DB |DB| DB |DB | DB | DB | DB | DB DB |DB (DB |DB | DB |DB | DB | DB
1716151413 12]11]10 sl 716|543 ]2]1
(1B) 1514|1312 f10]9]s 76 S p4 320
9-bit interface .
First transfer I Second transfer —
DB|DB|DB|DB |DB|DB|DB|DB|DB|DB|DB|DB |DB |[DB |DB |DB |DB | DB
176152z o 1716|1514 f13]12]1110]09
Instructionbit | 1B | B | B | B | B | B| B| B IB |IB |IB|IB|IB|IB|IB|IB
(IB) 1501413 12|11f10] 9] 8 716|543 2110
8-bit interface/SPI
First transfer l Second transfer —
pB| DB | DB|DB | DB | DB | DB | DB DB| DB| DB|DB | DB| DB | DB | DB
1711615 14|13 12] 11] 10 170 16 | 15| 14 13| 12| 11 [ 10
Instructionbit | g | 1g | 1B | 1B | B | 1B | IB | IB B |[IB|B|[B|B|B|B|IB
(IB) 5|l |zlulwo|ols 716|543 2]1]o0

Instruction bit assignment
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Instructions

Thefollowing are detail explanations of instructions with illustrations of instruction bits (I1B15-0) assigned
to each interface.

Index

The index instruction specifies aindex (ROOh to R3Bh) of control registers and RAM contral, that is
accessed. It setsthe register number from 0000000 to 11111111 in binary form. Do not try to access to the
register to which instruction is not assigned.

RW RS 1B15 IB14 1B13 IB12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 1B4 IB3 B2 1B1 1BO

W | o sk | k| k| k| % |k |k | k| |D6|ID5|ID4|ID3|ID2|ID1 |IDO

Status Read
The status read instruction reads the internal status of the HD66773R.

L 7-0: Indicate the position of raster-row driving liquid crystal.

RW RS IB15 IB14 1B13 [B12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 1B4 [B3 B2 1B1 IBO

R 0 L7 L6 | L5 L4 | L3 | L2 (L1 LO 0 0 0 0 0 0 0 0

Start Oscillation (R0O0h)

The start oscillation instruction restarts the oscillator in a halt state during standby mode. After executing
thisinstruction, wait at least 10 msfor stabilizing oscillation before issuing a next instruction. For details,
see the “ Standby Mode” section.

“0773"H isread out, if this register isforced to read out.

RW RS 1B15 IB14 1B13 IB12 1B11 I1B10 IB9 1B8 IB7 [IB6 IB5 1B4 [B3 B2 1B1 1BO

Wl o k| sk | k| k| k| sk |k [k |k |k |k [k |k |%|x |2
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Driver Output Control (RO1h)

RW RS 1B15 1B14 1B13 1B12 IB11 IB10 IB9 B8 IB7 IB6 [B5 B4 1B3 1B2 1B1 1BO

w 1 0 0 0 0 0O |SM |GS|SS]| O 0 0 | NL4| NL3|NL2|NL1]|NLO

GS: Select the shift direction of outputs from the gate driver. The scan order by the gate driver is
changeabl e in accordance to the scan mode of gate driver. Select an optimum shift direction for the
assembly.

SM: Set the scan order by the gate driver. Select an optimum scan order for the assembly. For details, see
“Scan Mode Setting”.

SS: Select the shift direction of outputs from the source driver. When SS = 0, the shift direction of outputs
isfrom S1to S396. When SS = 1, the shift direction of outputsisfrom S396 to S1. In addition to the shift
direction, setting for both SS and BGR bits are required to change the assignment of R, G, B dotsto the
source driver pins. To assign R, G, B dotsto the source driver pins interchangeably from S1, set SS=0,
BGR =0. Toassign R, G, B dotsto the source driver pins interchangeably from S396, set SS=1, BGR=1.

Rev.1.10, Jun.21.2003, page 26 of 133
RENESAS



HD66773R

NL 4-0: Specify the number of LCD drive raster-rows. The number of drive raster-rows is adjusted by 8
multiple raster-rows. The mapping of addressesto GRAM isindependent of this setting. Select the
number of raster-rows so that the display size coversthe size of apanel.

NL bits

NL4 NL3 NL2 NL1 NLO Display Size Number of LCD Driver Lines  Gate Driver Used

0O 0 O 0 O  Settingdisabled Setting disabled Setting disabled
0 0 0 0 1 396 x 16 dots 16 G1to G16
0 0 0 1 0 396 x 24 dots 24 Glto G24
0 0 0 1 1 396 x 32 dots 32 G1to G32
0 0 1 0 0 396 x 40 dots 40 G1to G40
0 0 1 0 1 396 x 48 dots 48 G1to G48
0 0 1 1 0 396 x 56 dots 56 Gl to G56
0 0 1 1 1 396 x 64 dots 64 Glto G64
0 1 0 0 0 396 x 72 dots 72 Glto G72
0 1 0 0 1 396 x 80 dots 80 G1to G80
0 1 0 1 0 396 x 88 dots 88 G1 to G88
0 1 0 1 1 396 x 96 dots 96 G1 to G96
0 1 1 0 0 396 x 104 dots 104 G1lto G104
0 1 1 0 1 396 x 112 dots 112 Glto G112
0 1 1 1 0 396 x 120 dots 120 G1to G120
0 1 1 1 1 396 x 128 dots 128 G1lto G128
1 0 0 0 0 396 x 136 dots 136 G1to G136
1 0 0 0 1 396 x 144 dots 144 Glto G144
1 0 0 1 0 396 x 152 dots 152 G1to G152
1 0 0 1 1 396 x 160 dots 160 G1 to G160
1 0 1 0 0 396 x 168 dots 168 G1to G168
1 0 1 0 1 396 x 176 dots 176 G1lto G176

Note 1) A blanking period which lasts 8H, where all gate lines output Vgoff level, will be inserted after driving
all gate lines.
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L CD Driving Waveform Control (R02h)

RW RS IB15 IB14 1B13 [B12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 B4 IB3 1B2 1B1 IBO

\ 1 0 0 0 0 |FLD1|{FLDO|B/C [EOR| O 0 |NWS5|NW4|NW3|NW2| NW1| NWO

FLD1-0: Specify the number of fields during n-field interlaced drive. For details, see “Interlaced Drive”.

FLD Bits

FLD1 FLDO Number of Fields

0 0 Setting disabled
0 1 1 field

1 0 Setting disabled
1 1 3 fields

B/C: When B/C =0, afield AC waveform is generated. Alternation occurs every frame to drive liquid
crystal. When B/C=1, alternation occurs every n raster-rows according to the settingsin EOR and NW5-0
bits of the LCD driving waveform control register. For details, see “n-raster-row Inversion AC Drive”.

EOR: When EOR = 1 and a C-pattern waveform is generated (B/C =1), an odd/even frame select signal
and an n-raster-row inversion signal are AC-driven. Thisinstruction is available when liquid crystal AC
drive is not made depending on the combination of numbers of LCD drive raster-rows and the value of “n
of n-raster-row inversion AC drive. For details, see“n-raster-row inversion AC drive’.

NW5-0: Specify n, the number of raster-rows from 1 to 64 to alternate every n+1 raster-rows when C-
pattern waveform is generated (B/C = 1).
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Power Control 1 (R03h)
Power Control 2 (R04h)

RW RS IB15 IB14 1B13 IB12 1B11 I1B10 IB9 1B8 IB7 1B6 IB5 1B4 IB3 B2 1B1 1BO
w 1 0 0 0 0 0 | BT2| BT1|BTO | DC2|DC1|DCO | AP2|AP1 [APO | SLP| STB
w 1 CAD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BT2-0: Change the step-up scale of the step-up circuit. Adjust the scale according to the voltage. Smaller
scale consumes lesser current.

BT2 BT1 BTO DDVDH Output VGH Output Note* Capacitor connect pin

o 0 0  2xVel 3% Vei2 VGH = Vil x 6 ng;’iD'éz\llf'tz\’zi"C\é% cuts

0 0 1 2 x Vcil 4 x \Vci2 VGH =Vcil x 8 ng;/iDEZ\llS%ZVZiLC\égi C31+, C4lt
o 1 0  3xVel 3% Vei2 VGH = Vil x 9 ngi’iD'él\Z’f"'CZVli"c\éi‘ Ca1e Cate
0 1 1  3xvei 2 X Vci2 VBH=VeiLx6  Op) e o e cane
1 0 0 2 x Vcil Vcil+2xVci2 VGH=Vcil x5 ng;/iD'éZ\lli?%Z\/Z?_rLC\éi_ cal+

1 0 1 2xvdl VCil +3xVei2  VGH = Veil x 7 ngi/iDEZ\llf%ZVZiLC\égi Ca1e Cate
11 o G BxVo2  VGH=Vei2x3 5o ot Car

1 1 1 Setingdisabled Soul9 Seuno —

Note*) The VGH is stepped-up from Vcil, which is the voltage level when DDVDH and Vci2 is short-circuited.
The VGH must be set to satisfy VDDVDH < 5.5V and VGH <16.5 V.
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DC2-0: Select the operating frequency for the step-up circuit. The higher step-up frequency enhances the
drive capacity of step-up circuit aswell as the display quality, while the current consumption will increase.
Adjust the frequency taking both the display quality and the current consumption into consideration.

DC2 DCl1 DCO Step-up Cycle of Step-up Circuit1  Step-up Cycle in Step-up Circuits 2/3/4

0 0 0 DCCLK /16 DCCLK / 64
0 0 1 DCCLK /32 DCCLK /64
0 1 0 DCCLK /64 DCCLK /64
0 1 1 DCCLK /32 DCCLK / 256
1 0 0 DCCLK /16 DCCLK /128
1 0 1 DCCLK /32 DCCLK /128
1 1 0 DCCLK /64 DCCLK /128
1 1 1 DCCLK / 64 DCCLK / 256

AP2-0: Adjust the amount of fixed current from the fixed current source in the operational amplifier circuit
in the liquid crystal drive power supply. When the amount of fixed current is set large, the liquid crystal
drive capacity is enhanced and the display quality will improve, while the current consumption will
increase. Select an optimum amount of current taking both the display quality and the current consumption
into account. During non-display operation, set AP2-0 = “000" to halt the operation of operational
amplifier and step-up circuit to further reduce current consumption.

>
0
N
>
0
[

APO  Amount of Current in Operational Amplifier

Halt operational amplifier and step-up circuit

Small

Small or medium

Medium

Medium or large

Large

Setting disabled

PP, OlOCIO|O
PP O O|F|FL| OO
ROl O|FR| OO

Setting disabled

SLP: When SLP = 1, the HD66773R entersinto the sleep mode. In the sleep mode, internal display
operation is halted except the R-C oscillator to reduce current consumption. No changeis made to the
GRAM dataor instructions during the sleep mode, but it is retained.

STB: When STB = 1, the HD66773R enters into the standby mode. In the standby mode, display operation
is completely halted, and all internal operation including the internal R-C oscillator and reception of
external clock pulse, ishalted. For details, see “Standby Maode”. Only instructions to access RO3h
including the standby bit and to start oscillation are accepted during the standby mode.

CAD: Make an appropriate setting for the structure of TFT panel holding capacitor.
Set CAD ="0" for Cst structure.
Set CAD ="1" for Cadd structure.
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Power Control 3 (ROCh)
Power Control 4 (RODh)
Power Control 5 (ROEh)

RW RS 1B15 1B14 1B13 1B12 |B11 IB10 IB9 B8 IB7 IB6 [B5 B4 IB3 I1B2 1B1 1BO

\W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 | VC1 | VCo

W 1 0 0 0 0 | VRL3|VRL2| VRL1 VRLO] O 0 0 | PON |VRH3| VRH2| VRH1| VRHO
VCO

w 1 0 0 MG VDV4 VDV3|VDV2 VDV1 VDVO 0 0 0 |VCM4{VCM3 VCM2IVCM1VCMO]

VC2-0: Adjust reference voltage for VREG1OUT, VREG20UT, and Vcil to the level of Vci multiples.
When VC2-0 ="111", internal reference voltage generation is halted and an arbitrary level of voltage can
be applied through Vcil.

VC2 VC1 VCO VREGI1OUT (reference, Vcil output , REGP output voltage)
0 0 0 Vci

0 0 1 0.92 x Vci

0 1 0 0.87 x Vci

0 1 1 0.83 x Vci

1 0 0 0.76 x Vci

1 0 1 0.73 x Vci

1 1 0 0.68 x Vci

1 1 1 Vcil: Hi-Z REGP: GND

Note) Leave REGP open so that the voltage as specified above is output.
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VRL 3-0: Set the amplifying scale of VREG20UT voltage (the reference voltage for Vgoff). The output
from Vci voltage adjustment circuit can be amplified by —1.5 ~—6.5 times.

VRL3 VRL2 VRL1 VRLO VREG20UT Voltage

o
o
o
o

Vci x-1.5

Vci x—=2.0

Vci x-2.5

Vci x-3.0

Vci x—3.5

Vci x—-4.0

Vci x—4.5

Halt

Vci x-5.0

Vci x-5.5

Vci x—-6.0

Vci x—-6.5

Setting inhibited

Setting inhibited

RlRr| PP R RO OlO O oOloloO
|| PO OClO|O|FR|F|IFR| | O|lO|O
Rr|lO|lO|rR| P O|lO|rR|FRP|O|OC|Fr|FR|O
oO|lRr| O/ O|rR| O|R|O|FR|O|lR|O|R

Setting inhibited

1 1 1 1 Halt

Note) Adjust Vci and VRL3-0 so that the VREG20UT voltage is —16.0 V or more.

PON: Start operation of step-up circuit 3. To halt operation, set PON = 0. To start operation, set PON = 1.
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VRH3-0: Set the amplifying scale of VLOUT1 voltage (the reference voltage for VCOM and grayscale
voltage). The output from Vciout output amplifier can be amplified by 1.33 ~ 2.775 times.

VRH3 VRH2 VRH1 VRHO VREG1OUT Voltage

0 0 0 0 REGP x 1.33
0 0 0 1 REGP x 1.45
0 0 1 0 REGP x 1.55
0 0 1 1 REGP x 1.65
0 1 0 0 REGP x 1.75
0 1 0 1 REGP x 1.80
0 1 1 0 REGP x 1.85
0 1 1 1 Halt

1 0 0 0 REGP x 1.900
1 0 0 1 REGP x 2.175
1 0 1 0 REGP x 2.325
1 0 1 1 REGP x 2.475
1 1 0 0 REGP x 2.625
1 1 0 1 REGP x 2.700
1 1 1 0 REGP x 2.775
1 1 1 1 Halt

Note) Adjust VC2-0 and VRH3-0 so that the VREG1OUT voltage is 5.0 V or less.

VCOMG: When VCOMG = 1, VcomL outputs a negative voltage up to -5V. When VCOMG =0, the
VcomL voltageis GND and negative-polarity amplifier is halted to reduce power consumption. When
VCOMG ="“0", the setting in VDV4-0 ismade invalid. In this case, make adjustment for the AC
amplitudes of Vcom and Vgoff with VCM4-0, VocomH settings.
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VDV4-0: Set the AC amplitude of Vcom and Vgoff during Vcom AC drive. The amplitude can be
specified within the range of VREG1OUT x 0.6 ~ 1.23. When VCOMG = 0, this setting isinvalid.

VDV4 VDV3 VDV2 VDV1 VDVO Vcom Amplitude

0 0 0 0 0 VREG10UT x 0.60
0 0 0 0 1 VREG10UT x 0.63
0 0 0 1 0 VREG1O0UT x 0.66
0 1 1 0 0 VREG1O0UT x 0.96
0 1 1 0 1 VREG1O0UT x 0.99
0 1 1 1 0 VREG1O0UT x 1.02
0 1 1 1 1 Setting disabled

1 0 0 0 0 VREG1O0UT x 1.05
1 0 0 0 1 VREG10UT x 1.08
1 0 0 1 0 VREG10UT x 1.11
1 0 0 1 1 VREG10UT x 1.14
1 0 1 0 0 VREG1O0UT x 1.17
1 0 1 0 1 VREG10UT x 1.20
1 0 1 1 0 VREG10UT x 1.23
1 0 1 1 1

1 1 " " " Setting disabled

Note) Adjust VREG1OUT and VDV4-0 so that the Vcom and Vgoff amplitudes are 6.0 V or less.
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VCM4-0: Set the VcomH voltage (The higher voltage during Vcom AC drive). The amplitude can be
specified within the range of VREG1OUT x 0.4 ~0.98. When VCM4-0 =“1111", theinterna volume
adjustment operation is halted, and the VcomH voltage can be adjust by placing an external resistor at

VcomR.

VCM4 VCM3 VCM2 VCM1 VCMO VcomH Voltage

0 0 0 0 0 VREG10UT x 0.40

0 0 0 0 1 VREG10UT x 0.42

0 0 0 1 0 VREG10UT x 0.44

0 1 1 0 0 VREG1OUT x 0.64

0 1 1 0 1 VREG1O0UT x 0.66

0 1 1 1 0 VREG1O0UT x 0.68

0 1 1 1 1 Halt internal volume. Adjust by an
external variable resistor VcomR.

1 0 0 0 0 VREG1O0UT x 0.70
VREG10UT x 0.72

1 0 0 1 0 VREG10UT x 0.74

1 1 1 0 0 VREG1O0UT x 0.94

1 1 1 0 1 VREG1O0UT x 0.96

1 1 1 1 0 VREG1O0UT x 0.98

1 1 1 1 1 Halt internal volume. Adjust by an

external variable resistor VcomR.

Note) Adjust VREG1OUT and VCM4-0 so that the VcomH voltage is the VDH level or less.

cui [\

FLM

Vgoff

VGH

GTEST1,2

Vgoff

VGH

GTEST1, 2 Output Timing Chart

Rev.1.10, Jun.21.2003, page 35 of 133

RENESAS




HD66773R

Entry Mode (R05h)
Compare Register (R06h)

RW RS 1B15 1B14 1B13 1B12 1B11 IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 1B2 1B1 1BO

W 1 DIT| O 0 [BGR| O 0 [HWM]| O 0 0 1/D1{1/DO| AM | LG2 LGl |LGO

W 1 CP15|CP14| cP13| cP12| cP11| CP10| CP9| cPg| cP7| CP6| CP5 [ CP4 | CP3| CP2 | CP1| CPO

The HD66773R modifies write data sent from the microcomputer before writing to GRAM. This enables
high-speed GRAM data update, and reduces the load on the microcomputer software. For details, see
“Graphics Operation Function”.

HWM: When HWM=1, data are written to GRAM in high speed. In high-speed write mode, 4 words are
written to GRAM in a single operation after executing 4 RAM write operations. If RAM writeis
terminated before it is executed 4 times, the last datawill not be written. Make sure that RAM writeis
executed 4 times. For this reason, the lower 2 bits must be set to “0” when setting the RAM address. For
details, “High-Speed RAM Write Mode”.

I/D1-0: The address counter is automatically incremented by 1, after data are written to GRAM when |/D1-
0="1". Theaddress counter isautomatically decremented by 1, after data are written to GRAM when
I/D1-0="0". The setting for the increment or decrement of the address counter can be made independently
for each upper and lower bits of the address. The transition direction of the address when data are written
to GRAM is set with AM bits.

AM: Set the direction in which the address counter is updated automatically after data are written to
GRAM. When AM ="0", the address counter is updated in the horizontal direction. When AM =*1", the
address counter is updated in the vertical direction. When window addresses are specified, data are written
to the GRAM area specified by the window address in the manner specified with 1/D1-0, AM bits.

DIT: Hardware-dither mode when DIT =“1". Use hardware-dither mode with 18/9-bit interface modes.

1/D1-0="00" 1/D1-0="01" 1/D1-0="10" 1/D1-0="11"
Horizontal: decrement Horizontal: increment Horizontal: decrement Horizontal: increment
Vertical: decrement Vertical: decrement Vertical: increment Vertical: increment
00h 00h 0000h 0000h
- — — >
AM="0" Sy
- el e S
. Ppl— el — D ———
Horizontal \_; —

AF83h AF83h AF83h AF83h

0000h 0000h 0000h 0000h

TYYIYY ARARA L A 1.
AM="1" [+, | o
Vertical / / g ! 1
. - A Y Y Y A A N

AF83h AF83h AF83h

s
AF83h

Note: When the window address is set, data are written only in the window address area on GRAM.

Addresstransition direction
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L G2-0: Rewrite datato GRAM after comparing the data that are written by the microcomputer to GRAM

with the values in the compare registers (CP17-0) and performing alogical operation. For details, see

“Graphics Operation function”.

CP15-0: Set the value for the compare register, with which the data read out from GRAM or data written

to GRAM by the microcomputer are compared. Thisfunction is not available with 18/19-bit interface
modes. In 18/19-bit interface modes, make sure LG2-0 = “000".

BGR: Reversethe order from R, G, B to B, G, R for GRAM data. When setting BGR =1, CP15-0 and
WM 15-0 bits will be automatically changed to the same effect.

18 bit
Write data (Note 1) 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 0
\ \ \
RGB- BGR conversion (BGR)
\ ] ¥ ] vV ¥V | ¥ / | ¥
Logical O”pcra'l'ioin on GRAM write data Compare (Compare W/R data with compare register)
Logical/compare LC‘:Z-O - ”000“ : Replace LG2-0="100": READ data correspond
operation (LG2 - 0) LG2-0="001": OR LG2-0="101": READ data not correspond
P LG2-0="010": AND LG2-0="110": Write data correspond
LG2-0="011": EOR LG2-0="111": Write data not correspond
Write data mask* Wrte data mask (WM15-0)
(WM15 - 0)
(Note 2) TV ¢ v Ll vt T Ty T T T T T
vy VvV Vv Vv VvV VvV V VvV V VvV V. YV vy _ VvV VvV YV

GRAM

Note 1) The logical and compare operations are effective in 8-/16-bit interace modes. Otherwise, set LG2-0 = "000".
The bit assignment is different for each interface mode.
Note 2) Write data mask (WM15-0) is set with the RAM write data mask register. The write data mask is available in
8-/16-bit interace modes.
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Display Control 1 (RO7h)

RW RS IB15 IB14 1B13 [B12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 B4 IB3 B2 1B1 IBO

\ 1 0 0 0 | PT1| PTO [VLE2|VLE]Y SPT| O 0 |GON|DTE| CL |REV| D1 | DO

PT1-0: Specify the kind of source output when non-display areais driven in the partia display mode. For
details, see " Screen-split drive function”.

VLE2-1: When VLE1 = 1, thefirst screen is scrolled in the vertical direction. When VLE2 = 1, the second
screen is scrolled in the vertical direction. The first and second screens cannot be scrolled simultaneously.
This function is not available with external display interface mode.

VLE Bits
VLE2 VLE1 Image on 2nd Screen Image on 1st Screen
0 0 Stationary Stationary
0 1 Stationary Scrolled
1 0 Scrolled Stationary
1 1 Setting disabled Setting disabled

CL: When CL =1, 8-color display mode is selected. For details, see8-Color Display Mode”.

CL Bit
CL Colors
0 65,536

8

SPT: When SPT = 1, liquid crystal isdriven with 2 split screens. For details, see “ Screen Split Drive
Function”.
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REV: When REV =1, areverse display is shown. Inverting the grayscale levels allows the display of

same data on both normally white and normally black panels. The source output level is asfollows.

Combination with partial display

Source output level

_ non-display area
REV dGSaAM Display area PT1-0 = (0.%) PT1-0= (1.0) PT1-0 = (1.1)
VCOM ="L" VCOM ="H" VCOM="L" VCOM="H" VCOM ="L" VCOM ="H" VCOM ="L" VCOM ="H"
16’h0000 V31 VO
0 i i i V31l VO GND GND Hi-z Hi-z
16’hFFFF VO V31l
16’h0000 VO V31
1 i i i V31l VO GND GND Hi-z Hi-z
16’hFFFF V31l VO
Combination with D1-0 bits
Source output level
ey | GRAM D1-0 = (1.1) D1-0 = (1.0) D1-0 = (0.1) D1-0 = (0.0)
d ata VCOM =“L" VCOM =“H" VCOM =“L" VCOM =“H" VCOM =“L" VCOM =*H" VCOM =“L" VCOM =*H"
16’h0000 V31l VO
0 i i i V3l VO GND GND GND GND
16’hFFFF VO V3l
16’h0900 VO . V31I
1 | | | V31 VO GND GND GND GND
16’hFFFF V3l VO

GON: When GON = 0, the gate-off level isVGH.

D1-0: Thegraphicsdisplay ison when D1 = 1, and off when D1 = 0. When setting D1 = 0O, the data are
retained in GRAM. This means the graphicsisinstantly redisplayed when setting D1to 1. WhenD1is0
(i.e., the display is off) all the source outputs are set to the GND level. This reduces the charged/discharged
current during liquid crystal AC drive.

When D1-0 = 01, the HD66773R continuesinternal display operation, even while the external display is

off. When D1-0 = 00, both internal and external display operation are halted.

In combination with GON and DTE bits, D1-0 bits control ON/OFF of display. For details, see “Instruction

Setting Flow”.
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HD66773R
GON DTE D1 DO Internal Display  Source output Gate output
Operation
0 Halt GND VGH
Operate GND VGH
1 Operate GND VGOFF
1 0 1 1 Operate Grayscale level -\ sopp
output
1 1 1 1 Operate Grayscale level Gate selective line: VGH,

output Gate non-selective line: VGOFF

Note 1) GRAM write operation from the microcomputer is irrelevant to the setting in D1-0.
Note 2) In the standby mode, D1-0 = “00. The setting in the register D1-0 is retained.

Frame Cycle Control (ROBh)

RW RS 1B15 IB14 1B13 IB12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 1B4 IB3 B2 1B1 1BO

w 1 NO1 [NOO (SDT1SDTO| EOL | EQO |[DIV1|DIVO| O 0 0 0 RTN3‘RTN2 RTNIRTNO

RTN3-0: Set the 1H (1 raster-row) period.

RTN Bitsand Clock Cycles

Clock Cycles
RTN3 RTN2 RTN1 RTNO per Raster-row
0 0 0 0 16 clocks
0 0 0 1 17 clocks
0 0 1 0 18 clocks
1 1 1 0 30 clocks
1 1 1 1 31 clocks
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DIV1-0: Set thedivision ratio of clocks for internal operations (DIV1-0). Interna operationsarein
synchronization with the clock, the frequency of which is divided according to the DIV 1-0 setting. When
changing the number of drive raster-rows, adjust the frame frequency too. For details, see”Frame
Frequency Adjustment Function”.

DIVl DIVO Division Ratio Internal Operating Clock Frequency

0 0 1 fosc/1
0 1 2 fosc/2
1 0 4 fosc/ 4
1 1 8 fosc /8

fosc = R-C oscillation frequency

Formulafor the frame frequency

fosc
Frame frequency [HZ]
Clock cycles per raster-row x division ratio x (Line + 8)

fosc: R-C oscillation frequency

Line: number of drive raster-rows (NL bit)
Divisionratio: DIV bit

Clock cycles per raster-row: RTN bit

EQ1-0: Set the period for equalization, where Vcom output becomes Hi-z.

EQ1 EQO Equalizing period
0 0 Not equalized

0 1 1 clock

1 0 2 clocks

1 1 3 clocks

Note) Equalizing is valid while VcomL is OV or more. Otherwise, set EQ = “00”
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SDT 1-0: Determine the amount of delay for the source output from the falling edge of the gate output.

SDT1 SDTO Delay Time for Source Signal
0 0 1 clock

0 1 2 clocks

1 0 3 clocks

1 1 4 clocks

:4—1 H period —N—1 H period———»

Gn

Sn

EQ T

Delay amount of o
> <

the source output
Equalizing period = -

NO1-0: Specify the amount of non-overlap time for the gate output.

NO1 NOO Non-overlap time
0 0 0 clock

0 1 4 clocks

1 0 6 clocks

1 1 8 clocks

’—1 H period—N—1 H period—’:

on ] |

Gn+1 ' Non-overlap period _>' [‘_
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Gate Scan Position (ROFh)

RW RS 1B15 IB14 1B13 1B12 IB11 I1B10 IB9 1B8 |B7 IB6 IB5 B4

1B3

1B2

IB1

1BO

W 1 0 0 0 0

0

0 0 0 0 0| O [SCN4

SCN3

SCN2

SCN1

SCNO

SCN4-0: Specify the position where the gate scan starts.

Scan Start Position

SCN4 SCN3 SCN2 SCN1 SCNO GS=0 GS=1
0 0 0 0 0 Gl G176
0 0 0 0 1 G9 G168
0 0 0 1 0 G17 G160
1 0 G161 G17
1 G169 G9
G1 G1
G17
G57
G176 G176
GS=0 GS=0

SCN4-0=00010

SCN4-0=00111

Note: Set NL so that the gate scan end position

does not exceed G176.
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Vertical Scroll Control (R11h)

RW RS 1B15 1B14 1B13 1B12 1B11 1B10 B9 1B8 IB7 I1B6 IB5 1B4 IB3 B2 IB1 IBO

w 1 0 0 0 0 0 0 0 0 |vL7|VvL6| VL5| VL4 VL3 [VvL2 |VL1]| VLO

VL 7-0: Specify the number of raster-rows to be scrolled and control smooth scrolling in the vertical
direction. The number of raster-rowsis specified between 0 to 176, the raster-rows of the specified number
are scrolled during display. When the 176th raster-row is displayed, the scrolling display starts afresh from
the 1st raster-row. The number of raster-rows to be scrolled (VL 7-0) can be specified when the first screen
vertical scroll enable bit VLEL = 1 or the second screen vertical scroll enable bit VLE2 = 1. The number of
raster-rowsis fixed (not changeable) when VLE2-1 = 00.

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Amountof Scrolling (Number of raster-row)

0 0 0 0 0 raster-row

0 0 0 1 1 raster-row

0 0 1 0 2 raster-rows
1 1 1 0 1 1 1 0 174 raster-rows
1 1 1 0 1 1 1 1 175 raster-rows

Note: When setting the number of raster-rows for scrolling, it must be 175 (“AF"h) or less.

1st-Screen Drive Position (R14h)
2nd-Screen Drive Position (R15h)

RW RS 1B15 1B14 1B13 1B12 1B11 1B10 IB9 IB8 IB7 IB6 IB5 1B4 1B3 1B2 IB1 1BO

w 1 SE17| SE16| SE15| SE14| SE13| SE12 [ SE11 [ SE10| SS17 [ SS16 | SS15 | SS14 | SS13 |SS12 |SS11 |SS10

W 1 SE27| SE26| SE25| SE24| SE23 | SE22 [ SE21 [ SE20 | SS27 | SS26 | SS25| SS24 | SS23 | SS22 | SS21 | SS20

SS17-10: Specify the start position for driving the first screen by line. Theliquid crystal is driven by from
the gate driver of “the set value + 1”.

SE17-10: Specify the end position for driving the first screen by line. Theliquid crystal isdriven by to the
gate driver of “the set value + 1”. For instance, when SS17-10 = “07"H and SE17-10 = “10"H, theliquid
crystal isdriven from G8 to G17, and black display is driven from G1 to G7, and G18 thereafter. Make
surethat SS17-10 < SE17-10 < “AF’H. For details, see “ Screen-split Drive Function”.

SS27-20: Specify the start position for driving the second screen by line. Theliquid crystal is driven by
from the gate driver of “the set value + 1”. The second screen is driven when SPT = 1.
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SE27-20: Specify the end position for driving the second screen by line. The liquid crystal is driven by to
the gate driver of “the set value + 1”. For instance, when SPT =1, and SS27-20 = “20"H, SE27-20 =
“4F"H, the liquid crystal isdriven from 33 to G80. Make surethat SS17-10 < SE17-10 < SS27-20 <
SE27-20 <“AEF'H. For details, see“ Screen-split Drive Function”.

Horizontal RAM Address Position (R16h)
Vertical RAM Address Position (R17h)

RW RS IB15 I1B14 1B13 [B12 I1B11 IB10 B9 1B8 IB7 1B6 IB5 B4 1B3 B2 IB1 IBO

W 1 ||HEA7|HEAQHEASHEA4HEA3HEAZ HEA1HEAO|HSA7] HSAG HSAS HSA4 HSA3|HSA2|HSA1HSAO

w 1 ||VEA7|VEAGVEASVEA4VEA3[VEAZVEALVEAOQ|VSA7| VSAGVSASVSA4VSA3IVSA2ZIVSALIVSAO

HSA7-0/HEAT7-0: Specify the start/end positions of the window-address range by address in the horizontal
direction. Dataare written to GRAM within the area determined by the addresses specified by HEA7-0 and
HSA7-0. These addresses must be set before RAM write. In setting these bits, make sure that “00”h <
HSA7-0 < HEA7-0<“83"h.

VSA7-0/VEAT-0: Specify the start/end positions of the window-address range by address in the vertical
direction. Dataare written to GRAM within the area determined by the addresses specified by VEA7-0 and
VSAT7-0. These addresses must be set before RAM write. In setting these bits, make sure that “00"h <
VSA7-0< VEA7-0<“AF’h.

HSA HEA
0000h | :
VSA |
Window Address Window Address setting range
"00"h = HSA7-0 = HEA7-0 = "83"h
IIIIIIIIIIIIII "00"h = VSA7-0 = VEA7-0 = "AF'h
VEA
GRAM Address Space | AF83h

Note 1) The window address area should be set within the GRAM address space.

Note 2) In the high speed write mode, data are written to GRAM every 4 word. Some window address setting may
require insurtion of dummy write. See "High Speed Burst RAM write".

Note 3) The address set must be within the window address area. In the high speed write mode, set within
the area including dummy write area.

Rev.1.10, Jun.21.2003, page 45 of 133
RENESAS



HD66773R

RAM Write Data Mask (R20h)

RW RS IB15 IB14 1B13 IB12 1B11 IB10 IB9 1B8 IB7 IB6 IB5 I1B4 [IB3 B2 1B1 1BO

WM | wM WM |WM |WM |WM |WM | WM [ WM | WM | WM |WM | WM[ WM [ WM [ WM
5| 14|13 |12 |11 |10| 9| 8| 7| 6|5 |4 ] 3] 2]1]|0

W 1

WM 15-0: Write-mask the data when written to GRAM by bit. The write-mask function is available with
8/16-bit interface modes. For example, if WM15 = 1, the datain WD15 bit is write-masked so that it is not
written to GRAM. Therest of WM 14-0 bits al so write-mask the data in the corresponding WD bits when
these bitsare set to “1”. For details, see “ Graphics Operation Function”.

RAM Address Set (R21h)

RW RS 1B15 1B14 IB13 IB12 IB11 IB10 IB9 IB8 |B7 [B6 IB5 IB4 B3 1B2 1B1 1BO

W 1 AD | AD | AD |AD [ AD |AD (AD | AD | AD |AD | AD (AD | AD |AD | AD| AD
15 | 14 | 13 [ 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

AD15-0: Make a GRAM addressinitial setting in the address counter (AC). After GRAM data are written,
the address counter is automatically updated according to the settings with AM, 1/D bits and the setting for
anew GRAM addressis not required in the address counter. Therefore, data are written consecutively
without resetting the address. The address counter is not automatically updated when data are read out
from GRAM.

GRAM address setting can not be made during the standby mode. An address set should be made within
the area specified with the window address.

GRAM Address Range

AD15-ADO0O GRAM Setting
“0000"H — “0083"H Bitmap data for G1
“0100"H — “0183"H Bitmap data for G2
“0200"H — “0283"H Bitmap data for G3
“0300"H — “0383"H Bitmap data for G4
“ACO00"H — “AC83"H Bitmap data for G173
“ADOO0"H — “AD83"H Bitmap data for G174
“AEOO0"H — “AE83"H Bitmap data for G175
“AFO00"H - “AF83"H Bitmap data for G176
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Write Datato GRAM (R22h)

RIW RS

W 1 RAM write data (WD17-0) The pin assignment for DB17-0 varies for each interface (see below).
| | | | | | | | | | | | |

PD17 PD16 PD15 PD14 PD13 PD12 PD11 PDI0 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
When RGe-I/F | WD | WD fwp [wbp |wb [wp |wp |wD [wD (wDb |wD |wD [wD |wD | wp|wD | wD | wD
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WD17-0: All data are expanded into 18 bitsinternally before being written to GRAM. Each interface has
its own way of expanding data to 18 hits.

The grayscale level is selected according to GRAM data. The addressis automatically updated according
to the setting with the AM and I/D bits after data are written to GRAM. During the standby mode, no
accessis alowed to GRAM. When the 9 or 18 hit interface mode is selected, set DIT =*"1" to activate the
internal hardware-dither circuit before writing to GRAM.

18-bit interface 262,144 colors available

Inputpin |DB| DB | DB|DB | DB |DB|DB|DB|DB|DB |DB (DB |DB |DB (DB [DB |DB | DB
1716|1514 131211 |10] 9 8 7 6 5 4 3 2 1 0

Y Y YV Y Y Y YYYYYYYYYDYY

Dither process | ypy | yp | gp | HD | HD | HD HD HD HD HD HD HD HD | HD |HD [HD |HD |HD
cireult 17 [ 16 | 15 [14 |13 | 12 slalsl2]1]o0
| |Shrinking l l i l i i Shrinking| |
GRAM write data WD WD WD WD WD WD WD | WD | WD [ WD
RGB assignment G3 G2
1 pixel

Note: Write data into GAM after setting DIT = “1”.
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16-bit interface 65,536 Colors available

Inputpin |DB | DB | DB |DB | DB | DB | DB |DB| DB | DB | DB |DB | DB | DB | DB | DB
1716151431211 10|87 (6] 5|43 ]2]1
GRAM WD (WD |WD|WD|WD|WD|WD (WD |WD |WD (WD |WD (WD |WD|WD| WD
write data 15114 (13127 11 10 9 8 7 6 5 4 3 2 1 0
RGB assignment R4 | R3 |R2 | RI [RO |G5 [G4|G3 | G2 |Gl |Go| B4 | B3| B2]| B1| Bo
1 pixel
9-bit Interface 262,144 Colors available
First transfer (Upper Second transfer (Lower
— (Upper) I ( ) ]

Inputpin |DB | DB | DB |DB |DB|DB|DB|DB|DB|DB|DB|DB|DB |DB|DB|DB|DB|DB
17116 (15| 14|13 ]12] 11 |10 9 17116 | 15|14 [ 13 |12 | 11 [ 10 9

XYY Y Y VY YYYYIYYTVYIYYTYLY

e HD |HD |HD [HD |HD |HD [HD |[HD |HD | HD | HD | HD | HD|HD |HD [HD |HD | HD
cireuit 1716|1514 |13 | 12 50413211

11 10 9 8 7 6
| |Shrinking i l i i i i Shrinking| |
WD | WD|WD| WD|WD| WD

WD | WD |WD|WD | WD WD| WD | WD [ WD | WD

LTI

GRAM write data

RGB assignment B4 | B3| B2 | B1| BO

1 pixel
Note :Write data to GRAM after setting DIT ="1".

8-bit Interface 65,536 Colors available

First transfer (Upper Second transfer (Lower
— (Upper) I (Lower) ———
Inputpin |DB | DB | DB | DB | DB | DB | DB | DB DB | DB |DB | DB | DB | DB | DB | DB
1716 | 15| 14| 13| 12| 11 | 10 1716|1514 |13 12|11 [10
GRAM WD |WD| WD |WD|WD|WD| WD (WD |WD |WD |WD |WD (WD |WD|WD| WD
write data S|4 f12f1wfwo]|9 |8 (7|6 5|4 |3 |[2]1]0
RGB assignment | R4 | R3 | R2| RI|RO [ G5| G4 |G3 | G2| Gl |Go| B4| B3|B2 | BI | BO
1 pixel
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GRAM data and liquid crystal output level

GRAM Data Setting

Selected grayscale

GRAM Data Setting

Selected grayscale

G R/B Negative _Positive G R/B Negative _ Positive
000000 | 00000 ) V31 010000 | 01000 V8 V23
000001 - Vvo-V1 | va1- v30|| 010001 - ve-Vvo |v23-v22
000010 | 00001 V1 V30 010010 | 01001 V9 V22
000011 _ | viva [ vao- vas|l 10011 - Vo V10 |v22-Vv21
000100 | 00010 V2 V29 010100 | 01010 V10 Va1
000101 _ [va-v3 [vaa- vas|l 510101 - V10 - V11 [v21 - v20
000110 | 00011 V3 V28 010110 | 01011 V11 V20
000111 _ |va-va [vas—va7 || 510111 - V11 —Vv12[v20 - V19
001000 | 00100 V4 va7 011000 | 01100 V12 V19
001001 _ |va-vs [ v27-v26 || 011001 - v12-v13|vi9-vi18
001010 | 00101 V5 V26 011010 | 01101 V13 V18
001011 . |vs-ve |v26-v25 || 011011 - V13- Vv14|vig - v17
001100 | 00110 V6 V25 011100 | 01110 V14 V7
001101 _ |ve-vr [ vas-va4 || 011101 - V14 - V15|17 - V16
001110 | 00111 V7 V24 011110 | 01111 V15 V16
001111 _ |vr-vs [vea-v23 || 011111 - V15 -V16[V16 - V15

GRAM Data Setting
G R/B

Selected grayscale

Negative  Positive

GRAM Data Setting
G R/B

Selected grayscale

Negative  Positive

100000 | 10000

V16 V15

110000 11000

V24 V7

100001 -

V16 - V17| V15 -V14

110001 -

V24 - V25(V7 - V6

100010 | 10001

V17 V14

110010 11001

V25 Ve

100011 -

V17 -V18 | V14 - V13

110011 -

V25 -V26| V6 - V5

100100 | 10010

V18 V13

110100 11010

V26 V5

100101 -

V18 - V19| V13 - V12

110101 -

V26 - V27| V5 - V4

100110 | 10011

V19 V12

110110 11011

Va7 \Z3

100111 -

V19 -V20| V12 -V11

110111 -

V27 -V28|V4 -V3

101000 | 10100

V20 V11

111000 11100

V28 V3

101001 -

V20 - V21| V11 -V10

111001 -

V28 - V29 V3 - V2

101010 | 10101

V21 V10

111010 11101

V29 V2

101011 - V21 —v22|vi0-vs || 111011 ~ | va9-vao[vz - v
101100 | 10110 | 0 vo 11100 | 11110 V30 V1
101101 |- fvzz-vas[ve-ve || 111101 - | vso-vsnjvi-vo
101110 [ 10111 V23 V8 111110 | 11111 V31 Vo
01111 - V23— v2a| va —v7 V31 Vo

111111 -
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Read Data from GRAM (R22h)

RIW RS

I I I I I
R 1 RAM Read data (RD17-0) The pin assignment for DB17-0 varies for each interface (see below).
| | | | | | | | | | | | |

RD15-0: Read 16-bit data from GRAM. The bit assignment for the data to be read out from GRAM is
different according to the interface.

When data are read out from GRAM to the microcomputer, the first word read immediately after GRAM
address set are latched in the internal read-data latch, and the datain the data bus (DB17-0) are nullified.
The second word is read asavalid data. When the HD66773R performs an internal bit processing, such as
logical operation, it uses the data latched in the read-data latch, and completes it by single read out
operation. The data are expanded internally into 18 bits before going through the logical operation.

GRAM dataread and logical operation are available with 8-/16-bit interface mode. If 9-/18-bit interface
modes are selected, this function is not available.

16-bit interface

GRAMdata | py 1 r3 |R2 |R1 [ RO | G5 |Ga|a3|a2|ai|Go| salpslmal Bl BO

Read data RD |RD |RD | RD [ RD | RD | RD
15114 )13 (121110 9

DB (DB | DB |DB | DB | DB | DB
17116 15] 14| 13 | 12 ] 11

Output pin DB | DB | DB

© 3 e ~ 5 14—

<548
> % ¢ & |4

g
w3 — 5
=g 14— & 4
[\S}
(=}

<«

<«

<«

<«

<«

<«

<«
S5 =5 4

8-bit interface / Interface SPI

GRAMData | py 1 R3 [R2 |R1 | RO | G5 | G4 | G3 GZ|G1 82| B1| BO
IIIIIIIIIW IIIIII
Read data RD | RD [ RD | RD [ RD | RD | RD RD RD RD | RD | RD
211 ]o
Outout pins |PB| DB | DB [DB | DB| DB | DB DB |DB | DB | DB | DB | DB
putp 17016151413 12] 1 10 17 16 s 4|32 ]u]io
I—First transfer (Upper) gl—Second transfer (lower) —
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GRAM read sequence

Set I/D, AM, HSA/HSE,
VSA/VEA bits

v

Address: N set

v

GRAM => Read data latch

v

Read (data in address "N")

DB8-1

Address: M set

.

Dummy read (invalid data) First word
First word GRAM => Read data latch

Read (data in address "M")
Read data latch => DB17-10

DB8-1

i) Read data to microcomputer

Second word Second word

Set I/D, AM, HSA/HSE,
VSA/VEA bits

v

Address: N set

v

. Dummy read (invalid data) First word Dummy read (invalid data)
First word

GRAM => Read data latch

Write (data in address "N")

Second word | Read data latch => DB17-10 Second word | DB17-10 => GRAM

DB8-1

v

Automatic address update: N+a

v

Dummy read (invalid data)
GRAM => Read data latch

A 4

Write (data in address "N")
DB17-10 => GRAM
DB8-1

ii) Logical arithmetic operation inside HD66773R
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Gamma Control (R30h to R3Bh)

R30

R31

R32

R33

R34

R35

R36

R37

R3A

R3B

RW RS |B15 IB14 IB13_IB12 IB11_IB10_1B9 IB8 IB7 IB6 IB5 IB4 IB3 _IB2 _IB1__IBO
PKP |PKP |PKP PKP | PKP | PKP

W 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 01 00
PKP | PKP | PKP PKP |PKP |PKP

w 1 0 0 0 0 0 32 | 31 30 0 0 0 0 0 22 21 20
PKP |PKP | PKP PKP | PKP | PKP

W1 0| 0| 0| O| Of 52|51 [5]| O] 0| 0| 0|0 [42]a41] 40
PRP |PRP |PRP PRP|PRP | PRP

W 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 | 01 00
PKN | PKN | PKN PKN | PKN | PKN

w1 o 0| of 0| O 12|11 |10 O | O | O] OO |o02]o01] o0
PKN | PKN | PKN PKN | PKN | PKN

W 1 0 0 0 0 0| 32 | 31 30| 0 0 0 0 0 2 | 21 20
PKN |PKN | PKN PKN| PKN| PKN

W 1 0 0 0 0 0| 52 | 51 50 0 0 0 0 0 42 41 40
PRN | PRN | PRN PRN| PRN | PRN

W 1 0 0 0 0 0| 42| 41| 40| O 0 0 0 0 02 | 01 00
VRP |VRP |VRP |VRP |VRP VRP |VRP | VRP [VRP

W 1 O[O0 | O |14 13|12 |1 |10 |00 |00 |03 /|o02]o01 o0
VRN|VRN |VRN |VRN |VRN VRN [ VRN | VRN | VRN

W 1 0|1 0] 0 14|13 |12 |11 |10 ] O | O | O | O |03]|o02]01]o00

PK P52-00: Gamma fine adjustment register for the positive polarity output

PRP12-00: Gradient adjustment register for the positive polarity output
VRP14-00: Amplitude adjustment register for the positive polarity output

PK N52-00: Gamma fine adjustment register for the negative polarity output

PRN12-00: Gradient adjustment register for the negative polarity output

VRN14-00: Amplitude adjustment register for the negative polarity output.

For details, see “ Gamma Adjustment Function”.
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Instruction Li
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*,21e03,U0(, S! 4, (LOION
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104300 BUIWeD [00duA [LOdMA [0 [e0dA] 0 [ 0 [ 0 [ 0 [orduAfildinfel didleldiinfplddA] 0 o lo]]o () oquoo 1 | yvey
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HD66773R

Reset Function

The HD66773R makes internal initial settings with RESET input. During the RESET, the HD66773R isin
abusy state, and no instructions from the MPU and access to GRAM are accepted. Thetime required for
the RESET input isat least Ims. In case of power-on reset, wait at least 10ms after the power isturned on
until the R-C oscillation frequency becomes stabilized. While waiting, do not make initial settings for the

instruction set, nor access to GRAM.

Initial State of Instructions

oo o

)

o Q

S~ 0w Q9T OS5 3

Start oscillation
Driver output control (NL4-0 =*“10101", SS="“0", CS="0")

Liquid crystal AC drive control (FLD1-0="01", B/C="0", EOR="0", NW5-0 = “00000")
Power control 1 (BT2-0 ="“000", DC2-0 ="000", AP2-0 ="000": liquid crystal power supply off,

SLP="0", STB =“0" : Standby mode off)

Power control 2 (CAD =“0")

Entry mode set (DIT =“0", BGR="0", HWM =*“0", I/D1-0=“11": Increment by 1,

AM ="0": Horizontal direction, LG2-0 = “000": Replace mode)

Compare register (CP15-0 : “0000 0000 0000 0000")

Display control (PT1-0="00", VLE2-1="00": No vertical scroll,

SPT=“0", GON ="0", DTE="0", CL =“0": 262,144 colors,

REV =“0", D1-0="00": Display OFF)

Power control 3 (VC2-0="000")

Power control 4 (VRL3-0 =“0000", PON =*“0", VRH3-0 = “0000")

Power control 5 (VDV4-0 =“00000", VCOMG =*“0", VCM4-0 = “00000")

Frame cycle control (NO1-0 =“00", SDT1-0 =“00", EQ1-0 =“00" : No equalization,

DIV1-0="00": clock/1, RTN3-0=“0000" : 16 clocksin 1H period)

Gate scan starting position (SCN4-0 = “00000")

Vertical scroll (VL7-0 = “00000000")

1st split-screen (SE17-10 ="11111111", SS17-10 = “00000000")

2nd split-screen (SE27-20 = “11111111", SS27-20 = “00000000")

Horizontal RAM address position (HEA7-0 = “10000011", HSA7-0 = “00000000")
Vertica RAM address position (VEA7-0 =“10101111", VSA7-0 = “00000000")
RAM write data mask (WM 15-0 = “0000"H: No mask)

RAM address set (AD15-0 = “0000"H)

y control

(PKP0O2-00 =“000", PKP12-10 = “000", PKP22-20 = “000", PKP32-30 = “000",
PKP42-40 = “000", PKP52-50 = “000", PRP02-00 = “000", PRP12-10 = “000")
(PKNO02-00 = “000", PKN12-10 = “000", PKN22-20 = “000", PKN32-30 = “000",
PKN42-40 = “000", PKN52-50 = “000”, PRN02-00 = “000”, PRN12-10 = “000")

(VRP14-10 = *00000", VRP03-00 = “0000”, VRN14-10 = “00000”, VRN12-10 = “000")

GRAM Data I nitialization

The datain GRAM are not initialized with the RESET input. Initialize through software during the display

OFF (D1-0="00").
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HD66773R

Initial state of output pin

a. Liquid crystal driver output pins (source outputs): Output GND level
Liquid crystal driver output pins (gate outputs): Output VGH level

b. Oscillator output pin (OSC2): Output oscillation signal
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HD66773R

System Interface

A system interface is selected among the following interfaces with the IM3-0 pin setting. The system
interface enables instruction setting and RAM access.

IM3 IM2 IM1 IMO MPU-Interface Mode DB Pin
0 0 0 0 68-system 16-bit interface DB17 to 10, 8-to-1
0 0 0 1 68-system 8-bit interface DB17 to 10
0 0 1 0 80-system 16-bit interface DB17 to 10, 8-to-1
0 0 1 1 80-system 8-bit interface DB17 to 10
0 1 0 * Serial Peripheral Interface (SPI) DBl1to O
0 1 1 * Setting inhibited —
1 0 0 0 68-system 18-bit interface DB17-0
1 0 0 1 68-system 9-bit interface DB17-9
1 0 1 0 80-system 18-bit interface DB17-0
1 0 1 1 80-system 9-bit interface DB17-9
1 1 * * Setting inhibited —
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HD66773R

18-bit interface

68-system 18-bit parallel data transmission becomes operable by setting IM3/2/1/0 pinsto
Vcc/GND/GND/GND levels respectively. 80-system 18-bit parallel data transmission becomes operable
by setting IM3/2/1/0 pinsto Vcc/GND/V cc/GND levelsrespectively. The data transfer through 18-bit
mode is effective only for write mode, and not effective for read operation.

18-bit bus interface

CSn* L SN
A1 - RS
MPU HWR* »| wr*  HD66773R
(RD¥) (RD*)
D31-0 7 DB17 - 10
18

Data format for 18-bit bus interface

Instruction Input (DB|DB|DB|DB|DB|DB|DB|DB |(DB| DB|DB|DB|DB |[DB|DB|DB|DB| DB

17116 | 151413121110 [ 9 8 7 6 5 4 3 2 1 0

V.V VY V.V VY A y V. V V A ¢
Instruction IB|IB|(IB|IB|IB|IB|IB|IB IB |IB |IB (IB (IB|IB | IB| IB

1511413121110 9 | 8 7 6 5 4 3 2 1 0

Instruction code

RAM datawrite Input (DB | DB|DB|DB|DB|DB|DB|DB| DB| DB| DB DB |DB |DB |DB |DB |DB | DB
17116 15| 14|13 |12 11| 10| 9 8 7 6 5 4 3 2 1 0

_ vV VYV Y vV V V VY \ A y V V.V Vv
D“hefpr‘i’fesii HD| HD|HD | HD | HD | HD | HD | HD | HD | HD | HD | HD | HD| HD | HD | HD | HD | HD
cireu 17] 16| 15|14 |13 (12|11 |10f 9| 8| 7|6 |5]4a|3[2]1]0
| | Shrinking l_l Shrinking
N vyVYY VL \ A /
GRAM write data R4 |R3|R2 |R1 |Ro|G5|Ga G3|G2 G1|Go | B4l B3| B2]| B1| BO
1 pixel

Note: 262,144 colocs available with 18-bit system interface by setting DIT bit to "1".
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HD66773R

16-bit interface

68-system 16-bit parallel data transmission becomes operable by setting IM3/2/1/0 pinsto

GND/GND/GND/GND levels respectively. 80-system 16-bit parallel data transmission becomes operable
by setting IM3/2/1/0 pinsto GND/GND/V cc/GND levels respectively.

16-bit interface

CSn* - Ccs*
A1 - RS
H8/2245 HWR* »| wr*  HD66773R
(RD*) (RD*)
D15-0 [ 7™ DB17-10, 8-1
16 i DB9, 0
GND
Data format for 16-bit interface
Instruction Input |DB|DB|DB|DB |DB|DB|DB|DB DB|DB|DB|DB |DB|DB|DB|DB
17|16 15 14| 13| 12| 11| 10 sl7l6f5|als3]2]1
V V V V VYV VY VY A 4 y N y y y N y
Instruction | B | 1B [ 1B | IB [ IB | IB | IB [ IB IB |IB |IB |IB |IB| IB | IB | IB
* 15|14|13|12| 11|10 9| 8 7165|4321 ]o0
Instruction code
RAM Data Write Input [DB|DB|DB|DB|DB|DB|DB|DB DB |DB |DB |DB |DB |DB |DB | DB
17|16 15 1413 12| 11| 10 8|76 5|43 ]2]1

GRAM write
data

—
'S
—

R,GB assignment | R4 | R3 [R2 [R1 [Ro|G5| G4 |as|az|aG1]|ao

B4| B3| B2| B1| B0
1 pixel

Note: 65,536-color real display with 16-bit system interface. Do not set DIT bit to "1".
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HD66773R

9-bit interface

68-system 9-hit parallel data transmission becomes operable by setting IM3/2/1/0 pins to
Vcc/GND/GND/V cc levels respectively throughDB17-9 pins. 80-system 9-bit parallel data transmission
becomes operable by setting IM3/2/1/0 pinsto Vcc/GND/V cc/V cc levels respectively throughDB17-9 pins.
The 16-bit instruction is divided into 2 8-bit data and upper 8-bit dataiis transferred first. The LSB is not
used for each upper/lower-bit data transfer. The 18-bit RAM datais also divided into 2 9-bit data and
upper 9-bit dataistransferred first. The unused pins DB8-0 must be fixed to either “Vcc” or “GND”. The
upper-byte write is also required when writing index registers. The datatransfer through 9-bit modeis
effective only for write mode, and not effective for read operation.

9-bit bus interface

csn* > Ccs*
A1 -1 RS
H8/2245 HWR* | \WR* HD66773R
(RD*) (RD*)
P10 9 lﬁ; DBS0
—
GND
Data format for 9-bit bus interface
Instruction Ii First transfer (upper) —li Second transfer (lower) — —mo——

Input |DB|DB|DB|DB|DB|DB|DB|DB|DB| DB| DB| DB| DB | DB [ DB | DB |DB |DB
17|16 (15| 14 | 13 ( 12| 11 | 10 17) 16| 15| 14 [ 13 | 12 | 11 | 10

©
©

VVVVVVVV¢V VVVVVVV¢

IB|IB|IB|IB|IB|IB|IB| IB IB |IB |IB |IB (IB|IB | IB [ IB
15|14 1312|1110 9| 8 716 |5 |4 31 2 1 {0

Instruction

Instruction code

Ii First transfer (upper) li Second transfer (lower)

Input (DB|DB|DB|DB |DB|DB|DB|DB| DB|DB| DB| DB| DB | DB | DB | DB |DB |DB
17|16 151413 | 12|11 (10| 9| 17| 16| 15| 14 [ 13 | 12 | 11 [ 10

YVVVYVVYVYVVY VVYVVYVVVV VY

Dither process pypy | yp [ gD | HD | €D [ HD| HD | HD| #D | HD | HD |HD| HD [HD |HD [HD |HD| HD
creuit | 97 {16 |15 (14|13 12| 1n |10l 9| 8| 76| 5|a|3]2]1]0

Shrinking Shrinking
VVVVYVY

WD|WD(WD|WD|WD|WD|WD| WDy WD| WD WD]| WD wh Wy WD
15 14| 13|12 (11| 10] 9 8 7 6 5 4 2 1 0

YVYVYVYVVYYVYVVYVVVYVVY

R.GB assignment | R4 [ R3 [R2 |R1 | RO | G5 | G4 G3|G2 G1|Go| B4| B3| B2| B1| Bo
1 pixel

RAM datawrite

©

Note: 262,144 colocs available with 9-bit system interface by setting DIT bit to "1".

Rev.1.10, Jun.21.2003, page 59 of 133
RENESAS



HD66773R

Data transmission synchronization in 9-bit businterface mode

The HD66773R supports the data transmission synchronizing function, which resets the upper/lower
counter that counts the number of transmission of upper/lower 9-bit datain the 9-bit bus interface mode.
When adiscrepancy occurs in the transmission of upper/lower 9-bit data due to effects from noise and so
on, the“00” H instruction iswritten 4 times consecutively to forcibly reset the upper/lower counter so that
data transmission restarts with an upper 9-bit transmission. Periodical execution of the synchronization
allows the system recovery from the excursion.

R\ /
RD 7 \
R / A N A W W

DS T oo YT D" . . oo XA ower X

(1) @) ®) 4)

9-bit transfer synchronization
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HD66773R

8-bit interface

68-system 8-hit parallel data transmission becomes operable by setting IM3/2/1/0 pins to
GND/GND/GND/Vcc levels respectively throughDB17-10 pins. 80-system 8-bit parallel data transmission
becomes operable by setting IM3/2/1/0 pinsto GND/GND/V cc/V cc levels respectively throughDB17-10
pins. The 16-bit instruction is divided into 2 8-bit data and upper 8-bit dataistransferred first. The LSB
is not used for each upper/lower-bit data transfer. The 16-bit RAM datais aso divided into 2 8-bit data and
upper 9-bit dataistransferred first. The unused pins DB9-0 must be fixed to either “Vcc” or “GND”. The
upper-byte write is also required when writing index registers.

8-bit bus interface

CSn* 1 CS*
A1 > RS
H8/2245 HWR* =1 WR* HD66773R
(RD~) #1 (RD")
D15 - Of 7- —=1 DB17 - 10
8 -L—(— DB9 -0
L 10
GND
Data format for 8-bit bus interface
——First transfer (Upper) — Second transfer (Lowe ) —
Instruction ¢ [DB[DB[DB[DB|DB[DB[DB| DB DB (DB |DB DB [DB |DB |[DB |DB
1716 15| 14 13| 12]11] 10 17 |16 [15 |14 |13 |12 |11 | 10
Instruction IB|IB|IB|IB|IB|IB|IB|IB IB [IB |IB |IB |IB|IB|IB| IB
151141312 11]110] 9 8 7 6 5 4 3 2 1 0

Instruction code

First transfer (Upper) —

Input |DB| DB| DB |DB | DB| DB | DB | DB DB|DB|(DB|DB|DB|DB|DB|DB
17116 | 15| 14 | 13| 12 | 11 | 10 17| 16| 15| 14| 13 [ 12| 11 | 10

vy vvvvyvy £ 8k

GRAM write | wp [wp |[wD |wD |WD |WD |wD |wD |wD | wD|wD [wD| WD WD |WD|WD
data | 5 | 94 | 13 | 12

¢¢¢¢33iiﬁfiii¢¢¢

1 pixel

RAM datawrite Second transfer (Lowe ) —

R4 | R3 |R2 |R1 B4| B3| B2| B1| BO

R,G,B assignment

Note: 65,536-color real display with 8-bit system interface. Do not set DIT bit to "1".
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HD66773R

Data transmission synchronization in 8-bit businterface mode

The HD66773R supports the data transmission synchronizing function, which resets the upper/lower
counter that counts the number of transmission of upper/lower 8-bit datain the 8-bit bus interface mode.
When adiscrepancy occurs in the transmission of upper/lower 8-bit data due to effects from noise and so
on, the“00” H instruction iswritten 4 times consecutively to forcibly reset the upper/lower counter so that
data transmission restarts with an upper 8-bit transmission. Periodical execution of the synchronization
allows the system recovery from the excursion.

RS

A\ /
RD / \
WR \_/ /N S S S S

Upper or wnn wan wan naa
o 287 7K Lower XN "’ " AN X oo XK o YU
(2)

M @) 4)

8-bit transfer synchronization
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HD66773R

Serial Peripheral interface (SPI)

The Serial Peripheral Interface (SPI) becomes operable by setting IM3/2/1 pinsto GND/V cc/GND levels
respectively. The SPI is available through the chip select line (CS*), serial transfer clock line (SCL), serial
datainput (SDI), and serial data output (SDO). Inthe SPI mode, the IMO/ID pin functions asID pin. Inthe
SPI mode, the unused DB15-2 pins must be fixed at either Vcc or GND level.

The HD66773R recognizes the start of data transfer at the falling edge of CS* input to initiate the transfer
of astart byte. It recognizesthe end of datatransfer at the rising edge of CS* input. The HD66773R is
selected when the 6-bit chip address in the start byte transferred from the transmission device and the 6-bit
deviceidentification code assigned to the HD66773R are compared and the both 6-bit data correspond.
When selected, the HD66773R starts taking in the subsequent data string. The setting for the least
significant bit of the identification code is made with the ID pin. The five upper bits of the identification
code must be 01110. Two different chip addresses must be assigned to the HD66789 because the seventh
bit of the start byte is assigned to aregister select bit (RS). When RS = 0, index register write or status read
isexecuted. When RS = 1, instruction write or RAM read/write is executed. The eighth bit of the start byte
isto specify read or write (R/W hit). The data are received when the R/W hit is 0, and are transmitted when
the R/W bitis 1.

In the SPI mode, the data are written to GRAM after the two-byte data transmission. The dataare
expanded into 18 bits by adding one bit (the same data as the MSB of RB) next to the LSB of RB data.

After receiving the start byte, the HD66773R starts data transmission/reception by byte. The data
transmission adopts the format which the MSB isfirst transmitted. All HD66773R instructions consist of
16 bits and they are executed internally after two bytes are transmitted with the MSB first (DB15 to 0).

The data to be written to RAM are expanded into 18-bit data. After the start byte is received, the upper
eight bits of the instruction are always fetched as the first byte, and the lower eight bits of the instruction
are dlways fetched as the second byte. The 4-byte datathat are read from RAM right after the start byte are
made invalid. The HD66773R reads as valid data from the 5th-byte data.

Start Byte For mat

Transmitted bits S 1 2 3 4 5 6 7 8
Start byte format Transmission Device ID code RS R/W
start
0 1 1 1 0 ID

Note 1) ID bit is selected with the IMO/ID pin.

RS and R/W Bit Function

RS R/W Function

Set index register

Read status

0 0
0 1
1 0 Write instruction or RAM data
1 1 Read instruction or RAM data
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HD66773R

Data format for Serial Peripheral Interface

Instruction |71 Transfer (Upper) —"—Z”d Transfer(Lower) —|

Tnput
"\ b15l D14 D13 D12 D11 D10| D9| D8 D7 | D6 | D5| D4 | D3| D2| D1| DO
Instruction | IB | IB| IB| B IB| IB| IB| IB B|IB|B|IB|IB]|IB|IB]|IB
15| 14 | 13| 12| 11| 10| 9| 8 716 |5 |4a|3]|2]1

Instruction code

RAM data write [———1"Transfer (Upper) —"—2”d Transfer(Lower) —|

nput 1 15| p14| D13| D12| D11| D10| DY| D8 D7 |p6 | D5 | D4 | D3 | D2 | D1 | DO
VVYVYVVVYVYY >/>/
GRAM write | wp| wp| wp| wp| wb| wp| wp| wp |wp |wp |wp |wp |wb |wb |wb |wD
data | 15| 14| 13| 12| 11| 10| 9| 8 |7 |6 |5 |4 |3 |2 |1 |0
V V V V VVVY VY
RGB pixel | g4 | R3 |R2 RO |G4 |G3 | G2 |G1|GO | B4| B3| B2| B1| BO
Assignment
One pixel

66,536 colors are available in clock synchronized serial interface.
Do not set DIT = “1".
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a) Timing Basic Data Transfer through Clock Synchronized Serial Bus Interface
Transfer start Transfer end

cs*
(Input) —N W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

SCL
(Input)

(|§pl:1lt) 1\‘_11 t EL:X@%%X@EEEEEEEEEEEEE&

code

Index register setting,
instruction,
RAM data wite

o BiEEaEHE0EREHEE

Status read, instruction read, RAM data read

Start byte

b) Timing of Consecutive Data-Transfer through Clock-synchronized serial Bus Interface

s —

(Input)
12345678 9 1011213141516 1718192021222324 252627282B03132
SCL
(Input) ] } —
SDI Start byte Instruction 1: Instruction 1: Instruct_ion 22.
(Input) upper eight bits lower eight bits upper eight bits
Start Instruction 1: execution time  End

Note: The first byte after the start byte is always the upper eight bits.
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c) RAM-Data Read-Transfer Timing

s ) r

(input)
SCL
(input)
sor Startbyte|
; RS=1
mnput ’
(input) R/W=1
SDO Dummy Dummy Dummy Dummy Dummy RAM read: || RAM read:
(output) read 1 read 2 read 3 read 4 read 5 gﬁser eight lot;’iﬁr eight
Start End
Note: The five-byte data following the start byte are read as invalid data. 73R

The HD66773R read the 6th-byte data as normal data.

d) Status Read / Instruction Read

cs' I

(Input)

scL UL I AT ARARL—
(NPUL) o e

Start byte

SDI RS=0
(Input) R/W =1

SDO Dummy read 1 | | Status read: | [ Status read:
(Output) upper 8 bits lower 8 bits

Start End

Note: The one-byte data read after the start byte is invalid.
The HD6677R starts to read the second-byte data as normal data.
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High-Speed Burst RAM Write Function

The HD66773R incorporates the high-speed burst RAM-write function, which writes datato RAM in one-
fourth the access time required for the standard RAM-write operation. This function is especially useful for
applications which require the high-speed rewrite of the display data such as display of colored moving
picture and so on.

In high-speed RAM write mode (HWM), data to be written to RAM is temporarily stored to the internal
register of HD66773R. The data storage in the register is executed by word. When the data storage
operation is executed 4 times, al the data stored in the register iswritten to RAM at once. Whilethe datais
being written from the register to RAM, another set of datais being written to the register. This function
enabl es high-speed and consecutive RAM write, which is required in displaying moving pictures and so on.

a)Operational flow of high-speed consecutive RAM write

Microcomputer

Address
counter
(AC)

Register 1 Register 3 Register 4

72
16

"0000"H (["0001"H |"0002"H | "0003"H

GRAM

Register 2

Rev.1.10, Jun.21.2003, page 67 of 133
RENESAS



HD66773R

b) Example of high-speed consecutive RAM write

[\

Ccs*
(Input)
WR 1 2 3 4 1 2 3 4 1 2 3 4
(Input) I l l l l l l “
Ind RAM RAM| RAM| RAM RAM] RAM| RAM| RAM RAM RAM| RAM| RA Ind
DB17-0 naex data] data| data| data] data] data| data| data] datal data| data| datal ndex
(Inputioutput) (R22 1 2 3 4 5 6 7 8 9 10 1 12
RAM write RAM wite RAM write
execution time execution time execution time*
RAM write data RAM RAM RAM
(72 bits) data 1to 4 data5to 8 data 9 to 12
RAM address
(AC15-0) "0000"H X 0004"H X "0008"H X "000A"H

* Set the lower two bits of the address as follows in the high-speed write mode.

When DO

0", the lower two bits of the address must be set to “11”.

When ID1 = “0", the lower two bits of the address must be set to “00”.

Note: When terminating high-speed RAM write, wait until RAM write execution is completed (tCYC: bus cycle time
for nomal RAM write before executing a next instruction.

C) Example of high-speed consecutive RAM write

CS*
(input)
WR 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
(input) ] U U U U “ I.[ l.[ I_[ I.[ I-[ “ I-[
RAM |RAM | RAM [ RAM | RAM | RAM | RAM [ RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM
D.B17'10 Index data | data | data | data | data | data | data | data | data | data | data | data | data | data | data | data
(input/ (R22) | M| M]@]@[R]|C]|@H]|@[O[MD]@]@]E[EC][E& ]
output) UpperjLower|Upper|LowerUpper|LowerUpper|Lower|Upper|LowerlUpperlLowerlUpperLower|Upper{Lower]
IRAM write execution time RAM write execution time 3
-
RAM write data RAM data RAM data
(64-bit ) -4 (5)-(8)
RAM address "0000"H X "0004"

(AC15-0)

* Set the lower two bits of the address as follows in the high-speed write mode.
When IDO = “0", the lower two bits of the address must be set to “11”.
When ID1 = “0”, the lower two bits of the address must be set to “00”.

Note: The high-speed burst RAM write function wirtes data to RAM every 4 words. This means in the 8-bit interface mode,
RAM write is executed every 8 write operations to the internal register.
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Conditions on using high-speed RAM write mode

1. Thelogical/compare operations are not available.

2. RAM write operation is executed every four words. Set the lower 2 bits of the addresses as follows
when setting addresses.

*When ID0=0, the lower two bits in the address must be set to 11 before RAM write.
*When ID0=1, the lower two bits in the address must be set to 00 before RAM write.

3. RAM write operation is executed every four words. If RAM write operation is terminated before all
four-word datais written to RAM, the last data will not be written to RAM.

4. When theindex register is set to R22H (RAM data write), the first RAM write operation is aways
executed. In thiscase, the RAM dataread is not operable simultaneously. During RAM read, set the

HWM to 0.

5. Thehigh-speed RAM write mode is not compatible with the normal RAM write mode. When the
mode must be switched to the other, make a new address setting before starting RAM write.

6. When writing data in high speed RAM write mode within the range specified with the window address,
some window-address range may require dummy write operation. See “High-Speed RAM Write with
Window Address Function”.

Comparison between Normal and High-Speed RAM Write Operations

Normal RAM Write (HWM=0)

High-Speed RAM Write (HWM=1)

Logical operation

Available in 8-/16-bit interface

Not available

Compare operation

Available in 8-/16-bit interface

Not available

BGR function

Available

Available

Write mask function

Available in 8-/16-bit interface

Available

RAM address set

Specified by one word

IDO bit=0: Set the lower two bits to 11
IDO bit=1: Set the lower two bits to 00

RAM read

Read by one word

Not available

RAM write

Write by one word

Some window-address range may require
insertion of dummy write

Window address

Set by one word

Horizontal range(HSA/HSE): 4 word or more
Number of horizontal writing : 4N (N>=2)

AM Setting

AM = 1/0

AM =0
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High-Speed RAM Writewith Window Address

To rewrite the datain an arbitrary rectangular area of RAM consecutively in high speed, the number of
RAM access should be made 4 multiple times. Accordingly some window-address range may require
dummy write operation to make the RAM access 4 multiple times.

The horizontal window-address range specifying bits (HSA1-0, HEA1-0) specify the number of dummy
write operations executed at the start and end of the data to be written to RAM. The total RAM access
must be 4 multiple times per line.

Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

HSA1l HSAO Number of Dummy Write Operations to
be Inserted at the Start of a Row

0

1

2 times

Rl O]| O
Rl O|lFr| O

3 times

Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

HEA1 HEAO Number of Dummy Write Operations to
be Inserted at the End of a Row

0 0 3 times

0 1 2 times

1 0 1 time

1 1 0
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The number of RAM access when writing data in the horizontal direction must be made 4 x N times by
including the dummy writes.
Horizontal RAM write = start dummy write + write data + end dummy write = 4 x N (times)

An example of RAM write in high speed RAM write mode with the window address is as follows.

The RAM datain the specified window-address range is written over consecutively in high speed by
inserting two dummy writes at the start of the line and three dummy writes at the end of the line.

Write in the horizontal direction
AM=0,1D0 =1 h0000| GRAM address map

h0812|

Window address-range setting
HSA=h12, HEA=h30
VSA=h08, VEA=hAOQ

Window address

Set high-speed RAM Ran_ge
Write mode HWM = 1 (Write-over area)
+ |hA030
Address set
AD = h0810 *see Note |hEFAF
+ Window address-range setting

HSA=h12, HEA=h30
VSA=h08, VEA=hAO

A

Dummy RAM write x 2

Y

¥

*Note: Set the lower two bits of the address as follows

RAM write x 31 x 152 in the high-speed write mode.
When IDO = “0”, the lower two bits of the address must be set to “11”.
+ When ID1 = “0”, the lower two bits of the address must be set to “00”.

. The RAM-address range to be overwritten is limited to the area specified
Dummy RAM write x 3 with the window address.
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Window Address Function

The window address function enables consecutive data write within the rectangular window-address area
on the on-chip GRAM, which is specified with horizontal address registers (start: HSA7-0, end: HEA 7-0)
and vertical address registers (start: VSA7-0, end: VEAT7-0).

The address transition direction is determined with AM bits (either increment or decrement). Accordingly,
the data, including picture data, are written consecutively without taking the data wrap position into
consideration.

The window-address range must be specified within the GRAM address area. An address set must be set
within the window-address range.

[The condition of setting window-address range]
(Horizontal direction) “00"H < HSA7-0 < HSA7-0< “83"H
(Vertical direction) “00"H < VSA7-0<VEA7-0<“AF’'H

[The condition of making an address set within the window-address range]
(RAM address) HSA7-0< AD7-0<HEA7-0
VSA7-0< AD15-8 < VEAT7-0

Note: In high-speed RAM write mode, the lower two bits of the address must be set as follows.
ID0O=0: The lower two bits of the address must be set to 11.
IDO=1: The lower two bits of the address must be set to 00.

GRAM address Map

"O00OQ"H |"emmEmEERERE R R R RN RN NN E NN NN NN NN NN NN NN NN NN NRNNRNRRNT "0083"H

"2010"H "202F"H

"2110"H / 212F"H

"AF00"H "AF83"H

Window address-range specified area
HSA7-0 ="10"H, HSE7-0 = "2F"H
VSA7-0 ="20"H, VEA7-0 ="5F"H

I/D =*1” (increment)
AM = “0” (horizontal write)
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Graphics Operation Function

The HD66773R significantly reduces the load on the graphics-processing software in the microcomputer.
The graphics operation includes:

1. Thewrite data mask function that selectively rewrites some of the 16-bit write data.

2. Logica rewrite function to rewrite data after performing logical operation on the data from the
microcomputer and graphics RAM base data.

3. The conditional rewrite function that compares the write data and the compare bit data and writes
the data sent from the microcomputer only when the conditions are satisfied.

The graphics bit operation is controlled by the setting of bits in the entry mode register and RAM-write-
data mask register, and the write operation from the microcomputer.

Graphics Operation

Bit Setting

Operation Mode I/D AM LG2-0 Operation and Usage

Write mode 1 0/1 0 000 Horizontal data replacement, Draw a horizontal
line

Write mode 2 0/1 1 000 Vertical data replacement, Draw a vertical line

Write mode 3 0/1 0 110 111 Horizontal conditional data replacement,
Draw a horizontal line

Write mode 4 0/1 1 110111 Vertical conditional data replacement
Draw a vertical line

Read/Write mode 1 0/1 0 001 010011 Horizontal logical write, Draw a horizontal line

Read/Write mode 2 0/1 1 001 010011 Vertical logical write, Draw a vertical line

Read/Write mode 3  0/1 0 100 101 Horizontal conditional data replacement,
Draw a horizontal line

Read/Write mode 4  0/1 1 100 101 Vertical conditional data replacement

Draw a vertical line

Note ) In 18-/9-bit interface modes, only write modes 1, 2 are effective. All operations are effective in 16-/8-
bit interface modes.
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Write-data Mask Function

The HD66773R supports write data mask function, which controls GRAM data write by bit when 16-bit

data from the microcomputer is being written to GRAM. The write data mask function write data in the bits

whose corresponding bits in the write data mask resister (WM 15-0) are assigned with “0”. It does not
write datain the bits whose corresponding bits in the write data mask register (WM 15-0) are assigned with
“1”, and the corresponding datain GRAM are not overwritten but retained. This function is useful when

only one-pixel data are rewritten or a particular color in the display is selectively changed.

DB17 DB10DB8 DB1

Data written by the | Ros | Ro3| Roz2 | Rot | Roo | Gos| Gos| o3 | Goz2| co1| coo| Bo4 | Bo3| Bo2 | BO1| BOO
microcomputer

WM15 ................................................................ WMO

* *

G05 |G04 |GOS | GO2| Go1 |G00

GRAM data

Note) Write data mask function is available with 8/16-bit system interface.
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Graphics Operation Processing
1. Writemode 1: AM =0, LG2-0 = 000

This mode is used when data are horizontally written in high-speed mode. It isalso used to initiaize the
graphics RAM (GRAM) or to draw aline horizontally. The write-data mask function (WM 15-0) isalso
available in these operations. After writing, the address counter (AC) automatically incrementsby 1 (I/D =
1) or decrements by 1 (1/D = 0), and jumps to the counter at the opposing edge of the next one-raster-row
below after when the counter reaches either left or right edge of GRAM.

Operation Examples:

1) I/D = "1", AM = "0", LG2-0 = "000"
2) WM15-0 = "07FF"H

3) AC ="0000"H
WM15 WMO
Write-data mask: 0 (ojo|ojof1|1]|1| [1|1]|1|{1]|1]1]|1]|1 *Write mask <G> and <B> plains
DB17 DB10 DB8 DB1
Write data (1): 1(0|0|1(1|1|1(1]| [1]0|O|1|O|1(0O|O
Write data (2): 1/1(0j0|0j0|0(O| |O[O|1|1|0]|0(0]|0O
"0000"H "0001"H 0002"H
1ol 111 el 1alatolol ol bbbkl bl ol o] oo

Write data (1 i
(1 Write data (2) Note : The data in the bit with "*" are not

GRAM overwritten.
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2. Writemode 2: AM =1, LG2-0 = 000

This mode is used when data are vertically written in high-speed mode. It isalso used to initialize the
graphics RAM (GRAM), develop font patterns or draw aline vertically. The write-data mask function
(WM15-0) is also available in these operations. After writing, the address counter (AC) automatically
increments by 256, and automatically jumps to the counter either at the top of the next right row (ID = 1) or
the next left row (1/D = 0) according to the setting in the I/D bit, when the address reaches the bottom of
GRAM.

1) D = "1", AM = "1", LG2-0 = "000"
2) WM15-0 = "07FF"H

3) AC = "0000"H
WM15 WMO

Write-data mask: ol of o ofof 1| 1{1| |1 1f1] 1] 1| 1] 1] 1
DB17 DB10 DBS DB1

Write data (1): 1ofo| 1 1] 1f1]1| 1[0 of 1] 0| 1]0of O
Write data (2): 1[1]0] o[ 0] ol ojo] |of of 1] 1f0] 0] of 0
Write data (3): ol 1[1] 11| 1] ofo[ |o] 1| 0] 0] of 0] 0] 1

*

"0000"H O[O 111 ™| =1 = *| | *|*| *| *| * | write data (1)

"0100"H AL O OLO] == *1 | *| ] *|*] *| *| * |write data (2)

*
*
*
*
*
*
*
*
*

"0200"H o 1| 1] 1| 1| * Write data (3)

GRAM

RN

Note 1) The data in the bit with "*" are not overwritten.
Note 2) When data are written to the address "AF00"H, the Address Counter
(AC) jumps to "0001"H.
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3. Write mode 3: AM =0, LG2-0=110/111

This mode is used when data are horizontally written with comparing the write data and the value set in the
compare register (CP15-0). When the result of the comparison satisfies a condition, the write data sent
from the microcomputer are written to GRAM. |n this operation, the write-data mask function (WM 15-0)
isavailable. After writing, the address counter (AC) automatically increments by 1 (I/D = 1) or decrements
by 1 (1/D = 0), and jumps to the counter at the opposing edge of the next one-raster-row below after when
the counter reaches either Ieft or right edge of GRAM.

Operation Examples:

)1/D="1",AM ="0", LG2-0 = "110" (matched write)
) CP15-0 = "2860"H

) WM15-0 = "0000"H

)

1
2
2
3) AC ="0000"H

WM15 WMO
write-datamask: [0 [o]oofofo]o]o] [o]ofofofo]o fofo]

CP0 Compare

operatlon
conoereomer | AT To] [ 4 S
(Matched) Vo

DB17 DB10 DBS8 y Conditional

v replacement

Write data (1): 0 0|1|0|1|0|0|0 01|1|0|0|0|0 0| é ______ ® >|0|0| |0| |0|0|0|0| | |0|0|0|0|0
Compare Conditional Replacement

operation replacement

wiesan @ [oldddo ] [T ololaldle] s @ T

"0000"H "0001"H
lold |l {olol o  sh olololo] [-[-[-|-|-[-[- |- [--|-[-[-L-L-f-| =

Matched replacement of
write data (1)

GRAM
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4. Writemode4: AM =1, LG2-0=110/111

This mode is used when data are horizontally written with comparing the write data and the value set in the
compare register (CP15-0). When the result of the comparison satisfies a condition, the write data sent
from the microcomputer are written to GRAM. |n this operation, the write-data mask function (WM 15-0)
isavailable. After writing, the address counter (AC) automatically increments by 256, and automatically
jumps to the counter either at the top of the next right row (ID = 1) or the next left row (I/D = 0) according
to the setting in the I/D bit, when the address reaches the bottom of GRAM.

Operation Examples:

1)1/D="1", AM ="1", LG2-0 = "111" (unmatched write)

2) CP15-0 = "2860"H
2) WM15-0 = "0000"H
3) AC ="0000"H
WM15

WMO

Write-data mask:

lolololfo]olo|o] [o]o]o]ofo]]o]o]

CP15 CPO
Compare register: |ofol1{ol1]olo] o] [of[s]olofolofo] 7
(Unmatched) i | Conditional
DB17 DB10 DB8 DB1 Ereplacement
Write data (1): |1|o|o|1|1|o|o|1| |1|o|o|1|1|1|1|1|"'©; “““ ®-- |1|0|0|1|1|0|0|1|1|0|0|1|1|1|1|1|
Compare
operation ' Conditional
(Matched) replacement

Write data (2):

lolol1/ 1| oolo] [ol1]1olo[ ololo]

@[ LTI

Compare

operation
0000°H "0001"H
+0000"H |[1]o]o]1]1]olol1]1]oo[[1]1]a] 1| write data (1
20100°H |[ [ [f LT[ [ ][] ] Wrtte data 2
"AF00"H GRAM

Note 1) The data in the bit with "*" are not overwritten.
Note 2) When data are written to the address "AF00"H, the Address Counter

(AC) jumps to "0001"H.
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5. Read/Write mode 1: AM =0, LG2-0 = 001/010/011

This mode is used when data are horizontally written in high-speed with performing logical operation on
the GRAM data (base data) and data from the microcomputer. The logical operation is performed on the
GRAM read-out data and the data sent from the microcomputer, and the result of the logical operation is
written to GRAM. In the read operation, the GRAM datais not read out to the microcomputer but retained
temporarily in the read-data latch of the HD66773R. Accordingly, the read operation can be performed
using the same pulse width with the write-access pulse (68-system: ENABLE “High” level width, 80-
system: ENABLE “Low” level width), but requires the same bus cycle time as the normal read operation.
In this operation, the write-data mask function (WM15-0) isavailable. After writing, the address counter
(AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and jumps to the counter at the
opposing edge of the next one-raster-row below after when the counter reaches either left or right edge of
GRAM.

Operation Examples:

1)1/D = "1", AM = "0", LG2-0 = "001"(OR)
2) WM15-0 = "0000"H
3) AC = "0000"H
WMO

Write-data mask: |o|o|o|o|o|o|o|o| |0|0|0|0|0|0|0m

DB17  DB10 DBS DB1

Roadgata (1 [Loo[{all] PAGLoo[dolo]5 tooeo

Write data (1): | |0| | | | |0| | |0| | |0| 0| 0L|0| """ Le ???t'l?'n'p';' |°| | | |1|°| |°| | |°|°|°|°|°|

Read data (2): |o o[o]o|1[1]1 1| |oooooooo| *- Logical

write data 2 |11]ofoJo[1[4] [1[o[o[o]o]o[o]o]---*-- Yo ??E?t-'?-n-gm l1]o[o[1[1]1]1]1]o|0]o| d o] dl0]
"0000"H "0001"H

L1lo[4[1/1] 1ol 1 o 11[olo]olo]o] [1]1]o[ol1]1]1]1]1]olo[o]o]ofo]o] -+~

Read data (1) + Write data (1) Read data (2) + Write data (2)

GRAM
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6. Read/Writemode 2: AM =1, LG2-0=110/111

This mode is used when data are vertically written in high-speed with performing logical operation on the
GRAM data (base data) and data from the microcomputer. The logical operation is performed on the
GRAM read-out data and the data sent from the microcomputer, and the result of the logical operation is
written to GRAM. |n the read operation, the GRAM data is not read out to the microcomputer but retained
temporarily in the read-data latch of the HD66773R. Accordingly, the read operation can be performed
using the same pulse width with the write-access pulse (68-system: ENABLE “High” level width, 80-
system: ENABLE “Low” level width), but requires the same bus cycle time as the normal read operation.
In this operation, the write-data mask function (WM15-0) is available. After writing, the address counter
(AC) automatically increments by 256, and automatically jumps to the counter either at the top of the next
right row (ID = 1) or the next left row (I/D = 0) according to the setting in the 1/D bit, when the address
reaches the bottom of GRAM.

Operation Examples:

1)1/D="1",AM="1", LG2-0 = "001"(OR)
2) WM15-0 = "FFEQ"H
3)AC ="0000"H

WM15 WMO
Write-data mask: |1|1 |1|1| 1|1|1|1 | |1|1|1|0|0|0|0|0|

DB17 DB10 DB8 DB1

vt W) W 5 v
operation
wiite data (1: [1]ol1]1]1]1)0] of [o]1]1]o]o]ofo] o=~ [ 1jo[1{11 [ ]olt[ofa][sfsfsfs}s}
Read data (2): |o|o|o|o|1|1|1|1| |o|o|o|o|o|o|o|o|“‘- Logical
wite aata @ [{afolofolo[s[+] [fola[sF[sf[af"**** ] ] Jolol [ {[] solo il
"0000"H "0001"H
"0000"H |*|*| *l*l*l*l *|*|*|*|*|1|1|1|1|1| Read data (1) + Write data (1)
0100t | [JL ST T ofofolo]o]  Read data @)+ write data 2)
AFOO'H GRAM

Note 1) The data in the bit with "*" are not overwritten.
Note 2) When data are written to the address "AF00"H, the Address Counter
(AC) jumps to "0001"H.
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7. Read/Write mode 3: AM =0, LG2-0 = 100/101

This mode is used when data are horizontally written in high-speed with performing compare operation on
the GRAM data (base data) and the value set in the compare register (CP15-0). The compare operation is
performed on the GRAM read-out data and the value set in the compare register by word. When the result
of the comparison satisfies a condition, the data sent from the microcomputer are written to GRAM. Inthe
read operation, the GRAM datais not read out to the microcomputer but retained temporarily in the read-
datalatch of the HD66773R. Accordingly, the read operation can be performed using the same pulse width
with the write-access pulse (68-system: ENABLE “High” level width, 80-system: ENABLE “Low” level
width), but requires the same bus cycle time as the normal read operation. In this operation, the write-data
mask function (WM15-0) is available. After writing, the address counter (AC) automatically increments
by 1 (1/D = 1) or decrements by 1 (I/D = 0), and jumps to the counter at the opposing edge of the next one-
raster-row below after when the counter reaches either left or right edge of GRAM.

Operation Examples:

1) /D ="1", AM ="0", LG2-0 = "100" (matched write)
2) CP15-0 = "2860"H

2) WM15-0 = "0000"H

3) AC ="0000"H

Write-data mask:  |0/0]o] 0o o]o] o] |o|o|o|o|o|o|o|oivI

CP15 CPO
Compare register: |o|o|1|o|1|o|o|o| |o|1|1|o|o|o|o ] I
Matched S g -
DB17 DB10 DBS DB1 '
Read data (1) [glo|4[o[s|alofo| [o]s|1[c[o|olofo]" @+ Conditiona
replacement
Write data (1): |1|o|1|1|1|1|o|o| |o|1|1|o|o|o|o|o| -------- ------ é--->|1|o|1|1|1|1|o|o|o|1|1|o|o|o|o|o|
Compare
operation
Read data (2): |o|o|o|o|1|1|1|1| |o|o|o|o|o|o|o|o ------ é ----- ! Conditional
replacement
Write data (2): i1 lolofoo]t]1] [1lo]ofofofolofo]------------- =-mt0/ofo o[t [1]1 [1]o[o[o[o]o[o]o]o]
"0000"H "0001"H

o
o
o

1111oooooooo| --------

lilo 1|1 1[t}ofolo]1 1 o] ofo[olo] [o
\

Matched replacement write data (1)

GRAM
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8. Read/Writemode 4: AM =1, LG2-0 = 100/101

This mode is used when data are vertically written in high-speed with performing compare operation on the
GRAM data (base data) and the value set in the compare register (CP15-0). The compare operation is
performed on the GRAM read-out data and the value set in the compare register by word. When the result
of the comparison satisfies a condition, the data sent from the microcomputer are written to GRAM. |n the
read operation, the GRAM data is not read out to the microcomputer but retained temporarily in the read-
data latch of the HD66773R. Accordingly, the read operation can be performed using the same pulse width
with the write-access pulse (68-system: ENABLE “High” level width, 80-system: ENABLE “Low” level
width), but requires the same bus cycle time as the normal read operation. In this operation, the write-data
mask function (WM15-0) is available. After writing, the address counter (AC) automatically increments
by 256, and automatically jumps to the counter either at the top of the next right row (ID = 1) or the next
left row (1/D = 0) according to the setting in the I/D bit, when the address reaches the bottom of GRAM.

Operation Examples:

1)1/D="1",AM ="1", LG2-0 = "101" (unmatched write)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC = "0000"H
WM15 WMO
Write-datamask:  |0]o[o] o[0]o[o[o| [o]o]o[o]o[o]o]o]
CP15 CPO Compgre
Compere regster:  [oo[qali[oalo] [BIRReloe] %
Unmatched
DB17 DB10 DBS DB1 é
Readdata (1) [tfofo[4[sfofo[1] [ofafofala[4[s]1]--- @ conditona
Matched : replacement
N N . MR 1111510000
Compare
operation
Read data (2): lolol1[ol1]ololo] fol1]1ololoofof -+~ ! Conditional

replacement

Write data (2): |1|1 |°|°|°|°|1|1| |1|° |°|°|° |°|° |°| """"""" é'>|o|o|1|o|1|o|o|o|o|1|1|0|0|o|o|o|

"0000"H "0001"H
"0000"H |1|0|1|1|1|1|0|0|0|1|1|0|OIOIOI0| Write data (1)

0100 | lolo|1]ofs olofolof} o] dlo]olo] e seta @

: : GRAM
"AFO0"H

Note 1) The data in the bit with "*" are not overwritten.
Note 2) When data are written to the address "AF00"H, the Address Counter
(AC) jumps to "0001"H.
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Scan Mode Setting

The shift direction of gate signal is changeable by the combination of SM and GS bit settings. Thisalows

various ways of connecting aliquid crystal panel and the HD66773R.

SM GS Scan direction
Odd line\ G1 G2 wven line
TFT Panel
0 0 G1—-G2—G3
G4— - —>G173
G175 G176 G174—G175—G176
Gl —p 175 G176 ~4——— | G2
HD66773R
0dd line [\| 61 G2 ven line
TFT Panel
0 1 G176—G175—G174
173— - — G4
G175 G176 G3—G2—G1
Gl €=——>G175 G176 — —p | G2
HDG66773R
—\ @
¢ TFT Panel
G175 o ____.
1 0 2|~ |ci-as
Gb5— - —G173—G175
o G2—G4
1 G6— - —G174— G176
Gl |——p 175 G176 ~g—— | G2
HD66773R
T TFT Panel
G756 __ __________.
1 1 2 G176—G174
G172— - —>G4—>G2
G175—G173
— G171— - —G3—G1
G1 175 G17 G2
HD66773R
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y-Correction Function

The HD66773R incorporates y-correction function to simultaneously display 262,144 colors, by which 8-

level grayscale is determined by the gradient-adjustment and fine-adjustment registers. Select either
positive or negative polarity of the registers according to the characteristics of aliquid crystal panel.

Graphics RAM (GRAM)

Y
Y

O I D

Display data | R4| R3I R2I R1| Rol | Gsl G4| G3I G2I GwI Gol | B4| B3I le B1| Bol
N\ / \ / '\ /

| Data expansion circuit |

\ 4
| Rsl R4| R3

RzI R1| Rol

PKP02 |PKPO1 | PKPO0O

PKP12 |PKP11 | PKP 10

PKP22 |PKP21 | PKP20

PKP32 [PKP31 | PKP30

Positive
polarity
register

PKP42 |PKP41 | PKP40O

PKP52 |PKP51 | PKP50

PRP02 |PRPO1 | PRPOO

| Data expansion circuit |

PRP12 |PRP11 | PRP10 8

Grayscale|
amplifier

VRPO3 VRP02 | VRPO1 | VRPOO

VRP14 VRP13 VRP12

VRP11 | VRP10

PKNO02 |PKNO1 | PKNOO

PKN12 |PKN11 | PKN10

PKN22 |PKN21 | PKN20

PKN32 |PKN31 | PKN30

Nagative
polarity
register

PKN42 |PKN41 | PKN40

PKN52 |PKN51 | PKN50

PRNO2 | PRNO1 | PRNOO

PRN12 |PRN11 | PRN10

VRNO3 VRNO2 |VRNO1 | VRNOO

VRN13 | VRN12 |VRN11 | VRN10

| VRN14

| BsI B4| Bs BzI B1| Bol
16 16 16
Y Y \
32 grayscale controlf| 32 grayscale contro||32 grayscale control
<R> <G> <B>
FRC control || FRC control || FRC control
LCD driver | LCD driver | LCD driver
|
Y w

;
R

G

B

LCD

Note 1) 16-bit RAM data is expanded into 18-bit data through data expansion circuit.
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Configuration of Grayscale Amplifier

The gradient adjustment and fine adjustment registers determine the eight levels (VINO-7) of grayscale.
The 8 levels are then divided into 32 levels (V0-31) by the ladder resistors placed between each level.

G’adie"‘rggfgfe‘;"e"‘ Micro adjustment register (6 x 3 bits) A""’"'“‘::g’;‘:‘je”f‘"‘e"'
PRP/NO PRP/N1 PKP/NO PKPIN1 PKPIN2 PKPIN3 PKPIN4 PKPINS VRPIVRN
VREG10UT ” T = = ” T " T C
= 3 3 3 3 3 3 3 3 34 b5
A<
% VINPO/VINNO > VO
% \ VINP1/VINN1
= — V1
g ssetlzltur V2
= —» V3
%2 y VN2 :
VINP2/VINN !
— V8
Ségltor ﬁ V9
VINP3/VINN3 :
g 8to1 Gra — > Vi6
selector yscale _> V17
. g v amplifier H
o [
f; = VINP4/VINN4 ' 1o
[}
§ = st % V20
= Y VINP5/VINNS !
§ —» V24
= = — 25
> V26
\] .
VINP6/VINNG > V30
8to1
selector
=
= VINP7/VINN7 Va1
2

VGCS g———
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VREG10UT
T

s

VRPO
0to 30R

5R

4R

VRHP
0to2 8R

5R

16R

<
2z VRPO[3:0]
b
KVPO
iVINPO >
e
KVP1
—— RP1 KD
. RP2 KVP3
= RP3 Kvpa |8 to 1
= RP4 KVP5_|SEL —{VINP1 >
RP5
E RP6 KVP7
mm RP7 KVP8]
jﬂ(—(PRPo[z:O] ] I(Ppr[z:O] ]
4
KVP9
W RP8 KVP10
m_RP9 KVP11
™ _RP10 KVP12 lg 1o 1
M _Rpiq KVP13 {gF| _{m
M Rpi2 KVP14
M Rpi3 KVP15
™ RPi4 KVP16
[~ S PKP2[2:0]
K\VP17
B _RP16 KVP18
™ ppi7 KVP19
™ Rpis KVP20 g 10 1
™ ppig kvp21 |sEp V'NP3>
M RP20 KVP22
RP22 KVP24
-
KVP25
L]
M Rpo5 KVP27
-
8to1
W Rpo7 Kvp29 [op —{V'NP“ >
-
™ _RP29 KVP31
= RP30 K\/P32
- p3
KVP33
(]
™ _RP33 KVP35
]
8to1
™ Rp35 KVP37 —{ VINPS >
. SEL
™ RP37 KVP39
M peas  Kypag |
Y« PRP1[2:0] | PKP5[2:0] |
Ve d
K\P41
. P39 KVP42
RP41 KVP44 g 10 1 I
— P40 KVP45 {SE| —{_>
E. Rp43 KVP46
= RP44 K\VP47
W Rp45 KVP48
ENE RP46
KVP49
{V|NP7 >
bl VRP1[4:0]
Vel
. Rp47

VRNO
0to 30R
3 VRNO[3:0]
KUND {VINNO >
PKNO[2:0
SR . No 20
KVN1
——
. RN2 KVN3
-— 8to1
4RSS RNy KNS5 |SEL — >
RN6 KVN7
VRHN PRNO[2:0] | I(PKN1[2:0] |
0to 28R VNG
KVN10
KVN11
KVN12 I8 1o 1
TR KyN13 |sE| —{vinnz >
KVN14
KVN1S
L RN14 KVN16
5R N RN15 PKN2[2:0]
KVNT
(M_RN16 KVN18
o RN KVN19
L KVN20 |8 10 1
1R3 ™ pnio K21 |gEL VINN3
B RN20 KVN22
& S a—
16R HNEE RN23 PKN3[2:0]
KVN25
KVN27
o1l >
1R KVN29 |sg VINN4
KVN31
KVN32
5R TN PKN4[2:0]
KVN33
KVN35
8to1 _{_>
R KVN37 | g VINNS
KVN39
L
VRLN —
010 28R ;E’: PRN1[2:0] | I(PKNS[Z:O] |
KVN41
= N3 KVN42
RN41 KVN44
S & Sem—ee
Ly ARk KVN46
L KVN47
. RN4S KVN48
5R ENE RN46
KVN49 :vwm
VRN1
o3RI VRN1[4:0]
8R W RN47

Ladder Resistorsand 8-to-1 Selectors
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y-Correction Register

The y-adjustment register is a group of registers to set an appropriate grayscale voltage for the y-
characteristics of aliquid crystal panel. The register group is categorized into the ones adjusting gradient,
amplitude, and fine-tuning in relation to grayscale number and voltage characteristics. Each register can
make an independent setting for the positive/negative polarity. The reference value and RGB are common
for al registers.

4 A (,T
(0] (0]
g g g
s : s
<@ <@ %
3 3 S
[ g‘ 2
g & &
O] O] O
> L > >
Grayscale Number Grayscale Number Grayscale Number
Gradient Adjustment Amplitude Adjustment Fine Adjustment

y-Correction Register
1. Gradient adjustment registers

The gradient adjustment registers are used to adjust the gradient around the middle of the grayscale number
and voltage characteristics without changing the dynamic range. To adjust agradient, the values of the
variable resistors (VRHP (N)/VRL (N)) in the middle of the ladder resistor block for grayscale voltage
generation are controlled. The registers incorporate separate registers for positive and negative polarities to
be compatible with asymmetric drive.

2. Amplitude adjustment registers

The amplitude adjustment registers are used to adjust the amplitude of the grayscale voltage. To adjust the
amplitude, the values of the variable resistor (VRP(N)1/0) located at the lower side of the ladder resistor
block for grayscale voltage generation are adjusted. The variable resistor located at the upper side of the
ladder resistor block is adjusted by the input VDH level or reference resistor. Same with the gradient
registers, the registers also incorporate separate registers for positive and negative polarities.

3. Fine adjustment registers

The fine adjustment register is to fine-adjust the grayscale voltage level. To fine-adjust the grayscale
voltage level, each level of 8-level reference voltages generated from the ladder registersis controlled by 8-
to-1 selector. Same with the other registers, the registers also incorporate separate registers for positive and
negative polarities.
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y-Correction Registers

Register Positive Negative Description

Groups Polarity Polarity

Gradient PRP02to 0 PRNO2to 0O Variable resistor VRHP (N)

adjustment PRP12t00  PRN12t00 Variable resistor VRLP (N)

Amplitude VRPO3to 0 VRNO 3t0 0 Variable resistor VRP (N)O

adjustment VRP14t00  VRNL14t00 Variable resistor VRP (N)1

Fine adjustment PKPO2to 0 PKNO2to 0 8-to-1 selector (voltage level of grayscale 1)
PKP12to 0 PKN12to 0 8-to-1 selector (voltage level of grayscale 8)
PKP22t0 0 PKN22to 0 8-to-1 selector (voltage level of grayscale 20)
PKP32to 0 PKN32to 0 8-to-1 selector (voltage level of grayscale 43)
PKP42to 0 PKN42to 0 8-to-1 selector (voltage level of grayscale 55)
PKP52to 0 PKN52to 0 8-to-1 selector (voltage level of grayscale 62)

L adder resistors and 8-to-1 selector

Block configuration

The block diagram of page 86 consists of two ladder resistors including variable resistors, and 8-to-1
selectors which select the voltage generated by the ladder resistors to output areference voltage for the
grayscale voltage. The variable resistors and the 8-to-1 selectors are controlled by the y correction register.
Pins to be connected to a variable resistor are provided to compensate the variation among the panels.

Variableresistor

There are two kinds of variable resistors for the gradient adjustment (VRHP(N)/VRLP(N)) and the
amplitude adjustment (VRP(N)0/ VRP(N)1). The resistance is determined by the gradient adjustment and
amplitude adjustment registers asis shown below.

Gradient adjustment (1)

Register value Resistance

Gradient adjustment (2)

Register value Resistance

PRP(N)0[2:0]  VRHP(N) PRP(N)1[2:0]  VRLP(N)
000 OR 000 OR
001 4R 001 4R
010 8R 010 8R
011 12R 011 12R
100 16R 100 16R
101 20R 101 20R
110 24R 110 24R
111 28R 111 28R
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Amplitude adjustment (1) Amplitude adjustment (2)

Register value Resistance Register value Resistance

VRP(N)O[3:0]  VRP(N)O VRP(N)1[4:0] VRP(N)1
0000 OR 00000 OR
0001 2R 00001 1R
0010 4R 00010 2R

[ ) [ ] [ )

[ ) [ ] [ ] [ )

[ ) [ ] [ ] [ )

[ ) [ ] [ ] [ )
1101 26R 11101 29R
1111 28R 11110 30R
1111 30R 11111 31R

8-to-1 selector

The 8-to-1 selectors select avoltage level generated by the ladder resistors according to the fine adjustment
registers, and output six kinds of reference voltage, VIN1 to VIN 6. The relationship between the fine
adjustment register and the selected voltage is as follows.

Fine adjustment registers and selected voltage

The value of Register  Selected Voltage

PKP(N)[2:0] VINP(N)L VINP(N)2 ~ VINP(N)3  VINP(N)4  VINP(N)5  VINP(N)6
000 KVP(N)L KVP(N)9  KVP(N)17 KVP(N)25 KVP(N)33  KVP(N)41
001 KVP(N)2 KVP(N)I0 KVP(N)18 KVP(N)26  KVP(N)34  KVP(N)42
010 KVP(N)3 KVP(N)11  KVP(N)19  KVP(N)27 KVP(N)35  KVP(N)43
011 KVP(N)4 KVP(N)12 KVP(N)20 KVP(N)28  KVP(N)36  KVP(N)44
100 KVP(N)5 KVP(N)1I3  KVP(N)21  KVP(N)29  KVP(N)37  KVP(N)45
101 KVP(N)6 KVP(N)14  KVP(N)22 KVP(N)30  KVP(N)38  KVP(N)46
110 KVP(N)7 KVP(N)I5 KVP(N)23 KVP(N)31  KVP(N)39  KVP(N)47
111 KVP(N)8 KVP(N)16 KVP(N)24 KVP(N)32 KVP(N)40  KVP(N)48
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The grayscale levels (V0-V31) are calculated according to the following formulas.

Formulasfor calculating voltage (Positive polarity) (1)

. Micro-adjsting Reference
Pins Formula ;
register value voltage
KVPO |[VREG10UT-AV*VRP0O/SUMRP - VINPO
KVP1 [VREG10UT-AV*(VRP0+5R)/SUMRP PKP02-00 = "000"
KVP2 [VREG10UT-AV*(VRP0+9R)/SUMRP PKP02-00 = "001"
KVP3 [VREG10UT-AV*(VRP0+13R)/SUMRP PKP02-00 = "010"
KVP4 [VREG10UT-AV*(VRP0+17R)/SUMRP PKP02-00 = "011" VINP1
KVP5 [VREG10UT-AV*(VRP0+21R)/SUMRP PKP02-00 = "100"
KVP6 [VREG10UT-AV*(VRP0+25R)/SUMRP PKP02-00 = "101"
KVP7 [VREG10UT-AV*(VRP0+29R)/SUMRP PKP02-00 = "110"
KVP8 [VREG10UT-AV*(VRP0+33R)/SUMRP PKP02-00 = "111"
KVP9 [VREG10UT-AV*(VRP0+33R+VRHP)/SUMRP PKP12-10 = "000"
KVP10 [VREG10UT-AV*(VRP0+34R+VRHP)/SUMRP PKP12-10 = "001"
KVP11 [VREG10UT-AV*(VRP0+35R+VRHP)/SUMRP PKP12-10 ="010"
KVP12 [VREG10UT-AV*(VRP0+36R+VRHP)/SUMRP PKP12-10 ="011" VINP2
KVP13 [VREG10UT-AV*(VRP0+37R+VRHP)/SUMRP PKP12-10 = "100"
KVP14 [VREG10UT-AV*(VRP0+38R+VRHP)/SUMRP PKP12-10 ="101"
KVP15 [VREG10UT-AV*(VRP0+39R+VRHP)/SUMRP PKP12-10 = "110"
KVP16 [VREG10UT-AV*(VRP0+40R+VRHP)/SUMRP PKP12-10 ="111"
KVP17 [VREG10UT-AV*(VRP0+45R+VRHP)/SUMRP PKP22-20 = "000"
KVP18 [VREG10UT-AV*(VRP0+46R+VRHP)/SUMRP PKP22-20 = "001"
KVP19 [VREG10UT-AV*(VRP0+47R+VRHP)/SUMRP PKP22-20 ="010"
KVP20 [VREG10UT-AV*(VRP0+48R+VRHP)/SUMRP PKP22-20 = "011" VINP3
KVP21 [VREG10UT-AV*(VRP0+49R+VRHP)/SUMRP PKP22-20 = "100"
KVP22 [VREG10UT-AV*(VRP0+50R+VRHP)/SUMRP PKP22-20 = "101"
KVP23 [VREG10UT-AV*(VRP0+51R+VRHP)/SUMRP PKP22-20 ="110"
KVP24 [VREG10UT-AV*(VRP0+52R+VRHP)/SUMRP PKP22-20 ="111"
KVP25 [VREG10UT-AV*(VRP0+68R+VRHP)/SUMRP PKP32-30 = "000"
KVP26 [VREG10UT-AV*(VRP0+69R+VRHP)/SUMRP PKP32-30 = "001"
KVP27 [VREG10UT-AV*(VRP0+70R+VRHP)/SUMRP PKP32-30 = "010"
KVP28 [VREG10UT-AV*(VRP0+71R+VRHP)/SUMRP PKP32-30 = "011" VINP4
KVP29 [VREG10UT-AV*(VRP0+72R+VRHP)/SUMRP PKP32-30 = "100"
KVP30 [VREG10UT-AV*(VRP0+73R+VRHP)/SUMRP PKP32-30 = "101"
KVP31 [VREG10UT-AV*(VRP0+74R+VRHP)/SUMRP PKP32-30 = "110"
KVP32 [VREG10UT-AV*(VRP0+75R+VRHP)/SUMRP PKP32-30 = "111"
KVP33 [VREG10UT-AV*(VRP0+80R+VRHP)/SUMRP PKP42-00 = "000"
KVP34 [VREG10UT-AV*(VRP0+81R+VRHP)/SUMRP PKP42-40 = "001"
KVP35 [VREG10UT-AV*(VRP0+82R+VRHP)/SUMRP PKP42-40 = "010"
KVP36 [VREG10UT-AV*(VRP0+83R+VRHP)/SUMRP PKP42-40 = "011" VINP5
KVP37 [VREG10UT-AV*(VRP0+84R+VRHP)/SUMRP PKP42-40 = "100"
KVP38 [VREG10UT-AV*(VRP0+85R+VRHP)/SUMRP PKP42-40 = "101"
KVP39 [VREG10UT-AV*(VRP0+86R+VRHP)/SUMRP PKP42-40 ="110"
KVP40 [VREG10UT-AV*(VRP0+87R+VRHP)/SUMRP PKP42-40 = "111"
KVP41 [VREG10UT-AV*(VRP0+87R+VRHP+VRLP)/SUMRP  |PKP52-50 = "000"
KVP42 [VREG10UT-AV*(VRP0+91R+VRHP+VRLP)/SUMRP [PKP52-50 = "001"
KVP43 [VREG10UT-AV*(VRP0+95R+VRHP+VRLP)/SUMRP  |PKP52-50 = "010"
KVP44 [VREG10UT-AV*(VRP0+99R+VRHP+VRLP)/SUMRP [PKP52-50 ="011" VINPS
KVP45 [VREG10UT-AV*(VRP0+103R+VRHP+VRLP)/SUMRP |PKP52-50 = "100"
KVP46 [VREG10UT-AV*(VRP0+107R+VRHP+VRLP)/SUMRP [PKP52-50 = "101"
KVP47 [VREG10UT-AV*(VRP0+111R+VRHP+VRLP)/SUMRP |PKP52-50 = "110"
KVP48 [VREG10UT-AV*(VRP0+115R+VRHP+VRLP)/SUMRP [PKP52-50 ="111"
KVP49 [VREG10UT-AV*(VRP0+120R+VRHP+VRLP)/SUMRP - VINP7

SUMRP: Total of the positive-polarity ladder resistors = 128 R + VRHP + VRLP + VRPO + VRP1
SUMRN: Total of the negative-polarity ladder resistors= 128 R + VRHN + VRLN + VRNO + VRN1
AV: Voltage difference between VREG10UT - VGS
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Formulasfor calculating voltage (Positive polarity) (2)

grayscale voltage |Formula

VO VINPO

V1 V3D+(VINP1-V3D)*(8/24)
V2 V4+(V3D-V4)*(16/24)

V3 V4+(V3D-V4)*(8/24)

V4 VINP2

V5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-V10)*(12/24)
V8 V10+(V4-V10)*(8/24)

V9 V10+(V4-V10)*(4/24)
V10 VINP3

V11 V21+(V10-V21)*(21/24)
V12 V21+(V10-V21)*(19/24)
V13 V21+(V10-V21)*(17/24)
V14 V21+(V10-V21)*(15/24)
V15 V21+(V10-V21)*(13/24)
V16 V21+(V10-V21)*(11/24)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINP4

V22 V27+(V21-V27)*(20/24)

V23 V27+(V21-V27)*(16/24)

V24 V27+(V21-V27)*(12/24)

V25 V27+(V21-V27)*(8/24)

V26 V27+(V21-V27)*(4/24)

V27 VINPS

V28 VINP6+(V27-VINP6)*(780/960)
V29 VINP6+(V27-VINP6)*(600/960)
V30 VINP6+(V27-VINP6)*(280/960)
V31 VINP7

V3D: V3D = V4+(VINP1-V4)*(540/960)
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Formulasfor calculating voltage (Negative polarity) (1)

. Micro-adjsting Reference
Pins Formula .
register value voltage
KVNO |VREG10UT- A V*VRNO/SUMRN - VINNO
KVN1 |VREG10OUT- AV*(VRNO+5R)/SUMRN PKN02-00 = "000"
KVN2 |VREG10UT- A V*(VRNO+9R)/SUMRN PKN02-00 ="001"
KVN3 |VREG10UT- A V*(VRNO+13R)/SUMRN PKN02-00 = "010"
KVN4 |VREG10UT- A V*(VRNO+17R)/SUMRN PKN02-00 = "011" VINNA
KVN5 |VREG10UT- AV*(VRNO+21R)/SUMRN PKN02-00 = "100"
KVN6 |VREG10UT- A V*(VRNO+25R)/SUMRN PKN02-00 = "101"
KVN7 _|VREG10OUT- AV*(VRNO+29R)/SUMRN PKN02-00 = "110"
KVN8 |VREG10UT- A V*(VRNO+33R)/SUMRN PKN02-00 = "111"
KVN9 |VREG10UT- A V*(VRN0+33R+VRHN)/SUMRN PKN12-10 = "000"
KVN10 |VREG10UT- A V*(VRN0+34R+VRHN)/SUMRN PKN12-10 = "001"
KVN11 |VREG10UT- A V*(VRNO+35R+VRHN)/SUMRN PKN12-10 = "010"
KVN12 |VREG10UT- A V*(VRNO+36R+VRHN)/SUMRN PKN12-10 ="011" VINN2
KVN13 |VREG10UT- A V*(VRN0+37R+VRHN)/SUMRN PKN12-10 = "100"
KVN14 |VREG10UT- A V*(VRN0+38R+VRHN)/SUMRN PKN12-10 = "101"
KVN15 |VREG10UT- A V*(VRNO+39R+VRHN)/SUMRN PKN12-10 = "110"
KVN16 |VREG10UT- A V*(VRNO+40R+VRHN)/SUMRN PKN12-10 = "111"
KVN17 |VREG10UT- A V*(VRNO+45R+VRHN)/SUMRN PKN22-20 = "000"
KVN18 |VREG10UT- AV*(VRNO+46R+VRHN)/SUMRN PKN22-20 = "001"
KVN19 |VREG10UT- A V*(VRN0+47R+VRHN)/SUMRN PKN22-20 = "010"
KVN20 |VREG10UT- A V*(VRNO+48R+VRHN)/SUMRN PKN22-20 = "011" VINN3
KVN21 |VREG10UT- A V*(VRNO+49R+VRHN)/SUMRN PKN22-20 = "100"
KVN22 |VREG10UT- AV*(VRNO+50R+VRHN)/SUMRN PKN22-20 = "101"
KVN23 |VREG10UT- A V*(VRNO+51R+VRHN)/SUMRN PKN22-20 = "110"
KVN24 |VREG10UT- A V*(VRN0+52R+VRHN)/SUMRN PKN22-20 = "111"
KVN25 |VREG10UT- A V*(VRN0+68R+VRHN)/SUMRN PKN32-30 = "000"
KVN26 |VREG10UT- A V*(VRN0+69R+VRHN)/SUMRN PKN32-30 = "001"
KVN27 |VREG10UT- A V*(VRN0+70R+VRHN)/SUMRN PKN32-30 = "010"
KVN28 |VREG10UT- AV*(VRNO+71R+VRHN)/SUMRN PKN32-30 = "011" VINN4
KVN29 |VREG10UT- AV*(VRNO+72R+VRHN)/SUMRN PKN32-30 = "100"
KVN30 |VREG10UT- A V*(VRN0+73R+VRHN)/SUMRN PKN32-30 = "101"
KVN31 |VREG10UT- A V*(VRNO+74R+VRHN)/SUMRN PKN32-30 = "110"
KVN32 |VREG10UT- AV*(VRNO+75R+VRHN)/SUMRN PKN32-30 = "111"
KVN33 |VREG10UT- A V*(VRNO+80R+VRHN)/SUMRN PKN42-00 = "000"
KVN34 |VREG10UT- AV*(VRNO+81R+VRHN)/SUMRN PKN42-00 = "001"
KVN35 |VREG10UT- A V*(VRN0+82R+VRHN)/SUMRN PKN42-00 = "010"
KVN36 |VREG10UT- A V*(VRN0+83R+VRHN)/SUMRN PKN42-00 = "011" VINN5
KVN37 |VREG10UT- A V*(VRN0+84R+VRHN)/SUMRN PKN42-00 = "100"
KVN38 |VREG10UT- AV*(VRNO+85R+VRHN)/SUMRN PKN42-00 = "101"
KVN39 |VREG10UT- AV*(VRNO+86R+VRHN)/SUMRN PKN42-00 ="110"
KVN40 |VREG10UT- A V*(VRN0+87R+VRHN)/SUMRN PKN42-00 = "111"
KVN41 |[VREG10UT- AV*(VRN0+87R+VRHN+VRLN)/SUMRN _ |PKN52-50 = "000"
KVN42 [VREG10UT- AV*(VRNO+91R+VRHN+VRLN)/SUMRN  |PKN52-50 = "001"
KVN43 [VREG10UT- A V*(VRNO+95R+VRHN+VRLN)/SUMRN  |PKN52-50 = "010"
KVN44 |VREG10UT- A V*(VRNO+99R+VRHN+VRLN)/SUMRN  |PKN52-50 = "011" VINNG
KVN45 |VREG10UT- AV*(VRNO+103R+VRHN+VRLN)SUMRN [PKN52-50 = "100"
KVN46 |VREG10UT- AV*(VRNO+107R+VRHN+VRLN)SUMRN [PKN52-50 = "101"
KVN47 [VREG10UT- AV*(VRNO+111R+VRHN+VRLN)/SUMRN |PKN52-50 = "110"
KVN48 |VREG10UT- AV*(VRNO+115R+VRHN+VRLN)/SUMRN |PKN52-50 = "111"
KVN49 |VREG10UT- A V*(VRNO+120R+VRHN+VRLN)/SUMRN - VINN7

SUMRP: Total of the positive-polarity ladder resistors = 128 R + VRHP + VRLP + VRP0 + VRP1
SUMRN: Total of the negative-polarity ladder resistors= 128 R + VRHN + VRLN + VRNO + VRN1
AV: Voltage difference between VREG10UT - VGS
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Formulasfor calculating voltage (Negative polarity) (2)

grayscale voltage Formula

VO VINNO

V1 V3D+(VINN1-V3D)*(8/24)
V2 V4+(V3D-V4)*(16/24)

V3 V4+(V3D-V4)*(8/24)

V4 VINN2

V5 V10+(V4-V10)*(20/24)

V6 V10+(V4-V10)*(16/24)

V7 V10+(V4-V10)*(12/24)

V8 V10+(V4-V10)*(8/24)

V9 V10+(V4-V10)*(4/24)

V10 VINN3

V11 V21+(V10-V21)*(21/24)
V12 V21+(V10-V21)*(19/24)
V13 V21+(V10-V21)*(17/24)
V14 V21+(V10-V21)*(15/24)
V15 V21+(V10-V21)*(13/24)
V16 V21+(V10-V21)*(11/24)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINN4

V22 V27+(V21-V27)*(20/24)
V23 V27+(V21-V27)*(16/24)
V24 V27+(V21-V27)*(12/24)
V25 V27+(V21-V27)*(8/24)
V26 V27+(V21-V27)*(4/24)
V27 VINN5S

V28 VINNG+(V27-VINNG)*(780/960)
V29 VINNG+(V27-VINNG)*(600/960)
V30 VINNG+(V27-VINNG )*(280/960)
V31 VINN7

V3D: V3D = V4+(VINN1-V4)*(540/960)
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Relationship between RAM data and output level

The relationship between the RAM data and the source output level is asfollows.

Relationship between RAM data and source output level

VO : '
! Negative Polarity :
D | E
> ' '
(0} H 1
- : :
s | :
Q : 1
= .
3 1 1
o |: ;
: Positive Polarity :

V31

RAM Data

G pixel data 000000 | __
R,B pixel data 00000
G pixel data 111111
R,B pixel data 11111

Relationship between Vcom and source output level

Sn

Negative Polarity
Vcom

Positive Polarity
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8-color Display Mode

The HD66773R incorporates 8-color display mode. The available grayscale levelsare VO and V31, and the
voltages for the other levels (V1-V30) are halted to reduce power consumption.

The y-fine-adjustment registers, PK PO-PKP5 and PKNO-PKN5 are not available in the 8-color display
mode. Since the power supply for the levels V1-V 30 are halted, R and B datain GRAM should be set to
either “00000” or “11111” and G datain GRAM to either “000000” or “111111” before setting this mode
so that VO or V31 is selected.

Graphics RAM (GRAM)

MSB-socsoemceoccecaccneaccneconccnsceccseeacccaccncnccnccconccscncccencccns LSB
Display data | R4| R3I R2I R1|R0||G5|G4|G3I Gzl GWI G0||B4|BalelB1| Bol
\ * / '\ / N\ * /
| Data expansion circuit | | Data expansion circuit |
| RsI R4| R3I RzI R1| Rol | le B4| BsI BzI Bwl Bol
PKP02 |PKPO01 | PKP0OO
PKP12 [PKP11 | PKP 10
PKP22 |PKP21 | PKP20
» PKP32 |PKP31 | PKP30
Positive VO
. PKP42 |PKP41 | PKP40
polarity 16 ‘I’G T6
register PKP52 |PKP51 | PKP50 ' ' '
PRP02 |PRPO1 | PRPOO 8 Grayscale |2 2 2 2
o le control rayscale control rayscale control
PRP12 |PRP11 | PRP10 amplifier graysca gray gray
VRP03 | VRPO2 | vRPOT | VRPOO <R> <G> <B>
VRP1E [ VRPIS [ VRPT2 | vRP11 | VRP10 V31[ [ LcD driver | LCD driver H LCD driver |

PKN02 |PKNO1 | PKNOO

T | T
1 1 1
[ [ [
PKN12 |PKN11 | PKN10 ' ' '
PKN22 |PKN21 | PKN20
PKN32 |PKN31 | PKN30
Nagative
PKN42 |PKN41 | PKN40
olarit
p . y PKN52 |PKN51 | PKN50
register
PRNO2 |PRNO1 | PRNOO

PRN12 |PRN11 | PRN10

VRNO3 | VRNO2 |VRNO1 | VRNOO

VRN14 | VRN13 VRN12 |VRN11 | VRN10
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To switch between the 262, 144-color mode and the 8-color mode, make settings according to the following

sequences.

262,144 colors —8 colors

Display OFF
GON="1"

DTE ="1"

D1-0 ="10", DIT ="0"

Wait (2 frame or more)

Display OFF
GON="1"

DTE ="0"

D1-0 ="10", DIT ="0"

Wait (2 frame or more)

Display OFF

GON ="0"

DTE ="0"

D1-0 ="00", DIT ="0"

| RAM setting

I Cl="1"

| Wait (40ms or more)

Display OFF

GON ="0"

DTE ="0"

D1-0 ="01", DIT ="0"

Wait (2 frame or more)

Display OFF

GON ="1"

DTE ="0"

D1-0 ="01", DIT ="0"

Display OFF

GON ="1"

DTE ="0"

D1-0 ="11", DIT ="0"

Wait (2 frame or more)

Display OFF

GON ="1"

DTE ="1"
D1-0="11", DIT ="0"

8-color mode display

8 colors—262,144 colors

Display OFF
GON ="1"

DTE =
D1-0 ="10", DIT ="1"

Wait (2 frame or more)

Display OFF

GON ="1"

DTE ="0"

D1-0 ="10", DIT ="1"

Wait (2 frame or more)

Display OFF

GON ="0"

DTE ="0"

D1-0 ="00", DIT ="1"

| RAM setting

I Cl="0"

| Wait (40ms or more)

Display OFF

D1-0 ="01", DIT ="1"

|
Wait (2 frame or more)
|
Display OFF
GON="1"
DTE ="0"
D1-0 ="01", DIT ="1"
|
Display OFF
GON ="1"
DTE =
D1-0 ="11", DIT ="1"
| |
Wait (2 frame or more)
|
Display OFF
GON="1"
DTE ="1"
D1-0 ="11", DIT ="1"

262,141-color mode
display

e
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Instruction Setting Flow

Make the setting for each instruction according to the following sequence.

Display ON/OFF

Display off Display on
(
EQ=0 Power On sequence
l see Note 1
(.
Display off I
GON = “1” Display on
DTE = “1” GON =*“0"
D1-0 = “10” DTE =*“0"
| D1-0 =“01”

Wait (2 frames or more)

Wait (2 frames or more)

To Display ON flow

I |
Display off .
Display on
GON ="1"
GON ="1"
DTE =“0"
DTE =“0”
D1-0 = “10”
D1-0 =“01”
I |
Wait (2 frames or more)
I Display on
Disol . GON ="1"
isplay o
Y DTE =“0"
GON ="0"
D1-0 = “11”
DTE =“0" I
D1-0 =“00” Wiait (2 frames or more)
| I
Display on
Power OFF sequence
see Note 2) GON ="1"
I DTE =“1"
D1-0 = “11”
H e =
[ Display OFF ] Display ON

To Display OFF flow

Note 1) See Page 99, "Power Supply Setting Flow". Execute the power on sequence.
Note 2) See Page 99, "Power Supply Setting Flow". Execute the power off sequence.
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Standby and Sleep

Standby

( Display OFF flow )

Power supply OFF
sequence Note 2)

| Set standby(STB = "1") |

—

| Oscillation start |

| Wait 10 ms |
|
[ setstandby(sTB="0") |

Power ON Sequence
Note 1) -

( Display on flow )

Set
standby

Release
standby

Sleep

( Display OFF flow )

Power supply OFF
sequence Note 2)

Set sleep

Set sleep (SLP ="1")

Release sleep (SLP ="0") | Release
sleep

Power ON Sequence
Note 1)

( Display on flow )

Note 1) See Page 99, "Power Supply Setting Flow". Execute the power on sequence.
Note 2) See Page 99, "Power Supply Setting Flow". Execute the power off sequence.
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Power Supply Setting Flow
When turning on the power supply, follow the sequence below.

The stabilization time for the oscillation circuits, step-up circuits, and operation amplifiers may vary
depending on the external resistors and capacitors.

Power ON sequence Power OFF sequence

Power ON
(Vee On)

Display-OFF bit

1ms Power-on reset " — w0
& Display OFF D1-0 =00 ~
A
10ms or more
Time for
oscillation circuit
to stabilize v \4 Display-ON bit
A PR . . Normal isplay- I o
Issue Instruction (1) g‘e’:”\/eéz'"é"f‘/'g:g%“ é‘;‘;"g bit Display D1-0="11
for Power setting | 1 3.0, vCM4-0, VDV4-0
—
Display OFF
sequence
Power-operation start Display OIFF bit .
Issue Instruction (2) | setting bit Display OFF DTE D1-0 ="00
for Power setting Set BT2-0, DC2-0, AP2-0 GON
J
Power On
Step-up1 halt setting bit
Sequence Issue Instruction (1) BTZFiO 5.110.. 9
40ms or more for Power setting
Time f ( N _— \. J
Sizpe_u;' Step-up circuit 4 A
circuits 1,2 Issue Instruction (3) | operation start setting bit Wait i I
to stabilize for Power setting Set VCOMG ="1" al ) )
ired i Step-up3,4 halt setting bit Power Off
v N J (Notrequired if VcomL = GND) 100ms Issue Instruction (2) POE:'S" VCOMG="IO"9 '
e or more for Power seing ) Sequence
. J
40ms or mor A4 i
::;)e_:gr Step-up circuit 3 —_—
circuit 4 Issue Instruction (4) | operation start setting bit . Step-up2, amp halt setting bit
to stabilize for Power setting Set PON = "1" Issue Instruction (3) | gT2.0="000", AP2-0="000"
for Power setting
Yoo\ J
'y l ;l_/ —
.
100ms or more
Time for Issue Instruction for
step-up circuits other mode settings
& ope-amps
to stabilize
4 I
Display-ON —
sequence
Display-ON bit
DTE="1",D1-0 ="11"

GON =
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Oscillation Circuit

1) External clock mode

Clock
—  N\—_]osc1
Damping
resistor

(2kQ) 0SC2
HD66773R

2) External resistor oscillation mode

— | OSC1
Rf %

0SC2
HD66773R

Place the Rf resistor as close as possible to the OSC1, OSC2 pins

OScC1
Rf é

0SC2
HD 66773R |

oA
other wiring

Place the Rf oscillation resistor as close as possible to the OSC1, OSC2 pins.
Do not arrange other wiring beneath OSC1-OSC2 wiring to avoid effects from coupling.
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n-raster-row Inversion AC Drive

The HD66773R, in addition to LCD inversion AC drive by frame, supports n-raster-row inversion AC
drive where alternation occurs by n raster-rows, where n takes a number between 1 to 64. The n-raster-row
inversion AC drive allows overcoming the problems related to display quality.

In determining n (the value set in the NW bit +1), the number of raster-rows by which alternation occurs,
check the display quality on the actual liquid crystal panel. Setting a small number of raster-rows will raise
the AC fregquency of theliquid crystal and increase the charge/discharge current on the liquid crystal cells.

~——1 frame —®%——1 frame —
Blank period Blank period
11 2] 3] 4 B (V451 (4] 184 11 2| 3| 4 1751176 ~°°° N84 1| 2
A\
Frame Ap
waveform drive
176-raster-row drive
\
n-raster-row AC — \ A\ —
waveform drive
176-raster-row drive
3-raster-row inversion
EOR-"1" - ¥

Make sure that EOR = "1" in n-raster-row drive to prevent the direct bias on liquid crystal.
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Interlaced Drive

The HD66773R supports interlaced drive, which divide one frame into n fields and then drive to prevent
flickers.

To determine the number of fields (n: value set in the FLD hits), check the display quality on the actual
liquid crystal panel. The following table shows the gate selection for each number of fields, 1to 3. The
figureillustrates the output waveforms of the 3-field interlaced drive.

Gate selection
GS=0 GS=1
FLD1-0 01 11 FLD1-0 01 11
Field - 1 2 3 Field - 1 2 3
Gate Gate
Gl @) @) G176 @) @)
G2 @] o G175 @] o
G3 @) (0] G174 @) (0]
G4 @] @] G173 @] @]
G5 @) (0] G172 0] (0]
G6 @] o G171 @] o
G7 @] @] G170 @] @]
G8 O o G169 @) o
G9 @] o G168 @] o
o . . o . .
. . . . . .
. . . . . o . .
G173 @) (0] G4 @) (0]
G174 @] o G3 v @] o
G175 @) 0] G2 @) 0]
G176 @] o Gl @] o
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hr4 |||||||||||| |_“|~II-
S _
° <
%<
ML NN L=
R O S A -}
S ~
QO
L
v | ] a1 l= 1L
e N SR EH=== o
2 < |3
s S |ic
s m
vy | A LIl | LI
TR R R o
Mf
QL =
[T
v 1=

AC polarity
G1
G2

Gate output timing during 3-field interlaced drive
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AC Timing

The AC timings of frame inversion AC drive, 3-field interlaced drive, and n-raster-row inversion drive are
illustrated asfollows. In case of frame inversion AC drive, aternation occurs at the completion of drawing
one frame, followed by a blank, which lasts for 16H periods. AC Timing

The AC timings of frame inversion AC drive, 3-field interlaced drive, and n-raster-row inversion drive are
illustrated asfollows. In case of frame inversion AC drive, aternation occurs at the completion of drawing
one frame, followed by a blank, which lasts for 8H periods. In this case, all the outputs from the gate are
Vgoff outputs. In case of interlaced drive, aternation occurs at the completion of drawing one field,
followed by ablank. Thetotal period of the blanksin one frame amounts to 8 period. In case of n-raster-
row, ablank lasting 8H period isinserted after drawing afull screen.

Frame inversion AC drive 3-field interlace drive n-raster-row inversion AC drive
AIC .

A/IC . n-raster-row

Field 1 A/C . n-raster-row

N C_> A/IC _> n-raster-row

Blank period 1 A/C n-raster-row
el el ©
Frame 1 o Re) AC _> A o
] F n-raster-row 5
g I3 —p g
g A Field 2 g A/IC . n-raster-row GE)
g — S AC gy n-raster-row 5
i Blank period 2 = =
T b AIC n-raster-row 7

A/C timi . AC n-raster-row

ming Field 3 AC
—» —Blank period —
Blank period Ali» A/C ank perio
Blank period 3 —>
Blank period = 8H period Blank period Blank period
= Blank period 1 =8H period

+ Blank period 2
+ Blank period 3
=8H period
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Frame-Frequency Adjustment Function

The HD66773R incorporates frame frequency adjustment function. The frame frequency during the liquid
crystal driveis adjusted by the instruction setting (DIV, RTN) while keeping the oscillation frequency fixed.

Setting the oscillation frequency high in advance allows switching the frame frequency in accordance to the
kind of picture to be displayed (i.e. moving/still picture). When displaying a still picture, set the frame
frequency low to save power consumption, while setting the frame frequency high for displaying a moving
picture which requires high-speed switching of screens.

Relationship between Liquid Crystal Drive Duty and Frame Frequency

The relationship between the liquid crystal drive duty and the frame frequency is calculated by the
following formula. The frame frequency is adjusted through instruction setting with the 1-H period
adjustment bit (RTN bit) and the operation clock division bit (DIV bit).

(Formulafor the frame frequency)

fosc
Frame frequency = [HZ]
Clock cycles per raster-row x division ratio x (Line+8)

fosc: R-C oscillation frequency

Line: number of drive raster-rows (NL bit)
Clock cycles per raster-row: RTN bit
Division ratio: DIV bit

Calculation Example The maximum frame frequency = 60 Hz

Number of drive raster-rows. 176
1-H period: 16 clock cycles (RTN3-0 = 0000)
Operation clock division ratio: 1 division

fosc =60 Hz x (0 + 16) clock x 1 division x (176 + 8) lines= 177 (kHz)

In this case, the R-C oscillation frequency becomes 177 kHz. Adjust the resistance of externa resistor for
the R-C oscillator t0177 kHz.
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Screen -split Drive Function

The HD66773R allows selectively driving two screens at arbitrary positions with the screen-drive position
registers (R42 and R43). Only the raster-rows required to display two screens at arbitrary positions are
selectively driven to reduce power consumption.

Thefirst screen drive position register (R42) specifies the start line (SS17-10) and the end line (SE17-10)
for displaying the first screen. The second screen drive position register (R43) specifiesthe start line
(SS27-20) and the end line (SE27-20) for displaying the second screen. The second screen control is
effective when the SPT bit isset to 1. The total number of raster-rows driven for displaying the first and
second screens must be less than the number of liquid crystal drive raster-rows.

G1
[P 1st screen: 7

G7 raster-row driving

]Non-display area
G26——pr

]an screen: 17

raster-row driving

G42—pr

Non-display area

Driven raster-rows: NI4-0 = "10101" (176 raster-rows)
First screen setting : SS17-10 = "00"H, SE17-10 - "06"H
Second screen setting : SS27-20 = "19"H, SE27-20 - "29"H, SPT ="1"
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Conditions on Setting the 1st/2nd Screen Drive Position Register

When making settings for the start line (SS17-10) and end line (SE17-10) of the first screen drive position
register (R42), and the start line (SS27-20) and end line (SE27-20) of the second screen drive position
register (R43) with the HD66773R, it is necessary to satisfy the following conditions to display screens
correctly.

One-screen Drive (SPT =0)

Register Settings Display Operation
(SE17-10) - (SS17-10) = NL Full screen display

The area of (SE17-10) - (SS17-10) is normally displayed.
(SE17-10) - (SS17-10) < NL Partial screen display

The area of (SE17-10) - (SS17-10) is normally displayed.
The rest of the area is white display irrespective of data in RAM.

(SE17-10) - (SS17-10) > NL Setting disabled

Note 1) SS17-10 < SE17-0 < “AF’H
Note 2) Setting disabled for SS27-20 and SE27-20.

Two-screen Drive (SPT = 1)

Register Settings Display Operation
((SE17-10) - (SS17-10)) Full screen display
+ ((SE27-20) - (SS27-20)) = NL The area of (SE27-20) - (SS17-10) is normally displayed.
((SE17-10) - (SS17-10)) Partial screen display
+ ((SE27-20) - (S27-20)) < NL The area of (SE27-10) - (SS17-10) is normally displayed.

The rest of the area is white display irrespective of data in RAM.
((SE17-10) - (SS17-10)) Setting disabled

+ ((SE27-20) - (SS27-20)) > NL

Note 1) Make sure that SS17-10 < SE17-10 < SS27-20 < SE27-20 < “AF"H.
Note 2) Make sure that ((SE27-20) - (SS17-10)) < NL.

The setting for the driver output in the non-display area during the partial display is changeable according
to the characteristics of the display panel.
Sour ce outputsin non-display area

Source Output for Non-display Area Source Output for Non-display Area

PT1 PTO Positive Polarity Negative Polarity

0 0 V31 VO Normal drive
0 1 V31 VO Vgoff
1 0 GND GND Vgoff
1 1 High-Z High-Z Vgoff
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To make a setting for the partial display, follow the sequence below.

Full screen display

!

PT1-0=00

v

Set SS/SE bits

A

Screen division drive

Wait (more than 2 frames)

‘ Set up flow

A

PT1-0=01
or

PT1I-0=10
or

PT1-0=11

Set if necessary

v

Partial display on

v

Full screen drive

Set SS/SE bits

‘ Set up flow

v

_

Full screen display
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Internal Configuration of Power Generation Circuit

Theinternal configuration of power generation circuit of HD66773R is asfollows. The step-up circuit is
comprised of the step-up circuit 1 which boost 2 to 3 times the voltage supplied with Vcil, the step-up
circuit 2 which further boost 2 to 4 times the voltage boosted by the step-up circuit 1, the step-up circuit 3
which invert the V GH-level voltage with the GND level as the axis and output the VGL-level voltage, and
the step-up circuit 4 which invert the Vci-level voltage with the GND level asthe axis and output the VCL-
level voltage. The step-up circuit generates the voltage to drivea TFT LCD. Reference voltagea VDH,
Vcom and Vgoff for the grayscale voltage are generated either by being adjusted in the internal voltage
adjustment circuit or from the voltage at REGP, which is amplified in the amplifiers 1, 2. The Vcom,

V goff voltages can alternate at an arbitrary voltage level. Vcom must be connected to the panel.

Rev.1.10, Jun.21.2003, page 109 of 133
RENESAS



HD66773R

= 1
- == | VREGI
77 777 _Lour
VREG2 i‘ III
ouT L4
Amplifier 2 Ampifier 1 r
Vgoff VI?H
adjstment adjustment VeomH Vcom Grayscale
3 Adjustment|| Amplitude Voltage
1 circuit Adjustment || Generating
*VeomH voltage REGP circuit circuit
Adjustment ] ) p
(with external Vei Vei
resistors) |
VciOUT Volume -
output adjsutment ¥ adjustment So.urce
VcomR| amplifier circuit circuit driver
| o
Veil VeomH VeomH
—— output 1 I
-— amplifier
Vcom
*In case of using Step-up
VciOUT Circuit 1
output amplifier
Vgoff ?
Vei Amplitude VeomL - -
o @ Adjustment |—]  output ]_I
circuit amplifier VeomL
VgoffH
Output VegoffH
Amplifier | & vgofrouT
Step-up
Circuit 2
VgoffL Veoff
output F'y
|_amplifier | VeoffL
TESTAL
TESTA 2
Note 2 TESTA 3
»l TESTA 4
L
Step-up Vee
Circuit 3
GND
Note 2 Vei
- Gate driver
Step-up
Circuit 4 GND
HD66773R

Note 1) Use a capacitor of 0.1uF (B characteristics). Other capacitors must be 1uF (B characteristics).
Connect stabilizing capacitors to TESTA1 ~ TESTA4 depending on the display quality or power consumption.
Note 2) Place a shot key barrier diode (VF = 0.4V/around 20mA, VR >= 30V

Internal configuration of power supply circuit
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Specification of External Elements Connected to HD66773R

The following table shows specifications of external elements connected to HD66773R power supply.

Capacitor

Capacity

Recommended voltage

Connect pins

1 uF (B characteristic)

6V

VREG10UT, Vcil, C41-/+ Note ) \/CL Note 1),
VcomH, VcomL Noe D

10v DDVDH, C11+/-, C12+/-, C21+/-, C22+/-, C23+/-
25V VREG20UT, VGH, VGL, C31-/+,
VgoffH N D vgoffL
0.1 uF (B characteristic) | 25V (TESTA3)Neted)
0.1 uF (B characteristic) | 6V VOP, VON, V31P, V31N, (TESTA4) N2

Note 1) These pins may not be required for some mode setting.
Note 2) Connect to a stabilizing capacitor depending on the display quality or power consumption.
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Pattern Diagram for Voltage Setting

The following figures are the pattern diagram of voltage setting for the HD66733R and the voltage
waveforms.

[ VGH(+9~16.5v) | VGH

IT/
DDVDH(+4.5~5.5V) | DDVDH

VRL3-0
4 [ VgofH(VGL+4.0 ~ 5.0V) |
X
VREG20UT
[ VgofL(VGL+0.5~50V) |
— [VGL(-9~-165V) | VGL

Note: The relationships DDVDH-VREG10UT>0.5V, VcomL-VCL>0.5V,Vgoff-VGL>0.5V are changeable
depeinding on the load on the panel to be driven. Make an appropriate setting for the voltage.
It is possible to directly imput Vci to Vci1.

__VREG1OUT
BT2-0 ——— VREG10UT(3.0 ~ DDVDH+0.5V)
VRH3-0 VCM4-0
@i 2 5~33V : — [ VcomH(3.0~VREG1OUT) |
VCi1 \
VC2-0 VDV4-0
IGND (QV ) \
K X \ VeomL(VCL+0.5 ~ 1.0V)
[VCL(-36~25v) | VCL

VGH

VREG10UT
~- VcomH

VS D S | N | —

Sn

VcomL

VgoffH

VaoffL
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Absolute Maximum Ratings

Item Symbol Unit Value Notes
Power supply voltage (1) | Vcc \% -0.3~+46 1,2
Power supply voltage (2) | Vci- GND \Y -0.3~+46 1,2
Power supply voltage (3) | DDVDH - GND | V -0.3~+6.0 1,2
Power supply voltage (4) | GND -VCL \Y -0.3~+4.6 1,2
Power supply voltage (5) | DDVDH - VCL | V -0.3~+9.0 1
Power supply voltage (6) | VGH - GND \% -0.3~+18.5 1,2
Power supply voltage (7) | GND - VGL \% -0.3~+18.5 1,2
Input voltage Vt \% -0.3~Vcc +0.3 1
Operating temperature Topr °C -40 ~ + 85 1,3
Storage temperature Tstg °C -55 ~+ 110 1

Note 1) The LSI may be permanently damaged if it is used under the condition exceeding the above
absolute maximum ratings. It is also recommended to use the LSI within the limit of its electric
characteristics during normal operation. Exceeding the conditions may lead to malfunction of LSI
and affect its credibility.

Note 2) The voltage from GND.

Note 3) The DC and AC characteristics of chip and wafer products are guaranteed at 85 °C.
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Electric Characteristics

DC Characteristics

(Vee =1.8103.7V, Ta=-40 ~ +85°C Noel)

Item Symbol Unit Test Condition Min Typ Max Notes
Input high voltage Vi V Ve, =22t033V 0.7Vee — Vee 2,3
Input low voltage (1) (OSC1 i V. Vg, =22t033V -0.3 — 0.15V. 2,3
pin)
Input low voltage (2) Vi V. Ve, c=22t024V -0.3 — 0.15V. 2,3
(Except OSCL1 pin) Vce = 2.4 to 3.3V -0.3 — 02V, 2,3
Output high voltage (1) Vopu V. I0H=-0.1mA -0.75Vec — — 2
(DBO0-17 pins)
Output low voltage (1) Vour V  Vcc=22Vto 24V, — — 0.2Vcec 2
(DBO-17 pins) lo. =0.1mA
Vce = 2.4V to 3.3V, — — 0.15Vc 2
lo. =0.1mMA ¢
I/O leakage current I HA  Vin =0to Vcc -1 — 1 4
Current consumption during lop MA Ta=25°C, 260,000 colors — 90 200
normal operation (Vcc — GND) display, Vcc = 3V, CR

oscillation; fosc = 176kHz (176
line drive), RAM data: 0000h,
AP=001, CAD=1, VCOMG=1

VCI1 =0.92 x VCI (VC2-0 =
001), DDVDH = 2 x VCI1, VGH
=3 x VCI2 (BT2-0 = 000), Step
up circuit 1 = 60 divided cycle,
Step up circuit 2, 3, and 4 =
240 divided cycle (DC2-0 =
000), VREG1OUT = REGP x
1.65 = 4.55V, (VRH = 0011)
VCOMH = VREG10UT x 0.76
=3.46V, (VCM = 10011),
VCOML = 3.46 — (VREG1OUT
x 1.23) = -2.13V, (VDV =
10110), VREG20UT = VCI x —
5.5 =-16.5V, (VRL = 1001),

Current consumption during I mA  VgoffL = -16.5V, VgoffH = - — 1.25 15 5
Normal operation (Vci — GND) 16.5V + 5.59V = -10.9V

Current consumption during lst MA Vcc = 3V, Ta<=50°C — 0.1 5 .
Standby mode (Vcc — GND) Vce = 3V, Ta >50°C — — 20

Output voltage difference AVo [V — — 5 — 6
Average output voltage AV Vv — — — 35
fluctuation
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AC Characteristics
(Ve =22t03.3V, Ta=-40t0 +85°C*?)

Clock Characteristics (Vc =2.2t03.3V)

Item Symbol  Unit Test Condition Min Typ Max Notes
External clock Fcp kHz Vec=221t033V 100 176 600 8
frequency

External clock duty Duty % Vee=221t033V 45 50 55 8
ratio

External clock rise time Trcp Us Vee=221033V — — 0.2 8
External clock fall time Tfcp us Vee=221033V — — 0.2 8
R-C oscillation clock fose kHz Rf = 240kQ, V. =3V 184 229 274 9
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68system Bus I nterface Timing Characteristics

Normal Write Mode (HWM=0) (Vcc=2.2t02.4V)

Item Symbol Unit Timing diagram Min Typ Max
Enable cycle time Write ¢ ns Figure 1 600 — —
Read CYeE ns Figure 1 800 — —
Enable “High” level pulse Write ns Figure 1 90 — —
width Read | Ve 350 — @ —
Enable “Low” level pulse width ~ Write PW ns Figure 1 300 — —
Read e 400 — @ —
Inable rising and falling time te, ter ns Figure 1 — — 25
Set up time (RS, R/W, to E, tase ns Figure 1 10 — —
CS*)
Address hold time tane ns Figure 1 5 — —
Write data set up time toswe ns Figure 1 60 — —
Write data hold time the ns Figure 1 15 — —
Read data delay time toore ns Figure 1 — — 200
Read data hold time tonre ns Figure 1 5 — —
High-Speed Write Mode (HWM=1) (Vcc=2.2t024V)
Item Symbol Unit Timing diagram Min Typ Max
Enable cycle time Write ¢ ns Figure 1 200 — —
Read CveE ns Figure 1 800 — —
Enable “High” level pulse Write ns Figure 1 90 — —
width Read | Ve 350 — @ —
Enable “Low” level pulse width ~ Write PW ns Figure 1 90 — —
Read F 400 — @ —
Inable rising and falling time ter te ns Figure 1 — — 25
Set up time (RS, R/W, to E, tase ns Figure 1 10 — —
CS*)
Address hold time tane ns Figure 1 5 — —
Write data set up time toswe ns Figure 1 60 — —
Write data hold time te ns Figure 1 15 — —
Read data delay time topRE ns Figure 1 — — 200
Read data hold time torRe ns Figure 1 5 — —
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Normal Write Mode (HWM=0) (Vcc=2.4t03.3V)
Item Symbol  Unit Timing Min  Typ Max Note
diagram
Enable cycle time Write ¢ ns Figure 1 200 — — —
Read cvee ns Figure 1 300 — — —
Enable “High” level pulse Write ns Figure 1 40 — — —
width Read | Ve 150 — — —
Enable “Low” level pulse width ~ Write PW ns Figure 1 100 — — —
Read e 100 — — —
Inable rising and falling time te tge ns Figure 1 — — 25
Set up time (RS, R/W, to E, tase ns Figure 1 10 — —  with status read
CS*) 0 — — without status
read
Address hold time tane ns Figure 1 2 — — —
Write data set up time toswe ns Figure 1 60 — — —
Write data hold time tye ns Figure 1 2 — — —
Read data delay time tobRe ns Figure 1 — — 100 —
Read data hold time tonre ns Figure 1 5 — — —
High-Speed Write Mode (HWM=1) (Vcc=2.4t03.3V)
Item Symbol Unit Timing Min  Typ Max Note
diagram
Enable cycle time Write ¢ ns Figure 1 100 — —
Read cvee ns Figure 1 300 — —
Enable “High” level pulse Write ns Figure 1 40 — —
width Read e Figure 1 150 — —
Enable “Low” level pulse width ~ Write ns Figure 1 40 — —
Read e Figure 1 100 — —
Inable rising and falling time te tge ns Figure 1 — — 25
Set up time (RS, R/W, to E, tase ns Figure 1 10 — —  with status read
CS") 0 without status
read
Address hold time tane ns Figure 1 2 — —
Write data set up time toswe ns Figure 1 60 — —
Write data hold time tye ns Figure 1 2 — —
Read data delay time tobRe ns Figure 1 — — 100
Read data hold time tonre ns Figure 1 5 — —
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80-system Bus I nterface Timing Characteristics

Normal Write Mode (HWM=0) (Vcc=2.2t02.4V)

Item Symbol Unit Timing Min  Typ Max
diagram
Bus cycle time Write tevew ns Figure 2 600 — —
Read tever ns Figure 2 800 — —

Write low-level pulse width PW, ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high-level pulse width PW ns Figure 2 300 — —
Read high-level pulse width PW, ns Figure 2 400 — —
Write/Read rise/fall time twrowre NS Figure 2 — — 25
Setup time tas ns Figure 2 10 — —
(RS to CS*, WR*, RD¥)
Address hold time tan ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time thwr ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
High-Speed Write Mode (HWM=1) (Vcc=2.2t024V)

Iltem Symbol Unit Timing Min  Typ Max

diagram
Bus cycle time Write tevew ns Figure 2 200 — —
Read tever ns Figure 2 800 — —

Write low-level pulse width PW, ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high-level pulse width PW, ns Figure 2 90 — —
Read high-level pulse width PW,, ns Figure 2 400 — —
Write/Read rise/fall time twrrwrt NS Figure 2 — — 25
Set up time tas ns Figure 2 10 — —
(RS to CS*, WR*, RD¥)
Address hold time tan ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time thwr ns Figure 2 15 — —
Read data delay time topr ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
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Normal Write Mode (HWM=0) (Vcc=24t03.3V)

Iltem Symbol  Unit d-ll—gglr';% Min  Typ Max Notes
Bus cycle time Write teyew ns Figure 2 200 — —
Read  toyer ns Figure 2 300 — —
Write low-level pulse width PW v ns Figure 2 40 — —
Read low-level pulse width PW ns Figure 2 150 — —
Write high-level pulse width PW, ns Figure 2 100 — —
Read high-level pulse width PW,r ns Figure 2 100 — —
Write/Read rise/fall time twrr. Rt ns Figure 2 — — 25
_ 10 . __ Wwith status
Set up time ¢ ns Figure 2 read
(RS to CS*, WR*, RD¥) AS Figure 2 0 o o without
status read
Address hold time tan ns Figure 2 2 — —
Write data setup time tosw ns Figure 2 60 — —
Write data hold time thwr ns Figure 2 2 — —
Read data delay time toor ns Figure 2 — — 100
Read data hold time tour ns Figure 2 5 — —
High-Speed Write Mode (HWM=1) (Vcc=2.4t03.3V)
Item Symbol  Unit d-ll-ialng;lrg?n Min  Typ Max Notes
Bus cycle time Write  tevew ns Figure 2 100 — —
Read  t.ycr ns Figure 2 300 — —
Write low-level pulse width PW,, ns Figure 2 40 — —
Read low-level pulse width PW, ns Figure 2 150 — —
Write high -level pulse width PW, ns Figure 2 40 — —
Read high -level pulse width PW,r ns Figure 2 100 — —
Write/Read rise/fall time twre WRf ns Figure 2 — — 25
_ 10 . __ Wwith status
Set up time ¢ ns Figure 2 read
(RS to CS*, WR*, RD¥) AS Figure 2 0 without
status read
Address hold time tan ns Figure 2 2 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time tawr ns Figure 2 2 — —
Read data delay time toor ns Figure 2 — — 100
Read data hold time tour ns Figure 2 5 — —
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Serial Peripheral Interface timing characteristics

(Vec=2.2V to2.4V)

ltem Symbol  Unit  Timing diagram Min  Typ  Max
Serial clock Write (received) tseve us Figure 3 0.1 — 20
cycle time Read (transmitted) tseve us Figure 3 0.25 — 20
Serial clock hith-level Write (received) tson ns Figure 3 40 — —
pulse width Read (transmitted) tocn ns Figure 3 120 — —
Serial clock low-level Write (received) tscy ns Figure 3 40 — —
pulse width Read (transmitted) tscL ns Figure 3 120 — —
Serial clock rise/fall time toer, Lsct ns Figure 3 — — 20

Chip select set up time tesu ns Figure 3 20 — —

Chip select hold time ten ns Figure 3 60 — —

Serial input data set up time taisu ns Figure 3 30 — —

Serial input data hold time tsim ns Figure 3 30 — —

Serial output data delay time tsop ns Figure 3 — — 130

Serial output data hold time tson ns Figure 3 5 — —

(Vec =24V to 3.3V)

ltem Symbol  Unit  Timing diagram  Min Typ  Max
Serial clock Write (received) tseve us Figure 3 0.076 — 20
cycle time Read (transmitted) tseve us Figure 3 0.15 — 20
Serial clock hith-level Write (received) tscn ns Figure 3 40 — —
pulse width Read (transmitted) tscn ns Figure 3 70 — —
Serial clock low-level Write (received) tscL ns Figure 3 35 — —
pulse width Read (transmitted) tser ns Figure 3 70 — —
Serial clock rise/fall time toer, Lsct ns Figure 3 — — 20

Chip select set up time tesu ns Figure 3 20 — —

Chip select hold time ten ns Figure 3 60 — —

Serial input data set up time taisu ns Figure 3 30 — —

Serial input data hold time tsin ns Figure 3 30 — —

Serial output data delay time tsop ns Figure 3 — — 130

Serial output data hold time tson ns Figure 3 5 — —

Reset Timing Characteristics

(Vee = 221033 V)

Timing

Item Symbol  Unit ) Min T Max
y diagram yp
Reset low-level width tres ms Figure 4 1 — —
Reset rise time tres us Figure 4 — — 10
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Notesto Electrical Characteristics
1. The DC/AC electrical characteristics of bare die and wafer products are guaranteed at 85°C.

2. Thefollowing figuresillustrate the configurations of | pin, 1/O pin, and O pin.

Pins: RESET*, CS*, E/WR/SCL, RW/RD, RS, Pins: OSC2
0SCH1, IM3-1, IMO/ID, TEST1, TEST2,
TESTV1, DCTEST
Vcc

V cc
PMOS
rl@ PMOS
[ |_l t NMOS
5 NMOS
GND

Pins: DB17 -DB2,
DB1/SDO0, DBO/SDI

PMOS

l—-l (Input circuit )
s
Vec  (Output circuit: 3 states)

HAY Vs

< Output ENABLE

PMOS I_OL
I‘ < Output data

NMOS |_¢0<]—

GND
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3. TEST, IM1, IMO/ID pins must be grounded or connected to Vcc.
4. This excludes the current through output drive MOS.

5. This excludes the current through the input/output units. The input level must be fixed to acertain level
because penetrating current increases in the input circuit when CMOS input level takesamiddie level.
The current consumption is unchanged irrespective of “High” or “Low” of CS*pin while the
HD66773R is not accessed through interface pins.

6. The output voltage difference is the difference in the voltages of neighboring source outputs for a same
display (within achip). Thisvalueisjust for areferentia purpose.

7. The average output voltage fluctuation is the difference in the average source output voltages among
different chips. The average output voltage is an average source voltage within a chip for a same

display.

8. Thisappliesto the case when clocks are supplied externaly.

2k — —
Oscillator | ] 0.7Vcc
Wy—osct gy Duty = — 1 x100%
0.3Vce - Th+TI
Open — OSC2 —
| -t
trcp tfcp

9. Thisappliesto theinternal oscillator when external oscillation resistor Rf is used.

0OSC1
The oscillation frequency may change according to
Rf he oscillation f h di
the capacitors of OSC1 and OSC2 pins. Connect
the an pins with the possible shortest
0SC2 he OSCI and OSC2 pins with the possible sh
wiring.
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Referential data

gzg:'s'i'nocl (@ VECTLBY Vec=20V  Vec=24V  Vee=30V  Vec=33V
110kO 3206 362.6 399.4 4385 4476
150kQ 260.7 285.4 3133 337.4 3434
180kQ 230.9 252.2 274.0 204.9 302.1

200 kO 213.0 230.4 2515 268.7 2748

240 kQ 187.7 2013 216.8 2204 234.8

270 kO 168.6 181.3 195.1 206.9 210.2

300 kQ 1545 166.1 178.2 1875 191.1

390 kQ 1254 133.7 1423 1489 1516

430 kQ 115.9 1216 129.0 135.2 137.3
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VCI adjustment circuit — Load characteristics

30 F ] VCIT=1.00x Vei ]
_ 28 F «— VCI1=0.92x Vi |
> -
= 26 F «—| VCI1 =0.87 x Vi |
Q E — N
=V [ VCI1=0.83 x Vci |
3 <«—|{ VCI1 =076 x Vci |
22 F
E Y~ VCI1 = 0.73 x Ve |
20 ~~JVCI1 =0.68x Vi |
1.8 1| 1 1 1 1 1 1 1 1 1| | I 1 1 1 1 1
00 0.3 0.6 0.9 12 15 [ Conditions
TYP, room temperature
Load current [mA] VCC =VCI = 3.0V

fOSC = 240kHz
AP =011 Medium current mode

Step- upl — Load characteristics

55 F
— 53 x
>, r
T 51 F
E g \\\A/I 1/16 cycle |
2 49 «—1 1/32cycle |
47 l«—] V64 cycle |
4.5 Conditions
0.0 0.3 0.6 0.9 1.2 1.5 TYP, room temperature
VCC=VCI=3.0V,
Load current [rnA] fOSC = 240kHZ,

AP =011 Medium current mode
VCI1 =0.92 x VCI,

Step-up 1 : x2
Step- up2 — Load characteristics
17
16 B~ 1/64 cycle |
- \\ 1/124 cycle |
S \ 256cycle |
g 13 = —_— Conditions
o TYP, room temperature
12 E VCC=VCI=3.0V,
E fOSC = 240kHz
| = e e e e i AP =011 Medium current mode
0 100 200 300 400 VCI1 =0.92 x VCI,
St 1: x2 (1/32 1
Load current [mA] Sfe% Eg 5. ;(3 ( cycle)
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Step- up3 — Load characteristics

-16
-15 E <«— 1/64 cycle |
Z 14
é E —| 1/128 cycle
> -3 F
12E l«—[ 1/256 cycle
_ 11 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —
0 10 0 200 300 400 Conditions
TYP, room temperature
Load current [mA] VCC=VCI=3.0V,

fOSC =240kHz

AP =011 Medium current mode
VCI1 =0.92 x VCI,

Step upl: x2 (1/32 cycle)
Step up 2: x3

Step-up 4 — Load characteristics

-3.0
T
= e 1/64 cycle
. c
O -26E \\
> - 1/128 cycle

2.4 E < ‘{ 1/256 cycle

2280 0 o b e by

0 10 0 200 300 400 Conditions
TYP, room temperature
Load current [mA] VCC=VCI=3.0V,

fOSC =240kHz

AP =011 Medium current mode
VCI1 =0.92 x VCI,

Step upl: x2 (1/32 cycle)
Step up 2: x3
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Current consumption - Frame frequency dependence

1.6 [
g - <—| Normal display
= 14 F
= T
s 12 F
g =
E]
Z 1.0 E -
) = <——| 8§-color display
< 0.8 E
5 E_ T |
8 0.6 Conditions
T | T T | T T | 111 TYP, room temperature
0.4 VCC=VCI=3.0V,
60 80 100 120 140 | f0SC = 240kHz

Frame frequency [Hz]

Current consumption — Write cycle dependency

176 duty, B waveform AC,
RAM = 1h'0000

AP =001 Small current mode
VCI1 =0.92 x VCI,

Step upl: x2 (1/64 cycle)

Step up2: x3 (1/256 cycle)

CAD mode

VREG1OUT =REGP x 1.65
VREG20UT = VCI x (-5.5),
VCOMH = VREGIOUT x 0.76,
VCOML = VCOMH - (VREG10UT x 1.23)

<—| Normal write |

30 ¢

z E

£ BE

§ ¢ e

s 4

Z 10 2 /

=] E V

5 A

?E) 5 é| I,I/I 11 1 1 11 1 1 11 1 1 11 1 1
E o

3 0 2 4 6 8 10

Write cycle [MHz]

< i High-speed write |

Conditions

TYP, room temperature
VCC=VCI=3.0V,

fOSC = 240kHz

176 duty, B waveform AC,
RAM = h'0000

AP =001 Small current mode
VCI1 =0.92 x VCI,

Step upl: x2 (1/64 cycle)

Step up2: x3 (1/256 cycle)

CAD mode

VREGI1OUT = REGP x 1.65
VREG20UT = VCI x (-5.5),
VCOMH = VREG10UT x 0.76,
VCOML = VCOMH - (VREG10UT x 1.23)
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Data bus: DB17 ~ DBO

Test point (0

]
!

L oad circuit for AC characteristicstest
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Timing characteristics diagram

68-system businterface operation

\
RS VIH VIH
VIL VIL
R/IW

tASE
< "> < PHES)

cs* w& ﬁL

< PWEH > | PWEL >

tcyce >

- IDSWEp g tHE

Note 2) A ) A
DBO % VIH  Wrire da VIH %f/////////
to DB17 Vit ViL)

tDDRE tDHRE

O]

Note 2)

DBO %— VOH! Rmoaddata  VOH1
to DB17 VOL1 VOL1

Note 1) PWEH is determined by the overlapping period when CS* is "Low" and E is "High".
Note 2) Parallel data transfer with DB17-0 pins through 18-bit bus interface.

Parallel data transfer with DB17-10, DB8-1 pins through 16-bit bus interface.

Fix unused DB9,0 pins to "GND".

Parallel data transfer with DB17-9 pins through 9-bit bus interface.

Fix unused DBS8-0 pins to "GND".

Parallel data transfer with DB17-10 pins through 8-bit bus interface.

Fix unused DB9-0 pins to "GND".

Figurel
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80-system businterface operation

\
RS VIH VIH
VIL VIL
tAS ¢ Ay
VIH
CSs* VIL
Note1
PWHW, PWHR
€— PWLW, PWLR —3» <— —>>
WR* \J IH VIH 7 N VIH
; E VIL VIL / \
RD* tWRr tWRf
—>» < €<
' <€——CcyCw, tCYCR >
tDSW etHWR
Note 2 ) )
\ X
DBO VIH Wrire data VIH %
to DAY %f vIL : i 7
tDDR tDHR
Note : 2
Wl o
80 DT o e VOL1 VOL1 N

Note 1) PWEH is determined by the overlapping period when CS* is "Low" and E is "High".
Note 2) Parallel data transfer with DB17-0 pins through 18-bit bus interface.
Parallel data transfer with DB17-10, DBS8-1 pins through 16-bit bus interface.
Fix unused DB9,0 pins to "GND".
Parallel data transfer with DB17-9 pins through 9-bit bus interface.
Fix unused DB8-0 pins to "GND".
Parallel data transfer with DB17-10 pins through 8-bit bus interface.
Fix unused DB9-0 pins to "GND".

Figure2
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Serial Peripheral Interface Operation

Start: S End: P
* —
cs VIH /
VIL \& VI
tCSU tscr
SCL
VIH
| VIL’
VIL
tSISU tSTH
|<—> <>
SpI VIH Input dat VIH Input dat
VIL nput data VIL nput data
|
tSOD tSOH
SDO — N
VOHI1 VOHI1
Output data Output data
VOL1 VOL1 |
Figure3
Reset operation
trRES
< tRES >
VIH
RESET* VIL L
Figure4
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Insert Wiring example
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RenesaSTeChnOIOQV Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of
nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corporation product best suited to the customer's application; they
do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers
contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product information before purchasing a product listed
herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information
as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially
at stake. Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor when considering the use of a product contained
herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be
imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

8. Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Revision Record

Rev. Date Contents of Modification Drawn by  Approved by
1.01  2003.Jan. Page 112. Delete “DB1SDO0” and “DB0/SD1” in the

figure.

Page 113. Change Note 6.

Change “R1” to “%RF” in the figure.
1.2 2003.Jun. Page 7. Add “or DDVDH".

Page 8. Error corrections.

Page 9. Error corrections. Add descriptions to
“DUMMY1, 21, 23, 39" and “DUMMY 2-21, 24-38".

Page 21. Specify the instruction accessible during
the standby mode: RO3h

Page 73. Error correction.

Page 77. Add the power off sequence.

Page 78. Add the power off sequence.

Page 79. Correction to the Figure: Power Off
Sequence.

Page 89. Change the recommended voltage for
TESTA4.

Page 90. Error correction.

Page 95, 96. Error corrections. Change Figure 1 to
Figure 2, “t;" to “Tywr”

Page 97. Error correction.

Page 99. Specify the application of notes 6, 7.
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