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Description

The HD66789R is a TFT liquid crystal display driver compliant to 262,144 colors with RAM for graphics
display of 176 RGB x 240 dots at maximum, a 528-channel source driver, a gate driver and a power supply
circuit, all incorporated in one chip to provide a single-chip solution to drive a TFT panel.

The HD66789R supports 8/9/16/18-bit high-speed bus interfaces and a high-speed RAM write function,
enabling efficient data transfers and high-speed rewrite of RAM graphics data. In addition, the HD66789R
incorporates an RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, and PD17-0), and a VSYNC
interface (system interface + VSYNC) to display moving pictures. In combination with a window address
function, the RGB, VSYNC interfaces facilitate moving picture display in an arbitrary position, and allow
for simultaneous display of a moving picture and the internal RAM data to realize the moving picture
display operation not constrained by the still picture display. This means data transfer required for moving
picture display is minimized, contributing to the reduction of power consumption by the entire system.

The HD66789R is compliant to the low voltage operation up to 1.65V for power supply to the I/O interface,
and incorporates a voltage follower circuit. The HD66789R also supports an 8-color display mode and a
standby function to allow precise power control by software. These features make the HD66789R the ideal
solution for medium or small-size portable products that require a long battery life, such as digital cellular
phones, small/medium PDAs supporting WWW browsers.
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Features

Liquid crystal controller/driver for 262,144 TFT-color 176RGB x 240-dot graphics display
Single chip solution to drive a TFT display panel

e  System interface

8-/9-/16-/18-bit high-speed bus interfaces
Serial Peripheral Interface (SPI)
8-bit transfer x 3 times (262k/65k color modes)

Interface for moving picture display

6-/16-/18-bit RGB interfaces (VSYNC, HSYNC, DOTCLK, ENABLE, PD17-0)
VSYNC interface (System interface + VSYNC)

e  Window address function to write data to a rectangular area of RAM specified by window addresses

Facilitates moving picture display in an arbitrary area through a moving picture display interface
Reduces data transfers by transferring only data relevant to a moving picture area

Enables simultaneous display of a moving picture and the contents of the internal RAM

Bit operation functions for graphics processing

Bit-unit write data mask function

Pixel-unit logical operation and conditional rewrite function

e  Various functions to control color display

Simultaneous availability of 262,144 colors with y-correction function

Line-unit vertical scrolling

e  Low-power architecture

Features for low voltage operation
Vee =2.4 ~ 3.3V (internal logic power supply)
I0Vcee = 1.65 ~ 3.3 V (interface I/0 power supply)
Vci=2.5~3.3V (analog power supply)

Low-voltage drive: DDVDH=4.5~55V

Power-saving functions (standby mode etc.)

Partial liquid crystal drive to display two screens at arbitrary positions

Voltage follower circuit for a liquid crystal drive power supply to prevent direct current of bleeder
resistors

e  Circuits to step-up liquid crystal drive voltage up to 6 times (x6)
e 95,040-byte internal RAM
e  Incorporated liquid crystal display driver with 528 source outputs / 240 gate outputs

e n-line inversion alternating drive, i.e. to invert polarity at an interval of the number of lines set
arbitrarily

° Reset function for the Internal oscillator and hardware

e  Reversible shift direction of source outputs

e  For Cstonly
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Liquid crystal power supply specification

Table1l HD66789R liquid crystal power supply specification

No. | Item HD66789R
1 TFT data lines 528 pins (176 x RGB)
2 TFT gate lines 240 pins
3 TFT display capacitor structure Cst structure
4 Liquid crystal S1~S528 VO ~ V31 grayscales
drive output G1~G240 VGH-VHL
Vcom1, 2 VcomH-VcomL: amplitude = electronic volumes
VcomH=VcomR: Adjusted by an external resistor
5 Input voltage IOVce 1.65 ~ 3.30V
Vce 2.40 ~ 3.30V
Vci 2.50 ~ 3.30V
6 Internal step-up | VLOUT1 (DDVDH) Vci1 x 2
circuits VLOUT2 (VGH) Vil x4, x 5, x 6
VLOUTS3 (VGL) Vil x -3, x -4, x -5
(

VLOUT4 (VCL)

Vci1l x -1
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Block Diagram
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Pin Functions

Signals Number (I/O |Connected [Functions
of Pins to
IM3~1, IMO/ID |4 | GND/ Selects an interfacing mode with MPU.
IOVee IM3 IM2 ML IMO/ID MPU-Interface Mode DB Pin
0 0 0 0 Setting disabled _
0 0 0 1 Setting disabled _
0 0 1 0 80-system 16-bit interface DB17~10, DB8~1
0 0 1 1 80-system 8-bit interface DB17 ~10
0 1 0 ID  Serial Peripheral Interface (SPI) DB1-0
0 1 1 * Setting disabled _
1 0 0 0 Setting disabled _
1 0 0 1 Setting disabled _
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 disabled _
In SPI mode, IMO/ID pin is used for setting an 1D for the device
code.

cs* 1 MPU A chip (the HD66789R) selecting signal. Fix to the GND level

when not used.
Low: the HD66789R is selected and accessible
High: the HD66789R is not selected and not accessible

VLD 1 | MPU Fix to GND.

RS 1 I MPU A register selecting signal. Fix to the IOVcc level or the GND level
in SPI mode.

Low: selects an Index or status register
High: selects a control register

WR*/SCL 1 MPU In 80-system bus interface mode, serves as a write strobe signal.
Write data at the “Low” level. In SPI mode, serves as a clock
synchronizing signal.

RD* 1 MPU In 80-system bus interface mode, serves as a read-strobe signal.
Read data at the “Low” level. In SPI mode, fix to either the GND
level or the IOVcc level.

DBO0/SDI 1 /0 [MPU An 18-bit parallel bi-directional data bus in 80-system interface

mode. Fix the unused pins to either the GND level or the IOVcc
level.

8-bit bus: use DB8-DB1

9-bit bus: use DB8-DB0

16-bit bus: use DB17-DB10 and DB8-DB1
18-bit bus: use DB17-DB0

In SPI mode, serves as a serial data input (SDI) pin to take in data
on the rising edge of the SCL signal.

Rev.1.01, Dec.24.2003, page 9 of 166

RENESAS




HD66789R

Signals Number [I/O |Connected |Functions

of Pins to

DB1/SDO 1 /0 |MPU An 18-bit parallel bi-directional data bus in 80-system interface
mode. Fix the unused pins to either the GND level or the IOVcc
level.
8-bit bus: use DB8-DB1
9-bit bus: use DB8-DB0
16-bit bus: use DB17-DB10 and DB8-DB1
18-bit bus: use DB17-DB0
In SPI mode, serves as a serial data output (SDO) pin to output
data on the falling edge of the SCL signal.

DB2~17 16 /O |MPU An 18-bit parallel bi-directional data bus in 80-system interface
mode. Fix the unused pins to either the GND level or the IOVcc
level.
8-bit bus: use DB8-DB1
9-bit bus: use DB8-DB0
16-bit bus: use DB17-DB10 and DB8-DB1
18-bit bus: use DB17-DB0

ENABLE 1 | MPU A data ENEABLE signal in RGB I/F mode. Fix the unused pins to
either the GND level or the IOVcc level.

Low: Selected (access enabled)
High: Not selected (access disabled)
The polarity of the ENABLE signal is inverted by the EPL bit.
EPL ENABLE RAM write RAM address
0 0 Enabled Updated
0 1 Disabled Retained
1 0 Enabled Retained
1 1 Disabled Updated

VSYNC 1 MPU A frame synchronizing signal. Fix to the IOVcc level when not
used.

If VSPL=0: Active low.
If VSPL=1: Active high

HSYNC 1 MPU A line synchronizing signal. Fix to the IOVcc level when not used.

If HSPL=0: Active low.
If HSPL=1: Active high

DOTCLK 1 MPU A dot clock signal. Fix to the IOVcc level when not used.
If DPL=0: Data are input on the rising edge of DOTCLK.
If DPL=1: Data are input on the falling edge of DOTCLK.

PDO~17 18 MPU An 18-bit RGB data bus in 80-system interface mode. Fix the
unused pins to either the GND level or the IOVcc level.
6-bit bus: use PD17-PD12
16-bit bus: use PD17-PD13 and PD11-PD1
18-bit bus: use PD17-PDO

RESET* 1 MPU or A reset pin. Initializes the HD66789R at the “Low” level.

reset circuit

A power-on reset is required after turning on the power supply.
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Signals Number [I/O |Connected |Functions

of Pins to
S1~8528 528 O |LCD Output voltages applied to the liquid crystal.
The shift direction of segment signal outputs is changeable with
the SS bit. For example, if SS = 0, data in the RAM address
“0000” is output from S1. If SS = 1, the same data in the RAM
address “0000” is output from S528.
S1, 84, S7, ... display red (R), S2, S5, S8, ... display green (G),
and S3, S6, S9, ... display blue (B) (SS = 0).

G1~G240 240 O |LCD Output signals from gate lines.
VGH: the level to select the gate lines
VGL: the level not to select the gate lines

Vcom1, Vcom2 |2 O |[TFT A power supply for the TFT common electrode. Outputs
common |alternating voltage levels of VcomH and VcomL. Outputs the
electrode |[same voltage level as VcomL when not alternating Vcom levels.

The alternating cycle is determined by the M signal. Connect to
the TFT common electrode.

VcomH 1 O |Stabilizing |The Vcom High level when Vcom alternating drive is executed.
capacitor |Connect to a stabilizing capacitor.

VcomL 1 O |Stabilizing |The Vcom level when Vcom alternating drive is not executed. The
capacitor [Vcom “Low” level when Vcom alternating drive is executed.
or open The voltage level is adjusted by the internal register. Connect to a

stabilizing capacitor. When the VCOMG bit is set to “0”, the
VcomL output is halted. In this case, capacitor connection is not
required.

VcomR 1 | Variable A VcomH reference voltage. When adjusting VcomH externally,
resistor or |set registers to halt the VcomH internal adjusting circuit and place
open a variable resistor between VREG10UT and GND. Otherwise,

leave this pin open and adjust VcomH by setting the internal
register of the HD66789R.

C11+, C11- 2 I/O |Step-up Pins to connect capacitors for the step-up circuit 1. When not
capacitor |using the step-up circuit 1, disconnect them.

C12+, C12- 6 I/O |Step-up Pins to connect capacitors for the step-up circuit 2. Connect

C21+, C21- capacitor |capacitors as required according to the step-up rate. When not

C22+, C22- using the step-up circuit 2, disconnect them.

0OSC1,0SC2 |2 /O |Oscillation |Pins to connect an external resistor for RC oscillation.
resistor

FLM 1 O |MPUor A frame head pulse (amplitude: IOVcec-GND). Use when writing
open data to RAM in synchronization with FLM. When FLM is not used,

disconnect it.

Vi 1 Power A power supply for the analog circuits. Connect to an external
supply power supply of 2.5~3.3V.

VciLVL 1 I Power Generates a reference voltage (VciOUT, REGP) from the VciLVL
supply level according to the ratio determined by the VC2-0 bits. Connect

to Vci on the FPC.

REGP 1 I/O |Test pin A test pin for VREG10OUT. Disconnect it.

VciOUT 1 O |Stabilizing |An internal reference voltage. The amplitude between Vci and
capacitor, |GND is determined by the VC2-0 bits.

Vci1
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Signals Number [I/O |Connected |Functions
of Pins to
Vci1 1 I VciOUT A reference voltage for the step-up circuit 1. Connect to an
external power supply of 2.75V or less when not using an internal
reference voltage.
VLOUT1 1 O |Stabilizing |An output from the step-up circuit 1, of twice the Vci1 level.
capacitor, |Connect to a stabilizing capacitor between GND and VLOUT1.
DDVDH Place a schottkey barrier diode (see “configuration of the power
supply” p.128). VLOUT1 = 4.0~5.5V
DDVDH 1 I VLOUT1 |A power supply for the source driver outputs. A reference voltage
for the step-up circuit 2.
VLOUT2 1 O |Stabilizing |An output from the step-up circuit 2, of 4 ~ 6 times the Vci1 level.
capacitor, |The step-up rate is determined with BT2-0 bits. Connect to a
VGH stabilizing capacitor between GND and VLOUT2. Place a
schottkey barrier diode between Vci and VLOUT2. Place a
schottkey barrier diode (see “configuration of the power supply”
p.128). VLOUT2 = max 16.5V
VGH 1 I VLOUT2 |A power supply for the TFT LCD’s gate driver. Connect to
VLOUT2.
VLOUT3 1 O |Stabilizing |An output from the step-up circuit 2, of -3 ~ -5 times the Vci1 level.
capacitor, |The step-down rate is determined with BT2-0 bits. Connect to a
VGL stabilizing capacitor between GND and VLOUT3. Place a
schottkey barrier diode between Vci and VLOUT2. Place a
schottkey barrier diode (see “configuration of the power supply”
p.128). VLOUT3 = min -16.5V
VGL 1 VLOUT3 |A power supply for the TFT LCD’s gate driver. Connect to
VLOUTS.
VLOUT4 1 O |Stabilizing |An output from the step-up circuit 2, of —1 time the Vci1 level.
capacitor, |Connect to a stabilizing capacitor. VLOUT4 =0 ~ -3.3V
VCL
VCL 1 I VLOUT4  |A power supply for the VcomL level. Connect to VLOUT4.
VREG10UT 1 I/O |Stabilizing |A reference voltage of DDVDH-GND, which is generated from an
capacitor |internally generated reference voltage of Vci-GND. The ste-up
or power [rate is determined with the VRH bits.
supply VREG10UT serves as (1) a source driver grayscale reference
voltage VDH, (2) a VcomH level reference voltage, and (3) a Vcom
amplitude reference voltage. Connect to a stabilizing capacitor.
VREG10UT = 3.0 ~ (DDVDH - 0.5)V
Vce 1 - Power A power supply for the internal logic. Vcc = 2.4 ~ 3.3V
supply
IOVce 1 - Power A power supply for the interface pins. I0OVcc = 1.65 ~ 3.3V.
supply Provide the supply voltage IOVcc simultaneously with the internal
logic voltage Vcc. When using the COG method, connect to Vcc
on the FPC if IOVcc=Vcc, to prevent noise.
RVcc 1 - Power A Vcc power supply for the internal RAM. RVcc must be at the
supply same electric potential as Vcc.
GND 1 - Power Ground for the logic side. GND = 0V
supply
AGND 1 - Power Ground for the analog side. AGND = 0V. When using the COG
supply method, connect to GND on the FPC to prevent noise.
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Signals Number [I/O |Connected |Functions
of Pins to
RGND 1 - Power Ground for the internal RAM. RGND = 0V. When using the COG
supply method, connect to GND on the FPC to prevent noise.
CGND 1 O |Opposing |Output the GND level. Used as the GND for external elements,
GND for such as diodes or capacitors.
external
elements
TEST1 1 I GND A test pin. Make sure to fix it to the GND level.
TEST2 I GND A test pin. Make sure to fix it to the GND level.
VOP, V31P 2 | or |Stabilizing |Outputs from the internal positive polarity operational amplifier
O |capacitor |when itis on (when SAP2-0 = “001", “010”, “011”, “100”, and
“101”). Connect to a capacitor to stabilize the amplifier.
VON, V31N 2 | or |Stabilizing |Outputs from the internal negative polarity operational amplifier
O |capacitor |when itis on (when SAP2-0 = “001", “010”, “011”, “100”, and
“101”). Connect to a capacitor to stabilize the amplifier
VGS 1 I GND or A reference level for a grayscale voltage generating circuit.
external Connect to an external resistor when adjusting the reference level.
resistor
VTESTS 1 /O |Open A test pin. Disconnect it.
TSO~TS7 8 O |Open Test pins. Disconnect them.
TESTA1 1 I/O |Open A test pin for VcomH. Disconnect it.
TESTA2 1 I/O |Open A test pin for VcomL. Disconnect it.
TESTA4 1 /O |Open A test pin for VcomL. Disconnect it.
VMONI 1 O |Open A test pin. Disconnect it.
IOVccDUM1~4 |4 O |Inputpin [Internal IOVcc level outputs. When adjacent input pins are fixed to
the 10Vcc level, short-circuit them.
IOGNDDUM1~ |7 O |Inputpin [Internal GND level outputs. When neighboring input pins are fixed
7 to the GND level, short-circuit them.
TESTO1~4 4 - - Dummy pads. Disconnect them.
DUMMY1, 2, 133 - - Dummy pads. Disconnect them.
DUMMY3-12, |16 - - Dummy pads. Can be connected to the wiring to the COG panel.
14-19
DUMMYR1-9 |9 - - Dummy pads. Available for measuring the COG contact
resistance.
DUMMYR1 and DUMMYR?2 are short-circuited within the chip.
DUMMYRS3, DUMMYR4 and DUMMYRS5 are short-circuited within
the chip.
DUMMYR6, DUMMYR7, DUMMYRS8, and DUMMYRS9 are short-
circuited within the chip.
VGLDUM1~4 |4 - - Outputs the internal VGL level. Use as dummy gate output pins.

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

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

® Chip size : 22.7mm x 2.80mm
® Chip thickness : 550um  (typ.)
® PAD coordinate : PAD center
® Coordinate origin : Chip center

® Au bump size :

(1) 80um x 80um

Corner dummy

No.1, No220, No.284, No.937

(2) 54umx100pm
Input :
No.2 ~No.219

(3) 31umx77um
Staggered LCD output side :
No.285 ~ N0.936

(4) 77umx31um

Staggered LCD output side :
No.221 ~ No.283

N0.938 ~ No.1000

® Au bump pitch : See PAD coordinate

® Au bump height :15um .

® Numbers in the figure indicates numbers of
PAD coordinate

® Alignment mark

(1) Arrangement : 2 places
Coordinate (X,Y) = (-11164.7, 1110.9)
Coordinate (X,Y) = (11164.7, 1110.9)

100um

30 40 30

30 40 30

(2-a) Coordinate (X,Y) = (11124, 1264.6)

(2-b)Coordinate (X,Y)= (11124, 1264.6)

0um

O

(3-a) Coordinate(X ,Y) = (-11124, -1264.6)

510 25 25 105

1l J. 1. 1l

i bl My
I

80um
70um

| |
el
T T
510 25 25 105

70um
80pm

(3-b) Coordinate(X ,Y) = (11124, -1264.6)
10 25 25 10

10

10 25 25

~BUMP

HD667B89R
Staggered output
Arrangement
Top View

-

X

iz

z
g5
H
g

source
Win 33um pich
s28pin

S5z
o ot
o Jssze
ofbchvie
cloois

%

G250,

Gate
Min 33um pich

ofcis
B
oot
N oo “~No.285
P 2’y resyos
-2 5555, s
3 No2zz o283 .
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PAD Coordinate

(Unit: yum)
pad No| _pad name’ X [badNo] pad name padNo| _pad name’
TESTOT _|-11214. X [ 131TESTT 3915484
DUMMYT _|-10888 4 [ 132[TEST2 3925483
[Veom1 ~10782. 4. [_1330sCt 3935482
[Veom1 ~10702 4. [134oscz 3945481
[VGH 10569 X [ 138TS7 3955480
10489 4 | 136TS6 396547
~10387. 4. [137]TS5 397/S4T.
10227 - 4. [138[Ts4 308/S4T
10147 4. [ 139TS3 399547
~10067 4 | 14072 40047
-9986. 4. [1a1Ts1 40147
-9906. 4 [142[Ts0 202547
-9826. 4. IRZE DU 403547
~9746. 4 [ 144DUMMYR 404547
-9666. 4. 45DUMMYR: 405547
-9527. X [ 146DUMMYR 206/5469
0447, 4 [ 147[DUMMY! 407/S468
0367, 4 [—148DUMMY! 4085467
-9267. 4. 49D 4095466
9149, X 150D 2105465
~9068 4 151D R 411[Sd64
-8988. 4 152DUMMYR9 41215463
-8908. X 153DUMMY: 2135462
8775 4. 154 DUMMY: 2145461
-8642. 155DUMMY’ 4155460
-8562. DUMMY! 416/5459
-8482. DUMMY 417/S458
-8402 DUMMY 418[S457
8269 DUMMY: 4195456
-8189. DUMMY10 4205455
-8108. Y11 4215454
8028 X Y12 | 422/5453
7948, 4 4235452
815. 4. 4245451
698 4. 4255450
553 4. 426S:
436 4 427s4
291, 4. 428]S4
174 4. 42954
030 4. 430s:
M3 6912 4 431[s4
42[10VecDUM3 | -6768 4 437]S4
6635 X [VMONT 43354
6512 4 434S
~6372. 435544
6292 4. TESTA4 4365439
6212, Y TESTA1 437/5438
6132 4 VeomR 4385437
-6052. 4. [VREG1OUT 4395436
-5972. 4 TESTA2 2405435
5892 4. 181VTESTS 4415434
5811 4 447/5433
5731 4. L 4435432
-5587. 4. 2445431
-5469. X H 4455430
-5389. 4 H 446/5429
-5300. X H 447/S428
5229, 4. 4485427
5149, 4. 4495426
-5060. 4 OUT4 4505425
~4989. 4. 451/S424
4908, 4525423
4828, 4535422
4684, 4 4545421
-4566. 4. 4555420
4486 4. 456[S4
-4406. T 457]S:
~4326. T 45854
D 424 T 45954
DUM4 | -410 Y T 460[S4
C 398 54 D 261[S:
C -390 4 462/S4
LK 3824, 4. 46354
LE 3744, 4. 264S:
DDUMS| 3599 4 463S:
-3482. 4. 466/5409
-3402. 4. 467/S408
-332 4. 4685407
324 4 4695406
-316 4. 4705405
-308 4. 471/S404
82/I0GNDDUMS| 2937 4. 4725403
83PD11 -2819. 4 4735402
84/PD10 -2739. 4. 4745401
D: -2659. 4. 4755400
2579, 4. 4765399
2499, 4 [Veom?2 4775398
2418, 4. [Veom?2 4785397
2338 X 19DUMMY13 4795396
2258 4. 220[TESTO2 4805395
2178, 4 221[VGLDUMT 481/S304
-2098. 4. 2 4825393
2018, 4. 4835392
~1938 4 4845391
~1857. 4 4855390
1702, 4. 486/S389
1622 4. 487/S388
~1478. 4 4865387
~1398. 4 4895386
1307 4. 4905385
1227 4. 2915384
1083 4 2925383
~1003. 4. 2935382
-912. 4. 2945381
832 4. 2955380
752 4 496[S37"
-608. 4. 497537
528 4. 498537
447, 4. 299537
367 4 500537
-287.5 4. 501/S37-
2074 4. 502/S37:
7.7 4. 503S37:
86. 4 504/S37
166. 4. 505/S37
246 4. 5065369
327 4. 5075368
407, 4 5085367
487, 4. 509S366
620 4. 510[S365
700. 4 5115364
780. 4 5125363
860 4. 5135362
941 X 5145361
074 4 515360
154 4 5165350
267, 4. 517358
367 4. 518357
447 4 5195356
527 4. 520355
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ad o] _pad name X 2 pad name X 2 pad No| _pad name o] _pad name
521/5354 1357 11285 7811594 911]G175 |
5225353 -1390 1265.5 782593 | 912G’ |
5235352 -1423 11485 783502 | 913G |
5245351 -1456. 1265.5 784591 | 914G |
5255350 -1489 11485 785590 915G |
5265349 -1522 1265.5 786589 | 916G

5275348 -1555. 11485 787588 917G;

5285347 -1588. 789587 916G’ |
5295341 -1621. X 789586 | 919G

53053 1654, 790585 | 920G; |
531/53 -1687. | 921]G; |
53253 -1720 922G |
53353 -17539 | 1148 | 923G |
5345341 -1787. 2655 | 924G

5355340 1148 925G |
5365339 1265, | 926G

5375338 11485 | | 927G |
5385337 1265.5 | | 926G

5395336 148 929G |
5405335 265 | 930G

541/5334 [ 1148 931/G; |
5425333 [ 1265 | 937G |
5435332 48 939G |
5445331 65. | 934G |
5455330 48, | 935G |
5465329 | 93G12 |
5475328 | 937 TESTO4 ) |
5485327 93G123 |
5495326 | 939G121. )|
5505325 940/G119 |
5515324 | 941]G117

5525323 942G 5 | al
5535322 | 943G 8016 |
5545321 944G 768.
5555320 | 945G - 735
5565319 | 946G 702.4
5575318 | 947G 669.3 |
5595317 | 944G - 636.2 |
5505316 949G 603.1 |
5605315 950G99 570.
561/5314 | 9511G97 - 537.0 |
5625313 | 952/G95 - 503.9 |
5695312 959G93 470,
5645311 | 954/Go1 437
5655310 955G89 - 404.7 |
5665309 | 956G87 - S | 3716 |
5675308 | 957/G85

5685307 956/G83

5695306 | 959G81

5705305 | 960[G7

571/5304 | 961/G7

5725303 962G

5795302 | 963G7.

5745301 964G7

5755300 965G69

5765299 | 966G67

5775298 | 967/G65

5785297 | 966/G63

5795296 969G61

5805295 | 97059

581/5294 | 971/G57

5825293 | 972/G55

5835292 9739653

5845291 | 974G51

5855290 975G4!

5865289 976G4

5675288 | 977G

5885267 978lG4:

5895286 | 979Ga1

5005285 980/G39

591/S284 | 981/G37

5925283 | 982/G35

5935282 989G33

5345281 984G31

5955280 | 985G29

5965279 | 986G27

507/5271 | 987/G25

599527 | 989G23

5995271 989G2

600527 | 990G

601/527; 991/G:

602/S27: | 992G’

603527 | 993G

6045271 | 994G1.

6055270 995G9

6065269 | 996G7

6075268 997/G5

6085267 999G3

6095266 999G1

6105265 | 1000VGLDUMA

611/5264

6125263

6135262 Alignment mark 2
6145261 L type (positive) |-11124.0 | -1264.
6155260 875DUMMY17 | Liype (negative) 12646 |
6165259 876DUMMY18 | Circle (positive) |- 264
6175258 877/DUMMY19 | Circle (negative) X 264
6185257 87§VGLDUM3 | Gross E 110,
6195256 8 | 110.
6205255 880/G237

621/5254 881/G235 |

6225253 882/G233 |

6235252 883G231.

6245251 884G229

6255250 |

62652 |

62752 |

62§52 |

62952 |

63052

631/5244

6325243 |

6395242 |

6345241 |

6355240

6365239 |

6375238

6355237

6395236 |

6405235 |

641/5234 |

6425233

6435232 |

6445231 904/G189

6455230 9056187 |

6465229 906/G185

6475228 907/G183 |

6ag/S227 908G181.

6495226 9096179

6505225 910G177
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BUMP Arrangement
31 35
BUMP\ 1 1 1
R R
S1 ~ S528 117 ! ! ! 40
G1~ G240 ! : :
I O R
1 1 1 2
1351, 33 $=2387um
Unit: um
54
I/O pins 100 ":""-_:-“
' Min.80 ,
—»
2
S=5400um
Unit: um
80
TESTO1~4 IOl B e
2
S=6400um
Unit: um
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Block Function

1. System Interface

The HD66789R has 2 system high-speed interfaces: an 80-system interface with18, 16, 9, and 8-bit bus,
and a Serial Peripheral Interface (SPI). An interface mode is selected by setting the IM3-0 pins.

The HD66789R incorporates a 16-bit index register (IR), 18-bit write-data register (WDR) and read-data
register (RDR). The IR is a register to store index information of the control registers and the GRAM. The
WDR is a register to temporarily store data that are written to the control registers and the internal GRAM.
The RDR is a register to temporarily store data read from GRAM. Data from the MPU to be written to the
internal GRAM are once written to the WDR and then automatically written to the GRAM in the internal
operation. Data are read through the RDR from the internal GRAM. This means the first read operation is
a dummy read operation and the GRAM data are read out from the second read operation.

The instruction execution time other than starting oscillator is 0 clock cycle, enabling to write instructions
consecutively.

Table 2 Register Selection (8/9/16/18-bit Parallel I nterface)
80-system Bus

Function
WR* RD* RS
0 1 0 Write an index to the IR
1 0 0 Read an internal status
0 1 1 Write to control registers or GRAM
through the WDR
1 0 1 Read from GRAM through the RDR

Table 3 Register Selection (Serial Peripheral Interface)
Start bytes
R/W RS Function

Write an index to the IR

Read an internal status

Write to a control register and GRAM through the WDR

| O~ O
Al alol o

Read from GRAM through the RDR

2. External Display Interface

The HD66789R incorporates the RGB and VSYNC interfaces as an external interface for displaying
moving pictures. When the RGB-I/F is selected, the display operation is synchronized with externally
supplied signals, VSYNC, HSYNC, and DOTCLK. The display data (PD17-0) are written in
synchronization with these signals according to the ENABLE signal to prevent flicker on display while
rewriting the display data.
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In VSYNC-I/F mode, the display operation is synchronized with internal clocks except the frame
synchronization that is synchronized with VSYNC signal. Display data are written to the internal GRAM
through the system interface. In this case, there are constraints in the speed and methods of rewriting the
RAM data. For details, see the “External Display Interface” section.

The HD66789R allows switching between the external display interface and the system interface through
the instruction to select an optimum interface for the kind of display (still or moving picture). All display
data that are written through the RGB-I/F are written to the internal GRAM so that data are transferred only
when rewriting the screens. This contributes to reducing power consumption during moving picture
display.

3. Bit Operations

The HD66789R supports a function to write data selectively in the unit of bits, such as a write data mask
function and a logical operation and conditional rewrite function in which GRAM write data are compared
with the values in the compare register. For details, see “Graphics Operation Functions”.

4, AddressCounter (AC)

The address counter (AC) gives an address to the GRAM. When an instruction to set a RAM address to the
AC is written to the index register, the address information is sent from the index register to the AC. After
writing data to GRAM, the AC is automatically updated plus or minus 1. The window address function
enables to write data only in the rectangular area of GRAM specified with the window addresses.

5. GraphicsRAM (GRAM)

The GRAM is graphics RAM that stores bit-pattern data of 176 x 240 dots in the unit of 18 bits per pixel.
The HD66789R’s RAM has a capacity of 95,040 bytes (176 x240x 18/8).

6. Grayscale Power Supply Voltage Generating Cir cuit

The grayscale voltage generating circuit generates a liquid crystal drive voltage according to the grayscale
data set in the y-correction register, enabling display in 262,144 colors. For details, see the “y-Correction
Register” section.

7. Timing Generator

The timing generator generates a timing signal for the operations of internal circuits such as GRAM. The
timing for the display operation such as a RAM read operation and the internal operation timing such as the
access from the MPU are generated in a way that the two will not interfere with each other. The FLM
signal is generated internally and output from the timing generator.
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8. Oscillator (OSC)

The HD66789R provides RC oscillation from the external oscillation-resistor connected between the OSC1
and OSC2 pins. An appropriate oscillation frequency for the operating voltage, the size of the display, and
the frame frequency can be obtained by adjusting the value of the external resistor. Clock pulses can be
supplied externally. The RC oscillation is halted during the standby mode to reduce current consumption.
For details, see the “Oscillator” section.

9. LCD Driver Circuit

The LCD driver circuit of HD66789R consists of a 528-output source driver (S1~S528) and a 240-output
gate driver (G1~G240). Display pattern data are latched when data of 528 bits are sent. The latched data
controls the source driver and generates a drive waveform. The shift direction of 528-bit outputs from the
source driver is changeable with the SS bit. The shift direction of outputs from the gate lines is changeable
with the GS bit. The scan mode by the gate driver is changeable with the SM bit. Select appropriate shift
direction and scan mode according to the assembling method.

10. LCD Drive Power Supply Circuit

The LCD drive power supply circuit of the HD66789R generates voltage levels VOP, VON, V31P, V31N,
VGH, VGL and Vcom, which are required for driving LCDs.
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GRAM AddressMAP

GRAM address and display panel position (SS="0")

ol|l+~ |« N[OOI O] N[O | |WO|O©([N]| O

scoins (5|8 33885832 [5]S] AR RN
NI |unnlvyuuon(flvnggw |l n| wmn|lw

Gs=0 |Gs=1 PD PD|(PD PD|(PD PD|(PD PD PD PD|(PD PD|(PD PD|(PD PD
17 ... 0|17 ... 0|17 ... 0|17 ... O 17 ... 0|17 ... 017 ... 017 ... O
G1 [G240| "0000"H "0001"H "0002"H "0003"H |............ "00AC"H | "O0AD"H | "00AE"H | "00AF"H
G2 |G239| "0100"H "0101"H "0102"H "0103"H "01AC"H | "01AD"H | "O1AE"H | "O01AF"H
G3 [G238 | "0200"H "0201"H "0202"H "0203"H "02AC"H | "02AD"H | "02AE"H | "02AF"H
G4 | G237 | "0300"H "0301"H "0302"H "0303"H "03AC"H | "03AD"H | "03AE"H | "03AF"H
G5 [G236 | "0400"H "0401"H "0402"H "0403"H "04AC"H | "04AD"H | "04AE"H | "04AF"H
G6 |G235| "0500"H "0501"H "0502"H "0503"H "05AC"H | "05AD"H | "05AE"H | "05AF"H
G7 [G234 | "0600"H "0601"H "0602"H "0603"H "06AC"H | "06AD"H | "06AE"H | "06AF"H
G8 |G233| "0700"H "0701"H "0702"H "0703"H "07AC"H | "07AD"H | "O7AE"H | "O07AF"H
G9 [G232| "0800"H "0801"H "0802"H "0803"H "08AC"H | "08AD"H | "08AE"H | "08AF"H
G10 |G231 | "0900"H "0901"H "0902"H "0903"H "09AC"H | "09AD"H | "09AE"H | "09AF"H
G11 [G230 | "OAO00"H "0AO01"H "0A02"H "0A03"H "0AAC"H | "0AAD"H | "0OAAE"H | "OAAF"H
G12 |G229 | "0BO0"H "0BO1"H "0B02"H "0B03"H "OBAC"H | "OBAD"H | "OBAE"H | "OBAF"H
G13 [G228 | "0C0O0"H | "0CO1"H | "0CO02"H | "0CO03"H "0CAC"H | "0CAD"H | "OCAE"H | "OCAF"H
G14 [G227 | "0ODO0"H | "ODO1"H | "0DO02"H | "ODO03"H "ODAC"H | "ODAD"H | "ODAE"H | "ODAF"H
G15 [G226 | "OEO0"H "OEO1"H "0OEO02"H "OEO3"H |............ "OEAC"H | "OEAD"H | "OEAE"H | "OEAF"H
G16 |G225| "OF00"H "0F01"H "0F02"H "OFO3"H |............ "OFAC"H | "OFAD"H | "OFAE"H | "OFAF"H
G17 | G224 | "1000"H "1001"H "1002"H "1003"H "10AC"H | "10AD"H | "10AE"H | "10AF"H
G18 |G223 | "1100"H "1101"H "1102"H "1103"H "11AC"H | "11AD"H | "11AE"H | "11AF"H
G19 [G222 | "1200"H "1201"H "1202"H "1203"H |............ "12AC"H | "12AD"H | "12AE"H | "12AF"H
G20 |G221 | "1300"H "1301"H "1302"H "1303"H |[............ "13AC"H | "13AD"H | "13AE"H | "13AF"H
G233 | G8 "0800"H "0801"H "0802"H "0803"H "EBAC"H | "ESBAD"H | "ESAE"H | "E8BAF"H
G234 | G7 "0900"H "0901"H "0902"H "0903"H "EQAC"H | "E9AD"H | "E9AE"H | "E9AF"H
G235 | G6 "EAOQ0"H | "EAO1"H | "EAO02"H | "EAO03"H "EAAC"H | "EAAD"H | "EAAE"H | "EAAF"H
G236 | G5 "EBOO"H | "EBO1"H | "EB02"H | "EBO3"H "EBAC"H | "EBAD"H | "EBAE"H | "EBAF"H
G237 | G4 "ECO00"H | "EC01"H | "EC02"H | "ECO03"H "ECAC"H | "ECAD"H | "ECAE"H | "ECAF"H
G238 | G3 "EDO0"H | "EDO1"H | "ED02"H | "EDO03"H "EDAC"H | "EDAD"H | "EDAE"H | "EDAF"H
G239 | G2 "EEOQ0"H | "EEO1"H | "EEO2"H | "EEO3"H "EEAC"H | "EEAD"H | "EEAE"H | "EEAF"H
G240 | G1 "EF00"H | "EFO01"H | "EF02"H | "EFO3"H |............ "EFAC"H | "EFAD"H | "EFAE"H | "EFAF"H

Rev.1.01, Dec.24.2003, page 21 of 166

RENESAS




HD66789R

GRAM data and display data: system interface (SS=“0", BGR ="0")

80-System 18-Bit Interface

pe| os| o[ o8| oe| oa| o8| oe| oe| oe| oe| oe| pe| os] pe| be[ pe[ B
GRAMData | 2| 6| 15| 14| 13| 12| 11| 10| o | 8| 7| 6| 5| 4| 3| 2| 1] o
YV V YV Y Y Y Y Y Y Y Y Y VYVYVYYVYY

RGB
Assignment | R5| R4| R3|R2 | R1| Ro| G5| G4| 63| 62| 61| Go| B5| B4| B3| B2| B1 | BO

Output pin S(Bn+1) S (3n+2) S (3n+3)

Note: n = lower eight bits of address (0 to 175)
80-System 16-Bit Interface

GRAM Data DB| DB| DB| DB | DB| DB| DB| DB DB|(DB| DB| DB| DB| DB | DB| DB
171 16| 15| 14| 13| 12| 11| 10 8 7 6 5| 4 3 2 1

VVVVV*\ y y VVVV¢
RGB

Assignment |R5| R4 | R3|R2|R1|Ro|G5|G4|G3| G2|G1|Go|B5|B4|B3|B2|B1|BO

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

Note: n = lower eight bits of address (0 to 175)

80-System 9-Bit Interface
18t Transfer 2" Transfer

GRAM Data |DB | DB | DB (DB |DB | DB [DB |DB DB |DB |DB (DB |DB |DB (DB |DB |DB (DB
17 |16 |15 [14 |13 |12 [11 |10 |9 [17 |16 |15 [14 |13 |12 [11 |10 |9

AR f V V. .V V X y Vv f V V. V V X y
AssignmzﬁtB R5|R4 |R3|R2|R1|R0|G5|G4a|G3|G2|G1|Go|B5[B4|B3|B2|B1|B0

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

Note: n = lower eight bits of address (0 to 175)

80-System 8-Bit Interface/SPI (2 transfers/pixel)

18t Transfer 2n Transfer
I T
DB | DB | DB (DB | DB | DB | DB | DB pB | DB | DB |DB | DB | DB | DB | DB
GRAMData | 47| 46 | 15 | 14 | 13 | 12 | 11| 10 17 16| 15| 14| 13| 12| 11| 10
wvvv¢\< YyVvY vvvw¢
Assi RCB | o5 | ra| R3|R2 |R1 | Ro| 65| 4| a3| 62| 61| co| B5| B4 | B3| B2| B1]| BO
ssignment
Output pin S@Bn+1) S (3n+2) S (3n+3)

Note: n = lower eight bits of address (0 to 175)
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GRAM data and display data: RGB interface (SS=“0",BGR =“0")

18-bit RGB interface

GRAMData |pp|pPD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD
17 (16 |15 |14 [13 [12 (11|10 | 9| 8| 7| 6| 5] 4] 3] 2] 1]0

Assigmﬁgﬁ R5|R4 |R3[R2|R1|RO|(G5(G4|G3|G2|G1|GO(B5|B4|B3|B2]|B1]|B0

Output pin S@n+1) S@n+2) S@n+3)

16-bit RGB interface

GRAMData |pD | PD | PD | PD | PD PD|PD|PD |PD|PD |PD |PD |PD |PD |PD |PD
17 [16 |15 [ 14 | 13 Mmfl10]of8|7]|6|5]4[3]2]1

Assignargr?t R5|R4[R3|R2|R1|R0O|G5(G4|G3|G2|G1|G0|B5|B4|B3|B2|B1]|B0

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

6-bit RGB interface

15! Transfer 20 Transfer 3 Transfer

GRAMData |pp |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD |PD
17 |16 |15 [14 |13 [12 |17 [16 |15 |14 [13 |12 [17 |16 [15 |14 [13 |12

VV V VYV VY VY VYV VV YYVYYYVYY
RGB
Assignment |5 | R4 |R3 [R2 [R1 | R0 | G5 |G4|G3| 62|61 |Go|Bs B4 B3 B2 |B1|BO
output pin S@En+1) S@n+2) S(@n+3)
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GRAM address and display panel position (SS="1", BGR “1")

. ol«|a« Nlo|lo|lolo || |w|lo|~]|©
SIGpins |5 |3 |B|B|B|B|6G|B|B|5 |5 |0 Dlolb (B8 88 88888
n|n| o Al |lo|d|lo|d|v|o|v|n|o

G6S=0 |Gs=1 PD PD|(PD PD|(PD PD|(PD PD PD PD|(PD PD|(PD PD|(PD PD
17 ... 0|17 ... 0|17 ... 0|17 ... O 17 ... 0|17 ... 017 ... 017 ... O

G1 [G240| "OOAF"H | "OOAE"H | "OOAD"H | "00AC"H |............ "0003"H "0002"H "0001"H "0000"H
G2 |G239 | "O1AF"H | "01AE"H | "01AD"H | "01AC"H |............ "0103"H "0102"H "0101"H "0100"H
G3 [G238 | "02AF"H | "02AE"H | "02AD"H | "02AC"H "0203"H "0202"H "0201"H "0200"H
G4 |G237 | "03AF"H | "03AE"H | "03AD"H | "03AC"H "0303"H "0302"H "0301"H "0300"H
G5 |[G236| "0O4AF"H | "O4AE"H | "O4AD"H | "04AC"H "0403"H "0402"H "0401"H "0400"H
G6 |G235| "O5AF"H | "0O5AE"H | "O5AD"H | "O5AC"H "0503"H "0502"H "0501"H "0500"H
G7 |[G234 | "06AF"H | "O6AE"H | "O6AD"H | "06AC"H "0603"H "0602"H "0601"H "0600"H
G8 |G233 | "O7AF"H | "07AE"H | "07AD"H | "07AC"H "0703"H "0702"H "0701"H "0700"H
G9 (G232 | "08AF"H | "O8AE"H | "O8AD"H | "08AC"H "0803"H "0802"H "0801"H "0800"H
G10 |G231 | "09AF"H | "09AE"H | "09AD"H | "09AC"H "0903"H "0902"H "0901"H "0900"H
G11 (G230 | "OAAF"H | "OAAE"H | "0AAD"H | "OAAC"H "0A03"H "0A02"H "0A01"H "0A00"H
G12 |G229 | "OBAF"H | "OBAE"H | "OBAD"H | "OBAC"H "0B0O3"H "0B02"H "0BO1"H "0BO0O"H
G13 (G228 | "OCAF"H | "OCAE"H | "OCAD"H | "0CAC"H "0C03"H "0C02"H "0CO01"H "0C00"H
G14 |G227 | "ODAF"H | "ODAE"H | "ODAD"H | "ODAC"H "0D03"H "0D02"H "0DO01"H "0D00"H
G15 (G226 | "OEAF"H | "OEAE"H | "OEAD"H | "OEAC"H "0EO03"H "0E02"H "0EO1"H "0E00"H
G16 |G225 | "OFAF"H | "OFAE"H | "OFAD"H | "OFAC"H "OF03"H "OF02"H "OF01"H "OF00"H
G17 (G224 | "10AF"H | "10AE"H | "10AD"H | "10AC"H "1003"H "1002"H "1001"H "1000"H
G18 G223 | "11AF"H | "11AE"H | "11AD"H | "11AC"H "1103"H "1102"H "1101"H "1100"H
G19 (G222 | "12AF"H | "12AE"H | "12AD"H | "12AC"H |............ "1203"H "1202"H "1201"H "1200"H
G20 G221 | "13AF"H | "13AE"H | "13AD"H | "13AC"H |............ "1303"H "1302"H "1301"H "1300"H
G233 | G8 "ESAF"H | "ESAE"H | "ESBAD"H | "EBAC"H |............ "0803"H "0802"H "0801"H "0800"H
G234 | G7 "E9AF"H | "EQAE"H | "E9AD"H | "E9AC"H "0903"H "0902"H "0901"H "0900"H
G235 | G6 "EAAF"H | "EAAE"H | "EAAD"H | "EAAC"H "EAO3"H | "EAO02"H | "EAO1"H | "EAO0Q"H
G236 | G5 "EBAF"H | "EBAE"H | "EBAD"H | "EBAC"H "EBO3"H | "EBO02"H | "EBO1"H | "EBOQO"H
G237 | G4 "ECAF"H | "ECAE"H | "ECAD"H | "ECAC"H "EC03"H | "EC02"H | "ECO01"H | "ECO00"H
G238 | G3 "EDAF"H | "EDAE"H | "EDAD"H | "EDAC"H "EDO3"H | "ED02"H | "EDO1"H | "EDO0"H
G239 | G2 "EEAF"H | "EEAE"H | "EEAD"H | "EEAC"H "EEO3"H | "EEO2"H | "EEO1"H | "EEOQ"H
G240 | G1 "EFAF"H | "EFAE"H | "EFAD"H | "EFAC"H |............ "EF03"H "EF02"H "EF01"H "EF00"H
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GRAM data and display data: system interface (SS=“1", BGR="1")

80-system 18-bit interface

GRAM Data

DB
17

DB
16

DB
15

DB

DB

A A 4

A A 4

VvV VvV Y

RGB
Assignment

R5

R4 [ R3 R1

RO

G3|[G2|G1

GO | B5 | B4

B3 [ B2 | B1 [ BO

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

80-system 16-bit interface

Note: n = lower eight bits of address (0 to 175)

GRAM Data

DB
17

DB
16

DB
15

DB (DB

DB

DB
5

DB

y

v

Yy Vv

RGB

R5

R4 | R3 | R2 | R1

RO

G5 (G4 |G3|G2|G1

GO | B5 | B4

B3 B2 | B1 [ BO

Assignment

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

80-system 9-bit interface

Note: n = lower eight bits of address (0 to 175)

1st Transfer

2" Transfer

GRAM Data

DB
17

DB
16

DB
15

DB | DB
14 |13

DB
12

DB
16

DB
1"

DB
10

DB
17

DB
15

DB (DB
14 113

DB
12

DB
1"

DB
10

A A 4

vV VvV Y

RGB
Assignment

R5

R4 | R3 [ R2 | R1

RO

G5|G4|G3|G2|G1

GO | B5 | B4

B3 (B2 | B1 [ BO

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note: n = lower eight bits of address (0 to 175)

80-system 8-bit interface/SPI (2 transfers/pixel)

1st Transfer

2" Transfer

GRAM Data

DB
17

DB
13

DB
16

DB | DB
15 (14

DB
12

DB | DB DB

17

DB
16

DB| DB
15| 14

DB
13

DB
11

DB
10

DB
12

A A

A A

A 4

vV V VY ¢

RGB
Assignment

R5

R4 | R3 [ R2 | R1

RO

1 {10
G5 (G4 |G3 (G2 |G

GO [ B5 | B4

B3 (B2 | B1 [ BO

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note: n = lower eight bits of address (0 to 175)
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GRAM data and display data: system interface (SS=“1",BGR="1")

80-system 8-bit interface (3 transfers / pixel, 262k color mode : TRI =1, DFM1 - 0 =10)

GRAM Data

RGB
Assignment

Output pin

1st Transfer

2nd Transfer

3rd Transfer

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

DB
17

DB | DB
16| 15

DB
14

DB
13

DB
12

DB
17

16

DB

DB
15

DB
14

DB
13

DB
12

A

YV V V X

V ¥

AR

A 4

A

R5

R4

R3 | R2 [ R1

RO G5( G4| G3| G2 G1

GO

B5

B4

B3| B2

B1

BO

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note : n = Lower 8 bits of address (0 ~175)

80-system 8-bit interface (3 transfers/pixel, 65k color mode : TRI = 1, DFM1-0 = 11)

15! Transfer

2" Transfer

3rd Transfer

GRAM Data

DB
17

DB
16

DB
15

DB | DB
16| 15

DB

DB
17

DB
16

DB
15

!

VN

!

A 4

RGB
Assignment

R5

R4

R3

G4| G3| G2 | G1

B5

B4

B3| B2

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note : n = Lower 8 bits of address (0 ~175)
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GRAM data and display data: RGB interface (SS=“1",BGR ="1")

18- bit RGB interface

GRAM Data| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD PD
17| 16| 15| 14| 13| 12 11| 10 9 8| 7| 6 | 5| 4| 3 | 2 0
AR A y ¥ A A y ¥ AR A AR A A A
) RGB R5[ R4| R3|R2 | R1| RO| G5| G4 G3| G2 G1| GO | B5| B4 | B3| B2 BO
Assignment
Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin
Note : n = Lower 8 bits of address (0 ~ 175)
16- bit RGB interface
GRAM Data | PD| PD| PD| PD| PD PD| PD| PD| PD| PD| PD| PD| PD| PD| PD
17| 16| 15| 14| 13 11110 9 8| 7| 6| 5| 4| 3| 2
Y X VvV N ¢ V V XN VvV VY A v v A ¢
~ RGB p5| Ra| R3|R2|R1|RO| G5| Ga| G3| 62| 61| Go| B5| B4| B3| B2| B1| BO
Assignment
Output S (528 — 3n) S (527 — 3n) S (526 - 3n)
in
P Note : n = Lower 8 bits of address (0 ~ 175)
6- bit RGB interface
15t Transfer 2" Transfer 3 Transfer
GRAM Data (pD (PD |PD (PD |PD |PD [PD|PD|PD|PD|PD|PD|PD|PD|PD|PD PD
1716 (15|14 |13 |12 |17 16| 15| 14| 13| 12|17 |16 | 15| 14 12
A V V XN A\ A A A\ A A YV V V V¥V XN A A 4
RGB
Assignment |R5| R4[ R3|R2 [R1 | RO G5(G4| G3| G2 G1| GO BS5| B4| B3| B2 BO
Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin

Note : n = Lower 8 bits of address (0 ~ 175)
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Instructions

Outline

The HD66789R adapts an 18-bit bus architecture that enables high-speed interfacing with a high-
performance microcomputer. The HD66789R starts internal processing of 18/16/9/8/-bit data sent
externally after storing control information in the instruction register (IR) and the data register (DR). Since
the internal operations of the HD66789R are determined by signals sent from the microcomputer, the
register selection signal (RS), read/write signal (R/W), and internal 16-bit data bus signals (IB15 to IB0) are
called instructions. Data are transferred to the internal GRAM through the 18-bit data format. The
HD66789R has the following categories of instructions.

Specify an index

Read a status

Control display

Power management Control

Graphics data Processing

Set internal GRAM addresses

Transfer data to and from the internal GRAM
Internal grayscale y-adjustment

® Nk =

Normally, the instruction to write data on the internal GRAM is used the most often. The internal GRAM
addresses are updated automatically as data are written to the internal GRAM. The window address
function, combined with the automatic update of internal GRAM addresses, minimizes data transfers and
thereby lessens the load on the program run by the microcomputer. Since instructions are executed in 0
cycle, it is possible to write instructions consecutively.

As the following figure shows, the assignment of data to the 16 instruction bits (IB15-0) varies according to
the interface in use. Instructions must adopt the data format of the interface in use.
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80 system 18-bit interface

bB (DB (DB | DB |DB |DB |DB |DB |DB |DB | DB |DB | DB | DB (DB | DB | DB
17 | 16 15 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1

NN

Instructionbit‘ B ‘ 1B ‘ 1B l B ‘ B ‘ B ‘ B ‘ B ‘

+—c3

(1B) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
80 system 16-bit interface

DB | DB | DB | DB | DB | DB | DB | DB DB DB |DB |DB (DB | DB | DB | DB

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

Instruction bit Ij B B Ij us us B B ‘ B[ mB]B|]B|[B|[IB[IB]|IB

(IB) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
80 system 9-bit interface

1st transmission 2nd transmission

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

VL v VL v VL v VL v l A VL A4 VL VL v VL v l

Instructionbit‘lB‘lB‘IBlIB‘IB‘IB‘IB‘IB‘ 'IB‘IB‘IB‘IB‘IB‘IB'IB‘IB‘
(1B) 151141131121 11110] 9 | 8 7 1l6 |5 | 4] 312 1 0
80 system 8-bit interface / SPI (2/3 transmisions)
1st transmission 2nd transmission |
DB [ DB [ DB |DB [ DB | DB | DB | DB DB | DB [ DB |DB |[DB [DB [ DB | DB
17 1 16| 15| 14 | 13 | 12 | 11| 10 17 |16 |15 | 14 | 13 | 12 | 11| 10
L A 4 VL A 4 VL A 4 L A 4 A 4 L A 4 L VL A 4 A A 4
Instructionbit‘IB‘IB‘IB'IB‘IB‘IB‘IB‘IB‘ 'IB‘IB‘IB‘IB‘IB‘IB'IB‘IB‘
(1B) 15114 113112 11 10] 9 | 8 7 16| 5| 4] 3|2 1 0
Instruction bits
Instructions

The following are detail explanations of instructions with illustrations of instruction bits (IB15-0) assigned
to each interface.

Index (IR)

R/W RS IB15 IB14 IB13 IB12 IBIl IB10 IB9 IB8 1IB7 IB6 IB5 1B4 IB3 IB2 1Bl IBO

wlo k| k| k| k| k| x| k| x| || D5|ID4]|1D3|ID2|IDI |IDO

The index register specifies the index (ROOh to R4Fh) of the control register and the RAM control with the
binary number from 0000000 to 1111111. Do not try to access to the register or instruction bits if the index
is not designated in this register.
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Status Read (SR)

R/W RS IBI5S IB14 IB13 IB12 IBIl IB10 IB9 IB8 1IB7 1IB6 IB5S 1B4 1IB3 IB2 1Bl IBO

R 0 L7 | L6 | L5 | L4 | L3 | L2 | L1 Lo 0 0 0 0 0 0 0 0

The status read instruction reads the internal status of the HD66789R.

L 7-0: Indicate the position of the line currently driven.

Start Oscillation (R0OOh)

R/W RS IB15 1B14 IB13 IB12 IBI1 IBI10 IB9 IB8 IB7 IB6 IB5S 1B4 1IB3 IB2 IBl1 IBO

Wl b sk [ sk | k[ k| k| sk |k ||k ||k |k |k |[% | |[]!

The start oscillation instruction restarts the oscillator from a halt state during the standby mode. After
executing this instruction, wait at least 10 ms for the oscillators to stabilize before issuing a next instruction.
For details, see the “Standby Mode” section.

“0789”H is read out when reading out this register forcibly.

Driver Output Control (RO1h)

R/W RS IB15 IB14 IB13 IB12 IBIl IB10 IB9 IB8 1IB7 IB6 IBS B4 IB3 1IB2 IBl IBO

w1 0 |VSPL|HSPL [ DPL | EPL [SM [ GS | SS | © 0 0 | NL4| NL3 [ NL2 [ NL1 [ NLO

SS: Selects the shift direction of source driver outputs. When SS = 0, the shift direction of source outputs
is from S1 to S528. When SS = 1, the shift direction of source output is from S528 to S1. In addition to
change the shift direction, the assignment of RGB dots to the source driver pins is changeable with the
BGR bit.

To assign RGB dots to the source driver pins interchangeably from S1, set SS =0, BGR = 0.
To assign RGB dots to the source driver pins interchangeably from S528, set SS =1, BGR = 1.

Whenever changing the SS and BGR bits, make sure to rewrite the RAM data.

GS: Selects the shift direction of gate driver outputs. The scan direction is changeable through the
instruction to conform to the scan mode by the gate driver. Set according to the assembling method of the
module.
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SM: Sets the scan order by the gate driver. Set according to the assembling method of the module.

“Scan Mode Setting” for details.

EPL: Sets the polarity of ENABLE pin in RGB interface mode.

EPL =0~ : ENABLE = “Low” / Write data to PD17-0.
: ENABLE = “High” / Disable data write operation.
EPL ="1” : ENABLE = “High” / Write data to PD17-0.

: ENABLE = “Low” / Disable data write operation.

The following table shows the relationship between EPL, ENABLE, and RAM access.

Table4

EPL ENABLE RAM write RAM address
0 0 Enabled Updated

0 1 Disabled Retained

1 0 Disabled Retained

1 1 Enabled Updated

VSPL: Inverts the polarity of signals on the VSYNC pin.

VSPL="0" :Low active.
VSPL ="1"  :High active.

HSPL: Inverts the polarity of signals on the HSYNC pin.

HSPL="0" :Low active.
HSPL ="1"  :High active.

DPL: Inverts the polarity of signals on the DOTCLK pin.

DPL =70” : Data are read on the rising edge of the DOTCLK.
DPL ="1” : Data are read on the falling edge of the DOTCLK.

See
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NL4-0: Specifies the number of lines to an 8 multiple, to drive the LCD. The number of lines set with the
NL4-0 bits does not affect the GRAM address mapping. Select a number that can cover the full size of the
panel.

Table5
NL4 NL3 NL2 NL1 NLO Display Size Number of linesto  Gate lines to be
drive the LCD driven

0 0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 0 1 528 x 16 dots 16 G1~G16
0 0 0 1 0 528 x 24 dots 24 G1~G 24
0 0 0 1 1 528 x 32 dots 32 G1~G 32
0 0 1 0 0 528 x 40 dots 40 G1~G 40
0 0 1 0 1 528 x 48 dots 48 G1~G 48
0 0 1 1 0 528 x 56 dots 56 G1~G 56
0 0 1 1 1 528 x 64 dots 64 G1~G 64
0 1 0 0 0 528 x 72 dots 72 G1~G 72
1 0 0 0 0 528 x 200 dots 200 G1~G 200
1 0 0 0 1 528 x 208 dots 208 G1~G 208
1 0 0 1 0 528 x 216 dots 216 G1~G 216
1 0 0 1 1 528 x 224 dots 224 G1~G 224
1 0 1 0 0 528 x 232 dots 232 G1~G 232
1 0 1 0 1 528 x 240 dots 240 G1~G 240

Note 1) A front porch period (set with FP register) and a back porch period (set with BP register) are inserted
as a blank period before and after driving all gate lines.

L CD Driving Waveform Control (R02h)

R/W RS IB15 IB14 IB13 IB12 IBI1 IB10 IB9 IB8 1IB7 IB6 IBS 1B4 IB3 1IB2 IBI IBO

FLD | FLD
W 1 0 0 0 0 1 o |B/C |EOR| 0 0 [NW5|NW4|NW3|NW2[NWI|NWO0

NW5-0: Specify “n”, the number of lines from 1 to 64, to invert the polarity of a C-pattern waveform every
n+1 line cycle when B/C = 1.

EOR: When EOR = 1, polarity inversions of a C-pattern waveform (B/C =1) occur by applying an EOR
(exclusive OR) operation to an odd/even frame select signal and an n-line inversion signal. This instruction
is used when the combination of the number of lines to drive the LCD and the value of “n” is at odds with
the polarity inversion. For details, see “n-line inversion alternating drive”.
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B/C: When B/C =0, a field-inversion alternating waveform is generated. Polarity inversion occurs at
completion of drawing one frame. When B/C=1, an n-line inversion alternating waveform is generated,
where polarity inversion occur at completion of driving n lines according to the EOR, NW5-0 bits. For
details, see the “n-line Inversion Alternating Drive” section.

FLD1-0: Sets the number of fields for the interlaced scan. See “Interlaced scan” for details. Set the back
porch and front porch setting bits to BP3-0=3, FP3-0=5 respectively when using the interlaced scan. The
interlaced scan is disabled in external display interface mode. When using an external display interface, set
FLDI1-0=“01".

Table6

FLD1 FLDO Number of fields
0 0 Setting disabled
0 1 1 field

1 0 Setting disabled

1 1 3 fields

Entry Mode (RO3h)

Compare Register 1 (R04h)
Compare Register 2 (R0O5h)

R/W RS IB15 IB14 IB13 IB12 IBIl IB10 IB9 IB8 1IB7 IB6 IB5 1B4 IB3 IB2 1IBl IBO

w 1 TRI | DFM1|DFMO| BGR| 0 0 |[HWM[ 0 0 0 I/D1|1/DO | AM [ LG2 [ LG1 [ LGO

w 1 0 0 [CPIT|{CPIO| CP9| CP8| CP7| CP6 0 0 | CP5 | CP4 | CP3| CP2| CPI | CPO

' 1 0 0 0 0 0 0 0 0 0 0 |CP17|CP16|CP15[{CP14[CP13|CP12

The HD66789R modifies write data sent from the microcomputer before writing to the internal GRAM so
that the GRAM data will be rewritten in high speed, and thereby lessen the software processing load on the
microcomputer. For details, see the “Graphics Operation Function” section.

TRI: The RAM write data for a pixel are transferred 3 times through the 8-bit bus when TRI=1. When
the 8-bit interface mode is not selected, set TRI to 0.

DFM1-0: Specifies the data format when TRI = 1, when using an 8-bit interface or SPI.

DFM1-0 =“10”: 262k mode (6 bit x 3 transfers)
DFM1-0 =“11": 65k mode (5,6,5 bits transfers)
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HWM: When HWM=1, data are written to the internal GRAM in high speed, where 4-word data are
written to the internal GRAM at once after executing 4 RAM write operations. If the RAM write operation
is terminated before it is executed 4 times, the last data will not be written. Make sure that the RAM write
operation is concluded at every 4 times. For this reason, the lower 2 bits must be set to “00” when setting
the AD15-0 bits (RAM address set: R21h). For details, see “High-Speed RAM Write Mode” section.

[/D1-0: The address counter is automatically incremented by 1, as writing data to GRAM when I/D1-0 =
“1”. The address counter is automatically decremented by 1, as writing data to GRAM when I/D1-0 = “0”.
The increment or the decrement is set independently for each upper (AD15-8)/lower (AD7-0) byte of an
address. The address transition direction as writing data to the internal GRAM is set with the AM bit.

AM: Sets the direction of automatically updating the address counter as writing data to the internal GRAM.
When AM = “0”, the address counter is updated in horizontal direction. When AM = “1”, the address
counter is updated in vertical direction. When the window addresses are set, data are written to the internal
GRAM area specified with the window addresses in the manner determined with the I/D1-0, AM bits.

TRl |DFM1 |DFMO 8-bit interface data format

First transfer Second transfer
r 1 r 1

| DB17| DB16| DB15| DB14| DB13| DB12| DB11| DB10| | DB17| DB16| DB15| DB14| DB13| DB12| DB11| DB10|
T T \\ ‘ ¢ ‘ Py 1 1 1 I
YV Vv ¥\ V3V v v v v

|R5|R4|R3|R2|R1|R0|G5|G4|GS|Q|G1|G)|85|B4|BS|B2|B1|BO|

0 * * Setting disabled
1 0 * Setting disabled
First transfer Second transfer Third transfer

| DB17| DB16| DB15| DB14| DB13| DB12| DB17| DB16| DB15| DB14| DB13| DB12| DB17| DB16| DB15| DB14| DB13| DB12|

|R5|R4|R3|R2|R1|R0|G5|(54|G3|62|G1|00|BS|B4|B3|32|B1|BO|

First transfer Second transfer Third transfer
r T v d

| DB17| DB16| DB15| DB14| DB13| DB12| DB17| DB16| DB15| DB14| DB13| DB12| DB17| DB16| DB15| DB14| DB13| DB12|

TPV T VOV VY VY Y v v v v ¥ VvV VvV

|R5|R4|R3|R2|R1|R0|G5|G4|G3|GZ|G1|GO|BS|BA|BS|BZ|B1|BO|

8-bit interface data format
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1/D1-0="00" 1/D1-0="01" I/D1-0="10" I/D1-0="11"
horizontal : decrement horizontal : increment horizontal : decrement || horizontal : increment
vertical : decrement vertical : decrement vertical : increment vertical : increment
0000h 0000h 0000h 0000h
-—— > « >
ney = | Y« ——_ e
AM="0 — —— 7 — ———
horizontal — I — ———
EFAFh EFAFh EFAFh EFAFh
0000h 0000N 0000h 0000h
ITYYYYYY AAARAS A
AM=II1H ~ "' ’
vertical “F M M \
s YYYYVYYY YYVYY VY
EFAFh EFAFh EFAFh EFAFh

Note : Data are written only on the GRAM area specified with the window
addresses when window addresses are set.

Addresstransition direction

L G2-0: Writes to the internal GRAM the result obtained from comparing the data written from the
microcomputer with the values of the compare register (CP17-0) and performing a logical operation. For
details, see the “Graphics Operation Function”

CP17-0: Sets the value of the compare register, with which data read out from the GRAM or written from
the microcomputer are compared. This function is not available with the external display interface mode.
In external display interface mode, make sure LG2-0 = “000”.

BGR: Reverses the order of RGB dots to BGR for the 18-bit data written to the internal GRAM. When
setting BGR = 1, the CP17-0, WM17-0 bits will automatically be changed accordingly.
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; Note 1)
Write data to GRAM Nete ol ol o 0 0 ol o 1 1 1

0|0 11110
ivvivvvvvviiviii

Conversion between RGB and BGR (BGR)

YV Y YYYYYYVYYYYYGYY

Logical/compare operation Logical operation(on write data) Compare operation (with compare register)
(LG2-0) LG2-0 = 000: Replace LG2-0 = 110: Replace write data if match
LG2-0 = 111: Replace write data if not match

VYV VVYVVYVVYYVVVVYY

Write data to

GRAM (WM17-0) Nete 2) Write data mask (WM17-0)
YV VVVVVVVVYVVYVYVVY
GRAM

Note 1) The format for writing data to the internal GRAM and logical and compare operations is 18-bit format.
Note 2) The write data mask function is executed with the write data mask register bits WM17-0.

Bit operations
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Display Control 1 (RO7h)

R/W RS IB15 IB14 IB13 IB12 IBIl IB10 IB9 IB8 1IB7 IB6 IB5 1B4 IB3 IB2 IBl1 IBO

W 1 0 0 0 PT1 | PTO (VLE2|VLEI| SPT| 0 1 |GON|DTE| CL |REV| DI | DO

PT 1-0: Determines the kind of source output in the non-display area in partial display mode. For details,
see the “Partial Display Function” section.

Table7
Source Output for Non-display Area

PT1 PTO Positive Polarity Negative Polarity

0 0 V31 VO

0 1 Setting disabled Setting disabled
1 0 GND GND

1 1 High impedance High impedance

VLE2-1: When VLEI = 1, the first 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 the external display interface mode. In this case, make sure VLE2-1 = 0.

Table8

VLE2 VLE1 Image on 2nd Screen Image on 1st Screen
0 0 Originally designated position Originally designated position
0 1 Originally designated position Scrolled
1 0 Scrolled Originally designated position
1 1 Setting disabled Setting disabled

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

Table9

CL Colors
0 262,144
1 8

SPT: When SPT = 1, liquid crystal is driven with 2 split screens. For details, see the “Partial Display
Function” section. This function is not available with the external display interface mode. In this case,
make sure SPT = 0.
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REV: When REV = “1”, the relationship between the R, G, B dot data and the source output levels is
reversed to obtain a reversed grayscale image. This bit allows using the same data for a normally black
display to a normally white display and vise versa. The source outputs during the front and back porches
and the blank period in partial display mode are determined by the PT1-0 bits.

Table 10
Source Output in the Display Area*

REV GRAM Data Positive Polarity Negative Polarity
18’h00000 V31 VO

0
18'h3FFFF Vo V31
18’h00000 VO V31

1
18'h3FFFF V31 Vo

GON, DTE: Determines the output levels from the gate lines as follows. When GON=0, the Vcom level
becomes the GND level.

Table11

GON DTE Gate Output
0 0 VGH

0 1 VGH

1 0 VGL

1 1 VGH/VGL
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D1-0: A graphics display is shown when D1 = 1, and turned off when D1 = 0. When setting D1 = 0, data
are retained in the internal GRAM. This means the graphics display is instantly shown when setting D1 to
1. When D1 is 0 (i.e. the display is not shown) all source outputs are set to the GND level to reduce
charging/discharging current on the liquid crystal, which is generated when driving liquid crystal with
inverting polarities.

If D1-0 = 01, the display operation is executed inside the HD66789R even while the external display is
turned off. If D1-0 = 00, both the internal and external display operations are halted.

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

Table12
D1 DO Source Output HD66789R Gate-Driver Control
Internal Operations Signals (CL1, FLM, M)
0 0 GND Halt OFF
0 1 GND Operate ON
1 0 Non-lit display Operate ON
1 1 Display Operate ON

Note 1) Data are written to GRAM from the microcomputer irrespective of the value of D1-0.

Note 2) In standby mode, the internal operation is equivalent to when D1-0 = "00". This does not mean the
value of D1-0 register before entering the standby modes is overwritten to “00”.

Display Control 2 (R08h)

R/W RS IB15 IB14 IBI3 IB12 IB11 IB10 IB9 IB8 1IB7 IB6 IBS 1B4 IB3 IB2 IB1 IBO

W 1 0 0 0 0 | FP3 | FP2 [ FP1 [ FPO | O 0 0 0 | BP3 | BP2 | BP1| BP0

FP3-0, BP3-0: Makes a blank period setting (front and back porches), which is made at the beginning and
the end of the display. FP3-0 and BP3-0 specify the number of lines for the front and back porches
respectively. In setting, make sure:

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

In external display interface mode, a back porch (BP) starts on the falling edge of VSYNC signal, followed
by the display operation. After driving the number of lines set with the NL4-0 bits, a front porch starts.
After the front porch, a blank period continues until the next input of the VSYNC signal.
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Table 13
FP3 FP2 FP1 FPO Number of lines for the Front Porch

BP3 BP2 BP1 BPO Number of lines for the Back Porch

0 0 0 0 Setting disabled
0 0 0 1 Setting disabled
0 0 1 0 2 lines
0 0 1 1 3 lines
0 1 0 0 4 lines
1 1 0 0 12 lines
1 1 0 1 13 lines
1 1 1 0 14 lines
1 1 1 1 Setting disabled
VSYNC
,_,_.._,: Back porch
Display area

Front porch

Note: The output timing to the LCD is delayed 2 lines from the input of
shynchronizing signal.

Back/Front porch

Set BP3-0, FP3-0 bits as follows in each of the following operation modes.

Table 14

Operation of FLD1-0=01 BP = 2 lines FP = 2 lines FP +BP < 16 lines
internal clock FLD1-0 = 11 BP = 3 lines FP =5 lines

RGB interface BP = 2 lines FP =2 lines FP +BP < 16 lines
VSYNC interface BP = 2 lines FP =2 lines FP +BP = 16 lines
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Display Control 3 (R09h)

R/W RS IB15 IBI4 IB13 IBI12 IBI1 IB10 IB9 IB8 1IB7 IB6 IBS 1B4 IB3 1IB2 1Bl IBO

W 1 0 0 0 0 0 0 0 0 0 0 PTIG PF{)G ISC3 | ISC2 | ISC1| ISCO

PTG1-0: Sets the scan mode by the gate driver in the non-display area.

Table 15

0 0 Normal scan According to PT1-0 VcomH/VcomL amplitude
0 1 VGL (Fixed) According to PT1-0 VcomH/VcomL amplitude
1 0 Interval scan According to PT1-0 VcomH/VcomL amplitude
1 1 Setting Disabled - -

ISC3-0: Sets the cycle of scan by the gate driver when PTG1-0 is set to “10”, the interval scan in the non-
display area. The scan cycle is set to n frames, where n is an odd number from 0 to 31. The polarity is
inverted at every scan cycle.

Table 16

ISC3 ISC2 ISC1 ISCO Scan cycle (fFLM) = 60Hz
0 0 0 0 0 frame _
0 0 0 1 3 frames 50 mS

0 0 1 0 5frames 84 mS

0 0 1 1 7 frames 117 mS

0 1 0 0 9 frames 150 mS

0 1 0 1 11 frames 184 mS

0 1 1 0 13 frames 217 mS

0 1 1 1 15 frames 251 mS

1 0 0 0 17 frames 284 mS

1 0 0 1 19 frames 317 mS

1 0 1 0 21 frames 351 mS

1 0 1 1 23 frames 384 mS

1 1 0 0 25 frames 418 mS

1 1 0 1 27 frames 451 mS

1 1 1 0 29 frames 484 mS

1 1 1 1 31 frames 518 mS
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Frame Cycle Control (ROBh)

R/W RS IB15 IB14 IB13 IB12 IBI11 IB10 IB9 IB8 IB7 IB6 IB5S 1IB4 IB3 1IB2 IBl IB0Q

W 1 NO1 [NOO | SDT1{SDTO| EQI [ EQO0 |DIV1 [DIVO[ 0 0 0 0 |RTN3|RTN2| RTNIRTNO

RTN3-0: Sets a 1H (1 line) period.

Table17

RTN3 RTN2 RTN1 RTNO Clock Cycles per line
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

DIV1-0: Sets the division ratio of the internal operation clocks. Internal operations are executed in
synchronization with the clocks, the frequency of which is divided according to the DIV1-0 setting. When
changing the number of lines, make sure to adjust the frame frequency too. For details, see “Frame
Frequency Adjustment Function”. This function is not available in RGB interface mode.

Table 18

DIVl DIVO Division Ratio Internal Operation Clock Frequency
0 0 1 fosc /1

0 1 2 fosc /2

1 0 4 fosc /4

1 1 8 fosc /8

fosc =Frequency of RC oscillation

Formulato calculate frame frequency

fosc

Frame frequency = [Hz]
Clock cycles per line x division ratio x (Line + BP + FP)

fosc: frequency of RC oscillation

Line: number of lines (NL bit)

Division ratio: DIV bit

Clocks per line: RTN bit

FP: the number of lines for the front porch period

BP: the number of lines for the back porch period
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EQ1-0: Determines the number of clocks as follows, which becomes an equalizing period. The
equalization occurs only on the lines where the polarities are inverted.

Table 19
Equalizing period
EQ1 EQO Internal Operation (clock: internal oscillator) RGB I/F Operation (clock: DOTCLK)
0 0 Not equalized Not equalized
0 1 1 clock 8 clocks
1 0 2 clocks 16 clocks
1 1 3 clocks 24 clocks

SDT 1-0: Specifies the delay in outputting source signal from the falling edge of the gate output.

Table20

Source output delay
SDT1 SDTO Internal Operation (reference clock: internal oscillator) RGB I/F Operation (reference clock: DOTCLK)
0 0 1 clock 8 clocks
0 1 2 clocks 16 clocks
1 0 3 clocks 24 clocks
1 1 4 clocks 32 clocks
Note 1) The delay is measured from the falling edge of CL1.

- 1H period > - 1H period >

(cL1)

Vcom

L

x

Sn

(EQ)

L(l_tj[|k

X

Source output delay ——— :4— :

| |

equalizing period _>: :4_
: H Note: the signal in parenthesis is an internal signal

Source output delay, Equalizing period
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NO1-0: Specifies the non-overlap period of between the gate outputs (DISPTMG).

Table21
Gate outputs non-overlap period

NO1 NOO Internal Operation (reference clock: internal oscillator) RGB I/F Operation (reference clock: DOTCLK)

0 0 0 clock 0 clock

0 1 4 clocks 32 clocks
1 0 6 clocks 48 clocks
1 1 8 clocks 64 clocks

Note 1) The amount of non-overlap time is defined from the falling edge of the CL1.

-t 1H period > - 1H period Ll

B e S I

Gn

Gn+1 Non-overlap period ——p»; | ——

Note: the signal in parenthesis is an internal signal

Non-overlap period

Note that the clocks mentioned in EQ1-0, SDT1-0, NO1-0 settings refer to different clocks according to an
interface mode as follows.

Table22

Interface mode Reference clock
Internal operation mode Internal RC oscillator
RGB interface more DOTCLK

VSYNC interface mode Internal RC oscillator
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External Display Interface Control (ROCh)

R/W RS IB15 IBI4 IB13 IBI2 IBI11 IBI10 IB9 IB8 1IB7 IB6 IBS 1B4 IB3 1IB2 IBI IBO

W 1 0 0 0 0 0 0 0 RM 0 0 | DMI|DMO| O 0 [ RIMIRIMQ

RIM1-0: Set the transfer mode when the RGB interface is selected. Specifically, this setting specifies the
mode in use when the RGB interface is selected with the DM and RM bits. Make the setting before display
operation starts through the external display interface. Do not make the setting during display.

Table23
RIM1 RIMO RGB Interface Mode
0 0 18-bit RGB interface (one-time transfer/pixel)

0 1 16-bit RGB interface (one-time transfer/pixel)

1 0  6-bit RGB interface (three-time transfers/pixel)

1 1 Setting disabled

Note 1) Instruction settings to the registers are possible only through the system interface.

Note 2) Data transfers and a DOTCLK input must be executed in units of dots (R, G, and B) in 6-bit RGB
interface mode.

DM 1-0: Specifies the display operation mode. DM1-0 selects the interface through which the display
operation is executed. DM1-0 allows switching between the internal clock operation and the external
display interface mode. Do not switch between the two different external display interface modes (between
RGB-I/F and VSYNC-I/F).

Table24
pmi DMo Display Interface

0 0 Internal clock operation

RGB interface

0o 1
1 0  VSYNC interface
1 1 Setting disabled

RM: Specifies the interface for the RAM access. RAM is accessible only through the interface determined
with the RM bit. When display data are written through the RGB-I/F, set RM = 1. The RM setting is not
affected by the display operation mode. This means display data can be rewritten through the system
interface by setting RM = 0, while the display operation is executed through the RGB interface.

Table 25
RM Display Interface
0  System interface/VSYNC interface

1 RGB interface
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As the following table shows, the HD66789R selects an optimum interface according to the kind of display
through the external display interface control setting.

Use the high-speed write mode (HWM=1) with the RGB and VSYNC interfaces to access RAM in high
speed with low power consumption when displaying a moving picture.

Table 26
Display State Operation Mode RAM Access (RM) Display Operation Mode (DM1-0)
Still picture Internal clock System interface Internal clock operation
operation (RM =0) (DM1-0 = 00)

Moving picture RGB interface (1) RGB interface RGB interface

(RM=1) (DM1-0 = 01)
Rewrite still picture area while RGB interface (2)  System interface RGB interface
displaying a moving picture (RM=0) (DM1-0 = 01)
Moving picture VSYNC interface System interface VSYNC interface

(RM =0) (DM1-0 = 10)

Note 1) Instructions are set only through a system interface.

Note 2) The RGB-I/F and the VSYNC-I/F are not used simultaneously.

Note 3) Do not make changes to the RGB-I/F mode (RIM-0) while an RGB I/F is in operation.
Note 4) See the “External Display Interface” section for the flowcharts of mode transitions.
Note 5) Use the high-speed write mode (HWM = 1) in RGB-I/F and VSYNC-I/F modes.

Internal clock operation mode

All display operation is synchronized with signals generated from internal operating clocks in this mode.
All inputs through the external display interface are invalid. The internal RAM is accessible only through
the system interface.

RGB interface mode (1)

The display operation is synchronized with the frame synchronizing signal (VSYNC), line synchronizing
signal (HSYNC), and dot clocks (DOTCLK) in RGB interface mode. These signals must be supplied
through a display period using the RGB interface.

Display data are transferred in pixel unit through PD17-0 bits. All display data are stored in the internal
RAM. The combined use of high-speed RAM write mode and a widow address function enables to display
data in a moving picture area and data in internal RAM at once, which makes it possible to transfer display
data only when rewriting a screen and minimize data transfers.

The front porch (FP) and the back porch (BP) periods, and the display duration (NL) are automatically
calculated inside the HD66789R by internally counting the clocks of the line synchronizing signal
(HSYNC) from the edge of the frame synchronizing signal (VSYNC). Take this into consideration when
transferring pixel data through PD17-0.
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RGB interface mode (2)

The HD66789R enables to rewrite the RAM data through the system interface while the RGB interface is
selected. To rewrite the RAM data, make sure that display data are not being transferred through the RGB
interface (ENABLE = High). To return to the display data transfer mode through the RGB interface,

change the ENABLE bit first and then set a new address (AD15-0) in the AC and the index register to R22h.

VSYNC interface mode

The internal display operation is synchronized with the frame synchronizing signal (VSYNC) in VSYNC
interface mode. A moving picture can be displayed using a system interface by writing data to the internal
RAM at more than the minimum speed through a system interface from the falling edge of frame
synchronizing signal (VSYNC). In this case, there are constraints in the RAM writing speed and methods.
For details, see “External Display Interface”.

Only VSYNC inputs are valid in VSYNC interface mode. Other signal inputs through the external display
interface are invalid.

The front porch (FP), the back porch (BP) periods and, the display duration (NL) are automatically
calculated according to the settings in the register of the HD66789R from the falling edge of the frame
synchronization signal (VSYNC), which serves as a reference point.
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Power Control 1 (R10h)
Power Control 2 (R11h)

RAW RS IB15 IB14 IB13 IBI2 [BI11 IB10 IB9 IB8 1IB7 1IB6 IBS 1IB4 IB3 [B2 IB1 IBO

w 1 0 |SAP2[SAPI{SAPO[{ O | BT2| BT1|BTO| O | AP2|APl1 |APO| O |DK | SLP|STB

w 1 0 0 0 0 0 |DC12{DC11|DC10[ 0 |DCO02(DCO1|DCO0| 0 | VC2]| VCl| VCO

SAP2-0: Adjusts the constant current from the constant current source for the operational amplifier circuit
for the source driver. Setting a larger constant current will stabilize the operational amplifier circuit, but
current consumption will increase. Adjust constant current taking the display quality-current consumption
tradeoff into account. During the non-display operation, set SAP2-0 = “000” to halt the operational
amplifier circuit to reduce current consumption.

Table27

SAP2 SAP1 SAPO Op-amp SAP2 SAP1 SAPO Op-amp Constant
Constant Current Current

0 0 0 Halt 1 0 0 1

0 0 1 Setting disabled 1 0 1 1.25

0 1 0 0.62 1 1 0 1.43

0 1 1 0.71 1 1 1 Setting disabled

BT2-0: Changes the step-up rate for the step-up circuits. Adjust the rate according to the voltage in use.
To reduce current consumption, use a smaller rate.

DCO02-00: Selects the operating frequency of the step-up circuit 1. A higher frequency enhances the drive
capacity of the step-up circuit as well as the quality of the display, while current consumption will increase.
Adjust the frequency taking the display quality-current consumption tradeoff into consideration.

DC12-10: Selects the operating frequency of the step-up circuit 2. A higher frequency enhances the drive
capacity of the step-up circuit as well as the quality of the display, while current consumption will increase.
Adjust the frequency taking the display quality-current consumption tradeoff into consideration.

AP2-0: Adjusts the constant current from the constant current source for the operational amplifier circuit in
the LCD power supply circuit. Setting a larger constant current will stabilize the operational amplifier
circuit, but current consumption will increase. Adjust the constant current taking the display quality-
current consumption tradeoff into account. During the non-display operation, set AP2-0 = “000” to halt the
operational amplifier circuit and the step-up circuits to reduce current consumption.

DK Controls ON/OFF of the step-up circuit 1. When turning on the power supply, stop the startup of
VLOUTT! for a moment, and wait until the VLOUT?2 level is boosted completely before starting up
VLOUTI. For details, see the “Power Supply Setting Flow” section.
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SLP: When SLP = 1, the HD66789R enters into the sleep mode. In sleep mode, the internal display
operation is halted except RC oscillators to reduce current consumption. Only power control instructions
(BT2-0, DC12-10, DC02-00, AP2-0, SLP, STB, VC2-0, DK, SAP2-0, VRH4-0, VCOMG, VDV4-0, and
VCMA4-0 bits) are executed during the sleep mode. No change is accepted to the GRAM data or instruction
sets during the sleep mode, and the GRAM data and the instructions are retained.

STB: When STB = 1, the HD66789R enters into the standby mode. In standby mode, the display operation
is completely halted, and all internal operations including internal RC oscillation and reception of external
clock pulses are halted. For details, see the “Standby Mode” section. Only instructions to release the
HD66789R from the standby mode (STB = 0) and to start oscillators are accepted during the standby mode.
GRAM data and instruction sets must be set again after releasing the HD66789R from the standby mode
because they may be destroyed during the standby mode.

VC2-0: Set the reference voltage REGP for the VREGIOUT, VciOUT voltages within the range of 0.73 ~
0.92 times the VciLVL level.

Table 28

AP2 AP1 AP0 Constant current of
operational-amplifier

0 0O o Halt
0 0 1 Setting disabled
0 1 0 05
0 1 1 0.75
1 0O o 1
1 0 1 1.25
1 1 0 1.5
1 1 1 Setting disabled
Table 29
DC02 DCO1 DCO0O Step-up circuit 1: DC12 DC11 DC10 Step-up circuit 2:
step-up cycle step-up cycle
0 0 0 Oscillation clock / 8 0 0 0 Oscillation clock / 16
0 0 1 Oscillation clock / 16 0 0 1 Oscillation clock / 32
0 1 0 Oscillation clock / 32 0 1 0 Oscillation clock / 64
0 1 1 Oscillation clock / 64 0 1 1 Oscillation clock / 128
1 0 0 Oscillation clock / 128 1 0 0 Oscillation clock / 256
1 0 1 Setting disabled 1 0 1 Setting disabled
1 1 0 Setting disabled 1 1 0 Setting disabled
1 1 1 Setting disabled 1 1 1 Setting disabled

Note: Make sure step-up 1 cycle = step-up 2 cycle when setting DC02-00, DC12-10.
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Table 30
BT2 BT1 BTO VLOUT1output VLOUT4 output VLOUT2 output (VGH) VLOUT3 output (VGL)  Capacitor connection pins
(DDVDH) (VCL)
0 0 0 Vci1 x 2 Vcil x -1 DDVDH x 3 - (Vci1+DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 6] [x =5] C11%, C12¢, C21z, C22¢
0 0 1 Vil x 2 Vi1 x -1 DDVDH x 3 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 6] [x —4] C11%, C12¢, C21, C22+
0 1 0 Vci1 x 2 Vci1 x -1 DDVDH x 3 - (Vci1+DDVDH) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 6] [x =3] C11%, C12%, C21, C22%
0 1 1 Vi1 x 2 Vi1 x -1 Vci1 +DDVDH x 2 - (Vci1+DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 5] [x =5] C11%, C12¢, C21, C22+
1 0 0 Vi1 x 2 Vci1 x -1 Vci1 +DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 5] [x —4] C11%, C12¢, C214, C224
1 0 1 Vci1 x 2 Vci1 x -1 Vci1 +DDVDH x 2 - (Vci1+DDVDH) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 5] [x=3] C11%, C124, G214, C22+
1 1 0 Vil x 2 Vi1 x -1 DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 4] [x —4] C11%, C12¢, C21%, C22¢
1 1 1 Vi1 x 2 Vci1 x -1 DDVDH x 2 - (Vci1+DDVDH) DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 4] [x =3] C114, C12¢, C21+

Note 1) The numerals in the brackets [ ] show the step-up rate from the Vci1 level.
Note 2) When using DDVDH, VCL, VGH, VGL voltages, connect capacitors to the capacitor connection pins.

Note 3) Set the voltage within the following range: DDVDH = 5.5 V (Max.), VCL = - 3.3 V (Min.),
VGH = 16.5V (Max.), VGL =-16.5 V (Min.)

Table 31

VC2 VC1 VCO VciOUT output voltage DK  Operation of
(REGP) step-up circuit 1

0 0 0 VciLVL 0 Operate

0 0 1 0.92 x VciLVL Halt

0 1 0 0.87 x VciLVL

0 1 1 0.83 x VciLVL

1 0 0 0.76 x VciLVL

1 0 1 0.73 x VciLVL

1 1 0 Setting disabled

1 1 1 Setting disabled
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Power Control 3 (R12h)
Power Control 4 (R13h)

R/W RS IB15 IB14 IB13 IBI12 IB11 IB10 IB9 IBS 1IB7 IB6 IBS 1B4 IB3 IB2 IB1 IBO

w 1 0 0 0 0 0 0 0 0 0 0 0 [PON |VRH3| VRH2|VRHI [VRHO
VCO
w 1 0 0 MG VDV4| VDV3[ VDV2| VDVI| VDVO| 0 0 0 [VCM4]VCM3| VCM2|VCMI1| VCMO

PON: Controls ON/OFF of the VLOUT3 output. To stop the output of VLOUT3, set PON = 0. To start
the output of VLOUTS3, set PON = 1.

VRH3-0: Sets the rate for amplifying the VREG1OUT voltage (reference voltage of VCOM and grayscale
voltages) by stepping up REGP form 1.33 to 2.775 times.

VCOMG: When VCOMG = 1, the VcomL can take a negative voltage level (between 1.0V to -Vci+0.5V
Max.). When VCOMG = 0, the HD66789R halts the negative voltage amplifiers to save power. When
VCOMG = 0, the VDV4-0 bits are disabled. In this case, adjust the Vcom-level alternating amplitude with
the VCM4-0 bits to set VcomH. VCOMG = 1 is enabled when PON = 1.

VDV4-0: Sets the Vcom-level alternating amplitude when driving with alternating Vcom voltage. VDV4-0
sets the amplitude from VREGI1OUT x 0.6 to VREGIOUT x 1.23. If VCOMG = 0, the VDV4-0 bits are
disabled.

VCM4-0: Sets the VcomH level (the higher level of the alternating Vcom voltage). VCM4-0 sets the
amplitude from VREG10OUT x 0.4 to VREG1OUT x 0.98. To halt adjustment with the internal volumes
and adjust VcomH with an external resistor from VcomR, set VCM4-0 =“11111".

Table 32

VRH3 VRH2 VRH1 VRHO VREGI1OUT voltage VRH3 VRH2 VRH1 VRHO VREGI1OUT voltage
0 0 0 0 REGP x 1.33 1 0 0 0 REGP x 1.90

0 0 0 1 REGP x 1.45 1 0 0 1 Setting disabled

0 0 1 0 REGP x 1.55 1 0 1 0 Setting disabled

0 0 1 1 REGP x 1.65 1 0 1 1 Setting disabled

0 1 0 0 REGP x 1.75 1 1 0 0 Setting disabled

0 1 0 1 REGP x 1.80 1 1 0 1 Setting disabled

0 1 1 0 REGP x 1.85 1 1 1 0 Setting disabled

0 1 1 1 Halt 1 1 1 1 Setting disabled
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Table 33
vcM4 vem3  vem2  vemi  vemo  VcomH vDv4 vDva vbv2 vbvi vbvo Vcom amplitude
0 0 0 0 0 VREG10UT x 0.40 0 0 0 0 0 VREG10UT x 0.60
0 0 0 0 1 VREG10UT x 0.42 0 0 0 0 1 VREG10UT x 0.63
0 0 0 1 0 VREG10UT x 0.44 0 0 0 1 0 VREG10UT x 0.66
0 1 1 0 0 VREG10UT x 0.64 0 1 1 0 0 VREG10UT x 0.96
0 1 1 0 1 VREG10UT x 0.66 0 1 1 0 1 VREG10UT x 0.99
0 1 1 1 0 VREG10UT x 0.68 0 1 1 1 0 VREG10UT x 1.02
0 1 1 1 1 Halt the internal volumes. 0 1 1 1 1 Setting disabled

Adjust with a variable

s/);tfmg resistor from
1 0 VREG10UT x 0.70 1 0 0 0 0 VREG10UT x 1.05
1 1 VREG10UT x 0.72 1 0 0 0 1 VREG10UT x 1.08
1 1 0 VREG10UT x 0.74 1 0 0 1 0 VREG10UT x 1.11

1 0 0 1 1 VREG10UT x 1.14

1 1 1 0 VREG10UT x 0.94 1 0 1 0 0 VREG10UT x 1.17
1 1 1 1 VREG10UT x 0.96 1 0 1 0 1 VREG10UT x 1.20
1 1 1 1 0 VREG10UT x 0.98 1 0 1 1 0 VREG10UT x 1.23

Halt the internal volumes.

Adjust with a variable
external resistor from
VcomR.

=N

*

*

Setting disabled

Note 1) Adjust VREG10OUT and VCMO0-4 so that the VcomH level is set within the range of
3.0V~(DDVDH-0.5)V.

Note 2) Adjust VREG10UT and VDV0-4 so that the Vcom amplitude is set to 6.0V or less.
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RAM Address Set (R21h)

R/W RS IB15 IBI4 IB13 IBI12 IBI11 IB10 IB9 IB8 |B7 IB6 IBS5 IB4 1B3 IB2 1Bl IBO
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: A GRAM address set initially in the AC (Address Counter). The address counter is automatically
updated in accordance with the AM, I/D bits as data are written to the internal GRAM. Data are written
consecutively without resetting the address.

It is not possible to set AD15-0 during the standby mode. AD15-0 must be an address within the area
specified with the window addresses.

When the RGB interface is selected (RM = 1), the address AD15-0 is set in the address counter every frame
on the falling edge of the VSYNC signal. When the internal clock operation or the VSYNC interface is
selected (RM = 0), the address AD15-0 is set when the instruction is executed.

Table 34 GRAM Address Range

AD15-ADO

GRAM Setting

“0000"H — “00AF”H

Bitmap data for G1

“0100"H - “01AF"H

Bitmap data for G2

“0200”"H - “02AF"H

Bitmap data for G3

“0300"H — “03AF"H

Bitmap data for G4

“ECO00”H - “ECAF"H Bitmap data for G237

“EDO0"H - “EDAF"H Bitmap data for G238

“‘EEO0"H — “EEAF’H Bitmap data for G239

“‘EF00”H - “EFAF"H Bitmap data for G240
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Write Datato GRAM (R22h)

R/W__RS
[ [ [ [ [ [ [ [ [ [ [ [ [
W 1 RAM write data (WD17-0) The pin assignment for DB17-0 varies for each interface (see below).
| | | | | | | | | | | | |
PD17 PDI16 PD15 PDI14 PD13 PDI2 PDI1 PDI0 PD9 PDS PD7 PD6 PD5 PD4 PD3 PD2 PDI PDO
RGB-I/F WD | WD|wD |WD (WD |WD | WD | WD | WD |WD |WD WD | WD [ WD [ wp| WD [ WD [ WD
mode: 71 1w6)lis 14 |13 |12 | n 10 9 R 7 6 5 4 3 2 1 0

WD17-0: Data are expanded into 18 bits internally before written to the internal GRAM. The way to
expand data into 18 bits is different according to the interface in use.

Grayscale levels are selected according to the data written to the GRAM. The GRAM address is
automatically updated according to the AM and I/D bits as data are written to the internal GRAM. No
access to the internal GRAM is allowed during the standby mode. When the 8 or 16 bit interface mode is
selected, data are expanded into the 18-bit format internally by writing the same data as the MSBs of R and
B dots to the LSBs of R and B dots respectively. When writing data to the internal GRAM through a
system interface while using an RGB interface, make sure that writing operations through the RGB
interface and the system interface do not conflict.

When the18-bit RGB interface is selected, 18-bit data are written through the PD17-0 data bus and 262,144
colors are available. When the 16-bit RGB interface is selected, the same data as the MSBs of R and B
dots are also written to the LSBs of R and B dots respectively, and 65,536 colors are available.
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18-bit interface(262,144 colors)

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| 9o 8| 7| 6] 5] 4| 3[2|1]o0
A 4 A A 4 A 4
Write Data
to GRAM | WD | WD | wD | wD | wD | WD | WD | WD | WD | WD | WD | WD | WD | WD [ WD [ WD | WD | WD
7] 16 15[ 14 13[12]11])10] 9| 8| 7|6l 5| 4] 3] 2]1 0
\ 4 v VY \ 4
_ RGB 15 |Ra [R3 |R2 |R1 | RO |65 | G4 |63 |2 |61 |co|B5 |Ba B3 |B2 [B1]BO
Assignment
one pixel
16-bit interface(65,536 colors)
INPUT | DB| DB| DB| DB | DB| DB | DB | DB DB| DB| DB| DB | DB| DB | DB | DB
17| 16 15 14| 13| 12| 11 ] 10 8| 76| 5| 4| 3| 2]n1
VYV VY VY ¢ vV V VY ¢
Write Data | wDp| wp| wp| wp| wp| wp| wp| wp| wp| wp | wp|wp|wb|wbp|wb|wb|wb|wb
toGRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9| 8| 7| 6| 5| 4| 3| 2] 1] o0
RGB |Rs | R4 | R3|R2 |R1 |[RO | G5| G4 |G3|G2|G1|Go|B5|B4|B3|B2]|B1]|BO
Assignment
one pixel
9-bit interface (262,144 colors)
1st Transfer (Upper bits) 2nd Transfer (Lower bits)
1
INPUT [ pg| pB| DB| DB| DB| DB| DB| DB| DB| DB| DB | DB | DB | DB | DB | DB | DB | DB
17|16 1514|1312 11| 10| 9|17 16| 15|14 13| 12| 11|10 9
YV V.V V V V V V V V V V V VvV VVYY
Write Data | wDp| wp| wp| wp| wp| wp| wp| wp| wp| wp | wp|wp|wb|wbp|wb|wb|wb|wb
toGRAM | 17| 16| 15| 14| 13| 12 11| 10| 9| 8| 7| 6| 5| 4| 3| 2| 1 0
_ RGB |Rs | Ra | R3|R2 [R1 |RO| G5 | Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1]|BO
Assignment
one pixel

Write datato GRAM (18/16/9-bit interfaces): Bit assignment
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8-bit interface (65,536 colors) TRI = 0, DFM1-0 = 00

INPUT

Write Data
to GRAM

RGB
Assignment

1st Transfer

2nd Transfer

-

DB
17

DB | DB

15

DB
14

DB
13

DB
12

DB
11

DB
10

DB
17

DB
16

DB
15

DB
14

DB | DB | DB | DB
1312 11| 10

dl
al
dl
al

dl
al

v

dl
al

WD

17

=
]

WD
15

3
[S]

-
=)
S

L=
o

WD
12

WD
1"

WD
10

WD

A
WD
4

=
]

A A

A 4

R5

R4 | R3 |R2

R1

RO

G5

G4 | G3 | G2

G1

GO

B5

B4 | B3 | B2 | B1

one pixel

8-bit interface (262,144 colors) TRI =1, DFM1-0 = 10

INPUT

Write Data
to GRAM

RGB
Assignment

INPUT

Write Data
to GRAM

RGB
Assignment

1st Transfer

2nd Transfer

3rd Transfer

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

=
g

WD

=3
g

-

15

WD

12

WD

11

WD
10

WD
8

N

YV V X

R5

R4 [ R3

R1

RO

G5

G4 | G3 | G2

G1

GO

B5

B4 | B3 | B2 | B1 | BO

One pixel

8-bit interface (65,536 colors) TRI =1, DFM1-0 = 11

1st Transfer

2nd Transfer

3rd Transfer

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

DB
17

DB
16

DB
15

DB
14

DB
13

DB
12

DB

DB
16

DB
15

DB
14

DB
13

DB
12

WD
17

WD
15

WD
14

WD
13

WD
12

WD
11

WD
10

WD WD
4

A 4

A AN 4

A

R5

R4 | R3 [R2

R1

RO

G5

G4 [ G3|G2

G1

GO

B5

B4 | B3| B2|B1]|B0

One pixel

Write datato GRAM (8-bit interface): Bit assignment
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18-bit RGB interface (262,144 colors)

INPUT | PD| PD| PD| PD| PD|pD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD | PD
17| 16| 15| 14| 13| 12| 11| 10| 9] 8 71 6| 5| 4 31 2 1 0

Write Data | wp| wD| wD| WD| WD[ wbD| wD| wWD| wD| wD| wWD| wbD| wD| wD| wWD| wWD| wD| WD
to GRAM | 17 15( 14| 13| 12| 11 10] 9| 8| 7| 6] 5| 4] 3| 2 1 0

-
[}

VYV VYV V Y V¥V X YV V V¥V ¥ V¥V Y ¥ Y ¥Y % ‘YY
RGB [R5 |R4[R3|[R2 |R1 |RO|G5|G4|G3|G2|G1|Go|B5|B4|B3|B2]|B1|BO

Assignment
One pixel
Set the index register when writing data through an RGB interface.
16-bit RGB interface (65,563 colors)
INPUT [ PD| PD| PD| PD | PD PD|PD|PD|PD|(PD|(PD|PD|PD|PD|PD|PD
17| 16| 15| 14| 13 1110 9 8 7 6 51| 4 3 2 1
Y Y Y YVYY A A A Y VYV Y Vv X Yy VY Y
Write Data | wD| WD| WD| WD| WD WD| wD|wD|wWD|wWD|WD|WD|WD|WD|WD|WD
toGRAM [ 17 16| 15| 14| 13 1] 10| 9| 8 716 51| 4 3 2 1
VYV V X A *V A A Yy vy Y A\ A A 4 V¢
_ RGB IR5| R4 |R3|R2 [R1 |RO|G5|Ga|G3|G2[Gt1|Go|B5|B4|B3|B2|B1]|BO
Assignment
One pixel
Set the index register when writing data through an RGB interface.
6-bit RGB interface (262,144 colors)
1st Transfer 2nd Transfer 3rd Transfer
-1 -1 - 1

INPUT |pp | PD|PD | PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD [PD
17| 16| 15[ 14 [13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

Write Data | wD[ WD| WD| WD| WD| WD| wWD| WD| WD| WD| WD| WD | WD| WD| WD |wD [ wD| WD
toGRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9 | 8 | 7| 6 | 5| 4

YV V.V V V V V V V V V V V V VvV V VYV

- RGB |R5|R4|R3|R2 |R1 |RO|G5|G4a|G3|G2|G1|co|B5|B4|B3|B2|B1|BO
Assignment

One pixel

Set the index register when writing data through an RGB interface.

Writedatato GRAM (18/16/6-bit RGB interfaces): Bit assignment
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GRAM dataand LCD output level

GRAM data settings Grayscale GRAM data settings Grayscale
RGB Negative Positive RGB Negative Positive

000000 Y V31 100000 V16 V15
000001 (VO+V1)/2 (V30+V31)/2 100001 (V16+V17)2 | (V14+V15)2
000010 V1 V30 100010 V17 V14
000011 (V1+V2)/2 (V29+V30)/2 100011 (V17+V18)/2 (V13+V14)/2
000100 V2 V29 100100 V18 V13
000101 (V2+V3)/2 (V28+V29)/2 100101 (V18+V19)/2 (V12+V13)/2
000110 V3 V28 100110 V19 V12
000111 (V3+V4)/2 (V27+V28)/2 100111 (V19+V20)/2 (V11+V12)/2
001000 V4 V27 101000 V20 V11
001001 (V4+V5)/2 (V26+V27)/2 101001 (V20+V21)/2 (V10+V11)/2
001010 V5 V26 101010 V21 V10
001011 (V5+V6)/2 (V25+V26)/2 101011 (V21+V22)/2 (V9+V10)/2
001100 V6 V25 101100 V22 V9
001101 (V6+V7)/2 (V24+V/25)/2 101101 (V22+v23)2 | (V8+V9)2
001110 V7 V24 101110 V23 V8
001111 (V7+V8)/2 (V23+V24)/2 101111 (V23+V24)/2 (V7+V8)/2
010000 V8 V23 110000 V24 V7
010001 (V8+V9)/2 (V22+V23)/2 110001 (V24+V25)/2 (V6+V7)/2
010010 V9 V22 110010 V25 V6
010011 (V9+V10)/2 (V21+V22)/2 110011 (V25+V26)2 | (V5+V6)/2
010100 V10 V21 110100 V26 V5
010101 (V10+V11)/2 (V20+V21)/2 110101 (V26+V27)/2 (V4+V5)/2
010110 V11 V20 110110 V27 V4
010111 (V11+V12)/2 (V19+V20)/2 110111 (V27+V28)/2 (V3+V4)/2
011000 V12 V19 111000 V28 V3
011001 (V124V13)2 | (V18+V19)/2 111001 (V28+v29)2 | (v2+V3)2
011010 V13 V18 111010 V29 V2
011011 (VI3+V14)2 | (V17+V18)/2 111011 (V29+V30)2 | (V1+V2)2
011100 V14 V17 111100 V30 V1
011101 (VI4+V15)2 | (V16+V17)/2 111101 (V30+V31)2 | (VO+V1)2
011110 V15 V16 111110 (V30+2xV31)/3 | (2xV0+V1)/3
011111 (V15+V16)/2 (V15+V16)/2 111111 V31 VO
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RAM Accessthrough RGB-I/F and System I/F

In RGB interface mode, the HD66789R stores all display data in the internal RAM so that only the data of
the moving picture area are transferred only in the frames of rewriting display data through the RGB
interface. The HD66789R accesses RAM in high speed and reduces power consumption required for
moving picture display by using high speed write mode (HWM = 1) and the window address function. In
the frames other than frames of rewriting display data, the data displayed in the area other than the moving
picture area can be rewritten through the system interface.

In RGB interface mode, data are written to RAM in synchronization with DOTCLK during ENABLE =
“Low”. To access RAM through the system interface while using the RGB interface, set ENABLE “High”
to stop writing through the RGB interface. To start accessing RAM through the RGB interface after
accessing RAM through the system interface, wait at least for a write/read bus cycle time. When the RAM
access through the RGB interface and that through the system interfaces conflict, data will not properly be
written to the internal GRAM.

Rewriting Rewriting
display data display data
e T | | U L U
ENABLE —
DOTCLK
PD17-0 X000 0
4 ) ;
1 \ /
Set IR ,’ * * See Note 2) /
set set set set Updata display datain | [ oo set set
. - - - IR
System interface | frzz RM=0 | AD150 |5 || Ser e ai®mone  f| D150 | [RM=1 | e
< —r <
Rewriting moving Updating still picture area * see note 1) Rewriting moving
picture area picture area

Note1) The address AD15-0 is set at AC on every falling edge of VSYNC in RGB interface.
Note2) Set the address AD15-0 at AC and the index register to R22h (RAM data write/read) before RAM access through RGB interface.

2001/01/01 00:00 [ |,

Sttill picture area

Moving picture area

[ ]=]
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Read Data Read from GRAM (R22h)

R/W RS

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

RD17-0: Reads 18-bit data from the internal GRAM. The assignment of data read out from GRAM to the
DBJ[17:0] pins is different according to an interface.

When data are read out from the internal GRAM to the microcomputer, the first-word data read
immediately after executing the RAM address set (R21h) are buffered in the internal read-data latch and
data on the data bus (DB17-0) become invalid. The second-word data are read out as valid data.

The data in the read-data latch are used when the HD66789R executes internal bit processing, such as
logical operations, to complete the bit processing with a single read operation. Note that bit processing is
always executed on the data internally expanded into 18 bits.

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

This function is not available with the RGB interface.

18-bit interface

GRAMdata | o5 | Ra| R3|R2 |R1| RO| G5| Ga| 63| 62| c1| Go| B5| B4 | B3| B2| B1] BO

NG

Read |rp |RD|RD|RD|RD|RD|RD|RD
data |17 (16| 15| 14 | 13| 12| 11| 10

]
[T

:
:

Output (DB (DB | DB |DB (DB | DB | DB | DB
17116115114 | 13| 12| 11| 10

“Sle{-8le—
w e

‘—

e

5

Read data from GRAM: 18-bit interface
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16-bit interface

ngg R5| R4| R3|R2|R1| RO| G5| G4| G3| G2 G1| GO| B5( B4 | B3| B2| B1| B0
One pixel
V VVVY i i vV VvV VY vV Vv Y
Read |Rp| RD | RD |RD | RD | RD|RD|RD|RD|RD|RD | RD|RD|RD|RD|RD| RD| RD
data| 47| 4 151141131121 11]110| 9| 8 | 7 6 5] 4 3| 2 1 0
VYV VV VY vV VY vV VY
Output DB | DB | DB (DB (DB | DB | DB | DB DB | DB | DB |DB (DB | DB | DB | DB
17116 115|114 | 13| 12| 11| 10 8 7 6 51 4 3| 2 1

9-bit interface

G'zgg R5| R4| R3|R2|R1| RO| G5| G4| G3| G2| G1| Go| B5| B4 | B3| B2| B1| BO
-One pixel

V V.V V V V V V VvV V V VY V V. V YV

Read |Rrp|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD

data |47 |16 [ 15| 14| 13| 12| 11| 1 9| 8|7 |65 4|3]2]1]0

V V V V V V V V VvV V VvV VY VvV V.V Vv

Output |DB | DB |DB (DB (DB | DB |DB (DB | DB (DB (DB (DB (DB (DB (DB | DB | DB | DB
1711611514 |13 | 12|11 (10| 9 (17 (16 (15 [14 [13 [12 [ 11 [10 [ 9

L 1st Transfer(Upper)—l— S

2nd  Transfer (Lower)

8-bit interface / SPI

GRAM

data R5| R4[ R8|R2 |R1 [ RO|[G5| G4 G3|G2| G1| GO B5(B4| B3| B2|B1| BO

One pixel

RD|(RD|RD|RD|RD|RD|RD|RD|RD|RD
8| 76|54 3]|2 1 0

Read Rp|RD|RD|RD|RD|RD|RD|RD
data |47 | 16| 15| 14| 13| 12| 1

1110] 9
DB |DB|DB|DB | DB | DB | DB | DB DB | DB | DB (DB | DB | DB | DB | DB

Output | 47 | 16 | 15 | 14 [ 13 [ 12 [ 11 | 10 17 |16 | 15 | 14| 13| 12| 11| 10
[ 1st Transfer (Upper) —I—an

Transfer (

Read data from GRAM: 16/9/8-bit interface
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First word

Second word

First word

Second word

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

v

Set address N

v

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

v

Read (data of address N)
Read-data latch >DB17-0

v

Set address M

v

Dummy read (invalid data)
GRAM »>Read-data latch

v

Read (data of address M)
Read-data latch >DB17-0

i) Read data to the microcomputer

First word

Second word

First word

Second word

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

v

Set address N

v

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

v

Write (data of address N)
DB17-0 >GRAM

v

Automatic address update: N+a

v

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

v

Write(data of address N+a)
DB17-0 >GRAM

ii) Logical operacion inside HD66789R

GRAM read sequence
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RAM Write Data Mask (R23h)
RAM Write Data Mask (R24h)

R/W RS IB15 IBI14 IB13 IBI12 IB11 IB10 IB9 IB8 1IB7 IB6 IBS 1B4 IB3 1IB2 1Bl IBO

w o | o [wm |wm | wn fwm | wa [ wam | o | o [ WM |[wv | wm| wa| ws | wu
im |9 |s|7]% s la | 3l 20110

wM | wM [ wM | wm | wm | wm

W o p oo oo 000 0 0 | s |14 | 13| 12

WM 17-0: Write-mask data in unit of bits when writing data to the internal GRAM. For example, if
WM17 =1, WM17 write-mask the MSB of GRAM write data so that it will not be written to the GRAM.
WM16~WMO also write-mask the GRAM write data of the corresponding bits when they are set to “1”.
For details, see the “Graphics Operation Function” section.

Note that the write mask function is always executed on 18-bit GRAM write data.. This function is not
available with the RGB interface.

WM| WM| WM WM| WM|WM|WM|WM|WM|WM[WM|WM|WM[WM|WM|WM|WM| WM

write mask |47 46 | 45| 14| 13 [ 12| 11| 10| 9| 8|7 |6 |5 |4|3|2|1]0

V V.V V V V V V V V V V V V V V V X

Write‘?&iﬁ R5 [R4 |R3 |R2 [R1 |R0 |G5 |G4 [G3 |G2 |61 |Go [B5 [B4 |B3 |B2 [B1 |BO

One pixel

RAM write data mask
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y Control (R30h to R3%h)

RW RS  IB15 IB14 IB13 IB12 IB11 IB10 IB9 IB8 IB7 1B6 IB5 IB4 IB3 B2 IB1 IBO
PKP1|PKPPKP1 PKPOPKPO[PKPO)
R30 [ W | 1 oflojo|ofo [le[1] o | Ol lol ooy,
PKP3[PKP3|PKP3 PKP2|PKP2|PKP2)
R31 | W | 1 ofolo]olol g mlglolo]jofo]o [2]T[1] o1
PKP5[PKP5|PKPY PKP4|PKP4 PKP4|
R32 | W | 1 ojlofo|o]o [y [1]-|[01 ofojofo]o ]y
PRP1PRPI[PRP1 PRPQPRPJPRPO
R33 | W | 1 olojofofofuTmlolololo]o]o] Gl
PKNAPKN1PKNT PKNO[PKNGPKNO
R34 | W [ 1 0 oo fofoplmlg|O[0]09]0°]0uy|mlm
PKNZPKN3PKN3] PKN2PKNZ|PKNZ
R35 | W | 1 0 0 0 0 0 2 | 1 | o] 0 0 0 0 0 2 | 1 | o
PKNB/PKNEPKNS| PKN4PKN4[PKNA
R36 | W | 1 olojofofo i lmlolololo]olalmlm
PRNPRN1PRN1 PRNJPRNOPRN(
R37 | W | 1 olojofofof ool m
VRP1VRP1VRPVRP1VRPT RPO[VRPOVRPO[VRPQ
REIWTI T L% 1wl | |m|e | %% e|m|m|o
VRNVRNVRNVRN{VRN1 RNGVRNOVRNOVRN(
ROIWT T 121 el |m|wm| %1% @] @] m| o
PKP5-0[2:0] . v fine adjustment registers for the positive polarity
PRP1-0[2:0] : vy gradient adjustment registers for the positive polarity
PKNS5-0[2:0] . v fine adjustment registers for the negative polarity
PRN1-0[2:0] . v gradient adjustment registers for the negative polarity

VRPO[3:0]/VRP1[4:0]
VRNO[3:0]/VRN1[4:0]

: amplitude adjustment resistor for the positive polarity
: amplitude average adjustment resistor for the negative polarity

For details, see the “y adjustment” section.
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Gate Scan Position (R40h)

R/W RS 1IB15 IB14 IBI3 IB12 IB11 IBI10 IB9 IB8 B7 IB6 IB5 1B4 IB3 1IB2 IBl IBO

w 1 0 0 0 0 0 0 0 0 0 0 0 | SCN4[SCN3[SCN2|SCNI1| SCNO

SCN4-0: Set the position of starting scan by the gate driver. Set the SCN4-0 bits to drive the gate lines to
be used.

Table 35

Scan Start Position
SCN4 SCN3 SCN2 SCN1 SCNO

GS=0 GS=1
0 G1 G240
G9 G232
1 0 G17 G224
1 1 0 1 0 G209 G32
1 1 0 1 1 G217 G24
1 1 1 0 0 G225 G16
G1
G1
G57
G176
G240 G232
GS=0 GS=0
NL =10101 NL = 10101
SCN4-0 = 00000 SCN4-0 = 00111

Note: Set NL4-0 and SCN4-0 so that the number for the end position of the gate line scan will not exceed 240.
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Vertical Scroll Control (R41h)

R/W RS 1IB15 IB14 IBI13 IB12 IBI11 IB10 IB9 IB8 IB7 IB6 IBS I1B4 IB3 [B2 IBl IBO

w 1 0 0 0 0 0 0 0 0 |vL7| vLe| VL5| VL4 | VL3 |VL2 [VL1| VLO

VL 7-0: Specifies the number of lines to scroll in the vertical direction from 0 to 240. The data that is
scrolled out as a result of vertical scrolling are displayed from the first line of the physical display. The
VL7-0 bits are enabled when the first screen vertical scroll enable bit VLE1 = 1 or the second panel vertical
scroll enable bit VLE2 = 1. When VLE2-1 = 00, the display data are shown at the originally designated
position. This function is not available with the external display interface.

Table 36
VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Scrolling lines

0 0 0 0 0 0 0 0 0 line

o

0 0 0 0 1line

o
N

0 0 0 0 0 0 1 0 2 lines

1 1 1 0 1 1 1 0 238 lines

1 1 1 0 1 1 1 1 239 lines

Note: Do no set the value that exceeds 240 to VL7-0.

1st-Screen Drive Position (R42h)
2nd-Screen Drive Position (R43h)

RAW RS IBI5 IB14 IB13 IBI2 IBI11 IB10 IB9 IB8 1IB7 1IB6 IB5S 1B4 IB3 IB2 IB1 IBO

w 1 SE17|SE16| SE15|SE14| SE13|SE12|SE11T[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: Specifies the gate line from which the first screen data are shown. The number of the gate line is
the value set with the SS17-10 bits + 1.

SE17-10: Specifies the gate line which is the end line to show the first screen data. The number of the gate
line is the value set with the SE17-10 bits + 1. For instance, when SS17-10 = “07”H and SE17-10 = “10”H,
the first screen is shown on the gate lines from G8 to G17, and gate lines G1 to G7 and G18 thereafter are
driven to show black screen. Make sure that SS17-10 < SE17-10 < “EF”H. For details, see the “Partial
Display Function” section.

SS27-20: Specifies the gate line from which the second screen data are shown. The number of the gate line
is the value set with the SS27-20 bits + 1. The second screen is driven when SPT = 1.
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SE27-20: Specifies the gate line that is the end line to show the second screen data. The number of the gate
line is the value set with the SE27-20 bits + 1. For instance, when SPT = 1, and SS27-20 = “20”H, SE27-
20 = “4F”H, the second screen is shown on the gate lines from G33 to GS80.

Make sure that SS17-10 < SE17-10 < SS27-20 < SE27-20 < “EF”H. For details, see the “Partial Display

Function” section.

Horizontal RAM Address Position (R44h)
Vertical RAM Address Position (R45h)

R/W RS IB15 IBI4 IB13 IBI12 IB11 IB10 IB9 IB8 IB7 IB6 IBS IB4 1IB3 IB2 IBI IBO

W 1 [|[HEA7|HEA6|HEA5HEA4 HEA3|HEA2 HEA1/HEAO|HSA7| HSA6|HSAS5|HSA4 HSA3|HSA2[HSA1{HSAO

w 1 VEAT[VEAG VEAS|VEA4 VEA3IVEA2Z VEATIVEAO| VSA7| VSA6|VSAS|VSA4 VSA3|VSA2[VSAT|IVSAQO

HSA7-0/HEA7-0: HSA7-0 and HEA7-0 represent the addresses of the start and end positions of the
window address area, respectively in horizontal direction. Data are written to the internal GRAM
horizontally within the area specified with HEA7-0 and HSA7-0. Make sure to set the AD15-0 before the
RAM write operation. In setting these bits, make sure “00”h < HSA7-0 < HEA7-0 < “AF”h.

VSA7-0/VEAT-0: VSA7-0 and VEA7-0 represent the addresses of the start and end positions of the
window address area, respectively in vertical direction. Data are written to the internal GRAM vertically
within the area specified with VEA7-0 and VSA7-0. Make sure to set the AD15-0 before the RAM write
operation. In setting these bits, make sure “00”h < VSA7-0 < VEA7-0 < “EF”h.

HSA HEA
0000h ! :
} [}
(V257 N S — ' '
Window Address Window address setting area
“00"h= HSA7-0=HEA7-0=“AF"h
“00"h=VSA7-0= VEA7-0=“EF"h
VEA |
GRAM address area EFAFh

Note 1) Make an window address setting area within the GRAM address area.
Note 2) Set AD15-0 within the window addres setting area, which includes dummy write area in high-speed write mode.

Note 3) High-speed write mode execute one write operation to the GRAM for every 4-word data. Accordingly, dummy write operations may
be required depending on the setting of a window address setting area. See "High-speed burst write mode" for details.

GRAM address and window address setting areas
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Instruction List

Wiain Category Sub Category TUpper Code Tower Gode
Note
I‘-:Sjp:xr Inde} Command 1B15 1B14 1B13 1B12 B11 1B10 B9 B8 1B7 1B6 1B5 B4 B3 B2 B1 1BO ote
- Index Index N N N N N N N N N D6 ID5 D4 D3 D2 D21 DO
SR_|Status Read Status Read 7 [ [ s [ ool o] ool ol o
0" Display Control 00h Oscillation Start N N N N N N N N N N N N N N N
Device Code Read 0 [1] [1] 0 0 1 1 1 1 0 0 [1] 1 0 0 789
N VSPL | HSPL | DPL EPL SM GS ES) NL4 NL3 NL2 NL1 NLO
oth | DriverOutputContrl 10 | o | o | o |l olololol ® %% lolnlololan
FLD [ FLDO | B/C | EOR NW5 [ NWA | NW3 | NW2 [ NWT | NWo
02h | LCDACdrvingControl | 0 ] 0 | O J 0Ol ol anlolol ®l°lolololololon
TRI [ DFM1 | DFMO | BGR Wi ID1 DO AM LG2 LG1 LGO
osh Entry Mode olololol % logl® %1% lnh|lnlonlolonle
04h Compare Register (1) 0 0 CP11 | CP10 | CP9 CP8 CP7 CP6 0 0 CP5 CP4 CP3 CP2 CP1 CPO
olololololo ol ol olololo
P17 [ CP16 | CP15 | CP14 [ CP13 | CP12
osh | Compareregiter @) | 0 [ o | o | o [ o [ o | o | o [ o | o [SF]CHe|CES]e]CRIS|CE
o6h Setiing Disabled
PT1 PTO | VLEZ2 | VLE1 SPT GON [ DTE CL REV D1 DO
07h Display Control (1) 0 0 0 ) 0 0 0 0 0 0 0 (0) 0 0 (0) 0
y FP3 | FP2 | FP1 | FPO BP3 | BP2 | BP1 | BPO
- e S i O O Rl R PTOG1 PTOGO T T e
o9n Display Control (3) o [oJ oo oo o] oo o PPl %5
AR Sefiing Disabled
0Bh Frame Cycle Adjustment NO1 NOO | SDT1 | SDTO [ EQ1 EQO | DIV1 DIVO 0 0 0 0 RTN3 [ RTN2 | RTN1 | RTNO
Control olololololol ol o ol ol olwo
Extomal Display Tierface RM BT | Mo RIMIT | RIVO
och Control O e O s I e I A
0Dh Setting Disabled
OEh Setting Disabled
OFh Setiing Disabled
SAPZ | SAPT | SAPO 572 [ 611 | 610 APZ | APT | APO Ok | 5P | 518
1 Power Control 10h Power Control (1) 0 0 0 0
0 | © | @ o | ol o 0 | © | @ m | ol o
11h Power Control (2) 0 0 0 0 0 DC12 | DC11 | DC10 0 DCO02 | DCO1 | DCOO 0 vC2 vC1 vCo
0l ol o 0]l @ o 0| ©| o
12h Power Control (3) o oo ofof o] oo ofo]o P(co’;“ V(Rg")ﬁ V(RGHZ V(ROM V(Rg")‘o
- Fower Gontral (4 5 | o | VCOM[ VDVa | VDV3 [ VDV2 [ VDVT [VOVO [ o | o | o | VCV&| VCNB | VOMZ [ VCNIT | Veho
c lololololo 0|l ol ol ole
Th oifing Disable
15h e D
Toh o
T7h e
18h e
Toh o
1Ah el
1Bh el
1Ch el
1Dh el
1Eh el
i =
20 RAM Access 20h el
o RAM Addross e | AD15 | AD14 | ADT3 | ADT2 [ ADT1 | ADTO | ADS | ADS | AD7 | ADS | AD5 | ADZ | AD3 | AD2 | ADT | ADD
ololololololololololololol ol ol o
220 | RAM data WritelRead RAM WD17-0 /RAM (RD17-0)
WM11[WM10| WM9 | WM8 | WM7 | WM6 WM5 | WM4 | WM3 | WM2 [ WM1 [ WMO
23n | ramwitepaamask () | 0 | o |MEr MR O R O e L O L0 el e | @ | o] e ] o
VM7 | WM 6 [ WS | WM 12| WM T3 [WMT2
24h RAM Write Data Mask (2) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25h eifing
260 eiting
27h eiting
28 citing
29N o
2Ah o
2Bh o
2Ch o
2Dh e
2Eh e
2Fh o
3 ¥ Control 30n ¥ Control (1) 0 0 0 0 0 PKEQ PKE” PKE“’ 0 0 0 0 0 PK;‘H PK;‘” PK;"O
PKP32|PKP3T [ PKP30 PKP22|PKPZT [ PKP20
3th ¥ Control (2) o | o | o [ o | o [PKESPKESUPKESOl o [ o | o | o | o [PKPZ2[PHPETIPKD
azh Y Control (3) o | o o | o [ o [PERPETETL o | o | o | o | o [PEEIPENITEY
33h ¥ Control (4) o | oo of o PF?E:Z o | o] o o] o P'?POZ PREOT PT;;:
3an ¥ Control (5) o | o o | o o[ o[ oo o] o PO
35h ¥ Control (6) 0 0 0 0 o |PKNSZ 0 0 0 0 0 Pfg‘)m
PKN52/ PKN40|
36 Y Control (7) o | o] oo o [™ o oo o] o N
PRN12 PRNOO|
ath Y Control 8) o | o o [ o | o [PRNPPRMTPRNOL o | 0 [ 0 | 0 | o o
38h Y Control © VRP14|VRP13|VRP12|VRP11|VRP10 VRP03 'VRPOO
ol ol ololo © ©
¥ VRNTA[VRNT3[VRNTZ[VRNTT[VRNTO| VRNG3 VRGO
3% Control (10) olololol o © ©
3Ah otting Disable:
3Bh etting Disable
3Ch etting Disable
3Dh el
3Eh el
3Fh
4 | Coordination aon | Gatescanstartposiion | 0 | o [ o | o [ o [ o [ o | o | o | o | o [SO]°CNS|SCNZISCNISCNO
Control
VL7 | VL6 | VL5 | VL4 | VL3 [ VLZ | VLT | VL0
41h Vertical Scroll Control 0 0 0 0 0 0 0 0 () () () o () () o) )
42h SE17 | SE16 | SE15 | SE14 | SE13 | SE12 | SE11 | SE10 | SS17 | SS16 | SS15 | SS14 | SS13 | SS12 | SS11 | SS10
First Screen Driving Position 1 1 1 1 1 1 1 1 0! 0! 0! 0! 0! 0! 0! 0!
wan | SeCond Screen Driving | SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21| SE20 | SS27 | $526 | 5525 | 524 | §523 | 5522 | 5521 | $520
Position nlalololaololonlololololololololo
wan | Fiorizontal RAM Address | HEAT | HEAG | HEAG | HEAG | HEAS | HEAZ | FEAT | HEAO | HSAT | ISAG | HSAG | HSA4 | FISA | FISAZ | HSAT | HSAD
osition nlololololaloalonlololeololol ol ol o
45h Vertical RAM Address VEA7 | VEAB6 | VEAS5 | VEA4 | VEA3 | VEA2 | VEA1 | VEAD | VSAT7 | VSA6 | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAOD
nlolololololonlolololololololol o
46h el le
47h el le
48h el le
49h el le
4Ah el le
4Bh el le
4Ch el lex
4Dh el lex
4Eh el le
4Fh Setting Disable:
5* * Setting Disable
o - Setting Disable:
7 : Setting Disable

Note 1) The numeral in parenthesis in each bit cell is a default value.

Note 2) Do not access to the"Setting Disabled" indexes.
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Reset Function

The HD66789R is internally initialized with a RESET input. During the reset period, the HD66789R is in a
busy state and no access to the instructions or GRAM data from the MPU is accepted. The RESET period
must be secured for at least Ims. In case of power-on reset, wait until the RC oscillation frequency
stabilizes after the power supply is turned on (10 ms). During this period, do not access the internal GRAM
nor make the initialization setting.

Default State of Instructions:

s <g oo

2B o B 5 -

Start oscillator

Driver output control (NL4-0 =*“11101”, SS =“0”, EPL = “0”, DPL = “0”, HSPL = “0”, VSPL = “0”,
GS =07, SM=“0")

Liquid crystal alternating current drive control (FLD1-0 =“01”, B/C = “0”, EOR =“0”, NW5-0 =
“000000”)

Entry mode set (HWM = “0”, I/D1-0 = “11”: Increment by 1, AM = “0”: Horizontal direction,
LG2-0 =“000": Replace mode, BGR = “0”, TRI = “0”, DFM1-0 = “00”)

Compare register (CP17-0: “00 0000 0000 0000 0000’

Display control 1 (PT1-0 = “00”, VLE2-1 = “00": No vertical scroll, SPT = “0”, DTE = “0",
CL =“0": 65,536-color mode, REV =“0”, D1-0 = “00”: Display OFF, GON = “0”)

Display control 2 (BP3-0 = “1000”, FP3-0 = “1000)

Display control 3 (PTG1-0 = 00", ISC3-0 = “0000)

Frame cycle control (NO1-0 = “00”, SDT1-0 = “00”, EQ1-0 = “00”: No equalization,
DIV1-0 =“00": clock/1, RTN3-0 = “0000": 16 clocks per 1H period)

External display interface (RIM1-0 = “00”: 18-bit RGB interface,

DM1-0 = “00”: internal clock operation, RM = “0”: System interface)

Power control 1 (SAP2-0 =“000”, BT2-0 = “000”, AP2—-0 = “000”: liquid crystal power off,
DK =“1": DCDCI off, SLP = “0”, STB = “0”: release from the standby mode)

Power control 2 (DC12-10 = “000”, DC02-00 = “000”, VC2-0 = “000”)

Power control 3 (PON = “0”, VRH3-0 = “0000")

Power control 4 (VCOMG = “0”, VDV4-0 = “00000”, VCM4-0 = “00000”)

RAM address set (AD15-0 = “0000H)

RAM write data mask (WM 17-0 = “18’h00000”: No write-mask)

y control

(PKP02-00 = “000”, PKP12-10 = “000”, PKP22-20 = “000”, PKP32-30 = “000”,

PKP42-40 = “000”, PKP52-50 = “000”, PRP02-00 = “000”, PRP12-10 = “000”)
(PKN02-00 = “000”, PKN12-10 = “000”, PKN22-20 = “000”, PKN32-30 = “0007,
PKN42-40 = “000”, PKN52-50 = “000”, PRN02-00 = “000”, PRN12-10 = “000”)
(VRP14-10 = “00000”, VRP03-00 = “0000”, VRN14-10 = “00000”, VRN03-00 = “0000”)
Gate driver scan start position SCN4-0 = “00000”

Vertical scroll (VL7-0 = “00000000"")

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

2nd split screen (SE27-20 = “111111117, SS27-20 = “00000000”")

Horizontal RAM address position (HEA7-0 = “10000011”, HSA7-0 = “00000000)

Vertical RAM address position (VEA7-0=“10101111", VSA7-0 = “00000000’")
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GRAM Data Initialization: The data in the internal GRAM are not initialized by the RESET input.
Initialize using software during a display OFF period (D1-0 = “00”).

Default state of Output Pins:

a. Liquid crystal driver output pins (source outputs): All output the GND level
b. Oscillator output pin (OSC2): Oscillate
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I nter face Specifications

The HD66789R has a system interface to make an instruction setting and an external display interface to
display a moving picture. The HD66789R can select an optimum interface according to the kind of display
(moving or still picture) to transfer data efficiently.

As an external display interface, the HD66789R has the RGB interface and the VSYNC interface, which
update screens without flicker.

In RGB-I/F mode, display operations are executed in synchronization with VSYNC, HSYNC, and
DOTCLK. Display data are written according to the values of data enable signal (ENABLE), and display
data in PD17-0 in synchronization with VSYNC, HSYNC, and DOTCLK. By writing display data to the
internal GRAM, the HD66789R minimizes data transfers only when switching the frames of a moving
picture. The window address makes it possible to specify the moving picture RAM area to be overwritten
and display simultaneously the moving picture data and the pre-written RAM data in other than the moving
picture area. In RGB and VSYNC interface modes, use high speed write mode (HWM = 1) when writing
data to RAM in order to access RAM in high speed with less power consumption when displaying a
moving picture.

In VSYNC interface mode, the frame synchronization signal (VSYNC) synchronizes the internal display
operation. The VSYNC interface enables a moving picture display while using a system interface by
writing data to the internal GRAM at more than a certain speed in synchronization with the falling edge of
VSYNC. In this case, there are constraints in the speed and methods to write data to RAM.

The HD66789R can operate among the following 4 modes according to the display state. The display
operating mode is set with the external interface control register (ROOCh). To switch between the different
modes, follow the mode-switching sequence.
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Table37
Operation Mode

RAM Access Setting
(RM)

Display Operation Mode

(DM1-0)

Internal operating clock only

System interface

Internal operating clock

(Displaying still pictures) (RM=0) (DM1-0 = 00)
RGB interface (1) RGB interface RGB interface
(Displaying moving pictures) (RM=1) (DM1-0 = 01)
RGB interface (2) System interface RGB interface
(Rewriting still pictures while (RM =0) (DM1-0 = 01)

displaying moving pictures)

VSYNC interface
(Displaying moving pictures)

System interface
(RM = 0)

VSYNC interface
(DM1-0 = 10)

Note 1) Instructions are set only through a system interface.
Note 2) The RGB-I/F and the VSYNC-I/F are not used simultaneously.

Note 3) Do not make changes to the RGB-I/F mode (RIM-0) while an RGB I/F is in operation.
Note 4) See the “External Display Interface” section for the flowcharts of mode transitions.
Note 5) Use the high-speed write mode (HWM = 1) in RGB-I/F and VSYNC-I/F modes.

System interface

System

RGB interface

F——»
—————»
————»
—»

18/16/9/8

E——

18/16/6

csn*
RS
WR*
(RD*)
DB17-0

HD66789R

ENABLE
VSYNC
HSYNC
DOTCLK
PD17-0

Inter faces and HD66789R
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System Interface

The following shows the available system interfaces with the HD66789R. The IM3-0 pins are used to
select the interface. The system Interface enables instruction setting and RAM access.

Table 38

IM3 IM2 IM1 IMO MPU-Interface Mode DB Pins in use
0 0 0 0 Setting disabled -

0 0 0 1 Setting disabled -

0 0 1 0 80-system 16-bit interface DB17 to 10 and 8-to-1
0 0 1 1 80-system 8-bit interface DB17 to 10

0 1 0 * Serial peripheral interface (SPI) DB1-0

0 1 1 * Setting disabled -

1 0 0 0 Setting disabled -

1 0 0 1 Setting disabled -

1 0 1 0 80-system 18-bit interface DB17t0 0

1 0 1 1 80-system 9-bit interface DB17t0 9

1 1 * * Setting disabled -
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80-system 18-bit interface

The 80-system 18-bit parallel data transfer is selected by setting the IM3/2/1/0 pins to
I0Vcc/GND/IOVec/GND levels respectively.

[ol]t e — FOTou
AMP——PIRS
MPU HWR* p| WR* HD66789R
RD)L— i (RD¥)
D31-0 4+>DB17—0
18
18-bit microcomputer and HD66789R
Instruction
Input |DB (DB (DB (DB |DB | DB |DB [DB (DB (DB |DB |DB | DB [DB |DB | DB | DB | DB
1716|1514 |13 12|11 |10 9 |8 |7 |6 |5 |4 |3]|2]|1]0
VVVVVVVVlVVVVVVVVi
Instruction | 1B [ 1B | 1B | IB | 1B [IB|IB] IB B|B|IB|IB|IB|IB|IB]|IB
15 (14131211 10| 9 | 8 716|541 3|21 0
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| 14 12|10 9| 8| 7| 6| 543|210

EERRNNRNRNRRNNND

Write data to
GRAM

R5|R4 RS R2 R1

RO GS G4|G3|GZ‘G1|GO| B5|B4| BB| BZ|B1 |BO |

One pixel

262,144 colors are available in 18-bit system interface

Data format for 18-bit interface
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80-system 16-bit interface

The 80-system 16-bit parallel data transfer is selected by setting the IM3/2/1/0 pins to
GND/GND/IOVce/GND levels respectively.

csn s
At——————P{RS
HD66789R
H8/2245 -] | WR*
(RD*)—————{ (RD)
D15-0 {————~——»{ DB17-10, 8-1

16 DB9,0

16-bit microcomputer and HD66789R

Instructions

Input |pB | DB| DB | DB| DB| DB | DB| DB DB| DB| DB| DB| DB| DB| DB| DB
17116 15[ 14| 13| 12] 11] 10 8| 7| 6| 5] 4| 3| 2|1
VYV vV VYVYYVYY YV V V VY VY YYVYY

Instruction | 1B | 1B [IB [IB |IB|IB [IB [IB B|(IB|IB|IB|IB|IB]|IB]|IB
15 114 |13 112 |11 |10 ] 9 | 8 716|543 ]2 1 0

Instruction code

RAM data write

DB | DB | DB DB | DB | DB

Input |DB | DB | DB | DB | DB
17|16 |15 [14 [ 13|12 |11 | 10 8| 7|6

DB
5
i vVVyYVY *\\\ vVVY i vYyVYyVYY ¢

write data |5 (R4 [R3 |R2 |R1 |RO | G5 |G4 |G3 |62 |61 |Go |B5 |B4 |B3 |B2 |B1 |BO
to GRAM

One pixel 66,536 colors are available in 16-bit system interface.

Data format for 16-bit interface
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80-system 9-bit interface

The 80-system 9-bit parallel data transfer using DB17~DB9 pins is selected by setting the IM3/2/1/0 pins to
I0Vce/GND/IOVcece/IOVcec levels respectively. When transferring a 16-bit instruction, it is divided into
upper and lower 8 bits (the LSB is not used), and the upper 8 bits are transferred first. The RAM write data
are also divided into the upper and lower 9 bits, and the upper bits are transferred first. The unused pins
DBS8-0 pins must be fixed to either IOVcce or GND level. When writing the index register, the upper byte
(8 bits) must be written.

csnr—Pcs*
Mb——— pIRS
H8/2254 pwrR*|— plWR* HD66789R
RO pI(RD"
D15-0 |g———~—p{DB17-9

9 WL DB8-0
9

9-bit microcomputer and HD66789R

Instructions

1st Transfer (Upper) 2nd Transfer (Lower)

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

wvvwwvvvlvwwwvwwvi

Instruction [ 1B | 1B (1B | B |IB|IB]|IB]|IB B|B|IB|IB|IB|IB|IB]|IB
1514 [13[12]11]10]| 9 | 8 71els5lalal2l1]o0

Instruction code

RAM data write

1st Transfer (Upper) 2nd Transfer (Lower)

Input | pB| DB | DB| DB| DB| DB| DB| DB (DB | DB| DB| DB| DB| DB| DB | DB| DB | DB
171 16| 15| 14| 13| 12| 11| 10| 9 | 17| 16| 15| 14| 13| 12| 11| 10| 9

V VYV V VY Y Y Y Y YY Y Y Y Y Y YYY

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

One pixel
262,144 colors are available in the 9 - bit system interface.

Data format for 9-bit interface
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Data transfer synchronizing in 9-bit businterface mode

The HD66789R supports a data transfer synchronization function, which resets the counters that count
transfers of upper and lower 9 bits when the 9-bit bus interface mode are selected. If there is a mismatch
between the numbers of data transfers of upper and lower 9-bit data due to noise effects and so on, the
“00”H instruction is written 4 times consecutively to reset the counter so that data transfer restarts with an
upper bit transfer. The synchronization function, when executed periodically, will protect the display
system from runaway operation.

9-bit data transfer synchronization
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80-system 8-bit interface

The 80-system 8-bit parallel data transfer is selected by setting the IM3/2/1/0 pins to

GND/GND/IOVcce/IOVcc levels respectively. When transferring a 16-bit instruction, it is divided into
upper and lower 8 bits and the upper 8 bits are transferred first. The RAM data is also divided into the
upper and lower 8 bits, and the upper bits are transferred first. The RAM write data are expanded into 18
bits internally. The unused pins DB9-0, 0 must be fixed to either IOVce or GND level. When writing the

index register, the upper byte (8 bits) must be written.

CSn*|

A1}
HWR* |
(RD*)]

D15-0

H8/2245

cs*
RS

WR*
(RD%)
DB17-10
DB9-0

HD66789R

8-bit microcomputer and HD66789R
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Instruction
1st Transfer (Upper) 2nd Transfer (Lower) —
Input (DB | DB | DB|DB| DB | DB |DB | DB DB|DB|(DB|DB|DB|DB |DB |DB
17116151 1413 [ 12| 11| 10 17 (16151141312 | 11| 10
V V V V VY VYV V¥V X Y VYV VvV Vy VvV Y YVYY
Instruction | 1B [ 1B | 1B (1B | IB|IB|IB]|IB B|B|IB|B|IB|IB|IB]|IB
15 (1411311211110 9 8 7 6 5| 4 3 2 1 0
Instruction code
RAM data write
Input 1st Transfer (Upper) 2nd Transfer (Lower) —
DB |DB |DB (DB |DB |DB |DB (DB DB |DB |DB (DB |DB (DB |DB |DB
17 116 |15 |14 |13 |12 [ 11 | 10 17 |16 (15 |14 |13 [ 12 |11 | 10
yvvyYy ¢ vy Yy VVYyVY ¢
Write data t
" GRAM |R8 | R4 |R3 |R2 |R1 |RoO | G5 | G4 |63 |62 (61 [0 |B5 |B4 |B3 |B2 |B1 |BO

One pixel 65,536 colors are available in 8 - bit system interface.
RAM data write : TRl =1, DFM1-0 =10

1st Transfer 2 Transfer 3 Transfer
—_—

INPUT (pB| DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB | DB
17| 16| 15[ 14 |13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

YV VvV VY VY Y Yy VvV Yy ‘YYyYYyYY VL YV VY

~ RGB IRs5|R4|[R3|R2 [R1 |RO|G5|G4a|G3|G2|c1|co|B5|B4a|B3|B2|B1|BO
Assignment

One pixel 262,144 colors are available in 8 - bit system interface.

RAM data write : TRI =1, DFM1-0 = 11

1st Transfer 2nd Transfer 3rd Transfer
-1 - 1

INPUT | pB| DB| DB | DB| DB| DB |DB|DB | DB|DB| DB|DB | DB| DB|DB [ DB | DB | DB
17| 16| 15|14 |13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

YyVvY V¢ Fy Yy Y Y VvV Y v vYyYy V¢

_ RGB |Rs|R4|R3|R2|R1|RO|G5|G4|G3|G2|G1|Go|B5|B4|B3|B2|B1|BO
Assignment

One pixel 65,636 colors are available in 8 - bit system interface.

Data format for 8-bit interface
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Data transfer synchronization in 8-bit businterface mode

The HD66789R supports a data transfer synchronization function, which resets the counter that counts
transfers of upper and lower 8 bits when 8-bit bus interface mode are selected. If there is a mismatch
between the numbers of data transfers of upper and lower 8-bit data due to noise effects and so on, the
“00”H instruction is written 4 times consecutively to reset the counter so that data transfer restarts with an
upper bit transfer. The synchronization function, when executed periodically, will protect the display
system from runaway operation.

M @ @) @ t (8-bit trans&r synchronization)

8-bit data transfer synchronization
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Serial Peripheral interface (SPI)

A Serial Peripheral Interface (SPI) is selected by setting the IM3/2/1 pins to GND/IOVcce/GND levels
respectively. The SPI is available through the chip select line (CS), the serial transfer clock line (SCL), the
serial data input (SDI), and the serial data output (SDO). In SPI mode, the IMO/ID pin functions as the ID
pin and the DB15-2 pins, which are not used, must be fixed at either IOVcc or GND level.

The HD66789R recognizes the start of data transfers on the falling edge of CS input to initiate the transfer
of the start byte. It recognizes the end of data transfers on the rising edge of a CS input. The HD66789R is
selected when the 6-bit chip address in the start byte transferred from the transmitter and the 6-bit device
identification code assigned to the HD66789R are compared and both 6-bit data correspond. When
selected, the HD66789R starts taking in subsequent data. The least significant bit of the identification code
is set with the ID pin. Send "01110” to the five upper bits of the identification code. Assign two different
chip addresses to the HD66789R because the seventh bit of the start byte is assigned to the register select
bit (RS). When RS = 0, either an index register write operation or a status read operation is executed.
When RS = 1, either an instruction write operation or a RAM read/write operation is executed. The eighth
bit of the start byte is to select either read or write operation (R/W bit). Data are received when the R/W bit
is 0, and are transferred when the R/W bit is 1.

In SPI mode, data are written to the internal GRAM after transferring two-bytes. Data are expanded into 18
bits before written to the internal GRAM by adding one bit (the same data as the MSB of RB) next to the
LSB of R and B data.

After receiving the start byte, the HD66789R starts transferring or receiving data in unit of bytes. Data
transfers are executed from the MSB. All HD66789R’s instructions take a 16-bit format and are executed
internally from the MSB (IB15 to 0) after transferring two bytes. GRAM write data are internally
expanded to the 18-bit format. After receiving the start byte, the HD66789R takes in the upper eight bits of
an instruction as the first byte and the lower eight bits as second byte. The HD66789R reads 5 bytes as
dummies right after reading the start byte. The HD66789R reads out data as valid data from the 6™ byte.

Start Byte Format

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

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

Table 39
RS R/W Function

Set an index register

Read a status

Write an instruction or RAM data

alalol o
= 1Ol =]0

Read an instruction or RAM data
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1st Transfer (Uppelr) —M—— 2nd Transfer (Lower) —
Input K15 1p14 |D13 [D12 [D11 |D10 [D9 | D8 D7 | D6 | D5 | D4 | D3| D2| D1| DO
Instruction | 1B | B | 1B | 1B |1B|IB|IB]|IB B|B|IB|B|IB|IB|IB|IB
151413121110 9| 8 7|65 |4|3]2]|1]0

Instruction code

———— 1st Transfer (Upper)—|_ 2nd Transfer (Lower) —
D7 |D6 |D5 | D4 | D3| D2 | D1 | DO

NPUt 1151 p14| D13| D12 D11| D10| D

9| D8
VVVV‘\\ VVV¢
5|G4 |G3

Wfite%ag{iﬁ R5 |R4 [R3 |R2 |R1 |RO |G G2 |G1 GO‘BS B4 |B3 [B2 |B1 |BO

One pixel 66,536 colors are available in serial interface.

Data format for SPI
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A)Basic data transmission through SPI

Data transmission start Data transmission end
cs* = ros
(Input) 1\ | Y
' \ \ 1 [
! T
SCL 12 3 4 5 6 7 8 910 4 22
(Input)
SDI MSB LSB
(Input) “0" [ 417 “q7 41"
b_ Device ID code _,l RS | Rwl )
VAN
Start byte Index register set, instructions, RAM data write

(Ouo) @ 0000000000000

Status read, instruction read, RAM data read

B)Consecutive data transmission through SPI
cs* \ ’
(Input)

1 2345 67 8 gﬁmzrmrr Hﬂﬂﬂﬁﬂﬁﬁﬁﬂﬂﬁﬂﬂnﬁ
SCL
(Input)

SDI

Start byte Instruction1: Instruction1: Instruction2:
(Input)

upper eight bits lower eight bits upper eight bits

Start Note: The upper byte of an instruction is read after start byte. Instrus:tiorﬂ: End
execution time

C) RAM data read transmission through SPI

cs*
(Input) ~ '

SCL
(Input)

sDI Stan_byte

Input) RS=1,
( | Rw=1

sDI Dummy Dummy Dummy Dummy Dummy RL/J\M re;d RLAM regd

pper ower
(output) Read 1 Read 2 Read 3 Read 4 Read 5 bt bite
Start Note: A RAM data read operation follows 5-byte dummy read operations. End

D) Status read / instruction read

s T\ I

(Input)

SCL
(Input)

sol Srtbye | T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

RS =0,

(Input) o RW=1 |

SDO Dummy read 1 Status read: Status read:

(Output) upper eight bits lower eight bits

Start Note: A status/instruction read operation follows one-byte dummy read operation. End

Data transfer through SPI
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VSYNC Interface

The HD66789R incorporates the VSYNC interface, which enables to display a moving picture with only a
system interface and frame-synchronizing signal (VSYNC). This interface enables to display moving
pictures with minimum modifications to a conventional system.

L VSYNC

HD66789R
Lepe/
MPU

L ples
——PRS
L plwr
‘ﬁT’ DB17-10, 8-1

VYSNC interface

The VSYNC-I/F is selected by setting DM1-0 = 10 and RM = 0. In VSYNC I/F mode, the internal display
operation is synchronized with VSYNC. The VSYNC interface enables to display a moving picture
through a system interface and rewrite display data without flicker by writing data to the internal RAM
through a system interface in a higher speed than the internal display operation by a certain degree.

The VSYNC interface executes the display operation only with the internal clocks generated by the internal
oscillators and the input of the VSYNC signal. All display data are stored in the internal RAM so that only
the data to be written over are transferred to minimize data transfers while displaying a moving picture. To
access the internal RAM in high speed with low power consumption, use high-speed write mode (HWM=1).

LI L] L L L

Updating screen

Write data to
RAM through
system interface

Display opeartion
et 0090000 000000000000000000000000004

internal clocks

Moving picture datatransfer through VSYNC interface
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The VSYNC interface has a minimum for the RAM write speed through the system interface and the
internal clock frequency. It requires RAM write speed more than the theoretical value calculated from the
following equation.

Internal clock frequency (fosc) [HZ]
= FrameFrequency x (DisplayLines(NL) + FrontPorch(FP) + BackPorch(BP)) x 16(clocks) x fluctuation

176 x DisplayLines(NL)

RAMWriteSpeed (min.)[Hz] >
(BackPorch(BP) + DisplayLines(NL) — margins) x 16(clocks) x

fosc

Note 1) When RAM write does not start right after the falling edge of VSYNC, the time from the falling edge of VSYNC until the RAM write
operation starts must also be taken into account

An example of RAM writing speed and the frequency of the internal clocks in VSYNC interface mode is as
follows.

[Example]

Display size 176 RGB x 240 lines

Lines 240 lines (NL = 11110)
Back/front porch 14/2 lines (BP = 1110/FP = 0010)
Frame frequency 60 Hz

Internal clock frequency (fosc) [Hz]
=60 Hz x (240 + 2 + 14) lines x 16 Clocks x 1.1 /0.9 = 300 kHz

When setting an internal clock frequency, possible causes of fluctuations must also be taken into
consideration. In this example, the set value for the internal clock frequency allows for the margin of +10%
from itself (the center value) for fluctuations, and the frequency including the margin must be set that the
display operation be completed within one VSYNC cycle.

This example includes variations attributed to the fabrication process of LSIs and the room temperature as
causes of fluctuations. Other possible causes of fluctuations, such as variations with the external resistors
or voltage changes are not considered in this example. It is necessary to make a setting with enough
margins to incorporate these factors.

Minimum speed for RAM writing [Hz]
> 176 x 240/ {((14 + 240 - 2) lines x 16 clock) / 300 kHz} = 3.14 MHz

The above theoretical value is calculated on the premise that the HD66789R start writing data to RAM on
the falling edge of VSYNC. There must at least be a margin of 2 lines between the physical line of the
display operation and the line address to for the RAM data write operation.

The RAM write speed of 3.14MHz or more on the falling edge of guarantees the completion of write
operation before the HD66789R starts the display operation with regard to each line and makes it possible
to rewrite the entire screen without flicker.
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RAM write at 10MHz RCoscillation
VSYNC . i 10%
RAM write llines] 44,240 times «—2p ) .
—,——————— 20— d ———1 — Display operation
Back porch (14 lines) i :
RAM write [ :
S e at 3.15 MHz |
(N} [}
[N} I
| [} |
" Display |, |
X Display operation : | :
Display operation i H
(240 lines) I |
! 1
| : 1
[} I
[} I
[ |
Front porch ! ! !
(2 lines) 22 1341 1 1674 [Msl
13.55 i (60H
Blanking period | ( 2)
Back-porch 14H ! _
—l VSYNC L1 [I—

Operation through VSYNC interface

Notesto the VSYNC interface

1. The aforementioned example of calculation gives a theoretical value. In actual settings, possible
causes of fluctuations such as variations with the internal oscillators should be taken into consideration.
Accordingly, it is necessary to give enough margins when setting a RAM writing speed.

2. The aforementioned example of calculation gives a value for rewriting the entire screen. Therefore, if
the moving picture display area is smaller than that, an extra margin will be created between the RAM
write operation and the display operation with regard to each line.

RC oscillation

VSYNC llines] 10%
+“—>
- - ;gg """"""""""" | bty I —=—1 — Display operation
Back porch (14 lines) RAM write L e B 4 -
(20 lines)

_________ RAM write

| |
| |
| |
| |
2 at3.15 MHz ! ! :
@ 1 I |
8 ] I |
o [} [} |
X X [} I [} |
Moving picture area ) | | |
(200 lines) = ! ! :
| | |
1 I |
| | |
I i
20 [ T---p-
T : : + [ms]
0 : : 11.17 13.55 13:52 16,74
(20 lines) i | (60Hz)
- I
Front porch (2 lines) Back-porch 14H —
n vsyne L1 L

RAM writemargin
3. A front porch period continues after completion of drawing 1 frame and until the next input of VSYNC.

4. In case of switching between the internal clock operation mode (DM1-0 = 00) and the VSYNC
interface mode, the new mode becomes effective after drawing one frame, which is shown when
setting instructions.
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5. The partial display, vertical scroll, and interlaced scan functions are not available with the VSYNC
interface.

6. In VSYNC interface mode, set AM to O to transfer display data in the aforementioned method.

7. In VSYNC interface mode, use the high-speed write mode (HWM = 1) when writing display data to
the internal RAM.

Internal Clock Operation to VSYNC Interface VSYNC Interface to Internal Clock Operation

Internal clock operation operation through
z VSYNC interface

Display operation

= = ; in synchronizaion
HWM=1,AM=0 Display operation in E with VSYNC
| | synchronization _ _
Set AD15-0 with internal clocks Set_DM1-0—00, RM=0 . *DM1-0, RM become
€ - for internal clock operation enable after
| I completion of
Set DM1-0 =10, RM =0 *DM1-0, RM become [W " " T displaying 1 frame.
; * eneble after alt more than rame
for VSYNC iterface mode completion of . o
| displaying 1 frame Display operation in
. . ’ i synchronization
Set index register to R22h Internal clock operation with internal clocks

Wait more than 1 frame ] —
I Note: input VSYNC for more than 1 frame period

after setting DM, RM.

Write data to RAM
through VSYNC I/F

Display operation
in synchronizaion with VSYNC

Operation through
VSYNC interface —

Note: input VSYNC before setting DM1-0, RM.

VSYNC-internal clock operation transition
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External Display Interface

The following interfaces are available as the external display interface (RGB interface). The interface is
selected by setting the RIM1-0 bits. RAM is accessible through the RGB interface.

Table 40

RIM1 RIMO RGB Interface DB Pin

0 0 18-bit RGB interface PD17-0

0 1 16-bit RGB interface PD17-13, 11-1
1 0 6-bit RGB interface PD17-12

1 1 Setting disabled

Note 1) Multiple RGB interfaces cannot be used simultaneously.

RGB interface

The display operation through the RGB interface is synchronized with VSYNC, HSYNC, and DOTCLK.
With the use of high-speed write mode (HWM=1) and the window address function, the RGB interface
enables to transfer only the necessary data and rewrite only the area that needs rewriting in high speed with
less power consumption. The RGB interface requires the settings of back porch and front porch periods
before and after the display period, respectively.

VSYNC
A
RAM data display area
Moving picture
display area
1\
HSYNC J
DOTCLK
ENABLE
PD17-0

L Back porch period (BP3-0)

Display period (NL4-0)

) Front porch period (FP3-0)

h 4 ) ) .
Note1) The front porch period continues until the next input of VSYNC.

Note2) Input DOTCLK throughout the operation.

VSYNC: frame synchronizing signal
HSYNC: line synchronizing signal
DOTCLK: dot clocks

ENABLE: Data enable signal
PD17-0: Display data for RGB (6:6:6)

Note 3) Supply VSYNC, HSYNC, and DOTCLK with frequencies that can
meet the resolution requirement of the panel.

Back porch period (BPP):14H= BP3-0= 2H
Front porch period (FPP):14H= FP3-0= 2H

FPP + BPP< 16H

Display operation period: NL4-0 = 240H
Lines per frame: FPP + DP + BPP

RGB interface
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ENABLE signal

The EPL bit can change the polarity of the ENABLE signal. The relationship between the EPL bit and the
ENABLE bit is as follows.

Table41

EPL ENABLE RAM Write RAM Address
0 0 Enabled Updated

0 1 Disabled Retained

1 0 Disabled Retained

1 1 Enabled Updated
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RGB interface timing

Timing chart of signalsin 16/18-bit RGB interface mode

<l

1 frame

<
Back pol

rch period

>

Front porch period |

VSYNC

HSYNC

DOTCLK

ENABLE

PD17-0

HSYNC

DOTCLK —

ENABLE

DTSTZHLW

P
<

-
»

PD17-0

VLW = 1H
-t
1H
-t
HLW=1CLK
1 clock
<>

Juyuduuuuuuvdduy

o
<

000008

.

Valid data

VLW: VSYNC low period
HLW: HSYNC low period
DTST: data transfer startup time

Note 1) Use the high speed write mode (HWM = 1) to write data though the RGB interface.

16-/18-bit RGB Interface Timing

Rev.1.01, Dec.24.2003, page 90 of 166

RENESAS




HD66789R

Timing chart of signalsin 6-bit RGB interface mode

1 frame |
- —>
Back porch period Front porch period
[—>1 —p
1 1 |
1
VSYNC _, ' : I_I
1 1 1
HSYNC
DOTCLK
ENABLE
PD17-12
1
1
1
1
1
1 VLW =1H
: >
VSYNC
1H
: >
HLW=3CLK
+“—>
HSYNC
! ook
poteLk ]

ENABLE

PD17-12

_ DTST= HLW

\ 4

RGBRGB RGB  RGBRGB

<
<

Valid data

VLW: VSYNC low period
HLW: HSYNC low period
DTST: data transfer startup time

6-bit RGB Interface Timing

Note 1) Use the high speed write mode (HWM = 1) to write data though the RGB interface.

Note 2) In 6-bit RGB interface mode, each dot of one pixel (R, G and B) is transferred in synchronization
with DOTCLKS.

Note 3) In 6-bit RGB interface mode, set the cycles of VSYNC, HSYNC and ENABLE to 3 multiples of
DOTCLKs.
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Moving picture display

The HD66789R incorporates the RGB interface for moving picture display and RAM for storing display
data, which provide the following merits in displaying a moving picture.

e  The window address function enables to specify the moving picture area

e  The high-speed write mode enables RAM access in high speed with less power consumption

e  Only the data written over the moving picture area are transferred

e  The reduction in data transfers contributes to the reduction in power consumption by the entire
system

e  The combined use with the system interface allows rewriting data in the still picture area, such as
icons, while displaying a moving picture

RAM access through system interfacein RGB-I/F mode

The HD66789R allows RAM access through the system interface while using the RGB interface. In RGB
interface mode, data are written to the internal RAM in synchronization with DOTCLK inputs while
ENABLE is “Low”. When writing data to the RAM through the system interface, set ENABLE “High” to
stop writing data through the RGB interface. Then set RM = 0 to make the RAM accessible through the
system interface. When reverting to the RGB interface mode, wait for a read/write bus cycle. Then, set
RM =1 and the index register to R22h to start accessing RAM though the RGB interface. A conflict
between the RAM accesses through the two interfaces will not guarantee a proper RAM write operation.

The following is an example of displaying a moving picture through the RGB interface while rewriting the
data in the still picture area through the system interface.

Updating screen Updating screen

u u u u U U

VSYNC

ENABLE

PD17-0 mﬂ»mmm
r

7

/

\
! \
SetIR / ¥ * seenote) /
‘sRel set set ‘s;« U‘gdat‘i d\s‘pr:ay data in set set ‘,;\
) » other than the movin . -
System interface [z RM=0 [ [ AD15-0 11 o || picture area S | Kl | Ll | PP
Mp——
Updating moving Updating still picture area * see note 1) Updating moving
picture area picture area

Note1) The address AD15-0 is set in the AC on every falling edges of VSYNC in RGB interface mode.
Note2) Set the address AD15-0 in the AC and the index register to R22h (RAM data write/read) before RAM access through RGB interface.
Note 3) Use the high-speed write mode when writing data through the RGB interface.

2001/01/01 00:00 [ |,

Still picture area

Moving picture area

[E]>]
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6-bit RGB interface

The 6-bit RGB interface is selected by setting the RIM1-0 bits to “10”. The Display operation is
synchronized with the VSYNC, HSYNC, and DOTCLK signals. Display data are transferred to the
internal RAM in synchronization with the display operation through the 6-bit RGB data bus (PD17-12)
according to the data enable signal (ENABLE). Unused pins (PD11 to 0) must be fixed to either Vcc or
GND level.

Instructions are set only through a system interface.

VSYNC
HSYNC
DOTCLK

HD66789R

ENABLE
PD17-12
PD11-0

LCDC

A

o
@
z”TL
lw)
SPYY YVYVY

6-bit RGB interface

RAM data write

1st Transfer 2nd Transfer 3rd Transfer
—_— _—

- 1

INPUT (pp| Pp| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD
17| 16| 15| 14| 13| 12| 17| 16 [ 15| 14| 13| 1217 | 16 | 15| 14 | 13 [12

GRAM VYV V.V VYV V XN A 4 V V VYV Y Y Y VY
write R5 |R4 |R3 |R2 |R1 |RO | G5 |G4 |G3 |G2 |G1 |GO |B5 (B4 |B3 |B2 [B1 |BO
data

One Pixel 262,144 colors are available in 6-bit system interface.

Data format for 6-bit interface
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Data transfer synchronization in 6-bit RGB interface mode

The HD66789R incorporates transfer counters to count the first, second, third data transfers in 6-bit RBG
interface mode. The transfer counters are always reset to the state of the first data transfer on the falling
edge of VSYNC. If there is a mismatch in the number of data transfers, the counters are reset to the state of
the first data transfer at the start of each frame (on the falling edge of VSYNC) and data transfers will
restart correctly from the next frame. In case of displaying a moving picture, which requires consecutive
data transfers, this function will minimize the effect from the data transfer mismatch and will help the
display system to return to a normal state.

Note that the internal display operation is executed in units of pixels (RGB: 3 DOTCLKSs). Accordingly,
each DOTCLK input must correspond to the transfer of each dot of a pixel. Otherwise, data transfer
mismatch will occur and will result in malfunctions in displaying the current and the next frames.

VSYNC I

ENABLE_| |

2ond 18t ond 3w 18t ond 3
Tran_s- R Trans- Trans- Trans- Trans- Trans- Trans-
mission Transfer synchronlzatlon mission mission mission mission mission mission

6-bit datatransfer synchronization
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16-bit RGB interface

The 16-bit RGB interface is selected by setting the RIM1-0 bits to 01. The display operation is
synchronized with the VSYNC, HSYNC, and DOTCLK signals. Display data are transferred to the
internal RAM in synchronization with the display operation through the 16-bit RGB data bus
(PD17-13, 11-1) according to the data enable signal (ENABLE).

Instructions are set only through system interface.

————P»|VSYNC
———P HSYNC

L »|DOTCLK

Lcoc HD66789R

- BIENABLE
——~—P{PD17-13,11-1

16 WLPD12,O
— 2

GND

16-bit RGB interface

RAM data Write

Input (PD| PD|PD|PD |PD PD|PD (PD|PD|PD|PD|PD|PD|PD|PD|PD
17116 (15| 14 [ 13 111019 | 8| 7 65432 1

VVVVV¢VVVVVVV‘VVV¢
R5 |R4 [R3 [R2 |[R1 |RO | G5 |G4 |G3 |G2 |G1 |GO |B5 |B4 |B3 (B2 |B1 [BO

GRAM
write
data

One pixel

Data format for 16-bit interface
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18-bit RGB interface

The 18-bit RGB interface is selected by setting the RIM1-0 bits to 00. The display operation is
synchronized with the VSYNC, HSYNC, and DOTCLK signals. Display data are transferred to the

internal RAM in synchronization with the display operation through the 18-bit RGB data bus (PD17-0)
according to the data enable signal (ENABLE).

Instructions are set only through a system interface.

P VSYNC
f———————P{HSYNC

L »lpotcik
Lcbe HD66789R

L »JENABLE
L~  »(PD17-0

18

18-bit RGB interface

RAM data Write

Input |PD |PD |PD |PD (PD |PD |PD|PD |PD|PD |PD [PD|PD |PD |PD |PD |PD |PD
1716 115 |14 (13 |12 (11|10 |9 |8 |7 |6 |5 |4 |3 |21 |0

YV VV V Y Y Y Y Y Y Y Y Y Y Y Y YVYY

W”te‘g&:\j R5 |R4 [R3 |R2 |R1 |R0 [G5 |G4 |G3 |G2 |G1 [Go |B5 |B4 |B3 [B2 [B1 |BO

262,144 colors available in 18-bit RGB interface.

One pixel

Data format for 18-bit interface
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Notesto external display interface

1. The following functions are not available in RGB interface mode.

Table 42

Function External Display Interface Internal Display Operation

Partial display Not available Available

Scroll function Not available Available

Interlaced scan Not available Available

Graphics operation function Not available Available

2. The VSYNC, HSYNC, and DOTCLK signals must be supplied throughout the RGB-I/F display
operation.

3. When setting the NO1-0, SDT1-0, and EQ1-0 bits in RGB-I/F mode, the reference clock is DOTCLK,
not internal operation clocks.

4. In 6-bit RGB interface mode, each dot of a pixel, R, G, and B is transferred in synchronization with
DOTCLK. In other words, it takes 3 DOTCLKSs to transfer one pixel. Make sure to transfer data in
units of dots in 6-bit RGB interface mode.

5. In 6-bit RGB interface mode, each dot of one pixel (R, G and B) is transferred in synchronization with
DOTCLK. Accordingly, set each cycle of VSYNC, HSYNC and ENABLE to a 3 multiple of
DOTCLK.

6.  When switching between the internal operation mode and the external display interface mode, follow
the sequence below.

7.  In RGB interface mode, a front porch period continues after displaying one frame until the next
VSYNC input.

8. In RGB interface mode, use the high-speed write mode (HWM = 1) to write data to the internal
GRAM.

9. In RGB interface mode, the RAM address (AD15-0) is set in the address counter for every frame on

the falling edge of VSYNC.
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Internal Clock Operation to RGB I/F (1)

Internal clock operation —
n
| HWM = 1, AM = 0 |
|
| Set AD15-0 |

[ ]
Set RGB interface mode*
(DM1-0=01, RM=1)

Set IR to R22h
(RAM Data Write)
|

[Wait more than 1 frame] =

Write data
through RGB I/F
|

RGB Interf-ace operation

Internal clock
operation

* DM1-0, RM settings become
enabled after compretion of
displaying one frame

RGB Interface

operation
(Synchronized with VSYNC,
HSYNC, DOTCLK)

RGB I/F (1) to Internal Clock Operation

RGB Interface

operation

(Synchronized with VSYNC,
HSYNC, DOTCLK)

* DM1-0, RM settings become
enabled after compretion of
displaying one frame

RGB Interface operation
n

| |
Set internal clock
operation mode*
(DM1-0=00, RM=0)
|

[Wait more than 1 frame]

l Internal clock

Internal clock operation | OPeration

Note: Input RGB I/F signals (VSYNC, HSYNC, DOTCLK)until the end of
one frame after setting DM1-0, RM to internal clock operation mode.

Note: Input RGB I/F signals (VSYNC, HSYNC, DOTCLK) before
setting DM1-0, RM to internal clock operation mode.

Transition between the Internal Clock Operation Mode and RGB I nterface Mode

From RGB I/F (1) to RGB

RGB interface opeartion
[ |

IF (2)

Set RGB interface mode

(DM1-0=01, RM=0)
|

HWM=1/0

Set AD15-0

|
Set IR to R22h
(RAM Data Write)

Write data to RAM
through system interface

From RGB I/F (2) to RGB I/F (1)

Write data to RAM
through system interface

HWM=1, AM=0
|
Set AD15-0

|
Set RGB interface mode
(DM1-0=01, RM=0)
|
Set IR to R22h
(RAM data read)

u
RGB interface opeartion

RAM data write sequence through system interfacein RGB-I/F mode
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Timing relationship with the LCD panel control signals

The relationships with the LCD panel control signals in the internal operation mode and in RGB interface

mode are as follows.

RGB interface mode

»

< 1 frame >
Back porch period (BP) Front porch period (BP) Back porch period (BP)
<Z—1H> < > 4—>
——

VSYNC _i |
HSYNC ﬂﬁm ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, NN J—U—
PoTCLK

ENABLE
I { LI
PD17-0 1 pasfostfosd(zadead  Ya )
—— SDOTCLK | 5DOTCLK —P4—
— ee Note |
FLM TH:

oo UL TUTUU UL JUuvvUyU Uy

<«—NO1-0
G1 []
2 T
GZZO ..........
4«—SDT1-0
$1-528 )@ (2)3)4]5) @@ﬁ@ “§ X:X
EQ1-0 —b-ie
EQ
M (VCOM)

Note 1) 156 DOTCLK in the 6-bit RGB interface mode.
Note 2) EQ, CL1 and M are internal signals.
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Internal clock mode

FLM

CL1

Gt
G2

G240
$1-528

EQ

M (VCOM)

A

+—NO1-0

1 frame >
Front porch period (FP) +Back porch pe‘ riod(BP) =8H
<
<
1H:~

=
8
&

Note 1) EQ, CL1 and M are internal signals
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Scan Mode Setting

The HD66789R allows changing the shift direction of gate outputs with combination of the SM, GS bits to
realize various ways of connecting the LCD panel and the HD66789R.

SM GS Scan direction
odd-number G1 G2 even-number
line line
TFT panel
0 0
G239 G240
G1, G2, G3, G4,....
G237, G238, G239, G240
G —E G239 G240 ’_ G2
HD66789R
odd-number G1 G2 even-number
line line
TFT panel
0 1 G240, G239, G238, G237,....
G239 G240 G4, G3, G2, G1
G G239 G240 G2
HD66789R
—\| G1
v TFT panel
[ G239 . ... ....
G2 f— G1, G3, G5,....
v G237, G239,
1 0 G2, G4, G6,....
G240 | G238, G240
G1 _P G239 G240 1_ 32
HD66789R
\[G1
TFT panel
T Gase.........
G240, G238, G236,....
G4, G2,
1 1 G24Q \ G239, G237, G235,....
| G3, G1
G 4_ G239 G240 2
r HD66789R
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High-Speed RAM Write Function

The HD66789R has a high-speed RAM-write function that enables writing data to the internal RAM about
one forth the time of the normal RAM write operation. This function makes the HD66789R available to
the applications requiring high-speed display data rewrite operation, such as displaying a colored moving
picture and so on.

In high-speed RAM-write mode (HWM), RAM write data are temporarily stored to the internal register of
the HD66789R. When a data write operation of one word to the internal register is executed 4 times, the
data are written to the internal RAM of the HD66789R at once. Since the data latched in the register are
written to the internal RAM at once, it is possible to write next data to the internal register while the data
are being written to the internal RAM. The high-speed RAM write mode enables consecutive high-speed
access to the internal RAM, which is required for moving picture display and other operations.

Microcomputer

- 18

i T I

ct():gt)er | Register 1 | Register 2 | Register 3 | Register 4 |

16 72
F

“0000H” | “0001H” © “0002H" '~ “0003H"

> GRAM

Operational flow of High-Speed RAM Write

cs. ) T

(input)

(inEut) |_|

RAM |[ RaM |[[Ram || RaM [ Ram |[ RAM ][ Ram |[RAM ][ Ram [T RaM || RAM |[ RAM
PB13-0 Index | data || data || data |[ data || data || date || data || data || data || data || data || data Index
X 1 2 3 4 5 6 7 8 9 0 || 1 || 12
(input/output) | (R22) (R22)
RAM write RAM write RAM write

*See Note 1)

execution time execution time execution time

» »
> >

v

RAM write data
(72 bits)

RAM address “0000°H >< “0004"H >< “0008"H X“OOOA"H
(AD15 to 0)

Note 1) Wait at least for RAM write execution time (bus cycle time of normal write mode (tCYC)) before issueing a next instruction
after switching from the high-speed write mode.

Note 2) Set the lower 2 bits of the RAM address (AD15-0) as follws in high-speed write mode.
If ID1-0=0, set "11"
If ID1-0=1, set "00"

RAM data 1 to 4 RAM data 5to 8 RAM data 9 to 12

High-Speed Consecutive Write Operation to RAM
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cs* _\

(input)
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
E
(input)___|
RAM | RAM | RAM | RAM | RAM | RAM | RAM || RAM || RAM | RAM | RAM | RAM { RAM | RAM || RAM | RAM
PD17-10 }rl]RdZeZ); data data data data data data data data data data data data data data data data
i 1 1 2 2 3 3 4 4 1 1 2 2 3 3 4 4
(|nput/output) Upper || lower | Upper | lower | Upper || lower | Upper || lower || Upper | lower | Upper || lower | Upper || lower || Upper | lower
RAM write  "seeNote 1) RAM write
execution time execution time
—p
RAM write data
(64 bits) RAM data 1 to 4 RAM data 5to 8
RAM address B N . B
(AD15 10 0) 0000°H X 0004’H X

Note 1) RAM data write operation is executed for every 4-word data in high-speed write mode. This means RAM data write operation is executed
for every 8 data write operations to the internal register in 8-bit interface mode.

Note 2) Set the lower 2 bits of the RAM address (AD15-0) as follws in high-speed write mode.
If ID1-0=0, set "11"
If ID1-0=1, set "00"

Example of high-speed consecutive write operation in 8-bit interface mode
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Notesto the high-speed RAM write mode

1. Logical and compare operations are not available with the high-speed write operation.

2. RAM write operation is executed for every 4-word data. Set the lower 2 bits of the RAM address
(AD15-0) before the RAM write operation as follows.

If ID0=0, set “11”.
If ID0=1, set “00”.

3. The data write operation to the internal RAM is executed for every 4-word data. If the data write
operation is terminated before it is executed 4 times, the last data will not be written to the internal
RAM.

4.  When the index register is set to R22H in high-speed RAM write mode, the first write operation is
always executed. In this case, the RAM data read operation cannot be operated simultaneously.
During the RAM read operation, make sure to set HWM to 0.

5. The high-speed RAM write mode is not operable with the normal RAM write mode. When the mode
is switched to the other, make sure to set a RAM address (AD15-0) in the address counter after
switching the mode.

6.  When writing data in high speed RAM write mode within a window address setting area, dummy
write operations may be required for some window address area settings. See “High-Speed RAM
Write with Window Address Function” for details.

Table 43

Normal RAM Write High-Speed RAM Write (HWM=1)
(HWM=0)

Logical operation Available Not available

Compare operation Available Not available

BGR function Available Available

Write mask function Available Available

RAM address set Set for every one word IDO =0: Set the lower two bits to 11

IDO =1: Set the lower two bits to 00

RAM read Executed for every one word  Not available

RAM write Executed for every one word  Dummy writing may be required for some

window address settings

Window address Set for every one word Horizontal range (HSA/HSE): more than 4 words

Horizontal write operation: 4N (N=2) times

External display interface  Available Available

AM Setting AM =1/0 AM=0
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High-Speed RAM Writewith Window Address Function

To rewrite data in an arbitrary set rectangular area on the internal RAM consecutively in high speed, the
number of write operation should be made 4 multiple times by adding dummy write operations if necessary.

The number of dummy write operations executed at the start and the end of data write operations is
determined when the horizontal window address setting bits (HSA1-0, HEA1-0) are set. The total write
operations including dummy write operations must be 4 multiple times per line.

Table44 Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

HSAl HSAO Number of Dummy Write Operations inserted in
horizontal direction at the start

0 0 0
0 1 1
1 0 2
1 1 3
Table45 Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

HEA1l HEAO Number of Dummy Write Operations Inserted in
horizontal direction at the end

3

alalo|l o
=l O| =|O

2
1
0

The number of RAM access including the dummy writes operation when writing data in the horizontal
direction must be made 4 x N times:

Horizontal RAM write =

start dummy write operations + data write operations + end dummy write operations=4 x N (times)
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An example of a RAM write operation in high speed RAM write mode within a window address setting
area is as follows.

In the following example, the RAM data in a window address setting area are written over consecutively in
high speed by inserting two dummy write operations at the start of the line and three dummy write
operations at the end of the line. The number of dummy write operations is determined when the HSA1-0
and HEA1-0 bits are set to “10” and “00”, respectively

Set to write data horizontally h0000
AM="0", IDO="1" GRAM address map

Set a window-address setting area nos1z

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

Set high-speed RAM write mode Window address
HWM = "1" setting area
* (data-rewrite area)

Set AD15-0 (RAM address set)

AD15-0=h0801 ‘seeNote hA030
; hEFAF

Dummy write x 2
¢ Window address range setting

A

HAS = h12, HEA = h30
x 153 VSA = h08, VEA = hA0

RAM write x 31

¢ Note: Set the lower 2 bits of AD15-0 to either "11" or "00".
Dummy write x 3 The RAM area which is overwritten is limited to the window address setting area.

High-Speed RAM Write with Window Addr ess Function
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Window Address Function

The window address function enables consecutive data write operations to the rectangular area on the
internal RAM, which is defined by the horizontal address registers (start: HSA7-0, end: HEA 7-0) and the
vertical address registers (start: VSA7-0, end: VEA7-0).

The AM bit determines the address transition direction (either increment or decrement) to allow writing
data, including picture data, consecutively without taking wraparound positions into consideration.

The window address setting area must be set within the GRAM address map area. Also, set AD15-0 (a
RAM address) within the window address setting area.

[Window address setting range]
(Horizontal direction) 00H < HSA7-0 < HSA7-0 < “AF”’H
(Vertical direction) 00H < VSA7-0 < VEA7-0 < “EF”H

[RAM address set (AD15-0) setting range (within a window address setting area)]
(RAM address) HSA7-0 < AD7-0 < HEA7-0
VSA7-0 < AD15-8 < VEA7-0

Note: In high-speed RAM write mode, the lower two bits of the RAM address (AD15-0) must be set as
follows.
ID0=0: Set the lower two bits to 11.
IDO=1: Set the lower two bits to 00.

GRAM address map

Window address area

Window address setting area
HSA7-0 = “10"H, HSE7-0 = “2F"H 1/D =1 (increment)
VSA7-0 = “20"H, VEA7-0 = “5F"H AM = 0 (write data horizontally)
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Graphics Operation Function

The HD66789R significantly lessen the graphics processing load on software run by the microcomputer
with 18-bit bus architecture and graphics bit operations. The graphics bit operations include:

1. Write data mask function that selectively rewrites some of the bits of 18-bit write data.

2. Conditional rewrite function that compares the write data sent from the microcomputer and the data
in the compare register and writes the data only when a condition is satisfied.

The graphics bit operations are executed with the entry mode register bits and the RAM write data mask
register bits in combination with read or write operations with microcomputers.

Table 46
No. Operation Mode Bit Setting Operation and Usage
I/D AM LG2-0
1 Write mode 1 on 0 000 Horizontal data replacement
2 Write mode 2 on 1 000 Vertical data replacement
3 Write mode 3 on 0 110 111 Conditional horizontal data replacement
4 Write mode 4 0/1 1 110 111 Conditional vertical data replacement

| Microcomputer |

18

\/
| Write data latch |

18

+1/-1 +256

Y

3 Logical operation bit
Address Logi.caI/Compare operation (LG2-0) - - (LG2-0)
counter ?(1)8 :Zg::iz data if match 8
AC ) -t Vi i |
(AC) 111: replace data if not match - 7 Compare bit (CP17-0)
18
Y 18 w K
rite-mask register
Write bit mask - (WM17-0?
16

Y

Graphics RAM (GRAM)

Graphics operations
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Write-data Mask Function

The write data mask function controls the operation of writing 18-bit data to the internal GRAM in bit unit.
The HD66789R expands 16-bit data sent from the microcomputer into 18-bit data internally. In case of 18-
bit interface mode, data are not expanded.

The write data mask function enables writing the bits of RAM write data when the corresponding bits of the
write data mask resister (WM17-0) are given “0” and disables writing the bits of RAM data when the
corresponding bits of the write data mask register (WM 17-0) are given “1”. In the letter case, the GRAM
data are not overwritten but retained. This function is useful when only data of one specific pixel are
rewritten or a particular display color is selectively changed.

DB17 DBO

Data from |R05|R04|R03|R02|R01|R00|G05|GO4|G03|G02|G02|GO1|GOO|BOS|BO4|BO3|BOZ|BO1|BOO|
microcomputer

WM17 WMO
Writedatamask|1|1|1|1|1|1|o|o|0|o|o|0|0|1|1|1|1|0|O|

1
GRAM data | * | * | * | * | * | * |GO5|GO4|G03|GO2|G02|G01|GOO| * | * | * | * |BO1|BOO|
I

Note : Data are expanded into 18 bits in 8/16-bit system interface and the 16 RGB interface modes.

Write data mask function
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Graphics Operation Processing Examples
1. Write mode 1: AM =0, LG2-0 =000

This mode is used when data are horizontally written in high-speed mode. It is also used to initialize the
graphics RAM (GRAM) or to draw a line horizontally. The write-data mask function (WM17-0) is also
available with this operation mode. After writing data to RAM, the address counter (AC) automatically
increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and jumps to the address at the opposite side of the
next line below when reaching either the left or the right edge of the GRAM.

Example of Operation
1) /D ="1", AM = "0", LG2-0 = "000"
2) WM17-0 = "00FFF"H
3) AC = "0000"H
WM17 WMO

Write-data mask: |o|o|o|o|o|o|1|1|1|1|1|1|1|1|1|1|1 |1| *Write-mask <G>, <B> planes.

DB17 DBO

Write-data (1) |1|0|0 T 00T e e |0| Data are expanded into 18 bits in 8/16-bit system

| interface, and 16-bit RGB interface modes.
3

Ll el oo
Write-data (2) |1|1|o|o|o|1|o|o|o|o|o|1|1|o|o|o|o

: -0000°H S ~0001” H... ereeen Q0027 H i,
|1|o|0|1 AT ool T FT T[] aeeereeeesassnsansnsenaes
Write data (1) Write data (2)
i G RAM Note: The bits with "*" are not overwritten.
Write Mode 1
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2. Write mode 2: AM =1, LG2-0 =000

This mode is used when data are vertically written in high-speed mode. It is also used to initialize the
graphics RAM (GRAM), develop font patterns or draw a line vertically. The write-data mask function
(WM17-0) is also available with this operation mode. After writing, the address counter (AC)
automatically increments by 256, and automatically jumps to the address at the top of either the next right
row (ID = 1) or the next left row (I/D = 0) according to the I/D setting, when reaching the bottom of the
GRAM.

Example of Operation

1) /D ="1", AM ="1", LG2-0 = "000"
2) WM17-0 = "00FFF"H

3) AC ="0000"H

WM17 WMO
Write-data mask: |010(0(0[0|O|1[1{1|1[1|1[1|1[1]1

—_
-

DBO
Write data (1): - {1|0(0{1|1|1[1{1{1|1]{0[0|1(0|1|0|0|O
0

Write data (2): - 11(1(0|0|0|1(0{0|0{0{0{1{1{0{0|{O:
Write data (3):  10{1{1{1|1|0|1|0|0|0{1(0|0|0(0|O]1 (1

0| Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.

“0000"H 1 0/0}1]1 * | Write-data (1)

“0100”H 1 O[O0 {* 1™ ™1™ [*1 1| * ") * [ | write-data (2)

*

Write-data (3)

“OZOO”H5011110***********

Note 1) The bits with "*" are not overwritten.
Note 2) When data are written to "EF00"H, the window address jumps to "0001".

Write Mode 2
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3. Write mode 3: AM =0, LG2-0=110/111

This mode is used when data are horizontally written by comparing the write data and the values of the
compare register (CP17-0). When the result of comparison satisfies a condition, data sent from the
microcomputer are written to the internal GRAM. The write-data mask function (WM17-0) is also
available with this operation mode. After writing data to RAM, the address counter (AC) automatically
increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and jumps to the address at the opposite side of the
next line below when reaching either the left or the right edge of the GRAM.

Example of Operation

1) 1/D ="1", AM = "0", LG2-0 = "110" (match write operation)
2)CP17-0 = "050C0"H

3)WM17-0 = "00000"H

4) AC = "0000"H

WM17 WMO
Write-data mask: 10|0|0|0|0|0{0|0{0|0[{0|0(0|0[0|0|0 |0

CP17 CPO
Compare operation
olololjoljojoolo[t]tlolololololor=**"
I
DB17 (Match) DBO Conditional replacement

wiie data (1): [0[o[o[1[o[ |o|o|o|o| [ |o|o|o|o|o|o|<5*-®*|o|o|o|1|o|1|o|o|o|o|1|1|o|o|o|o|o|0|

Compare register:

S————Replaced

Compare |
operation . Conditional replacement
Write data (2): |O|0|O|O|O|O|1|1|1|1|1|1|0|0|0|0|0 O|__ .®_.> *|* *|* *|* *|*|*|*|*|*|*|*|*|*|*|*|

Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.

|0|0|0| jo1]ofololol]1]ofojolololo] -

* | *|*

Write data (1)

(Match write operation) GRAM

WriteMode 3
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4. Write mode 4: AM =1, LG2-0=110/111

This mode is used when data are vertically written by comparing the write data and the values of the
compare register (CP17-0). When the result of comparison satisfies a condition, data sent from the
microcomputer are written to the internal GRAM. The write-data mask function (WM17-0) is also
available with this operation mode. After writing data, the address counter (AC) automatically increments
by 256, and automatically jumps to the address at the top of either the next right row (ID = 1) or the next
left row (I/D = 0) according to the I/D setting, when reaching the bottom of the GRAM.

Example of Operation

1) I/D ="1", AM ="1", LG2-0 = "111" (Nonmatch write operation)
2)CP17-0 = "0A0CO"H

3)WM17-0 = "00000"H
4)

AC = "0000"H

WM17 WMO

Write-data mask: 1(0(0[0|0{0{0{0|0|0|0|0|0|0|0|0|0[0|0
CPO

CP17

Compare register:

Compare operation
]

[9l1]olt]ojojo]olol[t]o]o]o]ololo} =

DB17 (Nonmatch) DBO ¢ | Conditional replacement
wite gata (1)~ |1]0|0[1]1]1]o[o]1]1]oJo}1]|1[t[1]1]1}©-1--@{1]o[o][1]1]oo] [1]o[o[ ]t ][] ]1]
! ~— -
Compare : Replaced
(Match) operation ¢ Conditional replacement
Write data (2): |0|0|1|0|1|0|0|O|0|0|1|1|0|0|0|0|0|0|—— ®_.> do| k| k[ k| k] k[ kx| xR R || x| %]
Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.
"0000"H "0100"H

Write data (1)

"oooo"H§00100110011001

*lk|*|*|*|*[*]|*]|F]|*|*]|*

"0100"H

* %] *|*

Write data (2)

"EF00"H

Note 1) The bits with "*" are not overwritten.
Note 2) When data are written to "EF00"H, the window address jumps to "0001".

Write Mode 4
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y-Correction Function

The HD66789R incorporates a y-correction function to display in 262,144 colors simultaneously. The y-
correction is executed with the gradient-adjustment and fine-adjustment registers, which determines eight
grayscales. The HD66789R incorporates gradient-adjustment and fine-adjustment registers for both
positive and negative polarities. The register set of each polarity can be set independently so as to conform

to the characteristics of the liquid crystal panel.

Display
data

Graphics RAM(GRAM)

YV Y YY UV Y Y YV VY

I R5| R4|R3| R2| R1| Ro” G5|G4|G3|G2| G1| Go|| Bs| B4|Bs| Bz| B1| Bo|
AN 7\ 7/

Positive
Polarity
Register

PKP (2

PKP ¢4

PKP g0

PKP 42

PKP 14

PKP 10

PKP 2,

PKP 21

PKP 2

PKP 3,

PKP 34

PKP 3o

PKP 4,

PKP 41

PKP 40

PKP 52

PKP 51

PKP 5o

PRP

PRPg4

PRP oo

PRP 42

PRP 11

PRP 1o

VRP g3

VRP ¢

VRPo1

VRPqg

VRP14| VRP13

VRP;2

VRP 4

VRP4o

Negative
Polarity
Register

PKN 2

PKNg4

PKNgo

PKN 4,

PKN 14

PKN 19

PKN 3,

PKN 24

PKN 29

| Jayidwy seoshels |

PKN 3

PKN 31

PKN 3o

PKN 42

PKN 44

PKN4o

PKN s,

PKN 54

PKNso

PRN2

PRNg+

PRNgo

PRN

PRN14

PRN1o

VRNg3

VRNg2

VRN

VRNgo

VRN14| VRN;3

VRN

VRN

VRNjo

+6 T6 T6
32-level grayscale 32-level grayscale 32-level grayscale
control <R> control <G> control <B>
ERC control FRC control FRC control
LCD driver LCD driver LCD driver

R

G

B

LCD
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Grayscale Amplifier Block configuration

The following figure illustrates the configuration of grayscale amplifier block of the HD66789R.

The eight grayscales (VINPO-7/VINNO-7) are generated using the gradient adjustment and fine adjustment
registers. Each of the grayscale level VINPO1-6/VINNI1-6 is further divided by the internal ladder resistors
to generate 32 grayscales (VO~V31).

VREG10UT h

S10]SIS8Y JappeT

A

VGS I—,

Gradient Amplitude
Adjustment Fine Adjustment Registers (6 x 3bits) Adjustment
Register Register
PRP/NO PRP/N1 || PKP/NO PKP/N1 PKPIN2 PKP/IN3 PKP/N4 PKP/N5 || VRPINO VRP/N1
4 3 1 3 1 3 1 3 f 3 f 3 d 3 1 3 -~ 4 4 5
T VINPO/VINNO
% Y VINP1/VINN1
w
235
VINP2/VINN2
w ©
I
g g
= \J
g VINP3/VINN3
s v
VINP4/VINN4
= g
=
g g
= VINP5/VINNS
w
235
32
g
\J
VINP6/VINNG
= &5
=
- =
&
% VINP7/VINN7

Jayldwy ajeoshels

—» VO

L V1
L V2
L V3

L'y V8
L » V9

L » V16
V17

L V19
/20

L p /24
L \/25
L \/26

L V30

—p V31
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VDH 4
T

5R

VRHP
0~28R

5R

16R

5R

VRLP
0~28R

5R

VRP1
0~31R

VRPO /%

0~30R

VRPO[3:0]

RP9

RP10
RP11
RP12
RP13
RP14

RP15

RP16
RP17
RP18
RP19
RP20
RP21
RP22

RP23

RP24
RP25
RP26
RP27
RP28
RP29
RP30

RP31

0 ~30R
KVPO : VINPO >
PKP0[2:0] 5R
.
8to1
SEL VINP1 4R
Y
PKP1[2:0] g%ggq
.
KVP11
KVP12
kvpia] 8101 VINP 2 1R %
kvp14| SEL
KVP15
KVP16 \
PKP2[2:0] 5R
KVP17
KVP18 (
KVP19
KVP20
ez | 8101 R
Kvp2z | SEL
KVP23
KVP24 \
PKP3[2:0] 16R
KVP26
KVP27
KVP28
KVP29 gé‘? VINP4, 1R
KVP30
KVP32
F——-< PKPMZﬂﬂ 5R
KVP33
KVP34
KVP35
Kvp3e |8to1
KvP37 | SEL VINP 5, 1R
VRLN
PKP5[2:0 0~28R
8to1
5R
:VWP7>
VRN
0~31R

F<ET]

VGS  gR + RP47

KVNO

VINNO
PKNO[2:0]

VINN1

5

PKN1[2:0]

i

VINN2

PKN2[2:0]

b}
>
z

©
N

2

TERE

VINN4

PKN4[2:0]

ﬁ

VINNS

PKNS5[2:0]

8to1
SEL
RN9 KVN11
RN10 KVN12
RN11 KVN13| 8to 1
RN12 KVN14] SEL
RN13 KVN15
RN14 KVN16
RN15
KVN17
RN16 KVN18
RN17 KVN19
RN18 KVN20
RN19 KVN21| 8to 1
RN20 KVN22 | SEL
RN21 KVN23
RN22 KVN24
RN23
KVIN
RN24 KVN26
RN25 KVN2
RN26 KVN28
RN27 KVN29 8to1
RN28 kvnzo| SEL
RN29 KVN
RN30 KVN32
RN31
KVN33
RN32 KVN34
RN KVN35
RN34 KVN36 | 8 to 1
RN KVN37 | SEL
RN36 KVN38
RN KVN39
RN38 KVN40
8to1
SEL

)0

,é'
8R +RN47

VINN7

0

J_ o

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

The y-correction register sets an appropriate grayscale voltage that can conform to the y-characteristics of
the liquid crystal panel. The y-correction register consists of the following 3 groups of registers, gradient,
amplitude, and fine-tuning registers, which can adjust grayscales in relation to the grayscale number and
the grayscale voltage characteristics. Each register group consists of a positive polarity register set and a
negative polarity register set, which are set independently to each other. The reference value and RGB are
common to all registers.

Glayscale voltage
Glayscale voltage
Glayscale voltage

( >

g

>
Grayscale number Grayscale number Grayscale number

Gradient adjustment Amplitude adjustment Fine adjustment

3

1. Gradient adjustment registers

The gradient adjustment registers are used to adjust the gradient around the middle of the grayscale number
and the grayscale voltage characteristics without changing a dynamic range. To adjust the gradient, the
values of the grayscale voltage generating variable resistors (VRHP(N)/VRLP(N)) in the middle of the
ladder resistor block are controlled. The registers consist of those for the positive and negative polarities to
allow 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 grayscale voltage generating variable resistors (VRP(N)1/0) in the upper and
lower parts of the ladder resistor block are adjusted. Same with the gradient registers, the amplitude
adjustment registers consist of those for the positive and negative polarities.

3. Fine adjustment registers

The fine adjustment registers are used to fine-adjust the grayscale voltage level. To fine-adjust the
grayscale voltage level, each reference voltage level (VINP1-6/VINN1-6) is determined by the value of the
corresponding fine adjustment register in the 8-to-1 selector, where 8 voltage levels generated by the ladder
register are fed. Same with the other registers, the fine adjustment registers consist of those for the positive
and negative polarities.
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Table47

Register Positive Negative Description

Groups Polarity Polarity

Gradient PRPO [2:0] PRNO [2:0] Variable resistor VRHP (N)

adjustment PRP1 [2:0] PRN1 [2:0] Variable resistor VRLP (N)

Amplitude VRPO [3:0] VRNO [3:0] Variable resistor VRP (N)0O

adjustment VRP1 [4:0] VRN1 [4:0] Variable resistor VRP (N)1

Fine adjustment PKPO [2:0] PKNO [2:0] 8-to-1 selector (grayscale voltage VO0)
PKP1 [2:0] PKN1 [2:0] 8-to-1 selector (grayscale voltage V4)
PKP2 [2:0] PKN2 [2:0] 8-to-1 selector (grayscale voltage V10)
PKP3 [2:0] PKN3 [2:0] 8-to-1 selector (grayscale voltage V21)
PKP4 [2:0] PKN4 [2:0] 8-to-1 selector (grayscale voltage V27)
PKP5 [2:0] PKNS5 [2:0] 8-to-1 selector (grayscale voltage V31)

Ladder resistorsand 8-to-1 selector
Block configuration

The block diagram of page 116 consists of two ladder resistor blocks including variable resistors, and 8-to-
1 selectors which selects the grayscale reference voltages (VINP(N)1~6) among the 8 voltage levels
generated by the ladder resistors. The variable resistors and the 8-to-1 selectors are controlled by the
above-mentioned y correction registers. The block includes pins to connect a volume resistor externally to
compensate the differences in use of different panels.

Variableresistors

The HD66789R uses variable resistors for the following three purposes: gradient adjustment
(VRHP(N)/VRLP(N)); amplitude adjustment (1) (VRP(N)0); and the amplitude adjustment (2) (VRP(N)1).
The value of resistance is determined by the gradient adjustment and amplitude adjustment registers as
below.

Table48
Gradient adjustment Amplitude adjustment (1) Amplitude adjustment (2)
Conte_nts of Resistance Conte_nts of Resistance Conte_nts of Resistance
Register . VRHP(N) Reglster. VRP(N)O Reglster. VRP(N)1
PRP(N) 0/1[2:0] VRLP(N) VRP(N)0[3:0] VRP(N)1[4:0]

000 OR 0000 OR 00000 OR
001 4R 0001 2R 00001 1R
010 8R 0010 4R 00010 2R
011 12R : : : :
100 16R : : : :
101 20R 1101 26R 11101 29R
110 24R 1111 28R 11110 30R
111 28R 1111 30R 11111 31R
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8-to-1 selector

The 8-to-1 selector selects one voltage level among eight voltage levels generated by the ladder resistor
according to the value represented by the fine adjustment register, and output it as a reference voltage
(VINP(N)1~6). The table below shows the correspondence between the value of the fine adjustment
register and the selected voltage level for each of the reference voltages (VINP(N)1~6).

Table 49 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)1 KVP(N)9 KVP(N)17 KVP(N)25 KVP(N)33 KVP(N)41
001 KVP(N)2 KVP(N)10 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)13 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)15 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 from the following equations.

equationsfor calculating voltage (Positive polarity) (1)

Reference

Pin Equation Fine adjustment register value Voltage
KVPO | VREG1OUT - AV*VRPO/SUMRP - VINPO
KVP1 VREG10OUT - AV* VRPO+5R)/SUMRP. PKP02-00 = "000"

KVP2 | VREG10OUT -AV* VRP0+9R)SUMRP PKP02-00 = "001"

KVP3 | VREG1OUT - AV* VRP0O+13RYSUMRP PKP02-00 = "010"

KVP4 | VREG1OUT - AV* VRPO+17RYSUMRP PKP02-00 = "011" VINP
KVP5 | VREG10OUT - AV* VRP0+21R)/SUMRP PKP02-00 = "100"

KVP6 | VREG1OUT - AV* VRPO+25RYSUMRP PKP02-00 = "101"

KVP7 | VREG1OUT - AV* VRPQ+29RYVSUMRP PKP02-00 ="110"

KvP8 | VREG1OUT - AV* VRPO+33RYSUMRP PKP02-00 = "111"

KVP9 | VREG1OUT - A V*(VRPQ+33R+VRHPYSUMRP PKP12-10 = "000"

KVP10 | VREG1OUT - A V*(VRPQ+34R+VRHPYSUMRP PKP12-10 = "001"

KVP11 | VREG10OUT - A V*(VRP0+35R+VRHP)SUMRP PKP12-10 = "010"

KVP12 | VREG1QUT - A V*(VRPO+36R+VRHPYSUMRP. PKP12-10 = "011"

KVP13 | VREG1QUT - AV*(VRPQ+37R+VRHPYSUMRP. PKP12-10 = "100" VINP2
KVP14 | VREG10OUT - A V*(VRP0+38R+VRHP)/SUMRP PKP12-10 = "101"

KVP15 | VREG10OUT - A V*(VRPO+39R+VRHPYSUMRP. PKP12-10 = "110"

KVP16 | VREG10OUT - A V*(VRPQ+40R+VRHPYSUMRP PKP12-10 ="111"

KVP17 | VREG1OUT - A V*(VRP0+45R+VRHP)/SUMRP PKP22-20 = "000"

KVP18 | VREG1QUT - A V*(VRPQ+46R+VRHPYSUMRP PKP22-20 = "001"

KVP19 | VREG1QUT - A V*(VRPQ+47R+VRHPYSUMRP PKP22-20 = "010"

KVP20 | VREG1OUT - A V*(VRP0+48R+VRHP)SUMRP PKP22-20 = "011"

KVP21 | VREG1QOUT - A V*(VRPQO+49R+VRHPYSUMRP PKP22-20 = "100" VINP3
KVP22 | VREG1QUT - A V*(VRPO+50R+VRHPYSUMRP. PKP22-20 = "101"

KVP23 | VREG1OUT - A V*(VRP0+51R+VRHP)/SUMRP PKP22-20 = "110"

KVP24 | VREG1QOUT - AV*(VRP0O+52R+VRHPYSUMRP. PKP22-20 ="111"

KVP25 | VREG1OUT - A V*(VRP0+68R+VRHPYSUMRP. PKP32-30 = "000"

KVP26 | VREG1OUT - A V*(VRP0+69R+VRHP)/SUMRP PKP32-30 = "001"

KVP27 | VREG1OUT - A V*(VRPQ+70R+VRHPYSUMRP. PKP32-30 = "010"

KVP28 | VREG1OUT - A V*(VRPQ+71R+VRHPYSUMRP PKP32-30 = "011"

KVP29 | VREG1OUT - A V*(VRP0+72R+VRHP)/SUMRP. PKP32-30 = "100" VINP4
KVP30 | VREG1OUT - A V*(VRP0+73R+VRHPYSUMRP. PKP32-30 = "101"

KVP31 | VREG1OUT - AV*(VRPQ+74R+VRHPYSUMRP. PKP32-30 = "110"

KVP32 | VREG10OUT - A V*(VRP0+75R+VRHP)/SUMRP PKP32-30 ="111"

KVP33 | VREG1OUT - A V*(VRPO+80R+VRHPYSUMRP. PKP42-40 = "000"

KVP34 | VREG10OUT - A V*(VRP0+81R+VRHPYSUMRP. PKP42-40 = "001"

KVP35 | VREG10OUT - A V*(VRP0+82R+VRHP)SUMRP PKP42-40 = "010"

KVP36 | VREG10OUT - A V*(VRP0+83R+VRHPYSUMRP. PKP42-40 = "011" VINPS
KVP37 | VREG1OUT - A V*(VRP0+84R+VRHPYSUMRP. PKP42-40 = "100"

KVP38 | VREG1OUT - A V*(VRP0+85R+VRHP)/SUMRP PKP42-40 = "101"

KVP39 | VREG1OUT - A V*(VRP0+86R+VRHPYSUMRP. PKP42-40 = "110"

KVP40 | VREG1OUT - A V*(VRP0+87R+VRHPYSUMRP. PKP42-40 = "111"

KVP41 | VREG10OUT - A V*(VRP0+87R+VRHP+VRLP)SUMRP PKP52-50 = "000"

KvP42 | VREG1OUT - A V*(VRP0+91R+VRHP+VRI PYSUMRP. PKP52-50 = "001"

KVP43 | VREG10OUT - A V*(VRP0+95R+VRHP+VRLPYSUMRP. PKP52-50 = "010"

KVP44 | VREG1OUT - A V*(VRP0+99R+VRHP+VRLP)/SUMRP PKP52-50 = "011"

KVP45 | VREG1OUT - A V*(VRP0+103R+VRHP+VRL PYSUMRP PKP52-50 = "100" VINP6
KVP46 | VREG10OUT - A V*(VRP0+107R+VRHP+VRLPYSUMRP PKP52-50 = "101"

KVP47 | VREG10OUT - A V*(VRPO+111R+VRHP+VRL PYSUMRP PKP52-50 = "110"

KvP48 | VREG10OUT - A V*(VRP0+115R+VRHP+VRI PYSUMRP. PKP52-50 = "111"

KVP49 | VREG10UT - A V*(VRP0+120R+VRHP+VRLP)/SUMRP - VINP7

SUMRP : Sum of positive ladder resistors = 128R+VRHP+VRLP+VRP0O+VRP1
SUMRN : Sum of negative ladder resistors = 128R+VRHN+VRLN+VRNO+VRN1

AV : Voltage difference between VREG10UT and VGS.
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Equationsfor calculating voltage (Positive polarity) (2)

Grayscale .

Vonzge Equation
VO VINPO
V1 V4+(VINP1-V4)*(15/24)
V2 V4+(VINP1-V4)*(8/24)
V3 V4+(VINP1-V4)*(4/24)
V4 VINP2
V5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-\VV10)*(12/24)
V8 V10+(V4-V10)*(8/24)
V9 V20+(V8-V20)*(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)
Vi7 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)
Vo7 VINPS
V28 VINP6+(V27-VINP6)*(20/24)
V29 VINP6+(V27-VINPG6)*(16/24)
V30 VINP6+(V27-VINP6)*(9/24)
V31 VINP7

Note : Make sure DDVDH - V0 > 0.5V

DDVDH -V4 > 1.1V
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Equationsfor calculating voltage (Negative polarity) (1)

Pin Eq uation Fine adjustment register value 55&?::09
KVPO | VREG10UT - AV*VRNO/SUMRN - VINNO
KVN1 | VREG10UT - AV* VRNO+5R)/SUMRN PKN 02-00 ="000"
KVN2 | VREG1OUT -AV* VRNO+9RYSUMRN PKN 02-00 = "001"
KVN3 | VREG10UT - A V* VRNO+13RYSUMRN PKN 02-00 = "010"
KVN4 | VREG10UT -A V* VRNO+17R)/SUMRN PKN 02-00 = "011"
KVN5 | VREG1OUT-A V* VRNO+21RYSUMRN PKN 02-00 = "100" VINN1
KVN6 | VREG1OUT -A V* VRNO+25RYSUMRN PKN 02-00 ="101"
KVN7 | VREG10UT -A V* VRNO+29R)/SUMRN PKN 02-00 = "110"
KVUN8 | VREG10OUT-A V* VRNO+33RYSUMRN PKN 02-00 = "111"
KVYN9 | VREG10UT - A V*(VRNO+33R+VRHNYSUMRN PKN 12-10 = "000"
KVN10| VREG10OUT - A V*(VRNO+34R+VRHNYSUMRN PKN 12-10 = "001"
KVYN11| VREG10UT - A V*(VRNO+35R+VRHNYSUMRN PKN 12-10 = "010"
KVYN12 | VREG10UT - A V*(VRNO+36R+VRHNYSUMRN PKN 12-10 = "011"
KVN13 | VREG10UT - A V*(VRNO+37R+VRHN)YSUMRN PKN 12-10 = "100" VINN2
KVYN14| VREG10OUT -A V*(VRNO+38R+VRHNYSUMRN PKN 12-10 = "101"
KyN15] VREG10UT - A V*(VRNO+39R+VRHNYSUMRN PKN 1210 = "110Q"
KVN16| VREG10UT - A V*(VRNO+40R+VRHNYSUMRN PKN 12-10 = "111"
KVYN17| VREG10UT - A V*(VRNO+45R+VRHNYSUMRN PKN 22-20 = "000"
KVYN18| VREG10UT - A V*(VRNO+46R+VRHNYSUMRN PKN 22-20 = "001"
KVN19 | VREG10UT - A V*(VRNO+47R+VRHNYSUMRN PKN 22-20 = "010"
KyN20| VREG10OUT - A V*(VRNO+48R+VRHN)YSUMRN PKN 22-20 = "011"
KVN21| VREG10UT - A V*(VRNO+49R+VRHNYSUMRN PKN 22-20 = "100" VINN3
KVN22 [ VREG10UT - A V*(VRNO+50R+VRHNYSUMRN PKN 22-20 = "101"
KYN23| VREG10UT - A V*(VRNO+51R+VRHNYSUMRN PKN 22-20 = "110"
KyN24 | VREG10UT - A V*(VRNO+52R+VRHNYSUMRN PKN 22-20 = "111"
KVN25 | VREG10OUT - A V*(VRNO+68R+VRHNYSUMRN PKN 32-30 = "000"
KYN26| VREG10UT - A V*(VRNO+69R+VRHNYSUMRN PKN 32-30 = "001"
KVYN27 | VREG10UT - A V*(VRNO+70R+VRHNYSUMRN PKN 32-30 = "010"
KVN28 | VREG10UT - A V*(VRNO+71R+VRHNYSUMRN PKN 32-30 ="011"
KYN29 | VREG10OUT - A V*(VRNO+72R+VRHN)/SUMRN PKN 32-30 = "100" VINN4
KyN20 | VREG10UT - A V*(VRNO+73R+VRHNYSUMRN PKN 32-30 = "101"
KVN31| VREG1OUT - A V*(VRNO+74R+VRHN)/SUMRN PKN 32-30 ="110"
KVN32| VREG10OUT - A V*(VRNO+75R+VRHN)/SUMRN PKN 32-30 ="111"
KVNa3 | VREG10OUT - A V*(VRNO+80R+VRHNYSUMRN PKN 42-40 = "000"
KVN34 | VREG10UT - A V*(VRNO+81R+VRHNYSUMRN PKN 42-40 = "001"
KYN35 | VREG10UT - A V*(VRNO+82R+VRHNYSUMRN PKN 42-40 = "010"
KVN3g | VREG10UT - A V*(VRNO+83R+VRHNYSUMRN PKN 42-40 = "011" VINNS
KVN37 | VREG10OUT - A V*(VRNO+84R+VRHNYSUMRN PKN 42-40 ="100"
KVNag | VREG10UT - A V*(VRNO+85R+VRHNYSUMRN PKN 42.40 = "101"
KYN39 | VREG10UT - A V*(VRNO+86R+VRHNYSUMRN PKN 42-40 = "110"
KVN40 | VREG1OUT - A V*(VRNO+87R+VRHN)/SUMRN PKN 42-40 = "111"
KVN41| VREG10UT - A V*(VRNO+87R+VRHN+VRLPYSUMRN PKN 52-50 = "000"
KyN42 | VREG10UT - A V*(VRNO+91R+VRHN+VRLPYSUMRN PKN 52-50 = "001"
KVN43 | VREG10UT - A V*(VRNO+95R+VRHN+VRLPYSUMRN PKN 52-50 = "010"
KVN44 | VREG10UT - A V*(VRNO+99R+VRHN+VRLP)YSUMRN PKN 52-50 = "011"
KVN45 | VREG10UT - A V*(VRNO+103R+VRHN+VRLPYSUMRN | PKN 52-50 = "100" VINNG
KVN46 | VREG10OUT - A V*(VRNO+107R+VRHN+VRLP)/SUMRN PKN 52-50 = "101"
KyN47 | VREG10UT - A V*(VRNO+111R+VRHN+VRLP)/SUMRN PKN 52-50 = "110"
KVN48 | VREG10UT - A V*(VRNO+115R+VRHN+VRLP)/SUMRN PKN 52-50 = "111"
KVN49 | VREG10UT - A V*(VRNO+120R+VRHN+VRLP)/SUMRN - VINN?

SUMRP : Sum of positive ladder resistors = 128R+VRHP+VRLP+VRP0+VRP1
SUMRN : Sum of negative ladder resistors = 128R+VRHN+VRLN+VRNO+VRN1

AV: Voltage difference between VREG10UT and VGS
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Equationsfor calculating voltage (Negative polarity) (2)

Grayscale )

Voltage Equation
VO VINNO
V1 V4+(VINN1-V4)*(15/24)
V2 V4+(VINN1-V4)*(8/24)
V3 V4+(VINN1-V4)*(4/24)
W2 VINN2
/5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-V10)*(12/24)
V8 V10+(V4-V10)*(8/24)
V9 V20+(V8-V20)*(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 VINNS
V28 VINNG6 +(V27-VINNG)*(20/24)
V29 VINNG +(V27-VINNG)*(16/24)
V30 VINNG +(V27-VINNG)*(9/24)
V31 VINN7

Note : Make sure DDVDH - VO > 0.5V

DDVDH - V4 > 1.1V
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Relationship between RAM data and output levels

The relationship between the RAM data and the source output levels is as follows.

VO :
i '\ Negative polarity
Positive polarity

V31
3 RAM data s
S (Common to each R, G, B dot) E
o ~—
RAM data and the output voltage
_______ | EEEEEEEEEEEEE
1 I
Sn
1
i J
Negative polarity
Vcom

Positive polarity

Source output and Vcom
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8-color Display Mode

The HD66789R incorporates a 8-color display mode. In 8-colocr mode, available grayscale levels are VO

and V31, and the power supplies of the other levels (V1-V30) are halted to reduce power consumption.

The y- adjustment registers, PKPO-PKP5 and PKNO-PKNS, are disabled in 8-color display mode. Since
power supplies for V1-V30 are halted, the RGB data in the internal GRAM should be rewritten to either
“000000” or “111111” to select either VO or V31 level before setting this mode.

Display
data

Graphics RAM(GRAM)

Y Y VYY Y YYDV VYV VYV Y VY

I R5| R4|R3| R2| R1| Ro“ G5|G4|G3|G2| G1| G0|| Bs| B4|Bs| B2| B1| Bo|

Positive
Polarity
Register

PKP 2

PKP o1

PKP oo

PKP 12

PKP 11

PKP 10

PKP 2,

PKP 24

PKP 29

PKP 35

PKP 34

PKP 3o

PKP 42

PKP 44

PKP 4

PKP 52

PKP 54

PKP 50

PRP 2

PRPg4

PRPgo

PRP

PRP 1

PRP 1

VRP g3

VRP g2

VRPo1

VRPoo

VRP 14| VRP 3

VRP;,

VRP44

VRPo

Negative
Polarity
Register

PKN 2

PKNo1

PKN o

PKN 15

PKN 11

PKN 1

PKN 22

PKN24

PKN29

| Jaidwy ajeoasAels) |

PKN 3,

PKN 34

PKN3o

PKN 42

PKN 44

PKN4o

PKN 52

PKN 54

PKN 5o

PRNg»

PRNg4

PRNgo

PRN;

PRN14

PRN1o

VRNo3

VRNo2

VRNo+

VRNoo

VRN14 | VRNy3

VRN

VRN4

VRNjo

VO,

V31

16

Y

t6

Y

16

Y

2 - level grayscale
control <R>

2 - level grayscale
control <G>

2 - level grayscale
control <B>

LCD driver

LCD driver

LCD driver

R

G

B

j
LCD
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To switch between the 262, 144-color mode and the 8-color mode, follow the sequence below.

262,144 color to 8 color 8 color to 262,144 color
Display OFF Display OFF
GON ="1" GON ="1"
DTE =“1” DTE =“1”
D1-0 = 10" D1-0 = 10"
Wait (2 frames or more) Wait (2 frames or more) |
| |
Display OFF Display OFF
GON =“1" GON =“1"
DTE =“0” DTE =“0”
D1-0 = 10" D1-0 = 10"
| Wait (2 frames or more) | Wait (2 frames or more) |
| |
Display OFF Display OFF
GON =*0" GON =“0"
DTE =0 DTE =*0”
D1-0 =“00” D1-0 =“00”
RAM setting RAM setting
| |
| cL="1" | | cL="0" |
| ||
| Wait (40 ms or more) | | Wait (40 ms or more) |
| |
Display ON Display ON
GON =*0" GON =*0"
DTE =“0" DTE =“0"
D1-0 =“01” D1-0 =“01”
| | | |
| Wait (2 frame or more) | Wait (2 frame or more) |
Display ON Display ON
GON ="1" GON ="1"
DTE ="0" DTE =“0”
D1-0 ="01" D1-0 =“01”
Display ON Display ON
GON ="1" GON =*1"
DTE =“0” DTE =“0”
D1-0 = 11" D1-0 =117
| |
Wait (2H or more) Wait (2H or more)
| |
Display ON Display ON
GON ="1" GON ="1"
DTE =*1” DTE = “1”
D1-0 = “11 D1-0 ="11
Display Display
in 8-color mode in 262,144-color mode
| A\
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System Configuration

The following figure illustrates an example of a TFT-LCD panel of 176 x 240 dots with the HD66789R.

176 pixels x 3
G1
G2
o - SiTFT 240
G239
G240
S182 —  —— — 85527 8528

Vcom
Source Driver Circuit
Vcom
Power Supply
DCDC Circuit
—
HD66789R ' e
Gate Driver =
Circuit
1 T
Vci1 Vi 8L 4L 4 18 4l Vce GND

RESET DBo~17 |M3,IM2,IM1 PDO~17

IMO/ID
CS* WR*, VSYNC
RD*, RS HSYNC
DOTCLK
ENABLE
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Configuration of power supply circuit

The internal configuration of power supply circuit of the HD66789R to generate supply voltages to drive a
liquid crystal panel is as follows.

2 | vrRec1OUT

In case of OCG

separate
on the FPC. VciLVL l
T Voltage Amplifying VGH VGL
7 Adjustment Circuit 1 *
Circuit (VDH Adjustment)
o 2 Gate Driver 0 G1-6240
(in case of
adjusting
with external
variable resistors) VciouT
Output AMP
% Source Driver 1 S1-S528
Vi H
= agj(:Jns-ltment VOP
In case of using Circuit
VeiOUT output = I Ci1e Step-up \G/(;zlat);zzale
ampllflervci == Circuit 1 Generation
Circuit
See Note 2) [ ] ._I
oot outont VcomH
‘comH outpu
. Amplifier l__.
Vcom .
Vcom amplitude Ve L output Ig-
adiustment Groat A:::ﬁﬂe?u Py im(}—l —o
Step-up
See Note 2) VLOUT2 Circuit 2 TESTA1
[ ] TESTA2
seeNote ) TESTA4
VGH
VLOUT3
See Notes 2), 3)
Vce
See Notes 4)
VCL
HD66789R  cw E

Note 1) Connect a stabilizing capacitor of 0.1uF (B Characteristics) to TESTA1, TESTA2, TESTA4 if necessary
according to the power consumption and the quality of the display. Other stabilizing capacitors
must be of 1uF (B Characteristics).

Note 2) Place a schottkey barrier diode (VF = 0.4/20mA or so, VR Z 30V).

Note 3) The resistance in the wiring from GND or VGL to the schottkey barrier diode must be 10Q or less.

Note 4) Capacitor connection is not required when VCOMG = 0 (VCOML = GND).
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Specification of external elements connected to the power supply circuit

The following table shows specifications of external elements connected to the HD66789R’s power supply
circuit.

Table 50 Capacitor

Capacity Recommended voltage | Pins to connect

1 uF (B characteristics) 6V VREG10UT, VciOUT, VLOUT4, VcomH,

VcomL, C11+/-, C12+/-

10V VLOUT1, C21+/-, C22+/-
25V VLOUT2, VLOUT3

0.1 uF (B characteristics) | 6V VOP, VON, V31P, V31N

Table51 Schottkey diode

Feature Pins to connect

VF < 0.4V /20mA at 25°C, VR =30V GND - VGL

(Recommended diode: HSC226) E‘\;g: 3 \E’)SC%)H)

Table 52 Variableresistor

Resusabce Pins to connect

> 200 kQ VcomR
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Instruction Setting Flow

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

Display ON/OFF

Display off

EQ ="0"
|
Display off
GON ="1"
DTE ="1"
D1-0 ="10"

| Wait (2 frames or more)

|
Display off
GON ="1"
DTE ="0"
D1-0 ="10"

| Wait (2 frames or more)

|
Display off
GON ="0"
DTE ="0"
D1-0 ="00"

Power supply off
SAP2-0 =“000”
AP2-0 =“000”
PON = “0"
VCOMG = *“0"

“Display off”

Display off flow

Display on

Power supply
setting

Set SAP2-0

Display on
GON ="0"
DTE ="0"
D1-0 ="01"

Wait (2 frames or more)

Display on
GON ="1"
DTE ="0"
D1-0 ="01"

Display on
GON ="1"
DTE ="0"
D1-0 ="11"

Wait (2 frames or more)

Display on
GON ="1"
DTE ="1"
D1-0 ="11"

“Display on”

Display on flow
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Standby and Sleep

Standby Sleep
n ~
[ Display off sequence ] Set Display off bsequence
| standby Set sleep
: . _/
Start oscillation W
I
X Release from Release from sleep
| Watt 1IOms standby (SLP="0") Release from
Release from standby sleep
(STB="0") _ 5
g ' ) Power supply setting J
Power supply setting N .

[ Display on sequence }

[ Display on sequence }
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Power Supply Setting

Whenever start supplying power, follow the sequences below. The time for oscillator, step-up circuits and
operational amplifiers to stabilize depends on the external resistors and capacitors.

Power supply (Vcc, Vci, I0Vcec) ON
Vei
Vee 10Vee

GND
Vee(=RVee) = I0Vee = Vi or
Vee(=RVcee), I0Vece, Vei Simultaneously

Power ON RESET
& Display OFF
10ms or more
Oscillation Circuit

Stabilizing time

“Display OFF” setting bits
DTE="0", D1-0="00"
GON="0"

PON="0"

VCOMG="0"

Power supply setting initializing bits

Issue instructions
for the setting
before

power supply
startup

Set VC2-0,VRH3-0,
VCM4-0,VDV4-0,
PON="0", DK="1"

N

Issue instructions
for power-supply
setting (1)

M

Power Supply Operation Start
setting bits

BT2-0="000",

Set DC12-10,

DC02-00

AP2-0, |

40ms or more

Step-up Circuit
Stabilizing time

PON="1

Issue instructions
for power-supply

setting (2)

100ms or more I

Operational

Amplifier

Stabilizing

Time Issue Instructions

for other mode settings

= v

Display ON
sequence

Display ON

Power Supply Operation Start
setting bits

Set BT2-0

DK="0"

VCOMG="1"

Set SAP2-0

“Display ON" setting bits

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

“Display ON ” setting bits
DTE ="1", D1-0="11"
GON ="1"

Normal Display
Display OFF
Sequence

Display OFF

Power supply halt

Issue instructions | setting bits
f _supply | SAP2-0="000"
or power-supply | 280 oo
setting (2) PON="0"

1 VCOMG="0"

Power Supply (Vcc, Vci, IOVcc) OFF
\ci
10Vee Vee

GND
Vci = 10Vee —>» Vce(=RVcce) or

Vcee(=RVcc),I0Vece, Vei Simultaneously

Display OFF Sequence

Display ON Sequence
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Pattern Diagram for Voltage Setting

The following are the pattern diagram for the voltage setting and the voltage applied to the TFT display.

VLOUT2

VGH (+9 ~ +16.5V)

BT

VLOUTH DDVDH (4 5~ 5.5V)

‘ VREG10OUT (3.0 ~ (DDVDH-0.5)V) |
@C Vei ﬁl—{ VcomH (3.0 ~ (DDVDH-0.5)V) |
Vec 24~33V) |
l0Vce (1.65~3.3V)
oD (V)]

X veomL ((vCL+0.5)~ 1) |

VCOMG

¥ VLOouT4

VCL (0 ~ -3.3)V
BT

Y VLOUTS [ veL (4.0~-165v) |

Pattern diagram for voltage setting

Note 1) DDVDH, VGH, VGL, VCL outputs are susceptible to voltage drop from the set voltages (ideal
voltage) due to current consumption. (DDVDH — VREG10UT) > 0.5V, (VcomL — VCL) > 0.5V are
the relationships between the actual voltage levels. When the Vcom voltage alternating cycle is high
(e.g. polarity inverts every line), large current will be consumed. In this case, check the voltage

before use.
VGH
g . VDH
Vcom _K’—X ]: X—l( )_ veomH
VcomL
Sn(Source driver output of HD66789R)
Gate Output VGL

Applied voltagetothe TFT display
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Oscillator

The HD66789R generates oscillation with the internal RC oscillator by placing an external oscillation
resistor between the OSC1 and OSC2 pins. The oscillation frequency varies depending on the values of
external resistors, the distance of wiring, and the operating supply voltages. For example, placing an Rf
resistor of a large value, or lowering the supply voltage will lower the oscillation frequency. See the
“Notes to Electrical Characteristics” section for the relationship between the value of Rf resistor and the

oscillation frequency.

—
Rf$
—

0OSC1

0SC2
HD66789R

Rfi

0SC1

0SsC2
HD66789R

Note 1) Place a Rf resistor as close to OSC1, OSC2 pins as possible.

Note 2) Make sure not to arrange other wiring beneath or close to the
OSC1-0OSC2 wiring to prevent coupling.
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n-lineinversion alternating drive

The HD66789R, in addition to the frame-inversion liquid crystal alternating current drive, supports the n-
line inversion alternating current drive, where the polarity of liquid crystal is inverted in unit of n lines,
where n takes a number from 1 to 64. The n-line inversion alternating current drive is a function to
overcome problems associated with the quality of the display.

In determining n (the value represented by the NW bits +1), which represents the number of lines that
determines the timing of liquid crystal polarity inversion, check the quality of the display on the liquid
crystal panel in use. Note that setting a smaller number of lines will raise the frequency of liquid crystal
polarity inversion and increase charging/discharging current on liquid crystal cells.

1 frame 1 frame

& » <
< >4

Back porch Front porch |Back porch Front porch

> < »

1520304 241242 v 56| 1: 21 3 4 241242 .......... 256

Frame-inversion AC drive
240 lines 2 )

S/

.
o
o

N-line inverson AC drive
240 lines
3-line inversion
EOR =1

—_~—
—_~—__

|

—~—— 1

Note: set EOR = "1" with n-line inversion alternating current drive to prevent direct bias from reacing liquid crystal cells
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Interlaced Scan

The HD66789R supports interlaced scanning that splits one frame into n fields when driving an LCD to
prevent flicker.

To determine the number of fields (n: value represented by the FLD bits), check the quality of the display
on the liquid crystal panel in use. The following table shows the scan (gate) lines in each of the three fields.
The figure illustrates the output waveforms of 3-field interlaced scan.

Table 53
GS=0 GS=1
FLD1-0 01 11 FLD1-0 01 11
Field - 1 2 3 Field - 1 2 3
Gate Gate
G1 * * G240 * *
G2 * * G239 * *
G3 * * G238 * *
G4 * * G237 * *
G5 * * G236 * *
G6 * * G235 * *
G7 * * G234 * *
G8 * * G233 * *
G9 * * G232 * *
G237 * * G4 * *
G238 * * G3 * *
G239 * * G2 v * *
G240 * * G1 ) * *
*: Driven gate lines
1 frame
) > e Blank period >
“Fea1 . Treaz T Rens t TRear
Porality inversion
1 1
G2 l_l A
G3
ca 1 M
G5 ﬂ
G6 |_|
Gan+1 _ o
G3n+2,
G3n+3

Gate output timing of 3-field interlaced scan
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Alternating Timing

The following figure illustrates the liquid crystal polarity inversion timing in different driving formulas. In
case of frame-inversion alternating drive, the polarity is inverted after drawing one frame, followed by a
blank period lasting for a 16H period, where all outputs from the gate lines become the VGL level. In case
of 3-field interlaced scan, polarity is inverted after drawing one field, followed by a blank period that adds
up to a 8H period in one frame. In case of n-line inversion alternating drive, polarity is inverted as drawing
n lines, and a blank period lasting for a 16H period is inserted after drawing one frame.

In interlaced drive, make sure to set the numbers of back and front porches to 3 lines and 5 lines,
respectively.

Frame inversion AC drive 3-field interlaced scan n-line inversion AC drive

alternating timing
Back porch Field 1 alternating m’ Back porch
alternating timing n lines
Frame 1 alternating timing alternating timing n lines
. = . °
3 Blankperiod 1 | g alternating timing n lines k]
5 Field 2 @ alternating timing n lines g
o g— - g
o o e alternating timing n lines £
g alternating timing IS r =
E R < alternating timin nlines ©
ank perio -
e 2 B IS alternating timing n lines o
alternating timing o Field 3 - -
> alternating timing n lines
Front porch | L
alternating timing alternating timing | Front porch
»Blank period 3. \
Blank period Blank period ?ligh period
= front porch + back porch = Blank period 1 -
=16H + Blank period 2
+ Blank period 3
=8H
(BP=3, FP=5)
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Frame-Frequency Adjustment Function

The HD66789R has a frame frequency adjustment function. The frame frequency for driving LCDs can be
adjusted by instructions (with DIV, RTN bits) without changing the oscillation frequency.

To switch frame frequencies between when displaying a moving picture and when displaying a still picture,
set a high oscillation frequency in advance. By doing so, it becomes possible to set a low frame frequency
when displaying a still picture to save power and a high frame frequency when displaying a moving picture
to conform to high-speed screen rewriting demand

Relationship between Liquid Crystal Drive Duty and Frame Frequency

The relationship between the liquid crystal drive duty and the frame frequency is calculated from the
following equation. The frame frequency can be adjusted by instructions with the 1H period adjustment bit
(RTN bit) and the operation clock division bit (DIV bit).

(Equation to calculate frame frequency)

fosc
Frame frequency = [Hz]
Clocks per line x division ratio x (Line+BP+FP)

fosc: RC oscillation frequency
Line: number of lines (NL bit)
Clocks per line: RTN bit

Division ratio: DIV bit

Number of lines for front porch: FP
Number of lines for back porch: BP

Example of Calculation: when maximum frame frequency = 60 Hz

Number of lines: 240 lines
1H period: 16 clock cycles (RTN3-0 = “00007)
Operational clock division ratio: 1/1

fosc =60 Hz x (0 + 16) clock x 1/1 x (240 + 16) lines = 246 (kHz)

In this case, the RC oscillation frequency becomes 246kHz. Adjust the external resistor of the RC
oscillator to 246kHz.
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Partial Display Function

The HD66789R allows selectively driving two screens at arbitrary positions set with the screen-drive
position registers (R42 and R43). Only the lines to display two screens are selectively driven to reduce
current consumption.

The first screen drive position register (R42) specifies the start line (SS17-10) and the end line (SE17-10) to
display the first screen. The second screen drive position register (R43) specifies the start line (SS27-20)
and the end line (SE27-20) to display the second screen. The second screen control is effective when the
SPT bit is set to 1. The total number of lines driven to display the first and second screens must be less
than the number of lines set with the NL4-0 bits.

* :t 1st Screen:
HEH H 7 raster-rows
G7 s H
NS
R ] :%r;—dlsplay
G26 —pm § HE i ; |
: i i A } 2nd Screen:
17 raster-rows
G42 — . . H
N
ﬁ # # # ﬁ E ## # # # # ﬁ # g 'a\l;r;—display
|V

The number of lines : NL4-0 = “11110” (240 lines)
1st screen setting : SS17-10 = “00"H, SS17-10 = “06"H
2nd screen setting : $S27-20 = “19"H, $S27-20 = “29"H, SPT = “1"

Rev.1.01, Dec.24.2003, page 139 of 166
RENESAS



HD66789R

Notesto the setting of 1st/2nd screen drive position registers

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

Table54 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 shows a white screen irrespective of data in the
internal RAM.

(SE17-10) - (S517-10) > NL Setting disabled

Note 1) SS17-10 < SE17-0 < “EF’H
Note 2) When SPT = “0”, SS27-20 and SE27-20 are disabled.

Table55 Two Screen Drive (SPT = 1)

Register Settings Display Operation

((SE17-10) - (SS17-10)) Full screen display

+ ((SE27-20) - (§S27-20)) = 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 shows a white screen irrespective of data in the
internal 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 < “EF"H.
Note 2) Make sure that ((SE27-20) - (SS17-10)) < NL.

The outputs from the source driver in the non-display area of partial display are changeable according to
the characteristics of the display panel with PT1-0 bits.

Table 56 Sour ce outputsin non-display areas
Source Output in the Non-display Area

PT1 PTO Positive Polarity Negative Polarity

0 0 V31 Vo

0 1 Setting disabled
1 0 GND GND

1 1 High-Z High-Z
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Partial display setting sequence

Follow the sequences below when setting the partial display.

Full screen display

T _

PT1-0 ="00"

-

Set SS/SE bits Partial display

i setting flow
\

Wait for 2 frames or more

l As required
PT1-0 ="01" or
PT1-0 ="10" or
PT1-0 ="11"
- I / )
Partial display ON

-

Set SS/SE bits Full screen display
¢ setting flow

Full screen display
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Absolute Maximum Ratings

Table57

Item Symbol Unit Value Notes
Power supply voltage (1) | Vcc, RVce, IOVee \% -0.3~+4.6 1,2
Power supply voltage (2) | Vci- AGND \% -0.3~+4.6 1,3
Power supply voltage (3) | DDVDH - AGND \% -0.3~+6.0 1,4
Power supply voltage (4) | AGND -VCL \% -0.3~+46 1,
Power supply voltage (5) | DDVDH - VCL \% -0.3~+9.0 1,5
Power supply voltage (6) | VGH - AGND V -0.3~+18.5 1,6
Power supply voltage (7) | AGND - VGL \% -0.3~+185 1,7
Input voltage Vit \Y, -0.3~Vec +0.3 1
Operating temperature Topr °C -40 ~+ 85 1,8
Storage temperature Tstg °C -55~+ 110 1

Note 1) If used beyond the absolute maximum ratings, the LSI may be destroyed. It is strongly
recommended to use the LSI within the limits of its electrical characteristics during the normal
operation. The reliability of LSl is not guaranteed if used in the conditions above the limits, and it
may lead to malfunction.

Note 2) Make sure (High) (RVcc=Vcc) 2 GND (Low), (High) IOVce = GND (Low).

Note 3) Make sure (High) Vci 2 GND (Low).

Note 4) Make sure (High) DDVDH = AGND (Low).

Note 5) Make sure (High) DDVDH = VCL (Low).

Note 6) Make sure (High) VGH = AGND (Low).

Note 7) Make sure (High) AGND = VGL (Low).

Note 8) The DC/AC characteristics of die and wafer products is guaranteed at 85 °C.

Rev.1.01, Dec.24.2003, page 142 of 166
RENESAS




HD66789R

Electrical Characteristics

DC Characteristics

Table58 (Vce=RVee=24~33V,10Vee=1.65~3.3V, Ta=—40 ~ +85°C*) * <eNotel
Item Symbol Unit Test Condition Min Typ Max Notes
Input high voltage ViH V  IOVeec=1.65t03.3V 0.8 I0Vce — I0Vce 2,3
Input low voltage Vi V  IOVec=165t03.3V -0.3 — 0.210Vcc 2, 3
Output high voltage Vot V. IOVec=1651t03.3V 0.8 I0Vcec — — 2
(DB0-17 pins, FLM) lon =-0.1mA
Output low voltage VoL1 V IOVec =1.65t03.3V — — 0.2 10Vce 2
(DB0-17 pins, FLM) loL =0.1mA
1/0O leakage current ILi MA  Vin=0to IOVcc -1 — 1 4
Current consumption: lop1 pA (F;iooﬁgl':‘)m”i fosc = 315kHz — 155 260 5,6
normal operation IOVee=Vee=RVee=3.0V,
(IOVce-GND)+(Vee-GND)+(Rvee-GND) Ta=25°C, RAM data: “0000"h
Current consumption: lop2 HA RZ% l‘?sc"'atir?,”li fosc = 315kHz — 100 — 6
8-color (26-line partial) display oA
(IO0Vce-GND)+(Vee-GND)+(Rvee-GND) Ta=25°C, RAM data: “0000”h
Current consumption: Irami ~ mMA 10Vee=2.4V, Vec=RVee=2.4V, — 11.0 — 6
tCYCW=250ns, Ta=25°C,
RAM access mode (1) 80/8-bit I/F, TRI=0, Consecutive RAM
Normal write mode HWM=0 access during display operation
(IOVce-GND)+(Vee-GND)+(Rvee-GND)
Current consumption: lramz ~ MA 10Vec=2.4V, Voc=RVec=2.4V, — 33 — 6
RAM access mode (2) ICYCWS250ns, Ta=26'C,
80/8-bit I/F, TRI=0, Consecutive RAM
High-speed write mode HWM=1 access during display operation
(IO0Vce-GND)+(Vee-GND)+(Rvee-GND)
Current consumption: Ist MA  10Vce=Vce=RVec=Vci= 3V, Ta< 50°C — 04 10
Standby mode I0Vce=Vcec=RVee=Vei= 3V, Ta > 50°C — — 30 5
(I0Vee-GND)+(Vee-GND)+(Rvee-GND)
LCD power supply current: li mA  10Vee=Vec=RVee= 3V, Vei=3V — 1.4 1.68 5,6

266,144 color display
(Vci-GND)

RC oscillation: fosc =315kHz

(240 lines), fFLM=70Hz, Ta=25°C, RAM
data:"00007h,

REV=0, SAP=100, AP=100,

DC0=000, DC1=010,

VRN14-00=0, VRP14-00=0,
PKP52-00=0, PKN52-00=0,
PRP12-00=0, PRN12-00=0,

B/C=0, BT=001, VC=001, VRH=0011,
VCM=10011, VDV=10000, VCOMG=1,
CL=0

No panel load
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Item Symbol Unit Test Condition Min Typ

Max

Notes

LCD power supply current: lei mA  10Vee=Vec=RVee= 3V, Vei=3V — 0.15
RC oscillation: fosc =315kHz,

8 color display fFLM=40Hz, Ta=25°C,

(Vci-GND) RAM data:"0000"h,
REV=0, SAP=010, AP=010,
DC0=001, DC1=011,
VRN14-00=0, VRP14-00=0,
PKP52-00=0, PKN52-00=0,
PRP12-00=0, PRN12-00=0,
B/C=0, BT=001, VC=001, VRH=0011,
VCM=10011, VDV=01110, VCOMG=1,
CL=1, PTG=10, ISC=0111
No panel load

56

Output voltage difference AVo oV — — 5

Average output voltage AV mV — — —
fluctuation

35

Step-up circuit Characteristics

Table 59
Item Unit Test Condition Min  Typ Max

Notes

Step-up output  VLOUT1 V  10Vec=Vee=RVce= 3V, Vei=3v 50 53 —
RC oscillation: fosc =400kHz

voltage Ta=25°C,VC=001, AP=100, SAP=100, BT=000,
DC0=001,
C11=C12=C21=C22=1uF/Characteristics B,
VLOUT1=VLOUT2=VLOUT3
=VLOUT4=1uF/Characteristics B,
No panel load, ljpaq = -1MA

10

VLOUT2 V I0Vee=Vee=RVee= 3V, Vei=3V 15.7 162 —
RC oscillation: fosc =400kHz

Ta=25°C,VC=001, AP=100, SAP=100, BT=000,
DC0=000, DC1=010
C11=C12=C21=C22=1uF/Characteristics B,
VLOUT1=VLOUT2=VLOUT3
=VLOUT4=1uF/Characteristics B,

No panel load, ljpag = -100UA

10

VLOUT3 vV I0Vcee=Vce=RVcce= 3V, Vci=3V 129 -135 —
RC oscillation: fosc =400kHz

Ta=25°C,VC=001, AP=100, SAP=100, BT=000,
DC0=000, DC1=010
C11=C12=C21=C22=1uF/Characteristics B,
VLOUT1=VLOUT2=VLOUT3
=VLOUT4=1uF/Characteristics B,

No panel load, ljgag = +100uA

10

VLOUT4 vV 10Vce=Vce=RVce= 3V, Vci=3V 21 26 —
RC oscillation: fosc =400kHz

Ta=25°C,VC=001, AP=100, SAP=100, BT=000,
DC0=000, DC1=010
C11=C12=C21=C22=1uF/Characteristics B,
VLOUT1=VLOUT2=VLOUT3
=VLOUT4=1uF/Characteristics B,

No panel load, ljpaq = +200UA

10

Input voltage Vi v 25 — 3.3
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AC Characteristics

(Vce=RVee=24~33V,10Vee=1.65~3.3V, Ta=—40 ~ +85°C*) * <eNotel

Table60 Clock Characteristics (Ve =2.4t03.3V)
Item Symbol  Unit Test Condition Min Typ Max Notes
R-C oscillation clock fosc kHz Rf = 150kQ, Vcc =3V 244 305 366 9

80-system Bus I nterface Timing Char acteristics (18/16-bit 1/F)

Table61 Normal Write Mode (HWM=0) (Vcc=RVcc=24~33V,I0Vcc=1.65~3.3V)
Item Symbol Unit Timing diagram Min Typ Max
Bus cycle time ~ Write tevew ns Figure 1 150 — —
Read tcycr ns Figure 1 500 — —
Write low-level pulse width PW_w ns Figure 1 40 — —
Read low-level pulse width PW.r ns Figure 1 250 — —
Write high-level pulse width PWhw ns Figure 1 70 — —
Read high-level pulse width PWhr ns Figure 1 200 — —
Write/Read rise/fall time twrr, WRf ns Figure 1 — — 25
Setup time Write (RS to CS*, WR*) tas ns Figure 1 0 — —
Read (RS to CS*, RD*) 10
Address hold time tan ns Figure 1 2 — —
Write data setup time tosw ns Figure 1 25 — —
Write data hold time thwr ns Figure 1 5 — —
Read data delay time toor ns Figure 1 — — 200
Read data hold time toHR ns Figure 1 5 — —
Table 62 High-Speed Write Mode (HWM=1) (Vcc=RVcc=24~33V,10Vcc=165~3.3V)
Item Symbol Unit  Timing diagram Min Typ Max
Bus cycle time  Write teyew ns Figure 1 100 — —
Read tever ns Figure 1 500 — —
Write low-level pulse width PWpw ns Figure 1 40 — —
Read low-level pulse width PWr ns Figure 1 250 — —
Write high-level pulse width PWhw ns Figure 1 30 — —
Read high-level pulse width PWur ns Figure 1 200 — —
Write/Read rise/fall time twRrr, WRf ns Figure 1 — — 25
Setup time Write (RS to CS*, WR*) tas ns Figure 1 0 — —
Read (RS to CS*, RD*) 10
Address hold time tan ns Figure 1 2 — —
Write data setup time tosw ns Figure 1 25 — —
Write data hold time tHwr ns Figure 1 5 — —
Read data delay time toor ns Figure 1 — — 200
Read data hold time toHR ns Figure 1 5 — —
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80-system Bus I nterface Timing Char acteristics (9/8-bit I/F)

Table 63 Normal/High-speed Write Mode (HWM =0/1)
(Vecc=RVee=24~33V,10Vec=165~20V)
Item Symbol Unit Timing diagram Min Typ Max

Bus cycle time  Write teyew ns Figure 1 100 — —

Read tever ns Figure 1 500 — —
Write low-level pulse width PWLw ns Figure 1 40 — —
Read low-level pulse width PWir ns Figure 1 250 — —
Write high-level pulse width PWhw ns Figure 1 30 — —
Read high-level pulse width PWhr ns Figure 1 200 — —
Write/Read rise/fall time twRrr, WRf ns Figure 1 — — 25
Setup time Write (RS to CS*, WR*) tas ns Figure 1 0 — —

Read (RS to CS*, RD*) 10
Address hold time tan ns Figure 1 2 — —
Write data setup time tosw ns Figure 1 25 — —
Write data hold time thwr ns Figure 1 5 — —
Read data delay time toor ns Figure 1 — — 200
Read data hold time toHr ns Figure 1 5 — —
Table64 Normal/High-speed Write Mode (HWM=0/1)
(Vcc=RVee=24~33V,10Vec=20~3.3V)

Item Symbol Unit Timing diagram Min Typ Max

Bus cycle time  Write tevew ns Figure 1 75 — —

Read tever ns Figure 1 500 — —
Write low-level pulse width PWLw ns Figure 1 30 — —
Read low-level pulse width PWir ns Figure 1 250 — —
Write high-level pulse width PWhw ns Figure 1 30 — —
Read high-level pulse width PWur ns Figure 1 200 — —
Write/Read rise/fall time twrr, Wrf ns Figure 1 — — 25
Setup time Write (RS to CS*, WR*) tas ns Figure 1 0 — —

Read (RS to CS*, RD*) 10
Address hold time tan ns Figure 1 2 — —
Write data setup time tosw ns Figure 1 25 — —
Write data hold time tHwr ns Figure 1 5 — —
Read data delay time toor ns Figure 1 — — 200
Read data hold time toHR ns Figure 1 5 — —
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Serial Peripheral Interface timing characteristics

Table 65 Normal/High-speed Write Mode (HWM =0/1)
(Vecc=RVee=24~33V,10Vec=165~3.3V)
. Timing ;
Item Symbol Unit diagram Min Typ Max
Serial clock cycle Write (received) tscve us Figure 2 100 — 20,000
time Read (transmitted) tscve us Figure 2 350 — 20,000
Serial clock high-level ~Write (received) tsch ns Figure 2 40 — —
pulse width Read (transmitted) tscH ns Figure 2 150 — —
Serial clock low-level Write (received) tscL ns Figure 2 40 — —
pulse width Read (transmitted) tscL ns Figure 2 150 — —
Serial clock rise/fall time tscr, tscf ns Figure 2 — — 20
Chip select setup time tcsu ns Figure 2 20 — —
Chip select hold time ten ns Figure 2 60 — —
Serial input data setup time tsisu ns Figure 2 30 — —
Serial input data hold time tsiH ns Figure 2 30 — —
Serial output data delay time tsop ns Figure 2 — — 130
Serial output data hold time tson ns Figure 2 5 — —
Reset Timing Characteristics
Table 66 (Vecc=RVeec=18~33V,I0Vec=1.65~33V)
: Timing :
Item Symbol  Unit diagram Min Typ Max
Reset low-level width tres ms Figure 3 1 — —
Reset rise time trrES us Figure 3 — — 10
LCD driver output Characteristics
Table 67
Item Symbol  Unit Test condition Min  Typ Max Note

Vce=3V, DDVDH=5.5V,

VREG10UT=5.0V,

RC oscillation: fosc =315kHz

(240 lines), Ta=25°C

REV=0, SAP=010, AP=010,

VRN14-00=0, VRP14-00=0,

PKP52-00=0, PKN52-00=0,
Driver output delay time tad us PRP12-00=0, PRN12-00=0, — 35 — 11

Load resistance R=10kQ,
Load capacitance C=20pF

(] when the level changes from a
same grayscale level on all pins

(] Time to reach +/-35mV when
Vcom polarity inverts
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RGB Interface timing characteristics

Table 68 18/16-bit I/F, High-speed Write Mode (HWM=1)
(Vec=RVceec=24~33V,10Vecec=1.65~3.3V)

Item Symbol Unit dTlgg:fZ?n Min Typ Max
VSYNC/HSYNC setup time tSYNCS clocks Figure 4 0 — 1
ENABLE setup time tENS ns Figure 4 10 — —
ENABLE hold time tENH ns Figure 4 20 — —
DOTCLK “Low” level pulse width PWpL ns Figure 4 40 — —
DOTCLK “High” level pulse width PWpH ns Figure 4 40 — —
DOTCLK cycle time tCYCD ns Figure 4 100 — —
Data setup time tPDS ns Figure 4 10 — —
Data hold time tPDH ns Figure 4 40 — —
DOTCLK, VYSNC, HSYNC rise/fall time Trgbr, trgbf ns Figure 4 — — 25
Table 69 6-bit I/F, High-speed Write Mode (HWM=1)
(Vecc=RVeec=24~33V,10Veec=1.65~3.3V)

Item Symbol Unit d-ll-gg:fg?n Min Typ Max
VSYNC/HSYNC setup time tSYNCS clocks Figure 4 0 — 1
ENABLE setup time tENS ns Figure 4 10 — —
ENABLE hold time tENH ns Figure 4 20 — —
DOTCLK “Low” level pulse width PWpL ns Figure 4 30 — —
DOTCLK “High” level pulse width PWpH ns Figure 4 30 — —
DOTCLK cycle time tCYCD ns Figure 4 80 — —
Data setup time tPDS ns Figure 4 10 — —
Data hold time tPDH ns Figure 4 30 — —
DOTCLK, VYSNC, HSYNC rise/fall time Trgbr, trgbf ns Figure 4 — — 25
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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. The following figures illustrate the configurations of I pin, I/O pin, and O pin.

TestPins:  RESET*, CS*, WR*/SCL, RD*, RS, Test Pins: OSC1, TEST1, TEST2 Test Pins: FLM
IM3-1, IMO/ID, VSYNC, HSYNC, DOTCLK

ENABLE, PD17-0,

1QVcece Vce IQVce

PMOS PMOS PMOS
NMOS NMOS NMOS

GND GND GND

Test Pins:DB17 — DB2 DB1/SDO, DB0/SDI

1QVcce

(Input circuits)

———| NMOS
10Vce (Output circuit: 3 states)
GND

PMOS

NMOSE
GND

PMOS

p—< Output ENABLE
——< Output data

3. TESTI1, TEST2, TESTV1, DCTEST pins must be grounded, IM3/2/1, IM0/ID pins must be fixed to
either the GND level or the IOVcc level.

4. This excludes the current through the output drive MOS.

5. This excludes the current flowing through the input/output units. Make sure that the input level is fixed
because transient current in the input circuit will increase when the CMOS input level is in a middle
range. The current consumption is unaffected by whether the CS*pin is “High” or “Low” while no
access through the interface pins is executed.
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6. The relationship between voltages and the current consumption is as follows.

fosc=315kHz fosc=315kHz fosc=315kHz
400 20 1] 20.0
| . / IRAMY (8-bit I/F| HWM=0)|
<
T 2
Z 300 15 o 150
2 < E
Y \E, o
s lop1 P = /
= 200 2 10 S 100
5 — 5 : /
- L— lop2 - = 1 IRAMZ (8-bit I/F [HWM=1)
| —
100 | — 0.5 iz 5.0
0 0 0
24 26 2.8 3.0 32 34 2.4 2.6 28 3.0 32 34 5.0 10.0 15.0
Vee(V) Vei (V) Write cycle frequency (MHz)

7. The output voltage difference is the difference in the voltages of neighboring source outputs for the
same display data. This value is shown just for a referential purpose.

8. The average output voltage variation is the difference in the average source output voltages among
chips. The average source output voltage is measured for each chip with the same display data.

9. This applies to internal oscillators when an external oscillation resistor Rf is used.

0OSC1
Rf g The oscillation frequency may change according to
the capacitors of OSC1 and OSC2 pins. Connect
0SC2 the OSC1 and OSC2 pins with the possible shortest
wiring.
Table70 Referential data
Osgcillation RC oscillation frequency: fosc (kHz)
Resistance (k)  vcc=24V Vec=3.0V  Vecec=3.3V
110kQ 372 401 411
150kQ 284 305 311
180kQ 243 258 263
200 kQ 222 235 240
240 kQ 188 198 202
270 kQ 169 177 181
300 kQ 153 161 163
390 kQ 121 126 128
430 kQ 110 115 116
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10. The wiring resistance when used for a COG module is not included. No load is applied to the pins
except the one to be measured. See “Load current characteristics (reference data)” for details.

11. The delay time of LCD driver outputs depends on the load of the LCD panel. Adjust the frame
frequency and a cycle per line by checking the quality of display on the actual panel in use.

(Referential data)

o
2 7
2 0 Vee=3.0V, VLCD=5.5V, VDH=5.0V,
2 60 RC oscillation: fosc=315kHz, 240 raster-rows,
£ Ta=25°C, REV="0", SAP="010", AP="010",
z 50 VRN4-0="0", VRP4-0="0",
3 L— PKP52-00="0", PKN52-00="0",
40
'g | — PRP12-00="0", PRN12-00="0",
3 30T "7T 1= - Same changes from a same grayscale level on all pins.
5 — - Time to reach +/-35mV when Vcom polarity inverts
% 20 - Load resistance R=10kQ/pin
=]
S 10
10 20 30
Load Capacitor C(pF)
Example of test circuits
AC Characteristics Test Load Circuit LCD Driver Output Characteristics Test Load Circuit
Data bus: DB17-DB0, PD17-PD0O LCD output: S1-S396

Test Point Test Point
Load Resistor R 3
Load Capacitor C
50pF 71-7 10kQ J;ZOPF
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Timing characteristics diagram

80-system bus interface operation

VIH VIH
RS

VIL VIL

tAH
tAS < >
cs* \
VIL VIL
Note 1)

< PWLW, PWLR 3| |- PWLW, PWLR 3|

W N/ N

tWR tWRr
r» — <
tCYCW, tCYCR >
tDSW —>
Note 2) VIH
DB17-0 Write da
VIL |
tDD
Note 2) VOH1
DB17-0 Read data
VOLA1 VOL1

Note 1) PWLW and PWLR are decided by the overlap period when CS* is "Low" and WR* or RD* is "Low".
Note 2) Unused DB pins must be fixed to Vcc or GND.

Figurel
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Serial Peripheral Interface Operation

Start: S End: P
VIH
cSs*
VIL
tscr
tCSU
SCL
VIH
VIL- VIL

ISU tSISH

SDI VIH
Input data Input data
VIL
tSOD SOH
% é

SDO \

VOH1 VOH1

Output data ><Output data >/
VOL1 VOL1 4
Figure2
Reset operation
trRES
< tRES >l
VIH
RESET* VIL N
Figure3
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RGB interface
trgbf
trgbr <—— {SYNCS ————>|
VSYNC VIH VIH
HSYNC VIL VIL
<«— tENS —>»{ |[«— {ENH
ENABLE VIH VIH
VIL VIL
trgbf trgbr > <
<— pwpL —>| [<—— PWDH
DOTCLK VIH /‘VlH VIH
VIL VIL, VIL
tCYCD
tPDS tPDH
S > alin 3
VIH VIH
PD17-0 Write data
VIL VIL
Figure4

LCD driver outputs

VCOM

S1-528

Designated grayscale voltage: +35mV

~

" Designated grayscale voltage: +35mV

Figure5b
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Example of connecting the HD66789R to a Panel

CPU 80-system 9-bit (2 transmissions)/RGB 18-bit interface

dtumbertne
(120 lines)
-
—
—
—
—
-
-
Display

Even-number line
(20 lines)

Noe: he vales o wiing resisance are recommended vlues.
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Load current characteristics (Referential data)

1. VLOUT1

(1)Test Circuit

X GND HD66789R

ococt | |

Cc11- VLOUT1 C12+ C21+

Veit C11+

(4) Test Result

(a) VLOUT1 Load Current
Characteristics 1
(Parameter: step-up cycle)

Notes:

Register setting
VC="001"
AP="100"
BT="000"
DC0="000" (1/8)
DC0="010" (1/32)
DC0="100" (1/128)

DC1="000" (1/16)

cL="0"
D="00"

GON="0"
DTE="0"

(b) VLOUT1 Load Current
Characteristics 2
(Parameter: Resistance
with step-up capacitor)

Notes:

Register setting
VC="001"
AP="100"
BT="000"
DC0="000" (1/8)
DC1="000" (1/16)

CL="0"
D="00"
GON="0" Test circuit
DTE="0" R1
c1i+ B—\W—y c
c1- R—W—T
R1

C.
C12- _C21- _C22-

22+
VLOUT2 VLOUT3 VLOUT4

(2) Test Conditions

25°C, TYP Sample

Applied Voltage ‘ | External Capacitor ‘

Vce 3.00V [ C | A[uFyBChar |
Vi 3.00V

Vil 2.76V | Clock cycle |

DDVDH 5.52V [ fosc | 400[kHz] |

[ [ Resistance |

[ R [ 109 |

(3) Test description

Measure the dependency of load current (liadt)

using the step-up clock cycle of VLOUT1 as a
parameter (No load applied to pins that are not tested).

VLOUT1 load current dependency(typ sample 25°C)

—&— DC0=000

—— DC0=010

VLOUT1 (V)

_\ —4a— DCO0=100

Load current lload1(mA)

VLOUT1 load current dependency(typ sample 25°C)

R1=0~30(Q), DC0=000

——R1=0Q

VLOUT1 (V)

—E—R1=10Q
—A&— R1=20Q
—%—R1=30Q

1 2 3 4 5

Load current lload1(mA)
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2. VLOUT2
(1)Test Circuit (2) Test Conditions

25°C, TYP Sample

Vee D Vce Applied Voltage | | External Capacitor ‘

Vel —R WA vei Vee 3.00V [ C [ ALuFIB Char. |
DDVDH D] DDVDH Vi 3.00V

M veL Vail 2.76V | | Clock cycle |

X GND HD66789R DDVDH 5.52V [ fosc | 400kHz] |

q 5 AGND
ococt | | DCDC2 | N TR o] |
VLOUT1  Ci2+ C21+ C22 3) Test description

C22-

+
VLOUT2 VLOUT3 VLOUT4

= = = (a) Measure the dependency of load current (lioad2)
using the step-up clock cycle of VLOUT2 as a

parameter (No load applied to pins that are not tested).

(b) Measure the dependency of load current (lioas2)
7 using the step-up scale of VLOUT2 as a
parameter (No load applied to pins that are not tested).

(4) Test Result

VLOUT2 load current dependency(typ sample 25°C)
(a) VLOUT2 Load Current 17
Characteristics 1
(Parameter: step-up cycle) 5 b
Notes: —
Register setting 3 =
s oo
AP="100" 3 ] =
BT="000" = 11 BT=000
DC0="000" (1/8) —l— DC0=000
I DC1=010
DC1="000" (1/16) o BT=000
DCO0="010" (1/64) ~
DCO="100" (1/256) 7 —&— DC0=000
DC1=100
5 BT=000
8538 0 02 0.4 06 08 1
GON="0" Load current lload 2(mA)
DTE="0"

(b) VLOUT2 Load Current o

Characteristics 2 VLOUT?2 load current dependency(typ sample 25°C)

(Parameter: Resistance 19

with step-up capacitor)

17 &
Notes: KK‘\‘\k
Register setting S 15
g < N\\ —&— DC0=000
AP="100" 53 <o DC1=010
DCO=:000:: ] BT=000
DC1="010 > 1 4 —i— DC0=000
BT="000" (x6, x -5) DC1=010
BT="100" (x5, x -4) 9 BT=100
BT="111" (x4, x -3) o —a— DC0=000
Lo ! DC1=010
D="00" 5 BT=111
g‘_?g:,,g, 0 0.2 0.4 0.6 0.8 1
Load current lload 2(mA)
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3. VLOUT3

(1)Test Circuit

(2) Test Conditions

25°C, TYP Sample

Vee DJ Vee Applied Voltage | | External Capacitor ‘
Vel — AW vei Vee 3.00V [ ¢ | 1[uFIBChar |
DDVDH D] DDVDH Vci 3.00V

X veL Vi 2.76V | [ Clock cycle |

M GND HD66789R DDVDH 5.52V [ fosc | 400[kHz]

¢ 5 AGND
4~ WA RoND | [ Resistance |
bcoct | | DCDC2 | R [ 10[Q]
oin-  VlouTt  cize cair caze LOUTS VLOUTS 3) Test description
i - - VLOUT2

a2 oz (a) Measure the dependency of load current (lioass)

(4) Test Result

(a) VLOUTS3 Load Current
Characteristics 1
(Parameter: step-up cycle)

Notes:

Register setting
VC="001"
AP="100"
BT="000"
DC0="000" (1/8)

DC1="000" (1/16)
DCO0="010" (1/64)
DC0="100" (1/256)

cL="0"
D="00"

GON="0"
DTE="0"

(b) VLOUT3 Load Current
Characteristics 2
(Parameter: Resistance
with step-up capacitor)

Notes:

Register setting
VC="001"
AP="100"
DC0="000"
DC1="010"

BT="000" (x6, x -5)
BT="100" (x5, x -4)
BT="111" (x4, x -3)

cL="0"
D="00"
GON="0"
DTE="0"

using the step-up clock cycle of VLOUT3 as a
parameter (No load applied to pins that are not tested).

(b) Measure the dependency of load current (lioads)
using the step-up scale of VLOUT3 as a
parameter (No load applied to pins that are not tested).

VLOUT3 (V)

VLOUT3 load current dependency(typ sample 25°C)

—&— DC0=000
DC1=000

BT=000

—— DC0=000
DC1=010

BT=000

—a— DC0=000
DC1=100
BT=000

0.2 0.4 0.6 0.8 1

Load current lload 3(mA)

VLOUTS3 (V)

VLOUT3 load current dependency(typ sample 25°C)

—&— DC0=000

DC1=010

BT=000
—m— DC0=000
DC1=010
BT=100
—a— DC0=000
DC1=010
BT=111

0.2 0.4 0.6 0.8 1
Load current lload 3(mA)
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4. VLOUT4

(1)Test Circuit

(2) Test Conditions

25°C, TYP Sample

e Applied Voltage | | [ External Capacitor |
e Vce 3.00V [ C [ 1[uFVB Char |
DJ DDVDH Vci 3.00V
Kvel Vil 2.76V | [ Clock cycle |
8o HDE6789R DDVDH 552V [fosc | 400(kHzZ] |
ococt | | DCDC2 | E o]
VLOUT1 c22+ (3) Test description
- VLOUT2 VLOUT3 VLOUT4
caz Measure the dependency of load current (lioas)

(4) Test Result

(a) VLOUT4 Load Current
Characteristics
(Parameter: step-up cycle)

Notes:

Register setting
VvVC="001"
AP="100"
BT="000"
DCO0="000" (1/8)

DC1="000" (1/16)
DCO="010" (1/64)
DCO="100" (1/256)

cL="0"
D="00"
GON="0"
DTE="0"

using the step-up clock cycle of VLOUT4 as a
parameter (No load applied to pins that are not tested).

VLOUT4 (V)

VLOUT4 load current dependency(typ sample 25°C)

4l | | —®— DC0=000
DC1=000

BT=000
—— DC0=000
DC1=010

BT=000
—aA— DC0=000
DC1=100

BT=000

0 0‘.5 1 15 2
Load current lload 4(mA)
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5. VciOUT Amplifier

(1)Test Circuit (2) Test Conditions Resistance
o 25°C, TYP Sample LR o1 |
Applied voltage Stabilizing Capacitor
Vce 3.00V C1 1[uF]/B Char.
RW—T D 10vce Vi 3.00V C2 1[uF]/B Char.
Vee 4 RWVTTTTRERVee Vi1 See Note 2) C3 1[uF)/B Char.
Voo R —TRvee _ . DDVDH Veil x -2 C4 | A[uFYB Char.
TR TR veouT i Bl VLOUT2 | Vcitx6 C5_|0.A[uFY/B Char.
R Veit —-Bd Va1 VREG10UT e VLOUT3 Vci1 x -5 C6 |0.1[uF)/B Char.
oDVOH — DDVDH VCL Veil x -1 C7 [0.1[uF/B Char

(3) Test description

vee—Hvet  HDBE6789R Measure the dependency of VciOUT load current (lioasc)
5 with the register setting VC[2-0] (No load applied to pins
X TESTA1 VeorH I~y that 4
5 TESTA2 E ) e at are not tested).
DI TESTA4 VeomL O loao
l ~ Note 1) The TEST(n) pins are exclusively used for the test purpose.
calesler Do not use them as output open.
GND 'AGND ~ RGND Note 2) Input the calculated value of VciOUT, which is set with
the register VC[2-0].
7
VciOUT load current dependency
(4) Test Result (typ sample 25°C, VciOUT=Vci x 0.92)

(a) VeiOUT Load Current 2.9 —e—VC=001

Characteristics 1

VCiOUT=REGP x 0.92 S
5
Notes: %
Register setting >
VC="001" (x 0.92)
AP="100"
2.2
2.1
) ‘ ‘ ‘ ‘

0 2 4 6 8 10
Load current lloadC(unA)

(b) VeiOUT Load Current VciOUT load current dependency
\C/h.egac;e%s;és') 2 100 (typ sample 25°C, VciOUT=Vci x 1.00)
Cl = X 1.

2.9 —— VC=OOO}“
Notes: 28 | \
Register setting 27
VC="000" (x 1.00) . \

AP="100" 2.6
gl \

2.4 e
2.3

2.2
2.1

VGIOUT(V)

Load current lloadC(uA)
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6. VREG1OUT Amplifier

(1)Test Circuit (2) Test Conditions Resistance
:)/c 25°C, TYP Sample w
Applied voltage Stabilizing Capacitor
Vee 3.00v C1 1[uF]/B Char.
RW—TXovee Vi 3.00V Cc2 1[uF]/B Char.
Voo RW—T D Rvee Vi1 2.76V C3 1[uF]/B Char.
Vi RV g Voo ! ~ DDVDH 5.52V C4 1[uF)/B Char.
B A 0 VC'OUTi B les VLOUT2 | +16.50V C5_|0.1[uFY/B Char.
— X veiLve H
R Voi1 —&- Veit VREG10UT ) lon VLOUT3 -13.76V C6 |0.1[uF])/B Char.
poVDH — DDVDH VCL -2.76V C7 |0.1[uF]/B Char.

(3) Test description

vee—veL  HDEE789R Measure the dependency of VREG1OUT load current (lioada)

5 TESTA1 with the register setting VRH[3-0] (No load applied to pins
D TESTA2 VeomH I that are not tested).
X TESTA4 VeomL @lhadD
l Notes: The TEST(n) pins are exclusively used for the test purpose.
calesl el Do not use them as output open.

GND AGND  RGND

N
N
")

VREG10UT load current dependency
(typ sample 25°C, VREG10UT=Vci x 0.92 x 1.45)
(4) Test Result 3.0
3.1 T
L
(a) VREG10UT Load Current S 3 M
Characteristics 1 E .9 |
VREG10OUT=REGP x 1.45 8 28 |
5 .
Notes: E 2.7 [
Register setting > 26 [
VC="001" 25
AP="100" ’
VRH="0001" (x1.45) 2.4 ——TYP
2.3
22 L L L L L
0 20 40 60 80 100 120
Load current lloadA(nA)
(b) VREG1QUT Load Current VREG10UT load current dependency
Characteristics 2 (typ sample 25°C, VREG10UT=Vci x 0.92 x 1.85)
VREG10OUT=REGP x 1.85 52
5.1 "
Notes: 5 M
Register setting a9 |
VC="001" S ’
AP="100" = 48
VRH="0110" (x1.85) 8 4.7
O 46
L
D>f 4.5
4.4 ——TYP
43 T
42 L L L L L
0 20 40 60 80 100 120
Load current lloadA(nA)
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7. VcomH Amplifier

(1)Test Circuit (2) Test Conditions Resistance
:)/c 25°C, TYP Sample w
Applied voltage Stabilizing Capacitor
Vee 3.00v C1 1[uF]/B Char.
RW—TXovee Vi 3.00V Cc2 1[uF]/B Char.
Voo RW—T D Rvee Vi1 2.76V C3 1[uF]/B Char.
Vi RV g Voo ! ~ DDVDH 5.52V C4 1[uF)/B Char.
B A 0 VC'OUTi B les VLOUT2 | +16.50V C5_|0.1[uFY/B Char.
— X veiLve H
R Voi1 —&-d Veit VREG10UT ) lon VLOUT3 -13.76V C6 |0.1[uF])/B Char.
pOVDH — DDVDH VCL -2.76V C7 |0.1[uF]/B Char.

(3) Test description

vee—veL - HDBB789R Measure the dependency of VcomH load current (lioacs)
54 TESTAT - . with level input to TESTA1 (No load applied to pins
X TESTA2 &) loace that are not tested).
X TESTA4 VeomL @ oo
l Notes: The TEST(n) pins are exclusively used for the test purpose.
csleelcy] Do not use them as output open.
T GND AGND  RGND
VcomH load current dependency
(typ sample 25°C, 3.0V output)
(4) Test Result
3.1
3.05 ——TYP
(a) VcomH Load Current
Characteristics 1 34
3.0V output S _
I 295 *——
Notes: § 29f
Register setting >
VC="001" 2.85
AP="100 28
2.75
27 L L L L
0 05 1 1.5 2 25
Load current lloadB(unA)
(b) VeomH Load Current VcomH load currint dependency
Characteristics 2 (typ sample 25°C, 5.0V output
5.0V output 5.1
Notes:
Register setting
VC="001" R
AP="100" >
I
S
Q
O
>
4.75
7 L L L L
0 0.5 1 15 2 25
Load current lloadB(unA)
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8. VcomL Amplifier

(1)Test Circuit

(2) Test Conditions

Resistance

:)/c 25°C, TYP Sample R 10[©]
Applied voltage Stabilizing Capacitor
Vce 3.00V C1 1[uF]/B Char.
FW—T1ovee Vi 3.00V Cc2 1[uF}/B Char.
v WD Rvee Vci1 2.76V C3 1[uF)/B Char.
'CC,
Ve o RIWVTT R Vee ~ DDVDH 5.52V C4 | 1[uF)/B Char.
—d vei VciouT ) loasc
D AW A E VIOUTZ | +16.50V C5 [0AWFB Char.
R e —- vait VREG10UT ® lun VLOUT3 -13.76V C6 _[0.1[uF}/B Char.
DDVDH 5 DOVDH VCL -2.76V C7 | 0.1[uF)/B Char.
viout2—L viLouT2 o
viouts—PdvLouTs (3) Test description
veL—Hvel HDB6789R Measure the dependency of VcomL load current (liea)
54 TESTAT with level input to TESTA4 (No load applied to pins
& VeomH E B o that are not tested)
A TESTA2 .
DI TESTA4 VeomL @ oo
l ~ Notes: The TEST(n) pins are exclusively used for the test purpose.
csleelcy] Do not use them as output open.
T GND AGND  RGND
7.’7.’
VcomL load current dependency
(typ sample 25°C, -2.25V output)
(4) Test Result
2.1
—o—TYP
(a) VcomL Load Current 214 |
Characteristics 1
-2.25V output S
I 218
Notes: §
Register setting > 202 |
VC="001"
AP="100" 4
-2.26
2 L L L L
8 0 05 1 15 2 2.5
Load current lloadD(pA)
(b) VcomL Load Current VcomL load currecnt dependency
Characteristics 2 (typ sample 25°C, 1.00V output
1.00V output 1.1
——TYP
Notes: 1.06
Register setting
VC="001" 102 F
AP="100" S
S 4
g L
g 098
>
0.94
0.9 L L L L
0 0.5 1 15 2 25
Load current lloadD(uA)
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9. Step-up load current characteristics with added wiring resistances

(1)Test Circuit

Total current

2.8V

I0Vee
Rvee

GND
RGND

HD66789R

Rye Vel

Vci
VeilVL
AGND X
VciouT Rveiout
Veit
C11+
Cc1-

VLOUT1

DDVDH

C12+

C21+

Cc21-

C22+

C22-

VLOUT2
VGH
VLOUT3
VGL
VLOUT4

veL &) lloada=0.8mA

(2) Test Conditions

Test Circuit See left
, BT="000", DCO:
Insructon st vosoodr o
", GON="1", DTE="1", D="11"
Vei 2.8V
Vce=I0Vee=RVee 2.8V
Load current
lload1(DDVDH) 0~2mA
lload2(VGH) 0.1mA
lload3(VGL) 0.1mA
lload4(VCL) 0.8mA
Wiring resistance
Ry 100hm
Racno 100hm
Ruveiout 100hm
Reirs 100hm
Reii- 100hm
Ropvon 100hm
Reize 200hm
Reiz 300hm
Reare 300hm
Reai- 300hm
Rz 300hm
Rz 300hm
Ryeh 300hm
RuoL 100hm
Ruor 300hm

(3) Test Description

Add a wiring resistance element to each pin of step-up circuit.
Load current is applied on each step-up power supply
(DDVDH, VGH, VGL, VCL). Measure total current (I\Vci) and
each step-up voltage characteristic with a variable parameter
of lload1 (DDVDH). No load on S1~S528, G1~G240.

. —— Vit —#— VREG10UT e —— Vit —®— VREG10U
Step-up characteristics with load current Step-up characteristics with load current
simultaneously applied DDVDH * VGH simultaneously applied DDVDH VGH
(with wiring resistance) —%— veL —e— vcL (with wiring resistance) —¥—veL —e—vcL
——+— VeomH ——=— VcomL —+—VcomH ——=—VcomL
lload(DD mA, 110a0(DDVDH}=0~2mA, load2(VGH)=0.1mA,
lload3(VGL)=0.1mA, lload(VCL)=0.8mA lload3(VGL)=0.1mA, lload(VCL)=0.8mA
17 17
16 1
15 24 15
14 — 14
13 13
12 | 12 a—
B "
10 10
9 9
8 8
7 7
= 6
= i E— — 2 5 f—
= o
4 — 4
g == e e — g ™ = s
& < * —o——o— 3 ¥ ¢ >
S x < *—0——¢ 9 g 2
> = 1
2 515 2o
g 3 e .o o |o
S - 5 by 5
o yEs b 5 P P O o 2 = g
o = 04— - 89— R = fos—
2 -9
& 4 g
% 5 @» 5
" -
7 7
® N | e—
9
2 - [ e—he—F—
-10 — ¥ -10 e
-1 -
2 [ — 2 — —
a3 fe—1 13
4 14
-15 15 oilmAl
" vei[m.
Ivci[mA] : .
Variable parameter: lload1(DDVDH) only Variable parameter: lload1(DDVDH) only
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RenesaSTeChnOI()gy 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, (i) 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.

2. 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.

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

ENESANS

w

& IS

~o

=

http://www.renesas.com

Copyright © 2003. Renesas Technology Corporation, All rights reserved. Printed in Japan.
Colophon 0.0

Rev.1.01, Dec.24.2003, page 165 of 166
RENESAS



HD66789R

Revision Record

Rev.

Date

Contents of Modification

Drawn by

Approved by

1.00

2003.12.09

First issue

(Error corrections and changes from the HD66789
verl.00)

p.14, p.15, p.16:PAD arrangement, PAD coordinate
p.43 Description of EQ1-0 bits

p.58 GRAM data and LCD output level

(change “-“to “+”

p.65 Description of SCN4-0 bits

1.01

2003.12.24

p.14 Delete “T.B.D.” from the chip size (No change in
the size)

p.151 Add Note 10 to “Notes to the electrical
characteristics”.
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