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Description

The HD66789handks 262144 TFT colors ard candrive a TFT cololiquid crystal dsplay of 176 RGB x
240 dds with anincarporated RAM conpliant to graphics dsplayof 176 RGB x240dots atmaximum,
anda 53-channelsource driver aputs. The HD66739 incorporates aae driver ard a paver circuitfor
driving liquid crystaldisply to drive aTFT panelwith a sirgle chp.

The HD66789’s bitoperation functions, 80/1618-bit high-geed lus interface, andigh-speed RAM-write
funcions emble eficienttrarsfer ofdata ad high-speed aa ypdateon agraphics RAM. The HD66789's
6/16/18-bitRGB irterface (VSYNC, HSYNC, DTCLK, ENABLE, andPD 17 to0) andVSYNC
interface (sgteminterface+ VSYNC) provide an nterface br moving picture disphy. With a wirdow
addess finction tat facilitates he noving picture dispay in an arbirary area ad enaltes simitaneous
display of moving gctures andhecontents oftheinternal RAM, the HD66789 erables noving gcture
display not constrainedy the stil picture area. Acoringly, the daatransnission is redued tominimum,
thereby savirg power consurad ty a systemas a vinole whendisplaying moving pictures

The HD66789 supmrts power-savng qoeration up to the power supply voltage of 2.4V with a wltage
follower circut that generatevoltage to dive liquid crystal. The HD66789 also inorporates 8-colo
display andstandly functions that allow precise pwer corirol by software. Thesefeatues make this LSI
the ideal solution for ary medium or small-sizedportable battry-driven products suchas dgital cellular
phones suppomg WWW browsers or snall PDA, where lang kettery life and board size arengjor concern.

Rev.0.12, May 09 2003, page 5 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789 Preliminary

Features

e Liquid crystalcontoll er/driver for 262,144 TFT-color 176R@ x 240-dotgraphics tsplay
e Single chipsoluionfor a TFTdisplay parel
e  Systeminterface

—  8-/9-/16-/18-bit high-speedbus nterface

— Seial Perigheral Interface (SP)

— _8-bittransnission x 3times 62k/65k colar modes)

e Interface br moving picture display
—  6-/16/18-bit RGB interface (VSYNCHSYNC, DOTCLK, ENABLE, PD17-0)

— VSYNC interface Systeminterface + VSYNC)
e  High-speed bust RAM write function

¢  Window addressufnction towrite data tothe rectagular area ofRAM specified by thevindow

addess
— Interface b facilitate noving gcture dsplay in anarbitrary area
— Redced iSSi rsmitting on i icture disphy area

—  Simultaneaus diplay of moving fdctures andhe onterts oftheinternalRAM
e  Bit unit operatbns for processng gaphics
—  Write data nask function by bit

e  Functions br controling aburdantcolor displays
—  Simultaneas avaability of 262,144colars with y-correction function

—  Line-unit vertical scolling
e  Low-power archiecture: éatues br low-power operatim
— Vce=24 ~ 3.3V (intemal logic paver suppy)
— lOVce = 1.8 ~3.3V (interfacel/O power syply)
— Vci =2.5 ~ 3.3V (anabguepower suply)
—  DDVDH = 45 ~ 5.5V (liquid-crystal dive vdtage)
— Power savig function (stan8ly mode éc.)
— Patial liquid crystal dive todisplay two sceers at arbitrarypositions

— Voltagefollowers for liquid crystal dive powercircuit to fend off the drectcurrert from bleeder-
regstors

e  Step-up cicuit gererating liquid crystaldrive wltage upto 6time scaé
e 95,040-byte itemal RAM
e Incorporatedifuid crystaldisplay driver with 582 souceoutputs and240gateoutputs

e n-rasterrow liquid crystal AC dive, enalihg pokbrity inversionby evel arbitrary number of raster-
rows

e Internal acillation and herdware reset
e Reversiblairection of sigrals betveen RAM andsource driver
e  Exclusive for C4 structure
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Block Diagram
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Pin Functions

Signals Number 1/0 Connected | Functions
of Pins to
IM3~1, IMO/ID 4 GND or Pins to select interfacing mode with MPU.
IOVee IM3  IM2  IM1  IMOAD  MPU-Interface DB Pin
Mode
GND GND GND GND Setting disabled _
GND GND GND I0ovce Setting disabled _
GND GND Iovec GND 80-system 16-bit DB17~10,
interface DB8~1
GND GND I10Vee IOVee 80-system 8-bit DB17 ~10
interface
GND I1ovec GND ID Serial Peripheral DB1~0
Interface (SPI)
GND  IOVec  IOVee  * Setting disabled
Iovecc GND GND GND Setting disabled
Iovecc GND  GND  IOvee Setting disabled
Iovec GND  10vee GND 80-system 18-bit DB17~0
interface
Iovcc  GND  IOVec  lOVee 80-system 9-bit DB17~9
interface
lOvee  lOVee * * Setting disabled
When Serial Peripheral Interface is selected, IMO pin is used for
the device code ID setting.
Ccs* 1 | MPU Select the HD66789.
Low: the HD6678 is selected and accessible
High: the HD66789 is not selected and not accessible
Must be fixed to the GND level while not used.
VLD 1 MPU Indicate whether the data is valid or not during RAM write.
Low: Valid (Write data to RAM)
High: Invalid (Not write data to RAM)
RAM address will be updated irrespective of VLD.
Must be fixed to the GND level while not used.
This signal is available when external display interface is used.
CS VLD RAM Write RAM Address
0 0 Valid Updated
0 1 Invalid Updated
1 * Invalid Hold
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Signals

Number
of Pins

110

Connected
to

Functions

RS

1

MPU

Select register.
Low: Index/status, High: Control
Fix to the “IOVcc” or “GND” level while using SPI.

WR*/SCL

MPU

In 80-system bus interface mode, serves as a write strobe signal.
Data are written at “Low” level.

In Serial Peripheral Interface mode, serves as synchronizing
clock signal.

RD*

MPU

In 80-system bus interface mode, serves as read-strobe signal.
Data are read at the low level of the signal.

Fix to the “IOVcc” or “GND” level while using SPI.

DBO/SDI

110

MPU

18-bit parallel bi-directional data bus.

8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

16-bit bus: DB17-DB10 and DB8-DB1

18-bit bus: DB17-DB0

Unused pins must be fixed to the IOVcc or GND level.

Serves as serial data input pin (SDI) in Serial Peripheral
Interface mode, where data are input on the rising edge of SCL
signal.

DB1/SDO

110

MPU

18-bit parallel bi-directional data bus.

8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

16-bit bus: DB17-DB10 and DB8-DB1

18-bit bus: DB17-DB0

Unused pins must be fixed to the IOVcc or GND level.

Serves as serial data output pin (SDO) in Serial Peripheral
Interface mode, where data are output on the falling edge of the
SCL signal.

DB2~DB17

16

110

MPU

18-bit parallel bi-directional data bus.
8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

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

Unused pins must be fixed to the IOVcc or GND level.

ENABLE

MPU

Indicate whether RAM data are valid or not when RGB interface
is used.

Low: Selected (access enabled)

High: Not selected (access disabled)

Must be fixed to the IOVcc or GND level when not used.
ENABLE signal invert the polarity according to the setting of EPL
resister.
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Signals Number 1/0 Connected | Functions
of Pins to
ENABLE 1 MPU EPL ENABLE VLD RAM Write RAM Address
0 0 0 Valid Updated
0 0 1 Invalid Updated
0 1 * Invalid Held
1 0 * Invalid Held
1 1 0 Valid Updated
1 1 1 Invalid Updated
VSYNC 1 | MPU Frame synchronizing signal.
This signal is active low.
Must be fixed at the I0OVcc level while not used.
HSYNC 1 | MPU Line synchronizing signal.
This signal is active low.
Must be fixed at the I0Vcc level while not used.
DOTCLK 1 | MPU Dot-clock signal.
This signal is active low.
The timing of data input is determined at the falling edge of the
signal. Must be fixed at the IOVcc level while not used.
PDO~PD17 18 MPU 18-bit bus for RGB data.
6-bit bus: PD17-PD12
16-bit bus: PD17-PD13 and PD11-PD1
18-bit bus: PD17-PDO
Fix unused pins to the IOVcc or GND level.
RESET* 1 MPU or Reset pin.
reset circuit | Initializes the LS| at the “Low” level.
Power-on reset required after turning on the power.
S1~S528 528 O Liquid Output voltage applied to liquid crystal.
Crystal The shift direction of segment signals is changeable with SS bit.
For example, if SS = 0, RAM address “0000” is output from S1.
If SS = 1, it is output from S528.
S1, S4, S7, ... display red (R), S2, S5, S8, ... display green (G),
and S3, S6, S9, ... display blue (B) (SS = 0).
G1~G240 240 (0] Liquid Gate output signals.
Crystal When gate lines are selected, VGH signals are output. When
gate lines are not selected, VGL are output.
Vcoml, Vcom2 2 (e} TFT Power supply for TFT common electrode.
common When Vcom AC drive is not selected, the same level of voltage
electrode | 55 vcomL level is output. When Vcom AC drive is selected, the
voltage with the amplitude between VcomH and VcomL is
output. The AC frequency can be set by the M signal.
Connect to the TFT common electrode.
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Signals Number 1/0 Connected | Functions

of Pins to

VcomR 1 Variable Reference voltage for VcomH.
resistor or | \when adjusting VcomH externally, VcomH internal adjusting
open circuit must be halted by register setting and place a variable

resistor between VREG1OUT and GND to make an adjustment.
Otherwise, leave open and adjust VcomH by internal register
setting.

VcomH 1 (0] Stabilizing High level of Vcom during Vcom AC drive. Connect to a
capacitor stabilizing capacitor.

VcomL 1 (6] Stabilizing | Vcom voltage when Vcom AC drive is not selected.
capacitor || oy jevel of Vcom during Vcom AC drive. Voltage can be
oropen adjusted with internal registers. Connect to a stabilizing

Capacitor. When VCOMG bit is set to LOW, a stabilizing
capacitor is not necessary because VcomL out}){Jt is halted.

C11+, C11- 2 - Step-up Step-up capacitor connectioﬁ'ﬁﬁforhs/tep}ﬁcimmt 1. When
capacitor the internal step-up circuit is not used, leave open.

C12+, C12- 6 - Step-up Step-up capacitor connection pins for step-up circuit 2.

C21+. C21- capacitor Capacitor connection will be necessary depending on the step-

' up scale. When the internal step-up circuit is not used, leave

C22+, C22- open.

OSC1, 0sC2 2 I or O | Resistor for | Connect an external resistor for R-C oscillation. When supplying
the clock signals externally, it must be supplied through OSC1 and
oscillator leave OSC2 open.

FLM 1 (@) MPU or Frame head pulse with amplitude between GND and Vcc.
open Use when writing data to RAM in synchronization with FLM.

When FLM is not used, leave open.

Vci 1 | Power Power supply for analogue circuits.
supply In this case, a power supply for the VciOUT amplifier. Connect

an external power supply of 2.5~3.3V.

VciLVL 1 Power Generates a reference voltage (VciOUT, REGP) in accordance
supply to the ratio set with VC2~0 registers.

Connect to the same power supply as the Vci, which has
separate wiring from the VciLVL on the FPC.

REGP 1 1/0 Test pin Test pin for VREG1OUT. Leave open.

VciOUT 1 | Stabilizing Internal reference voltage with amplitude between Vci and GND.
capacitor, Set with VC bit.

Veil

Vcil 1 VcioOUT Reference voltage for the step-up circuit 1.

Connect to an external power supply of 2.75V or less when the
internal reference voltage is not used.

VLOUT1 1 (0] Stabilizing | Output twice stepped-up Vcil voltage from the step-up circuit 1.
capacitor, Connect to a stabilizing capacitor. VLOUT1 = 4.0~5.5V
DDVDH

DDVDH 1 VLOUT1 Power supply for source driver liquid crystal output portion. A

reference voltage for the step-up circuit 2.
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Signals Number 1/0 Connected | Functions
of Pins to
VLOUT2 1 O Stabilizing | Output stepped-up DDVDH voltage, which is stepped up to the
capacitor, level Vcil x 4~6 from the step-up circuit 2. The step-up scale is
VGH determined with BT bits. Connect to a stabilizing capacitor.
VLOUT2 = max 16.5V
VGH 1 | VLOUT2 Power supply for TFT gate drive. Connect to VLOUT2.
VLOUT3 1 (@] Stabilizing | Output stepped-up DDVDH voltage, which is stepped up to the
capacitor, level Vcil x (- 3) ~ (-5) from the step-up circuit 2. The step-up
VGL scale is determined with BT bits. Connect to a stabilizing
capacitor. VLOUT2 = min -16.5V
VGL 1 | VLOUT3 Power supply for TFT gate drive. Connect to VLOUT3.
VLOUT4 1 O Stabilizing | Output the Vcil x (-1) voltage from the step-up circuit 2.
capacitor, Connect to a stabilizing capacitor. VLOUT4 =0 ~ -3.3V
VCL
VCL 1 | VLOUT4 Power supply for VcomL drive. Connect to VLOUTA4.
VREG1OUT 1 110 Stabilizing | Reference voltage with amplitude between DDVDH and GND,
capacitor which is generated from the reference voltage internally
or power generated with amplitudes between Vci and GND.
supply The scale of the output voltage can be set with VRH bits.
VREG1OUT becomes (1) a source driver grayscale reference
voltage VDH, (2) a VcomH level reference voltage, or (3) a Vcom
amplitude reference voltage. Connect to a stabilizing capacitor.
VREG1OUT = 3.0 ~ (DDVDH - 0.5)V
Vce 1 - Power Power supply for a logic circuit. Vcc = 2.4~3.3V
supply
I0Vcce 1 - Power Power supply for interface pins. I0Vcc = 1.8~3.3V. I0Vcc must
supply be turned on with the same voltage as the internal logic voltage
Vce. When it is assembled on COG, connect to Vcc on the FPC
to avoid effects from the noise when IOVcc is used.
RVcce 1 - Power Vce power supply for RAM. Supply with the same potential as
supply the Vcc.
GND 1 - Power Ground for the logic side. GND = 0V
supply
AGND 1 - Power Ground for the analog side. AGND = 0V. When assembled on
supply COG, connect to GND on the FPC to avoid effects from the
noise.
RGND 1 - Power Ground for internal RAM. RGND = 0V. When assembled on
supply COG, connect to GND on the FPC to avoid effects from the
noise.
CGND 1 O Opposing GND level output. Available as an opposing GND for external
GND for parts (capacitors, diodes).
external
parts
TEST1 1 | GND Test pin. Fix it to the GND level.
TEST2 1 | GND Test pin. Fix it to the GND level.
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Signals Number 1/0 Connected | Functions

of Pins to

VOP, V31P 2 I or O | Stabilizing | Output from internal positive polarity operational amplifier when

capacitor the operational amplifier is ON (SAP2-0 = “001”, “010”, “011",
“100", and “101"). Stabilize by connecting to a capacitor.

VON, V31N 2 I or O | Stabilizing | Output from internal negative polarity operational amplifier when

capacitor the operational amplifier is ON (SAP2-0 = “001”, “010”, “011",
“100", and “101"). Stabilize by connecting to a capacitor.

VGS 1 | GND or Reference level for grayscale voltage generation circuit.
external Connect to an external resistor when source driver is used to
resistor adjust grayscale levels for each panel.

VTESTS 1 110 open Test pin. Leave open.

TSO~TS7 8 (6] open Test pin. Leave open.

TESTAL 1 110 open Test pin for VcomH. Leave open.

TESTA2 1 1/0 open Test pin for VcomL. Leave open.

TESTA4 1 1/0 open Test pin for VcomL. Leave open or connect to a stabilizing

capacitor depending on the display quality.

VMONI 1 (6] open Test pin. Leave open.

10VccDUM1~4 4 O Input pin Internal I0OVcc level. When neighboring input pins are fixed to

W short-circuit them.
IOGNDDUM1~7 | 7 (@) Input pin Internal GND level. When neighboring input pins are fixed to the
IOVcc side, short-circuit them. T

TESTO1~2 2 - - Dummy pads. Leave open.

DUMMY - - Dummy pad. Leave open.

DUMMYR - - Dummy pad. Leave open.
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PAD arrangement

i am

® Chip size : 22.7mm x 2.80mm (T.B.D.)
@ Chip thickness : 400um  (typ.)

® PAD coordinate : PAD center

® Coordinate origin : Chip center

® Aubump size :

(1) 80um x 80pm

Corner dummy

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

(2) 54umx100um
nput :
No.2 ~ No.219

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

(4) 77umx31um
Laced LCD output side :
No.221 ~ No.283
N0.938 ~ No.1000

© Au bump pitch : See PAD coordinate
® Aubump 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

50

100um
30 40 30

HD667B89
Laced Output
Arrangement

e

30 40 30

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

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

CY-

(3-a) Coordinate(X ,Y) = (11124, -1264.6)
510 25 25 105
N

Leleph
>He e

T T o
ES
E|E Ea
3l .
8[R 2
EX

70um

80um

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

25 10

10 25
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PAD Coordinate

pad narme X

31[CGND.
32[CGND.
33[CGND.
34[10VcoDU!
35[IMO/ID.
36[IOGNDDUN|
37[IM1
38[I0VeoDUMZ |
39[IN2
40[I0GNDDUMZ
41[IM3
42I0VocDUMS
43]DUMMY2
44|RESET"
45]DB17

46]DB 16
47]DB15
48]DB14
49]DB13
50[DB12
51[DB11
52[DB10
53[DBY
54[IOGNDDUMY
55(DBB

56[DB7

57[DB6

58[DB5

59[DB4

60[DB3

61[DB2
62[DB1/SDO
63[DBO/SDI
64[I0GNDDUM4
65[RD™
66|WR'/SCL.
67|RS

68[CS”

69[VLD
70[10VecDUMA
T1[VSYNC
72[HSYNC
73[DOTCLK
T4[ENABLE
75[IOGNDDUMS]
76[PD17.
77[PD16
78[PD15
79[PD14.
80[PD13

padname | X (3 d padname | X ¥
T31[TESTT 1679.2] 261]GBO 1215, 2393
T52[TESTZ 262[G82 0: 272,
133[0SC1 263(GB4 1215 305.
134]0SC2 264[G86 1096, 336,
135[TS7 265(G8B 1215 371
136[TS6 266/G90 1096, 0%,
137[TS5 267/G02 1215 437,
138[TS4 268[Go4 1096, 470.
139[153 269/G56 1215 503,
140[TS2 270[GoB [Ti0gs. 537.
1a1[TS1 2716100 [ 1215 570.
142[TS0 2726102 1096, 603,
143[10GNDDUM?| 273[G104 [ 1215 636.
274106 10: 669.
275[G108 [ 1215 702
276[G110 1096, 735,
27716112 1215 768,
278G 114 1095, 801,
2791G116 1215 832,
280G 118 1096, 8677
261]GT20 Tats 5| —o008|
282[G122 [T10985] 933
283[G124 [ 11215 567
264[TESTO3 1214011264
285[G126 10958.4] 1265,
286G128 10025.3] 1146
287/G130 108923 1265,
288G 132 10859.2] 1146
289[G1 0826.1] 1265,
290G 136 70793.0] 1146,
291[G135 70760.0] 1265,
292[G140 107269] 1145
2036142 0693.5] 1265,
294[G144 0660.7 1148
205G 146 0627.7] 1266,
296/G148 10594.6] 1146
207150 0561.5] 1266,
298[G152 10528.4] 1148,
200G 154 0495.4] 1265,
300G 156 104623] 1148
301/G158 0420.2] 1266,
302/G160 10396.1] 1148
303]GT62 0363.1] 1266,
304[G164 103300] 1148
305]G166 10296.9] 1265,
306G 168 10263.8] 1145
307]G170 702 265,
3086172 10197.7] 1148
300]G174 0164.6] 1265,
310[G176 101315] 1148
311]G178 10008.5] 1265,
3126180 10065.4] 1145
313]G162 70032.3] 1265,
314[G184 59962 1148
315]G166 '9966.2| 1265,
316188 59331 1148
317]GTe0 9900,0] 1265,
3186192 SB66.9| 1148
310]GTos 9833 0 1265,
320(G196 ‘5800.8 1148,
321]GTo8 976771265,
322(G200 o734.6] 1148,
323]G202 970151265,
324[G2 S668.5 1148,
325]G206 9635 4| 1265,
326/G208 96023 1148,
327]G210 9560.3| 1265,
328[G212 953621148,
320]G214 9503, 1] 1265,
330/G216 94700] 1148,
331]G218 9437.0[ 1265,
33216220 54039] 1148,
333]G222 937081265,
334[G224 9337.7] 148,
335]G226 930471265,
336 G226 2716 1as
337]G230 923851265,
338232 52054 1148,
330]G234 1724 1265,
3406236 St303] 148,
341/G238 510621265,
3426240 s073.1] 1148,
343[VGLDUM2 | 90051 1265,
344[DUMMY14_| 89370 1265,
345DUMMYT5 | 6868.9| 1265,
346 DUMMY16 | 8800.6] 1265,
347/S528 87328 1148
348[S507 8690.7| 1265,
3495526 6666|1148
350[5525 86335 1265,
351(S524 86005 1148
3525523 85674 1265,
3535522 85343 1148
S5 265,
3555520 1148
356[519 265,
357[S518 1148
3585517 265,
359/S516 1148
360[S515 265,
361[5514 1148
362[S513 7265,
3635512 1148
364]S511 265,
365[S510 1148
366]5500 1265,
367(5508 1148
3685507 1265,
369/S506 1148,
370/5505 1265,
71 [S5 1148,
372]5508 1265,
373[S502 1148,
374]501 1265,
375[S500 1148,
376]5499 1265,
377/5498 1148,
3785497 1265,
379/5496 1148,
380[5495 1265,
381(5494 1148,
382[5493 1265,
383(5497 45,
364]5401 1265,
385 S400 45,
386[5489 1265,
E) 145,
3885487 1265,
i 1145,
260[G78 390[5485 1265

[E290d _pad name.

3o1[Sa84
302[5483
303[s482
304]5481
395[5480
396]5479
37[s478
308[S477
399]s476
a00[s475
a01[sara
a02[s473

520[5355

30108]
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5N pad name 0 NJ_pad name [Fsand pad rame X v 5N _pad name
521(5354 651[5228 781[504 511[G175.
522[5353 652(5223 782[593 512[G173
523[5352 653(5222 783(592 513171
524[S351 654[5221 7841591 514[G169
525[5350 655(5220 785/590 915[G167
[S34s [S21 786/589 916[G165.
527[5348 657[5218 787]588 617[G163
526]5347 6565217 788[S87 618[G161
520[5346 650(5216 se6 6196150
530[5345 s2 760[S85 920[GT57
531[s344 6615214 7o1[s84 21155
S32(5343 G62[5213 70283 922[G153
533/5342 663[5212 793/S82 523[G151
534[5341 664[5211 754/S81 924[G149
5355340 665/5210 795/S80 925[G147
S35 S 796579 926[G145
537[5338 667]5208 707/S78 276143
5385337 6685207 798577 928[G141
539[5336 669/5206 799576 9206139
S5 670[5205 800[S75 630137
5415334 671(5204 801[574 31[6135.
542(5333 672(5203 s02(573 9326133
543[s332 673[5202 s03[572 633151
544[5331 674[5201 804/ST1 9346125
545(5330 675(5200 805/S70 935[G127
546(5320 676[5199 806(S69 936[G125
5475328 St 568 937[TESTOR
548[S327 676]5107 808567 938[G123
5495326 679]5106 566 939G121
5321 St 810[S65 40[G119
5515324 681(5104 811[564 0416117
552[5323 682(5103 812(563 642[G115.
5535320 683(5102 813(s62 436113
sa[S321 ESE s1a[se1 044]GT11
555(5320 6855180 &15(560 45[G108
556/5319 6865189 816/S58 545G107
557/5318 687/5188 817/558 547[G105
558(S317 688[S187 818[S57 543G103
559[S316 6895186 819/556 549G101
[S31 St 820[555 G
561[S314 601[5184 821[S54 951[Gor
562[5313 62(5183 822553 952[Go5
5635312 603(5182 823552 953[Go3
564[S311 604[s181 824]51 954[Got
565/5310 6955180 825(550 955[Gag
S st 826(549 956[Ga7
S67]5308 Go7[s178 27548 957[Ga5
568(S307 698[S177 828[547 958Ga3
569/5306 699/S176 829/546 959(Ga1
570/5305 700[S175 830[545 960[G79
5715304 701[s174 831[544 91677
572[5303 702[5173 832/543 962[G75
573[5302 703(5172 833(542 963673
574[S301 704[S171 834[541 964[G71
5755300 705[S170 5S40 65[G69
5765299 st 836/530 6667
577|529 707[5168 s37]s38 67[G85
s78[s267 708[S167 s38(537 68063
579]5206 709]5166 &39]536 969]G61
580/525 710/S165 840[S35 570[G59
581/5204 Ti1[S164 841[534 o71[GsT
582(5203 T12]5163 842/533 o72[Gs5
583(5202 T13]5162 843(532 973[Gs3
584[5201 T14[S161 844]531 074[G51
5855290 715[5160 5! 075[Gag
[S28 716/5159 846[520 Gar
587(5288 717[S156 847]508 o77[Gas
[S28; 718[S157 848[s07 678643
‘5895286 719(5156 849526 679Gt
560[5285 720[s155 850[25 98038
So1[s284 721[s154 &51[524 o81[G37
592/5283 722[5153 852(523 982[G35
53/5282 723/5152 853(522 983633
504[5261 724[5151 854[521 584Gt
595[5280 725(5150 5[5 985[G29
[s27¢ 726[5149 856/510 98627
597[5278 727]5148 857/518 967[G25
598[5277 728]5147 8561517 68623
599[5276 720[S146 850(516 989Gt
‘600[S275 730[5145 860[S15 990[G19
6015274 731(s144 861(514 091617
02[5273 732(5143 862(513 992[GT5
603[5272 733/5142 863(512 993613
604[5271 734[5141 864/S11 594Gt 1
605(5270 735[5140 865/S10 595(G9
526 St 66/t 596[G7
607]5268 737]5138 867[58 997G5
6085267 St 86657 998[G3
609]5266 739(5136 869/56 999[G1
610[5265 740[S135 870[5 7000 [VGLDUMA
611]5264 741[5134 871[54
612[5263 742]5133 872[S3
613]5262 743(5132 873[52 “Aignment Wark
614]5261 744[5131 EZIS] Positve)
615(5260 745[5130 875]DUMMY 17
616]5250 746[5120 876/DUMMY 18 Circl (Posiive]
617]5258 747]5128 877]DUMMY19
618]5257 7a8[St21 8761VGLDUM3 p—
619]5256 749]5126 879]G239
[525¢ ST 880/G237
621[S264 751[5124 881(G235
622[5253 752[S123 8821G233
623(5252 753[S122 883]G231
624[5251 st 8841G229
625(5250 755[5120 885(G227
626(5249 756]1 886/G225
627[5248 757]sT 887]G223
628[5247 758ST 888]G221
629]5246 759/ST 889/G219
52 760/ 890/G217
631[5244 761[ST 891(G215
632[5243 762]ST 8921G213
633]5242 763]ST 893]G21 1
[S24 76451 894]G2
635(5240 76551 895/G207
523 766/S1 896/G205
637[s238 767]5108 807/G203
‘6385237 768[S107 808(G201
630]5236 769]5106 809]G159
52 770[5105 500[G197
641/5234 771[5108 501[G195
642(5233 772]5103 902/G193
643]5232 773/5102 903]G191
644[5231 774]S101 904]G189
645(5230 775(5100 905/G187
5221 776599 906/G185
‘647[5208 777]598 907/G183
‘648[S207 778[S67 908]G181
‘6495226 779(5%6 509]G179
52 s 910[G177
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BUMP Arrangements
31 35
BUMP | 177 o
1 1 1
1 1 1 77
AT
S1 ~ $528 117 oo 40
G1~ G240 T
1 1 1
R N R IV R 44
1 1 1 2
PESUREL $=2387um
Unit: um
54
. :
: :
! 1
I/0 pins 100 : §
: :
. Min.80 ,
2
S=5400um
Unit: um
80
:
TESTO1~ 4 0 I
2
S=6400um
Unit: um
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Block Function

1. Syteminterface

The HD66789has fve high-speed ssteminterfaces: 8-system 18-/16-/9-/8-bitbus and Sera Peipheral
Interface(SPI) port. Theinterface node is seleatd wih IM3-0 pins.

The HD66789has three registers: it index regster (IR), 18-bit write-data register (WDR), ah18-bt
read-data regist (RDR). The IR stres irdex nformation from cortrol registers and BAM. The WDR
tenmporarily stores data towrite into the @ntrolregisters ard GRAM, andthe RDR tenporarily stores dita
read fom GRAM. Data written ito GRAM from the MPU is frst writteninto the WDR and hen
aubmatically written nto GRAM by internaloperatio. Since daa are readthrough the RDR fom GRAM,
the datareadoutfirst are ivalid dataand he ensuig data are read dunormally.

The executbn ime for instructions other than osdition start $ 0-clock cycle, viich enabés conseclitely
writing instructons.

Regster Seletion (8/916/18 Paallel Interf aces)

80-system Bus

WR* RD* RS Operation

Write index to IR

Read internal status

Write to the control registers or GRAM through WDR
Read from GRAM through RDR

0
1
0
1

|k OO

1
0
1
0

Valuesof CSand VLD during RAM Write

CSs* VLD Operations

0 0 Write data to GRAM. RAM address is updated.

1 0 Not write data to GRAM. RAM address is not updated.
0 1 Not write data to GRAM. RAM address is updated.

1 1 Not write data to GRAM. RAM address is not updated.

Note 1) The VLD setting is only effective with RAM write instructions.

Regster Seletion (Serial Peripheral Interface)

Start bytes

R/W RS Operations

0 0 Write index to IR

1 0 Read internal status

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

Rev.0.12, May 09 2003, page 18 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789 Preliminary

2. External Display Interface

The HD66789incorpaates R® andVSYNC interfaces as aaxternainterface br displaying noving
pictures. Wien R@-I/F is selectedthedisply operation is execuéd in synchrorization with the
externally supplied sigals, VSYNC, HSYNC, andDOTCLK. The dsplay data (PDOL7-0) are written
accading to the valesof the dita enale signal (ENABLE) and dta vald signal (VLD) in synchronzation
with VSYNC, HSYNC, andDOTCLK signals. This daa write method allows flicker-free sceenupdate.
When VSYNC-I/F is selectedoperations dher thartheframe synchronizaton by VSYNC sigral are
synchronizedwith intemal clocks. Thedisplay daa are wittento GRAM througha systeminterface In
this case, tare are castrints onthetiming and nethods ofRAM updake. See the Extemal Display
Interface”secion for more detals.

Switching between coaventonal systeminterfaces andxernal dsplay inerfaces is rade throudh
instructions. An optimum interface s selected viether the sceenis displaying noving a still pictures.
All data written tlrough RGB-I/F arewrittento GRAM. Therebre, daa is transnittedonly when the
screen is &ing updaed, which reduces theanount of daa transmssion, thereby savng power when
moving pictures ag beingdisgdayed.

3. Bit Operations

The HD66789supparts a wite dat mask function thatselects ath writes dita inno GRAM by bit, and
performs logical gperation or condtional rewriteon the cortents & compare registers arthe dita towrite
to GRAM. Fordetaik, see théGraphics Operation Functions” sectian.

4.  AddressCounter (AC)

The aldres cainter (AC) assgns adires o GRAM. Whenan addess skinstiuction is witten nto thelR,
the address imfmation is sent fromthe IR to the AC.

After writing dcata into GRAM, the ACis autonatically updited gus or ninus 1 The AC is nd updated
when the daga are readfrom GRAM. Window addresguncion enabés data wite orly in the receangubr
area ofGRAM specifed by the window address

5. Graphics RAM (GRAM)
GRAM is a gaphics RAM thatstoresbit-patem dataof 176 x 240bytes with 18 bits per pixel.
6. Gray scak paver supply woltage generating circuit

The gayscale votagegeneratia circuitgeneratesdjuid crystal dive vdtageaccordingto the gayscake
dat set inthey-correcion register, enabing 262 144-color display. For detds, see th “y-Correction
Regstef’ secion.

7.  Timing Generator

The iming generator gen@tes tming siguals for the gerationof internal circuits s.ch as GRM. The
timing for display operation sud as RAM readnd he intemal operaton timing such as accessdm MPU
are gemratedin a wayto awid mutual interfere. Theanterface sgnak (M, FLM, CL1, BQ, DCCLK,
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DISPTMG,and SFTCLK) are gematedinternally, and gpart ofthesignak is output througha leel
transbrming circuit.

8. Oscilation Circuit (OSC)

The HD66789can provile R-C oscilation sinply by placing anexternal acillation-resstor betneen OSC1
andOSC2 jns. An appopriate oscilation frequency br operating voltage, dsplay size, anérane
freguency can beobtaned ly adusting the externatesistor vale. Clak pulses can &suppled exernally.
Since RC oscillation is halied duing the standp mode, currentconsunption will be reduced Fordetals,
see tle “Oscillation Circui” sectia.

9. LCD Driver Circuit

The LCDdriver circuitof HD66789 consiss of a528-ouput source driver (5~ S528 ard a 29-output
gak driver (G1 ~ G20). Diplay pattern dita are latcbd when 28-bit data arrive.The latcted data
cortrols source drigr ard gererates drive waveforms. The gagé driver, whch gperates disply scanselects
either VGHor VGL level to ouput. The skft direction of outputting 528 bits from source driver is
changeabé with the SS bi. The shit direction of gate driver scansichangable vith the G5 bit. The scan
mode d gate driver is chngeake with SM bt. Selecian apropriate shit directionandmode for an
asserhly.

10. Liquid crystal drive power supplycircuit

The LCDdrive mpwer supjy circuit of HD6678 geneates voliage, \0, V31P, V3LN, VGH, and \tom
requred for driving LCD.
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GRAM Address MAP

ol«~|a ~Nlolololc (Nl |w|lo|n]|o

sGpin | 5|S|3|3|8|8|5|8|3|5|5|0 [ S o e R85 88|88]S
DO |OID|OD[(OD|OD|D[D|NO

Gs=olos—1|PD  PD[PD  PD|PD  PD[PD  PD PD  PD|PD _ PD|PD _ PD|PD  PD
17 .. 0|17 .. 0]17 .. 0|17 .. 0 17 ... 0017 ... 0|17 .. 0|17 .. 0

G1_| G240 | "0000"H | "0001"H | "0002'H | "0003'H |...... "00AC™H | "00AD"H | "00AE'H | "00AF'H
G2_[G239 | "0100°H | "0101"H | "0102"H | "0103"H "01AC"H | "01AD"H | "OTAE'H | "01AF'H
G3 [G238 | "0200°H | "0201"H | "0202"H | "0203'H "02AD'H | "02AE'H | "02AF"H
G4 | G237 | "0300"H | "0301"H | "0302"H | "0303'H "03AD"H | "03AE"H | "03AF'H
G5 [ G236 | "0400"H | "0401"H | "0402"H | "0403'H "04AD'H | "04AE'H | "04AF"H
G6_|G235 | "0500"H | "0501"H | "0502'H | "0503'H "05AD"H | "05AE"H | "05AF'H
G7 [ G234 | "0600"H | "0601"H | "0602"H | "0603"H "06AD'H | "06AE'H | "0BAF"H
G8 [G233 | "0700'H | "0701"H | "0702'H | "0703'H "07AD'H | "07AE'H | "07AF'H
G9 [G232 | "0800"H | "0801"H | "0802"H | "0803"H "0BAD'H | "0BAE'H | "0BAF'H
G10 [G231 "0900"H | "0901"H | "0902"H | "0903'H "09AD'H | "09AE'H | "09AF'H
G11 G230 | "OAO0H | "OAOT"H | "0A02'H | "0A03"H "0AAD'H | "OAAE"H | "OAAF"H
G12 [G229 | "0BOOH | "0BOT"H | "0B02'H | "0BO3'H "OBAD'H | "0BAE'H | "OBAF"H
G13 [G228 | "0CO0"H | "0COT"H_| "0C02"H | "0C03"H "0CAD"H | "OCAE"H | "0CAF'H
G14 G227 | "0D0O0"H | "ODOT"H | "0D02"H | "0D03"H "0DAD'H | "0DAE'H | "ODAF'H
G15 G226 | "OE00'H | "OEOT"H | "0E02'H | "0E03'H "OEAD'H | "OEAE'H | "OEAF'H
G16 G225 | "OFO0"H | "OF01"H | "OF02"H | "OF03'H "OFAD'H | "OFAE'H | "OFAF'H
G17 G224 | "000'H | "00T"H | "1002'H | "1003'H OAD'H | "{0AE'H | "T0AF"H
G18 [G223 | "100°H | ™101"H | "1102'H | "1103'H "1AD'H | "11AE'H | "11AF"H
G19 [G222 | "1200'H | ™201"H | "1202'H | "1203'H T2AD'H | "12AE'H | "12AF"H
G20 G221 | "1300'H | "1301"H | "1302'H | "1303'H "T3AC'H | "13AD'H | "13AE'H | "13AF'H
G233 G8 | "0800'H | "0801"H | "0802"H | "0803'H "EBAC'H | "EBAD'H | "EBAE'H | "EBAF'H
G234 | G7_| "0900"H | "0001"H | "0902"H | "0903'H "EOAC'H | "EOAD'H | "E9AE'H | "E9AF'H
G235 | G6 | "EAO0'H | "EAOT'H | "EA02'H | "EA03'H "EAAC'H | "EAAD'H | "EAAE'H | "EAAF'H
G236 | G5 | "EBO0'H | "EBOT'H | "EB02'H | "EB03"H "EBAC'H | "EBAD'H | "EBAE'H | "EBAF'H
G237 | G4 | "ECO0'H | "ECOT'H | "EC02'H | "EC03'H "ECAC'H | "ECAD'H | "ECAE'H | "ECAF'H
G238 | G3 | "EDOO"H | "EDOT"H | "ED02"H | "ED03"H "EDAC'H | "EDAD'H | "EDAE'H | "EDAF'H
G239 | G2 | "EE00'H | "EEOT'H | "EE02'H | "EE03'H "EEAC'H | "EEAD'H | "EEAE'H | "EEAF'H
G240 | G1 | "EFO0'H | "EFOT'H | "EF02'H | "EF03'H "EFAC'H | "EFAD'H | "EFAE'H | "EFAF'H

GRAM addressand display panel position §S =0")
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HD66789

Preliminary

80-System 18-Bit Interface

DB|DB| DB|DB| DB| DB| DB| DB| DB| DB| DB | DB| DB| DB| DB | DB| DB| DB
GRAM Data |17|16|15|14|13|12|11l10| 9| 8| 7| 6| 5| 4| 3| 2| 1| 0|
YV V V V V VYV Y VvV Y Y Y Y Y Y Y Y YVYY
RGB
Arrangement R5| R4| R3 R2|R1 | RO Gsl G4| G3 Gz| G1|GO B5| B4| B3 Bz| B1 | BO
Output pin S(3n+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 pB| DB | DB| DB| DB| DB | DB| DB
17| 16| 15| 14| 13 8 7 6 5 4 3 2 1
VVYVYY ¢\4\4\< VY VY VYVYYY
RGB
Arrangement R5| R4| R3| R2 | R1 G5 G4 G3 G2| G1 | GO B5| B4| BB| Bz| B1 | BO
Output pin S@n+1) S(@3n+2) S(3n+3)

80-System 9-Bit Interface
15t Transmission

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

2" Transmission

DB
15

DB

GRAM Data
16 14

DB
13

DB | DB
17

DB
9

DB
9

DB

12 |11 17 (16 |15 |14 |13 |12 |11 |10

DB
10

DBlDB| DB|DB|DB|DB|DB|

DB|DB|

YV V V VY

A y v VY

YV YV Y Y ¥V X A Y V V V N

RGB

Arrangement R5 | R4 | R3 | R2 | R1 |

RO GO BS|B4|B3|BZ|B1|BO

G5lG4|G3 G2|G1

Output pin S(3n+1)

S(@3n+2) S(38n+3)

15t Transmission

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

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

2" Transmission

B [ DB [ DB [DB [ DB DB pe 0 pe|ps|oe|pe|oB]DB]DB] DB
GRAM Data | 47 16|15 14|1| l | |17|16|15 14|13|12|11|10|
vvvvwk\\ rwvwvvvv¢
RGB
Arangemont R5| R4| R3| R2| | Gs G4 G3 ez| 61 | Go B5| B4| B3 | B1 | B0
Output pin S @n+1) S@n+2) S(@3n+3)

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

GRAM data and RGB assignment (SS =

”O”, BGR - non)
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Preliminary

HD66789

PD

18-bit RGB interface

5 |4

1 |0

3 |2

PD
11 |10

17

GRAM Data
14 (13 |12

16 [ 15

9 |8 [7 |6

YV V X

Y Y YV Y VY

YV VY

|BS|BZ|B1 |BO

YV V Vv X

5|R4|R3

RGB

2|R1|R0 G5|G4

|G3 2|G1|G0 BS|B4

S (3n+3)

Arrangement

Output pin S(Bn+1)

S(3n+2)

PD
1

3 |2

16-bit RGB interface

PD

PD
16

13

GRAM Data PD | PD
15 [ 14 11

17

10

7 |6 [5 |4

9 |8

y V.V

YV V V¥

A V¢

2|B1|BO

A A 4

VY vww*w
G

RCB 5|R4|R3 2|R1|R0

5|G4|G3

2|G1|G0 BS|B4

|B3

S(3n+3)

Arrangement

S@n+1)

S(3n+2)

Output pin

6-bit RGB interface

PD

397,
PD

PD PD
12

13

15T,

PD |PD
12

17

16 |15 [14

PD

PD
12

15

GRAM Data PD
16 14 |13

17

17

16 |15 |14 [13

Y VVVYVVY

AR

YV V V X

YV V VY

RCB R5|R4|R3 R2|R1|RO

G5|G4|G3|G2|G1|G0

S(@3n+2)

BS|B4|BS|BZ|B1|BO

S(3n+3)

Arrangement

1
Output pin S@En+1)

GRAM data and RGB assignment (SS = “0”, BGR =*“0")
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HD66789 Preliminary

ol«|a ~Nlolololc|a|le|s|w|lo|n]|o

SGpin 5|38 |B|B|B|6|3|B|&|5H|H | (o0 S8 (8|58|8(8(3|8
N |OOBIO|O|IOIO|O| v

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 ... 017 ... O 17 ... 017 ... 0f17 ... 0J17 ... ©

G1 [G240 | "00AF"H [ "00AE"H | "00AD"H | "00AC"H "0003"H | "0002"H [ "0001"H "0000"H
G2 |G239 | "01AF"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 | "04AF"H | "04AE"H | "04AD"H | "04AC"H "0403"H | "0402"H | "0401"H "0400"H
G6 [G235 | "05AF"H [ "05AE"H | "05AD"H | "05AC"H "0503"H | "0502"H [ "0501"H "0500"H
G7 |G234 | "06AF"H | "06AE"H | "06AD"H | "06AC"H "0603"H | "0602"H | "0601"H "0600"H
G8 [G233 | "07AF"H [ "O7AE"H | "07AD"H | "07AC"H "0703"H | "0702"H [ "0701"H "0700"H
G9 [G232 | "08AF"H | "08AE"H | "08AD"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 | "0AAF"H | "0AAE"H | "0AAD"H | "0AAC"H "0A03"H [ "0A02"H | "0A01"H | "OA00"H
G12 |G229 | "0BAF"H | "0BAE"H | "0BAD"H | "0BAC"H "0B03"H | "0B02"H | "0BO1"H | "0BOO"H
G13 [G228 | "0CAF"H | "0CAE"H | "0CAD"H | "0CAC"H "0C03"H | "0C02"H | "0CO01"H | "0C00"H
G14 |G227 | "ODAF"H | "0ODAE"H | "0DAD"H | "0DAC"H "0D03"H | "0D02"H | "0DO1"H | "0D00"H
G15 |G226 | "OEAF"H | "OEAE"H | "0OEAD"H | "0OEAC"H "0E03"H [ "OE02"H | "OEO01"H | "OEO00"H
G16 |G225 | "OFAF"H | "OFAE"H | "OFAD"H | "OFAC"H "OF03"H | "OF02"H | "OFO1"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 | "EBAE'H | "EBAD'H | "EBAC'H "0803"H | "0802"H | "0801"H | "0800"H
G234 | G7 "E9AF"H | "E9AE"H | "E9AD"H | "E9AC"H "0903"H | "0902"H | "0901"H "0900"H
G235 | G6 | "EAAF"H | "EAAE"H | "EAAD"H | "EAAC"H "EA03"H | "EA02"H | "EA01"H | "EA00"H
G236 | G5 "EBAF"H | "EBAE"H | "EBAD"H | "EBAC"H "EB03"H | "EB02"H | "EBO01"H | "EBO0"H
G237 | G4 | "ECAF"H | "ECAE"H | "ECAD"H | "ECAC"H "ECO03"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 "EE03"H | "EE02"H | "EEO01"H | "EEO00"H
G240 | G1 "EFAF"H | "EFAE"H | "EFAD"H | "EFAC"H "EF03"H | "EF02"H | "EF01"H | "EF00"H

GRAM addressand display panel positon (SS="1", BGR “1")
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HD66789 Preliminary

80-system 18-bit interface

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 8 7 6 5 4 3 2 1 0
A y V V V V X
RGB
R3|R2|R1|RO|G5(G4|G3|G2|G1]|G0 B2 |B1 | BO
Arrangement
_ S (528 - 3n) S (527 - 3n) S (526 - 3n)
Output pin
Note: n = lower eight bits of address (0 to 175)
80-system 16-bit interface
DB DB | DB
GRAMData 17" | 16 |15 |14 |13 [12 |11 |10 8 [7 |6 |5 [4 [3 [2 [4
Y Y Y VY * Y V vV VY Y Y YN ¢
RGB [R5 | R4 | R3 | R2 1|R0 G5|G4|G3|G2 G1|GO B5 B3 |B2 [B1 | BO
Arrangement
- S (527 - 3 -
Output pin S (528 - 3n) ( n) S (526 - 3n)

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

80-system 9-bit interface

1%t Transmission 2" Transmission
GRAM Data |pB | D8 | DB | DB | DB | DB | DB | DB | DB [DB |DB |DB [DB |DB |DB |DB |DB |DB
17 [16 [15 [1a |13 [12 [11 |10 |9 |17 |16 |15 |14 |13 |12 [11 |10 |9
y V V VV VYV VVYVYVYVYVYY
RGB (g5 R4|R3|R2|R1|R0 G5 G4|G3|G2 G1|GO B5 B4|BS|BZ|B1|BO
Arrangement
) S (528 - 3n) S (527 - 3n) S (526 - 3n)
Output pin

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

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

[ 1* Transmission T 2° Transmission 1

DB |DB (DB (DB |DB DB | DB | DB DB
17 (16 [15 |14 [13 [12 |11 |10 17 |16 115 | 14 | 13 [ 12| 11 ] 10

Y YV VYV Y XN *\\\ YV VY V VYV Y ¢
RO G5|G4|GS|GZ

RGB |Rs5 | R4 |R3 | R2 [ R1 G1|co|B5|B4 |B3|B2|B1]|BO
Arrangement

GRAM Data

S (528 - 3n) S (527 - 3n) S (526 - 3n)

Output pin

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

GRAM data and RGB assignment (SS = “1", BGR = “1")
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HD66789 Preliminary

80-systemWs§ (3 transmissions / pixel, 262k color mode : TRI = 1, DFM1 - 0 =10)

15T i | 2n Transmission 34T
GRAM Data|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

=

YV V V V V V V V V V VvV VvV Y Y VvV VY VY

RGB
Arrangement | R5[ R4| R3[R2 | R1 [ RO| G5( G4| G3( G2| G1( G0O| BS( B4| B3| B2| B1 [ BO

Output pin S (528 - 3n) S (527 - 3n) S (526 - 3n)

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

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

—_—
15! Transmission 20 Ty issi 3 Transmission

GRAM Data |pD [ 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

iVVV V¢VVVVVViVVVV¢
RGB

Arrangement |R5| R4| R3| R2 |R1| RO| G5| G4| G3( G2| G1( GO | BS| B4| B3| B2| B1| BO

Output pin S (528 - 3n) S (527 - 3n) S (526 - 3n)

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

GRAM data and RGB assignment (SS = “1", BGR =“1")
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HD66789 Preliminary

18- bit RGB interface

GRAM Data( 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 | 7 [ 6 [ 65| 4 [ 3| 2 | 1 0

V V V V V V V V V V V V V V VYV V V XN

RGB| ps| Ra| R3|R2 |R1 | Ro| 65| Ga| 63| 62| 61| Go| B5| B4 | B3| B2| B1 | BO
Arrangement
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|PD
17 16| 15| 14| 13 M110) 9| 8| 7| 6| 5| 4| 3] 2 1

VVVVV‘VVVVVVVVVVV¢

RGB | 5| Ra| R3|R2|R1| RO| G5| Ga| G3| 62| G1| Go| B5| B4| B3| B2 | B1]| BO
Arrangement

Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin

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

6- bit RGB interface

FEE — i — T
GRAM Data [pp | 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 | 13 | 12

YV V. V V V V V V VvV VvV VYV Y VvV Y VYV Y VYY

RGB
Arrangement | R5 | R4 | R3[R2 [R1| RO G5| G4| G3| G2| G1| GO| B5| B4 | B3| B2| B1| BO
Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin

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

GRAM data and RGB assignment (SS = “1”", BGR ="1")
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HD66789 Preliminary

Instructio ns

Outline

The HD66789adapts &-bit bus architeatre thatenabés hich-speedinterfacingwith a Hgh-perbrmance
microcomputer. Data senfromexternal(1&16/9/8 bits) are stored teporarily in the instruction register
(IR) andthe dita register (DR) to ste controlinformation before intemal operation starts. Since irtemal
operation is decidd accading to the signalsent fom the mcrocomputer, register selean sgnal(RS),
read/wite signd (R/W), andinternal 16-bi databus sigial (DB15to DBO) are callednstructon. GRAM
is accedthroughinternal 18bit da& bus. There are eghtcategoies d instuctions:

Secify index

Readstatus

Corirol display

Control power management

Process grapbs data

Setinternal GRAM addess

Trarsfer data b andfrominternal GRAM
Setgrayscale ével for internal grayscaley-adjustment

© N oM wDN R

Normally, the7" instruction towrite dsplay datds executd the nost frequently. The adres o internal
GRAM is updatedautamatically after data are writen tothe nternalGRAM. With the window address
funcion, this redeesthe anourt of dat transnissian to minimum ard therely lighters the bad o the
progam in the nicrocomputer. Siice instructdns are exeded i 0 cycle, it is possibleto write
instructions consecutely.

As the following figure show, theassignment to the 16 instiuction bits 1B15-0) varies accordig o the
interface h use. An instiuction must adgt the daé format for each interface.
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HD66789 Preliminary

80-system 18-bit interface

GRAMData| DB| 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| 8 7| 6| 5| 4| 3| 2 1 0

Y YV VYV Y YV VY l Y V VYV VYV Y Y VY l
Instruction Bit (IB)| 1B 1B| IB| IB| IB| IB| IB| IB BB |IB[IB|IB|IB|IB]|IB
15| 14| 13| 12( 11[10] 9| 8 7|6 5|4 312 1 0

80-system 16-bit interface

GRAM Datal 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|1 7|16|5|4|3]2]1
YV VY YV Y Y Y YVY YV YV Y VY Y VYY
Instruction Bit (IB)| 1B [ IB| 1B IB| IB| IB|IB|IB B|IB|IB|IB|lIB|IB|IB|IB
15 14| 13| 12 11| 10| 9 | 8 71654 3] 2 1 0

80-system 9-bit interface
I 15 Transmission T 20 Transmission 1

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

VY VVYVYVYYVYY l Y YV YV Y VYV YVY i
Instruction Bit (IB)| 1B [ B | IB| IB| 1B |IB|IB|IB B|IB|IB|IB|IB|IB|IB|IB
151 1413|1211 [10| 9 | 8 716|5]|4]3]2 1 0

80-system 8-bit interface / SPI(2/3 transmissions)

[ 1+ Transmission I 27 Transmission 1
GRAM Data|DB |DB |DB |DB (DB |DB | DB | DB DB|(DB| DB|DB| DB| DB| DB| DB
17 |16 |15 |14 (13 |12 [ 11 | 10 171 16| 15| 14| 13| 12| 11| 10
Y V VYV Y Y Y YVYY VYV VYV Y Y VY Y Y Y
Instruction Bit (IB)| 1B | 1B [ 1B | IB|IB|IB|IB|IB B|IB|IB|IB|IB|IB]|IB|IB
1511413121110 ]| 9 8 7 6 5 4 3 2 1 0

Instruction bits

Instructio ns

The fllowing are dedil explaratiors of instructions wih illustratons ofinstruction bits (IB15-0)assigned
to each mterface.

Ind ex

The ndexinstructbn sgcifiesthe ndex(RO0h to R4Fh) ofcontol register ancdRAM cortrol. It sesthe
register nmber ﬁoWﬂ in birery form. Donottry to acces 1 the register to vhich the
index s notassigned.

RW RS IB15 [B14 1B13 [B12 IB11 [B10 IB9 [1B8 IB7 1B6 IB5 B4 1B3 B2 [B1 IBO

w | o sk | k| k| k| % | % |%|%|sx|mD6|ID5|IDa|ID3|ID2|ID1|IDO
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Status Read
The staus read istruction read the nternal satus ofthe HD6789

L7-0: Indicatethe msition d rasterrow driving liquid crystal

RW RS [B15 [B14 IB13 1B12 IB11 IB10 IB9 [B8 IB7 1B6 IB5 1B4 IB3 B2 [B1 1BO

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

Start Oscillation (ROOh)

The stat oscillation instructon restarts thescillabr in ahalt state duing the stantly-maode. Ater
executing this instructon, waitat leastlO s for stalilizi ng cscillation before isauing a nextinstructon.
For detdis, see th “Standby Mod:” section

“0789"H is read oy if this register is brcedto readout.

RW RS 1B15 IB14 1B13 IB12 IB11 IB10 IB9 B8 IB7 IB6 IB5 IB4 IB3 B2 IB1 IBO

Wl L sk | sk | sk | sk | sk | k| k| k[ ok [k [k |k |k |k |x |1

Driver Output Control (RO1h)

RW RS 1B15 IB14 [B13 B12 IB11 IB10 IB9 B8 IB7 1B6 IB5 1B4 B3 B2 IB1 IBO

W | 1 0 |VSPLIHSPL | DPL| ERL[SM | GS | SS| © 0 0 | NL4| NL3|NL2|NL1|NLO

SS Select e shit direcion of outputs from the source driver. Wen SS = Othe shit direction d outputs
is from S1 b S528. Whe SS = 1the shit directionof oufputs sfromS528 to S1 In addtion b theshift
direcion, the satngsfor hath SSand BQR bits are requred to changehe assigment of R, G B dds to

the source drigr gns. Toassign R, G, Bdoats b the urce driver ms inerchangeally from S1,set SS =0,
BGR =Q Toassign R, G B dats o thesourcedriver pirs interchaigealy from S528, st SS = 1BGR = 1.

GS: Select e shit direcion of outputs from the gatedriver. The scaonrderis changable h accadarce
to thescanmode by thegate diver. Sekct anoptimum shift direcion for the asserly.

SM: Setthe scarorderby the gae driver. Selecan ogimumscanorder br the assetoly. For detds, see
“Scan Male Settig”.
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EPL: Setthepolarity of ENABLE pin while using W.

EPL ="0" : ENABLE = “Low” / Write data b PD170.
: ENABLE = “High” / Datawrite invalid.
EPL ="1" : ENABLE = “High” / Write dita toPD17-0.

: ENABLE = “Low” / Data write invalid.

The llowing &ble shavs therelationship betweenEPL, ENABLE, VLD and RAM acces.

EPL ENABLE VLD RAM write RAM address
0 0 0 Valid Updated

0 0 Invalid Updated

0 1 * Invalid Hold

1 0 * Invalid Hold

1 1 0 Valid Updated

1 1 Invalid Updated

VSPL: Invert the plarity of signalfor VSYNC pin

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

HSPL: Invert the pokbrity of sigral for HSYNC pin.

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

DPL: Invert the pohiity of sigral for DOTCLK pin.

DPL="0" : Dat are readin synchronizaion with the rising edje ofthe DOTCLK.
DPL="1" : Data arereadin synchronizaion with the falling edgeof the DOTCLK.

NL4-0: Specif/ the number of LCD drive rasger-rows. The mmber of drive raster-rows is chageableby 8

multiples. The GRAM addressnapping is independent d this setthg. Sekct a nmber of rasterrows so

that the dispay sizecovers the sizof a panel
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NL bits
NL4 NL3 NL2 NL1 NLO Display Size Liquid crystal Gate driver lines
drive Used
raster-row s
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-G24
0 0 0 1 1 528 x 32 dots 32 G1-G32
0 0 1 0 0 528 x 40 dots 40 G1-G40
0 0 1 0 1 528 x 48 dots 48 G1-G48
0 0 1 1 0 528 x 56 dots 56 G1-G56
0 0 1 1 1 528 x 64 dots 64 G1-G64
0 1 0 0 0 528 x 72 dots 72 G1-G72
1 1 0 0 0 528 x 200 dots 200 G1-G200
1 1 0 0 1 528 x 208 dots 208 G1-G208
1 1 0 1 0 528 x 216 dots 216 G1-G216
1 1 0 1 1 528 x 224 dots 224 G1-G224
1 1 1 0 0 528 x 232 dots 232 G1-G232
1 1 1 0 1 528 x 240 dots 240 G1-G240

Note 1) A front porch period (set in the FP register) and a back porch period (set in the BP register) will be
—inserted as a blank period before and after driving all gate lines

LCD Driving Wave Fam Control (R02h)

RW RS [B15 IB14 IB13 [B12 IB11 IB10 IB9 [B8 IB7 IB6 IB5 1B4 IB3 B2 IB1 1BO

w 1 0 0 0 0 |FLD1JFLDO|B/C | ECR| O 0 [NW5| NW4|NW3|NW2| NW1| NWO

FLD1-0: Specif the nunber offields duing nHfieldinterlaceddrive. Far details, seehe ‘interlaced dive”
secton.

This function is nd availablewhenan exérnal display interfaceis selected In the externabisplay
interface node, nake sure FLD1-0= “01”
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FLD1-0

FLD1 FLDO Number of Fields

0 0 Setting disabled
0 1 1 field

1 0 Setting disabled
1 1 3 fields

NW5-0: Specify n,the rumber of rastefrows fom 1 to 64 to alternate eery n+1 rasterows when C-
patern waeformis generatedB/C = 1).

EOR: WhenEOR =1 ad a C-pat&m wavebrm is generated (B/G1), anoddevenframe seletsigral
andan nrasterrow inverson signal ae AC-driven. Thiinstructon is availabe wten liquid crystal AC
drive is notmade depading onthecombination of numbers of LCD drive raser-rows andthe \alue d “n”
of n-raster-row inversion AC drive. For dddils, see t-rader-row inverson AC drive”.

B/C: WhenB/C =0, a feld AC waveform is generated. Alternaton occursevely frame whendriving liquid
crystal. WherB/C=1, dternatian ours every n raser-row. For dedils, see tk “n-raster-ow Inversion
AC Drive” sectbn.

Entry Mode (RO3)
Compare Regster 1 (R04h)
Compare Regster 2 (RO5h)

RW RS [B15 [B14 [IB13 1B12 [B11 IB10 IB9 [B8 IB7 IB6 IB5 1B4 IB3 B2 [IB1 1BO

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

w 1 0 0 [CP1CP1(] CP¢| CP8| CP7| CPE 0 0 |CP5 | CPs| CP:| CPz| CP1| CRO

w 1 0 0 0 0 0 0 0 0 0 0 | CP1i|CP1¢|CP1t|CP1¢|CP1:|CP1:

The HD66789modifies wite dda senfrom the nmicrocomputer befre writing to GRAM. This enables
high-speed ®AM data uplate,and reducede load onthemicrocanputer software. For details, seethe
“Graphics Operatn Funcion” section

TRI: RAM write daa are transmitted in 3 imes through8-bitinterface whenTRI = 1. When8-bit
interface nodeis notselected, set TRio 0.

DFM1-0: Specfy the dita format for the RAM write data tarsmissionwhenTRI = 1 (8-bitinterface node
only).

DFM1-0 =“10": 262k mode (6hit x 3 ransnissons)
DFM1-0 =“11": 65 mode (5,65 bits transrissions)
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HWM: When HVM=1, data are writterto GRAM in high speed. In igh-speedvrite node,4 wards are
written b GRAM in a singke operatn ater execling4 RAM write gperations. If RAM write is
termnatedbefreit is executed4 imes, he lastdata vill notbe writen. Make sure tat RAM write is
executed4 times. For thé reasonthelower 2bits rmust ke set to“0” when seting the RAM address. For
detils, see High-Speed RM Write Mode” secion.

I/D1-0: Theaddressounter is autonaticaly incremrentd by 1, after dad are writtento GRAM when I/D1-
0="1". The adires cainter is atomatically decrementedby 1, ater data are vitten b GRAM when
I/D1-0="0". An indepencent seiing for the increnert or decement d the addess couter can le madeto
the upper (AD15-8) and e lower (AD7-0) bits of the addess. Theddresdrarsition direction when data
are writen toGRAM is set wih AM bits.

AM: Setthe drecion of updaing addresgountr automatically after dag are wittento GRAM. When
AM = "0, the address coter is updited in the horizantal direction. When AM =“1", the addess couter
is updaked in the \ertical drecion. When the window addresss specifed,data are writtn b the GRAM
area speciédby the windowaddess inthe manner specitd with I/D1-0, AM bits.

TRI |DFM1 |DFMO 8-bit interface data format
First transmission Second transmission
0 0 0 I DB17l DBWGI DB15l DB14l DBWS[ DB12[ DB11l DB10] I D517l DB16[ D815l DB14l DB13] DB12] DB11[ DBWOI
1 1 1 I I 1 T T T 1
¥V vV v v v NN ¥V b v ¥ ¥ b b
[R5]R4lRSIRZIR1lRO[GS[GdlG3]CﬁlG1IOJIB5[B4IB3]B2]B1IBO]
0 * * Setting disabled
1 0 * Setting disabled
First transmission Second transmission Third transmission
[ DB17l DBWG] DB15] DBMI DB13] DBW?[ DBW7] DB16[ DBWS] DBM] DBH[ DB12] DB17l DBWG] DB15] DBMI DBWS] DB12]
1 1 0
R5[R4lRS[RZ]R1lRO]GSIG‘llG}l@lGWlGOle’[EMlBSl52151180]
. First transmission Second transmission Third transmission
I DB17l DEHG] DB15] DB14l DB‘\S] DE!12l DEH'/] DB16[ DEMS] DB‘M] DB13] DB12] DB17l DEHG] DB15] DB14l DB‘\S] DB12]
T T T T T T T T T
] vV % Vv v v v v v ¥V V¥
[R51R4lRS[R2[R1lRO[GS[GA[GB]&[G1[GJ[BS[BA[BS]BZ[B1]BD]

8-hit interface dat format
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HD66789
1/D1-0="00" 1/D1-0="01" 1/D1-0="10" 1/D1-0="11"
horizontal : decrement horizontal : increment horizontal : decrement || horizontal : increment
vertical : decrement vertical : decrement vertical : increment vertical : increment
0000h 0000h 0000h 0000h
— - > >
s = —— D——ia e
AM="0 — — —_— ————
horizontal — — — —_——
- ~. \ L- /:
EFAFh EFAFh EFAFh EFAFh
0000h 0000R 0000n 0000h
CANAAA A ArAAAt A 1
AM="1" \ | ,
vertical A ) )
R'A - YYYYVYY YYYYY VY
‘EFAFh EFAFh EFAFh EFAFh

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

Address frransition direction

LG2-0: Rewrite daato GRAM after conparing the dda that are writterby the nicroconputer to GRAM
with the vdues inthe canpare registers@QP17-0) andperforming logicaloperaton. For deails, seehe

“Graphics Operatin function”
CP17-0: Set te valie for the conpare egister, wth which the dita read otifrom GRAM or datawritten

to GRAM by the microconputer are copared. Thsfunction is nd avalable with the externatlisply
interface node. h theexternal dsplay inerface node, nake sure LG2-0 =000".

BGR: Reverse therder from R, G, B © B, G, R 0 the 18-bitdatato write toGRAM. Whensettig BGR
=1, CP17-0 and WM17-0 hts will be autanatically changd to thesame effect.

18 bits
0|O|0l0|0|0|0|1|1|1|O|O|1|1|1|0

YYvYvYvvvyvyvvvevvey

Conversion between RGB and BGR (BGR)

Y YV Y Y YV YV VY Y YY Yy

Compare operation (with compare register)
LG2-0 = 110: Replacement of matched write data
LG2-0 = 111: Replacement of unmatched write data

VYVVYVYVVYVVYVVYYVY

Write data mask (WM17-0)
Y VYV VVVYVVYVVVYVYVYYY

GRAM

Write data to GRAM Nete )

Logical operation (write data)

Logical/compare operation
LG2-0 = 000: Replacement

(LG2-0)

Write data to
GRAM (WM17-0) Nete 2)

Note 1) Data write to GRAM is executed by 18 bits. Logical operation is also executed by 18 bits.
As to the assignment of bits, see the description regarding each bit data bus interface.
Note 2) Write data mask (WM17-0) is set with the RAM write data mask register.

Logic/Compare Operation

Rev.0.12, May 09 2003, page 35 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789 Preliminary

Display Control 1 (RO7h)

RW RS [B15 [B14 IB13 [B12 1B11 [B10 IB9 B8 IB7 IB6 IB5 1B4 1IB3 B2 [B1 IBO

W 1 0 0 0 [ PT1{ PTO|VLE2IVLEY SPT| O 0 [GON|DTE| CL |REV| D1 | DO

PT1-0: Deternine the khd d souce aitput in a nan-display aeain the partialdisphy mode. For details,
see tle “Screen-spli drive function” sectian.

PT1-0 bits

Source Output for Non-display Area

PT1 PTO Positi ve Polarity Negative Polarity

0 0 V31 VO

0 1 V31 VO

1 0 GND GND

1 1 High impedance High impedance

VL E2-1: When VLE1= 1, thefirst scee is scrolledin the \ertical drecion. When VLE2 = 1,the secod
screen is scrolleth the \ertical drecion. The frst and secod screens cawohbe scrolled simultaneoudly.
This function is nd availablewith theexternaldisplay inerface node. In this casemake sue VLE2-1 = 0.

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

CL: When CL = 18-color display modeis selected Fordetaik, see thé8-Color Display Mode” secton.

CL Bit
CL Colors
0 262,144

SPT: When SPT = 1, ligid crystal is driven wih 2 split scieens. For details, seehte “ScreenSgit Drive
Functon” secion. This functonis notavaikble in the exernal disply interface node. h this cag, make
sure SH =0.
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REV: WhenREV =1, a reverse disay is shavn. Inverting the gayscde leels allows thedisplay of
sane data m bath normally white ard namally blackpanes. The sotce aitput during front, back pach
periads andblank periods during the 2split-screen dsplay is nade in accordance ith settings with PT1-0
bits.

Saurce Output in the Display Area

Source Output in the Display Area*

REV GRAM Data Positive Polarity Negative Polarity
18’h00000 \{31 VO
0 | f |
18'h3FFFF VO V31
lS’hQOOOO VO V31
1 | :
18’'h3FFFF \/.31 VO

Note: The output on the source lines during the front and back porch periods and blanking of the partial
display is determined with PT1-0 bits.

GON: When GQON = 0, the gte-off level is GND.

DTE: WhenDTE = 0, theDISPTMG ouputis fixed b GND.

GON Bit DTE Bit

GON Gate Output DTE DISPTMG Output

0 VGH/GND 0 Halt (GND)

1 VGH/VGL 1 Operation (Vcc/GND)

D1-0: The gaplics dispay ison when DL = 1, anl off whenD1 = 0. Whersetthg D1 = 0, he dat are
retaired in GRAM. This neans te graphicsdinstarily redisplayed whensettig D1to1. When DL is O
(i.e.,the dsplay is of) all the souce aitputs are set ttheGND level. This reduceé chargeftliscrarged
current m LCD, acconpaniedby the liquid crystal AC drive.

When D1-0 =01, he HD66789 catinues tle internal disply operation, everwhile theexternaldisplay is
off. When D1-0 = 00, bah the internal dsplayoperatims andhe exemal dsplayoperation are hakd.

In combination with GON ard DTE bis, D20 bits caontrol ON/OFF of disply. For detils, see lte
“Instruction Setthg Flow’ sectim.
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D1-0
D1 DO Source Outpu t HD67789 Gate-Driv er Control Signals
Internal Operatio ns (CL1, FLM, and M)
0 0 GND Halt Halt
0 1 GND Operate Operate
1 0 Unlit display Operate Operate
1 1 Display Operate Operate

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

Note 2) In the standby mode, D1-0 = "00". However, the D1-0 register setting before entering standby
modes is retained.

Display Control 2 (R08h)

RW RS [B15 IB14 1B13 I1B12 IB11 IB10 IB9 B8 1B7 1B6 IB5 1B4 IB3 B2 IB1 1BO

w 1 0 0 0 0 | FP3| FP2| FP1 FPQ O 0 0 0 | BP3 [ BP2| BP1| BPO

FP3-0/BP3-0:Make seihgs for blank periods (the font andbackporches)which are plaed at be
begnning and el of the disphy. FP30 andBP3-0 Iits spediy the rumber of rasterrows for the front ard
badk parch respecively. When naking this settirg, make sure:

BP + FP = <16Gastertows
FP >=2 raster-rows
BP >= 2 rasterows

In the externabisply interface node, the lack pach (BP) starts an the falling edge of VSYNC signal,
followedby display operatin. After displaying the number of rader-rows set wih NL bits,the font porch
starts. Ater the front porch,a blark periodensues mtil an nputof nextVSYNC signal.
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FP and BP

FP3 FP2 FP1 FPO Number oflines forthe Front Porch
BP3 BP2 BP1 BP0 Number oflines forthe Back Porch

0 0 0 0 Setting disabled
0 0 0 1 Setting disabled
0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 Setting disabled

Back porch

Display area

Front porch

Note: The output timing to the LCD panels is delayed two raster-
rows from the input of synchronization signal.

External display interface
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BP3-0, FP3-0 Setng

Set BP3-0, FPB bits as bllows eachn the following operation nodes.

Operatio n 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

Display control 3 (RO%h)

RW RS [B15 IB14 IB13 1B12 IB11 [B10 IB9 IB8 IB7 IB6 I[B5 1B4 IB3 B2 [B1 1BO

w 1 0 0 0 0 0 0 0 0 0 0 |PTG1|PTGQISC3|ISC2| ISC1| ISCO

PTG1-0: Set he gaé scan nade when ron-disgday area is dven.

PTG1 PTGO Gateoutputinnon-display Source ou tputin no n-display Vcom output

area area
0 0 normal scan PT setting VcomH/VcomL amplitude
0 1 VGL (fixed) PT setting VcomH/VcomL amplitude
1 0 interval scan PT setting VcomH/VcomL amplitude
1 1 setting disabled
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ISC 3-0: Setthe fequency ofjatescanwhen the gate scamode inthe ron-dispby area is settthe
interval scatmode with PTG bits. The scaifirequeng always occus per odl frames which is setith ISC
bits, andinverted pdarity is applied as tle gatdine is scanned

Gate scanfrequency

ISC3 ISC2 ISC1 ISCO Scan freque ncy (f FLM) = 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 frame 451 mS
1 1 1 0 29 frame 484 mS
1 1 1 1 31 frame 518 mS

Frame Cycle Control (ROBh)

RW RS IB15 IB14 1B13 [B12 [B11 IB10 IB9 IB8 IB7 1B6 IB5 [B4 1B3 B2 [B1 IBO

w 1 NO1|NOO [SDT1 SDTQ EQ1| EQO |DIV1|DIVO| O 0 0 0 |RTN3RTN2| RTNIRTNQ

RTN3-0: Setthe H (1 rager-row) period.

RTN3 RTN2 RTN1 RTNO Clock Cycles per Raster- row

0 0 0 0 16 clocks
0 0 0 1 17 clocks
0 0 1 0 18 clocks
1 1 1 0 30 clocks
1 1 1 1 31 clocks
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DIV 1-0: Set he diision ratio of clocks br internal operatbns (DM 1-0). Internal gerations are in
synchronizaton with theclock, thefrequeng of which is dvided accading to the DIV1-0 seting. Frane
frequency can beadjustel in cormbination with theadjustment of 1H period (RTN 3-0). Wken clangirg the
number of drive rasterrows, adjust the fame frequencytoo. Fa details, see “Frane Frequeng
Adjustrrent Furction”. When he RGBinterface is selectedhis function is not availade.

DIV Bits and Division Ratio

DIV1 DIVO Division Ratio Internal Operatin g Clock Freq uency

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

fosc = R-C oscillation frequency

Formula for the frame fequency
fosc
Frame frequency = [HZ]
Clock cycles per rasterew x division ratiox (Line + BP +FP)

fosc: R-C oscillation fequency

Line: nunber of drive rater-rows (NL bit)
Division ratio: DIV bit

Clock cyclesper raster-row: RN bit

FP: the nunber of rater-rows in therbnt porch
BP : thenumber ofrager-rowsin the bak porch

EQ1-0: Equalizing peiiod is prolonged ashe number of clocks specifed with EQ1-0 bfs. The
equlization signalis ouput only with the alernating current

EQ Bits
Equalizing period
EQ1 EQO Internal Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with 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

SDT1-0: Deternine the amount of delay br the source aput fromthefalling edge 6 the gae output.
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SDT Bits
Delay Time for Source Signal
SDT1 SDTO Internal Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with 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 amount of delay for the source output is measured from the falling edge of the CL1.

- 1H period > - 1H period

_y

B
Gn !i
B

Source output delay ———#
equalizing period —»

Saurce autput delay and equalze period

Note 1) In internal operation and VSYNC interface modes, the reference clock is the internal operating clock.
In RGB interface modes, the reference clock is DOTCLK.
NO1-0: Specify the anount of non-overlaptime for the gae output.

In the internal operation ard VSYNC interface nodes, tle reference clok is the intemal opgerating clock
In the RGB nterfacemode, thereference clockis DOTCLK.

NO Bits
Non-overlap time
NO1 NOO Intern al Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with 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.
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- 1H period > - 1H period Ll

Non-overlap period

External Display Interface Gontrol (ROCh)

RW RS

IB15 1B14 [B13 I1B12 [B11 IB10 IB9 1B8 IB7 IB6 IBS5 [B4 IB3 B2 IB1 B0

w

1

0

0 0 0 0 0 0 RM| O 0 [DM1|DMO| O 0 | RIMYRIMO|

RIM 1-0: Speciff the RGBI/F mode when he RGBinterface is selectedSpecifcally, this setthg
specfies he RGBinterface node when itis selectedy setting DM and RM hits. The settig must be
made bebre thedisply operation throughtheexternal dsplay inerface. @ nat make a sethg during

RGB Interface Mode

18-bit RGB interface (one-time transfer/pixel)

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

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

disgay.

RIM Bits
RIM1  RIMO
0 0

0 1

1 0

1 1

Setting disabled

Note 1) The instruction register setting is possible only through a system interface.
Note 2) Data transmission and input of DOTCLK in the 6-bit RGB interface mode should be executed by

RGB.
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DM 1-0 Specify the display operationmode. Thenterface throuf which dsplay operatin is executeds
seleced wth DM1-0 bis. This sethg enabés switching betweeninternal clock operation and etemal
displayinterface. Switcling within the exemal display interfacemodes (betweenRGB-I/F andVSYNC-
I/F) camotbe nede.

DM Bits

DM1 DMO Display Interface

0 Internal clock operation
1 RGB interface

0 VSYNC interface

1 Setting disabled

0
0
1
1

RM: Speciy the nterface br RAM acceses. RAM is accessile orly throughthe nterfacespecified wih
RM bit. Whenthedisplay datas written tirough R@-1/F, set RM= 1. The RM-bitsettirg canbe nade
irregpectiveof the dsplay operatio mode. This means the dsplay datacan beupdded tirougha system
interface een duing the dispay period throughRGB interface ly setthg RM = 0.

RM Bit

RM Interface for RAM Access

0 System interface/VSYNC interface
1 RGB interface
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Settihg for externaldisplay interface cotrol allows seleting an gtimum interface br the kind o display
as bllows. When dsplayinga noving picture (RGB-I/FN SYNC-I/F), the disphy dat must be written n
the hidh-speed node (HWM = 1) which enabés high-speedRAM aaces with low power casunption.

Display state and interfaces

Display State Operatio n Mod e RAM Access Display Operation Mode (DM1-0)
(RM)

Still pictures Internal clock System interface  Internal clock operation

operation (RM=0) (DM1-0 = 00)

Moving pictures RGB interface (1)  RGB interface RGB interface
(RM = 1) (DM1-0 = 01)

Rewrite still picture RGB interface (2)  System interface RGB interface

area while displaying (RM =0) (DM1-0 = 01)

moving pictures.

Moving pictures VSYNC interface System interface  VSYNC interface
(RM = 0) (DM1-0 = 10)

Note 1) The instruction register setting is made only through a system interface.
Note 2) Switching between RGB-I/F and VSYNC-I/F cannot be made.
Note 3) The RGB-I/F mode settings is not changeable during RGB I/F operation.

Note 4) For details on the transition flow between operation modes, see the “External Display Interface”
section.

Note 5) Use the high-speed write mode (HWM = 1) during the write operation in RGB-I/F and VSYNC-I/F
modes.

Internal clock operaion mode

All display operatims ae controlied ky sigrals generatetly the nternal cbck in internal cbck geration
mode. All inputs throuch the exernal display interfaceare invalid. Tre internal RAM isaccestible aily
through asysteminterface

RGB interface mode(1)

Displayoperatia is cantrolled by the fame synchronization dock (VSYNC), line synchrorzing signal
(VSYNC), anddotclock (DOTCLK) in the RGBinterface node. These simls nust ke supplied
throughaut the display operationin this node.

All display data are storedhithe internal RAM, transnitted with PD17-0 bits bypixel. The canbination
with the high-speed wite node aml window addressunction enalbes simiultaneous dsplay of both moving
picture areaand he intemal RAM area. The d& are transitted aly whenthe screensibeingupdated,
therely reduchg the owerall datatransmissionto ninimum.

The periods ofthe front (FP) andback(BP) porches andhe dsplay periodNL) are autonatically
gererated in theHD66782by countingthe cbck d line sywchronizing sighal (HSYNQ) in accordancéo
the frame synchronking signal (VSYNC). Transnit pixel data with PD 17-0 hts in accordance ith the
seting specified abwoe.
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RGB interface mode(2)

When R@-I/F is selectedRAM data are chayeabe throudh the systeminterface. Ths write operation
must bepeiformed while display data are nobeirg transnitted throudh the RGB-IF (ENABLE = High).
When revertingrom thesysteminterfacemode to the daa transnission throughthe R@ interface, nake a
newsettng for the adires setand ndex(R22h) ater changirg the abrementionedsettings.

VSYNC interfacemode

The nternaldisplay ogration is synchronzed wih the frame-synchronizing sigral (VSYNC) inthe
VSYNC interface node. By writing cata toRAM ata fixedspeed ornthefaling edge & VSYNC, it
endles moving pictures disy with asysteminterface. In this ca®, there are soetonstraingin the
RAM write speecandmethods. For detils, see lhe “ExternalDisplay Interface”secion.

In the VSYNC-VF mode, only VSYNC input isvalid. Other input signals for the exemal displayinterface
are imvlid.

The font porch (FP) back mprch (BP) periods ath display peiiod (NL) ae adonmetically generatedn
accadarce tothe fame synchronizing sigral (VSYNC) accordig to theregistersetting of HD66789.
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Power Contol 1 (R10h)
Power Contol 2 (R11h)

RW RS 1B15 IB14 [B13 1B12 IB11 IB10 IB9 IB8 1IB7 IB6 IB5 1B4 1IB3 B2 IB1 IBO

w 1 0 |SAPZSAP1 SAPO O | BT2|(BT1|(BTO| O |AP2(AP1|APO| O |DK | SLP|STB

w 1 0 0 0] 0 0 |DC12|DC11{DC1q 0 [DC02DCOYDCO0| O |VC2| VCi| VvCo

SAP2-0:Adjust the anount of fixed currert from thefixed curent souce d operatioral anplifier for the
souce diver. Whentheanount of fixed currentis set érge, the peratioral anmplifier will stakilize, while
the curent corsumption will increase. Sele@n gtimum anount of curenttaking bah the display quality
andthecurrentconsunption into accouh. During non-disgay operaton, set SAP29 =“000" to halt the
operation of operatioml anyplifier, toreduce te curen corsumption.

SAP Bits and theamount of current for the Op-amp

SAP2 SAP1 SAPO Op-amp Current SAP2 SAP1 SAPO Op-amp Current
0 0 0 Halt 1 0 0 1 (fixed)

0 0 1 Setting disabled 1 0 1 1.25 (fixed)

0 1 0 0.62 (fixed) 1 1 0 1.43 (fixed)

0 1 1 0.71 (fixed) 1 1 1 Setting disabled

BT2-0: Chang thestep-up scal®f the stepup circuit Adjust the scale aardingto the vdtage Snaller
scale onsuneslessr curent.

DC02-00: Sekct tre operating frequency br the step-ugircuit 1. The higher frequency enhares the
drive capacy of step-upcircuitaswell asthe dsplayquality, while the curentconsumption will increase.
Adjust the frequency taking toth the dsplayquality and he curert corsumption into corsideration

DC12-10: Sekct tre operating frequency br the step-ugircuit 2. The higher frequency enhates the
drive capacy of step-upcircuitaswell asthe dsplayquality, while the curentconsunption will increase.
Adjust the frequencytaking toth the dsplayquaity and he curent corsumption into corsideration

AP2-0: Adjust tre anount of fixed curent from the fixed curentsource of operatimal anplifier for the
liquid crystal dive powersupply. When te anount of fixed curent s set large, tte liquid crystal drive
capacity will be erhancedand the display qality will improve, whie the currert corsumption will increase.
Selectan ogimum anpunt of current &king both the disphy quality andthecumrentconsunption into
accaint. Durirg non-display operatin, setAP2-0 = “000” to hat the operatin o operatond amplifier to
reduce cuentconsunption.

DK: Contol theoperatia of the gep-up cicuit 1. Wken tuning a the pover supply, stopthe start p of
VLOUT1 for a moment, andwait for anenoudy time until VLOUT?2 is stablized before starting yp
VLOUTL. For detils, see tk “Power Syply Settirg Flow” section.
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SLP: When SLP =1, the BI66789enters inb the sleep rade. In thesleep node, nternaldisplay
operation is haled excepthe R-C oscilhtor toreduce curert corsumption. Only power corirol
instructions

(BT2-0, DC2#0, AP2-0, SLP, STB, \€2-0, VRH4-0, VCOMG, VDV4-0, and \CM4-0 bits) are excuted
during the sleepmode. Nochang is mede tothe GRAM data or irstructions duringthe séep node,
althowgh it is retaired.

STB: WhenSTB = 1, he HD66789 ertersinto thestandby node. In he stanlby mode, disgay operation
is canpletely haled, anl all internal operaton including the nternalR-C oscillator and receptn o
external clock puse, is Rlted. Fo details, see the Standby Mode” secion. Onl instructions to release
the stantly mode (STB = 0) ard to stat oscillation are acceptl duing the standip mode. Changs in he
GRAM data or instructons diring the stanlby mode are siscetible todestructio. These changs stould
be mede aferreleasinghe ¢andbymode.

VC2-0: Adjust thereference votage br VLEG10OUT, VciOUT voltages to he ogimum ratio of Vci.

AP2 AP1 APO  Amount of c urrent in operationa | amplifie r

0 0 0 halt
0 0 1 setting disabled
0 1 0 0.5 (fixed)
0 1 1 0.75 (fixed)
1 0 0 1 (fixed)
1 0 1 1.25 (fixed)
1 1 0 1.5 (fixed)
1 1 1 setting disabled
DC02 DCO01 DCO0O0 Step-up circuitl DC12 DC11 DC10 Step-up circuit?2

step-up frequ ency step-up freq uency
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
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BT2 BT1 BTO VLOUT1 VLOUT4 VLOUT2 output VLOUTS3 output Capacitor
output output (VGH) (VGL) connection pins
(DDVDH) (VCL)
0 0 0 Vcil x 2 Vceil x -1 DDVDH x 3 - (Vcil+DDVDH x 2)  DDVDH, VGH, VGL, VCL,
[x2] [x-1] [x 6] [x -5] Cl1t, C12#, C21%, C224,
0 0 1 s ° DDVDH x 3 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 6] [x —4] C11#, C12+, C21, C22¢,
0 1 0 3 ° DDVDH x 3 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 6] [x-3] C11#, C12+, C21#, C224,
0 1 1 3 ° Vcil +DDVDH x 2 - (Vcil+DDVDH x 2)  DDVDH, VGH, VGL, VCL,
[x 5] [x 5] C11t, C124, C214, C224,
1 0 0 s 3 Vcil +DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 5] [x —4] C11#, C12+, C21, C22¢,
1 0 1 ° ° Vcil +DDVDH x 2 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 5] [x-3] C11t, C124, C214, C224,
1 1 0 3 3 DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 4] [x —4] C11#, C12+, C21, C22¢,
1 1 1 3 ° DDVDH x 2 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 4] [x=3] Cl11#, C12+, C21+

Note 1) The numerals in the bracket [ ] show the step-up scale from Vcil.

Note 2) The capacitor connection pins are step-up capacitors which are necessary for DDVDH, VCL, VGH,
VGL voltages.

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.)

VC2 VC1 VCO Step-up circuit 1 DK  Operation of
step -up frequ ency step-up circuit 1

Vi 0 Operation
0.92 x Vci 1 Halt

0.87 x Vci

0.83 x Vci

0.76 x Vci

0.73 x Vci

setting disabled

RP|lRPr|RP|P]J]O|O|O|O
PP O|OlFr|F,|O|O
R|O|RP|O]JFr,|O|Fr|O

setting disabled
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Power Control 3 (R12h)
Power Control 4 (R13h)

RW RS 1IB15 [B14 1B13 IB12 1B11 IB10 IB9 [B8 I[B7 IB6 IB5 B4 1B3 B2 [B1 IBO

W 1 0 0 0 0 0 0 0 0 0 0 0 [PON [VRH3|VRH2|VRH1|VRHO
VCO
W 1 0 0 MG VDV4 VDV3|VDV2 VDV1 VDVO| 0 0 0 [VCM4|VCM3| VCM2[VCM1{VCMO

PON: Start geration of VLOUT3. To st operation, set PON = 0. Togtart operatia, setPON=1.

VRH3-0: Set the scale dr anplifying VLOUT1 voltage (theeference votage br VCOM and gayscde
voltage). REGP voltage is amlified by 1.33~ 2775times.

VCOMG: When VCQMG = 1, \comlL outputs a rgative voltage(1.0V ~ Vci+0.5V Max.). When
VCOMG = 0, the arplifiers for the neyative vokage & halted, thereby savirg power consurption. When
VCOMG = 0, ®ttings with VDV4-0 bits are inalid. In this cas, to adjustAC anplitude ¢ Vcom, make
settngs with VCM4-0 hits (VconH settng). VCOMG = 1is valid when PON = 1.

VDV4-0: Setthe AC anplitude d VcomduringVcomAC drive. Theanplitude can ke specifedwithin
the range o 0.6 ~1.23times of VREG1QJT. When VCOMG = 0, this setting is irvalid.

VCM4-0: SettheVconH voltage (Thehigher voltage duing Vcom AC drive). The wltage carbe
specfied within the rangeof 0.4 ~ 0.98imes d VREGLOUT. WhenVCM4-0="11117, the internal
volume adustrent operation is halted, andheVcomH valtage can ke adjwst by placing anexternakesista
from VcomR.
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VRH3 VRH2 VRH1 VRHO VREG1OUT voltage
0 0 0 REGP x 1.33
REGP x 1.45
REGP x 1.55
REGP x 1.65
REGP x 1.75
REGP x 1.80
REGP x 1.85
halt

REGP x 1.90
REGP x 2.175
REGP x 2.325
REGP x 2.475
REGP x 2.625
REGP x 2.700
REGP x 2.775
halt

RlRr|r|Rrlr|r|r|r|lo|lo|o|o]lo|lo|o]|o
Rrlr|r|rlolo|lo|lo]lr|r|r|r|]lo|lo|lo
Rr|lr|lo|lolr|r|lo|lolr|r|lo|lo]lr|r|lo
rlo|lr|olr|lo|r|lolr|lolr|o]lr|olr
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vcmM4  vem3  vemz  vemi  vemo  VeomH vDv4 vbvda vbv2 vbvi  vovo Vcom amplitude
0 0 0 0 0 VREG1OUT x 0.40 0 0 0 0 0 VREG10UT x 0.60
0 0 0 0 1 VREGI1OUT x 0.42 0 0 0 0 1 VREG10UT x 0.63
0 0 0 1 0 VREG1O0UT x 0.44 0 0 0 1 0 VREG1O0UT x 0.66
0 1 1 0 0 VREG1O0UT x 0.64 0 1 1 0 0 VREG1O0UT x 0.96
0 1 1 0 1 VREG1O0UT x 0.66 0 1 1 0 1 VREG10UT x 0.99
0 1 1 1 0 VREG1OUT x 0.68 0 1 1 1 0 VREGI1OUT x 1.02
0 1 1 1 1 Halt internal volume. 0 1 1 1 1 Setting disabled
Adjust with a variable
external resistor from
VcomR.
1 VREG1OUT x 0.70 1 0 0 0 0 VREGI1OUT x 1.05
1 VREG1OUT x 0.72 1 0 0 0 1 VREG1O0UT x 1.08
1 0 0 1 0 VREG1OUT x 0.74 1 0 0 1 0 VREG10UT x 1.11
1 0 0 1 1 VREG1OUT x 1.14
1 1 1 0 0 VREG1O0OUT x 0.94 1 0 1 0 0 VREG1OUT x 1.17
1 1 1 0 1 VREG1OUT x 0.96 1 0 1 0 1 VREG1OUT x 1.20
1 1 1 1 0 VREG1OUT x 0.98 1 0 1 1 0 VREG10UT x 1.23
1 1 1 1 1 Halt internal volume. 1 0 1 1 Setting disabled
Adjust with a variable
external resistor from
VeomR. 1 1 * * * Setting disabled
Note 1) Adjust VREG1OUT and VCMO0-4 to set VcomH the same level as VDH or less.
Note 2) Adjust VREG1OUT and VDVO0-4 to set the amplitude of Vcom 0.6V or less.
RAM AddressSet R21h)
RW RS 1B15 IB14 IB13 1B12 [B11 IB10 IB9 IB8 |B7 IB6 IB5 IB4 1B3 1B2 IB1 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: Make tte initial setting of GRAM address inhie adiress conter (AC). After GRAM data are
written, he adiress counter is aubmatically updatedaccordiry tothe setingswith AM, I/D bits and the
settng for a newGRAM address is noequired in the address coter. Therebre, data are written
corsecutivelywithoutresettng the adiress. Tle addressourter is notautamatically upddaed when data
are ead ou from GRAM.

GRAM address settig cannotbe nade duing the standdy mode An addresset shoutl bemadewithin
the aeaspecified with the window address.

When the RGBinterfaceis selectedRM = 1), the seting of the adiress ér AD15-0 is mede everyframe at
the falling edge of VSYNC. Whenthe nternalclock operatiom or VSYNCinterface is selecte(RM = 0),

the setthg d the address is ade when the instructon is execued.
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GRAM Address Range

AD15-ADO0O 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
“ECO0"H — “ECAF’H Bitmap data for G237
“EDOO0"H — “EDAF"H Bitmap data for G238
“EEO0"H — “EEAF'H Bitmap data for G239
“EF00"H — “EFAF’H Bitmap data for G240

Write Data to GRAM (R22h)

RMLRS I [ I I [ [ 1 [ [ [ [
W 1 RAM write data(WD17-0) The pn assgnment for DB17-0 variesfor eah interface (se below).
] ] ] ] ] ] ] ] ] ] ] ] ]
PD17 PD16PD15 PD14 PD3 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
RGB-I/E WD ( WD|wD |WD (WD |WD (WD |WD |WD (WD |WD |WD |WD | WD | wD| WD | WD | WD
mode: 17 1 1615 | 14 |13 (12 | 11 [ 10 | 9 8 7 6 5 4 3 2 1 0

WD17-0: All dataare expanced irto 18 bits internally before written b GRAM. Eachinterface has &
own way of expanding datato 18 hits.

The gaysak levé is seleckd accordig to GRAM data. The atdfess is atometically updatedaccordigy
to thesetting with the AM ard 1/D hits ater dateare witten b GRAM. During the stantdy mode, no
access is @wedto GRAM. When8 o 16 bit interface nodes is seleed, e datin the MSB ofR ard B
pixels are alsavrittento the LSBof R andB pixels respedively to expam the 8/16- bit data to the Bbit
da@internally.

During the RGBinterface nmode, when writing data to RAM througha systeminterface, nake sure taavod
corflicts betveen witing throudh the RGB nterfaceand writing throudh the systeminterface.

When the 18bit RGBinterface is selectedhe18-bitdata h PD170 bits are writén, anl 262,14} colrs are
avdlable. Wren the 16bit RGBinterface is selectedhedata h the MSB ofR andB pixels are also
written b the LSB d R ard B pxels respectiely, and65,536 cdors ae availabe.
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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
171 16| 15| 14| 13| 12| 11 10 9 8 7 6 5 4 3 2 1 0

V.V Vv X AR Yy VX A AR y ¥ y ¥ A y
Write Data
to oran | Wo| wo| wo | wo | wo | wo [wp | wo|wo|wb|wb|wo|wo|wo|wp|wo|wp|wp
17] 16| 15| 1413|1211 10] 9| 8| 7] 6l 5| af3]2]1]o0
V. _ V X V¥V _ ¥ V.V Vv X A V. VvV Vv X A A VY _ ¥
_ RGB |ps [Re |R3 |R2 |R1 | RO | G5 |64 |63 | G2 |61 |Go [B5 [Ba | B3 |B2|B1 |BO
Assignment
one pixel
16-bit interface (65,536 colors)
iNPUT | DB | DB | pB| pe| DB | DB | DB | DB pe| pe|pe|pe|oe|pB|DB|DB
17| 16| 15| 14| 13| 12| 11| 10 sl 76| 5|a|3|2]1

1O

Y VV VY Y V vV VY
Write Data [ WD| WD| WD | wD| WD | wD| wD | wD| wD| wD| WD | WD | WD [ WD [ WD | WD | WD | WD
toGRAM | 17| 16 15| 14| 13| 12| 11| 10| o 8 | 7 [ 6 | 5] 4| 3] 2| 1] 0

Yy V V V V V V V V V V V V V V V V VY

RGB [R5 [ 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 Transmission (Upper) 2nd Transmission (Lower)

INPUT | p | pB| DB | DB| DB| DB| DB| DB| DB | DB| DB | DB | DB | DB | DB | DB | DB | DB
17 16| 15 14| 13 12 11] 10| o |17 [ 16|15 |14 [13 |12 11 |10] 9

V V V V V V V V V V V VYV V VVYVY
Write Data | wD| wb| wb| wb| wb| wb| wp| wp| wo| wp| wp| wb | wb[wb|wb|wb|wb|wb
toGRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9| 8| 7| 6| 5| 4] 3| 2| 1]0

Yy V V V V V V V V V V V V V V V V VY

~ RGB |ps | Ra|R3|R2 |R1 |RO|G5|Ga|as|c2|at|co|Bs|B4|B3]|B2]8B1]BO
Assignment

one pixel

Write data to GRAM: Bit assignment
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8-bit interface (65,536 colors) TRI = 0, DFM1-0 = 00

18t Transmission (Upper) 2nd Transmission (Lower)
-1
INPUT (DB DB| DB | DB | DB | DB | DB | DB DB | DB| DB (DB | DB | DB | DB | DB
17| 16 15| 14| 13| 12 | 11 10 17| 16| 15| 14 | 13| 12 | 11 10

>
«
>
«
>
<
>
«
<

¢ v Vv

V V XN
wp| wo| wb| wo| wb|wb|wb|wb|wb|wb|wb|wb|wb|wb
13121110 9| 8| 7]6] 5|4

Write Data
to GRAM

33
53
a3
23

YV V.V V V V V V V V V VYV V VvV Y VYV VY

~ RGB ps|Ra|R3|[R2 |R1 [RO|G5|Ga|G3]|G2|c1|Go|Bs5|Ba|B3]|B2|B1]|BO
Assignment

one pixel

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

1st Transmission 2nd Transmission 31 Transmission
—_— —

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

Write Data | WD
to GRAM | 17

=
[S]
3
[S]
=
[S]

WD| wWD| WD WD| wD| WD| WD| WD|WD| WD|WD|WD|wD|WD
18| 12|11 10| 9| 8| 7| 6| 5| 4

o
-
o
N

YV V.V V V V V V V V V VYV V VvV Y VYV VY

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

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

1t Transmission 2 Transmission 3 Transmission
—_—

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

Write Data | WD| WD
to GRAM | 17| 16

3
[S]
=
[S]
3
[S]

WD| wD| wD| wD| WD WD| WD| WD |WwD|WD|wD|wWD|WD
12| 11] 10| 9| 8 4132

-
=)
N
N
w

V V.V V V V V V V V V V V V V V V VY

. RGB |R5 R4 |R3|R2 |R1 |RO|G5|G4a|G3|G2|G1|Go|B5|B4a|B3|B2|B1]|BO
Assignment

One pixel

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

inpuT [ PO o[ PO| PO] PO PD | PO PD| PO] PO PO PD[ PD| PD[ PD] PO PD [ PD
17| 16| 15| 14| 13 110 9| 8| 7

12 6| 5|43l 2[1]o0
VYV VYVYY A VY VYV VY VYV VX

Write Data | wp| wb| wp| wb| wb| wb| wb| wb| wo| wb| wb| wb| wb| wb| wb| wb| wb| WD

toGRAM | 17| 16| 15| 14| 13| 12| 11| 10| of 8| 7| 6| 5] 4| 3| 2[ 1] 0

VYV V V V V Y VYV Y VY Y Y Y YYYYVYY

RGB |R5 R4 [R3|R2 |R1 |R0|G5|G4|G3|G2|G1|Go|B5|B4|B3|B2|B1|B0O

Assignment
One pixel

The index register should be set when data is written in RGB-I/F mode.

16-bit RGB interface (65,563 colors)

PD|PD|PD|(PD|PD|PD|PD|PD|PD|PD|PD

M)]10]|1 9| 8| 7|6 |5|4]|3]|2]1

INPUT [ PD| PD| PD| PD| PD
171 16| 15| 14| 13

<
<

A A A A 4 YV V V V V V V VYV VY
Write Data | wD| WD| WD| WD| WD WD| WD WD| WD|WD|WD|WD|WD|WD|WD|WD
toGRAM | 17| 16| 15[ 14| 13 111101 9| 8| 7| 6| 5|4 3|2]1

VVVVV*VVVVVVVVVVV¢

~ RGB |ps (R4 |R3[R2 |R1|RO[G5|G4a|G3|c2|G1|co|B5|B4|B3|B2|B1[BO
Assignment

One pixel
The index register should be set when data is written in RGB-I/F mode.

6-bit RGB interface (262,144 colors)

1st Transmission 2 Transmission, 31 Transmission
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| 17 [ 16 15]| 14| 13| 12| 17| 16| 15| 14| 13 | 12
Write Data | wp| wp| wp| wp| wb| wb| wb| wp| wp| wp
toGRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9| 8
V VY VYV V V V V V V V V V V V V_ X

. RGB |rs5 R4 |R3|R2 [R1 |RO|G5|Ga|G3|G2|G1]|Go|B5|Ba|B3|B2|B1|BO
Assignment

One pixel

The index register should be set when data is written in RGB-I/F mode.

Write datato GRAM (RGB interface): Bit assignment
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GRAM data settings Grayscale GRAM data settings Grayscale
RGB Negative Positive RGB Negative Positive

000000 ) V31 100000 V16 V15
000001 (VO-V1)I2 (V30-V31)/2 100001 (V16-V17)/2 (V14-V15)/2
000010 V1 V30 100010 V17 V14
000011 (V1-V2)i2 (V29-V30)/2 100011 (V17-V18)/2 (V13-V14)/2
000100 V2 V29 100100 V18 V13
000101 (V2-V3)i2 (V28-V29)/2 100101 (V18-V19)/2 (V12-V13)/2
000110 V3 V28 100110 V19 V12
000111 (V3-V4)i2 (V27-V28)/2 100111 (V19-V20)/2 (V11-V12)12
001000 V4 V27 101000 V20 V11
001001 (V4-V5)I2 (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)I2 (V24-V25)/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)12
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 (V12-V13)/2 (V18-V19)/2 111001 (V28-V29)/2 (V2-v3)i2
011010 V13 V18 111010 V29 V2
011011 (V13-V14)/2 (V17-V18)/2 111011 (V29-V30)/2 (V1-V2)I2
011100 V14 V17 111100 V30 V1
011101 (V14-V15)/2 (V16-V17)/2 111101 (V30-V31)/2 (VO-V1)12
011110 V15 V16 111110 (V30-V31)/3 (VO-V1)/3
011111 (V15-V16)/2 (V15-V16)/2 111111 V31 VO

GRAM data and LCD output level
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RAM Acces through RGB-I/F and Systeml|/F

The HD66789writes alldisphy dat onthe screens tthe nternalRAM. This enabds the ranser of only
the datafor the nmoving picture aeaaswell asfor the frames br upditing screers throughthe RGB
interface. By writing data in the high speedvrite mode (HWM = 1) ard with the window addess @inction,
the HDG78 enaltes a hijh-speed access FAM with low power consunption while displayingmoving
pictures. In tk frames dher thanthemoving picture screen pdat, thedisplay datin the area dierthan
the noving picture aeacan beupdagd througha systeminterface

The RAM access is alspossibé throudp a systam interface een inthe RGB-I/F mode. Inthe REB
interface node, data are sitten b RAM in synchronizaton with the DOTCLK during ENABLE = “Low”.
When writing data h the RGB-IF mode troughthesysteminterface, it 8 necessarto setthe ENABLE
“High” to stqp writing throughthe R@ interface. Ater accessingo RAM throughthe syteminterface,
wait anenowgh time for thewrite/read s cycle bebre starting accesng to RAM throughthe RGB
interface. WhenRAM accesses thrgh the RGBand sygteminterfaces cofiict, therewill be ro guarartee
that dah are properlywritten b RAM.

Updating Updating

(both panels) (both panels
VSYNC L U L 1| ] LI
ENABLE
PD17-0 XXXAXX

RM=1]["Setting
of

address

Updating of area
other than moving
picture area

Index }
R22
- .

Setting of index
System interface Index RU=0 || Settng | | Index
oo of R22
address

B L - >
Updating or moving Updating still picture area*1 Updating or moving
picture area picture area

Note 1) When RGB-I/F is selected, the address setting is made at every falling edge of VSYNC.
Note 2) The address set and the index set must be made before the RAM access throught the RGB interface
Note 3) The high-speed write mode should be used in RGB-I/F and VSYNC-I/F modes.

2001/01/0100:00 M) I

Sttill picture area

Moving picture area

[=1>]

Updating Still Pictur e Area during Displaying a Moving Picture
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Read Data Read from GRAM (R22h)

RW _RS

| [ [ [ [ [ [ 1 [ [ [ I [
RAM Real data(RD17-0) The pin assignrent for DB17-0 varies for eah interface(seebelow).
] ] ] ] ] ] ] ] ] ] ] ] ]

R 1

RD17-0: Read 1&it data from GRAM. The lit assigment for the dat that are eadoutfrom GRAM is
differert accordimg totheinterface.

When dita are eadoutfrom GRAM to the microcomputer, tte first word read immediately ater GRAM
addess set are lefied i the internal readdata lath, ard thereby the datan the daé bus (DB170) are
nullified The secothword is read as vat data. When the HD66789 performs an internalbit procesing,
suchas logcal goeration, thedata &tchedin the read-dateaatch are usetb canplete it by sngle readout
operation. The da are expaded internally into 18 bits bebre going throughthe bgical operaton. When
the 8-/16bit interfaces are selected, GRAdAta h the LSBs ¢ R ard B pixels are nbread ot1 This
function is notavaibble in the RGB nterface node

18-bit interface
GRAMdata | oo | R4 | R3|R2 |R1 | Ro| 65| c4| 3| 62| 61| co| Bs| B4 | B3| B2| B1| BO
T
One pixel
YV VYV V VvV VY Y Y YV V V V VY Y Y Y YVYY
Read |rp|RD [RD|RD |RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD
data (17|16 15| 14|13 12]|11]|10| 9| 8|7 |6|5|4a]|3]2]1]0
y V.V f V.V V V X y V V V V VYV VvV VYV YV
Output |DB (DB | DB |DB (DB |DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB| DB
17|16 15|14 13| 1211|109 | 8| 7|6 ]| 5| 4]|3]2]1]0

Read data from GRAM

: Bit assignment
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16-bit interface

G%’:g R5| R4| R3|R2 |R1| RO| G5| G4 | G3| G2| G1| Go| B5| B4 | B3| B2| B1| BO
One pixel

YV YV V VY Y Y YY l l Y V V V VY VY

Read |rp | RD [ RD |RD | RD|RD|RD| RD [RD | RD|RD | RD|RD|RD|RD | RD| RD| RD

dataf 47| 16 | 15|14 | 1312|1110l 9| 8| 7| 6| 5| 4]|3|[2]1]0
y V.V y Vv !y V. V V X 'y V.V
Output | 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

9-bit interface

GRAM

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

-One pixel

x
o
Py
o
X
o
X
o
Y
o

Read |Rrp|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD
data |47 | 16 | 15

YV V.V V V V V V V V V VYV V VvV Y vV VY

Output |DB (DB (DB |DB (DB |DB|DB|DB|DB|DB (DB (DB |DB |DB DB | DB | DB | DB
17 (161514 (131211 [10| 9 |17 [16 [15 |14 |13 [12 |11 |10 | 9

|—15‘ Transmission—l—Znd Transmission—,
(Upper) (Lower)

8-bit interface / SPI

G%’;{‘g R5| R4| R3|R2[R1| RO| G5| G4| G3| G2| G1| Go| B5| B4 | B3| B2| B1 | BO
-One pixel
V VYV VVYVYYVY l i VV V VVYVYYVYY
Read |rp [RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD
data |17 (16| 15| 14| 13| 12| 11|10] 9|8 | 7|6 | 5|43 2] 1|0
wwwvw/ vV V VvV V VY VYYVY
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
|—15‘ Transmission—l—znd Transmission—,

(Upper) (Lower)

Real data from GRAM: Bit assignment
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First word

Second word

First word

Second word

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

and

v

Address: N set

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

First word

v

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

Second word

v

Address: M set

v

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

First word

v

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

Second word

i) Read data to the microcomputer

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

v

Address: N set |

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)
DB17-0 >GRAM

i) Logical arithmetic operacion inside HD66789

GRAM read sequence
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RAM Write Data M ask (R23h)
RAM Write Data M ask (R24h)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 IB9 B8 IB7 IB6 IB5 IB4 IB3 B2 IBL1 IBO
wli o | o [wm [ww |ww fwn fwm fwm | o | o [wWM [wm | wml wmfwm [wm
1110|9876 5 a4 | 3| 2]1]o0

wm [wm [wwm [ wm [wm [ wm

w1 Oy opof oy oy 1P 1 1y 0 114796 |15 14| 13| 12

WM17-0: Write-maskthe dita wren trey are writen to GRAM by bit. For exanple, if WM17 =1, te
WM 17 write-mask theMSB of the dah to write to GRAM so that the datain the MSB ae notwrittento

GRAM. Therest d WM16-0 hits alsowrite-mask the dag in the correponding hits when hese bis are set

to“1". For details, seehe “Graphics Opeation Fundion” section

The WM17-0 bits write-mask thedata b write to GRAM, which are e)panced, f necessry, into 18 hts.
This function is nd availablein the RGB-I/Fmode.

Write mask

Write data to
GRAM

WM| WM[WM| WM| WM WM| WM| WM[WM| WM|WM[WM| WM |WMWM| WM|WM|WM
17 (161514 (13| 12(11|10] 9 [ 8 | 7| 6| 5| 4] 3|[2]1 0
YV V.V V V V V VYV VvV V VvV VY Y Y YV VY
R5 |R4 [R3 |R2 [R1 (RO |G5 (G4 [G3 |G2 (G1 |GO |B5 (B4 |B3 |B2 [B1 [BO

One pixel

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

R/W RS 1B15 1B14 1B13 IB12 I1B11 IB10 B9 B8 IB7 I1B6 IB5 1B4 1B3 1B2 _IB1 IBO
R30 | W 1 oo 0 0 0 PKP [ PKP [PKP 0 0 0 0 0 PKP [PKP | PKP

12 | 11 |10 02 |01 | oo
PKP | PKP |PKP PKP [PKP | PKP
R31 | W | 1 ofo jo oo [ S 5 oo oo |||
PKP | PKP |PKP PKP [PKP | PKP
R31 | W | 1 ofo Jo oo [ el oo oo |0 m|alaw

R33 | W 1 o lo 0 0 0 PRP | PRP [PRP 0 0 0 0 0 PRP (PRP | PRP

12 | 11 |10 02 | 01 | 00
PKN| PKN PKN PKN | PKN|PKN
Raa | W | 1 ofo ool oSN ol ool ol o] ool
PKN| PKN| PKN PKN| PKN| PKN
R3s | W | 1 OO | O] 010 o a1|a0| @[O0 9 1 »|2] 20
PKN| PKN| PKN PKN| PKN| PKN

of o
R3s (W |1 O 1 9 O 2| s1]s0| OO O] O] [ a2]at] a0
ol o PRN | PRN|PRN PRN |PRN| PRN
Ra7 [W | 1 OO0 Ot | 221 [%]%)o2]|o01]00
rRas | w | 1 ol oo [VRP[VRPVRR|VRR[WRP| o | o | o | o |VRP|VRP|VRP|VRP
14 113 [12 | 11| 10 03| 02 | 01 | 00
R39 VRN | VRNVRN |VRN |VRN VRN VRN [VRN [VRN

W1 [Oo[0]0 [44 |13 |12 [11 |10 [0 | OO |0 03|02 |01 |00

v Control Instructions

PKP52-00 They fine adistnent registersdr positive pdarity.
PRPL2-00 : They gradien adustient registers ér positive pdarity.
PKN52-00 : They fine adjstnent registersdr negative pdarity.
PRN1200 : They gradien adustnent registers ér negative pdarity.
VRP1400 : The anplitude agustment registes for positive pdarity.
VRN14-00 : The anplitude adustment registes for negative pdarity.

For detdis, see thé&y adjustment’ sectian.
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Gate Scan Position (R40h)

RW RS

w 1

IB15 1B14 1B13 [B12 IB11 IB10 IB9

IB8 |B7 IB6 IB5 1B4 B3

B2

1B1

1BO

0 0 0 0 0 0

0

0 0 0| O |SON4|SON3

SN2

SCN1

SCNO

SCN4-0: Specif/ the pasition where tle gatedriver scan starts. Malan g@timum settirg for the cate

driverin use.

SC Bits andGate scan sart position

Scan Start Positio n

SCN4 SCN3 SCN2 SCN1 SCNO GS=0 GS=1
0 0 0 0 0 Gl G240
0 0 0 0 1 G9 G232
0 0 0 1 0 G17 G224
1 1 1 0 G209 G32
G217 G24
0 G225 Gl16
G1 G1
G57
G176
G240 G232
GS=0 GsS=0
NL =10101 NL =10101

SCM4-0 = 00000

Note: Set the value “NL + end position of the gate scan” does not exceed 240 raster-rows or more.

SCM4-0 = 00111

Rev.0.12, May 09 2003, page 65 of 156

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6192178/hd66789.html

HD66789 Preliminary

Vertical Scroll Control (R41h)

RW RS 1B15 1B14 1B13 IB12 |B11 IB10 B9 IB8 IB7 I1B6 IB5 1B4 IB3 1B2 IB1 IBO

W 1 0 0 0 0 0 0 0 0 |VL7|VL6| VL5| VL4 |VL3 |VL2|VL1| VLO

VL 7-0: Specif/ the nunber ofrastea-rows thatare scroled andcontol smoath scroling in the vertial
direcion. The nmber of rader-rows is spediedfrom0 to24Q0 The rasterows d the specifed number
are scolled duringdisphy. When he 28th raster+ow is displayed, thescrolling disphy starts afesh fom
the 1st rasterew. The number ofraster-rows thatare scrolled (VL7-0 canbe spedied when tte first
screen verticascioll enable bt VLE1= 1 or thesecand screen ertical scoll enablebit VLE2 =1. The
number of rastefrows is ixed (nat changeabd) whenVLE2-1 = 00. This function is rot available inthe
external display interfacemode.

VL Bits and Display-start Raster+ow

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Amount of Scrolling (Number of raster-ro w)

0 0 0 0 0 0 0 0 raster-row

0 0 0 0 0 0 1 1 raster-row

0 0 0 0 0 0 1 0 2 raster-rows

1 1 1 0 1 1 1 0 238 raster-rows

1 1 1 0 1 1 1 1 239 raster-rows

Note: When setting the number of raster-rows for scrolling, it must be 239 or less.

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

RW RS IB15 I1B14 IB13 IB12 IB11 IB10 IB9 IB8 IB7 1B6 IB5 1B4 1B3 B2 [B1 IBO

\ 1 SE17| SE1€| SE1f| SE14[ SE1I[ SEI2| SE11[SEL(|SS17|SS1€¢|SSH |SS14[SS1:|SS1:|SS1:|SS1(

W 1 SE27| SE2¢| SE2F| SE2¢| SE2%[ SE2Z| SE21[SE2(| SS27| SS2¢| SSH| SS24(SS2!|SS2:|SS27|SS2(

SS17-10: Speciy the start psition for driving the first screen by lie The Iquid crystalis drivenby from
the gatedriver of“the setvalue + 1'.

SE1740: Specify the end psition for driving the first screen B line. Thdiquid crystalis drivenby to the
gak driver of“the set value + 1”. For istance, vihen SS17-Q = “07"H andSE17-10= “10"H, the iquid
crystalis drivenfromG8 b G17, andblad display isdriven fom G1 to G7,and A8 thereafer. M&ke
sure thaSS17-10< SE1740 < “EF’H. For detds, see théScreen-glit Drive Funciton” section.
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S7-2: Speciy the start psition for driving the secondcreen ly line. Tke liquid crystal is driven by
fromthe gatedriver of“the sewalue + I'. The secnd screen isniven when SPT = 1.

SE27-20: Specify the end psition for driving the secondcreenby line. The liquid crystd is driven by to
the gatedriver of“the setvalue + T'. For instane, when SH = 1,and SR7-D = “20"H, SE27-20=
“4F"H, the quid crystalis drivenfrom G33to G80. Make sure tht SS1#10< SE1740 < SR7-20<
SE27-D < “EF’H. Fordetails, see the Screen-glit Drive Funcion” secion.

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

RW RS 1B15 I1B14 1B13 1B12 IB11 IB10 B9 IB8 IB7 1B6 IB5 B4 IB3 IB2 IB1 IBO

W 1 |[HEA7|HEAGHEASHEA4HEA3HEAZHEALHEAO HSA7| HSA6|HSAS|HSA4 HSA3|HSA2|HSAL HSAQ

W 1 |[VEA7|VEAGB|VEARVEAAVEAIVEAAVEA1VEAQD|VSA7 VSAGVSASVSA4VSA3IIVSA2(VSATVSAD

HSA7-0/HEAT7-0: Specify thestart/end msitions ofthe window-addess ange n the horizonal drection
by addess. Dat are writtento GRAM within the aeadeternined ty the addressespecified ty HEA7-0
andHSA7-0. These address must ke set befre RAM write. In seing these ks, meke sure that “00’h <
HSA7-0 < HEA7-0< “AF"h.

VSAT7-0/VEAT-0: Specify the start/engostions of the window-addres rang in the vertcal drection by
addess. [&ta are writtn toGRAM within the area detminedby the addesses spedéd by VEA7-0 and
VSA7-0. These adesses mstbe set bfore RAM write. In setting these bits, meke sure tht “00”h <
VSA7-0< VEA7-0< “EFh.

HSA HEA
0000h | I
) 1
V27 N ; !
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 space EFAFh

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

Note 2) In the high-speed write mode, data are written to the GRAM every four words.
Therefore, depending on the window address setting, dummy write operations
are required. For details, see the "High-Speed Burst RAM Write Function" section.

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

GRAM address areaand window-address range
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HD66789

Preliminary

Instruction List (T.B.D.)

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

iain Category Sub Category Upper Code. Tower Code
Not
‘I""p::; Inde} Command 1B15 | I1B14 | 1B13 | 1B12 | IB11 1B10 B9 B8 1B7 1B6 1B5 B4 B3 B2 1B1 B0 ote
- Index Index N N N i N i N i N D6 D5 D4 1D3 D2 1D21 1D0
SR Status Read Status Read L7 L6 [ L4 L3 L2 L1 L0 0 0 0 0 0 0 0 0
0 Display Control 00h Oscillation Start N N N N N N * N * N N N N N N 1
Device Code Read 0 0 0 0 0 1 1 1 1 0 0 0 1 0 [1] 1 789
VSPL [ HSPL | DPL EPL SM GS ES) NL4 NL3 NL2 NL1 NLO
Oth | DriverOutputContrel | 0 | g |l |l o |lolololol @l % o oglanlnloln
FLD FLDO | BIC EOR NW5 [ NW4 | NW3 [ NW2 | NW1 | NWO
P e oy M MO A
T i T
o3h Entry Mode il I C0 Co i Co o | o wlalolelola
ST oMo crs | cre [P oo PS5 [ CP4 [ CP3 | CPZ [ CPT | CPO
o4 | CompareRegister () | 0 | @ 1) |0 ||l |lolol®l®lololonlonlolo
P17 [ CP1G | CP15 | CP14 | CP13 | CP12
05h Compare Register (2) 0 o 0 o 0 o 0 o 0 0 0) (0] () (©0) () (0)
06h Setling Disabled
PT1 PTO | VLE2 | VLE1 [ SPT GON | DTE CL REV D1 DO
o7h Display Control (1) 0 0 0 0 0 0 o o0
FP3 FP2 FP1 FPO BP3 BP2 BP1 BPO
0sh Display Control (3) o [ ol oo o] o o] o] o] o [FErfrraofres e oores
AR Selling Disabled
0Bh Frame Cycle Adjustment | NO1 | NOO [ SDT1 | SDT0 | EQ1 EQO | DIV1 | DIVO 0 0 0 0 RTN3 | RTN2 | RTN1 [ RTNO
Gl lolololololololo S A O o A
emal Display Inrface
och oniro ojojofojolofolgl®folglagl%l%loglo °
0Dh Setting Disabled
(=0 Setting Disabled
OFh Setting Disabled 0
SAP2 | SAP1 | SAPO BT2 BT1 BTO AP2 AP1 APO DK SLP | STB
. n
1 Power Control | 10 Power Control (1) o [ o ol o L% [ Lo Lo e o Lo b2l o | | o
BC12 [ DCTT| DCT0 BC0Z [ BCOT | DCO0 Vez [ Vel [ Voo
11h Power Control (2) 0 o 0 o 0 () () () 0 ©) 0) © o (©) () ©)
PON | VRH3 | VRHZ | VRHT | VRHO
12h Power Control (3) 0 o 0 o 0 o o [ o 0 o (©) () ©) () © 0
VCOM| VDV4 | VDV3 [ VDV2 | VDV1 | VDVO 'VCM4 | VCM3 | VCM2 | VCM1 [ VCMO
=h Power Control (4) "l %lclololololal®l%l%lglolololo
Tah Sefting Disabled
15h Setting Disabled
16h Setting Disabled
17h Setting Disabled
18h Setting Disabled
19h Setting Disabled
1Ah etting Disablec
1Bh etting Disablec
iCh etting Disabled
Ton efling Disable
1Eh etting Disablec
Fh etting Disable
2* RAM Access 20h etting Disablec
AD15 | AD14 | AD13 | AD12 | AD11 [ AD10 | AD9 | AD8 | AD7 | AD6 | ADS [ AD4 | AD3 | AD2 | AD1 ADO
2h RAM Address Set olololololololonlolololoeolol ol onlo °
22h RAM data Write/Read RAM WD17-0 /RAM (RD17-0)
WNTT [WRITO| WG | Wi | Whi7 | WG WA | WO
zan | Rawwire Data Mask () |0 o [T M YR T e | i [ Vi o | "o
24n | RAM Write Data Mask o | o 4 o Ve 0
25h etting Disablec
26h etting Disable T
27h etting Disabled
260 eiting Disable
29h etting Disablec
2Ah etting Disable |
2Bh etting Disablec | |
2Ch etting Disabled
200 efling Disable 1
2Eh etting Disablec
2Fh etting Disable
" Y ‘ PKP12|PKP11[PKP10| PKP02|PKP01|PKPOO
3 ¥ Control 30h ¥ Control (1) 0 o 0 o 0 0) 0 0 o 0 o 0 o 0 0 0 [
n PKP32| PKP31| PKP30| PKP22| PKP21|PKP20)
31h ¥ Control (2) 0 o 0 o 0 (0 () ( ] 0 o 0 o ) () () 0
PKP52| PKP51| PKP50| PKP42| PKP41|PKP40)
Y
a2h Y Control (3) o [ o J oo o PO Mol o [ oo o] o "EE " 0
v PRP12|PRP11[PRP10| PRP02[PRPO1|PRPO0]
ash Y Control (4) o [ o oo o [P el ol o o] o o M8 TG 0
p PRNTZ[PKNT1[PRNTO PRNOZ|PKNGT[PKNGO|
34h Y Control (5) 0 o o o 0 0) 0 0 o 0 o 0 o 0 0) 0 0
p ez PN PN S
35h ¥ Control (6) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0) 0 0
FRNE2[PRRsT PRS0 PN PRRIT [P0
36h Y Control (7) 0 o 0 o 0 0 ) 0 0 0 o 0 o 0 0 0 0
¥ PRN12[PRN11[PRN10| PRNO2[PRNO1|PRNOO]
37h Control (8) 0 o 0 ] 0 () P () ] 0 o 0 o o) () (o) 0
po T oo @) VRP 14| VRPT3[VRPTZ|VRP 11| VRPTO VRPO3 | VRPGZ|VRPOT| VRPOD|
ol ol ololo 0 | o | @ | o
39h ¥ Control (10) VRN14[VRNT 'RNT. RNT1[VRN10| VRNO3|VRNO2[VRNO1[VRNOO]
ololololo ol ol olo
3Ah etting Disablec
3Bh etting Disable
3Ch etting Disable
30h etting Disable
3Eh etting Disablec
3Fh etting Disable
4+ | Coordination 4on | Gatoscanstartpositon [0 | o | o | o [0 [0 [ oo o[ o | o [SOHIOCPOP0 TR 0
Control
L7 VL6 VLS VL4 VL3 \¥) VL VLo
41h Vertical Scroll Control 0 o 0 o 0 [ 0 [ () © () () () ©) () ) 0
a2n SE17 | SE16 | SE15 | SE14 | SE13 | SE12 | SE11 [ SE10 | SS17 | SS16 | SS15 | §S14 | 8513 [ §812 | SS11 | SS10 0
First Screen Driving Positon | 1) | ) | (1) | ) | | 0 | a) | @) | @ 0 0) 0 0) 0 0 0
43n Second Screen Driving SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | 5524 | §523 [ 522 | SS21 | SS20 0
osition nlololololololololeololololololo
a4n Horizontal RAM Address | HEA7 [ HEA6 | HEA5 | HEA4 | HEA3 | HEA2 | HEAT [ HEAO | HSA7 | HSAG | HSAS | HSA4 [ HSA3 | HSA2 [ HSAT | HSAD 0
osition 1 (0) (1 (0) (1) (“ (1) (1) (0) 0] (0) (0) (0) 0] (0) 0)
v | Verical RAM Address | VEAT [ VEAG | VEAS | VEAZ | VEAS | VEAZ | VEAT [ VEAD | VSAT | VSAG | VSAB | VSAT [ VSA3 | VSAZ| VSAT| VSAD 5
Position nlaolaololalalolonlolololololololo
etting Disable
etting Disable
etting Disabled
etting Disable
etting Disable
4Bh etting Disablec
ach etting Disable
aDh etting Disabled
2En efling Disable
4Fh etting Disablec
5" N etting Disable
6 v etting Disable
7 N etting Disablec
Note 1) The numerals in parenthesis in the bit cells are initialized value.
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HD66789 Preliminary

Reset Function

The HD66789makes nternalinitializaton with RESET input During RESH, the HD66789 isin a tusy
stake, andno instruction fromthe MPUandacces b GRAM are acceptedThetime required for the
RESET inputis atleast 1rms. In case opower-onreset, waitat leat 10nms after the paver is turnedon until
the R-C oscillationfrequency becones staliized. While waiing, do rot make aninitial setting for the
instruction set or aracces b GRAM.

Initial State d Instructions

a. Start acillation

b. Driveroutput cantrol (NL4-0 = “11101", SS =*0", SM = “0", EPL = “0", DPL =“0", HSPL = “0",
VSPL =0", GS ='0", SM =“0")

c. Liquid crystal AC drive cantrol (FLD1-0 =“01", B/C = “0", EOR = “0", NW5-0= “00000")

d. Enty mode set (HWM=“0", I/D1-0 = “11": Increnmentby 1, AM = “0" : Horizontl direction,
LG2-0 = “000" : Redace node,BGR = 0", TRI = “0", DFM1-0 = “00")

e. Compare register (CP2-0: “00 000 0000 (000 0000)

f. Display contol 1 (PT1-0 =*"00", VLE2-1 = “00" : No verticalscwoll, SPT = “0", FRCP = “(0",
DTE =“0", CL =“0" : 65,536-color mode, REV =“0", D1-0 =00’ : DisplayOFF, GON =0)

g. Display contol 2 (BP30 = “1000', FP3-0 = “1000")

h. Display contol 3 (PTG1-0 ="00", ISC3-0 ="“0000"

i. Frame cycle cotrol (NO1-0=“00", SDT1-0 = ‘00", EQ1-0 = ‘00" : No equaization,
DIV1-0 = “00": clock/1, RTN3-0 = ‘000" : 16clocks n 1H period)

j. Extemal display interface(RIM1-0 = “00” : 18-bit RGBinterface,
DM1-0="00": internalclock operatim, RM = “0" : Systeminterface)

k. Power control 1 (SAP2-0 = 000", BT2-0 = “000°, AP2—0="000": liquid crystal power suppy off,

DK =*“1": DCDCL1 df, SLP =0", STB = “0" : Standby node of)

Power control 2(DC12-0 = ‘000", DC02-00 = ‘000", V C2-0 =“000)

l.

m. Power control 3 (PON = “0”, VRH3-0 = “00000")

n. Power control 4 (VCOMG = “0", VD V4-0 = “00000”, VCM4-0 = “00000")

0. RAM addess set (AD3-0= “0000"H)

p. RAM write data nask (WM17-0 = “18 h00000": No mask)

g. v cotrol
(PKP02-00= “000", PKP12-10 =“000", PKP22-20 = “000’', PKP32-30 = ‘000,
PKP42-40 = “00", PKP52-50= “000”, PRP02-00 = “00", PRP12-10 = “00")
(PKN02-00 = ‘000", PKN12-10 = ‘000", PKN22-20 = ‘'000’, PKN32-30 = ‘000,
PKN42-40 = “000", PKN52-50 = “000’, PRN02-00= “000", PRN12-10 = ‘000")
(VRP14-10 = "00000”, VRP03-00 = 0000”, VRN14-10 = “00000”, VRN12-10 = “000’)

r. Gate scan sirting position (SCN4-0 = “00000")

s. Vertical scroll(VL7-0 = “00000000")

t. 1st split-screen (SEX20="11111111", SST7-10 = “00000000")

u. 2nd splt-screen(SE27-20 = 11111111", SS27-20= “00000000')

v. Horizontal RAM addresgosition (HEA7-0 = “10000011', HSA7-0 = ‘00000®@0")

w. Vertical RAM address posion (VEA7-0 =“10101111", VSA7-0 = “00000000’)
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HD66789 Preliminary

GRAM Data Initiali zation

The dita in GRAM are notinitialized by the RESETnput. Initialize throgh sofware duing the display
OFF O1-0=“00").

Initial state of Output Pins

a. Liquid crystal driver output pins Gouce aitputs) Ouiput GND level
b. Oscillator output pin (OSC2): Otputs oscilhtionsigral
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HD66789 Preliminary

Interface Spedfications

The HD66789incorpaates asysteminterfaceto meke setings for instructons, anl anexternaldisplay
interface b display moving gctures. By seleatig anoptimum interface br disply (moving or dill picture,
or bah), dat are trarsmitted eficiently.

The exernal dsplay inerfacesare R@-I/F andVSYNC-I/F. Through these iterfaces, tk datacan be
updatedwithoutflickeringthe noving picture an the disphy.

In the RGB-IF node, the tplay operatn is performed in synchronizaton with thesignak (VSYNC,
HSYNC, andDOTCLK). Thedisplay daa are wittenaccordingto the \aelues ofthe dataenablesignal
(ENABLE), data \aid sgnal (VLD) ard PD170 bits in synctronization with VSYNC, HSYNC, ard
DOTCLK signas. The dsplay data i@ witten b GRAM toreduce tre datararsmissionto minimum, i.e.
only whenthe dsplays are beig ydaked. With the window adiress @incion, ony the RAM area usetbr
moving picture dgplay is overwritten andtherebre the similtaneous play ofmoving picture area, vhich
is overwritten, andhe RAM datain the area otér than te noving picture area, wich is notoverwitten, is
posshle. Inthe R@ andVSYNC interface nodes, write dda to GRAM in the high speedvrite mode
(HWM = 1) while displayingmoving pictures b make anaccesso GRAM in high speedwith low power
consumption.

In the VSYNCinterfacemode, intemal displayoperatims ae synchronzed wth the frame-synchronizing
sigral (VSYNC). By writirg datin synchronkation with the falling edg of VSYNC ata fixedspeed to
GRAM through asysteminterface, it eables noving dctures disfay with a systeminterface. In ths case,
there are somcorstraints inthe RAM writing speec&andmethod.

The HD66789handks the bllowing 4 operatimal nodes for the type of disply. Thesetting can le made
throughan exérnal disday interface. A transiton betwesn the nodes nust foll ow the tarsition flow.
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HD66789

Preliminary

Operation modes andinterfaces

Operatio n Mod e

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) the instruction register setting can be made only through a system interface.

Note 2) The RGB-I/F and VSYNC-I/F are not compatible with each other.

Note 3) Do not change the setting for RGB-I/F mode (RIM-0) while RGB I/F is in operation.

Note 4) See the “External Display Interface” section for the transition flow of each operation mode.
Note 5) In the RGB-I/F and VSYNC-I/F modes, write data in the high speed write mode (HWM = 1).

Lt
>
System interface q
Lt
-

hl Lt

System 18/16/9/8
»
"
Lt
.
RGB interface >
"
Lt
.

18/16/6

CSn*
RS
WR*
(RD)
DB17-0

VLD

ENABLE
VSYNC
HSYNC

DOTCLK
PD17-0

HD66789

Int erfaces and HF6789
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HD66789 Preliminary

System Interface

The Pllowing shavs thekinds of systeminterfaces ad the IM pins seting for selecing an irterface. Tle
instruction settirg ard RAM acces are made througha g/steminterface.

IM bits setting and the type d system inerface

IM3 IM2 M1 IMO 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 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) SDI, SDO
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 DB17to O
1 0 1 1 80-system 9-bit interface DB17to 9
1 1 * * Setting disabled
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HD66789 Preliminary

80-system 18-bt interface

80-system 18-hit paralkl data transnissian becanes oerale by settilg IM3/2/1/0 pins to
I0Vcc/GND/IOVcec/GND levels respectiely.

csn* P cs
A1 P RS
MPU HWR* > WR* HD66789
(RD*) »{ (RD*)
D310 |g¢ »| DB17-0
18

18-bit microcomputer and HD66789

Instruction

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

VVVVVVVViVVVVVVVVi

BB |IB|IB|IB|IB|IB|IB
15114 (1312 11|10 9 [ 8 716 |5 |4 3|2 1 0

53
53
53
@
53
53
55
55

Instruction

Instruction code

RAM data write

Input |DB | DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB (DB (DB (DB |DB(DB|DB
17116 |15 14|13 |12 12| 10| 9 | 8 | 7| 6 | 65| 4| 3| 2 1 0

R RRRRAANNNRREN

R5|R4|R3|R2|R1|R0|G5|G4|G3 GZ|G1|GO| BS|B4| BS| BZ|B1 |BO

Write data to
GRAM

One pixel

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

Data format for 18-bit int erface
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80-system 16-bt interface

The 80-system 16-bit paallel daa ransmission becomes operale by setting IM3/2/1/0 pins to
GND/GND/IOVcc/GND levels respectivey.

csn* P cs
A1 B RS
HBI2245 R+ p|wre  HDO6TE9
(RD%) pi (RD")
D15-0 |« P DB17-10, 8-1
16

16-bit microcomputer and HD66789

Input | pB | DB | DB | DB | DB | DB | DB| DB pB| DB| DB| DB| DB| DB| DB| DB
17| 16| 15| 14| 13| 12| 11| 10 8| 76| 5|43 2|1

YV VYV V VYV VY YVYY YV V V VYV VY YY

Instruction 1B 1B 1B | 1B |IB |IB [IB[IB B|B|B|IB|IB|B|B]|B
15 |14 [13 |12 |11 |10 |9 | 8 71lelslalsl2]1 o

Instruction code

Input |pB |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|4a]3]2]1

Y YVYVYY ¢\\\ Y YVVYYVYYVYYVYY ¢

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

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

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

The &-system 9-bit paralbl data transnissian becanes operade by stting IM3/2/1/0 pins to
I0Vcc/GND/IOVcec/IOVcec levels respectiely. When transnitting a B-bit instructon, it is dvided into
upper and dwer 8bits (theLSB is rot used) ard the upper 8 bits are rarsmitted first. The RAMdata §
alsodividedinto theupper andower 9 bits, andthe wpper bis are ransnitted first. The umised pins
DB8-0 must be fxedto ether IOVcc @ GND level. Whenwriting into the index regster, the ypper bye (8

bits) must ke written.

H8/2254

csn* P
A1 P
HWR* »
(RD*) »
D15-0 | »
9
]
GND

cs*
RS

(RD)

DB17-9

DB8-0

HD66789

9-bit microcomputer and HD66789

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
YV V X V VYV ¥V V¥V X i V VY VYV VYV YV VYVY l
Instruction | 1B | 1B [ 1B | IB | B [IB|IB[IB B|mB|B|B|B|IB|IB|IB
15114131211 |10] 9 | 8 716|154 3|2]1 0
Instruction code
RAM data write
1st Transmission (Upper}——7 — 2 Transmission (Lower) —
Input [ pB| DB| DB| DB| DB| DB| DB| DB |DB| DB| DB| DB| DB| DB| DB | DB| DB | DB
17 16 15 14| 13| 12| 11 [ 10| 9 | 17| 16| 15| 14| 13| 12[ 11[ 10| 9
V V V V VY Y Y YYvYYVY V‘ VV V VYV YVYY
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 transmission synbronizing in 9-bit bus interface mode

The HD66789suppats a d@ta transmisson synchronimg function, which resets th upper/lower cowunter
that caunts he number oftransnission of upper/lower 9-bit datrin the 9bit businterface node. When a
discreparcy occurs in the upper/lower 9-bitdatatrarsmissiondueto effects from noise aml so @, the “00”
H instructon iswritten4 times corseautively to forcibly resetthe wpper/lower couner sothatdata
transnission restarts wit anupper 9-bitdatatrarsmssion The exurson canbe recoered by executing
the synchronizing function periodically.

9-bit data transmisson syrchronization
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HD66789

80-system 8-bit interface

The &-system 8-bit paralbl data transnissian becanes operable by stting IM3/2/1/0 pins to
GND/GND/IOVcc/IOVcec kvels respectigly. Whentransnitting a 16bit instruction, it is dividedinto
upper and éwer 8bits ard the upper 8 bits are ransnitted first. The RAMdata s also dvided into the
upper andower 8bits, arl the upger bits are transiittedfirst. The datao write to RAM are expaded into
18 bitsinternaly. The unwsed pns DB9-0 nust ke fixed b either IOVcc or GND level. When writing into

the index register, lhe upperbyte (8 bits) must be written.

H8/2245

Ccsn*

HWR*

(RD")

D15-0

WR*
(RD)
DB17-10
DB9-0

HD66789

©
0”1
z
o
° FVVYVY

8-bit microcomputer and HD66789
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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
17 (16| 15| 14 [ 13| 12| 11| 10 1711611514 (1312 | 11 [ 10
VYV V V V V VY Y V V VVVYVYYVY
Instruction | 1B | 1B | 1B | IB | IB|IB|IB|IB B|mB|B|B|IB|IB]|IB]|IB
1511413121110 9 | 8 716|543 |[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 |16 [15 114 |13 |12 |11 [ 10 17 |16 [ 15 |14 |13 [ 12 (11 |10
VYV VVYVyYy ¢ VV V VvV YYVYYVYY ¢
i t
Wit dete o |Rs |Ra [Rs |R2 [R1 |Ro |65 |G4 |63 |62 |61 |co |85 |84 |83 [B2 |81 |BO

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

1st Transmission 2nd Transmission, 31 Transmission
—

INPUT | pg| DB|DB| DB| DB|DB|DB|DB |DB|DB| DB|DB|DB|DB|DB |DB|DB |DB
17| 16| 1514 [13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

YV YV Y Y VY Y Y Y YYYVYY VL vV V VY

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

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

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

1st Transmission 2nd Transmission, 3rd Transmission
— T

INPUT | pg| pB|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

VVVV*VVVVVV VVVV¢
1| RO

. RGB |R5 [ R4 | R3 |R2 |R G5(G4|G3|G2|G1(G0|B5 (B4 (B3 |B2|B1|B0
Assignment

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

Data format for 8-bit int erface
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Data transmission synbronizing in 8-bit bus interface mode

The HD66789suppats a d@ta transmisson synchronimg function, which resets th upper/lower cowunter
that caunts he number oftransnission of upper/lower 8-bit datiin the 8bit businterface node. When a
discreparcy occurs in the transnssian of upper/lower 8-bt dat due b effects from noise aml so onthe
“00" H instructian is written 4times consectively to forcibly reset e ugperlower counter solhat cata
transnission restarts wit the upper 8-bit transnisson. The excuision can k& recorered by execirng the
synchronizing function periodically.

. —
— |
VAR VAAVAAVARVAAVAAWAR

4)

(8-bit transer synchronization)

8-bit data transmisson syrchronization
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Serial Peripheral interface (SPI)

The Serial Pepheral Interbce(SPI) becones operableby seting IM3/2/1 pinsto GND/IOVcc/GND levels
respectiely. The SPI is avéable throudn the chipselectine (CS*) seral transér clack line (SCL) seial

daminput (SDI), ard_seial dah ouiput (SDO). In he SPI node, e IMO/ID pin functions as ID . Inthe
SPI node, te urused B15-2 pns nust be fxedat ether IOVce or GND level.

The HD66789recoqizes he start ofdag transér at he falling edg of CS* input to initiate the transér of
start byte. It recogizes he endof data tarsfer at the rising edje of CS* input The HD66789 is selected
when tre 6-bitchipaddress inhie start byte transfred from the transrssion device ancthe 6-bit device
identificaion code assiged b the HD&789 are corpared andboth 6-bit data corespond When selead,
the HDG 78 starts takig in the subsegent dita string The seihg for the least sigificantbit of the
identificaion code $ madewith thelD pin. The fve ypper bis ofthe denificationcodemustbe 01110.
Two differentchip addresss nust ke assgnedto the HD66789 because theeventh bit of the start pte is
assigrd toa register selectib (RS). WhenRS = 0, inéx register writeor status read is ecuted When
RS =1, nstruction write or RAM read/write is exected. The eidth bit of the start hte is to speciy read
or write (R/W bit). The dad are received when he R/Whit is 0, and are transtted whenthe R/W Lt is 1.

In the SPI node, the dataare written b GRAM after two-byte dat transnission Thedata are exanded
into 18 bits byaddirg ore bt (the sare data aslte MSB ofRB) nextto the LSB ofRB dat.

After receiving the stat byte, the HD66789 starts tdransmit or receve daa by byte. The dat transnission
admts a brmat by which the MSB is first transnitted All HD6678 instructions consist 6 16 bits and
they are exected internally aftertwo bytes are transitted with the MSBfirst (DB15to 0). The daato
write to RAM are expaded nto 18-bitdata. Aferthe start lgte is recevved, the frst byte is always fetched
as tke upper eight bits of the instruction andthe secad byte is fetched as tie lower eight bits d the
instruction. The 4byte dita that are eadfrom RAM right after the sart byte are mede nvalid. The
HD66789 reads as vial data from the 5thbyte data.

Start Byte Format

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

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

RS and R/W Bit Function

RS R/W Function

Set index register

Read status

Write instruction or RAM data

0 0
0 1
1 0
1 1

Read instruction or RAM data
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1st Transmission (Upper) ——m8M8 ——— 2nd Transmission (Lower) —
Input 115 |p14 [D13 |D12 D11 [D10 [D9 | D8 D7 | D6 | D5 | D4 | D3| D2| D1| DO
Instruction | 1B | B | B |I1B|I1B|IB|IB|IB B|B|B|B|IB|IB|IB|IB
15|14 |13 12|11 |10]| 9| 8 716|543 |2]1]0
Instruction code
1st Transmission (Upper) 2nd Transmission (Lower) —
Input
"PU 1 b15| D14| D13| D12| D11| D10| D9 | D8 D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO
VVYVYY ¢ VVYVYY ¢
Write datato |p5 | R4 |R3 [R2 |R1 |RO [G5 |G4 |G3 |G2 |G1 |Go |B5 [B4 | B3 |B2 [B1 |BO
GRAM
One pixel 66,536 colors are available in serial interface.

Data format for SPI
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Preliminary

A)Basic data transmission through SPI

Data transmission start

Data transmission end
.

'
'
'

=

SCL 1 2

3 4 5 6 7 8 910 4 2
(Input)
SDI MSB
(Input) ugr [oqmaqn e\ “gr

— Device ID code — | s | ru|
\

000,
J

Index register setting, instruction, RAM data write
SDO

(Oupun L SENO0000000000

Status read, instruction read, RAM data read
B)Consecutive data transmission through SPI
cs* \ '
(Input)
1 234 5 67 8 9
SCL

1

sDI Start byte Instruction1: Instruction1: Instruction2:
(Input) upper eight bits lower eight bits upper eightbits |
Start Instruction1:

xecution time
Note: The first byte after the start byte is always the upper eight bits.

C) RAM data read transmission

cs* ~ '
(Input)

SCL

(Input)
SDI
(Input)
SDO Dummy Dummy Dummy Dummy Dummy RAM read RAM read
Upper 8 Lower 8
(Output) Read 1 Read 2 Read 3 Read 4 Read 5 per e
Start

Note: Five bytes of invalid dummy data are read after the start byte.
The valid data are read from the 6th byte.

D) Status read / instruction read
Ccs* \ ’
(Input)
SCL

(Input)

SDI
(Input)

SDO Dummy read 1 Status read: Status read:
(Output) upper eight bits lower eight bits

Start End
Note: One byte of invalid dummy data are read after the start byte.
The valid data are read from the second byte.

Data transmission through Clock-Syndironized SerialBus Interface
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VSYNC Interface

The HD66789incorpaates &/SYNC-I/F, which enabés moving picture dsplay wih only asystem
interface ad the frame-synchronizing sigral (VSYNC). This nterfaceenables raving dcture dsplay wit
minimum modification toa covenional system

»lVSYNC
HD66789
LCcDC/
MPU
p|Cs*
»| RS
. WR*
> -
75 P|DB17-10,8-1

VY SNC interface

The VSYNC-I/F becanes operalle by settig DM1-0 = 10 andRM = 0. In the VSYNC I/F mode, the
internal dsplay operatins ae synchronzed wth VSYNC. By writing data toRAM througha system
interface n a speedhatis higher br more thana fixed sged tkan the internal display operation speed,ti
endles moving picture disjay through a systeminterface, wiile preventirg flickers whie the sceers are
being updaied.

Displayoperatons ae executed by #hinternal clock gererated by the intemal oscilator ard VSYNC input.
All display data are storediRAM. This embles noving picture dsplay only by trarsmitting data hat are
written over, therebyminimizing the mmber of data transmsson while displaying moving picture. The
high-speed vite node (HWM = 1) erables RA accessn high speed wth low power corsumption.

VSYNC—

L1 L1 |1 | [ L

RAM write via| Updating screen Updating screen
system interface

Display operation in

synetronization with { JOOXC0000CGO0CCO0ACOOXCO0CCOOACCAROCA000CC0AN000CO00A00

the internal clock

Note: Data must be written in the high-speed write mode (HWM = 1) in VSYNC-I/F mode.

Moving picture data transmission through VSYNC interface
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The VSYNC-I/F has imits on he nminimum speeddr RAM write through asysteminterface ad the
frequency of the internal cbck. It requiresRAM write speed mre thantheresultthatis calcuatedfrom
the following formula.

o Internal clock frequency (fosc) [Hz] = Frame frequency x (Display line (NL) + Front porch (FP) + Back
porch (BP)) x 16 clocks x Fluctuation

e | Minimum speed for RAM write (min.)[Hz] > 176 x Display line (NL) / {((Back porch (BP) +
Display raster-row (NL) - Margin) x 16 clocks) / fosc}

Note 1) When RAM write does not start right after the falling edge of VSYNC, the time between the falling
edge of VSYNC and the start of RAM write must also be taken into account.

An exanple d the RAM write speedndthe fequency ofthe nternalclockin the VSYNCinterface node

is as bllows.

[Example]

Displaysize 176 RGB x 240 lines
Displayline 240lines (NL = 11110)
Backfront porch 14/2lines BP = 11D/FP = 000)
Frame freqiency 60 Hz

Internalclock frequemy (fosc) Hz] = 60Hz x (240+ 2+ 14) x 16 Clock x 1.1/ 0.9 = 300kHz

When catulating te internal cbck frequency, psdble causes dfluctuations nust also ke takeninto
corsideration. Thellowance br this fluctuation is+ 10 % fromthecenter vale, andtherange ofthe
frequency must bewithin VSYNC perod.

As the causesfdluctuations, the aboe example tkes thevariation in theL S| fabricaion and the room
tenperature imo accaint Otherpossibé causes diuctuatons, such as variabn in the exernal resistors
or the votage dangeare rot consideredi the aboe example. It is necessarto make a settig with
enaighmargirs to include theallowances ér these &ctors.

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

In this case, RAMwrite is prformed in synchronization with thefalling edge 6 VSYNC.

When tre dag for ore frame are wittento RAM conpletely, there mustbe nore than2 rager-rows of
margin before the rasterrows driven for thedisplay.

By writing datito RAM on thefdling edge 6 VSYNC at he speeaf 3.14MHz or more, tte data ér the
whole screeni®w RAM are overwrittenbefore the displayoperatian starts. Acordingly, the flicker duwe to
updating noving pdcture daa can ke avadedwhile dispblying a noving fcture.
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RAM write at 10MHz R-C oscillation
o
VSYNC RAM write Raster-row 44240 times — 0%, )
—pm—————— 240 =TT TT T, 1 ===~ Display operation
1
Back porch ; 1
(14 raster-rows) 2 RAM write [ !
B 2 at3.15 MHz H
8 (A !
7 n 1
us t !
c Display || |
: Display g operation ! | !
Display operation 5 i |
(240 raster-rows) ‘s 1 |
o ! |
2 N 1
£ 1 1
2 1 1
) [N |
Front porch £ ! il H
(2 raster-rows) ol 1 4 1341 ! to7a M

—pi 1

Blanking period ' 13.55 1 60Hz
Back-porch 14H !

1 vsyne LT L

Operation through VSYNC interface

Notes to theVSYNC interface

1. Theaforementioned exanmple of calcuation is just a resulof calculaton. In the actuakettirgs, causes
for thefluctuaions d internal cbcks anl so onshoud be takeninto corsideration It is recesaryto
make asetting for the RAM write speedvith enaigh margirs.

2. Theaforementicned exanple of calcdation is the valie incase ofwriting over the enire sceen.
Limiting te areadr the noving picture dsplay will creae more margins for the RAM write speed.

R-C oscillation

VSYNC Raster-row .
240 < 10% > "
j - P I oo I — ==~ Display operation
Back porch Hommmmmm o e B -+ ——--
(14 raster-rows) [
(20 raster-rows) R R RAM write
at3.15 MHz

Display
eration

o
]

Moving picture area
(200 raster-rows)

The number of driven raster-rows

_________ Lo
H .

ol 1 422 1147 132 1674
(20 raster-rows) ! ! ) 13.55 o2 18
- - !
Front porch H |

60Hz

(2 raster-rows) Back-porch 14H |

ol vsywe LI LI

Limiting movi ng picture display area

3. A frontporch griod cotinues aferthe caonpletion of 1 frame dispay ard urtil the rext inputof
VSYNC.

4. Thetransition betveen he internal cbck gperationmode (DM1-0 = 00 ard the VSYNC nterface
modebecones efective ater displayingone fame made during instruction settirg.

5. Inthe VSYNC interface node, he partialdisphy, vertical scroll, andnterlaceddrive funcions are nb
availade.

6. Inthe VSYNC interface node, setAM to O totransnit display data intheaforenentioned rrethod.

7. Inthe VSYNC interface node, wite disphy data toRAM in the hich speedwrite mode (HWM = 1)
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Internal Clock Operation to VSYNC Interface VSYNC Interface to Internal Clock Operation
Internal clock operation _ VSYNC interface operation

Display operation
in synchronization with

HWM =1,AM =0
- Display operation
Address Setting in synchronization with

the internal clock

The values setin DM1-0 and RM
become valid after completion of
1-frame display.

Internal clock mode setting
(DM1-0 =0, RM = 0)
- Wait more than 1 frame
VSYNC interface mode The values setin DM1-0 and RM
setting (DM1-0 = 0, RM = 0) become valid after completion of

1-frame display. Internal clock operation

Display operation
in synchronization with
the internal clock

Index register set (R22h)

" Note: When switching into the internal clock mode,the VSYNC signal
Wait more than 1 frame must be kept continuously supplied for more than 1 frame
after itis switched into the internal clock mode.

VSYNC interface
Write data to RAM

Display operation
in synchronization with

VSYNC interface VSYNC
operation

Internal clock mode setting
(DM1-0 =00, RM = 0;
Wait more than 1 frame

Internal clock operation

Note: When the interface mode is switched, VSYNC should be
input before setling of DM1-0 and RM.

Transition flow between VSYNC and internal clock operation modes
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External Display Interface

The Pllowing interfaces are avigible asthe exernal dsplayinterface RGB interface) The irterface &
seleced by settig RIM1-0 bis. RAM is accessibl¢hroudh the RGB nterface.

RIM bits seting and RGB interface

RIM1 RIMO RGB Interface PD 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) The use of multiple interfaces simultaneously is not possible.

RGB interface

Throudh the RGB-IF, the display operatio is peformed in synctronization with VSYNC, HSYNC, ard
DOTCLK. The RGB interface enbles da& transnission with low power consmption by overwriting the
area tlat need updat in high-speedwrite modein combination with the windowv addess finction. The
front andbackporches mst beset before and afer thedisplay period

VSYNC

Back porch period (BP3-0)

Display area for RAM data
Display area

for moving pictures
Display period (NL4-0)

Front porch period (FP3-0)

1

HSYNC
Note 1) The front porch period continues until the next input
DOTCLK of VSYNC signal.
Note 2) The DOTCLK signal must be supplied consecutively.
ENABLE

I

PD17-0
VSYNC: Frame synchronization signal Back porch period (BPP):14H>=BP3-0>=2H
HSYNC: Raster-row synchronization signal  Front porch period (FPP):14H>=FP3-0>=2H
DOTCLK: Dot clock FPP + BPP=<16H
Display operation period: NL4-0 =< 240H
ENABLE: Data enable signal The number of raster-rows of 1 frame: FPP + DP + BPP

VLD: Data valid signal
PD17-0: Display data for RGB (6:6:6)

Note 3) In RGB interface mode, VSYNC, HSYNC, and DOTCLK more than to achieve the LCD resolution must be supplied.

RGB interface
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VLD and ENABLE signals

The relabonshp with the VLD and EM\BLE signakis as ollows. With the ENABLE sigral, the
addesses @notupdaed diring dita write while with the VLD signal theaddreses are ugatedduring
data write whenthe ENABLE is “Low”. The pokrity of the ENABLE sigral is invertedby the setthg d

EPL bit.

EPL ENABLE VLD RAM Write RAM Address
0 0 0 Valid Updated

0 0 Invalid Updated

0 1 * Invalid Unchanged

1 0 * Invalid Unchanged

1 1 0 Valid Updated

1 1 Invalid Updated

RGB interface iming

The iming chart of 16/18-bit RGB interfaces is asofl ows.

1 frame

Back porch period Front porch period

VSYNC

HSYNC

DOTCLK

ENABLE
VLD

PD17-0

VSYNC

THLW >= 1CLK

HSYNC

1 clock
<>

I ipipipipigigininipiginiy

DTST >=HLW

ENABLE
VD

PD17-0

Valid data

VLW: the period in which VSYNC is low level
HLW: the period in which HSYNC is low level
DTST:the set up time for data transmission

Note: Data to be displayed must be written in the high-speed write mode (HWM = 1) in
RGB I/F mode.

16-/18-bit RGB Interface Timing
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The fming chart of 6-bit RGB interface is asdilows.

1 frame
- ! »'

T
Back porch period Front porch period

1
VSYNC :
|

HSYNC

DOTCLK

ENABLE
VLD

PD17-0

>=1H
VSYNC
~ 1H -
HLW>=3CLK
HSYNC
1 ok
DOTCLK _]
DTST >= HLW
ENABLE
VLD
RGBRGB RGB RGBRGB
PD17-0 000000000 %% 00000

Valid data
VLW: the period in which VSYNC is low level
HLW: the period in which HSYNC is low level
DTST: the set up time for data transmission

Note 1) In 6-bit interface.mode, one pixel, which consists of R,G, and B, must be transmitted in synchronization
with 3 DOTCLKs.

Note 2) VSYNC, HSYNC, EVABLE, DOTCLK, VLD, and PD17-2 should be all transmitted by three clocks.

Note 3) Data to be displayed must be written in the high-speed write mode (HWM =1) in RGB I/F mode.

6-bit RGB Interface Timing
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Moving picture display

The HD66789incorpaates he RGBinterface tadisplay noving picturesand RAM to store disply dag,
which provides he following meritsin displaying noving pctures.

e The wndowaddess @inction endles the transér of only dat for the nmoving picture area.

e The hgh-geed wite node enales hidr-speed access tRAM with low power casunption

e  Only transnitting dcata that are writterover the noving picture aea.

¢ Reducd transnission cortributes to the reductbn d power corsumption of the enire system

e Incombination with a systeminterface, tke stil picture aea, such as anon, can ke updatedwhile
displaying moving pictures.

RAM acces through system inerface in RGB-I/F mode

RAM is accessibl¢hroudh a syteminterface intheRGB-I/F mode. Inthe R@ interface node, dita are
being writtento RAM in synchroniation with the DOTCLK input while the ENABLE is “Low”. When
writing data b RAM throughthe systeminterface, it § necessarto setENABLE to “High” to stop data
write throudn the RGB-IF. Seting RM = 0 albws RAM access througthe systeminterface. Wien
revertingto the R@ interface node, wait awrite/read bis cycle. Thenset RM = 1 aml the index to R22h
to stat RAM acces though the RGB-IF. WhentheRAM writes throughthe RGB andsysteminterface
corflicts, itis nd guararteed hat the dah are properly written b RAM.

The Pllowing isan example of moving dcture dsplay throud the RGB-IF and uplating stil picture area
throughthe syteminterface.

Updating screen Updating screen

vovne U U U U U U

ENABLE

DOTCLK
PD170 R
4
i
Index set | *Note 2 /
Index RM=0] [ Setting |[Tndex Seting | [RM=1|[Tndex
System interface adféss b

—
Updating moving Updating of still picture area * Note 1 U_pdating moving
picture area picture area

e

Note 1) In the RGB interface mode, the address is set at every falling edge of VSYNC.
Note 2) Set the address and the index (R22h) before RAM access starts through the RGB interface mode.
Note 3) In the RGB interface mode write data in the high-speed write mode (HWM = 1).

2001/01/01 00:00 E I||

Still picture area

Moving picture area

(E=]

Updating Still Picture Area during Displaying Moving Picture
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6-bit RGB interface

The 6hit RGB interface is seleed by settig RIM1-0 bis to . The disphy operation is synchronized
with VSYNC, HSYNC, andDOTCLK signals. Display dai are transmitted b RAM in synchronizaton
with the display operatim through 6-bit RGB data lus (PD7-12) accordingo data alid signal (VLD),
andthedata eablesignal (ENABLE). Unused jns (P11 o 0) must be fxedto either IOVcc @ GND
level.

The nstructians are & orly througha systeminterface.

P VsYNC
P HSYNC
»| DOTCLK

LebC HD66789

VLD
P ENABLE

»{PD17-12

6_,7; PD11-0
12

A
A

6-bit RGB interface

RAM data write

1t Transmission 2nd Transmission, 31 Transmission
—_— T —

INPUT I 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| 12| 17 [ 16 | 15| 14 | 13 [12

VV V. VYY A 4 YV V V V VY Y VX
R5 [R4 [R3 |R2 |R1 [RO [G5 |G4 |G3 [G2 |G1 |GO |B5 |B4 |B3 (B2 (B1 [BO

Write Data
to GRAM

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

Data format for 6-bit interface

Data transmission synbronization in 6-bit RGB interface mode

The HD66789incorpaates ararsmissioncourter to caintthe frst, secondthird datatrarsnissiorsin the
6-bit RBG interfacemode. The tarsmissioncourteris resetto the first trarsmissionon he falling edge of
VSYNC. Whken a dscrepancy occursin the transrission of first, secondand hird dag, the coutter is leset
so hat afirst daa transnission will be made at the start ofeach fame (on he faling edge of VSYNC) and
the datatransnissionrestats in the corectorder from the nesxt frame. In case oflisplaying noving
pictures, with requies cansecutie dat transer, this function minimizes tle efect fom the discrepamcy
in thedata tarsmissionand nakes iteasyto return to the rormal dsplay.

The nternaldisplay ogration is execuéd by pixel. Note that eachDOTCLK input must correpondto a
pixel. Otherwise datartamsmissiondiscrepan@swill occur andaffect he displays of the curert and
ensung frames.
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VSYNC I

ENABLE 4 I

2nd st ond 3 st ond 3
Trans- P Trans- Trans- Trans- Trans- Trans- Trans-
mission Transfer synchronization mission mission mission mission mission mission

6-bit data transmisson syrchronization

16-bit RGB interface

The 16-bit RGB interface is seleted ly setthg RIM1-0 bits to01. The diplay operationis synchronized
with VSYNC, HSYNC, andDOTCLK signals. Display dat are trarsnitted b RAM in synchronizaton
with the display operatio through 16-bit RGB datl bus (P[17-13, 11-1) accordintp the dita vald signal
(VLD), andthe dta erable signal (ENABLE).

The nstructians are & orly througha systeminterface.

—»{VSYNC
P HSYNC

————— p{DOTCLK

Lebe HD66789

- »f{wviD
L »IENABLE

——~——P|PD17-13,11-1
16 WL PD12,0
— 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
17| 16| 15| 14 | 13 1M|10|o|8|7|6|5]4|3]2]1

VVVVV¢VVVVVVVVVVV¢
RO |G

Wri‘e‘éaéz‘ﬁ R5 [R4 |R3 |R2 [R1 5 |G4 |G3 |G2 |61 |Go [B5 |B4 |B3 |B2 [B1 [BO

One pixel

Data format for 16-bit int erface
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18-bit RGB int erface

The 18-bit RGB interface is seleted ly settng RIM1-0 bits to 00. The diplay operationis synchronized
with VSYNC, HSYNC, andDOTCLK signals. Display dat are trarsnitted b RAM in synchronizaton
with the display operatia through 18-bit RGB dat bus (PL17-0) accordig tothe dita vald signal (VLD),
andthedata eablesignal (ENABLE).

The nstructins are &t only througha systeminterface.

VSYNC
HSYNC
DOTCLK

HD66789

YVY

LCDC

VLD
ENABLE

PD17-0

YVvYy

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
17 (16 |15 |14 |13 |12 |11 |10 |9 |8 |7 |6 5|4 [3 |21 0

A\ A 4 V‘ V V V V vV VYV Y Y Y Y Y Y Y YY

Wfi‘e?éi"a R5 R4 |R3 |R2 |R1 |RO 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 int erface
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Notes to the exernal display interface

1. While anexternaldispley interface is seleed, he following functions are noavaikble.

Function External Display Interface Internal Disp lay Operatio n
Partial display Not available Available
Scroll function Not available Available
Interlaced drive Not available Available
Graphics operation function Not available Available

2. The VSYNC, HSYNGC andDOTCLK signals nust besupplied caisecutiely duringdisplay
opeation throughthe R@-I/F.

3. When settig NO1-0, SDT1-0, ad EQZLO0 bits in the RGB-IF mode,the rekrence ackis the
DOTCLK, not theinternaloperatiao clock.

4. Inthe6-bit RGB-I/F mode, R@ (pixels) dat are rarsmitted by three cloks. Thedata tarsmission,
therebre, shoull bemade ly RGB.

5. Inthe6-bit RGB-I/F mode, te interface sigals, VSYNC, HSYNC, DOTCL, ENABLE, VLD, ard
PD17-0, slould be set i RGB (pixels) inconweniencefor transnitting RGB pixels.

6. The transions etweentheinternaloperatio mode aml exerna disgay interface sbuld be nade
accordiry tothemode switching sequencebelow.

7. IntheRGB-I/F mode, he front parch periodcontinues afer dispbying one frame cata wntil the rext
VSYNC ggnal inpu.

8. IntheRGB-I/F node, te dad must be written in the hich-speed wrie node (HWM = 1).

9. IntheRGB-I/F mode, e adiress is setver frame on te faling edg of VSYNC.
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Internal Clock Operation to RGB I/F (1) RGB I/F (1) to Internal Clock Operation
Internal clo<.:k operation — RGB I/F c:peration Display operation in
n synchronization with the RGB
HWM =1, AM=0 signals (VSYNC , HSYNC,

DOTCLK)

The value setin DM1-0 and RM bits
become valid after the completion of
1-frame display.

Internal clock mode setting
(DM1-0 = 00, RM=0)
Wait more than 1 frame
(DM1-0=01, RM=1)

- Internal clock operation
Index resister
setting (R22h) —

Wait more than 1 frame

Display operation
in synchronization with
the internal clock

Address Setting

RGB I/F Setting

The value set in DM1-0 and RM
become valid after the completion
of 1-frame display.

Display operation
in synchronization with
the internal clock

Note: When switching into the internal clock mode from RGB I/F,
keep RGB I/F signals (VSYNC, HSYNC, DOTCLK, ENABLE)
input for more than 1 frame after the mode has been switched.

Display operation in
synchronization
with the RGB signal

RGB I/F
Writing RAM Data

RGB interface operation

Note: When switching into the RGB interface mode, the RGB
interface signals, VSYNC, HSYNC, DOTCLK, and ENABLE,
must be input before the setting of DM1-0 and RM bits.

Transition between the Internd Clock Operation Mode and RGB Interface Mode

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

RGB I/F Operation

. System I/F
RGB I/F mode setting | Writing RAM Data

| (DM1-0=01, RM=0) .
| |
| HWM=1/0 | | HWM=1, AM=0 |
n | |
| Address Setting | | Address Setting |
I |
| Index resister setting (R22h) | RGB I/F mode
I (DM1-0=01, RM=1)
| |
Index resister setting (R22h)
System I/F

Writing RAM Data

RGB I/F Operation

RAM data wri te sequence thragh systeminterface in RGB-I/F mode
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Timing Inter fadng with Li quid Crystal Pand Signals

The relaionshp betveenRGB I/Fsignak and he liquid crystal panel sighals intheRGB I/Fmode is as

follows.
1 fram >
Back porch period (BP) Front porch period (BP)  : Back porch period (BP)
=
——=
vsyne || |
H 1H
P —— - ;
NA0Ana_EANAnA_AnAARA-RAA-AAN nna_nnn aaa-Aan-ann_pan_nan_annann ann_gan ono
DOTCLK .v S — | TR R
ENABLE i
PD17-0 1 ' S 36 [237) 238 239 4 1
i Note 1) Note 1) _
—»—<4— 5DOTCLK 5DOTCLK 14—
FLM 1H I_
CLW2-0 *
cu UL S UL
SHW1-0 —prig—
STG2-0—p=:
SFTCLK TNy |
DISPTMG HL
NO1-0
G1
G2
G240
«—SDT1-0
51-528 XEXZX—J I+)5 X: S SO\ llul/ ' X:X
EQ1-0 —b-ie—
EQ
M (VCOM)
Note 1) 15 clocks in case of 6-bit RGB I/F mode.
Note 2) FLM, CL1, SFTCLK, DISPTMG, EQ, M are internal signals.

Relationship betweenRGB I/F signal and the liquid crystal panel signal

Rev.0.12, May 09 2003, page 97 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789 Preliminary

The iming interfacing with the iquid crystalpanelsignak in the internal clock operation mode is as

follows.
1-frame ;
Front porch period (FP) +Back porch p Enodl(BP) =8H
FLM 1H <
CLW2-0 —P—
SHW1-0 —ps
STG2-0—p+4
SFTCLK i LN NN NN
DISPTMG ﬂ_ |_|
+—NO1-0
G1
G2
G240
«—SDT1-0
S1-528 XEE3 X4X5X: ................................................................. soparfadades
EQ1-0 —pre—
EQ
M (VCOM)
Note 1) FLM, CL1, SFTCLK, DISPTMG, EQ, and M are internal signals.

Interf acing with the liquid crystal panel sigrals in the internal clock operaion mode
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San Mode Setthg

The slift direction of gae signalis chameabé by the canbination of SM andGShit settings. This dbws
various ways of connecing aliquid aystal pané andthe HD66789.

SM GS Scan direction
raster-rows of G1 G2 raster-rows of
'odd number even number
TFT panel
0 0
G239 G24(
G1,G2,G3, G4,....
G237, G238, G239, G240
Gl —— P~ G239 G240 —<gf——|G2
| HD66789 |
raster-rows of G1 G2 raster-rows of
odd number even number
TFT panel
0 1 G240, G239, G238, G237,....
G239 G24( G4, G3, G2, G1
clat G239 G240 G2
I— HD66789
—\| G1
TFT panel
L G239 ... .....
2| f— G1, G3, G5,....
G237, G239,
1 0 G2, G4, G6,....
G240 G238, G240
&1 > G239 G240 G2
| HD66789
\[ Gt
TFT panel
L G239, ... ...,
G2 |/.
G240, G238, G236,....
G4, G2,
1 1 G244 G239, G237, G235,....
G239 G240
Gl le—— 2
HD66789

Scan mode seting
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High-Speal Burst RAM Write Function

The HD66789incorpaates gh-speedurst RAM-write finction, which writesdata ® RAM in one-fourth
the access timrequired br a standrd RAM-write operation. This fincionis especidy useful for
apgications which require thehigh-speedrewrite ofthedisplay dat such as idplay ofcolored noving
picture andso on

In the high-speed RAMwrite node (HWM), data 6 write to RAM is tenporarily sioredto the internal
register ofHD6678. The datestorage inthe registr is executedby word. Whenthe dita storage
operation is executd 4times all data staedin the register are writteto RAM at once. While the datas
being writtenfrom the register tdRAM, anotler setof data & beingwritten tothe regster. This function
endles high-speed athcorseautive RAM write, which are requied in displayingmoving pictures andso
on.

Microcomputer

418
Address l l i i
counter - - - -
Register 1 Register 2 Register 3 Register 4
(#0) | I | | |

16 %72
P

[ “0000H" | “0001H" “0002H" | “0003H"

» GRAM

Operational flow of High-Speed BurstRAM Write

(input)

4 4
E l
(input) |_|

vt |[[ram [ R || Rawt |['ram [ R || rant |[Ram [ maw |[Rant |[Raw [ ram
DB15-0 Index | cata || data |[ cata || data || data [| data || data || data | cata || cata |[ cata || cata Index

. 2 4 0
(input/output) | (R22) | 3 s e ff 7 e ff ooff || 12 (R22)

RAM write
execution time

RAM write
execution time

RAM write
execution time

RAM write data
(72 bits) RAM data 1to 4 RAM data 5 to 8 RAM data 9 to 12
RAM address “0000"H X “0004”H X “0008"H X “000A™H
(AC15t0 0)

The lower two bits of the address must be set as follows in the high-speed write mode.
When IDO0 = 0, set the lower two bits of the address to 11.
When ID1 = 1, set the lower two bits of the address to 00.

Note : When terminating the high-speed RAM write, wait for the time required for the RAM write execution
(bus cycle line (tCYC) in the normal write mode) before executing the next instruction.

High-SpeedConsecutive Write to RAV
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cs* _\

(input)

1 2 3 4 5 6 7
E
(input)

8 2 3 4
nd RaM | Ramt [ Ram [ Ram [ Ram [ Ram [ Ram [ Ramt [ Ram | Ramt [ Ramt [ Ramt [ Ramt [ Ram [ Ram [ Ram
DB15-0 ndex data | data | data | data | data | data | data | cata | data | data | cata | data | data || data | data | data

i (R22) 1 1 2 2 3 3 4 4 1 1 2 2 3 3
(inputioutput) Upper || tower | Upper || tower | Upper | tower | Upper | tower | Upper | tower | upper | tower | Upper | tower [ upper | tower

RAM write RAM write
execution time execution time Note
RAM write data
(64 its) RAM data 1 to 4 RAM data 5to 8

RAM add|
(AC15100) “0000"H X “0004"H X

“The lower two bits of the address must be set as follows in high-speed write mode.
When ID0 = 0, set the lower two bits of the address to 11.
When ID1 = 1, set the lower two bits of the address to 00.

1 5 6 7 8

Note : In the high-speed mode (HWM), data are written to the RAM every 4 words. This means in the 8-bit interface mode,
data are written to the RAM for every eight write operation.

Operation of High-Speed Consecutve Writing to RAM (8-Bit Interface)

Notes to thehigh-speed RAMwrite mode
1. The Iagicalconpare operatims are noavaikble.

2.  The RAM write operation is exected eery four words. Set th lower 2 bits of the adiresses as
follows whensettirg the address.

*WhenlDO0=0, thelower two bits inthe adiress nust beset to 11 kefore RAM write.
*WhenlDO0=1, thelower two bits inthe adiress nust beset to 00 kefore RAM write.

3. TheRAM write operatin is executedeveryfour wards. If theRAM write operatia is €rminated
before al four-word data s writtento RAM, the last dta will not be written to RAM.

4. When te indexregister is set to R22H (RAM datawrite), thefirst RAM write operaton is always
executed In this case, ta RAM cita read is at operable sirnltaneodly. During RAM read, sethe
HWM to 0.

5. Thehigh-speedRAM write node s not compatible with the normal RAM write mode. Whenthe
modemust be swithed b the other, make a newaddressetbefore starting RAM write.

6. When writing datain the high speedRAM write node within the range spedied with the window
address, sane windov-addres ran@ may require dummy write gperation. See High-SpeedRAM
Write with Window Addres Funcion”.
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Comparison between Normaland High-Speed RAM Write Operations

Normal RAM Write

High-Speed RAM Write (HWM=1)

(HWM=0)
Logical operation function Available Not available
Compare operation function  Available Not available
BGR function Available Available
Write mask function Available Available

RAM address set

Specified by one
word

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

RAM read

Read by one word

Not available

RAM write

Write by one word

Dummy write operations may be required depending
on the specified window-address range

Window address

Set by one word

Horizontal range(HSA/HSE): more than four words
Number of horizontal writing : 4N (N>=2)

External display interface Available Available
AM Setting AM =1/0 AM =0
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High-Speed RAM Write wi th Window Address

To rewritethe dita inan arbitary rectanglar area 0RAM consecutiely in high speed, he number of
RAM accesshould be nade 4multiple times. Accordindy sorre window-address rangemay require
dummy write operatim to make theRAM access 4 mitiple times. The rumber of dummy write is set
when sefing the window addess asdilows.

The torizontal window-address rangespecifying bits (HSA1-0, HEA1-0) specif the number of dummy
write operatios exected atthestart and el of the datato write toRAM. Thetotd RAM acces nust ke
4 multiple times per lir.

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

HSA1 HSAO Numb er of Dummy Write Operations
inserted

0 0 0

0 1 1

1 0 2

1 1 3

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

HEA1 HEAO Numb er of Dummy Write Operations
inserted

0 0 3

0 1 2

1 0 1

1 1 0

The rumber of RAM access whewriting cita inthe horizontal direcion mustbe nade 4x N timesby
including the dimmy writes
Horizortal RAM write = start dimmy write + write data+ end durmy write= 4 x N (times)

An exanple d RAM write in high sped RAMwrite mode with the window adiress is asdlows.

The RAM datain the spediedwindow-address rangeswrittenover comsecttively in high speedy
inserting wo dummy writesat the stat of theline and hreedunmy writes at he endof theline. The
number of dummy writes & specified with the window-addres rang specifing bits. In ths case, set
HSA1-0to 10, HEA1-0 to 00.
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| Writing data in the horizontal direction

h
AM =0, D0 =1 0000 GRAM address map
Window address range setting nog12

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

High-speed RAM write mode setting

¥

| Address set |

Specified window address
range (rewrite area)

hA030
| ¢ 1 hEFAF

Dummy RAM write X 2 |
* Window address range setting

AD = h0810 *Note

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

| RAM write X 31 | X 153
| Dummy RAM write X 3 I—

Note: In the high-speed RAM write mode, the address set must be either 00 or 11
in IDO bit setting. Only the RAM address range specified by window addresses
will be overwritten.

High-Speed RAMWri te with Window Address Function
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Window AddressFunction

The window adiress function enables consecutve dda writewithin the rectanglar window-address area
ontheon-chipGRAM, which is spedied wit harizontaladdressegisters(start: HSA7-0, end HEA 7-0)
andverticaladdressagistess (start: \GA7-0, end:VEAT7-0).

The adires transtion directian is determined with AM bits (either increnert or decrerert). Accadingly,
the dataincluding picture da&, are writtenconsectively without taking thedata wap positoninto
corsideratian.

The window-addressange must be speified within the GRAM addres area. A address set wst ke set
within the window-addess ange.

[Condtion onsettirg window-address range]
(horizantal direction O0OH< HSA7-0< HSA7-0< AFH
(vertical directian) OOH< VSA7-0< VEA7-0<EFH

[Condtion onmaking an addess set whin the window-addess ange]
(RAM address) HSA7-0< AD7 -0< HEA7-0
VSA7-0< AD15-8< VEA7-0

Note: In igh-speedRAM write mode , he lowver twobits d the addess nast be seasfoll ows.
ID0=0: The bwer two bits ofthe adiress nust ke set tol1.
ID0=1: The bwer two bits ofthe adires nust ke set to00.

GRAM address map

“EF00"H |— —————————————————————————— -| EFAF'H
Window address range specification area
HSA7-0 = “10"H, HSE7-0 = “2F"H I/D =1 (increment)
VSAT7-0 = “20"H, VEA7-0 = "5F"H AM = 0 (horizontal writing)

Addresstransition direction in specified window-addressrange
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Graphics Operation Function

The HD66789gredly reducesthe bad o the graphés-processingoftware in the mcrocomputer with the
18-bit bus achitecture and he graphis bitoperatio. Thegraphics hit operaton includes:

1. Thewrite dda mesk function that selectiely rewrites sore d the 18bit write data.

2. The conditional rewrite unctiontha compares he wite dataandthe compare bt dataand writes
the dah sent fom the nmicrocomputer oy when te coritions are satigd.

The gaphics bt operation is contolled ky seting hits in theentrymode regster ard RAM-write-data mask
register, ad the write geration fromthe nicroconputer.

Graphics Operation

Bit Setting
Operatio n Mode I/D AM  LG2-0 Operatio n and Usage
Write mode 1 0/1 0 000 Horizontal data replacement
Write mode 2 0/1 1 000 Vertical data replacement
Write mode 3 0/1 0 110 111 Conditional horizontal data replacement
Write mode 4 0/1 1 110 111 Conditional vertical data replacement

| Microcomputer |

18

Y

Write data latch

18

3 3 Logical operation bit

Address Logi.caI/Compare operation (LG2-0) (LG2-0)
AC : replacement with matched write § ]
#O) 111: replacement with unmatched write Compare bit (CP17-0)

18

Y
Write-mask register

Write bit mask |<+ (WM17-0)

. Graphics RAM (GRAM)

Graphics ogeration flow
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Write- data Mask Function

The HD66789exparnts the B-bit data senfrom themicroconputer into the B-bit data. In the18bit
interface node, data are n@xpnded The wite dat mask function of theHD66789 contolsthe write
operation of the 18-bit data from the microcamputer to GRAM by bit. Thewrite dat mask function write
datin the bts whose corespading hits in the wite dad mask resister (WM17-8) are assigned with “0”".
It does notwrite dda inthe bits whose corespnding hits in thewrite dat mask register(WM17-0) are
assiged wih “1", and the carespoing datain GRAM are notoverwritien bud retaired. This function is
uselil when ally one-pkel data are ewritten @ apaitticular cdor in the dsplay is selectiely changd.

DB17 DBO
Data ffO'm |R05|RO4|R03|R02|R01 |R00|605|(304|GO3|602|G()2|601 | GOO|B05|BO4|B03|BOZ|BU1 |BOD|
iter

the micr

WM17 WMo
woessemas [ el alafaf o fo o o o o o [afafafa o o]

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

Writ e data mask function

Graphics Operation Procesfng
1. Write node 1:AM = 0, LG2-0=000

This modeis used Wwen dita are hazontaly written n high-speed mde. tis alsoused tanitialize the
graphcs RAM (GRAM) or to draw aline horizortally. The wite-data mesk function (WM17-0) is also
avdlable with this mode. After writing, the adres cainter (AC) autmatically increnerts byl (/D = 1)
or decrerents by 1 (ID = 0), andumps tothe cainte atthe gpaosing edje ofthe nextone-aser-row
below after whren the courter reacleseither lef or right edge of GRAM.

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

3) AC ="0000"H
WMO
Write-data mask: |0|0|0|0|0|0|1|1|1|1|1|1|1|1|1|1|1|1| *Write-mask <G>, <B> planes.
DB17 DBO
Write-data (1) 1fojoftt1jejrfrj1fojojtjojtjojojo:

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

Write-data (2) 1]0fo|o|1fojojofojo|1|1|jo|OjO|O|O

“0000"H *0001” H “0002"H
Lol [ T TT T T T T T Pl [ T FFTTTTT ] veeeeeeeereeeeseraraeeees
Write data (1) Write data (2)
Note : The bits in the GRAM with **"
GRAM are nlont oveerwrinen.vw
Write M ode 1
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2. Write mode 2 AM =1, LG2-0 = 000

This modeis used Wen dita are verticdy writtenin high-speed mde. It is alsoused ¢ initialize tre
graphcs RAM (GRAM), devel font pattens a drawa line vertically. The write-data rask function
(WM17-0) is alsaavailable with this mode. Aterwriting, the address coter (AC) auonetically
increments ly 256, ard aubmatically jumps tothecourter ether atthe bp o the nextightrow (ID = 1) or
atthe bp o the nex left row (I/D = 0) accordig tothesetting in the I/D bit, whentheaddresseacheshe
bottom of GRAM.

Operation example

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

3) AC = "0000"H

WM17 WMO
vte-<atamasi: ololofofo]o] ][ttt a[a]]x|J[1
DB17 DBO
wiie-data (1): ~ [1]o[o[1 [1[1[¥[i[t[i[o[o[t[o[t[o[o[o

Write-data (2): (1{1|0[0{0]|1]0/0]0]0[0]1]1]0[0]0]0]0| Data are expanded into 18 bits in 8/16-bit system

. interface, and 16-bit RGB interface modes.
Write-data (3):  10/1|1{1(1]0[1]0{0]0|10j0[0[OfO] 11

“0000"H |1|0|O|1|1|1 Trrrrrrrrr *|Write-data(1)
<0001 {1[1oofo[1]*[-[[]*[*[[[*|-]*]*| wrie-vata 2
«0002H Hol1[1][a[o]*[*[*[[[-[[*[*|-] ]| wrie-vata 0

: GRAM

Note 1) The bits in the GRAM with *are not overwritten.
Note 2) After writing data to the address "EF00"H, the address counter jumps to
"0001"H.

Write M ode 2
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3. Write node 3:AM =0, LG2-0=110111

This modeis used wen dita are hazontaly written with conparing the writedata ad the valie set inthe
conpare register@P170) byR, G,B pixel. When te resultof the canparisonsatisfies a condtion, the
write data serfrom themicrocanputer are witten o GRAM. Thewrite-data rask function (WM17-0) is
alsoavaikble with this node. Aterwriting, the address coter (AC) auometically incrermrents ty 1 (1/D
= 1) or decrerarts by1 (I/D =0), and umps to the cowunter at he ogosirg edge of the rext one-rasterrow

below after when tre courter reacleseither lef or right edge of GRAM.

Operation example

2)CP17-0 = "050C0"H
3)WM17-0 = "00000"H
4) AC ="0000"H

1) /D ="1", AM ="0", LG2-0 = "110" (matched writing)

WMO

WM17
Write-data mask: |0|0|0|0|0|0|o|o|0|0|0|0|0|0|0|0|0|0|

DB17 (

Matched) DBO i i
Write-data (1): |0|o|0|1|0|1|0|0|0|0|1|1|0|0|0|0|0|0|-é1:
]

CP17 CPO
e ORI}

Conditional replacement

~@*+loo[1Jo[|olololol[1[olololofolo]
—_—

Compare i
operation ! Conditional replacement
wosss e oo FFPlob}- & @~ FF T
Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.
"0000"H "0001"H
OB BB (T LT T[T ELEE -
write data (1)
matched
replacement G RAM
Write M ode 3
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4. Write node 4:AM =1, LG2-0=110A111

This modeis used wen dita are hazontaly written with conparing the writedata ad the valie set inthe
conpare register@P170) byR, G,B pixel. When te resultof the canparisonsatisfies a condtion, the
write data serfrom themicrocanputer are witten o GRAM. Thewrite-data rask function (WM17-0) is
alsoavaikble with this node. Aterwriting, the address cotier (AC) auomatically increments ly 256,
andaubmatically junps tothecountr either at be tg of the nextrightrow (ID = 1) or atthe bp d the
nex left row (I/D = 0) accoding to the settig in thel/D bit, when the addresseactesthe ottom of
GRAM.

Operation example

1) /D ="1", AM ="1", LG2-0 = "111" (unmatched writing)
2)CP17-0 = "0A0OCO"H

3)WM17-0 = "00000"H

4) AC = "0000"H

WM17 WMO
Write-data mask: |0|0|0|0|0|0|0|0|0|0|0|O|O|0|O|0|0|0|

CP17 CPO )
Gompare register:[o]o]1]o]1[o[o[o]o]o]1]1]o[ofo[o[ofo] <=e ePer=ten

DB17 (Unmatched) DBO Conditional replacement
N oK a0 0} R 0 s 02 a0gga00gan

! ~— -
Compare | Replacement
1

(Matched) operation Conditional replacement
o TR - @ ~ 1 FLFTELEETET

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

"0000"H "0100"H
roooorw [Ofofafolofsfalofofafaooafalfala] wreses

corooss PTTT T T T e oma

: GRAM
"EF00'H

Note 1) The bits in the GRAM with “are not overwritten.
Note 2) After writing data to the address "EF00"H, the address counter jumps to
"0001"H.

Write M ode 4
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Preliminary

y-Corredion Function

The HD66789incorpaatesy-correcion function to simultaneausly display 262144 colors, by which &
level grayscaleis deternmedby the gradietradjustnent and fne-adjstment registers. Seleetther
positive or negate polarity of the regsters accading to the characteristics & liquid crystal mnel.

Display
data

MSB

Graphics RAM(GRAM)

Y Y Yy Y YVY VYV VY ¥VYYYY

LSB
L

e lelel= e ol e o e o) e lels e s =]

Positive
Polarity
Register

PKP o2

PKP g1

PKP oo

PKP 12

PKP 11

PKP 1o

PKP 2,

PKP 1

PKP 5

PKP 3,

PKP 31

PKP 39

PKP 42

PKP 41

PKP 49

PKP sz

PKP 51

PKP 50

PRPg2

PRP 1

PRP g

PRP+2

PRP 1

PRP 1o

VRP 3

VRP 2

VRPs

VRPg

[veew] veeys

VRP1

VRP 14

VRP1

Negative
Polarity
Register

PKNg2

PKNg1

PKNgo

PKN 12

PKN 14

PKN o

PKN 22

PKN21

PKN2g

PKN32

PKN31

PKN3o

PKN 42

PKN41

PKN 4o

PKNs2

PKNs1

PKNso

PRNgz

PRNg1

PRNgo

PRN12

PRNq

PRN1g

VRNg3

VRN

VRNg1

VRNgo

IVRNM VRNy3

VRN;,

VRN

VRN

L6 r 6 T6
0]

g Y |
S

9 32-level grayscale 32-level 32-level

B3 control <R> control <G> control <B>
3

=1 FRC control FRC control FRC control
=

@ X

= LCD driver LCD driver LCD driver

R

G

B

LCD

Grayscale control
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Configuration of Grayscale Amplifier

The eghtlevelk (VINO-7) of grayscale are detminedby the gadient agustnment and fne adjustnent
registers. The &vek are then dvided nto 32 levels (V0-31) by théadder resstorsplacedbetween each

level.
Gradient Amplitude
Adjustment Fine Adjustment Registers (6 x 3bits) Adjustment
Register Register
PRP/NO PRP/N1 PKP/NO PKP/N1 PKP/N2 PKP/N3 PKP/N4 PKP/N5 || VRP/NO VRP/N1
3 13 13 13 T3 T3 13 13 T4 15
VREG10UT h
%’ VINPO/VINNO > o
% JL] VINP1/VINN1
—» V1
% £5 — V2
= g —» v3
N / .
] VINP2/VINN2 :
g —P vs
- g2 —» vo
Q 5 H
g i :
] VINP3/VINN3 :
g = e o [—»vie
g &3 s [P Vvi7
17} g < :
a - ! VINP4/VINN4 8 :
— 1 O .
) 0w o [P Vvie
¢ g3 > P v20
g 3 :
— vivesvings | |
g [}
g2 B e V1
s — V26
—'ﬁ VINP6/VINNG :
0w — v3o0
e5
g2
= g
=
= VINP7/VINN7 > Va1
VGS I—J

Grayscale ampifier
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VDH !
VRPO ;! VRPO[3:0] VRNO ;?’
0~30R 0~30R
KVPO VINPO VINNO
5R I RPO PKPO[2:0] SR o PKNO[2:0]
KVP1 KVN1
4 T KvP2 (I RN KVN2
RP2 KVP3 RN2 KVN3
RP3 Kvp4] 8o 1 RN3 KNa] g (o 1
4R RP4 KVPS| SEL 4R RN4 KNS g |
RPS KVP6 RNS KVNG
KVP7 RNG KVNT.
RPT. KVP8 RN7 KVNS
VRHP VRHN -
0~20r 21— PRPO20]] E< PrP120]] 0-2r e Prrozo] £<PKN1[2.0]]
KvP9 KVNO
r 'd RN8 KVYN10
B RN9 KVN11
RN10 KUNT2
1R 8 to t—{ vinp2> 1R% W RN11L Kn13] 8to1 VINN2
SEL RN12 KvN14] SEL
WRNG s
RN KVN16
5R E-—PKF’Zlml SR RN1S < PKN2[2:0]]
KVNIT
Y r M RNG KVNTE
| T KVN19
M _RN18 KVN20
1R 8to1 R4 B RN1O KvN21| 8o 1
SEL C 2] SEL
M _RN21 KVN23
. « B RN22 KVN24.
16R PKP3[2:0] 16R I RN23 PKN3[2:0]
KVN2S
r rMRN2G KVNG]
BLRN2S KVN2T
B RN26 KVN28
1R 8tod VINP4, 1R+ mg RN27 Kool 8101 VINNA
SEL SEL
[ e KVN30
W_RN29 1
M Rnso KVN32
5r < PrPaf2:0]] 5R NN RN31 < PrN42:0] ]
KVN33
4 (M RN3 KVN34
B RN33 KVN35
8to1 B RN34 KVN36 |8 to 1
® SEL Rig o] e L
W RN ks
B RN37 KVN39
B _RN38 KVN40
VRLP — VRLN < —
0~26R £< PKP5[2:0]] 0~26R ;E’<—< PRN1[2:0] | £<PKN5[2 0]
KVN1
r 'd RN39 KVN42
8101 RN40 KVN43
0 RN41 KVN44 | 8to 1
R SEL 4R RN42 Kynas | SEL
RN43 KVN46
RN44 KVN47
q = TS KVN4G
5R SR WM RN4G
VINP VINN7
VRP1 VRN <
0~31R 0~31R &
JVGS  gr W Rps7 SR W RN4T7

Ladder Resistors and8-to-1 Selector
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y-Correction Register

They-adjustment register is aup of registers to sein apropriate gragcalevoltage or they-
chaacteristes of aliquid crystalpanel The regster group is caegorizednto theones adjsting gradiet,
anplitude,and fne-tuning in relation to grayscale nunber andgrayscale viiage charactestics. Each
register canmake an irdepenént seting for the paitive/negatve polarity. The reérencevalueand R@
are conmon to both polarities.

Glayscale voltage
Glayscale voltage
Glayscale voltage

AN
Grayscale number Grayscale number Grayscale number
Gradient adjustment Amplitude adjustment Fine adjustment

Gradient, Amplitud e, Fine Adju stments
1. Gradientdjwstment registers

The gadentadjustnent registess are usetb adust the gradent arourd the nmiddle of the gayscale nuniber
andvoltagechamaceristics withou charging a dynanc range. To adjust a gradiety the valies ofthe
variade regstors (VRHP (N)/VRLP (\)) in the nmidde of the lader resistor bbck for grayscale wltage
gereration are catrolled. Theregisters incorporate separategisters for positve ard negtive polarities to
be corpatible with asynmetric drive.

2. Anmplitude agustment regsters

The anplitude adjstment registersare wsedto adjustthe ampliude ofthe gayscale votage. To adjst the
anplitude,the \elues d the variabé resistas (VRP{\)1/0) in the bdtom of theladder resistor blak for
grayscalevoltage gnemtion are agusted Sane with the gadentregisters, he anplitude agustment
registers alsancorporate sepateregisters for posiive ard negtive pohiities.

3. Fine adiistrent registers

The fineadjwstment register is tafine-adjust he grayscalevoltage level. To fine-adjust he graycale
voltage level, each ével of 8-level reference vltages gemated fromthe bdder registers is ctmolled by 8-
to-1 selector. Samwith theother registers, thfine-adjustnentregisters ako incarporate sepaate registers
for posiive ard negtive polarites.
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y-Correction Registers

Register Positi ve Negative Description

Grou ps Polarity Polarity

Gradient PRP021t0o 0 PRNO 2to 0 Variable resistor VRHP (N)

adjustment PRP12t00  PRN12t00 Variable resistor VRLP (N)

Amplitude VRPO 3100 VRNO 3to 0 Variable resistor VRP (N)O

adjustment VRP14t00  VRN14t00 Variable resistor VRP (N)1

Fine adjustment PKP0O2to 0 PKNO21to 0 8-to-1 selector (voltage level of grayscale 1)
PKP12to 0 PKN1 2 to 0 8-to-1 selector (voltage level of grayscale 8)
PKP22to 0 PKN221to 0 8-to-1 selector (voltage level of grayscale 20)
PKP32to 0 PKN32to 0 8-to-1 selector (voltage level of grayscale 43)
PKP42to 0 PKN421to 0 8-to-1 selector (voltage level of grayscale 55)
PKP52to 0 PKN52to 0 8-to-1 selector (voltage level of grayscale 62)

Ladder resistors and 8-to-1 selecor
Block configuration

The Bock diagiam of pagel12 consists oftwo ladder resistas including variable resistors, angHto-1
selecbrs which select te vdtagegeneratedy the ladler resistas tooutputa reference vdtagefor the
grayscalevoltage. The variabé redstors and the 8-to-1selectors age contolled ty they correcion registers
Pins that are conectedto avariable resistor are praléd b conpensatehe \ariationanong the parls.

Variable resistor

There are three kils ofvarialle resstors for thegradent adjwstment (VRHPN)/VRLP(N)), the anplitude
adjustnent (1) (VRP(N)0) andthe anplitudeadjustnent (2) (VRP(N)1). Theresistarte is degrmined by
the gradiehadpstment andanplitude agustrent regisérs as is shavn below.

Gradient adjustment Amplitu de adjustment (1) Amplitude adjustment (2)

Contents of Regist er  Resistance Conten ts of Regist er Resistan ce Content s of Register Resistance

PRP(N) 0/1[2:0] VRHP(N) VRP(N)0[3:0] VRP(N)O VRP(N)1[4:0] VRP(N)1

VRLP(N)

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-t0-1 selecor

The 8to-1 selectors seleét votage evel generated @ the ladeér resistors accordito the ine adjustment
registers, andutput six kinds ofreference wltage, VIN1 to VIN 6. Therelationship betweenthe fne
adjustnent register andhe selectedvoltage is asdllows.

Fine adjustment registers and selected wvltage

The value of Re gister  Selected Voltage

PKP(N)[2:0] VINP(N)L VINP(N)2  VINP(N)3  VINP(N)4  VINP(N)5  VINP(N)6
000 KVP(N)L KVP(N)9  KVP(N)17 KVP(N)25 KVP(N)33  KVP(N)41
001 KVP(N)2 KVP(N)I0 KVP(N)18 KVP(N)26 KVP(N)34  KVP(N)42
010 KVP(N)3 KVP(N)I1  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)I5 KVP(N)23  KVP(N)31  KVP(N)39  KVP(N)47
111 KVP(N)8 KVP(N)16  KVP(N)24  KVP(N)32  KVP(N)40  KVP(N)48
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The gaysak levés (V0-V31) are calcudted acording to the following formulas.

Formulas for calculating voltage (Positive polarity) (1)

Pin Formula Fine adjustment register value sgzz'e:m
KVPO | VREG1OUT - AV*VRPO/SUMRP - VINPO
KVP1 | VREGI1QUT - AV* VRPO+5RYSUMRP PKP02-00 = "000"
KVP2 | VREG1OUT -AV* VRPO+9R)/SUMRP PKP02-00 = "001"
KVP3 | VREG1QUT - AV* VRPO+13RYSUMRP PKP02-00 = "010"
KVP4 | VREG1QUT - AV* VRPO+17RYSUMRP. PKP02-00 = "011"
KVP5 | VREG1OUT -AV* VRP0+21RV/SUMRP PKP02-00 = "100" VINP
KVP6 | VREG1OUT - AV* VRPQ+25RYSUMRP PKP02-00 = "101"
KVP7 | VREG1QUT - AV* VRPQ+29RY/SUMRP. PKP02-00 = "110"
KVP8 | VREG1QUT - AV* VRPO+33RVSUMRP. PK
KVP9 | VREG1QUT - AV*(VRPQ+33R+VRHPYSUMRP
KVP10 | VREG1QUT - A V*(VRPQ+34R+VRHPYSUMRP
KVP11 | VREG1OUT - A V*(VRPO+35R+VRHPYSUMRP
KVP12 | VREG1QUT - AV*(VRPQ+36R+VRHPYSUMRP
KVP13 | VREG1QUT - A V*(VRPO+37R+VRHPYSUMRP VINP2
KVP14 | VREG1OUT - A V*(VRP0+38R+VRHPYSUMRP
KVP15 | VREG1QUT - AV*(VRPQ+39R+VRHPYSUMRP
KVP16 | VREG1QUT - A V*(VRPQ+40R+VRHPYSUMRP
KVP17 | VREG1OUT - A V*(VRP0+45R+VRHPY/SUMRP PKP22-20 = "000"
KVP18 | VREG1QUT - A V*(VRPO+46R+VRHPYSUMRP
KVP19 | VREG1QUT - A V*(VRPQ+47R+VRHPYSUMRP
KVP20 | VREG1OUT - A V*(VRPO+48R+VRHPYSUMRP
KVP21 | VREG1OUT - AV*(VRPO+49R+VRHPYSUNMRP. VINP3
KVP22 | VREG1QUT - AV*(VRPQ+50R+VRHPYSUMRP
KVP23 | VREG1OUT - A V*(VRPO+51R+VRHPYSUMRP
KVvpP24 MREGIOUT - AN\V/RPO+R2R+VRHPYSLIMREP.
KVP25 | VREG1QUT - A V*(VRPO+68R+VRHPYSUMRP
KVP26 | VREG1OUT - A V*(VRPO+69R+VRHPYSUMRP
KVP27 | VREG1QUT - A V*(VRPQ+70R+VRHPYSUMRP
KVP28 | VREG1QUT - A V*(VRPQ+71R+VRHPYSUMRP
KVP29 | VREG10UT - A V*(VRP0+72R+VRHP)SUMRP. VINP4
KVP30 | VREG1QUT - A V*(VRPO+73R+VRHPYSUMRP
KVP31 | VREG1QUT - A V*(VRPO+74R+VRHPYSUMRP
KVP32 | VREG1OUT - A V*(VRP0+75R+VRHPY/SUMRP
KVP33 | VREG1QUT - A V*(VRPO+80R+VRHPYSUMRP
KVP34 | VREG1QUT - A V*(VRPO+81R+VRHPYSUMRP
KVP35 | VREG1OUT - A V*(VRPO+82R+VRHPYSUMRP
KVP36 | VREG1QUT - A V*(VRPO+83R+VRHPYSUMRP VINPS
KVP37 | VREG1QUT - A V*(VRPQ+84R+VRHPYSUMRP PKP42-40 = "100"
KVP38 | VREG1OUT - A V*(VRPO+85R+VRHPYSUMRP PKP42-40 = "101"
KVP39 | VREG1QUT - AV*(VRPQ+86R+VRHPYSUMRP PKP42-40 = "110"
KVP40 | VREG1QUT - A V*(VRPQ+87R+VRHPYSUMRP. PKP42-40
KVP41 | VREG1OUT - A V*(VRPO+87R+VRHP+VRLPYSUMRP PKP52-50 = "000"
KVP42 | VREG1QUT - AV*(VRPQ+91R+VRHP+VRI PYSUMRP PKP52-50 = "001"
KVP43 | VREG1OUT - A V*(VRPO+95R+VRHP+VRI PYSUMRP PKP52-50 = "010"
KVP44 | VREG1OUT - A V*(VRPO+99R+VRHP+VRLP)/SUMRP. PKP52-50 = "011"
KVP45 | VREG1OUT - A V*(VRPQ+103R+VRHP+VRI PYSUMRP PKP52-50 = "100" VINP6
KVP46 | VREG1OUT - A V*(VRP0+107R+VRHP+VRLPYSUMRP PKP52-50 = "101"
KVP47 | VREG1QUT - AV*(VRPO+111R+VRHP+VRI PYSUMRP PKP52-50 = "110"
KVP48 | VREG1QUT - A V*(VRPO+115R+VRHP+VRI PYSUMRP PKP52-50 = "111"
KVP49 | VREG10UT - A V*(VRPO+120R+VRHP+VRLP)/SUMRP - VINP7
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 VREGIOUT and VGS
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Preliminary

Formulas for calculating voltage (Postive polarity) (2)

Grayscale

Voltage Formula
VO VINPOQ
V1 VA+(VINP1-V4)*(15/24)
V2 VA4+(VINP1-V4)*(8/24)
V3 VA+(VINP1-V4)*(4/24)
V4 VINP2
V5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-V10)*(12/24)
V8 V10+(V4-V10)*(8/24)
V9 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)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINP4
V22 V27+(V21-V27)*(20/24)
V23 V27+(V21-V27)*(16/24)
V24 V27+(V21-V27)*(12/24)
V25 V27+(V21-V27)*(8/24)
V26 V27+(V21-V27)*(4/24)
V27 VINP5
V28 VINPG6+(V27-VINP6)*(20/24)
V29 VINPG6+(V27-VINP6)*(16/24)
V30 VINP6+(V27-VINP6)*(9/24)
V31 VINP7

Note : Make sure DDVDH - VO > 0.5V

DDVDH -V4 > 1.1V
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Preliminary

Formulas for calculating voltage (Negativepolarity) ( 1)

Pin Formula Fine adjustment register value | \paca
KVPO | VREG1OUT - AV*VRNO/SUMRN - VINNO
KVN1 | VREG1OUT -AV* VRNO+5R)SUMRN PKN 02-00 = "000"
KVYN2 | VREG1OQUT - AV* VRNO+ORYSUMRN PKN 02-00 = "001"
KVYN3 | VREGIOUT -A V* VRNQ+13RYSUMRN PKN 02-00 = "010"
KVN4 | VREG10UT - A V* VRNO+17R)/SUMRN PKN 02-00 = "011"
KVYN5 | VREG1OUT -A V* VRNQ+21RYSUMRN PKN 02-00 = 100" VINNT
KYN6 | VREG1QUT-A V* VRNQ+25RYSUMRN PKN 02-00 = "101"
KVN7 | VREG10UT - A V* VRNO+29R)/SUMRN PKN 0200 ="110"
kN8 | VREGIOUT - A V* VRNO+33RVSUMRN PKN 02-00 ="111"
KVYN9 | VREG1OUT - A V*(VRNO+33R+VRHNYSUMRN PKN 12-10 = "000"
KVN10| VREG10UT - A V*(VRNO+34R+VRHNYSUMRN PKN 12-10 = "001"
KYN11] VREG1QUT - A V*(VRNQ+35R+VRHNYSUMRN PKN 12-10 ="010"
KYN12| VREG1OUT - A V*(VRNQ+36R+VRHNYSUMRN PKN 12-10 = "011"
KVN13 | VREG1OUT - A V*(VRNO+37R+VRHN)/SUMRN PKN 12-10 = "100" VINN2
KYN14] VREG1QUT - A V*(VRNQ+38R+VRHNYSUMRN PKN 12-10 = "101"
KyN15] VREG10UT - A V*(VRNO+39R+VRHN)Y/SUMRN PKN 12-10 = "110"
KVN16| VREG10UT - A V*(VRNO+40R+VRHNYSUMRN PKN 12-10 = "111"
KVN17] VREG10UT - A V*(VRNO+45R+VRHNYSUMRN PKN 22-20 = "000"
KYN18] VREG1QUT - A V*(VRNQ+46R+VRHNYSUMRN PKN 22-20 = "001"
KVN19 | VREG1OUT - A V*(VRNO+47R+VRHNYSUMRN PKN 22-20 = "010"
KyN20] VREG10UT - A V*(VRNO+48R+VRHN)SUMRN PKN 22-20 = "011"
KYN21| VREG1QOUT - A V*(VRNO+49R+VRHNYSUMRN PKN 22-20 = "100" VINN3
KVN22 | VREG10UT - A V*(VRNO+50R+VRHNYSUMRN PKN 22-20 = "101"
KVN23] VREG10UT - A V*(VRNO+51R+VRHN)YSUMRN PKN 22-20 = "110"
KVN24| VREG10UT - A V*(VRNO+52R+VRHN)YSUMRN PKN 22-20 = "111"
KVN25 | VREG10UT - A V*(VRNO+68R+VRHNYSUMRN PKN 32-30 = "000"
KVN26] VREG10UT - A V*(VRNO+69R+VRHNYSUMRN PKN 32-30 = "001"
KYN27] VREG1OUT - A V*(VRNO+70R+VRHN)YSUMRN PKN 32-30 = "010"
KVN28 | VREG1OUT - A V*(VRNO+71R+VRHNYSUMRN PKN 32-30 = "011"
KVN29 | VREG1OUT - A V*(VRNO+72R+VRHN)/SUMRN PKN 32-30 ="100" VINN4
KVN30| VREG1OUT - A V*(VRNO+73R+VRHN)YSUMRN PKN 32-30 = "101"
KVN31| VREG1OUT - A V*(VRNO+74R+VRHN)/SUMRN PKN 32-30 = "110"
KVYN32 | VREG10UT - A V*(VRNO+75R+VRHNYSUMRN PKN 32-30 ="111"
KYN33 | VREG1OUT - A V*(VRNO+80R+VRHN)YSUMRN PKN 42-40 = "000"
KVN34 | VREG1OUT - A V*(VRNO+81R+VRHNYSUMRN PKN 42-40 = "001"
KVN35] VREG10UT - A V*(VRNO+82R+VRHN)/SUMRN PKN 42-40 = "010"
KVN3g | VREG1OUT - A V*(VRNO+83R+VRHN)/SUMRN PKN 42-40 = "011" VINNS
KVN37 | VREG1OUT - A V*(VRNO+84R+VRHNYSUMRN PKN 42-40 = "100"
KVN3a| VREGTOUT - A V*(VRNO+85R+VRHN)/SUMRN PKN 42-40 = "101"
KYN39 | VREGTOUT - A V*(VRNO+86R+VRHN)SUMRN PKN 42-40 = "110"
KVN40 | VREG1OUT - A V*(VRNO+87R+VRHN)/SUMRN PKN 42-40 = "111"
KVN41] VREGTOUT - A V*(VRNO+87R+VRHN+VRLP)/SUMRN PKN 52-50 = "000"
KVN42 | VREGTOUT - A V*(VRNO+91R+VRHN+VRLP)/SUMRN PKN 52-50 = "001"
KVN43 | VREG10UT - A V*(VRNO+95R+VRHN+VRLPYSUMRN PKN 52-50 = "010"
KVN44 | VREGTOUT - A V*(VRNO+99R+VRHN+VRLP)/SUMRN PKN 5250 = "011"
KVN45 | VREG10UT - A V*(VRNO+103R+VRHN+VRLPYSUMRN | PKN 52.50 = "100" VINNG
KVN46 | VREGTOUT - A V*(VRNO+107R+VRHN+VRLPYSUMRN | PRN 52.50 = "101"
KVN47 | VREGTOUT - A V*(VRNO+111R+VRHN+VRLP)YSUMRN | PKN 52-50 = "110"
KVN48 | VREG10UT - A V*(VRNO+115R+VRHN+VRLPYSUMRN | 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

Rev.0.12, May 09 2003, page 119 of 156

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6192178/hd66789.html

HD66789

Preliminary

Formulas for calculating voltage (Negativepolarity) ( 2)

Grayscale

Voltage Formula
VO VINNO
V1 V4+(VINN1-V4)*(15/24)
V2 V4+(VINN1-V4)*(8/24)
V3 V4+(VINN1-V4)*(4/24)
V4 VINN2
V5 V10+(VA-V10Y (20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-V10)*(12/24)
V8 V10+(V4-V10)*(8/24)
Vo V20+(V8-V20)*(4/24)
V10 VINN3
Vi1 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 | V2T+(V21-V27 ) (12/24)
V25 | V27+(V21-V27) (8/24)
V26 V27+(V21-V27)*(4724)
Va7 VINNS
V28 VINNG +(V27-VINNG)*(20/24)
V29 VINNG +(V27-VINNG)*(16/24)
V30 VINNG +(V27-VINNG)*(9/24)
V31 VINN7

Note : Make sure DDVDH - V0 > 0.5V
DDVDH - V4 > 1.1V
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HD66789 Preliminary

Relationship betweenRAM data and output level

The relaionshp betveenthe RAM dataand he souce aitput level is as bllows.

Vo
Negative polarity

Positive polarity

V31

RAM data

(Common for each RGB pixel)

000000

111111

RAM data and the output voltage

Negative polarity

Vcom
Positive polarity

Saurce autput and Vcom
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HD66789

Preliminary

8-color Display Mode

The HD66789incorpaates 8cdor disply mode. The avdablegrayscale leels are VO ad V31, ard the
voltages for the other levels (V1-V3(Q are hated b reducepower cosunption.

They-fine-adjustment registers, PKPO-PH5 and PKNBPKNS5 are notavailable in the 8-color dsplay
mode. Since tre pover sugply for the levds V1-V30are halted, RGB data h GRAM shoud be set to

either “000000” or“111111" before settng thismode o thatVO0 or V31 isselected

Display
data

Graphics RAM(GRAM) LSBI

Y Y Y Y YYVYYYY OYYYY VY

Cllelelm sl Clelelele [ ole el le =]

Positive
Polarity
Register

PKP g2

PKP o1

PKP oo

PKP 1,

PKP 11

PKP 10

PKP 22

PKP 21

PKP 2

PKP 3,

PKP 34

PKP 39

PKP 42

PKP 41

PKP 49

PKP 52

PKP 51

PKP 50

PRP o2

PRPg1

PRP g

PRP4;

PRP 1

PRP o

VRPg3

VRPg2

VRPg

VRPgo

IVRPM VRP 13

VRP1,

VRP

VRP;q

Negative
Polarity
Register

PKN 2

PKNo1

PKNoo

PKN 1,

PKN 11

PKN 1o

PKN22

PKN21

PKN2o

PKN32

PKN31

PKN3o

PKN 42

PKN.1

PKN4o

PKNs,

PKNs1

PKNso

PRNg2

PRNgy

PRNgg

PRN;;

PRN 1

PRN1g

VRNg3

VRNo2

VRNps

VRNgo

[venw] vens

VRN,

VRN 14

VRN1o

L6 L 6 +6
0]
g Y 1
<
@
S 2-level 2-level 2-level
o control <R> control <G> control <B>
>
3
=2
=
5} .
= LCD driver LCD driver LCD driver
A \

R

B

Grayscale control
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HD66789

Preliminary

To swich betweenthe262, 144color mode andthe 8cdor mode, nake setings accading to the following

seqences.

262,144 to 8 colors

Display off
GON =*“1"
DTE =“1”
D1-0 = “10”

Wait (2 frame or more)

|

Display off
GON =“1"
DTE =“0"
D1-0 = “10”

Wait (2 frame or more)

Display off
GON =“0"
DTE =“0"

D1-0 = 00"

Setting of RAM

Wait (40 msec or more)

Display on
GON = “0"
DTE =“0"
D1-0 =“01”

Wait (2 frame or more)

Display on
GON =1
DTE=0
D1-0 =01

Display on
GON ="1"
DTE =“0"
D1-0 ="11"

Wait (2H or longer)

Display on
GON ="1"
DTE =“1”
D1-0 =“11”

I

Displaying
in 8-color mode

8 to 22,144 colors

Display off
GON ="1"
DTE =“1"
D1-0 =“10”

Wait (2 frame or more)

Display off
GON =“1"
DTE =“0"
D1-0 =“10”

Wait (2 frame or more)

Display off
GON =*0"
DTE =“0"

D1-0 =“00”

Setting of RAM

Wait (40 msec or more)

Display on
GON = “0"
DTE=*0"
D1-0 =“01"

Wait (2 frame or more)

Display on
GON ="1"
DTE =“0"
D1-0 =“01"

Display on
GON =“1”
DTE =“0"
D1-0 ="11"

Wait (2H or longer)

Display on
GON ="1"
DTE =“1"
D1-0 =“11"

Displaying
n 262,144-color mode
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HD66789 Preliminary

System Confguration

The Pllowing figure illustrates arexanple o configuringa TFT-LCD parel of 176x 240 dts
withHD66789.

176 pixels x 3
G1
G2
o -SiTFT 240
G239
G240
S182 —  ————— S527.8528

Source Driver Circuit

Power Supply
Circuit
Mo |

o HD66789 [ =
Tl | Tt L
Vci1 Vci 18 4] 3 181 4] Vcc GND

7 | M2, vt PD0~17
DBO~17 . IM1,vLD
RESET IMO/ID

CS*WR*, VSYNC

RD*, RS HSYNC
DOTCLK
ENABLE

System configuration with HD66789
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HD66789 Preliminary

Configuration of Power Generation Circuit

The nternalconfiguration d power generatin circuit of HD6678 is as 6llows.

& |vreciout

[

In case of 0CG
assemby, separatel

on the FPC. VClLVL
Voltage Amplifying :
Adjustment Circuit 1 Source Driver 10O s1-s528
Circuit (VDH

VcomH voltage
adjustment Y Adjustment
(in case of Circuit
adjusting

with external

variable resistors)

Y Adjustment
Circuit

VeomH VOP,
In case of using Step up Sireult Grayscale
VciOUT output - I—.
ampier, C11+ Circuit 1 — e —e
Gircuit
. VLOUT1 ircui —
Note 2)[ ] p I
DDVDH
Ve H
c12: p
C12+ I
C21-
C21+
c22- |1, |H oo —
C22+
Step-up Note 1
VLOUT2 Circuit 2 ote 1)
Note 2)[ ] o—
VGH
VLOUT3
o—i VGH
VGL Gate Driver
[ VGL
Notes 2),3 VLOUT4
< I
VCL
Note 4) HD66789

Note 1) Connect stabilizing capacitors to the TESTA4 panel as required for the display quality of
the panel and voltage consumption (0.1uF, characteristic B). Otherwise, adopt 1uF, characteristic B.
Note 2) Place a shot-key diode (VF = about 0.4V/20mA, VR >=30V).
Note 3) Wiring from GND or VGL to the shot-key dioode must be 10Q or less.
Note 4) Capacitors are not required when VCOMG = 0 (VCOML = GND).
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HD66789

Preliminary

Speification of External ElementsConnected to HD66789 Pover Supply

The Pllowing ble shavs speciitations ofexiernal elenents caneced toHD66789power suply.

Capacitor

Capacity

Recommended voltage

Connect pins

1 uF (B characteristic)

6V

VREG1OUT, VciOUT, VOUT4, VcomH, VcomL,
C11+/-,

1ov VLOUT], C22+/-
25V VLOUTZ, VLOUT3
0.1 pF (B characteristic) | 6V VOP, VON, V31P, V31N, TESTA4

Sha-key diode

Feature Connect pin
VF < 0.4V / 20mA at 25 centigrade, VR>=30V GND - VGL
(recommended diode : HSC226) (Vci— VGH)
(Vci — DDVDH)

Variable resistor
Feature Connect pin
> 200 kQ VcomR
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HD66789

Preliminary

Instr uction Setting Flow

Make a setting for each mstruction accordig to thefoll owing segence.

Display ON/OFF

Display off Display on
EQ=0 Power supply
T setting
Display off |
GON =1
DTE =1 SAP2-0 Setting |
D1-0=10 |
I Display on
Wait (2 frames or more) GON=0
I DTE=0
D1-0 =01
Display off
GON = 1 [
DTE=0 Wait (2 frames or more) |
D1-0=10 |
I Display on
Wait (2 frames or more) GON =1
I DTE=0
Display off D1-0=01
GON =0 T
DTE =0 Display on
D1-0 =00 GON =1
DTE=0
D1-0 =11
|
Wait (2 frames or more)
Power supply off
SAP2-0 = “000” I
AP2-0 = “000” Display on
PON =*0" GON =1
VCOMG =*“0" DTE =1
; D1-0 = 11
“Display on”
“Display off”

Display off flow

Display.on flow
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HD66789 Preliminary

Standby and Sleep

Standby Sleep
[ Display off flow ]aandby [ Display off low J
set Sleep set
I I
| standbyset(stB="1) | _J [ Seepset(siP="1) |

| Oscillation Start

Q |wwsmsaaann

| P
- Standby Sleep canceled (SLP = “0")
| Wait ;0 ms cancel | |gleep
| Standby canceled (STB = “0") |_J cancel
I [ Power setting ]
Power setting
[ * ] [ Display on flow ]
Display on low
Rev.0.12, May 09 2003, page 128 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789

Preliminary

Power Supply Sdting

Whenever tming on the pover supply, it mustbe dame inaccordancéo the following procedue.

The stdili zationtime for the cscillation drcuits, stepup circuits, and @eratioral anplifiers depeds onthe

external resstors and cacitors.

-
Power supply (Vce, Vci, I0Vce) ON

Vi
10Vee
Veg

GND
Vee(=RVee) = 10Vee = Vi or
Vee(=RVee), I0Vee, Vci Simultaneously

Power ON RESET
& Display OFF
Bits for Initializing

7~ ~, Power Supply Settings
Instructions for VC2-0 bits setting
settings before VRH3-0 bits setting
driving VCMA4-0 bits setting
Power Supply VDV4-0 bits setting

PON="0", DK="1"

Bits for “Display OFF”
1ms or more »

................................. v

10ms or more
Oscillation Circuit
Stabilization Time

PON="0"
VCOMG="0"

S —
.

Bits for setting
Power Supply Operation Start
Power Supply BT2-0="000"
Instruction DC12-10 bits setting
issue (1) ) A
DCO02-00 bits setting
\ _) AP2-0 bits setting

PON="1"
40ms or more

Step-up Circuit
Stabilization Time
Bits for setting

Power Supply Operation Start
VCOMG="1"

BT2-0 bits setting

DK="0"

Power Supply
Instruction

100ms or more issue (2)

Operational
Amplifier
Stabilization
Time Other mode settings
Instruction issue
v

Display ON
sequence

SAP2-0 bit setting
Bits for “Display ON”
DTE="1", D1-0="11"
GON="1"

Display ON

Display ON Sequence

Bits for “Display ON”

Normal Display | DTE ="1", D1-0="11"
GON ="1"
Display OFF
Sequence

Display OFF
Bits for setting
Power Supply Halt
Povyer supply SAP2-0="000"
setting AP2-0="000"
Instruction (2) PON="0"
VCOMG="0"

Power Supply (Vcc, Vci, IOVee) OFF
Vi
|0Vee Vee

GND
Vci = I0Vee = Vcc(=RVcc) or

Vcece(=RVcec),I0Vee, Vci Simultaneously

Display OFF Sequence
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HD66789 Preliminary

Pattern Diagram for Voltage Stting

The Pllowing figures are thepatten dagramof voltage settig for the HD66789 andthe \oltage

waveforms.
VLOUT2 [veH o~ +16.5v)
BT
VLOUTH DDVDH (4.5 ~ 5.5V)
> VREG10UT (3.0 ~ (DDVDH-05)V) |
yei@s-33v) ve Vait VRH > VcomH (3.0 ~ (DDVDH-0.5)V) |
—
VoV
GND (ov)}
X VoomL ((VCL+0.5) ~ 1V)
VCOMG
Y VLOUT VCL (0 ~ -3.3)V
BT
Y _VLOUTS VGL (-4.0 ~ -16.5V)

Pattern diagram for voltage setting

Note 1) Voltage drop occurs in relation to set voltage for each DDVDH, VGH, VGL, VCL output depending
on current consumption required for each output. (DDVDH+VREG10UT) > 0.5V and
(VcomL - VCL) > 0.5V show the relationship in relation to the actual voltage. When AC frequency of
Vcom1l and Vcom 2 is high (e.g. AC occurs by line), current consumption is also large. In this case,
check voltage before use.

VGH
. A ) ) vcomH
Veom ’\ VcomL
Sn(Source driver output of HD66789)
Gate Output VGL

Applied voltage to the TFT display
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HD66789 Preliminary

Oscillation Cir cuit

The HD66789generates ostdtion by intemal R-C oscilator wih anexternaloscillationresistor placed
betveenthe C5C1and G5C2 pins. The oscilation frequency varies depeing onthe \aelue of external
resistor, tle distace ofwiring, andthe pwer suppy voltage br the ccillation. For exanple, tre
oscilation frequency becoms lowwhenincreasingthevalueof Rf resistor, or lavering the paver suppy
voltage. See théElectric Characteristics des” secton for therelationship betweenthe Rfregstor value
andtheoscillationfrequery.

é_ 0OSC1
Rf

L— osc2
HD66789

é_ 0OSC1
Rf

L———— 0sC2

x HD66789

External Resistor Oscillaion Mode

Note 1) Place the Rf resistor as close as to the OSC1, OSC2 pins.

Note 2) Make sure not to arrange other wiring beneath or close to OSC1-OSC2 wiring to avoid effects from
coupling.
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HD66789 Preliminary

n-raster-row Inversion AC Drive

The HD66789, in aditionto LCD inversionAC drive byframe, sypports n-rater-row inversion AC drive
where alternatio occurs by n rasterrows,where n ékes a nmber betveen 1to 64. The n-isterrow
inverson AC drive erables 6 overcone the problens relatedto dsplayquality.

In deermining n (the vale setih the NW kit +1), the nunber ofraster-rows bywhich alternaion occurs
check the disphy quality onthe atualliquid crystalpanel Settirg a snall number of rasterrows wil raise
the AC frequency oftheliquid crystaland ncrea® the clarge/dischage cumrenton he liquid crystal cels..

1 frame 1 frame

< »le

Back porch Front porch |Back porch Front porch

1. 213 4 d1D42i e DEG| 11 20 31 4 i 241242 .25 112

Frame AC driving
240-raster-row driving )

—
~—
—~——

n-raster row driving
240-raster-row driving
3-raster-row reversed
EOR =1

——~
—_~
|

Note: Make sure that EOR is set to "1" whenever the n-raster-row reverse AC driving to avoid DC bias.

n-raster-rows inversion AC drive
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HD66789 Preliminary

Interlaced Drive

The HD66789supparts interlaced dve, whch dvides ondrame into n fields anl then drivesd preven
flickers.

To determine the mimber of fields (: value setn the FLD bits), checkhedisplay quality onthe actial
liquid crystal mnel. The bllowing table shove the gite selectin for each mmber of fields, 1 © 3. The
figure ilustrates th ouput wavebrms ofthe 3-field intedaced drie.

Gate seledton

GS=0 GS=1
FLD1-0 01 11 FLD1-0 01 11
Field - 1 2 3 Field - 1 2 3

Gate Gate

Gl (6] (6] G240 O O

G2 (0] (0] G239 O (6]

G3 (0] (0] G238 O O

G4 (0] (0] G237 O O

G5 (0] (0] G236 O (0]

G6 (0] (0] G235 O O

G7 (0] (0] G234 O O

G8 (0] (0] G233 O (0]

G9 (0] (0] G232 O O
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
. . . . . . . . . .

G237 (0] (0] G4 O O

G238 v O (0] G3 v O O

G239 (0] (0] G2 O O

G240 (0] (0] Gl O O
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HD66789

Preliminary

AC
Polarity

G1
G2
G3
G4
G5
G6

G3n+1
G3n+2

1 frame
i i Blank period
+—>: < > —>
Field 1 Field 2 Field 3 Field 1
I
n

G3n+3

Gate output timing in 3-field interlaced drive
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HD66789 Preliminary

AC Timing

The AC timings of frame inversionAC drive, 3-feld intedaced dive, andn-rasterrow inversiondrive are
illustratedasfollows. In case oframe inversionAC drive, alternatin occursat the conpletion d drawing
one frame, followed by a bank,which lasts br 16H periods. In this caseall outputs from thegate are
Vgoff ouputs. In case ointedaced drie, altenation occurs at th conpletion of drawing one feld,
followedby a Hank The ttal peiiod d the blanks inoneframe anourts to16H petiod. In case oh-
rasterrow, ablanklasting 16H peiod is inseted after drawing a full screen.

During interlaced dive, neke the nunbers ofback aml front parches more than that offield.

Frame inversion AC drive 3-field interlaced drive n-raster-row inversion AC drive
AC timing
AC timing "1 Back porch
Back porch o Field 1 e or |
AC timing AC timing n-raster-rows
Frame 1 AC timing "] n-raster-rows
3 Blankperiod 1 | © AC timing | noasterrows | 8
2 2 - [}
g At Field 2 g AC timing n-raster-rows 3
QE, iming QE) AC timing n-raster-rows E
o 8 > £ AC timing n-raster-rows o
AC timing g Blankperiod2 | 2 ac timing n-raster-rows | O
o >
Field 3 AC timing n-raster-rows
Front porch AC timing -
AC timing Front porch
> Blank period 3
Blank period Blank period ?I?gh period
= front porch + back porch = Blank period 1 B
=16H + Blank period 2
+ Blank period 3
=8H
(BP=3, FP=5)
AC timing
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Frame-Frequency Adjustment Function

The HD66789incorpaates fame frequency adjustnent function. Theframe frequency duringheliquid
crystaldrive isadustedby the instruction sdting (DIV, RTN) while keeping be oscilation frequency fixed.

Settihg the oscilation frequencyhighin advane allovs switching the fame frequencyin accadance tathe
kind d displayed giture {.e. moving/stil picture). Wten deplaying astill picture, set theframe frequency
low to save pwer consumtion, while settig the frame frequery high when dsplayinga noving picture
which requres high-speedswitching of screens.

Relationship between Liquid Crystal Drive Duty and Frame Frequeny

The relaibnshp betveenthe Iquid crystal dive duy ard the frame frequemy is catulatedby the
following formula. The fame frequency is adjustedthrowgh the instruction setting with the 1-H geriod
adjustnent hit (RTN bit) and he operaton clock division kit (DIV bit).

(Formula for the fame frequency

fosc
Frame freqency = [Hz]
Clock gscles per ragr-row x divisionratio x (Line+BP+FP)

fosc: R-C oscihtion frequency

Line: number ofdrive rasterows (NL bi)

Clock cycles peraste-row: RTN kit

Division ratio: DIV bit

The rumber of rasterrows for the font porch: FP
The rumber of rasterrows for the tack pach: BP

Calculation Example The maximum frame frequency = 60Hz

Number of drive rasterrows: 240
1-H period: 16 clbck cycles RTN3-0 = 0000
Operation clock divsion rtio: 1 division

fosc = 60 Hz x (0 + 16) clak x 1 division x (240 + 1§ lines = 246kHz)

In this case, tB R-C oscillationfrequery becones 246 kHz. Adjust theexternal resistor ttheR-C
oscilator to 246 kHz.
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Saeen -split Drive Function

The HD66789allows sdlectively driving two screers ataritrary postions with thescreen-drive psition
registers R42 andR43. Only therasterrows reqired to display twosceers at arbitrarypasitions are
selecively drivento redwe pover consunption.

The first sceendrive sition register (R42) speddfs the start lire (SS17-10) andhe enl line (SE1710)
for displaying thefirst sceen Thesecand screen kve posiion register(R43) specifiesthe startiine
(SS27-20) antheend Ine (SE7-20) for displaying the secod scieen The secod screen autrol is
effective when te SPT hiis setto 1. The btal number of rasterrows diven for displaying thefirst and
secoml sceers rmustbe less tan tte nunber ofliquid crystal drive rasterrows.

G1 1st Screen:
7 raster-row
G7 driving
Non-display
area
G26
2nd Screen:
17 raster-row
driving
G42 —p
Non-display
area

The number of driven raster-rows : NL4-0 = “11110” (240 raster-rows)
1st screen setting : SS17-10 = “00"H, SS17-10 = “06"H
2nd screen setting : $S27-20 = “19”H, §S27-20 = “29"H, SPT = “1”

Screensplit Dri ve
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Notes to thesetting of 1st¥2nd screen drive posiion registers

When naking setthgs br the startine (S51710) ard endline (SE17-10) ofthe first screen dve positon
register (R42), anthestart line (SS27-20) and e line (SE2720) of the secod screendrive psition
register (R43) wh the HD6678, it is necesary to satisf thefollowing condtions to dsplay sceers
correctly.

One-screen Drive SPT =0)

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

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

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

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

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

Two-screen Drive (SPT = 1)

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

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

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

Note 1) Make sure that SS17-10 < SE17-10 < SS27-20 < SE27-20 < EFH.
Note 2) Make sure that ((SE27-20) - (SS17-10)) < NL.

The seting for the driver otput in the ron-dispby area durig the partialdisplay is chageabé according
to thechamderistics ofthedisplay parel.

Source ouputs in non-display area

Source Output for Non-display Area

PT1 PTO Positi ve Polarity Negative Polarity

0 0 V3l VO

0 1 V3l VO

1 0 GND GND
1 1 High-Z High-Z
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HD66789
| Full screen display I
| PT1-0 = 00 | 7]
| Set SS/SE bits | s
creen
i division drive
I Wait for 2 screen or more I W set up flow
l As required
PT1-0 =01 or
PT1-0 =10 or
PT1-0 =11
I Partial display ON I
| Set SS/SE bits I Full screenfdisplay
setting flow
! _
| Full screen display I

Partial display seting flow
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Absolute Maximum Values

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

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

Note 2) The voltage from GND.

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

DC Characteristics

(Veec = 1.8 t0 3.7 VTa = —40to +85°C N 1)

Item Symbol Unit Test Condition Min Typ  Max Notes
Input hlgh voltage Vin V Vcc=18t03.7V 0.7 Ve — Vce 2,3
Input low voltage (1) Vil Y, Vec=1.8t03.7V -0.3 — 0.15Vcc 2, 3
(OSC1 pin)
Input low voltage (2) Vi 2 \% Vce=1.8V to 2.4V -0.3 — 0.15vVc 2,3
(Except OSC1 pin) c
Vce=2.4V to 3.7V -0.3 — 0.2Vcc 2,3
Output high voltage (1) Vown V lon=-0.1 mA 0.75V¢ee — — 2
(DB0-17 pins)
Output low voltage (1) Vec=1.8t02.4V, — — 0.2 Vee 2
(DBO0-17 pins) VoL v lo.=0.1 mA
VCC=24t03.7V, — — 0.15Vcc 2
lo. =0.1 mA
I/O leakage current ILi HA  Vin=0to Vcc -1 — 1
Current consumption lop HA  R-C oscillation; fosc = — 190 300 5,6
during normal operation 250kHz (240line)
Ncc—GND) Vcc =3.0 V,

Ta =25°C, RAM data

Current consumption Ist 0.1 5
during standby mode 5
(Ve — GND) - 20
Liquid Crystal Power ILcp HA  Vce=3V, VLCD=5.5V, — 500 650 5,6
Current VDH=5.0V, CR
(DDVDH-GND) Oscillation; _

fosc=250kHz(240line),

Ta=25°C,

RAMdata:0000h,

REV="0", SAP="001",

VRN4-0="0", PKP52-

00="0", PRP12-00="0",

VRN4-0=VRP4-0="0"

PKP52-00="0", PRP12-

00="0"
Liquid Crystal Drive Vico \ — 4.5 — 55 —
Voltage(DDVDH-GND)
Output Voltage «NVo mvV — — 5 — 7
deviation
Variation of average mvV — — — 35 8

output voltage
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AC Characteristics
(Veec = 1.7 to 3.7 VTa = —40to +85°C N )
Clock Characteristics (Vcc = 1.8t03.7 V)
Item Symbol Unit Test Conditio n Min Typ  Max Notes
External clock fcp kHz VCC=18t03.3V 100 270 600 9
frequency
External clock duty 50 55 9
ratio
External clock rise time — 0.2 9
External clock fall time — 0.2 9
R-C oscillation clock foOsSC kHz Rf= TBDVCC=3V 244 305 366 10
80-system Bus Interface Timing Characteristics
Normal Write Mo de (HWM=0) (Vcc =1.8t02.4 V)
Item Symbol  Unit Test Condition  Min  Typ Max
Bus cycle time Write tevew ns Figure 2 600 — —
Read tcyer ns Figure 2 800 — —
Write low-level pulse width PWiw ns Figure 2 90 — —
Read low-level pulse width PW|r ns Figure 2 350 — —
Write high-level pulse width PWhw ns Figure 2 300 — —
Read high-level pulse width PWhr ns Figure 2 400 — —
Write/Read rise/fall time twrr, wrf NS Figure 2 — — 25
Setup time Write (RS to 0 — —
Read (RS to CS*JRD) 0 - —
Address hold time 5 — —
VLD setup time 60 — —
VLD hold time tvn ns Figure 2 15 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time tH ns Figure 2 15 — —
Read data delay time topR ns Figure 2 — — 200
Read data hold time {oHR ns Figure 2 5 — —
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High-Speed Write Made (HWM=1) (Vcc = 1.8to0 2.4V)

Item Symbol Unit Test Condition  Min Typ Max
Bus cycle time Write teyvew ns Figure 2 200 — —
Read tcyer ns Figure 2 800 — —
Write low-level pulse width PWyow ns Figure 2 90 — —
Read low-level pulse width PW r ns Figure 2 350 — —
Write high-level pulse width PWhw ns Figure 2 90 — —
Read high-level pulse width PWhr ns Figure 2 400 — —
Write/Read rise/fall time twrr, wrf NS Figure 2 — — 25
Set up time Write (RS to CS*, WR¥) ns . 0 — —
Read (RS toO 10 — —
Address hold time ns 5 — —
VLD setup time ns 60 — —
VLD hold time s 15 - —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time tH ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time toHR ns Figure 2 5 — —
Normal Write Mo de (HWM=0) : Vcc = 2.4t0 3.7V
ltem Symbol Unit  Test Condition Min Typ Max
. Write tevew ns Figure 2 250 — —
Bus cycle time
Read tever ns Figure 2 500 — —
Write low-level pulse width PWw ns Figure 2 40 — —
Read low-level pulse width PWr ns Figure 2 250 — —
Write high-level pulse width PWhw ns Figure 2 70 — —
Read high-level pulse wi ns e?2 200 — —
Write/Read rise/fall time ns p 2 — — 25
Set up time Write (RS to @*, WR% - y . 0 — —
Read (RS to CS*, WR* 10 — —
Address hold time tan ns Figure 2 2 — —
VLD set up time tvs ns Figure 2 25 — —
VLD hold time tvn ns Figure 2 2 — —
Write data setup time tosw ns Figure 2 25 — —
Write data hold time tH ns Figure 2 2 — —
Read data delay time topr ns Figure 2 — — 200
Read data hold time torr ns Figure 2 5 — —
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High-Speed Write Made (HWM=1) : Vcc = 2.4t0 3.7V

Item Symbol Unit Test Condition Min  Typ Max

Bus cycle time Write fovew ns Figure 2 100 _ _
Read tever 500 — —

Write low-level pulse width PWyLw ns Figure 2 40 — —
Read low-level pulse width PW\r ns Figure 2 250 — —
Write high -level pulse width PWhw ns Figure 2 40 — —
Read high -level pulse width Whir rr=Tare 200 — —
Write/Read rise/fall time twRrr, WRf — — —
Write (RS to CS*, 0 — 25

Set up time WR¥) twrEBWRf [ |

Read (RS to CS*, RD¥) 10 — —

Address hold time tan ns Figure 2 2 — —
VLD set-up time tvs ns Figure 2 25 — —
VLD hold time tvn ns Figure 2 2 — —
Write data set up time tosw ns Figure 2 25 — —
Write data hold time tH ns Figure 2 2 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time toHR ns Figure 2 5 — —
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Clock Synchronized Seral Interface Timing Characteristics
Vcc=18to24V

Item Symbol Unit Test Condition Min  Typ Max
Write .
(received) tscve us Figure 3 0.1 — 20
Serial clock cycle time Read
(transmitted  tscyc  US Figure 3 0.5 — 20
)
(re\:;veril\t/i ) tsch ns Figure 3 40 — —
Serial clock high-level pulse Read
width =2
Serial clock low-level pulse
width . .
(transmitted  tscL ns Figure 3 230 —_ —
)
Serial clock rise/fall time tscrtscf NS Figure 3 — — 20
Chip select set up time tcsu ns Figure 3 20 —  —
Chip select hold time tcn ns Figure 3 60 —  —
Serial input data set up time tsisu ns Figure 3 30 —  —
Serial input data hold time tsin ns Figure 3 30 — —
Serial input data delay time tsop ns Figure 3 — — 200
Serial input data hold time tson ns Figure 3 5 — —
Vcc=24t033V
. Test .
Item Symbol  Unit Condit ion Min Typ Max
Write tSCYC us Figure 3 01 —_ 20
. . (receive))
| clock let -
Serial clock cycle time Read tscye us Figure 3 0.35 — 20
(send)
Write tsch ns Figure 3 40 — —
Serial clock high-level pulse (receive)
width 150 — —
40 — —
Serial clock low-level pulse
width 150 — —
Serial clock rise/fall time tscr, scf ns Figure 3 — — 20
Chip select set up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 60 — —
Serial input data set up time tsisu ns Figure 3 30 — —
Serial input data hold time tsiH ns Figure 3 30 — —
Serial output data delay time tsop ns Figure 3 — — 130
Serial output data hold time {soH ns Figure 3 5 — —
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Reset Timing Characteristics (Vcc = 1.8t0 3.7 V)

Item Symbol Unit Test Min Typ Max
Condition
Reset low-level width RES Figure — —
Reset rise time tRES Figure — 10
| [ | |
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RGB interface timing characteristics
18/16 bit RGB interface HWM =1), Vcc = 1.8/ to 2.4V
. Test .
Item Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 20 — —
ENABLE Hold time tENH ns Figure 5 80 — —
VLD Set up time tVLS ns Figure 5 20 — —
VLD Hold time tVi ns Figure 5 80 — —
DOTCLK “Low” Level pulse PW ns gure 5 90 . o
width
DOTCLK ngh Level puls By [ Figl.& 5 20 L L
width
DOTCLK cycle time tCYCD ns Figure 5 200 — —
Data Set up time tPDS ns Figure 5 20 — —
Data Hole time tPDH ns Figure 5 80 — —
DOTCLK, VSYNC, HSYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time
18/16 bit RGB interface HWM = 1), Vcc =2.4Vto ¥ V
. Test .
Iltem Symbol Unit Condition min typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 10 — —
ENABLE Hold time tENH ns Figure 5 20 — —
VLD Set up time tVLS ns Figure 5 10 — —
VLD Hold time tVLH ns igure 5 40 — —
DOTCLK “Low” Level pulse PWD ns s 20 . o
width
DOTCLK ngh Level pulse FM/D [! Figur&i 20 o .
width
DOTCLK cycle time tCYCD ns Figure 5 100 — —
Data Set up time tPDS ns Figure 5 10 — —
Data Hole time tPDH ns Figure 5 40 — —
DOTC.:LK’ VSYN.C’ H.SYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time
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6 bit RGB interface(HWM =1), Vcc = 1.8/ to 24V

. Test .
Iltem Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 20 — —
ENABLE Hold time tENH ns Figure 5 50 — —
VLD Set up time tVLS ns Figure 5 20 — —
VLD Hold time 65 — —
DOTCLK “Low” Level pulse
. 50 — —
width
DOTCLK “ngh" Level pulse PWDH ns Figure 5 50 o o
width
DOTCLK cycle time tCYCD ns Figure 5 120 — —
Data Set up time tPDS ns Figure 5 20 — —
Data Hold time tPDH ns Figure 5 65 — —
DOTC.:LK’ VSYN.C’ H.SYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time
6 bit RGB interf ace(HWM =1), Vcc = 2.4/ t0 3.3V
. Test .
Iltem Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 10 — —
ENABLE Hold time tENH ns Figure 5 20 — —
VLD Set up time tVLS ns Figure 5 10 — —
Vce=2,4 t02,7V tVLH ns Figure 5 40 — —
VLD Hold time Vce=2,7 to H 20
3,7V T T
DOTCLK “Lo_w” Level pulse PWDL 30 L L
width
DOTCLK “ngh" Level pulse PWDH ns Figure 5 30 . o
width
DOTCLK cycle time tCYCD ns Figure 5 70 — —
Data Set up time tPDS ns Figure 5 10 — —
Vce=2,4 to ’
- 2.7V tPDH ns Figure 5 40 — —
Data Hole time
Vee=2,7 to .
3.7V tPDH ns Figure 5 30 — —
DOTC.:LK’ VSYN.C’ H.SYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time

Rev.0.12, May 09 2003, page 148 of 156
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192178/hd66789.html

HD66789

Preliminary

Liquid crystal driver output characteristics

Item

Symbol | Unit Test conditio ns min.

typ.

max.

Note

Driver output
delay time

tdd 40

p's Vcee=3V, VLCD=5.5V, VDH=5.0V,

CR oscillation ;fosc=270kHz(240 lines),
Ta=25#®\ REV="0", SAP="001",
VRN4-0="0",VRP4-0="0"
PKP52-00="0",PRP12-00="0"
PKP52-00="0",PRP12-00="0"

All pins changes at the same time from same
grayscale. The time till output level reaches
¥ 35mV when VCOM polarity changes.
Load resistance R=10kff

Loa - 20pF

(11)

Electrical Characteristics Naes

1.

2.

For bare die ard wafer products, specified 1p to 85°C.

The Pllowing three cicuits are Ipin, I/O pin, O pin canfigurations.

Pins: RESET*, CS*, E/lWR, RW/RD, RS,
OSC1, OPOFF, IM2-1, IMO/ID, TEST

Vce
‘_{@ PMOS
L e

I/i NMOS

GND

Pins: DB15 -DB2,
DB1/SDO0, DBO/jb1

Vce

H@
H@

D

(Input circuit)

\f
I—‘ NMOS
cc (Tri-state output circuit)

=

Iy
PMOS
ey

PMOS

NMOS

¢ Output enable

% j i < Output data

3.

4.

The TES pin nmust ke grounakd andhelM2/1 ard IMO/ID pins nust be goundedor conrected ©

Vcc.

This aplies b the resista value (RSES) betweenVSH, GND pins andsegnert sigral pins.
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5. This exludes he curent flowing throughoutput drive MCSs. Tlis exclues thecurrentflowing
throuwgh the input/output units. The irputlevel mustbe ixedhigh or low becase troughcurrert
increases itheCMOSinput is left floating. Evenif the CS pi is low or highwhenan access ih the
interface pi is rot peformed, aurrentconsunption does notchang.

6. The ©llowing figure shaws the relationship betweerthe operation frequency and arrert consumption.

Vee =3V
Vce = 3V, DDVDH = 5,5V
T
£ 600 typ.— A
é typ
400 ]
ol | ] ]
7
200 [~ 4=
T
|
0 : 0
100 200 300 400 500 600 4.0 45 5.0
R-C, oscillation frequencies: fosc (kHz) VDH (V)

7. This is avoltage difererce for the neghbaing autputs undr the sane disphy cordition. The odput
voltagedeviaton is a reérence dlue.

8. The fuctuation ofaverage @utput volta
chips. The aerage ouput v@litage is arg
cordition. -

9. Applies b the externatlockinpu (figure )

eC@average output voltage between
puncer the sane display

Th

Duty = 7 x100%

0.3Vcee
Open

2kQ

- [ WV

W— o%:1 M ®
0sC2

=

trep tep

10. Applies o the internal oscillator operations wsing exemal oscllation resistor R{figure ard tabie).
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0SC1
Rfé | for o!:1 0SC2 pins.
L— osc2 Place OSC1 and OSC2 close to each other.

External Resistance Vdue and R-C Oscillation Frequeng (Referential Data)

External R-C Oscillation Frequency: fosc
Resistance
(Rf) xcc =18 Vec=2V  Vec=24V Vec=3V Vec =33V

110 kQ 299 333 372 401 411
150 kQ 234 258 284 305 311
180 kQ 202 222 243 258 263
200 kQ 18 2 222 235 240
240 kQ 16 1 18 198 202
270 kQ 14 ] 1 i_ﬁ 17i 181
300 kQ 132 143 153 161 163
390 kQ 106 113 121 126 128
430 kQ 97 104 110 115 116

11 Applies o the internal oscillator oerations wsing exemal oscllation resistor R{figure ard tabe).

& Reference data
=
g8 70 Vee =3V, VLCD = 5.5V, VDH = 5.0V,
- 60 R-C Oscillation; fosc = 270kHz (240line),
2 ] gde, REV ="0", SAP ="001",
'% 50 — " ..’ P40 = "0",
g 40 < RP12-00 ="0",
g 30 RN12-00 ="0",
3 - i atal he e time from same grayscale.
5 20 i
2 ~ il The time till output level reaches +/-35mV when VCOM polarity changes.
5 10 .
g | | Load resistance R = 10kQ/pin
- 10 20 30
Load CapacityC(pF)
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Load circuits for measuring ACchar acteristics

AC characteristic measuring loa g load circuit

Data bus : DB17-DBO,
|

Test Point

50pF Resistance R Lord
_T_ 10kQ Capacity C
= L 20pF

80-system Bus Operaion

VIH VIH
RS
x VIL VIL X

tAS tAH

cst
te 1)
LR )' PVRRV, PWHR ——
WR* VIH VIH
) [ |
RD*
tWRF
WYRr CYCW, tCYCR >
=

l€&—tDSW P! [ €—tHWR |

. e

tDDR tDHR
DBO  VOH1 VOH1
Read data
to DB VOL1 VOoL1 i

Note 1) PWLW and PWLR is specified in the overlapped period when CS* is low and WR* or RD* is low.
Note 2) Parallel data transfer is enabled on the DB15-8 pins when the 8-bit bus interface is used. Fix the
DB7-0 pins to Vcc or GND.
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Clock Synchronized Sergal Interface Operaion

Start: S End: P

cs VIH
viL Nt

SCL

SDI VIH VIH
VIL Input data VIL Input data

tSOD tSOH

<

SDO
VOH1Ot t dat Out tdtVOH1
voLq Output data utput data |

RESET Operation

trRB
S
VIL
RESET* - - -
VIL IL
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RGB I/F Operation

trgbf e {SYNCS
vsYNc _ trgbf < >
HSYNC VIH -X-vn-i
VIL 4 VIL
tENS tENH
—>| [——
ENABLE VIH i
VIL VIL
v S5
L V
trgbf _yl |
T e PWDL
— ]
DOTCLK VIH
—wVIL—VIL—/ Vit
_ tPDS L tPDH
VIH VIH VIH =/~ VIH
PD17-0 Write Data X:
VIL VIL VIL =A\=ViIL
Liquid crystal Driver Output
VCOM
yscale v@illage—
$1-528 ] ]
Certain grayscale voltage
+/-35mV
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RenesaSTeChnOIOgy 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

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

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

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

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

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

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

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

. Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially

at stake. Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor when considering the use of a product contained

herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

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

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

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

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