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396-channel Source Driver with Internal RAM for TFT 65536-color Displays
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Description

The HD66770, 396-channel source driver LSI, displays 132RGB-by-176 dot graphics on TFT displays
in 65,536 colors. It isfor driving TFT color LCD displays to a maximum of 132RGB by 176 dots, in
combination with the gate driver, HD66771 and Power supply IC, HD667P00. The HD66770's bit-
operation functions, 16-bit high-speed bus interface, and high-speed RAM-write functions enable
efficient data transfer and high-speed rewriting of data to the graphics RAM.

The HD66770, HD66771 and HD667P00 have various functions for reducing the power consumption of
aLCD system. HD66770 has a low-voltage operation (1.8 V min.) and an interna RAM to display a
maximum of 132RGB-by-176 dot color, and the HD66771 has 288 pins of TFT gate wiring driver
circuit. Also, HD667P00 has the internal booster that generates the liquid crystal voltage, breeder
resistance and the voltage follower circuit for liquid crystal driver. HD66770 incorporates a circuit that
interfaces with the HD66771/HD667P00, it can set instructions for HD66771/HD667P00. In addition,
precise power control can be achieved by combining these hardware functions with software functions,
such as an 8-color display and standby and sleep mode. This LSl is suitable for any medium-sized or
small portable battery-driven product requiring long-term driving capabilities, such as digital cellular
phones supporting a WWW browser, bi-directional pagers, and small PDAS.

Features

132RGB x 176-dot graphics display LCD controller/driver for 65,536 TFT colors (when
HD66771/HD667P00 are used)

16-/8-bit high-speed bus interface and serial periphera interface (SPI)
High-speed burst-RAM write function

Writing to awindow-RAM address area by using a window-address function
Bit-operation functions for graphics processing:

Write-data mask function in bit units

Logical operation in pixel unit and conditional write function

Various color-display control functions:

65,536 colors can be displayed at the same time (gamma adjust included)

Vertical scroll display function in raster-row units
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L ow-power operation supports:
Vce =1.8t0 3.3V (low-voltage range)
DDVDH =4.5t05.5V (liquid crysta drive voltage)
Power-save functions such as the standby mode and sleep mode
Partial LCD drive of two screensin any position
Maximum 12-times step-up circuit for liquid crystal drive voltage (HD667P00)

Voltage followers to decrease direct current flow in the LCD drive bleeder-resistors
(HD66770)

Built-in circuit for interfacing with the gate driver, HD66771 and Power supply IC, (HD667P00)
Maximum 132RGB-by-176-dot display in combination with the HD66771 and HD667P00
Internal RAM capacity: 46,464 bytes

396-source liquid crystal display driver

n-raster-row inversion drive (It is possible to LCD driving voltage inversion reverse the polarity in
every selected raster-row.)

Internal oscillation and hardware reset
Shift change of source driver

Type Numbers

Type Number External Appearance

HCD667A70BP Die with gold bump (Straight output arrangement)
HCD667B70BP Die with gold bump (Laced output arrangement)
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HD66770 Block Diagram Description
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Figure 1: HD66770 Block Diagram Description
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Pin Functions
Tablel Pin Functional Description

Number of
Signals Pins 1/0 Connected to

Functions

IM2-1, 3 | GND or Ve
IMU/ID

Selects the MPU interface mode:

IM2 M1 IMO/I __MPU interface mode
"GND" "GND" "GND" 68-system 16-hits bus interface

"GND" "GND" "Vc¢" 68-svstem 8-hit hus interface

"GND" __"Vcc" "Vcc"  80-system 8-bit bus interface
"Vcc  "GND" 1D Serial peripheral interface (SPI)

When a serial interface is selected, the IMO pinis used
asthe ID setting for a device code.

CS* 1 | MPU

Selects the HD66770:

Low: HD66770 is selected and can be accessed

High: HD66770 is not selected and cannot be accessed
Must be fixed at GND level when not in use.

RS 1 | MPU

Selects the register.
Low: Index/status  High: Control

E/WR*/SCL 1 | MPU

For a 68-system bus interface, serves as an enable signal
to activate data read/write operation.

For an 80-system bus interface, serves as awrite strobe
signal and writes data at the low level.

For a synchronous clock interface, serves as the
synchronous clock signal.

RW/RD* 1 | MPU

For a 68-system bus interface, serves asasignal to select
data read/write operation.

Low: Write  High: Read

For an 80-system bus interface, serves as aread strobe
signal and reads data at the low level.

DBO/SDI 1 110 MPU

Serves as a 16-hit bi-directional data bus.
For an 8-hit bus interface, data transfer uses DB15-DBS;
fix unused DB7-DBO to the Vcc or GND level.

For a clock-synchronous serid interface, serves asthe
seria datainput pin (SDI). Theinput level isread on the
rising edge of the SCL signal.

DBYSDO 1 110 MCU

Serves as a 16-hit bi-directional data bus.
For an 8-hit bus interface, data transfer uses DB15-DBS;
fix unused DB7-DBO to the Vcc or GND level.

For a clock-synchronous seria interface, serves as a serid
data output pin (SDO). Successive bit values are output
on the falling edge of the SCL signal.

DB2-DB15 14 110 MPU

Serves as a 16-hit bi-directional data bus.
For an 8-hit bus interface, data transfer uses DB15-DBS;
fix unused DB7-DBO to the Vcc or GND level.

(Continue to the Next page)
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Number of

Signals Pins 1/0 Connected to Functions

S1-S396 396 0] LCD Output signals are for liquid crystal voltage. The SS bit
can change the shift direction of the source signal. For
example, if SS=0, RAM address 0000 is output from S1.
If SS=1, it isoutput from S396.

S1, $4, S7, ... display red (R), S2, S5, S8, ... display green
(G), and S3, S6, S9, ... display blue (B) (SS = 0).

CL1 1 0] HD66771 The one-raster-row-cycle pulse is output.

M 1 0] HD667P00 The AC-cycle signal is output.

FLM 1 0] HD66771 The frame-start pulseis output.

EQ 1 0] HD667P00 Indicate setting of the V.com output to its high-impedance
state during transitions of Vcom when Vcom is being AC-
cycled.

Low: VcomH or VcomL is being output on the VVcom pin.
High: Vcom pin isin high-impedance state

DISPTMG 1 0] HD66771 Gate off signal in the partial display
“Low” : Output Voff signa
“High” : Output normal signal

DCCLK 1 0] HD667P00 Outputs clock for the step-up circuit of HD667P00.

GCL 1 0] HD66771 Clock signal for a serial transfer of register setting values

HDB67P00 to the gate_ driver and thfe power supply IC. Datais output
on the falling edge of this clock.

GDA 1 0] HD66771 Data signal for serial transfer as register setting values to

HDB67P00 the gate driver and The power supply IC.

GCs* 1 O HD66771 Chip-select for the HD66771 and HD667P00.

HD667P00 Low: the HD66771/HD667P00 are selected and can
receive a serial transfer data.
High: the HD66771/HD667P00 are not selected and
cannot receive a seria transfer data.

DDVDH 1 | HD667P00 Input power supply for LCD drive circuit, which can be
provided by HD667P00. DDVDH : +45t0+5.5V

VDH 1 | HD667P00 Thisisthe standard level of grayscale voltage generator,
which can be provided by HD667P00. VDH (max.) :
DDVDH-0.5V

Vcom 1 | HD667P00 Itisasigna for equalizing function. All LCD driver's
outputs (S1 to S396) are short to Vcom level (Hi-Z) in EQ
="High" period. Must be left disconnected when VcomL
<0V.

Vee, GND 2 — Power supply Vce: +1.8V to+3.6V; GND (logic): 0V

0SC1, 2 lorO Oscillation- Connect an external resistor for R-C oscillation. When

osc2 resistor input the clock from outside, input to OSC1, and open

osc2.

RESET1* 2 | MPU or Reset pin. Initializes the LS| when low. Must be reset after

RESET2* external R-C power-on.

circuit
(Continue to the Next page)
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Number of

Signals Pins 1/0 Connected to Functions

VcecDUM 0] Input pins Outputs the internal Vcc level; shorting this pin sets the
adjacent input pin to the Vcc level.

GNDDUM 0] Input pins Outputs the internal GND level; shorting this pin sets the
adjacent input pin to the GND level.

Dummy — — Dummy pad. Must be left disconnected.

TEST 1 | GND Test pin. Must be fixed at GND level.

V0, V1P, 6 1/10 Stabilized When built-in op-amp is on (SAP2-0="001", “010", “011",

V3P, V6OP, capacitor “1007, “101"), it isfor outputs of positive polar (VO isfor

V62P, V63P positive/negative polar) built-in op-amp. Connect
condenser and stabilize the condition.

VIN,V3N, 5 1/10 Stabilized When built-in op-amp is on (SAP2-0="001", “010", “011",

V60N, V62N, capacitor “1007, “101"), it isfor outputs of negative polar built-in

V63N op-amp. Connect condenser and stabilize the condition.

V8, V20, 4 0] Open Test pin. Must be left disconnected.

V43, V55

VGS 1 | GND or Thisisthe standard level of grayscale voltage generator.

External Connect external variable resistor when the level is
resistor adjusted for every panel with the source driver.

VTEST 1 0] Open Test pin. Must be |eft disconnected.

TSO-TS7 8 0] Open Test pin. Must be left disconnected.

TEST1 1 | GND or Vcc Test pin. Must be connected at GND or Vcc.
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2001.2.28

HD667A70 PAD Arrangement ™" _ No.466
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HD66770PAD Coordinate (Straight) 2001.02.28 REV0.0

No. | pad name X Y No. | pad name X Y No. | pad name X Y No. | pad name X Y
1|DUMMY1 -7398| -1208 66| DDVDH 1326| -1208]] 131|S376 7398| -25|| 196|S312 5108 1208
2|RESET1* -6931| -1208 67|DDVDH 1426| -1208]| 132|S375 7398 25| ] 197{S311 5063 1208
3[DISPTMG | -6780| -1208|| 68|VDH 1576| -1208|] 133|S374 7398| 75| | 198|S310 5018| 1208
4[{CL1 -6630| -1208|| 69|VDH 1676| -1208|] 134|S373 7398| 125| | 199|S309 4973| 1208|
5[FLM -6480| -1208|| 70|VDH 1776| -1208|] 135|S372 7398| 175| | 200|S308 4928| 1208|
6[M -6330| -1208|| 71|VDH 1877| -1208|] 136|S371 7398| 225| | 201|S307 4883| 1208|
7[EQ -6180| -1208|| 72|VGS 2027| -1208|| 137|S370 7398| 275| | 202|S306 4838| 1208
8|GDA -6030| -1208|| 73|VGS 2127| -1208|] 138|S369 7398| 325| | 203|S305 4793| 1208|
9|GCs* -5880| -1208|| 74|VvO 2277| -1208|| 139|S368 7398| 375| | 204|S304 4748| 1208|
10|GCL -5730| -1208|| 75|V1P 2427| -1208|| 140|S367 7398| 425| | 205|S303 4703| 1208|
11|DCCLK -5579| -1208|| 76|{VIN 2577| -1208|| 141|S366 7398| 475| | 206|S302 4658| 1208|
12|VCCDUM1 | -5429| -1208 77|V3P 2727| -1208|| 142[{S365 7398| 525]| 207|S301 4613| 1208
13]|IM0/ID -5329| -1208|| 78|V3N 2877| -1208|| 143|S364 7398| 575| | 208|S300 4568| 1208
14|GNDDUM1 | -5229| -1208|| 79|V60P 3027| -1208|| 144|S363 7398| 626| | 209|S299 4523| 1208
15]IM1 -5129| -1208|| 80|V60ON 3178| -1208|| 145|S362 7398| 676| | 210|S298 4478| 1208|
16|VCCDUM2 | -5029| -1208|| 81|V62P 3328| -1208|| 146|S361 7398| 726|| 211|S297 4433| 1208|
17(IM2 -4929| -1208 82| V62N 3478| -1208|| 147[{S360 7398| 776]| 212|S296 4388| 1208
18|GNDDUM2 | -4829| -1208|| 83|V63P 3628| -1208|| 148|S359 7398| 826| | 213|S295 4343| 1208|
19|TEST -4729| -1208 84| V63N 3778| -1208|| 149{S358 7398| 876] | 214|S294 4298| 1208
20{0SscC1 -4579| -1208|| 85|v8 3928| -1208|| 150|S357 7398| 926| | 215|S293 4253| 1208|
21{0ScC2 -4429| -1208|| 86|V20 4028| -1208|| 151|S356 7398| 976| | 216|S292 4208| 1208|
22|DB15 -4278| -1208 87|Vv43 4128| -1208|| 152{S355 7398| 1026] | 217|S291 4163| 1208
23|DB14 -4128| -1208 88| V55 4228| -1208|| 153|DUMMY3 7398| 1208] | 218/S290 4118| 1208
24|DB13 -3978| -1208 89|VTEST 4328| -1208|| 154[{S354 7232| 1208] | 219|S289 4073] 1208
25[DB12 -3828| -1208|| 90|VCOM 4479| -1208|| 155|S353 7172| 1208| | 220|S288 4028| 1208|
26|DB11 -3678| -1208 91|VCOM 4579 -1208|| 156{S352 7112| 1208] | 221|S287 3983] 1208
27|DB10 -3528| -1208 92| DCCLK 4729( -1208|| 157{S351 7052| 1208] | 222|S286 3938 1208
28[DB9 -3378| -1208|| 93|GCL 4879| -1208|| 158|S350 6991] 1208| | 223[S285 3893| 1208
29[DB8 -3228| -1208|| 94|GCS* 5029| -1208|| 159|S349 6931 1208| | 224|S284 3848| 1208|
30{GNDDUM3 | -3077| -1208]| 95|GDA 5179| -1208|| 160|S348 6871| 1208| | 225|S283 3803| 1208|
31|DB7 -2927| -1208 96|EQ 5329( -1208|| 161[{S347 6811| 1208| | 226|S282 3758| 1208
32|DB6 -2777] -1208 97|M 5479| -1208|| 162{S346 6751| 1208] | 227|S281 3713] 1208
33|DB5 -2627| -1208|| 98|FLM 5630| -1208|| 163|S345 6691| 1208| | 228|S280 3668| 1208
34|DB4 -2477] -1208 99|CL1 5780[ -1208|| 164[{S344 6631| 1208] | 229|S279 3623 1208
35[DB3 -2327| -1208| | 100|DISPTMG 5930| -1208|| 165|S343 6571| 1208] | 230|S278 3578| 1208|
36|DB2 -2177| -1208| | 101{RESET2* 6080[ -1208|| 166{S342 6510] 1208] | 231|S277 3533 1208
37[DB1/SDO | -2027| -1208| | 102/ TS0 6230| -1208|| 167|S341 6450| 1208| | 232|S276 3488| 1208|
38[DBO/SDI -1877| -1208]] 103|TS1 6330| -1208|| 168|S340 6390| 1208| | 233|S275 3443| 1208|
39[|RW/RD* -1726| -1208|| 104|TS2 6430| -1208|| 169|S339 6330] 1208| | 234|S274 3398| 1208
40[E/WR*/SCL| -1576| -1208| | 105/TS3 6530| -1208|| 170|S338 6278| 1208| | 235|S273 3353| 1208
41[RS -1426| -1208|| 106|TS4 6630| -1208|| 171|S337 6233| 1208| | 236|S272 3308| 1208
42{Cs* -1276| -1208]| 107|TS5 6730| -1208|| 172|S336 6188| 1208] | 237|S271 3263| 1208|
43[TEST1 -1126| -1208|| 108|TS6 6830| -1208|| 173|S335 6143| 1208| | 238|S270 3218| 1208|
44[|GND -976| -1208|| 109|TS7 6931| -1208|| 174|S334 6098| 1208] | 239|S269 3173| 1208|
45[GND -876| -1208| | 110|DUMMY2 7398| -1208|| 175|S333 6053| 1208| | 240|S268 3128| 1208|
46{GND -776| -1208| | 111|S396 7398| -1026|] 176|S332 6008| 1208| | 241|S267 3083| 1208|
47[GND -676| -1208| | 112|S395 7398 -976|| 177|S331 5963| 1208| | 242|S266 3038| 1208
48[GND -575| -1208| | 113|S394 7398| -926|] 178|S330 5918| 1208| | 243|S265 2993| 1208|
49[|GND -475| -1208| | 114|S393 7398| -876|| 179|S329 5873| 1208| | 244|S264 2948| 1208|
50{GND -375| -1208| | 115|S392 7398| -826|] 180|S328 5828| 1208| | 245|S263 2903| 1208|
51|GND -275| -1208| | 116|S391 7398| -776|| 181|S327 5783| 1208| | 246|S262 2858| 1208|
52[GND -175| -1208] | 117|S390 7398| -726|] 182|S326 5738| 1208| | 247|S261 2813| 1208|
53[|GND -75| -1208| | 118|S389 7398| -676|| 183|S325 5693| 1208| | 248|S260 2768| 1208|
54[vCC 75| -1208| | 119|S388 7398| -626|| 184|S324 5648| 1208| | 249|S259 2723| 1208|
55[vCC 175| -1208|| 120|S387 7398| -575|| 185|S323 5603| 1208| | 250|S258 2678| 1208|
56[vCC 275 -1208| | 121|S386 7398| -525|] 186|S322 5558| 1208| | 251|S257 2633| 1208|
57[vcC 375| -1208| | 122|S385 7398| -475|| 187|S321 5513| 1208| | 252|S256 2588| 1208|
58[vCC 475 -1208| | 123|S384 7398| -425|] 188|S320 5468| 1208| | 253|S255 2543| 1208|
59|vCC 575| -1208| | 124|S383 7398| -375|| 189|S319 5423| 1208| | 254|S254 2498| 1208|
60|vCC 676[ -1208| | 125|S382 7398| -325|] 190|S318 5378| 1208| | 255|S253 2453| 1208|
61{DDVDH 826| -1208| | 126|S381 7398| -275|] 191|S317 5333| 1208| | 256|S252 2408| 1208|
62[DDVDH 926 -1208| | 127|S380 7398| -225|] 192|S316 5288| 1208 | 257|S251 2363| 1208|
63|DDVDH 1026| -1208|] 128|S379 7398| -175|] 193|S315 5243| 1208| | 258|S250 2318| 1208|
64|DDVDH 1126] -1208] | 129|S378 7398| -125|| 194[{S314 5198| 1208] | 259|S249 2273] 1208
65/DDVDH 1226| -1208]] 130|S377 7398 -75] | 195|S313 5153| 1208] | 260|S248 2228| 1208|
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HD66770 PAD Coordinate (Straight)
No. | pad name X Y No. | pad name X Y No. | pad name X Y No. | pad name X Y
261[S247 2183 1208|| 326/S182 -743| 1208] | 391|S117 -3668| 1208| | 456|S52 -6691| 1208
262[S246 2138 1208|| 327|S181 -788| 1208] | 392|S116 -3713| 1208| | 457|S51 -6751( 1208
263|S245 2093| 1208]| 328|S180 -833| 1208] | 393|S115 -3758| 1208| | 458|S50 -6811( 1208
264[S244 2048 1208|| 329|S179 -878| 1208] | 394/|S114 -3803| 1208| | 459|549 -6871( 1208
265[5243 2003| 1208]| 330|S178 -923 1208] | 395/S113 -3848| 1208| | 460|S48 -6931| 1208
266[5242 1958 1208|| 331|S177 -968| 1208] | 396/S112 -3893| 1208| | 461|547 -6991 1208
267/S241 1913| 1208|| 332|S176 -1013| 1208]| 397(S111 -3938| 1208| | 462|S46 -7052 1208
268|S240 1868| 1208]| 333|S175 -1058| 1208]| 398(S110 -3983| 1208| | 463|S45 -7112( 1208
269[S239 1823 1208|| 334|S174 -1103| 1208 | 399(S109 -4028| 1208| | 464|S44 -7172( 1208
270[S238 1778 1208|| 335|S173 -1148| 1208] | 400{S108 -4073| 1208| | 465|543 -7232( 1208
271|S237 1733 1208| | 336/S172 -1193| 1208] | 401{S107 -4118| 1208 | 466|DUMMY4 | -7398| 1208
272[S236 1688 1208|| 337|S171 -1238| 1208] | 402(S106 -4163| 1208| | 467|S42 -7398 1026
273[S235 1643 1208]| 338|S170 -1283| 1208] | 403(S105 -4208| 1208| | 468|S41 -7398[ 976
274/S234 1598 1208| | 339|S169 -1328| 1208] | 404{S104 -4253| 1208| | 469|S40 -7398[ 926
275[S233 1553 1208] | 340|S168 -1373| 1208] | 405(S103 -4298| 1208| | 470|S39 -7398| 876
276[S232 1508 1208|| 341|S167 -1418| 1208] | 406(S102 -4343| 1208| | 471|S38 -7398| 826
277|S231 1463| 1208| | 342|S166 -1463| 1208] | 407(S101 -4388| 1208| | 472|S37 -7398| 776
278[S230 1418 1208| | 343|S165 -1508| 1208] | 408(S100 -4433| 1208| | 473|S36 -7398| 726
279[S229 1373 1208| | 344|S164 -1553| 1208] | 409(S99 -4478| 1208| | 474|S35 -7398| 676
280[S228 1328 1208|| 345|S163 -1598| 1208| | 410{S98 -4523| 1208| | 475|S34 -7398| 626
281[S227 1283 1208| | 346/S162 -1643| 1208| | 411{S97 -4568| 1208| | 476/S33 -7398| 575
282[S226 1238 1208|| 347|S161 -1688| 1208] | 412[S96 -4613| 1208| | 477|S32 -7398[ 525
283[S225 1193 1208| | 348|S160 -1733| 1208| | 413[S95 -4658| 1208| | 478|S31 -7398| 475
284[S224 1148 1208| | 349|S159 -1778| 1208| | 414[{S94 -4703| 1208| | 479|S30 -7398| 425
285[S223 1103 1208|| 350|S158 -1823| 1208| | 415[S93 -4748| 1208| | 480|S29 -7398| 375
286[5222 1058 1208|| 351|S157 -1868| 1208] | 416{S92 -4793| 1208| | 481|S28 -7398[ 325
287[S221 1013| 1208|| 352|S156 -1913| 1208] | 417[S91 -4838| 1208| | 482|S27 -7398| 275
288|S220 968| 1208] | 353[S155 -1958| 1208| | 418/S90 -4883| 1208| | 483|S26 -7398| 225
289[S219 923| 1208]| 354(S154 -2003| 1208| | 419(S89 -4928| 1208| | 484|S25 -7398[ 175
290(S218 878| 1208]| 355(S153 -2048| 1208| | 420[{S88 -4973| 1208| | 485|S24 -7398| 125
291(S217 833| 1208]| 356(S152 -2093| 1208| | 421{S87 -5018| 1208| | 486|S23 -7398 75
292(S216 788 1208|| 357|S151 -2138| 1208| | 422[S86 -5063| 1208| | 487|S22 -7398 25
293[S215 743 1208] | 358|S150 -2183| 1208| | 423[S85 -5108| 1208| | 488|S21 -7398 -25)
294(S214 698 1208| | 359|S149 -2228| 1208| | 424(S84 -5153| 1208| | 489|S20 -7398 -75)
2955213 653 1208] | 360[S148 -2273| 1208| | 425[S83 -5198| 1208| | 490|S19 -7398 -125
296[S212 608 1208|| 361|S147 -2318| 1208| | 426[S82 -5243| 1208| | 491|S18 -7398 -175
297|S211 563 1208| | 362|S146 -2363| 1208] | 427(S81 -5288| 1208| | 492|S17 -7398[ -225
298[S210 518 1208|| 363|S145 -2408| 1208| | 428[S80 -5333| 1208| | 493|S16 -7398 -275
299[S209 473| 1208] | 364(S144 -2453| 1208| | 429(S79 -5378| 1208| | 494|S15 -7398 -325
300|S208 428| 1208]| 365(S143 -2498| 1208| | 430[S78 -5423| 1208| | 495|S14 -7398 -375
301|S207 383| 1208]| 366{S142 -2543| 1208] | 431{S77 -5468| 1208| | 496/S13 -7398[ -425
302[S206 338| 1208]| 367[S141 -2588| 1208| | 432[S76 -5513| 1208| | 497|S12 -7398( -475
303[S205 293| 1208| | 368|S140 -2633| 1208| | 433[S75 -5558| 1208| | 498|S11 -7398 -525
304|S204 248 1208| | 369|S139 -2678| 1208| | 434|S74 -5603| 1208| [ 499|S10 -7398| -575
305|S203 203| 1208] | 370/S138 -2723| 1208| | 435[S73 -5648| 1208| | 500{S9 -7398| -626
306|S202 158 1208|| 371|S137 -2768| 1208| | 436[S72 -5693| 1208| | 501{S8 -7398| -676
307|S201 113 1208 | 372|S136 -2813| 1208| | 437|S71 -5738| 1208] | 502[S7 -7398 -726
308|S200 68| 1208|| 373[S135 -2858| 1208| | 438(S70 -5783| 1208| | 503[S6 -7398 -776
309|S199 23| 1208]| 374|S134 -2903| 1208| | 439(S69 -5828| 1208| | 504{S5 -7398| -826
310|{S198 -23| 1208 | 375/S133 -2948| 1208| | 440[S68 -5873| 1208| | 505|S4 -7398| -876
311|S197 -68| 1208]| 376/S132 -2993| 1208| | 441{S67 -5918| 1208| | 506(S3 -7398| -926
312|S196 -113[ 1208 | 377|S131 -3038| 1208| | 442[S66 -5963| 1208| | 507(S2 -7398| -976
313[S195 -158| 1208] | 378|S130 -3083| 1208| | 443[S65 -6008| 1208| | 508(S1 -7398| -1026
314(S194 -203| 1208 | 379|S129 -3128| 1208| | 444|S64 -6053| 1208
315[S193 -248| 1208] | 380[S128 -3173| 1208| | 445[S63 -6098| 1208 Cross hairs | -7151| -1161
316|S192 -293 1208] | 381|S127 -3218| 1208| | 446(S62 -6143| 1208 7151 -1161]
317|S191 -338| 1208] | 382|S126 -3263| 1208| | 447[S61 -6188| 1208
318/S190 -383| 1208| | 383|S125 -3308| 1208| | 448/S60 -6233| 1208
319|S189 -428| 1208 | 384|S124 -3353| 1208| | 449(S59 -6278| 1208
320|S188 -473| 1208| | 385/S123 -3398| 1208| | 450(S58 -6330| 1208
321|S187 -518| 1208] | 386|S122 -3443| 1208| | 451{S57 -6390| 1208
322|S186 -563| 1208 | 387|S121 -3488| 1208| | 452[S56 -6450] 1208
323|S185 -608| 1208| | 388|S120 -3533| 1208| | 453[S55 -6510| 1208
324|S184 -653 1208] | 389|S119 -3578| 1208| | 454|S54 -6571| 1208
325/5183 -698| 1208] | 390/S118 -3623| 1208| | 455[S53 -6631) 1208
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2001.2.28

HD667B70 PAD Arrangement ™ . No.466

xp~ -~ = 20UMF oL
RNwh

(Laced Output Arrangement)

16 pins
60ump

- Chip Size: 15.06mm x 2.68mm
- Chip thickness: 550um (typ.)

- PAD coordinate: PAD center veeDUML .
- Coordinate origin: Chip center ML

nun
ot
NRO®©

- Au bump size: TesT b
(1) 80 um x 80 um osca [

DUMMY1, DUMMY2, DUMMY3, DUMMY4 D811 |

RESET1* to TS7 bes B
RESET1*to TS7 GNDDUM3

(2) 30 um x 80um E’EE
S338 to S59 %5832 z

DB1/SDO
DBO/SDI

(3) 80um x 35um i -
S396 to S355, S42 to S1 =k

(4) 45um x 80um GND
S354 to S339, S58 to S43 ND

- Au bump pitch: Refer to PAD coordinate ve E
- Au bump height: 15 um (typ.) Vee

HD66770

280 pins

- Number in the diagram refers to number vee [ 450 mP

on the PAD coordinate. DDVDH [

(Top View)
- Cross hairs DDVDH |

(1) Figure VDH
l€«—190um —>/ VoH |
<95>! vosE

! 459 Vo
) vin B

Y

30¢ V6ON B
45§ V62N

l€— 190um —;
(—95—):

45(30(40

OO

(2) Arrangement: 2 places scL :
(3) Coordinates (X, Y) GpA
(7151, -1161) (-7151, -1161) [l =

:
7

T
[
N
Koo

DISPTMG g
RESET2

Fiaure 3; PAD Arranaement

42pins
No.110 Soump
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HD66770 PAD Coordinate Laced Coordinate 2001.2.28 REV0.0
No. | padname X Y No. | padname X Y No. | padname X Y No. | padname X 'y

1|DUMMY1 -7398[  -1208 66{DDVDH 1326| -1208|| 131|S376 7283 -25|| 196|S312 5108, 1093

2|RESET1* -6931] -1208] 67| DDVDH 1426 -1208] 132|S375 7398 25 197|S311 5063 1208

3|DISPTMG -6780| -1208 68 VDH 1576| -1208|| 133|S374 7283 75| 198/S310 5018, 1093

4|CL1 -6630] -1208 69| VDH 1676| -1208|| 134|S373 7398 125|| 199/S309 4973 1208

5|FLM -6480|  -1208 70| VDH 1776| -1208|| 135|S372 7283 175|| 200/S308 4928° 1093

6|M -6330] -1208 71{VDH 1877 -1208|| 136/S371 7398 225|| 201/S307 4883, 1208

7|EQ -6180| -1208 72|VGS 2027] -1208]| 137|S370 7283 275|| 202|S306 4838 1093

8|GDA -6030| -1208 73[VGS 2127] -1208]| 138/S369 7398 325|| 203S305 4793, 1208

9|GCS* -5880| -1208 74{V0 2277]  -1208]| 139/S368 7283 375|| 204|S304 4748 1093
10|GCL -5730]  -1208 75(V1P 2427] -1208]| 140/S367 7398 425|| 205/S303 47037 1208
11/DCCLK -5579|  -1208 76{VIN 2577] -1208]| 141|S366 7283  475|| 206/S302 4658 1093
12|VCCDUM1 -5429|  -1208] 77\V3P 2727)  -1208] 142|S365 7398 525 207|S301 4613 1208
13]IMO/ID -5329|  -1208 78(V3N 2877] -1208]| 143|S364 7283  575|| 208|S300 4568, 1093
14/GNDDUM1 | -5229( -1208 79| v60P 3027] -1208]| 144|S363 7398 626]| 209/S299 4523 1208
15/IM1 -5129|  -1208 80[ V60N 3178 -1208]| 145/S362 7283 676]| 210/S298 4478, 1093
16/ VCCDUM2 -5029)  -1208 81{Vv62P 3328 -1208]| 146/S361 7398  726]| 211/S297 4433 1208
17[IM2 -4929| -1208] 82[V62N 3478] -1208] 147|S360 7283 776 212|S296 4388: 1093
18/GNDDUM2 |  -4829[ -1208 83{Vv63P 3628 -1208]| 148/S359 7398  826|| 213|S295 4343, 1208
19| TEST -4729)  -1208 84{V63N 3778 -1208]| 149/S358 7283  876]| 214|S294 4298' 1093
20/0SC1 -4579)  -1208 858 3928 -1208]| 150|S357 7398  926]| 215/S293 4253, 1208
21{0sc2 -4429|  -1208 86{V20 4028 -1208]| 151|S356 7283  976]| 216/S292 4208 1093
22|DB15 -4278|  -1208] 87(v43 4128] -1208] 152|S355 7398| 1026 217|S291 4163: 1208
23(DB14 -4128|  -1208] 88[V55 4228| -1208] 153|DUMMY3 7398| 1208 218/S290 4118: 1093
24{DB13 -3978[  -1208 89[VTEST 4328] -1208]| 154|S354 7232| 1093]| 219/S289 4073' 1208
25(DB12 -3828] -1208 90[VCOM 4479 -1208]| 155/S353 7172 1208]| 220[S288 4028, 1093
26(DB11 -3678] -1208 91{VCOM 4579 -1208]| 156/S352 7112| 1093|| 221|S287 3983 1208
27|DB10 -3528]  -1208 92{DCCLK 4729] -1208]| 157|S351 7052 1208|| 222|S286 3938, 1093
28(DB9 -3378]  -1208 93{GCL 4879 -1208]| 158/S350 6991 1093|| 223|S285 3893 1208
29|DB8 -3228]  -1208 94{GCS* 5029 -1208]| 159S349 6931 1208]| 224|S284 3848 1093
30|GNDDUM3 | -3077| -1208| 95(GDA 5179 -1208]| 160[S348 6871 1093]| 225/S283 3803 1208
31{DB7 -2927|  -1208 96|EQ 5329 -1208]| 161|S347 6811 1208]| 226/S282 3758' 1093
32|DB6 -2777)  -1208] 97({M 5479 -1208] 162|S346 6751 1093 227|S281 3713, 1208
33(DB5 -2627|  -1208 98(FLM 5630] -1208]| 163|S345 6691 1208[| 228|S280 3668 1093
34{DB4 -2477| 1208 99(CL1 5780 -1208]| 164|S344 6631 1093]| 229/S279 3623, 1208
35(DB3 -2327| -1208|| 100|DISPTMG 5930] -1208]| 165/S343 6571 1208]| 230[S278 3578 1093
36|DB2 -2177)  -1208] 101|RESET2* 6080 -1208] 166|S342 6510 1093} 231|S277 3533 1208
37|DBL/SDO -2027| -1208| 102|TSO 6230] -1208]| 167|S341 6450 1208]| 232|S276 3488, 1093
38(DBO/SDI -1877| -1208/| 103|TS1 6330] -1208]| 168/S340 6390 1093|| 233|S275 3443 1208
39(RW/RD* -1726|  -1208|| 104|TS2 6430] -1208]| 169S339 6330 1208|| 234|S274 3398, 1093
40|E/WR*/SCL| -1576] -1208]| 105/TS3 6530] -1208]| 170[S338 6278 1093|| 235|S273 3353 1208
41{RS -1426|  -1208|| 106|TS4 6630] -1208]| 171|S337 6233 1208]| 236/S272 3308 1093
42{Cs* -1276| -1208|| 107|TS5 6730] -1208]| 172|S336 6188 1093|| 237|S271 3263 1208
43| TEST1 -1126] -1208|| 108|TS6 6830] -1208]| 173/S335 6143 1208]| 238/S270 3218 1093
44{GND -976] -1208]| 109|TS7 6931] -1208]| 174|S334 6098 1093]| 239/S269 3173, 1208
45(GND -876] -1208]| 110|DUMMY2 7398 -1208]| 175/S333 6053 1208]| 240/S268 3128 1093
46{GND -776]  -1208]| 111|S396 7283 -1026]| 176/S332 6008 1093]| 241|S267 3083, 1208
47{GND -676] -1208]| 112|S395 7398 -976]| 177{S331 5963 1208[| 242|S266 3038 1093
48(GND -575]  -1208]| 113]S394 7283 -926]| 178{S330 5918 1093|| 243|S265 2993 1208
49(GND -475]  -1208]| 114|S393 7398 -876]| 179(S329 5873 1208|| 244|S264 2948, 1093
50{GND -375|  -1208|| 115/S392 7283 -826]| 180[S328 5828 1093|| 245/S263 2903 1208
51{GND -275|  -1208]| 116/S391 7398 -776]| 181{S327 5783 1208|| 246/S262 2858, 1093
52{GND -175]  -1208]| 117/S390 7283 -726]| 182[S326 5738 1093|| 247|S261 2813 1208
53(GND -75|  -1208|| 118|S389 7398 -676]| 183[S325 5693 1208[| 248|S260 2768 1093
54/vCC 75| -1208]| 119/S388 7283 -626]| 184{S324 5648 1093|| 249/S259 2723, 1208
55(vVCC 175 -1208|| 120{S387 7398 -575|| 185(S323 5603 1208[| 250|S258 2678 1093
56{VCC 275 -1208|| 121|S386 7283 -525|| 186[S322 5558 1093]| 251|S257 2633, 1208
57{vCC 375 -1208|| 122|S385 7398 -475|| 187[S321 5513 1208]| 252|S256 2588 1093
58(vCC 475  -1208|| 123|S384 7283 -425|| 188(S320 5468 1093]| 253S255 2543, 1208
59(vCC 575 -1208|| 124|S383 7398 -375|| 189S319 5423 1208|| 254|S254 2498 1093
60[VCC 676| -1208|| 125/S382 7283 -325|| 190{S318 5378 1093|| 255/S253 2453 1208
61{ DDVDH 826| -1208|| 126/S381 7398 -275|| 191{S317 5333 1208]| 256/S252 2408, 1093
62{ DDVDH 926 -1208|| 127|S380 7283 -225|| 192{S316 5288 1093]| 257/S251 2363 1208
63{DDVDH 1026| -1208|| 128|S379 7398 -175|| 193[S315 5243 1208]| 258S250 2318, 1093
64{ DDVDH 1126 -1208] 129|S378 7283] -125 194{S314 5198| 1093 259]5249 2273 1208
65(DDVDH 1226| -1208|| 130|S377 7398 -75|] 195|S313 5153 1208|| 260[S248 2228 1093
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HDB6770 PAD Coordinate - Laced Coordinate
No. | padname X Y No. | padname X Y No. | padname X Y No. | padname X Y

261)S247 2183  1208|| 326(S182 -743(  1093{| 391fS117 -3668| 1208|| 456/S52 6691] 1093
262)S246 2138(  1093{| 327/S181 -7/88(  1208{| 392S116 3713 1093|| 457|S51 6751] 1208}
263/S245 2093 1208|| 328(S180 833 1093{| 393S115 -3758] 1208]| 458/S50 6811] 1093
264)S244 2048(  1093{| 329S179 878 1208| 394[Sl114 -3803] 1093|| 459S49 6871] 1208
265/S243 2003 1208{| 330[S178 923 1093{| 395(S113 -3848| 1208|| 460/S48 6931] 1093
266/S242 1958  1093|| 331S177 968 1208 396[S112 -3893] 1093|| 461s47 6991]  1208]
267|S241 1013)  1208]| 332S176 <1013  1093{| 397Sl111 -3938| 1208|| 462|S46 -/052 1093
268/S240 1868]  1093|| 333S175 <1058  1208{| 398{S110 -3983| 1093|| 463)S45 -7112]  1208]
269)S239 1823]  1208|| 334/S174 <1103 1093{| 399(S109 4028 1208|| 464/S44 -7172) 1093
270{S238 1778]  1093|| 335S173 <1148 1208{| 400[S108 4073]  1093|| 465S43 -1232| 1208
271{S237 1733| 1208 336/S172 -1193]  1093{| 401{S107 4118] 1208]| 466/ DUMMY4 -7398| 1208
272{S236 1688  1093{] 337S171 <1238  1208{| 402{S106 4163|  1093|| 467|S42 -7283] 1026
273/S235 1643]  1208]| 338S170 -1283]  1093{| 403(S105 4208 1208|| 468S41 -7398] 979
274{S234 1598  1093|| 339S169 <1328 1208{| 404{S104 4253 1093|| 469S40 -1283] 929
275/S233 1553]  1208]| 340/S168 -1373]  1093{| 405{S103 4298| 1208]| 470]S39 -7398] 879
276/S232 1508|  1093|| 341)S167 <1418  1208{| 406{S102 4343 1093|| 471S38 -1283] 829
277|S231 1463 1208 342S166 <1463  1093{| 407{S101 4388| 1208|| 472)S37 -1398] 779
278/S230 1418)  1093|| 343S165 -1508]  1208{| 408{S100 4433 1093|| 473S36 -1283] 729
279/S229 1373]  1208|| 344/S164 -1553]  1093{| 409(S99 4478 1208|| 474/S35 -1398] 679
280/S228 1328]  1093|| 345S163 -1598] 1208 410{S98 4523 1093|]| 475S34 -1283] 629
281)S227 1283]  1208]| 346/S162 <1643  1093]| 411fS97 4568| 1208|| 476/S33 -1398] 579
282S226 1233]  1093|| 347|S161 -1688] 1208 412{S9%6 4613 1093|| 477|S32 -1283] 529
283/S225 1193]  1208]| 348S160 <1733 1093{| 413(S9%5 4658| 1208|| 478/S31 -7398] 479
284)S224 1148)  1093|| 349/S159 1778 1208 414{S%4 4703 1093]| 479|S30 -1283] 425
285/S223 1103]  1208]| 350/S158 <1823  1093|| 415(S93 4748) 1208|| 480]S29 -7398] 379
286/S222 1058)  1093|| 351)S157 -1868|  1208|| 416{S92 4793 1093|| 481)S28 -1283] 325
287|S221 1013)  1208]| 352S156 -1913]  1093]| 417/S91 4838| 1208|| 482S27 -1398] 279
288/S220 968  1093]| 353S155 <1958 1208 418{S90 4883 1093|| 483)S26 -1283] 229
289S219 923 1208]| 354/S14 2003  1093|| 419(S89 4928| 1208|| 484/S25 -1398] 175
290S218 878  1093]| 355S153 2048  1208]| 420{S88 4973 1093|| 485S24 -1283] 125
291)s217 833 1208]| 356/S152 2093  1093|| 421fS87 5018] 1208]| 486/S23 -1398] 75
292/S216 788  1093]| 357|S151 2138  1208]| 422{S86 5063| 1093|| 487|S22 -1283] sl
293S215 743 1208]| 358/S150 2183  1093]| 423(S85 5108 1208]| 488S21 -7398] -25
2945214 698  1093]| 359S149 2228 1208 424{S84 5153  1093]| 4891S20 -1283] -1
295/S213 653  1208]| 360{S148 2273 1093|| 425(S83 5198 1208]| 490S19 -1398  -125
296/S212 608 1093 361yS147 2318 1208 426{S82 5243 1093|| 491S18 -1283]  -17H
297)S211 563 1208]| 362S146 -2363]  1093|| 427/S81 5288 1208|| 492|S17 -1398| 229
298/S210 518  1093]| 363S145 2408 1208 428{S80 5333 1093|| 493)S16 -1283] 279
299/S209 473 1208]| 364/S144 2453 1093|| 429(S79 5378 1208|]| 494/S15 -1398| 329
300/S208 428 1093]| 365S143 2498  1208]| 430|S78 5423 1093]| 495S14 -1283]  -37H
301)S207 383 1208]| 366/S142 2543 1093]| 431YS77 5468 1208]| 496/S13 -1398| 425
302 S206 338 1093]| 367S141 -2588|  1208|| 432{S76 5513]  1093|| 497|S12 -1283] 47
303/S205 293  1208]| 368S140 -2633]  1093|| 433[S75 5558| 1208]| 498/S11 -71398| 525
304)S204 248 1093]| 369 S139 2678 1208 434{S74 5603] 1093]| 499)S10 -1283] 579
305/S203 203 1208]| 370)S138 2723 1093]| 435S73 5648 1208]| 5001S9 -71398 629
306 S202 158 1093 371YS137 2768 1208 436(S72 5693 1093|| 501S8 -1283] 679
307S201 113 1208]| 372/S136 2813  1093|| 437S71 5738 1208|]| 502S7 -1398| 729
308/S200 68 1093{| 373[S135 -2858] 1208 438{S70 5783 1093|]| 503S6 -1283]  -779
309S199 23|  1208]| 374/S134 2903  1093]| 439S69 5828 1208|]| 504|S5 -71398| 829
310/S198 23] 1093]| 375S133 2948 1208 440[S68 5873 1093|]| 5054 -1283] 879
311)S197 68  1208|| 376S132 2993  1093|| 441f{S67 5918] 1208]| 506S3 -1398 929
312/S19%6 -113(  1093{| 377[S131 3038  1208|| 442{S66 5963| 1093|]| 507|S2 -1283] 979
3135195 -158(  1208{| 378{S130 -3083] 1093|| 443(S65 6008 1208|| 508S1 -7398|  -1026]
3145194 -203(  1093{| 379[S129 3128 1208 444{S64 6053 1093}

3155193 -248(  1208{| 380[S128 3173 1093|| 445(S63 6098 1208} Cross hairs|  -7151)  -1161]
316/S192 -293(  1093{| 381fS127 3218  1208|| 446(S62 6143 1093 7151  -116]]
317S191 338  1208{| 382{S126 3263  1093|| 447/S61 6188 1208}

318/S190 -383 1093{| 383(S125 3308  1208|| 448{S60 6233 1093}

3195189 428  1208{| 384{S124 3353 1093]| 449 S59 6278 1208}

3205188 473 1093{| 385(S123 -3398] 1208 450{S58 6330 1093}

321)S187 518 1208 386(S122 3443 1093|| 451§S57 6390 1208}

322/S186 563 1093{| 387[S121 3488 1208 452/S56 6450 1093}

323S185 608 1208 388(S120 3533  1093{| 453(S55 6510 1208}

3245184 653 1093{| 389S119 3578 1208 454{S54 6571 1093}

325/S183 698 1208{| 390[S118 -3623]  1093|| 455{S53 6631 1208}
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Block Function Description

System Interface

The HD66770 has five high-speed system interfaces: an 80-system 16-bit/8-bit bus, a 68-system 16-hit/8-
bit bus, and a seria peripheral (SPI: Serial Periphera Interface port). The interface mode is selected by
the IM2-0 pins.

The HD66770 has three 16-bit registers: an index register (IR), awrite data register (WDR), and aread
dataregister (RDR). The IR storesindex information from the control registers and the GRAM. The
WDR temporarily stores data to be written into control registers and the GRAM, and the RDR
temporarily stores data read from the GRAM. Data written into the GRAM from the MPU isfirst written
into the WDR and then is automatically written into the GRAM by internal operation. Datais read
through the RDR when reading from the GRAM, and the first read datais invalid and the second and the
following data are normal. When alogic operation is performed inside of the HD66770 by using the
display data set in the GRAM and the data written from the MPU, the data read through the RDR is used.
Accordingly, the MPU does not need to read data twice nor to fetch the read datainto the MPU. This
enables high-speed processing.

Execution time for instruction excluding oscillation start is 0 clock cycle and instructions can be written
in succession.

Table2 Register Selection (8/16 Parallel Interface)

80-system Bus gissystem

WR* RD* R/W RS Operations

0 1 0 0 Writesindexesinto IR

1 0 1 0 Readsinternal status

0 1 0 1 Writesinto control registers and GRAM through WDR
1 0 1 1 Reads from GRAM through RDR

Table 3 Register Selection (Serial Peripheral Interface)

Start bytes

R/W Bits RSBIts Operations

0 0 Writesindexesinto IR

1 0 Reads internal status

0 1 Writesinto control registers and GRAM through WDR
1 1 Reads from GRAM through RDR

Bit Operation

The HD66770 supports the following functions: a write data mask function that selects and writes data
into the GRAM in bit units, and alogic operation function that performs logic operations or conditional
determination on the display data set in the GRAM and writes into the GRAM. With the 16-bit bus
interface, these functions can greatly reduce the processing loads of the MPU graphics software and can
rewrite the display datain the GRAM at high speed. For details, see the Graphics Operation Function
section.
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Address Counter (AC)

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

After writing into the GRAM, the AC is automatically incremented by 1 (or decremented by 1). After
reading from the data, the AC is not updated. A window address function allows for data to be written
only to awindow area specified by GRAM.

Graphics RAM (GRAM)

The graphics RAM (GRAM) has 16 bits/pixel and stores the bit-pattern data of 132 x 176 bytes.

Grayscale Voltage Generator

The grayscale voltage circuit generates a LCD driver circuit that correspondsto the grayscale levels as
specified in the grayscale gamma-adjusting resistor. 65,536 possible colors can be displayed at the same
time. For details, see the gamma-adjusting resistor.

Timing Generator

The timing generator generates timing signals for the operation of internal circuits such asthe GRAM.
The RAM read timing for display and interna operation timing by MPU access are generated separately
to avoid interference with one another.  The timing generator generates the interface signals (M, FLM,
CL1, EQ, DCCLK, DISPTMG) for the gate driver and The power supply IC.

Oscillation Circuit (OSC)

The HD66770 can provide R-C oscillation simply through the addition of an externa oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can aso
be supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit
The liquid crystal display driver circuit consists of 396 source drivers (S1 to S396).

Display pattern datais latched when 396-bit data has arrived. The latched data then enables the source
drivers to generate drive waveform outputs. The shift direction of 396-bit data can be changed by the SS
bit by selecting an appropriate direction for the device-mounting configuration.

Interface with Gate Driver

A serid interface circuit provides an interface with the HD66771 and HD667P00. When sending an
instruction setting from the HD66770 to the HD66771 and HD667P00, a register setting value from
within the HD66770 is transferred viathe seria interface circuit. A transfer is started by setting a serial
transfer enable of the HD66770. However, transfer to and reading from the HD66771 or HD667P00 is hot
possible during standby. For details, see the Gate Serial Transfer section
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Table 4: Relationship between GRAM address and display position (SS = “0")
SIG pin olalal.ooioenn. Sl Slel 2SS 2SS SIS S
& | [BD|B) S| B |3 |55 | B | BB BB 5| BB B] 5| HB| A
GS=0 GS=1 IZ1):3. DnB IZ1):3. IZ1):3. DnB IZ1):3. IZ:)B IZ1):3. D{I’B IZ1):3 IZ:)B IZ1):3. E:\E IZ1):3 DnB
G1 G176 | "0000"H ]"0001"H |"0002"H |"0003"H |---------- "0080"H | "0081"H| "0082"H | "0083"H
G2 G175 |"0100"H |'0101"H |"0102"H J'0103"H |---------- "0180"H | "0181"H| "0182"H {"0183"H
G3 G174 | "0200"H |"0201"H | “0202"H |"0203"H f---------- 0280"H | 0281°Hll "0282"H | "0283"H
G4 G173 | "0300"H |"0301"H | "0302"H |"0303"H |- -------- "0380"H --038;--H1| "0382"H | "0383"H
G5 G172 [ "0400"H ]"0401"H | *0402"H §*0403"H | === - "0480"H --045%" "0482"H | "0483"H
G6 G171 |§"0500"H §'0501 H {“0502"H §"0503"H |-~~~ "0580"H | "0581 H|["0582"H | "0583"H
G7 G170 |"0600"H |"0601"H | "0602"H §0603"H |---------- "0680"H | "0681"H] "0682"H | "0683"H
G8 G169 | "0700"H | "0701"H | "0702"H J|"0703"H |---------- "0780"H | "0781"H|| "0782"H | "0783"H
9 G168 | "0800"H |"0801"H | "0802"H {"0803"H |-~ ----- "0880"H | "0881"Hf "0882"H | "0883"H
G10 G167 | "0900"H |"0901"H | "0902"H {"0903"H |---------- "0980"H _| "0981"H|| "0982"H | "0983"H
G11 G166 |"0A00"H |"0A01"H | "0A02"H |"0A03"H |---------- "0A80"H | "0ag1"Hl "0A82"H | "0A83"H
G12_ | G165 _|'0B00'H |'0B01'H | oo |'0BO3H [ "0B8O'H --OBST" "0B82'H | "0B83™H
G13 G164 | "0C00"H |'0CO1"H | "0C02"H|"0CO3"H |- -------. 0c80"H | "0C81"H| "0c82"H| "ocg3'H
Gl14 G163 |"0D00"H |'0DO1"H | "0D02"'H|opo3'H |----+-- - "0D80"H [ "op81"H || "ops2H|"0pg3 H
G15 G162 | "OEO00"H J"0E01"H | "0E02"HJ "OEO3"H |---------- "0E8B0"H | "0E81"H|| "0E82"H| "0E83"H
G16 G161 | "0F00"H |"0F01"H | "OF02"H | "oFo3"H |- ===-= """ "OF80"H | "0F81"H|| "0F82"H || "0F83"H
G17 G160 | "1000"H |"1001"H | "1002"H | *1003"H | :*" v "1080"H | "1081"H| "1082"H | "1083"H
G18 G159 | "1100'H |'1101"H | "1102"H | "1103"H |.......... *1180"H | "1181"H]| "1182"H } “1183"H
G19 G158 | "1200"H |"1201"H | "1202"H§"1203"H |---------- "1280"H | "1281"H|| "1282"H | *1283"H
G20 G157 }"1300"H |"1301"H | "1302"H {"1303"H |~ "~"""""* "1380"H | "1381"H| "1382"H | "1383"H
(G169 | G8 "AB00"H |"A801"H | "A802"H | "ABO3"H |---------- "A880"H | "A881"H| "A882"H | "ag83"H
| G170 G7 "A900"H |"A901"H | "A902"H | "A903"H |- --------- "A980"H | "A981"H| "A982"H |"A983"H
(G171 G6 "AA00"H |"AAQ1"H |"AA02'H |"AAO3"H |------ - "AA80"H | "AA81"H["AA82"H | "AA83"H
G172 G5 "ABOO"H |'ABO1"H ["AB02"H | "ABO3"H |---------- "AB80"H | "AB81"H| "AB82"H | "AB83"H
G173 G4 "ACO00"H |'aco1"H |"AC02"'H | "aco3"H |- -v - "AC80"H | "AC81"H| "AC82"H| "AC83"H
G174 G3 "ADO0"H |'apg1"y |"AD0O2"H | "ADO3"™H |-~ - - "AD80"H | "AD81"H| "ADg2"H|"AD83"H
(G175 | G2 "AEO0"H "AEQ1"H | "AE02"H | "AE03"H |- -~~~ "AES0"H | "AE81"H| "AES2"H| "AE83"H
G176 G1 "AF00"H |"AFO1"H | "AFO2"H | "AFO3"H |- =~~~ -~ argo'H | "aFs1'H| "aFs2'H| "AF83'H
Table 5: Relationship between GRAM address and output pin
DB|DB| DB |DB|DB|DB|DB| DB| DB| DB| DB| DB| DB| DB | DB | DB
CRAMdata | 15 | 14| 13|12 | 11|10 ol 8] 71 6l 5] 4| 3 110
RGB allotment R G B
output pin S(3n+1) S(3n+3)
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Table 6: Relationship between GRAM address and display position (SS = “1")

Wl O ~~f| cofl off S| I NJ| D SO ©
S/G pin A ol ol sl ool of of SN S S EEEEE R B E
D DDA OO DY O D AD||WN N A D N D Dl DD DYDY DY n
GS=0 GS=1 2& IZ1):3 28 IZ1):3 28. IZ1):3 28 IZ1):3 28 . E):E 28 IZ1):3 D{f& E):E 28 IZ1):3
G1 G176 ] "0083"H | "0082"H | "0081"H | "0080"H |f.......... "0003"H | "0002"H | "0001"H |"0000"H
G2 G175 |]"0183"H |"0182"H | "0181"H | "0180"H [J---------- "0103"H {"0102"H ]| "0101"H |'0100"H
G3 G174 |"0283"H |"0282"H { "0281"H | "0280"H f---------- "0203"H_|| "0202"H | "0201"H | "0200"H
G4 G173 ]"0383"H }"0382"H | "0381"H | "0380"H ff---------- "0303"H_§ "0302"H | "0301"H | "0300"H
G5 G172 |"0483"H | "0482"H | "0481"H | "0480"H |-~~~ -~~~ "0403"H _J "0402"H | "0401"H | "0400"H
G6 G171 ]"0583"H |"0582"H §"0581 H |"0580"H f---------- "0503"H J"0502"H |"0501 H |"0500"H
G7 G170 | "0683"H |"0682"H | "0681"H | "0680"H [--------:- "0603"H | "0602"H | "0601"H |"0600"H
G8 G169 | "0783"H |"0782"H | "0781"H | "0780"H [|---------- "0703"H {"0702"H ] "0701"H |"0700"H
G9 G168 |"0883"H |"0882"H || "0881"H | "0880"H |f---------- "0803"H | "0802"H ]| "0801"H | "0800"H
G10 G167 ]"0983"H ]"0982"H || "0981"H | "0980"H [f---------- "0903"H | "0902"H ]| "0901"H ]"0900"H
Gl1 G166 | "0A83"H | "0A82"H | "0A81"H | "OA80"H f---------- "0A03"H |"0A02"H |"0A01"H |"0A00"H
G12 G165 | "0B83"H |"0B82"H | "0B81"H |"0B8O"H [f---------- "0B03"H _{"0B02"H |"0BO1"H |"0BOQO"H |
G13 G164 | "0C83"H | "0C82"H | "0C81"H |"0C80"H ||---------- "0Cc03"H {"0C02"H |"0C01"H J"0C00"H
G14 G163 | "0D83"H |"0D82"H | "0D81"H |"0D80"H ||--~---"--- "0D03"H |"0D02"H |"0D01"H |"0D00"H
G15 G162 | "0E83"H| "0E82"H | "OE81"H ] "0E80"H {|---------- "0E03"H | "0E02"H | "0OE01"H | "0E00"H
G16 G161 | "OF83"H | "0F82"H | "OF81"H | "OF80"H [|---------- "0F03"H | "0F02"H | "0F01"H |"0F00"H
G17 G160 | "1083"H | "1082"H | "1081"H | "1080"H f---------- "1003"H §"1002"H | "1001"H | "1000"H
G18 G159 | "1183"H | "1182"H | "1181"H | "1180"H [J---------- "1103"H |"1102"H | "1101"H |"1100"H
G19 G158 | "1283"H | "1282"H | "1281"H | "1280"H [|---------- "1203"H |"1202"H ]| "1201"H |"1200"H
G20 G157 ]"1383"H | "1382"H | "1381"H | "1380"H [ "= " - "1303"H | "1302"H | "1301"H |"1300"H
G169 G8 "A883"H |"A882"H || "Ag881"H | "A880"H |-+ ---- - "A803"H |"A802"H | "A801"H | "A800"H
G170 G7 "A983"H |"A982"H | "A981"H | "A980"H |[---------- "A903"H |"A902"H | "A901"H | "A900"H
G171 G6 "AA83"H |"AA82"H | "AABL"H |"AA8Q"H f------ - "AA03"H |"AA02"H |"AAO01"H |"AAQQ"H
G172 G5 "AB83"H |"ABg2"H | "AB81"H |"AB8OQ"H ||~~~ "AB03"H |'AB02"H |"ABO1"H |"AB00Q"H
G173 G4 "AC83"H |'AC82"H | "AC81"H|"AC80"H ||~~~ -" "AC03"H |"AC02"H |"ACO01"H |"AC00"H
G174 G3 "AD83"H |'AD82"H | "AD81"H|"AD80"H |------"--" "AD03"H |"AD02"H |"ADO1"H |"AD00"H
G175 G2 "AE83"H|"AE82"H | "AE81"H| "AESQ"H|[------- - "AE03"H | "AE02"H | "AEO1"H | "AE00"H
G176 G1 "AF83"H |"AF82"H | "AF81"H| "AF80"H [ --------- "AF03"H |"AF02"H | "AF01"H | "AF00"H
Table 7: Relationship between GRAM address and output pin
DBIDBIDB’DBIDB DB|DB|DB|DB|DB' DB DB'DB|DB'DB|DB
GRAMdata | 15 | 14 13|12/ 11 (10l 9l 8l 71l 6l 5] als3fl2]l1lo0
RGB allotment R G B
output pin S(396-3n) S(395-3n) S(394-3n)
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I nstructions

Outline

The HD66770 uses the 16-hit bus architecture. Before the internal operation of the HD66770
starts, control information is temporarily stored in the registers described below to allow high-
speed interfacing with a high-performance microcomputer. The internal operation of the
HD66770 is determined by signals sent from the microcomputer. These signals, which include
the register selection signal (RS), the read/write signal (R/W), and the data bus signals (DB15 to
DBO0), make up the HD66770 instructions.

There are nine categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal GRAM addresses

Transfer datato and from the internal GRAM

Set grayscale level for the internal grayscale gamma adjustment
Interface with the gate driver and Power supply IC

Normally, instructions that write data are used the most. However, an auto-update of internal

GRAM addresses after each data write can lighten the microcomputer program load. Because
instructions are executed in 0 cycles, they can be written in succession.

HITACHI
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Instruction Descriptions
Index

The index instruction specifies the RAM control indexes (ROOh to R3Fh). It sets the register number in
the range of 00000 to 111111 in binary form. However, R40 to R44 are disabled since they are test

registers.

RW RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_DBO

w| O || * * * * * * * * * | ID6|ID5| ID4| ID3| ID2| ID1| IDO

Figure4 Index Instruction
Status Read
The status read instruction reads the internal status of the HD66770.

L 7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

RW RS DBi15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 _DBO

R 0 L7] L6 L5| L4] L3| L2| L1| LO| O] O 0 0 0 0] O 0

Figure5 StatusRead Instruction

Start Oscillation (ROO)

The start oscillation instruction restarts the oscillator from the halt state in the standby mode. After
issuing thisinstruction, wait at least 10 ms for oscillation to stabilize before issuing the next instruction.
(See the Standby Mode section.)

If thisregister isread forcibly, *0770H isread.

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl _DBO

W 1 * * * * * * * * * * * * * * * 1

R 1||0 0] O 0 0] 1 1 1 0] 1 1 1 0 0 0| O

Figure6  Start Oscillation Instruction

Driver Output Control (R0O1h)

RW_ RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_DBO

Wl 1 0 0] O 0 0] 0]|GS |SS 0] O 0 [NL4| NL3[NL2|NL1f NLO

Figure7  Driver Output Control Instruction

GS: Sdlects the output shift direction of the gate driver.  When GS = 0, G1 shiftsto G228. When GS =
1, G228 shiftsto G1
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SS. Selects the output shift direction of the source driver. When SS = 0, S1 shiftsto S396. When SS=1,
S396 shiftsto S1.  When SS = 0, <R><G><B> color is assigned from S1. When SS= 1, <R><G><B>
color isassigned from S396.  Re-write to the RAM when intending to change the SS bit.

Note: The GS hit is for setting the gate driver. Control according to the bit's value is executed by the
gate driver. For details, see the data sheet for the gate driver.

NL4-0: Specify number of lines for the LCD drive. Number of lines for the LCD drive can be adjusted
for every eight raster-rows. GRAM address mapping does not depend on the setting vaue of the
drive duty ratio.  Select the set value for the panel size or higher.

Table 8 NL Bitsand Drive Duty

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

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

Note: Blank period (when all gates output Vgoff level) of 8H period will be inserted to the gates after al
gates are scanned.
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L CD-Driving-Waveform Control (R02h)

RW RS DBi15 DB14 DBi13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_DBO

Wl 1 0] O 0| O |FLDy FLDO| B/IC|EOR O 0 | NW5| NwW4 NW3| NW2| NW1| NWO

Figure8 LCD-Driving-Waveform Control Instruction

FL D1-0: Set number of the field that the n field inter-laced driving.  For details, see the “ Inter-laced”
drive section.

FLD1 FLDO Number of field

0 0  Setting disabled

0 1 1fidd

1 0  Setting disabled
1 1 3fidd
Table9

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive.
When B/C = 1, anraster-row waveform is generated and aternates in each raster-row specified by bits
EOR and NW5-NWO in the LCD-driving-waveform control register. For details, see the n-raster-row
Reversed AC Drive section.

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and
the n-raster-row reversed signals are EORed for aternating drive.  EOR is used when the LCD is not
aternated by combining the set values of the number of the LCD drive raster-row and the n raster-row.
For details, see the n-raster-row Reversed AC Drive section.

NW5-0: Specify the number of raster-rows n that will aternate at the C-pattern waveform setting (B/C =
1). NW5-NWO dternate for every set value + 1 raster-row, and the first to the 64th raster-rows can be
selected.

Note: FLD1-0 bits are for the gate driver. Control according to the bits value executed by the gate
driver. For details, see the data sheet for the gate driver.
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Power Control 1 (RO3h)
Power Control 2 (R04h)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DBS8 DB7 DB6 DB5 DB4 DB3 DB2 DB1  DBO

W 1 0 o | sap2| sapi| sapo| BT2 | BT1 | BTO | DC2 | DC1 | DCo | AP2 | APL| APO| sLP | sTB

w 1 CAD 0 0 VRN4| VRN3| VRN2| VRN1 | VRNO 0 0 0 VRP4| VRP3| VRP2| VRP1| VRPO

Figure 9 Power Control Instruction

SAP2-0: The amount of fixed current from the operational amplifier for the source driver is adjusted.
When the amount of fixed current is large, LCD driving ability and the display quality become high, but
the current consumptionisincreased. Adjust the fixed current considering the display quality and the
current consumption.  During no display, when SAP2-0 = “000", the current consumption can be
reduced by halting the operational amplifier and step-up circuit operation.

SAP2 SAP1 SAPO Op-amp SAP2 SAP1 SAPO Op-amp
Current Current
0 0 0 Halt op-amp 1 0 0 Medium/large
0 0 1 Small 1 0 1 Large
0 1 0 Small/medium 1 1 0 Setting disabled
0 1 1 Medium 1 1 1 Setting disabled
Table 10 Table11

BT2-0: The output factor of step-up circuit isselected. Adjust scale factor of the step-up circuit by the
voltage used. Lower amplification of the step-up circuit consumes less current.

DC2-0: The operating frequency in the step-up circuit is selected. When the step-up operating frequency
is high, the driving ability of the step-up circuit and the display quality become high, but the current
consumption isincreased. Adjust the frequency considering the display quality and the current
consumption.

AP2-0: The amount of fixed current from operationa amplifier for the power supply is adjusted. When
the amount of fixed current islarge, the LCD driving ability and the display quality become high, but the
current consumptionisincreased. Adjust the fixed current considering the display quality and the
current consumption. During no display, when AP2-0 = “000", the current consumption can be reduced
by ending the operational amplifier and step-up circuit operation.

SLP: When SLP = 1, the HD66770 enters the sleep mode, where the internal display operations are
halted except for the R-C oscillator, thus reducing current consumption. Only serial transfer to a gate
driver/power-supply |C and the following instructions can be executed during the sleep mode.

Power control: (BT2-0, DC2-0, AP2-0, SLP, STB, VC2-0, CAD, VR3-0, VRL3-0, VRH4-0,

VCOMG, VDV4-0, and VCM4-0 hits)

Common interface control: (TE, IDX)
During the sleep mode, the other GRAM data and instructions cannot be updated athough they are
retained.
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STB: When STB = 1, the HD66770 enters the standby mode, where display operation completely stops,
halting all theinternal operations including the internal R-C oscillator.  Further, no external clock pulses
aresupplied. For details, see the Standby Mode section.  Only the following instructions can be
executed during the standby mode.

a.  Standby mode cancel (STB =*“0")

b. Start oscillation

During the standby mode, the GRAM data and instructions may be lost. To prevent this, they must be
set again after the standby modeis canceled.  Seria transfer to the common driver is possible when it is
in standby mode. Transfer the data again after it has been released from standby mode.

CAD: Set up based on retention capacitor configuration of the TFT pane.
CAD="0" Set this up when use Cst composition.

CAD="1" Set this up when use Cadd composition.

VRP4-0: Control amplitude (positive polarity) of 64-grayscale. For details, see the amplitude adjusting
circuit section.

VRN4-0: Control amplitude (negative polarity) of 64-grayscale. For details, see the Amplitude
Adjusting Circuit section.

Notee BT2-0, DC2-0, AP2-0, SLP, CAD bits are for Power supply IC. Control according to the bits
valuesis executed by Power supply IC. For details, see the data sheet for the Power supply IC.

Power Control 3 (ROCh)
Power Control 4 (RODh)
Power Control 5 (ROEh)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DBS8 DB7 DB6__ DB5 DB4 _ DB3 DB2 DB1 __ DBO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 | vC1 | vCo
0 0 0
w 1 0 0 0 0 VRL3| VRL2 | VRL1| VRLO PON | VRH3| VRH2| VRH1| VRHO
0 0 0
w 1 0 0 ?\//ICGO VDV4 | VDV3 | VDV2 | VDV1| VDVO VCM4| VCM3| VCM2| VCM1| VCMO
Figure 10

VC2-0: Adjust reference voltage of VREG1OUT, VREG20UT and VciOUT to optiona rate of Vci.
Also, when VC2 = “1", it is possible to stop the interna reference voltage generator. This leads to
control for VREG1OUT/VciOUT with REGP and VREG20UT with REGN externally.

VRL3-0: Set magnification of amplification for VREG20UT voltage (voltage for the reference voltage,
VREG2 while generating Vgoff.) It alows to magnify the amplification of REGN from -2 to -8.5 times.

PON: Thisis an operation starting bit for the booster circuit 3. PON = 0isto stop and PON = 1 to start
operation.

VRH3-0 : Set magnification of amplification for VREGOUT1 voltage(voltage for the reference voltage,
VREGL while generating VDH.) It alows to magnify the amplification of REGP from 1.45 to
2.85 times.
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VCOMG: When VCOMG = 1, VcomL voltage can output to negative voltage (-5V).

When VCOMG = 0, VcomL voltage becomes GND and stops the amplifier of the negative voltage.
Therefore, low power consumption is accomplished. Also, When VCOMG = 0 and when Vcom is
driven in A/C, setting of the VDV4-0 isinvalid. In this case, adjustment of Vcom/Vgoff A/C amplitude
must be adjusted with VcomH using VCM4-0.

VDV4-0: Sets amplification factors for Vcom and Vgoff while Vcom AC drive is being performed. It is
possible to set up from 0.6 to 1.23 times of VREG1. When Vcom is not driven in A/C, the set up is
invalid.

VCMA4-0: Set VcomH voltage (voltage of higher side when Vcom is driven in A/C.) It is possible to
amplify from 0.4 to 0.98 times of VREGL voltage. Also, when setting up VCM4-0 = 1111, stop the
internal volume adjustment and adjust VcomH with external resistance from VcomR.

Notee  VC2-0, VRL3-0, VRH4-0, VCOMG, VDV4-0, VCM4-0 bits are for Power supply IC.  Control
according to the bits values is executed by Power supply IC. For details, see the data sheet for the Power
supply IC.

Entry Mode (RO5h)

Compare Register (R0O6h)

RW_ RS DB15 DBi14 DB13 DBi12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

w 1 0 0 0 0 0 0 | hwMm 0 0 0 I/D1]1/DO0 | AM | LG2 | LG1 | LGO

w 1 |CP15 |CP14 |CP13 |CP12 |CP11 [CP10 |CP9 | CP8 | CP7 | CP6| CP5 | CP4 | CP3| CP2 | CP1 | CPO

Figure11

The write date sent from the microcomputer is modified in the HD66770 written to the GRAM. The
display data in the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For details, see the Graphics Operation Function section.

HWM: When HWM=1, data can be written to the GRAM at high speed. In high-speed write mode,
four words of data are written to the GRAM in a single operation after writing to RAM four times.
Write to RAM four times, otherwise the four words cannot be written to the GRAM.  Thus, set the lower
2 bits to 0 when setting the RAM address.  For details, see High Speed RAM Write Mode section.

[/D1-0: When 1/D1-0 = 1, the address counter (AC) is automatically incremented by 1 after the data is
written to the GRAM. When 1/D1-0 = 0, the AC is automatically decremented by 1 after the data is
written to the GRAM. The increment/decrement setting of the address counter by 1/D1-0 is done
independently for the upper (AD15-8) and lower (AD7-0) addresses. The direction of moving through
the addresses when the GRAM iswritten to is set by the AM bit.

AM: Set the automatic update method of the AC after the data is written to the GRAM. When AM =0,
the data is continuously written in paralle. When AM = 1, the data is continuoudly written vertically.
When window address range is specified, the GRAM in the window address range can be written to
according to the I/D1-0 and AM settings.
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1/D1-0="00" 1/D1-0="01" 1/D1-0="10" I/D1-0="11"
Horizontal: decrement Horizontal: increment Horizontal: decrement Horizontal: increment
Vertical: decrement Vertical: decrement Vertical: increment Vertical: increment
0000h 0000h 0000h 0000h
—— 5 | = -
> e P e —
AM="0" — — — ———
1 :/ = - < o= =
Horizontal e — j\ ~_
- 2 Rd L~ E ..
AF83h AF83h AF83h AF83h
0000h 0000h i 0000h 0000h
ITYYYYY) ArARAL - -
AM="1" 1l JAY ’ i
Vertical [ AN - .
1. - FYYYYYY YYVYYVY VY
AF83h AF83h AF83h AF83h

Note: When a window address range has been set the GRAM can only be written to within that range.

Figure12 AddressDirection Settings

L G2-0: Compare the data read from the GRAM by the microcomputer with the compare registers

(CP11-0) by a compare/logical operation and write the resultsto GRAM.  For details, see the
L ogical/Compare Operation Function.

CP15-0: Set the compare register for the compare operation with the data read from the GRAM or
written by the microcomputer.

DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Write data sent from

the microcomputer oloflofo|lofofo|la|la]2a]o] of 1| 1] 1]o0
(DB15 - 0)

\ y | L ]
[r——

. Logica operation (with read data-and-write datay . -Compare;eperafion |
Logical/compare - : :L_ P e L
operation (LG2 - 0) ;

Write data mask*
(WM15 - 0)

Note: The write data mask (WM11-0) is set by the register in the RAM Write Data Mask section.

Figure 13
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Display Control (RO7h)

R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

W 1 0 0 0 PT1 PTO | VLE2| VLE1l| SPT 0 0 GON | DTE CL REV D1 DO

Figure14 Display Control Instruction

PT 1-0: Normalize the source outputs when non-displayed area of the partia display isdriven. For
details, see the Screen-division Driving Function section.

VLE2-1: When VLEL =1, avertica scroll is performed in the 1% screen. When VLE2 = 1, avertica
scroll is performed in the 2 screen.  Vertical scrolling on the two screens cannot be controlled at the
same time.

VLE2  VLE1l 2" Screen 1% Screen
0 0 Fixed display Fixed display
0 1 Fixed display Scroll display
1 0 Scroll display Fixed display
1 1 Setting disabled
Table 12

CL: When CL = 1, number of colorsis 8-color mode. For details, see the 8-color Display Mode section.

CL Number of Display Colors
0 65,536
1 8
Table 13

SPT: When SPT = 1, the 2-divison LCD drive is performed. For details, see the Screen-division
Driving Function section.
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REV: Displays all character and graphics display sections with reversal when REV = 1. Sincethe

grayscale level can be reversed, display of the same datais enabled on normally-white and normally-
black panels

i Combination with the partial display

Source output level

. non-display area
Display area
REV | GRAM data PT1-0=(0.%) PT1-0=(1.0) PT1-0=(1.1)

VCOM="L" | VCOM="H" | VCOM="L" | VCOM="H"| VCOM="L" | VCOM="H" | VCOM="L" | VCOM="H"
16'h0000 V63 [ Vo
0 : : : V63 VO GND GND | Hi-z Hi-z
16'hFFFF VO V63
16'h0000 Vo | V63
1 ) ' : V63 VO GND GND | Hi-z Hi-z
16'hFFFF V63 VO
Figure 15

ii  Combination with the D1-0

Source output level

rev |GrAM data | PLO=(L1) D1-0=(1.0) D1-0=(0.1) D1-0=(0.0)

vcom="L" | vcom="H" | vcom="L" | vcom="H"| vcom="L" | vcom="H" | vcom="L" | vcom="H"
16'h0000 V63 VO

. . . V63 VO GND GND GND | GND
16'hFFFF VO V63

16'h0000 vo | ve3

V63 VO GND GND GND | GND

16'hFFFF V63 VO

Figure 16
GON: Gate off level is GND when GON = 0.

DTE: DISPTMG output is fixed to GND when DTE = 0.

GON Gate Output DTE DISPTMG Output
0 Vgon/GND 0 Halt (GND)
1 Vgon/V goff 1 Operation
(Vcc/GND)
Table14 Table 15
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D1-0: Display isonwhen D1 = 1 and off when D1 =0. When off, the display dataremainsin the
GRAM, and can be displayed instantly by setting D1 =1. When D1is0, the display is off with all of
the source outputs set to the GND level.  Because of this, the HD66770 can control the charging current
for the LCD with AC driving. Control the display on/off while control GON and DTE. For details, see
the Instruction Set Up Flow.

When D1-0 = 01, the internal display of the HD66770 is performed although the display isoff. When
D1-0 =00, the internal display operation halts and the display is off.

Table16 D Bitsand Operation

HD66770 Internal Display Control Signal
D1 DO Sour ce Output Operation (CL1, FLM, M)
0 0 GND Halt Halt
0 1 GND Operate Operate
1 0 Unlit display Operate Operate
1 1 Display Operate Operate

Notes: 1. Writing from the microcomputer to the GRAM isindependent from the state of D1-0.
2. Inthe deep and standby modes, D1-0=00. However, the register contents of D1-0 are not modified.

Note: SPT and GON bits are for setting the gate driver. Control according to the bits values is executed
by the gate driver. For details, see the data sheet for the gate driver.

Gate Driver Interface Control (ROAh)

RIW RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

w 1 0 0 0 0 0 0 0 TE 0 0 0 0 0 IDX2 | IDX1 | IDXO0

R 1 0 0 0 0 0 0 0 TE 0 0 0 0 0 IDX2 | IDX1 | IDXO0

Figure1l7 Gate Driver Interface Control Instruction

IDX2-0: Index bits that select instructions for the gate driver/Power supply IC. The instruction that
corresponds to the setting of gate driver and power supply IC is transferred, with the index, to the gate
driver and the power supply IC via the serial interface. These instructions are transferred in bit rows as
shown below. The upper 3 bits correspond to IDX2-0. The IDX2-0 setting at the time of transfer selects
the instruction for the gate driver and the power supply IC as listed below.

To change an instruction setting on the gate driver and the power supply IC, first change the instruction
bit on the HD66770 at first, then, select the instruction, which includes the changed instruction bit, from
the list below, by setting IDX2-0 as required. The instruction is transferred to the gate driver/Power
supply IC after TE bit is set to 1, and is executed.

TE: Serid transfer enable for the gate driver/power-supply IC. When O isread on TE hit, seria transfer is
possible. Do not change the instruction during transfer. When 1 is written to TE bit, transfer starts. TE
returning to O indicates the end of the transfer. Note that, seria transfer to the gate driver/Power supply IC
requires 18 clock cycles at most. Do not change the instruction during the transfer.

* New instructions should be transferred to the gate driver / power supply 1C soon after they have been
set on the HD66770.
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Table 17: the gate driver (HD 66770) instructions

IDX2 IDX1 IDX0 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 + |GON * * * * * * * * * * SLP

0 0 1 * * * * * * * * * * * * *

0 1 0 * * * * * * * * * * * * *

0 1 1 Setting disabled

1 0 0 Setting disabled

1 0 1 Setting disabled

1 1 0 0 0 GS | NL4| NL3 | NL2 | NL1| NLO|SCN4 SCN3 SCNZ SCN1 SCNO

1 1 1 0 0 0 0 0 0 0 0 0 0 0 |[FLD1|FLDO
* Register for HD667P00

Table 18: Power supply IC (HD667P00) instructions

IDX2 IDX1 IDXO DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 | GON|vcome| BT2 | BT1 | BTO [ DC2| DC1| DC | AP2 | AP1| APO| SLP
0 0 1 CAD|VRL3|VRL2|VRL1|VRLO|VRH4|VRH3|VRH2| VRH1|VRHO| VC2 | VC1| VCO
0 1 0 0 0 0 |vDv4|vDV3|vDV2|vDV1|VDVO|VCM4NCM3[VCM2[VCM1{VCMO
0 1 1 Setting disabled
1 0 0 Setting disabled
1 0 1 Setting disabled
1 1 0 * * * * * * * * * * * * *

1 1 1 * * * * * * * * * * * * *

* Register for HD66771

Instruction setting change

Change the instruction bit setting corresponding to the HD66770.

i * Transfer to the gate driver/IC chip of the power supply IC must be exercised immediately after setting up the instruction.

Index set ROAh

Instruction read <

NO

(During transfer)

$YES (Transfer can be executed)

Gate driver/ the power supply IC Index ( IDX2to 0)
TE=1 ( Transfer start)

Including a changed instruction bit at the head based on the instruction list of

HD66771/ power supply IC (HD667P00).
Specify the IDX2 to 0 a changed instruction bit.

Notes:

. Transfer to the gate driver / IC chip of the power supply must take place immediately after setting up the instruction.
. The serial transfer period takes a maximum of 1/fosc x 18 colck cvcles (sec).
. Serial transfer cannot be executed in stand by mode.

suspended. Transfer must be executed again because correct transfer is not quaranteed in this situation.

auaranteed in this situation.

that the transfer is completed.

If the chip enters standby mode during transfer, the serial transfer is forcibly

. Serial transfer can be forcibly suspended by writing TE = 0. Transfer must be executed again because correct transfer is not

. Do not enter standby mode during transfer or forcibly terminate transfer except in case of emergency. Before executing, confirm

Figure18 GateInterface: Serial Transfer Sequence
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Frame Cycle Control (ROBh)

R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

w 1 || not | noo | soTi| spto| EQi| EQO| DIVI| DIVO| © 0 0 0 | rTN3| RTN2| RTN] RTNO

Figure 19
RTNS3-0: Set the 1H period.

DIV1-0: Set the division ratio of clocks for internal operation (DIV1-0). Interna operations are driven by
clocks which are frequency divided according to the DIV 1-0 setting. Frame frequency can be adjusted
along with the 1H period (RTN3-0). When changing drive line count, adjust the frame frequency. For
details, see the Frame Frequency Adjustment Function section.

EQ1-0: EQ period can be set with EQ1-0.

Table19 RTN3 RTN2 RTN1 RTNO Clock cycles per Raster-row
0 0 0 0 16
0 0 0 1 17
0 0 1 0 18
0 30
1 31
Table 20
Division Internal Operation
DIV DIVO  Ratio Clock Frequency
0 0 1 fosc/1
0 1 2 fosc /2
1 0 4 fosc / 4
1 1 8 fosc / 8

* fosc = R-C oscillation frequency

—Formula for the fram frequency

fosc
Frame frequency =

[Hz]
Clock cycles per raster-row x division ratio x (Line + 8)

fosc: CR oscillation frequency

Line: Number of drive raster-row (NL bits)

Division ratio: DIV bit

Clock cycles per raster-row: RTN bits

Table21 EQ1 EQO EQ period
0 o0 No EQ
0 1 1 clock cycle
1 0 2 clock cycle
1 1 3 clock cycle
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SDT1-0: Set delay amount from the gate output signal falling edge of the source outputs.

Table 22

SbTL  SPTO the source output
0 0 1 clock cycle
0 1 2 clock cycle
1 0 3 clock cycle
1 1 4 clock cycle

«@——1H periocd————pp—1H period——P»

Sn

EQ ]

Delay amount of e '
» <

the source output
. Equalizing period ' .

Figure 20

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

NO1 NOO Amount of non-overlap
Table 23
0 0 0 clock cycle
0 1 4 clock cycle
1 0 6 clock cycle
1 1 8 clock cycle

«§—1H period > 1H period————p»
Gn : | f

Gn+1 ' Non-overlap period . [‘_

Figure 21 '
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Gate Scan Position (ROFh)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

w 1 0 0 0 0 0 0 0 0 0 0 0 | SCN4| SCN3| SCNZ SCN1| SCNO

Figure 22

SCN4-0Set the scanning starting position of the gate driver.

Scanning start position

SCN4 SCN3 SCN2 SCN1 SCNO When GS=0 When GS=1

0 0 0 0 0 G1 G228
0 0 0 0 1 G9 G220
0 0 0 1 0 G17 G212
o 1 0 G209 G20
0 1 1 G217 G12

Table 24

G1 Gl

G57

G176

G228 G228

GS=
NL=10101
SCN4-0=00000

GS=0
NL=10101
SCN4-0=00111

Note: Set NL on the gate scan end that
does not exceed value of 232 or less.

Figure 23: Relationship between NL and SCN set up value

Note: SCN4-0 hits are for setting the gate driver. Control according to the bits' values is executed by the
gate driver. For details, see the data sheet for the gate driver.
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Vertical Scroll Control (R11h)

RW RS DBI15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 _DB4 DB3 _DB2 DBl _DBO
wl 1 0 0] 0 0 0] 0 0 0 |VL7]VL6|VL5|VL4| VL3 VL2 VL1|VLO

Figure 24

VL 7-0: Specify scroll length at the scroll display for vertical smooth scrolling.  Any raster-row from the
first to 176" can be scrolled for the number of the raster-row. After 176" raster-row is displayed, the
display restarts from the first raster-row.  The display-start raster-row (VL7-0) is valid when VLE1 = 1
or VLE2=1. Theraster-row display isfixed when VLE2-1 = 00.

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Scroll length
0 0 raster-row
0 1 raster-row
0 0 2 raster-row

Note: Do not set any

0 1 0 174 raster-row higher raster-row than

0 1 1 1 1 175 raster-row 175 ("AF"H)
Table 25

1* Screen Driving Position (R14h)

2" Screen Driving Position (R15h)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DBS8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

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

W 1 SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | SS24 | SS23 | SS22 | SS21 | SS20
Figure 25

SS17-0: Specify the driving start position for the first screenin alineunit.  The LCD driving starts from
the 'set value + 1' gate driver.

SE17-0: Specify the driving end position for the first screenin alineunit. The LCD driving is
performed to the 'set value + 1' gate driver.  For instance, when SS17-10 = 07H and SE17-10 = 10H are
set, the LCD driving is performed from G8 to G17, and non-selection driving is performed for G1 to G7,
G18, and others. Ensure that SS17-10 £ SE17-10 £ AFH. For details, see the Screen-division Driving
Function section.

SS27-0: Specify the driving start position for the second screenin aline unit.  The LCD driving starts
from the 'set value + 1' gate driver.  The second screen is driven when SPT = 1.

SE27-0: Specify the driving end position for the second screen in a line unit. The LCD driving is
performed to the 'set value + 1' gate driver.  For instance, when SPT = 1, SS27-20 = 20H, and SE27-20
= AFH are set, the LCD driving is performed from G33 to G80. Ensure that SS17-10 £ SE17-10 £
SS27-20 £ SE27-20 £ AFH. For details, see the Screen-division Driving Function section.
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Horizontal RAM Address Position (R16h)
Vertical RAM Address Position (R17h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

w 1 HEA7 |HEAG | HEAS | HEA4| HEA3| HEA2| HEAL | HEAO| HSA7 | HSA6 | HSAS | HSA4 |HSA3 | HSA2 | HsA1 |HSAO

W 1 VEAT7 | VEA6| VEAS| VEA4 | VEA3| VEA2| VEAL | VEAO| VSA7| VSAG | vSA5| VSA4| vsSA3 | VSA2 | VSAL| VSAO

Figure26 Horizontal/Vertical RAM Address Position Instruction

HSA7-0/HEAT-0: Specify the horizontal start/end positions of awindow for access in memory. Data can
be written to the GRAM from the address specified by HEA7-0 from the address specified by HSA7-0.
Note that an address must be set before RAM is written to. Ensure 00h £ HSA7-0 £ HEA7-0 £ 3Fh.

VSAT7-0/VEAT-0: Specify the vertical start/end positions of awindow for access in memory. Data can be
written to the GRAM from the address specified by VEA7-0 from the address specified by VSA7-0. Note
that an address must be set before RAM iswritten to. Ensure 00h £ VSA7-0 £ VEAT7-0 £ AFh.

HSA HEA

VSA

Window address setting range

"00"h HSA7-0 HEA7-0 "83"h
"00"h VSA7-0 VEA7-0 "AF'h

VEA

GRAN address space | AF83h

Figure 27 Window Address Setting Range

Note: 1. Ensure that the window address area is within the GRAM address space.
2. In high-speed write mode, data are written to GRAM in four-words.
Thus, dummy write operations should be inserted depending on the window address
area. For details, see the High-Speed Burst RAM Write Function section.
3. Set RAM address within the window address area. In high-speed write mode, set RAM
address within the area containing dummy area. For details, see the High-Speed RAM Write
Function section.
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RAM Write Data Mask (R20h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
wM|wm| wm [wwm | wi wM wm| wM wm| ww wm| wm wm] wm wwvl wm
Wi 11 1514|2322 12| 10| 9| 8| 7| 6| 5| a| 3| 2| 1| o

Figure28 RAM Write Data Mask Instruction

WM 15-0: In writing to the GRAM, these bits mask writing in a bit unit. When WM15 = 1, this bit
masks the write data of DB15 and does not write to the GRAM.  Similarly, the WM 14 to 0 bits mask the
write data of DB14 to O in abit unit. For details, see the Graphics Operation Function section.

RAM Address Set (R21h)

RW RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_DBO

A\ 1 AD15| AD14| AD13| AD12| AD11| AD1O| AD9 | AD8| AD7 | AD6 AD5 | AD4| AD3 | AD2| AD1| ADO

Figure29 RAM Address Set Instruction

AD15-0: Initiadly set GRAM addresses to the address counter (AC).  Once the GRAM datais written,
the AC is automatically updated according to the AM and I/D bit settings.  This allows consecutive
accesses without resetting addresses.  Oncethe GRAM datais read, the AC is not automatically updated.
GRAM address setting is not allowed in the standby mode. Ensure that the address is set within the
specified window address.

Table26 GRAM Address Rangein Eight-grayscale Mode

AD15 to ADO GRAM Setting
"0000"H to "0083"H Bitmap data for G1
"0100"H to "0183"H Bitmap data for G2
"0200"H to "0283"H Bitmap data for G3
"0300"H to "0383"H Bitmap data for G4

"ACO0"H to "AC83"H Bitmap data for G173
"ADOO"H to "AD83"H Bitmap data for G174
"AEOO"H to "AE83"H Bitmap data for G175
"AFO0"H to "AF83"H Bitmap data for G176
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Write Datato GRAM (R22h)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

wp | wo| wo| wo| wp| wp| wb| wp| wp| wp| wo| wp| wp| wo| wp| wb

WI 11 15| 14| 13| 12| 11| 10| of 8| 7| 6| 5| 4| 3| 2| 1] o
Figure 30

WD15-0 : Write 16-bit datato the GRAM. This data selectsthe grayscalelevel. After awrite, the
address is automatically updated according to the AM and 1/D bit settings.  During the standby mode,
the GRAM cannot be accessed.

DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
wD|wb|wb|wb| wb| wb|] wb| wb| wp| wp| wpb| wb| wb| wb| wb| wb

GRAMWrite Datal 15| 14 13 | 12| 12| 120f o 8| 7| 6| 5| 4| 3| 2| 2| o
R4 R3[ R2| Rl RO| e5| c4| e3| &2 1| co| B4| B3| B2| B1| BO

1 pixel
Figure3l
Table 27 GRAM Data and Grayscale L evel

GRAM Data Set-up gfrfgilcstfgle GRAM Data Set-up giﬁtgg GRAM Data Set-up giﬁtg{j GRAM Data Set-up giﬁtgg
G RB | N P G RB | N P G RB [N P G RB [N P
000000 | 00000 |vo |v63 || 010000 | 01000 |Vvie|v47 || 100000 - v32|v31| 110000 - vag | vi5
000001 - vi |ve2 | o10001 - v17| va6 || 100001 | 10000 |v33|v30|f 110001 | 11000 |v49|vi4
000010 | 00001 |Vv2 |ve1l| 010010 | 01001 |vis|v4s |l 100010 - v3a|v29| 110010 - v50 [ V13
000011 - v3 | veo || 010011 - vig|vaa || 100011 | 10001 |v35|ves|f 110011 | 11001 |vs1|viz
000100 | 00010 |va4 |v59 || 010100 | 01010 |v20|v43|l 100100 - v36|v27| 110100 - vs2 | vi1
000101 - vs | vs8 || 010101 - v21|vaz2|| 100101 | 10010 |v37|v2s|l 110101 | 11010 |v53|vio
000110 | ooo1r | V6 |vs7 |l 010110 | 01011 |v22|va1| 100110 - v3g|vas| 110110 - v54 | Vo
000111 - v7 | vs6 || 010111 - v23| vao|| 100111 | 10011 |v39]veall 110121 | 11011 |v55| V8
001000 | 00100 |vR |vss || 011000 | 01100 |v24]|v39|| 101000 - vao| v23| 111000 - V56 | V7
001001 - vo | vsa | 011001 - v25|v38 || 101001 | 10100 |va41|ve2| 111001 | 11100 | V57| V6
001010 | 00101 |v10|v53 || 011010 | 01101 |v26|Vv37|| 101010 - vaz| vo1| 111010 - vsg | vs
001011 - vii | vs2 || 011011 - v27|v36 || 101011 | 10101 |va3|v2ol| 111011 | 11101 |vs9|va
001100 | 00110 |vi2|vs1 || 011100 | o1110 |v2s|v3s|| 101100 - vaa|vis| 111100 - V60 | V3
001101 - vi3| vs0 || o11101 - v29|v34|| 101101 | 10120 |v45|vis| 111101 | 11110 |Vve1l]|Vv2
001110 | 00111 |vi4|v49 || o11110 | o1111 | v3o|v33|| 101110 - vae | vi7]| 111110 - vez2 | vi
001111 - vi5|vas || o11111 - v3i|va2|| 101111 | 10111 |v47|vie| 111111 | 11111 | V63| vo
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Read Data from GRAM (R22h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
RD|RD|[RD[RD | RD|[ RD[ RD[ RD| RD| RD[ RD| RD| RD] RD| RD[ RD
R 1]115|14]|123| 12| 12| 10| of 8| 7| 6| 5| 4| 3| 2| 1| o

Figure32 Read Datafrom GRAM Instruction

RD15-0: Read 16-bit data from the GRAM. When the datais read to the microcomputer, the first-word
read immediately after the GRAM address setting is latched from the GRAM to the internal read-data

latch. The data on the data bus (DB15-0) becomes invalid and the second-word read is normal.

When bit processing, such as alogica operation, is performed within the HD66770, only one read can be

processed since the latched datain the first word is used.

Sets the I/D, AM, HSA/HSE, Sets the I/D, AM, HSA/HSE,
and VSA/VEA pits and VSA/VEA bits
Address; N set Address:'N set
Firstword | Dumimiy read (invalid datay - - Firstword |- Pummy read (invalid data) -
ISLWOId |- GRAM 1> Read-data latch - ISLWOrA 1 GRAM 13 Read-data fatch: -+
....................... L. .. P PP
Second word Read (data of address N) Second word Write (data of address)
eco Read-data latch -> DB15-0 DB15-0 -> GRAM
Address:.M set Automatic addres|s update N + a
. ' Duirivny réad (mvalid data) 111 _
Fstword - Geaia = Read-datalatch: | Firstword
....................... g T T T T T R C AR

Y Y

Read (data of address) Write (data of address N)

Second word | Read-data latch -> DB15-0 Second word | =DB15-0 -> GRAM
f f
i) Data read to the microcomputer i) Logical operation processing in

the HD66770
Figure33 GRAM Read Sequence
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Gamma Control (R30h to R37h, R3F)

R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6_ DB5 DB4 DB3 DB2 DB1_DBO

PKP | PKP | PKP PKP | PKP | PKP
R30 | w 1 0 0 0 0 0| 12 1 10 0 0 0 0 0 02 | o1 00

Pkp | PkP | PkP pkp| Pkp| PkP
R31| W 1 0 0 0 0 0 32 31 30 0 0 0 0 0 22 21 20

PkP | PKP | PkP pkp| Pkp| PkP
R32 | W 1 0 0 0 0 0| 52 | =1 50 0 0 0 0 0 42 41 | 40

R33| w1 ol ol ol ol o Il ololo|l o] ol Wl

PKN | PKN | PKN PKN| PKN| pkn
R4 W | 1 ff o] of of ol of 2] |w|lo]lo o] o] o] o] ooualoaw

R35| W[ 1 ol of ol of ofP|™N] &N PN PAN | PN

PKN | PKN | PKN PKN| PKN| PKN
R36| w | 1 0 0 0 0 0| 52 | s1 50 | O 0 0 0 0 42| 41 | 40

PRN | PRN | PRN PRN| PRN| PRN
R37| W[ 1 0 0 0 0 0| 12 | 11 10| O 0 0 0 0 02 | o1 | oo

VDR | VDR
R3F| W I 1 0 0 o] o 0] o 0 0 0 0 0 0 0 0 110

Table 28

PK P52-00: Gamma micro adjustment register for the positive polarity output
PRP12-00: Gradient adjustment register for the positive polarity output

PK N52-00: Gamma micro adjustment register for the negative polarity output
PRN12-00: Gradient adjustment register for the negative polarity output
VDR1-0: Adjustment register for the grayscale reference value.

For details, see the Gamma Adjustment Function.
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Instruction List (HD66770)

Rev. 0.4 2001.1.19

Reg. ) Upper Code Lower Code o Execution
N Register Name Description |
0. R/W| RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10| DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO cycle
IR _|Index 0 0 * * * * * * * * * 1D6 ID5 1D4 1D3 1D2 ID1 IDO__[Sets the index register value. 0
SR | Status read 1 0 L7 L6 L5 L4 L3 L2 L1 LO 0 0 0 0 0 0 0 0 Reads the driving raster-row position (L7-0). 0
ROOK Start oscillation 01 * * * * * * * * * * * * * * * 1 [Starts the oscillation mode. 10 ms
Device code read 1 1 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 Reads 0770H. 0
. Sets the gate driver shift direction (GS), source driver shift direction (SS), 0
RO1h | Driver output control 0 1 0 0 0 0 0 0 GS SS 0 0 0 NL4 NL3 NL2 NL1 NLO and number of driving lines (NL4-0).
LCD-driving- Sets the LCD drive AC waveform (B/C), number of interlaced field (FLD1-
R02h 0 1 0 0 0 0 FLD1 | FLDO | B/C | EOR 0 0 NWS5 | NW4 | NW3 | NW2 | NW1 | NWO [0), EOR output (EOR), and the number of n-raster-rows (NW5-0) at C- 0
waveform control i
pattern AC drive.
Sets the standby mode (STB), LCD power on (AP1-0), sleep mode
RO3h |Power control 1 0 1 0 0 SAP2 | SAP1 | SAPO | BT2 BT1 BTO | DC2 | DC1 | DCO | AP2 AP1 | APO SLP | STB [(SLP), boosting cycle (DC2-0), boosting output multiplying factor (BT3-0), 0
and source op-amp on (SAP2-0).
RO4h |Power control 2 o[1]|cap| o 0 |vRN4|VRN3 | VRNZ [ VRNL|VRNO| O 0 0 | vrea | vrP3 | vRP2 | VRPL | vRPo |SEtS the grayscale adjusting generator (VRN4-0, VRP4-0) andl g
configuration of retention volume (CAD).
Specifies the logical operation (LG2-0), AC counter mode (AM), 0
ROSh | Entry mode 0 1 © © © © © © HWM © © © /b1 | DO AM LG2 LG1 | LGO increment/decrement mode (I/D1-0) and high-speed-write mode (HWM).
R0O6h [Compare register 0 1 | CP15 | CP14 | CP13 | CP12 | CP11 | CP10| CP9 | CP8 | CP7 | CP6 | CP5 | CP4 | CP3 | CP2 | CP1 | CPO |Setsthe compare register (CP15-0). 0
Specifies display on (D1-0), reversed display (REV), number of display
. colors (CL), DISPTMG enable (DTE), gate output on (GON), screen 0
RO7h [Display control 0 1 0 0 0 PT1 PTO | VLE2 | VLE1 | SPT 0 0 GON | DTE CL REV D1 DO division driving (SPT), and vertical scroll (VLE2-1) and source output
condition (PT1-0).
ROAR COM driver 1 0 0 0 0 0 0 0 TE 0 0 0 0 0 IDX2 | IDX1 | IDX0 [specifies the serial transfer enable (TE) and index for the power supply 0
interface control 1 0 0 0 0 0 0 0 TE 0 0 0 0 0 IDX2 | IDX1 | IDX0 [transfer instructions (IDX2-0). 0
Sets the 1H period (RTN3-0) and operating clock frequency-division ratio
ROBh Frame cycle control 0 1 | NO1 [ NOO | STD1 | STDO | EQ1 | EQO | DIVl | DIVO 0 0 0 0 RTN3 | RTN2 | RTN1 | RTNO [(DIV1-0), the equalizing period (EQ1-0), delay volume of the source output 0
(STD1-0), non-overlap volume of the gate output (NO1-0).
ROCh |Power control 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 | VC1 | VCO |[Sets an adjustment factor for the Vci voltage (VC2-0). 0
Sets the amplification factor for VREGOUT1 voltage (VRH4-0) and for 0
RODh |Power control 4 0 1 0 0 0 0 VRL3 | VRL2 | VRL1 | VRLO 0 0 0 PON [ VRH3 | VRH2 | VRH1 | VRHO VREGOUT? voltage (VRL3-0).
VCOM Sets VcomH voltage (VCM4-0), AC-cycle oscillation of Vcom and Vgoff
ROEh [Power control 5 0 1 0 0 G VDV4 | VDV3 | VDV2 | VDV1 | VDVO 0 0 0 VCM4 | VCM3 | VCM2 | VCM1 [ VCMO (VDV3-0) and voltage of VCOM (VCOMG) 0
Gate scanning . . -, .
ROFh . . 0 1 0 0 0 0 0 0 0 0 0 0 0 SCN4 | SCN3 | SCN2 | SCN1 [ SCNO |Sets the scanning starting position (SCN4-0) of the gate driver. 0
starting position
R11h [Vertical scroll control 0 1 0 0 0 0 0 0 0 0 VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO | Specifies the screen display scroll volume (VL7-0). 0
1st screen
R14h driving position 0 1 | SE17 | SE16 | SE15 | SE14 | SE13 | SE12 | SE11 | SE10 | SS17 | SS16 | SS15 | SS14 | SS13 | SS12 | SS11 | SS10 |Sets 1st-screen driving start (SS17-10) and end (SE17-10). 0
2nd screen
R15h driving position 0 1 | SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | SS24 | SS23 | SS22 | SS21 | SS20 [Sets 2nd-screen driving start (SS27-20) and end (SE27-20). 0
Horizontal RAM - g i
R16h o 0 | 1 | HEA7 | HEAS | HEAS | HEAG | HEAS | HEA2 | HEAL | HEAO | HSAT | HSA6 | HSAS | HSA4 | HSA3 | HsA2 | HsAL | Hsao |S8tS the start (HSA7-0) and end (HEA7-0) of the horizontal RAM address| g
address position range.
Vertical RAM - - i
R17h - o | 1 | vea7|veas | veas | veas | vEas | veaz | vEAL | vEAO | vsa7 | vsas | vsas | vsaa | vsaz | vsaz | vsal | vsao |S8tS the start (VSA7-0) and end (VEA7-0) of the vertical RAM address| g
address position range.
R20h [RAM write data mask | 0 1 |WM15|WM14 | WM13|WM12 [ WM11 | WM10| WM9 | WM8 | WM7 | WM6 | WM5 | WM4 | WM3 | WM2 | WM1 | WMO | Specifies write data mask (WM15-0) at RAM write. 0
R21h |RAM address set 0f1 AD15-8 (upper) AD7-0 (lower) Initially sets the RAM address to the address counter (AC). 0
Ro2h Write data to RAM 0f1 Write Data (upper) Write Data (lower) Write data to RAM. 0
Write data from RAM 111 Read Data (upper) Read Data (lower) Read data from RAM. 0
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R30h |Gamma control (1) 0 1 0 0 0 0 0 [PKP12|PKP11 [PKP10| O 0 0 0 0 | PKP02 | PKPO1 | PKP0OO |Adjust the Gamma control. 0
R31h |Gamma control (2) 0 1 0 0 0 0 0 [PKP32|PKP31[{PKP30| O 0 0 0 0 | PKP22 [ PKP21 | PKP20 |Adjust the Gamma control. 0
R32h |Gamma control (3) 0 1 0 0 0 0 0 [PKP52|PKP51[PKP50| O 0 0 0 0 | PKP42 | PKP41 | PKP40 |Adjust the Gamma control. 0
R33h |Gamma control (4) 0 1 0 0 0 0 0 [PRP12|PRP11[{PRP10| O 0 0 0 0 | PRPO2 [ PRPO1 | PRPOO |Adjust the Gamma control. 0
R34h | Gamma control (5) 0 1 0 0 0 0 0 [PKN12|PKN11[PKN10| O 0 0 0 0 | PKNO2 [ PKNO1 | PKNOO |Adjust the Gamma control. 0
R35h |Gamma control (6) 0 1 0 0 0 0 0 [PKN32|PKN31[PKN30| O 0 0 0 0 | PKN22 [ PKN21 | PKN20 |Adjust the Gamma control. 0
R36h | Gamma control (7) 0 1 0 0 0 0 0 [PKN52|PKN51[PKN50| O 0 0 0 0 | PKN42 [ PKN41 | PKN40 |Adjust the Gamma control. 0
R37h | Gamma control (8) 0 1 0 0 0 0 0 [PRN12|PRN11[{PRN10| O 0 0 0 0 | PRNO2 [ PRNO1 | PRNOO |Adjust the Gamma control. 0
R3Fh |Gamma control (9) 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 VDR1 | VDRO [Adjustthe Gamma control. 0

Note:
1. * means 'doesn't matter'.

2. After setting TE = 1, 18 (max.) clock cycles are required for a serial transfer to be completed. During that time, do not change the bits of instructions, which are to be transferred.

3. High-speed write mode is available only for the RAM writing.
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Reset Function

The HD66770 isinternally initialized by RESET input. Reset the gate driver/Power supply I1C as
its settings are not automatically reinitialized when the HD66770 isreset.  The reset input must be
held for at least 1 ms. Do not access the GRAM or initialy set the instructions until the R-C
oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set Initialization:

1. Start oscillation executed

2. Driver output control (NL4-0 =10101, SS=0,CS=0)

3. LCD driving AC control (FLD1-0=01, B/C =0, EOR = 0, NW5-0 = 00000 )

4. Power control 1 (SAP2-0 =000, BT2-0 =000, DC2-0 = 000, AP2-0 = 000: LCD power off, SLP =0,

STB = 0: Standby mode off)

Power control 2 (CAD = 0, VRN4-0 = 0000, VRP4-0 = 0000

Entry mode set (HWM =0, I/D1-0 = 11: Increment by 1, AM = 0: Horizontal move, LG2-0 = 000:

Replace mode)

7. Compare register (CP15-0: 0000000000000000)

8. Display control (PT1-0 =00, VLE2-1 = 00: No vertica scroll, SPT =0, GON =0, DTE=0, CL =0:
65536 color mode, REV = 0, D1-0 = 00: Display off)

9. COM driver interface control (TE = 0, IDX2-0 = 000)

10. Frame cycle control (NO1-0 = 00, SDT1-0 = 00, EQ1-0 = 00: no equalizer, DIV1-0 = 00: 1-divided
clock, RTN3-0 = 0000: 16 clock cyclein 1H period)

11. Power control 3 (VC2-0 = 000)

12. Power control 4 (VRL3-0 = 0000, PON=0 VRH3-0= 00000 )

13. Power control 5 (VCOMG = 0, VDV4-0 = 00000, VCM4-0 = 00000

14. Gate scanning starting position (SCN4-0 = 00000)

15. Vertical scroll (VL7-0 = 0000000)

16. 1st screen division (SE17-10 = 11111111, SS17-10 = 00000000)

17. 2nd screen division (SE27-20 = 11111111, SS27-20 = 00000000)

18. Horizontal RAM address position (HEA7-0 = 10000011, HSA7-0 = 00000000)

19. Vertical RAM address position (VEA7-0 = 10101111, VSA7-0 = 00000000)

20. RAM write datamask (WM 15-0 = 0000H: No mask)

21. RAM address set (AD15-0 = 0000H)

22. Gamma control
(PKP02-00 = 000, PKP12-10 = 000, PKP22—20 = 000, PKP32—30 = 000,
PK42-40 = 000, PKP52-50 = 000, PRP02-00 = 000, PRP12-10 = 000)
(PKN02-00 = 000, PKN12-10 = 000, PKN22—20 = 000, PK N32—30 = 000,
PKN42—40 = 000, PKN52-50 = 000, PRN02-00 = 000, PRN12-10 = 000)
(VDR-1="00")

o u

GRAM Data Initialization:
Thisis not automatically initialized by reset input but must be initialized by software while display
isoff (D1-0 = 00).
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Output Pin Initialization:
1. LCD driver output pins (Source output): Output GND level

2. Ocillator output pin (OSC2): Outputs oscillation signal
3. Gaeinterface signals (GCS*, GCL, and GDA): Halt
4, Timing signas(CL1, M, FLM, DISPTMG, and DCCLK): Halt

Parallel Data Transfer

16-bit BusInterface

Setting the IM2/1/0 (interface mode) to the GND/GND/GND level alows 68-system E-clock-
synchronized 16-bit parallel datatransfer. Setting the IM2/1/0 to the GND/Vcc/GND level dlows
80-system 16-bit parallel datatransfer. When the number of buses or the mounting areais limited,
use an 8-bit bus interface.

CSn* B Cs*
Al P RS
H8/2245 HWR* | Wwr+  HD66770
(RD¥) 1 (RD¥)
D15 - DO <T> DB15 - DBO

Figure34 Interfaceto 16-bit Microcomputer

8-bit BusInterface

Setting the IM2/1/0 (interface mode) to the GND/GND/Vcc level alows 68-system E-clock-
synchronized 8-hit parallel datatransfer using pins DB15-DB8.  Setting the IM1/0 to the Vcc/Vee
level allows 80-system 8-hit parallel datatransfer. The 16-bit instructions and RAM data are
divided into eight upper/lower bits and the transfer starts from the upper eight bits.  Fix unused
pins DB7-DBO0 to the Vcc or GND level.  Note that the upper bytes must aso be written when the
index register is written to.

csn* | Cs*
AL - RS
WR*
H8/2245 HWR* B Ry  HDSSTIO0
%
(RD?) P> DB15-DBS
D15 - D8 |~e¢———~————p»| DB7-0
8 |
| 8

Figure35 Interfaceto 8-bit Microcomputer
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Note: Transfer synchronization function for an 8-bit bus interface
The HD66770 supports the transfer synchronization function which resets the upper/lower
counter to count upper/lower 8-bit data transfer in the 8-bit businterface. Noise causing transfer
mismatch between the eight upper and lower bits can be corrected by areset triggered by
consecutively writing a 00H instruction four times.  The next transfer starts from the upper
eight bits. Executing synchronization function periodically can recover any runaway in the

display system.

RS \ /
R \ /

WA W aWaWa
o I D T
(1) (2)

® @k

8-bit transfer synchronization

Figure36  8-bit Transfer Synchronization
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Serial Data Transfer

Setting the IM1 pin to the GND level and the IM2 pin to the Vcc level allows standard
clock-synchronized serial data (SPI) transfer, using the chip select line (CS¥*), serial transfer
clock line (SCL), serial input data (SDI), and serial output data (SDO). For a serial interface,
the IMO/ID pin function uses an ID pin. If the chip is set up for serial interface, the DB15-2
pins which are not used must be fixed at Vcc or GND.

The HD66770 initiates serial data transfer by transferring the start byte at the falling edge
of CS* input. It ends serial data transfer at the rising edge of CS* input.

The HD66770 is selected when the 6-bit chip address in the start byte transferred from the
transmitting device matches the 6-bit device identification code assigned to the HD66770.
The HD66770, when selected, receives the subsequent data string. The least significant bit
of the identification code can be determined by the ID pin. The five upper bits must be 01110.
Two different chip addresses must be assigned to a single HD66770 because the seventh bit
of the start byte is used as a register select bit (RS): that is, when RS = 0, data can be
written to the index register or status can be read, and when RS = 1, an instruction can be
issued or data can be written to or read from RAM. Read or write is selected according to the
eighth bit of the start byte (R/W bit). The data is received when the R/W bit is 0, and is
transmitted when the R/W bit is 1.

After receiving the start byte, the HD66770 receives or transmits the subsequent data byte-
by-byte. The data is transferred with the MSB first. All HD66770 instructions are 16 bits.
Two bytes are received with the MSB first (DB15 to 0), then the instructions are internally
executed. After the start byte has been received, the first byte is fetched internally as the
upper eight bits of the instruction and the second byte is fetched internally as the lower
eight bits of the instruction.

Four bytes of RAM read data after the start byte are invalid. The HD66770 starts to read
correct RAM data from the fifth byte.

Table30  Start Byte Format

Transfer Bit S 1 2 3 4 5 6 7 8
Start byte format Transfer start Device ID code RS RIW
0 1 1 1 0 ID

Note: 1D hit is selected by the IMO/ID pin.

Table 31 RS and R/W Bit Function

RS R/W Function

Setsindex register

Reads status

Writes instruction or RAM data

0 0
0 1
1 0
1 1

Reads instruction or RAM data
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a) Timing Basic Data Transfer through Clock Synchronized Serial Bus Interface
Transfer start

Transfer end

I_I W
1 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SCL
(Input)
MSB LSB
SDI pB YoB {pB YpB YpB YoB Y DBYDB YDB YDB Y DBYDBY DBY DBY DBY DB
(Input) "1"0"/ID ARS\RWA15 A14 N13 \12 A1 NIOA9AB N 7AB6ASN4A3N2
i‘_DewselD _>|RS|RW| |
code
Start byte Index register setting,
instruction,
RAM data wite
SDO

s T R e P e

Status read, instruction read, RAM data read

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

cs* |

(Input)
12345678 9 10111213141516 1718192021222324 2526272829303132
SCL
(Input) __. . —_—
SDI Start byte Instruction 1: Instruction 2; Instruct.ion 2:_
(Input) upper eight bits lower eight bits upper eight bits

|Instruction 1: execution time  End

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

¢) RAM-Data Read-Transfer Timing

Start byte
RS=1,
R/W=1
RAM read: || RAM read:
Dummy Dummy Dummy Dummy Dummy ah ]
read 1 read 2 read 3 read 4 read 5 Eﬁger eight 'ob"i‘;zr eight
Start End

Note: Five bytes of the RAM read data after the start byte are invalid. The HD66770
starts to read the correct RAM data from the sixth byte.
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d) Status Read / Instruction Read

cs' r

(Input)
(INPUL) . e
Start byte

SDI RS=1

(Input) R/W=1

SDO Dummy read 1 | | Status read: || Status read:

(Output) upper 8 bits lower 8 bits
Start End

Note: One byte of the read data after the start byte are invalid.
The HD66770 starts to read the correct data from the second byte.

Figure 38: Procedurefor Transfer on Clock-Synchronized Serial Bus I nterface (2)
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High-Speed Burst RAM Write Function

The HD66770 has a high-speed burst RAM-write function that can be used to write datato RAM in one-
fourth the access time required for an equivaent standard RAM-write operation. This function is
especially suitable for applications which require the high-speed rewriting of the display data, for
example, display of color animations, etc.

When the high-speed RAM-write mode (HWM) is selected, data for writing to RAM is once stored to the
HD66770 internal register. When data is selected four times per word, all data is written to the on-chip
RAM. While thisistaking place, the next data can be written to an internal register so that high-speed and
consecutive RAM writing can be executed for animated displays, etc.

a) The action flow of the high-speed burst RAM write

Microcomputer

Address
cczxgt)er Register 1 Register 2 Register 3 Register 4
64
1 16
"0000"H |"0001"H |"0002"H | "0003"H
GRAM
Figure42  Flow of Operation in High-Speed Consecutive Writing to RAM

b) Example of the Operation of High-speed Consecutive Writing to RAM  (16-bit bus interface)

Ccs*
(Input)

E
RSP | I | ]

RAM RAM| RAM| RAM RAM RAM| RAM| RAM RAM RAM| RAM| RA ind
DB15-0 Index data| data| data| data| data] data| data| data] data] data| data| datal ndex
R22 1 2 3 4 5 6 7 8 9] 10 11| 12
(Input/output)

RAM write RAM wite RAM write
execution time execution time execution time*

RAM write data RAM RAM RAM

(64 bits) datalto4 data5to 8 data 9 to 12

RAM address
(AC15-0) "0000"H X 0004"H X "0008"H X "000A"H

* The lower two bits of the address must be set in the following way in high-speed write mode.
When IDO becomes 0, the lower two bits of the address must be set to 11
When ID1 becomes 1, the lower two bits of the address must be set to 00.

Note: When a high-speed RAM write is canceled, the next instruction must only be executed
after the RAM write execution time has elapsed.
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C) Example of the Operation of High-Speed Consecutive Writing to RAM ( 8-bit bus interface )

CSs*
(input)

E
T | S o

DB15-0 RAM| RAM| RAM| RAM| RAM] RAM|RAM | RAM| RAM] RAM|RAM | RAM [RAM|| RAM|RAM | RAM
(input/ Index data | data| data| data| data| data|data | data | data] data] data | data |data || data| data | data
output) R22 OO @@ |@GOlOlOlI@A|@IC]fC]T@G ]| @
RAM write execution time RAM write execution time
|
RAM write data RAM EAM
(64-bit) data ata
1) -(4) (5)-(8)
R?/ﬁﬂcalidge)ss "0000"H X roooan X

* The lower two bits of the address must be set in the following way in high-speed write mode.
When IDO becomes 0, the lower two bits of the address must be set to 11.
When ID1 becomes 0, the lower two bits of the address must be set to 00.

By using high-speed burst RAM write function, data is written to RAM each four words. Therefore when using 8-bit bus
interface, data will be stored 8 times to internal register before written to RAM
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When high-speed RAM write mode is used, note the following.

Notes: 1. Thelogica and compare operations cannot be used.

2. Data is written to RAM each four words. When an address is set, the lower two bits in the
address must be set to the following values.

*When 1D0=0, the lower two bits in the address must be set to 11 and be written to RAM.
*When 1D0=1, the lower two bits in the address must be set to 00 and be written to RAM.

3. Dataiswritten to RAM each four words. If less than four words of data is written to RAM, the
last datawill not be written to RAM.

4. When the index register and RAM data write (R22h) have been selected, the data is always
written first. RAM cannot be written to and read from at the same time. HWM must be set to 0
while RAM is being read.

5. High-speed and normal RAM write operations cannot be executed at the same time. The mode
must be switched and the address must then be set.

6. When high-speed RAM write is used with a window address-range specified, dummy write
operation may be required to suit the window address range-specification. Refer to the High-
Speed RAM Write in the Window Address section.

Table32 Comparison between Normal and High-Speed RAM Write Operations
Normal RAM Write High-Speed RAM Write
(HWM=0) (HWM=1)
Logical operation function Can be used Cannot be used
Compare operation function Can be used Cannot be used
Write mask function Can be used Can be used
RAM address set Can be specified by word DO bit=0: Set the lower two bitsto
11
IDO bit=1: Set the lower two bitsto
00
RAM read Can be read by word Cannot be used
RAM write Can be written by word Dummy write operations may have
to be inserted according to a
window address-range specification
Window address Can be set by word Set necessary more than four word
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High-Speed RAM Writein the Window Address

When a window address range is specified, RAM data which is in an optional window area can be
rewritten consecutively and quickly by inserting dummy write operations so that RAM access counts

become 4N as shown in the tables below.

Dummy write operations may have to be inserted as the first or last operations for a row of data,
depending on the horizontal window-address range specification bits (HSA1 to 0, HEA1 to 0). Number of

dummy write operations of arow must be 4N.

Table33  Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)
HSA1 HSAO Number of Dummy Write Operationsto be Inserted at the Start of a Row
0 0 0
0 1 1
1 0 2
1 1 3
Table34  Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)
HEA1 HEAO Number of Dummy Write Operationsto be I nserted at the End of a Row
0 0 3
0 1 2
1 0 1
1 1 0

Each row of access must consist of 4~ N operations, including the dummy writes.
Horizontal access count =first dummy write count + write data count + last dummy write count =4°~ N
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An example of high-speed RAM write with a window address-range specified is shown below.

The window address-range can be rewritten to consecutively and quickly by inserting two dummy writes
at the start of a row and three dummy writes at the end of a row, as determined by using the window
address-range specification bits (HSA1 to 0=10, HEA1 to 0=00).

Writing in the horizontal direction
AM=0,ID0=1

Window address-range setting
HSA=h12, HEA=h30
VSA=h80, VEA=hAO

Window address-
High-speed RAM write range specification
mode setting HWM = 1 (rewrite area)

v

Address set

AD = h0810 *1
* Window address-range setting
HSA=h12, HEA=h30
Dummy RAM write x 2 B VSA=h80, VEA=hAO
RAM write x 31 x 152

Y

Dummy RAM write x 3

Note: The address set for the high-speed RAM write must be 00 or 11 according to the value of the IDO bit. Only RAM in the
specified window address-range will be over written.

Figure 45: Example of the High-Speed RAM Write with a Window Address-Range Specification
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Window Address Function

When data is written to the on-chip GRAM, a window address-range which is specified by the horizontal
address register (start: HSA7-0, end: HEA7-0) or the vertical address register (start: VSA7-0, end: VEA7-
0) can be written to consecutively.

Data is written to addresses in the direction specified by the AM bit (increment/decrement). When image
data, etc. is being written, data can be written consecutively without thinking a data wrap by doing this.

The window must be specified to be within the GRAM address area described below. Addresses must be
set within the window address.

[Restriction on window address-range settings]
horizontal direction) 0OOH £ HSA7-0 £ HEA7-0 £ 83H
vertical direction) OOH £ VSA7-0£ VEA7-0 £ AFH

[Restriction on address settings during the window address]
(RAM address) HSA7 to 0 £ AD7-0 £ HEAT7-0
VSA7-0 £ AD15-8 £ VEAT7-0
Note: In high-speed RAM-write mode, the lower two bits of the address must be set as shown below
according to the value of the IDO bit.

ID0=0: The lower two bits of the address must be set to 11.
IDO=1: The lower two bits of the address must be set to 00.
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GRAM address map

"0000"H

Window address area

"2010"H "202F"H
"2110"H - "212F"H

H | "5F2F'H

ul
T
'5 rrrrnrnnnd

=

"AFO0"H | ] "AF83"H

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

I/D = 1 (increment)
AM = 0 (horizontal writing)

Figure 46 Example of Address Operation in the Window Address Specification
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Graphics Operation Function

The HD66770 can greatly reduce the load of the microcomputer graphics software processing through the
16-bit bus architecture and internal graphics-bit operation function. This function supports the
following:

1. A writedata mask function that selectively rewrites some of the bitsin the 16-bit write data.

2. A logica operation write function that writes the data sent from the microcomputer and the
origina RAM data by alogical operation.

3. A conditiona write function that compares the origind RAM data or write data and the compare-
bit data and writes the data sent from the microcomputer only when the conditions match.

Even if the display sizeislarge, the display datain the graphics RAM (GRAM) can be quickly rewritten.

The graphics bit operation can be controlled by combining the entry mode register, the bit set value of the
RAM-write-data mask register, and the read/write from the microcomputer.

Table35  GraphicsOperation

Bit Setting
Operation Mode 1/D AM LG2-0 Operation and Usage
Write mode 1 0/1 0 000 Horizontal data replacement, horizontal-border drawing
Write mode 2 0/1 1 000 Vertical data replacement, vertical-border drawing
Write mode 3 0/1 0 110111 Conditional horizontal data replacement, horizontal-border
drawing
Write mode 4 0/1 1 110111 Conditional vertical data replacement, vertical-border
drawing
Read/write mode 1 0/1 0 001010 Horizontal datawrite with logical operation, horizontal-
011 border drawing
Read/write mode 2 0/1 1 001010 Vertical datawrite with logical operation, vertical-border
011 drawing
Read/write mode 3 0/1 0 100101 Conditional horizontal data replacement, horizontal-border
drawing
Read/write mode 4 0/1 1 100101 Conditional vertical data replacement, vertical-border
drawing
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Microcompute

*lG

—P» Read-data latch

I Logical operation bit (LG2-0)

Compare bit (CP15-0)

Write-mask register

(WM15-0)

Write-data latch
16
+1/-1 || +256 16
1 16
Logical/Compare operation (LG2-0:) 3
Address 000: replacement, 001:0R, 010: AND, 011:EOR, - —
counter 100: replacement with matched read, 101: replacement
(AC with unmatched read, 110: replacement with matched 16
write, 111: replacement with unmatched write -+ [
* 16
16
Write bit mask -
16 .
- Graphics RAM (GRAM)

Write-data Mask Function
The HD6677- has a bit-wise write-data mask function that controls writing the two-byte data from the
microcomputer to the GRAM. Bits that are 0 in the write-data mask register (WM15-0) cause the
corresponding DB bit to be written to the GRAM. Bits that are 1 prevent writing to the corresponding
GRAM hit to the GRAM; the datain the GRAM isretained. This function can be used when only one-
pixel datais rewritten or the particular display color is selectively rewritten.

Data written by the
microcomputer

Write-data mask

GRAM data

Figure47 Data Processing Flow of the Graphic Operation

‘706°| cos| coa| Gos | Goz

cou:icaof: Boa}: B03 | : HO2:

B01 | BOO

Figure48 Example of Write-data Mask Function Operation
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Graphics Operation Processing

1. Writemode 1: AM =0, LG2-0 =000
This mode is used when the data is horizontally written at high speed. It can aso be used to initiaize
the graphics RAM (GRAM) or to draw borders. The write-data mask function (WM15-0) is also
enabled in these operations.  After writing, the address counter (AC) automatically increments by 1
(I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to the counter edge one-raster-row
below after it has reached the left or right edge of the GRAM.

Operation Examples:

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

3) AC ="0000"H
WM15 WMO
Write-data mask: ololololo| 2l 2] 22l 202l 2l 2] 2| 1] 2 *Write mask for plain <G> and <B>
DB15
Write data (1): 1jofo
Write data (2): 1110
"0000"H 0002"H
1ol o] ol 1] wl el &l ol o «l ol %] ] o & 1l lolol ol slwl elsl sl sl sl sl d sl sl ooeeeeeeeeeeeeiinn
Write data (1) Write data (2)
GRAM Note: The bits in the GRAM indicated by *'
are not changed

Figure 49  Writing Operation of Write Mode 1
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2. Writemode 2: AM =1, LG2-0 =000
This mode is used when the data is vertically written at high speed. It can also be used to initiaize
the GRAM, develop the font pattern in the vertical direction, or draw borders. The write-data mask
function (WM15-0) is also enabled in these operations. After writing, the address counter (AC)
automatically increments by 256, and automatically jumps to the upper-right edge (I/D = 1) or upper-
left edge (1/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

1) ID="1", AM="1", LG2-0 = "000"
2) WM15-0 ="07FF"H
3) AC = "0000"H

Write-data mask: ololoolo 11]2]|2| 2|af 21| 1]af2

Write data (1):

Write data (2):

Write data (3):

i
*
*
*
*
*
*
*
*
*
*
*

"0000"H 1 o|0f 1 Write data (1)

*

"0100"H L 11 0[ OfO] * [*| *| *| *| *| *| *| *| *| * [write data (2)

Write data (3)

*
*
*
*
*
*
*
*
*

"0200"H ol 1| 2] 1] 1/ =

GRAM

[ENE] gy

Note: 1. The bits in the GRAM indicated by *' are not changed.
2. After writing to address "AF00"H, the AC jumps to "000"H.

Figure 50 Writing Operation of Write Mode 2
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3. Writemode 3: AM =0, LG2-0 = 110/111

This mode is used when the data is horizontally written by comparing the write data and the set value
of the compare register (CP15-0). When the result of the comparison in a byte unit satisfies the
condition, the write data sent from the microcomputer is written to the GRAM.  In this operation, the
write-data mask function (WM15-0) is adso enabled. After writing, the address counter (AC)
automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to the
counter edge one-raster-row below after it has reached the | eft or right edge of the GRAM.

Operation Examples:

1)1/D="1", AM="0", LG2-0="110" (matched wite)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC ="0000"H
WM15 WMO
Write-data mask: |0 |0 0 |O |O |O |0 |0|0 |O |0 |O |6|0 |O |O |
Compare

cp1s o0

Compare register
Conditional
replacement

Write data (1):

Replacement

Conditional

*****I*********

Comptar eplacement
operation
o (LRI 5

"0001"H

*l*

*I*

R R B K2R B2 K K2 K2 K K

Matched replacement of
write data (1)

GRAM

Fiqure 51 Writina Operation of Write
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4. Writemode4: AM =1, LG2-0 = 110/111

This mode is used when a vertical comparison is performed between the write data and the set value
of the compare register (CP15-0) to write the data. When the result by the comparison in a byte
unit satisfies the condition, the write data sent from the microcomputer is written to the GRAM. In
this operation, the write-data mask function (WM15-0) are also enabled.  After writing, the address
counter (AC) automatically increments by 256, and automatically jumps to the upper-right edge (1/D
= 1) or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the
GRAM.

Operation Examples:

1) /D ="1", AM ="1", LG2-0 ="111" (unmatched write)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC ="0000"H
WM15 WMO
wite-daamask [glojo|do{o{d qd dd dodfo]
CPO
Compare register: "’"E"‘E
Wite data (1) Aol a0 a1
Compare : -
operation ' Conditional
(Matched) replacement
wiite data (2) oo @ L
Compgre
operation
"0000"H "0001"H
0000°H |[afeia siofoldaf ol ] wie data o)

Write data (2)

"0100"H

GRAM
"AF00"H

Note: 1. The bits in the GRAM indicated by ** are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure 52  Writing Operation of Write Mode 4
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5. Read/Write mode 1. AM =0, LG2-0 = 001/010/011

This mode is used when the data is horizontally written at high speed by performing a logica
operation with the original data. It reads the display data (original data), which has already been
written in the GRAM, performs a logical operation with the write data sent from the microcomputer,
and rewrites the data to the GRAM. This mode reads the data during the same access-pulse width
(68-system: enabled high level, 80-system: RD* low level) as the write operation since reading the
original data does not latch the read data into the microcomputer but temporarily holds it in the read-
data latch. However, the bus cycle requires the same time as the read operation. The write-data
mask function (WM15-0) is also enabled in these operations.  After writing, the address counter
(AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps
to the counter edge one-raster-row below after it has reached the left or right edges of the GRAM.

Operation Examples:

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

WM15 WMO

Write-data mask:  [dold dddddddadoloddo
DB15 DBO

S NE CCE CETPCE[EEE LRSI
e I]IoIJIJIJIJIddoI]IJIoIoIoIoIoI ---------------- g RRBEEABRRRREED

Read data (2): doldo 1 daggdololdolol - Logical

o
o
©
@
&
2
o
=]
2
o
A i
Ll
Ll
i=n
=l
Ll
-
Rl
=1
i=n
O |
el
=1
el
(O |

Write data (2): 111d09dYyyyaqojo]q o

"0000"H "0001"H
2ldalal1[do[/o[dsldo[dolo| [da|ddals|41sddddddd =
Read data + Write data (1) Read data (2) + Write data (2)
GRAM

Figure53  Writing Operation of Read/Write Mode 1
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6. Read/Writemode 2: AM =1, LG1-0 = 00/010/011

This mode is used when the data is vertically written at high speed by performing a logical operation
with the original data. It reads the display data (original data), which has already been written in the
GRAM, performs a logical operation with the write data sent from the microcomputer, and rewrites
the data to the GRAM. This mode can read the data during the same access-pulse width (68-system:
enabled high level, 80-system: RD* low level) as for the write operation since the read operation of
the original data does not latch the read data into the microcomputer and temporarily holds it in the
read-data latch. However, the bus cycle requires the same time as the read operation. The write-
data mask function (WM15-0) is aso enabled in these operations.  After writing, the address counter
(AC) automatically increments by 256, and automatically jumps to the upper-right edge (1/D = 1) or
upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

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

3) AC = "0000"H
O A EEEEEEEEEEEEEEN

reassant) (LI e
Write data (1): |]]oljljljljlo|o|oljljlo|o|o|o|o| """""""" |1|0|1]111|110|110|11111|3|3|3|1]

N LCEREEEEEEREEEE et
Write data (2): MllololololjlJMo|o|ddcllolol””gggtqu’qq(’q’) 1olo1{41{q1{qdddqqo

[Eny

"0000"H "0001"H
"0000"H 1l K1 K B E K R K *I * ll ll ll ll ll Read data (1) + Write data (1)
"0100"H e o« || #] o« ]+l # ] #| 0l ol ol ol o Read data (2) + Write data (2)
"AF00"H _ GRAM

Note: 1. The bits in the GRAM indicated by ** are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure54  Writing Operation of Read/Write Mode 2
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7. Read/Write mode 3: AM =0, LG2-0 = 100/101

This mode is used when the data is horizontally written by comparing the original data and the set
value of compare register (CP15-0). It reads the display data (original data), which has already been
written in the GRAM, compares the origina data and the set value of the compare register in byte
units, and writes the data sent from the microcomputer to the GRAM only when the result of the
comparison satisfies the condition. This mode reads the data during the same access-pulse width
(68-system: enabled high level, 80-system: RD* low level) as write operation since reading the
original data does not latch the read data into the microcomputer but temporarily holds it in the read-
data latch. However, the bus cycle requires the same time as the read operation. The write-data
mask function (WM15-0) is also enabled in these operations.  After writing, the address counter
(AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps
to the counter edge one-raster-row below after it has reached the left or right edges of the GRAM.

Operation Examples:

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

2) WM15-0 = "0000"H

3) AC = "0000"H

Write-data mask:

conarereaser [ [T,

Compare

operation E
a1 Matched B0 é :
Read data (1): et (O R IEISEE + Conditional
3 replacement
Write data (1): | !l ol !l !l !l ]ld dd !l !l dd dd oI """" (e -
Compare :

operation
readdaa@  |dolddd dds/ddddddd o & : Conditonal

replacement
Write data (2): |1|1 |o|o |o|o |1|1 |1|o |o|o|o |o |o |o | ------------- -- >|o |o|o |o|1 |1|1 |1|o |o|o |o|o |o |o |o|

"0000"H "0001"H

1{i{1|1[0[O[0[Of0[O[O|Of ==-==--""

Matched replacement write data (1)

GRAM

Figure 55  Writing Operation of Read/Write Mode 3
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8. Read/Write mode 4: AM =1, LG2-0 =100/101

This mode is used when the data is vertically written by comparing the original data and the set value
of the compare register (CP15-0). It reads the display data (original data), which has aready been
written in the GRAM, compares the origina data and the set value of the compare register in byte
units, and writes the data sent from the microcomputer to the GRAM only when the result of the
compare operation satisfies the condition. This mode reads the data during the same access-pulse
width (68-system: enabled high level, 80-system: RD* low level) as the write operation since reading
the original data does not latch the read data into the microcomputer but temporarily holds it in the
read-data latch. However, the bus cycle requires the same time as the read operation. The write-
data mask function (WM15-0) is aso enabled in these operations.  After writing, the address counter
(AC) automatically increments by 256, and automatically jumps to the upper-right edge (1/D = 1) or
upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

1)I1/D="1", AM ="1", LG2-0 = "101" (unmatched write)
2) CP15-0 = "2860"H

2) WM15-0 = "0000"H

3) AC = "0000"H

WM1 WM
Compare

wite-datamask:  |doldddddddadddddo

Compare register: S 2 AERREALD

dececacccss

Read data (1):

i Conditional

wiesnn 1941414 ddIdddddd & e T
readcan @ [l JdolIddd el ! conditions

replacement

wite deta @ |1t ofololoftft afololofojolojo]-----eeeee é) olollofJolol ool sls| o dof ]

"0000"H "0001"H
ooooH | {dalafulfalslelaldaod o

0100/ ol olsfolos]alolofoldlfolofo]  wrte dara

Matched

ceeqecccenn

o

oI Write data (1)

[N RNY

GRA

"AF00"H

Note: 1. The bits in the GRAM indicated by "' are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure 56  Writing Operation of Read/Write Mode 4
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Gamma Adjustment Function

The HD66770incorporates gamma adjustment function for the 65,536-color display. Gamma
adjustment is implemented by deciding the 8-grayscale level with angle adjustment and micro adjustment
register. Also, angle adjustment and micro adjustment is fixed for each of the internal positive and
negative polarity. Set up by the liquid crystal panel’s specification.

Graphics RAM (GRAM)

Y Y Y YY YV VY VY V¥

Display data | R4| Rsl Rzl R1| Rol | Gsl G4| Gsl Gzl G1| Go” B4| B3| le 81| Bol
AN 7 X

Positive
polarity
register

PKP 02

PKPO1

PKP 00

PKP12

PKP 11

PKP 10

PKP 22

PKP21

PKP 20

PKP 32

PKP31

PKP 30

PKP42

PKP41

PKP 40

PKP52

PKP51

PKP50

PRP02

PRPO1

PRP0O

PRP12

PRP11

PRP10

Grayscale

Nagative
polarity
register

amplifier

PKN02

PKNO1

PKNOO

PKN12

PKN11

PKN10

PKN22

PKN21

PKN20

PKN32

PKN31

PKN30

PKN42

PKN41

PKN40

PKN52

PKN51

PKN50

PRNO02

PRNO1

PRNOO

PRN12

PRN11

PRN10

rd 5

Y

4

6
Y

T5

Y

|

2 grayscale control

64 grayscale control
<G>

32 grayscale control

ceccccccccccccl

V63

<R> <B>
LCD driver LCD driver LCD drver
1 1 1
1 1 1
Y Y |

LCD

Figure 57: Gamma Adjustment Function
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Structure of Grayscale Amplifier

Indicating structure of the grayscale amplifier as below. Determine 8 level (VINO-VIN7)
by the gradient adjuster and the micro adjustment register. Also, dividing these levels with
ladder resistors generates VO to V64.

Reference value | | Gradient adjustment Micro adjustment register (6 x 3 bits) PTEliet EuETE
adjustment register register register
VIR PRP/NO PRP/N1 PKP/NO PKP/N1 PKP/N2 PKP/N3 PKP/IN4 PKP/N5 VRP/VRN
2 13 I3 I3 13 T3 13 13 I3 45
VDH
VINPO/VINNO —p
VO
? y VINP1/VINN1
= —P V1
= 8tol —P V2
selector
% — V3
2 H
— Y S
VINP2/VINN2
—P V8
8tol
selector ﬁ V9
'
[}
= :
VINP3/VINN3 '
= — v20
g o Grayscale
= et amplifier | > va1
= '
é = ‘ VINP4/VINN4 :
g = » a3
k) 8tol —>
E % se?ector : Va4
= Y !
VINP5/VINN5S '
é —» V55
8tol — V56
selector
L V57
\
'
il v VINP6/VINNG6 :
—» V62
8tol
selector
>
= VINP7/VINN7
P 63
Z

VGS g——

Figure 58: Structure of Grayscale Amplifier
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PKNO[2:0]

i

8tol
SEL

VINN1

i

PKN1[2:0]

i

8tol
SEL

VINN2

i

PKN2[2:0]

i

VDR
VDH 0 tg12R
T g A
KVP
9 VINPO
SR ENE RPO PKPO[2:0] SR me RO
KVP1 KVN1
- RP1 K\VP2 Ly e 2NN KVIN2
. RP2 KVP3 - RN2 KVN3
=== RP3 KvP4 |81to 1 - 2 KVN4
4R< i RP4 Kvps |SEL VINPL 4R RNa KVNS
RP5
RP6 KVP7 RN6 KVN7
== RP7 KVP8 RNZ KVNS
VRHP  {
otosr ¥ PRPO[2:0] PKP1[2:0] VRHN PRNO[2:0]
KVPa 0to 28R KVN9
= RP8 KVP10 ™ RS KVN10
RPY
RP10 KVP12 g0 1 = RN10 KVN12
1R VINP2 1R
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Figure 59: Structure of Ladder / 8 to 1 Selector
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Gamma Adjustment Register

This block is the register to set up the grayscale voltage adjusting to the gamma specification of the LCD
panel. This register can independent set up to positive/negative polarities and there are four types of
register groups to adjust gradient, amplitude, reference-value, and micro-adjustment on number of the
grayscale, characteristics of the grayscale voltage. (Using the same setting for Reference-value and
R.G.B.) Following graphics indicates the operation of each adjusting register.

A
(] Q (]
g g g
S S S
o 2 o
. . g
g8 g g
0] o o
Grayscale Number Grayscale Number Grayscale Number Grayscale Number
Figure 60 Gradient Adjustment Figure 61 Amplitude Adjustment Figure 62 Reference-value Adjustment  Figure 63 Micro-adjustment

1. Gradient adjusting register

The gradient-adjusting resistor is to adjust around middle gradient, specification of the grayscale number
and the grayscale voltage without changing the dynamic range. To accomplish the adjustment, it
controls the variable resistor (VRHP (N) / VRL (N)) of the ladder resistor for the grayscale voltage
generator. Also, there is an independent resistor on the positive/negative polarities in order for
corresponding to asymmetry drive.

2. Amplitude adjusting register

The amplitude-adjusting resistor is to adjust amplitude of the grayscale voltage. To accomplish the
adjustment, it controls the variable resistor (VRP (N)) of the ladder resistor for the grayscale voltage
generator located at lower side of the ladder resistor.  (Adjust upper side by input VDH level.) Also,
there is an independent resistor on the positive/negative polarities as well as the gradient-adjusting
resistor.

3. Reference-value adjusting register

Resister of reference value is to adjust the reference value of grayscale voltage. This function is
implemented by controlling the variable resistor (VDR) above the ladder resistor block for grayscale
voltage generation. This resistor is common to both the positive and negative.
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4. Micro-adjusting register

The micro-adjusting register is to make subtle adjustment of the grayscale voltage level. To
accomplish the adjustment, it controls the each reference voltage level by the 8 to 1 selector
towards the 8-leveled reference voltage generated from the ladder resistor. Also, there is an
independent resistor on the positive/negative polarities as well as other adjusting resistors.

Resistor For Positive For Negative )
Classification Polarity Polarity Set-up Contents
Gradient PRPO[2:0] PRNO[2:0] Variable Resistor VR
Adjustment . .
PRP1[2:0] PRN1[2:0] Variable Resistor VR
Amplitude . .
Adjustment VRP[4:0] VRNI[4:0] Variable Resistor
Reference-value VDR([1:0] Variable Resistor VDR
Adjustment
PKPO[2:0] PKNO[2:0] 8 to 1 selector voltage level for the grayscale 1
PKP1[2:0] PKN1[2:0] 8 to 1 selector voltage level for the grayscale 8
Micro- PKP2[2:0] PKN2[2:0] 8 to 1 selector voltage level for the grayscale 20
adjustment
PKP3[2:0] PKN3[2:0] 8 to 1 selector voltage level for the grayscale 43
PKP4[2:0] PKNA4[2:0] 8 to 1 selector voltage level for the grayscale 55
PKP5[2:0] PKNS5[2:0] 8 to 1 selector voltage level for the grayscale 62

Table 36: Output Signal List
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Ladder Resistor / 8to 1 Selector
Block configuration

This block outputs the reference voltage of the grayscale voltage. There are two ladder resistors
including the variable resistor and the 8 to 1 selector selecting voltage generated by the ladder resistor.
The gamma registers control the variable resistors and 8 to 1 selector resistors.  Also, there are pins that
connect to the external variable resistor. And it alows compensating the dispersion of length between
one pand to another.

Variable Resistor

There are 3 types of the variable resistors that is for the gradient adjustment (VRHP (N) / VRLP (N)), for
the amplitude adjustment (VRP (N)), and for the reference-value adjustment (VDR). The chmic valueis
set by the gradient adjusting resistor, the amplitude-adjusting resistor, and the reference-value adjusting
resistor as below.

Table 37: Gradient Adjustment Table 38: Amplitude Adjustment Table 39: Reference-value Adjustment

Register Value Resistance Value Reygister Vaue Resistance Value Reygister Value Resistance Value

PRP (N) [2.0] VRP (N) VRP (N) [4.0] VRP (N) VDR[1.0] VDR
000 OR 00000 OR 00 OR
001 4R 00001 1R 01 4R
010 8R 00010 2R 10 8R
011 12R ; ! 11 12R
101 20R
110 24R 11101 29R
111 28R 11110 30R

11111 31R
The 8to 1 Selector

In the 8 to 1 selector, the voltage level can be selected from the levels which are generated by ladder
resistors.  And output the six types of the reference voltage, the VIN1- to VING. Following figure
explains the relationship between the micro-adjusting register and the selecting voltage.

Register Value Selected Voltage
PKP (N) [2:0] VINP (N) 1 VINP (N) 2 VINP (N) 3 VNIP (N) 4 VNIP (N) 5 VINP (N) 6
000 KVP (N) 1 KVP (N) 9 KVP (N) 17 KVP (N) 25 KVP (N) 33 KVP (N) 41
001 KVP (N) 2 KVP (N) 10 KVP (N) 18 KVP (N) 26 KVP (N) 34 KVP (N) 42
010 KVP (N) 3 KVP (N) 11 KVP (N) 19 KVP (N) 27 KVP (N) 35 KVP (N) 43
011 KVP (N) 4 KVP (N) 12 KVP (N) 20 KVP (N) 28 KVP (N) 36 KVP (N) 44
100 KVP (N) 5 KVP (N) 13 KVP (N) 21 KVP (N) 29 KVP (N) 37 KVP (N) 45
101 KVP (N) 6 KVP (N) 14 KVP (N) 22 KVP (N) 30 KVP (N) 38 KVP (N) 46
110 KVP (N) 7 KVP (N) 15 KVP (N) 23 KVP (N) 31 KVP (N) 39 KVP (N) 47
111 KVP (N) 8 KVP (N) 16 KVP (N) 24 KVP (N) 32 KVP (N) 40 KVP (N) 48
Table 40
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Reference
Voltage

VINPO

VINP1

VINP2

VINP3

VINP4

VINPS

VINPG

HD66770 Rev
Table 41 Voltage formula: Positive
Micro-adjusting register
Pins Formula value

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

VINP7

r: {[(SUMRP*SUMRN)/(SUMRP+SUMRN)]+EXVR}/{VDR+[(SUMRP*SUMRN)/(SUMRP+SUMRN)+EXVR}

SUMRP: Total of the positive polarity ladder resistance = 128 R + VRHP + VRLP + VRP

SUMRN: Total of the negative polarity ladder resistance = 128 R + VRLN + VRN

A V: Voltaae difference between KVO0 to KV49 period
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Table42: Voltage Formula (Positive Polarity)

Formula
VO VINNOQ
V1 VINNL
V2 V3+(V1-V3)*(8/24)
V3 V8+(V1-V8)*(450/800)
V4 V8+(V3-V8)*(16/24)
V5 V8+(V3-V8)*(12/24)
V6 V8+(V3-V8)*(8/24)
V7 V8+(V3-V8)*(4/24)
V8 VINP
V9 V20+(V8-V20)*(22/24)
V10 V20+(V8-V20)*(20/24)
V11 V20+(V8-V20)*(18/24)
V12 V20+(V8-V20)*(16/24)
V13 V20+(V8-V20)*(14/24)
V14 V20+(V8-V20)*(12/24)
V15 V20+(V8-V20)*(10/24)
V16 V20+(V8-V20)*(8/24)
V17 V20+(V8-V20)*(6/24)
V18 V20+(V8-V20)*(4/24)
V19 V20+(V8-V20)*(2/24)
V20 VINN3
V21 V43+(V20-V43)*(22/23)
V22 VA43+(V20-V43)*(21/23)
V23 V43+(V20-V43)*(20/23)
V24 VA3+(V20-V43)*(19/23)
V25 V43+(V20-V43)*(18/23)
V26 VA43+(V20-VA3)*(17/23)
V27 VA3+(\V/20-VA3)*(16/23)
V28 V43+(V20-V43)*(15/23)
V29 VA43+(V20-VA3)*(14/23)
V30 VA3+(V/20-VA3)*(13/23)
V31 VA43+(\V20-V43)*(12/23)
V32 V43+(V20-V43)*(11/23)
V33 V43+(V20-V43)*(10/23)
V34 V43+(V20-V43)*(9/23)
V35 V43+(V20-V43)*(8/23)
V36 V43+(V20-V43)*(7/23)
V37 V43+(V20-V43)*(6/23)
V38 V43+(V20-V43)*(5/23)
V39 V43+(V20-V43)*(4/23)
V40 V43+(V20-V43)*(3/23)
V41 V43+(V20-V43)*(2/23)
V42 V43+(V20-V43)*(1/23)
V43 VINN4
Va4 V55+(V43-V55)*(22/24)
V45 V55+(V43-V55)*(20/24)
V46 \V/55+(V43-V58)*(18/24)
Va7 \V/55+(\/43-V/55)*(16/24)
V48 \/55+(VA3-V/BR)*(14/24)
V49 \/55+(V43-V5R)*(12/24)
V50 \V/55+(V43-V58)*(10/24)
V51 V55+(V43-V55)*(8/24)
V52 V55+(V43-V55)*(6/24)
V53 V55+(V43-V55)*(4/24)
V54 V55+(V43-V55)*(2/24)
V55 VINPS
V56 V60+(V55-V60)*(20/24)
V57 V60+(V55-V60)*(16/24) Note:
V58 VE0+(VE5-VEQ)*(12/24) Keep the relation below
V59 V60+(V55-V60)*(8/24) DDVDH-V8>1-1V
V60 V/62+(V/55-VE2)*(350/800)
V6L V62+(V60-V62)(16/24) V55-GND>1-1V
V62 VINNG
V63 VINN?Z
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Table43: Voltage Formula (Negative Polarity)

; . . . Reference
Pins Formula Micro-adjusting register value voltage
KVNO __ VDH*r : VINNO
KVN1 AV*5R/SUMRN PKNO02-00 = "000"
KVN2 AV*OR/SUMRN PKNO02-00 = "001"
KVN3 AV*13R/SUMRN PKNO02-00 = "010"
KVN4 AV*17R/SUMRN PKN02-00 = "011"
KVNS AV*21R/SUMRN PKNO2-00 = 100" VINN1
KVNG AV*25R/SUMRN PKNO02-00 = "101"
KVN7 AV*29R/SUMRN PKN02-00 = "110"
KVNS AV*33R/SUMRN PKNO2-00 = "111"
KVN9 AV*(33R+VRHN)/SUMRN PKN12-10 = "000"
KVN10 AV*(34R+VRHN)/SUMRN PKN12-10 = "001"
KVN11 AV*(35R+VRHN)/SUMRN PKN12-10 = "010"
KVN12 AV*(36R+VRHN)/SUMRN PKN12-10 = "011"
KVN13 AV*(37R+VRHN)/SUMRN PKN12-10 = "100" VINN2
KVN14 AV*(38R+VRHN)/SUMRN PKN12-10 = "101"
KVN15 AV*(39R+VRHN)/SUMRN PKN12-10 = "110"
KVN16 AV*(40R+VRHN)/SUMRN PKN12-10 = "111"
KVN17 AV*(45R+VRHN)/SUMRN PKN22-20 = "000"
KVN18 AV*(46R+VRHN)/SUMRN PKN22-20 = "001"
KVN19 AV*(47R+VRHN)/SUMRN PKN22-20 = "010"
KVN20 AV*(48R+VRHN)/SUMRN PKN22-20 = "011"
KVN21 AV*(49R+VRHN)/SUMRN PKN22-20 = "100" VINN3
KVN22 AV*(50R+VRHN)/SUMRN PKN22-20 = "101"
KVN23 AV*(51R+VRHN)/SUMRN PKN22-20 = "110"
KVN24 AV*(52R+VRHN)/SUMRN PKN22-20 = "111"
KVN25 AV*(68R+VRHN)/SUMRN PKN32-30 = "000"
KVN26 AV*(69R+VRHN)/SUMRN PKN32-30 = "001"
KVN27 AV*(70R+VRHN)/SUMRN PKN32-30 = "010"
KVN28 AV*(71R+VRHN)/SUMRN PKN32-30 = "011"
KVN29 AV*(72R+VRHN)/SUMRN PKN32-30 = "100" VINN4
KVN30 AV*(73R+VRHN)/SUMRN PKN32-30 = "101"
KVN31 AV*(74R+VRHN)/SUMRN PKN32-30 = "110"
KVN32 AV*(75R+VRHN)/SUMRN PKN32-30 = "111"
KVN33 AV*(80R+VRHN)/SUMRN PKN42-40 = "000"
KVN34 AV*(81R+VRHN)/SUMRN PKN42-40 = "001"
KVN35 AV*(82R+VRHN)/SUMRN PKN42-40 = "010"
KVN36 AV*(83R+VRHN)/SUMRN PKN42-40 = "011" VINNS
KVN37 AV*(84R+VRHN)/SUMRN PKN42-40 = "100"
KVN38 AV*(85R+VRHN)/SUMRN PKN42-40 = "101"
KVN39 AV*(86R+VRHN)/SUMRN PKN42-40 = "110"
KVN40 AV*(87R+VRHN)/SUMRN PKN42-40 = "111"
KVN41 AV*(87R+VRHN+VRLN)/SUMRN  PKN52-50 = "000"
KVN42 AV*(91R+VRHN+VRLN)SUMRN _ PKN52-50 = "001"
KVN43 AV*(95R+VRHN+VRLN)SUMRN _ PKN52-50 = "010"
KVN44 AV*(99R+VRHN+VRLN)/SUMRN ~ PKN52-50 = "011"
KVN45 AV*(103R+VRHN+VRLN)/SUMRN_PKN52-50 = 100" VINN6
KVN46 AV*(108R+VRHN+VRLN)/SUMRN PKN52-50 = "101"
KVN47 AV*(111R+VRHN+VRLN)YSUMRN PKN52-50 = "110"
KVN48 AV*(115R+VRHN+VRLN)/SUMRN PKN52-50 = "111"
KVN49 AV*(120R+VRHN+VRLN)/SUMRN - VINN7

r: {[(SUMRP*SUMRN)/(SUMRP+SUMRN)]+EXVR}{VDR+[(SUMRP*SUMRN)/(SUMRP+SUMRN)+EXVR}

SUMRP: Total of the positive polarity ladder resistance = 128 R + VRHP + VRLP + VRP

SUMRN: Total of the negative polarity ladder resistance = 128 R + VRLN + VRN

A V: Voltage difference between KVO0 to KV49 period
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Table 44 Voltage Formula (Negative Polarity)

Note:

Keep the relation below
DDVDH-V8>1-1V

V55-GND>1-1V

Formula
VO VINNO
V1 VINN1
V2 V3+(V1-V3)*(8/24)
V3 V8+(V1-V8)*(450/800)
V4 V8+(V3-V8)*(16/24)
V5 V8+(V3-V8)*(12/24)
V6 V8+(V3-V8)*(8/24)
V7 V8+(V3-V8)*(4/24)
V8 VINN2
V9 V20+(V8-V20)*(22/24)
V10 V20+(V8-V20)*(20/24)
V11 V20+(V8-V20)*(18/24)
V12 V20+(V8-V20)*(16/24)
V13 V20+(V8-V20)*(14/24)
V14 V20+(V8-V20)*(12/24)
V15 V20+(V8-V20)*(10/24)
V16 V20+(V8-V20)*(8/24)
V17 V20+(V8-V20)*(6/24)
V18 V20+(V8-V20)*(4/24)
V19 V20+(V8-V20)*(2/24)
V20 VINN3
V21 V43+(V20-V43)*(22/23)
V22 V43+(V20-V43)*(21/23)
V23 V43+(V20-V43)*(20/23)
24 V43+(V20-V43)*(19/23)
V25 V43+(V20-V43)*(18/23)
V26 V43+(V20-V43)*(17/23)
V27 V43+(V20-V43)*(16/23)
V28 V43+(V20-V43)*(15/23)
V29 V43+(V20-V43)*(14/23)
V30 V43+(V20-V43)*(13/23)
V31 V43+(V20-V43)*(12/23)
V32 V43+(V20-V43)*(11/23)
V33 V43+(V20-V43)*(10/23)
V34 V43+(V20-V43)*(9/23)
V35 V43+(V20-V43)*(8/23)
V36 V43+(V20-V43)*(7/23)
V37 V43+(V20-V43)*(6/23)
V38 V43+(V20-V43)*(5/23)
V39 V43+(V20-V43)*(4/23)
V40 V43+(V20-V43)*(3/23)
V41l V43+(V20-V43)*(2/23)
V42 V43+(V20-V43)*(1/23)
V43 VINN4
V44 V55+(V43-V55)*(22/24)
V45 V/55+(V43-V55)*(20/24)
V46 V55+(V43-V55)*(18/24)
V47 V55+(V43-V55)*(16/24)
V48 V55+(V43-V55)*(14/24)
V49 V55+(V43-V55)*(12/24)
V50 V55+(V43-V55)*(10/24)
V51 V55+(V43-V55)*(8/24)
V52 V55+(V43-V55)*(6/24)
V53 V55+(V43-V55)*(4/24)
V54 V55+(V43-V55)*(2/24)
V55 VINNS
V56 V60+(V55-V60)*(20/24)
V57 V60+(V55-V60)*(16/24)
V58 V60+(V55-V60)*(12/24)
V59 V60+(V55-V60)*(8/24)
V60 V62+(V55-V62)*(350/800)
V61 V62+(V60-V62)*(16/24)
V62 VINNG
V63 VINN7
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Relationship between RAM Data and Output

VO :
! Negative
TJ ]
> ]
(] H
_I 1
-]
i} ]
o h
)
> |
@) H
: Positive Polarity
V63
DB15-11, 4- 00000 DB15-11, 4- 11111
DB10-5 000000 RAM DB10-5 111111

Figure 64: Reationship between RAM Data and Output
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The 8-color Display Mode

The HD66770 carries 8-color display mode. Using grayscale levels are VO and V63 and all other level
power supplies are halt. So that it attempts to lower power consumption.  Also, during the 8-color
mode, the Gamma micro adjustment register, PK POO-PKP52 and PKNOO-PKN52 are invalid. Rewrite
the data of GRAM R/B to 00000 or 11111, G to 000000 or 111111 before set the mode in order to select
VO/V63. Theleve power supply (V1-V62) isin OFF condition during the 8-color mode.

Graphics RAM (GRAM)
bttt LSB

Y Y Y YY VY Y Y VY VYV YV VY

Rsl Rzl R1| Ro”Gsl Ga Gsl Gzl Gll Gol B4| le le B1| Bol
7

Display data | R4
<

PKP02 |PKPO1 | PKPOO
PKP12 |PKP1L | PKP10
PKP22 |PKP21 | PKP20
. PKP32 |PKP31 | PKP30
Positive
polarity PKkP42 |PKP41 | PKP40
register PKP52 |PKP51 | PKP50 Vi s iR i
PRP02 [PRPO1 | PRPOO ' ' '
G et R 8| Grayscale ON/OFF control | | ON/OFF control ON/OFF control
amplifier
PKNO2 |PKNO1 | PKNOO <R> <G> <B>
PKN12 |PKN11 | PKN10
PKN22 |PKN21 | PKN20 LCD driver LCD driver LCD driver
PKN32 |PKN31 | PKN30 i i i
Negative PKN42 |PKN41 | PKN40 ' '
polarity PKN52 |PKN51 | PKN5O R
register PRNO2 | PRNO1 | PRNOO
PRN12 |PRN11 | PRN10
LCD

Figure 66: Grayscale Control
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65536 color -> 8 colors 8 colors -> 65536 colors
DTE ="1" DTE ="1"
D1-0="10" D1-0="10"

1 1
Wait (2 frames or longer) Wait (2 frames or longer)
1 1
ON OFF
GON ="1" GON ="1"
DTE ="0" DTE ="0"
D1-0="10" D1-0="10"
1 1
Wait (2 frames or longer) Wait (2 frames or longer)
1 1
OFF OFF
GON ="0" GON ="0"
DTE ="0" DTE ="0"
D1-0="00" D1-0="00"

| RAM Set up | | RAM Set up |
1 ||
| cL="1" | | cL="0" |
1 1
| Wait (40ms or longer) | | Wait (40ms or longer) |
1 1
ON ON
GON ="0" GON ="0"
DTE ='0" DTE ='0"
D1-0="01" D1-0="01"
1 |
Wait (2 frames or longer) Wait (2 frames or longer)
1 1
ON ON
GON ="1" GON ="1"
DTE ="0" DTE ="0"
D1-0="01" D1-0="01"
1
GON ="1" GON =1
DTE ="0" DTE ='0"
D1-0="11" D1-0="11
| | |
Wait (2H period or longer) Wait (2H period or longer)
1 1
ON ON
GON ="1" GON ="1"
DTE ="1" DTE ="1"
D1-0="11" D1-0="11"
)
Display by 8-color mode Display by 65536-color mode
_ J
Figure 67
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75



HD66/70 Rev.1.1/ April 2002

Example of System Configuration

Following diagram indicates the system structure, which composes the 132 (horizontal) x 176 (vertical)
dot TFT-LCD panel. This must be used together with the gate driver; HD66771 and the Power supply
IC; HD667P00.

132 pixel x 3
Veec—>f G1
GND—> G2
VGH, VGL, Vgoff
— > <
REEL > g TFT-LCD ©
GCS*, (o] N~
GDA,GCL 8 —
- G175
CL1, FLM, I G176
DISPTMG g g
Ao o~ 23
Voo /\
3
3 CL1, FLM, DISPTMG
a > GCS*, GDA, GCL
o M, EQ
DCCLK HD66770
3 \/com — L
ra i (VO to V15 power supply for generator) b
1 DDVDH (power supply for liquid crystal output)
RESET
AR 1 T | AN |
" VccGND
e HD667P00 16 44 3
-
T T RESET DBO to DB15 IM2, IM1,IMO/ID
Vcc, Vceil, Vci GND CS*, WR*, RD*, RS

Figure 68 Example of TFT Display System
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Setting of the V com voltage changes connecting method.

Following diagram indicates a connection example of the HD66771 and HD667P00 when VcomL < 0V,
0V <=VcomL <5.5V.

*1)

< < <
*1) HD667P00 S % % %
Vce,Vci, Vci4 *5) 8 o m o
N Q@ u
Moo "o
GND (e (e -€
< < < o< *5) e /g 0
*2) 9 < - - = 9= < <
588 1 2585525%555558 5858 8 &
PRy =zo X2 FPJ043PHR8F 2823 3 2
LI LTI I
Ekdp LIL— 7
igdbs IIT
* < —
HD66771 18] 2 [ T 9 || HD6677
< A
g ToTFT VO
panel ViP
common VIN
electrode
VGH ® © DDVDH t‘,’g
VGL 3P
VDH V3N
Vgt V60
V60N—L *7)
_— *7)_
*6) *3) *3) *3) V61P
openO—] EqQ=2) VEIN
V62P
Vcom *2)
OpenO—] | .
M V62N—L L 7)
cL1 cL1 "'—f—;’-i
FLM FLM
DCCLK
DISPTMG DISPTMG
Vee GCs* GCs* vee *1)
GCL | GCL
GND GDA[ @ GDA GND
*1) Vcc and GND must be equivalence to input to HD66770, HD66771 and HD667P00. —

*2) Open the Vcom and EQ pins of HD66770.
EQ pins of HD667P0 must be GND.

*3) Use the 1uF condenser with the B property when it is connected in the stabilized capacity.

*4) Condensers connected to following terminals of HD667P00 are omitted.

Cl1to C12-, C11+to C12+, C21-to C23-, C21+ to C23+, C31-, C31+, C41-, C41+

For these connections of condensers, connections refer to function of the HD667P00 pins to

*5) Supply voltage of 2.5V to 3.3V to Vci with the external power supply. And supply voltage of
2.5V to 3.3V to Vcil or for connecting Vciout and Vcil with the external power supply.

*6) Connect the shot key barrier diode, which contains approx. VF = 0.3 V/ImA and VR >= 30V.

*7) Use the condenser of 0.1uF with the B property when it is connected in the stabilized capacity.

*8) Connect the 0.1uF capacitor (B characteristics) as a capacitor for stabilization according to the display
quality and power consumption.

*9) When step-up circuit 4, VcomL and VgoffH are used, use the 1-uF capacitor (B characteristics) according
to the setting mode. When they are not used, leave the pin open.
*10) Use a vaiable resistor more than 200kW.

Figure 69: Connection Example of HD66770 and HD66771 (when VcomL < 0V)
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Following diagram indicates a connection example of the gate driver, HD66771 and Power
supply IC when 0 <= VcomL < 5.5, and using equalizing function.

*3) :j/;*s)
77 | | TTIT™
“) HD667P00 S 3 5% mommm
. . m m
Vee,Vei, Vcid +5) o A SIS
N 8 = 8 HOWDN P >
GND c c VcomR & ¥ *10)
. S S5 ~
e = = 5 8,5 < S <85
O (=)
777 998 m 08985252555525858 8§
2R%=z0 xP TP dorIsIdASETE S
== bleleelobl oo
b _—| 777
HD66771 * < -_— 77 HD6677
9) é 5 *9) *3) 66770
- | *3)
ToTFT Vo
é panel V1P
T | opposite VIN |
electrode L L *7)
VGH ® ¢ DDVDH i
VGL V3P
— VDH V3N
V60P
Vgoff VEON 1 l. L L *7)
L 7y = L‘.‘;;
7:[/-77-'/; 71/-7 717-7 V61P
*6) x3) *3) 3 —{Veom +2) V61N
2 V62P
EQ V62N | N
M L L *7)
CL1 CcL1 ‘ ‘ g
FLM FLM
DCCLK
1) DISPTMG DISPTMG
vee GCs* ® GCs* Vee 1)
GCL H& GCL
GND GDAl@ GDA GND

*1) Vcc and GND must be equivalence to input to HD66770, HD66771 and HD667P00.

*2) Connect EQ pins of HD66770 and EQ pins of HD667P00. Connect Vcom pins to Vcom pins of the HD667P00. Also, do not use
when Vcom voltage is 5.5V or higher.

*3) Use the 1uFcondenser with the B property when it is connected in the stabilized capacity.

*4) Condensers connected to following terminals of HD667P00 are omitted.
C11- to C12-, C11+ to C12+, C21- to C23-, C21+ to C23-, C31-, C31+, C41-, C41+
For these connections of condensers, refer to function of the HD667P00 pins to connect.

*5) Supply voltage of 2.5V to 3.3V to Vci with the external power supply. And supply voltage 2.5V to 3.3V to Vci 1 for connecting Vciout
and Vcil with the external power supply. When Vcil is connecting to the external power supply, leave Vciout open.

*6) Connect the schotkey barrier diode, which contains approx. VF = 0.3 V/ImA and VR>= 30V.

*7) Use the condenser of 0.1uF with the B property when it is connected in the stabilized capacity.

*8) Connect the 0.1uF capacitor (B characteristics) as a capacitor for stabilization according to the display
quality and power consumption.

*9) When step-up circuit 4, VcomL and VgoffH are used, use the 1-uF capacitor (B characteristics) according
to the setting mode. When they are not used, leave the pin open.
*10) Use a variable resistor more than 200kW.

Figure 70: Connection Example of HD66770 and HD66771 (when OV <= VVcomL< 5.5V)
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Specification of capacitor connected to HD66770 and HD667P00
The following table indicates the specification of capacitor connected to HD66770 and HD667P00.

. : Recommendation resist .
Product Capacity of capacitor oressure for capacitor Connect pins
6V VEGI1O0UT, Vciout, C41-/+*1,
VLOUT4*1, VcomH* 1, VcomL
1nF 10V VLOUT], C11-/+, C12-/+, C21-/+,
(B character) C22-/+, C23-/+
HD667P00 ey VREG20UT. VLOUT2, VLOUTS,
C31-/+, VgoffH* 1, VgoffL
6V VDH, (TESTAL)*2, (TESTA2)*2,
0.1nF REGP*2, REGN*2
(B character)
25V (TESTA3), (TESTA4Y)
0.1nF V0, V1R V1N, V3P, V3N, V60R,
HDE6770 (B character) v VG0N, V62PR, V62N, V63PR, V63N

*1 According to the mode set HD667P00, there is some cases in which capacitor is unnecessary.
*2 Connect a capacitor to stabilize picture. Be noticed that power consumption may rise in great amount.
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Instruction Setting Flow

When the HD66771/HD667P00 are used, follow the instruction setting flow.  The instruction setting for
the HD66771/HD667P00 is executed by the seria interfface.  When the instruction for the
HD66771/HD667P00 is set, the serial transfer must be executed to the HD66771/HD667P00. The
transfer to the HD66771/HD667P00 must be executed immediately after the instruction set.
Follow the below seria transfer flow about each setting and then transfer must be executed.

<Display off> <Display on>
| EQ=0 | ( . A
Power setting
Display off \_ Yy,
GON ="1" |
DTE ="1" Display on
D1-0="10" GON ="0"
1 DTE ="0"
Wait (more than 2 frames) D1-0="01"
1 1
Display off Wait (more than 2 frames)
GON ="1" |
DTE ="0" Display on
D1-0="10" GON ="1"
1 DTE ="0"
D1-0="01"
| |
Display off
GON ="0"
Display on
GON ="1"
DTE ="0"
D1-0="11"
|
Power off ) .
Wait ( more than 2H period)
SAP2-0="000" |
AP2-0 ="000" Display on
_ GON ="1"
I@g _ : DTE ="1"
- D1-0="11"
Display OFF 4 )
Display ON
: \ - o

Continue to the display on flow. ) )
Continue to the display off flow.

Note: For more information on the flow for power settings, refer to the HD667P00 data sheet.

Figure 71
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<Standby> <Sleep>
Display off fl ( Display off flow )
( isplay off flow ) Standby play
L] set | Sleep
Standby set (STB="1") Sleep set (SLP =“1") set

RN ARRRNY

-
-
-
-
-
-

| Oscillation start |

= ~,
| Standby Sleep cancel (SLP =“0") Sleep
| Wait 10 ms | cancel — — cancel
1

—

| Standby cancel (STB = “0") |

1
1 ( Power setting )
[ Power setting j

-

E ( Display on flow )
( Display on flow )

Note: For more information on the flow for power settings, refer to the HD667P00 data sheet.

Figure 72
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Ogscillation Circuit

The HD66770 can oscillate between the OSC1 and OSC2 pins using an internal R-C
oscillator with an external oscillation resistor. Note that in R-C oscillation, the oscillation
frequency is changed according to the external resistance value, wiring length, or operating
power-supply voltage. If Rf is increased or power supply voltage is decrease, the oscillation
frequency decreases. For the relationship between Rf resistor value and oscillation
frequency, see the Electric Characteristics Notes section.

1) External Clock Mode

Damping
resistance

(2kQ) 0SC2

HD66770

2) External Resistance Oscillation Mode

near the OSC1/0OSC2 pin on the master side.

g 0OSC1 Note: The Rf resistance must be located
Rf
1 |

0SsC2
HD66770

Figure 73: Oscillation Circuits
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n-raster-row Reversed AC Drive

The HD66770 supports not only the LCD reversed AC drive in a one-frame unit but also the
n-raster-row reversed AC drive which alternates in an n-raster-row unit from one to 64
raster-rows. When a problem affecting display quality occurs, the n-raster-row reversed
AC drive can improve the quality.

Determine the number of the raster-rows n (NW bit set value +1) for alternating after
confirmation of the display quality with the actual LCD panel. However, if the number of
AC raster-row is reduced, the LCD alternating frequency becomes high. Because of this,
the charge or discharge current is increased in the LCD cells.

~&+— 1 frame L 1 frame _d

Blank period Blank period

1{2] 3| 4 Tt |arHi7g UUT 184 1| 2| 3| 4 179179 777 (184 1| 2

wave-form drive
176 raster-row

n-raster-row A/C — A\ -
wave-form drive
176 raster-row

reverse 3 raster-row

Frame A/C )

-
-
A—

EOR="1"

Note: In an n-raster-row driving EOR should be “1” so that DC bias voltage is
not applied.

Figure74: Example of an AC Signal under n-raster-row Reversed AC Drive
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Interlace Drive

HD66770 supports the interlace drive to protect from the display flicker.
Determine the n fields (FLD bit stetting value) after
confirming on the actual LCD display. Following table indicates n fields: the gate selecting
position when it is 1 or 3. And the diagram below indicates the output waveform when the
3-field interlace drive is active.

frame into n fields and drives.

It splits one

Table 45
GS="0" GS="1"
FLD1-0: Setting Value 01 11 FLD1-0: Setting Value 01 11
Field ) 3 Field ) 3
- 1 - 1
Gate 1@ |0 Gate 1@ |
G1 o o G228 o o
G2 o o G227 o o
G3 o o G226 o o
G4 o o G225 o o
G5 o o G224 o o
G6 o o G223 o o
G7 o o G222 o o
G8 0 o G221 o o
G9 o o G220 o )
G173 o o G56 o o
G174 o o G55 o o
G175 d 3 o o G54 o o
G176 \F; o o G53 o o
- 1 frame P
| [ (] | [}
| - «@-Blankperiod | | 1
| - - - - |
| Field 1 Field 1 Field | Field 1
I 1) I @ 1 @) I M 1
AC polarity 1 | 1 | 1 [ |_I
| 11 [ | 11
Gl I_-I t — t T 1
G2 L 1 h 11 1 [
| R Iy N
G4 I—L +—4 —} 4 I-L —4
G5 | | I|| [ | [
| [ (] | [}
G6 | 1 1 1 II-I 1 LI
. | (. (I | [
! | 11 [ | 11
| | [ | |
G3n+1 | I-I ) (- I I-Ll
con b ' x
G3n+3 ¢ +— +— I-I +—

Figure 75: Gate output Timing on the 3 Field Interlace
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AC DriveTiming

Following diagram indicates the timing of changing polarity on the each A/C drive method.
LCD drive polarity is changed after every frame. After the A/C this timing, the blank (all
outputs from the gate: Vgoff output) in 8H period is inserted. Also, LCD drive polarity is
change after every field when it is on the interlace drive and a blank is inserted in every
timing. The amount of blanking periods becomes 16H in a frame. When the reversed n-
raster-row is driving, a blank period of the 8H period is inserted after all screens are drawn

Frame reverse AC drive 3 field interlace drive AC n-raster-row reversed AC drive
AIC ' n-raster-row
Field 1 A/C . n-raster-row
AlC . AIC n-raster-row
i Blank period 1 i AIC . N-raster-row
e} e} e}
Frame 1 5] 3 AIC —> 3
o} b n-raster-row S
o o o
[} Field 2 o A/C n-raster-row o
§ A/C—> § AIC n-raster-row §
k. pel AIC . n-raster-row
Changing —p i A/C n-raster-row
polarity Field 3
AIC |
Blank period = 8H period Blank period Blank period
= Blank period 1 =8H period

+ Blank period 2
+ Blank period 3

=8H period

Figure 76
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Frame Frequency Adjusting Function

The HD66770 has an on-chip frame-frequency adjustment function. The frame frequency can be
adjusted by the instruction setting (DIV, RTN) during the LCD driver as the oscillation frequency is
always same.

If the oscillation frequency is set to high, animation or a static image can be displayed in suitable ways by
changing the frame frequency. When a static image is displayed, the frame frequency can be set low and
the low-power consumption mode can be entered. When high-speed screen switching for an animated
display, etc. isrequired, the frame frequency can be set high.

Relationship between LCD Drive Duty and Frame Frequency

The relationship between the LCD drive duty and the frame frequency is calculated by the following
expression. The frame frequency can be adjusted in the 1H period adjusting bit (RTN) and in the
operation clock division bit (DIV) by the instruction.

[~ (Formula for the frame frequency)

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

fosc: R-C oscillation frequency

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

Example of Calculation

In case of maximum frame frequency = 60 Hz;
Driver raster-row: 176

1H period: 16 clock (RTN3to 0 ="0000")
Operation clock division ratio: 1 division

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

In this case, the CR oscillation frequency becomes 177 kHz. The externa resistance value of the R-C
oscillator must be adjusted to be 177 kHz.

HITACHI
86



HD66/70 Rev.1.1/ April 2002

Screen-division Driving Function

The HD66770 can select and drive two screens at any position with the screen-driving position registers
(R14 and R15). Any two screens required for display are selectively driven and reducing LCD-driving
voltage and power consumption.

For the 1 division screen, start lines (SS17 to 10) and end lines (SE17 to 10) are specified by the 1%
screen-driving position register (R14).  For the 2" division screen, start line (SS27 to 20) and end lines
(SE27 to 20) are specified by the 2™ screen-driving position register (R15). The 2™ screen control is

effective when the SPT bitis 1. The total count of selection-driving lines for the 1% and 2 screens must
be the number of LCD drive raster-rows or less.

Driving on 2 screens
Gl i
G7

G26 o

[N 1st screen: 7
L1~ raster-row driving

] Non-display area

N 2nd screen: 17
raster-row driving

G42 o

Non-display area

Driving raster-row: NL4-0 ="10101" (176 lines)
1st screen setting: SS17-10 = "00"H, SE17-10 = "06"H
2nd screen setting: SS27-20 = "19"H, SE27-20 = "29"H, SPT ="1"

Figure 77: Display Example in 2-screen Division Driving

HITACHI
87



HD66/70 Rev.1.1/ April 2002

Restrictions on the 1%/2™ Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS17 to 10) and end line (SE17 to
10) of the 1% screen driving position register (R14) and the start line (SS27 to 20) and end line (SE27 to
20) of the 2™ screen driving position register (R15) for the HD66770. Note that incorrect display may
occur if the restrictions are not satisfied.

Table 46: Redtrictions on the 1%/2™ Screen Driving Position Register Settings

1% Screen Driving (SPT = 0)

Register setting Display operation
(SE17to 10) —(SS171t0 10) = NL Full screen display
Normally displays (SE17 to 10) to (SS17 to 10)
(SE17t0 10) — (SS17 to 10) < NL Partial display

Normally displays (SE17 to 10) to (SS17 to 10)
In al other display area refers to the output level
based on the PT setting.  (non-display)

(SE17to 1) — (SS17to0 10) > NL o
Setting disabled

Note 1: SS17t0 10 <= SE17t0 10 <=AFH
Note 2: Setting SE27 to 20 and SS27 to 20 areinvalid.

2" Screen Driving (SPT = 1)

Register setting Display operation
((SE17 to 10) — (SS17 to 10)) Full screen display
+ ((SE27 to 20) — (SS27-20)) = NL Normally displays (SE17 to 10) to (SE17 to 10)
((SE17 to 10) — (SS17 to 10)) Partial display
+ ((SE27 to 20) — (SS27 to 20)) < NL Normally displays (SE27 to 20) to (SS17 to 10)

In al other display area refers to the output level
based on the PT setting.  (non-display)

((SE17 to 10) — (SS17 to 10)) Setting disabled
+ ((SE27 to 20) — (SS27 to 20)) > NL

Table 47

Note 1: SS17 to 10 <= SE17 to 10 < SS27 to 20 <= SE27 to 20 <= AFH
Note 2: (SE27 to 20) — (SS17 to 10) <= NL
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The driver output can not be set for non-display area during the partial display. Determine
based on characteristic of the display panels.

Source output in non-display area Gate output in non-
PT1 PTO . . - . .
Positive polarity ~ Negative polarity display area
0 0 V63 VO Normal operation
0 1 V63 VO V goff
1 0 GND GND Vgoff
1 1 Hi-z Hi-z Vgoff
Table 48

Refer to the following flow to set up the partial display.

Full screen display

v _

| PT1-0=00 |
| Set SS/SE bits |
(" - ¢ ) Screen division drive
‘ Wait (more than 2 frames) ‘ Set up flow
PT1-0=01 Set if necessary
or
PT1-0=10
or
\ PT1-0=11 Y,
‘ Partial display on ‘
¢ Full screen drive
| Set SS/SE bits | Set up flow

‘ Full screen display ‘

Figure 78
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Absolute Maximum Ratings

Table 49
Item Symbol Unit Value Notes*
Power suE)p)Iy voltage vee Vv 0310+46 12
1 " . 1
Power supply voltage | DDVDH- i
) GND Vv 0.3to +4.6 1,3
Input voltage vt \Y, -0.3to Vec + 0.3 1
Operating Topr °C 4010 + 85 1,4
temperature
Storage temperature Tstg °C 5510 + 110 1,5

Notes: 1.If the LSl is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limit is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will
malfunction and cause poor reliability.

2.Vce 3 GND must be maintained

3.DDVDH? GND must be maintained.

4.DC characteristics and AC characteristics of shipping chips and shipping wafer are guaranteed at
85 °C.

5.This temperature specifications apply to the TCP package.
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DC Characteristics (V. = 1.810 3.3V, Ta=—40t0 +85°C**)

Table 50
Item Symbol Unit Test Condition Min Typ Max Notes
Input high voltage Vi \% Vee=18103.3V 0.7 Vee — Vee 2,3
Input low voltage Vi \% Vee=1.8t03.3V -0.3 — 0.15V 2, 3
Output high voltage (1) Vo, \% lon ==0.1 mA 0.75Vc — — 2
(DBO0-15 pins)
Output low voltage (1) Vo1 \% Vc=1.81t024V, — — 0.2V 2
(DBO0-15 pins) lo. = 0.1 mA

VCC=241t033V, — — 0.15V 2

loo =0.1 mA

1/O leakage current I MA  Vin =010 V¢ -1 — 1
Current consumption lop MA  R-C oscillation — 140 210 5,6
during normal operation Vee =3.0V, Ta=25°C
(Vcc —GND) fosc = 177 Khz (176

duty), RAM data : 0000h
Current consumption lst MA V=3V, Ta=25C — 0.1 5
during standby mode
(Ve — GND)
LCD drive power supply | cp MA  Vee=3.0V,V =55V — 295 400 5,6
current (DDVDH — GND) VDH=5.0V CR oscillation;

fosc = 177 kHz (176 duty),

Ta = 25°C, RAM data :

0000h, REV ="0", SAP =

"001", VRN4-0 = "0",

VRP4-0 ="0", PKP52-00 =

"0", PRP12-00 = "0",

VRN4-0 = VRP4-0 = "0",

PKP52-00 = "0", PRP12-00

="Q"
LCD drive voltage Vico \Y 4.5 — 5.5
(DDVDH — GND)
Output voltage deviation OVo .V — 5 —
Dispersion of the ovo Vv — — 8

average output voltage

HITACHI
91



HD66/70 Rev.1.1/ April 2002

AC Characteristics (Vo = 1.8t03.3V, Ta=—-40to +85°C*")

Clock Characteristics (V. =1.8t03.3V)

Table51
Item Symbol Unit Test Condition Min Typ Max Notes
External clock frequency Fcp kHz  V,=18t033V 100 200 600 9
External clock duty ratio Duty % V=18t033V 45 50 55 9
External clock risetime Trep us Vee=181t033V — — 0.2 9
External clock fall time Tfep ps Vee=181033V — — 0.2 9
R-C oscillation clock fosc kHz Rf = 240kW, 152 190 228 10
V=3V

68-system Bus I nterface Timing Char acteristics
Normal Write Mode (HWM =0)

(Vec=1.8t024V)

Table 52
Item Symbol  Unit  Test Condition Min Typ Max
Enable cycletime Write tevee ns Figure 1 600 — —
Read tevee ns Figure 1 800 — —
Enable high-level pulse width Write PWg, ns Figure 1 90 — —
Read PW¢, ns Figure 1 350 — —
Enable low-level pulse width Write PWg, ns Figure 1 300 — —
Read PW¢, ns Figure 1 400 — —
Enable rise/fall time te, g ns Figure 1 — — 25
Set up time (RS, R'W to E, CS*) tase ns Figure 1 10 — —
Address hold time tane ns Figure 1 5 — —
Write data set up time toswe ns Figure 1 60 — —
Write data hold time toe ns Figure 1 15 — —
Read data delay time topre ns Figure 1 — — 200
Read data hold time tomre ns Figure 1 5 — —
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High-speed Write Mode (HWM=1)

(Vcc=18t024V)

Table 53
Item Symbol  Unit Test Min Typ M ax
Condition
Enable cycletime Write  teyce ns Figurel 200 — —
Read  ftoyee ns Figurel 800 — —
Enable high-level pulse width Write  PWg, ns Figurel 90 — —
Read  PWg, ns Figurel 350 — —
Enable low-level pulse width Write  PWg_ ns Figurel 90 — —
Read  PWg ns Figurel 400 — —
Enable rise/fall time te, g ns Figurel — — 25
Set up time (RS, R'W to E, CS*) tase ns Figurel 10 — —
Address hold time tane ns Figurel 5 — —
Write data set up time toswe ns Figurel 60 — —
Write data hold time toe ns Figurel 15 — —
Read data delay time topre ns Figurel — — 200
Read data hold time tomre ns Figurel 5 — —

Normal Write Mode (HWM=0)

(Vec=241t033V)

Table54
Item Symbol  Unit Test Min Typ M ax
Condition
Enable cycletime Write tevee ns Figure 1 250 — —
Read tevee ns Figure 1 500 — —
Enable high-level pulse width Write PWg, ns Figure 1 40 — —
Read PW¢, ns Figure 1 250 — —
Enable low-level pulse width Write PWg, ns Figure 1 70 — —
Read PW¢, ns Figure 1 200 — —
Enable rise/fall time te, g ns Figure 1 — — 25
Set up time (RS, R'W to E, CS*) tase ns Figure 1 10 — —
Address hold time tane ns Figure 1 5 — —
Write data set up time toswe ns Figure 1 60 — —
Write data hold time toe ns Figure 1 15 — —
Read data delay time topre ns Figure 1 — — 200
Read data hold time tomre ns Figure 1 5 — —
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High-Speed Write Mode (HWM=1)

(Vec=24Vto3.3V)

Table55
Item Symbol  Unit Test Min Typ M ax
Condition
Enable cycletime Write  teyce ns Figurel 100 — —
Read  ftoyee ns Figurel 500 — —
Enable high-level pulse width Write  PWg, ns Figurel 40 — —
Read  PWg, ns Figurel 250 — —
Enable low-level pulse width Write  PWg_ ns Figurel 40 — —
Read  PWg ns Figurel 200 — —
Enable rise/fall time te, g ns Figurel — — 25
Set up time (RS, R'W to E, CS*) tase ns Figurel 10 — —
Address hold time tane ns Figurel 5 — —
Write data set up time toswe ns Figurel 60 — —
Write data hold time toe ns Figurel 15 — —
Read data delay time topre ns Figurel — — 200
Read data hold time tomre ns Figurel 5 — —
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80-system Bus I nterface Timing Characteristics

Normal Write Mode (HWM=0)

(Vec=1.8t024V)

Table 56

Item Symbol  Unit Test Min Typ Max

Condition
Bus cycletime Write tevew ns Figure 2 600 — —
Read tever ns Figure 2 800 — —

Write low-level pulse width PW w ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high-level pulse width PW, ns Figure 2 300 — —
Read high-level pulse width PW,r ns Figure 2 400 — —
Write/Read rise/fall time twrr, wre ns Figure 2 — — 25
Setup time tas ns Figure 2 10 — —
(RSto CS*, WR*, RD*)
Address hold time tany ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
High-Speed Write Mode (HWM=1)
(Vec=1.8t024V)
Table 57

Item Symbol  Unit Test Min Typ Max

Condition
Bus cycletime Write tevew ns Figure 2 200 — —
Read tever ns Figure 2 800 — —
Write low-level pulse width PW w ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high-level pulse width PW, ns Figure 2 90 — —
Read high-level pulse width PW ns Figure 2 400 — —
Write/Read rise/fall time twrr, wre ns Figure 2 — — 25
Set up time tas ns Figure 2 10 — —
(RSto CS*, WR*, RD*)
Address hold time tany ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
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Normal Write Mode (HWM=0)

(Vec=24t03.3V)

Table 58

Item Symbol  Unit Test Min Typ Max

Condition
Bus cycletime Write tevew ns Figure 2 250 — —
Read tever ns Figure 2 500 — —

Write low-level pulse width PW, ns Figure 2 40 — —
Read low-level pulse width PW ns Figure 2 250 — —
Write high-level pulse width PW, ns Figure 2 70 — —
Read high-level pulse width PW ns Figure 2 200 — —
Write/Read rise/fall time twrr, wre ns Figure 2 — — 25
Set up time tas ns Figure 2 10 — —
(RSto CS*, WR*, RD*)
Address hold time tany ns Figure 2 5 — —
Write data setup time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —

High-Speed Write Mode (HWM=1)

(Vec=24t033V)

Table 59

Item Symbol  Unit Test Min Typ Max

Condition
Bus cycletime Write  teyow ns Figure2 100 — —
Read  toyer ns Figure2 500 — —
Write low-level pulse width PW,,, ns Figure2 40 — —
Read low-level pulse width PW ns Figure2 250 — —
Write high -level pulse width PW, ns Figure2 40 — —
Read high -level pulse width PW ns Figure2 200 — —
Write/Read rise/fall time twre Wi ns Figure2 — — 25
Set up time tas ns Figure2 10 — —
(RSto CS*, WR*, RD*)
Address hold time tany ns Figure2 5 — —
Write data set up time tosw ns Figure2 60 — —
Write data hold time ty ns Figure2 15 — —
Read data delay time toor ns Figure2 — — 200
Read data hold time tonr ns Figure2 5 — —
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Clock Synchronized Serial Interface Timing Characteristics

(Vec=18t024V)

Table 60
Item Symbol  Unit Test Min Typ Max
Condition
Serid clock cycletime Write tseve us Figure 3 0.1 — 20
(received)
Read tseve us Figure 3 0.25 — 20
(transmitted)
Serial clock high-level pulse Write tson ns Figure 3 40 — —
width (received)
Read tson ns Figure 3 120 — —
(transmitted)
Serial clock low-level pulse Write tsa ns Figure 3 40 — —
width (received)
Read tso ns Figure 3 120 — —
(transmitted)
Serid clock riseffall time ter st ns Figure 3 — — 20
Chip select set up time tesu ns Figure 3 20 — —
Chip select hold time tey ns Figure 3 60 — —
Serial input data set up time tasu ns Figure 3 30 — —
Serial input data hold time tan ns Figure 3 30 — —
Serial input data delay time tson ns Figure 3 — — 200
Serial input data hold time tson ns Figure 3 5 — —
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(Vecc=2.41t03.3V)

Table 61
Item Symbol  Unit Test Min Typ Max
Condition
Serid clock cycletime Write tseve us Figure 3 0.1 — 20
(received)
Read tseve us Figure 3 0.15 — 20
(transmitted)
Serid clock high-level pulse Write tsen ns Figure 3 40 — —
width (received)
Read tson ns Figure 3 70 — —
(transmitted)
Seria clock low-level pulse Write tsaL ns Figure 3 40 — —
width (received)
Read tsa ns Figure 3 70 — —
(transmitted)
Serid clock riseffall time ter st ns Figure 3 — — 20
Chip select set up time tesu ns Figure 3 20 — —
Chip select hold time tey ns Figure 3 60 — —
Serial input data set up time tasu ns Figure 3 30 — —
Serial input data hold time ton ns Figure 3 30 — —
Serial output data delay time tson ns Figure 3 — — 130
Serial output data hold time tson ns Figure 3 5 — —
Reset Timing Characteristics (V. = 1.8t03.3V)
Table 62
Item Symbol Unit Test Min Typ Max
Condition
Reset low-level width tres ms Figure 4 1 — —
Reset risetime tres us Figure 4 — — 10
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Electrical Characteristics Notes
1. For bare die and wafer products, specified up to 85°C.
2. The following three circuits are | pin, 1/0 pin, O pin configurations.

Pins: RESET*, CS*, E/IWR*/SCL RW/RD RS, RW/RD, RS, Pins: OSC1, CL1, FLM, M, DISPTMG
OSCl1, IM2-1, IMO/ID, TESTL, TEST GCL, GDA, GCS*, EQ, DCCLK
V cc vee

; S§ ﬂﬁ:::

Pins: DB15 -DB2,
DB1 SDO DBO/SDI

PMOS

(Input circuit)

I_{
i

NMOS

Vce (Tri-state output circuit)
< Qutput enable
PMOS I_OL < Output data
NMOSI? :C C q

Wy gy

Figure 79  1/0O Pin Configuration
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3.The TEST pin must be grounded and the IM2/1 and IMO/ID pins must be grounded or
connected to Vcc.

4.This exclude the current flowing through output drive MOSs.

5.This exclude the current flowing through the input/output units. The input level must
be fixed high or low because through current increases if the CMOS input is left
floating. Even if the CS pin is low or high when an access with the interface pin is not
performed, current consumption does not change.

6.The following show the relationship between the operation frequency (fosc) and
current consumption (lcc) (figure).

Vce = 3V Vcc = 3V, DDVDH = 5.5V
320
600
300
= <
£ ¢ 3 280
~ yp a
2 400 S 260 typ.
240
200 = 220
0100 200 300 400 500 600 0 4.0 45 5.0
R-C, oscillation frequencies: fosc (kHz) VDH (V)

Figure 80 Relationship between the Operation Frequency and Current Consumption

7.0utput-voltage deviation is the difference of output voltage between the pins next to
each other. The pins output same data, and output voltage deviation is only for
reference.

8.Dispersion of the average output voltage is the difference of the average of output
voltage between chips next to each other.

9.Applies to the external clock input (figure).

TI
(Th b
W
Oscillator —%M— 0.7Vcc
OSCl  (5vee DUty = ThT+hT| Y 100%
Open— 0.3Vecc ___]
[9S¢2 e

trcp tfcp

Figure81 External Clock Supply
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10.Applies to the internal oscillator operations using external oscillation resistor Rf
(figure and table).

0scC1
Rf % Since the oscillation frequency varies depending on the OSC1 and OSC2 pin
capacitance, the wiring length to these pins should be minimized.

oscC2
Figure82 Internal Oscillation
(Referential Data)
Table 63
R-C Oscillation Frequency: fosc (kHz)
Oscillation Vecc=18V Vec=2V Vee=24V Vce=3V Vcec =33V
Resistance (kW)
110kW 299 333 372 401 411
150kW 234 258 284 305 311
180kwW 202 222 243 258 263
200 kW 186 203 222 235 240
240 kW 160 173 188 198 202
270 kW 145 157 169 177 181
300 kW 132 143 153 161 163
390 kW 106 113 121 126 128
430 kw 97 104 110 115 116

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test point O

|
1

Figure83 Load Circuit
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Timing Characteristics

68-system Bus Operation

VIH VIH]
RS
Vil Vil
R/W
- tASED € tAHES
cs* \/Ix A|
Note 1)
€—— PWEH—>> |« PWEL >
WZ\IIH \/IHAX\\\\ ’
F \Vi| Vil & 7— Vi
Epr tes _(
tcyce————>»
iDswir |[€&— tHE>>
LI . d_ ol e e e
Note2) LA mEE VIH . EEEEE
DBO LT ) Wrire data o
to DB15 ""‘ L L L T L T L T m" \/11 - HA.,‘A"A
Note 2) CEE LT D
s (N T %

DBO Py\ voL1 Readdata o) 4 L)
to DB15 1 =y Sy SN

Figure 84

68-system Bus Timing

Notes: 1) PWEH is specified in the overlapped period when CS* islow and E is high.

2) Parallel datatransfer is enabled on the DB15-8 pins when the 8-bit businterfaceis used.

Fix the DB7-0 pinsto Vcc or GND.
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80-system Bus Operation

VIH VIH
RS L Vi VIL
( tAS ; ( tAH )

VIH
Ccs* VIL

e PWIW. PWI R » ( PWHW. PWHR >

WR* \Y.\ o ., :/IH ZV// VIH
=

RD* tWRr tWRf
tCYCW. tCYCR PP 1&—

Y

DSW 3 |€€— tH
Note : 2
v R % 7%%%% %
POBSBlS VIL Wrire cliata VIL jjjjjj
Note : 2 — — 7 7 7 7 7 7
?BI;)BlS VOL1 Read data VOL1 jjjjj ’

Figure85 80-system Bus Timing

Notes: 1) PWLW and PWLR is specified in the overlapped period when CS* is low and WR* or RD* is
low.
2) Parallel datatransfer is enabled on the DB15-8 pins when the 8-bit businterface is used.
Fix the DB7-0 pinsto Vcc or GND.
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Clock Synchronized Serial Interface Operation

Start: S End: P
cs T VIH /
VIL XA VIL:
l&——tSCYC —>
€S tscr <tSCH 5] «SCL | |«—1CH —>
SCL VIH VIH yiH VIH
VIL VIL VIL VIL
tSISU tSIH
[
VIH VIH
SDI
| |
VIL nput data VIL nput data >/
|
tSOD L tSOH
SDO VOH1 VOH1
Output data Output data
VOL1 VOL

Figure 86  Clock Synchronized Serial Interface Timing

Reset Operation

trRE
< tRES >| <—

VIL
RESET* VIL VIL

Figure 87 Reset Timing
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Maintenance history report

P =page, L =line, - = blank

Rev | Date Page | Maintenance history
0.6 2001.5.27 6,9 Chip thickness ( from 400 um to 550 um)

19,35 | VRH4 bit deleted and PON bit added

,37

23 The explanation of REV bit changed

32 Miswriting in the relation between GRAM data and Grayscale
level

47 Miswriting in BO2

62 Miswriting in the formula for V60

67,71 | Setting flow changed ( put “ wait 2H period or longer” before
ON)

69-70 | The connection example changed ( condenser between
Vcom-Vgoff deleted ) (from V61P, V61N to V63P, V63N )

81-92 | AC characteristic added
Other miswriting

0.7 2001.6.11 43 The example of the operation of high-speed consecutive
writing to RAM ( 8-bit bus interface ) added

62,64 | Miswriting in Voltage formula for V8 and V55

1.0 2001.6.22 67 Waiting time for color transition (from 200ms to 400ms )

82,83 | specification added ( current consumption, LCD drive power
supply, deviation of output voltage, dispersion average of
output voltage, RC oscillation clock)

84,86 | specification changed ( 68 system bus interface/Enable low-
level pulse width PWEL/ from 100ns to 70ns ) (80 system bus
interface/ write high-level pulse width PWHW/ from 100ns to
70ns)

89 graph for note 6 added

90 table for note 10 added

1.0-1 | 2001.10.2 5 EQ (From “output the timing for equalizing Low: Normal
display High: Equalizing ” to “Indicate setting of the Vcom
output to its high-impedance state during transitions of Vcom
when Vcom is being AC-cycled. Low: VcomH or VcomL is
being output on the Vcom pin. High: Vcom pin is in high-
impedance state”

DISPTMG (From “Non-display” to “Output Voff signal”)
GCS (From “transfer” to “transfer data”)

21 BT2-0 (Add the sentence below. “Lower amplification of the

step-up circuit consumes less current.”)
SLP (from “Only the following instructions can be executed
during the sleep mode.” to “Only serial transfer to a gate
driver / power-supply IC and the following instructions can be
executed during the sleep mode)”

22 VC2-0 (from “VREG1" to “VREG10UT")

VRL3-0 (from “from 2 to 8.5 times” to “from —2 to —8.5 times”)

23 VDV4-0 (from “When Vcom is driven in A/C amplitude.” to
“Sets amplification factors for Vcom and Vgoff while Vcom
AC drive is being performed.”)

26 Table14 ( from “VGH" to “Vgon”)
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1.0-1

2001.10.2

27

TE (from “driver/IC chip of the power driver” to “driver/Power
supply IC")

* (from “gate driver son after” to “gate driver / power supply IC
soon after”)

28

Table18 (from “the gate driver instruction” to “Power supply
IC (HD667P00) instructions”)

from “IC chip of the power supply” to “Power supply IC
(HD667P00)”

31

Note (from “common driver” to “gate driver”)

32

SS17-0 (from “common driver” to “gate driver”)

SE17-0 (from “black display driving " to “bib-selection
driving”)

SE27-0 (from “4FH" to “AFH")

40

3. (from “B-pattern LC AC drive control” to “LCD driving AC
control)”

51

Restriction on window address-range settings (from “3FH” to
H83HH)

Restriction on address settings during the window address
(from "HSA5" to "HSA7")

63

from “subtle adjustment” to “micro adjustment”

66

Title for Y axis of Figure 60,61,and 62 ( from vertical writing to
horizontal writing )

Add the number 1 and 2 to “Gradient adjusting register " and
“Amplitude adjusting register”.

67

Add the number 3 to “Micro-adjusting register”.

68

Add the sub-title “Block configuration” for the title “Ladder
Registor/8 to 1 Selector”

75

Corrected the Waiting time ( from 400ms to 40ms)

76

Corrected the title. ( from “System Structure Example ” to
“Example of System Configuration” )

77

Corrected Note 4 (from “Following connection capacity if
GD667P00 is not stated.” To “Condensers connected to
following terminals of HD667P00 are omitted.”)

78

Corrected Note 1 ( from HD667P0 to HD667P00 )

79

Add the sentence at the end of the sentence. (Follow the
below serial transfer flow about each setting and then
transfer must be executed.)
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P =page, L =line, - = blank

Rev | Date Page | Maintenance history

1.0-1 | 2001.10.2 81 Delete unnecessary note from Figure 72 ( 200KHz)

Correct Note (from “The Rf resistance must be located near
the OSC1/0OSC2 pin on the chip.” to “ The Rf resistance must
be located near the OSC1/OSC2 pin on the master side.”)

82 Correct Note (from “Specify the number of AC drive raster-
rows and the necessity of EOR so that DC bias is not
generated the liquid crystal.” to “In an n-raster-row driving
EOR should be “1” so that DC bias voltage is not applied.)”

83 Correct the sentence ( L5, “field interlace,,, “ to “3-field
interlace,,,”)

84 Correct the title ( from “Timing of Changing Polarity” to “AC
Driving Timing”)

Add a sentence (in L5 “The amount of blanking periods
becomes 16H in a frame.”)

86 Correct a sentence (in L7-8 “,,,the 1% and 2" screens must
correspond to the LCD-driving duty set value.” to “,,,the 1 and
2" screens must be the number of LCD drive raster-rows or
less.”)

11 2002.4.5 7 Change product model name. “From HD66770 to HD667A70"
10 Change product model name. “From HD66770 to HD667B70"
33 Add Note 3
37 Add Grayscale reference-value adjusting resistor. (R3F)

Add an explanation sentence for VDR1-0.

39 Add Grayscale reference-value adjusting resistor. (R3Fh)

64-68 | Add Grayscale reference-value adjusting resistor.

69,71 | Change a formula (r) for adding grayscale reference-value
adjusting resistor.

77,78 | Change example chart of connection. (Figure 69, and 70)

79 Add New page, “Specification of capacitor”.

80 Change a flow of “Display OFF” (Add “EQ=1")
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