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Description

The HD66761, color-graphics LCD controller and driver LSI, displays 128-by-80-dot graphics for 256
STN colors. It consists of upper and lower screens and drives maximum 128-by-160-dot STN color
LCDs. The HD66761's bit-operation functions and a 16-bit high-speed bus interface enable efficient data
transfer and high-speed rewriting of data to the graphics RAM.

The HD66761 has various functions for reducing the power consumption of an LCD system, such as low-
voltage operation of 2.2 V/min., a step-up circuit to generate a maximum of seven-times the LCD drive
voltage from the supplied voltage, and voltage-followers to decrease the direct current flow in the LCD
drive bleeder-resistors. Combining these hardware functions with software functions, such as a patrtial
display with low-duty drive and standby and sleep modes, allows precise power control. The HD66761
is suitable for any mid-sized or small portable battery-driven product requiring long-term driving
capabilities, such as digital cellular phones supporting a WWW browser, bidirectional pagers, and small
PDAs.

Features

» 128x 80-dot graphics display LCD controller/driver for 256 STN colors
» Display mode change between 256 colors (8 bits per pixel) and four colors (2-bit per pixel)
» 16-/8-bit high-speed bus interface
» Bit-operation functions for graphics processing:
— Write-data mask function in bit units
— Swap function of upper and lower bytes
— Logical operation in pixel unit and conditional write function
» Various color-display control functions:
— 256 of the 4,096 possible colors can be displayed at the same time (grayscale palette incorporated)
— Vertical scroll display function in raster-row units
— Horizontal scroll display function in four-pixel units
— Color window cursor display supported by hardware
* Low-power operation supports:
— Vcec =2.2t0 3.6 V (low voltage)
— V.o (5 Vips— GND) = 5 to 15.5 V (liquid crystal drive voltage)
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— Four-, five-, six-, or seven-times step-up circuit for liquid crystal drive voltage

— 128-step contrast adjuster and voltage followers to decrease direct current flow in the LCD drive
bleeder-resistors

— Power-save functions such as the standby mode and sleep mode
— Partial LCD drive of two screens in any position
— Programmable drive duty ratios (1/16—1/80) and bias values (1/5-1/10) displayed on LCD
« Parallel operation for two vertical screens (up to maximum 128-by-160-dot display)
» Internal RAM capacity: 10,240 bytes
e 384-segmenk 80-common liquid crystal display driver
* n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
» Internal oscillation and hardware reset
» Shift change of segment and common drivers
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<Target values>

Total Current Consumption Characteristics (Vcc = 2.5 V, TYP Conditions, LCD
Drive Power Current Included)

Total Power Consumption

Normal Display Operation

Character R-C
Display Dot  Duty Oscillation Frame Internal LCD Sleep  Standby
Size Ratio Frequency Frequency Logic Power Total* Mode  Mode
128 x 16 dots  1/16 180 kHz 70 Hz (35 pA) (25 pA) Four-times (15 pA) 0.1 pA
(135 pA)
128 x 24 dots  1/24 180 kHz 70 Hz (40 pA) (25 pA) Four-times (15 pA)
(140 pA)
128 x 56 dots 1/56 180 kHz 70 Hz (85 pA) (25 pA) Five-times (15 pA)
(210 pA)
128 x 64 dots  1/64 180 kHz 70 Hz (90 pA) (25 pA) Five-times (15 pA)
(220 pA)
128 x 72 dots 1/72 180 kHz 70 Hz (95 pA) (25 pA) Six-times (15 pA)
(245 pA)
128 x 80 dots 1/80 180 kHz 70 Hz (100 pA) (25 pA) Six-times (15 pA)
(250 pA)

Note: When a four-, five-, six-, or seven-times step-up is used:
the total power consumption = internal logic current + LCD power current x 4 (four-times step-up),
the total power consumption = internal logic current + LCD power current x 5 (five-times step-up),
the total power consumption = internal logic current + LCD power current x 6 (Six-times step-up),
and
the total power consumption = internal logic current + LCD power current x 7 (seven-times step-up)

Type Name

Types External Dimensions COM Driver Arrangement Display

HD66761TBO Bending TCP Both sides of COM 256 RGB colors
(Output from both sides of the chip)

HCD66761BP Au-bump chip

HITACHI
3



HD66761

HD66761 Block Diagram
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TCP Dimensions (HD66761TBO)

110,
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100 pm (min.)

HD66761

(Dummyl, Dummy19, Dummy20, Dummy21)

* Au bump pitch
: Right-edge upper/lower 30 pins = 60 pm (min.)

: Upper/lower edge

: Left edge
« Au bump height: 15 pm (typ.)

: Right-edge upper/lower 30 pins = 45 pm x 80 pm
: Upper/lower edge
: Left edge

: Right-edge center = 35 pm x 80 pm
and

Chip corner = 80 pm x 80 pm
Right-edge center = 50 pm (min.)

Origin O
6 pm

« Cross recognition mark (length: CHO1 to 4)

« Chip size: 15.83 mm x 5.21 mmO]
« Chip thickness: 550 um (typ.)

« Pad coordinates: Pad center

+ Coordinate origin: Chip center

* Au bump size:

(Top view)
X
Note: Viewed from the LSI wiring pattern with the Au bump
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HD66761 Pad Coordinate

No. | Pad Name Pad Name [X( m)Y( m) No. [Pad Name [X( m)Y( m) No. [Pad Name [X( m)Y( m) No. [Pad Name [X( m)Y( m) No. |Pad Name [X( m)|Y( m) No. |Pad Name [X( m)|Y( m) No. |Pad Name [X( m)|Y( m)
1/DUMMY1 M/IS 1237 -2411 153| COMS55 7721| -1530 229| SEG335 |_305| SEG259 3328| 2411 | 381|SEG183 -475| 2411| | _457|SEG107 -4278| 2411 | 533|SEG32 -7721| 1322
2|DUMMY2 VCCDUM2 1337 -2411 154| COMS56 7721| -1480| | 230|SEG334 |_306| SEG258 3278| 2411 | 382|SEG182 -525| 2411| | _458| SEG106 -4328| 2411 | 534|SEG31 -7721| 1272
3|DUMMY3 IMO. 1437 -2411 155/ COM57 7721| -1430 231|SEG333 |_307| SEG257 3228| 2411 | 383|SEG181 -575| 2411| | _459|SEG105 -4379| 2411 | 535|SEG30 -7721| 1222
4| DUMMY4 M1 1637 -2411 156|COMS58 7721| -1380 232| SEG332 |_308| SEG256 3178| 2411 | 384|SEG180 -626| 2411| | _460|SEG104 -4429| 2411 | 536|SEG29 -7721| 1172
5|/DUMMY5 GNDDUM3 | 1737 -2411 157|COM59 7721| -1330| | _233|SEG331 |_309| SEG255 3128| 2411 | 385|SEG179 -676| 2411| | 461|SEG103 -4479| 2411 | 537|SEG28 -7721| 1122
6/DUMMY6 EWR' 1837 -2411 158 COM60 7721| -1280 234| SEG330 310| SEG254 3077| 2411 | 386|SEG178 -726| 2411| | _462|SEG102 -4529| 2411 | 538|SEG27 -7721| 1072
7|/DUMMY7 RW/RD" 2037 -2411 159| COM61 7721| -1230 235|SEG329 311|SEG253 3027| 2411 | 387|SEG177 -776| 2411| | _463|SEG101 -4579| 2411 | 539|SEG26 -7721| 1022
8/DUMMY8 GNDDUM4 | 2137 -2411 160/ COM62 7721| -1180| | _236|SEG328 | 312| SEG252 2977| 2411 | 388|SEG176 -826| 2411| | _464|SEG100 -4629| 2411 | 540|SEG25 -7721 972
9/DUMMY9 DBO 2237 -2411 161|COM63 7721| -1130 237| SEG327 |_313| SEG251 2927| 2411 | 389|SEG175 -876| 2411| | _465|SEG99 -4679| 2411| | 541|SEG24 -7721 922

10| VLIREF DBO 2337 -2411 162|COM64 7721| -1080 238| SEG326 | _314| SEG250 2877| 2411 | 390|SEG174 -926| 2411| | 466| SEG98 -4729| 2411 | 542|SEG23 -7721 872

11|VLREF DB1 2437 -2411 163| COM65 7721| -1030 239| SEG325 |_315| SEG249 2827| 2411 | 391|SEG173 -976| 2411| | _467|SEG97 -4779| 2411| | 543|SEG22 -7721 822

12| VIREF DB1 2538 -2411 164| COM66 7721| -980 240| SEG324 |_316| SEG248 2777| 2411 | 392|SEG172 -1026| 2411| | 468|SEG96 -4829| 2411 | 544|SEG21 -7721 772

13|VioUT DB2 2638 -2411 165/ COM67 7721 -930 241|SEG323 | 317| SEG247 2727| 2411 | 393|SEG171 -1076| 2411| | 469|SEG95 -4879| 2411| | 545|SEG20 -7721 722

14| V20UT DB2 2738 -2411 166 COM68 7721| -880 242| SEG322 |_318| SEG246 2677| 2411 | 394|SEG170 -1126| 2411| | 470|SEG94 -4929| 2411 | 546|SEG19 -7721 672

15| V30UT DB3 2838 -2411 167/ COM69 7721| -830 243| SEG321 |_319| SEG245 2627| 2411 | 395|SEG169 -1176| 2411 [ 471|SEG93 -4979| 2411 | 547|SEG18 -7721 622

16| V40UT DB3 2938 -2411 168/ COM70 7721 -779 244| SEG320 |_320| SEG244 2577| 2411 | 396|SEG168 -1226| 2411 | 472| SEG92 -5029| 2411 | 548|SEG17 -7721 572

17| V50UT DB4 3038 -2411 169/ COM71 7721| -729 245|SEG319 |_321| SEG243 2527| 2411 | 397|SEG167 -1276| 2411 | 473|SEG91 -5079| 2411| | 549|SEG16 -7721 522

18| VLPS DB4 3138 -2411 170/ com72 7721| -679 246|SEG318 |_322| SEG242 2477| 2411 | 398|SEG166 -1326| 2411| | 474 SEG90 -5129| 2411| | 550/ SEG15 -7721 472

19|VLPS DBS 3238 -2411 171|com73 7721| -629 247|SEG317 |_323| SEG241 2427| 2411 | 399|SEG165 -1376| 2411 | 475|SEG89 -5179| 2411| | 551|SEG14 -7721 421

20|VLPS DBS 3338 -2411 172|com74 7721| -579 248| SEG316 |_324| SEG240 2377| 2411 | _400|SEG164 -1426| 2411| | 476|SEG88 -5229| 2411| | 552|SEG13 -7721 371

21|VLOUT DB6 3438 -2411 173| COM75 7721| -529 249|SEG315 |_325| SEG239 2327| 2411 | _401|SEG163 -1476| 2411 | 477|SEG87 -6279| 2411 | 553|SEG12 -7721 321

22|VLOUT DB6 3538 -2411 174| COM76 7721| -479 250| SEG314 | _326| SEG238 2277| 2411 | _402|SEG162 -1526| 2411| | 478|SEG86 -6329| 2411 | 554|SEG11 -7721 2711

23| GNDDUM1 DB7 3638 -2411 175/ COM77 7721| -429| | _251|SEG313 |_327| SEG237 2227| 2411 | _403|SEG161 -1576| 2411| | 479|SEG85 -5379| 2411| | 555|SEG10 -7721 221

24| CAP1- DB7 3739 -2411 176/ COM78 7721| -379| | _252|SEG312 |_328| SEG236 2177| 2411 | _404|SEG160 -1626| 2411| | 480|SEG84 -5429| 2411| | 556|SEG9 -7721 171

|_25|CAP1- DB8 3839 -2411 177|COM79 7721| -329| | _253|SEG311 |_329| SEG235 2127| 2411 | _405|SEG159 -1676| 2411| | 481|SEG83 -5479| 2411| | 557|SEG8 -7721 121

26| CAP1+ DB8 3939 -2411 178| COM80 7721| -279| | _254|SEG310 |_330| SEG234 2077| 2411 | _406|SEG158 -1726| 2411| | 482| SEG82 -5529| 2411| | 558| SEG7 -7721 71

27|CAP1+ DB9 4039 -2411 179| SEG384 7721| -229| | _255|SEG309 | _331| SEG233 2027| 2411 | 407|SEG157 -1776| 2411| | 483| SEG81 -5579| 2411| | 559| SEG6 -7721 21

28| CAP2- DB9 4139 -2411 180/ SEG383 7721| -179| |_256|SEG308 |_332| SEG232 1977| 2411| | _408|SEG156 -1826| 2411| | 484|SEG80 -5630| 2411| | 560| SEG5 -7721 -29

29| CAP2- DB10 4239 -2411 181| SEG382 7721| -129| | _257|SEG307 |_333| SEG231 1927| 2411| | _409|SEG155 -1877| 2411 | 485|SEG79 -5680| 2411| | 561|SEG4 -7721 -79

30| CAP2+ DB10 4339 -2411 182| SEG381 7721 -79| |_258| SEG306 | _334| SEG230 1877| 2411| | 410|SEG154 -1927| 2411| | 486|SEG78 -5735| 2411| | 562| SEG3 -7721| -129

31|CAP2+ DB11 4439 -2411 183| SEG380 7721 -29| | _259| SEG305 |_335| SEG229 1826 2411| | 411|SEG153 -1977| 2411| | 487|SEG77 -5795| 2411| | 563| SEG2 -7721| -179

32| CAP3- DB11 4539 -2411 184| SEG379 7721 21| |_260|SEG304 |_336| SEG228 1776 2411| | 412|SEG152 -2027| 2411| | 488|SEG76 -5855| 2411 564| SEG1 -7721| -229

33| CAP3- DB12 4639 -2411 185| SEG378 7721 71| |_261|SEG303 |_337| SEG227 1726 2411| | 413|SEG151 -2077| 2411| | 489|SEG75 -5915| 2411 565 COM40 -7721| -279

34| CAP3+ DB12 4739 -2411 186 | SEG377 7721 121 | _262| SEG302 |_338| SEG226 1676 2411| | 414|SEG150 -2127| 2411| | 490|SEG74 -5975| 2411 566/ COM39 -7721| -329

| 35| CAP3+ DB13 4839 -2411 187| SEG376 7721 171| [ 263| SEG301 |_339| SEG225 1626 2411| | 415|SEG149 -2177| 2411| | 491|SEG73 -6035| 2411 567| COM38 -7721| -379

36| CAP4- DB13 4939 -2411| | 188| SEG375 7721 221| |_264|SEG300 |_340| SEG224 1576| 2411| | 416|SEG148 -2227| 2411 | 492|SEG72 -6095| 2411 568 COM37 -7721| -429

37| CAP4- DB14 5040 -2411| | 189|SEG374 7721 271| |_265|SEG299 | _341| SEG223 1526| 2411| | 417|SEG147 -2277| 2411 [ 493|SEG71 -6155| 2411 569 COM36 -7721| -479

38| CAP4+ DB14 5140 -2411| | 190|SEG373 7721 321| | _266|SEG298 | _342| SEG222 1476 2411| | 418|SEG146 -2327| 2411| | 494|SEG70 -6216| 2411 570| COM35 -7721| -529

39| CAP4+ DB15 5240 -2411| [ 191|SEG372 7721 371| |_267|SEG297 | _343| SEG221 1426 2411| | 419|SEG145 -2377| 2411| | 495| SEG69 -6276| 2411 571/ COM34 -7721| -579

40| CAPS- DB15 5340 -2411| [ 192|SEG371 7721 421| | _268| SEG296 |_344| SEG220 1376| 2411| | 420|SEG144 -2427| 2411| | _496|SEG68 -6336| 2411 572| COM33 -7721| -629

41| CAPS- CL1 5440 -2411| | 193|SEG370 7721 472| |_269| SEG295 | _345|SEG219 1326 2411| | 421|SEG143 -2477| 2411 | 497|SEG67 -6396| 2411 573/ COM32 -7721| -679

42| CAPS+ CL1 5540 -2411| | 194|SEG369 7721 522| | _270|SEG294 | _346|SEG218 1276| 2411| | 422|SEG142 -2527| 2411| | 498| SEG66 -6456| 2411 574| COM31 -7721|  -729

43| CAPS+ FLM 5640 -2411| | 195|SEG368 7721 572| | _271|SEG293 | 347|SEG217 1226 2411| | 423|SEG141 -2577| 2411| | 499| SEG6S -6516| 2411 575/ COM30 -7721| 779

44| CAP6- FLM 5740 -2411| [ 196|SEG367 7721 622| | _272| SEG292 |_348| SEG216 1176| 2411| | 424|SEG140 -2627| 2411| | 500| SEG64 -6576| 2411 576 COM29 -7721| -830

|_45| CAP6- M 5840 -2411| [ 197|SEG366 7721 672| | _273|SEG291 |_349| SEG215 1126 2411| | 425|SEG139 -2677| 2411| | 501|SEG63 -6636| 2411 577/ COM28 -7721| -880

46| CAP6+ M 5940 -2411| | 198| SEG365 7721 722| |_274|SEG290 |_350| SEG214 1076| 2411| | 426|SEG138 -2727| 2411| | 502]| SEG62 -6697| 2411 578| COM27 -7721| -930

47| CAP6+ CL2 6040 -2411| [ 199|SEG364 7721 772| |_275|SEG289 | 351| SEG213 1026| 2411| | 427|SEG137 -2777| 2411| | 503]| SEG61 -6757| 2411 579| COM26 -7721| -980

48| Vci CL2 6140 -2411| | 200/ SEG363 7721 822| | _276|SEG288 |_352| SEG212 976| 2411| | 428|SEG136 -2827| 2411| | 504|SEG60 -6817| 2411 580 COM25 -7721| -1030

49| Vei 0sc1 6241 -2411| | 201|SEG362 7721 872| | _277|SEG287 |_353| SEG211 926| 2411| | 429|SEG135 -2877| 2411 | 505|SEG59 -6877| 2411 581| COM24 -7721| -1080

50/ Vei 0sc1 6341 -2411| | 202|SEG361 7721 922| | _278| SEG286 |_354| SEG210 876 2411| | 430|SEG134 -2927| 2411| | 506|SEG58 -6937| 2411 582| COM23 -7721| -1130

51| Vci 0sc2 6441 -2411| | _203|SEG360 7721 972| |_279|SEG285 |_355| SEG209 826 2411| | 431|SEG133 -2977| 2411 | 507|SEG57 -6997| 2411 583| COM22 -7721| -1180

52| Vci 0sc2 6541 -2411| | 204|SEG359 7721| 1022| | _280|SEG284 |_356| SEG208 776 2411| | 432|SEG132 -3027| 2411| | 508| SEG56 -7057| 2411 584 COM21 -7721| -1230

53| Vee DUMMY10 6641 -2411| | 205|SEG358 7721| 1072| | _281|SEG283 | _357| SEG207 726 2411| | 433|SEG131 -3077| 2411| | 509|SEG55 -7117| 2411 585| COM20 -7721| -1280

54|Vce DUMMY11 6780 -2411| | 206|SEG357 7721| 1122| | 282|SEG282 |_358| SEG206 676 2411| | 434|SEG130 -3128| 2411| | 510|SEG54 -7178| 2411 586/ COM19 -7721| -1330

|_55|Vce DUMMY12 6920 -2411| | 207|SEG356 7721| 1172| | _283|SEG281 |_359| SEG205 626 2411| | 435|SEG129 -3178| 2411 | 511|SEG53 -7238| 2411 587/ COM18 -7721| -1380

56| Vee DUMMY13 7020 -2411| | _208| SEG355 7721| 1222| | _284|SEG280 |_360| SEG204 575| 2411| | 436|SEG128 -3228| 2411 | 512|SEG52 -7298| 2411 588/ COM17 -7721| -1430

57| Vee DUMMY14 7120 -2411| | 209|SEG354 7721| 1272| | _285|SEG279 | _361| SEG203 525| 2411| | 437|SEG127 -3278| 2411 [ 513|SEG51 -7358| 2411 589| COM16 -7721| -1480

58| Vee DUMMY15 7220 -2411| | 210/ SEG353 7721| 1322| | _286|SEG278 |_362| SEG202 475| 2411| | 438|SEG126 -3328| 2411| | 514|SEG50 -7418| 2411 590| COM15 -7721| -1530

59| VTEST DUMMY16 7320 -2411| [ 211|SEG352 7721| 1372| | _287|SEG277 |_363| SEG201 425| 2411| | 439|SEG125 -3378| 2411 | 515|SEG49 -7478| 2411 591|COM14 -7721| -1580

60| VREG DUMMY17 7420 -2411| | 212|SEG351 7721| 1422| | _288|SEG276 |_364| SEG200 375| 2411| | 440|SEG124 -3428| 2411 516 DUMMY21 -7721| 2411 592| COM13 -7721| -1630

| 61| VSW1 DUMMY18 7520 -2411| [ 213|SEG350 7721| 1472| | _289|SEG275 | _365| SEG199 325| 2411| | 441|SEG123 -3478| 2411 | 517|SEG48 -7721| 2123 593| COM12 -7721| -1680

62| VSW2 DUMMY19 7721 -2411| | 214|SEG349 7721| 1522| | _290|SEG274 | _366| SEG198 275| 2411| | 442|SEG122 -3528| 2411 | 518|SEG47 -7721| 2073 594| COM11 -7721| -1730

|_63|VSW3 Com41 7721 -2231| | 215|SEG348 7721| 1572| | _291|SEG273 | 367| SEG197 225| 2411| | 443|SEG121 -3578| 2411| | 519|SEG46 -7721| 2023 595/ COM10 -7721| -1780

64| GND COMm42 7721 -2181| | 216|SEG347 7721| 1622| | _292|SEG272 |_368| SEG196 175| 2411 | 444|SEG120 -3628| 2411| | 520|SEG45 -7721| 1973 596 COM9 -7721| -1830

| 65/ GND COm43 7721 -2131| [ 217|SEG346 7721| 1672| | _293|SEG271 |_369| SEG195 125| 2411 | 445|SEG119 -3678| 2411| | 521|SEG44 -7721| 1923 597| COM8 -7721| -1880

66| GND COM44 7721 -2081| | _218| SEG345 7721| 1723| | _294|SEG270 |_370| SEG194 75| 2411| | 446|SEG118 -3728| 2411| | 522|SEG43 -7721| 1873 598| COM7. -7721| -1930

67| GND COM45 7721 -2030| [ 219|SEG344 7721| 1773| |_295|SEG269 | 371|SEG193 25| 2411| | _447|SEG117 -3778| 2411 | 523|SEG42 -7721| 1823 599| COM6 -7721| -1980

68| GND COM46 7721 -1980| [_220|SEG343 7721| 1823| | _296|SEG268 | 372| SEG192 -25| 2411| | 448|SEG116 -3828| 2411 | 524|SEG41 -7721| 1773 600 COMS -7721| -2030

69| GND COom47 7721 -1930( [_221|SEG342 7721| 1873| | _297|SEG267 | 373| SEG191 -75| 2411| | 449|SEG115 -3878| 2411| | 525|SEG40 -7721| 1723 601 COM4 -7721| -2081

| 70| TEST COom48 7721 -1880| [ _222|SEG341 7721| 1923| | 298| SEG266 |_374| SEG190 -125| 2411| | 450|SEG114 -3928| 2411 | 526|SEG39 -7721| 1672 602| COM3 -7721| -2131

71| OPOFF COM49 7721 -1830| [_223|SEG340 7721| 1973| | _299|SEG265 |_375|SEG189 -175| 2411| | 451|SEG113 -3978| 2411 | 527|SEG38 -7721| 1622 603| COM2 -7721| -2181

72| VCCDUM1 COMS50 7721 -1780| [_224|SEG339 7721| 2023| | _300| SEG264 | 376| SEG188 -225| 2411| | 452|SEG112 -4028| 2411 | 528| SEG37 -7721| 1572 604 COM1 -7721| -2231

| 73| RESET" COM51 7721 -1730 225|SEG338 7721| 2073 301 SEG263 | 377| SEG187 -275| 2411| | 453|SEG111 -4078| 2411| | 529| SEG36 -7721| 1522| |Lenath 1 (CHO1) -7619| -2411

74/CS" COM52 7721 -1680 226 SEG337 7721| 2123 302| SEG262 | 378| SEG186 -325| 2411| | _454|SEG110 -4128| 2411| | 530| SEG35 -7721| 1472| |Lenath 2 (CHO2) 7619| -2411

75|RS COMS53 7721 -1630 227|DUMMY20 | 7721| 2411| | 303|SEG261 |_379| SEG185 -375| 2411| | 455|SEG109 -4178| 2411 | 531|SEG34 -7721| 1422| |Length 3 (CHO3) 7619| 2411

76/ GNDDUM2 COM54 7721 -1580 228| SEG336 7478| 2411| |_304|SEG260 |_380| SEG184 -425| 2411| |_456|SEG108 -4228| 2411| |_532|SEG33 -7721| 1372| |Length 4 (CHO4) -7619] 2411




HD66761

Pin Functions

Table 1 Pin Functional Description

Number of
Signals Pins 110 Connected to

Functions

IM1, IMO 2 | GND or V..

Selects the MPU interface mode:

IM1 IMO MPU interface mode

GND GND 68-system 16-bit bus interface
GND Vce 68-system 8-bit bus interface
Vce GND 80-system 16-bit bus interface
Vce Vce 80-system 8-bit bus interface

CS* 1 MPU

Selects the HD66761:

Low: HD66761 is selected and can be accessed
High: HD66761 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* 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 a write
strobe signal and writes data at the low level.

RW/RD* 1 MPU

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

Low: Write  High: Read

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

DB0-DB15 16 l[e} MPU

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

COM1-COM 80 (0] LCD
80

Output signals for common drive: All the unused pins
output unselected waveforms. In the display-off
period (D1-0 =00, 01), sleep mode (SLP = 1), or
standby mode (STB = 1), all pins output GND level.
The CMS bit can change the shift direction of the
common signal. For example, if CMS = 0, COM1
shifts to COMB80. If CMS = 1, COMS8O0 shifts to
COM1.

Note that the start position of the common output is
shifted by screen-division driving.

SEG1-SEG 384 (0] LCD
384

Output signals for segment drive. In the display-off
period (D1-0 = 00, 01), sleep mode (SLP = 1), or
standby mode (STB = 1), all pins output GND level.
The SGS bit can change the shift direction of the
segment signal. For example, if SGS = 0, RAM
address 0000 is output from SEGL1. If SGS =1, itis
output from SEG384.

SEG1, SEG4, SEG7, ... display red (R), SEG2,
SEG5, SEGS, ... display green (G), and SEG3,
SEG6, SEGY9, ... display blue (B) (SGS = 0).

HITACHI
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Table 1 Pin Functional Description (cont)
Number of

Signals Pins I/0 Connected to  Functions

V10UT-V5 5 1/0 Capacitor or Used for output from the internal operational

ouT master/slave amplifiers when they are used (OPOFF = GND);
attach a capacitor to stabilize the output. When the
amplifiers are not used (OPOFF =V_.), V1to V5
voltages can be supplied to these pins from the
master side. Adjust the contrast for V1IOUT 2 V.,
V.

Vips 1 — Power supply Power supply for LCD drive. V., (= Vs — GND) =
15.5 V max.

Ve, GND 2 — Power supply Vo 2.2 Vto + 3.6 V; GND (logic): 0 V

0OSCl1, 2 | or O Oscillation- In the master mode, connect an external resistor for

0scC2 resistor R-C oscillation. In the slave mode, fix OSC1 to GND

(master) and open OSC2.

Vci 1 | Power supply Inputs a reference voltage and supplies power to the
step-up circuit; generates the liquid crystal display
drive voltage from the operating voltage. The step-up
output voltage must not be larger than the absolute
maximum ratings.

Must be left disconnected when the step-up circuit is
not used.

VLOUT 1 (0] V ps pin/step-up Potential difference between Vci and GND is four- to

capacitance seven-times-stepped up and then output. Magnitude
of step-up is selected by instruction.

Cl+C1- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

C2+,C2- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

C3+,C3- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

C4+,C4- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

C5+,C5- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

C6+,C6— 2 — Step-up External capacitance should be connected here for

capacitance step-up.

CL2 1 I/O Master/slave In the master mode, the operating clock for slave is
output. In the slave mode, the operating clock is
input.

CL1 1 110 Master/slave In the master mode, the one-raster-row-cycle pulse is
output. In the slave mode, the one-raster-row-cycle
pulse is input.

M 1 1/0 Master/slave In the master mode, the AC-cycle signal is output. In
the slave mode, the AC-cycle signal is input.

FLM 1 /0 Master/slave In the master mode, the frame-start pulse is output.

In the slave mode, the frame-start pulse is input.

HITACHI
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Table 1 Pin Functional Description (cont)
Number of

Signals Pins I/0 Connectedto  Functions

M/S 1 | Vce or GND Enters the master mode in V., level, and the slave
mode in GND level. When one M/S is used, be sure
to set the master mode.

RESET* 1 | MPU or Reset pin. Initializes the LS| when low. Must be reset

external R-C after power-on.
circuit

OPOFF 1 | V.. or GND Turns the internal operational amplifier off when
OPOFF =V, and turns it on when OPOFF = GND.
In the slave mode, turn off the amplifier and supply
V1 to V5 on the master side to the V1OUT to V50UT
pins.

VSW1, 2 | GND Test pins. Must be VSW1, VSW2 = GND, and VSW3

VSw2 = open.

VSW3 1 O —

VREG 1 | Input pin This pin is used when the reference voltage of the
internal power-supply regulator is externally supplied.
When the internal reference voltage (1/2 Vci) is used,
VREG must be opened since the 1/2-Vci level is
output.

VLREF 1 | Input pin Use this pin when the LCD drive voltage is externally
supplied. When the internal power-supply regulator
is used, short VLREF with the V1REF pin.

V1REF 1 (0] Output pin Outputs the LCD drive voltage generated in the
internal power-supply regulator. Insert this pin when
the external temperature-compensation circuit is
used between V1REF and VLREF. If the circuit is
not used, short VIREF and VLREF.

VccDUM 2 (0] Input pins Outputs the internal V. level; shorting this pin sets
the adjacent input pin to the V. level.

GNDDUM 4 (0] Input pins Outputs the internal GND level; shorting this pin sets
the adjacent input pin to the GND level.

Dummy 4 — — Dummy pad. Must be left disconnected.

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

VTEST 1 — — Test pin. Must be left disconnected.

VL1REF 1 (0] — Test pin. Must be left disconnected.

HITACHI
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Block Function Description

System Interface

The HD66761 has four high-speed system interfaces: an 80-system 16-bit/8-bit bus and a 68-system 16-
bit/8-bit bus. The interface mode is selected by the IM1-0 pins.

The HD66761 has three 16-bit registers: an index register (IR), a write data register (WDR), and a read
data register (RDR). The IR stores index 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 is first written
into the WDR and then is automatically written into the GRAM by internal operation. Data is read

through the RDR when reading from the GRAM, and the first read data is invalid and the second and the
following data are normal. When a logic operation is performed inside of the HD66761 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 data into 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.

Table 2 Register Selection
80-series Bus 68-series
Bus
WR Bits  RD Bits R/W Bits RS Bits Operations
0 1 0 0 Writes indexes into IR

Reads internal status

1 0 1 0
0 1 0 1 Writes into control registers and GRAM through WDR
1 0 1 1 Reads from GRAM through RDR

Bit Operation

The HD66761 supports the following functions: a swap function that writes the data written from the
MPU into the GRAM by reversing the display position vertically in byte units, a write data mask function
that selects and writes data into the GRAM in bit units, and a logic 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 data in the GRAM at high speed. For details, see the
Graphics Operation Function section.

Address Counter (AC)

The address counter (AC) assigns addresses to the GRAM. When an address set instruction is written 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.

HITACHI
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Graphics RAM (GRAM)

The graphics RAM (GRAM) has eight bits/pixel and stores the bit-pattern data of 128 x 80 bytes.

Grayscale Palette (GSP)

The grayscale palette (GSP) is a palette table that converts the information (three bits for each color: two
bits for B) read from the GRAM to 4-bit grayscale data. Any 256 of the 4,096 possible colors can be
displayed at the same time. For details, see the Grayscale Palette section.

Grayscale Control Circuit

The grayscale control circuit performs 16-grayscale control with the frame rate control (FRC) method for
grayscale display for each color. For details, see the Grayscale Palette section.

Timing Generator

The timing generator generates timing signals for the operation of internal circuits such as the GRAM.
The RAM read timing for display and internal operation timing by MPU access are generated separately
to avoid interference with one another. The timing generator generates the master-slave interface signals
(M, FLM, CL1, and CL2) at master/slave operation.

Oscillation Circuit (OSC)

The HD66761 can provide R-C oscillation simply through the addition of an external 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 also
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 80 common signal drivers (COM1 to COM80) and

384 segment signal drivers (SEG1 to SEG384). When the number of lines are selected by a program, the
required common signal drivers automatically output drive waveforms, while the other common signal
drivers continue to output unselected waveforms.

Display pattern data is latched when 384-bit data has arrived. The latched data then enables the segment
signal drivers to generate drive waveform outputs. The shift direction of 384-bit data can be changed by
the SGS bit. The shift direction for the common driver can also be changed by the CMS bit by selecting
an appropriate direction for the device mounting configuration.

When multiplexing drive is not used, or during the standby or sleep mode, all the above common and
segment signal drivers output the GND level, halting the display.

HITACHI
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Step-up Circuit (DC-DC Converter)

The step-up generates four-, five-, six-, or seven-times voltage input to the Vci pin. With this, both the
internal logic units and LCD drivers can be controlled with a single power supply. Step-up output level
from four-times to seven-times step-up can be selected by software. For details, see the Power Supply for
Liquid Crystal Display Drive section.

V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the LCD drive
power supply circuit. No external resistors are required because of the internal bleeder-resistor, which
generates different levels of LCD drive voltage. This internal bleeder-resistor can be software-specified
from 1/5 bias to 1/10 bias, according to the liquid crystal display drive duty value. For details, see the
Power Supply for Liquid Crystal Display Drive section.

Contrast Adjuster

The contrast adjuster can be used to adjust LCD contrast in 128 steps by varying the LCD drive voltage
by software. This can be used to select an appropriate LCD brightness or to compensate for temperature.

Power-supply Regulator

The power-supply regulator generates the LCD drive voltage from the reference voltage, which does not
depend on the LCD load current. The fluctuating LCD drive voltage can be controlled for the fluctuating
LCD load current. For details, see the Liquid Crystal Display Voltage Generator section.

HITACHI
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GRAM Address Map (HD66761)

Table 3 Relationship between Display Position and GRAM Address (GS =0, SGS = 0)

™| < O |~ |0 | o0 |dlN | M|«
dlalm|<s|w|ol~lololSlD] Y »& SI5Im 638883
seGicoMPin | 21212131310 212121818 8l § (818 81812100120)210
nnnnnn nnn n nn 0nlum Ninn nun nun unun
CMs=0|cMs=1[9% P %P P P P ¥ L R A S
Com1 | COM80 '0000"H 0001"H 003E"H 003F"H
COM2 | COM79 0100"H 0101"H I 013E"H 013F"H
COM3 | COM78 0200"H 0201"H I 023E"H 023F"H
COM4 | COM77 0300"H 0301"H 033E"H 033F"H
COM5 | COM76 0400"H 0401"H 043E"H 043F"H
COM6 | COM75 0500"H 0501H 053E"H 053F"H
COM7 | COM74 0600"H 0601"H 063E"H 063F"H
COM8 | COM73 0700"H 0701"H I 073E"H 073F"H
COM9 | COM72 0800"H 0801"H 083E"H 083F"H
COM10 | COM71 0900"H 0901"H 093E"H 093F"H
COM11 | COM70 0A00"H 0AO01"H OA3E"H OA3F"H
COM12 | COM69 0BO0"H 0BO1"H OB3E"H 0B3F'H
COM13 | COME8 0C00"H 0CO01"H 0C3E"H 0C3F"H
COM14 | COM67 0ODOO0O"H 0DO1"H I OD3E"H OD3F"H
COM15 | COM66 OE00"H OEO01"H OE3E"H OE3F"H
COM16 | COM65 OF00"H OF01"H OF3E"H OF3F"H
COM17 | COM64 1000"H 1001"H 103E"H 103F"H
COM18 | COM63 1100"H 1101"H 113E"H 113F"H
COM19 | COM62 1200"H 1201"H I 123E"H 123F"'H
COM20 | COM61 1300"H 1301"H 133E"H 133F"H
Ccom73 | COM8 4800"H 4801"H '483E"H 483F"H
COM74 | COM7 4900"H 4901"H '493E"H 493F"H
COM75 | COM6 4A00"H 4A01"H T 4A3E"H 4A3F"H
COM76 | COM5 4B00"H 4B01"H 4B3E"H 4B3F"H
COM77 | COM4 4CO00"H 4CO1"H 4C3E"H 4C3F'H
com7g | COM3 4D00"H 4D01"H 4D3E"H 4D3F"H
COM79 | COM2 4E00"H 4E01"H 4E3E"H 4E3F'H
COM80 | COM1 4F00"H 4F01"H 4F3E"H 4AF3F"H
Table 4 Relationship between GRAM Data and Display Contents
DB |DB |DB |DB |DB |DB |DB |DB |DB |DB |DB |DB |DB | DB |DB | DB
GRAMDaa | 15 |14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 2 |1 0
Selection Palette RK palette GK palette |BK palette| RK palette GK palette | BK palette
OutputPin | SEG(6n+1) | SEG(6n+2) | ooy | SEG(6n+d) | SEG(6m5) | oo

Note: n = Lower 7-bit address (0 to 63)
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Table 5 Relationship between Display Position and GRAM Address (GS =0, SGS = 1)

o ot o REINEIE TN A

N Oannonannnonnn nnNnnnnnnnnon

Cms=0 | Cms=1 | F-—-0F B> B[P pI P 3B R
COM1 | COM80 "003F"H "003E"H ssrsanaene "0001"H "0000"H
COM2 | COM79 "013F"H "013E"H ITLLIIIL "0101"H "0100"H
COM3 | COM78 "023F"H "023E"H CCTTLLITY "0201"H "0200"H
COM4 | COM77 "033F"H "033E"H LLLLLELEYE "0301"H "0300"H
COM5 | COM76 "043F"H "043E"H LREL L "0401"H "0400"H
COM6 | COM75 "053F"H "053E"H EEREEREEN "0501H "0500"H
COM7 | COM74 "063F"H "063E"H LLELLEELE "0601"H "0600"H
COM8 | COM73 "073F"H "073E"H CCTTLLITY "0701"H "0700"H
COM9 | COM72 "083F"H "083E"H ITLLIIIL "0801"H "0800"H
COM10 | COM71 "093F"H "093E"H LLLLLELEYE "0901"H "0900"H
COM11 | COM70 "0A3F"H "OA3E"H LREL L "0AO01"H "0OA00"H
COM12 | COM69 "OB3F"H "OB3E"H LLELLEELE "0BO1"H "0BO0"H
COM13 | COM68 "0C3F"H "OC3E"H T "0CO1"H "0CO0"H
COM14 | COM67 "OD3F"H "OD3E"H ITLLIIIL "ODO1"H "0D00"H
COM15 | COM66 "OE3F"H "OE3E"H LLLLLLLLLL) "OEO1"H "OEOO0"H
COM16 | COM65 "OF3F"H "OF3E"H LREL L "OF01"H "OF00"H
COM17 | COM64 "103F"H "103E"H LREL L "1001"H "1000"H
COM18 | COM63 "113F"H "113E"H EEREEREEN "1101"H "1100"H
COM19 | COM62 "123F"H "123E"H CCTTLLITY "1201"H "1200"H
COM20 | COM61 "133F"'H "133E"H T "1301"H "1300"H
COM73 | COM8 "483F"H "483E"H LLELLEELE "4801"H "4800"H
COM74 | COM7 "493F"H "493E"H sEEsmanuan "4901"H "4900"H
COM75 | COM6 "4A3F"'H "AA3E"H LLLELITITE "4A01"H "4A00"H
COM76 | COM5 "4B3F"'H "4B3E"H TLLLITIIL "4B0O1"H "4B00"H
COM77 | COM4 "4AC3F"H "4C3E"H LREL L "4CO1"H "4C00"H
COM78 | COM3 "AD3F"H "AD3E"H LRELLLLLE L "4D01"H "4D00"H
COM79 | COM2 "AE3F"'H "4AE3E"H LLLLLLLLLL) "4EO01"H "4EO00"H
COM80 | COM1 "AF3F"H "AF3E"H pLLbLLLLLL "AF01"H "4F00"H

Table 6 Relationship between GRAM Data and Display Contents

DB‘DB‘DB DB‘DB‘DB DB‘DB DB‘DB‘DB DB‘DB‘DB DB‘DB

GRAM Data

15141131211 /10, 9| 8| 71615 |43/ 2]111]0

Selection Palette RK palette GK palette |BK palette| RK palette GK palette BK palette
Output Pin SEG (384-6n) | SEG (383-6n) |SEG (382-6n) SEG (381-6n) | SEG (380-6n) |SEG (379-6n)

Note: n = Lower 7-bit address (0 to 63)
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Table 7 Relationship between Display Position and GRAM Address (GS =1, SGS = 0)

SEG/ICOMPIn |3 dld &8 28 I 3 B8 86 36 o

%""'I(J/)J (L})J [ % (L'A""'(L})J (u/% i I("/)J ILELTRTRTY] (L}J)uu |(_|DJ (UA--.HEDJ (L%uu |(_|,J) |(_})Juu (L}J)

CMs=0[ CMs=1| —Gpop Gp[oe  PioP O R A 1 s
Com1 | COM80 0000"H 0001"H '000E"H 000F"H
COM2 | COM79 0100"H 0101"H I 010E"H 010F"H
COM3 | COM78 0200"H 0201"H 020E"H 020F"H
COM4 | COM77 0300"H 0301"H 030E"H 030F"H
COM5 | COM76 0400"H 0401"H 040E"H 040F"H
COM6 | COM75 0500"H 0501H 050E"H 050F"H
COM7 | COM74 0600"H 0601"H 060E"H 060F"H
COM8 | COM73 0700"H 0701"H T 070E"H 070F"'H
COM9 | COM72 0800"H 0801"H 080E"H 080F"H
COM10 | COM71 0900"H 0901"H 090E"H 090F"H
COM11 | COM70 0A00"H 0AO1"H OAOE"H OAOF"H
COM12 | COM69 0BO0"H 0OBO1"H OBOE"H OBOF"H
COM13| COM68 0C00"H 0CO1"H 0COE"H 0COF"H
COM14 | COM67 0DOO"H 0DO1"H ODOE"H ODOF"H
COM15 | COM66 OE00"H OEO01"H OEOE"H OEOF"H
COM16 | COM65 OF00"H OF01"H OFOE"H OFOF"H
COM17 | COM64 1000"H 1001"H 100E"H 100F"H
COM18 | COME3 1100"H 1101"H 110E"H 110F"H
COM19 | COM62 1200"H 1201"H I 120E"H 120F"H
COM20 | COM61 1300"H 1301"H 130E"H 130F"H
CcomM73| COMS8 4800"H 4801"H "480E"H 480F"H
COM74 | COM7 4900"H 4901"H "490E"H 490F"H
com7s5| COMé6 4A00"H 4A01"H "4AOE"H 4A0F"H
COM76 | COM5 4B00"H 4B01"H "4BOE"H 4BOF"H
COM77| COM4 4CO0"H 4CO1"H "4COE"H 4COF"H
Ccom78 | COM3 4D00"H 4D01"H "4DOE"H 4DOF"H
COM79 | COM2 4E00"H 4E01"H "4EOE"H 4EOF"H
ComM80| COM1 "4F00"H "4F01"H "4FOE"H AFOF"H

Notes: 1. When GS = 1, the address is automatically updated in 0000H to 4FOFH.
2. When the GS bit is updated, the RAM data must be rewritten.
Table 8 Relationship between GRAM Data and Display Contents

GRAM Data |PB | DB | DB DB DB | DB DB DB| DB DB| DB| DB DB| DB DB DB
15 114 |13 |12 |11 |10 | 9 | 8 | 7 | 6| 5| 43| 2] 1]0
Selection Palette | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK

Output Pin

SEG (24n+1)

SEG (24n+3)

SEG (24n+4)

SEG (24n+6)

SEG (24n+7)

SEG (24n+9)

SEG (24n+10)
'
' '

SEG (24n+15)

SEG (24n+13)
'

SEG (24n+12)

SEG (24n+16)
'

SEG (24n+18)

SEG (24n+19)
'

SEG (24n+21)

SEG (24n+22)
.

SEG (24n+24)

Note: n = Lower 4-bit address (0 to 15)
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Table 9 Relationship between Display Position and GRAM Address (GS =1, SGS = 1)

SEG/ICOMPIn |® Ol 0|0 68 3 o BB B JE 3
g o e o A %""II("/)J I(_IDJ.... e Mevssri)| Heeer 10
CMS=0| CMS=1]%8 o8 % . 0¢/%e o8 o %8...08{08. . belos. . o8ioe. .08
COM1 | COM80 000F"H 000E"H LLLLELEELY 0001"H 0000"H
COM2 | COM79 010F"H 010E"H LLLLLLLLLL) 0101"H 0100"H
COM3 | com7s8 020F"'H 020E"H L LLELLL L 0201"H 0200"H
COM4 | com77 030F"H 030E"H nEEEEEEEEE 0301"H 0300"H
COM5 | COM76 040F"H 040E"H YT 0401"H 0400"H
COM6 | COM75 050F"H 050E"H CCTTLLITY 0501H 0500"H
COM7 | COM74 060F"H 060E"H LEYIYTY 0601"H 0600"H
COM8 | COM73 070F"H 070E"H LLLLLLLLLL) 0701"H 0700"H
COM9 | com72 080F"H 080E"H LLLLELEELY 0801"H 0800"H
COM10 | com71 090F"H 090E"H LRLRLLELLL 0901"H 0900"H
COM11| com70 OAOF"H OAOE"H CCTTLLITY 0AO01"H 0A00"H
COM12 | COM69 0BOF"H OBOE"H CCTTLLITY 0BO1"H 0B0OO"H
COM13 | COM68 0COF"H 0COE"H LEYIYTY 0CO1"H 0C00"H
COM14 | com67 ODOF"H ODOE"H LREL L 0DO1"H 0DO0"H
COM15 | coM66 OEOF"H OEOE"H nEEEEEEEEn OEO1"H OEOO0"H
COM16 | COM65 OFOF"H OFOE"H ITLLIIIL OF01"H OF00"H
COM17 | COM64 100F"H 100E"H CCTTLLITY 1001"H 1000"H
COM18 | COM63 110F"H 110E"H LLLLLLLLLL) 1101"H 1100"H
COM19 | COM62 120F"H 120E"H LLLLLLLLLL) 1201"H 1200"H
COM20 | comel 130F"'H 130E"H LREL L 1301"H 1300"H
COM73 | COMS8 480F"H 480E"H CCTTLLITY "4801"H "4800"H
COM74 | COM7 490F"H 490E"H LLLLLLLLLL) "4901"H "4900"H
COM75| COM6 4A0F"H 4A0E"H LREL L "4A01"H "4A00"H
COM76 | COM5 4BOF"H 4BOE"H LREL L "4B0O1"H "4B0O0"H
COM77 | COM4 4COF"H 4COE"H ssnsenEnns "4AC01"H "4C00"H
COM78 | COMS3 4DOF"H 4DOE"H T "4AD01"H "4D00"H
COM79 | COM2 4EOF"H 4EOE"H TLLLITIIL "4EQ1"H "4EQQ0"H
COM80 | COM1 4FOF"H 4FOE"H LR LLLE L "4F01"H "4F00"H
Notes: 1. When GS = 1, the address is automatically updated in 0000H to 4FOFH.
2. When the GS bit is updated, the RAM data must be rewritten.
Table 10 Relationship between GRAM Data and Display Contents
GRAM Data DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
15 | 14 | 13 ] 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Selection Palette| RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK

Output Pin

SEG (384-24n)
:

SEG (382-24n)

SEG (381-24n)
'

SEG (379-24n)

SEG (378-24n)
f

SEG (376-24n)

SEG (375-24n)
1

SEG (373-24n)

SEG (372-24n)
s

SEG (370-24n)

SEG (369-24n)
'

SEG (367-24n)

SEG (366-24n)
'

SEG (364-24n)

SEG (363-24n)
'

SEG (361-24n)

Note: n = Lower 4-bit address (0 to 15)
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Instructions

Outline

The HD66761 uses the 16-bit bus architecture. Before the internal operation of the HD66761 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 HD66761 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 DB0), make up the HD66761 instructions.
There are eight 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 data to and from the internal GRAM

Set grayscale level for the internal grayscale palette table

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.
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Instruction Descriptions

Index

The index instruction specifies the RAM control indexes (ROOh to R39h). It sets the register number in
the range of 000000 to 111001 in binary form. However, R40h to R44h are disabled since they are test
registers.

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

Wi 0 * * * * * * * * * | ID6| ID5|ID4 | ID3 | ID2 |ID1 | IDO

Figure 1 Index Instruction

Status Read
The status read instruction reads the internal status of the HD66761.
L6-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

C6-0: Read the contrast setting values (CT6-0).

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

R| O O | L6 |L5| L4 |L3 |L2 L1 |LO 0 C6C5]C4/C3|]C2|C1|CO

Figure 2 Status Read Instruction

Start Oscillation (ROOh)

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

If this register is read forcibly, *761H is read. Since the MSB reads the maser/slave setting, 8761H is
read when M/S pin = Vcc (master mode), and 0761H is read when M/S pin = GND (slave mode).

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

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

R 1 ||M/S| O 0 0 0 1 1 1 0 1 1 0 0 0 0 1

Figure 3 Start Oscillation Instruction
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Driver Output Control (RO1h)

CMS: Selects the output shift direction of a common driver. When CMS = 0, COM1 shifts to COM80.
When CMS = 1, COMB8O0 shifts to COM1.

SGS: Selects the output shift direction of a segment driver. When SGS = 0, SEG1 shifts to SEG384.
When SGS = 1, SEG384 shifts to SEG1. When SGS = 0, the SEG1 pin assigns the color display to R, G,
or B. When SGS = 1, the SEG384 pin assigns R, G, or B to the color display.

NL3-0: Specify the LCD drive duty ratio. The duty ratio can be adjusted for every eight raster-rows.
GRAM address mapping does not depend on the setting value of the drive duty ratio.

R/W 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 |[CMS/SGS| 0O 0 0 0 | NL3|NL2 |NL1|NLO

Figure 4 Driver Output Control Instruction

Table 11  NL Bits and Drive Duty

NL3 NL2 NL1 NLO Display Size LCD Drive Duty Common Driver Used
0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 1 384 x 16 dots 1/16 Duty COM1-COM16
0 0 1 0 384 x 24 dots 1/24 Duty COM1-COM24
0 0 1 1 384 x 32 dots 1/32 Duty COM1-COM32
0 1 0 0 384 x 40 dots 1/40 Duty COM1-COM40
0 1 0 1 384 x 48 dots 1/48 Duty COM1-COM48
0 1 1 0 384 x 56 dots 1/56 Duty COM1-COM56
0 1 1 1 384 x 64 dots 1/64 Duty COM1-COM64
1 0 0 0 384 x 72 dots 1/72 Duty COM1-COM72
1 0 0 1 384 x 80 dots 1/80 Duty COM1-COMB80
HITACHI
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LCD-Driving-Waveform Control (RO2h)

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive.

When B/C = 1, a C-pattern waveform is generated and alternates in each raster-row specified by bits
EOR and NW4-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 alternating drive. EOR is used when the LCD is not
alternated by combining the set values of the LCD drive duty ratio and the n raster-row. For details, see
the n-raster-row Reversed AC Drive section.

NW4-0: Specify the number of raster-rows n that will alternate at the C-pattern waveform setting (B/C =
1). NW4-NWO alternate for every set value + 1 raster-row, and the first to the 32nd raster-rows can be
selected.

R/W RS DB15 DB14 DB13DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W 1 0 0 0 0 0 0 0 0 0 | B/C |[EOR|NW4|NW3NW2 NW1 NWO

Figure 5 LCD-Driving-Waveform Control Instruction

Power Control (RO3h)

BS2-0:The LCD drive bias value is set within the range of a 1/5 to 1/10 bias. The LCD drive bias value
can be selected according to its drive duty ratio and voltage. For details, see the Liquid-crystal-display
Drive-bias Selector section.

BT1-0: The output factor of VLOUT between four-times, five-times, six-times, and seven-times step-up
is switched. The LCD drive voltage level can be selected according to its drive duty ratio and bias.
Lower amplification of the step-up circuit consumes less current.

PS1-0:The internal or external power supply is selected as the reference power supply for the LCD
drive-voltage generator.

DC1-0: 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 is increased. Adjust the frequency considering the display quality and the current
consumption.

AP1-0: The amount of fixed current from the fixed current source in the operational amplifier for V pins
(V1 to V5) is adjusted. When the amount of fixed current is large, the LCD driving ability and the
display quality become high, but the current consumption is increased. Adjust the fixed current
considering the display quality and the current consumption.

During no display, when AP1-0 = 00, the current consumption can be reduced by ending the operational
amplifier and step-up circuit operation.

SLP: When SLP =1, the HD66761 enters the sleep mode, where the internal display operations are
halted except for the R-C oscillator, thus reducing current consumption. For details, see the Sleep Mode
section. Only the following instructions can be executed during the sleep mode.
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Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB bits)

During the sleep mode, the other GRAM data and instructions cannot be updated although they are
retained.

STB: When STB = 1, the HD66761 enters the standby mode, where display operation completely stops,
halting all the internal operations including the internal R-C oscillator. Further, no external clock pulses
are supplied. 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
c. Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB bits)

During the standby mode, the GRAM data and instructions may be lost. To prevent this, they must be set
again after the standby mode is canceled.

Table 12 BS Bits and LCD Drive Bias Value

BS2 BS1 BSO LCD Drive Bias Value

Setting disabled

1/10 bias drive

1/9 bias drive

1/8 bias drive

1/7 bias drive

1/6 bias drive

1/5 bias drive

Ll Nl o N el Nel Nel Ne)
RPlIPRP|O|O|lRFR|FL]O]| O
RPlO|FRP|O|lFR,]|O]lRF]O

Setting disabled

Table 13 BT Bits and Output Level

BT1 BTO VLOUT Output Level
0 0 Four-times step-up
0 1 Five-times step-up

1 0 Six-times step-up

1 1 Seven-times step-up

Table 14  DC Bits and Operating Clock Frequency

DC1 DCO Operating Clock Frequency in the Step-up Circuit
0 0 32-divided clock

0 1 16-divided clock

1 0 128-divided clock

1 1 64-divided clock
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Table 15 AP Bits and Amount of Fixed Current

AP1 APO Amount of Fixed Current in the Operational Amplifier
0 0 Operational amplifier and booster do not operate.

0 1 Small

1 0 Middle

1 1 Large

Table 16 ~ Switching Reference Power Supply

PS1 PSO VREG Pin V1REF Pin VLREF Pin
0 0 Output (1/2Vci) Output (1/2Vcix  Input (from V1REF pin)
N-times)
0 1 Input (Vreg) Output (Vreg x Input (from V1REF)
N-times) Vreg: Voltage input from the VREG pin
1 0 Open (High-2) Open (High-2) Input (Vicd: LCD voltage)

Vlcd: Voltage input from the VLREF pin

1 1 Setting disabled

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

w 1 0 0 0 |BS2|BS1|BS0|BT1|BT0|PS1|PSO|DC1/DCO|AP1|APO|SLP|STB

Figure 6 Power Control Instruction

Contrast Control (R04h)

CT6-0: These bits control the LCD drive voltage (potential difference between V1 and GND) to adjust
128-step contrast. For details, see the Contrast Adjuster section.

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

W 1 0 0|0 0 0 |VR2|VR1|VRO| 0 |CT6|CT5|CT4|CT3|CT2|CT1|CTO

Figure 7 Contrast Control Instruction
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Vieo HD66761
©
r CT6: short, 3R
VR
k CT5-0: 0.05R-3.2R
R V1
V2
V3
Ro BS2-0: 0-7R
R V4
V5
R
,CND : GND

Figure 8 Contrast Adjuster

Table 17  CT Bits and Variable Resistor Value of Contrast Adjuster

CT Set Value Variable Resistor (VR)

CT5 CT4 CT3 CT2 CT1 CTO CT6=0 CTe=1
0 0 0 0 0 0 6.20 xR 3.20xR
0 0 0 0 0 1 6.15x R 3.15xR
0 0 0 0 1 0 6.10x R 3.10xR
0 0 0 0 1 1 6.05 xR 3.05xR
0 0 0 1 0 0 6.00 x R 3.00xR
1 1 1 1 0 1 3.15xR 0.15x R
1 1 1 1 1 0 3.10xR 0.10xR
1 1 1 1 1 1 3.05xR 0.05xR

VR2-0: These bits adjust the output voltage (V1REF) in the LCD drive reference generator in the range
of six- to 13-times of Vreg (1/2Vci or VREG pin input voltage).
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Table 18 VR Bits and V1REF Voltage

VR2 VR1 VRO V1REF Voltage Setting
0 0 0 Vreg x six-times

0 0 1 Vreg x seven-times

0 1 0 Vreg x eight-times

0 1 1 Vreg X nine-times

1 0 0 Vreg X ten-times

1 0 1 Vreg x 11-times

1 1 0 Vreg x 12-times

1 1 1 Vreg x 13-times

Entry Mode (R0O5h)
Compare Register (RO6h)

The write data sent from the microcomputer is modified in the HD66761 and 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.

SWP: When SWP = 1, the upper and lower bytes in the two-byte data sent from the microcomputer are
swapped and written to the GRAM. When SWP = 0, this bit directly writes the two-byte data sent from
the microcomputer to the GRAM. This swap processing is performed only for the data sent from the
microcomputer before logical operation. When SWP = 1, the upper and lower bytes in the write data
mask (WM15-0) are swapped to be executed with the write data.

I/D: When I/D = 1, the address counter (AC) is automatically incremented by 1 after the data is written to
the GRAM. When I/D = 0, the AC is automatically decremented by 1 after the data is written to the
GRAM.

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 parallel. When AM = 1, the data is continuously written vertically.

LG2-0: Compare the data read from the GRAM by the microcomputer with the compare registers
(CP7-0) by a compare/logical operation and write the results to GRAM. For details, see the
Logical/Compare Operation Function.

CP7-0: Set the compare register for the compare operation with the data read from the GRAM or written
by the microcomputer.

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

w 1 0 0 0 0 0 0 0 |[SWP O 0 0O | /D|AM |LG2 |LG1|LGO

w 1 0 0 0 0 0 0 0 0 |CP7|CP6|CP5|CP4|CP3|CP2|CP1|CPO

Figure 9 Entry Mode and Compare Register
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Write data sent DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
from the

microcomputer

0 0 0 1 1 1 0 0 1 1 1 0 0 0 1 1

(DB15-0)

e I o
SWP ="1" | T 1
Swap of upper 1l 2|l 2]loflofol 2|l 2llololol2|2]2flo0]o0
and lower bytes ‘ ‘ ‘

v v BEAREBEEREEEERE

. Logical operation (read data and write data) Compare operaton (with compare register)
Logical/compare || G2-0="000" Replacement LG2-0 ="100": Replacement of matched read data
operation LG2-0 ="001" OR LG2-0 ="101": Replacement of unmatched read data

LG2-0 LG2-0 ="010" AND LG2-0 ="110" Replacement of matched write data
( —0) LG2-0 ="011": EOR LG2-0 ="111": Replacement of unmatched write data

YV VY YV YV VY Y Yoyy

Write data mask (WM 15-0)

YV V1 Y B EEEENEENR
GRAM

Write data mask*
(WM15-0)

Notes: 1. The write data mask (WM15-0) is set by the register in the RAM Wiite Data Mask section.

2. When SWP =1, the upper and lower bytes in the write data mask are swapped to be executed with
the write data.

Figure 10 Logical/Compare Operation and Swapping for the GRAM

Display Control (R0O7h)

VLE2-1: When VLE1 = 1, a vertical scroll is performed in the 1st screen. When VLE2 =1, a vertical
scroll is performed in the 2nd screen. Vertical scrolling on the two screens can be independently
controlled.

SPT: When SPT =1, the 2-division LCD drive is performed. For details, see the Screen-division Driving
Function section.

GS: When GS = 0, the display is in eight grayscale mode and displays 256 colors by selecting eight
grayscales from 16 grayscale levels. When GS = 1, the display is in four grayscales and displays 256
colors by selecting four grayscales from 16 grayscale levels. In four-grayscale mode, four colors can be
displayed with two bits per pixel (RGB). GRAM data must be rewritten when the GS bit is swapped.

When GS = 1, the GRAM address increments or decrements addresses from 0000H to 4FOFH. For
details, see the Grayscale Palette and Four-color Display Mode sections.

REV: Displays all character and graphics display sections with reversal when REV = 1. For details, see
the Reversed Display Function section. Since the grayscale level can be reversed, display of the same
data is enabled on normally-white and normally-black panels.

D1-0: Display is on when D1 = 1 and off when D1 = 0. When off, the display data remains in the
GRAM, and can be displayed instantly by setting D1 = 1. When D1 is 0, the display is off with the SEG1
to SEG384 outputs and COM1 to COM80 outputs set to the GND level. Because of this, the HD66761
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can control the charging current for the LCD with AC driving.

When D1-0 = 01, the internal display of the HD66761 is performed although the display is off. When
D1-0 = 00, the internal display operation halts and the display is off.

Table 19 D Bits and Operation

HD66761 Internal Display Master/Slave Signal

D1 DO SEG/COM Output Operation (OSC, CL1, FLM, and M)
0 0 GND Halt Halt
0 1 GND Operate Operate
1 0 Unlit display Operate Operate
1 1 Display Operate Operate
Notes: 1. The internal power supply can operate independently from D1-0.
2. Writing from the microcomputer to the GRAM is independent from D1-0.
3. Inthe sleep and standby modes, D1-0 = 00. However, the register contents of D1-0 are not

modified.

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

w1/l ol ool o OV;EVI:[ESPTO ol ol o]as|REV|D1| DO

Figure 11 Display Control Instruction

Cursor Control (RO8h)

C: When C =1, the window cursor display is started. The display mode is selected by the CM1-0 bits,
and the display area is specified in a pixel unit by the horizontal cursor position register (HS6-0 and
HE6-0 bits) and vertical cursor position register (VS6-0 and VE6-0 bhits). The cursor color (CR, CG, or
CB) can be set to any of eight colors in the window cursor. However, the cursor color cannot be
controlled by the grayscale. For details, see the Color Window Cursor Control section.

CM1-0: The display mode of the window cursor is selected. These bits can display a eight-color cursor,
reversed cursor, eight-color blink cursor, and reversed blink cursor.

CR/CB/CG: The window cursor color can be specified. Red, blue, green, white, black, or any
combination color can be displayed. However, the cursor color cannot be controlled by the grayscale.
For details, see the Color Window Cursor Control section.

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

w 1 0 0 0 0 0  CR|CG|CB| O 0 0 c| O 0 |CM1 CMO

Figure 12 Cursor Control Instruction
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Table 20 CM Bits and Window Cursor Display Mode

CM1 CMO Window Cursor Display Mode

0 0 Eight-color cursor (displaying the window cursor with the color specified by CR, CG,
or CB)
0 1 Reversed cursor (displaying reversed grayscale data in the window cursor)
0 Eight-color blink cursor (alternately blinking normal and eight-color display of CR,

CG, or CB in the window cursor)

1 1 Reversed blink cursor (alternately blinking normal and reversed display of the
grayscale data in the window cursor)

Grayscale and Blink Synchronization (R09h)

Initializes the blink and frame counters, which control the blink cycle and grayscale generation,
respectively. During master/slave operation, blinking between master and slave and synchronization of
the grayscale generation cycle are needed. Synchronize the cycle after reading the status and determining
the display-read raster-row.

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

w 1 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0

Figure 13 Grayscale and Blink Synchronization Instructions

Master: D1-0 ="01" set
Slave: D1-0 = "01" set

. Synchronized with
Wait: One or more frames synchronization signals
+ (M, FLM, and CL1)

Master: Status read .

Y

Frame-top read
raster-row

Starts internal display operation

* Blink and grayscale are counted in
the frame-top raster-row.

Master: Grayscale and blink * Continuously synchronizes the grayscale and blink
synchronization for the master and slave.

Slave: Grayscale and blink
synchronization

Figure 14 Grayscale and Blink Synchronization
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Horizontal Scroll Control (R10h)

HL4-0: Specify the amount of horizontal scroll. The horizontal scroll is performed to the left in four-
pixel (RGB) units. After the 128th pixel is displayed, one pixel is displayed. On a divided-screen
display, both screens are scrolled.

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

w 1 0 0 0 0 0| O 0 0 0 0 0 |HL4|HL3 | HL2| HL1| HLO

Figure 15 Horizontal Scroll Control Instructions
Table 21 HL Bits and Horizontal Scroll

HL4 HL3 HL2 HL1 HLO Amount of Horizontal Scroll

0 0 0 0 0 Display from 1st pixel (no scroll)
0 0 0 0 1 Display from 5th pixel
0 0 0 1 0 Display from 9th pixel
0 0 0 1 1 Display from 13th pixel
0 0 1 0 0 Display from 17th pixel
0 0 1 1 0 Display from 121st pixel
1 1 1 Display from 125th pixel

Vertical Scroll Control (R11h)

VL16-10: Specify the display-start raster-row at the 1st screen display for vertical smooth scrolling.
Any raster-row from the first to 80th can be selected. After the 80th raster-row is displayed, the display
restarts from the first raster-row. The display-start raster-row (VL16-10) is valid only when VLE1 = 1.
The raster-row display is fixed when VLE1 = 0. (VLEL1 is the 1st-screen vertical-scroll enable bit.)

VL26-20: Specify the display-start raster-row at the 2nd screen display. The display-start raster-row
(VL26-20) is valid only when VLE2 = 1. The raster-row display is fixed when VLE2 = 0. (VLEZ2 is the
2nd-screen vertical-scroll enable bit.) The vertical scroll for the 1st and 2nd screens can be independently
set.

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

W 1 o | VL |VL VL VL VL |VL VL | g |VL|VL |VL|VL VL VL|VL
26 | 25124 |23 | 22|21 | 20 16 | 15 | 14| 13 | 12 | 11 | 10

Figure 16 Vertical Scroll Control Instruction
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Table 22 VL Bits and Display-start Raster-row

VL26 VL25 VL24 VL23 VL22 VL21 VL20
VL16 VL15 VL14 VL13 VL12 VL11 VL10 Display-start Raster-row

0 0 0 0 0 0 0 1st raster-row
0 0 0 0 0 0 1 2nd raster-row
0 0 0 0 0 1 0 3rd raster-row
0 0 0 0 0 1 1 4th raster-row
0 0 0 0 1 0 0 5th raster-row
1 0 0 1 1 1 0 79th raster-row
1 0 0 1 1 1 1 80th raster-row

Note: Do not set over the 80th (4FH) raster-row.

Horizontal Cursor Position (R12h)
Vertical Cursor Position (R13h)

HS6-0: Specify the start position for horizontally displaying the window cursor in a pixel unit. The
cursor is displayed from the 'set value + 1' pixel. Ensure that HSBHEB—O0.

HEG6-0: Specify the end position for horizontally displaying the window cursor in a pixel unit. The
cursor is displayed to the 'set value + 1' pixel. Ensure that HSBHEB-O.

VS6-0: Specify the start position for vertically displaying the window cursor in a raster-row unit. The
cursor is displayed from the 'set value + 1' raster-row. Ensure that ¥SG6-0.

VEG6-0: Specify the end position for vertically displaying the window cursor in a raster-row unit. The
cursor is displayed to the 'set value + 1' raster-row. Ensure that ¢¥S8=6-0.

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

w 1 0 |HE6|HE5|HE4 HE3|HE2| HE1|HEO| O |HS6|HS5 HS4| HS3|HS2 |HS1|HSO

w 1 0 |VE6|VE5|VE4 |VE3|VE2|VE1|VEO| 0O |VS6|VS5/VS4|VS3|VS2|VS1| VSO

Figure 17 Horizontal Cursor Position and Vertical Cursor Position Instructions
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HS1+1 HE1+1
VS141 f----moommee- 1 1
Window
cursor
VE1+1l [--------------
Note: The cursor position must be included in the display area.

Figure 18 Window Cursor Position

1st Screen Driving Position (R14h)
2nd Screen Driving Position (R15h)

SS16-0Specify the driving start position for the first screen in a line unit. The LCD driving starts from
the 'set value + 1' common driver.

SE16-0:Specify the driving end position for the first screen in a line unit. The LCD driving is

performed to the 'set value + 1' common driver. For instance, when SS16-10 = 07H and SE16-10 = 10H
are set, the LCD driving is performed from COM8 to COM17, and non-selection driving is performed for
COM1 to COM7, COM18, and others. Ensure that SS18-88B16-1G< 4FH. For details, see the
Screen-division Driving Function section.

SS26-0Specify the driving start position for the second screen in a line unit. The LCD driving starts
from the 'set value + 1' common driver. The second screen is driven when SPT = 1.

SE26-0:Specify the driving end position for the second screen in a line unit. The LCD driving is
performed to the 'set value + 1' common driver. For instance, when SPT =1, SS26-20 = 20H, and
SE26-20 = 4FH are set, the LCD driving is performed from COM33 to COM80. Ensure that S$16-10
SE16-10 < SS26-20SE26-2( 4FH. For details, see the Screen-division Driving Function section.

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

W 1 0 |SE16|SE15 SE14|SE13|SE12|SE11|SE10| 0 |SS16|SS15/SS14/SS13|SS12|SS11|SS10

W 1 0 |SE26|SE25|SE24 |SE23|SE22|SE21|SE20| 0 |[SS26|SS25|SS24|SS23|SS22|SS21/SS20

Figure 19 1st Screen Driving Position and 2nd Screen Driving Position
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RAM Write Data Mask (R20h)

WM15-0: 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 WM14—0 bits mask the
write data of DB14—0 in a bit unit. When SWP = 1, the upper and lower bytes in the write data mask are
swapped. For details, see the Graphics Operation Function section.

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

WM| WM |WM| WM| WM | WM| WM| WM|WM| WM| WM|WM| WM| WM|WM| WM
15114 | 13| 12| 11 | 10| 9 8 7 6 5 4 3 2 1 0

w 1

Figure 20 RAM Write Data Mask Instruction

RAM Address Set (R21h)

AD14-0: Initially set GRAM addresses to the address counter (AC). Once the GRAM data is written,

the AC is automatically updated according to the AM and I/D bit settings. This allows consecutive
accesses without resetting addresses. Once the GRAM data is read, the AC is not automatically updated.
In four-color mode (GS = 1), the address for GRAM write is automatically updated from 0O000H to

4FOFH. GRAM address setting is not allowed in the sleep mode or standby mode.

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

AD | AD| AD| AD | AD
Wl o9y 13] 1211 10

AD9 AD8| O 0 |AD5 |AD4 |AD3 AD2 AD1 ADO

Figure 21 RAM Address Set Instruction

Table 23  GRAM Address Range in Eight-grayscale Mode (GS = 0)

AD14-ADO GRAM Setting
"0000"H-"003F"H Bitmap data for COM1
"0100"H-"013F"H Bitmap data for COM2
"0200"H-"023F"H Bitmap data for COM3
"0300"H-"033F"H Bitmap data for COM4
"4C00"H-"4C3F"H Bitmap data for COM77
"4D00"H-"4D3F"H Bitmap data for COM78
"AEO00"H-"4E3F"H Bitmap data for COM79
"4F00"H-"4F3F"H Bitmap data for COM80
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Table 24  GRAM Address Range in Four-grayscale Mode (GS = 1)

AD14-ADO GRAM Setting
"0000"H-"000F"H Bitmap data for COM1
"0100"H-"010F"H Bitmap data for COM2
"0200"H-"020F"H Bitmap data for COM3
"0300"H-"030F"H Bitmap data for COM4
"4C00"H-"4COF"H Bitmap data for COM77
"4D00"H-"4DOF"H Bitmap data for COM78
"AEO00"H-"4EOF"H Bitmap data for COM79
"4F00"H-"4FOF"H Bitmap data for COM80

Write Data to GRAM (R22h)

WD15-0 : Write 16-bit data to the GRAM. This data calls each grayscale palette. After a write, the
address is automatically updated according to the AM and I/D bit settings. During the sleep and standby
modes, the GRAM cannot be accessed.

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

" 1 || WD|WD | WD|WD| WD WD WD WD|WD| WD| WD| WD| WD| WD|WD| WD
1514 | 13| 12| 11 | 10| 9 8 7 6 5 4 3 2 1 0

Figure 22 Write Data to GRAM Instruction

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

WD | WD (WD | WD|WD |WD| WD | WD WD WD | WD |WD|WD|WD | WD |WD
1514 |13 | 12|11 | 10| 9 8 7 6 | 5 4 3 2 1 0

[GRAM write data]

[Eight-grayscale mode] | Ro> | R1 | RO| G2 | G1 |GO |B1 | BO||R2 |[R1 | RO |G2 |G1 | GO | B1 |BO

1 pixel

[Four—grayscalemode]l‘_C’l Cﬂ[ ci|cofcajcojcrjcojcrjcoycrjcojcrjcojcr|co
pixel

Figure 23 GRAM Write Data
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Table 25 GRAM Data and R Grayscale Palette in the Eight-grayscale Mode (GS = 0)

GRAM Data Setting

R2 R1 RO <R> Grayscale Palette

0 0 0 RKO3 RKO02 RKO1 RKO0O0
0 0 1 RK13 RK12 RK11 RK10
0 1 0 RK23 RK22 RK21 RK20
0 1 1 RK33 RK32 RK31 RK30
1 0 0 RK43 RK42 RK41 RK40
1 0 1 RK53 RK52 RK51 RK50
1 1 0 RK63 RK62 RK61 RK60
1 1 1 RK73 RK72 RK71 RK70

Table 26 GRAM Data and G Grayscale Palette in the Eight-grayscale Mode (GS = 0)

GRAM Data Setting

G2 Gl GO <G> Grayscale Palette

0 0 0 GKO03 GKO02 GKO1 GKO00
0 0 1 GK13 GK12 GK11 GK10
0 1 0 GK23 GK22 GK21 GK20
0 1 1 GK33 GK32 GK31 GK30
1 0 0 GK43 GK42 GK41 GK40
1 0 1 GK53 GK52 GK51 GK50
1 1 0 GK63 GK62 GK61 GK60
1 1 1 GK73 GK72 GK71 GK70

Table 27 GRAM Data and B Grayscale Palette in the Eight-grayscale Mode (GS = 0)

GRAM Data Setting

B1 BO <B> Grayscale Palette

0 0 BKO03 BKO02 BKO1 BKOO

0 1 BK13 BK12 BK11 BK10

1 0 BK23 BK22 BK21 BK20

1 1 BK33 BK32 BK31 BK30
HITACHI
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Table 28 GRAM Data and Grayscale Palette in the Four-grayscale Mode (GS =1)

GRAM

Data

Setting

Cl CO <R> Grayscale Palette <G> Grayscale Palette <B> Grayscale Palette

0 0 RKO3 RKO2 RKOL RKOO GKO3 GKO2 GKO1 GKOO BKO3 BKO2 BKOlL  BKOO
0 1 RK13 RK12 RK1l RK10 GK13 GK12 GK11 GK10 BK13 BK12 BK1l  BK10
1 0 RK23 RK22 RK21 RK20 GK23 GK22 GK21 GK20 BK23 BK22 BK21  BK20
1 1 RK33 RK32 RK31 RK30 GK33 GK32 GK31 GK30 BK33 BK32 BK3l BK30

Read Data from GRAM (R22h)

RD15-0 :Read 16-bit data from the GRAM. When the data is 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 a logical operation, is performed within the HD66761, only one read can be
processed since the latched data in the first word is used.

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

R 1 RD |RD |RD| RD|RD|RD| RD|RD|RD | RD | RD|RD|RD|RD|RD | RD
1514 | 13| 12| 11 | 10| 9 8 7 6 5 4 3 2 1 0

Figure 24 Read Data from GRAM Instruction
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| Sets the I/D and AM bits | | Sets the I/D and AM bits |
Y Y
| Address: N set | | Address: N set |
Y Y
) Dummy read (invalid data) ) Dummy read (invalid data)
First word First word
GRAM -> Read-data latch GRAM -> Read-data latch
Read (data of address n) Read (data of address n)
Second word Second word
Read-data latch -> DB15-0 DB15-0 -> GRAM
Y Y
Address: M set Automatic address update: N + a
Y Y
) Dummy read (invalid data) ) Dummy read (invalid data)
First word First word
GRAM -> Read-data latch GRAM -> Read-data latch
Read (data of address) Write (data of address n)
Second word Second word
Read-data latch -> DB15-0 DB15-0 -> GRAM
i) Data read to the microcomputer i) Logical operation processing in the HD66761

Figure 25 GRAM Read Sequence

Grayscale Palette Control (R30h to R39h)

RK73-00 : Specify the R-grayscale level for eight palettes from the 16-grayscale level. For details, see
the Grayscale Palette and Grayscale Palette Table sections.

In four-grayscale display mode, the number of palettes to be used is four. For details, see the Four-
grayscale Display Mode section.

GK73-00 : Specify the G-grayscale level for eight palettes from the 16-grayscale level. For details, see
the Grayscale Palette and Grayscale Palette Table sections.

In four-grayscale display mode, the number of palettes to be used is four. For details, see the Four-
grayscale Display Mode section.

BK33-00 : Specify the B-grayscale level for four palettes from the 16-grayscale level. For details, see
the Grayscale Palette and Grayscale Palette Table sections.

In four-grayscale display mode, the number of palettes to be used is four. For details, see the Four-
grayscale Display Mode section.
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R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

RK | RK |RK | RK 0 0 0 0 RK | RK | RK | RK
13 |12 | 11| 10 03 | 02| 0100

R31| W | 1 0 0 0 o | RK|RK | RK| RK | g 0 0 o |RK | RKRK | RK

R30| w | 1 0ol o )

33|32 |31 30 23 1 22|21 | 20
o2 w300 o0 BHE 00 0o %]
A BBnEEHEREBDRHEEE
ot w300 o0 B EE% 0 0 0|0 B0 a5
s w3 oo [0 [0 el o o o o oo
GK | GK | GK | GK GK |GK | GK | GK

R W1 lojo]| 0|0 |5 5|s|s0 43 | 42 | 41 | 40

Ra7lw | 1ol ol ol o|GK|GKIGK|IGK| o | g | o | o |GK|GK| GK|GK

73 |72 | 71| 70 63 | 62 | 61 | 60
BK | BK | BK | BK BK | BK | BK | BK
R38| W | 1
0101 010 4311211120 219190 103]02]01]00
BK | BK | BK | BK BK | BK | BK | BK
R3GIW 1 010 1000 iglar]sol 2% 9]0 23]22 22

Figure 26 Grayscale Palette Control Instruction

Test Register (R40h to R44h)

Index registers R40h—R44h cannot be used or set since they are test registers. Do not change the contents
of the instruction bits in these registers.

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

w1 Test register

Figure 27 Test Register Instruction
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Instruction List

Reg. Upper Code Lower Code Execution
No. | Register Name R/W RS | DB15 | DB14 | DB13 | DB12 |DB11 |DB10 | DB9 | DB8 |DB7 |DB6 |DB5 |DB4 |DB3 |DB2 |DB1 |DBO Description Cycle
IR Index 0 0 * * * * * * * * * ID6 ID5 D4 ID3 D2 ID1 IDO | Sets the index register value. 0
SR | Status read 1 0 0 L6 L5 L4 L3 L2 L1 LO 0 Cc6 C5 c4 C3 c2 C1 CO | Reads the driving raster-row position (L7-0) and contrast setting (C6-0). 0
ROOh | Start oscillation 0 1 * * * * * * * * * * * * * * * 1 Starts the oscillation mode. 10 ms
Device code read 1 1 M/s 0 0 0 0 1 1 1 0 1 1 0 0 0 0 1 Reads *761H and master/slave setting (M/S). 0
RO1h | Driver output control 0 1 0 0 0 0 0 0 CMS | SGS 0 0 0 0 NL3 | NL2 | NL1 | NLO | setsthe common driver shift direction (CMS), segment driver shift 0
direction (SGS), and driving duty ratio (NL3-0).
RO2h | L CD-driving-waveform 0 1 0 0 0 0 0 0 0 0 0 B/C | EOR | NW4 | NW3 | NW2 | NW1 | NWO | sets the LCD drive AC waveform (B/C), EOR output (EOR), and the 0
control number of n-raster-rows (NW4-0) at C-pattern AC drive.
RO3h | Power control 0 1 0 0 0 BS2 BS1 BSO BT1 BTO PS1 PSO | DC1 | DCO | AP1 | APO SLP | STB | gets the sleep mode (SLP), standby mode (STB), LCD power on 0
(AP1-0), boosting cycle (DC1-0), reference power-supply setting
(PS1-0), boosting ouput multiplying factor (BT1-0), and LCD drive bias
value (BS2-0).
RO4h | Contrast control 0 1 0 0 0 0 0 | VR2| VRL| VRO | O CT6 | CT5 | CT4 | CT3 | CT2 | CT1 | CTO | seis the contrast adjustment (CT6-0) and regulator adjustment (VR2-0). 0
RO5h | Entry mode 0 1 0 0 0 0 0 0 0 SwWP 0 0 0 IID AM | LG2 | LGl | LGO | gpecifies the logical operation (LG2-0), AC counter mode (AM), 0
increment/decrement mode (I/D), and swap (SWP).
RO6h | Compare register 0 1 0 0 0 0 0 0 0 0 CP7 | CP6 | CP5 | CP4 | CP3 | CP2 | CP1 | CPO | Setsthe compare register (CP7-0). 0
RO7h | Display control 0 1 0 0 0 0 0 VLE2 | VLE1 | SPT 0 0 0 0 GS REV D1 DO Specifies display on (D1-0), reversed display (REV), 4-/16-grayscale 0
mode (GS), 4-grayscale display page (PG1-0), screen division driving
(SPT), and vertical scroll (VLE2-1).
RO8h | Cursor control 0 1 0 0 0 0 0 CR CG CcB 0 0 0 C 0 0 CM1 | CMO | specifies cursor display on (C), cursor display mode (CM1-0), and
cursor color (CR, CG, or CB).
RO%h | Grayscale and blink synchronization 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Synchronizes the grayscale with the blink cycle. 0
R10h | Horizontal scroll control 0 1 0 0 0 0 0 0 0 0 0 0 HL4 | HL3 | HL2 | HL1 | HLO | Specifies the amount of horizontal scrolling (HL4-0). 0
R11h | Vertical scroll control 0 1 0 VL26 | VL25 | VL24 | VL23 | VL22 | VL21 | VL20 0 VL16 | VL15 | VL14 | VL13 | VL12 | VL11 | VL10 | Specifies the 1st-screen display-start raster-row (VL16-10) and 2nd- 0
screen display-start raster-row (VL26-20).
R12h | Horizontal cursor position 0 1 0 HE6 | HE5 | HE4 | HE3 | HE2 | HE1 | HEO 0 HS6 | HS5 | HS4 | HS3 | HS2 | HS1 | HSO | Sets horizontal cursor start (HS6-0) and end (HE6-0). 0
R13h | Vertical cursor position 0 1 0 | VEG | VE5 | VE4 | VE3 | VE2 | VEL1 | VEO | 0 | VS6 | VS5 | VS4 | VS3 | VS2 | VS1 | VSO | sers vertical cursor start (VS6-0) and end (VE6-0). 0
R14h | 1st screen driving position 0 1 0 | SE16| SE15| SE14 | SE13 | SE12 | SE11| SE10| 0 | SS16| SS15| SS14 | SS13| SS12 | SS11 | SS10 | sets 1st-screen driving start (SS16-10) and end (SE16-10). 0
R15h | 2nd screen driving position 0 1 0 | SE26 | SE25| SE24 | SE23 | SE22 | SE21 | SE20 | 0 | SS26 | SS25 | SS24 | SS23 | SS22 | SS21 | $S20 | sets 2nd-screen driving start (SS26-20) and end (SE26-20). 0
R20h | RAM write data mask 0 1| WM | WM | WM | WM | WM | WM | WM | WM8 | WM7 | WM6 | WM5 | WM4 | WM3| WM2 | WMI | WMO | specifies write data mask (WM15-0) at RAM write. 0
15 14 13 12 11 10
R21h | RAM address set 0 1 0 AD14-8 (upper) 0 0 ADG-0 (lower) Initially sets the RAM address to the address counter (AC). o
R22h | Write data to GRAM 0 1 Write Data (upper) Write Data (lower) Writes data to the RAM. 0
Write data from GRAM 1 1 Read Data (upper) Read Data (lower) Reads data from the RAM. 0
R30h | R-grayscale palette control (1) 0 1 0 0 0 0 RK13 | RK12 | RK11 | RK10 0 0 0 0 RKO3 | RKO02 | RKO1 | RKOO | Specifies the R-grayscale palette. 0
R31h | R-grayscale palette control (2) 0 1 0 0 0 0 RK33 | RK32 | RK31 | RK30 0 0 0 0 RK23 | RK22 | RK21 | RK20 | Specifies the R-grayscale palette. 0
R32h | R-grayscale palette control (3) 0 1 0 0 0 0 RK53 | RK52 | RK51 | RK50 0 0 0 0 RK43 | RK42 | RK41 | RK40 | Specifies the R-grayscale palette. 0
R33h | R-grayscale palette control (4) 0 1 0 0 0 0 RK73 | RK72 | RK71 | RK70 0 0 0 0 RK63 | RK62 | RK61 | RK60 | Specifies the R-grayscale palette. 0
R34h | G-grayscale palette control (1) 0 1 0 0 0 0 GK13 | GK12| GK11| GK10 0 0 0 0 GKO3 | GK02 | GKO1 | GKOO | Specifies the G-grayscale palette. 0
R35h | G-grayscale palette control (2) 0 1 0 0 0 0 GK33 | GK32 | GK31 | GK30 0 0 0 0 GK23 | GK22 | GK21 | GK20 | Specifies the G-grayscale palette. 0
R36h | G-grayscale palette control (3) 0 1 0 0 0 0 GK53 | GK52 | GK51 | GK50 0 0 0 0 GK43 | GK42 | GK41 | GK40 | Specifies the G-grayscale palette. 0
R37h | G-grayscale palette control (4) 0 1 0 0 0 0 GK73 | GK72| GK71 | GK70 0 0 0 0 GK63 | GK62 | GK61 | GK60 | Specifies the G-grayscale palette. 0
R38h | B-grayscale palette control (1) 0 1 0 0 0 0 BK13 | BK12 | BK11 | BK10 0 0 0 0 BKO3 | BKO2 | BKO1 | BKOO | Specifies the B-grayscale palette. 0
R39h | B-grayscale palette control (2) 0 1 0 0 0 0 BK33 | BK32 | BK31 | BK30 0 0 0 0 BK23 | BK22 | BK21 | BK20 | Specifies the B-grayscale palette. 0
R40h | Test register (1) 0 1 Test register (disabled) Disables the use or setting of this register since this is the test register. 0
R41h | Testregister (2) 0 1 Test register (disabled) Disables the use or setting of this register since this is the test register. 0
R42h | Test register (3) 0 1 Test register (disabled) Disables the use or setting of this register since this is the test register. 0
R43h | Test register (4) 0 1 Test register (disabled) Disables the use or setting of this register since this is the test register. 0
R44h | Test register (5) 0 1 Test register (disabled) Disables the use or setting of this register since this is the test register. 0
Note: *" means ‘doesn't matter'.
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Reset Function

The HD66761 is internally initialized by RESET input. Because the busy flag (BF) indicates a busy state
(BF = 1) during the reset period, no instruction or GRAM data access from the MPU is accepted. The
reset input must be held for at least 1 ms. Do not access the GRAM or initially 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 (NL3-0 = 1001, SGS =0, CMS =0)

3. B-pattern waveform AC drive (B/C = 0, ECR = 0, NW4-0 = 00000)

4. Power control (PS1-0 = 00, DC1-0 = 00, AP1-0 = 00: LCD power off, SLP = 0: Sleep mode off,
STB = 0: Standby mode off)

5. 1/10 bias drive (BS2-0 = 001), Four-times step-up (BT1-0 = 00), Weak contrast (CT6—0 = 0000000)

6. Entry mode set (SWP =0, I/D = 1: Increment by 1, AM = 0: Horizontal move, LG2-0 = 000: Replace
mode)

7. Compare register (CP7-0: 00000000)

8. Display control (VLE2-1 = 00: No vertical scroll, SPT = 0, GS = 0: Eight-grayscale mode, REV =0,
D1-0 = 00: Display off)

9. Cursor control (CR/CG/CB = 000, C = 0: Cursor display off, CM1-0 = 00)

10. Horizontal scroll (HL4—-0 = 00000)

11. Vertical scroll (VL26—20 = 000000, VL16-10 = 000000)

12. Window cursor display position (HS6-0 = HE6-0 = VS6-0 = VE6-0 = 00000000)

13. 1st screen division (DS16-10 = 00000000, DE16-10 =11111111)

14. 2nd screen division (DS26-20 = 00000000, DE26—20 =11111111)

15. RAM write data mask (WM15-0 = 0000H: No mask)

16. RAM address set (AD14—0 = 0000H)

17. Grayscale palette
(RK03-00 = 0000, RK13-10 = 0011, RK23-20 = 0101, RK33-30 = 0111,
RK43-40 = 1001, RK53-50 = 1011, RK63-60 = 1101, RK73-70 = 1111,
GK03-00 = 0000, GK13-10 = 0011, GK23-20 = 0101, GK33-30 = 0111,
GK43-40 = 1001, GK53-50 = 1011, GK63-60 = 1101, GK73-70 = 1111,
BK03-00 = 0000, BK23-20 = 0101, BK43-40 = 1001, BK63-60 = 1111)

GRAM Data Initialization:

This is not automatically initialized by reset input but must be initialized by software while display is off
(D1-0 = 00).

Output Pin Initialization:

LCD driver output pins (SEG/COM): Output GND level
Step-up circuit output pin (VLOUT): Outputs Vcc level
Oscillator output pin (OSC2): Outputs oscillation signal
Master/slave signals (CL1, CL2, M, and FLM): Halt

A owbdpR
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Parallel Data Transfer

16-bit Bus Interface

Setting the IM1/0 (interface mode) to the GND/GND level allows 68-system E-clock-synchronized 16-bit
parallel data transfer. Setting the IM1/0 to the Vcc/GND level allows 80-system 16-bit parallel data
transfer. When the number of buses or the mounting area is limited, use an 8-bit bus interface.

CSn* | CS*
Al B RS
H8/2245 Hwr* | wr* HD66761
(RD*) | (RD*)
D15-DO0 <T> DB15-DB0

Figure 28 Interface to 16-bit Microcomputer

8-bit Bus Interface

Setting the IM1/0 (interface mode) to the GND/Vcc level allows 68-system E-clock-synchronized 8-bit
parallel data transfer using pins DB15-DB8. Setting the IM1/0 to the Vcc/Vcc level allows 80-system 8-
bit parallel data transfer. 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-DBO to the Vcc or GND level.
Note that the upper bytes must also be written when the index register is written to.

CSn* | Cs*
Al | RS
H8/2245 Hwr* »| wr* HDG66761
(RD) B (RD*)
D15-D8 4#» DB15-DB8
DB7-0
8

GND

Figure 29 Interface to 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit bus interface
The HD66761 supports the transfer synchronization function which resets the upper/lower
counter to count upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer
mismatch between the eight upper and lower bits can be corrected by a reset triggered by
consecutively writing a O0H instruction four times. The next transfer starts from the upper eight
bits. Executing synchronization function periodically can recover any runaway in the display
system.
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Figure 30 8-bit Transfer Synchronization
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Graphics Operation Function

The HD66761 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 swap function that exchanges the upper and lower bytes in the 16-bit data sent from the
microcomputer.

2. A write data mask function that selectively rewrites some of the bits in the 16-bit write data.

3. A logical operation write function that writes the data sent from the microcomputer and the
original RAM data by a logical operation.

4. A conditional write function that compares the original 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 size is large, the display data in 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.

Table 30  Graphics Operation

Bit Setting
Operation Mode I/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 0 110 111 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 0 001 010 Horizontal data write with logical operation,
011 horizontal-border drawing
Read/write mode 2 0/1 1 001 010 Vertical data write with logical operation, vertical-
011 border drawing
Read/write mode 3  0/1 0 100 101 Conditional horizontal data replacement, horizontal-
border drawing
Read/write mode 4  0/1 1 100 101 Conditional vertical data replacement, vertical-border
drawing
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Microcomputer

*16

Write-data latch
> Read-data
latch ilG
1
16 Swap processing ——F— Swap bit (SWP)
16
16
- - 3 ; . .
Address Logical/Compare operation (LG2-0:) Logical operation bit
counter 000: replacement, 001: OR, 010: AND, 011: EOR, [ (LG2-0)
(AC) 100: replacement with matched read, 101: replacement 8
with unmatched read, 110: replacement with matched - , Compare bit (CP7—O)
write, 111: replacement with unmatched write
; 16
.. 16 Write-mask register
Write bit mask ———— (WM15-0)
14 .
Lt Graphics RAM (GRAM)

Figure 31 Data Processing Flow of the Graphics Bit Operation
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Swap Function

The HD66761 has a byte-wise swap function that exchanges the upper and lower bytes in the two-byte
data sent from the microcomputer. When SWP = 0, the data written by the microcomputer is directly

transferred to the inside. When SWP = 1, the data written by the microcomputer is internally transferred

by exchanging the upper and lower bytes.

DB15======sssssssacacacncncacanas DB8 DB7 ========s=sscscscsccacacananns DBO
|R02 |R01 | Roo | Goz| Go1| G00| Bo2 | Box || Ri12 | Ri1 |R10 |G12 |G11 |GlO| Bi2 | B11 |

Data written by
the microcomputer

Upper byte Lower byte
DB15=========ssnsssssnnsnnannnan DB8 DB7 =====s=sssssssmssseneecnnann DBO
i) SWP ="0": |R02 |R01 | Roo | Goz| G01| G00| Bo2 | Bm| | Ri12 | R11 |R10 |G12 |Gn| G10| Bi12 | B11 |
;Upper byte Lower byte%
DB7 =====s=sssssnmsnnmannnannnnnn DBQ DB15 ===========s===ssssnsecnnann: DBS8
i) SWP ="1" |R12 |R11 | R1o | Glz| G11| G10| B12 | Bn| | Ro2 | Ro1 | Roo |G02 |G01| Goo| Boz| Bo1|
N———1 ower byte Upper byte%
Upper byte Lower byte Lower byte Upper byte
(DB15-8) (DB7-0) ELLLLLLLL (DB7-0) (DB15-8) bLLLLLLLL
GRAM data
Ro|| Go|[Bo|[|R1 || G1|[B1 | sxnnnnams R1||G1|[B1||Ro| Go||Bo| stxsnnsnn
LCD display Upper byte Lower byte Lower byte Upper byte

Figure 32 Example of Swap Function Operation
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Write-data Mask Function

The HD66761 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 bit to the GRAM; the data in the GRAM is retained. This function can be used when only one-
pixel data is rewritten or the particular display color is selectively rewritten.

DB15============sscmmmaemeaaaaa DB8 DB7 ============s=sscecmonmcmnnan DBO
|R02|Ro1 |R00 |G02 |601| G00|Boz |Bo1 | | R12|R11 |R10 |G12 |G11| GlO|BlZ | B11 |

Data written by
the microcomputer

Upper byte Lower byte

DB15=mmnmnmmmmmmmmmmmnnnmnnnans DB8 DB7 ====ns=mmmmmmsmmmsmmanmmanna- DBO
i) SWP ="0": |R02 | Ro1 |R00 |Goz |GOl |G00 |BOZ |BOl | | Ri2 | Ri1 | Rio |G12 |G11| Gio | BlZ| Bu1 |
;Upper byte —

Lower byte
DB7 =========sss=sssecoscecmsean. DBO DB15==========================uu= DB8
i) SWP = "1" |R12 |R11| R1o |612 |G11 |G10 | Bi12 |B11 | |R02 |R01| Roo |Goz |G01| Goo| Bo2 |Bm |
S ower byte —

Upper byte

WM1Er===n====m=mmmsmmmmmsmmnmnns WMB8 WM7======m==msmmmsmmsmmmmmnnmnas WMO
2]z ]z]{ofofofafafafo]o]

Write-data mask

DBL15 ====s=ssssssssasmnsennmnnanas DB8 DB7 ==s=ssssssssesscssasmasennans DBO
TS | I o o N
(SWP ="0"): Upper byte Lower byte

DB7 ====ss=sssssssssssssessesens. DBO DB15==========ss=sssssssmnsensans DB8
T | I I e e e N e
(SWP ="17): S Lower byte Upper byte

Figure 33 Example of Write-data Mask Function Operation
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Logical/Compare Operation Function

The HD66761 performs a logical operation or conditional replacement between the two-byte write data
sent from the microcomputer and the read data from the GRAM. The logical operation function has four
types: replacement, OR, AND, and EOR. The conditional replacement performs a compare operation for
the set value of the compare register (CP7-0) and the read data value from the GRAM, and rewrites only
the pixel data in the GRAM that satisfies the conditions (in abyte unit). This function can be used when
a particular color is selectively rewritten. The swap function or write-data mask function can be
effectively used.

Table 31  Logical/Compare Operation

Bit Setting

LG2 LG1 LGO Description of Logical/Compare Operation Function

0 0 0 Writes the data written from the microcomputer directly to the GRAM. Only
write processing is performed since the data in the read-data latch is not used.

0 0 1 ORs the data in the read-data latch and the data written by the microcomputer.
Writes the result to GRAM. Read, modify, or write processing is performed.

0 1 0 ANDs the data in the read-data latch and the data written by the

microcomputer. Writes the result to GRAM.

0 1 1 EORs the data in the read-data latch and the data written by the
microcomputer. Writes the result to GRAM.

1 0 0 Compares the data in the read-data latch and the set value of the compare
register (CP7-0). When the read data matches CP7-0, the data from the
microcomputer is written to the GRAM. Only the particular color specified in
the compare register can be rewritten. Read, modify, or write processing is
performed.

1 0 1 Compares the data in the read-data latch and the set value of the compare
register (CP7-0). When the read data does not match CP7-0, the data from
the microcomputer is written to the GRAM. Colors other than the particular
one specified in the compare register can be rewritten. Read, modify, or write
processing is performed.

1 1 0 Compares the data written to the GRAM by the microcomputer and the set
value of the compare register (CP7-0). When the write data matches CP7-0,
the data from the microcomputer is written to the GRAM. Only write
processing is performed.

1 1 1 Compares the data written to the GRAM by the microcomputer and the set
value of the compare register (CP7-0). When the write data does not match
CP7-0, the data from the microcomputer is written to the GRAM. Only write
processing is performed.
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Graphics Operation Processing

1. Write mode 1: AM =0, LG2-0 = 000

This mode is used when the data is horizontally written at high speed. It can also be used to initialize
the graphics RAM (GRAM) or to draw borders. The swap function (SWP) and write-data mask
function (WM15-0) are 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) /D= "1", AM ="0", LG2-0 ="000", SWP ="0"
2) WM15-0 = "1F1F"H

3) AC = "000"H

MO
Write-data mask: |o|o|o|1|1|1|1|1|o|o|o|1|1|1|1|1| *Write mask for plain G and B.

DB15 DBO
Wiite data (1): l1lo]o] 1]1o[o] «]o] |o]o[o]o[1]4]
Write data (2): l1|1]oo]o]o[4] ]o]o[o]o[1] 2]o]o]

"0000"H "0001"H "0002"H
O[T [T oL T L FLLRRE L] s
Write data (1) Write data (2)
Note: The bits in the GRAM
GRAM indicated by *' are not changed.

Figure 34 Writing Operation of Write Mode 1
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2. Write mode 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 initialize
the GRAM, develop the font pattern in the vertical direction, or draw borders. The swap function
(SWP) and write-data mask function (WM15-0) are 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 (I/D = 0) following the I/D bit after it has reached the lower edge of
the GRAM.

Operation Examples:

1) I/D = "1", AM ="1", LG2-0 ="000", SWP ="1"
2) WM15-0 = "00FF"H

3) AC = "000"H

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

DB15 DBO
Wite data (1):  [1]o[o[2[z[o[o[z]oz[o[ofolo[[x}----- 2220 ... o[z[olo]olo[x[z[z[o]o[2[x]o]o[x
wiite data 2):  |1[2[o[oJo[o[2]2]o[o[oo[x[x[o[o]----- 220 olo[olo[1]1[o[o[2[2]o[o[ofo ]2
S S e EEE E B D M e e e
*0000'H |[o[a]ofofo]ofa+[+]+[[+]-]+ [+ wite data (1)

Jololx]
"0100"H |0|0|0|0|1|1|0|0
J2]e]1]

*|*
"0200"H [[ofofo[afa 1|2 1| ****** |*| wiite data (3) GRAM

Notes: 1. The bit area data in the GRAM indicated by "*' is not changed.
2. After writing to address 4FO0H, the AC jumps to 0001H.

Figure 35 Writing Operation of Write Mode 2
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3. Write mode 3: AM =0, LG2-0 = 110/111

This mode is used when the data is horizontally written by comparing the write dataand the set value
of the compare register (CP7-0). 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
swap function (SWP) and write-data mask function (WM15-0) are also enabled. Afteg,whe
address counter (AC) automatically increments by 1 (/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 ="110" (matched write), SWP ="0"
2) CP7-0=53H
3) WM15-0 = "0000"H
4) AC = "000"H
WM15 WMO
wite-data mask: - {ofololo]olo]oofo]o[o]ololo]olo]
CP7 CPO
Compare register: aaaa 1-(-3-6r-71-p->éFé-c-)E)-e-r:a-ti-5r-1 ........
DB15 (Matched) DBO I E EConditionaI replacement
wiegata 4 oo o[P[o[ s}~ ©+-}®---w [T FLTT PRI
| Compare E E Replacement
! operation E Conditional replacement
wiite data (2): ~ |0[0Jolo]afz 1|]olofoofo]o[ofof------ iree @[ [ e e o o]
Compare i
(Matched) | operation Conditional replacement
write data 3):  [0]2]o]1]o[o[z]z]1]o[o[ofo[1|z|o}---r----- @[t [o[e [l [ T[] ]]]
‘ Replacement
"0000"H "0001"H "0002"H
FETFELIoBERRE [T EETEEETTEET) PEFEERREFFFTEEE -
Matched Matched
replacement of replacement of
write data (1) GRAM write data (2)

Figure 36 Writing Operation of Write Mode 3
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4. Write mode 4: 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 (CP7-0) 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.

operation, the swap function (SWP) and 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 (I/D = 1) or upper-left edge (I/D = 0) following the 1/D bit after it has reached the

lower edge of the GRAM.

Operation Examples:
1)I/D="1",AM ="1", LG2-0 ="111" (unmatched write), SWP ="0"
2) CP7-0=53H
3) WM15-0 = "0000"H
4) AC = "000"H
WM15 WMO

Wiite-data mask: [0[0|0[o|o[o[o[o[o]o[o]o[o]o]o]o]

CPO
Compare register: I:[E[..é.&a;ﬁ;;é.aba;“.aa .......
DB15 (Unmatched) DBO E : Conditional replacement
K O C G en s a1 1 B NG AAREA
Compare E E
operation d

(Unmatched)l (Unmatched)

wiite data 2):  [00[o[o[z[2]1]2]olo]olo]o]o]o]o}------ é. @

Compare
"(Unmatched)

Conditional replacement
»={o]o[ofo]s|fs[sJolololo]o]o|o]

peratio -é- Conditional replacement
wiie data (3.~ [2]1{0[1]o]o]1}1 slofoolofa]afo}------- @[ [+ ]+ 2lololofo][2]o

"0000"H "0001"H

"0000"H | [1|O[Of1|L{O[Of L] || ]*[+]=*

*

Write data (1)

»0080"H | [0lo[ofo]2|z{2]1|o[o[o]o]o|o[o]o| write data (2)
"0100"H |*|*|*|*|*|*|*|*|1|o|0|o|0|1|1|0|Writedata(3)

"4F00"H

GRAM

Notes: 1. The bits in the GRAM indicated by *' are not changed.
2. After writing to address 4FO0H, the AC jumps to 0001H.

Figure 37 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 logical
operation with the original data. It reads the display data (original data), which has already been
written inthe 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 swap function
(SWP) or write-data mask function (WM15-0) are also enabled in these operations. After writing, the
address counter (AC) automatically increments by 1 (/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) /D= "1", AM ="0", LG2-0 = "001" (OR), SWP ="0"
2) WM15-0 = "0000"H
3) AC = "000"H
WM15 WMO
e-datamaskc olofolo]ojolofo]olofolo]oofofo]

Read data (1):  [1]o]o[4]1|o]o[1]o[+[o]o[o[o[1]1}+-2 | ogical operation
Write data (1):  |1]o|1|1|1|1|0|o|o|1[1|0]ol0 o|1|------(9'3-) ------- >|1|0|1|1|l|1|0|1|0|1|1|0|0|0|1|1|
Read data (2):  |olo|o[o|1|1]|1|1|o|0|o[0]0]0O

(OR)

0[0 I'"v Logical operation
i {1]1]o[o[1]11]1]1]o[o]o[1]1]o]o|

[o[2]2]o[o[4

[ola]afx]z ol
(ofoJolofa]t ]

Write data (2): |1|1|o|o|o|0|1|1|
lofoJolof[1]x]o
CHEAEACD

Read data (3):  |o|o|o|o|1|1|2|o|z[o[o|o|o[1|1 o|---~ Logical operation
write data (3):  [o[1]1[1{o1|o|o]olo[o| 2|2[ 1]z 1|------(9-'3-) ------- ->|o|1|1|1|1|1|1|o|1|0|o|1|1|1|1|1|
"0000"H "0001"H "0002"H
AT FoF F o] FE oo oo ] PR o[ e
Read data (1) + write data (1) Read data (2) + write data (2) Read data (3) + write data (3)
GRAM

Figure 38 Writing Operation of Read/Write Mode 1
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6. Read/Write mode 2: AM =1, LG1-0 = 001/010/011

This mode is used when the data is vertically written at high speed by performing a logical operation
ata), 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 swap
function (SWP) or write-data mask function (WM15-0) are 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 (I/D = 0) following the 1/D bit after it has reached the

with the original data. Itreads the display data (original d

lower edge of the GRAM.

Operation Examples:
1)I/D="1",AM="1", LG2-0 ="001" (OR), SWP ="1"
2) WM15-0 = "FFO0"H
3) AC = "000"H
WM15 WMO

Write-data mask: |1|1|1|1|1|1|1|1|o|0|0|o|0|0|o|o|

DB15 DBO

|1|o|o|o|1|o|o|1|o|1|o|1|0|o|o|o|---~E swap

Read data (1):

Write data (1): |1|o|1|1|1|1|0|0|0|1|1|0|0|0|0|1|-

Read data (2): [o]o]o[o[1]1[1]1o[o]o]o[o] 1]1]o}-

wiite data ): |1]1]olo[o]o]1|1]1|o[oo]1|1]ofo}--4

#={o]1]2]ofolofo][1]o[a|sf1 o|o]
Logical operation (OR)

(Ao o[d

#=1]o[ofo]s|1]ofo]s ofo]olols]1]

1]]1J1]zf1]o]o]

Logical operation (OR)

1f2]dolo]afa}s|

1f1]a]slo]a]a]o]

.............. m—I1lo]o[oft]1[a]2
Read data 3 |olo[o|ofs]|slo]s|afs|olo[als]o} _
Write data (3): |0|1|1|1|o| 1|0|o|o|o|o| 1|1| 1|1|1|- ---------- P >|o|o|o| 1|1|1|1|1|o|1|1|1|o|1|o|o|
Logical operation (OR)
.............. ! ofo]o]1fu[1[2]2
"0000"H "0001"H
"0000"H |* |*|* |* |* |*|* |*|1|1| 1|l| 1|1|0|0| Read data (1) + write data (1)
+0080°H ||*[<]*[[ ][+ [-|2]t|olofo]1]1[1] Read data @) + write data
v0200°H |[* || [ [ || || 1|2[2 [2]o]| 1|o] Read data (3) + write data (3)
: : GRAM
"4F00"H

Notes: 1. The bits in the GRAM indicated by "*' are not changed.
2. After writing to address 4FO0H, the AC jumps to 0001H.

Figure 39 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 (CP7-0). It reads the display data (original data), which has already been
written in the GRAM, compares the original 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 swap function
(SWP) and write-data mask function (WM15-0) are 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) /D = "1", AM = "0", LG2-0 = "100" (matched write), SWP = "0"
2) CP7-0 = "53H"
3) WM15-0 = "0000"H
4) AC = "000"H
WM15 WMO
Write-data mask: |0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|

CP7 CPO

Compare reg|5ter aaaa 1 --------- C': 'O'r?]'p'élfe"i"'i"'i
| operationd 1 1
DB15 | (Matched) DBO é i
Read data (1) |1|0|0|1|1|O|0|1‘0 1|O|1|0|0|1|1|---- -in‘:“"" Conditional replacement
Write data (1): |1|0|1|1|1|1|o|0 o|1|1|0|o|0|0|1|- ------- 11 -->|1|o|o|1|1|O|0|1|0|1|1|o|o|0|o|1|
| Compare ¢ 1
! operation H
Read data (2): |0|o|0|o|1|1|1| 1 o|0|o|0|o|o|0|o|- ------ é-
! : Conditional replacement
Write data (2): |1|1|0|o|0|o|1|1 1|0|o|0|1|1|0|0|- ---------- - -->|o|0|o|0|1|1|1|1|0|o|o|o|o|o|o|0|
(Matched) | g;g;g;g:;(y;}
v aa 9 EERAIHEE TR 0 oo e
Write data (3): |1|1|1|1|0|1|o|0 o|0|o|1|1|1|1|1|- -------------- -->|1|1|1|1|0|1|0|o|1|o|0|o|o|1|1|o|
"0000"H "0001"H "0002"H
Aol Fe el P R zp o PFeB ] oo
Matched Matched
replacement of replacement of
write data (1) GRAM write data (3)

Figure 40 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 (CP7-0). It reads the display data (original data), which has already been
written in the GRAM, compares the original 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 swap
function (SWP) and write-data mask function (WM15-0) are 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 (I/D = 0) following the 1/D bit after it has reached the
lower edge of the GRAM.
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Operation Examples:

1) /D = "1", AM = "1", LG2-0 = "101" (unmatched write), SWP ="0"
2) CP7-0 ="53H"

3) WM15-0 = "0000"H

4) AC = "000"H
WM15
Write-data mask: | | |O| | |0| | |O|O| | | | |0|0|
CP7 CPO
Compare register: o1 ]o]1 EEII """""" CompareT T}
operanon' : i
DB15 (Unmatched) DBO
Read data (1): | |0|0| | |0|0| O| | |1| |0| | |- --------- Conditional replacement
N 3 o e e S aABRAECERERaanE
Compare
(Unmatched) |(Unmatched) operation :
read data 2):  |0]o]o]o[ex]1]]oo]o]o]o]o]o]o}------ é- ------
! i Conditional replacement
wiedata . [T RT}-w-~(®-~ L FE P o[

/(Unmatched) operanoné-
Read data (3): |0|1|O|1|0|0|l|1 1|0|0|0|0|1|1|0|' """"" "% Conditional replacement

Write data (3): |1|1|1|1|0|1|0|0i0|0|0|1|1|1|l|1|- -------------- --»={0|1 0] 1]o] |11 |o]o[ofx]x|2]1]1]
"0000"H "0001"H
"0000"H | [1|o]1]2]1[2 |o[o]o[|o[ |ofo]1|1| write data 2)

HOHEHAL
*0080"H | [1[1o|o]o[o]1[11|o o[o]1]2ofo] write data 2)
o] o[x]o[]

»0100"H | |o[2{o] 2|0 01| |0| | |1| |1| | |erte data (3)

GRAM

"4F00"H

Notes: 1. The bits in the GRAM indicated by '*' are not changed.
2. After writing to address 4FO0H, the AC jumps to 0001H.

Figure 41 Writing Operation of Read/Write Mode 4
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Grayscale Palette

The HD66761 incorporates a grayscale palette to simultaneously display 256 of the 4,096 possible colors.
The R and G grayscales consist of eight four-bit palettes, and the B grayscale consists of four four-bit
palettes. The 16-stage grayscale levels can be selected from the four-bit palette data.

For the display data of R and G, the three-bit data in the GRAM written from the microcomputer is used.
For the display data of B, the two-bit data in the GRAM is used.

In this palette, a curtailed frame grayscale system, which has low charging current in the LCD panel, is
used. Although the system is the same for each color, the curtailed frame timing is adjusted between
adjacent dots to reduce flickering.
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Graphics RAM (GRAM)

REREERE

Display data| R2 | Rt | Ro || G2 | G1 GoJ Bi| Bo
T

3 | 3 2
Palette R ' Palette G Palette B '

"000"| RKo3| RKoz|RKo1| RKoo "000"|GKo3|GKoz|GKo1|GKoo "00" | BKo3| BKo2|BKoz [ BKoo
"001"[ RK13|RK12 [RK11| RKio| | | "001"|GK13|GK12|GK11|GK1o "01"| BK13| BK12|BK11| BK10
"010"| RK23|RK22 |[RK21| RK20 "010"|GK23|GK22|GK21|GK20 "10"| BK23| BK22|BKz21 | BK20
"011"[ RK33|RK32 [RK31| RKazo| | | "011"|GK3s3|GKs2|GKz1|GKso "11"| BKs3| BK32|BKs1| BKso
"100"| RK43|RK42 | RKa1| RKao "100"|GKa3|GKaz2| GKa1|GKao
"101"| RKs3|RKs2 |RKs1| RKso "101"|GKs3|GKs2| GKs1|GKso
"110"| RKs3[RKs2 |RKs1| RKeo| | | "110"|GKe3|GKe2|GKe1|GKeo
"111"| RK73[RK72 |RK71| RK7o| | | "111"|GK73|GK72|GK71|GK7o

v v v
16-grayscale control 16-grayscale control 16-grayscale control
<R> <G> <B>
LCD driver LCD driver LCD driver

[ [ [

Y Y Y

LCD

Figure 42 Grayscale Palette Control
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Grayscale Palette Table

The grayscale register that is set for each palette register (RK, GK, or BK) can be set to any level. 16-
grayscale lighting levels can be set according to palette values (0000 to 1111).

Table 32  Grayscale Control Level

Palette Register Value (RK, GK, or BK) Grayscale Control Level
0 0 0 0 Unlit level™
0 0 0 1 2/16 level
0 0 1 0 3/16 level
0 0 1 1 4/16 level
0 1 0 0 5/16 level
0 1 0 1 6/16 level
0 1 1 0 7/16 level
0 1 1 1 8/16 level
1 0 0 0 9/16 level
1 0 0 1 10/16 level
1 0 1 0 11/16 level
1 0 1 1 12/16 level
1 1 0 0 13/16 level
1 1 0 1 14/16 level
1 1 1 0 15/16 level
1 1 1 1 All-lit level®

Notes: 1. The unlit level corresponds to a black display when a normally-black color-LCD panel is used,
and a white display when a normally-white color-LCD panel is used.

2. The all-lit level corresponds to a white display when a normally-black color-LCD panel is used,
and a black display when a normally-white color-LCD panel is used.
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Four-color Display Mode

The HD66761 has the four-color display mode consisting of two-bit-per-pixel data. Since the byte-wise
processing of four-pixel display data is enabled, the processing performance is four times that of the
normal 256-color display. When the internal grayscale palette is used, four colors of the possible 4,096
colors can be displayed at the same time. The two-bit display data in the GRAM written from the
microcomputer is assigned to the lower two bits of R and G; one of these bits, always 0, synthesizes the
three-bit data. Therefore, this display mode uses 000, 001, 010, 011 in grayscale palettes R and G.
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Graphics RAM (GRAM'
NS =+=rrrernnnnmssssaseetonnnnnssnns ISB

\c1\coH Cl‘COHCl‘COHCl‘CO‘

lVVVV|

|| RGB
: ! | i )
"0" Q" i i i "0" 0"
Y YV Y Y Y Yy
Display data R2|R1|Ro GzlGllGol BllBo |R2|R1|Ro||Gz|GllGo||BllBol

[

3 ‘ 3 2
Palette R ' Palette G Palette B '

"000" [RKoz |R Koz [RKoz |RKoo "000"[GKos [GKoz [GKor [GKoo "00" |BKos |BKoz | BKo1 |BKoo
"001" [RKiz |RKi2 |RKu |[RKwo || | "001"|(GKis |GKiz |GKu |GKio "01" |BKi3 [BKi2 | BKi1 [BKio
"010" |RK23 [RK22 [RK21 [RK2o "010"|GK23 |GK22 |GK21 |GK20 "10" [BK23 |BK22 | BK21 [BK2o
"011" |RKs2 |RKz2 |RKaz |[RKao || | 7011 [GKas |GKaz [GKar |GHao || | 11" [BKes |BKzz | BKat [BKao

A A v
16-grayscale control 16-grayscale control 16-grayscale control
<R> <G> <B>
LCDdriver LCDdriver LCD driver

] ] ]

Y Y Y

R G B

LCD

Figure 43 Four-color Display Control
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Color Window Cursor Control

A cursor is displayed in the window area specified by the cursor-start position register (CSX or CSY) and
cursor-end position register (CEX or CEY). The cursor display mode can be selected from four types in
table 33 by changing cursor-mode bit (CM1-0).

The eight-color cursor display can be selected by the cursor-color bit (CR, CG, or CB) and displays red,
blue, green, white, black or a combined color. However, the grayscale of the cursor color cannot be
controlled.

Table 33  Cursor Display Control

Register Setting

Cc CM1 CMO Cursor Display Control

0 * * Displays no cursor.

1 0 0 Displays eight colors specified by the cursor-color bit (CR, CG, or CB) in the
window area.

1 0 1 Reverses and displays the four-bit grayscale data of each color in the window
area.

1 1 0 Alternately repeats the normal display in the window area and the eight-color

display specified by the cursor-color bit (CR, CG, or CB) every 32 frame for
blinking display.

1 1 1 Alternately repeats the normal display in the window area and the reversal
display of the four-bit grayscale data every 32 frame for blinking display.
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Graphics RAM (GRAM)

RERBRRE,

R2 | R1 Rol

G2 | G Gol B2 Bll

Y

Y

Y

Cursor color

Palette R Palette G Palette B
Grayscale | [ Grayscale | | Grayscale
control R control G control B
Cursor Cursor Cursor
control R control G control B
LCD driver

v

v

(CsSX+1, CSY +1)

v

(CEX + 1, CEY +1)

Cursor mode

Figure 44 Color-cursor Display
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Oscillation Circuit

The HD66761 can oscillate between the OSC1 and OSC2 pins on the master side using an internal R-C
oscillator with an external oscillation resistor. The oscillation clock output from the CL2 pin on the

master side is input to the CL2 pin on the slave side. 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 Rfis 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) One HD66761 used (2) Two HD66761s used (master/slave mode)
V
—losc1 VTCC osci j"
Rf é M/S Rf% M/S
L {0osc2 osc2 _
Note: Put the Rf resistor as close
CL2 HD66761 ;
— CL2 HD66761 (master) as possible to the OSC1 and
OSC2 pins on the master side.
] oscC1
H M/S
GNP _Josc2 |
HD66761 N
ND
CL2 (slave) G

Figure 45 Oscillation Circuits

Table 34  Relationship between Liquid Crystal Drive Duty Ratio and Frame Frequency

Recommended Frame
LCD Duty NL4-0 Set Value Drive Bias Value Frequency One-frame Clock
1/16 01H 1/5 70 Hz 2560
1/24 02H 1/6 70 Hz 2560
1/32 03H 1/6 70 Hz 2568
1/40 04H 1/7 70 Hz 2560
1/48 O5H 1/8 71 Hz 2544
1/56 06H 1/8 70 Hz 2576
1/64 07H 1/9 70 Hz 2560
1/72 08H 1/9.5 71 Hz 2520
1/80 09H 1/10 70 Hz 2560
Note: The frame frequency above is for 180-kHz operation and proportions the oscillation frequency
(fosc).
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1 2 ., 3 4  wmmmmmmmm . 79 80 1, 2 3  mmmmmmmEm 79 80,

S e — 11 —
V2 ‘ ‘ ‘ : !
com1 : : : : : : ' | | | | :
V5 = I I I I I ] I I I I
GND— : ‘ ' : F=
V1 — ! ! ! ! ! ! ' ! ! ! '
V2 ‘ ‘ ‘ ‘ ‘ 1 ‘
Com2 ! ! ! ! ! ! !
= V5 : : : : : : :
- G N D ] I I I I I I ] I I I I I ]
v N S S — ————— —1
V2 ‘ ‘ ‘ ‘ : : : —
COM79 : : : : : : :
V5 =— : : : : ; : : : '
GND™ : '
Vil ‘ '
V2_7 ‘ ‘ ‘ ‘ ‘ : ! ! ! ! F—
COM80 ' ‘ ‘ ‘ ‘ ‘ : | | | | '
V65—, ! ! ! ! ! I .
GND ‘ ‘ : : ‘ . ‘ ‘ : : : .
€ 1 frame > <1 frame————————— >

Figure 46 LCD Drive Output Waveform (B-pattern AC Drive with 1/80 Multiplexing Duty Ratio)
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Multi-chip Operation

The HD66761 can extend the display size up to 128 (RGB)-by-160 dots by using two chips and vertically
driving two screens. The chip on the master side generates the R-C oscillating frequency or step-up
output voltage and adjusts contrast by electron volume. The display on/off is controlled on both the
master and slave sides. After power is supplied to the master side, turn on the display on the slave side.
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Vcc 4_’_ Vce
S5 GND @' GND
M/S  oPOFF V10UT 2 Vce OPOFF  M/s
VLPS Vi VLPS
VR
V1 V10UT V10UT]
L J T
R
v2 V20UT V20UT]
L J T
<R
Vi T V30UT V30UT]
Ro
V4 * V40OUT V40UT]
7
TAT% )
V5 o] V50UT V50UT]
Se|. lLLlLl
GND $ GND T3 33T . GND
Vi 1 pF (B characteristics) L Vi
GND
Cl+ \ci Cl+
c1 #L 1pF c1
- T (B characteristics) -
Cc2+ Cc2+
Co- "L 1pF c2-
Step_up (B characteristics) Ste _
Al C3+ C3+ lep-up
circult oL 1 pF circuit
C3- (B characteristics) C3-
C4+ L C4+
®HLllp
CA4- T (B characteristics) C4-
C5+ L 1uF C5+
ML 1p
C5- T (B characteristics) C5-
Co+ 1uF Co6+
C6_ (*)J_ 1 IJF (+) B C6'
(B characteristics) l:haracteristics)
VLOUT = VLOUT
GND
VIREF T(+, 1uF open VIREF
HD66761 VLREF V(8 characteristis) open vLrRer HD66761
cL1 CL1
(master) (slave)
FLM FLM
0osc1 0Ssc2 cL2 | M M| cL2 0OSCl 0SC2
= open
GND

Note: Put the oscillation resistor (Rf) as close as the master chip.

Figure 47 Multi-chip Configuration
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Instruction Flow at Multi-chip Operation

The displays are turned on or off synchronously during multi-chip operation by a signal (M, FLM, CL1,
or CL2) from the master to the slave. Turn the display on after synchronization because the blink and
grayscale synchronize instruction synchronizes the blink cycle on the master/slave side with the
grayscale-pattern generation cycle. When switching to standby, set the slave side to standby before the
master side. After standby cancellation, stabilize the timing of the internal power supply and then turn

the display on.

[Display on/off]
v
S | Display off (D1-0 = 00)

Display-
off fow | M | Display off (D1-0 = 00)

\

B | M | Display off (D1-0 = 01) |

| S | Display off (D1-0 = 01) |
\

Wait one or more frames

v
| M | Reads status

Display-
on flow

the display
raster-row at

Synchronizes blink
and grayscale

s Synchronizes blink
and grayscale

| M | Display on (D1-0 = 11) |

| S | Display on (D1-0 = 11) |

[Standby]

A
| M | Display off (D1-0 = 01) |

| M | Display off (D1-0 = 01) |

| S | Display off (D1-0 = 01) |

| S | Display off (D1-0 = 01) |

v

| S | Sets standby | | S | Sets sleep |
I
Wait one or more clock cycles | M | Sets sleep |
v | f
| Sets standby Sleep
v

Standby

A

| M | Cancels sleep |

| M | Starts oscillation |

| S | Cancels sleep |

| S | Starts oscillation |

I
Wait 10 ms or more

| M | Cancels standby |

| S | Cancels standby |
\

Wait 150 ms or more
|

Display-on
sequence

Wait 150 ms or more

Display-on
sequence

M | :Instruction on the master side

S : Instruction on the slave side

Notes: 1. The B/C, EOR, and NW4-0 bits in the slave side are invalid. These are controlled by the M signal on the master side.
2. Set the NL bits in the master and slave sides similarly.

Figure 48
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n-raster-row Reversed AC Drive

The HD66761 supports not only the LCD reversed AC drive in a one-frame unit (B-pattern waveform)

but also the n-raster-row reversed AC drive which alternates in an n-raster-row unit from one to 32 raster-
rows (C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk at high-
duty driving of more than 1/64 duty, the n-raster-row reversed AC drive (C-pattern waveform) can
improve the quality. When two HD66761s are used in a master/slave setup, the LCD drive polarity on
the master and slave sides is reversed.

Determine the number of 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-rows is reduced, the

LCD alternating frequency becomes high. Because of this, the charge or discharge current is increased in
the LCD cells.

lq———1 frame g 1 frame Ll

1/2/3/4/56|7 89101112 13==== 798012/ 3 4|5 6| 7|/8/9/101112/13==== 79801 2|3

;

B-pattern
waveform drive
 1/80 duty

C-pattern

waveform drive

* 1/80 duty

e 11-raster-row
reversal

* Without EORs

A — e
—_— —_—

C-pattern \
waveform drive |

 1/80 duty

e 11-raster-row

reversal
* With EORs

Note: Specify the number of AC drive raster-rows and the necessity of EOR so that the DC bias is not generated for
the liquid crystal.

Figure 49 Example of an AC Signal under n-raster-row Reversed AC Drive
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Liquid-crystal-display Drive-bias Selector

An optimum liquid-crystal-display bias value can be selected using the BS2-0 bits, according to the liquid
crystal drive duty ratio setting (NL3-0 bits). The liquid-crystal-display drive duty ratio and bias value

can be displayed while switching software applications to match the LCD panel display status. The
optimum bias value calculated using the following expression is a logical optimum value. Driving by
using a lower value than the optimum bias value provides lower logical contrast and lower liquid-crystal-
display voltage (the potential difference between V1 and GND), which results in better image quality.
When the liquid-crystal-display voltage is insufficient even if a seven-times step-up circuit is used, when
the step-up driving ability is lowered by setting a high factor for the step-up circuit, or when the output
voltage is lowered because the battery life has been reached, the display can be made easier to see by
lowering the liquid-crystal-display bias.

The liquid crystal display can be adjusted by using the contrast adjustment register (CT6-0 bits) and
selecting the step-up output level (BT1/0 bits).

: . R 1
Optimum bias value for 1/N duty ratio drive voltage = W
+

Table 35  Optimum Drive Bias Values
LCD drive duty ratio 1/80 1/72 1/64 1/56 1/48 1/40 1/32 1/24 1/16
(NL3-0 set value) 1001 1000 0111 0111 0111 0111 0100 0011 0010
Optimum drive bias value /10 1/9 1/9 1/8 1/8 1/7 1/6 1/6 1/5
(BS2-0 set value) 001 010 010 010 010 010 101 101 100
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VLCD
VR
V1
R
A
R
V3
6R
V4
R
V5
R
GND
GND
i) 1/ 10 bias
(BS2-0 = 001)
VLCD

oo

Py

<
W

b

N
py)

<

IN

Py

i

®
Z
W)

9]
zZ
W)

v) 1/6 bias
(BS2-0=101)

VLCD
VR
Vil
R
V2
R
V3
5R
V4
R
V5
R
GND
GND
ii) 1/ 9 bias
(BS2-0 = 010)
VLCD

<
Py

g Vi
R
g V2
R
V3
R
V4
R
=z
R
T
GND
vi) 1/5 bias
(BS2-0=110)

VLCD
VR
V1
R
V2
R
V3
4R
V4
R
V5
R
GND
GND
iii) 1/ 8 bias
(BS2-0 = 011)

VLCD
VR
Vi
R
V2
R
V3
3R
V4
R
V5
R
GND
GND
iv) 1/7 bias
(BS2-0 = 100)

Note: R = Reference resistor

Figure 50 Liquid Crystal Display Drive Bias Circuit
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Liquid Crystal Display Voltage Generator

When External Power Supply and Internal Operational Amplifiers are Used

To supply LCD drive voltage directly from the external power supply without using the internal step-up
circuit, circuits should be connected as shown in figure 51. Here, contrast can be adjusted by software
through the CT bits of the contrast adjustment register. Minimize the voltage variation since the VLREF
input is a reference voltage that determines the LCD drive voltage.

The HD66761 incorporates a voltage-follower operational amplifier for each V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal drive
voltages. Thus, potential difference betweegg, ¥nd V1 must be 0.1 V or higher, and that between V4
and GND must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the
operational amplifiers. Place a capacitor of about 1 pF (B characteristics) between each internal
operational amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the
operational amplifier. Adjust the capacitance value of the stabilized capacitor after the LCD panel has
been mounted and the screen quality has been confirmed.
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Vips PS ="10"

0
0.1 uF*?

[(+)

(B characteristics) ;

1 uF*?
(B characteristics

VLREF
Qr HD66761

V10UT

V1

V20UT|

R
%—r[érw = SEG1 to SEG384

V3OUT]

R
ﬁ{LT v

V40UT

V50UT]

RS
r V5

= LCD
Ro driver
o | V4
Py ) COM1 to COMS80

GND

GNDo

VLOUT

Vci

3
GND

Cl+

C1-
C2+

C2-

C3+
C3-

Step-up

circuit

Ca+
ca-

C5+
C5-

C6+

C6-

Notes: 1. Adjust the capacitance value of the capacitor after the LCD panel has been mounted.
2. Use the capacitors with breakdown voltages equal to or higher than the VLCD (= VLPS—
GND) voltage for connecting to VLPS and V1O0UT through V50UT. Determine the
capacitor breakdown voltages by checking VLCD voltage fluctuation.

Figure 51 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and Internal Operational Amplifiers are Used

To supply LCD drive voltage using the internal VLCD regulator and step-up circuit, an internal booster
and internal operational amplifiers should be connected as shown in figure 52. Keep the power-supply
voltage (VLPS) of the operational amplifier higher than the output voltage (V1REF) of the VLCD
regulator. Contrast can be adjusted through the CT bits of the contrast control instruction.

The HD66761 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce
current flowing through the internal bleeder-resistors, which generate different liquid-crystal drive
voltages. Thus, potential difference betweep,¥¥nd V1 must be 0.1 V or higher, and that between V4
and GND must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the
operational amplifiers. Place a capacitor of about 1 pF (B characteristics) between each internal
operational amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the
operational amplifier. Adjust the capacitance value of the stabilized capacitor after the LCD panel has
been mounted and the screen quality has been confirmed.
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VLPs
1/2 Vci partial PS ="00"
pressure
VREG ‘
VLCD HD66761
regulator
V1REF I
0.1 uF*s T VLREF
(B characteristics) M VR
V10UT| ) Vi

1pFes 80 V30UT V3

¢ LCD
B Ro driver
characteristics V40UT] va

CITIO R%
ND
GND 143 GND
Vci vei
*7 Ci+
1 pF  Im
(B characteristics) T C1-
C2+
LuE 2 c2
(B characteristics) - Step-up
= T CCS; circuit
(B characteristics)™ -
C4+
1uF’ O o
69 B characteristics‘;r
*8, C5+
1 pF 1 uF*? e p
G ‘ .
B = ) B characteristics;r
characteristics) L 1 pF*6 . C6+
GND (B characteristics)_ Cé6-
VLOUT
Notes: 1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not

ouUhw N

~

exceed the absolute maximum rating for the liquid-crystal power supply voltage (16.5 V).

. Vci is both a reference voltage and power supply for the step-up circuit; the sufficient current must be

obtained.

. Polarized capacitors must be connected correctly.

. Circuits for temperature compensation should be based on the sample circuits in figures 53 and 54.

. Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted.

. The breakdown voltages of the capacitors connected to C3+/C3— and C6+/C6— should be three times or

higher than the Vci voltage.

. The breakdown voltages of the capacitors connected to C1+/C1—, C2+/C2—, C4+/C4—, and C5+/C5—

should be equal to or higher than the Vci voltage.

. The breakdown voltages of the capacitors connected to VLOUT and V1OUT through V50UT should be

n times or higher than the Vci voltage (n: step-up magnification).

. Determine thebreakdown voltages of the capacitors used in 6 to 8 above by checking Vci voltage

fluctuation.

Figure 52 Internal Step-up Circuit for LCD Drive Voltage Generation
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HD66761

Temperature can be compensated either through the CT bits, by controlling the reference input voltage
for the VLCD regulator (VREG pin) using a thermistor, or by controlling the reference output voltage of
the VLCD regulator (V1REF pin).

Vee
vei 1/2 Vci partial
pressure PS ="01"
VREG
Tr
Thermistor VLCD HD66761
regulator
= V1REF \
GND )
0.1uF = VLREF @7
GND VR
V10UT v
R
V2
V20UT v 2> SEG1 to SEG384
R
V30UT Py LcD
Ro driver
VAOUT S A
R P COM1 to COM80
V50UT ) Ebf Vs
GND R %
. GND

Figure 53 Temperature Compensation Circuits (1)
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Themistor%

Vei 1/2 Vci pattial
pressure
VREG— ‘
VLCD
regulator
. . V1REF 9 ‘
\ [ ‘
§4 0L wF
?_F - VLREF
Tr v
V1O0UT]
L R
Vcc or GND V20UT
I
RS
V3OUT]
Roi
V40UT]
R
V50UT)]
T
GND R

HD66761

V1

V2

PS ="00"

V3
LCD

driver
V4

- SEG1 to SEG384

V5

GND

= CO M1 to COMS

Figure 54 Temperature Compensation Circuits (2)

HITACHI

76




HD66761

Switching the Step-up Factor

Instruction bits (BT1/0 bits) can optionally select the step-up factor of the internal step-up circuit.
According to the display status, power consumption can be reduced by changing the LCD drive duty and
the LCD drive bias, and by controlling the step-up factor for the minimum requirements. For details, see
the Partial-display-on Function section.

According to the maximum step-up factor, external capacitors need to be connected. For example, when
the maximum step-up is six times or five times, capacitors between C6+ and C6- or between C5+ and
C5- are needed as in the case of the seven-times step-up.

Place a capacitor with a breakdown voltage of three times or more the Vci-GND voltage between C6+
and C6- and between C3+ and C3—, a capacitor with a breakdown voltage larger than the Vci-GND
voltage between C1+ and C1—, C2+ and C2—, C4+ and C4—, and C5+ and C5-, and a capacitor with a
breakdown voltage of n times or more the Vci-GND voltage to VLOUT (n: step-up factor) (see figure
55).

Note: Determine the capacitor breakdown voltages by checking Vci voltage fluctuation.

Table 36  VLOUT Output Status

BT1 BTO VLOUT Output Status

0 0 Four-times step-up output
0 1 Five-times step-up output

1 0 Six-times step-up output

1 1 Seven-times step-up output
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Maximum seven-, six-, five-, and four-times step-up

Vi o———— Vi
1pF (]

(B Charac- Cl+
teristics) C1-
1pF ) C2+
(B Charac-

teristics) — C2-
1 uF (+)_L7 C3+
(B Charac-

teristics) T C3-

1pF () — ca+
(B Charac-

teristics) T C4-
1uF ()— c5+

(B Charac-
teristics) T _{cs5-

1pyF ) ce+
(B Charac- T Cé-

teristics)

o7 oF 9 VLOUT
(B Charac-
teristics)

GND

Figure 55 Step-up Circuit Output Factor Switching
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Example of Power-supply Voltage Generator for More Than Seven-times Step-up Output

The HD66761 incorporates a step-up circuit for up to seven-times step-up. However, the LCD drive
voltage (VLCD) will not be enough for seven-times step-up from Vcc when the power-supply voltage of
Vcce is low or when the LCD drive voltage is high for the high-contrast LCD display. In this case, the
reference voltage (Vci) for step-up can be set higher than the power-supply voltage of Vcc.

Set the Vci input voltage for the step-up circuit to 3.6 V or less within the range of Vcc + 1.0 V. Control
the Vci voltage so that the step-up output voltage (VLOUT) should be less than the absolute maximum
ratings (16.5 V).

HD66761
Regulator | 20V Vvee  Logic circuit
(1)
Battery | _L ‘ Cl+ J_(+)1 uF
36V T .
Regulator 22V vei Cl- 4—‘— (B characteristics)
) c2+ f)l .
‘ C2— 4—‘— (B%haracteristics)
C3+ —_{ﬂ
'J:" 1uF
GND .. C3- (B characteristics)
Step-up circuit )
EJ,
VLCD (= 15.4 V) car 1pF
i . (B characteristics)
r (VLPS-GND) C4 -
,,,,, - 22Vx7=154V cs+ 1) o
VLOUT C5— (B characteristics)
””” o C6+ (+)
11 uF
C6 — (B characteristics)
GND WS @ - |—> SEG1 to SEG384
””” - . perationa
1pr 1) amplifier ——» COM1 to COM80
(B _ch_arac-
teristics) GND
Vci (=2.2V) J__
T k-1~ Vec (=20 V) GND
GND (=0V)
Note: In practice, the LCD drive current lowers
the voltage in the ste p-up output voltage.
V10UT = Vci
or
Vcce

Figure 56 Usage Example of Step-up Circuit at VVci > Vcc
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Restrictions on the 1st/2nd Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS16-10) and end line (SE16-10)
of the 1st screen driving position register (R14) and the start line (SS26-20) and end line (SE26-20) of the
2nd screen driving position register (R15) for the HD66761. Note that incorrect display may occur if the
restrictions are not satisfied.

Table 37 Restrictions on the 1st/2nd Screen Driving Position Register Settings

1st Screen Driving (STP = 0) 2nd Screen Driving (STP = 1)

Register setting SS16-10 < SE16-0 < 4FH SS16-10 < SE16-10 < SS26-20
< SE26-20 < 4FH

Display operation  « Time-sharing driving for COM pins  Time-sharing driving for COM pins
(SS1+1) to (SE1+1) (SS1+1) to (SE1+1) and (SS2+1) to
» Non-selection level driving for others  (SE2+1)
» Non-selection level driving for others

Notes: 1. When the total line count in screen division driving settings is less than the duty setting, non-
selection level driving is performed without the screen division driving setting range.

2. When the total line count in screen division driving settings is larger than the duty setting, the
start line, the duty-setting line, and the lines between them are displayed and non-selection
level driving is performed for other lines.

3. For the 1st screen driving, the SS26-20 and SE26-20 settings are ignored.
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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66761 in the sleep mode, where the device stops all
internal display operations, thus reducing current consumption. Specifically, LCD operation is
completely halted. Here, all the SEG (SEG1 to SEG384) and COM (COM1 to COM132) pins output the
GND level, resulting in no display. If the AP1-0 bits in the power control register are set to 00 in the
sleep mode, the LCD drive power supply can be turned off, reducing the total current consumption of the
LCD module.

Since master/slave signals (M, FLM, CL1, and CL2) are stopped during multi-chip operation, set the
sleep mode on the slave side.

Table 38 Comparison of Sleep Mode and Standby Mode

Function Sleep Mode (SLP =1) Standby Mode (STB =1)
LCD control Turned off Turned off
R-C oscillation circuit Operates normally Operation stopped
Master/slave signal Stopped Stopped
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Standby Mode

Setting the standby mode bit (STB) to 1 puts the HD66761 in the standby mode, where the device stops
completely, halting all internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Specifically, all the SEG (SEG1 to SEG384)
and COM (COM1 to COM80) pins for the time-sharing drive output the GND level, resulting in no
display. If the AP1-0 bits are set to 00 in the standby mode, the LCD drive power supply can be turned

off.

During the standby mode, no instructions can be accepted other than the start-oscillation instruction. To
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation before setting

the STB bit to 0.

During multi-chip operation, set the standby mode on the slave side.

Turn off the display: D1 to 0 = 01

Turn off the LCD power supply: AP1 to 0 = 00

Set standby mode: STB =1

C Standby mode )

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB =0

Turn on the LCD power supply: AP1to 0= 01/10/11

Wait at least 150 ms

Turn on the display: D1to 0 =11

Figure 58 Procedure for Setting and Canceling Standby Mode
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Power-on/off Sequence

To prevent pulse lighting of LCD screens at power-on/off, the power-on/off sequence is activated as
shown below. However, since the sequence depends on LCD materials to be used, confirm the

conditions by using your own system.

Power-on Sequence

[Master side] [Slave side]

Turn on power voltages Vcc and Vci, RESET = "Low'

Turn on power voltages Vcc and Vci, RESET = "Low'

Wait for 1 ms or longer (power-on time)

g

Wait for 1 ms or longer (power-on time) | |

Wait for 10 ms or longer (oscillation stabilization time)| [Wait for 10 ms or longer (oscillation stabilization time

Issue LCD power instruction

= Wait for 10350 ms or Issue user-state instruction

Issue user-state »
longer (op-amplifier output

instruction

stabilization time)

Turn on display: D1-0 = 11 *To the displ t multi-chi i
*To the display-on sequence at multi-chip operation 0 the display-on sequence at multi-chip operation

Note: Depends on the external capacitance of V1OUT to V50UT.

Figure 59 Power-on Sequence
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Vcce
Power voltage: Vcc
GND —
Vce
RESET
GND

Power-on reset time: 1 ms

Oscillation state

) ) Vce
Signal-input
instruction issued
GND

<

penunhi

>

Oscillation stabilization time: 10 ms

RN

Note: R-C oscillation starts by power-on and input reset.
The standby mode is cleared by input reset.

Figure 60 Power-on Timing
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Power-off Sequence

Normal state [Master/slave]

Turn off display: D1-0 = 00

!

Issue LCD power instruction

'

Turn off power voltages Vcc and Vci

Emergency case

Turn off power voltages Vcc and Vci

'

RESET = "Low"

!

Driver SEG/COM output: GND

Figure 61 Power-off Sequence
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Vee — .
Power is turned off.
Power voltage: Vcc

GND

Vee = RESET is input as soon as possible.
RESET \

GND

V10UT

Driver SEG/
COM output

GND

Note: When hardware reset is input during the power-off period, the D bit is
cleared to 0 and SEG/COM output is forcibly lowered to the GND level.

Figure 62 Power-off Timing

Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) V. \% -0.3t0 +4.6 1,2
Power supply voltage (2) V,, — GND \% -0.3to +16.5 1,3
Input voltage Vit \Y, —-0.3t0 V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C -55to +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 characteristics limits is strongly
recommended for normal operation. If these electrical characteristic conditions are also
exceeded, the LSI will malfunction and cause poor reliability.

VCC = GND must be maintained.

VLCD = GND must be maintained.

For bare die and wafer products, specified up to 85°C.
This temperature specifications apply to the TCP package.

a s> wbd
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DC Characteristics (V.. = 2.2t0 3.6 V, Ta = —40 to +85°C}

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vi 0.7V, — Ve V  V,=22t036V 2,3
Input low voltage Vi -0.3 — 015V, V. V. =22t036V 2,3
Output high voltage (1) Vg, 0.75 V. — — V gy =-0.1mA 2
(DBO0-15 pins)
Output low voltage (1) V4 — — 02V, V V,=22t024V, 2
(DBO0-15 pins) lo. = 0.1 mA

— — 015V, V V., =24t036V, 2

lo. =0.1 mA

Driver ON resistance Reom — 3 10 kQ +Id=0.05 mA, 4
(COM pins) Viep =10V
Driver ON resistance Rses — 3 10 kQ #Id=0.05mA, 4
(SEG pins) Vi =10V
I/O leakage current I -1 — 1 HA  Vin=0to V. 5
Current consumption lop — T.B.D. T.B.D. MA 6,7
during normal operation
(Vcc - GND)
Current consumption (1 — T.BD. — HA 6,7
during sleep mode
(Vcc - GND)
Current consumption lgr — T.B.D. T.B.D. MA V. .=3V,Ta=25°C 6,7
during standby mode
(Vec —GND)
LCD drive power supply | ¢, — T.B.D. T.B.D. A 7
current (Vs — GND)
LCD drive voltage Vi 5.0 — 15.5 \Y 8
(VLPS - GND)
VREG input voltage Vies TB.D. TBD. TB.D. V
(VREG pin)
V1REF output voltage Vg, T.B.D. TBD. T.B.D. V

(V1REF pin)

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.

HITACHI

87



HD66761

Step-up Circuit Characteristics

Item Symbol  Min Typ Max Unit Test Condition Notes
Four-times step-  V 10.3 10.6 10.8 \Y Vee=Vei=2.7V, 11
up output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 180 kHz, Ta = 25°C
Five-times step- Vs 13 13.3 135 \Y Vee=Vei=27YV, 11
up output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 180 kHz, Ta = 25°C
Six-times step-up  V pg 12.7 12.9 13.2 \Y Vee=Vei=22V, 11
output voltage lo =30 YA, C =1 pF,
(VLOUT pin) fosc = 180 kHz, Ta = 25°C
Seven-times V pr 13.9 15.1 15.4 \Y Ve=Vei=22YV, 11
step-up output lo =30 A, C =1 pF,
voltage (VLOUT fosc = 180 kHz, Ta = 25°C
pin)
Use range of V upa Vcce — 155 \% For four- to seven-times 11
step-up output V Ups step-up
voltages V s

VUP7
Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V. = 2.2 t0 3.6 V, Ta = —40 to +85°C}

Clock Characteristics (Voc = 2.2 t0 3.6 V)

ltem Symbol  Min Typ Max Unit Test Condition Notes

External clock fcp T.B.D. 180 T.B.D. kHz Vee=22t036V 9

frequency

External clock duty Duty 45 50 55 % V=22t036V 9

ratio

External clock rise trep — — 0.2 us V,=22t036V 9

time

External clock fall tfcp — — 0.2 us Vec=22t036V 9

time

R-C oscillation clock fosc T.B.D. 180 T.B.D. kHz Rf = kQ, 10
Vee=3V

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.

68-system Bus Interface Timing Characteristics

(Vec=2.2102.4V)

Item Symbol Min Typ Max  Unit  Test Condition

Enable cycle time Write teyce 600 — — ns Figure 70
Read t.yce 800 — —

Enable high-level pulse width Write PW, 120 — — ns Figure 70
Read PW, 350 — —

Enable low-level pulse width Write PW,_ 300 — — ns Figure 70
Read PW, 400 — —

Enable rise/fall time ten tey — — 25 ns Figure 70

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 70

Address hold time e 20 — — ns Figure 70

Write data setup time toswe 60 — — ns Figure 70

Write data hold time te 20 — — ns Figure 70

Read data delay time toore — — 300 ns Figure 70

Read data hold time tonre 5 — — ns Figure 70
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(Vec=2.410 3.6 V)

Item Symbol Min Typ Max Unit  Test Condition

Enable cycle time Write teyce 300 — — ns Figure 70
Read teyce 500 — —

Enable high-level pulse width Write PW,, 70 — — ns Figure 70
Read PW., 250 — —

Enable low-level pulse width Write PW, 100 — — ns Figure 70
Read PW 200 — —

Enable rise/fall time te, te — — 25 ns Figure 70

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 70

Address hold time tane 5 — — ns Figure 70

Write data setup time toswe 60 — — ns Figure 70

Write data hold time the 15 — — ns Figure 70

Read data delay time toore — — 200 ns Figure 70

Read data hold time tonre 5 — — ns Figure 70
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80-system Bus Interface Timing Characteristics

(Vec=2.2102.4V)

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teyew 600 — — ns Figure 71
Read tqycr 800 — — ns Figure 71
Write low-level pulse width PW,, 120 — — ns Figure 71
Read low-level pulse width PW, 350 — — ns Figure 71
Write high-level pulse width PW,, 300 — — ns Figure 71
Read high-level pulse width PW,, 400 — — ns Figure 71
Write/Read rise/fall time twrr s wrt — — 25 ns Figure 71
Setup time (RS to CS*, WR*, RD¥) tas 50 — — ns Figure 71
Address hold time tan 20 — — ns Figure 71
Write data setup time tosw 60 — — ns Figure 71
Write data hold time ty 20 — — ns Figure 71
Read data delay time toor — — 300 ns Figure 71
Read data hold time tonr 5 — — ns Figure 71

(Vec=2.410 3.6 V)

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teyew 300 — — ns Figure 71
Read t., . 500 — — ns Figure 71
Write low-level pulse width PW,, 70 — — ns Figure 71
Read low-level pulse width PW,r 250 — — ns Figure 71
Write high-level pulse width PW,, 100 — — ns Figure 71
Read high-level pulse width PW,, 200 — — ns Figure 71
Write/Read rise/fall time trewrr  — — 25 ns Figure 71
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 71
Address hold time tan 5 — — ns Figure 71
Write data setup time tosw 60 — — ns Figure 71
Write data hold time t, 15 — — ns Figure 71
Read data delay time toor — — 200 ns Figure 71
Read data hold time tonr 5 — — ns Figure 71

Reset Timing Characteristics (\.c =2.210 3.6 V)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tres 1 — — ms Figure 72
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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 1/0O pin configurations (figure 63).

Pins: RESET*, CS*, E/WR, RW/RD, RS, OSC1, Pin: OSC2
OPOFF, IM1/0, TEST, MS, VSW1, VSW2

Vcc Vcc
H@ PMOS '_”'iﬁ PMOS
= K &
H@NMOS L|§NMOS
7 7
GND

GND

Pins: DB15 to DBO,
CL1, CL2, FLM, M

PMOS PMOS o
(Input circuit)

NMOS
Vcec  (Tri-state output circuit)

L1

NMOS

C_ < Output enable

——-10

PMOS . < Qutput data
o<]—

GND

Figure 63 /O Pin Configuration
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3. The TEST, VSW1, and VSW?2 pins must be grounded and the IM1/0, OPOFF, and MS pins must be
grounded or connected to Vcc.

Applies to the resistor value (RCOM) between power supply pins V10OUT, V20UT, V50UT, GND

and common signal pins, and resistor value (RSEG) between power supply pins V10OUT, V3OUT,
V40UT, GND and segment signal pins.

5. This excludes the current flowing through output drive MOSs.

6. This excludes 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.

7. The following shows the relationship between the operation frequency (fosc) and current
consumption (lcc) (figure 64).

‘op (“'2) Vec =3V
60
n TBD |
20 ;
0 E
20 40 60 80 100 120

R-C oscillation frequencies: fosc (kHz)

ILCD (HA) Vce = 3V, fosc = 180 kHz
O
20 TBD
10
0
11.0 13.0 15.0 17.0

LCD drive voltage: VLCD (V)

Figure 64 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltage is within £0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5)
when there is no load.

9. Applies to the external clock input (figure 65).

2kQ

Oscillator

—W 0sc1

Open —— 0OSC2

0.7Vcc
0.5Vce
0.3Vce

AL»
— i —
trep ticp

Tl

Duty =

h
Th+TI

x 100%

Figure 65 External Clock Supply
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10. Applies to the internal oscillator operations using external oscillation resistor Rf (figure 66 and table

39).

3

0OSC1

0SC2

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

Figure 66 Internal Oscillation

Table 39 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External

Resistance (Rf)

R-C Oscillation Frequency: fosc

Vee=2.2V Vce=3.0V Vcec=3.6V

200 kQ

270 kQ

300 kQ

330 kQ

360 kQ

390 kQ

430 kQ

470 kQ

11. The step-up characteristics test circuit is shown in figure 67.

(4 to 7-times step-up)

T

Vee Vi

Cl+[ 1=
cl-—T

C2+[ —
co-H——
C3+[ =
C3-
Ca4+— 1=
c4-—
Co+[ =
C5-
C6+
Ce6-
VLOUT

GND Viep — 1uF
T "

Figure 67 Step-up Characteristics Test Circuit
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Referential data
VUP6 = VLCD - GND, VUP7 = VLCD - GND

(i) Relation between the obtained voltage and input voltage

Four-times step-up

I
16.0 /,t)’p-_
'BD )
VUP4 (v)12.0 A
8.0
/
4.0
1.0 2.0 3.0 4.0
Vi (V)

Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0= 00

Six-times step-up

18.0 .
VUP6 (V) 150
TBD
12.0
9.0 <
1.5 2.0 2.5 3.0
Vi (V)

Vci = Vcc, fosc = 180 kHz, Ta = 25°C, DC1/0= 00

Five-times step-up

16.0 typ.—
V<
'BD
13.0 e
VUPS5 (V) P
10.0 //
7.0 £
15 2.0 25 3.0

VUPT (V)
13.0

Vei (V)
Vci = Vcc, fosc = 180 kHz, Ta = 25°C, DC1/0= 00

Seven-times step-up

I
typ.” |
Pt
18.0 T
//
_~ 'BD
8.0
15 2.0 25 3.0
Vci (V)

Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0= 00

Figure 68 Step-up
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(i) Relation between the obtained voltage and temperature

Four-times step-u Five-times step-u
10.0 p-up 170 p-up |
typ.
9.0 15.0
VUP4 (V) VUP5 (V) TBD
8.0 TBD 13.0 :
7.0 11.0 E
-60 20 0 20 60 100 -60 20 0 20 60 100
Ta (°C) Ta (°C)
Vci=2.2V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00 Vci=2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00
Six-times step-up Seven-times step-up
17.0 i
15.0 oe- 17.0
. . vp.
VUPS (V) TBD VUP7 (V) TBD
13.0 r 15.0 :
11.0 E 13.0 :
-60 20 0 20 60 100 -60 -20 0 20 60 100
Ta (°C) Ta (°C)
Vei=2.2V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00 Vci=2.2V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00

Figure 68 Step-up (cont)
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(i) Relation between the obtained voltage and capacity

Four-times step-up Five-times step-up
10.0 15.0
typ. typ.
9.0 14.0
VUP4 (V) — VUP5 (V)
8.0 13.0
TBD TBD
7.0 12.0
6.0 11.0
0.5 1.0 1.5 0.5 1.0 1.5
C (UF) C (UF)
Vci=2.2V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00 Vci = 2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00
Six-times step-up Seven-times step-up
15.0 17.0
typ. typ.
14.0 16.0
VUP6 (V) TBD VUP7 (V) TBD
13.0 15.0
12.0 14.0
110 =55 10 15 130555 1.0 15
C (uF) C (uF)

Vci = 2.2V, fosc = 180 kHz, 1o = 30 uA, DC1/0 = 00 Vci=2.2V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 00

Figure 68 Step-up (cont)
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(iv) Relation between the obtained voltage and current

Four-times step-up

Five-times step-up

13.6
13.4 typ
9.0 13.2 —
VUP4 (V) VUPS5 (V)
8.5 TBD 13.0 TBD
8.0 12.8
7.5 12.6
12.4
0 10 20 30 40 50 0 10 20 30 40 50
lo (HA) lo (HA)
Vci=2.2V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 00 Vci=2.7 V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 00
Six-times step-u Seven-times step-u
13.4 p-up 156 p-up
13.2 |= 15.4
13.0 —— 15.2 T~
VUPS (V) —— VUP7 (V) T ~——
128 TBD 150 TBD
12.6 14.8
12.4 14.6
12.2 14.4
0 10 20 30 40 50 0 10 20 30 40 50
lo (UA) 10 (HA)
Vci=2.2V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 00 Vci=2.2 V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 00

Figure 68 Step-up (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test Point o

50 pF =

Figure 69 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS ><— VIH
R/W — VIL

< fAsE—> <— tAHE —>
cs* VIL\\’ V|

< PWeH > < PWeL——>]

e ;Z;Z ZZZ,iVlH V|\|—;:\EA\\ ’_/V”__

tEr tes

tcyce

toswe >' l«— tHE

TTTTTTTT T T T TTTTTT
DBO LT A \/IH VIH A

N N SN NN NN (RN H RN RN NN
to DBlS PP PR VIL VIL SN

< DDRE> |<«— tDHRE —>

COTT T T 0 i i L 070
DBO VOH1 VOHL /L
R N R RN Readdata COLL i

to DBLE VoLl VoL1 S
c /

Notes: 1. PWEH is specified in the overlapped period when CS*is low and E is high.
2. Parallel data transfer is enabled on the DB15-8 pins when the 8-bit bus interface is used.
Fix the DB7-0 pins to Vcc or GND.

Figure 70 68-system Bus Timing
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80-system Bus Operation

VIH ViH
RS X ViL VIL
<— tas—> l«— tAH—>

VIH
Ccs* VIL\ /

*

1
<— PWLW, PWLR—>| [<—— PWHW, PWHR

\ /
WR* VIH VIH // VIH
RD* \\\\ \_V/IL ViL ,45/
tWRr; WRf

<

tcycw, tcyer >

<— tbsw—> |[<— {HWR —>

R

)
S
,
VL

Ty
S
(0] T ST !

RNy

)
. VIH AN Ny
Wrtedata IR
| VIL s

<t DDR> tDHR —>

COUT I S 0 0 LI LI 0 i i i 111 r S i i 1]
DBO VOH1 VOH1
(i R N RSN Readdata S
N N N NN NN \V/ \Vj SELTE ity
to DB15 / o oL1 oLl , ,

NN RN RN NN

Notes: 1. PWLw and PWLRr are specified in the overlapped period when CS*is low and WR* or RD* is low.

2. Parallel data transfer is enabled on the DB15-8 pins when the 8-bit businterface is used.
Fix the DB7-0 pinstoVcc or GND.

Figure 71 80-system Bus Timing

Reset Operation

< trRES >

RESET* VIL VIL

Figure 72 Reset Timing
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