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Description

The HD66760,color-graphicd. CD controlleranddriver LSI, displays104-by-80-dofgraphicsfor 256 STN
colors. The HD66760'shit-operationfunctionsand a 16-bit high-speedusinterfaceenableefficient data
transfer and high-speed rewriting of data to the graphics RAM.

The HD66760hasvariousfunctionsfor reducingthe powerconsumption ofan LCD system,such aslow-
voltageoperationof 2.2 V/min., a step-upcircuit to generatea maximumof six-timesthe LCD drive voltage
from the suppliedvoltage,andvoltage-followergo decreas¢hedirectcurrentflow in the LCD drive bleeder-
resistors. Combiningthesehardwarefunctionswith softwarefunctions,suchasa partial displaywith low-
duty drive andstandbyandsleepmodesallows precisepowercontrol. TheHD66760is suitablefor any mid-
sizedor small portablebattery-driverproductrequiringlong-termdriving capabilities suchasdigital cellular
phones supporting a WWW browser, bidirectional pagers, and small PDAs.

Features

* 104 x 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
* 12C bus interface
» Clock synchronized serial interface
« Bit-operation functions for graphics processing:
O Write-data mask function in bit units
O Swap function of upper and lower bytes
O Logical operation in pixel unit and conditional write function
« Various color-display control functions:
O 256 of the 4,096 possible colors can be displayed at the same time (grayscale palette incorporate
O Vertical scroll display function in raster-row units
0 Color window cursor display supported by hardware
» Low-power operation supports:

Preliminary: The specificationsof this deviceare subjectto changewithout notice. Pleasecontactyour
nearest Hitachi’'s Sales Dept. regarding specification.
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Vcec =2.2t0 3.6 V (low voltage)
V.o (= Vips— GND) = 5 to 15.5 V (liquid crystal drive voltage)
Three-, four-, five-, or six-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 (1/4-1/10) displayed on LCD

e Internal RAM capacity: 8,320 bytes

* 312-segmenk 80-common liquid crystal display driver

e n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
» Internal oscillation, hardware reset and software reset

« Shift change of segment and common drivers

HITACHI
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Total Current Consumption Characteristics (Vcc = 3.0V, TYP Conditions, LCD
Drive Power Current Included)

Total Power Consumption

Normal Display Operation

Character R-C
Display Dot Duty Oscillation Frame Internal LCD Standby
Size Ratio Frequency Frequency Logic Power Total* Mode
104 x 16 dots 1/16 180 kHz 70 Hz (50 pA) (25 pA) Four-times 0.2 pA
(150 pA)
104 x 24 dots 1/24 180 kHz 70 Hz (60 pA) (25 pA) Four-times
(160 pA)
104 x 56 dots 1/56 180 kHz 70 Hz (100 pA) (25 pA) Five-times
(225 pA)
104 x 64 dots 1/64 180 kHz 70 Hz (110 pA) (25 pA) Five-times
(235 pA)
104 x 72 dots 1/72 180 kHz 70 Hz (120 pA) (25 pA) Six-times
(270 pA)
104 x 80 dots 1/80 180 kHz 70 Hz (130 pA) (25 pA) Six-times
(280 pA)

Note : When a three-, four-, five-, or six-times step-up is used:
the total power consumption = internal logic current + LCD power current x 3 (three-times step-up),
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), and
the total power consumption = internal logic current + LCD power current x 6 (six-times step-up)

Type Name
Types External Dimensions Interface
HD66760TBO Bending TCP Parallel and clock synchronized serial interface
HD66760WTxx Bending TCP Parallel and 12C interface
HCD66760BP Au-bumped chip Parallel and clock synchronized serial interface
HCD66760WBP Au-bumped chip Parallel and 12C interface

HITACHI
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HD66760 Block Diagram
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HD66760 Pad Arrangement
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¢ Chip size: 14.4 mm x 3.1 mm
 Chip thickness: 550 um (typ.) com1L
« PAD coordinates: PAD center %
« Coordinate origin: Chip center Cs-
¢ Au bump size (pin number is shown Ca-
in the blacket) Ca-
(1) 80 um x 80 ym Co-
dummy1 (500), dummy31 (121),
dummy32 (172) and dummy33 (449) VLOUT
from C6 + (1) to dummy30 (112) VLOUT

(2) 35 um x 80 ym Vb\i/EEE
from SEG294 (173) to SEG19 (448) VIREF

(3) 80 um x 35 ym vesur
from COMA49 (122) to SEG295 (171) Ve
from SEG18 (450) to COM9 (499) vei

4) 45 um x 80 um dummy3
from COM8 (501) to COM1 (508) :

from COM41 (113) to COM48 (120) dummy14

dummy15
Vee
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No.508
No.1
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HD66760
* Au bump pitch: Refer PAD coordinate Vee (Top view)
* Au bump height: 15 pm (typ.) Ves
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HD66760 Pad Coordinates

(Unit : um)

No. [PAD NAME X Y No. [PAD NAME X Y No. |PAD NAME X Y No. |PAD NAME X Y No. |PAD NAME X Y
1 C8+ -6285 | -1387 103|dummy21 5385 | -1387 205|SEG262 5295 1418 307| SEG160 176 1416 409| SEGS8 -4944 | 1416
2|Co- -6185 | -1387 104[dummy22 5485 | -1387 206[SEG261 5245 | 1416 308| SEG159 125 | 1416 410{SEGS7 -4994 | 1416
3{C5+ -6085 | -1387 105|dummy23 5585 [ -1387 207| SEG260 5195 1416 309) SEG158 75 1416 411|SEG56 -5045 | 1418
4|Cs- -5985 | -1387 108 dummy24 5685 | -1387 208| SEG259 5145 1416 310|SEG157 25 1416 412|SEGSS -5095 | 1416
5|Ca+ -5885 | -1387 107]dummy25 5785 | -1387 209| SEG258 5095 1416 311|SEG156 -25 1416 413| SEG54 -5145 | 1416
6{Ca- -5785 | -1387 108 dummy26 5885 | -1387 210} SEG257 5045 1416 312|SEG165 75 1416 414/ SEGS3 -5195 | 1416
7]ca+ -5685 | -1387 109| dummy27 5985 | -1387 211|SEG256 4994 | 1416 313|SEG154 -125 | 1416 -5245 [ 1416
8|C3- -5685 | -1387 110|dummy28 6085 | -1387 212|SEG255 4844 1416 314|SEG153 -176 1418 -5295 1416
9|C2+ -5485 | -1387 311 [dummy2¢ £185 [ -1387 213|SEG254 4894 1418 315[SEG162 -226 1418 -5346 1416
10| C2- -5385 | -1387 112|dummy30 6285 1 -1387 214|SEG253 4844 1416 316|SEG161 -276 1416 -5396 1416
11{C1+ -5285 | -1387 113/COM41 6475 | -1387 2 4794 1416 317[SEG180 326 1418 -5446 1418
12{C1- -5185 | -1387 114)COM42 6536 | -1387 216| SEG251 4743 1416 318|SEG148 -376 1418 -5486 | 1416
13[GNDDUM1 -5078 | -1387 115|COM43 6596 | -1387 217 4683 1418 319[SEG148 -427 1418 -5546 | 1418
14[viout -4971 | -1387 118|COM44 6656 | -1387 218, 4843 1416 320|SEG147 -477 1418 -5507 | 1416
15| VLOUT -4871 | -1387 117|COM45 6716 | -1387 219 4593 | 1416 21| SEG146 -527 | 1418 -5647 | 1416
16| VLOUT -4771 | 1387 118]COMa6 6776 | -1387 220 4543 1416 3224 SEG145. -577 1416 -5697 | 1416
17| VLPS -4671 | -1387 119|COM47 6837 [ 1387 221 4492 1418 323|SEG144 627 1416 -5747 | 1418
18| VLPS -4571 | -1387 120|COM48 6897 | -1387 222 4442 1416 324/ SEG143 -678 1416 -5797 | 1416
19{VLPS -4471 | 1387 121 [dummy31 7066 [ -1387 223 4392 1416 325[|SEG142 -728 1416 -5848 | 1416
20} VLIREF -4329 | 1387 122[COMag 7066 | -1215 224 4342 1418 826[SEG141 778 1416 -5898 | 1416
21|VLREF -4229 | -1387 123[ COM50 7066 | -1165 225 4292 | 1416 327|SEG140 828 | 1416 5948 | 1416
22[ViREF -4129 | -1387 124/ COMS1 7066 | -1115 226 4241 1416 328|SEG138 -878 1418 -5998 | 1418
23|VI0UT -4029 | -1387 125(COMS2 7066 | -1064 227 4191 1416 329|SEG138. -929 1416 -6048 1416
24| V20UT 3929 | -1387 126/ COMS3 7086 | -1014 228 4141 1416 330| SEG137 -979 1418 -6099 14186
25| V30UT -3829 | -1387 127|COMS4 7066 -964 228 4091 1418 331|SEG136 -1029 1416 6149 1416
26| VaouT -3729 | -1387 128| COMS5 7066 914 230 4041 1416 332)SEG135 -1079 1418 6199 1416
27| vsouT -3629 | -1387 129| COM56 7066 864 231 3090 1416 333|SEG134 -1128 1416 6248 1416
28[vCl -3486 | -1387 130| COMSE7 7066 | -813 23 3940 | 1416 334|SEG133 -1180 | 1416 6299 | 1416
29| VGt -3386 | -1887 131]COMS8 7066 | -763 233 3880 | 1416 335|SEG132 1230 | 1416 -6350 | 1416
30[vCI -3286 | -1387 132|COMS9 7086 | -713 234 3840 | 1416 338| SEG131 -1280 | 1416 -6400 | 1416
31|vel -3186 | 1387 133| COM6O 7066 | 663 235 8790 | 1416 337|SEG130 -1330 | 1415 -6450 | 1416
32|vCl -3086 | -1387 134|COMG1 7066 | -613 236 3739 | 1416 338] SEG129 41360 | 1418 -6500 | 1416
33[dummy2 -2908 | -1387 135|COMB2 7066 -562 237] 3689 1418 339)SEG128 -1431 1416 -6550 | 1416
34| dummy3 -2808 | -1387 136] COMB3 7086 | -512 238 3639 | 1416 340 SEG127 -1481 | 1416 -6601 | 1416
35 [dummy4 -2708 | -1387 137|COMB4 7066 -462 239 3589 1418 341|SEG126 -1831 1418 8651 1416
36| dummy5 -2608 | -1387 138/ COM6S. 7066 -412 240| 3539 1416 342|SEG125 -1581 1418 -6701 1416
37 [dummy6 -2508 | -1387 139{CCME6. 7066 -362 241 3488 1418 343|SEG124 -1831 1416 -6751 1418
38; dummy7 -2408 | -1387 140 COM67 7066 -311 242 3438 1418 344[SEG123 -1682 1416 -6801 1418
39] dummyB -2308 | -1387 141]COME8 7086 | -261 243 3388 | 1418 345|SEG122 1732 | 1416 -6852 | 1418
40| dummy9 -2208 | -1387 142|COME9 7086 211 244 3338 1416 346|SEG121 -1782 1416 -6902 | 1416
41]dummy10 -2108 | -1387 143]COM70 7066 | ~161 245 3288 | 1416 347| SEG120 -1832 | 1416 -7066 | 1416
42| dumimy11 -2008 | 1387 144|COM71 7086 | -111 246 3238 | 1416 348|SEG119 -1882 | 1418 7066 | 1245
43[dummy {2 -1908 | -1387 145|COM72 7086 [ 60 247 3187 | 1416 349|SEG118 41932 | 1416 7066 | 1194
44! dummy13 -1808 | -1387 148|COM73 7086 [ -10 248 3137 | 1416 350|SEG117 -1983 | 1416 -7066 | 1144
45[dummy14 -1708 | -1387 147|COM74 7086 40 249 3087 | 1416 351|SEG116 2033 | 1416 7086 | 1094
48| dummy 15 -1608 | -1387 148|COM75 7066 80 250 3037 | 1416 352|SEG115 2083 | 1416 7066 | 1044
47[vCC -1465 | -1387 149 COM76 7066 140 251 2087 1416 353|SEG114 -2133 1418 -7068 994
48[vCC -1365 | -1387 150[COM77 7066 | 191 252 2936 | 1416 354| SEG113 -2183 | 1416 7066 | 943
49[vCC -1265 | -1387 151/ COM78 7066 241 253 2886 1416 355|SEG11 -2234 | 1416 -7068 893
50[vCC -1165 | -1387 152 COM79 7086 | 291 254 2636 | 1416 356 SEG111 -2284 | 1418 -7066 | 843
51[VCC -1065 | -1387 153 COM8O 7066 | 341 255 2786 | 1416 357|SEG110 2334 | 1416 -7066 | 793
52[VCC -865 -1387 154| SEG312 7066 391 2658 2736 1418 358{SEG109 -2384 1416 ~7066 743
53[GND 822 | -1387 155|SEG311 7066 | 442 257 2685 | 1416 359|SEG108 -2434 | 1416 -7068 | 692
54[GND -722 | -1387 156 SEG310 7066 492 258 2635 1418 360|SEG107 -2485 | 1418 -7066 842
55|GND 622 | -1387 157| SEG308 7066 | 542 259 2585 | 1416 361[SEG106 -2535 | 1416 7066 | 592
58[GND -522 | -1387 158| SEG308 7066 592 260 2535 1416 362|SEG105 -2585 | 1418 -7066 542
57| GND 422 | -1387 159] SEG307 7086 | 642 261 2485 | 1416 363[SEG104 -2685 | 1416 7066 | 492
58[GND -322 -1387 160} SEG306 7066 692 262 2434 1418 364|SEG103 -2685 1418 7066 442
59[GND -222 -1387 161{SEG305 7066 743 263 2384 1418 365[SEG102 -2736 1416 467|SEG1 -7068 N
60[VTEST -80 | -1387 1 EG304 7066 | 793 264 2334 | 1418 366| SEG101 2786 | 1418 468 COM4D -7066 | 341
61| VREG 85 -1387 7066 843 265 2284 1416 367|SEG100 -2836 1418 469| COM39 -7066 291
62{VSW1 210 | -1387 164 SEG302 7086 | 893 266|SEG201 2234 | 1416 368| SEGO9 2886 | 1416 470[COM38 7066 | 241
63| vSwa 355 -1387 165|SEG301 7066 943 267|SEG200 2183 1418 369| SEGS8 -2936 | 1418 471| COM37 -7066 191
64| GNDDUM2 455 -1387 166| SEG300 7086 994 268|SEG199 2133 1416 370| SEGO7 -2987 1416 472|COM38. -7066 140
65| TEST 555 | -1887 167|SEG298 7086 | 1044 269[SEG198 2083 | 1416 371|SEG96 -3037 | 1416 473[com3s -7066 | 90
66| OPOFF 655 -1387 168| SEG298 7086 1094 270|SEG197 2033 1418 372/ SEGY5 -3087 1416 474|COM34 -7066 40
67| VCCDUMT 755 | -1387 168 SEG297 7086 | 1144 271[SEG196 1983 | 1416 373|SEG94 -3137 | 1416 475|COM33 7068 [ -10
68| RESET" 855 -1387 170| SEG296 7086 1194 272|SEG195 1932 1416 374|SEGO3 -3187 | 1416 476|COM32 -7066 -60
89[CS* 1000 | -1387 171|SEG295 7086 | 1245 73| SEG194 1882 | 1416 75| SE -3238 | 1418 477|COM31 7066 | 111
70|AS 1144 | -1387 172 [dummy32 7066 1416 74]SEG193 1832 1416 376[SEGO1 -3288 | 1416 478|COM30 -7066 [ -161
71| GNDDUM3 1244 | -1387 173| SEG294 6902 | 1416 75| SEG19: 1782 | 1416 377[SEGS0 -3338 | 1418 479|COM29 7066 | 211
72| VCCOUM2 1344 | -1387 174| SEG293 6852 1416 276|SEG191 1732 1416 378|SEG89 -3388 | 1416 480| COM28 -7066 | -261
73[IM0ND 1444 | -1387 175|SEG292 6801 | 1416 277|SEG190 1682 | 1416 379|SEGS8 -3438 | 1416 481| COM27 7066 [ -311
74| GNDDUM4 1544 | -1387 176/ SEG291 6751 1416 278|SEG188 1631 1416 380|SEG87 -3488 | 1418 482| COM26 -7086 -362
75|IM1 1644 | -1387 177|SEG280 6701 1418 279|SEG188 1581 1416 381|SEG8S -3539 | 1418 483 COM25 -7066 -412
76} M2 1789 | -1387 178| SEG289 6651 1418 2B0|SEG187 1531 1416 382| SEG85 -3589 1416 484| COM24 7066 | -462
77| RW/RD'/SDA 1934 | -1387 179|SEG288 6601 1418 281|SEG186 148t 1416 383 SEG84 -3639 | 1416 485| COM23 -7086 | -512
78| EWR'/SCL 2079 [ 1387 180| SEG287 6550 1416 282|SEG185 1431 1418 384| SEG83 -3689 1416 486| COM22 -7066 | -562
79| GNDDUMS 2179 | -1387 181| SEG286 6500 1416 283|SEG184 1380 1418 385| SEGS: -3739 | 1416 487| COM21 -7066 | 813
80{DBO 2279 | -1387 182| SEG285 6450 | 1416 284|SEG183 1330 | 1416 386| SEG81 -3790 | 1416 488| COM20 -7066 | -863
81|DB1 2424 | -1387 183| SEG284 6400 1416 285|SEG182 1280 1418 387 SEG80 -3840 | 1416 489| COM19 -7066 | -713
82| D82 2568 | -1387 184| SEG283 6350 1416 288{SEG181 1230 1418 388| SEG79 -3880 1418 490| COM18 -70668 | -763
83|083 2713 | -1387 185| SEG282 6299 1416 287]SEG180 1180 1418 389| SEG78 -3940 | 1416 41| COM17. -7086 | -813
84|0B4 2858 | -1387 186(SEG281 6249 1418 288|SEG179 1129 1416 390| SEG77 -3880 [ 1418 492| COM16 -7066 | -864
85)085 3003 [ -1387 187|SEG280 5199 1416 283|SEG178 1079 1416 391|SEG78 -4041 1418 493| COM15 -7066 | -914
8s|0B6 3148 | -1387 188[ SEG279 6149 | 1416 290[SEG177 1029 | 1416 392| SEG75 4091 | 1416 434|COM14 -7086 | -964
87|oB7 3292 | 1387 189| SEG278 6099 1416 291|SEG176 978 1418 393|SEG74 -4141 1418 495|COM13 -7086 | -1014
88|0B8 3437 | -1387 190| SEGR77 6048 1418 292|SEG175 929 1416 394[SEG73 -4181 1418 46| COM12 -7066 | -1064
89| DBY 3582 [ -1387 191| SEG276 5998 1416 293|SEG174 878 1416 395| SEGT2 -4241 1418 457|COM11 -7086 | -1115
9010810 3727 | -1387 192| SEG275 5948 1416 204|SEG173 828 1416 396|SEG71 -4292 1416 498/ COM10 -7066 | -1165
91|DB11 3872 | -1387 193 SEG274 5898 1416 295|SEG172 778 1416 397|SEG70 -4342 1418 439| COM9 -7086 | -1215
92| DB12 4016 | -1387 194/ SEG273 5848 | 1416 298[SEG171 728 [ 1416 398]SEGE9 -4362 | 1418 500/ dummy1 7066 | -1387
93|DB13 4161 -1387 195|SEG272 5797 1418 297|SEG170 678 1416 399 SEGE8 -4442 | 1416 501{COM8 -6897 | -1387
94|DB14 4308 | -1387 196|SEG271 5747 | 1416 298[SEG169 627 | 1416 400] SEG67 -4492 | 1416 502] COM7 -6837 | -1387
95|DB15 4451 -1387 197|SEG270 5697 1416 299|SEG168. 577 1416 401{ SEG66 -4543 | 1416 503/ COM8& -6776 | -1387
96[0SC1 4596 [ -1387 5647 1416 300|SEG167 527 1416 402| SEG65 -4583 1418 504] COM5 -6716 | -1387
97]0sC2 4740 [ -1387 199|SEG268 5597 1418 301|SEG166 477 1416 403 SEG64 -4643 1416 505/ COM4 6656 | -1387
98| dummy16 4885 [ -1387 5546 1418 302| SEG165 427 1416 404} SEGS3 -4693 1418 506| COM3 6596 | -1387
99[dummy17 4985 [ -1387 201|SEG266 5496 1416 303|SEG164 376 1416 405} SEG62 -4743 | 1418 507)COM2 -6536 | -1387
108 dummy18 5085 [ -1387 5446 1416 304|SEG163 326 1416 406 SEG81 -4794 | 1418 508| COM1 6475 | -1387
101 | dummy19 5185 | -1387 203[SEG264 5396 | 1416 305[SEG162 278 [ 1416 407} SEG60 -4844 | 1416
102{dummy2Q 5285 | -1387 204|SEG263 5346 1418 306/ SEG161 226 1416 408} SEG59 -4894 | 1416
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HD66760

TCP Dimensions (HD66760TBO0)

Bending slit
4.0 mm

E/WR*/SCL
RW/RD*/SDA

1/0, Power supply

0.5P x (59-1)
=29.0 mm

09/99aH
©

v 0.073 mm

4 Pitch
LCD drive

0.073P x (312-1)

+0.11P x (45-1)

]

+0.11P x (45-1)

: +0.8 +0.8

SEG4 =33.983 mm

I
_|
5 ©
z
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HD66760

Pin Functions

Table 1 Pin Functional Description

Number Connected
Signals of Pins I/0 to

Functions

IM2, IM1, 3 | GND
IMO/ID or Vee

Selects the MPU interface mode:

IM2 IM1 IMO/ID MPU interface mode

GND GND GND 68-system 16-bit bus interface
GND GND Vcc 68-system 8-bit bus interface

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

Vcc GND ID Clock synchronized serial interface
Vce Vee ID 12C bus interface

Inputs the ID of the device ID code for an I12C bus and
clock synchronized serial interface.

Ccs* 1 MPU

Low: HD66760 is selected and can be accessed
High: HD66760 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)
Must be fixed at GND level when not in use.

E/WR*/SCL 1 MPU

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

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

For an 12C bus or clock synchronized serial interface,
inputs the serial transfer clock.

RW/RD*/ 1 MPU
SDA

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.

For an 12C bus or clock synchronized serial interface,
serves as the bi-directional serial transfer data.
Sends/Receives data.

DB0-DB15 16 I} MPU

Serves as a 16-bit bidirectional data bus.
For an 8-bit bus interface, data transfer uses DB15-
DBS8; fix unused DB7-DBO to the Vcc or GND level.

When 12C or clock synchronized serial interface is
used, fix DB0-DB15 to the Vcc or GND level.
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HD66760

Table 1 Pin Functional Description (cont)

Number
Signals of Pins /0 Connectedto  Functions

COM1- 80 (0] LCD Output signals for common drive: All the unused pins
CcOomM80 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, COML1 shifts
to COMB80. If CMS = 1, COMB8O0 shifts to COML1.

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

SEG1- 312 (0] LCD Output signals for segment drive. In the display-off

SEG312 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 SEG312.
SEG1, SEG4, ... display red (R), SEG2, SEGS, ...
display green (G), and SEG3, SEGS, ... display blue
(B) (SGS =0).

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

V50UT when they are used (OPOFF = GND); attach a
capacitor to stabilize the output. When the amplifiers
are not used (OPOFF = V_.), V1 to V5 voltages can
be supplied to these pins from outside. Adjust the
contrast for VIOUT 2 V., V.

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

Ve GND 1 — Power supply  Power supply for logic circuit

0OSC1, 2 | Oscillation- Connect an external resistor for R-C oscillation.
0OSC2 resistor

Vi 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 (@) V s pin/step-  Potential difference between Vci and GND is three- to
up capacitance six-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.

HITACHI
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Table 1 Pin Functional Description (cont)

Number of

Signals Pins /0 Connected to Functions

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.

Cé6+,C6— 2 — Step-up External capacitance should be connected here for

capacitance step-up.

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

R-C circuit after power-on.

OPOFF 1 | V. or GND Turns the internal operational amplifier off when
OPOFF =V, and turns it on when OPOFF = GND.
When internal amplifier is not used, supply V1 to V5
voltage level to the V1OUT to V50UT pins.

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

VSW2

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 o] 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 VIREF and VLREF. If the circuit is
not used, short VIREF and VLREF.

V..DUM 2 o] 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 O — Test pin. Must be left disconnected.

10
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Block Function Description

System Interface

The HD66760hasfour high-speedsysteminterfacesan 80-systenl6-bit/8-bitbus,a 68-systeml 6-bit/8-bit
bus, an 12C bus interface and a clock synchronized serial interface. The interface mode is selected by tl
0 pins.

The HD66760hasthreel6-bit registersanindexregister(IR), a write dataregister(WDR), anda readdata
register(RDR). The IR storesindex information from the control registersand the GRAM. The WDR
temporarilystoresdatato be written into control registersandthe GRAM, andthe RDR temporarilystores
datareadfrom the GRAM. Datawritten into the GRAM from the MPU is first written into the WDR andthen
is automaticallywritten into the GRAM by internal operation.Datais read througtthe RDR whenreading
from the GRAM, andthefirst readdatais invalid andthe secondandthe following dataarenormal.Whena
logic operationis performedinside of the HD66760by usingthe displaydatasetin the GRAM andthe data
written from the MPU, the datareadthroughthe RDR is used.Accordingly, the MPU doesnot needto read
data twice nor to fetch the read data into the MPU. This enables high-speed processing.

Executiontime for instructionexcludingoscillationstartis 0 clock cycle andinstructionscanbe written in
succession.

Table 2 Register Selection

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

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

Bit Operation

The HD66760supportshe following functions: a swap function thatwrites the datawritten from the MPU
into the GRAM by reversingthe displayposition vertically in byte units, a write datamaskfunction that
selectsand writes datainto the GRAM in bit units, and a logic operationfunction that performslogic
operationor conditionaldeterminatioron the displaydatasetin the GRAM andwritesinto the GRAM. With
the 16-bit businterface thesefunctionscangreatlyreducethe processindgoadsof the MPU graphicssoftware
andcanrewritethe displaydatain the GRAM at high speedFor details,see theGraphicsOperationFunction
section.

HITACHI
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Address Counter (AC)

Theaddress countgAC) assignsaddresseto the GRAM. Whenanaddressetinstructionis written into the
IR, the address information is sent from the IR to the AC.

After writing into the GRAM, the AC is automaticallyincrementedy 1 (or decrementedby 1). After reading
from the data, the AC is not updated.

Graphics RAM (GRAM)

The graphics RAM (GRAM) has eight bits/pixel and stores the bit-pattern data ®f8D8ytes.

Grayscale Palette (GSP)

The grayscalealette(GSP)is a palettetablethat convertsthe information(threebits for eachcolor: two bits
for B) readfrom the GRAM to 4-bit grayscaledata. Any 256 of the 4,096possiblecolorscanbe displayedat
the same time. For details, see the Grayscale Palette section.

Grayscale Control Circuit

The grayscalecontrol circuit performs16-grayscalecontrol with the frame rate control (FRC) methodfor
grayscale display for each color. For details, see the Grayscale Palette section.

Timing Generator

Thetiming generator generateisning signalsfor the operationof internalcircuits suchasthe GRAM. The
RAM readtiming for displayandinternaloperationtiming by MPU accesaregeneratedgeparatelyto avoid
interference with one another.

Oscillation Circuit (OSC)

The HD66760can provide R-C oscillation simply throughthe addition of an externaloscillation-resistor
betweenthe OSC1andOSC2pins. The appropriatenscillation frequencyfor operatingvoltage,display size,
and frame frequencycan be obtainedby adjustingthe external-resistovalue. Clock pulsescan also be
suppliedexternally. Since R-C oscillation stopsduring the standbymode, currentconsumptioncan be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit

Theliquid crystaldisplaydriver circuit consistsof 80 commonsignaldrivers (COM1 to COM80) and 312
segmensignaldrivers (SEG1to SEG312) Whenthe numberof lines are selectedby a program the required
commonsignal drivers automaticallyoutput drive waveforms,while the other commonsignal drivers
continue to output unselected waveforms.

Display patterndatais latchedwhen 312-bit datahasarrived. The latcheddatathen enablesthe segment
signaldriversto generatarive waveformoutputs.The shift directionof 312-bitdatacanbe changedy the

HITACHI
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SGShit. The shift direction forthe commondriver can also be changedby the CMS bit by selectingan
appropriate direction for the device mounting configuration.

Whenmultiplexingdrive is not used,or duringthe standbyor sleepmode,all theabovecommonandsegment
signal drivers output the GND level, halting the display.

Step-up Circuit (DC-DC Converter)

The step-upgenerateshree-, four-five-, or six-timesvoltageinputto the Vci pin. With this, boththeinternal
logic unitsand LCD driverscanbe controlledwith a single powersupply. Step-upoutputlevel from three-
timesto six-timesstep-upcanbe selectedby software.For details,see thePowerSupplyfor Liquid Crystal
Display Drive section.

V-Pin Voltage Follower

A voltagefollower for eachvoltagelevel (V1 to V5) reducescurrentconsumptiorby the LCD drive power
supply circuit. No externalresistorsare requiredbecauseof the internal bleeder-resistorwhich generates
differentlevelsof LCD drive voltage.This internalbleeder-resistocanbe software-specifiefrom 1/4 biasto
1/10 bias, according to the liquid crystal display drive duty value. For details, see the Power Supply for |
Crystal Display Drive section.

Contrast Adjuster

The contrast adjustezanbe usedto adjustLCD contrastin 128 stepsby varyingthe LCD drive voltageby
software. This can be used to select an appropriate LCD brightness or to compensate for temperature.

Power-supply Regulator

The power-supplyregulatorgenerateghe LCD drive voltagefrom the referencevoltage,which doesnot
dependon the LCD load current. The fluctuatingLCD drive voltage canbe controlledfor the fluctuating
LCD load current. For details, see the Liquid Crystal Display Voltage Generator section.

HITACHI
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GRAM Address Map (HD66760)
Table 3 Relationship between Display Position and GRAM Address (GS =0, SGS = 0)

ol =l 2818|388 358834
SEG/ICOMPIn | 0|0|3|3|8|8| 6|3 3|3 5|0 SRR AT IR IR IR IR AR AR
CMS=0 | CMS=1 lgg 77777 DBED7B 77777 D0 ?E 77777 DBBEDB 77777 DOB ?E. 77777 DBED7B 77777 DOB ?SB 77777 DBBED7B 77777 DOB
COM1 |COMS80 "0000"H "0001"H "0032"H "0033"H
COM2 | COM79 "0100"H "0101"H CrEEEEEa "0132"H 0133"H
COM3 |COM78 "0200"H "0201"H I "0232"H 0233"H
COM4 | COM77 "0300"H "0301"H T "0332"H "0333"H
COM5 |COM76 "0400"H "0401"H T "0432"H "0433"H
COM6 | COM75 "0500"H "0501"H "0532"H "0533"H
COM7 |COM74 "0600"H "0601"H I "0632"H "0633"H
COM8 |COM73 "0700"H "0701"H CrEEEEEa "0732"H "0733"H
COM9 | COM72 "0800"H "0801"H T "0832"H "0833"H
COM10 |COM71 "0900"H "0901"H I "0932"H "0933"H
COM11 | COM70 "0A00"H "0AO01"H I "0A32"H "0A33"H
COM12 | COM69 "0B0O0O"H "0BO1"H I "0B32"H "0B33"H
COM13 |COM68 "0C00"H "0CO01"H I "0C32"H "0C33"H
COM14 |COM67 "0D00"H "0DO1"H STITIIIIT "0D32"H "0D33"H
COM15 | COM66 "OEOOQ"H "OEO1"H I "OE32"H "OE33"H
COM16 | COM65 "OF00"H "OFO01"H I "0OF32"H "OF33"H
COM17 |COM64 "1000"H "1001"H L "1032"H "1033"H
COM18 | COM®63 "1100"H "1101"H I "1132"H "1133"H
COM19 |COM62 "1200"H "1201"H CrEEEEEa "1232"H "1233"H
COM20 |COM61 "1300"H "1301"H ST "1332"H "1333"H
COM73 | COM8 "4800"H "4801"H TLLLITILL "4832"H "4833"H
COM74 | COM7 "4900"H "4901"H YT "4932"H "4933"H
COmM75 | COM6 "4A00"H "4A01"H I "4A32"H "4A33"H
COM76 | COM5 "AB00"H "4B01"H T "4B32"H "4B33"H
COM77 | COM4 "4C00"H "4C01"H T "4C32"H "4C33"H
COoM78 | COM3 "4D00"H "4D01"H I "4D32"H "4D33"H
COM79 | COM2 "4E00"H "4EQ1"H I "4E32"H "4E33"H
Ccomso | COM1 "4F00"H "4F01"H LTI ETITT "4F32"H "4F33"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
CRAMDa@ | 45 | 14 |13 |12 |11 10| 9 | 8 | 7 |6 5|43 |2 1|0
Selection Palette RK palette GK palette BK palette| RK palette GK palette |BK palette
Output Pin SEG (6n+1) | SEG(6n+2) | (ames | SEG(6n+4) | SEG(6n+5) | oo
Note: n = Lower 7-bit address (0 to 51)
HITACHI
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Table 5 Relationship between Display Position and GRAM Address (GS =0, SGS = 1)

ol =l 288121818518 8|3|=|S
SEG/ICOMPIn |0|0|3|0|8|8| 03|30 3|0 IR IR IR IR IR IR IR
CMS=0 [CMs=1 %P OP/p. - GE[oF. 0P 0P .08 R A | s J T
COM1 |COMS80 "0033"H "0032"H "0001"H "0000"H
COM2 | COM79 "0133"H "0132"H nrnEnEns "0101"H "0100"H
COM3 | COM78 "0233"H "0232"H T "0201"H "0200"H
COM4 | COM77 "0333"H "0332"H I "0301"H "0300"H
COM5 |COM76 "0433"H "0432"H I "0401"H "0400"H
COM6 | COM75 "0533"H "0532"H TLLLITILL "0501"H "0500"H
COM7 |COM74 "0633"H "0632"H I "0601"H "0600"H
COM8 |COM73 "0733"H "0732"H nrnEnEns "0701"H "0700"H
COM9 |COM72 "0833"H "0832"H T "0801"H "0800"H
COM10 |COM71 "0933"H "0932"H I "0901"H "0900"H
COM11 |COM70 "0A33"H "0A32"H I "0AO1"H "0A00"H
COM12 |COM®69 "0B33"H "0B32"H TLLLITILL "0BO1"H "0BOO"H
COM13 |COM68 "0C33"H "0C32"H "0CO1"H "0C00"H
COM14 |COM67 "0D33"H "0D32"H T "0DO01"H "0D00"H
COM15 | COM66 "0E33"H "0OE32"H L "OEO1"H "0OEOQ0"H
COM16 | COM65 "OF33"H "0OF32"H L "OFO01"H "0OF00"H
COM17 |COM64 "1033"H "1032"H I "1001"H "1000"H
COM18 |COM63 "1133"H "1132"H "1101"H "1100"H
COM19 | COM62 "1233"H "1232"H . "1201"H "1200"H
COM20 |COM61 "1333"H "1332"H T "1301"H "1300"H
COM73 | COMS8 "4833"H "4832"H TLLLITILL "4801"H "4800"H
COM74 | COM7 "4933"H "4932"H ITLLLITITT "4901"H "4900"H
COM75 | COM6 "4A33"H "4A32"H I "4A01"H "4A00"H
COM76 | COM5 "4B33"H "4B32"H I "4B01"H "4B00"H
COM77 | COM4 "4C33"H "4C32"H I "4CO1"H "4C00"H
COM78 | COM3 "4D33"H "4D32"H TLLLITILL "4D01"H "4D00"H
COM79 | COM2 "4E33"H "4E32"H TLLLITILL "4E01"H "4EQ00"H
COM80 | COM1 "4F33"H "4F32"H ITLLLITITT "4F01"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
CRAMDa@ | 45 | 14 |13 |12 |11 10| 9 | 8 | 7|6 5|43 |2 1|0
Selection Palette RK palette GK palette  |BK palette| RK palette GK palette BK palette
Output Pin SEG (312-6n) | SEG (311-6n) (3515_%,1) SEG (309-6n) | SEG (308-6n) (3%5_%,])
Note: n = Lower 7-bit address (0 to 51)
HITACHI
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Table 7 Relationship between Display Position and GRAM Address (GS = 1, SGS = 0)

Nl L els o 8 RBIK 88 8l o
SEG/COMPIN | B < B0 <o O] D weee BB e @ [sranannnna| @ oo O[O e B (D e B| B e B
h He Be e 6 h Bl Gl B 6
CMS=0 [ CMs=1 (38— %F|%P—- P 3B-—p P R 1 s 1
COM1 |COM80 "0000"H "0001"H T "000B"H "000C"H
COM2 | COM79 "0100"H "0101"H nrnrEnas "010B"H "010C"H
COM3 |COMT78 "0200"H "0201"H snrrnnEnns "020B"H "020C"H
COM4 | COM77 "0300"H "0301"H LI "030B"H "030C"H
COM5 | COM76 "0400"H "0401"H T "040B"H "040C"H
COM6 | COM75 "0500"H "0501"H TLLLLLIIT "050B"H "050C"H
COM7 |COM74 "0600"H "0601"H "060B"H "060C"H
COM8 |COM73 "0700"H "0701"H nrnrEnas "070B"H "070C"H
COM9 |COMT72 "0800"H "0801"H snrrnnEnns "080B"H "080C"H
COM10 |COMT71 "0900"H "0901"H T "090B"H "090C"H
COM11 |COM70 "0A00"H "0AO01"H T "0AOB"H "0AOC"H
COM12 | COM69 "0B0O0"H "0BO1"H LI "0BOB"H "0BOC"H
COM13 | COM68 "0C00"H "0CO1"H T "0COB"H "0COC"H
COM14 | COM67 "0DO0"H "0D01"H srnrnnEnns "0DOB"H "0DOC"H
COM15 | COM66 "0OE00"H "OEO1"H T "OEOB"H "OEOC"H
COM16 | COM65 "OF00"H "OFO1"H T "OFOB"H "OFOC"H
COM17 |COM64 "1000"H "1001"H LI "100B"H "100C"H
COM18 | COM63 "1100"H "1101"H ITIIIIIIL "110B"H "110C"H
COM19 | COM62 "1200"H "1201"H nnnranns "120B"H "120C"H
COM20 |COM®61 "1300"H "1301"H I "130B"H "130C"H
com73 | COM8 "4800"H "4801"H T "480B"H "480C"H
COM74 | COM7 "4900"H "4901"H T "490B"H "490C"H
com75 | COM6 "4A00"H "4A01"H I "4A0B"H "4A0C"H
COM76 | COM5 "4B00"H "4B01"H I "4BOB"H "4BOC"H
COM77 | COM4 "4C00"H "4C01"H LI "4COB"H "4COC"H
com7g | COM3 "4D00"H "4D01"H T "4DOB"H "4DOC"H
com79 | COM2 "4EQ0"H "4EQ1"H T "4EO0B"H "4EOC"H
CcOoMmM80o | COM1 "AF00"H "AF01"H I "4FOB"H "AFOC"H
Note: When the GS bit is updated, the RAM data must be rewritten.
Table 8 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
15 114 |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 (24n+1)| SEG (24n+4)| SEG (24n+7) | SEG (24n+10)| SEG (24n+13) |SEG (24n+16) | SEG (24n+19) | SEG (24n+22)
SEG (é4n+3) SEG (é4n+6) SEG (é4n+9) SEG (2.4n+12) SEG (£4n+15) SEG (2.4n+18) SEG (2.4n+21) SEG (2.4n+24)
Note: n = Lower 4-bit address (0 to 12)
HITACHI
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Table 9 Relationship between Display Position and GRAM Address (GS = 1, SGS = 1)

Nl o~ o 8 RBIk 88 8l o

SEG/COMPIN @ - B |3 e O] D woee B | B e @ [sxxnnnnana| D o B[O e O (D e BB e B

h  B|eo Blo Blh 6 h Ghlo Blh o6 6

CMS=0 [CMs=1[§°—-P%p .- gB58 5P P g8 R e
COM1 |COM80 "000C"H "000B"H T "0001"H "0000"H
COM2 |COM79 "010C"H "010B"H [ — "0101"H "0100"H
COM3 | COM78 "020C"H "020B"H YT "0201"H "0200"H
COM4 | COM77 "030C"H "030B"H T "0301"H "0300"H
COM5 | COM76 "040C"H "040B"H T "0401"H "0400"H
COM6 | COM75 "050C"H "050B"H YT "0501"H "0500"H
COM7 |COM74 "060C"H "060B"H "0601"H "0600"H
COM8 | COM73 "070C"H "070B"H "0701"H "0700"H
COM9 |COM72 "080C"H "080B"H YT "0801"H "0800"H
COM10 |COM71 "090C"H "090B"H "0901"H "0900"H
COM11 |COM70 "0AOC"H "0AOB"H "0AO01"H "0A00"H
COM12 | COM69 "0BOC"H "0BOB"H T "0BO1"H "0B0OO"H
COM13 | COM68 "0COC"H "0COB"H "0CO1"H "0C00"H
COM14 |COM67 "0DOC"H "0DOB"H STITIIIIT "0DO1"H "0D00"H
COM15 | COM66 "0EOC"H "0EOB"H "0OEO1"H "0E00"H
COM16 | COM65 "OFOC"H "OF0B"H "OF01"H "0F00"H
COM17 |COM64 "100C"H "100B"H T "1001"H "1000"H
COM18 | COM63 "110C"H "110B"H "1101"H "1100"H
COM19 | COM62 "120C"H "120B"H "1201"H "1200"H
COM20 |COM61 "130C"H "130B"H STITIIIIT "1301"H "1300"H
CoM73 | COM8 "480C"H "480B"H "4801"H "4800"H
COM74 | COM7 "490C"H "490B"H LLLLTIEETT] "4901"H "4900"H
com7s | COM6 "AA0C"H "4A0B"H YT "4A01"H "4A00"H
COM76 | COM5 "ABOC"H "ABOB"H YT "4BO1"H "4B00"H
COM77 | COM4 "4COC"H "4COB"H "4CO01"H "4C00"H
Ccom78 | COM3 "4DOC"H "4DOB"H "4D01"H "4D00"H
COM79 | COM2 "4EOC"H "4EO0B"H "4E01"H "4E00"H
CcOoMmM80o | COM1 "AFOC"H "AFOB"H I "4F01"H "4F00"H

Note: When the GS bit is updated, the RAM data must be rewritten.

Table 10 Relationship between GRAM Data and Display Contents

DB |DB DB |DB |DB (DB DB |DB |DB |DB | DB | DB | DB | DB | DB | DB
15114 1183 112 |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

GRAM Data

Output Pin SEG (312-24n) | SEG (309-24n) | SEG (306-24n) | SEG (303-24n)| SEG (300-24n) | SEG (297-24n) | SEG (294-24n) | SEG (291-24n)

SEG (310-24n) | SEG (307-24n) | SEG (304-24n) | SEG (301-24n)| SEG (298-24n)| SEG (295-24n) | SEG (292-24n) | SEG (289-24n)

Note: n = Lower 4-bit address (0 to 12)
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Instructions

Outline

The HD66760usesthe 16-bit busarchitecture Beforethe internaloperationof the HD66760starts,control
informationis temporarilystoredin theregistersdescribeelowto allow high-speednterfacingwith a high-
performancemicrocomputerThe internaloperationof the HD66760is determinecby signalssentfrom the
microcomputerThesesignals,which include theregisterselectionsignal (RS), the read/writesignal (R/W),
andthe databussignals(DB15 to DB0), makeup the HD66760instructions.Thereare eight categoriesof
instructions that:

» Specify the index

* Read the status

» Control the display

» Control power management

* Process the graphics data

» Setinternal GRAM addresses

» Transfer data to and from the internal GRAM

» Set grayscale level for the internal grayscale palette table

Normally, instructionsthat write dataare usedthe most. However, an auto-updateof 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 indexinstructionspecifiesthe RAM controlindexes(ROOhto R39h). It setstheregisternumberin the
range of 000000 to 111001 in binary form. However, R40h to R44h are disabled since they are test reg

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

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

Figure 1 Index Instruction

Status Read
The status read instruction reads the internal status of the HD66760.
L7-0: 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 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

R 0 O | L6 | L5 | L4 | L3|L2|L1|LO|] O |C6|C5|C4|C3|C2|C1]|CO

Figure 2 Status Read Instruction

Start Oscillation (ROOh)

The startoscillationinstructionrestartsthe oscillatorfrom the halt statein the standbymode.After issuing
this instruction,wait at least10 msfor oscillation to stabilizebeforeissuingthe nextinstruction.(Seethe
Standby Mode section.)

If this register is read forcibly, 8760H is read.

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

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

Figure 3 Start Oscillation Instruction
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Driver Output Control (R0O1h)

CMS: Selectsthe outputshift directionof a commondriver. When CMS = 0, COM1 shifts to COM80.
When CMS = 1, COMB8O0 shifts to COM1.

SGS: Selectghe outputshift directionof a segmentdriver. WhenSGS= 0, SEG1shiftsto SEG312. When
SGS= 1, SEG312shiftsto SEG1. WhenSGS= 0, the SEG1pin assigns theolor displayto R, G, or B.
When SGS =1, the SEG312 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. G
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| 0 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 1 312 x 16 dots 1/16 Duty COM1-COM16
0 0 1 0 312 x 24 dots 1/24 Duty COM1-COM24
0 0 1 1 312 x 32 dots 1/32 Duty COM1-COM32
0 1 0 0 312 x 40 dots 1/40 Duty COM1-COM40
0 1 0 1 312 x 48 dots 1/48 Duty COM1-COM48
0 1 1 0 312 x 56 dots 1/56 Duty COM1-COM56
0 1 1 1 312 x 64 dots 1/64 Duty COM1-COM64
1 0 0 0 312 x 72 dots 1/72 Duty COM1-COM72
1 0 0 1 312 x 80 dots 1/80 Duty COM1-COM80
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LCD-Driving-Waveform Control (R02h)

RST: When RST = 1, software function is started. This function is same as hardware RESET* pin. It tak
clock cycle period. The RST will be automaticallycleared.Therefore after 10 clock cycle otherinstruction
can be issued. Do not set the RST during stand-by mode.

B/C: WhenB/C = 0, a B-patternwaveformis generatedndalternatesn everyframefor LCD drive. When
B/C = 1, a C-patternwaveformis generatecand alternatesn eachraster-rowspecified by bits EOR and
NW4-NWO in the LCD-driving-waveformcontrol register. For details,see then-raster-ronReversedAC
Drive section.

EOR: Whenthe C-patternwaveformis set (B/C = 1) andEOR = 1, the odd/everframe-selecsignalsandthe
n-raster-romreversedsignalsare EORedfor alternatingdrive. EORis usedwhenthe 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-rasi
Reversed AC Drive section.

NW4-0: Specifythe numberof raster-rowa thatwill alternateat the C-patternwaveformsetting(B/C = 1).
NW4-NWO alternate for every set value + 1 raster-row, and the first to the 32nd raster-rows can be sele

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 0 |[RST| 0 |B/C |EOR|NW4|NW3NW2NW1NWO

Figure 5 LCD-Driving-Waveform Control Instruction

Power Control (RO3h)

BS2-0:The LCD drive biasvalueis set within therange ofa 1/4 to 1/10bias.The LCD drive biasvalue can
be selectedchaccordingto its drive duty ratio andvoltage. For details,see the.iquid-crystal-displayDrive-bias
Selector section.

BT1-0: The outputfactorof VLOUT betweenthree-timesfour-times,five-times, and six-timesstep-upis
switched. The LCD drive voltagelevel canbe selectedaccordingto its drive duty ratio and bias. Lower
amplification of the step-up circuit consumes less current.

PS1-0:Theinternalor externalpowersupplyis selectedasthe referencegpowersupplyfor the LCD drive-
voltage generator.

DC1-0: The operatingfrequencyin the step-upcircuit is selected. Whenthe step-umperatingfrequencyis
high, the driving ability of the step-upcircuit and the displayquality becomehigh, but the current
consumption is increased. Adjust the frequency considering the display quality and the current consum

AP1-0: Theamountof fixed currentfrom thefixed current surce inthe operationabmplifier for V pins (V1
to V5) is adjusted. Whenthe amountof fixed currentis large,the LCD driving ability andthe displayquality
becomehigh, but the currentconsumptionis increased. Adjust the fixed currentconsideringthe display
quality and the current consumption.
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During no display, when AP1-0 = 00, the currentconsumptioncan be reducedby endingthe operational
amplifier and step-up circuit operation.

SLP: WhenSLP = 1, the HD66760entersthe sleepmode,wherethe internal display operationsare halted
exceptfor the R-C oscillator,thusreducingcurrentconsumption. For details,see theSleepMode section.
Only the following instructions can be executed during the sleep mode.

a. Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB bits)
b. Software reset (RST =1)

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

STB: WhenSTB = 1, the HD66760entersthe standbymode,where display operationcompletelystops,
haltingall the internaloperationsncludingthe internal R-C oscillator. Further,no externalclock pulsesare
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 hits)

During the standbymode,the GRAM dataandinstructionsmay be lost. To preventthis, they mustbe set
again after the standby mode is canceled.

Table 12 BS Bits and LCD Drive Bias Value

BS2 BS1 BSO LCD Drive Bias Value
0 0 0 Setting disabled

0 0 1 1/10 bias drive

0 1 0 1/9 bias drive

0 1 1 1/8 bias drive

1 0 0 1/7 bias drive

1 0 1 1/6 bias drive

1 1 0 1/5 bias drive

1 1 1 1/4 bias drive
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Table 13 BS Bits and Output Level

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

1 0 Five-times step-up

1 1 Six-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

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 VLREF Regulator
0 0 Output (1/2Vci) Output Input Unused
(1/2Vci ¥ N-times) (from V1REF pin)
0 1 Output (1/2Vci) Output Input Used
(1/2Vci ¥ N-times) (from V1REF pin)
1 0 Input (Vreg) Output Input Unused
(Vreg ¥ N-times) (from V1REF pin)
1 1 Open (High-2) Open (High-2) Input Unused

(Vlcd: LCD voltage)
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R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

w1 0 0 0 |BS2|BS1|/BSO|BT1|BTO|PS1|PS0O | DC1 DCO|AP1|APO|SLP|STB

Figure 6 Power Control Instruction

Contrast Control (R04h)

CT6-0: Thesebits controlthe LCD drive voltage(potentialdifferencebetweenvl andGND) to adjust128-
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 DBl DBO

w | 1 0 0 0 0 0 |VR2|VR1|VRO| O |CT6|CTS5|CT4|CT3|CT2|CT1|CTO

Figure 7 Contrast Control Instruction

HD66760
VLCD
’/ CT6: short, 3R
VR
|\ CT5-0: 0.05R-3.2R
V1
A\
V3
Ro BS2-0: 0-7R
R V4
V5
R
o-GND . GND

Figure 8 Contrast Adjuster
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Table 17 G Bits and Variable Registor 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 6.15 xR 3.15xR
0 0 0 0 1 0 6.10 xR 3.10xR
0 0 0 0 1 1 6.05 xR 3.05xR
0 0 0 1 0 0 6.00 xR 3.00 xR
1 1 1 1 0 1 3.15xR 0.15xR
1 1 1 1 1 0 3.10xR 0.10 xR
1 1 1 1 1 1 3.05xR 0.05 xR

VR2-0: Thesebits adjustthe outputvoltage(V1REF)in the LCD drive referencegeneratoiin the rangeof
four- to 11-times of Vreg (1/2Vci or VREG pin input voltage).

Table 18 VR Bits and V1REF Voltage

VR2 VR1 VRO V1REF Voltage Setting
0 0 0 Vreg x 4-times

0 0 1 Vreg x 5-times

0 1 0 Vreg x 6-times

0 1 1 Vreg x 7-times

1 0 0 Vreg x 8-times

1 0 1 Vreg x 9-times

1 1 0 Vreg x 10-times

1 1 1 Vreg x 11-times
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Entry Mode (RO5h)
Compare Register (RO6h)

The write datasentfrom the microcomputetis modified in the HD66760and written to the GRAM. The
display datain the GRAM can be quickly rewritten to reducethe load of the microcomputersoftware
processing. For details, see the Graphics Operation Function section.

SWP: When SWP = 1, the upperand lower bytesin the two-byte datasentfrom the microcomputerare
swappedandwritten to the GRAM. WhenSWP = 0, this bit directly writes the two-byte datasentfrom the
microcomputerto the GRAM. This swap processingis performedonly for the data sent from the
microcomputeibeforelogical operation. WhenSWP = 1, the upperandlower bytes inthe write datamask
(WM15-0) are swapped to be executed with the write data.

I/D: Whenl/D = 1,the address countéhC) is automaticallyincrementedby 1 afterthe datais writtento the
GRAM. When I/D = 0, the AC is automatically decremented by 1 after the data is written to the GRAM.

AM: Setthe automaticupdatemethodof the AC afterthe datais written to the GRAM. WhenAM = 0, the
data is continuously written in parallel. When AM = 1, the data is continuously written vertically.

LG2-0: Comparehedatareadfrom the GRAM by the microcomputemwith the compareregisterCP7-0)by
a compare/logicabperationandwrite theresultsto GRAM. For details,see thd_ogical/CompareDperation
Function.

CP7-0: Setthe compareregisterfor the compareoperationwith the datareadfrom the GRAM or written by
the microcomputer.

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

w1 0 0 0 0 0 0 0 |[SWP| O 0 0 |I/D|AM |LG2|LG1|LGO

w1 0 0 0 0 0 0 0 0 |CP7|CP6|CP5|CP4|CP3|CP2|CP1|CPO

Figure 9 Entry Mode and Compare Register

HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192170/hd66760.html

HD66760

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

Write data sent

from the olo|lo|1|1|a]ofof1]|21]|1]oflo|o]|1]|1
microcomputer
(DB15-0)

- I
SWP ="1" [ ] T ]
Swap of upper
and lower bytes 1 1 1 0 0 0 1

EEEEEEEBEREEERRE

Logical operation (read data and write data) Compare operation (with compare register)

Logical/compare LG2-0 = "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
LG2-0 ="011": EOR LG2-0 = "111": Replacement of unmatched write data

Write data mask* .
(WM15-0) Write data mask (WM15-0)

Y YV Y VY Y VY VY VYYVYY
GRAM

Notes:1. The write data mask (WM15-0) is set by the register in the RAM Write 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 (RO7h)

VLE2-1: WhenVLEL1 =1, averticalscrollis performedn the 1stscreen.WhenVLE2 = 1, avertical scroll
is performed in the 2nd screen. Vertical scrolling on the two screens can be independently controlled.

SPT: WhenSPT= 1, the 2-division LCD drive is performed. For details,see theScreen-divisiorDriving
Function section.

E: WhenE = 1, "pixel on/off" modeis enabledDisplayedpixel canbe"all on" or "all off" regardles&SRAM
contents.The "all on" or "all off" canbe selecedB/W bit setting.Whenthe "pixel on/off" modeis enabled
(E=1), the DO and D1 should be 1 and REV should be 0 (display on and no reverse mode).

B/W: WhenE = 1 andB/W = 0, dsplayedpixel is "all off" regardles&SRAM contentsWhenE = 1 andB/W
=1, displayed pixel is "all on" regardless GRAM contents.

GS: When GS = 0, the display is in eight grayscalemode and displays 256 colors by selectingeight
grayscalegrom 16 grayscaldevels. WhenGS = 1, thedisplayis in four grayscalesanddisplays256 colors
by selectingfour grayscalefrom 16 grayscaldevels. In four-grayscalenode,four colorscanbe displayed
with two bits per pixel (RGB). GRAM data must be rewritten when the GS bit is swapped.
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WhenGS = 1, the GRAM addressncrementor decrementsaddresseffom 0000Hto 4FOCH. For details,
see the Grayscale Palette and Four-color Display Mode sections.

REV: Displaysall charactemndgraphicsdisplaysectionswith reversalwhenREV = 1. For details,seethe
Reversedisplay Functionsection. Since the grayscaldevel canbe reverseddisplay of the samedatais
enabled on normally-white and normally-black panels.

D1-0: Displayis onwhenD1 = 1 andoff whenD1 = 0. Whenoff, the displaydataremainsin the GRAM,

andcanbedisplayedinstantlyby settingD1 = 1. WhenD1 is 0, thedisplayis off with the SEG1to SEG312
outputsand COM1 to COM80 outputssetto the GND level. Becauseof this, the HD66760cancontrol the
charging current for the LCD with AC driving.

WhenD1-0= 01, theinternaldisplay of the HD66760is performedalthoughthe displayis off. WhenD1-0=
00, the internal display operation halts and the display is off.

Table 19 D Bits and Operation

HD66760 Internal Display

D1 DO SEG/COM Output Operation
0 0 GND Halt

0 1 GND Operate

1 0 Unlit display Operate
1 1 Display 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 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

W | 1 0 0 0 0 0 |VLE2|VLE1|SPT| O 0 E |B/W| GS |REV| D1 | DO

Figure 11 Display Control Instruction

Cursor Control (R08h)

C: WhenC = 1, thewindow cursordisplayis started. The displaymodeis selectedby the CM1-0 bits, and
the displayareais specifiedin a pixel unit by the horizontalcursorpositionregister(HS6-0andHEG6-0 bits)
andvertical cursorpositionregister(VS6-0andVEG6-0 bits). Thecursorcolor (CR, CG, or CB) canbe setto
any of eight colorsin the window cursor. However,the cursorcolor cannotbe controlledby the grayscale.
For details, see the Color Window Cursor Control section.

CM1-0: The display modeof the window cursoris selected. Thesebits candisplay a eight-colorcursor,
reversed cursor, eight-color blink cursor, and reversed blink cursor.
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CR/CB/CG: Thewindow cursorcolor canbe specified. Red,blue, green,white, black, or any combination
color canbedisplayed. However,the cursorcolor cannotbe controlledby the grayscale.For details,seethe
Color Window Cursor Control section.

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

w1 0 0 0 0 0 |ICR|CG|CB| O 0 0 C 0 0 |CM1|CMO

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

D1 DO 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, respecti

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 0 0 0 0 0 0 0 0 0 0

Figure 13 Grayscale and Blink Synchronization Instructions

Vertical Scroll Control (R11h)

VL16-11: Specifythe display-startraster-rowat the 1st screendisplayfor vertical smoothscrolling. Any
raster-rowfrom the first to 80th canbe selected. After the 80th raster-rowis displayed the displayrestarts
from thefirst raster-row. The display-startraster-row(VL16-10) is valid only whenVLE1 = 1. Theraster-
row display is fixed when VLE1 = 0. (VLEL is the 1st-screen vertical-scroll enable bit.)

VL26-20: Specifythe display-starraster-rowat the 2nd screerdisplay. The display-startraster-rom(VL26-
20)is valid only whenVLE2 = 1. Theraster-rowdisplayis fixed whenVLE2 = 0. (VLE2 is the 2nd-screen
vertical-scroll enable bit.) The vertical scroll for the 1st and 2nd screens can be independently set.
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R/W

RS

DB15 DB14 DB13 DB12 DB11 DB10 DB9

DB8 DB7

DB6

DB5 DB4 DB3

DB2

DB1

DBO

w

1

0

VL26

VL25

VL24

VL23

VL22

VL21|VL20

0

VL16

VL15

VL14

VL13

VL12

VL11

VL10

Figure 14 Vertical Scroll Control Instruction

Table 21 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 80th raster-row

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

Horizontal Cursor Position (R12h)

Vertical Cursor Position (R13h)

HS6-0: Specifythe startpositionfor horizontallydisplayingthewindow cursorin a pixel unit. The cursoris

displayed from the 'set value + 1' pixel. Ensure that HS&1&6-0.

HE6-0: Specifythe endpositionfor horizontallydisplayingthe window cursorin a pixel unit. The cursoris
displayed to the 'set value + 1' pixel. Ensure that HS64&6-0.

VS6-0: Specifythe startpositionfor vertically displayingthe window cursorin a raster-romunit. The cursor

is displayed from the 'set value + 1' raster-row. Ensure that \&S@EB-O0.

VE6-0: Specifythe endpositionfor vertically displayingthe window cursorin a raster-rowunit. The cursor

is displayed to the 'set value + 1' raster-row. Ensure that \&S@EB-0.

RW RS DB15 DB14 DB13 DB12 DB1l DB10 DB9 DBS DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
w1 0 |HE6|HE5|HE4|HE3 |HE2|HE1|HEO| O |HS6|HS5|HS4|HS3|HS2|HS1|HSO
w1 0 |VE6|VE5|VE4|VE3|VE2|VE1|VEO| 0O |VS6|VS5|VS4|VS3|VS2|VS1|VSO

Figure 15 Horizontal Cursor Position and Vertical Cursor Position Instructions
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HS1+1 HE1+1
VSI+1}p----ommoomoo 1 :
Window
cursor
VE1+1f--------------
Note: The cursor position must be included in the displa y area.

Figure 16 Window Cursor Position

1st Screen Driving Position (R14h)

2nd Screen Driving Position (R15h)

SS16-0:Specifythedriving startpositionfor thefirst screenin aline unit. The LCD driving startsfrom the
'set value + 1' common driver.

SE16-0:Specifythe driving endpositionfor thefirst screenn aline unit. TheLCD driving is performedto
the'setvalue+ 1' commondriver. ForinstancewhenSS16-10= 07H andSE16-10= 10H areset,the LCD
driving is performedfrom COMS8 to COM17,andnon-selectiordriving is performedfor COM1to COM7,
COM18, andothers. Ensurethat SS16-10< SE16-10< 4FH. For details,see theScreen-divisiorDriving
Function section.

SS26-0:Specifythe driving startpositionfor the secondscreenin aline unit. The LCD driving startsfrom
the 'set value + 1' common driver. The second screen is driven when SPT = 1.

SE26-0:Specifythe driving endpositionfor the secondscreenn aline unit. The LCD driving is performed
to the'setvalue+ 1' commondriver. ForinstancewhenSPT= 1, SS26-20= 20H, andSE26-20= 4FHare
set,the LCD driving is performedfrom COM33to COM80. Ensurethat SS16-10< SE16-10< SS26-20<

SE26-20< 4FH. For details, see the Screen-division Driving Function section.

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

w1 0 |SE16|SE15SE14SE13SE12SE11SE10 0 |SS16/SS15SS14SS13SS12SS11/SS10

w1 0 |SE26|SE25SE24SE23SE22)SE21|SE20, 0 |SS26/SS25SS24SS23/SS22/SS21/SS20

Figure 17 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
write dataof DB15 anddoesnot write to the GRAM. Similarly, the WM14-0 bits maskthe write dataof
DB14-0in a bit unit. WhenSWP= 1, the upperandlower bytesin the write datamaskare 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 DBl DBO

w | 1 |WMI15WM14WM13WM12\WM11WM10] WM9 | WM8 | WM7 | WM6 | WMS | WM4 | WM3 | WM2 | WM1 | WMO

Figure 18 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, th
is automaticallyupdatedaccordingto the AM and|/D bit settings. This allows consecutiveaccessewithout
resettingaddresses Addressupdaterangeis 0000H-4F33H(GS=0)and 0000H-4FOCH(GS=1).0Oncethe
GRAM datais read,the AC is not automaticallyupdated. GRAM addressettingis not allowed in the sleep
mode or standby mode.

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

W | 1 0 |AD14|AD13|AD12|AD11/AD10| AD9 | AD8 | O 0 |AD5 | AD4 | AD3|AD2 | AD1 | ADO

Figure 19 RAM Address Set Instruction

Table 22 GRAM Address Range in Eight-grayscale Mode (GS = 0)

AD14-ADO GRAM Setting

"0000"H-"0033"H Bitmap data for COM1
"0100"H-"0133"H Bitmap data for COM2
"0200"H-"0233"H Bitmap data for COM3
"0300"H-"0333"H Bitmap data for COM4
"AC00"H-"4C33"H Bitmap data for COM77
"ADO0"H-"4D33"H Bitmap data for COM78
"AEO0"H-"4E33"H Bitmap data for COM79
"AF00"H-"4F33"H Bitmap data for COM80
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Table 23 GRAM Address Range in Four-grayscale Mode (GS = 1)

AD14-ADO GRAM Setting
"0000"H-"000C"H Bitmap data for COM1
"0100"H-"010C"H Bitmap data for COM2
"0200"H-"020C"H Bitmap data for COM3
"0300"H-"030C"H Bitmap data for COM4
"AC00"H-"4COC"H Bitmap data for COM77
"ADO0"H-"4D0OC"H Bitmap data for COM78
"AEO00"H-"4EOC"H Bitmap data for COM79
"AF00"H-"4FOC"H Bitmap data for COM80

Write Data to GRAM (R22h)

WD15-0: Write 16-bit datato the GRAM. This datacalls eachgrayscalepalette. After awrite, the address
is automaticallyupdatedaccordingto the AM andl/D bit settings. During the sleepandstandbymodes the
GRAM cannot be accessed.

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

W | 1 |WD15WD14WD13WD12WD11WD10WD9 WD8|WD7|WD6|WD5|WD4 | WD3 |WD2|WD1|WDO0

Figure 20 Write Data to GRAM Instruction

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

wD | WD |WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD
15|14 |13 |12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

[GRAM write data]

[Eight-grayscale mode] | R2 | R1 | RO | G2 | G1 | GO | B1 |BO| R2 | R1 | RO | G2 | G1|GO | Bl |BO
1 pixel

[Four-grayscale mode] | C1 | COJ C1 | CO |Cl1|CO | Cl|CO|fCl|CO|ClL|CO|ClL|CO|C1l|CO

— 1 pixel

Figure 21 GRAM Write Data
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Table 24 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 RKO03 RK02 RKO1 RKOO
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 25 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 26 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 27 GRAM Data and Grayscale Palette in the Four-grayscale Mode (GS = 1)

GRAM Data

Setting

C1 Co <R> Grayscale Palette <G> Grayscale Palette <B> Grayscale Palette

0 0 RKO3 RKO02 RKO1 RKOO GKO03 GKO2 GKO1 GKOO BKO3 BKO2 BKO1 BKOO
0 1 RK13 RK12 RK11 RK10 GK13 GK12 GK1l1 GK10 BK13 BK12 BK11l 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 BK31 BK30

Read Data from GRAM (R22h)

RD15-0: Readl16-bit datafrom the GRAM. Whenthe datais readto the microcomputerthefirst-word read
immediatelyafterthe GRAM addresssettingis latchedfrom the GRAM to theinternalread-datdatch. The
data on the data bus (DB15-0) becomes invalid and the second-word read is normal.

Whenbit processingsuch asa logical operation,is performedwithin the HD66760,0nly onereadcan 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 DB1 DBO

R 1 RD |RD |RD |RD |RD |RD |RD |RD |RD |RD | RD | RD | RD | RD | RD | RD
15 114 |13 12|11 |10 | 9 8 7 6 5 4 3 2 1 0

Figure 22 Read Data from GRAM Instruction
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| Sets the I/D and AM bits |
[

Y

| Address: N set |
\

Y

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

v

Read (data of address n)
Read-data latch -> DB15-0
\

Y

Address: M set
\

Y

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

'

Read (data of address)
Read-data latch -> DB15-0

v

i) Data read to the microcomputer

First word First word

Second word Second word

First word First word

Second word Second word

| Sets the I/D and AM bits

v

| Address: N set

v

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

v

Read (data of address n)
DB15-0 -> GRAM

v

Automatic address update: N + a

v

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

'

Write (data of address n)
DB15-0 -> GRAM

v

i) Logical operation processing in the HD66760

Figure 23 GRAM Read Sequence

Grayscale Palette Control (R30h to R39h)

RK73-00: Specifythe R-grayscaldevel for eight palettesfrom the 16-grayscaldevel. For details,seethe

Grayscale Palette and Grayscale Palette Table sections.

In four-grayscalalisplaymode,the numberof paletteso be usedis four. For details,see thé~our-grayscale

Display Mode section.

GK73-00: Specifythe G-grayscaldevel for eight palettesfrom the 16-grayscaldevel. For details,seethe

Grayscale Palette and Grayscale Palette Table sections.

In four-grayscalalisplaymode,the numberof paletteso be usedis four. For details,see thé~our-grayscale

Display Mode section.

BK33-00: Specifythe B-grayscaldevel for four palettesfrom the 16-grayscaldevel. For details,seethe

Grayscale Palette and Grayscale Palette Table sections.

In four-grayscalalisplaymode,the numberof paletteso be usedis four. For details,see thé~our-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 DBl DBO
o w2 [0 [0 [0 To [asfas g g o [ o o [ o[ oe 5[5
1w 3o o oo BRIACAS 0 o oo B8 B
w2 w100 oo BB B BN 0 0 0o B 5 B
o w1 oo oo mslasiaciaglo o o]0 5 8 |
i w2 [0 [0 o To [xfes g s oo [0 o o e8]
s w1 o000 gilgsig /g0 o o o g oS
o w1 o000 exgs g e o0 o o g e S| %
7w 1o o]0 o eroriarierlo o 0 o g g e
o w2 [0 [0 [0 [0 [os[as e a0 [0 [0 [ o[855 a8
o w1 o [0 oo [as[gs g a0 o0 oo % %%

Figure 24 Grayscale Palette Control Instruction

Test Register (R40h to R44h)

IndexregistersR40h-R44hcannotbe usedor set sncetheyaretestregisters. Do not changethe contentsof
the instruction bits in these registers.

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

W | 1 Test register

Figure 25 Test Register Instruction
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Table 28 Instruction List

Upper Code Lower Code
Execu-

Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB tion

No. Name RW RS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Description Cycle

IR Index 0 0 2 & & L i 2 & & L ID6 ID5 D4 ID3 ID2 ID1 IDO Sets the index register value. 0

SR Status 1 0 0 L6 L5 L4 L3 L2 L1 Lo 0 C6 C5 C4 c3 c2 C1 CO Reads the driving raster-row 0
read position (L7-0) and contrast setting

(C6-0).

ROOh  Start 0 1 * * * * * * * * * * * * * * * 1  Starts the oscillation mode. 10 ms
oscillation
Device 1 1 1 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0  Reads 8760h 0
code read

RO1h Driver 0 1 0 0 0 0 0 0 CMS sGS © 0 0 0 NL3 NL2 NL1 NLO Setsthe common driver shift 0
output direction (CMS), segment driver
control shift direction (SGS), and driving

duty ratio (NL3-0).

RO2h LCD- 0 1 0 0 0 0 0 0 0 RST 0 B/C EOR NW4 NW3 NW2 NW1 NWO Software reset (RST), LCD drive AC 10 tcyc
driving- waveform (B/C), EOR output (EOR),
waveform and the number of n-raster-rows
control (NW4-0) at C-pattern AC drive.

RO3h Power 0 1 0 0 0 BS2 BS1 BSO BT1 BTO PS1 PS0O DCl1 DCO APl AP0 SLP STB Sets the sleep mode (SLP), standby 0
control mode (STB), LCD power on (AP1—

0), boosting cycle (DC1-0), boosting
output multiplying factor (BT1-0),
and LCD drive bias value (BS2-0).

R04h Contrast 0 1 0 0 0 0 0 VR2 VR1 VRO O CT6 CT5 CT4 CT3 CT2 CT1 CTO Setsthe contrast adjustment 0
control (CT6-0) and regulator adjustment

(VR2-0).

RO5h  Entry 0 1 0 0 0 0 0 0 0 Swp 0 0 0 IID AM LG2 LGl LGO Specifies the logical operation 0

mode (LG2-0), AC counter mode (AM),

increment/decrement mode (I/D),
and swap (SWP).

RO6h Compare 0 1 0 0 0 0 0 0 0 0 CP7 CP6 CP5 CP4 CP3 CP2 CPl1 CPO Setsthe compare register (CP7-0). 0
register
RO7h Display 0 1 0 0 0 0 0 VLE VLE SPT 0 0 E BW GS REV D1 DO  Specifies display on (D1-0), 0
control 2 1 reversed display (REV), 4-/16-
grayscale mode (GS), pixel mode
enable (E), pixel on/off (B/W),
screen division driiving (SPT), and
vertical scroll (VLE2-1).
RO8h Cursor 0 1 0 0 0 0 0 CR CG ¢cCB 0 0 0 (o} 0 0 CM1 CMO Specifies cursor display on (C),
control cursor display mode (CM1-0), and

cursor color (CR, CG, or CB).

R0O%h Grayscale 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Synchronizes the grayscale with the 0

and blink blink cycle.
synchroni-
zation

R11lh Vertical 0 1 0 VL26 VL25 VL24 VL23 VL22 VL21 VL20 O VL16 VL15 VL14 VL13 VL12 VL11 VL10 Specifies the 1st-screen display- 0
scroll start raster-row (VL16-10) and 2nd-
control screen display-start raster-row

(VL26-20).

R12h Horizontal 0 1 0 HE6 HE5 HE4 HE3 HE2 HE1 HEO O HS6 HS5 HS4 HS3 HS2 HS1 HSO Sets horizontal cursor start (HS6-0) O
cursor and end (HE6-0).
position

R13h Vertical 0 1 0 VE6 VE5 VE4 VE3 VE2 VE1 VEO O VS6 VS5 VS4 VS3 VS2 VSl VSO Sets vertical cursor start (VS6-0) 0
cursor and end (VE6-0).
position

R14h 1stscreen 0 1 0 SE SE SE SE SE SE SE 0 Ss SS Sss SS Sss Ss SS  Sets 1st-screen driving start 0
driving 16 15 14 13 12 11 10 16 15 14 13 12 11 10 (SS16-10) and end (SE16-10).
position

R15h 2ndscreen 0 1 0 SE SE SE SE SE SE SE 0 SS SS SS SS Sss SS SS  Sets 2nd-screen driving start 0
driving 26 25 24 23 22 21 20 26 25 24 23 22 21 20 (SS26-20) and end (SE26-20).
position

R20h RAM write 0 1 WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM Specifies write data mask (WM15- 0
data mask 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 0)at RAM write.
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Table 28 Instruction List (cont)

Upper Code Lower Code
Execu-

Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB tion
No. Name RW RS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Description Cycle
R21h RAM 0 1 0 AD14-8 (upper) 0 0 AD5-0 (lower) Initially set the RAM address tothe 0

address set address counter (AC).
R22h Write data 0 1 Write Data (upper) Write Data (lower) Writes data to the RAM. 0

to GRAM

Read data 1 1 Read Data (upper) Read Data (lower) Reads data from the RAM. 0

from GRAM

R30h R-grayscale 0 1 0 0 0 0 RK  RK RK RK 0 0 0 0 RK RK RK  RK Specifies the R-grayscale palette. 0
palette 13 12 11 10 03 02 01 00
control (1)

R31h R-grayscale 0 1 0 0 0 0 RK RK RK RK 0 0 0 0 RK RK RK RK Specifies the R-grayscale palette. 0
palette 33 32 31 30 23 22 21 20
control (2)

R32h R-grayscale 0 1 0 0 0 0 RK RK RK RK 0 0 0 0 RK RK RK RK Specifies the R-grayscale palette. 0
palette 53 52 51 50 43 42 41 40
control (3)

R33h R-grayscale 0 1 0 0 0 0 RK  RK RK RK 0 0 0 0 RK RK RK  RK Specifies the R-grayscale palette. 0
palette 73 72 71 70 63 62 61 60
control (4)

R34h G-grayscale 0 1 0 0 0 0 GK GK GK GK 0 0 0 0 GK GK GK GK Specifies the G-grayscale palette. 0
palette 13 12 11 10 03 02 01 00
control (1)

R35h G-grayscale 0 1 0 0 0 0 GK GK GK GK 0 0 0 0 GK GK GK GK Specifies the G-grayscale palette. 0
palette 33 32 31 30 23 22 21 20
control (2)

R36h G-grayscale 0 1 0 0 0 0 GK GK GK GK 0 0 0 0 GK GK GK GK Specifies the G-grayscale palette. 0
palette 53 52 51 50 43 42 41 40
control (3)

R37h G-grayscale 0 1 0 0 0 0 GK GK GK GK 0 0 0 0 GK GK GK GK Specifies the G-grayscale palette. 0
palette 73 72 71 70 63 62 61 60
control (4)

R38h B-grayscale 0 1 0 0 0 0 BK BK BK BK 0 0 0 0 BK  BK BK BK Specifies the B-grayscale palette. 0
palette 13 12 11 10 03 02 01 00
control (1)

R39h B-grayscale 0 1 0 0 0 0 BK  BK BK BK 0 0 0 0 BK  BK BK BK  Specifies the B-grayscale palette. 0

palette 33 32 31 30 23 22 21 20
control (2)
R40h Testregister 0 1 Test register (disabled) Disables the use or setting of this 0
1) register since this is the test register.
R41h Testregister 0 1 Test register (disabled) Disables the use or setting of this 0
2 register since this is the test register.
R42h Test register 0 1 Test register (disabled) Disables the use or setting of this 0
3) register since this is the test register.
R43h Test register 0 1 Test register (disabled) Disables the use or setting of this 0
(4) register since this is the test register.
R44h Testregister 0 1 Test register (disabled) Disables the use or setting of this 0
(5) register since this is the test register.

Note: “*’ means ‘doesn’t matter’.
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Reset Function

TheHD66760is internallyinitialized by RESETinput. Becausehe busyflag (BF) indicatesa busystate(BF
= 1) duringtheresetperiod,no instructionor GRAM dataaccessrom the MPU is accepted.Theresetinput
must be held for at leastl ms. Do not accesshe GRAM or initially set the instructionsuntil 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 (RST =0, B/C =0, ECR = 0, NW4-0 = 00000)

4. Powercontrol (PS1-0= 00, DC1-0= 00, AP1-0= 00:LCD poweroff, SLP = 0: Sleepmodeoff, STB =
0: Standby mode off)

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

6. Entry modeset(SWP=0, I/D = 1: Incrementby 1, AM = 0: Horizontalmove,LG2-0= 000: Replace
mode)

7. Compare register (CP7-0: 00000000)

8. Display control (VLE2-1 = 00: No vertical scroll, SPT= 0, E = 0, B/W = 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.Vertical scroll (VL26-20 = 000000, VL16—10 = 000000)

11.Window cursor display position (H$S0 = HE6-0 = VS6-0 = VE6-0 = 00000000)

12.1st screen division (SS16—10 = 00000000, SE16-10 =11111111)

13.2nd screen division (SS26—20 = 00000000, SE26—20 =11111111)

14.RAM write data mask (WM15—0 = 0000H: No mask)

15.RAM address set (AD14-0 = 0000H)

16.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,
GKO03-00 = 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, BK13-10 = 0101, BK23-20 = 1001, BK33-30 = 1111)

GRAM Data Initialization:

This is not automaticallyinitialized by resetinput but mustbeinitialized by softwarewhile displayis off (D1-
0 = 00).

Output Pin Initialization:

1. LCD driver output pins (SEG/COM): Output GND level
2. Step-up circuit output pin (VLOUT): Outputs Vcc level
3. Oscillator output pin (OSC2): Outputs oscillation signal
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Parallel Data Transfer

16-bit Bus Interface

Settingthe IM2-0 (interfacemode)to the GND/GND/GND level dlows 68-systent-clock-synchronized 6-
bit paralleldatatransfer. Settingthe IM2-0 to the GND/Vcc/GND level allows 80-systenl 6-bit paralleldata
transfer. When the number of buses or the mounting area is limited, use an 8-bit bus interface.

CcSn* - CS*
Al B RS
H8/2245 Hwr* = wr+ HD66760
(RD*) B (RD*)
D15-D0 (-€— B DB15-DBO
16

Figure 26 Interface to 16-bit Microcomputer

8-bit Bus Interface

Settingthe IM2-0 (interfacemode)to the GND/GND/Vcclevel allows 68-systenE-clock-synchronize®-bit

paralleldatatransferusingpins DB15-DB8. Settingthe IM2-0 to the GND/Vcc/Vcclevel dlows 80-system
8-bit paralleldatatransfer. The 16-bitinstructionsandRAM dataaredividedinto eight upper/lowemits and
thetransferstartsfrom the uppereight bits. Fix unusedpins DB7-DBO0 to the Vcc or GND level. Notethat

the upper bytes must also be written when the index register is written to.

CSn* - CS*
Al B RS
H8/2245 nHwRr* | wrr HD66760
(RD*) B (RD*)
D15-D8 |« | DB15-DB8
8 DB7-0
8

GND

Figure 27 Interface to 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit bus interface
The HD66760supportghetransfersynchronizatiorfunction which resetghe upper/lowercounterto
countupper/lower8-bit datatransferin the 8-bit businterface. Noise causingtransfermismatch
betweenthe eightupperandlower bits canbe correctedby a resettriggeredby consecutivelywriting
a O0H instructionfour times. The next transferstartsfrom the uppereight bits. Executing
synchronization function periodically can recover any runaway in the display system.
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RS \ /

RIW \ /

S U A W N A Y AW A
EE;S— % ILéevpe?r/ W%OOH %OOH %\OOH %%OOH %Upper @Lower %
&) @ 3) @

)

{(S—bit transfer synchronization)

Figure 28 8-bit Transfer Synchronization
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Serial Data Transfer (12C bus interface)

Settingthe IM2=Vcc andIM1=Vcc level allows 12C businterface usingthe serialdataline (SDA) andserial
transfer clock line (SCL). For the 12C bus interface, the IMO/ID pin function uses an ID pin.

The HD66760Wis initiated serial datatransferby transferringthe first byte whena high SCL level at the
falling edgeof the SDA inputis sampledit endsserial datatransferwhenahigh SCL level at therising edge
of the SDA input is sampled.

Table29 illustratesthe startbyte of 12C businterfacedataandFigure 29 and 30 showthe 12C businterface
timing sequence.

The HD66760Wis selectedvhenthe higher6-bit slaveaddressn the first byte transferredrom the master
device matchthe 6-bits device identification code assigned tdche HD66760W. The HD66760W, when
selected receivethe subsequentlata string. The lower 1-bit of the device identification code can be
determinedy the ID pin; selectanappropriatecodethatis not assigned tany other slavedevice. Theupper
five bits are fixed to 01110. One slave address is assigned to a single HD66760W.

The ninth bit of the first byte is a receive-dataacknowledgebit (ACK). Whenthe receivedslaveaddress
matcheghe devicelD code,HD66760Wpulls downthe ACK bit to alow level. Therefore the ACK output
buffer is an open-drainstructure,only allowing low-level output. However,the ACK bit is undermined
immediately after power-on; make sure to initialize the LSI using the RESET* input.

After identifying the addresi thefirst byte,the HD66760Wreceiveghe subsequendataasan HD66760W
indexor as RAM data.Having received8-bit datanormally, HD66760Wpulls downthe ninth bit (ACK) to a
low level. Theindexregisteror RAM datais 16-bitsdataformat. Thereforedatatransferhasto be two 8-bit
access cycles after first byte transfer.

Five bytesof GRAM readdataafter the startbyte areinvalid. The HD66760Wstartto readcorrectGRAM
data from sixth byte.

Table 29 Start Byte Format

Transfer Bit S 1 2 3 4 5 6 7 8 9
Start byte format Transfer start Device ID code RS R/W  ACK
0 1 1 1 0 ID

Note: ID bit is selected by the IMO/ID pin.

Table 30 RS and R/W bit function

RS R/W Function

Write index register to index

Reads status

Write control register or GRAM via write data register

0 0
0 1
1 0
1 1

Read GRAM via read data register
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a) Basic data-receive timing through the 12C bus interface

Transfer start Transfer end
"""" 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

SCL
(input)

SDA ;
(input/ _\— "o "1™ "1t "1t \"0" " A A “
output) ‘
"""" Device ID code 1stindex or data 2nd index or data
4—4% RW, T‘ r‘ T T

A
AN

Acknowledge

Start byte Acknowledge Index register / write data register Acknowledge

b) 1st and 2nd byte assignment

1st byte 2nd byte
—_ —_—
| o7 [ o6 | o5 [ D4 |03 [ D2 b1 |po| |7 o6 | o5 |p4ps|p2]o1]oo]
|DBlS|DBl4|DBlSlDBlZlDBlllDBlOlDBQ |DBS | | DB7| DBel Dle DB4| Dle DBZl DBll DBO|
v v
Index / write data register Index / write data register
upper bits lower bits

c¢) Consecutive data-receive timing through the 12C bus interface

123456 7 8 9101112131415161718192021222324252627282930313233343536373839404142434445
SCL

S P

5 Index / write data
<| register upper bits

S| Index/ write data
<| register lower bits

S| Index/ write data
SDA <| register upper bits

Transfer start Transfer end
2 bytes 2 bytes

Index / write data register execution. Index / write data
register execution.

S| Index/ write data
<| register lower bits

Start byte 5
Y <

note:
- After start byte transfer, upper bits of the index or write data register should be written first.
- Start byte should be transfered just after start (S).
- Index or write data register is executed when upper and lower bits are written.
Therefore, data transfer unit has to be twice byte access cycle.

Figure 29 FC bus interface data-receive sequence
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a) Basic data-send timing through the 12C bus interface

Transfer start Transfer end
"""" 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

SCL

(input)

SDA B T .
(input/ 0" /1" "1" "1"\"0

output) ‘ ‘ ‘ ‘
""" Device ID code rs lrwl 4 € 1st data =‘ T ‘: 2nd data "
T Acknowledge T
Start byte AcknO\:vIedge Status / read data register AcknO\;vIedge
b) 1st and 2nd byte assignment
1st byte 2nd byte
m A
[p7 | D6 [ D5 [ pa [ D3| p2 | D1 |po| [Db7 D6 D5 | DafD3]p2]|p1]oo]|
|DB15|DB14|DB13|DB12|DB11|DB10|DB9 |DB8 | | DB7| DBGl DBSl DB4| DBSl Dle DBll DBO|
v v
Status / read data register Status / read data register
upper bits lower bits

¢) Consecutive data-send timing through the 12C bus interface

x| Status or device code [X| Status or device code |X i
Start byte 5 Dummy read 3] ) 3] C S Status lower bits  |X| 5
sSpA |S (SR or ROOh read) |2 (1 byte) | upper bits (1 byte) | 2] lower bits (1 byte) 000 h g
Transfer start Transfer end
2 bytes
s|  startbyte (RS=1 5 Dummy read S| Read data upper bits || Read data lower bits |5 o @ o Readdatalowerbits ||
SDA art byte (RS=1) | Q (5 bytes) | (1 byte) <[ (1 byte) < (1 byte) <
Transfer start Transfer end
2 bytes

note:
- After start byte transfer, upper bits of the status or read data register should be read first.
- Start byte should be transfered just after start (S).

Figure 30 PC bus interface data-send sequence
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Serial Data Transfer (Clock synchronized serial interface)

Settingthe IM2=Vcc andIM1=GND level allows standarctlock synchronizedserialdatatransfer,usingthe
chip selectline (CS*), serialdataline (SDA) andserialtransferclock line (SCL). For the clock synchronized
serial interface, the IMO/ID pin function uses an ID pin.

The HD66760initiatesclock synchronizederialdatatransferby transferringthe first byte at the falling edge
of CS* input. It ends clock synchronized serial data transfer the rising edge of CS* input.

The HD66760 is selected when the higher 6-bit slave address in the first byte transferred from the trans
devicematchthe 6-bits deviceidentificationcodeassigned tahe HD66760.The HD66760,whenselected,
receivethe subsequendatastring. The lower 1-bit of the deviceidentificationcodecanbe determinedy the

ID pin. The upperfive bits arefixed to 01110.Two different chip addressnustbe assigned ta single
HD66760becausghe seventhbit of the startbyteis usedasaregisterselectbit (RS);thatis, whenRS=0,an
index canbe written, andwhenRS=1,control registerand GRAM datacanbe written or readfrom GRAM.
Reador write is selectedaccordingto the eighthbit of the startbyte (R/W bit). The datais receivedwhenthe
R/W bit is 0, and is transmitted when the R/W bit is 1.

After receivingthe startbyte, the HD66760receiveshe subsequendataasan HD66760index or asGRAM
data.

Five bytesof GRAM readdataafterthe startbyteareinvalid. The HD66760startto readcorrectGRAM data
from sixth byte.

Table 30a Start Byte Format

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

Note: ID bit is selected by the IMO/ID pin.

Table 30b RS and R/W bit function

RS R/W Function

Write index register to index

Reads status

Write control register or GRAM via write data register

0 0
0 1
1 0
1 1

Read GRAM via read data register
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a) Basic data-receive timing through the clock synchronized serial interface

Transfer start Transfer end

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

scL |

SDA o [ m1r 1o 0"
Device ID code 1st index or data 2nd index or data
RS |RW|

Start byte Index register / write data register

b) 1st and 2nd byte assignment

1st byte 2nd byte
| b7 | 06 [ b5 | pa [ ps | p2 | b1 [po| |[p7|p6|[D5|[pa]ps|p2]o1]oo]
|DB:I.5|DBl4|DBl3|DBlZ|DBll|DBlO|DBQ |DBB | | DB7| DBGl DBSl DB4| DB3| DB2| DBll DBO|
v v
Index / write data register Index / write data register
upper bits lower bits

c) Consecutive data-receive timing through the clock synchnorized serial interface

=] -

1234567 8 910111213141516171819202122232425262728293031323334353637383940

SCL
Start byt Index / write data Index / write data Index / write data Index / write data
SDA art byte register upper bits register lower bits register upper bits register lower bits
2 bytes 2 bytes
Index / write data register execution. Index / write data

register execution.

note:
- After start byte transfer, upper bits of the index or write data register should be written first.
- Start byte should be transfered first.
- Index or write data register is executed when upper and lower bits are written.
Therefore, data transfer unit has to be twice byte access cycle.

Figure 30a Clock synchronized serial interface data-receive sequence
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a) Basic data-send timing through the clock synchronized serial interface

Transfer start Transfer end

CSs* _\

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

SCL

SDA

Device ID code 1st data 2nd data

Start byte Status / read data register

b) 1st and 2nd byte assignment

1st byte 2nd byte
| b7 | b6 | b5 | pa [ b3 [ p2 [ p1|[po| |[b7|p6| D5 | pafp3s|p2]p1]po]
|DBlSlDBl4|DBlS|DBlZ|DBll|DBlO|DBQ |DBS | | DB7| DBGl DBSl DB4| DBSl DBZl DBll DBOl
v v
Status / read data register Status / read data register
upper bits lower bits

c¢) Consecutive data-send timing through the clock synchnorized serial interface

= ]

Start byte Dummy read Status or device code | Status or device code oo Status lower bits
SDA (SR or ROOh read) (1 byte) upper bits (1 byte) lower bits(1 byte) (1 byte)

When status is read, valid data can be read after one dummy read cycle.

Dummy read Read data upper bits | Read data lower bits Read data lower bits
SDA Start byte (RS=1) (5 bytes) (1 byte) (1 byte) ® 00 | (lbye

When GRAM data is read, valid data can be read after five dummy read cycles.

Figure 30b Clock synchronized serial interface data-send sequence
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Graphics Operation Function

The HD66760cangreatlyreducetheload of the microcomputegraphicssoftwareprocessinghroughthe 16-
bit bus architecture and internal graphics-bit operation function. This function supports the following:

1. A swap function that exchangeghe upper and lower bytesin 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 origine
RAM data by a logical operation.

4. A conditionalwrite functionthat comparedhe original RAM dataor write dataandthe 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 graphicsbit operationcanbe controlledby combiningthe entry moderegister,the bit setvalue ofthe
RAM-write-data mask register, and the read/write from the microcomputer.

Table 31 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 o1 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 o1 1 110111 Conditional vertical data replacement, vertical-
border drawing

Read/write mode1 0/1 O 001 010 011 Horizontal data write with logical operation,

horizontal-border drawing

Read/write mode 2 0/1 1 001 010011 Vertical data write with logical operation, vertical-
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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Address
counter
(AC)

16

Microcomputer

#16

Read-data Write-data latch

latch *16

Swap processing

16

16

Logical/Compare operation (LG2-0:)
000: replacement, 001: OR, 010: AND, 011: EOR,

100: replacement with matched read, 101: replacement
with unmatched read, 110: replacement with matched

write, 111: replacement with unmatched write

;16

Write bit mask

16

14

Graphics RAM (GRAM)

Swap bit (SWP)

Logical operation bit
(LG2-0)

Compare bit (CP7-0)

Write-mask register
(WM15-0)

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

The HD66760hasa byte-wiseswap function thatexchangeshe upperandlower bytesin the two-byte data
sentfrom the microcomputer.When SWP= 0, the datawritten by the microcomputeis directly transferred
to theinside. WhenSWP= 1, the datawritten by the microcomputeis internally transferredby exchanging
the upper and lower bytes.

DB15===m=ns=ssmssmssmnsnnnnnnns DB8 DB7 ===s==s==s=ssmmsmssmssmnsmns: DBO

Data written by |R02 |R01 | Roo | Goz| (301| Goo| Bo2 | Bo1 || Ri2 |R11 |R10 |GlZ |Gll |G10| Bi2 | B11 |
the microcomputer

Upper byte Lower byte

i) SWP ="0": |R02 |R01 | Roo | G02| 601| Goo| Boz | 801| | Ri2 | R |R10 |G1z |G11| G10| B12 | Bu |

N————————Upper byte Lower byte———~
DB7 ==-===s=ssssssssamnnsannnanas DBO DB15 =============ssssssssmssmnn: DBS8
i) SWP ="1": |R12 |R11 | R1o | G12| G11| G10| Bi12 | Bu| | Ro2 | Ro1 | Roo |Goz |Gm| Goo| Boz| 801|
N————1 ower byte Upper byte————~
Upper byte Lower byte Lower byte Upper byte
(DBlS—S) (DB7—0) L (DB7—O) (D815—8) munnnnn
GRAM data
Yy vy | SIS BN BEh En s
Ro||Go||Bo||R1|| G1|| B1| ssanrnim R1||G1(|B1||Ro | Go|[Bo| rnssanin
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 HD66760has a bit-wise write-datamask function that controlswriting the two-byte datafrom the
microcomputerto the GRAM. Bits that are 0 in the write-datamask register (WM15-0) causethe
corresponding DB bit to be written to the GRAM. Bits that are 1 prevent writing to the corresponding G
bit to the GRAM; the datain the GRAM is retained. This function canbe usedwhenonly one-pixeldatais
rewritten or the particular display color is selectively rewritten.

DB15=====sssccccccnacncccccccaans DB8 DB7 ===«sssscccccccccccccaccccces DBO
|R02 |R01 |Roo |Goz |Gm| Goo|Boz|801 | | R12|R11 |R10 |Glz |G11| Gio |BlZ | B11 |

Data written by
the microcomputer

Upper byte Lower byte
DB15==n==nssssassansanmnennanna: DB8 DB7 ====sssssssssensanmanmannanan DBO
i) SWP ="0": |Roz |R01 |Roo |Goz |Gm |Goo |Boz |801 | | R12 | Ru1 | Rio |GlZ |G11| G1o | BlZ| Bu1 |
;Upper byte Lower byte%
DB7 ===ss=ssssssssccscmeceecnane. DBO DB15=======ssssssansansanmannannn DB8

i) SWP ="1": |R12 |R11| R10 [G12 |G11 |GlO | B12 |B11 | |R02 | R01| Roo [ Goz2 601| Goo| Bo2 [ Box |

Upper byte

WMLG ===========mmsmmmmmsmnamnans WM8 WM7=========s=msmmsmmzmmzmnnnnnn WMO
[t[ea]afafafafz]lofofoafafa]o]o]

Write-data mask

DB15 ==========s=scscenoncmcanan=- DB8 DB7 ==========s=scsccccucccancann DBO
|) GRAM data * * * * * * * * |R12|R11|R10 * * * BlZ|Bll TI81011)
(SWP ="0"): Upper byte Lower byte—
DB7 =====s=sssssssssssssssssseses DBO DB15===========s====s=ss=s=sssm== DB8
ii) GRAM data * | * * * [ = [ x| x| | R02| R01| Roo| = * * Boz| Bo1 | --------
— nqmy. < 7
(Swp ="1"): Lower byte Upper byte

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

The HD66760performsa logical operationor conditionalreplacemenbetweerthe two-bytewrite datasent
from the microcomputerandthe readdatafrom the GRAM. The logical operationfunction hasfour types:
replacementDR, AND, and EOR. The conditionalreplacemenperformsa compareoperationfor the set
value ofthe compareregister(CP7-0)andthe readdatavalue from the GRAM, andrewritesonly the pixel
datain the GRAM that satisfiesthe conditions(in a byte unit). This function canbe usedwhena particular
color is selectively rewritten. The swap function or write-data mask function can be effectively used.

Table 32 Logical/Compare Operation

Bit Setting

LG2 LGl 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 EORSs 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 modeis usedwhenthe datais horizontallywritten at high speed. It canalsobe usedto initialize the
graphicsRAM (GRAM) or to draw borders. The swapfunction (SWP) and write-datamaskfunction
(WM15-0) are aso enabledin theseoperations. After writing, the address countg/AC) automatically
incrementdy 1 (I/D = 1) or decrementdy 1 (I/D = 0), andautomaticallyjjumpsto the counteedgeone-
raster-row below after it has reached the left or right edge of the GRAM.

Operation Examples:
1)I/D="1", AM ="0", LG2-0 ="000", SWP ="0"
2) WM15-0 = "1F1F"H
3) AC = "000"H
Write-data mask: |O|O|0|1|1|1|1|1|0|0|0|1|1|1 |1|1| *Write mask for plain G and B.
DB15 DBO
Wiite data (1): |1|o]o]{1]o[o[1]o[]o[o[o]o]11]
Wite data (2): l11]0]o[o]o[z]]o[o[o[o]]1|o]o]
"0000"H "0001"H "0002"H
|1|0|0 * k| o [ 0|1|o * x| x| [ 1|1|0* * % x| x o|o Of* |*|*[*|*| swwnnnnnunnnnnnnnnnnnnnnnnnnnnnnnnnnnns
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 modeis usedwhenthe datais vertically written at high speed. It canalsobe usedto initialize the
GRAM, developthefont patternin the vertical direction, or drawborders. The swapfunction (SWP)and
write-datamask function (WM15-0) are also enabledin theseoperations. After writing, the address
counter(AC) automaticallyincrementdy 256,andautomaticallyjumpsto the upper-rightedge(l/D = 1)
or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

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

3) AC = "000"H
WM15 WMO
Write-data mask: |O|O|0|O|O|0|O|O|1|1|1|1|1|1|l|1|
DB15 DBO
wite data (1) [1]o]o[2]z]olo[z]o[z[ofofofo[t[z}----- 23R ... o[ 1]o[o[o[o[2][z[o]o[ 2[[oo[ 2
wiite data 2 |1]2]olo]oo[x[z]olo[ofo[x[x[o[o]----- 220 olo]olo <[ [o]o[z[2[o]o]olo 2|1
S - 50 0 oE o I I s e e
10000"H {[o]a]ofofofo]afa]«[<[<[<[ <[] <[] write data 1)
"0100"H [[o]o]o[o]x[t]ofo[+|<[<|<[<|*| || write data 2)
"0200"H |o|o|o|1|1|1|1|15* *[x L[| ** [*| write 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 O001H.

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

This modeis usedwhenthe datais horizontallywritten by comparingthe write dataandthe setvalue of
thecompareregister(CP7-0). Whentheresultof the comparisorin a byte unit satisfiesthe condition,the
write datasentfrom the microcomputeris written to the GRAM. In this operation,the swapfunction
(SWP)andwrite-datamaskfunction (WM15-0) are also enabled. After writing, theaddress countéAC)
automaticallyincrementsy 1 (I/D = 1) or decrementdy 1 (I/D = 0), and automaticallyjumpsto 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: - |olo]olo]oofo]ofo]o|olo]olo]o]o]
CP7 CPO
compare regiser: ol Jofafofofa[a}-geseeserersrinanisiry s
DB15 (Matched) DBO I E EConditional replacement
wie g ) oo oo o olos} -4 @+~ [T - T B[S
Compare E E Replacement
operation E Conditional replacement
write data 2):  |0]o[o]o[2]1]1]1[o[o[o[o[o[o[o[0}------©@) e @=L
Compare E
(Matched) operation Y Conditional replacement
write data 3):  |0]x]o[z]o]o[e]x[2]o[o[o[o[1]2]o}--------- @---»=[o[ o[ oo [t[o[-]-[-[--[-]-]]
| Replacement
"0000"H "0001"H "0002"H
FEETETFelBEREEE (FTLTETL LT CRBEPEERF [T EE] -
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 modeis usedwhena verticalcomparisons performedbetweerthe write dataandthe setvalue ofthe
compareregister(CP7-0)to write the data. Whentheresultby the comparisorin a byte unit satisfiesthe
condition, the write data sent from the microcomputer is written to the GRAM. In this operation, the :
function (SWP) and write-datamaskfunction (WM15-0) are also enabled. After writing, the address
counter(AC) automaticallyincrementy 256,andautomaticallyjumpsto the upper-rightedge(l/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 ="111" (unmatched write), SWP ="0"
2) CP7-0 = "53H"
3) WM15-0 = "0000"H
4) AC = "000"H
WM15 WMO

Write-data mask: (0]0[o[o]o[o[o[o[o[oo[o]o[o]o]o]

CP7 CPO
compare reger. o]y 1}'“c'a;n'r:;;;a;;e};traa“'";"';
DB15 (Unmatched) | | DBO I E Conditional replacement
write data (1: |1|0|0|1|1|°|0|1|0| [o[slofo]s] -4 i--®--w={alolo]afz]olofa] |- |-|- |- ]
Compare : E
operation & 1}
(Unmatched) 1(Unmatched) ' Conditional replacement
it daa 2 O[O EE oo JE e} © 4@+~ o oo - B[P ook o
Compare
i (Unmatched) peration Conditional replacement
write data (3): 0[2]0[2[0]of1]x [z[o[o[o]o[2]z]o}--------- @®---m |+ [<]+ ||| e]olofoo]a[t]o]
"0000"H "0001"H

0000"H | [1|o]o] 2[a]ofo[a]«[« []«[*[+]+]«| write data (1)

"0080"H | [0]o[o[o|1{1|1|1|0|o[oo[o|o[o|0| Write data (2)
"0100"H |*|*|*|*|*|*|*|*|1|o|o|o|0|1|1|o| Write data (3)

GRAM

"4F00"H

Notes: 1. The bits in the GRAM indicated by "*' are not changed.
2. After writing to address 4F00H, 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 modeis usedwhenthe datais horizontallywritten at high speedby performinga logical operation
with the original data. It readsthe display data(original data),which hasaready beenwritten in the
GRAM, performsa logical operationwith the write datasentfrom the microcomputerandrewritesthe
datato the GRAM. This modereadsthe dataduring the sameaccess-pulsaidth (68-systemenabled
high level, 80-systemRD* low level) as the write operationsincereading theoriginal datadoesnot latch
the readdatainto the microcomputetbut temporarilyholdsit in the read-datdatch. However,the bus
cyclerequiresthe sametime asthe readoperation. The swapfunction (SWP)or write-datamaskfunction
(WM15-0) are aso enabledin theseoperations. After writing, the address countdAC) automatically
incrementdy 1 (I/D = 1) or decrementdy 1 (I/D = 0), andautomaticallyjjumpsto the counteedgeone-
raster-row below after it has reached the left or right edges of the GRAM.

Operation Examples:
1)I/ID= "1", AM ="0", LG2-0 ="001" (OR), SWP ="0"
2) WM15-0 = "0000"H
3) AC = "000"H
WM15 WMO
el 020500222202 020

DB15 DBO
Read data (1): |1o|o[1|1|o]o]1]o[1|o[o[o]o]1]1}+2 | gical operation
Write data (1): |1|0|1|1|1|1|o|o|o|1|1|0|o|0|o|1|.--...(9'3_) ....... ->|1|o|1|1|1|1|0|1|0|1|1|0|0|0|1|1|

Read data (2):  [ofo]ofo][1]a]]ofo]o]o]o[o]oo}--= | ogicat operation

Y oR)

write data ) {1]1]o|o|o[o[1]1]1]o|o[o[|1[o[o}--T--=2ur oo #11/1]oo[11]1]1]1]o[o]o[1] 1]o[o]
Read data (3 olo[o]o1]1]1{o[s]o]o]oo[1]1] o} L ogical operation
Write data (3): |0|1|1|1|o|1|o|o|o|o|o|1|1|1|1|1|------(9?-) ------- ->|o|1|1|1|1|1|1|o|1|o|0|1|1|1|1|1|
"0000"H "0001"H "0002"H
[P HERER EEE] FEEE R FoRERR o
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 modeis usedwhenthe datais vertically written at high speedoy performinga logical operationwith
the original data. It readsthe displaydata(original data),which hasalreadybeenwritten in the GRAM,
performsa logical operationwith the write datasentfrom the microcomputerandrewritesthe datato the
GRAM. This modecanreadthe dataduringthe sameaccess-pulseidth (68-systemenabledhigh level,
80-systemRD* low level) as for the write operationsincetheread operatiownf the original datadoesnot
latchthe readdatainto the microcomputerandtemporarilyholdsit in the read-datdatch. However,the
buscycle requiresthe sametime asthe readoperation. The swapfunction (SWP) or write-datamask
function (WM15-0) are also enabledin theseoperations. After writing, the address countefAC)
automaticallyincrementdy 256,andautomaticallyjumpsto the upper-rightedge(l/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 ="001" (OR), SWP ="1"
2) WM15-0 = "FFO00"H
3) AC = "000"H
WM15 WMO
write-data mask: ~[1]1]1]1[1]1]11[o]o]o]o]o|o]o]o]
DB15 DBO
weaddae (0 (ool o[l oRlo}
wa
wie dae (0 [so] s ool TfoJo[e[a--£ - oo [T
: Logical operation (OR)V
S {1 1[1[o[s] o[ o] ] 1[1]1[o[o]
Read data (2):  [o]o[o]o[1]1]1]1[o[o[o[o]o[1]1]o} -+
N O 00aEE A a2 B e g gz
: Logical operation (OR)
S m=—1/o]o[of[1]a] 1]2]1 ][ o[o[1]2]1]
Read data @) |ofolofols[1]slo]s]a|sfoolaalo}-3 _
wie dae 0 [oa[sfo[s oo ool oI
' Logical operation (OR) I
foemmeennend (oo ofaft[a[] a1 2]a]1]o] 1] o]
"0000"H "0001"H
"0000"H |* |* |* |*|* |* |* |* |1|1| 1|1| 1|1|0|O| Read data (1) + write data (1)
"0080"H |*|*|*|*|*|*|*|*|1|1|0|o| |1| | | Read data (2) + write data (2)
"0100"H |*|*|*|*|*|*|*|*|1|1|1| | | | | | 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 4F00H, 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,G2-0 = 100/101

This mode is used when the data is horizontally written by comparing the original data and the set v:
compareregister(CP7-0). It readsthe displaydata(original data),which hasareadybeenwritten in the
GRAM, compareghe original dataandthe setvalue ofthe compareregisterin byte units,andwritesthe
datasentfrom the microcomputerto the GRAM only whenthe result of the comparisonsatisfiesthe
condition. This modereadsthe dataduring the sameaccess-pulswidth (68-systemenabledhigh level,
80-systemRD* low level) aswrite operationsincereading theoriginal datadoesnot latchthe readdata
into the microcomputer but temporarily holds it in the read-data latch. However, the bus cycle requir
sametime asthereadoperation. The swapfunction (SWP)andwrite-datamaskfunction (WM15-0) are
alsoenabledn theseoperations. After writing, the address countdAC) automaticallyincrementdy 1
(I/D = 1) or decrementdy 1 (I/D = 0), andautomaticallyjumpsto the counteedgeone-raster-rovbelow
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: |o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|

CP7 CPO

Compare register: l Ea ------------ CompareT T
| operatio E i E
DB15 ! (Matched) DBO g ;
Read data (1): |1|0|o|1|1|o|o|1‘0 1/o[1[ofo]a1}--- 1 Conditional replacement
Write data (1): |1|o|1|1|1|1|o|o o|1|1|o|o|o|o|1|- ------- -.1 -->|1|o|0|1|1|0|o|1|o|1|1|o|0|0|0|1|
‘ Compare @ 1
! operation H
Read data (2): |o|o|o|o|1|1|1| 1 o|o|o|o|o|o|o|o|- ------ é
| : Conditional replacement
Write data (2): |1|1|o|0|0|0|1|1 1|o|o|o|1|1|o|o|- ---------- j--- -->|o|o|o|o|1|1|1|1|o|o|o|o|o|0|o|o|
(Matched) Compare g}
vt RN ™0 copormrcnn
Write data (3): |1|1|1|1|o|1|o|o‘o|o|o|1|1|1|1|1|- -------------- -->|1|1|1|1|o|1|o|o|1|o|o|o|o|1|1|o|
"0000"H "0001"H "0002"H
RFe TP T EEPE FeFE e FIo] P[Pl PE PR o
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 modeis usedwhenthe datais vertically written by comparingthe original dataandthe setvalue of

the compareregister(CP7-0). It readsthe displaydata(original data),which hasalreadybeenwritten in

the GRAM, compareghe original dataandthe setvalue ofthe compareregisterin byte units,andwrites
the datasentfrom the microcomputerto the GRAM only when the result of the compareoperation
satisfiesthe condition. This modereadsthe dataduring the sameaccess-pulseidth (68-systemenabled
high level, 80-systemRD* low level) as the write operationsincereading theoriginal datadoesnot latch
the readdatainto the microcomputetbut temporarilyholdsit in the read-datdatch. However,the bus
cycle requiresthe sametime as the readoperation. The swapfunction (SWP) and write-datamask
function (WM15-0) are aso enabledin theseoperations. After writing, the address countefAC)

automaticallyincrementdy 256,andautomaticallyjumpsto the upper-rightedge(l/D = 1) or upper-left
edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:
1) /D= "1", AM ="1", LG2-0 ="101" (unmatched write), SWP ="0"
2) CP7-0 = "53H"
3) WM15-0 = "0000"H
4) AC = "000"H
WM15 WMO

write-datamask:  [0[o]olo[o[o[o[o]o[oofo]o]o[o]o]

CP7 CPO
Compare register: E Compare T T
! operations 1 &
DB15 (Unmatched) ! B : E
Read data (1): | |0| |1|1|o|o|1| |1|o|1|o|0| |1|- -. ----- Conditional replacement
ey (oo~ %%€%H¢WWMMM$MM
(Unmatched) (Unmatched) O;Q:gt?éﬁ
Read data (2): |o|0| |o|1| | | 0|o|o|o|o|o| |o|-
! : Conditional replacement
wiegaa ). [P FE[ e}t~ EE TR PP

Compare g

‘(Unmatched) operationé
Read data (3): |o|1|0|1|0|0|1|1I1|0|0|0|0|1|1|0|' """"" "2 Conditional replacement

Write data (3): |1|1|1|1|0|1|0|0i0|0|0|1|1|1|1|1|- ------------- --3={o[1[o[]o] o]1]xe[o]o[[1] ][]
"0000"H "0001"H
"0000"H |[1]o]z[2 1| |o|o| |1|o|1|o|o| |1|Wr|te data (1)

[tlofa]4]
0080 | [1[]o[o[o[o]1]2]z[o[o[o]1]2]o[o] write data 2)
[o[[o]-|

o100 P Fe R e oo

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 HD66760incorporatesa grayscalepaletteto simultaneouslydisplay 256 of the 4,096 possiblecolors.
The R and G grayscales consist of eight four-bit palettes, and the B grayscale consists of four four-bit p

The 16-stage grayscale levels can be selected from the four-bit palette data.

Forthedisplaydataof R andG, thethree-bitdatain the GRAM written from the microcomputeis used. For

the display data of B, the two-bit data in the GRAM is used.

In this palette a curtailedframegrayscalesystemwhich haslow chargingcurrentin the LCD panel,is used.
Althoughthe systemis the samefor eachcolor, the curtailedframetiming is adjustedbetweenadjacenidots

to reduce flickering.

Graphics RAM (GRAM)

MSB ------------mm - LSB
\
Displaydata| R2 | R1 | Ro ” G2| G1| Go ” B1| Bo|
\
3 3 2
Palette R | Palette G Palette B
"000"[ RKoz [ RKoz2| RKoz1 | RKoo "000"|GKos|GKoz| GKo1|GKoo "00"| BKo3| BKoz(BKoz| BKoo
"001"| RK13|RK12 [RK11| RK1o0 "001"|GK13|GK12[GK11|GK1o "01"| BK13|BK12|BK11| BK10
"010"| RK23[RK22 | RK21| RK20 "010"|GK23|GK22|GK21|GK20 "10"| BK23| BK22(BK21| BK20
"011"| RK33|RK32 |RKs1| RK30 "011"|GK33|GKa2|GK31|GKazo "11" | BKss | BKs2|BKa1| BKso
"100"| RK43|RKa2 [RKa1| RKao| | | "100"|GKa43|GKa2| GKa1|GKao
"101"| RKs3|RKs2 [RKs1| RKso "101"|GKs3|GKs2| GKs1|GKso
"110"[ RKe3|RKe2 |[RKe1| RKeo| | | "110"|GKes|GKe2| GKe1|GKeo
"111"| RK73|RK72 [RK71| RK7o| | | "111"|GK73|GK72| GK71|GK7o
4 4 4
16-grayscale control 16-grayscale control 16-grayscale control
<R> <G> <B>
| LCD driver | LCD driver | LCD driver

Y

Y

Y

R

G

B

LCD

Figure 42 Grayscale Palette Control
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HD66760

Grayscale Palette Table

The grayscaleregisterthat is set foreachpaletteregister(RK, GK, or BK) canbe setto anylevel. 16-
grayscale lighting levels can be set according to palette values (0000 to 1111).

Table 33 Grayscale Control Level

Palette Register Value (RK, GK, or BK)

Grayscale Control Level

Unlit level**

2/16 level

3/16 level

4/16 level

5/16 level

6/16 level

7116 level

8/16 level

9/16 level

10/16 level

11/16 level

12/16 level

13/16 level

14/16 level

PP IP|PIPP O OO OC O O|O|O

PP OlOOCOC || P|P P O O|lO|O

R OO/ RPr| P OOCO|RP| P OOC|FL |, O|O

oO|r|O|P|O|FP|OC|P | O|FR,P|O|FL,|O|FR,|OC

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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HD66760

Four-color Display Mode

The HD66760hasthe four-color display mode consistingof two-bit-per-pixeldata. Since the byte-wise
processingf four-pixel display datais enabledthe processingperformances four timesthat of the normal
256-colordisplay. Whentheinternalgrayscalepaletteis used,four colorsof the possible4,096colorscan be
displayedat the sametime. The two-bit display datain the GRAM written from the microcomputeris
assigned tahe lower two bits of R and G; one of thesebits, always0, synthesizeghe three-bitdata.
Therefore, this display mode uses 000, 001, 010, 011 in grayscale palettes R and G.

Graphics RAM (GRAM)
MSB ---------mmmm oo LSB

|C1|CO||C1|CO||C1|C0||C1|CO|
v v v ¥
| R B

o ][ ro

"o" "o" "o" "o"
Displaydata| R2|R1|Ro|| Gz| G1| Go” Bl| Bo| |R2|R1|Ro|| G2| G1| Go” Bl| Bo|
\
3 3 2
Palette R | Palette G Palette B

"000"| RKos| RKoz2|RKoz | RKoo "000"|GKos|GKoz| GKo1|GKoo "00"| BKos| BKoz|BKoz | BKoo
"001"| RK13|RK12 |RK11| RK10 "001"|GK13|GK12|GK11|GK1o "01"| BK13| BK12|BK11| BK1o0
"010"| RK23|RK22 |RK21 | RK20 "010"|GK23|GK22| GK21|GK20 "10"| BK23| BK22| BK21 | BK20
"011"| RK32|RK3s2 |RK31| RK30 "011"|GKaz3|GKa2| GK31|GK3o "11"| BK33| BK32|BK31| BK3o

4 4 4
16-grayscale control 16-grayscale control 16-grayscale control
<R> <G> <B>
| LCD driver | | LCD driver | | LCD driver |

\ Y Y

R G B

LCD

Figure 43 Four-color Display Control
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HD66760

Color Window Cursor Control

A cursoris displayedin the window areaspecifiedby the cursor-starpositionregister(CSX or CSY) and
cursor-endpositionregister(CEX or CEY). Thecursordisplay modecanbe selectedrom four typesin table
34 by changing cursor-mode bit (CM1-0).

The eight-colorcursordisplaycanbe selectedby the cursor-coloibit (CR, CG, or CB) anddisplaysred, blue,
green, white, black or a combined color. However, the grayscale of the cursor color cannot be controlle

Table 34 Cursor Display Control

Register Setting
C 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.

HITACHI
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HD66760

Graphics RAM (GRAM)

'

'

'

(CSX +1, CSY + 1)

(CEX +1,CEY +1)

MSB ---------------mmmm oo LSB
Display data ‘ R2 | R1 | Ro ‘ Gz | Gi1| Go ‘ B2 | B
Palette R Palette G Palette B
Grayscale Grayscale Grayscale
control R control G control B
Cursor Cursor Cursor Cursor mode
control R control G control B Cursor color
T T T
LCD driver

Downloaded from Elcodis.com electronic components distributor
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Oscillation Circuit

The HD66760 can oscillate betweenthe OSC1and OSC2 pins using an internal R-C oscillator with an
externaloscillation resistor. Note thatin R-C oscillation, the oscillationfrequencyis changedaccordingto
the externalresistancevalue,wiring length,or operatingpower-supplyvoltage. If Rf isincreasedr power
supplyvoltageis decreasethe oscillationfrequencydecreaseskor therelationshipbetweerRf resistorvalue
and oscillation frequency, see the Electric Characteristics Notes section.

o

0OSsC1

0sC2

HD66760

Note: Put the Rf resistor as close
as possible to the OSC1 and
OSC2 pins.

Figure 45 Oscillation Circuits

Table 35 Relationship between Liquid Crystal Drive Duty Ratio and Frame Frequency

Recommended
LCD Duty NL4-0 Set Value Drive Bias Value Frame 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 05H 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 RTITITITITTY 79: 30: 1 | 2 | 3 TTTITTITITY 79: 30:

V1 i

V2

COM1

GND
V1
V2

N 3 A A A A 1

COM2
- V5

GND
Vi
V2

COM79

V5
GND

Vi— S S S S S S —

V2
COM80

Vs : i
GND

.(— ‘ ‘1 fram‘e—).‘ ‘ (— ‘ 1 frameg)-‘ ‘

Figure 46 LCD Drive Output Waveform (B-pattern AC Drive with 1/80 Multiplexing Duty Ratio)
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HD66760

n-raster-row Reversed AC Drive

The HD66760supportsnot only the LCD reversedAC drive in a one-frameunit (B-patternwaveform)but

alsothe n-raster-rowreversedAC drive which alternatesn an n-raster-rowunit from oneto 32 raster-rows
(C-patternwaveform). When a problemaffecting display quality occurs,suchas crosstalkat high-duty
driving of morethan 1/64 duty, the n-raster-rowreversedAC drive (C-patternwaveform)canimprovethe

quality.

Determinethe numberof raster-rowsh (NW bit setvalue+ 1) for alternatingafter confirmationof the display
quality with the actual LCD panel. However, if the number of AC raster-rows is reduced, the LCD altern
frequency becomes high. Because of this, the charge or discharge current is increased in the LCD cells

l————1frame —————————— polt 1 frame

1/2/3|4/5/6|78|9/10/11]12|13 »asn:79|80 1 |2|3|4|5|6|7|8|910{1112|13 »ssm|79|80/ 1| 2|3

B-pattern
waveform drive
« 1/80 duty

—_~—

C-pattern

waveform drive

« 1/80 duty

« 11-raster-row
reversal

« Without EORs

——\-/ —_—
L~

C-pattern \

waveform drive

« 1/80 duty

 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 47 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-displaybias value can be selectedusing the BS2-0bits, accordingto the liquid
crystaldrive duty ratio setting (NL3—-0 bits). Theliquid-crystal-displaydrive duty ratio andbiasvaluecan be
displayedwhile switching softwareapplicationsto matchthe LCD paneldisplay status. The optimum bias
valuecalculatedusingthe following expressions alogical optimumvalue. Driving by usinga lower value
thanthe optimum biasvalue providedower logical contrastand lower liquid-crystal-displayvoltage (the
potentialdifferencebetweenvl and GND), which resultsin betterimagequality. Whenthe liquid-crystal-
display voltagés insufficientevenif a six-timesstep-upcircuit is used,whenthe step-up drivingbility is
loweredby settinga high factor for the step-upcircuit, or whenthe outputvoltageis loweredbecausehe
battery life has been reached, the display can be made easier to see by lowering the liquid-crystal-displ:

Theliquid crystaldisplaycanbe adjustedby usingthe contrastadjustmentegister(CT6-0bits) andselecting
the step-up output level (BT1/0 bits).

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

Table 36 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 0110 0101 0100 0011 0010 0001
Optimum drive bias value /120 1/9 1/9 1/8 1/8 1/7 1/6 1/6 1/5
(BS2-0 set value) 001 010 010 011 011 100 101 101 110

HITACHI
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VLCD VLCD
VR VR
V1 V1
R R
V2 V2
R R
V3 V3
6R 5R
V4 V4
R R
V5 V5
R R
GND GND
GND GND
i) 1/ 10 bias i) 1/ 9 bias
(BS2-0 =001) (BS2-0 =010)
VLCD VLCD
VR VR
V1 V1
R R
V2 V2
R R
V3 V3
2R R
va V4
R R
V5 V5
R R
GND GND
GND GND
v) 1/6 bias vi) 1/5 bias
(BS2-0 = 101) (BS2-0 = 110)
Note: R = Reference resistor

VLCD
VR
Vi
R
V2
R
V3
4R
V4
R
V5
R
GND
GND
i) 1/ 8 bias
(BS2-0 =011)
VLCD
VR
Vi
R
V2
R
V3,4
R
V5
R
GND
GND
vii) 1/ 4 bias
(BS2-0 = 111)

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

Figure 48 Liquid Crystal Display Drive Bias Circuit
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HD66760

Liquid Crystal Display Voltage Generator

When External Power Supply and Internal Operational Amplifiers are Used

To supply LCD drive voltagedirectly from the externalpower supply without using the internal step-up
circuit, circuits should beconnectedas shown in figure 49. Here, contrastcan be adjustedby software
throughthe CT bits of the contrastadjustmentregister. Minimize the voltagevariationsincethe VLREF
input is a reference voltage that determines the LCD drive voltage.

The HD66760incorporatesa voltage-followeroperationalamplifier for eachV1 to V5 to reducecurrent
flowing throughtheinternalbleeder-resistorsyhich generataifferentlevelsof liquid-crystaldrive voltages.
Thus,potentialdifferencebetweenV . andV1 mustbe 0.1V or higher,andthatbetweenv4 andGND must
be 1.4V or higher.Notethatthe OPOFFpin mustbe groundedvhenusingthe operationabmplifiers. Place
a capacitorof aboutl pF (B characteristicspetweereachinternaloperationabmplifier (V1OUT to V50UT
outputs)andGND andstabilizethe outputlevel of the operationabmplifier. Adjustthe capacitancealueof
the stabilized capacitor after the LCD panel has been mounted and the screen quality has been confirm
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VLPS PS ="11"

ViRer HD66760

0.1 pF*2 L™
(B characteristics) ; V10UT| VR Vi

ok

3 SEG1 to SEG312

V20UT

V30UT V3

ﬁé>r oo
Ro driver
vaout| v4
8 ena ) %Dr“’
(B characteristics) V50UT

ITILL] R%
GND + 44 $ 3] GND s GND

= COM1 to COM80

Vi
Cl+
Cl-
C2+
C2-
C3+ Step-up
C3- circuit
Ca+
C4-
C5+
C5-
C6+
C6—

VLOUT

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 V10OUT through V50UT. Determine the
capacitor breakdown voltages by checking VLCD voltage fluctuation.

Figure 49 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and Internal Operational Amplifiers are Used

To supplyLCD drive voltageusingtheinternal VLCD regulatorandstep-upcircuit, aninternalboosterand
internal operationalamplifiers shouldbe connectedas shownin figure 50. Keepthe power-supplyoltage
(VLPS) of the operational amplifier higher than the output voltage (V1REF) of the VLCD regulator. Con
can be adjusted through the CT bits of the contrast control instruction.

The HD66760incorporatesa voltage-followeroperationalamplifier for eachof V1 to V5 to reducecurrent
flowing throughthe internal bleeder-resistorsyvhich generatedifferent liquid-crystal drive voltages.Thus,
potential difference between M and V1 must be 0.1 V or higher, and that between V4 and GND must be
V or higher. Note that the OPOFFpin mustbe groundedwhen using the operationalamplifiers. Placea
capacitorof aboutl pF (B characteristicshbetweeneachinternaloperationalamplifier (V1OUT to V50UT
outputs)andGND andstabilizethe outputlevel of the operationabmplifier. Adjustthe capacitancealueof
the stabilized capacitor after the LCD panel has been mounted and the screen quality has been confirm
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VLOUT ~
HD66760 ' ~
C6+
n 7
PS = 0Tor CG-( )# EiLLrlmF teristi
PS = "01" (B characteristics)
C5+
&L 1pF 7
C5- T(B characteristics)
C4+
OL 1uF 7
Step-up C4- T(B characteristics)
Vi Circuit Car
O .. 0L 1uF 7
1/‘2 .V.C| Voltage C3- T (B characteristics)
VREG Dividing
07 ——9¢ C2+
OL 1uF 7
VLCD C2- T(B characteristics)
Regulator c1
+
V.
0.1uF*5 L —— ! Od 1pF 7
B chara\.cteristics) T VLREF Cl- T(B characteristics)
1 L «10
— VLPS 1\
= GND
%——O VR \J »L 1pF 89
VLREF regulator IB characteristics)
V10UT Ji V1 = onp
R
V20UT ) V2
R= k= SEG1 to SEG312
V30uT ) V3
I LCD
RO= Driver
V40UT 1 v4
R EE COM1 to COM80
(o]
s=d=tatafenn V50UT 1 V5 1>
n (] g
GND ] - . R%
. GND
O . TTTTT 3 GND
: 1UF +5,8,9 "
n (B characteristics) :
hsssssssmmma
Notes: 1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not
exceed the absolute maximum rating for the liquid-crystal power supply voltage (16.5 V).
2. Vciis both a reference voltage and power supply for the step-up circuit; the sufficient current must be
obtained.
3. Polarized capacitors must be connected correctly.
4. Circuits for temperature compensation should be based on the sample circuits in figures 51 and 52.
5. Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted.
6. The breakdown voltages of the capacitors connected to C3+/C3- and C6+/C6- should be three times or
higher than the Vci voltage.
7. 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.
8. 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).
9. Determine the breakdown voltages of the capacitors used in 6 to 8 above by checking Vci voltage
fluctuation.
10. VLREF regulator is not used when PS = "00". VLREF regulator is used when PS ="01".

Figure 50 Internal Step-up Circuit for LCD Drive Voltage Generation
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Temperatureanbe compensateditherthroughthe CT bits, by controllingthe referencenput voltagefor the
VLCD regulator(VREG pin) using a thermistor,or by controlling the referenceoutputvoltageof the VLCD
regulator (V1REF pin).

vee vi | 4 HD86760

1/2 Vci Voltage PS ="10"
Dividing
———¢
VLCD
Rth Regulator
Thermistor V1REF
0.1pF £
GND = (@ characteristics].  VLREF
= eN\p VLPs
VR ‘gﬂ
V10UT VLREF regulator Vi
=
R=
V20UT V2
RE M= SEGLto SEG312
V30UT V3
= LCD
RO= Driver
V40UT V4
=
"E COM1 to COM80
V50UT V5 = ? 0
GND R= .

Figure 51 Temperature Compensation Circuits (1)

Vei ;—% HD66760

1/2 Vci Voltage PS ="01"
Dividing
VREG
o —
VLCD
Regulator
I
VRaj
Ra VLPS
wrE
VLREF regulator -
Rth Vi
Th -
ermistor R E;
V2
Vee or GND RS M= SEG1to SEG312
V30UT V3
= LCD
RO= Driver
V4OUT va
=
R=
V50UT V5 - ) COM1 to COM80
GND RS
=
GND

Figure 52 Temperature Compensation Circuits (2)
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Switching the Step-up Factor

Instructionbits (BT1/0 bits) canoptionally selectthe step-upfactor of theinternalstep-upcircuit. According
to the displaystatus powerconsumptiorcanbe reducedoy changingthe LCD drive duty andthe LCD drive
bias,andby controllingthe step-ugactorfor the minimumrequirements.For details,see theéPartial-display-
on Function section.

Accordingto the maximumstep-upfactor, externalcapacitorseedto be connected.For example whenthe
maximumstep-upis five times,capacitorsbetweenC6+ and C6—or betweenC5+ andC5—areneededasin
the case of the six-times step-up.

Placea capacitorwith a breakdownvoltageof threetimesor morethe Vci-GND voltagebetweenC6+ and
C6—and betweenC3+ and C3—, a capacitorwith a breakdownvoltagelargerthanthe Vci-GND voltage
betweenC1+ andC1-,C2+ and C2—, C4+ and C4—, and C5+ and C5—, and a capacitorwith a breakdown
voltage of n times or more the Vci-GND voltage to VLOUT (n: step-up factor) (see figure 53).

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

Table 37 VLOUT Output Status

BT1 BTO VLOUT Output Status

0 0 Three-times step-up output
0 1 Four-times step-up output
1 0 Five-times step-up output
1 1 Six-times step-up output
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Maximum six-, five-, four-, and three-times step-up

Vcio—— Vi

1pF ()— c1+

(B Charac-
teristics) T c1-

+
(lB L(ltlf:wra(c—)l‘ c2
| co-

teristics)

1uF (+)J_7 C3+

(B Charac-
teristics) T C3-

1pF (D —— ca+
(B Charac-
teristics) C4-

1uF () 54
(B Charac-
T | c5-

teristics)
1uF C6+
B Ch -T

( arac Cé—

teristics)

1uF @ VLOUT
(B Charac-
teristics)

GND

Figure 53 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 HD66760incorporatesa step-upcircuit for up to six-times step-up. However,the LCD drive voltage
(VLCD) will notbe enoughfor six-timesstep-upfrom Vcc whenthe power-supplyvoltageof Vcc is low or
whenthe LCD drive voltageis high for the high-contrast.CD display. In this case the referencevoltage
(Vci) for step-up can be set higher than the power-supply voltage of Vcc.

Setthe Vci inputvoltagefor the step-ugircuitto 3.6V or lesswithin therange ofVcc + 1.0V. Controlthe
Vci voltageso thatthe step-upoutputvoltage(VLOUT) shouldbe lessthanthe absolutemaximumratings

(16.5 V).
HD66760
Regulator 2.0V vee Logic circuit
(€}
Batt 4 ‘ "
see\r/y L c1+ ™ e
X (B Charac-
Regulator | 22V Vi Cl- teristics)
2 +
( ) C2+ ( )1 uF
(B Charac-
‘ c2- teristics)
+
L csr [ 1M
B Charac-
GND Step-up circuit C3- t(eristics)
car [T e
—r VLCD (= 15.4V) T (BuCharac-
(VLPS-GND) C4 - teristics)
+
777777 22VX7=154V Cs+ ( )luF
VLOUT T (B Charac-
C5— teristics)
””” C6+ ﬁ(ﬂl uF
T (B Charac-
,,,,,, C6 — teristics)
GND . —p» SEG1 to SEG312
,,,,,, . - VLPS Operational
1uF L(’f) amplifier — COM1 to COM80
(B Charac
—————— teristics) =
GND
‘ Vei (=2.2V) =
7r’ =177 Vee (=2.0V) GND
GND (=0V)
Note: In practice, the LCD drive current lowers
the voltage in the step-up output voltage.
V 10UT 2 Vci or Vci

Figure 54 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 restrictionsmustbe satisfiedwhensettingthe startline (SS16-10and endine (SE16-10)f
the 1stscreendriving positionregister(R14h)andthe startline (SS26—-20jpnd endine (SE26—20)f the 2nd
screendriving position register(R15h) for the HD66760. Note thatincorrectdisplay may occurif the
restrictions are not satisfied.

Table 38 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

Settingthe sleepmodebit (SLP)to 1 putsthe HD66760in the sleepmode,wherethe devicestopsall internal
display operationsthus reducingcurrentconsumption Specifically, LCD operationis completelyhalted.
Here,all the SEG(SEG1to SEG312)andCOM (COM1 to COMB80) pins outputthe GND level, resultingin
no display.If the AP1-0bits in the powercontrol registerare setto 00 in the sleepmode,the LCD drive
power supply can be turned off, reducing the total current consumption of the LCD module.

Table 39 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
HITACHI
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Standby Mode

Settingthe standbymodebit (STB) to 1 putsthe HD66760in the standbymode,wherethe devicestops
completely,haltingall internaloperationgncluding the R-C oscillationcircuit, thusfurtherreducingcurrent
consumptioncomparedo thatin the sleepmode.Specifically,all the SEG (SEG1to SEG312)and COM
(COM1 toCOMB8O0) pins for the time-sharingdrive outputthe GND level, resultingin 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 standbymode, no instructionscan be acceptedther than the start-oscillationinstruction. To
cancelthe standbymode,issuethe start-oscillationinstructionto stabilize R-C oscillationbeforesetting the
STB bit to 0.

Turn off the display: D1 to 0 = 01

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

| Set standby mode: STB =1 |

Standby mode

| Issue the start-oscillation instruction |

Wait at least 5 ms

| Cancel standby mode: STB =0 |

Turn on the LCD power supply: AP1 to 0 = 01/10/11

Wait at least 150 ms

Turn on the display: D1to 0 = 11

Figure 55 Procedure for Setting and Canceling Standby Mode
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Power-on/off Sequence

To preventpulselighting of LCD screensat power-on/off,the power-on/offsequencés activatedasshown
below. However,sincethe sequenca@ependon LCD materialsto be usedgconfirm the conditionsby using
your own system.

Power-on Sequence

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

Wait for 200 ps or longer (power-on time)

Wait for 5 ms or longer (oscillation stabilization time)

Issue LCD power instruction

Wait for 10-150 ms or longer

Issue use-state instruction (op-amplifier output
stabilization time)

Turned on display: D1-0 = 11

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

Figure 56 Power-on Sequence
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Vee /0.9 Vee
Power voltage: Vcc
GND Power-on reset time: 200 us
Vee 0.9 Vcc
RESET
GND —

s UUUULLUUDUDUL

Oscillation stabilization time: 5 ms

_ _ Vcce
Signal-input
instruction issued
GND

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

Figure 57 Power-on Timing
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Power-off Sequence

Normal state

Turn off display: D1-0 = 00

Y

Issue LCD power instruction

Y

Turn off power voltages Vcc and Vci

Emergency case

Turn off power voltages Vcc and Vci

Y

RESET = "Low"

1

Driver SEG/COM output: GND

Figure 58 Power-off Sequence

Vcc
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 59 Power-off Timing
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) V. \Y -0.3to +4.6 1,2
Power supply voltage (2) V., — GND \% —-0.3to +16.5 1,3
Input voltage Vit \Y -0.3to V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C 5510 +110 1,5

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

V. = GND must be maintained.

V¢ 2 GND must be maintained.

For die and wafer products, specified up to 85°C.

This temperature specifications apply to the TCP package.

o~ wDN
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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 (1) Vi -0.3 — 015V, V.  V,=22t036V 2,3
(Except I°C bus I/F pins)

Input low voltage (2) Vi, -0.3 — 03V, V V,=22t036V 2,3

(SDA and SCL : I°’C bus
interface pins)

Output high voltage (1) Vg, 0.75V, — — \% loy =—0.1 mA 2
(DBO0-15 pins, SDA :
Clock synchronized
serial I/F)
Output low voltage (1) Vg, — — 02V, V  V,=22t024V, 2
(DBO0-15 pins) lop =0.1 mA

— — 015V, V V., =241t036V, 2

lop = 0.1 mA
Output low voltage (2) V,,, — — 02V, V  lg=04mA 2
(SDA : I°C bus I/F)
Output low voltage (3) Vg3 — — 0.4 V Iy, =3mA 2
(SDA : I°C bus I/F)
Driver ON resistance Rcom — 3 10 kQ #£ld =0.05mA, 4
(COM pins) Viep =10V
Driver ON resistance Rgeo — 3 10 kQ zld =0.05 mA, 4
(SEG pins) V=10V
I/O leakage current I -1 — 1 MA  Vin=0to V. 5
Current consumption lop — 130 180 MA  CR oscillation, 6,7
during normal operation Ve =3.0V,
(Ve — GND) Ta = 25°C, f osc = 180 kHz
(1/80 duty), display all 1

Current consumption lsr — 0.2 5 MA V=3V, Ta=25°C 6,7
during standby mode
(Vcc - GND)
LCD drive power supply | ¢, — 27 60 MA V,=30V,V, =15V, 7
current (Vs — GND) 1/10 bias,

CR oscillation, fosc = 180
kHz (1/80 duty), AP1-0 =
"01", Ta = 25°C, display
all 1

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

Item Symbol Min Typ Max Unit Test Condition Notes
LCD drive voltage Vieo 5.0 — 15.5 \Y 8
(VLPS - GND)
VREG input voltage Vies — 1.3 2.5 V  VREG external input
(VREG pin) (PS1-0 ="10"),
Ta=25°C
V1REF output voltage  Vger — 13.0 — V VREG=13V,Ta=
(V1REF pin) 25°C, 10 times VREG
(VR2-0 = "110")
V1REF < VLPS - 0.5V
LCD output voltage Viour VLPS/2 — VLPS - V
range (1) i -05 05V
20UT
VZOUT
LCD output voltage Vour 0.5 — VLPS/2 V
range (2) Veour
Step-up Circuit Characteristics
Item Symbol  Min Typ Max Unit  Test Condition Notes
Three-times V ps 7.6 7.9 8.1 \% Vee=Vei=27V, 11
step-up output lo =30 A, C =1 pF,
voltage fosc = 180 kHz, Ta = 25°C
(VLOUT pin)
Four-times step- V., 10.3 10.6 10.8 \% Ve =Vei=27V, 11
up output lo =30 pA, C =1 pF,
voltage fosc = 180 kHz, Ta = 25°C
(VLOUT pin)
Five-times step- V5 13.0 13.3 13.5 \Y Ve =Vei=2.7V, 11
up output lo =30 A, C =1 pF,
voltage fosc = 180 kHz, Ta = 25°C
(VLOUT pin)
Six-times step- V s 14.2 14.7 15.0 \Y Vee=Vei=25YV, 11
up output lo =30 YA, C =1 pF,
voltage fosc = 180 kHz, Ta = 25°C
(VLOUT pin)
Use range of uP3 Ve — 15.5 \Y, For three- to six-times 11

\Y
step-up output V pa
voltages V Ups

\% UP6

step-up

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)

Item Symbol Min Typ Max Unit Test Condition Notes

External clock fcp 120 180 240 kHz 9

frequency

External clock duty Duty 45 50 55 % 9

ratio

External clock rise trcp — — 0.2 us 9

time

External clock fall tfcp — — 0.2 ps 9

time

R-C oscillation clock  foq 144 180 216 kHz Rf =200 kQ, 10
Vee=3V

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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68-system Bus Interface Timing Characteristics

(Vec=2.2102.4V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write toyce 600 — — ns Figure 67
Read teyce 800 — —

Enable high-level pulse width Write PW, 120 — — ns Figure 67
Read PW., 350 — —

Enable low-level pulse width Write PW¢, 300 — — ns Figure 67
Read PW, 400 — —

Enable rise/fall time ten ter — — 25 ns Figure 67

Setup time (RS, R/W to E, CS¥) tase 10 — — ns Figure 67

Address hold time [ 20 — — ns Figure 67

Write data setup time toswe 60 — — ns Figure 67

Write data hold time the 20 — — ns Figure 67

Read data delay time toore — — 300 ns Figure 67

Read data hold time tonre 5 — — ns Figure 67

(Vec=2.410 3.6 V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write toyce 300 — — ns Figure 67
Read t., 500 — —

Enable high-level pulse width Write PW,, 70 — — ns Figure 67
Read PW.,, 250 — —

Enable low-level pulse width Write PW,, 100 — — ns Figure 67
Read PW. 200 — —

Enable rise/fall time e ter — — 25 ns Figure 67

Setup time (RS, R/W to E, CS*) tase 10 — — ns Figure 67

Address hold time tane 5 — — ns Figure 67

Write data setup time toswe 60 — — ns Figure 67

Write data hold time the 15 — — ns Figure 67

Read data delay time toore — — 200 ns Figure 67

Read data hold time tonre 5 — — ns Figure 67
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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 68
Read tqycr 800 — — ns Figure 68
Write low-level pulse width PW,, 120 — — ns Figure 68
Read low-level pulse width PW, 350 — — ns Figure 68
Write high-level pulse width PwW,, 300 — — ns Figure 68
Read high-level pulse width PW, 400 — — ns Figure 68
Write/Read rise/fall time twrr s wrt — — 25 ns Figure 68
Setup time (RS to CS*, WR*, RD¥) tas 10 — — ns Figure 68
Address hold time tan 20 — — ns Figure 68
Write data setup time tosw 60 — — ns Figure 68
Write data hold time thwr 20 — — ns Figure 68
Read data delay time toor — — 300 ns Figure 68
Read data hold time tonr 5 — — ns Figure 68

(Vec=2.410 3.6 V)

Item Symbol Min Typ Max  Unit Test Condition
Bus cycle time Write teyew 300 — — ns Figure 68
Read t.,cx 500 — — ns Figure 68
Write low-level pulse width Pw,, 70 — — ns Figure 68
Read low-level pulse width PW, 250 — — ns Figure 68
Write high-level pulse width PW,, 100 — — ns Figure 68
Read high-level pulse width PW,. 200 — — ns Figure 68
Write/Read rise/fall time trewrr  — — 25 ns Figure 68
Setup time (RS to CS*, WR*, RD*) tas 10 — — ns Figure 68
Address hold time tan 5 — — ns Figure 68
Write data setup time tosw 60 — — ns Figure 68
Write data hold time thwr 15 — — ns Figure 68
Read data delay time toor — — 200 ns Figure 68
Read data hold time tonr 5 — — ns Figure 68
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Clock Synchronized Serial Interface Timing Characteristics

(Vec=2.2103.6 V)

Item Symbol Min Typ Max  Unit Test Condition
Serial clock cycle time tseve 142 — — ns Figure 70

330 — — ns Figure 71
Serial clock high-level pulse width toen 50 — — ns Figure 70

130 — — ns Figure 71
Serial clock low-level pulse width tsal 50 — — ns Figure 70

130 — — ns Figure 71
Serial clock rise/fall time teer » oot — — 25 ns Figure 70, 71
CS* Setup time tesu 20 — — ns Figure 70

60 — — ns Figure 71
CS* hold time ten 100 — — ns Figure 70

60 — — ns Figure 71
Serial input data setup time taisu 40 — — ns Figure 70
Serial input data hold time tom 40 — — ns Figure 70
Serial output data delay time tsop — — 130 ns Figure 71
Serial output data hold time tson 0 — — ns Figure 71

I2C Bus Interface Timing Characteristics

(Vec=2.2t03.6 V)

Item Symbol Min Typ Max  Unit Test Condition
SCL clock frequency focL 0 — 1300 kHz Figure 72
SCL clock high-level pulse width tecn 120 — — ns Figure 72
SCL clock low-level pulse width tsce 240 — — ns Figure 72
SCL/SDA rise time te, 10 — 160 ns Figure 72
SCL/SDA fall time tg 10 — 70 ns Figure 72
Bus free time taur 240 — — ns Figure 72
Start condition hold time toran 320 — — ns Figure 72
Setup time for a repeated START totas 320 — — ns Figure 72
condition

Setup time for STOP condition tsros 320 — — ns Figure 72
SDA data setup time tspas 40 — — ns Figure 72
SDA data hold time tspan 0 — — ns Figure 72
SCL/SDA spike pulse width tep 0 — 10 ns Figure 72
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Reset Timing Characteristics (\.c = 2.2 t0 3.6 V)

Item Symbol Min Typ Max Unit Test Condition
Reset low-level width tres 200 — — us Figure 69
HITACHI
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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/O pin configurations (figure 60).

Pins: RESET*, CS*, E/WR/SCL, RS, OSC1, Pin: OSC2
OPOFF, IM2-0, TEST, VSW1, VSW2

GND

Vce Vcc
PMOS PMOS
NMOS NMOS
GND GND
Pins: DB15 to DBO Vce
PMOS
(Input circuit)
NMOS
. I Vcc  (Tri-state output circuit)

»——<Output enable
PMOS

——Output data
NMOS

GND
Pins: RW/RD*/SDA Vce
PMOS
(Input circuit)
NMOS
H I Vcc  (Tri-state output circuit)

—<IM2
PMOS — <M1
——Output data
NMOS

Figure 60 1/O Pin Configuration
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3. The TEST, VSW1, and VSW?2 pins must be grounded and the IM2-0 and OPOFF pins must be grou
or connected to Vcc.

4. Applies to the resistor value (RCOM) between power supply pins V10OUT, V20UT, V50UT, GND an
common signal pins, and resistor value (RSEG) between power supply pins V10OUT, V30UT, V40U
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 ¢
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 consumptic
(Icc) (figure 61).

Vec=3V Vee =3V, fosc =173 kHz
400 40
300 30
— e
< kY —
= / = | _—
o 200 o 20
S S
100 10
0 0
100 150 200 250 300 350 8.0 10.0 12.0 14.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure 61 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltage is within A}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 62).

< Th 5 Tl

2kQ

. 0.7Vcc
Oscillator —\/\/\/— OSC1
0.5Vce Duty = Then X 100%
+
Open 0SC2 0.3Vce
— P —
trcp tiep

Figure 62 External Clock Supply
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10. Applies to the internal oscillator operations using external oscillation resistor Rf (figure 63 and table «

OsC1
Rf § Since the oscillation frequency varies depending on the OSC1 and OSC2 pin

0SC2 capacitance, the wiring length to these pins should be minimized.

Figure 63 Internal Oscillation

Table 40 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc (kHz)

Resistance (Rf) Vec=22V Vec=3.0V Vcc=3.6V
91 kQ 283 337 359
110 kQ 243 287 304
130 kQ 212 249 263
160 kQ 180 209 220
200 kQ 151 173 181
240 kQ 131 148 155
330 kQ 101 113 117
470 kQ 76 84 86

11.The step-up characteristics test circuit is shown in figure 64.

(3 to 6-times step-up)

L —

Vee Vi

Cl+—
Cl-l——

C2+— ——

Cc2-

C3+———
c3-——

C4+[——

Co+— ——
C5-

ce+——ot
C6——T

VLOUT jT»
GND VLcD + 1 |JF

= 1

Figure 64 Step-up Characteristics Test Circuit
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Referential data

VUP3 = VLCD - GND (x3 times boost), VUP4 = VLCD - GND (x4 times boost)
VUPS5 = VLCD - GND (x5 times boost), VUP6 = VLCD - GND (x6 times boost)

(i) Relation between the obtained voltage and input voltage

Three-times step-up Four-times step-up

T T
16.0 typ._ 16.0 typ-_
2120 S 120
[e2] — <
o a
S 80 S 80 ]
. —— S s
4.0 4.0
2.0 25 3.0 35 2.0 25 30 35
Vci (V) Vei (V)

Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci = Vcc, fosc = 180 kHz, Ta = 25°C, DC1/0 =11

Five-times step-up Six-times step-up

T T
typ._| typ._|
16.0 = 16.0 ”

< S

< 120 o 120

o o

a )

2 >

> 10.0 10.0

4.0 4.0
2.0 25 3.0 35 2.0 2.5 3.0 3.5
Vei (V) Vci (V)
Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11

Figure 65 Step-up
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(i) Relation between the obtained voltage and temperature
Three-times step-up Four-times step-up
8.50 T 11.00 T
Typ. typ.
S 8.25 S 10.75 T T
g 5 T
£ 8.00 £ 1050
> >
7.75 10.25
7.50 10.00
-60 -20 0 20 60 100 60 -20 0 20 60 100
Ta (°C) _ Ta (°C)
Vci = 2.7 V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11 Vci=2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11
Five-times step-up Six-times step-up
13.75 T 15.25
typ.
13.50 15.00 P
S S —— L]
o 13.25 © 14.75
= =
13.00 14.50
12.75 14.25
-60 -20 0 20 60 100 -60 -20 0 20 60 100
Ta (°C) Ta (°C)
Vci=2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11 Vci= 2.5V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11

Figure 65 Step-up (cont)
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(iii) Relation between the obtained voltage and capacity

Three-times step-up

9.0
typ.

8.5

8.0

VUP3 (V)

7.5

0 0.5 1.0 15

C (uF)
Vci =2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11

Five-times step-up

typ.

VUP5 (V)

120 0.5 1.0 15

C (WF)
Vci = 2.7V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11

VUP4 (V)

VUP6 (V)

Four-times step-up

115
typ.

11.0

10.5

10.0

95 0.5 1.0 15

C (uF)
Vci = 2.7V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11

Six-times step-up

16.0

typ.

155

15.0

14.5

14.0 0.5 1.0 15

C (uF)
Vci=2.5V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11

Figure 65 Step-up (cont)
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(iv) Relation between the obtained voltage and current
Three-times step-up Four-times step-up
8.15 10.85
8.10 typ. 10.80 typ.
S B S
< 8.05 < 10.75
2 3
g 8.00 g 10.70
7.95 10.65
7.90 10.60
7.85 10.55
0 10 20 30 40 50 0 10 20 30 40 50
10 (HA) lo (LA)
Vci = 2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci= 2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11
Five-times step-up Six-times step-up
13.50 15.00
13.45 b 14.95 typ.
S 13.40 ' S 1490
L 1335 & 1485
> >
13.30 14.80
13.25 14.75
13.20 14.70
0 10 20 30 40 50 0 10 20 30 40 50
lo (UA) lo (LA)
Vci=2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci= 2.5V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11

Figure 65 Step-up (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO, SDA

Test Point O

50 pF

|
L

Figure 66 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS VIH VIH
R/W Vil ViLi

tASE — r— {AHE 4»‘

cs* V|L1\( Au

*]
-—— PWEH — ™| -——— PWEL ———»

7 VIH VIH /
E —/\/ V||_1X 7~ Vi

L1 N
- <tEr tEf= -
—_————— P
- tcyce
tDSWE B-| | @—— tHE P
*2

DB NV dat VIR N
toDB15 L Vi1 re aata Vit

[“€-{DDRE: [~#— {DHRE —

*2

>
0 S A0

™
DB VoH1 VOHL TN/

L | , dd
to DB15 LT i, VoL1 Real ata VoL1 SO

Note: 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 tje DB7-0 pins to Vcc or GND.

Figure 67 68-system Bus Timing
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80-system Bus Operation

ViH

RS Vi1

VIHT
ViLi4

tAS —

CS*

V||_1X§

— {AH — P

e

WR*
RD*

tWRr

I\ VIH
\ ViL1

*1
~— PWLw, PWLR ﬁ

VIH
V|L1—Z

r—— PWHw, PWHR—

—

*2

Y

]

—

- twRf

|

tcycw, tcycr

~— tpsw —#

Y

& tHWR— "

DBO
to DB15

R NN NN NN

ViH
Vi1

Write data

NN RN NN
crrrir i)
srrrr !
Ny

*2

- tDDR

DBO
to DB15

srrrrrrr

PO i LI,y

VoH1
VoL1

Read data

AN NN NN NN
Crrrr !

Crrrrr it
s

VoH1
VoL1

Note: 1.

PWLw and PWLR 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 bus interface is used.
Fix tje DB7-0 pins to Vcc or GND.

Figure 68 80-system Bus Timing

Reset Operation

RESET* ViLL

IRES —MMM————— =

Vil
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Clock Synchronized Serial Interface Operation

Start: S End: P

Cs*
ViLL ViL1

tesu tser

tcy —»
VIH
ScL ViL14
tsisu tsiH
VIH
SDA Valid data Valid data
ViL1 ViL1
Figure 70 Clock Synchronized Serial Interface Input Timing
Start: S End: P
VIH
cs* /
ViLl ViL1

{CH —m
SCL VIH
tSOH
—-
SDA VOH1 VOH1
Output data Output data
VoL2 VoL2

Figure 71 Clock Synchronized Serial Interface Output Timing
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I12C Bus Interface Operation

=

Stop: P Start: S Repeated Start : S Stop: P

VIH VIH
SDA ViL2
tSDAH
tSTAS
SCL —_—ee
VIH

tsf tscLL tsr
Lot B e B B

Figure 72 12C Bus Interface Timing

HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192170/hd66760.html

HD66760

Cautions

Hitachi neither warrants nor grants licenses of any rights of Hitachi’'s or any third party’s patent,

copyright, trademark, or other intellectual property rights for information contained in this document.

Hitachi bears no responsibility for problems that may arise with third party’s rights, including intellect

property rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you h3
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,

contact Hitachi's sales office before using the product in an application that demands especially high

quality and reliability or where its failure or malfunction may directly threaten human life or cause

risk

bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, trai

safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi partic
maximum rating, operating supply voltage range, heat radiation characteristics, installation condit
other characteristics. Hitachi bears no responsibility for failure or damage when used beyond the
guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure rat
failure modes in semiconductor devices and employ systemic measures such as fail-safes, so thg

ula
on

es
tt

equipment incorporating Hitachi product does not cause bodily injury, fire or other consequential dan

due to operation of the Hitachi product.

. This product is not designed to be radiation resistant.
No one is permitted to reproduce or duplicate, in any form, the whole or part of this document with
written approval from Hitachi.

Contact Hitachi's sales office for any questions regarding this document or Hitachi semiconductor
products.
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