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HD66768

(104 x 84-dot Graphics LCD Controller/Driver for 65K Colors)

HITACHI

Rev. 0.31
October 2002

1. Description

The HD66768, color-graphics LCD controller and driver LSI, displays 104-by-84-dot graphics. HD66768
can simultaneously display 65,000 colors at maximum. A high-speed bus interface and high-speed RAM
write function enable efficient data transfer and high-speed rewriting of data to the graphics RAM.

The HD66768 has various functions for reducing the power consumption of aLCD system. Such as low-
voltage operation of 1.7 V/min., a step-up circuit to generate a maximum of 12-timesthe LCD drive
voltage from the supplied voltage, and voltage-followers to decrease the direct current flow in the LCD
drive bleeder-resistors. Combining these hardware functions with software functions, such as a partial
display with low-duty drive and standby and sleep modes, allows precise power control. The HD66768
is suitable for any mid-sized or small portable battery-driven product requiring long-term driving
capabilities, such as digital cellular phones supporting a WWW browser, bi-directional pagers, and small
PDAs.

2. Features

Color display: 104RGB x 84-dot graphics display LCD controller/driver
Display color: 65,000 colors by dithering (16-bit/pixel)

4,096 colors (12-bit/pixel)

256 colors (8-bit/pixel)
low voltage drive and flickerless PWM grayscale drive

8-hit high-speed bus interface and Three or Four-lines Serial Interface

High-speed burst-RAM write function
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Writing to awindow-RAM address area by using a window-address function

Bit-operation functions for graphics processing:
- Write-data mask function in bit units.
- Logical operation in pixel unit and conditional write function.

Various color-display control functions

- Built-in grayscale palette

- Vertica scroll display function in raster-row units
- Partial LCD drive of two screensin any position

L ow-power operation supports:
-Vee=171t03.6 V (low-voltage)
-VLPS=5t0 17V (Low-voltage LCD drive)
- Equipped with power saving functions such as stand by mode
- Built-in power supply circuit
- Programmable drive duty ratio (1/8 to 1/84) and bias value (1/4 to 1/11) displayed on LCD
- Maximum 6-times step-up circuit for liquid crystal drives voltage

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

Internal RAM capacity: 17,472 bytes

312-segment ~ 84-common liquid crystal display driver
n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
Internal oscillation and hardware reset

COM positioned on both sides in one chip for COG

Built-in E2PROM interface

Notes

1. This document may, wholly or partially, be subject to change whitout notice.

2. The dilivery specification will be defined by the conclusive delivery specification.

3.No license is granted by imlication or otherwise under any patents or other rights of any third party of
Hitachi, Ltd.

4. All right reserved: No one is permitted to reproduce or duplicated, in any form, the whole or part of this
document without Hitachi’ s permission.
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3. HD66768 Pad Arrangement

Chip size: 13.59mmx2.10mm
Chip thickness: 400um (typ.)
Pad coordinate: Pad center
Coordinate origin: Chip center

Au Bump size:
(1) 80um x 80um
No.1toNo.113, No.156, No.482

(2) 23um x 156um
No.114 to No.155, No.157 to No.312,
N0.313 to N0.325, No.326 to No.481,
No0.483 to No.524

Au Bump pitch: Refer to Pad coordinat

Au Bump height: 15um (typ.)

Number in the diagram refers to number on
the Pad coordinate.

Alignment Mark

(1) Arrangement: Two places
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Tablel _ _ ver 0.2 2002.07.15
4. HD66768PAD Coordinate (Straight) (No.1) (Unit:u )
No.| pad name X Y No.| pad name X Y No.| pad name X Y No.| pad name X Y

1|pummY1 -6665 -912| | 91]CGND 4093] -912| | 181|SEG288 5303] 882 | 271|SEG198 1869 882)
2|RESET1 -6519 -912 92|CGND 4193 -912] | 182|SEG287 5265 882| | _272[SEG197 1831 882
3|GNDDUM1 -6394} -912| | 93[CGND 4293 -912| | 183|SEG286 5227| 882 | 273[SEG196 1793 882)
4[IM2 -6270 -912| | 94|COM1P 4393 -912| | 184|SEG285 5188] 882 | 274[SEG195 1755 882)
5]VecDUM1 -6169 -912| | 95[TS0 4493 -912| | 185|SEG284 5150 882 | 275[SEG194 1717 882)
6]IM1 -6069 -912| | 96[TS1 4593 -912| | 186|SEG283 5112 882 | 276[SEG193 1679 882)
7|GNDDUM2 -5945 -912 97|TS2 4693 -912] | 187|SEG282 5074 882| | 277[|SEG192 1640 882
8]IM0/ID -5820 -912| | 98|COMIM 4793 -912| | 188[SEG281 5036 882 | 278[SEG191 1602 882)
9|VccDUM2 -5720 -912| | 99|COM2P 4893 -912 | 189|SEG280 4998| 882 | 279[SEG190 1564 882)
10]ECS -5620 -912| | 100[TS3 4993 -912| | 190[SEG279 4960 882] | 280[SEG189 1526 882)
11sK -5467| -912] | 101{TS4 5094 -912| | 191|SEG278 4921 882| | 281{SEG188 1488 882
12|DO -5314 -912] | 102[TS5 5194 -912| | 192|SEG277 4883 882| | _282[SEG187 1450 882
13|DI -5161] -912] | 103[COM2M 5294 -912] | 193|SEG276 4845 882] | 283|SEG186 1412 882
14]TEST -5007 -912| | 104[OGND 5394 -912 | 194|SEG275 4807| 882 | 284[SEG185 1373 882)
15|GNDDUM3 -4883 -912| | 105|VREFOUT 5536 -912| | 195|SEG274 4769 882 | 285[SEG184 1335 882)
16|DB7 -4758 -912| | 106{VREFLCD 5687 -912] | 196[SEG273 4731 882] | _286[SEG183 1297 882
17|DB6 -4605 -912| | 107|RESET3 5864 -912| | 197|SEG272 4692 882| | _287[SEG182 1259 882
18|DB5 -4452) -912] | 108[DUMMY2 6084 -912] | 198|SEG271 4654 882] | 288[SEG181 1221 882
19|DB4 -4299 -912| | 109[DUMMY3 6184 -912| | 199|SEG270 4616 882 | 289 SEG180 1183 882)
20|DB3 -4146 -912] | 110|DUMMY4 6284 -912] | 200|SEG269 4578 882] | 290[SEG179 1145 882
21|DB2 -3993 -912]| | 111{DUMMY5 6384 -912| | 201|SEG268 4540 882| | 291{SEG178 1106 882
22|DB1 -3840 -912] | 112[DUMMY6 6484 -912] | 202|SEG267 4502 882| | 292|SEG177 1068] 882
23|DBO/SDI -3686 -912 | 113|DUMMY7 6665) -912| | 203 SEG266 4464 882 | 293|SEG176 1030 882)
24|GNDDUM4 -3562 -912] | 114|]COM2 6627 -744] | _204]SEG265 4425 882] | 294|SEG175 992 882
25|RD* -3437 -912 | 115|]COM4 6627| -706| | 205|SEG264 4387| 882 | 295|SEG174 954 882)
26|WR*/SCL -3286 -912] | 116]COM6 6627| -668| | 206| SEG263 4349 882 | 296|SEG173 916 882)
27]GNDDUM5 -3161 -912] | 117]COM8 6627 -629] | 207|SEG262 4311 882] | 297|SEG172 877 882
28]RS -3037 -912| | 118|COM10 6627| -591) | 208|SEG261 4273 882 | 298|SEG171 839 882)
29|CS* -2883 -912 | 119|COM12 6627| -553| | 209| SEG260 4235 882 | 299|SEG170 801 882)
30|RESET2 -2730 -912| | 120|COM14 6627| -515| | 210|SEG259 4197| 882 | 300|SEG169 763 882)
31]0SC2 -2577 -912] | 121|]COM16 6627 -477] |_211] SEG258 4158 882] | 301|SEG168 725] 882
32]0SC1 -2424 -912] | 122|COM18 6627 -439] | _212|SEG257 4120 882] | 302|SEG167 687 882
33]Vee -2248 -912| | 123]COM20 6627| -401) | 213|SEG256 4082] 882| | 303|SEG166 649 882)
34]Vce -2148 -912] | 124|]COM22 6627 -362| | 214|SEG255 4044 882] | 304|SEG165 610 882
35]Vee -2048 -912| | 125|COM24 6627| -324] | 215|SEG254 4006 882| | 305|SEG164 572 882)
36|RVce -1948 -912| | 126]COM26 6627| -286| | 216|SEG253 3968] 882| | 306|SEG163 534 882)
37]RVce -1848 -912] | _127]COM28 6627 -248] | _217|SEG252 3929 882] | 307|SEG162 496 882
38|RVce -1748 -912| | 128]COM30 6627| -210] | 218|SEG251 3891 882 | 308|SEG161 458 882)
39|RVce -1648 -912 | 129|COM32 6627| -172] | 219|SEG250 3853 882| | 309|SEG160 420 882)
40]VeiL -1509 -912| | 130]COM34 6627| -134] | 220|SEG249 3815 882| | 310|SEG159 382 882)
41Vl -1409 -912| | 131JCOM36 6627| -95] | 221|SEG248 3777 882 | 311|SEG158 343 882)
42|Vl -1309 -912| | 132|COM38 6627| -57] | 222|SEG247 3739 882| | 312|SEG157 305 882)
43JAGND -1170 -912] | _133]COM40 6627 -19] | 223] SEG246 3701 882] | 313|DUMMY9 229 882
44|AGND -1070 -912] | 134|]COM42 6627 19] | 224|SEG245 3662 882] | 314|DUMMY 10 191 882
45|AGND -970] -912] | _135|COM44 6627 57| |_225|SEG244 3624 882] | 315|DUMMY 11 153 882
46|AGND -870] -912] | 136]COM46 6627 95] | 226]SEG243 3586 882] | 316|DUMMY 12 114 882
47]AGND -770] -912] | _137]COM48 6627 134 | 227|SEG242 3548 882] | 317|DUMMY13 76 882
48]AGND -670] -912] | _138]COMS50 6627 172] | 228|SEG241 3510 882I 318|DUMMY 14 38 882I
_49|GND -521 -915| 139]COM52 6627 216| [229[SEG240 3472 882] | 319|DUMMY 15 0 882
50|GND -421 -912| | 140|COM54 6627| 248] | 230|SEG239 3434 882| | 320|DUMMY 16 -38) 882)
51|GND -321 -912] | 141]COM56 6627 286] | 231|SEG238 3395 882] | 321|DUMMY17 -76) 882
52|GND -221 -912] | _142|]COM58 6627 3241 | 232|SEG237 3357 882] | 322|DUMMY 18 -114 882
53|GND -120) -912| | 143|COM60 6627| 362| | 233|SEG236 3319 882| | 323|DUMMY 19 -153) 882)
54|GND -20) -912] | 144|COM62 6627 401] | 234|SEG235 3281 882] | 324|DUMMY 20 -191 882
55|GND 80) -912| | 145|COM64 6627| 439| | 235|SEG234 3243 882| | 325|DUMMY 21 -229 882)
56]VTEST 229 -912| | 146|COM66 6627| 477 | 236|SEG233 3205 882| | 326|SEG156 -305) 882)
57]vcil 329 -912| | 147|COM68 6627| 515] | 237|SEG232 3166 882 | 327|SEG155 -343) 882)
58]Vcil 429 -912| | 148|COM70 6627| 553] | 238|SEG231 3128 882| | 328|SEG154 -382 882)
59|Vcil 552) -912| | 149|COM72 6627| 591 | 239|SEG230 3090] 882 | 329|SEG153 -420) 882)
60]Vci2 708 -912| | 150|COM74 6627| 629] | 240|SEG229 3052 882 | 330|SEG152 -458) 882)
61]Vci2 808 -912 | 151|COM76 6627| 668| | 241|SEG228 3014 882 | 331|SEG151 -496| 882)
62|Vci2 908 -912| | 152|COM78 6627| 706| | 242|SEG227 2976 882| | 332|SEG150 -534] 882)
63]VLPS 1057 -912| | 153]COM80 6627| 744] | 243|SEG226 2938| 882| | 333|SEG149 -572 882)
64]VLPS 1157 -912| | 154|COM82 6627| 782 | 244|SEG225 2899 882 | 334|SEG148 -610] 882)
65|VLPS 1257 -912| | 155|COM84 6627| 820| | 245|SEG224 2861 882| | 335|SEG147 -649 882)
66|C22+ 1406 -912] | 156|DUMMY 8 6665) 918| | 246|SEG223 2823 882| | 336|SEG146 -687 882)
67]C22+ 1506 -912] | _157|SEG312 6218 882] | 247|SEG222 2785 882] | 337|SEG145 -725] 882
68| C22+ 1606 -912| | 158|SEG311 6180 882| | 248|SEG221 2747| 882| | 338|SEG144 -763) 882)
69|C22- 1707 -912 | 159|SEG310 6142 882| | 249|SEG220 2709 882 | 339|SEG143 -801 882)
70]C22- 1807 -912| | 160|SEG309 6104 882 | 250|SEG219 2671 882| | 340|SEG142 -839 882)
71]C22- 1907 -912| | 161|SEG308 6066 882 | 251|SEG218 2632 882 | 341|SEG141 -877 882)
72|C21+ 2007 -912| | 162 SEG307 6028] 882 | 252|SEG217 2594 882| | 342|SEG140 -916 882)
73|C21+ 2107| -912| | 163|SEG306 5990 882| | 253|SEG216 2556 882| | 343|SEG139 -954 882)
74]C21+ 2207 -912| | 164|SEG305 5951 882 | 254|SEG215 2518] 882| | 344|SEG138 -992 882)
75|C21- 2307| -912| | 165|SEG304 5913 882| | 255|SEG214 2480 882| | 345|SEG137 -1030 882)
76|C21- 2407| -912| | 166|SEG303 5875 882 | 256|SEG213 2442 882| | 346|SEG136 -1068 882)
77|C21- 2507| -912 | 167|SEG302 5837] 882 | 257|SEG212 2403] 882 | 347|SEG135 -1106 882)
78[C11+ 2658] -912] | 168]SEG301 5799 882 | 258[SEG211 2365) 882| | 348|SEGI34 -1145 882
79|C11+ 2758 -912] | 169|SEG300 5761 882 | 259|SEG210 2327| 882 | 349|SEG133 -1183 882)
80]C11+ 2858| -912| | 170|SEG299 5723 882 | 260| SEG209 2289 882 | 350|SEG132 -1221 882)
81]C11- 2958] -912| | 171|SEG298 5684 882 | 261|SEG208 2251 882 | 351|SEG131 -1259 882)
82|C11- 3058] -912| | 172|SEG297 5646 882| | 262 SEG207 2213 882| | 352| SEG130 -1297 882)
83|C11- 3158] -912| | 173|SEG296 5608] 882| | 263|SEG206 2175 882| | 353|SEG129 -1335 882)
84]VREFH 3309 -912| | 174 SEG295 5570 882 | 264|SEG205 2136 882| | 354|SEG128 -1373 882)
85|VREFCNT 3409 -912| | 175|SEG294 5532 882| | 265|SEG204 2098| 882| | 355|SEG127 -1412 882)
86]V10UT 3509 -912| | 176|SEG293 5494 882| | 266|SEG203 2060] 882| | 356|SEG126 -1450 882)
87]V20UT 3609 -912| | 177|SEG292 5455 882| | 267|SEG202 2022] 882| | 357|SEG125 -1488 882)
88]V30UT 3710 -912| | 178|SEG291 5417| 882 | 268|SEG201 1984 882| | 358|SEG124 -1526 882)
89|V40uUT 3860 -912 | 179|SEG290 5379 882| | 269| SEG200 1946 882 | 359|SEG123 -1564] 882)
90[V50UT 3960 -912| | 180|SEG289 5341 882] |_270|SEG199 1908 882] |_360|SEG122 -1602 882)
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Table 1 cont.
HD66768PAD Coordinate (Straight) (N0.2)
Y

No.| pad name X No.| pad name X Y Alignment Mark X Y
361|SEG121 -1640 882] | 451|SEG31 -5074 882 Cross -6408 844
362| SEG120 -1679 882] | 452|SEG30 -5112 882 6408 844
363|SEG119 -1717 882] | 453|SEG29 -5150 882| |_Circle (Positive) -6458 613
364|SEG118 -1755 882] | 454|SEG28 -5188 882| |_Circle (Negative) 6458 613
365|SEG117 -1793 882] | 455|SEG27 -5227 882 L (Positive) -6458 704
366|SEG116 -1831 882] | 456|SEG26 -5265 882 (Negative) 6458| 704]
367|SEG115 -1869 882] | 457|SEG25 -5303 882
368|SEG114 -1908 882] | 458|SEG24 -5341 882
369|SEG113 -1946 882] | 459|SEG23 -5379 882
370|SEG112 -1984 882] | 460|SEG22 -5417 882
371|SEG111 -2022 882] | 461|SEG21 -5455 882
372|SEG110 -2060 882] | 462|SEG20 -5494 882
373|SEG109 -2098 882] | 463|SEG19 -5532 882
374|SEG108 -2136 882] | 464|SEG18 -5570 882
375|SEG107 -2175 882] | 465|SEG17 -5608 882
376|SEG106 -2213 882] | 466|SEG16 -5646 882
377|SEG105 -2251 882] | 467|SEG15 -5684 882
378|SEG104 -2289 882] | 468|SEG14 -5723 882
379|SEG103 -2327 882] | 469|SEG13 -5761 882
380|SEG102 -2365 882] | 470|SEG12 -5799 882
381|SEG101 -2403 882] | 471|SEG11 -5837 882
382| SEG100 -2442 882] | 472|SEG10 -5875 882
383|SEG99 -2480 882] | 473|SEG9 -5913 882
384|SEG98 -2518 882] | 474|SEG8 -5951 882
385|SEG97 -2556 882] | 475|SEG7 -5990 882
386| SEG96 -2594 882] | 476|SEG6 -6028 882
387|SEG95 -2632 882] | 477|SEG5 -6066 882
388|SEG94 -2671 882] | 478|SEG4 -6104 882
389|SEG9I3 -2709 882) | 479|SEG3 -6142 882
390| SEG92 -2747 882] | 480|SEG2 -6180 882
391|SEG91 -2785 882] | 481|SEG1 -6218 882
392|SEG90 -2823 882] | 482|DUMMY 22 -6665 918
393| SEG89 -2861 882] | 483|COM83 -6627 820
394|SEG88 -2899 882] | 484|COM81 -6627 782
395|SEG87 -2938 882] | 485|COM79 -6627 744]
396|SEG86 -2976 882] | 486|COM77 -6627 706
397|SEG85 -3014 882] | 487|COM75 -6627 668
398|SEG84 -3052 882] | 488|COM73 -6627 629
399|SEG83 -3090 882] | 489|COM71 -6627 591
400|SEG82 -3128 882] | 490|]COM69 -6627 553
401|SEG81 -3166 882] | 491|COM67 -6627 515§
402| SEG80 -3205 882] | 492|COM65 -6627 477]
403|SEG79 -3243 882] | 493|COM63 -6627 439
404|SEG78 -3281 882] | 494|COM61 -6627 401
405|SEG77 -3319 882] | 495|COM59 -6627 362
406|SEG76 -3357 882] | 496|COM57 -6627 324
407|SEG75 -3395 882] | 497|COMS55 -6627 286
408|SEG74 -3434] 882] | 498|COM53 -6627 248
409|SEG73 -3472 882] | 499|COMS51 -6627 210
410|SEG72 -3510 882] | 500]COM49 -6627 172
411|SEG71 -3548 882] | _501]Ccom47 -6627 134§
412|SEG70 -3586 882] | 502|COM45 -6627 95]
413|SEG69 -3624 882] | 503|COM43 -6627 57]
414|SEG68 -3662 882] | 504|COM41 -6627 19|
415|SEG67 -3701 882] | 505|COM39 -6627 -19
416|SEG66 -3739 882] | 506|COM37 -6627 -57]
417|SEG65 -3777 882] | 507|COM35 -6627 -95)
418|SEG64 -3815 882] | 508|COM33 -6627 -134]
419|SEG63 -3853 882] | 509|COM31 -6627 -172]
420|SEG62 -3891 882] | 510|]COM29 -6627 -210]
421|SEG61 -3929 882] | 511]Ccom27 -6627 -248
422| SEG60 -3968 882] | 512|COM25 -6627 -286
423|SEG59 -4006 882] | 513|COM23 -6627 -324]
424| SEG58 -4044] 882] | 514]COM21 -6627 -362)
425|SEG57 -4082 882] | 515|COM19 -6627 -401
426| SEG56 -4120 882] | 516|COM17 -6627 -439
427|SEG55 -4158 882] | 517]COM15 -6627 -477|
428|SEG54 -4197 882] | 518|COM13 -6627 -515]
429|SEG53 -4235 882] | 519|COM11 -6627 -553]
430|SEG52 -4273 882] | 520|]COM9 -6627 -591
431|SEG51 -4311 882] | 521|COM7 -6627 -629
432|SEG50 -4349 882] | 522|COM5 -6627 -668
433|SEG49 -4387 882] | 523|COM3 -6627 706
434|SEG48 -4425 882] | 524|]COM1 -6627 -744
435|SEG47 -4464 882

436|SEG46 -4502 882

437|SEG45 -4540 882

438|SEG44 -4578 882

439|SEG43 -4616 882

440|SEG42 -4654] 882

441|SEG41 -4692 882

442| SEG40 -4731 882

443|SEG39 -4769 882

444|SEG38 -4807 882

445|SEG37 -4845 882

446|SEG36 -4883 882

447|SEG35 -4921 882

448|SEG34 -4960 882

449|SEG33 -4998 882

450|SEG32 -5036 882
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5. Block Diagram (HD66768)
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6. Pin Functions
Table 2 Pin Functional Description

Number of
Signals Pins 1/10 Connected to

Functions

IM2-1, IMO/ID 3 | GND or V¢

Sdlects the MPU interface mode:
IM2 IM1 IMO/ID  MPU Interface mode

GND Vce Vce 80 system 8-hit bus interface

Vce GND 1D Clock synchronized serial interface (Three-lines)

Vce Vce GND  Clock synchronized serial interface (Four-lines)

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

CS* 1 | MPU

Selects the HD66768:
Low: HD66768 is selected and can be accessed
High: HD66768 is not selected and cannot be accessed

RS 1 | MPU

Selectstheregister.
Low: Index / status register
High: Control register

WR*/SCL 1 | MPU

For aparalel businterface, serves as awrite strobe signal,
and writes data at the low level.

For a synchronous clock interface, serves asthe
synchronous clock signal.

RD* 1 | MPU

For aparalel businterface, serves as aread strobe signal,
and reads data at the low level.

For a synchronous clock interface, fixed to the Vcc or
GND levdl.

DBO/SDI 1 110 MPU

Serves as a 8-bit bi-directional data bus.

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

DB2-DB7 6 110 MPU

Serves as a 8-hit bi-directional data bus.

For a synchronous clock interface or unused pins, fixed to
the Vcc or GND level.

DB1 1 1/10 MPU or Open

Serves as a 8-bit bi-directional data bus. For a synchronous
clock interface, leave it open.

SEG1- 312 0] LCD
SEG312

Output signals for segment drive. During the display-off
period (D1-0=“00", “01") standby mode (STB =“1") or
deep mode (SLP =“1"), dl pins output GND level.

The SGS hit can change the shift direction of the segment
signal. For example, if SGS=“0", RAM address “0000" is
output from SEG1. If SGS="1", it is output from SEG312.
SEG1, SEG4, SEG?7, ... display red (R), SEG2, SEG5,
SEGS, ... display green (G), and SEG3, SEG6, SEG), ...
display blue (B) (SGS="0").

HITACHI
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Table 2 cont.
Number of
Signals Pins 1/0 Connected to Functions
COM1- 84 0] LCD Output signals for common drive. During the display-off
COM84 period (D1-0="00", “01") deep mode (SLP="1") or
standby mode (STB =*“1"), al pins output GND level.
The CMS hit can change the shift direction of the common
signal. For example, if CMS=“0", driver outputs from
COM1to COM84. If CMS="1", driver outputs COM 84 to
COM1. Notethat start position of the common driver output
is changed by screen diving position function.
TEST 1 | GND Test pin. Must be fixed to GND level.
DUMMY 1~22 22 - Open Dummy pads. Must be disconnected.
VceDUM1~2 2 - Input pin Outputs the internal VCC level; short this pin when setting
the adjacent input pin to the VCC level.
GNDDUM1~5 5 - Input pin Outputs the internal GND level. Short this pin when setting
the adjacent input pin to the VCC level.
OGND 1 - External GND pin for an external thermistor circuit. “GND” = OV
thermistor
circuit
CGND 3 - Capacitor for GND pin for external capacitor and shot key barrier diode.
stabilization, “GND” =0V.
Step-up
capacitance, or
Shot key barrier
diode
AGND 6 - - GND for power supply circuit. “GND” = 0V. Must be
connected to system ground.
GND 7 - - GND pin for logic circuit. “GND” = 0V. Must be connected
to system ground.
RVce 4 - - Power supply pins for display RAM. * Vec” = +1.7V
~+3.6V. Must be connected to system power supply.
Vce 3 - - Power supply terminal. “Vec” = 1.7V to +3.6V They must
be connected to system power supply.
0OSC1, OsC2 2 1/0 Oscillation-resistor  Connect an external resistor for R-C oscillation.  When
providing clocks from outside, input clock to OCS1 and
leave OSC2 open.
RESET1~3 3 | MPU or external Reset pin. Initializes the LS| when low. Must be reset
R-C circuit after power-on. Since HCD66768 has three RESET*
Open unused pins pins, use one pin and open unused two pins.
VciL 3 | Power supply Power supply for an internal power suppl circuit.
Connect a2.5t0 3.6 V externa power supply.
Vcil 3 1/10 Capacitor for Outputs internal reference voltage generated between
stabilization or VciLl and GND. This operates as the reference voltage of
Externa power step up circuit 1. When not using the internal reference
supply voltage, connect external power supply 2.5to 2.75V.
Vci2 3 1/10 Capacitor for Reference voltage of step up circuit 2. When not using
stabilization or the internal power supply circuit, connect an externa
Externa power power supply 5.0to 5.5V.
supply
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Table 2 cont.

Signals Number of

Pins 110 Connected to Functions

VLPS 3 — Capacitor for A power supply for LCD drive. VLPS = 17.0V max.
stabilization or When using internal power supply circuit, it is output
external power from the internal power supply circuit. Connect a

supply capacitor for stabilization. When not using an internal
power supply circuit, apply voltage from an externa
power supply.

C11+, C11- 6 — Step-up When using step-up circuit, connect an externa
capacitance capacitor.

C21+, C21- 6 — Step-up When using step-up circuit, connect an externa
capacitance capacitor.

C22+, C22- 6 — Step-up When using step-up circuit, connect an externa
capacitance capacitor.

VREFOUT 1 o External thermistor Outputs internal reference power supply voltage. When
circuit or open compensating temperature, connect an external

thermistor circuit. When not using internal reference
power supply voltage, leave it open.

VREFLCD 1 | External thermistor Inputs reference voltage of LCD drive power supply. Use
circuit or external  internal reference power supply voltage and connect an
power suuply or external thermistor circuit when compensating
open temperature. Since input current does not run, level

input, which isdivided by resisters, is also possible.

VREFH 1 0] Input pin Output terminal for LCD driving voltage regulator

circuit. Leave it open when not using.

TSOto TS5 6 — — Test pin.  Must be disconnected.

COM1P, 4 — — Test pin.  Must be disconnected.

COM1M,

COM2P,

COM2M

VREFCNT — Open Test pin. Must be disconnected.

V10UT to 5 o/l Open or Capacitor  They are output from an internal operation amplifier

V50UT for stabilization or  when using an internal operation amplifier. Connect
external breeder V10UT and V50UT to a capacitor for stabilization.
register When not using in internal operation amplifier, V1to V5

level can be externally supplied.

VTEST 1 — Open Test pin. Must be disconnected.

ECS 1 0] Serid E2PROM Selects HD66768 when using a serial E2PROM

interface.

SK 1 0] Serid E2PROM Serial clock when using serial E2PROM interface.

DO 0] Serid E2PROM Seriad output data when using serial E2PROM interface

DI 1 | Serid E2PROM Serid input data when using serial E2PROM interface.
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7. Block Function Description

(1) System Interface

The HD66768 has three high-speed system interfaces. an 80-system 8-bit bus, a Clock synchronized three
lines serial interface, and a Clock synchronized four lines serial interface. The IM2-0 pins select the
interface mode.

The HD66768 has three 16-hit registers: an index register (IR), awrite data register (WDR), and aread
dataregister (RDR). The IR stores index information from the control registers and the GRAM. The
WDR temporarily stores data to be written into control registers and the GRAM, and the RDR
temporarily stores data read from the GRAM. Data written into the GRAM from the MPU isfirst written
into the WDR and then is automatically written into the GRAM by internal operation. Datais read
through the RDR when reading from the GRAM, and the first read datais invalid and the second and the
following data are normal.

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

Table 3 Register Selection (8-bit Parallel Interface)

80-seriesBus

RS )
WR* RD* Operations
0 1 0 Writesindexesinto IR
1 0 0 Reads internal status
0 1 1 Writes into control registers and GRAM through WDR
1 0 1 Reads from GRAM through RDR

Table 4 Register Selection (Clock synchronized Serial Interface)

Threelineserial Four lines serial

Start bytes RS*

RSBt Operations
0 0 Writesindexesinto IR
1 1 Writes into control registers and GRAM through WDR

(2) Bit Operation

The HD66768 supports a write data mask function that selects datainto the GRAM in bit units.
For details, see the Graphics Operation Function section.

(3) Address Counter (AC)

The address counter (AC) assigns address to the GRAM. When an address set instruction is written into
the IR, the address information is sent from the IR to the AC. After writing into the GRAM, the AC is
automatically incremented by 1 (or decrement by 1). After reading from the GRAM, the AC is not
updated.

(4) GraphicsRAM (GRAM)
The graphics RAM (GRAM) has 16 bits/pixel does the bit-pattern data of 104 x 84 bytes.
(5) PWM Grayscale Palette Cir cuit

The grayscale palette generates a PWM signal, which corresponds to specified grayscale level. Refer to
“grayscale pallet” for details.

HITACHI
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(6) Grayscale Contral Circuit

The grayscale control circuit performs 16-grayscale control with the pulse width modulation (PWM)
method for grayscale display for each color.

(7) Timing Gener ator

The timing generator generates timing signals for the operation of interna circuits such asthe GRAM.
The RAM read timing for display and internal operation timing by MPU access is generated separately to
avoid interference with each other.

(8) Oscillation Circuit (OSC)

The HD66768 can provide. R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can aso
be supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced.

(9) Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 84 common signal drivers (COM1 to COM84) and 312
segment signal drivers (SEG1 to SEG312).

Display pattern data from GRAM islatched to the 312-bit latch circuit. The latched data then enables the
segment signal drivers to generate drive waveform outputs. The common driver outputs one of the VCH,
VM or VCL voltage level. The SGS bit can change the shift direction of 312-bit data for the segment. The
CMS bit can also change the shift direction for the common by selecting an appropriate direction for the
device-mounting configuration.

When display is off, or during the standby or sleep mode, all the above common and segment signal
drivers output the GND level, halting the display.

(10) LCD drive power supply circuit

LCD drive power supply circuit generates necessary voltage to drive LCD panel.
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8. GRAM ADDRESS DIAGRAM (HD66768)
Table 5 Relationship between GRAM address and display position (SGS="0")

=1 Y] T[N To[g[vw]o[~[o[o][o«q]w
sllElzlelele 813I3]Ele] 1B RIGIEIEIRIGIEIGIE!E
sec/compins | (1B 5|2 |15 |5 |5 (5] 5| B - cl il ol ol el ol o ol o o o
DD [n|lu|lnln]ln]ln]unln]ln]|lyn
bB ... DB DB___. DB bB ... DBl DB___.. DB bB_... bgoB ___..DBDB ____ DBIDB ___. DB
CMS=0 CMS=1] 15 o 15 ol 15 o 15 0 15 0] 15 15 015 0
COM1 COM84 | "0000"H | "0001"H | "0002"H | "0003"H | ------- "0064"H | "0065"H | "0066"H | "0067"H
COM2 | coms3 | "0100"H | "0101"H | "0102"H | "0103"H | ------- "0164"H | "0165"H | "0166"H | "0167"H
COomM3 COM82 | "0200"H | "0201"H | "0202"H | "0203"H| ------- "0264"H | "0265"H | "0266"H | "0267"H
COM4 | comsi | "0300"H | "0301"H| "0302"H | "0303"H | -=----" "0364"H | "0365"H | "0366"H | "0367"H
COM5 | COM80 | "0400"H | "0401"H | "0402"H | "0403"H | -===--~ "0464"H | "0465"H | "0466"H | "0467"H
COM6 COM79 | "0500"H | "0501"H | "0502"H | "0503"H | ====-"* "0564"H | "0565"H | "0566"H | "0567"H
COM7 | cov8 "0600"H | "0601"H [ "0602"H | "0603"H | ------- "0664"H | "0665"H | "0666"H | "0667"H
COM8 | com77 | "0700"H | "0701"H | "0702"H | "0703"H | ------- "0764H | "0765"H | "0766"H | "0767"H
COM9 COM76 | "0800"H | "0801"H | "0802"H | "0803"H | ------- "0864"H | "0865"H | "0866"H | "0867"H
COM10 | CcOM75 | "0900"H [ "0901"H | "0902"H | "0903"H | -==---- "0964"H | "0965"H | "0966"H | "0967"H
COM11 COM74 | "OA00"H | "0A01"H | "0OA02"H | "OAO3"H | ====""" "0A64"H | "0A65"H | "0A66"H | "0OA67"H
COM12 | COM73 | "0B0O0"H | "0BO1"H | "0B0O2"H | "0BO3"H | ====""- "0B64"H | "0B65"H | "0B66"H | "0B67"H
COM13 [ com72 | "0C00"H | "0C01"H | "0C02"H | "0CO3"H | ==="""" "0C64"H | "0C65"H| "0C66"H | "0C67"H
COM14 | cCOM71 | "OD0OO"H | "ODO1"H | "ODO2"H | "ODO3"H | ===-"-" "0D64"H | "OD65"H | "0D66"H | "0D67"H
COM15 | COM70 | "OEOQ"H | "OEO1"H| "OEO02"H | "OEO3"H | ===~~~ "OE64"H | "OE65"H | "OE66"H | "0E67"H
COM16 | come9 | "OF00"H | "OF01"H | "OF02"H | "OFO3"H | "="~""" "OF64"H | "OF65"H | "OF66"H | "OF67"H
COM17 | come8 | "1000"H | "1001"H | "1002"H | "1003"H | ===~~~ "1064"H | "1065"H | "1066"H | "1067"H
COM18 | come7 | "1100"H |"1101"H | "1102"H | "1103"H | ~=""""" "1164"H | "1165"H | "1166"H | "1167"H
COM19 [ CcoOM66 | "1200"H | "1201"H | "1202"H | "1203"H | ~=""""" "1264H "1265"H | "1266"H | "1267"H
COM20 | COMS65 | "1300"H | "1301"H | "1302"H | "1303"H | ====--- "1364"H | "1365"H | "1366"H | "1367"H
COM77 | COM8 | "4C00"H | "4CO1"H | "4C02"H|"4CO3"H | ------- "4C64"H | "aces'H| "4c66"H|"ace7"H
com78 | com7 | "4D00"H| "4D01"H | "4D02"H | "4D0O3"H | ------- "4D64"H | "4D65"H| 4D66"H |"4D67"H
COM79 COM6 "4EOQQ0"H | "4EO1"H | "4EO02"H |"4EQ03"H | ------- "4E64"H | "4E65"H | "4E66"H |"4E67"H
COM80 COM5 “4F00"H | "4F01"H | "4F02"H |"4F03"H | ------" "4F64"H | "4F65"H | "4F66"H |“4F67H
comsl | coma | s000"H | "5001"H | "5002"H [+5003"H |---=--" "5064"H | "5065"H | "5066"H ["5067"H
CcOoM82 COM3 “5100"H | "5101"H | "5102"H |"5103"H |~~~ """~ "5164"H | "5165"H | "5166"H ['5167"H
COM83 | COM2 | “5200"H | "5201"H | "5202"H |"5003"q | ===="" "5264"H | "5265"H | "5266"H ["5267"H
COM84 | comM1 "5300"H | "5301"H | "5302"H ["5303"H | ====--=- "56364"H | "5365"H | "5366"H |"5367"H
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Relation between GRAM data and display contents (SGS=“0")

- SPR 1/0 =“00” 65,000 color mode

Figure3
IiFi rst transfer " Second transfer —|
RAM d DB|DB|DB|(DB|(DB|DB|DB|DB|DB|DB|{DB|DB|DB|DB|DB| DB
G dal 7\ 6|5 |a|3|2|1]0|7|6]|5]4a]3]2]|1]0
Selective pallet PK pallet PK pallet PK pallet
Output pin SEG (3n+1) SEG (3n+2) SEG (3n+3)

Note) n = Address lower 8-bit (0 to 101)
- SPR /0 ="01" 4,096 color mode
Figure4

First transf Second transf Third transf
I7” ransfer I ond tran er_Hi ird transfer —

GRAM data DB|DB|(DB|DB|DB|(DB|DB(DB|DB |DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB|DB |DB|DB|DB
7165141312 ]1)]0]7[6[5[4[3[2]1]0]7]16[5]4]13]12[1(0

Y Y Y Y Y Y Y Y VY Y Y VY Y ¥ Y ¥ Y Y Y Y Y Y'Yy

Selective pallet PK pallet PK pallet PK pallet PK pallet PK pallet PK pallet

Output pin | SEG (3n+1) | SEG (3n+2) | SEG (3n+3) | SEG (3n+4) | SEG (3n+5) | SEG (3n+6)

Note) n = Address lower 8-bit (0 to 102)

- SPR 1/0 =“10" 256 color mode
Figure5b

First transfer
GRAM data |PB | DB | DB |DB| DB | DB | DB | DB

7165413210
_ HEREERER
Selective pallet PK pallet PK pallet PK pallet

Output pin | SEG (3n+1) | SEG (3n+2) | SEG (3n+3)

Note) n = address lower 8-bit (0 to 101)
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Table 6 Relationship between GRAM address and display position (SGS="1")

of |« SIS [8185(8]312(2[S
|l mS|wlol~]ofo]| d] oo lolo|o|alm]|m|m
sec/icompins |2 (D] 2| 2] 2| 22| 2| 2| 2| 2| ol el Il o el et el e e e e
NN NN NAN]TN]ITO]N] DN NN O INDIN]N]IN]IANTNITN]TN]WN
CMs=0 | CMS=1/78...°¢ o8 --- DB |8 -8 [ - % FERRR IR I - -
coM1l [ comsa| "0067"H [ "0066"H | "0065"H [ "0064"H | ----- "0003"H | "0002"H | "0001"H | "0000"H
com2 | COMB83| "0167"H | "0166"H | "0165"H | "0164"H | ----- 0103"H | "0102"H | 0101"H | "0100"H
com3 [ COM82| »0267"H [ "0266"H | "0265"H [ "0264"H | ----- 0203"H | "0202"H | "0201"H | "0200"H
com4 | COMBL| »0367"H [ "0366"H | "0365"H [ "0364"H | "*"-" 0303"H | "0302"H | "0301"H | "0300"H
CcCoM5 | coM80| "0467"H [ "0466"H | "0465"H [ "0464™H | - 0403"H | "0402"H | "0401"H | "0400"H
come | com79 | "0567"H | "0566"H | "0565"H [ "0564"H | - 0503"H | "0502"H | "0501"H | "0500"H
com? | com7s| "0667"H | "0666"H | "0665"H [ "0664"H | ----- 0603"H | "0602"H | "0601"H | "0600"H
comMs | com77| "o767"H | "0766"H | "0765"H [ "0764"H | ----- "0703"H | "0702"H | "0701"H | "0700"H
comM9 | com7e| vose7°H | "0866"H | "0865"H | "0864"H | ----- "08030"H| "0802"H | "0801"H | "0800"H
com10 | Com75 | "og67"H | "0966"H | "0965"H | "0964"H "0903"H | "0902"H | "0901"H | "0900"H
com1l | com74| »oag7"H| "0A66"H | "0A65"H | "0AB4™H]| ----- "0A03"H | "0A02"H| "0A01"H| "0A00"H
com12 | COM73| »ogs7"H| "0B66"H | "0B65"H | "oBBA"™H | - - - "0B03"H | "0B02"H| "0B01"H | "0B0O"H
com13 | COM72| wgce7H| "0C66"H | "0C65"H [ "oceaH]| - - "0C03"H | "0C02"H| "0C01"H| "0C00"H
COM14 [ COM71| "0p67"H| "0D66"H | "0D65"H | "0D64™H| " "0D03"H | "0D02"H| "0D01"H| "0D00"H
COM15 | COM70| "0E67"H| "0E66"H | "OE65"H | "0E6A™H | -~ "0E03"H | "0E02"H | "0E01"H| "0E00"H
com16 | COM69 | "0F7"H | "0OF66"H | "OF65"H | "OF64"H | - -- "0F03"H | "0F02"H | "0F01"H | "oF00"H
com17 | COMB8| »1067"H | *1066"H | "1065"H | “1064"H [ - "1003"H | "1002"H | "1001"H | "1000"H
COM18 | COM67 | "1167"H | "1166"H | "1165"H | "1164"H | ----- "1103"H | "1102"H | "1101"H | "1100"H
com19 | COMS66| "1267"H | "1266"H | "1265"H | "1264™H | ..... "1203"H | "1202"H | "1201"H | "1200"H
COM20 [ COMB5| »1367"H | "1366"H | "1365"H [ "1364"H | ----- "1303"H | "1302"H | "1301"H | "1300"H
coM77_| coms | "4c67'H| "ace6"H| "4C65"H| "4C64"H| ----- "4C03"H [ "4c02"H| "4C01"H[ "4C00"H
coM78 | com7 | "4D67"H| "4D66"H| "4D65"H| "aD64"H| - "4D03"H | "4D02"H| "4D01"H| "4D00"H
coM79 | cowme | "4E67"H| "aE66"H| "4E65"H| "aE64"H| - "4E03"H | "4E02"H| "4E01"H| "4E00"H
CcoM80 | coms | "4F67'H| "aF66"H| "4F65"H | "aF6a"H| - "AF03"H | "4F02"H | "4F01"H | "4F00"H
com8l | com4 | "spe7"H | "5066"H | "5065"H | "5064"H | ‘- - "5003"H | "5002"H | "5001"H | "5000"H
coms2 | com3 | "5167"H | "5166"H| "5165"H | "5164"H| - --- "5103"H | "5102"H | "5101"H [ "5100"H
CcoM83 | com2 | "5267"H | "5266"H | "5265"H | "5264"H| ----- "5203"H | "5202"H | "5201"H [ "5200"H
coms4 | comi | "5367"H | "5366"H | "5365"H | "5364"H| ----- "5303"H | "5302"H | "5301"H [ "5300"H
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Relation between GRAM data and display contents (SGS=*"1")

- SPR 1/0 =“00” 65,000 color mode

Figure 6
IiFi rst transfer " Second transfer —|
DB |DB|DB|DB|DB|DB|{DB|DB|{DB|DB|DB|DB|DB|DB|DB| DB
GRAMdaa| 7| 6| 5|43 |2|1|0|7|6|5|4|3]|2]|1]o0
Selective pallet PK pallet PK pallet PK pallet
Output pin S(312-3n) S(311-3n) S(310-3n)
Note) n = Address lower 8-bit (0 to 103)
- SPR 1/0 =“01" 4,096 color mode
Figure7
First transf Second transfer Third transfer
s | 0 ]
GRAM d pe|DB[DB[DB[DB|DB[DB|DB|DB|DB|DB [DB[DB[DB|DB|[DB|[DB|DB|DB|[DB| DB [DB[DB[DB
TN NN RN RN RN
Selective pallet PK pallet PK pallet PK pallet PK pallet PK pallet PK pallet
Output pin S (312-6n) S (311-6n) S (310-6n) S (309-6n) S (308-6n) S (307-6n)
Note) n = Address lower 8-bit (0 to 51)
- SPR 1/0 =“10" 256 color mode
Figure8
First transfer
GRAM data | PB | DB | DB |DB| DB | DB | DB | DB
7/6[54]3]2|1]|0
Selective pallet PK pallet PK pallet PK pallet
Output pin S(312-3n) S(311-3n) S(310-3n)

Note) n = address lower 8-bit (0 to 103)
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9. Instructions

Outline

The HD66768 uses the 8-hit bus architecture. Before the internal operation of the HD66768 starts, control
information is temporarily stored in the registers described below to alow high-speed interfacing with a
high-performance microcomputer. The internal operation of the HD66768 is determined by signals sent
from the microcomputer. These signals, which include the register selection signal (RS), the read/write
signal (R/W), and the data bus signals (DB15 to DBO0), make up the HD66768 instructions.
There are eight categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal GRAM addresses

Transfer data to and from the internal GRAM

Set grayscale level for the interna grayscale palette table
Normally, instructions that write data are used the most. However, an auto-update of internal GRAM
addresses after each data write can lighten the microcomputer program load. Because instructions are
executed in O cycles, they can be written continuously.

HITACHI
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Instruction Descriptions

9-1. Index: IR

The index instruction specifies the RAM control indexes (RO0Oh to R42h). It sets the register number in
the range of “0000000” to “1111111” in binary form. However, R43 to R7F are disabled since they are
test registers.

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

W|[ O * * * * * * * * * | ID6|ID5| ID4| ID3]| ID2| ID1| IDO

Figure 9 Index Instruction

9-2. Status Read: SR

The status read instruction reads the internal status of the HD66768.
L 7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.
C6-0: Read the contrast setting values (CT6-0)

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

R 0 L7| L6 [LS (L4 [ L3 | L2] L1| LO|] O] Ce6] C5 C4| C3|] C2| C1] CO

Figure 10 Status Read Instruction

9-3. Start Oscillation (ROOh)

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

If thisregister isread forcibly by 8-bit bus interface, “0768"H is read.
It can not be read through a seria interface.

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

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

R 1 o O 0] O 0|1 1 110 1 1 0 1 0 of O

Figure 11 Start Oscillation Instruction

HITACHI
17



HD66768 Preliminary Rev. 0.31/ October 2002

9-4. Driver Output Control (RO1h)

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

wli1lolo oo |o Ef cvs|sces| o | o |4 [NLa|NL3|NL2|NLL| NLO

Figure 12 Driver Output Control Instruction

CSFT: Sdlects the output scan form of common driver. Set CSFT according to the mounting method.
CMS: Sdlects the output shift direction of a common driver. Set CM S according to the mounting
method.

SGS: Selects the output shift direction of the segment driver.

When SGS="0", data are output SEG1 to SEG312.

When SGS="1", data are output SEG312 to SEG1.

When SGS="0", SEGL pin assigns the color display to <R><G><B>.

When SGS="1", SEG312 pin assigns <R><G><B>. Re-write to the RAM when intending to change the
SGS bit.

4L : Displays display RAM data 4 times large lengthways. When 4L = 1", display RAM one line sworth
of datais enlarged 4 times lengthways and displayed within the range of display RAM line scan
according to the display duty. Output shift direction of common driver can be selected by CMS.

NL 4-0: Specify the LCD drive duty ratio. The duty ratio can be adjusted for every eight raster-rows.
GRAM address mapping does not depend on the setting value of the drive duty ratio.

CSFT=0 CSFT=1
Odd
Odd Even line
line ine Com1 Even
coM1 CoM2 y STNPanel | 507
*STN Panel ; comes
COM1 . COM2 - COM3 COM2
CMS=0 coms3 coms4 . COM4 _ ... ., cOM8| v COM1 - COM3 - COM5
. COMS82 . COMS3 _ coMaa - ... COM81- COMS3
coms4 COM2 . COM4 . COM6
COM1 COM2 - ... COM82- COM84
* HD66768 * com1 Ccom2
coms3 coms4 + HD66768 +
coms3 coms4
Odd Even Odd
line ine line CoM1 E
com1 CcoM2 STN Panel |
4 STN Pandl 4 comes
CcoM84 . COMS3 coma
CMS=1 comss coms4 COM82 . COM81 » ... - coM84 . COM82 -
COM4 —. COM3 - COM2 COM84 COMS80 - ... - COM4 _,
- COM1 COM2
COM1 COM2 CcoM83 . COMS8L -
CoM1 Com2 COM79 - ... - COM3 =
HD66768
f f f HD66768 f com1
coms3 coms4
coms3 coms4

*Quadruple display mode (4L =*“1") is available when CSFT =“0".

Figure 13 Scan mode setting
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Table 7: NL Bitsand Drive Duty

LCD drive

NL4 NL3 NL2 NL1 NLO  Display Size Duty cycle
0 0 0 0 0 312 x 8 dots 1/8 Duty
0 0 0 0 1 312 x 16 dots 1/16 Duty
0 0 0 1 0 312 x 24 dots 1/24 Duty
0 0 0 1 1 312 x 32 dots 1/32 Duty
0 0 1 0 0 312 x 40 dots 1/40 Duty
0 0 1 0 1 312 x 48 dots 1/48 Duty
0 0 1 1 0 312 x 56 dots 1/56 Duty
0 0 1 1 1 312 x 64 dots 1/64 Duty
0 1 0 0 0 312 x 72 dots 1/72 Duty
0 1 0 0 1 312 x 80 dots 1/80 Duty
0 1 0 1 0 312 x 84 dots 1/84 Duty
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9-5. LCD-Driving-Waveform Control (R02h)

RW_ RS DBi15 DBi14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl _DBO

W 1 || 0 0 0 0 0 RST|B/C | EOR| O 0 [NW5|NW4|NW3[NW2|NW1|NWO

Figureld L CD-Driving-Waveform Control Instruction

RST: When RST= 1, software are reset function is started. This function is the same as hasdware RESET
pin. It takes 10 clock cycle period. This bit is automatically cleared after reset function is comleted.
Therefore, before 10-clock cycle other instruction can not be issued. Do not set the RST bit during stand-
by mode.

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

When B/C = 1, a C-pattern waveform is generated and aternates in each reaste-row specified by bits
EOR and NW4-NWO in the LCD-driving waveform control register. For details, see the n-raster-row
Reversed AC Drive section.

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

NW5-0: Specify the number of raster-rows n that will aternate at the C-pattern wavefrom setting (B/C =
1). NW5-NWO alternate for every set value + 1 raster-row, and the 2™ to the 64" raster-rows can be
selected. Setting NW5-0 = “000000" (While aternating 1 line) is inhibited.

9-6. Power Control 1 (RO3h)

9-7. Power Control 2 (ROCh)

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

w 1 0 0 | BS2| BS1|BSO 0 | BT1 BTO| pcp| DC1| DCO| AP2| AP1| APO | SLP| STB

w 1 0of|oO 0] 0 oO|O0{|O 0 01]O0 0 0 0 | vC2| vC1| vCo

Figure 15 Power Control Instrucion

BS2-0: The LCD drive bias value is set. The LCD drive bias value can be selected according to this drive
duty ratio and voltage.

BT1-0: The output factor of step-up circuit is switched, The LCD drive voltage level can be selected
according to tis drive duty ratio and bias. Lower amplification of the step-up circuit consumes less
current.

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

AP2-0: Turn ON and OFF the operation of an operation amplifier and a step-up circuit. During no display,

when AP2-0 = “000", the current consumption can be reduced by stopping the operational amplifier and
step-up circuit operation.
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SLP: When SLP = 1, the HD66768 enters the sleep mode, where the interna display operations are
halted except for the R-C oscilator, thus reducing current consumption. Only the following instructions
can be executed during the sleep mode.

Power control (BS2-0, BT1-0, DC2-0, AP2-0, SLP, and STB)

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

STB: When STB =1, the HD66768 enters the standby mode, where display operation completely stops,
halting all the internal operations including the internal R-C oscillator. Further, no external clock pulses
are supplied. For details, see the Standy Mode section. Only the following instructions can be executed
during the standby mode.

a. Standby mode cancedl (STB =“0")

b. Start oscillation

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

VC2-0: Set an adjustment factor for the Vcil voltage (VC2-0).
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Setting LCD driving bias value Setting output magnification of step up circuit
Table8 Table9
- . Step u Step up circuit2
BS2 BSL BSO LCD drivingbiasvalue BT1 BTO ffuitpl vf.gs gutput
0 0 0 1/11 bias driving 0 0 2xVcil 3xVci2
0 0 1 1/10 bias driving 0 1 2xVcil 2xVci2
0 1 0 1/9 bias driving 1 0 2xVcil 25xVci2
0 1 1 1/8 bias driving 1 1 2xVcil 1.5x Vci2
1 0 0 1/7 bias driving
1 0 1 1/6 bias driving
1 1 0 1/5 bias driving
1 1 1 1/4 bias driving
Operating clock frequency of the Booster 1 and 2
Table 10
Operating clock frequency in  Operating clock frequency in the voltage
DC2  DCL  DCO the booster 1 invert?ng circui(taqand fr{e booster 2 )
0 0 0 32-divided clock 64-divided clock
0 0 1 28-divided clock 56-divided clock
0 1 0 24-divided clock 48-divided clock
0 1 1 20-divided clock 40-divided clock
1 0 0 16-divided clock 32-divided clock
1 0 1 12-divided clock 24-divided clock
1 1 0 8-divided clock 16-divided clock
1 1 1 4-divided clock 8-divided clock

Setting DC current magnification of bias cir cuit
Table 11

Setting an adjustment magnification of
Vcil voltage
Table 12

VciL adjustment

AP2 APl1 APO Biascircuitl Biascircuit2 vC2 VC1 VCO magnification
0 0 0 Stop Stop 0 0 0 1.00 x VciL
0 0 1 62.5 % 100 % 0 0 1 0.965 x VciL
0 1 0 71.4% 100 % 0 1 0 0.917 x VciL
0 1 1 100 % 100 % 0 1 1 0.873 x VciL
1 0 0 125% 150 % 1 0 0 0.833 x VciL
1 0 1 143 % 150 % 1 0 1 0.797 x VciL
1 1 0 167 % 200 % 1 1 0 0.764 x VciL
1 1 1 200 % 200 % Stop amplifier operation of
1 1 1 VciL adjustment amplifier.

Biascircuit 1: LCD driving level generating (VGiL is output externally)

amplifier of voltage.

L X : . When Vcilisinput externally: Vcil £ VciL
Bias circuit 2: Vcil generating amplifier.
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9-8. Contrast Control (R04h)

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

Wil 1 0 0 [vrenTl VR4 VR3VR2|VR1|VRQVRON|CT6 |CT5[CT4|CT3|CT2|CT1|CTO

Figurel6 Contrast Control Instruction

VRCNT: A hit for connecting the output of internal reference voltage to VREFLCD inside LSI. When
VRCNT = 1, the output of internal reference voltage and VREFL are connected. When connecting to an
external thermistor circuit, set VRCNT = 0, and do not connect to internal reference voltage.

VR4-0: These bits amplify 2.0 to 10.0 times the VREFLCD as output voltage VREFH of LCD drive
reference voltage generation circuit. The VREFLCD should be smaller than Vci2 level.

VRON: Activation bit of an internal reference voltage. When VRON = 1, an internal reference voltage
outputs 3.0V (+ 30mV (Ta: 85°C at designed value)) without depending on temperature. Step-up circuit 1

should be set to keep constant Vci2 output voltage between 4.5 and 5.5V.
CT6-0: These hits control the LCD drive voltage to adjust 128-step contrast.

Table 13 Contrast control

CT setting value

CT6_CT5 CT4 _CI3___CI2 __CTlL__ CTO Contrast
0 0 0 0 0 0 0 6.35R (Minimum)
0 0 0 0 0 0 1 6.30R
0 0 0 0 0 1 0 6.25R
0 0 0 0 0 1 0 6.20R
0 0 0 0 0 1 1 6.15R
1 1 1 1 1 1 0 0.05R
1 1 1 1 1 1 1 0.00R (Maximum)
Setting of output voltage of LCD driving reference voltage generating circuit
Table 14 Table 15
VR4 | VR3 | VR2 | VR1 | VRO | VREFH voltage VR4 | VR3 | VR2 | VR1 | VRO | VREFH voltage
0 0 0 0 0 | VREFLCDx20 1 0 0 0 0 VREFLCD x 2.5
0 0 0 0 1 | VREFLCDx23 1 0 0 0 1 VREFLCD x 3.0
0 0 0 1 0 | VREFLCDx2.7 1 0 0 1 0 VREFLCD x 35
0 0 0 1 1 | VREFLCDx3.0 1 0 0 1 1 VREFLCD x 4.0
0 0 1 0 0 | VREFLCDx33 1 0 1 0 0 VREFLCD x 4.5
0 0 1 0 1 | VREFLCDx3.7 1 0 1 0 1 VREFLCD x 5.0
0 0 1 1 0 | VREFLCD x40 1 0 1 1 0 VREFLCD x 5.5
0 0 1 1 1 | VREFLCDx43 1 0 1 1 1 VREFLCD x 6.0
0 1 0 0 0 | VREFLCDx4.7 1 1 0 0 0 VREFLCD x 6.5
0 1 0 0 1 | VREFLCD x5.0 1 1 0 0 1 VREFLCD x 7.0
0 1 0 1 0 | VREFLCDx5.3 1 1 0 1 0 VREFLCD x 7.5
0 1 0 1 1 | VREFLCDX5.7 1 1 0 1 1 VREFLCD x 8.0
0 1 1 0 0 | VREFLCDx6.0 1 1 1 0 0 VREFLCD x 85
0 1 1 0 1 | VREFLCDx6.3 1 1 1 0 1 VREFLCD x 9.0
0 1 1 1 0 | VREFLCDx6.7 1 1 1 1 0 VREFLCD x 9.5
0 1 1 1 1 | VREFLCDX7.0 1 1 1 1 1 | VREFLCD x 10.0
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9-9. Entry Mode (RO5h)
9-10. Compareresister (R0O6h)

The write data sent from the microcomputer is modified in the HD66768 and written to the GRAM. The
display data in the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For detail, see the Graphics Operation Function section.

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

SPR | SPR
1 0 0 0 0 0 |HwMm| O 0 0 | /D1 |I/DO | AM |LG2|LG1 |LGO

W

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

Figure 17 Compare Resister Instruction

SPR1-0: Sets displaying colors. Be aware that writing format to GRAM is different according to the
setting of SPR1-0. Table 16

SPR1 SPRO Displaying color
0 0 65,000 colors display
0 1 4,096 colors display
1 0 256 colors display

HWM: When HWM=1, data can be written to the GRAM at high speed. In high-speed write mode,
four words of data are written to the GRAM in a single operation after the writing to RAM four times.
Write to RAM less than four times, otherwise the four words cannot be written to the GRAM. Thus, set

the lower 2 bits to 0 when setting the RAM address.  For details, see the High-Speed RAM Write Mode
section.

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

AM: Set the automatic update method of the AC after the data is written to the GRAM. When AM=“0",
the datais continuoudly written horizontally. When AM =“1", the datais continuously written
vertically. When window address range is specified, the GRAM in the window address range can be
written to according to the 1/D1-0 and AM settings.

Note: SPR 1/0 bit must be set befre writing data into display RAM. After writing data into display RAM,
display color mode can not be changed by changing SPR1/0 bit.

1/D1-0="00" 1/D1-0="01" 1/D1-0="10" I/D1-0="11"
Horizontal: Horizontal: increment Horizontal: Horizontal: increment
Vertical: decrement Vertical: decrement Vertical: increment Vertical: increment
QQ00h QQ00h 0Q00h 0QQ0h
-— | el >
AM="0" e — — e ——d
Horizontal - = > P =
5367h 5367h 5367h 5367h
000h 0000 0Q00
0000h
TYYYYY AAAAARAA § .
AM="1" s
Vertical Al - 1
R'A - -y ryy YYVY VYN
5367h 5367h 5367h 5367h

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

Figurel8 Address Direction Settings
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LG2-0: Compare the data written into the GRAM by the microcomputer with the compare resisters
(CP15-0) by a compare/logical operation and writes the results to GRAM. For details, see the
L ogical/Compare Operation Function.

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

Write data sent DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
from the

microcomputer 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 0
(DB15-0)

Note: The write data mask ( WM15-0 ) is set by the resister in the (20) RAM Write Data Mask section.

Figure 19 L ogical/Compar e Operation for the GRAM
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9-11. Display Control (RO7h)

RW 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 0 0 [B/W|REV| D1 | DO

Figure 20 Display Control

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

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

B/W: When B/W = “1", displayed data can be “al on” or “al off” regardless GRAM contents. (B/W =
“1", REV = “0": dl pixel on, B/IW =*“1", REV = “1": all pixe off) When switching B/W, grayscale
palette has to be default value.

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

D1-0: Display isonwhen D1 = “1" and off when D1 ="0". When off, the display dataremainsin the
GRAM, and can be displayed instantly by setting D1 =“1". When D1 ="“0", the display is off with all
of the SEG/COM pin outputs set to the GND level. Because of this, the HD66768 can control the
charging current for the LCD with AC driving.

When D1-0 =“01", the internal display of the HD66768 is performed although the display is off. When
D1-0="00", theinternal display operation halts and the display is off.

Table 17 D Bitsand Operation

HD66768 I nternal 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. Writing from the microcomputer to the GRAM isindependent from the state of D1-0.

2. Inthe deep and standby modes, it is the same statusasD1-0="00". However, the register contents of
D1-0 are not modified.
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9-12. Frame Cycle Control (ROBh)

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

W 1 0 0 0 0 0 0 |bivi|DIivo|l O 0 0 0 |RTN3|RTNZRTNI RTNO

Figure 21

RTN3-0: Set the line retrace period (RTN3-0) to be added to raster-row cycles. The raster-row cycle
becomes long according to the number of clocks set at RTN3-0.

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

Table 18 RTN Bitsand Clock Cycles

Li t iod
RTN3 RTN2 RTN1 RTN1 ine retrace period Clock Cycles per

(Clock Cycles) one raster-row
0 0 0 0 0 clock 25 clock
0 0 0 1 1 clock 26 clock
0 0 1 0 2 clock 27 clock
0 0 1 1 3 clock 28 clock
1 1 1 0 14 clock 39 clock
1 1 1 1 15 clock 40 clock

Table 19 DIV Bitsand Clock Frequency

Internal Operation

Division ratio
DIVl DIVO Clock Frequency

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

* fosc=R-C oscillation frequency

Formula for the frame frequency

_ fosc
Frame frequency = [Hz]

Clock cycles per raster-row x division ratio x 1/Duty

fosc: RC oscillation frequency

Duty: Drive duty (NL bit)

Division ratio: DI V bit

Clock cycles per raster-row: (RTN+25) clock
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9-13. Vertical Scroll Control (R11h)

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

W 1 VL27| VL26] VL25| VL24| VL23| VL22| VL21| VL20] VL17| VL16| VL15|VL14| VL13| VL12| VL11| VL10

Figure 22Vertical Scroll Control Instruction

VL 17-10: Specify the display-start raster-row at the 1% screen display for vertical smooth scrolling.  Any
raster-row from the first to 84th can be selected. After the 84th raster-row is displayed, the display
restarts from the first raster-row.  The display-start raster-row (VL17-10) isvalid only when VLE1 =“1".
The raster-row display isfixed when VLE1=*0". (VLEL1 isthe 1%-screen vertical-scroll enable hit.)

VL 27-20: Specify the display-start raster-row at the 2" screen display. The display-start raster-row
(VL27-20) isvalid only when VLE2 = “1". Theraster-row display is fixed when VLE2 = “0". (VLE2
isthe 2™ -screen vertical-scroll enable bit.)

Table 20
VL27 VL26 VL25 VL24 VL23 VL22 VL21 VL20 _ _
VL17 VL16 VL15 VL14 VL13 VL12 VL11 VL10 Display start line
0 0 0 0 0 0 0 0 1' st raster - row
0 0 0 0 0 0 0 1 2'nd raster - row
0 0 0 0 0 0 1 0 3'rd raster - row
0 1 0 1 0 0 1 0 83rd raster - row
0 1 0 1 0 0 1 1 84th raster - row

Note: Do not set over the 84th ("53"H) raster - row
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9-14. 1** Screen Driving Position (R14h)
9-15. 2" Screen Driving Position (R15h)

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

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

w 1 |SE27|SE26(SE25(SE24| SE23(SE22( SE21|SE20|SS27| SS26/|SS25|SS24|SS23 |SS22|SS21| SS20

Figure 23

SS17-10: Specify the driving start position for the first screen in aline unit. The LCD driving starts from
the 'set value + 1' common driver.

SE17-10: Specify the driving end position for the first screen in aline unit. The LCD driving is
performed to the 'set value + 1' common driver. For instance, when SS17-10 =“07"H and SE17-10 =
“10"H are set, the LCD driving is performed from COM8 to COM 17, and non-selection driving is
performed from COM 1 to COM7, COM 18 and others. Ensure that SS17-10 £ SE17-10 £ “53"H. For
details, see the Screen-division Driving Function section.

SS27-20: Specify the driving start position for the second screen in aline unit. The LCD driving starts
from the 'set value + 1' common driver. The second screen is driven when SPT =“1",

SE27-20: Specify the driving end position for the second screen in aline unit. The LCD driving is
performed to the 'set value + 1' common driver. For instance, when SPT = “1", SS27-20 =*“20"H, and
SE27-20 = “53"H are set, the LCD driving is performed from COM 33 to COM84. Ensure that SS17-10
£ SE17-10 < SS27-20 £ SE27-20 £ “53"H. For details, see the Screen-division Driving Function
section.
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9-16. Horizontal RAM Address Position (R16h)
9-17. Vertical RAM Address Position (R17h)

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

W 1 HEA7|HEA6| HEAS5|HEA4|HEA3| HEA2l HEAL HEAQ HSA7|HSAG|HSA5| HSA4 HSA3|HSA2|HSAL HSAO

w 1 VEAT7|VEAG| VEAS| VEA4|VEA3|VEA2| VEAL| VEAO|VSA7| VSAG|VSA5| VSA4| VSA3|VSA2| VSAL VSAO

Figure 24 Horizontal/Vertical RAM Address Position Instruction

HSA7-0/HEAT-0: Specify the horizontal start/end positions of a window for access in GRAM. Data can
be written to the GRAM until the address specified by HEA7-0 from the address specified by HSA7-0.
Note that an address must be set before RAM iswritten to. Ensure 00h £ HSA7-0 £ HEA7-0 £ 67h

VSA7-0/VEAT-0: Specify the vertical start/end positions of awindow for accessin GRAM. Data can be
written to the GRAM until the address specified by VEA7-0 from the address specified by VSA7-0. Note
that an address must be set before RAM iswrittento. Ensure“00"h £ VSA7-0 £ VEA7-0 £ “53"h.

HSA HEA

VSA

Window address setting range:
"00"h £ HSA7-0 £ HEA7-0 £"67"h
"00"h £ VSA7-0 £ VEA7-0 £ “53"h

VEA

GRAM Address space | 5367h ‘

Figure 25 Window Address Setting Range

Note: 1. Ensure that the window address area is within the GRAM address space.
2. In high-speed write mode, data are written to GRAM in four-words.
Thus, dummy write operations should be inserted depending on the window address
area. For details, see the High-Speed Burst RAM Write Function section.
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9-18. RAM Write Data Mask (R20h)

RW RS DB15 DB14 DB13 DB12 DB1l1 DB10 PRo DB DB7 DB6 DB5 DB DB3 DB2 DBl DBO

W 1 M15 |[WM14 WM13 WM12]WM11|WM10[ WM9| WM8| WM7| WM6 | WM5] WM4| WM3 |WM2 | WM1| WMO

Figure 26 RAM Write Data Mask Instruction

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

9-19. RAM Address Set (R21h)

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

W 1 AD15 |AD14|AD13 |AD12| AD11JAD10| AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

Figure 27RAM Address Set Instruction

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

Table2l GRAM Address Range

AD15to ADO GRAM Setting
"0000"H to “0067"H Bitmap datafor COM1
"0100"H to "0167"H Bitmap datafor COM2
"0200"H to "0267"H Bitmap datafor COM3
"0300"H to "0367"H Bitmap datafor COM4
"5000"H to "5067"H Bitmap datafor COM81
"5100"H to "5167"H Bitmap data for COM 82
"5200"H to "5267"H Bitmap datafor COM83
"5300"H to "5367"H Bitmap data for COM 84
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9-20. Write Data to GRAM (R22h)

RW_ RS DBi15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

wp| wo| wo| wo| wp| wo| wp| wo| wp| wo| wo| wp| wp| wo| wp| wp
WL 1| 15| 14| 13| 12| 12| 10| of 8| 7| 6| 5| 4| 3| 2| 1] o

Figure 28Write Datato GRAM Instrction

WD15-0: Write 16-bit datainto GRAM. This data calls each grayscale palette. After awrite, the address
is automatically updated according to the AM and I/D bit settings. During the stand by mode, the GRAM
cannot be accessed.

Table 22

GRAM data setting

R4 R3 R2 Rl RO

B4 B3 B2 Bl BO Grayscale palette

0 0 0 0 0 PK04-00

0 0 0 0 1 Middle grayscale bewteen PK04-00 and PK14-10
0 0 0 1 0 PK14-10

0 0 0 1 1 Middle grayscale between PK14-10 and PK24-20
0 0 1 0 0 PK 24-20

0 0 1 0 1 Middle grayscale between PK24-20 and PK34-30
0 0 1 1 0 PK34-30

0 0 1 1 1 Middle grayscale between PK34-30 and PK44-40
0 1 0 0 0 PK44-40

0 1 0 0 1 Middle grayscale between PK44-40 and PK54-50
0 1 0 1 0 PK54-50

0 1 0 1 1 Middle grayscale between PK54-50 and PK64-60
0 1 1 0 0 PK64-60

0 1 1 0 1 Middle grayscale between PK64-60 and PK74-70
0 1 1 1 0 PK74-70

0 1 1 1 1 Middle grayscale between PK74-70 and PK84-80
1 1 1 0 0 PK144-140

1 1 1 0 1 Middle grayscale between PK144-140 and PK154-150
1 1 1 1 0 PK154-150

1 1 1 1 1 PK154-150
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Table 23

GRAM data settin

G5 G4 G3 GI GI Go Crswdepdete

0 0 0 0 0 0 PK04-00

0 0 0 0 0 1 1/4 grayscale between PK04-00 and PK14-10

0 0 0 0 1 0 1/2 grayscale between PK04-00 and PK14-10

0 0 0 0 1 1 3/4 grayscale between PK04-00 and PK14-10

0 0 0 1 0 0 PK14-10

0 0 0 1 0 1 1/4 grayscal e between PK 14-10and PK24-20

0 0 0 1 1 0 1/2 grayscal e between PK14-10 and PK 24-20

0 0 0 1 1 1 3/4 grayscale between PD14-0 and PK24- 20

0 0 1 0 0 0 PK24-20

0 0 1 0 0 1 1/4 grayscale between PK 24-20 and PK34-30

0 0 1 0 1 0 1/2 grayscale between PK 24-20 and PK34-30

0 0 1 0 1 1 3/4 grayscale between PK24-20 and PK34-30

0 0 1 1 0 0 PK34-30

0 0 1 1 0 1 1/4 graysclae between PK 34-30 and PK44-40

0 0 1 1 1 0 1/2 grayscale between PK 34-30 and PK44-40

0 0 1 1 1 1 3/4 grayscale between PK34-30 and PK44-40

1 1 1 1 0 0 PK144-140

1 1 1 1 0 1 1/4 grayscale between PK144-140 and PK154-150
1 1 1 1 1 0 1/2 grayscale between PK144-140 and PK154-150
1 1 1 1 1 1 3/4 grayscale between PK144-140 and PK154-150
1 1 1 1 0 0 PK154-150

1 1 1 1 0 1 PK154-150

1 1 1 1 1 0 PK154-150

1 1 1 1 1 1 PK154-150
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9-21. Read Data from GRAM (R22h)

RW 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
15/14)]13)12|11]10] 9| 87| 6]5]4]13[2]1]0

Figure 29 Read Data from GRAM Instruction

RD15-0: When interface is 80system 8-bit parallel, read 16-bit data from the GRAM. When the data is
read to the microcomputer, the first-word read immediately after the GRAM address setting is latched
from the GRAM to the interna read-data latch. The data on the data bus (DB7-0) becomes invalid and
the second-word read is normal.

Sets the I/D, AM,
HSA/HSE, VSA/VEA

Y

Address: N set

First word [ GRAM =>Read.data latch.x2 .-

*2byte [

Second words| ~ Read (data of address N)
* 2 byte Read-data latch => DB7-0 x 2

Y

Address: N set

First word
* 2 byte

Read (data of address N)

*Second WOrdS|  Read-data latch => DB7-0 x 2
2 byte

i) Data read to the microcomputer

Figure 30 GRAM Read Sequence
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9-22. Gray Scale Palette Control (R30h to R37h)

Table24 Grayscale Palette Control Instruction

R30

R31

R32

R33

R34

R35

R36

R37

DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB4 DB3 DB2 DBl DBO
PK PK PK PK PK PK PK PK PK PK
14 13 12 11 10 04 03 02 01 00
PK PK PK PK PK PK PK PK PK PK
34 33 32 31 30 24 23 22 21 20
PK PK | PK PK PK PK PK PK PK PK
54 53 | 52 51 50 44 43 42 41 40
PK PK PK PK PK PK PK PK PK PK
74 73 72 71 70 64 63 62 61 60
PK PK | PK PK PK PK PK PK | PK PK
94 93 92 91 90 84 83 82 81 80
PK PK | PK PK PK PK PK PK PK PK
114 113 | 112 111 110 104 | 102 102 | 101 100
PK PK PK PK PK PK PK PK PK PK
134 | 133 | 132 131 | 130 124 | 123 122 | 121 120
PK PK | PK PK PK PK PK PK PK PK
154 | 153 | 152 151 150 144 | 143 | 142 141 140

PK 15-00: Specify the grayscale level for 16 palettes from the 24-grayscale level.  For details, see the

Grayscale Palette and the Grayscal e Palette Table sections.
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9-23. E?PROM interface control (1) (R40h)
R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
RW| 1 o|O|O|TE| O| O [OPL{OPO[ O | O [ A5| A4 A3| A2| A1l | A0
Figure 31

A5-0: Address of E°PROM.
OP1-0: Operation code of E2PROM.

TE: Tranfer enable signal of E°PROM interface. When TE= “0”, transfer is available. When TE = “1”,
transfer to E°PROM dtarts. When transfer ends, TE = “0”. Interval for more than 25 msis necessary after
finishing the transfer to E2PROM, because writing transferred data into E2PROM requires more than 25

ms. Refer to “E2PROM interface” for details.

Table 25
OP1 OPO A5-0 Order
0 0 000000 Writing inhibited
0 0 110000 Writing available
0 1 000000-111111 Writing
1 0 000000-111111 Reading

9-24. E?’PROM interface control (2) (R41h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
w| 1 |TO|TD|TD|TD|TD|TD | TD|TD|TD|TD|TD|TD | TD|TD| TD| TD
1514113121110, 9] 8| 7|6|5[4]3|]2]1]0
Figure 32
TD15-0: Transfer data of E2PROM.
9-25. E?PROM interface control (3) (R42h)
R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
w1 DPM|IDX| IDX|IDX|IDX|IDX|IDX|IDX|IDX
0101010507010 7165141 3]2]1]0
Figure 33

IDX7-0: Index of (HD66768) for setting data read from E2PROM.
DPM: Data can be written into the index set by IDX7-0. When DPM

“1", writing is available.

Note 1) Data of TD15-0 must be set as to be the same bit sequenceas instruction of HD66768.
Note 2) It isinhibited to set more than “37h” to IDX7-0.
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Instruction List (HD66768)
Table 26
Regi Upper Code Lower Code Executin
‘ﬁ'oge' Register mw | rs | DB DB [DB DB DB [DB [DB|DB|DB[DB[DB|DB|DB[DE|DB[DB " 9
' 15 14| 13|12 111w 9o | 8| 7]l6 | 5| als3|l2]1]o0 i
IR Index o | o | * [ x| = |~ * * * | = | *~ | p6|ID5|ID4 | ID3 | 1D2 | ID1 | IDO 0
R Status read 1 ol wrlw|is|lwa]l s 2|luu]lwloles|cac|lalcag|ce|alc 0
roon | Osciltionsat | o | 1 | x |« |« ]« * * R, 10ms
Devicecodereed | 1 | 1 | 0 | 0 | 0o | o 0 1 1t 1]l ol a2l ololala1]o 0
RO1h D”Z;t?gltpm ol 1] 0| o|ofo 0 |csFT|cms|ses| 0 | 0 | 4L | NL4 | NL3 | NL2 | NL1 | NLO 0
Rogh | LCDopeading | o | 4 | o | o | 0| o | o |RST|BiC|EOR| 0 | 0 |Nws|Nwa|Nw3|Nw2|Nwi|[Nwo| o
aternation control
RO3h | Power control (1) 1| o] o|Bse|Bsi|Bso| o |BTi|BTO|DC2|DCL|DCO| AP2| APL| APO | SLP | STB 0
RO4h | Contrastcontrol | 0 | 1 | o | o V,\'TTC VR4 | VR3 | VR2 | VRL | VRO Vﬁo cT6 | cT5 | cT4 | CT3 | cT2 | CTL | CcTO 0
ROSh Entry mode 0| 1 |sPRi|sPrO| 0 | © 0 0 H\,\’AV o| o| o |up1|po|Am |LG2|LGL| LGO 0
RO6h | Conpareresisor | 0 | 1 |cCP15|cPi4|cp13|cpiz| cria1 | crio | crpo | cPs | cp7 [ crs | cps | cPa | cps | cr2 | crL | cro 0
Ro7h | Displaycontrdl | 0 | 1 | o | o | o | o | o |viE V'-lE st| o | o] o| o |Bw]|Rev| D1]| DO 0
Ro8h | Flamecyclecontrol | 0 | 1 | o | o | o | 0| o | o |pvilpivol 0 | o | o | o RT3N RTZN RTlN RTON 0
Roch | Powercontrdl ) | 0 | 1 ] o [ o [ o | o 0 0 ol ol ol ol o] o] ovelvel]veo 0
R11h Vertical scroll o | ¢ v fvelveve v [ve [ve[vefve [ve [vefve e [ve [ve [ve o
control 27 | 26| 5| 24| 23 | 2 | 22| 20| 1w ]|w6]| 15| 14| 13]12|1n] 10
Ridh First screen o | 1 | SE|sE|sE[sE|sE|[sE|[sE|[sE|ss|ss|ss|ss|ss|ss|ss]ss o
operating position 17| 16|15 14| 3| 121|011 15]14]13|12]1un]iw0
R15h Second screen o | 1 [E[sE|sE|[sE[sE|sE|[sE[sE|ss|ss|[ss|[ss|ss|ss|ss]ss o
operating position 27 | 26 | 5| 24| 23 | 2 | 22| 20| 27| 26| 25| 24| 3| 2| 2| 20
mi6n | Horizonta RAM [ | [HEA[HEA[HEA[HEA| HEA | HEA [HEA [ HEA| HAS [HAS [HSA [HAS [ HAS [ HAS [ HAS | HAS o
address position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
R17h Vertical RAM o | 1 |VEA|VEA|VEA|VEA] VEA | VEA [VEA | VEA |vsa [Vsa [vsa|vsa[vsa|vsa|vsa[vsa 0
address position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
oo | RAMwritedata | o [ [wu [wm [wu fwm [wm [wme [wa [w [w [wa [w [ wi [ w [ wme [wi | w o
mask 1514|1312 u]|1w]|]o|s|7]l6|5]al3]2]1]o0
R2lh | RAM addressset | 0 | 1 AD15-8 (Upper) AD7-0 (Lower)
Ro%h RAM datawrite 0 1 Write Data (Upper) Wrtie Data (L ower)
RAM dataread 0 1 Read Data (Upper) Read Data (Lower)
Grayscale palette PK PK PK PK | PK PK | PK | PK | PK | PK
R30h control (1) 0 ! 0 0 0 14 13 12 1 10 0 0 0 04 03 02 01 00 0
Grayscale palette PK PK PK PK | PK PK | PK | PK | PK | PK
R31h control (2) Ol 2101010 s | s %% % 2|23 ]|2]|2]| 0
Grayscale palette PK PK PK PK |PK PK | PK | PK | PK | PK
R32n control (3) 0 ! 0 0 0 54 | 53 52 | 51 |50 0 0 O] m 43 | 42 | 4| 4 0
Grayscale palette PK PK PK PK | PK PK | PK | PK | PK | PK
R33N control (4) 0 ! 0 0 0 74 73 72 71 70 0 0 0 64 63 62 61 60 0
Grayscale palette PK PK PK PK | PK PK | PK | PK | PK | PK
1
R34n control (5) 0 0 0 0 94 | 93 ®? | 2 | 0 0 0 84 | 83 | 82 | 81 | & 0
Grayscale PK PK PK PK | PK PK | PK | PK | PK | PK
RN | etecontrol ) | C | Y | Ol %] O {aa| s | 12 | luo] O | © | 104] 108 102 | 101 | 100 0
Graysacle PK | PK | PK | PK | PK PK | PK | PK | PK | PK
R36h | palettecontrol (7) | 0 | 1 | o | o | o |134| 133 | 132 | 131|130 o | o | o | 124 | 123 | 122 | 121 | 120 0
Grayscale palette PK | PK PK | PK | PK PK | PK | PK | PK | PK
R37h control (8) 0| 1] o] o] o154 153 152 |150|150| o | o | o | 144 143 142 | 141 | 140 0
Raoh | E2PROMinterface | )y | 1 | o | o | 0 | TE| o | o |orL|oro| 0 | 0 | A5 | A4 | A3 | A2 | AL | AO 0
control (1)
Rath | E2PROM interface | o ,|m™]|m|m|m|m|[m]|m|[T|™|[™|™|™|[™|[™]|™][T™D o
control (2) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
E2PROM interface IDX | IDX | IDX | IDX | IDX | IDX | IDX | IDX
R4zh conirol (3 ol 1|lo0o]olo]o 0 0 L T U Il I e e e v ot e 0

Note: 1. “*” means doesn’t matter.

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

The HD66768 isinternaly initialized by RESET input. The reset input must be held for at least 200 ns.
Do not access the GRAM or initidly set the instructions until the R-C oscillation frequency is stable after
power has been supplied (10 ms).

Instruction Set Initiaization:

1. Start oscillation executed

2. Driver output control (CSFT =“0”, 4L="0", NL4-0="01010", SGS="“0",CMS="0")

3. B-pattern waveform AC drive (B/C =“0", EOR =*“0", NW5-0 = “000000")

4. Power control 1 (DC2-0="000", AP2-0="000": LCD power off, STB = “0": Standby mode off,
SLP="0", BS2-0="000", BT2-0 ="000")

Contrast control (Weak contrast VRCNT = “0", VR2-0 =“000", VRON = “0", CT6-0 = “0000000")

Entry mode set ( SPR1-0="00" , HWM =“0", 1/D1-0 =“11": Increment by 1, AM ="“0": Horizontal
move, LG2-0="000":Replace mode )

7. Compareresister : (CP15-0 = “0000H")

8. Display control (VLE2-1="00": No vertical scroll, SPT =“0", B/W: "0" = ALL off, REV =“0",
D1-0="00": Display off)

9. Frame cycle control (DIV1-0 = “00": 1-divided clock, RTN3-0: No line retrace period)

10. Power control 2 (VC2-0 ="000")

11. Vertical scroll (VL27-20 = *“00000000", VL17-10 = “00000000")

12. 1st screen division (SE17-10="11111111", SS17-10 = “00000000")

13. 2nd screen division (SE27-20 = “11111111", SS27-20 = “00000000")

14. Horizontal RAM address position (HEA7-0 = “0110011”, HSA7-0 = “00000000")

15. Vertical RAM address position (VEA7-0 = “01010011", VSA7-0 = “00000000")

16. RAM write data mask (WM15-0 = “000"H: No mask)

17. RAM address set (AD15-0 = “0000" H)

18. Grayscale Palette
(PK0O ="00000", RK1="00011", PK2="00101", PK3="“00111",

PK4="“01000", PK5=“01001", PK6=“01010", PK7="01011",
PK8="01100", PK9=“01101", PK10=“01110", PK11="01111",
PK12=10001", PK13="10011", PK14=“10110", PK15="11001")

19. E2PROM interface control (1) (TE =“0", OP1-0="00", A5-0 = “00000")

20. E2PROM interface control (2) (TD15-0 = “0000" H)

21. E2PROM interface contral (3) (DPM =“0Q", IDX7-0 = “00"H)

o o

GRAM Data I nitialization:

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

Output Pin Initiaization:

1. LCD driver output pins (SEG/COM): Output GND level
2. Oscillator output pin (OSC2): Output oscillation signal
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10. Parallel Data Transfer
1) 8-bit Bus Interface
Setting the IM2/1/0 (interface mode) to the “GND”/“Vcc'/“Vec” level alows 80-system bit paralel data

transfer with DB7 to DBO pins HD66768 separates 16-bit instruction and RAM datainto upper 8-bit and
lower 8-bit, and upper 8-bit are transferred first.

CcSn* | CS*
Al - RS
H8/2245 HWR* = WR* HD66768
RD*) »| (RD*)
D15 - D8 [ ——®= DB7 - DBO
8

Figure 34 Interfaceto 8-bit Microcomputer
2) Dataformat of 8-bit Bus Interface

HD66768 is equipped with three colors display modes; 65,000 color display, 4,096 color display mode,
and 256 color display mode. Display data format of 65,000 color mode is 16-bit, and data should be
transferred by every two-bytes from MSB. When SPR1-0 =*01", HD66768 displays 4,096 colors.
Display dataformat is consist of 12 bit and data should be transferred by every three-bytes from MSB.
When SPR1-0 ="10", HD66768 display 256 colors. Display dataformat is consist of 8 bit and data
should be transferred by every one-byte from MSB. Data fiormat of data register except index and
GRAM isconsist of 16-bit and data should be transferred by every two-bytes from MSB.

0OSPR1/0 =“00" 65K colors mode
Figure 35

First transfer Second transfer

| GRAM data |DB7| DBG|DBS| DB4| DB3| DBZ| DBl|DBO|DB7|DBG| DBS|DBA| DBB| DBZ|DBl| DBO|

lllli|llllil|lllll

Selective pallete] R data G data B data
0SPR1/0 ="01" 4,096 colors mode
Figure 36
First transfer Second transfer Third transfer

| GRAM data |DB7| DBG|DBS| DB4| DB3| DBZ| DBl|DBO|DB7|DBG| DBS|DBA| DBB| DBZ|DBl| DBO| DB7| DBG|DBS| DBA| DBB|DBZ| DBl|DBO|

BN NN E RN

R data G data B data R data G data B data

|Se|ective pallete|

O0SPR1/0 =*“10" 256 colors mode
Figure 37

First transfer

| GRAM data |DB7| DBG|DBS| DB4| D83| DBZ| DBl|DBO|

EEEREEN

R data G data B data

|Se|ective pallete|
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Note: Transfer synchronization function for an 8-bit bus interface
The HD66768 supports the transfer synchronization function that resets the upper/lower counter to

count upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer mismatch
between the eight upper and lower bits can be corrected by a reset triggered by consecutively
writing a “00"H instruction four times. The next transfer starts from the upper eight bits.
Executing synchronization function periodically can recover any runaway in the display system.

RS \ /

00" H7T 00"/ 00" H 77 00"y Upper)m( Lower)%

WR \

M @ ® @ A

Figure 38 8-bit Transfer Synchronization
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11. Serial Data Transfer
Serial Interface

HD66768 has two types of clock synchronized serial interface. When IM2 pin is fixed to Vcc and IM1
pin isfixed to GND, HD66768 selects clock synchronized 3 lines seria interface. When IM2 pin is fixed
to Vcc, IM1 pin to Ve, and IMO pin to GND, HD66768 selects clock synchronized four lines serial
interface. Three lines and Four lines seria interface are only for writing data, and they can not be used for
status read nor reading data from display RAM.

1) Threelines serial interface

Setting the IM2 pin to the “Vcc” level and the IM1 pin to the “GND” level alows three lines clock-
synchronized seria data transfer, using the chip select line (CS*), seria transfer clock line (SCL), serid
input data line (SDI). For a serial interface, the IMO/ID pin isused asan ID pin. |If HD66768 is set up
for serial interface, the DB7-2 pins, which are not used, must be fixed at “Vcc” or “GND”.
The HD66768 initiates seria data transfer by transferring the start byte at the falling edge of CS* input. It
ends seria datatransfer at the rising edge of CS* input.
The HD66768 is selected when the 6-bit chip address in the start byte transferred from the transmitting
device matches the 6-bit device identification code assigned to the HD66768. Selected HD66768 receives
the subsequent data string. The least significant bit of the identification code can be determined by the ID
pin. The upper five bits must be “01110". Because the seventh bit of the start byte is used as a resistor
select bit (RS): that is, when RS = “0”, data can be written to the index resistor, and when RS = “1", an
instruction can be issued or data can be written to RAM.

After receiving the start byte, the HD66768 receives the subsequent data byte-by-byte. The data is
transferred with the MSB first. All HD66768 instructions are 16 bits. Two bytes are received with the
MSB first, and then the instructions are internally executed.

Start byte format RS bit function
Table 27 Table 28
Example of .
transfer bit S |1]2|3|4]5]6 |78 RS Function
Start byte Sart Device ID code es| o 0 Index register setting
format a ol1l1l11l0l 1D 1 Instruction write
RAM data writing
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a) Timing of basic data-transfer through three lines system clock synchronized serial interface

Transfer end

[

Transfer start

(igpsljt) 12 3456 78 91011121314151617 18192021 222324
(input)

MSB LSB

o WL RARBRRABABARABARN
inpu

< Device _>| RS| |
ID code

Start byte ) index register
v instruction / GRAM write data

Figure 39: Procedurefor transfer through the clock synchronized serial interface (a)

b) Timing of consecutive data transfer through three lines system clock synchronized serial interface

CSs
(input) _\

12345678 9 101112 13141516 1718192021222324 252627 2829303132

SCL
(input)

SDI Start byte Instruction(1) Instruction(1) Instruction(2)
(input) upper 8-bit lower 8-bit upper 8-bit

> | seton s Ene
The first byte after start byte must be upper 8-bit.

Instruction is not executed.

Figure 40: Procedurefor transfer through the clock synchronized serial interface (b)
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2) Four lines serial interface

Setting the IM2 pin to the “Vcc” level, the IM1 pin to the “Vec” level, and IMO pin to “GND” level
allows 4 lines serial datatransfer, using the chip select line (CS*), register select line (RS*), serial transfer
clock line (SCL), and seria input data line (SDI). If HD66768 is set up for seria interface, the DB7-2
pins, which are not used, must be fixed at “Vcc” or “GND” level.

The HD66768 initiates seria data transfer by transferring the start byte at the falling edge of CS* input,
and receives the subsequent data string. It ends seria datatransfer at the rising edge of CS* input.
HD66768 receives register select line (RS*) at the eighth rising edge of transfer clock line (SCL).
HD66768 should receive register select line (RS*) every one byte. When RS ="0", data can be written to
the index register, and when RS ="1", an instruction can be issued or data can be written to RAM.

At the falling edge of CS* input, HD66768 receives or transmits the subsequent data byte-by-byte. The
dataistransferred with the MSB first.

RS terminal function

Table 29
RS Function
0 Index register setting
1 Instruction write
RAM data writing

a) The basic transfer of four lines system clock synchronized transfer

"Transfer start" "Transfer end"

Cs*
(input)

SCL
(input)
RS*
(input)

SDI
(input)

Figure 41 Index register set, Instruction, RAM data
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3) Dataformat of Serial Interface (Common to Threelines and Four lines serial interface)

HD66768 has three types of color display mode. 65,000 colors, 4,096 colors display mode, and 256
colors display mode. When SPR1-0 = “00", displays 65,000 colors format. Display data format is 16 bit.
Transfer data by every two bytes from MSB.When SPR1-0 = “01”, displays 4,096 colors. Display data
format is twelve bit. Transfer data by every three bytes from MSB. When SPR1-0 = “10", displays 256
colors. Display data format is 8 hit. Transfer data by every one byte from MSB. Data format of data
register except index and GRAM is connsist of 16-bit and data should be transferred bery two-bit.

| 1 pixel |
SDI MSB LSB

o >< R data X G data >< B data X o

12 3 45 6 7 8 9 1011121314 15 16

Figure 42 Data format of 65k colors display mode

1 pixel
SB LSB | |MSB LSB |

I
M
SDI ____>< R data X G data X B data X R data X G data X B data ><____

scL 12 3 45 6 7 8 9 1011121314 15 16 17 18 19 20 21 22 23 24

* The pixel number of writing to display RAM must be odd number.

1 pixel

Figure 43 Write data format of 4,096 colors display mode

1 pixel
sB Lss |

I
M
SDI X Rota X Goaa ) Bdaa K ____

1 2

Figure 44 Write data format of 256 colors display mode
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4) Setting of instruction register and accessto display RAM

After setting index and instructions, do not continuously access to display RAM with CS remaining at
low because data format varies according to display color mode. Also after accessing to RAM, do not
continuously set index and instructions with CS remaining at low. Once CS must be set to high and
released, then reset CS. Before accessing to RAM, set CSto low, set index (R22), set CSto high, and set

CStolow again.

RS\

release

release

/

CS—\

/\

\

/\

—
—

Setting R22

Accessto display RAM

Setting index resistor

Figure 45: Example of setting instruction register and accessto display RAM
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12. High-Speed Burst RAM Write Function

The HD66768 has a high-speed burst RAM-write function that can be used to write datato RAM in one-
fourth the access time required for an equivaent standard RAM-write operation. This function is
especialy suitable for applications that require the high-speed rewriting of the display data, for example,
display of color animations, etc.

When the high-speed RAM-write mode (HWM="1") is selected, data for writing to RAM is once stored
to the HD66768 internal register. When data is selected eight times per word, al data is written to the
RAM. While thisis taking place, the next data can be written to an internal register so that high-speed and
consecutive RAM writing can be executed for animated displays, etc.

a) Operation flow of high-speed consecutive RAM writes | Microcomputer I

-

-1
Latch Circuit
g
1 16 T 16 T 16 T 16
Address A A
C?:gt)er Resistor 1 Resistor 2 Resistor 3 | Resistor 4
T 64
16
"0000"H | "0001"H | "0002"H | "0003"H
GRAM

Figure 46 Flow of Operation in High-Speed Consecutive Writing to RAM
b) Example of the operation of high-speed consectutive witing to RAM (HWM = “1")

Ccs*
(input) ™\ [ \— /[
WR 1 2 3 4 1 2 3 4 1 2 3 4
SN | o II
DB7-0 Index Index
(input) (R22) (O EHERONEON NON NON NONRCON NON [CON NeSO) Jer) (R22)
RAM write RAM write RAM write

execution time

execution time

execution time *

| |

|

RAM write data RAM RAM RAM
(64 bit) -4 (5)-(®) (9)-012
RAM address “0000"H X oooaH X ooog'H X “000A'H

(AC15 t0 0)

* The lower two bits of the address must be set in the following way in high-speed write mode.
When DO = “0", the lower two bits of the address must be set to “11”".
Wen D1 = “1", the lower two bits of the address must be set to “00”.

Note: When a high-speed RAM write is canceled, the next instruction must only be
executed after the RAM write execution time has elapsed.

Figure 47 Example of the Operation of High-Speed Consecutive Writing to RAM (HWM =
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¢) Example of the operation of normal writing to RAM (HWM =*“0")

Ccs*

(input) —\ / \ /

WR 1 2 3

(input) Hﬂ Hﬂ Hﬂ HH Hﬂ
DB7-0 Index RAM data RAM data RAM data Index
(input) (R22) 1) 2 3) (R22)

RAM write RAM write RAM write Note)
Iﬂ(ecution time |ixecution time >|;execution time
RAM write data RAM data RAM data RAM data

RAM address
(AC15 to 0)

(16 bit) 1) () 3)

“0000"H X “0001"H X ooozH X “0003H

Note the following when using high-speed RAM write mode.

Figure 48 Example of the Operation of Normal Writingto RAM (HWM =*0")

Notes. 1.

The logical and compare operation cannot be used.

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

*When 1/D0=0, the lower two bits in the address must be set to “11” and be written to RAM.
*When 1/D0=1, the lower two bits in the address must be set to “00” and be written to RAM.
Data is written to RAM each four words. If less than four words of data are written to RAM,
the last datawill not be written to RAM.

When the index register and RAM data write (“22"H) have been selected, the data is always
written first. RAM cannot be written to and read from at the same time. HWM must be set to
“0" when RAM is being read.

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

When high-speed RAM write is used with a window address-range specified, dummy write
operation may be required to suit the window address range-specification. Refer to the High-
Speed RAM Write in the Window Address section.
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Table 30 Comparison between Normal and High-Speed RAM Write Operations

Normal RAM Write High-Speed RAM Write
(HWM="0") (HWM=“1")
Logical operation function Can be used Cannot be used
Compare operation function Can be used Cannot be used
Write mask function Can be used Can be used
. 1DO hit=0: Set the lower two bitsto “11”
RAM address set Can be specified by word DO hit=1: Set the lower two bitsto “00”
RAM read Can be read by word Cannot be used
RAM write Can be written by word Can be set by four words
Dummy write operations may have to be
Window address Can be set by word inserted according to a window address-

range specification
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High-Speed RAM Writein the Window Address

When a window address range is specified, RAM data which is in an optional window area can be
rewritten consecutively and quickly by inserting dummy write operations so that RAM access counts
become 4N as shown in the tables below.

Dummy write operations may have to be inserted as the first or last operations for a row of data,
depending on the horizontal window-address range specification bits (HSA1-0, HEA1-0). The number of
dummy writes operations of arow must be 4N.

Table 31 Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

Number of Dummy Write Operationsto

HSAL HSAO belnserted at the Start of a Row

0

R Rr|O| O
| O|kFr| O

1
2
3

Table 32 Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

Number of Dummy Write Operationsto

HEA1 ~ HEAO be Inserted at the End of a Row

3

0 0
0 1 2
1 0 1
1 1 0

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

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

Writina in the horizontal
direction AM=0, I/D0="1"

Window address-ranae settina
HSA=h12, HEA=h30
VSA=h08, VEA=h46

_ ) Window address-ranae
Hiah-speed RAM write mode specification (rewrite area)
setting HWM=*“1"

Y

Address set
AD=h0810 Note 1)

) Window address-range settina
Dummy RAM write x 2 Il HSA=h12. HEA=h30

+ VSA=h08, VEA=h46

4630h

RAM write x 31

Y

Dummy RAM write x 3

X 79

Notel) The address set for the high-speed RAM write must be“00” or “11” according to the vaue of 1/D1-0 bit.
Only RAM in the specified window address-range will be overwritten.

Figure 49 Example of the High-Speed RAM write with a window addr ess-range specification
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13. Window Address Function

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

Data is written to addresses in the direction specified by the AM bit (increment/decrement). When image
data, etc. is being written, data can be written consecutively without thinking a data wrap by doing this.
The window must be specified to be within the GRAM address area described below.  Addresses must
be set within the window address.

[Restriction on window address-range settings]

(horizontal direction) “00"H £ HSA7-0 £ HEA7-0 £ “67'H

(vertical direction) “00"H £ VSA7-0£ VEA7-0 £ “53"H
[Restriction on address settings during the window address]

(RAM address) HSA7-0 £ AD7-0 £ HEA7-0

VSA7-0 £ AD15-8 £ VEAT-0
Note: In high-speed RAM-write mode, the lower two bits of the address must be set as shown below
according to the value of the IDO bit.

I/D0=0: The lower two bits of the address must be set to “11”.
I/D0O=1: The lower two hits of the address must be set to “00".

GRAM address map

‘9000”H I

.:‘;.5.300"H | S e L e e e e i R e 3 | '5367"H

Window address-range specification area
HSA7-0="10"H, HEA7-0="2F"H I/D0="1" (increment)
VSA7-0="20"H, VEA7-0="4F"H AM="0" (horizontal writing)

Figure 50 Example of Address Operation in the Window Addr ess Specification
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14. Graphic Operation Function

The HD66768 can greatly reduce the load of the microcomputer graphics software processing through the
8-bit bus architecture and internal graphics-bit operation function. This function supports the following:

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

2. A conditional write function that compares the write data and compare-bit data and writes the data sent
from the microcomputer only when the conditions match. Even if the display size islarge, the display
datain the graphics RAM ( GRAM ) can be quickly rewritten. The graphics bit operation can be
controlled by combining the entry mode resister. The bit set value of the RAM-write —data mask resister,
and the write from the microcomputer.

Bit Setting

Operation Mode IID AM LG2-0 Operation and Usage

Write mode 1 0/1 0 000 Horizontal data replacement, horizontal - border drawing
Write mode 2 0/1 1 000 Vertical data replacement, vertical - border drawing
Write mode 3 on 0 110111 Conditional horizontal data replacement, horizontal - border drawing
Write mode 4 0/1 1 110,111 Conditional vertical data replacement, vertical - border drawing
Table 33 Graphics operation
Microcompute
*s
Write data latch
+1/-1 |+ 104 16
—104
Logical / compare operation (LG2 - 0:) 3 - - -
Address 000: replacement bit. Only RAM in the speicfied«@——— Logical operation bit
counter window address-range will be overwritten.nt, (LG2-0)
(AC) 110: replacement with matched write, 16 ]
111: replacement with unmatched write «@—— Compare bit (CP15 - 0)

‘16
16 Write mask register
Write bit mask (WM15 - 0)

18 Graphic RAM (GRAM)

Figure 51 Graphics Operation flow
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Write-data Mask Function

The HD66768 has a hit-wise write-data mask function that controls writing the 8-bit data from the
microcomputer to the GRAM. Bits that are “0” in the write-data mask register (WM15-0) cause the
corresponding DB hit to be written to the GRAM. Bitsthat are “1" prevent writing to the corresponding
GRAM hit to the GRAM; the datain the GRAM isretained. This function can be used when only one-
pixel datais rewritten or the particular display color is selectively rewritten.

Data written by R04 [ RO3| RO2 | RO1| ROO| GO5| G04|G03| G02|G01|G00|B04| B0O3|B02| B0O1|B00

the microcomputer

—————————————————— --------- WMO

Write data mask i1j1)j1}]1j1(0]j]0(O0O]J]O}|JOf2]2f|21]212([O0]O

—————————————————— DBO

GRAM data x| f | * | * [|G05|G04|G0O3|GO2|GOL| * [ * * | * |B01|B00

Figure 52Write-data Mask Function Operation
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Graphics Operation Processing
1. Write mode 1: AM =“0”, LG2-0 = “000"

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

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

3) AC ="0000"H
WM15 WMO
Write data mask: |0| o|0| o|o|1|1|1|1 |1|1 |1|1 |1|1 |1| "Write mask for plane G and B.
DB15 _ DBO
Write data (1) : 1]0/0]1 :
Write data (2) : 1j1]0]o0
"0000"H "0001"H 0002"H
[1lo| of afo [ [ [ I« F b 1« [ [ [afa]olof af #[ ] | || <1 [+ | || ---------========-
Write data (1) Write data (2)
Note: The bits in the GRAM
GRAM indicated by (*) are not changed.

Figure 53Writing Operation of Write Mode 1
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2. Writemode 2: AM =*1", LG2-0 = 000"

This mode is used when the data is vertically written at high speed. It can also be used to initiaize the
GRAM, develop the font pattern in the vertical direction, or draw borders. The write-data mask
function (WM15-0) are also enabled in these operations. After writing, the address counter (AC)
automatically increments by 256, and automatically jumps to the upper-right edge (1/D =1) or upper-

left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

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

3) AC ="0000"H
WM15 WMO
Write- data mask: |0|0|0|0| Ol 1| 1|1| 1| 1| 1| 1, 1| 1| 1| 1|
DB15 DBO
Write data (1): | 1[o|o| 4 +fiijafafifoloaoliefi]

Write data (2):  [1]1]o]of o [ofubofofolal ] Aekd |

Write data (3): | Ol 1| 4 1| 1HQ "|°H‘5U’}"|"|°|1

N EEEEREEEEEEEEEER Write data (1)
o000 [H[H[le- [ [ |- [- -] I] Write data (2)
"0200"H 0|1|1|1|1|*|*|*|*|*|*|*|*|*|*|*| Write data (3) GRAM

Notes: 1. The bit area data in the GRAM indicated by (*) is not changed.
2. After writing to address "5300"H the AC jumps to "0001"H.

Figure 54 Operation of Write Mode 2
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3. Writemode 3: AM =*0", LG2-0="110"/"111"

This mode is used when the data is holizontally written by comparing the write data and the set value of
the compare resister (CP15-0). When the result of the comparison in a byte unit satisfies the condition
write-data mask function (WM15-0) is adso enabled. After writing, the address counter (AC)
automatically increments by 1 (I/D =1) or decrements by 1 (I/D = 0), and automatically jumps to the
counter edge one-raster-raw 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)
2) CP15-0 = "2860"H

2) WM15-0 = "0000"H

3) AC = "0000"H

WM15 WMo
Write - data mask: [o]o]ofofo]o Jo bfo]ofofofofolo]o]

Compare register:

Write data (1) :

Replacement
Conditional replacement
Write data (2) : |olol1|0|1|o|0|0|o|1|1|o|o|o|o|o| ..... ®>|||H||||H||H||

Compare operation

"0000"H "0001"H

IR K A AR B KA B A B2 KA K ES

Matched
replacement of write data (1)
GRAM

Figure 55 Operation of Write Mode 3
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4. Write mode 4: AM =*1", LG2-0 = “110"/"111"

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

Operation Examples:

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

2) CP15-0 = "0000"H

3) AC ="0000"H

WM15

it - dta masi Iclololddoldclolclclololclclol

™ Compare operation

Compare register:

Conditional replacement

Write data (1) :

Replacement

Conditional replacement

V
Write data (2) : |0|1I0| 1|(10|1|]Io|(l(io|o|(l(lo| e @ o ® »I*l *l *l*l*l*l*l *l *l*l*l*l *l*l*l*l

Compare operation

"0000"H "0001"H
"0000"H Write data (1)
"0100"H Write data (2)

GRAM

Notes: 1. The bit area data in the GRAM indicated by (*) is not changed.
2. After writing to address "5300"H the AC jumps to "0001"H.

Figure 56 Writing Operation of Write Mode 4
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15. 4096 color s Display Function

HD66768 is equipped with 4096 colors display function. When SPR1-0 = “01", HD66768 selects 4,096
colors display mode.

GRAM
17,472 byte

RAM read data

. RAM read
RAM write data RAM write 65,000 format

MSB 65,000 format MSB << 7

R4|R3|R2|R1 |RO|G5|G4|G3|G2|G1|G0|B4|B3|B2 R4|R3|R2|R1 |ROIG5|G4G3|G2G1|G0|B4|B3|B2|B1{BO

(Y} %A ‘7%7% E

YYYYVYVYYVVYVYYYYY

R3IR2 R1|rRo|G3IG2|G1lcolB3lB2| B1| Bo| MSB |R4|R3|R2|R1 |ROIG5|G4|G3|G2JG1|G0[B4|B3B2|B1/BO

MSB

Write data 4,096 color format Read data 4,096 color format

* RAM data can be read only in case of parallel interface.

Figure57 4,096 color display data write and read format

4,096 color R, G, B data and selective grayscale palette
Table 34

Setting GRAM data

R3 R2 R1 RO

G3 G2 Gl GO Grayscale palette
B3 B2 Bl

PKO4 PKO3 PK02 PKO1 PKQO
PK14 PK13 PK12 PK11 PK10
PK24 PK23 PK22 PK21 PK20
PK34 PK33 PK32 PK31 PK30
PK44 PK43 PK42 PK41 PK40
PK54 PK53 PK52 PK51 PK50
PK64 PK63 PK62 PK61 PK60
PK74 PK73 PK72 PK71 PK70
PK84 PK83 PK8&2 PK81 PK8&0
PK94 PK93 PK92 PK91 PK90
PK104 PK103 PK102 PK101 PK100
PK114 PK113 PK112 PK111 PK110
PK124 PK123 PK122 PK121 PK120
PK134 PK133 PK132 PK131 PK130
PK144 PK143 PK142 PK141 PK140
PK154 PK153 PK152 PK151 PK150

[y [ [EY Y [y N (1Y I (o] [«] =] =] =] =] [} =]
[y [IY (I Y (=] =] [=] =] [=Y (=Y =y By o} <) [] =)
Y I o] =1 =Y =Y (=] =] =Y (=Y =] =] =} =Y [} =)
Sl S S e S Cl e S S S 5
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16. 256 Colors Display Function

HD66768 is equipped with 256 colos display function. When SPR1-0 = “10", HD66768 selects 256
colors display mode. When executing graphic operation, HD66768 expands 8-bit datainside LS| to 16-bit
data, and write them into RAM. Take the expansion of data format into consideration because graphic
operation is executed after expanding 8-bit data to 16-bit data while selecting 256 colors display mode.

17,472 Byte
RAM Write Data RAM Write RAM Read Data RAM Read
65,000 format 65,000 format
MSB MSB
R4|R3|R2|R1 |RO G3|G2|G B4 BB|BZ B1{BO R4|R3|R2|R1 |RO|G5|G4{G3|G2|G1|Go|B4|B3|B2|B 1|80

AAAT%GASG:AT#;; fﬂ%

YYYYVYYVYYYYVY VY YY

MSB R2|R1|ROIG2|GY GO BJIBO MSB|R4 R3|R2 R1 |RO|G5|G4|G3|G2|G1|G0B4 B3|BZ B1|BO

Write data
256 format

* RAM data can be read only in case of parallel interface.

Figure 58 256 color display data write and read format

256 color R,G,B data and selective grayscale palette

R, G data and selective palette B data and selective pelette
Table 35 Table 36
R,G data Selective palette B data Selective palette
000 PKO 00 PKO
001 PK2 01 PK6
010 PK4 10 PK9
011 PK6 11 PK15
100 PK9
101 PK11
110 PK13
111 PK15
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17. Grayscale Palette

The HD66768 incorporates a grayscal e pa ette to simultaneously display 4,096 of the 65,000 possible
colors. The grayscales consist of 16 5-bit palettes. The 24-stage grayscale levels can be selected from
the 5-hit palette data.

For the display data, the four-bit datain the GRAM written from the microcomputer is used.

In this palette, a pulse-width modulation (PWM) is used to diminate flicker in the LCD display. The
time over which the LCDs are switched on is adjusted according to the level and grayscales are displayed
so that flicker is reduced and grayscales are clearly displayed.

Graphic RAM (GRAM)

y rvvyy

Y YVY VY YV VY
Display data [Ra[R2[R1[Ro] | 63 &2 c1co] ‘%
<
+ 4 4 4
\ E

<R, G, B> palette \ |
"0000" | PKo4| PKos| PKoo| PKo1| PKoo "1000" |PK g4|PK 83|PK g2|PK 81|PK 80
"0001" | PKy4| PKi3| PK1ol PKa1| PKio "1001" |PK 04|PK 93|PK 92|PK 91|PK 90
"0010" | PKo4| PKya| PK2o| PK21| PK2o "1010" |PKioa|PKL03 |PK 0z |PK101lPK100
"0011" | PK3a4| PK3s| PKzp| PKsi| PKso "1011" [PKu4|PKus|PKii2|PKi11[PKi10
"0100" | PKa4| PKas| PKap| PKai| PK4o "1100" |PKi24|PKi23 |PKi22|PKi121|PK120
"0101" | PKs4| PKss| PKsp| PKsi| PKso "1101" |PKi34|PK133|PK;32|PK131|PK130
"0110" |[PKea| PKgs| PKe2| PKe1| PKeo "1110" [PKia4lPKi43|PKj42/PK141|PK140
"0111" | PK7a| PK73| PK72| PK71| PK70 "1111" IS:[-PK153 PKis2|PK151PK150
£5 1 % 5
y
24 gray scale control 24 gray scale control 24 gray scale control
<R> <G> <R>
LCD Driver | LCD Driver | | LCD Driver

|
v

LCD

Figure 59 Grayscale Palette Control
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Grayscale Palette Table

The grayscale register that is set for each palette register (PK) can be set to any level. 25-grayscale
lighting levels can be set according to palette values (“00000” to “11001").

Table 37 Grayscale Control Level

Palette r(egks)ter value Grayscale control level

0 0 0 0 0 Non lit (Note 1)
0 0 0 0 1 1/25

0 0 0 1 0 2/25

0 0 0 1 1 3/25

0 0 1 0 0 4/25

0 0 1 0 1 5/25

0 0 1 1 0 6/25

0 1 1 1 1 7125

0 1 0 0 0 8/25

0 1 0 0 1 9/25

0 1 0 1 0 10/25

0 1 0 1 1 11/25

0 1 1 0 0 12/25

0 1 1 0 1 13/25

0 1 1 1 0 14/25

0 1 1 1 1 15/25

1 0 0 0 0 16/25

1 0 0 0 1 17/25

1 0 0 1 0 18/25

1 0 0 1 1 19/25

1 0 1 0 0 20/25

1 0 1 0 1 21/25

1 0 1 1 0 22/25

1 0 1 1 1 23/25

1 1 0 0 0 24/25

1 1 0 0 1 All lit (Note 2)

Notes: 1. Theunlit level correspondsto a black display when a normally-black color-LCD pand is used, and a
white display when a normally-white color-LCD pand is used.
2. Thedl-lit level corresponds to awhite display when a normally-black color-LCD panel isused, and a
black display when a normally-white color-LCD panel is used
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18. E2PROM interface
HD66768 is equipped with serial E2PROM interface that is capable of interface with serial E2PROM.

When using it for write interface, data set in TD15-0 is written into any E°PROM address according to the
order from CPU. When using it for read interface read data specified by A5-0 is written into HD66768

index specified by IDX7-0 according to the order from CPU.

Serid CS = ECS

E’PROM S K
D1 = DO
DO > D1

HD66768

Figure60 Example of interfaced with serial E°PROM

-» 00000 || D150 |
" 00001 |[ D150 |
Al 00010 || D150 |
Y oo0ir |[ D150 |

: :

A : :
\Q 00011 |[ D150 |

Serial E2PROM

Address (A5-0) data

-»]

00000 || D150

Serial E2PROM

Any address
can be written
7-Order 1--» TDI50; Transfer dataset |-rf----~zz==--
1 h W T~
! | A5-0:Anyaddressset |- NN
| | \\ AN
- Order 2| | OP1-0: Operation code set - NN
TF: 1" transfer start | N
HD66768 )
Figure6l Example of writing into serial E’PROM
Specifying
the address of
reading data
[ CPU |- Order 1ipr[™ ADS: Address s }—,—-——---9 ------
I [}
l | OP1-0: Operation code set | _i
I
E TF: “1” transfer start |
I
i Read data
; | Storeread data | a{------------
i [ IDX7-0/Indexset |
I
~ Order 2 DPN: Writing into index
specified as“1”
HD66768

Figure62 Example of writing into serial E’PROM
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| Set index “ R40” | | Set index “ R40” |
| Instruction read | | Instruction read |

Yes Yes

E°PROM writing available E°PROM reading available
Instruction set — Data transfer Instruction set — Datatransfer
TE=1 TE=1
OP1/0=00 OP1/0=10
ADS5-0 = 110000 ADS5-0 = 110000

.
-

| Instreution read |

TE —u On

Index “R41”
E2PROM tranfer data set
TD15-0 = “****"h

| Set index “ R40” |

I
Writing E°PROM
Instruction set
TE=1
OP1/0=01
AD5_O — kkkkk*k

.
-

| Instreution read |

TE —u On

-

Y esWait (More than 1rrs)

—» Data transfer

Y es Wait (more than 25ms)

Writing E2PROM inhibited |
Instruction set
TE=1,
OPL/0=00
AD5-0 = 000000

— Datatransfer

Figure 63 Data write flow

| Instrcution read |

TE —u On

Yes

Index “R42”
Specify index
DPM =1
IDX?_O: kkkkkkkk

Figure 64 Dataread flow
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a) Example of sesal E?PROM and write operation

e e T iy
clock

<« Watmorethan 1 s LN D Wait more than 25 ms

TE «
3
o 1
ECS
12345678 9 1234
SK TLLRLARN VLR RRRLRRRR 1L
50 1oo11o00 0 1{d| 1 [oo0000 [S{§|PO] [1]0000
<
TE=1, TD15-0= TE=1, TE=1,
OP1/0 =00 00000000 OP1/0 =01 OP1/0 =00
[AD5-0 = 110000 01111111 [AD5-0 = 000000 /AD5-0 =00000
Order to permit writing Set transfer data Order to write Order to inhibit writing

Figure 65 Example of serial EPROM and write operation

b) Example of serial E’PROM and read operation

Oscillation
clock
(\%
TE |
A\
(S |
ECS
K 1234567 8 9101112%242526
[1 10000000 Y
" FPERE:
TE=1, DPM =1, DPM =0,
OP1/0=10 IDX7-0= IDX7-0=
JAD5-0 = 110000 00000110(* 06" h) 00000110 (“06"h)
Order to read Data set to specified index

Figure 66 Example of serial E2PROM and read operation
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19. Setting flow for low power consumption instruction

Sleep Mode

Setting the sleep mode bit (SLP) to “1” puts the HD66768 in the sleep mode, where the device stops all
internal display operations, thus reducing current consumption.  Specifically, LCD operation is
completely halted. Here, al the SEG (SEG1 to SEG312) and al the COM (COM1 to COM84) pins
output the GND level, resulting in no display.  If the AP2-0 bitsin the power control register are set to
“000” in the leep mode, the LCD drive power supply can be turned off, reducing the total current
consumption of the LCD module.

Table 38 Comparison of Sleep Mode and Standby M ode

Function Sleep Mode (SLP="1") Standby Mode (STB="1")
LCD control Turned off Turned off
R-C oscillation circuit Operates normally Operation stopped
Standby Mode

Setting the standby mode bit (STB) to “1” puts the HD66768 in the standby mode, where the device stops
completely, halting all internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Specifically, al the SEG (SEGL1 to SEG312) and
al the COM (COM1 to COM84) pins output the GND level, resulting in no display. If the AP2-0 transfer
data by every two bytes from MSB. Bitsare set to “000" in the standby mode, the LCD drive power
supply can be turned off.

During the standby mode, no instructions can be accepted other than the start-oscillation instruction and
the stand-by cancellation instruction. To cancel the standby mode, issue the start-oscillation instruction to
stabilize R-C oscillation before setting the STB bit to “0”.

Turn off the display: D1-0 = "01"

Turn off the LCD power supply: AP2-0 = "000"

Set stand-by mode: STB = "1"

I |
I |
I |

C Stand-by mode )
I |

Issue the start-oscillation instruction

| Wait at least 10 ms |

| Cancel stand-by mode: STB = "0" |

| Turn on the LCD power supply: AP2-0 = “001" |

Wait at least 250 ms See the power supply circuit setting.

| Turn on the display: D1-0 = "11" |

Procedure for Setting and Canceling Standby Mode

Figure 67 Procedurefor Setting and Canceling Standby Mode
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20. Setting flow for power supply and display instruction

Power-on / off Sequence

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

Power -on sequence

Power supply ON: Vcc and VciL, RESET = “L”

Power supply time: Wait more than 1ms

Oscillation stabilizing time: Wait more than 10ms

Issue LCD power supply instruction

i i
[} [}
Issuing the instruction of | | Operation cmplifier output

user using stabilization time

Display ON: D1-0 = 11

Figure 68

Power voltage: Vcc Ve
Turn on reset period

1
ono—t L 0"

Vce

RESET

GND

Oscillation status

Vcc

Oscillation stabilizing time
10ms
Issuing the instruction

of signal input GND

Note: When hardware reset is input during the power-off period, the D1-0 bits are cleared to "00" and
SEG/COM output is forcibly lowered to the GND levels.

Figure 69
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Power off sequence

Normal operation

Display OFF: D1-0 = 00
| |

Issue LCD power supply instruction
|

Power supply off: Vcc
L

To power supply ON sequence

Figure 70

Emergency operation

Display OFF: Vcc
-
RESET =*“L"
|

Driver SEG/COM output: GND

To power supply ON sequence

Figure 71

Power supply: Vcc Vce _\
GND
RESET  VcC — \

GND
. V10UT
Driver
SEG/COM output
GND

Note: When executing hardware reset while power supply is off, D1-0 bit bemoces “00” at the timing of reaet.
Output level of SEG/COM is force to be set to GND level.

Figure 72
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21. Oscillation Circuit

The HD66768 can oscillate between the OSC1 and OSC2 pins using an internal R-C oscillator with an
external oscillation resistor.  Note that in R-C oscillation, the oscillation frequency is changed according
to the external resistance value, wiring length, or operating power-supply voltage. If Rf isincreased or
power supply voltage is decreased, the oscillation frequency decreases.  For the relationship between Rf
resistor value and oscillation frequency, see the Electric Characteristics Notes section.

1) External clock mode

(126kHz)
Damping resistance | OSC2
(kW) HD66768
Figure73

2) External resistance

oscillation mode 0osc1 Note: Rf resistance must be located
near the OSC1/0OSC2 pins.
Rf
0OSC2
HD66768
Figure 74
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22. Frame-Frequency Adjustment Function

The HD66768 has an on-chip frame-frequency adjustment function. The frame frequency can be adjusted
by the instruction setting (DIV, RTN) during the LCD drive as the oscillation frequency is always the
same. When the display duty is changed, the frame frequency can be adjusted to be the same.

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

Relationship between LCD Drive Duty and Frame Frequency

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

(Formulafor the frame frequency)

fosc
Frame frequency = [HZ]
Clock cycles per raster-row ~ divisionratio~ 1/duty

fosc: R-C oscillation frequency

Duty: drive duty (NL bit)

Clock cycles per raster-row: (RTN + 25) clock cycles
Division ratio: DIV bit

Example Calculation 1 Setting the maximum frame frequency to 60 Hz

Display duty: 1/84
Retrace-line period: 0 clock (RTN3-0 = “0000")
Operation clock division ratio: 1 division

fosc=60Hz " (0+25) clock~ 1division” 84 lines= 126 (kHz)

In this case, the R-C oscillation frequency becomes 126kHz. The external resistance value of the R-C
oscillator must be adjusted to be 126 kHz. The display duty can be changed by the partia display, etc. and
the frame frequency can be the same by setting the RNT bit and DIV bit to achieve the following.

(Partia display): Display duty: 1/40
Retrace-line period: 1 clock (RTN3-0 ="0010")
Operation clock division ratio: 2 division

Frame frequency = 126 kHz/ ((2 + 25) clock © 2 division” 40 lines) = 58.3 (Hz)

Example Calculation 2  Switching the frame frequency to suit animation/static image display
(Animation display): Frame frequency: 90 Hz

Display duty: 1/84

Retrace-line period: 0 clock (RTN3-0 =*0000")

Operation clock division ratio: 1 division

fosc=90Hz " (0 +25) clock ~ 1 division 84 lines= 189 (kHz)

(Static image display): Frame frequency: 90 Hz
Display duty: 1/84
Retrace-line period: 1 clock (RTN3-0 =“1101")
Operation clock division ratio: 1 division

Frame frequency: 189 kHz/ ((13 + 25) clock © 1 divison” 84 lines) = 59.2 (Hz)
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23. n-raster-row Reversed AC Drive

The HD66768 has not only the LCD reversed AC drivein a one-frames unit (B-pattern waveform) but
also the n-raster-row reversed AC drive which alternates in an n-raster-row unit from two to 64 raster-
rows (C-pattern waveform).  When a problem affecting display quality occurs, such as crosstalk at high-
duty driving of more than 1/64 duty, the n-raster-row reversed AC drive (C-pattern waveform) can
improve the quality.

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

1 frame 1 frame
¢ -t L I
1i2i3i4i 5678 910 1L 12 " 79:80[ 1i2;3: 456 :7;8:9 {16 " 7980
3
«
B-pattern waveform drive
-1/80 duty _ A\
<
C-pattern b)Y
. N
-wave form drive
- 1/80 duty
- 11 raster-row reversal
- Without EORs — Y
«
- A\ \%
C-pattern waveform drive K (
- 1/80 duty
- 11 raster-row reversal
- With EORs

Notice: Specify the number of AC drive raster-rows and the necessity of EOR so that the DC bias is not generated to the LCD.

Figure 75 Example of an AC Signal under n-raster-row Reversed AC Drive
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24. Screen-division Driving Function

The HD66768 can select and drive two screens at any position with the screen-driving position registers
(R14h and R15h). Any two screens required for display are selectively driven and a duty ratio is lowered
by LCD-driving duty setting (NL4-0), thus reducing LCD-driving voltage and power consumption. For
the 1st division screen, start line (SS17-10) and end line (SE17-10) are specified by the 1st screen-driving
position register (R14h). For the 2nd division screen, start line (SS27-20) and end line (SE27-20) are
specified by the 2nd screen-driving position register (R15h). The 2nd screen control is effective when the
SPT bit is “1”. The total count of selection-driving lines for the 1st and 2nd screens must correspond to

the LCD-driving duty set value.

1/24 duty driving on 2 screen

CcoM1

Com7

COM26 —J

COM42 — i

-Driving duty: NL4-0 = "00010" (1/24 duty)

-1st screen setting: SS17-10 = "00"H, SE17-10 ="06" H
-2nd screen setting: SS27-20 = "19"H, SE27-20 = "29" H, SPT =*“1"

Figure 76 Display examplein 2-screen division driving
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Quadruple display mode

By setting quadruple display mode (4L =*1"), HD66768 can display quadruple of normal display data (4|
="0") in vertica direction. Quadruple display mode enables wide range of display with low duty

operation voltage.

4L ="0" Setting flow

4L —u ln

Not displaying 8 lines

COM9

Displaying 64 lines

CcomM72
Not displaying 12 lines

4L =*"1" Setting flow

RO1h: /84 duty NL4-0 = “10101”

RO7h: Scroll function off VEL1 =“0"

R14h: Divided display function setting off
SE17-0="00"h SS17-10="00"h

RO1h: 1/16 duty NL4-0 = “00001”
RO7h: Scroll thefirst screen VEL1 = 1"
R11h: Setting the scroll starting position, VL27-20 = “00"h
VL17-10="2A"h
R14h: Setting the range of divided display
SE17-10="11"h, SS17-10="02"h

* Quadruple display mode can be used with scroll function and divided display function at the same time.

Figure 77 Example of setting quadruple display mode
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Restrictions on the 1st/2nd Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS17-10) and end line (SE17-10)
of the 1st screen driving position register (R14h) and the start line (SS27-20) and end line (SE27-20) of
the 2nd screen driving position register (R15h) for the HD66768. Note that incorrect display may occur if
the restrictions are not satisfied.

Table 39 Restrictions on the 1st/2nd Screen Driving Position Register Settings

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

SS17-10 £ SE17-10 < SS27-20

Register setti SS17-10 £SE17- 10 £ “53"'H
egisier seting £SE27-20 £“53"'H

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

 Time-sharing driving for COM pins
Display operation (SS1+1) to (SE1+1)
* Non-selection level driving for others

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

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

3. For the 1st screen driving, the SS27-20 and SE27-20 settings are ignored.
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25. CD Voltage Generation Circuit

Figure shows a configuration of the HD66768 LCD drive voltage generation circuit. It consists of three
circuits; step up circuit 1, step up circuit 2, and polarity inverting circuit. Step up circuit 1 generates
VOUT by doubling the voltage applied to Vcil. Step up circuit 2 generates the negative voltage by
multiplying Vci2 by 1.5 to 3 times. These circuits generate VCH and VCL to operate LCD functions.
VSH and VM for LCD operation is generated by dividing the output voltage of VREF Control amplifier.

i VREFH
] VREFCNT

ON
VR ] V10UT II_
V1 :
0.1nF

R
] v20UT

R
V3 1 vsouT

I
_\,/ REFOUT Tpower supply for
T 3\ refer ence voltage
{1 f
VREFLCD
LCD operating | ¢
voltage regulator
VCIL
Vce E
GND
1 VCIL
\/ci adjusting V2
circuit
10nF _|__|_[
Vail
n RO
Cl1- Step up
10nF L circuit 1
R
V5
R
VLPS GND
ke 21+ generating
= Jo |ereano) o U
step up L LCD-driver -
1.0nF I N v R R RN SO, B ] TIVEl - - -,
L C22 circuit2 | | s
—_ TCZZ+ o
Lo e |||

T +—I[$T—[] V40UT
V4

B

L V50UT | I__.
J I
nF

0.1

77

SEG1 ~ SEG312

COM1~COM 84

Note 1) Use capacitors with

character B (£10 % of capacity change).

Figure 78 Configuration of internal power circuit
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Power supply level correlation

BS2-0
(/11 to 1/4 bias)
BT2-0
(2.0 to 10\0 times) (6.35t0 0.00R)

Output of

Step up circuit 2 17.0Vmax
(VLPS) ssssssssssssssssssssssssssssssssssssssssss .

VIOUT  crrrrrrrreniieevnrvnnnnnsneennsens ornnnnneeniis o s VLps-0.5V

V20UT  coriiiiiininiininisisisisissshbiinhonnnns doosd Vips-0.3V

VBOUT  cevevvrrrrrreeeemmmsiirrereeeesssnefovivssseseesssorisnseeessssnnnns
Output of

St UP GIFGUIE 1 7777 e oo 5.0to 5.5V
(Vci2)
VC2-0 BT2-0

(1.0 to 0.764 times) (Two times)

Vil —eee e [oevreerereereerenrereeneederensenereerenennenserennesses|ereeresrernessenneresrennenees 2510 3.6V

VGIL  ceverereeses bt ettt ettt et

= =0 N —————————————— T T TP P Vci2 > VREFLCD
VAOUT  crevrereseeresesessmsssssssssssisssssssssisssssssssssssssssssssssssssssssssssss s b+ 1.0V > VG 2-VAOUT
WBOUT  corevveeerssrrereessrresesssssueeesssssesesssssesessssesessssssssssssssssessssesssss s —

[\ 0 OO

Figure 79 HD66768 Power supply level correlation
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26. Step up factor and external connecting circuit with step up circuit 1 and 2

- Connecting example between step up circuit 1 and external capacitor

VCIL
Vci adjustment
LouF circuit
i
Vcail
£l
104 F C11-
—— o Step up
— . Cl+ | gircuit1
'_|Vci2
1.0u F =
Figure 80

777

- Connecting example between step up circuit 2 and external capacitor

(1) 3timesstep up (3% Vci2) (2) 2.5times step up (2.5% Vci2)
Vai2 1'O“IF Vai2 1'O“IF I
co1- . 10u F o1 _ 10u F
(VLPS = e (VLPS = e
generating) | C21+ —— generating) | C21+ —
[
C22- C22-
drait2 - drait2 =
C22+ — C22+ —
10u F 10u F
VLPS I I VLPS I I
Figure 81 Figure 82
(3) 2times step up (2x Vci2) (4) 1.5times step up (1.5% Vci2)
Vai2 1'O“IF I Vai2 1'O“IF I
oL 10u F o1 10y F
(VLPS = e (VLPS O —
generating) | C21+ —— generating) | C21+ —
O
C22- C22-
Step up L 5 Step up L 5
circuit 2 C22+ circuit 2 C22+
 —  E—
10u F 10u F
VLPS I I VLPS I I
Figure 83 Figure 84
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Caution:

1. Generate an output voltage (Vci2) from step-up circuit 1 within the range from 5.0 to 5.5V.

2. Do not dlow the output voltage (VLPS) from step-up circuit 2 to exceed 17.0V.

3. Generate an output voltage of (Vci2) and V4 level (V4OUT) within the range of 1.0V> Vci2-
V40UT.

4. Besurethat V1 output level is set lower than (VLPS-0.5)V.

5. Besurethat V3 output level is set lower than (VLPS-3.0)V.

6. When capacitro with polarit is used, be sure that an inverted voltage is not applied to it in any
state of the system.

7. Rated voltage of capacitors possible to be used is as described below. Required voltage
depends on used panels. When actua voltage is less than 16V, capacitors with 16V rated
voltage can be used.
6.3V: Vcil, Vci2, Cl11+, C11-, V50UT
25V(16V): VLPS, C21+, C21-, C22+, C22-, V10OUT

LCD DriveBias

BS2-0 hit selects the best suited LCD drive bias according to the LCD drive duty setting (NL4-0 bit).
LCD drive duty and bias value can be switched with software according to the display status on LCD
panel . According to the setting of LCD driving duty (NL4-0 bit), BS2-0 bit selects best suited LCD
driving bias. According to the display status, LCD driving duty and bias value can be displayed by
switching software An optimal bias can be calculated by applying the following expression. The vaue
that has been calculated is theoretically optimal. If alower bias value than the optimal value is used to
drive the LCD, contrast may be reduced depending on lighting conditions. However, the power

consumption can be reduced by lowering the drive voltage. Adjust the value according to the system to
be used.

Best suited bias value when operating 1/N duty = ﬁ
Table 40
LCD operating duty 1/84 1/80 172 1/64 1/56 1/48 1/40 1/32 1/24 1/16 1/8
NL4-0 (Setting value) “OA"H | “09"H | “08"H | “O7"H | “06"H | “05"H | “04"H | “03"H | “02"H | “01"H | “00"H
Best operating bias 111 | w10 | w0 | w9 /9 18 18 7 16 5 14
BS2-0 (Setting value) “000” | “001” | “001” | “010" | 010" | “O11” | “O11” | “100" | “101” | “110" | “111”

HITACHI
77




HD66768 Preliminary Rev. 0.31/ October 2002

Contrast adjustment

Contrast can be adjusted in 128 stages with software by controling LCD driving voltage (voltage
difference between VREFH and V1) with contranst adjusting register (CT bit). Various register VR
between VREFH and V1 can be finely adjusted by 0.05 x R unit within the range from 0.00 x R to 6.35 x
R against dividing basic register value R.

Table 4l
CT setting value . Voltage
V/ REFH re\gj?rsligrﬁe difference | Display
CTé CT5 CT4 CT3 CT2 CT1 CTO| -~ between color
V1-GND
0O 0O O O O0 0 o0 6.35R .
VR o o o0 o0 0 o0 1 6.30R Min. Dark
Vil 0O 0 0 0 0 1 o0 6.25R A A
R 0O 0 0 o0 o0 1 1 6.20R : :
V2 0 0 0 0 1 0 0 6.15R
R va o 0 o0 0 1 0 1 6.10R
0O 0 0O O0 1 1 o0 6.05R
Ro 0O 0 o0 o0 1 1 1 6.00R
V4 : :
R " .
. V5 1 0 0 0 0 0 0 3.15R
1 0 0 o0 o0 o0 1 3.10R
¢+ GND 1 0 0 0 o0 1 o0 3.05R
S— 1 0 0 o0 o0 1 1 3.00R
GND . .
1 1 1 1 1 o0 o 0.15R v v
1 1 1 1 1 o0 1 0.10R Max. Light
Figure 85 1 1 1 1 1 1 o 0.05R
1 1 1 1 1 1 1 0.00R

HITACHI
78



HD66768 Preliminary Rev. 0.31/ October 2002

27. Absolute Maximum Ratings

Table 42
Item Symbol Unit Value Notes*

Power supply voltage (1) Vce Vv -0.3to+4.6 1,2
Power supply voltage (2) Vil \% -0.3t0+4.6 1,3
Power supply voltage (3) VLPS-GND Vv -0.3to+ 175 1,4
Input voltage Vit Vv -0.3toVceec + 0.3 1
Operating temperature Topr °C -40to + 85 1,4
Storage temperature Tstg °C -55to + 110 1,5

Notes: 1. If the LSl is used above these absolute maximum ratings, it may become permanently
damaged. Using the LSl within the following electrical characteristics limit is strongly
recommended for normal operation. If these electrical characteristic conditions are aso
exceeded, the LSI will malfunction and cause poor reliability.
2.Vcc3 GND must be maintained
3. Vcil 3 GND must be maintained.
4.VLPS3 GND must be maintained
5. For die and wafer products, specified up to 85 °C.
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28. DC Characteristics

DC Characteristics (Vec = 1.7t03.6 V, VLPS=5V to 17V, Ta=-401t0 +85°C *%)

Tabled3
Item Symbol Unit Test Condition Min Typ Max Notes
Input high voltage Viu \% Vee=171036V 0.7V, — Vee 2,3
Input low voltage Vi \% Vee=17t036V 03 — 015V 2,3
Output high voltage (1) Vou \% lon = 0.1 mA 0.75V — — 2
(Dpins)
Output low voltage (1) Vee=171024V, — — 02V 2
(DB?-O) VOL1 \V/ IOL =0.1 mA
Vc=24t036V, — — 0.15V . 2
IOL =0.1mA

Driver ON resistance Reo kW  +ld=0.05mA, — TBD TBD 4
(SEG pins) VLPS=10V
Driver ON resistance Rcom kW  +ld=0.05mA, — TBD TBD 4
(COM pins) VLPS=10V
1/0 leakage current I MA  V =0toV -1 — 1 5

Normal operation mode g A — TBD TBD —
Current .
Consumption (LSl drive power supply

step-up function)
(Vec—GND)

Standby mode lsr MA V=3V, Ta=25C — TBD TBD 6
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Electrical Characteristics Notes

1. For bare die and wafer products, specified up to 85°C.
2. Thefollowing three circuits are | pin, I/O pin, O pin configurations.

Pins: RESET*, CS*, E/WR, RW/RD, RS, Pins: OSC2
0SC1, IM2-1, IMO/ID, TEST

Vcc

Vce
J—{gl PMOS @ PMOS

T
|§ NMOS ” 2' NMOS
GND

Figure 86 Figure 87

Pins: DB7 -DB2, DB1/SDO0, DB0/SD1
Vcc

e

L s
[ vee  (Tri-state output circuit)
PMOS | :( ‘ Output enable
¢ Output data
NMOS |§”_¢0<)—

Figure 88 /0O Pin Configuration

(Input circuit)
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3. TheTEST1, TEST2 pins must be grounded and the IM2/1 and IMO/ID pins must be grounded or
connected to Vcc.

4. Appliesto theregister value from V10UT, V20UT, V50UT and GND termina to each common
signal terminal (RCOM) and the register value from V10UT, V30OUT, V40UT, and GND terminal to
each segmaent siganl terminal (RSEG).

5. Thisexcludes the current flowing through output drive MOSs.

6. This excludes the current flowi ng through the input/output units. The input level must be fixed high

or low because through current increases if the CMOS input is left floating. Even if the CSpinislow
or high when an access with the interface pin is not performed, current consumption does not change.

7. Appliesto the externa clock input (figure).

Oscillator

- L
2kw 0.7Vcce
—\W\— osc1 v Th
0.5Vcce = — +100%
0.3Vce - Th+TI
Open— 0SC2 —
S -+

trcp ticp

Figure 89 External Clock Supply

8. Appliesto theinternal oscillator operations using external oscillation resistor Rf (figure and table).

0OscC1
Rf % Since the oscillation frequency varies depending on the OSC1 and OSC2 pin

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

0SC2
Figure 90 Internal Oscillation
Os_:ilation
reﬁ('lftv?/)"ce Vec=17V  Vee=22V  Vee=24V  Vee=30V  Vec=36V
75 kW TBD TBD TBD TBD TBD
130 kW TBD TBD TBD TBD TBD
180 kW TBD TBD TBD TBD TBD
200 KW TBD TBD TBD TBD TBD
240 KW TBD TBD TBD TBD TBD
280 KW TBD TBD TBD TBD TBD
360 kW TBD TBD TBD TBD TBD
470KW TBD TBD TBD TBD TBD

Table 44 External Resistance Value and R-C Oscillation Frequency (Referential Data)
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AC Characteristics Test Load Circuits

Data bus: DB7 to DBO

Test point O

50pF -

Figure 91 Load Circuit
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AC Characteristics (Vec = 1.7t03.6 V, Ta=-40t0 +85°C *1)

Clock Characteristics (V. =1.7t03.6 V)

Table 45
Item Symbol  Unit Test Condition Min  Typ Max  Notes
External clock frequency fcp kHz V, =17t036V 140 210 315 7
External clock duty ratio Duty % Vc=17t036V 45 50 55 7
External clock risetime trcp ps Vc=17t036V — — 0.2 7
External clock fall time tfep ps Vec=17t036V — — 0.2 7
R-C oscillation clock fosc kHz Rf= 220kW,V, =3V 150 210 252 8
80-system Bus I nterface Timing Characteristics
Normal Write Mode (HWM=0) (Vcc=1.7t01.8V)
Table 46
Item Symbol  Unit Test Condition Min Typ Max
. Write t ns Figure 2 900 — —
Buscycletime Read tzi:: ns Figure 2 1000 — —
Write low-level pulse width PW w ns Figure 2 120 — —
Read low-level pulse width PW ns Figure 2 450 — —
Write high-level pulse width PW, ns Figure 2 400 — —
Read high-level pulse width PW,r ns Figure 2 450 — —
Write/Read riseffall time twrr, wre ns Figure 2 — — 25
Setup time (RSto CS*, WR*, RD*) tas ns Figure 2 20 — —
Address hold time tany ns Figure 2 10 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 30 — —
Read data delay time toor ns Figure 2 — — 250
Read data hold time tonr ns Figure 2 10 — —
High-Speed Write Mode (HWM=1) (Vcc=1.7to 1.8 V)
Table 47
Item Symbol  Unit Test Condition  Min Typ M ax
. Write tevew ns Figure 2 900 — —
Bus cycletime .
Read tever ns Figure 2 1000 — —
Write low-level pulse width PW, ns Figure 2 120 — —
Read low-level pulse width PW ns Figure 2 450 — —
Write high-level pulse width PW ns Figure 2 400 — —
Read high-level pulse width PW ns Figure 2 450 — —
Write/Read rise/fall time twrr, wre ns Figure 2 — — 25
Set up time (RSto CS*, WR*, RD*) tas ns Figure 2 20 — —
Address hold time tan ns Figure 2 10 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 30 — —
Read data delay time toor ns Figure 2 — — 250
Read data hold time tonr ns Figure 2 10 — —
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80-system Bus I nterface Timing Characteristics

Normal Write Mode (HWM=0) (Vcc=1.8t024V)

Table 48
Item Symbol  Unit Test Condition Min Typ Max
Buscyoetime Rei e e rawer w0 =
Write low-level pulse width PW w ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high-level pulse width PW, ns Figure 2 300 — —
Read high-level pulse width PW ns Figure 2 400 — —
Write/Read rise/fall time twrr, wre ns Figure 2 — — 25
Setuptime (RStoCS*, WR*, RD*) tas ns Figure 2 10 — —
Address hold time tan ns Figure 2 5 — —
Write data setup time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
High-Speed Write Mode (HWM=1) (Vcc=1.8t024V)
Table 49
Item Symbol  Unit Test Condition Min Typ Max
Bus cycletime Write  toyvow ns Figure 2 200 — —
Read tever ns Figure 2 800 — —
Write low-level pulse width PW,, ns Figure 2 90 — —
Read low-level pulse width PW ns Figure 2 350 — —
Write high -level pulse width PW, ns Figure 2 90 — —
Read high -level pulse width PW ns Figure 2 400 — —
Write/Read rise/fall time twre Wi ns Figure 2 — — —
Set up time (RSto CS*, WR*, RD*) tas ns Figure 2 10 — —
Address hold time tan ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — —
Read data hold time tonr ns Figure 2 5 — —
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Normal Write Mode (HWM=0) (Vcc=24t03.6V)

Table 50
Item Symbol  Unit  Test Condition Min  Typ M ax
Bus cycletime Write  teyvow ns Figure 2 300 — —
Read  teyer ns Figure 2 500 — —
Write low-level pulse width PW,,, ns Figure 2 40 — —
Read low-level pulse width PW, & ns Figure 2 250 — —
Write high -level pulse width PW, ns Figure 2 100 — —
Read high -level pulse width PW ns Figure 2 200 — —
Write/Read rise/fall time twre Wrr ns Figure 2 — — 25
Set up time (RSto CS*, WR*, RD*) tas ns Figure 2 10 — —
Address hold time tany ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —

High-Speed Write Mode (HWM=1) (Vcc=24t03.6V)

Table51
Item Symbol  Unit Test Condition  Min  Typ Max
Bus cycletime Write  toyow ns Figure 2 100 — —
Read  tryen ns Figure 2 500 — —
Write low-level pulse width PW,,, ns Figure 2 40 — —
Read low-level pulse width PW ns Figure 2 250 — —
Write high -level pulse width PW, ns Figure 2 40 — —
Read high -level pulse width PW ns Figure 2 200 — —
Write/Read rise/fall time twre Wi ns Figure 2 — — 25
Set up time (RSto CS*, WR*, RD*) tas ns Figure 2 10 — —
Address hold time tany ns Figure 2 5 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
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Clock Synchronized Serial Interface Timing Characteristics (Three lines system)

Table52 (Vcc=17t01.8V)

Item Symbol Unit  Test Condition Min  Typ Max
Serial clock cycletime tscye  ITB Figure 3 0.15 — 20
Seria clock high-level pulse width tsch ns Figure 3 70 —_ -
Serial clock low-level pulse width tecL ns Figure 3 70 —_ —
Serial clock riseffall time ter ter NS Figure 3 — — 20
Chip select set up time tesy ns Figure 3 40 —_ —
Chip select hold time ten ns Figure 3 320 —_ —
Serial input data set up time tasu ns Figure 3 70 —_ —
Serial input data hold time ton ns Figure 3 70 —_ —
Chip select high-level pulse tesy ns Figure 3 150 — -

Table53 (Vcc=1.8t02.4V)

Item Symbol  Unit Test Condition  Min Typ Max
Serial clock cycletime tscve ns Figure 3 0125 — 20
Serial clock high-level pulse width tecn ns Figure 3 50 — —
Serial clock low-level pulse width tecL ns Figure 3 50 — —
Serial clock riseffall time tor, f ns Figure 3 — — 20
Chip select st up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 280 — —
Serial input data set up time tasu ns Figure 3 50 — —
Serial input data hold time ton ns Figure 3 50 — —
Chip select high-level pulse tesn ns Figure 3 125 — —

Table54 (Vcc=24t03.6V)

Item Symbol  Unit Test Condition  Min Typ Max
Serial clock cycletime tscve ns Figure 3 0.1 — 20
Serial clock high-level pulse width tsch ns Figure 3 40 — —
Serial clock low-level pulse width tecL ns Figure 3 40 — —
Serial clock riseffall time tor, f ns Figure 3 — — 20
Chip select st up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 200 — —
Serial input data set up time tasu ns Figure 3 40 — —
Serial input data hold time ton ns Figure 3 40 — —
Chip select high-level pulse tesy ns Figure 3 100 — —

HITACHI
87



HD66768 Preliminary Rev. 0.31/ October 2002

Clock Synchronized Serial Interface Timing Characteristics (Four lines system)

Table55 (Vec=1.7to01.8V)

Item Symbol Unit  Test Condition Min  Typ Max
Serial clock cycletime tscye  ITB Figure 3 0.15 — 20
Seria clock high-level pulse width tsch ns Figure 3 70 —_ -
Serial clock low-level pulse width tecL ns Figure 3 70 —_ —
Serial clock riseffall time te t NS Figure 3 — — 20
Chip select set up time tesy ns Figure 3 40 —_ —
Chip select hold time ten ns Figure 3 320 —_ —
Serial input data set up time tasu ns Figure 3 70 —_ —
Serial input data hold time ton ns Figure 3 70 —_ —
Chip select high-level pulse tesy ns Figure 3 150 — -

Table56 (Vcc=1.8t02.4V)

Item Symbol  Unit Test Condition  Min Typ Max
Serial clock cycletime tscve ns Figure 3 0125 — 20
Serial clock high-level pulse width tecn ns Figure 3 50 — —
Serial clock low-level pulse width tecL ns Figure 3 50 — —
Serial clock riseffall time tor, f ns Figure 3 — — 20
Chip select st up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 280 — —
Serial input data set up time tasu ns Figure 3 50 — —
Serial input data hold time ton ns Figure 3 50 — —
Chip select high-level pulse tesn ns Figure 3 125 — —

Table57 (Vcc=24t03.6V)

Item Symbol  Unit Test Condition  Min Typ Max
Serial clock cycletime tscve ns Figure 3 0.1 — 20
Serial clock high-level pulse width tsch ns Figure 3 40 — —
Serial clock low-level pulse width tecL ns Figure 3 40 — —
Serial clock riseffall time tor, f ns Figure 3 — — 20
Chip select st up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 200 — —
Serial input data set up time tasu ns Figure 3 40 — —
Serial input data hold time ton ns Figure 3 40 — —
Chip select high-level pulse tesy ns Figure 3 100 — —
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Reset Timing Characteristics (V.. =1.8t03.6 V)

Table 58

Item Symbol Unit Test Min Typ Max
Condition

Reset low-level width tres ms Figure 4 1 — —

Reset risetime tres ns Figure 4 — — 10
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80-system Bus Operation
RS VIH VIH !X
VIL VIL
EtAS 3 ¢ tAH 3
cs VIL\ VIH/L
€— PWLW, PWLR —D»| [€—— PWHW, PWHR —3»
V::D: \\.Q_ VIL Vllj/IH /7// ! o
MRyl 1€ tcvew, toYCR e
< >
DSW ! |&€— tH D>
o e o MO
tDDR
peo ;irll Read data V1M1 /

Figure 92 80-system Bus Timing

Note: PWLW and PWLR are specified in the overlapped period when CS* islow and WR* or RD*

isLow.
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Clock Synchronized Serial I nterface Operation (Three lines system)

tCSH
CSs* VIH_}_ VIH
VIL 7 S
tCSuU B tSCYC (tCH
b tscr § tscf
tSCH tSCL
SCL VIH vIH VIH
VIL VIL VIL
tSISU tSIH
"
SDI VIH VIHT
_x Input data
ivn_ Input data VIL p y
Figure 93

Clock Synchronized Serial I nterface Operation (Four lines system)

tCSH
cs* VIH_/ VIH
VIL ] s
{CSU 3 tSCYC tCH
Al tscr > - tscf
tSCH tSCL
SCL VIH VIH
VIL VIL VIL
tSISU tSIH
N
RS VIH VIH
VIL VILA-
SDI N
VIH Input data VIH Input data
VIL VIL—

Figure 94
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Reset Operation

RES -

RESET?*

ViL 7 ViL

Figure 95 Reset Timing
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Revision History

Rev. Date Page | Contents

0.2 September 13, 2002 First Release

0.31 October 2, 2002 7 Change description in  IM2-1, IMO/IID Functions from

“GND/GND/Vcc” to “ GND/Vec/Vec'.

8 Correct “HCD66768BP” to “HCD66768" in Functions of RESET1
to 3.
Change “supply under 2.5 to 2.75V” to “supply 2.5 to 2.75V" in
Functions of Vcil.
Change “supply under 5.0 to 5.5V” to “supply 5.0 to 5.5V” in
Functions of Vci2.

10 Exchange the descriptions of Three line serial and Four lines serial
(RS* and Start bytes RS Bits) in Table4.

17 Correct digit from “000000” to “0000000" and from “111111" to
“1111111" in 9-1. Index: IR.
Add register W to Figure 11.

18 Correct DB10 hit from “0” to “CSFT” in Figure 12.
Correct “CSFT="1"" to “CSFT ="“0"" in Note written under Figure
13.

22 Correct “VciL” in Table9to “Vcil”.
Correct “Vcil” in Table12to “VcilL”.

30 Correct “HSA5-0/HEA7-0" to “HSA7-0" to “HEA7-0".

34 Correct R/W hit of Figure 29 from “W” to “R".

36 Correct R/W hit of Figure 31 from“R” to “R/W”.

37 Correct R/W hit of Figure 32 from“R" to “W".
Correct R/W hit of Figure 33 from“R” to “W".
Correct “(768)” to “(HD66768)" in the description of IDX7-0.
Add “Note 1" and “Note 2" to the upper right of Table 26.
Correct R/W bit of R40h in Table 26 from “0” to “0/1”.

46 Correct bus width of register 1 to 4 from “48” to “64” in Figure 46.

47 Correct the title of ¢) from “Example of the operation of high-speed
consecutive writing to RAM” to “Example of norma writing to
RAM “.

48 Exchange descriptions for RAM write and descriptions for Window
address of Normal RAM Write and High-Speed RAM Write in
Table 30.

54 In Figure 53: Change the last three of Write data (2) in GRAM from
“111"to"x * *7,

55 In Figure 54: Correct “AF00"H to “5300"H in Note2.

57 In Figure 56: Correct “AF00"H to “5300”H in Note 2.

61 Add “(Note2)” to Table 37.

63 Change details of Figure 63 and 64.

65 Delete “Master/dave signa” from Table 38.
Delete “for the time-sharing drive” from the fourth line of Standby
M ode description.
Add “and stand-by cancellation instruction.” to the seventh line of
Standby Mode description.

68 Delete the figure of Relationship with SEG/COM Output Level.

69 Correct 198kHz in Example Calculation 1 to 126kHz.

72 Add anew page “Quadruple display mode’.

75 Add anew page “Power supply level correlation”.
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Rev. Date Page | Contents
0.31 October 2, 2002 77 Change description of Caution 4 from “Generate an output voltage

of V1 level within the range from VLPS to 0.5V.” to “Be sure that
V1 output level is set lower than (VLPS-0.5)V. (Caution 5 is
changed in the same way.)

Delete Caution 7.

78 Correct “0.50" to “0.05" in the third line of the Contrast adjustment
description.

82 Add “Vcc=1.7V" to Table 44.

90 Correct “DBO0 to DB15" to “DBO0 to DB7” in Figure 92.

Delete Note 2.
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