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104 x 80-dot Graphics LCD Controller/Driver for 256 Colors
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Description

The HD66760, color-grgphics LCD controller and driver LSI, displays 104-by-80-dot graphics for 256 STN
colors The HD66760's bit-operation functions and a 16-bit high-speed bus interface enable eficient data
transfer and high-speed rewriting of data to the graphics RAM.

The HD66760 has various functions for reducing the power consumption of an LCD system, such as low-
voltage operation of 2.2 V/min., astep-up circuit to generate a maximum of six-times the LCD drive voltage
from the supplied voltage, and voltage-followersto decrease the direct current flow in the LCD drive bleeder-
resistors. Combining these hardware functions with software functions, such as a partial diglay with low-
duty drive and standby and sleep modes, dlows precise power control. The HD66760 is suitable for any mid-
sized or smd| portable battery-driven product requiring long-term driving capabilities such as digital cdlular
phones supporting a WWW browser, bidirectional pagers, and small PDASs.

Features

e 104 x 80-dot graphics display LCD controller/driver for 256 STN colors
* Display mode change between 256 colors (8 bits per pixel) and four colors (2-bit per pixel)
* 16/8-hit high-speed bus interface
* 12C businterface
* Clock synchronized seria interface
* Bit-operation functions for graphics processing:
— Write-data mask function in bit units
— Swap function of upper and lower bytes
— Logical operation in pixel unit and conditional write function
* Various color-display control functions:
— 256 of the 4,096 possible colors can be displayed at the same time (grayscal e pal ette incorporated)
— Vertical scroll display function in raster-row units
— Color window cursor display supported by hardware
* Low-power operation supports:
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HD66760

— Vcec=2.2t03.6 V (low voltage)
— Vi (5 V. ps—GND) =510 15.5 V (liquid crystal drive voltage)
— Three-, four-, five-, or six-times step-up circuit for liquid crystal drive voltage

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

— Power-save functions such as the standby mode and sleep mode
— Partial LCD drive of two screensin any position
— Programmable drive duty ratios (1/16-1/80) and bias values (1/4-1/10) displayed on LCD
* Internal RAM capacity: 8,320 bytes
e 312-segment x 80-common liquid crystal display driver
e n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
* Internal oscillation, hardware reset and software reset
e Shift change of segment and common drivers
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Total Current Consumption Characteristics (Vee =3.0 V, TYP Conditions, LCD Drive
Power Current Included)

Total Power Consumption

Normal Display Operation

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

Note : When a three-, four-, five-, or six-times step-up is used:
the total power consumption = internal logic current + LCD power current x 3 (three-times step-up),
the total power consumption = internal logic current + LCD power current x 4 (four-times step-up),
the total power consumption = internal logic current + LCD power current x 5 (five-times step-up), and
the total power consumption = internal logic current + LCD power current x 6 (six-times step-up)

Type Name
Types External Dimensions Interface
HCD66760BP Au-bumped chip Parallel and clock synchronized serial interface
HCD66760WBP Au-bumped chip Parallel and 12C interface
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HD66760 Block Diagram

COM1-
COM80

SEG1-
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HD66760 Pad Arrangement

No.500
dummy1

No.449
| dummy33

Of ewod
Of oTwoo

comeg No.450

SEG19
SEG20

* Chip size: 14.4 mm x 3.1 mmQ H
« Chip thickness: 550 um (typ.)O comt]
* PAD coordinates: PAD center[] ¢
« Coordinate origin: Chip center(
¢ Au bump size (pin nhumber is shownO ca-qf
in the blacket)O
(1) 80 wm x 80 umOJ
dummy1 (500), dummy31 (121),0
dummy32 (172) and dummy33 (449)0 VLOUT]
from C6 + (1) to dummy30 (112)0 VLOUT]|
0 \%PSE
(2) 35 um x 80 um0J VLIREF]
from SEG294 (173) to SEG19 (448)0 VIREF]

D V20UT(]
(3) 80 wm x 35 um0 vaourd
from COM49 (122) to SEG295 (171)0 veidl
from SEG18 (450) to COM9 (499)0 veig)

D Vil
(4) 45 um x 80 um0O dummy3J
from COM8 (501) to COM1 (508)0 i

- from COM41 (113) to COM48 (120)0 ﬂﬁm.%‘ég
Veel

* Au bump pitch: Refer PAD coordinated veed
¢ Au bump height: 15 um (typ.) Veel]

No.501

0 X
o
g
g

0| zro3s
\ gl ero3s

No.448

No.508
No.1
No.2

HD667600
(Top view)

Vswa(]
GNDDUM2[}
TEST(
OPOFF[]
VccDUMLL]
RESET*[|
cs*

RS
GNDDUM3L]
GNDDUM4L]
M1
IM2[]
RW/RD*/SDAL}

E/WR*/SCLL]
GNDDUMS[]
DBO!

0SsC2
dummy16(]
dummy17C]

"
dummy29C]
dummy30L]}

COoMm41(]

SEG293
. SEG294
com4s]| No.122 No.171

dummy31

dummy32

No.121 No.172
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HD66760

HD66760 Pad Coordinates

(Unit : um)

No. |PAD NAME X Y No. [PAD NAME X Y No. |PAD NAME X Y No. |PAD NAME X Y No. [PAD NAME X Y
1]C6+ -6285 | -1387 103 | dummy21 538! -1387 5205 1416 307|SEG160 176 1418 409| SEG68 -4944 1418
2|C6- 6185 | -1387 104|dummy22 5485 | -1387 5245 | 1416 308| SEG159 125 | 1416 410{ SEGS7 -4994 | 1416
3[csr -6085 | -1387 105|dummy23 5585 | -1387 5195 | 1416 309|SEG158 75 1416 411]SEG56 -5045 | 1416
4[Cs- -5985 | -1387 106|dummy24 568! -1387 5145 1416 310{SEG157 25 1418 412| SEG55 -5095 1418
5Ca+ -5885 | -1387 107! dummy25 5785 | -1387 209|SEG258 5005 | 1416 311|SEG156 -25 1418 413|SEG54 -5145 | 1416
6(C4- -5785 | -1387 5885 [ -1387 210/ SEG2! 5045 1416 312|SEG155 -75 1418 414| SEGS3 -5195 | 1416
7|C3+ -5685 | -1387 109{dummy27 5085 | -1387 211|SEG256 4994 1416 313|SEG154 -125 1416 415|SEG52 -5245 | 1416
8|C3- -5585 | -1387 110]|dummy28 6085 [ -1387 212|SEG255 4944 1416 314|SEG153 -176 1416 416| SEG51 -5295 | 1416
9|C2+ -5485 | -1387 111 |dummy29 6185 | -1387 213|SEG254 4894 1418 315|SEG152 -226 1416 417| SEG50 -5346 | 1416
10|C2- -5385 | -1387 112{dummy30 6285 | -1387 214|SEG253 4844 1416 316|SEG151 -276 1418 418| SEG48 -5396 | 1416
11{Cl+ -5285 | -1387 113/COM41t 6475 | -1387 215)SEG252 4794 1416 317|SEG150 -326 1416 419| SEG48 -5446 | 1416
12{C1- -5185 | -1387 114 COM42 6536 | -1387 216|SEG251 4743 1416 318|SEG148 -376 1416 420 SEGAT -5496 | 1416
13| GNDDUM1 -6078 | -1387 115[COM43 6596 [ -1387 217|SEG250 4693 1418 319[SEG148 -427 1416 421| SEG46 -5546 | 1416
14[viour -4971 | -1387 116|COM44 6656 [ -1387 4643 1418 320| SEG147 -477 1418 422| SEG45 -5507 1416
15| VLOUT -4871 | -1387 117{COM45 6716 [ -1387 219|SEG248 4593 1416 321[SEG146 -527 1418 423| SEG44 -5647 1416
16[VLOUT -4771 | -1387 118{COM46 6776 | -1387 220|SEG24. 4543 1416 322|SEG145 =577 1418 424| SEG43 -5697 1416
17|VLPS -4671 | -1387 119|COM47 6837 | -1387 221|SEG246 4492 1416 323|SEG144 -627 1416 425|SEG42 -5747 1416
18| VLPS -4571 | -1387 120|COM48 6897 | -1387 222|SEG245 4442 1416 324} SEG143 -678 1416 426| SEG41 -5797 1416
19]VLPS -4471 | 1387 121]dummy31 7066 [ -1387 223 SEG244 4392 1416 325|SEG142 -728 1416 427| SEG40 -5848 1416
20} VL1REF -4329 | -1387 122|COM49 7086 | -1215 224|SEG243 4342 | 1416 326|SEG141 778 | 1416 -5898 | 1416
21|VLREF -4229 | -1387 123/ COMS0 7066 | -1165 225|SEG242 4292 1416 327|SEG140 -828 1418 -5948 | 1416
22|ViREF -4129 | -1387 124|COMS1 7066 | -1115 226|SEG241 4241 1416 328|SEG139 -878 1416 -5998 | 1416
23|VI0uUT -4029 | -1387 125/ COMS2 7066 | -1064 227|SEG240 491 1418 329|SEG138 -929 1416 -6048 | 1416
24| V20UT -3929 | -1387 126/ COM53 7066 | -1014 228|SEG238 441 1418 330| SEG137 -979 1416 -6099 | 1416
25| V30UT -3829 | -1387 127 |COMS54 7066 -964 220|SEG238 4091 1418 331[SEG136 -1029 1416 -6149 | 1416
26| VaOUT -3729 | -1387 128/ COMSS5 7066 914 230|SEG237 4041 1418 332[SEG135 -1079 1416 -6199 | 1416
27| Vs50UT -3629 | -1387 129| COM56 7066 -864 231|SEG236 3990 1418 333|SEG134 -1129 1416 -6249 | 1418
28{VCI -3486 | -1387 130| COM57 7066 -813 232|SEGR35 3940 1416 334| SEG133 -1180 | 1416 -6299 | 1416
29/ VOl -3386 | -1387 131]COM58 7066 | -763 233[SEG234 3890 | 1416 335| SEG132 -1230 | 1416 -6350 | 1416
30| VCI -3286 | -1387 132| COM59 7066 713 234| SEG233 3840 1418 336[SEG131 -1280 | 1418 -6400 | 1416
31]vel -3186 | -1387 133| COMB0 7068 | -663 235[SEG232 3790 | 1416 337| SEG130 -1330 | 1416 -6450 | 1416
32|VCl -3086 | -1387 134|COM61 7066 613 236| SEG231 3739 1416 338{SEG129 -1380 | 1416 -6500 1418
33[dummy2 -2008 | -1387 135|COMB2 7068 =562 237|SEG230 3689 1416 339/SEG128 -1431 1416 -6550 | 1416
34[dummy3 -2808 | -1387 136|COMB3 7068 512 238|SEG229 3639 1416 340/ SEG127 -1481 1416 -6601 1416
35[dummy4 -2708 | -1387 137|COM64 7066 -462 239 SEG228 3589 1416 341|SEG126 -1531 1416 -6651 1418
36[dummy5 -2608 | -1387 138| COM65 7066 -412 240|SEG227 3539 1418 342|SEG125 -1581 1416 -6701 1416
37[dummy6 -2508 | -1387 139| COM66 7086 -362 241|SEG226 3488 1418 343|SEG124 -1631 1416 6751 1418
38} dummy7 -2408 | -1387 140{COM67 7066 | -311 242|SEG226 3438 | 1416 344|SEG123 -1682 | 1416 -6801 | 1416
39dummy8 -2308 | -1387 141|COM68 7066 -261 243|SEG224 3388 1418 345|SEG122 -1732 1416 -6852 1416
40{dummy9 -2208 | -1387 142|COM69 7066 211 244[SEG223 3338 1418 346|SEG121 -1782 1416 448| SEG19 -6902 1416
41/dummyi0 -2108 | -1387 143|COM70 7066 -181 245|SEG222 3288 1418 347[SEG120 -1832 1416 449 dummy33 -7066 | 1416
42| dummyi1 -2008 | -1387 144|COM71 7086 MRl 246|SEG221 3238 1416 348|SEG119 -1882 1416 450/ SEG18 -7066 | 1245
43[dummy12 -1908 | -1387 145|COM72 7086 | -80 247[SEG220 3187 | 1416 349|SEG118 -1932 | 1418 451|SEG17 -7066 | 1194
44|dummyi3 -1808 | -1387 146|COM73 7086 -10 248|SEG219 3137 1418 350|SEG117. -1983 1418 452|SEG16 -7066 | 1144
45[dummy14 -1708 | -1387 147|COM74 7066 40 249[SEG218 3087 | 1416 361|SEG116 -2033 [ 1416 453[SEG15 -7066 | 1094
48| dummy15 -1608 | -1387 148[COM75 7068 90 250|SEG217 3037 1416 352|SEG115 -2083 1416 454|SEG14 -7066 | 1044
47[veC -1465 | -1387 148|COM76 7066 140 251|SEG216 2087 1416 353|SEG114 -2133 1418 455|SEG13 ~7066 994
48[veC -1365 | -1387 150|COM77 7066 | 191 262|SEG215 2936 | 1416 354|SEG113 2183 | 1416 456|SEG12 7066 | 943
49[vCC -1265 | -1387 151|COM78 7066 241 253| SEG214 2886 1416 355|SEG112. -2234 | 1416 457| SEG11 -7066 893
50[vCC -1165 | -1387 152|COM79 7086 | 291 254 SEG213 2836 | 1416 356] SEG111 2284 | 1416 458|SEG10 7066 | 843
51|VCC -1065 | -1387 153[ COM80 7068 341 255|SEG212 2786 1418 357|SEG110 2334 | 1416 459| SEG9 -7066 793
52]VCC -965 | -1387 154| SEG312 7066 391 256|SEG211 2736 1416 3581 SEG109 -2384 | 1416 460| SEG8 ~7066 743
53{GND -822 | -1387 155|SEG311 7068 442 257{SEG210 2685 1416 359/ SEG108 -2434 | 1418 461|SEG7 ~7066 692
54|GND 722 | 1387 156|SEG310 7066 492 258| SEG209 2635 1416 360} SEG107 -2485 | 1416 462| SEG6 -7066 842
55|GND -622 | -1387 157 |SEG309 7066 542 259} SEG208 2585 1416 361{SEG106 -2535 | 1418 463| SEG5 -7066 592
56[GND -522 | -1387 7066 592 260|SEG207 2535 1416 362|SEG105 -2585 | 1418 464| SEG4 -7086 542
57{GND -422 | -1387 7086 | 642 261[SEG206 2485 | 1416 363[SEG104 -2635 | 1416 485| SEG3 7066 | 492
58| GND -322 | -1387 160} SEG306 7066 692 262 | SEG205 2434 1416 364|SEG103 -2685 | 1416 466 SEG2 -7066 442
59| GND -222 | -1387 161{SEG305 7066 743 263|SEG204 2384 1416 365|SEG102 -2736 1416 467|SEG1 -7066 391
B0{VTEST -80 -1387 162| SEG304 7066 793 264|SEG203 2334 1416 366[SEG101 -2786 1416 468| COM40 -7066 341
61| VREG 65 -1387 163| SEG303 7066 843 265|SEG202 2284 1416 367|SEG100 -2836 1416 469| COM3g -7066 291
62| VSW1 210 -1387 164| SEG302 7086 893 266 SEG201 2234 1416 368| SEG99 -2886 1418 470|COM38 -7066 241
63| vSw2 355 -1387 165| SEG301 7066 943 267|SEG200 2183 1416 369| SEGE8 -2936 1416 471|COM37 -7066 191
64| GNDDUM2 455 -1387 7086 994 268|SEG199 2133 1418 -2987 1416 472| COM36 -7066 140
65| TEST 555 -1387 167| SEG299 7066 1044 269|SEG198 2083 1416 -3037 1416 473| COM35 -7066 90
66| OPOFF 655 -1387 168| SEG298 7066 1094 270|SEG197 2033 1416 -3087 1416 474| COM34 -7066 40
67| VCCDUM1 755 -1387 169| SEG297 7086 1144 271|SEG196 1983 1416 -3137. 1416 475| COM33 -7066 -10
68| RESET" 855 -1387 170| SEG296 7086 1194 272|SEG195 1832 1416 -3187 1416 476| COM32 -7066 -80
69[CS* 1000 | -1387 171| SEG295 7086 | 1245 273[SEG194 1882 | 1416 -3238 | 1416 477|COM31 -7066 | -111
70|RS 1144 | -1387 172{dummy32 7066 1416 274|SEG193 1832 1416 -3288 1416 478| COM30 -7066 | -161
71| GNDDUM3 1244 | -1387 173| SEG294 6902 1416 275|SEG192 1782 1416 -3338 1416 479] COM29 -7066 | -211
72| VCCDUM2 1344 | 1387 174| SEG293 6852 1416 276|SEG191 1732 1418 -3388 1416 480| COM28 -7066 | -261
73[IMO/D 1444 | -1387 175[SEG292 6801 1416 277[SEG190 1682 1416 -3438 1416 481|COM27 -7066 | -311
74| GNDDUM4 1544 | -1387 176 SEG291 8751 1416 278|SEG189 1631 1416 -3488 1418 482| COM26 -7066 | -362
75|IM1 1644 | -1387 177 | SEG290 6701 1416 279| SEG188 1581 1416 -3539 1418 483| COM25. -7086 | -412
76{IM2 1789 | -1387 178| SEG289 6651 1416 280|SEG187 1531 1416 -3589 | 1416 484LOOM24 -7066 | -462
77| RW/RD*/SDA 1934 | -1387 9| SEG288 6601 1416 281|SEG186 1481 1416 -3639 | 1416 485|COM23 -7066 | -512
78| EWR'/SCL 2079 | -1387 180|SEG287 6550 1416 282|SEG185 1431 1416 -3689 | 1416 486|COM22 ~7066 | -562
79] GNDDUM5 2179 | -1387 181|SEG286 8500 1416 283|SEG184 1380 1416 -3739 | 1416 487|COM21 -7066 | -613
80]DBO 2279 | 1387 182| SEG285 6450 1416 284|SEG183 1330 1418 -3790 | 1416 488| COM20 -7066 | -663
81|DB1 2424 | 1387 183| SEG284 6400 1416 285| SEG182 1280 1416 -3840 | 1416 489/ COM19 -7066 | -713
82[D82 2568 | -1387 184| SEG283 6350 [ 1416 286{SEG181 1230 | 1416 -3890 | 1416 490|COM18 -7066 | -763
83| DB3 2713 | -1387 185| SEG282 6298 1416 287|SEG180 1180 1418 -3940 | 1416 491|COM17 -7066 | -813
84|DB4 2858 186| SEG281 6249 1416 288|SEG179 1129 1416 -3990 | 1416 492|COM16 -7066 | -864
85|DBS 3003 187 SEG280 6199 1416 289|SEG178 1079 1416 -4041 1418 493| COM15 -7066 | -914
86| 0B6 3148 188|SEG279 6149 1418 290|SEG177 1029 1416 -409t 1416 494| COM14 -7066 | -964
87| DB7 3292 189| SEG278 6099 1418 291|SEG176 979 1416 -4141 1418 495|COM13 -7066 | -1014
88|0B8 3437 0| SEG277 6048 1416 292|SEG175 929 1416 -4191 1418 496| COM12 -7066 | -1064
89 DB9 3582 191|SEG276 5998 1418 293|SEG174 878 1416 -4241 1416 497|COM11 -7066 | -1115
90/ D810 3727 192{ SEG275 5948 1416 294|SEG173 828 1416 -4292 | 1416 498|COM10 -7066 | -1165
91]DB11 3872 193| SEG274 5898 1416 295|SEG172 778 1416 -4342 | 1416 499|COM9 -7066 | -1215
92|DB12 4016 194} SEG273 5848 1416 296|SEG171 728 1416 -4392 | 1418 500} dummy1 -7066 | -1387
93|DB13 4181 195|SEG272 5797 1418 297|SEG170 678 1416 -4442 | 1418 501{COM8 -6897 | -1387
94|DB14 4308 196[SEG271 5747 1416 298|SEG169 627 1418 -4492 1416 502| COM7 -6837 | -1387
95|DB15 4451 197|SEG270 5697 | 1416 299|SEG168 577 [ 1416 -4543 | 1416 503] COMS -6776 | -1387
96|0SC1 4598 5647 1418 300|SEG167 527 1416 -4593 | 1418 504|COMS5 -6716 | -1387
97|0SC2 4740 [ 5597 1418 301|SEG166. 477 1418 -4643 | 1416 505|COM4 -6666 | -1387
98[dummy16 4885 200|SEG267 5548 1416 302|SEG165 427 1416 -4693 | 1416 506| COM3 -6596 | -1387
99[dummy17 4985 201|SEG266 5496 | 1418 303[SEG164 376 [ 1416 -4743 | 1416 507|COM2 6536 | -1387
100) dummy18 5085 202| SEG265 5446 1418 304|SEG163 326 1416 -4794 | 1416 508} COM1 -6475 | -1387
101[dummy19 5185 203|SEG264 5396 1416 305|SEG162 276 1416 -4844 | 1416
102|dummy20 5285 | -1387 204[SEG263 5346 | 1418 306[SEG161 226 | 1416 -4894 | 1416
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HD66760

TCP Dimension

s (HD66760TBO)

Bending slit0
4.0 mm

—

D

i Neo ‘ Doy 'S
T
g
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o)}
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(2]
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E/WR*/SCL [ —
RW/RD*/SDAUmmmmmmms 0.5 mm[]
IV e PitCH V 0.073 mm0O
IMO/ID [ — A Pitch
1/0, Power supply T LCD drive
0.5P x (59-1) 0.073P x (312-1)0
=29.0 mm +0.11P x (45-1)0
+0.11P x (45-1)0
+0.8 + 0.80
* =33.983 mm
0.8 mm
Dummy(] ‘
Dummy(]
Dummyrl
CcomM400]
I gt
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2 E : Pitch
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HD66760

Pin Functions

Table1 Pin Functional Description

Number Connected
Signals of Pins 110 to

Functions

IM2, IM1, 3 I GND
IMO/ID orVee

Selects the MPU interface mode:

IM2  IM10 IMO/IDO MPU interface model]
GND GNDO GNDO 68-system 16-bit bus interfacel
GND GNDO VccO  68-system 8-bit bus interfacel]
GND VccO GNDO 80-system 16-bit bus interfaced
GND Vcc Vce 80-system 8-bit bus interface

Vcc GND ID Clock synchronized serial interface

Vcc Vcc ID 12C bus interface

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

cs* 1 | MPU

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

RS 1 | MPU

Selects the register. (Low: Index/status, High: Control)
Must be fixed at GND level when not in use.

E/WR*SCL 1 | MPU

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

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

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

RW/RD*/ 1 | MPU
SDA

For a 68-system bus interface, serves as a signal to
select data read/write operation. (Low: Write, High:
Read)

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

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

DB0-DB15 16 /0 MPU

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

When 12C or clock synchronized serial interface is
used, fix DB0O-DB15 to the Vcc or GND level.
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HD66760

Table 1 Pin Functional Description (cont)

Number
Signals of Pins I/0 Connected to Functions

COM1-CO 80 (0] LCD Output signals for common drive: All the unused pins
M80 output unselected waveforms. In the display-off period
(D1-0 =00, 01), sleep mode (SLP = 1), or standby
mode (STB = 1), all pins output GND level.
The CMS bit can change the shift direction of the
common signal. For example, if CMS = 0, COML1 shifts
to COM8O. If CMS = 1, COMB8O0 shifts to COM1.

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

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

G312 period (D1-0 = 00, 01), sleep mode (SLP = 1), or
standby mode (STB = 1), all pins output GND level.
The SGS bit can change the shift direction of the
segment signal. For example, if SGS = 0, RAM
address 0000 is output from SEG1. If SGS =1, it is
output from SEG312.
SEG1, SEG4, ... display red (R), SEG2, SEGS, ...
display green (G), and SEG3, SEGS, ... display blue
(B) (SGS =0).

V10UT-V5 5 I/O Capacitor Used for output from the internal operational amplifiers

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

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

Voo, GND 1 — Power supply  Power supply for logic circuit

0ScC1, 2 Oscillation- Connect an external resistor for R-C oscillation.
0SC2 resistor

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

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

VLOUT 1 (0] V s pin/step-  Potential difference between Vci and GND is three- to
up capacitance six-times-stepped up and then output. Magnitude of
step-up is selected by instruction.

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

c2+,C2- 2 — Step-up External capacitance should be connected here for
capacitance step-up.
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Table 1 Pin Functional Description (cont)

Number of

Signals Pins I} Connected to  Functions

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

capacitance step-up.

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

capacitance step-up.

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

capacitance step-up.

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

capacitance step-up.

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

R-C circuit after power-on.

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

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

VSW2

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

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

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

V..DUM 2 o Input pins Outputs the internal V. level; shorting this pin sets
the adjacent input pin to the V. level.

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

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

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

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

VL1REF 1 o — Test pin. Must be left disconnected.

10
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Block Function Description

System Interface

The HD66760 has four high-speed system interfaces an 80-system 16-bit/8-bit bus, a 68-system 16-bit/8-bit
bus, an 12C bus interface and a d ock synchronized serial interface. The interfacemode is selected by the | M2-
0 pins.

The HD66760 has three 16-bit registers: an index register (IR), awrite data register (WDR), and aread data
regiger (RDR). The IR stores index informaion from the control regisers and the GRAM. The WDR
temporarily stores data to be written into control regigers and the GRAM, and the RDR temporarily stores
dataread fromthe GRAM. Daa written into the GRAM from the MPU isfirst writteninto the WDR and then
is automaticadly written into the GRAM by internd operation. Data is read through the RDR when reading
from the GRAM, and the firstread datais invdidand the second and the following data are normal. When a
logic operation is performed insideof the HD66760 by using the display dataset in theGRAM and the data
written from the MPU, the data read through the RDR is used. Accordingly, the MPU does not need to read
data twice nor to fetch the read datainto the MPU. This enables high-speed processing.

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

Table 2 Register Selection

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

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

Bit Operation

The HD66760 supports the following functions: a swap function that writes the data written from the MPU
into the GRAM by reversing the display postion verticdly in byte units, a write data mask function that
sdects and writes data into the GRAM in bit units, and a logic operation function that performs logic
operaionsor conditiona determination onthe display data set inthe GRAM and writes into the GRAM. With
the 16-bit businterface, these functionscan greatly reduce the processing loads of the MPU graphics software
and canrewrite the display datain the GRAM at high speed. For details, see the Graphics Operation Function
section.
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Address Counter (AC)

The address counter (A C) assigns addressesto the GRAM. When an address s&t instruction iswritten into the
IR, the address information is sent from the IR to the AC.

After writing into the GRAM, theA C is automatically incremented by 1 (or decremented by 1). After reading
from the data, the AC is not updated.

GraphicsRAM (GRAM)

The graphics RAM (GRAM) has eight bits/pixel and stores the bit-pattern data of 104 x 80 bytes.

Grayscale Palette (GSP)

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

Grayscale Control Circuit

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

Timing Gener ator

The timing generator generates timing signals for the operaion of internal crcuits such as the GRAM. The
RAM read timing for diglay and internal operation timing by MPU access are generated separately to avoid
interference with one another.

Oscillation Circuit (OSC)

The HD66760 can provide R-C o<illation simply through the addition of an externad oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillaion frequency for operating voltage, display size,
and frame frequency can be obtained by adjusting the externd-resistor value. Clock pulses can also be
supplied externally. Since R-C oscillaion stops during the standby mode, current consumption can be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 80 common signal drivers (COM1 to COM80) and 312
segment signal drivers (SEG1to SEG312). Whenthe number of lines are sdected by a program, the required
common signal drivers automaticdly output drive waveforms, while the other common dgnal drivers
continue to output unsel ected waveforms.

Display pétern daais latched when 312-bit data has arrived. The latched data then enables the segment
signd drivers to generate drive wavef orm outputs. The shift direction of 312-bit data can be changed by the
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SGS hit. The shift direction for the common driver can also be changed by the CMS hit by selecting an
appropriate direction for the device mounting configuration.

When multiplexing drive isnot used, or during the standby or sleep mode, dl the aove common and segment
signal drivers output the GND level, halting the display.

Step-up Circuit (DC-DC Converter)

The step-up generatesthree-, four-, five-, or six-timesvoltage input to the VVci pin. Withthis, both the internd
logic units and LCD drivers can be controlled with a single power supply. Step-up output level from three-
times to six-times gep-up can be sdected by software. For details, see the Power Supply for Liquid Crystd
Display Drive section.

V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the LCD drive power
supply circuit. No external residors are required because of the internal bleeder-resistor, which generates
different levels of LCD drive voltage. This internal bleeder-resistor can be software-Pecified from 1/4 biasto
1/10 bias, according to the liquid crystd display drive duty vadue. For details, see the Power Supply for Liquid
Crystal Display Drive section.

Contrast Adjuster

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

Power -supply Regulator

The power-supply regulator generates the LCD drive voltage from the reference voltage which does not
depend on the LCD load current. The fluctuating L CD drive voltage can be controlled for the fluctuating
LCD load current. For details, see the Liquid Crystal Display Voltage Generator section.
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GRAM Address Map (HD66760)
Table 3 Relationship between Display Position and GRAM Address (GS=0, SGS=0)

ol o~ 2881318 8|5/8 823
SEG/ICOMPIn | 0|0 (3|08 |3| 0|33 0| 3|3 310|383 06|36 3 8|3
CMS=0 | CMS=1 gggm,%si BD”HE)QB];?D”HDB[E]DBD”HEOB] zg@”HDBEDDBD”HFDOB]iSBD”HDBEDI??BD””,DB
COM1 | COM80 "0000"H "0001"H I "0032"H "0033"H
COM2 |COM79 "0100"H "0101"H T "0132"H 0133"H
COM3 |COM78 "0200"H "0201"H TTITTII T "0232"H 0233"H
COM4 | COM77 "0300"H "0301"H I "0332"H "0333"H
COM5 | COM76 "0400"H "0401"H I "0432"H "0433"H
COM6 | COM75 "0500"H "0501"H "0532"H "0533"H
COM7 |COM74 "0600"H "0601"H I "0632"H "0633"H
COM8 |COM73 "0700"H "0701"H CrEEEEEa "0732"H "0733"H
COM9 | COM72 "0800"H "0801"H . "0832"H "0833"H
COM10 |COM71 "0900"H "0901"H I "0932"H "0933"H
COM11 | COM70 "0A00"H "0A01"H T "0A32"H "0A33"H
COM12 | COM69 "0B0O0"H "0BO1"H T "0B32"H "0B33"H
COM13 | COM68 "0C00"H "0CO1"H I "0C32"H "0C33"H
COM14 | COM67 "0D00"H "0D01"H YT "0D32"H "0D33"H
COM15 | COM66 "OE00"H "OEO1"H I "0OE32"H "OE33"H
COM16 | COM65 "OF00"H "OF01"H TTILIIIIL "OF32"H "OF33"H
COM17 | COM64 "1000"H "1001"H TTIIIIIIL "1032"H "1033"H
COM18 | COM63 "1100"H "1101"H T "1132"H "1133"H
COM19 | COM62 "1200"H "1201"H EmEEEEEEE "1232"H "1233"H
COM20 | COM61 "1300"H "1301"H TITIIIT "1332"H "1333"H
com73 | COM8 "4800"H "4801"H I "4832"H "4833"H
COM74 | COM7 "4900"H "4901"H "4932"H "4933"H
Com75 | COM6 "4A00"H "4A01"H T "4A32"H "4A33"H
COM76 | COM5 "4AB00"H "4B01"H T "4B32"H "4B33"H
COM77 | COM4 "4C00"H "4C01"H I "4C32"H "4C33"H
com78 | COM3 "4D00"H "4D0O1"H I "4D32"H "4D33"H
CoMm79 | COM2 "4AE00"H "AEQ1"H I "4E32"H "4E33"H
Ccomso | COM1 "4F00"H "4F01"H LTI ETITT "AF32"H "4F33"H
Table4 Relationship between GRAM Data and Display Contents
GRAM Data DB DB[] DBL| DBC] DB DBL DB DBO DB DBO DBO DBO DBO DB DBLO DB
160 | 14 | 18 | 1P 10 180 91 ) g1 M| 6l| 51| 41| 31| 21| 1] dl
Selection Palette RK palette GK palette BK palette| RK palette GK palette  |BK palette
Output Pin SEG(6n+1) | SEG(6n+2) | @ | SEG(6n+d) | SEG(6n+5) | Gop
Note: n = Lower 7-bit address (0 to 51)
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Table5 Relationship between Display Position and GRAM Address (GS=0, SGS=1)

ol o« 2883188588 224
SEG/ICOMPIn | 0|0 3|08 |8| 0|33 |0/ 3|3 IR IR IR IR I R IR R AR
CMS=0 | CMS=1 %BD””DBEEIFDBBD”HRSB]DBD””DBDEDBDHHESB] FDOBD”WE?BEDDBQWEE:%Bgm%aiugﬁagm,gg
COM1 | COM80 "0033"H "0032"H I "0001"H "0000"H
COM2 | COM79 "0133"H "0132"H . "0101"H "0100"H
COM3 |COMT78 "0233"H "0232"H T "0201"H "0200"H
COM4 |COM77 "0333"H "0332"H I "0301"H "0300"H
COM5 |COM76 "0433"H "0432"H I "0401"H "0400"H
COM6 | COMT75 "0533"H "0532"H I "0501"H "0500"H
COM7 |COM74 "0633"H "0632"H T "0601"H "0600"H
COM8 | COMT73 "0733"H "0732"H . "0701"H "0700"H
COM9 | COM72 "0833"H "0832"H T "0801"H "0800"H
COM10 |COMT71 "0933"H "0932"H T "0901"H "0900"H
COM11 |COM70 "0A33"H "0A32"H I "0AO01"H "0A00"H
COM12 |COM69 "0B33"H "0B32"H TLLLITILL "0BO1"H "0BOO"H
COM13 | COM68 "0C33"H "0C32"H I "0CO01"H "0C00"H
COM14 | COM67 "0D33"H "0D32"H T "0D01"H "0D00"H
COM15 | COM66 "OE33"H "0E32"H TTIIIIIIL "OEOQ1"H "0E00"H
COM16 | COM65 "OF33"H "OF32"H TTIIIIIIL "OF01"H "OF00"H
COM17 | COM64 "1033"H "1032"H I "1001"H "1000"H
COM18 | COM63 "1133"H "1132"H TN "1101"H "1100"H
COM19 | COM62 "1233"H "1232"H T "1201"H "1200"H
COM20 | COM61 "1333"H "1332"H I "1301"H "1300"H
COM73 | COM8 "4833"H "4832"H I "4801"H "4800"H
COM74 | COM7 "4933"H "4932"H I "4901"H "4900"H
COM75 | COM6 "4A33"H "4A32"H I "4A01"H "4A00"H
COM76 | COMS5 "4B33"H "4B32"H I "4B01"H "4B00"H
COM77 | COM4 "4C33"H "4C32"H I "4C0O1"H "4C00"H
COM78 | COM3 "4D33"H "4D32"H I "4D01"H "4D00"H
COM79 | COM2 "AE33"H "AE32"H I "4EO01"H "4E00"H
COM80 | COM1 "4F33"H "4F32"H I "4F01"H "4F00"H
Table 6 Relationship between GRAM Data and Display Contents
GRAM Data DB DB[] DBL| DB[] DBC] DB DB DBO DB DB DB DBO DB DB DB DBM
160 | 14 | 18 | 11 180 91 ) 81| A 6| 51| 41| 31| 21| 1] dal
Selection Palette RK palette GK palette  |BK palette| RK palette GK palette BK palette
Output Pin SEG (312-6n) | SEG (311-6n) (3815555 SEG (309-6n) | SEG (308-6n) (3?)5_%,1)
Note: n = Lower 7-bit address (0 to 51)
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Table 7 Relationship between Display Position and GRAM Address (GS=1, SGS=0)

Nl slw ols o 8 RBIK 38 8l S
SEG/ICOMPin | O =+ 8|30 = B B e B|@ v @ [rannmnnans| G e Q[ - OB o B| B oo B
h Hn Bo6 6 t h Bl Bl B 6
CuS=0 | cwis=1 g8~ GPTOPTfFIGET BRIERT RS [gf0 (PGP opigEs opeel ff
COM1 | COM80 "0000"H "0001"H o "000B"H "000C"H
COM2 |COM79 "0100"H "0101"H nrEaEEs "010B"H "010C"H
COM3 | COMT78 "0200"H "0201"H YT "020B"H "020C"H
COM4 | COMT77 "0300"H "0301"H TITIIIL "030B"H "030C"H
COM5 | COM76 "0400"H "0401"H TITIIIL "040B"H "040C"H
COM6 |COM75 "0500"H "0501"H T "050B"H "050C"H
COM7 |COM74 "0600"H "0601"H T "060B"H "060C"H
COM8 | COM73 "0700"H "0701"H nrEaEEs "070B"H "070C"H
COM9 | COM72 "0800"H "0801"H YT "080B"H "080C"H
COM10 |COM71 "0900"H "0901"H T "090B"H "090C"H
COM11 | COM70 "0A00"H "0AO01"H T "0AOB"H "0AOC"H
COM12 | COM69 "0B00"H "0BO1"H T "0BOB"H "0BOC"H
COM13 | COM68 "0C00"H "0CO1"H T "0COB"H "0COC"H
COM14 | COM67 "0D00"H "0DO1"H YT "0DOB"H "0DOC"H
COM15 | COM66 "0OE00"H "OEO1"H T "OEOB"H "OEOC"H
COM16 | COM65 "OF00"H "OF01"H T "OFOB"H "OFOC"H
COM17 | COM64 "1000"H "1001"H T "100B"H "100C"H
COM18 | COM63 "1100"H "1101"H ITIIIIIIL "110B"H "110C"H
COM19 | COM62 "1200"H "1201"H nrranrs "120B"H "120C"H
COM20 | COM61 "1300"H "1301"H ITTIITIIT "130B"H "130C"H
com73 | COM8 "4800"H "4801"H LI "480B"H "480C"H
COM74 | COM7 "4900"H "4901"H T "490B"H "490C"H
COM75 | COM6 "4A00"H "AA01"H YT "4A0B"H "4A0C"H
COM76 | COM5 "4B00"H "4AB01"H YT "4BOB"H "4BOC"H
COM77 | COM4 "4C00"H "4C01"H LI "4COB"H "4COC"H
com78 | COM3 "4D00"H "4D01"H LI "4DOB"H "4DOC"H
com79 | COM2 "4E00"H "4E01"H LI "4EOB"H "4EOC"H
comMsgo | COM1 "AF00"H "AFO1"H I "4FOB"H "4FOC"H
Note: When the GS bit is updated, the RAM data must be rewritten.
Table 8 Relationship between GRAM Data and Display Contents
GRAM Data DB DBL] DBC] DB DB DB DB DBCO DBL DBO DB DBCO DBL DBC DBO DBQ
160 | 14 | 18 | 1P |1 180 91| 81| A 61| 51| 41| 3| | 10| 0
Selection Palette | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK
Output Pin SEG (?4n+1) SEG (?4n+4) SEG (?4n+7) SEG (2.4n+10) SEG (2.4n+13) SEG (2.4n+16) SEG (2.4n+l9) SEG (?4n+22)
SEG (é4n+3) SEG (é4n+6) SEG (é4n+9) SEG (2.4n+12) SEG (£4n+15) SEG (2.4n+18) SEG (2.4n+21) SEG (2.4n+24)
Note: n = Lower 4-bit address (0 to 12)
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Table 9 Relationship between Display Position and GRAM Address (GS=1, SGS=1)

~Njm gL ol 3 I 318 8|8 I
SEG/COMPIN |3 - BB <o O] D weee BB woe @ [sxnnnnnnna| D i O[O e B[O n BB e B
h B hlo B o h  Blh Glh GBlH 6
Cus=0 | cwis=1 g5 GPIRPT gBipeT GPIGRT BE [P0 OPIRC gBigE opepn g8
COM1 |COM80 "000C"H "000B"H T "0001"H "0000"H
COM2 | COM79 "010C"H "010B"H panEEnEEEn "0101"H "0100"H
COM3 |COMT78 "020C"H "020B"H YT "0201"H "0200"H
COM4 | COM77 "030C"H "030B"H o "0301"H "0300"H
COM5 | COM76 "040C"H "040B"H o "0401"H "0400"H
COM6 | COM75 "050C"H "050B"H "0501"H "0500"H
COM7 |COM74 "060C"H "060B"H "0601"H "0600"H
COM8 |COM73 "070C"H "070B"H panEEnEEEn "0701"H "0700"H
COM9 |COM72 "080C"H "080B"H YT "0801"H "0800"H
COM10 |COMT71 "090C"H "090B"H T "0901"H "0900"H
COM11 | COM70 "0AOC"H "0AOB"H T "0AO01"H "0A00"H
COM12 | COM69 "0BOC"H "0OBOB"H T "0BO1"H "0BOO"H
COM13 | COM68 "0COC"H "0COB"H "0CO1"H "0C00"H
COM14 | COM67 "0DOC"H "0DOB"H STITIIIIT "0D01"H "0D00"H
COM15 | COM66 "OEOC"H "OEOB"H T "OEO1"H "0OEOO0"H
COM16 | COM65 "OFOC"H "OFOB"H T "OF01"H "0OF00"H
COM17 | COM64 "100C"H "100B"H T "1001"H "1000"H
COM18 | COM63 "110C"H "110B"H "1101"H "1100"H
COM19 | COM62 "120C"H "120B"H "1201"H "1200"H
COM20 | COM61 "130C"H "130B"H STITIIIIT "1301"H "1300"H
com73 | COM8 "480C"H "480B"H LI "4801"H "4800"H
COM74 | COM7 "490C"H "490B"H [LLTTTLEIT] "4901"H "4900"H
com75 | COM6 "AA0C"H "4A0B"H TTITII "4A01"H "4A00"H
COM76 | COM5 "ABOC"H "ABOB"H YT "4BO1"H "4B00"H
COM77 | COM4 "4COC"H "4C0OB"H o "4C01"H "4C00"H
com78 | COM3 "4DOC"H "4D0OB"H LI "4D01"H "4D00"H
com79 | COM2 "4EO0C"H "4EO0B"H LI "4E01"H "4E00"H
comMsgo | COM1 "AFOC"H "AFOB"H I "4AF01"H "4F00"H
Note: When the GS bit is updated, the RAM data must be rewritten.
Table 10 Relationship between GRAM Data and Display Contents
GRAM Data DB DBL] DBC] DB DB DB DB DBCO DBL DBO DB DBCO DBL DBC DBO DBQ
160 | 14 | 18 | 1P |1 180 91| 81| A 61| 51| 41| 3| | 10| 0
Selection Palette | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK | RK, GK, BK
OUtpUt Pin SEG (33.2-24n) SEG (3?9-24n) SEG (3?6-24n) SEG (3.03-24n) SEG (3.00-24n) SEG (2.97-24n) SEG (2.94-24n) SEG (2.91-24n)
SEG (3;[0-24n) SEG (3;)7-24n) SEG (3.04-24n) SEG (3.01-24n) SEG (.298-24n) SEG (2.95-24n) SEG (2.92-24n) SEG (2.89-24n)
Note: n = Lower 4-bit address (0 to 12)
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I nstructions

Outline

The HD66760 uses the 16-hit bus architecture. Before the internal operation of the HD66760 darts, control
information is temporarily stored inthe registers described below to allow high-speed interfacing with ahigh-
performance microcomputer. The internal operation of the HD66760 isdetermined by signds sent from the
microcomputer. Thesesignals, which indude the register selection signd (RS), the readiwrite signd (R/W),
and the data bus signds (DB15 to DB0), make up the HD66760 instructions. There are eight categories of
instructions that:

* Specify the index

* Read the status

e Control the display

* Control power management

* Process the graphics data

* Setinterna GRAM addresses

* Transfer datato and from the internal GRAM

* Set grayscalelevel for theinternal grayscale palette table

Normally, instructions that write data are used the most. However, an auto-update of internal GRAM
addresses after each data write can lighten the microcomputer program load.

Because instructions are executed in 0 cycles, they can be written in succession.
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Instruction Descriptions

Index

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

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

W | 0 * * * * * * * * * | ID6 | ID5 | 1D4 | ID3 | ID2 | ID1 | IDO

Figurel Index Instruction

Status Read
The status read instruction reads the interna status of the HD66760.
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).

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

R 0 O | L6 |L5|L4|L3|L2|L1L|LO| O |C6 C5|C4|C3|C2|C1, CO

Figure2 StatusRead Instruction

Start Oscillation (R0O0h)

The start oscillation instruction restarts the oscillator from the hdt stae 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, 8760H isread.

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

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

R 1 1 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0

Figure3 Start Oscillation Instruction
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Driver Output Control (RO1h)

CMS Sdects the output shift direction of a common driver. When CMS = 0, COM1 shifts to COM80.
When CMS = 1, COM80 shiftsto COM 1.

SGS: Sdects the output shift direction of asegment driver. When SGS =0, SEG1 shifts to SEG312. When
SGS = 1, SEG312 shifts to SEG1. When SGS = 0, the SEG1 pin assigns the color display to R, G, or B.
When SGS = 1, the SEG312 pin assigns R, G, or B to the color display.

NL 3-0: Specify the LCD drive duty retio. Theduty réio can be adjusted for every eght raster-rows. GRAM
address mapping does not depend on the setting value of the drive duty ratio.

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

w | 1 0 0 0 0 0 0 |[CMS|SGS| 0 0 0 0 | NL3|NL2|NL1|NLO

Figure4 Driver Output Control Instruction

Table11 NL Bitsand Drive Duty

NL3 NL 2 NL1 NLO Display Size LCD Drive Duty Common Driver Used
0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 1 312 ¥ 16 dots 1/16 Duty COM1-COM16
0 0 1 0 312 x 24 dots 1/24 Duty COM1-COM24
0 0 1 1 312 x 32 dots 1/32 Duty COM1-COM32
0 1 0 0 312 x 40 dots 1/40 Duty COM1-COM40
0 1 0 1 312 x 48 dots 1/48 Duty COM1-COM48
0 1 1 0 312 x 56 dots 1/56 Duty COM1-COM56
0 1 1 1 312 x 64 dots 1/64 Duty COM1-COM64
1 0 0 0 312 x 72 dots 1/72 Duty COM1-COM72
1 0 0 1 312 x 80 dots 1/80 Duty COM1-COM80
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L CD-Driving-Waveform Control (R02h)

RST: When RST = 1, software functionisstarted. Thisfunctionissame ashardware RESET* pin. It takes 10
cdock cyde period. The RST will be automaticdly cleared. Therefore, after 10 dock cycle other instruction
can beissued. Do not set the RST during stand-by mode.

B/C: WhenB/C =0, aB-pattern waveform is generated and dternates in every framefor LCD drive. When
B/C = 1, a C-paten waveform is generated and alternates in eech raster-row specified by bits EOR and
NW4-NWO in the LCD-driving-waveform control register. For detals see the n-rager-row Reversed AC
Drive section.

EOR: Whenthe C-pattern waveformis st (B/C = 1) and EOR = 1, the odd/even frame-sd ect signals and the
n-raster-row reversed signds are EORed for alternating drive. EOR isused when the LCD is not dternated
by combining theset valuesof the LCD drive duty retio and the nraster-row. For detals, e the n-raster-row
Reversed AC Drive section.

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

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

w | 1 0 0 0 0 0 0 0 |[RST| 0 |B/C [EOR|NW4NW3|NW2NW1NWO

Figure5 LCD-Driving-Waveform Control Instruction

Power Control (RO3h)

BS2-0: The LCD drive bias valueis st withinthe range of a 1/4 to 1/10 bias. The LCD drive bias vdue can
be sdected according to its drive duty ratio and voltage. For details, see the Liquid-crystad-display Drive-bias
Selector section.

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

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

DC1-0: The operating frequency in the step-up circuit issdected. When the step-up operating frequency is
high, the driving ability of the step-up circuit and the display quality become high, but the current
consumption isincreased. Adjust the frequency considering the display quality and the current consumption.

AP1-0: The amount of fixed current from the fixed current source in the operational amplifier for V pins(V 1
to V5) isadjusted. When the amount of fixed current is large, the L CD driving ability and the display quality
become high, but the current consumption is increased. Adjust the fixed current considering the display
quality and the current consumption.
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During no display, when AP1-0 = 00, the current consumption can be reduced by ending the operationd
amplifier and step-up circuit operation.

SLP: When SLP = 1, the HD66760 entersthe sleep mode, where the internal display operations are halted
except for the R-C osdllator, thus reducing current consumption. For details, see the Seep Mode section.
Only the following instructions can be executed during the sleep mode.

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

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

STB: When STB = 1, the HD66760 enters the standby mode, where display operaion completey stops,
hadting all theinterna operations including the internd R-C oscillator. Further, no external clock pulses are
supplied. For details, see the Standby Mode section.

Only the following instructions can be executed during the standby mode.

a. Standby mode cancel (STB =0)
b. Start oscillation
¢. Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB hits)

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

Table12 BSBitsand LCD DriveBiasValue

BS2 BS1 BSO LCD DriveBiasValue

0 0 0 Setting disabled

0 0 1 1/10 bias drive

0 1 0 1/9 bias drive

0 1 1 1/8 biasdrive

1 0 0 /7 biasdrive

1 0 1 1/6 bias drive

1 1 0 1/5 biasdrive

1 1 1 V4 biasdrive
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Table 13 BSBitsand Output Level

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

0 1 Four-times step-up

1 0 Five-times step-up

1 1 Six-times step-up

Table 14 DC Bitsand Operating Clock Frequency

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

0 1 16-divided clock

1 0 128-divided clock

1 1 64-divided clock

Table15 AP Bitsand Amount of Fixed Current

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

0 1 Small

1 0 Middle

1 1 Large

Table 16 Switching Reference Power Supply

PS1 PSO VREG Pin VI1REF Pin VLREF Pin VLREF Regulator
0 0 Output (1/2Vci) Output Input Unused
(/2Vci x N-times) (from V1REF pin)
0 1 Output (1/2Vci) Output Input Used
(L/2Vci x N-times) (from V1REF pin)
1 0 Input (Vreg) Output Input Unused
(Vreg x N-times) (from V1REF pin)
1 1 Open (High-2) Open (High-2) Input Unused

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

w | 1 0 0 0 |BS2|BS1|/BSO|BT1|BTO|PS1|PS0O|DC1 DCO|AP1|APO|SLP|STB

Figure 6 Power Control Instruction

Contrast Control (R04h)

CT6-0: Thes bhitscontrol the LCD drive voltage (potential diff erence between V1 and GND) to adjust 128-
step contrast. For details, see the Contrast Adjuster section.

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

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

Figure7 Contrast Control Instruction

HD66760

VLcp

CT6: short, 3R

CT5-0: 0.05R-3.2R

;U/_:<U_\

Vi
V2
V3
Ro= BS2-0:0-7R
. V4
V5
R
o CGND . GND

Figure8 Contrast Adjuster
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Table 17 G Bitsand Variable Registor Value of Contrast Adjuster

CT Set Value Variable Resistor (VR)

CT5 CT4 CT3 CT2 CT1 CTO CT6=0 CT6=1
0 0 0 0 0 0 6.20 xR 320x R
0 0 0 0 0 1 6.15x R 315xR
0 0 0 0 1 0 6.10x R 310xR
0 0 0 0 1 1 6.05x R 3.05x R
0 0 0 1 0 0 6.00 x R 3.00x R
1 1 1 1 0 1 315xR 0.15x R
1 1 1 1 1 0 310x R 0.10x R
1 1 1 1 1 1 3.05x R 0.05x R

VR2-0: Thes bits adjug the output voltage (V1REF) in the LCD drive reference generaor in the range of
four- to 11-times of Vreg (1/2Vci or VREG pin input voltage).

Table 18 VR Bitsand V1REF Voltage

VR2 VR1 VRO V1REF Voltage Setting

0 0 0 Vreg x 4-times

0 0 1 Vreg x 5-times

0 1 0 Vreg x 6-times

0 1 1 Vreg x 7-times

1 0 0 Vreg x 8-times

1 0 1 Vreg x 9-times

1 1 0 Vreg x 10-times

1 1 1 Vreg x 11-times
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Entry Mode (R05h)
Compare Register (R06h)

The write data sent from the microcomputer is modified in the HD66760 and written to the GRAM. The
display data in the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For details, see the Graphics Operation Function section.

SWP: When SWP = 1, the upper and lower bytes in the two-byte data snt from the microcomputer are
swapped and written to the GRAM. When SWP =0, this bit directly writes the two-byte data sent from the
microcomputer to the GRAM. This swap procesing is performed only for the data sent from the
microcomputer before logica operation. When SWP = 1, the upper and lower bytes in the write data mask
(WM 15-0) are swapped to be executed with the write data.

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

AM: Set the automatic updae method of the AC dter the data iswritten tothe GRAM. When AM =0, the
datais continuoudly written in parallel. When AM = 1, the dataiis continuously written vertically.

L G2-0: Compare the daa read from the GRAM by the microcomputer with the compare registers (CP7-0) by
a compare/logical operation and write the results to GRAM. For detals, see the Logicad/Compare Operation
Function.

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

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

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

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

Figure9 Entry Mode and Compar e Register

HITACHI

26




HD66760

. DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Write data sent[]

from thel ololo|1]|1]|2]o]loflz|l2l21|lo|lo0o]o|1]1
microcomputer]
(DB15-0)
/ \
SWP ="1"0 [ 1T ]

Swap of upperd

and lower bytes 1

EEEEEEEBEEEERRE

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

Logical/comparel] LG2-0 = "000": Replacement LG2-0 = "100": Replacement of matched read datal]

operation] LG2-0 = "001": ORO LG2-0 = "101": Replacement of unmatched read data

(LG2-0) [G2-0 = "010": AND[J LG2-0 = "110": Replacement of matched write data
[0G2-0 ="011": EOR LG2-0 = "111": Replacement of unmatched write data

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

Y YV Y VY YV VY VYV VYV
GRAM

Notes:1.0The write data mask (WM15-0) is set by the register in the RAM Write Data Mask section.[]
2. When SWP = 1, the upper and lower bytes in the write data mask are swapped to be executed with(J
the write data.

Figure 10 Logical/Compare Operation and Swapping for the GRAM

Display Control (RO7h)

VLE2-1: WhenVLE1= 1, avertical scroll is performed inthe 1st screen. WhenVLE2 = 1, avertical scroll
is performed in the 2nd screen. Vertical scrolling on the two screens can be independently controlled.

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

E: When E =1, "pixd on/off* mode is enabled. Displayed pixd can be"dl on" or "dl off" regardless GRAM
contents. The "all on" or "all off" can be seleced B/W bit setting. When the "pixel on/off" mode is enabled
(E=1), the DO and D1 should be 1 and REV should be 0 (display on and no reverse mode).

BMW: WhenE =1 and B/W =0, displayed pixd is "dl off" regardless GRAM contents. When E =1 and B/W
=1, displayed pixel is"al on" regardless GRAM contents.

GS When GS = 0, the display is in eight graysde mode and diplays 256 colors by sdecting eight
grayscales from 16 grayscdelevds. When GS =1, thedisplay is in four grayscalesand displays 256 colors
by slecting four grayscdes from 16 grayscale leves. |n four-grayscale mode, four colors can be displayed
with two bits per pixel (RGB). GRAM data must be rewritten when the GS bit is swapped.
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When GS = 1, the GRAM address increments or decrements addresses from 0000H to 4FOCH. For detals,
see the Grayscale Palette and Four-color Display Mode sections.

REV: Displaysall character and graphics display sections with reversal when REV = 1. For ddadls, see the
Reversed Display Function section. Since the grayscde level can be reversed, display of the same daais
enabled on normally-white and normally-black panels.

D1-0: Display is onwhenD1 =1 and off when D1 = 0. When off, the display daaremains inthe GRAM,
and canbe displayed instantly by stting D1= 1. When D1 is0, the display is off withthe SEG1 to SEG312
outputs and COM 1 to COM80 outputs set to the GND level. Because of this the HD66760 can control the
charging current for the LCD with AC driving.

When D1-0= 01, theinternd display of the HD66760 is performed although the display isoff. When D1-0 =
00, the internal display operation halts and the display is off.

Table 19 D Bitsand Operation

HD66760 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. Theinternal power supply can operate independently from D1-0.
2. Writing from the microcomputer to the GRAM is independent from D1-0.
3. Inthe slegp and standby modes, D1-0 = 00. However, the register contents of D1-0 are not modified.

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

\|L|V 1 0 0 0 0 0 |VLE2VLE1SPT| O 0 E |B/W| GS |REV| D1 | DO

Figure 11 Display Control Instruction

Cursor Control (R08h)

C: When C =1, the window cursor display is started. The display modeis sdected by the CM1-0 bits, and
the display area isspecified in apixd unit by the horizontal cursor podtion register (HS6-0 and HE6-0 hits)
and verticd cursor position register (V $6-0and VE6-0hits). Thecursor color (CR, CG, or CB) can be setto
any of eight colorsin the window cursor. However, the cursor color cannot be controlled by the grayscde.
For details, see the Color Window Cursor Control section.

CM 1-0: The display mode of the window cursor is sdected. These bits can display a eight-color cursor,
reversed cursor, eight-color blink cursor, and reversed blink cursor.
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CR/CB/CG: The window cursor color can be secified. Red, blue, green, white, black, or any combination
color can be displayed. However, the cursor color cannot be controlled by the grayscde  For details, seethe
Color Window Cursor Control section.

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

V|V_| 1 0 0 0 0 0 |ICR|CG|CB| O 0 0 C 0 0 |CM1|CMO

Figure12 Cursor Control Instruction

Table20 CM Bitsand Window Cursor Display Mode

D1 DO Window Cursor Display Mode

0 Eight-color cursor (displaying the window cursor with the color specified by CR, CG, or CB)

Reversed cursor (displaying reversed grayscale data in the window cursor)

1 0 Eight-color blink cursor (alternately blinking normal and eight-color display of CR, CG, or CB in
the window cursor)

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

Grayscale and Blink Synchronization (R0O%h)

Initializes the blink and frame counters, which control the blink cycle and grayscale generation, respectively.

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

V|V_| 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13 Grayscale and Blink Synchronization Instructions

Vertical Scroll Control (R11h)

VL 16-11: Specify the diglay-start raster-row at the 1st screen display for vertical smooth scrolling. Any
raster-row from the first to 80th can be sdected. After the 80th raster-row is diglayed, the digplay restats
fromthe first rester-row. The display-start rager-row (VL16-10) is valid only whenVLEL = 1. The raster-
row display isfixed when VLE1 =0. (VLE1 isthe 1st-screen vertical-scroll enable bit.)

VL 26-20: Specify the diglay-start raster-row at the 2nd screendisplay. The display-start raster-row (V L26-
20) isvdidonly when VLE2 = 1. Theraster-row display is fixed when VLE2 = 0. (VLEZ2 is the 2nd-screen
vertical-scroll enable bit.) The vertical scroll for the 1st and 2nd screens can be independently set.
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R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

W | 1 0 |VL26\VL25\VL24|VL23|VL22)VL21VL20| O |VL16|VL15|VL14|VL13|VL12|VL11|VL1O

Figure 14 Vertical Scroll Control Instruction
Table21 VL Bitsand Display-start Raster-row

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

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

1 0 1 1 79th raster-row

o
[EnY
o

1 0 0 1 1 1 1 80th raster-row

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

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

HS6-0: Specify the start position for horizontdly displaying the window cursor in a pixel unit. The cursor is
displayed from the 'set value + 1' pixel. Ensure that HS6-0 < HE6-0.

HEG6-0: Specify the end position for horizontaly displaying the window cursorin apixel unit. The cursor is
displayed to the 'set value + 1' pixel. Ensure that HS6-0 < HEG-0.

VS6-0: Specify the start positionfor vertically displaying thewindow cursor in araster-row unit. The cursor
is displayed from the 'set value + 1' raster-row. Ensurethat VS6-0 < VEG-0.

VEG6-0: Specify the end position for vertically displaying the window cursor in a raster-row unit. The cursor
is displayed to the 'set value + 1' raster-row. Ensure that VS6-0 < VE6-0.

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

w1 0 |HE6|HE5 HE4|HE3|HE2 HE1|/HEO| O |HS6|HS5|HS4|HS3|HS2 HS1 HSO

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

Figure 15 Horizontal Cursor Position and Vertical Cursor Position I nstructions
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VS1+1|-- - |

Window[
cursor

VE1+1}-—-ccoe

Note: The cursor position must be included in the display area.

Figure 16 Window Cursor Position

1st Screen Driving Position (R14h)

2nd Screen Driving Position (R15h)

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

SE16-0: Specify the driving end postionforthe first screen in aline unit. The LCD driving is performed to
the 'set value + 1' commondriver. For instance, when SS16-10 = 07H and SE16-10= 10H are set, the LCD
driving is peformed from COM8 to COM17, and non-selection driving is performed for COM1 to COM?7,
COM18, and others. Ensure that SS16-10 < SE16-10 < 4FH. For detals see the Screen-divison Driving
Function section.

SS26-0: 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.

SE26-0: Specify the driving end postion for the second screenin a line unit. The LCD driving is performed
to the 'sat value + 1' common driver. For instance, when SPT = 1, SS26-20 = 20H, and SE26-20 = 4FH are
sd, the LCD driving is performed from COM33 to COM80. Ensure that SS16-10 < SE16-10 < S26-20 <
SE26-20 < 4FH. For details, see the Screen-division Driving Function section.

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

w1 0 |SE16SE15SE14SE13)SE12SE11SE10 0 [SS16/SS15SS14/SS13SS12SS11/SS10

w1 0 |SE26/SE25SE24SE23|SE22)SE21|SE20, 0 [SS26|SS25SS24/SS23SS22/SS21/SS20

Figure 17 1st Screen Driving Position and 2nd Screen Driving Position
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RAM Write Data Mask (R20h)

WM15-0: In writing to the GRAM, these bitsmask writingina bit unit. When WM 15 = 1, this bit masksthe
write data of DB15 and does not write to the GRAM. Similarly, the WM14-0 bits mask the write data of
DB14-0 in a bit unit. When SWP = 1, the upper and lower bytesin the write data mask are swapped. For
details, see the Graphics Operation Function section.

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

w | 1 |WMI15WM14WM13WM12\WM11WM10Q WM9 | WM8 | WM7 | WM6 | WMS | WM4 | WM3 | WM2 | WM1 | WMO

0

Figure 18 RAM Write Data Mask Instruction

RAM Address Set (R21h)

AD14-0: Initidly st GRAM addressesto the address counter (A C). Once the GRAM data iswritten, the AC
is automaticaly updated accordingto the AM and I/D bhit sttings. This dlows consecutive accesses without
resetting addresses. Address update range is 0000H-4F33H (GS=0) and 0000H-4FOCH (GS=1). Once the
GRAM data is read, the AC isnot automaticdly updated. GRAM address setting is not allowed in the sleep
mode or standby mode.

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

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

Figure19 RAM Address Set Instruction

Table22 GRAM Address Rangein Eight-grayscale Mode (GS =0)

AD14-ADO GRAM Setting

"0000"H-"0033"H Bitmap datafor COM 1
"0100"H-"0133"H Bitmap datafor COM2
"0200"H-"0233"H Bitmap datafor COM3
"0300"H-"0333"H Bitmap datafor COM4
"AC00"H-"4C33"H Bitmap datafor COM77
"ADO0O"H-"4D33"H Bitmap datafor COM78
"AEO0"H-"4E33"H Bitmap datafor COM79
"AF00"H-"4F33"H Bitmap datafor COM80
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Table23 GRAM Address Rangein Four-grayscale Mode (GS=1)

AD14-ADO GRAM Setting
"0000"H-"000C"H Bitmap datafor COM1
"0100"H-"010C"H Bitmap datafor COM2
"0200"H-"020C"H Bitmap datafor COM3
"0300"H-"030C"H Bitmap datafor COM4
"AC00"H-"4CO0C"H Bitmap datafor COM77
"ADOO"H-"4D0OC"H Bitmap datafor COM78
"AEOQ0"H-"4E0C"H Bitmap datafor COM79
"AF00"H-"4F0C"H Bitmap datafor COM80

Write Datato GRAM (R22h)

WD15-0 : Write 16-bit data tothe GRAM. This data calls eech grayscale paette. Afterawrite, the address
is automaticaly updated according tothe AM and I/D bit settings. During the sleep and standby modes, the
GRAM cannot be accessed.

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

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

Figure20 Write Datato GRAM Instruction

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

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

[ GRAM write data]

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

[Four-grayscalemode]LCl cojpci|jcojcrajcojcr|jcojcrjcojcrjcojcr|jcojcrco
1 pixel

Figure21 GRAM Write Data
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Table24 GRAM Data and R Grayscale Palette in the Eight-grayscale Mode (GS = 0)

GRAM Data Setting
R2 R1 RO <R> Grayscale Palette

0 0 0 RKO03 RK02 RKO1 RK00
0 0 1 RK13 RK12 RK11 RK10
0 1 0 RK23 RK22 RK21 RK20
0 1 1 RK33 RK32 RK31 RK30
1 0 0 RK43 RK42 RK41 RK40
1 0 1 RK53 RK52 RK51 RK50
1 1 0 RK63 RK62 RK61 RK60
1 1 1 RK73 RK72 RK71 RK70

Table25 GRAM Data and G Grayscale Palettein the Eight-grayscale Mode (GS = 0)

GRAM Data Setting

G2 Gl GO <G> Grayscale Palette

0 0 0 GKO03 GKO02 GKO01 GKO00
0 0 1 GK13 GK12 GK11 GK10
0 1 0 GK23 GK22 GK21 GK20
0 1 1 GK33 GK32 GK31 GK30
1 0 0 GK43 GK42 GK41 GK40
1 0 1 GK53 GK52 GK51 GKS50
1 1 0 GK63 GK62 GK61 GK60
1 1 1 GK73 GK72 GK71 GK70

Table26 GRAM Data and B Grayscale Palettein the Eight-grayscale Mode (GS = 0)

GRAM Data Setting

B1 BO <B> Grayscale Palette

0 0 BKO03 BK02 BKO1 BKO0O

0 1 BK13 BK12 BK11 BK10

1 0 BK23 BK22 BK21 BK20

1 1 BK33 BK32 BK31 BK30
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Table27 GRAM Data and Grayscale Palettein the Four-grayscale Mode (GS = 1)

GRAM Data

Setting

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

0 0 RKO3 RKO02 RKO1 RKO0O GKO03 GKO2 GKOL GKOO BKO3 BK02 BKO1L BK0O
0 1 RK13 RK12 RK11 RK10 GK13 GK12 GK11 GK10 BK13 BK12 BK11l BK10
1 0 RK23 RK22 RK21 RK20 GK23 GK22 GK21 GK20 BK23 BK22 BK2l1 BK20
1 1 RK33 RK32 RK31 RK30 GK33 GK32 GK31 GK30 BK33 BK32 BK3l BK30

Read Data from GRAM (R22h)

RD15-0: Read 16-bit data from the GRAM. When the dataisread tothe microcomputer, the first-word read
immediatdy after the GRAM address settingis latched from the GRAM to the internal read-data latch. The
data on the data bus (DB15-0) becomes invalid and the second-word read is normal.

When hit procesdng, such as alogicad operation, is performed within the HD66760, only one read can be
processed since the latched datain the first word is used.

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

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

Figure22 Read Data from GRAM Instruction
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| Sets the I/D and AM bits | | Sets the I/D and AM bits |
Y Y
| Address: N set | | Address: N set |
Y Y
) Dummy read (invalid data) ) Dummy read (invalid data)
First word First word

GRAM -> Read-data latch GRAM -> Read-data latch

v v

Read (data of address n)0 Read (data of address n)0
Second word O
Réad-data latch -> DB15-0 DB15-0 -> GRAM

Y v

Second word

| Address: M set | Automatic address update: N + a
Y Y
Dummy read (invalid data)C Dummy read (invalid data)l

First word First word

GRAM -> Read-data latch GRAM -> Read-data latch

' '

Read (data of address)O Write (data of address n)O
Second word 0
Réad-data latch -> DB15-0 DB15-0 -> GRAM

Y Y

i) Data read to the microcomputer i) Logical operation processing in the HD66760

Second word

Figure23 GRAM Read Sequence

Grayscale Palette Control (R30h to R39h)

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

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

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

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

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

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

Reojw |1 o jo oo T 0] % ©° | % o100
R3L/W /| 1| 0|0]|0]oO ESKE 35[ F;T[ FéoK[ 0o/ 00O Fzzgi Fégi FZQTE FZQOKE
R2/W | 1| 0|0]|0]oO F§3KE EZKE F;f[ F;g[ o/ 00O %E F;EE ETE EOKE
R33/W /| 1| 0|0]|0]oO F;gKE F;ZKE F;TE F;OKE 0o/ 00O 'ggﬂ FéZKE FéTE FéOKE
el w1 [0 o o [o afesiaac o[ o [o o [garsra
Res|w 1 oo 0o o S0l %% %% %% %0
R6| W | 1| 0|0|0]|oO g:f[ C;gﬁ CglK[ c5;§[ o/ 00O %SKE %'2( CAflKE %E
R7|W |1 0]0|0]|oO %KE C752KE %K[ %[ 0o/ 00O CgBKE %ZK[ %*1( %OKE
R38/W | 1] 0| 0|o0]|oO Eligﬂ ?5[ ?Ti ?gi o|lo|o0|oO %gﬁ %|2<K %TE ggi
Reolw 1 o jo oo R %0 0% %% 3% %0,

Figure24 Grayscale Palette Control Instruction

Test Register (R40h to R44h)

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

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

W | 1 Test register

0

Figure25 Test Register Instruction
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Table 28 Instruction List

Upper Code Lower Code
Execu-

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

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

IR Index 0 0 [ * *+ x x+ + D6 ID5 ID4 ID3 ID2 D1 IDO Setstheindex register value. 0

SR Status read 1 0 0 L6 L5 L4 L3 L2 L1 Lo 0 C6 Cs5 C4 c3 C2 C1 CO  Readsthe driving raster-row position 0
(L7-0) and contrast setting (C6-0).

ROOh  Start 0 1 * * * * * * * * * * * * * * * 1 Startsthe oscillation mode. 10ms

oscillation
Devicecode 1 1 1 0 0 0 0 1 1 1 0 1 1 0 0 0 0 0 Reads8760h 0
read

RO1h Driver 0 1 0 0 0 0 0 0 CMS sGs O 0 0 0 NL3 NL2 NL1 NLO Setsthecommon driver shift direction 0

output (CMS), segment driver shift direction
control (SGS), and driving duty ratio (NL3-0).

RO2h LCD- 0 1 0 0 0 0 0 0 0 RST 0 B/C EOR NW4 NW3 NW2 NW1 NWO Softwarereset (RST), LCD drive AC 10tcyc

driving- waveform (B/C), EOR output (EOR),
waveform and the number of n-raster-rows
control (NW4-0) at C-pattern AC drive.

RO3h  Power 0 1 0 0 0 BS2 BS1 BSO BT1 BTO PS1 PSO DCl1 DCO APl AP0 SLP STB Setstheseep mode (SLP), standby 0

control mode (STB), LCD power on (AP1-0),
boosting cycle (DC1-0), boosting
output multiplying factor (BT1-0), and
LCD drive bias value (BS2-0).
RO4h  Contrast 0 1 0 0 0 0 0 VR2 VR1 VRO O CT6 CT5 CT4 CT3 CT2 CT1 CTO Setsthe contrast adjustment 0
control (CT6-0) and regulator adjustment
(VR2-0).

RO5h  Entry mode 0 1 0 0 0 0 0 0 0 SWP 0 0 0 IID AM LG2 LGl LGO Specifiesthelogica operation (LG2-0), 0
AC counter mode (AM),
increment/decrement mode (1/D), and
swap (SWP).

RO6h  Compare 0 1 0 0 0 0 0 0 0 0 CP7 CP6 CP5 CP4 CP3 CP2 CPl1L CPO Setsthecompareregister (CP7-0). 0

register

RO7h Display 0 1 0 0 0 0 0 VLE VLE SPT 0 0 E BW GS REV D1 DO Specifiesdisplay on(D1-0) reversed 0

control 2 1 display (REV), 4-/16-grayscale mode
(GS), pixel mode enable (E), pixel
on/off (B/W), screen division driiving
(SPT), and vertical scroll (VLE2-1).
RO8h  Cursor 0 1 0 0 0 0 0 CR CG CB 0 0 0 Cc 0 0 CM1 CMO Specifiescursor display on (C), cursor
control display mode (CM1-0), and cursor
color (CR, CG, or CB).
ROSh  Grayscde 0 1 0 0 0 0 0 0 0 0 0 [o] 0 0 0 0 [o] 0  Synchronizesthe grayscale with the 0
and blink blink cycle.
synchroni-
zation

R11lh Vertica 0 1 0 VL26 VL25 VL24 VL23 VL22 VL21 VL20 0 VL16 VL15 VL14 VL13 VLI12 VL11 VLIO Specifiesthe 1st-screen display-start 0
scroll raster-row (VL 16-10) and 2nd-screen
control display-start raster-row (VL26-20).

R12h Horizontal 0 1 0 HE6 HE5 HE4 HE3 HE2 HE1 HEO 0 HS6 HS5 HS4 HS3 HS2 HSL HSO Setshorizonta cursor start (HS6-0) and 0

cursor end (HE6-0).
position

R13h Vertica 0 1 0 VE6 VE5 VE4 VE3 VE2 VE1 VEO O VS6 VS5 VS4 VS3 VS2 VSL VSO Setsvertical cursor start (VS6-0) and 0

cursor end (VE6-0).
position

R14h  1st screen 0 1 0 SE SE SE SE SE SE SE 0 SS SS SS SS Ss SS SS  Sets 1st-screen driving start 0

driving 16 15 14 13 12 11 10 16 15 14 13 12 11 10 (SS16-10) and end (SE16-10).
position

R15h  2nd screen 0 1 0 SE SE SE SE SE  SE SE 0 Ss SS SS SS ss Ss SS  Sets 2nd-screen driving start (SS26-20) 0

driving 26 25 24 23 22 21 20 26 25 24 23 22 21 20 and end (SE26-20).
position

R20h RAM write 0 1 WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM Specifieswritedatamask (WM15-0)at 0O

datamask B 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 RAMwrite.
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Table 28 Instruction List (cont)

Upper Code Lower Code
Execu-

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

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

R21h RAM address 0 1 0 AD14-8 (upper) 0 0 AD5-0 (lower) Initially set the RAM addressto the [o]
set address counter (AC).

R22h Writedatato O 1 Write Data (upper) Write Data (lower) Writes datato the RAM. 0
GRAM
Read data 1 1 Read Data (upper) Read Data (lower) Reads data from the RAM. o]
from GRAM

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

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

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

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

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

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

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

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

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

R3%h B-grayscae 0 1 0 0 0 0 BK  BK BK BK 0 0 0 0 BK  BK BK  BK Specifiesthe B-grayscale palette. 0
palette 33 32 31 30 23 22 21 20
control (2)

R40h  Test register 0 1 Test register (disabled) Disables the use or setting of this 0
@ register since thisis the test register.

R41lh  Test register 0 1 Test register (disabled) Disables the use or setting of this 0
(2 register since thisisthe test register.

R42h  Test register 0 1 Test register (disabled) Disables the use or setting of this 0
3 register since thisis the test register.

R43h  Test register 0 1 Test register (disabled) Disables the use or setting of this 0
4 register since this is the test register.

R44h Testregister O 1 Test register (disabled) Disables the use or setting of this 0
(5) register since thisis the test register.

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

The HD66760 isinternally initialized by RESET input. Because the busy flag (BF) indicates abusy state (BF
=1) during thereset period, no instruction or GRAM dataaccess fromthe MPU isaccepted. The reset input
must be hed for a least 1 ms Do not access the GRAM or initially set the instructions until the R-C
oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set Initialization:

1. Start oscillation executed

2. Driver output control (NL3-0 = 1001, SGS=0, CMS=0)

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

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

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

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

7. Compare register (CP7-0: 00000000)

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

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

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

11. Window cursor display position (HS6-0 = HE6-0 = V S6-0 = VVE6-0 = 00000000)

12. 1st screen division (SS16-10 = 00000000, SE16-10 = 11111111)

13. 2nd screen division (SS26—-20 = 00000000, SE26-20 = 11111111)

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

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

16. Grayscale palette
(RK03-00 = 0000, RK13-10 = 0011, RK23-20 = 0101, RK33-30 = 0111,
RK43-40 = 1001, RK53-50 = 1011, RK63-60 = 1101, RK73-70 = 1111,
GK03-00 = 0000, GK13-10 = 0011, GK23-20 = 0101, GK33-30 = 0111,
GK43-40 = 1001, GK53-50 = 1011, GK63-60 = 1101, GK73-70 = 1111,
BK03-00 = 0000, BK13-10 = 0101, BK23-20 = 1001, BK33-30 = 1111)

GRAM Data I nitialization:

Thisisnot automatically initidized by reset input but must be initialized by software while display isoff (D1-
0= 00).

Output Pin Initialization:

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

16-bit BusInterface

Setting the IM2-0 (interf ace mode) to the GND/GND/GND levd allows 68-system E-clock-synchronized 16-
bit pardld datatransfer. Setting the IM2-0 to the GND/Vcc/GND leve dlows 80-sysem 16-bit paralld daa
transfer. When the number of buses or the mounting areais limited, use an 8-bit businterface.

csn*0 B CS*[
0 a10 | RsO
H8/2245 nwRD | Wrr0 HD66760
tRD*)0 | (RD*)0
D15LD0 |<@——————m=| BB15-DBO
16

Figure 26 Interfaceto 16-bit Microcomputer

8-bit BusInterface

Setting the IM2-0 (interf ace mode) to the GND/GNDN cc level dlows 68-system E-clock-synchronized 8-bit
pardld data transfer using pins DB15-DB8. Setting the IM2-0 to the GND/Vcc/Vec level dlows 80-system
8-bit parallel data transer. The 16-bit instructions and RAM daa are dividedinto eight upper/lower bits and
the transfer starts from the upper eight bits. Fx unused pins DB7-DBO to the Vcc or GND leve. Note that
the upper bytes must also be written when the index register iswritten to.

csn*0 B CS*O
0 a10 | RsO
H8/2245 nwRD | Wr+:g HD66760
tRD*)0 | (RD*)0
D15LD8 <@——— | BB15-DBSD
8 Be7-0
8

GND

Figure 27 Interfaceto 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit bus interface
The HD66760 supports the transfer synchronization function which resets the upper/lower counter to
count upper/lower 8-bit daa trander inthe 8-bit bus interface. Noise causing transfer mismatch
between the eght upper and lower bits can be corrected by areset triggered by consecutively writing
a O0H instruction four times. The next transfer garts from the upper eight bits. Executing
synchronization function periodically can recover any runaway in the display system.
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RS \ /
RIW \ /

S AN AN AN AN AN AN A
o BN A [ [ e e

@

@) {
(8-bit transfer synchronization)

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

Setting the IM2=Vcc and IM1=Vcc levd dlows|2C bus interface, using the serial deta line (SDA) and serial
transfer clock line (SCL). For the 12C bus interface, the IMO/ID pin function uses an ID pin.

The HD66760W is initiated serial data transfer by transferring the first byte when a high SCL level a the
falling edge of the SDA input issampled; it ends serial datatranser whenahigh SCL level at the rising edge
of the SDA input is sampled.

Table 29 illustratesthe start byte of 12C businterface data and Figure 29 and 30 show the 12C bus interface
timing sequence.

The HD66760W is slected when the higher 6-bit dave address inthe firg byte transferred from the master
device match the 6-bits device identification code assigned to the HD66760W. The HD66760W, when
sdected, receive the subsequent data string. The lower 1-bit of the device identification code can be
determined by the ID pin; sdect an gppropriae code that isnot assigned to any other dave device. The upper
five bits are fixed to 01110. One slave address is assigned to a single HD66760W.

The ninth bit of the first byte is a receive-data acknowledge bit (ACK). When the received slave address
matches the device ID code, HD66760W pulls down the ACK bit toa low levd. Therefore, the ACK output
buffer is an open-drain structure, only allowing low-level output. However, the ACK bit is undermined
immediately after power-on; make sureto initialize the LS| using the RESET* input.

After identifying the addressin thefirg byte, the HD66760W receivesthe subsequent data as an HD66760W
index or ssRAM data Having received 8-bit data normally, HD 66760W pulls down the ninth bit (ACK) to a
low leve. Theindex register or RAM datais 16-bits data format. Therefore data transfer has to be two 8-bit
access cycles after first byte transfer.

Five bytes of GRAM read data after the gart byte are invdid. The HD66760W stat to read correct GRAM
data from sixth byte.

Table29 Start Byte Format

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

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

Table30 RS and R/W bit function

RS R/W Function

Write index register to index
Reads status

Write control register or GRAM viawrite data register
Read GRAM viaread data register

0 0
0 1
1 0
1 1

HITACHI
43



HD66760

a) Basic data-receive timing through the 12C bus interface

2ndindexordata | | TvvvC

RS |RW| ‘1 r‘ T
T Acknowledge T
T

Start byte Acknowledge Index register / write data register Acknowledge

Transfer start Transfer end
"""" 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 |
SCLO
(input)
SDAO ;
(input/d ; ;!
output) ‘ ‘
|-

b) 1st and 2nd byte assignment

1st byte 2nd byte
—_ —_
| o7 [ o6 | s [ D4 | b3 [ b2 |p1|po| |7 o6 05| pafps|p2]o1]opo]|
|DBlS|DBl4|DBl3|DBlZ|DBll|DBlO|DBQ |DBS | | DB7| Dle DBSl DB4| DB3| DBZl DBll DBO|
v v
Index / write data register(] Index / write data register(]
upper bits lower bits

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

123456 7 8 9101112131415161718192021222324252627282930313233343536373839404142434445

SCL
Index / write datall [{§| Index /write datal [{§| Index/write datal || Index /write datal |x
S O : : Q : ] Q : : Q : ] P
SDA Start byte |<(| register upper bits <(| register lower bits  |<<| register upper bits |<| register lower bits 2
Transfer start Transfer end
2 bytes 2 bytes
Index / write data register execution. Index / write datalC
register execution.
note:J

- After start byte transfer, upper bits of the index or write data register should be written first.0J
- Start byte should be transfered just after start (S).0)
- Index or write data register is executed when upper and lower bits are written. O

Therefore, data transfer unit has to be twice byte access cycle.

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

Transfer start Transfer end
"""" 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 | |
SCLO
(input)
SDAO
(input/O
output)
"""" Device ID code 1st data 2nd data
RS RW
Acknowledge
I I
Start byte Acknowledge Status / read data register Acknowledge
b) 1st and 2nd byte assignment
1st byte 2nd byte

A A

[ D7 [ D6 [ D5 [ pa [ p3s |2 | b1 [po| |o7 o6 D5[DafD3]p2]|m1]oo]|

|DBlSlDBl4|DBlSlDBlZlDBlllDBlOlDBQ |DB8 | | DB7| DB6| DB5| DB4| DB3| DB2| DB1| DBO|

v v

Status / read data register] Status / read data register(]
upper bits lower bits

¢) Consecutive data-send timing through the I2C bus interface

x| Status or device code([lX | Status or device code[[ix i
Start byte[] 6 Dummy read o ) o C o Status lower bits0 |X P
SDA S (SR or ROOh read) |< (1 byte) Z| upper bits (1 byte) Z| lower bits (1 byte) z|o0 0@ (1 bye) Q
Transfer start Transfer end
2 bytes
X Dummy readl"” || Read data upper bitsD Read data lower bits |5 Read data lower bits[[x
= (9] 9] Pp!
SDA S| Start byte (RS=1) |<| (5 bytes) 2| (1 byte) <| (1 byte) Qeee (1 byte) 2 F
Transfer start Transfer end
2 bytes

note:[J
- After start byte transfer, upper bits of the status or read data register should be read first.C0
- Start byte should be transfered just after start (S).

Figure 30 12C businterface data-send sequence

HITACHI

45




HD66760

Serial Data Transfer (Clock synchronized serial interface)

Setting the IM2=Vcc and IM1=GND levd allows standard clock synchronized serid data transfer, using the
chip sdect line(CS*), serid dataline (SDA) and serid transfer clock line (SCL). Forthe clock synchronized
seria interface, the IMO/ID pin function usesan ID pin.

The HD66760 initiates clock synchronized serid datatransfer by transferring the first byte at the fdling edge
of CS* input. It ends clock synchronized serial data transfer the rising edge of CS* input.

The HD66760 is sd ected when the higher 6-bit slave address in the first byte trand erred from thetransmitting
device match the 6-bits device identification code assigned to the HD66760. The HD66760, when selected,
receive the subsequent data string. The lower 1-bit of the device identification code can be determined by the
ID pin. The upper five bits are fixed to 01110. Two different chip address must be assigned to a single
HD66760 because the seventh bit of the start byte isused as aregister sdect bit (RS); that is, when RS=0, an
index can be written, and when RS=1, control register and GRAM daa can be written or read from GRAM.
Read or write issdected according to the eighth bit of the start byte (R/'W bit). The dataisreceived when the
R/W bit is 0, and is transmitted when the R/W bit is 1.

After receiving the stat byte, the HD66760 receives the subsequent data asan HD66760 index or as GRAM
data

Five bytes of GRAM read deta after the art byte are invdid. The HD66760 start to read correct GRAM data
from sixth byte.

Table 30a Start Byte Format

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

Note ID hit is selected by the IMO/ID pin.

Table30b RSand R/W bit function

RS R/W Function

Write index register to index

Reads status

Write control register or GRAM viawrite data register

0 0
0 1
1 0
1 1

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

Transfer start Transfer end

cs* ‘\ /——

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

SCL

SDA

Start byte Index register / write data register

b) 1st and 2nd byte assignment

1st byte 2nd byte
| b7 | 06 [ p5s [ pa | ps | p2 | b1 [po| |[p7|p6|D5|paps|o2]o1]oo]
|DBlS|DB14|DBl3|DBlZlDBlllDBlOlDBQ |DBS | | DB7| DBSl DBSl DB4| DBSl DBZl DBll DBO|
v v
Index / write data register(] Index / write data register]
upper bits lower bits

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

] -

123456 7 8 910111213141516171819202122232425262728293031323334353637383940

SCL
Start b Index / write datalJ Index / write datalJ Index / write datall Index / write datalJ
SDA art byte register upper bits register lower bits register upper bits register lower bits
2 bytes 2 bytes
Index / write data register execution. Index / write dataC

register execution.

note:[J
- After start byte transfer, upper bits of the index or write data register should be written first.00
- Start byte should be transfered first.[J
- Index or write data register is executed when upper and lower bits are written. [J
Therefore, data transfer unit has to be twice byte access cycle.

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

Transfer end

Tran_gf_(_e_r start
s /

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

SCL

SDA \_.@ i @@@@@H@H@@@H@H@
Device ID code 1st data 2nd data
RS |RW

Status / read data register

Start byte

b) 1st and 2nd byte assignment

1st byte 2nd byte

| b7 | b6 | s | pa [ b3 [ p2|[pi|po| |[b7|Dp6|b5|pafps|p2]p1]npo]

| DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO |
v v
Status / read data register Status / read data register
upper bits lower bits

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

= ]

Dummy read Status or device code | Status or device code Status lower bits
[ X N ] (1 byte)

(1 byte) upper bits (1 byte) lower bits(1 byte)

Start byte
SDA (SR or ROOh read)

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

Read data lower bits
® ® O | (1byte)

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

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

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

The HD66760 can greatly reduce theload of the microcomputer graphics software processing through the 16-
bit bus architecture and internal graphics-bit operation function. This function supports the following:

1.

A swap function that exchanges the upper and lower bytes in the 16-bit data snt from the
microcomputer.

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

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

A conditional write function that compares the origind RAM dataor write data and the compar e-bit
data and writes the data sent from the microcomputer only when the conditions match.

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

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

Table 31 Graphics Operation

Bit Setting
Operation Mode I/D AM LG2-0 Operation and Usage
Write mode 1 01 O 000 Horizontal data replacement, horizontal-border drawing
Write mode 2 0/1 1 000 Vertical datareplacement, vertical-border drawing
Write mode 3 0/1 0 110111 Conditional horizontal data replacement, horizontal -
border drawing
Write mode 4 0/1 1 110111 Conditional vertical data replacement, vertical-border

drawing

Read/write mode 1 o1 O 001010011 Horizontal datawrite with logical operation, horizontal-

border drawing

Read/write mode 2 0/1 1 001010011 Vertical datawrite with logical operation, vertical-border

drawing

Read/write mode 3 o1 O 100 101 Conditional horizontal data replacement, horizontal-

border drawing

Read/write mode 4 0/1 1 100 101 Conditional vertical data replacement, vertical-border

drawing

HITACHI
49



HD66760

Address
counter

(AC)

Microcomputer

*16

Write-data latch
Read-data
P Jaich ¢16
1
Swap processing ~—————
16
16
16
Logical/Compare operation (LG2-0:) 3
000: replacement, 001: OR, 010: AND, 011: EOR, O |—————
POO: replacement with matched read, 101: replacement 8
with unmatched read, 110: replacement with matched -t ,
write, 111: replacement with unmatched write
* 16
—— 16
Write bit mask | ————|

14

Graphics RAM (GRAM)

Swap bit (SWP)

Logical operation bit
(LG2-0)

Compare bit (CP7-0)

Write-mask register(]
0 (WM15-0)

50

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

The HD66760 has a byte-wise swap function that exchanges the upper and lower bytesin the two-byte data
sent from the microcomputer. When SWP = 0, the data written by the microcomputer isdirectly transferred
tothe inside. When SWP = 1, the data written by the microcomputer is interndly transferred by exchanging
the upper and lower bytes.

L o DB8 DB7 =====s==s=ms=msmmzmnzmnsmnnas DBO

Data written by[] |R02 |R01 | Roo | G02| 601| Goo| Bo2 | Bo1 || Ri2 |R11 |R10 |GlZ |Gll |GlO| Bi2 | Bi1 |
the microcomputer

Upper byte Lower byte
DB15========n=ssssssssnmnnnnnnn DB8 DB7 =====s=ssssssssamcmsasnaan: DBO
i) SWP ="0": |R02 |R01 | Roo | Goz| 601| G00| Boz2 | 801| | Ri2 |R11 |R10 |GlZ |Gll| GlO| B12 | B11 |
N———————Upper byte Lower byte———~
DB7 ====s==ssssmsssemsennennaaa- DBO DB15 =============ssssssssmssmsan: DBS8
i) SWP ="1": |R12 |R11 | R1o0 | GlZ| G11| G10| B12 | Bn| | Ro2 | Ro1 | Roo |G02 |Gm| Goo| Boz| Bm|
N—————1 ower byte Upper byte—————~
Upper byte[d Lower byte[d Lower byte[ Upper byte[
®815—8) @B?—O) nnnnnnnn ®B7_0) @Bls_s) nnnnnnnn
GRAM data
S BN TN A .. Yy Yy Y
Ro(|Go||Bo||R1 || G1|| B1| ssanrnam R1||G1||B1||Ro|| Go||Bo| nssanin
LCD display Upper byte Lower byte Lower byte Upper byte

Figure 32 Example of Swap Function Operation
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Write-data M ask Function

The HD66760 has a bit-wise write-data mask function that controls writing the two-byte data from the
microcomputer to the GRAM. Bits that are 0 in the write-data mask regiger (WM15-0) cause the
corresponding DB bit to be writtentothe GRAM. Bitsthat arel prevent writing to the corresponding GRAM
bit tothe GRAM; the data in the GRAM s retained. This function can be used when only one-pixd data is

rewritten or the particular display color is selectively rewritten.

DB]15=====sesccccccnccccnccnccanns DB8 DRB7 ======ssccccccccccccnacnccccs DBO
|Roz |R01 |Roo |Goz |601| Goo|Boz|Bt)1 | | R12|R11 |R10 |Glz |Gn| Gio |BlZ | B11 |

Data written byl
the microcomputer

Upper byte Lower byte

DB15===n==s=nsssmnsnnmnnnnnnnnnns DB8 DB7 ======s=sssssssssssnmnmnnnnnn DBO
i) SWP ="0": |Roz |R01 |Roo |Goz |G01 |Goo |Boz |801 | | R12 | R11 | Rio |G12 |G11| G1o | BlZ| Bu11 |

N | -/
Upper byte Lower byte
DB7 ===sss=sssscsecceseceaneann DBO DB15=======ssssssessansanmannanan DB8
ii) SWP ="1": |R12 |R11| R10 [G12 |G11 |GlO | Bi2 |B11 | |R02 | R01| Roo [ Goz2 Gm| Goo| Bo2 [ Box |
N | -/
Lower byte Upper byte
WM15 =======sssssenmoneenmanmnnns WM8 WM7===smssssnnsenmannnmnnnnnnns WMO

Wnte—datamask|1|1|1|1|1|1|1|1||o|o|o|1|1|1|0|0|

DB15 =========sssscmcmcmcncncnana: DB8 DB7 =========s=sssceccccccccncnan DBO
|) GRAM data * * | * | * | * * * * R12| R11| Rio| = * * BlZ|Bll TI81011)
—_ ey \ B —
(SWP ="0"): Upper byte Lower byte
DB7 ===========s=sssssssssssssess DB0O DB15================s=s=ssssas==- DB8
ii) GRAM data x | * * | * x| x| = R02| R01| Roo| = [ = [ = Boz| Bo1 | --------
— . N 7
(Swp ="1"): Lower byte Upper byte

Figure 33 Example of Write-data Mask Function Operation
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L ogical/Compar e Operation Function

The HD66760 performs alogicd operaion or conditional replacement between the two-byte write data sent
from the microcomputer and the read data from the GRAM. The logicd operation function has four types:
replacement, OR, AND, and EOR. The conditiona replacement peforms a compare operation for the set
vaue of the compare register (CP7-0) and the read data value from the GRAM, and rewrites only the pixd
data in the GRAM that saisfies the conditions (in abyte unit). This function can be used when a particular
color is selectively rewritten. The swap function or write-data mask function can be effectively used.

Table 32 Logical/Compare Operation

Bit Setting

LG2 LG1 LGO Description of Logical/Compare Operation Function

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

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

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

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

1 0 0 Compares the data in the read-data |atch and the set value of the compare register (CP7-0).

When the read data matches CP7-0, the data from the microcomputer is written to the
GRAM. Only the particular color specified in the compare register can be rewritten. Read,
modify, or write processing is performed.

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

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

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

1. Writemode 1: AM =0, LG2-0 = 000
This mode isused whenthe dataishorizontdly written a high speed. It can also be usedto initidize the
graphics RAM (GRAM) or to draw borders. The swgp function (SWP) and write-data mask function
(WM15-0) are also enabled in these operations. After writing, the address counter (A C) automatically
incrementsby 1 (I/D = 1) or decrementsby 1 (1/D = 0), and automatically jumps to the counter edge one-
raster-row below after it has reached the left or right edge of the GRAM.

Operation Examples:[]
ByI/b="1", AM ="0", LG2-0 ="000", SWP ="0"0
P) WM15-0 = "1F1F"HO

B) AC = "000"H
WM15 WMO
Write-data mask: |0|o|o|1|1|1|1|1|o|o|o|1 |1|1|1|1| *Write mask for plain G and B.
DB15 DBO
Wiite data (1): l1|o[o]1{z]o[o[1]o[|o[o[o|o]1]1]
Wiite data (2): l1|1{o]o[o]o[z]1]o[o[o[o]2]2|o]o]
"0000"H "0001"H "0002"H
AR A A E A A A A e —
Write data (1) Write data (2)
Note: The bits in the GRAM
GRAM indicated by * *' are not changed.

Figure 34 Writing Operation of Write Mode 1
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. Writemode 2. AM =1, LG2-0 = 000

This mode is used when the data is verticadly written at high speed. It can dso be used to initialize the
GRAM, develop the font pattern inthe vertical direction, or draw borders. The swap function (SWP) and
write-data mask function (WM15-0) are dso enabled in these operations. After writing, the address
counter (AC) automaticdly increments by 256, and automaticaly jumpsto the upper-right edge (I/D =1)
or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:[J

DIb="1",AM="1", LG2-0="000", SWP ="1"00
P) WM15-0 = "00FF"HO

B) AC = "000"H

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

DB15 DBO
Write data (1): 1001100101000011------S-V-vfjl-Fz ------ (o] e (o] ([0 (o1 b i e (O {0} e ¥ [ (0] s §
Write data (2): 1100001100001100------S-V-vfj‘-Fi ------ ojo|ofo(1|1|0j0]1|1[0JO|OJO|1|1
wicdeta 0 LA oo B[ s}~ oo i S]]

"0000"H [{0]2]0]0[0 O {1 |*|*|*|*[*|*|*| write data (1)
"0100"H |oJo]ofo]x[1]o[o
2]

K| k| k| k| x| x| x| *

Write data (2)

k| k| k| x| x| x| *

"0200"H |0|o|0|1|1 1f1 1]+

Write data (3)

GRAM

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

Figure 35 Writing Operation of Write Mode 2
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3.

Write mode 3: AM =0, LG2-0=110/111

This mode isused when the data is horizontdly written by comparing the write dataand the set vaue of
the compare register (CP7-0). When the result of the comparisonin a byte unit satisfies the condition, the
write daa sent from the microcomputer iswritten to the GRAM. In this operation, the swgp function
(SWP) and write-data mask function (WM 15-0) are al0 enabled. After writing, the address counter (AC)
automatically incrementsby 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to the
counter edge one-raster-row below after it has reached the left or right edge of the GRAM.

Operation Examples:O
DD = "1", AM ="0", LG2-0 ="110" (matched write), SWP ="0"0

2) CP7-0 = "53H"0]
8) WM15-0 = "0000"H]
) AC = "000"H

WM15 WMO
Write-data mask: |0|0|o|o|o|0|o|0|0|0|0|0|0|0|0|0|

CP7 CPO
Compare register. EOE-(-:-ompare operation § i i
DB15 (Matched) DBO I E EConditional replacement
wie g4 [ o[ o[ oFs}-~©+-i- @~ [T TT- PRI
| Compare E E Replacement
! operation E Conditional replacement
write data 2):  |0]o[o[o[2]1[2]2]o[o[o[o[o[o[o[o}------ i @=L
Compare E
(Matched) operation Y Conditional replacement
write data (3):  0]t]o]]o[o[z]z]1]o[o[ofo[1[|o}--------- @[t o[ folo [t [-[-[-]-[]"]
| Replacement
"0000"H "0001"H "0002"H
FELFTTTFEPEBRRE FEIFTLEETTEFCTTT CREFREERFFFEEEE -
Matched Matched
replacement of replacement of
write data (1) GRAM write data (2)

56

Figure 36 Writing Operation of Write Mode 3
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4. Writemode 4: AM =1, LG2-0 = 110/111

Thismode isused when averticd comparison is performed between the write data and the set vdue of the
compare register (CP7-0) to write the daa. When the result by the comparisonin abyte unit satisfies the
condition, thewrite data sent from the microcomputer is written to the GRAM. In this operation, the swap
function (SWP) and write-data mask function (WM15-0) are also enabled. After writing, the address
counter (AC) automaticdly increments by 256, and automaticaly jumpsto the upper-right edge (I/D = 1)
or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:(
Dy1/D = "1", AM="1", LG2-0 ="111" (unmatched write), SWP ="0"]
P) CP7-0 ="53H"0O
B8) WM15-0 = "0000"HO
B) AC = "000"H
WM15 WMO

Write-data mask: (0[0]o[o[o[o[o|olo[o]o[o]ofo]o]o]

CkP7 CPO
Compare register: I:I:I Compare operanon
DB15 (Unmatched) DBO E ' Conditional replacement
wite data 1): - zfolofafafolofaol1]o]1]o[o]s|}---(@y£-{--®r--w-{alolofafa]olo]a]|-[-]- |||
‘ Compare : E
operation t
(Unmatched) (Unmatched) Conditional replacement
write data (2): ~ [0]0Joo[t]2[2]1]o[o]o]o[o[o]o]o}------ é— -®r--»=olo]olo[1|1]1] 1]o]o[o[o[o[ofo o]
: Compare
' (Unmatched) peratloné- Conditional replacement
wiite data 3):  [0[2[o[2[o[o[1]2[z]o[o[o|o]|z]o}--------- -®---#=+{+]+[+]*]-[-]-[z]o[ofo]o]1 ]1]o]
"0000"H "0001"H

0000"H | [|o]o[z[a]olo]a]«| [[+]+[+|+]+] write data (1)

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

: GRAM
"4F00"H

Notes: 1. The bits in the GRAM indicated by ' * are not changed.O]
21 After writing to address 4F00H, the AC jumps to 0001H.

Figure 37 Writing Operation of Write Mode 4
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5. Read/Write mode 1: AM = 0, LG2-0 = 001/010/011

This mode is used when the data is horizontaly written a high speed by peforming a logicad operation
with the origind daa It reads the display data (original data), which has dready been written in the
GRAM, performs a logicd operaion with the write data sent from the microcomputer, and rewrites the
daa to the GRAM. This mode reads the data during the same access-pulse width (68-system: enabled
high level, 80-system: RD* low level) asthe write operéation since reading the original data does not latch
the read data into the microcomputer but temporaily holds it in the read-data latch. However, the bus
cycle requiresthe same time asthe read operation. The swgp function (SWP) or write-data mask function
(WM15-0) are also enabled in these operations. After writing, the address counter (A C) automatically
incrementsby 1 (I/D = 1) or decrementsby 1 (1/D = 0), and automatically jumps to the counter edge one-
raster-row below after it has reached the left or right edges of the GRAM.

Operation Examples:(
iD= "1", AM ="0", LG2-0 ="001" (OR), SWP ="0"00
P) wm15-0 = "0000"HO
B) AC = "000"H
WM15 WMO
we-datamastc{olo]olofo]ololo]oolofo]olofofo]

DB15 DBO
Read data (1): |1|0|o|1 1lo 0|1|0|1|o|0|0|0|1|1|---. Logical operation
[o[o[s[t[ofofofof}- > err---mmfafo [ a[[s o] [o] a[s]0]o[os]1]

Read data (2): |o|o|o|o 11 1|1|0|0|O|0|0|0|0|0|'"" Logical operation

1o

Write data (1): |1|0|1|1|1|1|O
2]
|

write data (2): {1]1{o[o[o o|1|1|1|o|o|o|1|1|o|o|------(9?-) ------- > 11]oo[1]1[1] 1]1]o[o]o[1] 1]o[o]
Read data (3 olo|o]ol1]1]1{o[s|o]o]oo[1]1] o} L ogical operation
Write data (3): |0|1|1|1|o|1|0|0|0|0|0|1|1|1|1|1|----v--(93-) ------- >|o|1|1|1|1|1|1|o|1|o|o|1|1|1|1|1|
"0000"H "0001"H "0002"H
[P FEPEERL PR PR FELHbE oo
Read data (1) + write data (1) Read data (2) + write data (2) Read data (3) + write data (3)
GRAM

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

This mode isused whenthe data isverticdly written at high speed by performing alogical operationwith
the origind data It reads the display data (original data), which has dready been written inthe GRAM,
performs alogica operation with the write data sent from the microcomputer, and rewrites the data to the
GRAM. This modecan read the data during the same access-pulse width (68-system: enabled highlevel,
80-system: RD* low level) asfor the write operation dnce the read operation of the origind data does not
latch the read data into the microcomputer and temporarily holds itin the read-data latch. However, the
bus cyde requires the same time as the read operaion. The swap function (SWP) or write-data mask
function (WM15-0) are dso 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:[
D I/D="1", AM ="1", LG2-0 ="001" (OR), SWP ="1"00
2) wM15-0 = "FF00"HO
B) AC = "000"H
WM15 WMO

write-data mask: ~ [11]11]1]1]1]1]ofo]o|olo[oo]o|

DB15 DBO
Read data (1):  [1[o]o[o[1]o]o] ]o[<[o[+]o[o[o]o}--- swa
wite data (0:  [1fo[a] 1]t o[ofo[1[t[o[ofo[o]a]--rrrmvseee-- 0| 1|1|O|O|O|O|lyll|0|l|1|l|1|0|0|
i Logical operation (OR)
| SR 1117 e
Read data (2): |o|o|o|o|1|1|1|1|o|o|o|o|0|1|1|o|---~: -
write data 2 [1]2]ofo]o]o[2]]2]o[o[o[a] 1]o[o}-dmrereerava- »=1/0[olo[1]1/ofo]1]1o[o[o[o]1]1]

' Logical operation (OR)
emeeemcmeened m—{1o[o[ofu]a[]1]1]1]o[ofo[1]1]1]
e dte 9 ool [

wite data (3):  [of1[1]1]o]1]ofo]o[oo]1]a]afs s} --drrmrrereee- »—{ofo o] [+]efo[a e[ [o[]o[o]
; Logical operation (OR) I
bomemmeeeeed —{ofo[afu]u]a]a[1[2]2]1[o[1]+]o]
"0000"H "0001"H

%0000°H |[*[[*[[*[<[ [ [2[]1] 1][o]o] read data (1) + write data (1)

+0080°H |[*[:[[-[ -]+ [ [2[o]o]o[1]1]2] Read data 2) + write data 2)

"0100"H |* |*|* |* |* |*|* |* | 1|1|1|1|0|1| 1|0| Read data (3) + write data (3)

: : GRAM
"4F00"H

Notes: 1. The bits in the GRAM indicated by ' * are not changed.O
21 After writing to address 4F00H, the AC jumps to 0001H.

Figure 39 Writing Operation of Read/Write Mode 2
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7. Read/Write mode 3: AM = 0, LG2-0 = 100/101

Thismode isused when the data ishorizontdly written by comparing the original data and the set value of
compare register (CP7-0). It readsthe display data (original data), which has dready been writtenin the
GRAM, compares the original data and the set vaue of the compare register in byte units, and writes the
daa sent from the microcomputer to the GRAM only when the result of the comparison saisfies the
condition. This mode reads the data during the same access-pul se width (68-system: enabled high levd,
80-system: RD* low level) aswrite operation since readingthe origind daa does not latch the read data
into the microcomputer but temporarily holds it in the read-data latch. However, the bus cyde requires
the same time as the read operation. The swap function (SWP) and write-data mask function (WM 15-0)
aredsoenabled inthese operations. After writing, the address counter (AC) automaticdly increments by
1 (/D =1) or decrements by 1 (I/D = 0), and automatically jumps to the counter edge one-raster-row
below after it has reached the left or right edges of the GRAM.

Operation Examples:J
D) I/b="1", AM ="0", LG2-0 ="100" (matched write), SWP ="0"0
p) CP7-0 ="53H"0
B) WM15-0 = "0000"HO
4) AC = "000"H
WM15 WMO

Write-data mask: |o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|

cP7 CPO
Compare register: 00 1 ana ComparaT™T71
| operationi E E
DB15 | (Matched) DBO é i
Read data (1): |1|0|o|1|1|o|o|1‘0 1lo[1[o[oa]a}--- 1 Conditional replacement
Write data (1): |1|0|1|1|1|1|o|0 o|1|1|o|o|o|o|1|- ------- -.1 -->|1|o|o|1|1|0|o|1|o|1|1|o|o|o|o|1|
| Compare g 1
! operation H
Read data (2): |o|o|o|o|1|1|1|1 o|o|o|o|o|o|o|o|- ------ é-
! : Conditional replacement
Write data (2): |1|1|0|0|o|o|1|1 1|0|0|o|1|1|o|o|- ---------- -t -->|o|o|o|o|1|1|1|1|o|o|o|o|o|o|o|o|
(Matched) Compare é}
vt FEROBTTERISTHE G cou e
Write data (3): |1|1|1|1|o|1|o|o‘o|o|o|1|1|1|1|1|- -------------- -->|1|1|1|1|0|1|o|o|1|o|o|o|o|1|1|0|
"0000"H "0001"H "0002"H
ST el p oo el - [o ] PPl FE B D] o
Matched Matched
replacement of replacement of
write data (1) GRAM write data (3)

Figure 40 Writing Operation of Read/Write Mode 3
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8. Read/Write mode 4: AM =1, LG2-0 = 100/101

This mode isused when the data is verticdly written by comparing the origind dataand the set vaue of
the compare register (CP7-0). It reads the display data (original data), which has dready been written in
the GRAM, compares the original data and the set value of the compare register in byte units, and writes
the data sent from the microcomputer to the GRAM only when the result of the compare operation
sdisfies the condition. This mode readsthe data during thesame access-pul se width (68-system: enabled
high level, 80-system: RD* low level) asthe write operation since reading the original data does not latch
the read data into the microcomputer but temporaily holds it in the read-data latch. However, the bus
cycle requires the same time as the read operation. The swgp function (SWP) and write-data mask
function (WM15-0) are dso 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:[
DD ="1", AM="1", LG2-0 = "101" (unmatched write), SWP ="0"0]
2) CP7-0 ="53H"0
8) WM15-0 = "0000"HO
4) AC = "000"H
WM15 WMO

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

CP7 CPO
Compare register: aaa 1@ Compare
‘ operatlon
DB15 (Unmatched) é
Read data (1):  |t]o[o[1]z]o]o |1|o|1|o|1| lo] 1|1|- --------- ! Conditional replacement
wie data (u: [1fo[a]1]af1o |0|°|1| [o[ofofofa}--+++-3-+3-(®)---m~{a[o[t]1[s]s[o]o[o]1]o[]o]o]] 1]
Compare
(Unmatched) !(Unmatched) operation i
Read data (2): | |o|o|o| | | | o|o|o|0| |0|o|o|-------
! : Conditional replacement
wite cata @) (P[P oo} Lo [T P T
! Compare &

(Unmatched) Operaﬂoné,
Read data (3): |0|1|o|1|0|0|1|1I1|0|0|0|0|1|1|°+ """"" 2 Conditional replacement

Write data (3): |1|1|1|1|0|1|0|0i0|0|0|1|1|1|1|1|- -------------- --m={o[1[o[[o] o]1]x[efo[o] ][ [2[4]
"0000"H "0001"H
*0000'H |[2]o[a]a]]x]o[o]o]1]o[2]o[o]1]1] write data (1)

[2lo]
"0080'H |[1[t[o[o]o[o]x[1]s]o[o[o]1[1[o]o] write data 2
lol]

*0100'H |[o[2[o[1]o]o]x[x]o[o[o[x[2[x[]a] write data (3)

GRAM

"AF00"H

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

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

The HD66760 incorporaes a graysae palette to dmultaneously display 256 of the 4,096 possible colors.
The R and G grayscdes consist of eight four-bit pd ettes, and the B grayscale consists of four four-bit pal ettes.
The 16-stage grayscale levels can be selected from the four-bit palette data.

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

In this paette, acurtaled frame grayscde system, which haslow charging current in the LCD panel, is used.
Although the system isthe same for each color, the curtaled frame timing isadjusted between adjacent dots
to reduce flickering.

Graphics RAM (GRAM)

#V*VVV*V

Display data| R2 | R1 | Ro ” Gz| G1| Go ” Bl| Bo|

\
3 3 2
Palette R | Palette G Palette B

"000"[ RKos| RKoz|RKoz | RKoo "000"|GKoz [GKoz| GKo1|GKoo "00"| BKo3| BKoz2|BKoz| BKoo
"001"| RK13|RK12 [RK11| RK1o "001"|GK13|GK12{GK11|GK1o "01"| BK13| BK12|BK11| BK10
"010"| RK23|RK22 |RK21 | RK20 "010"|GK23[GK22| GK21|GK20 "10"| BK23| BK22(BK21| BK20
"011"| RK33|RK32 |RK31| RK30 "011"|GK33[GK32| GK31|GKao "11"| BK33| BK32(BK3z1| BK3o
"100"| RKa3|RKa2 |[RKa1| RKao| | | "100"|GK43|GKaz| GKa1|GKao
"101"| RKs3|RKs2 [RKs1| RKso "101"|GKs3|GKs2{ GKs1|GKso
"110"| RKe3|RKs2 |[RKe1| RKeo| | | "110"|GKe3|GKe2| GKe1|GKeo
"111"| RK73|RK72 |[RK71| RK7o| | | "111"|GK73|GK72| GK71|GK7o

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

Y Y Y

R G B

LCD

Figure 42 Grayscale Palette Control

HITACHI
62




HD66760

Grayscale Palette Table

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

Table 33 Grayscale Control Level

Palette Register Value (RK, GK, or BK)

Grayscale Control Level

0 0 0 0 Unlit level**
0 0 0 1 2/16 level

0 0 1 0 3/16 level

0 0 1 1 4/16 level

0 1 0 0 5/16 level

0 1 0 1 6/16 level

0 1 1 0 7/16 level

0 1 1 1 8/16 level

1 0 0 0 9/16 level

1 0 0 1 10/16 level
1 0 1 0 11/16 level
1 0 1 1 12/16 level
1 1 0 0 13/16 level
1 1 0 1 14/16 level
1 1 1 0 15/16 level
1 1 1 1 All-lit level*?

Notes: 1. Theunlit level correspondsto ablack display when a normally-black color-LCD panel is used, and awhite

display when a normally-white color-LCD panel is used.

2. Theall-lit level corresponds to awhite display when anormally-black color-LCD panel is used, and a black

display when a normally-white color-LCD panel is used.
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Four-color Display Mode

The HD66760 has the four-color display mode consisting of two-bit-per-pixd data Since the bytewise
processing of four-pixd display daa is enabled, the processing performance is four times that of the normd
256-color display. Whentheinternal grayscde palette is used, four colors of the possible 4,096 colors can be
displayed a the same time. The two-bit display data in the GRAM written from the microcomputer is
assigned to the lower two bits of R and G; one of these bits, always 0, synthesizes the three-bit daa
Therefore, this display mode uses 000, 001, 010, 011 in grayscale palettes R and G.

O
Graphics RAM (GRAM)
MSB ---------mmmmm oo LSB
|C1|CO||Cl|CO||C1|CO||C1|CO|
| RGB | | RGB
"0" "0" "0" "0"
Displaydata|R2|R1|Ro|| Gz| G1| Go” Bl| Bo| |R2|R1|Ro” G2| Gl| Go” B1| Bo|
\
3 3 2
Palette R | Palette G Palette B
"000"[ RKo3 [ RKoz2|RKoz1| RKoo "000"|GKos|GKoz| GKo1|GKoo "00"| BKo3| BKoz|BKo1 | BKoo
"001"[ RK13[RK12 |RK11| RK1o0 "001"|GK13|GK12|GK11|GK1o "01"| BK13| BK12|BK11| BK10
"010"| RK23[RK22 |RK21| RK20 "010"|GK23|GK22| GK21|GK20 "10"| BK23| BK22|BK21 | BK20
"011"| RK32(RK32 |RK31| RK3o "011"|GKa3|GKa2| GK31|GK3o "11"| BK33| BK32|BK31| BK3o
4 4 4
16-grayscale control 16-grayscale control 16-grayscale control
<R> <G> <B>
| LCD driver | | LCD driver | | LCD driver |

Y Y Y

R G B

LCD

Figure 43 Four-color Display Control
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Color Window Cursor Control

A cursor is displayed in the window area specified by the cursor-start position register (CSX or CSY) and
cursor-end position regiger (CEX or CEY). The cursor display mode can be sdected from four typesin table
34 by changing cursor-mode bit (CM 1-0).

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

Table 34 Cursor Display Control

Register Setting
C CM CM  Cursor Display Control
1 0
0 * * Displays no cursor.
1 0 0 Displays eight colors specified by the cursor-color bit (CR, CG, or CB) in the window area.
1 0 1 Reverses and displays the four-hit grayscale data of each color in the window area.
1 1 0 Alternately repeats the normal display in the window area and the eight-color display
specified by the cursor-color bit (CR, CG, or CB) every 32 frame for blinking display.
1 1 1 Alternately repeats the normal display in the window area and the reversal display of the

four-bit grayscale data every 32 frame for blinking display.
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Graphics RAM (GRAM)

LSB

ARRRREER

Display data ‘ R2 | R1 | Ro ‘ Gz | G1 ‘ B2 | B

Palette R Palette G Palette B

Grayscale| | Grayscalel] | Grayscalel]

control R control G control B

CursorQd CursorQd Cursor(d C |CM1CM1 | Cursor mode
control R control G control B
T T T
LCD driver

'

Y

'

(CSX +1,CSY +1)

(CEX +1,CEY +1)

66

Figure 44 Color-cursor Display
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Oscillation Circuit

The HD66760 can oscillae between the OSC1 and OSC2 pins using an internal R-C oscillaor with an
externd oscillation resistor. Note tha in R-C oscillation, the oscillation frequency is changed according to
the externd resistance value, wiring length, or operating power-supply voltage. If Rf is increased or power
supply voltage isdecrease, the oscillation frequency decreases. For the relationship between Rf resistor value
and oscillation frequency, see the Electric Characteristics Notes section.

o5

0SsC1

0sc2

HD66760

Note: Put the Rf resistor as closel
as possible to the OSC1 andC
OSC2 pins.

Figure 45 Oscillation Circuits

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

Recommended
LCD Duty NL4-0 Set Value Drive Bias Value Frame Frequency One-frame Clock
116 01H 1/5 70 Hz 2560
124 02H 16 70Hz 2560
1/32 03H 1/6 70Hz 2568
1/40 04H u7 70 Hz 2560
1/48 05H /8 71Hz 2544
1/56 06H 1/8 70Hz 2576
164 o7H 1/9 70 Hz 2560
172 08H 1/9.5 71Hz 2520
1/80 09H 1/10 70Hz 2560

Note: The frame frequency aboveis for 180-kHz operation and proportions the oscillation frequency (fosc).
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1 | 2 | 3 | 4 RTTTITITITS 79: 80 : 1 | 2 | 3 RTITTTITITTY 79: 80:

V2T ! ! ! ! ! !
coMm1 5 ! ! ! '
V5
GND—+ |
V1
V2
COM2
- V5
GND
" Vil
V2
COM79
V5
GND—
Vil
vz —1 —
COMS80 : |
V5 — : : : : : i
GND—

.(—1 fram‘e%)g(%i frame%)g

Figure 46 LCD Drive Output Waveform (B-pattern AC Drive with 1/80 Multiplexing Duty Ratio)
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n-raster-row Reversed AC Drive

The HD66760 supports not only the LCD reversed AC drive in a one-frame unit (B-pattern waveform) but
aso the n-raster-row reversed AC drive which dternates in an n-raster-row unit from one to 32 raster-rows
(C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk a 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 dternating af ter confirmation of the display
qudity with the actud LCD pand. However, if the number of AC raster-rowsisreduced, the LCD dternating
frequency becomes high. Because of this, the charge or discharge current isincreased in the LCD cdlls.

g—————1 frame | 1frame ——— |

1/2/3|4|5/6|7/8]/9|10/11/12|13 saan179/80 12|34 |5|6|7|8|9|10/1112/13 »asn:79|80/ 1| 2|3

B-pattern
waveform drived
Haso duty

C-pattern
waveform drive
U 1/80 dutyD

U 11-raster-row O
Ureversald m
H without EORs

—— _—

C-pattern
waveform drived |
Y 1/80 dutyn

U 11-raster-row O
Heversald

Y with EORs

’_\//
—_—

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

Figure 47 Example of an AC Signal under n-raster-row Reversed AC Drive
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Liquid-crystal-display Drive-bias Selector

An optimum liquid-crystal-display bias vdue can be selected using the BS2-0 hits, according to the liquid
crystal drive duty ratio setting (NL3-0 bits). The liquid-crysta-display drive duty ratio and bias vdue can be
displayed while switching software gpplications to match the LCD pand display status The optimum bias
vaue cdculaed using the following expresson is a logicd optimum value. Driving by using a lower vdue
than the optimum bias vaue provides lower logicd contrast and lower liquid-crystal-display voltage (the
potentid difference between V1 and GND), which resultsin better image qudity. When the liquid-crystal-
display voltage is insufficient even if asix-times gep-up drcuit is used, when the step-up driving ability is
lowered by setting a high factor for the step-up circuit, or when the output voltage is lowered because the
battery life has been reached, the display can be made easier to see by lowering the liquid-crystal-display bias.

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

. . L 1
Optimum bias value for 1/N duty ratio drive voltage = m
+

Table 36 Optimum Drive Bias Values

LCD drive duty ratio /80 1/72 164 156 1/48 140 132 124 116
(NL3-0 set value) 1001 1000 0111 0110 0101 0100 0011 O0O10 0001
Optimum drive bias value 10 19 19 1/8 1/8 7 16 1/6 15
(BS2-0 set value) 001 010 010 011 011 100 101 101 110
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VLCD
VR
V1
R
V2
R
V3
6R
\VZ!
R
V5
R
GND
GND
i) 1/ 10 biasO
U(BS2-0 = 001)
VLCD
VR
V1
R
V2
R
V3
2R
V4
R
V5
R
GND
GND
v) 1/6 bias

U(BS2-0 = 101)

VLCD
VR
V1
R
V2
R
V3
5R
\VZ!
R
V5
R
GND
GND
i) 1/ 9 bias(]
U(BS2-0 = 010)
VLCD
VR
V1
R
V2
R
V3
R
V21
R
V5
R
GND
GND
vi) 1/5 biasd

U(BS2-0=110)

Note: R = Reference resistor

VLCD

VR
V1
R
V2
R
V3
4R
V4
R
V5
R
GND
GND

iii) 1/ 8 biasD
U(BS2-0 = 011)

VLCD

VR
Vi
R
V2
R
V3, 4
R
V5
R
GND
GND

vii) 1/ 4 biasO
U(BS2-0 = 111)

VLCD
VR
V1
R
V2
R
V3
3R
V4
R
V5
R
GND
GND
iv) 1/7 bias

U(BS2-0 = 100)

Figure 48 Liquid Crystal Display Drive Bias Cir cuit
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Liquid Crystal Display Voltage Generator

When External Power Supply and Internal Operational Amplifiersare Used

To aupply LCD drive voltage directly from the externd power supply without using the interna step-up
crcuit, drcuits should be connected as shown in figure 49. Here, contrag can be adjusted by software
through the CT bits of the contrast adjustment register. Minimize the voltage variaion since the VLREF
input is areference voltage that determines the LCD drive voltage.

The HD66760 incorporaes a voltage-follower operaiond amplifier for each V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate diff erent levels of liquid-crysta drive voltages.
Thus, potentid difference betweenV s and V1 must be 0.1V or higher, and that between V 4 and GND must
be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the operationa amplifiers. Place
a capacitor of about 1 uF (B characteristics) between each internal operationa amplifier (V1OUT to V50UT
outputy and GND and stabilize the output level of the operational amplifier. Adjust the capacitance va ue of
the stabilized capacitor after the LCD panel has been mounted and the screen quality has been confirmed.
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VLPS

VLREF

O
0.1 MF*ZD
(B characteristics)1_L_

O

1 MF*ZD

(B characteristics)(}

0
GNDo

)

V10UT

HD66760

Vi

V20UT

V2

V30UT

V3

V40UT

V50UT

-

GND

GND

VLOUT

PS ="11"

LCDO
driver
b i V4

3 SEG1 to SEG312

Vi
Cil+

Ci1-
C2+

Cc2—-
C3+

C3-

C4+
C4-

C5+
C5-

C6+

C6—

Step-up O
circuit

= COM1 to COM80

Notes: 1. Adjust the capacitance value of the capacitor after the LCD panel has been mounted.(
2. Use the capacitors with breakdown voltages equal to or higher than the VLCD (= VLPS-0
GND) voltage for connecting to VLPS and V1OUT through V50UT. Determine the [
capacitor breakdown voltages by checking VLCD voltage fluctuation.

Figure 49 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and I nternal Operational Amplifiersare Used

To aupply LCD drive voltage using the internal VL CD regulator and step-up circuit, an internal booster and
internal operationd amplifiers should be connected as shown in figure 50. Keep the power-supply voltage
(VLPS) of the operationd amplifier higher than the output voltage (V1REF) of the V LCD regulator. Contrast
can be adjusted through the CT bits of the contrast control instruction.

The HD66760 incorporates a voltage-follower operationa amplifier for each of V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different liquid-crystal drive voltages Thus
potentid difference betweenV | s and V1 must be 0.1V or higher, and tha between V4 and GND must be 1.4
V or higher. Note that the OPOFF pin must be grounded when using the operational amplifiers. Pace a
capecitor of aout 1 uF (B characteristics) between each internal operaiond amplifier (V1OUT to V50UT
outputy and GND and stabilize the output level of the operational amplifier. Adjust the capacitance va ue of
the stabilized capacitor after the LCD panel has been mounted and the screen quality has been confirmed.
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GND

VLOUT

O

Notes: 1.

(B characteristics)

O
HD66760
C6+ 1
— nnAn (), 1uF *7
PS : ,,OO" or C6- T (8 characteristics)
PS ="01
CbH+
0L 1uF 7
C5- T(B characteristics)
Ca+
OL 1uF 7
Step-up C4- T(B characteristics)
Vi Circuit car
C . 0L 1uF 7
l/_Z.V_CI Voltage C3- T (8 characteristics)
VREG Dividing
O $ C2+
OL 1uF
VLCD C2- T (® characteristics)
Regulator c1
+
V1REF | eal 1uF 7
V/LREF R Cl- T(B characteristics)
LU L 10 v
LIUF  #5 e LPS N\
B characteristics) —O U
( Lo | [
V1OUT VLREF regulator \Val
R
V20UT ) V2
R= = SEG1 to SEG312
V30UT 1 V3
I LCD
RO= Driver
V40UT ) v4
RE
< COML1 to COM80
= q=1= === V5OUT 1 V5 >
Lllll =
t TTTTT .G > oD
1uF 589
: :
of

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

N

obtained.

(22 I~ V]

higher than the Vci voltage.

~

. Polarized capacitors must be connected correctly.
. Circuits for temperature compensation should be based on the sample circuits in figures 51 and 52.

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

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

should be equal to or higher than the Vci voltage.

8.

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

9.
fluctuation.

10. VLREF regulator is not used when PS = "00". VLREF regulator is used when PS ="01".

(+) ke 1uF +8,9

(B characteristics)

GND

The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not

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

. The breakdown voltages of the capacitors connected to C1+/C1-, C2+/C2-, C4+/C4-, and C5+/C5-
The breakdown voltages of the capacitors connected to VLOUT and V1OUT through V50UT should be

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

Figure 50 Internal Step-up Circuit for LCD Drive Voltage Generation
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HD66760

Temperature can be compensated ether through the CT bits, by controlling theref erence input voltage for the
VLCD regulator (VREG pin) using athermistor, or by controlling the ref erence output voltage of the VLCD
regulator (V 1REF pin).

VS , vei - HD66760

VRaj 1/2 Vci Voltage PS="01"
Dividing
Ra
VLCD
Rth Regulator
Thermistor V1REF
0.1uF L
GND = (@ characteristics]”  VLREF
= eN\p VLPs
R
ViOUT VLREF regulator - vi
b
R=
V20UT V2
RE SEG1 to SEG312
V30UT V3
= LCD
RO= Driver
V40UT va
RE
V50UT V5 ==p COM1to COM80
GND R=
GND

Figure 51 Temperature Compensation Circuits (1)

Vi A_,% HD66760

1/2 Vci Voltage PS ="10"
Dividing
VREG
=3
VLCD
Regulator
VRaj
Ra Vips
RE
VLREF regulator -
Rth %8
The n
lermistor RE;
V2
Vee or GND RE == SEG1to SEG312
V30UT V3
= LCD
RO= Driver
V4OUT V4
R=
V50UT = V5 . COM1 to COMg0
GND R=
=
GND

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

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

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

Place a cgpacitor with abreakdown voltage of three times or more the Vci-GND voltage between C6+ and
C6— and between C3+ and C3—, a capacitor with a breakdown voltage larger than the Vci-GND voltage
between Cl+ and Cl—-, C2+ and C2—, C4+ and C4—, and C5+ and C5—, and a capacitor with a breakdown
voltage of n times or more the Vci-GND voltage to VLOUT (n: step-up factor) (see figure 53).

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

Table 37 VLOUT Output Status

BT1 BTO VLOUT Output Status
0 0 Three-times step-up output
0 1 Four-times step-up output
1 0 Five-times step-up output
1 1 Six-times step-up output
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Maximum six-, five-, four-, and three-times step-up

Vcio———— Vi

1 uFO () Cl+
Charac-

gristics) E Cl-

1uFO ) Cc2+
Charac—E*E

gristics) C2-

1uFO () C3+
Charac-

t%ristics) E C3-

1uFO ®) Ca+
Charac-

feristics) C4-

1uFO M) — co+
Charac-

gristics) i C5—

1 wFO () C6+
Charac-

t%ristics) E C6—

O—fl Fo VLOUT
Charac-

teristics)

GND

Figure 53 Step-up Circuit Output Factor Switching
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Example of Power -supply Voltage Generator for More Than Seven-times Step-up Output

The HD66760 incorporaes a step-up dircuit for up to six-times step-up. However, the LCD drive voltage
(VLCD)will not be enough for six-times step-up from Vcc when the power-supply voltage of Vcc islow or
when the LCD drive voltage is high for the high-contrast LCD display. In this case, the reference voltage
(Vci) for step-up can be set higher than the power-supply voltage of Vcc.

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

HD66760
Regulatord | 2.0V Vee  Logic circuit
)
Battery(] — Ci+ l(+)1 wFO
Lhev | T (BCharac-O
Regulatord| 22V i Cl- teristics)
O 2 +
( ) C2+ ( )1 uFO
(B Charac-0
‘ c2- teristics)
+
ad S 1™ e
Charac-0
GND Step-up circuit c3- c;gristics)
ca+ [T ™
1 uFO
—r VLCD (= 15.4 V)OI T @Mcharac-tl
(VLPS-GND) C4-— teristics)
+
777777 22Vx7=154V Cs+ oy uFO
VLOUT T (B Charac-0
C5— teristics)
””” +
6+ [ 1M e
T (B Charac-0
,,,,,, C6 — teristics)
GND , | g SEG1to SEG312
,,,,,, N VLPS  Operationalll
) amplifier > COM1 to COM80
(B Charac-[1
,,,,,, . teristics) =
GND
L VCi(=22V) J:
7K_f Vce (=2.0V) GND
GND (=0 V)

Note: In practice, the LCD drive current lowers
the voltage in the step-up output voltage.

V 10UT = Vci or Vci

Figure 54 Usage Example of Step-up Circuit at Vci >Vcce
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Restrictions on the 1st/2nd Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS16-10) and end line (SE16-10) of
the 1st screen driving position regiger (R14h) and the start line (S526-20) and end line (SE26-20) of the 2nd
screen driving position register (R15h) for the HD66760. Note tha incorrect display may occur if the
restrictions are not satisfied.

Table 38 Restrictionson the 1st/2nd Screen Driving Position Register Settings

1st Screen Driving (STP =0) 2nd Screen Driving (STP =1)
Register setting SS16-10 < SE16-0 < 4FH SS16-10 < SE16-10 < SS26-20
= SE26-20 < 4FH
Display operation Time-sharing driving for COM pins Time-sharing driving for COM pins
(SS1+1) to (SE1+1) (SS1+1) to (SE1+1) and (SS2+1) to

* Non-selection level driving for others (SE2+1)
* Non-selection level driving for others

Notes: 1. When thetotal 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, the start line, the
duty-setting line, and the lines between them are displayed and non-selection level driving is performed for
other lines.

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

Setting the deep mode bit (SLP) to 1 puts the HD66760 in the sleep mode, where the device stops dl internd
display operations, thus reducing current consumption. Specificaly, LCD operation is completdy hated.
Here, all the SEG (SEG1 to SEG312) and COM (COM1 to COM80) pins output the GND levd, resulting in
no display. If the AP1-0 bits in the power control register are set to 00 in the sleep mode, the LCD drive
power supply can be turned off, reducing the total current consumption of the LCD module.

Table 39 Comparison of Sleep Mode and Standby Mode

Function Sleep Mode (SLP =1) Standby Mode (STB = 1)

LCD control Turned off Turned off

R-C oscillation circuit Operates normally Operation stopped
HITACHI
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Standby Mode

Setting the gandby mode bit (STB) to 1 puts the HD66760 in the standby mode, where the device stops
completely, halting dl internd operations including the R-C o<cillation circuit, thusfurther reducing current
consumption compared to that in the sleep mode. Specificdly, dl the SEG (SEG1 to SEG312) and COM
(COM1 to COM80) pins for the time-sharing drive output the GND levd, resulting in no display. If the
AP1-0 bits are set to 00 in the standby mode, the LCD drive power supply can be turned off.

During the sandby mode, no instructions can be accepted other than the start-oscillation instruction. To
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillétion before setting the
STB hit to 0.

Turn off the display: D1 to 0 = 01

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

| Set standby mode: STB =1 |

[ Standby mode J

| Issue the start-oscillation instruction |

Wait at least 5 ms

| Cancel standby mode: STB =0 |

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

Wait at least 150 ms

Turn on the display: D1to 0 = 11

Figure55 Procedurefor Setting and Canceling Standby M ode
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Power -on/off Sequence

To prevent pulse lighting of LCD screens a power-on/off, the power-on/off sequence is activated as shown
beow. However, dnce the sequencedepends on LCD materials to be used, confirm the conditionsby using

your own system.

Power -on Sequence

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

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

Wait for 5 ms or longer (oscillation stabilization time)

Issue LCD power instruction

Wait for 10-150 ms or longer O

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

Turned on display: D1-0 = 11

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

Figure 56 Power-on Sequence
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Vcc

Power voltage: Vcc /
GND

Vcce
RESET
GND —

Oscillation state

_ ) Vcce
Signal-input
instruction issued
GND

/0.9 Vce

Power-on reset time: 200 us

0.9 Vcc

nnniin

TR

Oscillation stabilization time: 5 ms

Note: R-C oscillation starts by power-on and input reset. O

O

The standby mode is cleared by input reset.

84

Figure 57 Power-on Timing
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Power -off Sequence

Normal state

Emergency case

Turn off display: D1-0 = 00

1

Issue LCD power instruction

Y

Turn off power voltages Vcc and Vci

Turn off power voltages Vcc and Vci

1

RESET = "Low"

1

Driver SEG/COM output: GND

Figure 58 Power-off Sequence

Power voltage: Vcc

RESET

V10UT

Driver SEG/
COM output

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

Power is turned off.

RESET is input as soon as possible.

Figure 59 Power-off Timing
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Absolute Maximum Ratings

Iltem Symbol Unit Value Notes*
Power supply voltage (1) V. \Y, -0.3to +4.6 1,2
Power supply voltage (2) V, ., — GND \% -0.3to +16.5 1,3
Input voltage Vit \Y, —-0.3t0 V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C —-55to +110 1,5

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

V.. = GND must be maintained.

V,cp = GND must be maintained.

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

This temperature specifications apply to the TCP package.

ar>wDn
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DC Characteristics (V. =2.2t0 3.6V, Ta=-40to0 +85°C**)

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vi 0.7V, — Vee V.  V,=221t036V 2,3
Input low voltage (1) "/ -0.3 — 015V, V. V,=22t036V 2,3
(Except I°C bus I/F pins)
Input low voltage (2) V., -0.3 — 03V, V V. =22t036V 2,3
(SDA and SCL : I°C bus
interface pins)
Output high voltage (1) Vg, 0.75V, — — \% loy =—0.1 mA 2
(DBO0-15 pins, SDA :
Clock synchronized
serial I/F)
Output low voltage (1) Vg, — — 02V, V V., =22t024V, 2
(DBO0-15 pins) lop =0.1 mA

— — 015V, V  V,=241t036V, 2

lo. = 0.1 mA
Output low voltage (2) Vo, — — 02V, V I =04mA 2
(SDA : I°C bus I/F)
Output low voltage (3) Vg5 — — 0.4 V 1y, =3mA 2
(SDA : I°C bus I/F)
Driver ON resistance Reom — 3 10 kQ =Id=0.05mA, 4
(COM pins) Viep =10V
Driver ON resistance Rsee — 3 10 kQ +1d =0.05 mA, 4
(SEG pins) V=10V
I/O leakage current I -1 — 1 HA  Vin=0to V 5
Current consumption lop — 130 180 HA  CR oscillation, 6,7
during normal operation Ve=3.0V,
(Ve — GND) Ta=25°C, §;. = 180 kHz
(1/80 duty), display all 1

Current consumption lsr — 0.2 5 MA V.,=3V,Ta=25°C 6,7
during standby mode
(Vcc - GND)
LCD drive power supply | — 27 60 PA V,=30V,V =15V, 7

current (Vs — GND)

1/10 bias,

CR oscillation, f,sc = 180
kHz (1/80 duty), AP1-0 =
"01", Ta = 25° C, display
all1

Note:

HITACHI

For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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DC Characteristics (cont) (V.. =22t03.6V, Ta=-40to +85°C*%)

Item Symbol Min Typ Max Unit Test Condition Notes
LCD drive voltage Vi 5.0 — 15.5 \Y, 8
(VLPS - GND)
VREG input voltage Vies — 13 2.5 V  VREG external input
(VREG pin) (PS1-0 ="10"),
Ta=25°C
V1REF output voltage  V ger — 13.0 — V VREG=13V,Ta=
(V1REF pin) 25° C, 10 times VREG
(VR2-0 ="110")
V1REF < VLPS - 0.5V
LCD output voltage Viour VLPS/2 — VLPS - V
range (1) v -0.5 05V
20UT
VZOUT
LCD output voltage Vour 0.5 — VLPS/2 V
range (2) v

50UT

Step-up Circuit Characteristics

Iltem Symbol  Min Typ Max Unit  Test Condition Notes
Three-times V ups 7.6 7.9 8.1 \% Vee=Vei=27V, 11
step-up output lo =30 A, C =1 pF,
voltage fosc =180 kHz, Ta=25° C
(VLOUT pin)
Four-times step- V., 10.3 10.6 10.8 \% Ve =Vei =27V, 11
up output lo =30 pA, C =1 pF,
voltage fosc =180 kHz, Ta=25° C
(VLOUT pin)
Five-times step-  V ps 13.0 13.3 13.5 \Y Vee=VCi=27YV, 11
up output lo =30 pA, C =1 pF,
voltage fosc = 180 kHz, Ta = 25° C
(VLOUT pin)
Six-times step- V Ups 14.2 14.7 15.0 \Y Vee=Vei=25V, 11
up output lo =30 pA, C =1 pF,
voltage fosc =180 kHz, Ta=25° C
(VLOUT pin)
Use range of V ps Ve — 15.5 \Y For three- to six-times 11
step-up output V Upa step-up
voltages V s

\Y

UP6

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characterigtics (V. =2.2t03.6 V, Ta=-40t0 +85°C**)

Clock Characteristics (V¢c =2.2t03.6 V)

Iltem Symbol Min Typ Max Unit Test Condition  Notes
External clock fcp 120 180 240 kHz 9
frequency

External clock duty Duty 45 50 55 % 9

ratio

External clock rise trep — — 0.2 ps 9
time

External clock fall tfcp — — 0.2 us 9
time

R-C oscillation clock  fq 144 180 216 kHz Rf = 200 kQ, 10

Vee=3V

Note:

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

HITACHI

89



HD66760

68-system Bus I nterface Timing Characteristics

(Vec=22t024V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write toyce 600 — — ns Figure 67
Read t.yce 800 — —

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

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

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

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

Address hold time e 20 — — ns Figure 67

Write data setup time toswe 60 — — ns Figure 67

Write data hold time the 20 — — ns Figure 67

Read data delay time toore — — 300 ns Figure 67

Read data hold time tonre 5 — — ns Figure 67

(Vec=241t03.6V)

Item Symbol Min  Typ Max Unit Test Condition

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

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

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

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

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

Address hold time tane 5 — — ns Figure 67

Write data setup time toswe 60 — — ns Figure 67

Write data hold time the 15 — — ns Figure 67

Read data delay time toore — — 200 ns Figure 67

Read data hold time tonre 5 — — ns Figure 67
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80-system Bus Interface Timing Char acteristics

(Vec=22t024V)

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teycw 600 — — ns Figure 68
Read tcycq 800 — — ns Figure 68
Write low-level pulse width PW,, 120 — — ns Figure 68
Read low-level pulse width PW,; 350 — — ns Figure 68
Write high-level pulse width PW,, 300 — — ns Figure 68
Read high-level pulse width PW,, 400 — — ns Figure 68
Write/Read rise/fall time twrr s wrt — — 25 ns Figure 68
Setup time (RS to CS*, WR*, RD¥) tas 10 — — ns Figure 68
Address hold time tan 20 — — ns Figure 68
Write data setup time tosw 60 — — ns Figure 68
Write data hold time towr 20 — — ns Figure 68
Read data delay time toor — — 300 ns Figure 68
Read data hold time tonr 5 — — ns Figure 68

(Vec=241t03.6V)

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

(Vee=22t03.6 V)

Item Symbol Min Typ Max Unit Test Condition
Serial clock cycle time Write tscve 142 — — ns Figure 70
Read 330 — — ns Figure 71
Serial clock high-level pulse Write tsch 50 — — ns Figure 70
width
Read 130 — — ns Figure 71
Serial clock low-level pulse width Write tscL 50 — — ns Figure 70
Read 130 — — ns Figure 71
Serial clock rise/fall time tscr, tsct — — 25 ns Figure 70, 71
CS* Setup time Write tcsu 20 — — ns Figure 70
Read 60 — — ns Figure 71
CS* hold time Write tcu 100 — — ns Figure 70
Read 60 — — ns Figure 71
Serial input data setup time tsisu 40 — — ns Figure 70
Serial input data hold time tsin 40 — — ns Figure 70
Serial output data delay time tsop — — 130 ns Figure 71
Serial output data hold time tson 0 — — ns Figure 71
I12C Bus Interface Timing Characteristics
(Vee=2.2t03.6V)
Item Symbol Min Typ Max Unit Test Condition
SCL clock frequency fscL 0 — 1300 kHz Figure 72
SCL clock high-level pulse width tscLH 120 — — ns Figure 72
SCL clock low-level pulse width tscLL 240 — — ns Figure 72
SCL/SDA rise time tsr 10 — 160 ns Figure 72
SCL/SDA fall time ts 10 — 70 ns Figure 72
Bus free time tsur 240 — — ns Figure 72
Start condition hold time tsTAH 320 — — ns Figure 72
Setup time for a repeated START tsTas 320 — — ns Figure 72
condition
Setup time for STOP condition tstos 320 — — ns Figure 72
SDA data setup time tspas 40 — — ns Figure 72
SDA data hold time tspaH — — ns Figure 72
SCL/SDA spike pulse width tsp — 10 ns Figure 72
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Reset Timing Characteristics (Vc =2.2t03.6 V)

Iltem Symbol Min Typ Max Unit Test Condition
Reset low-level width tres 200 — — us Figure 69

93



HD66760

Electrical Characteristics Notes

1. For bare die and wafer products, specified up to 85°C
2. Thefollowing three circuits are 1/0 pin configurations (figure 60).

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

Vce Vcce
PMOS PMOS
NMOS NMOS
GND GND
Pins: DB15 to DBO Vce
PMOS
(Input circuit)
NMOS
. I Vcc  (Tri-state output circuit)
»——<Output enable
PMOS
—Output data
NMOS§
Pins: RW/RD*/SDA Vce
PMOS
(Input circuit)
NMOS
= I Vee  (Tri-state output circuit)

—<IM2
PMOS — <M1
—Output data
NMOS

Figure 60 /0O Pin Configuration
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3. TheTEST, VSW1, and VSW2 pins must be grounded and the IM2-0 and OPOFF pins must be grounded
or connected to Vcc.

4. Appliesto theresistor value (RCOM) between power supply pins V10UT, V20UT, V50UT, GND and
common signal pins, and resistor value (RSEG) between power supply pins V1OUT, V30UT, V40UT,
GND and segment signal pins.

5. Thisexcludesthe current flowing through output drive MOSs.

6. Thisexcludesthe current flowing through the input/output units. The input level must be fixed high or
low because through current increases if the CMOS input is | eft floating. Evenif the CSpinislow or
high when an access with the interface pin is not performed, current consumption does not change.

7. Thefollowing shows the relationship between the operation frequency (fosc) and current consumption
(Icc) (figure 61).

Vec=3V Vee =3V, fosc = 173 kHz
400 40
300 30
—~ 2 L
< = [ —
= / = |
o 200 o 20
S S
100 10
0 0
100 150 200 250 300 350 8.0 10.0 12.0 14.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure 61 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltage iswithin A}0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5)
when thereis no load.

9. Appliesto the external clock input (figure 62).

< Th p T
2 kQ
. 0.7Vcc
Oscillator —\/\/\,—{ OSC1
0.5Vce Duty = T;:‘- X 100%
Open 0SC2 0.3Vce [
— | - —
trep tiep

Figure 62 External Clock Supply

HITACHI

95




HD66760

10. Appliesto theinternal oscillator operations using external oscillation resistor Rf (figure 63 and table 40).

OSsC1
Rf § Since the oscillation frequency varies depending on the OSC1 and OSC2 pin

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

Figure 63 Internal Oscillation

Table40 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc (kHz)

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

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

(3 to 6-times step-up)

L —

Vee Vi

Cl+— ——
Cl-l——

C2+— ——

C3+———
c3-——

Ca4+[— =
C4-
Coh+
C5—

ce+f—t

VLOUT jT»
GND VLcD +1 E

= L

Figure 64 Step-up Characteristics Test Circuit
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Referential data

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

(i) Relation between the obtained voltage and input voltage

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

T T
16.0 yp-_ 16.0 yp-_

2120 S 120

[s¢] — <

a a

S 80 S sof

. —— S .
4.0 4.0
2.0 25 3.0 35 2.0 2.5 3.0 3.5
Vci (V) Vci (V)
Vci = Ve, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci = Vcc, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11
Five-times step-up Six-times step-up
T T
typ._| typ._ |
16.0 > 16.0 »

< S

= 12.0 © 120

o o

a )

2 >

= 10.0 10.0

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

Figure 65 Step-up
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(i) Relation between the obtained voltage and temperature

Three-times step-up

Four-times step-up

8.50 T 11.00 T
Typ. typ.
S 8.25 S 10.75 -~
g 5 T
5 8.00 % 1050
> >
7.75 10.25
7.50 10.00
-60 -20 0 20 60 100 -60 -20 0 20 60 100
Ta (°C) _ Ta (°C)
Vci = 2.7 V, fosc = 180 kHz, lo = 30 pA, DC1/0 = 11 Vci= 2.7V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11
Five-times step-up Six-times step-up
13.75 T 15.25
typ.
13.50 15.00
— — typ.
2 P T _——
Lo 13.25 © 14.75
= =
13.00 14.50
12.75 14.25
-60 -20 0 20 60 100 -60 -20 0 20 60 100
Ta (°C) Ta (°C)
Vci=2.7V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11 Vci=2.5V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11

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

Three-times step-up

9.0
65 typ.
s 8
g
2 8.0
>
75
0705 1.0 1.5
C (uF)

Vci= 2.7V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11

Five-times step-up

14.0
typ.

E 135
£
2 13.0
>

12.5

12.0 0.5 1.0 1.5

C (uF)

Vci= 2.7V, fosc = 180 kHz, lo = 30 uA, DC1/0 = 11

VUP4 (V)

VUP6 (V)

Four-times step-up

115
typ.

11.0

10.5

10.0

95 0.5 1.0 15

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

Six-times step-up

16.0

typ.

15.5

15.0

14.5

14.0 0.5 1.0 15

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

Figure 65 Step-up (cont)
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(iv) Relation between the obtained voltage and current

Three-times step-up Four-times step-up
8.15 10.85
8.10 typ. 10.80 typ.
S B S
< 8.05 < 10.75
g 3
g 8.00 g 10.70
7.95 10.65
7.90 10.60
7.85 10.55
0 10 20 30 40 50 0 10 20 30 40 50
lo (uA) lo (uA)
Vci = 2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci= 2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11
Five-times step-up Six-times step-up
13.50 15.00
13.45 14.95 typ.
S 13.40 bl S 14.90
& 1335 S 1485
> >
13.30 14.80
13.25 14.75
13.20 14.70
0 10 20 30 40 50 0 10 20 30 40 50
o (uA) lo (uA)
Vci=2.7V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11 Vci = 2.5V, fosc = 180 kHz, Ta = 25°C, DC1/0 = 11

Figure 65 Step-up (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO, SDA

Test Point O

50 pF

|
L

Figure66 Load Circuit
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Timing Characteristics

68-system Bus Operation

RSO VIH VIH
Rw Vi1 Vi1

tASE —# - tAHE —

cs* VlLl\( ViL1

-—— PWey — > ——— PWe ——

A VIH /
E / ViLL \— ViL1

S
ter | |

A

{CYCE ————————————#

2 tDSWE B>| @— tHE —P

S ) . UL
7 A Sy Write data (IS
DB15 N NSV N ViL1 ViLL s,

*2

DBO O SOE L N VOH1 VOH1 A0
NN RN RN NN NSRRI N RN NN NN
I Read data
te psas LS VoL1

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

Figure 67 68-system Bus Timing

HITACHI

101




HD66760

80-system Bus Operation

Re ViH VIHT
Vi1 ViL1-
— tAS — r— tAH —

ViH
CS* VL1

*

1
r4— PWLw, PWLR +‘ r—— PWHw, PWHR—®

WR*[J I\ VIH VIH? N VH
Rp* N Vil ViL1
twRr tWRf
- — -} o — et
- -
- tcycw, tcycr L
tosw —#| r— tHwR—"
*2
DBOO )/ NG VIR Write d VIH
rite data
té DB15 R A e ViL1 ViL1 SO

4 {DDR let— [DHR——»
*2

)
DBOO , . VOH1 VoH1 .
SO Read data G

{0 DB15 P VoL1 VoL1 N

Note: 1. PWLw and PWLR are specified in the overlapped period when CS* is low and WR* or RD* is low.[
2. Parallel data transfer is enabled on the DB15-8 pins when the 8-bit bus interface is used.]
Fix tje DB7-0 pins to Vcc or GND.

Figure 68 80-system Bus Timing

Reset Operation

tRES —MMM—

RESET* ViL1 ViL1

Figure 69 Reset Timing
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Clock Synchronized Serial I nterface Operation

Start: S End: P

Ccs*
ViLL ViL

tesu tser
VIH
SCL ViL14
tsisu
SDA Valid data Valid data
ViL1 ViL1
Figure 70 Clock Synchronized Serial Interface Input Timing
Start: S End: P
VIH
cs* /
ViL1 ViL1

SCL

tSOH

SDA VOH1
Output data Output data
VoL2

Figure 71 Clock Synchronized Serial I nterface Output Timing
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I2C Bus I nterface Operation

Stop: P

SDA

SCL

Start: S

tsr

Repeated Start : Sr
VIH VIH
ViL2
tSDAH
tsp
tSTAS tsTos
T ViH

Stop: P

ViL2

104

Figure 72 12C BusInterface Timing
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsihility for problems that may arise with third party’ s rights, including intellectual
property rights, in connection with use of the information contained in this document.

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

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk of
bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, traffic,
safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly for
maximum rating, operating supply voltage range, heat radiation characteristics, installation conditions and
other characteristics. Hitachi bears no responsibility for failure or damage when used beyond the
guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure rates or
failure modes in semiconductor devices and employ systemic measures such as fail-safes, so that the
equipment incorporating Hitachi product does not cause bodily injury, fire or other consequential damage
due to operation of the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

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