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(132 x 176-dot Graphics LCD Controller/Driver for 65K Colors)
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Description

The HD6676R, color-graphics LCD controller and driver LSI, displays 132-Bg-dot graphics for 65K
STN colors A 16-bit high-speed bus interfaaadhigh-speed RAMwrite functionenable efficient data
transfer and high-speed rewriting of data to the graphics RAM.

The HD6676& has various functions for reducitige power consumption of a LCD system, such as
low-voltage operation c.2 V/min., a step-up circuit to generate a maximum of 12-times the LCD drive
voltage from the supplied voltage, and voltage-followers to decrease the direct current flow in the LCD
drive bleeder-resistors. Combining these hardware functions with software functions, such as a partial
display with low-duty drive and standby and sleep modes, allows precise power control. The HD66766
is suitable for any mid-sized or small portable battery-driven product requiring long-term driving
capabilities, such as digital cellular phones supporting a WWW browser, bi-directional pagers, and small
PDAs.

Features

*+ 132RGB x 176-dot graphics display LCD controller/driver 8K STNcolors
* low voltage drive and flickerless PWM grayscale drive
. 16-/8-bit high-speed bus interfaaadClock Synchronized Serial Interfa¢SPI )
»  High-speed burst-RAM write function
e Writing to a window-RAM address area by using a window-address function
. Bit-operation functions for graphics processing:

- Write-data mask function in bit units

- Logical operation in pixel unit and conditional write function.
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*  Various color-display control functions

- 65K out of 140K possible colors can be displayed at the same time (grayscale palette
incorporated)
- Vertical scroll display function in raster-row units
- Partial LCD drive of two screens in any position

*  Low-power operation supports:
-Vcc =22to 36V (low-voltage)
- Common driving voltage 8 to 44V
- Segment driving voltage = 2to 4 V
- VOUT power voltage = 4.0V t0 5.75 V
- Power-save functions such as the standby mode and sleep mode
- Internal power supply circuit

- Programmable drive duty ratios (88176) and bias values (#R13) displayed on LCD

- Maximum 12-times step-up circuit for liquid crystal drives voltage and voltage inverting circuit

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

. Internal RAM capacity46,464bytes

*  396-segmernk 176-common liquid crystal display driver

e n-raster-row AC liquid-crystal drive (C-pattern waveform drive)

. Internal oscillation and hardware reset

*  Shift change of segment and common drivers

«  COM positioned on both sides in one chip for COG

Type Name
Types

External Dimensions

HCDG667A66RBP

Au-bumped chip straightoump

HCDG66B66RBP

Au-bumped chip lacedbump

Difference between HCD667x66R and HCD667x66

Table 1
Difference HCD667x66R HCD667x66
Pad arrangement Pad No. Pad Name Pad No. Pad Name
63 Vce 63 Vce
63 Vce 63 Vce
64 Vce 64 Vce
66 Vce 66 Vce
67 AVcc 67 Vce
68 AVcc 68 Vce
69 AVcc 69 Vce
70 AVcec 70 Vce
HITI%CHI

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Rev.1.0-1/ September202

B HD6676@R PAD Arrangement (Straight Output Arrangement)

NO.1 0.666

® Chip size: 18.65mmx2.63mm

® Chip thickness: 400um (typ.) DUMMYL

® pad coordinate: Pad center = @)

® Coordinate origin: Chip center oo = v
CER" *|com111

©® Au bump size: P coM
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® Au bump pitch: Refer to pad coordinatg e - [Seez
® Au bump hight: 1m(typ.. ey ===
® Numbers in the figure corresponds to cazf HE
the number of pad coordinate. S

® Alignment mart ca1d /
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Figure 1 PAD arrangement (Straight)
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Table 2

HD66766R PAD Coordinate (Straight)(No.1)
No.| pad name| X Y% No.| pad name| X Y | No.| pad name] X Y l|No.] padname] X Y || No.[pad nam¢ X Y
1{DUMMY1 -9193 -116: 81JOSC1 1284 -116 161/COM32 915§ -4110| 241{SEG390 729¢ 1144 | 321{SEG310 | 425¢ 1144
2[DUMMY2 -8835 -1164 82lGNDDUMS8 1449 -1169 ] 162)COM34 9154 -373 ] 242|SEG389 7254 1149 322|SEG309 | 4219 1144
3|RESET1* -8674 -1164 | _83IM2 1597 -1164 ] 163 COM36 9155 -339| 243{SEG388 7220 1144 323[SEG308 | 418( 1144
4|CEP -8499 -1164 | 84/VCCDUM1 1754 -1169 ] 164 COM38 9155 -297| 244{SEG387 7184 1144 324[SEG307 | 4144 1144
5|CEP -8399 -1169 85/IM1 1919 -1169 | 165 COM40 915§ -259 | 245/SEG386 7144 1149 | 325 SEG306 | 4104 1141
6[CEM 829d -116q [ 86]GNDDUM9 | 2067 -1164 | 166|/COMA42 9154 -221] | 246|SEG385 7104 1149 326/SEG305 | 406€ 1144
7|CEM -8194 -1164 87]IM0/ID 2223 -1164 | 167|COM44 9155 -183| 247|SEG384 7069 1144 327|SEG304 | 4029 1144
8|VCL -8014 -1164 | 88 VCCDUM2 238( -1164 | 168 COM46 9155 -149| 248{SEG383 703d 1144 ) 328[SEG303 | 399d 1144
9|vCL -7919 -11694 | 89 TEST2 2537 -1169 | 169 COM48 9155 -107]| 249 SEG382 6994 1144 ) 329[SEG302 | 3954 1144
10[VCL -7819 -1164 90 TEST1 2693 -1164 | 170/COM50 9155 -69] 250|SEG381 6954 11491 330|SEG301 | 3914 1144
11)VCL -7719 -1169 | 91JGNDDUM10| 285( -1164] 171/COM52 9155 -31)| 251{SEG380 691¢ 1144 331{SEG300 | 387¢ 1144
12)VCH -7539 -1164 | 92DUMMY3 303q -1164 | 172(COM54 915§ 7]1_252{SEG379 6874 1149 332[SEG299 | 3839 1144
13{VCH -7439 -1164 93IDUMMY4 313 -1164 | 173(COMS56 915§ 44| 253|SEG378 6847 1144 | 333(SEG298 | 3804 1144

4[VCH -7339 -1164 94DUMMY5 323( -1164 74/ COM58 9154 83| 254|SEG377 6804 49 | 334/SEG297 | 3764 49

5|VCH -7237 -1164 | 95 DUMMY6 333q -1169 75(COM60 9155 121)) 255(SEG376 6764 1149 335(SEG296 | 3724 49

6|C24+ -7057 -1164 | 96/DUMMY7 343 -1169 76{COM62 9155 159 256{SEG375 6726 1149 | 336[SEG295 | 3684 49
17[C24+ -6957 -1164 97]DUMMY8 353( -1164 | 177/COM64 915§ 197} ] 257|SEG374 6689 1144 | 337|SEG294 | 3649 1144
18)/C24- 6857 -116d [ _9g|DUMMY9 363( -1164 | 178(COM66 9159 239 [ 258[SEG373 665( 1144 [ 338[SEG293 | 3610 1144
19)/C24- -6757 -11694 | 99 VREFL 3819 -1164 | 179 COM68 9155 273 259 SEG372 6614 1144 339[SEG292 | 3574 1144
20[C23+ -6657 -1169 | 100|VREFL 3919 -1169 | 180/COM70 9155 311)) 260|SEG371 6574 1144 340[SEG291 | 3534 1144
21{C23+ -6557 -1169 | 101BIASC 4019 -1169 |_181{COM72 9155 349 261SEG370 6536 1144 | 341{SEG290 | 3494 1144
22|C23- -6457 -1164 | 102|BIASC 411q -1169 | 1821COM74 9155 387} | _262|SEG369 6494 1149 | 342|SEG289 | 3459 1144
23[C23- -6357 -1164 | 103VREFM 4211 -1164 | 183[COM76 9159 429 263[SEG368 646( 114 | 343[SEG288 | 342( 1144
24(C22+ -6257 -1169 | 104/VREFM 4311 -11694 | 184COM78 91559 463 264{SEG367 6424 1144 | 344[SEG287 | 3384 1144
25|C22+ -6157 -1164 05VM 4417 -1164 85 COM80 9155 501 | 265 SEG366 6384 49 | 345[SEG286 | 3344 49
26|C22- -6057 -1164 06|VM 4517 -1164 86/COM82 9155 539 ] 266|SEG365 6344 49 | 346/SEG285 | 3304 49
27[C22- -5957 -1164 07|VM 4611 -1169 87|COM84 9155 577| 267|SEG364 6309 1144 | 347|SEG284 | 3264 49
28(C21+ -5854 -1164 08 VM 4717 - % | 188COM86 9154 6% 268|SEG363 627( 114 | _348SEG283 | 323( 49
29|C21+ -5754 -1164 09 VSH 4817 -116 89/ COM88 9155 65 269[SEG362 6234 1149 | 349|SEG282 | 3194 1144
30[C21- -5574 -1164 10VSH 4911 -1169 90| COM90 9155 691)) 270|SEG361 6194 1144 350[SEG281 | 3154 1144
31{C21- -5474 -1164 | 111]VSH 5011 -1164 | 191{COM92 9154 729 271{SEG360 615¢ 1144 ) 351{SEG280 | 3114 1144
32[vCI2 -5374 -11694 | 112]VSH 5111 -1164 | 192(COM94 9154 767 | 272{SEG359 6114 1144 | 352[SEG279 | 3079 1144
33|VCI2 -527q -1164 3VOUT 5291) -1164 93 COM96 9155 804 ] 273]SEG358 608(d 49 | 353 SEG278 | 304d 49
34[{VCI2 -5174 -1164 AVOUT 5391 -1169 94/ COM98 9155 843 274{SEG357 6044 1144 | 354[SEG277 | 3007 49
35[vCI2 -5074 -1164 5 VOUT 5491 -1169 95(COM100 9155 881)| 275SEG356 6004 1144 | 355(SEG276 | 2964 49
36(GNDDUM1 | -489¢ -1164 | 116)\VOUT 5594 -1169 |_196/COM102 9155 919 | 276/SEG355 5964 1149 | 356/SEG275 | 2926 1144
37|GNDDUMZ | -479d 1164 [ 117C12+ 5774 -1169 | 197/COM104 915§ 95 277|SEG354 5929 1149 | 357[SEG274 | 288q 1145
38(GNDDUMS3 | -469¢ -1164 | 118/C12+ 5877 -1164 | 198 COM106 9155 99| 278[SEG353 5897 1144 358SEG273 | 285(0 1144
39[GNDDUM4 | -459¢ -1164 | 119/C12+ 5977 -1169 99 DUMMY12 | 9193 1183 | 279/SEG352 5854 1144 359[SEG272 | 2814 1144
40[DB15 -4414 -1169 | 120|C12+ 6079 -1169 00/COM108 8897 114§ 80]SEG351 5814 1144 360[SEG271 | 2774 1144
41|DB14 -4259 -1164 | 121|C12- 6174 -1169 01{COM110 8854 1144 81| SEG350 5774 11491 361SEG270 | 273¢ 1144
42[DB13 -4103 -1169 | 122/C12- 6277 -1164 | 202/COM112 8814 1149 282[SEG349 5734 1144 362[SEG269 | 2699 1144
43(DB12 -3944 -1164 | 123/C12- 6379 -11694 | 203[COM114 8774 1149 283(SEG348 5709 1144 363[SEG268 | 266 1144
44|DB11 -3789 -1164 24{C12- 6474 -1164 | 204/CO 6 874( 49| 284{SEG347 5664 49 | 364/SEG267 | 2627 49
45|DB10 -3633 -1164 25C11+ 6574 -1169 | 205CO 8 8702 49| 285(SEG346 5624 49 | 365[SEG266 | 2584 49
46(DB9 -3474 -1164 26/C11+ 6679 -1164 | 206(COM120 8664 49 | 286|SEG345 558¢ 114 | 366[SEG265 | 2544 49
47(DB8 -332(Q -1164 27|C11+ 6777 -1164 | 207|]COM122 8626 1149 287|SEG344 5544 1144 | 367|SEG264 | 2509 49
48|GNDDUMS | -3163 -1164 28/C11+ 6874 -1164 | 208 COM124 8584 49| 288[SEG343 551( 49 | 368 SEG263 | 247( 49
49[DB7 -3004 -1169 291C11- 6977 -1164 |_209COM126 8550 1149 289SEG342 5474 1149 | 369SEG262 | 2437 49
50[DB6 -285(Q -1164 301C11- 70794 -11694 | 210COM128 8517 1149 290|SEG341 5434 1144 370[SEG261 | 2394 49
51|DB5 -2693 -1164 | 131]C11- 7179 -11694 | 211{COM130 8474 1149 291{SEG340 5394 1144 371{SEG260 | 235¢ 1144
52|DB4 -2537 -1164 | 132|C11- 7279 -1164 | 212)COM132 8434 1144] 292]SEG339 535§ 1149 372|SEG259 | 2314 1144
53(DB3 -238(Q -1169 33)vVCIoUT 7459 -1164 | 213]COM134 83994 49| 293|SEG338 532 44 | 373[SEG258 | 228( 49
54[DB2 -2223 -1164 34 VCIOUT 7554 -1164 | 214COM136 8364 1149 294{SEG337 5284 1144 | 374[SEG257 | 2247 49
55[DB1/SDO -2067 -1164 35VCIOUT 7659 -1169 | 215COM138 8327 1149 295SEG336 5244 1144 | 375[SEG256 | 2204 49
56(DB0O/SDI -191q -1164 36|VCIOUT 7759 -1164 | 216/ COM140 8284 49 | 296|SEG335 5204 1149 376/SEG255 | 2166 1144
57]GNDDUM6 | -1754 -1164 | 137]VCI1 793;! - _% 217|ICOM142 8244 1149 297|SEG334 5164 1149 | 377|SEG254 | 2124 1144
58[RW/RD* -1597 -116: [38]VCIL 8039 -1164 ] 218/COM144 8209 1149 [ 295/SEG333 5139 1144 78[SEG253 | 2094 1144
59[E/WR*/SCL | -1444 -1164 | 139|VCI1 8139 -1164 19|COM146 8170 1144 | 299 SEG332 5092 1149 | 379/SEG252 | 2053 114§
60|GNDDUM7 | -1284 -1164 | 140/VCI1 8239 -1169 20|COM148 8134 1144 ] 300/SEG331 5054 1144 | 380[SEG251 | 2014 114§
61[RS -1127 -1169 | 141{VCCDUM3 8419 -1164] 221|COM150 8094 1144 301SEG330 5014 1149 | 381|SEG250 | 197¢4 114§
62[CS* -971) -1169 | 142[VCCDUM4 8519 -1164] 222/COM152 8054 1144 | 302/SEG329 4979 1144 382SEG249 | 1939 1144
63[vCC -791) -1169 | 143[RESET3* 8699 -1164 ] 223COM154 8014 1149 | 303 SEG328 4940 1149 383[SEG248 | 1900 1141
64|VCC 690 -116d | 144]DUMMY10 885( -1169 | 224/COM156 798( 1149 ] 304/SEG327 4902 1149 | 384{SEG247 | 1864 1144
65(vCC -590) -1164 | 145(DUMMY11 9199 -1164] 225(COM158 7944 1144 305SEG326 4864 1144 385SEG246 | 1824 1144
66[VCC -490| -1169 | _146/COM2 9154 -981)] 226/COM160 7904 1144 306/SEG325 4824 1144 386/SEG245 | 1784 1144
67|AVCC -390 -1169 |_147|COM4 9154 -943 7|COM162 7864 1144 | 307|SEG324 4789 1144 387|SEG244 | 1744 1144
68|AVCC -290 -1164 | 148/COM6 9159 -905 8|COM164 7824 1149 ] 308/ SEG323 475Q 1149 | 388 SEG243 1715’ 1144
69[AVCC -190] -1169 | 149(COM8 9154 -867] 229/ COM166 779¢ 1144 309SEG322 4712 1144 ] 389SEG242 | 1674 1144
70[AVCC -90| -1164 | 150/COM10 9154 -829] 230/COM168 7754 1144 310SEG321 4674 1144 390/SEG241 | 1634 1144
71)AGND 90| -1164 51{COM12 9159 -791§ ] 2311COM170 7714 49| 311{SEG320 4636 49 | 391|SEG240 594 49
72|/AGND 190] -1164 52(COM14 9159 -753] 232|COM172 7674 49| 312|SEG319 4598 49 | 392|SEG239 559 45
73[GND 290 -1164 53/COM16 9154 -71Y§] 233COM174 7639 1149 313/SEG318 4560 1144 | 393/SEG238 520 49
74{GND 390 -1164 54/COM18 9154 -677]] 234COM176 7604 1144 | 314/SEG317 4527 1144 | 394|SEG237 487 49
75|GND 490 -1164 | 155(COM20 9159 -639 ] 235 SEG396 7524 1144 ] 315SEG316 4484 1149 | 395SEG236 | 1444 1144
76{GND 590 -1169 |_156/COM22 9159 -601 ) 236{SEG395 7484 1144 ) 316/SEG315 4444 1144 396/SEG235 | 1404 1144
77[AGND 690 -1164 | 157|COM24 9154 -563] 237|SEG394 7444 1144 317/SEG314 4404 11441 397|SEG234 | 1369 1144
78/AGND 791] -1169 | 158(COM26 9154 -529] 238SEG393 741d 1144 318/SEG313 437Q 1144 398 SEG233 | 1330 114§
79|RESET2* 971] -1164 |_159/COM28 9159 -487] ] 239|SEG392 7374 1149 319/SEG312 4332 1149 399SEG232 | 1294 1144
80[{0OSC2 1127 -llﬁq 160]COM30 9154 -449] 240[SEG391 7334 1144 320|SEG311 4294 1144 ] 400SEG231 | 1254 1144
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[ No.| padname| X Y | No.| padname]| X Y || No.] padname] X Y No.[ pad name| X Y Alignment mard X Y
401|SEG230 1219 1149] 481|SEG150 -1864 1149| 561SEG70 -4904 1144 | 641JCOM155 -798( 1149 Cross -900q -1127
402|SEG229 78 49 | 482[SEG149 -1904 49 | 562|SEG69 -494( 49| 642/ COM153 -801§ 49 900d -112]
403|SEG228 40 9 48 -1934 49| 563[SEG68 -4974 1144 | 643 COM151 -8056 1144 [Circle(Positive] -9094 1144
404|SEG227 02 9 EG147 -1974 49| 564{SEG67 -5014 1144 | 644COM149 -8094 1144 [Circle(Negativg 9094 1144

| A05SEG226 1064 SEG146 -2014 1149| 565/SEG66 -5054 1144 | 645COM147 -8132 1149 L (Positive) | -9004 1144
406/SEG225 102¢ 1144 ] 486|SEG145 -2054 1149| 566|SEG65 -5094 1144 | 646 COM145 -8170 1149 ] L (Negative) | 9004 1144
407|SEG224 988 1144 | 487|SEG144 -209q 1149| 567|SEG64 -513d 1144 | 647COM143 -8209 1149
408/SEG223 950] 1144 488[SEG143 -2124 1149 568[SEG63 -5164 1144 | 648COM141 -8244 1144
409/ SEG222 912 1144 | 489|SEG142 -2166 1149 569 SEG62 -520¢ 1144 | 649COM139 -8284 1144
410|SEG221 874] 1144 | 490[SEG141 -2204 1149| 570|SEG61 -5244 1144 | 650 COM137 -8322 1149
411|SEG220 836 1149 | 491|SEG140 -2244 1149] 571{SEG60 -5284 1144 | 651COM135 -8360 1149
412|SEG219 798 1144 492[SEG139 -2284 1149] 572[SEG59 -532q 1144 | 652COM133 -8399 1144
413]SEG218 760 1144 493[SEG138 -2314 1149 573[SEG58 -5354 1144 | 653 COM131 -8434 1144
414/SEG217 722| 11491 494|SEG137 -2356 1149 574|SEG57 -539¢ 1144 | 654 COM129 -8474 1149
415/SEG216 684 1144 495[SEG136 -2394 1149| 575[SEG56 -5434 1144 | 6559COM127 -8512 1149
416/SEG215 646) 1144 | 496/SEG135 -2434 1149| 576[SEG55 -5474 1144 | 656 COM125 -855( 1144
417|SEG214 608 1144 | 497|SEG134 -247q 1149 577|SEG54 -551d 1144 | 657COM123 -8589 1144
418 SEG213 570[ 1149] 498|SEG133 -2509 1149 578/SEG53 -5544 1144 | 658 COM121 -8626 1149
419/SEG212 532 1144 499|SEG132 -2544 1149| 579[SEG52 -558¢ 1144 | 659COM119 -8664 1149
420SEG211 494 1149 | 500[SEG131 -2584 1149] 580[SEG51 -5624 1144 | 660 COM117 -8702 1144
421|SEG210 456 1149 | 501|SEG130 -26274 1149| 581{SEG50 -5664 1144 | 661]COM115 -874Q 1144
422|SEG209 418 49 EG129 -266( 49 | 582|SEG49 -5704 49| 662/ COM113 -8779 49
423/SEG208 380 49 | 503[SEG128 -2699 49| 583[SEG48 -5734 1144 | 663 COM111 -8814 1149
424/SEG207 342 44 | 504[SEG127 -2734 49| 584[SEG47 -577¢ 1144 | 664COM109 -8854 1144

| 425[SEG206 304] 1144 | 505[SEG126 -2774 1144 | 585[SEG46 5814 1149 | 669COM107 | -8897 1141
426|SEG205 266| 1149 ] 506/SEG125 -2814 1149 586|SEG45 -5854 1144 ] 666 DUMMY13 | -9193 1189

7|SEG204 228 1144 [ 507|SEG124 -285( 1149 | 587[SEG44 -5890 1149 | 66/]COM105 -9154 995
428|SEG203 190] 1144 | 508/SEG123 -2889 1144 | 588/ SEG43 -5928 1149 | 664COM103 -9154 957
429|SEG202 152 1149 | 509 SEG122 -292q 1149 | 589 SEG42 -5966 1149 669/ COM101 -9159 919
430[SEG201 114] 1144 | 510/SEG121 -2964 1149 | 590/SEG41 -6004 1149] 679JCOM99 -9154 88]f
431{SEG200 76 1149 | 511JSEG120 -3003 1144 | 591|SEG40 -6042 1149 671COM97 -9154 843
432[SEG199 38 1144 | 512|SEG119 -304Q 1144 | 592|SEG39 -6080 1149 672COM95 -9154 805
433|SEG198 -38| 1149 | 513{SEG118 -3079 1144| 593|SEG38 -6114 1149 673COM93 -91594 767
434|SEG197 -76] 1144 | 514/SEG117 -3119 1149 | 594/SEG37 -6154 1149 674COM9I1 -9154 729
435[SEG196 -114) 1149 | 515SEG116 -3154 1149 | 595/SEG36 -6194 1149 679COM89 -9154 691
436|SEG195 -152| 1149 | 516{SEG115 -3192 1144 | 596/SEG35 -6232 1149 676/ COM87 -9154 653
437|SEG194 -190 1144 | 517|SEG114 -323Q 1144 | 597|SEG34 -627( 1149 677/COM85 -9159 615
438|SEG193 -228) 1149 | 518/SEG113 -3269 1149 | 598 SEG33 -6309 1149 678COM83 -9154 577
439[SEG192 -266) 1149 | 519(SEG112 -3304 1149 | 599 SEG32 -6344 1149 679COM81 -9154 539
440[SEG191 -304] 1149 | 520|SEG111 -3344 1144 | 600[SEG31 -6384 1149 68COM79 -9154 501
441|SEG190 -342| 1144 | 521|SEG110 -3389 1144 | 601{SEG30 -6422 1149 681COM77 -9159 463
442|SEG189 -380] 1149 | 522/SEG109 -342Q 1149 | 602|SEG29 -646Q 1149 682COM75 0159 425
443|SEG188 -418) 1149 | 523{SEG108 -3459 1149 | 603SEG28 -6499 1149 683COM73 -9154 387
444|SEG187 -456) 1149 | 524{SEG107 -349¢ 1149 | 604/SEG27 -6536 1149 684COM71 -9154 349
445|SEG186 -494] 1144 | 525/SEG106 -3534 1144 | 605[SEG26 -6574 1149 685COM69 -9159 311}
446|SEG185 -532| 1149 | 526{SEG105 -3572 1149 | 606/SEG25 -6612 1149 686 COM67 -9154 273
447|SEG184 -570| 1149 | 527|SEG104 -361q 1144 | 607|SEG24 -6650 1149 687COM65 9159 235
448|SEG183 -608) 1149 | 528SEG103 -3649 1149 | 608 SEG23 -6689 1149 688 COM63 -9154 197
449|SEG182 -646[ 1144 | 529|SEG102 -368q 1144 | 609 SEG22 -6726 1149 689COM61 -9159 159
450|SEG181 -684) 1149 | 530|SEG101 -3724 1149 610[SEG21 -6764 1149 699COM59 -9154 121
451{SEG180 -722| 1149 | 531{SEG100 -3762 1149 | 611SEG20 -6802 1149 691)COM57 -9154 83
452|SEG179 -760] 1149 | 532/SEG99 -380Q 1144 | 612|SEG19 -684Q 1149 692COM55 -9154 45|
453|SEG178 -798 1144 | 533]SEG98 -3839 1144| 613SEG18 -6874 1149 693COM53 -915§ 7|
454|SEG177 -836] 1149 | 534/SEG97 -387¢ 1149 | 614/SEG17 -6914 1149 694COM51 -9154 -3
455SEG176 -874] 1149 | 535[SEG96 -3914 11449| 615[SEG16 6954 1149 [ 695[COM49 -9155  -69
456|SEG175 -912| 1144 536|SEG95 -3954 1149| 616|SEG15 -6994 1144 | 696 COM47 -9159 -107
457|SEG174 -950| 1149 | 537|SEG94 -3994 1149] 617|SEG14 -703d 1144 | 697COM45 -9159 -14!
458/SEG173 -988] 1149 | 538[SEG93 -402¢ 1149| 618[SEG13 -7064 1144 | 698 COM43 -9155 -183
459/SEG172 -1026 1149 539 -4066 1149 619[SEG12 -710¢ 1144 | 699COM41 -9155 -221)
460|SEG171 -1064 49| 54 -4104 49| 620|]SEG11 -7144 49| 700 COM39 -9159 -259
461|SEG170 -1102 49 .54 -4147 491 621{SEG10 -7184 1144 | 701COM37 -9155 -297]
462|SEG169 -114Q 491 54 -418( 49 622[SEG9 -722q 1144 | 702COM35 -9155 -339
463SEG168 -1178 1149 | 543] -4214 1149 623[SEG8 -7254 1144 | 703COM33 -9155 -373
464/SEG167 -1216 1144 | 544[SEG87 -425q 1144 624|SEG7 -729¢ 1144 | 704 COM31 -9159 -411)
465/SEG166 -1254 1144 | 545[SEG86 -4294 1149| 625[SEG6 -7334 1144 | 709COM29 -9155 -449
466/SEG165 -1292 1144 | 546[SEG85 -4334 1149| 626[SEG5 -7374 1144 | 706 COM27 -9155 -487]
467|SEG164 -1330 1144 | 547[SEG84 -437q 1149| 627|SEG4 -741d 1144 | 707COM25 -9155 -525
468 SEG163 -1368 1144 | 548[SEG83 -4404 1144| 628/SEG3 -7444 1144 | 708 COM23 -9159 -563
469 SEG162 -1406 1144 | 549[SEG82 -4444 1149] 629[SEG2 -7484 1144 | 709COM21 -9155 -601)
470SEG161 -1444 1144 | 550[SEG81 -4484 1149| 630[SEG1 -7524 1144 710COM19 -9155 -639
471|SEG160 -1482 1144 | 551{SEG80 -4524 1149| 631|COM175 -760q 1144 711COM17 -9155 -677]
472|SEG159 -1520 1144 | 552|SEG79 -456( 1144] 632/COM173 -7634 1144 | 7121COM15 -915§ -715
473SEG158 -1558 1144 | 553[SEG78 -4594 1149] 633COM171 -7674 1144 713COM13 -9155 -753
474SEG157 -1596 1144 | 554[SEG77 -463¢q 1149] 634COM169 -7714 1144 | 714COM11 -9155 -791
475 SEG156 -1634 1144 | 555[SEG76 -4674 1149] 635/COM167 -7754 1144 | 715COM9 -9155 -829
476|SEG155 -1672 1144 | 556|SEG75 -4714 1149 636/COM165 -779¢ 1144 | 716 COM7 -9159 -867
477|SEG154 -171Q9 1144 | 557[SEG74 -475Q 1149] 637|COM163 -7824 1144 | 7171COMS5 -9155 -90§|
478 SEG153 -1748 1149 | 558[SEG73 -4784 1149] 638|COM161 -7864 1149 | 718 COM3 -9159 -943
479 SEG152 -1786 1149 | 559[SEG72 -482¢ 1149 639/COM159 -7904 1144 | 719COM1 -9154 -987]
480|SEG151 -1824 1144 | 560[SEG71 -4864 1144 640|COM157 -7944 1145
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® Chip size: 18.65mmx2.63mm
® Chip thickness: 4Q@m (typ.)

® Pad coordinate: Pad cer

® Coordinate origin: Chip center

o 0 0o

(1) 8Qumx8Qum

DUMMY1, DUMMY2, RESET1*~
[RESET3*, DUMMY10, DUMMY11
DUMMY12, DUMMY13

(2) 38umx63um
COM1~COM176

SEG1~SEG396

® Au bump pitch: Refer to pad coordin|
® Au bump hight: 16m(typ.)

® Numbers in the figure correspond to
the number of pad coordinate.

©® Alignment marl

(1) Arrangement: Two places
«@-@ordinate (X, Y) = (+9000, -1121)

[+ 100um ¥
€ 50 »
f T3
"ﬂ
g. ‘_D
g £ A
a4 o y g
vy 8
AN
P>
30 40 30

(2-a) Coordinate (X, Y) = (-9094, 1145)
50um
(2-b) Coordinate (X, Y) = (9094, 1145)

q"n

(3-a) Coordinate (X, Y) = (-9004, 1145)
510 25 25 105

n

'T_ ]

[Te}

€ E ~
338

@ ~ 0

N

Q :

n

(3-b) Coordinate (X, Y) = (9004, 1145)
10 25 25 10

25 10

10 25
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B HD66766R PAD Arrangement (LacedOutput Arrangement)

NO.

NO.666

DUMMY1[®

DUMMY2}

el
veiz)
veiz)r

Vel
GNDDUMI:

GNDDUM4J*
DB1S"
DB14]
DB13}
pB12"
oB1l
DBI0]

oY+
PEEN
GNDDUMS|*
o8l
oBgf+

oBsf+

pB4f+

[EE

o2}
DpBLSD]
DBO/SDY*
GNDDUMe|*
RW/RD*"
EMR/SCL
GNDDUM7]+

GNDDUM10|*

DUMMY3|+

DUMMYS+

VREFL[*
VREFLf+
BIASC]*
BIASC|*
VREFM|*

DUMMY10+

DUMMY11y

Figure 2 PAD arrangement (Laced)
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HD667B66R
Laced
(Top View)

-
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. 8888
5553
feletele]
0000

“oummy13

« |com107

lcom109

+ |comi11
+ |comiiz

lcom169

+ |sEG393

SEG394

+ |SEG395

SEG396

« |com176

lcom17a

« lcom172
+ |comro

*|com11a
+ |comiiz

lcom110

+ |com108

puMmMY12

NO.199
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Table 3 cont.

HD66766R PAD Coordinate (LacedNo.?2)

INO.

THBEG 15

i o D D R R b R SR RN N
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HD66766RBlock Diagram Description

Vee [

AVcc

IM2-1,
IMO/ID

Cs*

RS

E/WR*/SCL

RW/RD *

DBO0/SDI,
DB1/SDO,
to DB15

RESET *

TEST1
TEST2

0OSC1

0SscC2

-¢TD 01-TT1D

Figure 3 HD66766R Block Diagram Description
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Pin Functions
Table 4

Number of
Signals Pins 110

Pin Functional Description

Connected to

Functions

IM2-1, 3 |
IMO/ID

GND or V¢

Selects the MPU interface mode:
IM2 IM1 IMO/IDO
GND GND GND
GND GND Vce
GND
GND  Vcc Vce
Vce GND ID

When a serial interface is selectdt IMO pin is used as
the ID setting for a device code.

MPUInterface mode

6&ystem 16-bit bus interface

68ystem 8-bitbus interface

GND Vcc 8@ystem 16-bit bus interface

8Bystem 8-bit bus interface

Cloclsynchronized serial interface

Cs* 1 |

MPU

Selects the HD66768

Low: HD6676®R is selected and can be accessed

High: HD6676@R 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

For a register oa synchronous clock interfacixedto
the Vcc or GND level

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 a synchronous clock interfaserves as the
synchronous clock signal.

RW/RD* 1 |

MPU

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

Low: Write High:Read

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

For a synchronous clock interfadxed to the Vcc or
GND level

DBO/SDI 1 /10

MPU

Serves as a 16-bit bi-directional data bus.
For an 8-bit bus interface, data transfer uses DB15-DB8;
fix unused DB7-DBO to the Vcc or GND level.

For a clock-synchronous serial interface, serves as the
serial data input pin (SDI). The input level is read on the
rising edge of the SCL signal.

DB1/SDO 1 /0

MPU

Serves as a 16-bit bi-directional data bus.
For an 8-bit bus interface, data transfer uses DB15-DB8; fix
unused DB7-DBO to the Vcc or GND level.

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

Downloaded from Elcodis.com electronic components distributor
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Table 4 cont.
Number of
Signals Pins 1/0 Connected to  Functions
DB2-DB15 14 110 MPU Serves as a 16-bit bi-directional data bus.
For an 8-bit bus interface, data transfer uses DB15-DB8; fix
unused DB7-DBO to the Vcc or GND level.
For a synchronous clock interfaceunused pins, fixetb
the Vcc or GND level
SEGLH 396 O LCD Output signals for segment drive. In the display-off period
SEG396 (D1-0 =00, 01) or standby mode (STB = 1), all pins output
GND level.
The SGS bit can change the shift direction of the segment
signal. For example, if SGS = 0, RAM address 0000 is
output from SEGL1. If SGS =1, it is output from SEG396.
SEG1, SEG4, SEG7, ... display red (R), SEG2, SEGS5,
SEGS, ... display green (G), and SEG3, SEG6, SEG9, ...
display blue (B) (SGS = 0).
COM1- 176 O LCD Output signals for common drive. In the display-off period
COM176 (D1-0 =00, 01)sleep mode (SLP = br 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, driver outputs from
COML1 to COM176. If CMS = 1, driver outputs COM176 to
COML1.
Note that start position of the common driver output is
changed by screen diving position function.

VCH, VCL 2 — Capacitor for ~ Selection level for the common signal. When internal power
stabilization supply is used, connect the capacitors for stabilization
shot key barrier VCH AND VCL, and shot key barrier diode to VCL
diodeor external When internal power supply is not used, supply external
power supply  voltage.

VM 1 — Capacitor for ~ Non-selection level for the common signal. When internal
stabilization or operational amplifier is used, it is output of the internal
external power operational amplifier and connect the capacitors for
supply stabilization. When internal operational amplifier is not

used, supply external voltage.

VSH 1 — Capacitor for ~ Selection level for the segment signal. When internal
stabilization or operational amplifier is used, it is output of the internal
external power operational amplifier and connect the capacitors for
supply stabilization. When internal operational amplifier is not

used, supply external voltage.

VcioUuT 1 — Vcil and Outputs a regulated voltage derived from Vc€onnecta
capacitor for capacitor for stabilization. Whenthis pin is not used,
stabilization or leave it open.
open

Vcil 1 — VciOUT or power Voltage-input pin for step-up circuit 1.Whenthe Vci
supply adjuster is used, input the power supply from VciOUT.

When not used, input the external power supply.

Vci2 1 — Capacitor for Connect capacitor for stabilizatiowhen the internal
stabilizationor power supply circuit is not used, leave this pin open.
open

VOUT 1 — Step-up A voltage that doubles or triples the voltage between
capacitance Vcil and GND is output here. Thestep-up factor can

be set in an internal register.

Cli+ C11- 2 — Step-up When step-up circuit is used, connacttep-up capacitor

capacitance

Downloaded from Elcodis.com electronic components distributor
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Table 4 cont.

Number of

Signals Pins 1/0 Connected to ~ Functions

Cl2+,C12- 2 — Step-up When step-up circuit is used, connacttep-up capacitor
capacitance

C21+, C21- 2 — Step-up When step-up circuit is used, connactep-up capacitor
capacitance

C22+, C22- 2 — Step-up When step-up circuit is used, connactep-up capacitor
capacitance

C23+, C23- 2 — Step-up When step-up circuit is used, connactep-up capacitor
capacitance

C24+, C24- 2 — Step-up When step-up circuit is used, connacttep-up capacitor
capacitance

CEP,CEM 2 — Step-up Connecta step-up capacitdo generate VCL level by
capacitancer VCH and VM. When step-up circuit is not usézhve
open this pin open

VREFL 1 — VCC or external  Inputs reference voltager LCD drivespower supply
power supply Inputlower level tharVce.  Sinceinput current does

not run, leveinput, which is divided by resistoiis, also
possible.

VREFM 1 — Capacitor for Connect capacitor for stabilizatidor internd power
stabilization or supply. When internal operational amplifier is not used,
external power supply external voltage.
supply

BIASC 1 — Capacitor for Connect capacitor for stabilizatidor interna power
stabilization or supply.
open

VCC,GND 2 — Power supply VCC: +2.2V to + 3.6 V; GND (logic): O/

AvVCC 1 — — VCC for power supply circuit. Input the same level of

voltage as VCC.

AGND 1 — — GND for power supply circuit.

OSC1, 2 /0 Oscillation-resistor Connect an external resistor for R-C oscillatiohVhen

0SsC2 providing clocks from outsidénput clock to OCS1 and

leaveOSC20pen

RESET* 1 | MPU or external Reset pin. Initializes the LS| when low. Must be reset
R-C circuit after power-on. SinceHCD66766RBP has three
Open unused pins RESET pins, use one pin and open unused two pins.

VcecDUM 1 (0] Input pins Outputs the internal VCC level; shorting this pin sets the

adjacent input pin to the VCC level.

GNDDUM 1 O Input pins Outputs the internal GND level; shorting this pin sets the

adjacent input pin to the GND level.

Dummy 1 — — Dummy pad. Mustbe left disconnected.

TESTL, 2 | GND Test pin. Mustbe fixed at GND level.

TEST 2
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Block Function Description

System Interface

The HD6676R has five high-speed system interfaces: an 80-system 16-bit/8-bit bus, a 68-system 16-
bit/8-bit bus, and a Clock synchronized serial interface. The IM2-0 pins select the interface mode.

The HD6676& has three 16-bit registers: an index register (IR), a write data register (WDR), and a read
data register (RDR). The IR stores index information from the control registers and the GRAM. The
WDR temporarily stores data to be written into control registers and the GRAM, and the RDR
temporarily stores data read from the GRAM. Data written into the GRAM from the MPU is first written
into the WDR and then is automatically written into the GRAM by internal operation. Data is read
through the RDR when reading from the GRAM, and the first read data is invalid and theasetdmel
following data are normal.

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

Table5 RegisterSelection(8/16 Parallel Interface)

80-series Bus 68-series Bus

WR RD R/W RS 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

Table 6 Register Selection (Clock synchronized Serial Interface)

Start bytes
R/W Bit RS Bit Operations
0 0 Writes indexes into IR

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

Bit Operation

The HD66766R supports the following functions. A write data mask function that selects data into the
GRAM in bit units, and a logic operation function that performs logic operations or conditional
determination on the display data set in the GRAM and writes into the GRAM. With the 16-bit bus
interface, these functions can greatly reduce the processing lord of the MPU graphics software the display
data in the GRAM at high speed. For details, see the Graphics Operation Function section.

Address Counter (AC)

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

HITACHI
13

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Rev.1.0-1/ September20@

Graphics RAM (GRAM)
The graphics RAM (GRAM) has twelve bits/pixel and stores the bit-pattern da@3@ gf1¥6 bytes.
PWM Grayscale Palette Circuit

The grayscale palette generates a PWM signal, which corresjpospicified grayscale level. ArgbK
out of thel40K possible colors can be displayed at the same time.

Grayscale Control Circuit

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

Timing Generator

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

Oscillation Circuit (OSC)

The HD6676R can provide R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can also
be supplied externgll Since R-C oscillation stops during the standby mode, current consumption can be
reduced.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists @blcommon signal drivers (COM1 to COM176) and

396 segment signal drivers (SEGL1 to SE§3

Display pattern data from GRAM is latched to t®&-Bit latch circuit. The latched data then enables the
segment signal drivers to generate drive waveform outputs. The common driver outputs one of the VCH,
VM or VCL voltage level. The SGS bit can change the shift direction of 396-bit data for the segment. The
CMS bit can also change the shift direction for the common by selecting an appropriate direction for the
device-mounting configuration.

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

LCD drive power supply circuit

LCD drive power supply circuit generates VCH, VSH, VM and VCL voltage level to drive LCD panel.

HITACHI
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GRAM ADDRESS DIAGRAM (HD66766R)
Table 7 Relationship between GRAM address and display position (SGS'@”")

SEG/COM pins Hvamor\wmajﬁ _______ %%5%%83%8%38

nijnjnninln|luvln]lnln|ln|ln U)U)%%%%%%%%%%

cms=0 | cms=1| i i Bl vt Tl e 25 o]%e e o i o %
COM1 | com176] "0000"H | "0001"H | "0002"H | "0003"H | ------- "0080"H | "0081"H | "0082"H | "0083"H
COM2 | coM175] "0100"H [ "0101"H | "0102"H | "0103"H | ------- “0180"H | "0181"H | “0182"H | "0183"H
COM3 | COM174 [ "0200"H | “0201"H [ "0202"H | “0203"H|------- "0280"H | "0281"H | "0282"H | "0283"H
COM4 | com173| "0300"H | "0301"H| "0302"H | "0303"H [-----"~ "0380"H | "0381"H | "0382"H | "0383"H
COM5 | COM172] "0400"H | "0401"H | "0402"H | "0403"H | ------" "0480"H | "0481"H | "0482"H | "0483"H
COM6 | com171] "0500"H | "0501"H | "0502"H | "0503"H | ------- "0580"H | "0581"H | "0582"H | "0583"H
COM7 | coM170] "0600"H | "0601"H | "0602"H | "0603"H | ------- "0680"H | "0681"H | "0682"H | "0683"H
COM8 | cOM169| "0700"H [ "0701"H | "0702"H | "0703"H | ------- "0780"H | "0781"H | "0782"H | "0783"H
COM9 | cCOM168| "0800"H [ "0801"H | "0802"H | "0803"H | ------- "0880"H | "0881"H | "0882"H | "0883"H
COM10 | COM167 | "0900"H | "0901"H [ "0902"H | "0903"H [------- "0980"H | "0981"H | "0982"H | "0983"H
COM11 | COM166 | "0A00"H [ "0A01"H | "0A02'H | "0A03"H | ------- "0A80"H | "0A81"H | "0A82"H [ "0A83"H
COM12 | COM165 | "0BOO"H | "0BO1"H [ "0B02"H | "0BO3"H [~ *"="* "0B80"H | "0B81"H | "0B82"H [ "0B83"H
COM13 | COM164 | "0C00"H | "0CO1"H | "0C02"H | "0CO3"H | **=""" "0C80"H | "0C81"H | "0C82"H | "0C83"H
COM14 | COM163 | "0D00"H | “0DO1"H [ “0D02"H | “0D03"H [ - *--=-" "0D80"H | "0D81"H | "0D82"H | "0D83"H
COM15 | COM162| "0EQ0"H | "0EQ1"H | "0E02"H | "0E03"H | ------- "0E80"H | "0E81"H | "0E82"H | "0E83"H
COM16 | COM161| "OF00"H [ "OF01"H | "OF02"H | "0F03"H [ ~~"~""" "OF80"H | "OF81"H | "OF82"H | "0F83"H
COM17 | COM160| "1000"H [ "1001"H | "1002"H | *1003"H [ ***"""" "1080"H | "1081"H | "1082"H | "1083"H
COM18 | COM159]| "1100"H |"1101"H | "1102"H | "1103"H | """~ "1180"H | "1181"H | "1182"H | "1183"H
COM19 | COM158 | "1200"H | “1201"H | "1202"H | "1203"H ["~""""" "1280"H | "1281"H | "1282"H | "1283"H
COM20 | COM157 | "1300"H | “1301"H | "1302"H | "1303"H [~ -----" "1380"H | "1381"H | "1382"H | "1383"H
COM169 | COM8 | "A800"H [ "A801"H | "A802"H | "ABO3"H | ------- "ABB0"H | "A881"H| "A882"H|"A883"H
COM170 | COM7 | "A900"H [ "A901"H | "A902"H | "A903"H | ------- "A980"H | "A981"H| "A982"H|"A983"H
COM171 | COM6 | "AAOO"H | "AAOL"H | "AA02"H ["AAO3"H |------- “AABO"H | "AA8L1"H | "AA82"H |"AAB3"H
COM172 | COM5 | "ABOO"H | "ABO1"H | "ABO2"H [*AB03"H | ------- “AB80"H | "AB81"H | "AB82"H |"AB83"H
COM173 | COM4 | "ACO00"H| "ACO1"H| "ACO2"H|*aco3"H |~~""""" "AC80"H | "AC81"H| "AC82"H|"AC83"H
COM174 | COM3 | "ADO0"H| "ADO1"H| "ADO2"H|"ADO3"H | ~~""""" "AD80"H | "AD81"H| "AD82"H|"AD83"H
COM175 | COM2 | "AEQ00"H [ "AE01"H | "AE02"H | "AEQ3"H |~~~ "AEB0"H| "AE81'H| "AE82"H|"AE83"H
COM176 | COM1 | "AFO0"H | "AFO1"H | "AF02'H ["AFO3"H | ------- "AF80"H | "AF81"H| "AF82"H|"AF83"H

Table 8 Relationship between GRAM data and output pin

DB | DB | DB | DB | DB |DB | DB | DB |DB |DB |DB | DB | DB | DB | DB | DB
GRAM DATA 5| 14 | 8|12 |11 |10]9]|8|7|6]|5]| 4 3 2 1 0
Selected PK palette PK palette + FRC PK palette

palette

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

Note: n = Lower 8 bits address (0 to 131)
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Table9 Relationshipbetween GRAM address and display positiofSGS =“1")
IO IO N |0 |TF |V |
SEG/ICOMpins [ | | oo | o] o || o | 2| DS BB 2[R [D 2[R [ (2]
njn|i|lolnlo|lnu]|d[n|n] vln [0 K2R R0 K0 R0 K20 Lo (o (0 (9 B Ko B )
CMs=0 | CMS=1|ge - 82 | 28 |§P 52 |98 - 22 G o R It o
COM1 [COM176| "0083"H | "0082"H | "0081"H | "0080"H | ----- "0003"H | "0002"H | "0001"H | "0000"H
COM2 |coMm175| "0183"H ["0182"H | "0181"H | "0180"H [ ----- "0103"H | "0102"H | "0101"H | "0100"H
COM3 [cOM174]| "0283"H | "0282"H [ "0281"H [ "0280"H | ----- "0203"H | "0202"H | "0201"H | "0200"H
COM4 | COM173f "0383"H | "0382"H | "0381"H [ "0380"H | """ "0303"H | "0302"H | "0301"H | "0300"H
COM5 | COM172]| "0483"H | "0482"H | "0481"H [ "0480"H | -~""- "0403"H | "0402"H | "0401"H | "0400"H
COM6 |CoM171| "0583"H | "0582"H | "0581"H | "0580"H | -~ "0503"H | "0502"H | "0501"H | "0500"H
coM7_|comi7of "0683"H | "0682"H | "0681"H | "0680"H | ----- "0603"H | "0602"H | "0601"H | "0600"H
COM8 |COM169]| "0783"H | "0782"H | "0781"H [ "0780"H | ----- "0703"H | "0702"H | "0701"H | "0700"H
coM9 |comie8| "0883"'H | "0882"H | "0881"H [ "0880"H | ----- "08030"H| "0802"H | "0801"H | "0800"H
COM10 |comM167]| "0983"H | "0982"H | "0981"H | "0980"H ’ "0903"H | "0902"H [ "0901"H | "0900"H
COM11 [cOM166| "0A83"H| "OA82"H [ "0OA81"H [ "0A80"H | ----- "0A03"H | "0A02"H|[ "OA01"H| "0A00"H
Ccom12 [comi65| "0B83"H| "0B82"H | "0B81"H | "0B8O"H | ----- "0B03"H | "0B02"H| "0B0O1"H| "0B00"H
COM13 [com164| "0C83"H| "0C82"H [ "0C81"H | "0C80"H| ----- "0C03"H | "0C02"H| "0C01"H| "0C00"H
COM14 | cOM163| "0D83"H]| "0D82"H | "0D81"H | "0D80"H| - --- "0D03"H | "0D02"H| "0DO01"H| "0D00"H
COM15 | cOM162| “0E83"H| "0E82"H | "OE81"H [ "0OE8O"H | -~ "0E03"H| "0E02"H| "0EO1"H| "0E0Q"H
COM16 |COM161| "OF83"H | "OF82"H | "OF81"H | "OF80"H [ -~~~ "0F03"H | "OF02"H| "OF01"H | "0F00"H
COM17 |COM160]| "1083"H | "1082"H | "1081"H | "1080"H | """ "1003"H | "1002"H | "1001"H | "1000"H
COM18 |cOM159| "1183"H | "1182"H | "1181"H | "1180"H | ----- "1103"H | "1102"H | "1101"H | "1100"H
COM19 |COM158| "1283"H | "1282"H | "1281"H | "1280"H | ..... "1203"H | "1202"H | "1201"H | "1200"H
COM20 |COM157| "1383"H | "1382"H | "1381"H | "1380"H | ----- "1303"H | "1302"H | "1301"H | "1300"H
COM169| COMS | "A883"H| "A882"H| "A881"H| "A88B0"H| ----- "A803"H | "A802"H| "A801"H| "A800"H
COM170| COM7 | "A983"H| "A982"H| "A981"H| "A980"H| """ "A903"H | "A902"H| "A901"H| "A900"H
COM171] COM6 | "AAB3"H| "AA82"H| "AA81"H| "AA8Q"H| """ "- "AA03"H| "AA02"H| "AA01"H| "AAOC0"H
COM172| COM5 | "AB83"H| "AB82"H| "AB81"H| "AB80"H| - "- "AB03"H| "AB02"H| "ABO1"H| "ABO0"H
COM173] COM4 | "AC83"H| "AC82"H| "AC81"H| "AC80"H| " ""- "AC03"H| "AC02"H| "ACO1"H| "AC00"H
COM174| coM3 | "AD83"H| "AD82"H| "AD81"H| "AD80"H| ----- "AD03"H| "AD02"H| "ADO1"H| "AD00Q"H
COM175| COM2 | "AE83"H| "AE82"H| "AE81"H| "AE80"H| ----- "AE03"H| "AE02"H| "AEO01"H| "AE0Q"H
COM176| COM1 | "AF83"H| "AF82"H| "AF81"H| "AF80"H| ----- "AF03"H | "AF02"H| "AF01"H| "AF00"H
Table 10 Relationshipbetween GRAM data and output pin
GRAVIDATA | %2 | %% | 52 | 08 | o8 o8 | oe | ce o foe joe | on | on | oe | oo | oo
Selected PK palette PK palette + FRC PK palette
palette
Output pin SEG (396-3n) SEG (395-3n) SEG (394-3n)
Note: n = Lower 8 bits address (0 to 131)
HITIl-\6CHI
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Instructions

Outline

The HD66766R uses the 16-bit bus architectuigeforethe internal operation of the HD66766R starts,
control information is temporarily stored in the registers described below to allow high-speed interfacing
with a high-performance microcomputerThe internal operation of the HD66766R is determined by
signals sent from the microcomputefThesesignals, which include the register selection signal (RS), the
read/write signal (R/W), and the data bus signals (DB15 to DB0), make up the HD66766R instructions.

»  There are eight categories of instructions that:

»  Specify the index

. Read the status
»  Control the display

»  Control power management

. Process the graphics data

*  Setinternal GRAM addresses

*  Transfer data to and from the internal GRAM

»  Set grayscale level for the internal grayscale palette table

Normally, instructions that write data are used the mostowever,an auto-update of internal GRAM
addresses after each data write can lighten the microcomputer program Besdusenstructions are
executed in O cycles, they can be written in succession.

HITACHI
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Instruction Descriptions

Index: IR

The index instruction specifies the RAM control indexes (ROOh €hR3 It sets the register number in
the range of 000@to 111001in binary form. However,R40 to R44 are disabled since they are test
registers.

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

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

Figure 4 Index Instruction

Status Read SR
The status read instruction reads the internal status of the I6BR67
L7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

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

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

R 0 L7|L6 |L5 (L4 (L3 | L2 L1]| LO 0] C6| C5 C4| C3|] C2[ C1f CO

Figure 5  StatusRead Instruction

Start Oscillation (ROOh)

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

If this register is read forcifal“0766'H is read.

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

Figure 6  Start Oscillation Instruction

HITACHI
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Driver Output Control (RO1h)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_ DBO

w 1 0 0 0 0 0 0 |ICMS|SGS| 0 0 0 [NL4 [ NL3 |NL2 [NL1 [NLO

Figure 7 Driver Output Control Instruction

CMS: Selects the output shift direction@tommordriver. WhenCMS = 0, COML1 shifts t&€OM176
When CMS = 1, COM176 shifts ttOM1L

SGS: Selects the output shift directiontbe segment driver When $S = 0,data are output SEG#a&
SEG396. When $S = 1,data are outpuBEG396 toSEG1. WhenSGS = 0, SEG1 pin assigns the
colordisplay to<R><G><B>. WhersGS =1, SEG396pin assigns <R><G><B>. Re-write to the
RAM when intending to change th&S bit.

NL4-0: Specify the LCD drive duty ratio. Theduty ratio can be adjusted for every eight raster-rows.
GRAM address mapping does not depend on the setting value of the drive duty ratio.

HITACHI
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Table 11 NL Bits and Drive Duty

Common driver used

Downloaded from Elcodis.com electronic components distributor

LCD drive
NL4 NL3 NL2 NL1 NLO Display Size duty cycle CMS="0" CMS="1"

0 0 0 0 0 396 x 8 dots 1/8 Duty Coml - Com8 Com176 - Com169
0 0 0 0 1 396 x 16 dots 1/16 Duty Coml - Com16 Com176 - Com161
0 0o 0 1 0 396 x 24 dots 1/24 Duty Coml - Com24 Com176 - Com153
0 0 0 1 1 396 x 32 dots 1/32 Duty Coml - Com32 Com176 - Com145
0 0 1 0 0 396 x 40 dots 1/40 Duty Coml - Com40 Com176 - Com137
0 01 0 1 396 x 48 dots 1/48 Duty Coml - Com48 Com176 - Com129
0 0 1 1 0 396 x 56 dots 1/56 Duty Com1 - Coms6 Com176 - Com121
0 0 1 1 1 396 x 64 dots 1/64 Duty Com1 - Comé4 Com176 - Com113
0 1 0 0 0 396 x 72 dots 1/72 Duty Coml - Com72 Com176 - Com105
0 1 0 0 1 396 x 80 dots 1/80 Duty Coml - Com80 Com176 - Com97
0 1 0 1 0 396 x 88 dots 1/88 Duty Coml - Com88 Com176 - Com89
0 1 0 1 1 396 x 96 dots 1/96 Duty Coml - Com96 Com176 - Com81
0 1 1 0 0 396 x 104 dots  1/104 Duty Com1 - Com104 Com176 - Com73
0 1 1 0 1 396 x 112 dots 1/112 Duty Com1l - Com112 Com176 - Com65
0 1 1 1 0 396 x 120 dots  1/120 Duty Com1 - Com120 Com176 - Com57
0 1 1 1 1 396 x 128 dots___ 1/128 Duty Com1 - Com128 Com176 - Com49
1 0 o o o 396 x 136 dots___1/136 Duty Comil-Comi136  Coml76 - Com4l
1 0 0 0 1 396 x 144 dots  1/144 Duty Coml - Com144 Com176 - Com33
1 0 0 1 0 396 x 152 dots  1/152 Duty Com1 - Com152 Com176 - Com25
1 0 O 1 1 396 x 160 dots  1/160 Duty Com1 - Com160 Com176 - Com17
1 0 1 0 0 396 x 168 dots  1/168 Duty Coml-Coml68  Com176 - Com9

1 0 1 0 1 396 x 176 dots  1/176 Duty Com1 - Com176 Com176 - Coml
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LCD-Driving-Waveform Control (R02h)

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1_DBO

W 1 0 0 0 0 0 |RST|B/IC [EOR| O 0 |NWS5 [NW4[NW3|NW2 [NW1|NWO

Figure 8 LCD-Driving-Waveform Control Instruction

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive.
When B/C = 1, &-patterrwaveform is generated and alternates in each raster-row specified by bits EOR
and NW4-NWO in the LCD-driving-waveform control register For details, see the n-raster-row

Reversed AC Drive section.

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and
the n-raster-row reversed signals are EORed for alternating drive. EOR is used when the LCD is not
alternated by combining the set values ofrthmber of tha_CD drive duty ratioand the n raster-vo

For details, see the n-raster-row Reversed AC Drive section.

RST: When RST = 1, software reset function is startethis function is the same as hardware RESET
pin. Ittakes 10 clock cycle period.Thisbit is automatically cleared after reset function is completed.
Therefore, befor&0-clockcycle other instruction can not be issuefo not set the RST bit during
stand-by mode.

NW5-0: Specify the number of raster-rows n that will alternate at the C-pattern waveform setting (B/C =
1). NWS5-NWO alternate for every set value + 1 rastav;rand the first to the 64th raster-rows can be
selected.

Power Control 1 (RO3h)

Power Control 2 (ROCh)

R/W RS DB1DB1HB1DB1DBLIDBI0DBI DBS DB7 DB6 DB5 DB4 DB3 DB2 DBL DB
wl 111BS8BSdBS1BSOBTIBT2BTI BT 0 | DCPDCIDCPAP]APRSLPSTH

w| 1 O[O 0oy ofO0f0]J0 |JO OO 00O 0 VCZVCLVC+

Figure 9 Power Control Instruction

BS3-0:The LCD drive bias value is setTheLCD drive bias value can be selected according to its drive
duty ratio and voltage.

BT2-0: Theoutput factor of step-up circuit is switchedThe LCD drive voltage level can be selected
according to its drive duty ratio and biad.oweramplification of the step-up circuit consumes less
current.

BT3: Operation/halt of voltage inverting circuit is seBT3="0": voltage-invertingcircuit is halted.
BT3="1": voltage-invertingcircuit is operated. Seethe Power-on/off Sequence section to be activated.

HITACHI
21

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Rev.1.0-1/ September20@

DC2-0: The operating frequency in the step-up circuit is select&#dhenthe step-up operating
frequency is high, the driving ability of the step-up circuit becomes high, but the current consumption is
increased. Adjudghe frequency considering the step-up ability and the current consumption.

AP1-0: The amount of fixed current from the fixed current source in the operational amplifier for the
LCD is adjusted. Whenthe amount of fixed current is large, the LCD driving ability and the display
quality become high, but the current consumption is increaskdjustthe fixed current considering the
display quality and the current consumptiorburingno displg, when AP1-0 £00", the current
consumption can be reduced by ending the operational amplifier and step-up circuit operation.

VC2-0: Set an adjustment factor for the Vcil voltage (VC2-0).

SLP: When SLP = 1, the HD66BR enters the sleep mode, where the internal display operations are
halted except for the R-C oscillator, thus reducing current consumpt@mly the following instructions
can be executed during the sleep mode.

Power control (BS2), BT3-0,DC2-0, AP1-0, SLP, STB)

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

STB: When STB = 1, the HD667686enters the standby mode, where display operation completely stops,
halting all the internal operations including the internal R-C oscillatBurther,no external clock pulses

are supplied. For details, see the Standby Mode sectDnly the following instructions can be
executed during the standby mode.

a.Standby mode cancel (STB‘8")
b. Start oscillation

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

The VSH voltage should be controlled to be less than supply voltage or device proof voltage level since
VCH voltage level is generated by bias amplifier ratio corresponding to LCD driving bias value and
boosting ratio of the step-up circuit 2.
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Table 12 Display bias setting table

Determine the LCD drive bias according to its display,darid select combination of boosting ratio of
the step-up circuit 2 and bias amplifier ratio so as not to exceed voltage control of Vci2 and S€&H.

the LCDVoltage Generation Circuit regarding how to determine the LCD drive bias, VCH voltage and
contrast adjustment for the following settings.

dL'C'D B(iﬁste: ratio of Bi?s Vci2 VCH
rivin e step-u ratio \ci2<svVOU
biasg circuit 2 (?\IDF;) BS3 | BS2) BS1) BSO (NB) ( T-0.5V) (VCH=22V)
X 2 0 0 0 0 0.75 1.50 x VM Vci2 x 2
1/2 X 3 - - - - N/A - -
X 4 - - - - N/A - -
X 2 0 1 0 0 1.25 2.50 x VM Vci2 x 2
1/4 X 3 0 0 0 1 0.825 1.75 x VM Vci2 x 3
X 4 - - - - N/A - -
X 2 1 0 1 1 1.75 3.50 x VM Vci2 x 2
1/6 X 3 0 0 1 1 1.165 2.33x VM Vci2 x 3
X 4 - - - - N/A - -
X 2 - - - - N/A - -
1/8 X 3 1 0 0 0 1.50 3.00x VM Vci2 x 3
X 4 0 0 1 0 1.125 2.25 x VM Vci2 x 4
X 2 - - - - N/A - -
1/9 X 3 1 0 1 0 1.675 335 x VM Vci2 x 3
X 4 0 1 0 0 1.25 2.50x VM Vci2 x 4
X 2 - - - - N/A - -
1/10 X 3 1 1 0 0 1.825 3.65x VM Vci2 x 3
X 4 0 1 1 0 1.375 2.75 x VM Vci2 x 4
X 2 - - - - N/A - -
1/11 X 3 1 1 0 1 2.00 4.00 x VM Vci2 x 3
X 4 1 0 0 0 1.50 3.00 x VM Vci2 x 4
X3 - - - - N/A - -
1/12 X 4 1 0 0 1 1.625 3.25x VM Vci2 x 4
X5 0 1 0 1 1.3 2.60 x VM Vci2 x5
X 3 - - - - N/A - -
1/13 X 4 1 0 1 1 1.75 3.45x VM Vci2 x 4
X 5 0 1 1 1 1.4 2.80 x VM Vci2 x5
HITACHI
23

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD6676@R

Rev.1.0-1/ September20@

Table 13 Display bias setting table

VC2 VC1 VCO Vcil control range

0

0

0 0.92xVcc

0.87 x Vcc

0.83 x Vce

0.8 x Vcc

0.76 x Vcc

0.73 x Vce

0.68 x Vcc

Rrlr|lrRr|r|lolo|lo

Rrlr|lo|lo|lr|r|o

Rrlo|lr|lo|lr|o|r

Vcil control amplifier suspends.
(Vcil can be supplied externally.)

Table 14 AP bits and amount of fixed current

AP1 APO Amount of fixed current in the operational amplifier
0 0 Operational amplifier and booster do not operate.
0 1 Small
1 0 Middle
1 1 Large

Table 15 Output voltage ratio of the booster 1 and 2

VOUT output of the booster 1

VCH output of the booster 2

BT2 BT1 BTO
(Use VOUT within the range of 4.0 to 5.75V.)  (Set VCH lower than 22.0V.)
0 0 0 2 x Veil 2 x Vci2
0 0 1 3 x Veil 2 x Vci2
0 1 0 2 x Vcil 3 x Vci2
0 1 1 3 x Vcil 3 x Vci2
1 0 0 2 x Vcil 4 x Vci2
1 0 1 3 x Veil 4 x Vci2
1 1 0 2 x Vcil 5 x Vci2
1 1 1 3 x Vcil 5 x Vci2

Set the factor of the booster 2 according to voltage of Vci2 and VCH.

When the factor is setwp current consumption can be lowered.
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Table 16 Operating clock frequency of the Booster 1 and 2

Operating clock frequency in

Operating clock frequency inthe voltage

DC2 DC1 DCo the booster 1 inverting circuit and the booster 2

0 0 0 32-divided clock 32-divided clock

0 0 1 64-divided clock 32-divided clock
0 1 0 32-divided clock 64-divided clock
0 1 1 64-divided clock 64-divided clock
1 0 0 32-divided clock 96-divided clock
1 0 1 64-divided clock 96-divided clock
1 1 0 32-divided clock 128-divided clock
1 1 1 64-divided clock 128-divided clock

Operation of voltage inverting circuit

Table 17

BT3

VCL output of the voltage inverting circuit
(Set VCL no lower than —22.0V.)

0

Halt boosting

1

Output voltage between VCH and VM by inverting

Set activation of voltage inverting circuit with output of the booster 2 stabBee the Power-on/off

Sequence section.

DB 15 Contrast Control (R04h)

RW

RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8

DB7 DB6 DB5 DB4 DB3

DB2 DB1

DBO

w

1 0 0 0 0| O |VR2|VR1|VRO] O |CT6

CT5|CT4(CT3|CT2

CT1

CTO

Figure 10 Contrast Control Instruction

CT6-0: These bits control the LCD drive voltage to adjust 128-step contrast.

Table 18 Contrast control

CT6 CT5 CT4 CT3 CT2 CT1 CTO Contrast

0 0 0 0 0 0 0 1.016R (Minimum)
0 0 0 0 0 0 1 1.008R
0 0 0 0 0 1 0 1.000R
0 0 0 0 0 1 1 0.992R
0 0 0 0 1 0 0 0.984R

0 0.008R

0.000R (Maximum)
HITACHI
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VR2-0: These bitsamplifies 1.1 to 3.4 timeshe VREFL as output voltag¥REFM of LCD drive
reference voltage generation circuiffhe VREFM should be smaller than VOUT level.

Table 19 Contrast control

VR2 VR1 VRO VREFM voltage

0 0 0 VREFL x 1.1
0 0 1 VREFL x 1.3
0 1 0 VREFL x 1.4
0 1 1 VREFL x 1.5
1 0 0 VREFL x 1.7
1 0 1 VREFL x 1.8
1 1 0 VREFL x 3.4
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Entry Mode (RO5h)

Compare resister(R06h)

The write data sent from the microcomputer is modified in the HD66766R and written to the GRAM. The
display data in the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For detail, see the Graphics Operation Function section.

RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W 1 [|SPR| O 0 0 0 0 |HwM| O 0 0 |IVD1|l/DO | AM [LG2 [LG1 |LGO
w 1 |ICP15[CP14|CP13|CP12|CP11|CP10| CP9 | CP8| CP7 | CP6 | CP5| CP4| CP3| CP2| CP1| CPO

Figure 11Compare Resister Instruction

HWM: When HWM=1, data can be written to the GRAM at high speed. In high-speed write mode, four
words of data are written to the GRAM in a single operation after the writing to RAM four times. Write to

RAM four times, otherwise the four words cannot be written to the GRAM. Thus, set the lower 2 bits to O
when setting the RAM address. For details, seéltge-SpeedRAM Write Mode section.

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

AM set the automatic update method of the AC after the data is written to the GRWHenAM= “0",

the data is continuously written in paralleMWhenAM =*“1", the data is continuously written vertigall
When window address range is specified, the GRAM in the window address range can be written to
according to the 1/D1-0 and AM settings.

SPR:When SPR=1, 4096colors are displayed. 1Z[#11-DB0) are used fothis display Refer to
“4096 color display functidnin page 57 for details.

1/D1-0="00"

Horizontal: decrement
Vertical: decrement

1/D1-0="01"

Horizontal: increment
Vertical: decrement

1/D1-0="10"

Horizontal: decrement
Vertical: increment

1/D1-0="11"

Horizontal: increment
Vertical: increment

AM="0"
Horizontal

o
=3
=3
=]

h

000h

il

AF83h

0

AM="1"
Vertical

0000h
K4 AAA A

AF83h

S

AF83h

YYYYYYYY
AF83h

~Y
AF83h

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

Figure 12 Address Direction Settings
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LG2-0: Compare the data read from the GRAM by the microcomputer with the compare resisters (CP15-
0) by a compare/logical operation awtites the results to GRAM. For details, see the Logical/Compare
Operation Function.

CP150: Set the compare resister for the compare operation with the data read from the GRAM or written
by the microcomputer

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

Write data sent 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 0

from the
microcomputer
(DB15-0)

Logical/compare
operation
(LG2-0)

Write data mask *
(WM15 - 0)

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

Figure 13 Logical/Compare Operation for the GRAM
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Display Control (RO7h)

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

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

Figure 14Display Control

VLE2-1: When VLE1 = 1, a vertical scroll is performed in tiiesdéreen. WhenVLE2 =“1", a vertical
scroll is performed in the"®screen. Vertical scrolling on the two screens dagindependently
controlled.

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

B/W: When B/W =*1", displayed data can Bell’ or“all off” regardless GRAM contents.(B/W =“1",
REV =“0": all pixel on, B/W =1", REV ="1": all pixel offy WhenB/W =“1", grayscale palette has to
be default value.

REV: Displays all character and graphics display sections with reversal when REM~erHdetails, see
the Reversed Display Function sectiorSince the grayscale level can be reversed, display of the same
data is enabled on normally-white and normally-black panels

D1-0: Display is on when D1 £1” and off when D1 = 0. Whenoff, the display data remains in the
GRAM, and can be displayed instantly by setting D' WhenD1 is“0", the display is off with all
of the SEG/COM pin outputset to the GND level. Becausef this, the HD6676R can control the
charging current for the LCD with AC driving.

When DE0 =*01", the internal display of the HD666Ris performed although the display is off.
When D1-0 =00, the internal display operation halts and the display is off.

Table 20 D Bits and Operation

HD6676@R Internal Display

D1 DO SEG/COM Output Operation
0 0 GND Halt
0 1 GND Operate
1 0 Unlit display Operate
1 1 Display Operate

Notes: 1. Writing from the microcomputer to the GRAM is independent ftbenstate 0D1-0.
2. In the sleep and standby modes:-D% 00. However the register contents of BQ are not modified.
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Frame Cycle Control (ROBh)

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

w 1 0 0 0 0 0 0 |pivi|DIivo] O 0 0 0 |RTN3|RTNZRTNY] RTNQ

Figure 15

RTN3-0: Set theline retraceperiod (RTN3-0) to be added to raster-row cycleshe raster-row cycle
becomes long according to the number of clocks set at RTN3-0.

DIV1-0: Set the division ratio oflocks forinternal operation (DIV1-0). Internal operatios are driven
by clocks which are frequency divided according to the DIV1-0 settifrgame frequency can be
adjusted along with théne retraceperiod (RTN3-0). When chanimg the drive-duty adjust the frame
frequeng. For details, sethe Frame Frequency Adjustment Function section.

Table 21 RTN Bits and Clock Cycles

- .
RTN3 RTN2 RTN1 RTN1  -neretraceperiod  Clock Cycles per

(Clock Cycles) one raster-row
0 0 0 0 0 clock 26 clock
0 0 0 1 1 clock 27 clock
0 0 1 0 2 clock 28 clock
0 0 1 1 3 clock 29 clock
1 1 1 0 14 clock 40 clock
1 1 1 15 clock 41 clock

Table 22 DIV Bits and Clock Frequency

Internal  Operation

Division ratio
DIVl DIVO Clock Frequency

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

* fosc=R-C oscillation frequency

Formula for the frame frequency

— fosc
Frame frequency = [Hz]

Clock cycles per raster-row xdivision ratio x 1/duty cycle

fosc: RC oscillation frequency

Duty: Drive duty (NL bit)

Division ratio: DI V bit

Clock cycles per raster-row: (RTN+26) clock
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Vertical Scroll Control (R11h)

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

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

Figure 16Vertical Scroll Control Instruction

VL17-10: Specify the display-start raster-row at tfesdreen display for vertical smooth scrollingAny
raster-row from the first to 1¥6can be selected. After the 178 raster-row is displayed, the display
restarts from the first rasterwo Thedisplay-start raster-row (VL17-10) is valid only when VLE12=.
The raster-row display is fixed when VLEX&’. (VLEL1is the f-screen vertical-scroll enable bit.)

VL27-20: Specify the display-start raster-row at @ screen displa The display-start raster-row
(VL27-20) is valid only when VLE2 =£1". Theraster-row display is fixed when VLE2“9". (VLE2
is the F-screen vertical-scroll enable bit.)

Table 23
VL27 VL26 VL25 VL24 VL23 VL22 VL21 VL20
VL17 VL16 VL15 VL14 VL13 VL12 VL11 VL10 Display start line
0 0 0 0 0 0 0 0 1'st raster - row
0 0 0 0 0 0 0 1 2'nd raster - row
0 0 0 0 0 0 1 0 3'rd raster - row
1 0 1 0 1 1 1 0 175'th_raster -
1 0 1 0 1 1 1 1 176'th _raster -

Note: Do not set over the 176th ("AF"H) raster - row

HITACHI
31

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Bv.1.0-1/ September20@

1° Screen Driving Position (R14h)
2" Screen Driving Position (R15h)

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

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

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

Figure 17

SS170: Specify the drivingstart position for the first screen in a line unifheLCD driving starts from
the 'set value + 1' common driver.

SE17-0: Specify the driving end position for the first screen in a line unit. The LCD drivipgrfisrmed
to the 'set value + tommondriver. Forinstance, when SS4¥0 =“07"H and SE1#10 =“10"H are
set, the LCD driving is performed fro@0M8 to COM17, andnon-selectiordriving is performed from
COML1 toCOM7, COM18and others. Ensurethat SS1#10< SE1#10<“AF’H. Fordetails, see the
Screen-division Driving Function section.

SS270: Specify the drivingstart position for the second screen in a line unithe LCD driving starts
from the 'set value + tommondriver. Thesecond screen is driven when SPT1%

SE27-0: Specify the driving end position for the second screen in a line urtite LCD driving is
performed to the 'set value +cBmmondriver. Forinstance, when SPT*4”, SS2#20 =“20"H, and
SE2720 ="4F’H are set, the LCD driving is performed frad®M33 toCOM80. Ensureghat SS1+
10< SE1710< SS2720< SE2720<“AF"H. Fordetails, see the Screen-division Driving Function
section.

Horizontal RAM Address Position (R16h)
Vertical RAM Address Position (R17h)

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

w 1 HEA7|HEA6| HEAS|HEA4 |HEA3| HEA2| HEAL| HEAQ| HSA7|HSAG [HSA5| HSA4|HSA3|HSA2|HSAL| HSAO

w 1 VEAT |VEAG| VEA5| VEA4|VEA3|VEA2 | VEAL|VEAO|VSA7| VSAG|VSAS5| VSA4| VSA3|VSA2| VSAL VSAO

Figure 18 Horizontal/Vertical RAM Address Position Instruction

HSA5-0/HEAS5-0: Specify thehorizontalstart/end positiogof awindow for accesin memory Data can
be written to the GRAM from the address specified by ABArom the address specified B{SA5-0.
Note that an address must be set before RAMritten to Ensure 00k HSA7-0 < HEA7-0 < 83h

VSAT7-0/VEAT-0: Specify theverticalstart/end positionsf a window for access in memoBata can be
written to the GRAM from the address specifiediyA7-0 from the address specified WHA7-0. Note
thatanaddress must be set before RAdMvritten to  Ensure’00'h < VSA7-0< VEA7-0< “AF’h.
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HSA HEA

VSA

Window address setting range:
"00"h HSA7-0 HEA7-0 "83"h
"00"h VSA7-0 VEA7-0 "AF"h

VEA

GRAM Address space AF83h

Figure 19Window Address Setting Range

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

RAM Write Data Mask (R20h)

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

w 1 WM15|WM14WM13|WM12|WM11|WM10] WM9| WM8| WM7| WM6 | WM5| WM4] WM3 |WM2 | WM1| WMO

Figure 20RAM Write Data Mask Instruction

WM15-0: In writing to the GRAM, these bits mask writing in a bitit. WhenWM15 = “1", this bit
masks the write data of DBRJand does not write to the GRAM.Similarly, the WM to 0 bits mask the
write data of DB5 to 0 in a bitunit. When HDZ ="1", mask processing is performed for 12-bit data
after dither processing. For details, see thé&/rite Data Mask-unction section.

RAM Address Set (R21h)

RW RS DB15 DB14 DB13 DB12 DB1l DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

W 1 AD15 D14 |AD13 |AD12 | AD11|AD10 | AD9 | AD8 | AD7 |AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

Figure 21RAM Address Set Instruction

AD15-0: Initially set GRAM addresses to the address counter (AOncethe GRAM data is written,
the AC is automatically updated according to the AM and I/D bit settinghkis allows consecutive
accesses without resetting addressé&3ncethe GRAM data is read, the AC is not automatically updated.
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GRAM address setting is not allowed in the standby mBdsure that the address is set within the
specified window address.

Table 24 GRAM Address Range

AD15 to ADO GRAM Setting
"0000"H to“0083'H Bitmap data for COM1
"0100"H to "0183"H Bitmap data for COM2
"0200'H to "0283"H Bitmap data for COM3
"0300"H to "0383"H Bitmap data for COM4

.

"ACO00"H to "AC83"H Bitmap data for COM173
"ADOO"H to "AD83"H Bitmap data for COM174
"AEOO"H to "AE83"H Bitmap data for COM175
"AF00"H to "AF83"H Bitmap data for COM176

Write Data to GRAM (R22h)

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

wp | wo| wo | wo| wb| wo| wp| wo| wo| wp| wo| wp| wo| wo| wo| wp
WI 1] 15| 14| 13| 22| 12| 0| 9of 8| 7| e 5| 4| 3| 2| 2| o

Figure 22Write Data to GRAM Instrction

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

GRAM write data during normal mode

DB15 DB14 DB13 DB12 DB1l DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

WD15|WD14WD13|WD12|WD11{WD10| WD9| WD8| WD7 | WD6| WD5 | WD4| WD3| WD2| WD1| WDO

R4 R3| R2 R1 RO| G5 G4| G3| G2| G1| GO | B4 | B3 B2 B1 BO
1 pixcel

Figure 23
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Table 25
GRAMIata setting

R4 R3 R2 R1 RO
G5 G4 G3 G2 Gl GO

B4 B3 B2 B1 BO Grayscale palette

0 0 0 0 0 0 PKO5 PKO04 PKO3 PKO02 PKO1 PKOO

0 0 0 0 1 0 PK15 PK14 PK13 PK12 PK11 PK10

0 0 0 1 0 0 PK25 PK24 PK23 PK22 PK21 PK20

0 0 0 1 1 0 PK35 PK34 PK33 PK32 PK31 PK30

0 0 1 0 0 0 PK45 PK44 PK43 PK42 PK41 PK40

0 0 1 0 1 0 PK55 PK54 PK53 PK52 PK51 PK50

0 0 1 1 0 0 PK65 PK64 PK63 PK62 PK61 PK60

0 0 1 1 1 0 PK75 PK74 PK73 PK72 PK71 PK70

0 1 0 0 0 0 PK85 PK84 PK83 PK82 PK81 PK80

0 1 0 0 1 0 PK95 PK94 PK93 PK92 PK91 PK90

0 1 0 1 0 0 PK105 PK104 PK103 PK102 PK101 PK100
0 1 0 1 1 0 PK115 PK114 PK113 PK112 PK111 PK110

0 1 1 0 0 0 PK125 PK124 PK123 PK122 PK121 PK120
0 1 1 0 1 0 PK135 PK134 PK133 PK132 PK131 PK130
0 1 1 1 0 0 PK145 PK144 PK143 PK142 PK141 PK140
0 1 1 1 1 0 PK155 PK154 PK153 PK152 PK151 PK150
1 0 0 0 0 0 PK165 PK164 PK163 PK162 PK161 PK160
1 0 0 0 1 0 PK175 PK174 PK173 PK172 PK171 PK170
1 0 0 1 0 0 PK185 PK184 PK183 PK182 PK181 PK180
1 0 0 1 1 0 PK195 PK194 PK193 PK192 PK191 PK190
1 0 1 0 0 0 PK205 PK204 PK203 PK202 PK201 PK200
1 0 1 0 1 0 PK215 PK214 PK213 PK212 PK211 PK210

1 0 1 1 0 0 PK225 PK224 PK223 PK222 PK221 PK220
1 0 1 1 1 0 PK235 PK234 PK233 PK232 PK231 PK230
1 1 0 0 0 0 PK245 PK244 PK243 PK242 PK241 PK240
1 1 0 0 1 0 PK255 PK254 PK253 PK252 PK251 PK250
1 1 0 1 0 0 PK265 PK264 PK263 PK262 PK261 PK260
1 1 0 1 1 0 PK275 PK274 PK273 PK272 PK271 PK270
1 1 1 0 0 0 PK285 PK284 PK283 PK282 PK281 PK280
1 1 1 0 1 0 PK295 PK294 PK293 PK292 PK291 PK290
1 1 1 1 0 0 PK305 PK304 PK303 PK302 PK301 PK300
1 1 1 1 1 0 PK315 PK314 PK313 PK312 PK311 PK310

Note: When GO = 1, selective grayscale for G pixel is the middle grayscale between the upper

grayscale and the selective grayscale.
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Read Data from GRAM (R22h)

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

R 1 [RD15|RD14RD13|RD12) RD11 RD1JRD9 |RD8 | RD7 [ RD6 | RD5 | RD4| RD3|(RD2 | RD1 | RDO

Figure 24 Read Data from GRAM Instruction

RD15-0: Read16-bit data from the GRAM. When the data is read to the microcomputer, the first-word
read immediately after the GRAM address setting is latched from the GRAM to the internal read-data
latch. The data on the data bus 3B0) becomes invalid and the second-word read is normal.

Sets the I/D, AM, Sets the I/D, AM,
HSA/HSE, VSA/VEA HSA/HSE, VSA/VEA
Address: N set Address: N set

; First word .. Dummy read-(nvahd datd) - .-
Frstword - GRAN = Read data lach. -
Second words| ~ é@d (data of address N) Second words | VV/ite (data of address N)
Read-data latch => DB11-0 DB11-0 = > GRAM
Address: M set Automatic address update: N+

Firstword - . First word

Read (data of address N)

Second words Write (data of address N)
Second words Read-data latch => DB11-0 DB11-0 => GRAM
i) Data read to the microcomputer i) Logical operation processing

in the HD66766R

Figure 25 GRAM Read Sequence
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Gray Scale PaletteControl (R30h to R3Fh)

Table 26 Grayscale Palette Control Instruction

RW RS DB15 DBl14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBL DBO
R30 | w 1 0 0 PK | PK |PK |PK | PK |PK 0 0 PK | PK | PK | PK | PK PK
15 |14 |13 |12 1 |10 05 04 | 03 02 | 01 00

R31| w 1 0 0 PK | PK | PK | PK | PK [PK 0 0 PK | PK | PK | PK | PK | PK
35 | 34 [33 |32 31 |30 25 24 23 | 22 | 21 20

R32| w 1 0 0 PK | PK | PK | PK | PK |PK 0 0 PK | PK | PK | PK [ PK | PK
55 | 54 |53 |52 51 |50 45 a4 | 43 | 2 |4 40

R3z| w 1 0 0 PK | PK [ PK [Pk [ PK [PK 0 0 PK | PK [ PK | PK | PK | PK
75 | 74 |73 |72 71 |70 65 64 63 | 62 | 61 60

PK | PK | PK [ PK [ PK |PK PK | PK | PK | PK | PK | PK

w 1 0 0 0 0

R34 95 | 94 [93 |92 91 |90 85 84 83 | 82 | 81 80
R35( w 1 0 0 PK | PK | PK | PK | PK | PK 0 0 PK | PK PK | PK [ PK | PK
115 | 114 | 113 | 112 | 111 | 110 105 | 104 | 103| 102 | 101 | 100

R36| w 1 0 0 PK | PK | PK [ PK [ PK | PK | 0 0 PK | PK PK | PK | PK | PK
135 | 134 [ 133 | 132 | 131 | 130 125 | 124 | 123| 122| 121 | 120

R37| W 1 0 0 PK | PK | PK [ PK | PK | PK | O 0 PK | PK PK | PK | PK | PK
155 | 154 | 153 | 152 | 151 | 150 145 | 144 | 143| 142 | 141 | 140

r3g| w 1 0 0 PK | PK | PK [ PK | PK | PK | o 0 PK | PK PK | PK | PK | PK
175 | 174 [ 173 | 172 | 171 | 170 165 | 164 | 163| 162 | 161 | 160

R39 PK | PK | PK | PK | PK | PK PK | PK PK | PK | PK | PK
W 1 0 0 195 | 194 [ 193 | 192 | 191 | 190 [ © 0 |[185 | 184 | 183] 182 181 | 180

R3a|l W 1 0 0 PK | PK | PK | PK | PK [ PK 0 0 PK | PK PK | PK | PK | PK
215 | 214 [ 213 | 212 | 211 | 210 205 | 204 | 203| 202 | 201| 200

R3B w 1 0 0 PK | PK | PK | PK [ PK | PK 0 0 PK | PK PK [ PK | PK | PK
235 | 234 [ 233 | 232| 231 | 230 225 | 224 | 223| 222 | 221| 220

rac| w 1 0 0 PK | PK | PK | PK | PK [ PK 0 0 PK | PK PK | PK | PK | PK
255 | 254 | 253 | 252 | 251 | 250 245 | 244 | 243| 242 | 241 | 240

R3D| w 1 0 0 PK | PK | PK | PK | PK [ PK 0 0 PK | PK PK | PK | PK | PK
275 | 274 | 273 | 272| 271 | 270 265 | 264 | 263| 262 | 261 | 260

R3E| w 1 0 0 PK | PK | PK | PK | PK [ PK 0 0 PK | PK PK | PK | PK | PK
295 | 294 [ 293 | 292 | 291 | 290 285 | 284 | 283| 282 281 | 280

R3E| W 1 0 0 PK | PK | PK [ PK | PK [ PK 0 0 PK | PK PK | PK | PK | PK
315 | 314 | 313 | 312 | 311 | 310 305 | 304 | 303| 302 | 301| 300

PK 31-0: Specify the grayscale level for thirty-two palettes from the 52-grayscale levetdetails, see
the Grayscale Palette and the Grayscale Palette Table sections.
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Instruction List (HD66766R)

Table 27
Upper Code Lower Code
Exe
Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB cu-
No. Name R/ RS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o Description tion
w Cyc
le
IR Index 0 0 * * * * * * * * * ID6 ID5 D4 D3 D2 ID1 IDO Sets the index register value. 0 Notel
SR Statusread 1 0 L7 L6 L5 L4 13 12 L1 Lo 0 C6 C5 C4 C3 C2 Cl CO Readsthe driving raster-row 0
position (L7-0) and contrast setting
(C6-0).

ROOh Start 0 1 * * * * * * * * * * * * * * * 1 Starts the oscillation mode. 10 Notel
oscillation ms
Device 1 1 0 0 0 0 0 1 1 1 0 1 1 0 0 1 1 0 Reads 0766H. 0
code read

RO1h Driver 0 1 0 0 0 0 0 0 CM SGS 0 0 0 NL4 NL3 NL2 NL1 NLO Setsthe common driver shift 0
output S direction (CMS), segment driver
control shift direction (SGS) and driving

duty ratio (NL4-0).

RO2h LCD- 0 1 0 0 0 0 0 RST B/C EOR 0 0 NW NW NW NW NW NW Sets LCD drive AC waveform 0
driving- 5 4 3 2 1 0 (B/C), and EOR output (EOR) or the
waveform number of n-raster-rows (NW8)
control at C-pattern AC drive.

RO3h Power 0 1 BS3 BS2 BS1 BSOBT3 BT2 BTl BTO 0 DC2 DCl1 DCO AP1 APO SLP STB Sets the sleep mode (SLP), standb®
control 1 mode (STB), LCD power on (ARP1

0), boosting cycle (DGD),
boosting output multiplying factor
(BT2-0), operation of voltage
inverting circuit (BT3)and LCD
drive bias value (BS®).

RO4h Contrast 0 1 0 0 0 0 0 VR2 VR1 VRO 0O CT6 CT5 CT4 CT3 CT2 CT1 CTO Sets the regulator adjustment (VR20
control 0) and contrast adjustment (G¥®.

RO5h Entry mode

o

1 SPR 0 0 0 0 0 HwM O 0 0 /D1 /DO AM LG2 LGl LGO Specifies AC counter mode (AM), O Note2
increment/decrement mode (I/B1
0), high-speed write mode (HWM).

RO6h Compare 0 1 CP1 CP1 CP1 CP1 CP1 CP1 CP9 CP8 CP7 CP6 CP5 CP4 CP3 CP2 CP1 CS8pecifiethe compare resister 0

_ 5 4 3 2 1 0 (CP15-0),
Resister

RO7h Display 0 1 0 0 0 0 0 VLE2 VLE1 SPT 0 0 0 0 B/W REV D1 DO Specifies display on (D1-0), black- O

control and-white reversed display (REV),
pixel on/off mode ALB), screen
division driving (SPT) and vertical
scroll .(VLE2-1)

ROBh Frame 0 1 0 0 0 0 0 0 DIV DIV 0 0 0 0 RTN RTN RTN RTN Specifies the line retrace period 0
frequency 1 0 3 2 1 0 (RTN3-0) and operating clock
control frequency division ratio (DIV20).

ROCh Power 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 VC1 VCO Sets the adjustment factor for the 0
control 2 Vci voltage (VC2-0).

R11h Vertical 0 1 VL2 VL2 VL2 VL2 VL2 VL2 VL2 VL2 VL1 VL1 VL1 VL1 VL1 VL1 VL1 VL1 Setsthe $screen display start 0
scroll 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 raster row (VL17-10) anc®2™
control screen display start rastew

(VL27-20).

R14h 1%'screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SS SS SS Setsthel*screen driving start 0
driving 17 16 15 14 13 12 11 10 17 16 15 14 13 12 11 10 position (SS1#0) and ' screen
position driving end position (SE+10).

R15h 2"screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SS SS SS Sets 2¢screen driving start position0
driving 27 26 25 24 23 22 21 20 27 26 25 24 23 22 21 20 (SS2720)and 2screen driving
position end position (SE220).

R16h Horizontal 0 1 HE HEA HEA HEA HEA HEA HEA HEA HSA HSA HSA HSA HSA HSA HSA HSA Sets start (HSA70) and end 0
RAM A7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 (HEA7-0) of the horizontal RAM
address address range.
position

R17h Vertical 0 1 VEA VEA VEA VEA VEA VEA VEA VEA VSA VSA VSA VSA VSA VSA VSA VSA Sets start (VSAZ0) and end 0
RAM 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0  (VEA7-0) of the vertical RAM
address address range.
position

R20h RAM write 0 1 WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM Specifies write data mask (WM 0O
data mask 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 0)at RAM write.
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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 R/ RS 15 14 13 12 11 10 9 8 5 4 3 2 1 0 Description Cycle
R21h RAM 0 1 AD15-8 (upper) AD6-0 (lower) Initially set the RAM address to the 0
address set addressounter (AC).
R22 RAM data 0 1 Write data (upper) Write data (lower) Writes data to the RAM. 0
write
RAM data 1 1 Read data (upper) Read data (lower) Reads data from the RAM. 0
read
R30h Grayscale 0 1 0 0 PK15 PK14 PK13 PK12 PK1l PK10 PKO5 PK04 PKO3 PKO2 PKO1 PKOOSpecifies the grayscale palette. 0
palette
control (1)
R31h Grayscale 0 1 0 0 PK35 PK34 PK33 PK32 PK31 PK30 PK25 PK24 PK23 PK22 PK21 PK20Specifies the grayscale palette. 0
palette
control (2)
R32h Grayscale 0 1 0 0 PK55 PK54 PK53 PK52 PK51 PK50 PK45 PK44 PK43 PK42 PK41l PK4GSpecifies the grayscale palette. 0
palette
control (3)
R33h Grayscale 0 1 0 0 PK75 PK74 PK73 PK72 PK71 PK70 PK65 PK64 PK63 PK62 PK61 PK6GSpecifies the grayscale palette. 0
palette
control (4)
R34h Grayscale 0 1 0 0 PK95 PK94 PK93 PK92 PK91 PK90 PK85 PK84 PK83 PK82 PK81 PK8(Bpecifies the grayscale palette. 0
palette
control 6)
R35h Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK  Specifies the grayscale palette. 0
alette
P 115 114 113 112 111 110 105 104 103 102 101 100
control @)
R36h Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifies the grayscale palette. 0
alette
s 135 134 133 132 131 130 125 124 123 122 121 120
control 7)
R37h Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
palette
control @) 155 154 153 152 151 150 145 144 143 142 141 140
R38h Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK  Specifieshe grayscalgalette. 0
palette
175 174 173 172 171 170 165 164 163 162 161 160
control @)
R39h Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
alette
P 195 194 193 192 191 190 185 184 183 182 181 180
control (L0)
R3Ah Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
alette
P 215 214 213 212 211 210 205 204 203 202 201 200
control (11)
R3Bh Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK  Specifieshe grayscalpalette. 0
palette 235 234 233 232 231 230 225 224 223 222 221 220
control (12)
R3Ch Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
paletie 2556 254 253 252 251 250 255 244 243 242 241 240
control (3)
R3Dh Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
alette
P 275 274 273 272 271 270 265 264 263 262 261 260
control (14)
R3Eh Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
alette
P 295 294 293 292 291 290 285 284 283 282 281 280
control (15)
R3Fh Grayscale 0 1 0 0 PK PK PK PK PK PK PK PK PK PK PK PK Specifieshe grayscalpalette. 0
palette
control 16) 315 314 313 312 311 310 305 304 303 302 301 300
. L
Note: 1."*” means doeshmatter.

2. High-speed write mode
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Reset Function

The HD66B6RIs internally initialized by RESET input. Resethe gatedriver/Power supplyiC asits
setting are not automatically reinitialized when the HD66766R is.resitereset input must be held
for at leas00ms. 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 (NL40 =“1010%, SGS =“0", CMS =“0")

3. B-patternwaveformAC drive B/C =“0", EOR =“0", NW5-0 =“0000®")
4

. Power control 1 (DG =“000", AP1-0 =“00": LCD power off, STB £0": Standby mode off
SLP =*0", BS2-0 =*000', BT2-0 =“000')

5. Contrast control (Weak contrast VR3-06000', CT6-0 =*0000000)

6. Entry mode set SPR="0" , HWM =*“0", I/D1-0 =*11": Increment by 1, AM =0": Horizontal
move LG2-0= 000 :Replace modg

7. Compare resister : (CP15-0'6000000000000000
8. Display control (VLE21 =“00": No vertical scroll, SPT £0”, REV =“0", D1-0 =“00": Display
off)
9. Frame cycle control (DIV1-0 £00': 1-divided clock, RTIS-0: No line retrace period)
10. Power controR (VC2-0 =“000")
11. Vertical scroll (VL27-2 =“00000000, VL 17-10 =*00000000)
12. 1st screen division (SE17-10'41111111, SS17-10 £00000000)
13. 2nd screen division (SE27-20'41111111, SS27-20 £00000000)
14. Horizontal RAM address position (HEA =“1000011", HSA7-0 =“00000®0")
15. Vertical RAM address position (VEA7-010101111, VSA7-0 =*00000000)
16. RAM write data mask (WM1-0 =“000"H: No mask)
17. RAM address set (ADB-0 =“0000' H)
18. Grayscale Palette
(PKO ="000000, RK1="000011, PK2="000110, PK3="“001000",
PK4= *“001010, PK5= *“001100, PK6="001110, PK7="00111T,
PK8="010000, PK9= “01000I, PK10= “010010,PK11= “010017,
PK12= “010100, PK13= *“010107, PK14= “010110, PK15= “010111",
PK16 =%011000, PK17= *“0110071, PK18= *“0110L0", PK19= *“011011",
PK20= “011100, PK21= *“011107, PK22= *“011110,PK23= *“100000,
PK24= “100010, PK25= *“100100, PK26= *“100110, PK27= “101000 ,
PK28 =101011, PK29= “101110, PK30= “110001, PK31= *“110100,)

GRAM Data Initialization:
This is not automatically initialized by reset input but must be initialized by software while display is off

(D1-0 ="00).
Output Pin Initialization :

1. LCD driver output pins (SEG/COM): Output GND level
2. Oscillator output pin (OSC2): Output oscillation signal
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Parallel Data Transfer

16-bit Bus Interface

Setting the IM21/0 (interface mode) to tH&SND”/* GND"/“GND” level allows 68-system E-clock-
synchronized 16-bit parallel data transfer. Setting the1K2o the" GND”/"Vcc’/"GND” level allows
80-system 16-bit parallel data transfer. When the number of buses or the mounting area is limited, use an
8-bit bus interface.

csn* - CS*
Al - RS
H8/2245 HWR* » WR* HD66766
(RD*) - (RD*)
D15 - D0 [<——>—®| DB15-DB0
16

Figure 26 Interface to 16-bit Microcomputer

8-bit Bus Interface

Setting the IM21/0 (interface mode) to tH&GND”/"GND” /”Vcc” level allows 68-system E-clock-
synchronized 8-bit parallel data transfer using DEIB8 pins. Settingthe IM2/1/0 to the
“GND"/"Vcc'/"Vece” level allows 80-system 8-bit parallel data transfeFhe 16-bit instructions and
RAM data are divided into eight upper/lower bits and the transfer starts from the upper eigtikits.
unused pins DBDBO to the”Vcc” or*GND” level. Notethat the upper bytes must also be written
when the index register is written to.

CSn* | CS*
Al | RS
H8/2245 HWR* | WR* HD66766
(RD¥) | (RD¥)
D15 - D8 [«————»——m| DB15-DBS8
8 | DB7-0
_[ 8

GND

Figure 27 Interface to 8-bit Microcomputer
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Note: Transfer synchronizatiofunction for an 8-bit bus interface
The HD66B6R supports the transfer synchronizatiumction which resets the upper/lower
counter to count upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer
mismatch between the eight upper and lower bits can be corrected by a reset triggered by
consecutively writing &00’H instruction four times. The next transfer starts from the upper

eight bits. Executing synchronization function periodically can recover any runaway in the display
system

RS

R/W

E /[ \ /[ \ / o\ /[ \ 2 Y /[ \
"00"H "00"H "00"H "00"H
oess I I A A =X ==

@) @) ®3) (4)

8-bit transfer synchronization

Figure 28 8-bit Transfer Synchronization
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Serial Data Transfer

Setting the IN2 pin to the“Vcc” level and the IM pin to the“GND” level allows standard clock-
synchronized serial data transfer, using the chip select line (CS*), serial transfer clock line (SCL), serial
input dataline (SDI), and serial output datane (SDO). For a serial interface, the IMO/ID pin function

uses an ID pin. If the chip is set up for serial interface, the DB1pi2s which are not used must be
fixed at“Vece” or“GND”.

The HD6676® initiates serial data transfer by transferring the start byte at the falling edge of CS* input.
It ends serial data transfer at the rising edge of CS* input.

The HD6676R is selected when the 6-bit chip address in the start byte transferred from the transmitting
device matches the 6-bit device identification code assigned to the HER6EIiBe HD6676R, when
selected, receives the subsequent data stringleBise significant bit of the identification code can be
determined by the ID pin. The five upper bits must'02110. Two different chip addresses must be
assigned to a single HD66G® because the seventh bit of the start byte is used as a register select bit
(RS): that is, when RS Y0, data can be written to the index register or status can be read, and when RS
=*“1", an instruction can be issued or data can be written to or read from RAM. Read or write is selected
according to the eighth bit of the start byte (R/W bit). The data is received when the R/NOhitaisd is
transmitted when the R/W bit{4”.

After receiving the start byte, the HD66F66eceives or transmits the subsequent data byte-by-byte.
The data is transferred with the MSB firatl HD66766R instructions are 16 bits. Two bytes are received

with the MSB first (DB15 to 0), then the instructions are internally executed. After the start byte has been
received, the first byte is fetched internally as the upper eight bits of the instruction and the second byte is
fetched internally as the lower eight bits of the instruction.

Five bytes of RAM read data after the start byte are invalithe HD6676R starts to read correct RAM
data from thesixth byte.

Table 28 Start Byte Format

Transfer Bit S 1 2 3 4 5 6 7 8

Device ID code
Start byte format Transfer start RS R/W
0 1 1 1 0 ID

Note: The IMO/ID pin selects ID bit.

Table 29 RS and R/W Bit Function

RS R/W Function

Sets index register

Reads status

Writes instruction or RAM data
Reads RAM data

0
0
1
1

R Ol kL, O
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a) Timing of basic data-transfer through clock synchronized serial interface

Transfer start Transfer end

cs* /
(input)
12 34 56 78 91011 121314151617 18 19 20 21 22 23 24

EWWWMUMW
N WO = 25 B 5 B 3 . 1
]r”e::;? —»lRSIRM |

Start byte index register
SDO instruction / GRAM write data

(output) \ IDB B DBXDB BXDBX:s XDBXDBXDBX BX[;BK[;BXDIBI I%B/

Status read / Ram read

Figure 29 Procedure for transfer through the clock synchronized serial inrface (a)

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

o | /

123456738 9 101112 13141516 17181920212223 24 252627 282930 3132

SCL
(input)

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

Instruction (1 " "
Start | execution t|( m)e | End

The first byte after start byte must be upper 8-bit.

Instruction is not executed.

Figure 30Procedure for transfer through the clock synchronized serial interface (b)
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C) Transfer data read from GRAM

cs*

(input)
SCL

(input)

SDI
(input)

SDO
(output)

A

Start byte
RS="1"
R/W="1"
Dummy Dummy Dummy Dummy Dummy RAM read RAM read
read (1) read (2) read (3) read (4) read (5) upper 8-bit | | lower 8-bit
Start' ; invali "End"
Five bytes invalid dummy data are read after start byte.

6th data is valid from GRAM.

Figure 31 Procedure for transfer through the clock synchronized serial interface (c)

d) Status Read / Instruction Read

cs* _\

(input)

SCL
(input)

SDI
(input)

SDO

(output)

Start byte
RS="0"
RIW="1"

"Start”

Dummy
read (1)

Status read
upper 8-bit

Status read
lower 8-bit

"End"

One byte invalid dummy data are read after start byte.
2nd data is valid from GRAM.

Figure 32 Procedure for transfer through the clock synchronized serial interface (d)
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High-Speed Burst RAM Write Function

The HD6676& has a high-speed burst RAM-write function that can be used to write data to RAM in
one-fourth the access time required for an equivalent standard RAM-write operdtios.function is
especially suitable for applicatiotisat require the high-speed rewriting of the display data, for example,
display of color animations, etc.

When the high-speed RAM-write mode (HWM) is selected, data for writing to RAM is once stored to the
HD667&R internal register. When data is selected four times per word, all data is written to the on-chip
RAM. While this is taking place, the next data can be written to an internal register so that high-speed
and consecutive RAM writing can be executed for animated displays, etc.

Microcomputer

—~ 16
Add . . . .
ess Resistor 1 Resistor 2 Resistor 3 Resistor 4
counter
(AC)
48
16
| "0000"H I"OOOl"H I"OOOZ"H I"0003“H |
GRAM

Figure 33 Flow of Operation in High-Speed Consecutive Writing to RAM

Ccs*
(input) —\ / \ /

DB15-0 Index RAM| RAM| R4M [RAM [|[RAM||RAM | RAM| RAM JRAM||RAM JRAM | RAM Index
§ - (R22) data| data | data | data || data|| data | data| data | data|| data | data | data (R22)
(input / output) wlolelalfleofle] o]l e ]o|a]aw]a

RAM write RAM write RAM write
execution time execution time execution time *
|

RAM write data
(48 bit) RAM data 1 to 4 | RAM data 5to 8 | RAM data 9 to 12

RAM address

(AC15 to 0) 0000"H X__“0004'H X c0008'H X *000A™H

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

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

Figure 34 Example of the Operation of High-Speed Consecutive Writing to RAM
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Note the followingwhenusinghigh-speed RAM write mode

Notes: 1. Thelogical andcompare operation cannot be used.

2. Data is written to RAM each four wordsWhen an address is set, the lower two bits in the
address must be set to the following values.
*When 1/D0=0, the lower two bits in the address must be set¥band be written to RAM.
*When I/D0=1, the lower two bits in the address must be s&dband be written to RAM.

3. Data is written to RAM each four wordslIf less than four words of dafa written to RAM,
the last data will not be written to RAM.

4. When the index registeand RAM data writd“22'H) have been selected, the data is always
written first. RAM cannot be written to and read from at the same tinklB/VM must be set
to “0” while RAM is being read.

5. High-speed and normal RAMrite operations cannot be executed at the same tiiftee
mode must be switched and the address must then be set.

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

Table 30 Comparison between Normal and High-Speed RAM Write Operations

Normal RAM Write High-Speed RAM Write
(HWM=0) (HWM=1)
Logical operation function Can be used Cannot be used
Compare operation function Can be used Cannot be used
Write mask function Can be used Can be used
- IDO bit=0: Set the lower two bits to 11
RAM address set Can be specified by word IDO bit=1- Set the lower two bits o 00
RAM read Can be read by word Cannot be used
Dummy write operations may have to be
RAM write Can be written by word inserted according to a window address-
range specification
Window address Can beset by word Can be set by four words
HITACHI
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High-Speed RAM Write in the Window Address

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

Dummy write operations may have to be inserted as the first or last operations for a row of data,
depending on the horizontal window-address range specification bits (HSAL1 to 0, HEAL tdhe).
number of dummy write operations of a row must be 4N.

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

Number of Dummy Write Operations to
be Inserted at the Start of a Row

0

HSAl HSAO

0 0

0 1 1
1 0 2
1 1 3

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

Number of Dummy Write Operations to
be Inserted at the End of a Row

3

HEAL HEAO

0
0
1
1

k| Ol | O

2
1
0

Each row of access must consist of 4 x N operations, including the dummy writes.
Horizontal access count = first dummy write count + write data count + last dummy write count|= 4 x N

HITACHI
48

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Rev.1.0-1/ September20@

An example of high-speed RAM write with a window address-range specified is shown belo

The window address-range can be rewritten to consecutively and quickly by inserting two dummy writes
at the start of a row and three dummy writes at the end ofv,aasdetermined by using the window
address-range specification bits (HSA1 +3'00", HEA1 to G= “00").

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

Window address-range setting
HSA=h12, HEA=h30
VSA=h08, VEA=hAO

Window address-range

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

Y

Address set
AD=h0810 Note 1)

Y

] Window address-range setting
Dummy RAM write X 2 l—— HSA=h12. HEA=h30
+ VSA=h08, VEA=hAO

Y

RAM write x 31

'

Dummy RAM write x 3

x 152

Notel) The address set for the high-speed RAM write must be 00 or 11 according to the value of I/DO bit.
Only RAM in the speicfied window address-range will be overwritten.

Figure 35 Example of the High-Speed RAM write with a window address-range specification

HITACHI
49

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD66766R Rev.1.0-1/ September20@

Window Address Function

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

0) can be written to consecutiyel

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

be set within the window address.

[Restriction on window address-range settings]

(horizontal direction 00'H < HSA7-0 < HEA7-0< “83'H
(vertical direction) 00'H < VSA7-0< VEA7-0<“AF’H

[Restriction on address settings during the window address]

(RAM address) HSA7-& AD7-0 < HEA7-0
VSA7-0< AD15-8< VEA7-0

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

IDE0: The lower two bits of the address must be sé11b.

ID0=1: The lower two bits of the address must be std@d

GRAM address map

0083H

::| AF83H

Window address-range specification area _
HSAS5-0=10H, HSE5-0=2FH I/D0=1 (increment)
VSA7-0=20H, VEA7-0=5FH AM=0 (horizontal writing)

Figure 36 Example of Address Operation in the Window Address Specification
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Graphic Operation Function

The HD66766R can greatly reduce the load of the microcomputer graphics software processing through
the 16-bit bus architecture and internal graphics-bit operation function. This function supports the

following:

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

2. A conditional write function that compares the write data and compare-bit data and writes the data sent
from the microcomputer only when the conditions match. HBvethe display size is large, the display

data in the graphics RAM ( GRAM ) can be quickly rewritfEne graphics bit operation can be

controlled by combining the entry mode resister. The bit set value of the RAM-daite mask resister,

and the write from the microcomputer.

Bit Setting
Operation Mode I/ID AM LG2-0 Operation and Usage
Write mode 1 0/1 0 000 Horizontal data replacement, horizontal - border drawing
Write mode 2 0/1 1 000 Vertical data replacement, vertical - border drawing
Write mode 3 o0n 0 110,111 Conditional horizontal data replacement, horisontal - border drawing
Write mode 4 0/1 1

110,111 Conditional vertical data replacement, vertical - border drawing

Table 33 Graphics operation

Microcomputer

Address
counter
(AC)

ém

Write data latch

3 R pme—
Logical / compare operation (LG2 - 0:) <—f—| Og'C?chJ;r_aé'?” it
000:

replacement bit.

110: replacement with matched write, 16 ]
111: replacement with unmatched write <_/_ Compare bit (CP7-0)

‘m

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

Graphic RAM ( GRAM)

Downloaded from Elcodis.com electronic components distributor

Figure 37 Graphics Operation flow
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Write-data Mask Function

The HD6676® has a bit-wise write-data mask function that controls writinglbit data from the
microcomputer to the GRAM. Bits that are“0” in the write-data mask register (WBHD) cause the
corresponding DB bit to be written to the GRAMBIts that are”1” prevent writing to the corresponding
GRAM bit to the GRAM; the data in the GRAM is retainedlhis function can be used when only one-
pixel data is rewritten or the particular display color is selectively rewritten.

Data written by the
microcomputer

G4 G03| Go2| Go1|:Gon 03] BO2| BOI BOOl

................................................................... WMO
Write data Iololololol 1|0|0|
mask
5] = 1 DBO
GRAM data T e PR §§§|Gos |G04 |G03 |Goz IGOl I BOZI Bo1| BOOl ________

Figure 38Write-data Mask Function Operation
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Graphics Operation Processing

1. Write mode 1: AM =0, LG2-0 £000’

This mode is used when the data is horizontally written at high speed. It can also be used to initialize

the graphics RAM( GRAM ) or to draw borders. The write-data mask funciaWfM15-0 ) are also
enabled in these operations. After writing, the address cou®t€r) automatically increments Hy

(/D =1) or decrements by 1 (I/D = 0 ), and automatically jumps to the counter edge one-raster

below after it has reached the left or right edge of the GRAM.

Operation Examples:

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

3) AC ="0000"H

WM15 WMO
Write data mask: IO I Ol Ol d 0| JI ]] i 1| 1 1, l 1 Il l 1 "Write mask for plane G and B.
DB15 DBO
Write data (1) : 1] 0] 0 :
Write data (2) : 1]1] 0] 0 R
"0000"H "0001"H 0002"H
AEREEEEEEAN RN NI PR RN R E R R s
Write data (1) Write data (2)
Note: The bits in the GRAM
GRAM indicated by (*) are not changed.

Figure 39Writing Operation of Write Mode 1
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2. Write mode 2: AM = 1, LG2-0 =000

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

Operation Examples:
Hyiyo="1", AM="1" LG2-0 = "000"
2) WM15-0 = "07FF"H
3) AC ="0000"H
WM15 WMO
Write- data mask: |o| 0| (1 (1 [1 1 1 1 } |L |1 |1 |1 |1 |1 |1
DB15 DBO
write data (1): - [1] o] o[ 1 1] 1] 1] 1] o[ o[ 1] o O[]
Write data (2): HA99 ° P
witedata@: LI ITITPEEPPPPIR
ro000'H [P T[T [1] writedata)
orooH [T ITTT T LI T wiite data 2
ro200H [ T[T T ETT]] write data o)
GRAM
Notes: 1. The bit area data in the GRAM indicated by (*) is not changed.
2. After writing to address "AF00"H the AC jumps to "0001"H.

Figure 400peration of Write Mode 2
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3. Write mode 3: AM =0, LG2-0 = 110/111

This mode is used when the data is holizontally written by comparing the write data and the set value of
the compare resistérCP7-0 ). When the result of the comparison in a byte unit satisfies the condition
write-data mask functiof WM15-0 ) are also enabled. Aftevriting , the address counter ( AC
automatically increments by 1 ( I/D =1 ) or decrements by 1 ( I/D = 0 ), and automatically jumps to the
counter edge one-raster-raw below after it has reached the left or right edge of the GRAM.

Operation Examples:
1)Ib="1", AM="0", LG2-0="110"( Matched write )
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H
3)

AC ="0000"H
WM15 WMO
write - datamask:  [0]ooJoJoJo o bloToloJo JoloJoo]

CP15 CPO )
75 Compare operation

Compare register :

N 1]
(Matched) DBO ' :‘ Conditional replacement

A o ® =]

iCompare operation Replacement

Write data (1) :

Conditional replacement

T L E i E DD Ot O ot B E B BE R BEE L

"0001"H

T

Matched
replacement of write

data (1) GRAM

Figure 41O0peration of Write Mode 3
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4. Write mode 4: AM =1, LG2-0 = 110/111

This mode is used when a vertical comparison is performed between the write data and the agfet value
the compare resister ( CP15-0 ) to write the data . When the result by the comparison in a byte unit
satisfies the condition, the write data sent from the microcomputer is written to the GRAM. In this
operation, write data mask functigrWM15-0 ) are also enabled. After writing, the address counter

( AC ) automatically increments by 256, and automatically jumps to the upper-right edge ( I/D = 1) or
upper-left edge (I/D = 0 ) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

)ID="1", AM="1", LG2-0="111"( Unmatched write )
2) WM15-0 = "0000"H

2) CP15-0 = "2860"H

3) AC ="0000"H

WM15 WMO

wie-saamask:  (qolo]ddo[d do[ddddd g

Compare operation
Compare register : R

v . Conditional replacement

Compare operation

Write data (1) :

Conditional replacement

1
© @ [T T

Write data (2) :

"0000"H "0001"H

"0000"H Il Write data (1)
"0100"H * e [x e [* * * I* * | Write data (2)

- - GRAM
"AF00"H

Notes: 1. The bit area data in the GRAM indicated by (*) is not changed.
2. After writing to address "AF00"H the AC jumps to "0001"H.

Figure 42Writing Operation of Write Mode 4
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4096 colors Display Function

HD66766R is equipped with 4096 colors display function. When setting SPR bit = 1, it operates 4096
color display function, and uses 16 bits instead of 12 bits. Upper 4 bits are invalid when operating 4096
colors display function. While operating 4096 colors display function, write mode 3 and 4 in graphic
operation are not usable.

GRAM
46,464 byte
RAM read data
RAM write data I, 65K format RAM read
DBIS 65k format DBO  DBIS DBO
R4 R3|R2|R1|RO(G5 |G 4|G3|G 2G 1|G0|B4 |B3|B2|B1[BO R4|R3 IRZI Rll ROI GSI G4| GSI Gzi GJ.l G(i B4IBSIBZ| BlIBol
?AAA¢ AAATitAAf% l |_|_'—
| —
1/

DB15 ] I DBO DBI15 lll \ Y¢V W DBO

0[0|0| 0 JR3R2|R1|RO|G3G2|G1 GO|B3B2|B1|B | I IO 0 R3 R1|R0|G3|G2|GIIGO|B3|BZ BJ.I |

Read data
4096 color format

(=]
vs)
(@]

Write data
4096 color format

Figure 43 4096 color display data write and read format

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

R, G, Bdata | Selective grayscale palette R, G, B data Selective grayscale palette
0000 PKO 1000 PK17
0001 PK2 1001 PK19
0010 PK4 1010 PK21
0011 PK6 1011 PK23
0100 PK8 1100 PK25
0101 PK10 1101 PK27
0110 PK12 1110 PK29
0111 PK14 1111 K31
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Grayscale Palette

The HD6676& incorporates a grayscale palette to simultaneously di§alyof the 140,608 possible

colors. Thegrayscales consist of &bit palettes Theb52-stage grayscale levels can be selected from

the 6-bit palette data.

For the display data, tHeur-bit data in the GRAM written from the microcomputer is used.

In this palette, a pulse-width control system (PWM) is used to eliminate flicker in the LCDydispltae

time over which the LCDs are switched on is adjusted according to the level and grayscales are displayed
so that flicker is reduced and grayscales are clearly displayed.

Graphic RAM ( GRAM )

YYYY VY YYY Y YY V‘}

Display data I R4| R3| R2| Rll R0|| GSl GAl G3| G2| Gll GO” BAl B3| BZl Bll BO|

<RGB> 5 }o }s
v y Y

Palette
PKO (5¢°0) "01011" PKL1 (5+°0) PK22.(5:.0)
*00000 |0 170 170 o 1070 o T T T M e T T T T i o
; ) PKL (5 0) B " PK12 (5+°0) . . PK23.(5:.0)
00002 [ - . T 01100 O S S I 10111 T 1T TS
PK2 (5 0) "01101" PK13(5+°0) . " PK24.(5:..0)
"00010" [0 T o T |1 11 [q O T1T TOo 1 JT0 J0o 11000 1 lol ol ol 110
PK3 (5-°0) . " PK14 (5:.0) W N PK25.(5:0),
"oo011 | OO A OO TOT ] MOLLA0" gy 008" e T
PK4.(3:.0) 01111 PK15 (5+°0) "11010" PK26 (5+°0)
ootoorf 0 | o [ 1] o010 S S T T A T I
PK5 (5¢°0) N N
" " "10000" PK16.(5:.0), . . PK27.(52..0)
00101"| 9 To T3 131 Jo lo o Y T s o s eI S o A B A I )
" " PK6(5:0) PK17(5:.0), "11100" PK28(8:.0)
00110 " "
Q I Q PK17(5 0)1 1 I Q 10001 0 I 1 I 1 IO IO Il 1 I Q 1 Q 1 I 1
" . . PK18 (5¢°0) . N PK29.(5s.0)
,,00111.,o|0|1|\1|1|1 10010" [0 T b | |0 11101 E T I A
PK8 (5+°0) PK19 (5°0) PK30.(5:.0)
01000 [G™ T FT6™™6™["6 6] 10021 [TOTTTATTTTTOT LT Y ) vagaor [T T T g T o T gy
PK9 (5¢°0) DKON (Ra M DK21 (Ra 0\
T ) M . e i i O ) I B I B
N " PRI0 5+ 0) PK21 (5+°0)
01010 . N
ol I Y O N e (o T T I Y S D
initialized vaiue
£5 %5
52 gray scale control 52 gray scale control 52 gray scale control
<R> <G> 1 <B>
+3
4 32 | 32 " 64 gray scale L 32
1 64
| LCD Driver | | LCD Driver | | LCD Driver |

LCD.

Figure 44Grayscale Palette Contol
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Grayscale Palette Table

The grayscale register that is set for each palette register (PK) can be set to anp2eymelyscale
lighting levels can be set according to palette valt@30000’ to“110100").

Table 35 Grayscale Control Level

Grayscale

Palette Register Value (PK) Control Level

Unlit level**
1/52level
2/52level
3/52level
4/52level
5/52level
6/52level
7/52level
8/52level
9/52level
10/52level
11/52level
12/52level
13/52level
14/52level
15/52level
16/52level
17/52level
18/52level
19/52level
20/52level
21/52level
22/52level
23/52level
24/52level
25/52level
26/52level
27/52level
28/52level
29/52level
30/52level
31/52level
32/52level

Next Page continued

r|lo|lo|o|lo|lo|o|o|o|lo|o|o|o|lo|o|o|o|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|lo|o
olr|r|r|lr|lr|rR|r|Fr|rR|P|Pr|P|r|rP|rP|r|o|lo|o|o|o|o|o|o|o|o|lo|o|o|lolo|o
o|lr|r|r|r|r|rP|r|r|lo|o|lo|o|o|o|o|o|r|r|r|r|r|r|rR|r|o|jlo|o|o|o|olo|o
o|lr|r|r|r|lo|lo|lo|o|r|r|r|r|lo|lo|o|o|r|r|r|r|o|jlo|lo|o|r|r|r|r|o|lolo|o
o|lr|r|o|lo|r|r|lo|lo|r|r|lo|lo|r|r|o|o|r|r|o|o|lr|r|lo|lo|lr|r|lo|lo|r|r|lo|o

\I,OI—‘OI—‘OF—‘OI—‘OHO}—‘OI—‘OI—‘OHOI—‘OI—‘O}—‘OI—\OI—‘OHOI—\O
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33/52level
34/52level
35/52level
36/52level
37/52level
38/52level
39/52level
40/52level
41/52level
42/52level
43/52level
44/52level
45/52level
46/52level
47/52level
48/52level
49/52level
50/52level
51/52level

All lit level* 2

Rlilkrlkr|Rr|RrRrIRP|RP|R|R|RrR|R|R|R[RP|R|R|R|F
Rlkr|kr|Rr|kr|lo|lo|lo|o|o|o|o|o|o|lo|o|jo|o|o|o
olo|lo|o|o|r|kr|kR|kR|kR|r|kR|Rr|lo|lo|o|o|o|o|O
rlo|lo|lo|o|r|kr|kr|kr|lo|lo|lo|o|r|r|kr|kr|lo|lo|o
olr|r|o|lo|lr|r|lo|lo|r|r|lo|lo|r|r|ojo|r|r|o
olr|lo|r|o|lr|lo|lr|lo|r|lo|lr|lo|r|lo|r|o|r|o|r

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

2. Theall-lit level correspods to a white display whenreormally-black color-LCD panel is used, and a
black display when a normally-white color-LCD panel is used

HITACHI
60

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192174/hd66766r.html

HD6676@R

Rev.1.0-1/ September 20@

RGB pixel data and Grayscalelevel

Table 36 G pixel data and output level

G pixel data Output level G pixel data Output level
000000 PKO 100000 PK16
000001 (PKO+PK1)/2 100001 (PK16+PK17)/2
000010 PK1 100010 PK17
000011 (PK1+PK2)/2 100011 (PK17+PK18)/2
000100 PK2 100100 PK18
000101 (PK2+PK3)/2 100101 (PK18+PK19)/2
000110 PK3 10110 PK19
0000111 (PK3+PK4)/2 100111 (PK19+PK20)/2
001000 PK4 101000 PK20
001001 (PK4+PK5)/2 101001 (PK20+PK21)/2
001010 PK5 101010 PK21
001011 (PK5+PK6)/2 101011 (PK21+PK22)/2
001100 PK6 101100 PK22
001101 (PK6+PK7)/2 101101 (PK22+PK23)/2
001110 PK7 101110 PK23
001111 (PK7+PK8)/2 101111 (PK23+PK24)/2
010000 PKS8 110000 PK24
0100001 (PK8+PK9)/2 110001 (PK24+PK25)/2
010010 PK9 110010 PK25
010011 (PK9+PK10)/2 110011 (PK25+PK26)/2
010100 PK10 110100 PK26
010101 (PK10+PK11)/2 110101 (PK26+PK27)/2
010110 PK11 110110 PK27
010111 (PK11+PK12)/2 110111 (PK27+PK28)/2
011000 PK12 111000 PK28
011001 (PK12+PK13)/2 111001 (PK28+PK29)/2
011010 PK13 111010 PK29
011011 (PK13+PK14)/2 111011 (PK29+PK30)/2
011100 PK14 111100 PK30
011101 (PK14+PK15)/2 111101 (PK30+PK31)/2
011110 PK15 111110 PK31
011111 (PK15+PK16)/2 111111 PK31
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Table 37 R, B pixel data and output level

R, B pixel data Output level R, B pixel data Output level
00000 PKO 10000 PK16
00001 PK1 10001 PK17
00010 PK2 10010 PK18
00011 PK3 10011 PK19
00100 PK4 10100 PK20
00101 PK5 10101 PK21
00110 PK6 10110 PK22
00111 PK7 10111 PK23
01000 PK8 11000 PK24
01001 PK9 11001 PK25
01010 PK10 11010 PK26
01011 PK11 11011 PK27
01100 PK12 11100 PK28
01101 PK13 11101 PK29
01110 PK14 11110 PK30
01111 PK15 11111 PK31
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Setting flow for low power consumption instruction
SleepMode

Setting the sleep mode bit (SLP)'t§' puts the HD6676R in the sleep mode, where the device stops all
internal display operations, thus reducing current consumpti8pecificall, LCD operation is

completely halted. Here, all the SEG (SEGL1 to SE®@g and COM (COM1 to COM16) pins output
the*GND" level, resulting in no dispya If the AP1-0 bits in the power control register are sé0@

in the sleep mode, the LCD drive power supply can be turned off, reducing the total current consumption
of the LCD module.

Table 38 Comparison of Sleep Mode and Standby Mode

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

Standby Mode

Setting the standby mode bit (STB)"t§ puts the HD6678R in the standby mode, where the device

stops completg] halting all internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Spegifdiaihe SEG (SEG1 to SEG396) and
COM (COM1 to COMT6) pins for the time-sharing drive output the GND level, resulting in no gtispla

If the AP1-0 bits are set t®0’ in the standby mode, the LCD drive power supply can bet turned off.
During the standby mode, no instructions can be accepted other than the start-oscillation instiation.
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation before setting
the STB bit to'0”. When multi-chips are operated, be sure to be set to the standby mode from the slave
level.

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

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

Set stand-by mode: STB = "1"

| , |
C Stand-by mode )
| |

Issue the start-oscillation instruction

| Wait at least 10 ms |

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

I Turn on the LCD power supply: AP0O-1 = 01/10/11 I

See the power supply
circuit setting.

Wait at least 150 ms

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

Procedure for Setting and Canceling Standby Mode

Figure 45 Procedure for Setting and Canceling Standby Mod
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Setting flow for power supply and display instruction
Power-on / off Sequence

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

by using your own system.
) Power on the Vcc
V' N

1ms
* Power on the Reset
A

more than 10ms (oscillation
circuit stabilization time) Normal display
* Power on Initializ i
Set BS3-0 bit
Issue use-state Set VR2-0 bit
instruction (1) Set CT6-0 bit Display off
Set VC2-0 bit sequence
Set BT2-0 bit
7 N Set DC2-0 bit
Set AP1-0 bit
than 50ms (set ircuit Bits for display off
more than 50ms (set-up circui . o
1, 2 stabilization time) Display off D1-0="00
~
Issue use-state voltage polarity inverting circuit
instruction (2) operation starting bit Power off setting bit
Set:BT3-1="1" o
x J use-state instruction | Power supply circuit off

' control set by AP1-0

more than 200ms (set-up circui )
Power off the Vcc

2 / voltage inverting circuit Issue other mode setting
stabilization time) instruction (3)

Display on
Sequence Note)
Bits for display on
Display on D1-0="11"

Power On sequence Power Off sequence

J

Figure 46 Power-on Sequence Figure 47 Power-df Sequence
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Power-off sequence

Normal case

Emergency case

Turn off the display: D1-0 = 00

Issue LCD power instruction

Turn off the power voltages : Vcc

Turn off the power voltage: Vcc

RESET ="L"

Driver SEG/COM output: GND level

Power voltage ~ VcC
:Vcee Turn off the power voltage
GND == {e-
RESET Vee T RESET is input as soon as possible.
GND
. V10UT
Driver SEG/COM
output
GND

Note: When hardware reset is input during the power-off period, the D1-0 bits are cleared to "00"

SEG/COM output is forcibly lowered to the GND levels.

Downloaded from Elcodis.com electronic components distributor
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Partial Sequence Setting Flow

Normal display

Display OFF

Display OFF D1-0 ="00"

BT2-0 bit setting (Note)
BS3-0 bit setting
DC2-0 bit setting
VR2-0 bit setting
CT6-0 bit setting

i

Power supply
setting change

Display Duty
change

NL-4-0 bit setting

l

DIV, RTN bit setting

Frame frequency
adjusfment

.\ Display OFF DL.0 = “01” Display OFF D1-0 = “01”
more than 200ms i X more than 200ms . X
Step-up circuit output Issue instruction for Step-up circuit output Issue instruction for
stabilizing time other mode setting stabilizing time other mode setting
.............................. Display on Display on
Display On Display On
D1-0="11" D1-0="11"

Partial displav

Partial display

Display OFF

Display OFF D1-0 ="00"

BT2-0 bit setting (Note)
BS3-0 bit setting
DC2-0 bit setting
VR2-0 bit setting
CT6-0 bit setting

Display Duty NL-4-0 bit setting
change

DIV, RTN bit setting

gl

Power supply
setting change

<«

Frame frequency
adjusfment

Normal display

Note: Change only BT2-0 with BT3-0 = “1”

Figure 49 Normal to partial display
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Oscillation Circuit

The HD6676R can oscillate between the OSC1 and OSC2 pins using an internal R-C oscillator with an
external oscillation resistor.Notethat in R-C oscillation, the oscillation frequency is changed according
to the external resistance value, wiring length, or operating power-supply voli&g.is increased or
power supply voltage is decredstéhe oscillation frequency decreases:orthe relationship between Rf
resistor value and oscillation frequgnsee the Electric Characteristics Notes section.

1) External clock mode

Clock
— VW/_ 0OSC1
(264kHz)
Damping resistance  [0OSC2
2k
(2kQ) HD66766R
2) External resistance
oscillation mode
0sC1 Note: The resistance must be located
near the OSC1/OSC2 pins.
Rf
0SsC2
HD66766R

Figure 51 Oscillation Circuits

The relationship between the SEG and COM output levels is as shown in the following figure. While the
display is off, SEG and COM outputs go to GND level.

M
VCH ............ L R A R R
- ’ .
. + COM waveform
/ ’ .
’ /
’ /
’ /
5 /
/ /
’ /
oo s SEG waveform
/NO ||t,
LA L
\/<Q 5 /
VM #~# / "1 - .f.f.f.f F RS FE ,’ 0
.-" 5
VSL (GND) - - - .
No lit /No Ilt,
VI
/A 5
/ /
/A ’
/ /
/ ”
/ ’
/s #
/A 5
/ /
’:‘?IJ"I’
VCL e e e

Figure 52 Relationship with SEG/COM Output Level
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Frame-Frequency Adjustment Function

The HD6676R has an on-chip frame-frequency adjustment function. The frame frequency can be
adjusted by the instruction setting ¥DIRTN) during the LCDdrive as the oscillation frequency is
alwaysthesame. When the display duty is changed, the frame frequency can be adjusted to be the same.
If the oscillation frequency is set to highnm animation or a static image can be displayed in suitable ways
by changing the frame frequenc When a static image is displayed, the frame frequency can be set low
and the low-power consumption mode can be enterdthen high-speed screen switching, for an
animated dispha etc. is required, the frame frequency can be set high.

Relationship between LCD Drive Duty and Frame Frequency

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

(Formula for the frame frequency)

fosc
Framefrequency = [Hz]
Cloclcycles per raster-row division ratiox 1/duty cycle

fosc: R-C oscillation frequency
Dutydrive duty (NL bit)
Clockycles per raster-row: (RTN26) clock cycles
Divisiomatio: DIV bit

Example Calculation 1 Setting the maximum frame frequency to 60 Hz

Display duty: 1/Z6
Retrace-line period: O clock (RTN3-0'6000')
Operation clock division ratio: 1 division

fosc = 60 Hzx (0 + 26) clock x 1 divisionx 176 lines =275 (kHz)

In this case, the R-C oscillation frequency beco2i&skHz. The external resistance value of the R-C
oscillator must be adjusted to Bé5kHz. Thedisplay duty can be changed by the partial disgtc. and
the frame frequency can be the same by setting the RNT bit and DIV bit to achieve the following.

(Partial display. Display duty: 1/40
Retrace-line period: 1 clock (RTN3-0'6002)
Operation clock division ratio: 3 division

Frame frequency = 275 kHzB3(t 26) clock x 4 divisionx 40 lines) =59.2(Hz)

Example Calculation 2 Switching the frame frequency to suit animation/statiamage display

(Animation display) Frame frequency: 90 Hz
Display duty: 1/176
Retrace-line period: O clock (RTN3-0'6000')
Operation clock division ratio: 1 division

fosc = 90 Hzx (0 + 26) clock x 1 divisionx 176 lines =412 (kHz)

(Static image display)rame frequency: 90 Hz
Display duty: 1/176
Retrace-line periodt clock (RTN3-0 =1101")
Operation clock division ratio: 1 division

Frame frequency: 412 kHz/1@ + 26) clock x 1 divisionx 176 lines) =60.0(Hz)
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n-raster-row Reversed AC Drive

The HD6676R supports not only the LCD reversed AC drive in a one-frame unit (B-pattern waveform)

but also the n-raster-row reversed AC drive which alternates in an n-raster-row unit from one to 64 raster-
rows (C-pattern waveform). Whena problem affecting display quality occurs, suckrass-talk at

high-duty driving of more than 1/64 guthe n-raster-row reversed AC drive (C-pattern waveform) can
improve the qualit

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

1 frame

- 1 frame |t
1|2|3]4]5s| 6| 7|8] 9lro 12 12|23 "~ -h7sh7d 1| 2| 3| 4| 5|6 | 7| 8|9 [10 12| 12|23~ - - - L1774 1 |2 |3

B-pattern waveform drive
-1/176 duty

\)
C-pattern
-wave form drive \
- 1/176 duty ))
|

- 11 raster-row reversal
- Without EORs

C-pattern waveform drive 7]

_—

- 1/176 duty
- 11 raster-row reversal
- With EORs

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

Figure 53 Example of an AC Signal under n-raster-row Reversed AC Drive
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Screen-division Driving Function

The HD6676R can select and drive two screens at any position with the screen-driving position registers
(R14h and R15h). Any two screens required for display are selectively driven and a duty ratio is lowered
by LCD-driving duty setting (NL4-0), thus reducing LCD-driving voltage and power consumpton.

the 1st division screen, start line (SS17-10) and end line (SE17-10) are specified by the 1st screen-driving
position register (R14h). For the 2nd division screen, start line (SS27-20) and end line (SE27-20) are
specified by the 2nd screen-driving position register (R15h). The 2nd screen control is effective when the
SPT bit is“1". The total count of selection-driving lines for the 1st and 2nd screens must correspond to
the LCD-driving duty set value.

1/24 duty driving on 2 screen

. 1stscreen:
7 raster-row
driving

COM1

COoM7

B Always applying
non-selection

COM26 —p level

2nd screen:

17 raster-row

COoM42 _* < driving

Always
applying
non-selection
level

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

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

Figure 54 Display example in 2-screen division driving
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Restrictions on the 1st/2nd Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS17-10) and end line (SE17-10)
of the 1st screen driving position register (R14h) and the start line (SS27-20) and end line (SE27-20) of
the 2nd screen driving position register (R15h) for the HD6B76 Note that incorrect display may
occur if the restrictions are not satisfied.

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

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

SS17-1( SE17-10 < SS27-20
<SE27-20< “AF'H
 Time-sharing driving for COM pins
(SS1+1) to (SE1+1) and (SS2+1) to
(SE2+1)
« Non-selection level driving for others

Register setting SS17-1GSE17-0< “AF"H

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

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

2. When the total line count in screen division driving sestisgarger 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 SS27-20 and SE27-20 settings are ignored.
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LCD Voltage Generation Circuit

Figure 58 shows a configuration of the HD66766R LCD drive voltage generation dir@ainsists of
step-up circuit 1 that doubles or triples the voltage that is applied to Vcil, step-up circuit 2 that multiplies
the voltage from step-up circuit 1 Ityo to five times, angbolarity circuitthat generates a VCL level by
inverting the \CH level centered around the VM levelThesecircuits generate @H and VCL that are

power supply for COM output$he LCD driving level for SEG output¥Y SH and VM) are generated by
dividing resistancatthe VREF level.

Vce
XREll_:f_ControI BIASC
1 - mpter bias f]
VREFL [= impln‘ler v L our
ci
— e
bias control
0O VREFM ®
VCH
vee Generator
Vci Control S.tep.- up
Circuits circuits 2
VOUT
generator
Step - up
circuits 1 Contrast
control
1.0uF
1.0MQ

1.0pF

!

Avee
Vcce
GND e L Shot-key
AGND;
barrier diode
Yvy VCL

COM driver | generator CEM
Polarity —
inverting CEP | w— 0.47UF

HD66766R -

Note: 1) Use condenser with character B.
2) Condensers with asterisk (*) need resist
pressure more than 25V.
3) Insert shot-key barrier diode.
(VF = 0.6V /20mA, VR>=30V)

Figure 55 Configuration of internal power circuit
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Notes: 1. Generate an output voltage (VOUT) from step-up circuit 1 within the range.@rtorb475V.

2. Do not allow the output voltage GH) from step-up circuit 2 to exceed 22 V.

3. Do not allow the output from Vci2 to exceed VOWdltage .

4. When capacitor with polarity is used, be sure that an inverted voltage is not applied to it in
any state of the system.

5. Vcil is used as both the referenagitage input and power supply in the step-up circuit.
Keep sufficient LCDdrive current.

6. Ratedvoltage of capacitors possible to be used are as described bdkmguiredvoltage
depends on used panelsihenactual voltage is less than 16V, capacitors with 16V rated
voltage can be used.
6.3V: VREFM, VciOUT, C11, C12, VOUT, BIASC, Vci2, C21, C22, C23, VSV
25V(16V): VCH, CE,vCL

LCD Drive Voltage

The required voltage can be calculated by applying the following expressions. Drive voltages are
standard; generate a voltage to suit the panel to be used.

1
vsHwm, vmvsL  — [-2IN
m -1 Vth: Threshold voltage of the LCD panel to be used.

1 N: Display duty cycle.
VCH-VM, VM-VCL —2NLAL x Vth
2VIN-1

LCD Drive Bias

An optimal bias can be calculated by applying the following expressidhe value that has been
calculated is theoretically optimal.lf a lower bias value than the optimal value is used to drive the LCD,
contrast may be reduced depending on lighting conditions. Howdnempower consumption can be
reduced by lowering the drive voltageAdjustthe value according to the system to be used.

1

Bias value =
In

How to determine the VCH voltage

VCH = Ny X No, X VSH o T
Ng : Bias ratio L arcuit2 —
Np, : Step-up factor of the step-up circuit 2

VCI2=VMe -Ng
Contrast adjustment VCH=VM+ ~Nee~Nco
Rs : Contrast resistance (0.000R1®16R)
VSH = VREFM x 2R / (Rb + 2R) -

Table 40 VREFM

CT setting value
CT6 | CT5 |CT4 |CT3 [CT2 | CT1| CTO | Rbresistvalue Rbe Resist for adjusting contrast

0 0 0 0 0 0 0 1.016R RD (0.000Re "1.016R)
0 0 0 0 0 0 1 1.008R VSH
0 0 o |o o 1 0 1.000R R §
0 0 o |o o 1 1 0.992R
o o oo |1 fo] o 0.984R & —— WM

; . R
1|1 1] 1] 1] 1 0 0.008R VSL
1|1 11| 1] 1 1 0.000R

Figrue 56
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How to determine the power settingralue
1. Determine LCD drive bias

Determine LCDdrive bias first. LCD drive bias is theoretically (1/SQRT (display duty)) optimal
however, the total drive voltage can be reduced by lowering bias r&mnsidertthe display quality, the
drive voltage and the current consumption.

2. Determine VOUT voltage

Determine factor of Vcl regulator and step-up factor so as to set output voltage, VOUT of step-up circuit
1 4.0 to 5.7¥, setting input voltage Vci2 of step-up circuit 2 more than ¥.0.55incethe entire electric
power for driving LCD is supplied from step-up circuit, subsequent voltage fall need to be considered.

3. Segment drive voltage calculation

Segmenbutput drive voltage is calculated by the following expression.

Vseg = 2xB | y1H B  :LCD drive bias ratio
(B-1)
VthCD threshold voltage
4. Common drive voltage calculation

Commonoutput drive voltage is calculated by the following expression.

Veom= /589 x (B+1)
2

B  :LCD drive bias ratio
5. Determine input voltage of step-up circuit 2

Determine input voltage of step-up circuit 2This voltage is determined by dividing Vcom voltage by
step-up factor; lower factors are used for low current consumptidni2 voltage need to be less than
VOUT voltage (4.0 to 5.75 V)- O\b

Example of register setting on power supply
Examples of register setting values on power supply are described belo

Example 1:1/176 duty ratio, Vcc = VREFL = 3\) 1/13 bias

BS3-0 = H8 : bias adjustment 1.4 times
BT2-0 =H4 : step-up circuifl 2times step-ugircuit 2  5times
BT3 =H1 : operate voltage inverting circuit
DC2-0 =H6 step-up circuit 1 frequency 3docks step-up circuit 2 frequency 128 clocks
TBD
AP1-0 = H1 : low fixed current in the amplidir
VC2-0=HO :Vcil =0.92 x Vee = 2.75V
VR2-0 =HO :VREFM = 1.1 x VREFL
CT6-0 : appropriate contrast setting values

HITACHI
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Example 2:1/176 duty ratio, Vcc = VREFL = 24 Vci = 2.8V, 1/13 bias

BS2-0 = H8
BT2-0 = H4
BT3  =H1
DC2-0 = H6
TBD

AP1-0 = H1
VC2-0 = H4
VR3-0 = H2
CT6-0

: bias adjustment 1.4 times

: operatevoltage inverting circuit

: step-up circuit frequency 3Zlocks

: low fixed current in the amplifier

:VREFM = 1.4 x VREFL

appropriatecontrast setting values

: step-upcircuit 1 2times step-ugircuit 2 5times

step-upcircuit 2 frequency 128clocks

s internal Vcil regulator off 2.8V directly supplied to Vcil

Example 3:Partial displg, 1/24 duty ratio, Vcc = 2\ Vci = 2.8V, 1/4 bias

BS2-0 = HO
BT2-0 = HO
BT3 =H1
DC2-0 = H6
TBD

AP1-0 = H1
VC2-0 = H4
VR3-0 = H2
CT6-0

: bias adjustma 1.25 times

. operatevoltage inverting circulit

. step-up circuit frequency 64locks

. low fixed current in the amplifier
:internal Vcil regulator off
:VREG 1=1.4 x VREFL

: appropriate contrast setting values
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HD66766R power supply level correlation

VCH
BT2-1
(2 to 5 times)
VC2-0 CT6-0
VOUT (4.0 10 5.75 V) (0.92 to 0.68 times) (contras}adjustment)
VREFM (S VOUT) \ ] \V/Ci2
P A
/ .
Veil (2t03 tlmes/ \ ] VSH
VREFL (EVCC) \ N \é'\N"D
GND—— BS3-0

(0.5to 2.165 times)
VR2-0
(1.1 to 3.4 times)
Voltage polarity
inversion between
VCH and VM

____ vCL

Figure 57HD66766R Power supply level correlation
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Connection of condenser related to the magnification of step up circuit 1

(1) 2 times step-up circuit (2 Vcil) (2) 3 times step-up circuit (3 x Vcil)
1.0uF VciouT % 1.0uF VciouT
adjusting adjusting
circuit circuit
| Vcil I Vcil
C11-
—r o 1.0yF O Cl11-
- O Cl1l+
VouT — Cll+ VouT
1.0 ¥ C12- generating generating
O Cl2-
1.0 U
step-up r[l— step-up
2t f  circuit1 Ci2+ circuit 1
1.0uF VOUT R Sl
—r U 1.0uF O VouT
777 Figure 58 777 Figure 59
Connection of condenser related to the magnification of step up circuit 2
(1) 2 times step-up circuit (2 x Vci2) (2) 3 times step-up circuit (3 x Vci2)
1.0 uF
. 1.0 uF Vci2
ﬂg_l I | Vei2 1
c21- c21-
- o— e
&DJ | C21+ — @ w—-
1.0uF C22- 1.0uF
C22- 1 ™ p———
VCH C22+ VCH C22+
generating —=—— generating Lour
C23- :
step-up &D step-up  f——]
circuit 2 circuit 2
C23+ C23+
| C23t ——0
co4- | C24-
C24+
ﬂ[} 1OUuF —-a 1.0 uF
VCH o ] VC_Hg_' l_T
. . 777
Figure 60 Figure 61
(3) 4times step-up circuit (4 x Vci2) (4) Stimes step-up circuit (5 x Vci2)
Vei2 1.0 uF veiz 1.0 uF
Cl Cl.
—D—l |— -—E]—l I—
C2l_ o  10uF | ca1- 4 1.0 UF
ca1+ —— Lcai+ —
C22- 1 iu': | C22- O 1.0uF
VCH C22+ 0 —— VCH C22+ ——
generating generating |
C23- 1.0 uF C23- 1.0 uF
stepup [ stepup [ O
circuit 2 C23+ -_— circuit 2 C23+ ——
C24 1 ] coa- 0 1 8 uF
C24+ 0 | c24+ 0 ——
VCH . I I |VCH 1 I I
1.0uF 1.0 uF
Figure 62 777 Figure 63
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Absolute Maximum Ratings

Table 41
ltem Symbol Unit Value Notes*
Power supply voltage (1) Vce v -0.3to+4.6 1,2
Power supply voltage (2) Vil vV -0.3t0 +4.6 1,3
Power supply voltage (3) VCH-VCL vV -0.3to + 46 1,4
Input voltage vt Y -0.3to Vec + 0.3 1
Operating temperature Topr °C -40 to + 85 1,5
Storage temperature Tstg o 5510 + 110 1

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

2. Vccz GND must be maintained
3. Vcil = GND must be maintained.
4. VCH = GND must be maintained
GND = VCL must be maintained
5. For die and wafer products, specified up t685
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DC Characteristics (Vec = 2210 3.6V, VCH-VCL=8V to 44V, Ta =40 to +85°C*)
Table 42
Iltem Symbol Unit Test Condition Min Typ Max Notes
Input high voltage Vg \% Vee=22t03.6V 0.7Vee — Vee 2,3
Input low voltage V. \% Vec=22t03.6V -0.3 — 0.15V¢ 2,3
Output high voltage (1) Vou \% lon=-0.1 mA 0.75V,c — — 2
(DBO0-15 pins)
Output low voltage (1) Vec=22t024V, — — 0.2 Ve 2
(DBO0-15 pins) Vo v loo = 0.1mA

VCC=241t036V, — — 0.15V¢ 2

lo. = 0.1 mA

Driver ON resistance Rees kQ  #ld =0.05 mA, — 035 3 4
(SEG pins) Viecp=3V
Driver ON resistance Reom kQ #£Ild =0.05 mA, — 090 3 4
(COM pins) Vew -V =44V
1/O leakage current I, MA  Vin=0to V. -1 — 1
Current consumption lop MA  R-C oscillationV .= 3.0V, — 480 600
during normal operation VCH =20V,VM =1.6V, VCL =
(Vec— GND) -16.8VTa = 25°Cf ¢ = 276

Khz (1A76duty),

1/12 Bias CT minimum

AP minimum,display all 0

Step-up 1 = two times

Step-up 2 = five times

VCI1 =0.92 x VCC
Current consumption lst MA V=3V, Ta=25C — 0.1 5
during standby mode
(Vcc— GND) Vcec =3V, Ta=88C — — 50
VREFL input voltage VREFL V Vce = 2.2v03.6V — — Vce
VREFM output voltage VREFM V VOUT = 4.0MJ5.75V — — VOUT -0.5
Step up circuit 1 VOUT V 4.0 — 5.75
output voltage
Step up circuit 2 VvCI2 Vv — — VOUT -0.5

output voltage
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Step up circuit characteristics

Table 43
Item Terminal  Unit Test Condition Min Typ Max Notes

VCC = 3.0[V]

Step up Vi step up factor = 0.92

circuit 1 VOUT \Y Step up factor : two times 525 548 — —
Step up cycle: 32 divided cycle
Load voltage = 40QuA]

VCC = 3.0[V] VOUT =5.5[V]
VREFL = 3.0[V]
VREFM = 1.1 x VREFL
Constant current of
Step up operation amplifier: small
Al VCH \% Contrast adjustment value = 0.000R 21.2  21.3 — 9)
circuit 2 1/12 bias
Step up cycle of step up circuit 2: 96
divided cycle
Step up factor: Five times
Load current = 2QuA]

VCC = 3.0[V] VOUT =5.5[V]
VREFL = 3.0[V]
VREFM = 1.1 x VREFL
Constant current of
Step up operation amplifier: small
A VCL \% Contrast adjustment value = 0.000R -21.0 -21.2 — 9)
circuit 3 1/12 bias
Step up cycle of polarity inversion
circuit: 96 divided cycle
Step up factor: Five times
Load current = 2QuA]
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AC Characteristics (Voc =2.210 3.6 V, Ta =40 to +85°C*)

Table 44Clock Characteristics (Voc = 2210 3.6 V)

Item Symbol  Unit Test Condition Min Typ Max  Notes

External clock frequency  fcp kHz V, =22t036V 151 275 640 7

External clock duty ratio  Duty % Vec=22t03.6V 45 50 55 7

External clock rise time trcp us Vec=22t03.6 V — — 0.2 7

External clock fall time tfcp us Vee=22t03.6V — — 0.2 7

R-C oscillation clock fosc kHz Rf=200lQ, 220 275 330 8
V=3V

68-system Bus Interface Timing Characteristics

Table 45 Normal Write Mode (HWM=0)

(Vcc=22t02.4V)
Item Symbol Unit  Test Condition Min Typ Max

Write tevee ns Figure 1 600 — —
Read  toyce ns Figure 1 800 — —
Write PW., ns Figure 1 90 — —
Read PW, ns Figure 1 350 — —
Write PWe, ns Figure 1 300 — —
Read PW ns Figure 1 400 — —

Enable cycle time

Enable high-level pulse width

Enable low-level pulse width

Enable rise/fall time te, b ns Figure 1 — — 25
Setup time (RS, R/W to E, CS¥) tase ns Figure 1 10 — —
Address hold time tane ns Figure 1 5 — —
Write data setip time toswe ns Figure 1 60 — —
Write data hold time tue ns Figure 1 15 — —
Read data delay time topre ns Figure 1 — — 200
Read data hold time tonre ns Figure 1 5 — —

Table 46 High-Speed Write Mode (HWM=1)
(Vecc =2210 24V)

Item Symbol Unit  Test Condition Min  Typ Max
Write ¢ ns Figurel 200 — —
Enable cycle time CYCE 9
Read  tcoyce ns Figurel 800 — —
. . Write  PWg, ns Figurel 90 — —
Enable high-level pulse width -
Read PW, ns Figurel 350 — —
. Write  PWg, ns Figurel 90 — —
Enable low-level pulse width -
Read PW ns Figurel 400 — —
Enable riseffall time ten ter ns Figurel — — 25
Setup time (RS, R/W to E, CS¥) tase ns Figurel 10 — —
Address hold time tane ns Figurel 5 — —
Write data setip time toswe ns Figurel 60 — —
Write data hold time tue ns Figurel 15 — —
Read data delay time toore ns Figurel — — 200
Read data hold time tonre ns Figurel 5 — —
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Normal Write Mode (HWM=0)

Table 47(Vcc =241t03.6 V)

Item Symbol  Unit Test Min Typ Max Note
Condition
Enable cycle time Write tevee ns Figure 1 200 — — —
Read tevee ns Figure 1 300 — — —
Enable high-level pulse width ~ Write PW., ns Figure 1 40 — — —
Read PW, ns Figure1 150 — — —
Enable low-level pulse width Write PWe, ns Figure 1 100 — — —
Read PW ns Figure 1 100 — — —
Enable rise/fall time te, b ns Figure 1 — — 25 —
Setup time (RS, R/W to E, CS*) tase ns Figure 1 10 — — Using status read
— — Not using status read
Address hold time tane ns Figure 1 — — —
Write data setip time toswe ns Figure 1 60 — — —
Write data hold time the ns Figure 1 2 — — —
Read data delay time tobre ns Figure 1 — — 100 —
Read data hold time tonre ns Figure 1 5 — — —
High-Speed Write Mode (HWM=1)
Table 48(Vcc =24V to 3.6V)
Iltem Symbol  Unit Test Min Typ Max Note
Condition
Enable cycle time Write  teyee ns Figurel 100 — — —
Read  toyce ns Figurel 300 — — —
Enable high-level pulse width Write  PW, ns Figurel 40 — — —
Read PW, ns Figurel 150 — — —
Enable low-level pulse width Write  PW, ns Figurel 40 — — —
Read PW, ns Figurel 100 — — —
Enable rise/fall time ten ter ns Figurel — — 25 —
Setup time (RS, R/W to E, CS¥) tase ns Figurel 10 _ _ Using status read
0 — — Not using status read
Address hold time tane ns Figurel — — —
Write data setip time toswe ns Figurel 60 — — —
Write data hold time tue ns Figurel 2 — — —
Read data delay time topre ns Figurel — — 100 —
HIT{S\ZCHI
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80-system Bus Interface Timing Characteristics
Normal Write Mode (HWM=0)

Table 49(Vcc =2.2t0 2.4 V)

Item Symbol  Unit Test Min Typ Max
Condition
Bus cycle time Write tevew ns Figure2 600 — —
Read  tcyer ns Figure 2 800 — —

Write low-level pulse width PW. ns Figure 2 90 — —
Read lowlevel pulse width PW & ns Figure2 350 — —
Write high-level pulse width PWiw ns Figure2 300 — —
Read higHevel pulse width PW. s ns Figure 2 400 — —
Write/Readrise/fall time twrewre NS Figure 2 — — 25
Setup time tas ns Figure 2 10 — —
(RS to CS* WR*, RD*)
Address hold time tan ns Figure 2 5 — —
Write data setip time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
High-Speed Write Mode (HWM=1)
Table 50(Vcc =221t0 2.4 V)

Item Symbol  Unit Test Min Typ Max

Condition
Bus cycle time Write tevew ns Figure 2 200 — —
Read  tcyer ns Figure 2 800 — —
Write low-level pulse width PW, ns Figure 2 90 — —
Read lowlevel pulse width PW g ns Figure 2 350 — —
Write high-level pulse width PWiw ns Figure 2 90 — —
Read higHevel pulse width PW s ns Figure 2 400 — —
Write/Readrise/fall time twrwrt NS Figure 2 — — 25
Setup time tas ns Figure 2 10 — —
(RS to CS* WR*, RD*)
Address hold time tan ns Figure 2 5 — —
Write data setip time thsw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time tonr ns Figure 2 5 — —
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Normal Write Mode (HWM = 0)

Table 51(Vcc = 2.4t0 3.6V)

Item Symbol  Unit Test Min Typ Max Note
Condition
Bus cycle time Write tevew ns Figure 2 200 — —

Read tever ns Figure 2 300 — —

Write low-level pulse width PW_ ns Figure 2 40 — —

Read lowlevel pulse width PW & ns Figure2 150 — —

Write high-level pulse width PWiy ns Figure 2 100 — —

Read higHevel pulse width PW.r ns Figure2 100 — —

Write/Readrise/fall time twrewre NS Figure 2 — — 25

Setup time ) 10 — — Using status read
(RS to CS¥WR*, RD*) bes ns  Figure2 0 — —  Not using status read
Address hold time tan ns Figure 2 2 — —

Write data setup time tosw ns Figure 2 60 — —

Write data hold time ty ns Figure 2 2 — —

Read data delay time toor ns Figure 2 — — 100

Read data hold time torr ns Figure 2 5 — —

High-Speed Write Mode (HWM=1)

Table 52(Vcc = 24t03.6V)

Iltem Symbol  Unit Test Min Typ Max Note
Condition
Buscycle time Write  teyow ns Figure2 100 — —

Read tcyer ns  Figure2 300 — —

Write low-level pulse width PW,, ns Figure2 40 — —

Readlow-level pulse width PW r ns Figure2 150 — —

Write high -level pulse width PW,w ns Figure2 40 — —

Read hightlevel pulse width PW,r ns Figure2 100 — —

Write/Readrise/fall time twrrwri NS Figure2 — — 25

Setup time ) 10 — — Using status read

tas ns Figure 2

(RS to CS* WR*, RD*) 0 — — Not using status read
Address hold time tan ns Figure2 2 — —

Write data setip time tosw ns Figure2 60 — —

Write data hold time ty ns Figure2 2 — —

Read data delay time toor ns Figure2 — — 100

Read data hold time torr ns Figure2 5 — —
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Clock Synchronized Serial Interface Timing Characteristics

Table 53(Vcc = 2210 2.4V)

Iltem Symbol Unit Test Condition Min  Typ Max
- - (r:(\:/git\?e d) tseve us Figure 3 0.1 — 20
Serial clock cycle time Read .
(transmitted) tseve us Figure3 0.25 — 20
. . . (r:(\:/gitfe d) tech ns Figure 3 40 —_ —
Serial clock high-level pulse widtt
Read tscn ns Figure3 120 —_ —
(transmitted)
. . (r:ggitfe d) scL ns Figure 3 40 —_- —
Serial clock low-level pulse width
Read tseL ns Figure3 120 —_- —
(transmitted)
Serial clock rise/fall time tser st NS Figure 3 — — 20
Chip selectestup time tesy ns Figure3 20 —_ —
Chip selechold time ten ns Figure3 60 — —
Serialinput data setip time tasu ns Figure 3 30 —_ —
Serialinputdata hold time tan ns Figure3 30 — —
Serialinputdata delay time tsop ns Figure3 — — 130
Serialinputdata hold time tson ns Figure 3 5 — —
Table 54(Vcc =2.4t0 3.6V)
Iltem Symbol Unit Test Condition  Min Typ Max
Write tseve us Figure 3 0.076 — 20
) ) (received)
Serial clock cycle time Read teore Us Figure3 0.15 — 20
(transmitted)
Write tecn ns Figure 3 40 — —
] ) _ (received)
Serial clock high-level pulse width Read oo ns Figure3 70 — —
(transmitted)
Write tscL ns Figure 3 35 — —
] ) (received)
Serial clock low-level pulse width Read foos ns Figure3 70 — —
(transmitted)
Serial clock rise/fall time tser st NS Figure 3 — — 20
Chip selectatup time tesy ns Figure3 20 — —
Chip selechold time ten ns Figure3 60 — —
Serialinput data setip time tsisu ns Figure 3 30 — —
Serialinputdata hold time tan ns Figure3 30 — —
Serialoutputdata delay time tsop ns Figure3 — — 130
Serialoutputdata hold time tson ns Figure 3 5 — —
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Reset Timing Characteristics (\ic = 22 t0 3.6 V)

Table 55

Iltem Symbol Unit Test Min Typ Max
Condition

Reset low-level width tres ms Figure4 1 — —

Resetise time tres ms Figure4 — — 10

Electrical Characteristics Notes

1. For bare @& and wafer products, specified up t685
2. The following three circuits are | pitYO pin, O pin configurations

Pins: RESET*, CS*, E/WR, RW/RD, RS, Pins: OSC2
0SC1, IM2-1, IMO/ID, TEST1, TEST2

Vcc

Vcce
. r'gl PMOS @ PMOS

I
L”i NMOS L“ ;| NMOS
GND

Figure 64 Figure 65

Pins: DB15 -DB2,
DB1/SDO, DB0/SD1

PMOS

JE_|<

(Input circuit)
NMOS

J_{
i

Vce (Tri-state output circuit)

< Output enable
< Qutput data

PMOS

B
ng

Figure 66 I/O Pin Configuration

3. The TESTL, TEST2pins must be grounded and the IM2/1 and INBOpins must be grounded or
connected to Vcc.

4. Applies to the resistor value (RSEG) betw®&H, GND pins angegment signal pins.

5. This excludes the current flowing through output drive MOSs.
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6. This excludes the current flowing through the input/output unitheinput level must be fixed high
or low because through current increases if the CMOS input is left floatiExgnif the CS pin is low
or high when an access with the interface pin is not performed, current consumption does not change.

7. Applies to the exterhalock input figure ).

Tl
L 7‘ Th gy,
. 2kQ 0.7Vce
oscilator —\M\V— o0sc1 0.5Vee Duty = —In_ 100%
= X
0.3Vcce et 0
Open— 0sc2
-
trep tcp

Figure 67 External Clock Supply

8. Applies to the internal oscillator operations using external oscillation resistor Rf (figure and table).
9. Set VCI2 to maintain the relation VCI2 =< VOUT-¥.5

0OSsC1
Rf é Since the oscillation frequency varies depending on the OSC1 and OSC2 pin
capacitance, the wiring length to these pins should be minimized.

0sc2

Figure 68 Internal Oscillation

External R-C Oscillation Frequency: fosc
Resistance
(Rf) Vecc=1.8V Vcc=22V Vec=24V Veec=30V Veec=36V
75kQ 364 495 559 631 687
130 kQ 263 345 381 421 453
180 kK2 210 270 295 323 344
200kQ 193 245 266 290 307
240 Q 174 218 236 256 270
280kQ 156 194 210 226 238
360kQ 129 158 170 182 191
470kQ 102 122 129 137 142

Table 56 External Resistance Value and R-C Oscillation Frequency (Referential Data)
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Step-up circuit loading characteristics (Reference data)

(1) Step-up circuit + loading characteristic

Measureing condition
Ta = 25C, VCC = 3.0 [V], Oscillation frequency = 250 [kHZ]
(2) Vcil step-up magnification = 0.92, Step-up magnification two times

5.5 f
5.0

\

>, 4.5 @ 3 divided frequency
= S
8 4.0 —JJ]- 64 divided frequency
>

3.5

3.0

0 300 600 900 1200 1500

Load voltage [uA]
Figure 69 Step-up circuit 1- load characteristic (AP=01 amplifier constant voltage: small)

55
\

> 45 @ 3 divided frequency
5 \\ -
g 4.0 —Jj}- 64 divided frequency

3.5

3.0

0 300 600 900 1200 1500

Load voltage [uA]
Figure 70 Step-up circuit 1- load characteristic (AP0 amplifier constant voltage: medium)

55
5.0 ~—
\ _’_

> 4.5 32 divided frequency
- \\ L
S 4.0 —Jl- 64 divided frequency
(@]
~ 35

3.0

0 300 600 900 1200 15

Load voltage [UA]
Figure 71 Step-up circuit 1- load characteristic (AP41 amplifier constant voltage: large)
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(2) Step-up circuit 2 loading characteristic

Measureing condition

Ta =25C, VCC = 3.0 [V], Oscillation frequency = 250 [kHz]

Vcil step-up magnification = 0.92, Step-up circuit 1: step-up magnification two times
32 divided frequenc VREFM = 1.1 x VREFL, CT = 0.00R1/12 Bias

Step-up circuit 2: Five times step-up

215 0\
— ~@— 32 divided frequency
S 214
6 213 T —ll- 64 divided frequency
> —A— 96 divided frequency
21.2
N _'_ 128 divided frequency
21.1
0 10 20 30 40 50
Load voltage [UA]
Figure 72 Step-up circuit 2- load characteristic (AP=01 amplifier constant voltage: small)
21.€ &
21.5 ’\N ~@— 32 divided frequency
% 21.4 \ —l- 64 divided frequency
S 23 -~ —A— 96 divided frequency
21.2 § _’_ 128 divided frequency
21.1
0 10 20 30 40 50
Load voltage [UA]
Figure 73 Step-up circuit 2- load characteristic (AP20 amplifier constant voltage: medium)
21.€
215 ~@— 32 divided frequency
214 —l- 64 divided frequency
< .
'_E' 213 T S —A— 96 divided frequency
O ) .
s § _'_ 128 divided frequency
21.2
21.1
0 10 20 30 40 50

Load voltage [UA]
Figure 74 Step-up circuit 2- load characteristic (AP21 amplifier constant voltage: large)
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(3) Polarity inversion circuit loading characteristic

Measureing condition

Ta =25C, VCC = 3.0 [V], Oscillation frequency = 250 [kHZ]

Vcil step-up magnification = 0.92, Step-up circuit 1 step-up magnification two times
32 divided frequenc VREFM = 1.1 x VREFL, CT = 0.00R 1/12 Vias

Step-up circuit 2; Five times

21.t ‘\\
ie— | Sy,
[ ~@— 32 divided frequency

s 21.1 \.\‘i\ \ﬂ\
I \ F —l- 64 divided frequency
O 20.9 O ——
> —k 96 divided frequency

20.7

_'_ 128 divided frequency
20.5
0 10 20 30 40 50

Load voltaae [uAl
Figure 75 Polarity inversion circuit — Load characteristic (AP=01 amplifier constant current: small)

21.3 ¢ — ~@— 32 divided frequency
21.1 —— —l- 64 divided frequency
CI) 20.9 — —A— 96 divided frequency
> 20.7 _._ 128 divided frequency
20.5
0 10 20 30 40 50

Load voltage [uA]
Figure 76 Polarity inversion circuit - Load characteristic (AP=10 amplifier constant current: medium)

21.t ‘§
21.3 — \ -

e - —’— 32 divided frequency
> 211 T | | 4l 64 divided frequency
| \;\

L>) 20.9 M L | -\ 96 divided frequency
20.7 —-@— 128 divided frequency
20.5
0 10 20 30 40 50

Load voltage [UA]

Figure 77 Polarity inversion circuit - Load characteristic (AP=11 amplifier constant current: large)
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Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test point O

50pF T

Figure 78 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS X VIH VIH
RIW VIL VIL
<< ASED €~ tAHE->>,

cs* V|L\( AL

Note 1)
< PWEH%‘ - PWEL >

: /R /.
L

tcyce

&

tDDRE

Note 2)

bBO Read data
to DB15 VOL1

Figure79 68-system Bus Timing

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

RS X VIH VIH y
\ VIL VIL
tAS tAH
<—>>
VIH
cs* VIL

Note 1)
<«€— PWLW, PWLR —)I <€—— PWHW, PWHR —3»
WR* \Y. VIH ?7// N VIH
VIL VIL
RD* 2L
tWRr)

|l

tWRf

€ (CYCW, tCYCR r—&—

A_

>

tDSW J» € —tHWR

= . Tl e X

tDDR

DBO VOH1 oo data VOH1
to DB15 VOL1 VOL1

Figure 80 80-systemBus Timing

Notel) PWLW and PWLR are specified in the overlapped period when CS* is loWRricbr RD* is
low.

Note2) Parallel data transfer is enabled on the DB15-0 pins when the 8-bit bus interface is used. Fix the
DB7-0 pins to Vcc or GND.
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Clock Synchronized Serial Interface Operation

Start: S End: P
cs* VIH
VIL N \i|
tCSU tser
< tCH —>
SCL
VIH
\ VIL?
VIL
sisu)| | i
SDI VIH VIH
Input data X Input data >/
Nn-VIL VIL
tSOD tSOH
SDO — h

VOH1 VOH1Y
Output data Output data
VOL1 VOL1/

Figure 81 Clock Synchronized Serial Interface Timing

Reset Operation

trRES
< tRES /-
VIH
RESET* |
VIL / VIL
Figure 82 Reset Timin
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Additional Issue

HD6676@R Contrast fluctuation on RAM access

Hitachi one-chip driver; HD66766R has contrast fluctuation while accessing the internal RAM. This
phenomenon occurs according to the structure of external circuit and the usage of HD66766R. Please
have a clear understanding of the phenomenon and measures described below before using HD66766R.

1. Contrast fluctuation

When HD66766R is mounted on glass, the grand terminal gets contact with resistance of ITO wiring.
HD66766R has 8 GNDs, 4 AGNDs for power supply circuit, and another 4 GNDs for RAM and Logic.
When all the GNDs are connected on glass with ITO, transferring display data to the internal RAM at
high-speed causes high current consumption. And resistance of ITO wiring connected with GND
terminal raises the voltag&he raised voltage is amplified with a step-up circuit, and it resulés in
decrease of VCH/VCL voltage causing contrast fluctuation on gidpigure 1 shows the mechanism

of thephenomenonkigure 2 shows decrease of VCH voltage according to RAM access frequency and
resistance of ITO wiring. (The value shown in Figure 2 is the actual data of a typical sample of
HD66766R measured by Hitathijig.)

2. Measures

ITO patterns on glass must be separated as shown in Figure 3. (Even if GND bumps are separated on
LSI, if ITO patterns on glass are connected, GND level rises up in RAM circuit and Logic circuit.) Also,
GND resistor should be designed to be less tha®, dnsidering the decrease of VCH voltage caused

by the raise of GND voltage.

HD66766R
Voltage

RAM Voltage generating | VCH

decrease circuit Voltage
decrease
A ] |
RAM access ) Resistgpce of
Icurrent ITO wiring
GND

Figure 1 Influence of ITO wiring resistance
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0.6

/>(
0.5 RAM access
0.4 /A frequency

/ —e— 1z

0.3 ///./. ——2MHz
0.2 —4&A— 3MHz

//l/ .4 —X%— 4MHz
O.lV
0 1 1

0 5 10 15
Resistancef ITO wiring Q)

VCH Voltage decrease (V)

Figure 2 VCH voltage decrease depending on RAM access frequency and Resistance of ITO wiring

Power Supply RAM, LOGIC Power Supply
Circuit Circuit
Vee Ve vce | AGND AGND.{ GND GND GN GND | AGND AGND| RESET2*

.

ITO

T‘a

i

e o] i

Figure 3 Recommended ITO Connection Pattern (HCD667X66)

Slit

Power Supply RAM, LOGIC Power Supply
Circuit Circuit
AVee AVee AVee Avee | AGND AGND| GND GND GND_ | AGND AGND| RESET2*

\

Figure 4 Recommended ITO Connection Pattern (HCD667X66R)

%&\%

Vce Vce Vce
e

L o] e

Sllt
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P74 2.Determine VOUT voltageLine2 From “4.0 to 5.5V to “4.0 to 5.75
V"

P74 5.Determine input voltage of step-up circuit2 Lind-rdm “4.5 to
5.75V)-0.5V to“ (4.0 to 5.75V)-0.5V
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