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Description

The HD66762, color-graphics LCD controller and driver LSI, displays 128-by-136-dot graphics for
256 STN colors. The HD66762's bit-operation functions and a 16-bit high-speed
bus interface enable efficient data transfer and high-speed rewriting of data to the graphics RAM.

The HD66762 has various functions for reducing the power consumption of an LCD system, such

as low-voltage operation of 1.8 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,
alows precise power control. The HD66762 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 PDASs.

Features

e 128 x 136-dot graphics display LCD controller/driver for 256 STN colors
e Flickerless PWM grayscale drive
« 16/8-hit high-speed bus interface and clock synchronized serial interface
< Bit-operation functions for graphics processing:
— Write-data mask function in bit units
— Swap function of upper and lower bytes
— Logical operation in pixel unit and conditional write function
e Various color-display control functions:
— 256 out of 4,096 possible colors can be displayed at the same time (grayscal e pal ette incorporated)
— Vertica scroll display function in raster-row units
e Low-power operation supports:
— Vecc=1.81t03.6 V (low voltage)
— Common driving voltage = 10 to 38 V
— Segment driving voltage=2to 4V
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HD66762

— 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

— Power-save functions such as the standby mode and sleep mode
— Partial LCD drive of two screensin any position
— Programmable drive duty ratios (1/16-1/136) and bias values (1/2-1/12) displayed on LCD
e Internal RAM capacity: 17,408 bytes
e 384-segment x 136-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

Type Name

Types External Dimensions
HCD66762BP Au-bumped chip
HD66762TB0 TCP
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HD66762 Block Diagram
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HD66762

HD66762 PAD Arrangement

Chip size 16.40mmx 3.84mm
Chip thickness 550 typ.
PAD coordinates PAD center
Coordinate origin Chip center
Au bump size(PAD number is shown
in the bracket)
X

DUMMY1,RESET*,CEP  VCCDUM4,
RESET*,DUMMY17,DUNMMY18,
DUMMY19

x
COM78 COM11,COM27 COM42,
SEG362 SEG347,SEG38 SEG23

x
COM10 COM1,COM17 COM26,
SEG346 SEG39

X

COM43  SEG363,SEG22  COM79

Au bump pitch Refer to the PAD
coordinates
Au bump height 15p typ.
Numbers in figure corresponding
PAD coordinate number
Allyment mark
(1)A shape

(2)Arrangement 3 point

(3)Coordinates(X,Y)
(-7910,-1586) (-7910,1586)
(7910,-1586)

@80“

M High compressor 40V system
B middle compressor 5V system
O Normal compressor 3V system

VCi2
DUNNY2
DUNNY9

DBL/SDO
DBO/SDI

12 GND

TESTL
GNDDUNG
DUNMIYO

DUMMY16
BIASC

VCCouN3
VCCDUMA
RESET*

com17
coy18

Rev 0.5
22.Aug.2001.
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Type code
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No.231
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HD66762

HD66762 PAD Coordinate

HD66762PAD 4 {2 ver0.0 2000.02. 15{F/k
No.| pad name X Y No.| pad name X Y No. J pad name X Y No.| pad name X Y
LIDUMMYT 18047 | 1728 811VCC —142 1 -1728 61 JCOM38 7646 1 -1728 241 ISEG353 7346 | 1767
21COMT8 7887 1 1728 821GND —121 1728 1 |62 #COM39 7706 11728 242 ISEG352 7286 | 1767
3JCOMTT 7826 | 1728 83 JGND 881 1728 63 §COMA40 7766 1 -1728 243 ISEG351 7226 | 1767
4]COMT76 7766 | -1728 84 |GND 188 | 1728 | 164 JCOM41 7826 | -1728 ||244 |SEG350 7166 | 1767
5]COMT75 7706 | -1728 85|GND 288 | ~1728 | |65 JCOM42 7887 | ~1728 ||245 JSEG349 7106 J 1767
61COMT74 7646 | 1728 86 |GND 388 1 —1728 66 IDUMMYI1T 8047 | -1728 11246 ISEG348 7046 | 1767
7JCOMT3 7086 | ~1728 87|GND 489 1 ~1728 | |67 §COMA43 8047 | 1573 | 247 JSEG34T 6986 | 1767
81COMT2 7026 | 1728 88 IRESET* 6831 -1728 | 168 §COMA44 8047 | -1523 1248 JSEG346 6933 | 1767
9|COMT1 7466 | -1728 89]0SC2 821 | -1728 | JL69 JCOM45 8047 | 1473 11249 |SEG345 6888 | 1767
10 JCOMT70 7406 | 1728 90]OSC1 958 | ~1728 | |L70 JCOM46 8047 | -1423 11250 ISEG344 6843 | 1767
11 JCOM69 7346 | 1728 91 JGNDDUM4 1058 | 1728 71 JCOMAT 8047 | -1373 1251 JSEG343 6798 | 1767
12 ]COMIG6 7286 | 1728 92 [IM2. 1159 1728 | L2 JCOMA48 3047 1 -1323 11252 ISEG342 6753 | 1767
13 JCOMIS 7226 | 1728 93 IVCCDUMI 1259 | 1728 73 §JCOM49 8047 | -1273 11253 ISEG341 6708 | 1767
14 JCOM14 7166 | 1728 94 [IM1 1359 | 1728 | JL74 JCOM50 8047 | 1223 1254 [SEG340 6663 | 1767
15 JCOM13 7106 | -1728 95 |GNDDUMb 1459 | -1728 | 1175 JCOM51 8047 1 1173 J1255 ISEG339 6618 | 1767
16 1COMI2 7046 1 1728 96 IMO/ID 1509 1 —1728 1 IL76 RCOMB2 8047 11123 11206 ISEG338 6073 1 1767
171COMIT 6986 | —1728 9TIVCCDUM2 1659 1 1728 77 4COMSB3 8047 1-1073 11257 JSEG337 6528 | 1767
18 1COMI0 6933 | 1728 93 TEST2 1759 1 —1728 1 |78 §COM>54 8047 1-1023 11258 ISEG336 6483 | 1767
19 JCOM9 6888 | ~1728 99 |TEST1 1859 | 1728 | IL79 JCOM55 8047 | -973 11259 |SEG335 6438 | 1767
20 JCOMS 6843 | ~1728 R 100 JGNDDUM6 1959 | —1728 | 1180 JCOM56 8047 | —923 11260 JSEG334 6393 | 1767
21 JCOMT 6798 | 1728 ROLIDUMMYI0 21141 -1728 81 JCOM>AT 8047 | -873 11261 JSEG333 6348 | 1767
22 |COME 6753 | 1728 02 IDUMMYI1] 2214 1 -1728 82 JCOM>58 8047 | -823 11262 ISEG332 6303 | 1767
23 |COMB 6708 | -1728 RHO3 IDUMMY12 2314 | -1728 | 183 JCOMA9 8047 | -773 JI263 JSEG331 6258 | 1767
24 |COM4 6663 | -1728 R]104 [IDUMMY13 2414 | -1728 | |184 JCOM60 8047 | -723 J1264 JSEG330 6213 | 1767
25 |COM3 6618 | -1728 R1105 |[DUMMY14 2514 ] 1728 | 1185 JCOMS61 8047 | 673 1265 ISEG329 6168 | 1767
26 |COMD 6073 11728 RHOG IDUNMMYIS 2614 1 -1728 | 1186 ICOM62 3047 1 —623 11266 ISEG328 6123 | 1767
27 JCOM] 6528 | 1728 RHOTIDUNMMYI16 2014 ) —1728 87 JCOM®63 8047 | -573 11267 JSEG327 6078 | 1767
28 |RESET* 6288 | —1728 R08 |BIASC 2869 | —1728 | 1188 ACOM64 8047 1 —523 11268 ISEG326 6033 | 1767
29 |CEP 6158 | 1728 R1109 [VREEM 2969 | -1728 | 1189 JCOMS65 8047 | —473 11269 |SEG325 5988 | 1767
30 JCEM 6058 | -1728 J|110 [VREFL 3069 | -1728 | 1190 JCOM66 8047 | —423 11270 [SEG324 5943 | 1767
3LIVC] 5864 11728 RUILIVM 3169 1 —1728 1 |91 JCOMS67 8047 1 373 1171 ISEG323 5898 | 1767
22 1VCl 0764 1 1728 RHI2 VM 3269 1 —1728 1 |92 #COM68 8047 1 323 11272 ISEG322 0852 | 1767
33IWVCIL 5663 1 —1728 RUI3 VM 3370 1 -1728 93 JCOMI21 8047 1 -273 11273 ISEG32] 5807 | 1767
34 IVCH 5533 | 1728 R|L14 |VSH 3470 | —1728 | 1194 JCOM122 8047 1 —222 J1274 ISEG320 5762 | 1767
35 |VCH 5433 | -1728 R|L15]|VSH 3570 | -1728 | 1195 JCOM123 8047 | —172 1275 |SEG319 5717 | 1767
36 IVCH 5333 11728 RHI6 IVSH 3670 1 —1728 1 |96 §JCOM124 3047 1 —122 11276 ISEG318 5672 | 1767
371C23+ 0203 1 1728 RUITIVOUT 3811 1 1728 1 L7 #COM125 3047 —72 N RITISEG31T D627 1 1767
38 1C23— 15103 11728 RIS IVOUT 3911 ) 1728 93 JCOM126 8047 —22 | RI8 ISEG316 5582 | 1767
39 |C22+ 5003 | -1728 R|L19 |VOUT 4011 J -1728 | 199 JCOM127 8047 28 | 1279 ISEG315 5537 | 1767
40 JC22— 4903 | 1728 §1120]|C12+ 4153 | 1728 | R00 JCOM128 8047 78 11280 JSEG314 5492 | 1767
41 1C21+ 4303 11728 B 21 |C12+ 4253 | —1728 01 §COM129 8047 128 11281 ISEG313 5447 | 1767
421C21- 4664 1 1728 B2 1C1o+ 4303 | —1728 02 1COM130 8047 178 11282 ISEG312 2402 | 1767
43 |VCI2 4064 | 1728 BH23|C12— 4453 | —1728 03 JCOMI31 8047 228 11283 ISEG311 5357 | 1767
44 JIVCI2 4464 | -1728 R|124|C12- 4553 | -1728 | p04 JCOM132 8047 278 [1284 |SEG310 5312 | 1767
45 IDUMMY2 _ |-4305 | 1728 §1125|C12— 4653 | 1728 | R05 JCOM133 8047 328 11285 |SEG309 5267 | 1767
46 IDUMMY3 14205 | 1728 BH26 [C11+ 4753 | —1728 06 JCOM134 8047 378 } |286 ISEG308 5222 | 1767
ATIDUNMMY4 14105 1 1728 RH271C11+ 4353 1 —1728 | RO7 ACOMI35 3047 428 11287 ISEG307 5177 | 1767
A8 IDUNMMYS 4000 1 -1728 128 1C11+ 4953 1 1728 08 1COM136 3047 473 11288 ISEG306 2132 1 1767
49 IDUMMY6 _ |-3905 | 1728 §1129 |C11- 5053 | 1728 | R09 ISEG384 8047 568 | |289 ISEG305 5087 | 1767
50 IDUMMY7 _ |-3805 | —1728 JI30]C11- 5153 | —1728 | R10 JSEG383 8047 618 11290 |SEG304 5042 | 1767
SLIDUMMYS 13705 | -1728 QU311CII— 5204 | —1728 11 ISEG382 8047 668 | 1291 ISEG303 4997 | 1767
22 IDUMMY9 13605 1 -1728 R N32 IVCIOUT D442 1 —1728 12 §SEG381 3047 718 11292 ISEG302 4952 | 1767
23 IDB1S 3446 1 1728 B33 IVCIOUT 2042 1 1728 13 ISEG380 3047 768 J 1293 ISEG301 4907 | 1767
54 |DB14 -3308 | 1728 R|134 |VCil 5731 | -1728 | p14 JSEG379 8047 818 J]294 ISEG300 4862 | 1767
55 |DB13 3171 | -1728 B35 |VCil 5831 | —1728 | p15 JSEG378 8047 868 J]295 ISEG299 4817 | 1767
26 1DB12 3033 1 1728 136 IVCil 5931 1 1728 16 ISEG3TT 3047 913 11296 ISEG298 4772 1 1767
STIDBI] 2896 | —1728 RU37TIVCCDUM3 6061 | —1728 17 ISEG376 8047 968 | |97 ISEG297 4727 | 1767
28 IDB10 2758 1 1728 R3S IVCCDUM4 61611 1728 18 ISEG375 8047 1 1018 11298 ISEG296 4632 | 1767
59 |DB9 2621 | 1728 B39 |RESET* 6291 ]| -1728 | R19 ISEG374 8047 | 1068 11299 |SEG295 4637 | 1767
60 IDB8 2483 | -1728 R|140|COMI17 6528 | —1728 | P20 JSEG373 8047 ]| 1118 11300 ISEG294 4592 | 1767
61 JIGNDDUMI 12383 1-1728 RHALICOMIS 6073 1 —1728 21 ISEG372 3047 1 1168 11301 ISEG293 4547 1 1767
62 1DBT 2283 1 1728 RU421COMI9 6618 | 1728 22 ISEG3T71 8047 1 1218 11302 ISEG292 4502 | 1767
63 IDB6 2183 1 1728 R 43 1COM20 6663 | 1728 23 ISEG370 3047 1 1268 11303 ISEG291 4457 | 1767
64 |DB5 2071 | 1728 R1144 |COM21 6708 | 1728 | R24 JSEG369 8047 | 1318 11304 ISEG290 4412 | 1767
65 |DB4 1933 | 1728 J|145|COM22 6753 | —1728 | R25 JSEG368 8047 | 1368 11305 ISEG289 4367 | 1767
66 IDB3 1796 11728 R HA46 [COMD3 6798 1 —1728 26 ISEG367 3047 1 1418 11306 ISEG288 4322 1 1767
67 |DB2 1658 | 1728 RHA47]COM24 6843 | —1728 27 ISEG366 8047 | 1468 11307 JSEG287 4277 | 1767
63 IDB1/SDO 11521 1 1728 A48 JCOMD5 6388 | —1728 28 ISEG365 3047 1 1518 11308 ISEG286 4232 | 1767
69 IDBO/SDI 1383 1 1728 R H49 1COMD6 6933 1 —1728 29 ISEG364 3047 1 19568 11309 ISEG285 4187 | 1767
70 JGNDDUM2 }[-1283 | -1728 1150 JCOM27 6986 | 1728 | R30 JSEG363 8047 | 1618 1310 JSEG284 4142 | 1767
T1IRW/RDs* 1183 11728 RHS1]COMD28 7046 1 —1728 31 IDUMMY18 8047 1 1767 1311 ISEG283 4007 | 1767
2 IEAVRK/SCILE1083 11728 152 1COM29 2106 1 -1728 32 1SEG362 1887 1767 1312 ISEG282 4002 1 1767
Z3JGNDDUM3 1 —983 11728 RH53 1COM30 7166 1 —1728 | B33 ISEG361 7826 1 1767 J|313 ISEG28] 4007 | 1767
74 |RS —883 1 —1728 F1154 |COM31 7226 | —1728 | R34 JSEG360 7766 | 1767 J|314 JSEG280 3962 | 1767
75 |CS* —783]-1728 J|L55 |COM32 7286 | -1728 | 35 JSEG359 7706 | 1767 J|315 JSEG279 3917 | 1767
16 IVCC —642 1 -1728 B 1156 |COM33 7346 | —1728 36 ISEG358 7646 1 1767 316 ISEG278 3872 | 1767
T2V CC 0421 1728 FS7ICOM34 7406 1 —1728 37 ISEG357 7586 1 1767 V317 ISEG2TT 3827 1 1767
I8 IVCC 442 1 -1728 58 1COM35 7466 | —1728 38 ISEG356 7526 | 1767 | |318 ISEG276 3782 | 1767
79 |VCC 342 1 1728 F1159 JCOM36 7526 | ~1728 | 39 JSEG355 7466 | 1767 J|319 JSEG275 3737 | 1767
80 |[VCC -242 1 -1728 J1160 JCOM37 7586 | 1728 | 40 ISEG354 7406 | 1767 J|320 ISEG274 3692 | 1767
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6

ver0.0 2000.02. I5{E
No. | pad name X Y No. | pad name X Y No. | pad name X Y No. | pad name X Y
21 ISEG273 3647 1767 BMOL ISEG193 45 1767 81 ISEGT13 —3602 1767 561 ISIEG33 7286 1767
2 3602 1767 RJ402 ISEG192 —45 1767 | |82 ISEGL12 —3647 1767 J1562 ISEG3 —7346 | 1767
3957 167 03 ISEG19] =90 1767 83 ISEGI1] —3692 167 063 ISEG3] 7406 1767
3511 767 R1404 JSEG190 —135 1767 84 |SEG110 3737 767 |g64 SEG30 —7466 | 1767
3466 767 Q1405 |SEG189 —180 1767 85 |SEG109 3782 767 |§65 SEG29 —7526 | 1767
3421 167 406 ISEGI88 —220 1767 86 ISEGI08 —3327 167 066 ISEG28 —7086 1767
3376 1767 W07 ISEGI8T —270 1767 187 ISEGI0T —3872 1767 067 ISEG2T —7646 1767
28 JSEG266 3331 1767 RJ408 ISEG186 —315 1767 88 ISEG106 —3917 1767 J 1568 ISEG26 7706 |} 1767
3286 1767 RJ409 |SEG185 -360 1767 89 |SEG105 —3962 1767 1569 ISEG25 —7766 | 1767
3241 767 N1410 |SEG184 —405 1767 90 JSEG104 —4007 767 570 |SEG24 —7826 1767
3196 167 1 ISEGI183 —450 1767 9] ISEGI03 —4052 767 FI571 ISEG23 —7887 | 1767
3101 767 RJ412 ISEGIS —495 1767 92 ISEG102 —4097 167 DUMMY19 8047 | 1767
3106 167 3 ISEG18] —040 1767 93 ISEGI0] —4142 167 LG —8047 1618
3061 767 Q414 JSEG180 —585 1767 94 |SEG100 —4187 767 SEG21 —8047 ] 1568
3016 767 Q415 |SEGL79 —630 1767 95 |SEG99 —4232 767 SEG20 —8047 ] 1518
2071 767 6 ISEGIT78 —675 1767 96 ISEGI8 —4277 767 SEGI9 —8047 1468
2926 1767 RYALT ISEGITT —720 1767 1 K97 ISEGIT 4322 1767 EGI8 8047 | 141
2881 1767 418 ISEG1T76 —165 1767 98 ISEGI6 —4367 1767 LG1T —8047 1368
2836 1767 Q419 |SEGL75 -810 1767 1 |99 |SEGY95 —4412 1767 SEG16 8047 | 1318
340 JSEG254 2791 1767 B 420 |SEG174 —855 1767 b00 JSEG94 —4457 1767 SEGI15 —8047 1268
41 JSEG253 2746 1767 RY421 ISEGIT3 ~900 1767 1 B0l JSEG93 —4502 1767 LG14 —8047 1218
342 ISEG252 2701 1767 W22 ISEGITD —945 1767 b02 1SEGO2 4547 1767 SEGT3 8047 1168
43 2656 167 23 ISEGIT] 990 1767 1 B03 ISEGI] —4592 167 SEG] 8047 111
44 S 2611 767 Q424 ISEGL70 —1035 1767 1 Bo4 JSEG90 4637 767 SEGI11 -8047 ] 1068
45 JSE 2566 767 1425 |SEG169 —1080 1767 | p05_JSEG89 —4682 767 SEG10 —8047 ] 1018
46 2021 167 26 JSEG168 1125 1767 1 pO6 JSEG88 —4727 167 SEGI —8047 96
47 ISEG247 2476 1767 QW27 ISEGI6T —1170 1767 b07 ISEGST —4772 1767 LG8 —8047 918
348 ISEG246 2431 167 28 ISEG166 —1216 1767 b08 ISEGE6 —4817 167 SEGT —8047 868
49 |S 5 2386 767 R1429 ISEG165 1261 1767 1 B09_|SEG85 —4862 767 SEG6 —8047 818
50 JSEG244 2341 767 30 |SEG164 —1306 1767 | B10 JSEG84 4907 767 SEG5 —8047 768
351 ISEG243 2296 1767 QW31 ISEGI63 —135] 1767 b1l ISEG83 —4952 1767 SEG4 —8047 718
52 ISEG242 2251 1767 RJ432 ISEGI6 —1396 1767 | pl2 ISEG82 —4997 1767 EG3 —8047 668
53 ISEG24] 2206 1767 B 433 ISEGI6] —1441] 1767 b13 ISEGS8] —5042 1767 LG —8047 618
354 JSEG240 2161 767 N1434 |SEG160 —1486 1767 b14 ISEG80 —5087 767 SEG1 —8047 568
55 2116 767 RI435 |SEG159 —1531 1767 1 Bl5_JSEGT79 5132 767 COM120 —8047 478
56 2071 167 36 ISEGIDS8 —1076 1767 b16 ISEGTS —D177 167 COMI119 —8047 428
57 2026 1767 RI437 ISEGIST 1621 1767 | BL7 ISEGTT —5222 1767 COMI118 —8047 37
28 981 767 N1438 ISEGID6 —1666 167 b18 ISEGT6 —D267 167 COMILT -804 328
59 936 767 RI439 |SEG155 1711 767 ) pl9_|SEGT75 —5312 767 COM116 —804 278
0 891 767 Q1440 |SEG154 —1756 767 ) p20_|SEGT74 —5357 767 COMI115 —804 228
61 1846 167 41 ISEGI53 —1801 1767 1 B21 ISEGT3 —5402 167 COMI14 —804 17
62 ISEG232 1801 1767 442 ISEG152 —1346 1767 h22 ISEGT2 —D447 1767 COMI113 —8047 128
363 ISEG231 1756 1767 B 443 ISEGIS] —1891 1767 h23 ISEGT] —5492 1767 COMI112 —8047 18
364 JSEG230 1711 1767 § 444 |SEG150 —~1936 1767 b24 |SEGT70 —5537 1767 COMI111 —8047 28
65 |SEG229 1666 1767 Q445 |SEG149 1981 1767 1 B25_JSEG69 —5582 1767 COM110 —8047 —22
366 _JSEG228 1621 1767 N 446 ISEG148 —2026 1767 26 1SEGES —9627 1767 COMI109 —8047 —12
67 |SEG227 1576 1767 R447 ISEGI4T —2071 1767 1 p27 ISEG6T —5672 1767 COM108 8047 | 122
68 ISEG226 1531 167 48 ISEG146 2116 1767 h28 1SEGE6 —D717 167 COMI07 —8047 1 172
69 |SEG225 1486 767 Q1449 |SEG145 —2161 1767 1 b29 _JSEG65 5762 767 COM106 -8047 | —222
70 1441 767 Q1450 |SEG144 —2206 1767 1 B30 JSEG64 5807 767 COM105 -8047 | -273
11 1396 167 51 ISEG143 —2251 1767 b31 ISEGE3 —D852 167 COM104 —8047 1 —323
72 1351 1767 W52 ISEG142 —22906 1767 b32 1SEGE2 —5898 1767 COM103 —8047 1 —373
73 ISEG221] 1306 1767 453 ISEG14] —234] 1767 b33 ISEG6E] —D943 1767 COM102 —8047 1 423
74 JSEG220 1261 1767 Q454 |SEG140 —2386 1767 1 B34 JSEG60 —5988 1767 COM101 —8047 | -473
B75 JSEG219 1216 1767 § 455 |SEG139 —2431 1767 b35 ISEG5H9 —6033 1767 COM100 —8047 ] -523
16 ISEG218 1170 1767 RJ456 JSEG138 —2476 1767 1 B36 JSEG58 —6078 1767 COM99 8047 | 573
T7 ASEG217 1125 1767 B WST ISEGI3T —2021] 1767 b37 ISEGHT —6123 1767 COMO98 —8047 1 623
1080 167 58 ISEG136 —2566 1767 1 B38 ISEG56 —6168 167 COMOIT 8047 | 673
1035 767 §1459 ISEG135 2611 1767 1 B39 |SEG55 6213 767 COM96 -8047 | 723
990 767 Q1460 JSEG134 —2656 1767 | p40 JSEG54 —6258 767 COM95 —8047 | 773
945 167 61 JSEGI33 —2701 1767 1 b4l ISEG53 —6303 167 COM94 —8047 | -823
82 ISEG212 900 1767 462 ISEG]32 —2746 1767 b42 1SEGDH2 —6348 1767 COM93 —8047 1 873
383 ISEG211 855 1767 B 463 ISEGI3] —2791 1767 b43 ISEGH] 6393 1767 COMO92 —8047 1 -923
384 JSEG210 810 1767 § 464 |SEG130 —2836 1767 b44 JSEG50 —6438 1767 COM9I1 —8047 ] -973
85 |SEG209 765 1767 Q465 |SEG129 2881 1767 1 b45 _JSEG49 —6483 1767 COM90 8047 }1023
336 JSEG208 1720 1767 B 466 ISEGI28 —2926 1767 b46 1SEG48 —6528 1767 COMS89 —8047 F1073
387 ISEG207 675 1767 BW6T ISEGIZT —2071 1767 b47 1SEGAT 6573 1767 COMS8S8 —8047 F1123
88 630 167 68 |SEG126 3016 767 | p48 |SEG46 —6618 167 COMST —8047 F1173
89 585 767 69 |SEG125 3061 767 ) p49_|SEG45 —6663 767 COM86 8047 J1223
90 540 767 RJ470 JSEG124 —3106 767 | ph0_|SEG44 —6708 767 COM85 -8047 J1273
91 495 167 71 JSEGI23 3151 1767 1 Bol ISEG43 —6753 167 COM84 —8047 F1323
92 ISEG202 450 1767 QW72 ISEGI22 —3196 1767 bo2 ISEGA42 —6798 1767 COMS83 —8047 11373
93 ISEG201 405 167 73 ISEGI2] —3241 1767 1 B53 ISEG4] —6843 167 COMS82 —8047 }1423
B94 360 767 Rl474 |SEG120 —3286 1767 1 b54 JSEG40 —6888 767 COMS81 —8047 }1473
95 315 767 RJ475 |SEG119 1767 1 bbb _JSEG39 —6933 767 COM80 —8047 J1523
396 270 1767 Q476 |SEG118 1767 b56_|SEG38 —6986 1767 COMT79 -8047 1573
B30T 225 1767 BWIT ISEGIIT 1767 bo7 ISEG3T 7046 1767
398 180 1767 Q478 |SEG116 1767 b58 ISEG36 —7106 1767
99 130 1767 RI470 ISEGILS 1767 1 B9 ISEG3D 7166 1767
1100 JSEG194 901 1767 § 480 ISEG114 1767 1 B60_ISEG34 7226 1767
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Pin Functions

Tablel

Signals

Pin Functional Description

Number of
Pins

I/0

Connected to

Functions

IM2-
1, IMO/ID

3

GND or Ve

Selects the MPU interface mode:

IM2 IM1 IMO/ID MPU interface mode

GND GND GND  68-system 16-bit bus interface
GND GND Vcc 68-system 8-bit bus interface
GND vcc GND  80-system 16-bit bus interface
GND Vcc Vcc 80-system 8-bit bus interface

Vcc GND ID Clock synchronized serial interfac

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

CS*

MPU

Selects the HD66762:

Low: HD66762 is selected and can be accessed
High: HD66762 is not selected and cannot

be accessed

Must be fixed at GND level when not in use.

RS

MPU

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

E/WR*/SCL

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 interface,
serves as the synchronous clock signal.

RW/RD*

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.

DBO/SDI

I/10

MPU

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

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

110

MPU

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

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.

HITACHI
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Tablel Pin Functional Description (cont.)
Number of

Signals Pins 1/0 Connected to |Functions

DB2-DB15 |14 I/0 MPU Serves as a 16-bit bidirectional data bus.

For an 8-bit bus interface, data transfer uses DB15-

DBS; fix unused DB7-DBO to the Vcc or GND level.
SEG1- 384 (0] LCD Output signals for segment drive. In the display-
SEG384 off period (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 SEG384.

SEG1, SEG4, SEG7, ... display red

(R), SEG2, SEG5, SEGS, ... display green (G),

and SEGS3, SEG6, SEGY, ... display blue (B) (SGS =

0).
COM1- 136 (0] LCD Output signals for common drive. In the display-
COM136 off period (D1-0 = 00, 01) or standby mode (STB = 1),

all pins output GND level.

The CMS bit can change the shift direction

of the common signal. For example, if CMS = 0, driver

outputs from COM1 to COM136. If CMS = 1, driver

outputs COM136 to COM1.

Note that start position of the common driver output

is changed by screen driving position function.

VCH, VCL |2 — Capacitor for | Selection level for the common signal. When
stabilization or |internal power supply is used,
external power | connect the capacitors for stabilization. When
supply internal power supply is not used,

supply external voltage.

VM 1 — Capacitor for | Non-selection level for the common signal. When
stabilization or [internal operational amplifier is used, it is output
external power |of the internal operational amplifier and
supply connect the capacitors for 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 Vcc. Conn
capacitor for ect a capacitor for stabilization. When this pin is not
stabilization used, leave it open.

Vcil 1 — VciouT Voltage-input pin for step-up circuit 1.
or power When the Vci adjuster is used, input the power
supply supply from VciOUT. When not used,

input the external power supply.

HITACHI
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Tablel Pin Functional Description (cont.)
Number of

Signals Pins 1/0 Connected to Functions

Vci2 1 — Capacitor for Connect capacitor for stabilization.
stabilization or When the internal step-up circuit is not
open used, leave this pin open.

VOUT 1 — Capacitor for A voltage that doubles or
Step-up circut between Vcil and GND is output here. The step-

up factor can be set in an internal register.

Cl1+, C11-(2 — Step-up When step-up circuit is used, connect a step-up
capacitance capacitor.

Cl2+,C12-(2 — Step-up When step-up circuit is used, connect a step-up
capacitance capacitor.

C21+, C21- (2 — Step-up When step-up circuit is used, connect a step-up
capacitance capacitor.

C22+, C22- (2 — Step-up When step-up circuit is used, connect a step-up
capacitance capacitor.

C23+, C23- (2 — Step-up When step-up circuit is used, connect a step-up
capacitance capacitor.

CEP, CEM (2 — Step-up Connect a step-up capacitor to generate VCL level
capacitance or by VCH and VM. When step-up circuit is not
open used, leave this pin open.

VOREFL |1 — VOUT or external | Inputs reference voltage. Input Vcc or

power supply external reference power supply.

VREFM 1 — Capacitor for LCD driving voltage which is boosted
stabilization or by VREFL level. Connect capacitor for stabilization.
external power When internal amplifier is not used, input
supply external power supply.

BIASC 1 — Capacitor for Connect capacitor for stabilization for internal power
stabilization or supply. When the internal power supply is not
open used, leave this pin open.

Vee, GND |2 — Power supply Vee: +1.8Vto + 3.6 V; GND (logic): 0

0OSC1, 2 110 Oscillation- Connect an external resistor for R-C oscillation.

0OscC2 resistor When providing clocks from outside, input

clock to OSC1 and leave OSC2 open.

RESET* 3 MPU or Reset pin. Initializes the LS| when low. Must
external R-C be reset after power-on. Connect
circuit signal to one of three RESET* pins,

and leave the other pins open.

VcecDUM (0] Input pins Outputs the internal V¢ level; shorting this pin

sets the adjacent input pin to the V¢ level.

GNDDUM (0] Input pins Outputs the internal GND level; shorting this pin

sets the adjacent input pin to the GND level.

Dummy — — Dummy pad. Must be left disconnected.

TEST1, 2 | GND Test pin. Must be fixed at GND level.

TEST2

HITACHI
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Block Function Description

System Interface

The HD66762 has five high-speed system interfaces: an 80-system 16-bit/8-bit bus, a 68-system 16-hit/8-
bit bus, and a Clock synchronized serial interface. The interface mode is selected by the IM2-0 pins.

The HD66762 has three 16-bit registers. an index register (IR), awrite dataregister (WDR), and aread
dataregister (RDR). The IR stores index

information from the control registers and the GRAM. The WDR temporarily stores data to be written
into control registers and the GRAM, and the RDR temporarily stores data read from the GRAM. Data
written into the GRAM from the MPU isfirst written into the WDR and then is automatically written
into the GRAM by internal operation. Dataiis read through the RDR when reading from the GRAM,
and the first read dataiis invalid and the second and the following data are normal. When alogic
operation is performed inside of the HD66762 by using the display data set in the GRAM and the data
written from the MPU, the data read through the RDR is used. Accordingly, the MPU

does not need to read data twice nor to fetch the read datainto the MPU. This enables high-

speed processing.

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

Table?2 Register Selection

80-series Bus 68-
series Bus
WR 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

Table3 Register Selection (Clock synchronized Serial I nterface)

Start bytes

R/W Bit RS Bit Operations

0 0 Writes indexes into IR

Reads internal status

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

HITACHI
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Bit Operation

The HD66762 supports the following functions:  a swap function that writes the data

written from the MPU into the GRAM by reversing the display position vertically in byte units, a
write data mask function that selects and writes data into the GRAM in bit units, and alogic
operation function that performs logic operations or conditional determination on the display data set
in the GRAM and writes into the GRAM. With the 16-bit bus interface, these functions can

greatly reduce the processing loads of the MPU graphics software and can rewrite the display data
in the GRAM at high speed. For details, see the Graphics Operation Function section.

Address Counter (AC)

The address counter (AC) assigns addresses to the GRAM. When an address set instruction is written
into the IR, the address information is sent from the IR to the AC.

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

GraphicsRAM (GRAM)

The graphics RAM (GRAM) has eight bits/pixel and stores the bit-pattern data of 128 x 136 bytes.

PWM Grayscale Palette Circuit

The grayscale palette generates a PWM signal which corresponds specified grayscale level. Any 256 out
of the 4,096 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
asthe GRAM. The RAM read timing for display and internal operation timing by MPU
access are generated separately to avoid interference with one another.

Oscillation Circuit (OSC)

The HD66762 can provide R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage,

display size, and frame frequency can be obtained by adjusting the external-

resistor value. Clock pulses can also be supplied externally. Since R-C oscillation

stops during the standby mode, current consumption can be reduced.

HITACHI
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Liquid Crystal Display Driver Circuit

Theliquid crystal display driver circuit consists of 136 common signal drivers (COM1 to COM136) and
384 segment signal drivers (SEG1 to SEG384).

Display pattern data from GRAM islatched to the 384-bit latch circuit. The latched data then

enabl es the segment signal drivers to generate drive waveform outputs. The common driver

outputs one of the VCH, VM or VCL voltage level. The shift direction of 384-hit data for segment can
be changed by the SGS hit. The shift direction for the common driver can also be changed by the CMS
bit by selecting an appropriate direction for the device mounting configuration.

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

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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Table 4 Relationship between GRAM

address and display position (SGS=0, SWP=0)

o |+ |« IR (e[ RIR R IIBIR I IR [
SEG/COM pins SB[ BB BB IB|5(6 |3 |-eemnenens SI21312 (23 B33 [3 3|3
o Ol ol A A A ER A R R ER A
SVERO S VNI LU ORI R I SO < I L S R - PO
COM1 | COM136 0000""H "0001"H  frmmeeeeee- 003E"H "003F"H
COM2 [ COM135 0100"H 0101"H oottt 013E"H "013F"H
COM3 | COM134 0200"H 0201"H ~ freemeeeeee- 023E"H "023F"H
com4 | com133 0300"H 0301"H  [rtttooeeee- 033E"H "033F"H
COM5 [ COM132 0400"H 0401"H  frmmmemmees 043E"H “043F"H
COM6 | COM131 0500"'H 0501"H  ftttttoett 053E"H "053F"H
COM7 | COM130 0600"H 0601"H  [retmemeeees 063E"H "063F"H
COM8 [ com129 "0700"H "0701°H [Tttt “073E"H "073F"H
COM9 | com128 "0800"H "0801"H  feeeeeeeeee- "083E"H "083F"H
COM10 | COMm127 "0900"H "0901"H  [remmeeeeees "093E"H "093F"H
COM11| COM126 "0A00"H "0AOL"H [ttt “0A3E"H “0A3F"H
COM12 [ COM125 "0B00"H "0BO1"H  frmreeeeeeet "0B3E"H "0B3F"H
COMI13 | com124 "0C00"H "0CO1"H [ttt "0C3E"H "0C3F"H
coMm14| comi23 "'0D00"H "0DOL"H e “0D3E"H “OD3E"H
COM15| COM122 “0E00"H YOEOL"H e "0E3E"H "0E3F"H
COM16 ( COMI121 "0F00"H R T "OF3E"H "OF3F"H
COM17 [ COM120 "1000"H "1001"H  freeeeeeeee- "103E"H "103F"H
com18 | com119 "1100"H "1101"H [ "113E"H "113F"H
COM19| coMm118 "1200"H "1201"H [t "123E"H "123F"H
COM20 | COM117 "'1300"H "1301"H feee-eeee-e- "133E"H "133F"H
: : : : : :
H H H H H H
H H H H H H
COM129| COM8 "8000"H "8001"H  freemeeeeee- "803E"H "803F"H
COM130| COM7 "8100"H "8101"H [Tttt "813E"H "813F"H
comi3i| COM6 "8200"H "8201"H [Tttt "823E"H "823F"H
com132| coms "8300"H "8301"H  freeeeeeeee- "833E"H "833F"H
COM133( COM4 "'8400"H "8401"H ettt "843E"H "843F"H
com134| CoOM3 "'8500"H "8501"H  feeeeeeeeee- "853E"H "853F"H
COM135( COM2 "'8600"H "8601"H  [reeeeeeeee- "863E"H "863F"H
com136| COM1 "8700"H "8701"H  [Ttttteeet "873E"H "873F"H
Table 5 Relationship between GRAM data and output pin (SGS=0)
GRAM DB | DB | DB (DB | DB | DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
data 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Selected p | RK GK BK RK GK BK
alette palette palette palette palette palette palette
Output pin | SEG SEG SEG SEG SEG SEG
(6n+1) (6n+2) (6n+3) (6n+4) (6n+5) (6n+6)
n = Lower 6-bits address (0 to 63)
HITACHI
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|t |wl|lo |~ P |2 |9 [ |2 |«
searcompns (3131812 BB BB B[ IE |- cIB(E3|EBBREIERE
o |alw pp vk s[5 |65 A A ER R ER R R R
CMS=0 | OMs=L | Beneeen O ] e BB O B B RN Sk QU | SO L TN -
COM1 | COM136 "003F"H 003E™H [Tttt “0001"H "0000""H
COM2 | COM135 013F"H 013E™H [ttt '0101"H "0100"H
COM3 | com134 "023F"H 023E"H  froremeoeees "0201"H "0200"H
COM4 COM133 "033F"H 033E"H [Tttt '0301""H "'0300"H
COM5 [ COM132 “043F"H '043E"H_ freemreecee- '0401"H "'0400"H
COM6 | comi131 "053F"H 053E"H  f-wmowoce-- "0501"H "0500"H
COM7 | COM130 "063F"'H 063E"H ~ [rtororere "0601"H "0600"H
COM8 | com129 "073F"H 073E™H [Tttt "0701"H *0700"H
Ccom9 | CcoMm128 "083F"H 083E"H  frereeeerees "0801"H "0800"H
COM10 [ COM127 "093F""H 093E"H ~ [-Tteeeeees "0901"H "0900"H
COoMm11 [ COM126 "0A3F"H "OA3E"H  frtmreeoee "0A01"H "0A00"H
COM12 | COM125 "0B3F"H '0B3E"H [Tttt "0BO1"H "0B00"H
COM13 | com124 "0C3F"H "0C3E"H  [TTTTToCT "0C01"H *0CO00"H
COM14 | COM123 "0D3F"H '0D3EH [Tttt "0D01"H "0DO00"H
COM15 | COM122 "0E3F""H "OESE"H [Tttt "0E01"H "0E00"H
COM16 [ COM121 OF3F"H 'OF3E™H ettt "0F01"H "0F00"H
COM17 [ COM120 103F"H 103E"H [Tttt '1001"H ""1000"H
COM18 | COM119 113F"H 113E*H [Tt 1101"H "1100"H
COM19 [ com118 123F"H 123E"H [ttt 1201"H *1200"H
COM20 | COM117 133F"H 133E"H  fememmeeee-- 1301"H "1300"H
I I $ $ $ $
Pl ! ! ! !
COmM129 | COM8 ""803F"H "803E"H  fttemtemcec- ""8001"H "'8000"H
COM130 | COM7 "813F"H "QI3EMH [Tttt "8101"H "8100"H
com131 | COM6 "823F"H "823E"H  [TTTTTTUUC "8201"H "8200"H
COM132 |  COM5 "833F"H "833E"H [ttt "8301"H "'8300"H
COmM133 | COM4 "843F"H "B43E"H [T "'8401"H "'8400"H
COM134 | COM3 "853F"H "853E"H ettt "8501"H "'8500"H
COM135 |  COM2 "863F"H "863E"H [Tttt "8601"H "'8600"H
comize | COML "873F"H “73E"H [T "8701"'H "8700"H
Table 6 Relationship between CGRAM address and display position (SGS=1, SWP=0)
Table7 Relationship between CGRAM data and output pin (SGS=1)
GRAM DB | DB | DB | DB (DB (DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
data 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Selected p | RK GK BK RK GK BK
alette palette palette palette palette palette palette
Output pin | SEG SEG SEG SEG SEG SEG
(384-6n) (383-6n) (382-6n) | (381-6n) (380-6n) (379-6n)
n = Lower 6-bits address (0 to 63)
HITACHI
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I nstructions

Outline

The HD66762 uses the 16-bit bus architecture. Before the internal operation of the HD66762 starts,
control information is temporarily stored in the registers described below to allow high-speed

interfacing with a high-performance microcomputer. The internal operation of the HD66762

is determined by signals sent from the microcomputer. These signals, which include the register selection
signal (RS), the read/write signal (R/W), and the data bus signals (DB15 to DBO0), make up the HD66762
instructions. There are eight categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal GRAM addresses

Transfer datato and from the internal GRAM

Set grayscale level for the internal grayscale palette table

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

Because instructions are executed in 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 to R39h). It sets the register number

in the range of 00000 to 111001 in binary form. However, R40h to R44h are disabled
since they are test registers.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 _DB8 _DB7 _DB6 _DBS _ DB4 DB3 _ DB2 _ DBl

DBO

w| of | = *| | * *| * ([ *| > |1D6|ID5| ID4| ID3| ID2| ID1| 1DO
Figurel Index Instruction
Status Read (SR)
The status read instruction reads the internal status of the HD66762.
L 7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.
C6-0: Read the contrast setting values (CT6-0).
R/W RS DB15 DB14 DB13 DB12 DB11 DB10 _ DB9 DB8 DB7 _ DB6 DB5 DB4 _ DB3 DB2 DB1 DBO
R 0 L7 L6 LS| L4 L3 | L2| L1 | LO 0| C6| C5| C4| C3| C2| C1]| CO

Figure2 Status Read Instruction

Start Oscillation (ROO)

The start oscillation instruction restarts the oscillator from the halt state in the standby mode. After

issuing thisinstruction, wait at least 10 msfor oscillation to stabilize before issuing the next instruction.

(See the Standby Mode section.)

If thisregister isread forcibly, “0762"H is read.

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

DBO

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

Figure3 Start Oscillation Instruction

HITACHI
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Driver Output Control (R01h)

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

w 1 0 0 0 0 0 0 |CMS |SGS| O 0 0 [NL4 | NL3 [NL2 | NL1 | NLO

Figure4 Driver Output Control Instruction

CMS: Selects the output shift direction of acommon driver. When CMS=0, COM1
shiftsto COM136. When CMS = 1, COM 136 shiftsto COM1.

SGS: Selects the output shift direction of a segment driver by using with the SWP bit. When SGS=0
and SWP =0, the data at address “0000"H outputsto SEG1. When SGS = 1 and SWP=1, the data at
address “0000”H outputsto SEG384. When SGS = 0 and SWP = 0, the SEG1 pin assigns the color
display to R (SEG2=G, SEG3=B). When SGS=1 and SWP = 1, the SEG384 pin assigns R
(SEG383=G, SEG382=B). Re-write to the RAM when intending to change the SGS hit.

NL 4-0: Specify the LCD drive duty ratio. The duty ratio can be adjusted for every eight raster-

rows. GRAM address mapping does not depend on the setting value of the drive duty ratio.
Table8 NL Bitsand Drive Duty
Common Driver Used
Display resol LCD CMS="0" CMS="1"
NL NL3 NL2 NL1 NLO ution drive duty
4
0 0 0 0 0 Setting disabled  Setting disabled  Setting disabled  Setting disabled
0 0 0 0 1 384 x 16 dots 1/16 Duty COM1-COM16 COM136-COM120
0 0 0 1 0 384 x 24 dots 1/24 Duty COM1-COM24 COM136-COM112
0 0 0 1 1 384 x 32 dots 1/32 Duty COM1-COM32 COM136-COM104
0 0 1 0 0 384 x 40 dots 1/40 Duty COM1-COM40 COM136—-COM96
0 0 1 0 1 384 x 48 dots 1/48 Duty COM1-COM48 COM136-COM88
0 0 1 1 0 384 x 56 dots 1/56 Duty COM1-COM56 COM136—-COM80
0 0 1 1 1 384 x 64 dots 1/64 Duty COM1-COM64 COM136-COM72
0 1 0 0 0 384 x 72 dots 1/72 Duty COM1-COM72 COM136-COM64
0 1 0 0 1 384 x 80 dots 1/80 Duty COM1-COM80 COM136-COM56
0 1 0 1 0 384 x 88 dots 1/88 Duty COM1-COM88 COM136—-COM48
0 1 0 1 1 384 x 96 dots 1/96 Duty COM1-COM96 COM136—-COM40
0 1 1 0 0 384 x 104 dots  1/104 Duty COM1-COM104 COM136-COM32
0 1 1 0 1 384 x 112 dots  1/112 Duty COM1-COM112 COM136-COM24
0 1 1 1 0 384 x 120 dots  1/120 Duty COM1-COM120 COM136-COM16
0 1 1 1 1 384 x 128 dots  1/128 Duty COM1-COM128 COM136-COMS8
1 0 0 0 0 384 x 136 dots  1/136 Duty COM1-COM136 COM136-COM1

HITACHI
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L CD-Driving-Waveform Control (R02h)

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

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

Figure5 LCD-Driving-Waveform Control Instruction

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

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

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select

signals and the n-raster-row reversed signals are EORed for alternating drive. EOR is used

when the LCD is not alternated by combining the set values of the LCD drive duty ratio and the n raster-
row. For details, see the n-raster-row Reversed AC Drive section.

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

Power Control 1 (R03h)

Power Control 2 (ROCh)

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

W 1 | BS3|BS2|BS1|BSO|BT3 [BT2|BT1|BTO| O |DC2|DC1|DCO| AP1 | APO | SLP( STB

W 1 0 0| ofO 0|0 0 0 0] 0 0 0] O [vcz|veCl|Veco

Figure6 Power Control Instruction

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

BT2-0: The output factor of step-up isswitched. The LCD drive voltage level can be selected
according to its drive duty ratio and bias. Lower amplification of the step-up circuit
consumes less current.

BT3: The polarity inversion circuit is controlled. When BT3=0, the polarity inversion circuit
stops working. When BT3=1, starts working. Refer “Power on-off sequence” section.

DC2-0: The operating frequency in the step-up circuit isselected. When the step-up
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operating frequency is high, the driving ability of the step-up circuit and the display quality become high,
but the current consumption
isincreased. Adjust the frequency considering the display quality and the current consumption.

AP1-0: The amount of fixed current from the fixed current source in the operational

amplifier for the LCD isadjusted. When the amount of fixed current is large, the LCD

driving ability and the display quality become high, but the current consumption

isincreased. Adjust the fixed current considering the display quality and the current consumption.

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

VC2-0: Sets an adjustment factor for the VVci voltage (VC2-0).

SLP: When SLP =1, the HD66762 enters the sleep mode, where the internal
display operations are halted except for the R-C oscillator, thus reducing current consumption.
Only the following instructions can be executed during the sleep mode.

Power control (BS3-0, BT3-0, DC2-0, AP1-0, SLP, and STB hits)

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

STB: When STB = 1, the HD66762 enters the standby mode, where display operation
completely stops, halting al the internal operations including the internal R-C
oscillator.  Further, no external clock pulses are supplied. For details, see the Standby Mode section.

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

a. Standby mode cancel (STB = 0)
b. Start oscillation

During the standby mode, the GRAM data and instructions may be lost. To prevent this, they must be set
again after the standby mode is canceled.
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Table9 Display bias setting table
LCD Booster ratio of Bias ratio Vci2 Recommended
driving the step-up BS3 | BS2 | BS1 | BSO (NB) (Vci2=4.8V) value of the
bias circuit 2 (ND2) VCH=20V
1/2 X2 0.75 1.50 x VSH Vci2 x 2
X3 0 0 0 0 0.50 1.0x VSH Vci2 x 3
X4 - - - - N/A - -
1/4 X2 0 1 1 1 1.25 2.5xVSH Vci2 x 2
X3 0 0 1 1 0.835 1.65 x VSH Vci2 x 3
X4 0 0 0 1 0.625 1.25 x VSH Vci2 x 4
1/6 X2 1 1 0 0 1.75 3.5xVSH Vci2 x 2
x3 0 1 1 0 1.165 2.33 x VSH Vci2 x 3
X4 0 1 0 0 0.875 1.75 x VSH Vci2 x4
1/8 X2 - - - - N/A - -
X3 1 0 0 1 1.50 3.0x VSH Vci2 x 3
X4 0 0 1 1.125 2.25x VSH Vci2 x 4
1/9 X2 - - - - N/A - -
x3 1 0 1 1 1.665 3.35x VSH Vci2 x 3
X4 0 1 1 1 1.25 2.5xVSH Vci2 x 4
1/10 X2 - - - - N/A - -
X3 1 1 0 1 1.835 3.65 x VSH Vci2 x 3
X4 1 0 0 0 1.375 2.75x VSH Vci2 x 4
1/11 X2 - - - - N/A - -
X3 1 1 1 0 2.00 4.0 x VSH Vci2 x 3
X4 1 0 0 1.50 3.0x VSH Vci2 x4
1/12 X2 - - - - N/A - -
x3 1 1 1 2.165 4.33 x VSH Vci2 x 3
X4 1 0 1 0 1.625 3.25 x VSH Vci2 x 4

The VSH voltage level should be controlled to be less than supply voltage or device proof voltage level
since VCH voltage level is generated by bias amplifier ratio correspond to LCD driving bias value and
boosting ration of the step-up circuit 2.
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Table 10

Display bias setting table

vC2 VC1 VCO

Vcil control range

0 0 0 0.92 x Vcc
0 0 1 0.87 x Vcc
0 1 0 0.83 x Vce
0 1 1 0.8 x Vcc
1 0 0 0.76 x Vcc
1 0 1 0.73 x Vcc
1 1 0 0.68 x Vcc
1 1 1 Vci control amplifier suspends.
(Vci can be supplied externally)
Table11 Output voltage ratio of the booster 1 and 2
BT2 BT1 BTO VOUT output VCH output
of the booster 1  of the booster 2
0 0 0 2 x Vcil 2 x Vci2
0 0 1 3 x Vcil 2 x Vci2
0 1 0 2 x Vcil 3 x Vci2
0 1 1 3 x Vil 3 x Vci2
1 0 0 2 x Vcil 4 x Vci2
1 0 1 3 x Vil 4 x Vci2
1 1 0 2 x Vcil Booster stops
Table11 Control Polarity inversion cir cuit
BT3 VCL output
of the polarity inversion
circuit
0 Booster stops

Polarity inverted voltage betwee
n VCH and VM
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Table 12 Operating clock frequency of the Booster 1 and 2
DC2 DC1 DCO Operating clock frequency int Operating clock frequency in t
he booster 1 he booster 2
0 0 0 15 divided clock 15 divided clock
0 0 1 30 divided clock 15 divided clock
0 1 0 15 divided clock 30 divided clock
0 1 1 30 divided clock 30 divided clock
1 0 0 15 divided clock 45 divided clock
1 0 1 30 divided clock 45 divided clock
1 1 0 15 divided clock 60 divided clock
1 1 1 30 divided clock 60 divided clock
Table 13 AP bitsand amount of fixed current
AP1 AP0 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

Contrast Control (R04h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9  DB8 DB7 DB6  DB5 DB4  DB3 DB2 DB1  DBO
W 1 ol ol of o| o |wR2|VRL|[VRO| O [CT6|CT5 [CT4 |CT3|CT2 |CTL [CTO
Figure7 Contrast Control Instruction

CT6-0: These hits control the LCD drive voltage to adjust 128-step contrast.
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Table 14 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
1 1 1 1 1 1 0 0.008R
1 1 1 1 1 1 1 0.000R (Maximum)

VR2-0: These hits control the step-up level of the VREFM, generated by VREFL. The VREFM should
be smaller than VOUT level.

Table 15 Contrast control

<
P
N
<
Py
[
<
Py,
o

VREFM voltage
VREFL x 1.1
VREFL x 1.3
VREFL x 1.4
VREFL x 1.5
VREFL x 1.7
VREFL x 1.8
VREFL x 3.4
Inhibited

RlFRP|FRP|IFP|O|lO|O] O
RP|lRPr|[|O|O|FR|FL]|O|O
P O|FR,|O|FR,|O|FL,]|]O

Entry Mode (R05h)

Compar e Register (R06h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 _DB9 _DB8 _DB7 _ DB6 _ DBS DB4 _DB3 _DB2 _ DBl _ DBO

W 1 0| O 0 0 0 0 |Hwm | swp 0 0 |1/D1| 1/DO| AM | LG2 | LG1 [LGO

W 1 0 0 0 0 0 0 0 0 | CP7|CP6(CP5 | CP4|CP3|CP2|CPL [CPO

Figure8 Entry Mode and Compar e Register Instruction
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The write data sent from the microcomputer is modified in the HD66762 and
written to the GRAM. Thedisplay datain the GRAM can be quickly rewritten to reduce the load
of the microcomputer software processing. For details, see the Graphics Operation Function section.

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

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

bytes in the write data mask (WM 15-0) are swapped to be executed with the write data.

1/D1-0: When I/D1-0 = 1, the address counter (AC) is automatically incremented by 1 after the data
iswritten to the GRAM. When 1/D1-0 = 0, the AC is automatically decremented by 1 after the data
iswritten 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 (AD5-0) addresses. The direction of
moving through the addresses when the GRAM iswritten to is set by the AM bit.

AM: Set the automatic update method of the AC after the datais written to the GRAM. When AM =

0, the datais continuously writtenin parallel. When AM = 1, the datais continuously written vertically.
When window address range is specified, the GRAM in the window address range can

be written to according to the I/D1-0 and AM settings.

Direction 1/D1-0 = ""00" 1/D1-0="01" 1/D1-0="10" 1/D1-0="11"

. X direction Decrement X direction ncrement X direction Decrement X direction Increment
settings Y direction Decrement Y direction Decrement Y direction Increment Y direction Increment
0Q00h 0Q00h 0QQ0h 0000h

« ———— —> < — >
AM="0" S o — E——
Horizonal pE— el — > — — = —>
< = T — >4 s
873Fh 873Fh 873Fh 873Fh
0000h (0]} . 0Q00h 00Q0h
k- \ A A \ AAA ,"“ ,, h 9
AM="1" \ | ,
Vertical : ) )
. B vYYYVY YYYVYY VY
B3t 873Fh 873Fh 873Fh

Note When a window address range has been set, the GRAM can only be written to within that range.
Figure9 Address Direction Settings

L G2-0: Compare the data read from the GRAM by the microcomputer with the compare registers (CP7—
0) by acompare/logical operation and write the resultsto GRAM. For details,
see the L ogical/Compare Operation Function.
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CP7-0: Set the compare register for the compare operation with the data read from the GRAM or written
by the microcomputer.

Write data sent

from the
microcomputer 0 0 0 1 1 1 0

(DB15 - 0) X
| N

DR15 DR14 ___DR13 _DR12 DR11 DR10 DRO D DR DRE DRS DR4 DR3 DR2 DR1 DRO
0

Swp="1" [ 1 1

Swap of upper and

lower bytes 1 1 1 0 0 0 1 1 0 0 0 1 1 1 0 0

T T T T T
Logical operation(with read data and write data) Compare operation(with CD”;Pafe registfer) ved read
i LG2-0 = "100" Replacement of matched read data

LOQlca.l compare LG2-0 = 000" Replace LG2-0 = ""101" Replacement of unmatched read data
operation LG2-0 = 001" LG2-0 = ""110" Replacement of matched write data

(LG2 - 0) LG2-0 = "010" LG2-0 = "111" Replacement of unmatched write data

LG2-0 = "011"
*
Write data mask o
(WM15 - 0) Write data mask (WM15-0)

BEEEEREEEEEEEEEENE

GRAM

Note: 1. The write data mask(WM15-0)is set by the register in the RAM Write Data Mask section.
2. When SWP ="1", theupper and lower bytes in the write data mask are swapped to be excuted with the write data

Figure 10 L ogical/Compar e Operation and Swapping for the GRAM

Display Control (R0O7h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7  DB6 DB5 DB4  DB3 DB2 DB1 DBO
VLE | VLE
w | 1] ofl ofof of ofo] 1]|spr| o] o o o|sw]|rev|Dp1| Do

Figurel1l Display Control Instruction

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

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

B/W: When B/W = 1, displayed data can be “all on” or “all off” regardless GRAM contents. (B/W =
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1, REV =0: al pixel on, B/IW =1, REV =1: al pixel off) When B/W =1,
grayscale palette (from R30h to R39h) has to be default value.

REV: Displaysall character and graphics display sectionswith reversal when REV = 1. For details,
see the Reversed Display Function section.  Since the grayscale level can be reversed,
display of the same datais enabled on normally-white and normally-black panels.

D1-0: Display ison when D1 =1 and off when D1 =0. When

off, the display data remains in the GRAM, and can be displayed instantly by setting D1=1. When D1
is0, the display is off with al of the SEG/COM pin

outputs set to the GND level. Because of this, the HD66762 can

control the charging current for the LCD with AC driving.

When D1-0 = 01, theinternal display of the HD66762 is performed although the display is off.
When D1-0 = 00, the internal display operation halts and the display is off.

Tablel6 D Bitsand Operation

D1 DO SEG/COM Output HD66762 Internal Display 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 from D1-0.

2. Inthe sleep and standby modes, D1-0 = 00. However, the register contents of D1-0 are not
modified.

Frame Cycle Control (ROBh)

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

w 1 0 0 0 0 0 0 | pbIv1 | DIVO 0 0 0 0 |RTN3 | RTN2| RTN1 | RTNO

Figure 12 Frame Cycle Control Instruction

DIV1-0: Set the division ratio of clocks for internal operation (DIV 1-0). Internal operations are driven
by clocks which are frequency divided according to the DIV 1-0 setting. Frame frequency can be adjusted
aong with the line retrace period (RTN3-0). When changing the drive-duty cycle,
adjust the frame frequency. For details, see the Frame Frequency Adjustment Function section.

RTN3-0: Set the line retrace period (RTN3-0) to be added to raster-row cycles. The raster-
row cycle becomes longer according to the number of clocks set at RTN3-0.
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Tablel7 RTN Bitsand Clock Cycles

Line Retrace Period

RTN3 RTN2 RTN1 RTNO (Clock Cycles)

Clock Cycles per
one raster-row

0 0 0 0 0 clock 17 clock
0 0 0 1 1 clock 18 clock
0 0 1 0 2 clock 19 clock
0 0 1 1 3 clock 20 clock
1 1 1 0 14 clock 31 clock
1 1 1 15 clock 32 clock
Table18 DIV Bitsand Clock Frequency

Internal
DIV1 DIVO Division Ratio Operation Clock Fr

equency
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

Formulafor the frame frequency

fosc
Frame frequency = [HZ]
Clock cycles per raster-row x division ratio x 1/duty cycle
fosc: R-C oscillation frequency
Duty: drive duty (NL bit)
Division ratio: DIV bit
Clock cycles per raster-row: (RTN + 17) clock cycles
Vertical Scroll Control (R11h)
R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9  DB8 DB7 DB6  DB5 DB4  DB3 DB2 DB1  DBO
vl vefwve|w|wve|w|ve]wvw|ve|v v |v v |wvw]|w|w
W 1 27| 26| 25| 24| 23] 22| 21| 20) 17| 16| 15 ] 14 | 13 ) 12 | 11 | 10
Figure 13 Vertical Scroll Control Instruction
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VL 17-10: Specify the display-start raster-row at the 1st screen display for vertical smooth

scrolling.  Any raster-row from the first to 136th can be selected.  After the 136th raster-

row is displayed, the display restarts from the first raster-row.  The display-start raster-row (VL17-10)
isvaidonly when VLEL1=1. Theraster-row display isfixedwhen VLE1=0. (VLElisthe 1st-
screen vertical-scroll enable bit.)

VL 27-20: Specify the display-start raster-row at the 2nd screen display.  The display-start raster-
row (VL27-20) isvalid only when VLE2 = 1. Theraster-row display is fixed when VLE2 = 0.
(VLE2 isthe 2nd-screen vertical-scroll enable bit.) The vertical scroll for the 1st and 2nd screens can
be independently set.

Table1l9 VL Bitsand Display-start Raster-row

VL27 VL26 VL25 VL24 VL23 VL22 VL21 VL20
VL17 VL16 VL15 VL14 VL13 VL12 VLI11 VL10 Display-start Raster-row

0 0 0 0 0 0 0 0 1% raster-row
0 0 0 0 0 0 0 1 2" raster-row
0 0 0 0 0 0 1 0 3" raster-row
1 0 0 0 0 1 1 0 135" raster-row
1 0 0 0 0 1 1 1 136" raster-row

Note: Do not set over the 136" (“877h) raster-row.

1st Screen Driving Position (R14h)

2nd Screen Driving Position (R15h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 _ DBS DB4 DB3 DB2 DBl _ 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( SS21SS20

Figure 14 1st Screen Driving Position and 2nd Screen Driving Position I nstructions

SS17-0: Specify the driving start position for the first screen in aline unit.  The LCD
driving starts from the 'set value + 1' common driver.

SE17-0: Specify the driving end position for the first screenin alineunit. The LCD

driving is performed to the 'set value + 1' common driver. For instance, when SS17-10=“07"H

and SE17-10 = “10"H are set, the LCD driving is performed from COM8 to COM 17, and non-selection
driving is performed for COM1 to COM7, COM18, and others. Ensure that SS17-10 < SE17-10
<AFH. For details, seethe Screen-division Driving Function section.

SS27-0: Specify the driving start position for the second screenin aline unit. The LCD
driving starts from the 'set value + 1' common driver. The second screen is driven when SPT = 1.
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SE27-0: Specify the driving end position for the second screenin alineunit. The LCD

driving is performed to the 'set value + 1' common driver.  For instance, when SPT = 1, SS27-20 =
“20"H, and SE27-20 = “4F"H are set, the LCD

driving is performed from COM33 to COM80. Ensure that SS17-10 < SE17-10 < SS27-20 < SE27—
20<“87"H. For details, see the Screen-division Driving Function section.

Horizontal RAM Address Position (R16h)

Vertical RAM Address Position (R17h)

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

W 1 0 0 |HEAS |HEA4 HEA3 |HEA2 [HEA1 |HEAO 0 0 HSAS |HSA4 | HSA3 | HSA2 | HSAL | HSAO

w 1 |VEA7 |VEA6 |VEAS |VEA4 |VEA3 |VEAZ |VEA1 |VEAO |VSA7 [VSA6 [VSAS |VSA4 | VSA3 | VSA2 | VSAL | VSAO
Figure 15 Horizontal/Vertical RAM Address Position Instruction

HSA5-0/HEAS5-0: Specify the horizontal start/end positions of awindow for accessin memory. Data can
be written to the GRAM from the address specified by HEA5-0 from the address specified by HSA5-0.
Note that an address must be set before RAM iswritten to. Ensure “00"h < HSA5-0 < HEA5-0 < “3F’h.

VSAT-0/VEAT7-0: Specify the vertical start/end positions of a window for access in memory. Data can
be written to the GRAM from the address specified by VEA7-0 from the address specified by VSA7-0.
Note that an address must be set before RAM iswritten to. Ensure “00"h < VSA7-0 < VEA7-0<“87"h.

HSA HEA
0000h :
VSA [~
WindowAddress Windowaddress setting range
"00"h  HSA5-0 HEA5-0 "3F"h
"00"h  VSA7-0 VEA7-0 "87"h
VEA [~"7 ettt
GRAM address space 873Fh -

Notes 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 operation should be inserted depending on the window address area.
For details, see the High-speed Burst RAM Write Function section.

Figure 16 Window Address Setting Range
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RAM Write Data Mask (R20h)

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

WM (WM WM (WM WM (WM WM (WM WM (WM WM (WM WM [ WM WM WM
15 114 113 |12 |11 ] 10| 9 8 7 6 5 4 3 2 1 0

w 1

Figure17 RAM Write Data Mask Instruction

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

RAM Address Set (R21h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10  DB9 DB8 DB7 __ DB6 DB5 DB4 _ DB3 DB2 DB1 DBO
AD[AD[ADAD]AD AD
W | 1| 15| 14| 13| 12| 11| 10|Ap9 |A08| 0| o0 |ADS [AD4 | AD3 | AD2 | ADL | ADO

Figure 18 RAM Address Set Instruction

AD15-0: Initially set GRAM addresses to the address counter (AC). Once the GRAM data
iswritten, the AC is automatically updated according to the AM and I/D bit

settings.  This allows consecutive accesses without resetting addresses.  Once the GRAM data
isread, the AC is not automatically updated. GRAM address setting is not allowed

in the standby mode. Ensure that the addressis set within the specified window address.

Table20 GRAM Address Rangein Eight-grayscale Mode

AD14-ADO GRAM Setting

"0000"H-"003F"H Bitmap data for COM1

"0100"H-"013F"H Bitmap data for COM2

"0200"H-"023F"H Bitmap data for COM3

"0300"H-"033F"H Bitmap data for COM4

"8400"H-"843F"H Bitmap data for COM133

"8500"H-"853F"H Bitmap data for COM134

"8600"H-"863F"H Bitmap data for COM135

"8700"H-"873F"H Bitmap data for COM136
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Write Datato GRAM (R22h)

R/AW RS DBI5 DBI14 DBI3 DBI12 DBI1 DBIO DB DBS _DB7 DB6 _DBS DB4 DB3 _DB2 DBl _ DBO
WD |[WD | WD [ WD (WD | WD (WD |WD (WD | WD (WD |WD (WD |WD [WD | WD
15114] 13) 12| 11 10| 9| 8| 7 6 | 5 4 312 1 0

W 1

Figure 19 Write Datato GRAM Instruction

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

DR15 DR1A DR13 DR12 DRI1T DRI _DRO _DRR DR7 ~DRA _DRS DRA DRI _DR? _DR1 _ DRO
WD (WD | WD | WD (WD | WD (WD [ WD | WD [ WD | WD [ WD WD | WD | WD | WD
15 | 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

GRAM write data

R2 (RL (RO | G2 |Gl |Gco |BL|BO ||R2|RL|RO|G2[@G1| GO| B1L| BO

pixel data

Figure 20 GRAM Write Data I nstruction

Table2l  GRAM Datain the Eight-grayscale Mode (R Grayscale Palette)

GRAM Data Setting
R2 R1 RO <R> Grayscale Palette

0 0 0 RKO3 RKO02 RKO1 RKOO
0 0 1 RK13 RK12 RK11 RK10
0 1 0 RK23 RK22 RK21 RK20
0 1 1 RK33 RK32 RK31 RK30
1 0 0 RK43 RK42 RK41 RK40
1 0 1 RK53 RK52 RK51 RK50
1 1 0 RK63 RK62 RK61 RK60
1 1 1 RK73 RK72 RK71 RK70
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Table22 GRAM Datain the Eight-grayscale Mode (G Grayscale Palette)

GRAM Data Setting
G2 G1 GO <G> Grayscale Palette

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

Table23 GRAM Datain the Eight-grayscale Mode (B Grayscale Palette)

GRAM Data Setting

B1 BO <B> Grayscale Palette

0 0 BKO3 BKO2 BKO1 BKOO
0 1 BK13 BK12 BK11 BK10
1 0 BK23 BK22 BK21 BK20
1 1 BK33 BK32 BK31 BK30

Read Data from GRAM (R22h)

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Ro | Ro | RO | RD| RD| RD| RD[RD | RD| RD[RD | RD| RD| RD | RD | RD
15| 14| 13| 12| 11| 10| o| 8| 7| 6| 5| 4| 3| 2| 1| o

R 1

Figure21 Read Data from GRAM Instruction

RD15-0: Read 16-bit datafrom the GRAM. When the dataisread to the microcomputer, the first-
word read immediately after the GRAM address setting is |atched from the GRAM to the internal read-
datalatch. The data on the data bus (DB15-0) becomesinvalid and the second-word read is normal.
When bit processing, such as alogical operation, is performed within the HD66762, only one read can
be processed since the latched datain the first word is used.
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Set the I/D AM HSA/HSE
and VSA/VEA bits

'

Address  set

Y

Dummy read invalid data
GRAM - Read-data latch

'

Read data of address
Read data latch - DB15-0

First word

Second word

1

Address set

Y

Dummy read invalid data

Firstword GRAM - read-data latch

Y

ead data of address M

Second word
Read-data latch — DB15-0

Y

i) Data read to the microcomputer

Figure22

Sets the I/D AM HSA/HSE
and VSA/VEA bits

'

Address set

Y

Dummy read invalid data
GRAM - read-data latch

'

Write data of address
DB15-0=>GRAM

1

Automaticaddress update a

First word

Second word

Dummy read invalid data
GRAM - read-data latch

Y

Write data of address N «
DB15-0=>GRAM

Y

i) Logical operation processing in the HD66762

First word

Second word

GRAM Read Sequence
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Grayscale Palette Control (R30h to R39h)

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

RK | RK | RK [ RK RK | RK | RK [ RK

ROTw | 2] o) of ofofq3]apf11f[10[ 0] 0[0] 0[o3[o02] 0a] o0
RK | RK | RK | RK RK | RK | RK [ RK

RBL| W | 10 o) of of o] 33| 32| 31| 30] 0] 0] 0] 0f 23| 55| 21| 20
RK | Rk | RK | RK RK [ RK | RK | RK

R2Iw| 1] o|of of o] s3| 52 50]5] 0| of of 0] 43| 42| 41| 40
R | R | RK | R RK | RK| RK | RK

RB|I W[ 1o ofof o 72 7|70] 0 0] 0| 0f 63| 62| 62| 60
6K | 6K | 6k | oKk 6k [ 6k | ok [ ok

RMIw ] 1] ofof| of o 3| 12| 12| 20| of o o o o3| 02| 02| 00
GK | 6K | 6K | oK ok | ek | ok | ok

RBS| W[ 10 o) of of 0o 33| 32| 31| 30] 0] 0] 0] 0f 23| 29| 21| 20
6K |6k |cok |oK 6k [ 6k | ek | ok

R36| w | 1] o of o] o0|s3|s5p]|s1|s0]| 0] 0f 0] 0 43| 42| a1 40
6K | 6K | 6K | oK 6K |6k |6k |cK

R&TQ W] tJofofo]ofqz|z|z] 0f0]0°] 0feoe2]61]e0
BK | BK | BK | BK BK [ BK | BK | BK

R3B| Wl 1] ofof o[ o] 43)]12] 11|20/ 9]0 0] 0fos|oz]o1]o0
BK | BK | BK | BK BK [BK |BK |BK

RIGI W 1] of 0] 0| 0] 33| 32| at|as0| Of 9 Of Of 23|20 21]20

Figure 23 Grayscale Palette Control Instruction

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

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

BK 33-00: Specify the B-grayscale level for four palettes from the 16-grayscale level. For details,
see the Grayscale Palette and Grayscale Palette Table sections.
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Instruction List

Upper Code Lower Code
Execu-

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

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

IR Index 0 0 * * * * * * * * * ID6 ID5 D4 ID3 ID2 ID1 IDO Sets the index register value. 0

SR Status rea 1 0 L7 L6 L5 L4 L3 L2 L1 Lo 0 cé6 C5 C4 C3 cC2 C1 CO Reads the driving raster-row position 0
d (L7-0) and contrast setting (C6-0).

ROOh  Start 0 1 * * * * * * * * * * * * * * * 1  Starts the oscillation mode. 10 ms
oscillation
Device cod 1 1 0 0 0 0 0 1 1 1 0 1 1 0 0 0 1 0 Reads 0762H. 0
e read

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

driving duty ratio (NL4-0).

RO2h LCD- 0 1 0 0 0 0 0 RST BIC EOR 0 0 NW5 NwW4 NW3 NW2 NW1 NWO Sets the software reset (RST),LCD 0
driving- drive AC waveform (B/C), and EOR
waveform output (EOR) or the number of n-
control raster-rows (NW5-0) at C-

pattern AC drive.

RO3h Power 0 1 BS3 BS2 BS1 BSO BT3 BT2 BT1 BTO 0 DC2 DC1 DCO AP1 APO SLP STB Sets the sleep mode (SLP), 0

control 1 standby mode (STB), LCD power on
(AP1-0), boosting cycle (DC2-0),
control polarity inversion circuit
(BT3), boosting output
multiplying factor (BT2-0), and LCD
drive bias value (BS3-0).

RO4h Contrast 0 1 0 0 0 0 0 VR2 VR1 VRO 0 CTé6 CT5 CT4 CT3 CT2 CT1 CTO Sets the regulator adjustment (VR2- 0
control 0) and contrast adjustment (CT6-0).

RO5h  Entry mod 0 1 0 0 0 0 0 0 HW sSwpP 0 0 /D1 /DO AM LG2 LG1 LGO Specifies the logical operation (LG2— 0
e M 0), AC counter mode (AM),

increment/decrement mode (I/D1—
0), swap (SWP) and high speed
write mode (HWM).
RO6h Compare 0 1 0 0 0 0 0 0 0 0 CP7 CP6 CP5 CP4 CP3 CP2 CPl1 CPO Specifies the compare register 0
(CP7-0).

RO7h Display co 0 1 0 0 0 0 0 VLE VLE SPT 0 0 0 0 B/W REV D1 DO  Specifies display on (D1-0), black- 0

ntrol 2 1 and-white reversed
display (REV), pixel on/off
mode (B/W), screen division
driving (SPT) and vertical
scroll .(VLE2-1)

ROB Framefreq O 1 0 0 0 0 0 0 DIV1 DIVO 0 [o] 0 0 RTN RTN RTN RTN Specifies the line retrace period 0

h uency cont 3 2 1 0 (RTN3-0) and
rol operating clock frequency division ra

tio (DIV1-0).
ROC  Power 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 VC1 VCO Setsan 0
h control 2 adjustment factor for the Vci voltage
(VC2-0).

R11h Vertical 0 1 VL27 VL26 VL25 VL24 VL23 VL22 VL21 VL20 VL17 VL16 VL15 VL14 VL13 VL12 VL1l VL10 Setsthe 1% screen 0
scroll display start raster row (VL17-10)
control and 2" screen

display start raster row (VL27-20)

R14h 1% screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SS SS SS Sets 1% screen driving start position 0
driving pos 17 16 15 14 13 12 11 10 17 16 15 14 13 12 11 10 (SS17-10) and 1% screen
ition driving end position (SE17-10).

R15h 2" screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SSs SSs SS  Sets 2" screen driving start position 0
driving pos 27 26 25 24 23 22 21 20 27 26 25 24 23 22 21 20 (SS27-20) and 2™ screen
ition driving end position (SE27-20).

R16h Horizontal 0 1 0 0 HEA HEA HEA HEA HEA HEA 0 0 HSA HSA HSA HSA HSA HSA Sets start (HSA5-0) and end 0
RAM 5 4 3 2 1 0 5 4 3 2 1 0  (HEAS5-0) of the horizontal RAM
address po address range.
sition

R17h Vertical R 0 1 VEA VEA VEA VEA VEA VEA VEA VEA VSA VSA VSA VSA VSA VSA VSA VSA Sets start (VSA7-0) and end 0
AM 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0  (VEA7-0) of the vertical RAM
address po address range.
sition

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

Lower Code

Execu-
Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB tion Cy
No. Name R/W RS 13 12 11 10 9 8 7 6 4 3 2 1 0 Description cle
R21h RAM 0 AD15-8 (upper) 0 0 AD5-0 (lower) Initially set the RAM 0
address se address to the counter (AC).
t
R22 RAM data 0 Write data (upper) Write data (lower) Writes data to the RAM. 0
write
RAM 1 Read data (upper) Read data (lower) Reads data to the RAM. 0
data read
R30h R 0 0 RK RK RK RK 0 0 0 RK RK RK RK Specifies the R grayscale palette. 0
grayscale 13 12 11 10 03 02 01 00
palette con
trol (1)
R31h R 0 0 RK RK RK RK 0 0 0 RK RK RK RK Specifies the R grayscale palette. 0
grayscale 33 32 31 30 23 22 21 20
palette con
trol (2)
R32h R 0 0 RK RK RK RK 0 0 0 RK RK RK RK Specifies the R grayscale palette. 0
grayscale 53 52 51 50 43 42 41 40
palette con
trol (3)
R33h R 0 0 RK RK RK RK 0 0 0 RK RK RK RK Specifies the R grayscale palette. 0
grayscale 73 72 71 70 63 62 61 60
palette con
trol (4)
R34h G 0 0 GK GK GK GK 0 0 0 GK GK GK GK Specifies the G grayscale palette. 0
grayscale 13 12 11 10 03 02 01 00
palette con
trol (1)
R35h G 0 0 GK GK GK GK 0 0 0 GK GK GK GK Specifies the G grayscale palette. 0
grayscale 33 32 31 30 23 22 21 20
palette con
trol (2)
R36h G 0 0 GK GK GK GK 0 0 0 GK GK GK GK Specifies the G grayscale palette. 0
grayscale 53 52 51 50 43 42 41 40
palette con
trol (3)
R37h G 0 0 GK GK GK GK 0 0 0 GK GK GK GK Specifies the G grayscale palette. 0
grayscale 73 72 71 70 63 62 61 60
palette con
trol (4)
R38h B 0 0 BK BK BK BK 0 0 0 BK BK BK BK Specifies the B grayscale palette. 0
grayscale 13 12 11 10 03 02 01 00
palette con
trol (1)
R3% B 0 0 BK BK BK BK 0 0 0 BK BK BK BK Specifies the B grayscale palette. 0
grayscale 33 32 31 30 23 22 21 20
palette con
trol (2)

Note: 1. “*” means doesn’'t matter.

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

The HD66762 isinternally initialized by RESET input. Reset the common driver asits settings are not
automatically reinitialized when the HD66762 isreset.  The reset input must be held for at least 1

ms. Do not access the GRAM or initialy set the instructions until the R-C

oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set | nitialization:

1. Start oscillation executed

2. Driver output control (NL4-0 =10000, SGS=0, CMS=0)

3. B-pattern waveform AC drive (B/C = 0, ECR = 0, NW5-0 = 00000)

4. Power control 1 (DC2-0 =000, AP1-0 = 00: LCD power off, STB = 0: Standby mode off, SLP =
0, BS3-0 = 0000, BT3-0 = 0000)

5. Contrast control (Weak contrast VR2-0 = 000, CT6-0 = 0000000)

6. Entry mode set (HWM =0, SWP =0, I/D1-0 = 11: Increment by 1, AM = 0: Horizontal move, LG2—
0 = 000: Replace mode)

7. Compare register (CP7—0: 00000000)

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

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

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

11. Vertical scroll (VL27-20 = 00000000, VL 17-10 = 00000000)

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

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

14. Horizontal RAM address position (HEA5-0 = 111111, HSA5-0 = 000000)

15. Vertical RAM address position (VEA7-0 = 10000111, V SA7-0 = 00000000)

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

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

18.
(RK03-00 = 0000, RK13-10 = 0011, RK23-20 = 0101, RK33-30 = 0111,
RK43-40 = 1001, RK53-50 = 1011, RK63-60 = 1101, RK73-70 = 1111,
GK03-00 = 0000, GK13-10 = 0011, GK23-20 = 0101, GK33-30 = 0111,
GK43-40 = 1001, GK53-50 = 1011, GK63-60 = 1101, GK73-70 = 1111,
BK03-00 = 0000, BK23-20 = 0101, BK43—-40 = 1001, BK63-60 = 1111)

GRAM Data Initialization:

Thisis 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): Outputs oscillation signal
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Parallel Data Transfer

16-bit BusInterface

Setting the IM2/1/0 (interface mode) to the GND/GND/GND level allows 68-system E-clock-
synchronized 16-bit parallel datatransfer. Setting the IM2/1/0 to the GND/V cc/GND level allows 80-
system 16-bit parallel datatransfer. When the number of buses or the mounting areais limited, use an
8-bit businterface.

cSn* - CS*

Al | RS
HWR™* | WR*

H8/2245 (RD%) > | (RD®) HD66762
D15 - DO DB15 - DBO
-
16

Figure24 Interfaceto 16-bit Microcomputer

8-bit Bus|nterface

Setting the IM2/1/0 (interface mode) to the GND/GND/V cc level allows 68-system E-clock-
synchronized 8-bit parallel datatransfer using pins DB15-DB8. Setting the IM1/0 to the Vcc/Vec level
allows 80-system 8-hit parallel datatransfer. The 16-bit instructions and RAM data are divided

into eight upper/lower bits and the transfer starts from the upper eight bits. Fix unused pins DB7—
DBOtotheVccor GND level. Note that the upper bytes must also be written when the index register

CSn* - CS*
AL ! RS
HWR* *
H8/2245 (g ™| (v HDE6762
D15 - D8 ™ DB15 - DBS
B 78 1 DB7 - 0
_| 8
GND
iswritten to.
Figure 25 Interfaceto 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit bus interface
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The HD66762 supports the transfer synchronization function which resets the upper/lower
counter to count upper/lower 8-bit data transfer in the 8-bit bus interface.

Noise causing transfer mismatch between the eight upper and lower bits can be corrected
by areset triggered by consecutively writing a“00”H instruction four times.  The next transfer
starts from the upper eight bits.  Executing synchronization function periodically can recover
any runaway in the display system.

R&\
R/W \

= _ N\ _ S\ S\

oesstooee [N T VI A AN A o T e

1) @ @) 4)

-bit transfer synchronization

Figure 26 8-bit Transfer Synchronization
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Serial Data Transfer

Setting the IM1 pin to the GND level and the IM2 pin to the Vcc level allows standard clock-
synchronized seria data transfer, using the chip select line (CS*), serial transfer clock line (SCL), serial
input data (SDI), and serial output data (SDO). For a seria interface, the IMO/ID pin function
usesan ID pin. If the chip is set up for serial interface, the DB15-2 and RS pins, which are not used, must
be fixed at Vcc or GND.

The HD66762 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 HD66762 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 HD66762. The HD66762, when selected, receives the subsequent data
string. The ID pin can determine the least significant bit of the identification code. The five upper
bits must be 01110. Two different chip addresses must be assigned to a single HD66762
because the seventh bit of the start byte is used as a register select bit (RS): that is, when RS = 0, 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 hit). The datais received when the R/W bit is 0, and is transmitted when the R/W bit is 1.

After receiving the start byte, the HD66762 receives or transmits the subsequent data byte-by-
byte. The data is transferred with the MSB first. All HD66762 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 asthe lower eight bits of the instruction.

Fifth bytes of RAM read data after the start byte are invalid. The HD66762 starts to read correct RAM
data from the sixth byte.

Table24  Start Byte Format

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

Note: ThelIMO/ID pin selects ID hit.

Table 25 RS and R/W Bit Function

RS R/W Function

Setsindex register

Reads status

0 0
0 1
1 0 Writes instruction or RAM data
1 1 Reads instruction or RAM data
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a)Timing of Basic Data-Transfer through Clock-Synchronized Serial Bus Interface

Transfer start Transfer end

Cs*
(Inpu®

SDI
(input o/ 1) RE6 IBRERRER
Device ID code —I | | |
-t RS |RW
sD0 Start byte Index register setting,instruction,RAM data write
Qutput)

Status read, instruction read,RAM data read

b)TimingofConsecutiveData-TransferthroughClock-SynchronizedSerialBusinterface

N [

(Input)
SCL 12345678 9 10111213141516 1718192021222324 252627 282930 31 32
(Input ) ) ) Y —_—
SDI S b Instruction 1 Instruction 1 Instruction 2
(Input) tart byte upper eight bits lower eight bits upper eight bits

Start Instrut_:tion_l End
execution time >I

Note: The first byte after the start byte is always the upper eight bits.

C)RAM-Data Read-Transfer Timing

=\ B

(Input)

SCL
(Input)

Sl Start byte
(Input) RS=1,R/W=1

SDO Dummy Dummy Dummy Dummy Dummy Egge:ead : ?ﬁxe:ead:
(Output) read 1 read 2 read 3 read 4 read 5 eight bits || eight bits
Start End
Note Five bytes of the RAM read data after the start byte are invalid.
The HD66762 starts to read the correct RAM data from sixth byte.
Figure27 Procedurefor transfer through the clock synchronized serial interface
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d) Status Read/Instruction Read

s\ [

(nput )

Status read: ||sgarys read:

1 upper eight lower eight
Qutput ) bits bits

Start End

One byte of the read data after the start byte are invalid.
The HD66762 starts to read the correct data from the second byt

Figure27 Procedurefor transfer through the clock synchronized serial interface (cont.)
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High-Speed Burst RAM Write Function

The HD66762 has a high-speed burst RAM-write function that can be used to write datato RAM in one-
fourth the access time required for an equivalent standard RAM-write operation. This function
is especially suitable for applications, which 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 HD66762 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
|
B
Address
counter | Register Register2 Register3 Register4 |
(AC)
64
4 16
“0000"H [[0001"H /0002 003"
» GRAM
Figure 28 Flow of Operation in High-Speed Consecutive Writing to RAM
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Cs* _\ / \ /

(Input)

1 2 3 4 1 2 3 4 1 2 3 4

Y| I | | o ]

DB15-0 RAM [RaM | RaM | RAM |RAM | RAM | RAM | RAM | RAM |RAM | RAM | RAM
B Index datd data] datd dats data| data] datq data] datd data] datg datal Index
(Input/ (R22) DO O BOIG] G O] @G| O A)| AD| 12 (R22)
Output)
RAM write RAM write RAM write
execution time execution time execution time* -
RAM write data
(64 bits) RAM data 1to4 RAM data 5to8 RAM data 9tol2
RAM address
" H “0004"H ", o “000A"H
(AC15t00) 0000 X 000: X 0008 X

e The lower two bits of the address must be set in the following way in high-speed wrif
When 1D0 becomes 0,the lower two bits of the address must be set to 11.
When ID1 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 wi
execution time has elapsed.

Figure 29 Example of the Operation of High-Speed Consecutive Writing to RAM
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When high-speed RAM write mode is used, note the following.

Notes: 1. Thelogical and compare operations cannot be used.

2. Dataiswritten to RAM each four words. When an address is set, the lower two bitsin
address must be set to the following values.

*When 1/D0=0, the lower two bits in the address must be set to 11 and be written to RAM.
*When 1/D0=1, the lower two bits in the address must be set to 00 and be written to RAM.

3. Dataiswritten to RAM each four words. If less than four words of datais written to RAM,
the last data will not be written to RAM.

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

5. High-speed and normal RAM write-operations cannot be executed at the sametime.

The mode must be switched and the address must then be set.

6. When high-speed RAM write is used with awindow address-range specified,
dummy write operation may be required to suit the window address range specification.

Refer to the High-speed RAM Write in the Window Address section.

Table26  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
Swap function Can be used Can be used
Write mask function Can be used Can be used
RAM address set Can be specified by word IDO bit=0: Set the lower two bitsto 11

IDO bit=1: Set the lower two bitsto 00

RAM read Can be read by word Cannot be used
RAM write Can be written by word Dummy write operations may haveto beins

erted according to a window address-
range specification

Window address Can be set by word Can be set by word
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High-Speed RAM Writein the Window Address

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

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

Table27  Numbersof Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

HSA1 HSAO Numbers of Dummy Write Operationsto
beInserted at the Start of a Row
0 0 0
0 1 1
1 0 2
1 1 3

Table28  Numbersof Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

HEA1 HEAO Number s of Dummy Write Operationsto
be Inserted at the End of a Row
0 0 3
0 1 2
1 0 1
1 1 0

Each row of access must consist of 4 x N operations, including the dummy writes.

Horizontal access count =first dummies write count + write data count + last dummy write count = 4 x N
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An example of high-speed RAM write with awindow address-range specified is shown below.

The window address-range can be rewritten to consecutively and
quickly by inserting two dummies writes

at the start of arow and three dummy writes at the end of arow, as determined window
address-range specification bits (HSA1 to 0=10, HEA1 to 0=00).

AM=0, ID0=1

Writing in the horizontal dire

tion
GRAM  address map

HSA=h12, HEA=h30
VSA=h08, VEA=h76

Window address-range setti

settingiWm="1"

High-speed RAM write mode

Window address-range

specification(rewrite area)

v

Address set
AD=h0810

*

Y

Window address-range setting

Dummy RAM  writ®

HSA=h12, HEA=h30
VSA=h08, VEA=h76

Y

\

RAM  writex

Y

Dummy RAM writ®

Note :The address set for the figh-speed RAM write must be 00 or 11 according to
the value of the IDO bit. Only RAM in the specified window address-range will be overwritten.

Figure 30

Example of the High-Speed RAM write with a window addr ess-

range specification
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Window Address Function

When data is written to the on-chip GRAM, awindow address-range which is specified by the horizontal
address register (start: HSA5-0, end: HEAS5-0) or the vertical address register (start: VSA7-0, end:
VEAT7-0) can be written to consecutively.

Data is written to addresses in the direction specified by the AM bit (increment/decrement). When
image data, etc. is being written, data can be written consecutively without thinking a data wrap
by doing this.

The window must be specified to be within the GRAM address area described below. Addresses must
be set within the window address.

[Restriction on window address-range settings]
(Horizontal direction) "00"H < HSA5-0 < HEA5-0 < "3F'H
(Vertical direction) "00"H < VSA7-0 < VEA7-0<"87"H
[Restriction on address settings during the window address]
(RAM address) HSA5-0 < AD5-0 < HEA5-0
VSA7-0< AD15-8 < VEAT-0

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

ID0=0: The lower two bits of the address must be set to 11.
IDO=1: The lower two bits of the address must be set to 00.
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GRAM address map

e Window address-range specification area

HSA5to0 = 10H HSE5to0 = 2FH I/D0 = 1 increment
VSA7to0 = 20H VEA7to0 = 5FH AM =0 horizontal writing
Figure 31 Example of Address Operation in the Window Address Specification
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Graphics Operation Function

The HD66762 can greatly reduce the load of the microcomputer graphics software processing through
the 16-bit bus architecture and internal graphics-bit operation function.
This function supports the following:
1. A swap function that exchanges the upper and lower bytes in the 16-bit data sent
the microcomputer.
2. A write data mask function that selectively rewrites some of the bitsin the 16-bit write data.

3. Logical operations write function that writes the data sent from the microcomputer
and the original

RAM data by alogical operation.

4. A conditional write function that compares the original RAM data or write data and the compare-
bit data and writes the data sent from the microcomputer only when the conditions match.

Even if the display sizeislarge, the display datain the graphics RAM (GRAM) can be quickly rewritten.
The graphics bit operation can be controlled by combining the entry mode register, the bit
set value of the RAM-write-data mask register, and the read/write from the microcomputer.

Table29  GraphicsOperation

Bit Setting
Operation Mode I/D AM LG2-0 Operation and Usage
Write mode 1 0/1 0 000 Horizontal data replacement, horizontal-border drawing
Write mode 2 01 1 000 Vertical data replacement, vertical-border drawing
Write mode 3 0/1 0 110, 111 Conditional horizontal data replacement, horizontal-border
drawing
Write mode 4 0/1 1 110, 111 Conditional vertical data replacement, vertical-border drawing
Read/write mode 1 01 0 001, 010, Horizontal datawrite with logical operation, horizontal-border
011 drawing
Read/write mode 2 0/1 1 001, 010, Vertical datawrite with logical operation, vertical-border
011 drawing
Read/write mode 3 01 0 100, 101 Conditional horizontal data replacement, horizontal-border
drawing
Read/write mode 4 0/1 1 100, 101 Conditional vertical data replacement, vertical-border drawing
HITACHI
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Microcomputer

L

Write data latch
— -t Read-data latch| /r
Swap processing |-t A Swap bit(SWP)
16 *
| Y
61 Logical ¢ tion (LG2-0: 3
- L
Address ogica ompare operation ( Q) et 7 Logical operation bit (LG2-0
counter 000 : replacement ,001:0R,010:AND,011:EQR,
100 :replacement with matched read, 8
101: replacement with unmatched read, l—F—1 Compare bit (CP7to0)
110: replacement with matched write,
111; replacement with unmatched write
16
16 Write-mask register
Write bit mask -~ (WN15-0)
—/i$ Graphics GRAM)
Figure 32 Data Processing Flow of the Graphics Operation
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Swap Function

The HD66762 has a byte-wise swap function that exchanges the upper and lower bytes in the two-
byte data sent from the microcomputer. When SWP = 0, the data written by the microcomputer

is directly transferred to the inside.

When SWP = 1, the data written by the microcomputer

isinternally transferred by exchanging the upper and lower bytes.

0 DB8 DB7 “t"ctttottotttomtoomoeotos DBO
Data written by | |
the microcomputer | R02 [R01 [R00| G02] G0t ) Goo| Bo2| Boi || R12 | R11 ) R10 | 12 f Gaa | Gio |B12 | Bit
/
Upper byte Lower byte
i) SWp 0 R02|R01 |R00 (02 ] o1 ] Goo| Boz | Boi || R12|R1t [R10| G12] G1t | G1o | B12 | B1t
Upper byte Lower byte
g T DB g5 T D
ii) SWP 1 mz|m1|Rw|Gu|Gn|Gm|Bu|Bu| Rm|Rm|Rm|Gm|Gm|Gm|Bm|Bm|
Upper byte Lower byte
Uppwe byte Lower byte Lower byte Uppwe byte
DB15t08 DB7t00 DB7t00 DB15t08
GRAM data

LCD display

Figure 33

Example of Swap Function Operation
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Write-data M ask Function

The HD66762 has a bit-wise write-data mask function that controls writing the two-
byte data from the microcomputer to the GRAM. Bits that are 0 in the write-data mask register
(WM15-0) cause the corresponding DB bit to be written to the GRAM. Bits that are 1 prevent
writing to the corresponding GRAM bit to the GRAM; the datain the GRAM isretained. Thisfunction
can be used when only one-pixel datais rewritten or the particular display color is selectively rewritten.

) DB15 ----=mmmmmemmmmeemmmi s DB8 DB7 =------rrocmeenosmseenoeces DBO
Data written by
the microcomputer | Roz| Rot R00| Goz| G Goo| Boz2| Bos || Raz| Riz| Rio| Ga2| Gi1| G1o| Biz| Bu
Upper byte Lower byte
DB15 ----srmmmemrmmmseenoinees DB8  DB7 -----ermmmseenmmcessomocees DBO
i) swp "0" | Roz| Ro1| Roo| Goz| Go1| Goo| Boz| BoL || R12| R11| R10| G1z| Gll| G10| BlZ| Bu|
Upper byte Lower byte
DB7 -re-eneereeeserssensesenaas DBO DBIS weeoeoiiinieiieee DB
ii) Swp "1™ | Riz| Ritf Ri0) G2 Gitf Gio) Biz) B Roz| Roi| Roo| Goz| Gor| Goo| Bo2| o1
Lower byte Upper byte
WMLS  ==mrrmmmmmmmmoceemeooe oo WMB  WM7 ==-mmmmsmrmmmsmsmomseenoones WMo
rite ot sk [ ofofofs frfz]ofo]
DB15 =-====srmmmesrmmmsesnomne e DB7 ---mmssrmmememrosmeenooenees DBO
ED:D:I:ED 2 I T T s
i) CRAM data
(WP "0™) : Upper byte Lower byte
DB7 "monortromoteomoTesnonoeeees DBO DB15 "~"""trootoorotoococeoeos
T |1 P DIIID --------
(Swp 1Y) Lower byte Upper byte
Figure 34 Example of Write-data Mask Function Operation
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L ogical/Compar e Operation Function

The HD66762 performs alogical operation or conditional replacement between the two-byte write data
sent from the microcomputer and the read data from the GRAM.

The logical operation function has four types: replacement, OR, AND, and EOR.
The conditional replacement performs a compare operation for the set value of the compare register
(CP7-0) and the read data value from the GRAM, and rewrites only the pixel datain the GRAM that
satisfies the conditions (in abyte unit). Thisfunction can be used when a particular color
is selectively rewritten. The swap function or write-data mask function can be effectively used.
Table30 Logical/Compare Operation

Bit Setting
LG2 LGl LGO Description of Logical/Compare Operation Function

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

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

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

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

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

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

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

1 1 1 Compares the data written to the GRAM by the microcomputer
and the set value of the compare register (CP7-0). When the write data does not
match CP7-0, the data from the microcomputer is written to the GRAM.
Only write processing is performed.
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Graphics Operation Processing
1. Writemode 1: AM =0, LG2-0 = 000

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

the graphics RAM (GRAM) or to draw borders. The swap function (SWP) and write-data mask

function (WM 15-0) are also enabled in these operations.  After writing, the address counter (AC)
automatically incrementsby 1 (1/D = 1) or decrements by 1 (I/D = 0), and

the counter edge one-raster-row below after it has reached the left or right edge of the GRAM.

Operation Examples :

1) 1/D = "1", AM = "0", LG2-0 = "000", SWP = "0"
2) WM15-0 = "1F1F"H
3) AC = "0000"H

WM15 WMo
Write data musk |0|0|0|1|1|1|1|1|0|0|0|1|1|1|1|1| Write musk for plain G and B.
R15 0

oftltlojls o
olololol]tlo

0"'H "'0001"H "0002"H
100*****010***** 110*****000***** ---------------------------------------

Write data 1

o
[y

Write data 1

=Y
o

o

Write data Write data
Note :The bits in the GRAM
GRAM indicated by (*) are not changed.
Figure 35 Writing Operation of Write Mode 1
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2. Writemode 2: AM =1, LG2-0 = 000
This mode is used when the data is verticaly written a high speed. It can
aso be used to initidlize the GRAM, develop the font pattern in the vertical direction, or
draw borders. The swap function (SWP) and write-data mask function (WM 15-0) are also enabled
in these operations.  After writing, the address counter (AC) automatically increments by 256, and
automatically jumps to the upper-right edge (I/D = 1) or upper-left edge (I/D = 0) following the 1/D
bit after it has reached the lower edge of the GRAM.

Operation Examples :

1) 1/b = "1", AM = "1", LG2-0 = "000", SWP = "1"
2) WM15-0 = "OOFF"H
3) AC = "0000"H

15
AAERERRARRRARAA

DB15 DBO

o

Write data musk

Write data 1{0]0] 1{1|0j0f1|0] 1|0[O]OfO|1|1
Write data 1/1]0]0{0]0]1[1]0]0|0O[0O]1[1|0|0O
Write data 0[1]|1{1]0f1|0|0|OfO|O|11]1|1|1

"0000"H ||*|**|* [ *|*| *[2|0]0[1|1|0[0] 1| Write data

"0100"H ||*] *[*1* [ *|*] *[2]1|o[o[0] o[ f 1| Write data

»0200"H ||*[*[*]* F[ *[*| *[ 0] 1| 2| 4 o] 2fo[0| Write data

GRAM

Notes: 1.The bit area data in the GRAM indicated by (*)is not changed.
2_After writing to address 4FO00H,the AC jumps to 0001H.

Figure 36 Writing Operation of Write Mode 2
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3. Writemode 3: AM =0, LG2-0 =110/111

This mode is used when the data is horizontally written by comparing the write data
and the set value of the compare register (CP7-0). When the result of the comparison in a byte unit
satisfies  the  condition, the write data sent from the  microcomputer
is written to the GRAM. In this operation, the swap function (SWP) and write-data mask function
(WM15-0) are also enabled.  After writing, the address counter (AC) automatically increments by 1
(I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to the counter edge one-raster-
row below after it has reached the left or right edge of the GRAM.

Operation Examples:
1) 1/D = "1", AM = "0", LG2-0 = "110"(matched write), SWP = "O"
2) CP7-0 = "53"H
2) WM15-0 = "0000"H

3) AC = "0000"H
M15 WMO
Write data musk 0 OIOIO IOIO IOIOIOIOIOIO IOIOIOIO
CP7 CPO
Compare register ""
Compare operatldn H :
DB15 (Matched) DBO : Conditional replacement
| ------
 ——
Compare, Conditi Replacement
operatio + Conditional replacement p
Irite data l)))OllllDOJOJOJO """ @@ ***************l
(Matched) Conditional replacement
. ..O.P?."?'E'.Q
Write data DLDI 8l
7
Replacement
"'0000"'H ""0001"H "0002"H

*
*
*
*
*
*
*
*
*
%
%
%
%
%
*

******l """"

b o oot -
) W

|l ok b ez}

Matched Matched replacement
replacement of of write data(3)
write data(l) GRAM
Figure 37 Writing Operation of Write Mode 3
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4. Writemode4: AM =1, LG2-0=110/111

This mode is used when a vertical comparison is performed between the write data
and the set value of the compare register (CP7-0) to write the data. When the result
by the comparison in a byte unit satisfies the condition, the write data sent from the microcomputer
is written to the GRAM. In this operation, the swap function (SWP) and write-data mask function
(WM15-0) ae aso 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 (1/D = 0) following the I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

1) I/D = "1", AM = "1™, L62-0 = "111"(Unmatched write), SWP = "O"
2) CP7-0 = "53"H

2) WM15-0 = "0000"H

3) AC = "0000"H

WM15 WMO
EEEEEEEEEEEEEEEE
Write-data musk
CP7 CPO
L s
Compare register ' Compare operatlod :
DB15 (Unmatched)i DBO Conditional replacement
Write data mﬁﬂﬂ o1} @i @ oloR [ofo L -
Compare
operatioge

(Unmatched) E (Unmatched) Conditional replacement

wite data El!lll!!!ﬂﬂﬂ! ------ CD @ »pldo]djft t]olololo[o[oo]o

(Unmatched) Conditional replacement

Soopan
1
Write data o1{0{1)0 0] !!!Eﬁ!! e OX Ok mﬂﬂmﬂ

"'0000"H
""0080""H
"0100"H
“4100"H ’ GRAM
Notes 1.The bits in the GRAM indicated by (*) are not changed.
2_After writing tp address 4FO0H,the AC jumps to 0001H.
Figure 38 Writing Operation of Write Mode 4
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5. Read/Write mode 1: AM =0, LG2-0 = 001/010/011

This mode is used when the data is horizontally written at high speed by performing alogical
operation with the original data. It reads the display data (original data), which has already been
written in the GRAM, performs alogical operation with the write data sent from the microcomputer,
and rewrites the data to the GRAM. This mode reads the data during the same access-pul se width
(68-system: enabled high level, 80-system: RD* low level) as the write operation since reading
the original data does not latch the read data into the microcomputer but temporarily holds it
in the read-data latch.

However, the bus cycle requires the same time as the read operation.  The swap function (SWP)
or write-data mask function (WM 15-0) are also enabled in these operations.  After
writing,
counter (AC) automatically increments by 1 (I/D = 1) or decrementsby 1 (1/D = 0), and
automatically jumps to the counter edge one-raster-row below after it has reached the left or right
edges of the GRAM.

Operation Examples:
1) I/D = "1", AM = "0", LG2-0 = "001"(OR), SWP = "0"
2; WM15-0 = "0000"H
3) AC = "0000"H
- 0|0|0|0|0| 0|0|0|0| 0|0| 0|0| 0|0|0
Write-data musk
DB15 DBO
Read data 1 1jofof1{1|ofof1(0f1|0fOfO| 0|1 1"y kog;cal operation
I — Je[ss]fo]afo]afs ololols s
Write data 1 1(of1{1{1|1(ofof0f1(1|0f0fOfOf1 p110(1]1|2|2{0]1|0[2]{1]0]O(O]1|L
Read data 2 0|0|0|0|1|1|1|1|0|0|0|O|OfOfO|O7 " (0%)“"' operation
¥ L EFRFTEE
Write data 2 1j1]ofojojo]1]{1]1)0[o]0]1] 1[0]0 >|>1|
Read data 3 ojofojo|1|1{1|0[1|0|0|Of0f1|1|0T " oncal operation
oot e gl a1l ol olofuafu s
ofi|1|1f{1{2|{1|of1{ofOf1f1|1
Write data 3 0/1(1|1]0]1/0{0]0]0JOf1]|1] (1|2
- . "'0002"H
EE o o] FE LT oo o] oE L Wl
Read data(l) Write data (1) Read data(2) Write data (2) Read data(3) Write data (3)
Figure 39 Writing Operation of Read/Write Mode 1
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6. Read/Write mode 2: AM =1, LG1-0 = 001/010/011

This mode is used when the data is vertically written at high speed by performing alogical operation
with the original data. It reads the display data (original data), which has already been written
in the GRAM, performs a logical operation with the write data sent from the microcomputer,
and rewrites the data to the GRAM. This mode can read the data during the same access
pulse width (68-system: enabled high level, 80-system: RD* low level) as for the write operation
since the read operation of the original data does not latch the read data into the microcomputer
and temporarily holdsit in the read -data latch. However, the bus cycle requires the same time as the
read operation. The swap function (SWP) or write-data mask function (WM15-0) are aso enabled
in these operations.  After writing, the address counter (AC) automatically increments by 256, and
automatically jumps to the upper-right edge (I/D = 1) or upper-left edge (I/D = 0) following the I/D
bit after it has reached the lower edge of the GRAM.

Operation Examples:
1) 1/D = "1, AM = "1", LG2-0 = "001"(OR), SWP = 1"
2) WN15-0 = "FFO0"H
3) AC = "0000"H

WM15 WMO
EREREEEECEEEEEER
Write-data musk

DB15 DBO
Read data 140{0f 0] 1) ofOf 1{ O] 1/ 0| 1/ Of O] O] O : S
. 1011 433000 {10000 11 """ .|0 l|1|(40|00|1.|1|0|1|1|1|1|0|0|
Write data
E Logical operation(OR)
Read data 0000111100000110--"5
1 Swap.....
Write data U1f{of0{of 0] 1) 11 0j0j Of Y O] Of "~ .|1 0|0|(41|1|0|0|1|1|0|0|0|0|1|1|
E Logical operation(OR)!
frremrmere »1000111h!!ﬂﬂﬂ!!!
Read data o{ojo 01 1]|1|o[1]1 [1]o[0] 2|2]|0T-"
Jooao . Swap .
Write data 0j1]1)1/0f1|0|0|O|O|O[1(1(1]1]2 : >|0 0|0|11|1 1|1|0|1|1|1|0|1|0|0|

Logical operation(OR

"0000"H "0001"H

""0000"H
1 101]ol 1l of d1[*|1 >[4 *|]*|*|] Read data (1)Write data (1)
"0080"H ||1lolololelelele [ =4 *|4 *|*| Read data @urite data 2

"0100"H |0H0 1[1 AACIELEEE Read data (3)Vrite data (3)

*

"4F00"H
* GRAM
Notes: 1.The bits in the GRAM indicated by (*)are not changed.
2_After writing to address 4F00H,the AC jumps to 0001H.
Figure 40 Writing Operation of Read/Write Mode 2
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7. Read/Write mode 3: AM =0, LG2-0 = 100/101

This mode is used when the data is horizontally written by comparing the origina data
and the set value of compare register (CP7-0). It reads the display data (origina data),
which  has aready been written in the GRAM, compares the originad data
and the set value of the compare register in byte units, and writes the data
sent from the microcomputer to the GRAM only when the result of the comparison
satisfies the condition. This mode reads the data during the same access-pulse width (68-system:
enabled high level, 80-system: RD* low level) as write operation since reading the original data
does not latch the read data into the microcomputer but temporarily holds it in the read-
data latch. However, the bus cycle requires the same time as the read
operation. The swap function (SWP) and write-data mask function (WM15-0) are also enabled
in these operations.  After writing, the address counter (AC) automatically incrementsby 1 (1/D = 1)
or decrements by 1 (I/D = 0), and automatically jumps to the counter edge one-raster-row below after
it has reached the | eft or right edges of the GRAM.

Operation Examples:
1) 1/D = "1", AM = "0", LG2-0 = 'tta@hed write), SWP = "0
2) CP7-0 = "53"H
2) WM15-0 = *0000"H
3) AC = "0000"H
WM15 WMO
wite data s [°1°(9]0]0]olo]oo[ololo[o[o]o]o
CcP7 CPO
copare resister (O O[afOfafay
: M na :
Read data (1)
Conditional replacement
s @[22 1Iolol [af[ofofofo] -4+ -~ w0} ]4]1[0]o]1]o]s{1]ofofofo] |
Compare .
operaugl
Read data (2) |0| |0|0|1| 1|1| 0|0|0| 0|0|0| |0 |-
onditional replacement
witeqa o Ll Iolololol 1|1|1|o|o| LI~ wfolp o oo Lol
Compare
operatloné
Read data (3)
Conditional replacemen
olo | S EET TS SEEICECEAECEEEED
Write data (3) | | | | | | | @
*'0000"'H "0001"H '0002"'H
1[ofox]x[olo]a]os]sfo]ololofz | oolo[ofs 4]+ slo[o]olclofofo]o {444 44 4qq+o] d 4o[+| I o -~
| -/
Matched Matched replacement of
replacement of write data(3)
write data(l
@ GRAWM
Figure4l Writing Operation of Read/Write Mode 3
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8. Read/Writemode 4: AM =1, LG2-0=110/111

This mode is used when the datais vertically written by comparing the original data and the set value of
compare register (CP7-0). It reads the display data (original data), which has already been written
in the GRAM, compares the origina data and the set value of the compare register in byte units, and
writes the data sent from the microcomputer to the GRAM only when the result of the comparison
satisfies the condition.  This mode reads the data during the same access-pul se width (68-system:
enabled high level, 80-system: RD* low level) as write operation since reading the original data

does not latch the read data into the microcomputer but temporarily holdsit in the read-

datalatch. However, the bus cycle requires the same time as the read operation.  The swap function
(SWP) and write-data mask function (WM 15-0) are also enabled in these operations.  After

writing, the address counter (AC) automatically increments by 256 and

automatically jumps to the upper right (1/D=1) or left (1/D=0) counter edge by I/D bits after

it has reached the bottom edges of the GRAM.

Operation Examples:
1) I/D = "1, AM = "1", LG2-0 = "101"(unmatched write), SWP = "0"
2) CP7-0 = "53"H
2) Wm15-0 = "0000"H
3) AC = "0000"H

W15 WMo
Write-data musk |0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|
) CcP7 CPO

Compare register cOmpare'"
DBIS (Unmatched) Dagperaté;

Fead data ¢ slofoflafofe[a]o]sfof:folol: [}

Write data( |1|o|1|1|1|1|0|0i0|1|1|0|°|°|°|1'|

(Unmatched) (Unmatched)

Fead data ololololes}as[o[olofoololo]of o
. H Conditional replacement
Write data el flf]o |0-|é tlefolofoloftftfefolo ol Jtlo o]
| (Unnatched) 32;;25
i [LLLRLHRLhE O,

Conditional replacement

Write data A AR A ——

""0000"'H "0001"H
osoos [ B]ob o] e w5
otet (s ool oo a] e s
ot (ool o] e s

i GRAWM
"4F00"H

Notes: 1.The bits in the GRAM indicated by (*) are not changed.
2_After writing to address 4F00H,the AC jumps to 0001HI.

Figure 42 Writing Operation of Read/Write Mode 4
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Grayscale Palette

The HD66762 incorporates a grayscal e pal ette to simultaneously display 256

of the 4,096 possible colors.

The R and G grayscales consist of eight four-bit palettes, and the B grayscale consists of four four-
bit palettes. The 16-stage grayscale levels can be selected from the four-bit palette data.

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

In this palette, a pulse-width control system (PWM) is used to eiminate flicker in the LCD
display. Thetime over which the LCDs are switched on is adjusted according to the level and
grayscales are displayed so that flicker isreduced and grayscales are clearly displayed.

Graphics (GRAM)

Display data | Rz Ri| Ro | G2| Gi| Go | B1| Bo

Palette G Palette B Y

Palette R

'000" [ RKo3 [RKoz [ RKo1 [ RKoo "'000"| GKos| GKo2 |GKo1 | GKoo 00" BKosIBKm BK o1 [ BK oo
‘001" | RK13 |RK12 | RK11 [RK10 ""001"| GK13| GK12 [GK11| GK1o "01" | BK13| BK12| BK11 | BK1o
"010" | RK2s |RK22 [ RK21 |RK2o | | ["010"( GK2s | GK22 [GK21| GKao || |10 [ BK2s] BK22 [ BK21 | BK2o
'011" | RK3s |RKs2 | RK31 [ RK30 "011'{ GKs3 [ GKs2 [GKs1| GKao n11" | BK33[ BKa, | BK31 | BK3o
'100" [RK43 [RK42[ RKyy| RKao | |""100] GKaz| GK4z |GKa1 | GKag
101" | RKs3 |RKs2 | RKs1 | RKso 101'{ OKs3 [ GKs2 [GKs1 | GKso
110" | RKe3 [RKe2 | RKe1 [ RKeo 110"] GKe3 [ CKe2 |GKe1 [ CKeo

'111" [RK7s [RK72| RK71 [RK70 | [ 14911 GK 73| GK72 [GK71 [ GK 70

v v v

grayscale control

grayscale control grayscale control

driver driver driver

G

Figure 43 Grayscale Palette Control
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Grayscale Palette Table

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

Table31l  Grayscale Control Level

Palette Register Value (RK, GK, or BK) Grayscale Control Level

0 0 Unlit level ™

2/16 level

3/16 level

4/16 level

5/16 level

6/16 level

7/16 level

8/16 level

9/16 level

10/16 level

11/16 level

12/16 level

13/16 level

14/16 level

RPr|l{rRr|FR,|O|O|OC|O|(FR|RFRP|RL|[FRL|OC|O|O
RP|O|O|FRP|IFP|IO|IO|FRP|IFP|O|O|FR]|EFR|O
O|lFrR,|O|FRP|O|IFRP|O|FRP|IO|FRP|O|FR,|O|FL]O

15/16 level

RlRr|kr|P|Pr|[r|[r|lr|lolo|o|o|lo|lo|o|o

1 1 1 All-lit level?

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

Setting the sleep mode bit (SLP) to 1 puts the HD66762 in the sleep mode, where the device stops all
internal display operations, thus reducing current consumption. Specifically, LCD operation

is completely halted. Here, al the SEG (SEG1 to SEG384) and COM

(COM1 to COM136) pins output the GND level, resulting in no display. If the AP1-0 bitsin the power
control register are set to 00 in the sleep mode, the LCD drive power supply can be turned

off, reducing the total current consumption of the LCD module.

Table32  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
Standby Mode

Setting the standby mode bit (STB) to 1 puts the HD66762 in the standby mode,

where the device stops completely, halting all internal operations including the R-C oscillation

circuit, thus further reducing current consumption compared to that in the sleep mode. Specifically,

all the SEG (SEG1 to SEG384) and COM (COM1 to COM136) pins for the time-

sharing drive output the GND level, resulting in no display. If the AP1-0 bits are set to 00

in the standby mode, the LCD drive power supply can be turned off.

During the standby mode, no instructions can be accepted other than the start-oscillation

instruction. To cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation
before setting the STB bit to 0.
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Turn off the displayl-0 = 01"

|
Turn off the LCD power suppl#P1-0 = "00"
|
Set stand-by modeSTB= "'1"
|
Stand-by mode
|
Issue the start-oscillation instruction
||
Wait at least 10 ms
]
Cancel stand-by modeSTB= "0"
b

Turn on the LCD power supplyP1-0 = "01" / "10" / "1i"

Wait at least 150 ms *For details,refer to the secti

X the "Setting Power circuit"”

Turn on the displayl-0 = "11"

D

Figure44

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

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

confirm the conditions by using your own system.

Power-on Sequence

Turn on thepower voltages Vcc and Vci,RESET*=Low |

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

Wait for 10ms or longer (oscillation stabilization time)

Issue LCD power instruction |

Issue use-state instruction

Wait for 10 to 150ms or longer
(operational amplifier output
stabilization time)

Turn on display : D1-0="11"

Figure 45 Power-on Sequence
vee — 0.9vce

Power voltage Vcc

GND Power -on reset time:1ms

Vee 0.9vce

RESET*

GND
Oscillation state

vVce Oscillation stabillization timéOms
Signal-input
instruction issued

GND

Notes The R-C oscillation starts by power-on input reset.
The stand-by mode is cleared by input reset.

Figure 46

Power-on Timing
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Power -off Sequence

Normal case

Turn off the display D1-0 = 01

Issue LCD power instruction

Turn off the power voltages Vcc and Vci

Emargency case

Turn off the power voltages Vcc and Vci

RESET* = Low level

Driver SEG/COM output GND level
§ To the power on sequence E
L e e e e e e :
Figure 47 Power -off Sequence
HITACHI
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Power voltage Vee \\\\\ Power off

GND

RESET* vee \ RESET* is input as soon as possible.

GND

VSH
Driver SEG output

GND

VCH

GND
WM

Driver COM output

GND
GND

VCL

Note :When hardware reset is input during the power-off period,theD1-0 bits are
SEG/COM output is forcibly lowered to the GND level.

Figure 48 Power -off Timing
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Oscillation Circuit

The HD66762 can oscillate between the OSC1 and OSC2 pins using an internal R-C oscillator with an
external oscillation resistor. Note that in R-C oscillation, the oscillation frequency is changed
according to the external resistance value, wiring length, or operating power-supply voltage. If Rf
isincreased or power

supply voltage is decrease, the oscillation frequency decreases.  For the relationship

between Rf resistor value and oscillation frequency, see the Electric Characteristics Notes section.

External clock mode

0 w V 0SC1

Damping resistance
Q) 0sC2

HD66762

External resistance oscillation mode

Note :The resistance must be

0SC1 located near the 0SC1/0SC2 pins.
Rf
0sC2

HD66762

Figure 49 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.
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....................................................

VCH

SEG waveform

VSH r ﬂ
WM
VSL(GND) - l_l . - |
VCL T Tttt Tmtmommommcmm oo s TR s m o e e
Figure 50 Relationship with SEG/COM Output Level

Frame-Frequency Adjustment Function

The HD66762 has an on-chip frame-frequency adjustment function. The frame frequency can
be  adjusted by the instruction  setting (DlvV, RTN) during the LCD
drive as the oscillation frequency is aways same.
When the display duty is changed, the frame frequency can be adjusted to be the same.

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

Relationship between L CD Drive Duty and Frame Fregquency

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

(Formulafor the frame frequency)

f
Frame frequency = o [HZ]

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

fosc: R-C oscillation frequency
Duty: drive duty (NL bit)
Division ratio: DIV bit

Clock cycles per raster-row: (RTN + 17) clock cycles
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Example Calculation 1  To set the maximum frame frequency to 60 Hz
Display duty: 1/136

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

Operation clock division ratio: 1 division

fosc = 60 Hz x (0 + 17) clock x 1 division x 136 lines = 139 (kHz)

In this case, the CR oscillation frequency becomes 139 kHz. The external resistance value of the CR
oscillator must be adjusted to be 139 kHz. The display duty can be changed by the partia display, etc.
and the frame frequency can be the same by setting the RNT bit and DIV hit to achieve the following.

Partial

Display duty: 1/40

Retrace-line period: 1 clock (RTN3-0 ="0010")
Operation clock division ratio: 3 division

Frame frequency = 139 kHz/ ((2 + 17) clock x 3 division x 40 lines) = 61.0 (Hz)

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

(Animation display)

Frame frequency: 90 Hz

Display duty: 1/136

Retrace-line period: 0 clock (RTN3-0 = "0000")
Operation clock division ratio: 1 division

fosc = 90 Hz x (0 + 17) clock x 1 division x 136 lines = 208 (kHz)

(Static image display)

Frame frequency: 60 Hz

Display duty: 1/136

Retrace-line period: 0 clock (RTN3-0 = "1000")
Operation clock division ratio: 1 division

Frame frequency: 208 kHz/ ((8 + 17) clock x 1 division x 136 lines) = 61.2 (Hz)
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n-raster-row Reversed AC Drive

The HD66762 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 alternatesin an n-raster-

row unit from one to 64 raster-rows (C-pattern waveform).  When

a problem affecting display quality occurs, such as cross-talk at high-duty driving of more than 1/64
duty, the n-raster-row reversed AC drive (C-pattern waveform) can improve the quality.

Determine the number of raster-rows n (NW bit set value + 1) for alternating after confirmation
of the display quality with the actual LCD panel. However, if the number of AC raster-
rowsis reduced, the LCD alternating frequency becomes high. Because of this, the charge or
discharge current isincreased in the LCD cells.

1{2[3|4]5[6|7|8]9|101112]13 """ pasp3e( 12| 3] 4|5]6]7|8]9|10[112[13" " pasfi3e 1| 2] 3

-pattern
waveform drive
1/136 duty

e

C-pattern waveform drive
1/136 duty
11 raster-row reversal
Without EORs -

C-pattern waveform drive

1
—_— —_— — -

1/136 duty
11 raster-row reversal
With EORs
Note Specify the number of AC drive raster-rows and the necessity if EOR so that the DC bias is not generated tHe
Figure51 Example of an AC Signal under n-raster-row Reversed AC Drive
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Screen-division Driving Function

The HD66762 can select and drive two screens a any position with the screen-
driving position registers (R14h and R15h).  Any two screens required for display are selectively driven
and a duty ratio is lowered by LCD-driving duty setting (NL4-0), thus reducing LCD-
driving voltage and power consumption.

For the 1st division screen, start line (SS17-10) and end line (SE17-10) are specified by the 1st screen-
driving position register (R14h). For the 2nd division screen, start line (SS27-20) and end line (SE27-
20) are specified by the 2nd screen-driving position register (R15h). The 2nd screen control
is effective when the SPT hit is 1. The tota 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

1st screen
7 raster-row driving

Always applying
non-selection level

2nd screen
17 raster-row driving

Always applying
non-selection level

Driving duty NL4-0 = "00010" ( / duty

st screen setting SS17-10 = "00"H, SE17-10 = "06"H
nd screen setting SS27-20 = "19"H, SE27-20 = “29"H, SPT = "1"
Figure 52 Display examplein 2-screen division driving
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Restrictionson 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 HD66762. Note that incorrect

display may occur if the restrictions are not satisfied.

Table33  Restrictionson the 1st/2nd Screen Driving Position Register Settings

1st Screen Driving (SPT =0) 2nd Screen Driving (SPT =1)
Register setting SS17-10 = SE17-0 = "87"H SS17-10 = SE17-10 < SS27-20
= SE27-20 = "87"H
Display operation T Time- i Time-
sharing driving for COM pins (SS1+1)  sharing driving for COM pins (SS1+1)
to (SE1+1) to (SE1+1) and (SS2+1) to (SE2+1)

7 Non-selection level driving for others 7 Non-selection level driving for others

Notes: 1. When the total line count in screen division driving settings is less than the duty setting, non-
selection level driving is performed without the screen division driving setting range.
2. When the total line count in screen division
driving settings is larger than the duty setting, the start line, the duty-setting line,
and the lines between them are displayed and non-selection level driving is performed for
other lines.
3. For the 1st screen driving, the SS27-20 and SE27-20 settings are ignored.
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L CD Voltage Generation Cir cuit

Figure 53 shows a configuration of the HD66762 LCD drive voltage generation circuit. It consists of
step-up circuit 1 that doubles or triples the voltage that is applied to Vci, step-up circuit 2 that
multiplies the voltage from step-up circuit 1 by two to four times, and polarity circuit that generates a
VCL level by inverting the VCH level centered around the VM level. These circuits generate VCH and
VCL that are power supply for COM outputs. The LCD driving level for SEG outputs (VSH and VM)
are generated by dividing resistance the VREFM level.

VREF controll 0.1y F

VREFL amplifier BIASC | 1!

| T p— BIAS

amplifier

10pF
BIAS
— @ control ]
Vce Step-up | 10uF
| circuit 2
(VCH
Regulator generator) | 1.0 F
* 10y F
Step-up Contrast |_ ®
circuit 1 controll
VSH
(vout L VoR, | L0uF
generator
10p F
VM
10p F
10p F
L
L d
Vce
AR
GND N
Driver Schottky
barrier
Polarity diode
inversion
circuit CE- *
777"
(veL I
CE+ ™ 10pF
generator) T

Note 1. Capacitors should be B-characteristics.

2. Capacitors whitch are marked (*), need to be more than 16V rated voltade

3. Schottky barrier diobe needs to bebpdtieen VCL and GND.
(VF=0.3V/1mA,VR 30v)

Figure53 Configuration of internal power circuit

HITACHI
76




HD66762

Notes. 1. Generate an output voltage (VOUT) from step-up circuit 1 within the range from 4.5t0 6.0 V.

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

3. Do not allow the output voltage (V¢i2) to exceed VOUT level.

4. When a 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 reference voltage input and power supply in the step-up
circuit. Keep sufficient LCD drive current.

6. Following condensers can be used;

6.3V : VREFM, VciOUT, C11, C12, VOUT, BIASC, Vci2, C21, C22, C23,VSH, VM
25V :VCH, VCL, CE

LCD Drive Voltage

The required voltage can be calculatedby applying the following expressions.

Drive voltages are standard; generate a voltage to suit the panel to be used .

ZJN x Vth

VSH-VM, VM-VSL=

N Vth:dlethord
1 N N :display duty
VCHVM, VM-VCL= —— ZNJ x Vth
N 1

LCD DriveBias

An optimal bias can be calculated by applying the following expression. The vaue that has been
calculated is theoretically optimal. If a lower
bias value than the optimal value is used to drive the LCD, contrast may be reduced
depending on lighting conditions. However, the power consumption can be reduced
by lowering the drive voltage.  Adjust the value according to the system to be used.

1
Biasvalue="——"

o

How to determinethe VCH voltage
VCH = Ng X Npz X VSH
Ng : Biasratio

Np, : Step-up factor of the step-up circuit 2
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Contrast adjustment
Rs : Contrast resistance (0.004R to 0.512R)
VSH =VREFM x 2R/ (Rb + 2R)

Table 34 Contrast control

CT6 CT5 CT4 CT3 CT2 CT1 CTO0 Resistance of Rb

0 0 0 0 0 0 0 1.016R
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
1 1 1 1 1 1 0 0.008R
1 1 1 1 1 1 1 0.000R
HITACHI
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How to deter mine the power setting value

1.Determine LCD drivebias

Determine LCD drive biasfirst. LCD drive bias is theoretically (1/SQRT (display duty)) optimal;
however, the total drive voltage can be reduced by lowering biasratio. Consider the display quality, the
drive voltage and the current consumption.

2. Determine VOUT voltage

Determine factor of Vcil regulator and step-up factor so asto set output voltage, VOUT of step-up
circuitl 4.510 6.0V, setting input voltage Vci2 of step-up circuit2  morethan +0.5V.

Since the entire electric power for driving LCD is supplied from step-up circuit,

subsequent voltage fall need to be considered.

3. Segment drive voltage calculation
Segment output drive voltage is calculated by the following expression.

x B LCDdrivebiasratio
Vseg = x  th Vth : LCD threshold voltage

4, Common drive voltage calculation
Common output drive voltage is calculated by the following expression.

B : LCD drive biasratio

5. Determine input voltage of step-up circuit 2

Determine input voltage of step-up circuit 2. This voltage is determined by dividing Vcom voltage by
step-up factor ; lower factors are used for low current consumption. Vci2 voltage need to be less than
VOUT voltage (4.5t0 6.0 V).
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Example of register setting on power supply

Examples of register setting values on power supply are described below.
Example 1: /136 duty ratio, Vcc = VREFL = 3.0V, 1/10 bias

BS3-0=H"8 : bias adjustment 1.375 times

BT2-0=H"4 cset-upcircuitl  2times set-up circuit2 4 times

BT3 =H’1 : operate voltage inverting circuit

DC2-0=H’6 : set-up circuit 1 frequency 15 clocks set-up circuit 2 frequency 60 clocks TBD
AP1-0=H"1 : low fixed current in the amplifier

VC2-0=H"0 :Vcil=0.92 x Vcec=275V

VR2-0=H’0 :VREFM =11 x  VREFL

CT6-0 : appropriate contrast setting values

Example 2 : 1/136 duty ratio, Vcc = VREFL = 2.4V, Vci = 2.8V, 1/10 bias

BS2-0=H"8 : bias adjustment 1.375 times

BT2-0=H’4 Jset-upcircuitl  2times set-up circuit2  4times

BT3 =H’1 : operate voltage inverting circuit

DC2-0=H’6 s set-up circuit 1 frequency 15 clocks  set-up circuit 2 frequency 60 locks TBD
AP1-0=H’1 : low fixed current in the amplifier

VC2-0=H4 : internal Vcil regulator off 2.8V directly supplied to Vcil

VR3-0=H"2 :VREFM =14 x VREFL

CT6-0 : appropriate contrast setting values

Example 3 : Partial display, 1/24 duty ratio, Vcc = 2.4V, Vci = 2.8V, 1/4 bias

BS2-0=H’0 : bias adjustment 1.25 times
BT2-0=H’0 . set-upcircuitl  2times set-up circuit2  2times
BT3 =H’1 : operate voltage inverting circuit
DC2-0=H’6 : set-up circuit 1 frequency 30 clocks  set-up circuit 2 frequency 60 clocks TBD
AP1-0=H’1 : low fixed current in the amplifier
VC2-0=H4 : internal Vcil regulator off
VR3-0=H"2 :VREG1=14 x VREFL
CT6-0 : appropriate contrast setting values
HITACHI
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HD66762 Power Supply Level Correlation

TBD

VOUT (4.5t06.0V)
VREFM VOUT)
Vce

Vcil

VREFL ( VOUT)
GND

Figure

— VCH
BT2-1
(2to4 times)
VC2-0 CT6-0
(0.92t00.68times) contrast adjustment
/ / Vci2
'/ / /—‘
— / BTO \
(2 to 3times) \ VSH
I VM
\\ GND
\ BS3-0
0.5t02.165times)
VR2-0
(1.1to3.4times)

Voltage polarity
inver sion between
VCH and VM

[ VCL

HD66762 Power supply level correlation
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Flow of Power-Supply Setting

Apply the power in a sequence as shown in figure.
The stable times of the oscillation circuit,step-up circuit, and operational amplifi

depend on the external resistor or capacitance.

1ms

:I: IIIHHHHIIHHIIH%%%H
10ms or more I

Bits for power supply
initial setting:

i - BS3-0
Issues instructiops VR2-0

(stable time of the
oscillation circuit

Normal display

CT6-0
for power suppl VC2-0 Display-off
setting BT2-0 sequence*
() DC2-0
AP1-0

Bits for display off:
D1-0="00"

Display off

Instructions for
power supply
setting

Power supply
(Vce off)

50ms or more

(stable times of

step-up circuits
land?2)

Issues instructions Bits for the polarity
for power supply| inversion circuit

setting operation-start

setting: BT3="1"

Bits for power-supply
stop setting:

AP1-0 for power- supply
circuit off setting

200ms or more
(stable time of the Step
up circuit 2 or the
polarity inversion
circuit)

Issues instruction:
for other mode
setting

Display-on
sequence*
Display on

Power-on sequence Power-off sequence

v

Bits for display-on:
D1-0="11"

*Notes:For the display-on/off sequence, refer to
the section on Instruction Setting Flow.
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) Vcc \% -0.3to +4.6 1,2
Power supply voltage (2) Vg1 \% -0.3to +4.6 1,3
Power supply voltage (3)  Vcn - Ve \% -0.3to0 +44 1,4
Input voltage Vit \Y -0.3t0 Ve + 0.3 1
Operating temperature Topr -40 to +85 1,5
Storage temperature Tstg -55to +110 1,6

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

o0k wN

VCC > GND must be maintained.
Vcil > GND must be maintained.
VCH > GND and GND > VCL must be maintained.
For die and wafer products, specified up to 85
This temperature specification applies to the TCP package.
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DC Characteristics (Vce= 1.8t03.6 V, VCH-VCL =10to 38V, Ta=-40t0 +85 *%)

Item Symbol Min Typ Max Unit Test Condition Notes
Input high ViH 0.7 Vce Vee V  Vec=18t03.6V 2,3
Input low voltage Vi -0.3 0.15V¢ee V Vee=1.8t03.6 V 2,3
Output high voltage (1) Von1 0.75 \% loy =-0.1 mA 2
(DBO-15 pins) Vee
Output low voltage (1) Vor1 02Vee V Vee=1.8t024V, 2
(DB0-15 pins) lo. = 0.1 mA
0.15Vee V Vec=24t03.6V, 2
IOL =0.1mA
Driver Rsec 035 3 kQ #Id =0.05 mA, 4
ON resistance (SEG pins) Vsy =3V
Driver Rcowm 090 3 kQ #ld =0.05 mA, 4
ON resistance (COM pins) Ve -VeL =40V
I/O leakage current I -1 1 MA  Vin=01t0 Vcc 5
Current consumption lop 370 500 HA  R-C oscillation, 6,7
during normal operation Vee =3.0V, Ta=25
(VCC - GND) , fosc =180 kHz (1/176
duty)
Writing to RAM: All "1"
Current consumption Ist 0.1 5 MA V=30V, Ta=25 6,7
during standby mode (V¢
- GND)
Note: For the numbered notes, refer to the Electrical Characteristics Notes section
tables.
AC Characteristics (Vcc = 1.8t03.6 V, Ta=-40t0 +85 *%)
Clock Characteristics (Vcc =1.8t03.6 V)
Item Symbol Min Typ Max Unit Test Condition Notes
External fcp 140 210 315 kHz Vcc=18to3.6V 8
clock frequency
External Duty 45 50 55 % Vece=1.8t03.6V 8
clock duty ratio
External trcp 0.2 ps Vec=18t03.6V 8
clock rise time
External tfcp 0.2 us Vec=18t036V 8
clock fall time
R-C oscillation clock fosc 168 210 252 kHz Rf=220kQ 9
Vcc =3V

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

<Normal write mode (HWM =0), Vcc=1.8t024V>

Item Symbol Min Typ Max Unit  Test Condition

Enable cycle time Write tcyce 600 ns Figure 58
Read tcyce 800

Enable high-level pulse width Write PWgy 90 ns Figure 58
Read PWgy 350

Enable low-level pulse width Write PWg 300 ns Figure 58
Read PWg_ 400

Enable rise/fall time ter, ter 25 ns Figure 58

Setup time (RS, R/W to E, CS*) tase 10 ns Figure 58

Address hold time tAHE 5 ns Figure 58

Write data setup time tbswe 60 ns Figure 58

Write data hold time the 15 ns Figure 58

Read data delay time tooRE 200 ns Figure 58

Read data hold time tbHRE 5 ns Figure 58

<High-speed write mode (HWM =1),Vcc=1.8t024V>

Iltem Symbol Min Typ Max Unit Test Condition

Enable cycle time Write tcyce 200 ns Figure 58
Read tcyce 800

Enable high-level pulse width Write PWgy 90 ns Figure 58
Read PWg, 350

Enable low-level pulse width Write PWg. 90 ns Figure 58
Read PWg_ 400

Enable rise/fall time ter, tes 25 ns Figure 58

Setup time (RS, R/W to E, CS*) tase 10 ns Figure 58

Address hold time tane 5 ns Figure 58

Write data setup time toswe 60 ns Figure 58

Write data hold time the 15 ns Figure 58

Read data delay time tborE 200 ns Figure 58

Read data hold time tbHRE 5 ns Figure 58
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<Normal write mode (HWM =0), Vcc=24t03.6 V>

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write tcyce 250 ns Figure 58
Read tcyce 500

Enable high-level pulse width Write PWgy 40 ns Figure 58
Read PWgy 250

Enable low-level pulse width Write PWg, 100 ns Figure 58
Read PWg_ 200

Enable rise/fall time ter, tes 25 ns Figure 58

Setup time (RS, R/W to E, CS*) tase 10 ns Figure 58

Address hold time taHE 5 ns Figure 58

Write data setup time toswe 60 ns Figure 58

Write data hold time the 15 ns Figure 58

Read data delay time tooRE 200 ns Figure 58

Read data hold time tbHRE 5 ns Figure 58

<High-speed write mode (HWM =1), Vcc=2.4t03.6 V>

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write tcyce 100 ns Figure 58
Read tcyce 500

Enable high-level pulse width Write PWgy 40 ns Figure 58
Read PWgy 250

Enable low-level pulse width Write PWg, 50 ns Figure 58
Read PWg_ 200

Enable rise/fall time ter, tes 25 ns Figure 58

Setup time (RS, R/W to E, CS*) tase 10 ns Figure 58

Address hold time taHE 5 ns Figure 58

Write data setup time tbswe 60 ns Figure 58

Write data hold time the 15 ns Figure 58

Read data delay time tooRE 200 ns Figure 58

Read data hold time tbHRE 5 ns Figure 58
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80-system Bus Interface Timing Char acteristics

<Normal write mode (HWM =0), Vcc=1.8t024V>

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write tcycw 600 ns Figure 59
Read tcyer 800 ns Figure 59
Write low-level pulse width PWw 90 ns Figure 59
Read low-level pulse width PW,r 350 ns Figure 59
Write high-level pulse width PWuw 300 ns Figure 59
Read high-level pulse width PWuyr 400 ns Figure 59
Write/Read rise/fall time twrr » 25 ns Figure 59
WRf
Setup time (RS to CS*, WR*, RD*) tas 10 ns Figure 59
Address hold time tan 5 ns Figure 59
Write data setup time tosw 60 ns Figure 59
Write data hold time ty 15 ns Figure 59
Read data delay time toor 200 ns Figure 59
Read data hold time tonr 5 ns Figure 59
<High-speed write mode (HWM =0), Vcc=1.8t0 2.4 V>
Item Symbol Min Typ Max  Unit Test Condition
Bus cycle time Write teyew 200 ns Figure 59
Read tcycr 800 ns Figure 59
Write low-level pulse width PWw 90 ns Figure 59
Read low-level pulse width PWiRr 350 ns Figure 59
Write high-level pulse width PWpw 90 ns Figure 59
Read high-level pulse width PWyr 400 ns Figure 59
Write/Read rise/fall time twrr 25 ns Figure 59
WRf
Setup time (RS to CS*, WR*, RD*) tas 10 ns Figure 59
Address hold time tan 5 ns Figure 59
Write data setup time tosw 60 ns Figure 59
Write data hold time ty 15 ns Figure 59
Read data delay time toor 200 ns Figure 59
Read data hold time tonr 5 ns Figure 59
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<Normal write mode (HWM =0), Vcc=24t03.6 V>

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teyew 300 ns Figure 59
Read tcyer 500 ns Figure 59
Write low-level pulse width PWw 40 ns Figure 59
Read low-level pulse width PWir 250 ns Figure 59
Write high-level pulse width PWuw 100 ns Figure 59
Read high-level pulse width PWyr 200 ns Figure 59
Write/Read rise/fall time twRr, WRf 25 ns Figure 59
Setup time (RS to CS*, WR*, RD*) tas 10 ns Figure 59
Address hold time tan 5 ns Figure 59
Write data setup time tosw 60 ns Figure 59
Write data hold time ty 15 ns Figure 59
Read data delay time toor 200 ns Figure 59
Read data hold time tonr 5 ns Figure 59
<High-speed write mode (HWM =1), Vcc=2.4t03.6 V>
Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teyew 100 ns Figure 59
Read tcyer 500 ns Figure 59
Write low-level pulse width PW 40 ns Figure 59
Read low-level pulse width PWir 250 ns Figure 59
Write high-level pulse width PWpw 40 ns Figure 59
Read high-level pulse width PWyr 200 ns Figure 59
Write/Read rise/fall time twRr, WRf 25 ns Figure 59
Setup time (RS to CS*, WR*, RD*) tas 10 ns Figure 59
Address hold time tan 5 ns Figure 59
Write data setup time tosw 60 ns Figure 59
Write data hold time ty 15 ns Figure 59
Read data delay time toor 200 ns Figure 59
Read data hold time tonr 5 ns Figure 59
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Clock Synchronized Serial Interface Timing Characteristics

(Vec=1.8t024V)

Item Symbol Min  Typ Max Unit Test Condition
Serial clock cycle time At write tscyc 0.125 20 us Figure 60
(receive)
At read tscyc 0.55 20 us Figure 60
(send)
Serial clock high-level pulse width At write tsch 50 ns Figure 60
(receive)
At read tsch 250 ns Figure 60
(send)
Serial clock low-level pulse width At write tscL 50 ns Figure 60
(receive)
At read tscL 250 ns Figure 60
(send)
Serial clock rise/fall time tser » tscr 20 ns Figure 60
CS* Setup time tesu 20 ns Figure 60
CS* hold time ten 260 ns Figure 60
Serial input data setup time tsisu 30 ns Figure 60
Serial input data hold time tsiH 30 ns Figure 60
Serial output data delay time tsop 230 ns Figure 60
Serial output data hold time tson 5 ns Figure 60
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(Vece=24t03.6V)

Item Symbol Min  Typ Max Unit Test Condition
Serial clock cycle time At write tscve 0.1 20 us Figure 60
(receive)
At read tscyc 0.35 20 us Figure 60
(send)
Serial clock high-level pulse width At write tsch 40 ns Figure 60
(receive)
At read tsch 170 ns Figure 60
(send)
Serial clock low-level pulse width At write tscL 40 ns Figure 60
(receive)
At read tscL 170 ns Figure 60
(send)
Serial clock rise/fall time tser » tscr 20 ns Figure 60
CS* Setup time tesu 20 ns Figure 60
CS* hold time ten 160 ns Figure 60
Serial input data setup time tsisu 30 ns Figure 60
Serial input data hold time tsiH 30 ns Figure 60
Serial output data delay time tsop 150 ns Figure 60
Serial output data hold time tson 5 ns Figure 60
Reset Timing Characteristics (Ve =1.8t03.6 V)
Item Symbol Min Typ Max Unit Test Condition
Reset low-level width tres 1 ms Figure 61
Reset rise time tirES 10 us Figure 61
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Electrical Characteristics Notes

1. For bare die and wafer products, specified up to 85

2. Thefollowing three circuits are 1/O pin configurations.

VREF controll

VREFL

|

T—

amplifier

Vce

Regulator

Step-up
circuit 1

(vouT
generator

Contrast
controll

BIAS
control

BIASC e
r— i—

Step-up
circuit 2
(VCH
generator)

1.0u F
1.0p F

1.0p F

91

1.0p F
®
® * 1.04 F
I VCC[]
\ /
GND 1 N
Driver Schottky
barrier
Polarity diode
inversion
circuit CE-F *
777 (VeL
CE+ - 10p F
generator) LT
Note 1. Capacitors should be B-characteristics.
2. Capacitors whitch are marked (*), need to be more than 16V rated
3. Schottky barrier diobe needs tobé&twgert VCL and GND.
(VF=0.3V/1mA,VR  30V)
Figure53 1/0O Pin Configuration
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3. The TEST pin must be grounded and the IM2/IM1/0 pins must be grounded or connected to Vcc.

4. Appliesto theresistor value (RSEG) between power supply pins VSH, GND and segment
signal pins.

o

This excludes the current flowing through output drive MOSs.

This excludes the current flowing through the input/output units.  The input level must be fixed high
or low because through current increasesif the CMOS input is left floating.

o

7. Thefollowing shows the relationship between the operation frequency and current consumption.

VCH

Step-up circuit2 +——

VREN Vei2sVi  x A

VCH=WM x Ax B

Rb

Rb  Resistance for contrast adjustment
(0.004R to 0.512R)

M

VSL

Figure54 Relationship between the Operation Frequency and Current Consumption

8. Appliesto the external clock input.

2kQ —
R — 0.7Vce
Oscillato r—’\/\/\/ 0sC1
0.5Vce Duty = X 100%

Th+Tl
Open 052 0.3vce

trep teep

Figure55 External Clock Supply
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9. Appliesto theinternal oscillator operations using external oscillation resistor Rf.

=

0SC2

0SC1
Since the oscillation frequency varies depending on the
0SC1 and 0SC2 pin capacitance, the wiring length to these
pins should be minimized.

Figure56 Internal Oscillation

Table30 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc
Resistance (Rf) Vcc=1.8V Vec =22V Veec =24V Vec=3.0V Vec=3.6V
91KQ 242.5 325.6 356.4 418.3 457.4
150 KQ 171.9 299.1 248.2 285.3 307.8
219 KQ 130.9 172.6 185.3 209.4 223.8
242 KQ 123.0 160.3 173.2 195.0 208.0
270KQ 1131 147.0 158.6 177.9 189.2
362 KQ 90.7 115.8 124.2 137.5 145.1
434 KQ 79.0 100.1 107.2 118.0 124.2
583 KQ 63.3 78.8 83.5 90.7 95.1
682 KQ 55.8 68.8 72.6 78.5 81.9
2125 KQ 21.6 24.9 25.7 26.9 27.6
L oad Circuits

AC Characteristics Test Load Circuits

Data bus DB15 to DBO

Test Point O

T 50pF

Figure57 Load Circuit
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Timing Characteristics

68-system Bus Operation

tDHRE

Read data

VOL1

=
>
N
X . A (=5
ju
= = z S
>
w - Ll
T = W%
s & 5
- 46‘ hm
= 1 -
- > =
= .
R w2
[72]
5 [=]
=
o
L
S o
= ¥ g
= =
., - =
>
= o * /
> > llllll
< N
S 5 w
2 83

68-system Bus Timing

Figure58
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80-system Bus Operation

e VIH VIH )
VIL VIL
[ €— tAs ] [ &— w1
CS* S Z
VIL VIL,
*
€ by, PuR )‘ P PR 3
WR* Y VIH VIH V N ViH
RD* VIL VIL 4/
tWRr ; a E tWRf
tCYCW, tCYCR >
<— o5y <— g D>
DB15—0 lIII/IIII:IIII/I/III:IIII/I/IIIIIIIII/I/IIIIII/I I/I IIIIII IIIIIIIIIIIIIIIIIII IIIIIIII/III;I L VIH ) VIH !
W J
*9 [ ViU Write d?ta Vitg
<tDD > E tDHR
1 IIIIIIIIIIIIII IIIIIIIIII:IIIIII/I/IIIFSII/IIIII - VOH]_ VOHl IIII I'//II'II' |/
1]/
[ ./-/' VOLL Read data VOL1
AR RN A
Notes 1.PWLW and PWLR are specified in the overlapped period when CS* is low and WR* or RD* is low.
2.1In case of 8-bit interface mode,DB15-8 are used for parallel interface.
Fixed unused DB7-0 to the Vcc or GND level.

Figure59
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Clock Synchronized Serial Interface Operation

tscr

SCL
VILA
1SU L
v
SDI VIH VIH
Input data X Input data y
- VIL VIL
tSOH
150D —

VOH1 VOHL
Sbo Output data Output data
\OL1 VOL1

Figure60 Clock Synchronized Serial Interface Input Timing

Reset Operation

tRES

RESET*

VIL

Figure61 Reset
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