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Description

The HD66773, controller driver LSI, displays 132RGB-by-176 dot graphics on TFT displays in 260,000
colors. The HD66773's bit-operation functions, 18-bit high-speed bus interface, and high-speed RAM-
write functions enable efficient data transfer and high-speed rewriting of data to the graphic RAM.

HD66773 has alow-voltage operation 2.2V min, and it is equipped with internal operation circuits for TFT
gate and source. Also HD66773 has the internal booster that generates the liquid crystal voltage, breeder
resistance and the voltage follower circuit for liquid crystal driver. And HD66773 can compose a LCM
only with an external capacitor and resistor. In addition, precise power control can be achieved by
combining these hardware functions with software functions, such as an 8-color display and standby and
sleep mode. This LSl is suitable for any medium-sized or small portable battery-driven product requiring
long-term driving capabilities, such as digital cellular phones supporting a WWW browser, bi-directional
pagers, and small PDAS.

Features

132RGB x 176-dot graphics display LCD controller/driver for 260,000 TFT colors.
18-/16-/9-/8-hit high-speed bus interface and serial peripheral interface (SPI)
High-speed burst-RAM write function

Writing to awindow-RAM address area by using a window-address function
Internal bit-operation functions for graphics processing:

— Write-data mask function in bit units

— Logica operation in pixel unit and conditional write function

Various color-display control functions:

— 260,000 colors can be displayed at the same time (gamma adjust included)

— Vertical scroll display function in raster-row units
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L ow-power operation supports:
— Vce=2.210 3.3V (low-voltage range)
¥ Vci = 2510 3.3V (interna reference voltage)
¥ Power-save functions such as the standby mode and sleep mode
¥, Partial LCD drive of two screensin any position
¥ Internal power supply circuit
¥ Internal equalize function
Structure for TFT-display retention volume  Cst/Cadd structure
Internal power supply circuit
¥, Step-up circuit: Five to nine times, positive-polarity inversion
¥ Alternating functions for TFT-display counter-electrode power supply
¥ N-line aternating drive of Vcom (Vgoff isaso available for N-line aternating drive for Cadd)
¥ Adjustment of Vcom (Vgoff) amplitude: internal 22-level digital potentiometer
Output power-supply voltage
¥ For the TFT-display counter electrode: Vcom amplitude = 6V (max), VcomH-GND =VREG10UT
(max), VcomL-GND= Vci + 1.0V to -Vci+0.5V (max)
Internal RAM capacity: 46,464 bytes
Internal operation circuit of liquid crystal display
Source signal: 396
Gate signal: 176
n-raster-row inversion drive
(It is possible to invert the polarity in every selected raster-row.)
Internal oscillation and hardware reset
Shift change of source/gate driver
Available to COG with setting gate on both edge on one chip
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HD66773 Block Diagram Description
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Figure 1: HD66773 Block Diagram Description
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Figure2 HD66773 Pad Arrangement

-Chip size: 20.69mmx2.47mm
-Chip thickness: 4004 m(typ.)
-Pad Coordinate: Pad Center
-Coordinate Origin: Chip center

-Au bump size:

(1) 80p mx80p m

Corner dummy:
No.1,N0195,N0.239,No.742

(2) 544 mx1004 m
Input side
No.2 to No.194

(3) 364 Mx704 m

Laced liquid crystal output side:
No.196 to No.238

No.240to No.741

No.743 to No.786

-Au bump pitch: Refer to Pad Coordinate
-Au bump height: 154 m(typ.)
-Numbersin figure 2 refer to numbers
in Pad coordinate
-Alignment Mark
(1) Assignment: 2places
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Table 1 HD667B73 PAD Coordinate (L aced)

No.| pad name X Y No. | pad name X Y No. | pad name X Y No. | pad name X Y
1[DUMMY L 10209 -1099] [ 101]Vee 109 -1089 201|G12 10104 -610] | 301[S388 7249 994
2[Vcomi 10041 __-1089| | 102[Vce 189 -1089 202|G14 10214 572| [ 302[S387 7210 1104
3[Vcomi 9961 __-1089] [ 103[Vee 260 __-1089 203|G16 10104 534 | 303[S386 7172] 994
4[DUMMYRL 9859 __-1089] [ 104[Vee 3491089 204|G18 10214 ~496| | 304[S385 7134 1104
S[DUMMYR2 9768 __-1089| [ 105[Vee 430 __-1089 205[G20 10104] —458| | 305[S384 7096 994
B|RESETT 9650 __-1089] [ 106[Vee 510] __-1089 206|G22 10214 ~420| | 306383 7058 1104
7[DUMMY2 o116] _ -1089] [ 107|[Vdi 590 -1089 207|G24 10104 -382| | 307[S382 7020 994
8[DUMMY3 8582 __-1089| [ 108[Vci 670 -1089 208|G26 10214 -343| | 308[S381 6981 1104
9[DUMMYZ 8048 __-1089| [ 109[Vci 750] __-1089 209[G28 10104] -305] [ 309380 6943 994

10[VGH 7947 -1089] [ 10|Vl 830 __-1089 210|G30 10214 -267| | 310[S379 6905 1104
11|VGH 7867] __-1089] [ 11|Vai o1l _ -1089 211|G32 10104 229 | 311[S378 6867 994
12[va3 7765 -1089] [ 12|V 991 -1089 212|G34 10214] 191) [ 312[377 6829 1104
13[C23+ 7685] __-1089] [ 113[Vaia 1129  -1089 213|G36 10104 -153| | 313[S376 6791 994
14[car 7605] __-1089] [ 114]|OSCL 1257 -1089 214|G38 10214] 114 [ 314[375 6753 1104
15|C23- 7525 __-1089| | 115[0SC2 1337] __-1089 215[G40 10104 76| | 315[S374 6714 994
16[C23- 7445 __-1089] [ 116[TSO 1418 -1089 216|G42 10214 -38| [ 316[S373 6676] 1104
17[c22r 7365] __-1089] [ 117[TSL 1498] _ -1089 217|G44 10104 ol | 317[S372 6639 994
18[cor 7284 -1089] [ 118[TS2 1578 -1089 218|G46 10214 38| | 318[S371 6600 1104
19[c2z- 7204] __-1089| [ 119]TS3 1658] _ -1089 219|G48 10104 76| | 319[S370 6562 994
20[C22- 7124] __-1089] [ 120[TSA 1738 __-1089 [ 220]G50 10214 114 | 320[S369 6524 1104
21[Catr 7044 __-1089) [ 121[TS5 1818 -1089 221 G52 10104] 153 [ 321[S368 6486 994
22|Cat+ 6964 __-1089| [ 122[TS6 1898] 1089 222|G54 10214] 191) [ 322[367 6447 1104
23[C21- 6884 __-1089| [ 123[TS7 1979 __-1089 223[G56 10104] 229] | 323[S366 6409 994
24|C2L 6803 __-1089| [ 124|DCTEST 2059 __-1089 224|G58 10214 267] [ 324|365 6371] 1104
25[Cat+ 6723 -1089] [ 125|DUMMY7 2177] __-1089) 225[G60 10104] 305] | 325[S364 6333} 994
26[Ca1+ 6643 -1089| | 126|DUMMY8 2257] _-1089) 226|G62 10214 343] | 326[363 6295 1104
27|Cat 6563] __-1089] [ 127[DUMMY9 2337] __-1089 227|G64 10104 382] [ 327[S362 6257} 994
28| Ccal- 6483 -1089| [ 128|DUMMY 10 2418 -1089 228 G66 10214] 420| | 328[S361 6218 1104
29|31+ 6403 -1089] [ 129[DUMMY 11 2498 -1089) 229|G68 10104] 458] | 329[S360 6180 994
30[C31L+ 6323 __-1089| | 130[DUMMY 12 2578 -1089) 230[G70 10214 296 | 330[S359 6142 1104
31|C3L 6242 __-1089| | 131[VGS 2685 -1089 231|G72 10104 534] | 331358 6104 994
32|31 6162 __-1089| | 132[VGS 2765 -1089 232|G74 10214] 572] [ 332[S357 6066] 1104
33[VGL 6029] __-1089| | 133[CGND 2872 -1089) 233[G76 10104] 610] | 333[S356 6029 994
34|[VGL 5949 __-1089| | 134|CGND 2952 -1089 234|G78 10214 649 | 334[S355 5990] 1104
35[VGL 5869 -1089| | 135[CGND 3032 __-1089 235[G80 10104] 687] | 335[S354 5951 994
36[VGL 5789 __-1089| | 136[VOP 3139 -1089 236|G82 10214 725] | 336[S353 5013 1104
37]CGND 5687 __-1089| | 137[VON 3219 -1089 237|Gs4 10104 763] | 337[S352 5875 994
38[CGND 5607| __-1089] [ 138[VMONI 299 __-1089 238[G86 10214 801 | 338351 5837] 1104
39[CGND 5527] __-1089] [ 139[VMONI 380]___-1089 239|DUMMY23 10209 1099] | 339[S350 5799 994
20[VccDUML 5447 -1089] [ 140[V3IP 3460] __-1089 240]G88 9910 __1104] | 340[S349 5761 1104
Z1[TMOND 5356] __-1089] [ 141]V3IN 540] _-1089 241G90 9831 994) [ 341[S348 5723 994
22|GNDDUM1 5237]__-1089] [ 142[VcomL 3657 __-1089 242|G92 o843 1104) | 342[347 5684 1104
43[IM1 5146] __-1089] [ 143[TESTA4 3737]__-1089) 243[Go4 9805] 004] | 343[S346 5646} 994
24|V ccDUM2 5028 __-1089| | 144[TESTAL 3854 -1089 244]G% o766 1104| | 344[S345 5608] 1104
25[1M2 4936 __-1089| | 145[VcomR 3934 -1089 245[G98 9728 994] | 345|344 5570 994
46[VccDUM3 4818] _-1089] [ 146[VREGIOUT 2014 -1089) 246[G100 9690 1104| | 346[S343 5532 1104
47[IM3 4727 -1089) [ 147|[TESTAZ 2004 -1089 247|G102 9652 994] | 347|342 5494 994
48|GNDDUM?2 4608 __-1089] [ 148[DUMMY 13 2201 -1089) 248|G104 9614|1104 | 348[S341 5455 1104
29[DUMMY5 4528 -1089| | 149|[VTESTS 4308 __-1089 249[G106 9576 994] | 349[S340 5417 994
50[DUMMY6 2448 -1089] [ 150[DUMMY 14 2415 -1089) 250[G108 9538 1104] | 350[S339 5379] 1104
S1[RESET2" -4357]_-1089] [ 151|DUMMY 15 4495 -1089 251]G110 9499 994] | 351]S338 5341 994
52|GNDDUM3 4238 -1089) [ 152[VcomH 2602 -1089) 252|G112 as61]  1104] [ 352|337 5303 1104
53[TESTL 4147 -1089] [ 153[VCL 4740 __-1089 253|G114 9423 994] | 353[S336 5265) 994
S4|TEST2 4067] __-1089] [ 154[VCL 4820] -1089) 254|G116 9385 1104] | 354[S335 5227] 1104
55|DB17 3087] __-1089| | 55|Vl 2959 __-1089 255|G118 9347 994] | 355[5334 5189} 994
56|DB16 3907 __-1089| | 156[Veil 5039 -1089 256|G120 9300 1104] | 356[S333 5150 1104
57|DB15 3826] __-1089] [ 157|[VaiL 5119]  -1089) 257]G122 9270) 994] | 357|332 5112] 994
58|DB14 3746] __-1089] [ 158[VaiL 5199 -1089) 258[G124 9232 1104] [ 358[S331L 5074 1104
59[DB13 3666 __-1089| | 159[REGP 5343 __-1089 250|G126 9194 994] | 359[S330 5036} 994
60[DB12 3586 __-1089| [ 160[DUMMY 16 5450 __-1089 260|G128 o156] __1104] | 360[S329 2998 1104
61|DBIL 3506] __-1089] [ 161[Vai2 5557 __-1089 261|G130 9118 994] [ 361[S328 2960 994
62|DB10 3426] ___-1089] [ 162]DDVDH 5695 __-1089 262[G132 9080 __1104) [ 362[327 2921 1104
63|DB9 3346 __-1089| | 163[DDVDH 5776] __-1089 263|G134 9042 994] | 363[S326 4833 994
64|GNDDUM4 3227 __-1089| | 164|Vci3 5900 -1089 264|G136 9003 1104] | 364[S325 2845 1104
65[DB8 3136 __-1089| | 165[C1i- 6047] __-1089 265|G138 8965 994] | 365[5324 4807 994
66[DB7 -3056] __-1089| | 166[C1i- 6127] __-1089 266|G140 8927 1104] | 366[S323 4769 1104
67|DB6 2976] __-1089] [ 167|C1L- 6207] _-1089) 267|G142 8839 994] | 367[S322 473]] 994
68[DB5 2805 -1089| | 168[C1i- 6287] __-1089 268|G144 8851 1104] | 368[S32L 2692 1104
69|[DB4 2815 __-1089| | 169[C1i+ 6368 __-1089 260|G146 8813 994] | 369[S320 4654 994
70[DB3 2735 __-1089| | 170[C1i+ 6448 __-1089 270|G148 8775 1104] | 370[319 2616 1104
71|DB2 2655] __-1089] [ 171|CiLr 6528 -1089 271|G150 8736 994] [ 371|318 4579 994
72|DBI/SDO 2575 __-1089| | 172[C1i+ 6608 -1089 272|G152 8698 1104) | 372[317 2520 1104
73|DBO/SDI 2495 __-1089| | 173[C12- 6688 -1089 273|G154 8660 994] | 373[S316 4502 994
74|GNDDUMBS —2376] __-1089] [ 174|C1=- 6768] _ -1089) 274]G156 8622 1104) | 374[315 464 1104
75|RWIRD* —2285] __-1089] [ 175|C1- 6848 -1089 275|G158 8584 994] | 375|314 4475 994
76|E/WR*/SCL 2205 __-1089| | 176[C12- 6929 -1089 276|G160 8546] 1104 | 376[S313 4387 1104
77|IRS 2125 __-1089| | 177[C12+ 7009 __-1089 277|G162 8507] 994] [ 377|312 4349 994
78[CS 2045 __-1089| [ 178[C12+ 7089 __-1089 278|G164 8469 1104] [ 378[S31L 231 1104
79[TESTVL 1964 -1089] [ 179[C12r 7169 -1089) 279|G166 8431 994] [ 379[S310 4273 994
80[GNDDUM6 ~1846] __-1089| [ 180[C12+ 7249 __-1089 280|G168 8393 1104] | 380[S309 22351104
81 MTESTL 1755] __-1089] [ 181[Vgoff 7388 __-1089 281|G170 8355 994] | 381|308 2197 994
82[MTEST2 1675] _ -1089] [ 182[VgoffoUT 7468 -1089) 282[G172 8317 1104] [ 382[S307 2158 1104
83[AGND 1525 -1089| | 183[VgoffH 7601 -1089 283|G174 8279 994] | 383[S306 4120 994
84|AGND 14451089 [ 184[VgoffL 7681 -1089) 284[G176 8240|1104 | 384[S305 2082 1104
85[AGND 1343 -1089] [ 185|TESTA3 7814] __-1089 285|GTEST2 8164 1104 | 385[S304 4044 994
86|AGND 1263 -1089] [ 186[VREG20UT 7947] __-1089 286|DUMM Y24 8088 1104| | 386[S303 4006] 1104
87[AGND 1161] _ -1089] [ 187[DUMMY 17 8048 -1089) 287|DUMMY 25 8012 1104 | 387[S302 3968 994
88[AGND -1081] _ -1089| | 188[DUMMY18 8582 -1089 288|DUMMY 26 7935 1104] | 383[S301 3929 1104
89|GND 948 __-1089] [ 189|DUMMY19 9116 -1089 289|DUMMY 27 7850 1104] | 389[S300 3891 994
90[]GND -868]__-1089] [ 190|RESET3* 9650 __-1089 290|DUMMY 28 7783|1104 | 390[S299 3853 1104
91|GND 767] __-1089| [ 191|DUMMY20 9768 -1089) 291|DUMMY29 7706] 1104 | 391[S298 3815 994
92[GND 687] __-1089| [ 192|DUMMY21L 9859 -1089) 292|DUMMY30 7630 1104) [ 392[S297 3777 1104
93[GND 585]__-1089] [ 193|Vecom2 9961 -1089 293| 3% 7554 994] | 393[S29% 3739 994
94|GND 505] __-1089] [ 194|Vecom2 10041 __-1089 294|395 7516] 1104 | 394[S295 3701 1104
95[RVee 372 __-1089] [ 195|DUMMY22 10209] __-1099 2965|5394 7477 994] [ 395[S294 662 994
96[RVce 292[__-1089] [ 196|G2 10214 -80]] 296|393 7439|1104 | 396[S293 624] 1104
97[RVce 212] __-1089| [ 197|G4 10104 763 297|392 7401 994] [ 397[5292 536 994
98[RVce 131 __-1089) [ 198|G6 10214 725 298|391 7363|1104 | 398[S291 3548 1104
99Vee 51 -1089] [ 199|G8 10104 687 299|390 7325 994] | 399[S290 3510) 994
100[Vee 29| -1089] [ 200]G10 10214 649 300/ 5389 7287] __ 1104] | 400[S289 3472 1104
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Table 1 HD667B73 PAD Coordinate (L aced) cont.

No.| pad name X Y No.| pad name X Y X Y No. | pad name X _| Y
2015288 3434) 594] [ 5017|5188 4201104 4235 1104) [ 701|G167 8393 __ 1104}
202[S287 395] __ 1104| [ 502[S187 459 994 4273 904] | 702|G165 8431 994
2403|5286 357 994] [ 503[S186 4961104 4311 1104| | 703]G163 8469|1104
204|S285 319] __ 1104| [ 504[S185 534 994 4349 904 [ 704|G161 8507 994
2065|5284 28] 594] | 505[5184 572 1104 4387 __1104] | 705|G159 ~8546] __ 1104)
2406|5283 3243 ___1104| [ 5065183 610 5994 4275 594] | 706|G157 8584 5994
207|S282 3205} 904| | 507|5182 649 1104 4464 1104) [ 707|G155 8622|1104
208[S281 3166 1104] [ 508[S181 687 994 4502 994] [ 708|G153 -8660 994
2400|5280 3129 994] | 509|5180 725 1104 4540|1104 | 709|G151 8698|1104}
210[S279 3090 __1104] [ 510[S179 763 994 -4578] 994| | 710/G149 8736, 994
211278 3052 994] [ 511[S178 -801] 1104 -4616] ___1104) [ 711|G147 8775|1104
212|277 3014] 1104 [ 512177 -839 994 4654 00| | 712|G145 8813 994
213[S276 2976} 994] [ 513[5176 877 1104 -4692] ___1104) [ 713|G143 8851 1104
414|275 2938] __1104| [ 514175 01§ 994 4731 04| | 714|G1at 8889 994
415[S274 2899 994] [ 515|517 954] 1104 4760] ___1104) [ 715|G139 8927|1104}
416|273 2861 1104] [ 516[S173 992 994 4807 94| | 716]G137 -8965) 994
at7|S272 2823 994] [ 517[5172 1030|1104 4845| ___1104) [ 717|G135 9003|1104}
418[S271 2785 1104| | 518[S171 -1068] 994] -4883 994 [ 718]G133 9042 994]
2419|5270 2747 994] [ 519[S170 1106|1104 4921 1104) [ 719|G13L 9080|1104}
220[S269 2709 __1104] [ 520[S169 »uzgl 994 4960 904] | 720/G129 9118 994
2421|5268 2671 994] [ 521[S168 1183 __ 1104 2998 ___1104) [ 721[G127 9156|1104}
222|267 2632] ___1104| [ 522167 “122]] 994 5036, 94| [ 722|G125 9194 994
223]S266 2594 594] | 523|566 1059 1104 5074] 1104} [ 723]G123 9232|1104
44| S265 2556] ___1104| [ 524]S165 1297 994 51120 e | 2 [ 9270 994
2425|5264 251} 904| | 525|564 1335 1104 5150|1104 | 725|G119 9300|1104}
2426|5263 2480 ___1104] [ 526[S163 1373 994 5188| 94| | 726]G117 9347 994
427|262 2447 994] [ 527[S162 1412|1104 5227] ___1104) [ 727|G115 9385|1104}
428|261 2403 ___1104] [ 528[S161 1450 994 5265 94| | 728]G113 9423 994
4229|5260 2365} 904] | 529|5160 1488 1104 5303] ___1104) [ 729|G11L 9461 1104
430[S259 2327 ___1104] [ 530[S159 -1526) 994 5341 994] [ 730[G109 9499 994
431[S258 2289 904| | 5317|5158 1564] 1104 5379] ___1104) [ 731|G107 9538|1104}
432|S257 2251] __1104| [ 532|S157 ~1602) 994 5417 94| | 732|G105 9576, 994
4233|5256 2213 904| | 533|5156 1640 1104 5455|1104 | 733]G103 9614 1104}
2434|5255 2175 1104] [ 534[S155 ~1679) 994 5494 904| | 734|G101 9652 994
4365|5254 2136} 904| | 535|5154 717 1104 5532 1104] | 735]G99 9690] 1104
4236|5253 2008] __ 1104| [ 536|S153 1755 994 5570 904| | 736]G97 9728 994
437|S252 2060} 94| | 537|5152 1793|1104 5608 __ 1104 | 737|G% 9766 __ 1104
438|251 2022 ___1104] [ 538[S151 -1831] 994 5646 994] [ 738]G93 9805 994
2439|5250 1984 994] [ 539[S150 1869 1104 5684 __1104] [ 739[GoL 9843|1104}
240[S249 1946] __1104| [ 540[5149 ~1908) 994 5723 904 [ 740[Ge9 9881 994
441|S248 1908 994 | 541[S148 1946 1104 5761 1104] [ 741|G87 0019 1104
202|247 1869] __ 1104] [ 5425147 ~1984) 994 5799 594| | 742|DUMMY39 | _-10209 1099
243[S246 1831 904| | 543|5146 2022 1104 5837] ___1104) | 743[G85 10214 801
2424|5245 1793 1104| | 5244|5145 2060 994 5875, o04| | 744|Gs3 -10104) 763
445|244 1755 904| | 545|514 2008] 1104 5013] ___1104) | 745|Gs1 10214 725
246|243 1717 1104| | 546|513 213§, 994 5051 904| | 726]G79 -10104) 687
247|242 1679 994] [ 547[s142 2175|1104 5900|1104} [ 747|G77 10214 649
443|241 1640 1104| | 548[S141 2213 994] 6028 994 [ 748|G75 -10104] 610)
2495240 1602 994| | 549[5140 2251 1104 -6066] __1104) | 749]G73 10214 572
250[S239 1564 1104| | 550/S139 2289 994 6104 904| | 750/G71 -10104) 534
751[S238 1526 994| | 551|5138 23271104 “6142| __1104) | 751]G69 10214 296
452|237 1488] __ 1104| | 5529|5137 2365, 994 652|S37 6180 904| | 752|G67 -10104) 58]
2453|5236 1450 994] [ 553|136 2403 __ 1104 653|536 6218 __ 1104 | 753]G65 10214 420
2454|5235 1412] __ 1104| | 554|S135 2442 994 654|535 6257 904| | 754|G63 -10104) 382
4255|5234 1373 994| | 555|514 2480 __ 1104 655|534 6295 __ 1104] | 755[G61L 10214 343
2456|5233 1335 1104] [ 556|S133 2518 994 656|533 6333 994] | 756|G59 -10104 305
2571|5232 1297 994] [ 557|132 2556] 1104 657|532 ~6371] ___1104) [ 757|G57 10214 267
258[S231 1259] _ 1104| | 558|S15L 2594 994 658|S3L 6409 994| | 758]G55 -10104) 229)
2459|5230 1221 994] | 559|5130 2632 1104 659|530 “6a47] ___1104) | 759|G53 10214 191]
260[S229 1183 1104| | 560|5129 2671 994 660]S29 6486 994| | 760|G51 -10104) 153
261[S228 1145 994] [ 561[S128 2700|1104 66128 6524 ___1104) | 761]G49 10214 114]
262|227 1106] __1104] [ 5625127 2747 994 62|27 6562 994] [ 762[Ga7 ~10104 76
2463|5226 1068] 994] [ 563[S126 -2785) 1104 663[S26 6600 ___1104] | 763]G45 10214 39
2764|5225 1030] ___1104| [ 564|515 2823 594 664|525 6638 994] | 764|G43 ~10104 0|
465|524 59| 994] | 565|5124 2861 1104 665524 ~6676] __1104) | 765|Ga1 10214 39
2466|5223 o54] _ 1104| [ 566[S123 2899 994 666|523 6714 994| | 766]G39 -10104) -7§)
267|S222 916 994] [ 567|122 2938|1104 667|522 6753] ___1104) | 767|Ga7 10214 114
268|221 877] __1104| | 568[S12L 2976, 994 668|521 6791 994| | 768]G35 -10104) 153
2469|5220 839 994| | 569[5120 3014 1104 669]S20 6829|1104 | 769]G33 10214 191
470[S219 801 1104 [ 570[S119 3052 994 670|S19 6867 994| | 770|G3L -10104) 229
471[S218 763 94| | 571|s118 3090] 1104 671[S18 -6905] __ 1104) [ 771]G29 10214 -267]
472|217 725] 1104 [ 572117 3128] 994 672[S17 6943 o0 | 772|G27 -10104) 305
473[S216 687 94| | 573|516 3166 1104 673[S16 6981 1104 | 773[625 10214 343
474|215 649] 1104 | 574[S115 3205 994 674|S15 7020 004 | 77423 -10104) 382
475|S214 610 994] [ 575|114 3243|1104 675|514 —7058] ___1104) [ 775]G21 10214 220
476|213 572] 1104 | 576[S113 3281 994 676|513 7096 94| | 776|G19 -10104) 459
477|212 534 994] [ 577|112 3319|1104 677|512 7134|1104 [ 777|G17 10214 ~496)
478|211 296] 1104 | 578[S11L 3357 994 678[S11 7172 94| | 778]G15 -10104) 534
479[S210 58] 994| | 579|510 3395 1104 679|S10 7210 1104 [ 779|G13 10214 577
2480|5209 220] ___1104| [ 580[S109 3434 994 680[S9 7249 994| | 780|G1L -10104) 610
281[S208 382 904| | B81|S108 34721104 681[S8 —7287]__1104) [ 781]G9 10214 649
282[S207 343 1104] [582[S107 3510 994 682[S7 7325, 94| [ 782[G7 ~10104) 687
283]5206 305] 994] [ 583[S106 3548|1104 683[S6 7363 1104] [ 783[G5 10214 725
284|205 67| ___1104| [ 584[S105 3586, 594 664]S5 ~7401] 5%4] | 784]G3 ~10104) 763
2485|5204 229 994] [ 585|5104 3624 1104 685| A4 7439] ___1104) [ 785|G1L 10214 ~80]]
2486|5203 1o1]  1104] [ 586[S103 3662 994 686]S3 7477 994] [ 786|GTESTL 10214 877
287[S202 153 994| | 587|5102 3701] 1104 68752 7516] 1104

[488[S201 114 1104] [ 588f5101 3739 594 688[SL 7554 994

2789|5200 76| 594] | 589[5100 3777 1104 689|DUMMY 31 7630|1104 [ Alianment mark X Y
290[S199 38| 1104| [ 59099 3815, 994 690]DUMMY 32 7706|1104l . |_-10139 935,
2915198 38| 1104| [ 59198 3853|1104 | 691|DUMMY33 7783|1104} Cross 10135, 035,
292[S197 -79) 904| | 592| 97 3891 994 692]DUMMY 34 7850] __ 1104) [ Circle (Positive) | _-10119] 1100}
293[S196 114 1104| [ 59396 3029 1104 693|DUMMY 35 7935]__1104] [ Circle (Negative) | 10119] 1100
2494|5195 -153 994] [ 594|595 3968 994 694|DUMMY 36 8012|1104 | (Positive) 10029] 1100
2495|5194 191 1104| [ 595|504 4006|1104 695|DUMMY 37 8088]  1104] || (Nedative) 10029] 1100}
2496|5193 229 594] | 596|553 2044 594 696|DUMMY 38 8164|1104

2497|5192 267] __1104] [ 597|592 4082|1104 697|G175 8240|1104

2985191 305 994| | 598|SoL 4120 994 698|G173 8279 994

2499|5190 343 1104| [ 59990 4158 1104 699|G171 8317|1104

500/ S189 387 994] [ 600|S89 ~4197| 994 700/ G169 8355 994
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Pin Functions

Table2 Pin Functional Description
Signals Number of 1/0 Connected Functions
Pins to

IM3-1, 4 | GND or Ve Selects the MPU interface mode:

IMO/ID IM3 IM2 1M1 IMO/ID__MPU interface mode DB pins
"GND" "GND""GND" "GND" 68-system 16-bits bus interface  pg17-10. 8-1
"GND" "GND" "GND" "Vcc" 68-svstem 8-hit hus interface  pg17.10
"GND" "GND" "Vcc" "GND" _80-svstem 16-bit bus interface  DB17-10. 8-1
"GND" "GND" "ycc" "Vec"  80-system 8-bit bus interface  DB17-10
"GND"_"VCcC" "GND" ID __ Serial peripheral interface (SPI) DB1-0
"GND" "VCC" "Vee"  *  setting inhibited O
"Vee"  "GND" "GND" “GND” 68-system 18-bit bus interface  DB17-0
"Vee"  "GND" "GND" “Vcc”  68-system 9-bit bus interface DB17-9
"Vee"  "GND" "Vcg"  “GND” 80-system 18-bit bus interface  DB17-0
"Vcc"  "GND" "Vece"  “Vec'  80-system 9-bit bus interface DB17-9
"Vee" Ve * * Setting inhibited d
When a serial interface is selected, the IMO pinis used as the
ID setting for a device code.

Cs* 1 | MPU Selects the HD66773:
Low: HD66773 is selected and can be accessed
High: HD66773 is not selected and cannot be accessed
Must be fixed at GND level when not in use.

RS 1 | MPU Selects the register.
Low: Index/status ~ High: Control
When using SPI, fix it to Vcc or GND level.

E/WR*/SCL 1 | MPU For a 68-system bus interface, serves as an enable signal to
activate data read/write operation.
For an 80-system bus interface, serves as a write strobe signal,
and writes data at the low level.
For a synchronous clock interface, serves as the synchronous
clock signal.

RW/RD* 1 | MPU For a 68-system bus interface, serves as asignal to select data
read/write operation. Low: Write High: Read
For an 80-system bus interface, serves as aread strobe signal,
and reads data at the low level.
When using SPI, fix it to Vcc or GND level.

DBO/SDI 1 /0 MPU Serves as a 18-hit bi-directional data bus.

8-bit businterface: DB17-10

9-bit bus interface: DB17-9

16-bit bus interface: DB17-10, 8-1

18-bit bus interface: DB17-0

Fix unused pinsto the Vcc or GND level asthey are used for
data transfer.

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

(Continue to the Next page)
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Number of

Signals Pins 1/0 Connected to Functions

DBY/SDO 1 1/10 MPU Serves as a 18-bit bi-directional data bus.
8-bit businterface: DB17-10
9-bit businterface: DB17-9
16-bit bus interface: DB17-10. 8-1
18-bit bus interface: DB17-0
Fix unused pinsto the Vcc or GND level asthey used for
data transfer.
For a clock-synchronous seria interface, serves as a serid
data output pin (SDO). Successive hit values are output on
the falling edge of the SCL signal.

DB2-DB17 16 1/0 MPU Serves as a 18-bit bi-directional data bus.

8-bit businterface: DB17-10

9-bit bus interface: DB17-9

16-bit bus interface: DB17-10, 8-1

18-bit bus interface: DB17-0

Fix unused pinsto the to the Vcc or GND level as they used for
data transfer.

0OSC1,0sc2 2 1/0 Oscillation- Connect an external resistor for R-C oscillation. When input
resistor the clock from outside, input to OSC1, and open OSC2.

RESET1* 3 | MPU or Reset  Reset pin. Initializes the LS| when low. Must be reset after

RESET2* generating power-on. Input data from either one of RESET pins, and

RESET 3* circuit leave other unused pins open.

TEST1 1 | GND Test pin. Must be fixed to GND level.

TEST2 1 | GND Test pin. Must be fixed to GND level.

Vcc, GND 2 - Power supply  Logic Vcc: +2.2V to +3.3V, Logic ground GND: OV

RVcc 1 - Power supply  Vcc power supply for an internal RAM. Supply same level as

Vcc.

AGND 1 - Power supply ~ Anadogue for ground side, AGND: 0V

CGND 1 0] Opposed GND  Outputs GND level. Can be used as opposed GND of external
of external parts.
parts

Vci 1 | Vcc or power Power supply for analogue circuit. Connect to an external
supply power supply 2.5V to 3.3V.

Vcil 1 1/0 Capacitor for Output internal reference voltage generated between Vci and
stabilizationor ~ GND. Reference voltage of step-up circuitl. When not using
power supply an internal reference voltage, connect an external power

supply lower than 2.75V.

DDVDH 1 1/0 Capacitor for Pressure up the voltage generated between V¢i and GND
stabilizationor  two to three times through the step-up circuit 1, and outputs
open the pressured up voltage. Pressure up magnification can be

set at an internal register. Connect a capacitor for
stabilixation. When not using a step-up circuit 1, leave it
open.

Vci2 1 | DDVDH or Reference voltage for step-up circuit 2. Connect to DDVDH.
power supply When not using DDV DH, connect an external power supply

lower than 5.5V.

VGH 1 1/0 Capacitor for Pressure up the voltage generated between DDVDH and
stabilizationor ~ GND two to four times through the step-up circuit 2, and
power supply outputs the pressured up voltage. Connect a capcitor for

stabilization. When not using the step-up circuit 2, connect
an externa power supply lower than 16.5V.

Vci3 1 | VGH or power  Reference voltage for the step-up circuit 3. Conect to VGH.
supply When not using VGH, connect an external power upply

lower than 16.5V.
(Continue to the Next page)
HITACHI
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Number of

Signals Pins 1/0 Connected to Functions

VGL 1 1/10 Capacitor for Outputs voltage generated between VGH and GND as same
stabilizationor ~ amount of negative voltage through the step-up circuit 3.
power supply Connect a capacitor for stabilization. When not usign the

step-up circuit 3, connect an external power supply higher
than —16.5V.

Vci4 1 | Ve, or Vcil, or  Reference voltage for a step-up circuit 4. Supply Vci or
power supply external power supply 2.5t0 3.3V

VCL 1 1/0 Capacitor for Outputs voltage generated between Vci4 and GND as same
stabilizationor ~ amount of negative voltage through the step-up circuit 4.
power supply Connect a capacitor for stabilization and VCL pin. A power

supply for generating VcomL. When using externa power
supply while VcomL is negative, connect an external power
supply more than —3.3V. When VcomL is higher than GND,
stop step-up circuit 4 and connect GND.

VREGIOUT 1 1/0 Capacitor for This pin generates and outputs a reference voltage for
stabilizationor ~ VREGL1 between DDVDH and GND from the reference
power supply voltage between Vci and GND that isinternally

generated. The step-up factor can be set in an internal
register. Connect a capacitor for stabilization. Asit isthe
reference voltage for generating VVcom, connect a
nexternal power supply lower than DDV DH whnenot
using the amplifier circuit 1.

VREG20UT 1 1/0 Capacitor for This pin generates and outputs a reference voltage for
stabilizationor  VREG2 between GND and VGL from the reference
power supply voltage between Vci and GND that isinternally

generated. The step-up factor can be set in an internal
register. Connect a capacitor for stabilization. Asit isthe
reference voltage for generating VgoffOUT, connect an
external power supply more than VGL when not using the
amplifier circuit 2.

Cl11+, Cl11- 10 — Step-up capacitor Connect the step-up capacitors according to the step-up

to factor. When the internal step-up circuit is not used, leave

C23+,C23- this pin open.

C31+, C31- 2 — Step-up capacitor Connect a step-up capacitor for generating the VGL level
from the VGH and GND levels. When the internal step-up
circuit is not used, leave these pins open.

C41+, C41- 2 — Step-up capacitor Connect a step-up capacitor for generating the -V ci4 level
from the Vci4 and GND levels. When the internal step-up
circuit is not used, leave these pins open.

Vcoml 3 o] TFT-display A power supply for the TFT-display counter electrode.

Vecom2 counter electrode When the reversing VVcom alternation is not driven, the
amplitude between VcomH and VcomL is output. The
aternating cycle can be set by the M pin. Connect this pin
to the TFT-display counter electrode.

VcomR 1 | Variableresistor A reference voltage of VcomH. When VcomH is

or open externally adjusted, halt the internal adjuster of VcomH
by setting the register and insert a variable resistor
between VREG1OUT and GND. When this pin is not
externally adjusted, leave it open and adjust VcomH by
setting the internal register.

VcomH 1 0] Capacitor for This pin indicates a high level of Vcom generated in
stabilization driving the Vcom alternation. Connect this pin to the

capacitor for stabilization.

(Continue to the Next page)
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Signals

Number of
Pins

1/0

Connected to

Functions

VcomL

1

Capacitor for
stabilization or
Open

The Vcom voltage when the Vcom alternation is not
driven. When the Vcom aternation is driven, this pin
indicates alow level of Vcom. Aninternal register can be
used to adjust the voltage. Connect this pin to a capacitor
for stabilization. When the VCOMG hit is low, the
VcomL output stops and a capacitor for stabilization is not
needed.

VgoffOUT

Vgoff or Open

An output power supply for driving the gate line of the
gate driver. Alternation can be driven by synchronizing
Vcom with the setting of the internal register. Set the
internal register according to the structure of the TFT-
display retention volume. For the amplitude at the
alternation driving. this pin outputs a voltage between
VcomH and VcomL with the VgoffL reference voltage.

V goff

VgoffOUT or
power supply

This pin is a negative voltage at the TFT-gate off level.
Connect VgoffOUT. When not using VgoffOUT, connect
an externa power supply which voltage is higher than
VGL.

VgoffH

Capacitor for
stabilization or
Open

When the V goff alternation is driven, this pin indicates a
high level of VgoffOUT. Connect this pin to a capacitor
for stabilization. When the CAD bit is low, the VVgoffH
output stops and a capacitor for stabilization is not
needed.

VgoffL

Capacitor for
stabilization

The Vgoff voltage when the V goff aternation is not
driven. When the Vgoff alternation is driven, this pin
indicates alow level of VgoffOUT. An internal register
can be used to adjust the voltage. Connect this pinto a
capacitor for stabilization.

VOP
V31P

110

Capacitor for
stabilization

When an internal operation amplifier is ON, they output
voltage from internal operation amplifier for positive
polarity. Connect a capacitor for stabilization.

VON
V3IN

110

Capacitor for
stabilization

When an interna operation amplifier in ON, they output
voltage form internal operation amplifier for negative
polarity. Connect a capacitor for stabilization.

VGS

GND or external
resistor

Reference voltage for grayscale voltage generating circuit.
When adjusting level by each panel, connect an external
variable resister.

S1-5396

396

LCD

Output signals for gate wiring. The SS bit can change the
shift direction of the source signal. For example, if SS =
0, RAM address 0000 is output from S1. If SS=1, itis
output from S528.

S1, 4, S7, ... display red (R), S2, S5, S8, ... display green
(G), and S3, S6, S9, ... display blue (B) (SS = 0).

G1-176

176

LCD

They are the gate wiring output signals. Gate wiring
selecting level, VGH, and the gate wiring non-selecting
level, Vgoff.

GTEST1-2

2

LCD or Open

They are the dummy gate wring output signals. When
CAD = High, gate wiring selecting level: output VGH and
the gate wiring non-selecting level, Vgoff. When CAD bit
= low, gate wiring selecting level output Vgoff level.
When not using these pins, leave them open.

(Continue to the Next page)
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Signals Number of
Pins 1/0 Connected to Functions

TESTAL 1 1/10 Test pin A test pin for the VcomH output. Leave it open or connect
a capacitor for stabilization according to the display
quality.

TESTA2 1 1/0 Test pin A test pin for the VcomL output. Leave it open or connect
a capacitor for stabilization according to the display
quality.

TESTAS 1 1/0 Test pin A test pin for the VgoffH output. Leave it open or connect
a capacitor for stabilization according to the display
quality.

TESTA4 1 1/0 Test pin A test pin for the VcomL output. Leave it open or connect
a capacitor for stabilization according to the display
quality.

DCTEST 1 | GND A test pin. Must be connected to GND.

MTEST1 2 0] Test pin A test pin. Must be lift open.

MTEST2

VTESTS 1 1/0 Test pin A test pin. Must be left open.

TSO-TS7 8 0] Test pin A test pin. Must be left open.

VMONI 1 0] Test pin A test pin. Must be left open.

TESTV1 1 | Test pin A test pin. Must be connected to GND.

REGP 1 1/0 Test pin A test pin of VREG1OUT. Must be left open.

HITACHI
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Block Function Description

System Interface

The HD66773 has three high-speed system interfaces: a 68-system, an 80-system 18-/16-/9-/8-bit bus,
and a clock synchronous serial (SPI: Seria Peripheral Interface). The interface mode is selected by the
setting of IM3-0 pins.

The HD66773 has three 16-hit registers. an index register (IR) 16-bit, awrite dataregister (WDR), and a
read data register (RDR). The IR stores index information from the control registers and the GRAM. The
WDR temporarily stores data to be written into control registers and the GRAM, and the RDR
temporarily stores data read from the GRAM. Data written into the GRAM from the MPU is first written
into the WDR and then is automatically written into the GRAM by internal operation. Datais read
through the RDR when reading from the GRAM, and the first read datais invalid and the second and the
following data are normal.

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

Table3 Register Selection (8/9/16/18 Parallel I nterface)

80-system 68-system RS Operation
WR* RD* R/W
0 1 0 0 Writesindexesinto IR
1 0 1 0 Readsinternal status
0 1 0 1 Writesinto control registers and GRAM through WDR
1 0 1 1 Reads from GRAM through RDR

Table4 Register Selection (Clock Peripheral Serial I nterface)

Start bytes
R/W Bits RSBits  Operations
0 0 Writesindexesinto IR
1 0 Readsinternal status
0 1 Writesinto control registers and GRAM through WDR
1 1 Reads from GRAM through RDR

HITACHI
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Bit Operation

The HD66773 supports the following functions: a write data mask function that selects and writes data
into the GRAM in hit units, and alogic operation function that performs logic operations or conditional
determination on the display data set in the compare register and writes into the GRAM. For details, see
the Graphics Operation Function section.

Address Counter (AC)

The address counter (AC) assigns address to the GRAM. When an address set instruction iswritten 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. A window address function allows for data to be written
only to awindow area specified by GRAM.

Hard dithering cir cuit

HD66773 is equipped with the circuit which transforms 18-bit into 16-bit for 1 pixel data.

Graphics RAM (GRAM)

The graphics RAM (GRAM) has 16 hits/pixel and stores the bit-pattern data of 132 x 176 words.

Grayscale Voltage Generator

The grayscale voltage circuit generates a LCD driver circuit that correspondsto the grayscale levels as
specified in the grayscale gamma-adjusting resistor. 262,144 possible colors can be displayed when 1
byte = 18 hit. For details, see the gamma-adjusting resistor.

Power supply circuit for LCD operation

It generates the voltage of VOP, VON, V31P, V31N, VGH, VGL, VgoffOUT, and Vcom level which are
necessary for operating the LCD.

Oscillation Circuit (OSC)

The HD66773 can provide R-C oscillation simply through the addition of an externa oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can aso
be supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit

Theliquid crystal display driver circuit consists of 396 source drivers (S1 to S396), and 176 gate driver
(Glto G176). Display pattern data is latched when 396-bit data has arrived. The latched data then enables
the source drivers to generate drive waveform outputs. The shift direction of 396-bit data can be changed
by the SS hit by selecting an appropriate direction for the device-mounting configuration.

HITACHI
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Table 5: Relationship between GRAM address and display position (SS = “0")
SIG pin olalalii.. 2|9 o 2SS |SB]S
B0 |B|D|B A58 |5 |5 |B |5 0| BB B3| B BB | BB 5|5
GS=0 GS=1 DB.... DB| DB. DB| DB.. DB| DB DB DB.... DY DB.... DB| DB DY DB. DB
G1 G176 | "0000"H |"0001"H | "0002"H §"0003"H |---------- "0080"H | "0081"H] "0082"H || "0083"H
G2 G175 |"0100"H |"0101"H | 0102"H |"0103"H |----«----- "0180"H | "0181"H | "0182"H |["0183"H
G3 G174 | "0200"H |"0201"H | “0202"H |"0203"H [---------- 0280"H | "0281"H] "0282"H || "0283"H
G4 G173 | "0300"H |"0301"H | "0302"H J"0303"H f--------- "0380"H | "0381"H| "0382"H || "0383"H
G5 G172 | "0400"H |"0401"H | "0a02"H §"0a03"H |"*"" - "0480"H | "0481"HJ "0482"H || "0483"H
G6 G171 | "0500"H |"0501 H |“0502"H §"0503"H |-~~~ "0580"H | "0581 H|"0582"H || "0583"H
G7 G170 | "0600"H |"0601"H | "0602"H J"0603"H |-~~~ --- 0680"H | "0681"H ] "0682"H |[ "0683"H
G8 G169 | "0700"H | "0701"H | "0702"H §"0703"H |--=------- "0780"H | "0781"H| "0782"H || "0783"H
9 G168 | "0800"H |"0801"H | "0802"H {"0803"H |-~~~ - "0880"H | "0881"H| "0882"H || "0883"H
G10 | G167 | "0900"H |"0901"H | "0902"H ["0903'H |--------- “0980"H | "0981"H| "0982"H |["0983"H
G11 G166 | "0A00"H |"0A01"H | "0A02"H |"0A03"H |---------- "0A80"H | "0ag1"H] "0A82"H || "0A83"H
G12 | G165 |'oBOO'H "OB_OI"H P R "0B80"H | "0B81"H | '0B82'H [["0B83"H
G13 | G164 |"0C00"H |"0C01"H |"0C02"H|"0CO3"H |- - ... ocg0o'H | "0c81"H| "ocs2"H|| “ocg3H
Gl14 G163 [ "0DO00"H |"0DO1"H | "0D02"H |*opo3"y |---- - - "0D80"H [ "op81"H| "ops2'H|["opg3 H
G15 G162 | "0OE00"H |"0E01"H | "0E02"H| "0EO3"H |---------- "OE80"H | "0E81"H| "0E82"H|["0E83"H
G16 G161 [ "0F00"H |'OF01"H | "OF02"H | "oF03"H |---=""---- "OF80"H | "0F81"H|l "0F82"H||"0E83"H
G1l7 | G160 | "1000"H |"1001"H | "1002"H | “1003"H4 |- -=----- - "1080"H | "1081"H|l "1082"H |["1083"H
G18 |G159 | "1100'H |"1101"H | "1102"H | "1108"H |.......... *1180"H | "1181°H | "1182"H | *1183"H
G19 G158 | "1200"H |"1201"H | "1202"H §"1203"H |- ------ "1280"H | "1281"H| "1282"H | "1083"H
G20 G157 |} "1300"H |"1301"H | "1302"H|"1303"H |**~""""" " "1380"H | "1381"H| "1382"H | "1383"H
G169 | G8 "AB00"H |"A801"H | "A802"H | "AB03"H |-~~~ "A880"H | "A881"H| "A882"H || "Ag83"H
(G170 G7 "A900"H |"A901"H | "A902"H | "A903"H |-~~~ - "A980"H | "A981"H| "A982"H |["A983"H
G171 G6 "AA00"H |"AAQ1"H |"AA02"H | "AAO3"H f---------- "AAS0"H | "AA81"H| "AA82"H || "AA83"H
G172 G5 "AB00"H |"ABO1"H |"AB02"H | "ABO3"H |- === "AB80"H | "AB81"H{ "AB82"H || "AB83"H
G173 G4 "ACO0°H |'aco1H |"ACO2"H | "ACO3"H |- === "AC80"H | "AC81"H| "AC82"H| "AC83"H
G174 G3 "ADOO"H Japqg1y |"ADO2"H | "ADO3"H |-~ ==~ "AD80"H | "AD81"H

(G175 G2 "AEO0"H |"AEQ1"H | "AE02"H | "AE03"H |-~~~ "AE80"H | "AE81"H "

G176 Gl "AF00"H |"AFO1"H | "AFO2"H | "AFQ3"H |- <<=+~ "AF80"H | "AF81"H "AF82"H|| "AF83"H

HITACHI
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18-bit interface & hard dithering mode

IFData (DB | DB |DB|DB | DB | DB | DB | DB | DB
17| 16|15 14| 13| 12| 11| 10| 9

1 0 A A A

DB |DB
6 5

gy

DB | DB | DB

PRI
|8
4_
4_
4_

Dither process
cireuit R5 |R4|R3|R2 |RL |RO|G5|G4a|G3|G2|G1|GoO|B5|B4|B3|B2|B1]|BO
GRAM data R4 | R3|R2 |RL | RO ‘ G5|Ga|G3|G2|G1|co|B4| B3| B2| B1|BO

— |
260,000 colors i i i Giz Gil Gio

B5|B4 (B3| B2|B1]|B0

Output pins S(3n+1) S(3n+2)

S(3n+3)

Figure3 Note: n = lower eight bit of address (0 to 132)

16-bit interface

|F Data DB|DB|DB|DB | DB|DB|{DB|{DB|DB |DB |DB |DB |DB (DB | DB | DB
171 16| 15| 14| 13| 12| 11 | 10 8 7 6 5 4 3 2 1

GRAM dat
® |rRa|R3|R2 |R1 | RO| G5| Galca|c2|ci|co|B4|B3|B2|B1|BO

.
260,000 colors
G5|Ga|G3|G2 |G| Go

B5|B4|B3|B2|Bl1|BO

Output pins S(@3Bn+1) S(@Bn+2) S(3n+3)

) Note: n = lower eight bit of address (0 to 132)
Figure4

HITACHI
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HD66773 Rev. 1.0-1/ October 2002
9-bit interface & hard dither mode

First transfer Second transfer
——

IFData (pB|(DB|DB|DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB
17| 16| 15| 14| 13| 12| 11| 10| 9| 17| 16| 15| 14| 13| 12| 11| 10| 9

e Y Y Y Y Y YV IYYYVYYYIYYY

circuit R5| R4 [ R3|[R2 |R1 | RO

G5|G4|G3|G2|G1|GO|B5|B4 (B3 (B2|B1|BO
B=NIINIIEN
41 G3|G2|Gl|GO

R4 | R3[R2 |R1 RO‘GS G

GRAM data B4| B3| B2 | B1 | BO

— |
260,000 colors i i i Giz Gil Gio

B5|B4 (B3| B2|B1]|B0

Output pins S(@Bn+1) S(@Bn+2) S(3n+3)

Figure5 Note:n=lower eight bit of address (0 to 132)

8-bit interface/ SPI

First transfer Second transfer
r Il B
IFData |DB|DB|DB|DB|DB|DB|DB| DB | DB |DB |DB |DB | DB DB
17| 16| 15| 14| 13| 12| 11| 10| 17|16 |15 | 14 | 13 11

Y Y Y Y Y Y YYYYYYYYTYY

R4| R3|R2 |R1 | RO| G5| G4| G3| G2| G1| co|B4 | B3 |B2|B1l|BO

.
260,000 colors
G5|Ga|G3|G2

eXpanSion circuit |R5| R4| R3|R2 [R1 | RO

GRAM data

Gl1|GO|B5|B4|B3|B2|B1|B0

Output pins S(Bn+1) S(Bn+2)

S(3n+3)

Figure 6 Note: n = lower eight bite of address (0 to 132)

HITACHI
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Table 6: Relationship between GRAM address and display position (SS = “1", BGR= “1")

SIG pin A ol ol sl wlolld ol of SIS S §§§§§§§§§§)§§

D DDA OO DY O D AD||WN N A D N D Dl DD DYDY DY n

GS=0 GS=1 IZ:\B.. IZ1)B IZ:\B IZ1)B 28. IZ1)B IZ:\B IZ1)B IZ:\B.. IZ1)E 28 IZ1)B D{?. IZ1)E 28 IZ1)B
G1 G176 | "0083"H |"0082"H | "0081"H | "0080"H |- ... ... .. "0003"H_{"0002"H | "0001"H |"0000"H
G2 G175 |]"0183"H |"0182"H | "0181"H | "0180"H [J---------- "0103"H {"0102"H ]| "0101"H |'0100"H
G3 G174 ]'0283"H |"0282"H || "0281"H | "0280"H f---------- "0203"H ["0202"H | "0201"H | "0200"H
G4 G173 ]"0383"H }"0382"H | "0381"H | "0380"H ff---------- "0303"H_§ "0302"H | "0301"H | "0300"H
G5 G172 ) "0483"H |"0482"H | "0481"H | "0480"H [--~-~ -~ "0403"H _§"0402"H | "0401"H | "0400"H
G6 G171 ]"0583"H |"0582"H §"0581 H |"0580"H ||---------- "0503"H_J"0502"H |"0501 H |]"0500"H
G7 G170 ] "0683"H |"0682"H | "0681"H | "0680"H [|:----- - - "0603"H |"0602"H ]| "0601"H |'0600"H
G8 G169 | "0783"H |"0782"H | "0781"H | "0780"H [|---------- "0703"H {"0702"H ] "0701"H |"0700"H
G9 G168 |"0883"H |"0882"H || "0881"H | "0880"H |f---------- "0803"H | "0802"H ]| "0801"H | "0800"H
G10 G167 ]"0983"H ]"0982"H || "0981"H | "0980"H [f---------- "0903"H ["0902"H | "0901"H | "0900"H
G11 G166 | "0A83"H | "0A82"H | "0A81"H | "OA80"H f---------- "0A03"H ["0A02"H |"0A01"H |"0A00"H
G12 G165 | "0B83"H |"0B82"H | "0B81"H |"0B8O"H [f---------- "0B03"H _{"0B02"H |"0BO1"H |"0BOQO"H |
G13 G164 | "0C83'H |"0C82"H | "0C81"H |"0C80"H ||---------- "0Cc03"H {"0C02"H |"0C01"H J"0C00"H
G14 G163 | "0D83"H |"0D82"H | "0D81"H |"0D80"H ||--~---"--- "0D03"H |"0D02"H |"0D01"H |"0D00"H
G15 G162 | "0E83"H| "0E82"H | "OE81"H ] "0E80"H {|---------- "0E03"H | "0E02"H | "0OE01"H | "0E00"H
G16 G161 | "OF83"H | "0F82"H | "OF81"H | "OF80"H [|---------- "0F03"H | "0F02"H | "0F01"H |"0F00"H
G17 G160 | "1083"H | "1082"H | "1081"H | "1080"H f---------- "1003"H §"1002"H | "1001"H | "1000"H
G18 G159 | "1183"H | "1182"H | "1181"H | "1180"H [J---------- "1103"H J"1102"H |"1101"H ]"1100"H
G19 G158 | "1283"H | "1282"H | "1281"H | "1280"H f---------- "1203"H | "1202"H | "1201"H |"1200"H
G20 G157 ]"1383"H | "1382"H | "1381"H | "1380"H [ "= " - "1303"H | "1302"H | "1301"H |"1300"H
G169 G8 "A883"H |"A882"H || "Ag881"H | "A880"H |-+ ---- - "A803"H |"A802"H | "A801"H | "A800"H
G170 G7 "A983"H |"A982"H | "A981"H | "A980"H |[---------- "A903"H |"A902"H | "A901"H | "A900"H
G171 G6 "AA83"H |"AA82"H | "AABL"H |"AA8Q"H f------ - "AA03"H |"AA02"H |"AAO01"H |"AAQQ"H
G172 G5 "AB83"H |'ABg2"H | "AB81"H|"AB8O"H |-- -~~~ - "AB03"H |"AB02"H |"ABO1"H |"AB0Q"H
G173 G4 "AC83"H |'"AC82"H | "AC81"H|"AC80"H [|-~--"---" "AC03"H |"AC02"H |"ACO1"H |"AC00"H
G174 G3 "AD83"H |'AD82"H | "AD81"H|"AD8O"H |- - -~ "AD03"H ["AD02"H |"ADO1"H |"AD0O"H
G175 G2 "AE83"H|"AE82"H | "AE81"H| "AESQ"H|[------- - "AE03"H | "AE02"H | "AEO1"H | "AE00"H
G176 G1 "AF83"H|"AF82"H | "AF81"H| "AF80"H |-+ "AF03"H |"AF02"H | "AF01"H | "AF00"H

HITACHI
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HDG66773 Rev. 1.0-1/ October 2002

18-bit interface & hard dither mode

IFData (DB | DB|DB|DB | DB | DB | DB | DB | DB

DB | DB | DB
17116 (15| 1413|1211 | 10| 9

DB DB | DB
s|7|6|5|afl3]2]1]0

Dither process

circuit R5 |R4|R3|R2 |RL |RO|G5|G4a|G3|G2|G1|GoO|B5|B4|B3|B2|B1]|BO

GRAM data R4 | R3|R2 |RL | RO ‘ G5|Ga|G3|G2|G1|co|B4| B3| B2| B1|BO

— |
260,000 colors i i i Giz Gil Gio

expans on circuit R5| R4 | R3|R2 [R1 RO | G5 B5| B4 | B3|B2|B1]| B0

Output pins S (396 -3n) S(395- 3n) S(394-3n)

Figure7 Note: n = lower eight bite of address (0 to 132)

16-bit interface

IF Data DB | DB | DB (DB (DB | DB | DB | DB
171 16|15 14| 13| 12| 11| 10

vYYvYvyvvy

R4| R3|R2 [R1| RO| G5| G4| G3| G2| G1| Go | B4

DB | DB

<« *3
<« @
«—
<«
<+« >3
« 3
<«
<«

GRAM data

B3 (B2 | B1 | BO

E=yaN
260,000 colors
G5|Ga|G3|G2 |G| Go

B5|B4|B3|B2|Bl1|BO

Output pins S (396 -3n) S(395-3n) S(394-3n)

Figure8 Note: n = lower eight bite of address (0 to 132)

HITACHI
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9-bit interface & hard dither mode

First transfer ” Second transfer

IFData (pB|(DB|DB|DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB| DB
17| 16| 15| 14| 13| 12| 11| 10| 9| 17| 16| 15| 14| 13| 12| 11| 10| 9

Y Y Y Y Y Y Y YYYYYYYYYTYY

Dither process
circuit R5|R4|R3|R2 |[R1L |RO|[G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1|BO
GRAM data R4|R3|[R2 |R1 |RO|G5|G4|G3]|G2 B4| B3| B2 | B1| BO

4 Gl | GO
260,000 colors

Output pins S(396-3n) S (395-3n) S(394-23n)

Figure9

8-bit interface/ SPI

—— First transfer I Second transfer —

IFData (DB |(DB|DB|DB (DB |DB|DB|DB|DB (DB |DB |DB [DB |DB |DB | DB
17116 (15| 14|13 12| 11| 10|17 (16 |15 (14 |13 |12 |11 | 10

Y Y Y Y Y Y YYYYYYYYTYY

R4| R3|R2 |R1 | RO| G5| G4| G3| G2| G1| co|B4 | B3 |B2|B1l|BO
G3

G
.
260,000 colors
G5 | G4 G2

GRAM data

5

expansi oncircuit |[R5| R4| R3|R2 [R1 | RO Gl1| GO |B5(B4|B3|B2|B1]|B0
Output pins S (396 - 3n) S(395-3n) S(394-3n)
Figure 10 Note: n = lower eight bite of address (0 to 132)
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I nstructions

Outline

The HD66773 uses the 18-bit bus architecture. Before the internal operation of the HD66773 starts,
control information of 18-/16-/9-/8-hit is temporarily stored in the registers described below to allow
high-speed interfacing with a high-performance microcomputer. The internal operation of the HD66773 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 (IB15 to 1BQ), make up the HD66773
instructions. When using an internad RAM, HD66773 selects 18-bit. 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 gamma adjustment

Normally, instructions that write data are used 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, data could be written in succession.

As indicated below, assignment to 16-bit instruction ()B15-0) depends on its instruction. Follow the data
format of the interface used and execute the instruction.

18-bit interface

DB|(DB| DB (DB (DB | DB (DB | DB | DB
1716|1514 13| 12|11 |10| 9

L1117

Instruction bit Bl IB|IB|IB|IB|IB]| IB| IB

o 4— N ®
0w E— OB
AE{—‘”%
“E — "
N T — ©®
»—\E‘—Ng
oE(—"‘g

«—{°%

(IB) 15 14| 13| 12| 11| 10| 9| 8
Figure 11
16-bit interface
DB|DB|DB|DB|DB|DB|DB| DB DB |DB |DB (DB |DB | DB | DB | DB
17| 16| 15| 14| 13| 12| 12| 10 8|7 |6 |5 |43 ]|2]1
(1B) 1514 |13|12|1n]10f 9] s 7|6 15|43 (2]1]0
Figure 12
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9-bit interface .
First transfer
—— I Secondtransfer—|
pB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB (DB |DB |DB |DB | DB | DB
17|16 15| 14| 1312|112 |10| 9|8 |7 |6 |5|4]|3|2]1]0
onbit |1B|l 1Bl 1B|lI1B|IB|IB|IB|IB B |iB|1IB|1B|1B|IB|IB]|IB
'”S‘”‘(‘fg?” bit 15 14| 13| 12| 11| 10| 9| 8 716|543 2]1]0
Figure 13
8-bit interface/SPI (transfer two times/pixel)
First transfer Second transfer
— I ]
pB|pB|pB|DB|DB|DB|DB| DB DB|DB| DB|DB| DB| DB| DB| DB
17| 16| 15| 14| 13| 12| 12| 10 17| 16| 15| 14| 13| 12| 11| 10
Instructionbit (g [ g [ 1B |1B|IB|IB|IB]| IB BB |IB|IB|IB|IB|IB|IB
(1B) 15|14 |13|12|12 |10 9| 8 716 |5 |a|3[2]1]0
Figure 14
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Detail description

Please be noticed that instructions description indicated below are descriptions for instruction bit (1B15-0)
mounted on each interface.

Index / Status/ Display control Instruction
Index (IR)

The index instruction specifies the RAM control indexes (ROOh to R3Bh). It setsthe register number in
the range of 000000 to 111111 in binary form. But do not access to Index register and instruction bits
which do not have it's own index register.

RW RS IB15 1B14 B13 [B12 IB11 IB10 B9 IB8 _iB7 _IB6 IBS IB4 _1B3 1B2 IB1 1BO

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

Figure15 Index Instruction

Status Read (SR)

The status read instruction reads the internal status of the HD66773.
L 7-0: Indicates the driving raster-row position where the liquid crystal display is being driven.

RW RS IB15 1B14 B13 [B12 IB11 IB10 IB9 1B8 IB7 __1B6 IBS IB4 _1B3 1B2 1B1 1BO

R 0 L7] L6 L5| L4 L3 L2| L1| LO| O] O 0 0 0 0] O 0

Figure16  StatusRead Instruction
Start Oscillation (ROO h)

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

If thisregister isread forcibly, *0773H isread.

RW RS I1B15 [B14 1B13 [B12 B11 IB10 _IB9 1B8 IB7 _1B6 IBS B4 _1B3 1B2 1B1 1BO

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

Figurel7  Start Oscillation Instruction

Driver Output Control (RO1 h)

RW RS 1B15 [B14 1B13 1B12 IB11 IB10 B9 1B8 IB7 __1B6 IBS IB4 _1B3 1B2 1B1 1BO

W 1 || 0 0 0 0 0 |SM|GS |SS 0 0 0 | NL4| NL3| NL2 | NL1] NLO

Figure18 Driver Output Control Instruction

HITACHI
22



HD667/3

Rev.1.0-1/ October 2002

GS: Selects the output shift direction of the gate driver.  When GS = 0, G1 shiftsto G176. When GS =
1, G176 shiftsto G1. *

SM: Change scan order of gate driver. Select the order according to the mounting method. See “ Scan

Mode Setting” for details see the page 76.

SS: Selects the output shift direction of the source driver. When SS = (0", S1 shifts to S396. When SS =
“1", S396 shiftsto S1. When SS="0", <R><G><B> color is assigned from S1. Set SS bit and BGR hit
when changing the dot order of R, G and B. When SS = 1, <R><G><B> color is assigned from S396. Re-

write the RAM when intending to change the SS bit or RGB bit.

NL 4-0: Specify number of lines for the LCD drive.

duty ratio.  Select the set value for the panel size or higher.

Table 7: NL Bitsand Drive Duty

Number of lines for the LCD drive can be adjusted
for every eight raster-rows. GRAM address mapping does not depend on the setting value of the drive

NL4 NL3 NL2 NL1 NLO

Display Size

Number of LCD Driver Lines

Gate Driver Used

o
o
o

o

o

Setting disabled

Setting disabled

Setting disabled

0 0 0 0 1 396 x 16 dots 16 G1to G16
0 0 0 1 0 396 x 24 dots 24 Glto G24
0 0 0 1 1 396 x 32 dots 32 G1to G32
0 0 1 0 0 396 x 40 dots 40 G1 to G40
0 0 1 0 1 396 x 48 dots 48 G1 to G48
0 0 1 1 0 396 x 56 dots 56 G1 to G56
0 0 1 1 1 396 x 64 dots 64 G1to G64
0 1 0 0 0 396 x 72 dots 72 G1lto G72
0 1 0 0 1 396 x 80 dots 80 G1 to G80
0 1 0 1 0 396 x 88 dots 88 G1 to G88
0 1 0 1 1 396 x 96 dots 96 G1 to G96
0 1 1 0 0 396 x 104 dots 104 G1 to G104
0 1 1 0 1 396 x 112 dots 112 G1lto G112
0 1 1 1 0 396 x 120 dots 120 G1to G120
0 1 1 1 1 396 x 128 dots 128 G1to G128
1 0 0 0 0 396 x 136 dots 136 G1to G136
1 0 0 0 1 396 x 144 dots 144 Glto G144
1 0 0 1 0 396 x 152 dots 152 G1to G152
1 0 0 1 1 396 x 160 dots 160 G1 to G160
1 0 1 0 0 396 x 168 dots 168 G1to G168
1 0 1 0 1 396 x 176 dots 176 G1to G176

Note: Blank period (when all gates output Vgoff level) of 8H period will be inserted to the gates after al

gates are scanned.
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L CD-Driving-Waveform Control (R02 h)

RW RS IB15 1B14 IB13 [B12 IB11 IB10 IB9 1B8 IB7 __1B6 IBS IB4 _1B3 1B2 IB1 1BO

Wl 1 0] O 0| O |FLDy FLDO| B/IC|EOR O 0 | NW5| NwW4 NW3| NW2| NW1| NWO

Figure19 LCD-Driving-Waveform Control Instruction

FL D1-0: Set number of the field that the n field inter-laced driving.  For details, see the “ Inter-laced”
drive section. (P76)

FLD1 FLDO Number of field

0 0  Setting disabled
0 1 1fied
1 0  Setting disabled
1 1 3fied

Table8

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive.
When B/C = 1, anraster-row waveform is generated and aternates in each raster-row specified by bits
EOR and NW5-NWO in the LCD-driving-waveform control register. For details, see the “ n-raster-row
Reversed AC Drive” section. (P75)

EOR: When the C-pattern waveformis set (B/C = 1) and EOR = 1, the odd/even frame-select signals and
the n-raster-row reversed signals are EORed for aternating drive.  EOR is used when the LCD is not
alternated by combining the set values of the number of the LCD drive raster-row and the “ n raster-row”.
For details, see the “n-raster-row Reversed AC Drive” section.

NW5-0: Specify the number of raster-rows n that will aternate at the C-pattern 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.

HITACHI
24



HDG66773 Rev.1.0-1/ October 2002

Power Control 1 (RO3h)
Power Control 2 (R04h)

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

w 1 0 0 0 0 0 BT2 | BT1 | BTO DC2 DC1 | DCO AP2 | AP1 APO SLP | STB

w 1 |l cao| © o] o 0 0 0 0 0 0 o | o o | o 0 0

Figure20 Power Control Instruction

BT2-0: The output factor of step-up circuit isselected. Adjust scale factor of the step-up circuit by the
voltage used. Lower amplification of the step-up circuit consumes less current.

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

AP2-0: The amount of fixed current from operationa amplifier for the power supply is adjusted. When
the amount of fixed current is large, the LCD driving ability and the display quality become high, but the
current consumptionisincreased. Adjust the fixed current considering the display quality and the
current consumption. During no display, when AP2-0 = “000", the current consumption can be reduced
by ending the operational amplifier and step-up circuit operation.

SLP: When SLP = 1, the HD66773 enters the sleep mode, where the internal display operations are

halted except for the R-C oscillator, thus reducing current consumption.

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

STB: When STB = 1, the HD66773 enters the standby mode, where display operation completely stops,
halting all theinternal 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 modeis canceled.  Seria transfer to the common driver is possible when it is
in standby mode. Transfer the data again after it has been released from standby mode.

CAD: Set up based on retention capacitor configuration of the TFT pane.
CAD="0" Set this up when use Cst composition.

CAD="1" Set this up when use Cadd composition.
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Table9 BT Bitsand DDVDH and VGH Outputs
BT2 BT1 BTO DDVDH Output VGH Output Notes* Capacitor connect pin
0 0 0 2x Vil 3xVci2 VGH=Vcilx6 DDVDH, VGH, VGL, VCL,
C11+, C21+, C22+, C31+, C41+
0 0 1 2x Vil 4xVci2 VGH=Vcilx8 DDVDH, VGH, VGL, VCL,
C11+, C21+, C22+, C23+, C31+,
C4l+
0 1 0 3xVcil 3xVci2 VGH=Vcilx9 DDVDH, VGH, VGL, VCL,
C11+, C12+, C21+, C22+, C31+,
C4l+
0 1 1 3xVcil 2xVci2 VGH=Vcilx6 DDVDH, VGH, VGL, VCL,
C11+, C12+, C21+, C22+, C31+,
C4l+
1 0 0 2xVcil Vcil+2xVci2 VGH=Vcilx5 DDVDH, VGH, VGL, VCL,
C11+, C21+, C22+, C31+, C41+
1 0 1 2xVcil Vcil+3xVci2 VGH=Vcilx7 DDVDH, VGH, VGL, VCL,
C11+, C21+, C22+, C23+, C31+,
C4l+
1 1 0 Step-up 3xVci2 VGH=Vci2x3 DDVDH, VGH, VGL, VCL,
stopped C21+, C22+, C31+, CAl+
1 1 1 Setting prohibited ~ Setting prohibited  Setting prohibited Y
Note: The step-up factors of VGH are derived from Vcil when DDVDH and Vci2 are shorted. The conditions of

DDVDH £5.5V and VGH £ 16.5V must be satisfied.
Table 10

DC2 DCl1 DCO

DC Bitsand Step-up Cycle

Step-up Cycle in Step-up Circuit 1

Step-up Cycle in Step-up Circuits 2/3/4

0 0

0

DCCLK divided by 15

DCCLK divided by 60

DCCLK divided by 30

DCCLK divided by 60

DCCLK divided by 60

DCCLK divided by 60

DCCLK divided by 30

DCCLK divided by 240

DCCLK divided by 15

DCCLK divided by 120

DCCLK divided by 30

DCCLK divided by 120

DCCLK divided by 60

DCCLK divided by 120

RlRr|R|RPR O|loO|O
RlRr|Oo|lOo|R|R|O

Rlo|lrRr|O|lR|O|rR

DCCLK divided by 60

DCCLK divided by 240

Table11

AP2

>
3
l_\

APO

AP Bitsand Amount of Current in Operational Amplifier

Amount of Current in Operational Amplifier

Operation of the operational amplifier and step-up circuit stops.

Small

Small or medium

Medium

Medium or large

Large

Setting inhibited

P[PPI OlO|lO|O
PP OO|FR|L,|O|O

RO, O, O|FL,|O

Setting inhibited
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Power Control 3 (ROCh)
Power Control 4 (RODh)
Power Control 5 (ROEh)

R/W RS IB15 _IDB14 1B13 IB12 IB11 1B10 1B9 1B8 IB7 1B6 IBS 1B4 IB3 1B2 IB1 1BO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 | vC1 | vCo
0 0 0
w 1 0 0 0 0 VRL3| VRL2 | VRL1| VRLO PON | VRH3| VRH2| VRH1| VRHO
0 0 0
w 1 0 0 ?\//ICGO VDV4 | VDV3 | VDV2 | VDV1| VDVO VCM4| VCM3| VCM2| VCM1| VCMO
Figure 21

VC2-0: Adjust reference voltage of VREG1OUT, VREG20UT and VciOUT to optiona rate of Vci.
Also, when VC2-0 = “111", it is possible to stop the internal reference voltage generator. It is possible to

apply any voltage.

VRL3-0: Set magnification of amplification for VREG20UT voltage (voltage for the reference while
generating Vgoff.) It alows magnify the amplification of Vci output voltage from —1.5 to -6.5 times.

PON: Thisis an operation starting bit for the booster circuit 3. PON = 0isto stop and PON = 1 to start
operation.

VRH3-0: Set magnification of amplification for VREG1OUT voltage (VCOM, reference voltage for
gryascale voltage) It alows magnify the amplification of REGP from 1.33 to 2.775 times.

VCOMG: When VCOMG = 1, VcomL voltage can output to negative voltage (-5V).

When VCOMG = 0, VcomL voltage becomes GND and stops the amplifier of the negative voltage.
Therefore, low power consumption is accomplished. Also, When VCOMG = 0, setting of the VDV4-0 is
invalid. In this case, adjustment of Vcom/Vgoff A/C amplitude must be adjusted with VcomH using
VCM4-0.

VDV4-0: Sets amplification factors for Vcom and Vgoff while Vcom AC drive is being performed. It is
possible to set up from 0.6 to 1.23 times of VREG1. When VCOMG = 0, the set up isinvalid.

VCMA4-0: Set VcomH voltage (voltage of higher side when Vcom is driven in A/C.) It is possible to
amplify from 0.4 to 0.98 times of VREG1 voltage. Also, when setting up VCM4-0 = “11111", stop the
internal volume adjustment and adjust VcomH with external resistance from VcomR.
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Tablel2 VC Settingsand Internal Reference Voltage

VC2 VC1 VCO Internal Reference Voltage
(REGP) of VREG10UT and Vcil

0 0 0 Vi

0 0 1 0.92 x Vci

0 1 0 0.87 x Vci

0 1 1 0.83 x Vi

1 0 0 0.76 x Vci

1 0 1 0.73 x Vci

1 1 0 0.68 x Vci

1 1 1 Vcil: Hi-Z REGP: GND

Note: Leave these settings open because the voltage other than that for halting the internal circuit is output for
REGP.

SRRV VA VAV VAN

FLM I
VGH VGH
[ Y
GTEST1,2 Vgoff | Vgoff

Figure22 Output timing of GTEST1, and 2
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Table1l3 VRH Bitsand VREG1OUT Voltage

VRH3 VRH2 VRH1 VRHO VREG1OUT Voltage

REGP x 1.33 times

REGP x 1.45 times

REGP x 1.55 times

REGP x 1.65 times

REGP x 1.75 times

REGP x 1.80 times

REGP x 1.85 times

Stopped

REGP x 1.9000 times

REGP x 2.175 times

REGP x 2.325 times

REGP x 2.475 times

REGP x 2.625 times

REGP x 2.700 times

Rl O|O|FRP|FP OCIOC|FRP|FPO|O|FR|FL|O|O
ORI O/ O|FrR|O|FRP|O|Fr,r|O|FR|O|FL|O

REGP x 2.775 times

Plr|Rr|Pr|r|Rr|r|r|lojlojojo|lo|o|lo|o
Pl Rr|r|lo|lo|lo|o|r|r|r|r|lojolo|lo

1 1 Stopped

Notes: 1. Adjust VC2-0 and VRH3-0 so that the VREG1OUT voltage is lower than 5.0 V.

Table1l4 VRL Bitsand VREG20UT Voltage

VRL3 VRL2 VRL1 VRLO VREG20UT Voltage

Veci x-1.5

Vci x— 2.0 times

Vci x—2.5times

Vci x—3.0times

Vci x—3.5times

Vci x —4.0 times

Vci x 4.5 times

Stopped

Vci x -5.0 times

Vci x -5.5times

Vci x —6.0times

Vci x —6.5 times

Setting inhibited

Setting inhibited

RO/l P O|IO|RP|FPIOIOC|FR|L,|O|O
O|r| O ORI ORI O|FR,|O|F|O|FL|O

Setting inhibited

PRk RP|Pr R Rr|lololololoololo
PRk Rr|lolo|lolo|r|r| r|lrloololo

1 1 Stopped

Notes: 1.  Adjust Vci and VRL3-0 so that the VREG20UT voltage is higher than —16.0 V.
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Tablel5 VCMA4-0Bitsand VcomH Voltage

VCM4 VCM3 VCM2 VCM1 VCMO VcomH Voltage

0 0 0 0 0 VREG1OUT x 0.40
0 0 0 0 1 VREG10UT x 0.42
0 0 0 1 0 VREG10UT x 0.44
0 1 1 0 0 VREG10UT x 0.64
0 1 1 0 1 VREG10UT x 0.66
0 1 1 1 0 VREG10UT x 0.68
0 1 1 1 1 The internal volume stops, and VcomH can be adjusted
from VcomR by an external variable resistor.
1 0 0 0 0 VREG10UT x 0.70
1 0 0 0 1 VREG10UT x 0.72
1 0 0 1 0 VREG10UT x 0.74
1 1 1 0 0 VREG10UT x 0.94
1 1 1 0 1 VREG10UT x 0.96
1 1 1 1 0 VREG10UT x 0.98
1 1 1 1 1 The internal volume stops, and VcomH can be adjusted

from VcomR by an external variable resistor.

Note: Adjust VREG1OUT and VCM4-0 so that the VcomH voltage is lower than VDH.

Table16 VDV4-0Bitsand Vcom Amplitude

VDV4 VDV3 VDV2 VDV1 VDVO Vcom Amplitude

0 0 0 0 0 VREG1OUT x 0.60 times
0 0 0 0 1 VREG1OUT x 0.63 times
0 0 0 1 0 VREG1OUT x 0.66 times
0 1 1 0 0 VREG1OUT x 0.96 times
0 1 1 0 1 VREG1OUT x 0.99 times
0 1 1 1 0 VREG1OUT x 1.02 times
0 1 1 1 1 Setting inhibited

1 0 0 0 0 VREG1OUT x 1.05 times
1 0 0 0 1 VREG1OUT x 1.08 times
1 0 0 1 0 VREG1OUT x 1.11 times
1 0 0 1 1 VREG1OUT x 1.14 times
1 0 1 0 0 VREG1OUT x 1.17 times
1 0 1 0 1 VREG1OUT x 1.20 times
1 0 1 1 0 VREG1OUT x 1.23 times
1 0 1 1 1 L

n n ” ” ” Setting inhibited

Note: Adjust VREG1OUT and VDV4-0 so that the Vcom and Vgoff amplitudes are lower than 6.0 V.
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Entry Mode (RO5h)
Compare Register (R06h)

RW_ RS IB15 IB14 [B13 I1B12 1B11 [B10 IB9 IB8 1B7 IB6 ___IB5 B4 1B3 1B2 IB1 __1BO

W 1 DIT 0 0 |BGR 0 0 [ HwMm 0 0 0 I/D1|1/DO | AM | LG2 | LG1 | LGO

W 1 |CP15 |CP14 |CP13 [CP12 [CP11 |CP10 |CP9 | CP8 | CP7 | CP6| CP5 | CP4 | cP3| CP2 | CP1 | CPO
Figure 23

The write data sent from the microcomputer is modified in the HD66773 written to the GRAM. The
display data in the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For details, see the Graphics Operation Function section. (See page 64.)

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. (See

page 58)

[/D1-0: When I/D1-0 = “1”, the address counter (AC) is automatically incremented by 1 after the datais
written to the GRAM. When 1/D1-0 = “0”, the AC is automatically decremented by 1 after the data is
written to the GRAM. The increment/decrement setting of the address counter by 1/D1-0 is done
independently for the upper (AD15-8) and lower (AD7-0) addresses. The 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 &fter the data is written to the GRAM. When AM =
“0", the data is continuously written horizontally. When AM = “1”, the data is continuously written
vertically. When window address range is specified, the GRAM in the window address range can be
written to according to the 1/D1-0 and AM settings.

DIT: Hard dither mode is selected when DIT= “1".Use hard dither mode when 18-/9-bit or I/F mode is
selected.

1/D1-0="00"

Horizontal: decrement
Vertical: decrement

I/D1-0="01"

Horizontal: increment
Vertical: decrement

1/D1-0="10"

Horizontal: decrement
Vertical: increment

I/D1-0="11"

Horizontal: increment
Vertical: increment

0000h

0000h

0000h

0000h

AF83h

AF83h

AM="0" —— — > — = >
pl— - > < == - >
Horizontal ———— = > 2 ~
AF83h AF83h AF83h AF83h
0000h 0000h 0000h 0000h
ITYYYYY) ArARAL A T
AM="1" ‘1 I\ ,
Vertical I N I
A - FYYYYYY YYVYV VY

AF83h

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

Figure24 AddressDirection Settings
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L G2-0: Compare the data read from the GRAM or write data written from the microcomputer with the
compare registers (CP15-0) by a compare/logical operation and write the results to GRAM.  For details,
see the “ Graphic Operation function”.

CP15-0: Sets the compare register for the compare operation with the data read from the GRAM or
written by the microcomputer. * This function can not be used when using 18-/9-hit interface. Set LG2-0 =
“000” when using 18-/9-bit interface.

BGR: In the writing of 18 bits of datato RAM, this bit may be used to reverse the it order from R, G, and
B to B, G, and R. Please be aware that setting BGR to 1 will convert the order of the CP15-0 and WM 15-
0 bitsin the same way.

Write data (Note 1)

Logical/compare
operation (LG2 - 0)

Write data mask*
(WM15 - 0)
(Note 2)

A

Notel) Data processing when it is not LG2-0 = “000”, is available only when using 8-/16-bit interface. For the bit
assignment for each interface, see the section parallel transfer.
2) The write data mask (WM 15-0) is set by the register in the RAM write data mask section. Write data mask
operation is available only with 8-/16-bit interface.

Figure 25
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Display Control (RO7h)

RIW RS DB15 DB14 DB13 DB12 DB1l DB10 DB9 DB8 DB7  DB6 DB5 DB4  DB3 DB2 DB1 DBO

W 1 0 0 0 PT1 PTO | VLE2| VLEL| SPT 0 0 GON | DTE CL REV D1 DO

Figure26 Display Control Instruction

PT 1-0: Normalize the source outputs when non-displayed area of the partia display isdriven. For
details, see the Screen-division Driving Function section.

VLE2-1: When VLE1="1", avertical scroll is performed in the 1% screen.  WhenVLE2="1", a
vertical scroll is performed in the 2™ screen.  Vertical scrolling on the two screens cannot be controlled
at the sametime.

VLE2  VLE1l 2" Screen 1% Screen
0 0 Fixed display Fixed display
0 1 Fixed display Scroll display
1 0 Scroll display Fixed display
1 1 Setting disabled
Table17

CL: When CL ="“1", HD66773 selects 8-color mode.  For details, see the 8-color Display Mode section.

CL Number of Display Colors
0 65,536
1 8
Table 18

SPT: When SPT = “1”, the 2-division LCD drive is performed. For details, see the Screen-division
Driving Function section.
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REV: Displays all character and graphics display sections with reversal when REV =“1". Sincethe
grayscale level can be reversed, display of the same datais enabled on normally-white and normally-
black panels. Source output level isindicated below.

Source output level

. non-display area
REV G(Ta/;\aM Display area PT1-0 = (0.%) PT1-0= (1.0) PT1-0=(11)
VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H"

16'h0000 V3l VO

0 : : : V31 VO GND | GND Hi-z Hi-z
16'hEFFF VO V531
16'h0000 VO V3l

1 : : : V31 VO GND | GND Hi-z Hi-z
16hEFFF | V3l Vo

Figure 27
Source output level
rey | GRAM D1-0=(L1) D1-0 = (1.0) D1-0=(0.1) D1-0 = (0.0)
data VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H" VCOM ="“L" VCOM ="H"

16'h0000 | V31 VO

0 : : : V31 VO GND | GND | GND | GND
16hEFFF | VO V31
16'h0000 VO V3l

1 : : | V31 VO GND | GND | GND | GND
16 hEFFF | V31 VO

Figure 28

GON: Gate off level becomes VGH when GON = “0".

D1-0: Display isonwhen D1 = “1" and off when D1 =*“0". When off, the display dataremainsin the
GRAM, and can be displayed instantly by setting D1 =“1". When D1="0", the display is off with all of
the source outputs set to the GND level. Because of this, the HD66773 can control the charging current
for the LCD with AC driving.

When D1-0="01", theinternal display of the HD66773 is performed although the display is off. When D1-0 = “00”,
the internal display operation halts and the display is off.

Control the display on/off while control GON and DTE. For details, see the Instruction Set Up Flow.

Table19 Bitsand Operation

HD66773
GON DTE D1 DO Internal Display Sour ce output Gate output

Operation

0 0 0 0 Halt GND VGH

0 0 0 1 Operate GND VGH

1 0 0 1 Operate GND VGOFF

1 0 1 1 Operate Grayscale leve output VGOFF

1 1 1 1 Operate Grayscale leve output Gate selective lineVGH,

Gate non-selective line:

VGOFF

Notes: 1. Writing from the microcomputer to the GRAM isindependent from the state of D1-0.
2. Whenitisthe standby mode, D1-0 =“00". However, the register contents of D1-0 are not modified.
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Frame Cycle Control (ROBh)

R/W RS iB15

1B14

1B13

1B12

IB11  1B10 1B9 1B8 1B7 1B6 1B5 1B4

1B3

1B2

IB1

1BO

w 1 NO1

NOO

SDT]

SDTO

eQ1| eqo| pwvi| pivo| O 0 0 0

RTN3

RTN2

RTN]

RTNO

RTN3-0: Set the 1H period.

DIV1-0: Set the division ratio of clocks for internal operation (DIV1-0). Interna operations are driven by
clocks which frequency are divided according to the DIV 1-0 setting. Frame frequency can be adjusted
along with the 1H period (RTN3-0). When changing drive line count, adjust the frame frequency. For

Figure 29

details, see the Frame Frequency Adjustment Function section.

EQ1-0: Setsequalinzing period.

Table 20
RTN3 RTN2 RTN1 RTNO Clock cycles per Rster-row
0 0 0 0 16
0 0 0 1 17
0 0 1 0 18
| i
1 1 1 0 30
1 1 1 1 31
Table 21
DIV1 DIVO Division Ratio | Internal Operation Clock Freguency
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
Table 22
EQ1 EQ2 EQ period
0 0 No EQ
0 1 1 clock cycle
1 0 2 clock cycle
1 1 3 clock cycle
—Formula for the fram frequency
fosc

Frame frequency =

Clock cycles per raster-row x division ratio x (Line + 8)

fosc: CR oscillation frequency

Line: Number of drive raster-row (NL bits)
Division ratio: DIV bit

Clock cycles per raster-row: RTN bits

[HZ]

Note) Equalization is available only when VcomL islarger than OV. Set EQ =“00",
when VcomL is smaller than OV.
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SDT1-0: Set delay amount from the gate output signal falling edge of the source outputs.

Table23 SDT1 SDTO Delay amount of the source output
0 0 1 clock cycle
0 1 2 clock cycle
1 0 3 clock cycle
1 1 4 clock cycle

«§———1H period - 1H period———P»

Sn [ [ [
EQ ’
' Delay amount of l v | ' ,
: the source out ' : ‘
' s I = .
Equalizing period + ' .

Figure 30

NO1-0: Sets amount of non-overlap of the gate output.

Table 24 NO1 NOO Amount of non-overlap
0 0 0 clock cycle
0 1 4 clock cycle
1 0 6 clock cycle
1 1 8 clock cycle

«@——1H period b 1H period——p»

o] |

Gn+1 ' Non-overlap period . [‘_

Figure 31
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Gate Scan Position (ROFh)

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

w 1 0 0 0 0 0 0 0 0 0 0 0 | SCN4| SCN3| SCNZ SCN1| SCNO

Figure 32

SCN4-0: Set the scanning starting position of the gate driver.

Scanning start position

SCN4 SCN3 SCN2 SCN1 SCNO When GS=0 When GS=1

0 0 0 0 0 G1 G176
0 0 0 0 1 G9 G169
0 0 0 1 0 G17 G161
0 1 0 0 G161 G17
0 1 0 1 G169 G9
Table 25
G1 G1
G17

G57

G176 G176
Sotbo1t GS=0
SCN4-0=00010 NL=10101

SCN4-0=01110

Note: Do not set over NL = 176 for the
gate scan ending position..

Figure 33: Relationship between NL and SCN set up value
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Vertical Scroll Control (R11h)
RW RS IB15 IB14 1IB13 IB12 IB11 IB10 _IB9 IB8 1B7 IB6__IB5 B4 IB3 1B2 IB1__IBO
W 1 0 0 0 0 0 0 0 0 | VL7|VL6[VL5|VL4| VL3| VL2| VL1| VLO
Figure34

VL 7-0: Specify scroll length at the scroll display for vertical smooth scrolling.  Any raster-row from the
first to 176" can be scrolled for the number of the raster-row. After 176" raster-row is displayed, the
display restarts from the first raster-row. The display-start raster-row (VL7-0) is valid when VLEL1 = “1”
or VLE2 ="1". Theraster-row display isfixed when VLE2-1 = “00".

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Scroll length
0 0 raster-row
0 1 raster-row
0 0 2 raster-row
Note: Do not set any
0 1 1 0 174 raster-row higher raster-row than
0 1 1 1 1 175 raster-row 175 ("AF"H)
Table 26
1* Screen Driving Position (R14h)
2" Screen Driving Position (R15h)
RW RS IB15 1B14 1B13 IB12 IB11 IB10 IB9 1B8 IB7 1B6 IBS 1B4 B3 1B2 1B1 1BO
w 1 SE17| SE16| SE15| SE14| SE13| SE12| SE11| SE10| SS17 | SS16 | SS15 | SS14 | SS13 | SS12 | SS11 | SS10
w 1 SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | SS24 | SS23 | SS22 | SS21 | SS20
Figure 35

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

SE17-0: Specify the driving end position for the first screenin alineunit. The LCD driving is
performed to the set value + 1 gate driver.  For instance, when SS17-10 =“07"H and SE17-10="10"H
are set, the LCD driving is performed from G8 to G17, and non-selection driving is performed for G1 to
G7, G18, and others. Ensurethat SS17-10 £ SE17-10 £ AFH. For details, see the 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 gate driver. The second screen is driven when SPT =*1".

SE27-0: Specify the driving end position for the second screen in a line unit. The LCD driving is
performed to the set value + 1 gate driver.  For instance, when SPT = 1", SS27-20 =*20"H, and SE27—
20 ="“4F"H are set, the LCD driving is performed from G33to G80. Ensure that SS17-10 £ SE17-10 £
SS27-20 £ SE27-20 £ “AF’H. For details, see the Screen-division Driving Function section.
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Horizontal RAM Address Position (R16h)
Vertical RAM Address Position (R17h)

R/W RS IB15 IB14 IB13 IB12 IB11 IB10 IB9 1B8 1B7 1B6 1B5 1B4 1B3 1B2 1B1 1BO

w 1 HEA7 |HEAG | HEAS | HEA4| HEA3| HEA2| HEAL | HEAO| HSA7 | HSA6 |HSAS | HSA4 |[HSA3 |HSA2 |HSA1 |HSAO

w 1 VEA7 | VEAG| VEAS| VEA4 | VEA3| VEA2| VEAL | VEAO| VSA7| VSAG | vSA5| VSA4| vSA3 | vSA2 | VSAL | VSAO

Figure36 Horizontal/Vertical RAM Address Position Instruction

HSA7-0/HEAT-0: Specify the horizontal start/end positions of awindow for access in memory. Data can
be written to the GRAM from the address specified by HEA7-0 from the address specified by HSA7-0.
Note that an address must be set before RAM is written to. Ensure “00”h £ HSA7-0 £ HEA7-0 £ “83"h.

VSA7-0/VEAT-0: Specify the vertical start/end positions of awindow 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 £ “AF’h.

HSA HEA

VSA

Window address setting range

"00"h HSA7-0 HEA7-0 "83"h
"00"h VSA7-0 VEA7-0 "AF'h

VEA

GRAN address space | AF83h

Figure37 Window Address Setting Range

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

R/W RS IB15 [IB14 IB13 IB12 [B11 IB10 IB9 1B8 IB7 1B6 IBS 1B4 1B3 1B2 1B1 1BO

wm|wwm [ wm [wm | wMm wM wm| wMm wm| wm| wn wm wm wm| wm| wm

Wi 10 1514|1312 12] 10| 9| 8| 7| 6| 5| 4| 3| 2| 1| o
Figure38 RAM Write Data Mask Instruction

WM 15-0: In writing to the GRAM, these bits mask writing in a bit unit. This function is useful only
when using 8- or 16-bit interface. When WM 15 = “1”, this bit masks the write data of WD15 and does
not write to the GRAM. Similarly, the WM 14 to 0 bits mask the write data of WD14 to WDO in a bit
unit. For details, see the Graphics Operation Function section.

RAM Address Set (R21h)

RW RS 1B15 [B14 1B13 1B12 IB11 IB10 B9 1B8 IB7 _1B6 IBS IB4 _1B3 1B2 1B1 1BO

A\ 1 AD15| AD14| AD13| AD12| AD11| AD1O| AD9 | AD8| AD7 | AD6 AD5 | AD4 | AD3| AD2| AD1| ADO

Figure39 RAM Address Set Instruction

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

specified window address.

Table 27

GRAM Address Rangein Eight-grayscale Mode

AD15 toADO

GRAM Setting

"0000"H to "0083"H

Bitmap data for G1

"0100"H to "0183"H

Bitmap data for G2

"0200"H to "0283"H

Bitmap data for G3

"0300"H to "0383"H

Bitmap data for G4

"ACO0"H to "AC83"H

Bitmap data for G173

"ADO0"H to "AD83"H

Bitmap data for G174

"AEOO"H to "AE83"H

Bitmap data for G175

"AFO0"H to "AF83"H

Bitmap data for G176
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Write Datato GRAM (R22h)

R/W RS

[ | [ [ [ [ [ [ I [ [ [ I [
w | 1 [ i

| | |
RAM write data (WD17-0) *Allocation according to DB17-0 pin depends on interface. (Indicated below)

DB17 DB16 DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

DBO

17 16 15 141 13| 12 111 10 9 8 7 6 5 4 3 2

1

WD | wD | WD| WD| WD| wD| wWD| wb| wD| WD| wD| wD| wWD| wD| WD| wD| WD| WD

0

Figure 40

WD17-0: Transformsall the GRAM datainto 18-bit, and writes the data. Format for trnasforming data
into 18-bit depends on the interface used.

HD66773 selects the grayscale level according to the GRAM data. After writing datato GRAM, address
isautomatically updated according to AM bit and I/D bit. Accessto GRAM during stand-by mode is not

available. When using 18/9-bit interface, write datato GRAM &fter enable an internal hardware dither
process circuit (DIT bit="1").

18-bit interface 262,144 colors available

Inputpin |DB | DB | DB|DB |DB|DB|DB|DB| DB |DB
17116 (15| 14| 13 (12| 11| 10| 9 8

YYYYYvyvvvy

DB |DB | DB
6 5 4

113

-8
4_

v}
v}

D.”h‘?; ProC&S ' Hp | HD [ HD | HD | HD |HD HD HD HD HD HD HD HD|HD [HD
ared 17 | 16 | 15 |14 |13 | 12 5| 4
[ | shrinking i i l i i i Shrinking] |
GRAM write data WD WD WD WD WD WD WD | WD | WD | WD)
R,G,B assignment
G3 G2 B3| B2| B1| BO
1 pixel

Note: Write datainto GAM after setting DIT =“1".
Figure 41
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16-bit interface 65536 colorsavailable

Inputpin | pB | DB | DB |DB | DB | DB| DB | DB |DB|DB|DB|DB |DB | DB | DB | DB
17| 16| 15| 14| 13| 12|11|10|8|7|6|5]|4|3|2]1
GRAM WD WD | WD | WD |wWD|wWD|WD |WD (WD |WD WD |WD (WD |WD|WD|WD
write data 15| 14 | 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
R,G,B assignment | R4 [ R3|R2 |R1 | RO | G5 | G4 G3|GZ Gl|GO| Bga| B3| B2| B1| BO
1 pixel
Figure 42
9_b|t |nterface 262,144 colors available
liFirsi transfer  (Upper) I Second transfer (Lower)—|

Inputpin (DB | DB | DB |DB |DB|DB|DB|DB|DB|DB|DB|DB|DB | DB | DB | DB | DB

1716|1514 | 13|12 | 11| 10| 9 (17| 16| 15|14 | 13| 12| 11| 10

o A PTIII LTI IEI L

ot HD |HD [HD |HD |HD |HD |HD | HD | HD | HD | HD | HD | HD| HD | HD | HD |[HD
areu 17| 16 | 15 |14 |13 | 12 54321

1n|10|9|8|7]6
[ | strinking i i i i i i Shrinking] |
WD|WD|WD|WD|WD| WD

GRAM write data WD | WD |WD|WD | WD wb| wD |wD|wD|wD
15|14 |13|12| 11| 10| 9| 8| 7| 6| 5|4 3[2]|1]0
R,G,B assignment
R4|R3|R2 |R1L [RO[G5|G4|G3|G2|G1|GO| ga| B3| B2| B1| BO
1 pixel

Figure43 Note: Write datainto GAM after setting DIT =“1".

8-bit interface 65,536 colors available

First transfer  (Upper Second transfer  (Lower
—— (Upper) I ( )
Inputpin |pB | DB|DB|DB | DB | DB | DB | DB DB|DB|DB |DB| DB | DB |DB |DB
17| 16| 15| 14| 13| 12| 11| 10 17| 16| 15| 14| 13| 12|11 |10
GRAM wD [wb |wb|wb|wbD|wD|wD [wD |wD [wD |wD WD |wD|wD|wD|wD
write data 151 14 (13| 12| 11 | 10 9 8 7 6 5 4 3 2 1 0
R,G,B assignment | R4 [ R3 |R2 |R1 | RO | G5 | G4 G3|GZ Gl|GO| Bga| B3| B2| B1| BO
1 pixel
Figure 44
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Table 28 GRAM Data and Grayscale L evel

GRAM Data Set-up | Selected GRAM Data Set-up | Selected
Grayscale Grayscal
G R/B P G R/B N P
000000 | 00000 VO V31 010000 | 01000 V8 V23
000001 - vo-v1 |v31-v30| | o10001 - V8-V9 |V23-V22
000010 | 00001 Vi V30 010010 | 01001 ) V22
000011 . vi-vz  |v30-v29| | 10011 . Vo -V10 |v22-v21
000100 | 00010 V2 V29 010100 | 01010 V10 V22
000101 . v2-v3  |v29-v28|| 910101 - V10 - V11 | V21 - V20
000110 00011 V3 V28 010110 01011 V11 V20
000111 . va-v4  |v28-v27|| g10111 - V11 - V12 | V20 - V19
001000 00100 va V27 011000 | 01100 119 V19
001001 . va-v5s |v27-v26| | 011001 - V12 - V13|V19 - V18
001010 | 00101 V5 V26 011010 | 01101 Vik! Vi
001011 . vs-Vv6 |v26-Vv25| | 011011 - V13 - V14 |V18 - V17
001100 | 00110 V6 V25 011100 | 01110 V14 V17
001101 . ve-Vv7 |v25-v2a|| 011101 - V14 - V15| V17 - V16
001110 | 00111 V7 V24 011110 | 01111 V15 V16
001111 . v7-v8 |v24-v23|| o11111 - V15— V16 | V16 — V15
GRAM Data Set-up | Selected GRAM Data Setup | Selected
Gravscal Grayscal
G R/B N P G R/B N p
100000 | 10000 V16 V15 110000 | 11000 V24 V7
100001 - v16 — vi7|vis - vi4|| 110001 R V24 — V25| V7 - V6
100010 | 10001 vi7 vid 110010 | 11001 V25 V6
100011 - V17 -V18 V14 - V13|| 110011 B V25 -V26[ V6 - V5
100100 10010 V18 V13 110100 11010 V26 V5
100101 - V18 - V19| V13- V12|| 110101 R V26 — V27| V5 - V4
100110 | 10011 Vi Vi2 110110 | 11011 V27 V4
100111 - V19 - V20| V12 - vi1|| 170111 R V27 -V28|V4-V3
101000 | 10100 von V11 111000 | 11100 VoR V3
101001 - V20 - v21| V11 -V10|| 111001 R V28 — V29| V3 - V2
101010 | 10101 Vol V10 111010 | 11101 V29 ve
101011 - v21-v22|vio-ve || 111011 i V29 — V30| V2 - V1
101100 | 10110 V22 Vo 11100 | 11110 V30 Vi
101101 - v22-v23[ve-vs || 111101 - V30-V31|V1-V0
101110 | 10111 V23 Ve 111110 mn Va1 Vo
101111 - V23 - Vv24|v8 - v7 111111 B V31 Vo

“N" = Negative level
“P" = Poditive level
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Read Data from GRAM (R22h)

R/W

RS

R

1

| | | | | | | | | | | | | | | |
RAM read data (WD15-0) *Allocation according to DB17-0 pin depends on interface. (Indicated below)

Figure45 Read Datafrom GRAM Instruction

RD15-0: Read 16-bit data from the GRAM. When the dataiis read to the microcomputer, the first-word
read immediately after the GRAM address setting is latched from the GRAM to the internal read-data
latch. The data on the data bus (DB17-0) becomes invalid and the second-word read is normal.

When bit processing, such as alogical operation, is performed within the HD66773, only one read can be
processed since the latched datain the first word is used. Data read function and logical operation
function are usable only when using 8-/16-bit interface. When using 9-/18-bit interface, this function can

not be used.

16-bit interface

CRAM ddta | o)l R3 |R2 |R1 | RO| G5 | Ga | c3|c2 82| 1! BO
Read data RD|RD|RD|RD|RD|RD|RD |[RD |RD RD | RD | RD
151413 12|12|10] 9 |8 |7 2|11 o
. |pB|DB|DB|DB|DB|DB|DB|DB|DB DB | DB | DB | DB
Output pin | 47| 46| 15 | 14| 13 | 12 | 11 | 10| 8 43|21
Figure 46
8-bit interface/ Interface SPI
GRAMDaa | o/ | rs |rR2 |RL | RO | G5 | G4 GZ|Gl
¢¢¢¢¢¢¢¢1W€' ¢¢¢¢¢¢
Read data RD | RD | RD|RD|RD | RD | RD
15|14 |13 12|12]|10] 9
: DB| DB | DB|DB | DB | DB | DB DB | DB | DB | DB
Output pins | 77| 16| 15 [ 14 | 13 | 12 | 11 1o 17 16 15 13|12 | 11| 10
I—Fi rst transfer (Upper) gl—Second transfer (lower) —

Figure 47
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First word

Second word Read-data latch -> DB17-10

First word

Second word

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

v

Address; N set

Y

Read (data of address N)

, DB8-1

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

Y

Address:.N set

Firstword |- sy i - Riead-data lateh

Y

Write (data of address N)
Second word| DB17-10 -> GRAM
DB8-1 .

Y

Address:.M set

Automatic addregs update N + a

Firstword 1.+ gRAN - Read-datai faich: -

\

Read (data of address)
Read-data latch -> DB17-10

Write (data of address N)

Second word =DB17-0 -> GRAM
NRA{-1 \

DB8-1

y

i) Data read to the microcomputer

Y

i) Logical operation processing in
the HD66773

Figure48 GRAM Read Sequence

HITACHI
45




HDG66773 Rev. 1.0-1/ October 2002

Gamma Control (R30h to R3Bh)

R/W RS B15 IB14 IB13 [B12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 B3 B2 IB1 IBO

PKP | PKP | PKP PKP | PKP | PKP
R30 | w 1 0 0 0 0 0| 12 1 10 0 0 0 0 0 02 | o1 00

pkP | PkP | PP pkp| Pkp| PKP

R31| W 1 0 0 0 0 0 32 31 30 0 0 0 0 0 22 21 20
PKP

PKP | PKP pkp| Pkp| PkP

R32 | W 1 0 0 0 0 0| 52 | 51 50 0 0 0 0 0 42 41 | 40

PRE | PRP | PRP Pre| PRP | PRP
R33| W 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 01 00

PKN | PKN | PKN PKN| PKN| pkn
R4 W | 1 ff o] of of ol of 2] |w|lo]lo o] o] o] o] ooualoaw

Ras|W /| 1 f| of of of of o & |™[E" oo | o] of o |2 &A™

PKN | PKN | PKN PKN| PKN| PKN
R36| w | 1 0 0 0 0 0| 52 | s1 50 | O 0 0 0 0 42| 41 | 40

PRN | PRN | PRN PRN| PRN| PRN

R37| W[ 1 0 0 0 0 0| 12 | 11 10| O 0 0 0 0 02 | o1 | oo

vrp | vRp | vrP | vRP | VRP vee | vre | vre Il vep

R3A| W 1 0 0 0 14 13 12 1 10 0 0 0 0 03 02 01 00

VRN [ VRN | VRN | VRN | VRN VRN | VRN | VRN | VRN

R3B| w | 1 0 0 0|14 | 3| 122]1]1w]o0 0 0 0| o3| 02| o1 | o0
Table 29

PK P52-00: Gamma micro adjustment register for the positive polarity output

PRP12-00: Gradient adjustment register for the positive polarity output

VRP14-00: Adjustment register for amplification adjustment of the positive polarity output

PK N52-00: Gamma micro adjustment register for the negative polarity output

PRN12-00: Gradient adjustment register for the negative polarity output

VRN14-0: Adjustment register for the amplification adjustment of the negative polarity output.

For details, see the Gamma Adjustment Function.
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Register Register Upper Code Lower Code Instructions

No. R/W] RS | IB15| IB14 | IB13 1B12 | 1B11 | IB10 1B9 1B8 IB7 | 1B6 | IBS 1B4 1B3 1B2 IB1 1BO

R Index olo]| * * * * * * * * * | 1Ib6 | D5 | D4 | D3 | D2 | D1 | IDO_[Sets the index register value.

SR Status read 11 0] L7 L6 L5 L4 L3 L2 L1 LO 0 0 0 0 0 0 0 0 |Reads the driving raster-row position (L7-0).

ROOh Oscillation Start 0] 1 * * * * * * * * * * * * * * * 1 |Starts the oscillation mode while stand-by period.

Device code read 1]1 0 0 0 0 0 1 1 1 0 1 1 1 0 0 1 1 |Reads"0773"'H.

Roth  |Driver output control ol 1 0 0 0 0 0 M Gs ss 0 0 o I nal na | a2 | ones | o Sets the gatg Qrivgr shitg direction (GS), source driver shift direction (SS), and

number of driving lines (NL4-0).
. Sets the LCD drive AC waveform (B/C), number of interfaced field (FLD1-0),

RO2h  |LCD drive AC control 0 1 0 0 0 0 FLD1| FLDO| B/C | EOR 0 0 |NW5| NW4| NW3 | NW2 | NwW1 | NWO EOR output (DOR)m and the num(ber ())f n-raster-rows (NW5-0) at (C—panerr:

RO3h  [Power control (1) of1] of o 0 0 o | er2 | 811 | 810 | DC2| DC1| DCo| AP2 | APL | APo | sip | sTa [SetS the stadoy mode (STB), LCD power on (AP2-0), sleep mode (SLP),
boosting cycle DC2-0, boosting output multiplying factor (BT3-0).

R04h _ |Power control (2) 0] 1]CAD|] O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |Sets the configuration of retention bolume (CAD).
Specifies the logical operation (LG2-0), AC counter mode (AM),

RO5h  |Entry mode ol 1] o 0 0 BGR 0 0 HWM 0 0 o | vb1| vbol am 1c2 | Le1 | Lgo |increment/decrement mode (/D1-0), high-speed-wirite mode (HWM),BGR
mode, and hard dither mode (DIT).

RO6h  |Compare register 0 1 |CP15|CP14| CP13 | CP12| CP11| CP10| CP9 | CP8 | CP7| CP6| CP5| CP4| CP3 | CP2 | CP1 | CPO |Sets the compare regiser (CP15-0).
Specifies display on (D1-0), reversed display (REV), number of display colors

RO7h  |Display control ol1] o 0 0 pT1 | PTO | VLE2| VLE1| SPT| o© 0 |coN| DTE| cL | Rev| D1 | Do [(CL), DISPTMG enable (DTE), gate output on (GON), screen division driving
(ST/PT)), and verticla scrol (VLE2-1), and source output condition (PT1-0).
Sets the 1H period (RTN3-0) and operating clock grequency-division ratio

ROBh  |Frame cycle control 0] 1|nNo1|Noo| spT1|sDTO| EQL | EQO | DIVL| DIVO| © 0 0 0 | rRTN3| RTN2| RTNL| RTNO [(DV1-0), the equalizing period (EQ1-0), delay volume of the source output
(STD1-0), non-overlap volume of the gate output (NO1-0).

ROCh _|Power control (3) 0] 1 0 0 0 0 0 0 0 0 0 0 0 0 0 VC2 | vC1 | VCO |Sets an adjustment factor for the Vci voltage (VC2-0).
Sets the amplification factor for VREGOUT1 voltage (VRH4-0) and for

RODh  |Power control (4) 0 1 0 0 0 0 VRL3 | VRL2 | VRL1 | VRLO 0 0 0 | PON| VRH3| VRH2| VRH1| VRHO VREGOUT?2 voltage (VRL3-0). Step-up circit 3 starts operation (VCMA4-0).

ROEh  |Power control (5) ol 1] o] o |vcoma vovalvovs| vovz|vovi|vove] o | o | o [vemd vems| veme| vem | vewo |SEt VeomH voltage (VEM4-0), AC-cycle oscillation of Veom and Vgoff
(VDV4-0) and voltage fo VCOM (VCOMG).

ROFh __|Gate scan starting position 0l 1 0 0 0 0 0 0 0 0 0 0 0 |SCN4] SCN3| SCN2| SCN1| SCNO |Sets the scanning starting position (SCN4-0) of the gate driver.

R11h |vertical scroll control 0] 1 0 0 0 0 0 0 0 0 VL7 | VL6 | VL5 | via] vi3 | vi2 | VL1 | VLO |Specifies the screen display scroll volume (VL7-0).

R14h _|First display drive position 0 1 |SE17]|SE16| SE15 | SE14| SE13 | SE12 | SE11 ] SE10 | SS17|SS16|SS15| SS14] SS13 | SS12 | SS11 ] SS10 [Sets 1st-screen driving start (SS17-10) and end (SE17-10).

R15h  |Second display drive position 0 1 | SE27| SE26| SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27| SS26] SS25| SS24| SS23 | SS22 | SS21 | SS20 |Sets 2nd-screen driving start (SS27-10) and end (SE27-10).

R16h _|Horizontal RAM address position 0 | 1 |HEA7|HEA6] HEAS5 | HEA4 | HEA3 | HEA2 | HEAL | HEAO | HSA7| HSAG| HSAS| HSA4| HSA3 | HSA2 | HSA1 | HSAO |Sets the start (HSA7-0) and end (HEA7-0) of the horizontal RAM address

R17h |Vertical RAM address position 0 | 1 |VEA7|VEA6] VEA5 | VEA4| VEA3| VEA2 | VEAL| VEAO | VSA7|VSA6| VSA5| VSA4| VSA3 | VSA2 | VSAL | VSAO |Sets the start (VSA7-0) and end (VEA7-0) fo the vertical RAM address range.

R20h  |RAM write data mask 0 1 |wmigwmi4 wmis | wmi2| wMil| wmio] wmg | wms | wm7| wme| wMs| wm4] wMm3 | wM2 | WMl | WMo |Specifies write data mask (WM15-0) at RAM write.

R21h  |RAM address set 0l 1 AD15-8 (Upper) AD7-0 (Lower) Initially sets the RAM address to the address counter (AC).

R2%h RAM data write 0l 1 Write Data (Upper) Write Data (Lower) Write data to RAM.

RAM data read 111 Read Data (Upper) Read Data (Lower) Read data to RAM.

R30h |y control (1) 0 1 0 0 0 0 0 |PKP12|PKP11|PKP10] O 0 0 0 0 |PKP02] PKPO1| PKPOO|Adjust the Gamma control.

R31h |y control (2) 0 1 0 0 0 0 0 | PKP32|PKP31} PKP30] O 0 0 0 0 |PKP22] PKP21] PKP20|Adjust the Gamma control.

R32h |y control (3) 0 1 0 0 0 0 0 | PKP52|PKP51| PKP50] 0O 0 0 0 0 | PKP42| PKP41] PKP40|Adjust the Gamma control.

R33h_ |y control (4) 0 1 0 0 0 0 0 |PRP12|PRP11|PRP10] O 0 0 0 0 |PRPO02| PRPO1| PRPOOJAdjust the Gamma control.

R34h |y control (5) 0 1 0 0 0 0 0 |PKN12JPKN11|PKN10j] O 0 0 0 0 | PKNO2] PKNO1| PKNOOJAdjust the Gamma control.

R35h |y control (6) 0 1 0 0 0 0 0 |PKN32|PKN31| PKN30] 0O 0 0 0 0 | PKN22| PKN02] PKN20]Adjust the Gamma control.

R36h |y control (7) 0 1 0 0 0 0 0 |PKN52JPKN51| PKN50] 0 0 0 0 0 | PKN42] PKN41| PKN40|Adjust the Gamma control.

R37h |y control (8) 0 1 0 0 0 0 0 |PRN12JPRN11|PRN10] O 0 0 0 0 |PRNO2] PRNO1| PRNOOJAdjust the Gamma control.

R3Ah |y control (9) 0 1 0 0 0 VRP14] VRP13|PRP 12 VRP11| VRP10] O 0 0 0 |VRPO3|VRP02| VRPO1|VRPOO|Adjust the Gamma control.

R3Bh |y control (10) 0 1 0 0 0 VRN14] VRN13|VRN 12VRN11jVRN10] O 0 0 0 | VRNO3]VRNO2] VRNO1| VRNOOJAdjust the Gamma control.

Notel: “*” means “Don’t care”.
Note2: High-speed write mode is available only for RAM write.
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Reset Function

The HD66773 isinternaly initialized by RESET input. While resetting, inside of HD66773 is busy and it
does not accept instructions from MPU or data access from GRAM. 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 Initialization:
1. Start oscillation executed

2. Driver output control (NL4-0="10101", SS="0",CS="0")
3. LCD driving AC control (FLD1-0="01", B/C="0", EOR ="0", NW5-0 = “00000")
4

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

Power control 2 (CAD =“0")

Entry mode set (DIT =“0", BGR="0", HWM =*“0", 1/D1-0="“11": Increment by 1, AM ="“0":

Horizontal move, LG2-0 = “000": Replace mode)

7. Compare register (CP15-0: “0000000000000000")

8. Display control (PT1-0="00", VLE2-1="00": No vertical scroll, SPT =“0", GON =“0", DTE =
“0”, CL =“0": 260,000 color mode, REV =“0", D1-0="“00": Display off)

9. Frame cycle control (NO1-0="*00", SDT1-0="00", EQ1-0="00": no equalizer, DIV1-0="00": 1-
divided clock, RTN3-0 =“0000": 16 clock cyclein 1H period)

10. Power control 3 (VC2-0="000")

11. Power control 4 (VRL3-0 =“0000", PON="“0", VRH3-0="00000")

12. Power control 5 (VCOMG =“0", VDV4-0 = “00000", VCM4-0 = “00000"

13. Gate scanning starting position (SCN4-0 = “00000")

14. Vertical scroll (VL7-0 =*“0000000")

15. 1st screen division (SE17-10 =11111111", SS17-10 = “00000000")

16. 2nd screen division (SE27-20 = “11111111", SS27-20 = “00000000")

17. Horizontal RAM address position (HEA7-0 = “10000011", HSA7-0 = “00000000")

18. Vertical RAM address position (VEA7-0 = “10101111”, VSA7-0 = “00000000")

19. RAM write data mask (WM15-0 = “0000H": No mask)

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

21. Gamma control
(PKP02-00 =*“000", PKP12-10 = “000", PKP22-20 = “000", PKP32-30 = “000",
PK42-40 = “000", PKP52-50 = “000", PRP02-00 = “000", PRP12-10 = “000")
(PKN02-00 =*“000", PKN12-10 = “000", PKN22-20 = “000", PKN32-30 = “000",
PKN42—40 =*“000", PKN52-50 = “000", PRN02-00 = “000", PRN12-10 = “000")
(VRPO03-00 = “0000", VRP14-10 = “0000", VRN03-00 = “0000", VRN14-10 = “0000")

o o

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 (Source output): Output GND level
LCD driver output pins (Gate outputs): Output VGH level
2. Ocillator output pin (OSC2): Outputs oscillation signal
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System Interface

The following interfaces are available as system interface. It is determined by setting bits of IM3-0.
Instructions and RAM accesses can be performed via the system interface.

Table31 IM bits

IM3 IM2 IM1 IMO MPU-Interface Mode DB Pin
0 0 0 0 68-system 16-bit interface DB17to 10,8to 1
0 0 0 1 68-system 8-bit interface DB17 to 10
0 0 1 0 80-system 16-bit interface DB17t0o 108to 1
0 0 1 1 80-system 8-bit interface DB17 to 10
0 1 0 * Clocked serial peripheral interface (SPI) DB1to 0O
0 1 1 * Setting inhibited Ya
1 0 0 0 68-system 18-bit interface DB17-0
1 0 0 1 68-system 9-bit interface DB17-9
1 0 1 0 80-system 18-bit interface DB17-0
1 0 1 1 80-system 9-bit interface D17-9
1 1 * * Setting inhibited Ya
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1) 18-bit BusInterface

Setting the IM3/2/1/0 (interface mode) to the Vcc/GND/GND/GND level allows 68-system 18-hit
paralel datatransfer. Setting the IM3/2/1/0 to the Vcc/GND/V cc/GND level alows 80-system 18-hit
paralel datatransfer. Only in write mode these data transfer is valid.

csn* - Ccs*
Al B RS
MPU HWR* > WR* HD66773
(RD¥) 1 (RD)
B B c—
D31-0 DB17-0
18

Figure49  18-bit microcomputer and interface

Data format for 18-bit interface

Instruction

Input (p|(pB|DB|DB|DB|DB|DB|DB |DB| DB | DB
17|16 | 15| 1413|1211 (10| 9| 8| 7

YYYYVYYIYIY Yy

; IB|IB|IB|{IB]IB|IB|IB|IB IB | IB
Instruction
1514 | 13| 12|11 |10 9 8

% 4 3
«
«

NG
- [N
<« |

<+ °F§

Instruction code

Figure 50

RAM data write

Input (pe | pB|DB|DB|DB|DB|DB|DB
17| 16| 15| 14| 13|12 | 11 | 10

I P Aag P AP

HD| HD|HD | HD | HD | HD
17| 16| 15 |14 |13 | 12

HD | HD

11 10
\ | | Shrinking i i

G5 | G4

R4 | R3|[R2 |R1 | RO

DB (DB |DB DB (DB | DB

7 6 5 2 1 0

REERE
Lo

51 4 3 2 1 0
G3 | G2
Note: With 18-bit system interface, 262,144 colors display is available when DIT bitisset “1”.

Dither process
circuit

GRAM write data

6
i |—| Shrinking
GO
1 pixel

B4| B3| B2| B1| BO

Figure51
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2) 16-bit BusInterface

Setting the IM3/2/1/0 (interface mode) to the GND/GND/GND/GND level allows 68-system 18-bit
paralel datatransfer. Setting the IM3/2/1/0 to the GND/GND/Vcc/GND level alows 80-system 16-bit

paralel datatransfer.

Data format for 16-bit interface

cs*

RS

WR+  HDe6773
(RD*)

DB17 -0, 8-1

csn* >
Al B
H8/2245 HWR* =
(RD*) >
I B S—
D15-0
16
Figure52  16-bit microcomputer and interface

Instruction
Input |pB|(DB|DB|DB|DB|DB|DB| DB DB|DB|DB|DB | DB |DB|DB|DB
17| 16| 15| 14| 13| 12| 11| 10 8|l 7|6|5]|4[3]2]1
Instruction | 1B | 1B | 1B [ 1B [ 1B |1B|IB| IB B |(B|IB|IB|IB|IB|IB|IB
15|14 13| 12|11 |10] 9| 8 716 |54 |3]2|1]0
Instruction code
Figure 53
RAM data write
Input (pe | pB|DB|DB|DB|DB|DB|DB DB |DB (DB (DB |DB | DB | DB | DB
17 16| 15|14 | 13| 12| 11 | 10 8|7 |6 |5|4]|3|2]1
GRAM "gf WD |wD |wD |wD |wWD |wD [wD |wWD |wD | WD |WD |WD| WD |WD [WD |WD
al 15|14 13|12|11|0| 9| 8|7 |65 |4|3|2|1]0
R,G,Bassignment | R4 | R3 |R2 |R1 | RO | G5 | G4 G3|GZ G1|GO| gs| B3| B2| B1| BO
1 pixel

Note: With 16-bit system interface, real 65,536 color display is available.

Do not set DIT bit =“1".

Figure 54
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3) 9-bit BusInterface

Setting the IM3/2/1/0 to the Vcc/GND/GND/Vcc level alows 68-system 9-hit parallel data transfer using
pins DB17-DB9. Setting the IM3/2/2/0 to the Vcc/GND/Vcc/Vece level allows 80-system 9-bit 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 DB8-DBO to the Vcc or GND level. Note that
the upper bytes must also be written when the index register iswritten to. Thistransfer mode is available

only for write mode.
CSn* B Cs*
Figure 55 Al - RS
(RD*) 1 (RD¥)
D15- 0 <7 pB17-9
9 I—,; DB8-0
o ——9
Data format for 9-bit interface GND
. i Second transfer (|
Instruction —— First transfer (upper) Ii ond transfer (lower)
Figure 56 Input (pB | DB|DB|DB|DB|DB|DB|DB| DB|DB| DB| DB|DB | DB |DB |DB |DB [DB
17| 16| 15|14 |13 |12 |11 | 10| 9| 17| 16| 15| 14| 13|12 |11 [10 | 9
. B|I1IB|IB|IB|IB|IB|IB|IB B |IB|IB|IB|IB|IB|IB|IB
[
nstruction 15114 {13 12| 11| 10] 9 | 8 716 |5 |4 |3]2]1]0

Instruction code

RAM data write First transfer (upper)
r -

Second transfer (lower)

Figure 57 Input |pg|pe|DB|DB|DB|DB|DB|DB|DB|DB| DB| DB| DB | DB | DB | DB | DB
17| 16| 15| 14| 13| 12| 12|10 9| 17| 16| 15| 14| 13| 12| 12 | 10

DB

Y VVVVVVYVY VVVVVVVYVYY

Dither process |y | b | HD | HD | HD | HD | HD | HD| HD | HD | HD | HD| HD |HD [HD |HD |[HD
creuit 1 97| 16| 15| 14| 13| 12| 11 |10l 9 |8 | 7 | 6| 5 |4 |3 |2 |1

HD

=y v v vy =L =

WD|WD|WD|WD|WD|WD|WD WO WD| WD|WD| WD[ WD] WOy WO WD
15( 14| 13|12 11| 10| 9 8 7 6 5 4 3 2 1 0

YVVYVVYVVYVYVVVYVYVVVVYY

R,G,Bassignment | R4 | R3 |R2 |R1 | RO | G5 | G4 G3|GZ G1|Go| gal| B3| B2| B1| BO
1 pixel

Note: With 9-bit system interface, real 262,144 color display is available.

Set DIT bit=“1".
Note: Transfer synhronization function for an 9-bit businterface

The HD66773 supporrts the transfer synchronization function that resets the upper/lower counter to count
upper/lower 9-bit data transfer in the 9-bit interface. Noise causing transfer mismatch between the upper/

lower bits can be corrected by a reset triggered by consecutively writing a “00”H instruction four times.
The next transfer starts from the upper 9 bits. Executing synchronizationn function periodically can
recover any runaway in the display system.

Figure58 RS ————\ -
RD / \

WR \_/ \_/ \_/ / \/ /
00" . . X e X T

() @ ©) ©)

9-bit transfer synchronization
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4) 8-bit BusInterface

Setting the IM3/2/1/0 to the GND/GND/GND/Vcc level alows 68-system E-clock-synchronized 8-bit
paralel datatransfer using pins DB17-DB10. Setting the IM3/2/1/0 to the GND/GND/Vcc/Vec level
allows 80-system 8-bit 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 DB9-DBO0 to the Vcc
or GND level. Notethat the upper bytes must aso be written when the index register is written to.

CSn* - CS*
Al P RS
H8/224 HWR* B \WR* HD66773
(RD¥) | (RD*)
D15 - O == v & DB17 - 10
10

GND
Figure59 Interfaceto 8-bit Microcomputer

Data format for 8-bit interface

Instruction —First transfer (Upper) I Second transfer (Lower) —
Ei 60 npuit [DB] DB DB DB DB|DB|DB| DB pe [pe [pB DB [DB [DB [DB [DB
igure 17| 16| 15|14 13| 12| 12| 10 17 |16 |15 |14 |13 |12 | 11 | 10
||l B]{IBlIB|[IB]IB B |(iB|IB|IB|IB|IB|]IB]IB
Instruction | 151 14 | 13| 12| 11| 10| 9 | 8 716 |5 |4a]|3|2]|1]o0

Instruction code
RAM data write

Figure 61 I—Fi rst transfer (Upper) I Second transfer (Lower) —
Input |DB | DB | DB |DB | DB | DB | DB | DB DB|DB|DB|DB|DB|DB|DB|DB
17| 16| 15| 14| 13|12 | 11| 10 17| 16| 15| 14| 13| 12| 11| 10

vy vy v vy vy X

GRAM write | \p | wp [wD |wD |wD [wD WD | WD WD WD | WD
data | 15 | 14 | 13 3| 2]1]0

WD WD (WD | WD (WD
12 1 11 | 10 9 8 7 6 5 4
R1|RO|G5|G4[G3[G2|G1|GO| B4a| B3| B2| B1| BO

1 pixel

Note: With 8-bit system interface, real 65,536 colors display is available.
Do not set DIT bit =“1".

R4 | R3 |R2

R,G,B assignment

Note: Transfer synchronization function for an 8-bit businterface

The HD66773 supports the transfer synchronization function that resets the upper/lower counter to count
upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer mismatch between the
eight upper and lower bits can be corrected by a reset triggered by consecutively writing a 00H
instruction four times. The next transfer starts from the upper eight bits. Executing synchronization
function periodically can recover any runaway in the display system.

Figure62 Rs —\ /
RD / \
WR \_/ /S /S \ / v/
Upper or " " " " " " " "
0817 7 Lower X" """ > M i oo X o X
® ) (3

to DB10
4)

8-hit transfer synchronization
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Clock synchronized serial interface (SPI)

Setting the IM3/2/1 to the GND/Vcc/DNF level allows clock-synchronized serial data (SPI) transfer,
using the chip select line (CS*), serid transfer clock line (SCL), serid input data (SDI), and serial output
data (SDO). For a serid interface, the IMO/ID pin function uses an ID pin. If the chip is set up for seria
interface, the DB17-2 pins which are not used must be fixed at Vcc or GND.

The HD66773 initiates serial data transfer by transferring the start byte at the falling edge of CS* input. It
ends seria datatransfer at the rising edge of CS* input.

The HD66773 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 HD66773. The HD66773, when
selected, receives the subsequent data string. The least significant bit of the identification code can be
determined by the ID pin. The five upper bits must be “01110”. Two different chip addresses must be
assigned to a single HD66773, because the seventh bit of the start byte is used as a register select hit
(RS): that is, when RS = “0”, data can be written to the index register or status can be read, and when RS
="1", aninstruction can be issued or data can be written to or read from RAM. Read or write is selected
according to the eighth bit of the start byte (R/W bit). The data is received when the R/W bit is 0, and is
transmitted when the R/W hit is 1.

After receiving the start byte, the HD66773 receives or transmits the subsequent data byte-by-byte. The
data is transferred with the MSB first. All HD66773 instructions are 16 bits. Two bytes are received with
the MSB first (DB15 to 0), then the instructions are internally executed. After the start byte has been
received, the first byte is fetched internally as the upper eight bits of the instruction and the second byte is
fetched internally as the lower eight bits of the instruction.

Four bytes of RAM read data after the start byte are invalid. The HD66773 starts to read correct RAM
data from the fifth byte.

Table32  Start Byte Format

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

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

Table33 RSand R/W Bit Function

RS R/W Function

Setsindex register

Reads status

Writes instruction or RAM data

0 0
0 1
1 0
1 1

Reads instruction or RAM data
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Data format for serial interface

Instruction lils‘Transmission (Upper) —“—2”" Transmission (Lower)

Input
P D15 D14| D13 D12| D11 D10 D9| D8 D7 | D6 | D5| D4 | D3| D2 D1| DO
Instruction 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B
15| 14| 13| 12| 11| 10| 9| 8 7 4 2 |1
Instruction code
Figure63
RAM datawrite
———1%Transmission (Upper) " 2" Transmission (Lower) _|
I
NPUt | h15| D14| D13| D12| D11| D10| D9| D8 7 |p6 | D5 | D4 | D3 | D2 | D1 | DO

D
GRAM write  |WD| WD| WD| wWD| WD| WD| WD| WD |[WD |(WD |WD (WD |WD WD [WD |WD
data 15| 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

4 4
G4 | G3|G2 |Gl |Go | B4

One pixel

RGBpixel | ps | R3 |[R2 |R1 | RO B3| B2| B1| BO

Assignment

66,536 colors are available in clock synchronized serial interface.
Do not set DIT =“1".

Figure 64

a) Timing Basic Data Transfer through Clock Synchronized Serial Bus Interface
Transfer start Transfer end

Cs*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

SCL

(Input)
MSB LSB

. pB {pB YpB {pB YpoB YpB Y pBYDB YDB DB Y DB Y DB Y DBY DBY DBY DB
0"/ID ARS\RWA15 N14 N\183 N12 A1 A2IOA 9 AB N 7TNB6ASA4A3 A A2AT N ©

SDI

(Input) e
i<_Devise ID —>| RS |RW| |
code a
Start byte Index register setting,
instruction,
RAM data wite
ouny 0 6 A e e e e |

Status read, instruction read, RAM data read

Figure 65

HITACHI
55



HDG66773 Rev. 1.0-1/ October 2002

b) Timing of Consecutive Data-Transfer through Clock-synchronized serial Bus Interface

st —

(Input)
12345678 9 10111213141516 1718192021222324 2526272829B03132
SCL
(Input) __. ) ) ettt
SDI Start byte Instruction 1: Instruction 1: Instruct.ion 2:_
(Input) upper eight bits lower eight bits upper eight bits

Start |Instruction 1: execution time  End

Note: The first byte after the start byte is always the upper eight bits.
Figure 66

¢) RAM-Data Read-Transfer Timing

e ) n

(input)

SCL
(input)
SDI Start byte
(input) RS=1,
R/W=1
SDO RAM read:|| RAM read:
t Ut) Dummy Dummy Dummy Dummy Dummy iaht ]
(outp read 1 read 2 read 3 read 4 read 5 Eiﬂ’ger cl Iobvi\;zr eight
Start End

Note: Five bytes of the RAM read data after the start byte are invalid. The HD66773
starts to read the correct RAM data from the sixth byte.

Figure 67

d) Status Read / Instruction Read

s I

(Input)
(INPUL) e,
Start byte
SDl RS=1,
(Input) R/W =1
SDO Dummy read 1 | | Status read: || Status read:
(Output) upper 8 bits lower 8 bits
Start End

Note: Two byte of the read data after the start byte is invalid.
The HD66773 starts to read the correct data from the second byte.

Figure 68: Procedurefor Transfer on Clock-Synchronized Serial Bus I nterface (2)
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High-Speed Burst RAM Write Function

The HD66773 has a high-speed burst RAM-write function that can be used to write datato RAM in one-
fourth the access time required for an equivaent standard RAM-write operation. This function is
especialy suitable for applications that require the high-speed rewriting of the display data, for example,
display of color animations, etc.

When the high-speed RAM-write mode (HWM) is selected, data for writing to RAM is once stored to the
HD66773 internal register. When data is selected four times per word, all data is written to the on-chip
RAM. While thisis taking place, the next data can be written to an internal register so that high-speed and
consecutive RAM writing can be executed for animated displays, etc.

a) The action flow of the high-speed burst RAM write

Microcomputer

Address
t . . .
cczxg)er Register 1 Register 2 Register 3 Register 4
72
1~ 16
"0000"H |"0001"H |"0002"H | "0003"H
GRAM

Figure69 Flow of Operation in High-Speed Consecutive Writing to RAM

b) Example of the Operation of High-speed Consecutive Writing to RAM  (16-bit bus interface)

Ccs* / \
(Input)
WR 1 2 3 4 1 2 3 4 1 2 3 4
v | I | | ]
Ind RAM RAM| RAM| RAM RAM RAM| RAM| RAM RAM RAM| RAM| RA Ind
DB17-0 ndex data] data| data| data| data] data| data| data] data| data| data| data] naex
(Inputioutput) R22 1 2 3 4 5 6 7 8 9| 10] 11| 122
RAM write RAM wite RAM write
execution time execution time execution time*
RAM write data RAM RAM RAM
(72 bits) data 1 to 4 data 5to 8 data 9 to 12
RAM address
(AC15-0) "0000"H X 0004"H X "0008"H X "000A"H

* The lower two bits of the address must be set in the following way in high-speed write mode.
When IDO = “07, the lower two bits of the address must be set to “11”
When ID1 = “1", the lower two bits of the address must be set to “00".

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

Figure 70
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C) Example of the Operation of High-Speed Consecutive Writing to RAM ( 8-bit bus interface )

CS*
(input)

WR 1 2 3 4 5 6
(innuit)

DB17-10| RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM | RAM
. Index data | data | data | data | data | data | data | data | data | data | data | data | data | data | data | data
(input/ R22 1) (€3] (2) 2 (3) 3) (4) 4) 1) (€3] (2) 2 (3) 3) (4) 4)
output) Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
IRAM write execution time RAM write execution time
-
RAM write data RAM RAM
(64-bit) data data
1) -(4) (5)-(8)
RAM address "0000'H X “0004"H X

(AC15-0)
* The lower two bits of the address must be set in the following way in high-speed write mode.

When IDO = “0", the lower two bits of the address must be set to “11".

When ID1 = “0", the lower two bits of the address must be set to “00".

By using high-speed burst RAM write function, data is written to RAM each four words. Therefore when using 8-bit bus

interface, data will be stored 8 times to internal register before written to RAM

Figure 71
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When high-speed RAM write mode is used, note the following.

Notes: 1. Thelogica and compare operations cannot be used.
2. Data is written to RAM each four words. When an address is set, the lower two bits in the
address must be set to the following values.
*When ID0="0", the lower two bits in the address must be set to “ 11" and be written to RAM.
*When ID0O="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 data is written to RAM, the
last datawill not be written to RAM.
4. When the index register and RAM data write (R22h) 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 same time. The mode
must be switched and the address must then be set.
6. When high-speed RAM write is used with a window address-range specified, dummy write
operation may be required to suit the window address range-specification. Refer to the High-
Speed RAM Write in the Window Address section.
Table34  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
(Available only with 8-16-bit interface)
Compare operation function ~ Can be used Cannot be used
(Available only with 8-/16-bit interface)
BGR function Can be used Can be used
Write mask function Can be used Can be used
(Available only with 8-/16-bit interface)
RAM address set Can be specified by word DO bit=0: Set the lower two bitsto 11
DO hit=1: Set the lower two bits to 00
RAM read Can be read by word Cannot be used
(Available only with 8-/16-bit interface)
RAM write Can be written by word Dummy write operations may have to be inserted
according to awindow address-range specification
Window address Can be set by word Horizontal area (HAS/HSE): more than four words
The number of horizontal writing: 4 x n times (N>2)
External display interface Can be used Can be used
AM setting AM =1/0 AM =0
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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 and last operations for a row of data,
depending on the horizontal window-address range specification bits (HSA1 to 0, HEA1 to 0). Number of
dummy write operations of arow must be 4N.

Table35  Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

HSA1 HSAO Number of Dummy Write Operationsto be Inserted at the Start of a Row
0 0 0
0 1 1
1 0 2
1 1 3

Table36  Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

HEA1 HEAO Number of Dummy Write Operationsto be I nserted 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~ N operations, including the dummy writes.
Horizontal access count =first dummy write count + write data count + last dummy write count =4" N
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An example of high-speed RAM write with a window address-range specified is shown below.

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

Writing in the horizontal direction
AM=0,ID0=1

Window address-range setting
HSA=h12, HEA=h30
VSA=h80, VEA=hAO

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

v

Address set

AD = h0810 *1
* Window address-range setting
HSA=h12, HEA=h30
Dummy RAM write x 2 B VSA=h80, VEA=hAO
RAM write x 31 x 152

Y

Dummy RAM write x 3

Note: The address set for the high-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 over written.

Figure 72: 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: HSA7-0, end: HEA7-0) or the vertical address register (start: VSA7-0, end: VEA7-
0) can be written to consecutively.

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

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

[Restriction on window address-range settings]
horizontal direction) “00"H £ HSA7-0 £ HEA7-0 £ “83"H
Evertical direction) “00"'H £ VSA7-0£ VEA7-0£“AF'H
[Restriction on address settings during the window address]
(RAM address) HSA7 to 0 £ AD7-0 £ HEA7-0
VSA7-0 £ AD15-8 £ VEAT-0
Note: In high-speed RAM-write mode, the lower two bits of the address must be set as shown below
according to the value of the IDO bit.
ID0O=0: The lower two hits of the address must be set to “11”.
IDO=1: The lower two bits of the address must be set to “00”.

GRAM address map

"0000"H

:::: Window address area

"2010"H "202F"H
"2110"H - "212F"H

rrrrrnrrnna
.
rrrrrnrrnna

"5F2F"H|

] "AF83"H

Window address-range specification area
HSA7-0 ="10"H HSE7-0 ="2F"H o ) N
VSA7-0 = "20"H VEA7-0 = "5F"H AM = “0” (horizontal writing)

I/D = “1" (increment)

Figure73 Example of Address Operation in the Window Addr ess Specification
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Graphics Operation Function

The HD66773 can greatly reduce the load of the microcomputer graphics software processing through the
internal graphics-bit operation function. This function supports the following:
1. A write data mask function that selectively rewrites some of the bitsin the 16-bit write data.

2. A logica operation writes function that writes the data sent from the microcomputer and the
origina RAM data by alogical operation.

3. 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 size is large, the display data in 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.

Table37  GraphicsOperation

Bit Setting
Operation Mode 1/D AM LG2-0 Operation and Usage
Write mode 1 0/1 0 000 Horizontal data replacement, horizontal-border drawing
Write mode 2 0/1 1 000 Vertical data replacement, vertical-border drawing
Write mode 3 0/1 0 110111 Conditional horizontal data replacement, horizontal-border
drawing
Write mode 4 0/1 1 110111 Conditional vertical data replacement, vertical-border
drawing
Read/write mode 1 0/1 0 001010 Horizontal data write with logical operation, horizontal-
011 border drawing
Read/write mode 2 0/1 1 001010 Vertical datawrite with logical operation, vertical-border
011 drawing
Read/write mode 3 0/1 0 100101 Conditional horizontal data replacement, horizontal-border
drawing
Read/write mode 4 0/1 1 100101 Conditional vertical data replacement, vertical-border
drawing

Note: When using 18-/9-hit bus interface, only write mode 1 and 2 are available.
When using 16-/8-bit bus interface, all the operation modes are usable.
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Microcomputer

*13

nt

Logical operation bit (LG2-0)

Compare bit (CP15-0)

Write-mask register
(WM15-0)

—» Read-data latch Write-data latch
16
+1/-1 || +256 16
( 16
Logical/Compare operation (LG2-0:)
Address 000: replacement, 001:0R, 010: AND, 011:EOR,
counter 100: replacement with matched read, 101: replaceme
(AC with unmatched read, 110: replacement with matched
write, 111: replacement with unmatched write
* 16
Write bit mask
16 .
- Graphics RAM (GRAM)

Figure 74 Data Processing Flow of the Graphic Operation

Write-data Mask Function

The HD66773 has a bit-wise write-data mask function that controls writing the 16-bit 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 hit to the GRAM; the datain the GRAM isretained. This function can be used when only one-
pixel datais rewritten or the particular display color is selectively rewritten.

Data written by the
microcomputer

Write-data mask

GRAM data

DB17

DB10DB8

DB1

- d;

o

05| cos| coa| Gos | coz| Gox

GO0O|

o et

01| Boo

Note) Write data function is available only when using 8-/16-bit system interface.

Figure75 Example of Write-data Mask Function Operation
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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 aso be used to initiaize
the graphics RAM (GRAM) or to draw borders. The write-data mask function (WM15-0) is also
enabled in these operations.  After writing, the address counter (AC) automatically increments by 1
(I/D =*1") or decrements by 1 (1/D = “0"), and automatically jumps to the counter edge one-raster-
row below after it has reached the left or right edge of the GRAM.

Operation Examples:

1) I/D = 1", AM = "0", LG2-0 = "000"
2) WM15-0 ="07FF"H
3) AC = "0000"H

*Write mask for plain <G> and <B>

o
o
(=]
i
[
i
i
[
i
i
[
i
i
i

Write-data mask: ojo

Write data (1):

- |~
e |l o
o || o

Write data (2):

"0000"H 0002"H
1ol of 2l 2] sl sl sl #l d sl sl sl sl sl %] Lolelolol ol wlel sl sl sl sl sl sl ol sl - oeeeeeeeeeeiionnn
Write data (1) Write data (2)
GRAM glroeti:o;r:ﬁaggse(jin the GRAM indicated by "*'

Figure76  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 vertically written at high speed. It can also be used to initiaize
the GRAM, develop the font pattern in the vertical direction, or draw borders. The write-data mask
function (WM11-0) is 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) I/D = "1", AM = "1", LG2-0 = "000"
2) WM15-0 ="07FF"H
3) AC = "0000"H

Write-data mask: ololoolo 1 z|z] |2 2fd 2afafa 2

Write data (1):

Write data (2):

Write data (3):

i
*
*
*
*
*
*
*
*
*
*
*

"0000"H 1 o|0f 1 Write data (1)

*

"0100"H L 11 0[ OfO] * [*| *| *| *| *| *| *| *| *| * [write data (2)

Write data (3)

*
*
*
*
*
*
*
*
*

"0200"H ol 1| 2] 1] 1/ =

GRAM

[ENE] gy

Note: 1. The bits in the GRAM indicated by *' are not changed.
2. After writing to address "AF00"H, the AC jumps to "000"H.

Figure77 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 (CP15-0). When the result of the comparison in a word unit satisfies the
condition, the write data sent from the microcomputer is written to the GRAM.  In this operation, the
write-data mask function (WM15-0) is adso enabled. After writing, the address counter (AC)
automatically incrementsby 1 (I/D = “1") or decrements by 1 (I/D = “0"), and automatically jumps to
the counter edge one-raster-row below after it has reached the left or right edge of the GRAM.

Operation Examples:

1)1/D="1", AM ="0", LG2-0 = "110" (matched write)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC ="0000"H
WM15 WMO
Write-data mask: Io_lo_alglglglo_lo_l Wﬂ
CP15 Compare
Compare register ﬁ - Qpe[@,}tjpp
DB17 égﬂfg(:hg%)s Conditional

replacement

...... ®---

@fﬁ:ﬁ

Write data (1):

Replacement

Conditional

Comptgr replacement
operation
Wiite data (2): (o[ dddd el [Ldeldod |-+ 2)®>| .

T.

x| x| x| x| *| * x| x| x| x| x| x| *

"0001"H

*l*

*I*

R R B K2R B2 K K2 K2 K K

Matched replacement of
write data (1)

GRAM

Figure 78 Writing Operation of Write Mode
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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 (CP15-0) to write the data. When the result by the comparison in a word
unit satisfies the condition, the write data sent from the microcomputer is written to the GRAM. In
this operation, the write-data mask function (WM15-0) are also enabled.  After writing, the address
counter (AC) automatically increments by 256, and automatically jumps to the upper-right edge (I/D
="1") or upper-left edge (1/D =“0") following the I/D bit after it has reached the lower edge of the

GRAM.

Operation Examples:

1) /D ="1", AM ="1", LG2-0 ="111" (unmatched write)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC = "0000"H
WM15 WMO
wite-datamask:[do|dddddo| [ddd dddd ol
CP15 CPO
Compare register: @@ S
(Unmatched) : E Conditional
DBlZs DBlO Des DBl é E replacement RS SN RS S RS SO RS A R N RS N 9% R g% ey
Write data (1) Hadidi add - O©F - @®--malaia ol
Compare : N
operation ' Conditional
(Matched) é replacement
wiesna > [JIIITdolo] [Tl dalk} - © @[T
Compgre
operation
"0000"H "0001"H

"0000°H ([afdf afaffof fslefol il ] wite deta 1)

"0100"H Write data (2)

GRAM

"AF00"H

Note: 1. The bits in the GRAM indicated by ** are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure79  Writing Operation of Write Mode 4
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5. Read/Writemode 1. AM =*0", LG2-0="001"/ 010" / “011"

This mode is used when the data is horizontally written at high speed by performing a logica
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 reads the data during the same access-pulse 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 write-data
mask function (WM15-0) is also enabled in these operations.  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 edges of the
GRAM.

Operation Examples:

1) IID ="1", AM = "0", LG2-0 = "001"(OR)
2) WM15-0 = "0000"H
3) AC = "0000"H

WM15 WMO

Write-data mask: [doldddddol |dddololdao
DB17 DB10 DB8 DB1

Read data (1): (o] {q{dda] [ddqooddd ¥ o
Wiite data (1) Iﬂdﬂﬂﬂﬂ40||dﬂﬂddddd """""""" »{1]ol1]1]]1{o[slo]1]1|o|fol ]

Read data (2): doldo 11 |ogddolodofjol --> Logical
Write data (2): 111d0add1f [J4gdolofqofo----=-- 2 ??f?t‘l?p“(‘C)‘R)»hlllOlOlllllll1|1|0|0|0|dOldOl
"0000"H "0001"H
lldalsls]ddddd/dojdo [d4/ddxs|sdsddddddd =
Read data + Write data (1) Read data (2) + Write data (2)
GRAM

Figure80  Writing Operation of Read/Write Mode 1
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6. Read/Writemode2: AM ="1", LG1-0="001"/*010" / “011"

This mode is used when the data is vertically written at high speed by performing a logical 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 origina data does not latch the read data into the microcomputer and temporarily holds it in the
read-data latch. However, the bus cycle requires the same time as the read operation. The write-
data mask function (WM 15-0) is also enabled in these operations.  After writing, the address counter
(AC) automatically increments by 256, and automatically jumps to the upper-right edge (1/D = “1") or
upper-left edge (I/D = “0") following the 1/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

1)1/D="1",AM="1", LG2-0="001"(OR)
2) WM15-0 = "FFEQ"H

3) AC = "0000"H
WM15 WMO
wite-datamask: 111 41| []4]]ddddo
DB17 DB10 DB8 DB1

reaadan®) LI dIdda] (Ao vt
wieann @ o ddddo] [ddddddda {3]of o[ s[ s of o] f 4 {43

restduar ([T [ITAIALd o
Write data (2): Mllololololjlll MololJl]l]l]lll""’qr’)?rﬁu’qq(’q’) ojofo|oj1{ 2 1] dofd 944411

"0000"H "0001"H
"0000"H 1l K1 K B E K R K *I * ll ll ll ll ll Read data (1) + Write data (1)
"0100"H e o« || #] o« ]+l # ] #| 0l ol ol ol o Read data (2) + Write data (2)
"AF00"H _ GRAM

Note: 1. The bits in the GRAM indicated by ** are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure81  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 original data and the set
value of compare register (CP15-0). 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-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 write-data
mask function (WM15-0) is also enabled in these operations.  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 edges of the
GRAM.

Operation Examples:

1) /D ="1", AM ="0", LG2-0 = "100" (matched write)
2) CP15-0 = "2860"H

2) WM15-0 = "0000"H

3) AC = "0000"H

WM15 WMO
Write-data mask: | dold d d d d oI udddddd_o’
CPO

conpeeoner (TR O]
Matched S,?,T,Ei:i
DB1 DB10 DB8 I?.Bl v

Read data (1):

Write data (1):

Compare ¢
peration

O
Read data (2): |do|d gI;I ;I;I 1| H_OI_CLOI_OI_OI_(I& """"" : Conditional

replacement

Write data (2): |1|1 |o|o |o|o |1|1 | |1|o |o|o|o |o|o |o | ------------- - >|o |o|o |o|1 |1|1 |1|o |o|o |o|o |o|o |o|

"0001"H
(07 (01 (0 (0] iy 8 1 i (0 (0] (0 (0] (0} (] (] (0] IR

Matched replacement write data (1)

GRAM

Figure82  Writing Operation of Read/Write Mode 3

HITACHI
71



HDG66773 Rev. 1.0-1/ October 2002

8. Read/Writemode4: AM =*1", LG2-0="100" / “101"

This mode is used when the data is vertically written by comparing the original data and the set value
of the compare register (CP15-0). It reads the display data (original data), which has aready 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
compare operation 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 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 write-
data mask function (WM15-0) is aso enabled in these operations.  After writing, the address counter
(AC) automatically increments by 256, and automatically jumps to the upper-right edge (1/D = “1") or
upper-left edge (I/D = “0") following the 1/D bit after it has reached the lower edge of the GRAM.

Operation Examples:

1)I1/D="1", AM ="1", LG2-0 = "101" (unmatched write)
2) CP15-0 = "2860"H
2) WM15-0 = "0000"H

3) AC ="0000"H
WM15 WMO
Write-data mask: Moldddddol |o|(l(l(10|(1(10|
P15 Compare

i g —m Operation
Compare register: i f i 1 ARREEEN '

'
H
H
.
H
H
H
H
'
eeeannn . .
+ Conditional

wwoser (140 [T O wm

ration

Compare g
N
o (TS CHITET® v

replacement

R 1 T O é ololl o tJolo] ool sfs] o olo

"0000"H "0001"H

0100/ ol olsfolols]alolofoldlofololo]  wrte dara

Unmatched
DB10 DBS8

Read data (1):

o

oI Write data (1)

i
[NENY

GRAM

"AF00"H

Note: 1. The bits in the GRAM indicated by "' are not changed.
2. After writing to address "AF00"H, the AC jumps to "0001"H.

Figure83  Writing Operation of Read/Write Mode 4
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Setting scan mode

Shift direction of gate signal can be changed by SM bhit and GS bit setting. By conbination of these bit
setting, LCD panel and HD66773 can be connected in many ways.

Figure84 Scan mode setting

SM GS Scan direction
odd line|\| ©1 c2 Even line
TFT Panel
0 0 G1® G2 G3®
G4® ---® G173®
C175 C176 G174® G175® G176
Ci|—p 175 C17
HD66773
Odd linef\| €1 c2 Even line
TFT Panel
0 1 G176® G175® G174®
® 173® ---® G4®
C175 C176 G3® G2® G1
Cll 44— 175 Cl7t6~~ __p [C2
HD66773 -‘
N\ c1
¢ TFT Panel
CA75 o ___
« ;-
1 0 2 G1® G3®
G5® ---® G173® G175
c176 G2® G4®
G6® ---® G174® G176
Cl1|——p~C175 Cl76 ~4— [C2
HD66773
N\ 2
TFT Panel %
e eeeeee____L78
1 1 G176® G174®
G172® ---G4® G2
G175® G173®
G171® ---® G3® G1
175 C17 c2
HD66773
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Gamma Adjustment Function

The HD66773 incorporates gamma adjustment function for the 262,144-color display. Gamma
adjustment is implemented by deciding the 8-grayscale level with angle adjustment and micro adjustment
register. Also, angle adjustment and micro adjustment is fixed for each of the internal positive and

negative polarity. Set up by the liquid crystal panel’s specification.

Graphics RAM (GRAM)

Y Y Y YY YV VY VY V¥

Display data | R4| Rsl Rzl R1| Rol | Gsl G4| Gsl Gzl G1| Go” B4| B3| le 81| Bol
AN

| Data expansion circuit |

| Rsl R4| Rs

Rzl R1| Rol

PKP02 | PKPO1 | PKP0OO

PKP12 |PKP1l | PKP10

PKP22 |PKP21 | PKP20

PKP32 | PKP31 | PKP30

Positive
polarity
register

PKP42 [PKP41 | PKP40O

PKP52 | PKP51 | PKP50

PRP02 | PRPO1 | PRP0OO

PRP12 |PRP11 | PRP10
Grayscale

amplifier

VRPO3 VRPO2 | VRPO1 | VRPOO

VRP13 VRP12 | VRP11 | VRP10

BRPM

PKNO2 |PKNO1 | PKNOO

PKN12 |PKN11 | PKN10

PKN22 |PKN21 | PKN20

PKN32 |PKN31 | PKN30

Nagative
polarity
register

PKN42 |PKN41 | PKN40

PKN52 |PKN51 | PKN50

PRNO2 | PRNO1 | PRNOO

PRN12 |PRN11 | PRN10

VRNO3 | VRNO2 |vRNO1 | VRNOO

VRN14 VRN13 VRN12 |vrN11 | VRN1O

[ R

V31

| Data expansion circuit |

| le B4| Bs

le Bll Bol

e

Y

4

6
Y

-1

Y

[ 6

32 grayscale control
<R>

64 grayscale contro|
<G>

32 grayscale control|
<B>

FRC control

FRC control || FRC control

LCD driver

LCD driver

[ oo

driver

Y

LCD

Figure 85: Gamma Adjustment Function

HITACHI
74



HDG66773 Rev. 1.0-1/ October 2002

Structure of Grayscale Amplifier

Indicating structure of the grayscale amplifier as below. Determine 8 levels (VINO-VIN7) by the
gradient adjuster and the micro adjustment register. Also, dividing these levels with ladder resistors

generates VO to V31.
Gradient adjustment Micro adjustment register (6 x 3 bits) Amplitude adjustment
register register
PRP/NO PRP/N1 PKP/NO PKP/N1 PKP/N2 PKP/N3 PKP/N4 PKP/N5 VRP/VRN
VREG10UT = T3 T3 F: Fs Fs s Ry v <
Tl<
VINPO/VINNO >
VO
% Y VINP1/VINN1
—P V1
8tol —P V2
é selector
= —» V3
)
.
% - Y S
VINP2/VINN2
— v8
8tol
se?ector ﬁ V9
.
.
= '
VINP3/VINN3 '
§ 8tol —» Vi6
selector Grayscale —P V17
. g amplifier H
= \ !
B VINP4/VINN4 N
;= — V19
8tol >
% % se?ector . VZO
= v S
VINP5/VINN5S N
§ — v24
= e — V25
selector
> V26
H
= Y :
VINP6/VINNG
—» V30
8tol
selector
E: VINP7/VINN7
4
P 31
=

VGS g——

Figure 86: Structure of Grayscale Amplifier
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VREG10UT
T

1R«

VRPO[3:0]

VINPO
PKPO[2:0]

VINP1

PKP1[2:0]

VINP2

T
=
T

D
N
=)

]

KVPO
5R ¢ RPO
KVP1
o RP1 K\VP2
N RP2 KVP3
== RP3 KVvP4 |8to 1
4R4 = RP4 KVP5 |SEL
RP5
RP6 KVP7
~ RP7 KVP8
VRHP
0102 8R PRP0[2:0]
KVP9
=, RP8 KVP10
RP9
RP10 KVP12 |gtg 1
1R
SEL
RP12 KVP14
RP14 KVP16
5R RP15
KVP17
r RP16 KVP18
RP17 KVP19
RP18 KVP20 {8191
1R9 RP19 Kvp21 |gEL

VINP3

]

r
= RP25 KVP27

1R <

VRLP
0to 28R

4R o

= ppog KVP2g
- Rp27 KVP29
= ppog KVP30

RP29 KVP31
- @8 pp2) KVP32

8tol
SEL

VINP4

o
=
he

E
N
(=}

]

8tol
SEL

VINPS

PKP5[2:0]

5R

VINP6

K\VP41
(. Rp39 KVP42
RP41 KvPa4 [g101
RP42 KvPas |gE|
RP43 KVP46
L I KVP47
e Rpys KVP48
RP46
KVP49

VINP7

RP47

SEEREREAREEL

VDRO
0to 30R
VRPO[3:0]
PKNO[2:0]
5% o g oxnoza) |
KVN1
-_ DN KVIN2
. RN2 KVN3
- 2 KVN4 |8 to 1
4R mm Rng KVNS5 | SEL VINN1
RN6 KVN7
RN7 KVNg
VRHN PRNO[2:0] PKN1[2:0]
0to 28R N
o RNg KVN10
RN10 KVN12 |51 1
1R VINN2
oL [ ViINNZ >
RN12 KVN14
RN14 KVN16
5R RN15 PKN2[2:0]
KVN17
’= RN16 KVN18
RN17 KVN19
RN18 KVN20 |g 1o 1
1R~ RN19 KVN21 | SEL VINN3

)
=
z
&
N
k=)

r
= RN25 KVN27

1R RN27 KVN29
RN29 KVN31
- = PN30 KV/N32

VINN4

P
o
=

SEL

T
=
z
S
n
2

8tol
SEL

VINNS

i

PKN5[2:0]

i

8tol

SEL VINNG

VINN7

1R~
-
VRLN
0to 28R PRN1[2:0]
KVNA41
e R KVN42
KVN46
s RN45 KVN48
5R RN46
KVN49
VRN -
010 31R VRN[4:0]
8R RN47

VRP
0to 31R
g 8R

) 0

EXVR g

Figure 87: Structure of Ladder / 8to 1 Selector
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Gamma Adjustment Register

This block is the register to set up the grayscale voltage adjusting to the gamma specification of the LCD
panel. This register can independent set up to positive/negative polarities and there are three types of
register groups to adjust gradient, amplitude, and micro-adjustment on number of the grayscale,
characteristics of the grayscale voltage. (Using the same setting for Reference-value and R.G.B.)
Following graphics indicates the operation of each adjusting register.

(] Q (]
g g g
S s S
Q Kl Q
. 3 .
g g g
0] o 0]
Grayscale Number Grayscale Number Grayscale Number
Figure 88 Gradient Adjustment Figure 89 Amplitude Adjustment Figure 90 Micr o-adjustment

1. Gradient adjusting register

The gradient-adjusting resistor is to adjust around middle gradient, specification of the grayscale number
and the grayscale voltage without changing the dynamic range. To accomplish the adjustment, it
controls the variable resistor (VRP (N) / VRL (N)) of the ladder resistor for the grayscale voltage
generator. Also, there is an independent resistor on the positive/negative polarities in order for
corresponding to asymmetry drive.

2. Amplitude adjusting register

The amplitude-adjusting resistor is to adjust amplitude of the grayscale voltage. To accomplish the
adjustment, it controls the variable resistor (VRP (N)O /VRP(N)1) of the ladder resistor for the grayscale
voltage generator located at lower side of the ladder resistor.  (Adjust upper side by input VDH level.)
Also, there is an independent resistor on the positive/negative polarities as well as the gradient-adjusting
resistor.

3. Micro-adjusting register

The micro-adjusting register is to make subtle adjustment of the grayscale voltage level. To accomplish
the adjustment, it controls the each reference voltage level by the 8 to 1 selector towards the 8-leveled
reference voltage generated from the ladder resistor. Also, there is an independent resistor on the
positive/negative polarities as well as other adjusting resistors.
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Output signal list

Resistor For Positive For Negative ]
Classification Polarity Polarity Setup Contents
Gradient PRPO[2:0] PRNO[2:0] Variable Resistor VR
Adjustment . .
PRP1[2:0] PRN1[2:0] Variable Resistor VR
Amplitude VRPO[3:0] VRNO[3:0] Variable Resistor 0
Adjustment . .
VRP1[4:0] VRN1[4:0] Variable Resistor 1
PKPO[2:0] PKNO[2:0] 8 to 1 selector voltage level for the grayscale 1
PKP1[2:0] PKN1[2:0] 8 to 1 selector voltage level for the grayscale 8
Micro- PKP2[2:0] PKN2[2:0] 8 to 1 selector voltage level for the grayscale 20
adjustment
PKP3[2:0] PKN3[2:0] 8 to 1 selector voltage level for the grayscale 43
PKP4[2:0] PKNA4[2:0] 8 to 1 selector voltage level for the grayscale 55
PKP5[2:0] PKN5[2:0] 8 to 1 selector voltage level for the grayscale 62

Table 38: Output Signal List
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Ladder Resistor / 8to 1 Selector

Block configuration

This block outputs the reference voltage of the grayscale voltage. There are two ladder resistors
including the variable resistor and the 8 to 1 selector selecting voltage generated by the ladder resistor.
The gamma registers control the variable resistors and 8 to 1 selector resistors.  Also, there are pins that
connect to the external variable resistor. And it alows compensating the dispersion of length between
one pandl to another.

Variable Resistor

There are 2 types of the variable resistors that is for the gradient adjustment (VRHP (N) / VRLP (N)), for
the amplitude adjustment (VRP (N)O/VRP(N)1). The ohmic value is set by the gradient adjustment and
amplitude adjustment resistor as below.

Table 39: Table 40 Table41 Tabled2
Gradient Adjustment (1) Gradient Adjustment (2) Amplitude Adjustment (1) Amplitude Adjustment (2)
Register Value Resistance Value Register Value Resistance Value Register Value Resistance Value Register Value  Resistance Value
PRP (N)0[2.0] VRHP(N) PRP (N)1[2.0] VRLP (N) VRP (N)0[3:0] VRP (N) 0 PRP (N)[4.0] VRP (N) 1

000 OR 000 OR 0000 OR 00000 OR

001 4R 010 1R 0001 2R 00001 1R

010 8R 011 2R 0010 4R 00010 2R

011 12R 100 16R

101 20R 101 20R 1101 26R 11101 29R

110 24R 110 24R 1110 28R 11110 30R

111 28R 111 28R 1111 30R 11111 31R

The 8to 1 Selector

In the 8 to 1 selector, the voltage level can be selected from the levels which are generated by ladder
resistors.  And output the six types of the reference voltage, the VIN1- to VING. Following figure
explains the relationship between the micro-adjusting register and the selecting voltage.

Register Value Selected Voltage

PKP (N) [2:0] VINP (N) 1 VINP (N) 2 VINP (N) 3 VNIP (N) 4 VNIP (N) 5 VINP (N) 6
000 KVP (N) 1 KVP (N) 9 KVP (N) 17 KVP (N) 25 KVP (N) 33 KVP (N) 41
001 KVP (N) 2 KVP (N) 10 KVP (N) 18 KVP (N) 26 KVP (N) 34 KVP (N) 42
010 KVP (N) 3 KVP (N) 11 KVP (N) 19 KVP (N) 27 KVP (N) 35 KVP (N) 43
011 KVP (N) 4 KVP (N) 12 KVP (N) 20 KVP (N) 28 KVP (N) 36 KVP (N) 44
100 KVP (N) 5 KVP (N) 13 KVP (N) 21 KVP (N) 29 KVP (N) 37 KVP (N) 45
101 KVP (N) 6 KVP (N) 14 KVP (N) 22 KVP (N) 30 KVP (N) 38 KVP (N) 46
110 KVP (N) 7 KVP (N) 15 KVP (N) 23 KVP (N) 31 KVP (N) 39 KVP (N) 47
111 KVP (N) 8 KVP (N) 16 KVP (N) 24 KVP (N) 32 KVP (N) 40 KVP (N) 48

Table 43
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Table44 Voltageformula (positive polarity)

Pins Formula Mic.ro-adjsting Reference
register value voltage

KVPO |VREG10UT- V*VRPO/SUMRP - VINPO

KVP1 |VREG10UT- V*(VRPO+5R)/SUMRP PKP02-00 = "000"

KVP2 |VREG10UT- V*(VRPO+9R)/SUMRP PKP02-00 = "001"

KVP3 |VREG10UT- V*(VRP0+13R)/SUMRP PKP02-00 = "010"

KVP4 |VREG10UT- V*(VRP0+17R)/SUMRP PKP02-00 ="011" VINP1

KVP5 |VREG10UT- V*(VRP0+21R)/SUMRP PKP02-00 = "100"

KVP6 |VREG10UT- V*(VRP0+25R)/SUMRP PKP02-00 ="101"

KVP7 |VREG10UT- V*(VRP0+29R)/SUMRP PKP02-00 ="110"

KVP8 |VREG10UT- V*(VRP0+33R)/SUMRP PKP02-00 ="111"

KVP9 |VREG10UT- V*(VRP0+33R+VRHP)/SUMRP PKP12-10 = "000"

KVP10 |VREG10UT- V*(VRP0+34R+VRHP)/SUMRP PKP12-10 ="001"

KVP11l |VREG10UT- V*(VRP0+35R+VRHP)/SUMRP PKP12-10 ="010"

KVP12 |VREG10UT- V*(VRP0+36R+VRHP)/SUMRP PKP12-10 ="011" VINP2

KVP13 |VREG10UT- V*(VRP0+37R+VRHP)/SUMRP PKP12-10 = "100"

KVP14 |VREG10UT- V*(VRP0+38R+VRHP)/SUMRP PKP12-10 ="101"

KVP15 |VREG10UT- V*(VRP0+39R+VRHP)/SUMRP PKP12-10 ="110"

KVP16 |VREG10UT- V*(VRP0+40R+VRHP)/SUMRP PKP12-10 ="111"

KVP17 |VREG10UT- V*(VRP0+45R+VRHP)/SUMRP PKP22-20 = "000"

KVP18 |VREG10UT- V*(VRP0+46R+VRHP)/SUMRP PKP22-20 ="001"

KVP19 |VREG10UT- V*(VRP0+47R+VRHP)/SUMRP PKP22-20 ="010"

KVP20 |VREG10UT- V*(VRP0+48R+VRHP)/SUMRP PKP22-20 ="011" VINP3

KVP21 |VREG10UT- V*(VRP0+49R+VRHP)/SUMRP PKP22-20 = "100"

KVP22 |VREG10UT- V*(VRP0+50R+VRHP)/SUMRP PKP22-20 ="101"

KVP23 |VREG10UT- V*(VRP0+51R+VRHP)/SUMRP PKP22-20 ="110"

KVP24 |VREG10UT- V*(VRP0+52R+VRHP)/SUMRP PKP22-20 ="111"

KVP25 |VREG10UT- V*(VRP0+68R+VRHP)/SUMRP PKP32-30 = "000"

KVP26 |VREG10UT- V*(VRP0+69R+VRHP)/SUMRP PKP32-30 = "001"

KVP27 |VREG10UT- V*(VRP0+70R+VRHP)/SUMRP PKP32-30 = "010"

KVP28 |VREG10UT- V*(VRP0+71R+VRHP)/SUMRP PKP32-30 ="011" VINP4

KVP29 |VREG10UT- V*(VRP0+72R+VRHP)/SUMRP PKP32-30 = "100"

KVP30 |VREG10UT- V*(VRP0+73R+VRHP)/SUMRP PKP32-30 ="101"

KVP31l |VREG10UT- V*(VRP0+74R+VRHP)/SUMRP PKP32-30 ="110"

KVP32 |VREG10UT- V*(VRP0+75R+VRHP)/SUMRP PKP32-30 ="111"

KVP33 |VREG10UT- V*(VRP0+80R+VRHP)/SUMRP PKP42-00 = "000"

KVP34 |VREG10UT- V*(VRP0+81R+VRHP)/SUMRP PKP42-40 = "001"

KVP35 |VREG10UT- V*(VRP0+82R+VRHP)/SUMRP PKP42-40 = "010"

KVP36 |VREG10UT- V*(VRP0+83R+VRHP)/SUMRP PKP42-40 ="011" VINP5

KVP37 |VREG10UT- V*(VRP0+84R+VRHP)/SUMRP PKP42-40 = "100"

KVP38 |VREG10UT- V*(VRP0+85R+VRHP)/SUMRP PKP42-40 ="101"

KVP39 |VREG10UT- V*(VRP0+86R+VRHP)/SUMRP PKP42-40 ="110"

KVP40 |VREG10UT- V*(VRP0+87R+VRHP)/SUMRP PKP42-40 ="111"

KVP41 |VREG10UT- V*(VRP0+87R+VRHP+VRLP)/SUMRP PKP52-50 = "000"

KVP42 |VREG10UT- V*(VRP0+91R+VRHP+VRLP)/SUMRP PKP52-50 = "001"

KVP43 |VREG10UT- V*(VRP0+95R+VRHP+VRLP)/SUMRP PKP52-50 = "010"

KVP44 |VREG10UT- V*(VRP0+99R+VRHP+VRLP)/SUMRP PKP52-50 ="011" VINPS

KVP45 |VREG10UT- V*(VRP0+103R+VRHP+VRLP)/SUMRP |PKP52-50 ="100"

KVP46 |VREG10UT- V*(VRP0+107R+VRHP+VRLP)/SUMRP |PKP52-50 ="101"

KVP47 |VREG10UT- V*(VRP0+111R+VRHP+VRLP)/SUMRP |PKP52-50="110"

KVP48 |VREG10UT- V*(VRP0+115R+VRHP+VRLP)/SUMRP |PKP52-50="111"

KVP49 |VREG10UT- V*(VRP0+120R+VRHP+VRLP)/SUMRP - VINP7

SUMRP: Total of the positive polarity ladder resistance = 128 R + VRHP + VRLP + VRPO + VRP1
SUMRN: Total of the negative polarity ladder resistance = 128 R + VRLN + VRNL + VRHNO + VRN1
A V: Voltage difference between VREG1OUT - VGS
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HD667/73
Table45: Voltage Formula (Positive Polarity)

grayscale voltage [Formula
VO VINPO
V1 V3D+(VINP1-V3D)*(8/24)
V2 V4+(V3D-V4)*(16/24)
V3 V4+(V3D-V4)*(8/24)
V4 VINP2
V5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-V10)*(12/24)
V8 V10+(V4-V10)*(8/24)
V9 V10+(V4-V10)*(4/24)
V10 VINP3
V11 V21+(V10-V21)*(21/24)
V12 V21+(V10-V21)*(19/24)
V13 V21+(V10-V21)*(17/24)
V14 V21+(V10-V21)*(15/24)
V15 V21+(V10-V21)*(13/24)
V16 V21+(V10-V21)*(11/24)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINP4
V22 V27+(V21-V27)%(20/24)
V23 V27+(V21-V27)*(16/24)
V24 V27+(V21-V27)*(12/24)
V25 V27+(V21-V27)*(8/24)
V26 V27+(V21-V27)*(4/24)
V27 VINP5
V28 VINP6+(V27-VINP6)*(780/960)
V29 VINP6+(V27-VINP6)*(600/960)
V30 VINP6+(V27-VINP6)*(280/960)
V31 VINP7

V3D: V3D = V4+(VINP1-V4)+(540/960)
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Table 46: Voltage Formula (Negative Polarity)

Pins Formula Mic_ro-adjsting Reference
register value voltage

KVNO |VREG1OUT- V*VRNO/SUMRN - VINNO

KVN1l |VREG1OUT- V*(VRNO+5R)/SUMRN PKNO02-00 = "000"

KVN2 |VREG1OUT- V*(VRNO+9R)/SUMRN PKNO02-00 = "001"

KVN3 |VREG1OUT- V*(VRNO+13R)/SUMRN PKNO02-00 = "010"

KVN4 |VREG1OUT- V*(VRNO+17R)/SUMRN PKNQ02-00 = "011" VINNL

KVN5 |VREG1OUT- V*(VRNO+21R)/SUMRN PKNO02-00 = "100"

KVN6 |VREG1OUT- V*(VRNO+25R)/SUMRN PKNO02-00 = "101"

KVN7 |VREG1OUT- V*(VRNO+29R)/SUMRN PKNQ02-00 = "110"

KVN8 |VREG1OUT- V*(VRNO+33R)/SUMRN PKNO02-00 = "111"

KVN9 |VREG1OUT- V*(VRNO+33R+VRHN)/SUMRN PKN12-10 = "000"

KVN10 |VREG1OUT- V*(VRNO+33R+VRHN)/SUMRN PKN12-10 = "001"

KVN1l |VREG1OUT- V*(VRNO+35R+VRHN)/SUMRN PKN12-10 = "010"

KVN12 |VREG1OUT- V*(VRNO+36R+VRHN)/SUMRN PKN12-10 = "011" VINN2

KVN13 |VREG1OUT- V*(VRNO+37R+VRHN)/SUMRN PKN12-10 = "100"

KVN14 |VREG1OUT- V*(VRNO+38R+VRHN)/SUMRN PKN12-10 = "101"

KVN15 |VREG1OUT- V*(VRNO+39R+VRHN)/SUMRN PKN12-10 = "110"

KVN16 |VREG1OUT- V*(VRNO+40R+VRHN)/SUMRN PKN12-10 ="111"

KVN17 |VREG1OUT- V*(VRNO+45R+VRHN)/SUMRN PKN22-20 = "000"

KVN18 |VREG1OUT- V*(VRNO+46R+VRHN)/SUMRN PKN22-20 = "001"

KVN19 |VREG1OUT- V*(VRNO+47R+VRHN)/SUMRN PKN22-20 = "010"

KVN20 |VREG1OUT- V*(VRNO+48R+VRHN)/SUMRN PKN22-20 = "011" VINN3

KVN21 |VREG1OUT- V*(VRNO+49R+VRHN)/SUMRN PKN22-20 = "100"

KVN22 |VREG1OUT- V*(VRNO+50R+VRHN)/SUMRN PKN22-20 = "101"

KVN23 |VREG1OUT- V*(VRNO+51R+VRHN)/SUMRN PKN22-20 = "110"

KVN24 |VREG1OUT- V*(VRNO+52R+VRHN)/SUMRN PKN22-20 = "111"

KVN25 |VREG1OUT- V*(VRNO+68R+VRHN)/SUMRN PKN32-30 = "000"

KVN26 |VREG1OUT- V*(VRNO+69R+VRHN)/'SUMRN PKN32-30 = "001"

KVN27 |[VREG1OUT- V*(VRNO+70R+VRHN)/'SUMRN PKN32-30 = "010"

KVN28 |VREG1OUT- V*(VRNO+71R+VRHN)/SUMRN PKN32-30 = "011" VINN4

KVN29 |VREG1OUT- V*(VRNO+72R+VRHN)/SUMRN PKN32-30 = "100"

KVN30 |VREG1OUT- V*(VRNO+73R+VRHN)/SUMRN PKN32-30 = "101"

KVN31l |VREG1OUT- V*(VRNO+74R+VRHN)/SUMRN PKN32-30 = "110"

KVN32 |VREG1OUT- V*(VRNO+75R+VRHN)/SUMRN PKN32-30 ="111"

KVN33 |VREG1OUT- V*(VRNO+80R+VRHN)/SUMRN PKN42-00 = "000"

KVN34 |VREG1OUT- V*(VRNO+81R+VRHN)/SUMRN PKN42-00 = "001"

KVN35 |VREG1OUT- V*(VRNO+82R+VRHN)/SUMRN PKN42-00 = "010"

KVN36 |VREG1OUT- V*(VRNO+83R+VRHN)/SUMRN PKN42-00 = "011" VINNS

KVN37 |VREG1OUT- V*(VRNO+84R+VRHN)/SUMRN PKN42-00 = "100"

KVN38 |VREG1OUT- V*(VRNO+85R+VRHN)/SUMRN PKN42-00 = "101"

KVN39 |VREG1OUT- V*(VRNO+86R+VRHN)/SUMRN PKN42-00 = "110"

KVN40 |VREG1OUT- V*(VRNO+87R+VRHN)/SUMRN PKN42-00 = "111"

KVN41 |VREG10OUT- V*(VRNO+87R+VRHN+VRLN)/SUMRN PKN52-50 = "000"

KVN42 |[VREG1OUT- V*(VRNO+91R+VRHN+VRLN)/SUMRN PKN52-50 = "001"

KVN43 |[VREG1OUT- V*(VRNO+95R+VRHN+VRLN)/SUMRN PKN52-50 = "010"

KVN44 |VREG10OUT- V*(VRNO+99R+VRHN+VRLN)/SUMRN PKN52-50 = "011" VINNG

KVN45 |[VREG10UT- V*(VRNO+103R+VRHN+VRLN)/SUMRN [PKN52-50 = "100"

KVN46 |VREG10OUT- V*(VRNO+107R+VRHN+VRLN)/SUMRN [PKN52-50 ="101"

KVN47 |[VREG1OUT- V*(VRNO+111R+VRHN+VRLN)/SUMRN |PKN52-50 ="110"

KVN48 |VREG10UT- V*(VRNO+115R+VRHN+VRLN)/'SUMRN |PKN52-50 ="111"

KVN49 |VREG10UT- V*(VRNO+120R+VRHN+VRLN)/SUMRN - VINN7

SUMRP: Total of the positive polarity ladder resistance = 128 R + VRHP + VRLP + VRPO + VRP1

SUMRN: Total of the negative polarity ladder resistance = 128 R + VRLN + VRNL + VRHNO + VRN1 T B D

A V: Voltage difference between VREG1OUT - VGS
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Table 47 Voltage Formula (Negative Polarity)

grayscale voltage Formula

VO VINPO

Vi V3D+(VINP1-V3D)*(8/24)
V2 V4+(V3D-V4)*(16/24)

V3 V4+(V3D-V4)*(8/24)

V4 VINP2

V5 V10+(V4-V10)*(20/24)

V6 V10+(V4-V10)*(16/24)

V7 V10+(V4-V10)*(12/24)

V8 V10+(V4-V10)*(8/24)

V9 V10+(V4-V10)*(4/24)

V10 VINP3

V1l V21+(V10-V21)*(21/24)
V12 V21+(V10-V21)*(19/24)
V13 V21+(V10-V21)*(17/24)
V14 V21+(V10-V21)*(15/24)
V15 V21+(V10-V21)*(13/24)
V16 V21+(V10-V21)*(11/24)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINP4

V22 V27+(V21-V27)*(20/24)
V23 V27+(V21-V27)*(16/24)
V24 V27+(V21-V27)*(12/24)
V25 V27+(V21-V27)*(8/24)
V26 V27+(V21-V27)*(4/24)
V27 VINP5

V28 VINP6+(V27-VINP6)*(780/960)
V29 VINP6+(V27-VINP6)*(600/960)
V30 VINP6+(V27-VINP6)*(280/960)
V31 VINP7

V3D: V3D = V4+(VINP1-V4)+(540/960)
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Relationship between RAM Data and Output
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The 8-color Display Mode

The HD66773 carries 8-color display mode. Using grayscale levels are VO and V31 and all other level
(V1to V30) power supplies are halt. So that it attempts to lower power consumption.  Also, during the
8-color mode, the Gamma micro adjustment register, PK POO-PKP52 and PKNOO-PKN52 are invalid.
Rewrite the data of GRAM R/B to 00000 or 11111, G to 000000 or 111111 before set the mode in order to
select VO/V31. Thelevel power supply (V1-V30) isin OFF condition during the 8-color mode.

Graphics RAM (GRAM)
bttt LSB

Y Y Y YY VY Y Y VY VYV YV VY

Rsl Rzl R1| Ro”Gsl Ga Gsl Gzl Gll Gol B4| le le B1| Bol
7

Display data | R4
<

| Data expansion circuit | | Data expansion circuit |

| Rsl R4 Rsl Rzl R1| Rol | le Ba le le Bll Bol

PKP02 | PKPO1 | PKP0OO

PKP12 |PKP1l | PKP10

PKP22 |PKP21 | PKP20

PKP32 |PKP31 | PKP30

Positive VO
. PKP42 |PKP41 | PKP40 B R R
polarity 16 T6 T6
. PKP52 |PKP51 | PKP5O ' ' '
register
PRP02 |PRPO1 | PRPOO 8 Grayscale 2 32 32 32
- r | ntrol r | ntrol r | ntrol
Py v P | ampiitier grayscale control grayscale control grayscale control
VRPO3 | VRPO2 | vrPo1 | VRPOO <R> <G> <B>
[ VRP14 [ VRP1S | VRP12 | vRP1L | VRP10 V3l LCD driver LCD driver LCD driver
| | |
1 1 1
PKNO2 |PKNOL | PKNOO * l' |

PKN12 |PKN1l |PKN1OY{ |} R [T

PKN22 |PKN21 | PKN20

PKN32 |PKN31 | PKN30

Nagative

olarit:
p y PKN52 |PKN51 | PKN50

register
PRNO2 | PRNO1 | PRNOO

PRN12 |PRN11 | PRN10

PKN42 |PKN41 | PKN40 Ll

VRNO3 | VRNO2 |vRNO1 | VRNOO

IlRN14 VRN13 VRN12 |vRN11 | VRN1O

Figure 93: Grayscale Control
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262,144color -> 8 colors
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Instruction Setting Flow

<Display off>

<Display on>

P
EQ=0 Power setting
l L
Display off I
GON = 1" Display on
DTE = *1" GON="0
D1-0 = “10” DTE ="0
| D1-0 =“01”

Wait (more than 2 frame)

Wait (more than 2 frame)

]
Display off Display on
GON :”1” GON _Hl”
DTE = “O” DTE —_ uon
D1-0 =“10”
Dl_o = HOlH
| |
Wait (more than 2 frame) Display on
|
- GON :HlH
Display off DTE = “0”
GON ="0" )
Dl_o = Hll”
DTE =“0" I
D1-0 = “00” Wait (more than 2 frame)
” | . [
Display OFF Display on
L ) GON :nln
DTE =*"1"
Dl_o = Hll”
Continue to the display on flow. P : N
Display ON
. J/
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<Standby> <Sleep>
Display off flow (Dis lay off flow
( ey ) Standby bay
) set 1 Sleep
Standbv set (STB =" 1" Sleep set (SLP = “1) set

| Oscillation start |

I Standby Sleep cancel (SLP =“0") ] Sleepl
| Wait 10 ms | cancel cance
1

| Standby cancel (STB = “O”)l

. ( Power setting )
[ Power setting ]

= ( Display on flow )
( Display on flow )

Figure 96
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Flow of Power-Supply Setting

Apply the power in a sequence as shown in figure 103. Stabilizing time of oscillation circuit and
stabilizing time of step-up circuit and operation amplifier depend on the external resistor and external

capacity.

Power supply
(Vcec On)

1ms

Power-on reset
and display off

10ms or more
(Stable time of the
HD66773 oscillation
circuit) v

Issuing Instruction for
power supply setting
(1)

Issuing Instruction
for power supply
setting (2)

40ms or more
(Stable time of step-up
circuit 1 and 2)

)
Issuing Instruction
for power supply
setting (3)

A4
—
Issuing Instruction
for power supply
setting (4)

40ms or more
(Stable time of step-up
circuit 4)

Bits for display off
DTE= “0", D1-0 = “00”
GON=*“0"

PON=“0"

VeomG= “0”

Bits for power-supply
initial writing:
VC2-0 bit setting,
VRH3-0 bit setting,
CAD bit setting,
VRL3-0 bit setting,
VCMA4-0 bit setting,
VDV4-0 bit setting

Bits for power —supply
operation —start setting:
BT2-0 bit setting,
DC2-0 bit setting,
AP2-0 bit setting

Bits for step-up circuit 4
operation-start

VCOMG= “1” bit setting
(Omit when VcomL = GND)

Bits for step-up circuit 3
operation-start

100ms or more
(Stable time for step-up
circuit and operational
amplifier)

Issuing Instruction
for other mode
setting

Display on
sequence

Display on

PON = “1” hit settina

Note

Bits for display on:

DTE=“1",
D1-0= “11”
GON=*1

Bits for display on:

Normal DTE="1",
Displav D1-0 =*11"
GON=*“1"
A 4
Display-off
Sequence
A 4 . .
Bits for display off:
. DTE="“0",
| Display-off I D1-0 = “00”
GON=“0"
Y

Bits for setting display off:
Amplifier off = AP2-0 bit
Step-up circuit off = DC2-0

Instruction of setting
power supply
o)

Power supply
(Vce off)

Figure 97 Flow of Power-Supply Setting

HITACHI
89



HDG66773 Rev. 1.0-1/ October 2002

Ogscillation Circuit

The HD66773 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 is increased 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.

1) External Clock Mode

Clock AN osc1
Damping
resistance

(2kQ) 0SC2

HD66773

2) External resistance oscillation mode

— | OSC1
Rf Ji

0SsC2
HD66773

Note: The Rf resistance must be located near the OSC1/OSC2 pin on the master side.
And other signals must not run across between OSC1 and OSC2.

OSCt
o

0SC2
VI HD66773 i

Figure 98: Oscillation Circuits
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n-raster-row Reversed AC Drive

The HD66773 supports not only the LCD reversed AC drive in a one-frame unit but aso the n-raster-row
reversed AC drive which aternates in an n-raster-row unit from one to 64 raster-rows. When a problem
affecting display quality occurs, the n-raster-row reversed AC drive can improve the quality.

Determine the number of the 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-row is reduced, the
LCD alternating frequency becomes high. Because of this, the charge or discharge current is increased
inthe LCD célls.

~&+—1 frame L 1 frame _d

Blank period Blank period
112 3] 4 Tttt |arqargq CtCC 1841 1|1 2| 3| 4 179174 “°°° 184 1| 2
A\
Frame A/C
wave-form drive
176 raster-row \

—_—)

n-raster-row A/C — \
wave-form drive
176 raster-row

reverse 3 {
EOR="1"

oA

Note: In an n-raster-row driving EOR should be “1” so that DC bias voltage is
not applied.

Figure99: Example of an AC Signal under n-raster-row Reversed AC Drive
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Interlace Drive

HD66773 supports the interlace drive to protect from the display flicker. It splits one frame into n fields
and drives. Determine the n fields (FLD bit stetting value) after confirming on the actual LCD display.
Following table indicates n fields. the gate selecting position when it is1 or 3.  And the diagram below

indicates the output waveform when the 3-field interlace drive is active.

Table 53
GS="0" GS="1"
FLD1-0: Setting Value 01 11 FLD1-0: Setting Value 01 11
Field ) 5 Field ) 5
- 1 - 1
Gate ®m 1@ |G Gate ®m 1@ |
G1 o o G176 o o
G2 o o G175 o o
G3 o o G174 o o
G4 o o G173 o o
G5 ° o G172 o) o)
G6 o o G171 o o
G7 o o G170 o o
G8 o o G169 o o
G9 o 0 G168 o o
G173 o O G4 o O
G174 0 o G3 o o
G175 i 3 o o G2 o o
ci76 N | o o Gl o o
- 1 frame P
| [ (] | [}
| - [ @-Blank period | | -
| - - - - |
| Field 1 Field 1 Field | Field 1
I 1) I @ 1 @) I M 1
AC polarity 1 | 1 | 1 [ |_I
| 11 [ | 11
Gl I_-I t — t T 1
G2 L 1 h 11 1 [
c3 | [ | | | | [}
| [ [ | [
G4 l—J-l +—4 — 4 +—4
G5 | [ I | [ | [
| [ (] | [}
G6 | 1 1 LI I-I 1 LI
. | (. (I | [
! | 11 [ | 11
| | (] | |
G3n+1 | I-I ) (- ] I-Ll
T ' x
G3n+3 —+ — I-I —t

Figure 100: Gate output Timing on the 3 Field Interlace
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AC DriveTiming

Following diagram indicates the timing of changing polarity on the each A/C drive method. LCD drive
polarity is changed after every frame. After the A/C this timing, the blank (all outputs from the gate:
Vgoff output) in 8H period isinserted. Also, LCD drive polarity is change after every field when it ison
the interlace drive and a blank isinserted in every timing. The amount of blanking periods becomes 8H in
a frame. When the reversed n-raster-row is driving, a blank period of the 8H period is inserted after al
screens are drawn

Frame reverse AC drive 3 field interlace drive AC n-raster-row reversed AC drive
AIC ' n-raster-row
. AIC n-raster-row
Field 1 —>
AlC AIC n-raster-row
_> (HE  Blank period 1 i _>

AIC n-raster-row
Frame 1 S 3 A _> 3
g ag_ > n-raster-row g
2 Field 2 ) AIC S n-raster-row °
g A/—>C g AlC _> n-raster-row %
AIC n-raster-row
Changing —>
polarity .
Blank period A/_>C
Blank period = 8H period Blank period Blank period

= Blank period 1 =8H period
+ Blank period 2

+ Blank period 3

=8H period

Figure 101
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Frame Frequency Adjusting Function

The HD66773 has an on-chip frame-frequency adjustment function. The frame frequency can be
adjusted by the instruction setting (DIV, RTN) during the LCD driver as the oscillation frequency is
always same.

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

Relationship between LCD Drive Duty and Frame Frequency

The relationship between the LCD drive duty and the frame frequency is calculated by the following
expression. The frame frequency can be adjusted in the 1H period adjusting bit (RTN) and in the
operation clock division bit (DIV) by the instruction.

[~ (Formula for the frame frequency)

fosc

Frame Frequency = [Hz]
Clock cycles per raster-row x division ratio x (Line+8)

fosc: R-C oscillation frequency

Line: Numbers of raster-rows (NL bit)
Clock cycles per raster-row: RTN bit
Division ratio: DIV bit

Example of Calculation

In case of maximum frame frequency = 60 Hz;
Driver raster-row: 176
1H period: 16 clock (RTN3to 0 ="“0000")
Operation clock division ratio: 1 division
fosc = 60Hz x (0+16) clock x 1 division x (176+8) lines = 177 [kHZ]

In this case, the CR oscillation frequency becomes 177 kHz. The externa resistance value of the R-C
oscillator must be adjusted to be 177 kHz.
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Screen-division Driving Function

The HD66773 can select and drive two screens at any position with the screen-driving position registers
(R14 and R15). Any two screens required for display are selectively driven and reducing LCD-driving
voltage and power consumption.

For the 1 division screen, start lines (SS17 to 10) and end lines (SE17 to 10) are specified by the 1%
screen-driving position register (R14).  For the 2" division screen, start line (SS27 to 20) and end lines
(SE27 to 20) are specified by the 2™ screen-driving position register (R15). The 2™ screen control is

effective when the SPT bitis 1. The total count of selection-driving lines for the 1% and 2 screens must
be the number of LCD drive raster-rows or less.

Driving on 2 screens
Gl i
G7

G26 o

[N 1st screen: 7
L1~ raster-row driving

] Non-display area

N 2nd screen: 17
raster-row driving

G42 o

Non-display area

Driving raster-row: NL4-0 ="10101" (176 lines