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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
INTRODUCTION

The S6D0110 is 1-chip solution for TFT-LCD panel: source driver with built-in memory, gate driver, power IC are
integrated on one chip. This IC can display to a maximum of 132-RGB x 176-dot graphics on 65k-color TFT panel.

The S6D0110 also supports bit-operation functions, 8/16-bit high-speed bus interface, and high-speed RAM-write
functions enable efficient data transfer and high-speed rewriting of data to the internal GRAM.

The moving picture area can be specified in internal GRAM by window function. The specified window area can be
updated selectively so that moving picture is able to displayed simultaneously independent of still picture area.

The S6D0110 has various functions for reducing the power consumption of a LCD system: It operates at low voltage
(minimum 1.8V) and the IC has an internal GRAM to store 132-RGB x 176-dot 65k-color image. In addition, it has
the internal booster that generates the LCD driving voltage, breeder resistance and the voltage follower circuit for
LCD driver.

This LSl is suitable for any medium-sized or small portable mobile solution requiring long-term driving capabilities,
such as digital cellular phones supporting a web browser, bi-directional pagers, and small PDAs.
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FEATURES

132-RGB x 176-dot TFT-LCD display controller/driver IC for 65,536 colors (396ch-source driver/176ch-gate
driver)

16-/8-bit high-speed bus interface and serial peripheral interface (SPI)
High-speed burst-RAM write function

Writing to a window-RAM address area by using a window-address function
Bit-operation functions for graphic processing

- Write-data mask functions in bit units
- Logical operation in pixel unit and conditional write function

Various color-display control functions

- 65,536 colors can be displayed at the same time (gamma adjust included)
- Vertical scroll display function in raster-row units

Internal RAM capacity: 132 x 16 x 176 = 371,712 bits
Low-power operation supports:

- Power-save functions such as the standby mode and sleep mode

- Partial LCD drive of two screens in any position

- Maximum 12-times step-up circuit for liquid crystal drive voltage

- Voltage followers to decrease direct current flow in the LCD drive breeder-resistors

- Equalizing function for the switching performance of step-up circuits and operational amplifiers

N-raster row inversion drive Reverse the polarity of driving voltage in every selected raster row is
possible)

Internal oscillation and hardware reset
Structure for TFT-display retention volume (Cst/Cadd structure)
Alternating functions for TFT-display counter-electrode power supply
- N-line alternating drive of Vcom (Vgoff is also available for N-line alternating drive for Cadd)
Internal power supply circuit

- Step-up circuit: five to nine times, positive-polarity inversion
- Adjustment of Vcom(Vgoff) amplitude: internal 22-level digital potentiometer

Operating voltage

- Applying voltage
- VDD toVSS =1.8to 2.5V (nhon-regulating) (logic voltage range — non-regulated)
VDD3 to VSS = 2.3 to 3.3 V (regulating) (logic voltage range — regulated)
- Vci toVSS=2.5t03.3V (internal reference power-supply voltage)
- VciltoVSS=1.7t02.75V (2.5 x 0.68 ~ 2.75) (power supply for step-up circuits)
- Generating voltage
- For the source driver: AVDD to VSS = 3.5to 5.5V (power supply for liquid crystal output circuits)
GVDD to VSS =3.0to 5.0V (reference power supply for grayscale voltages)
- For the gate driver: VGH to VGL =141t0 30V, VGH to VSS =+7.0to +20 V,
VgoffL = (VGL+0.5) to 7.5V, VgoffH = ~ to -1.5V
- For the TFT-display counter electrode: Vcom amplitude(max) = 6V, VcomH to VSS(max) = GVDD
VcomL to VSS(max) =1.0Vto-Vci+ 0.5V
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Figure 1. Block Diagram
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PAD CONFIGURATION
%
=
3
S6D0110
Figure 2. Pad Configuration
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Table 1. S6D0110 Pad Dimensions
Size .
ltems Pad name. Unit
X Y
Chip size? - 19580 2860
INPUT PAD 54 100
um
Pad size
OUTPUT PAD 36 70
NOTES:
1. Scribe line is not included in this chip size (Scribe line: 120um)
7
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ALIGN KEY CONFIGURATION AND COORDINATE
LEFT COG ALIGN KEY RIGHT COG ALIGN KEY
< 190 um > 190 um
A 7 7 K
45um 45um
\ \ &
A A
30um 30um
v | v
A A
190 um X (9512, -131F) 40 um 190 um X (9512, -1315) 40 um
X x
30um 30um
\ A A
A A
45um 45um
T oo oo NN
tli tli tli 'Iﬁ > < tlﬁ tlﬁ =I< tli >
45um 30um 40um 30um 45um 45um 30um 40um 30um 45um
LEFT ILB ALIGN KEY RIGHT ILB ALIGN KEY
N P N
» e A 120 d
9 .
7y 100 g
K
A
A 29 X
4
110 | 76 X (699, -1227) 76 | 110
(9699, 1341) X
A
A 29 ,
A
Y
4
< 100 g J
< > 9
120 P |
Figure 3. COG and ILB align key
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Metal Size Bump Size
A A
45um 55um
A A 4
A A
45um 55um
y 4
“Z5um > z5um > “Soum > Soum
Szkey ILB key
ILB key
COG key COG key
Figure 4. Bump align key and align key configuration
NOTES:
2. Gold bump height: 15um(typ.)
2. Wafer thickness: 470um
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PAD CENTER COORDINATES
Table 2. Pad Center Coordinates
[Unit: um]

NO.| PAD name X Y NO.| PAD name X Y NO.| PAD name X Y NO.| PAD name X Y

1 louvmy<i>] -9360 | -1356 || 61| DB<11> -3200 | -1356 |[121 EQ 1600 -1356 |[181 ] VGOFF 6400 -1356
2 | vcoMouT| -9280 | -1356 || 62 ] DB<10> 3120 | -1356 |[122 | DISPTMG | 1680 -1356 |[ 182 | VGOFFOUT| 6480 -1356
3 | vcomouT| -9200 | -1356 || 63 ] DB<9> -3040 | -1356 |[123 TEST 1760 -1356 |[ 183 | VGOFFOUT| 6560 -1356
4 | CONTACT1| -9120 | -1356 || 64| DB<8> 2960 | -1356 |[124 VGS 1840 -1356 |[184 | VGOFFH | 6640 -1356
5 | CONTACT2| -9040 | -1356 || 65 | DuMMY<9>] -2880 | -1356 | 125 VGS 1920 -1356 |[185 | VGOFFH | 6720 -1356
6 | RESETB1 | -8960 | -1356 || 66 ] VSSO 2800 | -1356 |[126 VGS 2000 -1356 |[186 | VGOFFL 6800 -1356
7 |bummy<2>| -8880 | -1356 || 67| DB<7> 2720 | -1356 |[127 VGS 2080 -1356 |[187 | VGOFFL 6880 -1356
8 |DuMMY<3>| -8280 | -1356 || 68| DB<6> 2640 | -1356 |[128 VGS 2160 -1356 |[188] VREG2 6960 -1356
9 |pummy<4>| -7780 | -1356 || 69| DB<5> 2560 | -1356 |[129 VGS 2240 -1356 |[189] VREG2 7040 -1356
10 |DUMMY<5>| -7280 | -1356 || 70| DB<4> 2480 | -1356 |[130 VSS 2320 -1356 |[ 190 | VREG20UT| 7120 -1356
1 VGH 7200 | -1356 || 72| DB<3> 2400 | -1356 |[131 VSS 2400 -1356 |[191 | VREG20UT| 7200 -1356
12 VGH 7120 | -1356 || 72| DB<2> 2320 | -1356 |[132 VSS 2480 -1356 |[192 |puMMY<145 7280 -1356
13 vci3 7040 | -1356 |[ 73| DBY/SDO | -2240 | -1356 |[133 VSs 2560 -1356 || 193 |DUMMY<155 7780 -1356
14 VCI3 6960 | -1356 || 74 | DBO/SDI 2160 | -1356 |[134 VSS 2640 -1356_|[ 194 [DUMMY<16>] 8280 -1356
15 C23+ 6880 | -1356 [ 75 |[pumMmY<10y -2080 | -1356 |[135 VSS 2720 -1356 |[ 195 |DUMMY<17>] 8880 -1356
16 C23+ 6800 | -1356 |[ 76 | VvsSSO 2000 | -1356 |[136 VSS 2800 -1356 |[196 | RESETB3 | 8960 -1356
17 c23- 6720 | -1356 || 77 RIW -1920 | -1356 |[137 VSsS 2880 -1356 || 197 |DUMMY<184 9040 -1356
18 c23 6640 | -1356 || 78 E -1840 | -1356 |[138 VSS 2960 -1356 |[ 198 |DUMMY<195] 9120 -1356
19 C22+ 6560 | -1356 || 79 RS 21760 | -1356 |[139| vcOML 3040 -1356 |[199 | vcOMOUT | 9200 -1356
20 C22+ 6480 | -1356 || 80 CSB -1680 | -1356 |[140| vcomL 3120 -1356 |[200 | vcomMOUT | 9280 -1356
21 C22- 6400 | -1356 || 81 |pummy<11 -1600 | -1356 | 141 |DumMMY<125 3200 -1356 || 201 |DUMMY<20 9360 -1356
22 c22- 6320 | -1356 |[ 82] Vvsso -1520 | -1356 |[142 |puMMY<139 3280 -1356 |[ 202 |DUMMY<215] 9720 -1078
23 C21+ 6240 | -1356 |[ 83] Avss 21440 | -1356 |[143] VCOMR 3360 -1356 |[ 203 |DUMMY<22>5] 9610 -1040
24 C21+ 6160 | -1356 |[ 84| Avss -1360 | -1356 |[ 144 | VREG1OUT| 3440 -1356 | 204 G<2> 9720 -1002
25 c21- 6080 | -1356 |[ 85| Avss -1280 | -1356 |[145| VREG1 3520 -1356 | 205 G<4> 9610 964
26 co1- 6000 | -1356 |[ 86 ] Avss 21200 | -1356 |{146| GVDD 3600 -1356 | 206 G<6> 9720 926
27 Ccal+ 5920 | -1356 |[ 87 ] Avss 21120 | -1356 |{147] GvDD 3680 -1356 |[ 207 G<8> 9610 888
28 Cal+ 5840 | -1356 || 88| Avss -1040 | -1356 ||148| GvDD 3760 -1356 |[208 | G<10> 9720 -850
29 cal- 5760 | -1356 |[ 89 ] Avss 960 -1356 [l149] GvDD 3840 -1356 |[209] G<i12> 9610 812
30 cal- 5680 | -1356 |[ 90] Avss -880 1356 |[150 | vCOMH 3920 -1356 |[210] G<i14> 9720 774
31 C31+ 5600 | -1356 || 91 VSS* -800 -1356 (151 VCL 4000 21356 |[211] G<16> 9610 736
32 C3l+ 5520 | -1356 || 92 VSS 720 -1356 | 152 VCL 4080 -1356 |[212] G<i8> 9720 -698
33 C3l- 5440 | -1356 || 93 VSS 640 -1356 (153 Vel 4160 -1356 |[213] G<20> 9610 660
34 C3l- 5360 | -1356 | 94 VSS 560 -1356 | 154 ekl 4240 1356 |[214 |  G<22> 9720 622
35 VGL 5280 | -1356 || 95 VSS -480 -1356 |[ 155 vcil 4320 -1356 |[215] G<24> 9610 584
36 VGL 5200 | -1356 || 96 VSS -400 -1356 | 156 vCi1 4400 -1356 |[216 | G<26> 9720 546
37 VGL 5120 | -1356 |[ 97| vDD3* 320 -1356 |l157 ] REGP 4480 -1356 |[217] G<28> 9610 508
38 VGL 5040 | -1356 | 98] vDD3 240 1356 [[158 | REGN 4560 -1356 |[218] G<30> 9720 -470
39| CGND -4960 | -1356 |[ 99| vDD3 -160 -1356 | 159 VCI2 4640 -1356 |[219] G<32> 9610 -432
40| CGND -4880 | -1356 |[100] VvDD3 -80 -1356 [|160 | AVDD 4720 -1356 |[220] G<34> 9720 -394
41] CGND -4800 | -1356 (101 | RDVDD 0 -1356 |l161 ] AVDD 4800 21356 |[221] G<36> 9610 356
42| vDD30 4720 | -1356 {[102] RDVDD 80 -1356 (162 VCI3 4880 21356 |[222] G<38> 9720 318
43 IM<0> -4640 | -1356 |[103| RDVDD 160 -1356 | 163 VCI3 4960 -1356 |[223] G<40> 9610 280
44 | VSSO -4560 | -1356 |[104 | RDVDD 240 -1356 | 164 Cl1- 5040 1356 |[224 |  G<42> 9720 242
45|  IM<i> -4480 | -1356 |l105 VDD 320 -1356_|[ 165 Cli1- 5120 21356 |[225] G<as> 9610 204
46 | VDD30 -4400 | -1356 |l106 VDD 400 -1356 | 166 Ccli- 5200 21356 |[226 | G<46> 9720 -166
47 IM<2> -4320 | -1356 | 107 VDD 480 -1356 | 167 Cl1- 5280 -1356 |[227 ] G<as> 9610 -128
48 | VDD30 -4240 | -1356 |l108 VDD 560 -1356 | 168 Cli+ 5360 -1356 |[228] G<50> 9720 -90
49 | DUMMY<6>] -4160 | -1356 || 109 VBS 640 -1356 | 169 Cli+ 5440 21356 |[229] G<B2> 9610 -52
50| VsSso -4080 | -1356 |l110 Ve 720 -1356 (170 Cli+ 5520 -1356 |[230]| G<B4> 9720 -14
51 | PREGB -4000 | -1356 [l111 Ve 800 -1356 |[171 Cli+ 5600 -1356 |[231] G<56> 9610 24
52 | vDD30 3920 | -1356 [l112 VCl 880 -1356 |[172 Cl2- 5680 -1356 |[232] G<58> 9720 62
53| RESETB2 | -3840 | -1356 || 113 Vel 960 -1356 (173 C12- 5760 21356 |[233] G<60> 9610 100
54 | vsso -3760 | -1356 [l 114 Vel 1040 -1356 | 174 Cl2- 5840 -1356 |[234]| G<62> 9720 138
55 | DUMMY<7>| -3680 | -1356 |f 115 VCl4 1120 -1356 | 175 Cl2- 5920 -1356 |[235]| G<64> 9610 176
56 | DUMMY<8>| -3600 | -1356 |l116] 0Osc1 1200 -1356 |[176 Clo+ 6000 -1356 |[236] G<66> 9720 214
57| DB<15> 3520 | -1356 [l117] osc2 1280 -1356 (177 Cl12+ 6080 21356 |[237 ] G<68> 9610 252
58 | DB<14> -3440 | -1356 |[l118 CL1 1360 -1356 | 178 Cl12+ 6160 -1356 |[238] G<70> 9720 290
59 | DB<i13> -3360 | -1356 |[l119 M 1440 -1356 (179 Clo+ 6240 -1356 |[239] G<72> 9610 328
60 | DB<12> 3280 | -1356 [l120 FLM 1520 -1356 [1180| VGOFFE 6320 -1356 [[240]| G<74> 9720 366
Notes: No. 91 & 92, N0.97 & 98 PAD must be short by external wiring.
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Table 3. Pad Center Coordinates (continued)
[Unit: um]

NO.| PAD name X Y NO.| PAD name X Y NO.| PAD name X Y NO.| PAD name X Y

241 G<76> 9610 404 301] DUMMY<31; 7914 1362 361 S<342> 5634 1362 421 S<282> 3354 1362
242 G<78> 9720 442 302] DUMMY<32 7876 1252 362 S<341> 5596 1252 422 S<281> 3316 1252
243 G<80> 9610 480 303} DUMMY<33 7838 1362 363] S<340> 5558 1362 423 S<280> 3278 1362
244 G<82> 9720 518 304} DUMMY<34: 7800 1252 364 S<339> 5520 1252 424 S<279> 3240 1252
245 G<84> 9610 556 305] DUMMY<35; 7762 1362 365| S<338> 5482 1362 425 S<278> 3202 1362
246 G<86> 9720 594 306} DUMMY<36: 1724 1252 366] S<337> 5444 1252 426 S<277> 3164 1252
247 G<88> 9610 632 307] S<396> 7686 1362 3671 S<336> 5406 1362 427 S<276> 3126 1362
248 G<90> 9720 670 308 S<395> 7648 1252 368 S<335> 5368 1252 428 S<275> 3088 1252
249 G<92> 9610 708 309] S<394> 7610 1362 369| S<334> 5330 1362 429 S<274> 3050 1362
250 G<94> 9720 746 310] S<393> 7572 1252 370] S<333> 5292 1252 430 S<273> 3012 1252
251 G<96> 9610 784 311] S<392> 7534 1362 371] S<332> 5254 1362 431 S<272> 2974 1362
252 G<98> 9720 822 312 S<391> 7496 1252 372 S<331> 5216 1252 432 S<271> 2936 1252
253] G<100> 9610 860 313] S<390> 7458 1362 373| S<330> 5178 1362 433 S<270> 2898 1362
2541 G<102> 9720 898 314] S<389> 7420 1252 374] S<329> 5140 1252 434 S<269> 2860 1252
255] G<104> 9610 936 315] S<388> 7382 1362 375] S<328> 5102 1362 435 S<268> 2822 1362
256 G<106> 9720 974 316 S<387> 7344 1252 376 S<327> 5064 1252 436 S<267> 2784 1252

257 |DUMMY<23 9610 1012 317) S<386> 7306 1362 3771 S<326> 5026 1362 || 437] S<266> 2746 1362
258 |IDUMMY<24: 9720 1050 318] S<385> 7268 1252 378 S<325> 4988 1252 || 438] S<265> 2708 1252
| 259 |DUMMY<25 9610 1088 319] S<384> 7230 1362 3791 S<324> 4950 1362 || 439] S<264> 2670 1362
260 |DUMMY<26 9472 1252 320] S<383> 7192 1252 380] S<323> 4912 1252 || 440] S<263> 2632 1252
261 |DUMMY<27 9434 1362 321) S<382> 7154 1362 3811 S<322> 4874 1362 |[441] S<262> 2594 1362
262 |DUMMY<28 9396 1252 322] S<381> 7116 1252 382 S<321> 4836 1252 || 442] S<261> 2556 1252
263] G<108> 9358 1362 323] S<380> 7078 1362 383] S<320> 4798 1362 || 443] S<260> 2518 1362
264] G<110> 9320 1252 324] S<379> 7040 1252 384] S<319> 4760 1252 || 444] S<259> 2480 1252
265] G<112> 9282 1362 325) S<378> 7002 1362 385] S<318> 4722 1362 || 445] S<258> 2442 1362
266] G<114> 9244 1252 326] S<377> 6964 1252 386] S<317> 4684 1252 || 446] S<257> 2404 1252
2671 G<116> 9206 1362 327) S<376> 6926 1362 3871 S<316> 4646 1362 || 447] S<256> 2366 1362
268| G<118> 9168 1252 328] S<375> 6888 1252 388] S<315> 4608 1252 || 448] S<255> 2328 1252
269) G<120> 9130 1362 329) S<374> 6850 1362 3891 S<314> 4570 1362 || 449] S<254> 2290 1362
270] G<122> 9092 1252 330] S<373> 6812 1252 390] S<313> 4532 1252 || 450] S<253> 2252 1252
2711 G<124> 9054 1362 331) S<372> 6774 1362 3911 S<312> 4494 1362 || 451] S<252> 2214 1362
272] G<126> 9016 1252 332] S<371> 6736 1252 392] S<311> 4456 1252 || 452] S<251> 2176 1252
273] G<128> 8978 1362 333) S<370> 6698 1362 3931 S<310> 4418 1362 || 453] S<250> 2138 1362
274] G<130> 8940 1252 334] S<369> 6660 1252 394 S<309> 4380 1252 || 454] S<249> 2100 1252
2751 G<132> 8902 1362 335] S<368> 6622 1362 3051 S<308> 4342 1362 || 455] S<248> 2062 1362
276] G<134> 8864 1252 336] S<367> 6584 1252 396] S<307> 4304 1252 || 456] S<247> 2024 1252
2771 G<136> 8826 1362 337] S<366> 6546 1362 3971 S<306> 4266 1362 |1 457] S<246> 1986 1362
278] G<138> 8788 1252 338] S<365> 6508 1252 398 S<305> 4228 1252 || 458] S<245> 1948 1252
279] G<140> 8750 1362 339] S<364> 6470 1362 399| S<304> 4190 1362 || 459] S<244> 1910 1362
280) G<142> 8712 1252 340] S<363> 6432 1252 400] S<303> 4152 1252 || 460] S<243> 1872 1252
281] G<144> 8674 1362 341] S<362> 6394 1362 401 S<302> 4114 1362 || 461] S<242> 1834 1362
2821 G<146> 8636 1252 342] S<361> 6356 1252 402] S<301> 4076 1252 || 462] S<241> 1796 1252
283] G<148> 8598 1362 343] S<360> 6318 1362 403] S<300> 4038 1362 || 463] S<240> 1758 1362
284) G<150> 8560 1252 344) S<359> 6280 1252 4041 S<299> 4000 1252 |1464] S<239> 1720 1252
285] G<152> 8522 1362 345] S<358> 6242 1362 405] S<298> 3962 1362 || 465] S<238> 1682 1362
2861 G<154> 8484 1252 346] S<357> 6204 1252 406 S<297> 3924 1252 || 466] S<237> 1644 1252
287] G<156> 8446 1362 347] S<356> 6166 1362 407] S<296> 3886 1362 || 467] S<236> 1606 1362
288] G<158> 8408 1252 348) S<355> 6128 1252 4081 S<295> 3848 1252 || 468] S<235> 1568 1252
289] G<160> 8370 1362 349] S<354> 6090 1362 409 S<294> 3810 1362 || 469] S<234> 1530 1362
2901 G<162> 8332 1252 350] S<353> 6052 1252 410] S<293> 3772 1252 ||470] S<233> 1492 1252
291] G<164> 8294 1362 351] S<352> 6014 1362 411] S<292> 3734 1362 || 471] S<232> 1454 1362
292] G<166> 8256 1252 352) S<351> 5976 1252 4121 S<291> 3696 1252 ||472] S<231> 1416 1252
293] G<168> 8218 1362 353] S<350> 5938 1362 413] S<290> 3658 1362 || 473] S<230> 1378 1362
294] G<170> 8180 1252 354] S<349> 5900 1252 414 S<289> 3620 1252 || 474] S<229> 1340 1252
2951 G<172> 8142 1362 355) S<348> 5862 1362 4151 S<288> 3582 1362 || 475] S<228> 1302 1362
206] G<174> 8104 1252 356] S<347> 5824 1252 4161 S<287> 3544 1252 11476) S<227> 1264 1252
297] G<176> 8066 1362 357] S<346> 5786 1362 417 S<286> 3506 1362 || 477] S<226> 1226 1362
298| G<177> 8028 1252 358] S<345> 5748 1252 418 S<285> 3468 1252 || 478] S<225> 1188 1252
299 IDUMMY<29 7990 1362 359] S<344> 5710 1362 419] S<284> 3430 1362 || 479] S<224> 1150 1362
300 |DUMMY<30: 7952 1252 360] S<343> 5672 1252 420] S<283> 3392 1252 11480) S<223> 1112 1252
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
Table 4. Pad Center Coordinates (continued)
[Unit: um

NO.| PAD name X Y NO.|l PAD name X Y NO.| PAD name X Y NO.| PAD name X Y

481 S<222> 1074 1362 541 S<170> -1206 1362 601 S<110> -3486 1362 661 S<50> -5766 1362
482 S<221> 1036 1252 542 S<169> -1244 1252 602 S<109> -3524 1252 662 S<49> -5804 1252
483 S<220> 998 1362 543) S<168> -1282 1362 603| S<108> -3562 1362 663 S<48> -5842 1362
484 S<219> 960 1252 544) S<167> -1320 1252 604 S<107> -3600 1252 664 S<47> -5880 1252
485 S<218> 922 1362 545 S<166> -1358 1362 605 S<106> -3638 1362 665 S<46> -5918 1362
486 S<217> 884 1252 546] S<165> -1396 1252 606| S<105> -3676 1252 666 S<45> -5956 1252
487 S<216> 846 1362 547) S<164> -1434 1362 607 S<104> -3714 1362 667 S<44> -5994 1362
488 S<215> 808 1252 548] S<163> 21472 1252 608 S<103> -3752 1252 668 S<43> -6032 1252
489 S<214> 770 1362 549 S<162> -1510 1362 609 S<102> -3790 1362 669 S<42> -6070 1362
490 S<213> 732 1252 550] S<161> -1548 1252 610 S<101> -3828 1252 670 S<41> -6108 1252
491 S<212> 694 1362 5511 S<160> -1586 1362 611] S<100> -3866 1362 671 S<40> -6146 1362
492 S<211> 656 1252 552] S<150> -1624 1252 612 S<99> -3004 1252 672 S<39> -6184 1252
493 S<210> 618 1362 553] S<158> -1662 1362 613 S<98> -3942 1362 673 S<38> -6222 1362
494 S<209> 580 1252 554] S<i157> -1700 1252 614 S<97> -3980 1252 674 S<37> -6260 1252
495 S<208> 542 1362 555) S<156> -1738 1362 615 S<96> -4018 1362 675 S<36> -6298 1362
496 S<207> 504 1252 556] S<155> -1776 1252 616 S<95> -4056 1252 676 S<35> -6336 1252
497 S<206> 466 1362 557] S<154> -1814 1362 617 S<94> -4094 1362 677 S<34> -6374 1362
498 S<205> 428 1252 558] S<153> -1852 1252 618 S<93> -4132 1252 678 S<33> -6412 1252
499 S<204> 390 1362 5591 S<152> -1890 1362 619 S<92> -4170 1362 679 S<32> -6450 1362
500 S<203> 352 1252 560] S<151> -1928 1252 620 S<91> -4208 1252 680 S<31> -6488 1252
501 S<202> 314 1362 561] S<150> -1966 1362 621 S<90> -4246 1362 681 S<30> -6526 1362
502 S<201> 276 1252 562) S<149> -2004. 1252 622 S<89> -4284 1252 682 S<29> -6564 1252
503 S<200> 238 1362 563) S<148> -2042 1362 623 S<88> -4322 1362 683 S<28> -6602 1362
504 S<199> 200 1252 564 S<147> -2080 1252 624 S<87> -4360 1252 684 S<27> -6640 1252
505 S<198> 162 1362 565] S<146> -2118 1362 625 S<86> -4398 1362 685 S<26> -6678 1362
506 S<197> 124 1252 566) S<145> -2156 1252 626 S<85> -4436 1252 686 S<25> -6716 1252
507 S<196> 86 1362 567) S<144> -2194 1362 627 S<84> -4474 1362 687 S<24> -6754 1362
508 S<195> 48 1252 568 S<143> -2232 1252 628 S<83> -4512 1252 688 S<23> -6792 1252
509 S<194> 10 1362 569] S<142> -2270 1362 629 S<82> -4550 1362 689 S<22> -6830 1362
510 S<193> -28 1252 570) S<141> -2308 1252 630 S<81> -4588 1252 690 S<21> -6868 1252
511 IDUMMY<37 -66 1362 5711 S<140> -2346 1362 631 S<80> -4626 1362 691 S<20> -6906 1362
512 |IDUMMY<38: -104 1252 572 S<139> -2384 1252 632 S<79> -4664 1252 692 S<19> -6944 1252
513 |IDUMMY<39: -142 1362 573] S<138> -2422 1362 633 S<78> -4702 1362 693 S<18> -6982 1362
514 |DUMMY<40 -180 1252 574) S<137> -2460 1252 634 S<77> -4740 1252 694 S<17> -7020 1252
515 IDUMMY<41 -218 1362 575) S<136> -2498 1362 635 S<76> -4778 1362 695 S<16> -7058 1362
516 IDUMMY<42: -256 1252 576 S<135> -2536 1252 636 S<75> -4816 1252 696 S<15> -7096 1252
517 |IDUMMY<43: -294 1362 577] S<134> -2574 1362 637 S<74> -4854 1362 697 S<14> -7134 1362
518 |DUMMY<44: -332 1252 578) S<133> -2612 1252 638 S<73> -4892 1252 698 S<13> -7172 1252
519 S<192> -370 1362 579] S<132> -2650 1362 639 S<72> -4930 1362 699 S<12> -7210 1362
520 S<191> -408 1252 580 S<131> -2688 1252 640 S<71> -4968 1252 700 S<11> -7248 1252
521 S<190> -446 1362 581] S<130> -2726 1362 641 S<70> -5006 1362 701 S<10> -7286 1362
522 S<189> -484 1252 582) S<129> -2764 1252 642 S<69> -5044 1252 702 S<9> -7324 1252
523 S<188> -522 1362 583] S<128> -2802 1362 643 S<68> -5082 1362 703 S<8> -7362 1362
524 S<187> -560 1252 584 S<127> -2840 1252 644 S<67> -5120 1252 704 S<7> -7400 1252
525 S<186> -598 1362 585) S<126> -2878 1362 645 S<66> -5158 1362 705 S<6> -7438 1362
526 S<185> -636 1252 586) S<125> -2916 1252 646 S<65> -5196 1252 706 S<5> -7476 1252
527 S<184> -674 1362 587 S<124> -2954 1362 647 S<64> -5234 1362 707 S<4> -7514 1362
528 S<183> -712 1252 588 S<123> -2992 1252 648 S<63> 5272 1252 708 S<3> -7552 1252
529 S<182> -750 1362 589) S<122> -3030 1362 649 S<62> -5310 1362 709 S<2> -7590 1362
530 S<181> -788 1252 590) S<i121> -3068 1252 650 S<61> -5348 1252 710 S<1> -7628 1252
531 S<180> -826 1362 591] S<120> -3106 1362 651 S<60> -5386 1362 711 |DUMMY<45 -7666 1362
532 S<179> -864 1252 592] S<119> -3144 1252 652 S<59> -5424 1252 712 |DUMMY<46 -7704 1252
533 S<178> -902 1362 593) S<118> -3182 1362 653 S<58> -5462 1362 713 |DUMMY<47 -7742 1362
534 S<177> -940 1252 594] S<117> -3220 1252 654 S<57> -5500 1252 714 |DUMMY<48 -7780 1252
535 S<176> -978 1362 595 S<116> -3258 1362 655 S<56> -5538 1362 715 |IDUMMY<49: -7818 1362
536 S<175> -1016 1252 596] S<115> -3296 1252 656 S<b5> -5576 1252 716 |DUMMY<50 -7856 1252
537 S<174> -1054 1362 597) S<114> -3334 1362 657 S<54> -5614 1362 717 |DUMMY<51 -7894 1362
538 S<173> -1092 1252 598] S<113> -3372 1252 658 S<53> -5652 1252 718 |IDUMMY<52 -7932 1252
539 S<172> -1130 1362 599 S<112> -3410 1362 659 S<b2> -5690 1362 719 G<175> -7970 1362
540 S<171> -1168 1252 600} S<111> -3448 1252 660 S<b61> -5728 1252 720] G<173> -8008 1252
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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
Table 5. Pad Center Coordinates (continued)
[Unit: um]

NO.] PAD name X Y NO.l PAD name X Y NO.| PAD name X Y NO.] PAD name X Y
721 G<171> -8046 1362 781 G<63> -9720 176
722 G<169> -8084 1252 782 G<61> -9610 138
723 G<167> -8122 1362 783 G<59> -9720 100
724 G<165> -8160 1252 784 G<57> -9610 62
725 G<163> -8198 1362 785 G<55> -9720 24
726 G<161> -8236 1252 786 G<53> -9610 -14
727 G<159> -8274 1362 787 G<b1> -9720 -52
728 G<157> -8312 1252 788 G<49> -9610 -90
729 G<155> -8350 1362 789 G<47> -9720 -128
730 G<153> -8388 1252 790 G<45> -9610 -166
731 G<151> -8426 1362 791 G<43> -9720 -204
732 G<149> -8464 1252 792 G<41> -9610 =242
733 G<147> -8502 1362 793 G<39> -9720 -280
734 G<145> -8540 1252 794 G<37> -9610 -318
735 G<143> -8578 1362 795 G<35> -9720 -356
736 G<141> -8616 1252 796 G<33> -9610 -394
737 G<139> -8654 1362 797 G<31> -9720 -432
738 G<137> -8692 1252 798 G<29> -9610 -470
739 G<135> -8730 1362 799 G<27> -9720 -508
740 G<133> -8768 1252 800 G<25> -9610 -546
741 G<131> -8806 1362 801 G<23> -9720 -584
742 G<129> -8844 1252 802 G<21> -9610 -622
743 G<127> -8882 1362 803 G<19> -9720 -660
744 G<125> -8920 1252 804 G<17> -9610 -698
745 G<123> -8958 1362 805 G<15> -9720 -736
746 G<121> -8996 1252 806 G<13> -9610 =774
747 G<119> -9034 1362 807 G<11> -9720 -812
748 G<117> -9072 1252 808 G<9> -9610 -850
749 G<115> -9110 1362 809 G<7> -9720 -888
750 G<113> -9148 1252 810 G<56> -9610 -926
751 G<111> -9186 1362 811 G<3> -9720 -964
752 G<109> -9224 1252 812 G<1> -9610 -1002
753 G<107> -9262 1362 813 G<0> -9720 -1040
754 |DUMMY<53 -9300 1252 8141 DUMMY<591 -9610 -1078
755 IDUMMY<54. -9338 1362 815] DUMMY<60:; -9720 -1116
756 IDUMMY<55: -9376 1252

757 IDUMMY<56: -9720 1088

758 |DUMMY<57. -9610 1050

759 |DUMMY<58 -9720 1012

760 G<105> -9610 974

761 G<103> -9720 936

762 G<101> -9610 898

763 G<99> -9720 860

764 G<97> -9610 822

765 G<95> -9720 784

766 G<93> -9610 746

767 G<91> -9720 708

768 G<89> -9610 670

769 G<87> -9720 632

770 G<85> -9610 594

771 G<83> -9720 556

772 G<81> -9610 518

773 G<79> -9720 480

774 G<77> -9610 442

775 G<75> -9720 404

776 G<73> -9610 366

777 G<71> -9720 328

778 G<69> -9610 290

779 G<67> -9720 252

780 G<65> -9610 214
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary

PIN DESCRIPTION

Table 6. Power supply pin description

Symbol 1/0 Description

System power supply.

VDD Power As S6D0110 have internal regulator, VDD range varies with each mode.
Non-regulated(PregB = 1) : +1.8 ~ +2.5V
Regulated (PregB =0) : +1.9V
System power supply for internal regulator as external power.

vbDb3 POWer | \pp3: +2.5 to +3.3V)

VSS Power | System ground(0V)

CGND Power | System ground level for step up circuit block.

AVSS Power | System ground level for analog circuit block.
An internal reference power supply for VREG1OUT/VREG20OUT.

VCI Power | Connect VDD when VDD = 2.5t0 3.3 V.
Connect a 2.5 to 3.3 V external-voltage power supply when VDD = 1.8 to 2.5 V.
A power output pin for source driver that is generated from power block.

AVDD (0] Connect a capacitor for stabilization. (AVDD: 3.5 to 5.5 V)
Interconnect this pin to VCI2 pin.
A Standard level for grayscale voltage generator.

GVDD o] . L
Connect a capacitor for stabilization.

VGS I Reference voltage for grayscale voltage generator.

VCI1 I A reference voltage for step-up circuit 1.

VCI2 I A reference voltage for step-up circuit 2.

VCI3 A reference voltage in step-up circuit 3.

VCla A reference voltage in step-up circuit 4. Connect VCI, VDD, or an external power supply
lower than 3.3 V.

VCL o A power supply pin for generating VcomL. When VcomL is higher than VSS, outputs VSS
level.

14
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S6D0110

132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
Table 7. Power supply pin description (continued)

Symbol

1/0

Description

VBS

Reference voltage for step-up circuit3.
When VGH (max) = 20V, connect this pin to VCI.
When VGH (max) = 15V, connect this pin to VSS.

REGN,
REGP

I/0

Input pins for reference voltages of VREG1OUT, and VREG20OUT when the internal
reference-voltage generation circuit is not used. Leave these pins open when the internal
reference-voltage generation circuit is used.

VREG10UT

This pin outputs a reference voltage for VREG1 between AVDD(DDVDH) and VSS. When
the internal reference voltage is not used, the reference voltage can be generated from the
voltage of REGP. Connect this pin to VREG1 and a capacitor for stabilization. When this
pin is not used, leave it open.

VREG20UT

This pin outputs a reference voltage for VREG2 between VSS and VGL When the internal
reference voltage is not used, the reference voltage can be generated from the voltage of
REGN. Connect this pin to VREG2 and a capacitor for stabilizatioOn. When this pin is not
used, leave it open.

VcomOUT

A power supply for the TFT-display counter electrode.

The alternating cycle can be set by the M pin. Connect this pin to the TFT-display counter
electrode.

This pin is also used as equalizing function: When EQ = “High” period, all source driver s
outputs (S1 to S396) are short to Vcom level (Hi-z). In case of VcomL < 0V, equalizing
function must not be used. (Set EQ bit (RO7h) to be “00" for preventing the abnormal
function.)

VcomR

A reference voltage of VcomH.

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

VcomH

This pin indicates a high level of Vcom generated in driving the Vcom alternation.
Connect this pin to the capacitor for stabilization.

VcomL

When the Vcom alternation is driven, this pin indicates a low level of Vcom. An internal
register can be used to adjust the voltage. Connect this pin to a capacitor for stabilization.
When the VCOMG bit is low, the VcomL output stops and a capacitor for stabilization is not
needed.

VGH

A positive power output pin for gate driver, internal step-up circuits, bias circuits, and
operational amplifiers. Connect a capacitor for stabilization.
Interconnect this pin to VCI3 pin.

VGL

A Negative power output pin for gate driver, bias circuits, and operational amplifiers.
Connect a capacitor for stabilization. When internal VGL generator is not used, connect an
external-voltage power supply higher than -15.0 V.

EECTRONIGS
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
Table 8. Power supply pin description (continued)
Symbol 1/10 Description
Vaoff | Power supply pin for off level for gate of TFT.
9 Connect this pin to VgoffOUT.
An power output pin for gate driver.
This pin is a negative voltage for the gate off level. Alternation can be synchronized by M
VgoffOUT O pin. 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..
When the Vgoff alternation is driven, this pin indicates a high level of Vgoff. Connect a
VgoffH (0] capacitor for stabilization. When the CAD bit is low, the VgoffH output stops and a capacitor
for stabilization is not needed.
When the Vgoff alternation is driven, this pin indicates a low level of Vgoff. Connect a
VgoffL o . o ) . -
capacitor for stabilization. An internal register can be used to adjust the voltage.
C11+,C11-
to - Connect the step-up capacitor according to the step-up factor.
C23+,C23-
C31+, . .
C31- - Connect a step-up capacitor for generating the VGL level.
C41+, . .
ca1- - Connect a step-up capacitor for generating the -V CL level.
16
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Preliminary
Table 9. System interface pin description
Symbol 1/0 Description
Selects the MPU interface mode:
IM2 M1 IMO/ID MPU interface mode

VSS VSS VSS 68-system 16-bit bus interface
IM2-1, VSS VSS VDD3 68-system 8bit bus interface
IMO/ID VSS VDD3 VSS 80-system 16bit bus interface

VSS VDD3 VDD3 | 80-system 8bit bus interface

VDD3 VSS ID Serial peripheral interface (SPI)

When a SPI mode is selected, the IMO pin is used as the ID setting for a device code.
Chip select pin.
Low: S6D0110 is selected and can be accessed

CSB High: S6D0110 is not selected and cannot be accessed
Must be fixed at VSS level when not in use.
RS Register select pin.
Low: Index/status, High: Control
IM2 IM1 Pin func. Pin description
VSS VSS E F'or a 68-sy§tem bus mterfacg serves gs an enable
E signal to activate data read/write operation.
(IWR.SCL) VSS VDD3 JWR For an go-system pus interface, serves as a write
strobe signal and writes data at the low level.
VDD3 VSS scL For a serial perlpheral interface, serves as the
synchronous clock signal.
IM2 M1 Pin func. Pin description
For a 68-system bus interface, serves as a signal to
VSS VSS R/W select data read/write operation.
R/W ANy .
(RD) Low: Write , High: Read
For an 80-system bus interface, serves as a read
VSS VDD3 /RD .
strobe signal and reads data at the low level.
When SPI mode is selected, fix this pin at“VSS” level.
Bi-directional data input pin for the first bit of 16-bit data bus or serial data of SPI.
For an 8-bit bus interface, data bus uses DB15-DBS; fix unused DB7-DBO to the VDD3 or
DBO/SDI 110 VSS level.
For a serial peripheral interface (SPI), The input data is fetched at the rising edge of the SCL
signal.

Serves as a 16-bit bi-directional data bus.

For an 8-bit bus interface, data transfer uses DB15-DB8; fix unused DB7-DBO to the VDD3
DB1/SDO 110 or VSS level.

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

Serves as a 16-bit bi-directional data bus.
DB2-DB15 110 For an 8-bit bus interface, data transfer uses DB15-DB8; fix unused DB7-DBO to the VDD3

or VSS level.
RESETB1/
RESETB2/ Reset pin. Initializes the LS| when low. Must be reset after power-on.
RESETB3
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
Table 10. Display pin description
Symbol 1/10 Description
Source driver output pins.
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, it is output from
S1- S396 o S396.
S1, S4, S7, ... S(3n-1) : display Red (R) (SS =0)
S2, S5, S8, ... S(3n-2) : display Green (G) (SS =0)
S3, S6, S9, ... S(3n) :display Blue (B) (S§S =0)
Gate driver output pins.
G1l- G176 (0] The output of driving circuit is whether VGH, output gate selecting level or Vgoff, gate non-
selecting level.
GO, o Gate driver output pins for IC maker s testing.
G177 Please, leave it disconnected.
CL1 (0] Output pin for one-raster-row-cycle pulse.
M (0] Output pin for AC-cycle signal.
FLM (@) Output pin for frame-start pulse.
EQ o Output pin for timing for equalizing
Low : Normal display, High : Equalizing
Gate off signal in the partial display
DISPTMG © Low : Non-display, High : Normal output
Table 11. Oscillator and internal power regulator pin description
Symbol 1/0 Description
OsC1/ e Connect an external resistor for R-C oscillation.
0OSsC2 When input the clock from outside, input to OSC1, and open OSC2.
Internal power regulator control input pin.
PregB | When the internal regulated power (RDVDD) is used as VDD, PregB is fixed to “low” level.
When the external logic power(VDD3) is used as VDD, PregB is fixed to “high” level.
Internal power regulated-VDD output (typ. 1.9V).
RDVDD (@) When PregB is “low’, RDVDD is connected to VDD pin. When PRegB is “high”, leave this
pin open.
18
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Preliminary
FUNCTIONAL DESCRIPTION

System Interface

The S6D0110 has five high-speed system interfaces: an 80-system 16-bit/8-bit bus, a 68-system 16-bit/8-bit bus,
and a serial interface (SPI: Serial Peripheral Interface port). The IM2-0 pins select the interface mode.

The S6D0110 has three 16-bit registers: an index register (IR), a write data register (WDR), and a read data register
(RDR). The IR stores index information for control register and GRAM. The WDR temporarily stores data to be
written into control register and GRAM. The RDR temporarily stores data read from GRAM. Data written into the
GRAM from the MPU is first written into the WDR and then written into the GRAM by internal operation automatically.
Data is read through the RDR when reading from the GRAM, and the first read data is invalid and the second and
the following data are valid.

When a logic operation is performed inside of the S6D0110 by using the display data stored in the GRAM and the
data written from the MPU, the data read through the RDR is used. Accordingly, the MPU does not need to read data
twice nor to fetch the read data into the MPU. This enables high-speed processing.

Execution time for instruction, except oscillation start, is Oclock cycle so that instructions can be written in
succession.

Table 12. Register Selection (80-system 8/16 Parallel Interface)

/WR /RD RS Operations

Write indexes into IR

Reads internal status

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

RO |O
O |O|F
[l Ll (&) (@]

Table 13. Register Selection (Serial Peripheral Interface)

R/W Bits RS Bits Operations
0 0 Writes index into IR
1 0 Reads internal status
0 1 Writes data into control registers and GRAM through WDR
1 1 Reads data from GRAM through RDR

Bit Operation

The S6D0110 supports the following functions: a write data mask function that selects and writes data into the
GRAM in bit units, and a logic operation function that performs logic operations or conditional determination on the
display data set in the GRAM and writes into the GRAM. With the 16-bit bus interface, these functions can greatly
reduce the processing loads of the MPU graphics software and can rewrite the display data in the GRAM at high
speed. For details, see the Graphics Operation Function section.
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Preliminary

Address Counter (AC)

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

After writing into the GRAM, the AC is automatically increased/decreased by 1 according to ID1-0 bit of control
register. After reading data from GRAM, the AC is not updated. A window address function allows data to be written
only to a window area specified by GRAM.

Graphics RAM (GRAM)
The graphics RAM (GRAM) has sixteen bits/pixel and stores the bit-pattern data for 132 RGB x 176 dot display.

Grayscale Voltage Generator

The grayscale voltage circuit generates a LCD driver circuit that corresponds to the grayscale levels as specified in
the grayscale i -adjusting resistor. 65,536 colors can be displayed at the same time. For details, see the j -adjusting
resistor section.

Timing Generator

The timing generator generates timing signals for the operation of internal circuits such as GRAM.
The RAM read timing for display and the internal operation timing for MPU access is generated separately to avoid
interference with one another. The timing generator generates the interface signals (M, FLM, CL1, EQ, DISPTMG).

Oscillation Circuit (OSC)

The S6D0110 can provide R-C oscillation simply through the addition of an external oscillation-resistor between the
OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display size, and frame
frequency can be obtained by adjusting the external-resistor value. Clock pulses can also be supplied externally.
Since R-C oscillation stops during the standby mode, current consumption can be reduced. For details, see the
Oscillation Circuit section.

Source Driver Circuit

This liquid crystal display source driver circuit consists of 396 source drivers (S1 to S396).

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 SS bit can change the shift direction of 396-bit data by selecting an
appropriate direction for the device-mounted configuration.

Gate Driver Circuit

This liquid crystal display gate driver circuit consists of 178 gate drivers (GO to G177).
The VGH or Vgoff level is output by the signal from the gate control circuit.
GO0 and G177 are IC maker s test pins.

20
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Preliminary
Power Supply Circuit

Figure 2 shows a configuration of the voltage generation circuit for S6D0110. The step-up circuits consist of step-
up circuits 1 to 4. Step-up circuit 1 doubles or triples the voltage supplied to Vcil, and that voltage is doubled, tripled,
or quadrupled in step-up circuit 2. Step-up circuit 3 reverses the VGH level with reference to VSS or VBS and
generates the VGL level. Step-up circuit 4 reverses the Vci level with reference to VSS and generates the VCL level.
These step-up circuits generate power supplies AVDD, GVDD, VGH, VGL, Vgoff, and Vcom. Reference voltages
GVDD, Vcom, and Vgoff for the grayscale voltage are amplified in amplification circuits 1 and 2 from the internal-
voltage adjustment circuit or the REGP or REGN voltage, and generate each level depending on that voltage.
Connect Vcom to the TFT panel.

I I |
LJ:
VREG2 VREG1
ouT T OUTT VREG2| VREGI]
Amplfiicatiop | Amplificatior
circuit2 circuitl [ VDH output VDHou |_ Vo
(Vgoff (VDH amplifier
adjustment)| djustment)
Vcom
VcomH -
! agsmen| | 2
2=} it .
REGP crreut circuit
S REGN
4 VCI Vci
b VeomH
\D— Voltage oﬁ?g]lt VcomH ]_”_"
Regulatof adjustmerft amplifier
J circuit ¥
Vcom
Adjust VeomH ,0_8_[ 1
voliage (when
uyngmagn;xlemal
k
varabe resisty) VeorL
When L output ]_| >
using = amplifier VcomL |_‘
Vciout
Step-up gOl
circuit 1 amplitude
adjustment
circuit
ID—|
DDVDH VgoffH VgoffH
L output y
amplifier
Vgoffout]
/o—z—| 1
S wr| £
output >
amplifier VgoffL |_‘
77
VGH 1
—
Step-up
circuit 3
VGL
% Step-up vdd
circuit 4 Vss
" vei
Vss
77

Figure 5. Configuration of the Internal Power-Supply Circuit
Notes:
Use the 1uF capacitor.
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Pattern Diagrams for Voltage Setting

Preliminary

The following figure shows a pattern diagram for the voltage setting and an example of waveforms.

VC2-0
VEi(2.5V ~ 3.3V)

VGH(+7 ~ +20V)

BT2-0

AVDD(+3.5 ~ +5.5V)

DDVDH

BT20 VREGIOUT _ GVDD(+3.0 ~ +5.0V)
VDH
VCOM4-0
VcomH(+3.0 ~ VDH)

Veil VRH3-0

VDD(L8V ~3.3V) ~— ——

VDV4-

VSS(0V)
\(-1 times)

(-1 t|mes\\ VcomL(VCL+O 5to 1.0V)

Note:

Sn(source output)

VCL

VRL3-0

VgoffH(to -5.0V)

VREG20UT
VgoffL
(VGL+0.5 to -16.0V)

VGL(-9 to -16.5V)

Adjust the conditions of AVDD-GVDD>0.5V, VcomL-VCL>0.5V, and Vgoff-VGL>0.5V with loads because they
differ depending on the display load to be driven. In addition, Vci can be directly input to Vcil.

———————————————————————— VGH

=== GVDD(VDH)

; A

M- VcomH

VcomL

VCOM

Gn(Gate output)

—————— VgoffH

VgoffL

Figure 6. Pattern diagram and an example of waveforms
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Preliminary
Set up Flow of Power Supply

Apply the power in a sequence as shown in Figure 7. The stable time of the oscillation circuit, step-up circuit, and
operational amplifier depend on the external resistor or capacitance.

Power Supply
(Vdd on)

ims

A

Power-on reset
and display off

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

power supply setting (1

Issues instruction for
power supply setting (2

50ms or more
(Stable times of step-lip
circuit 1 and 2)

A

Issues instruction for
power supply setting (3

200ms or more
(Stable time of the stdp-
up operational

Issues instruction for

Bits for display off.
D1-0=00
GON=0
PON=0

Bits for power-supply

0, VCM4-0, VDV4-
0, VRN4-0, VRP4-0
(setting of the source-
driver grayscale
voltage)

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

0, AP2-0
Bits for source-driver
operational amplifier
operaton-start
setting: SAP2-0

Bits for step-up
circuit3 operation
start PON=1

Normal Display

Bits for display
on: DTE =1, D1-
0=11, GON=1

initial -
r 4 setting: VCOM, VC2- Display off
; : 0, VRH3- sequence*
Issues instructions for| 0, CAD, VRL3-

h.

Display off

Bits for display
off: DTE =0, D1-
0=00, GON=0

Instruction for
bower supply setting(

Bits for source-driver

operational amplifier

pperation—stop setting:
SAP2-0

Instruction for
bower supply setting(

Bits for power supply
stop setting: AP2-0
for operational
) amplifier, DC2-0 for
step-up circuit

A

Power supply

- other mode setting (Vdd off)
amplifier)
A A
Display-on Power-off sequence
Sequence*
y
Bits for display
Diplay on on: DTE =1, D1-
0=11, GON=1
Power-on sequence
Figure 7. Set up Flow of Power Supply
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GRAM ADDRESS

Table 14. GRAM address (SS="0")

Preliminary

S/G Output
olalal T8I 8% B8] 3| SR S| B|S
5| 0| 3| 3| 8] 8| &) B B| 5| &) » 3| B3| 3| 3| B3| B| B3] B| B| B3| B
e K R e el ) P e
G1 | 176 | "o000'H | "o001'H | "o002'H | "oc03H | ......... "0080"H | "0081"H | "0082"H | "0083'H
G2 | e17s| "0100°H | "0101"H | "0102'H | "o103'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 | 6173 "0300'H | "0301H | "0302'H | "0303'H | ......... "0380"H | "0381"H | "0382"H | "0383'H
G5 | G172 | "0400'H | "0401"H | "0402'H | "0403'H | ,........ "0480"H | "0481'H | "0482'H | "0483'H
G6 | G171 "os500'H | "0s01'H | "0502'H | "0s03'H | ......... "0580"H | "0581"H | "0582"H | "0583'H
G7 | G170 | 0600"H | "0601"H | "0602'H | "0603'H | ......... "0680"H | "0681'H | "0682'H | "0683'H
G8 | G169 | "0700"H | "0701"H | "0702'H | "o703'H | ......... "0780"H | "0781'H | "0782'H | "0783'H
G9 | cies| "0800"H | "0801"H | "0802'H | "0s03'H | ......... "0880"H | "0881H | "0882"H | "0883'H
c10 | G167 ] "0900"H | "0901"H | "0902'H | o903H | ......... "0980"H | "0981'H | "0982'H | "0983"H
G11 | G166 | "0a00'H | "omorH | "oa02'H | "omo3H | ......... "0A80"H | "0A81'H | "0Ag2"H | "0A83"H
c12 | G165 ] "oBooH | "0Bo1'H | "oBo2'H | roBOZ'H | ......... "0B80"H | "oB81"H | "oB82'H | "oB83"™H
G13 | G164 | "ocoo'H | "oco1'H | roco2'H | "oco3H | ......... "0c80"H | "0c81"H | "ocs2"H | "oc8s"H
c14 | G163 ] "opooH | "obo1H | "opo2'H | ropozH | ..., "0D80"H | "op81'H | "obs2"H | "0D83"H
c15 | G162 | "oe00'H | "0EO1"H | "oE02'H | "oEOZ'H | ......... "0E80"H | "oE81"H | "oE82'H | "0E83"H
G16 | G161 ] "oFoo'H | "oFo1'H | "oFo2'H | "oF03'H | ......... "0F80"H | "oF81"H | oFg82"H | "oF83"H
c17 | G160 "1000°H | "1001°H | "1002'H | "1003H | ......... "1080"H | "1081'H | "1082'H | "1083"H
G18 G159 | "1100"H | "1101"H | "1102"H | "1103'H | ......... "1180"H | "1181"H | "1182"H | "1183"H
c19 | ciss | "1200'H | "1201°H | "1202'H | m1203H ] L. "1280"H | "1281'H | "1282'H | "1283'H
G20 | G157 ] "1300'H | "1301H | "1302'H | "1303'H | ......... "1380"H | "1381"H | "1382"H | "1383'H
G169 | G168 | "AsooH | "ago1'H | "Ag02'H | "ag03H | ......... "A880"H | "Ass1'H | "Asso'H | "As83"H
G170 | G167 | "aso0H | "ago1H | "Ag02'H | "A903'H | ......... "p980"H | "A981'H | "aggo'H | "A983H
G171 | G166 | "AA00"H | "AAO01"H | "AAO02"H | "AAO3"H | ......... "AA80"H | "AA81"H | "AA80"H | "AA83"H
G172 | G165 | "AB00"H | "ABO1"H | "ABO2"H | "ABO3"H | ......... "AB80"H | "AB81"H | "AB80"H | "AB83"H
G173 | G164 | "acooH | "aco1'H | "aco2'H | "Aco3H | ......... "AC80"H | "AC81"H | "Ac80"H | "Ac83"H
G174 | G163 | "ADO0'H | "ADO1"H | "ADO2"'H | "ADO3"H | ......... "AD80"H | "AD81"H | "AD80"H | "AD83"H
G175 | G162 | "AE00"H | "AEO1"H | "AE02"H | "AEO3"H | ......... "AE80"H | "AE81"H | "AE80"H | "AE83"H
G176 | G161 | "AF00"H | "AF01"H | "AF02"H | "AFO3'H | ......... "AF80"H | "AF81"H | "AF80"H | "AF83"H

24
ELECTRONICS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6117659/s6d0110.html

S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD
Preliminary
Table 15. GRAM address (SS="1")
S/GOUtpUt rrrrrrrr ol | ololo| dl N,

33 3| 3| 8| 3| 5| B| 3| 3| 3|5 BB BB B3| 5| R B3| Bl 3|5
Gs=0| Gs=1 [ .. ce[s ee[es | eefes o bsoe[osoe[es | os[ee b
G1 G176 | "0083"H "0082"H "0081"H "0080"H | ......... "0003"H "0002"H "0001"H "0000"H
G2 | 17| v0183'H | "0182"H | "0181"H | "0180"H | ......... 0103"H | "0102'H | "0101"H | "0100"H
G3 | G174 | "0283'H | "0282"H | "0281"H | "0280"H | ......... 0203"H | "0202"H | "0201"H | "0200"H
G4 G173 0383"H 0382"H 0381"H 0380'H | ...uuunn. 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 | ....uut.. 0503"H '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 0881H 0880'H | ......... 0803"H '0802"H '0801"H 0800"H
G10 | G167 | "0983'H | "0982"H | "0981"H | "0980"H | ......... 0903"H | "0902"H | "0901"H | "0900"H
Gl1 G166 '0A83"H 0A82"H 0A81"H 0A80'H | ......... 0A03"H 0A02"H 0AO01"H 0A00"H
G12 | G165 | "0B83'H | "0B82'H | "0B81"H | "OB8O'H | ......... 0B03"H | "0B02"H | "0BO1"H | "0BOO"H
G13 G164 0C83"H 0C82"H 0C81"H OC80"H | ......... 0CO03"H 0CO02"H 0CO1"H 0CO0"H
G14 | G163 | "0oD83"H | "0D82"H | "0D81"H | "OD8O"H | ......... 0D03"H | "0D02"H | "0D01"H | "ODOO"H
G15 | G162 | "0E83'H | "0E82"'H | "OE81"H | "OE8O'H | ......... 0E03"H | "OE02"H | "OEO1"H | "OEO0O0"H
G16 G161l O0F83"H 0F82"H OF81"H OF80"H | ......... 0F03"H OF02"H OFO01"H OF00"H
G17 | G160 | "1083'H | "1082"H | "1081"H | "1080"H | ......... 1003"H | "1002"H | "1001"H | "1000"H
G18 G159 1183"H 1182"H 1181"H 1180"H | v.vuunnns 1103"H '1102"H '1101"H 1100"H
G19 | G158 | "1283'H | "1282"H | "1281"H | "1280"H | ......... 1203"H | "1202"H | "1201"H | "1200"H
G20 G157 1383"H 1382"H 1381"H 1380"H | ..vuunnns 1303"H '1302"H '1301"H 1300"H
G169 | G168 | "A883"H "A880"H "A881"H "A880"H | ......... "A803"H "A802"H "A801"H "A800"H
G170 | G167 | "A983"H "A980"H "A981"H "A980"H | ......... "A903"H "A902"H "A901"H "A900"H
G171 | G166 | "AA83"H | "AA80"H | "AA81"H | "AABO0'H | ......... "AAO3"H | "AA02"H | "AA01"H | "AA00"H
G172 | G165 ] "AB83"H | "AB80"H | "AB81"H | "AB80"H | ......... "ABO3"H | "AB02"H | "ABO1"H | "ABOO"H
G173 | G164 | "AC83"H | "AC80"H | "AC81"H | "AC80H | ......... "ACO03"H | "AC02"H | "ACO01"H | "ACO0"H
G174 | G163 ] "AD83"H | "AD80"H | "AD81"H | "AD8OH | ......... "ADO3"H | "ADO02"H | "ADO1"H | "ADOO"H
G175 | G162 | "AE83"H | "AE80"H | "AE81"H | "AE80"H | ......... "AEO3"H | "AEO02"H | "AEO1"H | "AEOQ0"H
G176 | G161 | "AF83"H | "AF80"H | "AF81"H | "AF80'H | ......... "AFO3"H | "AF02"H | "AFO01"H | "AFO00"H

BECTRONIGS 25

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6117659/s6d0110.html

132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
INSTRUCTIONS

The S6D0110 uses the 16-bit bus architecture. Before the internal operation of the S6D0110 starts, control
information is temporarily stored in the registers described below to allow high-speed interfacing with a high-
performance microcomputer. The internal operation of the S6D0110 is determined by signals sent from the
microcomputer. These signals, which include the register selection signal (RS), the read/write signal (R/W), and the
data bus signals (DB15 to DB0), make up the S6D0110 instructions.

There are nine categories of instructions that:

- Specify the index

- Read the status

- Control the display

- Control power management

- Process the graphics data

- Set internal GRAM addresses

- Transfer data to and from the internal GRAM

- Set grayscale level for the internal grayscale palette table
- Interface with the gate driver and power supply IC

Normally, instructions that write data are used the most. However, an auto-update of internal GRAM addresses after
each data write can lighten the microcomputer program load. As instructions are executed in 0 cycles, they can be
written in succession.
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INSTRUCTION TABLE

Table 16. Instruction table 1

Preliminary

Reg.
No

RW

RS

DB
15

DB
14

DB
13

DB
12

DB
11

DB
10

DB
9

DB
8

DB
7

DB
6

DB
5

DB
4

DB
3

DB

DB

Register Name /
Description

*

*

*

D6

ID5

D4

ID3

ID1

1DO

Index /
Sets the index register value

SR

L7

L6

L5

L4

L3

L2

L1

Lo

Status read /
Reads the driving raster-row position

ROOh

Start oscillation /
Starts the oscillation circuit

Device code read /
Read 0110H

RO1h

SM

GS

SS

NL4

NL3

NL2

NL1

NLO

Driver output control /

SM: gate driver division drive control
GS: gate driver shift direction

SS: source driver shift direction
NL4-0: number of driving lines

RO2h

FLD1

FDLO

B/C

EOR

NW5

Nw4

NwW3

Nw2

NwW1

NWO

LCD-Driving-waveform control /
FLD1-0: number of interlaced field
B/C: LCD drive AC waveform
NWS5-0: number of n-raster-row of C-
pattern

RO3h

SAP2

SAP1

SAPO

BT2

BT1

BTO

DC2

DC1

DCO

AP2

AP1

APO

SLP

STB

Power control 1/
SAP2-0:

BT2-0:

DC2-0:

AP2-0:

SLP:

STB:

RO4h

CAD

VRN4

VRN3

VRN2

VRN1

VRNO

VRP4

VRP3

VRP2

VRP1

VRPO

Power control 2/
CAD:

VRN4-0:

VRP4-0:

RO5h

BGR

HWM

/D1

1/DO

LG2

LG1

LGO

Entry mode /
BGR:

HWM:
1/D1-0:

AM:
LG2-0:

RO6h

CP15

CP14

CP13

CP12

CP11

CP10

CP9

CP8

CP7

CP6

CP5

CcP4

CP3

CcP2

CP1

CPO

Compare register /

RO7h

PT1

PTO

VLE2

VLE1

SPT

GON

DTE

CL

REV

D1

DO

Display control /
PT1-0:

D1-0:

RO8h

FP3

FP2

FP1

FPO

BP3

BP2

BP1

BPO

Blank period control 1/
BP3-0: Back porch setting
FP3-0: Front porch setting

RO%Sh

BLP1

BLP1

BLP1

BLP1

BLP2

BLP2

BLP2

BLP2

Blank period control 2/

ROBh

NO1

NOO

SDT1

SDTO

EQ1

EQO

DIVl

DIVO

RTN3

RTN2

RTN1

RTNO

Frame cycle control /
NO1-0:

ROCh

VC2

VC1

VCOo

Power control 3/
VC2-0:

RODh

VRL3

VRL2

VRL1

VRLO

PON

VRH3

VRH2

VRH1

VRHO

Power control 4/
VRL3-0:

PON:

VRH3-0:

ROEh

VCO
MG

VDV4

VDV3

VDV2

VDV1

VDVO

VCM4

VCM3

VCM2

VCM1

VCMO

Power control 5/
VCOMG:

VDV4-0:

VCM4-0:

ROFh

SCN4

SCN3

SCN2

SCN1

SCNO

Gate scan position /
SCNA4-0: scan starting position of gate
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Table 17. Instruction table 2
Red. | mw | Rs | DB | DB | DB [ DB [ DB | DB [ DB | DB | DB | DB | DB | DB | DB | DB | DB | DB Register Name /
No 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 Description
Rith | © 1| o o[l ol o] o]l o ofof[wr|wes|[ws|[wvwa|ws]|wvz]|w]|wo xﬁ;‘_'g?' scroll control /
1%t screen driving position /
R14h 0 1 | sE17| SE16| SE15| SE14| SE13| SE12| SE11| SE10| SS17| SS16 | SS15 | SS14 | SS13 | 8512 | SS11 | SS10 |SE17-10:
SS17-10
2" screen driving position /
R15h 0 1 | SE27 | SE26| SE25(| SE24 | SE23| SE22( SE21| SE20( $527| 5526 | 5525 | 5524 | 5523 | 5522 | 5521 | 5520 | SE27-20:
$527-20
Horizontal RAM Address position /
R16h 0 1 |HEA7 | HEA6 | HEAS | HEA4 [ HEA3 | HEA2 | HEAL | HEAO | HSA7 | HSAG | HSAS | HSA4 | HSA3 | HSA2 | HSAL | HSAO |HEAT7-O:
HSA7-0
Vertical RAM Address position /
R17h 0 1 | VEA7 | VEA6 | VEAS | VEA4 | VEA3 | VEA2 | VEAL | VEAO | VSAT | VSAG | VSAS | VSA4 | VSA3 | VSA2 | VSAL | VSAO |HEAT-O:
HSA7-0
R20h 0 1 |wmis [wmia|wmis[wmiz|wwmi[wmio| wme | wvs | wm7 | wme | wms | wm4 | wms | wmz | wwmi | wmo QAM"&"E’(;,W data mask /
R21h 0 1 |AD15 | AD14| AD13| AD12 | AD11 | AD10| AD9 | ADS | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO Eég"s%‘,‘d’ess set/
0 1 |wb1s [ wpi4| wpis| woi2 [ wpi1| wpio| woe | wps | wp7 | woe | wos | w4 | wps | woz | wb1 | woo Wg‘fg’;‘a“’ GRAM/
R22h -
1 1 |RD15 | RD14 | RD13 | RD12 [ RD11 | RD10| RDY | RD8 | RD7 | RD6 | RDS5 | RD4 [ RD3 | RD2 [ RD1 | RDO |Re3d datafrom GRAM/
PKP | PKP | PKP PKP | PKP | PKP |Gamma control 1/
R30h 0 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 01 00 |Adjust Gamma voltage
PKP | PKP | PKP PKP | PKP | PKP |Gamma control 2/
R3th 0 1 0 0 0 0 0 32 31 30 0 0 0 0 0 22 21 20 | Adjust Gamma voltage
PKP | PKP | PKP PKP | PKP | PKP [Gamma control 3/
R32h 0 1 0 0 0 0 0 52 51 50 0 0 0 0 0 42 41 40 | Adjust Gamma voltage
PRP | PRP | PRP PRP | PRP | PRP |Gamma control 4/
R33n 0 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 01 00 | Adjust Gamma voltage
PKN | PKN | PKN PKN | PKN | PKN |Gamma control 5/
Rh | 0 1]0 L R v e 0 0 0 O | 02 | oo | o0 |Adjust Gamma voltage
PKN | PKN | PKN PKN | PKN | PKN |Gamma control 6/
Rh | 0 tloJojoj oo s s [ | O] O O] O] 0] % | | 20 |AdustGammavoltage
PKN | PKN | PKN PKN | PKN | PKN |Gamma control 7/
R36h 0 1 0 0 0 0 0 52 51 50 0 0 0 0 0 42 41 40 | Adjust Gamma voltage
PRN | PRN | PRN PRN | PRN | PRN |Gamma control 8/
R37h 0 1 0 0 0 0 0 12 11 10 0 0 0 0 0 02 01 00 | Adjust Gamma voltage
28
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Preliminary

INSTRUCTION DESCRIPTIONS

Index

The index instruction specifies the RAM control indexes (ROOh to R3Fh). It sets the register number in the range of
00000 to 111111 in binary form. However, R40 to R44 are disabled since they are test registers.

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

W 0 * * * * * * * * * ID6 D5 D4 ID3 D2 ID1 DO

Status Read

The status read instruction read out the internal status of the IC.

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

R 0 L7 L6 L5 L4 L3 L2 L1 LO 0 0 0 0 0 0 0 0

L7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

Start Oscillation (ROOh)

The start oscillation instruction restarts the oscillator from the Halt State in the standby mode. After this instruction,
wait at least 10 ms for oscillation to stabilize before giving the next instruction. (See the Standby Mode section)
If this register is read forcibly, *0110H is read.

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

W * * * * * * * * * * * * * * * 1
R11]oJ]olololololola1lolololaislToloTloTlo
ELECTRONICS 29
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Driver Output Control (RO1h)

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

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

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

SM: Select the division drive method of the gate driver. When SM = 0, even/odd division is selected; SM = 1,
upper/lower division drive is selected. Various connections between TFT panel and the IC can be supported with the
combination of SM and GS bit.

SS: Selects the output shift direction of the source driver. When SS = 0, S1 shifts to S396. When SS = 1, S396 shifts
to S1. When SS = 0, <R><G><B> color is assigned from S1. When SS = 1, <R><G><B> color is assigned from
S396. Re-write to the RAM when intending to change the SS bit.

NL4-0: Specify number of lines for the LCD drive. 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 duty ratio. Select the set
value for the panel size or higher.

Table 18. NL bit and Drive Duty (SCN4-0=00000)

NL4 | NL3 [ NL2 | NL1 | NLO Display size Number of LCD driver lines Gate driver used
0 0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 0 1 396 X 16 dots 16 Glto G16
0 0 0 1 0 396 X 24 dots 24 Glto G24
0 0 0 1 1 396 X 32 dots 32 G1lto G32
0 0 1 0 0 396 X 40 dots 40 G1to G40
0 0 1 0 1 396 X 48 dots 48 G1to G48
0 0 1 1 0 396 X 56 dots 56 G1to G56
0 0 1 1 1 396 X 64 dots 64 Gl to G64
0 1 0 0 0 396 X 72 dots 72 Glto G72
0 1 0 0 1 396 X 80 dots 80 G1to G80
0 1 0 1 0 396 X 88 dots 88 G1to G88
0 1 0 1 1 396 X 96 dots 96 Gl 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 Glto G112
0 1 1 1 0 396 X 120 dots 120 G1 to G120
0 1 1 1 1 396 X 128 dots 128 G1lto G128
1 0 0 0 0 396 X 136 dots 136 G1to G136
1 0 0 0 1 396 X 144 dots 144 Gl to 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 G1 to G168
1 0 1 0 1 396 X 176 dots 176 G1lto G176

NOTE: Blank period (All gates output Vgoff level) have to be inserted after all gates are scanned.
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Preliminary
LCD-Driving-Waveform Control (R02h)
R/W RS DB15 | DB14 DB13 | DB12 DB11 | DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
w 1 0 0 0 0 F"lD F'Z)D B/C | EOR| 0 0 | NW5 | Nw4 | NW3 [ NW2 | NW1 | NWO

FLD1-0: These bits are for the set up of the interlaced driver s n raster-row. See the following table and figure for the
set up value and field raster-row and scanning method.

Table 19. Association chart for scanning FLD1-0 and n raster-row

FLD1 FLDO Scanning method
0 0 Set up disabled
0 1 1 field
1 0 Set up disabled
1 1 3 field (interlaced)
Gl 4 G214
G314 .. G1744
G1754 G176
TFT Panel
(&) When FLD1-0= 01(normal scanning)
Gl 4 G44 G2 4 G54 G3 4 G64
G714 .4 GI174 = G84 .4 GI75 = Go4 .4 G176
TFT Panel TFT Panel TFT Panel
\& 13 Frame 2/3 l_’_FEl—m’eSIS/
Y
1frame
(b) When FLD1-0= 11(interlaced scanning)

Figure 8. n raster-row interlaced scanning method

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive. When B/C = 1,
a n raster-row waveform is generated and alternates in each raster-row specified by bits EOR and NW4-NWO in the
LCD-driving-waveform control register (R0O2h). For details, see the n-raster-row Reversed AC Drive section.

EECTRONIGS
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EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and the n-
raster-row reversed signals are EORed(Exclusive-OR) for alternating 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 that will alternate in the C-pattern waveform setting (B/C = 1).
NW4-NWO alternate for every set value + 1 raster-row, and the first to the 64th raster-rows can be selected.

32
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Power Control 1 (RO3h)
Power Control 2 (R04h)

RIW RS | DB15 | DB14 | DB13 | DB12 | DB11 [ DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
w 1 0 0 SAP | SAP | SAP | BT2 | BT1 | BTO | DC2 | DC1 | DCO [ AP2 | AP1 | APO | SLP | STB
2 1 0
w 1 CAD 0 0 VRN | VRN | VRN | VRN | VRN 0 0 0 VRP | VRP [ VRP | VRP [ VRP
4 3 2 1 0 4 3 2 1 0

SAP2-0: The amount of fixed current from the fixed current source in the operational amplifier for the source driver is
adjusted. When the amount of fixed current is large, LCD driving ability and the display quality become high, but the
current consumption is increased. Adjust the fixed current considering the display quality and the current
consumption. During no display, when SAP2-0 = “000", the current consumption can be reduced by ending the
operational amplifier and step-up circuit operation.

SAP2 | SAP1 | SAPO Amount of Current in Operational Amplifier
0 0 0 Operation of the operational amplifier and step-up circuit stops.
0 0 1 Small
0 1 0 Small or medium
0 1 1 Medium
1 0 0 Medium or large
1 0 1 Large
1 1 0 Setting Inhibited
1 1 1 Setting Inhibited

BT2-0: The output factor of step-up is switched. Adjust scale factor of the step-up circuit by the voltage used. 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 is increased. Adjust the frequency considering the display quality and the current

consumption.
BT2 BT1 BTO VLOUT1 Output VLOUT2 Output Notes*

0 0 0 2 X Vcil 3 X Vci2 VLOUT2 = Vcil X six times

0 0 1 2 X Vcil 4 X Vci2 VLOUT2 = Vcil X eight times
0 1 0 3 X Vcil 3 X Vci2 VLOUT?2 = Vcil X nine times
0 1 1 3 X Vcil 2 X Vci2 VLOUT2 = Vcil X six times

1 0 0 2 X Vcil Vcil + 2 X Vci2 VLOUT?2 = Vcil X five times

1 0 1 2 X Vcil Vcil + 3 X Vci2 VLOUT2 = Vcil X seven times
1 1 0 Step-up stopped 3 X Vci2 VLOUT2 = Vci2 X three times
1 1 1 Step-up stopped 4 X Vci2 VLOUT?2 = Vci2 X four times

Notes: The step-up factors of VLOUT2 are derived from Vcil when VLOUT1 and Vci2 are shorted. The conditions of VLOUT10
5.5V and VLOUT2 0 15.0V must be satisfied.
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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 is increased.
Adjust the frequency considering the display quality and the current consumption.

DC2 DC1 DCO Step-up Cycle in Step-up Circuitl Step-up Cycle in Step-up Circuit 2/3/4
0 0 0 DCCLK /1 DCCLK /4
0 0 1 DCCLK /2 DCCLK / 4
0 1 0 DCCLK /4 DCCLK /4
0 1 1 DCCLK /2 DCCLK / 16
1 0 0 DCCLK DCCLK /8
1 0 1 DCCLK /2 DCCLK /8
1 1 0 DCCLK / 4 DCCLK /8
1 1 1 DCCLK / 4 DCCLK /16

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

>
T
N
>
o
=
>
T
o

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

Pl RFRP|FRLP|]O|O|O|O
Pk, O|O|FR|PFL|]O|]O
ROl RP|O|RL|O|RL]|O

Setting Inhibited

SLP: When SLP = 1, the S6D0110 enters the sleep mode, where the internal display operations are halted except
for the R-C oscillator, thus reducing current consumption. Only the following instructions can be executed during the
sleep mode.
- Power control (BT2-0, DC3-0, AP2-0, SLP, STB, VC2-0, CAD, VR3-0, VRL3-0, VRH4-0, VCOMG,
VDV4-0, and VCM4-0 bits)
During the sleep mode, the other GRAM data and instructions cannot be updated although they are retained and G1
to G228 output is fixed to VSS level, and register set-up is protected (maintained).
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STB: When STB = 1, the S6D0110 enters the standby mode, where display operation completely stops, halting all
the internal operations including the internal R-C oscillator. Further, no external clock pulses are supplied. For
details, see the Standby Mode section. Only the following instructions can be executed during the standby mode.

- Standby mode cancel(STB =“0")
- Start oscillation

CAD: Set this bit according to the structure for the TFT-display retention volume.

CAD = 0: Set this bit when the Cst retention volume is structured. In this case, Vgoff level is fixed to VgoffL level
regardless of the Vcom alternating drive.

CAD = 1: Set this bit when the Cadd retention volume is structured. At the Vcom alternating drive, the Vgoff voltage
is output in the VgoffL voltage reference by the amount of Vcom alternating amplitude.

VRP4-0: Control oscillation (positive polarity) of 64-grayscale. For details, see the Oscillation Adjusting Circuit
section.

VRN4-0: Control oscillation (negative polarity) of 64-grayscale. For details, see the Oscillation Adjusting Circuit
section.
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Power Control 3 (ROCh)
Power Control 4 (RODh)
Power Control 5 (ROEh)
R/IW RS DB15 | DB14 DB13 | DB12 DB11 | DB10 DB9 DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
w 0 0 0 0 0 0 0 0 0 0 0 0 0 | ve2]|vel | veo
w 0 0 0 0 [VRL |VRL | VRL [ VRL 0 0 0 PON [ VRH | VRH | VRH [ VRH
3 2 1 0 3 2 1 0
w 1 0 0 |vco|vDbv | VDV |VDV | VDV | VDV 0 0 0 |VCM |VCM | VCM | VCM | VCM
MG 4 3 2 1 0 4 3 2 1 0

VC2-0: Adjust reference voltage of VREG1, VREG20UT and Vciout to optional rate of Vci. Also, when VC2 =“ 1", it
is possible to stop the internal reference voltage generator. This leads to optional power on for VREG1OUT/Vciout
with REGP and VREG20UT with REGN externally.

vea | ver | veo Internal\/l;eggrlega?r \allsldta\gceio(lthGP) of Internal Refer\;eg;g;/oo:ﬁge (REGN) of
0 0 0 0.92 X Vci 0.08 X Vci
0 0 1 0.83 X Vci 0.17 X Vci
0 1 0 0.73 X Vci 0.27 X Vci
0 1 1 0.68 X Vci 0.32 X Vci
1 0 0 Vci VSS
Stops generation of the internal reference Stops generation of the internal reference
1 * * voltages of VREG1OUT and Vciout (REGP | voltage of VREG20OUT (REGN can be input
can be input externally) externally).

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

REGN.

VRL3-0: Set magnification of amplification for VREG20OUT voltage (voltage for the reference voltage, VREG2 while
generating Vgoffout.) It allows magnifying the amplification of REGN from 2 to 8.5 times.

VRL [VRL |VRL | VRL VREG20UT Voltage VRL | VRL |VRL [ VRL VREG20UT Voltage
3 2 1 0 3 2 1 0
0 0 0 0 -(Vci — REGN) X 3.0 1 0 0 0 -(Vci — REGN) X 6.5
0 0 0 1 -(Vci — REGN) X 3.5 1 0 0 1 -(Vci— REGN) X 7.0
0 0 1 0 -(Vci — REGN) X 4.0 1 0 1 0 -(Vci— REGN) X 7.5
0 0 1 1 -(Vci — REGN) X 4.5 1 0 1 1 -(Vci — REGN) X 8.0
0 1 0 0 -(Vci — REGN) X 5.0 1 1 0 0 -(Vci — REGN) X 8.5
0 1 0 1 -(Vci— REGN) X 5.5 1 1 0 1 -(Vci — REGN) X 9.0
0 1 1 0 -(Vci — REGN) X 6.0 1 1 1 0 -(Vci — REGN) X 9.5
0 1 1 1 Stopped 1 1 1 1 Stopped

Notes:

1. These settings apply when the internal reference-voltage generation circuit is stopped and the VREG20UT voltage is
generated specifying REGN as the reference voltage.
2. Adjust the settings between the voltage set by (Vci — VC2-0) or the (Vci — REGN) voltage and VRLO to VRL3 so that the
VREG20UT voltage is higher than-16.0 V.

3. The VREG20UT voltage is the factor when Vci is the reference voltage.
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PON: This is an operation-starting bit for the booster circuit 4. PON = 0 is to stop and PON = 1 to start operation. For
further information about timing for adjusting to the PON = 1, please refer to the set up flow of power supply circuit.

VRH3-0: Set the amplified factor of the VREG1OUT voltage (the voltage for the reference voltage, VREG2 while
generating VgoffOUT). It allows to amplify from 1.45 to 2.85 times of REGN input voltage.

VRH [VRH | VRH | VRH VREG1OUT Voltage VRH | VRH |VRH | VRH VREG1O0UT Voltage
3 2 1 0 3 2 1 0
0 0 0 0 REGP X 1.45 times 1 0 0 0 REGP X 2.175 times
0 0 0 1 REGP X 1.55 times 1 0 0 1 REGP X 2.325 times
0 0 1 0 REGP X 1.65 times 1 0 1 0 REGP X 2.475 times
0 0 1 1 REGP X 1.75 times 1 0 1 1 REGP X 2.625 times
0 1 0 0 REGP X 1.80 times 1 1 0 0 REGP X 2.700 times
0 1 0 1 REGP X 1.85 times 1 1 0 1 REGP X 2.775 times
0 1 1 0 REGP X 1.90 times 1 1 1 0 REGP X 2.850 times
0 1 1 1 Stopped 1 1 1 1 Stopped

Notes:

1. These settings apply when the internal reference-voltage generation circuit is stopped and the VREG10UT voltage is
generated specifying REGP as the reference voltage.

2. Adjust the settings between the voltage set by VC2-0 or the REGP voltage and VRHO to VRH3 so that the VREG10UT
voltage is lower than 5.0 V.

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

When VCOMG = 0, VcomL voltage becomes VSS and stops the amplifier of the negative voltage. Therefore, low
power consumption is accomplished. Also, When VCOMG = 0 and when Vcom is driven in A/C, set up of the
VDV4-0 is invalid. In this case, adjustment of Vcom/Vgoff A/C oscillation must be adjusted VcomH with VCM4-0.

VDV4-0: Set the alternating amplitudes of Vcom and Vgoff at the Vcom alternating drive. These bits amplify Vcom
and Vgoff 0.6 to 1.23 times the VREG1 voltage. When the Vcom alternation is not driven, the settings become
invalid.

VDV | VDV | VDV | VDV | VDV Vcom VDV | VDV | VDV | VDV | VDV Vcom

4 3 2 1 0 Amplitude 4 3 2 1 0 Amplitude

0 0 0 0 0 VREG1 X 0.60 1 0 0 0 1 VREG1 X 1.08

0 0 0 0 1 VREGL1 X 0.63 1 0 0 1 0 VREG1 X 1.11

0 0 0 1 0 VREG1 X 0.66 1 0 0 1 1 VREG1 X 1.14
1 0 1 0 0 VREG1 X 1.17

0 1 1 0 0 VREGL1 X 0.96 1 0 1 0 1 VREG1 X 1.20

0 1 1 0 1 VREG1 X 0.99 1 0 1 1 0 VREG1 X 1.23

0 1 1 1 0 VREG1 X 1.02 1 0 1 1 1 Setting Inhibited

0 1 1 1 1 Setting Inhibited 1 1 * * * Setting Inhibited

1 0 0 0 0 VREG1 X 1.05

Notes : Adjust the settings between VREG1 and VDVO to VDV4 so that the Vcom and Vgoff amplitudes are lower than 6.0 V.
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VCM4-0: Set the VcomH voltage (a high-level voltage at the Vcom alternating drive). These bits amplify the VcomH
voltage 0.4 to 0.98 times the VREGL1 voltage. When VCOM4-0 = 1, the adjustment of the internal volume stops, and

VcomH can be adjusted from VcomR by an external resistor.

Preliminary

VCM4 VCM3 VCM2 VCM1 VCMO VcomH Voltage
0 0 VREG1 X 0.40 times
VREGL1 X 0.42 times
0 0 0 1 0 VREGL1 X 0.44 times
0 1 1 0 0 VREGL1 X 0.64 times
0 1 1 0 1 VREG1 X 0.66 times
0 1 1 1 0 VREGL1 X 0.68 times
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 VREG1 X 0.70 times
VREG1 X 0.72 times
1 0 0 1 0 VREGL1 X 0.74 times
1 1 1 0 0 VREGL1 X 0.94 times
1 1 1 0 1 VREG1 X 0.96 times
1 1 1 1 0 VREG1 X 0.98 times
1 1 1 1 1 The internal volume stops, and VcomH can be adjusted from
VcomR by an external variable resistor.

Notes: Adjust the settings between VREG1 and VCMO to VCM4 so that the VcomH voltage is lower than GVDD.
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Preliminary
Entry Mode (RO5h)
Compare Register (R06h)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
W 0 0 0 BGR| 0 0 HWM | 0 0 0 D1 | /D0 | AM | LG2 | LG1 [ LGO
W [ 1 |CPi5| CP14| CP13 [ CP12 | CP11 [CP10 | CP9 | CP8 | CP7 | CP6 | CP5| CP4 | CP3 | CP2 | CP1 | CPO

The write date sent from the microcomputer is modified in the S6D0110 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.

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 at the writing to RAM four times. Write to RAM four times, otherwise
the four words cannot be written to the GRAM. Thus, set the lower 2 bits to Owhen setting the RAM address.
For details, see the High Speed RAM Write Mode section.

1/D1-0: When 1/D1-0 = 1, the address counter (AC) is automatically increased by 1 after the data is written to the
GRAM. When 1/D1-0 = 0, the AC is automatically decreased by 1 after the data is written to the GRAM. Automatic
address counter updating is not performed when reading data from GRAM. The increment/decrement setting of the
address counter by 1/D1-0 is performed independently for the upper (AD15-8) and lower (AD7-0) addresses. The
AM bit sets the direction of moving through the addresses when the GRAM is written.

AM: Set the automatic update method of the AC after the data is written to the GRAM. When AM = 0, the data is
continuously written in parallel. 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.

Table 20. Address Direction Setting

I/D1-0="00" 1/D1-0="01" I/D1-0="10" I/D1-0="11"
H: decrement H: increment H: decrement H: increment
V: decrement V: increment V: increment V: increment
0000h 0000h 0000h 0000h
AM=0
Horizontal
AFgan AF83h AF83h AF83h
|_0000h | 0000h
AM=1
Vertical
4 N
AF83h AF83h AF83h
ELECTRONICS 39

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6117659/s6d0110.html

132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
BGR: When 16-bit data is written to GRAM, bit-order of the data can be reversed by use of this bit. Therefore, bit-
order of the data is set to be <R><G><B> when BGR is 0, <B><G><R> when BGR is 1.
Please be aware that setting BGR to 1 will convert the order of the CP15-0 and WM15-0 bits in the same way.

LG2-0: Compare the data read from the GRAM by the microcomputer with the compare registers (CP7-0) by a
compare/logical operation and write the results to GRAM. For details, see the Logical/Compare Operation Function.

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

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

- oJolofofoJoJoJafurjajofoJafafufo]
micro computer

P Y Y Y Y Y YYYYYYYYVYYY

Logical/compare Logical operation (with read data and write data) Compare operation (with read data and write data)
operation LG2-0 ="000": Replace LG2-0 ="100": Replacement of matched read data
(LG2-0) LG2-0="001": OR LG2-0 ="101": Replacement of unmatched read data
LG2-0 =“010": AND LG2-0 =“110": Replacement of matched write data
LG2-0 =“011": EOR LG2-0 =“111": Replacement of unmatched write data
Write data mask* .
(WM15-0) Write data mask (WM15-0)
GRAM

NOTE: The write data mask (WM11-0) is set by the register in the RAM Write Data Mask section

Figure 9. Logical/compare operation

Display Control (RO7h)

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

W 1 0 0 0 PT1 PTO | VLE2 | VLE1 | SPT 0 0 GON | DTE | CL REV | D1 DO

PT1-0: Normalize the source outputs when non-displayed area of the partial display is driven. For details, see the
Screen-division Driving Function section.

VLE2-1: When VLE1 = 1, a vertical scroll is performed in the 1st screen. When VLE2 = 1, a vertical scroll is
performed in the 2nd screen. Vertical scrolling on the two screens cannot be controlled at the same time.

VLE2 VLE1 2"d 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 Setting disabled
40
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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary

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

GON: Gate off level is set to be VSS when GON = 0.
When GON= 0 and DISPTMG= 0, G1 to G176 output is fixed to VSS level. When GON= 1, G1 to G176 output is
fixed to VGH or Vgoff level. See the instruction set up flow for further description on the display on/off flow.

GON Gate output
0 VGH/VSS
1 VGH/Vgoff

DTE: DISPTMG output is fixed to VSS when DTE = 0.

DTE DISPTMG output
0 Halt (VSS)
1 Operation (VDD/VSS)

CL: When CL = 1, number of display is 8-color mode. For details, see the 8-color Display Mode.

CL Number of display colors
0 65,536 colors
1 8 colors
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary

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

1) Combination with the partial display

Source output level
GRAM Display data Non-display area
REV data PT1-0=(0,1) PT1-0=(1,0) PT1-0=(1,1)
Vcom=L Vcom=H Vcom=L Vcom=H Vcom=L Vcom=H Vcom=L Vcom=H

16 h0000 V63 VO

0 : : : V63 VO VSS VSS Hi-z Hi-z
16 hFFFF VO V63
16 h0000 VO V63

1 : : : V63 VO VSS VSS Hi-z Hi-z
16 hFFFF V63 VO

2) Combination with the D1-0

Source output level
REV GRAM D1-0=(1,1) 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 V63 \)

0 : : : V63 o VSS VSS VSS VSS
16 hFFFF VO V63
16 h0000 ) V63

1 : : : V63 Y VSS VSS VSS VSS
16 hFFFF V63 VO

D1-0: Display is on when D1 =1 and off when D1 = 0. When off, the display data remains in the GRAM, and can be
displayed instantly by setting D1 = 1. When D1 is 0, the display is off with the entire source outputs set to the VSS
level. Because of this, the S6D0110 can control the charging current for the LCD with AC driving. Control the display
on/off while control GON and DTE. For details, see the Instruction Set Up Flow.

When D1-0 = 01, the internal display of the S6D0110 is performed although the display is off. When D1-0 = 00, the
internal display operation halts and the display is off.

. . . Master/slave signal (CL1, FLM, M,
D1 DO Source output S6D0110 internal display operation DISPTMG)
0 0 VSS Halt Halt
0 1 VSS Operate Operate
1 0 Unlit display Operate Operate
1 1 Display Operate Operate
Notes:

1. Writing from the microcomputer to the GRAM is independent from D1-0.
2. In sleep and standby mode, D1-0 = 00. However, the register contents of D1-0 are not modified.
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S6D0110

132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Blanking period control 1 (R08h)
Blanking period control 2 (R09h)

Preliminary

RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 DB8 DB7 DB6 DB5 DB4 | DB3 | DB2 | DB1 | DBO
W 1 0 0 0 0 FP3 FP2 FP1 FPO 0 0 0 0 BP3 | BP2 | BP1 | BPO
W 1 0 0 0 0 BLP1 | BLP1 | BLP1 | BLP1 | BLP2 | BLP2 | BLP2 | BLP2 0 0 0 0
3 2 0 3 2 1 0

The blanking period in the front and end of the display area can be defined using this register.

When N-raster-row is driving, ablank period is inserted after all screens are drawn. Front and Back porch can be
adjusted using FP3-0 and BP3-0 bits (R08h). In interlace drive mode, Blank period can be adjusted using BLP13-
0 and BLP23-0 bit (R09h).the GRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For details, see the Graphics Operation Function section.

Downloaded from Elcodis.com electronic components distributor

FP3 FP2 FP1 FPO Blanking period BP3 BP2 BP1 BPO Blanking period
0 0 0 0 0 raster-row 0 0 0 0 0 raster-row
0 0 0 1 1 raster-row 0 0 0 1 1 raster-row
0 0 1 0 2 raster-row 0 0 1 0 2 raster-row
0 0 1 1 3 raster-row 0 0 1 1 3 raster-row
0 1 0 0 4 raster-row 0 1 0 0 4 raster-row
0 1 0 1 5 raster-row 0 1 0 1 5 raster-row
0 1 1 0 6 raster-row 0 1 1 0 6 raster-row
0 1 1 1 7 raster-row 0 1 1 1 7 raster-row
1 0 0 0 8 raster-row 1 0 0 0 8 raster-row
1 0 0 1 9 raster-row 1 0 0 1 9 raster-row
1 0 1 0 10 raster-row 1 0 1 0 10 raster-row
1 0 1 1 11raster-row 1 0 1 1 11raster-row
1 1 0 0 12 raster-row 1 1 0 0 12 raster-row
1 1 0 1 13 raster-row 1 1 0 1 13 raster-row
1 1 1 0 14 raster-row 1 1 1 0 14 raster-row
1 1 1 1 15 raster-row 1 1 1 1 15 raster-row

BLP13 | BLP12 | BLP11 | BLP10 | Blanking period || BLP23 | BLP22 | BLP21 | BLP20 Blanking period
0 0 0 0 0 raster-row 0 0 0 0 0 raster-row
0 0 0 1 1 raster-row 0 0 0 1 1 raster-row
0 0 1 0 2 raster-row 0 0 1 0 2 raster-row
0 0 1 1 3 raster-row 0 0 1 1 3 raster-row
0 1 0 0 4 raster-row 0 1 0 0 4 raster-row
0 1 0 1 5 raster-row 0 1 0 1 5 raster-row
0 1 1 0 6 raster-row 0 1 1 0 6 raster-row
0 1 1 1 7 raster-row 0 1 1 1 7 raster-row
1 0 0 0 8 raster-row 1 0 0 0 8 raster-row
1 0 0 1 9 raster-row 1 0 0 1 9 raster-row
1 0 1 0 10 raster-row 1 0 1 0 10 raster-row
1 0 1 1 11raster-row 1 0 1 1 11raster-row
1 1 0 0 12 raster-row 1 1 0 0 12 raster-row
1 1 0 1 13 raster-row 1 1 0 1 13 raster-row
1 1 1 0 14 raster-row 1 1 1 0 14 raster-row
1 1 1 1 15 raster-row 1 1 1 1 15 raster-row

ELECTRONICS 43



http://elcodis.com/parts/6117659/s6d0110.html
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S6D0110

Preliminary
Frame Cycle Control (ROBh)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 [ DBl | DBO
W 1 | NO1 | NOO [ SDT1 | SDTO | EQ1 | EQO | DIV1| DIVO| 0O 0 0 0 [ RTN3 | RTN2 | RTN1 | RTNO
RTN3-0: Set the 1H period.
RTN3 RTN2 RTN1 RTNO Clock cycles per raster row

0 0 0 0 16

0 0 0 1 17

0 0 1 0 18

1 1 1 0 30

1 1 1 1 31

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

DIV1 DIVO Division Ratio Internal operation clock frequency
0 0 1 fosc/l
0 1 2 fosc/2
1 0 4 fosc/4
1 1 8 fosc/8

*fosc = R-C oscillation frequency

EQ1-0: EQ period is sustained for the number of clock cycle which is set on EQ1-0. When VcomL<0, set these bits

as “ 00" for preventing the abnormal function.

EQ1 EQO EQ period
0 0 No EQ
0 1 1 clock cycle
1 0 2 clock cycle
1 1 3 clock cycle

Frame Frequency =

fOSC

[HZ]

fosc : R-C oscillation frequency

Line: Number of raster-rows (NL bit)
Clock cycles per raster-row: RTN bit

Division ratio: DIV bit

B: Blank period(Back porch + Front Porch)

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

Figure 10. Formula for the frame frequency
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Delay amount of > «— |
the source output !
1
1

Preliminary
SDT1-0: Set delay amount from gate edge (end) to source output.
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
P 1H period L 1H period R
Gn i
- s
sno i X x| X
E i
EQ i
i

Equalizing period —» «—

Figure 11. Set Delay from Gate Output to Source Output

NO1-0: Set amount of non-overlay for the gate output.

NO1 NOO Amount of non-overlab
0 0 0 clock cycle
0 1 4 clock cycle
1 0 6 clock cycle
1 1 8 clock cycle
g 1H period L 1H period N
Il Pi€ >
CL1 AI
o | | |
Gn+1 i Non-overlap period—bi <
Figure 12. Non-overlap Period
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Preliminary
Gate Scan Position (ROfh)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
W | 1 [ No1i 0 0 0 0 0 0 0 0 0 | SCN4 | SCN3 | SCN2 | SCN1 | SCNO
SCN 4-0: Set the scanning starting position of the gate driver.
Scanning start position
N4 N N2 N1 N
SC SCN3 SC SC SCNO Gs-0 Go-1
0 0 0 0 0 Gl G176
0 0 0 0 1 G9 G168
0 0 0 1 0 G17 G160
1 0 0 1 1 G153 G24
1 0 1 0 0 G161 G16
1 0 1 0 1 G169 G8
Gl Gl
G16
G17
G160 G160
G161 G161
G176 G176
GS=0 GS=1
NL = 10010 NL = 10010
SCN4-0 = 00000 SCN4-0 =00010
Note: Set NL4-0 on the gate scan end that does not exceed value 176
Figure 13. Relationship between NL and SCN set up value
46
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Preliminary
Vertical Scroll Control (R11h)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
w 1 0 0 0 0 0 0 0 0 | VL7 | VL6 | VL5 [ VL4 | VL3 | VL2 | VL1 | VLO

VL7-0: 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 VLE1 = 1 or VLE2 = 1. The raster-row display is fixed
when VLE2-1 = 00.

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Scroll length

0 0 0 0 0 0 0 0 0 raster-row

0 0 0 0 0 0 0 1 1 raster-row

0 0 0 0 0 0 1 0 2 raster-row

1 0 1 0 1 1 1 0 174 raster-row

1 0 1 0 1 1 1 1 175 raster-row
Note: Don' t set any higher raster-row than 175 (* AF"H)
1% Screen Driving Position (R14h)
2"d Screen Driving Position (R15h)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
W | 1 | SE17 | SE16 | SE15 | SE14 | SE13 | SE12 | SE11 | SE10 | SS17 | SS16 | SS15 | SS14 | SS13 | SS12 | SS11 | SS10
W 1 | SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | SS24 | SS23 | SS22 | SS21 | SS20
SS17-10: Specify the driving start position for the first screen in a line unit. The LCD driving starts from the ‘ set value

+1 common driver.

SE17-10: Specify the driving end position for the first screen in a line unit. The LCD driving is performed to the 'set
value + 1' gate driver. For instance, when SS17-10 = 07h and SE17-10 = 10h are set, the LCD driving is performed
from G8 to G17, and black display driving is performed for G1 to G7, G18, and others. Ensure that SS17-10
£ SE17-10 £ AFh. For details, see the Screen-division Driving Function section.

SS27-10: Specify the driving start position for the second screen in a line unit. The LCD driving starts from the 'set
value + 1' gate driver. The second screen is driven when SPT = 1.

SE27-20: 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 = 20h, and SE27-20 = AFh are set, the LCD
driving is performed from G33 to G80. Ensure that SS17-10 £ SE17-10 £ SS27-20 £ SE27-20 £ AFh. For details,
see the Screen-division Driving Function section.
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110
Preliminary
Horizontal Ram Address Position (R16h)
Vertical Ram Address Position (R17h)
RW | RS | DB15 | DB14 | DB13 | DB12 | DB11 | DB10 | DB9 | DBS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
w 1 | HEA | HEA | HEA | HEA | HEA | HEA | HEA | HEA | HSA | HSA | HSA | HSA | HSA | HSA | HSA | HSA
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
w 1 | VEA | VEA | VEA | VEA | VEA | VEA | VEA | VEA | VSA | VSA | VSA | VSA | VSA | VSA | VSA | VSA
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

HSA7-0/HEAT7-0: Specify the horizontal start/end positions of a window for access in memory. Data can be written
to the GRAM from the address specified by HEA 7-0 from the address specified by HSA7-0. Note that an address
must be set before RAM is written. Ensure 00h £ HSA7-0 £ HEA7-0 £ 83h.

VSA7-0/VEAT-0: Specify the vertical start/end positions of a window for access in memory. Data can be written to
the GRAM from the address specified by VEA7-0 from the address specified by VSA7-0. Note that an address must
be set before RAM is written. Ensure 00h £ VSA7-0 £ VEA7-0 £ AFh.

HSA HEA

| 0000H I

VSA
Window address setting range
Window address
“00"h £ HSA7-0 £ HEA7-0 £“83"h
“00"h £ VSA7-0 £ VEA7-0 £ “AF’h
VEA

GRAM address space

AF83H

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

Figure 14. Window address setting range
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
RAM Write Data Mask (R20h)
RW | RS | DB15 | DB14 | DB13 DB12 | DB11 | DB10 | DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W 1 | WM15| WB14 | WM13 | WM12 | WM11 | WM10 | WM9 | WM8 | WM7 | WM6| WM5| WM4 [ WM3 | WM2 | WM1 | WMO

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

RAM Address Set (R21h)

RW

RS

DB15

DB14 | DB13 [ DB12

DB11

DB10

DB9

DB8

DB7

DB6 | DB5 | DB4 | DB3

DB2

DB1

DBO

W

1

AD15

AD14 | AD13 | AD12

AD11

AD10

AD9

AD8

AD7

AD6 | AD5 | AD4 | AD3

AD2

AD1

ADO

AD15-0: Initially set GRAM addresses to the address counter (AC). Once the GRAM data is written, the AC is
automatically updated according to the AM and I/D bit settings. This allows consecutive accesses without resetting
address. Once the GRAM data is 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

AD15 to ADO

GRAM setting

“0000H" to “0083" H

Bitmap data for G1

“0100H" to“0183"'H

Bitmap data for G2

“0200H" to “0283"'H

Bitmap data for G3

“0300H" to “0383"'H

Bitmap data for G4

“ACO0H" to “AC83"H

Bitmap data for G173

“ADOOH" to “AD83"H

Bitmap data for G174

“AEOOH" to“AE83"H

Bitmap data for G175

“AFOOH’ to “AF83'H

Bitmap data for G176

EECTRONIGS
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Preliminary

Write Data to Gram (R22h)

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

W 1 | WD15 | wD14 | wD13 | wD12 | WD11 | WD10 | WD9 | WD8 | WD7 | WD6 | WD5 | WD4 | WD3 | WD2 | WD1 | WDO

WD15-0: Write 16-bit data to the GRAM. This data selects the grayscale level. After a write, the address is
automatically updated according to AM and I/D bit settings. During the standby mode, the GRAM cannot be

accessed.
DB15 | DB14 | DB13 | DB12 DB11 DB10 | DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
WD15 | wDb14 | wWD13 | wD12 | wD11 | wD10 | WD9 | WD8 | WD7 | WD6 | WD5 | WD4 | WD3 | WD2 | WD1 | WDO
Re | B | R | | RO| 65 | Ga]|l 3| 2] 61| ol B[ B3| B2 B1] BO
1 pixel
Figure 15. Write data to GRAM
Table 21. GRAM Data and Grayscale Level
Selected Selected Selected Selected
GRAM data setup GRAM data setup GRAM data setup GRAM data setup
grayscale grayscale grayscale grayscale
G R/B N P G R/B N P G R/B N P G R/B N P
000000 00000 VO | V63| 010000 | 01000 | V16 | V47 | 100000 - V32 [ V31 || 110000 - V48 | V15
000001 - V1 [ V62| 010001 - V17 [ V46 || 100001 10000 | V33 | V30 || 110001 11000 | v49 [ vi4
000010 00001 V2 | V61| 010010 | 01001 | V18 | V45| 100010 - V34 [ V29 || 110010 - V50 | V13
000011 - V3 | V60| 010011 - V19 | V44 || 100011 10001 | V35 | v28 || 110011 11001 | V51 | vi2
000100 00010 V4 [ V59| 010100 | 01010 | V20 | V43| 100100 - V36 [ V27 || 110100 - V52 [ Vi1
000101 - V5 | V58| 010101 - V21 [ V42 || 100101 10010 | V37 | V26 || 110101 11010 | V53 | V10
000110 00011 V6 | V57| 010110 | 01011 | V22 | V41| 100110 - V38 | V25 || 110110 - V54 | V9
000110 - V7 [ V56| 010110 - V23 [ V40 || 100110 10011 | V39 | V24 || 110110 11011 | V55 V8
001000 00100 V8 | V55| 011000 | 01100 | V24 | V39 | 101000 - V40 | V23 || 111000 - V56 | V7
001001 - V9 | V54| 011001 - V25 [ V38 || 101001 10100 | v41 | v22 || 111001 11100 | V57 | V6
001010 00101 V10| V53| 011010 | 01101 | V26 | V37| 101010 - V42 [ v21 || 111010 - V58 [ V5
001011 - V11| V52| 011011 - V27 | V36 || 101011 10101 | v43 | V20 || 111011 11101 | V59 | V4
001100 00110 | V12| V51| 011000 | 01100 | Vv28 | V35 || 101100 - V44 [ V19 || 111100 - V60 | V3
001101 - V13| V50 011001 - V29 [ V34 || 101101 10110 | v45 | vi8 || 111101 11110 | V61| V2
001100 00110 | V14| v49 | 011010 | 01101 | V30 | V33 || 101100 - V46 | V17 || 111110 - V62 | V1
001101 - V15| v48] 011011 - V31 [ V32 || 101101 10111 | v47 | V16 || 111111 11111 | V63| VO
50
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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD
Preliminary

Read Data from GRAM (R22h)

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

R | 1 [RD15 | RD14 | RD13 | RD12 | RD11 | RD10 | RD9 | RD8 | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 [ RDO

RD11-0: Read 16-bit data from the GRAM. When the data is read to the microcomputer, the first-word read
immediately after the GRAM address setting is latched from the GRAM to the internal read-data latch. The data on
the data bus (DB15-0) becomes invalid and the second-word read is normal.

When bit processing, such as a logical operation, is performed within the S6D0110, only one read can be processed
since the latched data in the first word is used.

First word

Second word

First word

Second word

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

v

Address: N set

v

Dummy read (invalid data)
GRAM -> Read data latch

v

Read (data of address N)
Read data latch -> DB15-0

v

Address: M set

v

Dummy read (invalid data)
GRAM -> Read data latch

v

Read (data of address M)
Read-data latch -> DB15-0

v

i) Data read to the microcomputer

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

v

Address: N set

v

Dummy read (invalid data)

First word GRAM -> Read data latch

v

Write (data of address N)

Second word DB15-0 -> GRAM

v

Automatic address update: N+a

v

Dummy read (invalid data)

First word
GRAM -> Read data latch

v

Write (data of address N+a)

Second word DB15-0 -> GRAM

v

ii) Logical operation processing
in S6D0110

Figure 16. GRAM read sequence
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Gamma Control (R30h To R37h)

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

w1 0 : 0 0 0 PKP | PKP | PKP 0 0 0 0 0 PKP | PKP | PKP
12 11 10 02 01 00

w1 0 : 0 0 0 PKP | PKP | PKP 0 0 0 0 0 PKP | PKP | PKP
32 31 30 22 21 20

w1 0 0 0 0 0 PKP | PKP | PKP 0 0 0 0 0 PKP | PKP | PKP
52 51 50 42 41 40

w1 0 0 0 0 0 PRP | PRP | PRP 0 0 0 0 0 PRP | PRP | PRP
12 11 10 02 01 00

w1 0 0 0 0 0 PKN | PKN [ PKN 0 0 0 0 0 PKN [ PKN | PKN
12 11 10 02 01 00

w1 0 0 0 0 0 PKN | PKN [ PKN 0 0 0 0 0 PKN [ PKN [ PKN
32 31 30 22 21 20

w1 0 0 0 0 0 PKN | PKN [ PKN 0 0 0 0 0 PKN [ PKN | PKN
52 51 50 42 41 40

w1 0 0 0 0 0 PRN | PRN [ PRN 0 0 0 0 0 PRN [ PRN | PRN
12 11 10 02 01 00

PKP52-00: Gamma micro adjustment register for the positive polarity output

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

PKN52-00: Gamma micro adjustment register for the negative polarity output

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

For details, see the Gamma Adjustment Function.
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Preliminary

RESET FUNCTION

The S6D0110 is internally initialized by RESET input. The reset input must be held for at least 1 ms. Do not access
the GRAM or initially set the instructions until the R-C oscillation frequency is stable after power has been supplied
(10 ms).

Instruction Set Initialization

1. Start oscillation executed
2. Driver output control (NL4-0 = 10101, SS =0, CS =0)
3. B-pattern waveform AC drive (FLD1-0 = 01, B/C = 0, EOR = 0, NW5-0 = 00000)
4. Power control 1 (SAP2-0 = 000, BT2-0 = 000, DC2-0 = 000, AP2-0 = 000: LCD power off, SLP = 0, STB = 0:
Standby mode off)
. Power control 2 (CAD = 0, VRN4-0 = 00000, VRP4-0 = 00000)
. Entry mode set (HWM =0, I/D1-0 = 11: Increment by 1, AM = 0: Horizontal move, LG2-0 = 000: Replace mode)
. Compare register (CP15-0: 0000000000000000)
. Display control (PT1-0 = 00, VLE2-1 = 00: No vertical scroll, SPT = 0, GON = 0, DTE = 0, CL = 0: 65536 color
mode, REV = 0, D1-0 = 00: Display off)
9. Display control (FP3-0=0101, BP3-0=0011, BLP13-0=0010, BLP23-0=0010)
10. 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 cycle in 1H period)
11. Power control 3 (VC2-0 = 000)
12. Power control 4 (VRL3-0 = 0000, PON=0, VRH3-0 = 0000)
13. Power control 5 (VCOMG = 0, VDV4-0 = 00000, VCM4-0 = 00000)
14. Gate scanning starting position (SCN4-0 = 00000)
15. Vertical scroll  (VL7-0 = 0000000)
16. 1st screen division (SE17-10 = 11111111, SS17-10 = 00000000)
17. 2nd screen division (SE27-20 = 11111111, SS27-20 = 00000000)
18. Horizontal RAM address position (HEA7-0 = 10000011, HSA7-0 = 00000000)
19. Vertical RAM address position  (VEA7-0 = 10101111, VSA7-0 = 00000000)
20. RAM write data mask (WM15-0 = 0000h: No mask)
21. RAM address set (AD15-0 = 0000h)
22. 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)
(PKNO2-00 = 000, PKN12-10 = 000, PKN22-20 = 000, PKN32-30 = 000,
PKN42-40 = 000, PKN52-50 = 000, PRN02-00 = 000, PRN12-10 = 000)

o ~NO O

GRAM Data Initialization

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

Output Pin Initialization

1. LCD driver output pins (Source output) : Output VSS level
(Gate output) : Output Vgoff level
2. Oscillator output pin (OSC2): Outputs oscillation sign
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Preliminary
VOLTAGE REGULATION FUNCTION

The S6D0110 have internal voltage regulator. Voltage regulation function is controlled by PregB pin.

If PregB="H’, voltage regulation is stopped. PregB="L" enables internal voltage regulation function.

By use of this function, internal logic circuit damage can be prohibited. Furthermore, power consumption also be
obtained. Detailed function description and application setup is described in the following diagram.

Internal VDD

I
Level INTERNAL
Shifter LOGIC

INPUT

GND

5] L]

PREGB

PregB="L' : REGULATOR ON

VDD3
(External Power)
Range: 2.5~3.3V

VOLTAGE
REGULATOR

oI j

RVDD
] . Internal VDD
VDD I__I et
(a) Voltage regulation function enabled
Internal VDD
[
1 Level INTERNAL
NPUT | J Shifter LOGIC
PREGB | I |
VDD3 i‘ | VOLTAGE PregB='H' : REGULATOR OFF
| REGULATOR
RVDD | |
VDD |
(External Power) i- | » Internal VDD
1.8~2.5V;

(b) Voltage regulation function disabled

Figure 13. Voltage regulation function
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Preliminary
SYSTEM INTERFACE

System interface mode of S6D0110 can be fixed by use of IM2/1/0 pin. Instruction setting and GRAM access is
executed via system interface.

Table 22. IM bits and System Interface

IM2 IM1 IMO System Interface DB Pin
0 0 0 68-system 16-bit interface DB15 ~0
0 0 1 68-system 8-bit interface DB15 ~ 8
0 1 0 80-system 16-bit interface DB15~0
0 1 1 80-system 8-bit interface DB15 ~ 8
1 0 * Serial peripheral interface (SPI) DB1 ~0
1 1 * Setting disabled -

* * * Setting disabled -

PARALLEL DATA TRANSFER

16-BIT BUS INTERFACE

Setting the IM2/1/0 (interface mode) to the VSS/VSS/VSS level allows 68-system E-clock-synchronized 16-bit
parallel data transfer. Setting the IM2/1/0 to the VSS/VDD3/VSS level allows 80-system 16-bit parallel data transfer.
When the number of bus or the mounting area is limited, use an 8-bit bus interface.

CSn P CSB
Al P RS
MPU /WR » /WR S6D0110
/RD P /RD
D15-DO [« " p{ DB15-DB0

Figure 17. Interface to 16-bit microcomputer
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Preliminary
8-BIT BUS INTERFACE

Setting the IM2/1/0 (interface mode) to the VSS/VSS/VDD3 level allows 68-system E-clock-synchronized 8-bit
parallel data transfer using pins DB15-DB8. Setting the IM2/1/0 to the VSS/VDD3/VDD3 level allows 80-system 8-
bit parallel data transfer. The 16-bit instructions and RAM data are divided into upper/lower eight bits and the
transfer starts from the upper eight bits. Fix unused pins DB7-DBO to the VDD3 or VSS level. Note that the upper
bytes must also be written when the index register is written.

cSn » CSB
Al » RS
MPU IWR > /WR S6D0110
/RD » RD
D7-DO [« » DB15-DB8
8 ESL DB7-DBO

Figure 18. Interface to 8-bit microcomputer
Note: The S6D0110 supports the transfer synchronization function, which resets the upper/lower counter to count
upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer mismatch between the eight upper
and lower bits can be corrected by 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

RS \ /
\ /
AN AW aWal aWalya

DB15 we » wpAn w” PP
)11 o e
DBS Lower

) €] @

@

8-bit transfer synchronization

Figure 19. 8-bit transfer synchronization
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Preliminary
SERIAL DATA TRANSFER

Setting the IM2/1 pin to the VDD3/VSS level allows serial peripheral interface (SPI) transfer, using the chip select
line (CS*), serial transfer clock line (SCL), serial input data (SDI), and serial output data (SDO). For a serial interface,
the IMO/ID pin function uses an ID pin. If the chip is set up for serial interface, the DB15-2 pins that are not used must
be fixed at VDD3 or VSS.

The S6D0110 initiates serial data transfer by transferring the start byte at the falling edge of CS* input. It ends serial
data transfer at the rising edge of CS* input.

The S6D0110 is selected when the 6-bit chip address in the start byte matches the 6-bit device identification code
that is assigned to the S6D0110. When selected, the S6D0110 receives the subsequent data string. The LSB 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 S6D0110 because the seventh bit of the start byte is used as a register select bit (RS):
that is, when RS = 0, data can be written to the index register or status can be read, and when RS = 1, an instruction
can be issued or data can be written to or read from RAM. Read or write is selected according to the eighth bit of the
start byte (R/W bit). The data is received when the R/W bit is 0, and is transmitted when the R/W bit is 1.

After receiving the start byte, the S6D0110 receives or transmits the subsequent data byte-by-byte. The data is
transferred with the MSB first. All S6D0110 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 as
the upper eight bits of the instruction and the second byte is fetched as the lower eight bits of the instruction.

Four bytes of RAM read data after the start byte are invalid. The S6D0110 starts to read correct RAM data from the
fifth byte.

Table 23. Start Byte Format

Transfer bit S 1 | 2 | 3 ] a4 | 5 | 6 7 8
Device ID code RS R/W
Start byte format Transfer start 0| 1] 1] 1 | o [ b

NOTE: ID bit is selected by the IMO/ID pin.

Table 24. RS and R/W Bit Function

RS RW Function
0 0 Set index register
0 1 Read status
1 0 Writes instruction or RAM data
1 1 Reads instruction or RAM data
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A) Timing Basic Data Transfer through Clock Synchronized Serial Bus Interface
Transfer start Transfer end
Cs*
(input)
scL 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
(input)
SDI DB o8 \/os /b8 DB DB DB
(input) 0/ 1 0 14 0N9A\S8 6 4 0
l¢ »|
[~ Device ID | RS |RN\L |
\ !
Start byte Index register setting instruction RAM data write
SDO
(output)

Cs* \
(input)

DB Y DB DB Y DB Yy DB DB DB DB
15 \ 14 10 9 8 6 4 0

Status read instruction read RAM data read

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

—

Ccs* \
(input)

scL 123405678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

(input)

SDI . . .

(input) Start byte Instruction 1: upper Instruction 2: lower Instruction 2: upper
Start

| Instruction 1: executioq time
P

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

C) RAM-Data Read-Transfer Timing

End

SCL
(input)
SDI ) Startbye | T
f RS=1
(input) RW=L |
SDO Dummy Dummy Dummy Dummy Dummy RAM read: RAM read:
(output) read 1 read 2 read 3 read 4 read 5 upper 8-bits lower 8-bits
Start End
NOTE: 5-byte of RAM read data after the start byte are invalid.
The S6D0110 starts to read the correct RAM data from sixth byte
Figure 20. Procedure for transfer on clock synchronized serial bus interface
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Preliminary

D) Status Read/Instruction Read

(i(n:pSJt) \ /

sol Startbye | T
i RS=1
(input) RAN=1
SDO Dummy Status read Status read
(output) read 1 upper 8-bit lower 8-bit
Start End

NOTE: 2-byte of the RAM read after the start byte is invalid.
The S6D0110 starts to read the correct RAM data from the third data.

Figure 21. Procedure for transfer on clock synchronized serial bus interface (continued)

EECTRONIGS 59

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6117659/s6d0110.html

132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

S6D0110

Preliminary

HIGH-SPEED BURST RAM WRITE FUNCTION

The S6D0110 has a high-speed burst RAM-write function that can be used to write data to RAM in one-fourth the
access time required for an equivalent standard RAM-write operation. This function is especially 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 S6D0110
internal register. When data is selected four times per word, all data is written to the on-chip RAM. While this is
taking place, the next data can be written to an internal register so that high-speed and consecutive RAM writing can
be executed for animated displays, etc.

a) High-speed burst RAM write operation flow

Microcomputer

=
-1 16
Address
counter Register 1 Register 2 Register 3 Register 4
(AC)
64
-l 16
“0000"H “0001"H “0002"H | “0003"H |
GRAM

E
(input)

b) Example of the operation of high-speed consecutive writing to RAM

Cs*
(input)

DB15-0
(input/output)

Index RAM |RAM|RAM |RAM|RAM | RAM|RAM |RAM|RAM [ RAMJRAM |RAM
(R22) data [ data| data | data|data | data| data | data | data| data| data| data Index
1 2 3 4 5 6 7 8 9 10 | 11 | 12
RAM write RAM write RAM write
execution time > execution time > execution time*{>
RAM write data RAM RAM RAM
(64 bits) data 1to 4 data5to 8 data 9to 12
RAM address
(AC 15-0) “0000"H “0004"H “0008"H “000A"H

Figure 22. Example of the operation of high-speed consecutive writing to RAM
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Preliminary
When high-speed write mode is used, note the following.

1. The logical 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 ID0=1, the lower two bits in the address must be set to 00 and be written to RAM.

3. Data is written to RAM each four words. If less than four words of data is written to RAM, the last data will 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.
Table 25. Comparison between Normal and High-speed RAM Write Operations
Normal RAM Write High-speed RAM Write
(HWM=0) (HWM=1)
Logical operation function Can be used Cannot be used
Compare operation function Can be used Cannot be used
Swap function Can be used Can be used
Write mask function Can be used Can be used
o IDO bit=0: Set the lower two bits to 11
RAM address set Can be specified by word IDO bit=1: Set the lower two bits to 00
RAM read Can be read by word Cannot be used
Dummy write operations may have to
RAM write Can be written by word be inserted according to a window
address-range specification
Window address Can be set by word Can be set by word
NOTE: 1 word = 2 byte.
61
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HIGH-SPEED RAM WRITE IN THE WINDOW ADDRESS

When a window address range is specified, GRAM data that is in an optional window area can be updated quickly
and continuously by use of dummy write operation. So that the number of RAM access become 4N as shown in the

table below.

Dummy write operation must be inserted at the first or last of a row of data, depending on the horizontal window-
address range specification bits (HSA1 to 0, HEAL to 0). Numbers of dummy write operations of a row must be 4N.

Table 26. Number of Dummy Write Operations in High-Speed RAM Write (HSA bits)

HSA1 HSAO Number of dummy write operations to be inserted at the start of a row
0 0 0
0 1 1
1 0 2
1 1 3

Table 27. Table 28. Number of Dummy Write Operations in High-Speed RAM Write (HEA bits)

HEA1 HEAO Number of dummy write operations to be inserted at the end of a row
0 0 3
0 1 2
1 0 1
1 1 0

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

The window address-range can be accessed 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

h0000 GRAM address map
Window address-range setting
HSA=h12, HEA=h30
VSA=h08, VEA=hAOD h0812
Window address

range specification
(rewritable area)

I —

Address set

— *
AD=h0810 hAFS3

High-speed RAM write mode
setting HWM=1

¢ Window address-range setting
HSA=h12, HEA=h30
Dummy RAM write X 2 — VSA=h08, VEA=hAO
RAM write X 31 X 153

v

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 DO bit.
Only pre-specified window address-range will be overwritten.

Figure 23. Example of High-speed RAM Write with a window address-range specification
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WINDOW ADDRESS FUNCTION

When data is written to the on-chip GRAM, a window address-range which is specified by the horizontal address
register (start: HSA7-0, end: HEA 7-0) and vertical address register (start: VSA7-0, end: VEA7-0) can be updated
consecutively.

Data is written to addresses in the direction specified by the AM and ID1-0bit. 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 as following example. Addresses
must be set within the window address.

[Restriction on window address-range settings]

(horizontal direction) 00H £ HSA7-0 £ HEA7-0 £ 83H
(vertical direction) 00H£ VSA7-0 £ VEAT7-0 £ AFH

[Restriction on address settings during the window address]
(RAM address) HSA7-0 £ AD7-0 £ HEA7-0
VSA7-0 £ AD15-8 £ VEA7-0

Note: In high-speed RAM-write mode, the lower two bits of the address must be set as shown belowaccording to the
value of the IDO bit.
IDO=0: The lower two bits of the address must be set to 11.
IDO=1: The lower two bits of the address must be set to 00.

GRAM address map

0000 R “0083H

“2010"H L/ “202F"H
“2110H ’W‘?lZF"H

“5F10"H ‘."'P“SFZF“H

“AFOO ”H ................................................................ D D D D PO, “AF83”H

Window address-range specification area
HSA7-0 = “10"H, HSE7-0 =“2F"H I/D =1 (increment)
VSAT7-0 = “20"H, VEA7-0 = “5F"H AM = 0 (horizontal writing)

Figure 24. Example of address operation in the window address specification
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Preliminary
GRAPHICS OPERATION FUNCTION

The S6D0110 can greatly reduce the load of the microcomputer graphics software processing through the 16-bit bus
architecture and internal graphics-bit operation function. This function supports the following:

1. A write data mask function that selectively rewrites some of the bits in the 16-bit write data.
2. A logical operation write function that writes the data sent from the microcomputer and the original
RAM data by a logical 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.

Table 29. Graphics Operation

. Bit setting .
Operation mode D AM G20 Operation and usage
Write mode 1 0/1 0 000 Horlz.ontal data replacement, horizontal-border
drawing
Write mode 2 0/1 1 000 Vertical data replacement, vertical-border drawing
Write mode 3 0/1 0 110 111 Conditional .horlzontal data replacement, horizontal-
border drawing
Write mode 4 0/1 1 110 111 Conqltlonal vertical data replacement, vertical-border
drawing
Read/write mode 1 0/1 0 001 010 | Horizontal dgta write with logical operation, horizontal-
011 border drawing
Read/write mode 2 0/1 1 001 010 | Vertical datg write with logical operation, vertical-
011 border drawing
Read/write mode 3 0/1 0 100 101 Conditional .horlzontal data replacement, horizontal-
border drawing
Read/write mode 4 0/1 1 100 101 dC;lr\;\(ljil:gnal vertical data replacement, vertical-border
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Microcomputer

16

+1/-1 | +256 »| Read-data latch Write-data latch
16 16
Address v v
counter ) )
(AC) Logical/Compare operation (LG2- 0): < Logical operation bit (LG2=0)
000:replacement,001:0R,010:AND,011:EOR, 3
100:replacement with matched read,
16 101:replacement with unmatched read,
110:replacement with matched write, P .
111:replacement with unmatched write 16 Compare bit (CP15-0)
16
A 4
— Write-mask register
L
Write bit mask RELT: (WM15-0)
16
|- -
> Graphic RAM (GRAM)
Figure 25. Data processing flow of graphic operation
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Preliminary
WRITE-DATA MASK FUNCTION

The S6D0110 has a bit-wise write-data mask function that controls writing the two-byte data from the microcomputer
to the GRAM. Bits that are 0 in the write-data mask register (WM15-0) cause the corresponding DB bit to be written
to the GRAM. Bits that are 1 prevent writing to the corresponding GRAM bit to the GRAM; the data in the GRAM is
maintained. This function can be used when only one-pixel data is rewritten or the particular display color is
selectively rewritten.

R4|R3|R2|R1|RO|G5|G4|GS|GZ|GI|GO|B4|BS|BZ|Bl|BO|

Data from the
microcomputer

Write data mask 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1
DBlS Heencaaee eaas eeesaaeseess caeesessseess fasescesssceess casescess cees case fess cees case fass cese rass caes cess ress caes aees wess sees DBO
GRAM data * * * * * G05 Go4 GO03 G02 GOl G00 * * * * *

Figure 26. Example of write-data mask function operation
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GRAPHICS OPERATION PROCESSING

1. Write mode 1: AM = 0, LG2—-0 = 000

This mode is used when the data is horizontally written at high speed. It can also be used to initialize the graphics
RAM (GRAM) or to draw borders. The write-data mask 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 edge of the

GRAM.

Preliminary

Operation Examples:
1) I/D =*1", AM = “0”, LG2-0 =“000"
2) WM15-0 = “07FFH
3) AC = “0000"H

WM15 0
wecaamasi |o] o] o] o[ o] 1|1 2] ] 1] ] 1] ] 1] ]3]

writedata (1):  [1]o|o]1]|1f1|2|1]1|o|0f1|0|1]|0]0

Write data (2): 1|]1]0fl0j0fj0jO|jOjO|Of1|1|[0O|JOfO0O]O

“0000°'H “0001'H “000ZH
R R R e e e U L E—
Write data (1) Write data (2)
GRAM NOTE: The bits in the GRAM, *'s, are not changed
Figure 27. Writing operation of write mode 1
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Preliminary

2. Write mode 2: AM = 1, LG2-0 = 000
This mode is used when the data is vertically written at high speed. It can also be used to initialize the GRAM,
develop the font pattern in the vertical direction, or draw borders. The write-data mask function (WM15-0) 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 I/D bit after it has
reached the lower edge of the GRAM.

Operation Examples:
1)1/D =“1", AM =“1", LG2-0 = “000"
2) WM15-0 = “07FFH
3) AC =“0000"H

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

DB15 DBO
Write data (1): ifojof1f2j1faf2|jrjo]joj1|{of1fo]o
Write data (2): if{1|ofojojofofo|jOojo]1|j1|Of0OfO]O
Write data (3): of1f1|21|1f({1]0|0|l0f212|0]O]JOjOfO]1

[y
*
*
*
*
*
*
*
*
*
*
*

“0000"H 1{o0j0of1 Write data (1)

“0100"H LE21O[O]O) > > * > > *| > *|*]|*| write data (2)

uozoonH O 1 1 1 1 *| * x| k| x| x| * *| x| x| * erte data (3)

GRAM

NOTE: 1. The bits in the GRAM, * ‘s, are not changed.
2. After writing to address “AF00"H, the AC jumps to “0001"H

Figure 28. Writing operation of write mode 2
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Preliminary

3. Write mode 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 byte 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
also enabled. After writing, the address counter (AC) automatically increments by 1 (I/D = 1) or decrements by 1
(I/D = 0), and automatically jumps to the counter edge one-raster-row below after it has reached the left or right
edge of the GRAM.

Operation Examples:
1) I/D = “1", AM =“0", LG2-0 =“110"
2) CP15-0 = “2860"H
3) WM15-0 =“0000"H
4) AC = “0000"H
WM15 WMO
Write data mask: |o|0| ol o|o|o| o|o|o| 0| o|o| 0| 0|0| o|
cP15 cpo  Compare
) operatlon
Compareregiser: [ o] of 1] o[ ] o[ o of o] 4] 1] o] o[ o] o[ o==""r""7
1
i : Conditional
DB15 (Matched) DBO v | replacement
. . 1
Wwrite data (1): |o|o|1|o|1|o|o|0|o|1|1|o|o|o|o|o| """ é'1"'®'">|0|0|1|o|1|o|o|o|o|1|1|0|o|o|0|o|
1
) . S
Compare | Conditional Replacement
- DB15 (Unmatched) PBO  operation ¥ replacement P
wrie data @: | o] o] o] o] o] 1] 1] 1] 1] 1] 1] o]o]0] @ 1T TTTTTT T T
“0000"H “0001"H
Ll Ll L]
|0|0|1 0|1|0 0 0|0|1|1| |0|0
N— A
Matched replacement of write data (1)
GRAM
Figure 29. Writing operation write mode 3
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Preliminary

4. Write mode 4: AM =1, LG2-0 = 110/111

This mode is used when a vertical comparison is performed between the write data and the set value of the compare
register (CP15-0) to write the data. When the result by the comparison in a byte unit satisfies the condition, the write
data sent from the microcomputer is written to the GRAM. In this operation, 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 (I/D = Q) after it has reached the lower edge of the GRAM.

Operation Examples:
1)1/D = “1", AM =“1", LG2-0 ="111"
2) CP15-0 = “2860"H
3) WM15-0 =“0000"H
4) AC = “0000"H
WM15 WMo
wrie data msk: | o] o] o] o[ o o[ o[ o] o] o] o o] of o[ o o
CP15 CPO Compare
) operation
compare register: { o[ o[ 1 o[ 1] o[ o] o[ o[ 1] 1] o] of o[ o[ o |- a
i Conditional
DB15 (Unmatched) DBO ! replacement
waesaa v [l [o o[ [ el o[:[ [ i} ©@-4-@» [T L[ LT[ ]
1
Compare 1 Conditional Replacement —
DB15 (Matched) DBO - P
Write data (2): -__O_p_e:eltfj%r_e_p@?gqfﬁl *l *l *l *l *l *l *l *l *l *l *l *I *l *l *I *l
+ [efel e[ o] e ofofof o[ o[o[o]o[o]
“0000"H “0001"H
“0000"H 1lolol1|2]|o)o|a]|a|o]ofa]|a]a]a]a|Writedata(l)
“0100"H i Write data (2)
“AFOOH GRAM
NOTE: 1. The bits in the GRAM, *‘s, are not changed.
2. After writing to address “AF00"H, the AC jumps to “0001"H

Figure 30. Writing operation of write mode 4
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Preliminary
5. Read/Write mode 1: AM = 0, LG2-0 = 001/010/011
This mode is used when the data is horizontally written at high speed by performing 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
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) I/D =*1”, AM = “0”, LG2-0 = “001"(OR)
2) WM15-0 =“0000"H
3) AC = “0000"H

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

DB15 DBO
Write data (1): |1|0|0|1|1|0|0|l|0|1|0|0|0|0|0|0|

| Logical
! operation(OR)
eatoaar |2]o] ||| | o]o]o]2]2|o]o]o]o] ob- TRl o]s]1] 1| 1| o] 1] o] 1] 2]o]o]o]o]o]
wissancs, (ool s ol sl o [olo[olo ol e o} e
Yoperation(OR)
eatoaar  []a]o]o]o] o] t]s]s]o]o] o] o] o]o]o}- XIS WTaTe o T [ ala <o e o e o o] o]
“0000"H “0001"H

1|o| 1|1|1|1|o|1|0|1|1|o|o|o|o|o| |1|1|o|o|1|1|1|1|1|0|0|0|0|olOl0|............................,...

Read data(1) + Write data (1) Read data(2) + Write data (2)

GRAM

Figure 31. Writing operation of read/write mode 1
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Preliminary

6. Read/Write mode 2: AM =1, LG1-0 = 001/010/011

This mode is used when the data is vertically written at high speed by performing 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 original 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 (WM15-0) 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 I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:
1) I/D =“1", AM = “1", LG2-0 = “001"(OR)
2) WM15-0 =“FFEO"H
3) AC =“0000"H

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

DBL5 DBO
Write data (1): |1|0|0|1|1|0|0|1|0|1|0|0|0|0|0 Ol'_": Logical

! operation(OR)
cossanaey  [JoL o[l Te[elo [ [ e[e]ele[ o} ¥ o Y o e e e e el [ e[ e[e]

Write data (2): |O|O|O|O|1|l| 1|l|0|0|0|0|0|0|0|0|’“‘: Logical
* operation(OR)
Read data (2): |1|1|0|0|O|0|l|l|l|0|0|0|0|0|0|0|‘ """""" '>|1|1|0|0|l|l|l|1|1|0|0|0|0|0|0|0|
“0000'H “0001'H

“0000"H sl x| x| x] xx]x]x]x2]2]2]2 Read data (1) + Write data (1)

[

Read data (2) + Write data (2)

o

“0100"H *fx]xfx]x]xx]x]*x|*x]*]0l0]0]O

GRAM

“AF00"H

NOTE: 1. The bits in the GRAM, * ‘s, are not changed.
2. After writing to address “AF00"H, the AC jumps to “0001"H

Figure 32. Writing operation of read/write mode 2
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Preliminary
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 original data and the set value of the compare register in byte units, and writes the data sent from the
microcomputer to the GRAM only when the result of the 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”
2) CP15-0 = “2860"H
3) WM15-0 =“0000"H
4) AC = “0000"H

WM15 WMO
wiiedawmask: [ofofo]ofofojofofoo]ofofo]ofo[o]

cpo  Compare
o operation
comreregster o[ o[ 1 o] 1] o[o]o] o]1]1]0]o[o]o[o]

DB15 (Matched) DBO
Readdaa 0 [o] o] 1] o] <] o]o] o] o] 2] <] o]o]o] o] o}----@ -

1
{
|
Write data (1): |1|o|1|1|1|1|o|0|0|1|1|o|0|0|0|0|- -------- === --bll|o|1|1|1|1|0|0|0|1|1|0|0|0|0|0|

| Conditional
replacement Replacement
DB15 (Unmatched) DBO Compare H
operatloré
Read data (2): |0| o|o|o| 1| 1| 1| 1|o|o| ol o| ol °| 0|0| !
1
wredsa @ [1]1]ofofofo]1][1[o] o] o] o[ o o] of-mmrmmm-=- & ool oo oo oo [T Te]
Conditional
replacement
“0000'H “0001"H

1|o|1|1|1|1|o|o|o|1|1|o|o|o|o|o| |°|0|0|0|1|1|1|1|0|0|0|0|o|o|o|o|""'"‘“""’"““"""""""

Matched replacement of write data (1)

GRAM

Figure 33. Writing operation of read/write mode 3
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Preliminary

8. Read/Write mode 4: 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 already beenwritten in the GRAM,
compares the original data and the set value of the compare register in byte units, and writes the data sent from
the microcomputer to the GRAM only when the result of the compare operation 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 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 I/D bit after it has reached the lower edge of the GRAM.

Operation Examples:
1)I/D=“1", AM =“1", LG2-0 =“101"
2) CP15-0 = “2860'H
3) WM15-0 = “0000"H
4) AC = “0000"H

WM15 WMO
wedammasic [oof ofojofo[ofofo]ofo]o]o[ofo]o]

Compare

C istar operation
omparereglster.|0|0|l|0|l|0|0|0|0|l|l|0|0|0|0|0|_ _____ T

DB15 (Unmatched) DEO

Read data (1): |1|o|0|1|1|o|o|1|0|1|o|1|1|1|1|1|>----é —————— '

wiiecaav:  [[o] s[a [ a[e[o o[ [ e e[ o o[} —-—-@»[[o il - [e[e Ll e [e[e[o 1]
Conditional 2
replacement Replacement

DB15 (Matched) DBO Compare
operatlon

Lolef+]o[+[ofoofo[]+[oo] o[ o]o] |

1
Write data (2): |1|1|0|o|o|o|1|1|1|0|0|o|o|0|0|0|‘ """""" é‘“’|0|0|1|0|1|0|o|0|o|1|1|0|0|0|0|0|
Conditional
replacement

Read data (2):

“0000"H “0001"H

“0000"H Write data (1)

Write data (2)

“0100"H

GRAM

“AF00"H

NOTE: 1. The bits in the GRAM, *'s, are not changed.
2. After writing to address “AF00"H, the AC jumps to ‘0001"H

Figure 34. Writing operation of read/write mode 4
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GATE DRIVER SCAN MODE SETTING

Gate scan mode of S6D0110 is set by SM and GS bit. GS bit determines the scan direction whether the gate driver
scans forward or reverse direction. SM bit determines the method of display division Even/Odd or Upper/Lower
division drive). Using this function, various connections between S6D0110 and the liquid crystal panels can be

accomplished

Figure 35. Scan mode setting

Preliminary

SM GS Scan Mode
G1 G2
ODD TFT EVEN
Panel G19G29G3>
0 0 G4=>---- =>G173=>
G175 G176 G1l74=>G175=> G176
G] 175 Gl G2
S6D0110
G1 G2
ODD TFT EVEN
Panel G174>G175> G176
0 1 G1l73=>----=>G4=>
G175 G176 G12>2G2=>G3=>
Gl 175 Gl G2
S6D0110
G1
4\ l TFT
617 Panel
i G1>G3>
1 0 G5=>-..- =>G173=2> G175
176 G2=>G4=>
G6=>---- >2G174=>G176
G] 175 G17 G2
S6D0110
G1
4\ ] TFT
617 Panel
T T TG Gl76=>G174=>
1 1 Gl72=>----=2>G4=>G2
176 Gl1l75=>G173=>
G1l71=>----=>G3=2>G1
Gl 175 Gl G2
S6D0110
76
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GAMMA ADJUSTMENT FUNCTION

The S6D0110 provides the gamma adjustment function to display 65,536 colors simultaneously. The gamma
adjustment executed by the gradient adjustment register and the micro-adjustment register that determines 8
grayscale levels. Furthermore, since the gradient adjustment register and the micro-adjustment register have the

positive polarities and negative polarities, adjust them to match LCD panel respectively.

Preliminary

Graphics RAM (GRAM)

PKP? | PKPY | PKPM
PKP12 | PKP11 | PKPIN
PKP22 | PP?1 | PPN
Positive
polarity ' _ _
register PKPA | PKPA1 | PPN
VO
PKPR? | PKPRT | PKPAN > 5 6 5
PRPN? | PRPM | PRPM Vi A 4 A Y
Ll
: 32-grayscale 64-grayscale 32-grayscale
PRP12 | PRP11 | PRPIN :
p| Crayscale : control control control
amplifier : <R> <G> <B>
PKNO2 | PKNO1 | PKNOO :
pkN12 | PrNit | PrN1O vés LCD driver LCD driver LCD driver
b
PKN22 | PKN21 | PKN20 "
Negative PKN32 | PKN31 | PKN30
polarity
register PKN42 | PKN41 | PKN40O
PKN52 | PKN51 | PKN50 G
PRNO2 | PRNOL | PRNOO
PRN12 | PRN11 | PRN10
Figure 36. Grayscale control
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S6D0110

STRUCTURE OF GRAYSCALE AMPLIFIER

Preli

minary

The structure of the grayscale amplifier is shown as below. Determine 8 level (VINO-VIN7) by the gradient adjuster
and the micro adjustment register. Also, Period of each level is split by the internal ladder resistance and generates
level between VO to V63.

Gradient e_ldjustment Micro adjustment register (6 X 3 bits) Oscnlatlon‘adjustment
register register
VDH PRP/NO PRP/N1| [PKP/NO PKP/N1 PKP/N2 PKP/N3 PKP/N4 PKP/N§ VRP/VRN
B - - - - - r
3 /g /g /g 15 5 13 5 s
VINPO/VINNO
—» vo
<
% v
% VINP1/VINN1 vi
= 8to1 L » V2
= selector
= _V‘ V3
=
g VINP2/VINN2
> \%:)
- 8to1 > o
2 selector| H
=
VINP3/VINN3 :
= > v2o0
T 8to 1l
§ selector, ‘ > vo1
Ladder v VINP4/VINN4 :
resistance ) >
§ Grayscale vas
8to 1 I —> V44
§ selector amplifier .
VINP5/VINNS
= > vss
< 8to 1 —» vse
é selectorf > oy
S .
% )
-
VINPG6/VINNG
i —» ve2
= 8to1
| -y selector
% VINP7/VINN7 » V63
2
-
VGS
| —
Figure 37. Structure of grayscale amplifier
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Preliminary

VDH —|— |
]
5R RPO -PKPO[Z:O] 5R RNO r-PKNO[Z:O]
. K\VP - KVN1
RP1 KVP2 RN1 KVN
RP2 KVP3 RN2 KVN3
RP3 KVP4 RN3 KVN4
8tol 8 tol
4R RP4 KVP SE"L VINP1 4RY RN4 KVNS | g VINN1
RPS5 KVP& RNS5 KVN6
RP6 KVP RN6 KN
L RP7 K\P8 . RN7 RVINT:
VRHP W4 PRPO[2:0] | VRHN ¥4 PRN0[2:0] | PrN12) |
0to 28R “<P 0to 28R“<P
KVP9 . KVNO
RP8 KVP10 RN8 KVN10
RP9 KVP11 RN9 KVN11
RP10 KVP12 RN10 KVN12
8tol 8 tol
1R RP11 KvP13| ggp VINP2 1RY RN11 KvN13| ggL
RP12 KvP14 RN12 KVN14
RP K\/D RN13 KVN
Ay RP14 K D1A& | BN14 K\/N16
PKP2[2:0. PKN2[2:0]
KVP17 - KVN17
K\VP1R RN16 KVN18
KVP19 RN17 KVN19
KVP20| gto1 RN18 KVN20]| g 101
K\VP RN20 KVN22
D 2N A
RP K\/P24 v RN N24
PKP3[2:0] | PKN3[2:O]|
16R RP23 ¢ 16R RN23 ¢
. KVP25 . KVN25
RP24 KVP26 RN24 KVN26
RP25 KVP27 RN25 KVN27
RP26 KvP28| gto1 RN26 KVN28]| 8 to1
1RY RP27 KvpP29| sg 1R¢ RN27 kvn2al| seL
RP28 KVP30 RN28 KVN30
RP29 KALD RN29 KV/N
RP30 K =) ! RN30 KAZN
PKP4[2:0] PKN4[2:0]
5R RP31 5R RN31
KVP33 . KVN
RP32 KVP34 RN32 KVN34
RP33 KVP35 RN33 KVN35
RP34 KVP36 RN34 KVN36
1 8 tol
RP36 KVP38 RN36 KVN38
RP37 K\V/P2g RN37 K\N39
Y RP38 K\/PAQ v RN38 KVN4Q
0to 28R “P 0to 28R “=P
. KVP4 . KVN41
RP39 KVP42 RN39 KVNZ
RP40 KVP43 RN40 KVN43
RP41 KvPa4l gto1 RN4L KVN44{ g to1
RP43 KVP46 RN43 KVN46
RP44 K\/P4 RN44 KANA
\ RP45 KVP48 N RN45 KVINA4S
5R RP46 5R RN46 VNGO
0to 31R 0to 31R
8R RP47 8R RN47
EXVR
Figure 38. Structure of Ladder/8 to 1 selector
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
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 3 types of register groups to adjust
gradient and oscillation on number of the grayscale, characteristics of the grayscale voltage. (but, R.G.B. is
commonness.) Following graphics indicates the operation of each adjusting register.

A A A

gz S o
s 8 S
° ° °
> > >
@ 2 <
© < ©
@ b 2
>
g g g
O] V] o

» - |-

Ll Ll Ll

Grayscale Number Grayscale Number Grayscale Number
a) Gradient adjustment b) Oscillation adjustment c) Micro-adjustment

Figure 39. The operation of adjusting register

GRADIENT ADJUSTING RESISTOR

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 (VRHP (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.

OSCILLATION ADJUSTING RESISTOR

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

MICRO-ADJUSTING RESISTOR

The micro-adjusting resistor 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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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
Table 30. Gamma adjusting register
Register Positive polarity [ Negative polarity Set-up contents
Gradient adiustment PRPO[2:0] PRNO[2:0] Variable resistor VRHP(N)
) PRP1[2:0] PRN1[2:0] Variable resistor VRLP(N)
Oscillation adjustment VRP[4:0] VRN[4:0] Variable resistor VRP(N)
PKPO[2:0] PKNO[2:0] The voltage of grayscale number 1 is

selected by the 8 to 1 selector

The voltage of grayscale number 8 is

PKP1[2:0] PKN1[2:0] selected by the 8 to 1 selector :

T N I s el
I I P e e

esizo) | pasio) | e YRge oL o e 59

rizo) | pwizo) | e Ytage ol orsele e 02
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD S6D0110

Preliminary
LADDER RESISTOR/8 TO 1 SELECTOR

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 resistance voltage. The variable
and 8 to 1 resistors are controlled by the gamma resistor. Also, there are pins that connect to the external volume
resistor. And it allows to compensate the dispersion of length between one panel to another.

VARIABLE RESISTOR

There are 2 types of the variable resistors that is for the gradient adjustment (VRHP (N) / VRLP (N)) and for the
oscillation adjustment (VRP (N)). The resistance value is set by the gradient adjusting resistor and the oscillation
adjusting resistor as below.

Table 31. Gradient Adjustment

Register value PRP(N) [2:0] Resistance value PRP(N)
000 OR
001 4R
010 8R
011 12R
100 16R
101 20R
110 24R
111 28R

Table 32. Oscillation Adjustment

Register value VRP(N) [2:0] Resistance value VRP(N)
00000 OR
00001 1R
00010 2R
11101 29R
11110 30R
11111 31R
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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
THE 8 TO 1 SELECTOR

In the 8 to 1 selector, the voltage level must be selected given by the ladder resistance and the micro-adjusting

register. And output the voltage 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.

Table 33. Relationship between Micro-adjusting Register and Selected Voltage

Register value Selected voltage
PKP(N) [2:0] VINP(N)1 VINP(N)2 VINP(N)3 VINP(N)4 VINP(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
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S6D0110

Preliminary
Table 34. Gamma Adjusting Voltage Formula (Positive polarity)
Pins Formula Micrp-adjusting Reference
register value voltage

KVPO GVDD - VINPO
KVP1 GVDD-DV*5R/SUMRP PKP02-00 =~ 000"

KVP2 GVDD-DV*9R/SUMRP PKP02-00 =" 001"

KVP3 GVDD-DV*13R/SUMRP PKP02-00 =~ 010"

KVP4 GVDD-DV*17R/SUMRP PKP02-00 =" 011" VINPL
KVP5 GVDD-DV*21R/SUMRP PKP02-00 =~ 100"

KVP6 GVDD-DV*25R/SUMRP PKP02-00 =~ 101"

KvP7 GVDD-DV*29R/SUMRP PKP02-00 =~ 110°

KVP8 GVDD-DV*33R/SUMRP PKP02-00 =" 111"

KVP9 GVDD-DV*(33R+VRHP)/SUMRP PKP12-10 =" 000"

KVP10 GVDD-DV*(34R+VRHP)/SUMRP PKP12-10 =" 001"

KVP11 GVDD-DV*(35R+VRHP) /SUMRP PKP12-10 =~ 010"

KVP12 GVDD-DV*(36R+VRHP) /SUMRP PKP12-10 =~ 011" VINP2
KVP13 GVDD-DV*(37R+VRHP)/SUMRP PKP12-10 =~ 100"

KVP14 GVDD-DV*(38R+VRHP)/SUMRP PKP12-10 =" 101"

KVP15 GVDD-DV*(39R+VRHP)/SUMRP PKP12-10 =~ 110°

KVP16 GVDD-DV*(40R+VRHP)/SUMRP PKP12-10 =" 111"

KVP17 GVDD-DV*(45R+VRHP) /SUMRP PKP22-20 =~ 000"

KVvP18 GVDD-DV*(46R+VRHP) /SUMRP PKP22-20 =~ 001"

KVP19 GVDD-DV*(47R+VRHP)/SUMRP PKP22-20 = 010°

KVP20 GVDD-DV*(48R+VRHP)/SUMRP PKP22-20 =~ 011" VINP3
KVP21 GVDD-DV*(49R+VRHP)/SUMRP PKP22-20 =" 100"

KvP22 GVDD-DV*(50R+VRHP) /SUMRP PKP22-20 =“ 101"

KVvP23 GVDD-DV*(51R+VRHP) /SUMRP PKP22-20 =~ 110"

KVP24 GVDD-DV*(52R+VRHP) /SUMRP PKP22-20 =~ 111

KVP25 GVDD-DV*(68R+VRHP)/SUMRP PKP32-30 =~ 000"

KVP26 GVDD-DV*(69R+VRHP) /SUMRP PKP32-30 =" 001"

KVP27 GVDD-DV*(70R+VRHP)/SUMRP PKP32-30 =" 010"

KVP28 GVDD-DV*(71R+VRHP)/SUMRP PKP32-30 =" 011" VINPA
KVP29 GVDD-DV*(72R+VRHP) /SUMRP PKP32-30 =~ 100°

KVP30 GVDD-DV*(73R+VRHP) /SUMRP PKP32-30 =~ 101"

KVP31 GVDD-DV*(74R+VRHP)/SUMRP PKP32-30 =~ 110°

KVP32 GVDD-DV*(75R+VRHP)/SUMRP PKP32-30 =~ 111"

KVP33 GVDD-DV*(80R+VRHP)/SUMRP PKP42-40 =~ 000"

KVP34 GVDD-DV*(81R+VRHP)/SUMRP PKP42-40 =~ 00T’

KVP35 GVDD-DV*(82R+VRHP) /SUMRP PKP42-40 =" 010"

KVP36 GVDD-DV*(83R+VRHP)/SUMRP PKP42-40 = 011" VINPS
KVvP37 GVDD-DV*(84R+VRHP) /SUMRP PKP42-40 =~ 100"

KVP38 GVDD-DV*(85R+VRHP)/SUMRP PKP42-40 =~ 101"

KVP39 GVDD-DV*(86R+VRHP)/SUMRP PKP42-40 =~ 110°

KVP40 GVDD-DV*(87R+VRHP)/SUMRP PKP42-40 =" 111"

KVP41 GVDD-DV*(87R+VRHP+VRLP) /SUMRP PKP52-50 =~ 000"

KVP42 GVDD-DV*(91R+VRHP+VRLP) /SUMRP PKP52-50 = 001"

KVP43 GVDD-DV*(95R+VRHP+VRLP) /SUMRP PKP52-50 =~ 010"

KVP44 GVDD-DV*(99R+VRHP+VRLP) /SUMRP PKP52-50 =~ 011 VINPG
KVP45 GVDD-DV*(103R+VRHP+VRLP) /SUMRP PKP52-50 =~ 100"

KVP46 GVDD-DV*(107R+VRHP+VRLP) /SUMRP PKP52-50 =~ 101"

KVP47 GVDD-DV*(111R+VRHP+VRLP) /SUMRP PKP52-50 =~ 110"

KVvP438 GVDD-DV*(115R+VRHP+VRLP) /SUMRP PKP52-50 =~ 111"

KVP49 GVDD-DV*(120R+VRHP+VRLP) /SUMRP - VINP7

SUMRP: Total of the positive polarity ladder resistance = 128R + VRHP + VRLP + VRP
SUMRP: Total of the negative polarity ladder resistance = 128R + VRHN + VRLN + VRN

DV: Potential difference between KV0 and KV49 = GVDD*SUMRP*SUMRN / [SUMRP*SUMRN+EXVR*(SUMRP+SUMRN)]
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
Table 35. Gamma Voltage Formula (Positive Polarity)
Grayscale voltage Formula Grayscale voltage Formula

VO VINPO V32 V43+(V20-V43)*(11/23)
V1 VINP1 V33 V43+(V20-V43)*(10/23)
V2 V3+(V1-V3)*(8/24) V34 V43+(V20-V43)*(9/23)
V3 V8+(V1-V8)*(450/800) V35 V43+(V20-V43)*(8/23)
V4 V8+(V3-V8)*(16/24) V36 V43+(V20-V43)*(7/23)
V5 V8+(V3-V8)*(12/24) V37 V43+(V20-V43)*(6/23)
V6 V8+(V3-V8)*(8/24) V38 V43+(V20-V43)*(5/23)
V7 V8+(V3-V8)*(4/24) V39 V43+(V20-V43)*(4/23)
V8 VINP2 V40 V43+(V20-V43)*(3/23)
V9 V20+(V8-V20)*(22/24) V41 V43+(V20-V43)*(2/23)
V10 V20+(V8-V20)*(20/24) V42 V43+(V20-V43)*(1/23)
V11 V20+(V8-V20)*(18/24) V43 VINP4
V12 V20+(V8-V20)*(16/24) V44 V55+(V43-V55)*(22/24)
V13 V20+(V8-V20)*(14/24) V45 V55+(V43-V55)*(20/24)
V14 V20+(V8-V20)*(12/24) V46 V55+(V43-V55)*(18/24)
V15 V20+(V8-V20)*(10/24) V47 V55+(V43-V55)*(16/24)
V16 V20+(V8-V20)*(8/24) V48 V55+(V43-V55)*(14/24)
V17 V20+(V8-V20)*(6/24) V49 V55+(V43-V55)*(12/24)
V18 V20+(V8-V20)*(4/24) V50 V55+(V43-V55)*(10/24)
V19 V20+(V8-V20)*(2/24) V51 V55+(V43-V55)*(8/24)
V20 VINP3 V52 V55+(V43-V55)*(6/24)
V21 V43+(V20-V43)*(22/23) V53 V55+(V43-V55)*(4/24)
V22 V43+(V20-V43)*(21/23) V54 V/55+(V43-V55)*(2/24)
V23 V43+(V20-V43)*(20/23) V55 VINPS
V24 V43+(V20-V43)*(19/23) V56 V60+(V55-V60)*(20/24)
V25 V43+(V20-V43)*(18/23) V57 V60+(V55-V60)*(16/24)
V26 V43+(V20-V43)*(17/23) V58 V60+(V55-V60)*(12/24)
V27 V43+(V20-V43)*(16/23) V59 V60+(V55-V60)*(8/24)
V28 V43+(V20-V43)*(15/23) V60 V62+(V55-V62)*(350/800)
V29 V43+(V20-V43)*(14/23) V61l V62+(V60-V62)*(16/24)
V30 V43+(V20-V43)*(13/23) V62 VINP6
V31l V43+(V20-V43)*(12/23) V63 VINP7

ELECTRONICS 85

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6117659/s6d0110.html
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Preliminary
Table 36. Gamma Adjusting Voltage Formula (Negative polarity)
Pins Formula Micrp-adjusting Reference
register value voltage
KVNO GVDD - VINNO
KVN1 GVDD-DV*5R/SUMRN PKN02-00 =“000"
KVN2 GVDD-DV*9R/SUMRN PKN02-00 = 001"
KVN3 GVDD-DV*13R/SUMRN PKN02-00 =“ 010"
KVN4 GVDD-DV*17R/SUMRN PKN02-00 =“ 011" VINNL
KVN5 GVDD-DV*21R/SUMRN PKN02-00 =“100"
KVNG GVDD-DV*25R/SUMRN PKN02-00 =“ 101"
KVN7 GVDD-DV*29R/SUMRN PKN02-00 =“110"
KVN8 GVDD-DV*33R/SUMRN PKN02-00 = 111"
KVN9 GVDD-DV*(33R+VRHN)/SUMRN PKN12-10 =“ 000"
KVN10 GVDD-DV*(34R+VRHN)/SUMRN PKN12-10 =“001"
KVN11 GVDD-DV*(35R+VRHN)/SUMRN PKN12-10 =“ 010"
KVN12 GVDD-DV*(36R+VRHN)/SUMRN PKN12-10 =“ 011" VINN2
KVN13 GVDD-DV*(37R+VRHN)/SUMRN PKN12-10 =“100"
KVN14 GVDD-DV*(38R+VRHN)/SUMRN PKN12-10 =“101"
KVN15 GVDD-DV*(39R+VRHN)/SUMRN PKN12-10 =“ 110"
KVN16 GVDD-DV*(40R+VRHN)/SUMRN PKN12-10 =*111"
KVN17 GVDD-DV*(45R+VRHN)/SUMRN PKN22-20 =“ 000"
KVN18 GVDD-DV*(46R+VRHN)/SUMRN PKN22-20 =“001"
KVN19 GVDD-DV*(47R+VRHN)/SUMRN PKN22-20 =“ 010"
KVN20 GVDD-DV*(48R+VRHN)/SUMRN PKN22-20 =“ 011" VINN3
KVN21 GVDD-DV*(49R+VRHN)/SUMRN PKN22-20 =“100
KVN22 GVDD-DV*(50R+VRHN)/SUMRN PKN22-20 =“101"
KVN23 GVDD-DV*(51R+VRHN)/SUMRN PKN22-20 =“110"
KVN24 GVDD-DV*(52R+VRHN)/SUMRN PKN22-20 =“111"
KVN25 GVDD-DV*(68R+VRHN)/SUMRN PKN32-30 =“ 000"
KVN26 GVDD-DV*(69R+VRHN)/SUMRN PKN32-30 =“ 001"
KVN27 GVDD-DV*(70R+VRHN)/SUMRN PKN32-30 =“ 010"
KVN28 GVDD-DV*(71R+VRHN)/SUMRN PKN32-30 = 011" VINNA
KVN29 GVDD-DV*(72R+VRHN)/SUMRN PKN32-30 =“100"
KVN30 GVDD-DV*(73R+VRHN)/SUMRN PKN32-30 =“ 101"
KVN31 GVDD-DV*(74R+VRHN)/SUMRN PKN32-30 =“110"
KVN32 GVDD-DV*(75R+VRHN)/SUMRN PKN32-30 =“111"
KVN33 GVDD-DV*(80R+VRHN)/SUMRN PKN42-40 =“ 000"
KVN34 GVDD-DV*(81R+VRHN)/SUMRN PKN42-40 =“001"
KVN35 GVDD-DV*(82R+VRHN)/SUMRN PKN42-40 =“010
KVN36 GVDD-DV*(83R+VRHN)/SUMRN PKN42-40 =“ 011" VINNS
KVN37 GVDD-DV*(84R+VRHN)/SUMRN PKN42-40 =“100"
KVN38 GVDD-DV*(85R+VRHN)/SUMRN PKN42-40 =“ 101"
KVN39 GVDD-DV*(86R+VRHN)/SUMRN PKN42-40 =“ 110"
KVN40 GVDD-DV*(87R+VRHN)/SUMRN PKN42-40 =*111"
KVN41 GVDD-DV*(87R+VRHN+VRLN)/SUMRN PKN52-50 =*“ 000"
KVN42 GVDD-DV*(91R+VRHN+VRLN)/SUMRN PKN52-50 =“ 001"
KVN43 GVDD-DV*(95R+VRHN+VRLN)/SUMRN PKN52-50 ="010"
KVN44 GVDD-DV*(99R+VRHN+VRLN)/SUMRN PKN52-50 = 011" VINNG
KVN45 GVDD-DV*(103R+VRHN+VRLN)/SUMRN PKN52-50 =“100"
KVN46 GVDD-DV*(107R+VRHN+VRLN)YSUMRN PKN52-50 =“101"
KVN47 GVDD-DbV*(111R+VRHN+VRLN)/SUMRN PKN52-50 = 110"
KVN48 GVDD-DV*(115R+VRHN+VRLN)/SUMRN PKN52-50 = 111"
KVN49 GVDD-DV*(120R+VRHN+VRLN)/SUMRN - VINN7
SUMRP: Total of the positive polarity ladder resistance = 128R + VRHP + VRLP + VRP
SUMRN: Total of the negative polarity ladder resistance = 128R + VRHN + VRLN + VRN
pV: Potential difference between KVO and KV49 = GVDD*SUMRP*SUMRN / [SUMRP*SUMRN+EXVR*(SUMRP+SUMRN)]
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132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
Table 37. Gamma Voltage Formula (Negative Polarity)
Grayscale voltage Formula Grayscale voltage Formula

VO VINNO V32 V43+(V20-V43)*(11/23)
V1 VINN1 V33 V43+(V20-V43)*(10/23)
V2 V3+(V1-V3)*(8/24) V34 V43+(V20-V43)*(9/23)
V3 V8+(V1-V8)*(450/800) V35 V43+(V20-V43)*(8/23)
V4 V8+(V3-V8)*(16/24) V36 V43+(V20-V43)*(7/23)
V5 V8+(V3-V8)*(12/24) V37 V43+(V20-V43)*(6/23)
V6 V8+(V3-V8)*(8/24) V38 V43+(V20-V43)*(5/23)
V7 V8+(V3-V8)*(4/24) V39 V43+(V20-V43)*(4/23)
V8 VINN2 V40 V43+(V20-V43)*(3/23)
V9 V20+(V8-V20)*(22/24) V41 V43+(V20-V43)*(2/23)
V10 V20+(V8-V20)*(20/24) V42 V43+(V20-V43)*(1/23)
V11 V20+(V8-V20)*(18/24) V43 VINN4
V12 V20+(V8-V20)*(16/24) V44 V55+(V43-V55)*(22/24)
V13 V20+(V8-V20)*(14/24) V45 V55+(V43-V55)*(20/24)
V14 V20+(V8-V20)*(12/24) V46 V55+(V43-V55)*(18/24)
V15 V20+(V8-V20)*(10/24) V47 V55+(V43-V55)*(16/24)
V16 V20+(V8-V20)*(8/24) V48 V55+(V43-V55)*(14/24)
V17 V20+(V8-V20)*(6/24) V49 V55+(V43-V55)*(12/24)
V18 V20+(V8-V20)*(4/24) V50 V55+(V43-V55)*(10/24)
V19 V20+(V8-V20)*(2/24) V51 V55+(V43-V55)*(8/24)
V20 VINN3 V52 V55+(V43-V55)*(6/24)
V21 V43+(V20-V43)*(22/23) V53 V55+(V43-V55)*(4/24)
V22 V43+(V20-V43)*(21/23) V54 V/55+(V43-V55)*(2/24)
V23 V43+(V20-V43)*(20/23) V55 VINNS
V24 V43+(V20-V43)*(19/23) V56 V60+(V55-V60)*(20/24)
V25 V43+(V20-V43)*(18/23) V57 V60+(V55-V60)*(16/24)
V26 V43+(V20-V43)*(17/23) V58 V60+(V55-V60)*(12/24)
V27 V43+(V20-V43)*(16/23) V59 V60+(V55-V60)*(8/24)
V28 V43+(V20-V43)*(15/23) V60 V62+(V55-V62)*(350/800)
V29 V43+(V20-V43)*(14/23) V61l V62+(V60-V62)*(16/24)
V30 V43+(V20-V43)*(13/23) V62 VINNG
V31l V43+(V20-V43)*(12/23) V63 VINN7
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Preliminary
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Figure 40. Relationship between RAM data and output voltage
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Figure 41. Relationship between source output and Vcom
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S6D0110 132 RGB SOURCE & 176 GATE DRIVER WITH INTERNAL RAM FOR 65K COLORS TFT-LCD

Preliminary
THE 8-COLOR DISPLAY MODE

The S6D0110 carries 8-color display mode. Using grayscale levels are VO and V63 and all other level power
supplies are halt. So that it attempts to lower power consumption. Also, during the 8-color mode, the Gamma micro
adjustment register, PKP0O-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. The level power supply (V1-V62) is in OFF condition during the
8-color mode in order to select VO/V63.

Graphics RAM (GRAM)

A4 Yy Vv Yy Vv v v vy Yy Vv \ A A A / A
|R04| RO3|RDZ|R01|RDO|| GDS| 604|<303|(302|Go1|<300| B04| BOS|B02| BDl|BOO|

\ J X /X J

PKP02 PKPO1 PKPO0O

PKP12 PKP11 PKP10

PKP22 PKP21 PKP20

Positive
polarity
register PKP42 | PKP41 | PKP40

PKP32 PKP31 PKP30

PKP52 | PKP51 | PKP50 )
5 6 5

A 4 A A 4

PRP02 | PRPO1 | PRPOO

PRP12 | PRP11 | PRP10 2 ON/OFF control [| ON/OFF control || ON/OFF control

<R> <G> <B>

8, | Grayscale
amplifier

PKNO2 | PKNO1 | PKNOO

PKN12 | PKN11 | PKN10O LCDdriver || LCD driver || LCDdriver

PKN22 | PKN21 | PKN20

Negative PKN32 | PKN31 | PKN30

polarity
register

PKN42 | PKN41 | PKN40

PKN52 | PKN51 | PKN50

G

LCD

PRNO2 PRNO1 | PRNOO

PRN12 PRN11 PRN10

Figure 42. 8-color display control
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<65,536-color => 8-color> <8-color => 65,536 -color>
OFF OFF
GON="1" GON="1"
DTE="1" DTE="1"
D1-0=*10" D1-0="10"
Wait (2 frame or higher) Wait (2 frame or higher)
ON ON
GON="1" GON="1"
DTE="0" DTE="0"
D1-0=*10" D1-0="10"
Wait (2 frame or higher) Wait (2 frame or higher)
OFF OFF
GON="0" GON="0"
DTE="0" DTE="0"
D1-0="00" D1-0="00"
| rawsew | [ cawoews |
e ] T
| Wait (40ms or higher) | | Wait (40ms or higher) |
ON ON
GON= GON="0"
DTE="0 DTE=%0"
D1-0="01 D1-0=01"
Wait (2 frame or higher) Wait (2 frame or higher)
ON
GON="1"
DTE="0 DTE=%0"
D1-0="01 D1-0=01"
ON
i ON
con=1 Gon=1"
=0 DTE=*0"
D1-0="11"
I D1-0="11"
Wait (2 frame or higher) Wait (2 frame or higher)
' ]
ON
GON="1"
DTE="1"
D1-0="11"
Display by 8-color mode Display
by 65,536-color mode
\ y
u L)
- L]
= L]
] .
Figure 43. Set up procedure for the 8-color mode
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Preliminary
SYSTEM STRUCTURE EXAMPLE

Following diagram indicates the system structure, which composes the 132 (width) x 176 (length) dots TFT-LCD
panel.

G173 G175
G174 G176

132RGB x 176 dot
TFT LCD Panel

Gl
G2

S1
S2
S3
S394
S395
S396

/-
NN

S6D0110

csB
RS
E
DB[15:0]
M im[2:0]
RESETB

RIW

E
R/W

csB

RS
DB[15:0]
IM[2:0]

RESETB

Figure 44. System structure
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Preliminary
Instruction set up flow
<Display off> <Display on>
r
EQ=0
I Power setting
\S
Display off I
GON= 1
DTE= 1 Display on
D1-0= 10 GON= 0
I DTE= 0
D1-0= 01
Wait (more than 2 frames) I
Wait (more than 2 frames)
Display off I
GON= 1
DTE:_ 0 Display on
D1-0= 10 GON= 1
I DTE= 0
D1-0= 01
Wait (more than 2 frames) I
Display off Display on
GON= 1
GON= 0
DTE= 0
DTE= 0
D1-0= 11
D1-0= 00
Wait (more than 2 frames)
Power off
SAP2-0= 000
AP2-0= 000 Display on
5 GON= 1
. DTE= 1
( D1-0= 11
Display OFF E
r
AN
- Display ON
Continue to the display on flow
A
Continue to the display on flow
Figure 45. Instruction set up flow
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Preliminary
<Standby> <Sleep>
Display off flow Display off flow
Standby
Sleep
I set I
set
| Standby set (STB= 1) | | Sleep set (SLP= 1) |
H -
. -
.
A Sl
| Oscillation start | | Sleep cancel (SLP= 0 ) |] eep
I I Cancel
| Wait 10ms | Standby
cancel
I Power setting

| Standby cancel (STB= 0 ) |

Power setting

Display on flow J

[ Display on flow ’

Figure 46. Instruction setup flow (continued)
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Preliminary
OSCILLATION CIRCUIT

The S6D0110 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
(200kHz) /\/\/\/ OSC1

Damping

resistance

(2kW) 0sScC?2
S6D0110

2) External Resistance Oscillation Mode

O0ScC1

Rf

0SsC2

S6D0110

NOTE: The Rf resistance must be located
near the OSC1/0OSC2 pin on the chip

Figure 47. Oscillation Circuit
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Preliminary
N-RASTER-ROW REVERSED AC DRIVE

The S6D0110 supports not only the LCD reversed AC drive in a one-frame unit but also the n-raster-row reversed
AC drive which alternates 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 in the LCD cells.

1 frame 1frame
»
- Ll Ll
Blank period Blank period
1 o 3 |4 [ h7sli7g] = 184 1 2 B R 175|176 = hgal 1 2

Frame \ — \
AIC waveform drive
176 raster-row
N-raster-row — -
A/C waveform drive
176 raster-row
reverse 3 raster-row
\

—

EOR="1"

Figure 48. Example of an AC signal under n-raster-row reversed AC drive
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S6D0110

INTERLACE DRIVE

S6D0110 supports the interlace drive to protect from the 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 is 1 or 3. and the diagram below indicates the

output waveform when the field interlace drive is active.

Preliminary

Gs="0" Gs=
FLD1-0 setting value 01 11 FLD1-0 setting value 01 11
Fretd & @ 5) Freld &) @ ®)
Gate Gate
G1 o o G176 o o
G2 o o G175 o o
G3 o o G174 o] [e]
G4 o o G173 o o
G5 o o G172 [e] o
G6 o o G171 [e] (e)
G7 o o G170 [e] o
G8 o o G169 o o
G9 [e] o] G168 [e] [¢]
B B R B
G173 o o G4 o [e]
G174 o o G3 o o
G175 o o G2 o o
G176 o o G1 o o
L 1 frame
il
—» 14— Blank period i i i
[ [ i b
I I '
T L d (R
Field ! ' Field ! ' Field H Field ! '
(1) [ (2) o (3) | (1) (R
I
AC polarity H H H
— to | T
[ [ ' [
[ [ I [
o1 B : P P L
1 L H HE
I [ I [
G2 H i H .
T T T T T
1 ] 1 ] 1
[ ' i o
G3 [ I I Vo
1 1 1 1 1 ] 1
o P ! P
G4 [ [ 1 [
T T T —
I N ' I
[ [ 1 ]
es L L ] L
(R (R T 1
Lo [ 1 [
se P il : |
I I H I
[ [ ' [
[ [ I [
[ [ 1 ]
[ [ i [
[ [ I [
[ [ 1 [
v v ' o
1 1 1 1 1 1 1
1 1 1 1 '
' [ i '
Gan+1 || L : l :
) T T T T
[ ( 1 [T
[ i i [
G3n+2 1 1 r 1 1 1l 1
HE H H M
(R P v T
1 ] 1 ] [l .
G3n+3 [ Vo I b
T T I TR
1 1 1 1 1 ! 1
1 ! 1 ! 1 t '
[ [ I [
[ [ I [
Vo Vo ' o
Figure 49. Interlace drive and output waveform
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Preliminary
A/C TIMING

Following diagram indicates the A/C timing on the each A/C drive method. After every 1 drawing, the A/C timing is
occurred on the reversed frame AC drive. After the A/C timing, the blank (all gate output: Vgoff level) period
described below is inserted. When it is on the interlace drive, blank period is inserted every A/C timing. When the
reversed n-raster-row is driving, a blank period is inserted after all screens are drawn. Front and Back porch can be
adjusted using FP3-0 and BP3-0 bits (R08h). In interlace drive mode, Blank period can be adjusted using BLP13-
0 and BLP23-0 bit (RO9h).

Frame reverse AC drive 3 field interlace drive n-raster-row reversed AC drive
Back porch Back porch Back porch
AIC—)
n-raster-row
Field 1 AIC—>
n-raster-row
A/C—P
A/IC—) n-raster-row
Blank period 1 (BLP1) AIC—)
n-raster-row
8 A/IC—>
& g n-raster-row §
Frame 1 2 Field 2 & AlIC—> <
é o n-raster-row o
r g Alc—> g
A/IC—P — n-raster-row —
Blank period 2 (BLP2) A/IC—»>
n-raster-row
A/IC—>
n-raster-row
Field 3 A/IC—)p
AIC n-raster-row
- » AIC—P A/IC—P
timing Front porch v Front porch v Front porch v
Blank period = Back porch Blank period = Back porch Blank period = Back porch
+ Front Porch + Blank period 1 + Front Porch
+ Blank period 2
+ Front porch
Figure 50. A/C timing
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Preliminary
FRAME FREQUENCY ADJUSTING FUNCTION

The S6D0110 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. is required, the
frame frequency can be set high.

RELATIONSHIP BETWEEN LCD DRIVE DUTY AND FRAME FREQUENCY
The relationships 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.

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

fosc R-C oscillation frequency

Line: Number of raster-rows (NL bit)

Clock cycles per raster-row: RTN bit
Division ratio: DIV bit

B: Blank period(Back porch + Front Porch)

Figure 51. Formula for the frame frequency
Example calculation
Driver raster-row: 176
1H period: 16 clock (RTN3 to 0 = 0000)
Operation clock division ratio: 1division
B: Blank period (BP + FP): 8
fosc = 60Hz x (0+16) clock x 1 division x (176+B) lines = 177 [kHz]

In this case, the RC oscillation frequency becomes 177 kHz. The external resistance value of the RC oscillator must
be adjusted to be 177 kHz.

Note: When FLD1-0="11" (interlace drive), B = BP + FP + BLP1 + BLP2

98
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Preliminary
SCREEN-DIVISION DRIVING FUNCTION

The S6D0110 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 line (SS17 to 10) and end line (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 line (SE27 to 20) are specified by
the 2" screen-driving position register (R15). The 2™ screen control is effective when the SPT bit is 1. The total
count of selection-driving lines for the 15t and 2" screens must correspond to the LCD-driving duty set value.

Gl —

1st screen:
G7 — 7-raster-row driving
j Non-display area
G26 —
2nd screen:
17 raster-row driving
G42 —

Non-display area

- Driving raster-row: NL4-0 = 10101 (176 lines)
- 1st screen setting: SS17-10 = 00H, SE17-10 = 06H
- 2nd screen setting: SS27-20 = 19H, SE27-20 = 29H, SPT =1

Figure 52. Driving on 2 screen
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Preliminary
RESTRICTION ON THE 1°57/2N° SCREEN DRIVING POSITION REGISTER SETTINGS

The following restrictions must be satisfied when setting the start line (SS17 to 10) and end line (SE17 to 10) of the
1%t screen driving position register (R14) and the start line (SS27 to 20) and end line (SE27 to 20) of the 2™ screen
driving position register (R15) for the S6D0110. Note that incorrect display may occur if the restrictions are not
satisfied.

Table 38. Restrictions on the 1%9/2"¢ Screen Driving Position Register Setting
1% Screen Driving (SPT=0)

Register setting Display operation

Full screen display

(SE171010) - (SS171t0 10) = NL Normally displays (SE17 to 10) to (SS17 to 10)

Partial display

Normally displays (SE17 to 10) to (SS17 to 10)

White display for all other times (RAM data is not related
at all)

(SE17 to 10) — (SS17 to 10) < NL

(SE17 to 10) — (SS17 to 10) > NL Setting disabled

NOTE 1: SS17 to 10 £ SE17 to 10 £ AFh
NOTE 2: Setting SE27 to 20 and SS27 to 20 are invalid

2™ Screen Driving (SPT=1)

Register setting Display operation

((SE17 to 10) — (SS17 to 10))
+ ((SE27 to 20) — (SS27-20)) = NL

Full screen display
Normally displays (SE27 to 10) to (SS17 to 10)

Partial display

Normally displays (SE27 to 10) to (SS17 to 10)

White display for all other times (RAM data is not related
at all)

((SE17 to 10) — (SS17 to 10))
+ ((SE27 to 20) — (SS27-20)) < NL

((SE17 to 10) — (SS17 to 10))

+ ((SE27 10 20) — (SS27-20)) > NL Setting disabled

NOTE 1: SS17 to 10 £ SE17 to 10 < SS27 to 20 £ SE27 to 20 £ AFh
NOTE 2: (SE27 to 20) — (SS17 to 10) £ NL

The driver output can’ t be set for non-display area during the partial display. Determine based on specification of the
panels.

Source output in non-display area Gate output in
PT1 PTO — - - - .
Positive polarity Negative polarity Non-display area
0 0 V63 VO Normal drive
0 1 V63 VO Vgoff
1 0 VSS VSS Vgoff
1 1 Hi-Z Hi-Z Vgoff
100
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Preliminary
Refer to the following flow to set up the partial display.

Full screen display

PT1-0 =00 \

A
Set SS/SE bits

( ; \

Wait (more than 2 frames)

Split screen drive
set up flow

A
PT1-0=01

or Set as need
PT1-0=10

or

L PT1-0=11 ) /

i —

Partial display on

i Setting flow for
full screen driver

Set SS/SE bits
! —

Full screen display

Figure 53. Partial display set up flow
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Preliminary
APPLICATION CIRCUIT

The following figure indicates a schematic diagram of application circuit for S6D0110.

HEjcii-
- E =
rEjci2+
recais 2)Everypins descripted n ths cigram have
HEjc21- to be wired out externally.

arrange curcuit component o it must be
HF]c23+ ensured.
| Flcea- (Only "space is needed to arrange the
—EJc31+ described circuit component on t)

1) All capacitor value : 1uF

HEJcat- 4) VSS0 & VSS pin have to be connected
| Fcas extemlly (Refer o the fllowing figure)
HEIca1-
5VDDI0 & VD3 pin have to be connected

externally ( Refer to the following figure )

HEJveH

j{] mhth

conner—f—E1VDD30 .o
externdud FVDD!
g Dgx

HEvei gvoos] ~"™

Flvooa DOvoo:
+EJrovDD

HE7voD
rEavss
Oves

HEJvcome
HEJvcomr
HEIVREG10UT

HEJVREGL

L EJVREG20UT
HEIVREG2
HElcvoD
-FJvcomout

Ssf

HEJvcomH
HFjvel
= e
HEIREGP
LEIREGN
-FAvoD

—E]vez
 EJVGOFFOUT
HEJvGorF

FEIVGOFFH
FEIVGOFFL

lE0sct

4{Joscz

Ovsso

Oprece Gy =

Ovobszo G3_ O

[JcoNTACTL es =

[OconTAcT2

[OreseTBL

Ovobso G173
G175

Omomn
Ovsso

Om

Omz

Ovobso

CIRESETB2

Qvsso 5390 T gm
Opos1s-8 3357
Ovsso S393 g

Ooe7-2 §395 =|=|
Oosusbo S3%6 =

DOoso/soi Gl77 e
Ovsso G176 =

o=, S6D0110

Figure 54. Application Circuit
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Preliminary
SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Table 39. Absolute Maximum Rating
(VSS =0V)
ltem Symbol Rating Unit
Supply voltage VDD -03~+5.0 \%
Supply voltage for step-up circuit Vci -0.3~+5.0 \Y,
LCD Supply Voltage range [VGH — VGL]| 30 \Y
Input Voltage range Vin -0.3 to VDD +0.5 \Y,
Operating temperature Tomr -40 ~ +85 °C
Storage temperature Teg -55 ~ +110 °C

Notes:

1. Absolute maximum rating is the limit value beyond which the IC may be broken. They do not assure operations.
2. Operating temperature is the range of device-operating temperature. They do not guarantee chip performance.
3. Absolute maximum rating is guaranteed when our company s package used.
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Preliminary
DC CHARACTERISTICS
Table 40. DC Characteristics
(VSS =0V)
Characteristic Symbol CONDITION MIN TYP MAX Unit | Note
VDD 1.8 - 25 \% *1
Operating voltage
VDD3 2.3 - 33 \% *1
VGH +7 - 20.0 \Y
VGL -7 - -15.0 \Y;
LCD driving voltage VGOFF -5 - -15 Y,
AVDD 35 5.5 \%
GVDD 3.0 5.0 \Y
Input high voltage Vi, 0.7vDD3 - VvDD3 \Y *2
Input low voltage V. 0 - 0.3vDD3 \% *2
Output high voltage Vou loy =-2.0mA VDD3-0.5 vDD3 \Y% *3
Output low voltage Voo lo. = 2.0mA 0.0 - 0.5 \Y *3
Input leakage current . VIN = VSS or VDD3 -1.0 - 1.0 mA *2
Output leakage current lo. VIN = VSS or VDD3 -3.0 - 3.0 mA *3
Operating frequency fosc Fr.ame fre.q. =60Hz 159 177 194 KHz | *4
Display line = 176
Internal reference power Vel 25 i 33 v
supply voltage
1% step-up input voltage VCI1 17 - 2.75 \Y
st _
1’ step-up output AVDD | ILOAD= TBD mA 95 99 i %
efficiency
2" step-up input voltage VCI2 34 55 Y
nd _
2" Step-up output VGH | ILoAD=TBD mA 95 99 . %
efficiency
3'4 step-up input voltage VCI3 6.8 15 Y,
rd .
3" step-up output VGL | ILOAD=TBD mA 95 99 . %
efficiency
4" step-up input voltage VCl4 25 33 \Y
th i
4" step-up output VCL | ILoAD= TBD mA 95 99 i %
efficiency
Notes :
1. VSS=0V.
2. Applied pins; IM2-1, CSB, E, R/W, RS, DBO0 to DB15, PREGB, RESETB1,2,3.
3. Applied pins; DBO to DB15, CL1, M, FLM, EQ, DISPTMG.
4. Target frame frequency = 60 Hz, Display line = 176, Back porch = 3, Front port =5
Internal RTNJ[3:0] register =“0000", Internal DIV[1:0] register = “ 00"
104
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Table 41. DC Characteristics for LCD driver outputs

Preliminary

(vDD = 1.8V, VDD3 = 3.0V, VSS = 0V)
Characteristic Symbol CONDITION MIN TYP MAX Unit | Note
VGH-VGOFF=30.0V,
LCD gate driver output Ron VGH=18V, ) B 2 KD «5
On resistance VGOFF=-12V,
Vgo = VGH - 0.5V
LCD source driver _
high-level output current Mo | V3 B 4.5V, - - -50 OA | *6
. Vsx = 3.5V
(Gradation output)
LCD source driver low- _
level output current ILoG Vso B 0.5V, 50 - - OA *6
. Vsx = 1.5V
(Gradation output)
o 4.2V £ Vso - +20 +30 MV *6
Output voltage deviation DVo 0.8V < Voo <42V 110 20 vy, 5
(Mean value) . 0=2 - = =
Vso £0.8V - +20 +30 MV *6
LCD source driver output Vso i GVDD+0.1 i GVDD-0.1 v
voltage range
LCD source driver high- Vs0 = 5.0V, .
level output current IHOB _ - - -100 OA 6
- Vsx = 4.0V
(Binary output)
LCD source driver low- _
level output current ILoB Vso - 0.0v, 100 - - OA *6
. Vsx = 1.0V
(Binary output)
AVDD = 5.5V
LCD source driver delay tsp GVDD = 5.0V - - TBD as *9
SAP =001
Current consumption Standby mode,
. - - - OA *7
during standby mode Istby Ta=25°C
Current consumption IvDD No load, - 8D TBD OA *8
during normal operation Vel Ta=25°C - TBD TBD 0A *g

Notes :

5. Vgo is the output voltage of analog output pins GO to G177.

6.

7.

Vsx is the voltage applied to analog output pins S1 to S396.

Vso the output voltage of analog output pins S1 to S396

VDD3 = 3.0V, VDD = 2.0V, VCI = 2.7V, VBS = VSS and standby mode.

VvDD3 = 3.0V, VDD = 2.0V, VCI = 2.7V, VBS = VSS,

fosc = 177 kHz(176 display line), Internal register, NL[4:0] =" 10101", RTN[3:0] = “0000", DIV[1:0] ="00"

Internal power registers, VC[2:0] =“011", BT[2:0] =“010", VRH[3:0] = “1100", VRL[3:0] = “0110
VCM[4:0] = “10110’, VDV[4:0] = “10000"
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Preliminary
AC CHARACTERISTICS

Table 42. Parallel Write Interface Characteristics (68 Mode, HWM = 0)
(VDD =1.8V to 2.5V, T, = -30 to +85 °C

VDD3 =1.8Vto 2.5V VDD3 = 2.6V to 3.3V
Characteristic Symbol Unit
Min. Max. Min. Max.
. Write tcycwes 600 - 250
Cycle time
Read tCYCR68 800 500
Pulse rise / fall time tRr, tF - 25 25
E pulse width high Write tWHW68 90 - 40
Read fWHR68 350 250
E pulse width low Write twLwW68 300 - 70
Read tWLR68 400 200
RW, RS and CSB setup time tAses 10 - 10 ns
RW, RS and CSB hold time tAH68 5 - 2
Write data setup time twDse8 60 - 60
Write data hold time twDH68 15 - 2
Read data delay time tRDD68 - 200 - 200
Read data hold time tRDH68 5 5

Table 43. Parallel Write Interface Characteristics (68 Mode, HWM = 1)
(vDD =1.8Vto 2.5V, T,=-30to0 +85 °C
VDD3=1.8Vto 2.5V VDD3 =2.6Vto 3.3V
Characteristic Symbol Unit
Min. Max. Min. Max.
. Write tcycwes 200 - 100

Cycle time

Read tCYCR68 800 500
Pulse rise / fall time tr, tF - 25 25
E pulse width high Write tWHW68 90 - 40

Read fWHR68 350 250
E pulse width low Write twLwW68 90 - 40

Read tWLR68 400 200
RW, RS and CSB setup time tAse8 10 - 10 ns
RW, RS and CSB hold time tAH68 5 - 2
Write data setup time twDs68 60 - 60
Write data hold time twDH68 15 - 2
Read data delay time tRDD68 200 200
Read data hold time tRDH68 5 5
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Table 44. Parallel Write Interface Characteristics (80 Mode, HWM = 0)

Preliminary

(vDD =1.8Vto 2.5V, T, =-30to +85 °C

VDD3=1.8Vto 2.5V VDD3 =2.6Vto 3.3V
Characteristic Symbol Unit
Min. Max. Min. Max.
. Write tcycwso 600 - 250
Cycle time
Read tCYCR80 800 500
Pulse rise / fall time R, tF - 25 25
Pulse width low Write twLW80 90 - 40
Read tWLR80 350 250
Pulse width high Write tWHW80 300 - 70
Read tWHR80 400 200
RW, RS and CSB setup time tas80 10 - 10 ns
RW, RS and CSB hold time taH80 5 - 2
Write data setup time twbsso 60 - 60
Write data hold time twDH80 15 - 2
Read data delay time tRDD8O - 200 - 200
Read data hold time tRDH80 5 5

Table 45. Parallel Write Interface Characteristics (80 Mode, HWM = 1)

(vDD =1.8Vto 2.5V, T, = -30 to +85 °C

VDD3=1.8Vto 2.5V VDD3 =2.6Vto 3.3V
Characteristic Symbol Unit
Min. Max. Min. Max.
. Write tcycwso 200 - 100
Cycle time
Read tCYCR80 800 500
Pulse rise / fall time R, tF - 25 25
Pulse width low Write twLW80 90 - 40
Read tWLR80 350 250
Pulse width high Write tWHW80 90 - 40
Read tWHR80 400 200
RW, RS and CSB setup time tas80 10 - 10 ns
RW, RS and CSB hold time taH80 5 - 2
Write data setup time twbsso 60 - 60
Write data hold time twDH80 15 - 2
Read data delay time tRDD8O 200 200
Read data hold time tRDH80 5 5
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Table 46. Clock Synchronized Serial Write Mode Characteristics
(vDD =1.8Vto 2.5V, T,=-30to +85 °C

VDD3 =1.8Vto 2.5V VDD3 = 2.6V to 3.3V
Characteristic Symbol Unit

Min. Max. Min. Max.
Serial clock cycle time tscyc 0.1 20 0.1 20 us
Serial clock rise / fall time R, tF - 20 20 ns
Pulse width high for write tscHw 40 - 40 - ns
Pulse width high for read tSCHR 230 - 230 - ns
Pulse width low for write tscLw 60 - 60 - ns
Pulse width low for read tsCLR 230 - 230 - ns
Chip Select setup time tcss 20 - 20 - ns
Chip Select hold time tcsH 60 - 60 - ns
Serial input data setup time tsips 30 - 30 - ns
Serial input data hold time tSIDH 30 - 30 - ns
Serial output data delay time tsobb - 200 - 130 ns
Serial output data hold time tSoDH 5 - 5 - ns

Table 46. Reset Timing Characteristics
(vDD =1.8Vto 2.5V, T, =-30to +85 °C

VDD3 =1.8Vto 2.5V VDD3 = 2.6V to 3.3V
Characteristic Symbol Unit
Min. Max. Min. Max.
Reset low pulse width tRES 1 - 1 - us
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