To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




DATA SHEET
RENESANS MOS INTEGRATED CIRCUIT

, 11 PD161608

176-RGB x 220-DOT 1-CHIP DRIVER IC FOR 262,144-COLOR
TFT-LCD DISPLAY

DESCRIPTION
The #PD161608 is TFT-LCD display driver IC. Also, it is possible by 176-RGB x 220-dot to display 262,144 colors.

FEATURES
e 176-RGB x 220-dot TFT-LCD display driver IC for 262,144 colors (528ch-source driver/220ch-gate driver)
¢ 18-bit RGB interface and serial peripheral interface (SPI)
e Various color-display control functions

- 262,144 colors can be displayed at the same time (including: y- adjust)
¢ Low-power operation supports

- Maximum 6-times DC/DC converter circuit for generating driving voltage

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

- Equalizing function for the switching performance of DC/DC converter circuits and operational amplifiers
e Internal power supply circuit
¢ Operating voltage

- Apply voltage

- Vop-Vss = 1.6 t0 2.7 V (non-regulating) (logic voltage range - non-regulated)

Vopbio-Vss = 1.6 to 3.3 V (regulating) (logic voltage range - regulated)

- VCI-Vss = 2.5 to 3.3 V (internal reference power-supply voltage)

- Generate voltage

- For the source driver: VCIX2-Vss = 5.0 to 5.5 V (power supply for driving circuits)

- For the gate driver: VGH-VGL = 17.5 to 30.25 V, VGH-Vss = +10 to +16.5 V
¢ On chip EEPROM

ORDERING INFORMATION

Part Number Package
uPD161608P Chip

Remark Purchasing the above chip entail the exchange of documents such as a separate memorandum or product

quality, so please contact one of our sales representatives.

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all products and/or types are available in every country. Please check with an NEC Electronics
sales representative for availability and additional information.

Document No. S17594EJ2V0DS00 (2nd edition) The mark <R> shows major revised points. © NEC Electronics Corporation 2004, 2005
Date Publish 2 NS CP(K . . . . . .
P:n?eduilr)\ |ja§:nJune 006 NS CP(K) The revised points can be easily searched by copying an "<R>" in the PDF file and

specifying it in the "Find what:" field.
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<R> 1. BLOCK DIAGRAM
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2. PAD CONFIGURATION
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Remark NC: No Connection
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Table 2-1. Pad Dimensions

Size
Items Pad Name Unit
X Y
Chip size
) . - 20960 1400
(With scribe lane: 100 um)
Chip thickness - 400
Pad pitch 1to 277 75
278, 279, 1042, 1043 53
um
280 to 1041 27
Bump pad size 1to 277 51 118
278, 279, 1042, 1043 50 100
280 to 1041 24 100
Bump height — 15

Data Sheet S17594EJ2V0DS
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Figure 2-1. Alignment Mark Configurations (unit: zm)
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Table 2-2. Pad Coordinate (1/5)

Pad No. Name X Pad No. Name X Pad No. Name X Pad No. Name Y
1 NC -10350 -520] 61 CXP -5850 -520) 121 NC -1350 -520 181 REV 3150 -520]
2 NC -10275 -520] 62 CXP -5775 -520 122 VSS -1275 -520) 182 VDDIO 3225 -520]
3 VCOM -10200 -520] 63 CXP -5700 -520) 123 VSS -1200 -520) 183 BGR 3300 -520]
4 VCOM -10125 -520] 64 VCOML -5625 -520) 124 VSS -1125 -520 184 BGR 3375 -520)
5 VCOM -10050 -520] 65 VCOML -5550 -520) 125 VSS -1050 -520 185 VSS 3450 -520]
6 DUMMY -9975 -520] 66 VCOML -5475 -520) 126 TMB -975) -520) 186 TB 3525 -520]
7 DUMMY -9900 -520] 67 VCOMH -5400 -520) 127 VSS -900 -520) 187 B 3600 -520]
8 CDUMO -9825| -520) 68 VCOMH -5325 -520 128 VSS -825 -520 188 VDDIO 3675 -520)
9 CDUMO -9750 -520] 69 VCOMH -5250 -520) 129 VSS -750 -520 189 RL 3750 -520]
10 CDUMO -9675| -520] 70 VGL -5175 -520) 130 VSS -675) -520) 190 RL 3825 -520]
11 CDUM1 -9600| -520] 71 VGL -5100 -520) 131 NC -600 -520) 191 VSS 3900 -520]
12 CDUM1 -9525| -520] 72 VGL -5025 -520 132 VSS -525 -520 192 SHUT 3975 -520)
13 CDUM1 -9450 -520] 73 VGH -4950 -520) 133 VSS -450 -520) 193 SHUT 4050 -520]
14 NC -9375 -520] 74 VGH -4875 -520 134 VSS -375) -520 194 SHUT 4125 -520]
15 NC -9300| -520) 75 VGH -4800 -520 135 VSS -300 -520 195 DOTCLK 4200 -520)
16 NC -9225| -520] 76 VCOML -4725 -520) 136 VSS -225) -520) 196 DOTCLK 4275 -520]
17 NC -9150 -520] 77 VCOML -4650 -520 137 NC -150 -520 197 DOTCLK 4350 -520]
18 NC -9075 -520] 78 VCOML -4575 -520) 138 VCI -75 -520) 198 HSYNC 4425 -520]
19 NC -9000| -520) 79 VCI2 -4500 -520 139 VCI 0 -520 199 HSYNC 4500 -520)
20 NC -8925| -520] 80 VCI2 -4425 -520) 140 VCI 75 -520 200 HSYNC 4575 -520]
21 VSS -8850) -520] 81 VCI2 -4350 -520 141 VCI 150 -520 201 VSYNC 4650 -520]
22 NC -8775| -520] 82 NC -4275 -520) 142 VCI 225) -520) 202 VSYNC 4725 -520]
23 NC -8700)| -520) 83 VCIX2 -4200 -520 143 VCI 300 -520) 203 VSYNC 4800 -520)
24 NC -8625| -520] 84 VCIX2 -4125 -520 144 VCI 375) -520) 204 ENABLE 4875) -520]
25 NC -8550) -520] 85 VCIX2 -4050 -520) 145 VCI 450 -520) 205 ENABLE 4950 -520
26 NC -8475| -520] 86 VCIX2 -3975 -520) 146 VCI 525 -520) 206 ENABLE 5025 -520]
27 NC -8400 -520] 87 VCIX2 -3900 -520 147 VCI 600 -520 207 VDDIO 5100 -520]
28 C3N -8325| -520] 88 VCIX2 -3825 -520 148 VDD 675) -520] 208 RR5 5175 -520]
29 C3N -8250) -520] 89 VCIX2 -3750 -520) 149 VDD 750 -520] 209 RR5 5250 -520]
30 C3N -8175| -520] 90 VLCD63 -3675 -520] 150 VDD 825 -520) 210 RR5 5325 -520]
31 C3P -8100 -520 91 VLCD63 -3600 -520) 151 VDD 900 -520) 211 RR4 5400 -520]
32 C3P -8025| -520] 92 VLCD63 -3525 -520) 152 NC 975 -520) 212 RR4 5475 -520]
33 C3P -7950) -520] 93 VLCD63 -3450 -520) 153 VDDIO 1050 -520) 213 RR4 5550 -520]
34 C2N -7875| -520] 94 VLCD63 -3375 -520] 154 VDDIO 1125 -520) 214 RR3 5625 -520]
35 C2N -7800 -520] 95 VLCD63 -3300 -520) 155 SDO 1200 -520 215 RR3 5700 -520]
36 C2N -7725| -520] 96 VLCD63 -3225 -520) 156 SDO 1275 -520) 216 RR3 5775 -520]
37 C2P -7650) -520] 97 VLCD63 -3150 -520) 157 SDI 1350 -520) 217 RR2 5850 -520]
38 C2P -7575] -520) 98 TESTA -3075 -520 158 SDI 1425 -520 218 RR2 5925 -520]
39 C2P -7500] -520] 99 VCOMH -3000 -520) 159 SCK 1500 -520) 219 RR2 6000 -520]
40 TESTC -7425 -520 100 VCOMH -2925 -520) 160 SCK 1575 -520 220 RR1 6075 -520]
41 TESTB -7350) -520] 101 VCOMH -2850 -520 161 CSB 1650 -520) 221 RR1 6150 -520]
42 CIN -7275| -520] 102 NC -2775 -520] 162 CSB 1725 -520) 222 RR1 6225 -520]
43 C1N -7200 -520 103 RVDD -2700 -520) 163 CSB 1800 -520) 223 RRO 6300 -520]
44 CIN -7125] -520] 104 RVDD -2625 -520) 164 RESB 1875) -520) 224 RRO 6375 -520]
45 C1P -7050)| -520) 105 RVDD -2550 -520 165 RESB 1950 -520 225 RRO 6450 -520)
46 C1P -6975| -520] 106 RVDD -2475 -520) 166 RESB 2025 -520) 226 GG5 6525 -520]
47 C1P -6900 -520] 107 RVDD -2400 -520) 167 VSS 2100 -520) 227 GG5 6600 -520]
48 VSS -6825| -520] 108 RVDD -2325 -520) 168 TESTIN1 2175 -520) 228 GG5 6675 -520]
49 VSS -6750| -520) 109 EXVR -2250 -520 169 TESTIN2 2250 -520 229 GG4 6750 -520)
50 CYN -6675| -520] 110 VCOMR -2175 -520 170 VDDIO 2325 -520) 230 GG4 6825 -520]
51 CYN -6600| -520] 111 VCOMR -2100 -520) 171 SPID 2400 -520) 231 GG4 6900 -520]
52 CYN -6525| -520] 112 NC -2025 -520) 172 SPID 2475 -520) 232 GG3 6975 -520]
53 CYP -6450| -520) 113 VSS -1950 -520 173 VSS 2550 -520 233 GG3 7050 -520)
54 CYP -6375| -520] 114 VSS -1875 -520) 174 REGVDD 2625) -520) 234 GG3 7125 -520]
55 CYP -6300 -520] 115 VSS -1800 -520 175 REGVDD 2700 -520) 235 GG2 7200 -520]
56 VCI -6225| -520] 116 VSS -1725 -520) 176 \VDDIO 2775, -520) 236 GG2 7275 -520]
57 VDD -6150 -520] 117 VSS -1650 -520 177 CAD 2850 -520 237 GG2 7350 -520)
58 CXN -6075| -520] 118 VSS -1575 -520) 178 CAD 2925 -520) 238 GG1 7425 -520]
59 CXN -6000 -520] 119 VSS -1500 -520) 179 VSS 3000 -520 239 GG1 7500 -520]
60 CXN -5925| -520) 120 VSS -1425 -520 180 REV 3075 -520 240 GG1 7575 -520)

Data Sheet S17594EJ2V0DS
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Table 2-2. Pad Coordinate (2/5)

Pad No. Name X Pad No. Name X Y Pad No. Name X Pad No. Name X
241 GG0 7650 -520] 301 G43 9706.5 444 361 G159 8086.5 444 421 S501 6466.5 444
242 GG0 7725 -520] 302 G45 9679.5 574 362 G161 8059.5 574 422 S500 6439.5 574
243 GGO 7800 -520] 303 G47 9652.5 444 363 G163 8032.5 444 423 S499 6412.5 444
244 BBO 7875 -520) 304 G49 9625.5 574 364 G165 8005.5 574 424 S498 6385.5 574
245 BBO 7950 -520] 305 G51 9598.5 444 365 G167 7978.5 444, 425 S497 6358.5 444
246 BBO 8025 -520] 306 G53 9571.5 574 366 G169 7951.5 574 426 S496 6331.5 574
247 BB1 8100 -520] 307 G55 9544.5 444 367 G171 7924.5 444 427 S495 6304.5 444
248 BB1 8175 -520) 308 G57 9517.5 574 368 G173 7897.5) 574 428 S494 6277.5) 574
249 BB1 8250 -520] 309 G59 9490.5 444 369 G175 7870.5 444 429 S493 6250.5 444
250 BB2 8325 -520] 310 G61 9463.5 574 370 G177 7843.5 574 430 5492 6223.5 574
251 BB2 8400 -520] 311 G63 9436.5 444 371 G179 7816.5 444 431 S491 6196.5 444
252 BB2 8475 -520] 312 G65 9409.5 574 372 G181 7789.5 574 432 S490 6169.5 574
253 BB3 8550 -520] 313 G67 9382.5 444, 373 G183 7762.5 444 433 S489 6142.5 444
254 BB3 8625 -520] 314 G69 9355.5 574 374 G185 7735.5 574 434 5488 6115.5 574
255 BB3 8700 -520) 315 G71 9328.5 444 375 G187 7708.5 444 435 S487 6088.5 444
256 BB4 8775 -520] 316 G73 9301.5 574 376 G189 7681.5 574 436 S486 6061.5 574
257 BB4 8850 -520] 317 G75 9274.5 444 377 G191 7654.5 444 437 5485 6034.5 444
258 BB4 8925 -520] 318 G77 9247.5 574 378 G193 7627.5 574 438 S484 6007.5 574
259 BB5 9000} -520) 319 G79 9220.5 444 379 G195 7600.5 444 439 S483 5980.5 444
260 BB5 9075 -520] 320 G81 9193.5 574 380 G197 7573.5) 574 440 5482 5953.5 574
261 BB5 9150 -520] 321 G83 9166.5 444 381 G199 7546.5 444 441 S481 5926.5 444
262 CM 9225 -520] 322 G85 9139.5 574 382 G201 7519.5 574 442 S480 5899.5 574
263 CM 9300 -520] 323 G87 9112.5 444 383 G203 7492.5 444 443 S479 5872.5 444
264 CM 9375 -520] 324 G89 9085.5 574 384 G205 7465.5 574 444 S478 5845.5 574
265 TESTIN3 9450 -520] 325 G91 9058.5 444 385 G207 7438.5 444 445 S477 5818.5 444
266 TESTIN4 9525 -520] 326 G93 9031.5 574 386 G209 7411.5 574] 446 S476 5791.5| 574
267 TESTINS 9600 -520] 327 G95 9004.5 444 387 G211 7384.5 444] 447 S475 5764.5| 444
268 TESTOUT 9675 -520] 328 G97 8977.5 574] 388 G213 7357.5 574] 448 S474 5737.5] 574
269 TESTOUT 9750 -520] 329 G99 8950.5 444 389 G215 7330.5 444 449 S473 5710.5 444
270 TESTOUT 9825 -520] 330 G101 8923.5 574] 390 G217 7303.5 574] 450 S472 5683.5| 574
271 DUMMY 9900 -520] 331 G103 8896.5 444 391 G219 7276.5 444 451 S471 5656.5| 444
272 DUMMY 9975 -520] 332 G105 8869.5 574 392 GTESTR 7249.5 574 452 S470 5629.5 574
273 VCOM 10050 -520] 333 G107 8842.5 444 393 NC 7222.5) 444 453 S469 5602.5 444
274 VCOM 10125 -520] 334 G109 8815.5 574 394 NC 7195.5 574 454 5468 5575.5| 574
275 VCOM 10200 -520] 335 G111 8788.5 444 395 S527 7168.5 444] 455 S467 5548.5| 444
276 NC 10275 -520] 336 NC 8761.5 574 396 S526 7141.5 574 456 S466 5521.5| 574
277 NC 10350 -520] 337 NC 8734.5 444 397 S525 7114.5 444, 457 S465 5494.5| 444
278 NC 10379.5 574 338 G113 8707.5 574 398 S524 7087.5 574 458 S464 5467.5| 574
279 NC 10326.5 444] 339 G115 8680.5 444 399 S523 7060.5 444 459 S463 5440.5| 444
280 G1 10273.5 574 340 G117 8653.5 574 400 S522 7033.5 574 460 5462 5413.5 574
281 G3 10246.5 444] 341 G119 8626.5 444 401 S521 7006.5 444 461 S461 5386.5 444
282 G5 10219.5 574 342 G121 8599.5 574 402 S520 6979.5 574 462 S460 5359.5 574
283 G7 10192.5 444] 343 G123 8572.5 444 403 S519 6952.5 444 463 S459 5332.5 444
284 G9 10165.5 574 344 G125 8545.5 574 404 S518 6925.5 574 464 S458 5305.5 574
285 G11 10138.5] 444 345 G127 8518.5 444 405 S517 6898.5 444 465 S457 5278.5 444
286 G13 10111.5 574 346 G129 8491.5 574 406 S516 6871.5) 574 466 S456 5251.5| 574
287 G15 10084.5 444] 347 G131 8464.5 444 407 S515 6844.5 444 467 S455 5224.5 444
288 G17 10057.5 574 348 G133 8437.5 574 408 S514 6817.5) 574 468 S454 5197.5 574
289 G19 10030.5] 444 349 G135 8410.5 444 409 S513 6790.5 444 469 S453 5170.5 444]
290 G21 10003.5 574 350 G137 8383.5 574 410 S512 6763.5 574 470 5452 5143.5| 574,
291 G23 9976.5| 444] 351 G139 8356.5 444 411 S511 6736.5) 444 471 S451 5116.5 444
292 G25 9949.5/ 574 352 G141 8329.5 574 412 S510 6709.5 574 472 S450 5089.5 574
293 G27 9922.5| 444 353 G143 8302.5 444 413 S509 6682.5 444 473 S449 5062.5 444
294 G29 9895.5| 574 354 G145 8275.5 574 414 S508 6655.5 574 474 S448 5035.5| 574,
295 G31 9868.5| 444] 355 G147 8248.5 444 415 S507 6628.5) 444 475 S447 5008.5| 444
296 G33 9841.5/ 574 356 G149 8221.5 574 416 S506 6601.5) 574 476 S446 4981.5 574
297 G35 9814.5| 444 357 G151 8194.5 444 417 S505 6574.5 444 477 S445 4954.5 444
298 G37 9787.5| 574 358 G153 8167.5 574 418 S504 6547.5) 574 478 S444 4927.5 574
299 G39 9760.5| 444] 359 G155 8140.5 444 419 S503 6520.5 444 479 S443 4900.5 444
300 G41 9733.5| 574 360 G157 8113.5 574 420 S502 6493.5 574 480 S442 4873.5 574
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Table 2-2. Pad Coordinate (3/5)

Pad No. Name X Pad No. Name X Pad No. Name X Pad No. Name X
481 S441 4846.5 444] 541 S381 3226.5 444, 601 S321 1606.5 444, 661 NC -13.5] 444
482 S440 4819.5 574 542 S380 3199.5 574 602 S320 1579.5 574 662 NC -40.5 574
483 S439 4792.5 444] 543 S379 3172.5 444, 603 S319 1552.5 444, 663 5263 -67.5 444
484 5438 4765.5 574 544 S378 3145.5 574 604 S318 1525.5 574 664 5262 -94.5 574
485 S437 4738.5 444] 545 S377 3118.5 444, 605 S317 1498.5 444, 665 S261 -121.5 444
486 5436 4711.5 574 546 S376 3091.5 574 606 S316 1471.5 574 666 5260 -148.5 574
487 S435 4684.5 444] 547 S375 3064.5 444, 607 S315 1444.5 444, 667 5259 -175.5 444
488 S434 4657.5 574 548 S374 3037.5 574 608 S314 1417.5 574 668 5258 -202.5 574
489 S433 4630.5 444] 549 S373 3010.5 444, 609 S313 1390.5 444, 669 S257 -229.5 444
490 S432 4603.5 574 550 S372 2983.5 574 610 S312 1363.5 574 670 5256 -256.5 574
491 S431 4576.5 444] 551 S371 2956.5 444, 611 S311 1336.5 444, 671 5255 -283.5 444
492 S430 4549.5 574 552 S370 2929.5 574 612 S310 1309.5 574 672 5254 -310.5 574
493 S429 4522.5 444] 553 S369 2902.5 444, 613 S309 1282.5 444, 673 5253 -337.5 444
494 S428 4495.5 574 554 S368 2875.5 574 614 S308 1255.5 574 674 5252 -364.5 574
495 S427 4468.5 444] 555 S367 2848.5 444, 615 S307 1228.5 444, 675 S251 -391.5 444
496 S426 4441.5 574 556 5366 2821.5 574 616 S306 1201.5 574 676 S250 -418.5 574
497 S425 4414.5 444] 557 S365 2794.5 444, 617 S305 1174.5 444, 677 S249 -445.5 444
498 S424 4387.5 574 558 S364 2767.5 574 618 S304 1147.5 574 678 5248 -472.5 574
499 S423 4360.5 444] 559 S363 2740.5 444, 619 S303 1120.5 444, 679 S247 -499.5 444
500 S422 4333.5 574 560 S362 2713.5 574 620 S302 1093.5 574 680 S246 -526.5 574
501 S421 4306.5 444] 561 S361 2686.5 444, 621 S301 1066.5 444, 681 5245 -553.5 444
502 S420 4279.5 574 562 S360 2659.5 574 622 S300 1039.5 574 682 S244 -580.5 574
503 S419 4252.5 444] 563 S359 2632.5 444 623 S299 1012.5 444 683 5243 -607.5 444
504 S418 4225.5 574 564 5358 2605.5 574 624 S298 985.5 574 684 S242 -634.5 574
505 S417 4198.5 444] 565 S357 2578.5 444, 625 S297 958.5 444, 685 S241 -661.5 444
506 S416 4171.5 574 566 S356 2551.5 574 626 S296 931.5 574 686 5240 -688.5 574
507 S415 4144.5 444] 567 S355 2524.5 444, 627 S295 904.5 444, 687 5239 -715.5 444
508 S414 4117.5 574 568 S354 2497.5 574 628 S294 877.5 574 688 5238 -742.5 574
509 S413 4090.5 444] 569 S353 2470.5 444, 629 S293 850.5 444, 689 5237 -769.5 444
510 S412 4063.5 574 570 S352 2443.5 574 630 S292 823.5 574 690 5236 -796.5 574
511 S411 4036.5 444] 571 S351 2416.5 444, 631 S291 796.5 444, 691 5235 -823.5 444
512 S410 4009.5 574 572 S350 2389.5 574 632 S290 769.5 574 692 S234 -850.5 574
513 S409 3982.5| 444] 573 S349 2362.5 444, 633 S289 742.5 444, 693 5233 -877.5 444
514 S408 3955.5| 574 574 S348 2335.5 574 634 S288 715.5 574 694 5232 -904.5 574
515 S407 3928.5| 444 575 S347 2308.5 444 635 S287 688.5 444 695 S231 -931.5 444
516 S406 3901.5| 574 576 S346 2281.5 574 636 S286 661.5 574 696 S230 -958.5 574
517 S405 3874.5| 444] 577 S345 2254.5 444, 637 S285 634.5 444 697 S229 -985.5 444
518 S404 3847.5] 574] 578 S344 2227.5 574 638 S284 607.5 574 698 5228 -1012.5 574
519 S403 3820.5| 444 579 S343 2200.5 444 639 S283 580.5 444 699 S227 -1039.5 444
520 S402 3793.5] 574] 580 S342 2173.5 574 640 S282 553.5 574 700 5226 -1066.5) 574
521 S401 3766.5| 444] 581 S341 2146.5 444, 641 S281 526.5 444, 701 S225 -1093.5 444
522 S400 3739.5] 574 582 S340 2119.5 574 642 S280 499.5 574 702 S224 -1120.5 574
523 S399 3712.5] 444 583 S339 2092.5 444, 643 S279 472.5 444, 703 S223 -1147.5 444
524 S398 3685.5| 574] 584 S338 2065.5 574 644 S278 445.5 574 704 S222 -1174.5 574
525 S397 3658.5| 444 585 S337 2038.5 444 645 S277 418.5 444, 705 S221 -1201.5) 444
526 S396 3631.5] 574] 586 S336 2011.5 574 646 S276 391.5 574 706 S220 -1228.5 574
527 S395 3604.5| 444] 587 S335 1984.5 444, 647 S275 364.5 444, 707 S219 -1255.5 444
528 S394 3577.5] 574] 588 S334 1957.5 574 648 S274 337.5 574 708 S218 -1282.5 574
529 S393 3550.5] 444] 589 S333 1930.5 444, 649 S273 310.5 444, 709 S217 -1309.5 444
530 S$392 3523.5| 574] 590 S332 1903.5 574 650 S272 283.5 574 710 S216 -1336.5 574
531 S391 3496.5| 444] 591 S331 1876.5 444, 651 S271 256.5 444, 711 S215 -1363.5 444
532 S390 3469.5| 574] 592 S$330 1849.5 574 652 S270 229.5 574 712 S214 -1390.5 574
533 S389 3442.5| 444] 593 S329 1822.5 444, 653 S269 202.5 444, 713 S213 -1417.5 444
534 S388 3415.5] 574] 594 S328 1795.5 574 654 S268 175.5 574 714 S212 -1444.5 574
535 S387 3388.5| 444] 595 S327 1768.5 444, 655 S267 148.5 444, 715 S211 -1471.5 444
536 S386 3361.5] 574 596 S326 1741.5 574 656 S266 121.5 574 716 5210 -1498.5 574
537 S385 3334.5] 444] 597 S325 1714.5 444, 657 S265 94.5 444, 717 S209 -1525.5 444
538 S384 3307.5] 574 598 S324 1687.5 574 658 S264 67.5 574 718 5208 -1552.5 574
539 S383 3280.5| 444] 599 S323 1660.5 444, 659 NC 40.5 444, 719 5207 -1579.5 444
540 S382 3253.5| 574] 600 S322 1633.5 574 660 NC 13.5 574 720 S206 -1606.5 574
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Table 2-2. Pad Coordinate (4/5)

Pad No. Name X Pad No. Name X Y Pad No. Name X Pad No. Name X
721 S205 -1633.5] 444] 781 S145 -3253.5 444, 841 S85 -4873.5 444, 901 S25 -6493.5 444
722 S204 -1660.5| 574 782 S144 -3280.5 574 842 S84 -4900.5 574 902 S24 -6520.5 574
723 S203 -1687.5| 444] 783 S143 -3307.5 444, 843 S83 -4927.5 444 903 S23 -6547.5 444
724 $202 -1714.5| 574 784 S$142 -3334.5 574 844 S82 -4954.5 574 904 S22 -6574.5 574
725 S201 -1741.5| 444] 785 S141 -3361.5 444, 845 S81 -4981.5 444, 905 S21 -6601.5 444
726 S200 -1768.5| 574 786 S$140 -3388.5 574 846 S80 -5008.5 574 906 S20 -6628.5 574
727 S$199 -1795.5| 444] 787 S139 -3415.5 444, 847 S79 -5035.5 444, 907 S19 -6655.5 444
728 S198 -1822.5| 574 788 5138 -3442.5 574 848 S78 -5062.5 574 908 S18 -6682.5 574
729 $197 -1849.5| 444] 789 S$137 -3469.5 444, 849 S77 -5089.5 444, 909 S17 -6709.5 444
730 S196 -1876.5| 574 790 S136 -3496.5 574 850 S76 -5116.5 574 910 S16 -6736.5 574
731 S$195 -1903.5| 444] 791 S135 -3523.5 444, 851 S75 -5143.5 444, 911 S15 -6763.5 444
732 S194 -1930.5| 574 792 S134 -3550.5 574 852 S74 -5170.5 574 912 S14 -6790.5 574
733 S193 -1957.5| 444] 793 S133 -3577.5 444, 853 S73 -5197.5 444, 913 S13 -6817.5 444
734 S$192 -1984.5| 574 794 S132 -3604.5 574 854 S72 -5224.5 574 914 S12 -6844.5 574
735 S191 -2011.5| 444] 795 S131 -3631.5 444, 855 S71 -5251.5 444, 915 S11 -6871.5 444
736 S190 -2038.5| 574 796 S130 -3658.5 574 856 S70 -5278.5 574 916 S10 -6898.5 574
737 S189 -2065.5| 444] 797 S129 -3685.5 444, 857 S69 -5305.5 444, 917 S9 -6925.5 444
738 5188 -2092.5| 574 798 S128 -3712.5 574 858 S68 -5332.5 574 918 S8 -6952.5 574
739 S187 -2119.5| 444] 799 S$127 -3739.5 444, 859 S67 -5359.5 444, 919 S7 -6979.5 444
740 S186 -2146.5| 574 800 S126 -3766.5 574 860 S66 -5386.5 574 920 S6 -7006.5 574
741 S185 -2173.5| 444] 801 S$125 -3793.5 444, 861 S65 -5413.5 444, 921 S5 -7033.5 444
742 S184 -2200.5| 574 802 S124 -3820.5 574 862 S64 -5440.5 574 922 S4 -7060.5 574
743 S183 -2227.5| 444] 803 S123 -3847.5 444 863 S63 -5467.5 444 923 S3 -7087.5 444
744 S182 -2254.5| 574 804 S$122 -3874.5 574 864 S62 -5494.5 574 924 S2 -7114.5 574
745 S181 -2281.5| 444] 805 S121 -3901.5 444, 865 S61 -5521.5 444, 925 S1 -7141.5 444
746 S180 -2308.5| 574 806 S$120 -3928.5 574 866 S60 -5548.5 574 926 SO -7168.5 574
747 S$179 -2335.5| 444] 807 S119 -3955.5 444, 867 S59 -5575.5 444, 927 NC -7195.5 444
748 S178 -2362.5| 574 808 S118 -3982.5 574 868 S58 -5602.5 574 928 NC -7222.5 574
749 S$177 -2389.5| 444] 809 S117 -4009.5 444, 869 S57 -5629.5 444, 929 G218 -7249.5 444
750 S176 -2416.5| 574 810 S116 -4036.5 574 870 S56 -5656.5 574 930 G216 -7276.5 574
751 S$175 -2443.5| 444] 811 S115 -4063.5 444, 871 S55 -5683.5 444, 931 G214 -7303.5 444
752 S174 -2470.5| 574 812 S114 -4090.5 574 872 S54 -5710.5 574 932 G212 -7330.5 574
753 S173 -2497.5| 444] 813 S113 -4117.5 444, 873 S53 -5737.5 444, 933 G210 -7357.5 444
754 S$172 -2524.5| 574 814 S112 -4144.5 574 874 S52 -5764.5 574 934 G208 -7384.5 574
755 S171 -2551.5| 444] 815 S111 -4171.5 444, 875 S51 -5791.5 444, 935 G206 -7411.5) 444
756 S170 -2578.5] 574] 816 S$110 -4198.5 574 876 S50 -5818.5 574 936 G204 -7438.5 574
757 S169 -2605.5| 444 817 S109 -4225.5 444, 877 S49 -5845.5 444, 937 G202 -7465.5 444
758 S168 -2632.5] 574] 818 S108 -4252.5 574 878 S48 -5872.5 574 938 G200 -7492.5 574
759 S167 -2659.5| 444 819 S107 -4279.5 444 879 S47 -5899.5 444 939 G198 -7519.5 444
760 S166 -2686.5| 574] 820 S106 -4306.5 574 880 S46 -5926.5 574 940 G196 -7546.5 574
761 S165 -2713.5] 444 821 S105 -4333.5 444, 881 S45 -5953.5 444, 941 G194 -7573.5 444
762 S164 -2740.5| 574 822 S104 -4360.5 574 882 S44 -5980.5 574 942 G192 -7600.5 574
763 S163 -2767.5] 444 823 S103 -4387.5 444 883 S43 -6007.5 444, 943 G190 -7627.5) 444
764 S$162 -2794.5| 574 824 S$102 -4414.5 574 884 S42 -6034.5 574 944 G188 -7654.5 574
765 S161 -2821.5| 444] 825 S101 -4441.5 444, 885 S41 -6061.5 444, 945 G186 -7681.5 444
766 S160 -2848.5| 574 826 S$100 -4468.5 574 886 S40 -6088.5 574 946 G184 -7708.5 574
767 S159 -2875.5| 444] 827 S99 -4495.5 444, 887 S39 -6115.5 444, 947 G182 -7735.5 444
768 S158 -2902.5| 574] 828 S98 -4522.5 574 888 S38 -6142.5 574 948 G180 -7762.5) 574
769 S157 -2929.5| 444] 829 S97 -4549.5 444, 889 S37 -6169.5 444, 949 G178 -7789.5 444
770 S156 -2956.5| 574] 830 S96 -4576.5 574 890 S36 -6196.5 574 950 G176 -7816.5 574
771 S155 -2983.5| 444] 831 S95 -4603.5 444, 891 S35 -6223.5 444, 951 G174 -7843.5 444
772 S154 -3010.5] 574] 832 S94 -4630.5 574 892 S34 -6250.5 574 952 G172 -7870.5 574
773 S153 -3037.5] 444] 833 S93 -4657.5 444, 893 S33 -6277.5 444, 953 G170 -7897.5 444
774 S152 -3064.5| 574] 834 S92 -4684.5 574 894 S32 -6304.5 574 954 G168 -7924.5 574
775 S151 -3091.5] 444] 835 S91 -4711.5 444, 895 S31 -6331.5 444, 955 G166 -7951.5 444
776 S150 -3118.5] 574 836 S90 -4738.5 574 896 S30 -6358.5 574 956 G164 -7978.5 574
777 S149 -3145.5] 444] 837 S89 -4765.5 444, 897 S29 -6385.5 444, 957 G162 -8005.5 444
778 S148 -3172.5] 574 838 S88 -4792.5 574 898 S28 -6412.5 574 958 G160 -8032.5 574
779 S$147 -3199.5| 444] 839 S87 -4819.5 444, 899 S27 -6439.5 444, 959 G158 -8059.5 444
780 S146 -3226.5| 574] 840 S86 -4846.5 574 900 S26 -6466.5 574 960 G156 -8086.5 574
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Table 2-2. Pad Coordinate (5/5)

Pad No. Name X Pad No. Name X
961 G154 -8113.5 444 1021 G38 -9733.5 444
962 G152 -8140.5 574 1022 G36 -9760.5 574
963 G150 -8167.5 444 1023 G34 -9787.5 444
964 G148 -8194.5 574 1024 G32 -9814.5 574
965 G146 -8221.5 444 1025 G30 -9841.5 444
966 G144 -8248.5 574 1026 G28 -9868.5 574
967 G142 -8275.5 444 1027 G26 -9895.5 444
968 G140 -8302.5 574 1028 G24 -9922.5 574
969 G138 -8329.5 444 1029 G22 -9949.5 444
970 G136 -8356.5 574 1030 G20 -9976.5 574
971 G134 -8383.5 444 1031 G18 -10003.5 444
972 G132 -8410.5 574 1032 G16 -10030.5 574
973 G130 -8437.5 444 1033 G14 -10057.5 444
974 G128 -8464.5 574 1034 G12 -10084.5 574
975 G126 -8491.5 444 1035 G10 -10111.5 444
976 G124 -8518.5 574 1036 G8 -10138.5 574
977 G122 -8545.5 444 1037 G6 -10165.5 444
978 G120 -8572.5 574 1038 G4 -10192.5 574
979 G118 -8599.5 444 1039 G2 -10219.5 444
980 G116 -8626.5 574 1040 GO -10246.5 574
981 G114 -8653.5 444 1041 GTESTL -10273.5 444
982 G112 -8680.5 574 1042 NC -10326.5 574
983 G110 -8707.5 444 1043 NC -10379.5 444
984 G108 -8734.5 574
985 G106 -8761.5 444
986 NC -8788.5 574
987 NC -8815.5 444
988 G104 -8842.5 574
989 G102 -8869.5 444
990 G100 -8896.5 574
991 G98 -8923.5 444
992 G96 -8950.5 574
993 G94 -8977.5 444
994 G92 -9004.5 574
995 G90 -9031.5 444
996 G88 -9058.5 574
997 G86 -9085.5 444
998 G84 -9112.5 574
999 G82 -9139.5 444
1000 G80 -9166.5 574
1001 G78 -9193.5 444
1002 G76 -9220.5 574
1003 G74 -9247.5 444
1004 G72 -9274.5 574
1005 G70 -9301.5 444
1006 G68 -9328.5 574
1007 G66 -9355.5 444
1008 G64 -9382.5 574
1009 G62 -9409.5 444
1010 G60 -9436.5 574
1011 G58 -9463.5 444
1012 G56 -9490.5 574
1013 G54 -9517.5 444
1014 G52 -9544.5 574
1015 G50 -9571.5 444
1016 G48 -9598.5 574
1017 G46 -9625.5 444
1018 G44 -9652.5 574
1019 G42 -9679.5 444
1020 G40 -9706.5 574
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Table 2-3. Test Pad Coordinate (no bump)

Pad No. Name X Y
1 VVSS3 -236 -10370
2 VDC -211 -10260
3 VSS -186 -10370
4 VDD -161 -10260
5 VCC2 -136 -10370
6 \VCC1 -111 -10260
7 VDD1 -86 -10370
8 ROMRV -61 -10260
9 DOTCLK -36 -10370
10 VSTBY -11 -10260
11 RESETB 14 -10370
12 CSB 39 -10260
13 SCK 64 -10370
14 SDI 89 -10260
15 SDO 114 -10370
16 ATEST3 139 -10260
17 SPID 164 -10370

Remark These pins belong to no bumps. Therefore, there are not above mentioned pins inside block diagram.
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3. PIN DESCRIPTIONS

3.1 Power Supply Pins

Symbol Pad No. 1/O Description
Vop 57, 148 to 151 - System power supply for internal logic.
Vobio 153, 154, 170, - Voltage input pin for I/O logic.
176, 182, 188, - Connect to system Vop
207
Vss 21, 48, 49, 113 to - System ground (0 V)
120, 122 to 125,
127 to 130, 132 to
136, 167, 173,
179, 185, 191
VCI 56, 138 to 147 - Step-up input voltage pin.
- Connect to voltage source between 2.5t0 3.3 V
VCIX2 83 to 89 Output | A power output pin for analog circuit that is generated from DC/DC converter circuit 1.
Connect a capacitor to this pin for stabilization. And VCIX2 output voltage is limited to 5.5
V by internal limiter circuit.
VCI2 79 to 81 Output | A negative power output pin for analog circuit. Connect a capacitor to this pin for
stabilization. VCI2 output voltage is (-VCI).
VLCD63 90 to 97 Output | A reference voltage level for gray-scale voltage generator.
Connect a capacitor to this pin for stabilization.
VCOM 3t0 5,273 10275 Output | Output pin for TFT-LCD common.
VCOMH 67 to 69, Output | A regulator output for VCOM output “High” level. Connect a capacitor to this pin for
99 to 101 stabilization.
VCOML 64 to 66, Output | A regulator output for VCOM output “Low” level. Connect a capacitor to this pin for
76 to 78 stabilization.
EXVR 109 Input External reference of internal Gamma resistor.
- Connect to Vss
VCOMR 110, 111 Input This pin provides voltage reference for internal voltage regulator when register VDV [4:0] of
13.8 Power Supply Control 4 (RODH) set to “01111”.
- Connect to an external voltage source for reference
VGH 73to 75 Output | A positive power output pin for gate driver.
- Connect a capacitor for stabilization
VGL 70to 72 Output | A negative power output pin for gate driver.
- Connect a capacitor for stabilization
CXP, CXN | 58 to 63 - Connect capacitor between CXP and CXN.
CYP, CYN | 50to 55 - Connect capacitor between CYP and CYN.
C1P,CIN | 4210 47 - Connect capacitor between C1P and C1N.
C2P,C2N | 341to 39 - Connect capacitor between C2P and C2N.
C3P, C3N | 2810 33 - Connect capacitor between C3P and C3N.
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3.2 Interface Pins
(1/2)

Symbol Pad No. 1/O Description

RL 189, 190 Input This pin’s setting is valid. Source output direction is controlled as follows.
- Connect to Vooio: SO — S527 source driving mode.
- Connect to Vss: S527 — S0 source driving mode.

TB 186, 187 Input Input pin to select the Gate driver scan direction.
- Connect to Vooio for Gate scan from GO to G219
- Connect to Vss for Gate scan from G219 to GO

BGR 183, 184 Input Input pin to select the color mapping.
- Connect to Vooio for Blue-Green-Red mapping
- Connect to Vss for Red-Green-Blue mapping

REV 180, 181 Input Input pin to select the display reversion.
- Connect to Vooio for mapping data “0” to maximum pixel voltage for normally white panel
- Connect to Vss for mapping data “0” to minimum pixel voltage for normally black panel

SHUT 192 to 194 Input This pin’s setting is valid. Power circuit Shut down is controlled as follows.
High level: Shut down (power off, Standby sequence)
Low level: Display on sequence (power circuit start operation sequentially)

CM 262 to 264 Input Input pin to select 262 K-color or 8-color display mode. After entered 8-color display mode,
only MSB of the data Red, Green and Blue will be considered.

High level: 8-color display mode

Low level: 262 K-color display mode

When set to 8-color mode, S0-S527 output VCIX2 voltage and Vss levels for LCD driving.

CSB 161 to 163 Input Chip Select input pin.
High level: 4PD161608 is not selected and cannot be accessed.
Low level: 4PD161608 is selected and can be accessed.

When not used this pin, leave it open.

<R> | sck 159, 160 Input Serial clock input pin for a clock-synchronous serial interface.
When not used this pin, leave it open. This pin is also pulled up inside IC.

<R> | SDI 157, 158 Inout Serial data input pin for a clock-synchronous serial interface. The input data is latched by
npu
P the rising edge of SCK signal. When not used this pin, leave it open.

This pin is also pulled up inside IC.

SDO 155, 156 Output | Serial data Output pin for a clock-synchronous serial interface. The data is output at the
falling edge of SCK signal. When not used this pin, leave it open.

<R> | SPID 171,172 Input ID selection pin for the SPI serial interface. When sending serial data, the “ID” bit must
much with the logic stage of this pin.

High level: ID =1

Low level: ID =0

DOTCLK 195 to 197 Input Dot clock signal for RGB interface. A non-stop external clock must be provided to that pin
even at front or back porch non-display period.
Display data are fetched at rising edge of DOTCLK

ENABLE 204 to 206 Input Data enabling signal for using RGB interface.
High level: Valid (possible to access), it qualifies the valid are of display data input.
Low level: Invalid (not possible to access)

CAD 177,178 Input Although it is intact, since potential fixation is required, give as low fixation.

T™MB 126 Input Gamma initial value setting pin.

High level: Mode 1

Low level: Mode2

This pin is pulled up internally IC. So if this pin leave open, Mode1 is selected.
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(2/2)
Symbol Pad No. 1/O Description
RR [5:0], 208 to 225, Input Graphic Data Input Pins:
GG [5:0], 226 to 243, - RR [5:0] : Red data - 6-bit
BB [5:0] 244 to 261 - GG [5:0] : Green data - 6-bit
- BB [5:0] : Blue data - 6-bit
HSYNC 198 to 206 Input Horizontal Synchronous signal. Active level is low.
VSYNC 201 to 203 Input Vertical Synchronous signal. Active level is low.
RESETB 164 to 166 Input Reset input pin. Initializes the IC when low.
3.3 Display Pins
Symbol Pad No. 1/0 Description
S0 to S527 | 395 to 658, Output | Source driver output pins
663 to 926 S0, S3, S6, ... S (3n-2): Red display (R) (BGR = Low)
S1, 84, S7, ... S (3n—1): Green display (G) (BGR = Low)
S2, 85,88, ... S(3n) :Bluedisplay (B)(BGR =Low)
GO0 to G219 | 929 to 985, Output | Gate driver output pins. These pins output VGH, VGL level.
988 to 1040

3.4 Internal Power Regulator Pins for Logic Circuit

Symbol Pad No. 1/0 Description

REGVDD 174,175 Input Internal power regulator control input pin.
When REGVDD is fixed to L level, the internal regulated power (RVDD) is used as internal
logic supply voltage. Be sure to set Vooio to Vob.
When REGVDD is fixed to H level, the external logic power (Vop) is used as internal logic
supply voltage. Be sure to set Vooio > Vob.

RVDD 103 to 108 Output Internal power regulated-Vooio output.
When REGVDD is H level, RVDD is connected to Voo pin. And connect with 1.0 uF
capacitor between Vss.
When REGVDD is L level, RVDD is outputted regulator voltage. And connect with 1.0 uF
capacitor between Vss.

3.5 Control Pins
Symbol Pad No. 1/0 Description

TESTA 98 Output | Use as EEPROM read voltage output. Connect to stabilizer capacitor.

TESTB 41 Output | This pin is auxiliary output of VCIX2. Connect to stabilizer capacitor as necessary.

TESTC 40 - Unused. Leave this pin open.

CDUMO 81to 10 Input This pin is used for test. Leave this pin open.

CDUM1 11t0 13 Input This pin is used for test. Leave this pin open.

TESTIN1 to | 168, 169, Input These pins are used for test. Normally, leave it open.

TESTIN5S 265 to 267

TESTOUT | 268 to 270 Output | These pins are used for test. Normally, leave it open.

GTESTR 392 Output | Gate driver test output pin. Leave this pin open.

GTESTL 1041 Output | Gate driver test output pin. Leave this pin open.
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4. FUNCTIONAL DESCRIPTION

4.1 External Interface (RGB Interface)
The 1PD161608 supports RGB interface as an external interface for motion picture display.

RGB display data of one line (SO to S527) are latched to the data latch register through parallel data bus (PD) in orderly.
If one line data is latched, data latch register data is transferred to the source driver amp and then the display is outputted.
The display data (PD17-PDO0) are written according to the control of the data enable signal (ENABLE) in synchronization
with the VSYNC, HSYNC, and DOTCLK signals. This performs flicker-free updating of the screen.

Refer to 6. EXTERNAL DISPLAY INTERFACE.

4.2 System Interface
The 1PD161608 builds in a Serial Peripheral Interface port (SPI).

This system interface transfers the data to the internal control register for power control, display control, gamma

adjustment.
Table 4-1. Register Selection (Serial Peripheral Interface)
R/W Bit RS Bit Operations
0 0 Writes indexes into IR
0 1 Writes instruction into control registers

1 0 Status read
1

Instruction data read

4.3 Gray-scale Voltage Generator

The gray-scale voltage generator generates LCD driver voltages which correspond to the gray-scale levels as specified
in the gray-scale y-adjusting resistor. 262,144 possible colors can be displayed at the same time. For details, refer to 16.
GAMMA ADJUSTMENT REGISTER.

4.4 Display Timing Control
The display timing generator generates the interface signals such source output, common output and gate driver from

RGB interface signal input.

4.5 Built-in Power Supply Circuit
The built-in power supply circuit generates (powers of) VCIX2, VLCD63, VGH, VGL and VCOM voltages that are
corresponded to display the TFT-LCD panel.

4.6 LCD Display Circuit

The LCD display circuit consists of 528 source drivers (S0 to S527).

Display pattern data are latched when 528-bit data have arrived. The latched data then enable the source drivers to
generate drive waveform outputs. The RL pin can change the shift direction of 528-bit data by selecting an appropriate

direction for the device-mounted configuration.

Data Sheet S17594EJ2V0DS 15
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5. POWER SUPPLY CIRCUIT

<R> Figure 5-1 shows a configuration of the voltage generation circuit for the zPD161608. The DC/DC converter circuits
consist of DC/DC converter circuits 1, 2 and 3. DC/DC converter circuit 1 doubles the voltage supplied to VCI, and that
voltage is doubled or tripled in DC/DC converter circuit 2. And DC/DC converter circuit 3 flips the VCI level and generates
the VCI2 level. These DC/DC converter circuits generate power supplies VCIX2, VGH, VGL.

<R> Figure 5-1. Configuration of the Internal Power Supply Circuit

N Shottky diode

N Shottky diode

Vel L_ VCIX2
CXP ;]/'7 6.3V
o1pF L I TESTB
63V T_CXN 1st Booster VRH [3:0] —>{ VLCD63 &1 vicoes . L 1uF
I regulator 6.3V
CYP ;l/;
01pF L I 7;7 1uF
6.3V T CYN Band gap to source 6.3V
reference driver
20V
VCOMH
I L 1uF
VCOMH 16 V
1
VDV [4:0] | 1uF
VCOM 6.3V
adjustment Voo T/C > VCOM
VCM [5:0] - o VCOML
regulator| 1 1upF
VCOML ;l/; 6.3V
L] VCI2 € 1uF
<—— BT [2:0] 16V
VCOMR
VGH
L 1puF
2nd and . 16V
3rd Booster to gate driver 1, gate driver ;l/_7
(Bottom) (Top)
VCI2
L 1uF
VGL ;I/; 6.3V
L 1uF
;l/; 16V
Voo —@—
Vouo Shottky diode
DDIO — to
internal
Low b logic
active ower
Ve shift H-RVED
1 1uF
regulator 6.3V
REGVDD;I/_7
Vel —e— )_7;7
EEPROM
read TESTA
voltage 1 1uF
regulator ;/—7 6.3V
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5.1 Pattern Diagrams for Voltage Setting

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

Figure 5-2. Pattern Diagram

VGH
BT [2:0]
(RO3H)
veix2 _VCIx2 (VCI<2.75 V), 5.5 V/(VCI > 2.75 V)
VLCD63 VCM [5:0] R1IEH
VCI VCOMH
\ \ VRH [3:0]\RODH
Reference (2.0 V)
\ \ \VDV [4:0] ROEH
Vss
(VC) x (1) 7L VCOML
X —
VCI2
BT [2:0]
(RO3H)

VGL

Caution Adjust the conditions of VCIX2-VVLD63 > 0.5 V and VCOML-VCI2 > 0.5 V with loads because they differ

depending on the display load to be driven.

VGH

) \ y , —_— VLCD63
)( VCOMH

{ /_ [ — . VCOML

Sn (Source driver output)

Vcom

Gn VGL
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5.2 Recommendation Wiring Resistance Value to Each Pin

The wiring resistance value to recommend is shown below. Since wiring resistance influences the current capability of a

power supply, it asks for panel design so that it may become below recommendation value.

18

Pin Name Wiring Resistance Value (Q2)
Vss <10
Vob <20
Vbbio <20
VCI <10

TESTA <30
TESTB <30
RVDD <10
VLCD63 <10
VCIX2 <10
VGH <30
VGL <10
VCI2 <10
VCOMH <10
VCOML <10
VCOM <10
CXP <10
CXN <10
CYP <10
CYN <10
C1P <10
CiIN <10
C2P <30
C2N <30
C3P <30
C3N < 30

Data Sheet S17594EJ2V0DS
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5.3 Recommendation Capacitance Value to Each Pin
The recommendation value of a capacitor is shown below.

Please determine a capacity value, after a module fully evaluates.

Pin Name Capacitance (uF)
\Y/oh) 0.1to 1
Vbbio 0.1to1
VCI 0.1to 1

TESTA 1t02.2
TESTB 1t02.2
RVDD 1t04.7
VLCD63 1t04.7
VCIX2 1t04.7
VGH 0.47 to 1
VGL 0.47 to 1
VCI2 1to4.7

VCOMH 1t04.7

VCOML 1t04.7
CXP

0.1t02.2
CXN
CYP

0.1t0 2.2
CYN
C1P

0.1t02.2
C1N
C2P

0.1to1
C2N
C3P

0.1to1
C3N

5.4 Recommendation of a Schottky Diode

It recommends inserting a schottky diode between VCI-VCIX2, VCI-VGH, and VGL-Vss.

Please fully evaluate by the module.

Recommendation specification
Forward voltage (VF): 0.6 V at IF = 200 mA
Reverse current (Ir): 1 A atVr=10V
DC reverse voltage (Vr): More than 20 V

Data Sheet S17594EJ2V0DS
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6. EXTERNAL DISPLAY INTERFACE

6.1 RGB Interface

The following interfaces are available as external display interface.

Figure 6—1. Interface Signal Mapping from Graphic Controller

——P| RESETB
—— | CSB
—— P SCK
— | SDI

— P VSYNC

——»{ HSYNC

——— | ENABLE
—— ¥ DOTCLK
—~—»{ PD [17:0]

LCDC

—»{ CM
—P SHUT
—— | TB
— P RL

uPD161608

6.2 18-bit RGB Interface
Display operation is synchronized with VSYNC, HSYNC, and DOTCLK signals. Data for display is transferred via 18-bit
RGB data bus (PD17-PDO).

Figure 6-2. RGB Data Arrange in the 18-bit RGB Interface Mode

mout | P2 [ PD [ PD | PD | PO [PD [ PD | PD|PD[PD |PD
nput ) 97 |16 | 15 [ 14 | 13 | 12 | 11 | 10 9

=3
dl
dl
bl

V V V. V VvV VvV Y l vV VvV Vv V V¥V X A 4
RGBArrange|R5|R4|R3|R2|R1|RO|G5|G4|G3|GZ|Gl|GO|BS|BA|B3|BZ|Bl|BO|

1-pixel

Remark 262,144-color display is possible using the 18-bit RGB interface.
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Figure 6-3. 18-bit RGB Interface Timing

176* DOTCLK (18-bits bus I/F)

RS | E——

AL LS

RGB\/RGB\/ RGB'
2a [\ 3a 4a

B

[
——
.
1 174
"

potclk | £
PD [17:0]
HSYNC

ENABLE

RGB\RGB\ RGB
1b A\ 2b 3b

v
A

N + 1 line

Valid data transfer area

A
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7. SYSTEM INTERFACE

7.1 Serial Data Transfer

It indicates serial data transfer as follows.

(1) The PD161608 initiates serial data transfer by transferring the start byte at the falling edge of CSB input. It ends
serial data transfer at the rising edge of CSB input.

(2) The PD161608 is selected when the 6-bit chip address in the start byte transferred from the transmitting device
matches the 6-bit device identification code assigned to the #PD161608. The #PD161608, when selected, receives the
subsequent data string.

(3) The ID pin can determine the least significant bit of the identification code. The five upper bits must be 01110. Two
different chip addresses must be assigned to a single #PD161608 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. Read or write is selected according to the eighth bit of the start byte (R/W bit). The data
is read when the R/W bit is 0, and is written when the R/W bit is 1.

(4) After reading the start byte, the #PD161608 reads or writes the subsequent data byte-by-byte. The data is
transferred with the MSB first. All #PD161608 instructions are 16 bits. Two bytes are read with the MSB first, and then
the instructions are internally executed. After the start byte has been read, the first byte is transmitted internally as the

upper eight bits of the instruction and the second byte is transmitted internally as the lower eight bits of the instruction.

Table 7-1. Start Byte Format

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

Caution ID pin selects ID bit.

Table 7-2. RS and R/W Bit Function

R/W Bit RS Bit Operations
0 0 Writes indexes into IR
0 1 Writes instruction into control registers
1 0 Status read
1 1 Instruction data read

Figure 7-1. Instruction of Serial Data Transfer

1st transfer (upper) 2nd transfer (lower)
Input | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 D7 | D6 | D5 D4 | D3 | D2 | D1 DO
Instruction B B | IB B B B | IB B B | IB 1B B 1B 1B B B
stuction 1 45 | 14|13 |12 |11 | 10| 9 | 8 7|l | 5|43 |2]|1]o0

Instruction code
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7.2 Procedure for Transfer on Clock Synchronized Serial Bus Interface

Figure 7-2. Timing Basic Data Transfer through Clock-Synchronized Serial Bus Interface

Transfer start Transfer end

CsB } ;! ! 2 l
(Input)

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

SCK
(Input)

SDI
(Input) \i/ 1l

Device ID J
Start byte i Index register setting instruction
SDO Hi-Z
Outpe) : R R £ ER A 6 E3 ER FE 63 60 3 €3 EA 5

Data read instruction

Figure 7-3. Timing of Consecutive Data-Transfer through Clock-synchronized Serial Bus Interface

CsB _\ /_

(Input)
1 2 3 456 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SCK
(Input)
SDI — —
(Input) | Start byte | | Instruction 1: Upper | | Instruction 2: Lower |
Start End
Instruction

execution time
—

Caution The first byte after the start byte is always the upper eight bits.
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8. TIMING SPECIFICATION

The #PD161608 executes power up/down by internal sequential timing.

Following table shows AC timing characteristics and Figure 8-1 shows horizontal/vertical pixel clock timing (262 K-Full

Screen Timing).

8.1 AC Timing Requirements

260 K-color mode and common

Characteristics Symbol MIN. TYP. MAX. Unit
Vertical Frequency (Refresh) fv 57.2 60.1 63.1 Hz
Horizontal Frequency (Line) fu 12.8 13.5 14.1 kHz
DOTCLK frequency fooreik 2.51 2.64 2.77 MHz
DOTCLK clock period tooreik 398 379 361 ns
Horizontal Back Porch tHeP 10 tootciLk
Horizontal Front Porch tHFP 10 tootciLk
Horizontal Blanking Period tHep + tHFP 20 tooTeLk
Horizontal Display Area Hoisp 176 tooTcLk
Horizontal Cycle Hcycle 196 tooreLk
VSYNC Back porch tvep 3 Line
VSYNC Front porch tvep 1 Line
Vertical Blanking Period tvep + tvrp 4 Line
Vertical Display Area Voisp 220 Line
Vertical Cycle Vcycle 224 Line
8-color mode specified
Characteristics Symbol MIN. TYP. MAX. Unit
Vertical Frequency (Refresh) fv fve—5% fvs fvs+5% Hz
Horizontal Frequency (Line) fu fre—5% fre fre+5% kHz
DOTCLK frequency footcLk foorcLke—5% footcLks footcLke+5% MHz
DOTCLK clock period tooreik toorcLke—5% tootcLks toorcLke+5% ns
Vertical Partial Back Porch Vpep 0 219 Line
Vertical Active Area V/pDsp 1 220 Line
Remark fvs: 30.1 to 60.1Hz, fus: 6.73 to 13.5 kHz, footciks: 1.32 to 2.64 MHz, tootciks: 758 to 379 ns
RGB Common timing
Characteristics Symbol MIN. TYP. MAX. Unit
DOTCLK frequency footcLk 2.51 2.64 2.77 MHz
DOTCLK period tootcLk 398 379 361 ns
Vertical Sync Setup time tvsys 30 ns
Vertical Sync Hold time tvsyH 30 ns
Horizontal Sync Setup time tHsys 30 ns
Horizontal Sync Hold time tHsYH 30 ns
Phase difference of Sync signal Falling Edge tHv 0 176 tooreLk
DOTCLK Low Period teke 150 ns
DOTCLK High Period tekn 150 ns
Data Setup time tos 40 ns
Data Hold time toH 40 ns

24
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Figure 8-1. 262 K-Full Screen Timing

Horizontal timing
Hcycle = 196

HBP =10 HDISP =176 HFP =10
oorewx AU A A A A AR AR
/[ /1
HSYNC / " {

/[
17 |

~
~

ENABLE

~
~

DATA Dummy | po,D1------ DATA --- D174, D175 | Dummy

Vertical timing
Vcycle = 224 Line

VBP =3

/]

VSYNC 1

VDISP = 220 Line VFP =1

wwve vl oWoW oW oW o] Wl W Wy W

Line 219
ENABLE 11

Pixel clock timing

tvsvs tvsyH

VSYNC

tHsys tHsYH

HSYNC

thv

DOTCLK /

tooTcLk

tekL tckH

tos toH

X %
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Figure 8-2. 8-color Mode Timing

8-color mode vertical timing

Vcycle = 224 Line

VBP =3

/[

VSYNC

1/
VDISP = 220 Line

I

VFP =1

e e e O e 1 . Y e e e e e}

Line O VPBP L VPDSP Line 219
T
ENABLE
MODE conversion timing
M | |

VSYNC | v | v

Color

MODE | 262 K-color mode 8-color mode 262 K-color mode
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9. POWER UP SEQUENCE

The 4PD161608 operates power up and display ON by Vop, SHUT, DOTCLK, HSYNC, and VSYNC as shown as

following figure.

<R>

Figure 9-1. Power up Sequence Timing

Vop
Vbbio |/
T too-ci
VCI
/RES
—4&/|  trs-sHUT
tp-sHUT
SHUT
tcLK-sHUT]
DOTCLK XXX X XX XXX XXX XXX XRKRXRXLXAX XXX XXX XXXXXKXXKXX
HSYNC [ XXX XXX XXXX XXX XKRARAAARA XA XXX X XXX XAX XXX XXX
1 2 3 4 5 6 7 8 9 10 11 12
VsyNe _ / ood d d o oY oYY Y Y
tsHuT-LCD Y
Display high 1
voltage |
tsHuT-ON
DISP DISP OFF DISP ON
Table 9-1. Power up AC Characteristics
Characteristics Symbol MIN. TYP. MAX. Unit
VDD/VCI on to falling edge of SHUT tP-sHUT 1 ms
/RES to falling edge of SHUT trRs-sHUT 10 HS
DOTCLK input to falling edge of SHUT teLk-sHUT 1 CLK
Falling edge of SHUT to LCD power ON tsHuT-LCD 128 ms
Falling edge of SHUT to display start tsHUT-ON 166 ms
1H = 196 DOTCLK, 1frame = 224H, DOTCLK = 2.64 MHz 10 Frame

Remark top-cican be <0 us, > 0 us, therefore, Vop, Vobio and VCI power up sequence should not have any impact on the
driver/display functionalities/performance.

Data Sheet S17594EJ2V0DS
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10. RECOVERY SEQUENCE WHEN A POWER SUPPLY TURNS OFF MOMENTARILY

The 4PD161608 operates power up and display ON by Vop, SHUT, DOTCLK, HSYNC, and VSYNC as shown as
following figure when a power supply turns off momentarily.

Vb

<R> VDDIOJ
VCI /
/IRES \
SHUT
DOTCLK [ XX XXX XXRXX XXX XXRARRRAR R R R XX XXX XX AX XXX XXX
HSYNC /XX XX XXX XXX XXX XXX XX AXX XXX XXX XXX XXX XXX XXX
1 2 3 4 5 6 7 8 9 10 11 12
AE)0 >N U/ZE 1 I 1 I 1 N 1 AN 1 NN 1 N 1 N 1 N 1 N 1 N 1 N 1
tsp-Lco
Display high !
voltage |
A tsp-on -
DISP __\ DISP OFF DISP ON
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11. POWER DOWN SEQUENCE

The 4PD161608 operates power off and display OFF by VDD, SHUT, DOTCLK, HSYNC, and SYNC as shown as

following figure.

<R> Figure 11-1. Power down Sequence Timing

Vbbb

Vobio tcroo —
VCI t

SHUT /

torF-vDbD

potelk XX AXXXAAXAAXXAXXAAAAAAAAXKAXX R AXKARX X AKX

YN X XARRAAANARXRARAAAAAANAR XX XX XK XXX

1 2 .. 3
Y 1)
L 1-frame
) tSHUT-OFF
Display high
voltage Power ON Power OFF
DISP Normal display | White data display Display OFF
Sn Normal display I White data out (MIN. pixel voltage) Vss
VCOM Normal drive Vss
_ Vel
Gn Scanning Vss
Table 11-1. Power down AC Characteristics
Characteristics Symbol MIN. TYP. MAX. Unit
Rising edge of SHUT to display OFF, tsHUT-OFF 50 ms
1H = 196 DOTCLK, 1frame = 224H, DOTCLK = 2.64 MHz 3 Frame
Input-signal-off to Voo/VCI OFF {oFF-vDD 1 1S

Remark tciopcan be <0 us, > 0 us, therefore, Vop, Vobio and VCI power down sequence should not have any impact on

the driver/display functionalities/performance.
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12. INSTRUCTIONS

12.1 Outline
The operation of the /PD161608 is determined by signals sent through Serial Peripheral Interface (SPI). These signals,

which include the register selection signal (RS), the read/write signal (R/W), and the internal 16-bit data bus signals (IB15
to IB0), make up the #PD161608 instructions.

There are five categories of instructions that:

(1) Specify the index

(2) Read the status

(3) Control the display

(4) Control power management
(

5) Set gray-scale level for the internal gray-scale palette table
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<R> 12.2 Instruction Table

Lower Code

Register No | Register Name | IB15 1B14 1B13 1812 1B11 1B10 1B9 B8 1B7 1B6 1B5 1B4 1B3 162 IB1 150
- Index * * * * * : * * * 1D6 ID5 ID4 ID3 1D2 ID1 D0
- Status Read| L7 L6 L5 L4 L3 12 L1 L0 0 0 0 0 0 0 0 0
01H Driver Output Control 0 0 REV 0 BGR SM B RL MUX7 MUX6 MUX5 MUX4 MUX3 MUX2 MUX1 MUX0
02H |« e 0 0 0 0 0 0 B/C EOR 0 NW6 NW5 NW4 NW3 NW2 NWT NWO
03H__[Fowersusycoa ] DCT3 DCT2 DCT1 DCTO BT2 BT1 BTO 0 DC3 DC2 DC1 DCO AP2 AP1 APO 0
04H Setting Disabled
05H Setting Disabled
06H Setting Disabled
07H Setting Disabled
08H Setting Disabled
09H Setting Disabled
OAH Setting Disabled
0BH Frame cycle control NO1 NOO SDT1 SDTO EQ1 EQO PT1 PTO 0 0 0 0 0 0 0 0
OCH Setting Disabled 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
ODH Power Supply Control 3 0 0 0 0 0 0 0 0 0 0 NOTP1 Dummy1 VRH3 VRH2 VRH1 VRHO
OEH Power Supply Conrol 4] NOTP2 | Dummy2 | VCOMG VDV4 VDV3 VDV2 VDV1 VDVO 0 0 0 0 0 0 0
FH Gate scan start positon| 0 0 0 0 0 0 0 0 SCN7 SCN6 SCN5 SCN4 SCN3 SCN2 SCN1 SCNO
OH Setting Disabled
1H Setting Disabled
2H Setting Disabled
3H Setting Disabled
4H Setting Disabled
5H Setting Disabled
6H__| Horizontal porch 1 0 1 0 1 1 1 1 0 0 HBP5 HBP4 HBP3 HBP2 HBP1 HBPO
7H Vertical porch 0 0 0 0 0 0 0 0 VBP7 VBP6 VBP5 VBP4 VBP3 VBP2 VBP1 VBP0
8H Setting Disabled
9H Setting Disabled
AH Setting Disabled
BH Setting Disabled
CH Setting Disabled
DH Setting Disabled
EH Power Supply control 0 0 0 0 0 0 0 0 NOTP3 | Dummy3 VCM5 VCM4 VCM3 VCM2 VCM1 VCMO
1FH Setting Disabled
20H Setting Disabled
21H Setting Disabled
22H Setting Disabled
23H Setting Disabled
24H Setting Disabled
25H Setting Disabled
26H Setting Disabled
27H Setting Disabled
28H Software reset Software reset
29H Setting Disabled
2AH Setting Disabled
2BH Setting Disabled
2CH Setting Disabled
2DH Setting Disabled
2EH Setting Disabled
2FH Setting Disabled
30H__| Gamma Control (1 0 0 0 NOTP4_| Dummy4 | PKP12(0)| PKP11(0) | PKP10(0) 0 0 0 0 0 PKP02(1) | PKP01(0) | PKP00(0)
31H__|Gamma Control 2 0 0 0 PKP32(0) [ PKP31(0) [ PKP30(0) 0 0 0 0 PKP22(0) [ PKP21(0) | PKP20(0)
32H Gamma Control (3 0 0 0 PKP52(0) | PKP51(0) | PKP50(1) 0 0 0 0 PKP42(0) | PKP41(0) | PKP40(1)
33H__| Gamma Control @ 0 0 0 PRP12(0) [ PRP11(1) [ PRP10(0) 0 0 0 0 PRP02(0) | PRPO1(1) [ PRP00(0)
34H Gamma Control (5 0 0 0 PKN12(1)] P (1) | PKN10(0) 0 0 0 0 PKNO02(1) | PKNO1(1)| PKNOO(0)
35H [ Gemma Gontro 6 0 0 0 PKN32(T) [ PKN31(T) [ PKN30(1) 0 0 0 0 PKN22(1) | PKN21(T) [ PKN20(1)
36H Gamma Control (7 0 0 0 PKN52(0) | PKN51(1) | PKN50(1) 0 0 0 0 PKN42(1) | PKN41(1) | PKN40(1)
37H Gamma Control (8) 0 0 0 PRN12(0)| PRN11(1) | PRN10(0) 0 0 0 0 PRN02(0) | PRNO1(1) | PRNO0(0)
38H Setting Disabled
9H Setting Disabled
AH Gamma Control (9 0 0 0 VRP14(1) | VRP13(1) | VRP12(1)| VRP11(1) | VRP10(1) 0 0 0 0 VRP03(0) | VRP02(0) | VRP01(0) ] VRP0O(0)
BH Gamma Control (10) 0 0 0 VRN14(1) | VRN13(1) | VRN12(1)] VRN11(1) | VRN10(1) 0 0 0 0 VRNO3(0) ] VRN02(0) | VRNO1(0) | VRNOO(0)
3CH Setting Disabled
3DH Setting Disabled
3EH Setting Disabled
3FH Setting Disabled —
B2H__|roverswoyconoe]  DCSEL_| VGHON_| VCIX2ON| VCI2ON | VGLON | VL630ON | VCOMON| DCON 0 0 1 1 1 1 0 0
54H VGH OFF setting| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 VGHOFF
60H EEPROM Mode setting 0 0 0 0 0 0 0 0 0 0 0 0 0 EP READ|EP WRITH EP PWR
61H EEPROM Operation Control 0 0 0 0 0 0 0 0 0 0 0 0 0 IE20PC2 | IE20PC1 | IE20PCO
70H Power Supply Control J |__Parity 0 0 Dummy5 | Dummy1 VRH VRH2 VRH1 VRHO
71H Power Supply Control 4 | Parity Dummy6 | Dummy2 | VCOMG VDV4 VDV3 VDV2 VDV1 VDVO
72H Power Supply Control Parity Dummy7 | Dummy3 VCM5 VCM4 VCM VCM2 VCM1 VCMO
3H Gamma control 1 |__Parity Dummy8 | Dummy4 PKP12 PKP11 PKP10 PKP02 PKPO PKPOO
74H Gamma control 2] Parity 0 PKP3. PKP3 PKP30 0 PKP22 PKP2 PKP20
SH ]Gamma control 3 There are no actual Registers. Parity 0 PKP5. PKP5 PKP50 0 PKP42 PKP4 PKP40
76H ] Gamma control 4 f Parity 0 PRP PRP1 PRP10 0 PRP02 | PRPO PRP00
77 Toamma contol 3 When these registers are read, Parity 5 kN> T PRN BRNTO 0 BxNos T PRNG BRNGO
78H___| Gamma control § value is '0". Parity 0 PKN32 | PKN3 PKN30 0 BKN22 | PKN2 PKN20
79H Gamma control 7] Parity 0 PKN52 PKN5 PKN50 0 PKN42 PKN4 PKN40
7AH__TGamma control g Parity 0 PRN12_| PRN11_| PRN10 0 PRNO PRNO PRNOO
7BH | Gamma control 9 Parity VRP12 RP11 RP10 0 VRPO03 RPO RPO VRP0O
7CH__| Gamma control 19 [ Parity | VRN12 | VRN11 | VRN10 0 VRNO3 | VRNO VRNO VRNOO
7DH__JGamma control 9.1 Parity 0 0 VRN14_ | VRN13 0 0 VRP14_|_ VRP13

Remark *: Don’t care
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13. INSTRUCTION DESCRIPTIONS

Ensure that you are aware of the assignments of instruction bits (IB15-IB0) for each interface that are illustrated below.

13.1 Index Register (IR)

The index instruction specifies the control register indexes (ROOH to R7DH). It sets the register number in the range of

0000000 to 1111111 in binary form. However, do not access to index register and instruction bit that is not allocated in
index register.

RIW RS IB15 1B14 1B13 IB12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 I1B2 IB1 IBO
w 0 * * * * * * * * * ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO
Remark *: Don’t care
13.2 Status Read (SR)
The status read instruction reads the internal status of the xPD161608.
L7-L0: Indicate the driving raster-row position where the liquid crystal display is being driven.
RIW RS IB15 1B14 1B13 1B12 IB11 I1B10 IB9 IB8 IB7 IB6 IB5 IB4 B3 IB2 1IB1 IBO
R 0 L7 L6 L5 L4 L3 L2 L1 LO 0 0 0 0 0 0 0 0
13.3 Driver Output Control (R0O1H)
RIW RS IB15 I1B14 1B13 1B12 IB11 I1B10 B9 IB8 IB7 IB6 IB5 IB4 1IB3 IB2 1IB1 IBO
w 1 0 0 [REV| 0 |BGR| SM | TB | RL |MUX7[MUX6|MUX5|MUX4| MUX3|MUX2| MUX1| MUXO

REV: Displays all character and graphics display sections with reversal when REV = “1”. Since the gray-scale level can

is indicated below.

be reversed, display of the same data is enabled on normally white and normally black panels. Source output level

REV RGB data Source output level
VCOM =H VCOM = L
1 00000H V63 VO
3FFFFH VO V63
0 00000H VO V63
3FFFFH V63 VO

SM: Change the division of gate driver.

SM = 0: Odd/even division (interlace mode) is selected.

SM = 1: Upper/lower division is selected. Select the division mode according to the mounting method (POR = 0)
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TB: Selects the output shift direction of the gate driver.
TB = 0: G219 shifts to GO.
TB = 1: GO shifts to G219.

RL: Selects the output shift direction of the source driver.
RL = 0: Start point: S527, end point SO
RL = 1: Start point: S0, end point S527

Caution About TB, RL REV, and BGR function, it is initialized by the level of a hardware pin when hardware reset
and software reset is performed. By changing the level of the hardware pin, an internal state is also
changeable.

After sending the data of R01H by software, the data sent by software becomes valid. In this case, a
setup of a hardware pin becomes invalid until it performs hardware reset.
In addition, when TB, RL, REV, and BGR pin are changed, the timing which becomes 2 kinds valid
inside IC is as follows.

(1) About RL and TB function, these setup becomes valid inside IC in the top of a frame.

(2) About REV and BGR function, these setup becomes valid inside IC immediately.
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BGR: Selects the <R><G><B> arrangement.
BGR = 0: <R><G><B> color is assigned from S0.

BGR = 1: <B><G><R> color is assigned from S0.

RL=1,BGR =0 RL=0,BGR =0

RGBRGB RGBRGB RGBRGB RGBRGB

RN 0 © I~

P I N P R R o N NN

nunun 0 unu nhwvwwn NAOND
RL=1,BGR=1 RL=0,BGR=1

BGRBGR BGRBGR BGRBGR BGRBGR

S525
S526
S527
S525
S526
S527

O N ...,
nuunun

MUX7-MUXO0: Specify number of lines for the LCD driver. Setting exceeds 220 lines will be treated as dummy line of

vertical front porch.

Caution When set MUX7-MUXO to 8’hDB, Vertical front porch is set under 36 line.
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13.4 LCD Driving Waveform Control (R02H)
RIW RS IB15 I1B14 1B13 1B12 IB11 I1B10 B9 IB8 IB7 IB6 IB5 IB4 1IB3 I1B2 1IB1 IBO
W 1 0 0 0 0 0 0 B/C | EOR 0 NW6 | NW5 [ NW4 [ NW3 [ NW2 | NW1 | NWO

B/C: When B/C = 0, it performs scanniing in every frame for LCD drive. When B/C = 1, n-raster-row inversion waveform is

generated and alternates in each raster-row specified by bits EOR and NW6-NWO in the LCD-driving-waveform
control register. For details, refer to 20. n-RASTER-ROW RESERVED AC DRIVE (Default: B/C = 1).

EOR: When the n-raster-row inversion waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and the

n-raster-row reversed signals are EOR for alternating drive. EOR is used when combining the set values of the
number of the LCD drive raster-row and the n raster-row does not alternate the LCD. For details, refer to 20. n-

RASTER-ROW RESERVED AC DRIVE (Default: EOR = 1).

NW6-NWO: Specify the number of raster-rows n that will alternate at the n-raster-row inversion waveform setting (B/C = 1).

NW6-NWO alternate for every set value + 1 raster-row, and the first to the 128th raster-rows can be selected

(Default: NW6-NWO = 0)
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13.5 Power Supply Control 1 (RO3H)

RIW RS IB15 I1B14 1B13 [IB12 IB11 IB10 IB9 B8 IB7 IB6 IB5 IB4 B3 IB2 IB1 IBO
W 1 DCT3|(DCT2|DCT1|DCTO| BT2 | BT1 | BTO 0 [DC3|DC2|DC1|DCO| AP2|AP1 [ APO 0

DCT3-DCTO: Set the step-up cycle of the step-up circuit for 8-color mode (CM = Vobio). When the cycle is accelerated,
the driving ability of the step-up circuit increases, but its current consumption increases as well. Adjust the
cycle taking into account the display quality and power consumption.

DCT3 DCT2 DCT1 DCTO Step-up Cycle
0 0 0 0 F line x 14
0 0 0 1 F line x 11
0 0 1 0 F line x 9
0 0 1 1 F line x 7
0 1 0 0 F line x 6
0 1 0 1 F line x 5
0 1 1 0 F line x 4
0 1 1 1 F line x 3
1 0 0 0 F line x 2
1 0 0 1 F line x 1
1 0 1 0 fosc/24
1 0 1 1 fosc/40
1 1 0 0 fosc/48
1 1 0 1 fosc/56
1 1 1 0 fosc/64
1 1 1 1 fosc/80

Remark F line: Horizontal frequency (ft TYP. 13.5 kHz)
fosc: DOTCLK frequency (footcik TYP. 2.64 MHz)

Caution When DCTn setting is changed to F line x n (DCT3-DCTO0 = 0000 to 1001), the change of the setting is
updated following 2 cases.
1. Power up sequence using SHUT pin

2. From the head of the frame immediately after changing the level of CM pin
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BT2-BTO: The output factor of step-up is switched. Adjust scale factor of the DC/DC converter circuit by the voltage used.

BT2 BT1 BTO VCIX2 VGH Output VGL Output
0 0 0 2xVClI 6 x VCI -5x VCI
0 0 1 2xVClI 6 x VCI -4 x VCI
0 1 0 2 x VCI 6 x VCI -3 x VCI
0 1 1 2 x VCI 5x VCI -5xVCI
1 0 0 2 x VCI 5x VCI -4 x VCI
1 0 1 2xVClI 5x VCI -3x VCI
1 1 0 2 x VCI 4 x VCI -4 x VCI
1 1 1 2 x VCI 4 x VCI -3 x VCI

Remark When set to 8-color mode (CM = “H"), VGL output voltage is fixed to “-3 x VCI".

DC3-DCO0: Set the step-up cycle of the step-up circuit for 262 K-color mode (CM = Vss). When the cycle is accelerated,

the driving ability of the step-up circuit increases, but its current consumption increases as well. Adjust the

cycle taking into account the display quality and power consumption.

DC3 DC2 DC1 DCO Step-up Cycle
0 0 0 0 F line x 14
0 0 0 1 F line x 11
0 0 1 0 F line x 9
0 0 1 1 F line x 7
0 1 0 0 F line x 6
0 1 0 1 F line x 5
0 1 1 0 F line x 4
0 1 1 1 F line x 3
1 0 0 0 F line x 2
1 0 0 1 F line x 1
1 0 1 0 fosc/24
1 0 1 1 fosc/40
1 1 0 0 fosc/48
1 1 0 1 fosc/56
1 1 1 0 fosc/64
1 1 1 1 fosc/80

Remark F line: Horizontal frequency (ft TYP. 13.5 kHz)

Caution When DCn setting is changed to F line x n (DC3-DCO0 = 0000 to 1001), the change of the setting is

updated following 2 cases.

1. Power up sequence using SHUT pin

fosc: DOTCLK frequency (footcik TYP. 2.64 MHz)

2. From the head of the frame immediately after changing the level of CM pin
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AP2-AP0: Adjust the amount of current from the stable-current source in the internal operational amplifier circuit.
When the amount of current becomes large, the driving ability of the operational-amplifier circuits increase.
Adjust the current taking into account the power consumption. During times when there is no display, such as

when the system is in a sleep mode.

AP2 AP1 APO Amount of Current in Operational Amplifier
0 0 0 Smallest
0 0 1 Small
0 1 0 Medium small
0 1 1 Medium
1 0 0 Large small
1 0 1 Large medium
1 1 0 Large
1 1 1 Largest
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13.6 Frame Cycle Control (ROBH)

RW RS IB15 1B14 1B13 1B12 IB11 I1B10 IB9 B8 IB7 IB6 IB5 1I1B4 B3 I1B2 1IB1 IBO
w 1 NO1 [ NOO |SDT1{SDTO| EQ1 [ EQO | PT1 [ PTO| O 0 0 0 0 0 0 0
NO1, NOO: Set the gate non-overlap period.
NO1 NOO Gate non-overlap Period

0 0 0 clock cycle

0 1 4 clock cycle

1 0 6 clock cycle

1 1 8 clock cycle

Remark Clock cycle: DOTCLK cycle

SDT1, SDTO: Specify the timing on which a source signal is output after falling edge of a gate signal.

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

Remark Clock cycle: DOTCLK cycle

EQ1, EQO: Equalized period is added as specified by bits of EQ1-EQO. The equalization signal is output for scan line.

EQ1 EQO Equalizing Period
0 0 Not equalized
0 1 18 clock cycle
1 0 26 clock cycle
1 1 AB ratio = 1:7 \°t

Remark Clock cycle: DOTCLK cycle
Note In power up sequence, only when being setup before starting SHUT pin, the setup of this

command is valid.

PT1, PTO: Set the division ratio of clocks for internal operation. Internal operations are driven by clocks which frequency

are divided according to the PT1, PTO setting.

PT1 PTO Internal Operation clock frequency
0 fosc/1
0 1 Reserved
1 0 Reserved
1 1 Reserved

Remark fosc = DOTCLK frequency
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40

VCOM

(VEQ)Note

Gn

Gn+1

Sn

1H period

1H period

Equalizing period

A
EQ [1:0]
NO|[1:0] |
Non oveflap time |
Hi-Z

SDT [1:0]

Source output delay time

Note The signal in parenthesis are shown internal signal.
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13.7 Power Supply Control 3 (RODH)

RW RS IB15 1B14 1B13 [B12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 1B2 1IB1 1IBO
W 1 0 0 0 0 0 0 0 0 0 0 [Notp1|bummy1lVRH3|VRH2[VRH1|VRHO

NOTP1: NOTP1 becomes “0” after power on reset and VLCDG63 voltage becomes programmed EEPROM value. When
NOTP1 set to “1”, setting of VRH3-VRHO becomes valid and voltage of VLCDG63 can be adjusted.

VRH3-VRHO: Set amplitude magnification of VLCD63. These bits amplify the VLCD63 voltage 1.330 to 2.775 times the
Vref voltage set by VRH3-VRHO.

VRH3 VRH2 VRH1 VRHO VLCD63 Output
0 0 0 0 Vref x 1.330
0 0 0 1 Vref x 1.450
0 0 1 0 Vref x 1.550
0 0 1 1 Vref x 1.650
0 1 0 0 Vref x 1.750
0 1 0 1 Vref x 1.800
0 1 1 0 Vref x 1.850
0 1 1 1 Stopped
1 0 0 0 Vref x 1.900
1 0 0 1 Vref x 2.175.
1 0 1 0 Vref x 2.325
1 0 1 1 Vref x 2.475
1 1 0 0 Vref x 2.625
1 1 0 1 Vref x 2.700
1 1 1 0 Vref x 2.775
1 1 1 1 Stopped

Caution VLCDG63 output voltage that is set by VRH [3:0] setting is limited
under VCIX2 voltage. Vref is the internal reference voltage equals to 2.0 V.
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13.8 Power Supply Control 4 (ROEH)

RW RS IB15 1B14 1B13 [B12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 1B2 1IB1 1IBO

W 1 NOTP2| bummy2 [vCcOMG| VDV4|VDV3[VDV2 [VDV1|VDVO| 0 0 0 0 0 0 0 0

NOTP2: NOTP2 becomes “0” after power on reset and VCOM amplitude voltage becomes programmed EEPROM value.
When NOTP1 set to “1”, setting of VDV4-VDVO0 becomes valid and voltage of VCOM amplitude voltage can be

adjusted.

VCOMG: When VCOMG = “1”, it is possible to set output voltage of VCOML to any level, and the instruction (VDV4-
VDVO0) becomes available. When VCOMG = “0”, VCOML output is fixed to Hi-Z level, VCI2 output for VCOML
power supply stops, and the instruction (VDV4-VDV0) becomes unavailable. Set VCOMG according to the
sequence of power supply setting flow as it relates with power supply operating sequence.

VDV4-VDVO0: Set the alternating amplitudes of VCOM at the VCOM alternating drive. These bits amplify VCOM amplitude
0.6 to 1.23 times the VLCDG63 voltage. When VCOMG = “0”, the settings become invalid. External voltage at
VCOMR is referenced when VDV4-VDVO = “01111”.

VDV4 VDV3 VDV2 VDV1 VDV0 VCOM amplitude
0 0 0 0 0 VLCD63 x 0.60
0 0 0 0 1 VLCD63 x 0.63
0 0 0 1 0 VLCD63 x 0.66

Step = 0.03
0 1 1 0 1 VLCD63 x 0.99
0 1 1 1 0 VLCD63 x 1.02

Reference from external variable
0 1 1 1 1 )
resister

1 0 0 0 0 VLCD63 x 1.05
1 0 0 0 1 VLCD63 x 1.08

Step = 0.03
1 1 1 VLCD63 x 1.20

VLCD63 x 1.23
Setting disable

0
1 0 1
0

a o o
- |O

*

1 1 * *

Setting disable

Remark *: Don’t care

Caution When set to 8-color mode (CM = H), VCOML output voltage is fixed to 0 V and above-

mentioned setting is ignored.
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13.9 Gate Scan Start Position (ROFH)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 IB6 1IB5 1IB4 1IB3 1IB2 1IB1 IBO
W 1 0 0 0 0 0 0 0 0 [SCN7|SCN6|SCN5[SCN4|SCN3[SCN2|SCN1[SCNO
SCN7-SCNO: Set the scanning starting position of the gate driver.
1stline
GO of data GO
NEC Electronics
1st line
G50 of data
NEC Electronics
G219 G219
SCN [7:0] = 00000000 SCN [7:0] = 00110010
13.10 Horizontal Porch (R16H)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 IB8 IB7 IB6 1IB5 1IB4 1IB3 1IB2 1IB1 IBO
w 1 1 0 1 0 1 1 1 1 0 0 |HBP5|HBP4|HBP3|HBP2|HBP1[HBPO

HBP5-HBPO: Set the delay period from falling edge of HSYNC signal to first valid data. The pixel data exceed 176 and

before the first valid data will be treated as dummy data.

HBP5 HBP4 HBP3 HBP2 HBP1 HBPO Number of clock cycle of DOTCLK
0 0 0 0 0 0 8
0 0 0 0 0 1 8
0 0 0 0 1 0 8
0 0 0 0 1 1 8
0 0 0 1 0 0 8
0 0 0 1 0 1 8
0 0 0 1 1 0 8
0 0 0 1 1 1 9
0 0 1 0 0 0 10
Step =1
1 1 1 1 1 0 64
1 1 1 1 1 1 65
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13.11 Vertical Porch (R17H)

RIW RS IB15 IB14 IB13 IB12 IB11

IB10

1B9

IB8

IB7

IB6

IB5 B4 B3 B2 Bl IBO

w 1 0 0 0 0 0

0

0

0

VBP7

VBP6

VBP5|VBP4 [VBP3|VBP2|VBP1|VBPO

VBP7-VBPO: Set the delay period from falling edge of VSYNC to first valid line. The line data within this delay period will

be treated as dummy line.

VBP7 | VBP6 | VBP5 | VBP4 VBP3 VBP2 VBP1 VBPO Number of clock cycle of Hsync
0 0 0 0 0 0 0 0 Setting disable
0 0 0 0 0 0 0 1 Setting disable
0 0 0 0 0 0 1 0 2
0 0 0 0 0 0 1 1 3
0 0 0 0 0 1 0 0 4
0 0 0 0 0 1 0 1 5
Step =1

1 1 0 1 1 0 1 1 219
1 1 0 1 1 1 0 0 220
1 1 0 1 1 1 0 1 Setting disable
1 1 0 1 1 1 1 * Setting disable
1 1 1 * * * * * Setting disable

Remark *: Don’t care

13.12 Power Supply Control 5 (R1EH)

RW RS IB15 1B14 IB13 IB12 IB11 I1B10 IB9 IB8 IB7 IB6 IB5 1B4 1IB3 1B2 1IB1 1IBO
W 1 0 0 0 0 0 0 0 0 | NOTP3|Dummy3 [VCM5(VCM4|VCM3|VCM2(VCM1{VCMO|

NOTP3: NOTP3 becomes “0” after power on reset and VCOMH voltage becomes programmed EEPROM value. When
NOTP3 set to “1”, setting of VCM5-VCMO becomes valid and voltage of VCOMH can be adjusted.

VCM5-VCMO: Set the 262 K-color mode of VCOMH voltage if NOTP3 = “1”. These bits amplify the VCOMH voltage 0.36

to 0.99 times the VLCD63 voltage.

VCM5 VCM4 VCM3 VCM2 VCM1 VCMO VCOMH Output
0 0 0 0 0 0 VLCD63 x 0.36
0 0 0 0 0 1 VLCD63 x 0.37
0 0 0 0 1 0 VLCD63 x 0.38
0 0 0 0 1 1 VLCD63 x 0.39
Step = 0.01
1 1 1 1 1 0 VLCD63 x 0.98
1 1 1 1 1 1 VLCD63 x 0.99
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13.13 Software Reset (R28H)

Register can be reset to its POR default values upon the following sequence are completed.

Step Resister Value Internal Operation
R28H 0006 Idle
R28H 000E Initialize register
R28H 0000 Reset is released.

Caution All other above settings of R28H are reserved. Therefore, please don’t set up.

13.14 Gamma Control1 to 10 (R30H to R37H, R3AH, R3BH)
For more detail, refer to 14. GAMMA ADJUSTMENT FUNCTION.

Reg. R'W RS IB15 1B14 1B13 IB12 IB11 I1B10 B9 B8 IB7 1IB6 1IB5 IB4 1IB3 IB2 1IB1 IBO
R30H| w 1 0 0 0 [NoTP4|pummya|PKP12|PKP1L|PKP10O| @ 0 0 0 0 |PkPo2|PKPOL| PKPOO
R31H[ w 1 0 0 0 0 0 |PkP32[PKkP31[PKP30| ¢ 0 0 0 0 |PKP22|PKP21|PKP20
R32H| W 1 0 0 0 0 0 |PkPs2[PKP51|PKPSO| 0 0 0 0 |PKPaz|pkpa1|Pkpao
R33H| W 1 0 0 0 0 0 |PRP12(PRP11|PRP10| Q 0 0 0 0 [PRPO2|PRPO1|PRP0O
R34H| W 1 0 0 0 0 0 [PKN12|PKN11|PKN1O| O 0 0 0 0 |PKNO2|PKNO1|PKNOO
R35H| W 1 0 0 0 0 0 [PKN32|PKN31|PKN30| O 0 0 0 0 |PKN22|PKN21|PKN20
R36H| W 1 0 0 0 0 0 | PKN52[PKN51|PKNSO| O 0 0 0 0 |PKN42[PKN41 |PKN40
R37H| W 1 0 0 0 0 0 |PrN12|PRN11|PRNIO| O 0 0 0 0 |PRNO2|PRNO1 |PRNOO
R3AH| W 1 0 0 0 [vrP14|VRP13|VRP12|VRP11|VRP10| O 0 0 0 |VRPO3|VRP02|VRPO1| VRPOO
R3BH| W 1 0 0 0 | vRN14|VRN13|VRN12|VRN11[VRN1O| O 0 0 0 |VRNO3|VRNO2|VRNO1|VRNOO

NOTP4: NOTP4 becomes “0” after power on reset and gamma curve setting (R30H-R37H, R3AH, R3BH) becomes
programmed EEPROM value. When NOTP4 set to “1”, setting of R30H-R37H, R3AH, R3BH become valid and
voltage of each gamma curve can be adjusted.

PKP52-PKP00: Micro-adjustment register for the positive polarity output
PRP12-PRP00: Gray-scale adjustment register for the positive polarity output
PKN52-PKNO00: Micro-adjustment register for the negative polarity output
PRN12-PRNO00: Gray-scale adjustment register for the negative polarity output
VRP14-VRP10: Amplitude adjustment register for the positive polarity output
VRP03-VRP00: Reference adjustment register for the positive polarity output
VRN14-VRN10: Amplitude adjustment register for the negative polarity output
VRNO03-VRNOO: Reference adjustment register for the negative polarity output
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13.15 Power Supply Control 6 (R52H)

RW RS IB15 1B14 1B13 [B12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 1B2 1IB1 1IBO

w 1 DCSEL|VGHON|vcix20N[VCI20N[VGLON| vieson vcomon| DCON| O 0 1 1 1 1 0 0

DCSEL: This flag selects power set-up mode as follows.
DCSEL = 0: Auto sequence mode OFF, VGHON/VCIX20ON/VCI20ON/VGLON/VL630ON are valid.
DCSEL = 1: Auto sequence mode

VGHON: When DCSEL=0, this flag is valid. VGH power supply circuit is control as follows.
VGHON = 0: Halt
VGHON = 1: Operate

VCIX20N: When DCSEL = 0, this flag is valid. VCIX2 power supply circuit is control as follows.
VCIX20N = 0: Halt
VCIX20N = 1: Operate

VCI20N: When DCSEL = 0, this flag is valid. Set the output voltage of VCIX2 as follows.
VCIX20N = 0: VC [3:0] (R11H) is valid
VCIX20N = 1: VC [3:0] (R11H) setting value -1 V

VGLON: When DCSEL = 0, this flag is valid. VGL power supply circuit is control as follows.
VGLON = 0: Halt
VGLON = 1: Operate

VL630ON: When DCSEL = 0, this flag is valid. VLCD63 regulator circuit is control as follows.
VL630ON = 0: Halt
VL63ON = 1: Operate

VCOMON: When DCSEL = 0, this flag is valid. Regulator circuit for COMMON output is control as follows.
VCOMON = 0: Halt
VCOMON = 1: Operate

Cautions 1. The case to set this register, don’t change the IB7-I1B0’s value above-mentioned register value.

2. Above- mentioned R52H setting is not used except “EEROM data write sequence”.
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13.16 VGH OFF Setting (R54H)

RW RS IB15 1B14 IB13 [B12 IB11 I1B10 IB9 IB8 IB7 IB6 IB5 1B4 B3 1B2 1IB1 1IBO
W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |veHorF

VGHOFF: This flag control VGH output as follows.
VGHOFF = 0: Normal operation
VGHOFF = 1: VGH halt (VCIX2 voltage level is output).

13.17 EEPROM Mode Setting (R60H)

RIW RS IB15 1B14 IB13 IB12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 B3 B2 IB1 IBO
w1 olo|lo|lo|lo|lo|o|o|o|o]| oo | o |&lveelowm

EP_READ, EP_WRITE: READ/WRITE setting mode select of EEPROM. EEPROM setting mode is select by these bits as
follow table. For more detail, refer to 22. EEPROM ACCESS.

EP_READ EP _WRITE EEPROM Setting Mode
0 0 Normal operation
0 1 EEPROM Write setting
1 0 EEPROM Read setting
1 1 Setting disable

EP_PWR: Select power supply mode during “EEPROM write” as follow table. For more detail, refer to 22. EEPROM

ACCESS.
EP PWR Power Supply Mode
0 External power supply mode (supply to VGH/VGL pins by externally)
1 Internal power supply mode
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13.18 EEPROM Operation Control (R61H)

RIW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 IB3 B2 IB1 IBO
w1 olo|lo|loflo|lo|lo]o|o]o]|ofo]| o [FFEFEF

IE20PC2-IE20PCO0: Control the access to EEPROM as follow table. For more detail, refer to 22. EEPROM ACCESS.

IE20PC2 IE20PC1 IE20PCO EEPROM Access Setting
0 0 0 NOP (Non operation)
0 0 1 WRITE (EEPROM write)
0 1 0 Reserved
0 1 1 Reserved
1 0 0 ERASE
1 0 1 NOP
1 1 0 READ (EEPROM read)
1 1 1 Reserved

<R> 13.19 EEPROM Monitor (R70H to R7DH)

Register No| RW | RS | IB15 | 1B14 | 1B13 | 1B12 | 1B11 | 1B10 | 1B9 IB8 1B7 IB6 IB5 1B4 IB3 1B2 1B1 IBO
70H R 1 Parity 0 0 Dummy5 | Dummy1 VRH3 VRH2 VRH1 VRHO
71H R 1 Parity | Dummy6 | Dummy2 | VCOMG | VDV4 VDV3 VDV2 VDV1 VDVO
72H R 1 Parity | Dummy7 | Dummy3 | VCMS5 VCM4 VCM3 VCM2 VCM1 VCMO
73H R 1 Parity | Dummy8 | Dummy4 | PKP12 | PKP11 | PKP10 | PKP02 | PKPO1 | PKP0O
74H R 1 Parity 0 PKP32 | PKP31 | PKP30 0 PKP22 | PKP21 | PKP20
75H R 1 ) Parity 0 PKP52 | PKP51 | PKP50 0 PKP42 | PKP41 | PKP40

There are no actual Registers.
76H R 1 ) Parity 0 PRP12 | PRP11 | PRP10 0 PRP02 | PRPO1 | PRP0O
When these registers are read,
77H R 1 . Parity 0 PKN12 | PKN11 | PKN10 0 PKNO2 | PKNO1 | PKNOO
value is '0'.
78H R 1 Parity 0 PKN32 | PKN31 | PKN30 0 PKN22 | PKN21 | PKN20
79H R 1 Parity 0 PKN52 | PKN51 | PKN50 0 PKN42 | PKN41 | PKN40
7AH R 1 Parity 0 PRN12 | PRN11 | PRN10 0 PRNO2 | PRNO1 | PRNOO
7BH R 1 Party | VRP12 | VRP11 | VRP10 0 VRP0O3 | VRP02 | VRPO1 | VRPOO
7CH R 1 Party | VRN12 | VRN11 | VRN10 0 VRNO3 | VRNO2 | VRNO1 | VRNOO
7DH R 1 Parity 0 0 VRN14 | VRN13 0 0 VRP14 | VRP13

R70H-R7DH is a register which monitors content written to EEPROM.
Parity bit of IB8 bit of instruction bit becomes 0 before written to EEPROM. Once it is written to EEPROM, these

registers calculate parity.
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14. GAMMA ADJUSTMENT FUNCTION

The 4PD161608 provides the gamma adjustment function to display 262,144 colors simultaneously. The gamma
adjustment executed by the gray-scale adjustment register and the micro-adjustment register that determines 8 gray-scale
levels.

Furthermore, since the gray-scale adjustment register and the micro-adjustment register have the positive polarities and
negative polarities, adjust them to match LCD panel respectively.

Figure 14-1. Gray-scale Control
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15. STRUCTURE OF GRAY-SCALE AMPLIFIER

The structure of gray-scale amplifier is shown as below. 8-voltage-level (VINPO/VINP7-VINNO/VINN7) between VLCD63
and EXVR are determined by the gray-scale adjustment register and the micro adjustment register. Each level is split into
8 levels again by the internal ladder resistor network. As a result, gray-scale amplifier generates 64 voltage levels ranging

from V0-V63 and outputs one of 64 levels. A gamma adjustment executed by the LCD panel respectively.

Figure 15-1. Structure of Gray-scale Amplifier
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Figure 15-2. Structure of Resistor Ladder Network/8 to 1 Selector
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16. GAMMA ADJUSTMENT REGISTER

The gamma adjustment register sets up the gray-scale voltage adjusting to the gamma specification of the LCD panel.
This register can set positive/negative polarities independently. There are 3 types of register groups to adjust gray-scale
and oscillation on number of the gray-scale, characteristics of the gray-scale voltage (But, R.G.B. is commonness).

Following graphics indicate the operation of each adjusting register.

Figure 16—1. The Operation of Adjusting Register

(1) Gray-scale adjustment (2) Reference adjustment (3) Amplitude adjustment (4) Micro adjustment

»
>
»
>

Gray-scale voltage
Gray-scale voltage
Gray-scale voltage
Gray-scale voltage

» » »
» > »

»
>

Gray-scale number Gray-scale number Gray-scale number Gray-scale number

16.1 Gray-scale Adjustment Resistor

The gray-scale adjustment resistors are used to adjust the gray-scale in the middle of the gray-scale characteristics for
the voltage without changing the dynamic range. To accomplish the adjustment, it controls the variable resistor (VRHP
(N)/VRLP (N)) of the ladder resistor for the gray-scale voltage generator. Also, there is an independent resistor on the

positive/negative polarities in order for corresponding to asymmetry drive.

16.2 Reference Adjustment Resistor

The Reference-adjusting resistor is to adjust reference of the gray-scale voltage. To accomplish the adjustment, it
controls the variable resistor (VRP(N) 0) of the ladder resistor for the gray-scale voltage generator located at upper side of
the ladder resistor.

16.3 Amplitude Adjustment Resistor

The amplitude-adjusting resistor is to adjust amplitude of the gray-scale voltage. To accomplish the adjustment, it
controls the variable resistor (VRP(N) 1) of the ladder resistor for the gray-scale voltage generator located at lower side of
the ladder resistor (Adjust upper side by input VLCD63 level). Also, there is an independent resistor on the

positive/negative polarities as well as the gray-scale adjusting resistor.

16.4 Micro Adjustment Resistor

The micro adjustment resistor is to make subtle adjustment of the gray-scale 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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Table 16—1. Gamma Adjusting Register

Register Group

Positive Polarity

Negative Polarity

Set-up Contents

Gray-scale adjustment

PRPO02 to PRP00

PRNO2 to PRNOO

Variable resistor VRHP(N)

PRP12 to PRP10

PRN12 to PRN10

Variable resistor VRLP(N)

Reference adjustment

VRP03 to VRP0O

VRNO3 to VRNOO

Variable resistor VRP(N)O

Amplitude adjustment

VRP14 to VRP10

VRN14 to VRN10

Variable resistor VRP(N)1

Micro-adjustment

PKP02 to PKP0OO

PKNO2 to PKNOO

The voltage of gray-scale number 1 is selected by
the 8 to 1 selector

PKP12 to PKP10

PKN12 to PKN10

The voltage of gray-scale number 8 is selected by
the 8 to 1 selector

PKP22 to PKP20

PKN22 to PKN20

The voltage of gray-scale number 20 is selected by
the 8 to 1 selector

PKP32 to PKP30

PKN32 to PKN30

The voltage of gray-scale number 43 is selected by
the 8 to 1 selector

PKP42 to PKP40

PKN42 to PKN40

The voltage of gray-scale number 55 is selected by
the 8 to 1 selector

PKP52 to PKP50

PKN52 to PKN50

The voltage of gray-scale number 62 is selected by
the 8 to 1 selector
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17. LADDER RESISTOR /8 TO 1 SELECTOR

The ladder resistor / 8 to 1 selector outputs the reference voltage of the gray-scale voltage. There are two ladder resistor
networks including variable resistor and the 8 to 1 selector selecting voltage generated by the ladder resistor network.
The gamma resistor controls the variable and 8 to 1 resistors. Also, there is a pin connected to the external volume
resistor. And it can compensate the dispersion of length between one panel to another.

17.1 Variable Resistor

There are 3 types of the variable resistors that is for the gray-scale adjustment (VRHP(N)/VRLP(N)), for reference
adjustment (VRP(N)O0), and for the amplitude adjustment (VRP(N)1). The resistance value is set by the gray-scale
adjusting resistor (1), (2), reference adjustment resistor, and the oscillation-adjusting resistor as below.

Table 17-1. Gray-scale Adjustment (1)

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

Table 17-2. Gray-scale Adjustment (2)

Register Value PRP(N)1 [2:0] Resistance Value VRLP(N)
000 OR
001 4R
010 8R
011 12R
100 16R
101 20R
110 24R
111 28R

Table 17-3. Reference Adjustment

Register Value VRP(N)O [3:0] Resistance Value VRP(N)O
0000 OR
0001 2R
0010 4R
Step=1R
1101 26R
1110 28R
1111 30R
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Table 17-4. Amplitude Adjustment

Register Value VRP(N)1 [4:0] Resistance Value VRP(N)1
00000 OR
00001 1R
00010 2R

Step=1R
10110 22R
10111 23R
11000 24R

Step=1R
11101 29R
11110 30R
11111 31R
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18. THE 8 TO 1 SELECTOR

By the 8 to 1 selector, one of the voltage levels given by the ladder resistor network and the micro-adjusting register is
selected. The 8 to 1 selector outputs one of the six types of reference voltages, the VINP(N)1 to VINP(N)6.
Following table explains the relationship between the micro-adjusting register and the selecting voltage.

Table 18-1. 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

The gray-scale levels are determined by the following formulas listed in the next pages.
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Table 18-2. Gamma Adjusting Voltage Formula (Positive Polarity)
Pins Formula Micro-adjusting Register Reference

Value Voltage

KVPO VLCD63-AV*VRPO/SUMRP - VINPO

KVP1 VLCD63-AV*(VRP0+5R)/SUMRP PKP02-00 = “000”

KVP2 VLCD63-AV*(VRP0+9)/SUMRP PKP02-00 = “001”

KVP3 VLCD63-AV*(VRP0+13R)/SUMRP PKP02-00 = “010”

KVP4 VLCD63-AV*(VRP0+17R)/SUMRP PKP02-00 = “011” VINP1

KVP5 VLCD63-AV*(VRP0+21R)/SUMRP PKP02-00 = “100”

KVP6 VLCD63-AV*(VRP0+25R)/SUMRP PKP02-00 = “101”

KVP7 VLCD63-AV*(VRP0+29R)/SUMRP PKP02-00 = “110”

KVP8 VLCD63-AV*(VRP0+33R)/SUMRP PKP02-00 = “111”

KVP9 VLCD63-AV*(VRP0+33R+VRHP)/SUMRP PKP12-10 = “000”

KVP10 VLCD63-AV*(VRP0+34R+VRHP)/SUMRP PKP12-10 = “001”

KVP11 VLCD63-AV*(VRP0+35R+VRHP)/SUMRP PKP12-10 = “010”

KVP12 VLCD63-AV*(VRP0+36R+VRHP)/SUMRP PKP12-10 = “011” VINP2

KVP13 VLCD63-AV*(VRP0+37R+VRHP)/SUMRP PKP12-10 = “100”

KVP14 VLCD63-AV*(VRP0+38R+VRHP)/SUMRP PKP12-10 =“101”

KVP15 VLCD63-AV*(VRP0+39R+VRHP)/SUMRP PKP12-10 = “110”

KVP16 VLCD63-AV*(VRP0+40R+VRHP)/SUMRP PKP12-10 = “111”

KVP17 VLCD63-AV*(VRP0+45R+VRHP)/SUMRP PKP22-20 = “000”

KVP18 VLCD63-AV*(VRP0+46R+VRHP)/SUMRP PKP22-20 = “001”

KVP19 VLCD63-AV*(VRP0+47R+VRHP)/SUMRP PKP22-20 = “010”

KVP20 VLCD63-AV*(VRP0+48R+VRHP)/SUMRP PKP22-20 = “011” VINP3

KVP21 VLCD63-AV*(VRP0+49R+VRHP)/SUMRP PKP22-20 = “100”

KVP22 VLCD63-AV*(VRP0+50R+VRHP)/SUMRP PKP22-20 = “101”

KVP23 VLCD63-AV*(VRP0+51R+VRHP)/SUMRP PKP22-20 = “110”

KVP24 VLCD63-AV*(VRP0+52R+VRHP)/SUMRP PKP22-20 = “111”

KVP25 VLCD63-AV*(VRP0+68R+VRHP)/SUMRP PKP32-30 = “000”

KVP26 VLCD63-AV*(VRP0+69R+VRHP)/SUMRP PKP32-30 = “001”

KVP27 VLCD63-AV*(VRP0+70R+VRHP)/SUMRP PKP32-30 = “010”

KVP28 VLCD63-AV*(VRP0+71R+VRHP)/SUMRP PKP32-30 = “011” VINP4

KVP29 VLCD63-AV*(VRP0+72R+VRHP)/SUMRP PKP32-30 = “100”

KVP30 VLCD63-AV*(VRP0+73R+VRHP)/SUMRP PKP32-30 = “101”

KVP31 VLCD63-AV*(VRP0+74R+VRHP)/SUMRP PKP32-30 = “110”

KVP32 VLCD63-AV*(VRP0+75R+VRHP)/SUMRP PKP32-30 = “111”

KVP33 VLCD63-AV*(VRP0+80R+VRHP)/SUMRP PKP42-40 = “000”

KVP34 VLCD63-AV*(VRP0+81R+VRHP)/SUMRP PKP42-40 = “001”

KVP35 VLCD63-AV*(VRP0+82R+VRHP)/SUMRP PKP42-40 = “010”

KVP36 VLCD63-AV*(VRP0+83R+VRHP)/SUMRP PKP42-40 = “011” VINP5

KVP37 VLCD63-AV*(VRP0+84R+VRHP)/SUMRP PKP42-40 = “100”

KVP38 VLCD63-AV*(VRP0+85R+VRHP)/SUMRP PKP42-40 = “101”

KVP39 VLCD63-AV*(VRP0+86R+VRHP)/SUMRP PKP42-40 = “110”

KVP40 VLCD63-AV*(VRP0+87R+VRHP)/SUMRP PKP42-40 = “111”

KVP41 VLCD63-AV*(VRP0+87R+VRHP+VRLP)/SUMRP PKP52-50 = “000”

KVP42 VLCD63-AV*(VRP0+91R+VRHP+VRLP)/SUMRP PKP52-50 = “001”

KVP43 VLCD63-AV*(VRP0+95R+VRHP+VRLP)/SUMRP PKP52-50 = “010”

KVP44 VLCD63-AV*(VRP0+99R+VRHP+VRLP)/SUMRP PKP52-50 = “011” VINPG

KVP45 VLCD63-AV*(VRP0+103R+VRHP+VRLP)/SUMRP PKP52-50 = “100”

KVP46 VLCD63-AV*(VRP0+107R+VRHP+VRLP)/SUMRP PKP52-50 = “101”

KVP47 VLCD63-AV*(VRP0+111R+VRHP+VRLP)/SUMRP PKP52-50 = “110”

KVP48 VLCD63-AV*(VRP0+115R+VRHP+VRLP)/SUMRP PKP52-50 = “111”

KVP49 VLCD63-AV*(VRP0+120R+VRHP+VRLP)/SUMRP - VINP7

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

AV: Potential difference between KV0 and KV49 = VLCD63*SUMRP*SUMRN/[SUMRP*SUMRN+EXVR*(SUMRP+SUMRN)]
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Table 18-3. Gamma Voltage Formula (Positive Polarity)
Gray-scale Voltage Formula Gray-scale Voltage Formula

VO VINPO V32 V43+(V20-V43)*(11/23)
V1 VINP1 V33 V43+(V20-V43)*(10/23)
V2 V8+(V1-V8)*(30/48) V34 V43+(V20-V43)*(9/23)
V3 V8+(V1-V8)*(23/48) V35 V43+(V20-V43)*(8/23)
V4 V8+(V1-V8)*(16/48) V36 V43+(V20-V43)*(7/23)
V5 V8+(V1-V8)*(12/48) V37 V43+(V20-V43)*(6/23)
V6 V8+(V1-V8)*(8/48) V38 V43+(V20-V43)*(5/23)
V7 V8+(V1-V8)*(4/48) 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-V/55)*(20/24)
V14 V20+(V8-V20)*(12/24) V46 V55+(V43-V/55)*(18/24)
V15 V20+(V8-V20)*(10/24) V47 V55+(V43-V/55)*(16/24)
V16 V20+(V8-V20)*(8/24) V48 V55+(V43-V55)*(14/24)
V17 V20+(V8-V20)*(6/24) V49 V55+(V43-V/55)*(12/24)
V18 V20+(V8-V20)*(4/24) V50 V55+(V43-V/55)*(10/24)
V19 V20+(V8-V20)*(2/24) V51 V/55+(V43-V/55)*(8/24)
V20 VINP3 V52 V55+(V43-V/55)%(6/24)
V21 V43+(V20-V43)*(22/23) V53 V55+(V43-V55)*(4/24)
V22 V43+(V20-V43)*(21/23) V54 V55+(V43-V/55)*(2/24)
V23 V43+(V20-V43)*(20/23) V55 VINP5

V24 V43+(V20-V43)*(19/23) V56 V62+(V55-V62)*(44/48)
V25 V43+(V20-V43)*(18/23) V57 V62+(V55-V/62)*(40/48)
V26 V43+(V20-V43)*(17/23) V58 V62+(V55-V/62)*(36/48)
V27 V43+(V20-V43)*(16/23) V59 V62+(V55-V/62)*(32/48)
V28 V43+(V20-V43)*(15/23) V60 V62+(V55-V62)*(25/48)
V29 V43+(V20-V43)*(14/23) V61 V62+(V55-V/62)*(18/48)
V30 V43+(V20-V43)*(13/23) V62 VINP6

V31 V43+(V20-V43)*(12/23) V63 VINP7
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Table 18—4. Gamma Adjusting Voltage Formula (Negative Polarity)

Pins Formula Micro-adjusting register Reference

value voltage

KVNO VLCD63-AV*VRNO/SUMRN - VINNO

KVN1 VLCD63-AV*(VRNO+5R)/SUMRN PKN02-00 = “000”

KVN2 VLCD63-AV*(VRNO+9)/SUMRN PKNO02-00 = “001”

KVN3 VLCD63-AV*(VRNO+13R)/SUMRN PKN02-00 = “010”

KVN4 VLCD63-AV*(VRNO+17R)/SUMRN PKN02-00 = “011” VINNT

KVN5 VLCD63-AV*(VRNO+21R)/SUMRN PKNO02-00 = “100”

KVN6 VLCD63-AV*(VRNO+25R)/SUMRN PKN02-00 = “101”

KVN7 VLCD63-AV*(VRNO+29R)/SUMRN PKN02-00 = “110”

KVN8 VLCD63-AV*(VRNO+33R)/SUMRN PKN02-00 = “111”

KVN9 VLCD63-AV*(VRNO+33R+VRHN)/SUMRN PKN12-10 = “000”

KVN10 VLCD63-AV*(VRN0+34R+VRHN)/SUMRN PKN12-10 = “001”

KVN11 VLCD63-AV*(VRNO+35R+VRHN)/SUMRN PKN12-10 = “010”

KVN12 VLCD63-AV*(VRNO+36R+VRHN)/SUMRN PKN12-10 = “011” VINN2

KVN13 VLCD63-AV*(VRNO+37R+VRHN)/SUMRN PKN12-10 = “100”

KVN14 VLCD63-AV*(VRNO+38R+VRHN)/SUMRN PKN12-10 = “101”

KVN15 VLCD63-AV*(VRNO+39R+VRHN)/SUMRN PKN12-10 = “110”

KVN16 VLCD63-AV*(VRNO+40R+VRHN)/SUMRN PKN12-10 = *“111”

KVN17 VLCD63-AV*(VRNO+45R+VRHN)/SUMRN PKN22-20 = “000”

KVN18 VLCD63-AV*(VRNO+46R+VRHN)/SUMRN PKN22-20 = “001”

KVN19 VLCD63-AV*(VRNO+47R+VRHN)/SUMRN PKN22-20 = “010”

KVN20 VLCD63-AV*(VRNO+48R+VRHN)/SUMRN PKN22-20 = “011” VINN3

KVN21 VLCD63-AV*(VRNO+49R+VRHN)/SUMRN PKN22-20 = “100”

KVN22 VLCD63-AV*(VRNO+50R+VRHN)/SUMRN PKN22-20 = “101”

KVN23 VLCD63-AV*(VRNO+51R+VRHN)/SUMRN PKN22-20 = “110”

KVN24 VLCD63-AV*(VRNO+52R+VRHN)/SUMRN PKN22-20 = “111”

KVN25 VLCD63-AV*(VRNO+68R+VRHN)/SUMRN PKN32-30 = “000”

KVN26 VLCD63-AV*(VRNO+69R+VRHN)/SUMRN PKN32-30 = “001”

KVN27 VLCD63-AV*(VRNO+70R+VRHN)/SUMRN PKN32-30 = “010”

KVN28 VLCD63-AV*(VRNO+71R+VRHN)/SUMRN PKN32-30 = “011” VINN4

KVN29 VLCD63-AV*(VRNO+72R+VRHN)/SUMRN PKN32-30 = “100”

KVN30 VLCD63-AV*(VRNO+73R+VRHN)/SUMRN PKN32-30 = “101”

KVN31 VLCD63-AV*(VRNO+74R+VRHN)/SUMRN PKN32-30 = “110”

KVN32 VLCD63-AV*(VRNO+75R+VRHN)/SUMRN PKN32-30 = “111”

KVN33 VLCD63-AV*(VRN0+80R+VRHN)/SUMRN PKN42-40 = “000”

KVN34 VLCD63-AV*(VRN0+81R+VRHN)/SUMRN PKN42-40 = “001”

KVN35 VLCD63-AV*(VRNO+82R+VRHN)/SUMRN PKN42-40 = “010”

KVN36 VLCD63-AV*(VRNO+83R+VRHN)/SUMRN PKN42-40 = “011” VINNS

KVN37 VLCD63-AV*(VRNO+84R+VRHN)/SUMRN PKN42-40 = “100”

KVN38 VLCD63-AV*(VRNO+85R+VRHN)/SUMRN PKN42-40 = “101”

KVN39 VLCD63-AV*(VRNO+86R+VRHN)/SUMRN PKN42-40 = “110”

KVN40 VLCD63-AV*(VRNO+87R+VRHN)/SUMRN PKN42-40 = “111”

KVN41 VLCD63-AV*(VRNO+87R+VRHN+VRLP)/SUMRN PKN52-50 = “000”

KVN42 VLCD63-AV*(VRNO+91R+VRHN+VRLP)/SUMRN PKN52-50 = “001”

KVN43 VLCD63-AV*(VRNO+95R+VRHN+VRLP)/SUMRN PKN52-50 = “010”

KVN44 VLCD63-AV*(VRNO+99R+VRHN+VRLP)/SUMRN PKN52-50 = “011” VINNG

KVN45 VLCD63-AV*(VRNO+103R+VRHN+VRLP)/SUMRN PKN52-50 = “100”

KVN46 VLCD63-AV*(VRNO+107R+VRHN+VRLP)/SUMRN PKN52-50 = “101”

KVN47 VLCD63-AV*(VRNO+111R+VRHN+VRLP)/SUMRN PKN52-50 = “110”

KVN48 VLCD63-AV*(VRNO+115R+VRHN+VRLP)/SUMRN PKN52-50 = “111”

KVN49 VLCD63-AV*(VRNO+120R+VRHN+VRLP)/SUMRN } VINN7

Remark SUMRP: Total of the positive polarity ladder resistance = VRPO + 128R + VRHP + VRLP + VRP1
SUMRN: Total of the negative polarity ladder resistance = VRNO + 128R + VRHN + VRLN + VRN1

AV: Potential difference between KV0 and KV49 = VLCD63*SUMRP*SUMRN/[SUMRP*SUMRN+EXVR*(SUMRP+SUMRN)]
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Table 18-5. Gamma Voltage Formula (Negative Polarity)

Gray-scale Voltage Formula Gray-scale Voltage Formula
VO VINNO V32 V43+(V20-V43)*(11/23)
V1 VINN1 V33 V43+(V20-V43)*(10/23)
V2 V8+(V1-V8)*(30/48) V34 V43+(V20-V43)*(9/23)
V3 V8+(V1-V8)*(23/48) V35 V43+(V20-V43)*(8/23)
V4 V8+(V1-V8)*(16/48) V36 V43+(V20-V43)*(7/23)
V5 V8+(V1-V8)*(12/48) V37 V43+(V20-V43)*(6/23)
V6 V8+(V1-V8)*(8/48) V38 V43+(V20-V43)*(5/23)
V7 V8+(V1-V8)*(4/48) 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-\/55)*(22/24)
V13 V20+(V8-V20)*(14/24) V45 V55+(V43-V55)*(20/24)
V14 V20+(V8-V20)*(12/24) V46 V55+(V43-V/55)*(18/24)
V15 V20+(V8-V20)*(10/24) V47 V55+(V43-V/55)*(16/24)
V16 V20+(V8-V20)*(8/24) V48 V55+(V43-\/55)*(14/24)
V17 V20+(V8-V20)*(6/24) V49 V55+(V43-V55)*(12/24)
V18 V20+(V8-V20)*(4/24) V50 V55+(V43-V/55)*(10/24)
V19 V20+(V8-V20)*(2/24) V51 V55+(V43-V/55)*(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 V55+(V43-V55)*(2/24)
V23 V43+(V20-V43)*(20/23) V55 VINN5
V24 V43+(V20-V43)*(19/23) V56 V62+(V55-V/62)*(44/48)
V25 V43+(V20-V43)*(18/23) V57 V62+(V55-V62)*(40/48)
V26 V43+(V20-V43)*(17/23) V58 V62+(V55-V/62)*(36/48)
V27 V43+(V20-V43)*(16/23) V59 V62+(V55-V/62)*(32/48)
V28 V43+(V20-V43)*(15/23) V60 V62+(V55-V/62)*(25/48)
V29 V43+(V20-V43)*(14/23) V61 V62+(V55-V62)*(18/48)
V30 V43+(V20-V43)*(13/23) V62 VINNG
V31 VA43+(V20-V43)*(12/23) V63 VINN7
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Figure 18-1. Relationship between Input Data and Output Voltage
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Figure 18-2. Relationship between Source Output and Vcomout
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19. THE 8-COLOR DISPLAY MODE

The 4PD161608 builds in 8-color display mode. Displaying the gray-scale levels in 8-color display mode, gray-scale

amplifier and driver amplifier are halt. So that it attempts to lower power consumption.

Figure 19-1. 8-color Display Control

18-bit RGB data

MSB
RO5 | RO4 [ RO3 | RO2 [ RO1 [ ROO

LSB
GO05 | G04 | GO3 [ GO2 | GO1 | GOO BO5 | BO4 | BO3 | BO2 | BO1 | BOO

MSB

MSB

62

VLCD63

MSB

VO

Binary driver

Binary driver

Binary driver

LCD
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20. n-RASTER-ROW REVERSED AC DRIVER

The 1PD161608 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 128 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.

Figure 20—1. Example of an AC Signal under n-raster-row Reversed AC Drive

1-line inversion (B/C = 1, EOR = 1, NW6 to NWO = 0, 220 gate line display)

1 frame period 1 frame period
»
) Ll
1(2(3]|4 ... 219|220 1 (21345 .| 219|220 ... 224 1 | 2
»i A
) | Ll
Vertical blank Vertical blank

period period
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21. AC TIMING

Following diagram indicates the AC timing on the each AC drive method. After every 1 drawing, the AC timing is
occurred on the reversed frame AC drive. After the AC timing, the blank (all outputs from the gate: VGL output) in 4H
period is inserted. When the reversed n-raster-row is driving, a blank period of the 4H period is inserted after all screens

are drawn.

Figure 21-1. AC Timing

Frame inversion (B/C = 0) n-line inversion (B/C = 1)
Back porch (3 line) AC o Back porch (3 line)
Ll
AC n-raster row
>
n-raster row
AC >
AC n-raster row
3 g 3
= n-raster row =
Frame 1 S AC » S
] ]
£ AC n-raster row £
a > a
AC n-raster row
L
AC n-raster row
g
n-raster row
AC Y AC Y
Front porch (1 line) Front porch (1 line)
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22. EEPROM ACCESS

The 1PD161608 builds in EEPROM for storing the internal register setting as following table. And #xPD161608 can use
the this EEPROM setting value as default value, when set each NOTP1 (RODH), NOTP2 (ROEH), NOTP3 (R1EH),
NOTP4 (R30H) bits to “0”.

In addition, EEPROM built in the zPD161608 has a possibility that saved data may disappear, by irradiating UV light.

Therefore, in case you perform UV irradiation especially at a mounting process, be careful to cope with shading etc.

Registers Default in the case not to use EEPROM "'
Mode1 Mode2
RODH Power Control 3 0019H 001AH
ROEH Power Control 4 7200H 7000H
R1EH Power Control 5 0069H 0062H
R30H Gamma Control 1 0800H 0800H
R31H Gamma Control 2 0707H 0707H
R32H Gamma Control 3 0406H 0406H
R33H Gamma Control 4 0000H 0100H
R34H Gamma Control 5 0103H 0103H
R35H Gamma Control 6 0000H 0000H
R36H Gamma Control 7 0707H 0707H
R37H Gamma Control 8 0000H 0001H
R3AH Gamma Control 9 0404H 1E00H
R3BH Gamma Control 10 0006H 000FH

Note The case not to write any data EEPROM each NOTP1 (RODH), NOTP2 (ROEH), NOTP3 (R1EH),
NOTP4 (R30H) bits to “1”, the uPD161608 use above-mentioned table value for each register’s default value.

EEPROM access outline is shown as following figure.

Start
< (n=0) )

EEPROM write
sequence

NG
n+1

Compare
sequence

End
Rejection

End
Write complete
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22.1 EEPROM Erase/Write Sequence (Internal power supply mode)

The #PD161608 is able to select the power source for EEPROM erase/write. When EP_PWR (R60H) = 1, internal power
supply mode is selected. In this mode, xPD161608 use the internal DC/DC converter output voltage for EEPROM
operation.

For more detail scheme, refer to following sequence.

( START )

Power ON VCiz2.7v
Vobio, Vbbp
. . . EP_READ =0
Register setting R60H setting EP WRITE = 1
EP_PWR=1
DCSEL =0
Register setting R52H setting VGHON =1, VCIX20N = 1, VCI20ON =0
VGLON =1, VL630ON =0, VCOMON =0
DCON =1
WAIT
>100 ms
Register setting Adjustment
value setting
Register setting Rgcl):":’qvgrtlz
WAIT
>300 ms
Register setting R52H setting DCON=0
Compare LCD module
sequence check
END
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22.2 EEPROM Compare Sequence (COMP)

The #PD161608 has the register (R70H-R7DH) which carries out the monitor of the contents of the EEPROM. By the
following sequences, read the contents of R70H-R7DH and compare by comparing with the data which write.
Correspondence of R70H-R7DH is shown in 13.19 EEPROM Monitor (R70H to R7DH).

For more detail scheme, refer to following sequence.

( START )
VCI

Power ON Vooio, Vbb
DOTCLK

R70H to R7DH
read

OK

Retry or
reject

Data Sheet S17594EJ2V0DS 67



NEC 4PD161608

22.3 Initial Status before EEPROM Write

Serial Register map

fﬁg‘riser Register Name D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO Lo
ode T Viode? |
[ RODH__[Power Control (3) 0 0 0 0 0 0 0 0 0 0 NOTP1 | Dummy1] VRH3 | VRH2 | VRHT | VRHO | 0019H | OOTAH
| ROEH [PowerControl(4) | NOTP2 | Dummy2| VCOMG| VDV4 | VDV3 | VDV2 | VDVi | VDVO 0 0 0 0 0 0 0 0 7200H_| 7000H
RIEH__|Power Control (5) 0 0 0 0 0 0 0 0 NOTP3 | Dummy3| VCM5 | VCM4 | VCMB | VCM2 | VCMT | VCMO | 0069H | 0062H |
R30H__|r-Control (1) 0 0 0 NOTP4 | Dummy4 | PKP12 | PKP11 | PKP10 0 0 0 0 0 PKPO2 | PKPO1 | PKPOO | 0BOOH | 0800H
R31H__|r-Control (2) 0 0 0 0 0 PKP32_| PKP31 | PKP30 0 0 0 0 0 PKP22 | PKP21 | PKP20 | O707H | O707H
R32H__|r-Control (3) 0 0 0 0 0 PKP52 | PKP51 | PKP50 0 0 0 0 0 PKP42 | PKP41 | PKP40 | 0406H | 0406H
R33H__|r-Control (4) 0 0 0 0 0 PRP12_| PRP11 | PRP10 0 0 0 0 0 PRP02 | PRPOT | PRPO0 | 0000H | 0100H
R34H__|r-Control (5) 0 0 0 0 0 PKNT2 | PKNT1 | PKN10 0 0 0 0 0 PKNO2 | PKNOT | PKNOO | 0103H | 0103H
R35H__|r-Control (6) 0 0 0 0 0 PKNG2 | PKN31 | PKN3O 0 0 0 0 0 PKN22 | PKN21 | PKN20 | 000OH | O000OH
R36H__|r-Control (7) 0 0 0 0 0 PKNG2 | PKN51 | PKNSO 0 0 0 0 0 PKN42 | PKNAT | PKNAO | 0707H | 0707H
R37H__|r-Control (8) 0 0 0 0 0 PRNT2 | PRNT1 | PRN10 0 0 0 0 0 PRNO2 | PRNOT | PRNOO | 0000H | O000TH |
R3AH__|r-Control (9) 0 0 0 VRP14 | VRP13 | VRP12 | VRP11 | VRP10 0 0 0 0 VRP03 | VRPO2 | VRPOT | VRPOO | 0404H | 1E00H
R3BH__|r-Control (10) 0 0 0 VRN14 | VRN13 | VRN12 | VRNT1 | VRN10 0 0 0 0 VRNO3 | VRNO2 | VRNOT | VRNOO | 0006H | O0OFH
EEPROM map
iiszgsw Register Name | | | | | | (%Dﬁty) o7 D6 D5 D4 D3 D2 D1 Do M1V3'”e
ROOH___|Power Control (3) FEH_|FFH |
RO1H Power Control (4) 1FFH 1FFH
R02H__|Power Control (5) 1FFH_| 1FFH
RO3H__|r-Control (1) 1FFH_| 1FFH |
RO4H__|r-Control (2) 1 1 AFFH_| 1FFH
ROSH__|r-Control (3) AFFH_| 1FFH |
ROGH__|r-Control (4) AFFH_| AFFH |
RO7H__|r-Control (5) AFFH_| AFFH |
ROBH__|r-Control (6) AFFH_| AFFH |
ROSH__|r-Control (7) AFFH_| 1FFH
ROAH__|r-Control (8) 1FFH_| 1FFH
ROBH__|r-Control (9) AFFH_| 1FFH |
ROCH__|r-Control (10) 1 1 1 1 1 1 1 1 1 AFFH_| 1FFH |
RODH__|r-Control (9, 10) 1 1 1 1 1 1 1 1 1 1FFH | 1FFH
<R> EEPROM Monitor register map
Register . D8 Value
Adcress Register Name D15 | D14 | D13 | D12 | D11 | D10 | N ey D6 D5 D4 D3 D2 D1 Do i
R70H__| Power Conirol (3) 0 0 0| Dunmy5 | Dummy RH2 | VRH] 000AH |
R71H__|Power Control (4) 0| Durmy6 | Dunmy2 | VOOMG | VOVI4] | VDVI3] | VDVZ] | VDV] 0030H |
R72H Power Control (5) 0 Dunmy7 | Dunmmy3 \/CM4 3] VoM2] | VCm 0022H |
R73H__|r-Control (1) 0 Durmy8 | Dummy4 | PRPA[2] | PRPAA] | PRPA[0] | PKPO[2] | PRPO[T] | P 0000H |
| R74H__[rContrd (2) 0 0 PKP3[Z] | PRP3[T] | PRP30] 0 PKP212| | PKP2[T] | P 0077H |
[ R75H_|rContra (3) 0 0 PKPS[2] | PRPS[T] | PKPS[0] 0 PKP4[2| | PKPA[T] | P 0046H |
R76H__|r-Control (4) There are no actual Registers. 0 0 PRP1[2 | PRPI[1] | PRPI[0] 0 PRPO2] | PRPO[T] | P 0010H |
| _R77H  |r-Contral (5) When there registers are read, value is '0'. 0 0 PKN1[2] | PKN1[1] | PKN1[0] 0 PKNO[2] | PKNO[1] | P 0013H |
R78H__|r-Control (6) 0 0 PKNG[Z] | PKNG[1] | PRNGI0] 0 PKN2I2] | PRN2[T] | P 0000H |
R79H__|r-Contrd (7) 0 0 PKNG{2] | PKNS{1] | PRNS[0] 0 PKNAZ] | PRNA[T] | P 0077H |
R7AH__|r-Contrd (8) 0 0 PRNI[Z] | PRNI[M] | PRNIO | 0 PRNO[2] | PRNOLT] | P 0001H |
[ R7BH_[r-Contrd (9) 0| VRPIZ[ | VRPI[T] | VRPI[O] 0 | VRPO2) | VRO 00C0H |
R7CH__|r-Contrdl (10) 0| VRN [ VRN | VRNI[OL | 0| VRNO] | VRNOZ] | VRND 000FH
R7DH__|r-Contrd (9, 10) 0 0 0 RN | VRN [ 0 0 RP1[4 0003H
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22.4 Example of after EEPROM Write Status

The example that R1EH (Power control 5) register is set by the customer is shown below.

Serial Register map

R1EH is set by the customer.

Register . Value
Register Name D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do Vode1

RODH__|Power Control (3) 0 0 0 0 0 0 0 0 0 0 NOTP1 | Dummyl| VRHB | VR VRH1 VRHO | 0019H | 001AH
ROEH Power Control (4) NOTP2 | Du VCOMG | \VDv4 VDV3 \VDV2 \VDV1 VDVO 0 0 0 0 0 0 0 0 7200H 7000H
RIEH _ |Power Control (5)

R30H r-Control (1) 0 0 0 NOTP4 | Dunmyd | PKP12 | PKP11 PKP10 0 0 0 0 0 PKPO2 | PKPO1 PKPOO | 0800H | 0800H
R31H __ |r-Contrdl (2) 0 0 0 0 0 PKP32 | PKP31 | PKP30 0 0 0 0 0 PKP2 | PKP21 | PKP20 | 0707H | 0707H
R32H r-Control (3) 0 0 0 0 0 PKP52 | PKP51 PKPS0 0 0 0 0 0 PKP42 | PKPA1 PKP40 | 0406H | 0406H
R33H _ [r-Control (4) 0 0 0 0 0 PRP12 | PRP11 | PRP10 0 0 0 0 0 PRP0O2 | PRPO1 | PRPOO | 0000H | 0100H
R34H r-Control (5) 0 0 0 0 0 PKN12 | PKN1 PKN10 0 0 0 0 0 PKNO2 | PKNO PKNOO | 0103H 0103H
R35H _ |r-Control (6) 0 0 0 0 0 PKN32 | PKN3 PKN30 0 0 0 0 0 PKN2 [ PKN2 PKN20 | 0000H | 0000H
R36H r-Control (7) 0 0 0 0 0 PKNS2 | PKNS' PKNS0 0 0 0 0 0 PKN42 | PKN4 PKN40 | 0707H 0707H
R37H _ [r-Control (8) 0 0 0 0 0 PRN12 | PRN1 PRN10 0 0 0 0 0 PRNO2 | PRNOT | PRN0OO | 0000H | 0001H
R3AH r-Control (9) 0 0 0 VRP14 | VRP13 | VRP12 | VRP1 VRP10 0 0 0 0 VRPO3 | VRPO2 | VRPO1 | VRPOO | 04044 1E00H
R3BH__|r-Control (10) 0 0 0 VRN14 | VRNM3 | VRNM2 | VRNTT | VRN1O 0 0 0 0 VRNO3 | VRNO2 | VRNOT | VRNOO | 0006H | 00OFH

<R> EEPROM map
Once EEPROM write command is executed, all register value are copied to EEPROM. And added calculated parity bits.

ii::zg Register Name | (PaDiy) D7 D6 D5 D4 D3 D2 D1
ROOH__|Power Control (3) X 0 0 [ Dummy5 | Dummyl | VRH3] | VRH[Z] | VRH[] | VRHO
ROTH__|Power Control (4) X__| Dummy6 [ Dummy2 [ VCOMG | VDV[4] | VDV[3] | VDV[2] | VDV[1] | VDV[O

[ RO2H__[Power Control (5) X | Dummy7 | Dummy3 | VCME] | VCMI4] | VCM3] | VCM[2] | VCM[1] | VCM[O
RO3H__|r-Control (1) X__| Dummy8 | Dummy4 | PKP1[2] | PKPI[] | PKP[0] | PKPO[2] | PKPO[T] | P
RO4H__|r-Control (2) X 0 PKP3[2] | PKP3[T] | PKP3[C 0 PKP2[2] | PKP2[T] | P
RO5H__[r-Control (3) X 0 PKP5[2] | PKP5[1] | PKP5[0 0 PKP4[2] | PKPA[T] | P!
ROBH__|r-Control (4) X 0 PRP1[2] | PRP1[1] | PRPI[0] 0 PRPO[2| | PRPO[T] | P

[ RO7H__[r-Control (5) X 0 PKN1[2] | PKNA[T] | PKN1[0] 0 PKNO[2] | PKNO[T] | P!
ROBH__|r-Control (6) X 0 PKN3[2] | PKNS[1] | PKN3[0] 0 PKN2[2] | PRN2[1] [ P
RO9H__|r-Contral (7) X 0 PKNE[2] | PKN5[1] | PKNS[0] 0 PKNA[2] | PRNA[1] [ P
ROAH _|r-Control (8) X 0 PRN1[2] | PRN PRN1[0] 0 PRNO[2] | PRNO[T] | P
ROBH__|r-Control (9) X__| VRP1[Z] | VRPI[1] | VRP 0 VRPO[3] | VRPO[2] | VRPO[
ROCH__|r-Control (10) X__| VRNA[2] [ VRNA[1] | VRN[0] 0 VRNO[3] | VRNO[Z] | VRNO[
RODH__]r-Control (9, 10) X 0 0 VRN1[4] | VRN1[3] 0 0 VRP1[4] | VRP1[3]

<R> EEPROM Monitor register map
Regster | peister Name D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1
Address (Parity)
R70H___|Power Control (3) X 0 0 [ Dummy5 | Dummy1| VRH[3] | VRHEZ] | VRHT
R71H__|Power Control (4) X__| Dummy6 | Dummy2 | VCOMG | VDV[4] | VDV[3] | VDVI2] | VDV[1
R72H__|Power Control (5) X__| Dummy7 [ Dummy3 | VCM[5] | VCM[4] | VCM[3] | VCM2] | VCM
R73H__[r-Control (1) X__| Dummy8 | Dummy4 | PKP1[2] | PKP1[] | PKP1[0] | PKPOR2] | PKPO)

[ R74H__[rControl (2) X 0 PKP3[2] | PKP3[1] | PKP3[0 0 PKP2[2] | PKP2]
R75H__[r-Control (3) X 0 PKP5[2] | _PKP5[1] | _PKP5[0] 0 PKP4[2] | PKP4|
R76H r-Control (4) There are no actual Registers. X 0 PRP1[2] | PRPI[ PRP1[0] 0 PRPO[2] | PRPO[

[ Rr7H[rControl (5) When there registers are read, value is '0'. X 0 PKN1[2] | PKN1[1] | PKN1[0] 0 PKNO[2) | PKNO
R78H__|r-Control (6) X 0 PKN3[2] | PKNG[1] | PKN3[0] 0 PKN2[2] | PKN2)
R79H__|r-Control (7) X 0 PKN5[2] | PKN5[1] | PKN5[0] 0 PKN4[2] | PKNA
R7TAH__|r-Control (8) X 0 PRN1[2] | PRNA[1] | PRN1[0] 0 PRNO[2] | PRNO
R7TBH__|r-Control (9) X__ [ VRP1[2] | VRPI[] | VRPI[]] 0 VRPO3] | VRPO[Z] | VRPO
R7CH__|r-Control (10) X__| VRNA[2] | VRNA[] | VRNA[0] 0___| VRNO[3] | VRNOZ] | VRN
R7DH__|r-Control (9, 10) X 0 0| VRN1[4) [ VRN1[3] 0 0 VRP1[4]
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23. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta= 25°C, Vss = 0 V)

Parameter Symbol Ratings Unit
Power supply voltage Vob —0.5t0 +3.6 \Y;
Power supply voltage Vobio —0.5t0 +6.0 V
Power supply voltage VCI —0.5 to +6.0 \
Power supply voltage VLCD63 —-0.5t0 +6.0 \Y;
Power supply voltage VGH —0.5t0 +20.0 Vv
Power supply voltage VGL —20.0 to +0.5 \Y;
Power supply voltage VGH-VGL —0.5to +40.0 V
Input voltage Vi —0.5 to Vooio+0.5 Vv
Input current i +10 mA
Output current lo +10 mA
Operating ambient temperature Ta —20 to +70 °C
Storage temperature Tstg —55 to +125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Recommended Operating Conditions (Ta=-20 to +70°C, Vss = 0 V)

Parameter Symbol MIN. TYP. MAX. Unit
Power supply voltage Vop 1.6 2.7 V
Power supply voltage Vbbio 1.6 3.3 Vv
Power supply voltage VCI 2.5 2.8 3.3 \Y
Power supply voltage VLCD63 3.6 5.0 5.5 Vv
Power supply voltage VGH 10.0 13.75 16.5 V
Power supply voltage (EEPROM write) 10.50 10.75 11.00 V
Power supply voltage VGL -13.75 -11.0 -7.5 Vv
Power supply voltage (EEPROM write) -11.00 -10.75 -10.50 \
Power supply voltage VGH-VGL 17.5 24.75 30.25 Vv
Power supply voltage VCIX2 5.0 5.5 Vv
Input voltage Vit Note 0 Vbbio V

Note Power supply system of Vb pin
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EEPROM Rewrite cycle
Characteristics Symbol Condition MIN. TYP. MAX. Unit
Rewrite cycle Nw — — 5 Cycle
DC Characteristics (Vss =0V, Ta=-20 to +70°C)
Characteristics Symbol Condition MIN. TYP. MAX. Unit Note
REGVDD ="H”, Vooio = 2.7 V 3 HA 1
Leakage Current vopos REGVDD ="L”", Vooio = 3.3V 10 HA 1
Ivcis VCI=3.3V 5 LA 1
ACOMH -100 +100 mV -
ACOML -100 +100 mV -
LCD driving voltage — VCl =2.775 V, BT [2:0] = 011 124 138 140 v 2
VGL -14.0 -13.8 -12.4 \Y 2
VLCD63 TMB = H (Mode1) 4.26 4.35 4.44 5
AVLCD63 -2 +2 % -
Input high voltage ViH 0.8 x Vooio Vobio V 3
Input low voltage Vi 0 0.2 x Vooio V 3
Output high voltage VoH lon = -100 LA Vopio—0.5 Vooio \ 4
Output low voltage VoL loL = 100 LA 0.0 0.5 \ 4
Input leakage current I ViN = Vss or VCI -1.0 1.0 HA 3
Output leakage current loL Vin = Vss or VCI -3.0 3.0 LA 4
Regulator output voltage RVDD 1.8 2.0 2.2 \ 6

Notes 1. Ta=25°C

2. Display OFF state

3. Applied pins for input voltage: RL, TB, BGR, REV, SHUT, CM, CSB, SQL, SDI, SPID, DOTCLK, ENABLE, RR [5:0],
GG [5:0], BB [5:0], HSYNC, VSYNC, RESETB, REGVDD
4. Applied pin for output voltage: SDO

5. Ta=70°C

6. REGVDD =L, Vob = Vobio >2.0V
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DC Characteristics for LCD driver output (Vss =0 V, Ta = -20 to +70°C)

Characteristics Symbol Condition MIN. TYP. MAX. Unit Note
1st step-up input voltage VCI 2.5 3.3 V -
1st step-up output efficiency | VCIX2 lLoap = 500 LA 95 99 - % -
2nd step-up input voltage VCI 3.4 5.5 V -
2nd step-up output efficiency | VGH lLoap = 100 LA 90 95 - % -

VGL lLoap = 100 p/A 90 95 - % -
3rd step-up input voltage VCI 2.5 3.3 V -
3rd step-up output efficiency | VCI2 lLoap = 100 p/A 90 95 - % -
LCD gate driver output VGH =13.775V,

. Ron 2 4 kQ 1
On resistance VGL =-13.775V
LCD source driver
high-level output t | Vso=4.5V, 50 LA 2

igh-level output curren -
gn-ievet odlp Hoe Vsx =35V
(Gradation output)
LCD source driver
Vso=0.5V,
low-level output current ILoG 50 HA 2

. Vsx=1.5V

(Gradation output)
4.2V <Vso +20 +55 mV
Output voltage deviation

AVo 0.8V <Vso<4.2V +10 +30 mV

(Mean value)
Vso< 0.8V +20 +55 mV
LCD source driver output

Vso Vss+ 0.1 VCIX2 -0.1 \ -
voltage range
LCD source driver
high-level output t | Vso=5.0V, 100 LA 2

igh-level output curren HOB -
N P © Vex = 4.0V
(Binary output)
LCD source driver
Vso=0.0V,
low-level output current ILos 100 LA 2
. Vsx=1.0V
(Binary output)
. VCIX2=5.5YV,
LCD source driver delay tso 35 us -
VLCD63 =5.0 V
Current consumption
. . Ivel No load 2.0 mA 3
during normal operation

Notes 1. TA=70°C

2. Vsx is the voltage applied to analog output pins S0 to S527. Vso is the output voltage of analog output pins

S0 to S527.

3. Vooio = Voo = 1.875 V, REGVDD = Vss, VCI = 2.775 V, CM = L (260-K color), REV = H,
RR [5:0] = GG [5:0] = BB [5:0] = 000000,

R01H-R03H, ROBH, RODH-ROFH, R16H, R17H, R1EH, R30H-R37H, R3AH, R3BH are default value.

DOTCLK =2.64 MHz TYP,, no load, CX, CY, C1, C2, C3 =0.1 uF
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RGB Data Interface Characteristics (Ta = —20 to +70°C)

Characteristics Symbol MIN. TYP. MAX. Unit
DOTCLK cycle time focye 361 - - ns
DOTCLK pulse width high tocHw 150 - - ns
DOTCLK pulse width low tocLw 150 — - ns
ENABLE setup time tens 30 - - ns
ENABLE hold time tenH 30 - - ns
PD data setup time teps 40 - - ns
PD data hold time tPOH 40 — — ns

Figure 23-1. AC Characteristics (RGB mode)
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NEC #PD161608
Clock Synchronized Serial Mode Characteristics (Ta = —20 to +70°C)
Characteristics Symbol MIN. TYP. MAX. Unit

Serial clock cycle time (write) tsyne 100 - - ns
Serial clock cycle time (read) tsyne 300 - - ns
Serial clock rise/fall time tr, t - - 15 ns
Pulse width high for write tscHw 35 - - ns
Pulse width high for read tscHR 35 - - ns
Pulse width low for write tscLw 35 - - ns
Pulse width low for read tscLr 235 - - ns
Chip Select setup time fcss 30 - - ns
Chip Select hold time tesH 30 - - ns
Serial input data setup time tsips 30 - - ns
Serial input data hold time tsioH 30 - - ns
Serial output data delay time tsobp - - 200 ns
Serial output data hold time tsopH 5 - - ns

Reset Timing Characteristics (Ta = —20 to +70°C)

Characteristics Symbol MIN. TYP. MAX. Unit

Reset low pulse width {rRes 10 - - Us
Reset release time {REL 10 - - Us

Caution Reset low pulse width shorter than 1 us do not make reset. It means undesired short pulse such as

glitch, bouncing noise or electrostatic discharge do not cause irregular system reset.
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Figure 23-2.

Transfer start

CSB _\VIL

AC Characteristics (SPI mode)

Transfer end

—

| tscvc o
‘tcss, tr;l | tsonw @CHF\; t I<tSCLw tSeLr >|] oo >
i{: V;?7 ViH ViH
SCK Vi Vi Vi Vi
tsos [ |, tsipH |
ViH Vii)
Input data Input data
SDI Vic Vie
‘tSODIa
< tsopH
\< VOH1 VOH1
Output data Output data }’
SDO VOLA1 —

Figure 23-3. AC characteristics (RESET Mode)

tRES

VOL1

tREL
<

RESETB \

A

Vi

Vie

Y

A
A

Data Sheet S17594EJ2V0DS

75



NEC 4PD161608

NOTES FOR CMOS DEVICES

(@ VOLTAGE APPLICATION WAVEFORM AT INPUT PIN
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vit (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
ViH (MIN).

(® HANDLING OF UNUSED INPUT PINS
Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vop or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

® PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

(@ STATUS BEFORE INITIALIZATION
Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

® POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

® INPUT OF SIGNAL DURING POWER OFF STATE
Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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Reference Documents
NEC Semiconductor Device Reliability/Quality Control System (C10983E)
Quality Grades On NEC Semiconductor Devices (C11531E)

¢ The information in this document is current as of June 2006. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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