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1. Introduction

The MC2TA7402 is a one-chip controller driver LS| for a TFT liquid crystal display of 262,144 colors, with the integrated
DDRAM for graphics data of 176 RGB x 220 dots at maximum, gate drivers, source drivers and power supply circuits.

The MC2TA7402 supports high-speed parallel interfaces with 8-, 9-, 16-, 18-bit buses and a high-speed serial peripheral
interface (SPI) to write RAM graphics data at high speed. In addition, the MC2TA7402 has RGB interfaces (VSYNC,
HSYNC, DOTCLK, ENABLE, and D17-0) and VSYNC interface for displaying a moving picture.

The MC2TA7402 incorporates step-up circuits for generating voltages for driving a TFT LCD and a voltage follower circuit.
The MC2TA7402 also supports a function to display images in 8 color mode and standby mode, allowing low power
consumption by software. These features make the MC2TA7402 an ideal LCD driver for medium or small sized portable
products having color display such as digital cellular phones or small PDAs, where long battery life is a measure concern.
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2. Features

« A controller driver for a liquid crystal TFT display of 176RGB x 220-dot graphics data in 262,144 colors.
« Single chip solution for a TFT LCD module
« System interfaces
— High-speed interfaces with 8-, 9-, 16-, and 18-bit parallel ports
— Serial Peripheral Interface (SPI)
« Interfaces for moving picture display
— 6-, 16-, 18-bit RGB interfaces (VSYNC, HSYNC, DOTCLK, ENABLE, D17-0)
—VSYNC interface (System interface + VSYNC)
« Window address function for making a rectangular area on the internal DDRAM to write data
— Facilitates moving picture display at any area on the screen via a moving picture display interface
— Limits the data rewriting area and reduce data transfers
— Enables simultaneous display of moving picture and data in the internal DDRAM
« Abundant functions to control color display
— Display in 262,144 colors
« Line-unit vertical scrolling function
« Low-power architecture
— Features of low voltage operation:
IOVCC =1.6t0 3.3V (interface I/O power supply)
VCI= 2.510 3.3 V (analog power supply)
DDVDH =4.5to 5.5 V (liquid-crystal drive voltage)
— Power-saving function (sleep mode / standby mode, etc.)
— Partial display function for selectively driving an LCD, enabling two displays at arbitrarily set positions
— Avoltage follower circuit for generating LCD driving voltages with a small direct current through bleeder resistors
« Incorporates step-up circuits for stepping up a liquid crystal drive voltage up to 6 times (x 6)
¢ 87,120-byte internal DDRAM
« Incorporates a 528-channel source driver, and a 220-channel gate driver
* The 1-line liquid crystal AC drive function
« Internal oscillator and hardware reset
« Reversible source driver shift direction
« For Cst structure only (Common VCOM formula)
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4. Block Diagram
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5. Bump Layout

5.1. Bump Placement

igs

—— Y

|‘ Source output: 528 + Gate output: 220 + GTEST1: 1 + GTEST2: 1 + Dummy: 15 + DUMMYR5-6: 2 + VCOM: 4 = 771pads k|
Bump area = 770 x 48/2 + 22 = 18.502mm g
After dicing

‘) im0 oioiigedo - oototo - ofifiotoo -
NRN0 - 000RIR000 0008000 000R0R000

G209 S263 S26 G220 G212

G213 VC M10 DUMMY 3526 VC M7 G216

vCoML vcomZz TTDUMMYRL T VCOM3AVCOMS, DUMMYR4
l ___________ # ________________ RUMMYR2 _ VeoM4 V! @M%MMQL _______ I
1« T > Dy >
636um 636um

nmyR1-2 : 2 +DummyR3-4:2+ Dummy: 10 + I/0 or Input : 187 + VCOM : 4 = 205p
Bump area = 204 x 90 + 60= 18.51mm

Area / bump|quantity Total
O output pad B oummy BAwitn internal wiring 22 x 100 = 2200 um2 | 771 1,696,200
D 1/0 pad 1 With internal wiring 60 x 104 =6,240 um2 205 1,279,200
Note *) >400um is for longer chip ( >16mm) Ratio od Output bump/Input bump 75.4
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MagnaChip®’ MC2TA7402

5.2. Alignment Mark

Alignment mark position
Unit: micrometer (hereinafter "um'")

. 18.892mm

1
b

(-9446,460) i (9446,460)
1

] ' T
1.230mm (after dicing) 0.960mm
(-9486,-500); 1 18.972mm i 1(9486,-500)
™=
- 19.202mm (after dicing) ' -

25um }Suin 20um l"Surp 25um

& Y & Y < a

25um

50um

25um
\

A0um 30um 40um 3Qum 40um
o
40um
A -
4
30um
A -
4
40um
A -
4
30um
A -
4
40um
A -
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MagnaChip®’

MC2TA7402

5.3. Bump Size

Wafer thickness

Atype : 400um

B type : 300um

Wafer thickness is ordinary A type. If you need B type, please

inform to MC s

ales of charge..

Bump Height

typical 15um

Input (pad type A)

Qutput (pad type B)

100um

22um

9 30um E
104um
-~ <
” T~ e
60um 60um
48um - Staggered array laced output
, 48um ~
T~ -
s 26um ;
4
< <
< rd <
22um 22um
N
100um
M4
T~

\4

35um
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MagnaChip= MC2TA7402

5.4. Chip Size

Chip Size(after dicing):19.202mmx 1.230mm

X (-) 983
1 A 982
2 980
979

Y () Y (+)

I

4________________________________________

213
208 212
|
208 X (+)

Note) The chip origin is not the center of the vertical direction.
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MC2TA7402

MagnaChip®

5.5. Bump Coordinates

WAAAA < < << < < << << << <|<|< <<« << <] << <<
il i e e il o i o S it e o S S il e e R S S e R R S S
Bie SR RIS (RIS (IR (IR (S 8|2 B B e Bltelslislslalslalele|als(slelalelelelals g8l 8 g
M%mmm e e L B S T 4 e o e e ol ot
M,SS i N o el R e R B G 2 g o S EIEE S == By S T ] ) e B Bl Bl lelis
WAAAA < < << < < << << << <|<|< << << << <] << <<
B e o o o o o e o o o o e o ot e o o
Sl Elslelelelaielslelaleleie el gelalsleieaislaleiisleiaia leleicialel
LB s AR oo e dBE B R R B e
M1234 S| B o] B [ d ] 8 (1 N B S|5|B]8|2|F|Y(L T2 25|22 |H BB |B|B|5|B|3|3
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MagnaChip®’

MC2TA7402

BumpNo. | BinpName Xum) Y(um) Pad type BunpNo. | BurpNare Xum) Y(um) Pad type
il VSS 1436 A3 A 181 C1P 6385 -493 A
12 VSS 1575 493 A iY cupP 6975 48 A
123 VSS 1666 493 A 183 cupP 7066 48 A
124 VSS 17% 493 A i1 Cl1P 71% -4 A
125 VSS 1845 A3 A 185 Cl1P 7245 -4 A
126 AGND 1935 A3 A 186 DUMMY12 735 -4 A
127 AGND 205 493 A 187 VREF 7425 -4 A
128 AGND 2115 493 A 13 \VREF 7515 -4 A
129 AGND 206 493 A 189 VOOVR 7606 48 A
130 AGND 2% 493 A 190 VOOVR 6% 48 A
131 AGND pasy) 43 A 191 VOOWL 77% -4 A
12 AGND 2475 493 A 12 VOOWL 7875 493 A
13 AGND 56 A3 A 13 VOOWL 7966 -4 A
R VDD 2656 A3 A Y VOOWL 8055 -4 A
1% \VOD 2745 493 A 1% VOOVH 8145 -4 A
136 VDD 8% 493 A 1% VOOVH 8235 48 A
137 VDD 5 493 A 197 VOOVH 835 48 A
18 VDD 3015 493 A 198 VOOVH 8415 -4 A
139 VDD 3105 493 A 199 M 8505 -4 A
140 V18 319% A3 A 20 M 85%5 -4 A
141 V18 3285 A3 A 201 VOOMVB 8685 -4 A
142 V18 3375 493 A 02 VOOw 8775 -4 A
143 V18 3465 A3 A 203 \VOOVB 8865 -4 A
14 VSS 3556 A3 A o \VOOVB 8955 -4 A
145 VSS 3645 493 A 26 DUMWIYR3 9045 -4 A
146 TEST1 3735 493 A 26 DUVMYR4 9135 -4 A
147 DUMWYRL 385 A3 A 207 DUMMY13 9225 -4 A
148 DUMWYR2 3915 A3 A 28 DUMMY14 9315 -4 A
149 TEST2 4005 493 A 29 DUMMY15 9288 4% B
150 \VGS 40%5 A3 A 210 DUMMY16 964 360 B
151 \VGS 4185 A3 A 21 DUMMY17 9240 4% B
152 VREGIOUT 270 493 A 22 DUMMYI8 9216 360 B
153 VREGIOUT 4365 493 A 23 DUMMIYRS AR 4% B
14 Va1 4455 A3 A 214 DUMMIYRE 9163 360 B
1% Va1 4545 A3 A 215 G2 9144 4% B
15%6 Va1 4635 493 A 216 G4> 9120 360 B
157 Va1 4725 493 A 27 Go6> 909%6 4% B
158 DDVIH 4815 A3 A 218 GB> 072 360 B
159 DDVIH 4905 493 A 219 10> o048 4% B
160 DDVIH 496 493 A 20 12> 04 360 B
161 DDVIH 5085 493 A 21 14> 9000 4% B
162 DDVIH 5175 A3 A 2 16> 8976 360 B
163 DDVIH 5265 493 A 23 18> 8952 4% B
164 DDVIH 5356 A3 A 24 G20> 8908 30 B
166 DDVIH 5445 493 A 25 G2 8004 4% B
166 DUMWY8 5535 493 A 26 G24> 8830 360 B
167 DUMWYO 5625 493 A 7 G26> 8856 4% B
163 osC1 5715 A3 A 8 G8> 8832 360 B
169 osC1 5305 A3 A 229 G30> 8308 4% B
170 o2 58%5 493 A 20 G> 8784 360 B
171 o2 5985 A3 A 231 G4 8760 4% B
12 DUMWY10 6075 A3 A 2 G36> 8736 360 B
173 DUMWY11 6165 A3 A 23 GB> 8712 4% B
174 Cl1iM 493 A 24 G40> 8633 30 B
175 Cl1M 6345 A3 A 25 G42> 8664 4% B
176 Cl1M 6435 A3 A 26 G4 8640 360 B
177 Cl1iM 6525 -493 A 237 G46> 8616 4% B
178 Cl1M 6615 A3 A 28 G48> 852 360 B
1n Cl1M 6706 A3 A 2 G50> 8563 4% B
180 cupP 67% -493 A 240 G&2> 854 360 B
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MagnaChip= MC2TA7402

Bump No.|Bump Name| X(um) | Y(um) [Pad type Bump No.|Bump Name| X(um) | Y(um) [Pad type
241 G<54> 8520 495 B 301 G<174> 7080 495 B
242 G<56> 8496 360 B 302 G<176> 7056 360 B
243 G<58> 8472 495 B 303 G<178> 7032 495 B
244 G<60> 8448 360 B 304 G<180> 7008 360 B
245 G<62> 8424 495 B 305 G<182> 6984 495 B
246 G<64> 8400 360 B 306 G<184> 6960 360 B
247 G<66> 8376 495 B 307 G<186> 6936 495 B
248 G<68> 8352 360 B 308 G<188> 6912 360 B
249 G<70> 8328 495 B 309 G<190> 6888 495 B
250 G<72> 8304 360 B 310 G<192> 6864 360 B
251 G<74> 8280 495 B 311 G<194> 6840 495 B
252 G<76> 8256 360 B 312 G<196> 6816 360 B
253 G<78> 8232 495 B 313 G<198> 6792 495 B
254 G<80> 8208 360 B 314 G<200> 6768 360 B
255 G<82> 8184 495 B 315 G<202> 6744 495 B
256 G<84> 8160 360 B 316 G<204> 6720 360 B
257 G<86> 8136 495 B 317 G<206> 6696 495 B
258 G<88> 8112 360 B 318 G<208> 6672 360 B
259 G<90> 8088 495 B 319 G<210> 6648 495 B
260 G<92> 8064 360 B 320 G<212> 6624 360 B
261 G<94> 8040 495 B 321 G<214> 6600 495 B
262 G<96> 8016 360 B 322 G<216> 6576 360 B
263 G<98> 7992 495 B 323 G<218> 6552 495 B
264 G<100> 7968 360 B 324 G<220> 6528 360 B
265 G<102> 7944 495 B 325 GTEST2 6504 495 B
266 G<104> 7920 360 B 326 DUMMY19 6480 360 B
267 G<106> 7896 495 B 327 DUMMY20 6456 495 B
268 G<108> 7872 360 B 328 VCOM7 6432 360 B
269 G<110> 7848 495 B 329 VCOMS8 6408 495 B
270 G<112> 7824 360 B 330 DUMMY21 6384 360 B
271 G<114> 7800 495 B 331 DUMMY22 6360 495 B
272 G<116> 7776 360 B 332 S<528> 6336 360 B
273 G<118> 7752 495 B 333 S<527> 6312 495 B
274 G<120> 7728 360 B 334 S<526> 6288 360 B
275 G<122> 7704 495 B 335 S<525> 6264 495 B
276 G<124> 7680 360 B 336 S<524> 6240 360 B
277 G<126> 7656 495 B 337 S<523> 6216 495 B
278 G<128> 7632 360 B 338 S<522> 6192 360 B
279 G<130> 7608 495 B 339 S<521> 6168 495 B
280 G<132> 7584 360 B 340 S<520> 6144 360 B
281 G<134> 7560 495 B 341 S<519> 6120 495 B
282 G<136> 7536 360 B 342 S<518> 6096 360 B
283 G<138> 7512 495 B 343 S<517> 6072 495 B
284 G<140> 7488 360 B 344 S<516> 6048 360 B
285 G<142> 7464 495 B 345 S<515> 6024 495 B
286 G<144> 7440 360 B 346 S<514> 6000 360 B
287 G<146> 7416 495 B 347 S<513> 5976 495 B
288 G<148> 7392 360 B 348 S<512> 5952 360 B
289 G<150> 7368 495 B 349 S<511> 5928 495 B
290 G<152> 7344 360 B 350 S<510> 5904 360 B
291 G<154> 7320 495 B 351 S<509> 5880 495 B
292 G<156> 7296 360 B 352 S<508> 5856 360 B
293 G<158> 7272 495 B 353 S<507> 5832 495 B
294 G<160> 7248 360 B 354 S<506> 5808 360 B
295 G<162> 7224 495 B 355 S<505> 5784 495 B
296 G<164> 7200 360 B 356 S<504> 5760 360 B
297 G<166> 7176 495 B 357 S<503> 5736 495 B
298 G<168> 7152 360 B 358 S<502> 5712 360 B
299 G<170> 7128 495 B 359 S<501> 5688 495 B
300 G<172> 7104 360 B 360 S<500> 5664 360 B
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MagnaChip= MC2TA7402

Bump No. [Bump Namd X(um) Y(um) Pad type Bump No. Bump Namd X(um) Y(um) Pad type
361 S<499> 5640 495 B 421 S<439> 4200 495 B
362 S<498> 5616 360 B 422 S<438> 4176 360 B
363 S<497> 5592 495 B 423 S<437> 4152 495 B
364 S<496> 5568 360 B 424 S<436> 4128 360 B
365 S<495> 5544 495 B 425 S<435> 4104 495 B
366 S<494> 5520 360 B 426 S<434> 4080 360 B
367 S<493> 5496 495 B 427 S<433> 4056 495 B
368 S<492> 5472 360 B 428 S<432> 4032 360 B
369 S<491> 5448 495 B 429 S<431> 4008 495 B
370 S<490> 5424 360 B 430 S<430> 3984 360 B
371 S<489> 5400 495 B 431 S<429> 3960 495 B
372 S<488> 5376 360 B 432 S<428> 3936 360 B
373 S<487> 5352 495 B 433 S<427> 3912 495 B
374 S<486> 5328 360 B 434 S<426> 3888 360 B
375 S<485> 5304 495 B 435 S<425> 3864 495 B
376 S<484> 5280 360 B 436 S<424> 3840 360 B
377 S<483> 5256 495 B 437 S<423> 3816 495 B
378 S<482> 5232 360 B 438 S<422> 3792 360 B
379 S<481> 5208 495 B 439 S<421> 3768 495 B
380 S<480> 5184 360 B 440 S<420> 3744 360 B
381 S<479> 5160 495 B 441 S<419> 3720 495 B
382 S<478> 5136 360 B 442 S<418> 3696 360 B
383 S<477> 5112 495 B 443 S<417> 3672 495 B
384 S<476> 5088 360 B 444 S<416> 3648 360 B
385 S<475> 5064 495 B 445 S<415> 3624 495 B
386 S<474> 5040 360 B 446 S<414> 3600 360 B
387 S<473> 5016 495 B 447 S<413> 3576 495 B
388 S<472> 4992 360 B 448 S<412> 3552 360 B
389 S<471> 4968 495 B 449 S<411> 3528 495 B
390 S<470> 4944 360 B 450 S<410> 3504 360 B
391 S<469> 4920 495 B 451 S<409> 3480 495 B
392 S<468> 4896 360 B 452 S<408> 3456 360 B
393 S<467> 4872 495 B 453 S<407> 3432 495 B
394 S<466> 4848 360 B 454 S<406> 3408 360 B
395 S<465> 4824 495 B 455 S<405> 3384 495 B
396 S<464> 4800 360 B 456 S<404> 3360 360 B
397 S<463> 4776 495 B 457 S<403> 3336 495 B
398 S<462> 4752 360 B 458 S<402> 3312 360 B
399 S<461> 4728 495 B 459 S<401> 3288 495 B
400 S<460> 4704 360 B 460 S<400> 3264 360 B
401 S<459> 4680 495 B 461 S<399> 3240 495 B
402 S<458> 4656 360 B 462 S<398> 3216 360 B
403 S<457> 4632 495 B 463 S<397> 3192 495 B
404 S<456> 4608 360 B 464 S<396> 3168 360 B
405 S<455> 4584 495 B 465 S<395> 3144 495 B
406 S<454> 4560 360 B 466 S<394> 3120 360 B
407 S<453> 4536 495 B 467 S<393> 3096 495 B
408 S<452> 4512 360 B 468 S5<392> 3072 360 B
409 S<451> 4488 495 B 469 S<391> 3048 495 B
410 S<450> 4464 360 B 470 S<390> 3024 360 B
411 S<449> 4440 495 B 471 S<389> 3000 495 B
412 S<448> 4416 360 B 472 S<388> 2976 360 B
413 S<447> 4392 495 B 473 S<387> 2952 495 B
414 S<446> 4368 360 B 474 S<386> 2928 360 B
415 S<445> 4344 495 B 475 S<385> 2904 495 B
416 S<444> 4320 360 B 476 S<384> 2880 360 B
417 S<443> 4296 495 B 477 S<383> 2856 495 B
418 S<442> 4272 360 B 478 S5<382> 2832 360 B
419 S<441> 4248 495 B 479 S<381> 2808 495 B
420 S<440> 4224 360 B 480 S<380> 2784 360 B
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MagnaChip®’

MC2TA7402

Bump No. | Bump Name X(um) Y(um) Pad type Bump No. | Bump Name X(um) Y(um) Pad type
481 S<379> 2760 495 B 541 S<319> 1320 495 B
482 S<378> 2736 360 B 542 S<318> 1296 360 B
483 S<377> 2712 495 B 543 S<317> 1272 495 B
484 S<376> 2688 360 B 544 S<316> 1248 360 B
485 S<375> 2664 495 B 545 S<315> 1224 495 B
486 S<374> 2640 360 B 546 S<314> 1200 360 B
487 S<373> 2616 495 B 547 S<313> 1176 495 B
488 S<372> 2592 360 B 548 S<312> 1152 360 B
489 S<371> 2568 495 B 549 S<311> 1128 495 B
490 S<370> 2544 360 B 550 S<310> 1104 360 B
491 S<369> 2520 495 B 551 S<309> 1080 495 B
492 S<368> 249% 360 B 552 S<308> 1056 360 B
493 S<367> 2472 495 B 553 S<307> 1032 495 B
494 S<366> 2448 360 B 554 S<306> 1008 360 B
495 S<365> 2424 495 B 555 S<305> 934 495 B
496 S<364> 2400 360 B 556 S<304> 960 360 B
497 S<363> 2376 495 B 557 S<303> 936 495 B
498 S<362> 2352 360 B 558 S<302> 912 360 B
499 S<361> 2328 495 B 559 S<301> 888 495 B
500 S<360> 2304 360 B 560 S<300> 864 360 B
501 S<359> 2280 495 B 561 S<299> 840 495 B
502 S<358> 2256 360 B 562 S<298> 816 360 B
503 S<357> 2232 495 B 563 S<297> 792 495 B
504 S<356> 2208 360 B 564 S<296> 768 360 B
505 S<355> 2184 495 B 565 S<295> 744 495 B
506 S<354> 2160 360 B 566 S<294> 720 360 B
507 S<353> 2136 495 B 567 S<293> 696 495 B
508 S<352> 2112 360 B 568 S<292> 672 360 B
509 S<351> 2088 495 B 569 S<291> 648 495 B
510 S<350> 2064 360 B 570 S<290> 624 360 B
511 S<349> 2040 495 B 571 S<289> 600 495 B
512 S<348> 2016 360 B 572 S<288> 576 360 B
513 S<347> 1992 495 B 573 S<287> 552 495 B
514 S<346> 1968 360 B 574 S<286> 528 360 B
515 S<345> 1944 495 B 575 S<285> 504 495 B
516 S<344> 1920 360 B 576 S<284> 480 360 B
517 S<343> 1896 495 B 577 S<283> 456 495 B
518 S<342> 1872 360 B 578 S<282> 432 360 B
519 S<341> 1848 495 B 579 S<281> 408 495 B
520 S<340> 1824 360 B 580 S<280> 334 360 B
521 S<339> 1800 495 B 581 S<279> 360 495 B
522 S<338> 1776 360 B 582 S<278> 336 360 B
523 S<337> 1752 495 B 583 S<277> 312 495 B
524 S<336> 1728 360 B 534 S<276> 288 360 B
525 S<335> 1704 495 B 585 S<275> 264 495 B
526 S<334> 1680 360 B 586 S<274> 240 360 B
527 S<333> 1656 495 B 587 S<273> 216 495 B
528 S<332> 1632 360 B 588 S<272> 192 360 B
529 S<331> 1608 495 B 589 S<271> 168 495 B
530 S<330> 1584 360 B 590 S<270> 144 360 B
531 S<329> 1560 495 B 591 S<269> 120 495 B
532 S<328> 1536 360 B 592 S<268> % 360 B
533 S<327> 1512 495 B 593 S<267> 72 495 B
534 S<326> 14838 360 B 54 S<266> 48 360 B
535 S<325> 1464 495 B 595 S<265> 24 495 B
536 S<324> 1440 360 B 596 DUMMY23 0 360 B
537 S<323> 1416 495 B 597 S<264> -24 495 B
538 S<322> 1392 360 B 598 S<263> -48 360 B
539 S<321> 1368 495 B 599 S<262> -72 495 B
540 S<320> 1344 360 B 600 S<261> -96 360 B
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MagnaChip= MC2TA7402

Bump No. Bump Namd  X(um) Y(um) Pad type Bump No. Bump Namd  X(um) Y(um) Pad type
601 S<260> -120 495 B 661 S<200> -1560 495 B
602 S<259> -144 360 B 662 S<199> -1584 360 B
603 S<258> -168 495 B 663 S<198> -1608 495 B
604 S<257> -192 360 B 664 S<197> -1632 360 B
605 S<256> -216 495 B 665 S<196> -1656 495 B
606 S<255> -240 360 B 666 S<195> -1680 360 B
607 S<254> -264 495 B 667 S<194> -1704 495 B
608 S<253> -288 360 B 668 S<193> -1728 360 B
609 S<252> -312 495 B 669 S<192> -1752 495 B
610 S<251> -336 360 B 670 S<191> -1776 360 B
611 S<250> -360 495 B 671 S<190> -1800 495 B
612 S<249> -384 360 B 672 S<189> -1824 360 B
613 S<248> -408 495 B 673 S<188> -1848 495 B
614 S<247> -432 360 B 674 S<187> -1872 360 B
615 S<246> -456 495 B 675 S<186> -1896 495 B
616 S<245> -480 360 B 676 S<185> -1920 360 B
617 S<244> -504 495 B 677 S<184> -1944 495 B
618 S<243> -528 360 B 678 S<183> -1968 360 B
619 S<242> -552 495 B 679 S<182> -1992 495 B
620 S<241> -576 360 B 680 S<181> -2016 360 B
621 S<240> -600 495 B 681 S<180> -2040 495 B
622 S<239> -624 360 B 682 S<179> -2064 360 B
623 S<238> -648 495 B 683 S<178> -2088 495 B
624 S<237> -672 360 B 684 S<177> -2112 360 B
625 S<236> -696 495 B 685 S<176> -2136 495 B
626 S<235> -720 360 B 686 S<175> -2160 360 B
627 S<234> -744 495 B 687 S<174> -2184 495 B
628 S<233> -768 360 B 688 S<173> -2208 360 B
629 S<232> -792 495 B 689 S<172> -2232 495 B
630 S<231> -816 360 B 690 S<171> -2256 360 B
631 S<230> -840 495 B 691 S<170> -2280 495 B
632 S<229> -864 360 B 692 S<169> -2304 360 B
633 S<228> -888 495 B 693 S<168> -2328 495 B
634 S<227> -912 360 B 694 S<167> -2352 360 B
635 S<226> -936 495 B 695 S<166> -2376 495 B
636 S<225> -960 360 B 696 S<165> -2400 360 B
637 S<224> -984 495 B 697 S<164> -2424 495 B
638 S<223> -1008 360 B 698 S<163> -2448 360 B
639 S<222> -1032 495 B 699 S<162> -2472 495 B
640 S<221> -1056 360 B 700 S<161> -2496 360 B
641 S<220> -1080 495 B 701 S<160> -2520 495 B
642 S<219> -1104 360 B 702 S<159> -2544 360 B
643 S<218> -1128 495 B 703 S<158> -2568 495 B
644 S<217> -1152 360 B 704 S<157> -2592 360 B
645 S<216> -1176 495 B 705 S<156> -2616 495 B
646 S<215> -1200 360 B 706 S<155> -2640 360 B
647 S<214> -1224 495 B 707 S<154> -2664 495 B
648 S<213> -1248 360 B 708 S<153> -2688 360 B
649 S<212> -1272 495 B 709 S<152> -2712 495 B
650 S<211> -1296 360 B 710 S<151> -2736 360 B
651 S<210> -1320 495 B 711 S<150> -2760 495 B
652 S<209> -1344 360 B 712 S<149> -2784 360 B
653 S<208> -1368 495 B 713 S<148> -2808 495 B
654 S<207> -1392 360 B 714 S<147> -2832 360 B
655 S<206> -1416 495 B 715 S<146> -2856 495 B
656 S<205> -1440 360 B 716 S<145> -2880 360 B
657 S<204> -1464 495 B 717 S<144> -2904 495 B
658 S<203> -1488 360 B 718 S<143> -2928 360 B
659 S<202> -1512 495 B 719 S<142> -2952 495 B
660 S<201> -1536 360 B 720 S<141> -2976 360 B
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MagnaChip= MC2TA7402

Bump No. Bump Namqd  X(um) Y(um) Pad type Bump No. Bump Namd  X(um) Y(um) Pad type
721 S<140> -3000 495 B 781 S<80> -4440 495 B
722 S<139> -3024 360 B 782 S<79> -4464 360 B
723 S<138> -3048 495 B 783 S<78> -4488 495 B
724 S<137> -3072 360 B 784 S<77> -4512 360 B
725 S<136> -3096 495 B 785 S<76> -4536 495 B
726 S<135> -3120 360 B 786 S<75> -4560 360 B
727 S<134> -3144 495 B 787 S<74> -4584 495 B
728 S<133> -3168 360 B 788 S<73> -4608 360 B
729 S<132> -3192 495 B 789 S<72> -4632 495 B
730 S<131> -3216 360 B 790 S<71> -4656 360 B
731 S<130> -3240 495 B 791 S<70> -4680 495 B
732 S<129> -3264 360 B 792 S<69> -4704 360 B
733 S<128> -3288 495 B 793 S<68> -4728 495 B
734 S<127> -3312 360 B 794 S<67> -4752 360 B
735 S<126> -3336 495 B 795 S<66> -4776 495 B
736 S<125> -3360 360 B 796 S<65> -4800 360 B
737 S<124> -3384 495 B 797 S<64> -4824 495 B
738 S<123> -3408 360 B 798 S<63> -4848 360 B
739 S<122> -3432 495 B 799 S<62> -4872 495 B
740 S<121> -3456 360 B 800 S<61> -4896 360 B
741 S<120> -3480 495 B 801 S<60> -4920 495 B
742 S<119> -3504 360 B 802 S<59> -4944 360 B
743 S<118> -3528 495 B 803 S<58> -4968 495 B
744 S<117> -3552 360 B 804 S<57> -4992 360 B
745 S<116> -3576 495 B 805 S<56> -5016 495 B
746 S<115> -3600 360 B 806 S<55> -5040 360 B
747 S<114> -3624 495 B 807 S<54> -5064 495 B
748 S<113> -3648 360 B 808 S<53> -5088 360 B
749 S<112> -3672 495 B 809 S<52> -5112 495 B
750 S<111> -3696 360 B 810 S<51> -5136 360 B
751 S<110> -3720 495 B 811 S<50> -5160 495 B
752 S<109> -3744 360 B 812 S<49> -5184 360 B
753 S<108> -3768 495 B 813 S<48> -5208 495 B
754 S<107> -3792 360 B 814 S<47> -5232 360 B
755 S<106> -3816 495 B 815 S<46> -5256 495 B
756 S<105> -3840 360 B 816 S<45> -5280 360 B
757 S<104> -3864 495 B 817 S<44> -5304 495 B
758 S<103> -3888 360 B 818 S<43> -5328 360 B
759 S<102> -3912 495 B 819 S<42> -5352 495 B
760 S<101> -3936 360 B 820 S<41> -5376 360 B
761 S<100> -3960 495 B 821 S<40> -5400 495 B
762 S<99> -3984 360 B 822 S<39> -5424 360 B
763 S<98> -4008 495 B 823 S<38> -5448 495 B
764 S<97> -4032 360 B 824 S<37> -5472 360 B
765 S<96> -4056 495 B 825 S<36> -5496 495 B
766 S<95> -4080 360 B 826 S<35> -5520 360 B
767 S<94> -4104 495 B 827 S<34> -5544 495 B
768 S<93> -4128 360 B 828 S<33> -5568 360 B
769 S<92> -4152 495 B 829 S<32> -5592 495 B
770 S<91> -4176 360 B 830 S<31> -5616 360 B
771 S<90> -4200 495 B 831 S<30> -5640 495 B
772 S<89> -4224 360 B 832 S<29> -5664 360 B
773 S<88> -4248 495 B 833 S<28> -5688 495 B
774 S<87> -4272 360 B 834 S<27> -5712 360 B
775 S<86> -4296 495 B 835 S<26> -5736 495 B
776 S<85> -4320 360 B 836 S<25> -5760 360 B
777 S<84> -4344 495 B 837 S<24> -5784 495 B
778 S<83> -4368 360 B 838 S<23> -5808 360 B
779 S<82> -4392 495 B 839 S<22> -5832 495 B
780 S<81> -4416 360 B 840 S<21> -5856 360 B
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Bump No. Bump Namd  X(um) Y(um) Pad type Bump No. Bump Namd  X(um) Y(um) Pad type
841 S<20> -5880 495 B 901 G<151> -7320 495 B
842 S<19> -5904 360 B 902 G<149> -7344 360 B
843 S<18> -5928 495 B 903 G<147> -7368 495 B
844 S<17> -5952 360 B 904 G<145> -7392 360 B
845 S<16> -5976 495 B 905 G<143> -7416 495 B
846 S<15> -6000 360 B 906 G<141> -7440 360 B
847 S<14> -6024 495 B 907 G<139> -7464 495 B
848 S<13> -6048 360 B 908 G<137> -7488 360 B
849 S<12> -6072 495 B 909 G<135> -7512 495 B
850 S<11> -6096 360 B 910 G<133> -7536 360 B
851 S<10> -6120 495 B 911 G<131> -7560 495 B
852 S<9> -6144 360 B 912 G<129> -7584 360 B
853 S<8> -6168 495 B 913 G<127> -7608 495 B
854 S<7> -6192 360 B 914 G<125> -7632 360 B
855 S<6> -6216 495 B 915 G<123> -7656 495 B
856 S<5> -6240 360 B 916 G<121> -7680 360 B
857 S<4> -6264 495 B 917 G<119> -7704 495 B
858 S<3> -6288 360 B 918 G<117> -7728 360 B
859 S<2> -6312 495 B 919 G<115> -7752 495 B
860 S<1> -6336 360 B 920 G<113> -7776 360 B
861 DUMMY24| -6360 495 B 921 G<111> -7800 495 B
862 DUMMY25| -6384 360 B 922 G<109> -7824 360 B
863 VCOM9 -6408 495 B 923 G<107> -7848 495 B
864 VCOM10 -6432 360 B 924 G<105> -7872 360 B
865 DUMMY26| -6456 495 B 925 G<103> -7896 495 B
866 DUMMY27| -6480 360 B 926 G<101> -7920 360 B
867 G<219> -6504 495 B 927 G<99> -7944 495 B
868 G<217> -6528 360 B 928 G<97> -7968 360 B
869 G<215> -6552 495 B 929 G<95> -7992 495 B
870 G<213> -6576 360 B 930 G<93> -8016 360 B
871 G<211> -6600 495 B 931 G<91> -8040 495 B
872 G<209> -6624 360 B 932 G<89> -8064 360 B
873 G<207> -6648 495 B 933 G<87> -8088 495 B
874 G<205> -6672 360 B 934 G<85> -8112 360 B
875 G<203> -6696 495 B 935 G<83> -8136 495 B
876 G<201> -6720 360 B 936 G<81> -8160 360 B
877 G<199> -6744 495 B 937 G<79> -8184 495 B
878 G<197> -6768 360 B 938 G<77> -8208 360 B
879 G<195> -6792 495 B 939 G<75> -8232 495 B
880 G<193> -6816 360 B 940 G<73> -8256 360 B
881 G<191> -6840 495 B 941 G<71> -8280 495 B
882 G<189> -6864 360 B 942 G<69> -8304 360 B
883 G<187> -6888 495 B 943 G<67> -8328 495 B
884 G<185> -6912 360 B 944 G<65> -8352 360 B
885 G<183> -6936 495 B 945 G<63> -8376 495 B
886 G<181> -6960 360 B 946 G<61> -8400 360 B
887 G<179> -6984 495 B 947 G<59> -8424 495 B
888 G<177> -7008 360 B 948 G<57> -8448 360 B
889 G<175> -7032 495 B 949 G<55> -8472 495 B
890 G<173> -7056 360 B 950 G<53> -8496 360 B
891 G<171> -7080 495 B 951 G<51> -8520 495 B
892 G<169> -7104 360 B 952 G<49> -8544 360 B
893 G<167> -7128 495 B 953 G<47> -8568 495 B
894 G<165> -7152 360 B 954 G<45> -8592 360 B
895 G<163> -7176 495 B 955 G<43> -8616 495 B
896 G<161> -7200 360 B 956 G<41> -8640 360 B
897 G<159> -7224 495 B 957 G<39> -8664 495 B
898 G<157> -7248 360 B 958 G<37> -8688 360 B
899 G<155> -7272 495 B 959 G<35> -8712 495 B
900 G<153> -7296 360 B 960 G<33> -8736 360 B
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Bump No. [Bump Namg  X(um) Y(um) Pad type
961 G<31> -8760 495 B
962 G<29> -8784 360 B
963 G<27> -8808 495 B
964 G<25> -8832 360 B
965 G<23> -8856 495 B
966 G<21> -8880 360 B
967 G<19> -8904 495 B
968 G<17> -8928 360 B
969 G<15> -8952 495 B
970 G<13> -8976 360 B
971 G<11> -9000 495 B
972 G<9> -9024 360 B
973 G<7> -9048 495 B
974 G<5> -9072 360 B
975 G<3> -9096 495 B
976 G<1> -9120 360 B
977 GTEST1 -9144 495 B
978 DUMMY 28 -9168 360 B
979 DUMMY29 -9192 495 B
980 DUMMY 30 -9216 360 B
981 DUMMY31 -9240 495 B
982 DUMMY 32 -9264 360 B
983 DUMMY 33 -9288 495 B
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6. Pin Function
6.1. Power supply pins -1

Bump . No. of Connected . )
Signal . 110 Function Unused pins
No. Pins to
Power Power supply for the analog circuit and the VCI1 amplifier.
110-115 VCI 6 | -
supply Connect to an external power supply of 2.5 to 3.3V.
A reference voltage (VCI1/REGP) is generated from the VCILVL (VCI)
P voltage level by stepping up by the rate set with the VC2-0 bits.
ower
116-117 VCILVL 2 | | VCILVL and VCI must be connected to the same power supply on the -
su
PRy FPC. Make sure to separate the wiring of VCILVL from VCI on the
FPC.
Power supply for the interface pins (NRESET, NCS, NWR, NRD, RS,
40,44 Power
IovCe 4 - D17-0, VSYNC, HSYNC, DOTCLK, ENABLE). In case of COG, -
108-109 supply ) .
connect to VCI on the FPC if IOVCC=VCI, to prevent noise.
36,42,73 Power .
VSS 11 Power supply GND level for logic and the DDRAM. VSS=0V. -
118-125 supply
Power Power supply GND level for the analog circuit. AGND=0V.
126-133 AGND 8 - ) -
supply In case of COG, connect to VSS on the FPC to prevent noise.

6.2. Power supply pins - 2

Bump . No. of Connected . .
Signal ) 110 Function Unused pins
No. Pins to
154, A reference voltage input to the step-up circuit 1.
155 VeIl 4 o Stabilizing | The VCI1 output level is set with the VC2-0 bits.
156, capacitor Set so that the VGH, VGL and VCL levels will not exceed the limits set
157 in the MC2TA7402 specifications.
A step-up voltage by the step-up circuit 1 generated from VCI1.
158-165 Stabilizing p-up ge by p-up g
DDVDH 8 110 ) DDVDH=4.5to 5.5V. -
capacitor ) .
A power supply to the source driver and for VCOM drive.
Stabilizi A supply voltage to a gate driver incorporated in a TFT LCD panel.
abilizin,
8-9 VGH 2 o " 9 This voltage is generated from VCI1 and DDVDH from the step-up -
capacitor
P circuit 2. The step-up rate is set with the BT bits. VGH = max. 16.5V
A supply voltage to a gate driver incorporated in a TFT LCD panel.
32-35 VGL 6 /o Stabilizing | An output voltage generated from VCI1 and DDVDH from the step-up
capacitor circuit 2. The step-up rate is set with the BT bits.
VGL=min. -16.5V
A supply voltage for generating the VCOML level.
28-31 Stabilizing el 9 g 9 o )
VCL 4 110 " Output voltage from the step-up circuit 3, -1 time the VCI1 level. . -
capacitor
P VCL=-0V to -3.3V
Power

Outputs 1.8V.

suppl
140-143 V18 4 o st bplpy VDD and V18 must have the same electrical potential. -
abilizin
] 9 Connect VDD and V18 on the FPC.
capacitor
Power supply for logic and the DDRAM: VDD
Power

134-139 VDD 6 - VDD and V18 must have the same electrical potential. -

supply Connect VDD and V18 on the FPC.
152-153 | VREG1OUT 2 110 Stabilizing | A voltage level generated from the REGP level (a reference voltage Open
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capacitor level generated internally from the VCI1-GND level) by applying a rate
or power set with the GVD5-0 bits.
supply VREG1OUT is used for VREG1OUT is used for a source driver
grayscale reference voltage.
Connect to a stabilizing capacitor.
VREG10UT=3.0 to (DDVDH-0.3) V.
Stabilizing | The high level of VCOM AC voltage. Adjust VCOMH with either
195-198 VCOMH 4 o ) . . ) Open
capacitor internal electric volumes or an external resistor from VCOMR.
Stabilizing | The low level of VCOM AC voltage. Adjust VCOML with the VDV
191-194 VCOML 4 o ] ) Open
capacitor bits. . VCOML = (VCL+0.3) V to 1V.
Variab| VCOMR is used when adjusting the VCOMH level with an external
ariable
189-190 VCOMR 2 | st resistor. Place a variable resistor between VREG1OUT and Open
resistor
VSS(GND level).
VSS(GND
150-151 VGS 2 | level)or A reference level for the grayscale voltage generating circuit. -
resistor
6.3. Logic I/O Pins
Bump ) No. of Connected . .
Signal ) 110 Function Unused pins
No. Pins to
Select an interfacing mode with the MPU.
(Amplitude: IOVCC-VSS(GND level))
IM3 IM2 IM1 IMO Interface Mode data pin Colors
0 0 0 0 68-system D17-10, 65,536
16-bit interface D8-1
0 0 0 1 68-system D17-10 262,144
8bit interface 65,536
0 0 1 0 80-sytem D17-10, 262,144
39 M3 1 16-bit interface D8-1 65.536
0 0 1 1 80-system D17-10 262,144
a M2 1 VSS (GND 8-bit interface 65,536
0 1 0 * Serial Peripheral 262,144
I level )/ Interface (SPI) 65,536 -
43 IM1 1 0 1 1 * Setting disabled
1ovCce
45 IMO 1 1 0 0 0 68-system D17-0 262,144
18-bit interface
1 0 0 1 68-system D17-9 262,144
9-bit interface
1 0 1 0 80-system D17-0 262,144
18-bit interface
1 0 1 1 80-system D17-9 262,144
9-bit interface
1 1 * * Setting disabled
MPU or Areset pin. Initializes the MC2TA7402 when the signal is low.
46-47 NRESET 2 | external Make sure to execute a power-on reset after supplying power. -
RC circuit (Amplitude: IOVCC-VSS(GND level))
Selects the MC2TA7402 (Amplitude: IOVCC-VSS(GND level))
104-105 NCS 2 | MPU Low: the MC2TA7402 is selected and accessible -
High: the MC2TA7402 is not selected and not accessible
A register selecting signal. (Amplitude: IOVCC-VSS(GND level))
) VSS(GND
Low: select the Index or status register
102-103 RS 2 | MPU High: select a control register level)/
[e)Y/el@
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Bump . No. of Connected . .
Signal ) 110 Function Unused pins
No. Pins to
Inputs a write strobe signal in 80-system bus interface mode and enables
) ) . ) VSS(GND
an operation to write data when the signal is low.
96-97 NWR 2 | MPU (Amplitude: IOVCC-VSS(GND level)) level)/
Inputs an ENABLE signal for selecting a data read/write operation in
. [e)Y/el@
68-system interface mode.
Inputs a read strobe signal in 80-system bus interface mode and enables
VSS(GND
an operation to read out data when the signal is low.

100-101 NRD 2 | MPU (Amplitude: I0VCC-VSS(GND level)) level)/
Inputs the ENABLE signal for triggering either a read or write operation in |OVEC
68-system interface mode (Low: write, High: read out).

A data ENABLE signal in RGB interface mode.
Low: select (access enabled) VSS(GND
54-55 ENABLE 2 | MPU High: not selected (access inhibited) level)/
The EPL bit inverts the polarity of the ENABLE signal. lIovCC
(Amplitude: IOVCC-VSS(GND level))
A VSYNC synchronizing signal. VSS(GND
48-49 VSYNC 2 | MPU The VSPL bit inverts the polarity of the VSYNC signal. level)/
(Amplitude: IOVCC-VSS(GND level)) 10VCC
A HSYNC synchronizing signal.
The HSPL bit inverts the polarity of the HSYNC signal. GND level/
50-51 HSYNC 2 | MPU
(Amplitude: IOVCC-GNDlevel) [e)Y/el@
A dot clock signal. Data is input on the rising edge. GND level/
52-53 DOTCLK 2 | MPU )
(Amplitude: IOVCC-GND level) [e)Y/el®
An 18-bit parallel bi-directional data bus for 80-/68-system interfaces
(Amplitude: IOVCC-GND level).
® 8-bit bus: D17-D10
® 9-bit bus: D17-D9
56-71 D17-10 2x8 ® 16-bit bus: D17-D10 and D8-D1 GND level/
72 D9 1 110 MPU ® 18-bit bus: D17-DO
74-91 D8-0 2x9 An 18-bit RGB data bus for RGB interfaces (Amplitude: IOVCC-GND lovee
level)
® 6-bit bus: D17-D12
® 16-bit bus: D17-D13 and D11-D1
® 18-bit bus: D17-DO
A serial data input (SDI) pin. (Amplitude: IOVCC-GND level) GND level/
94-95 SDI 2 | MPU . O )
Data are input on the rising edge of the SCL signal. lIovCC
A serial data output (SDO) pin.
92-93 SDO 2 o MPU ! . Open
Data are output on the falling edge of the SCL signal.
A synchronizing clock signal in SPI mode. GND level/
98-99 SCL 2 | MPU )
(Amplitude: IOVCC-GND level) I10VCC

168-169 0sC1,

110 R External resistor connection pins for CS oscillation. -

170-171 0SC2
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6.4. Step-up Capacitor Pins

Bump . No. of Connected . .
Signal ) 110 Function Unused pins
No. Pins to
180-185 Cl1P 6 Step-up ) ) o
110 . Pins to connect capacitors for the step-up circuit 1. -

174-179 C1iM 6 capacitor

19-22, C12P 4 o Step-up Pins to connect to capacitors for the step-up circuit 3.

23-26 Ci2m 4 capacitor Connect a capacitor as required for the step-up rate in use.

15-16 C21P 2

17-18 C21M 2 o Step-up Pins to connect to capacitors for the step-up circuit 2.

11-12 C22P 2 capacitor Connect a capacitor as required for the step-up rate in use.

13-14 C22M 2

6.5. Driver Output Pins

Bump ) No. of Connected ) )
Signal . /0 Function Unused pins
No. Pins to
332-595 ) )
S528-S1 528 o LCD Pins for source line output. Open
597-860
Pins for gate line output.
215-324 | G2-G220 . .
220 o LCD ® VGH: the level for selecting gate lines Open
867-976 | G219-G1
® VGL: the level for not selecting gate lines
VCOM1
VCOM2
VCOM3 2
5-6 VCOM4 2
TFT LCD A supply voltage to the common electrode of TFT LCD.
201-204 VCOM5 2
o common Outputs AC voltages between VCOMH and VCOML levels. Open
328-329 VCOM6 2 )
electrode The AC voltages are set by registers.
863-864 VCOM7 2
VCOM8
VCOM9
VCOM10
Output a frame head pulse signal. (Amplitude: IOVCC-GND level).
106-107 FLM 2 o MPU The FLM signal is used when writing DDRAM data in synchronization Open
with a frame.
o ) VSS(GND
199-200 M 2 o (VCOM) This pin can be set the alternating cycle. level)
eve
187-188 VREF 2 Open pins. Open
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6.6. Test Pins and Others

Bump . No. of Connected . .
Signal ) /0 Function Unused pins
No. Pins to
146-149 TEST1, 2 VSS(GND . VSS(GND
| Test pins.
TEST2 2 level) level)
Open (TFT ) )
977 GTEST1 1 LcD Dummy output pins.  Either connect them to panel's dummy gate or o
- en
325 GTEST2 1 leave them open. P
panel)
147 DUMMYR1 1 Dummy pads. Use them to measure the COG contact resistance. o
- - en
148 DUMMYR2 1 DUMMYR1 and DUMMYR2 are short-circuited within the chip. P
205 DUMMYR3 1
206 DUMMYR4 1 VSS(GND
- Each pad must be connected to GND level. -
213 DUMMYR5 1 level)
214 DUMMYR6 1
187-188 PSSP 2
1-4 DUMMY1-4 1
7,10,27 DUMMY5-7 1
166-167 DUMMY8-9 1
172-173 | DUMMY10-11 1
186 DUMMY12 1 . .
Dummy pads. Leave these pins open. These pins have no ESD
207-212 | DUMMY13-18 1 - Open ) o Open
protection circuits.
326-327 | DUMMY19-20 1
330-331 | DUMMY21-22 1
596 DUMMY23 1
861-862 | DUMMY24-25 1
865-866 | DUMMY26-27 1
978-983 | DUMMY28-33 1
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7. Block Function

7.1. System Interface

The MC2TA7402 supports nine high-speed system interfaces.

® 80-system high-speed interfaces with 8-, 9-, 16-, 18-bit parallel ports

® 68-system high-speed interfaces with 8-, 9-, 16-, 18-bit parallel ports

® Serial Peripheral Interface (SPI)

Table 7-1: Interface Selection by IM3-0 pins

The interface mode is selected by setting the IM3-0 pins.

IM3 IM2 IM1 IMO Interface Mode data pin Color s
0 0 0 0 68-system 16-bit interface D17-10, D8-1 65,536
0 0 0 1 68-system 8hit interface D17-10 262,144 |/ 65,536
0 0 1 0 80-sytem 16-bit interface D17-10, D8-1 262,144 / 65,536
0 0 1 1 80-system 8-bit interface D17-10 262,144 |/ 65,536
0 1 0 * Serial Peripheral Interface (SPI) - 262,144 / 65,536
0 1 1 * Setting disabled - -
1 0 0 0 68-system 18-bit interface D17-0 262,144
1 0 0 1 68-system 9-bit interface D17-9 262,144
1 0 1 0 80-system 18-bit interface D17-0 262,144
1 0 1 1 80-system 9-bit interface D17-9 262,144
1 1 * * Setting disabled - -

The MC2TA7402 has a 16-bit index register (IR); an 18-bit write-data register (WDR); and an 18-bit read-data register
(RDR). The IR is a register to store index information from control registers and the internal DDRAM. The WDR is a

register to temporarily store data to be written to control registers and the internal DDRAM. The RDR is a register to

temporarily store data read from the DDRAM. Data from the MPU to be written to the internal DDRAM are first written to
Data are read through the RDR
from the internal DDRAM. Therefore, invalid data are read out to the data bus when the MC2TA7402 reads the first data

the WDR and then automatically written to the internal DDRAM in internal operation.

Instructions can be written consecutively because the execution time of an instruction other than starting the oscillator is a

0-clock cycle.

Table 7-2: Register Selection (8/9/16/18-bit Parallel Interface)

80-system

NWR NRD RS Operation
1 0 0 Read an internal status
1 0 1 Read from the DDRAM through RDR.
0 1 0 Write an index to IR.
0 1 1 Write to control registers or the DDRAM through WDR.
1 1 - Write/read operation is not performed.

68-system

NWR NRD RS Operation
1 1 0 Read an internal status
1 1 1 Read from the DDRAM through RDR.
0 1 0 Write an index to IR.
0 1 1 Write to control registers or the DDRAM through WDR.
0 - - Write/read operation is not performed.
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Table 7-3: NCS truth value table

NCS Function
0 Data is written to/read from the DDRAM/registers. DDRAM address is updated.
1 Inhibit data write/read operation to the DDRAM/registers. DDRAM address is NOT updated.

Table 7-4: Register Selection (Serial Peripheral Interface)

Start bytes .
Function
R/W RS
0 0 Write an index to IR
1 0 Read an internal status
0 1 Write to control registers and the DDRAM through WDR
1 1 Read from the DDRAM through RDR

7.2. RGB/VSYNC Interface

- The MC2TA7402 supports the RGB interface and the VSYNC interface for displaying a moving picture. When the
RGB interface is selected, display operations are synchronized with externally supplied signals, VSYNC, HSYNC, and
DOTCLK. In RGB interface mode, display data (D17-0) are written in synchronization with these signals according to

the polarity of the enable signal (ENABLE) to prevent flicker on display while updating display data.

- In VSYNC interface mode, display operations are synchronized with the internal clock except executing frame
synchronization, which is synchronized with the VSYNC signal. Display data are written to the internal DDRAM
through the system interface.

- Inthis case, there are constraints in the speed and the method of writing data to the internal DDRAM. For details, see
the "15. VSYNC Interface" and "16. RGB Interface" sections.

- The MC2TA7402 allows for switching between the RGB/VSYNC interface and the system interface by instruction so
that the optimum interface is selected for the kind of picture to be displayed on the screen (still and/or moving
picture(s)). All display data written through the RGB interface are written to the internal DDRAM to limit data transfers
only to the occasions of updating data in order to reduce the power consumption required for moving picture display.

7.3. Address Counter (AC)

The address counter (AC) gives an address to the internal DDRAM. When the index of the register to set a DDRAM
address in the AC is written to the IR, the address information is sent from the IR to the AC. As writing data to the internal
DDRAM, the value in the AC is automatically updated plus or minus 1. The window address function enables writing
data only in the rectangular area arbitrarily set on the DDRAM.

7.4. Display Data RAM (DDRAM)

The DDRAM is graphics RAM that stores bit-pattern data of 87,120 bytes, using 18 bits per dot.
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7.5. Grayscale Power Supply Voltage Generating Circuit

The grayscale voltage generating circuit generates a liquid crystal drive voltage according to the grayscale data set in
the gamma-correction register to make 262,144 colors simultaneously available for the display. For details, see the "18.

Gamma-Correction Function" section.

7.6. Timing Generator

The timing generator generates a timing signal for the operation of internal circuits such as the internal DDRAM. The
timing for the display operation (DDRAM read operation, etc.) and the timing for the internal operation (access from the

MPU, etc.) is generated in a way not to interfere each other.

7.7. OSCILLATION CIRCUIT (OSC)

The MC2TA7402 can provide RC oscillation simply through the addition of an external oscillation-resistor between the
OSC1 and OSC2 pin. The appropriate oscillation frequency for operating voltage, display size, and frame frequency can
be obtained by adjusting the external-resistor value. Clock pulse can also be supplied externally. During standby mode,
RC oscillation is halted to reduce power consumption. For details, see the"27. Oscillation Circuit" section.

1) External Clock Mode 2) Internal Oscillation with External Resister Mode
Clock 1.8+0.1
250(kHz) —’\N&osm osc1

Damping Rf é

resistance|osc2 0sc2

(2k Ohm)

TRy 1.8+0.1V Note: The resister must be located close to
the OSC1/0SC2 pins as much as possible.
%Y

L1
| OSCA

Al

0oscCea
il |

Note:Do not allow other signals to intercept
the circuit as shown below.

7.8. LCD Driver Circuit

The LCD driver circuit is consisted of a source driver of S1 to S528 and a gate driver of G1 to G220.

Display pattern data are latched when data is input. The latched data control the source driver and generate a drive
waveform. The gate driver for scanning gate lines outputs either a VGH or VGL level. The shift direction of source
outputs from the source driver is set with the SS bit and the shift direction of gate outputs from the gate driver is set with
the GS bit. The scan mode by the gate driver is set with the SM bit. These bits allow setting an appropriate scan
method for the LCD module.
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7.9. LCD Drive Power Supply Circuit

The LCD drive power supply circuit generates the voltage levels VGH, VGL, VCOMH/L and VREG1OUT for driving a LCD

panel.
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8. DDRAM Access
8.1. Write data to DDRAM

8.1.1. System Interface

The following figures show relation between input pins and DDRAM write for system interface.

80-/68-System 18-bit Interface (262,144 colors )

Input Pins | D17|D16| D15| D14|D13| D12 D11|(D10| D9 | D8 | D7 | D6 | D5| D4 | D3 | D2 | D1 | DO

v vV vV Y l l v Vv v Vv l l v l v vV Vv l

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17 | 16| 15| 14| 13| 12|11 | 10| 9 8 7 6 5 4 3 2 1 0

80-/68-System 16-bit Interface ( 65,536 colors) (R03h;TRI="0", DFM1-0 =don't care)

Input Pins | D17| D16| D15| D14| D13| D12| D11| D10 D8 | D7 | D6 | D5| D4 | D3| D2 | D1

* A\ 4 A 4 A\ 4 A 4 *\\\ \ 4 \ 4 A * \ 4 A\ 4 \ 4 +

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17116 | 15] 141 13]12]11]110] 9 8 7 6 5 4 3 2 1 0

80-/68-System 9-bit Interface ( 2 transfers/pixel, 262,144 colors)

1st Transfer 2nd Transfer

Input Pins | D17|D16| D15| D14| D13| D12| D11| D10| D9 | D17|D16|D15| D14| D13| D12| D11| D10| D9

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17 116|115 141 13]12]11})110] 9 8 7 6 5 4 3 2 1 0

80-/68-System 8-bit Interface ( 2 transfers/pixel, 65,536 colors ) (R03h;TRI="0", DFM1-O=don't

1st Transfer 2nd Transfer

Input Pins | D17| D16| D15)| D14| D13| D12| D11| D10 D17|D16|D15| D14| D13| D12| D11| D10

* V. V. VY ‘\\\ V_ V X t A V..V Y *

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

Figure 8-1: Input pins and DDRAM write (System Interface) -1

MagnaChip CONFIDENTIAL

31/156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

80-System 16-bit Interface (2 transfers/pixel, 262,144 colors ) (R03h;TRI="1", DFM1-0="10")

2nd
1st transfer tranfer

Input Pins | D17| D16| D15| D14| D13| D12| D11|D10| D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | D17| D16

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17| 16| 15) 14| 13] 12| 111 10] 9 8 7 6 5 4 3 2 1 0

80-System 16-bit Interface (2 transfers/pixel, 262,144 colors) (R03h;TRI="1", DFM1-0="11")

_ 1st
tranfer

Input Pins D2 | D1 |D17|D16|D15|D14|D13|D12|D11|D10| D8 | D7 | D6 | DS | D4 | D3| D2 | D1

2nd transfer

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17| 16| 15] 14| 13| 12| 11 10| 9 8 7 6 5 4 3 2 1 0

80-System 8-bit Interface ( 3 transfers/pixel, 262,144 colors ) (R03h;TRI="1", DFM1-0="10" )

— 1st Transfer — 2nd Transfer — 3rd Transfer —

Input Pins | D17| D16| D15| D14| D13| D12| D17| D16| D15| D14| D13| D12| D17| D16| D15| D14 | D13| D12

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

80-System 8-bit Interface ( 3 transfers/pixel, 65,536 colors ) (R03h;TRI="1", DFM1-0="11")

— 1st Transfer — 2nd Transfer — 3rd Transfer —

Input Pins | D17| D16| D15| D14| D13| D12| D17| D16| D15| D14| D13| D12| D17| D16| D15| D14 | D13| D12

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17| 16| 15| 14| 13| 12|11} 10| 9 8 7 6 5 4 3 2 1 0

Figure 8-2: Input pins and DDRAM write (System Interface) -2
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8.1.2. Serial Peripheral Interface (SPI)

The following figures show relation between input pins and DDRAM write for serial peripheral interface (SPI).

SPI ( 2 transfers/pixel, 65,536 colors ) (R03h;TRI="0", DFM1-0 = don't care)

1st Transfer 2nd Transfer
Data Bus DB|DB|DB|DB|DB|DB|DB|DB DB|DB|DB|DB|DB|DB|DB|DB
15|14 13|12|11]10] 9] 8 7165|413 ]2]1]0

*VVVVVV¢>VD\VV i VVV‘

Write data |WD|WD|WD|WD|WD WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM [17]16|15|14|13|J12|11|10] 9| 8| 7| 6| 5]4|3|]2]|]1]0

Figure 8-3: Input pins and DDRAM write (Serial Peripheral Interface (SPI))

8.1.3. RGB Interface

The following figures show relation between input pins and DDRAM write for RGB interface.

18-bit RGB Interface (262,144 colors )

Input Pins | D17| D16| D15| D14| D13 D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17 ] 16] 1511411311211 f10] 9 8 7 6 5 4 3 2 1 0

16-bit RGB Interface (65,536 colors )

Input Pins | D17| D16| D15| D14| D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

vV V A 4 A 4 A 4 + A 4 A 4 A 4 A 4 A 4 A\ 4 A A A 4 A\ 4 A 4 ‘
Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17 ] 16 15114113112 11f10] 9 8 7 6 5 4 3 2 1 0

6-bit RGB Interface ( 3 transfers/pixel, 262,144 colors )

1st transfer 2nd transfer 3rd transfer

Input Pins | D17| D16| D15| D14| D13| D12| D17| D16| D15| D14| D13| D12| D17| D16| D15| D14| D13| D12

Write Data | WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
toDDRAM | 17 ] 16 15114113112 11f10] 9 8 7 6 5 4 3 2 1 0

Figure 8-4: Input pins and DDRAM write (RGB Interface)
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8.2. Read data from DDRAM

18-bit System Interface

DDRAMdata| R5 | R4 | R3[| R2| R1| RoO| G5| G4 | G3| G2| Gi1|Go| B5| B4| B3| B2| B1| BO
vV V V VvV .V VY A vy V VY Y vV V VvV VY
Read Data | R2|RP[RO|RO[RDJRD[RDIRD[RD|RD|RD|[RD[RD[RD[RD[RD|[RD[RD
17|16 15[ 14|13 12f11]10| 9]l 8] 7[6]5]4a]3]l2]1]0
A A A A4 A4 A A \ 4 y A4 A A A 4
Output Data | D17| D16| D15| D14| D13| D12| D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO
16-bit System Interface
DDRAMdata| R5 | R4 | R3 G2|G1|Go|B5| B4| B3| B2
A A A A \4 y y A 4 A A
RD [ RD | RD RD|RD|RD|RD|RD|RD| RD
ReadData | 17| 15| 45 gl 7lels]als]>
A A A A A\ 4 A\ 4 A\ 4 A A A
Output Data | D17| D16| D15 D8| D7 | D6| D5| D4a| D3| D2 | D1
9-bit System Interface
DDRAMdata| R5 | R4 | R3[| R2| R1| RoO| G5| G4 | G3| G2| Gi1|Go| B5| B4| B3| B2| B1| BO
A A A A \ 4 A 4 Y A 4 y A \4 y A 4 A 4 A A A A 4
Read Data | R° | RP| RO [RDO[RDJRD[RD[RD[RD[RD[RD[RD[RD|RDRD[RD|RD[RD
1716|1514 13 12f11]10fl 9]l 8] 7[e6]5]4a]3]2]1]o0
vV V V VvV .V VY A vy V VY Y vV V VvV VY
Output Data | D17| D16| D15| D14| D13| D12| D11| D10| D9 | D17| D16| D15| D14| D13]| D12| D11| D10| D9
1st transfer 2nd transfer
8-bit System Interface / Serial Peripheral Interface (SPI)
DDRAMdata| R5 | R4 | R3[| R2| R1| RO| G5| G4 | G3| G2| Gi1|Go| B5| B4 | B3| B2
A A A4 A 4 A4
RD | RD|RD| RD RD|RD|RD|RD|RD|RD| RD
ReadData | 17| 15| 15| 14 gl 7lels]als]o
A y A A A A 4 A 4 A 4 A 4 A A A
Output Data | D17| D16| D15| D14 D17| D16|D15| D14| D13| D12| D11]| D10

1st transfer

2nd transfer

Figure 8-5: DDRAM data read (System Interface)

Note) Read data from DDRAM is not available in RGB interface mode.
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9. DDRAM Address Map
9.1. DDRAM Address Map (SS="0")

Table 9-1: DDRAM address and display panel position (RO1h;SS="0", RO3h;BGR="0")

S/G pin S1 S2 S3 S4 S5 S6 | e S523 S524 | S525 S526 S527 | S528
DB DB DB DB DB DB DB DB DB DB DB DB
GS=0 | GS=1 | [17:12] | [11:6] [5:0] | [17:12] | [11:6] [5:0] | T [17:12] | [11:6] [5:0] | [17:12] | [11:6] | [5:0]
G1 G220 "0000"h "0001"h | ..l "00AE"h "00AF"h
G2 G219 "0100"h "0101"h | ...l "01AE"h "01AF"h
G3 G218 "0200"h "0201"h | ...l "02AE"h "02AF"h
G4 G217 "0300"h "0301"h | ...l "03AE"h "03AF"h
G218 G3 "D900"h "D901"h | ... "D9AE"h "D9AF"h
G219 G2 "DA00"h "DAO1"h | ... "DAAE"h "DAAF"h
G220 G1 "DB00"h "DBO1*h | ... "DBAE"h "DBAF"h
The upper 8 bits are for Y address and the lower 8 bits are for X address.
DDRAM data WD|WD|WD|WD|WD|WD|WD|WD|{WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
7] 16| 15] 141312 11| 10] 9 8 7 6 5 4 3 2 1 0
RGB
. R5| R4 R3|R2| R1I| RO| G5| G4| G3|G2|G1| GO| B5|B4|B3]|B2|B1| BO
Assignment
Output pins S(3n+1) S(Bn+2) S(3n+3)

Note: n=0to 175

Figure 9-1: DDRAM address and display panel position (R01h;SS="0", R0O3h;BGR="0")
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9.2. DDRAM Address Map (SS="1")

Table 9-2: DDRAM address and display panel position (R0O1h;SS="1", R0O3h;BGR="1")

S/G pin S1 S2 S3 S4 S5 S6 | S523 S524 S525 S526 S527 S528
DB DB DB DB DB DB DB DB DB DB DB DB
GS=0 | GS=1 | [5:0] [11:6] | [17:12] [5:0] [11:6] | [17:22) | " [5:0] [11:6] | [17:12] [5:0] [11:6] | [17:12]
G1 G220 "00AF"h "00AE"h | ... "0001"h "0000"h
G2 G219 "01AF"h "01AE"h | ... "0101"h "0100"h
G3 G218 "02AF"h "02AE"h | ... "0201"h "0200"h
G4 G217 "03AF"h "03AE"h | ... "0301"h "0300"h
G218 G3 "D9AF"h "D9AE"h | ... "D901"h "D900"h
G219 G2 "DAAF"h "DAAE"h | ... "DA01"h "DA00"h
G220 G1 "DBAF"h "DBAE"h | ... "DB01"h "DB00"h
The upper 8 bits are for Y address and the lower 8 bits are for X address.
DDRAM data WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
171 16| 15 14| 13 12|11 ) 10| 9 8 7 6 5] 4 3 2 1 0
RGB
. R5|RA|R3|R2| RI|RO|G5| G4| G3|G2|G1l|Go|B5|B4| B3| B2|B1| BO
Assignment
Output pins S(528-3n) S (527-3n) S(526-3n)

Note: n=0to 175

Figure 9-2: DDRAM address and display panel position (R01h;SS="1", RO3h;BGR="1")
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10. Instructions
10.1. Outline

The MC2TA7402 adopts the 18-bit bus architecture to interface with a high-performance MPU. The MC2TA7402 starts
internal processing after storing control information of externally sent 18-, 16-, 9-, 8-bit data in the index register (IR) and
the data register (DR). Since internal operation of the MC2TA7402 is controlled by the signals sent from the MPU, the
register selection signal (RS), the read/write signal (R/W), and the internal 16-bit data bus signals (IB15 to IBO) are called
instructions. The MC2TA7402 access the internal DDRAM in units of 18 bits. The instructions of the MC2TA7402 are
categorized into the following groups.

Specify the index of register

Read a status

Display control

Power management control

Graphics data processing

Set internal DDRAM address

Transfer data to and from the internal DDRAM

Internal grayscale gamma-correction

Normally, the instruction for writing data to the internal DDRAM is used most frequently. The DDRAM address in the
address counter is updated automatically as data are written to the internal DDRAM, which, in combination with the
window address function, contributes to minimizing data transfers., and thereby the load on the program run by the MPU.

Since instructions are executed in a 0-cycle, it is possible to write instructions consecutively.

As the following figure shows, the way of assigning data to the 16 instruction bits (IB15-0) varies according to the interface.
Set instructions in accordance with the following data transfer format.
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80-/68-System 18-bit Interface

Input Pins | D17| D16| D15| D14| D13|D12|D11|{D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

B|B|B|]IB|IB|IB|IB|IB BB IB|IB|IB|IB|IB]IB

Instruction Bits 150141 13 121111 10 9 8 7 6 5 4 3 2 1 0

80-/68-System 16-bit Interface

Input Pins | D17| D16| D15| D14| D13| D12| D11| D10 D8| D7 | D6 | D5| D4| D3| D2 | D1

A 4 A 4 A 4 A 4 A\ 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4

Instruction Bits B|B|B|]IB|IB|IB|]IB|IB BlB]|]IB|IIB|IB|IB|IB]IB
151141311211} 10]| 9 8 7 6 5 4 3 2 1 0

80-/68-System 9-bit Interface

1st Transfer 2nd Transfer

Input Pins | D17| D16| D15| D14| D13| D12| D11|{ D10| D9 | D17|| D16| D15| D14| D13| D12 D11| D10| D9

Instruction Bits

151141311211 10| 9 8 7 6 5 4 3 2 1 0

80-/68-System 8-bit Interface/SPI (2 transfers)

1st Transfer 2nd Transfer
Input Pins | D17| D16| D15| D14| D13| D12| D11| D10 D17|D16| D15| D14| D13| D12| D11]| D10
¥V V VvV VvV Y VYV VY Y V. V. VvV vV VYV Y VY Vv
Instruction Bits B|B|IB|IB|IB|IB|]IB|IB Bl B|IB|IB|IB|IB|IB]IB
151 14| 13|12 (11| 10| 9 8 7 6 5 4 3 2 1 0

Figure 10-1: Instruction Bits (IB)

MagnaChip CONFIDENTIAL

38/156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

10.2. Explanation of each Instruction

The following are detailed explanations of instructions with illustrations of instruction bits (IB15-0) assigned to each
interface.

10.2.1. Index (IR)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
W 0 * * * * * * * * * ID6 | ID5 ] ID4 | ID3 | ID2 | ID1 | IDO

The index register specifies the index (RO0Oh to R50h) of a control register or DDRAM control to be accessed using binary
numbers "000_0000" to "111_1111". The access to the register as well as instruction bits contained in it is prohibited

unless its index is represented in this register.

10.2.2. Status Read (SR)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

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

The SR bits represent an internal status of the MC2TA7402.

L7-0: Indicate the position of the line that is currently driving liquid crystal.

10.2.3. Start Oscillation (ROOh)

R/W RS IB15 IB14 IB13IB12 IB111B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
wl sl *T x| *x]x]*[*x[*|[*][*]|*x]|*x]|*x]|*]|*]|*].

R/W RS IB15 1B14 1B13 1IB12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 [IB1 IBO

R 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 1 0

By setting IBO="1", the start oscillation instruction restarts the oscillator in a halt state in standby mode. After executing
this instruction, wait at least 10 ms for stabilizing the oscillator before issuing the next instruction. For details, see the
"25.2. Standby Mode" section.

The device code "7402"h is read out when reading out this register forcibly.
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10.2.4. Driver Output Control (RO1h)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

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

VSPL: Inverts the polarity of signals from the VSYNC pin.
VSPL ="0": Low active.
VSPL ="1": High active.

HSPL: Inverts the polarity of signals from the HSYNC pin.
HSPL ="0": Low active.
HSPL ="1": High active.

DPL: Inverts the polarity of signals from the DOTCLK pin.
DPL ="0" : Data are read on the rising edge of the DOTCLK.
DPL ="1": Data are read on the falling edge of the DOTCLK.

EPL: Sets the polarity of the signal from the ENABLE pin in RGB interface mode.
EPL="0" :ENABLE ="Low"/Write data to D17-0
: ENABLE = "High" / Inhibit data write operation
EPL ="1" :ENABLE ="Low"/ Inhibit data write operation
: ENABLE = "High" / Write data to D17-0

Table 10-1:
EPL ENABLE DDRAM write DDRAM address
0 L Enabled Updated
0 H Inhibited Retained
1 L Inhibited Retained
1 H Enabled Updated

SS: Selects the shift direction of the writing to DDRAM.
When SS="0", the writing direction to DDRAM is from "0000"h to "00AF"h.
When SS="1", the writing direction to DDRAM is from "00AF"h to "0000"h.

The combination of SS and R03h;BGR bits controls the order of assigning the RGB pixels .
When changing the SS or BGR (R03h) bit, DDRAM data must be rewritten.

Please refer to "9. DDRAM Address Map" section for more details.
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SM: Sets the scan order by the gate driver.
Enables setting the scan order in accordance to the scan mode adopted in the module.
GS: Sets the shift direction of outputs from the gate driver.
Enables setting the scan order in accordance to the scan mode adopted in the module.
SM]GS Scanning Direction
Even-numbered lines Odd-numbered lines
G2 G1
TFT panel
010 G1,G2, G3, G4, ...
..., G218, G219, G220
G220 G219
—_— —
G2 G220 MC2TA7402 G219 G1
Even-numbered lines Odd-numbered lines
G2 G1
TFT panel
ol 1 G220, G219, G218, ...
..., G4,G3, G2, G1
G220 G219
— s
G2 G220 MC2TA7402 G219 G1
Odd-numbered lines
1
TFT panel
G219
Even-numbered lines f-——="~-—="~"—""-"~"-"—"--"=—-—=--=-——-----— G1, G3, G5, ...
2 ..., G217, G219
110 G2, G4, G6, ...
..., G218, G220
G220
_— «—
G2 G220 MC2TA7402 G219 G1
Odd-numbered lines
G1
TFT panel
G219
Even-numbered lines === =====-=----------mmc-m-—=-=- G220, G218, G216, ...
111 2 ...,G6, G4, G2
G219, G217, G215, ...
..., G5,G3, G1
G220
S —_—
G2 G220 MC2TA7402 G219 G1

Figure 10-2: Scan direction (SM, GS bit)
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NL4-0:  Sets the number of gate lines for driving liquid crystal at an interval of 8 lines as the following table
shows. The number of gate lines set with the NL4-0 bits does not affect the DDRAM address mapping. Select

the number of gate lines that is equal to or more than that of the panel in use.

Table 10-2: The number of drive gate line setting (NL4-0 bits)

NL4 NL3 NL2 NL1 NLO Display Size Lines | Driven gate lines
0 0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 0 1 528 x 16 16 G1to G16
0 0 0 1 0 528 x 24 24 G1to G24
0 0 0 1 1 528 x 32 32 G1to G32
0 0 1 0 0 528 x 40 40 G1 to G40
0 0 1 0 1 528 x 48 48 G1to G48
0 0 1 1 0 528 x 56 56 G1 to G56
0 0 1 1 1 528 x 64 64 G1to G64
0 1 0 0 0 528 x 72 72 Glto G72
1 1 0 0 0 528 x 200 200 G1 to G200
1 1 0 0 1 528 x 208 208 G1to G208
1 1 0 1 0 528 x 216 216 G1to G216
1 1 0 1 1 528 x 220 220 G1to G220

Note 1) A front porch period (set with the FP bits) and a back porch period (set with the BP hits) are inserted as a blank period

before and after driving all gate lines.
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10.2.5. LCD Driver AC Control (R02h)

R/W RS IB15 1B14 IB131B12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 0 0 0 0 |FLD1|FLDO| B/C |EOR}| O 0 0 0 0 0 0 0

FLD1-0: Set the number of fields for 3-field interlaced scan. See the "21.3. 3-interlaced Scan” section for details.
The FLD bits are disabled in RGB/VSYNC interface mode. When using the RGB/VSYNC interface, set
FLD10="01".

B/C: When the MC2TA7402 is set to generate a field-inversion waveform (B/C = "0"), the polarity is inverted at an
interval of frame. The MC2TA7402 inverts the polarity at an interval of n lines, when a C-pattern waveform
is generated (B/C ="1") according to the NW5-0 and EOR bits. For details, see "21.2. 1 line Reversed AC
Drive Function”.

EOR: When EOR ="1", the polarity is inverted according to the result of the EOR (exclusive OR) operation, which
is performed on a signal for selecting either odd or even frames and a signal for inverting polarity in units of
n lines when the MC2TA7402 is set to generate a C-pattern waveform (B/C = "1"). This instruction is
used when the number of gate lines for driving liquid crystal is at odds with the interval of n lines set for
inverting the polarity. For details, see "21.2. 1 line Reversed AC Drive Function".

Table 10-3:
FLD1-0 B/C EOR NW5-0 Operation
00 X X X Prohibited
0 X 000000 | Frame Reversed AC driving
01 1 0 000000 | Prohibited
1 1 000000 | 1-line Reversed AC driving
10 X X X Prohibited
0 X 000000 | 3-field Interlaced driving
11 1 0 000000 | Prohibited
1 1 000000 | Prohibited

Note) x: set either “0” or “1".
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10.2.6. Entry Mode (R0O3h)

R/W RS IB15 1B14 IB131B12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 TRI |DFMJDFMQ BGR| O 0 0 0 0 0 I/D1] I/DO | AM 0 0 0

TRI: Sets the data transfer mode when transferring data to the internal DDRAM in 16-bit system interface and 8-bit
system interface. When not using these interface modes, make sure to set TRl = "0".

DFM1-0: Sets the data transfer mode when transferring data to the internal DDRAM when TRI = "1".
Please refer to Table 10-4 and "8. DDRAM Access" section for more details.

Table 10-4:
Interface TRI DFM1 DFMO Data Transfer Colors
0 X X 16 bits x 1 time 65,536
16-bit interface 1 1 0 16bfts X2 tfmes (16p|ts + 2b!ts) 262,144
1 1 1 16bits x 2 times (2bits + 16bits) 262,144
1 0 X Prohibited -
0 X X 8 bits x 2 time 65,536
. 1 1 0 8bits x 3 times (6 / 6/ 6 bits) 262,144
8-bit interface - - -
1 1 1 8bits x 3times (5/ 6/ 5 bits) 65,536
1 0 X Prohibited -
other interfaces 1 X X Prohibited -

Note) x: don't care

BGR: Reverses the order of RGB dots to BGR when writing 18-/16-bit pixel data to the internal DDRAM.
The combination of RO1h;SS and RO3h;BGR bits controls the order of assigning the RGB pixels .
When changing the SS or BGR bit, DDRAM data must be rewritten.

e ] 2 3 I 5 S 2 S B ) S D S
Input Pins Dl7‘ D16| D15 D14| D13 DlZ‘ D11| D10 DQ‘ ‘ D5 D4‘ ‘

BGR bit operation

llllllllllllllllllll

DDRAM data WD|| WDJWD| WD WD WD WD WD WD WD WD WD WD WD WD WD WD
17 | 16 | 15 14 12
Output Data | B5 ‘ B4 | B3 | B2 G5| G4 | G3 | G2 | G1 ‘| R5 | R4 ‘| R3 | R2 ‘| R1 ‘| RO
S(Bn+1) S (Bn+2) S (3n +3)

Note: n=0to 175

Figure 10-3: Example of BGR bit function (BGR ="1", SS ="0", 18-bit system interface)
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I/D1-0: The address counter is automatically incremented by 1 as writing data to the internal DDRAM when 1/D1,0 = "1".

The address counter is automatically decremented by 1 as writing data to the internal DDRAM when 1/D1,0 ="0".

The increment/decrement can be set separately to each upper (AD15-8) / lower (AD7-0) byte of address.

The

transition direction of address (vertical/horizontal) when writing data to the internal DDRAM is set with the AM bit.

AM: Sets the direction of automatically updating address for writing data to the internal DDRAM in the address
counter (AC). When AM = "0", the address is updated in the horizontal writing direction. When AM ="1", the
address is updated in the vertical writing direction. When a window address area is set, data are written only to
the DDRAM area specified with the window address in the writing direction set with 1/D1-0 and AM bits.

I/D1-0="00" I/D1-0="01" I/D1-0="10" I/D1-0="11"
Horizontal : decrement]| Horizontal : increment||Horizontal : decrementl| Horizontal : increment
Vertical : decrement || Vertical : decrement || Vertical : increment || Vertical : increment
“0000"h “0000"h "0200"h __ | :0000"h >
nAn — —=p &#’—v %’
AM="0 = Z ¢ — _— )
horizontal :Z ﬁ: = =
4_/ o '” \> \»
"DBAE"H "DBAE" "DBAE" "DBAF"h
"0000"h "0000"h “0000"h “0000"h
- 4 , \
vertical . . - s
V ‘ ’ N
"DBAF"H "DBAF"H "DBAF"h "DBAF"h

Note: By making a window address area on the DDRAM, it is possible to limit the area for writing data.

Figure 10-4: Address transition directions
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10.2.7. Display Control (1) (RO7h)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 0 0 0 PT1] PTO |VLE2|VLE1l] SPT] O 0 0 |GON] CL |REV]| D1 DO

PT1-0: Sets the kind of source output in the non-display area in partial display mode.

For details, see the "20. Partial Display Function" section.

Table 10-5: Source, VCOM and Gate output in Non-display Area and Blank Period

VCOM Output
Source Output
PT1 PTO RO9h; PTG2=0 RO9h; PTG2=1 Gate Output
Positive Negative Positive Negative | Positive | Negative
0 0 VSS(GND VSS(GND | VSS(GND | VSS(GND
level) level) level) level)
V63 ) VCOMH | VCOML Keep ROSh; PTG1-0
the final level settin
0 VO V63 VCOMH VCOML of display area ing
) ) VSS(GND | VSS(GND
1 1 Hi-Z Hi-Z
level) level)

VLE2-1: When VLE1 ="1", the first display is scrolled in the vertical direction. When VLE2 = "1", the second display is

scrolled in the vertical direction. The first and second displays cannot be scrolled simultaneously. This

function is not available with the RGB interface and the VSYNC interface modes. In this case, set VLE2-1 =

"0Q".
Table 10-6:
VLE2 VLE1 Image on 2nd screen Image on 1st screen
0 0 Fixed Fixed
0 1 Fixed Scrolled
1 0 Scrolled Fixed
1 1 Setting disabled Setting disabled

SPT: When SPT="1", the LCD is driven in 2 split screens. For details, see the "20. Partial Display Function" section.
This function is not available with the RGB/VSYNC interface. In this case, set SPT="0".

CL: When CL = "1", the 8-color display mode is selected. For details, see the "19. 8-Color Display Mode" section. The
8-color display mode is not available with the RGB interface and the VSYNC interface modes.

Table 10-7:
CL Colors
0 260K/65K/4K
1 8
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REV: Sets REV="1" for a normally-white panel and REV="0" for a normally-black panel.

By setting REV="1", the grayscale of an image can be inverted.

This means, the REV bit allows both

normally-black and normally-white panels to display an image from the same data. The source output level during

front and back porch periods and a blank period in partial display mode is set with the RO7h;PT1-0 bits.

Note) Normally-white panel: a panel with a white screen when no voltage is applied to the panel.

Normally-black panel: a panel with a black screen when no voltage is applied to the panel.

Table 10-8:
REV DDRAM Source Output in the Display Area
Data Positive Polarity Negative Polarity
18'h00000 V63 VO
0 to to to
18'h3FFFF VO V63
18'h00000 VO V63
1 to to to
18'h3FFFF V63 VO

GON: Sets the output level from gate lines as follows.

Refer to Table 10-9.

When GON = "0", the VCOM level becomes VSS(GND level).

D1-0: A graphics display appears on the screen when D1-0 = "11", and the screen displays a white or black color upon

setting D1-0 = "10". In this case, the graphics display data are retained in the internal DDRAM and the display

appears instantly on the screen upon setting D1 -0 to "11".

VSS(GND level).

When the D1 bit is "0", all source outputs are at the

In combination with the GON bit, the D1-0 bits controls ON/OFF of the graphics display. For details, see the
flowcharts in the "25. Instruction Setting" section.

Table 10-9
GON D1 DO Gate Output Source Output VCOM Output Intirgga(::zglay Status
0 0 0 VGL VSS(GND level) VSS(GND level) halt Display Off
0 1 0 VGH V63 / VO VCOMH / VCOML halt Discharging panel charge
1 1 0 VGH / VGL V63 / VO VCOMH / VCOML operate Non-lit display (Note 2)
1 1 1 VGH / VGL Normal Display VCOMH / VCOML operate Bg'::(/ls images from

Note 1) The data write operation to the DDRAM from the MPU is performed irrespective of the D1-0 bits.

Note 2) White is displayed on a normally-white panel.

Black is displayed on a normally-black panel.
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10.2.8. Display Control (2) (R08h)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 0 0 0 0 FP3 | FP2 | FP1 | FPO 0 0 0 0 BP3| BP2 | BP1 | BPO

FP3-0: Front porch, the blank period made at the beginning of a display.

BP3-0: Back porch, the blank period made at the end of a display.

The FP3-0 and BP3-0 bits specify the number of lines for the front and back porch periods, respectively.
In setting, make sure that the setting value follows the rules on Table 10-10 and 10-11.

Table 10-10:
FP3 FP2 FP1 FPO Number of lines for the Front Porch
BP3 BP2 BP1 BPO Number of lines for the Back Porch
0 0 0 0 Setting disabled
0 0 0 1 Setting disabled
0 0 1 0 2 lines
0 0 1 1 3 lines
0 1 0 0 4 lines
1 1 0 0 12 lines
1 1 0 1 13 lines
1 1 1 0 14 lines
1 1 1 1 Setting disabled
Table 10-11:
System RO2h;FLD1-0="01" | BP > 2 lines FP > 2 lines FP + BP = 16 lines
interface RO2h;FLD1-0 ="11" | BP =3 lines FP =5 lines FP + BP + Blank Period = 16 lines
RGB interface BP > 2 lines FP > 2 lines FP + BP = 16 lines
VSYNC interface BP > 2 lines FP > 2 lines FP + BP=16 lines
In RGB/VSYNC interface mode, a back porch (BP) period starts on
VSYNC . . . .
! the falling edge of the VSYNC signal, followed by a display operation
.__4' Back porch period. After the MC2TA7402 completes driving the number of lines
1
E set with the NL bits, a front porch period starts.  After the front porch
1
: period, a blank period continues until the next input of the VSYNC
1
1
E Display area signal.
i
1
:
! Note) The output timing to the LCD is delayed by a 2-line period from
1
H the input of a synchronizing signal.
! Front porch
Loy
1
=
1

Figure 10-5: Back/Front porch BP3-0, FP3-0 Settings
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10.2.9. Display Control (3) (RO9h)

R/W RS IB15 1B14 1B13 1B12 1B11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 0 0 0 0 0 0 0 0 0 |PTGPTG1|PTGQISC3|ISC2]|ISC1]ISCO

PTG2: Selects the VCOM operation in non-display area.
"0": VCOM operation at non-display area follows PT1-O0.
"1": VCOM operation at non-display area keeps the final level.
Please refer to Figure 10-6.

1)1 Line Reverse

< Display area >le Non-display area »>le Display area > lNon-disglayarea >

PTG2="1"

VCOMI I I I I I I _I I I Keep the final level I I I I I I I I I Keep the final level I I

2) Frame Reverse

PTG2="1"
VCOM I Keep the final level Keep the final level

3) 3-field Interlrace

PTG2="1"  Prohibited at 3-field interlace reverse mode.

Figure 10-6: PTG2 bit operation

PTG1-0: Sets the scan mode by the gate driver in a non-display area.

Table 10-12: Source, VCOM and Gate output in Non-display Area and Blank Period

PTG1 PTGO Gate output Source output | VCOM output
0 0 Normal scan
0 1 VGL (Fixed) RO7h; PT1-0 setting
1 0 Interval scan
1 1 Setting disabled -
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ISC3-0: Sets the scan cycle by the gate driver when the PTG1-0 bits are set to the interval scan mode in a non-display

area. The scan cycle can be set in units of n frames, where n is an odd number from Oto 31. In this case, the

polarity is inverted as gate lines are scanned.

Table 10-13
. Frame Frequency
ISC3 1ISC2 ISC1 ISCO Interval period (in 60H2)

0 0 0 0 0 frame -

0 0 0 1 3 frames 50 ms
0 0 1 0 5 frames 84 ms
0 0 1 1 7 frames 117 ms
0 1 0 0 9 frames 150 ms
0 1 0 1 11 frames 184 ms
0 1 1 0 13 frames 217 ms
0 1 1 1 15 frames 251 ms
1 0 0 0 17 frames 284 ms
1 0 0 1 19 frames 317 ms
1 0 1 0 21 frames 351 ms
1 0 1 1 23 frames 384 ms
1 1 0 0 25 frames 418 ms
1 1 0 1 27 frames 451 ms
1 1 1 0 29 frames 484 ms
1 1 1 1 31 frames 518 ms
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10.2.10. Frame Cycle Adjustment (ROBh)

R/W RS IB15 IB14 IB131B12 IB111B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

w 1 NO1 | NOO|SDTYSDTOJECS2|ECS1{ECSOQ] DIV1]DIVO| O D(E:)F: DCRZDCRIYDCROQRTNYRTNO

NO1-0: Sets non-overlap period for gate output.

Table 10-14:
Non-overlap period
System |/F Operation
NO1 | NOO y peratl RGB I/F Operation
VSYNC I/F Operation
. . (reference clock: DOTCLK)
(Reference clock: internal oscillator)
0 0 2 clocks 16 clocks
0 1 4 clocks 32 clocks
1 0 6 clocks 48 clocks
1 1 8 clocks 64 clocks
Note 1) The non-overlap period is measured from the falling edge of the CL1.

SDT1-0: Sets the delay time of the source output timing from the falling edge of the gate output timing.

Table 10-15:
Source output delay period
System |I/F Operation
SDT1 | SDTO y peratl RGB I/F Operation
VSYNC I/F Operation
. . (reference clock: DOTCLK)
(reference clock: internal oscillator)
0 0 1 clock 8 clocks
0 1 2 clocks 16 clocks
1 0 3 clocks 24 clocks
1 1 4 clocks 32 clocks

ECS2-0: ECS period is sustained for the number of clock cycle which is set on ECS2-0. ECS function can be use
only when VCOML is OV(GND level).

Table 10-16:
Equalizing Period
ecs2 | Ecst | ecso System I/F Operat-ion RGB I/F Operation
VSYNC I/F Operation
(reference clock: internal oscillator) (reference clock: DOTCLK)
0 0 0 No ECS No ECS
0 0 1 2 clocks 8 clocks
0 1 0 4 clocks 16 clocks
0 1 1 6 clocks 24 clocks
1 0 0 8 clocks 32 clocks
1 0 1 10 clocks 40 clocks
1 1 0 12 clocks 48 clocks
1 1 1 14 clocks 56 clocks
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| ¢————— 1H period

A

A\ 4

1H period =P

|

X

|
|
i |<— Non-overlap period

ECS

-

Source output delay period =] .

o
|
|l

R

Equalizing Period

Figure 10-7: Non-overlap period of gate output, source output delay period and equalizing period

DIV1-0: The internal operation is synchronized with the clock divided by the division ratio, which is set with the DIV1-0

bits.

changed, the frame frequency must also be adjusted.

Set the RTN and DIV bits to adjust the frame frequency.

Table 10-17:
DIV1 DIVO | Division Ratio | Internal Operation Clock Frequency
0 0 1 fosc /1
0 1 2 fosc /2
1 0 4 fosc/ 4
1 1 8 fosc /8

Note) fosc =Frequency of RC oscillation

If the number of lines for driving liquid crystal is
In RGB interface mode, the DIV1-0 bits are disabled.

Frame frequency

fosc or DOTCLK

Clock cycles per line x division ratio x (Line+BP+FP)

fosc: RC oscillation frequency ( in the case of System interface or VSYNC interface)
DOTCLK: (in the case of RGB interface)

Clock cycles per line: ROBh;RTN1-0 bits

Division ratio: ROBh;DIV1-0 bits

Line: number of lines for driving liquid crystal (RO1h;NL4-0 bits)
BP: R08h;BP3-0 bits, the number of lines for the back porch period
FP: RO8h;FP3-0 bits, the number of lines for the front porch period

[Hz]

Figure 10-8: Formula for the frame frequency

MagnaChip CONFIDENTIAL

52 /156

MC2TA7402 Ver.1.03



MagnaChip®’

MC2TA7402

DCR_EX: Input signal selection for external interface mode. ("0": internal operation clock, "1";: DOTCLK)
Set DCR_EX bit for DOTCLK to be DCCLK (clock cycle for step-up circuits) source when external interface
mode is in use (ROCh;DM1-0 ="01").

DCR2-0: Set clock cycle for step-up circuits in external interface mode. Please set DCR_EX bit to "1" and DCR1-0

values when external interface is in use.

Table 10-18:

In this case, DOTCLK must be input periodically and continuously.

DCR_EX

DCR2

DCR1 DCRO

Clock cycle for step-up circuits (DCCLK)

in external interface mode

RTN1-0 setting

DOTCLK / 32

DOTCLK/ 64

DOTCLK /128

o|0O|O|O|X

Rk |O[O]|X

DOTCLK / 256

N =]

1

X |k [O|FP|O(X

X

DOTCLK / 512

Note

[y

must be generated internally (DCR_EX ="0")
Note 2) x: don't care

RTN1-0: Setthe 1H (1 line) period.

) If DOTCLK input cycle is variable or discontinuous, clock cycle for step-up circuits

Table 10-19:
RTNL RTNO Horizontal clock frequency Clock frquency for step-up
(CL1) circuits (DCCLK)
0 0 INCLK / 16 fosc / 8
0 1 INCLK / 20 fosc / 10
1 0 INCLK / 24 fosc / 12
1 1 INCLK / 28 fosc / 14
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10.2.11. RGB/VSYNC Interface (ROCh)

R/W RS IB15 IB14 IB13I1B12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO

W 1 0 0 0 0 0 0 0 RM 0 O |DM1)DMOJ O 0 |RIM1}]RIMO

RM: Select the interface to access MC2TA7402's internal DDRAM. The DDRAM access is possible only via the interface
selected with the RM bit. Set RM to "1" when writing display data via the RGB interface. The MC2TA7402 allows for
setting the RM bit not constrained by the mode used for the display operation. This means it is possible to rewrite display
data via the system interface by setting RM ="0" even while display operations are performed via the RGB interface.

Table 10-20: RM bit

RM Interface for DDRAM Access
System interface / VSYNC interface
1 RGB interface

DM1-0: Select the display operation mode. The interface can be set based on the bits of DIM1-0.
This setting enables switching interface between internal operation and the external display interface.
Switching between two external display interface (RGB interface and VSYNC interface) should not be done.

Table 10-21: DM1-0 bits

DM1 DMO Display Operation Mode Clock for Display Operation
0 0 Internal clock operation (fosc) fosc
0 1 RGB interface (DOTCLK) DOTCLK
1 0 VSYNC interface (fosc) fosc
1 1 Setting disabled -

RIM1-0: Select RGB interface modes when the RGB interface mode is selected with the RM and DM1-0 bits.
Make this setting before starting a display operation via the RGB display interface.
Do not make changes to the setting while the display operation is being performed.

Table 10-22: RIM1-0 bits

RIM1 RIMO RGB interface mode
0 0 18-bit RGB interface (1 transfer / dot)
0 1 16-bit RGB interface (1 transfer / dot)
1 0 6-bit RGB interface (3 transfer / dot)
1 1 Setting disabled

Note 1) Instructions are set only through the system interface.
Note 2) Make sure that data transfers and the dot clock input are performed in units of RGB pixels in 6-bit RGB interface mode.
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As the following table shows, the optimum interface for each display state is selected by setting the RGB/VSYNC interface
mode.

Table 10-23: RGB / VSYNC interface mode

' . DDRAM A Display O ti
Display State Operation Mode ceess Isplay Gperation
(RM) Mode (DM1-0)
Still pictures System interface System interface System interface
(RM ="0") (DM1-0 ="00")
Moving pictures RGB interface (1) RGB interface RGB interface
gp (RM ="1") (DM1-0 ="01")
Rewritg still picFure grea while RGB interface (2) System interface RGB interface
displaying moving pictures (RM ="0") (DM1-0 ="01")
Moving pictures VSYNC interface VSYNC interface VSYNC interface
9p (RM =" "0) (DM1-0 = "10")

Note 1
Note 2
Note 3
Note 4

Instructions can only be set through the system interface.

Switching between RGB-I/F and the VSYNC-I/F are prohibited.

RGB-1/F mode (RIM1-0) should not be changed during the RGB I/F is in operation.

See the "15. VSYNC Interface" and "16. RGB Interface" sections for the mode transition flowcharts.

= =

System interface mode

All display operation is controlled by the internal clock signals generated by RC oscillation in this mode.

None of inputs through the RGB/VSYNC interface are valid. The internal DDRAM is accessible only through the system
interface.

RGB interface mode (1)

In RGB interface mode, display operation is controlled by the vertical synchronizing signal (VSYNC), the horizontal
synchronizing signal (HSYNC), and the dot clocks (DOTCLK) in RGB interface mode. These signals must be supplied
through a display period using the RGB interface.

Display data are transferred in units of pixels through the D17-0 pins. All display data are stored in the internal DDRAM.
The window address function enables display of both the motion picture are and the internal DDRAM area simultaneously.
In this method, data is only transferred when the screen is updated, which reduces the amount of data transferred.

The front porch (FP) and back porch (BP) periods, and the display duration period (NL) are automatically calculated in the
MC2TA7402 by counting the number of horizontal synchronizing signal clocks (HSYNC) from the falling edge of the
vertical synchronizing signal (VSYNC). Take this into consideration when transferring RGB data through the D17-0 pins.

RGB interface mode (2)

The MC2TA7402 enables rewriting DDRAM data via the system interface while the RGB interface is selected for display
operation. In this case, make sure to write DDRAM data while display data are not being transferred via the RGB
interface (ENABLE = High). To return to the display data transfer mode via the RGB interface, change the ENABLE first
and then set a new address (R21h;AD15-0) in the address counter and the index register to "22"h.
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VSYNC interface mode

In VSYNC interface mode, internal display operations are synchronized with the vertical synchronizing signal (VSYNC).
In this mode, a moving picture can be displayed via the system interface by writing data to the internal DDRAM at a
constant speed from the falling edge of the vertical synchronizing signal (VSYNC). In this case, there are constraints in
the DDRAM writing speed and method. For details, see "15. VSYNC Interface".

No external signal input except the VSYNC inputs is accepted in VSYNC interface mode.

The timings and durations of the front porch (FP) and back porch (BP) periods and the display duration period (NL) are
automatically calculated from the falling edge of the vertical synchronization signal (VSYNC) according to the instructions

set in the relevant registers.
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10.2.12. Power Control (1) (R10h)
10.2.13. Power Control (2) (R11h)

RW RS B15 B14 B13 B12 1B11 B10 B9 B8 IB7 IB6 IB5 B4 B3 B2 B1 IBO

w 1 0 0 |SAP2|SAP1]SAPO| BT2 | BT1 | BTO | DC2 | DC1 | DCO 0 0 0 SLP | STB

RW RS B15 B14 B13 B12 1B11 B10 B9 B8 IB7 IB6 IB5 B4 B3 B2 B1 IBO
GVD | GVD | GVD | GVD | GVD | GVD

w 1 0 0 5 4 3 2 1 0 0 0 0 0 0 vVC2 | vC1 | vCO

SAP2-0: Adjust the constant current in the operational amplifier circuit for the source driver.
Setting a larger constant current stabilizes the operational amplifier circuit, but the current consumption also
increases. Adjust the constant current taking the trade-off between the display quality and the current
consumption into account. During a period showing no display, set R10h;SAP2-0 = "000" to halt the

operational amplifier circuit for the source driver to reduce the current consumption.

Table 10-24: SAP2-0 bits

Constant current in
operational amplifier
Halt

small

medium low

medium

medium high

large

Setting disabled
Setting disabled

SAP2 SAP1 SAPO

FPIFP|FPFP|O|O|O|OC
PIFP|IO(O|F|Fk|[O]|O
P |O|FR|[O|F|O(F|O

BT3-0: Change the rate applied to the step-up circuits 2. Adjust the step-up rate according to the voltage in use. To
reduce the current consumption, set a smaller step-up rate.

Table 10-25: BT2-0 bits

eT2 | BT1 | BTO Step-up circuit 1 Step-up circuit 2 Step-up circuit 3
(DDVDH) (VGH) (VGL) (VCL)
0 0 0 VCI1 x 2 VCI1 x4 VCI1 x -3 VCl1x-1
0 0 1 VCI1 x 2 VCI1 x4 VCI1 x -4 VCl1x-1
0 1 0 VCI1 x 2 VCI1 x5 VCI1 x -3 VCl1x-1
0 1 1 VCI1 x 2 VCI1 x5 VCI1 x -4 VCl1x-1
1 0 0 VCI1 x 2 VCI1 x5 VCI1 x -5 VCl1x-1
1 0 1 VCI1 x 2 VCI1 x 6 VCI1 x -3 VCl1x-1
1 1 0 VCI1 x 2 VCI1 x 6 VCI1 x -4 VCl1x-1
1 1 1 VCI1 x 2 VCI1 x 6 VCI1 x -5 VCl1x-1

Note 1) When using the DDVDH, VCL, VGH and VGL voltage levels, connect a capacitor to each connection pins.
Note 2) Set the following voltages within the limits:
® DDVDH = max. 5.5V,
VCL = min. =3.3V,
VGH = max. 16.5V,
VGL =min. — 16.5V.
VGH-VGL< \%
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DC2-0: Select the operating frequency of the step-up circuits. A higher step-up operating frequency enhances the
driving capacity of the step-up circuit and the quality of display. Adjust the frequency taking the trade-off

between the display quality and the current consumption into account.

Table 10-26: DC2-0 bits

Step-up circuit 1, 3 Step-up circuit 2

DC2 DC1 DCO step-up frequency step-up frequency
(fDCDC1/3) (fDCDC2)
0 0 0 DCCLK /1 DCCLK /1
0 0 1 DCCLK /1 DCCLK / 2
0 1 0 DCCLK /1 DCCLK / 4
0 1 1 DCCLK /2 DCCLK /2
1 0 0 DCCLK /2 DCCLK / 4
1 0 1 DCCLK /4 DCCLK / 4
1 1 0 DCCLK / 4 DCCLK/ 8
1 1 1 DCCLK /4 DCCLK / 16

Note) DCCLK is clock frequency for step-up circuits.

SLP: When SLP ="1", the MC2TA7402 enters the sleep mode. In sleep mode, display operations are halted except for
RC oscillation, thus reducing current consumption. During the sleep mode, the DDRAM data cannot be updated.
Register set-up is maintained.

STB: When STB ="1", the MC2TA7402 enters the standby mode. In standby mode, display operations are completely
halted, and all internal operations including internal RC oscillation are also halted. During standby mode, only the
following instructions are accepted.

® to exit standby mode (R10h;STB="0")

@ to start the oscillator (ROOh)
The DDRAM data and instruction sets are susceptible to destruction and must be set again after exiting from the
standby mode.

Table 10-27: Standby Mode

Level Condition
VCOM VSS(GND level)
Gate output VGL
Source output VSS(GND level)

VC2-0: Set the rate applied to VCILVL to generate a reference voltage for the VCI1 level.

Table 10-28: VC2-0 bits

VC2 VC1 VCO VCI1 output voltage
0 0 0 0.68 x VCILVL
0 0 1 0.73 x VCILVL
0 1 0 0.83 x VCILVL
0 1 1 0.92 x VCILVL
1 0 0 1.00 x VCILVL
1 0 1 Setting disabled
1 1 0 Setting disabled
1 1 1 Setting disabled

Note: VCILVL = VCI. Don't set any higher VCI1 level than 2.75V.
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GVD5-0: Select the VREG10UT used for source of a gamma circuit. It allows to be amplified from 3.0V to 5.5V.
Formula: (2.0/ 63 x [GVD5-0] + 3) x VCILVL /2.8

Table 10-29: VREG1OUT voltage (VCI=VCILVL=2.8V)

GVD5 | GvD4 | GVD3 | GVvD2 | GVD1 | GVDO VREGLOUT GVD5 | GVD4 | GVD3 | GvD2 | GVD1 | GVDO VREGLOUT

voltage voltage
0 0 0 0 0 0 3.00V 1 0 0 0 0 0 4.01V
0 0 0 0 0 1 3.03V 1 0 0 0 0 1 4.05V
0 0 0 0 1 0 3.06 V 1 0 0 0 1 0 4.08 V
0 0 0 0 1 1 3.09V 1 0 0 0 1 1 411V
0 0 0 1 0 0 3.12V 1 0 0 1 0 0 4.14V
0 0 0 1 0 1 3.16V 1 0 0 1 0 1 417V
0 0 0 1 1 0 3.19V 1 0 0 1 1 0 421V
0 0 0 1 1 1 3.22V 1 0 0 1 1 1 424V
0 0 1 0 0 0 3.25V 1 0 1 0 0 0 4.27V
0 0 1 0 0 1 3.28V 1 0 1 0 0 1 4.30V
0 0 1 0 1 0 3.31V 1 0 1 0 1 0 4.33V
0 0 1 0 1 1 3.35V 1 0 1 0 1 1 436V
0 0 1 1 0 0 3.38V 1 0 1 1 0 0 4.40V
0 0 1 1 0 1 341V 1 0 1 1 0 1 443V
0 0 1 1 1 0 3.44V 1 0 1 1 1 0 446V
0 0 1 1 1 1 347V 1 0 1 1 1 1 449V
0 1 0 0 0 0 3.51V 1 1 0 0 0 0 452V
0 1 0 0 0 1 3.54V 1 1 0 0 0 1 456V
0 1 0 0 1 0 3.57V 1 1 0 0 1 0 459V
0 1 0 0 1 1 3.60V 1 1 0 0 1 1 4.62V
0 1 0 1 0 0 3.63V 1 1 0 1 0 0 4.65V
0 1 0 1 0 1 3.66 V 1 1 0 1 0 1 4.68 V
0 1 0 1 1 0 3.70V 1 1 0 1 1 0 471V
0 1 0 1 1 1 3.73V 1 1 0 1 1 1 475V
0 1 1 0 0 0 3.76 V 1 1 1 0 0 0 4.78 V
0 1 1 0 0 1 3.79V 1 1 1 0 0 1 481V
0 1 1 0 1 0 3.82V 1 1 1 0 1 0 484V
0 1 1 0 1 1 3.86 V 1 1 1 0 1 1 487V
0 1 1 1 0 0 3.89V 1 1 1 1 0 0 491V
0 1 1 1 0 1 3.92V 1 1 1 1 0 1 494V
0 1 1 1 1 0 3.95V 1 1 1 1 1 0 497V
0 1 1 1 1 1 3.98V 1 1 1 1 1 1 5.00 vV
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10.2.14. Power Control (3) (R13h)

R/W RS 1B15 IB14 IB13 IB12 IB111B10 IB9 IB8 IB7 IB6 IB5 IB4

IB3 IB2 IB1 IBO

w 1 0 0 0 0 0 0 0 0 0 | PON|PONY AON

PON: This is an operational starting bit for the step-up circuit 1 and 3.

"0": Step-up circuits 1 and 3 --- Stop
"1": Step-up circuits 1 and 3 --- Operate

PONZ1: This is an operational starting bit for the step-up circuit 2.
"0": Step-up circuits 2 --- Stop
"1": Step-up circuits 2 --- Operate

AON: This is an operational starting bit for Amplifier.

"0":  Amplifier --- Stop
"1":  Amplifier --- Operate
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10.2.15. Power Control (4) (R14h)

R/W RS IB15 IB14 IB13 1B12 IB11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
W 1 0 VCM|VCM|VCM]VCM|VCM]|VCM]VCM 0 0 VML | VML VML | VML | VML | VML
R 5 4 3 2 1 0 5 4 3 2 1 [¢]
VCMR: “0": VCOMH is adjusted by VCM5-0 register.
VCOMR pin is used for monitoring the input voltage of the AMP which makes the VCOMH voltage.
“1": VCOMH voltage is adjusted by VCOMR voltage and VCM5-0 register setting is ignored.
VCOMR voltage is externally supplied. VCOMH = 2.5 x VCOMR
VCM5-0: Select the VCOMH voltage. Formula: (2.0/ 63 x [VCM5-0] + 3) x VCILVL / 2.8
Table 10-30: VCM5-0 bits (VCI=VCILVL=2.8V)
VCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO VCOMH VCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO VCOMH
voltage voltage
0 0 0 0 0 0 3.000VvV 1 0 0 0 0 0 4.016 V
0 0 0 0 0 1 3.032 VvV 1 0 0 0 0 1 4.048 V
0 0 0 0 1 0 3.063 V 1 0 0 0 1 0 4.079 V
0 0 0 0 1 1 3.095 V 1 0 0 0 1 1 4111V
0 0 0 1 0 0 3.127 VvV 1 0 0 1 0 0 4143V
0 0 0 1 0 1 3.159 V 1 0 0 1 0 1 4175V
0 0 0 1 1 0 3.190 vV 1 0 0 1 1 0 4.206 V
0 0 0 1 1 1 3.222V 1 0 0 1 1 1 4.238 V
0 0 1 0 0 0 3.254V 1 0 1 0 0 0 4270V
0 0 1 0 0 1 3.286 V 1 0 1 0 0 1 4.302 'V
0 0 1 0 1 0 3.317V 1 0 1 0 1 0 4.333V
0 0 1 0 1 1 3.349V 1 0 1 0 1 1 4.365 V
0 0 1 1 0 0 3.381V 1 0 1 1 0 0 4.397 V
0 0 1 1 0 1 3.413 V 1 0 1 1 0 1 4.429 V
0 0 1 1 1 0 3.444 V 1 0 1 1 1 0 4.460 V
0 0 1 1 1 1 3.476 V 1 0 1 1 1 1 4.492 V
0 1 0 0 0 0 3.508 vV 1 1 0 0 0 0 4524V
0 1 0 0 0 1 3.540 V 1 1 0 0 0 1 4.556 V
0 1 0 0 1 0 3.571V 1 1 0 0 1 0 4.587 V
0 1 0 0 1 1 3.603 vV 1 1 0 0 1 1 4619V
0 1 0 1 0 0 3.635V 1 1 0 1 0 0 4.651V
0 1 0 1 0 1 3.667 V 1 1 0 1 0 1 4.683 V
0 1 0 1 1 0 3.698 V 1 1 0 1 1 0 4.714 V
0 1 0 1 1 1 3.730 V 1 1 0 1 1 1 4.746 V
0 1 1 0 0 0 3.762 V 1 1 1 0 0 0 4778 V
0 1 1 0 0 1 3.794 V 1 1 1 0 0 1 4.810 V
0 1 1 0 1 0 3.825 V 1 1 1 0 1 0 4.841V
0 1 1 0 1 1 3.857 V 1 1 1 0 1 1 4.873 V
0 1 1 1 0 0 3.889 vV 1 1 1 1 0 0 4.905 VvV
0 1 1 1 0 1 3.921V 1 1 1 1 0 1 4.937 V
0 1 1 1 1 0 3.952 V 1 1 1 1 1 0 4.968 V
0 1 1 1 1 1 3.984 V 1 1 1 1 1 1 5.000V
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VML5-0: Select amplitude of VCOM voltage.
VCOML voltage is automatically adjusted by VCOM voltage and amplitude of VCOM voltage.
Formula: ( (2.4/63) x [VML5-0] + 3.6) x VCILVL / 2.8

Table 10-31: VML5-0 bits (VCI=VCILVL=2.8V)

VML5 | VML4 | VML3 | VML2 | VML1 | VMLO amplitude VML5 | VML4 | VML3 | VML2 | VML1 | VMLO amplitude
of VCOM of VCOM
0 0 0 0 0 0 3.600 1 0 0 0 0 0 4.819
0 0 0 0 0 1 3.638 1 0 0 0 0 1 4.857
0 0 0 0 1 0 3.676 1 0 0 0 1 0 4.895
0 0 0 0 1 1 3.714 1 0 0 0 1 1 4.933
0 0 0 1 0 0 3.752 1 0 0 1 0 0 4.971
0 0 0 1 0 1 3.790 1 0 0 1 0 1 5.010
0 0 0 1 1 0 3.829 1 0 0 1 1 0 5.048
0 0 0 1 1 1 3.867 1 0 0 1 1 1 5.086
0 0 1 0 0 0 3.905 1 0 1 0 0 0 5.124
0 0 1 0 0 1 3.943 1 0 1 0 0 1 5.162
0 0 1 0 1 0 3.981 1 0 1 0 1 0 5.200
0 0 1 0 1 1 4.019 1 0 1 0 1 1 5.238
0 0 1 1 0 0 4.057 1 0 1 1 0 0 5.276
0 0 1 1 0 1 4.095 1 0 1 1 0 1 5.314
0 0 1 1 1 0 4.133 1 0 1 1 1 0 5.352
0 0 1 1 1 1 4.171 1 0 1 1 1 1 5.390
0 1 0 0 0 0 4.210 1 1 0 0 0 0 5.429
0 1 0 0 0 1 4.248 1 1 0 0 0 1 5.467
0 1 0 0 1 0 4.286 1 1 0 0 1 0 5.505
0 1 0 0 1 1 4.324 1 1 0 0 1 1 5.543
0 1 0 1 0 0 4.362 1 1 0 1 0 0 5.581
0 1 0 1 0 1 4.400 1 1 0 1 0 1 5.619
0 1 0 1 1 0 4.438 1 1 0 1 1 0 5.657
0 1 0 1 1 1 4.476 1 1 0 1 1 1 5.695
0 1 1 0 0 0 4.514 1 1 1 0 0 0 5.733
0 1 1 0 0 1 4.552 1 1 1 0 0 1 5771
0 1 1 0 1 0 4.590 1 1 1 0 1 0 5.810
0 1 1 0 1 1 4.629 1 1 1 0 1 1 5.848
0 1 1 1 0 0 4.667 1 1 1 1 0 0 5.886
0 1 1 1 0 1 4.705 1 1 1 1 0 1 5.924
0 1 1 1 1 0 4.743 1 1 1 1 1 0 5.962
0 1 1 1 1 1 4.781 1 1 1 1 1 1 6.000

Note) Set VCOML range from -2.25 Vto 1.0 V.
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10.2.16. DDRAM Address Set (R21h)

R/W RS

1B 15 IB 14

IB13 1B12 IB11 IB10 IB9

1B 8

1B 7

1B 6

1B 5

1B 4

1B 3

1B 2

1B 1

1B O

w 1

AD15|AD14

AD13|AD12JAD11|AD10] AD9

ADS8

AD7

ADG6

AD5

AD4

AD3

AD2

AD1

ADO

AD15-0: DDRAM addresses that are set in the AC (Address Counter) initially. The address in the AC is automatically
updated in accordance with the AM and 1/D1-0 bits as data are written to the internal DDRAM so that data are

written consecutively without resetting the address in the AC. The address is not automatically updated when

reading data from the internal DDRAM.

It is not possible to set an address in the AC when the MC2TA7402 is in standby.

Make sure to set an address that is within the window address area.

When setting the gate scan start position register (R40h), the DDRAM address must be initialized in the

address counter (AC).

Note 1) When the RGB interface is selected (RM = "1"), the addresses AD15-0 are set in the address counter
every frame on the falling edge of VSYNC.

Note 2) When the system interface mode or the VSYNC interface mode is selected (RM = "0"), the address

AD15-0 are set when executing an instruction.

Table 10-32: DDRAM Address Range

AD15-0

DDRAM Setting

"0000"h - "00AF"h

Bitmap data for G1

"0100"h - "01AF"h

Bitmap data for G2

"0200"h - "02AF"h

Bitmap data for G3

"0300"h - "03AF"h

Bitmap data for G4

"D800"h - "D8AF"h

Bitmap data for G217

"D900"h - "D9AF"h

Bitmap data for G218

"DA00"h - "DAAF"h

Bitmap data for G219

"DB00"h - "DBAF"h

Bitmap data for G220
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10.2.17. DDRAM Data Write (R22h)

RW RS
1 I 1 1 I I 1 I I 1 1 I 1 1 I 1 1
W 1 DDRAM write data (WD17-0). The D17-0 pin assignment vaires according to the interface in use (see below).
] | ] ] | ] ] | ] ] ] | ] ] | ] ]
D17 Di6 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1
RGB-IIF WD | WD | WD | WD | WD | WD | WD |WD|WD| WD|WD|WD|WD|WD]| WD| WD | WD
mode: 17 16 | 15| 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1

WD17-0: If data are less than 18 bits in a unit, the MC2TA7402 expands the data into 18 bits internally before writing to the
internal DDRAM.

The grayscale level is selected according to the DDRAM data. The DDRAM address is automatically updated according
to the AM and I/D1-0 bits as data are written to the internal DDRAM. In standby mode, no access to the internal DDRAM
is allowed. When the 8- or 16- bit interface mode is selected, data are expanded into 18 bits internally by writing the
MSBs of R and B pixels to the LSBs of R and B pixels respectively.

When writing data to the DDRAM through a system interface while using the RGB interface, make sure to avoid conflicts
between writing operations via respective interfaces (RGB and system interfaces). When thel8-bit RGB interface is
selected, 18-bit data are written through the D17-0 pins and 262,144 colors are available. When the 16-bit RGB interface
is selected, the MSBs of R and B pixels are also written to the LSBs of R and B pixels respectively, and 65,536 colors are
available.  Please refer to “8.1 Write data to DDRAM” section for more details.
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Table 10-33: DDRAM data and LCD output level (on a normally-white panel)

DDRAM data Grayscale DDRAM data Grayscale
setting RGB Positive Negative setting RGB Positive Negative
000000 VO V63 100000 V32 V31
000001 V1 V62 100001 V33 V30
000010 V2 V61l 100010 V34 V29
000011 V3 V60 100011 V35 V28
000100 V4 V59 100100 V36 V27
000101 V5 V58 100101 V37 V26
000110 V6 V57 100110 V38 V25
000111 V7 V56 100111 V39 V24
001000 V8 V55 101000 V40 V23
001001 V9 V54 101001 V41 V22
001010 V10 V53 101010 V42 V21
001011 Vi1l V52 101011 V43 V20
001100 V12 V51 101100 V44 V19
001101 V13 V50 101101 V45 V18
001110 \ V49 101110 V46 V17
001111 V15 VA48 101111 V47 V16
010000 V16 V47 110000 V48 V15
010001 V17 V46 110001 V49 V14
010010 V18 V45 110010 V50 V13
010011 V19 V44 110011 V51 V12
010100 V20 V43 110100 V52 V11
010101 V21 V42 110101 V53 V10
010110 V22 V4l 110110 V54 V9
010111 V23 V40 110111 V55 V8
011000 V24 V39 111000 V56 V7
011001 V25 V38 111001 V57 V6
011010 V26 V37 111010 V58 V5
011011 V27 V36 111011 V59 V4
011100 V28 V35 111100 V60 V3
011101 V29 V34 111101 V61 V2
011110 V30 V33 111110 V62 V1
011111 V31 V32 111111 V63 VO
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DDRAM Access through RGB-I/F and System I/F

In RGB interface mode, the MC2TA7402 stores all display data in the internal DDRAM, enabling transferring only moving
picture data only when updating the frames of a moving picture.

While the moving picture frames are not updated, it is possible to write data displayed in the area outside the moving
picture area via the system interface.

In RGB interface mode, the MC2TA7402 writes data to the internal DDRAM in synchronization with DOTCLK while
ENABLE ="Low". To access the internal DDRAM through the system interface while using the RGB interface for display
operation, set ENABLE "High" to stop writing through the RGB interface. To start accessing the internal DDRAM through
the RGB interface after accessing the DDRAM through the system interface, wait at least for a write/read bus cycle time.
Data will not be written properly to the internal DDRAM when the write operations both via the RGB and system interfaces
are conflicting.

Updating a frame Updating a frame
1 1 1 1
VSYNC ,I ! ,I !
L L L L
ENABLE
DOTCLK \
1 1 1 1
i i
- S x
A V2| 1
Set IR 4 I I | *See Note 2) 7/ I I
System interface Set 1 1 Set Set Set Updating dsipaly data Set Set Set 1 1
IR to I I RM=|[AD15-|| IR to in other than the RM=|| AD15- || IRto I I
"22"h I‘ . \ 0 0 "22"h moving picture area 0* "22"h |<_>|
1 1 1 1
Updating moving Updating still picture area * see Note 1) Updating moving
picture area picture area

Note 1) The address AD 15-0 is set in the AC on the falling edge of VSYNC in RGB interface mode.

Note 2) Set the address AD15-0 in the AC and the index register to "22"h (DDRAM data write/read)
before DDRAM access through the RGB interface.

Note 3) Use high-speed write mode (HWM = "1") when using the VSYNC or RGB interface.

2001/1/1 0:00:00 N1 |y

Still picture area

Moving picture area

[ |

Figure 10-9: DDRAM Access through RGB-I/F and System I/F
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10.2.18. DDRAM Data Read (R22h)

R/W RS

R 1 DDRAM read data (RD17-0) The D17-0 pin assignment varies according to the interface in use.

RD17-0: Read 18-bit data from the DDRAM. The bit assignment between the data read out from the DDRAM and the

D17-0 pins is different depending on the interface.

When data are read out from the DDRAM to the MPU, the first word that is read immediately after executing the DDRAM
address set is taken into the internal read data latch and invalid data are sent to the data bus DB17-0. Valid data are sent
to the data bus as the MC2TA7402 reads out the second word data from the internal DDRAM. When the 8- or 16-bit

interface is selected, the LSBs of R and B pixels are not read out. Please refer to “8.2 Read data from DDRAM” section

for more details.
Note) DDRAM read is not available with the RGB interface.

Set I/D, AM, HSA/HEA, VSA/VEA

A 4

Set address N

\ 4
Dummy read (invalid data)
DDRAM ---> Read-data latch

First word

Read (data of address N)
Read-data latch ---> D17-0

Second word

Set address M

First word Dummy read (invalid data)
DDRAM ---> Read-data latch

Read (data of address M)
Read-data latch ----> D17-0

!

Read data to the MPU

Second word

Figure 10-10: DDRAM read sequence
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10.2.19. Gamma Control (R30h-R39h)
RW RS IB15 1B14 1B13 B12 IB11 IB10 I1B9 1B8 IB7 IB6 IB5 I1B4 I1B3 1B2 IB1 1IBO

PKP | PKP | PKP PKP | PKP | PKP

RO| W | 1] O 0 0 0 0 21l ® 0 0 0 0 2 | ol oo
PKP | PKP | PKP PKP | PKP | PKP

R3L| W | 1| O 0 0 0 0 a | a1 | 30 | © 0 0 0 0 0 | 21 | 20
R22| W | 1| 0O 0 0 0 0 P;ZP P;P P;JP 0 0 0 0 0 P4KZP Pﬁp P‘:(OP
PRP | PRP | PRP PRP | PRP | PRP

R3| W | 1| O 0 0 0 0 IO PO IO 0 0 0 0 2 | o1 | oo
PKN | PKN | PKN PKN | PKN | PKN

R4 | W | 1| 0O 0 0 0 0 P P 0 0 0 0 02 | o1 | oo
PKN | PKN | PKN PKN | PKN | PKN

RBB| W | 1| O 0 0 0 0 s | a1 | a0 | © 0 0 0 0 0 | 21 | 20
PKN | PKN | PKN PKN | PKN | PKN

R6| W | 1| O 0 0 0 0 5 | s1 | 50 | © 0 0 0 0 o | a1 | a0
PRN | PRN | PRN PRN | PRN | PRN

R7 | W | 1| O 0 0 0 0 D R 0 0 0 0 02 | o1 | oo
VRP | VRP | VRP | VRP | VRP VRP | VRP | VRP | VRP

R8I W 10 0 0 14 |13 12| 11 ]1w0]° 0 0 © | o3 | 02| 01| 00
VRN | VRN | VRN | VRN [ VRN VRN | VRN | VRN | VRN

RO W 10 0 0 14 | 13 12|11 ]10]° 0 0 | o3 | o2 | o1 | 0

PKP5-0[2:0]: Gamma fine adjustment register bits for the positive polarity
PRP1-0[2:0]: Gamma gradient adjustment register bits for the positive polarity
PKN5-0[2:0]: Gamma fine adjustment register bits for the negative polarity
PRN1-0[2:0]: Gamma gradient adjustment register bits for the negative polarity
VRPO[3:0]/VRP1[4:0]: Amplitude adjustment register bits for the positive polarity
VRNO[3:0]/VRN1[4:0]: Amplitude adjustment register bits for the negative polarity

For details, see the "18. Gamma Correction Function" section.
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10.2.20. Gate Scan Start Position (R40h)

R/W RS IB15 IB14 IB13 1B12 IB111B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SCN
SCN: The MC2TA7402 allows for specifying the gate line for scanning start position.
Table 10-34:
SCN Scanmng start position
SM=0,GS=0 SM=,GS=1 SM=1,GS=0 SM=1,GS=1
0 G1 G220 G1 G220
1 Setting Disable | Setting Disable Setting Disable | Setting Disable

Note) Regarding to Scanning direction, please refer to p41.

MagnaChip CONFIDENTIAL

69 /156

MC2TA7402 Ver.1.03




MagnaChip®’

MC2TA7402

10.2.21. Vertical Scroll Control (R41h)

R/W RS 1IB15 1B14 IB13 1B12 IB11IB10 IB9 IB8 IB7 IB6

1B 5

1B 4

IB3 IB2

1B 1

1B O

w 1 0 0 0 0 0 0 0 0 VL7 | VL6

VL5

VL4

VL3 | VL2

VL1

VLO

VL7-0: Set the amount of scrolling an image on the screen in the vertical direction.

The scrolling amount can be set

from 0 to 220 lines. The start position for displaying the image is shifted vertically by the number of lines set with

the VL7-0 bits. The part of the image that is scrolled out from the end line (the 220th line) as a result of scrolling

is displayed from the 1st line of the physical display. The VL7-0 bits are enabled when either the first display
vertical scroll enable bit RO7h;VLE1, or the second display vertical scroll enable bit RO7h;VLE?2 is set to "1".

When RO7h;VLE2-1="00", the fixed line display is enabled.

The vertical scrolling function is not available with the RGB/VSYNC interface.

Table 10-35:
VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Scrolling lines
0 0 0 0 0 0 0 0 0 line
0 0 0 0 0 0 0 1 line
0 0 0 0 0 0 1 0 2 lines
1 1 0 1 1 0 1 0 218 lines
1 1 0 1 1 0 1 1 219 lines

Note: Do not set a value that represents more than 219 lines ("DB"h).
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10.2.22. First Screen Drive Position (R42h)
10.2.23. Second Screen Drive Position (R43h)

R/W RS 1IB15 IB14 IB13 1B12 IB11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
w 1 SE17|SE16]| SE15|SE14SE13|SE12|SE11| SE10]SS17]SS16| SS15|SS14]SS13]|SS12|SS11|SS10
R/W RS IB15 IB14 IB13 1B12 IB11I1B10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
w 1 SE27| SE26|| SE25| SE24] SE23| SE22| SE21| SE20] SS27] SS26| SS25| SS24] SS23)| SS22| SS21| SS20

SE17-10: Set the position of the end line where the first display ends.
When R01h;IB9=GS=0, the gate driver ends the scan at the line of the number set with (SE17-10 bits) + 1.
When R01h;IB9=GS=1, the gate driver ends the scan at the line of the number set with 220 - (SE17-10 bits).

SS17-10: Set the position of the start line where the first display starts.
When R01h;IB9=GS=0, the gate driver starts the scan from the line of the number set with (SS17-10 bits) + 1.
When R01h;IB9=GS=1, the gate driver starts the scan from the line of the number set with 220 -(SS17-10 bits).

For instance, when SS17-10 ="07"h and SE17-10 ="10"h, the first display is shown on the gate lines from G8
to G17, and gate lines G1 to G7 and G18 thereafter are driven to show a blank screen.

SS17-10 < SE17-10 < "DB"h (when GS=0).

SE27-20: Set the position of the end line where the second display ends.
The second display is shown when RO7h;SPT ="1".
When R01h;IB9=GS=0, the gate driver ends the scan at the line of the number set with (SE27-20 bits) + 1.
When R01h;IB9=GS=1, the gate driver ends the scan at the line of the number set with 220 - (SE27-20 bits).

SS27-20: Set the position of the start line where the second display starts.
When R01h;IB9=GS=0, the gate driver starts the scan from the line of the number set with (SS27-20 bits) + 1.
When R01h;IB9=GS=1, the gate driver starts the scan from the line of the number set with 220 -(SS27-20 bits).

Make sure that SS17-10 £ SE17-10 < SS27-20 < SE27-20 £ "DB"h (When GS=0).
For details, see the "20. Partial Display Function" section.

For details, see the "20. Partial Display Function" section.

Make sure that
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10.2.24. Horizontal DDRAM Address Position (R44h)
10.2.25. Vertical DDRAM Address Position (R45h)

R/W RS 1B15 1B14 1B13I1B12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
w 1 HEA7 HEA%HEAS HEA4HEA3HEA2JHEAL|HEAOQIHSA7| HSAG| HSAS|HSAQHSA3HSA2JHSAYHSAQ
R/W RS 1B15 1B14 1B13I1B12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
w 1 VEA7|{VEAG|VEAS VEAA|VEA3 VEA2JVEAL|VEAOJVSA7|VSAGB|VSAS VSAA|VSA3 VSA2ZJVSALVSAQ

HSA7-0/HEAT7-0: HSA7-0 and HEA7-0 represent the respective addresses at the start and end of the window address

area in the horizontal direction. By setting HSA and HEA bits, it is possible to limit the area on the DDRAM
horizontally for writing data. The HSA and HEA bits must be set before starting the DDRAM write
operation. In setting these bits, make sure "00"h < HSA7-0< HEA7-0 < "AF"h.

VSA7-0/VEAT7-0: VSA7-0 and VEAT7-0 represent the respective addresses at the start and end of the window address

area in the vertical direction. By setting VSA and VEA bits, it is possible to limit the area on the DDRAM
vertically for writing data. The VSA and VEA bits must be set before starting the DDRAM write
operation. In setting, make sure "00"h < VSA7-0 < VEA7-0 < "DB"h.

HSA HEA
"0000"h |
VSA
Window address area
Window "00"h<HSA7-0<HEA7-0<"AF"h
Address Area "00"h<VSA7-0<VEA7-0<"DB"h
VEA
DDRAM address area |"DBAF"h

Note 1) Make a window address area within the DDRAM address area.

Note 2) Set a DDRAM start addresss within the window address area.

Note 3) When setting the DDRAM start address high-speed mode, set one within the window
address area that includes the area for the dummy write operation.

Note 4) The DDRAM address register (R21h) must be set when the window address
is specified.

If the setting of the R21h register is set out of the window address area, the DDRAM data write

operation might not be performed.

Ex. When AM="0", I/D1-0="11"
Itis set as: HSA7-0="10"h,
VSA7-0="22"h

Then the R21h;AD15-0 bits must be set as "2210"h.

Figure 10-11: DDRAM address and window address area
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10.2.26. VCOMG Control (R53h)

R/W RS IB15 IB14 IB13 IB12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 B2 IB1 IBO
XvC
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OMG

XVCOMG: When XCOMG=1, MC2TA7402 can output GND level for VCOM before display on operation, and GND level
for VCOML during display on operation. ( Make sure to set X\VCOMG=1, if VCOM set to GND level before/after display

on/off operation.)

When XVCOMG=0, MC2TA7402 can output a negative voltage for VCOM before display on operation, and a negative

voltage for VCOML during display on operation.

10.2.27. VCOM EQ (R59h)

R/W RS IB15 IB14 IB13 IB12 IB11IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 B2 IB1 IBO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 |ECVZ2|ECV1 E(O:V

ECV2-0: When using VCOML< 0V, MC2TA7402 can be use VCOM EQ instead of ECS function for the low power
consumption. Extend the period for the equalization mode than 1 clock for System, VCYNC I/F operation, or 8 clocks for

RGB I/F operation mode. When using this function, M-pin must be connect to GND level.

Table 10-35:
System |/F Operation RGB I/F Operation
ECV2 ECV1 ECVO VSNC I/F Operation
( reference clock : Internal oscillator ) ( reference clock : DOTCLK )
0 0 0 No VCOMEQ No VCOM EQ
0 0 1 1 clock 8 clocks
0 1 0 2 clocks 16 clocks
0 1 1 3 clocks 24 clocks
1 0 0 4 clocks 32 clocks
1 0 1 5 clocks 40 clocks
1 1 0 6 clocks 48 clocks
1 1 1 7 clocks 56clocks
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10.2.28. STB Mode Selection(R5Ah)

STBM1-0: MC2TA7402 can select 2 kind of STB mode. One is the normal STB mode (STB current < 10uA). The other

one is new STB mode (STB current is less than normal STB mode).

Table 10-36 :
STBM1 STBMO VCI Mode
0 0 2.5~3.3V Normal STB
0 1 2.5~2.6V New STB
1 0 2.6~3.1V New STB
1 1 3.1~3.3V New STB
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11. Instruction List

Main Category Sub Category Upper code Lower code
%p[jpef Index Command 1B15 1B14 1B13 1B12 1B11 1B10 1B9 1B8 1B7 1B6 IB5 1B4 1B3 1B2 1B1 1BO
- index Index * * * * * * * * * 1D6 1D5 D4 D3 D2 ID1 DO
SR Status Read Status Read L7 L6 L5 L4 L3 L2 L1 LO 0 0 0 0 0 0 0 0
0* | Display Control 0oh Start Oscillation * * * * * * * * * * * * * * * 1
Device code Read 0 1 1 1 0 1 0 0 0 0 0 0 0 0 1 0
oth Driver Output 0 VSPL HSPL DPL EPL SM GS SS 0 0 0 NL4 NL3 NL2 NL1 NLO
Control 0) 0) 0) 0 0 0 (0] (1) (1) 0) (1) 1)
02h LCD Driver 0 0 0 0 FLD1 FLDO BIC EOR 0 0 0 0 0 0 0 0
AC Control 0 (1) 0 (0]
Entry TRI DFML DFMO BGR IID1 1/D0 AM
03h 0 0 0 0 0 0 0 0 0
Mode (0) (0) (0) (0) (1) (1) 0
07h Display 0 0 0 PT1 PTO VLE2 VLEL SPT 0 0 0 GON CL REV D1 DO
Control (1) 0 © 0 © © 0 © © © 0
Display FP3 FP2 FP1 FPO BP3 BP2 BP1 BPO
08h 0 0 0 0 0 0 0 0
Control (2) (O] © © © (0] O] O] O]
0gh Display 0 0 0 0 0 0 0 0 0 PTG2 PTG1 PTGO ISC3 ISC2 ISC1 ISCO
Control (3) (0) (V)] (V)] (V)] (V)] (V)] 0
0Bh Frame Cycle NO1 NOO SDT1 SDTO ECS2 ECS1 ECS0 DIVl DIVO 0 DCR_EX DCR2 DCR1 DCRO RTN1 RTNO
Adjustment ©) 0 ©) 0 0 0 0 © 0 0 © ©) 0 © ©
External Display RM DM1 DMO RIML RIMO
0Ch Interface 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0 0
1* | Power Control 10h Power 0 0 SAP2 SAP1 SAPO BT2 BT1 BTO DC2 DC1 DCo 0 0 0 SLP STB
Control (1) © 0 0 0 © © 0 0 0 © ©
Power GVD5 GvD4 | GVD3 GVD2 GVD1 GVDO ve2 VC1 VCo
11h 0 0 0 0 0 0 0
Control (2) 0 0 0 0 © 0 @) 0 0
130 Pouer 0 0 0 0 0 0 0 0 0 PON PONL  AON 0 0 0 0
Control (3) 0) (V)] 0
14h Power 0 VCMR  VCM5 VCM4 | VCM3 ~ VCM2  VCM1  VCMO 0 0 VML5 VML4 VML3 VML2 VML VMLO
Control (4) 0 0 0 0 0 0 (0] 0 0 0 0 0 (V)]
2*  |IDDRAM Acces: 21h DDRAM Address | AD15 AD14 AD13 AD12 AD11 AD10 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
Set 0 0 0 0 0 0 0 © 0 0 0 © 0 0 0 ©
22h I\JI\I/JrE:\;ARZ:La DDRAM Write data (WD17-0) DDRAM Read Data (RD17-0) *Bit assignment changes according to the interface in use.
23h Setting
2Fh Disabled
3*  [Gamma Control 30h | Gamma Control (1) 0 0 0 0 0 PKP12  PKP11  PKP10 0 0 0 0 0 PKP02  PKPO1  PKPOO
(V)] (V)] (0] (V)] (V)] (V)]
31h | Gamma Control (2) 0 0 0 0 0 PKP32  PKP31  PKP30 0 0 0 0 0 PKP22  PKP21  PKP20
0 0 (0] 0 0 0
PKP52  PKP51  PKP50 PKP42  PKP41  PKP40
32h | Gamma Control (3) 0 0 0 0 0 0 0 0 0 0
© O 0 O O 0
PRP12 PRP11  PRP10 PRP02 PRPO1  PRPOO
33h | Gamma Control (4) 0 0 0 0 0 0 0 0 0 0
@ O 0 O 0
PKN12  PKN11 ~ PKN10 PKNO2  PKNO1 ~ PKNOO
34h | Gamma Control (5) 0 0 0 0 0 0 0 0 0 0
© O 0 O O __0
3h | Gamma Control (6) 0 0 0 0 0 PKN32  PKN31  PKN30 0 0 0 0 0 PKN22  PKN21  PKN20
(V)] (V)] (0] (V)] (V)] (V)]
36h | Gamma Control (7) 0 0 0 0 0 PKN52  PKN51  PKNS50 0 0 0 0 0 PKN42  PKN41  PKN40
0 0 (0] 0 0 0
PRN12 PRN11  PRNI10 PRNO2  PRNO1  PRNOO
37h | Gamma Control (8) 0 0 0 0 0 0 0 0 0 0
© O 0 O 0
VRP14 | VRP13 VRP12 VRP11 VRP10 VRP03  VRP02 VRPO1  VRPOO
38h | Gamma Control (9 0 0 0 0 0 0 0
© 0 © © 0 © 0 © © 0
VRN14 | VRN13 VRN12 VRN11 VRNI10 VRNO3  VRNO2 VRNO1  VRNOO
39h  [Gamma Control (10] 0 0 0 0 0 0 0
( 0 0 0 0 © 0 0 © ©)
*
4 Coordinate 400 Gate Sc‘a‘n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SCNO
Control Start Position (0)
41h Vertical Scroll 0 0 0 0 0 0 0 0 VL7 VL6 VL5 e VL3 VL2 VL1 VLO
Control (0) (0) 0 0 0 0 0 0
10 First Screen SE17 SE16 SE15 SE14 SE13 SE12 SE11 SE10 SS17 SS16 SS15 SS14 SS13 SS12 SSi1 SS10
Drive Position @) @) @) 0 @) @) @) ()] 0 0 0 0 0 0 0 0
430 Second Screen SE27 SE26 SE25 SE24 SE23 SE22 SE21 SE20 SS27 SS26 SS25 SS24 SS23 SS22 SS21 SS20
Drive Position @) @) @) 0 @) @) @) ()] 0 0 0 0 0 0 0 0
s Horizontal DDRAM|  HEA7 HEA6 HEA5 HEA4 HEA3 HEA2 HEAL HEAO HSA7 HSA6 HSA5 HSA4 HSA3 HSA2 HSA1 HSA0
Address Position @) © @) © @) @) @) ()] © © © © © © © ©
450 Vertical DDRAM | VEA7 VEA6 VEA5 VEA4 VEA3 VEA2 VEAL VEAO VSA7 VSA6 VSA5 VSA4 VSA3 VSA2 VSAL VSAO0
Address Position ()] 0 (1) 0 (1) ()] (1) (0] 0 0 0 0 0 0 0 0
i«
s 53h VCoMG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 AVCOMG
Control (0)
ECV2 ECV1 ECV0
5%h VCOM EQ 0 0 0 0 0 0 0 0 0 0 0 0 0
©) 0 0
5ah STB Mode 0 0 0 0 0 0 0 0 0 0 0 0 0 STBM1  STBMO
Selection (1) 0)

Note) The undefined register bits are prohibited to set “1”.
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12. Reset Function

The MC2TA7402 has the RESET pin for internal initialization. During the reset period, the MC2TA7402 is in a busy
state and no access to instruction or to DDRAM data from the MPU is accepted. The reset period must be secured at
least for Ims. In case of power-on reset, wait until the frequency of RC oscillation stabilizes (for 10 ms). During this

period, accessing the internal DDRAM and making an initial instruction setting are prohibited.

Initial state of instruction bits
See the "11. Instruction List" section.

Initial state of DDRAM data
DDRAM data are not automatically initialized with a RESET input. Initialize the internal DDRAM by software during a
display-off period (RO7h;D1-0 = "00").

Initial state of output pins
LCD driver (source outputs): All pins output the GND level
Oscillator : Oscillate

MagnaChip CONFIDENTIAL

76 /156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

13. Interface Specifications

The MC2TA7402 has the system interface for making instruction setting and other settings, and the RGB/VSYNC
interface for displaying a moving picture. The MC2TA7402 allows selecting an optimum interface for the display (moving
or still picture) in order to transfer data efficiently.

In RGB interface mode, display operations are performed in synchronization with synchronizing signals (VSYNC, HSYNC,
and DOTCLK). Display data are written to the DDRAM according to the polarity of the data enable signal (ENABLE) via
the moving picture display data bus (DB17-0) in synchronization with VSYNC, HSYNC, and DOTCLK. All display data
are stored in MC2TA7402's DDRAM to limit data transfers to only when switching the frames of a moving picture. By
using the window address function, it is possible to limit the DDRAM area to be rewritten for displaying a moving picture
and display both the moving picture and the data written on the DDRAM at a time.

In VSYNC interface mode, the internal display operations are synchronized with the vertical synchronization signal
(VSYNC). The VSYNC interface enables a moving picture display via the system interface by writing data to the internal
DDRAM at more than a designated speed in synchronization with the falling edge of VSYNC. In this case, there are
constraints in the speed and methods to write data to the internal DDRAM.

The MC2TA7402 operates in one of the following 4 modes in line with the state of display.
When switching from one mode to the other, make sure to refer to the sequences mentioned in the sections of RGB and

VSYNC interfaces.

Table 13-1: Operation Mode

Operation Mode

DDRAM Access Setting

Display Operation Mode

(ROCh;RM) (ROCh;DM1-0)
System interface System interface System interface
(Displaying still pictures) (RM ="0") (DM1-0 ="00")
RGB interface (1) RGB interface RGB interface
(Displaying moving pictures) (RM ="1") (DM1-0 ="01")

RGB interface (2)
(Rewriting still pictures while
displaying moving pictures)

System interface
(RM="0")

RGB interface
(DM1-0 = "01")

VSYNC interface
(Displaying moving pictures)

System interface
(RM ="0")

VSYNC interface
(DM1-0 ="10")

Note 1) Instructions are set only via the system interface.

Note 2) The RGB-I/F and the VSYNC-I/F are not available at the same time.

Note 3) Do not make changes to the RGB-I/F mode (ROCh;RIM1-0 bits) while the RGB I/F is in operation.

)
)
)
)

Note 4) See the sections of RGB and VSYNC interfaces for the sequences to switch from one mode to the other (Chapters 15 and 16).
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14. System Interface

The following are the system interfaces available with the MC2TA7402. The interface is selected by setting the IM3/2/1/0

pins.

The system interface is used for setting instructions and DDRAM access.

Table 14-1: Interface Selection by IM3-0 pins

IM3 IM2 IM1 IMO Interface Mode data pin Color s
0 0 0 0 68-system 16-bit interface D17-10, D8-1 65,536
0 0 0 1 68-system 8hit interface D17-10 262,144 |/ 65,536
0 0 1 0 80-sytem 16-bit interface D17-10, D8-1 65,536
0 0 1 1 80-system 8-bit interface D17-10 262,144 |/ 65,536
0 1 0 * Serial Peripheral Interface (SPI) SDI, SDO 262,144 |/ 65,536
0 1 1 * Setting disabled - -
1 0 0 0 68-system 18-bit interface D17-0 262,144
1 0 0 1 68-system 9-bit interface D17-9 262,144
1 0 1 0 80-system 18-bit interface D17-0 262,144
1 0 1 1 80-system 9-bit interface D17-9 262,144
1 1 * * Setting disabled - -
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14.1. 80-/68-system 18-bit Interface

The 80-/68-system 18-bit parallel system interface is selected by setting the IM3/2/1/0 pins.

NCS
»| RS
MPU » NWR  MC2TA7402
NRD
// » D170
18

Figure 14-1: 18-bit MPU and the MC2TA7402

Instruction

Input Pin D17| D16| D15| D14| D13|D12| D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

instruction B|B|IB|B|B|IB|IB|IB B|mB|B|B|B]|IB|IB|IB
15) 14131212 10| 9| 8 716 5] 4]3]2]1]o0

DDRAM data write

Input Pin D17| D16| D15| D14| D13| D12| D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

v v v v v v v v
D[.)RAM R5| R4AJR3JR2| R1I|RO|G5| G4 | G3|| G2|G1|Go|B5]|B4|| B3| B2| B1 | BO
write data

262,144 colors are available.

DDRAM data read

DDRAM data R5| RAJ R3] R2| R1IJ RO| G5| G4 | G3| G2| G1| GO B5| B4 | B3| B2]| B1| BO

Data Pin D17| D16 D15 D14| D13 D12| D11| D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO

Figure 14-2: Data format for 18-bit interface
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14.2. 80-/68-system 16-bit Interface

The 80-/68-system 16-bit parallel system interface is selected by setting the IM3/2/1/0 pins.

NCS
» Rs
MPU > NWR MC2TA7402
NRD
/ »| D17-10, 81
1;3’]7 *— .0
GND

Figure 14-3: 16-bit MPU and the MC2TA7402
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Instruction

Input Pin D17|D16|| D15| D14| D13| D12| D11| D10 p8| D7 | D6 | D5| D4 | D3| D2 | D1

instruction B|mB|mB|IB|IB|IB|IB|IB B|lmB|B|B|IB|IB|IB]|IB
15|14 13| 12|12 10] 9] 8 7)le6| 5| 4a]3]2]1]o0

DDRAM data write (1 transfer , RO3h;TRI ="0", DFM1-0 = "don’t care")

Input Pin D17| D16| D15)| D14 D13| D12| D11| D10 D8 | D7 | D6 | D5 D4 | D3| D2 | D1

e NN B I e

R5 | R4 | R3 | R2

DDRAM

- G4 G3|G2|G1|Go|| B5| B4|| B3| B2 || B1L
write data

65,536 colors with the 16-bit system interface.

DDRAM data write (2 transfer , RO3h;TRI ="1", DEFM1-0 = "10")

2nd
1st transfer transfer 7
Input Pin D17|D16| D15| D14| D13| D12|D11| D10l D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 |D17| D16

¥ 4 v v 4 v v 4 "

DDRAM

;i R5|R4|R3| R2Z| R1L| RO| G5| G4| G3| G2 G1| GO|| B5|| B4| B3| B2 | B1| BO
write data

262,144 colors with the 16-bit system interface.

DDRAM data write ( 2 transfer , RO3h;TRI="1", DFM1-0 = "11")

1st
transfer 2nd transfer
Input Pin D2 | D1 | D17| D16 D15| D14| D13|D12|D11|D10| D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1

HEEEEEE HERENN

R5( R4 R3| R2Z) RIL| RO| G5]| G4| G3| G2 G1| GO| B5|| B4| B3| B2| B1| BO

DDRAM
write data

262,144 colors with the 16-bit system interface.

DDRAM data read

DDRAM data] R5 | R4 || R3 | R2 Rl‘ G4| G3| G2|G1| GO| B5| B4 B3| B2

v v v /// v v v

Data Pin D17| D16| D15)| D14 D13| D12| D11| D10 D8 | D7 | D6 | D5 D4 | D3| D2 | D1

Figure 14-4: Data format for 16-bit interface
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14.3. 80-/68-system 9-bit Interface

The 80-/68-system 9-bit parallel system interface using the D17-9 pins is selected by setting the IM3/2/1/0 pins. When

transferring a 16-bit instruction, it is divided into upper and lower 8 bits (the LSB is not used), and the upper 8 bits are

transferred first. The DDRAM write data are also divided into the upper and lower 9 bits, and the upper bits are

transferred first. The unused D8-0 pins must be fixed either at the IOVCC or GND level. When writing the index register,

the upper byte (8 bits) must be written.

NCS

RS

MPU

NWR O MC2TA7402

NRD

GND

©
©
\ 4 \ A 4

D17-9
D8-0

Figure 14-5: 9-bit MPU and the MC2TA7402

Instruction

1st transfer (Upper)

2nd transfer (Lower)

Input Pin D17| D16| D15‘| D14| D13 D12| D11| D10‘| D9

D17| D16‘| D15| D14| D13‘ D12| D11| D10‘| D9

IR

T

+B IlB 1 1 l

e HHHHHHERARARAREERR
5] 14| 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
DDRAM data write
1st transfer (Upper) 2nd transfer (Lower)
Input Pin D17| D16| D15‘| D14| D13 D12| D11| D10‘| D9 D17| D16‘| D15| D14| D13‘ D12| D11| D10‘| D9
DDRAM | R5| R4| R3‘| R2| R1‘| R0‘| GS|G4‘| G3| GZ|61‘| GO| BS| B4‘| BS| BZ| Bl BO|
write data

DDRAM data read

262,144 colors are available.

DDRAM data‘| R5 | R4 | R3 ‘| R2 | R1 ‘|

‘| GS|G4‘| GSlGZlGlM GO|BS|B4‘| BS|BZ Bl‘ BO

TTTTTT

NN NNE

!

Data Pin D17| D16| D15‘| D14| D13‘| D12|

D11| D10‘| D9

D17| D16‘| D15| D14| D13‘| D12| D11| D10‘| D9

1st transfer (Upper)

2nd transfer (Lower)

Figure 14-6: Data format for 9-bit interface
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14.4. Data Transfer Synchronization in 9-bit Bus Interface Mode

The MC2TA7402 supports a data transfer synchronization function to reset the upper and lower counters that count the
number of transfers of upper and lower 9 bits in 9-bit bus interface mode. If a mismatch arises in the numbers of
transfers between the upper and lower 9-bit counters due to noise, etc., the "00"h instruction is written 4 times
consecutively to reset the upper and lower counters so that data transfers will restart with the transfer of upper 9 bits.
This synchronization function, when executed periodically, can effectively prevent the display system from running out of
control.

- \ /
7 \

w0 Y Y Y Y

"00"h

"00"h "00"h

"00"h

= \ e 5 = A\

D17-9

( 9-bit transfer synchronization)

Figure 14-7: 9-bit data transfer synchronization
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14.5. 80-/68-system 8-bit Interface

The 80-/68-system 8-bit parallel system interface is selected by setting the IM3/2/1/0 pins. When transferring a 16-bit
instruction, it is divided into upper and lower 8 bits and the upper 8 bits are transferred first. The DDRAM data is also
divided into the upper and lower 8 bits, and the upper bits are transferred first. The DDRAM write data are expanded into
18 bits internally. The unused pins DB9-0 must be fixed either at the IOVCC or GND level. When writing the index
register, the upper byte (8 bits) must be written.

NCS
RS

NWR MC2TA7402
NRD

D17-10
D9-0

MPU

o)
,_‘%
o
4 A\ A 4

GND

Figure 14-8: 8-bit MPU and the MC2TA7402

MagnaChip CONFIDENTIAL

84 /156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

Instruction
1st transfer 2nd transfer
Input Pins D17|D16| D15| D14| D13 D12 D11| D10 D17|D16| D15|D14| D13|| D12 D11| D10
A4 y A4 A4 A4 A4 A 4 A 4
Instruction B| IB 1B 1B B| IB|] IB| IB B| IB 1B 1B B IB| IB| IB
15114 ] 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0

DDRAM data write (2 transfers: RO3h;TRI="0", R03h;DFM1-0= don’t' care)

1st transfer 2nd transfer

Input Pins D17]D16| D15| D14|| D13| D12| D11| D10 D17 D16| D15| D14|| D13| D12| D11|| D10

e e e e DN 0 B B

R5| R4 | R3 | R2 G4 G3|G2|G1|GO| B5| B4 B3| B2

DDRAM
write data

65,536 colors are available.

DDRAM data write (3 transfer mode: RO3h;TRI="1", RO3h;DFM1-0="10")

1st transfer 2nd transfer 3rd transfer

Input Pins D17|D16| D15| D14|| D13| D12| D11| D10 D17| D16| D15| D14| D13| D12| D11 D10| D17| D16| D15] D14| D13| D12| D11] D10

A4 y A4 v v v \4 A4 v
R5| R4| R3| R2| R1| RO G5|GalG3| G2 G1| GO B5|| B4| B3| B2]| B1]| BO
262,144 colors are available.

DDRAM
write data

DDRAM data write (3 transfer mode: RO3h;TRI="1", RO3h;DFM1-0="11")

1st transfer 1st transfer 3rd transfer
Input Pins D17|D16| D15| D14| D13| D12| D11| D10| D17| D16| D15| D14| D13| D12| D11| D10| D17| D16| D15 D14| D13 D12| D11| D10
A A 4 1 v v v v
DPRAM R5| R4 | R3 | R2 G5 G4| G3| G2 G1| GO B5|| B4 | B3| B2
write data

65,536 colors are available.

DDRAM data read

DPRAM R5| R4| R3| R2| R1 G5| G4| G3| G2 G1|GO|B5|| B4 | B3| B2
write data
A 4 /// A A 4 A 4 A 4
Input Pins D17|D16| D15| D14|| D13| D12| D11| D10 D17|D16|D15| D14|| D13| D12| D11|| D10
1st transfer 2nd transfer

Figure 14-9: Data format for 8-bit interface
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14.6. Data Transfer Synchronization in 8-bit Bus Interface Mode

The MC2TA7402 supports a data transfer synchronization function to reset upper and lower counters that count the
number of transfers of upper and lower 8 bits in 8-bit bus interface mode. If a mismatch arises in the numbers of
transfers between the upper and lower 8-bit counters due to noise, etc., the "00"h instruction is written 4 times
consecutively to reset the upper and lower counters so that data transfers will restart with the transfer of upper 8 bits.
This synchronization function, when executed periodically, can effectively prevent the display system from running out of
control.

. \ /
/ \

- U U U YUy Yy

D17-10

Upper ( Lower

( 8-bit transfer synchronization)

Figure 14-10: 8-bit data transfer synchronization
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14.7. Serial Peripheral interface (SPI)

The Serial Peripheral Interface (SPI) is selected by setting the IM3/2/1 pins. The SPl is available through the chip select
line (NCS), the serial transfer clock line (SCL), the serial data input (SDI), and the serial data output (SDO). In SPI mode,
the IMO/ID pin functions as the ID and the D17-0 pins which are not be used, must be fixed either at the IOVCC or GND
level.

NCS
»| SCL
MPU o MC2TA7402
< SDO
? D17-0
18

GND

Figure 14-11: SPI MPU and the MC2TA7402

The MC2TA7402 recognizes the start of data transfer on the falling edge of the NCS input and transfers the start byte. It
recognizes the end of data transfer on the rising edge of the NCS input. The MC2TA7402 is selected when the 6-bit
chip address in the start byte transferred from the transmission unit and the 6-bit device identification code assigned to the
MC2TA7402 correspond as a result of comparison. When selected, the MC2TA7402 starts taking the subsequent data.
The ID pin sets the LSB of the identification code. Send "01110” to the identification code that is the five upper bits of the
start byte. Two different chip addresses must be assigned to the MC2TA7402 because the seventh bit of the start byte is
assigned to the register select bit (RS). When RS = "0", either the index register write operation or the status read
operation is executed. When RS = "1", either the instruction write operation or the DDRAM read/write operation is
executed. The eighth bit of the start byte is to select either the read or write operation (R/W bit). Data are received
when the R/W bit is "0", and are transferred when the R\W bit is "1".

After receiving the start byte, the MC2TA7402 starts transferring or receiving data in units of bytes. Data transfers are
executed from the MSB. All instructions of the MC2TA7402 take the 16-bit format and are executed internally after
transferring two bytes (DB15-0) from the MSB. DDRAM write data are internally expanded into 18 bits.  After receiving
the start byte, the MC2TA7402 takes the first and the second bytes as the upper and the lower eight bits of a 16-bit
instruction, respectively.

In SPI mode, invalid data are sent to the data bus until 5-byte data are read out from the internal DDRAM after the start
byte. Valid data are read out as the MC2TA7402 reads out the 6th byte data from the internal DDRAM.

Table 14-2: Start Byte Format
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Transferred bits S 1 | 2 | 3 | 4 \ 5 | 6 7 8
Start byte format Transfer start Device ID code RS R/W
o | 1+ ] 12+ ] 1] o [
Note 1) The ID bit is selected by setting the IMO/ID pin.
Table 14-3:
RS RW Function
0 0 Set an index register
0 1 Read a status
1 0 Write an instruction of DDRAM data
1 1 Read an instruction or DDRAM data
Instruction
1st transfer 2nd transfer
Input data DB|DB|DB|DB| DB | DB | DB || DB DB|DB| DB|DB| DB | DB| DB || DB
P 15| 14 | 13 ] 12 ] 11 ) 10 9 8 7 6 5 4 3 2 1 0
v y A4 y A v A v y A v A y A4 v A
Instruction 1B Bl B|IB|IB|IB|IBJ|IB BlIB|IB}JIB|IB]IB]IB|IB
15| 14 | 13 ] 12 ] 11 ) 10 9 8 7 6 5 4 3 2 1 0
DDRAM data write
1st transfer 2nd transfer
Input data DB | DB | DB || DB DB|DB| DB| DB | DB | DB | DB || DB
P 15 | 14 | 13| 12 7 6 5 4 3 2 1 0
A y v A 4 A 4 A 4 A v A 4 y A 4
DE.)RAM R5|| R4 | R3 | R2 G2| G1|{ GO B5|)| B4| B3| B2
write data

65,536 colors are available.

DDRAM data read

DDRAM

- R5| RAJ R3| R2| R1
write data

G2|G1| GO| B5| B4| B3| B2

A4 4 A4 4 A 4 A A 4 A 4 A A4 A

DB| DB| DB|| DB | DB DB|DB|{DB|DB| DB| DB | DB | DB
15| 14 ) 13 ) 12 | 11 7 6 5 4 3 2 1 0
1st transfer 2nd transfer

Output data

Figure 14-12: Data format for SPI

MagnaChip CONFIDENTIAL

88 /156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

A) Basic data transfers through SPI

Start data transfer End of data transfer

r—=—-n r—=—=-n

NCS _E_\ i ! /1
(Input) H ! ] !

12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24

SCL
(Input)

SDI
(Input)

«— Devise ID code —*|Rs]| RVL
.

Start byte Index register set, instructions, DDRAM data write

(Output)

Status read, instruction read, DDRAM data read

B ) Consecutive data transfers through SPI

NCS \ [
(Input)

1 2 345 6 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

SCL

(Input)

SDI Start byte Instruction 1: Instruction 1: Instruction 2:
(Input) uppwer 8 bits lower 8 bits upper 8 bits

Start Instruction 1: End
execution time

Note: The start byte transfer is always followed by the transfer of upper byte of an instruction.

C) DDRAM data read transfers through SPI
NCS — /7
(Input)

sc.  —1nnnpnnm CInnnmaneInnnnnnneInnnnnnnrnannnnnenanannneInnnnnnennnnnnn
(Input)

SDI Start byte
(Input) RS =1,
R/W =1
SDI Dummy Dummy Dummy Dummy Dummy DDEAMe’read DDT’:V“V"e’read
(Output) Read 1 Read 2 Read 3 Read 4 Read 5 Spbphs 8 bits
Start End

Note: Invalid data are sent to the data bus until the 5th byte data are read out from the internal DDRAM.
Valid data are sent to the data bus as the MC2TA7402 starts reading the 6th data from the internal DDRAM.

Figure 14-13: Data transmission through SPI (1)
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E ) Status read

NCS
(Input)

S\ [
(o LR L1 I [

SDI Start byte
(Input) RS=0,RW =1
SDI Dummy read 1 Status read: Status read:
(Output) Y upper 8 bits lower 8 bits
Start End

Note: At first, one-byte invalid data are read out. Valid data are sent as the MC2TA7402 executes the 2nd operation.

Figure 14-14: Data transmission through SPI (2)
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15. VSYNC Interface

The MC2TA7402 has the VSYNC interface that enables moving picture display with the system interface in
synchronization with the vertical synchronizing signal (VSYNC). The VSYNC interface enables the system interface to
display a moving picture with minimum modification.

VSYNC

A 4

MPU s  MC2TA7402

RS

NWR
D17-10, D8-1
16»7__ D9, DO

YVYYVY

GND

Figure 15-1: VYSNC interface (in case of 16 bits)

The VSYNC interface is selected by setting ROCh;DM1-0 = "10" and ROCh;RM ="0". In VSYNC interface mode, the
internal display operation is synchronized with the VSYNC signal. By writing data to the internal DDRAM through the
system interface at a certain speed higher than that of internal display operation, the VSYNC interface enables moving
picture display through the system interface and a screen rewriting operation without flicker.

The display operation in VSYNC mode is executed in synchronization with the internal clock generated from internal
oscillators and the VSYNC input. All display data are stored in the internal DDRAM to limit the data to be transferred to
those overwritten on the moving picture DDRAM area. Also the total data transfers required for moving picture display
are minimized. By using this method the MC2TA7402 can access the internal DDRAM with less power consumption in
VSYNC interface mode.

VSYNC | L LI L |
e RN T —

operation

synchronized
with

internal clocks

Figure 15-2: Moving picture data transfers via VSYNC interface
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VSYNC interface requires taking the minimum speed for RAM writing via the system interface and the frequency of the
internal clock into consideration. RAM writing should be performed with higher speed than the result obtained from the
calculation shown below. The internal memory write address counter is reset by VSYNC. So, insure interval time between
VSYNC falling and GRAM data writing.

Internal clock frequency (fosc) [Hz]
=Frame Frequency x (DisplayLines(NL)+Frontporch(FP)+BackPorch(BP)) x 16(clocks) x variance

DDRAM Write Speed (min.)[Hz] > 176 x Display Lines (NL)

{(Display Lines(NL)+Backporch(BP)+Frontporch(FP)-Margin) x 16(Clocks) x (1/fosc)}

Note) When the DDRAM write operation does not start on the falling edge of the VSYNC input, the time from the falling
edge of the VSYNC input until the start of the DDRAM write operation must also be taken into account.

An example of the minimum DDRAM writing speed and the internal clock frequency in VSYNC interface mode is as

follows.
[Example]
Display size: 176 RGB x 220 lines
Lines 220 lines
Back Front porch 14/2 lines (R0O8h;BP3-0="1110" / FP3-0 ="0010")
Frame frequency 60 Hz
1H period 16 clock (ROBh;RTN1-0 ="00" = INCLK / 16

Internal clock frequency (fosc) [Hz]= 60 Hz x (220 + 14 + 2) lines x 16 clocks x 1.1/ 0.9 = 277 kHz

Notel) When setting the internal clock frequency, possible causes of variances must also be taken into consideration.
In this example, the calculated internal clock frequency with the above register setting allows for a margin of
+10% for variances and ensures to complete the display operation within one VSYNC cycle.

Note2) In this example, variances attributed to the fabrication process of LS| and room temperature are counted in.
Other possible causes of variances, such as voltage changes are not in consideration. It is necessary to allow
for an enough margin for these factors to be incorporated.

Minimum speed for DDRAM writing [Hz] > 176 x 220/ {((14 + 220 - 2) lines x 16 clock) / 277 kHz} = 2.89 MHz

Note3) The above theoretical value is calculated on the premise that the MC2TA7402 starts writing data to the internal
DDRAM on the falling edge of the VSYNC input.

Note4) There must be at least a margin of 2 lines between the physical display line where the display operation is
performed and the DDRAM line address where the data write operation is performed.
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The DDRAM write speed of 2.89MHz or more on the falling edge of the VSYNC input will guarantee the completion of the

DDRAM write operation before the MC2TA7402 starts displaying the DDRAM data on the screen, enabling rewriting the

entire screen without flicker.

VSYNC
DDRAM write
Back porch
(14lines)
v
Display
Operation
Display
(220lines)

Front porch (2lines )

Blanking period

RC oscillation
10 %
MinesI\__ _ — > Display
220 \ operation
'
DDRAM write !
at 2.89 MHz !
o | I
£ ! !
% 1 1
2 | |
e 1 1 1
[=% 1 1 1
@ 1 Display | |
= operation 1 1
' ' '
| | |
1 1 1
: : J[ms]

0 16.7 (60HzZ)

i

Back-porch 14H |

] vome | LI

Figure 15-3: Write/display operation timing via VSYNC interface

Notes in using the VSYNC interface

The above calculation example gives a theoretical value. At time of setting, other possible causes of variances that are

not counted in the above example (such as differences in internal oscillators) should also be taken into consideration. It

is strongly recommended to allow for an enough margin in setting a DDRAM writing speed.

The above calculation example gives the minimum value in case of rewriting the entire screen. If the moving picture

display area is smaller than that, the range for setting the minimum DDRAM writing speed can have extra margins.

Example: moving picture display area (20-200 lines)

DDRAM write

Back porch
(14 lines)

(1-20lines)

Display
(180 lines )

(201 - 220 lines)
Front porch (2 lines )

Blanking period

VSYNC

RC oscillation
10 %
[lines)) _ o ___ <+——>»  Display
220 ' operation
- e —-
200
DDRAM write !
'
at 2.89 MHz |
o '
£ '
2 |
8 1
<] 1
S o |
£ Displaying 1
= '
operation I
1
'
0 | T/ T T VT T !_ _____ ,[_m?]_ B
0 16.7 (60HZ)
< > |
1

Back-porch 14H |

L L

Figure 15-4: DDRAM write margin
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After drawing a frame, a front porch period continues until the next VSYNC input is detected.

When switching from the system interface mode (DM1-0 ="00") to the VSYNC interface mode or vice versa, the

new interface mode is enabled from the next VSYNC cycle.

For example, the new interface is enabled after

completing the display of the frame that the MC2TA7402 was internally processing when switching modes.

3. The partial display, vertical scroll, and interlaced scan functions are not available in VSYNC interface mode.

In VSYNC interface mode, set the AM bit to "0" to transfer display data in the method mentioned above.

System Interface to VSYNC Interface

VSYNC Interface to System Interface

Operation through
system interface

RO3h;AM = "0"

Set R21h;AD15-0

Set VSYNC interface mode*

( ROCh;DM1-0 = "10", RM = "0"

Set index register to "22h"

W ait more than 1 frame

Write data to DDRAM
through VSYNC

Operation through
VSYNC interface

Display operation in
synchronization
with internal clocks

*The DM1-0, RM bits
are enabled upon
completion of drawing 1
frame.

J\_

Display operation
in synchronization with

Note) Input VSYNC before setting the DM1-0, RM registers.

operation through
VSYNC interface

~

SET :.y:.u-.'nll TTETTace
( ROCh;DM1-0 = "00", RM = "0"

A}

J\

Wait more than 1 frame

Operation through
system interface

—

Display operation in
synchronization with
VSYNC.

* The DM1-0, RM bits
are enable upon
completion of drawing 1

Display operation in
synchronization
with internal clocks.

Note) input VSYNC for more than 1 frame period after

setting the DM and RM registers.

Figure 15-5: VSYNC/system interface mode switching sequences
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16. RGB Interface
16.1. RGB Interface

The following table shows the RGB interface available with the MC2TA7402 . The interface is selected by setting the

ROCh;RIM1-0 bits as follows.

Table 16-1:
RIM1 | RIMO RGB Interface DB Pin
0 0 18-bit RGB interface DB17-0
0 1 16-bit RGB interface DB17-13, 11-1
1 0 6-bit RGB interface DB17-12
1 1 Setting disabled

Note 1) Multiple RGB interfaces cannot be used at the same time.

The RGB interface is used to access the DDRAM.

The display operation via the RGB interface is synchronized with VSYNC, HSYNC, and DOTCLK. The RGB interface

enables transferring the minimum necessary data and rewriting the DDRAM area to be overwritten with the use of the

window address function.

display period, respectively.

In RGB interface mode, it is necessary to set back and front porch periods before and after a

Back porch period ( RO8h;BP3-0)

DDRAM data display area

Moving picture
display area

Display period ( RO1h;NL4-0)

I Front porch period ( RO8h;FP3-0)

HSYNC

DOTCLK

ENABLE

DB17-0

VSYNC: Vertical synchronizing sinal
HSYNC: Horizontal synchronizing signal
DOTCLK: dot clocks

ENABLE: Data enable signal
DB17-0: Display data for RGB (6:6:6)

\\
RANE00E
\\

Note 1) The front porch period continues until the next input of VSYNC.

Note 2 ) Input DOTCLK throughout the operation.

Note 3) Supply VSYNC, HSYNC and DOTCLK with frequencies that
can meet the resolution requirement of the panel.

Back porch period ( BPP ): 14H > BP3-0 > 2H
Front porch period ( FPP ): 14H > FP3-0 > 2H

FPP + BPP = 16H
Display operation period (DP): NL4-0 < 160H (when set as 176 RGB x 220)

Lines per frame: (FPP + DP + BPP)

Figure 16-1: RGB interface
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16.2. RGB Interface Timing

The timing chart of signals in the 16-/18-bit RGB interface mode is as follows.

1 1 1
. 1 frame . .

1 —
Back porch period Front porch period

vswne | | i i %‘

rone - FIOPTT U U GU G U0 Iy

1 1 1 1
DOTCLK | LR AT A A A AR AL RiAKE h AL TR (ACEY |
l l l
ENABLE i i \ i i_
p17-0 IR || TR 1111
n n | ]

L
VLW > 1H
>
VSYNC
1H
HLW > 1CLK
HSYNC
1 clock
>
DOTCLK |||||||||||||||||||||||||||
DTST > HLW
ENABLE
D17:0 OCOO000C
Valid data >

VLW: VSYNC "Low" level period
HLW: HSYNC "Low" level period
DTST: Data transfer startup time

Figure 16-2: 16-/18-bit RGB Interface Timing

MagnaChip CONFIDENTIAL

96 / 156
MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

The timing chart of signals in the 6-bit RGB interface mode is as follows.

»
g

1 frame

1
]
1
p

Back

orch period Front porch period

VSYNC

HSYNC

DOTCLK

ENABLE

D17-12

\ gy

\4

VSYNC

1H

\ 4

HLW > 3CLK

HSYNC

DOTCLK

DTST > HLW

ENABLE

RG B_RGBBQB —_— RGB R’(_BB
D17-0 0000000 £ 1000000

Valid data

VLW: VSYNC "Low" level period
HLW: HSYNC "Low" level period
DTST: Data transfer startup time

Note) In 6-bit RGB interface mode, each of the RGB pixels is transferred in synchronization with one DOTCLK inputs.
For this reason, set the cycle of each signal (HSYNC, VSYNC, ENABLE ) to contain DOTCLK inputs of a multiple of 3.

Figure 16-3: 6-bit RGB Interface Timing
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16.3. Moving Picture Display

The MC2TA7402 has the RGB interface that is dedicated to display moving picture display. The MC2TA7402 also has
the DDRAM for storing data for a moving picture. In this way, the MC2TA7402 has the following benefit in displaying a
moving picture.

® The window address function enables transferring the minimum necessary data to be written to the moving

picture DDRAM area

® Data are transferred only to the moving picture DDRAM area.

® The reduction in data transfers contributes to reduce the power consumption by the entire system.

® By using the system interface, it is possible to rewrite data in a still picture DDRAM area (icons, etc.) even when

displaying a moving picture.
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16.4. DDRAM Access through a System Interface in RGB-I/F Mode

The MC2TA7402 allows DDRAM access via the system interface in RGB interface mode. In RGB interface mode, data
are written to the internal DDRAM in synchronization with DOTCLK while the ENABLE is “Low”. Set the ENABLE "High"
to stop writing data via the RGB interface during writing data to the internal DDRAM via the system interface. Then set
ROCh;RM = "0" to make the DDRAM accessible via the system interface. At the time to restart the DDRAM access in
RGB interface mode, wait for a read/write bus cycle time. Then, set ROCh;RM ="1" and the index register to "22"h to
start accessing the DDRAM via the RGB interface. When conflicts between DDRAM accesses via those two interfaces
occur, the DDRAM write data is not guaranteed.

The following figure illustrates the operation of the MC2TA7402 when displaying a moving picture via the RGB interface
and rewriting data in the still picture DDRAM area via the system interface.

Updating a frame Updating a frame
1 1 1 1

g—p ~—
| | 1

VSYNC | i igl L L] i i#
ENABLE 1| .| Iﬁ

DOTCLK ' u u '

D170 R 1111111115 g
Setlﬁ . .

* See Note 2)/'

n n
I I Update display I I
Set IR||n n]Set Set Set IR d;ta in othsr tﬁan Set Set Set IR|® []
System interface to I I ROCh;[|R21h; to the moving picture R21h; ROCh; [fto I I
"22h" ||y s|RM=0{jaD15-0 [I22n g AD15-0 [IRM=1[§22n ], .
1
. . . .
Updating moving Updating still picture area Updating moving
picture area picture area

Note 1) The address AD15-0 is set in the address counter on every falling edge of VSYNC in RGB interface mode.
Note 2) Set the address AD15-0 and the index register to "22"h ( DDRAM data write / read ) before DDRAM access through
the RGB interface.

2001/1/1 0:00 ™M

Still Picture area

Moving picture area

[ ][]

Figure 16-4:
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16.5. 6-bit RGB Interface

The 6-bit RGB interface is selected by setting the ROCh;RIM1-0 bits to "10".

the VSYNC, HSYNC, and DOTCLK signals.
to the internal DDRAM in synchronization with the display operation through the 6-bit RGB data bus (D17-12). Unused

pins (D11-0) must be fixed at either the IOVCC or GND level.

The display operation is synchronized with

According to the data enable signal (ENABLE), display data are transferred

MPU

YVY

A

[ 7

VSYNC
HSYNC
DOTCLK

MC2TA7402
ENABLE
D17-12
D110

ez
GND level

Figure 16-5: 6-bit RGB interface

DDRAM data write

1st transfer

2nd transfer

3rd transfer

Input Pins

D17

D16

D15 D14

D13

D12

D17 D16| D15

D14| D13| D12| D17 D16{ D15

D14 D13| D12

4 4 ) 4

y y v 4 A 4 y

y

A 4

DDRAM
write data

R5

R4

R3 | R2

R1

RO

G5 G4 | G3

G2|Gl1|GO| B5| B4 | B3

B2

Bl | BO

1dot

262,144 colors are available in 6-bit RGB interface.

Figure 16-6: Data format for 6-bit interface
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16.6. Data Transfer Synchronization in 6-bit RGB Interface Mode

The MC2TA7402 has data transfer counters for counting the first, second and third data transfers in 6-bit RBG interface
mode. The transfer counters are always reset to the state of the first data transfer on the falling edge of VSYNC. If a
mismatch arises in the number of each data transfer, the counters are reset to the state of the first data transfer at the start
of the frame (i.e. on the falling edge of VSYNC) to restart data transfer in the correct order from the next frame. This
function is useful for moving picture display. This function enables the system to return to the normal state with the
minimum effects from failed transfers in transferring data consecutively (displaying a moving picture, etc.).

Note that the internal display operations are performed in units of pixels (RGB: taking 3 inputs of DOTCLK). Accordingly,
the number of DOTCLK inputs in one-frame period must be a multiple of 3 to complete data transfers correctly.
Otherwise the display on the screen will be affected.

VSYNC |
ENABLE | ‘|
DOTCLK | |7| |7| |7| |7| |7| |7 |7| |7| |7| |7| |7| |7| |7| |7| |

D17-12

2nd i 1st  2nd 3rd 1st 2nd 3rd

transfer transfer transfer transfer transfer transfer transfer

Transfer synchronization

Figure 16-7: 6-bit data transfer synchronization
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16.7. 16-bit RGB Interface

The 16-bit RGB interface is selected by setting the ROCh;RIM1-0 bits to "01". The display operation is synchronized with

the VSYNC, HSYNC, and DOTCLK signals. Display data are transferred to the internal DDRAM in synchronization with
the display operation through the 16-bit RGB data bus (D17-13, D11-1) according to the data enable signal (ENABLE).

Instructions are set only through the system interface.

VSYNC
HSYNC

DOTCLK

MPU MC2TA7402
ENABLE

D17-13, D11-1

167J/77L D12, DO
2

GND

YvVY

A

Figure 16-8: 16-bit RGB interface

DDRAM data write

D4 | D3| D2 | D1

Input Pins|D17|D16| D15[ D14]| D13 p11|D10| D9 | D8 | D7 | D6 | D5

DDRAM
write data

G4l G3|G2|Gl|G0|B5]|B4]| B3| B2

R5| R4 | R3 | R2

65,536 colors are available in 16-bit RGB interface.

Figure 16-9: Data format for 16-bit interface
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16.8. 18-bit RGB Interface

The 18-bit RGB interface is selected by setting the ROCh;RIM1-0 bits to "00". The display operation is synchronized with
Display data are transferred to the internal DDRAM in synchronization with

the VSYNC, HSYNC, and DOTCLK signals.

the display operation through the 18-bit RGB data bus (D17-0) according to the data enable signal (ENABLE).

Instructions are set only through the system interface.

MPU

VSYNC

YVY

HSYNC

DOTCLK
MC2TA7402

ENABLE

A

18

D17-0

Figure 16-10: 18-bit RGB interface

DDRAM data write

Input Pins

DDRAM
write data

D17

D16{ D15

D14

D13

D12

D11

D10

D9

D8 | D7 | D6 | D5 || D4 | D3| D2 | D1 | DO

HEENNEE

R5

R4

R3

R2

R1

RO

G5

G4

G3

G2|Gl|Go|| B5| B4]| B3| B2]| B1|| BO

262,144 colors are available in 18-bit RGB interface.

Figure 16-11: Data format for 18-bit interface
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16.9. Notes in Using the RGB Interface

The following are the unavailable functions in RGB interface mode.

Table 16-2:
Function RGB Interface VSYNC Interface System Interface
Partial display Not available Not available Available
Scroll function Not available Not available Available
Interlaced scan Not available Not available Available

1. The VSYNC, HSYNC, and DOTCLK signals must be supplied throughout a display operation period.

. The periods set with the ROBh;NO1-0 bits (gate output non-overlap period), ROBh;SDT1-0 bits (source output delay
period) and ROBh;ECS2-0(Equalizing period) are not based on the internal clock but based on DOTCLK in RGB
interface mode.

. In 6-bit RGB interface mode, each of the RGB pixels is transferred in synchronization with a DOTCLK input. In
other words, it takes 3 DOTCLK inputs to transfer one-dot data. Make sure to complete data transfers in units of 3
DOTCLK inputs in 6-bit RGB interface mode.

. In 6-bit RGB interface mode, one-dot data, which consist of the RGB dots, are transferred in units of 3 DOTCLK
inputs. Accordingly, set the cycle of each signal in 6-bit interface mode (VSYNC, HSYNC ENABLE, D17-0) to
contain the DOTCLK inputs of a multiple of 3 to complete data transfers in a dot unit.

. When switching from the system interface mode to the RGB/VSYNC interface mode, or vice versa, follow the
sequence on Figure 16-12 and Figure 16-13.

. In RGB interface mode, the front porch period continues until the next VSYNC input is detected after drawing one
frame.

. In RGB interface mode, a DDRAM address (R21h;AD15-0) is set in the address counter every frame on the falling
edge of VSYNC.
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System Interface Operation to RGB I/F (1)

System interface operation

RO3h;AM =" 0"

System interface

Set R21h;AD15-0

operation

Set RGB interface mode*
(ROCh;DM1-0 = "01", RM ="1")

*The DM1-0, RM bits are
enabled

| Set IR to "22h"
( DDRAM data write )

Wait more than 1 frame

J
<

| Write data through RGB I/F

| RGB Interface Operation

( Synchronized with VSYNC,
HSYNC and DOTCLK. )

RGB interface operation

|/

Note) Input RGB I/F singnals ( VSYNC, HSYNC, DOTCLK ,ENABLE)
before setting DM1-0, RM to the RGB interface mode.

RGB I/F (1) to System Interface Operation

RGB interface operation | ™)

' RGB Interface Operation

( Synchronized with VSYNC,
HSYNC, DOTCLK)
* The DM1-0, RM bits are enabled

Set System interface operation*
(ROCh;DM1-0 ="00",RM ="0")

| after displavina one frame.

J\

Wait more than 1 frame

I System interface operation
System interface operation

Note: Input RGB I/F signals (VSYNC, HSYNC, DOTCLK,ENABLE ) at least
at the end of one frame after setting DM1-0, RM to the System
interface operation mode.

Figure 16-12: System interface/RGB interface mode switching sequence

From RGB I/F (1) to RGB I/F (2)

RGB interface operation

Set RGB interface mode
( ROCh;DM1-0 ="01",RM ="0")

Set R21h;AD15-0

Set IR to "22h"
( DDRAM data write )

Write data to DDRAM
through system interface
L]

From RGB I/F (2) to RGB I/F (1)

Write data to DDRAM
through system interface

1
RO3h;AM ="0"

Set R21h;AD15-0

Set RGB interface mode
(ROCh;DM1-0= "01",RM ="1")

Set IR to "22h"
( DDRAM data write )
L]

RGB interface operation

Figure 16-13: Switching DDRAM access modes
(between RGB interface (1) and RGB interface (2) modes)
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17. Window Address Function

The window address function enables writing display data consecutively in a rectangular area (a window address area) on
the internal DDRAM. The window address area is created by setting the horizontal address register (start: R44h;HSA7-0,
end: HEA 7-0) and the vertical address register (start: R45h;VSA7-0, end: VEA7-0).

The R03h;AM bit sets the transition direction of a DDRAM address (either increment or decrement). These bits enables
the MC2TA7402 to write data including image data consecutively not taking data wrap positions into account.

The window address area must be made within the DDRAM address map area. Also, the R21h; AD15-0 bits (DDRAM
address set register) must be an address within the window address area.

[Window address setting area]
(Horizontal direction)  "00"h < HSA7-0 < "AF"h  (When set as 176 RGB x 220)
(Vertical direction) "00"h < VSA7-0 <"DB"h
[DDRAM address, AD15-0 (an address within a window address area) |
(DDRAM address) HSA7-0 < AD7-0 < HEA7-0
VSA7-0 < AD15-8 < VEA7-0

DDRAM Address Map
"0000"h = == == = = - = = = = === == == =] "00AF"h

Window address area

a

"2010"h | "202F"h
"2110"h [*% "212F"h
= > 1

|
"5F10"h "5F2F"h

DBl == === = === = = = = = = = = = = =[TEAF]

Window address setting area

R44h;HSA7-0 = "10"h, R44h;HEA7-0 = "2F"h RO3h;I/D =1 (increment )
R45h;VSA7-0 = "20"h, R45h;VEA7-0 = "5F"h R03h;AM = 0 ( horizontal writing)
Figure 17-1

MagnaChip CONFIDENTIAL

106/ 156
MC2TA7402 Ver.1.03



MagnaChip®’

MC2TA7402

18. Gamma Correction Function

The MC2TA7402 has the gamma-correction function to display in 262,144 colors simultaneously. The gamma-correction
is performed with 4 groups of registers determining eight reference grayscale levels, gradient adjustment, amplitude
adjustment, reference adjustment and micro adjustment registers.

of positive and negative polarities.

MC2TA7402 available with liquid crystal display panels of various characteristics.

Each register group further consists of register groups

Each register group is set independently to other register groups, making the

Display data

Display Data RAM (DDRAM)

A

V.V VY

A

A\ 4

VvV VvVYy vy

y \ 4
| r5| R4] R3] R2| R1]

y A 4 y
G5| G4] G3| G2] 1l Go)| Bs|

B4| B3] B2| B1] BO|

Positive
Polarity
Register

PKP02

PKP01] PKP0OO

PKP12

PKP11] PKP10

PKP22

PKP21| PKP20

PKP32

PKP31] PKP30

PKP42

PKP41] PKP40

PKP52

PKP51| PKP50

PRP02

PRPO1| PRPOO|

PRP12

PRP11| PRP10|

VRPO3

VRP02

VRPO1] VRPOO|

[VRP14]VRP13

VRP12

VRP11] VRP10|

YVYYVYVYY
YYYIYYYY

Polarity
Register

PKNO2

PKNO1| PKNOO|

| S|ons| afeasAelb aouaiaal 8 |

PKN12

PKN11| PKN10|

Negative

PKN22

PKN21| PKN20|

PKN32

PKN31| PKN30|

PKN42

PKN41| PKN4Q|

PKN52

PKN51| PKN50|

PRNO2

PRNO1j PRNOO

PRN12

PRN11JPRN10

VRNO3

VRNO2

VRNO1J VRNOO

[VRN14]VRN13

VRN12

VRN11VRN10

1 6 6 6
v v v
64-level 64-level 64-level
grayscale grayscale grayscale
control control control
<R> <G> <B>
LCD driver LCD driver LCD driver
.\ .\ .\
R G B
LCD
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18.1. Grayscale Amplifier Unit Configuration

The following figure illustrates the grayscale amplifier unit of the MC2TA7402. To generate 64 grayscale voltages (VO to

V63), the MC2TA7402 first generates eight reference grayscale voltages (VINPO-7/VINNO-7).

unit then divides eight reference grayscale voltages with the built-in ladder resistors.

The grayscale amplifier

Gradient
Adjustment

Register (6 x 3 bits)

Micro Adjustment Registers

VREG1O{PRP/NO PRP/N1|PKP/NOPKP/N1PKP/N2PKP/N3PKP/N4PKP/NH

Reference
Adjustment
Register
VRP/NO

Amplitude
Adjustment
Register
VRP/N1

/1~ 3 1T 3 13 1T 3 + 3 1T 3

—

T 3 T

3

—T 4

e
=<

—1 5

VINPO/VINNO

—w—s

VINP1/VINN1

101s1S9Y
JsppeT

10108j8S
1018

A

VINP2/VINN2

101s1S9Y
Jappe

10108j9S
1018

W

VINP3/VINN3

101sIS9y
Jappe

10108|8S
108

A

A

VINP4/VINN4

101sI1S89Y
JsppeT]

10108j9S
1018

uuN Josisay JoppeT
A
Al

MA
VWY

&
<

VINP5/VINNS

101s1S9Y

A
Ak |_‘eppel

10108j9S
108

&
<

VINP6/VINNG

101s1S89Y
JsppeT]

10108[8S

TO8

VINP7/VINN7

VGS

VO
—» to
V63

uun Jaldiwy aeoasAels

Figure 18-2: Grayscale amplifier unit
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VRPO: 0 to 30R
VREGIOUT  /VRNO: 0 to 30R
X e VING > VO (2VINO)
R L
VRPO[3:0] = 8 To 1 selector AVDD2
/VRNO[3:0] PKPO[2:0] / PKNO[2:0] ﬂ
60R
VINL V1 (=VINL)
4RXT
v2
va
96R v4
Vs
VRH: 0 to 28R V6
8 To 1 selector
) PKP1{2:0] / PKN1[2:0] V7
 S—
E <
- VINZ -
RX7 3 i }D V8 (=VIN2)
= o=
[ I——
R
= L 36R
' (3Rx12)
E = pomeemees 8 To 1 selector
J — PKP2(2:0] / PKN2[2:0]
1RX7 VING (=VING)
69R
16R (3Rx23)
8 To 1 selector
PKP3[2:0] / PKN3[2:0]
1RX7
VIN4 (=VINg)
E 8 To 1 selector
PKP4[2:0] / PKN4[2:0] 36R
(3Rx12)
1RX7
VINS (=VINS)
VRL: 010 28R
. 8 To 1 selector
PKP5[2:0] / PKNS[2:0]
96R
4RXT
VING ¢ > V62 (=VING)
60R
E ’JL
VRPL: 010 31R
VGS  8R  /VRNLO0t031R
X—W\ —AMAAT- VINT > V63 (=VINT)
VRP1[4:0]
/ VRN1[4:0]

Figure 18-3: Reference voltage generating block (ladder resistor units and 8-to-1 selectors)
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18.2. Gamma Correction Register

The gamma-correction registers of the MC2TA7402 consist of gradient adjustment, amplitude adjustment, reference
adjustment and micro adjustment registers. Each register has registers of positive and negative polarities. Each
register group can be set independently to others, enabling adjustment of grayscale voltage levels in relation to
grayscales set optimally for gamma-characteristics of a liquid crystal panel. These gamma-correction register settings
and the reference levels of the 64 grayscales to which each of the three adjustments (bold lines in the following figure) is
made are common to all RGB pixels.

wu wA wA wu

[=2] [=2] [=2] [=2]

8 8 8 8

S S S S

> > > >

@ @ @ @

[ [ [ [

(] (] (] (]

2 2 2 "

g g g g

(U] (U] (U] (U]
Grayscale number g Grayscale number v Grayscale number v Grayscale number
a) Gradient adjustment b) Amplitude adjustment c) Reference adjustment d) Micro adjustment

Figure 18-4:

a) Gradient adjustment resistor

The gradient adjustment resistors are used to adjust the gradient in the middle of the grayscale 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 grayscale voltage generator. Also, there is an independent resistor on the
positive/negative polarities in order for corresponding to asymmetry drive.

b) Amplitude adjustment resistor

The amplitude-adjusting resistor is to adjust amplitude of the grayscale voltage. To accomplish the adjustment, it controls
the variable resistor (VRP (N)) of the ladder resistor for the grayscale voltage generator located at lower side of the ladder
resistor. (Adjust upper side by input VREG1OUT level.) Also, there is an independent resistor on the positive/negative
polarities as well as the gradient-adjusting resistor.

c) Reference adjustment resistor

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

d) Micro adjustment resistor

The micro adjustment resistor is to make subtle adjustment of the grayscale voltage level. To accomplish the adjustment,
it controls the each reference voltage level by the 8 to 1 selector towards the 8-leveled reference voltage generated from
the ladder resistor. Also, there is an independent resistor on the positive/negative polarities as well as other adjusting
resistors.
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Table 18-1:
Register Groups POSItIYe Negatfve Description
Polarity Polarity

Gradient adjustment PRPO [2:0] PRNO [2:0] Var?able res?ster VRHP (N)
PRP1 [2:0] PRN1 [2:0] Variable resister VRLP (N)

Amplitude adjustment VRP1 [3:0] VRNO [3:0] Variable resister VRP (N) 1

Reference adjustment VRPO [4:0] VRNL1 [4:0] Variable resister VRP (N) 0

Micro adjustment PKPO [2:0] PKNO [2:0] 8-to-1 selector (voltage level of grayscale 1)
PKP1 [2:0] PKN1 [2:0] 8-to-1 selector (voltage level of grayscale 8)
PKP2 [2:0] PKN2 [2:0] 8-to-1 selector (voltage level of grayscale 20)
PKP3 [2:0] PKN3 [2:0] 8-to-1 selector (voltage level of grayscale 43)
PKP4 [2:0] PKN4 [2:0] 8-to-1 selector (voltage level of grayscale 55)
PKP5 [2:0] PKNS5 [2:0] 8-to-1 selector (voltage level of grayscale 62)

18.3. Ladder Resistors and 8-to-1 Selector

Block configuration

As Figure 18-3 shows, the reference voltage generating unit consists of a ladder resistor unit that can switch 4R. The
ladder resistor unit includes variable resistors and 8-to-1 selectors. Each 8-to-1 selector selects one of the 8 voltage
levels generated from the ladder resistor unit to output as a grayscale reference voltage. Both variable resistors and
8-to-1 selectors are controlled according to the gamma correction registers. This unit has pins to connect a volume
resistor externally to compensate the differences in characteristics of various panels.

18.4. Variable Resistors

The MC2TA7402 uses variable resistors of the following three types: gradient adjustment (VRHP(N)/VRLP(N)), amplitude
adjustment (1) (VRP(N)O0), and the amplitude adjustment (2) (VRP(N)1). The resistance values of these variable

resistors are set by the gradient adjustment registers and amplitude adjustment registers as follows.

Table 18-2: Table 18-3: Table 18-4:

Gradient adjustment Amplitude adjustment Reference adjustment
Register Value Resistance Register Value Resistance Register Value Resistance
PRP(N) 0/1 [2:0] VRHP (N) VRP(N) 1[3:0] VRP (N) 1 VRP(N) 0 [4:0] VRP (N) 0

VRLP (N)
000 OR 00000 OR 0000 OR
001 4R 00001 1R 0001 2R
010 8R 00010 2R 0010 4R
011 12R : : : :
100 16R : : : :
101 20R 11101 29R 1101 26R
110 24R 11110 30R 1110 28R
111 28R 11111 31R 1111 30R
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18.5. 8-to-1 selectors

The 8-to-1 selector selects one of eight voltage levels generated from the ladder resistor unit according to the fine
adjustment register, and output the selected voltage level as a reference grayscale voltage (VINP(N)1 to VINP(N 6).

The table below shows the setting in the fine adjustment register and the selected voltage levels for respective reference
grayscale voltages.

Table 18-5: Micro adjustment registers and selected voltage

The value of Register Selected Voltage
PKP (N) [2:0] VINP (N) 1 VINP (N) 2 VINP (N) 3 VINP (N) 4 VINP (N) 5 VINP (N) 6
000 KVP (N) 1 KVP (N) 9 KVP (N) 17 KVP (N) 25 KVP (N) 33 KVP (N) 41
001 KVP (N) 2 KVP (N) 10 KVP (N) 18 KVP (N) 26 KVP (N) 34 KVP (N) 42
010 KVP (N) 3 KVP (N) 11 KVP (N) 19 KVP (N) 27 KVP (N) 35 KVP (N) 43
011 KVP (N) 4 KVP (N) 12 KVP (N) 20 KVP (N) 28 KVP (N) 36 KVP (N) 44
100 KVP (N) 5 KVP (N) 13 KVP (N) 21 KVP (N) 29 KVP (N) 37 KVP (N) 45
101 KVP (N) 6 KVP (N) 14 KVP (N) 22 KVP (N) 30 KVP (N) 38 KVP (N) 46
110 KVP (N) 7 KVP (N) 15 KVP (N) 23 KVP (N) 31 KVP (N) 39 KVP (N) 47
111 KVP (N) 8 KVP (N) 16 KVP (N) 24 KVP (N) 32 KVP (N) 40 KVP (N) 48
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The grayscale voltage levels for VO-V64 grayscales are calculated from the following formulae.

Table 18-6: Formulae for calculating voltage (Positive polarity)

. Micro adjustment register Reference
Pins Formula
value voltage
KVPO VREG10UT-AV*VRPO/SUMRP VINPO
KVP1 VREG10OUT-AV*(VRPO+5R)/SUMRP PKPO[2: 0] = “000"
KVP2 VREG10OUT-AV*(VRPO+9R)/SUMRP PKPOQ[2:0] = “001”
KVP3 VREG10OUT-AV*(VRPO+13R)/SUMRP PKPOQ[2:0] = “010”
KVP4 VREG10OUT-AV*(VRPO+17R)/SUMRP PKPOQ[2:0] = “011” VINP1
KVP5 VREG10OUT-AV*(VRPO+21R)/SUMRP PKPOQ[2:0] = “100”
KVP6 VREG10OUT-AV*(VRPO+25R)/SUMRP PKPOQ[2:0] = “101”
KVP7 VREG10OUT-AV*(VRP0O+29R)/SUMRP PKPQ[2:0] = “110”
KVP8 VREG10UT-AV*(VRP0+33R)/SUMRP PKPOQ[2:0] = “111"
KVP9 VREG10OUT-AV*(VRP0O+33R+VRHP)/SUMRP PKP1[2:0] = “000”
KVP10 VREG10UT-AV*(VRP0+34R+VRHP)/SUMRP PKP1[2:0] = “001”
KVP11 VREG10UT-AV*(VRP0O+35R+VRHP)/SUMRP PKP1[2:0] = “010”
KVP12 VREG10UT-AV*(VRP0+36R+VRHP)/SUMRP PKP1[2:0] = “011” VINP2
KVP13 VREG10UT-AV*(VRP0+37R+VRHP)/SUMRP PKP1[2:0] = “100”
KVP14 VREG10UT-AV*(VRP0+38R+VRHP)/SUMRP PKP1[2:0] = “101”
KVP15 VREG10OUT-AV*(VRP0+39R+VRHP)/SUMRP PKP1[2:0] = “110”
KVP16 VREG10UT-AV*(VRP0+40R+VRHP)/SUMRP PKP1[2:0] = “111"
KVP17 VREG10UT-AV*(VRP0O+45R+VRHP)/SUMRP PKP2[2:0] = “000”
KVP18 VREG10UT-AV*(VRP0O+46R+VRHP)/SUMRP PKP2[2:0] = “001”
KVP19 VREG10UT-AV*(VRP0O+47R+VRHP)/SUMRP PKP2[2:0] = “010”
KVP20 VREG10UT-AV*(VRP0O+48R+VRHP)/SUMRP PKP2[2:0] = “011” VINP3
KVP21 VREG10UT-AV*(VRP0O+49R+VRHP)/SUMRP PKP2[2:0] = “100”
KVP22 VREG10UT-AV*(VRPO+50R+VRHP)/SUMRP PKP2[2:0] = “101”
KVP23 VREG10UT-AV*(VRP0O+51R+VRHP)/SUMRP PKP2[2:0] = “110”
KVP24 VREG10UT-AV*(VRP0+52R+VRHP)/SUMRP PKP2[2:0] = “111"
KVP25 VREG10OUT-AV*(VRP0O+68R+VRHP)/SUMRP PKP3[2:0] = “000”
KVP26 VREG10OUT-AV*(VRP0O+69R+VRHP)/SUMRP PKP3[2:0] = “001”
KVP27 VREG10UT-AV*(VRP0+70R+VRHP)/SUMRP PKP3[2:0] = “010”
KVP28 VREG10OUT-AV*(VRP0O+71R+VRHP)/SUMRP PKP3[2:0] = “011” VINP4
KVP29 VREG10OUT-AV*(VRP0+72R+VRHP)/SUMRP PKP3[2:0] = “100”
KVP30 VREG10UT-AV*(VRP0+73R+VRHP)/SUMRP PKP3[2:0] = “101”
KVP31 VREG10UT-AV*(VRP0+74R+VRHP)/SUMRP PKP3[2:0] = “110”
KVP32 VREG10UT-AV*(VRP0+75R+VRHP)/SUMRP PKP3[2:0] = “111"
KVP33 VREG10UT-AV*(VRP0O+80R+VRHP)/SUMRP PKP4[2:0] = “000”
KVP34 VREG10UT-AV*(VRP0O+81R+VRHP)/SUMRP PKP4[2:0] = “001”
KVP35 VREG10OUT-AV*(VRP0+82R+VRHP)/SUMRP PKP4[2:0] = “010”
KVP36 VREG10UT-AV*(VRP0+83R+VRHP)/SUMRP PKP4[2:0] = “011” VINPS
KVP37 VREG10UT-AV*(VRP0+84R+VRHP)/SUMRP PKP4[2:0] = “100”
KVP38 VREG10UT-AV*(VRP0+85R+VRHP)/SUMRP PKP4[2:0] = “101”
KVP39 VREG10UT-AV*(VRP0+86R+VRHP)/SUMRP PKP4[2:0] = “110”
KVP40 VREG10UT-AV*(VRP0+87R+VRHP)/SUMRP PKP4[2:0] = “111”
KVP41 VREG10UT-AV*(VRP0+87R+VRHP+VRLP)/SUMRP PKP5[2:0] = “000”
KVP42 VREG10OUT-AV*(VRP0O+91R+VRHP+VRLP)/SUMRP PKP5[2:0] = “001”
KVP43 VREG10UT-AV*(VRP0O+95R+VRHP+VRLP)/SUMRP PKP5[2:0] = “010”
KVP44 VREG10OUT-AV*(VRPO+99R+VRHP+VRLP)/SUMRP PKP5[2:0] = “011” VINPE
KVP45 VREG10UT-AV*(VRP0O+103R+VRHP+VRLP)/SUMRP PKP5[2:0] = “100”
KVP46 VREG10UT-AV*(VRP0+107R+VRHP+VRLP)/SUMRP PKP5[2:0] = “101”
KVP47 VREG10UT-AV*(VRPO+111R+VRHP+VRLP)/SUMRP PKP5[2:0] = “110”
KVP48 VREG10UT-AV*(VRPO+115R+VRHP+VRLP)/SUMRP PKP5[2:0] = “111”
KVP49 VREG10UT-AV*(VRP0+120R+VRHP+VRLP)/SUMRP - VINP7

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
A V: Electric potential difference between VREG10UT and VGS = VREG1OUT*[SUMRP(N)/([SUMRP(N)+EXVR])
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Table 18-7: Formulae for calculating voltage (Positive polarity)

Grayscale voltage Formula
VO VINPO
V1 VINP1
V2 V8+(V1-V8)*(30/48)
V3 V8+(V1-V8)*(23/48)
V4 V8+(V1-V8)*(16/48)
V5 V8+(V1-V8)*(12/48)
V6 V8+(V1-V8)*(8/48)
V7 V8+(V1-V8)*(4/48)
V8 VINP2
V9 V20+(V8-V20)*(11/12)
V10 V20+(V8-V20)*(10/12)
Vil V20+(V8-V20)*(9/12)
V12 V20+(V8-V20)*(8/12)
V13 V20+(V8-V20)*(7/12)
V14 V20+(V8-V20)*(6/12)
V15 V20+(V8-V20)*(5/12)
V16 V20+(V8-V20)*(4/12)
V17 V20+(V8-V20)*(3/12)
V18 V20+(V8-V20)*(2/12)
V19 V20+(V8-V20)*(1/12)
V20 VINP3
V21 V43+(V20-V43)*(22/23)
V22 V43+(V20-V43)*(21/23)
V23 V43+(V20-V43)*(20/23)
V24 V43+(V20-V43)*(19/23)
V25 V43+(V20-V43)*(18/23)
V26 V43+(V20-V43)*(17/23)
V27 V43+(V20-V43)*(16/23)
V28 V43+(V20-V43)*(15/23)
V29 V43+(V20-V43)*(14/23)
V30 V43+(V20-V43)*(13/23)
V31 V43+(V20-V43)*(12/23)
V32 V43+(V20-V43)*(11/23)
V33 V43+(V20-V43)*(10/23)
V34 V43+(V20-V43)*(9/23)
V35 V43+(V20-V43)*(8/23)
V36 V43+(V20-V43)*(7/23)
V37 V43+(V20-V43)*(6/23)
V38 V43+(V20-V43)*(5/23)
V39 V43+(V20-V43)*(4/23)
V40 V43+(V20-V43)*(3/23)
v4l V43+(V20-V43)*(2/23)
V42 V43+(V20-V43)*(1/23)
V43 VINP4
V44 V55+(V43-V55)*(11/12)
V45 V55+(V43-V55)*(10/12)
V46 V55+(V43-V55)%(9/12)
V47 V55+(V43-V55)%(8/12)
V48 V55+(V43-V55)%(7/12)
V49 V55+(V43-V55)%(6/12)
V50 V55+(V43-V55)%(5/12)
V51 V55+(V43-V55)%(4/12)
V52 V55+(V43-V55)%(3/12)
V53 V55+(V43-V55)%(2/12)
V54 V55+(V43-V55)%(1/12)
V55 VINPS
V56 V62+(V55-V62)*(44/48)
V57 V62+(V55-V62)*(40/48)
V58 V62+(V55-V62)*(36/48)
V59 V62+(V55-V62)*(32/48)
V60 V62+(V55-V62)*(25/48)
V61 V62+(V55-V62)*(18/48)
V62 VINP6
V63 VINP7

Note: The following relations must be retained: V63-VSS(GND level)>0.3V, VO<KVREG10UT-0.3V.

MagnaChip CONFIDENTIAL

114 /156
MC2TA7402 Ver.1.03



MagnaChip®’

MC2TA7402

Table 18-8: Formulae for calculating voltage (Negative polarity)

. Micro adjustment Reference
Pins Formula .
register value Voltage
KVNO VREG10UT-AV*VRNO/SUMRN - VINNO
KVN1 VREG10OUT-AV*(VRNO+5R)/SUMRN PKNO[2:0] = “000"
KVN2 VREG10OUT-AV*(VRNO+9R)/SUMRN PKNO[2:0] = “001”
KVN3 VREG10OUT-AV*(VRNO+13R)/SUMRN PKNO[2:0] = “010”
KVN4 VREG1OUT-AV*(VRNO+17R)/SUMRN PKNO[2:0] = “011” VINNI
KVN5 VREG10OUT-AV*(VRNO+21R)/SUMRN PKNO[2:0] = “100”
KVN6 VREG10OUT-AV*(VRNO+25R)/SUMRN PKNO[2:0] = “101"
KVN7 VREG10OUT-AV*(VRNO+29R)/SUMRN PKNO[2:0] = “110”
KVN8 VREG10OUT-AV*(VRNO+33R)/SUMRN PKNO[2:0] = “111”
KVN9 VREG10OUT-AV*(VRNO+33R+VRHN)/SUMRN PKN1[2:0] = “000"
KVN10 VREG10OUT-AV*(VRNO+34R+VRHN)/SUMRN PKN1[2:0] = “001”
KVN11l VREG10OUT-AV*(VRNO+35R+VRHN)/SUMRN PKN1[2:0] = “010”
KVN12 VREG10OUT-AV*(VRNO+36R+VRHN)/SUMRN PKN1[2:0] = “011” VINN2
KVN13 VREG10OUT-AV*(VRNO+37R+VRHN)/SUMRN PKN1[2:0] = “100”
KVN14 VREG10OUT-AV*(VRNO+38R+VRHN)/SUMRN PKN1[2:0] = “101"
KVN15 VREG10OUT-AV*(VRNO+39R+VRHN)/SUMRN PKN1[2:0] = “110”
KVN16 VREG10OUT-AV*(VRNO+40R+VRHN)/SUMRN PKN1[2:0] = “111”
KVN17 VREG10OUT-AV*(VRNO+45R+VRHN)/SUMRN PKN2[2:0] = “000"
KVN18 VREG10OUT-AV*(VRNO+46R+VRHN)/SUMRN PKNZ2[2:0] = “001”
KVN19 VREG10OUT-AV*(VRNO+47R+VRHN)/SUMRN PKN2[2:0] = “010”
KVN20 VREG10OUT-AV*(VRNO+48R+VRHN)/SUMRN PKNZ2[2:0] = “011” VINN3
KVN21 VREG10OUT-AV*(VRNO+49R+VRHN)/SUMRN PKNZ2[2:0] = “100”
KVN22 VREG10OUT-AV*(VRNO+50R+VRHN)/SUMRN PKN2[2:0] = “101"
KVN23 VREG10OUT-AV*(VRNO+51R+VRHN)/SUMRN PKN2[2:0] = “110”
KVN24 VREG10OUT-AV*(VRNO+52R+VRHN)/SUMRN PKN2[2:0] = “111”
KVN25 VREG10OUT-AV*(VRNO+68R+VRHN)/SUMRN PKN3[2:0] = “000"
KVN26 VREG1OUT-AV*(VRNO+69R+VRHN)/SUMRN PKN3[2:0] = “001”
KVN27 VREG10OUT-AV*(VRNO+70R+VRHN)/SUMRN PKN3[2:0] = “010”
KVN28 VREG1OUT-AV*(VRNO+71R+VRHN)/SUMRN PKN3[2:0] = “011” VINNA
KVN29 VREG10OUT-AV*(VRNO+72R+VRHN)/SUMRN PKN3[2:0] = “100”
KVN30 VREG10OUT-AV*(VRNO+73R+VRHN)/SUMRN PKN3[2:0] = “101"
KVN31 VREG10OUT-AV*(VRNO+74R+VRHN)/SUMRN PKN3[2:0] = “110"
KVN32 VREG10OUT-AV*(VRNO+75R+VRHN)/SUMRN PKN3[2:0] = “111”
KVN33 VREG10OUT-AV*(VRNO+80R+VRHN)/SUMRN PKN4[2:0] = “000"
KVN34 VREG10OUT-AV*(VRNO+81R+VRHN)/SUMRN PKN4[2:0] = “001”
KVN35 VREG10OUT-AV*(VRNO+82R+VRHN)/SUMRN PKN4[2:0] = “010”
KVN36 VREG10OUT-AV*(VRNO+83R+VRHN)/SUMRN PKN4[2:0] = “011” VINNS
KVN37 VREG10OUT-AV*(VRNO+84R+VRHN)/SUMRN PKN4[2:0] = “100”
KVN38 VREG10OUT-AV*(VRNO+85R+VRHN)/SUMRN PKN4[2:0] = “101"
KVN39 VREG10OUT-AV*(VRNO+86R+VRHN)/SUMRN PKN4[2:0] = “110”
KVN40 VREG10OUT-AV*(VRNO+87R+VRHN)/SUMRN PKN4[2:0] = “111”
KVN41 VREG10OUT-AV*(VRNO+87R+VRHN+VRLN)/SUMRN PKN5[2:0] = “000"
KVN42 VREG10OUT-AV*(VRNO+91R+VRHN+VRLN)/SUMRN PKN5[2:0] = “001”
KVN43 VREG10OUT-AV*(VRNO+95R+VRHN+VRLN)/SUMRN PKN5[2:0] = “010”
KVN44 VREG10OUT-AV*(VRNO+99R+VRHN+VRLN)/SUMRN PKN5[2:0] = “011” VINNG
KVN45 VREG10OUT-AV*(VRNO+103R+VRHN+VRLN)/SUMRN PKN5[2:0] = “100”
KVN46 VREG10OUT-AV*(VRNO+107R+VRHN+VRLN)/SUMRN PKN5[2:0] = “101”
KVN47 VREG10OUT-AV*(VRNO+111R+VRHN+VRLN)/SUMRN PKN5[2:0] = “110”
KVN48 VREG10OUT-AV*(VRNO+115R+VRHN+VRLN)/SUMRN PKN5[2:0] = “111”
KVN49 VREG10OUT-AV*(VRNO+120R+VRHN+VRLN)/SUMRN - VINN7

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
A V: Electric potential difference between VREG1OUT and VGS = VREG1OUT*[SUMRP(N)/([SUMRP(N)+EXVR)]

MagnaChip CONFIDENTIAL

115/ 156

MC2TA7402 Ver.1.03



MagnaChip= MC2TA7402

Table 18-9: Formulae for calculating voltage (Negative polarity)

Grayscale voltage Formula
VO VINNO
V1 VINN1
V2 V8+(V1-V8)*(30/48)
V3 V8+(V1-V8)*(23/48)
V4 V8+(V1-V8)*(16/48)
V5 V8+(V1-V8)*(12/48)
V6 V8+(V1-V8)*(8/48)
V7 V8+(V1-V8)*(4/48)
V8 VINN2
V9 V20+(V8-V20)*(11/12)
V10 V20+(V8-V20)*(10/12)
Vi1 V20+(V8-V20)*(9/12)
V12 V20+(V8-V20)*(8/12)
V13 V20+(V8-V20)*(7/12)
V14 V20+(V8-V20)*(6/12)
V15 V20+(V8-V20)*(5/12)
V16 V20+(V8-V20)*(4/12)
V17 V20+(V8-V20)*(3/12)
V18 V20+(V8-V20)*(2/12)
V19 V20+(V8-V20)*(1/12)
V20 VINN3
V21 V43+(V20-V43)*(22/23)
V22 V43+(V20-V43)*(21/23)
V23 V43+(V20-V43)*(20/23)
V24 V43+(V20-V43)*(19/23)
V25 V43+(V20-V43)*(18/23)
V26 V43+(V20-V43)*(17/23)
V27 V43+(V20-V43)*(16/23)
V28 V43+(V20-V43)*(15/23)
V29 V43+(V20-V43)*(14/23)
V30 V43+(V20-V43)*(13/23)
V31 V43+(V20-V43)*(12/23)
V32 V43+(V20-V43)*(11/23)
V33 V43+(V20-V43)*(10/23)
V34 V43+(V20-V43)*(9/23)
V35 V43+(V20-V43)*(8/23)
V36 V43+(V20-V43)*(7/23)
V37 V43+(V20-V43)*(6/23)
V38 V43+(V20-V43)*(5/23)
V39 V43+(V20-V43)*(4/23)
V40 V43+(V20-V43)*(3/23)
V41 V43+(V20-V43)*(2/23)
V42 V43+(V20-V43)*(1/23)
V43 VINN4
V44 V55+(V43-V55)%(11/12)
V45 V55+(V43-V55)%(10/12)
V46 V55+(V43-V55)%(9/12)
V47 V55+(V43-V55)%(8/12)
V48 V55+(V43-V55)%(7/12)
V49 V55+(V43-V55)%(6/12)
V50 V55+(V43-V55)%(5/12)
V51 V55+(V43-V55)%(4/12)
V52 V55+(V43-V55)%(3/12)
V53 V55+(V43-V55)%(2/12)
V54 V55+(V43-V55)%(1/12)
V55 VINNS
V56 V62+(V55-V62)*(44/48)
V57 V62+(V55-V62)*(40/48)
V58 V62+(V55-V62)*(36/48)
V59 V62+(V55-V62)*(32/48)
V60 V62+(V55-V62)*(25/48)
V61 V62+(V55-V62)*(18/48)
V62 VINNG6
V63 VINN7

Note: The following relations must be retained: V63-VSS(GND level)>0.3V, VO<KVREG10UT-0.3V.
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18.6. Relationship between DDRAM Data and Voltage Output Levels

The relationship between DDRAM data and source output voltage levels is as follows.
(In case of a normally-white panel)

VO
Positive polarity
Negative polarity
V63
o DDRAM data -
§ (Common to each dot of a pixel) =
g (Black) (W hite) o

Figure 18-5: DDRAM data and the output voltage
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19. 8-Color Display Mode

The MC2TA7402 has a function to display in 8 colors.

and the power supplies of other grayscales (V1-V62) are halted to reduce the power consumption.

The gamma-correction registers, PKP0-PKP5 and PKNO-PKN5, are disabled in 8-color display mode.

select either the VO or V63 level before setting this mode.

In 8-color mode, the available grayscale levels are VO and V63,

Since power
supplies for V1-V62 are halted, the RGB data in the internal DDRAM should be rewritten to either "000000" or "111111" to

Display Data RAM (DDRAM)

MSB--------------------“---------------------------" LSB

vV VY

V. VV V VV VY Y Y VYY VY
Display data | R5]| R4| R3] R2| R1] RO]| G5| G4] G3| G2] G1] Gol| B5] B4

B4| B3] B2|

vV V
B1| BO|

Positive
Polarity
Register

PKPO2)

PKPO1]

PKPOO

PKP12,

PKP11

PKP10|

PKP22

PKP21

PKP20

PKP32

PKP31]

PKP30

PKP42)

PKP41

PKP40

PKP52

PKP51

PKP50

PRPO02)

PRPO1]

PRPQO

PRP12)

PRP11]

PRP10

VRPO3

VRPO02)

VRPO1

VRPOO|

|VRP14] VRP13

VRP12)

VRP11]

VRP10|

MSB

T 1
\ 4

MSB

A 4

MSB

A 4

Negative

PKNO02

PKNO1

PKNOO

PKN12

PKN11]|

PKN10

PKN22

PKN21

PKN20

Polarity

PKN32

PKN31

PKN30

Register

PKN42

PKN41|

PKN40

PKN52

PKNS5]|

PKN50

PRNO2|

PRNO1

PRNOO|

PRN12f

PRN11

PRN10|

VRNO3

VRNO2

VRNOJ]

VRNOQ

[VRN14VRN13

VRN12

VRN1]]

VRN10

| Sjons| ajeaselh asusialel g |

2-level
grayscale
control
<R>

2-level
grayscale
control
<G>

2-level
grayscale
control
<B>

LCD driver

LCD driver

LCD driver

LCD

PKPO-PKP5 and PKNO-PKNS5, are disabled

Figure 19-1:
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To switch between the 262, 144-color and 8-color modes, follow the sequences below.

'62,144 colors --> 8 color

| Display in 262,144-color mode |

Display OFF
RO7h; GON ="1"
D1-0="10"

Wait 2 frames or more

Display OFF
RO7h; GON ="0"
D1-0 = "00"

DDRAM setting

Wait 2 frames or more

Display OFF
RO7h; GON ="1"
D1-0 ="10"
I
| wait 40 ms or more |
I
Diplay ON
RO7h; GON ="1"
D1-0="11"

Display in 8-color mode

y colors --> 262,144 color

Display in 8-color mode

Display OFF
RO7h; GON ="1"
D1-0 ="10"

Wait 2 frames or more

Display OFF
RO7h; GON ="0"
D1-0 = "00"

DDRAM setting

RO7h;CL ="0"

Wait 2 frames or more

Display OFF
RO7h; GON ="1"
D1-0 ="10"

Wait 40 ms or more

Diplay ON
RO7h; GON ="1"
D1-0 ="11"

| Display in 262,144-color mode |

Figure 19-2:
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20. Partial Display Function

The MC2TA7402 allows selectively driving two images on the screen at arbitrary positions set in the screen-drive position
registers (R42h and R43h). Only the lines for displaying two images are selectively driven in order to reduce the current
consumption.

The first display drive position register (R42h) includes the start line setting bits (SS17-10) and the end line setting bits
(SE17-10) for displaying the first image. The second display drive position register (R43h) includes the start line setting
bits (SS27-20) and the end line setting bits (SE27-20) for displaying the second image. The second display control is
effective when the RO7h;SPT bit is set to "1". The total number of lines driven for displaying the first and second displays
must be less than the number of lines set with the R01h;NL4-0 bits.

Gl — 1st Screen:
7 lines

G7 —] N
Non-display
area
G26 — E B 2nd Screen:
17 lines

G42 —T—P ==
Non-display
area

|_—1

The number of lines to drive the LCD: NL4-0 = "11011"h (220 lines)
1st screen setting: SS17-10 = "00"h, SE17-10 = "06"h
2nd screen setting: SS27-20 = "19"h, SE27-20 = "29"h, SPT ="1"

Figure 20-1:
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20.1. Constraints in Setting the 1st/2nd Screen Drive Position Resister

When setting the start line setting bits (SS17-10) and the end line setting bits (SE17-10) of the first display drive position
register (R42h), and the start line setting bits (SS27-20) and the end line setting bits (SE27-20) of the second display drive

position register (R43h), it is necessary to satisfy the following conditions to display screens correctly.

Table 20-1: One Screen Drive (RO7h;SPT ="0")
Register Settings Display Operation

Full screen display

R42h;(SE17-10) - (SS17-10) = NL The area of (SE17-10) - (SS17-10) is normally displayed.

R42h;(SE17-10) - (SS17-10) < NL Partial screen display

The area of (SE17-10) - (SS17-10) is normally displayed.
The rest of the area is a white display irrespective of the data in the DDRAM.
R42h;(SE17-10) - (SS17-10) > NL | Setting disabled

Note 1) SS17-10 < SE17-0 < “DB”h (when the gate is 220).

Note 2) SS27-20 and SE27-20 are disabled when SPT ="0".

Note 3) LCD drive lines set by the RO1h;NL4-0 bits

Table 20-2: Two Screen Drive (RO7h;SPT ="1")
Register Settings Display Operation
((SE17-10) - (SS17-10)) + Full screen display
((SE27-20) - (SS27-20)) = NL The area of (SE27-20) - (SS17-10) is normally displayed.
Partial screen display
((SE17-10) - (SS17-10)) + The area of (SE17-10) - (SS17-10) is normally displayed.
((SE27-20) - (SS27-20)) < NL The area of (SE27-10) - (SS27-20) is normally displayed.
The rest of the area is a white display irrespective of the data in the DDRAM.

((SE17-10) - (SS17-10)) +

((SE27-20) - (SS27-20)) > NL
Note 1) SS17-10 < SE17-10 < SS27-20 < SE27-20 < "DB"h (when the gate is 220)
Note 2) Make sure that ((SE27-20) - (§S17-10)) < NL.

Setting disabled

The outputs from the source driver in non-display areas of the partial display can be changed as follows by setting the
RO7h;PT1-0 bits. Select the appropriate kind of source outputs according to the characteristics of the display panel.

Table 20-3: Source outputs in non-display areas

VCOM Output
Source Output
PT1 | PTO RO9h; PTG2=0 RO9h; PTG2=1 Gate Output
Positive Negative Positive Negative | Positive | Negative
0 0 VSS(GND VSS(GND | VSS(GND | VSS(GND
level) level) level) level)
V63 ) VCOMH | VCOML Keep ROSh; PTG1-0
the final level settin
0 VO V63 VCOMH VCOML of display area g
) ) VSS(GND | VSS(GND
1 1 Hi-Z Hi-Z
level) level)
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Follow the sequences below when using the partial display function.

Full screen display

Full screen display

¥
[ RO7h;SPT="0"or "1" |
! —
| RO7h;PT1-0 = "00" |
¥
| SetR42/43h:SS/SE bits | .
T Partial display
drive settin
([ Wait of 2 frames of more | ) g
1 sequence
PT1-0="01"
or As required
PT1-0 ="10"
or
PT1-0="11"
~ J J |
[ Partial display ON | .
¥
| Set RO7h;SPT="0" |
3 Full screen display
| Set R42/43h;SS/SE bits | setting sequence
¥

Figure 20-2:

MagnaChip CONFIDENTIAL

122/ 156

MC2TA7402 Ver.1.03



MagnaChip®’

MC2TA7402

21. Liquid Crystal AC Drive Function

The MC2TA7402 supports three kinds of liquid crystal AC drive function.
register (RO2h) as Table 21-1.

Table 21-1:
FLD1-0 B/C EOR Operation
o1 0 X Frame Reversed AC driving
1 1 1-line Reversed AC driving
11 0 X 3-field Interlaced driving

Note) x: don't care

21.1. Frame Reversed AC Drive Function

It is defined by setting LCD driver AC control

The MC2TA7402 supports the frame reversed AC drive function. In frame reversed AC driving, the polarity of liquid crystal

is inverted in each frame.

21.2. 1-line Reversed AC Drive Function

In addition to the frame reversed AC drive function, the MC2TA7402 supports the 1-line reversed AC drive function. In

1-line reversed AC driving, the polarity of liquid crystal is inverted in each line.

for overcoming problems associated with the quality of display.

The 1-line reversed AC drive function is

Note that setting 1-line reversed AC drive function will raise the frequency of liquid crystal polarity inversion and increase

charging/discharging current on liquid crystal cells.

Frame Reversed
AC Drive Function
(NL: 220lines )

1-line Reversed
AC Drive Function
(NL: 220lines )

1frame

[Q

1 frame

y

Front porch

<

2%

Front porch

A

188

W

Figure 21-1:
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21.3. 3-field Interlaced Scan

The MC2TA7402 supports the interlaced scan function for driving a frame by splitting it into n fields in order to prevent

flicker. The following tables show the scan (gate) lines in each field. When FLD1-0="01", the number of fields in a

frame is one.

of the 3-field interlaced scan.

Table 21-2: Gate=220

When FLD1-0="11", the number of fields in a frame is three.

The figure illustrates the output waveforms

GS="0" GS="1"
FLD1-0 01 11 FLD1-0 01 11
Field Field
- 1 2 3 - 1 2 3
Gate Gate
G1 0 0 G220 0 0
G2 0 0 G219 0 0
G3 0 0 G218 0 0
G4 0 0 G217 0 0
G5 o] o] G216 o] o]
G6 o] o] G215 o] o]
G7 0 0 G214 0 0
G8 0 0 G213 0 0
G9 0 0 G212 0 0
G217 0 0 G4 0 0
G218 0 0 G3 0 0
G219 o] o] G2 o] o]
G220 o] o] G1 o] o]
Note) o: Scanned gate lines
! 1 frame o
i ' 1 . 1 1 1 i
; > | ¢ Blank period , , , | . '
i P i ) i i
Alternating i Field 1 oo Field 2 T Field 3 o Field 1 i :
Polarity i i : I ! : it
; i i I i
E - | | .
H ] ] 1 i 1
G I | b i i I I P
o : B B B
cs i P L] L P
; HE P P HE
oa : | | b I P I I I
s P P P P
| P T P P
E P P P b
i |_| i [ P A
i 1 1 1 1 1 i
G3n+1 H | i i | | I I i
i 1! rl ! o o
G3n+2 ! [ ! v i
i P i rl i P
G3n+3 i i ! ! P
] i ! ! ! ! ] |

Figure 21-2: Gate output timing of 3-field interlaced scan

MagnaChip CONFIDENTIAL

124/ 156

MC2TA7402 Ver.1.03



MagnaChip®’

MC2TA7402

22. Alternating Timing

The following figure illustrates the timing of liquid crystal polarity inversion in different driving formulas.

In case of the

frame-inversion AC drive, the polarity is inverted after drawing one frame, followed by a blank period that lasts for a 16H

period.

the polarity is inverted after drawing one field, followed by a blank period that adds up to a 16H period in one frame.

In the blank period, all outputs from the gate lines become the VGL level.

In case of the 3-field interlaced scan,

In

case of the 1-line inversion AC drive, the polarity is inverted as drawing 1 line, and a blank period that lasts for a 16H

period is inserted after drawing one frame.

Frame reversed
AC drive

Back porch

n

Frame 1

alternating timing

Front porch

Blank period

3-field interlaced

drive

Back porch = 3H

alternating timin

Field 1

alternating timin

Blank period 1 = 3H

Field 2

One frame period

alternating timing

Blank period 2 = 3H

Field 3

!

Blank period 3 = 2H
Front porch = 5H

= front porch + back porch

=16H

4————— One frame period

1 line reversed

AC drive
Back porch
e
alternating timi n lines
alternating timin n lines
alternating timin n lines _'5
alternating timi n lines E‘;’_
alternating timin n lines %
alternating timi n lines “é
alternating timin n lines o
alternating timi n lines
alternating timin}g n lines
=== =p Front porch
Blank period

= front porch + back porch
=16 H

Figure 22-1:
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23. Frame- Frequency Adjustment Function

The MC2TA7402 has a frame frequency adjustment function. The frame frequency for driving LCDs can be adjusted by
instructions (using the ROBh;DIV, RTN bits) without changing the oscillation frequency.

To switch frame frequencies between when displaying a moving picture and when displaying a still picture, set a high
oscillation frequency in advance. By doing so, it becomes possible to set a low frame frequency when displaying a still
picture for saving the power consumption and to set a high frame frequency when displaying a moving picture.

Relationship between Liquid Crystal Drive Duty and Frame Frequency

The relationship between the liquid crystal drive duty and the frame frequency is calculated from the following formula.
The frame frequency is adjusted by instructions using the 1H period adjustment bits (RTN bits) and the operation clock
division bits (DIV bits).

Formula to calculate frame frequency:

fosc
Frame frequency = [Hz]

Clock cycles per line x division ratio x (Line + BP + FP)

fosc: frequency of RC oscillation

Line: number of lines for driving liquid crystal (NL bits)
Division ratio: DIV bits

Clock cycles per line: RTN bits

FP: the number of lines for the front porch period

BP: the number of lines for the back porch period

Example of Calculation: when the maximum frame frequency = 60 Hz
Number of lines to drive the LCD: 220 lines
1H period: 16 clock cycles (ROBh;RTN1-0 = "00")
Operational clock division ratio: fosc / 1 (ROBh; DIV1-0 = “00")
Back/Front porch: 14 lines / 2 lines (R08h;BP3-0 = “1110", FP3-0 =“0010")
fosc = 60 Hz x 16 clock x 1/1 x (220 + 14 + 2) lines = 227 (kHz)

In this case, the RC oscillation frequency becomes 227 kHz. The external resistance value of the RC oscillator must be
adjusted to be 227 kHz.
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24. Power Supply Setting

As for power supply setting, follow the sequence below. The setting time for oscillators, step-up circuits and operational

amplifiers depends on the panel's wiring resistance, ACF connection resistance, used capacitance and panel's load. Set

according to the actual LCD module.

Power ON sequence

90% Notice : Supply the voltage by order VCI,
IOVCC. Itis possible supplying VCI,

vel lovce IOVCC at same time

Reset

More Hardware reset supply more than 1ms
later after suppling IOVCC.

than 1ms

. Register | Waitin .
Step Reglsler Vglue “meg Operauon
1 Power-on 50ms JPower-on (VCland IOVCC power supply start)
2 Hardware Reset 10ms Jintializing LSI by using NRESET pin.
User Setting
3 RO1h xxxxh - Driver Output Control (VSPL,HSPL,DPL,EPL.SM,GS,SS.NL4-0)
4 RO2h xxxxh - LCD Driver AC Cntrol (FLD1-0.BC, EOR )
5 RO3h xxxxh - Entry Mode (TR1,DFM1-0,BGR,I/D1-0,AM)
6 RO7h xx0xh - Display Cntrol (1) (PT1-0,VLE1-0,.SPT.GON=0,CL,REV, D1-0=00)
7 RO8h xxxxh - Display Control (2) (FP3-0,BP3-0)
8 RO9h xxxxh - Display Control (3) (PTG2-0,1SC3-0)
9 ROBh xxxxh - Frame Cycle Adjustment (NO1-0,SDT1-0,ECS2-0,DIV1-0,.DCR EX,DCR2-0,RTN1-0)
10 ROCh xxxxh - RGB/VSYNC Interface (RM.DM1-0,RIM1-0)
11 R21h xxxxh - DDRAM Addess Set (AD15-0)
12 R30h xxxxh - Gamma Control (PKP12-10.PKP02-00)
13 R31h xxxxh - Gamma Control (PKP32-30,PKP22-20)
14 R32h xxxxh - Gamma Control (PKP52-50,PKP42-40)
15 R33h xxxxh - Gamma Control (PRP12-10,PRP02-00 )
16 R34h xxxxh - Gamma Control (PKN12-10.PKN02-00 )
17 R35h xxxxh - Gamma Control (PKN32-30,PKN22-20 )
18 R36h xxxxh - Gamma Control (PKN52-50.PKN42-40 )
19 R37h xxxxh - Gamma Control (PRN12-10,PRN02-00)
20 R38h xxxxh - Gamma Control (VRP14-10.VRP03-00)
21 R39h xxxxh - Gamma Control (VRN14-10,VRNO03-00)
22 R40h xxxxh - Gate Scan Start Position (SCN )
23 R42h xxxxh - First Screen Drive Position (SE17-10, SS17-10)
24 R43h xxxxh - Second Screen Drive Position ( SE27-20,SS27-20)
25 R44h xxxxh - Horizontal DDRAM Address Position ( HEA7-0,.HSA7-0)
26 R45h xxxxh - Vertical DDRAM Address Position (VEA7-0, VSA7-0)
Initial Power Control Sequence ( fosc=285kHz+10% ) VCI=VCILVL=2.8V
27 R11h 2F04h - VREG1OUT, VCI1 Setting (GVD5-0=2F, VC1-0=100)
28 R14h xxxxh 10ms |Power Control (4) (VCMR, VCM5-0,VML5-0)
29 R10h 0580h - Power Control (1) (SAP[2:0]=000,BT[2:0]=101.DC[2:0]=100.SLP=0.STB=0)
30 R13h 0040h 40ms |CP1/CP3 ON (PON=1,PON1=0,AON=0)
31 R13h 0060h 40ms JCP2 ON (PON=1, PON1=1,AON=0)
32 R13h 0070h 20ms |AMP ON (PON=1,PON1=1,A0ON=1)
User Setting for Power Control Registers
33 R11h xx04h 10ms JGVD5-0,VC1-0=100
34 R10h xxx0h - Power Control (1) (SAP[2:0],BT[2:0].DC[2:0].SLP=0,STB=0) SAP setting
Start transfering display image data
Display ON seguence
35 RO7h 081xh | 40ms |PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=1,CL,REV, D[1:0]=10
36 | _RrRo7h 081xh | 40ms |PT[1:0]=01.VLE[2:1]=00,SPT=0,.GON=1,CL.REV, D[1:0]=11

Notel) Waiting time on the list is for reference. (variable depending on penel's wiring resistance, ACF conection resistance, FPC wirin

"

stands for "user preference"

Note2) "Initial Power Control" should not be changed.

Note3) Set the following voltage within the limits : DDVDH=max. 5.5V, VCL=min. -3.3V, VGH=max. 16.5V, VGL=min. -16.5V, VGH-VGL<Z

Table 24-1: Power ON Sequence
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Power Off sequenc
Step Register ng:zfr | Wt?r::sng Operation
Display OFF sequnce
1 RO7h 081xh 40ms |Display On (PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=1,CL.REV, D[1:0]=10)
2 RO7h 080xh 40ms |Display On- Normaly Color ( PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=0,CL,REV, D[1:0]=10)
3 R0O7h 080xh - Display Off (PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=0,CL,REV, D[1:0]1=00)
Power Off sequenc
4 R10h Oxxxh - Source Amp Off ( SAP[2:0]=000(halt),BT[2:0], DC[2:0], SLP, STB )
5 R13h 0060h 5ms |CP2 Off (PON=1, PON1=1, AON=0)
6 R13h 0040h 5ms |CP1/CP3 Off (PON=1, PON1=0, AON=0)
7 R13h 0000h 5ms_|Amp Off (PON=0, PON1=0, AON=0)

"x"stands for "user preference"
Note) Waiting time on the list is for reference. (variable depending on penel's wiring resistance, ACF conection resistance, FPC wi

Table 24-2: Power OFF Sequence
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25. Instruction Setting

When setting the following instructions, follow the sequences below.

25.1. Display ON / OFF

Display OFF Flow Display ON Flow
Display OFF Power setting
GON=1 I
D1-0=10
Display OFF
- GON=1
W ait (2frames or more )| D1-0=10

Display OFF -
GON=0 W ait ( 2frames or more )]
D1-0=10
Display ON
- GON=1
W ait (2frames or more )| D1.0=11
Display OFF
GON=0 [Wait ( 2frames or more )]
D1-0=00

Figure 25-1: Display ON/OFF flowchart

25.2. Standby Mode

Standby-in sequence
Register | Waiting
Value time

Step | Register Operation

RO7h ]| 081xh | 40ms |Display On ( PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=1,CL,REV, D[1:0]=10)

RO7h 080xh | 40ms |Display On- Normaly Color ( PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=0,CL,REV, D[1:0]=10)
RO7h ]| 080xh - Display Off ( PT[1:0]=01,VLE[2:1]=00,SPT=0,GON=0,CL,REV, D{1:0]=00)

R10h | Oxx0h - Source Amp Off (only SAP[2:0]=000,BT[2:0], DC[2:0], SLP=0, STB=0)

R13h | 0060h 5ms__JAMP Off (PON=1, PON1=1, AON=0)

R13h | 0040h 5ms__|CP2 Off (PON=1, PON1=0, AON=0 )

R13h | 0000h 5ms__|CP1/CP3 Off (PON=0, PON1=0, AON=0)

R5Ah | 0002h - Standby setting ( STBM[1:0]=010) VCI=2.75V

R10h | 0001h | (30ms) |Standby in ( SAP[2:0]=000,BT[2:0]=000, DC[2:0]=000, SLP=0, STB=1)
"x"stands for "user preference"

Note) Waiting time on the list is for reference. (variable depending on penel's wiring resistance, ACF conection resistance, FPC wiring

(o]l [oc] EN] [e2] [S2] B3N] [0V] [N ] 1o

Standby -release sequence
] Register | Waitin
Step | Register Vgl e time 9
1 ROOh ]| 0001h | 10ms ]OSC Satat- in Standby Mode
2 R10h | 0000h | 10ms |Standby out ( SAP[2:0]=000,BT[2:0]=000, DC[2:0]=000, SLP=0, STB=0)
3 Execute from step 3 to 36 of "Power-on sequence"
"x"stands for "user preference"
Note) Waiting time on the list is for reference. (variable depending on penel's wiring resistance, ACF conection resistance, FPC wiring

Operation

Table 25-1: Standby Mode sequence
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25.3. Sleep Mode

Standby-> Sleep Sequence

. Register | Waitin .
Step Register Vgue time 9 Operation
1 R0OOh 0001h 10ms |OSC Start- in Standby Mode
2 R10h 0000h 5ms__|Standby out ( SAP[2:0]=000,BT[2:0]=000, DC[2:0]=000, SLP=0, STB=0)
3 R10h 0002h 30ms__|Sleep in ( SAP[2:0]=000,BT[2:0]=000, DC[2:0]=000, SLP=1, STB=0)

"x"stands for "user preference"
Note) Waiting time on the list is for reference. (variable depending on penel's wiring resistance, ACF conection resistance, FPC w

Table 25-3: Sleep-in sequence
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26. Pattern Diagram for Voltage Setting

The pattern diagram for setting the voltages and the waveforms of the voltages of the MC2TA7402 is as follows.

VGH (+7.0 to +16.5V)

VClix4
x5
X6

BT2-0

IDDVDH (3.5 to 5.5V) |

Referrence Voltage
VCILVL=2.5 3.3V
(VCI=2.5 3.3V)

!VREGlOUT(S.O to (DDVDH-0.3)V) |

| I0VCC(1.6 to 3.3V) l\VCOMH(3.0 to (DDVDH-0.3)V) |

| AGND=VSS(0V)

IVCOML((VCL+O.3V) to 1V) |

—lVCL(-2.75 to -1.75V) |

VCI1x(-3)
x(-4)
x(-5)

BT2-0

VGL(-4.0 to -16.5V)

Figure 26-1: Pattern diagram for voltage setting

Note: The DDVDH, VGH, VGL, and VCL output voltage levels are lower than their theoretical levels (ideal voltage levels)
due to the current consumption at respective outputs.

_______________________________ VGH
/ \ / A\ / \ _mmme=====T 7T VCOMH
VCOM /X __.vcoML
Sn (Source driver output of the MC2TA7402)
Gate Output _--. VGL

Figure 26-2: Applied voltage to the TFT display

MagnaChip CONFIDENTIAL

131/ 156

MC2TA7402 Ver.1.03




MagnaChip= MC2TA7402

27. Oscillation Circuit

The MC2TA7402 can oscillate between the OSC1 and OSC?2 pins using an internal R-C oscillator with an external
oscillation resistor. Note that in R-C oscillation, the oscillation frequency is changed according to the external resistance
value, wiring length, or operating power-supply voltage. If Rf is increased or power supply voltage is decrease, the
oscillation frequency decreases.

(1) External Clock Mode

Clock | OSC1

(200 kHz) Dumping register
2k ohm

osc2

MC2TAT7402

(2) External Resistance Oscillation Mode

— 0scC1

’ i
osc2

MC2TAT7402

Figure 27-1: Oscillation Circuit
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28. Configuration of Power Supply Circuit

The following figure shows the configuration of the power supply circuit in the MC2TA7402 for generating supply voltages
to drive a liquid crystal panel.

1 l
VDD | vi8 ;; VREG10UT ;l/;_
For COG L
mounting
separate on the 1.8V Generation
FPC. Circuit
VeiLVL
v T Amplifying Circuitl Source Driver 1] S11t0 5528
Adjustrgent (GVDS-0)
- Circuit (VC2-0) (VDH Adjustment)
VcomH voltage | Gamma
adjustment (in case of VREF (REGP) Adjustment
adjusting with external Circuit
variable resistors.) Vi
Veil
Output Amplifier Gamma
A VcomR Adjustment
Circuit
In case of using
;/;llli::trput VecomH Grayscale
piier. Vil Adjustment | | Voltage VGS
_|_See Note 4) ] C11- Step-up Circuit Generation ¢ /!
]D(;/“ Circuit 1 Cireut
0—| I—J—o—a'é/o——
o
_ -4
L] VcomH VCOMH
C21- e output
Amplifier VCOM
_—0
Vcom
Step-up . VecomL
- Adjustment | . )—|
q o—f
>—| Circuit 2 Circuit output Circuit VCOML
VGH
. | VGL 5
[ E:: VGL VGH
—_—
See Note 1,2) Gate Driver G1to G220
C12- VGL
g EI: Cl2+
Step-up
Circuit 3 I0Vee )—_I
0—| |_( v o—]
See Note 3) veL MC2TA7402 VSST—T
7777
Note 1) Place a schottky barrier diode ( VF = (about) 0.4 / 20mA, VR >30V).
Note 2) The wiring resistance between GND or VGL and the schottky barrier diode must be 10 ohm or less.
Note 3) Capacitor connection is not required when using with VCOMG = 0 (VcomL = GND).
Note 4)  When directly inputting Vci to Vcil, set the VC2-0 bits to "000".

In this case, capacitor connection to the Vcil pin is not required.
Figure 28-1:
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29. Specification of External Elements Connected to
MC2TA7402 Power Supply

The following tables show specifications of the external elements connected to the MC2TA7402's power supply circuit.

Table 22-1: Capacitor

Capacity Recommended voltage Pin connection
6.3V V18
VREG10UT, VCI1, VCL
1uF 10v VCOMH, VCOML
(B characteristics) C11P/M, C12P/M
16V DDVDH, C21P/M, ,
25V VGL, VGH ,C22P/M

Table 22-2: Schottky diode

Feature Pin connection
VF < 0.4V / 20mA at 25 degrees C, VR > 30V
(Recommended diode: HSC226)

GND level - VGL

Table 22-3: Variable resistor

Feature Pin connection
> 200kohm VCOMR
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30. Absolute Maximum Ratings

Table 30-1:
Item Symbol Unit Value Notes
Power supply voltage (1) VDD -GNDlevel . \% | 03022 1,2,8
IOVCC — GND level -0.3 to +4.6

Power supply voltage (2) VCI, VCILVL — GND level \% -0.3to +4.6 1,3
Power supply voltage (3) DDVDH — GND level \% -0.3t0 +6.0 1,4
Power supply voltage (4) GND level - VCL \% -0.3to +4.6 1,
Power supply voltage (5) DDVDH - VCL \% -0.3t0 +9.0 1,5
Power supply voltage (6) VGH — GND level \% -0.3 to +18.5 1,6,8
Power supply voltage (7) GND level - VGL \% -0.3 to +18.5 1,7,8
Power supply voltage (8) VGHmax-VGLmin \% <32V 1,6,7,9
Input signal voltage Vt \% -0.3to IOVCC + 0.3 1
Operating temperature Topr Degrees C -40 to +85 1
Storage temperature Tstg Degrees C -55to +110 1

Note 1) If used beyond the absolute maximum ratings, the LSl may be permanently damaged. It is strongly recommended to
use the LSI at a condition within the electrical characteristics for normal operation. Exposure to a condition not within
the electrical characteristics may affect device's reliability.

Make sure: VDD > GND level, IOVCC > GND level.

Make sure: VCI > GND level.

Make sure: DDVDH > GND level.

Make sure: DDVDH > VCL.

Make sure: VGH > GND level.

Make sure: GND level > VGL.

"GND level" symbolizes "AGND" and "VSS".

Not over than absolute maximum voltage including the panel in On/Off and the ripple voltage of wave pattern.

Note 2
Note 3
Note 4
Note 5
Note 6
Note 7
Note 8
Note 9

—_ o D=

VGHMax-VGLMin<32= T = = === = = --—- lr ----
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31. Electric Characteristics
31.1. DC Characteristics (VCI=2.5V to 3.3V, Ta=-40 to +85 degrees C)

The all guarantee value is a value when contact and metal resistance of COG/FOG are less than 15 ohm /

function ( After reliability test it is 25 ohm /function).

Item Symbol Unit Test Condition Min. Typ. Max.
Input high voltage VIH \% IOVCC=1.6V to 3.3V 0.8I0vCC - IovCC
Input low voltage VIL \% IOVCC=1.6V to 3.3V 0.0 - 0.210vCC
. IOVCC=1.6V to 3.3V,
Output high voltage (D17-D0) VOH1 \% |OH=-0 1mA 0.8I0vVCC - -
Output low voltage (D17- DO) VOoL1 v | lOvVCEC=LEVIo3d.av, - - 0.210VCC
10L=0.1mA
1/0 leakage current ILI uA Vin=0 to IOVCC -1 - 1
(Note)
Ta=25 degrees C,
262,144-color display,
VCI=VCILVL=2.8V
IOVCC=2.8V
Current ) Normal 1 line reverse
consumption operation RC Oscillation: fosc=270kHz - - 4.2
(VCl, IovCC mode 10P1 mA (220 lines)
“GND level) GVD[5:0]=2F,VC[2:0]=010,SA
P[2:0]=011,BT[2:0]=111,DC[2:
0]=100
With Tester load
Item Symbol | Unit Test Condition Min. Typ. Max.
The test condition is almost
Current
consumption 8-cqlor/ - same as the normal Amode
(VCl, IovCe partial display 10P2 mA except for the following: - - 1.0
' mode CL=1,SPT=1,
-GND level) .
With Tester load
Current
consumption Ta=25 degrees C
(vCl, Standby mode IST UuA VCI=VCILVL=I0VCC=2.8V - - 1.0
IOVCC-GND STB=1, STBM[1-0]=10
level)
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Item Symbol Unit Test Condition Min. Typ. Max.
Step-up output voltage VCI=VCILVL =2.8V
IOVCC= 2.8V
fosc=270kHz,
Ta=25 degrees C.
VC=010, AP=000, SAP=000,
DDVDH \% BT=111 (VCI1 x 2), DC=100, 4.0 45 -
C11=C12=C21=C22=C23=1uF/B
characteristics
DDVDH=VGH=VGHL=VCL=1uF/B
characteristics
No panel load, lload=-1mA
VCI=VCILVL =2.8V
IOVCC= 2.8V
fosc=270KHz.,
Ta=25 degrees C.
VC=010, AP=000, SAP=000,
VGH A\ BT=111 (VCI1 x 2), DC=100, 11.5 13.5 -
C11=C12=C21=C22=C23=1uF/B
characteristics
DDVDH=VGH=VGHL=VCL=1uF/B
characteristics
No panel load, lload=-100uA
VCI=VCILVL =2.8V
IOVCC= 2.8V
fosc=270KHz.,
Ta=25 degrees C.
VC=010, AP=000, SAP=000,
BT=111 (VCI1 x 2), DC=100,
VeL V' | c11=c12=Cc21=C22=C23=1uF/B : 113 93
characteristics
DDVDH=VGH=VGHL=VCL=1uF/B
characteristics
No panel load, lload=+100uA
VGH Please use even a mode to be at the
VGL v time of movement within max value. . . 275
VCI=VCILVL =2.8V
IOVCC= 2.8V
fosc=270KHz.,
Ta=25 degrees C.
VC=010, AP=000, SAP=000,
VCL A\ BT=111 (VCI1 x 2), DC=100, - -2.3 -2.1
C11=C12=C21=C22=C23=1uF/B
characteristics
DDVDH=VGH=VGHL=VCL=1uF/B
characteristics
No panel load, lload=+200uA
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31.2. AC Characteristics

68-system bus interface operation

F VIH VIH 3
RS
R/W
L VIL VIL N
tAS68 tAH68
VIH VIH
NCS
VIL VIL
tWHW68/tWHR68 See Note 1) tWLW68/tWHW68
< > |<¢ >
/ ¥ VIH VIH %\
: / \
£ | viL viL | % £ VviL
tR tF
¢ >l
tCYCW68/tCYCR68
B g
tWDS68 tWDH68
< > < >
See Note - VIH VIH
2) Write data
D17-0 L VIL VIL
tRDD68 tRDH68
See Note £ VOH1 VOH1
2) Read data
D17-0 E VOL1 VOL1
Note 1) PWEH®68 is defined by the overlap period when NCS is "Low" and E is "High".
Note 2) Unused data innput pins must be fixed at either "IOVCC" or "GND".

Figure 31-1:
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80-systems bus interface operation

F VIH viH X £
Rs ><
L VIL viL £ ¥
tAS80 tAH80
VIH VIH
NCS
VIL VIL

tWLWB80/tWLR80 See Note 1) tWHW80/tWHR80
dl dl

|-
Bl al Lad
X | VH VH | £ VIH
NWR \ /
NRD
\ ¥ viL viL £ A
R tF
>t >
tCYCW80/tCYCR80
<
tWDS80 tWDH80
< > |«
See Note - VIH VIH
2) Write data
D17-0 L VIL VIL
tRDDSO0 tRDH80 |
See Note F VOH1 VOH1
2) Read data
D17-0 L VOL1 VOL1

Note 1) PWLW and PWLR are defined by the overlap period when NCS is "Low" and NWR or NRD is “"Low".
Note 2) Unused data innput pins must be fixed at either "IOVCC" or "GND".

Figure 31-2:
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Serial Peripheral Interface operation

End: P
VIH £
NCS
viL X VIL
Start: S
tSCYC
tscf
tCSu tscr tSCH tSCL tCH
L >—re >
VIH £ VIH VH X% £ VH
scL / \ /
viL % VIL VIL % VIL 4
tSISU tSIH

VIH VIH
SDI Input data Input data
L VIL VIL

tSOD tSOH

»
Ll L

L VOH1 VOHL1 3
SDO Output data Output data
L VOL1 VOL1 2

Figure 31-3:
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Reset operation

{RES ‘|
>

 VIH
NRESET
VIL X VIL

Figure 31-4:
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RGB interface

tENS tENH
|-
»
viH ¥ £ VH VIH ViR
ENABLE
VIL VIL VIL VIL
trgbf — 7| T PWp, trgbr—> PW oy
< >
VIH Y L VIH VIH
DOTCLK \ / \L
X viL viL £ VIL
|-
»
tCYCD
tPDS tPDH
|- | -
Ll L
ViH X £ VIH VIH VIH
D17-0 Write Data
VIL E VL VIL VIL
Figure 31-5:
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Table 31-1: Clock Characteristics, Rf=135k ohm, VCI=2.8V

Item

Symbol

Unit

Min

Typ Max

RC Oscillation clock

tosc

kHz

257

285. 313

Note) Above value is defined on tester condition. Actual value in module depends on FPC.

Table 31-2: 68-system bus interface operation (Figure 31-1), IOVCC=1.6 to 3.3V, VCI=2.5V to 3.3V

Item Symbol Unit Min Typ Max
. Write tCYCW68 ns 100 * 1 - -
Cycle time
Read tCYCR68 ns 500
Pulse rise/fall time tR,tF ns - 25
. . Write tWHW68 ns 40 - -
E pulse width high
Read tWHR68 ns 250
Write tWLW68 ns 40 - -
E pulse width low
Read tWLR68 ns 200
RW,RS and CSB setup time tAS68 ns 10 - -
RW,RS and CSB hold time tAH68 ns 2 - -
Write data setup time tWDS68 ns 60
Write data hold time tWDH68 ns 15
Read data delay time tRDD68 ns 200
Read data hold time tRDH68 ns 5

Note *1) If you set the horizontal dot's number "odd", the Min of tCYCW will be 200nS

Table 31-3: 80-system bus interface operation (Figure 31-2), IOVCC=1.6 to 3.3V, VCI=2.5V to 3.3V

Item Symbol Unit Min Typ Max
Cycle time Write tCYCW80 ns 100 1 - -
Read tCYCR80 500 - -
Pulse width low Write tWLW80 ns 40 - -
Read "Low" level pulse width Read tWLR80 250 - -
Pulse width high Write tWHW80 ns 40 - -
Read "High" level pulse width Read tWHRS80 200 - -
Pulse rise/fall time tR, tF ns - - 25
RW,RS and CSB setup time tAS80 ns 10 - -
RW,RS and CSB hold time tAHB80 0 - -
ns 2 - -
Write data setup time tWOS80 ns 60 - -
Write data hold time tWDHB80 ns 15 - -
Read data delay time tRDD80 ns - - 200
Read data hold time tRDH80 ns 5 - -

Note *1) If you set the horizontal dot's number "odd", the Min of tCYCW will be 200nS
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Table 31-4: Serial Peripheral Interface operation (Figure 31-3), IOVCC=1.6 to 3.3V, VCI=2.5V to 3.3V

Item Symbol Unit Min Typ Max
Serial clock cycle time Write (Recewgd) tSCYcC ns 76 - -
Read (Transmitted) 350 - -
Serial clock "ngh" Write (Recewgd) tSCH ns 40 - -
level pulse width Read (Transmitted) 150 - -
Serial clock "Fow" Write (Recewgd) tsCL ns 35 - -
level pulse width Read (Transmitted) 150 - -
Serial clock rise/fall time tscr, tscf ns - - 20
Chip select setup time tCSU ns 20 - -
Chip select hold time tCH 60
Serial input data setup time tSISU ns 30 - -
Serial input data hold time tSIH ns 30 - -
Serial output data delay time tSOD ns - - 130
Serial output data hold time tSOH ns 5 - -

Note *1) If you set the horizontal dot's number "odd", the Min of tCYCW will be 200nS.

Table 31-5: Reset operation (Figure 31-4), IOVCC=1.6 to 3.3V,VCI=2.5V to 3.3V

Item Symbol Unit Min Typ Max
NRESET "Low" level width tRES us 1 - -
NRESET rise time trRES ns - - 10

Table 31-6: RGB interface (Figure 31-5), IOVCC=1.6 to 3.3V, VCI=2.5V to 3.3V

Item Symbol Unit Min Typ Max
ENABLE setup time tENS ns 10 - -
ENABLE hold time tENH ns 20 - -
DOTCLK "Low" level pulse width PWDL ns 40 - -
DOTCLK "High" level pulse width PWDH ns 40 - -
DOTCLK cycle time tCYCD ns 100 - -
Data setup time tPDS ns 10 - -
Data hold time tPDH ns 40 - -
DOTCLK,VSYNC,HSYNC rise/fall time ttrrgét;)rf, ns - - 25
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When changing the interface, please follow "A" to "D" in the figure below.

[mes-16 bit 1F Jmes-9 bit 1F Jves-16 bit 1/F
M3 |
M2
M1

1
NWR 1
]

|
1
1
|
1
|
1
IMO I
[
1
|
]
1
1
|
1
1
1
1
1
|

1
NRD |
1
)
1

According to this specification..
Please secure more than the system cycle time.
Please secure more than the system cycle time.
According to this specification.

Figure 31-6:
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32. Instructions and Directions for Using Magna Chip's Driver
IC for TFT Mobile Phones

1. About NCS
- NCS operates as shown below. Please fix NCS at the "High" level when data is not written to the driver.
If the rising edge of NCS comes before the rising edge of NWR, data read operation starts at the rising edge of NCS.

NCS — | I

NWR

T

Data read operation Data read operation

2. Overshoot and/or Undershoot of Handset Main LSI's Output
- The output voltage of the handset main LSI originally has large overshoot and/or undershoot due to the recent
movie function.
- Make consideration on the FPC so that the overshoot and/or undershoot do(es)n't exceed the absolute

maximum rating of the input signal of this driver IC.

3. GND Electrode on the FPC
- Modules for handsets usually receive ESD test at 10+ kV. Test results sometimes vary depending on the shape of
the GND electrodes on the FPC. Please carefully study the shape of the GND electrodes at the design and

development stage.

4. Contact and metal pattern Resistance of COG/FOG
- As for contact and metal pattern resistance of the GND pin, input voltage pins and step-up circuit pins, the total of the

resistance must be less than 15( ohm)/function.
Resistance: metal pattern resistance on the FPC, ACF contact resistance at the time of FOG, metal pattern
resistance on the TFT panel, ACF resistance at the time of COG.
Please keep the above condition in mind at the time of design.
(After reliability test, the total of the resistance must be 25(ohm)/function.)
(LSls are designed with the premise that the designated voltage is supplied to the LSls. If the contact and metal
pattern resistance is high, the designated voltage can't be supplied and unexpected failure might occur.)
(Each step-up circuit is designed with the premise that the contact and metal pattern resistance are less than
50(ohm)/function. If the contact and metal pattern resistance is 500hm/function or more, the step-up operation

might not be performed.)

5. FPC and TFT panel Pattern for Measuring contact and metal pattern Resistance
- As for the GND pin, input voltage pins and step-up circuit pins, please design the FPC and TFT panel pattern so that

the contact and metal pattern resistance can be measured.
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6. Power Supply Voltage of Each Step-up Voltage
- The step-up circuits in this driver IC for TFT mobile phones use the Charge-pump method. If the panel's load is
large, enough driving operation might not be performed.
- When using a TFT LCD display panel using the 1-line inversion AC driving method, whose current consumption is
large, study carefully the possible values of each step-up power supply voltages.

- Depending on the panel's current consumption, we recommend using an external power supply.

7. Setting the Frequency for Each Step-up Power Supply
- The efficiency of each step-up circuit depends on the contact and metal pattern resistance and frequency for each
step-up power supply. At the time of module designing, please study carefully how each step-up circuit can
generate the maximum efficiency.

8. Step-up Sequence
- The appropriate sequence varies according to the module design. Please note that the listed sequence in this
specification is for your reference.

9. Countermeasures Against ESD in the Process.
- Manufacturing sites of TFT modules must pay attention to the static electricity more so than the manufacturing sites
of C-STNs.
- Static electricity must be less than 50V in general. This condition can vary depending on the TFT LCD display
panel used.

10. Migration
- Bumps on the driver IC is made of gold and the space between bumps are extremely narrow.
Please design modules and control processes to prevent "Migration”.
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33. Note

The followings should be noted when this LSI specification is used.

1.

The information in this document is subject to change without notice for the purpose of product improvement and
technical progress. So please make sure that the information in your specification is the latest. (However, after the
Delivery Specification is provided officially, any changes to the specification will be made after discussion and
agreement by both sides.)

The descriptions of circuits, software and other related information in this document are provided for illustrative
purpose in semiconductor product operation and application examples. So when using this product, please design
circuits and mount with consideration for external conditions.

The incorporation of these circuits, software and information in the design of customer’s equipment shall be done
under the full responsibility of customer. Magna Chip assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

Magna Chip 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 Magna Chip semiconductor products listed in this document or any other
liability arising from the use of such products. No license expressed, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of Magna Chip and/or others.

Even though this product has an ESD protection circuit at every pin, please take any necessary countermeasures
against any destruction from ESD with use of earth bands, conductive floors and etc.

If semiconductor is exposed to strong light, temporal error operation may happen. According to the environment,
shield the semiconductor to avoid any error operation.

While Magna Chip endeavors to enhance the quality, reliability and safety of Magna Chip semiconductor products, our
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property and/or injuries (including death) to persons arising from defects in Magana Chip
semiconductor products, customers shall incorporate sufficient safety measures in their design, such as redundancy,
fire-contaminate, and anti-features.

The product listed in this document is intended for usage in general electronics applications (Computers, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.) This application
is neither intended nor warranted for usage in equipment that requires extraordinarily high quality and /or reliability or
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage
includes atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic
signal instruments, combustion control instruments, medical instruments, all types of safety devices, etc.
Unintended Usage of Magna Chip products listed in this document shall be made at the customer’s risk.

The some of the products listed in this document may be subject “the Foreign Exchange and Foreign Trade Control

Law.” So if you would like to export the product or a part of the product overseas, under this law, you will be required

to obtain export permits from the Japanese government. Please apply for the permits with your own responsibility.

10. No part of this document may be copied or reproduced in any forms or by any means without prior written consent of

Magna Chip. Magna Chip assumes no responsibility for any errors that may appear in this document.
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34. Revision History
Page/Chapter | Ver.0.0 Ver.0.1
P78,79,81,86 | MA2TA7402 MC2TA7402
P106 <B> <G>
P109 GVDD level VREG1O0UT level
P114 GVDD VREG1OUT
P129 VREG10UT(3 to (DDVDH-0.5)V) VREG10UT(3 to (DDVDH-0.3)V)
P131 VREFI VREG1OUT
P63 Value of Table10-30,31 Please, show Table10-30,31(after Ver.0.1)
pP143 Table31-2 Same to Table31-3 and replace to 68-system’s
name.
P27/C6.5 S384-S1 S528-S1
P27/C6.5 G2-G160,G159,-G1 G2-G220,G219-G1
P134 VIL2 : Min=-0.3 VIL : Min=0.0V
P134 VIH Min=0.7xIOVCC, VIL Max=0.3xIO0VCC VIH Min=0.8xIOVCC, VIL Max=0.2xI0VCC
P122 Table21-1 NM5-0 Delete NW5-0
P132 Table30-1 Insert VGHmax-VGLmin<32
P54,135 Insert VGH-VGL<27.5V
P3 IOVCC=1.65V to 3.3V IOVCC=1.6V to 3.3V
P129/Fig26-1 | IOVCC=1.8V to 3.3V IOVCC=1.6V to 3.3V
P24 NWR : Inputs an ENABLE signal for triggering a data | NWR : Inputs an ENABLE signal for selecting a data
read/write operation in 68-system interface mode. read/write operation in 68-system interface mode.
NRD : Inputs an ENABLE signal for selecting a data | NRD : Inputs an ENABLE signal for triggering a data
read/write operation in 68-system interface mode read/write operation in 68-system interface mode.
P24 Vcil : The Vcil output ----- VDC2-0bits. Vcil : The Vcil output ----- VC2-0bits.

34.1. Revision from Ver.0.0 to Ver0.1

34.2. Revision from Ver.0.1 to Ver0.2

Page/Cha
pter

Ver.0.1

Ver.0.2
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VREG10OUT : VREG10OUT is used for

VREG1OUT : VREG1OUT is used for a source

P24
(1)a source driver grayscale reference voltage driver grayscale reference voltage.
(2)aVCOM level reference voltage Connect to a stabilizing capacitor.
(3)a VCOM amplitude reference voltage
Connect to a stabilizing capacitor.
P58 Table10-26 : (fDCDC1) (fDCDC1/3)
P58 Table10-26 : (fDCDC2/3) (fDCDC2)
P29 Insert below figure
1) External Clock Mode 2) Internal Oscillation with External Resister Mode
Clock f\ﬁ%.
250(kH2) oscL
Damping| R
resistancel 0SC2 osc2
(2k Ohm)
B R W 18+0.1V Note: The resister must be located close to
I the OSC1/OSC2 pins as much as possible.
oV
0.4V
‘H‘—osm
Rf Hrosm
Note:Do not allow other signals to intercept
the circuit as shown below.
P13/C5.5 | Bump No 74 : B8, Bump No 75 : DB8 Bump No 74 : D8, Bump No 75 : D8
P53/ RTN=01 : DCCLK=fosc/16 RTN=01 : DCCLK=fosc/10
Table10-19
P128/ Vcil->VCOMH, Vcil»>VREG10UT VciLVL->VOMH, VciLVL>VREG10UT
Figure16-1
P128/ VGH : VCL x4,5,6 , VGL : VCL x(-3),(-4),(-5) VGH : Vcil x4,5,6 , VGL : Vcil x(-3),(-4),(-5)
Figure16-1
P140 Delete the figure of VSYNC, HSYNC
P142 Delete VSYNC/HSYNC setup time
P51 ECS2-0=101 Sys./ V IF OP=12, RGB IF OP=48 ECS2-0=101 Sys./ V IF OP=10, RGB IF OP=40

ECS2-0=110 Sys./V IF OP=14, RGB IF OP=56
ECS2-0=111 Sys./V IF OP=Setting disable, RGB
IF=Setting disable

ECS2-0=110 Sys./V IF OP=12, RGB IF OP=48
ECS2-0=111 Sys./V IF OP=14, RGB IF=56

34.3. Revision from Ver.0.2to Ver0.21

Page/Chapter | Ver.0.2 Ver.0.21

P10 Chip X size=19.242mm( after dicing ) Chip X size= 19.202mm( after dicing )
Chip Y size=1.270mm(after dicing ) Chip Y size=1.230mm( after dicing )

P12 Chip size : 19.242mmx1.27mm Chip size : 19.202mmx1.23mm
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34.4. Revision from Ver.0.21to Ver0.22

Page/Chapter | Ver.0.21 Ver.0.22
p22 VSS: Power supply GND for-----. VSS: Power supply GND level for-----.
AGND: Power supply GND for------ . AGND: Power supply GND level for------- .
P23 VCOMR : -----mmmmmee- VREG10OUT and GND. VCOMR: -----mmmmmmm- VREG10UT and VSS(GND
level.)
VGS( Connect to) : GND or resistor VGS ( Connect to ) : VSS(GND level)or resistor
P24 IM3-0( Connect to ) : GND/IOVCC IM3-0(Connect to ) : VSS (GND level )/ IOVCC
IM3-0 Function ( Amplitude ) : IOVCC/GND IM3-0 Function ( Amplitude ) : IOVCC/VSS ( GND
level)).
NRESET Function ( Amplitude : IOVCC/GND) NRESET Function ( Amplitude) : IOVCC / VSS
(GND level))
NCS Function ( Amplitude ) : IOVCC/GND NCS Function ( Amplitude) : IOVCC/ VSS(GND
level)).
RS Function (Amplitude) : IOVCC/GND RS Function (Amplitude) IOVCC/VSS(GND
level)).
RS (Unused pins) : GND/IOVCC RS (Unused pins) : VSS(GND level/IOVCC)
NWR Function (Amplitude): IOVCC/GND NWR Function (Amplitude) : IOVCC/VSS(GND
level)).
NWR (Unused pins) : GND/IOVCC NWR (Unused pins) : VSS(GND level)/IOVCC
NRD Function (Amplitude): IOVCC/GND NWR Function (Amplitude) : IOVCC/VSS(GND
level)).
NRD (Unused pins) : GND/IOVCC NRD (Unused pins) : VSS(GND level)/IOVCC
ENABLE Function (Amplitude): IOVCC/GND ENABLE Function (Amplitude)
IOVCC/VSS(GND level)).
ENABLE (Unused pins) : GND/IOVCC ENABLE (Unused pins) : VSS(GND level)/IOVCC
VSYNC Function (Amplitude): IOVCC/GND VSYNC Function (Amplitude) : IOVCC/VSS(GND
level)).
VSYNC (Unused pins) : GND/IOVCC VSYNC (Unused pins) : VSS(GND level)/IOVCC
HSYNC Function (Amplitude): IOVCC/GND HSYNC Function (Amplitude) : IOVCC/VSS(GND
level)).
HSYNC (Unused pins) : GND/IOVCC HSYNC (Unused pins) : VSS(GND level)/IOVCC
P25 DOTCLK Function (Amplitude): IOVCC/GND DOTCLK Function (Amplitude)

IOVCCVSS(GND level)).

DOTCLK (Unused pins) : GND/IOVCC

DOTCLK (Unused pins) : VSS(GND level)/IOVCC

DO0~17 Function (Amplitude): IOVCC/GND

D0~17 Function (Amplitude) : IOVCC/VSS(GND
level)).

D0~17 (Unused pins) : GND/IOVCC

D0~17 (Unused pins) : VSS(GND level)/IOVCC
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SDI Function (Amplitude): IOVCC/GND

SDI Function (Amplitude)
level)).

IOVCCIVSS(GND

SDI (Unused pins) : GND/IOVCC

SDI (Unused pins) : VSS(GND level)/IOVCC

SCL Function (Amplitude): IOVCC/GND

SCL Function (Amplitude) : IOVCC/VSS(GND

level)).

SCL (Unused pins) : GND/IOVCC

SCL (Unused pins) : VSS(GND level)/IOVCC

P26 - <Insert> VCOM5~10
FLM Function (Amplitude): IOVCC/GND FLM Function (Amplitude) : IOVCC/VSS(GND
level)).
FLM (Unused pins) : GND/IOVCC FLM (Unused pins) : VSS(GND level)/IOVCC
TESTL1,2( Connect to) : GND/IOVCC TESTL1,2(Connectto) : VSS (GND level )/ IOVCC
TESTL,2 (Unused pins) : GND TESTL,2 (Unused pins) : VSS(GND level)
DUMMY3~6( Connect to ) : GND DUMMY3~6(Connect to ) : VSS (GND level )
P46 Tablel10-5 : GND Table10-5 : AGND (GND level)
P47 GON : ------ becomes GND. GON : ------- becomes VSS(GND level).
D1-0: ------ at the GND level. D1-0: ------- at the VSS(GND level).
Table10-9, Source Output, VCOM Output : GND | Table10-9, Source Output, VCOM Output
VSS(GND level).
P58 Table10-27, Source Output, VCOM Output : GND | Table10-27, Source Output, VCOM Output
VSS(GND level).
P74 Initial state of output pins Initial state of output pins
LCD driver (source outputs): All pins output the | LCD driver (source outputs): All pins output the
GND level. VSS(GND level).
P112 Table 18-7, Note : --------- V63-GND>0.3V,----- Table 18-7, Note : --------- V63 - AGND(GND level)
> 0.3V, ------
P114 Table 18-9, Note : --------- V63-GND>0.3V,----- Table 18-9, Note : --------- V63- AGND(GND
level)>0.3V, ------
P119 Table20-3 : GND Table20-3 : AGND(GND level)
P129 Figure27-1: OSC1, OSC2 Figure27-1 : OSC1->0SC2, 0SC2->0SC1
P130 Figure28-1 : GND Figure28-1 : VSS
P131 Table22-2 : Schottky Diode, Pin connection Table22-2 : Schottky Diode, Pin connection
GND-VGL VSS(GND level)-VGL
P133 31.1 DC Characteristics ( Normal operation | 31.1 DC Characteristics ( Normal operation
mode ) : Current consumption (VCI,IOVCC-GND) | mode ) : Current consumption ( VCI,IOVCC - VSS
(GND level))
P134 31.1 DC Characteristics ( 8-color/partial display | 31.1 DC Characteristics ( 8-color/ partial display

mode ) : Current consumption (VCI,IOVCC-GND)

mode ) : Current consumption ( VCI,IOVCC - VSS
(GND level))
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31.1 DC Characteristics (Standby mode ) :
Current consumption (VCI,IOVCC-GND)

31.1 DC Characteristics (Standby mode ) :
Current consumption ( VCI,IOVCC - VSS (GND
level))

P136 Figure31-1 : Note 2) : -----------mm-mmmmmm- “IOVCC” or | Figure31-1 : Note 2) : ---------=m---mmommm “IOVCC” or
“GND” “VSS(GND level) "

P137 Figure31-2 : Note 2) : -----------mm-mmmmem- “IOVCC” or | Figure31-2 : Note 2) : ---------=m--m-mmommm “IOVCC” or
“GND” “VSS(GND level) "

P144 4., - resistance of the GND pin,------- R resistance of the VSS and AGND

5- As for the VSS and AGND pin,--------

34.5. Revision from Ver.0.22to Ver0.23

Page/Chapter | Ver.0.22 Ver0.23
P4/4,5.1~5.5,6 | (TBD) Delete
34.6. Revision from Ver.0.23to Ver0.24
Page/Chapter | Ver.0.23 Ver0.24
P50 IB9:ESCO IB9 : ECSO
P127 Step-up Chart : VCI1>VGH/VGL DDVDH->VGH/NGL

P125~127

Recommended sequence add.

P133~140

Spec value add.

34.7. Revision from Ver.0.24to Ver0.25

Page/Chapter | Ver.0.24 Ver0.25
P129 In Fig27-1 OSC1, OSC2 0OSC1<->0SC2
34.8. Revision from Ver.0.25to Ver0.26
Page/Chapter | Ver.0.25 Ver0.26
P9 In the figure, left side alignment Mark is , and | Left side Mark is o , right side Mark is

right side Mark is o .

34.9. Revision from Ver.0.26to Ver0.27

Page/Chapter

Ver.0.26

Ver0.27

P9,10

In the figure, left side alignment Mark is o , and
right side Mark is

Left side Mark is , right side Mark is o .
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34.10. Revision from Ver.0.27to Ver0.28

Page/Chapter

Ver.0.27

Ver0.28

P10

Add alignment coordinates

P69(Ver0.27)

Table 10-34 : Scanning Start Position SCN=1,
GS=0 - G220, SCN=1, GS=1 »>G1

.SCN=1 : Setting Disable. SCN=0 : SM=0,
GS=0 > G1, SM=0, GS=1 ->G220, SM=1,
GS=0 - G1, SM=1, GS=1 - G220

P73~74(Ver0.28)

Add :

10.2.26 VCOMG Control (R53h)
10.2.27 VCOM EQ (R59h)

10.2.28 STB mode selection (R5Ah)

P75(Ver0.28)

Add to Instruction Table :
R53h,R59h,R5AN

P127~129(Ver0.28)

Fig 24-1,Fig24-2, Fig25-2, Fig25-3

Table24-1,Table24-2, Table25-1, Table25-2

P127~129(Ver0.28)

At Table24-1, Table24-2, Table25-1, Table25-2
Resister : Rxx

Resister : Rxxh

34.11. Revision from Ver.0.28to Ver0.29

Page/Chapter Ver.0.28 Ver0.29
P74 Table10-36: Table10-36
STBM1-0=01: VCI=2.5V STBM1-0=01: VCI=2.5~2.6V
STBM1-0=10 : VCI=2.8V STBM1-0=10: VCI=2.6~3.1V
STBM1-0=11 : VCI=3.3V STBM1-0=11: VCI=3.1~3.3V
P143 Table31-5 : NRESET "Low" level width (tRES) Table31-5 : NRESET "Low" level width (tRES)

Min: ,Typ:, Max:

Min:1,Typ: -, Max: -

34.12. Revision from Ver.0.29to Ver0.30

Page/Chapter Ver.0.29 Ver0.30
P32 80-System 16-bit Interface  ( 2 transfers/pixel, | 80-System 16-bit Interface  ( 2 transfers/pixel,
65,536 colors ) (RO3h;TRI ="1", DFM1-0 = | 262,144 colors ) ( RO3h;TRI = "1", DFM1-0

"11") ="11")
P143 Table31-5 : NRESET "Low” level width (tRES ) | Table31-5 : NRESET "Low” level width ( tRES )

Unit : ms

Unit : us

34.13. Revision from Ver.0.30to Ver0.31

Page/Chapter Ver.0.30 Ver0.31
P10 Right side + alignment mark coordinate Right side + alignment mark coordinate
(-9446,460) (9446,460)
P153 - Add into P10 Item into Revision history.
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34.14. Revision from Ver.0.31to Ver0.32

Page/Chapter

Ver.0.31

Ver0.32

P127, Table24.1

and, stepl1l R14h and others

Initial power control sequence (fosc=200kHz----)

Initial power control sequence (fosc=285kHz-----)
and step 28 R14h and others

P127, Table24-2

4:R10h-----Source AMP Off SAP2-0=000,-----.

4:R10h-----Source AMP Off only SAP2-0=000

P142,Table31-1

Tosc=min:244kHz, typ:272kHz, Max=299kHz

Tosc=min::257kHz,typ: 285kHz,Max=313kHz

34.15. Revision from Ver.0.32to Ver1.00

Page/Chapter Ver.0.32 Verl.00
P23 IM3=0,IM2=0,IM1=1,IM0=0 Colors : 65,536 IM3=0,IM2=0,IM1=1,IM0O=0 Colors : 262,144 /
6.3.Logic I/0 65,536
Pins
P27 IM3=0,IM2=0,IM1=1,IM0=0 Colors : 65,536 IM3=0,IM2=0,IM1=1,IM0=0 Colors : 262,144 /
Table7-1 65,536
P127 - Insert power supply timing.
P135 Power supply voltage(1) VDD-GND level Power supply voltage(1) VDD-GND level
-0.3t0 2.8 -0.3t02.2
All page Preliminary -

34.16. Revision from Ver.1.00to Verl1.01

Page/Chapter Ver.1.00 Verl.01
P8 In Block Diagram, DDRAM I/F line number are | 18,72
16, 64.
P8 In Block Diagram, Gamma line areV0-V31. V0-V63
P11 - Notation of wafer thickness.
P12 Chip size: 19.202mmX1.230mm Chip size(after dicing):19.202mmX1.230mm
p22 VCI: No of pins:5 VCI: No of pins:6
6.1. VCILVL: No of pins:1 VCILVL: No of pins:2
IOVCC: Bump N0:108,109, No of pins 2 IOVCC: Bump N0:40,44108,109, No of pins 2
VSS: Bump No: 118~125, No of pins :8 VSS: Bump N0:38.42,73,118~125, No of pins :11
p22 VDD: No of pins:4 VDD: No of pins:6
6.2
P25 S528~S1: No of pins:384 S528~S1: No of pins:528
6.5. G2~G220,G219~G2: No of pins:160 G2~G220,G219~G2: No of pins:220
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P36 S1,DB=[17:12],52,DB=[11:6],S3,DB=[5,0]------- S1,DB=[5:0],S2,DB=[11:6],5S3,DB=[17,12]-------
Table9-2. S$526,DB=[17:12],S527DB=[11:6],5528DB=[5:0] | S526,DB=[5:0],S527DB=[11:6],S528DB=[17:12]
p127 Power supply order Power supply order
IOVCC->VCI VCI=>IOVCC
34.17. Revision from Ver.1.01to Ver1.02
Page/Chapter Ver.1.01 Verl.02
P23 No of pins:IM3,IM2,IM1,IM0:1,2,2,1 No of pins:IM3,IM2,IM1,IM0:1,2,2,1
P51 ECS2-0:------- . When VCOML>0,set these bits ECS2-0:------- . ECS function can be use only when
as “000" to prevent the abnormal function. VCOML is OV(GND level).
P155 Chapter 6.5 of Revision History: Verl.01: S528~S1: No of pins:528

S528~S1: No of pins:384

34.18. Revision from Ver.1.02to Ver1.03

Page/Chapter Ver.1.02 Verl.03

P136 Ta=25degreeC,VCI=VCILVL=IOVCC=2.75 Ta=25degreeC,VCI=VCILVL=IOVCC=2.8,STB=1,
/Standby STBM[1-0]=10

current

With collaboration of https://www.displayfuture.com
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