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Revision History :

Revision Description Of Change Date
0.1 New creation 2010/7/2
0.2 Modified descriptions of EPF:16bits Data Format Selection (R05h) 2010/11/09
0.3 4) IC thickness ; (9.4, 10) Instruction ROOh description ; (24.2.3) Tsyncs 2010/12/02

(
0.4 (a) Modified pin description of VDDI_LED(page 24) 2011/04/27
(b) Modified pin description of LEDON and LEDPWM(page 26)
(c) Add CABC control instructions, RB1h ~ RBFh(page 62 ~ 64)
(

d) Add Brightness Control ON/OFF sequence(page 116)
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1. General Description

The RM68090 is a single-chip liquid crystal controller driver LS| for a-Si TFT panel, comprising 172,800
bytes RAM for a maximum 240 RGB x 320 dots graphics display, source driver, gate driver and power
supply circuit. For efficient data transfer, the RM68090 supports high-speed interface via 8-/9-/16-/18-bit
ports as system interface to the microcomputer and high-speed RAM write function. As moving picture
interface, the RM68090 supports RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, and DB17-0).

Also, the RM68090 incorporates step-up circuit and voltage follower circuit to generate TFT liquid crystal

panel drive voltages.

The RM68090's power management functions such as 8-color display and power operation mode such
as deep standby mode, standby mode and sleep mode make this LSI a perfect driver for the medium or
small sized portable products with color display systems such as digital cellular phones or hand-held

devices with outstanding battery consistency.

2. Features

A single-chip controller driver incorporating a gate circuit and a power supply circuit for a maximum

240 RGB x 320 dots graphics display on amorphous TFT panel in 262k colors
®  System interface
1. High-speed interface via 8-, 9-, 16-, 18-bit parallel ports
2. Clock synchronous serial interface
®  Moving picture display interface
1. 6-, 16-, 18-bit RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, DB17-0)
2.  VSYNC interface (System interface + VSYNC)
3. FMARK interface (System interface + FMARK)
) High-speed RAM write function
®  Window address function to specify a rectangular area writing data in the internal RAM

®  Write data within a rectangular area in the internal RAM via moving picture interface
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° Reduce data transfer repeat by specifying the area in the RAM to rewrite data
® Support displaying still picture data in RAM area while displaying moving pictures simultaneously
®  Resizing function (x 1/2, x 1/4) with remainder consideration
®  Abundant color display and drawing functions

1. Programmable y-correction function for 262k-color display

2. Partial display function
) Low power consumption architecture (allowing direct input of interface 1/O power supply)

1.  Deep standby mode

2. Standby mode

3. Sleep mode

4. 8-color display function

5. Input power supply voltages: VDDI = 1.65V~3.3V (interface 1/0 power supply)

VCI = 2.5V~3.3V (liquid crystal analog circuit power supply)

® Incorporates a liquid crystal drive power supply circuit

1. Source driver liquid crystal drive/VCOM power supply: AVDD-GND = 4.5V ~ 6.0V

VCL-GND =-2.2V ~-3.0V
VCI-VCL = 6.0V
2. Gate drive power supply: VGH-GND = 10.0V ~ 19.8V
VGL-GND = -4.5V ~ -13.5V
VGH-VGL = 28.0V
3. VCOM drive (VCOM power supply): VCOMH = 3.0V ~ (AVDD-0.5)V
VCOML = (VCL+0.5) V ~ 0V
VCOMH-VCOML amplitude = 6.0V (max.)

o Liquid crystal power supply startup sequencer

®  TFT storage capacitance: Cst only (common VCOM formula)
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° 172,800-byte internal RAM
° Internal 720-channel source driver and 320-channel gate driver

®  Single-chip solution for COG module with the arrangement of gate circuits on both sides of the

glass substrate
) Internal reference voltage: to generate GVDD

o Internal NVM: VCOM level adjustment, 6 bits x 3 sets
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Table 1 Power Supply Specifications

No. Item RM68090
1 TFT data lines 720 output
2 TFT gate lines 320 output
3 TFT display storage capacitance Cst only (Common VCOM)
4 Liquid crystal S1~S720 V0~V63 grayscales
drive output G1~G320 VGH-VGL
VCOM Change VCOMH-VCOML amplitude with electronic
volume
Change VCOMH with electronic volume
5 Input voltage VDDI 1.65V~3.30V
(interface voltage) Power supply to IMO/ID, IM1-3, nRESET, DB17-0,
nRD, SDI, SDO, WR/SCL, RS, nCS, VSYNC,
HSYNC, DOTCLK, ENABLE, FMARK.
Connect to VCC and VCI on the FPC when the
electrical potentials are the same.
Vel 2.50V~3.30V
(iquid crystal drive Connect to VDDI and VCI on the FPC when the
power supply voltage) electrical potentials are the same.
6 Liquid crystal AVDD 4.5V ~ 6.0V
drive voltages | VGH 10.0V ~ 19.8V
VGL -4.5V ~-13.5V
VGH-VGL Max. 28.0V
VCL -2.2V ~ -3.3V
VCI-VCL Max. 6.0V
7 Internal VLOUT1 (AVDD) VCI1x2
step-up circuits | VLOUT2 (VGH) VCl1x4, x5, x6
VLOUT3 (VGL) VCI1x-3, -4, -5
VCL VCI1x-1
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3. Block Diagram
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4. Pin Diagram

Alignment Marks
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®  Chip size: 16.20 mm x 0.72 mm (Include sealing and scribe line)
®  Chip thickness: 300 um (typ.)

®  PAD coordinates: PAD center

® PAD coordinates origin: Chip center

® Aubump size

4.1.1 14um x 104um: Output Pads to Panel

4.1.2 40um x 56um: Input Pads

®  Au bump pitch: See PAD coordinates table

®  Au bump height: 12um (typ.)

®  Alignment mark

Alignment mark shape X Y
-7480 254
Type A
7480 254
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Pad Coordinate (Unit: um)

No. Name X Y No. Name X Y No. Name X Y No. Name X Y

1 _|DUMMY 729251 2790 61 |CIIM -3692.5] 2790 121 [HSYNC -92.5] 2790 181 |Vcore 423251 -279
2 |DUMMY 2723251 2790 62 |Ciim -3632.5] 279 122 |ENABLE =325 2790 182 |Veore 4292.5] -279
3 |vcom 717251 2790 63 |CiiM 357251 2790 123 IDOTCLK 27.5] 279K 183 |DUMMY 4352.5] 279
4 |vCoM 711250 2790 64 |CliM -3512.5] 2790 124 ITESTOR 87.5] -279) 184 |GVDD 4412.5] -279
5 Jvcom 2705251 2790 65 |CliM -3452.5] 2790 125 |SDI SDA 160l -279F 185 |GVDD 4472.5] -279
6 _|vCOM -6992.5] 2798 66 |C1iM -3392.5] -279f 126 |DBIO] 2451 2798 186 |GVDD 4532.5] -279
7_[vcom -6932.5] 2790 67 [vCn 333251 2790 127 |DBI1] 330] -279) 187 [GVDD 4592.5] -279
8 |vCoM -6872.5] 2790 68 [vCIl 327251 2790 128 |DBI2] 415] 2798 188 |DUMMY 4652.5] -279
9 [vcom 681251 2790 69 [vCil 321251 2790 129 |DBI3I 3001 279K 189 [DUMMY 4712.5] -279
10 [vcom 675251 2798 70 [vcn 315251 2790 130 |TS0 5725 279K 190 [VCL 4772.5] 279
11 [DUMMY 669251 2798 71 v -3092.5] 2790 131 |DBI4] 645] 2798 191 [VCL 4832.5] -279
12 |coop -6632.5] 2790 72 [vCn -3032.5] 2790 132 |DBIS] 730|279k 192 [VCL 4892.5] -279
13_|Coop 657251 2798 73 |vCn -2972.5] 2790 133 |DBI6] 815] -279K 193 [vCL 4952.5] -279
14 1C2oM -6512.51 279k 74 |vCI 2291251 2790 134 |DBI7] 900] -279R 194 [VCL 3012.5] -279
15 com 645251 2798 75 |Vl 285251 2790 135 |TS1 972.5] 279K 195 |VCL 5072.5] -279
16 {Co1p 639251 2798 76 |VCI 279251 2790 136 |DBISI 1045] 2798 196 [VCL 3132.5] -279
17 Co1p 633051 2798 77 |vCI 273251 2790 137 |DBI9I 1130 2790 197 |[VCL 5192.5] -279
18 |C21M -6272.51 2790 78 |VCI 226725 2798 138 |DBI10] 12151 -2790 198 |C31P 5252.5] -279
19 |C21M -6212.51 2790 79 |vCI 226125 2798 139 |DB[11] 13001 -2790 199 |C31P 5312.5] -279
20 |VGH -6152.5] 2790 80 |vCI 255251 2790 140 |TS2 1372.5] 2798 200 [C31p 5372.5] -279
21 |VGH -6002.5] 2798 81 |vCI 224925 2790 141 |DB[12] 1445] 2798 201 |C31P 5432.5] -279
22 |vGH -6032.5] 2798 82 |GND -2432.5] 2790 142 |DB[13] 1530 2790 202 |C31P 5492.5] -279
23 |VGH -5972.5] 2798 83 |GND -2372.5] 2798 143 |DB[14] 1615] -2790 203 |C31P 5552.5] -279
24 |VGH -5912.5] 2798 84 |GND -2312.5] 2798 144 |DB[15] 17001 -2798 204 |C31P 5612.5] -279
25 |pUMMY -5852.5] 2798 85 |GND 225251 2798 145 |TS3 1772.5] -2790 205 [C31P 5672.5] -279
26 [VGL -5792.51 2790 86 |GND -2192.5] 2798 146 |DB[16] 1845] 2790 206 |C31M 5732.5] -279
27 [VGL -5732.5] 2790 87 |GND -2132.5] 2798 147 |DBI17] 1930] -2790 207 |C31M 5792.5| -279
28 |VGL -5672.5] -2790 88 [GND 2072.51 2790 148 |TS4 2002.5] -2798 208 |C31M 5852.5] -279
29 |VGL -5612.5] -2790 89 [GND 22012.5] 279K 149 |FMARK 2075|2790 209 |C31M 5912.5] -279
30 |VGL 555251 2790 90 [GND 195251 2790 150 [SDO 21601 279K 210 |C31M 5972.5] -279
31 |VGL 549251 2798 91 [GND 189251 2790 151 |LEDPWM 22451 2790 211 1C31M 6032.51 279
32 |AVDD 543051 2798 92 [GND -1832.5] 279§ 152 |LEDON 23301 279 212 |C31M 6092.5] -279
33 |AVDD 537251 2798 93 [GND 177251 2790 153 |vDDI LED | 24025 279K 213 |C31M 6152.5] -279
34 |AVDD -5312.51 2798 94 |GND 171251 2790 154 1vDDI LED | 246251 -279R 214 [DUMMYR1 | 6212.5] -279
35 |AVDD -52505] 2798 95 |GND -1652.5] -279K 155 |TESTO7 2535] 2790 215 IDUMMYR2 | 627251 -279
36 |AVDD 519251 2798 96 |GND 159251 2790 156 |TESTO6 26201 -2790 216 [DUMMY 6332.5] -279
37 |AVDD 513251 2798 97 [GND -1532.51 2790 157 |TESTOS 2705] -279F 217 [DUMMY 6392.5] -279
38 |AVDD -5072.51 2798 98 |GND -1472.5] 2790 158 |TESTO4 27901 279 218 |DUMMY. 6452.5] 279
39 |C12P -5012.51 2798 99 |GND -1412.5] 2790 159 ITESTO3 28751 2790 219 |DUMMY. 6512.5] -279
40 |Ciop 495251 2798 100 |GND -1352.5] 2790 160 ITESTO2 20601 2798 220 |DUMMY. 6572.5] -279
41 |ciop 489251 2798 101 |GND -1292.5] -279f 161 |TESTO! 303251 2798 221 |DUMMY. 6632.5] 279
42 |ciop 483251 2798 102 |GND -1232.5] 2798 162 |vDDI 3002.5] 2798 222 |DUMMY. 6692.5] -279
43 |Ciop -4772.5] 2798 103 |GND -1172.5] 2798 163 |VDDI 3152.5] 2798 223 [VCOM 6752.5] -279
44 |c1op -4712.5] -2798 104 |GND -1112.5] 2798 164 |VDDI 3212.5] 2798 224 [VCOM 6812.5] -279
45 |ciop -4652.5] -2798 105 |GND -1052.5] 2798 165 |VDDI 327251 2798 225 [VCOM 6872.5] -279
46 |C1oMm 459251 2790 106 |TESTOI11 -992.5] -279) 166 |VDDI 3332.5] 2790 226 [VCOM 6932.5] -279
47 |ciom 45325 -279% 107 |VGS 9325|2798 167 |VDDI 3392.5] 2798 227 [VCOM 6992.5] -279
48 [C1om 447251 279K 108 [VGS -872.5] -279) 168 |VDDI 3452.5] 2790 228 [VCOM 7052.5] -279
49 |C1om 441251 2790 109 |TESTO10 81251 2790 169 |Vcore 3512.5] -2790 229 [vCOM 7112.5] -279
50 |C1oMm 435251 279K 110 JIM[3] 75251 2790 170 |Veore 357251 2790 230 [VCOM 7172.5] 279
51 |CIoM 429251 2790 111 [IMI21 69251 2790 171 |Veore 363251 -279 231 [DUMMY 72325 -279]
52 |C1oM 423051 2790 112 [IMI11 63251 2790 172 |Veore 369251 -279K 232 [DUMMY 7292.5] -279
53 |Ciip 417251 279K 113 [IMI01 57251 2790 173 |Veore 375251 -279F 233 [DUMMY 7399|255
54 1C11p -4112.51 2790 114 INRESET 51251 2790 174 |Veore 381251 -279F 234 [DUMMY 7385 120)
55 |Ciip 405251 279K 115 INCS 45251 279K 175 |Veare 387251 -279F 235 [DUMMY 7371|255
36 |C11p 399251 279K 116 [RS 30251 279K 176 |Veare 393251 279K 236 [G2 7357 120)
57 |Ciip 393251 279K 117 INWR SCL 33251 2790 177 |Veare 399251 2790 237 [G4 7343|255
58 |Ciip 387251 279K 118 INRD 27251 279K 178 |Veare 4052.5] 279K 238 |G6 7329 1208
59 |C11P -3812.51 2790 119 |TESTO9 21251 2790 179 |Veore 4112.5] -2798 239 |G 7315] 255
a0 1Ciiv 2375251 2700 120 JVSYNC 15251 2700 180 Iveare 417251 2790 240 1G10 23011 12
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No Nome X Y X Y 4
241 1G12 7287] 255 47251 259
242 1Gl14 72731 120 47111 1208
243 1G16 7259] 255 4697] 255
244 1G18 7245] 120 46831 120
245 1G20 7231|255 4609 255
246 1G22 7217] 120 46551 12
247 1G24 7203] 255 46411 255
248 1G26 7189] 120 46271 120
249 1G28 7175] 255 4613] 255
250 1G30 7161] 120 45991 120
251 1G32 7147] 255 4585] 255
252 1G34 7133] 120 45711 120
253 1G36 7119] 255 4557] 255
254 1G38 7105] 120 4543 12
255 1G40 7001] 255 45201 255
256 1G42 7077] 120 4515] 12
257 1G44 7063] 255 4501 255
258 1G46 70491 120 44871 120
259 1G48 7035] 255 4473] 255
200 1G50 70211 120 44591 120
201 1G52 7007] 255 4445 255
202 1G54 69931 120 4431 120
263 1G56 6979] 255 4417] 255
264 1G58 6965|120, 4403] 12
205 1G60 6951] 255 4380 255
206 1G62 6937] 120 4375] 12
207 1Go4 6923] 255 43611 255
208 1G66 6909] 120 43471 12
269 1G68 6895] 255 4333] 255
270 1G70 6881] 120 43191 120
271 |G72 6867] 255 4305] 255
272 1G74 6853] 120) 4291 120
273 |G76 6839] 255 4277] 255
274 1G78 6825] 120 4203 12
275 1G80 6811] 255 424901 255
276 1G82 67971 120 42351 12
277 1G84 6783] 255 42211 255
278 1G86 67691 120 42071 12
279 1G88 6755] 255 4193] 255
280 1G90 67411 120 41791 120
281 1G92 6727] 255 4165] 255
282 1G94 67131 120 41511 120
283 1G96 6699] 255 4137] 255
284 1G98 66851 120 4123] 12C
285 1G100 6671] 255 41001 255
286 1G102 6657] 120 4005] 12
287 1G104 6643] 255 4081] 255
288 1G106 66291 120 4067 12
289 1G108 6615] 255 4053] 255
290 |G110 6601] 120 40391 120
291 |G112 6587] 255 4025] 255
292 1G114 6573] 120 40111 120
293 |Gll6 6559] 255 3997] 255
294 1G118 6545] 120 3983] 12
295 1G120 6531] 255 3969] 255
296 1G122 6517] 120 3955] 12
297 1G124 6503] 255 3941] 259
298 1G126 64891 120 39271 12
299 1G128 6475] 255 39131 259
300 1G130 04611 12 3001 __19()
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481 18635 38851 255R 541 1S575 30451 2558 601 IS515 22051 2558 661 |S455 1365] 255
482 18634 38711 1208 542 1S574 30311 1208 602 S514 219011 1208 662 |S454 1351) 12
483 15633 38571 255Q 543 1S573 30171 2558 603 1S513 21771 2554 663 |S453 1337) 255
484 18632 38431 1208 544 1S572 30031 1208 604 S512 21631 1208 664 |S452 1323] 12
485 18631 38201 255R 545 1S571 20891 255R 605 IS511 21491 2558 665 |S451 1309] 255
486 18630 38151 1208 546 1S570 2075] 1208 606 ]S510 2135] 1208 666 ]S450 1205] 12
487 15629 38011 2558 547 1S569 20611 2558 607 1S509 21211 2554 667 |S449 1281] 255
488 |S628 3787] 1200 548 ]S568 20471 1208 608 ]S508 2107] 1208 668 |S448 1267] 120
480 15627 3773|2554 549 18567 20331 2554 609 15507 20031 2558 669 S447 1253] 259
490 15626 37501 1208 550 1S566 20191 1208 610 1S506 20791 1208 670 ]S446 12301 12
491 18625 37451 2558 551 1S565 20051 2558 611 1S505 20651 2558 671 1S445 1225] 259
492 15624 37310 1208 552 1S564 28011 120m 612 1S504 20511 1208 672 15444 12111 12
493 15623 37171 255R 553 1S563 28771 2558 613 15503 20371 2554 673 |S443 1197) 255
494 15622 37031 1208 554 1S562 28631 1208 614 1S502 20231 1208 674 |S442 1183] 12
495 18621 36891 255K 555 1S561 28491 2558 615 1S501 2009 253 675 18441 11691 255
496 18620 36751 1208 556 1S560 28351 1208 616 1S500 19951 1208 676 1S440 1155] 12
497 15619 36611 2558 557 1S559 28211 2558 617 1S499 19811 2558 677 1S430 1141] 255
498 15618 36471 1208 558 1S558 28071 1208 618 1S498 1967] 1208 678 1S438 1127) 12
499 15617 36331 255 559 1S557 27931 2554 619 18497 1953] 2558 679 1S437 1113] 255
500 IS616 36191 1208 560 1S556 27791 1208 620 1S496 19391 1208 680 1S436 10991 12
501 IS615 36051 2558 561 1S555 27651 2558 621 15495 1925] 2558 681 1S435 1085] 255
502 IS614 35911 1208 562 ]S554 27511 1208 622 1S494 1911] 1208 682 1S434 1071) 12
503 IS613 35771 255Q 563 1S553 2737] 255Q 623 15493 1897] 2558 683 1S433 1057) 255
504 IS612 35631 1208 564 1S552 2723] 1208 624 1S492 1883] 1208 684 1S432 1043] 12
305 IS611 35401 255K 565 1S551 27001 2550 625 15491 18691 2558 685 15431 10201 255
206 _IS610 35351 1208 566 1S550 2005|1208 626 15490 18551 1208 686 15430 1015] 12
507 _{S609 35211 2558 567 1S549 2081] 2558 627 |S489 1841] 2558 687 1S429 1001} 255
508 IS608 35071 1208 568 1S548 2667|1208 628 ]S488 1827] 1208 688 1S428 987 12
509 15607 3493] 2554 569 18547 20531 2558 629 15487 1813] 2550 689 18427 973] 259
510 1S606 34701 1208 570 1S546 26391 1208 630 1S486 17991 1208 690 1S426 991 12
S11 15605 34651 2558 571 18545 20251 255K 631 1S485 17851 255 691 18425 945] 259
512 15604 34510 1208 572 1S544 20111 1208 632 ]S484 17711 1208 692 |S424 9311 12
513 15603 3437] 2554 573 18543 2597) 255K 633 15483 17571 2550 693 18423 917] 259
514 1S602 3423] 1208 574 ]S542 25831 1208 634 15482 17431 1200 694 ]S422 903] 12
515 15601 34001 2558 575 15541 25001 2550 635 15481 17291 2558 605 ]S421 8891 255
516 15600 33951 1208 576 1S540 25551 1208 636 15480 17151 1208 696 15420 875 12
517 18599 33811 2558 577 1S539 25411 2554 637 15479 1701] 2558 697 15419 8611 255
518 18598 33671 1208 578 1S538 25271 1208 638 15478 1687] 1208 698 1S418 847 12
519 IS597 33531 255R 579 1S537 25131 255 639 1S477 1673] 2558 699 1S417 833] 255
520 1S596 33301 1208 580 1S536 24901 1208 640 1S476 16591 1208 700 1S416 8191 12
521 1S595 33251 255R S81 1S535 24851 2558 641 1S475 16451 2558 701 1S415 805] 255
522 18594 33111 1208 582 1S534 24711 1208 642 1S474 1631] 1208 702 1S414 791 12
523 18593 32971 255Q 583 1S533 24571 2558 643 15473 1617] 2558 703 1S413 777 259
524 18592 32831 1208 584 1S532 2443] 1208 644 1S472 1603] 1208 704 1S412 763] 12
525 IS591 32691 255 585 1S531 24201 2550 645 |S471 15891 2558 705 1S411 749] 253
526 15590 32551 1208 586 1S530 2415] 1208 646 15470 15751 1208 706 1S410 7351 12
527 1S589 32411 2558 587 1S529 24011 2558 647 15469 15611 2558 707 1S400 7211 253
528 IS588 32271 1208 588 15528 23871 1208 648 15468 1547] 1208 708 1S408 707 12
529 1S587 32131 2558 589 18527 23731 2558 649 15467 1533] 2558 700 15407 093] 255
530 1S586 31991 1208 590 18526 23501 1208 650 1S466 15190 1208 710 1S406 679] 12
531 1S58 31851 2558 5901 1S525 2345] 2558 651 15465 1505 255 711 15405 065|255
532 15584 31711 1208 592 15524 23311 1208 652 |S464 14911 1208 712 1S404 6511 12
533 IS3583 31571 2558 593 15523 23171 2558 653 15463 14771 2550 713 15403 6371 255
534 IS582 31431 1208 594 1S522 23031 1208 654 1S462 1463|1208 714 1S402 623 12
535 IS581 31201 255K 595 1S521 20801 2558 655 15461 14491 2558 715 1S401 609) 255
536 15580 31151 1208 596 1S520 22751 1208 656 1S460 1435] 1208 716 1S400 95| 12
537 IS579 31011 2558 597 1S519 22611 2554 657 1S459 14211 2558 717 1S399 811 255
538 IS578 30871 1208 598 1S518 22471 1208 658 1S458 14071 1208 718 ]S398 671 12C
539 IS577 3073 252' 599 IS517 2233 25(5] 659 18457 1393 25(5! 719 18397 5531 255
340 15576 30591 1208 600 1S316 22191 1208 660 18456 13791 1208 720 15396 5301 12
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721 18395 5251 255 781 1S335 -399] 2554 841 IS275 212391 2558 901 |S215 -2079] 255
722 18394 S11) 1208 782 1S334 -413] 1208 842 S274 -1253] 1208 902 |S214 -2003] 12
723 18393 4971 2554 783 |S333 -427) 2554 843 S273 -1267] 2558 903 1S213 -2107) 255
724 18392 4831 1208 784 |S332 441 1208 844 1S272 212811 1208 904 |S212 21211 12
725 IS391 4601 2554 785 IS331 -455] 2554 845 IS271 -1205] 2558 905 IS211 -2135] 255
726 1S390 4551 1208 786 |S330 -469] 1208 846 1S270 -1309] 1208 906 |S210 -2149) 12
727 {S389 4411 2554 787 |S329 -483] 2554 847 1S269 -1323] 2558 907 1S209 -2163] 255
728 |S388 427] 1208 788 |S328 -497] 1208 848 |S268 -1337] 1208 908 |S208 2177 12
729 1S387 4131 2550 789 |S327 SS11) 2550 849 1S267 213511 2558 909 1S207 -2191) 255
730 IS386 3991 1208 790 IS326 -5251 1208 850 I1S266 -1365] 1208 910 1S206 -2205) 12
731 18385 3851 255 791 IS325 -539] 2550 851 IS265 -13791 2558 911 1S205 -2219) 255
732 15384 3711 1208 792 1S324 -5531 1208 852 1S264 -1303] 1208 912 15204 222331 12
733 18383 3571 2550 793 1S323 -567] 2554 853 IS263 -1407] 2558 913 1S203 -2247) 255
734 18382 3431 1208 794 1S322 =581 1208 854 1S262 214211 1208 914 1S202 -2261) 12
735 18381 3201 255 795 1S321 -505] 2550 855 IS261 -1435] 2550 915 1S201 -2275) 255
736 1S380 3151 1208 796 1S320 -609] 1208 856 1S260 -14491 1208 916 1S200 -22801 12
737 18379 301} 2550 797 1S319 -623] 2554 857 1S259 -1463] 2558 917 1S199 -2303) 255
738 IS378 2871 1208 798 1S318 -637] 1208 858 1S258 -1477) 1208 918 1S198 22317} 12
739 IS377 2731 2550 799 IS317 -651] 2554 859 [S257 -1491] 2558 919 1S197 223311 255
740 IS376 2501 1208 800 1S316 -665] 1208 860 S256 -1505] 1208 920 |S196 -2345] 12
741 IS375 245] 2550 801 IS315 -679] 2554 861 [S255 -1519] 2558 921 1S195 -2350) 255
742 |S374 2311 1208 802 |S314 -693] 1208 862 S254 -1533] 1208 922 |S194 -2373) 12
743 |S373 217 2550 803 |S313 -707) 2554 863 S253 -1547] 2558 923 1S193 -2387) 255
744 |S372 203] 1208 804 |S312 -721) 1208 864 S252 -1561] 1208 924 |S192 -2401) 12
745 IS371 1890 2550 805 IS311 -7351 2550 865 IS251 215751 2550 925 1S191 -2415] 255
746 IS370 1750 1208 806 IS310 -749] 1208 866 15250 -15891 1208 926 1S190 -24201 12
747 18369 1611 2558 807 IS309 -763] 2554 867 |S249 -1603] 2558 927 |S189 -2443] 255
748 |S368 147) 1208 808 S308 S777) 1208 868 1S248 -1617] 1208 928 |S188 -2457) 12
749 18367 1331 2558 809 18307 =791 2550 869 [S247 216311 2558 920 1S187 24711 255
750 18366 1191 1208 810 IS306 -805] 1208 870 1S246 -1645] 1208 930 IS186 -2485] 12
751 15365 105) 2558 811 IS305 -819] 2550 871 IS245 -1650] 2558 93] IS185 -2499) 255
752 18364 Ol 1208 812 1S304 -8331 1208 872 |S244 -1673] 1208 932 1S184 -2513) 12
753 18363 771 2558 813 15303 8471 255 873 18243 -1687] 2558 933 1S183 -2527) 255
754 1S362 631 1208 814 |S302 -861] 1208 874 |S242 -1701] 1208 934 |S182 22541 12
755 18361 491 2558 815 15301 8751 2550 875 18241 -1715] 2558 935 IS181 22959 255
756 1S360 -491 1208 816 1S300 -889] 1208 876 1S240 -17201 1208 936 |S180 -25609) 12
757 15359 =631 2558 817 15299 29031 2558 877 |S230 -1743] 2558 937 1S179 -2983] 255
758 18358 “771 1208 818 1S208 S917] 1208 878 1S238 -1757) 1208 938 1S178 -2597) 12
759 IS357 SO11 2558 819 18297 2931 2554 879 [S237 217711 255 939 IS177 226111 255
760 1S356 -105] 1208 820 1S296 -945] 1208 880 S236 217851 1208 940 |S176 -2625] 12
761 1S355 -119] 2554 821 IS295 -959] 2554 881 [S235 -1799] 2558 941 IS175 -2639) 255
762 18354 -1331 1208 822 1S294 29731 1208 882 S234 -1813] 1208 942 |S174 -2653] 12
763 18353 -147) 2554 823 S293 -987] 2554 883 [S233 -1827] 2558 943 1S173 -2667) 255
764 |S352 -1610 1208 824 [S292 -1001] 1208 884 1S232 -18411 1208 944 |S172 -2681) 12
765 IS351 -175] 2554 825 IS291 -1015] 2558 885 1S231 -1855] 2550 945 IS171 -2695] 255
766 S350 -1800 1208 826 15290 -10201 1208 886 1S230 -18691 1208 946 IS170 27001 12
767 18349 -2031 2554 827 IS289 -1043] 2558 887 15229 -1883] 2550 947 1S169 -2723] 255
768 15348 2170 1208 828 IS288 -1057] 1208 888 15228 -1807] 1208 948 1S168 27371 12
769 1S347 22311 2550 829 IS287 -10711 2558 889 18227 -19111 2558 949 1S167 227511 253
770 1S346 -2451 1208 830 |S286 -1085] 1208 890 1S226 219251 1208 950 IS166 -2765) 12
771 18345 =259 ZSSI 831 1S285 -1099] 2550 891 1S225 -1939] 2558 951 IS165 -27791 253
772 18344 -273] 1208 832 1S284 -11131 1208 892 |S224 -19531 1208 952 |S164 -2793] 12
773 18343 -2871 2550 833 IS283 S1127] 2550 893 1S223 -1967] 255R 953 1S163 -2807] 253
774 1S342 -301] 1208 834 |S282 -1141] 1208 894 |S222 -1981] 1208 954 |S162 22821 12
775 18341 23151 2550 835 IS281 -1155] 255 895 1S221 -1995] 255 955 1S161 -2835] 255
776 18340 -3201 1208 836 1S280 211691 1208 896 1S220 -20001 1208 956 1S160 -28491 12
777 18339 -3431 2558 837 1S279 -1183] 2558 897 1S219 -2023] 255 957 1S159 -2863] 255
778 18338 -3571 1208 838 IS278 -1197] 1208 898 |S218 -2037] 1208 958 1S158 22877 12
779 18337 23710 2554 839 IS277 21211 25(5] 899 IS217 -2051 ZS(SI 959 IS157 -2801) 255
78018336 -3R31 1208 240 18276 212251 1208 900 1S216 220651 1208 960 1S156 -20051 12
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961 [S155 20191 25501021 195 -3759] 25501081 S35 -4590] 250 1141 1G269 5431|259
962 [S154 20331 1200 1022 1594 37731 1200 1082 1834 4613 1200 1142 1G267 5495 12
963 18153 20471 25501023 193 37871 25501083 1S33 4627|250 1143 G265 -5509] 255
964 [S152 20611 1200 1024 1592 3801|1200 1084 1832 4641|1200 1144 1G263 55231 12
965 18151 2975|2550 1025 1891 -3815] 25501085 831 4655|2550 1145 |G261 5537|255
966 [S150 -2089] 1200 1026 1S90 -3829] 1200 1086 130 4669 1200 1146 ]G259 25551 12
967 15149 -3003] 25501027 |S89 -3843] 2550 1087 1829 4683|250 1147 |G257 -5565] 259
968 [S148 30170 1200 1028 |S88 -3857] 1200 1088 |S28 -4697] 1200 1148 |G255 55791 120)
969 [S147 30311 2501029 [S87 38711 2501089 [S27 711 25W 1149 [G253 -5593] 233
970 [S146 30451 1200 1030 [S86 -3885] 1200 1090 [S26 47251 1200 1150 G251 256071120
971 |S145 30591 25501031 |S85 -3899] 250 1091 |S25 47301 25W 1151 [G249 56211 253
972 [S144 30731 1200 1032 JS84 30131 1200 1092 [S04 4753 1200 1152 |Go47 -5635]120)
973 18143 -3087] 25501033 1583 -3027] 255010931823 4767 25W 1153 1G245 5649|255
974 18142 3101 12001034 182 230411 1200 1094 1822 47811 1200 1154 1G243 25663 12
975 18141 3115|2550 1035 |S81 3955 259010951821 4795 250 1155 1G241 -5677] 255
976 18140 -3129] 1200 1036 1S80 -3069] 1200 1096 1S20 48001 1200 1156 1G239 25691 12
977 18139 31431 25010371879 -3083] 2550 10971819 48231 25 11571G237 5705|255
978 15138 31571 12001038 [78 -3997] 1200 1098 IS18 4837 1200 1158 |G235 57191 12
979 18137 3171 25501039 1877 -4011] 255010991817 4851|250 1159 1G233 5733|255
980 18136 3185 1200 1040 1876 4025 1200 11001816 4865 1200 1160 1G231 5747112
981 18135 -3199] 25501041 1s75 -4039] 2550 11011815 4879 250 1161 1G229 5761|255
982 18134 3213 1200 1042 1874 4053 1200 11021814 48931 1200 1162 1G227 57751 12
983 18133 32271 25501043 173 -4067] 255011031813 -4907] 250 1163 |G225 5789|259
984 [S132 32411 1200 1044 1S72 -4081] 1200 1104 ]S12 4921|1200 1164 1G223 5803 12
985 18131 3255 2550 10451871 -4005] 250 11051811 4935 25 11651G221 5817|259
986 15130 =326 1200 1046 1S70 41001 1200 11061810 49491 1200 1166 1G219 S31 12
987 18129 30831 25501047 |69 -4123] 25501107189 4963|250 1167 |G217 5845|259
988 15128 32971 1200 1048 |S68 4137 1208 1108 ]S8 49771 1200 1168 |G215 5859 12
989 8127 3311 250 1049 [S67 41511 250110987 49911 25W 1169 [G213 5873|253
990 [S126 33251 1200 1050 [S66 41651 1200 1110186 5005 1200 11701G211 58871 12
991 |S125 33301 2590 1051 |S65 41791 25M 111185 250191 25W 1171 1G209 -5901] 253
992 18124 33531 12001052 1564 41931 1200 1112154 250331 1200 1172 1G207 -5915] 12
993 [S123 33671 2501053 |S63 -4207] 25M 1113183 -5047] 25 W 1173 G205 -5929] 253
994 18122 33811 12001054 162 4011 12001114182 25061 1200 1174 1G203 25043 12
995 [S121 -3305] 25501055 |S61 42351 25W 111581 50751 25 1175 |G201 -5957] 253
996 [S120 34001 1200 1036 [S60 42491 1200 11161G319 S131 1200 1176 1G199 5971|112
997 [S119 34231 250 1057|859 -4263] 25 W 111716317 -5145] 25W 11771G197 -5085] 259
998 [S118 34371 1000 1058 |S58 4771 1200 1118 |G315 251591 1200 1178 1G195 -5999] 12
999 |S117 34511 25501059 1857 -4201] 2550 11191G313 S1731 25 11791G193 -6013] 259
100018116 3465|1200 1060 1856 4305 1200 1120 1G311 251871 1200 11801G191 -6027] 120
1001|8115 34791 25501061 1855 4319 2550 1121 1G309 25201 2550 1181 1G189 -6041] 259
100218114 -3493] 1200 1062 1S54 4333 1200 1122 1G307 252151 1200 1182 1G187 -6055] 120
1003 |S113 -3507] 25501063 1S53 43471 2550 1123 1G305 252001 25 1183 ]G185 -6069] 259
1004 |S112 35211 1200 1064 1852 4361|1200 1124 1G303 25043 1200 1184 1G183 -6083] 12
1005 |S111 -3535] 2550 1065 ]S51 -4375] 2550 1125 |G301 252571 250 1185 ]G181 -6097] 259
1006 IS110 35491 1200 1066 1850 43801 1200 1126 1G299 571l 1000 1186 1G179 6111 12
1007 18109 35631 25501067 1549 4403 250 1127 1G297 2585 25 1187 1G177 -6125] 259
1008 |S108 35771 1000 1068 1548 4417|1200 1128 G295 -5200] 1200 1188 |G175 6139 12
1009 [S107 35011 2501069 |S47 44311 250 1129 ]G293 25313 25 W 1189|G173 6153] 255
1010 [S106 236051 1200 1070 [S46 44451 1200 1130 ]G291 -53271 1200 11901G171 61671 120
1011 [S105 36191 250 1071 |S45 44501 250 1131 1G289 253411 25W 1191 G169 6181 259
101218104 3633 1200 1072 1544 4473] 1000 1132 1G2g7 253551 1200 11921G167 61951 120
1013 [S103 36471 2501073 [S43 -4487] 25 1133 | G285 53691 25W 1193 |G165 -6209] 259
101418102 36611 12001074 1542 45011 1200 1134 1G283 25383 1200 1194 1G163 6223 12
101518101 36751 2501075 [S41 -4515] 25 1135 |G281 -5307] 25W 1195 ]|G161 62371 259
1016 S100 36801 1200 1076 [S40 4520 1200 1136 1G279 Sa11] 12001196 1G159 6251 12
1017 1599 -3703] 250 1077|839 45431 25W 1137 1G277 54251 25W 11971G157 -6265] 259
1018 1598 37171 1200 1078 [S38 4557 1200 1138 1G275 254391 1200 1198 1G155 6279 12
1019|897 3731 252' 1079|837 4571 252' 1139 1G273 -5453 252' 1199 G153 -6293] 259
10020 1S0Q _37451 1208 1080 1S3A _4588] 1208 11401G271 _34671 1208 12001G151 _A3071 12

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 20 of 123



Raydium

No Name X Name X Y
1201 1G149 -6321 S7161] 255
1202 1G147 -6335 “7175)  120)
1203 1G145 -6349 -7189] 255
1204 1G143 -6363 -7203]  120)
1205 1G141 -6377 S7217) 255
1206 G139 -6391 272311 120)
1207 1G137 -6405 Z7245] 255
1208 |G135 -6419 -7259]  120)
1209 1G133 -6433 -7273] 255
1210 1G131] -6447 -72871 120
1211 G129 -6461 -7301) 255
1212 G127 -6475 -73151  120)
1213 1G125 -6489 =7320) 255
1214 1G123 -6503 =73431  120)
1215 1G121 -6517 =7357) 255
1216 |G119 -6531 DUMMY -7371] 120
12171G117 -6545 DUMMY -7385] 255
1218 |G115 -6559 DIMVMY _7300] 190
12191G113 -6573

1220 1G111 -6587

1221 1G109 -6601

1222 1G107 -6615

1223 1G105 -6629

1224 1G103 -6643

12251G101 -6657

1226 1G99 -6671

1227 1G97 -6685

1228 1G95 -6699

1229 1G93 6713

1230 1G91 6727

1231 1G89 -6741

1232 1G87 -0759

1233 1G8S -6769

1234 1G83 -6783

1235 |G81 -6797

1236 1G79 6811

1237 1G77 -6825

1238 |G75 -6839

1239 1G73 -6853

1240 1G71 -6867

1241 1G69 -6881

1242 1G67 -6895

1243 1G6S -6909

1244 1G63 -6923

1245 1G61 -6937

1246 1G59 -6951

1247 1G57 -6965

1248 1G55 -6979

1249 1G53 -6993

1250 1GS1 -7007

1251 1G49 -7021

1252 1G47 =703

1253 1G4S -7049

1254 1G43 -7063

1255 1G41 -7077

1256 1G39 -7091

1257 1G37 -7105

1258 1G35 -7119

1259 1G33 -7133

12601G3]1 -7147
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5. Pin Function

Table 2 Interface

) ) When not
Signal I/O | Connect to Function )
in use
IM3-1, | GND or Select a mode to interface to an MPU. In serial interface operation,
IMO/ID VDDI the IMO pin is used to set the ID bit of device code.
IMO DB Pin in use
M3 IM2 M1 D Interface Mode Register/ GRAM
Content
0 0 0 0 80-system 8-bit bus DB7-0 DB7-0
interface |
o o o 1  80system16-bitbus DB15-0  DB15-0
interface |
0 0 1 0 80-system 9-bit bus DB8-1 DB8-0
interface |
80-system 18-bit bus DB17-10,
o 0o 1 interface | DB8-1 DB17-0
0 1 0 0 Setting disabled
0 1 0 1 3-wire'9-bit data serial SDA : In/Out
interface |
0 1 1 0 4-wire.8-bit data serial SDA : In/Out
interface |
0 1 1 1 Setting disabled
1 0 0 0 80-system 16-bit bus DB17-10,  DB17-10,
interface Il DB8-1 DB8-1
1 0 o 1  SOsystem&bitbus g4z 40 ppe7.10
interface Il
80-system 18-bit DB17-10,
oo 1o interface Il DBS-1 DB17-0
10 1 1 80-system 9-bit DB17-10  DB17-9
interface Il
1 1 N D Clock Synchronous SDI :In
Serial interface SDO : Out
Reset signal. Initializes the RM68090 when it is low. Make sure to
NRESET I MPU _ VDDI
execute a power-on reset when turning on power supply.
Amplitude: VDDI-GND.
Chip select signal. Amplitude: VDDI-GND GND
nCS | MPU ) ]
Low: the RM68090 is selected and accessible
High: the RM68090 is not selected and not accessible.
Register select signal. Amplitude: VDDI-GND VDDI
RS I MPU

Low: select Index or status register
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High: select control register
Fix to either VDDI or DGND when not in use

nWR/SCL I MPU Write strobe signal in 80-system bus interface operation and VDDI
enables write operation when nWR is low. Synchronous clock
signal (SCL) in serial interface operation.
Amplitude: VDDI-GND
nRD I MPU Read strobe signal in 80-system bus interface operation and VDDI
enables read operation when nRD is low.
Amplitude: VDDI-GND
SDI_SDA I MPU Serial data input (SDI) pin in serial interface operation. The data is GND or
inputted and latched on the rising edge of the SCL signal. VDDI
In the 8/9-bit SPI, this pis is a bi-directional data pin.
Amplitude: VDDI-GND
SDO I MPU Serial data output (SDO) pin in serial interface operation. The data Open
is outputted on the falling edge of the SCL signal.
Amplitude: VDDI-GND
DB0-DB17 | 1/O MPU GND or
18-bit parallel bi-directional data bus for 80-system interface DD
operation. Amplitude: VDDI-GND.
8-bit I/F: DB17-DB10 are used.
9-bit I/F: DB17-DB9 are used.
16-bit I/F: DB17-DB10 and DB8-DB1 are used.
18-bit I/F: DB17-DBO are used.
18-bit parallel bi-directional data bus for RGB interface operation.
Amplitude: VDDI-GND.
6-bit I/F: DB17-DB12 are used.
16-bit I/F: DB17-DB13 and DB11-DB1 are used.
18-bit I/F: DB17-DBO0 are used.
Unused pins must be fixed to GND level.
ENABLE I MPU Data enable signal for RGB interface operation. GND or
VDDI

Amplitude: VDDI-GND.

Low: accessible (select)

High: Not accessible (Not select)

The polarity of ENABLE signal can be inverted by setting the EPL
bit.
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VSYNC I MPU Frame synchronous signal for RGB interface operation.. GND or
VDDI
Amplitude: VDDI-GND.
VSPL = “0”: Active low.
VSPL = “1": Active high.
HSYNC I MPU Line synchronous signal for RGB interface operation. GND or
VDDI
Amplitude: VDDI-GND.
HSPL = “0": Active low.
HSPL = “1”: Active high.

DOTCLK I MPU GND or
Dot clock signal for RGB interface operation. The data input timing DDl
is on the rising edge of DOTCLK. Amplitude: VDDI-GND.

DPL = “0”: Input data on the rising edge of DOTCLK
DPL = “1”: Input data on the falling edge of DOTCLK
FMARK (0] MPU Frame head pulse signal, which is used when writing data to the Open
internal RAM. (Amplitude: VDDI-GND).
Table 3 Power supply
When not
Signal I/0 | Connectto Function _
in use
Low voltage power supply for interface logic circuits (1.65 ~ 3.3 V)
VDDI | | Power supply -
Power supply for LED driver interface. (1.65 ~ 3.3 V) GND
VDDI_LED | | Power supply
or OPEN
VCI I Power supply | Power supply to the liquid crystal power supply analog circuit. -
Connect to an external power supply of 2.5V ~ 3.3V.
Vcore I Stabilizing Regulated Low voltage level for interface circuits -
Capacitor Connect a capacitor for stabilization.
GND I Power supply | System ground level.
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Table 4 LCD drive

Signal I/0 Connect to Function W_hen not
in use
VCI1 o Stabilizing An internal reference voltage for the step-up circuit1.The -
Capacitor amplitude between VCI and GND is determined by the VC[2:0]
bits. Make sure to set the VCI1 voltage so that the AVDD,
VGH and VGL voltages are set within the respective
specification.
AVDD 0] Stabilizling Output voltage of 1st step-up circuit (2 x VCI1). Input voltage -
Capacitor to 2nd step-up circuit. Generated power output pad for source
driver block. Connect this pad to the capacitor for stabilization.
VGH o Stabilizing Liquid crystal gate driver power supply. -
Capacitor
VGL (0] Stabilizing Liquid crystal gate driver power supply. -
Capacitor
VCL 0] Stabilizing VCOML drive power supply. Make sure to connect to -
Capacitor stabilizing capacitor. VCL = 0.5V ~ -VCI
C11P. C11M I/O Step-up Capacitor connection pins for the step-up circuit 1. -
capacitor
C12P, C12M
C21P. C21M I/O Step-up Capacitor connection pins for the step-up circuit 2. -
capacitor
C22P, C22M
C31P, C31M | I/O Step-up Capacitor connection pins for the step-up circuit 2. -
capacitor
GVDD 0] Stabilizing High reference voltage for grayscale voltage generator. -
Capacitor Internal register can be used to adjust the voltage.
TFT panel Power supply to TFT panel’s common electrode. VCOM Open
VoM ° common alternates between VCOMH and VCOML. The alternating
electrode cycle is set by internal register.
VGS I GND or Reference level for the grayscale voltage generating circuit.
external The VGS level can be changed by connecting to an external )
resistor resistor.
S1~S720 0] LCD Liquid crystal application voltages. To change the shift Open

direction of segment signal output, set the SS bit as follows.
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When SS = 0, the data in the RAM address h00000 is
outputted from S1. When SS = 1, the data in the RAM address
h00000 is outputted from S720.

G1~G320 (0] LCD Gate line output signals. Open
VGH: gate line select level
VGL: gate line non-select level
Table 5 Brightness control
When not
Signal I/O | Connectto Function )
in use
PWM signal output to control LED driver for LED brightness
LEDPWM 0] VCI Open
dimming
LEDON 0] VCI LED driver control pin to turn on/off the LED backlight Open
Table 6 Others (test, dummy pins)
When not
Signal I/O | Connectto Function
in use
DUMMY - Open Dummy pad and no output (no gold bump) Open
DUMMYR1 | o Contact resistance measurement pad. These pads are at GND Open
pen
DUMMYR2 level. When measuring an ohmic resistance of the contact, do not
apply any power.
TESTO1-11 | O Open Test pins. Leave them open. Open
TS4-0 | Open Test pins (internal pull low). Leave them open. Open
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6. Bump Arrangement

BUMP Size
! 40 | | 40 |
Input Pad
(1~232) | 3
| 85/725/60 | Unit: um
4, 14,04,
104
Output Pad —
1 31
(233~1278) e D s
| 104
P14 Unit: um
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7. Function Description

71

System Interface

The RM68090 supports 80-system high-speed interface via 8-, 9-, 16-, 18-bit parallel ports and a

clock synchronous serial interface. The interface is selected by setting the IM3-0 pins.

The RM68090 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 the register to store index information about control register
and internal GRAM. The WDR is the register to temporarily store data to be written to control
register and internal GRAM. The RDR is the register to temporarily store the data read from the
GRAM. The data from the MPU to be written to the internal GRAM is first written to the WDR and
then automatically written to the internal GRAM in internal operation. The data is read via RDR
from the internal GRAM. Therefore, invalid data is sent to the data bus when the RM68090
performs the first read operation from the internal GRAM. Valid data is read out when the

RM68090 performs the second and subsequent read operation.

The instruction execution time except that of starting oscillation takes 0 clock cycle to allow writing

instructions consecutively.

Table 7 Register Selection (80-system 8/9/16/18-bit Parallel Interface)

nWR nRD RS Function

0 1 0 Write index to IR

1 0 0 Setting disabled

0 1 1 Write to control register or internal GRAM via WDR
1 0 1 Read from internal GRAM and register via RDR

Table 8 Register Selection (Clock synchronous serial interface)

Start byte

R/W RS Function

0 0 Write index to IR

1 0 Setting disabled

0 1 Write to control register or internal GRAM via WDR
1 1 Read from internal GRAM and register via RDR
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Table 9 IM Bit Settings and System Interface

System . . Instruction
M3 IM2 IM1 IMO DB pins RAM write data .
interface write transfer
2 transfers (1st: 8 bits,
80-system 8-bit 2nd: 8 bits) 2 transfers (1st: 8
0 0 0 0 DB7-0
bus interface | 3 transfers (1st: 6 bits,  bits, 2nd: 8 bits)
2nd: 6 bits, 3rd: 6 bits)
Single transfer (16
bits)
80-system 16-bit 2 transfers (1st: 2 bits,  Single transfer (16
0 0 0 1 DB15-0
bus interface | 2nd: 16 bits) bits)
2 transfers (1st: 16
bits, 2nd: 2 bits)
80-system 9-bit 2 transfers (1st: 9 bits, 2 transfers (1st: 8
0 0 1 0 DB8-0
bus interface | 2nd: 9 bits) bits, 2nd: 8 bits)
80-system 18-bit Single transfer (18 Single transfer (16
0 0 1 1 DB17-0
bus interface | bits) bits)
0 1 0 0 Setting disabled
3-wire 9-bit data 2 transfers (1st: 8 bits, 2 transfers (1st: 8
0 1 0 1 SDA
serial interface 2nd: 8 bits) bits, 2nd: 8 bits)
4-wire 8-bit data 2 transfers (1st: 8 bits, 2 transfers (1st: 8
0 1 1 0 SDA
serial interface 2nd: 8 bits) bits, 2nd: 8 bits)
0 1 1 1 Setting disabled
Single transfer (16
bits)
80-system 16-bit 2 transfers (1st: 2 bits,  Single transfer (16
1 0 0 0 DB17-10, DB8-1
bus interface Il 2nd: 16 bits) bits)
2 transfers (1st: 16
bits, 2nd: 2 bits)
2 transfers (1st: 8 bits,
2nd: 8 bits)
80-system 8-bit 2 transfers (1st: 8
1 0 0 1 DB17-10

bus interface I

3 transfers (1st: 6 bits,

2nd: 6 bits, 3rd: 6 bits)

bits, 2nd: 8 bits)
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80-system 18-bit Single transfer (18 Single transfer (16
1 0

bus interface Il bits) bits)

80-system 9-bit 2 transfers (1st: 9 bits, 2 transfers (1st: 8
1 0

bus interface I

2nd: 9 bits)

bits, 2nd: 8 bits)

Clock synchronous

serial interface

2 transfers (1st: 8 bits,

2nd: 8 bits)

2 transfers (1st: 8

bits, 2nd: 8 bits)

7.2 External Display Interface (RGB, VSYNC interfaces)

The RM68090 supports RGB interface and VSYNC interface as the external interface to display
moving picture. When the RGB interface is selected, the display operation is synchronized with
externally supplied signals, VSYNC, HSYNC, and DOTCLK. In RGB interface operation, data
(DB17-0) is written in synchronization with these signals when the polarity of enable signal

(ENABLE) allows write operation in order to prevent flicker while updating display data.

In VSYNC interface operation, the display operation is synchronized with the internal clock except
frame synchronization, which synchronizes the display operation with the VSYNC signal. The
display data is written to the internal GRAM via system interface. When writing data via VSYNC
interface, there are constraints in speed and method in writing data to the internal RAM. For

details, see the “External Display interface” section.

The RM68090 allows switching interface by instruction according to the still and/or moving
pictures display required. Via the RGB interface, the RM68090 writes all display data to the
internal GRAM in order to transfer data only when updating the data and thereby reduce the data

transfer and power consumption for moving picture display.

7.3 Address Counter (AC)

The address counter (AC) gives an address to the internal GRAM. When the index of the register
to set a RAM address in the AC is written to the IR, the address information is sent from the IR to
the AC. As the RM68090 writes data to the internal GRAM, the address in the AC is automatically
increased or decreased one step. The window address function enables writing data only within

the rectangular area specified in the GRAM.
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7.4 Graphics RAM (GRAM)

GRAM is graphics RAM, which can store bit-pattern data of 172,800 (240RGB x 320 x18/8) bytes
with 18 bits per pixel.

7.5 Grayscale Voltage Generating Circuit

The grayscale voltage generating circuit generates liquid crystal driving voltages according to the
grayscale data in the y-correction registers to enable 262k-color display. For details, see the

y-Correction Register section.
7.6 Timing Generator

The timing generator produces timing signals for the operations of internal circuits such as the
internal GRAM, source driver, etc. The timing signals for display operations such as RAM read
operation and the timing signals for internal operations such as RAM access from the MPU are

generated separately in order to avoid mutual interference.

7.7 Oscillator (OSC)

The RM68090 generates the RC oscillation clock by internal RC oscillator circuit. The frame rate

is adjusted by the register setting.

7.8 Liquid Crystal Driver Circuit

The liquid crystal driver circuit of the RM68090 consists of a 720-output source driver (S1 ~ S720)
and a 320-output gate driver (G1~G320). The display pattern data is latched when 720 bits of data
are inputted. The latched data control the source driver and output drive waveforms. The gate
driver for scanning gate lines outputs either VGH or VGL level. The shift direction of 720-bit
source output from the source driver can be changed by setting the SS bit and the shift direction of
gate output from the gate driver can be changed by setting the GS bit. The scan mode by the gate
driver can be changed by setting the SM bit. Sets the gate driver pin arrangement in combination

with the GS bit to select the optimal scan mode for each LCD module.

7.9 Internal Logic Power Supply Regulator

The internal logic power supply regulator generates internal logic power supply VDD.
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8. GRAM Address Map and Read/Write

Table 10 GRAM address and display position on the panel (SS = 0, BGR = 0)

ol«|a ooyl |o|n]o (o]

GS=0 b |8 |33 3|35 |3 |35 |5 o] SISISISISISIG S IS5 S
GS=0 | Gs=1 | wbp17:0] | wop17:0] | wop17:0] | wp[17:07 | ----eeerem wb[17:0] | wp[17:0] | wp17:0] | wpr17:0;
G1 G320 | hooooo | ho0001 | h00002 | h00003 [ --eeerreeeeee ho00EC | ho0OED | hOOOEE | hOOOEF
G2 | 319 | ho0100 | h00101 | h00102 | h00103 | --eeeeeeeeem h001EC | h001ED | hOO1EE | hOO1EF
G3 | G318 | h00200 | h00201 | h00202 | h00203 h002EC | h002ED | h0O2EE | h0OO2EF
G4 | G317 | H00300 | h00301 | h00302 | h00303 | ---reeeeeeem h003EC | ho03ED | hOO3EE | hOO3EF
G5 | G316 | h0o0400 | h00401 | h00402 | h00403 | --reeeeeeem h004EC | h004ED | hOO4EE | hOO4EF
G6 | G315 | ho0500 | h00501 | h00502 | h00503 | --rreeeeeeem hoo5EC | hoosED | hoosEE | hoosEF
G7 | G314 | hoo600 | hoo601 | hoo602 | h00603 | ---reeeeerem h006EC | hOO6ED | hOO6EE | hOOBEF
G8 | G313 | hoo700 | ho0701 | ho0702 | h00703 | --eeeeeeeem h007EC | ho07ED | h0O7EE | hOO7EF
G9 | G312 | hoo8oo | hoosot1 | hooso2 | hoo8o3 | - h008EC | h008ED | hOOSEE | hOOSEF
G10 | G311 | hooooo | hoo9o1 | ho0902 | h00903 | ---eooeeeeem h009EC | h009ED | hOO9EE | hOO9EF
G11 | G310 | hooaoo | hooaot | hooA02 | hOOAD3 | --oremeem h0OAEC | ho0AED | hoOAEE | hooAEF
G12 | G309 | hooBoo | hooBo1 | hooB02 | h0OBO3 | ---eoreeeee hooBEC | hooBED | hooBEE | hooBEF
G13 | G308 | hoocoo | hoocot | hooco2 | hooco3 | --eeeeee hOOCEC | h0OCED | h0OCEE | hOOCEF
G14 | G307 | hooboo | hoobot | hoobo2 | hooDo3 hOODEC | h0ODED | h0ODEE | hOODEF
G15 | G306 | hooEoo | hooE01 | hoOEO2 | hOOEQ3 | ---eoreeeem h0OEEC | hooEED | hooEEE | hooEEF
G16 | G305 | hooFoo | hooFo1 | hooF02 | hOOFO3 | ---eoeeeeem hooFEC | hooFED | hoOFEE | hoOFEF
G17 | G304 | ho1000 | ho1001 | h01002 | h01003 | --eoeeeeeem h010EC | h010ED | hO10EE | hO10EF
G18 | G303 | ho1100 | ho1101 | ho1102 | h01103 | -eereeeem ho11EC | ho11ED | hO11EE | hO11EF
G19 | G302 | ho1200 | ho1201 | ho1202 | h01203 | --oereeeem h012EC | h012ED | hO12EE | hO12EF
G20 | G301 | ho1300 | ho1301 | h01302 | h01303 | -erreeeeee h013EC | ho13ED | hO13EE | hO13EF
G305 | G16 | h13000 | h13001 | h13002 | h13003 | --eeeeeees h130EC | h130ED | h130EE | h130EF
G306 | G615 | nh13100 | h13101 | h13102 | h13103 | e h131EC | h131ED | h131EE | h131EF
G307 | G614 | n13200 | h13201 | h13202 | h13203 h132EC | h132ED | h132EE | h132EF
G308 | G13 | h13300 | h13301 | h13302 | h13303 | --ooreeeeeees h133EC | h133ED | h133EE | h133EF
G309 | G12 | h13400 | h13401 | h13402 | h13403 | - h134EC | h134ED | h134EE | h134EF
G310 | 611 | h13500 | h13501 | h13502 | h13503 | --oooneeeeeees h135EC | h135ED | h135EE | h135EF
G311 | &10 | h13600 | h13601 | h13602 | h13603 | ---roreeeeeeee h136EC | h136ED | h136EE | h136EF
G312 | 69 | nh13700 | nh13701 | h13702 | h13703 | - h137EC | h137ED | h137EE | h137EF
G313 | 68 | h13s00 | h13s01 | h13802 | h13803 | -roreeeeeeee h138EC | h138ED | h138EE | h138EF
G314 | &7 | h13900 | h13901 | h13902 | h13903 | --ooreeeenee h139EC | h139ED | h139EE | h139EF
G315 | 66 | n13a00 | nh13ao1 | n13a02 | n13A03 | e h13AEC | h13AED | h13AEE | h13AEF
G316 | G5 | n13Boo | h13Bo1 | h13B02 | h13B03 | ---roreeeeeees h13BEC | h13BED | h13BEE | h13BEF
G317 | G4 | n13coo | n13cot1 | h13coz2 | h13co3 | - h13CEC | h13CED | h13CEE | h13CEF
G318 | G3 | n13poo | h13Do1 | h13D02 | h13D03 h13DEC | h13DED | h13DEE | h13DEF
G319 | G2 | n13e0o | n13e01 | h13E02 | h13E03 | --oooreeeeeees h13EEC | h13EED | h13EEE | h13EEF
G320 | G h13F00 | h13F01 | h13F02 | h13F03 | --oreeeeem h13FEC | h13FED | h13FEE | h13FEF
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Table 11 GRAM address and display position on the panel (SS =1, BGR=1)

(=N NN NN INNECHECE Rl ECEENE Rl K=N e al=]o

ss=0 ISISISIIEEIEIEEEISIEl HEH B BB HEE
Gs=0 | Gs=1 | wbpp17:01 | wor17:01 | wop17:01 | wop17:01 | - wb[17:0] | wp[17:01 | wb[17:01 | wD[17:0]
G1 G320 h00000 h00001 h00002 h00003 J ------------- hOOOEC hOOOED hOOOEE hOOOEF
G2 G319 h00100 h00101 h00102 h00103 J ------------- hOO1EC hOO1ED hOO1EE hOO1EF
G3 G318 h00200 h00201 h00202 h00203 hO02EC h002ED hO02EE hO02EF
G4 G317 HO00300 h00301 h00302 h00303 J ------------- hOO3EC hOO3ED hOO3EE hOO3EF
G5 G316 h00400 h00401 h00402 h00403 J ------------- hOO4EC hOO4ED hOO4EE hOO4EF
G6 G315 h00500 h00501 h00502 h00503 J ------------- hOO5EC hOO5ED hOO5EE hOO5EF
G7 G314 h00600 h00601 h00602 h00603 f ------------- hOOGEC hOOGED hOOGEE hOOGEF
G8 G313 h00700 h00701 h00702 h00703 J ------------- hOO7EC hOO7ED hOO7EE hOO7EF
G9 G312 h00800 h00801 h00802 h00803 | ------------- hOO8EC hOO8ED hOO8EE hOO8EF
G10 G311 h00900 h00901 h00902 h00903 [ -------------- hOO9EC hOO9ED hOO9EE hOO9EF
G11 G310 hOOAO00 hOOAO1 hO0OA02 hOOAO3 | ------------- hOOAEC hOOAED hOOAEE hOOAEF
G12 G309 h00B0O h00BO01 h00B02 hoOB0O3 | ------------ hOOBEC hOOBED hOOBEE hOOBEF
G13 G308 h00CO00 h00CO01 h00C02 h00CO03 hOOCEC | hOOCED | hOOCEE hOOCEF
G14 G307 h00DO00 h00ODO01 h00D02 hOODOQ3 [ ------------- hOODEC | hOODED | hOODEE hOODEF
G15 G306 hOOEOO hOOEO1 hOOEO02 hOOEO3 | ------------ hOOEEC hOOEED hOOEEE hOOEEF
G16 G305 hOOF00 hOOFO01 hOOF02 hOOFQ3 [ ------eeeeeeee hOOFEC hOOFED hOOFEE hOOFEF
G17 G304 h01000 h01001 h01002 h01003 [ ------------- hO10EC hO10ED hO10EE hO10EF
G18 G303 h01100 h01101 h01102 h01103 J ------------ hO11EC hO11ED hO11EE hO11EF
G19 G302 h01200 h01201 h01202 h01203 J ------------- h012EC h012ED hO12EE hO12EF
G20 G301 h01300 h01301 h01302 h01303 J ------------- h013EC hO13ED hO13EE hO13EF
G305 G16 h13000 h13001 h13002 h13003 J ------------- h130EC h130ED h130EE h130EF
G306 G15 h13100 h13101 h13102 h13103 J ------------ h131EC h131ED h131EE h131EF
G307 G14 h13200 h13201 h13202 h13203 h132EC h132ED h132EE h132EF
G308 G13 h13300 h13301 h13302 h13303 J ------------- h133EC h133ED h133EE h133EF
G309 G12 h13400 h13401 h13402 h13403 J ------------ h134EC h134ED h134EE h134EF
G310 G11 h13500 h13501 h13502 h13503 J ------------ h135EC h135ED h135EE h135EF
G311 G10 h13600 h13601 h13602 h13603 J ------------- h136EC h136ED h136EE h136EF
G312 G9 h13700 h13701 h13702 h13703 J ------------ h137EC h137ED h137EE h137EF
G313 G8 h13800 h13801 h13802 h13803 f ------------- h138EC h138ED h138EE h138EF
G314 G7 h13900 h13901 h13902 h13903 [ ------------ h139EC h139ED h139EE h139EF
G315 G6 h13A00 h13A01 h13A02 h13A03 | ------------- h13AEC h13AED h13AEE h13AEF
G316 G5 h13B00 h13B01 h13B02 h13B03 | ------------- h13BEC h13BED h13BEE h13BEF
G317 G4 h13C00 h13C01 h13C02 h13C03 h13CEC h13CED h13CEE h13CEF
G318 G3 h13D00 h13D01 h13D02 h13D03 [ ------------ h13DEC h13DED h13DEE h13DEF
G319 G2 h13E00 h13E01 h13E02 h13E03 | ------------ h13EEC h13EED h13EEE h13EEF
G320 G1 h13F00 h13F01 h13F02 h13F03 [ - h13FEC h13FED h13FEE h13FEF
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80 18-/16-bit.S Bus herfice Timi
(a) Write to GRAM

nCS |

RS 1

nRD

nWR

pDBI7:0] X

(b) Read from GRAM

s |
2RD |
1WR
DB[17:0] Dammy
80 9-/8-bit S B e T
(a) Write to GRAM
ncs | [
1RD

Nith pixel (N+1)th pixel (N+2)th pixel

(b) Read from GRAM
nCS |
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9. Instruction

9.1 Outline

The RM68090 adopts 18-bit bus architecture in order to interface to high-performance microcomputer in
high speed. All the functional blocks of RM68090 starts to work after receiving the correct instruction from
the external microprocessor by the 18-, 16-, 9-, 8-bit interface. The index register (IR) stores the register
address to which the instructions and display data will be written. The register selection signal (RS), the
read/write signals (nRD/nWR) and data bus D17-0 are used to read/write the instructions and data of
RM68090. When accessing the RM68090’s internal RAM, data is processed in units of 18 bits. The

following are the categories of instruction in RM68090.

Specify the index of register

Display control

Power management control

Set internal GRAM address

Transfer data to and from the internal GRAM
v -correction

Window address control

© N o ok~ w Db =

Panel display control

The internal GRAM address is updated automatically as data is written to the internal GRAM, which, in
combination with the window address function, contributes to minimizing data transfer and thereby
lessens the loading on the microcomputer. The RM68090 writes instructions consecutively by executing
the instruction within the cycle when it is written, meanwhile, there is no instruction execution time

required.
9.2 Instruction Data Format

The data bus used to transfer 16 instruction bits (IB[15:0]) is different according to the interface format.
Make sure to transfer the instruction bits according to the format of the selected interface. For more

details, please refer to section of “System Interface”.

The following are detail descriptions of instruction bits (IB15-0). Note that the instruction bits IB[15:0] in

the following figures are transferred according to the format of the selected interface.
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9.3 Index (IR)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 Di DO
w 0 * * * * * * * * ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO

R/W

The index register specifies the index ROOh to RFFh of the control register or RAM control to be accessed
using a binary number from “0000_0000" to “1111_1111". The access to the register and instruction bits

in it is prohibited unless the index is specified in the index register.

9.4 ID code (ROOh)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

RO

1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1

The ID code “6809”h is outputted when this register is read.

9.5 Display control

9.5.1 Driver Output Control (R01h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 SM 0 SS 0 0 0 0 0 0 0 0
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SS: Sets the shift direction of output from the source driver.
When SS = “0”, the source driver output shift from S1 to S720.
When SS = “1”, the source driver output shift from S720 to S1.

The combination of SS and BGR settings determines the RGB assignment to the source driver pins S1 ~
S720.

When SS = “0” and BGR = “0”, RGB dots are assigned one to one from S1 to S720.
When SS = “1” and BGR = “1”, RGB dots are assigned one to one from S720 to S1.

When changing the SS or BGR bits, RAM data must be rewritten.

SM: Controls the scan mode in combination with GS setting. See “Scan mode setting”.
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9.5.2 LCD Driving Wave Control (R02h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 0 0 0 0 0 0 B/C 0 0 0 0 0 0 0 0 0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BCO: Selects the liquid crystal drive waveform VCOM..
BCO = 0: frame inversion waveform is selected.
BCO = 1: line inversion waveform is selected.

9.5.3 Entry Mode (R03h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 TRI | DFM 0 BGR 0 0 0 0 ORG 0 I//D1 | /DO | AM 0 0 0

Default 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

AM: Sets either horizontal or vertical direction in updating the address counter automatically as the
RM68090 writes data to the internal GRAM.

AM = “0”", sets the horizontal direction.

AM = “1", sets the vertical direction.

When making a window address area, the data is written only within the area in the direction determined
by 1/D[1:0] and AM.

I/D[1:0]: Either increments or decrements the address counter automatically as the data is written to the
GRAM. The 1I/D[0] bit sets either increment or decrement in horizontal direction (updates the address
AD[7:0]). The I/D[1] bit sets either increment or decrement in vertical direction (updates the address
AD[8:16]).

ORG: Moves the origin address according to the ID setting when a window address area is made. This
function is enabled when writing data within the window address area using high-speed RAM write
function. Also see Figure 3 and Figure 4.

ORG = 0: The origin address is not moved. In this case, specify the address to start write operation
according to the GRAM address map within the window address area.

ORG = 1: The origin address “h00000” is moved according to the 1/D[1:0] setting.
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1/D1-0 = 00 1/D1-0 = 01 1/ID1-0 =10 1/ID1-0 =11
ORG=0 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment
17'h00000 17'h00000 17'h00000 17'h00000
AM=0
Horizontal
17'h13FEF 17'h13FEF 17'h13FEF
17'h00000 17'h00000 17'h00000
AM =1
Vertical
r ¥

17'h13FEF 17'h13FEF 17'h13FEF 17'h13FEF

Figure 1 Automatic address update (ORG = 0, AM, ID)

Note: When writing data within the window address area with ORG = 0, any address within the window

address area can be designated as the starting point of RAM write operation.

1/D1-0 = 00 1/D1-0 =01 I/ID1-0=10 1/D1-0 =11
ORG =1 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment
17'h00000 17'h00000 17'h00000 17'h00000
——— — —~ —F || | TV
AM=0 e 7 P
Horizontal :// \\: \\ /
é{s) (s’é n >
17'h13FEF 17'h13FEF 17'h13FEF 17'h13FEF
17'h00000 17'h00000 17'h00000 17'h00000

AM =1
Vertical

Yy

17'h13FEF 17'h13FEF 17'h13FEF 17'h13FEF

Figure 2 Automatic address update (ORG =1, AM, ID)

Note: 1. When ORG = 1, make sure to set the address “h00000” in the RAM address set registers (R210h,
R21h). Setting other addresses is inhibited. 2. When ORG = 1, the starting point of writing data within
the window address area can be set at either corner of the window address area (“S” in circle in the

above figure).

BGR: Reverse the order from RGB to BGR in writing 18-bit pixel data in the GRAM.
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BGR = 0: Write data in the order of RGB to the GRAM.
BGR = 1: Reverse the order from RGB to BGR in writing data to the GRAM.

BGR=0
D17 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
R5 R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B5 B4 B3 B2 B1 BO
BGR =1
D17 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
B5 B4 B3 B2 B1 BO G5 G4 G3 G2 G1 GO R5 R4 R3 R2 R1 RO
DFM: In combination with the TRI setting, sets the format to develop 16-/8-bit data to 18-bit data when
using either 16-bit or 8-bit bus interface.
TRI: Selects the format to transfer data bits via 16-bit or 8-bit interface.
In 16-bit bus interface operation,
TRI = 0: 16-bit RAM data is transferred in one transfer.
TRI = 1: 18-bit RAM data is transferred in two transfers.
In 8-bit interface operation,
TRI = 0: 16-bit RAM data is transferred in two transfers.
TRI = 1: 18-bit RAM data is transferred in three transfers.
9.5.4 Resizing Control (R04h)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 |RCV1I|RCVO| 0 | O | RCH1 | RCHO | 0O 0 RSZ1 RSZ0
Default 0 0 0 0 0 0 0 0 0] o0 0 0 0 0 0 0

RSZ[1:0]: Sets the resizing factor. When the RSZ bits are set for resizing, the RM68023 writes the data

according to the resizing factor so that the original image is displayed in horizontal and vertical

dimensions contracted according to the factor. See “Resizing function”.

RCHI[1:0]: Sets the number of pixels made as the remainder in horizontal direction when resizing a

picture. By specifying the number of remainder pixels with RCH bits, the data can be transferred without

taking the reminder pixels into consideration. Make sure that RCH = 2’h0 when not using the resizing

function (RSZ = 2’h0) or there are no remainder pixels.
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RCV[1:0]: Sets the number of pixels made as the remainder in vertical direction when resizing a picture.

By specifying the number of remainder pixels with the RCV bits, the data can be transferred without

taking the reminder pixels into consideration. Make sure that RCV = 2°’h0 when not using the resizing

function (RSZ = 2’h0) or there are no remainder pixels.

Table 12 Resizing factor

RSZ[1:0] Resizing Scale
2’h0 No resizing (x 1)
2’'h1 x 1/2
2’h2 Setting disabled
2’h3 x 1/4

Table 13 Remainder Pixels in Horizontal

Direction
RCHI[1:0] Number of remainder pixels
in horizontal direction
2’h0 0
2’h1 1 pixel
2’h2 2 pixels
2'h3 3 pixels

Note: 1 pixel = 1RGB

9.5.5 16bits Data Format Selection (R05h)

Table 14 Remainder Pixels in Vertical

Direction
RCV[1:0] Number of remainder pixels
in vertical direction
2’h0 0
2’h1 1 pixel
2’h2 2 pixels
2’h3 3 pixels

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
R/W
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 EPF1 EPFO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

EPF[1:0]: The extension method for transforming 16bits data format to 18bits data format.
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EPF[1:0]=00

Write Data

Data in
GRAM

Read Data

EPF[1:0]=01

Write Data

Data in
GRAM

Read Data

EPF[1:0]=10

Write Data

Data in
GRAM

Read Data

EPF[1:0]=11

Write Data

Data in
GRAM

Read Data

D15 | D14 | D13 | D12 (D11 | D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
/ / / / / Y A y \ \ \ J \ \  J L /
R5 | R4 | R3 | R2|R1| 0" |G5| G4 | G3|G2|G1|Go|B5 | B4 |B3|B2|B1| 0
\ \\\ ¥y Y Y Y Y Y Y Y Y Y Yy

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

*:reference the following table for details

D15 | D14 | D13 | D12 (D11 | D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
/ / / / / Y A y \ \ \ J \ \  J L /
R5 |R4 |R3|R2|R1| 1" |G5| G4 | G3|G2|G1|Go|B5 | B4 |B3|B2|B1 | 1
\\\\\ ¥y Y Y Y Y Y Y Y Y Y Yy

D15 | D14 [D13| D12 | D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

*:reference the following table for details

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

\\
—
/ W Y Y Y Y Y Y Y Y Y VY,
R5 | R4 | R3 | R2 [ R1|RO|G5| G4 | G3|G2|G1|Go|B5 | B4 | B3| B2| B1|BO
\\\\\ ¥y Y Y Y Y Y Y Y Y Y Yy
D15 | D14 (D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
D15 | D14 | D13 | D12 (D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
/ \
/ \
/ / / / / A/l'/v/ ;. Y Y Y Y Y ¥ VYV
R5 | R4 | R3| R2 | Rl |RO*| G5 | G4 | G3 | G2 | G1 GO | B5 B4 B3 B2 B1 | BO*
\\\\\ ¥y Y Y Y Y Y Y Y Y Y Yy
D15 | D14 (D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

*:reference the following table for details
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EPF[1:0] Expand 16-bit pixel data(R,G,B) to 18-bit pixel data(r,g,b)

r[5:0] = {R[5:1], 0} (exception : if R[5:1]=5’h1F , r[5:0] = 6’'h3F)
00 g[5:0] = G[5:0]
b[5:0] = {B[5:1], O} (exception : if B[5:1]=5’h1F , b[5:0] = 6’h3F)

r[5:0] = {R[5:1], 1} (exception : if R[5:1]=5’h00, r[5:0] = 6’h00)
01 g[5:0] = G[5:0]
b[5:0] = {B[5:1], 1} (exception : if B[5:1]=5’h00, b[5:0] = 6’h00)

r[5:0] = {R[5:1], R[5]}
10 g[5:0] = G[5:0]
b[5:0] = {B[5:1], B[5]}

1[5:0] = (R[5:1]==G[5:1]) ? {R[5:1], G[O]} : {R[5:1], R[5]}
11 g[5:0] = G[5:0]
b[5:0] = (B[5:1]==G[5:1]) ? {B[5:1], G[0]} : {B[5:1], B[5]}
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9.5.6 Display Control 1 (R07h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 PTDE1 | PTDEO 0 0 0 BASEE | 0 0 | GON | DTE CL 0 D1 DO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

D[1:0]: A graphics display is turned on when writing D1 = “1”, and is turned off when writing D1 = “0”.

When writing D1 = “0”, the graphics display data is retained in the internal GRAM and the RM68090

displays the data when writing D1 = “1”. When D1 = “0”, i.e. while no display is shown on the panel, all

source outputs becomes the GND level to reduce charging/discharging current, which is generated within

the LCD while driving liquid crystal with AC voltage.

When the display is turned off by setting D1-0 = 2’b01, the RM68090 continues internal display operation.

When the display is turned off by setting D1-0 = 2’b00, the RM68090’s internal display operation is halted

completely. In combination with the GON, DTE setting, the D[1:0] setting controls display ON/OFF.

D[1:0] BASEE Source, VCOM Output Internal Operation
2’h0 * GND Halt
2’h1 * GND Operation
2’h2 * Non-lit display Operation
oh3 0 Non-lit display Operation
1 Base-image display Operation
Note:

1.

The data write operation from the microcomputer is independent on the D[1:0] setting.

2. The D[1:0] setting is valid on both 1st and 2nd displays

3. The non-lit display level from the source output pins is determined by instruction (PTS).

CL: When CL = 1, the RM68090 displays in 8-colors with low power consumption.

CL Display color
0 262,144
1 8

GON, DTE: The combination of GON and DTE settings set the output level form gate lines (G1 ~ G320).

GON DTE G1~G320 Gate Output
0 0 VGH

0 1 VGH

1 0 VGL

1 1 Normal display
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BASEE: Base image display enable bit.

BASEE = 0: No base image is displayed. The RM68090 drives liquid crystal with non-lit display level or
drives only partial image display areas.

BASEE = 1: A base image is displayed on the screen.

The D[1:0] setting has precedence over the BASEE setting.

PTDE[1:0]: PTDE[Q] is the display enable bit of partial image 1. PTDE[1] is the display enable bit of
partial image 2. When PTDE1/0 = 0, the partial image is turned off and only base image is displayed on
the screen.

When PTDE1/0 = 1, the partial image is displayed on the screen. In this case, turn off the base image by
setting BASEE = 0.

9.5.7 Display Control 2 (R08h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 | FP7 | FP6 | FP5 | FP4 | FP3 | FP2 | FP1 | FPO | BP7 | BP6 | BP5 | BP4 | BP3 | BP2 | BP1 | BPO
Default 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

FP [7:0] / BP [7:0]: Sets the number of lines for a front porch period / back porch period (a blank period
following the end of display / (a blank period made before the beginning of display).

In external display interface operation, a back porch (BP) period starts on the falling edge of the VSYNC
signal and the display operation starts after the back porch period. A blank period will start after a front

porch (FP) period and it will continue until next VSYNC input is detected.

FP[7:0] Front and Back Porch

BP[7:0] period (Line periods) VSYNG

8'h00 Setting disabled I:|

8'h01 Setting disabled e

8'h02 2 lines

8'h03 3 lines

8'h04 4 lines

8'h05 5 lines Display area

8'h06 6 lines

8'h07 7 lines

8'h08 8 lines

8'h09 9 lines

8'h0A 10 lines

8h7F 127 lines Front porch

8'h80 128 lines ,:I

8'h81 Setting disabled Note : The output timing fo the LCD panel is delayed by two line periods
. from the synchronous signal (VSYNC) input timing.
8’hFF Setting disabled
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9.5.8 Display Control 3 (R09h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 0 0 0 0 0 0 PTS1 | PTSO | O 0 | PTG1 | PTGO | ISC3 | ISC2 | ISC1 | ISCO

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ISC [3:0]: Set the scan cycle when setting PTG[1:0]="10" to selects interval scan. The scan cycle is

defined by from 0 to 29 as table below. The polarity is inverted in the same timing every interval scan

cycle.

ISC[3:0] Scan cycle Time for interval when (fg ) = 60Hz
4’h0 0 frames -

4’h1 0 frames -

4’h2 3 frames 50 ms
4’h3 5 frames 84 ms
4’h4 7 frames 117 ms
4’h5 9 frames 150 ms
4’h6 11 frames 184 ms
4’h7 13 frames 217 ms
4’h8 15 frames 251 ms
4’h9 17 frames 284 ms
4’hA 19 frames 317 ms
4’hB 21 frames 351 ms
4’hC 23 frames 384 ms
4’hD 25 frames 418 ms
4’hE 27 frames 451 ms
4’hF 29 frames 484 ms

PTG[1:0]: Sets the scan mode in non-display area. The scan mode selected by PTG[1:0] bits is applied
in the non-display area when the base image is turned off and the non-display area other than the first

and second partial display areas.

PTG1 PTGO0 Gate in non-display area  Source in non-display area VCOM output

0 0 Normal scan PTS[2:0] setting VCOMH/VCOML
0 1 Setting disabled - -
1 0 Interval scan PTS[2:0] setting VCOMH/VCOML
1 1 Setting disabled - -

PTS[2:0]: Sets the source output level in non-display area drive period. When PTS[2] = 1, the operation
of amplifiers which generates the grayscales other than VO and V63 are halted and the step-up clock

frequency becomes half the normal frequency in order to reduce power consumption.

Source / VCOM output in non-display area

PTS[1:0]
Frame with gate scan Frame without gate scan
2’'h0 White V63 / VCOML
2’h1 Black V0 / VCOML
2’h2 White GND / GND
2’h3 White Hi-Z / Hi-Z
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9.5.9 Display Control 4 (ROAh)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 FMARKOE | FMI2 | FMI1 | FMIO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FMI[2:0]: Sets the output interval of FMARK signal according to the display data rewrite cycle and data

transfer rate.

FMARKOE: When FMARKOE = 1, the RM68090 starts outputting FMARK signal from the FMARK pin in
the output interval set by FMI[2:0] bits.

FMI[2] FMI[1] FMI[0] FMARK output interval
0 0 0 1 frame

0 0 1 2 frames

0 1 1 4 frames

1 0 1 6 frames

Other settings Setting disabled

9.5.10External Display Interface Control 1 (ROCh)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 ENC2 | ENC1 | ENCO 0 0 0 RM 0 0O | DM1 | DMO | O 0 RIM1 | RIMO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIM[1:0]: Sets the interface format in RGB interface.

RIM[1:0] RGB interface operation Display color
2'h0 18-bit RGB interface (1 transfer/pixel) via DB17-0 262,144

>h1 :11613:t1mt RGB interface (1 transfer/pixel) via DB17-13 and DB 65536

2’'h2 6-bit RGB interface (3 transfers/pixel) via DB17-12 262,144

2’h3 Setting disabled -

Note:

1.

Instruction bits are set via system interface.

2. Transfer the RGB dot data one by one in synchronization with DOTCLK in 6-bit RGB

interface operation.

DM[1:0]: Selects the interface for the display operation. The DM[1:0] setting allows switching between

internal clock operation mode and external display interface operation mode. However, switching

between the RGB interface operation mode and the VSYNC interface operation mode is prohibited.

DM[1:0] Display Interface

2’h0 Internal clock operations
2’h1 RGB interface

2’h2 VSYNC interface

2’h3 Setting disabled
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RM: Selects the interface for RAM access operation. RAM access is possible only via the interface
selected by the RM bit. Set RM = 1 when writing display data via RGB interface. When RM =0, it is

possible to write data via system interface while performing display operation via RGB interface.

RM RAM Access Interface
0 System interface / VSYNC interface
1 RGB interface

ENCI[2:0]: Sets the RAM write cycle via RGB interface.

ENCJ[2:0] RAM Write Cycle (frame periods)
3'h0 1 frame

3’h1 2 frames

3’h2 3 frames

3'h3 4 frames

3’h4 5 frames

3’h5 6 frames

3’h6 7 frames

3’h7 8 frames

9.5.11Frame Marker Position (RODh)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 | FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FMP[8:0]: Sets the output position of frame cycle signal (frame marker). When FMP[8:0] = 9’h000, a

high-active pulse FMARK is outputted at the start of back porch period for 1H period .

Make sure the setting restriction 9'h000 < FMP < BP+NL+FP.

FMP[8:0] FMARK output position

9’h000 0

9'h001 1% line

9'h002 2" line

9°h175 373" line

9°h176 374" line

9h177 375" line

9.5.12External Display Interface Control 2 (ROFh)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 0 0 0 0 VSPL | HSPL | 0 | EPL | DPL

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DPL: Sets the signal polarity of DOTCLK pin.
DPL = 0: input data on the rising edge of DOTCLK
DPL = 1: input data on the falling edge of DOTCLK
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EPL: Sets the signal polarity of ENABLE pin.
EPL = 0: writes data DB17-0 when ENABLE = “0” and disables data write operation when ENABLE = “1”.
EPL = 1: writes data DB17-0 when ENABLE = “1” and disables data write operation when ENABLE = “0”".

HSPL: Sets the signal polarity of HSYNC pin.
HSPL = 0: low active
HSPL = 1: high active

VSPL: Sets the signal polarity of VSYNC pin.
VSPL = 0: low active
VSPL = 1: high active

9.6 Power Control

9.6.1 Power Control 1 (R10h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 SAP 0 BT2 BT1 BTO | APE | AP2 | AP1 | APO 0 0 SLP | STB
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SLP: When SLP = 1, the RM68090 enters the sleep mode. In sleep mode, the internal display operation
except RC oscillation is halted to reduce power consumption. In the sleep mode, the GRAM data and

instructions cannot be updated except the following instruction, Exit sleep mode (SLP = “0”).

STB: When STB = 1, the RM68090 enters the standby mode and the display operation stops except the
GRAM power supply to reduce the power consumption. In the standby mode, the GRAM data and

instructions cannot be updated except the following instruction, Exit standby mode (STB = “0”).

AP[2:0]: Adjusts the constant current in the operational amplifier circuit in the LCD power supply circuit.
The larger constant current enhances the drivability of the LCD, but it also increases the current
consumption. Adjust the constant current taking the trade-off into account between the display quality
and the current consumption. In no-display period, set AP[2:0] = 3’'h0 to halt the operational amplifier

circuits and the step-up circuits to reduce current consumption.

AP[2:0] Gamma driver amplifiers Source driver amplifiers
3'h0 Halt operation Halt operation

3’h1 1.00 1.00

3'h2 1.00 0.75

3’'h3 1.00 0.50

3'h4 0.75 1.00

3’'h5 0.75 0.75

3’'h6 0.75 0.50

3’'h7 0.50 0.50
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APE: Power supply enable bit.

Set APE = “1” to start the generation of power supply according to the power supply startup sequence.

SAP: Source Driver output control. SAP=0, Source driver is disabled. SAP=1, Source driver is enabled.
When starting the charge-pump of LCD in the Power ON stage, make sure that SAP=0, and set the
SAP=1, after starting up the LCD power supply circuit.

BT[2:0]: Sets the factor used in the step-up circuits. Select the optimal step-up factor for the operating

voltage. To reduce power consumption, set a smaller factor.

BT[2:0] AVDD  VCL VGH VGL

3h0 ~VCI1 x5
3h1 VCI1 x 6 VC x 4
3h2 VCI x 3
3h3 VCI x5
3ha VCITx2  -VCli VCH x 5 NCH x 4
3h5 VCI x 3
3h6 VCI x 4
3'h7 VCI1 x4 -VCH x 3
Notes:

1. Connect capacitors where required when using AVDD, VGH, VGL and VCL voltages.
2. Set the following voltages within the respective ranges:
AVDD = 6.0V (max.)

9.6.2 Power Control 2 (R11h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 0 0 0 0 0 DC12 | DC11 | DC10 0 DC02 | DCO1 | DCOO 0 | vC2 | vC1 | VCO

Default 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0

DCO0[2:0] / DC1[2:0]: Selects the operating frequency of the step-up circuit 1 / step-up circuit 2. The
higher step-up operating frequency enhances the drivability of the step-up circuit and the quality of
display but increases the current consumption. Adjust the frequency taking the trade-off between the

display quality and the current consumption into account.

DCO0[2:0] Step-up circuit 1: step-up DC1[2:0] Step-up circuit 2: step-up
frequency (focpc1) frequency (focpco)

3'h0 fbclk 3’'h0 fbclk / 4

3’h1 fbclk / 2 3’h1 fbclk / 8

3’h2 fbclk / 4 3’h2 fbclk / 16

3’h3 fbclk / 8 3’'h3 fbclk / 32

3'h4 fbclk / 16 3’'h4 fbclk / 64

3’h5 fbclk / 32 3’h5 fbclk / 128

3’'h6 fbclk / 64 3’h6 fbclk / 256

3’h7 Halt Step-up circuit 1 3'h7 Halt Step-up circuit 2

Note: Make sure the DCO, DC1 setting restriction: foepet = foopee. “fbclk” is a clock for boost circuit.
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VC[2:0]: Sets the output level voltages of VCI1

VCI[2:0] VCI1 Voltage
3’h0 2.75V

3'h1 2.70V

3’h2 2.65V

3'h3 2.60V

3’h4 2.55V

3'h5 2.50V

3’'h6 Disabled

3'h7 VCl(bypass)

9.6.3 Power Control 3 (R12h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 0 | VCIRE 0 0 0 VRH3 | VRH2 | VRH1 | VRHO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VCIRE: Select the external reference voltage VCI or internal reference voltage VCIR.

VCIRE =0 External reference voltage VCI

(default)

VCIRE =1 Internal reference voltage 2.5V

VRH][3:0]: Sets the factor to generate GVDD from VCI.

VCIRE=0 VCIRE=1

VRH[3:0] GVDD Voltage GVDD Voltage

4'h0 Halt Halt

&h1 VCI x 2.00 2.5V x 2.00 = 5.000V
4h2 VCI x 2.05 2.5V x 2.05 = 5.125V
4h3 VCIx 2.10 2.5V x 2.10 = 5.250V
4n4 VClI x 2.20 2.5V x 2.20 = 5.500V
4'h5 VClI x 2.30 2.5V x 2.30 = 5.750V
4'h6 VCI x 2.40 2.5V x 2.40 = 6.000V
&n7 VCI x 2.40 2.5V x 2.40 = 6.000V
4'h8 VCI x 1.60 2.5V x 1.60 = 4.000V
4h9 VCIx 1.65 2.5V x 1.65 = 4.125V
4hA VCIx 1.70 2.5V x 1.70 = 4.250V
4hB VCIx 1.75 2.5V x 1.75 = 4.375V
4nC VCIx 1.80 2.5V x 1.80 = 4.500V
4'hD VCIx 1.85 2.5V x 1.85 = 4.625V
4hE VCI x 1.90 2.5V x 1.90 = 4.750V
4'hF VCIx 1.95 2.5V x 1.95 = 4.875V

Notes:

1. Make sure the VC and VRH setting restrictions: GVDD = (AVDD-0.5)V.

2. When VCI<2.5V, internal reference voltage will be same as VCI.
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9.6.4 Power Control 4 (R13h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 vDV4 | VDV3 | VDV2 | VDV1 | VDV O 0 0 0 0 0 0 0 0
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VDV[4:0]: Select the factor of GVDD to set the amplitude of VCOM alternating voltage from 0.70 to 1.24

X GVDD

VDV[4:0] VCOM Amplitude VDV[4:0] VCOM Amplitude
5’h0 GVDD x 0.70 5’h10 GVDD x 0.94
5’h1 GVDD x 0.72 5h11 GVDD x 0.96
5’h2 GVDD x 0.74 5’h12 GVDD x 0.98
5’h3 GVDD x 0.76 5'h13 GVDD x 1.00
5’h4 GVDD x 0.78 5'h14 GVDD x 1.02
5’h5 GVDD x 0.80 5’h15 GVDD x 1.04
5’h6 GVDD x 0.82 5’h16 GVDD x 1.06
5’h7 GVDD x 0.84 5'h17 GVDD x 1.08
5’h8 GVDD x 0.86 5'h18 GVDD x 1.10
5’h9 GVDD x 0.88 5’h19 GVDD x 1.12
5hA GVDD x 0.90 5h1A GVDD x 1.14
5'hB GVDD x 0.92 5'h1B GVDD x 1.16
5'hC GVDD x 0.94 5h1C GVDD x 1.18
5’hD GVDD x 0.96 5'h1D GVDD x 1.20
5’hE GVDD x 0.98 5h1E GVDD x 1.22
5’hF GVDD x 1.00 5h1F GVDD x 1.24
9.7 RAM Access Instruction

9.7.1 RAM Address Set (Horizontal Address) (R20h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 | O | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO
Default 0 0 0 0 0 0 0] o0 0 0 0 0 0 0 0 0

9.7.2 RAM Address Set (Vertical Address) (R21h)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 | AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | AD8
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AD[16:0]: A GRAM address set initially in the AC (Address Counter). The address in the AC is
automatically updated according to the combination of AM, I/D[1:0] settings as the RM68090 writes data

to the internal GRAM so that data can be written consecutively without resetting the address in the AC.

The address is not automatically updated when reading data from the internal GRAM.

Note: In RGB interface operation (RM =
frame on the falling edge of VSYNC.

“1”), the address AD16-0 is set in the address counter every
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R/W

ADI[16:0] GRAM Data Setting
17°’h00000 ~ 17°'h000EF Bitmap data on the 1% line
17°’h00100 ~ 17’h001EF Bitmap data on the 2™ line
17’h00200 ~ 17°’h002EF Bitmap data on the 3" line
17°’h00300 ~ 17’h003EF Bitmap data on the 4" line
17°’h00400 ~ 17’h004EF Bitmap data on the 5" line
17’h13C00 ~ 17°’h13CEF Bitmap data on the 317" line
17’h13D00 ~ 17°’h13DEF Bitmap data on the 318" line
17’h13E00 ~ 17’h13EEF Bitmap data on the 319" line
17’h13F00 ~ 17°h13FEF Bitmap data on the 320" line

9.7.3 Write Data to GRAM (R22h)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

1 RAM write data WD[17:0] is transferred via different data bus in different interface operation.

R/W

This register is the GRAM access port. When update the display data through this register, the address

counter (AC) is increased/decreased automatically.

9.7.4 Read Data from GRAM (R22h)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

1 RAM read data RD[17:0] is transferred via different data bus in different interface operation.

R/W

Read 18-bit data from GRAM through the read data register (RDR).

Set ID/AM, HAS/HEA, VSA/VEA

'

Set Address M

!

Dummy Read
GRAM -> Read data latch

Read Output (data of address M)
Read data latch -> DB[17:0]

!

Set Address N

Dummy Read
GRAM -> Read data latch

Read Output (data of address N)
Read data latch -> DB[17:0]

9.8 Power Control 7 (R29h)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
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w 1 0 0 0 0 olo0|oO VCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO
Default 0 0 0 0 o0 o0 0 0 0 0 0 0
VCM [5:0]: Set internal VCOMH voltages.
VCM1[5:0] VCOMH Voltage VCM1[5:0] VCOMH Voltage
6'h00 GVDD x 0.685 6'h20 GVDD x 0.845
6'h01 GVDD x 0.690 6'h21 GVDD x 0.850
6'h02 GVDD x 0.695 6'h22 GVDD x 0.855
6'h03 GVDD x 0.700 6'h23 GVDD x 0.860
6'h04 GVDD x 0.705 6'h24 GVDD x 0.865
6'h05 GVDD x 0.710 6'h25 GVDD x 0.870
6'h06 GVDD x 0.715 6'h26 GVDD x 0.875
6'h07 GVDD x 0.720 6'h27 GVDD x 0.880
6'h08 GVDD x 0.725 6'h28 GVDD x 0.885
6'h09 GVDD x 0.730 6'h29 GVDD x 0.890
6'h0A GVDD x 0.735 6'h2A GVDD x 0.895
6'h0B GVDD x 0.740 6'h2B GVDD x 0.900
6'h0C GVDD x 0.745 6'h2C GVDD x 0.905
6'h0D GVDD x 0.750 6'h2D GVDD x 0.910
6'hOE GVDD x 0.755 6'h2E GVDD x 0.915
6'hOF GVDD x 0.760 6'h2F GVDD x 0.920
6'h10 GVDD x 0.765 6'h30 GVDD x 0.925
6'h11 GVDD x 0.770 6'h31 GVDD x 0.930
6'h12 GVDD x 0.775 6'h32 GVDD x 0.935
6'h13 GVDD x 0.780 6'h33 GVDD x 0.940
6'h14 GVDD x 0.785 6'h34 GVDD x 0.945
6'h15 GVDD x 0.790 6'h35 GVDD x 0.950
6'h16 GVDD x 0.795 6'h36 GVDD x 0.955
6'h17 GVDD x 0.800 6'h37 GVDD x 0.960
6'h18 GVDD x 0.805 6'h38 GVDD x 0.965
6'h19 GVDD x 0.810 6'h39 GVDD x 0.970
6'h1A GVDD x 0.815 6'h3A GVDD x 0.975
6'h1B GVDD x 0.820 6'h3B GVDD x 0.980
6'h1C GVDD x 0.825 6'h3C GVDD x 0.985
6'h1D GVDD x 0.830 6'h3D GVDD x 0.990
6'h1E GVDD x 0.835 6'h3E GVDD x 0.995
6'h1F GVDD x 0.840 6'h3F GVDD x 1.000
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9.9 Frame Rate and Color Control (R2Bh)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 | FRS2 | FRS2 | FRS1 | FRSO

Default 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

FRS[4:0] Set the frame rate when the internal resistor is used for oscillator circuit.

FRS[3:0] Frame Rate FRS[3:0] Frame Rate

0000 30 1000 51

0001 31 1001 56

0010 33 1010 62

0011 35 1011 70 (default)

0100 38 1100 80

0101 40 1101 93

0110 43 1110 Setting Prohibited

0111 47 1111 Setting Prohibited

9.10 ¢ Control

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
R30h | W 1 0] o0 0 0 | KP1[2] | KP1[1] | KP1[0] 0 0 0 | KPO[2] | KPO[1] | KPO[O]
R3th | W 1 0] o0 0 0 | KP3[2] | KP3[1] | KP3[0] 0 0 0 | KP2[2] | KP2[1] | KP2[0]
R32h | W 1 0] o0 0 0 | KP5[2] | KP5[1] | KP1[0] 0 0 0 | KP4[2] | KP4[1] | KP4[0]
R35h | W 1 0o|o0 0 0 | RP1[2]| RP1[1] | RP1[0] 0 0 0 | RPO[2] | RPO[1] | RPO[O]
R36h | W 1 0o VRP1[4]VRP1[3]VRP1[2]VRP1[1]VRP1[0] 0 VRPO[4] VRPO[3][VRPO[2][VRPO[1][VRPO[0]
R37h | W 1 0o|o0 0 0 | KN1[2] | KN1[1] | KN1[0] 0 0 0 | KNO[2] | KNO[1] | KNO[O]
R38h | W 1 0o 0 0 | KN3[2] | KN3[1] | KN3[0] 0 0 0 | KN2[2] | KN2[1] | KN2[0]
R3%h | W 1 0o 0 0 | KN5[2] | KN5[1] | KN1[0] 0 0 0 | KN4[2] | KN4[1] | KN4[0]
R3Ch | W 1 0o|o 0 0 | RN1[2]| RN1[1]| RN1[0] 0 0 0 | RNO[2] | RNO[1] | RNO[O]
R3Dh | W 1 0o VRN 1[4]VRN1[3]VRN1[2]VRN1[1]VRN1[0] 0 \VRNO[4]VRNO[3][VRNO[2]VRNO[1]\VRNO[0]

KP5-0[2:0] / KN5-0[2:0] : ¢ Fine Adjustment Register for positive/negative polarity

PRP1-0[2:0] / PRN1-0[2:0] : v Gradient Adjustment Register for positive/negative polarity

VRP1-0[4:0] / VRN1-0[4:0]: v Amplitude Adjustment Register for positive/negative polarity

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 54 of 123




Raydium

R50h
R51h
R52h
R53h
R50h
R51h
R52h

R53h

R60h

9.11 Window Address Write Control Instruction

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
W 1 0 0 0 o|l0|O0]|O 0 HSA7 | HSA6 | HSA5 | HSA4 | HSA3 | HSA2 | HSA1 | HSAO
W 1 0 0 0 o|0|O0]|O 0 HEA7 | HSA6 | HSA5 | HEA4 | HEA3 | HEA2 | HEA1 | HEAO
w 1 0 0 0 0| O | O | O | VSA8| VSA7 | VSA6 | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAD
w 1 0 0 0 0| 0| O | O | VEA8| VEA7 | VSA6 | VSA5 | VEA4 | VEA3 | VEA2 | VEA1 | VEAO
0 0 0 o|l0|O0]|O 0 0 0 0 0 0 0 0
0 0 0 o|0|O0]|O 0 1 1 1 0 1 1 1
Default
0 0 0 o|l0|O0]O 0 0 0 0 0 0 0 0
0 0 0 o|l0|O0]|O 1 0 0 1 1 1 1 1

HSA[7:0], HEA[7:0]: HSA[7:0] and HEA[7:0] are the start and end addresses of the window address

area in horizontal direction, respectively. HSA[7:0] and HEA[7:0] specify the horizontal range to write
data. Set HSA[7:0] and HEA[7:0] before starting RAM write operation. In setting, make sure that 8'h00 <
HAS < HEA < 8'hEF and 8h01 < HEA — HSA.

VSA[8:0], VEA[8:0]: VSA[8:0] and VEA[8:0] are the start and end addresses of the window address area
in vertical direction, respectively. VSA[8:0] and VEA[8:0] specify the vertical range to write data. Set
VSA[8:0] and VEA[8:0] before starting RAM write operation. In setting, make sure that 9°’h000 < VSA <

VEA < 9’h13F.

0000'h HSA HEA

t i

l |

|

| I
VSA —+———

Window
Address Area
VEA | _ _ _
GRAM Address Area

13FEF'h

Note: The window address range must be within the GRAM address space.

9.12 Base Image Display Control Instruction

R/wW

RS

D15

D14

D13

D12

D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

W

1

GS

0

NL5

NL4

NL3

NL2

NL1

NLO

0

0

SCN5

SCN4

SCN3

SCN2

SCN1

SCNO
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R61h

R6Ah

R60h

R61h

RG6Ah

W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 NDL | VLE | REV

W 1 0 0 0 0 0 0 0 VL8 | VL7 | VL6 | VL5 | VL4 | VL3 | VL2 | VL1 | VLO

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

REV: Enables the grayscale inversion of the image by setting REV = 1. This enables the RM68090 to
display the same image from the same set of data whether the liquid crystal panel is normally black or
white. The source output level during front, back porch periods and blank periods is determined by

register setting (PTS).

Source Output Level in Display Area

REV GRAM Data
Positive Polarity Negative Polarity
18’h00000 V63 VO
18'h3FFFF VO V63
18’h00000 VO V63
18'h3FFFF V63 VO

VLE: Vertical scroll display enable bit. When VLE = 1, the RM68090 starts displaying the base image
from the line (of the physical display) determined by VL[8:0] bits. VL[8:0] sets the amount of scrolling,
which is the number of lines to shift the start line of the display from the first line of the physical display.
Note that the partial image display position is not affected by the base image scrolling.

The vertical scrolling is not available in external display interface operation. In this case, make sure to set

VLE =*“0".

VLE Base Image
Fixed
1 Enable scrolling

NL[5:0]: Sets the number of lines to drive the LCD at an interval of 8 lines. The GRAM address mapping
is not affected by the number of lines set by NL[5:0]. The number of lines must be the same or more than

the number of lines necessary for the size of the liquid crystal panel.

NL[5:0] Number of Lines NL[5:01 Number of Lines NL[5:0] Number of Lines

6’h00 8 (lines) 6’hOE 112 6’'h1C 232
6’h01 16 6’hOF 120 6’h1D 240
6’'h02 24 6’'h10 128 6’h1E 248
6’h03 32 6'h11 136 6’h1F 256
6’'h04 40 6’h12 144 6’h20 264
6’h05 48 6’h13 152 6’h21 272
6’h06 48 6’'h14 160 6’'h22 280
6’h07 56 6’h15 168 6’h23 288
6’h08 64 6’h16 176 6’'h24 296
6’h09 72 6’h17 184 6’25 304
6’h0A 80 6’h18 192 6’26 312
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6’h0OB 88 6’h19 200 6’'h27 320
6'h0C 96 6'h1A 216 Others Setting inhibited
6’h0D 104 6'h1B 224

SCNI[5:0]: Specifies the gate line where the gate driver starts scan.

Gate Line No (Scan start position)

SCN[50] SM=0 SM=1

GS=0 GS=1 GS=0 GS=1
6'h00 G1 G320 G1 G320
6’h01 G9 G312 G17 G304
6’h02 G17 G304 G33 G288
6'h03 G25 G296 G49 G272
6'h04 G33 G288 G65 G256
6'h05 G41 G280 G81 G240
6'h06 G49 G272 G97 G224
6'’h07 G57 G264 G113 G208
6'h08 G65 G256 G129 G192
6'h09 G73 G248 G145 G176
6’h0A G81 G240 G161 G160
6’h0B G89 G232 G177 G144
6'h0C G97 G224 G193 G128
6’h0D G105 G216 G209 G112
6’hOE G113 G208 G225 G96
6’hOF G121 G200 G241 G380
6'’h10 G129 G192 G257 G64
6'h11 G137 G184 G273 G48
6'h12 G145 G176 G289 G32
6'h13 G153 G168 G305 G16
6'h14 G161 G160 G2 G319
6'h15 G169 G152 G18 G303
6'h16 G177 G144 G34 G287
6'h17 G185 G136 G50 G271
6'h18 G193 G128 G66 G255
6'h19 G201 G120 G82 G239
6'h1A G209 G112 G98 G223
6'h1B G217 G104 G114 G207
6'h1C G225 G96 G130 G191
6'h1D G233 G88 G146 G175
6'h1E G241 G80 G162 G159
6'h1F G249 G72 G178 G143
6'h20 G257 G64 G194 G127
6'h21 G265 G56 G210 G111
6'h22 G273 G48 G226 G95
6'h23 G281 G40 G242 G79
6'h24 G289 G32 G258 G63
6'h25 G297 G24 G274 G47
6'h26 G305 G16 G290 G31
6'h27 G313 G8 G306 G15

6'h28~6’h3F Setting disabled Setting disabled Setting disabled Setting disabled

NDL: Sets the source output level in non-lit display area. NDL bit can keep the non-display area lit on.

Non-display area
NDL
Positive Negative
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V63 VO
VO V63

=[O

VL[8:0]: Sets the amount of scrolling of the base image. The base image is scrolled in vertical direction
and displayed from the line which is determined by VL[8:0]. Make sure VL[8:0] < 320.

GS: Sets the direction of scan by the gate driver. Set GS bit in combination with SM and SS bits for the

convenience of the display module configuration and the display direction.
9.13 Partial Display Control Instruction

9.13.1Partial Image 1: Display Position (R80h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 o|lo|lo|o|o]| o]l o |PTDPO[8PTDPO[7]PTDPO[6]|PTDPO[5]PTDPO[4]PTDPO[3]PTDPO[2]PTDPO[1]PTDPO[0]

Default o|jojo0ojo0o|jO0|O0]|oO 0 0 0 0 0 0 0 0 0

9.13.2Partial Image 1: RAM Address (Start Line Address) (R81h), (End Line Address) (R82h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 o|lolo| ol o] o]l o |PTSA0S|PTSAO[7]PTSAC[E]|PTSAOS]|PTSAO[4]PTSAO[3]PTSAO[2]PTSAO[1]PTSAO[O]

w 1 0o|o0|0]| 0| 0| 0| 0 |PTEAOS]PTEAO[7]PTEAC[B]PTEAO[5]|PTEAO[4]PTEAO[3]|PTEAO[2]PTEAO[1]PTEAO[O]

o|jojo|joO0o|jJO0O|O}|O 0 0 0 0 0 0 0 0 0
Default

o|jo0ojo0o|j0O0|jO0O]|O0O]O 0 0 0 0 0 0 0 0 0

9.13.3Partial Image 2: Display Position (R83h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 o|lo|o0]| 0| 0| 0| 0 |PTDP1[8|PTDP1[7]|PTDP1[6]PTDP1[5]PTDP1[4]PTDP1[3]PTDP1[2]PTDP1[1]PTDP1[0]

Default o|jo0ojo0o|j0O0|jO0O]|O0O0]oO 0 0 0 0 0 0 0 0 0

9.13.4Partial Image 2: RAM Address (Start Line Address) (R84h), (End Line Address) (R85h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 o|lo|o| 0| 0] 0]l 0 |PTSA18]|PTSA1[7]PTSA1[6]|PTSA1[5]|PTSA1[4]PTSA1[3]PTSA1[2]PTSA1[1]|PTSA1[0]

w 1 o|lo|o|o|o0]| o]l 0o |PTEAMS|PTEA[7]PTEA1S]PTEA15S]|PTEA1[4]PTEA1[3IPTEA1[2]PTEA1[1]PTEA1[0]

o|loO0O|O0O|O]JO]O]|O 0 0 0 0 0 0 0 0 0
Default

o|jo0ojo0ojo0|jO0|O0]|oO 0 0 0 0 0 0 0 0 0

PTDPO[8:0]: Sets the display position of partial image 1.
PTDP1[8:0]: Sets the display position of partial image 2.

PTSAO0[8:0] and PTEAO0[8:0]: Sets the start line and end line addresses of the RAM area, respectively
for the partial image 1. In setting, make sure that PTSAO < PTEAO.
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PTSA1[8:0] and PTEA1[8:0]: Sets the start line and end line addresses of the RAM area, respectively
for the partial image 2. In setting, make sure that PTSA1 < PTEA1.

9.14 Panel Interface Control Instruction

9.14.1Panel Interface Control 1 (R90h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

w 1 0 0 0 0 0 0 DIVI1 | DIVIO 0 0 0 |RTNI4|RTNI3|RTNIZ|RTNI1| RTNIO

Default 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

RTNI[4:0]: Sets 1H (line) period. This setting is enabled while the RM68090’s display operation is

synchronized with internal clock.
DIVI[1:0]: Sets the division ratio of the internal clock frequency.

Frame Frequency Calculation
Frame frequency = - — TOSC - - [Hz]
Clocks per line x division ratio x (line + BP + FP)
fosc : RC oscillation frequency
Line : Number of lines to drive the LCD (NL bits)
Division ratio : DIVI

Clocks per line: RTNI

DIVI[1:0] Division Ratio Internal operation clock unit

2'h0 11 10SC

2’h1 1/2 2 0SC

2’h2 1/4 4 OSC

2’h3 1/8 8 OSC

RTNI[4:0] Clocks per line RTNI[4:0] Clocks per line RTNI[4:0] Clocks per line
5'h00~5’hOF  Setting inhibited 5'h15 21 clocks 5'h1B 27 clocks
5'h10 16 clocks 5'h16 22 clocks 5h1C 28 clocks
5’h11 17 clocks 5'h17 23 clocks 5h1D 29 clocks
5’h12 18 clocks 5'h18 24 clocks 5h1E 30 clocks
5'h13 19 clocks 5’h19 25 clocks 5h1F 31 clocks
5’h14 20 clocks 5h1A 26 clocks

9.14.2Panel Interface Control 2 (R92h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 | Nowl2] | Nowi] | Nowio] | o | o | o | o | o | o | 0o | O
Default 0 0 0 0 0 1 1 0 o|lo|lo|lo] o] o|olo

NOWI[2:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled in display

operation synchronizing with the internal clock.
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NOWI[2:0] Non-overlap period NOWI[2:0] Non-overlap period
3'h0 Setting inhibited 3'h4 4

3’h1 1 (internal clock) 3'h5 5

3’'h2 2 3’h6 6

3’h3 3 3’h7 Setting inhibited

Note: The internal clock is the frequency divided clock, which is set by DIVI[[1:0] bits.

9.14.3Panel Interface Control 4 (R95h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 |DIVE1|DIVEO| O 0 0 0 0 0 0 0
Default 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

DIVE[1:0]: Sets the division ratio of DOTCLK when RM68090 display operation is synchronized with

RGB interface signals.

Internal operation clock unit (DOTCLK)

DIVE[1:0] Division Ratio 18-bit, 1 transfer DOTCLK = 6-bit, 3 transfer DOTCLK =
RGB interface 5 MHz RGB interface 15 MHz

2’h0 Setting inhibited Setting inhibited - Setting inhibited -

2’h1 1/4 4 DOTCLKs 0.8 us 12 DOTCLKs 0.8 us

2’h2 1/8 8 DOTCLKs 1.6 us 24 DOTCLKs 1.6 us

2’h3 1/16 16 DOTCLKs 3.2 us 48 DOTCLKs 3.2 us
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9.14_4Panel Interface Control 5 (R97h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 | NOWE[3] | NOWE[2] | NOWE[1] | NOWE[0] [ 0 | 0 |0 | 0| O | O] O | O
Default 0 0 0 0 1 1 0 0 olojo|o|lo|o]o]|oO

NOWE[3:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled in display

operation via RGB interface.

NOWE[3:0] Non-overlap period NOWE[3:0] Non-overlap period

4’'h0 Setting inhibited 4’h8 8

4'h1 1 (clocks) 4’h9 9

4’h2 2 4'hA 10

4’h3 3 4’hB Disabled
4'h4 4 4'hC Disabled
4’h5 5 4’hD Disabled
4’h6 6 4'hE Disabled
4’h7 7 4’hF Disabled

Note: 1 clock = (Number of data transfers/pixel) x DIVE (division ratio) [DOTCLK].
9.15 OTP VCM Control

9.15.10TP VCM Programming Control 1 (RA1h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

VCM_ | VCM_ | VCM_ | VCM_ | VCM_ | VCM_

Wil 1 |00} 0] 0 OTPPEGMEN)0|0/0]0]|0 5rp5 |orps | OTP3 | OTPZ | OTPT | OTPO

Default 0 0 0 0 0 0|0jO0O|0O]|O 0 0 0 0 0 0

OTP_PGM_EN: OTP programming enable. When program OTP, must set this bit.
OTP data can be programmed 3 times.
VCM_OTP[5:0]: OTP programming data for VCOMH voltage, the voltage refer to VCM[5:0] value.

9.15.20TP VCM Status and Enable (RA2h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

PGM_[PGM_| VCM_ | VCM [ VCM | VCM | VCM | VCM VCM_
w ' |cnti|ento| D5 | b4 | b3 | b2 | b1 | po | O[O0 O 0] 00 gy
Default o | o 0 0 0 0 0 o |oloflo|o]|o]olo 0

PGM_CNTI[1:0]: OTP programmed record. These bits are read only.

OTP_PGM_CNT[1:0] Description

2’h0 OTP clean

2’h1 OTP programmed 1 time
2’h2 OTP programmed 2 times
2’h3 OTP programmed 3 times

VCM_D[5:0]: OTP VCM data read value. These bits are read only.
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VCM_EN: OTP VCM data enable.
VCM_EN=1: Set this bit to enable OTP VCM data to replace R29h VCM value.

VCM_EN=0: Default value, use R29h VCM value.

9.15.30TP VCM Programming ID Key (RA5h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 Df DO
W 1 KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KEY[15:0]: OTP Programming ID key protection. Before writing OTP programming data RA1h, it must
write RA5h with 0xAA55 value first to make OTP programming successfully. If RA5h is not written with
0xAA55, OTP programming will be fail. See OTP Programming flow.
9.16 CABC control
9.16.1Write Display Brightness Value (RB1h)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 Df DO
w 1 0 0 0 0 0 0 0 0 |DBV7|DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO

This command is used to adjust the brightness value of the display.

DBV[7:0]: control the brightness of manual setting or CABC in RM68051. The PWM output signal,

LEDPWM, controls the LED driver IC to decide the display brightness

9.16.2Read Display Brightness Value (RB2h)

R/W RS

D15

D14

D13

D12

D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

R 1

0

0

0

0

0

0

0

0

DBV7

DBV6

DBV5

DBV4

DBV3

DBV2

DBV1

DBVO

This command is used to return the brightness value of the display.

DBV[7:0] is reset when display is in sleep-in mode.

DBV][7:0] is ‘O’ when bit BCTRL of “Write CTRL Display (B3h)” command is ‘0’.
DBV[7:0] is manual set brightness specified with “Write CTRL Display (B3h)” command when BCTRL bit

is ‘1",

When bit BCTRL of “Write CTRL Display (B3h)” command is ‘1’ and C1/CO0 bit of “Write Content Adaptive
Brightness Control (B5h)” command are ‘0’, DBV[7:0] output is the brightness value specified with “Write

Display Brightness (B1h)” command.

9.16.3Write CTRL Display Value (RB3h)

R/wW RS

D15

D14

D13

D12

D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

DO

w 1

0

0

0

0

0

0

0

0

0

0

BCTRL

0

DD

BL

0

0

This command is used to set the brightness control mechanism.
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BCTRL: Brightness control block on/off. This bit is always used to switch brightness for display.

BCTRL Description
0 Brightness Control Block OFF (DBV[7:0]=00H)
1 Brightness Control Block ON (DBV[7:0] is active)

DD: Display Dimming Control.

DD Description
0 Display Dimming OFF
1 Display Dimming ON

BL: Backlight Control.

BL Description
0 Backlight Control OFF
1 Backlight Control ON

Dimming function is adapted to the brightness registers for display when bit BCTRL is changed at DD=1,

e.g. BCTRL:0 > 10r1-> 0.

When BL bit change from “On” to “Off", backlight is turned off without gradual dimming, even if

dimming-on (DD=1) are selected

9.16.4Read CTRL Display Value (RB4h)

RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
R 1 0 0 0 0 0 0 0 0 0 0 |BCTRL| 0 | DD | BL 0 0
This command is used to read the status of the brightness control mechanism.
9.16.5Write Content Adaptive Brightness Control Value (RB5h)
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 o | c[y | cio]

This command is used to set parameters for image content based adaptive brightness control

functionality. There is possible to use 4 different modes for content adaptive image functionality, which

are defined on a table below.

C[1:0] Description

2’h0 CABC OFF

2’h1 User Interface Image
2’h2 Still Picture

2’h3 Moving Image

9.16.6Read Content Adaptive Brightness Control Value (RB6h)

R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5

D4

D3

D2

D1

DO

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

0

0

0

c]

o]

This command is used to read the status for image content based adaptive brightness control

functionality.

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 63 of 123




Raydium

R/W

9.16.7Write CABC Minimum Brightness (RBEh)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

1 0 0 0 0 0 0 | o | 0 |cMB[7]|CMB[6]|CMB[5]|CMB[4]|CMB[3]| CMB[2]|CMB[1]|CMB[0]

R/wW

This command is used to set the minimum brightness value of the display for CABC function.

CMBJ7:0]: CABC minimum brightness control, this parameter is used to avoid too much brightness
reduction.

When CABC is active, CABC can not reduce the display brightness to less than CABC minimum
brightness setting. Image processing function is worked as normal, even if the brightness can not be
changed. This function does not affect to the other function, manual brightness setting. Manual
brightness can be set the display brightness to less than CABC minimum brightness. Smooth transition
and dimming function can be worked as normal.

When display brightness is turned off (BCTRL=0 of “Write CTRL Display (B3h)”), CABC minimum
brightness setting is ignored.

In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means
the highest brightness for CABC.

9.16.8Read CABC Minimum Brightness (RBFh)

RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

1 0 0 0 0 0 0 | o | 0 |cMmB[7]|CMB[6]|CMB[5]|CMBI4]|CMB[3]|CMB[2]|CMB[1]|CMB[0]

This command is used to read the minimum brightness value of the display for CABC function.

9.17 Deep standby control (RE6h)

R/wW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DSTB
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DSTB: When DSTB = 1, the RM68090 enters the deep standby mode. In deep standby mode, the
internal logic power supply is turned off to reduce power consumption. The GRAM data and instruction
setting are not kept when the RM68090 enters the deep standby mode, and they would be reset
automatically after exiting deep standby mode.

To exit deep standby mode, nCS pin needs to be toggled from low to high 6 times.
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10.Instruction List

No.  Register Name RW RS D15 D14 DI13 D12 D1 D0 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
IR | Index Register wilol| = * . . . * * | o7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
00h | Driver Code Read RO | 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1
01h Driver Output Control 1 w 1 0 0 0 0 0 SM 0 SS 0 0 0 0 0 0 0 0
02h | LCD Driving Control w1 0 0 0 0 0 o | BCc| o 0 0 0 0 0 0 0 0
03h | Entry Mode Wl 1| T |DFM| 0 |BeR| o0 0 0 o |orRG| o |wp1| wbo | AM | o 0 0
04h | Resize Control w1 0 0 0 0 0 o |[Rcvi|Rov2| o 0 |RCH1|RCHO| o0 0 |Rsz1 | Rsz0
05h | 16 bits data format control w1 0 0 0 0 0 0 0 0 0 0 0 0 0 o | EPF1 | EPFO
07h | Display Control 1 w1 0 o |PTDE1|PTDEO| o 0 0 |BASEE| o 0o |GONI|DTE | cL | o | b1 | Do
08h | Display Control 2 W | 1 | FP7 | FPe | FP5 | FPa | FP3 | FP2 | FP1 | FPo | BP7 | BP6 | BP5 | BP4 | BP3 | BP2 | BP1 | BPO
0%h | Display Control 3 w1 0 0 0 0 0 o |pTs1|PTso| o o | PTe1| PTGO| IsC3 | Isc2 | Isc1 | Isco
0Ah | Display Control 4 wo| o1 0 0 0 0 0 0 0 0 0 0 0 0 FKM(?ER FMI2 | FMI1 | FMIO
0Ch | RGB Display Interface Control 1 | W | 1 0 |ENC2 | ENC1| ENCO| O 0 o | RM | o0 o | bmi|DMo| o 0 | RIM1 | RIMO
ODh | Frame Maker Position w1 0 0 0 0 0 0 0 | FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO
OFh | RGB Display Interface Control 2 | W | 1 0 0 0 0 0 0 0 0 0 0 o |vspL|HSPL| o | EPL | DPL
10h | Power Control 1 w1 0 0 0 | sAP | o | BT2 | BT1 | BTO| APE | AP2 | AP1 | APO | O 0 | stp | sTB
11h | Power Control 2 w1 0 0 0 0 0 |bci2|bct1|bcio| o | Dbco2|bcot|pbcoo| o | vez2 | ver | veo
12h | Power Control 3 w1 0 0 0 0 0 0 0 0 |VCIRE| o 0 0 | VRH3 | VRH2 | VRH1 | VRHO
13h | Power Control 4 w1 0 0 0 |vbv4|vbv3|vbv2|vbvi|vbvo| o 0 0 0 0 0 0 0
20h | Horizontal GRAM Address Set w1 0 0 0 0 0 0 0 O | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO
21h | Vertical GRAM Address Set w1 0 0 0 0 0 0 0 | AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | ADS
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22h Write Data to GRAM RAM write data WD[17:0] / read data RD[17:0] is transferred via different data bus in different interface operation.

29h Power Control 7 W 1 0 0 0 0 0 0 0 0 0 0 VCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO
2Bh Frame Rate and Color Control W 1 0 0 0 0 0 0 0 0 0 0 0 0 FRS2 | FRS2 | FRS1 | FRSO
30h Gamma Control 1 W 1 0 0 0 0 0 KP1[2] | KP1[1] | KP1[0] 0 0 0 0 0 KPO[2] | KPO[1] | KPO[O]
31h Gamma Control 2 W 1 0 0 0 0 0 KP3[2] | KP3[1] | KP3[0] 0 0 0 0 0 KP2[2] | KP2[1] | KP2[0]
32h Gamma Control 3 W 1 0 0 0 0 0 KP5[2] | KP5[1] | KP1[0] 0 0 0 0 0 KP4[2] | KP4[1] | KP4[0]
35h Gamma Control 4 W 1 0 0 0 0 0 RP1[2] | RP1[1] | RP1[0] 0 0 0 0 0 RPO[2] | RPO[1] | RPO[0]
36h Gamma Control 5 W 1 0 0 0 |VRP1[4]|VRP1[3]|VRP1[2]| VRP1[1]|VRP1[0]| O 0 0 [VRPO[4]|VRPO[3]| VRPO[2]| VRPO[1] | VRPO[0]
37h Gamma Control 6 W 1 0 0 0 0 0 KN1[2] | KN1[1] | KN1[0] 0 0 0 0 0 KNO[2] | KNO[1] | KNO[O]
38h Gamma Control 7 W 1 0 0 0 0 0 KN3[2] | KN3[1] | KN3[0] 0 0 0 0 0 KN2[2] | KN2[1] | KN2[0]
3%h Gamma Control 8 W 1 0 0 0 0 0 KN5[2] | KN5[1] | KN1[0] 0 0 0 0 0 KN4[2] | KN4[1] | KN4[0]
3Ch | Gamma Control 9 W 1 0 0 0 0 0 RN1[2] | RN1[1] | RN1[0] 0 0 0 0 0 RNO[2] | RNO[1] | RNO[O]
3Dh | Gamma Control 10 W 1 0 0 0 |VRN1[4]{VRN1[3]|VRN1[2]| VRN1[1]|VRN1[0]| O 0 0  [VRNO[4]| VRNO[3]{VRNO[2]| VRNO[1]| VRNO[O]
50h Horizontal Address Start Position W 1 0 0 0 0 0 0 0 0 HSA7 | HSA6 | HSA5 | HSA4 | HSA3 | HSA2 | HSA1 | HSAO
51h Horizontal Address End Position W 1 0 0 0 0 0 0 0 0 HEA7 | HSA6 | HSAS | HEA4 | HEA3 | HEA2 | HEA1 | HEAO
52h Vertical Address Start Position W 1 0 0 0 0 0 0 0 VSA8 | VSA7 | VSAB | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAO
53h Vertical Address End Position W 1 0 0 0 0 0 0 0 VEA8 | VEA7 | VSA6 | VSA5 | VEA4 | VEA3 | VEA2 | VEA1 | VEAO
60h Driver Output Control 2 w 1 GS 0 NL5 NL4 NL3 NL2 NLA1 NLO 0 0 SCN5 | SCN4 | SCN3 | SCN2 | SCN1 | SCNO
61h Base Image Display Control w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 NDL VLE REV
66h SPI Read/Write Control w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R/WX
6Ah | Vertical Scroll Control W 1 0 0 0 0 0 0 0 VL8 VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO
80h Partial Image 1 Display Position W 1 0 0 0 0 0 0 0 |PTDPQ[8]|PTDPO[7] PTDPO[6]| PTDPO[S] PTDPO4]| PTDPO[3]| PTDPO[2]| PTDPO[ 1] PTDPO[0]
81h Partial Image 1 Area (Start Line) w 1 0 0 0 0 0 0 0 PTSAQ[8]| PTSAO[7]| PTSAQ[6]| PTSAQ[S]| PTSAOK]| PTSAQ[3]| PTSAO[2]{ PTSAQ[1]| PTSAQ[0]
82h Partial Image 1 Area (End Line) W 1 0 0 0 0 0 0 0  |PTEAQ[8]|PTEAO[7]| PTEAO[E]| PTEAQ[S]| PTEAOHK]| PTEAQ[3]| PTEAO[Z]| PTEAQ[1]| PTEAO[]
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83h | Partial Image 2 Display Positon | W | 1 0 0 0 0 0 0 0 |PTDP1[|PTDP1|PTDP1[6]PTDP1[5]| PTDP1H| PTDP1[3] PTDP1R] PTDPA[] PTDP1[0]
84h | Partial Image 2 Area (StartLine) | W | 1 0 0 0 0 0 0 0 |PTSA1E]|PTSAIT]| PTSATE] PTSATES] PTSATH] PTSATR]| PTSATR]| PTSATH| PTSATD]
85h | Partial Image 2 Area (End Line w1 0 0 0 0 0 0 0 |PTEA1E]|PTEA1T]| PTEA[E]| PTEA1[S] PTEATH] PTEAT]| PTEATR]| PTEATH]| PTEATD]
90h | Panel Interface Control 1 w1 0 0 0 0 0 0o |Dpwvi1|Dvio| o 0 0 | RTNI4 | RTNI3 | RTNI2 | RTNI1 | RTNIO
92h | Panel Interface Control 2 w1 0 0 0 0 0 [Nowi[Nowit[Nowil| O 0 0 0 0 0 0 0
95h | Panel Interface Control 4 w1 0 0 0 0 0 o |DIVE1|DIVEO| O 0 0 0 0 0 0 0
97h | Panel Interface Control 5 w1 0 0 0 0 [NOWEBINOWERZINOWE[TINOWED] O 0 0 0 0 0 0 0
Ath | OTP VCM Programming Control | W | 1 0 0 0 o o0& o 0 0 0 0 \c/)CT'\F% \ég'l\j"ll— \Olgl\?AB_ \O/gl\DAZ_ g%"; \é%"a
A2h | OTP VCM Status and Enable w1 Eﬁ%— Féﬁ'% Vg’,\o."— \_/gé'tv' \_/géw \_/gg" \_/g;vl \_/g(')v' 0 0 0 0 0 0 0 \_/E,'\IV'
pSh | OTP Programming ID Koy w | 1 | KEY | KEY [ KEV[KEV [WEV [ KEV | KEV [ KEY | KEY | KEY | KEV | KEV | KEV | KEY [ KEY | KEY
E6h Deep stand by mode control w 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DSTB
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11.Interface and Data Format

The RM68090 supports system interface for making instruction and other settings, and external display
interface for displaying a moving picture. The RM68090 can select the optimum interface for the display

(moving or still picture) in order to transfer data efficiently.

As external display interface, the RM68090 supports RGB interface and VSYNC interface, which enables

data rewrite operation without flicker effect of the moving picture on display.

In RGB interface operation, the display operation is executed in synchronization with synchronous
signals VSYNC, HSYNC, and DOTCLK. In synchronization with these signals, the RM68090 writes
display data according to data enable signal (ENABLE) via RGB data signal bus (DB17-0). The display
data is stored in the RM68090’'s GRAM so that data is transferred only when rewriting the frames of
moving picture and the data transfer required for moving picture display can be minimized. The window
address function specifies the RAM area to write data for moving picture display, which enables

displaying a moving picture and RAM data in other than the moving picture area simultaneously.

In VSYNC interface operation, the internal display operation is synchronized with the frame
synchronization signal (VSYNC). The VSYNC interface enables a moving picture display via system
interface by writing the data to the GRAM at faster than the minimum calculated speed in synchronization
with the falling edge of VSYNC. In this case, there are restrictions in setting the frequency and the

method to write data to the internal RAM.

The RM68090 operates in either one of the following four modes according to the state of the display.
The operation mode is set in the external display interface control register (ROCh). When switching from

one mode to another, make sure to follow the relevant sequence in setting instruction bits.

Operation Mode RAM Access Setting (RM) Display Operation Mode (DM)
Internal clock operation System interface Internal clock operation
(displaying still pictures) (RM=0) (DM1-0 = 00)
RGB interface (1) RGB interface RGB interface
(displaying moving pictures) (RM=1) (DM1-0 = 01)
RGB.|r_1terfa_ce (.2) . System interface RGB interface
(rewriting still pictures while _ _

) : . ; (RM =0) (DM1-0 = 01)
displaying moving pictures)
VSYNC interface System interface VSYNC interface
(displaying moving pictures) (RM = 0) (DM1-0 = 10)

Notes:
1. Instructions are set only via system interface.

2. The RGB and VSYNC interfaces cannot be used simultaneously.
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12.System Interface

The following are the kinds of system interfaces available with the RM68090. The interface operation is

selected by setting the IM3/2/1/0 pins. The system interface is used for instruction setting and RAM

access.
IM3 IM2 IM1 IMO Interfacing Mode with MPU DB pins Colors
0 0 0 0  80-system 8-bit bus interface | DB7-0 262,144
0 0 0 1  80-system 16-bit bus interface | DB15-0 262,144
0 0 1 0  80-system 9-bit bus interface | DB8-0 262,144
0 0 1 1 80-system 18-bit bus interface | DB17-10 262,144
0 1 0 0  Setting disabled
0 1 0 1  3-wire 9-bit data serial interface SDA 262,144
0 1 1 0  4-wire 8-bit data serial interface SDA 65,536
0 1 1 1  Setting disabled
1 0 0 0  80-system 16-bit bus interface Il DB17-10, DB8-1 262,144
1 0 0 1  80-system 8-bit bus interface Il DB17-10 262,144
1 0 1 0  80-system 18-bit bus interface Il DB17-0 262,144
1 0 1 1  80-system 9-bit bus interface Il DB17-9 262,144
1 1 * *  Clock synchronous serial interface (SDI, SDO) 65,536
12.1 80-system 18-bit Bus Interface
IM[3:0] = 1010
CSn* p NCS
A1 » RS
MPU HWR =z RM68090
(RD*) » NRD
D17-0 | p- DB17-0

18

Figure 3 18-bit bus interface for 80-system
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Instruction write

Inout DB | DB (DB (DB |DB (DB | DB (DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
P 17 (16 | 16 | 14 [ 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0
A \ A A \ A \ Y i \ A A \ A A A A l
Instruction B 1B 1B 1B 1B 1B 1B 1B 1B 1B B 1B 1B 1B 1B 1B
15 (14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

Instruction code

Instruction read

Read data BB IB[B|]B]IB]IB[IB B[] mB|]IB|]IB]B|]IB]IB]IB
1514 |13 |12 |11 10| 9| 8 716 |5 |4a|3|2]1]0

Y ¥V ¥ Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

outout oB|pB|pB[DB|DB|DB|[DB[DB|[DB|[DB|DB|DB|[DB | DB | DB | DB [ DB | DB

utpu 17116 |15 |14 | 13|12 |11 | 10| 9 | 8| 7 |6 | 5| 4| 3|2]11]o0

Figure 4 18-bit Interface Data Format (Instruction Write / Instruction Read)

RAM data write

out DB | DB |DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB]|DB
P 1711615 |14 | 131211109 |8 |7 ]|6]|5]|4|3|2]1]o0
Y ¥V VY Y Y ¥V Y Y Y Y Y Y Y Y Y VY Y ¥
GRAM R5 | R4 | R3 | R2 | R1 | RO | G5 |ca|c3|c2|c1|co|B5|Ba|B3|B2]|B1][BO
write data

1 pixel Note: Normal display in 262,144 colors

RAM data read

dGaFfﬁM R5 | R4 | R3 | R2 | R1 | RO | G5 |ca|c3|c2|c1|co|B5|Ba|B3|B2]|B1][BO
Y ¥V Y Y Y YV Y Y Y Y Y Y Y Y Y Y Y ¥
Readdata | RO |RDRDRD [RD | RD[RD [ RD | RD [RD | RD | RD|RD [ RD | RD | RD | RD | RD
(171 ey | (18| 141 (131 121 (11101 €1 | 81 | [71 | 61 | 81 | 41 | [31 | [2] | [1] | [O]
Y ¥ Y VY ¥V Y Y Y Y Y Y Y Y Y Y Y Y ¥
Output DB | DB | DB | DB | DB | DB | DB |DB|DB|DB|DB|DB|DB|DB|DB|DB|DB| DB
pins 1716|1514 |13|12|11]10]0|ls|7|6|5]|a4|3|2]1]0

Figure 5 18-bit Interface Data Format (RAM Data Write / RAM Data Read)
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12.2 80-system 16-bit Bus Interface

IM[3:0] = 0010
CSn* » NCS
A1 » RS
MPU HWR -wr RMG68090
(RD*) » nRD
D15-0 (- » DB17-10, 8-1
16
Figure 6 16-bit bus interface for 80-system
Instruction write
T ™
nout Inferface | 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|16 |54 |3]2]|1]0
DB |DB |DB | DB | DB | DB | DB | DB DB |DB | DB | DB | DB | DB | DB | DB
Input Interface Il 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 8 | 7|6 |5 |43 2]1
A A\ A\ A Y A A\ A A A A A A\ A A A
Instruction B|I1B|B|IB|IB|IB|IB|IB B|I1B|1B|B|IB|IB|IB|IB
15 | 14 |13 |12 |11 [ 10| 9 | 8 7|16 |54 |3]2]|1]0
Instruction code
Instruction read
Read data B|IB|B|IB|IB|IB|IB]|IB B|IB|1B|B|IB|IB|IB|IB
15 | 14 |13 |12 |11 [ 10| 9 | 8 7|16 |54 |3]2|1]0
A / A A A A A
T N
out utlnterfacel‘ DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB ‘
P 15 | 14 |13 [ 12 |11 [ 10| 9 | 8 716|543 (2]1]0]|]
/
DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
Output Interface Il| | 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 g8 | 7|6 |5 |43 2]H1

Note: Data cannot be transferred in twice
in read operation via 16-bit interface

Figure 7 16-bit Interface Data Format (Instruction Write / Instruction Read)
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RAM data write (single transfer mode: TRIREG = 0)

. U“nterfacelg DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
P 115 | 14 | 13|12 [ 11 ] 10 | 9 8 7 6 5 4 3 2 1 0
/| DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB \:
'”p““”te”“e”u\ 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 s | 76| 5| 4|3 |2]1]
/
Y V.V VvV ¥V V\«\\ l l l Y VvV V VvV Vv ¥
GRAM R5 |R4 |R3 |R2 | R1 | RO | 65| ca|G3|c2|61|co|B5|B4|B3|B2]81]|80
write data
1 pixel Note: Normal display in 65,536 colors
RAM data wrlte (2 transfer mode: TRIREG = 1, DFM = 0)
First transfer 2nd transfer

Inputlnterfacelé bB (DB | DB | DB (DB (DB | DB | DB (DB | DB | DB | DB ( DB | DB | DB | DB | DB | DB

4

.’ First transfer 2nd transfer
Input Interface II: DB | DB DB DB DB DB DB | DB DB DB DB DB DB | DB | DB | DB | DB | DB
: 17 16 11 10 4 3 2 1 17 16

WD | WD | WD | WD | WD | WD
7] [6] 51 [ [4 [ [381 | [2] | (1] | [O]

GRAM WD | wD WD | WD
write data 171 | 16] [15] [14] [13] [12] [11] | [10]

A \ A A A A A A A A \ 4 A A A Y \ 4 Y A Y
RGB R5 R4 | R3[| R2 [R1 | RO [ G5 | G4 | G3 [ G2 | G1 ([ GO | B5 | B4 [ B3 | B2 | B1 | BO
assignment
1 pixel Note: Normal display in 262,144 colors
RAM data write (2 transfer mode: TRIREG = 1, DFM = 1)
1st transfer 2nd transfer '

Inputlnterfacelé bB | DB (DB | DB | DB (DB | DB (DB | DB | DB (DB | DB ( DB | DB | DB | DB | DB | DB

4

|I 1st transfer 2nd transfer
Input Interface 11} | DB | DB | DB DB DB DB DB | DB DB DB DB DB | DB | DB | DB | DB | DB | DB
ilo2 1 17 13 | 12 7 6 5 4 3 2 1
\
GRAM WD | WD | WD WD | WD WD | WD | WD | WD | WD | WD | WD
write data [17] | [16] | [15] [14] [13] [12] [11]1 | [10] [9] [8] [7] (61 | (51 | [41 | [3] | [2] | [11 | [O]
Y Y Y Y Y Y Y VY U 9Y 9 Y U Y 9O 99 ¥ 9 999%9%%9
RGB R5 | R4 | R3| R2 [R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5| B4 [ B3| B2 | B1 | BO
assignment

Note: Normal display in 262,144 colors

Figure 8 16-bit Interface Data Format (RAM data write)
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RAM data read (single transfer: TRIREG = 0)

S;:M R5 [ R4 [R3 | R2 | R1 | RO | G5 | G4 ([ G3 | G2 | G1 | GO | B5 | B4 | B3 [ B2 | B1 | BO
Yy vy Y Vv Y Yy Vv v \ A 4 Yy v v Yy vy A A | Y
Read data RD |RD | RD [ RD |RD | RD | RD | RD | RD | RD [ RD | RD | RD | RD | RD | RD | RD | RD
71| er | (15 | (141 | [13] |21 j (117 ) (107 | 9] [ [8] [ [71 | [6] | [S] | [41 | 31 | [2] | [1] | [O]

‘DB |DB| DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
Outputinterface |21 45 | 44 | 13 | 12 | 11 | 10 | 9 | 8 716 |54 |3|2]1]o0
,—";';';'_"_"_"_"_"_"_"_"_"_':'_"_"_"_"_"_"_"_';';';';';'_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_';';';';';'_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_"_';
Ouput interiace 1| | DB [ DB [ DB DB [ DB [ DB [ DB [ DB DB | DB | DB | DB | DB | DB | DB | DB ‘:
vl 17 16|15 | 14| 13 12| 11 | 10 s | 7|6 |5 |4|3]2]1]
/

Note: Data cannot be transferred in twice
in read operation via 16-bit interface

Figure 9 16-bit Interface Data Format (RAM data read)

12.3 80-system 9-bit Bus Interface

When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are
transferred first (the LSB is not used). The RAM write data is also divided into upper and lower 9 bits, and
the upper 9 bits are transferred first. The unused DB pins must be fixed at either VDDI or GND level.

When transferring the index register setting, make sure to write upper byte (8 bits).

IM[3:0] = 1011
CSn* » NCS
A1 » RS
MPU e "™ RM68090
(RD%) » nRD
D8-0 |« »| DB17-9
9 fgé DB8-0

Figure 10 9-bit bus interface for 80-system
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Instruction write

Inputlnterfacelé DB | DB (DB (DB |DB (DB | DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB

First transfer Second transfer

\
1

]
]

]

Input Interface Il | | DB | DB [ DB | DB | DB | DB | DB | DB | DB | DB (DB | DB (DB | DB | DB | DB | DB | DB !

V(17 (16 |15 14118312 10 | 09 | 17 | 16 | 156 | 14 [ 13 | 12 [ 11 10 9 [

/

RN RE NN

1B 1B 1B 1B 1B 1B B 1B B 1B 1B B 1B 1B 1B 1B
15 (14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

Instruction code

Instruction

Instruction read

1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B 1B
15 (14| 13 |12 | 11 10 9 8 7 6 5 4 3 2 1 0

ERERREEEE S

: First transfer Second transfer
Outputlnterface|§ DB (DB (DB (DB | DB | DB | DB (DB | DB | DB | DB | DB ( DB | DB | DB | DB | DB | DB

Read data

' First transfer Second transfer
Output Interface I} | DB | DB | DB | DB | DB | DB | DB | DB | DB (DB | DB | DB | DB | DB | DB | DB | DB | DB

|

\

o o o o o = = = = = ————_——————_—_———_————_———_—_———_—————————————————

Figure 11 9-bit Interface Data Format (Instruction Write / Device Code Read)
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RAM data write

Input Interface | :

Input Interface Il

GRAM
write data

RAM data read

GRAM
data

Read data

First transfer Second transfer
DB | DB | DB | DB | DB | DB | DB | DB | DB (DB (DB | DB (DB | DB | DB | DB | DB | DB
8 7 6 5 4 3 2 1 0 8 7 6 5 4 3 2 1 0
First transfer Second transfer
DB | DB | DB | DB | DB | DB (DB | DB | DB (DB (DB | DB ( DB | DB | DB | DB | DB | DB
17 16 | 15 | 14 13 | 12 | 11 10 | 09 17 | 16 | 15 14 13 | 12 11 10 9
R5 | R4 | R[ R2 | R1 | RO [ G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO
1 pixel Note: Normal display in 262,144 colors
R5 | R4 | R[ R2 | R1 | RO [ G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y A Y
RD |RD|(RD |[RD |RD | RD | RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD]| RD
[17] | [16] | [15] | [14] | [13] | [12] | (111 | [10] | [O] | [8] | [71 | (6] | (8] | [41 | 3] | [21 | [1] | [Q]
First transfer Second transfer
DB (DB | DB | DB (DB | DB | DB (DB (DB ( DB | DB ( DB | DB | DB | DB | DB | DB | DB
8 7 6 5 4 3 2 1 0 8 7 6 5 4 3 2 1 0
First transfer Second transfer
DB (DB | DB | DB (DB | DB | DB (DB (DB (DB (DB (DB | DB | DB | DB | DB | DB | DB
17 | 16 15 | 14 | 13 12 | 11 10 | 09 | 17 16 | 15 | 14 13 | 12 11 10 9

Figure 12 9-bit Interface Data Format (RAM Data Write / RAM Data Read)
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12.4 80-system 8-bit Bus Interface

When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are

transferred first. The RAM write data is also divided into upper and lower 8 bits, and the upper 8 bits are

transferred first. The RAM write data is expanded into 18 bits internally as shown below. The unused DB

pins must be fixed at either VDDI or GND level. When transferring the index register setting, make sure to

write upper byte (8 bits).

csn*

A
MPU HWR

(RD%)

D7-0

IM[3:0] = 0011

" RM68090

DB17-10
DB9-0

Figure 13 8-bit bus interface for 80-system
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Instruction write

: First transfer Second transfer
Input Interface | DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB | :
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
I/' - o e e - e e e s e - - - _\
: First transfer Second transfer k
Input Interface |l ! DB | DB | DB | DB | DB | DB | DB | DB B[ DB|DB|[DB|DB|DB|DB | DB ||
|17 116 | 15 14 | 13 | 12 | 11 10 17 | 16 | 15 | 14 [ 13 | 12 | 11 10 | |
\\_l___l___l___l___l___I___I___I______l___l___l___1___1___1___1___1__/

Instruction 1B B B 1B 1B B 1B 1B B 1B 1B B B 1B B B

u 15| 14 | 13 [ 12 | 11 10 9 8 7 6 5 4 3 2 1 0

Instruction code

Instruction read

Read data 1B 1B B 1B 1B 1B 1B 1B B 1B 1B 1B B 1B 1B B
15 | 14 | 13 [ 12 | 11 10 9 8 7 6 5 4 3 2 1 0
: First transfer Second transfer
Output Interface | : | DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB (DB | DB | DB | DB | DB | :
: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 :
, L L L L L L L L L L L L L L L L L S L L S L L L L L S L L L Ll Ll e s s oo '_"_"_"_';';';'_"_"_"_"_"_';.\
: First transfer Second transfer :
Output Interface I} | DB | DB | DB | DB | DB | DB | DB | DB DB (DB (DB | DB | DB | DB | DB | DB | |
! 17 | 16 | 15 [ 14 | 13 | 12 | 11 10 17 | 16 | 15 | 14 | 13 [ 12 | 11 10 !

Figure 14 8-bit Interface Data Format (Instruction Write / Device Code Read)
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RAM data write (2-transfer mode: TRIREG = 0)

: First transfer Second transfer
Input Interface | : | DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
:I First transfer Second transfer ‘.
Input Interface Il + | DB | DB | DB | DB | DB | DB | DB | DB B[ pB|DB|DB|DB|[DB|DB|DB !
V17 16 [ 15 | 14 | 13 | 12 | 11 10 17 | 16 | 15 [ 14 | 13 | 12 | 11 10 |
\\______________ - Y Y-—e—-e—_——_———————_—_—_,—,er - Y w e mw Y m ¥ W w W ¥ ¥ W W W -tV VY Y -
Y VYV VY VvV ¥ V\«\\ l l l Y VvV VvV VvV VvV V¥
GRAM
. R5 | R4 [ R3 | R2 | R1 [ RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO
write data
1 pixel Note: Normal display in 65,536 colors

1st transfer Second transfer Third transfer

bB (DB | DB | DB | DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
11 10 |17 |16 | 15| 14 | 13 | 12 | 11 10 |17 |16 | 15 | 14 | 13 | 12 | 11 10

GRAM R5 R4 [R3 | R2 |R1 | R0 | G5 |G4|c3|c2|ai|co|B5|B4|B3|B2]|B1][BO
write data
1 pixel Note: Normal display in 242,144 colors
RAM data write (3-transfer mode: TRIREG =1, DFM = 1)
First transfer Second transfer Third transfer
Input Interface | DB (DB | DB (DB | DB (DB | DB | DB (DB | DB (DB | DB | DB | DB | DB | DB | DB | DB

First transfer Second transfer Third transfer

]
]

Input Interface 1l | | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
1|17 (16| 15| 14 | 13 |12 |17 | 16 | 15 | 14 | 13 | 12 | 17 | 16 | 15 | 14 | 13 [ 12

B I A I N

. R5 | R4 | R[ R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 BO
write data

1 pixel Note: Normal display in 242,144 colors

Figure 15 8-bit Interface Data Format (RAM Data Write)
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RAM data read

dGa'TQM R5 | R4 | R3 | R2 | R1 | RO | G5 | Ga | a3 | G2|a1|co|B5|B4|B3|B2]|B1][BO
Y ¥ Y ¥V VY Y Y Y Y Y Y Y Y Y Y Y VY ¥
fesddata | RO RD [RD [ RD [RD [RD | RD [ RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD
[171 | [16] | [15] | [14] | (131 | [12] | (111 [ [101 | [O] | 8] | [71 | (6] | [5] | [41 | 3] | [2] | [1] | [O]
: First transfer Second transfer
OutputInterface | | DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB
1716 |5 |4|3|2]1]0 716 |5 |4a|3|2|1]o0
, L L L L L L L L L L L L L L L S S S S S L L S L L Ll Ll Ll e L s oD - - - - - - - N
: First transfer Second transfer :
Output Interface 1! | DB | DB | DB | DB | DB | DB | DB | DB DB [ DB | DB | DB | DB | DB | DB | DB | !
|17 |16 | 15 | 14 |13 12| 11| 10 17 | 16 | 15 | 14 [ 13| 12 | 11| 10 |}

Note: Data cannot be transferred in 3 times in read operation via 8-bit interface:

Figure 16 8-bit Interface Data Format (RAM Data Read)

12.5 Serial Interface

The serial interface is selected by setting the IM3/2/1 pins to the GND/VDDI/GND levels, respectively.
The data is transferred via chip select line (nCS), serial transfer clock line (SCL), serial data input line
(SDI), and serial data output line (SDO). In serial interface operation, the IMO/ID pin functions as the ID

pin, and the DB17-0 pins, not used in this mode, must be fixed at either VDDI or GND level.

The SPI interface operation enables from the falling edge of nCS and ends of data transfer on the rising
edge of nCS. The start byte is transferred to start the SPI interface and the read/write operation and RS
information are also included in the start byte. When the start byte is matched, the subsequent data is
received by RM68090.

The seventh bit of start byte is RS bit. When RS = “0”, either index write operation or status read
operation is executed. When RS = “1”, either register write operation or RAM read/write operation is
executed. The eighth bit of the start byte is used to select either read or write operation (R/W bit). Data is

written when the R/W bit is “0” and read back when the R/W bit is “1”.

After receiving the start byte, RM68090 starts to transfer or receive the data in unit of byte and the data
transfer starts from the MSB bit. All the registers of the RM68090 are 16-bit format and receive the first
and the second byte data as the upper and the lower eight bits of the 16-bit register respectively. In SPI

mode, 5 bytes dummy read is necessary and the valid data starts from 6" byte of read back data.
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Table 15 Start Byte Format

Transferred Bits S 1 2 3 4 5 6 7 8
Start byte format  Transfer start Device ID code RS R/W
0 1 1 1 0 ID 1/0 1/0
Note: The ID bit is determined by setting the IMO/ID pin.
Table 16 Functions of RS, R/W bits
RS R/W Function
0 0 Set index register
0 1 Read a status
1 0 Write instruction or RAM data
1 1 Read instruction or RAM data
Instruction
First transfer (upper) Second transfer (lower)
Inout D|D|D|D|D|D|D]|D D|D|(D|D|D|D|D|D
pu 15 | 14 | 13 | 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 0
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Instruction B|mB|IB|IB|IB|IB]|IB]|IB B|mB|IB|IB|IB]|IB]|IB|IB
15 | 14 | 13 | 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 0
Instruction code
RAM data write
First transfer (upper) Second transfer (lower)
Input D|D|D|D|D|D|D]|D D|D|(D|D|D|D|D|D
15 | 14 | 13 | 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 0
\ \ \ Y \ *\\\ \ Y Y Y Y Y Y \ *
GRAM R5 | R4 | R | R2 | R1 | RO [ G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO
write data
1 pixel Note: Normal display in 65,536 colors in SPI

Figure 17 Serial Interface Data Format
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(a) Basic data transmission through SPI

nCS _\ /—

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

SCL

o/t AKXk Xk e Xe X2 Ke XEX X K2 XX
FiStan Byte—»Filndex register, register settings and GRAM write—»‘

v ki ikaoX s Xe Xz XeXs KaXs K2 XKD

}4 Status, registers and GRAM rea
(b) Consecutive transmission through SPI
nCS \
1 8 9 16 17 24 25 32
SCL
Register 1 Register 1 Register 2 Register 2
SDI Start Byte ‘ ‘ Upper eight bits ‘ ‘ Lower eight bits ‘ ‘ Upper eight bits Lower eight bits
Note: The first byte after Start
Byte must be the upper eight bits
(c) GRAM data read transmission (TRI="0")
nCS \
1 8 9 16 17 24 25 32 33 40 41 48
SCL
Start Byte
SDI RS=1, Rw=1
GRAM read GRAM read

SDO ‘ Dummy 1 ‘ ‘ Dummy 2 ‘ ‘ Dummy 3 ‘ ‘ Dummy 4 ‘ ‘ Dummy 5 ‘ ‘ Upper byte Lower byte

Note: Five bytes of dummy data are right after the Start Byte

(d) Status/register read transmission

ncs _\ /

1 8 9 16 17 24 25 32
SCL
SDI Start Byte
Register 1 Register 1
SDo Dummy 1 ‘ ‘ Upper eight bits ‘ ‘ Lower eight bits

Note: One byte of dummy data is right after the Start Byte
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(e) Basic RAMdata transmission through SPI (TRI="1")

nCS _\ /—

1.2 3 4 56 7 8 91011 12 1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

SCL

; 0@@@9@@9@8998@9@@98689@9@999@
Start Byte——» GRAM write V‘

v eeeleakeheArieheXaehekiheXeheA X ehsAakahaAi ke

}4 GRAM read: =}

(f) GRAM data write transmission through SPI (TRI="1")

_— /

1 8 9 16 17 24 25 32 33 40 41 48
SCL
SDI Start Byte RAM data 1 RAM data 1 RAM data 1 RAM data 2 RAM data 2 RAM data 2
Y 1% transfer 2™ transfer 3 transfer 1% transfer 2™ transfer 3" transfer
RAM dat_a 1 RAM datla 2
processing processing

(g) GRAM data read transmission (TRI="1")

nCS \ /
41 48
|'|f| "||r
|| |||| ||||
-

Start Byte
RS=1, RW=1

RAM read
3" byte

RAM read
1% byte

Note: Five bytes of dummy data are right after the Start Byte

RAM read
2™ byte

SDO ‘ Dummy 1 ‘ ‘ ‘ ‘ Dummy 5 ‘ ‘

Figure 18 Data Transfer in Serial Interface
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12.6 3-wire 9-bit data Serial Interface

This SPI mode uses a 3-wire 9-bit serial interface. The chip-select nCS (active low) enables and disables
the serial interface. SCL is the serial data clock and SDA is serial data.

Serial data must be input to SDA in the sequence D/CX, D7 to DO. The RM68090 catches the data at the
rising edge of SCL signal. The first bit of serial data D/CX is data/command flag. D/CX ="1" indicates that
D7 to DO bits are display RAM data or command parameters. D/CX = "0" indicates that D7 to DO bits are
commands.

When users need to read back the register or GRAM data, the register R66h must be set to “1” first, and
then write the register index to read back the register or GRAM data.

(a) Register Write Mode

o\ a S

AT KeX KX KXIKON KX TKeXEXa XN

SDA 8-bit H 1 | (S-bit Data H 1 | 8-bit Data

0 0 8-bit 1 8-bit Data 1 8-bit Data
Command 1 High Byte) (Low Byte)

‘ Command 2 (High Byte) (Low Byte)

(b) Register Read Mode

o\ s

1.2 3 4 56 7 8 91011 12 1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

SCL

tosy __ hikhehskakahaXike

o \ : hiskrafekeXetahoheXshahakeX i)
F—s dummy clocks—+

(c) GRAM Write Mode (TRI="0")

nCS \

o R AANANANR XK NN NN NERINERNE NN KRN ENERX
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(d) GRAM Write Mode (TRI="1")

nCS \

S 06 0065/0/00.6166950.80590666 8800505008

(e) GRAM Read Mode (TRI="0")

nCS \ /
R i T el Sl E T L et I IRl N
T HH T HANTHIN M
SCL | 1 | | I | | 1
mll |.||I|JL|”|IIIIL'”'JL”IJI_!I_!III.IIII ”

SDA 0
(Host)

R22h I

(O \ ° (hNeAR NN AA RN N )
Fim dummy clocksg%

(f) GRAM Read Mode (TRI="1")

ncs \ /_
I L "|r|r
SRR AR ARATAALATRARA,

SDA |
(Host) |0| R22h |

o %mLm{86669600@9@9960066669600

Figure 19 Data Transfer in 3-wire Serial Interface
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12.7 4-wire 8-bit data Serial Interface

This SPI mode uses a 4-wire 8-bit serial interface. The chip-select nCS (active low) enables and disables
the serial interface. D/CX (input through RS pin) is the command or data select signal, SCL is the serial
data clock and SDA is serial data.

Serial data must be input to SDA in the sequence D7 to DO. The RM68090 catches the data at the rising
edge of SCL signal. The D/CX signal indicates data/command. D/CX = "1" indicates that D7 to DO bits

are display RAM data or command parameters. D/CX = "0" indicates that D7 to DO bits are commands.

(a) Register Write Mode

o\ a\ S

RS
son X RXEX XK KX KSXEXZKIN)

(b) Register Read Mode
nCS \ /

1.2 3 4 5§ 6 7 8 9 1011 12 1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Re XX XX XX
tow ___ KoheXehaXEakIAe

o \ : htalekioheXeArheXeAahakeAho)
}4—8 dummy clocks—%

(c) GRAM Write Mode (TRI="0")

nCS \

. 0, 0, 0, 0,

LD 6 0568566689 888008080H 896866506680
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(d) GRAM Write Mode (TRI="1")

nCS \

: 0, 0, 0, 0,

o KR KRXTRN AN KA AR NN KA NN AN AN AN

(e) GRAM Read Mode (TRI="0")

s T\ /o

- r
|]F| |1r|'1| |1r| |’Il|"I"|| |]F| |1r
SCL TR I THE R RTHIRTHRHALHTHL
(AR R R
vs [ XX XX

SDA
(Host) |

R22h I

SDA

o \ ° (hNeAR NN AA RN N )
Fim dummy clocksg%

nCS _\ /_
soo AR [ B L LA LR B A BB B BB BB BB B BT
RS 1 XX XX 08

SDA
(Host)

o Fm$m%866696009999960086699600

R22h I

Figure 20 Data Transfer in 4-wire Serial Interface
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13.VSYNC Interface

RM68090 supports the VSYNC interface in synchronization with the frame-synchronizing signal VSYNC
to display the moving picture with the system interface. When the VSYNC interface is selected to display
a moving picture, the minimum GRAM update speed is limited and the VSYNC interface is enabled by
setting DM[1:0] = “10” and RM = “0".

» VSYNC

nCS

rs RM68090

nWR

\

LCDC/MPU

Y

Y

- - DB17-0
18

Figure 21 VSYNC Interface connection

In the VSYNC mode, the display operation is synchronized with the internal clock and VSYNC input and
the frame rate is determined by the pulse rate of VSYNC signal. All display data are stored in GRAM to

minimize total data transfer required for moving picture display.

vsne | - L L L

writo v AKX XXX
write via

system interface
D eveter ({00000 000000C, 10000000000

internal clock

Figure 22 Moving Picture Data Transfers via VSYNC Interface

The VSYNC interface has the minimum for RAM data write speed and internal clock frequency, which

must be more than the values calculated from the following formulas, respectively.

Internal clock frequency (fosc) [Hz]

= FrameRate x (DisplayLines(NL) + FrontPorch(FP) + BackPorch(BP)) x ClocksPerLine(RTN) x variance

RAM Write Speed(min.)[Hz] > 240 DisplayLines(NL)

(FrintPorch(FP) + BackPorch(BP) + DisplayLines(NL) — margins) x16(clocks) x L
0sc
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Note: When RAM write operation is not started right after the falling edge of VSYNC, the time from the

falling edge of VSYNC until the start of RAM write operation must also be taken into account.

An example of calculating minimum RAM writing speed and internal clock frequency in VSYNC interface

operation is as follows.

[Example]

Panel Size 240 RGB x 320 lines (NL = 6'h27: 320 lines)
Total number of lines (NL) 320 lines

Black/front porch 14/2 lines (BP = 8’h0OE, FP = 8’'h02)

Frame frequency 60 Hz

Internal clock frequency (fosc) [Hz]
=60 Hz x (320 + 2 + 14) lines x 16 clocks x 1.1/ 0.9 = 394 kHz

When calculate the internal clock frequency, the oscillator variation is needed to be taken into
consideration. In the above example, the calculated internal clock frequency with £10% margin variation
is considered and ensures to complete the display operation within one VSYNC cycle. The causes of
frequency variation come from fabrication process of LS|, room temperature, external resistors and VCI

voltage variation.
Minimum speed for RAM writing [Hz]
> 240 x 320/ {((14 + 320 - 2) lines x 16 clocks) x 1/394 kHz} = 5.7 MHz

The above theoretical value is calculated based on the premise that the RM68090 starts to write data into
the internal GRAM on the falling edge of VSYNC. There must at least be a margin of 2 lines between the
physical display line and the GRAM line address where data writing operation is performed. The GRAM
write speed of 5.7MHz or more will guarantee the completion of GRAM write operation before the
RM68090 starts to display the GRAM data on the screen and enable to rewrite the entire screen without
flicker.
Notes:
1. The minimum GRAM write speed must be satisfied and the frequency variation must
be taken into consideration.
2. The display frame rate is determined by the VSYNC signal and the period of VSYNC
must be longer than the scan period of an entire display.
3. When switching from the internal clock operation mode (DM[1:0] = “00”) to the VSYNC
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interface mode or inversely, the switching starts from the next VSYNC cycle, i.e. after

completing the display of the frame.
4. The partial display and vertical scroll functions are not available in VSYNC interface

mode and set the AM bit to “0” to transfer display data.

VSYNC
GRAM

Write
Back porch Display
(14 lines, BP=4'hE) Operation

Display area
(320 lines, NL=7'h27)

Two Lines
Margin

v b

Front porch
(2 lines, FP=4'h2)

Wait for next VSYNC

Figure 23 RAM Write Speed Margins
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System Interface Mode @ VSYNC Interface Mode VSYNC Interface Mode & System Interface Mode
- Operation through -
System i"‘e'face VSYNC interface
Set AM=0
Display operation
¢ Set DM[1:0]=2600, RM=0 7 synchronized with
to enter system interface mode VSYNC
Set GRAM Address
Display operation
¢ > synchronized with
internal clocks
Set DM[1:0]=2'b10, RM=0 -
to enter VSYNC mode . Activate DM and RM
Wait more than 1 frame
after 1 completed frame

'

Set index register to
R22h

Display operation
synchronized with
internal clocks

D Activate DM and RM System Interface
ait more than 1 frame
after 1 completed frame
Note: input VSYNC for more than 1 frame period after

Write data to GRAM through . . setting the DM and RM register

VSYNC interface Display operation

> synchronized with
¢ VSYNC
Operation through
VSYNC interface

Figure 24 Sequences to Switch between VSYNC and Internal Clock Operation Modes
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14.RGB Interface

The RM68090 supports the RGB interface. The interface format is set by RIM[1:0] bits. The internal RAM

is accessible via RGB interface.

Table 17 RGB interface

RIM1 RIMO RGB Interface DB Pin

0 0 18-bit RGB interface DB17-0

0 1 16-bit RGB interface DB17-13, DB11-1
1 0 6-bit RGB interface DB17-12

1 1 Setting inhibited -

VSYNC ENABLE (V)

I 1 Back porch period (BP)
Y
/'y

Moving picture
display area

Display period (NL)

Front porch period (FP)

1l

HSYNC I

ENABLE (H)

NS

Notes: 1. The front porch period continues until next VSYNC input is detected.
2. Make sure to match the VSYNC, HSYNC, and DOTCLK frequencies to the resolution of liquid crystal panel.

Figure 25 Display Operation via RGB Interface
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14.1 RGB Interface Timing

The timing relationship of signals in RGB interface operation is as follows.

1 frame _j
Back porch Front porch :
<«  —
VSYNC :] VLW >=1H | J |_|
I I
I I
\“\
a
DOTCLK H|H‘|”||HH |
I
G .
ENABLE i L
~
Y
DB[17:0] LAUUUUUUOUUUUC : : Y A}
! I S~.
I

- e g
/

HLW >=3 DOTCLK

\\
K“\.
HSYNC -« » 1H |

DTST >= HLW

=

ENABLE

Valid data

Figure 26 16-/18-bit RGB Interface Timing

Notes:
1. VLW: VSYNC Low period,
2. HLW: HSYNC Low period,
3. DTST: data transfer setup time
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1 frame

Y_

Back porch Front porch
¢ »! l¢ )

VSYNC :»I V'-Wi >=1H i J I_I
]

~

- |I||”” |
DOTCLK H
Hl Il - |
ENABLE e S L
1 i \\';\"".
DB[17:12] RAKALAAMAAAAAAAA ! : N A
I I I S~o
I 1 I S
I ' ~a
I \\\
I S
I \'\
I \“\
I \"\
I e
I \“\
I \"'h.
I \'-.\
__|HLW>=3DOTCLK .
HSYNC < > 1H |
o
DTST >= HLW
ENABLE
RGBRGEB BRGB
DB[17:12]
Valid data
Figure 27 6-bit RGB Interface Timing
Notes:
1. VLW: VSYNC Low period,
2. HLW: HSYNC Low period,
3. DTST: data transfer setup time
4. In 6-bit RGB interface operation, set the VSYNC, HSYNC, ENABLE, DOTCLK cycles

so that one pixel is transferred in units of three DOTCLKs via DB17-12.

14.2 Moving Pictures Mode

RM68090 has the RGB interface to display moving picture and incorporates GRAM to store display data,

which has following advantages in displaying a moving picture.

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 93 of 123



Raydium

» The window address function defined the update area of GRAM.
* Only the moving picture area of GRAM is updated.
* When display the moving picture in RGB interface mode, the DB[17:0] can be switched as system

interface to update still picture area and registers, such as icons.

14.3 RAM access via system interface in RGB interface operation

RM68090 allows GRAM access via the system interface in RGB interface mode. In RGB interface mode,
data are written to the internal GRAM in synchronization with DOTCLK and ENABLE signals. When write
data to the internal GRAM by the system interface, set ENABLE to terminate the RGB interface and
switch to the system interface to update the registers (RM = “0”) and the still picture of GRAM. When
restart RAM access in RGB interface mode, wait one read/write cycle and then set RM = “1” and the
index register to R22h to start accessing RAM via the RGB interface. If RAM accesses via two interfaces
conflicts, there is no guarantee that data are written to the internal GRAM.

The following figure illustrates the operation of the RM68090 when displaying a moving picture via the

RGB interface and rewriting the still picture RAM area via the system interface.

B
L =am
Still Picture Area
Moving
f Picture Area
A
deate (> o q I@(ﬂ Update a
| RiEme \ frame |
e | | I i i
ENABLE
DB[17:0] \
pdate \ /i
moving Update
Set picture Set Set Set Update display data in Set set | St moving
IR to AD[15:0] || IR to ther than th i AD[15:0 IR 4 :
R2%h area RM=0 v\r.nu[owm]: R22h ° Hpic?:m s w.nu[wntlz RM=1 | eoon placrl:are

Figure 28 Updating the Still Picture Area while Displaying Moving Picture
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14.4 6-bit RGB interface

The 6-bit RGB interface is selected by setting RIM[1:0] = 2’b10. The display operation is synchronized

with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 6-bit port while data enable signal (ENABLE) allows RAM
access via RGB interface. Unused pins DB11-0 (DB17-6) must be fixed at either VDDI or GND level.

Instruction bits can be transferred only via system interface.

out DB |DB|[DB|DB| DB | DB |DB|DB|DB|DB|DB|DB|[DB| DB | DB | DB | DB | DB
P 1716 |15 | 14 | 13|12 |17 |16 |15 | 14 |13 | 12 |17 | 16 | 15 | 14 | 13 | 12
\i \ \ \ \ Y \i Y \ Y Y Y \ Y \ Y Y \i
GRAM R5 | R4 [R3 [ R2 |R1 | RO | G5 | Ga | G3|c2|c1|co|B5|Ba|B3|B2]|B1]|BO
write data
1 pixel Note: 262,144 colors

Figure 29 Example of 6-bit RGB Interface and Data Format
14.5 Data Transfer Synchronization in 6-bit Bus Interface Operation

The RM68090 has counters, which indicate the first, second, and third 6-bit transfer via 6-bit RBG

interface. The counters are reset on the falling edge of VSYNC so that the data transfer will start from the
first 6 bits of 18-bit RGB data from the next frame period. Accordingly, the data transfer via 6-bit interface
can restart in correct order from the next frame period even if a mismatch occurs in transferring 6-bit data.
This function can minimizes the effect from data transfer mismatch and help the display system return to

normal display operation when data is transferred consecutively in moving picture operation.

VSYNC

ENABLE

o LU U U UUUUUUULL

(DB5-0)
Second First Second Third First Second Third
transfer transfer transfer transfer transfer transfer

transfer . .
Transfer synchronization

Figure 30 6-bit Transfer Synchronization
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14.6 16-bit RGB interface

The 16-bit RGB interface is selected by setting RIM[1:0] = 2’b01. The display operation is synchronized

with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 16-bit ports while data enable signal (ENABLE) allows

RAM access via RGB interface.

Instruction bits can be transferred only via system interface.

Inout DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
P 17 16 15 14 13 11 10 9 8 7 6 5 4 3 2 1
\ 4 \ Y \ Y * \ \ A \ 4 Y Y \ A Y \ Y \ Y *
GRAM R5 | R4 | R R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO [ B5 | B4 | B3 | B2 | B1 BO
write data

1 pixel Note: 65,536 colors

Figure 31 Example of 16-bit RGB Interface and Data Format

14.7 18-bit RGB interface

The 18-bit RGB interface is selected by setting RIM[1:0] = 2'b00. The display operation is synchronized
with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in
synchronization with the display operation via 18-bit ports (DB17-0) while data enable signal (ENABLE)

allows RAM access via RGB interface.

Instruction bits can be transferred only via system interface.

Inout DB (DB | DB (DB (DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB
P 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\ 4 \ Y \ Y \ Y \ A \ A \ A \ Y \4 Y Y \ Y Y
GRAM R5 | R4 | R R2 | R1 | RO | G5 | G4 | G3 | G2 [ G1 | GO [ B5 | B4 | B3 | B2 | B1 BO
write data

1 pixel Note: 262,144 colors

Figure 32 Example of 18-bit RGB Interface and Data Format
14.8 Notes to external display interface operation

1. The following functions are not available in external display interface operation.

Function External Display Interface Internal Display Operation
Partial display Not available Available
Scroll function Not available Available
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2. The VSYNC, HSYNC, and DOTCLK signals must be supplied during display period.

3. The period set with the NOWE[1:0] bits (gate output non-overlap period) is not based on the internal
clock but based on DOTCLK in RGB interface mode.

4. In 6-bit RGB interface mode, each of RGB dots is transferred in synchronization with a DOTCLK
input. In other words, it takes 3 DOTCLK inputs to transfer one pixel. Be sure to complete data
transfer in units of 3 DOTCLK inputs in 6-bit RGB interface mode.

5. In 6-bit RGB interface mode, data of one pixel, which consists of RGB dots, are transferred in units
of 3 DOTCLK. Accordingly, set the cycle of each signal in 6-bit interface mode (VSYNC, HSYNC,
ENABLE, DB[17:0]) to contain DOTCLK inputs of a multiple of 3 to complete data transfer in units of

pixels.

6. When switching from the internal operation mode to the RGB Input Interface mode, or the other way

around, follow the sequence below.

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

drawing one frame.

8. In RGB interface mode, a RAM address (AD[15:0]) is set in the address counter every frame on the
falling edge of VSYNC.
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Internal Clock Operation @ RGB Interface RGB Interface a Internal Clock Operation
Internal clock operation 1 Operat|9n through RGB 1
¢ interface
Set AM=0
Display operation
synchronized with
I Set DM[1:0]=2b00, RM=0 7~ VSYNC, HSYNC and
to enter system interface mode DOTCLK
Set GRAM Address
Display operation
¢ > synchronized with
internal clocks
Set DM[1:0]=2'b01, RM=1 -
to enter RGB mode . Activate DM and RM
Wait more than 1 frame
¢ after 1 completed frame
Set index register to
R22h Display operation
> synchronized with
internal clocks
Activate DM and RM Internal clock operation

Wait more than 1 frame

after 1 completed frame

J/\Jl

Note: input VSYNC more than 1 frame period after setting
the DM, RM register

Write data to GRAM through Display operation
RGB interface synchronized with
VSYNC, HSYNC and
¢ DOTCLK

Operation through RGB
interface

Note: input VSYNC, HSYNC and DOTCLK before setting
the DM and RM register

Figure 33 RGB and Internal Clock Operation Mode Switching Sequences

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 98 of 123



Raydium

15.Resizing Function

RM68090 supports resizing function (x1/2, x1/4), which is performed when writing image data to GRAM.

The resizing function is enabled by setting a window address area and the RSZ bit which represents the

resizing factor (x1/2, x1/4) of image. The resizing function allows the system to transfer the original-size

image data into the GRAM with resized image data.

Original image data

0 1 2 3 4 5 6 7

0 | 00 [ (01 | (0,2) | (0,3) | (0,4 | (0,5) | (0,6) | (0,7)

1 (0| (L) | (1,2) | (1,3) | (1,4 | (1,5) | (1,6) | (1.7)

0
2 |0 | @ | @2 | @3 | 24 | @5 | 26) | 27) Y resizing
. 1
3 16G0O |G| G2 |6E3 | G4 )| GY | 66|67
2
4 | 40| 41| 42) | 43) | 44 | 45 | 46 | 47
3

5 | 50O [ 51| (52| (3| G4 | G366 |G

6 | 60 | 61| 62 | (63 | (64 | (65 | 66 | 67)

7 | @O | @) | (7.2) | (7.3) | (7.4) | (7.5) | (7.6) | (7.7)

Figure 34 Data transfer in resizing

RAM data
0 1 2 3
0,0) | (0,2) | (0,4 (0, 6)
(2,0) | 2,2) | 2,4 (2, 6)
(4,00 | 42) | 44 (4,6)
(6,0) | 6,2) | (6,4) (6, 6)

o gy

3 0 = o

R ayd Tum 2007 Dec 24
23:59
RsZ=2'h1 Raydium
320
s>
160
* Raydium
-—-'-"_-F-
v Rayd’um E Nenu [@

Figure 35 Data transfer, display example in resizing
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Table 18
Original image size (X x Y) Resized Image size
1/2 (RSZ = 2’h1) 1/4 (RSZ = 2°h3)

640x480 (VGA) 320x240 160x120
352x288 (CIF) 176x144 88x72
320x240 (QVGA) 160x320 80x60
176x144 (QCIF) 88x72 44x36
120x160 60x80 30x40
132x176 66x88 33x44

GRAM Address

Formulas for calculating the number of surplus pixels
The number of surplus pixels in horizontal direction
H=XmodN

The number of surplus pixels in vertical direction

\% Original image da V=Y modN

Resized picture size in horizontal direction

(XO+dx-1, YO+dy-1) dx = (X-H)IN
Resized picture size in vertical direction
dy = (Y-V)/N
Original image data number in horizontal direction X
Original image data number in Vertical direction Y
Resizing Ration 1/N
Resizing Setting RSz N-1
Remainder pixels in horizontal direction RCH H
Remainder pixels in vertical direction RCV \%
GRAM writing start address AD (X0,Y0)
GRAM window setting HAS X0
HEA X0+dX-1
VSA YO
VEA YO+dY-1
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15.1 Example of 1/2 resizing

GRAM Address

(119, 159)

Figure 36 Resizing setting example (x 1/2)

Table 19

Image (before resizing)

Number of data in horizontal direction X 240
Number of data in vertical direction Y 320
Resizing ratio 1/N 1/2

Register setting

Resizing setting RSZ 2’h1

Number of data in horizontal direction RCV 2’h0

Number of data in vertical direction RCH 2’h0

RAM writing start address AD 17’h00000
HSA 8’h00

RAM window address HEA shrr
VSA 8’h00
VEA 8’'h9F
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15.2 Resizing Instruction

Table 20 Resizing factor

RSZ[1:0] Contraction factor
2'h0 No resizing (x 1)
2’h1 1/2 resizing (x 1/2)
2’h2 Setting disabled
2’h3 1/4 resizing (x 1/4)

Table 21 Surplus pixels (Vertical direction)

RCVI[1:0] Surplus pixels
2’h0 0

2’h1 1 pixel

2’h2 2 pixels

2’h3 3 pixels

Table 22 Surplus pixels (Horizontal direction)

RCH[1:0] Surplus pixels
2’h0 0

2’h1 1 pixel

2’h2 2 pixels

2’h3 3 pixels
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15.3 Notes to Resizing function

1.

Set the resizing instruction bits (RSZ, RCV, and RCH) before writing data to the internal RAM.

When writing data to the internal RAM using resizing function, make sure to start writing data from

the first address of the window address area in units of lines.
Set the window address area in the internal RAM to fit the size of the resized image.
Set AD16-0 (R20h, R21h) before start transferring and writing data to the internal RAM.

Set the RCH, RCV bits only when using resizing function and there are surplus pixels. Otherwise (if
RSZ = 2’h0), set RCH = RCV = 2’h0.

Resizing instruction
(RSZ, RCH, RCV)

.

Set a window address area Set the size of the window address area to
(HAS, HEA, VSA, VEA) fit the size of the resized image

.

RAM address set (AD 16-0)

.

Write data to RAM

i

Figure 37 RAM write operation sequence in resizing
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16.Partial Display Function

The RM68090 allows selectively driving two partial images on the screen at arbitrary positions set in the

screen drive position registers.

The following example shows the setting for partial display function:

Partial image 1 display instruction | Partial image 2 display instruction | Other instruction
PTDEO 1 PTDE1 1 BASEE 0
PTSAQ[8:0] 9’h000 PTSA1[8:0] 9’h020 NL[5:0] 6'h27
PTEAQ[8:0] 9'’h00F PTEA1[8:0] 9’h02F
PTDPOQ[8:0] 9’h080 PTDP1[8:0] 9’h0CO
GRAM MAP LCD Panel
PTSA0=9'h00
0 0 (1st Line)
Partial Image 1 1(2nd Line)
GRAM Area 2 (3rd Line)
PTEA0=9'h00
F
PTDP0=9'h08
PTSA1=9'h02 0
0 _ Partial Image 1
Partial Image 2 DISPLAY Area
GRAM Area
PTEA1=9'h02
F
PTDP1=9'h0C
0
Partial Image 2
DISPLAY Area
319 (320th Line)

Figure 38 Partial Display example
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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) made in the internal RAM. The window address area is made by setting the horizontal
address register (start: HSA7-0, end: HEA 7-0 bits) and the vertical address register (start: VSA8-0, end:
VEAB8-0 bits). The AM and I/D bits set the transition direction of RAM address (increment or decrement,
horizontal or vertical, respectively). Setting these bits enables the RM68090 to write data including image

data consecutively without taking the data wrap position into account.

The window address area must be made within the GRAM address map area. Also, the AD16-0 bits

(RAM address set register) must be set to an address within the window address area.

Window address area setting range RAM address area setting range

Horizontal direction  8’h00 < HSA < HEA < 8hEF HSA < AD[7:0] < HEA
Vertical direction 9’h000 < VSA < VEA < 9'h13F VSA < AD[16:8] < VEA
GRAM address map

1700000 EE E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 17h000EF

Window address area

17'h02010 P P 17'h0202F
17'h02110 P 17'h0212F

= -1

[ 17'h05F 10 | B{ 17h05F2F

17'n13F00 FIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 17'h13FEF

Window address area

HSA = 8'h10, HEA = 8'h2F I/D = 2'h3 (increment)
VSA = 9'h020, VEA = 9'h05F AM = 1'h0 (horizontal writing)

Figure 39 Automatic address update within a Window Address Area
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18. ¥ Correction Function

The RM68090 supports ¢ -correction function to display in 262,144 colors simultaneously using gradient
adjustment, amplitude-adjustment, and fine-adjustment registers. Each register consists of
positive-polarity register and negative-polarity register to allow optimal gamma correction setting for the

characteristics of the panel by enabling different settings for positive and negative polarities.

Gradient Adjustment Fine Adjustment Amplitude Adjustment
VREG1OUT [ >—— Register Register (6 x 3 bits) Register
PRP/NO PRP/N1 KPINS KPIN4 KPIN3 KPIN2 KPIN1 KPINO VRP/NO VRPN
VgPO/VgNO > Vo
2
_—

8&01\| VgP1/VgN1 L V1
ﬂ — V2

|

-~ |

|

~
e V7
8to1 VgP8IVgN8 )

selector ve

|

I~ |

|

8 lo1\| VgP20/VgN20

selector V20

|

~ :
8(01\| VgP43/VgN43 - V43

selector

|

_— |

\| |

8to1

oloator VgP55/VgN55 » V55
) ——» V56

|

|

|

-—
I~
- V61
8 101\| VgP62/VgN62
ﬂ —— V62
g

VgP63/VgN63 V63

VGS o

Figure 40 Structure of gamma correction function
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VREG10UT
]: VROPO S VRONO S . VRN0[3_0]|
L o0-3RrR 2 i 0-3R Z i
KNO[3:0]|
sR [] RPO 5R [] RNO v
vP1 VN1
- VP2 rCJ RN VN2
1 re2 VP3 [ R VN3
[_] RP3 VP4 [_] RN VN4
4Rx7=26R < [_] RP4 o 4Ra=28R < [_] RN4 WNS | oo
] RPS VP6 ] RNS VNG
[_] RrPe vP7 [_] RN6 UNT
L C_J Rre7 VP8 L] RV VN8
VRCPO 5 VRCNO S
0- 28R A& 0- 28R A&
r[_] rre VP10 [ _] Rne VN10
[_] RPo VP11 [_] RN VN11
[_1RP10 VP12 [_]RN1O VN12
Ra7=R < [ _JRP1 VP13 Sil‘eocsor Ra=R < [_JRN11 VN13 silgjc:or
[_]RrP12 VP14 [_]Rn12 UN14
[_]JRP13 VP15 [_JRN13 VN15
L JRrPt4 VP16 L L _]RN14 VN16
[ Jrets Crwis
VP17 VN17
[ CJRP16 VP18 [ CJRN16 VN18
[_]RP17 VP19 [_]Rn17 YN19
C_1rPis VP20 C_1rN18 VN2O
Rx7=7TR < [__] RP19 VP21 | s Rx7=7TR < [_] RN19 N2t | st
[_JRP20 P22 [_] RN20 N22
[_JRP21 VP23 [_] RN21 N3
L L _JRP22 VP24 L L _JRN22 VN24
[_RrP23 Voo ﬁ_n ] RN23 s v 1301
[ ] RrP24 VP26 [ [ RrN24 VN26
[_JRP25 VP27 [_] RN25 VN27
[_1rr26 = 1 RrN26 VN28
Ra=TR < [ RP27 VP29 | s Ra=TR < [ RNZ7 UN29 | s
[_JRrP28 VP30 [_] RN28 VN30
[_JRP29 VP31 [_] Rn29 VN31
L C_JRP30 VP32 L C_J RrNao N2
¥ KP4[3:0] | ¥ KN4{3:0] |
Ri7=TR < SZI‘:o:or Rx7=TR < SZI‘:o:or
VRCP1 KP5([3:0] | VRCN1 KN5[3:0] |
0 - 28R v 0 - 28R v
4RXT=26R < Silteoc:or 4RX7=28R < Silteoc:or
5R 5R
VgP63 ) VgNe3 )
VROP1 VRON1
0-31R 0-31R
8R RP47 8R RN47
vGSs

Figure 41 Grayscale Voltage Adjustment
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1. Gradient adjustment registers

The gradient adjustment registers are used to adjust the gradient of the curve representing the
relationship between the grayscale and the grayscale reference voltage level. To adjust the gradient, the
resistance values of variable resistors in the middle of the ladder resistor are adjusted by registers
PRPO0[2:0]/PRNO0[2:0], PRP1[2:0]/PRN1[2:0]. The registers consist of positive and negative polarity

registers, allowing asymmetric drive.

2. Amplitude adjustment registers

The amplitude adjustment registers, VRP0[3:0]/VRNO[3:0], VRP1[4:0]/VRN1[4:0], are used to adjust the
amplitude of grayscale voltages. To adjust the amplitude, the resistance values of variable resistors at
the top and bottom of the ladder resistor are adjusted. Same as the gradient registers, the amplitude

adjustment registers consist of positive and negative polarity registers.

3. Fine adjustment registers

The fine adjustment registers are used to fine-adjust grayscale voltage levels. To fine-adjust grayscale
voltage levels, fine adjustment registers adjust the reference voltage levels, 8 levels for each register
generated from the ladder resistor, in respective 8-to-1 selectors. Same with other registers, the fine

adjustment registers consist of positive and negative polarity registers.

Register Positive Negative Function

Gradient PRPO [2:0] PRN1 [2:0] Variable resistor VRCP0, VRCNO
PRP1 [2:0] PRNO [2:0] Variable resistor VRCP1, VRCN1

Amplitude VRPO [4:0] VRN1 [4:0] Variable resistor VROPO, VRONO
VRP1 [4:0] VRNO [4:0] Variable resistor VROP1, VRON1
KPO [2:0] KNS [2:0] 8-to-1 selector (voltage level of V1)
KP1 [2:0] KN4 [2:0] 8-to-1 selector (voltage level of V8)

Fine KP2 [2:0] KN3 [2:0] 8-to-1 selector (voltage level of V20)

adjustment KP3 [2:0] KN2 [2:0] 8-to-1 selector (voltage level of V43)
KP4 [2:0] KN1 [2:0] 8-to-1 selector (voltage level of V55)
KP5 [2:0] KNO [2:0] 8-to-1 selector (voltage level of V62)

Source \
driver \
Eessssss=ss=s=

output
Negative polarity

I

VCOM

Positive polarity

Figure 42 Source output waveform and VCOM polarity relationship
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18.1 Ladder resistors and 8-to-1 selector Block configuration

The reference voltage generating block consists of two ladder resistor units including 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 y-correction registers. This unit has pins to connect a volume resistor

externally to compensate differences in various characteristics of panels.
18.2 Variable resistors

RM68090 uses variable resistors for the following three purposes: gradient adjustment
(VRCP(N)O/VRCP(N)1); amplitude adjustment (1) (VROP(N)O0); and the amplitude adjustment (2)
(VROP(N)1). The resistance values of these variable resistors are set by gradient adjustment registers

and amplitude adjustment registers as follows.

Gradient adjustment Amplitude adjustment (1) Amplitude adjustment (2)
PRP(N)0/1[2:0] VRCP(N)0/1 VRP(N)0[3:0] VROP(N)O VRP(N)O[4:0] VROP(N)O
3'h0 OR 4’h0 OR 5'h00 OR
3’h1 4R 4’h1 2R 5’h01 1R
3’'h2 8R 4'h2 4R 5’h02 2R
3'h3 12R
3'h4 16R
3'h5 20R 4’hD 26R 5’h1D 29R
3’h6 24R 4’hE 28R 5'h1E 30R
3’'h7 28R 4’hF 30R 5’h1F 31R

18.3 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
(VgP(N)1~6). The table below shows the setting in the fine adjustment register and the selected voltage

levels for respective reference grayscale voltages.

Fine Adjustment

KP(N)[2:0] VgP(N)1 VgP(N)8 VgP(N)20  VgP(N}43  VgP(N)55  VgP(N)62
voltage resistor  voltage resistor  voltage resistor voltage resistor voltage resistor voltage resistor
3’h0 VP(N)1 OR VP(N)9 OR VP(N)17 OR VP(N)25 OR VP(N)33 OR VP(N)41 OR
3’h1 VP(N)2 4R VP(N)10 1R VP(N)18 1R VP(N)26 1R VP(N)34 1R VP(N)42 4R
3’h2 VP(N)3 8R VP(N)11 2R VP(N)19 2R VP(N)27 2R VP(N)35 2R VP(N)43 B8R
3’h3 VP(N)4 12R  VP(N)12 3R VP(N)20 3R VP(N)28 3R VP(N)36 3R VP(N)}44 12R
3’h4 VP(N)5 16R  VP(N)13 4R  VP(N)21 4R VP(N)29 4R VP(N)37 4R VP(N)45 16R
3’h5 VP(N)6 20R VP(N)14 5R VP(N)22 5R VP(N)330 5R VP(N)38 5R VP(N)46 20R
3’h6 VP(N)7 24R  VP(N)15 6R VP(N)23 6R  VP(N)31 6R  VP(N)39 6R VP(N)47 24R
) ( ) ( (

3’h7 VP(N)8 28R VP(N)16 7R VP(N)24 7R VP(N)32 7R VP(N)¥40 7R VP(N)}48 28R
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19.Power-Supply Generating Circuit

19.1 Voltage Setting Pattern Diagram

The following are the diagrams of voltage generation in the RM68090 and the TFT display application

voltage waveforms and electrical potential relationship.

BT[2:0]

VGH
(10.0~19.8V)

VCI1 x2 AVDD

(4.5~6.0V)

¥ VRH[3:0]
GVDD

(3-(DDVDH-0.5)V)

VCM
VC[2:0] VCII
VCI VCOMH
(2.5~3.3V) (3-(DDVDH-0.5)V)

VDV

VCOML
(VCL40.5) ~ -1V)
A

VCII x -1

VCL
(-1.9~-3.3V)

BT[2:0]

VGL
(-4.5~13.5V)

Figure 43 Diagram of voltage generation

Notes:

1. The AVDD, VGH, VGL, and VCL output voltages will become lower than their theoretical
levels (ideal voltages) due to current consumption at each output level. Make sure that
output voltage level in operation maintains the following relationship: (AVDD — GVDD) 2
0.5V, (VCOML - VCL) > 0.5V. Also make sure VGH-VGL < 28V, VCI-VCL =< 6V. When the
alternating cycle of VCOM is high (e.g. polarity inverts every line cycle), current

consumption will increase. In this case, check the voltage before use.

2. In operation, setting voltages within the respective voltage ranges are recommended.
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19.2 Liquid crystal application voltage waveform and electrical potential

VGH

: , ,
& x

vCoOM —— ———— VCOML

source driver output

panel interface output

Figure 44 Voltage output to TFT LCD Panel
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20.0TP control sequence

Resst

OTP_PGM_CNT=117%.

Supply
DOVDH=6.7V

Wait 10ms

Set 1D Key
RASh=0xAMSS

L 4
Program OTP YCM Data
RATh=0x08xx
(xx=6 bit VCM valug)

Wait 10ms

Cut Off
DDVDH

Figure 45 OTP control sequence diagram
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21.Power Supply Instruction Setting

The following are the sequences for setting power supply ON/OFF instructions. Set power supply ON/OFF

instructions according to the following sequences in Display ON/OFF, Sleep set/exit sequences.

21.1 Power Supply Instruction Setting

Power On Sequence Power On Sequence

Display on setting

Power Supply On 1. DTE=1
(Vee, VCI, I0Vcce) 2.D[1:0]=2'b11
3. GON=1

Normal Display
1. i i

VCI 10Vcc GND
2. Or, apply VCI and IOVcc

simultaneously 1

Display Off Sequence

Y Display Off Setting
Power On Reset 1.DTE=0
and 2. D[1:0] = 2'b00
Display off 3. GON=0 A

NN

Iy
. Display Off
Wait 10ms or more
Y A Power supply initial setting
4 Registers setting before 1.vC2:0]
LCD Power Supply On pgwer supply gtartup 2. VRH[3:0]
Sequence v 3.VCM[5:0] ' Power Supply Halt Setting
- 4. VDVI[5:0] . . 1. SAP=0
A . Register setting for ,
50ms or more for 5. BT[2:0] power supply halt 2. AP[2:0]=3'b000
stabilization
}V A Power supply operation setting
A —
Registers setting for ; QEEZ_(;
power supply startup 3: DC[1 ['2:]0]
Y 4.DCO[2:0]
80ms or more for step- Power Supply Off
up circuit stabilization (Vee, VCI, 10Vee)
v y 1.
Set other registers GND 10Vee VCI
2. Or, turn off VCI and
I0Vcc simultaneously
Operational amplifier
stabilizing time
A J Y Display on setting
1. SAP=1
Display On Sequence
A Display on setting
1. DTE=1
Display On 2. D[1:0]=2'b11
3. GON=1
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21.2 Display On / Off Instruction Setting

Display Off Sequence

Display On Sequence

Display Off Setting
1.DTE =1

2. D[1:0] = 2’601
3. GON=1

Power Setting
1. SAP=1

Yy

Wait for 2 frames or
more

Y

Yy

Display On Setting
1.DTE =0

2. D[1:0] = 2'b01
3. GON=0

Display Off Setting
1.DTE =1

2. D[1:0] = 2'b00
3. GON=1

Y

Wait for 2 frames or
more

Yy

A

Wait for 2 frames or
more

Yy

Display Off Setting
1.DTE =0

2. D[1:0] = 2'b01
3. GON=1

Display Off Setting
1. DTE =0

2. D[1:0] = 2'b00
3. GON=0

A

Y

Display Off Setting
1. DTE =0
2.D[1:0] = 2'b11
3. GON=1

Display Supply Off Setting
1. SAP =0

2. AP[2:0] = 3'b000

A

Display Off

Yy

Wait for 2 frames or
more

Y

Display Off Setting
1. DTE =1
2.D[1:0] = 2'b11
3. GON=1

y

Display On
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21.3 Sleep mode/Standby mode SET/EXIT sequence

Stanby Sleep

Display Off Sequence Display Off Sequence

Y A

Set Standby (STB=1) Set Sleep (SLP=1)

Release from Standby Release from Sleep

(STB=0) (SLP=0)

R10h ¢ 0110h R10h ¢ 0110h

80ms or more for 80ms or more for
circuit stabilization circuit stabilization

Display On Sequence Display On Sequence
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22.Brightness Control ON / OFF sequence

Display Brightness ON Sequence Display Brightness OFF Sequence
Previous Status Previous Status
Completed Initialization Backlight on
Sleep-out mode Dimming on
Backlight off CABC on

¥ Y
" : Write CTRL Displa:
Write Manual Bright Arite L 5L Display
rite Manual Brightness 1 BCTRL=0
2.DD =1
DBV[7:0]=XXh
[7:0) 3.BL=1

A

Write CTRL Display
1.BCTRL =1 Display waits for V-sync
2.DD =1
3.BL=1

Y

Display Brightness

] down to 0%
Write CABC after 400~600 ms

C[1:0] =0~3
y Previous Status
. - X Backlight on
Write Minimum Brightness CABC on
CMB = XXh
\
A 4 Write CTRL Display
1.BCTRL=0
Display waits for V-sync 2.DD=X
P y 3.BL=0

Display Brightness Display Brightness

reaches target brightness

after 400~600 ms turn off immediately

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior
permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 116 of 123



Raydium

23. Application Circuit
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24. Absolute Maximum Ratings

Table 23
Item Symbol Unit | Value Note
Power Supply Voltage 1 VCI, VDDI \Y -0.3~+4.6 1,2
Power Supply Voltage 2 VCIl - GND \Y, -0.3~+4.6 1,4
Power Supply Voltage 3 AVDD -GND \% -0.3~+6.0 1,4
Power Supply Voltage 4 AGND - VCL \% -0.3~+4.6 1
Power Supply Voltage 5 AVDD - VCL \Y, -0.3~+49.0 1,5
Power Supply Voltage 6 VGH - VGL \% -0.3~+30.0 1,5
Input Voltage Vt V -0.3~VDDI +0.3 1
Operating Temperature Topr T -40 ~ +85 8,9
Storage Temperature Tstg T -55 ~ +110 8,9
Notes:

1. GND must be maintained.

2. Make sure VCI(high)2DGND(low), VDDI(high)=DGND(low).
3. Make sure VCI(high)=DGND(low).

4. Make sure AVDD(high)>AGND(low)

5. Make sure AVDD(high) 2VCL(low).

6. Make sure VGH(high) 2GND(low)

7. Make sure AGND(high)=VGL(low).

8. For die and wafer products, specified up to 85C.

9. This temperature specifications apply to the TCP package.
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25.Electrical Characteristics

25.1 DC Electrical Characteristics

(VCI =2.50V ~ 3.30V, VDDI = 1.65V ~ 3.30V, Ta= -40°C~+85C)

ltem Symbol | Unit | Test Condition Min. | Typ | Max.

“wpq » _ - 0.85x
Input “High” level voltage ViH V VDDI = 1.65V~3.30V VDD - VDD
Input “Low” level voltage Vi V | VDDI=1.65V~3.30V -0.3 i (\J)|135D)|(
Output “High” level voltage 1 Vv Vv VDDI = 1.65V~3.30V 0.80 x
(DB0-17, FMARK) OH IOH =-0.1mA VDDI ) )
Output “Low” level voltage 1 Vv Vv VDDI = 1.65V~3.30V 0.2 x
(DB0-17, FMARK) oL IOL = 0.1mA ) ) VDD
Input/Output leak current I UA | Vin=0~VDDI -0.1 - 0.1
Current Consumption . .

fosc=512kHz (320line drive),

(VDDI-GND)+(VCI-GND) lop1 UA | VDDI=VCI=2.80V, Ta=25C, RAM - TBD -
Normal operation mode (262k-colors, data: 18’h000000

display operation)

Current Consumption
(VDDI-GND)+(VCI-GND) Ipst UA | VDDI=VCI=2.80V, Ta=25C - 30 50
Deep standby mode

VDDI=VCI=2.80V, AVDD=5.20V,

LCD Power Supply Current A | GVDD=4.8V, Frame Rate=70Hz,

(AVDD-GND) _ ILCD Ta=25, RAM data: 18’h000000, - . -
262k-color display operation line-inversion

LCD Driving Voltage AVDD V - 4.5 - 6.0
Output Voltage deviation AVo mV |- - 20 -

Maximum output voltage offset | AV, mV | - - 35 -
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25.2 AC Timing Characteristics

25.2.180-System Bus Interface

TCHW

—c
nCS VIH /-v‘
VIL K Ale—Tese
Tesu Tese
RS VIH i»‘ ¥Zi
VIL 7K 7]
TAST
TCS\ Tuc Tanr
IH A(' Twee . X
nWR L k 7_/ Twin \
| Tost Tour |
D[B:0] VIH
Write VIL
TRCS TAH
Tast Tke Tosn
VIH X | Teol o
Y
nRD VIL * 7'

TRDH

TODH

AL
Tear '
D[B:0] VIH
Read VIL

Figure 46 80-system Bus Interface

Normal Write Mode (VDDI = 1.65~3.3V, VCI=2.5~3.3V)

Signal Symbol Parameter MIN | MAX | Unit Description
RS Tast Address setup time 10 ns |
TAHT Address hold time (Write/Read) 5 ns
Terw Chip select “H” pulse width 0 ns
nCS Tcs Chip select setup time (Write) 10 ns |-
Tres Chip select setup time (Read) 10 ns
TcsH Chip select hold time 10 ns
AWR Twe Write cycle 75 ns
TwRH Control pulse “H” duration 30 ns
TwrL Control pulse “L” duration 40 ns |
TcsH Chip select hold time 10 ns
Tre Read cycle 300 ns
nRD (ID) TrDH Control pulse “H” duration 150 ns |-
TroL Control pulse “L” duration 150 ns
Tost Data setup time 10 ns
. Tonr Data hold time 15 ns
D[17:0] Trat Read access time 100 | ns |
TopH Output disable time 5 ns
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25.2.2Clock Synchronous Serial Interface

e
nCs / Vi
tSCL » | t'CH
SCL H/
V
IL
SDI Input Data :,'H >< Input Data
1L
tSOD

<<

SDO ; \\;OH Output Data \\i-OH X Output Data OH x
oL Ol OL-

Figure 47 Clock Synchronous Serial Interface

VvDDI = 1.65~3.3V, VCI=2.5~3.3V

Signal Symbol Parameter MIN | MAX | Unit Description
Tscye | Clock cycle (Write) 100 ns
Tscyc | Clock cycle (Read) 200 ns
TscH Clock “H” pulse width (Write) 40 ns
scL Tsch Clock “H” pulse width (Read) 100 ns |
TscL Clock “L” pulse width (Write) 40 ns
TscL Clock “L” pulse width (Read) 100 ns
Tscr Clock rise time 5 ns
Tsct Clock fall time 5 ns
nCS Tcsu Chip select setup time 10 ns |
TeH Chip select hold time 50 ns
SDI Tsisu Data input setup time 20 ns |
TsiH Data input hold time 20 ns
SDO Tsop Data output setup time 100 | ns )
Tson Data output hold time 5 ns
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25.2.3RGB Interface

tPgbf
Lgor § tavnes R
HSYNC V.,
VSYNC Vo
tASE
le tens . tenn
HSYNC H V
VSYNC vV,
t
tl-gbf“{‘ PWDL rgbr e PWDH
\ N
Vi vV Z'{VIH Vi \
IL VIL 7
tCYCD N
|‘1 teos ’ tep N
\_
Vi Write Data Vit ><
VIL VIL 7
Figure 48 Timing chart for RGB Interface
18/16-bit Bus RGB Interface Mode (VDDI = 1.65~3.3V, VCI=2.5~3.3V)
Signal Symbol Parameter MIN | MAX | Unit Description
Tsynes | VSYNC setup time 10 ns
VSYNC Trghr VSYNC rise time 25 | ns
Trgnt VSYNC fall time 25 | ns
Tsynes | HSYNC setup time 10 ns
HSYNC Trghr HSYNC rise time 25 | ns
Trgnt HSYNC fall time 25 | ns
Tens ENABLE setup time 10 ns
ENABLE TenH ENABLE hold time 10 ns
) Teps Data input setup time 10 ns
DB[17:0] TroH Data input hold time 40 ns
PWDH |DOTCLK “H” pulse width 40 ns
PWDL |DOTCLK “L” pulse width 40 ns
DOTCLK Tevep | DOTCLK clock cycle 150
Trghr DOTCLK rise time 25 | ns
Trgnt DOTCLK fall time 25 | ns
6-bit Bus RGB Interface Mode (VDDI = 1.65 ~ 3.3V, VCI=2.5~3.3V)
Signal Symbol Parameter MIN | MAX | Unit Description
Tsyncs | VSYNC setup time 0 ns
VSYNC Trghr VSYNC rise time 25 | ns
Trght VSYNC fall time 25 | ns

Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior

permission of Raydium. Please handle the information based on Non-Disclosure Agreement.

Page 122 of 123




Raydium

Tsyncs HSYNC setup time 0 ns
HSYNC Trghr HSYNC rise time 25 | ns |-
Trgh HSYNC fall time 25 | ns
Tens ENABLE setup time 10 ns
ENABLE Tenn ENABLE hold time 10 ns |
. Teps Data input setup time 10 ns
DB[17:0] TroH Data input hold time 30 ns |
PWDH |DOTCLK “H” pulse width 30 ns
PWDL |DOTCLK “L” pulse width 30 ns
DOTCLK Tcyep DOTCLK clock cycle 80 -
Trghr DOTCLK rise time 25 ns
Trgh DOTCLK fall time 25 | ns

25.3 Reset Timing Characteristics

Tires

Tres

nRESET

\

A

Tres_H

Figure 49 Reset Operation

Reset Timing Characteristics (VClI =2.5~ 3.3V, VDDI=1.65~ 3.3 V)

Item Symbol | MIN | MAX | Unit Description
Reset low-level width TrES L 1 ms |-
Reset rise time Tires 10 us |-
Reset high-level witdth TRES H 50 ms |-

Note: After nRESET releasing, the host processor have to wait 10 milliseconds before sending

any command.
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