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1 GERENAL INFORMATION

The SSD1331 is a single chip CMOS OLED/PLED driver with 288 segments and 64 commons output,
supporting up to 96RGB x 64 dot matrix display. This chip is designed for Common Cathode type
OLED/PLED panel.

The SSD1331 had embedded Graphic Display Data RAM (GDDRAM). It supports with 8, 9, 16 bits 8080 /
6800 parallel interface as well as serial peripheral interface. It has 256-step contrast and 65K color control.
To facilitate communication between lower operating voltages MCU, it has separate power for I/O interface
logic. SSD1331 is suitable for mobile phones, MP3, MP4 and other industrial devices.

2 FEATURES

= Resolution: 96RGB x 64 dot matrix panel
» 65k color depth support by embedded 96x64x16 bit GDDRAM display buffer
= Power supply:

o Vpp =2.4Vto 3.5V for IC logic

o Vec =8.0Vto18.0V  for Panel driving

o Vppo =16VtoVpp  for MCU interface
Segment maximum source current: 200uA
Common maximum sink current: 60mA
256 step contrast control for the each color component plus 16 step master current control
Pin selectable MCU interface
o 8/9/16 bits 6800-series parallel Interface
o 8/9/16 bits 8080-series Parallel Interface
o Serial Peripheral Interface
= Color swapping function (RGB <-> BGR)
= Graphic Accelerating Command (GAC) set with Continuous Horizontal, Vertical and Diagonal
Scrolling
= Programmable Frame Rate
» Wide range of operating temperature: -40 to 85 °C

3 ORDERING INFORMATION

Table 1 - Ordering Information

Ordering Part Number | SEG | COM | Package Form | Reference Remark

S5D1331Z2 96x3 64 COG Page 8,59 | -

e 35mm film, 5 sprocket hole
« 8 bit or SPI interface

SSD1331U1R1 96x3 | 64 COF Page 60 | | 0 o el nitah 0.06mm for SEG
0.09mm for COM
e 35mm film, 4 sprocket hole
SSD1331U3R1 96x3 | 64 COF Pagess |° Gbitol SFImierace

e  Qutput lead pitch: 0.06mm for SEG,
0.09mm for COM
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4 BLOCK DIAGRAM

Figure 1 - 5SD1331 Block Diagram
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5 SSD1331Z GOLD BUMP DIE PAD ASSIGNMENT

Figure 2 - 55D1331Z Die Drawing

Pad 1

(O 0 0 OO (O a0 OO

[ OO T (0 () () O ) O O ) O O T T T T O] O O OO T (OO O O O O () ) O (O ) ) ) (O ) O O O O O O O I i 0

00000 OODOOOOOOOOO0DOOOOOO000DOOOOO000000OOO0O0000DOODO00000O0OOoO000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 00000

Die size 13.1mm x 1.58mm
Die height 457um
Min I/O pad pitch 76.2 um
Min SEG pad pitch 40.2 um
Min COM pad pitch 41.8 um

Bump height Nominal 15um
Bump size

Pad 1-163 50um x 72um

Pad164-195, 486-517 72um x 28um

Pad 196-485 28um x 72um
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Table 2 - SSD1331Z Die Pad Coordinates

Pad no. | Pad Name X-Axis Y-Axis Pad no. | Pad Name X-Axis Y-Axis Pad no. | Pad Name X-Axis ¥Y-Axis
1 NC 53104 TE5 81 ESZ2 -TE2 TE5 61 NC 6670 TS5
2 NC -6243 2 TE5 82 VS5 0.0 TS5 B2 NC 62432 TS5
3 NC BEB70 TL5 a3 ES3 762 TL5 B3 NC 63104 TL5
4 NG -6090 .8 TE5 34 VDDIO 524 TE5 B4 COM 31 64201 -647 9
5 NC -50M 6 TES a5 VDDIO 2286 TS5 B5 COM 30 6420.1 -506.1
6 NC -57912 TES5 86 IREF 304 .3 TS5 66 COM 29 64201 -564_3
7 VCC -5715.0 TE5 a7 VCC 3810 TE5 BT COM 28 5420.1 522 5
8 VGG -5638.8 TE5 a8 VCC 457 2 TE5 63 COM 27 64201 4807
7] VCC -55626 TE5 80 VCC 5334 TE5 B0 COM 26 64201 43890

10 VLSS -5486 4 TE5 ap FR 609.6 TE5 70 COM 25 6420.1 -397.1
T VLSS -5410 2 TE5 o1 CL 6853 TE5 71 COM24 64201 -3553
) VLSS -53340 TL5 oz VS5 7620 TE5 72 COMZ3 64201 3135
B VLSS -5257 8 TE5 o3 CLS 83872 TE5 73 COM 22 64201 2717
H VLSS 51816 TLE5 04 VDDIO oW 4 TE5 74 COM 21 64201 2299 |
5 VLSS -5105 .4 TE5 95 VDDIO 990 .6 TE5 75 COM 20 6420.1 -1B3.1
B VLSS -5029 2 TS5 06 VDDIO 1066.8 TE5 76 COM B 64201 -M63
7 VLSS -4953 .0 TS5 97 VDDIO M3 .0 TE5 w7 COM 18 6420.1 -104.5
B VLSS ABT6 8 TL5 08 CSE To2 TE5 e COM 7 64201 B27
B VLSS -4800 6 TE5 99 V55 7954 TE5 ETE] COM B 64201 -209
20 VLSS 4724 4 TES 100 RESE 13716 TE5 B0 COM 15 5420.1 20.9
21 VLSS -4648 2 TE5 101 VDDIO AT 8 TE5 B1 COM # 64201 627
22 VS5 457210 TE5 102 VDDIO 5240 TE5 B2 COM 8 64201 145
23 VS5 -4405 8 TLE5 | 13 DC w002 | TE5 B3 COM & 64201 H63
24 VS5 4410 6 TES 14 VS5 BTE4 TS5 B4 COM M 6420.1 1831
25 EGGND -4343 4 TL5 05 R 7526 TS5 B5 COM D 6420.1 2299
26 VDD -4267 2 TS5 106 E 8288 TS5 186 COMS 54201 2717
27 VDD 41810 TL5 07 VDDIO 19050 TE5 BT COM & 64201 3BS5
28 VDD 414 8 TE5 108 VDD DE12 TE5 Ba COM7 64201 3553
) VDDIO 40386 TLE5 100 VDD 2057 4 TL5 B0 COMB 64201 307 1
30 VDDIO -3962 4 TE5 1m0 VDD 21336 TS5 B0 COMS5 64201 4389
31 VDDIO -3886.2 TE5 ™ DO 22098 TE5 1 COM4 64201 AB0 7
32 VCC 38100 TS5 1 D1 22860 TE5 Bz COM3 64201 5225
33 VGG -37338 | TL5 3 D2 73622 | TL5 B3 COM 2 64201 564 3
34 VGG -3657 6 TE5 ™ D3 2438 4 TE5 B4 COM 1 64201 6061
35 VSSE -35814 TS5 15 D4 2546 TS5 85 COMO 5420.1 6479
36 VSSE -35052 TE5 1% D5 25008 TS5 86 VLSS 5008.5 6436
37 VSSE -34290 TS 17 D6 2667 .0 TE5 07 SAD 5828 1 6436
38 GDR -3352 8 TE5 8 D7 27432 TTL5 B3 SBO 5787.9 6436
39 GDR -32766 TE5 18 D& 25194 TE5 B9 SCO0 57477 6436
40 GDR -3200 4 TE5 70 D9 28056 TL5 200 SA 1 5707.5 6436
41 GDR 3042 TE5 21 DD 246718 TE5 201 SB1 5667.3 6436
42 GDR -3048 0 TL5 ©2 DT 30480 TL5 202 SC1 5627 .1 6436
43 GDR -29718 TE5 73 DT 31242 TE5 203 SAZ 5586.9 6436
44 GDR -2805 5 TE5 74 D13 32004 -TE5 204 SB2 55467 6436
45 VvDDB -281 4 TTE5 &5 D#H 32766 TS5 205 SC2 5506.5 6436
46 VDDB 27432 TE5 6 DE 33528 TE5 206 SA3Z 5466.3 6436
A7 VDDB 26670 | TE5 ©7 V35 34290 TE5 207 SB3 54261 6436
48 VDDB -2500.8 TES 8 TRN 35052 TS5 208 SC3 538590 6436
49 VDDB -25M 6 TE5 79 TR 35314 TE5 209 SA4 53457 6436
50 VDD -2438 4 TE5 130 TR9 3657 6 TE5 210 SB4 5305.5 6436
51 VDDIO | -23622 TE5 B1 TRB 37338 TL5 21 SC4 52653 6436
52 VDD -2286.0 TE5 B2 TRT 38100 TE5 217 SAS 52251 6436
53 VDD 2209 .8 TE5 B3 TR6 38862 TL5 21 SB5 51849 6436
54 FB -2TB36 TE5 -4 VS5 3962 4 TS5 24 SC5 5147 6436
55 VBREF -2057 4 7.5 TRS5 40386 | L5 25 CAG 51045 | 6436 |
56 VS5 -B312 TE5 -6 TR4 4TH B TE5 26 SBE 5064 3 6436
57 GFO -1805.0 TLE5 BT TR3 41510 L5 217 SCH 5024 1 6436
58 GP 1 -B26.8 TE5 B3 TR2 4267 2 TT5 28 SAT 495839 6436
59 VDDIO -T752 6 TE5 o TR1 4343 4 TE5 219 SB7 49437 6436
) VCIR -1676.4 TE5 M0 TRO 4419 6 TS5 220 SC7 4903 .5 6436
61 VCIR -1600.2 TE5 "1 VS5 4405 8 TE5 221 SAB 48633 6436
B2 VCIR -1524 0 TE5 M2 VCOMH 45720 TS 322 SBa& 48231 6436
B3 VCIR -M4T 8 TE5 H3 VCOMH 46482 TE5 223 SCa 4TB29 6436
B4 VCIR -13716 TE5 M4 VCOMH 4724 4 TTE5 324 SA9 ATAZT 6436
B5 VDD -195 4 TE5 M5 VDD 48006 TE5 225 SB9 47025 6436
66 VDD -TB2Z TE5 M6 VDD AB768 TE5 226 SC9 4662 3 6436
67 VDD -1430 TE5 M7 VDDIO | 49530 TL5 227 SAD 4622 1 6436
68 VDD -1066.8 L5 T VDDIO 50292 TS5 228 SBD 45819 6436
B9 AVDD -990 6 TS Mo VCC 51054 TES5 229 SC1 45417 6436
70 AVDD OH4 TL5 B0 VCC 5816 TL5 230 SAN 45015 6436
71 VDDIO 8382 TE5 51 VCC 52578 TE5 231 SBN 44613 6436
72 VDDIO 7620 TL5 B2 VCC 53340 TL5 232 SCH 44211 6436
73 VDDIO -685.8 TE5 53 VCC 54102 TE5 233 SA T 43809 6436
74 vDDIO -609.6 TE5 B4 VCC 5486 4 TTL5 234 SB T 43407 6436
75 VDDIO 5334 TE5 55 NC 5562 6 TE5 235 SCT 43005 6436
76 VDDIO 457 2 TE5 56 VLSS E638 8 TS 236 SAT 42603 6436
77 B S0 -3810 TLE5 57 VLSS 5760 TL5 237 SBE& 42201 6436
78 VS5 -304.8 TS5 53 NC 57912 TS5 238 SCB 417799 6436
79 BS1 -228 6 TL5 50 NC B0M .6 TE5 239 SAH 41397 6436
80 VDDIO -52.4 TE5 B0 NC 60008 TE5 240 SBE#H 40095 6436
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Pad no. | Pad Name X-Axis Y-Axis Pad no. | Pad Name X-Axis Y-Axis Pad no. | Pad Name X-Axis Y-Axis
241 SCH 4059 3 BA3 6 321 SB41 8433 6436 401 SAEG8 -2493 3 6436
242 SATS A0 1 BA3 6 322 SC41 8031 B43 6 402 SBE&8 -2533 5 6436
243 SBES 30780 6436 323 SA42 7629 6436 403 SCE8 25737 6436
244 SCH 30387 BA3 6 324 SB42 7227 B43 6 404 SAB9 -2613.9 6436
245 SAB 3898 5 643 6 325 SC42 BA2 5 B43 6 405 SBE9 -2654 1 6436
246 SE® 38583 B436 326 SA43 B42 3 6436 406 SCE9 -2604 3 6436
247 SCH 3818 1 BA3 6 327 SB43 6021 B43 6 A07 SATO -2734 5 64386
248 SAT 37779 BA3 6 328 SC43 5619 B43 6 408 SB 70 27747 6436
249 SET 37377 6436 329 SA44 5217 6436 409 SCT0 T ) 6436
250 SCT 3697 5 8436 330 SB44 4815 6436 410 SAT1 -2855 1 6436
251 SAB 3657 3 6436 331 SC44 4413 6436 4H SB71 -2895 3 6436
252 SEB 36171 BA36 332 SA45 4011 6436 4T SC71 -29355 6436
253 SCB 35769 BA3 6 333 SB45 360.9 B43 6 413 SAT2 -20975.7 6436
254 SATD 35367 B436 334 SC45 320.7 B43 6 44 SB72 -30159 6436
255 SBD 3496 5 B43 6 335 SA46 2805 B43 6 415 SCT72 -3056.1 6436
256 SCH 3456 3 BA3 6 336 SB46 2403 B43 6 4% SAT3 -3096.3 6436
257 SAZ0 3446.1 BA3 6 337 SC48 200.1 B43 6 A7 SBT3 -31365 6436
258 SB20 33759 BA3 6 338 SAA7 509 B43 6 418 SCT73 36T 6436
259 SC20 33357 B43 6 339 SB47 107 B436 41 SAT4 32169 6436
260 SA21 32955 B43 6 340 SCA7 795 B43 6 420 SB74 -3257 1 6436
261 SB21 32553 BA3 6 341 SA48 -813 6436 421 SCT4 -3297 3 6436
262 SC21 3215 1 BA3 6 342 SB48 -£15 B436 422 SATS -33375 6436
263 SA22 31749 6436 343 SC48 -B17 6436 423 SB75 -3377.7 6436
264 SB22 3134 7 B43 6 344 SA49 -2019 6436 424 SCT5 -3417 9 6436
265 SC22 3094 5 B43 6 345 SB49 -242 1 B43 6 425 SATE -3458 1 6436
266 SAZ3 3054 3 6436 346 SC49 2823 6436 426 SB76 -3458 3 6436
287 SB23 304 1 BA3 6 347 SAS50 322 5 B436 427 SCT76 -35385 6436
268 SC23 20739 643 6 348 SBS50 -362.7 B436 428 SATT -3578.7 6436
269 SAZ4 20337 B436 349 SC50 4029 6436 429 SBT7 36169 6436
270 SB 24 28935 BA3 6 350 SAS1 -443 1 B4A3 6 430 SCT7 -3650.1 64386
271 SC24 28533 BA3 6 351 SB51 -483 3 BA3 6 431 SATS -3609 3 6436
272 SAZS 2813 1 6436 352 SC51 5235 6436 432 SBT78 37395 6436
273 SB25 27729 6436 353 SAS2 -563.7 B43 6 433 SCT8 -3779.7 6436
274 SC25 27327 6436 354 SB52 6039 6436 434 SATI -38109 6436
275 SAZE 26925 BA36 355 SC52 -644 1 6436 435 SB79 -3860.1 6436
2786 SB26 26523 BA3 6 356 SAS3 584 3 BA3 6 436 SCT79 -3900.3 6436
277 SC26 2612 1 B436 357 SB53 724 5 6436 437 SAB0 39405 6436
278 SA27 25719 64386 358 SC53 764 7 6436 438 SB &0 -3980.7 6436
279 SB27 25317 BA3 6 359 SAS54 -804 9 B436 430 SC80 -40209 6436
280 SC27 24915 B436 360 SB54 -845 1 B436 440 SAS1T 40611 6436
281 SAZ8 24513 BA3 6 361 SC54 -885 3 B43 6 441 SBEB81 41013 6436
282 SB28 2411 6436 362 SAS5 9255 6436 442 SC81 4115 6436
283 SC28 23709 BA3 6B 363 SB55 9657 6436 443 SAB2 A17 6436
284 SAZ9 23307 BA3 6 364 SC55 -0059 B43 6 444 SB &2 -42219 6436
285 SB29 2290 5 B43 6 365 SAS6 -1046_1 B436 445 SCE2 -4262 1 6436
288 SC29 22503 B436 366 SBS58 -10863 B4A3 6 446 SAS3 -4302.3 6436
287 SA30 22101 6436 367 SC56 -T26 5 B43 6 447 SBE3 43425 6436
288 SB 30 219699 B43 6 368 SAS7 -166.7 B43 6 448 SCE3 43827 6436
289 SC30 2197 BA3 6 369 SB57 -206.9 B43 6 449 SA B4 -4422 9 6436
280 SA3T 20895 BA36 370 SC57 -PAT 1 6436 450 SB&4 44631 6436
261 SB31 20493 BA3 6 371 SASS -£873 B43 6 451 SCad -A503.3 6436
202 SC31 2009 1 BA3 6 372 SBS58 -1327 5 B43 6 452 SABS5 -4543 5 6436
203 SA32 10650 BA36 373 SC58 13677 6436 453 SBa5 A5837 6436
204 SB32 0287 6436 374 SAS59 -407 9 B43 6 454 SCa5 -4623 9 6436
245 SC32 1888 5 6436 375 SBS59 - 48 1 6436 455 SA 86 -4664 1 6436
206 SA33 8483 6436 376 SC59 -¥MB883 6436 456 SB 86 47043 6436
297 SB33 1081 6436 377 SABO -15285 B43 6 AST SCa6 -A744 5 6436
208 SC33 7670 BA3 6 378 SB&O -1568.7 B4A36 458 SABY A784 7 6436
209 SA34 7277 6436 379 SCBO - %6089 6436 459 SB&7 48249 6436
300 SB 34 BT 5 6436 380 SAG1 - 1540 1 B43 6 460 SCE7 -4865.1 6436
301 SCa34 B47 3 BA36 381 SB61 -89 3 6436 461 SABS 4905 3 6436
302 SA35 B07 1 643 6 382 SCE1 17295 6436 462 SB&s 4945 5 6436
303 SB35 566.9 B436 383 SAB2 -769.7 B43 6 463 SCas8 4985 7 6436
304 SC35 5267 6436 384 SB&2 -1809.9 B43 6 464 SAB9 -5025.9 6436
305 SA36 1865 6436 385 SCH2 -1850.1 B436 465 SB &g -5066.1 6436
308 SB 38 463 BA3 6 386 SAB3 -4890.3 B43 6 A66 SCE9 -5106.3 6436
307 SC36 H06.1 BA3 6 387 SBE3 - 1305 B43 6 A6T SA G0 -5HB5 6436
308 SA3T 13659 B43 6 388 SCH3 -0707 B436 468 SB 90 -51B6.7 6436
309 SBa7 13257 B43 6 389 SAB4 -2010.9 B436 A69 SCo0 -5226 9 64386
310 SC37 855 BA36 380 SB&4 20511 6436 470 SAD1 5267 1 6436
311 SA38 453 BA3 6 391 SCa4 -20813 B43 6 A71 SBE 91 -5307.3 6436
3 SB38 051 BA3 6 392 SABS 21315 B43 6 AT2 SCO1 -5347 5 6436
3t SC38 164 9 BA36 393 SBEB5 2717 6436 473 SAD2 53877 6436
34 SA39 104 7 B43 6 394 SCB5 2219 B43 6 AT4 SB o2 -5427 9 6436
356 SB39 1084 5 BA3 6 395 SABS -2252 1 B43 6 A75 SCO2 -5468.1 6436
36 SC39 044 3 BA36 396 SBEE 2202 3 6436 476 SAO3 -5508 3 6436
3T SA40 0041 643 6 397 SCE6 -2332 5 B43 6 ATT SB o3 -5548 5 6436
38 SB40 9639 BA3 6 398 SABY 23727 B43 6 478 SCY93 -5588.7 6436
30 SC40 9237 BA36 399 SBE7 24129 6436 479 SAO4 -56289 6436
320 SA41 8835 BA3 6 400 SCHY -2453 1 6436 480 SB o4 -5660.1 6436
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Pad no. | Pad Name X-Axis Y-Axis
481 =094 57093 6436
482 SA85 -5749 5 6436
483 =sBAaSs -5789.7 643 6
484 SC95 -58299 6436
4856 VLSS -5810 .3 6436
486 COM32 -64201 6479
487 COM33 -6420 1 6061
488 COM34 -6420.1 b64 .3
489 COM35 -64201 h225
490 COM 36 -6420.1 480.7
491 COM37 -6420.1 4389
492 COM38 -6420.1 397 1
493 COM39 -6420.1 3553
494 COMA0 -6420 1 41356
495 COM 41 -6420.1 2717
496 COMA42 64201 2299
497 COMA43 -6420.1 BEA1
498 COMA44 -6420.1 HE3
499 COMAb -6420.1 145
500 COM4BG -6420.1 62.7
201 COMAaY -6420 1 209
502 COMA4B -6420 1 -208
503 COM49 -6420.1 -62.7
504 COMS0 -6420.1 -104 5
5056 COM 51 -6420.1 -HE.3
H06 COMA2 64201 -188 1
H07 COMS3 -6420.1 2299
508 COM B4 -64201 2717
509 COMbBE -6420 1 -31356
a1 COM 56 -65420.1 -355.3

5N COMST -6420.1 -397 1
51 COMSSE -6420.1 -1389
513 COM59 -64:20.1 -480.7
Gy COMBO -6420.1 5225
5y 4] COMB1 -6420 1 -H64 3
iy & COMB2 -64201 -606.1
a17 COMB3 -6420 1 -647 9

Figure 3 - S5D1331Z Alignment mark dimensions

+ shape

Unit in um

SSD1331

| Rev1.0 |P11/68 | Jul 2006

Solomon Systech



6 PIN DESCRIPTION

Pin Name Pin Type |Description

Voo Power |Power supply pin for core Vg

AVop Power |Analog power supply. It must be connected to Vpp during operation.

Vboio Power |Power supply for interface logic level. It should be match with the MCU interface
voltage level.

Vooio must always be equal or lower than Vpp.

Vee Power |Power supply for panel driving voltage. This is also the most positive power
voltage supply pin.

Vag Power |Ground pin
Viss Power |Analog system ground pin.
VecomH O COM signal deselected voltage level.

A capacitor should be connected between this pin and Vss.

BGGND Power |Connectto Ground
Voos Power |Reserved pin. It should be connect to Vpp externally.
Vass Power |Reserved pin. It should be connected to Vss externally.
GDR O Reserved pin. Keep NC (i.e. no connection).
FB | Reserved pin. Keep NC (i.e. no connection).
Verere O Reserved pin. Keep NC (i.e. no connection).
GPO I/O Reserved pin. Keep NC (i.e. no connection).
GP1 I/O Reserved pin. Keep NC (i.e. no connection).
Ver O Reserved pin. Keep NC (i.e. no connection).
BS[3:0] I MCU bus interface selection pins.
Table 3 - Bus Interface selection
BS[3:0] Bus Interface Selection

0000 SPI

0100 8-bit 6800 parallel

0101 16-bit 6800 parallel

0110 8-bit 8080 parallel

0111 16-bit 8080 parallel

1100 9-bit 6800 parallel

1110 9-bit 8080 parallel
|Rer I This pin is the segment output current reference pin.

A resistor should be connected between this pin and Vgs to maintain the Igee
current at 10uA. Please refer to Figure 14 for the details formula of resistor
value.
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Pin Name Pin Type |Description

FR O This pin outputs RAM write synchronization signal. Proper timing between MCU
data writing and frame display timing can be achieve to prevent tearing effect.
Keep NC if not used.

Refer to section 7.3.2 for details usage.

2 I External clock input pin.
When internal clock is enable, this pin is not used and should be kept NC.
When internal clock is disable, this pin is the external clock source input pin.

CLS I Internal clock selection pin.

When this pin is pulled high (i.e. connect to Vo), internal oscillator is enable
(normal operation).

When this pin is pulled low, an external clock signal should be connected to CL.

CS# I This pin is the chip select input connecting to the MCU.

RES# I This pin is reset signal input.
When the pin is low, initialization of the chip is executed.
Keep this pin high (i.e. connect to Vppig) during normal operation.

D/C# I This pin is Data/Command control pin connecting to the MCU.

When the pin is pulled high (i.e. connect to Vppo), the data at D[15:0]will be
interpreted as display data.

When the pin is pulled low, the data at D[15:0] will be interpreted as command.

R/W# (WR#) I This pin is read / write control input pin connecting to the MCU interface.

When interfacing to a 6800-series microprocessor, this pin will be used as
Read/Write (R/W#) selection input. Read mode will be carried out when this pin
is pulled high (i.e. connect to Vppig) and write mode when low.

When 8080 interface mode is selected, this pin will be the Write (WR#) input.
Data write operation is initiated when this pin is pulled low and the chip is
selected.

When serial interface is selected, this pin RIW#(WR#) must be connected to Vss.

E (RD#) | This pin is MCU interface input.

When interfacing to a 6800-series microprocessor, this pin will be used as the
Enable (E) signal. Read/write operation is initiated when this pin is pulled high
(i.e. connect to Vopio) and the chip is selected.

When connecting to an 8080-microprocessor, this pin receives the Read (RD#)
signal. Read operation is initiated when this pin is pulled low and the chip is
selected.

When serial interface is selected, this pin E(RD#) must be connected to Vss.

D[15:0] /O These pins are bi-directional data bus connecting to the MCU data bus.
Unused pins are recommended to tie low. (Except for D2 pin in serial mode)

Refer to Section 7.1 for different bus interface connection.

SA[95:0] O These pins provide the OLED segment driving signals. These pins are in high
SB[95:0] impedance state when display is off by command Set Display Off.
SC[95:0]

These 288 segment pins are divided into 3 groups, SA, SB and SC. Each group
can have different color settings for color A, B and C.
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Pin Name Pin Type |Description

COM[63:0] /O These pins provide the Common switch signals to the OLED panel. These pins
are in high impedance state when display is off by command Set Display Off.

TR[11:0] | Testing reserved pins. These pins should be kept float.

NC NC Dummy pins. These pins should be kept float and should not be connected to

any other signal pins nor any electrical signal. Do not connect NC pins together.
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7 FUNCTIONAL BLOCK DESCRIPTIONS

7.1 MCU Interface Selection

SSD1331 MCU interface consist of 16 data pin and 5 control pins. The pin assignment at different interface
mode is summarized in Table 4. Different MCU mode can be set by hardware selection on BS[3:0] pins (refer
to Table 3 for BS pins setting)

Table 4 - MCU interface assignment under different bus interface mode

Pin Name Data / Command Interface Control Signal
DISIDI4|DI3|DI2Z|DILDIO| DO | DEJ D7 | D) DS D4 | D3| D2 DI DO E RW# CS# DIC# RES#

8b / 8020 Tie Low D7-Di) ED# | WR# | CS# | D/Ci# | RES#

8b / 6300 Tie Low D7-DO E E/W# | CS# | DICi#t | RES#
ob / 8080 Tie Low D8-Di ED# | WR# | CS# | D/G# | RES#
ob / 6800 Tie Low D8-DO E E/Wi# | CS# | DICe# | RES#
16b / 8080 D15-DO ED# | WR# | CS# | D/Ci# | RES#
16b / 6800 DI15-DO E R/W# | CS# | DIGit | RES#

SFI Tie Low NC | SDIN | SCLK Tie Low Cs# | DIC# | RES#

7.1.1 6800-series Parallel Interface

A low in R/W# indicates WRITE operation and high in R/W# indicates READ operation.
A low in D/C# indicates COMMAND read/write and high in D/C# indicates DATA read/write.
The E input serves as data latch signal while CS# is low. Data is latched at the falling edge of E signal.

Table 5 - Control pins of 6800 interface

Function E R/W# CS# D/C#
Write command 13 L L L
Read status 17 H L L
Write data & L B H
Read data & H L H
Note

V) | stands for falling edge of signal
)H stands for high in signal
) L stands for low in signal

In order to match the operating frequency of display RAM with that of the microprocessor, some pipeline
processing is internally performed which requires the insertion of a dummy read before the first actual display
data read. This Is shown In Figure 4

Figure 4 - Display data read back procedure - insertion of dummy read

R/W#

. T B n
e A )

Write column
address

Dummy read Read 1st data Read 2nd data Read 3rd data
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7.1.2 8080-series Parallel Interface

A low in D/C# indicates COMMAND read/write and high in D/C# indicates DATA read/write.
A rising edge of RD# input serves as a data READ latch signal while CS# is kept low.
A rising edge of WR# input serves as a data/command WRITE latch signal while CS# is kept low.

Figure 5 — Example of Write procedure in 8080 parallel interface mode
- Ty / \
L S T

D[7:0] ( 32 N

D/IC# >_< >_<

high

Tvae

Figure 6 — Example of Read procedure in 8080 parallel interface mode

s\ / _
e

D[7:0] ) >
DIC# >_< >_< b ™
WR# A

Towww

Table 6 - Control pins of 8080 interface (Form 1)
Function RD# WR# CS# D/C#
2

Write command H L
Read status i H . L
Write data H s | H
Read data T H L H
Note

)+ stands for rising edge of signal
@)H stands for high in signal
)L stands for low in signal

" Refer to Figure 38 for Form 1 8080-Series MPU Parallel Interface Timing Characteristics

Alternatively, E(RD#) and R/W#(WR#) can be keep stable while CS# is serve as the data/command latch
signal.

Table 7 - Control pins of 8080 interface (Form 2)

Function RD# WR# CS# D/C#
Write command H L L
Read status L H i L
Write data H L 1 H
Read data L H T H
Note

) T stands for rising edge of signal

@) H stands for high in signal

@) | stands for low in signal

*) Refer to Figure 39 for Form 2 8080-Series MPU Parallel Interface Timing Characteristics
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In order to match the operating frequency of display RAM with that of the microprocessor, some pipeline
processing is internally performed which requires the insertion of a dummy read before the first actual display
data read. This is shown in Figure 7.

Figure 7 - Display data read back procedure - insertion of dummy read

WR#

RD#

Write column
address

Dummy read Read 1st data Read 2nd data Read 3rd data

7.1.3 Serial Interface

The serial interface consists of serial clock SCLK (DO0), serial data SDIN (D1), D/C# and CS#. SCLK is shifted
into an 8-bit shift register on every rising edge of SCLK in the order of D7, D6... DO. D/C# is sampled on
every eighth clock and the data byte in the shift register is written to the Display Data RAM or command
register in the same clock.

Under serial mode, only write operations are allowed.

Table 8 - Control pins of Serial interface

Function E R/W# CS# D/C#
Write command Tie low Tie low L L
|Write data Tie low | Tie low L H

Figure 8 - Write procedure in SPl mode

o -

D/C# X X
SDIN/
SCLK

-
-

-
T -
el b oL L oL

-
hhhhhh

-
hhhhhh
-
=

——
2 L
i T

P
el T
-
L

cer | 1 1 1L L1
EDIN{D’1]4< D7 >< D6 >< D5 >< D4 >< D3 >< D2 >< D1 >< DO >7
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7.2 Command Decoder

This module determines whether the input should be interpreted as data or command based upon the input of
the D/C# pin.

If D/C# pin is high, data is written to Graphic Display Data RAM (GDDRAM). If it is low, the inputs at D0-D15
are interpreted as a Command and it will be decoded and be written to the corresponding command register.

7.3 Oscillator Circuit and Display Time Generator

7.3.1 Oscillator

Internal
Oscillator
Fosc
» M | CLK Divider DCLK
U +—» 3
CL > X Display
T Clock
CLS

Figure 9 - Oscillator Circuit

This module is an On-Chip low power RC oscillator circuitry (Figure 9). The operation clock (CLK) can be
generated either from internal oscillator or external source CL pin by CLS pin. If CLS pin is high, internal

oscillator is selected. If CLS pin is low, external clock from CL pin will be used for CLK. The frequency of
internal oscillator Fose can be programmed by command B3h (Set oscillator frequency).

The display clock (DCLK) for the Display Timing Generator is derived from CLK. The division factor “D” can
be programmed from 1 to 16 by command B3h.

DCLK = Fnsr: / D

The frame frequency of display is determined by the following formula.
F

O&sC

E —
M Dx K x No. of Mux

where
¢ D stands for clock divide ratio. It is set by command B3h A[3:0]. The divide ratio has the range from
1 to 16.
e Kis the number of display clocks per row. The value is derived by
K = Phase 1 period + Phase 2 period + PW63 (longest current drive pulse width)
= 4+ 7+ 125 = 136 at power on reset
e Number of multiplex ratio is set by command A8h. The power on reset value is 64
e Fosc is the oscillator frequency. It can be adjusted by command B3h A[7:4]
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7.3.2 FR synchronization

FR synchronization signal can be used to prevent tearing effect.

One frame

FR

100%

Memory -~

Access o
Process -~

0%

—
==
a®® —
al i
i an -
= i
T

Fast write MCU
Slow write MCU
o5D1331 displaying memory updates to OLED screen

The starting time to write a new image to OLED driver is depended on the MCU writing speed.

If MCU can

finish writing a frame image within one frame period, it is classified as fast write MCU. For MCU needs longer

writing time to complete(more than one frame but within two frames), it is a slow write one.

For fast write MCU: MCU should start to write new frame of ram data just after rising edge of FR pulse and

should be finished well before the rising edge of the next FR pulse.

For slow write MCU: MCU should start to write new frame ram data after the falling edge of the 1*' FR pulse
and must be finished before the rising edge of the 3™ FR pulse.

7.4 Reset Circuit

When RES# input is pulled low, the chip is initialized with the following status:

Display is OFF

Display offset set to 0

Sl L

64 MUX Display Mode
Display start line is set at display RAM address 0

address O0H and COMO mapped to address 00H)

—”ﬂP’.“'*F-“

Column address counter is set at 0

Master contrast control register is set at OFH
Individual contrast control registers of color A, B, and C are set at 80H
Shift register data clear in serial interface
U Normal display mode (Equivalent to A4 command)

Normal segment and display data column address and row address mapping (SEG0 mapped to

SSD1331
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7.5 Graphic Display Data RAM (GDDRAM)

7.5.1 GDDRAM structure

The GDDRAM is a bit mapped static RAM holding the pattern to be displayed. The RAM size is 96 x 64 x
16bits.

For mechanical flexibility, re-mapping on both Segment and Common outputs can be selected by software.
For vertical scrolling of the display, an internal register storing display start line can be set to control the
portion of the RAM data to be mapped to the display.

Each pixel has 16-bit data. Three sub-pixels for color A, B and C have 6 bits, 5 bits and 6 bits respectively.
The arrangement of data pixel in graphic display data RAM is shown below.

Figure 10 - 65k Color Depth Graphic Display Data RAM Structure

Column Normal
Address| Remap

Data
Format

COM
OUTPUT

COMO
COM1
COM2

no. of bits of data in this cell

COMEGE1

COMB2)
COMB3;

SEG OUTPUT _:_|SA935B9YSCO4 SA94| SBI4SCI4 SA9H SBIF SCOS

7.5.2 Data bus to RAM mapping under different input mode

Table 9 - Data bus usage under different bus width and color depth mode

Data bus
Bus width | Color Depth| Input order | D15\ D14| D13 | D12\ D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3| D2 | D1 | DO
8 bits 256 X X X X X X X X | Ci | Cs | G| Bs | Ba| Ba | As | As
| 8 bits E& 1st :{ :{ :{ K }{ K }: }‘: C4 Cg Cg C| Cu. Bj B.{ Bg
format 1
2nd X X X X X X X X | B | Bi | Ba | As | Ay | A | Ay | Ay
8 bits B5k 1st X X X X X X X X X X Cas Cs Cs Cy Ch X
format 2
2nd X X X X X X X X X X | Bs| By| Ba| Ba| B | Bg
3rd X X X X X X X X X X | Ag | A | A | Ay | A | X
16 bits EEH' C4 C3 CI_ C| Cﬂ. Bj B.; B; Eg B| BD 1'-"5..; A; Az 1'-'&1 1'514}
9 bits 65k 1st X X X X X X X [t e X | Bs | Bs | By
2nd X X X X X X X | B | B | Bg| As | As | Az | A/ | A | X I
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7.5.3 RAM mapping and Different color depth mode

At 65k color depth mode, color A, B, C are directly mapped to the RAM content. At 256-color mode, the RAM
content will be filled up to 65k format.

Figure 11 - 256-color mode mapping

65k color Cy C; C, C; Cy Bs B, B, B, B; By Ay Aj As Ay Ay

256 color Ci | G| G| *C | *Cs] Bs | Ba | Bs | Bs | *Bs| *Bs | Ay | As | *Ag| *As | *Ay
Note:

Dh=0~95

@ bits with * are copied from corresponding bits in order to fill up 65K format.

7.6 Gray Scale Decoder

The gray scale effect is generated by controlling the pulse width of segment drivers in current drive phase.
The gray scale table stores the corresponding pulse widths of the 63 gray scale levels (GS0~GS63). The
wider the pulse width, the brighter the pixel will be. A single gray scale table supports all the three colors A, B
and C. The pulse widths can be set by software commands.

As shown in Figure 12, color B sub-pixel RAM data has 6 bits, represent the 64 gray scale levels from GSO0 to

GS63. color A and color C sub-pixel RAM data has only 5 bits, represent 32 gray scale levels from GSO0,
GS2, ..., GS62.

Figure 12 - Relation between GDRAM content and gray scale table entry for three colors in 65K color mode

Color A, C Color B Gray Scale Default pulse width of GS[0:63]
RAM data (5 bits) RAM data (6 bits) in terms of DCLK
00000 000000 GS0 0
- 000001 GS1 1
00001 000010 GS2 3
- 000011 GS3 5
00010 000100 GS4 i
11110 111100 GS60 119
- 111101 GS61 121
11111 111110 GS62 123
- 111111 GS63 125

The duration of different GS are programmable.
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Figure 13 - lllustration of relation between graphic display RAM value and gray scale control

Gray scale table

Gray Scale Value/DCLKs
GSO 0
GS1 1
GS2 3
GS62 123
GS63 125
Color B RAM data = 000001  Color B RAM data = 111111
Segmen& : GS1 | GS63 ,
Voltage | pulse width =1 DCLKs | pulse W'dj:ﬂCLKS |
N e s T
Ve | i
Viss : i i =
Color A RAM data = 00001  Color A RAM data = 11111
Segment | GS2 . GS62 .
Voltage 4 . pulse width=3DCLKs |  pulse width = 123 DCLKs |
Vp : :
VLSS : : I »
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7.7 SEG / COM Driving block

This block is used to derive the incoming power sources into the different levels of internal use voltage and
current.

¢ V. Is the most positive voltage supply.
Veown is the Common deselected level. It is internally regulated.
V| ss is the ground path of the analog and panel current.
lrer is a reference current source for segment current drivers lsec. The relationship between
reference current and segment current of a color is:
lsec = Contrast / 256 X Irer X scale factor

in which
the contrast (0~255) is set by Set Contrast command; and
the scale factor (1 ~ 16) is set by Master Current Control command.

For example, in order to achieve lseg = 160uA at maximum contrast 255, Izer is set to around 10uA.

This current value is obtained by connecting an appropriate resistor from Iggr pin to Vss as shown in
Figure 14.

Recommended range for lgrgr = 10uA +/- 2uA

SSD1331

_ Irer (voltage
ien~ 1085 f at this pin =

R1 =3

[

Vss

Figure 14 - Iger Current Setting by Resistor Value

Since the voltage at Izer pin is Vee — 3V, the value of resistor R1 can be found as below.
R1= (Vﬂl’lage at IEEF = Vgs} / lree = {VGE o= 3) [ 10uA = 1.3MQ for Vee = 16V.

Figure 15 - Iseg current vs V¢ setting at constant lgrer, Contrast = FFh

Isgg (UA) Typical Iggg current vs Ve (Iggr = 10uA, Contrast = FFh)
210

200

190
180
170
160

150

140 | | | | | |
Vee (V)
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