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Sitronix

ST7598

344 x 88 Dot Matrix LCD Controller/Driver

INTRODUCTION

ST7598 is a single-chip LSI for graphic dot-matrix LCD systems. It incorporates power system, LCD controller and drivers for

common/segment outputs. ST7598 can be connected directly to a microprocessor with 8-bit parallel interface or 4-line serial

interface (SPI-4) or 3-line serial interface (SPI-3). Display data sent from MCU is stored into internal Display Data RAM

(DDRAM) of 344x88 bits. ST7598 contains 344 segment-output and 88 common-output. The display data bits in DDRAM are

directly related to the pixels on LCD panel. With built-in oscillation circuit and low power consumption power circuits, ST7598

can drive LCD panel without external clock or power, so that it is possible to make a display system with the fewest

components and minimal power consumption.

FEATURES

Single-chip LCD controller/driver

Driver Output Circuits

¢ 344 segment outputs / 88 common outputs

On-chip Display Data RAM

¢ Capacity: 344 x 88 = 30,272 bits

Microprocessor Interface

¢ 8-bit parallel bi-directional interface supports

6800-series or 8080-series MCU

4-Line serial interface (8-bit)

3-Line serial interface (9-bit)

Temperature / PROM data (register value)ean be read

by 8-bit parallel and 4-Line/3-Line serial interface

External RSTB (Hardware Reset) Pin

On-chip Oscillator Circuit

¢ Internal oscillator requires ho external component
(external clock input is also supported)

On-chip Low Power Analog Circuit

+ Voltage booster with external boost-capacitors

Built-in voltage regulator with programmable contrast

Built4in"PROM (Programmable Read-Only Memory) for

V3fineitune (3 times,programmable)

Built-in voltage follower supports LCD bias voltage

Available bias™ 1/6 ~ 1/13

¢ “Support external power supply

Display Function

# Support interlace-scanning method

¢ N-lines inversion

¢+ Programmable temperature compensation: 16-slopes
from -40~87<C (16-sections, 8 C/section)

Operating Voltage Range

+ Digital Power (VDD1, VDD3): 3.0V ~ 5.0V (TYP.)

¢ Analog Power (VDD2): 3.0V ~ 5.0V (TYP.)

LCD Operating Voltage Range

¢ Maximum Vop: 22.2V (Vop=V3-MV3, i.e. V3=11.1V)

Package Type: COG & COF

ST7598

6800, 8080, 4-Line & 3-Line Interface

S
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ST7598

PAD ARRANGEMENT

Chip Size: 20706 x 1276 (+/- 15) Unit: um

WITTTI Chip Thickness | 480 Bump Height | 15

PAD Bump Size

1~9, 216~224 96 x 26

10~13, 15~33, 35~84,
[T8M T 106"210, 212~215

80 x 45

14, 34, 85~105, 211 30 x 45

225~673 26x96

FECTTTI0 Do

PAD Minimal Pitch

1~9, 216~224, 225~673

10~215 5
* Refer to “PAD CENTER COORDINAT layout
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ST7598

PAD CENTER COORDINATES

PAD NAME X Y
1 COM[3] 64.5 1163
2 COM[2] 64.5 1123
3 COM[1] 64.5 1083
4 COM[0] 64.5 1043
5 Reserve 64.5 883
6 Reserve 64.5 723
7 Reserve 64.5 563
8 Reserve 64.5 403
9 Reserve 64.5 243

10 Dummy 205.5 39
11 Dummy 310.5 39
12 Dummy 415.5 39
13 Dummy 520.5 39
14 Dummy 599.25 39
15 VPP 678 39
16 VPP 783 39
17 EXTB 888 39
18 T20 993 39
19 T19 1098 39
20 T18 1203 39
21 CSB 1308 39
22 RSTB 1413 39
23 A0 1518 39
24 RWR 1623 39
25 ERD 1728 39
26 DO 1833 39
27 D1 1938 39
28 D2 2043 39
29 D3 2148 39
30 D4 2253 39
31 D5 2358 39
32 D6 2463 39
33 D7 2568 39
34 VSS 2646.75 39
35 MODE 27255 39
36 CLS 2830.5 39
37 IF2 2935.5 39
38 IF1 3040.5 39
39 VDD2 31455 39
40 VDD2 3250.5 39
41 VDD2 3355.5 39
42 VDD2 3460.5 39
43 VDD2 3565.5 39
44 VDD2 3670.5 39
45 VDD2 3775.5 39
46 VDD2 3880.5 39
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PAD NAME X Y
47 vVDD2 3985.5 39
48 VDD2 4090.5 39
49 VDD 4195.5 39
50 VDD 4300.5 39
51 VDD 4405.5 39
52 VDD 4510.5 39
53 VDD 4615.5 39
54 VDD3 4720.5 39
55 VD10 4825.5 39
56 VD10 4930.5 39
57 VD10 5035.5 39
58 VD10 5140.5 39
59 VD1l 5245.5 39
60 VD1l 5350.5 39
61 VD1l 5455.5 39
62 VD1l 5560.5 39
63 \/SS3 5665.5 39
64 \(SS 5770.5 39
65 VSS 5875.5 39
66 VSS 5980.5 39
67 VSS 6085.5 39
68 VSS 6190.5 39
69 VSS2 6295.5 39
70 VSS2 6400.5 39
71 VSS2 6505.5 39
72 VSS2 6610.5 39
73 VSS2 6715.5 39
74 VSS2 6820.5 39
75 VSS2 6925.5 39
76 VSS2 7030.5 39
77 VSS2 7135.5 39
78 VSS2 7240.5 39
79 VC 7345.5 39
80 VC 7450.5 39
81 VC 7555.5 39
82 VC 7660.5 39
83 VC 7765.5 39
84 VC 7870.5 39
85 T17 7949.25 39
86 T16 8001.75 39
87 T15 8054.25 39
88 T14 8106.75 39
89 TFCOMO 8159.25 39
90 T13 8211.75 39
91 T12 8264.25 39
92 T11 8316.75 39
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PAD NAME X Y
93 T10 8369.25 39
94 T9 8421.75 39
95 T8 8474.25 39
96 T7 8526.75 39
97 T6 8579.25 39
98 TFCOM1 8631.75 39
99 T5 8684.25 39
100 T4 8736.75 39
101 T3 8789.25 39
102 T2 8841.75 39
103 T1 8894.25 39
104 T0 8946.75 39
105 VREF 8999.25 39
106 TCAP 9078 39
107 V2 9183 39
108 V2 9288 39
109 V2 9393 39
110 V2 9498 39
111 V1 9603 39
112 V1 9708 39
13 V1 9813 39
114 V1 9918 39
115 MV1 10023 39
116 MV1 10128 39
117 MV1 1 0233’ 39
118 MV1 10338 39
119 MV2 10443
120 MV2 10548
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PAD NAME Y

141 CB1P

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156 39

157 39

158 39

159 39

160 39

161 39
39

1 39

164 39

165 39

166 39

167 39

168 39

169 39

170 39

171 39

172 39

173 39

174 39

175 39

176 39

177 39

178 39

179 39

180 39

181 39

182 39

183 39

184 39

185 39

186 39

187 39

188 39
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PAD NAME X Y
189 NAVDD 17793 39
190 NAVDD 17898 39
191 NAVDD 18003 39
192 NAVDD 18108 39
193 NAVDD 18213 39
194 NAVDD 18318 39
195 CD1P 18423 39
196 CD1P 18528 39
197 CD1P 18633 39
198 CD1P 18738 39
199 CD1N 18843 39
200 CD1N 18948 39
201 CD1N 19053 39
202 CD1N 19158 39
203 CD2P 19263 39
204 CD2P 19368 39
205 CD2P 19473 39
206 CD2P 19578 39
207 CD2N 19683 39
208 CD2N 19788 39
209 CD2N 19893 39
210 CD2N 19998 39
211 Dummy 20076.75 39
212 Dummy 20155.5 39
213 Dummy 20260.5 89
214 Dummy 20365.5 39
215 Dummy 20470.5 39
216 Reserve 20611.5 243
217 Reserve 20611.5 403
218 Reserve 20611.5 563
219 Reserve 20611.5 723
220 Reserve 20611.5 883
221 COM[4] 20611.5 1043
222 COM[5] 20611.5 1083
223 COM[6] 20611.5 1123
224 COM[7] 20611.5 1163
225 Dummy 20364.49 1181.5
226 Dummy 20324.49 1181.5
227 Dummy 20284.49 1181.5
228 Dummy 20244.49 1181.5
229 Dummy 20204.49 1181.5
230 COM[12] 20164.49 1181.5
231 COM[13] 20124.49 1181.5
232 COM[14] 20084.49 1181.5
233 COM[15] 20044.49 1181.5
234 COM[20] 20004.49 1181.5
235 COM[21] 19964.49 1181.5
236 COM[22] 19924.49 1181.5
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237 COM[23] 19884.49 1181.5
238 COM[28] 19844.49 1181.5
239 COM[29] 19804.49 1181.5
240 COM[30] 19764.49 1181.5
241 COM[31] 19724.49 1181.5
242 COM[36] 19684.49 1181.5
243 COM[37] 19644.49 1181.5
244 COM[38] 19604.49 1181.5
245 COM[39] 19564.49 1181.5
246 COM[44] 19524.49 1181.5
247 COM[45] 19484.49 1181.5
248 COM[46] 19444.49 1181.5
249 COM[47] 19404.49 1181.5
250 COM[52] 19364.49 1181.5
251 COM[53] 19324.49 1181.5
252 COM[54] 19284.49 1181.5
253 COM[55] 19244.49 1181.5
254 COM[60] 19204.49 1181.5
255 COM[61] 19164.49 1181.5
256 COM[62] 19124.49 1181.5
257 COM[63] 19084.49 1181.5
258 COM[68] 19044.49 1181.5
259 COM[69] 19004.49 1181.5
260 COM[70] 18964.49 1181.5
261 COM[71] 18924.49 1181.5
262 COM[76] 18884.49 1181.5
263 COM[77] 18844.49 1181.5
264 COM[78] 18804.49 1181.5
265 COM[79] 18764.49 1181.5
266 COM[84] 18644.24 1181.5
267 COM[85] 18604.24 1181.5
268 COM[86] 18564.24 1181.5
269 COM[87] 18524.24 1181.5
270 Reserve 18364.24 1181.5
271 Reserve 18204.24 1181.5
272 Reserve 18044.24 1181.5
273 Reserve 17884.24 1181.5
274 Reserve 17724.24 1181.5
275 Reserve 17564.24 1181.5
276 SEG[343] | 17301.57 1181.5
277 SEG[342] | 17261.57 1181.5
278 SEG[341] | 17221.57 1181.5
279 SEG[340] | 17181.57 1181.5
280 SEG[339] | 17141.57 1181.5
281 SEG[338] | 17101.57 1181.5
282 SEG[337] | 17061.57 1181.5
283 SEG[336] | 17021.57 1181.5
284 SEGI[335] | 16981.57 1181.5
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PAD NAME X Y

285 SEG[334] | 1694157 | 11815
286 SEG[333] | 16901.57 | 11815
287 SEG[332] | 16861.57 | 11815
288 SEG[331] | 16821.57 | 11815
289 SEG[330] | 16781.57 | 11815
290 SEG[329] | 1674157 | 11815
291 SEG[328] | 16701.57 | 11815
292 SEG[327] | 16661.57 | 11815
293 SEG[326] | 16621.57 | 11815
294 SEG[325] | 16581.57 | 11815
295 SEG[324] | 1654157 | 11815
296 SEG[323] | 16501.57 | 11815
297 SEG[322] | 16461.57 | 11815
298 SEG[321] | 1642157 | 11815
299 SEG[320] | 16381.57 | 11815
300 SEG[319] | 1634157 | 11815
301 SEG[318] | 16301.57 | 11815
302 SEG[317] | 1626157 | 11815
303 SEG[316] | 1622157 | 11815
304 SEG[315] | 16181.57 | 11815
305 SEG[314] | 1614157 | 11815
306 SEG[313] | 16101.57 | 11815
307 SEG[312] | 16061.57 | 11815
308 SEG[311] | 1602157 | 11815
309 SEG[310] | 15981.5% 11815
310 SEG[309] | 15941.57 |4.1181.5
311 SEG[308] | 15901.57 | ‘41815
312 SEG[307] | 15861.57 | 11815
313 SEG[306] | 1582#57 | 1181.5
314 SEG[305] |£15781.57> 11815
315 SEG[304] [\ 1574457 {{\ 11815
316 SEG[303] | 15701.57 | 11815
317 SEG[302] | 1566167 | 1181.5
318 SEG[301] | 15621.57 | 11815
319 SEG[300] | 15581.57 | 1181.5
320 SEG[299] | 15541.57 | 1181.5
321 SEG[298] | 15501.57 | 11815
322 SEG[297] | 15461.57 | 1181.5
323 SEG[296] | 1542157 | 11815
324 SEG[295] | 15381.57 | 11815
325 SEG[294] | 1534157 | 11815
326 SEG[293] | 15301.57 | 11815
327 SEG[292] | 15261.57 | 11815
328 SEG[291] | 15221.57 | 11815
329 SEG[290] | 15181.57 | 11815
330 SEG[289] | 1514157 | 11815
331 SEG[288] | 15101.57 | 11815
332 SEG[287] | 15061.57 | 11815
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333 SEG[286] | 15021.57 | 11815
334 SEG[285] | 1498157 | 11815
335 SEG[284] | 1494157 | 11815
336 SEG[283] | 1490157 | 11815
337 SEG[282] | 14861.57 | 11815
338 SEG[281] | 1482157 | 11815
339 SEG[280] | 1478157 | 11815
340 SEG[279] | 1474157 | 11815
341 SEG[278] | 14701574 11815
342 SEG[277] | 14661.57 |\ 11815
343 SEG[276] | 14621.57 [\ \1181.5
344 SEG[275] | 1458157 11815
345 SEG[274] | 14541.57 |“1181.5
346 SEG[273] | 1450157 | 11845
347 SEG[272),| 1446157 | 11815
348 SEG[274] | M4421.57 | 11815
349 SEG[270] | 11488157 | 11815
350 SEG[269] |¢ 1434157 | 11815
351 SEG[268) | 14301.57 | 11815
352 SEG[267] | 1426157 | 11815
353 SEG[266] | 1422157 | 11815
354 SEG[265] | 1418157 | 11815
355 SEG[264] | 1414157 | 11815
356 SEG[263] | 1410157 | 11815
357 SEG[262] | 14061.57 | 11815
358 SEG[261] | 1402157 | 11815
359 SEG[260] | 13981.57 | 11815
360 SEG[259] | 1394157 | 11815
361 SEG[258] | 13901.57 | 11815
362 SEG[257] | 13861.57 | 11815
363 SEG[256] | 13821.57 | 11815
364 SEG[255] | 13781.57 | 11815
365 SEG[254] | 1374157 | 11815
366 SEG[253] | 13701.57 | 11815
367 SEG[252] | 13661.57 | 11815
368 SEG[251] | 13621.57 | 11815
369 SEG[250] | 13581.57 | 11815
370 SEG[249] | 1354157 | 11815
371 SEG[248] | 13501.57 | 11815
372 SEG[247] | 1346157 | 11815
373 SEG[246] | 1342157 | 11815
374 SEG[245] | 13381.57 | 11815
375 SEG[244] | 1334157 | 11815
376 SEG[243] | 13301.57 | 11815
377 SEG[242] | 1326157 | 11815
378 SEG[241] | 1322157 | 11815
379 SEG[240] | 1318157 | 11815
380 SEG[239] | 1314157 | 11815
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PAD NAME X Y

381 SEG[238] | 13101.57 | 1181.5
382 SEG[237] | 13061.57 | 11815
383 SEG[236] | 13021.57 | 1181.5
384 SEG[235] | 12981.57 | 11815
385 SEG[234] | 1294157 | 11815
386 SEG[233] | 1290157 | 11815
387 SEG[232] | 12861.57 | 11815
388 SEG[231] | 1282157 | 11815
389 SEG[230] | 1278157 | 11815
390 SEG[229] | 1274157 | 11815
391 SEG[228] | 1270157 | 11815
392 SEG[227] | 12661.57 | 11815
393 SEG[226] | 1262157 | 11815
394 SEG[225] | 12581.57 | 11815
395 SEG[224] | 1254157 | 11815
396 SEG[223] | 12501.57 | 11815
397 SEG[222] | 1246157 | 11815
398 SEG[221] | 1242157 | 11815
399 SEG[220] | 12381.57 | 11815
400 SEG[219] | 1234157 | 11815
401 SEG[218] | 1230157 | 11815
402 SEG[217] | 1226157 | 11815
403 SEG[216] | 1222157 | 11815
404 SEG[215] | 1218157 | 11814
405 SEG[214] | 1214157 | 11815
406 SEG[213] | 12181.57 | 11815
407 SEG[212] | 1206157 | 11815
408 SEG[211] | 1202157 11815
409 SEG[210] | 11981.57 [ #1815
410 SEG[209] | 1194157 | 11845
411 SEG[208] | 1190157 | 11815
412 SEG[207] | 1186157 | 11815
413 SEG[206] | 1182157 | 11815
414 SEG[205] 3. 1178157 | 11815
415 SEG[204] [\ #74157 | 11815
416 SEG[203] | 1170157 | 11815
417 SEG[202] | 1166157 | 11815
418 SEG[201] | 1162157 | 11815
419 SEG[200] | 1158157 | 1181.5
420 SEG[199] | 1154157 | 11815
421 SEG[198] | 1150157 | 11815
422 SEG[197] | 1146157 | 11815
423 SEG[196] | 1142157 | 11815
424 SEG[195] | 1138157 | 11815
425 SEG[194] | 1134157 | 11815
426 SEG[193] | 1130157 | 1181.5
427 SEG[192] | 1126157 | 11815
428 SEG[191] | 1122157 | 11815
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429 SEG[190] | 11181.57 1181.5
430 SEG[189] | 11141.57 1181.5
431 SEG[188] | 11101.57 1181.5
432 SEG[187] | 1106157 | 11815
433 SEG[186] | 11021.57 | 1181.5
434 SEG[185] | 10981.57 | 11815
435 SEG[184] | 1094157 | 11815
436 SEG[183] | 10901.57 | 1181.5
437 SEG[182] | 10861.57 | 11815
438 SEG[181] | 10821.57 | 1181.5
439 SEG[180] | 10781.57 | 11815
440 SEG[179] |40741.57 | 11815
441 SEG[178}4}'10701.57 | 11815
442 SEG[177] [“108661.57 | 11815
443 SEG[176] | 10624.57 | 1181.5
444 SEG[175] | 1058167 | 11815
445 SEG[174] | 1054157 | 11815
446 SEG[173] | 10501.57 | 11815
447 SEG[172] | 10461.57 | 1181.5
448 SEG[71] | 1021443 | 11815
449 SEG[170] | 10174.43 | 11815
450 SEG[169] | 10134.43 | 1181.5
451 SEG[168] | 10094.43 | 11815
452 SEG[167] | 10054.43 | 1181.5
453 SEG[166] | 10014.43 | 1181.5
454 SEG[165] | 9974.43 1181.5
455 SEG[164] | 9934.43 1181.5
456 SEG[163] | 9894.43 1181.5
457 SEG[162] | 9854.43 11815
458 SEG[161] | 9814.43 1181.5
459 SEG[160] | 9774.43 1181.5
460 SEG[159] | 9734.43 1181.5
461 SEG[158] | 9694.43 1181.5
462 SEG[157] | 9654.43 1181.5
463 SEG[156] | 9614.43 1181.5
464 SEG[155] | 9574.43 1181.5
465 SEG[154] | 9534.43 1181.5
466 SEG[153] | 9494.43 1181.5
467 SEG[152] | 9454.43 1181.5
468 SEG[151] | 9414.43 1181.5
469 SEG[150] | 9374.43 1181.5
470 SEG[149] | 9334.43 1181.5
471 SEG[148] | 9294.43 1181.5
472 SEG[147] | 9254.43 1181.5
473 SEG[146] | 9214.43 1181.5
474 SEG[145] | 9174.43 1181.5
475 SEG[144] | 9134.43 1181.5
476 SEG[143] | 9094.43 1181.5
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PAD NAME X Y

477 SEG[142] | 9054.43 1181.5
478 SEG[141] | 9014.43 1181.5
479 SEG[140] | 8974.43 1181.5
480 SEG[139] | 8934.43 1181.5
481 SEG[138] | 8894.43 1181.5
482 SEG[137] | 8854.43 1181.5
483 SEG[136] | 8814.43 1181.5
484 SEG[135] | 8774.43 1181.5
485 SEG[134] | 8734.43 1181.5
486 SEG[133] | 8694.43 1181.5
487 SEG[132] | 8654.43 1181.5
488 SEG[131] | 8614.43 1181.5
489 SEG[130] | 8574.43 1181.5
490 SEG[129] | 8534.43 1181.5
491 SEG[128] | 8494.43 1181.5
492 SEG[127] | 8454.43 1181.5
493 SEG[126] | 8414.43 1181.5
494 SEG[125] | 8374.43 1181.5
495 SEG[124] | 8334.43 1181.5
496 SEG[123] | 8294.43 1181.5
497 SEG[122] | 8254.43 1181.5
498 SEG[121] | 8214.43 1181.5
499 SEG[120] | 8174.43 1181.5
500 SEG[119] | 8134.43 118148
501 SEG[118] | 8094.43 11815
502 SEG[117] | 8054.43 11815
503 SEG[116] | 801448 1181.5
504 SEG[115] | 7974.43 1181.5
505 SEG[114] | 798443 1181.5
506 SEG[113] |£7894.43 1181.5
507 SEG[112] |\ 7854143 11815
508 SEG[111] | 7814.43 1181.5
509 SEG[110] | 7774.48 1181.5
510 SEG[109] | 7734.43 1181.5
511 SEG[108] | 7694.43 1181.5
512 SEG[107] | 7654.43 1181.5
513 SEG[106] | 7614.43 1181.5
514 SEG[105] | 7574.43 1181.5
515 SEG[104] | 7534.43 1181.5
516 SEG[103] | 7494.43 1181.5
517 SEG[102] | 7454.43 1181.5
518 SEG[101] | 7414.43 1181.5
519 SEG[100] | 7374.43 1181.5
520 SEG[99] | 7334.43 1181.5
521 SEG[98] | 7294.43 1181.5
522 SEG[97] | 7254.43 1181.5
523 SEG[96] | 7214.43 1181.5
524 SEG[95] | 7174.43 1181.5
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525 SEG[94] | 7134.43 1181.5
526 SEG[93] | 7094.43 1181.5
527 SEG[92] | 7054.43 1181.5
528 SEG[91] | 7014.43 11815
529 SEG[90] | 6974.43 1181.5
530 SEG[89] | 6934.43 11815
531 SEG[88] | 6894.43 11815
532 SEG[87] | 6854.43 1181.5
533 SEG[86] | 6814.43 11815
534 SEG[85] | 6774.43 1181.5
535 SEG[84] | 6734.43 11815
536 SEG[83] |46694.43 1181.5
537 SEG[82] 4} 6654.43 1181.5
538 SEG[81] |\.6614.43 1181.5
539 SEG[80] | 6574.43 1181.5
540 SEG[79] | 653448 11815
541 SEG[78] | 6494.43 1181.5
542 SEG[77] | 6454.43 11815
543 SEG[76] | 6414.43 1181.5
544 SEG75] | 6374.43 1181.5
545 SEG[74] | 6334.43 11815
546 SEG[73] | 6294.43 1181.5
547 SEG[72] | 6254.43 11815
548 SEG[71] | 6214.43 1181.5
549 SEG[70] | 6174.43 1181.5
550 SEG[69] | 6134.43 1181.5
551 SEG[68] | 6094.43 1181.5
552 SEG[67] | 6054.43 11815
553 SEG[66] | 6014.43 1181.5
554 SEG[65] | 5974.43 11815
555 SEG[64] | 5934.43 1181.5
556 SEG[63] | 5894.43 1181.5
557 SEG[62] | 5854.43 11815
558 SEG[61] | 5814.43 1181.5
559 SEG[60] | 5774.43 11815
560 SEG[59] | 5734.43 1181.5
561 SEG[58] | 5694.43 1181.5
562 SEG[57] | 5654.43 1181.5
563 SEG[56] | 5614.43 1181.5
564 SEG[55] | 5574.43 11815
565 SEG[54] | 5534.43 1181.5
566 SEG[53] | 5494.43 11815
567 SEG[52] | 5454.43 1181.5
568 SEG[51] | 5414.43 1181.5
569 SEG[50] | 5374.43 11815
570 SEG[49] | 5334.43 1181.5
571 SEG[48] | 5294.43 11815
572 SEG[47] | 5254.43 1181.5
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573 SEG[46] | 5214.43 1181.5
574 SEG[45] | 5174.43 1181.5
575 SEG[44] | 5134.43 1181.5
576 SEG[43] | 5094.43 1181.5
577 SEG[42] | 5054.43 1181.5
578 SEG[41] | 5014.43 1181.5
579 SEG[40] | 4974.43 1181.5
580 SEG[39] | 4934.43 1181.5
581 SEG[38] | 4894.43 1181.5
582 SEG[37] | 4854.43 1181.5
583 SEG[36] | 4814.43 1181.5
584 SEG[35] | 4774.43 1181.5
585 SEG[34] | 4734.43 1181.5
586 SEG[33] | 4694.43 1181.5
587 SEG[32] | 4654.43 1181.5
588 SEG[31] | 4614.43 1181.5
589 SEG[30] | 4574.43 1181.5
590 SEG[29] | 4534.43 1181.5
591 SEG[28] | 4494.43 1181.5
592 SEG[27] | 4454.43 1181.5
593 SEG[26] | 4414.43 1181.5
594 SEG[25] | 4374.43 1181.5
595 SEG[24] | 4334.43 1181.5
596 SEG[23] | 4294.43 1181.5
597 SEG[22] | 4254.43 1181.5
598 SEG[21] | 4214.43 1181.5
599 SEG[20] | 4174.43 1181.5
600 SEG[19] | 4134.43 11815
601 SEG[18] | 4094:43 1181.5
602 SEG[17] |£4054.43 1181.5
603 SEG[16] [\ 4014143 1181.5
604 SEG[15] | 8974.43 1181.5
605 SEG[14] | 3934.48 1181.5
606 SEG[13] | 3894.43 1181.5
607 SEG[12] | 3854.43 1181.5
608 SEG[11] | 3814.43 1181.5
609 SEG[10] | 3774.43 1181.5
610 SEG[9] 3734.43 1181.5
611 SEG[8] 3694.43 1181.5
612 SEG[7] 3654.43 1181.5
613 SEG6] 3614.43 1181.5
614 SEG[5] 3574.43 1181.5
615 SEG[4] 3534.43 1181.5
616 SEG[3] 3494.43 1181.5
617 SEG[2] 3454.43 1181.5
618 SEG[1] 3414.43 1181.5
619 SEG[0] 3374.43 1181.5
620 Reserve | 3111.76 1181.5

Ver-0.5
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PAD NAME X Y

621 Reserve 2951.76 1181.5
622 Reserve 2791.76 1181.5
623 Reserve 2631.76 1181.5
624 Reserve 2471.76 1181.5
625 Reserve 2311.76 1181.5
626 Reserve 2271.76 1181.5
627 Reserve 2231.76 1181.5
628 Reserve 2191.76 1181.5
629 COM[83] 2071.51 1181.5
630 COM[82] 2031.51 1181.5
631 COM[81] 1991.51 1181.5
632 COM[80] 195151 1181.5
633 COM[75] 1911.51 1181.5
634 COM[74] 1871.51 1181.5
635 COM[73] 1831.51 1181.5
636 COM[72] 1791.51 1181.5
637 COM[67] 1751.51 1181.5
638 COMI66] 1711.51 1181.5
639 COM[65] 1671.51 1181.5
640 COM[64] 1631.51 1181.5
641 COMI[59] 1591.51 1181.5
642 COM[58] 1551.51 1181.5
643 COMI[57] 1511.51 1181.5
644 COM[56] 1471.51 1181.5
645 COM[51] 1431.51 1181.5
646 COM[50] 1391.51 1181.5
647 COM[49] 1351.51 1181.5
648 COM[48] 1311.51 1181.5
649 COM[43] 1271.51 1181.5
650 COM[42] 1231.51 1181.5
651 COM[41] 1191.51 1181.5
652 COM[40] 1151.51 1181.5
653 COM[35] 1111.51 1181.5
654 COM[34] 1071.51 1181.5
655 COM[33] 1031.51 1181.5
656 COM[32] 991.51 1181.5
657 COM[27] 951.51 1181.5
658 COM[26] 911.51 1181.5
659 COM[25] 871.51 1181.5
660 COM[24] 831.51 1181.5
661 COM[19] 791.51 1181.5
662 COM[18] 751.51 1181.5
663 COM[17] 711.51 1181.5
664 COM[16] 671.51 1181.5
665 COM[11] 631.51 1181.5
666 COM[10] 591.51 1181.5
667 COM[9] 551.51 1181.5
668 COM[8] 511.51 1181.5
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669 Dummy 471.51 1181.5

670 Dummy 431.51 1181.5

671 Dummy 391.51 1181.5

672 Dummy 351.51 1181.5

673 Dummy 311.51 1181.5
Unit : um
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2011/03/14



ST7598

BLOCK DIAGRAM

SEGO0..SEG343  COMO...COM87

A A

v2 N
V1 »
—wir——>  SEGMENT COMMON
,L; Drivers Drivers
‘ >
V2 <« >
% < Follower T_‘
MY < Circuit v
) — Display Data Latchs CthM?N
V3 < >T C :trplﬁ r
| Generator | | ¥ ontrolle
[ AVDD |
AVDD < | Booster | .
Display Data RAM
L/ NAVDD | (DDRAM)
NAVDD <« | Booster | 344 x 88 CL
Ly MV
MV3 < | Generator |
VQB:] » VDT |
« |_Regulator | Control
VDD2~VDD3 » Power Reg:sters
System h
vssl | |
vss2-V88} ——] —
Decoder
\ 4 4
Reset MPU INTERFACE (Parallel / Serial)
Circuit
A
Yy vy vy ‘_ i
E&8x I3
DBV
OO0 00U
00 ~=

Ver-0.5 11/68 2011/03/14



ST7598

PIN DESCRIPTION

Power System

Name Type Description
VDD1 is the power of interface 1/O circuit and OSC circuit.
VDD1 Power )
VDD1 and VDDS3 are separated in ITO and connected together by FPC or PCB.
VDD2 Power | VDD2 is the analog power for booster circuit and OP.
VDDS3 is the power of VREF circuit.
VDD3 Power .
VDD1 and VDD3 are separated in ITO and connected together by FPC or PCB.
Ground of interface, logic and OSC circuit.
VSS1 Power
Ground system should be connected by FPC or PCB.
Ground of booster circuit and OP.
VSS2 Power
Ground system should be connected by FPC or PCB.
Ground of VREF circuit.
VSS3 Power
Ground system should be connected by FPC or PCB.
VD1l Power VD1l is the power source of digital circuit. VD10 is the VD1 output. 9
Wi
VD10 VD1l and VD10 should be connected together by FPC or PCB.
LCD driver supply.
V30 V30 is the output voltage of V3 generated by ST7598.
V3l Power | V3lis the V3 supply of LCD drivers.
V3S V3S is the sensor of the V3 generator.
V30, V3l and V3S should be connected together by
V2 Power LCD driver supply.
VA Power | LCD driver supply.
LCD dri ly f
VG Power CD driver supply for cent
MV1 Power
MV2 Power
MV30I
Power
MV3S
30l and MV3S should be connected together by FPC.
Ver-0.5 12/68 2011/03/14
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Name Type Description

DC/DC converter for LCD driver circuit.

AVDD Power ) .
Connect a capacitor between AVDD pin and VSS2.

DC/DC converter for LCD driver circuit.

NAVDD Power ) .
Connect a capacitor between NAVDD pin and VSS2.

CA1P ) o

CAIN DC/DC converter for LCD driver circuit.

CA2P Power | Connect a non-polar capacitor between CA1P pin and CA1N pin.
CAZN Connect a non-polar capacitor between CA2P pin and CA2N pin.
CB1P Power DC/DC converter for LCD driver circuit.

CB1N Connect a non-polar capacitor between CB1P pin and CB1N pin.
CD1P . oo

CDIN DC/DC converter for LCD driver circuit.

CD2P Power | Connect a non-polar capacitor between CD1P pin and CD1N pin.
CD2N Connect a non-polar capacitor between CD2P pin and CD2N

LCD Driver Outputs

Name Type Description

SEGO v
LCD SEG-driver outputs. ’

to Output
P One voltage level of V2, V1, VC, MV1 and MV2 is selected by combining display DDRAM.

SEG343
COMO .
LCD COM-driver outputs.
to Output . . .
COMS7 One voltage level of V3, VC and MV3 is selecte ombining display DDRAM.

L 4
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Microprocessor Interface

Name Type Description
RSTB Input Reset input pin. When RSTB is “L”, internal initialization procedure is executed.
These pins select interface operation mode.
IF2 IF1 MCU interface type
H H 80 series 8-bit parallel
IF[2:1] Input H L 68 series 8-bit parallel
L H 8-bit serial (4-Line)
L L 9-bit serial (3-Line)

Note: Refer to “Interface Selection” for detailed information.

Chip select input pin.
CSB Input CSB="L": This chip is selected and the MCU interface is active.
CSB="H": This chip is not selected and the MCU interface is disabl 7:0] are high impedance).

A0 determines whether the access is related data or command.
° In parallel interface and 4-Line SPI: A0 is register selection input.
A0 Input A0 = "H": inputs on data bus are display data; A 4

A0 ="L": inputs on data bus are command.
° AQ is not used in 3-Line SPI. Please fix to

Read / Write execution control pin. (This pin i arallel interface)

MCU Type RWR
6800-seri
RWR Input series
8080-series o .
are latched at the rising edge of the /WR signal.
This pin is not used in se should be connected to “H” by VDD1.
Read / Wri . (This pin is only used in parallel interface)
MCU Type Description
Read / Write control input pin.
) R/W = “H”: When E is “H”, data bus is in output status.
6800-series i
ERD Input R/W = “L”: The data are latched at the falling edge of the
E signal.
, Read enable input pin.
8080-series /RD . L
When /RD is “L”, data bus is in output status.
is not used in serial interfaces and should be connected to “H” by VDD1.
The bi-directional data bus of the MCU interface. When CSB is “H”, they are high impedance.
) If using serial interface:
SDI: D7
D[7:0] I/0
SDO: D5, D6
SCL: D4
D0~D3 must connected to “H” by VDD1.
Note:

1. After VDD1 is turned ON, all MCU interface pins should not be left OPEN.
2. The un-used pins should be connected to VDD1.
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PROM Pins
Name Type Description
VPP Power The programming power supply of the built-in PROM. Apply external power (VPP=7.25~7.75V,
VPP+1yp=7.5V) here when programming (> 4mA for successful programming).
EXTB="L": Enable the extension operation mode.
EXTB Input When programming PROM, connect EXTB to VSS1 externally.
This pin has an internal pull-high resistor. Please leave this pin OPEN after special operation.
System Pins
Name Type Description
MODE Input Must fix to “H” by VDD1.
LS Input When using internal clock oscillator, please connect this pin to “H” by VDDY.
When using external clock oscillator, please connect this pin to “L” by VSS1.
oL /o When using internal clock oscillator, this pin is oscillator output.
When using external clock oscillator, this pin is oscillator inputt
Test Pins
Name Type Description
TCAP Test Reserveq fo.r testing only.
Leave this pin open.
Reserved for testing only.
VREF Test -
Leave this pin open.
Reserved for testing only.
TO~T19 Test .
Leave those pins open.
TFCOMO Test Reserved for testing only.
TFCOM!1 Leave those pins open.
ITO Resistance Limitation
Pin Name ITO Resister
VPP <50Q
VDD1, VDD2, VDD3, VSS1,VS8S2,SS34V30, V3I, V3S, V2, V1, VC, MV1, MV2, MV30I, MV3S, <1000
AVDD, NAVDD, CA1P, CATNSSCA2P, CA2N, CB1P, CB1N, CD1P, CD1N, CD2P, CD2N
A0, ERD, RWR, CSB, D[7:0] <700Q
IF[2:1],4CLS, MODE, EXTB <1KQ
RSB <10KQ
TCAR, CL, VREF, T0~T19, TFCOMO, TFCOM1 Floating
Note:

1. Make sure that the ITO resistance of COMO ~ COM87 is equal, and so is it of SEG0 ~ SEG343.
2. These Limitations include the bottleneck of ITO layout.
3. Refer to the application note for ITO layout guideline.

Ver-0.5
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FUNCTION DESCRIPTION

Microprocessor Interface

Chip Select Input

CSB pin is used for chip selection. ST7598 can interface with a MCU when CSB is "L". If CSB is “H”, the inputs of AO, ERD
and RWR with any combination will be ignored and D[7:0] are high impedance. In 3-Line and 4-Line serial interfaces, the
internal shift register and serial counter are reset when CSB is “H”.

Interface Selection
The interface selection is controlled by IF[3..1] pins. Please refer to the table below:

Table 1
Setting MCU Type Interface Pin Function
IF2 | IF1 CSB | A0 | RWR | ERD D[7:0]
H H Parallel 8080 series MCU /WR | /RD B[7:0]
H L | Parallel 6800 series MCU CSB A0 | RW E
L H Serial 4-Line series MCU - - D7=SDI, D[5:6]=SDO, D4=SCL, D[0:3] are not
L L Serial 3-Line series MCU - - - used

Note: The un-used pins are marked as “-” and should be connected to “H” by VDD1.

Parallel Interface
When parallel interface is selected, the interface transmission type Will be determined by the combination of the control

signals. Please refer to the table below:

Table 2
8080 series MCU 6800 series MCU AO CSB Interface Transmission Type
/WR /RD R/W E
1 H L 1 L Write Command
1 H L \) H L Write Display Data or Parameter
H ! H 1 H Read Display Data or Parameter Start
H 1 H 1 H Read Display Data or Parameter Stop

Note: Reading Display Data or Parametertis specified by the instruction before the read operation.

Serial Interface
In serial interface mode (4%Line or 3-Line), IC is active when CSB is “L”. Control signals (SDI, SDO, SCL and A0 for 4-Line)

are enabled when CSByis “L”. When CSB is “H”, the MCU interface is not active and the internal shift register and counter are
reset. It is recommended to,set CSB to “H” after each byte transmission.

4-Line Serial Interface
In 4-Line serial interface, A0 signal is latched at the 8" rising edge of the SCL signal (refer to Fig. 2).

CEE O\

S0 X o7 X s X e X oa X o X oE X o X ey o X
LT I N e D I I O N O N O
|I' :‘-':I :_|':I 4I1 I.:I1 E“ Il'| |_|I1
Al { >
Fig. 2 Write-Operation of 4-Line Serial Interface
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When entering read-related command, the information can be shifted out as shown below. The CSB signal should be kept at
“L” during this period. The 1% read out data (1% Data) is 9 bits, which includes a dummy bit at the 1% bit. After 1*' Data, all read

out data (2" Data and after) will be 8 bits.

CHb

Hir Z

£ C0 (0D GO R G CR

- Hgk £ o
BL0 (5 (5 C0 5 €0 60 B 0 G G B (0 G B (D N D
|<— [MHTIICEY| —)|(7 14 Dala 4}|(— *+ Dala —}|

SCL
R R LT ) Sl 14w e gyl phe Gl gl oyl 70 e oy gl gl phe e g
Al \
Fig. 3 Read-Operation of 4-Line Serial Interface

If CSB is set to “H” while the 8 bits from D7 to DO are entered, the data concerned is invalidated. Beforéxentering succeeding
sets of data, you must input the data concerned again. In order to avoid transfer error due to incoming noise when write
command or data, It is recommended to set CSB at “H” on byte basis to initialize the serial-to—parallel conversion counter

and the register.

3-Line Serial Interface
In 3-Line interface, A0 signal is not available and the 1% output of SDI will be'tréated as A0 flag (refer to Fig. 4).

LEE T\ —\
D EEN I CIEY D EVAN Y

Fig. 4 Write-Operation of 3-Line Serial Interface

When entering read-related command, the information can be shifted out as shown below. The CSB signal should be kept at
“L” during this period. The 1% read out data (1% Data) is 9 bits, which includes a dummy bit at the 1% bit. After 1*' Data, all read

out data (2™ Data and after} will be 8 bits.
CHE O\
s e faBpaor e oafefenfe
. HgkF Z -
BL0 1o foa{ps|e<fozfoz{p1foafer fosfos|o- oz oz foo)
|<— Lizmmnye | —>|<7 14 Dala 4)|<— At Dala —}I
sc T UL LU AL AL

LI LI 1 ooy T4 e oy g gl gl sl owhe gl 74 owe we gl gl phe

HEF Z

Fig. 5 Read-Operation of 3-Line Serial Interface

If CSB is set to “H” while the 8 bits from D7 to DO are entered, the data concerned is invalidated. Before entering succeeding
sets of data, you must input the data concerned again. In order to avoid transfer error due to incoming noise when write
command or data, It is recommended to set CSB at “H” on byte basis to initialize the serial-to—parallel conversion counter

and the register.
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Display Data RAM (DDRAM)
ST7598 containing a 344x88 bits static RAM stores the display data. The display data RAM (DDRAM) stores the pixel data of

the LCD. The built-in DDRAM is an addressable memory array with 344 columns by 88 rows. When the data bit in DDRAM is
“1”, the segment driver will output “ON” voltage. If it is “0”, the segment driver will output “OFF” voltage. The LCD controller
reads the pixel data in DDRAM, and then it outputs to COM/SEG pad. While the LCD controller operates independently,
display data can be written into DDRAM at the same time and data is also being displayed on LCD panel without causing the
abnormal display.

[11]
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Fig. 6 DDRAM Mapping

Page Address Circuit

This circuit provides the page address of DDRAM. It incorporates a 4-bit\Page Address Register which can be modified by
the instruction of Page Address Set only. As shown in Fig. 7, the 88 rows are configured as 11 pages with 8-bit (for
COMO0~COMB87 while row address direction is normal). The page address must be set before accessing DDRAM content.

Column Address Circuit
This circuit provides the column address of DBRAM. It incorporates a 9-bit Column Address Register which can be modified
by the instruction of “Column Address” only. The celamn address must be set before accessing DDRAM content.

© ® N o o »~ @ N = O

10

[ LR RSy el FRLE R S F . Sy § R e
- R o Wt TTTTTTIIIIIIT 0 0 N o N e d d gl e ol d ko ke ke
Ml =taaaMaanii="1a

Column Address
(Y[8:0] = 0x00 ~ 0x157)

Fig. 7 DDRAM Format
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Addressing

Data is downloaded into the Display Data RAM matrix in ST7598 as byte-format. The Display Data RAM has a matrix of 344
by 88 bits. The address ranges are: X=0~343 (column address), Y=0~10 (page address). Address outside these ranges is
not allowed.

Addressing the target DDRAM of access is specified with the Page Address Set command and Column Address Set
command. Using the Display Data Input/Output Direction command allows you to increase the address either in the page or
column direction. In both case, the address is increased by one (+1) after the write or read operation.

When Display Data Input/Output Direction command setting is column direction, the column address counter is increased by
1 (+1) after the write or read operation as shown in Fig. 8. If column address counter is over 157h after data accessed, the
page address is increased by one (+1) and the column address is returned to 00h respectively.

Besides, when Display Data Input/Output Direction command setting is page direction, the page address counter is increase
by 1 (+1) after the write or read operation as shown in Fig. 9. If the page address counter is over QAh after data accessed, the
column address is increased by 1 (+1) and page address is returned to 00h respectively. j

Whichever direction is selected, the page address counter and column address counter returned to 00h and 00h
respectively, after the DDRAM of column address 157h and page address 0Ah is accessed.
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Fig. 8 Display Data Input Directi IR=0 & MX= Fig. 9 Display Data Input Direction (DIR=1 & MX=0)
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LCD Display Function

DDRAM Map to LCD Driver Output

The internal relation between DDRAM and LCD driver circuit (SEG/COM output path) with different MX or MY setting is
illustrated below.
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Liquid Crystal Driver Power Circuit

The built-in power circuits generate the voltage levels which are necessary to drive the liquid crystal. The built-in power
system has voltage booster, voltage regulator and voltage follower circuits. Before power ST7598 is OFF, a Power OFF
procedure is needed. Please refer to the OPERATION FLOW section.

External Component of Power Circuit
The recommended external power components need thirteen capacitors. The detailed values of these thirteen capacitors are

determined by panel size and loading.

IC External '

NAVDD

C1: 1.0uF~4.7uF/10V
(Non-Polar Capcitor)

C2: 1.0uF~4.7uF/25V
(Non-Polar Capcitor)

Fig. 11 Power Circuit

V3/MV3 Voltage Regul
The built-in regulator regulates & stable voltage V3 and MV3. The voltage level of V3/MV3 can be programmed by software

instruction. Besides software instruction, ST7598 also provide extra function to adjust the voltage level of V3/MV3, such as
Voltage Offset and Temperature Component. The voltage level of V3/MV3 is controlled through the parameters of EV[7:0]
and VOF[7:0]. EV[7:0] is set by software instruction and the VOF[7:0] is downloaded from PROM.

%E-I e ET J =
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Fig. 12 V3/MV3 Generation
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The V3/MV3 calculation formula is shown below. The default value of VOF[7:0] is 00h that download from PROM.
Vop[7:0] = EV[7:0] + VOF[7:0]
V3 = 6.0 + 0.02 x Vop[7:0] = 6.0 + 0.02 x (EV[7:0] + VOF[7:0])
MV3 =-6.0 - 0.02 x Vop[7:0] = -6.0 - 0.02 x (EV[7:0] + VOF[7:0])
LCD Vop = V3 - MV3

N e
N\

EY Y Y T K B T T W ) N e ) ENFIEIEIE IR P . 4

Fig. 13 V3 Programmable

The maximum voltage level of V3 or minimum voltage level of MV3 th
and the loading of LCD module. VOF[7:0] is 2's complement, so that
respectively.

d is dependent on the VDD2 voltage
crease or decrease V3 and MV3

VOF7 | VOF6 | VOF5 | VOF4 | VOF3 | VOF2 | VOF1 | VOF0 | V3 Offset | MV3 Ofiset | Vop Offset

1 1 1 1 1 ‘ +2540mV | -2540mV | +5080 mV
1 1 1 1 1 0 | +2520mV | -2520 mV | +5040 mV

. : : : : : : : :
0 0 0 0 1 0 +40mV | -40mV | +80mV
0 0 0 0 0 1 20mV | -20mV | +40mV
0 0 0 0 0 0 0mv omV 0mv
1 1 1 1 1 1 1 20mV | +20mV | -40mV
1 1 1 1 1 1 0 40mV | +40mV | -80mV

1 : : : : :
0 0 0 0 0 1 | -2540mV | +2540mV | -5080 mV
0 0 0 0 0 0 | -2560mV | +2560mV | -5120 mV
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BIAS Voltage Follower
The internal bias ratio resistors divide V3 and MV3 into four reference levels for V2, V1, MV1 and MV2. The BIAS Voltage
Follower generates V2, V1, MV1 and MV2 according to these four reference levels. This circuit is operated in AVDD and

NAVDD voltage system as the power source.

The available range for V2, V1, MV1 and MV2 is shown in below table.

The bias ratio and available V3, MV3 and Vop is shown in below table.

Note:

Ver-0

Symbol| Available Range
V2 2.0V<V2<5.0V
V1 1.0V < V1 < VDD2

MV1 | -VDD2 < MV2 < -1.0V
MV2 | -5.0V <MV2<-2.0V

BIAS | Available V3 Range | Available MV3 Range | Available Vop Range
1/6 6.0V ~ 7.5V -7.5V ~ -6.0V

1/7 6.0V ~ 8.75V -8.75V ~ -6.0V

1/8 6.0V ~ 10.0V -10.0V ~ -6.0V

1/9 6.0V ~ 11.1V -11.1V ~ -6.0V

1/10 6.0V ~ 11.1V -11,1V ~ -6.0V .

1/11 6.0V ~ 11.1V -1&/ ~ -6.0V 12.0V ~ 22.2V
112 6.0V ~ 11.1V -11.1 .0V 12.0V ~ 22.2V
113 6.0V ~ 11.1V 11V ~ - 12.0V ~ 22.2V

The maximum voltage level of V3 or minimum voltage level of MV3 that can be generated is dependent on the VDD2
voltage and the loading of LCD module.

The upper limit of the available Vop is lutely voltage level without consider temperature compensation for V3 and

“Available Vop Range” after considering temperature compensation for

MV83. The voltage level of Vop must be
V3 and MV3.
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Power System Setup

The power system of ST7598 can be constructed in different ways. The power system can use internal power circuits or
external positive level power supplies. The combination of the internal power circuits or external positive level power supplies
is also allowed. The power supplies of negative voltage level for negative power system are disallowed. The following table
describes how to use the power system (internal or external). Be sure both of the hardware connection and software setting

must be correct.

Software Setting for Power Control

VAD V3 VPF | VMV3 | VNAD

VNF

Hardware Setting

Internal AVDD
Connect booster capacitor between CA1P and CA1N.
Connect booster capacitor between CA2P and CA2N.
Connect storage capacitor betweep AVDD and VSS2.

External AVDD
Connect storage capacitor between AVDD,and VSS2.
Apply external voltage level to AVDD.

Internal V3
Connect storagegapacitor between V3 and VSS2.

External V3
Connect storage capacitor between V3 and VSS2.
Apply external voltage level 10'V3.

InternabPositive Follower
Connect storage capacitor between V2 and VSS2.
Connectistorage capacitor between V1 and VSS2.

External Positive Follower
Connect storage capacitor between V2 and VSS2.
Conneet'storage capacitor between V1 and VSS2.
Apply external voltage levels to V2 and V1.

No o p~od

Internal NAVDD, MV3 and Negative Follower
Connect booster capacitor between CD1P and CD1N.
Connect booster capacitor between CD2P and CD2N.
Connect storage capacitor between NAVDD and VSS2.
Connect booster capacitor between CB1P and CB1N.
Connect storage capacitor between MV3 and VSS2.
Connect storage capacitor between MV2 and VSS2.
Connect storage capacitor between MV1 and VSS2.

Note:

° Whether power on or power off sequence must according to section of Power ON or Power OFF to avid abnormal

phenomenon.

Ver-0.5
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The following figures illustrate the connection of typical power applications.

Case 1: VAD=1, V3=1, VPF=1, VMV3=1, VNAD=1, VNF=1 Case 2: VAD=0, V3=1, VPF=1, VMV3=1, VNAD=1, VNF=1
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Case 3: VAD=1, V3=0, VPF=1, VMV3=1, VNAD=1, VNF=1 ’Cas 'AD=0, VPF=1, VMV3=1, VNAD=1, VNF=1
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Case 5: VAD=0, V3=0, VPF=0, VMV3=1, VNAD=1, VNF=1

oy

JdL2S0 Jd 234

]
-

]
Ty ..
N

'
ke = =1

External Components of Power Circuit
The optimum values of C1, C2 and C3 depend on the loading of LCD panel. The valu e determined by customer.
When determining the capacitor value, customer can displ pattern with large loading and than check if the capacitor

makes the voltage stable or not.

The following table is a quick refﬂefor the initial setting.

Symbol Type Reference Value (uF)
C1 |Capacitor for supply voltage regulatior% 0.1~47
C2 |Capacitor for LCD voltage stabilization 1.0~4.7
C3 ’ Capacitor for booster 1.0~4.7
Note:
1. Please place all these capacitors close to t ated pin of IC.

2. If the LCD panel is large or

the value is more than 1
3. When the LCD panel siz
recommended to use the

4. The le voltage level'®

Ver-0.5
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Temperature Gradient Selection Circuit

Set V3 with Temperature Compensation (Temperature # 24<C)

There are 19-line slopes in each temperature step, and customer can select one line slope of temperature compensation
coefficient for each temperature step. Each temperature step is 8C. Please see Fig. 14 as below.

T

A

\\ TuLCEIs

.~ Fobedl v
BN
.,\
=N
IE H=tHla1w
‘ Lad

4l L bl . hi 1 1 L . A hHl F

Fig. 14 Temperature Compensation Coefficient Selection

The temperature compensation circuit includes negative and positive temperature gradient slope coefficient. If the
temperature gradient slope coefficient is negative (FMTx=0), the availableigradient Mx'is 0OmV/<C, -5mV/° C, -10mV/TC, ...
and -75mV/<C. The parameter (MTx) of Temperature Gra dient Set instruction (Where x=0, 1, 2, ..., E, F) has a setting value
between 0 and 15. MTx=0 results in Mx=0mV/T incremefit on V3, MTx=1 results in Mx=-5mV/C increment, ..., MTx=15
results in Mx=-15x5mV/T increment. If the temperatu feé gradientyslope coefficient is positive (FMTx=1), the available
gradient Mx is OmV/C, 5mV/C, 10mV/TC and 15mV/C-Th e parameter (MTx) of Temperature Gradient Set instruction
(where x=0, 1, 2, ..., E, F) has a setting value ©etween 0and, 3. MTx=0 results in Mx=0mV/T increment on V3, MTx=1
results in Mx=5mV/<T increment, MIix=2 results in Mx=,10mV/Cinerement and MTx=3 results in Mx=15mV/<C inc rement.

Note that each MTx individually corresponds to a temperature interval; the Mx means temperature gradient slope coefficient.
The relations between Mx and V3 quantity duéjto temperature V3(T) are described in the equation shown in Table 3.
Temerature Range Equation VO(T) at temperature=T<C
-40C =<T< -32C |V3( ( (-32-T)x MO + (M1 + M2 + M3 + M4 + M5 + M6 + M7) x 8
-32C =<T< -24T_{|V3(T) =V3(T24) + (-24 - T) x M1 + (M2 + M3 + M4 + M5 + M6 + M7) x 8
24C <T< -16C JU3( ( (-16-T) x M2 + (M3 + M4 + M5 + M6 + M7) x 8
-16C <T< -8C M3(h).=V3(T24
-8C <T< 0C V3(T)
0C =<T< 8C V3(T) = V3(T24
8C <T< 16T N3(T)
16C <T< 24T NV3(T)
24C <T< 32C N3(T)
32C =<T< 40C N3(T)
40C <T< 48C N3(T)=V3
(T
(M
(T
M
(M

(-8-T) x M3 + (M4 + M5 + M6 + M7) x 8
(0-T) x M4 + (M5 + M6 + M7) x 8

(8-T) x M5 + (M6 + M7) x 8
(
(

]

<
w
_|
N
~

16 -T) x M6 + M7 x 8
24 -T) x M7

( )
(T-32)x M9 - M8 x8
(T - 40) x M10 - (M9 + M8) x 8
- (T-48) x M11 - (M10 + M9 + M 8) x 8
( )
( )
( )
( )

48C =T< 56C N3
56C <T< 64C |3
64C =<T< 72C |3
72C <T< 80C |3
80C =T< 88C |3

(

T-56)x M12 - (M11 + M10 + M9 + M8) x 8

T-64)xM13-(M12 + M11 + M10 + M9 + M8) x 8

T-72) x M14 - (M13 + M12 + M11 + M10 + M9 + M8) x 8

T-80)xM15- (M14 + M13 + M12 + M11 + M10 + M9 + M8) x 8
Table 3
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Temperature Gradient Compensation

Fig. 15

Note:
°

revent V3 is not

ligh

Please make sure to avoid any kind of heating source near ST7598 such as

because of temperature compensation circuit is working.

2011/03/14
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Frequency Temperature Gradient Compensation Coefficient

Register Loading Detection

ST7598 will auto-switch frame rate in different temperature such as Fig. 16. TA, TB and TC are frame rate switching
temperature which can be defined by customer with instruction Set Frequency Compensation Temperature Range. FRA,
FRB, FRC and FRD are switched frame rate which also can be defined by customer with instruction Operation Clock
Frequency Select. The temperature hysteresis “THF” in the Fig. 16 that defines the sensitivity of internal temperature sensor

and the value can be altered by instruction Temperature Hysteresis Value Set.

e Iale o o)

N (LN PR T 1
l-'u‘_| 4+
X
'."|'_| 4+
A
Yy
¥l T+
A
A hEC
RS
A
e
4+
:.-'\.|'_| +
s LU LEESY LR | U CIN 1 U B B S o L
Fig. 16 Frame Rate
Note:
° The temperature compensation related features volta

internal V3 regulator. If the internal V3 regula d OFF,
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RESET CIRCUIT

Setting RSTB pin to “L” (hardware reset) can initialize internal function. Generally, VDD1 is not stable at the time that the
system power is just turned ON. The hardware reset is required to initialize internal registers after VDD1 is stable.
Initialization by RSTB pin is essential before operating. The default values of registers are listed below:

After
Hardware Reset

Procedure

Content of DDRAM
Display ON/OFF
Display Inverse
Display All Pixel ON
COM Scan Direction
Page Address

Column Address

Display Data Input/Output Direction

Column Address Direction

N-Line Inversion
N-Line Inversion ON/FF ‘
Read Modify Write

Built-in Oscillator Circuit ON/OFF
Operation Clock Frequency

Power Control

Booster Level ‘

BIAS

Electronic Volume

Power Discharge

Power Save

erature Hysteresis Value

Test

Table 4
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INSTRUCTION A0 | R'W COMMENDIBIE DESCRIPTION
D7 D6 D5 D4 D3 D2 D1 DO
Set LCD display mode
Display ON/OFF 0 0 1 0 1 0 1 1 1 D |D=0: display off
D=1: display on
Set inverse display mode
Display Inverse 0 0 1 0 1 0 0 1 1 INV  |INV=0: normal display
INV=1: inverse display
Set all pixel on mode
Display All Pixel ON 0 0 1 0 1 0 0 1 0 AP |AP=0: normal display
AP=1: all pixel on
o 0 0 1 1 0 0 0 1 0 0 =0: COM0->COM87
COM Scan Direction ] 0 0 0 0 0 0 0 ] v _1: COM87->COMO
Page Address 0 0 1 0 1 1 0 0 0 1 the page address of
1 0 0 0 0 0 Y3 Y2 Y1 YO
0 0 0 0 0 1 0 0 1 1
Column Address ] 0 Set thw)lumn address of
- DDRAM
1 0 X7
. . 0 0 0 o
Display Data Write ] 0 07 Write display data to DDRAM
. 0 0 0 Read display data from
Display Data Read ] ] 07 DDRAM
Set DDRAM data input
Display Data 0 0 1 direction
Input/Output Direction DIR=0: column direction
DIR=1: page direction
Set column addressing
Column Address 0 0 direction
Direction MX=0: SEG0>SEG343
MX=1: SEG343->SEG0
N-Line Inversion (1) g g Set N-Line inversion
. . Set N-Line inversion mode
D version o Lo | 1| 1 71 | o] o | 1 | 0o | NL |NL=0:N-Lineinversion off
NL=1: N-Line inversion on
0 0 1 1 0 1 1 0 1
Enable DDRAM 1 0 0 0 0 1 0 1 0 1 |Enable DDRAM
1 0 0 0 0 1 1 0 0
Read Modify Write 0o | 0| 1 1 1 o | o | o | o | o |EnableReadModifyWrite
mode
Read Modify Write 0 0 1 1 1 0 1 1 1 0 Disable Read Modify Write
End mode
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COMMAND BYTE

INSTRUCTION A0 | R'W DESCRIPTION
D7 D6 D5 D4 D3 D2 D1 DO
Built-in Oscillator Set built-in oscillator mode
Circuit ON/OFF 0 0 1 0 1 0 1 0 1 OSC |OSC=0: built-in oscillator off
OSC=1: built-in oscillator on
0] tion Clock 0 0 0 ! 0 ! ! ! L ! Set f te in diff t
peration Cloc et frame rate in differen
Frequency 1 0 |FRB3|FRB2|FRB1|FRBO0|FRA3 | FRA2 | FRA1 | FRAO temperature range
1 0 |FRD3|FRD2|FRD1|FRDO|FRC3|FRC2 |FRC1|FRCO
Power Control 0 0 0 0 1 0 0 1 0 1 |Set built-in power circuits
1 0 - - | VAD | V3 | VPF |VMV3|VNAD| VNF |on/off
Booster Level 0 0 0 0 1 0 1 0 1 1 Set the lev f built-in booster
1 0 - R - R - R - BL |circuit
0 0 1 0 1 0 0 0 1 0 of liquid
BIAS
1 0 0 0 0 0 0 BS2 | BS1 | BSo |crystal
0 0 1 0 0 0 0 0 0 1 Set the V3 level { i
. et the evel forligui
Electronic Volume 1 0 EV7 | EV6 | EV5 | EV4 | EV3 | EV2 crystal driving vol
1 0 0 0 0 0 0 0
Power Discharge 0 0 1 L 1 0 ! 0 wer circuits discharge
1 0 - - - - DV3 | DVPF
et power save mode
Power Save 0 0 1 0 1 (‘ 1 0 0 PD=0: normal mode
PD=1: standby mode
0 0 0 1 0 0 1 1 0
1 0 MT1[3:0] MTO[3:0]
1 0 MT3[3:0] T2[3:0]
T ture Gradient 1 0 MT5[3:0] 4[3:0] Sett i dient
emperature Gradien - - et temperature gradien
Compensation 1 0 MT7[3:0] MT6(3:0] compensation coefficient
1 0 ’ MT9[3:0] MT8[3:0]
1 0 MTA[3:0]
1 0 MTC[3:0]
1 0 MTE[3:0]
Te t Gradient 0 0 ! L 0 0 ! Set the sl ft t
emperature Gradien et the slope of temperature
Compensation Flag 1 FMT4 | FMT3 | FMT2 | FMTT | FMTO gradient is positive or negative
1 FMTC | FMTB | FMTA | FMT9 | FMT8
0 0 1 1 1 0
Read Status 1 V3 | VPF |VMV3|VNAD| VNF |Read IC status
1 1 DISV - MY PD TD |[NLFR| MLS | NLF
Set temperature detection
Temperature!Dete o | o | o | 1 1 o | 1 o | o | Tp |mode
TD=0: disable mode
TD=1: enable mode
MLS Driving Metho 0 0 1 L 1 0 0 L 1 1 Set MLS driving method
1 0 - - - NLFR | MLS - - NLF
NOP 0 0 1 1 1 0 0 0 1 1 |No operation
0 0 1 1 1 0 1 1 0 0
Emgggggﬂon 1 0 - | TA6 | TA5 | TA4 | TA3 | TA2 | TAT | TAO |Set temperature range for
1 0 - TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO
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COMMAND BYTE

INSTRUCTION A0 | R/'W DESCRIPTION
D7 D6 D5 D4 D3 D2 D1 DO
T ) 0 0 1 1 1 0 1 1 0 1 Sett ture hvst )
emperature et temperature hysteresis
Hysteresis Value 1 0 - - THV5 | THV4 | THV3 | THV2 | THV1 | THVO value
1 0 - - - - THF3 | THF2 | THF1 | THDO
Current Temperature 0 0 ! ! ! 0 ! ! ! ! Monitor current temperature
1 1 T7 T6 T5 T4 T3 T2 TH1 TO
Set test command mode
TE=0: normal command mode
Test 0 0 1 1 1 1 1 1 TE T TE=1: test command mode
T: select test command mode

Ver-0.5
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INSTRUCTION DESCRIPTION

Display ON/OFF
This instruction turns the display ON or OFF. When ST7598 enters display off, the display output is blank regardless of the

content of DDRAM. When ST7598 enters display on (exit display off), the display output is according to content of DDRAM.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
D=0: Display off (Default)
0 0 1 0 1 0 1 1 1 D .
D=1: Display on

Display Inverse
This instruction would inverse the scanned data without recover the content of DDRAM. As the result, the ON and OFF

status of all pixels are interchanged.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
INV=0%Nermal display (Default)
INV=1: Invetse display

0 0 1 0 1 0 0 1 1 INV

Display All Pixel ON

When ST7598 enters all pixels on mode, all display pixels are turned on regardiess of the content of DDRAM. The content of
DDRAM is not changed by setting Display All Pixel ON.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

AP=0: Normal display (Default)
AP=1: All pixel on

0 0 1 0 1 0 0 1 0 AP

COM Scan Direction

This instruction defines the COM direction of scan read fromhDDRAM.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 0 0 0 1 0 0 MY=0: COM0->COM87
1 0 0 0 0 0 0 0 1 MY |MY=1: COM87->COMO

Note: “-“is disable bit. It can be either logic 0 or 1.

Page Address

This instruction defines the page address carresponding to line address of DDRAM when MCU access to the DDRAM shown
in Fig. 10. the detail description isisheweddn'the section of Page Address Circuit.

A0 | RW | D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 1 1 0 0 0 1
Y[3:0]=0h~Ah
1 0 0 0 0 0 Y3 Y2 Y1 YO

Note: “-“is disable bit. It can be either logic 0 or 1.

Y3 Y2 Y1 YO Page Address
0 0 0 0 Page 0
0 0 0 1 Page 1
0 1 0 Page 2
1 0 0 0 Page 8
1 0 0 1 Page 9
1 0 1 0 Page 10
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Column Address
This instruction defines the column address of DDRAM. The detail description is showed in the section of Column Address

Circuit.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 0 1 0 0 1 1
1 0 - - - - - - - X8 | X[8:0]=00h~157h
1 0 X7 X6 X5 X4 X3 X2 X1 X0

Note: “-“is disable bit. It can be either logic 0 or 1.

X8 X7 X6 X5 X4 X3 X2 X1 X0 Column Address

0 0 0 0 0 0 0 0 Column 0
0 0 0 0 0 0 0 1 Column 1

0 0 0 0 0 0 0 1 0 Column 2

Display Data Write
This instruction is used to transfer data from MCU to DDRAM without changing status of ST7598. The page address and

ion is accepted. The pre-instruction is defined to enter
DRAM without pre-instruction. After each access,
by one (+1). The increment method of page
play Data Input Direction. Display Data Write

column address will be reset to customer setting when this inst
write DDRAM mode. The following continuously data means conten
column address counter or page address counter is automatically incr
address counter or column address counter is depending on instruction
would be stopped when any other instrugtion is accepted.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 0 1 1 0 1
1 0 D7 D6 D5 D3 D2 D1 DO

p

Display Data Read
The instruction is used to tra DDRAM to MCU without changing status of ST7598. The page address and

column address will be reset t setting when this instruction is accepted. The pre-instruction is defined to enter

olumn address counter is depending on instruction Display Data Input Direction. Read Display Data
en any other instruction is accepted. Read Display Data is only available via the parallel interface.

D6 D5 D4 D3 D2 D1 DO Description

0 0 1 1 1 0 0
D6 D5 D4 D3 D2 D1 DO
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Display Data Input/Output Direction
This instruction defines the direction where the address counter of DDRAM is automatically increment. The detail description
is showed in the section of Addressing.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
DIR=0: Column direction (Default)
DIR=1: Page direction

0 0 1 0 0 0 0 1 0 DIR

Column Address Direction

This instruction defines the addressing direction of column address as shown in Fig. 10.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

MX=0: SEGO>SEG343 (Default)
MX=1: SEG343->SEG0

0 0 1 0 1 0 0 0 0 MX

N-Line Inversion
This instruction defines the liquid crystal alternating line number which alters the driving signal phasey(in 4-line basis).

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 1 1 0 1 1 0
1 0 0 0- 0 NL4 NL3 NL2 NLA NLO
Note: “-“is disable bit. It can be either logic 0 or 1.

NL[4:0]=00h~14h

The relationship between the parameter NL[4:0] and the number of inverted lines is shown below.

NL4 NL3 NL2 NL1 NLO N-Line Inversion
0 0 0 8 (4x2)
0 0 1 8 (4%2)
0 0 0 1 0 12 (4x3)
1 0 0 1 0 76 (4x19)
1 0 0 1 1 80 (4x20)
1 0 1 0 0 84 (4x21)

N-Line Inversion ON/OFF

This instruction defines thexfunction of N-Line inversion is disable or enable. If the N-Line inversion is turning off, the liquid
crystal is alternated by frame inversion.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

NL=0: N-Line inversion off (Default)
NL=1: N-Line inversion on

0 0 1 1 1 0 0 1 0 NL

Enable DDRAM
This instruction is used to initial DDRAM and DDRAM interface for write to DDRAM or read from DDRAM. This instruction

should be set in the initial flow.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 1 1 0 1 1 0 1
1 0 0 0 0 1 0 1 0 1
1 0 0 0 0 0 1 1 0 0
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Read Modify Write

This instruction is used to enter Read Modify Write mode. When entering Read Modify Write mode, the display data read will
not increase address counter. Only the display data write will increase the address counter. This mode is maintained until the
instruction Read Modify Write End is accepted.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

0 0 1 1 1 0 0 0 0 0

( Set Page/Column Address )

| Read Modify Write (EOh) |

( Read-Modify-Write Cycle )4—

| Dummy Read |

v

| Data Read

|No

Data Write
(at same Address Counter)

Address Counter increase

Read-Modify-Write
(EEh)

(_ Exist Read-Modify Write )

Fig. 17 Read Modify Write Flow

Read Modify Write End

This instruction is used to release the Read ify Write mode. The page address and column address will return to initial
address while the instruction Read Modify Write is accepted.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 1 1 0
oo L lypd dabline s
COEDTD
ol Hem Ay ol 1| I-llA.I\.lT_ﬂ LRI 8

Fig. 18 Address Relationship of Read Modify Write
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Built-in Oscillator Circuit ON/OFF

This instruction is used to turn on or off the built-in oscillator circuit. When the built-in power supply is used, the Built-in
Oscillator Circuit ON must be executed before the instruction Power Control. If the built-in oscillator circuit is turned off while
the built-in power supply is used, abnormal display may occur.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

OSC=0: Built-in oscillator off
OSC=1: Built-in oscillator on

0 0 1 0 1 0 1 0 1 0OSC

Operation Clock Frequency
This instruction defines the temperature compensation gradient of frequency which automatically adjusts the frame
frequency according to the current temperature.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

0 0 0 1 0 1 1 1 1 1 FRA[3:0]: FR for -40C~TA
FRB[3:0];FR for TA~TB

1 0 FRB3 | FRB2 | FRB1 | FRBO | FRA3 | FRA2 | FRA1 | FRAO
FRCI[3:0]*FR for TB~TC

1 0 FRD3 | FRD2 | FRD1 | FRDO | FRC3 | FRC2 | FRC1 | FRCO | FRD[3:0]: FR$6r TC~88C

This instruction is used to specify the divide-ratio of the internal operation cleeky(PWMCK) to the built-in oscillator frequency
(fOSC). This instruction is enable only when built-in oscillator clock is tufned on:Ifythe built-in oscillator circuit is turned off,
the external clock entered to CL pin is used as the internal operation clock. The belowitable shows the relation between the
divide-ratio and the register value which is set by the parameter (FRx[3:1])*This table also illustrates the relation between the
internal operation clock (PWMCK) and the display operation clock (fDCLK).

FRx[3:1]| DIV PWMCK (kHz)| fDCLK (kHz) fFR (Hz)
fOSC/DIV PWMCK/15 | 88 Lines | 80 Lines | 76 Lines | 72 Lines | 68 Lines | 64 Lines

0000 5 326.0 21.7 236 258 271 286 301 319
0001 6 271.7 18.1 197 215 226 238 251 266
0010 7 232.9 15.5 168 185 194 204 215 228
0011 8 203.8 18.6 148 162 170 179 189 200
0100 9 181.1 12.1 132 144 151 159 168 178
0101 10 163.0 10.9 118 130 136 143 151 160
0110 12 135.8 9.1 99 108 114 120 126 134
0111 14 1164 7.8 85 93 98 103 108 115
1000 15 108.7 7.2 78 86 90 95 100 106
1001 16 10159 6.8 74 81 85 89 94 100
1010 18 90.6 6.0 65 71 75 79 83 88
1011 20 81.5 5.4 59 64 68 71 75 79
1100 21 77.6 5.2 57 62 65 68 72 76
1101 24 67.9 45 49 54 56 59 63 66
1110 25 65.2 4.3 47 51 54 57 60 63
1111 28 58.2 3.9 42 46 49 51 54 57

Note:

fOSC: Oscillator frequency of the built-in oscillator circuit.
PWMCK: Internal operation clock. It is the basic clock used by the synchronous circuit of ST7598. PWMCK is obtained by
dividing fOSC.
fDCLK: Display Operation Clock. It is used to specify a single duration in the sequential drive of liquid crystal. It constantly
meets the relation of PWMCK/15 independent of the value of the operation clock frequency select command. The
relationship will not change even when the external clock is used.
fFR: The frequency of Frame Rate.
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Power Control
This instruction used to control the status of built-in power circuit.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 1 0 0 1 0 1
1 0 - - VAD V3 VPF | VMV3 | VNAD | VNF

Note: “-“is disable bit. It can be either logic 0 or 1.

ST7598 provides built-in power supply for LCD driving voltage. ST7598 allows using some part(s) of the built-in power
circuit(s) with some external voltage(s). The following table shows how these circuits can be controlled through this
command. The detail description of power circuit setup is showed in Power System Setup. The power on/off flow please

refers to the sections of Power ON and Power OFF to avoid abnormal display.

Flag Status of Built-in Power Circuit
VAD=0: Built-in AVDD Booster Circuit OFF
VAD=1: Built-in AVDD Booster Circuit ON

VAD

V3=0: Built-in V3 Regulator Circuit OFF
V3=1: Built-in V3 Regulator Circuit ON

V3

VPF=0: Built-in Positive Follower Circuit OFF
VPF=1: Built-in Positive Follower Circuit ON

VMV3=0: Built-in MV3 Regulator Circuit OFF ’
VMV3=1: Built-in MV3 Regulator Circuit ON

VPF

VMV3

VNAD=0: Built-in NAVDD Booster Circuit OFF
VNAD-=1: Built-in NAVDD Booster Circuit ON

VNAD

VNE VNF=0: Built-in Negative Follower Circuit OFF

VNF=1: Built-in Negative FollogCircuit ON

The internal clock is required to operate th ilt-in power supply circuit. During the operation of the built-in power supply
side. If the built-in oscillator circuit is used, please execute the built-in
ning on. If the external oscillator is used, must operate the external

al clock is cut off during the operation of the built-in power circuit,

GE-I'I-] Earns «'."5-$||E.'.$D

v

circuit, be sure that the internal clock is pres
oscillator circuit turning on before the power circu
oscillator before the power circui on. If the in

abnormal display mat occur.

Lziky
HLIIE 17 Csallabes Sarsad

v

Huialk i Caenllabes Srsad Zupp s SAamal Dacllater
To ey 24 ka L2 <11
IntarglFw-arns Pouler IntarglFw-arns Pouler
Ci cul Tarving M Ci cul Tarving M
C Crapav CH ) C Crapav CH )
Fig. 19 Power Control (Using Built-in Oscillator) Fig. 20 Power Control (Using External Oscillator)
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Booster Level
This instruction defines the booster level without change any hardware connection.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 1 0 1 0 1 1 BL=0: Booster Level 1
1 0 - - - - - - - BL |[BL=1:Booster Level 2
Note: “-“ is disable bit. It can be either logic 0 or 1.
BIAS
This instruction defines the bias ratio of voltage requirement for liquid crystal.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 1 0 0 0 1 0
1 0 0 0 0 0 0 BS2 BS1 BS0O

Note: “-“ is disable bit. It can be either logic 0 or 1.

The relationship between the parameter BS[2:0] and the bias ratio is shown below.

BS2 | BSt1 BSO BIAS Ratio
0 0 0 1/6
0 0 1 1/7
0 1 0 1/8
0 1 1 1/9
1 0 0 1/10
1 0 1 1/11
1 1 0 112
1 1 1 1/13

The relationship between the bias ratio and the

Symbol Voltage Level
V3 |V3 = Vop/2
V2 |V2=2xBIAS x Vop
V1 |V1=BIAS x Vop
VC |VC=VSS2
MV1 |MV1 = -BIAS x Vop
MV2 |MV2 =-2x BI Vop
MV3 [MV3 = -Vop
Ver-0.5
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Electronic Volume

This instruction defines the liquid crystal driving voltage V3 that issued from built-in analog power circuit. The maximum
voltage level of Vop that can be generated is dependent on the VDD2 voltage and the loading of LCD module. The detalil
description is showed in section of V3/MV3 Voltage Regulator.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 0 0 0 0 1
1 0 EV7 EV6 EV5 EV4 EV3 EV2 EV1 EVO |EV[7:0]=00h~FFh
1 0 0 0 0 0 0 0 0 0

Note: “-“is disable bit. It can be either logic 0 or 1.

The relationship between the parameter EV[7:0] and the voltage level of V3/MV3/Vop is shown below.

EV7 EV6 EV5 EV4 EV3 EV2 EV1 EVO V3 MV3 Vop

0 0 0 0 0 0 0 0 6.00 -6.00 12

0 0 0 0 0 0 0 1 6.02 -6.02 12.04
0 0 0 0 0 0 1 0 6.04

1 1 1 1 1 1 0 0 11.04

1 1 1 1 1 1 0 1 11.06

1 1 1 1 1 1 1 0 11.08

1 1 1 1 1 1 1 ”1 11.10

Power Discharge
This instruction used to discharge the capacitor connected to the anal

refers to the sections of Power OFF to avoid abnormal display.

wer supply circuit. The discharge flow please

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 1V o 1 0 1 0
1 0 - - - \ DVvV3 | DVPF | DVNF | DVMV3
Flag Status of Built-in Power Circuit
Ver-0.5 41/68 2011/03/14
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Power Save

This instruction defines the status of chip is normal mode or standby mode. When ST7598 enters the standby mode, the
mode causes the LCD module entering the minimum power consumption. Besides, the internal analog circuit will be turned

off without discharge power and the display will turn off.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
PD=0: Normal mode

0 0 1 0 1 0 1 0 0 PD
PD=1: Standby mode

Temperature Gradient Compensation
This instruction defines the temperature gradient compensation coefficient. Depend on the instruction of Temperature

Gradient Compensation Flag, the temperature gradient slope can be set either positive or negative. The detail description is
showed in the section of Temperature Gradient Selection Circuit.

A0 |RW | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO Description
0 0 0 1 0 0 1 1 1 0

1 0 MT1[3:0] MTO[3:0]

1 0 MT3[3:0] MT2([3:0]

1 0 MT5[3:0] MT4[3:0] ,

1 5 T3] NTo30] MTX([3:0}=0n~Fh (Negative TC)

MTx[3:0]=0h~3h (Positive TC)

1 0 MT9[3:0] MT8[3:0]

1 0 MTB([3:0] MTA[3:0]

1 0 MTDI[3:0] MTCI[3:0]

1 0 MTF[3:0] MTE[3:0]

The related temperature range and available setting y@ltie of MTx[3:0]is shown below.

Flag Temperature Range | Negative TC Value | Positive TC Value
MTO[3:0] -40C =T< -32C OhaFh 0h~3h
MT1[3:0] -32C <T< -24C Oh~Fh 0h~3h
MT2[3:0] 24C <T< -16C Oh~Fh 0h~3h
MT3[3:0] -16C <T< -8C Oh~Fh 0h~3h
MT4[3:0] -8C =T< 0C Oh~Fh 0h~3h
MT5[3:0] 0C <T< 8T Oh=Fh 0h~3h
MT6[3:0] 8CL=T< 16C Oh~Fh 0h~3h
MT7[3:0] 16C) £ T< 24T Oh~Fh 0h~3h
MT8[3:0] 24C "€ < 32C Oh~Fh 0h~3h
MT9[3:0] 32C < T<h40<C Oh~Fh 0h~3h
MTA[3:0] 40C <T< 48T Oh~Fh 0h~3h
MTBI[3:0] 48C <T< 56T Oh~Fh 0h~3h
MTC[3:0] 56C <T< 64T Oh~Fh 0h~3h
MTD[3:0] 64C <T< 72C Oh~Fh 0h~3h
MTE[3:0] 72C <T< 80C Oh~Fh 0h~3h
MTF[3:0] 80C =<T< 88C Oh~Fh 0h~3h

Ver-0.5
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The relationship between the parameters FMTx/MTx[3:0] and the voltage level of V3/MV3/Vop is shown below. The FMTx is
set by instruction of Temperature Gradient Compensation Flag.

FMTx | MTx3 | MTx2 | MTx1 | MTx0 | V3mV/C) | MV3(mV/C) | Vop(mV/T)

0 0 0 0 0 0 0
0 0 0 1 5 5 -10
0 0 1 0 -10 10 -20
0 0 1 1 -15 15 -30
0 1 0 0 -20 20 -40
0 1 0 1 -25 25 -50
0 1 1 0 -30 30 -60

0 0 1 1 1 -35 35 -70
1 0 0 0 -40 40 -80
1 0 0 1 -45 45 -90"
1 0 1 0 -50 50 -100
1 0 1 1 -55 55 -110
1 1 0 0 -60 60 -120 9
1 1 0 1 -65 65 -130
1 1 1 0 7
1 1 1 1
0 0 0 0

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

Temperature Gradient Compensati
This instruction defines the tempeiture gradien oefficient is negative or positive temperature gradient

compensation coefficient.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 0 0 1 1 1 0 0 1 )
FMTx=0: Negative TC
1 0 FMT7 | FMT6 | FMT5 FMT3 | FMT2 | FMT1 | FMTO .
FMTx=1: Positive TC
1 0 FMTF | FMTE | FMTD | FMTC | FMTB | FMTA | FMT9 | FMT8

Ver-0.5
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Read Status

This instruction can read out the status of ST7598.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 0 1 1 1 0
1 1 D OSC | AVD V3 VPF | VMV3 | VNAD | VNF
1 1 DISV - MY PD TD | NLFR | MLS | NLF
Note: “-“ is disable bit. It can be either logic 0 or 1.
The relationship between the flag and the status of IC is shown below.
Flag Function 0 1
D |Display ON/OFF OFF ON
OSC (Built-in OSC Circuit ON/OFF OFF ON
AVD |AVDD ON/OFF OFF ON
V3 |V3 ON/OFF OFF ON
VPF |Positive Follower ON/OFF OFF
VMV3 |MV3 ON/OFF OFF O
VNAD [NAVDD ON/OFF OFF
VNF |Negative Follower ON/OFF OFF
DISV |Power Discharge ON/OFF OFF
MY |COM Output Direction ‘ Normal Reverse
PD |Power Save mal Standby
TD |Temperature Detection ON/OFF ON
NLFR |N-Line Inversion Reset by Frame ON/OFF ON OFF
MLS |MLS Dispersion/Non-dispersion Dispersion Non-dispersion
NLF |N-Line Inversion Reset by FieI@N/OFF ON OFF
Temperature Detection
This instruction defines the status of temperatur ction.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
. o o . '1 o o p |TD=0: Disable mode

TD=1: Enable mode

MLS Driving Method

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
1 1 1 0 0 1 1 1
- - - NLFR | MLS - - NLF
bit. It can be either logic 0 or 1.
Flag Status
NLER NLFR=0: N-Line Inversion Reset by Frame Inversion ON
NLFR=1: N-Line Inversion Reset by Frame Inversion OFF
MLS MLS=0: MLS Dispersion Drive
MLS=1: MLS Non-dispersion Drive
NLE NLF=0: N-Line Inversion Reset by Field Inversion ON
NLF=1: N-Line Inversion Reset by Field Inversion OFF
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The relationship between parameters (NL, NLFR, MLS and NLF) and COM output method is shown below.

A. 20 lines display without N-Line inversion (NL=0, NLFR=x, MLS=1, NLF=x)

COM

Positive Frame

Negative Frame

COM[3:0]

+ + + +

COM[7:4]

+ + + +

COM[11:8]

+ + + +

COM[15:12]

+ + + +

COM[19:16]

+ + + 4+

B. 20 lines display without N-Line inversion (NL=0, NLFR=x, MLS=0, NLF=x)

Positive Frame

Negative Frame

com Field 1 Field 2 Field 3 Field 4 Field 1 Field 2 Field 3 Field 4

COM[3:0] |+ + + + - -

COM[7:4] + + + + - - -
COM[11:8] + + + + - - A 4 -
COM[15:12] + + + + - - - -
COM[19:16] + + + + - - -
C. 12-Line inversion in 20 lines display without frame inversion (NL= 1, NLF=0)

COM Positive Frame Negative Frame

COM[3:0] |+ + + + - ‘

COM[7:4] + + + + + + + +
COM[11:8] + + + + + + + +
COM[15:12] - - + + + +
COM[19:16] - .-
D. 12-Line inversion in 20 lines Mhout frame i sion (NL=1, NLFR=1, MLS=0, NLF=0)

com Positive Frame Negative Frame
Field 1 Field 2 Field 3 Field 4 Field 1 Field 2 Field 3 Field 4

COM[3:0] |+ + . + + +

COM[7:4] + + + + + + +
COM[11:8] + + + + + +
COM[15:12] - - - - - - -
COM[19:16] - - - - - -
E. 12-Line inversion in 20 lines display with frame inversion (NL=1, NLFR=0, MLS=1, NLF=0)

COM Positive Frame Negative Frame

COM[3:0] |+ + + + - - - -

COM[7:4] + + + + - -

COM[11:8] + o+ + o+ - - - -

COM[15:12] - - - - + + + +
COM[19:16] - - - - + + + o+
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F. 12-Line inversion in 20 lines display with frame inversion (NL=1, NLFR=0, MLS=0, NLF=0)

com Positive Frame Negative Frame
Field 1 Field 2 Field 3 Field 4 Field 1 Field 2 Field 3 Field 4
COM[3:0] |+ + + + - - - -
COM[7:4] + + + + - - - -
COM[11:8] + + + + - - - -
COM[15:12] - - - - + + + +
COM[19:16] - - - - + + + +
G. 8-Lineinversion in 20 lines display without frame inversion (NL=1, NLFR=1, MLS=1, NLF=1) ‘
COM Positive Frame Negative Frame
COM[3:0] |+ + + + + + + +
COM[7:4] + + + + - - - -
COM[11:8] - - - - - - - -
COM[15:12] - - - - + + + +
COM[19:16] + + + 4+ + 4+ + +
H.  12-Line inversion in 20 lines display without frame inversion (NL=1, NLFR=1, ML 1)
com Positive Frame Negative Frame
Field 1 Field 2 Field 3 Field 4 Field 1 Field 2 Field 3 Field 4
COM[3:0] |+ - - - + + -
COM[7:4] + + - - + + +
COM[11:8] + + + - - + +
COM[15:12] - + + + - - - +
COM[19:16] - -’ + + + - - -
I 8-Line inversion in 20 lines display wit&e inversion (NL=1, NLFR=0, MLS=1, NLF=1)
COM Positive Frame Negative Frame
COM[3:0] |+ + + + - - - -
COM[7:4] + + - - - -
COM[11:8] + + + +
COM[15:12] + + + +
COM[19:1 + + + 4+ - - - -
J. n in 20 lines display with frame inversion (NL=1, NLFR=0, MLS=0, NLF=1)
com Positive Frame Negative Frame
Field 1 Field 2 Field 3 Field 4 Field 1 Field 2 Field 3 Field 4
COM[3:0] - - - - + + +
COM[7:4] + + - - - - + +
COM[11:8] + + + - - - - +
COM[15:12] - + + + + - - -
COM[19:16] - - + + + + - -
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NOP

“No Operation” instruction. ST7598 will do nothing when receiving this instruction.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 1 0 0 0 1 1 No operation

Frequency Compensation Temperature Range
This instruction defines the temperature range for automatic frame rate adjustment according to current temperature as

shown in Fig. 16.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 1 1 1 0 1 1 0 0
0 - TA6 TA5 TA4 TA3 TA2 TA1 TAO
0 - TB6 TB5 TB4 TB3 TB2 TB1 TBO
0 - TC6 TC5 TC4 TC3 TC2 TCA TCO
Note: “-“is disable bit. It can be either logic 0 or 1.

TA[6:0]=00h~7Fh
TB[6:0]=00h~7Fh
TC[6:0/200h~7Fh

—a|alalo

The target temperature add 40 will become the decimal value of register TA[6:0]/TB[6:0]/TC[6:0].

Temp. Range Value Temp. Rising State () Temp. Falling State (C) Restriction
Freg. Changing Point A (TA) (TA[6:0]-40)+THF[3:0] TA[6:0]-40
F Changing Point B (TB TB[6:0]-40)+THF[3:0 TB[6:0]-40 TBIE:01>TA[6:0] THFI3:0]
req. ngin in :0]- : 20]-
4 1 g. : 0. (T5) (T5(6:01-40)+ THFI30) ] TC[6:0]>TB[6:0]-THF[3:0]
Freg. Changing Point C (TC) (TC[6:0]-40)+THF[3:0] TC[6:0]-40
Example:

If TA wants to be set at -10<C, TA[6:0]=-10+40=30=1Eh
If TB wants to be set at 0C, TB[6:0]=0+40=40=28h
If TC wants to be set at 10C, TC[6:0]=10+40=50=32h

Temperature Hysteresis Value

This instruction defines the temperature detection threshold. THV[5:0] used to set the hysteresis value while the current
temperature increase/decrease over thisysetting temperature, the internal detected temperature will increase/decrease by
this setting temperature. If the current temperature increase/decrease less than this setting temperature, the internal
detected temperature is keep the same temperature. THF[3:0] used to set the hysteresis value while the temperature change
around at the junction between two different frame’rate. The changing point of frame rate is depend on the instruction of
Frequency Compensationflemperature Range and THF[3:0].

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

0 0 1 1 1 0 1 1 0 1
1 0 - s | THV5 | THV4 | THV3 | THV2 | THV1 | THVO
1 0 - - - - | THF3 | THF2 | THF1 | THFO

THV[5:0]=00h~3Fh
THF[3:0]=00h~0Fh

Note: “-“is disable bit. It can be either logic 0 or 1.

The relationship between the parameter THV[5:0] and the temperature hysteresis for Vop is shown below.

THV5 | THV4 | THV3 | THV2 | THV1 | THVO | Temp. Hysteresis for Vop
0 0 0 0 0 0 0C
0 0 0 0 0 1 0.5C
0 0 0 0 1 0 1.0C
1 1 1 1 0 1 31.5C
1 1 1 1 1 0 31.0C
1 1 1 1 1 1 31.5C
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The relationship between the parameter THF[3:0] and the temperature hysteresis for frame rate is shown below.

THF3 | THF2 | THF1 | THFO | Temp. Hysteresis for FR

0 0 0 0 0C

0 0 0 1 1C

0 0 1 0 2T

1 1 0 1 13C

1 1 1 0 14C

1 1 1 1 15C
Current Temperature
This instruction used to detect current temperature. If the value of T[7:0] is 00h means the interna d perature is
-40<C (T[7:0]x0.5-40). The tolerance of internal de tected temperature is depend on the parameter of THV[5* function
is used for Vop and frame rate compensation. It can not used to replace a real temperature sensor.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

0 0 1 1 1 0 1 1 1 7‘ ~

1 T7 T6 T5 T4 T3 T2 T

Test
This instruction is reserved for IC testing. ’ R

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description

TE=0: Normal command mode
0 0 1 1 1 1 1 1 T TE=1: Test command mode
T: Select test command mode
¢
p
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INSTRUCTION TABLE (PROM Function)

INSTRUCTION A0 | R'W COMMENDIBIE DESCRIPTION
D7 D6 D5 D4 D3 D2 D1 DO
Test 0 0 1 1 1 1 1 1 TE T |[Set test command mode
TE=1 & T=1

Vop Increase 0 0 1 1 1 1 0 1 1 0 [Vop increase one step
Vop Decrease 0 0 1 1 1 1 0 1 1 1 |Vop decrease one step
Vop Offset 0 0 ! ! 0 ! 0 0 ! ! Vop offset

1 0 |VOF7|VOFé6 | VOF5 | VOF4 | VOF3 | VOF2 | VOF1 | VOFO

0 0 1 0 0 1 0 0 0 1 |PROM WR/RD control
PROM WR/RD Control WR WR/RD=0: enable PROM read

1 0 0 O | mrp | © RD=1: enable PROM write
PROM Control Out 0 0 1 0 0 1 ancel PROM control function
PROM Write ol o | 1] o o 1 M programming
PROM Read 0 0 1 0 0 1 -load procedure

0 0 1 0 0 1 PROM Auto Read Control
g?r(])t:\glAuto Read XARD=0: enable auto read

1 0 0 0 0 XARD=1: disable auto read
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INSTRUCTION DESCRIPTION (PROM Function)
Vop Increase
This instruction is used to increase Vop step by one
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 1 1 0 1 1 0
Vop Decrease
This instruction is used to decrease Vop step by one
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 1 1 0 1 1 1
Vop Offset
This instruction is used to adjust Vop step.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 1 0 1 0 0 1 1
1 0 VOF7 | VOF6 | VOF5 | VOF4 | VOF3 | VOF2 | VOF1 | VOFD
PROM WR/RD Control
This instruction is used to set the status of PROM that write t0tPROM or read from PROM.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
1 0 1 0 0 0 1
0 0 0 WR WR/RD=0: Enable PROM read
1 0 0 0 /RD 0 0 0 0 0 RW/RD=1: Enable PROM write
PROM Control Out
This instruction is used to cancel PROM controhfunction.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 1 0 0 1 0
PROM Write
This instruction is used to triggerPROM programming procedure.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 1 0 0 1 1
PROM Read
This instructiof is used to trigger PROM up-load procedure.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 1 0 1 0 0
PROM Auto Read Control
This instruction is used to set status of PROM auto read function is enable or disable.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO Description
0 0 1 0 0 1 0 1 1 0
1 0 0 0 0 XARD 0 0 0 0
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OPERATION FLOW

Power ON

Reference Operation Flow

Operation Sequence

Case 1: RSTB=L while Power ON

vooI %
(R TR W]

woDo
o A A

ChE

Ryl b ﬁ/

AvDD

WX

v

MY

MAYTID

MWL 2

CLHNEEG

Case 2: RSTB

UU‘J

‘—'Ph ﬂﬂ| HJHHHL

=1

VDD
V2V
Mv3 rw
NAVDD
MV1/MV2 e
COMISEG ‘—'ML Uﬂ\‘jﬂu Uﬂu|m UHL
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ltem Symbol Requirement Description
° VDDI and VDDA can be applied in any order. IC will
NOT be damaged when one of VDDI and VDDA is ON
VDDA power ON delay ton-va but another is OFF.
° Power stable is defined as the time that the later power
(VDDI or VDDA) reaches 90% of its rated voltage.
° RESB=L can be input at any time after power is stable.
° trw & tr should match the timing specification of RSTB.
RSTB input time ton-RsT o Increasing ton-rst can cover the power stable time

difference in customer’s system.
RESB has priority over CSB.

Note:

1. If RSTB is held high or unstable during po

3. Power stable is defined as the time th
stable time depends on system and the ti

Ver-0.5

CSB input time ton-cs CSB can be input at any time after power is stable.
The internal or externmg power can be turn on
AVDD power on delay ton-AvD .
r reset procedure is ed.
V3 power on delay ton-v3 ower must turn on after D power is stable.
Positive follower power on sitive follower power (V2 & ust turn on after
ton-ver .
delay V3er is stable.
) must turn on before NAVDD, MV1 and
MV3 power on delay ton-mvs
NAVDD power on delay ton-NAvD ° t turn on after MV3 power is stable.
Negative follower power on [ ower (MV1 & MV2) must turn on
ton-vNF .
delay after NA power is stable.
) The LCD display can be turn on after the analog power
Display on delay ton-Dsp

stable to avoid abnormal display.

52/68

\Sf,ful hardware reset by RSTB is required after VDDI and
erwise, ‘eorrect functionality can NOT be guaranteed.

F while another is ON. The specification listed below just wants

later power (VDDI or VDDA) reaches 90% of its rate voltage. The power
not included in this specification (customer should consider this factor).
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Power OFF

Referential Operation Flow

Operation Sequence

DUT:0l (o)~ ) CEDEDEDED<ED

MR

|y

WA (W W

wool

[EE NIEE TE]

woog

A

AWDD

Wi
Wi
1L

MEW TR

I B

CLAMLEL —

Item Symbol Requirement Description
L] power should discharged after
Positive follower power off rn off.
torF-veF
delay () power can be turned off by
f Power Save and Power Control.
power should discharged after V3 is turn off.
V3 power off delay torF-va wer can be turned off by instruction Power Save
and Power Control.
Negative follower power off to F Negative follower power must turn off before MV3 is
delay turn off.
MV3 power must turn off after negative follower and
MV3 power off delay torF-mvs
' NAVDD are turn off.
Analog circuit discharge off L] Analog discharge should disable after analog circuit
torr-nsc . e
delay discharge procedure is finished.
) Turn VDDA off after discharge procedure is finished.
VDDA power off del toFF-va .
) AVDD fall as VDDA falling.
) If VDDI and VDDA are separated, turn VDDI off after
VDDI ff del VDDA.
ower off dela 2
P d OFFV ° The AVDD falling time depends on the LCD module
and power circuit on the application system.
Ver-0.5 53/68 2011/03/14




ST7598

PROM Operation
Referential PROM Burning Flow
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Referential PROM Operation Code
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HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is desirable
to take normal precautions appropriate to handling MOS devices.

ABSOLUTE MAXIMUM RATINGS

VSS1 = VSS2 = VSS3 = 0V

Parameter Symbol Conditions Unit

Digital Power Supply Voltage VDDI (VDD1 & VDD3) \
Analog Power supply voltage VDDA (VDD2) V
LCD Power supply voltage V3
LCD Power supply voltage V2, V1
LCD Power supply voltage AVDD
LCD Power supply voltage NAVDD \
LCD Power supply voltage MV1, MV2 Vv
LCD Power supply voltage MV3 \
MCU Interface Input Voltage VIN \
MCU Interface Output Voltage VOUT \
Operating temperature ﬁDR T
Storage temperature TS T

Note:

1. All voltages are respect to VSS1 unless otherwise noted (VSS1=VSS2=VSS3).

2. Stresses exceed the ranges listed above may cause permanent damage to IC.

3. Parameters are valid over operat*emperature range unless otherwise specified.

4. Insure the voltage levels always matc correct relation (except Power ON and Power OFF sequence):

V3 >AVDD > V2 > V1 > VSS2 > MV1 > NAVDD > MV3
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VSS1=VSS2=VSS3 =0V and Ta = —40 ~ 85 T, unless otherwise sp ecified.
- . Rating .
ltem Symbol Condition Related Pin - Unit
Min. Typ. Max.
Digital Operating Voltage VDDI VvVDD1, VDD3 2.7 - 5.5 \
Analog Operating Voltage VDDA vDD2 2.7 - 5.5 \
MCU
Input High-level Voltage ViH 0.7*VDD1 - VDD1 \
Interface
MCU
Input Low-level Voltage Vi 0.3*vDD1 | V
Interface
Output High-level Voltage V low=1.0mA, VDD1=2.7V DI7:0] Vv
u igh-lev =1. , =2.
puttia 9 oH |lon TSYNC
Output Low-level Voltage V I 1.0mA, VDD1=2.7V DI7:0] \
P 9 o o AmA FEE=E TSYNGC
. MCU
Input Leakage Current I Vin = VDD1 or VSS1 MA
Interface
Vop=15.0V,
COM
BIAS=1/1 : KQ
ON Resistance of AV—10°/& Drivers
, Ron |Ta=25C —=
LCD Drivers Vop=15.0V,
SEG
BIAS=1/10 - - KQ
rs
AV=10%
Operation Clock fosc |Ta=25C - - 1630 - KHz
The current consumed by whole IC (ba&e) with internal power system:
- Rating .
ltem Symbol Condition - Unit
Min. Typ. Max.
=VDDA=3.3V,
Display ON ter LeveM, Vop = 15V, Bias=1/10 ¢ A
ooster Levell, Vop = , Bias= - -
Pattern: SNOW (Static) _ P > H
N-Line OFF, frr= Hz, Ta=25 C ‘
Standby VDDI=VDDA=3.3V, Ta=25"C - - HA
Note: The current is DC charact re Chip”.
Ver-0.5 57/68 2011/03/14




ST7598

TIMING CHARATERISTIC

System Bus Timing for 8080 MCU Interface

'n'u Xerar?_’ 4_".-'\.'4’><

C581 \ /
r
Lt
WH L. LoLr s FECRRY S R
R fe 4\ o 'é: f Liie e i
-q Thita e Tuzen ur
L5H < :é: >
e 9 foren o = Liie e,

' L
o L

D[T:u] >4<7 [ L."LA’L<
{¥Write)

D[?’:u] ".-:-\.: Ly
{Read)

VDD1 = 3.0V~5.0V , Ta = 25C

Item Signal Symbol Condition Min. Max. Unit
Address setup time A0 tAW8 —
Address hold time tAH8 —
System cycle time tCYC8 —
/WR L pulse width (WRITE) WR tCOLW —
/WR H pulse width (WRITE) tCCHW —
/RD L pulse width (READ) 2D tCCLR ' —
/RD H pulse width (READ) tCCHR —
CSB L puise width, (WRITE) tCSCCLW ‘ — ns
CSB _H pulse width (WRITE) cSB tCSCCHW —
CSB Lypulse width (READ) tCSCCLR —
CSB H'puise aidth (READ) tCSCCHR —
WRITE Data setup time tDS8 —
WRITE Data halditime D[7:0] tDH8 —
READ access time tACC8 CL=100 pF —
READ Output disable time tOH8 CL =100 pF

Note:

1. Thisis in case of making the access by /WR or /RD, setting the CSB=Low.

2. This is in case of making the access by CSB, setting the /WR or /RD=High.

3. The input signal rise time and fall time (tr, tf) is specified at 15 ns or less. When the system cycle time is extremely fast,
(tr + tf) < (tCYC8 — tCCLW — tCCHW) for (ir + tf) < (tCYC8 — tCCLR — tCCHR) are specified.

4.  Alltiming is specified using 20% and 80% of VDD1 as the reference.

5.  tCCLW and tCCLR are specified as the overlap between CSB being “L” and /WR and /RD being at the “L” level.
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System Bus Timing for 6800 MCU Interface

AD t—> —
Y e o

csE! \ /
& o
g Sroro P foir
I'_ 74‘ |Il--'l'l-' '5; fe |I|..-|'|.-. y
(hpmam (g qa
CsE? Nl Ly >
L fesnar = Tramen,

£ / \
o[-0 >(f".-.:—> [ fur
Write)

O[7-0] it
{Read)
VDD1 = 3.0V~5.0V,Ta=25C
Item Signal Symbol C ion Min. Max. Unit
Address setup time tAW6 —
A0
Address hold time 2 3 tAHB —
System cycle time tCYC6 —
Enable L pulse width (WRITE) tEWLW —
Enable H pulse width (WRITE) E WHW —
LR ' —

Enable L pulse width (READ)
Enable H pulse width (READ
CSB L pulse width (WRITE)
CSB H pulse width (WRITE)

tEWHR —
tCSWLW ‘ — ns
tCSWHW —
tCSWLR —
tCSWHR —
tDS6 —
tDH6 —
tACC6 CL =100 pF —
disable time tOH6 CL =100 pF

D[7:0]

Read data outg

Note:

1.  This is in case of making the access by E, setting the CSB=Low.

2.  Thisis in case of making the access by CSB, setting the E=High.

3.  The input signal rise time and fall time (tr, tf) is specified at 15 ns or less. When the system cycle time is extremely fast,
(tr + tf) < (tCYCB — tEWLW — tEWHW) for (tr + tf) < (1CYC6 — tEWLR — tEWHR) are specified.

4. Alltiming is specified using 20% and 80% of VDD1 as the reference.

5.  tEWLW and tEWLR are specified as the overlap between CSB being “L” and E.
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System Bus Timing for 4-Line SPI MCU Interface

/ /

Lo [€La

AD

SCL S 4/_//_\;
Iy 13 o L.
7/
S0A , ,
F st biz /7 Last biz

7/
Item Signal Symbol Condition

Serial clock period tSCYC

SCL “H” pulse width SCL tSHW

SCL “L” pulse width tSLW

Address setup time A0 tSAS Q

Address hold time tSAH

Data setup time tSDS

Data hold time SDA tSDH

Read data access time tACC

Read data output disable time tOH

CSB-SCL time ‘ tCSS —
CSB-SCL time —
CSB “H” pulse width
Note:

1. The input signal rise and
2. Alltiming is specified u
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System Bus Timing for 3-Line SPI MCU Interface

E 5 E |":\_-,\5 - I":\_'N—>
//
7/
<—|"'\_-.\_"\-\_,
SCL i
Ip 7H Ir -
P (€ /7
7/
SDA ]
F1-&t Bt ,y Last bt
7/
Item Signal Symbol Condition
Serial Clock Period tSCYC
SCL “H” pulse width SCL tSHW —
SCL “L” pulse width tSLW —
Data setup time tSDS —
Data hold ti DH —
ata hold time . SDA tS ‘ ns
Read data access time tACC —
Read data output disable time tOH ' —
CSB-SCL time tCSS —
CSB-SCL time CSB tCSH —
CSB “H” pulse width tCSW —

Note: ‘

1. The input signal rise and fall time (tr,
2. All timing is specified using 30% and 709

specified at 15 ns or less.
DD1 as the standard.

Ver-0.5 61/68 2011/03/14



ST7598

Reset Timing

HS B il ‘_“- f
Hen] I5tar
& alus Mol Resel >< Luring | ieeat Reset Complete
VDD1 =3.0V~5.0V,Ta=25C
Condition
ltem Signal Symbol
Reset time tR
R “L” pul idth RW
eset . pu. se widt RSTB t

Reset rejection tRJ
Reset rejection (for noise spike) tRJS

e—— et ——

Fzxschls aoccplz

Note:
° When tRW is less than 5us, the res
procedure. If tRW is between 5us and 1

ocedure will not start. If tRW is longer than 10us, the IC is executing reset
he reset procedure starts.
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APPLICATION NOTE
ITO Layout Guide

The ITO layout suggestion is shown as below:
o For V3, MV3, VD1, VSS and VDD

Driver Side Driver Side
o O O O w
5 5 ... 9 g g..2 ¢ g
S 2 S 2 s s S s s
Separate by
|.| I.l ITO

FHL “"r‘v
Fig. 21 V3 ITO Layout

Driver Side

LRI
LRI
Wl
Wl
Wl

]

L)

m
B
O

Samare by
11

Separate by
IJ ITO

Shol oy
L

VD1 ITO Layout Fig. 24 VSS ITO Layout
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Driver Side

Separate by

ITO

Short by
FPC

Fig. 25 VDD ITO Layout \
° For VPP v

This is the power source for programming the internal PROM. If the IT istance is too high, the operation current will

cause the voltage drop while programming PROM. Please try to ke resistance as low as possible.
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Selection of Liquid Crystal
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Application Circuit
Parallel 8080 Interface
ITO Side FPC Side System Side

NAVDD ]
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l Ly
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MMU.MU.MLHULHU qmpuuuuumﬁﬁmuumwmuwwuuuuuuuuuuuu

|
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=
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E
T
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E
=
w
x
o
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EXTE —————o TP

VP oo

Wi

Ver-0.5

8080 Interface
CLS=vVDD1 MODE=VDD1
IF1=vDD1 IF2=VDD1
AVDD=Internal Power
V3=Internal Power
V2=Internal Power
V1=Internal Power
NAVDD=lInternal Power
MV3=Internal Power
MV2=Internal Power
MV1=Internal Power
C1=1.0uF/10V
C2=1.0uF/25V
C3=4.7uF/10V
C4=4.7uF/25V

(Depend on LCD loading)
—_—

Parallel 6800 Interface
ide System Side

66/68
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6800 Interface

CLS=vVDD1 MODE=VDD1
IF1=VSS1 IF2=VDD1
AVDD=External Power
V3=Internal Power
V2=Internal Power
V1=Internal Power
NAVDD=Internal Power
MV3=Internal Power
MV2=Internal Power
MV1=Internal Power
.OuF/10V
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Serial 4-Line SPI Serial 3-Line SPI
ITOElde FPCE ¢c Syulwm sinle  (3-LIne SF Ineedace ) ITD Slde FPOEcc Syalmm oy (2-Linc SF Inerace )
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REVERSION HISTORY

Version Date Description
0.0 2010/08/25 ° Draft version.
o Modify maximum Vop range.
0.1 2010/09/30 ° Modify PAD ARRANGEMENT and PAD CENTER COORDINATES.
° Modify the pin description of TFCOMO and TFCOM1.
° Modify Application Circuit.
0.1a 2010/12/16 L Modify the mistake of PAD ARRANGEMENT.
0.1b 2011/01/17 ° Modify the mistake of PAD ARRANGEMENT.
0.2 2011/01/20 ° Set version to Ver-0.2 and release.
0.3 2011/01/26 ° Fix feature description mistake (Page 1, “built-in” boost-capacitors = texternal”)
° Fix typing mistakes in figures: DDRAM Display Di perature
Compensation Coefficient Selection.
(] Fix typing mistakes in figures: Temperature Compensation Coefficient tion
0.4 2011/02/09 ) ) o
[ Add the items of ITO Resistance Limitation.
o Modify the figure of Power Circuit.
° Modify the recommended capacitor value
° Fix mistakes in Page 1 (Feature list):
0.5 2011/03/14 Remove Programmable Display Duty
Temperature Comp‘ation: 16-“slopes”.
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