AR,
- @ wm < Em
. |
TR =
W A =
-_— 4 Em

Sitronix

ST7628

65K Color Dot Matrix LCD Controller/Driver

1. INTRODUCTION

The ST7628 is a driver & controller LS| for 65K color graphic dot-matrix liquid crystal display systems. It generates 294

Segment and 70 Common driver circuits. This chip is connected directly to a microprocessor, accepts Serial Peripheral

Interface (SPI) or 8-bit/16-bit parallel display data and stores in an on-chip display data RAM. It performs display data RAM

read/write operation with no external operating clock to minimize power consumption. In addition, because it contains

power supply circuits necessary to drive liquid crystal, it is possible to make a display system with the fewest components.

2. FEATURES

Driver Output Circuits

¢ 294 Segment Outputs / 70 Common Outputs

Applicable Duty Ratios

¢ Various Partial Display

¢ Partial Window Moving & Data Scrolling

Gray-Scale Display

¢ 4FRC & 31 PWM function circuit to display 64
gray-scale display

¢ Support 8 color mode (Idle mode)

On-chip Display Data RAM

¢ Capacity: 98 x 70 x 16 =109,760 bits

Color support by Interface

+ 256 color mode (via LUT)

¢ 4K color mode (via LUT)

¢ 65K color mode

¢ Truncated 262K color mode

¢ Truncated 16M color mode

Microprocessor Interface

+ 8/16-bit parallel bi-directional interface with 6800-series

or 8080-series

¢ 4-line serial interface

¢ 3-line (9-bits) serial interface

On-chip Low Power Analog Circuit

¢ On-chip Oscillator Circuit

¢ On-chip Voltage Converter (x2, x3, x4, x5, x6, X7, X8)
with internal booster capacitors.

¢ Extremely Few Outsider Components. (Required
outsider components: Three Capacitors)

¢ On-chip Voltage Regulator

¢ On-chip Electronic Contrast Control Function

¢ Voltage Follower (LCD bias: 1/5~1/12)

Operating Voltage Range

¢ Supply Digital Voltage (VDD): 1.65 to 3.0V

¢ Supply Analog Voltage (VDD2, VDD3, VDD4, VDD5):
2.41t0 3.3V

¢ LCD Driving Voltage (VOP = VO - VSS): Max to 18V

LCD Driving Voltage (OTP)

¢ Contrast Adjustment Value is stored in the Built-In
OTP-ROM for better display quality.

LCD Driving setting suggestion

¢ LCD Driving Voltage (VOP = 11.72V), BIAS=1/8.

Package Type

¢ Application for COG

ST7628 |6800, 8080 ,4-Line, 3-Line interface

|
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3. ST7628 Pad Arrangement (COG)

Chip Size :

10070 um x 780 um

_ Bump Pitch :

; :,,,,,,,: PAD 1~2, 3~14 pitch=27um(min, com/seq)

152 COM5 137 vSs

5| Tevan PAD 138~149, 150~517 pitch=27um(min, com/seg)
|
{2oveh PAD 2~3, 149~150 pitch=28.79um(min, com/seg)

i PAD 15 ~ 28, 29~137 pitch=80um (I/O)

124 XVOIn
123 XVOIn

122 xv0in PAD 28~29 pitch = 79.72um(l/O)

121 XV0S
120 XV0Out
119 XV0Out -
Bump Size :
117 VOOut

116 VOS

HHavon PAD 1 ~ 14 , PAD 138 ~ 517

Toum Bump width=14um(min, com/seg)

100 VDD2
99 VDD5
a7 voos Bump length=128um(min, com/seg)
95 VDD5
00008 Bump area=1800um”2(com/seg)
92 VDD5
91 VDD4

o2voon PAD 15 ~28, 29~137

s vess Bump width=65um(|/O)

85VsS2
84 V552

83 VSS2

w2 vss2 Bump space=15um(I/O)

|
\
Tovess Bump length=63um(l/O)

72vss Bump area=4095um”2

71V8S

184 COM69
188 SEGO

Bump space=13um(min, com/seg)

70VSS
69 VSS1
sovsst PAD 28~29
67 VDD
66 VDD

P Bump width=65um(l/O)

E;OE: Bump space=14.72um(l/O)
Bump length=63um(l/O)
54 Bump area=4095um”"2
Bump Height : 15 um

i Chip Thickness : 400 um

44D12
43011

b Alignment mark

The center of alignment mark: see bellow Table

34 D2
33D1 .
20 Left L-Mark Right L-Mark
30 A0
Sos 55 a 55
27CL
26 VPP
sover 35 15%
oves ~ | 31515 -
21 dummy 57 N ! 57
| Center Center

481 SEG293:
485 COM68

i
15 dummy
517 COM4 el

lerle!
1515 1515
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4. Pad Center Coordinates

35 D3 -3271.08 | -299.50

PAD IC-NAME X Y 36 D4 -3191.08 | -299.50
1 COM2 -4917.71| 116.94 37 D5 -3111.08 | -299.50
2 COMO -4917.71| 89.94 38 D6 -3031.08 | -299.50
3 DUMMY -4917.71| 61.15 39 D7 -2951.08 | -299.50
4 DUMMY -4917.71| 34.15 40 D8 -2871.08 | -299.50
5 DUMMY -4917.71| 7.15 41 D9 -2791.08 | -299.50
6 DUMMY -4917.71| -19.85 42 D10 -2711.08 | -299.50
7 DUMMY -4917.71| -46.85 43 D11 -2631.08 | -299.50
8 DUMMY -4917.71| -73.85 44 D12 -2551.08 | -299.50
9 DUMMY -4917.71| -100.85 45 D13 -2471.08 | -299.50
10 DUMMY -4917.71| -127.85 46 D14 -2391.08 | -299.50
11 DUMMY -4917.71| -154.85 47 D15 -2311.08 | -299.50
12 DUMMY -4917.71| -181.85 48 VSS -2231.08 | -299.50
13 DUMMY -4917.71| -208.85 49 VDD -2151.08 | -299.50
14 DUMMY -4917.71| -235.85 50 E_RD -2071.08 | -299.50
15 DUMMY -4870.80 | -299.50 51 RST -1991.08 | -299.50
16 DUMMY -4790.80 | -299.50 52 CSEL -1911.08 | -299.50
17 DUMMY -4710.80| -299.50 53 IF1 -1831.08 | -299.50
18 DUMMY -4630.80 | -299.50 54 IF2 -1751.08 | -299.50
19 DUMMY -4550.80 | -299.50 55 IF3 -1671.08 | -299.50
20 DUMMY -4470.80 | -299.50 56 VSS -1591.08 | -299.50
21 DUMMY -4390.80 | -299.50 57 VDD -1511.08 | -299.50
22 VSS -4310.80 | -299.50 58 /CS -1431.08 | -299.50
23 VPP -4230.80 | -299.50 59 /EXT -1351.08 | -299.50
24 VPP -4150.80 | -299.50 60 TE -1271.08 | -299.50
25 VPP -4070.80 | -299.50 61 TCAP -1191.08 | -299.50
26 VPP -3990.80 | -299.50 62 VDD -1111.08 | -299.50
27 CL -3910.80 | -299.50 63 VDD -1031.08 | -299.50
28 CLS -3830.80 | -299.50 64 VDD -951.08 | -299.50
29 VDD -3751.08 | -299.50 65 VDD -871.08 | -299.50
30 A0 -3671.08 | -299.50 66 VDD -791.08 | -299.50
31 RW_WR -3591.08 | -299.50 67 VDD -711.08 | -299.50
32 DO -3511.08 | -299.50 68 VSS1 -631.08 | -299.50
33 D1 -3431.08 | -299.50 69 VSSH -551.08 | -299.50
34 D2 -3351.08 | -299.50 70 VSS -471.08 | -299.50
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71 VSS -391.08 | -299.50 108 VDD2 2568.92 | -299.50
72 VSS -311.08 | -299.50 109 vVDD2 2648.92 | -299.50
73 VSS -231.08 | -299.50 110 Vm 2728.92 | -299.50
74 VSS2 -151.08 | -299.50 111 VREF 2808.92 | -299.50
75 VSS2 -71.08 | -299.50 112 VO0in 2888.92 | -299.50
76 VSS2 8.92 | -299.50 113 VOin 2968.92 | -299.50
77 VSS2 88.92 | -299.50 114 VOin 3048.92 | -299.50
78 VSS2 168.92 | -299.50 115 VO0in 3128.92 | -299.50
79 VSS2 248.92 | -299.50 116 V0s 3208.92 | -299.50
80 VSS2 328.92 | -299.50 117 VOout 3288.92 | -299.50
81 VSS2 408.92 | -299.50 118 VOout 3368.92 | -299.50
82 VSS2 488.92 | -299.50 119 XVOout 3448.92 | -299.50
83 VSS2 568.92 | -299.50 120 XVOout 3528.92 | -299.50
84 VSS2 648.92 | -299.50 121 XV0S 3608.92 | -299.50
85 VSS2 728.92 | -299.50 122 XVO0in 3688.92 | -299.50
86 VSS4 808.92 | -299.50 123 XVO0in 3768.92 | -299.50
87 VSS4 888.92 | -299.50 124 XV0in 3848.92 | -299.50
88 VDD3 968.92 | -299.50 125 XV0in 3928.92 | -299.50
89 VDD3 1048.92 | -299.50 126 Vgout 4008.92 | -299.50
90 VDD4 1128.92 | -299.50 127 Vgout 4088.92 | -299.50
91 VDD4 1208.92 | -299.50 128 Vgs 4168.92 | -299.50
92 VDD5 1288.92 | -299.50 129 Vgin 4248.92 | -299.50
93 VDD5 1368.92 | -299.50 130 Vgin 4328.92 | -299.50
94 VDD5 1448.92 | -299.50 131 Vgin 4408.92 | -299.50
95 VDD5 1528.92 | -299.50 132 Vgin 4488.92 | -299.50
96 VDD5 1608.92 | -299.50 133 Vgin 4568.92 | -299.50
97 VDD5 1688.92 | -299.50 134 Vgin 4648.92 | -299.50
98 VDD5 1768.92 | -299.50 135 Vgin 4728.92 | -299.50
99 VDD5 1848.92 | -299.50 136 Vgin 4808.92 | -299.50
100 vVDD2 1928.92 | -299.50 137 VSS 4888.92 | -299.50
101 vVDD2 2008.92 | -299.50 138 DUMMY 4917.71 | -235.85
102 vVDD2 2088.92 | -299.50 139 DUMMY 4917.71 | -208.85
103 vVDD2 2168.92 | -299.50 140 DUMMY 4917.71 | -181.85
104 vVDD2 2248.92 | -299.50 141 DUMMY 4917.71 | -154.85
105 vVDD2 2328.92 | -299.50 142 DUMMY 4917.71 | -127.85
106 vVDD2 2408.92 | -299.50 143 DUMMY 4917.71 | -100.85
107 vVDD2 2488.92 | -299.50 144 DUMMY 4917.71 | -73.85
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145 DUMMY 4917.71 | -46.85 182 COM65 4128.50 | 272.71
146 DUMMY 4917.71 | -19.85 183 COM67 4101.50 | 272.71
147 DUMMY 4917.71 | 7.15 184 COMe69 4074.50 | 272.71
148 DUMMY 4917.71 | 34.15 185 L-Mark 4038.50 | 325.00
149 DUMMY 4917.71 | 61.15 186 L-Mark 4038.50 | 325.00
150 COM1 4917.71 | 89.94 187 L-Mark 4038.50 | 325.00
151 COMS3 4917.71 | 116.94 188 SEGO 3955.50 | 272.71
152 COM5 4938.50 | 272.71 189 SEGT 3928.50 | 272.71
153 COM7 4911.50 | 272.71 190 SEG2 3901.50 | 272.71
154 COM9 4884.50 | 272.71 191 SEGS3 3874.50 | 272.71
155 COM11 4857.50 | 272.71 192 SEG4 3847.50 | 272.71
156 COM13 4830.50 | 272.71 193 SEG5 3820.50 | 272.71
157 COM15 4803.50 | 272.71 194 SEG6 3793.50 | 272.71
158 COM17 4776.50 | 272.71 195 SEG7 3766.50 | 272.71
159 COM19 4749.50 | 272.71 196 SEG8 3739.50 | 272.71
160 COM21 4722.50 | 272.71 197 SEG9 3712.50 | 272.71
161 COM23 4695.50 | 272.71 198 SEG10 3685.50 | 272.71
162 COM25 4668.50 | 272.71 199 SEG11 3658.50 | 272.71
163 COM27 4641.50 | 272.71 200 SEG12 3631.50 | 272.71
164 COM29 4614.50 | 272.71 201 SEG13 3604.50 | 272.71
165 COM31 4587.50 | 272.71 202 SEG14 3577.50 | 272.71
166 COMS33 4560.50 | 272.71 203 SEG15 3550.50 | 272.71
167 COM35 4533.50 | 272.71 204 SEG16 3523.50 | 272.71
168 COM37 4506.50 | 272.71 205 SEG17 3496.50 | 272.71
169 COMS39 4479.50 | 272.71 206 SEG18 3469.50 | 272.71
170 COM41 4452.50 | 272.71 207 SEG19 3442.50 | 272.71
171 COM43 4425.50 | 272.71 208 SEG20 3415.50 | 272.71
172 COM45 4398.50 | 272.71 209 SEG21 3388.50 | 272.71
173 COM47 4371.50 | 272.71 210 SEG22 3361.50 | 272.71
174 COM49 4344.50 | 272.71 211 SEG23 3334.50 | 272.71
175 COM51 4317.50 | 272.71 212 SEG24 3307.50 | 272.71
176 COMS53 4290.50 | 272.71 213 SEG25 3280.50 | 272.71
177 COMS55 4263.50 | 272.71 214 SEG26 3253.50 | 272.71
178 COMS57 4236.50 | 272.71 215 SEG27 3226.50 | 272.71
179 COM59 4209.50 | 272.71 216 SEG28 3199.50 | 272.71
180 COMé61 4182.50 | 272.71 217 SEG29 3172.50 | 272.71
181 COMe63 4155.50 | 272.71 218 SEG30 3145.50 | 272.71
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219 SEG31 3118.50 | 272.71 256 SEG68 2119.50 | 272.71
220 SEG32 3091.50 | 272.71 257 SEG69 2092.50 | 272.71
221 SEGS3 3064.50 | 272.71 258 SEG70 2065.50 | 272.71
222 SEG34 3037.50 | 272.71 259 SEG71 2038.50 | 272.71
223 SEG35 3010.50 | 272.71 260 SEG72 2011.50 | 272.71
224 SEG36 2983.50 | 272.71 261 SEG73 1984.50 | 272.71
225 SEG37 2956.50 | 272.71 262 SEG74 1957.50 | 272.71
226 SEG38 2929.50 | 272.71 263 SEG75 1930.50 | 272.71
227 SEG39 2902.50 | 272.71 264 SEG76 1903.50 | 272.71
228 SEG40 2875.50 | 272.71 265 SEG77 1876.50 | 272.71
229 SEG41 2848.50 | 272.71 266 SEG78 1849.50 | 272.71
230 SEG42 2821.50 | 272.71 267 SEG79 1822.50 | 272.71
231 SEG43 2794.50 | 272.71 268 SEG80 1795.50 | 272.71
232 SEG44 2767.50 | 272.71 269 SEG81 1768.50 | 272.71
233 SEG45 2740.50 | 272.71 270 SEG82 1741.50 | 272.71
234 SEG46 2713.50 | 272.71 271 SEG83 1714.50 | 272.71
235 SEG47 2686.50 | 272.71 272 SEG84 1687.50 | 272.71
236 SEG48 2659.50 | 272.71 273 SEG85 1660.50 | 272.71
237 SEG49 2632.50 | 272.71 274 SEG86 1633.50 | 272.71
238 SEGS50 2605.50 | 272.71 275 SEG87 1606.50 | 272.71
239 SEG51 2578.50 | 272.71 276 SEG88 1579.50 | 272.71
240 SEGS52 2551.50 | 272.71 277 SEG89 1552.50 | 272.71
241 SEG53 2524.50 | 272.71 278 SEG90 1525.50 | 272.71
242 SEG54 2497.50 | 272.71 279 SEG9I1 1498.50 | 272.71
243 SEG55 2470.50 | 272.71 280 SEG92 1471.50 | 272.71
244 SEG56 2443.50 | 272.71 281 SEG93 144450 | 272.71
245 SEG57 2416.50 | 272.71 282 SEG9%4 1417.50 | 272.71
246 SEG58 2389.50 | 272.71 283 SEG95 1390.50 | 272.71
247 SEGS59 2362.50 | 272.71 284 SEG96 1363.50 | 272.71
248 SEG60 2335.50 | 272.71 285 SEG97 1336.50 | 272.71
249 SEG61 2308.50 | 272.71 286 SEG98 1309.50 | 272.71
250 SEG62 2281.50 | 272.71 287 SEG99 1282.50 | 272.71
251 SEG63 2254.50 | 272.71 288 SEG100 1255.50 | 272.71
252 SEG64 2227.50 | 272.71 289 SEG101 1228.50 | 272.71
253 SEG65 2200.50 | 272.71 290 SEG102 1201.50 | 272.71
254 SEG66 2173.50 | 272.71 291 SEG103 1174.50 | 272.71
255 SEG67 2146.50 | 272.71 292 SEG104 1147.50 | 272.71
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293 SEG105 1120.50 | 272.71 330 SEG142 121.50 | 272.71
294 SEG106 1093.50 | 272.71 331 SEG143 9450 | 272.71
295 SEG107 1066.50 | 272.71 332 SEG144 67.50 | 272.71
296 SEG108 1039.50 | 272.71 333 SEG145 40.50 | 272.71
297 SEG109 1012.50 | 272.71 334 SEG146 13.50 | 272.71
298 SEG110 985.50 | 272.71 335 SEG147 -13.50 | 272.71
299 SEG111 958.50 | 272.71 336 SEG148 -40.50 | 272.71
300 SEG112 931.50 | 272.71 337 SEG149 -67.50 | 272.71
301 SEG113 904.50 | 272.71 338 SEG150 -94.50 | 272.71
302 SEG114 877.50 | 272.71 339 SEG151 -121.50 | 272.71
303 SEG115 850.50 | 272.71 340 SEG152 -148.50 | 272.71
304 SEG116 823.50 | 272.71 341 SEG153 -175.50 | 272.71
305 SEG117 796.50 | 272.71 342 SEG154 -202.50 | 272.71
306 SEG118 769.50 | 272.71 343 SEG155 -229.50 | 272.71
307 SEG119 742.50 | 272.71 344 SEG156 -256.50 | 272.71
308 SEG120 715.50 | 272.71 345 SEG157 -283.50 | 272.71
309 SEG121 688.50 | 272.71 346 SEG158 -310.50 | 272.71
310 SEG122 661.50 | 272.71 347 SEG159 -337.50 | 272.71
311 SEG123 634.50 | 272.71 348 SEG160 -364.50 | 272.71
312 SEG124 607.50 | 272.71 349 SEG161 -391.50 | 272.71
313 SEG125 580.50 | 272.71 350 SEG162 -418.50 | 272.71
314 SEG126 553.50 | 272.71 351 SEG163 -445.50 | 272.71
315 SEG127 526.50 | 272.71 352 SEG164 -472.50 | 272.71
316 SEG128 499.50 | 272.71 353 SEG165 -499.50 | 272.71
317 SEG129 472.50 | 272.71 354 SEG166 -526.50 | 272.71
318 SEG130 44550 | 272.71 355 SEG167 -5563.50 | 272.71
319 SEG131 418.50 | 272.71 356 SEG168 -580.50 | 272.71
320 SEG132 391.50 | 272.71 357 SEG169 -607.50 | 272.71
321 SEG133 364.50 | 272.71 358 SEG170 -634.50 | 272.71
322 SEG134 337.50 | 272.71 359 SEG171 -661.50 | 272.71
323 SEG135 310.50 | 272.71 360 SEG172 -688.50 | 272.71
324 SEG136 283.50 | 272.71 361 SEG173 -715.50 | 272.71
325 SEG137 256.50 | 272.71 362 SEG174 -742.50 | 272.71
326 SEG138 229.50 | 272.71 363 SEG175 -769.50 | 272.71
327 SEG139 202.50 | 272.71 364 SEG176 -796.50 | 272.71
328 SEG140 175.50 | 272.71 365 SEG177 -823.50 | 272.71
329 SEG141 148.50 | 272.71 366 SEG178 -850.50 | 272.71
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367 SEG179 -877.50 | 272.71 404 SEG216 -1876.50 | 272.71
368 SEG180 -904.50 | 272.71 405 SEG217 -1903.50| 272.71
369 SEG181 -931.50 | 272.71 406 SEG218 -1930.50| 272.71
370 SEG182 -958.50 | 272.71 407 SEG219 -1957.50| 272.71
371 SEG183 -985.50 | 272.71 408 SEG220 -1984.50| 272.71
372 SEG184 -1012.50| 272.71 409 SEG221 -2011.50 | 272.71
373 SEG185 -1039.50| 272.71 410 SEG222 -2038.50| 272.71
374 SEG186 -1066.50| 272.71 411 SEG223 -2065.50| 272.71
375 SEG187 -1093.50| 272.71 412 SEG224 -2092.50| 272.71
376 SEG188 -1120.50 | 272.71 413 SEG225 -2119.50 | 272.71
377 SEG189 -1147.50 | 272.71 414 SEG226 -2146.50| 272.71
378 SEG190 -1174.50 | 272.71 415 SEG227 -2173.50| 272.71
379 SEG191 -1201.50| 272.71 416 SEG228 -2200.50| 272.71
380 SEG192 -1228.50| 272.71 417 SEG229 -2227.50| 272.71
381 SEG193 -1255.50| 272.71 418 SEG230 -2254.50| 272.71
382 SEG194 -1282.50| 272.71 419 SEG231 -2281.50| 272.71
383 SEG195 -1309.50| 272.71 420 SEG232 -2308.50| 272.71
384 SEG196 -1336.50| 272.71 421 SEG233 -2335.50| 272.71
385 SEG197 -1363.50| 272.71 422 SEG234 -2362.50| 272.71
386 SEG198 -1390.50| 272.71 423 SEG235 -2389.50| 272.71
387 SEG199 -1417.50| 272.71 424 SEG236 -2416.50| 272.71
388 SEG200 -1444.50| 272.71 425 SEG237 -2443.50| 272.71
389 SEG201 -1471.50| 272.71 426 SEG238 -2470.50| 272.71
390 SEG202 -1498.50 | 272.71 427 SEG239 -2497.50| 272.71
391 SEG203 -1525.50| 272.71 428 SEG240 -2524.50| 272.71
392 SEG204 -1562.50| 272.71 429 SEG241 -2551.50| 272.71
393 SEG205 -1579.50| 272.71 430 SEG242 -2578.50| 272.71
394 SEG206 -1606.50 | 272.71 431 SEG243 -2605.50| 272.71
395 SEG207 -1633.50| 272.71 432 SEG244 -2632.50| 272.71
396 SEG208 -1660.50| 272.71 433 SEG245 -2659.50| 272.71
397 SEG209 -1687.50| 272.71 434 SEG246 -2686.50| 272.71
398 SEG210 -1714.50| 272.71 435 SEG247 -2713.50| 272.71
399 SEG211 -1741.50| 272.71 436 SEG248 -2740.50| 272.71
400 SEG212 -1768.50| 272.71 437 SEG249 -2767.50| 272.71
401 SEG213 -1795.50| 272.71 438 SEG250 -2794.50| 272.71
402 SEG214 -1822.50| 272.71 439 SEG251 -2821.50| 272.71
403 SEG215 -1849.50| 272.71 440 SEG252 -2848.50| 272.71
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441 SEG253 -2875.50| 272.71 478 SEG290 -3874.50| 272.71
442 SEG254 -2902.50| 272.71 479 SEG291 -3901.50| 272.71
443 SEG255 -2929.50| 272.71 480 SEG292 -3928.50| 272.71
444 SEG256 -2956.50 | 272.71 481 SEG293 -3955.50| 272.71
445 SEG257 -2983.50| 272.71 482 L-Mark -4038.50| 325.00
446 SEG258 -3010.50| 272.71 483 L-Mark -4038.50| 325.00
447 SEG259 -3037.50| 272.71 484 L-Mark -4038.50| 325.00
448 SEG260 -3064.50| 272.71 485 COM®68 -4074.50| 272.71
449 SEG261 -3091.50| 272.71 486 COM®66 -4101.50| 272.71
450 SEG262 -3118.50 | 272.71 487 COM64 -4128.50| 272.71
451 SEG263 -3145.50| 272.71 488 COM62 -4155.50| 272.71
452 SEG264 -3172.50| 272.71 489 COMe60 -4182.50| 272.71
453 SEG265 -3199.50| 272.71 490 COM58 -4209.50| 272.71
454 SEG266 -3226.50 | 272.71 491 COM56 -4236.50 | 272.71
455 SEG267 -3253.50| 272.71 492 COMb54 -4263.50 | 272.71
456 SEG268 -3280.50| 272.71 493 COM52 -4290.50| 272.71
457 SEG269 -3307.50| 272.71 494 COM50 -4317.50| 272.71
458 SEG270 -3334.50| 272.71 495 COM48 -4344.50| 272.71
459 SEG271 -3361.50| 272.71 496 COM46 -4371.50| 272.71
460 SEG272 -3388.50| 272.71 497 COM44 -4398.50| 272.71
461 SEG273 -3415.50| 272.71 498 COM42 -4425.50| 272.71
462 SEG274 -3442.50| 272.71 499 COM40 -4452.50| 272.71
463 SEG275 -3469.50 | 272.71 500 COM38 -4479.50| 272.71
464 SEG276 -3496.50 | 272.71 501 COM36 -4506.50 | 272.71
465 SEG277 -3523.50| 272.71 502 COM34 -4533.50| 272.71
466 SEG278 -3550.50| 272.71 503 COM32 -4560.50 | 272.71
467 SEG279 -3577.50| 272.71 504 COMS30 -4587.50| 272.71
468 SEG280 -3604.50 | 272.71 505 COM28 -4614.50| 272.71
469 SEG281 -3631.50| 272.71 506 COM26 -4641.50| 272.71
470 SEG282 -3658.50| 272.71 507 COM24 -4668.50| 272.71
471 SEG283 -3685.50| 272.71 508 COM22 -4695.50| 272.71
472 SEG284 -3712.50| 272.71 509 COM20 -4722.50| 272.71
473 SEG285 -3739.50| 272.71 510 COM18 -4749.50| 272.71
474 SEG286 -3766.50| 272.71 511 COM16 -4776.50| 272.71
475 SEG287 -3793.50| 272.71 512 COM14 -4803.50| 272.71
476 SEG288 -3820.50| 272.71 513 COM12 -4830.50 | 272.71
477 SEG289 -3847.50| 272.71 514 COM10 -4857.50| 272.71

Ver 1.3
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515 COM8 -4884.50| 272.71
516 COM6 -4911.50| 272.71
517 COM4 -4938.50| 272.71

Ver 1.3 107214 6/13/2007
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6. PIN DESCRIPTION
6.1 POWER SUPPLY

Name /0 Description

VDD Supply Power supply for logic circuit (Digital VDD 1.65V~3.0V)

VDD2 Supply Power supply for Booster Circuit (Analog VDD 2.4V~3.3V)

VDD3 Supply Power supply for LCD. (Analog VDD 2.4V~3.3V)

VDD4 Supply Power supply for LCD. (Analog VDD 2.4V~3.3V)

VDD5 Supply Power supply for LCD. (Analog VDD 2.4V~3.3V)

VSS Supply | Ground for logic circuit. Ground system should be connected together.
VSS1 Supply | Ground for OSC circuit. Ground system should be connected together.
VSS2 Supply | Ground for Booster Circuit. Ground system should be connected together.
VSS4 Supply | Ground for LCD. Ground system should be connected together.

6.2 LCD Power Supply Pins

Name /0 Description
Positive LCD driver supply voltages.
VOour VOour is the output voltage of VO generated by ST7628.
VO I/0 VO is the input pin of power supply to generate VO voltage for LCD.
V0s VO0s is the input pin of power supply to sense the VO voltage.
VOout ~ VOIn & VOs should be connected together.
Negative LCD driver supply voltages.
XVOout XV0Oour is the output voltage of XV0 generated by ST7628.
XVOin I/0 XVO is the input pin of power supply to generate XVO voltage for LCD.
XV0s XVO0s is the input pin of power supply to sense the XV0 voltage.
XVOout ~ XVOn & XVO0s should be connected together.
Bias LCD driver supply voltages.
Vgour is the output voltage of Vg generated by ST7628.
Vg is the input pin of power supply to generate Vg voltage for LCD.
Vgs is the input pin of power supply to sense the Vg voltage.
Vgour ~ Vgin & Vgs should be connected together.
Voour Vm is the I/O pin of LCD bias supply voltage
vow /0 Voltages should have the following relationship;
\\//gs VO= Vg = Vm = VSS = XV0
m

0.7V< Vm< VDDA-0.7V and 1.8V < Vg < 2xVDDA.
When the internal power circuit is active, these voltages are generated as following table according

to the state of LCD bias.

LCD bias Vg Vm

1/N bias (2/N) x VO (1/N) x VO NOTE:N=5t0 12

Ver 1.3
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6.3 SYSTEM CONTROL

Name /0 Description
When using internal clock oscillator, connect CLS to VDD.
cLs ! When using external clock oscillator, connect CLS to VSS.
When using internal clock oscillator, it’s oscillator output.
“ "o When using external clock oscillator, it is clock input.
CSEL | This PIN should connect to VDD.
TCAP I/O Test pin. Left it opens.
VREF 0] Reference voltage output for monitor only. Left it opened.
VPP | When writing OTP, it needs external power supply voltage 7.5V~7.75V (>4mA) input to write

successfully.

6.4 MICROPROCESSOR INTERFACE

Name

/0

Description

RST

Reset input pin, when RST is “L”, initialization is executed.

IF[3:1]

Parallel / Serial data input select input

IF3 IF2 IF1 MPU interface type

80 series 16-bit parallel

80 series 8-bit parallel

68 series 16-bit parallel

68 series 8-bit parallel

8-bit serial (4 line)

r|lr|I|I|XIT|XI
Tr| T || XIT|XI
r|T|rr| I || XI

9-bit serial (3 line)

Note:
1. When fixing IF2=H & IF1=L, IF3 can be defined as P/SX pin (parallel/Serial selection pin).
IF3=H: Parallel interface(80 8-bit); IF3=L:Serial interface(3-line)

2. Refer to Table 7.1.1. for detail interface connections.

/CS

Chip select input pins
Data / Instruction 1/O is enabled only when /CS is "L". When chip select is non-active, DO to D15

become high impedance.

A0

Register select input pin
AQ = "H": DO to D15 or Sl are display data

AO ="L": DO to D15 or Sl are control command

In 3-line/4-line interface this pad will be used for SCL function

Ver 1.3
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RW_WR

Read / Write execution control pin

MPU type RW_WR Description

Read / Write control input pin
6800-series RW RW = “H” : read
RW = “L” : write

Write enable clock input pin

8080-series /WR The data on DO to D15 are latched at the

rising edge of the /WR signal.

When in the serial interface, connect it to VSS or VDD.

E_RD

Read / Write execution control pin

MPU Type E_RD Desctiption

Enable clock pin:

Write status: The data on DO to D15 are latched at the
6800-series E falling edge of the E signal.

Read status: The data on DO to D15 are latched at the

rising edge of the E signal.

Read enable clock input pin

8080-series /RD The data on DO to D15 are latched at the falling edge of

the /WR signal.

When in the serial interface, connect it to VSS or VDD.

D151to DO

I/0

They connect to the standard 8-bit or 16 bit MPU bus via the 8/16 —bit bi-directional bus.

When the following interface is selected and the /CS pin is high, the following pins become high
impedance.

1. In 8-bit parallel: D15-D8 pins are in the state of high impedance should connect to VDD.

2. In 3-line/4-line interface DO pad will be used for Sl function

3. In 4-line interface D1 pad will be used for AO function

4. In Serial interface: Unused pins are in the state of high impedance should connect to VDD.

Sl

Sl is used to input serial data when the serial interface is selected.(3 line and 4 line)

It is used by “D0” pad , See Table 7.1.1

SCL

SCL is used to input serial clock when the serial interface is selected.
The data is converted in the rising edge. (3 line and 4 line)

It is used by “AQ” pad , See Table 7.1.1

TE

Tearing effect output.

[EXT

Instruction selection Pin. There is a pull-high resistor between /EXT & VDD in ST7628.
When using normal instruction table, please let it open.

When using extension instruction table, please add an external VSS on /EXT.

Note: 1. All of the microprocessor interface pin should not be floating on any operations.

2. Unused pins should connect to VDD(supply digital voltage)

Ver 1.3
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6.5 LCD DRIVER OUTPUTS

Name /0 Description
LCD segment driver outputs
The display data and the M signal control the output voltage of segment driver.
Segment driver output voltage
Display data M (Internal)
Normal display Reverse display
SEGO
H H Vg VSS
to (0]
H L VSS Vg
SEG293
L H VSS Vg
L L Vg VSS
Sleep-In mode VSS VSS
LCD common driver outputs
The internal scanning data and M signal control the output voltage of common driver.
Scan data M (Internal) Common driver output voltage
COMo
o 0 H H XV0
COMB9 H L Vo
L H Vm
L L Vm
Sleep-In mode VSS
Positive Frame Negative Frame
< >< >
Vm
XV0 I\\ ,/
Ver 1.3 15/214 6/13/2007
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ST7628 I/0 PIN ITO Resister Limitation

Pin Name ITO Resister
VDD, VDD2~VDD5, VSS,VSS1,VSS2,VSS4, Sl (In serial interface is DO) <100Q
VO, VOour, VOs ,XVOn, XV0out,XV0s, Vain, Vgout,Vgs ,Vm <300Q
VPP <100Q
A0, E_RD, RW_WR, /CS, DO(parallel interface), D2...D15, (SCL), TE <1KQ
RST <10KQ
IF[3:1], CLS, CSEL, /EXT <1KQ
TCAP, CL, VREF Floating

NOTE:

1. Make sure that the ITO resistance of COM0 ~ COMG69 is equal, and so is it of SEG0O ~ SEG293.

These Limitations include the bottleneck of ITO layout.

2. To avoid the noise in different power system affect other power system, please separate different power
source on ITO layout.

3. The VO, XV0 and Vg power circuits have output pins, input pins and a sensor input. To avoid the power noise
affects the sensor of the power circuits. The trace should be separated by ITO and should be connected
together by FPC.

Driver Side Driver Side

S .5 .8 .5 g E - EE
(. D][ D][ D][ ) B D]@[ 10
Separated by Separated by
1 1o ITO
FPC FPC FPC  FPC
PIN PIN PIN PIN
AN i
NI/ \1/
Short by FPC Short by FPC

Ver 1.3 16/214 6/13/2007
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7. FUNCTIONAL DESCRIPTION
7.1 MICROPROCESSOR INTERFACE
Chip Select Input

/CS pin is chip selection. The ST7628 is active when /CS=L. In serial interface mode, the internal shift register and the

counter are reset when /CS=H.

7.1.1  Selecting Parallel / Serial Interface
ST7628 has six types of interface with an MPU, which are two serial and four parallel interfaces. This parallel or serial
interface is determined by IF pin as shown in Table 7.1.1.

Table 7.1.1Parallel / Serial Interface Mode

I/F Mode Pin Assignment
IF3 | IF2 | IF1 I/F Description /cS | A0 | ELRD | RW WR | D15to D8 Da‘::e;'us D1 | DO
H | H | H | 80 serial 16-oit parallel | /CS | A0 | /RD WR | Di5~D8 | D7~D2 | D1 | DO
H | H | L | 80 serial8-bitparallel | /CS | A0 | /RD WR - D7~D2 | Di | DO
H | L | H | 68 serial 16-bit parallel | /CS | A0 E RW | Di5~D8 | D7~D2 | DI | DO
H L L | 68 serial 8-bit parallel /CS | A0 E R/W - D7 ~ D2 D1 | DO
L | H | H | 8bit SPImode (4 line) | /CS | SCL - - - - A0 | SI
L | H | L | 9-bit SPI mode (3line) | /CS | SCL - - - - ~ | sl

NOTE: When these pins are set to any other combination, A0, E_RD and RW_WR inputs are disabled and DO to D15 are

to be high impedance.

7.1.2 8-bit or 16-bit Parallel Interface
The ST7628 identifies the type of the data bus signals according to the combination of A0, /RD (E) and /WR (W/R) signals,

as shown in Table 7.1.2.

Table 7.1.2Parallel Data Transfer

Common 6800-series 8080-series
Description
A0 R/W E /WR /RD
H H i H ! Register status read
H H i H ! Display data read out
L L 1 i H Instruction write
H L ! 1 H Display data write

Ver 1.3 17/214 6/13/2007
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Figure 7.1Parallel Data Transfer Example Chart

Relation between Data Bus and Gradation Data

The interface of ST7628 supports 256 color display, 4096 color display, 65K color display, truncated 262K color display,

and truncated 16M color display.

When using 256, 4096, 65K, 262K, and 16M color display; you can specify color for each of R, G, B using the palette

function.

Use the command for switching between these modes.

(1) 256 color input mode

1. 8-bit interface
D7, D6, D5, D4, D3, D2, D1, D0: RRRGGGBB

1st writes

There is only 1 write operation for 1 pixel data.

1 pixel data is written in the display data RAM when 1st -write operation finishes.

2. 16-bit interface
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, D0: XXXXXXXXRRRGGGBB

1st writes

There is only 1 write operation for 1 pixel data.

1 pixel data is written in the display data RAM when 1st —write operation finishes. “X” are ignored dummy bits.

Ver 1.3
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(2) 4096-color display
|(1-1) Type A 4096 color display|
1. 8-bit interface
D7, D6, D5, D4, D3, D2, D1, D0: RRRRGGGG 1st writes

D7, D6, D5, D4, D3, D2, D1, D0: BBBBRRRR 2nd writes

D7, D6, D5, D4, D3, D2, D1, D0: GGGGBBBB 3rd writes

There are 3 write operations for 2 pixel data.

1st pixel data is written in the display data RAM when 2nd —write operation finishes, and 2nd pixel data is written in the

display data RAM when 3rd—write operation finishes.

2. 16-bit interface

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

There is only 1 write operation for 1 pixel data.

1 pixel data is written in the display data RAM when 1st —write operation finishes. “X” are ignored dummy bits.
| (1-2) Type B 4096 color display|

1. 8-bit interface

D7, D6, D5, D4, D3, D2, D1, D0: XXXXRRRR 1st writes

D7, D6, D5, D4, D3, D2, D1, D0: GGGGBBBB 2nd writes

There are 2 write operations for 1 pixel data.

1st pixel data is written in the display data RAM when 2nd —write operation finishes. “X” are ignored dummy bits.

2. 16-bit interface

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

There is only 1 write operation for 1 pixel data.

1 pixel data is written in the display data RAM when 1st —write operation finishes. “X” are ignored dummy bits.
(3) 65K color input mode

1. 8-bit interface

D7, D6, D5, D4, D3, D2, D1, DO: RRRRRGGG 1st writes

D7, D6, D5, D4, D3, D2, D1, D0: GGGBBBBB 2nd writes

There are 2 write operations for 1 pixel data.

1st pixel data is written in the display data RAM when 2nd —write operation finishes.

2. 16-bit interface
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, DO: RRRRRGGGGGGBBBBB 1st writes
There is only 1 write operation for 1 pixel data.

1 pixel data is written in the display data RAM when 1st —write operation finishes.

Ver 1.3 197214 6/13/2007
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(4) Truncated 262K color input mode
1. 8-bit interface
D7, D6, D5, D4, D3, D2, D1, DO: RRRRRRXX 1st writes
D7, D6, D5, D4, D3, D2, D1, D0: GGGGGGXX 2nd writes
D7, D6, D5, D4, D3, D2, D1, DO: BBBBBBXX 3rd writes
A single pixel of data is read after the third write operation as shown, and it is written in the display RAM.

“X”is dummy bit, and it is ignored for display.

2. 16-bit interface
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, D0: RRRRRRXXGGGGGGXX 1st writes
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, D0: BBBBBBXXXXXXXXXXXX 2nd writes

A single pixel of data is read after the second write operation as shown, and it is written in the display RAM.

(5) Truncated 16M color input mode
1. 8-bit interface
D7, D6, D5, D4, D3, D2, D1, DO: RRRRRRRR 1st writes
D7, D6, D5, D4, D3, D2, D1, D0: GGGGGGGG 2nd writes
D7, D6, D5, D4, D3, D2, D1, DO: BEBBBBBB 3rd writes

A single pixel of data is read after the third write operation as shown, and it is written in the display RAM.

2. 16-bit interface
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, D0: RRRRRRRRGGGGGGGG 1st writes
D15, D14, D13, D12, D11, D10, D9, D8, D7, D6, D5, D4, D3, D2, D1, D0: BBBBBBBBXXXXXXXX 2nd writes

A single pixel of data is read after the second write operation as shown, and it is written in the display RAM.

Ver 1.3 207214 6/13/2007
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7.1.3 8- and 9-bit Serial Interface

The 8-bit serial interface uses four pins /CS, Sl, SCL, and A0 to enter commands and data. Meanwhile, the 9-bit serial
interface uses three pins /CS, Sl and SCL for the same purpose.

Data read is not available in the serial interface. Data entered must be 8 bits for each time.

The relation between gray-scale data and data bus in the serial input is the same as that in the 8-bit parallel interface mode

at every gradation.

(1) 8-bit serial interface (4-line)

When entering data (parameters): AO= HIGH at the rising edge of the 8" SCL.

LS [
_P._D
S0 F 14 L4 L £ 15 11 |
1 2 | 4 H] g r 3 1 2

1 3313 nr Farameter

s TDRXTEX T XX T T T8

When entering command: AO= LOW at the rising edge of the 8" SCL

oS |_|

A0 1

SCL f f f f f f f fi fi fi

1 e 3 4 o 3] T a 1 e
| Command | Command

Sl ) EC CY I CD Y ) C:

When entering reading command:

.'I.':S—l /_
21
1 2 i & » HoF WM o4 2z 5 & o W 7 M
| Curn-iar:d | I =1 A |
KIPLI £ LTI L e X L e L < Ll A7 2

Detucr Loo 5l Tz [ OO E D,
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(2) 9-bit serial interface (3-line)

When entering data (parameters): Sl= HIGH at the rising edge of the 1 SCL.

1 & 4 b 7] T a & 1 & a
| Dsla o Parametar | | Dsta

& LN LT X 18 X Lt X L LI XL XL ey LN LT X LE

When entering command: Sl= LOW at the rising edge of the 1 SCL.

A 1

T a8 ) 1 ) 3 4 4 £ T a 9
| | Command

D CD CDON EHC) CD CO I CH CD D),

When entering reading command:

[a

Hoal < I ¥ & 4 w B T & 9 | ¥ 5 4 w B T B
Coried | [ EN RN LY |

RIS | I @@@@@@@ 1o gl £
o Lo ) T E R CODNE) EI DD (D),

® |[f/CS is set to HIGH while the 8 bits from D7 to DO are entered, the data concerned is invalidated. Before entering

succeeding sets of data, you must correctly input the data concerned again.

® In order to avoid data transfer error due to incoming noise, it is recommended to set /CS at HIGH on byte basis to

initialize the serial-to-parallel conversion counter and the register

® When executing the command RAMWR, set /CS to HIGH after writing the last address. The internal shift register and

the counter are reset when /CS =H.
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7.1.4 8-bit and 9-bit Serial Interface Data Color Coding
8-bit serial interface (4-line)

(1) R 3-bit, G 3-bit, B 2-bit, 256 colors

[ hese iz T pizel ( = 3 sub-pizals | par byte.

Fixzel n Fixzal n+1

|
[
<& i 3
[y LY L
[
|
1
|

:
LN :
I
|

;I:l? D DF D DO D2 D1 DIO;D0F D3 DA D 0O D> DM I:l:lé
=] : :
=tk ﬂﬂf&ﬂﬂﬂﬂﬂf@f@%ﬂ
Al \ /

Frere L : ; H -

HIH'IFI 2

Motz B2, 52, B ars the most signiticant bitz and RD, 530, BO arg the least
zignificant hitz.

(2) R 4-bit, G 4-bit, B 4-bit, 4,096 colors — Type A
There are 2 pixel [ = 3 sub pixelz 1 per 3 byle.

Fixal n Fixal n+1

0D D> DF D& D DZ D1 DI DF D3 DO DejD3 D2 D1 DI DF DS DO De D3 D Df EIEIE

| LU 1 Bl L 16 Dulh

Motz B3, 533, B3 ars the most signiticant bitz and RJ, 530, BO ars the least
zignificant hits.
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(3) R 4-bit, G 4-bit, B 4-bit, 4,096 colors — Type B

There iz 1 pixel 0 = 3 3ub pixels ) per 2 bytes.

I . I

| Fixal n |

1< »

8 | |

L 1

|

DF O3 D5 Oc DO D 01 OO OF D3 O D& O D: DM OO
=l XXX
st ﬂ_ﬂ_ﬂ_ﬂ_ﬂf}ﬁﬁfm
Al

| LU 1 Bl L 16 Lulh |

Motz B3, 533, B3 ars the most signiticant bitz and RD, 530, BO ars the least
zignificant hitz.

(4) R 5-bit, G 6-bit, B 5-bit, 65,536 colors

There iz 1 pixel (= 3 3ub pixels 1 per 2 byte.

| |
¢ Fixel n R
€ »
s ! :
| |
|
D D DO D~ D D Df DI DY D3 DR D« D D> D1 D2
o)
==t ﬂmﬂwm
Al /

Maotc: B4, (36, B4 ars the most signiticant bitz and BT, 33, BO ars the loazt
zignificant hitz.
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(5) R 6-bit, G 6-bit, B 6-bit, 262k colors

There iz 1 pixel { = 3 3ub pixels ) per 3 byte.

Fixal n

fLi]

0D D> DF D& D DZ D1 DD DF D3 DO DejD3 D2 D1 DI DF DS DO De D3 DT D1 DI

18 bl Lo 18 Bl

Motz BY, G537, BT ars the most signiticant bitz and B2, 532, BZ ars the loast
zignificant hits.
(6) R 8-bit, G 8-bit, B 8-bit, 16M colors

There iz 1 pixel { = 3 3ub pixels ) per 3 byte.

Fixal n

fLi]

0D D> DF D& D DZ D1 DI DF D3 DO De{D3 D2 D1 DI DF DS DO De D3 D Dd I:lﬂlé

24 bl Lo 14 bl

Motz RBY, G537, BT ars the most signiticant bitz and RJ, 530, BO ars the least
zignificant hits.
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9-bit serial interface (3-line)

(1) R 3-bit, G 3-bit, B 2-bit, 256 colors

[ heie iz 1 pigel [ = 3 sub-pizals | par byte.

I I I I

I Fixzal n N I Fixzal n+1 N

[ Ll [y Ll

g | | | |

I I I I

| | | |

| ] | ]

iDF D: D5 De DF DX D DO iDF D3 DS D& DF DX D OO

=l X X ;
SCL

LU [ bal Lo 18 Dil)

Mate: B2, 32, B1 ars the most signiticant kitz and BT, 33, BO ars the lcazt
zignificant hitz.

(2) R 4-bit, G 4-bit, B 4-bit, 4,096 colors — Type A

There are 2 pixel [ = 3 sub pixels 1 per 3 byle.
Pixel n Pixal n+1

<& »lg »
< P »

fL

gl:l? Da DL D DI D2 D1 D2 DFr Dz D DDz DZ D1 D2 ODFr Dz DO D D3 D Dd I:l'.'lg

LU 12 bl Lo 18 Llh

Mate: B3, 33, BA ars the most signiticant kitz and BT, 30, BO ars the loast
zignificant hitz.
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(3) R 4-bit, G 4-bit, B 4-bit, 4,096 colors — Type B

There iz 1 pixel (= 3 3ub pixels 1 per 2 bytes.

I I

I Fixal n N

[y >

s ! :

I I

D D> D5 Dc Dz Dz DM DA D D3 D Do D D: DM DO
= K X X X <D

=CL

LU 12 Bl L 18 Lnlh

Mate: B3, 33, BA ars the most signiticant bitz and RO, 30, BO ars the loazt
zignificant hitz.

(4) R 5-bit, G 6-bit, B 5-bit, 65,536 colors

There iz 1 pixel (= 3 3ub pixels 1 per 2 byte.

Fixal n

A
A 4

|
fLi] :
|
|

=l

=00

Maotc: B4, (36, B4 ars the most signiticant bitz and BT, 33, BO ars the loazt
zignificant hitz.
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(5) R 6-bit, G 6-bit, B 6-bit, 262k colors
There iz 1 pixel { = 3 3ub pixels 1 per 3 byte.

Fixal n

|
|
LN :
|

EI:I? Da DL D DI D2 D1 D2 DFr Dz D DDz DZ D1 D2 DFr Dz DO De D3 DT D1 DI

18 bl o 16 kil

Matz: RB7, &7, BT ars the moest signiticant bitz and RZ, 532, BZ arg the lcast
zignificant hitz.
(6) R 8-bit, G 8-bit, B 8-bit, 16M colors
There iz 1 pixel { = 3 3ub pixels 1 per 3 byte.

Fixzal n

<& »
< »

| |
| |
8 ! :
| |
| |

EI:I? Da DL D DI D2 D1 D2 DFr Dz D DDz DZ D1 D2 ODFr Dz DO D D3 D Dd I:l'.'lg

24 bl I 18 bl

Mate: BT, 37, BT ars the most signiticant kitz and BT, 30, BO ars the loast
zignificant hitz.
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7.2 ACCESS TO DDRAM AND INTERNAL REGISTERS

ST7628 realizes high-speed data transfer because the access from MPU is a sort of pipeline processing done via the bus

holder attached to the internal, requiring the cycle time alone without needing the wait time.

For example, when MPU writes data to the DDRAM, the data is once held by the bus holder and then written to the
DDRAM before the succeeding write cycle is started. When MPU reads data from the DDRAM, the first read cycle is
dummy and the bus holder holds the data read in the dummy cycle, and then it read from the bus holder to the system bus

in the succeeding read cycle. Figure 7.2 illustrates these relations.

In 80-series interface mode:

M 'L signal
Wil
Oparation 20
feeh e N I D O N O R O
L Mo O LN XUH = DA M =2 LI{N=]
Intznial sigra s
feH e N I S N O R O
INIERMSL LA SH Mo > LN XKUH= DXL H =2 DK LN =)
ADURESS ZUUN | ER M > H-" X H-2 XX H-1 X
MPU signal
Read
Operation A
IWR | 1
/RD v vl vl v
DATA N >}XDummy > D(N) XD(N+1)>C
Internal signals
/WR | 4
/RD L+ Lt [+ L[t
INTERNAL LATCH N > D(N) XD(N+1PXD(N+2)>
ADDRESS COUNTER D(N) >XD(N+1PXD(N+2p<XD(N+3)

Figure 7.2
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7.3 DISPLAY DATA RAM (DDRAM)

7.3.1 DDRAM
It is 98 X 70 X 16 bits capacity RAM prepared for storing dot data. Refer to the following memory map for the RAM
configuration.
Memory Map
RGB alignment
Data control command Column
0 1 97
(MADCTR) MX=0 | | | >
97 96 0
(MADCTR) MX=1 | | |
<
Color
Data
Page
(MADCTR) | (MADCTR)
MY=0 MY=1
0 69 A
1 68
2 67
3 66
4 65
5 64
6 63
7 62
62 7
63 6
64 5
65 4
66 3
67 2
68 |V 1
69 0
SEGout

You can change position of R and B with MADCTR command.
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7.3.2

The address counter sets the addresses of the display data RAM for writing.

Address Counter

Data is written pixel into the RAM matrix of ST7628. The data for one pixel or two pixels is collected (RGB 5-6-5-bit),
according to the data formats. As soon as this pixel-data information is complete, the “Write access” is activated on the
RAM. The locations of RAM are addressed by the address pointers. The address ranges are X=0 to X=97 (61hex) and Y=0
to Y=69 (45h). Addresses outside these ranges are not allowed.

Before writing to the RAM, a window must be defined into which will be written. The window is programmable via the
command registers XS, YS designating the start address and XE, YE designating the end address.

For example the whole display contents will be written, the window is defined by the following values: XS=0 (0h) YS=0 (0h)
and XE=97 (61h), YE=69 (45h).

In vertical addressing mode (MV=1), the Y-address increments after each byte, after the last Y-address (Y=YE), Y wraps
around to YS and X increments to address the next column. In horizontal addressing mode (MV=0), the X-address
increments after each byte, after the last X-address (X=XE), X wraps around to XS and Y increments to address the next
row. After the every last address (X=XE and Y=YE) the address pointers wrap around to address (X=XS and Y=YS). For
flexibility in handling a wide variety of display architectures, the commands “CASET, RASET” and “MADCTR” (see section
“9.1.31”), define flags MX and MY, which allows mirroring of the X-address and Y-address. All combinations of flags are
allowed. Figure 7.3 show the available combinations of writing to the display RAM. When MX, MY and MV will be changed
the databus be rewritten to the display RAM.

For each image condition, the controls for the column and row counters apply as below:

Condition

Column Counter

Row Counter

When RAMWR command is accepted

Return to “Start

Column (XS)”

Return to “Start

Row (YS)”

Complete Pixel Read / Write action

Increment by 1

No change

The Column counter value is larger than “End Column (XE)”

Return to “Start

Increment by 1

Column (XS)”
The Column counter value is larger than “End Column (XE)” and | Return to “Start Return to “Start
the Row counter value is larger than “End Row (YE)” Column (XS)” Row (YS)”

Ver 1.3 31/214
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Display MADCTR Image in the Host | Image in the Driver
Data Parameter (MPU) (DDRAM)
Direction MV | MX | MY
Normal 0 0 0 —-oore
Erwranan ) F
Y-Mirror 0 0 1
. F Ere e i g
X-Mirror 0 1 0 T T [ T T
X-Mirror 0 1 1 T RETA ]l
Y-Mirror
X-Y 1 0 0 Lip v
Exchange srREEEE) || )
- b
X-Y 1 0 1 rew L TF
Exchange : ‘LL ‘ ‘
Y-Mirror . ‘ ‘ ‘
e T {f] | B
X-Y 1 |1 |0 TR
Exchange i
X-Mirror ‘
(]
X-Y 1 |1 |1 I L By v
Exchange B ]
X-Mirror - :: -u :‘
Y-Mirror & e

Figure 7.3
Frame Data Write Direction According to the MADCTR parameters (MV, MX and MY)
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7.3.3 1/0 Buffer Circuit
It is the bi-directional buffer used when MPU reads or writes the DDRAM. Since MPU’s read or write of DDRAM is

performed independently from data output to the display data latch circuit, asynchronous access to the DDRAM when the

LCD is turned on does not cause troubles such as flicking of the display images.

7.3.4 Scroll Address Circuit
The circuit associates lines on DDRAM with COM output. ST7628 processes signals for the liquid crystal display on 1-line

basis. Thus, when specifying a specific area in the area scroll display or partial display, you must designate it in line.

7.3.5 Display data Latch Circuit
This circuit is used to temporarily hold display data to be output from the DDRAM to the SEG decoder circuit. Since display
normal/inverse and display on/off commands are used to control data in the latch circuit alone, they do not modify data in

the DDRAM.
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7.3.6 Normal Display On or Partial Mode On, Vertical Scroll Off

In this mode, contents of the frame memory within an area where column address is 00h to 61h and row address is 00h to

45h is displayed.

To display a dot on leftmost top corner, store the dot data at (column address, row address) = (0,0).

Example1) Normal Display On

b B aom h o
[ H T md BB Wow oMW ow N
ooy iy

TR R pefeefier iy 1% pooooeeP o el cefeefeEfev e )
R T EE EPIERSEE] Tou 15 |1 10 2l TR TR TN EE RS EE] Taaf1a {171
(EL ) P P oy ;”E L R P FT N PR FEE
an Qx| |ae e E R skl Y | EAEE
g e fanfay ar [as7 I EEIETREE ar [as
TR PRI B uv =y 3 RIRIES AEE

it < 58 x 7L % 18 bi b - B RGE D >
- Frame mamary =Tl - Ll Fanel

At Jua| Uvuzy 55 LR JUa(i U (uz
LR IR ey e g 5EN LR B | W[y e
A2 Frara1|re Fa [T '.r.--': G [HH TRy 0 A | A Ko [ R | Fas,
LENE PET P PY ax[ay [asy BEM [HE T PR P P s
LN EE R BRI B B B HE HEAn [HH o EHT TN I RIS

R A A A I svfeareaf <o 8 R ey vy R N IR I RN,

Example2) Partial Display On: PSL[6:0] = 04h, PEL[6:0] = 42h, MADCTR (ML)=0
X EEE
[ H R E m4 B BTN w o oW oW Wowowouw
R R R R A R A R (R AR sep g [ e fes e fis [ER P Pl [ [
11 Em 1|1 114 Taaf13|17 1.-§ E"-'E RELIN IR RN RN R E Traf 15171
13241 ::-':I RN e :-'-': an : RN Tl EE R D W |
tan S| [ Bl BRI i 1 W ) L B ET o et |
e danfanfa IHES LIS 2 EEIETREE ar [as
R SN P wi =y B IR ES
O e Tr e somceras

2 dua|w Frame mamary Ut uzi [l LM dua (i Ur|uz
LR IR oy e EEN LR B | W[y e
Ay gFalFe[ R Fexfret[resy BT e @ @ @ @ @ @ PG frel e w Faxi R | Fa s
LT HIES RS wx oy [a -y GaAly [HH TR PN R IS WMo
IS T e ) PP EE"'; [HE o £ ETY ) PRI E
ey i:l-.:-'"f.:--::-._:i::":-.-.f-'s:f_a;::::i_f-'_j_"j (R TE-% VTN A PR P O Y B Y FEPN R )
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7.3.7 Vertical Scroll
Rolling Scroll

There is just one types of vertical scrolling, which are determined by the commands “Vertical Scrolling Definition” (33h) and

“Vertical Scrolling Start Address” (37h).

TFA TFA
e ;“\,I viA e o vsa \o—/ 'I?':';::
N/ g o o\ )L
BFA BFA
Ciriginal Raolling wcrolling

Figure 7.4 Rolling Scroll Definition
When Vertical Scrolling Definition Parameters (TFA+VSA+BFA) =70. In this case, ‘rolling’ scrolling is applied as shown
below. All the memory contents will be used.

Example1) Panel size=98(RGB) x 70, TFA =3, VSA=65, BFA=2, SSA=4, MADCTR (ML)

0: Rolling Scroll

O = N ™ < T O © I~
(=2 B> B ))
[ e | 50889 2885
b R BT Rl R L Bl e | n n n o n oo sy
S O P F R I R I S R L N B R e TEp £ PN Y R P )l AR e Y R A -
e R MM EHEEEE = S ML D
HEN PR PO P R e Y I O P SR
HEE e O L R HE N [ | 2 0 Al P S
O R EEHE AR PR P
e P selaey glg b I ERES PR
' . ' ' I NP JHOG A E '
. 83 a 70w G il . . H I HLS) X D '
e < ' [ FEN NI Loy 1tanel v v
— Farm iy TR oy e : : 1
bl GG LR S [ e [ e !
S SE1 RN BT e[y AR RS R S P P o T o
PO S P s [y ATTY AR W pefe v vu e
cy e e eu e [ery AT AT H TTER-PeY PR PO P P PP
B T ) e el R T e [ e A2 A7 N NN e e e AL ot il e e
e, 2 e,
BRITI SR PN N E-3 PR P P Y PEUPEY P PR P "J' B2 R N T T B P Y P Y FRIY P P PRl P
Example2) Panel size=98(RGB) x 70, TFA =3, VSA=65, BFA=2, SSA=4, MADCTR (ML) =1: Rolling Scroll
O = N ™ < S 0O © I~
o O O O
, [ e | o882, . BEED
b R BT Rl R L Bl e | wn n n o n ooy sy
N B B B I B B R B R TR e TEp £ PN Y R P )l AR e Y R A -
e e opmfuo| el EHEERGERTE = S ML D
RN FER wifwies s AT AT (o ' T (PR [P e e
S BN ES el AR AR o S EREE EER EE
5* DNl R A -v|- Y AEYy AE wkAg | e R B
Tl P PR s [ney A Ad R, P
' . ' ' ' THECGHED ¢ '

[ O3« 7Gx 1R il s . H b DY L = R '
w8 I : LLiD 1anel P
o Feaurmwe nizreany T g : ' -
bl R ST L5
S Y BTN B e - Y arwrr, g 1 1

! x! A" 4 1 .. HT I ] I
P [ T e (X - T | hs SREH Jiay {08 P P o ||
TR TR O E o[ 3—|; 2 AR g |t |,
S N R T o fofera [ fsd vl | (X IR T O BT O Fmalra [ [
e, 2 e,
e benfenferlenla s o] Jenleden]a R e N D T A ) (PP e AN I Y P P
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Vertical Scroll Example

There are 2 types of vertical scrolling, which are determined by the commands “ Vertical Scrolling Definition” (33h) and

“Vertical Scrolling Start Address” (37h).

Case 1: TFA + VSA + BFA<70

N/A. Do not set TFA + VSA + BFA<70. In that case, unexpected picture will be shown.
Case 2: TFA + VSA + BFA=70 (Rolling Scrolling)

Example1) When MADCTR parameter ML="0", TFA=0, VSA=70, BFA=0 and VSCSAD=40.

F-veEics Ling

1= 17er

‘ Uisplay das (0.0:

‘ Mentzry | 'hysizal sxe d0 o

NG
hdl ><:@ AN

Frare Lhsglay
Karrcry

InG &=
H-vyeizs Lina

1%z 172

‘ Ligplay dns (0.0

<

Frarie UIWH}'
Warrcry
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Example2) When MADCTR parameter ML="1", TFA=10, VSA=60, BFA=0 and VSCSAD=30.

‘ Merrary | hysizal Axs O O

H-wEcs Lina

1%z 172

‘ Lneplay dns (0.0

/\
/\

T m

/. \
/\

e

Frare
Warrcry

‘ Merrary | hysisal Axs 10 03

=L T

Lh=rlay

Iz ermne":

W SAL

F=wEies. Lire

1= 17er

‘ Lneplay dns (0.0

oy

/\

/ N\

e —
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7.3.8 Tearing Effect Output Line

The Tearing Effect output line supplies to the MPU a Panel synchronization signal. This signal can be enabled or disabled
by the Tearing Effect Line Off & On commands. The signal can be used by the MPU to synchronize Frame Memory Writing

when displaying video images.

Tearing Effect Line Modes(Frame rate=77Hz)

FRAME Frame1 Frame2

COM scan
internal signal

1st line l K m K

4 . 4

2nd line I—l K m K

. > i >

3rd line m & m K

. T > T >
61th .Iine K m K K ﬁ K
. Do 4 4 i 4 4

70th line m & & ﬁ L K W

> : P IR > : A

(mode1)‘ L e tvoH ol e i

[EXS 2PET

I .
tHbH : S tCYGLE
TE i
mody uHuw_gmmﬂ_g
tHCcYe
61 line ‘ 9line 61 line ‘ 9line
70 line 70 line

Mode 1, the Tearing Effect Output signal consists of V-Sync(tVDH) information. It starts at 61 line signal and ends at the 70™ line
signal. There is one high pulse during each frame.
M ode 2, the Tearing Effect Output signal consists of both H-Sync(tHDH) and V-Sync(tVDH) information. TE pin output tHDH pulse

on each COM scan signal. During 61" ~ 70" line signal, it output a high pulse which equals 1 tHDH + 1 tVDH.

Note: During Sleep In Mode, the Tearing Effect Output Pin is active Low.
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Tearing Effect Line Timing

The Tearing Effect signal is described below:

TE tmode 1) | « I \

& J \

2

(1 PO Y

2

2

2

TE (mode 2) |\ || | « | | « / \

1.

Table 7.3.1 AC characteristics of Tearing Effect Signal

Idle Mode Off (Frame Rate = 77Hz)

Symbol Parameter Min Typ Max Unit description
tvbL Vertical Timing Low Duration - 13 -- ms Mode1
tvbH Vertical Timing High Duration 1 1.6 -- ms
tHDL Horizontal Timing Low Duration -- 185 -- us Mode2
tHDH Horizontal Timing High Duration 11 12 -- us
Note: The signal’s rise and fall times (tf, tr) are stipulated to be equal to or less than 15ns.

tr tf

—> —>
—— oAb LAuIL
7 pa2wan L2™0D0 TN
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Example 1: MPU Write is Faster than Panel Read.

AL L H
Hurﬂl.r . . .
R H H rie
“E Q. .
Siurel
: H : : e
My b
LLJ :
K Ja e
[TTEN I R a Iy c d

Data write to Frame Memory is now synchronized to the Panel Scan. It should be written during the vertical sync pulse of
the Tearing Effect Output Line. This ensures that data is always written ahead of the panel scan and each Panel Frame

refresh has a complete new image:

als ¢ a8 gar:

lirage cn L20 A
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Example 2: MPU Write is Slower than Panel Read
MCU to

1
i
1
Memory '
|
i
1

TE Output
Signal

time

Memory to

LCD

1° 70" time
Image on LCD

The MPU to Frame Memory write begins just after Panel Read has commenced i.e. after one horizontal sync pulse of the
Tearing Effect Output Line. This allows time for the image to download behind the Panel Read pointer and finishing

download during the subsequent Frame before the Read Pointer “catches” the MPU to Frame memory write position.

1als ¢ g zar

In"age cn L20 A A
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7.4 Gary-Scale Display
ST7628 incorporates a 4FRC & 31 PWM function circuit to display a 64 gray-scale display.

7.5 Oscillation circuit
This is on-chip Oscillator without external resistor. When the internal oscillator is used, CLS must connect to VDD; when
the external oscillator is used, CL could be input pin. This oscillator signal is used in the voltage converter and display

timing generation circuit.

7.6 Display Timing Generator Circuit

This circuit generates some signals to be used for displaying LCD. The display clock CL (internal), which is generated by
oscillation clock, generates the clock for the line counter and the signal for the display data latch. The line address of
on-chip RAM is generated in synchronization with the display clock and the display data latch circuit latches the 96-bits
display data in synchronization with the display clock. The display data, which is read to the LCD driver, is completely
independent of the access to the display data RAM from the microprocessor. The display clock generates an LCD AC
signal (M), which enables the LCD driver to make an AC drive waveform, and also generates an internal common timing
signal and start signal to the common driver. The frame signal or the line signal changes the M by setting internal

instruction. Driving waveform and internal timing signal are shown in Figure 7.5.

wFugui i @ oau oy Y WY "™ ™ e e "y s oaoa
cumeran R YA AR IR
FRIIArr al) —
Milnig:rral) E—
CORIL
GOk ———— ] Secasscccsccscscccccsccccas
| =
SCGn

Figure 7.5 2-frame AC Driving Waveform (Duty Ratio: 1/70)
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68 69 2 3 45 7 89 101 62 64 66 68 01 2 34
CL(Internal) ¥ Iy
FR(Internal)
M(Internal) ’—\
COMO
COM10
SEGn 1 I u
Figure 7.6 N-Line Inversion Driving Waveform (N=5, Duty Ratio=1/70)
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7.7 POWER LEVEL DEFINITION
7.7.1  Power ON/OFF SEQUENCE
VDDI and VDDA can be applied in any order. (VDDI=VDD, VDDA=VDD2, VDD3, VDD4, VDD5)

VDDI and VDDA can be powered down in any order.

During power off, if LCD is in the Sleep Out mode, VDDA and VDDI must be powered down minimum 120msec after /RST
has been released.

During power off, if LCD is in the Sleep In mode, VDDI or VDDA can be powered down minimum Omsec after /RST has
been released.

/CS can be applied at any timing or can be permanently grounded. /RST has priority over /CS.

There will be no damage to the display module if the power sequences are not met.

There will be no abnormal visible effects on the display panel during the Power On/Off Sequences.

There will be no abnormal visible effects on the display between end of Power On Sequence and before receiving Sleep
Out command. Also between receiving Sleep In command and Power Off Sequence.

If /RST line is not held stable by host during Power On Sequence as defined in Sections case1 and case2, then it will be
necessary to apply a Hardware Reset (/RST) after Host Power On Sequence is complete to ensure correct operation.
Otherwise function is not guaranteed.

The power on/off sequence is illustrated below:

Case 1 - /RST line is held High or Unstable by Host at Power On

If /RST line is held High or unstable by the host during Power On, then a Hardware Reset must be applied after both VDDA
and VDDI have been applied — otherwise correct functionality is not guaranteed. There is no timing restriction upon this

hardware reset.

| _ I =1 ok | I =l | _
w3l / \ ! N
|
7 &
W2 / N
. IFARSITANTA P "W ARF LRI° -Fr S IF "0 AA
B rSEARCIELASTITF WA AFATE PSS I SRR RO
bt L U O T e
IFASSITAIMT' RPN S "Tr ™00 T.0F I 12051 - R »

A rSUACILIMNT UYIN AFCITHE PN ES I TE TR RO
AL AT oAt (I A

R LT LT VL |
_- s —_——— - -—
1=t = ez v

(R Ty e R WL 1] B

- -

(I oy 11 R Y

B G HLEER L IR TR T L E
o HHLH S ERE )

e L R NTH S

Note: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.
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Case 2 - /RST line is held Low by host at Power On
If /RST line is held Low (and stable) by the host during Power On, then the /RST must be held low for minimum 10usec

after both VDDA and VDDI have been applied.

T Tarmi-ninl Foarm i =n I
L -t L R
S H 44 \ ! N
|
7~ &
[HH / iN
I e [P [
. IFASTA™ TIF VAT C0FF LK% S0 A 10 e i
i BT FTA™ s TTERML A N TVA LS (BRI CTR CTTER TTET
B A R T T L LY 1Y) I
|
|
|
I FASTA™ TIF N TA™AT A NP =M T Al e T B LRI » !
! BT FTA™ < AR AT NEWCA LS (BRI IR DUTEE TTET i
i B A T R T LI Ry 1Y)
|
|
|
|
‘ R L T !
1= m i -ninl |
——————————————— P e N
15 H:u
,,,,,,,,,,,,, 1_ e
! 1= FFTmine rF
_— |
ftH ‘
Hremn docim /
Bk k! ! i
|
| 1= FF =it rF
- - -
¥ e |
e docnim 1 T~
Ekowe "nv.as Rl
Foar M= rinn-r
-

P rnd AR Tl DI ITTE dFM1 L] SR
PR AR sl P 1°THE P WT0A

Note: Unless otherwise specified, timings herein show cross point at 50% of signal/power level.

UNCONTROLLED POWER OFF

The uncontrolled power off means a situation when e.g. there is removed a battery without the controlled power off
sequence. There will not be any damages for the display module or the display module will not cause any damages for the
host or lines of the interface. At an uncontrolled power off the display will go blank and there will not be any visible effects

within 1 second on the display (blank display) and remains blank until “Power On Sequence” powers it up.
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7.7.2 Power Levels

6 level modes are defined they are in order of Maximum Power consumption to Minimum Power

Consumption:

1. Normal Mode On (full display), Idle Mode Off, Sleep Out:

In this mode, the display is able to show maximum 65K colors.

2. Partial Mode On, Idle Mode Off, Sleep Out:

In this mode part of the display is used with maximum 65K colors.

3. Normal Mode On (full display), Idle Mode On, Sleep Out:

In this mode, the full display area is used but with 8 colors.

4. Partial Mode On, Idle Mode On, Sleep Out:

In this mode, part of the display is used but with 8 colors.

5. Sleep In Mode:

In this mode, the DC:DC converter, Internal oscillator and panel driver circuit are stopped. Only the MCU interface and
memory works with Digital VDD power supply. Contents of the memory are safe.

6. Power Off Mode:

In this mode, both Analog VDD and Digital VDD are removed.

Note: Transition between modes 1-5 is controllable by MCU commands. Mode 6 is entered only when both Power supplies

are removed.
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7.7.3

POWER FLOW CHART FOR DIFFERENT POWER MODES

Normal display mode on = NORON
Partial mode on = PTLON

Idle mode off = IDMOFF

Idle mode on = IDMON

Sleep out = SLPOUT

Sleep in = SLPIN

SLPIN

Power on sequence
HW reset
SW reset

Sleep out
Normal display mode on
Idle mode off

SLPOUT

IDMOFF

SLPIN

Sleep in
Normal display mode on
Idle mode off

Sleep out
Normal display mode on

Idle mode on SLPOUT

SLPIN

IDMOFF

Sleep in
Normal display mode on
Idle mode on

Sleep out
Partial mode on
Idle mode off

SLPOUT

IDMOFF

SLPIN

Sleep in
Partial mode on
Idle mode off

IDMOFF

Sleep out
Partial mode on
Idle mode on

SLPOUT

Note

Sleep out

Sleep in
Partial mode on
Idle mode on

Sleep in

1: There is not any abnormal visual effect when there is changing from one power mode to another power mode.

2: There is not any limitation, which is not specified by this spec, when there is changing from one power mode to

another power mode.
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7.8 Color Depth Conversion Look Up Tables

Color Look Up Table Inputs Look Up Table Outputs Default RGBSET
256 Color Data 4096 Color Data | Frame Memory Data (5 or 6-bit) Value parameter
RED 000 0000 Roo4 Roo3 Roo2 Roo1 Rooo 00000 1
001 0001 Ro14 Ro13 Ro12 Ro11 Ro1o 00010 2
010 0010 Ro24 Ro23 Ro22 Ro21 Ro20 00100 3
011 0011 Ro34 Ros3 Ros2 Ros1 Roso 00110 4
100 0100 Ro44 Ro43 Ro42 Ro41 Ro4o 01000 5
101 0101 Ros4 Ross Ros2 Ros1 Roso 01010 6
110 0110 Ros4 Ros3 Ros2 Ros1 Roso 01100 7
111 0111 Ro74 Ro73 Ro72 Ro71 Ro7o 01110 8
Dummy input 1000 Ros4 Ros3 Ros2 Ros1 Roso 10000 9
1001 Rog4 Rog3 Rog2 Rog1 Rogo 10010 10
1010 R104 R103 R102 R101 R100 10100 11
1011 R114 R113 R112 R111 R110 10110 12
1100 R124 R123 R122 R121 Ri20 11000 13
1101 R134 R133 R132 R131 R130 11010 14
1110 R144 R143 R142 R141 R140 11100 15
1111 R1s4 R153 R152 R151 Ri50 11111 16
GREEN 000 0000 Gioos Goo4 Goos Gooz Goot Giooo 000000 17
001 0001 Go15 Go14 Go13 Go12 Go11 Go1o 000100 18
010 0010 Go2s Goz4 Gozs Gozz2 Goz1 Gozo 001000 19
011 0011 Goss Gos4 Goss Gos2 Gos1 Goso 001100 20
100 0100 Goas Goaa Goas Goaz Goat Go4o 010000 21
101 0101 Goss Gos4 Goss Gos2 Gos1 Goso 010100 22
110 0110 Goss Gos4 Goss Gos2 Gos1 Goso 011000 23
111 0111 Go7s Go74 Gora Gozz Go71 Go7o 011100 24
Dummy input 1000 Gioss Gos4 Goss Gos2 Gos1 Gioso 100000 25
1001 Go9s Gogs Gogs Gogoz Gog1 Gogo 100100 26
1010 G105 G104 G103 G102 G1o1 G1oo 101000 27
1011 G115 G114 G113 G112 G111 G110 101100 28
1100 G125 G124 G123 G122 G121 G120 110000 29
1101 G135 G134 G133 G132 G131 G130 110100 30
1110 G145 G144 G143 G142 G141 G140 111000 31
1111 Gis5 G154 G153 Gis2 G151 G150 111111 32
BLUE 00 0000 Boo4 Boos Boo2 Boot Booo 00000 33
01 0001 Bo14 Bo13 Bo12 Bo11 Bo1o 00010 34
10 0010 Bo24 Bo23 Bo22 Bo21 Bo2o 00100 35
11 0011 Bos4 Boss Bos2 Bos1 Boso 00110 36
Dummy input 0100 Bo44 Bo43 Bo42 Bo41 Boo 01000 37
0101 Bos4 Boss Bos2 Bos1 Boso 01010 38
0110 Bos4 Boss Bos2 Bos1 Boso 01100 39
0111 Bo74 Boza Bor2 Bo71 Bo7o 01110 40
1000 Bos4 Boss Bos2 Bos1 Boso 10000 41
1001 Bog4 Bogs Bog2 Boa1 Bogo 10010 42
1010 B1o4 B1o3 B1o2 B1o1 B1oo 10100 43
1011 B114 B113 B112 B111 B110o 10110 44
1100 B124 B123 B122 B121 B120 11000 45
1101 B134 B133 B132 B131 B13o 11010 46
1110 B144 B143 B142 B141 B14o 11100 47
1111 B1s4 B153 B152 B151 B1so 11111 48
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7.9 Liquid Crystal Driver Power Circuit

The Power Supply circuits generate the voltage levels necessary to drive liquid crystal driver circuits with low power

consumption and the fewest components. There are voltage converter circuits, voltage regulator circuits, and voltage

follower circuits. They are controlled by power control instruction.
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7.9.1 Voltage Regulator Circuits

SET VO (Temperature = 24°C)

V0=a+{Vop[8:0] + VopOffset[8:0]+ (EV[6:0]-3Fh)}xb

Example:
Vop[8:0]=011010010
VopOffset[8:0]=000000011
EV[6:0]1=0111111

V0=3.6 + (210 + 3 + (63-63) ) x 0.04 =12.12 (V)

o a is a fixed constant value (seeTable 7.9.1).
o b is a fixed constant value (seeTable 7.9.1).

o Vop [8:0] is the programmed VOP value. The programming range for Vop[8:0] is 5 to 410 (19Ahex).

° The range of contrast is 128 steps for fine tuning VOP.

V)

Table 7.9.1
SYMBOL VALUE UNIT
a 3.6 \%
b 0.04 Vv
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The Vop [8:0] value must be in the VO programming range as given in Figure 7.7. Evaluating VO equation, values

outside the programming range indicated in many result.

1_.-UI_. A

[agrs naurg @age (00 HEX lu 165 HCX %
- Vl llllllll

I

......... I

- |

I

- |

e |

......... |

I

I

— I

ooooooooo :

b- 004 S i

--------- I

I

— I

e |

— :

" |

w I

2 I

< I
oo [0t fozfo2loalosfeel T 1 [ T T T T 1T T T [ [ [=@ "

VepEo] pregramrang (OO0 H-L B RS H-8)

Figure 7.7 VO programming range
As the programming range for the internally generated VO voltage is above the limited VO (18V), users has to ensure while
setting the VOP register and selecting the temperature compensation that under all conditions and including all tolerances
that the VO voltage remains below 18V.
SET V0 with temperature compensation (Temperatue # 24°C)
There are 16-line slope in each temperature steps and customer can select one line slope of temperature

compensation coefficiency for each temperature step. Each temperature step is 8°C. Please see Figure 7.8 as below.

Ver 1.3 517214 6/13/2007



ST7628

VO(V)

A

16-ling slope

-
-~
e

Temperature

-32 ~ -8 16 24 32 40 ~ 80 88

"~ (°C)

Figure 7.8

In command TEMPSEL (see section 9.1.72) each MTx, where x=0, 1, 2,..., E, F, has a value between 0 and 15. MTx

= 0 results in OV increment on VO, MTx = 1 results in Mx=5mV increment, ..., MTx = 15 results in Mx=15x5mV=75mV

increment. Note that each MTx individually corresponds to a temperature interval; The relations between Mx and VO

quantity due to temperature VO(T) are described in the equations shown as follows:

Temperature range

Equation VO(V) at temperature=TC

-40C =T < -32T

VO(T) = VO(Toa)+ (-32-T) - MO +( M1 + M2 + M3 + M4 + M5 + M6 + M7) - 8

-32C =T < -24C

VO(T) = VO(Toa)+ (-24-T) - M1 +( M2 + M3 + M4 + M5 + M6 + M7) - 8

24C =T < -16T

VO(T) = VO(Toa)+ (-16-T) - M2 +( M3 + M4 + M5 + M6 + M7) - 8

16C =T < -8C | VO(T) = VO(Tze)+ (-8-T) - M3 +( M4 + M5 + M6 + M7) - 8
-8C =T < 0C | VO(T) = VO(T24)+ (0-T) - M4 +( M5 + M6 + M7) - 8
0C =T < 8C | VO(T) = VO(Tz4)+ (8-T) - M5 +( M6 + M7) - 8

8C =T < 16C | VO(T) = VO(Tas)+ (16-T) - M6 + M7 - 8

16C = T < 24C | VO(T) = VO(Tz4)+ (24-T) - M7

24C =T < 32C | VO(T) = VO(Tas)— (T-24) - M8

32C =T < 40°C | VO(T) = VO(Tas)—(T-32) - M9—MS8 - 8

40C =T < 48C | VO(T) = VO(T24)— (T-40) - M10—(M9 + M8 ) - 8

48°C =T < 56°C | VO(T) = VO(Tzq)—(T-48) - M11—(M10 + M9 + M8 ) - 8

56°C < T < 64°C | VO(T) = VO(Tas)— (T-56) - M12—(M11 + M10 + M9 + M8 ) - 8

64C =T < 72C | VO(T) = VO(Tas)— (T-64) - M13—(M12 + M11 + M10 + M9 + M8 ) - 8

72C =T < 80°C | VO(T) = VO(Tae)— (T-72) - M14—(M13 + M12 + M11 + M10 + M9 + M8 ) - 8

80C =T < 88C | VO(T) = VO(Tas)— (T-80) - M15—( M14 + M13 + M12 + M11 + M10 + M9 + M8 ) - 8
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Setting example for default TC curve

COMMAND
0xF4
DATA
1% 0x50 2"%: 0x00
3" 0x25 4" 0x61
5": 0x35 6" Ox64
7" OXAA 8": OxFF

Vop=11.72, BIAS=1/8, Default TC

14.00

—&— Default TC

12.00

10.00

8.00

VOP

6.00

4.00

2.00

0.00

Temp.
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Setting example for -0.04%/°C TC curve

COMMAND

0xF4

DATA
1% 0x01 1% 0x01
3 0x01 3" 0x01
5": 0x01 5": 0x01
7" 0x01 7" 0x01

Vop=11.72, BIAS=1/8, -0.04%/C
14.00

——TC (-0.04%/C)

12.00

10.00

8.00

VOP

6.00

4.00

2.00

0.00

Temp.
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Setting example for -0.07%/°C TC curve

COMMAND
OxF4
DATA
1%t 0x02 1%t 0x02
3% 0x02 3 0x02
5": 0x02 5™ 0x02
7" 0x02 7" 0x02
Vop=11.72, BIAS=1/8, -0.07%/C
14.00
——TC (-0.07%/C)
12.00
10.00
8.00
[aWy
o
>
6.00
4.00
2.00
0.00
-30 20 -10 0 10 20 30 40 50 60 70 80
Temp.
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-0.11%/°C TC Curve example

COMMAND
OxF4
DATA
1% 0x03 1t 0x03
3% 0x03 3" 0x03
5™: 0x03 5™ 0x03
7" 0x03 7" 0x03
Vop=11.72, BIAS=1/8, -0.11%/C
14.00
——TC (-0.11%/C)
12.00
10.00
8.00
[al)
o
>
6.00
4.00
2.00
0.00
30 20 -10 10 20 30 40 50 60 70 80
Temp.
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VO fine tuning

ST7628 has 2 commands for fine tuning V0. These commands are VopOfsetinc (see section 9.1.48) and
VopOfsetDec (see section 9.1.49). When writing VopOfsetinc into IC for each time, VO would increase 40mV; when writing
VopOfsetDec into IC for each time, VO would decrease 40mV.

Example:

Vop[8:0]=011010010

Vopoffset[8:0]=000000011

EV[6:0]=0111111

VopOfsetinc x2

— V0=3.6 +( 210 +3+ (63-63) +2 } x 0.04 =12.2 (V)

7.9.2 Voltage Follower Circuits
There is a built-in voltage follower circuits in ST7628 for generating Vg and Vm. These voltages are decided by bias ratio
selection circuitry which is set by users with software to control 1/5 to 1/12 bias ratios to match the optimum display

performance of LCD panel. Bias driving rule is listed below:

LCD bias Vg Vm

1/N bias (2/N) x VO (1/N) x VO

N=5to 12
7.9.3 OTP Setting Flow
OTP Setting Flow
ST7628 provide the Write and Read function to write the Electronic Control value and Built-in resistance ratio into and read
them from the built-in OTP. Using the Write and Read functions, you can store these values appropriate to each LCD panel.
This function is very convenient for user in setting from some different panel’s voltage. But using this function must

attention the setting procedure. Please see the following diagram.

Vop[a.0f EVe:n] b 2

Vop-oftset[3 0] L 8 l L L ;
s ! !—-—i_y- -t et + e )

Figure 7.9 Vo value control for different modules by loading OTP offset

Note1: This setting flow is used for LCM assembler.

Note2: OTP shouldn’t be written without preceding loading correctly from OTP to avoid some errors during IC operation.

Note3: When writing value to OTP, the voltage of VPP must be more than 7.5V(7.5V~7.75V); the current of lvpp must be more than 4 mA.
Note4: If the OTP is exposed to a high temperature for hours, data in the memory cell may probably be lost before the data retention
guarantee period. To retain data in the memory cell, keep the memory cell below 90 C. The data retention guarantee period is specified

including the retention period.
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7.9.4 Frquency Temperature Gradient Compensation Coefficient

ST7628 will auto-switch frame rate on different temperature such as Figure 11.1. TA, TB and TC are frame rate
switching temperatures which can be defined by customer with command TMPRNG(see section 9.1.70). FA, FB, FC
and FD are switched frame rate which also can be defined by customer with command FRMSEL (see section 9.1.68).
The frame rate range is from 37.5Hz to 170Hz.

When the temperature is in increasing state, frame rate changes to the higher step at TA/TB/TC+TH(C). When
the temperature is in decreasing state, frame rate changes to the lower step at TA/TB/TC. For example: TC=10C

and TH=5°C, FC switches to FD at 15°C but FD switches to FC at 10°C. Please take Figure 11.1for reference.
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Figure 7.10
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7.10 Sleep Out -Command and Self-Diagnostic Functions of the Display Module
7.10.1 Register loading Detection

Sleep Out-command is a trigger for an internal function of the display module, which indicates, if the display
module loading function of factory default values from OTP ROM (or sim